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Engineering Mechanics - Dynamics Chapter 12

Problem 12-1

A truck traveling along a straight road at speed v,, increases its speed to v, in time t. If its
acceleration is constant, determine the distance traveled.

Given:
km km
vi =20 — vp =120 — t=15s
hr hr
Solution:
V2 — Vi1 m
a-= a=1852 —
t 2
S
1
d=vits Eat2 d = 291.67 m
Problem 12-2

A car starts from rest and reaches a speed v after traveling a distance d along a straight road.
Determine its constant acceleration and the time of travel.

. ft
Given: v =80 — d = 500 ft
S

Solution:
2
Vv ft
v2:2ad a=— a=64—
2d 2
S
v = at t=— t=125s
Problem 12-3

A baseball is thrown downward from a tower of height h with an initial speed v,. Determine
the speed at which it hits the ground and the time of travel.

Given:

ft ft
h=50ft g=2322— vp=18—

Solution:

[ ft
vV = v02+2gh v =595—
S
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V-V

g

t:

t=129s

Chapter 12

*Problem 12—4

Starting from rest, a particle moving in a straight line has an acceleration of a = (bt + ¢). What

is the particle’s velocity at t; and what is its position at t,?

o
I

N
|

Given:

Solution:

t

a(t) = bt+c v(t) = J a(t) dt

0

v(ty) =0 % d(tp) = 80.7 m

t1 =65

t
d(t) = J
0

v(t) dt

to =11s

Problem 12-5

Traveling with an initial speed v, a car accelerates at rate a along a straight road. How long will it

take to reach a speed v;? Also, through what distance does the car travel during this time?

. km
Given: vop = 70 —
hr
Solution:
Vf = Vg + at

2 2
Vi =VQ +2as

km
a = 6000 —
hr
Vf— Vo
t =
a
Vi — Vo
S =
2a

km
vf = 120 —

hr
t=30s
S=792m

Problem 12-6

A freight train travels at v = vo(l -e bt) where t is the elapsed time. Determine the distance
traveled in time t;, and the acceleration at this time.
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Given:
Vo = 60 —
S
1
b=-
S
t1 =3s
Solution:

t
v(t) = vo(l - e_bt) a(t) = j—tv(t) d(t) = J v(t) dt
0

ft
d(ty) = 123.0ft a(ty) = 2.99 2

Problem 12-7

The position of a particle along a straight line is given by s, = at® + bt2 + ct. Determine its
maximum acceleration and maximum velocity during the time interval ty <t < t;.

. ft ft ft
Given: a:l—3 b:—9—2 c=15— tp =0s tf = 10 s
s
s S

Solution:

Sp = at3+bt2+ct

Vp :d—sp = 3at2+2bt+c

dt
2
d d
ag = —Vp =—=Sy = 6at+2b
p dtp dt2p

Since the acceleration is linear in time then the maximum will occur at the start or at the end.
We check both possibilities.
ft

dmax = max(6at0 +b,6atf + 2b) amax = 42_2
S

The maximum velocity can occur at the beginning, at the end, or where the acceleration is zero.
We will check all three locations.

b

ter = ter =35
Ccr 3a Ccr
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ft
Vmax = maX(3at02 + tho +C, Satfz + thf +C, 3atcr2 +2b tcr + C) Vmax = 135—
S

*Problem 12-8

From approximately what floor of a building must a car be dropped from an at-rest position
so that it reaches a speed v; when it hits the ground? Each floor is a distance h higher than the

one below it. (Note: You may want to remember this when traveling at speed v;)

. ft
Given: vf = 55 mph h =12 ft g =322 -
S
Solution:
2
2 Vf
ac =g vi =0+ 2acs H=— H = 101.124 ft
2ac
Number of floors N

Height of one floor h=12ft

N = N=28427 N = ceil(N)

The car must be dropped from floor number N = 9

Problem 12-9

A particle moves along a straight line such that its position is defined by s, = at® + bt? + c.
Determine the average velocity, the average speed, and the acceleration of the particle at time t;.

. m m
Given: a:l—3 b:—3—2 c=2m tp =0s t1 =4s
S S
LY
I
- > -
- . -
i
ol
III
Solution:
3 2 d d

Find the critical velocity where v, = 0.
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tp=15s Given  vp(tp)=0 tp = Find(t) th=2s
Vave = sp(ta) t—l sp(to) Voo — 4 ?
Vavespeed = [sp(t2) - sp(to)) :; [sp(t2) - sp(t2) Vavespeed - 6 %
a; = ap(ty) aj = 18 mz

s

Problem 12-10

A particle is moving along a straight line such that its acceleration is defined as a = —kv. If
v =Vywhen d = 0 and t = 0, determine the particle’s velocity as a function of position and

the distance the particle moves before it stops.

. 2 m
Given: k = — vg = 20 —
S S
d V
Solution: ap(v) = —kv v—Vv = —kv J 1dv=—ksp
ds Vo
Velocity as a function of position v =vg—ksp
Distance it travels before it stops 0 =vp—ksp
Vo
Sp = M Ssp=10m

Problem 12-11

The acceleration of a particle as it moves along a straight line is givenby a=bt+c. Ifs=5,
and v = vy when t = 0, determine the particle’s velocity and position when t = t,. Also,
determine the total distance the particle travels during this time period.

— sp =1m vg = 2 — t1 =65
2 S

. m m
Given: b=2 —3 c=-1
S S
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Solution:
v t bt2
J 1dv:J (bt+c) dt V=vg+—+ct
v 0 2
0
t 2
S
bt b c
J lds= Vg + — +ct|dt s:so+v0t+—t3+—t2
s 2 6 2
0 0
bty? m
Whent=1t; V1 :V0+T+Ct1 vy =32 —
S
b c
S1 = SQ+V0t1+Et13+Et12 S1 =67 m

The total distance traveled depends on whether the particle turned around or not. To tell we
will plot the velocity and see if it is zero at any point in the interval

2

bt
t =0,0.01ty .. t1 v(t) = vg+— +ct If v never goes to zero
2
then
d=51-5 d=66m
40 1=
v(t) 20— .
0 | |
0 2 4 6

*Problem 12-12

A particle, initially at the origin, moves along a straight line through a fluid medium such that its

velocity is defined as v = b(1 — e~). Determine the displacement of the particle during the time
o<t<t,.

. m
Given: b=18— cC=— t1 =35
S S
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Solution:

1
v(t) = b(l - e_Ct) sp(t) = J v(t) dt sp(t1) = 1.839 m
0

Problem 12-13

The velocity of a particle traveling in a straight line is given v = bt + ct2. If s= 0 whent =0,
determine the particle’s deceleration and position when t = t;. How far has the particle traveled

during the time t;, and what is its average speed?

. m m
Given: b:6—2 c:—3—3 tp =0s t1 =35
s s
] t
Solution: V(t) = bt +ct? a() = v 50 :J v(t) dt
t 0
. m
Deceleration a1 = a(ty) ag =-12 —
s
Find the turning time t,
th =15s Given v(tg) =0 tr = Find(tz) th=2s
Total distance traveled d = [sp(t1) — sp(t2)] + [sp(t2) — sp(to)| d=8m
d m
Average speed Vavespeed = m Vavespeed = 2.667 S

Problem 12-14

A particle moves along a straight line such that its position is defined by s = bt? + ct + d.
Determine the average velocity, the average speed, and the acceleration of the particle

when t=t;.
Given: b:lm2 c:—6m d=5m tp =0s t1 =65
S
S
Solution:
2 d d
Sp(t) = bt" +ct+d v(t) = d_tsp(t) a(t) = d_tv(t)

Find the critical time ~ tp =25 Given v(tp) =0  tp =Find(tz) tp =3

Splt1) — Splto
Vavevel = w Vavevel = 0 %



Engineering Mechanics - Dynamics Chapter 12

[sp(ta) — sp(t2)] + |sp(t2) - sp(to)| g
0 Vavespeed = S

Vavespeed =

a] = a(tl) a] =2 EZ
S

Problem 12-15

A particle is moving along a straight line such that when it is at the origin it has a velocity v,

If it begins to decelerate at the rate a = bv/2 determine the particle’s position and velocity

when t=t;.

Given:

vo:4g b=-15 ms t] =25 a(v) = by/v
s

Solution:
V

1

de:Z(\/T/—\/v—o) - bt
VO

a(v) = by/v = %[v

2
v(t) = (\/v—o + %btj v(tg) = 0.25 %

1
sp(t) = J v(t) dt sp(ty) =35 m
0

*Problem 12-16

A particle travels to the right along a straight line with a velocity v, =a/ (b +s;). Determine its
deceleration when s, ='s

pl:
2
. m
Given: a=5— b=4m Spr=2m
S
dv _ a2
Solution: Vp = ba ap:vpd—p: ba a 5 = a 3
+5 S +5
p p P (b + Sp) (b + Sp)
2
-a m
ap1 = — ap1 = —-0.116 <
(b +sp1) S
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Problem 12-17

Two particles A and B start from rest at the origin s = 0 and move along a straight line such
that a, = (at — b) and ag = (ct, — d), where t is in seconds. Determine the distance between

them at t and the total distance each has traveled in time t.

Given:
ft ft ft ft
a=6— b=3— c =12 — d=8— t=4s
3 2 3 2
S S S S
Solution:
dvp at’
— =at-b vp = | — — bt
dt 2
o - |ar bt
A=lTe 2
dvg 2 ot ot di?
— =ct" —d vg = | — —dt sg=|——-——
dt 3s 12 s 2

Distance between A and B

o < |25 2 et ot dap = 46.33 m
AB= 176 "2 T12s 2 AB =75
Total distance A and B has travelled.
3 2 4 2
at bt ct dt
D= — - — 42— _ 2 D=70714 m

6 2 12s 2

Problem 12-18

A car is to be hoisted by elevator to the fourth floor of a parking garage, which is at a height h
above the ground. If the elevator can accelerate at a;, decelerate at a,, and reach a maximum

speed v, determine the shortest time to make the lift, starting from rest and ending at rest.

. ft ft ft
Given: h =48 ft a; =06 — ap =03 — v=_8—
2 2 S
S S
Solution: Assume that the elevator never reaches its maximum speed.
ft
Guesses tp=1s th =25 Vmax = 1 — hi1 =11t
S

Given Vmax = a111
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1 2
hy = —agt
1 211

0 = Vmax — a2(t2 - t1)

1
h=hy+ Vmax(tZ - tl) - Eag (t2 - t1)2
t
2

= Find(tl,tz,vmax,hl) to = 21.909 s
Vmax

h1

ft
Since Vmax = 4.382; < V= 8; then our original assumption is correct.

Problem 12-19 fﬁ'ﬁ_f -

e
A stone A is dropped from rest down a well, and at time t; another stone B is & F
dropped from rest. Determine the distance between the stones at a later time t,. A
i
ft i §
Given: d =80 ft tp =1s t)=2s g:32.2—2 i r!
S '. H
Solution: (I
ap =g VA = gt SAthZ .
e |
g 2 .
ag=g VB:g(t—tl) SB:E(t_tl) y i |
Attime t, .
ST
SpA2 = %tzz sp2 = 64.4 1t
sg2 = %(tz - t1>2 sg2 = 16.1ft
d = sp2 —sg2 d = 48.3ft

*Problem 12-20

A stone A is dropped from rest down a well, and at time t; another stone B is dropped from rest.

Determine the time interval between the instant A strikes the water and the instant B strikes the
water. Also, at what speed do they strike the water?

10
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. ft
Given: d =280ft t1 =1s g =322 -
S
Solution:
an=¢ VA = gt SAZ%IZ
g 2
ag =g vg = g(t—ty) 58 = (t-t)
Time to hit for each particle
2d
tA = [— ta = 2.229 s
g
/2d
tg = [—+11 tg = 3.229 s
g
At = tg —tp At=1s
Speed
ft
va = gta VB = VA vp = 71777 —
S

Chapter 12

=
3

b

Lo e e ——

e

e e et et

LR
Pataliy

ft
vg = 71777~

Problem 12-21

A particle has an initial speed v,. If it experiences a deceleration a = bt, determine the

distance traveled before it stops.

. m m
Given: Vo = 27 — b=-6—
S S3
Solution:
t2
a(t) = bt v(t) = b? + Vg
2vQ 3
— p(D)

t
sp(t) = b+ Vot

Problem 12-22

The acceleration of a rocket traveling upward is given by a, = b + ¢ s,. Determine the rocket’s
velocity when s, = s;; and the time needed to reach this altitude. Initially, v, = 0 and s, = 0 when t = 0.

11
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i\
. m 1
Given: b=6— c=002— Sp1 = 2000 m
2 2
S S
Solution: aph
o dvp
ap =b+cCsy=vg—
p p p
dsp
J Vp dvp = J (b + csp) dsp T
0 0

2
V
p c 2
— =bsp+=s
2 PP

ds
p_ | 2 [ 2 m
Vp = =V 205+ Csp Vpl = 4/ 2bsp1 + Csp1 Vet = SAAR) <

th = ( ————ds, t3=19274s

S
P 1
t= ——ds
f 7 P f 2
2bsp+csp J 2bsp+csp
0 0

Problem 12-23 f‘P?H

The acceleration of a rocket traveling upward is given by a; =b +c s,.

Determine the time needed for the rocket to reach an altitute Sp1.- Initially, LY

v, =0ands,=0whent=0.

. m 1
Given: b=6— c=002— Sp1 = 100 m

2 2 {] | A
S S

Solution:
dv, :
p ¥
ap=b+csy=vp—
p p p
dsp

Vp Sp
J Vp dvp = J (b + csp) dsp
0 0

2
V
p cC 2
— =bsp+=s
2 PP

ds
p_ | 2 [ 2 m
Vp = =V 205+ Csp Vpl = 4/ 2bsp1 + CSp1 Vp1 = 37417 —

12
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t=| ———dsp t=| -————4ds t=562s

./2b5p+csp2 ./2b5p+csp2

0 0

*Problem 12-24

A particle is moving with velocity v, whens=0and t = 0. If it is subjected to a deceleration of

a=-k v3, where k is a constant, determine its velocity and position as functions of time.

Solution:
V t
d _ -1( _ _
a:—V:—kv3 J v3dv:J—kdt —(v 2—vo 2):—kt
0
v(t) = .
2kt + —
2
Vo
s t 1
ds = vdt Jlds: —1dt
0 2kt +| —
2
Vo
0

1 1 1
s(t) = —| [2kt+|—|——
k 2 Vo

Problem 12-25

A particle has an initial speed v, If it experiences a deceleration a = bt, determine its velocity
when it travels a distance s;. How much time does this take?

. m m
Given: vg = 27 — b=-6 3 s =10m
S S
Solution:
'[2 t3
a(t) = bt v(t) = bE + Vg sp(t) = bE +vgt
Guess tg =1s Given sp(ty)=s1 tp = Find(ts) t; = 0.372 s

m
v(t1) = 26.6 <

13
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Problem 12-26

:"‘J i i
Ball A is released from rest at height h; at the same time that a
second ball B is thrown upward from a distance h, above the —r
ground. If the balls pass one another at a height h; determine the ‘w
speed at which ball B was thrown upward. :
i f
Given: "
|— =]
hy =40 ft
|
hp =5 ft i1
hz = 20 ft == W ,r.
l
g =322 Ez . L0
S
Solution:
For ball A: For ball B:
ap =-¢ ag = -9
va = —0t VB = —gt+vpo
Sp = _—gt2+h1 sg = _—gt2+VBot+h2
2 2
ft
Guesses t=1s vgo = 2 —

Given hz = (—79),[2 + hy hz = (—79),[2 +vgot+ho

t : ft
= Find(t, vgo) t=1115s VBo = 31.403 —
VB0 )

Problem 12-27

A car starts from rest and moves along a straight line with an acceleration a = k s71/3,
Determine the car’s velocity and position at t = t;.

Given: k = — t1 =65

14
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Solution:
Sp
-1 v 9 -1 2
Vv 3
a1=vd—v=ks|o3 J vdv = — = ksp3 ds=—ksp3
dsp 0 2 0 2
S
1 P 2
3
v=yEks® =L Vakt= | sy dsp==sp°
dt 0 2
3

2
sp(t) = [@j sp(t1) = 41.6 m

_d _ m
v(t) = O|tsp(t) v(t1) = 10.39 S

*Problem 12-28

The acceleration of a particle along a straight line is defined by a, =b t+c. Att=0, s, =S
and v, = vy When t =t determine (a) the particle’s position, (b) the total distance traveled,
and (c) the velocity.

. m m m
Given: b=2— c=-9— Spo =1m Vpo = 10 — t1 =9s
3 2 S
S S
Solution:
ap =bt+c
b)) 2
Vp = Et +Ct+Vpo
b\ 3 c).2
59:(3} +(E)t +Vpot+Spo
a) The position Syl = bt3+ ¢ t2+v t1 +5 Sp1 = —30.5 m
p1—61 21 p0t1l * 5p0 pl = g

. . o b
b) The total distance traveled - find the turning times Vp = (Ejtz +ct+vpp=0

- 02 —2bvp

tr = tp =1.298 s
2 b 2

15
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—c+,/02 - 2bvp
t3 = t3 = 7.702 s

b
b) 3 c) 2
Sp2 = 5 to” + Py t2" +vpot2 + Spo Sp2 = 7.127 m
b) 3 c 2
Sp3 = 5 t3~ + Etg +Vpot3 + Spo Sp3 = —36.627 m
d = |sp2 = spo| + |Sp2 — 5p3| + |sp1 — Sp3 d = 56.009 m
. b) 2 m
c) The velocity Vp1 = P t1” +cty + Vvpo Vp1 = 10 —
s

Problem 12-29

A particle is moving along a straight line such that its acceleration is defined as a = k s2. If
Vv =VyWhens = sy and t = 0, determine the particle’s velocity as a function of position.

. 1 m
Given: k=4 — Vo = -100 — spo = 10m
ms S
Solution:
d ' P
a=v—vV = ksp2 J vdv = J ksp2 dsp
dsp Vo $p0
22 - v0?) = 2Hls® - 50°) 2’
EV -Vvo ) = ZK\sp~ —spo V= [Vpg +§ksp - Spo

Problem 12-30

A car can have an acceleration and a deceleration a. If it starts from rest, and can have a
maximum speed v, determine the shortest time it can travel a distance d at which point it

stops.

. m m
Given: a:5—2 v =60— d = 1200 m

s s
Solution: Assume that it can reach maximum speed
Guesses t1=1s th =25 t3 =3s dg=1m d=2m
1

Given aty =v Eatlz =d dp =dq + V(t2 - tl)

16
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1

d= d2+v(t3—t2)—za(t3—t2)2 O:V—a(tg—tz)
!
to t 12

_ d1 360
t3 | = Flnd(tl,tg,tg,dl,dz) to|=]120|s = m

do 840
d2
t3 =325

Problem 12-31

Determine the time required for a car to travel a distance d along a road if the car starts from
rest, reaches a maximum speed at some intermediate point, and then stops at the end of the
road. The car can accelerate at a, and decelerate at a,.

2

. m m
Given: d=1km a; =15 — ap =2 >
S S

Let t; be the time at which it stops accelerating and t the total time.

. m
Solution: Guesses t;y =1s d;=1m t=3s vi =1—
s

ai
Given di = ?'[12 vi=aity V] = az(t - tl)

1
d=dy + vl(t - tl) - Eag (t - t1)2

m
= Find(t1,t,vq,dq) t] =27.603s vy =41.404 — di =571.429 m
S

t =48.305 s

*Problem 12-32
When two cars A and B are next to one another, they are traveling in the same direction with

speeds v, and v, respectively. If B maintains its constant speed, while A begins to decelerate
at the rate a,, determine the distance d between the cars at the instant A stops.

17
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A B

m.

' d
Solution:
Motion of car A:
1 2
—ap = constant 0 =vap — apt SA = vaot — EaAt
2
VAO VAO
t=— SA - —
aa 2ap
Motion of car B:
VB0 VAO
ag =0 VB = VBQ sg = vgot SB =
ap

The distance between cars A and B is

2 2
VBOVAD  VAO 2VBQ VAQ — VAD
d=lss-sal = |— =5 | = 2

A an an

2
2VBQ VAQ — VAOD
2ap

Problem 12-33

If the effects of atmospheric resistance are accounted for, a freely falling body has an acceleration

defined by the equation a = g(l - cvz), where the positive direction is downward. If the body is
released from rest at a very high altitude, determine (a) the velocity at time t; and (b) the body’s

terminal or maximum attainable velocity as t —>co.

2
. m _4 S
Given: t1 =5s g:9.81—2 c =10 4—2
S m
Solution:
dv 2
a a=—=g9g\l-cv
@ 2 =gl1i-c)
m
Guess v1 =1—
S
V1 {1
. 1 . m
Given dv = ‘[ g dt V] = Flnd(vl) vy = 45.461 —
1-cv 0 S

18



Engineering Mechanics - Dynamics Chapter 12

(b)  Terminal velocity means a =0

2 1 m
0= 9(1 — CVterm ) Vterm = /; Vterm = 100 S

Problem 12-34

As a body is projected to a high altitude above the earth’s surface, the variation of the acceleration
of gravity with respect to altitude y must be taken into account. Neglecting air resistance, this

acceleration is determined from the formula a = —g[R%/(R+y)?], where g is the constant
gravitational acceleration at sea level, R is the radius of the earth, and the positive direction is

measured upward. I1f g = 9.81 m/s? and R = 6356 km, determine the minimum initial velocity
(escape velocity) at which a projectile should be shot vertically from the earth’s surface so that it

does not fall back to the earth. Hint: This requires thatv=0as y — .

Solution: g = 9.81 mz R = 6356 km
S
2
—-gR
vdv = ady = g—zdy
(R+y)
0 [OO 1 _V2
J vdv=—gR2 —zdy — =R
v J (R+vy) 2
0
k
v =4/29R V= 11.2—m
S

Problem 12-35

Accounting for the variation of gravitational acceleration a with respect to altitude y (see
Prob. 12-34), derive an equation that relates the velocity of a freely falling particle to its
altitude. Assume that the particle is released from rest at an altitude y, from the earth’s

surface. With what velocity does the particle strike the earth if it is released from rest at
an altitude y,. Use the numerical data in Prob. 12-34.

Solution: g = 9.81 mz R — 6356 km  yp = 500 km
S
2
gR
vdv = ady = g—zdy
(R+Y)

19
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0 (R+ y)2
Yo
2 2
v_2_ng 1 1) R~y L [ 29”0y
2 R+y R+yp (R+y)(R+yo) (R+y)(R+yo)
- 29Ryo k
When it hits, y = 0 Vearth = Vearth = 3.016 —
R+ vyo S

*Problem 12-36

When a particle falls through the air, its initial acceleration a = g diminishes until it is
zero, and thereafter it falls at a constant or terminal velocity v;. If this variation of the

acceleration can be expressed as a = (g/vfz)(vzf— v2), determine the time needed for
the velocity to become v < ;. Initially the particle falls from rest.

Solution:

dv rv 1 t
_Za:%(VfZ—VZ) > ZdV:%J 1dt
dt Vf J Vi —V vi “0

0

1 V§+V g Vf V§+V
—1n = — |t t=—In
2vf \vf—v Vf2 29 Vi—V

Problem 12-37

An airplane starts from rest, travels a distance d down a runway, and after uniform acceleration,
takes off with a speed v, It then climbs in a straight line with a uniform acceleration a, until it

reaches a constant speed v,. Draw the s-t, v-t, and a-t graphs that describe the motion.

Given: d = 5000 ft vy = 162 %
]

a, =31 vy = 220 M
a — 2 a — h

s r
Solution:  First find the acceleration and time on the runway and the time in the air

2
Vr ft Vr
— ar = 5.645— tr = — tr = 42.088 s
2d 2

ar =
s ar

20
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80

Va - Vr
ta = ta = 28356 S
ag
The equations of motion
tl = 0,00ltrtr
2
S S 1 21
ailt1) = ap— vi(t1) = art1 — s1(t1) = —arty” —
1(1) & 1(1) ri 1(1) Hartl o
t2 = tr, 101tr tr + ta
32 S
ag(tz) = aaﬁ V2(t2) = I:artr + aa(tz - tr)]ﬁ
1 2 1 211
52 (t2) = —ar tr + artr(tz — tr) + —aa (t2 — tr) —
2 2 ft
The plots
15.10%
E= 4 o
110" Prad .
S osq(t e
s 1( 1) -
g st2)
2 - 5000 [~ ’ .
&)
0 | | | | | |
0 10 20 30 40 50 60 70
t1,t
Time in seconds
400
S
s
s ww) |
2 00 [~ -
3 valte)
(5]
>
0 | | | | | | |
0 10 20 30 40 50 60 70 80

t1,t
Time in seconds

21



Engineering Mechanics - Dynamics Chapter 12

6 I I I I
(9]
<
[%2]
=
B= a]_(t 1)4
s — |
g o) | _
(5]
©
(&)
o
< 0 | | | | | | |

0 10 20 30 40 50 60 70 80

t1,to
Time in seconds

Problem 12-38

The elevator starts from rest at the first floor of the building. It can accelerate at rate a; and then
decelerate at rate a,. Determine the shortest time it takes to reach a floor a distance d above the
ground. The elevator starts from rest and then stops. Draw the a-t, v-t, and s-t graphs for the

motion.
. ft ft
Given: a1:5—2 a2:2—2 d = 40 ft
S S
i -
Solution: Guesses tp =1s t=2s
d1:20ﬁ Vmale_
S
; 1 2 e p—
Given Vmax = a1t1 di = Eal t1 Vmax = ag(t - tl)
1 ) —
d=dy + Vmax(t - tl) - Eag (t - tl)
t1
t . ft
o |- Find(t1,t,d1, Vmax) dy = 11.429ft  t; = 2138 S Vpax = 10.69—
1 S
Vmax t=7483s

The equations of motion

tag = 0,0.01t;..11 tg = t1,1.01ty .. t
82 82
aa(ta) = a1 — ag(tq) = —ap —
a( a) 1 ft d( d) 2 ft
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S S
Va(ta) =a taE Vd (td) = [Vmax - aZ(td - tl)]ﬁ
1 21 1 2|1
salta) = Saata? S salt) = a1 + vt - 1) - Saaa - )|

The plots

< 5 7
(%]

£

E aa(ta)

o

g 2ol .
2

(5]

S | e

<

-5 | | | | | |
0 1 3 4 5 6 7 8
tavtd
Time in seconds
15

2

= Va(ta)Lo B \\“\\ 7

2 ‘NN\‘~~

g valta) | _

&) DS

> -\-\\‘~~

0 | | | | | B
0 1 2 3 4 5 6 7 8

taatd
Time in seconds
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o1 1 1T T T = =
E Sa(ta) ///’//’
8 0 — ///’
5 sltef
5 //
0 | | | | |
0 1 2 3 4 5 6 7 8
taatd
Time in seconds
Problem 12-39
If the position of a particle is defined as s = bt + ct?, construct the s-t, v—t, and a—t graphs for
0<t<T
Given: b=5ft c=-3ft T=10s t=0,001T..T
2\1 S 32
Solution:  sp(t) = (bt+ct )— v(t) = (b+ 2ct)— a(t) = (2¢)—
ft ft ft
200
£
5 0 7
£ sp®)
8 — L _
E’ 200
&)
-400 | | | |
0 2 4 6 8 10
t
Time (s)
50 T T
»
£
>
Ks)
i)
(5]
>
-100 | | | |
0 2 4 6 8 10
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-5.99
~
R -5.995 =
E
c
2 a(t) -6
©
3
§ —6.005 [~ .
< _ | | | |

6.01

0 2 4 6 8 10
t
Time (s)

*Problem 12-40

If the position of a particle is defined by s, = b sin(ct) + d, construct the s-t, v-t, and a-t graphs

for0<t<T.
. T 1
Given: b=2m C:E_ d=4m T=10s t=0,001T..T
S
Solution:
. 1
sp(t) = (bsin(ct) +d)—
m
S
vp(t) = bccos(ct)a
2 . S
ap(t) = -bc sm(ct)—2
m
6
e
£
[<5] —
E sp(t) 4
2
&)
2 | | |
0 2 4 6 8 10

Time in seconds
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Velocity in m/s
<
=
o
|
|

0 2 4 6 8 10
t
Time in seconds
1
(9]
<
R
e
g=
S ap oK
=
g
(5]
3
<
-1 | | | |
0 2 4 6 8 10

Time in seconds

Problem 12-41

The v-t graph for a particle moving through an electric field from one plate to another has the shape
shown in the figure. The acceleration and deceleration that occur are constant and both have a
magnitude a. If the plates are spaced s, apart, determine the maximum velocity v,,,, and the time t;

for the particle to travel from one plate to the other. Also draw the s-t graph. When t = t/2 the
particle is at s = S, /2.

Given: : e

[]

m
a=4—
2

S

N

Smax = 200 mm

! |
i

Solution:

2
1 (t ] B : “
Smax = Z{Ea(gj } toi2 f
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4Smax
tf = tf = 0.447 s
a
tf m
Vmax = a— Vmaxzo.894 —
2 S
The plots
4 = 0,001t~ s(t)—lat21
1 =0,001t.. > 1lt) = Jat —
2 2
- 101 s(t)—lat P P A I A A
2=y 2\2) = 1272 2\272) 2?7 2) [m
0.2 —= —
= S]_(tl) //’
8 Ar - -
§ 52(t2
L TTTTT
&
0 | | | | | | |

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

t1,t
Time in seconds

Problem 12-42

The v-t graph for a particle moving through an electric field from one plate to another has the shape
shown in the figure, where t; and v, are given. Draw the s-t and a-t graphs for the particle. When

t = t;/2 the particle is at s = s_.

Given: = Sy -
tf =02s .
i &
m
! man ' 7
SC =05m
Solution:
2Vmax m /
a= a=100 — FR<] ' '
tf s2 ki £ H
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The plots
2
tf 1 1 S
t1 = 0,001tf5 Sl(tl) = Eatlza al(tl) = aH
2 2
t _ 101'[f t s2(t2) = la i +atft i la RARE
2=yt 22) =122 2\ 27 2) 2% %72
S2
ag(tg) =-a—
e e S e
c ////,
= S]_(tl) 7
8 5 g -
g st
B -----
a
0 | | |
0 0.05 0.1 0.15 0.2
t1,t2
Time in seconds
100 —
N
<
O
e
= al(t]_)
S 0 -
£ ayty)
g -
(5]
3
<
-0~  mmmmmmsmsmememooo—oeoe—o—oooooooo- -
| | |
0 0.05 0.1 0.15 0.2
t1,t

Time in seconds

Problem 12-43

A car starting from rest moves along a straight track with an acceleration as shown.

the time t for the car to reach speed v.

28
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Given:

=50 —
S
a; =8 m
1=
S
tt =10s
Solution:

Assume that t > t;

Guess t=125s

ai tg
Given v=— > + al(t - t1)

Chapter 12

t = Find(t)

t=1125s

*Problem 12-44

A motorcycle starts from rest at s = 0 and travels along a straight road with the speed shown by the
v-t graph. Determine the motorcycle's acceleration and position when t=t,and t = t;,

Given:

m
vp =5 —

S
t1 =4s
tp =10s
t3 =155
tg =8s
tg =125

Solution: At t =1ty

Because t; < tg <ty then

1
S4 = EVO L + (t4 - tl)VO

At t =tg Because to < tg < t3 then

as

29

f

dv
ayu=—-=0
4
S4 =30 m
ag = 1m
5=
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. 1 11315
5 =5vo+ voltz —ta) + EVO(tS ~t2) - 213-1

vo(t3 - ts)

S5 =48 m

Problem 12-45

From experimental data, the motion of a jet plane while traveling along a runway is defined by
the v—t graph shown. Construct the s-t and a-t graphs for the motion.

Given: #(m/s) x—i
R\ e,

m e — peseoooOn ——
=80 =
tt =10s
to =40s ﬁ
i
Solution: ! ! 1(s)
I Iz
V1 m
kp = — kp =0~
t1 82
1 2 52
71 = 0,0.01t7 .. 11 31(71) = (Eklrl ) m al(fl) = kg —
m
1 2 &
2 =11,1.01t1 ..t 32(72) = (Vlz'g _Ekltl ) m aZ(TZ) = ko —
m
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3000
€ 000 _
T:/ Sl(‘r]_f P
S Pty
3 52(12)
S - 1000 [~ .
0 / ! ! ! ! !
0 5 10 15 20 25 30 35 40
71,72
Time (s)
10 T T
N
<
R
=
‘g a]_(rl)S_ ]
2
® aslr
g aln)
(5]
g
0C | R R T L L ]
0 5 10 15 20 25 30 35 40
71,72
Time (s)

Problem 12-46

A car travels along a straight road with the speed shown by the v—t graph. Determine the total
distance the car travels until it stops at t,. Also plot the s-t and a-t graphs.

Given:
tt =30s
tp =48s
m "
Vo =6 —
S
Solution:
Vo
k1 = —
§]
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Vo
-y

ko

1
71 = 0,0.01t1 .. 11 s1(t) = (Ekltz)

ai(t) =k ag(t) = ko

ko
o =11,1.01t1 ..ty Sp(t) = [sl(tl) +(vo + katg)(t - t1) - ?(tz - tlz)}

d = s2(t) d=144m
200
/é\ IS
;’ S]_(T]_) ///’
c )’lOO — i
g sz
[a)
0 | | |
0 10 20 30 40 50
71,72
Time (s)
~ 0.2 7]
N
<
X%
S
= air1) of .
2
g 2l
g 0.2 —
5
- | | | |
0.4
0 10 20 30 40 50
71,72
Time (s)
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Problem 12-47

Chapter 12

The v—t graph for the motion of a train as it moves from station A to station B is shown. Draw
the a—t graph and determine the average speed and the distance between the stations.

120

Given:
t1 =30s
v (ft/s)
t2 — 90 S T | BT | ]
t3 = 120 s
ft !
vi =40 —
S
4 } {(s)
! _f_'. I
Solution:
71 = 0,0.01t7 .. 11 9 =11,1.01t1 ..t 73 = t7,1.01ty .. t3
2 2
Vis V1 s
ag(t) = —— a(t) =0 az(t) = —
1(9) oy T 2(1) 3(1) P
1.10°
~
2 air)s405 | =
§ 2(n)
=
= a3(73) OF = e —
8
<
5.10° | | | | |
0 20 40 60 80 100
71,72,73
Time ()
1 1
d= Evl t1 + V1(t2 - tl) + Evl(t?’ - tz) d = 3600 ft
d ft
speed = — speed = 30—
t3 S
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*Problem 12-48

The s—t graph for a train has been
experimentally determined. From the data,
construct the v—t and a—t araphs for the
motion; 0 <t <tp. For 0 <t <tg, the

Fa1

Chapter 12

curve is a parabola, and then it becomes ,f"
straight for t > t1. /
/
Given: 1 /‘f
t] =305 /
t) = 40 _—— r
51 = 360 m I g
Sp = 600 m
Solution:
S1 $2-%1
=7 k=34
t1 2— U
71 = 0,0.01t7 .. 11 2 =11,1.01t1 ..t
2
sp1(t) = kgt vi(t) = 2kqt ai1(t) = 2kp
sp2(t) = spa(t1) + ka(t - t1) va(t) = ko ap(t) =0
30
€ w(afr B
2
8 valz
3 ---(--)10 B -
>
0 | | | | | | |
0 5 10 15 20 25 30 35 40
71,72
Time (s)
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1
~
<
X
S
= al(flb.5— _
=t
® aslr
g aln)
(5]
g o e ~
| | | | | | |
0 5 10 15 20 25 30 35 40
71,72
Time ()

Problem 12-49

The v-t graph for the motion of a car as if moves along a straight road is shown. Draw the
a-t graph and determine the maximum acceleration during the time interval 0 <t <t,. The car

starts from rest at s = 0.

Given: v
— A% e
tg1 =10s “—é)" = “‘"@1—-:.
tp =30s
ft
vp =40 —
S ¥a
ft
vy =60 — Vi
S Vi
fl
Solution: p
t .
2v1 S2 1 i
71 = 0,0.01t7 .. 11 al(rl) =1 T]_F
1
t1,1.01t7 ..t az(72) 2V S
79 = , L. .. T = -
2 1 1.-12 2\ 72 -t ft
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10

Chapter 12

Acceleration in ft/s"2

71,72

Time in seconds

V1
amax = 2 — t amax = 8—
t1 S

Problem 12-50

The v-t graph for the motion of a car as it moves along a straight road is shown. Draw the s-t
graph and determine the average speed and the distance traveled for the time interval 0 < t <t,.

The car starts from rest at s = 0.

Given:
tt =10s

tp =30s

ft
V1=40z

ft
vy =60 — )
S ¥2

Solution: The graph

3
Vi1

11 =0,001t1.t1  s(rp) = —=—=

tl23ft

vity
2 =11,1.01t7 ..t

36
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1500
= -
000 [~ =7 7]
£ s -
= i1}
g )
2 ----- 500 [~ = 7]
a e
0 4 | | |
0 5 10 15 20 25 30
71,72
Time in seconds
2
. vity v2-vi(ta—-1g
Distance traveled d=—+ v1(t2 - tl) + ( ) d=1.133 x 1O3ft
3 to—-11 2
d ft
Average speed Vave = o Vave = 37.778 —
2 S

Problem 12-51

The a—s graph for a boat moving along a straight path is given. If the boat starts at s = 0 when
v =0, determine its speed when it is at s = s,, and s, respectively. Use Simpson’s rule with n

to evaluate vats = s;.

Given:
ft [
2
S
ff ¢=10
ap =6 — '
2 > - ;
S - 573 _"'
s = 100 ft
4 b
s3 = 125 ft § \
Solution:

Since sp = 75ft < s; = 100ft
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2 S S
d V2 2 2 ft
a=v—v — = ads vo = |2 ai ds vy = 27.386 —
ds 2 Jy 0 S
Since s3 = 125ft > s1 = 100ft
S
(3 5
S 3
! ‘ S ft
v3 = |2 aj ds+2 aj+ay| [— - ds vy = 37.444 —
0 J b s
S1
*Problem 12-52
A man riding upward in a freight elevator accidentally drops a package off the elevator when
it is a height h from the ground. If the elevator maintains a constant upward speed v,
determine how high the elevator is from the ground the instant the package hits the ground.
Draw the v-t curve for the package during the time it is in motion. Assume that the package
was released with the same upward speed as the elevator.
. ft ft
Given: h = 100 ft vog =4 — g =322 -
S S
1.2
For the package a=-¢ v=yvg-gt s=h+vot—5gt
When it hits the ground we have
1 V0+,/V02+Zgh
0=h+vgt— =gt t = t=262s
2 9
For the elevator sy = Vot+h sy = 110.5ft
S
The plot 7 =0,001t..t v(r) = (vo - gr)ﬁ
50
2
= or N
2 W)
3 50 |- —
(5
>
-100 | | | |
0 0.5 1 15 25 3

Time in seconds
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Problem 12-53

Two cars start from rest side by side and travel along a straight road. Car A accelerates at the
rate a, for a time t;, and then maintains a constant speed. Car B accelerates at the rate ag until

reaching a constant speed vg and then maintains this speed. Construct the a-t, v-t, and s-t
graphs for each car until t = t,. What is the distance between the two cars when t = t,?

. m m m
Given: aA=4—2 t1 =10s a|3=5—2 vg = 25 — tp =155
s s s
Solution:
Car A:
2
S S 1 1
71 = 0,0.01t7 .. 11 aj(t) = ap— vi(t) = apt— s1(t) = —aAtZ—
m m 2 m
52 s
o =11,1.01t1 ..t ax(t) =0— vo(t) = Vl(tl)—
m m
1 2 1
so(t) = |:EaAt1 + aAtl(t - tl)j|—
m
VB
Car B: t3 = —
ap
52 S 1 21
3 = 0,0.01t3.. 13 az(t) = ap— v3(t) = agt— s3(t) = —agt™—
m 2 m
s
74 = t3,1.01t3..to as(t) =0 v4(t) = agtz—
m
1 2 1
sq(t) = |:Ea|3 t3” + ap t3(t - t3)j|—
m
Car A CarB
| | |
51 . 5 .
N N
< <
L L
S S
= al(rl) = a3(z'3)
S S
5 ay(2) 5 a4(4)
2 T 2 T
[<5] [<5]
3 or - . 3 O s =
< <
| | |
0 10 20 0 5 10 15
Tl’ 2'2 2-33 2'4
Time in seconds Time in seconds
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Car A CarB
| |
o s N 40 - N
«{ «{
e e
c vi(n1) = v3(z3)
> > - |  fSTTTTTTTT 7T
g valrabo- - g valrabo|- -
(5] (5]
> >
| |
0 0
0 10 20 0 10 20
7'-1’ T2 7'-3’ T4
Time in seconds Time in seconds
Car A CarB
400 I I 400 I I
£ £
S S]_(z']_) ,/’ = 53(2'3) /,/
8 00 - - 8 00 - -
g sl & seaf .
_____ m - --- //
[a) R
0 | | 0 /I |
0 5 10 15 0 5 10 15
Tl’ T2 T39 T4
Time in seconds Time in seconds

1 1
Whent=t, d = EaAtlz + aAtl(tg - tl) - [EaB t32 + ap t3(t2 - tg):H

d=875m

Problem 12-54

A two-stage rocket is fired vertically from rest at s = 0 with an acceleration as shown. After time t;

the first stage A burns out and the second staae B ignites. Plot the v-t and s-t graphs which describe
the motion of the second stage for 0 <t < tp,
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Given: i cg‘ll'- B
tt =30s A
lfl'_l §
t) = 60s e
ag =9 m
1= 2 i)
s
ap =15 m
2=
s
t fis)
Solution:
0,0.01t; ..t vy (1) 1 s1(r1) 1l
71 = , U, 1--01 1) =——— 1Hr1) = ———
tl2 3 m tl2 12 m
aity
2 =11,1.01t7 ..t Vg(rz) = 3 + 32(72 - tl) o
a”  apt 1) |
14 14 2— W) |s
32(72) = T + 3 (72 - tl) +ap H
600
w ///
£ L _
£ viaf®
= L
3 -V-Z-(-T-Z%oo - -
S L
0 ! _/r/l | | |
0 10 20 30 40 50 60 70

Tl, 2’2
Time in seconds
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15-10%
(= 4
1.10% | - .
£ slz ,
< 1(71)
g o) 5000 - i
A L
0 | LT | |
0 10 20 30 40 50 60 70

T]_, 7,'2
Time in seconds

Problem 12-55

The a—t graph for a motorcycle traveling along a straight road has been estimated as shown.
Determine the time needed for the motorcycle to reach a maximum speed v,,,, and the distance

traveled in this time. Draw the v—t and s—t graphs.The motorcycle starts from rest at s = 0.

Given

tt =10s

tp =30s

a; =10 ft

1=

s
ag = 20 !
2=
s
ft
Vmax = 100 - 1 A i
S h fa
Solution: Assume thatt; <t<t,
71 = 0,0.01t7 .. 11 2 =11,1.01t1 ..t
t 2a; \/*3 4aq \/’5
ap1(t) = a1 [— Vp1(t) = t sp1(t) = t
t1 3./t 15,/t1
t—1t1

ap2(t) = (ap—a +a

2(t) = (a2 1)t2—t1 1
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ay —ag (t - tl)z

sz(t) = > — + al(t - tl) + Vpl(tl)
3
az —aj (t - tl) ag 2
Sp2(t) = +—(t—=1t1) +Vvp1ltg )t —11) + Sp1it
p2(0) = —5— =+ 7 (1) vpa(t)(t-t) + spa(t)
Guess t=1s Given Vp2(1t) = Vmax
t = Find(t) t=13.09 s
d = sp2(1) d = 523ft
s s
vi(t) = Vpl(t)ﬁ va(t) = sz(t)ﬁ
1 1
sp(t) = Spl(t)ﬁ s2(t) = sz(t)ﬁ
400
g ///,
& Vl(rl) //’/
2 foo = 7
§ V2(2'2 =T
o 2\% -
< e
0 / | | |
0 5 10 15 20 25
71,72
Time (s)
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6000
£ 000 e
§ S]_(‘r]j1 ///,
g sn)
a 2000 [ .
0 Ly | | |
0 5 10 15 20 25 30
71,72
Time (s)

*Problem 12-56

The jet plane starts from rest at s = 0 and is subjected to the acceleration shown. Determine the
speed of the plane when it has traveled a distance d. Also, how much time is required for it to
travel the distance d?

Given:
d = 200 ft
ap = 75 ft
0=™7
S
sy = 500 ft
Solution:
S
a= ao(l - —)
$1
2
d
vg = [2ag/d - —
231
t d d
ds 1 1
V=— Jldt:(—ds t:”—ds t=239 s
dt 0 J v 2
S
0 J 2ag| s — —
251
0
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Problem 12-57

The jet car is originally traveling at speed
Vo When it is subjected to the

acceleration shown in the graph.
Determine the car’s maximum speed and
the time t when it stops.

Given:
m »
Y0 =207 | \
s
ag = 10
0 - 2 I
S T 1 !
tl =20s 1 -.
Solution:
t t t
a(t) =ag|1-— v(t) = vp +J a(t) dt sp(t) = J v(t) dt
t1 0 0
Guess tstop = 305 Given  V(tstop) = 0 tstop = Find(tstop)
m
Vmax = V(t1) Vmax = 120 —  ttop = 41.909 s
S

Problem 12-58

A motorcyclist at A is traveling at speed v; when he wishes to pass the truck T which is
traveling at a constant speed v,. To do so the motorcyclist accelerates at rate a until reaching a
maximum speed vs. If he then maintains this speed, determine the time needed for him to reach
a point located a distance d4 in front of the truck. Draw the v-t and s-t graphs for the
motorcycle during this time.

Given:
vy = 60 — d]_ = 40 ft (Vi) (V)2
s — —
ft q 41"!'1 L]
vo = 60 — = b5 ft .
=0 % - 5 " |
ft B |
v3 =85 dg =100t g g, g
ft
a=6—
2
s
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Solution: Let t; represent the time to full speed, t, the time to reache the required distance.

Guesses tt =10s to =20s

. 1
Given V3 =Vq +aty dy+dp+d3+voty = vty + Eatl2 +v3(tz - 1)
t1
o= Find(t1, t2) t] = 4.167 s tp = 9.883 s
2

Now draw the graphs

71 = 0,0.01t7 .. 11 31(71) = (Vlz'l + %arlzjf—lt le(rl) = (Vl + arl)f—st
1 1
2 =11,1.01t7 ..t 32(72) = |:V1 t1 + Eat]_2 + V3(72 - tl)}ﬁ Vm2(T2) = V3%
90
E V(1O [ b
>
S sz(fz ]
S -5
>
60 | | | |
2 4 6 8 10
71,72

Distance in seconds

1000
= ———/—_/,,
GE) Sl(z'l) ——/——__,,
o 500 [~ .
S 82(12) i
B ol
O /
0 | | | |
0 2 4 6 8 10
71,72

Time in seconds
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Problem 12-59

The v-s graph for a go-cart traveling on a
straight road is shown. Determine the
acceleration of the go-cart at s; and s,.

Draw the a-s graph.

©

Chapter 12

Given:
m
V] =8 — s3 =50m
S
s1 =100 m sS4 =150 m iy i ‘
Sp =200 m
Solution:
dv Vi s3 V1 m
FOI’0<S<S]_ a=V— =V— a3:_vl_ 3.3:032—
ds S1 s1 781 52
dv V1
For s <s<$sp a=v— = —
ds S2 —S1
S2 — 84 V1 m
a = v ag =032 —
S$9—-S1 ~S2—9S1 52
2
o1 Vi 32
o1 = 0,0.01s1..51 31(01) - - =
S1 S M
2 2
S2—02 V1 S
oy = 51,1018 .. 5 ag(op) = 3
S$2—81 S2—S1 M
1
(9]
»
= 05 _
= al(al)
S 0 -
S ag(oy)
e i
2 -05F e |
(&) -
<
-1 | | |
0 50 100 150 200
01,02
Distance inm
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*Problem 12-60

The a—t graph for a car is shown. Construct the v—t and s—t graphs if the car starts from restat t =
0. Atwhat time t' does the car stop?

Given: 3
m
a; = 5 _2
S = G =T O @)
m
a2 - _2 _2 |J|
S
t1 =10s
Solution: g
al |
k = - Ll
§]
{2 3
ap1(t) = kt vp1(t) = |(E Spa (D) = kE
aPZ(t) = a sz(t) = Vpl(tl) + az(t _ tl)

Spg(t) = Spl(tl) + Vpl(tl)(t - tl) + %az (t - t1)2

Guess t' =125 Given vp2(t) =0 t' = Find(t") t'=225s
71 = 0,0.01t7 .. 11 2 = 11,1.01t .. '
30
é Vp]_(‘rl)zo B \\ —
> T~
S v 2172 \\
2 vl )10— =
> \\\\
0 | | | L
0 5 10 15 20 25
71,72
Time (s)
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300
=3 L T _
S sp1( 7170
o -
g s 2(12)l 2
z __p___ 00 /// —]
[a) //
0 | | |
0 5 10 15 20 25
71,72
Time (s)

Problem 12-61

The a-s graph for a train traveling along a straight track is given for 0 < s < sp. Plot the v-s
graph. v=0ats=0.

)

Given:
S1 =200 m
[Freresrar|ieeraana e afj ==
sp =400 m r——%rm g o
ag =20
1=7
S
Solution: a
o1 = 0,0.01s1..51
o2 =51,101s1..5

¥ ¥a

For 0<s<sg k=— ac1 = ks
s1
v S 2
dv Vv k 2 S
a=ks=v— vdv:Jksds — =—5 v =y kop—
ds JO 0 2 2 1(01) \/—Ulm
dv v S
For s1 <s<sp ac2 = a1 a:ks:vd— J Vdv:J alds
S Vi 1
2 V12
v 2°S
?_—2 :al(S—Sl) Vz(az) :\/2&1(0'2—81)+k81 E
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40
e
= e
£ Vl(Ul)
2 0 - m
3 vooo
(5]
>

0 | | | | | | |
0 50 100 150 200 250 300 350 400
0'1, 0'2
Distance in m

Problem 12-62

The v-s graph for an airplane traveling on a straight runway is shown. Determine the
acceleration of the plane at s = s; and s = s,. Draw the a-s graph.

Given:
¥
S1 =100m s4 =150 m
m
Sp =200m vq =40 —
S
V4
m
s$3=50m vp =50— Wyl
S .
Solution:
dv
a=v—
ds
¥
s3 V1 m
0<s3<sy a3 =|—|v1| — a3 =8 —
1 S1 2
S
S4 —$1 Vo — V1 m
S1 <S4 <% ag = v+ (v2 - v1) ag = 45 —
Sp —S1 Sp —S1 52
The graph
o1 Vi 32
o1 = 0,0.01s1..51 31(01) - - =
S1 S M
_ _ 2
02 —S1 V2 —=V1s
oo =51,1.01s1..5 ag(op) = |vi + (v2 - v1) S
SO —§1 S2—§ M
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20
N
e
= al(al)
[y
o 10 ]
k= 62(02)
E) _____
g 3 i
<
] l |
0
0 50 100 150 200
01,02
Distance in m

Problem 12-63

Starting from rest at s = 0, a boat travels in a straight line with an acceleration as shown by
the a-s graph. Determine the boat’s speed when s = s,, S5, and sg.

Given: o
s1 =50 ft s5 = 90 ft
sp = 150 ft sg = 200 ft
ft
s3 = 250 ft a1:2—2 a4
S
ft oy
sS4 = 40 ft ap =4 —2
S
i LN '|': ¥3 ¥
Solution:
ft
0<sg<s aj =a V4 = ./2a4s. V4 = 12.649 —
4 < S1 4 =231 4 = /28454 4 S
V] =,/2a1951
2 ft
$1 <5< as = ap Vs =/ 2a5(s5 — s1) + V1 V5 = 22.804 —
S
2
vy = \/Zaz(SZ - S]_) +V1
S6
2 S3—5S ft
Sy < S < S3 Vg = Vo +2 apds vg = 36.056—
S3— 82 S
2
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*Problem 12-64

The v—s graph for a test vehicle is shown.
Determine its acceleration at s=s;ands,.

Given:

m
V1=50?

s1 =150 m s3 = 100 m

Sp =200m s4 =175 m

Solution:

az = | — V1| —
S1 S1
aq = V1
$2—-%1 $2-%1

_J.f'
a —1111m
3= 1111 =
s
aq = 25m
8= 2

.'l|

Chapter 12

Problem 12-65

The v—s graph was determined experimentally to describe the straight-line motion of a rocket sled.

Determine the acceleration of the sled at s = s; and s = s,.

Given:

m

vy = 20 — S1 =50m
m

Vo = 60 — Sp =300 m

s3 = 100 m S4 =200 m

Solution:
dv
a=VvV—
ds
[s3-s1 Jv2-v1
a3z = (Vg — Vl) + V1
$2—-91 $2-%1
_54 - 51 W Vo — V1
aq = (Vg - Vl) + V1
$2—-91 $2-%1

t{m/s)

s{m)

R

ag = 4.48
3 =448 —

S

ag = 7.04 2
4=1704 =

S
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Problem 12-66

A particle, originally at rest and located at point (a, b, c), is subjected to an acceleration
a ={dti+e t? k}. Determine the particle's position (x, y, ) at time t,.

Given: a = 3ft b=2ft c=5ft d:6f—; e:lZf—:1 tp =1s
S s

Solution:

ay = dt vxz(g)tz sxz(g)t3+a X = (%)t13+a X = 4ft

ay=0 vy =0 sy="b y=>b y = 2ft

2 €)3 e \4 e 4
a; = et v, = | — |t S;=|— |t +¢C z=|—1It1 +c z=6ft
? ’ (3) ’ (12) (12)1

Problem 12-67

The velocity of a particle is given by Vv = [at?i + bt3j + (ct + d)K]. If the particle is at the origin
when t = 0, determine the magnitude of the particle's acceleration when t=t;. Also, what is the

X, ¥, Z coordinate position of the particle at this instant?

. m m m m
Given: a=16— b=4— c¢=5— d=2— t1 =25
3 4 2 S
S S S
Solution:
Acceleration
m
ay = 2atp ay = 64 -
S
2 m
ay = 3bt1 ay = 48 _2
S
m
a; =¢ a;=>5 >
S
/ 2 2 2 m
amag = aX + ay + az amag = 80.2 _2
S
Postition
a 3
X = Etl X = 42.667 m
b, 4
y = Ztl y = 16 m
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c
Z:Et12+dt1 z=14m

*Problem 12-68

2
A particle is traveling with a velocity of v = (a\ﬁebti + ceoIt j). Determine the magnitude
of the particle’s displacement from t = 0 to t;. Use Simpson’s rule with n steps to evaluate the
integrals. What is the magnitude of the particle’s acceleration when t = t,?

. m 1 m 1
Given: a=3— b=-02- c=4— d=-08— t =3s thy=2s
3 S S S2
2
S
n = 100
Displacement
ty X & i
X1 :J ay/te’ dt x; =734m y;=| cell dt y1 = 3.96 m
0 0

dy =4/ X:|_2 + y12 d; =834 m

Acceleration

bt
axzj—t(a\ﬁebt) :2i bt aby/ted! a = ——e 2(%+bt2)

\ﬁe

2 2
dt
ay:d—(cedt):zcdtedt ay2 = 2cdtze 2
dt
ap =014 2 ap--052 2 a4 - fapitap’  ap = 0541
x2 = Y. 52 y2 = —Y. 52 2 = X2 y2 2 =Y. 52

Problem 12-69

The position of a particle is defined by r = {a cos(bt) i + ¢ sin(bt) j}. Determine the
magnitudes of the velocity and acceleration of the particle when t = t;. Also, prove that the

path of the particle is elliptical.

. rad
Given: a=5m b=2— c¢c=4m t1 =1s
S

Velocities
. 2 2
V1 = —absin(bty) vy1 = cbeos(bty) Vi = v+ vyt
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m
vyl = —9.093 —
S

Accelerations

ay, = —ab? cos(bty)

m
ay1 = 8.323 —
2
s
Path
X
— = cos(bt)
a

m
W1 =-3329

ay1 = —C b sin(bty)

m
ay1 = -14.549 —
S

% — sin(bt) Thus

Chapter 12

m
vy = 9.683
S
’ 2 2
al = dyxl + ay]_
m
aj = 16.761 —
S

Problem 12-70

A particle travels along the curve from A to B in time t;. If it takes time t, for it to go from A
to C, determine its average velocity when it goes from B to C.

Given:
t1=1s
tp =3s
r=20m

Solution:

()
=

rAC —TAB

V. =
ave t2 — tl

|

A

10 \ m
Vave = —
ave -10) s

=

Problem 12-71

A particle travels along the curve from A to B in time t;. It takes time t, for it to go from B to C and
then time t; to go from C to D. Determine its average speed when it goes from A to D.

Given:
t1=2s rp =10m
th =4s d=15m
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t3=3s rp=55m

Solution:
n
I". -
ikl 7 42
d=|—|+d+|— r d 1\ &
2 2 B . 3
] o -
C
d O
t:t1+t2+t3 Vave:T Iy
T
m
Vave = 4285 — el L]
S A '

*Problem 12-72

A car travels east a distance d, for time t;, then north a distance d, for time t, and then west a
distance d; for time t5. Determine the total distance traveled and the magnitude of displacement
of the car. Also, what is the magnitude of the average velocity and the average speed?

Given: dy =2 km d> = 3 km d3 = 4 km
t1 = 5 min to = 8 min t3 = 10 min
Solution:
Total Distance Traveled and Displacement: The total distance traveled is
s=dy+dy+d3 s =9km

and the magnitude of the displacement is

Ar = \/(dl ~d3)? + dp? Ar = 3.606 km
Average Velocity and Speed: The total time is At =1+t + 13 At = 1380 s

The magnitude of average velocity is

V. = — m
an At Vavg = 261 ?
and the average speed is
Vv -2 V = 6.522 m
spavg it spavg ‘ s
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Problem 12-73

A car traveling along the straight portions of the road has the velocities indicated in the figure
when it arrives at points A, B, and C. If it takes time t,5 to go from A to B, and then time tg¢

to go from B to C, determine the average acceleration between points A and B and between
points A and C.

Given: "
tAB =35 Ve
.
tec =55 . 4
i
m
VA = 20 — v‘( 8
S i
m
vg = 30 —
S
m
Ve = 40 — S —
S
A
0 = 45 deg
Solution:
cos(6) (1) [1)
VBv = VB VAv = VA Vcy = V¢
Y sin(6’) v 0 v 0
VBV - VAV 0404 m
a = — a = —
ABave tAB ABave 7071 52
. _ Vcv — VAv . B 25\ m
ACave tAB + tBC ACave 0 32

Problem 12-74

A particle moves along the curve y = aeP™such that its velocity has a constant magnitude of
v = V. Determine the x and y components of velocity when the particle isat y = y;.

. 2 ft
Given: a=1ft b=—=— vg=4— yi1 =51t
s
In general we have
b x b x
y=ae vy = abe "vy
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2.2 2bx) _ Voz

vx2 +vy2 = vX2(1 +a b7e

b x
Vo abe "vp
Vx=—b Vy=—b
\/1+a2b2e2 X \/1+a2b2e2 X

In specific case

Vo ft
Vg1 = vyl = 0.398 —
X S
1+ a2 b2e !
le
abe “vp ft
Vy1 = vy = 3.980 —
2,2 2bxa =
l+a b e

Problem 12-75

The path of a particle is defined by y2= 4kx, and the component of velocity along the y axis is
vy, = ct, where both k and ¢ are constants. Determine the x and y components of acceleration.

Solution:
y2 = 4kx
2yvy = 4kvy

2
2vy" + 2yay = 4kay

w=ct ay=¢
2
2(ct)” + 2yc = 4kay

WL

*Problem 12-76

A particle is moving along the curve y = x — (x4/a). If the velocity component in the x direction
is v, = V. and changes at the rate a,, determine the magnitudes of the velocity and acceleration
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when x = X;.

. ft ft
Given: a = 400 ft Vg = 2 — ag =0 —
S

X1 = 20 ft
S

Solution:

2
Velocity: Taking the first derivative of the path y =x- (X—j we have,

a
2X 2X
vy=vxl—g =\ 1—;
2X1 2 2
Vy1 = VQ Wyl = Vo 1—? VI =4/Vx1 +W1

ft

ft ft
Vy] = 2— V1 =18— v = 2.691 —
S S S

Acceleration: Taking the second derivative:

2 2
2X Vx 2X Vo
ay=ayl-—|-2/—|=ag|l-—|-2 —
a a a a
2
2X1 Vo 2 2
ay1 = ag ay1 = ag l—T —27 ap =.ax1 +ay1

ft ft ft
ay1 = 0— ay1 = —0.0200 — a; = 0.0200 —
x1 2 yl 2 1 2

S S S

Problem 12-77

The flight path of the helicopter as it takes off ==
from A is defined by the parametric equations

x = bt? and y = ct3. Determine the distance the
helicopter is from point A and the magnitudes
of its velocity and acceleration when t = t;.

Given:

m m ¥
bh=2— c =004 — t1=1OS T B O W T T 1
S2 3
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Solution:

bty 2bty ( 2b j
r = Vi = a; =

et 3ct;? 6cty

200 40\ m 4 \m
r = m V] = — aj = —
"0 P la2) s 7 \2a) 2

m m

|r1| =204 m |vi| = 41.8 " |aa| = 466 =

Chapter 12

Problem 12-78

At the instant shown particle A is traveling to the right
at speed v, and has an acceleration a,. Determine the
B

initial speed v, of particle B so that when it is fired at —
the same instant from the angle shown it strikes A. )\“

Also, at what speed does it strike A?

Given:
ft
vy =10 — a] =2 -
s s . 1'::' ;
b =3 c=4 .
ol
ft
h = 100 ft g=32.2—2
S
Solution:
ft
Guesses vg =1— t=1s
s
. 1 2 c 1 2 b
Given vit+—a1t” = | —— |vpt h—-—gt" - | ———=|vgt=0
2 [ b2+02] 2 /b2+02
Vo ft
( j = Find(vo. t) t=12224s vo = 15.28 —
t S
c
b2 + c? 12.224 ) ft b = ft
V! = = —_ VvV =] . —_
B 8780772 s B s
—gt— Vo
b2 +cC
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Problem 12-79

When a rocket reaches altitude h, it begins to travel along the parabolic path (y — h;)? =b x. If the
component of velocity in the vertical direction is constant at v, = v, determine the magnitudes of
the rocket’s velocity and acceleration when it reaches altitude h,.

Given:
.1-
h1 =40 m (v =10 = by
b =160 m éf/
m
vo = 180 —
S
hp) =80 m
Solution:
2 i
bx = (y - h1)
bvy = 2(y - h)vy 1
baX = 2Vy2

2 / m
Vy2 = B(hz — hl)VO Vy2 =\Vp Vo = VX22 + Vy22 Vo = 201.246 —

S

2 2 m [ 2 2 m
ayo = BVO ay2 = O—2 ap =, ax2 +ay ap = 405 v

S S

*Problem 12-80

Determine the minimum speed of the stunt rider, so that when he leaves the ramp at A he
passes through the center of the hoop at B. Also, how far h should the landing ramp be from
the hoop so that he lands on it safely at C ? Neglect the size of the motorcycle and rider.
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Given:
a=4ft
b = 24 ft |[
d =12 ft T
~ i “~ g
e =3ft Co” ! &%
d - | | -y
f=5ft ”
- == I [ = [
= 32.2 ft
g = oz >
S
. f
Solution: @ = atan| —
c
ft
Guesses va =1 — tg=1s tc=1s h=1*ft
S
. . 1 2
Given b= vAcos(e)tB f+ vAsm(H)tB - EgtB =d
. 1 2
b+h= vAcos(H)tC f+ vAsm(G)tc - Egtc =e
tg
tc ) g 0.432 ft
= Flnd(tB,tC,vA,h) = S va = 60.2 —
VA tc 1.521 S
h
h = 60.5ft

Problem 12-81

Show that if a projectile is fired at an angle @from the horizontal with an initial velocity v,, the

maximum range the projectile can travel is given by R, = V,?/g, Where g is the acceleration of
gravity. What is the angle @ for this condition?
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Solution: After time t,

X
X = Vg cos| )t t=——
0 ( ) vocos(H)
1 2 x2
y = (vo sin(H))t - —gt y = xtan(e) - g
2 2 2
2vQ cos(@)

Sety = 0 to determine the range, x = R:

. 2v02 sin(e) cos(H) vo2 sin(20)

g g9

R ax OCCUrS when sin(29) =1or, 6 = 45deg

L VO2
This gives: Rmax = — Q.E.D
9

Chapter 12

R

RITELY

Problem 12-82

The balloon A is ascending at rate v, and is being carried horizontally by the wind at v,,. If a

ballast bag is dropped from the balloon when the balloon is at height h, determine the time
needed for it to strike the ground. Assume that the bag was released from the balloon with
the same velocity as the balloon. Also, with what speed does the bag strike the ground?

Given:
km
va = 12 —
A hr
km
vy = 20 —
W hr
h =50m
m
= 0.81 —
g 2
S
Solution:
ay=0 ay =g
VX=VW Vy——gt+VA

63



Engineering Mechanics - Dynamics Chapter 12

-1 2
SX:VWt Sy:7gt +VAt+h
2
-1 vA+,/vA +2gh
Thus 0= 7gt2 +vat+h t = t=3551s
g

[ m
Vy = Vi Vy = —gt+va vV = vX2+vy2 v:32.0?

Problem 12-83

Determine the height h on the wall to which the firefighter can project water from the hose,
if the angle @ is as specified and the speed of the water at the nozzle is v.

Given:
ft i
ve = 48 —
S
hy = 3ft
d = 30 ft E
6 = 40 deg I
Ve
ft ; I
g =322 — f /ﬁ
SZ 'Il i [: 1
§o): ] / - B
4 " B~ |
- = d |
Solution:
ax=0 ay = —g
Vy = VC cos(e) vy = —gt+ stin(H)
—0).2 .
Sx = VC cos(e)t Sy = (7)t +ve sm(e)t +hy
Guesses t=1s h=1ft
. -1 2 .
Given d=vc cos(&)t h = 7gt +ve sm(e)t + hy
t .
(hj = Find(t, h) t=0.816s h = 17.456 ft
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*Problem 12-84

Determine the smallest angle &, measured above the horizontal, that the hose should be directed so
that the water stream strikes the bottom of the wall at B. The speed of the water at the nozzle is vc.

Given: E
vc = 48 E
S
hy =31t i
A
d=30ft [
ft o h
g =322 - -’:i /(‘
S -Eﬂﬂ‘ C 1 =l
;("'il Iy B~]
Solution: ' I 2 y = 4
ay=0 ay =g
Vy = VC cos(@) vy = -gt+ vcsin(H)
_ 9.2 .
Sy = V¢ cos(e)t Sy = 7t + VCS|n(6’)t +hq
When it reaches the wall d=vc cos(@)t t= L
Ve cos(@)
2
0- _Q(Lj svgsin()—— +hy = —&[sin(20) - 22 | 4 by
2 | vccos(6) vc cos(6) 2cos(¢9)2 VC2
Guess € = 10 deg
Given 0=—39 [sin(26) - 39 1+ hy 0 = Find() 0 = 6.406 deg
2
2005(49) Ve

Problem 12-85

The catapult is used to launch a ball such that it strikes the wall of the building at the maximum
height of its trajectory. If it takes time t; to travel from A to B, determine the velocity v, at

which it was launched, the angle of release 6, and the height h.
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Given: T
a=35ft e — =
i |
b =18 ft "
t1 =15s
ft Y., h
=322 — 7
g=3 > /
S i
= dpty
i | s .
L N . L 1
I I
Solution: = fi &
ft
Guesses vp =1 — 6 =1 deg h=1*ft
s
Given vAcos(e)tl =b vAsin(H) -gt1 =0
. 1
a+ vAsm(H)tl - Egtl2 =h
VA
. ft
¢ | = Find(va, 6.h) VA = 49.8— 6 = 76deg h = 39.7 ft
s
h

Problem 12-86

The buckets on the conveyor travel with a speed v. Each bucket contains a block which falls
out of the bucket when 8= 6,. Determine the distance d to where the block strikes the

conveyor. Neglect the size of the block.

Given:
a=3ft
b=1ft
61 = 120 deg
ft
v=15—
S
ft
S
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Solution:
Guesses d=1ft t=1s

Given —bcos(@l) + vsin(@l)t =d
a+ bsin(@l) + vcos(@l)t - %gt2 =0

d
(tj = Find(d,t) t=031s d = 4.52ft

Problem 12-87

Measurements of a shot recorded on a videotape during a basketball game are shown. The ball
passed through the hoop even though it barely cleared the hands of the player B who attempted
to block it. Neglecting the size of the ball, determine the magnitude v, of its initial velocity and

the height h of the ball when it passes over player B.

Given:

a=7Tft - I *_':___'7
b = 25 ft ';)/'* 3 ¥
It ’ h .
A 1 il

.:_}_
-\:.G

B
1
c=5ft I
U i _,b
d=10ft &"I , - ,
0 = 30 deg - b i

= 32.2 ft

g = oz >

s

Solution:
ft
Guesses va = 10 — tg=1s tc=1s h =12 ft
s
Given b+c=vp cos(e)tc b= vAcos(e)tB
d= %gtcz + vAsin(H)tc +a h= —79,(82 + vAsin(H)tB +a
VA
tg _ tg 0.786 ft
= Find(va, tg,tc.h) - S  VA=2367— h = 11.489 ft
tc tc 0.943 s
h
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*Problem 12-88

The snowmobile is traveling at speed v, when it leaves the embankment at A. Determine the time of
flight from A to B and the range R of the trajectory.

Given: )
m ."?{;_'.___
vg = 10 — L A s v I
S - ¥
e ‘
0 = 40 deg oz .
c=3
d=4
_ 981 2
g =29 >
S .
Solution:
Guesses R=1m t=1s
. —C — .
Given R =vg cos(@)t (F)R = (79),(2 + Vo sm(@)t
R .
(t) = Find(R, 1) t=2482 s R =19.012 m

Problem 12-89

The projectile is launched with a velocity v,. Determine the range R, the maximum height h
attained, and the time of flight. Express the results in terms of the angle &and v,,. The acceleration
due to gravity is g.

Solution: \
ax=0 ay =—-9
Vy =V cos(e) vy =-gt+Vvp sin(e)
i
( ) -1 2 . ( ) L f
Sy = Vg coslg)t sy:7gt + vg sin{ o)t A h .
|:__, L] 1 X

-1 9 ) 2vp sin(@) - R -

O:7gt +v03|n(9)t t:T
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2V
R =vp cos(@)t R = Tosin(e) cos(e)
_ 2 vo“sin(@
hzgg(%) +vosin(9)% = 0 g( )

Problem 12-90

The fireman standing on the ladder directs the flow of water from his hose to the fire at B.
Determine the velocity of the water at A if it is observed that the hose is held at angle 6.

Given: 1(;1 | —
vil T
g = 20 deg '-:.h i A\\:l
a =60 ft ;’ifﬂr iy
.J a .
b = 30 ft 2 B
_ 32 ™ 4 N
g = oe >
S
Solution:
ft I T -
Guesses vp =1 —
S
t=1s
. -1 2 .
Given vAcos(e)t =a 7gt - vAsm(H)t =-b
VA . ft
= Find(va.t) t=0712s VA =89.7—
t S

Problem 12-91

A ball bounces on the @inclined plane such that it rebounds perpendicular to the incline with a
velocity v,. Determine the distance R to where it strikes the plane at B.
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Given: x
0 = 30 deg e 5 =
Sagi®
VA = 40 — e
./”// b
.-"'-f i
g =322 — f,.f
S .
/ R
Solution: i s
J L
Guesses t=10s 3 ?,f{_: 6\
R=1ft
-1
Given vAsin(H)t = Rcos(e) 7gt2 + vAcos(H)t =-R sin(H)
t .
(R) = Find(t,R) t=287s R = 66.3ft

*Problem 12-92

The man stands a distance d from the wall and throws a ball at it with a speed v,,. Determine

the angle @ at which he should release the ball so that it strikes the wall at the highest point
possible. What is this height? The room has a ceiling height h,.

Given:

d = 60 ft — e .

vg = 50 — ¥ A fry
O S ‘“/1:' lll] !
hl = 5 ft ‘ﬁi T lll]. ] T

hy = 20 ft ~ g L
ft
g =322 -
S
Solution: Guesses t1 =1s tp =2s 6 =20deg h =10 ft
. =0, 2 .
Given d=vg cos(H)tz h= (7)t2 + Vg sm(H)tz + hq
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0=-gt1 +vp sin(H) hy = (—79),[12 + Vg Sin(ﬁ)tl +hy
t
_ t1 0.965
= Find(ty,tp, 6, h) = s 0=38434deg  h=1483ft
0 ty 1.532
h

Problem 12-93

The stones are thrown off the conveyor with a horizontal velocity v, as shown. Determine
the distance d down the slope to where the stones hit the ground at B.

Given:
Vo = 10 % h = 100 ft
S
c=1
ft
_ _ A
g =322 32 d = 10 s _k - gy
;:: l‘ iy
Solution:

|

|

C |

0 = atan| — 3
(d) |

Guesses t=1s d=1ft |

Given vot = dcos(6) 1
1 ll.-“"*,___ B
_71gt2 = —h —dsin(6) ﬁ' i-%h___ B
AN,
Xl
(;j = Find(t, d) t=2523s  d=254ft '

Problem 12-94

The stones are thrown off the conveyor with a horizontal velocity v = v, as shown.
Determine the speed at which the stones hit the ground at B.

Given:

fit
vp = 10 — h = 100 ft
S
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ft =
g=322- ¢=1
32 d=10

Solution:

c
0 = atan| —
(d)

Guesses t=1s L=1ft

Given Vot = Lcos(e)

_71gt2 =-h- Lsin(H)

t
(J = Find(t, L) t=2523s L =254ft

Vo 10 ft |
VB = VB = — V
57 gt 5~ 81256 ) s B

4 .l' - - .I
——, 13_
! ",
J
<i 9
v
1
|'.' '|
|I "'_
|
|
p
! !
NN 1
»
ﬁ\._ 'i.;\
e, Sy R
! Y
OV N
-
ft
| - 81.9—
S

Chapter 12

Problem 12-95

The drinking fountain is designed such that the nozzle is located from the edge of the basin as
shown. Determine the maximum and minimum speed at which water can be ejected from the

nozzle so that it does not splash over the sides of the basin at B and C.

Given:
6 = 40 deg a =50 mm
m = :
g-os ™ b = 100 mm = ¢
2 I—l . L
S ¢ = 250mm H““H——*ﬂ’ﬁ
Solution: I - |
m
Guesses Vmin = 1 — tmin =15
S
m
Vmale? tmax =18
. . 1 2
GlVen b = Vmin Sln(e)tn'"n a+ Vmin COS(@)tmm — Egtm”'] = O
. 1 2
b + ¢ = Vmax Sin(6)tmax a + Vimax 08 ( O)tmax — Egtmax =0
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tmin
tmax o d(t . ) tmin 0.186

= Find(tmin , ,Vimin » V. = s
Vi min > tmax > Vmin » Vmax - 0.309

|3

V
max Vimiin 0.838
Vmax ) \1.764 ) s

*Problem 12-96

A boy at O throws a ball in the air with a speed v, at an angle &,. If he then throws another ball
at the same speed v, at an angle &, < 6;, determine the time between the throws so the balls
collide in mid air at B.

Solution: el

X =V COS(Hl)t =V 008(02)(t - At)
y= [‘79}2 +vosin(6y)t = (‘79)0 _ 20 + vosin 82)(t - )

Eliminating time between these 2 equations we have

) ﬂ( sin(61 - &) ]

A= g cos(01)+cos(¢92)

Problem 12-97

The man at A wishes to throw two darts at the target at B so that they arrive at the same time.
If each dart is thrown with speed v, determine the angles 6. and 6, at which they should be

thrown and the time between each throw. Note that the first dart must be thrown at 6. >4 then
the second dart is thrown at g
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Given: N ~. ~
vgp = 10 — T ——
s h —
."Jl 1,—"’:1"".# - -:'::\".\'_
a-sm 87= L
| =n, _,;}
m
S
Solution:
Guesses 6c = 70 deg 6p =15deg At =2s t=1s
Given d=vp cos(@c)t 0= —_gtz + Vo sin(ec)t
2
d = vo cos(6p)(t - 4t) 0 = =2 (- 40 + vosin(ep)(t - 41
oc
6p _ oc 75.313
= Find(6c. 6p.t, At) t=1972s At=1455s = deg
t b 14.687
At

Problem 12-98

The water sprinkler, positioned at the base of a hill, releases a stream of water with a velocity
v, as shown. Determine the point B(x, y) where the water strikes the ground on the hill.

Assume that the hill is defined by the equation y = kx? and neglect the size of the sprinkler.

Given:
0.05
vg =156 — k = —
S ft
6 = 60 deg
Solution:

Guesses x=1ft y=1ft

1
Given X = Vg cos(e)t y=Vvp sin(e)t - Egt2 y = kx2
X
Find(x, y,1) t = 0.687 X >-1o4 ft
= Find(x,y, =0. S =
Y y y 1.328

t
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Problem 12-99 |

The projectile is launched from a height h with W
a velocity v,. Determine the range R. . =
r.-'.
Solution: I
ax=0 ay = —g
vy = v cos(6) vy = —gt + vgsin(6) ) B '
-1 2 .
Sy = vocos(e)t Sy = 7gt + Vg sm(H)t +h
When it hits
R = vpcos(O)t f=—"N
Vo cos(&)
1 5 g( R R
0=—gt + vosin(e)t+ h=—| ———= | + vosin(e)— +h
2 2 | vgcos(6) vocos ()

Solving for R we find

2 2
o AT o ]tan(ﬁ)z +L“J

g vo2 cos(@)2

*Problem 12-100

A car is traveling along a circular curve that has radius p. If its speed is v and the speed is
increasing uniformly at rate a,, determine the magnitude of its acceleration at this instant.

Given: p =50m v:16? at:BE2
S
Solution:
V2 m [ 2 2 m
an = — an =512 — a=.ag +a a=9498 —
P 32 52

Problem 12-101

A car moves along a circular track of radius p such that its speed for a short period of time
0<t<tyisv=bt+c t?. Determine the magnitude of its acceleration when t = t,. How far

has it traveled at time t;?
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. ft ft
Given: p = 250 ft th =4s b:3—2 0:3—3 t1 =3s
S S
Solution: v=Dbt+ ct2 at = b+ 2ct
2
2 V1
At tg vi = bty +ctg ayp = b+ 2cty any = —
Y2,
[ ft
a] = at12 + an12 aj = 21.63—2
S
. b 2 ¢ 3
Distance traveled dy = Etl + gtl dq = 40.5ft

Problem 12-102

At a given instant the jet plane has speed v and acceleration a acting in the directions shown.
Determine the rate of increase in the plane’s speed and the radius of curvature p of the path.

o

Given:
ft
vV = 400 — / \
S 1
[ i
ft
a=70 —2 y
S \\\
s
6 = 60 deg P
.'I. \\'\
Solution: S
II "\\\-
Rate of increase ' .
fi A
at = (a)cos(&) at = 35—2 ,

S

Radius of curvature
2 2

ap = (a)sin(H) _ Y Y

R — = 2639 ft
, T @ane ”

Problem 12-103

A particle is moving along a curved path at a constant speed v. The radii of curvature of the
path at points P and P* are p and o', respectively. If it takes the particle time t to go from P to
P', determine the acceleration of the particle at P and P".

. ft
Given: v=60— p=20ft p =50ft t=20s
S
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v2 ft
Solution: a=— a=180—
P 2
2
Vv ft
a' = — a'=72—
P 2

Note that the time doesn’'t matter here because the speed is constant.

*Problem 12-104

A boat is traveling along a circular path having radius p. Determine the magnitude of the boat’s
acceleration when the speed is v and the rate of increase in the speed is &;.

. m m
Given: p =20m v=5— at:2—2
s
S
Solution:
v2 m [ 2 2 m
an = — an =125 — a=.a +ap a= 2358 —
P % s?

Problem 12-105

Starting from rest, a bicyclist travels around a horizontal circular path of radius p at a speed

v = b t2+c t. Determine the magnitudes of his velocity and acceleration when he has
traveled a distance s;

. m m
Given: p =10m b:0.09—3 c:O.l—2 s1=3m
S S
Solution: Guess t; =1s
. b)Y 3 (c) 2 .
Given S = 3 t17 + > t1 t1 = Flnd(tl) t1 = 4.147 s
m
V] = bt]_2 +ctg vy = 1.963 —
S
m
ar] = 2bty +c a1 = 0.847 -
S
V12
m
anl = — anl =0.385 —
p &
m
ap =4 at12 + an12 a; =0.93 =
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Problem 12-106

The jet plane travels along the vertical parabolic path. When it is at point A it has speed v
which is increasing at the rate a,. Determine the magnitude of acceleration of the plane when it

is at point A.

Given: ' [y L2
[r=

o
[
(S
=~
3

=
[
=
o
~
3

Solution: /
2 /

X f

y(x) = h(a) f

0 =&
y'(x) = OIXy(x)

I
y'(x) = dxy (¥)

Jieyw?d

PO =0

2

v [ m
an a= atz + an2 a=0921 —

" p(0) 2

Problem 12-107

The car travels along the curve having a
radius of R. If its speed is uniformly
increased from v, to v, in time t, determine

the magnitude of its acceleration at the
instant its speed is vs.

Given:

m
vi =15 — t=3s
S
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m
vo = 27 — R =300 m
S
m
vy = 20 —
S
Solution:
V2 — V1 V32
- 2 2 m
ar = an = — a:Ja +a a=422 —
t ¢ n R t n 2

*Problem 12-108

The satellite S travels around the earth in a circular path with a constant speed v;,. If the
acceleration is a, determine the altitude h. Assume the earth’s diameter to be d.

Units Used: Mm = 103 km

Given: A
Mm
vi = 20 — d
hr - —
m r’} \
a=25— “—
2 | Y
s ) )
II I|
d = 12713 km | '\-._x /
y
Solution:

Guess h=1Mm

2
Vi

Given a= h = Find(h) h =5.99Mm

h+—
2

Problem 12-109

A particle P moves along the curve y = b x2 + ¢ with a constant speed v. Determine the point
on the curve where the maximum magnitude of acceleration occurs and compute its value.

Given: b=1 c=-4m v=>5

=R

Solution: Maximum acceleration occurs where the radius of curvature is the smallest which
occurs at x = 0.
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2 , d " d ,
y(x) = bx"+c y'(X) ==y(x) y' (X)) ==y'(x)
dx dx
3
2
1+ y'(X
p(X) = M Pmin = p(0m) Pmin =0.5m
y" (X)
2
Vv m
amax = amax = 90 -
Pmin S

Problem 12-110

The Ferris wheel turns such that the speed of the passengers is increased by a, = bt. If the

wheel starts from rest when 6= 0°, determine the magnitudes of the velocity and acceleration
of the passengers when the wheel turns 8= 6,.

Given:
B !
ft
b:4—3 61 = 30 deg r =40 ft j’y
Y [
S 1 ; E
Solution: Il
f
ft
Guesses tp =1s vy =1— L |
S
ag =10 i
tw=1- = .
S
b b
Given at] = bty V] = (E)tlz roq = (E)tls
a1
. ft ft
vy | = Flnd(atl,vl,tl) t1 =3.16 s vy =19.91— atl = 12.62—2
S
S
tg

fit fit
vi=1991—  ag =16.05—
S S2

Problem 12-111

At a given instant the train engine at E has speed v and acceleration a acting in the direction shown.
Determine the rate of increase in the train's speed and the radius of curvature p of the path.
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Given
v =20—
S
m
a=14—
2
S
6 = 75 deg
Solution:

at = (a)cos(e) at = 3.62 mz
S

m
an = (a)sin(e) an = 13.523 -
S

p =29.579 m

*Problem 12-112

A package is dropped from the plane I i > Va
which is flying with a constant
horizontal velocity v,. Determine the

normal and tangential components of
acceleration and the radius of

curvature of the path of motion (a) at h
the moment the package is released at

A, where it has a horizontal velocity i
V,, and (b) just before it strikes the
ground at B.
| B
. ft ft
Given: va = 150 — h = 1500 ft g =322 -
S S
Solution:
At A:
2
VA
aan =9 pPA=_—— pA = 699ft
aAn
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At B:

2h Vy
t=|— Vx = Vp vy = gt 6 = atan| —
Vx

2
VB
VB = ,/vxz + vy2 apn = gcos(e) PR = — pB = 8510ft
aBn

Chapter 12

Problem 12-113

The automobile is originally at rest at s = 0. If its speed is increased by dv/dt = bt?, determine
the magnitudes of its velocity and acceleration when t = t;.

Given:
ft .
b = 0.05 ” ! 2 it
S |‘ "
t1 =18s A
p =240 ft
d = 300 ft
Solution:
ft
ay] = bt12 at] = 16.2—2

S

b ft
V] = (_)t13 vy =97.2—
3 s

b, 4
1 =|— |t 1 = 4374 ft
1 (12) 1 1

If 51 =437.4ft > d=300ft then we are on the curved part of the track.

2
Vi ft [ ft
anl = 7 anl = 39366—2 a = an12 + atlz a= 42569_2
S|

S

If s1 =437.4ft < d=300ft then we are on the straight part of the track.

ft ft [ ft
an1 = 0—2 an1 =0— a= an12 + at12 a= 16.2—2

2
S S S
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Problem 12-114

The automobile is originally at rest at s = 0. If it then starts to increase its speed at dv/dt = bt?,
determine the magnitudes of its velocity and acceleration at s = s;.

Given: 4 d -
it
p =240 ft
ft
b =0.05—
4
S
sp = 550 ft
Solution: 1
b b 1259
at:bt2 V= —t3 S= —t4 t1 = | — t1 = 19.061 s
3 12 b
b) 3 ft
vi = | =1 v = 1154 —
3 S

If s; =550ft >d = 300ft the car is on the curved path

2
2 b) 3 v
= = | — = ft
at = btg v (3)[1 an P a= [atz + an2 a = 58.404 —

If s; =550ft <d = 300ft the car is on the straight path

ft [ ft
at = bt12 an = 0—2 a= atz + an2 a= 18.166—2

S S

Problem 12-115

The truck travels in a circular path having a radius
p ataspeed v,. For a short distance from s =0,

its speed is increased by a; = bs. Determine its

speed and the magnitude of its acceleration when
it has moved a distance s =s;.

Given: /

p=50m s =10m !

m 1

V0=4— b=005—2
S

S
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Solution:
V1 S1
at = bs J’ vdv:J bsds
) 0
2
V1
ayy = bsy an1 = —
Y2,

2 2
Vi Vo b
J— _51
2 2 2

\ V()2 + b512

V1 =
2 2
ap =481 +an1

2

m
vy = 4.583 —
S

m
aj = 0.653 —
s2

Chapter 12

*Problem 12-116

The particle travels with a constant speed v along the curve. Determine the particle’s
acceleration when it is located at point x = x;.

Given:

mm ¥ (mm)

v =300 —
S

K = 20 x 10° mm?

X1 = 200 mm
Solution:
k
y(x) = =
X

) = 9
y'(x) = OIXy(x)

I
y'(x) = dxy (¥)

0(x) = atan(y'(x)) 01 =

=il o

6(x1)

144\ mm
a= —
288 82

61 = —26.6 deg

xolmm)

|a| = 30200
2

S
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Problem 12-117

Cars move around the “traffic circle” which is in the shape of an ellipse. If the speed limit is
posted at v, determine the maximum acceleration experienced by the passengers.

Given: v
v = 60 KM
hr
a=60m
b=40m
X
Solution:

Maximum acceleration occurs
where the radius of curvature
is the smallest. In this case
that happens when y = 0.

2 d d
X(y) =a|1- @ K() = X0 () = X0

(1 x(p?)

p(y) = . Pmin = p(0m) Pmin = 26.667 m
X" (y)

V2 m

Amax = amax = 10.42 —

Pmin 52

Problem 12-118

Cars move around the “traffic circle”
which is in the shape of an ellipse. If
the speed limit is posted at v,
determine the minimum acceleration
experienced by the passengers.

Given:
v:60l;—r:]
a=60m
b =40m
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Solution:

Minimum acceleration occurs where the radius of curvature is
the largest. In this case that happens when x = 0.

2
y(x) = b 1—[?) v =Ly (9 =Ly 0
a dx dx

(1 y?)

p(x) = - Pmax = £(0m) Pmax = 90 m
y" (X)
v2 m
amin = am|n = 309 _2
Pmax S

Problem 12-119

The car B turns such that its speed is increased by dvg/dt = be®. If the car starts from rest

when 6= 0, determine the magnitudes of its velocity and acceleration when the arm AB
rotates to &= 6. Neglect the size of the car.

Given:

b=0501

% -

c=1s 1

61 = 30 deg

p=>5m N
Solution:

agt = beCt
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b ct b b
Given pOL= (—2je 1o (E)tl - t1 = Find(tl) t1 = 2123 s

C C
b( ct m
vm:—@l—ﬂ Vg1 = 3.68 —
C S
2
cty VB1 2 2
apt1 = be apnl = 7 ap1 = @Bt1 + an1
m m m
agt1 = 4.180 - agnl = 2.708—2 ag] = 4.98—2
S S S

*Problem 12-120

The car B turns such that its speed is increased by dvg/dt = b et. If the car starts from rest when
0 =0, determine the magnitudes of its velocity and acceleration when t = t;. Neglect the size of

the car. Also, through what angle @has it traveled?

Given:

b =051 B
2
S

c:ls_1

t1 =25

p =5m

Solution:

agt = beCt l|

b( ct
(e 1 1) vgy = 3.19 m
C S

2
cty VB1 2 2
apl = be apnl = 7 ap1 = @Bt1 + anl
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m m m
agt1 = 3.695 - apn1 = 2.041 > ag] = 4.22 -
S S S

1/ b t b b
O == - eC 1 (—)tl - 61 = 25.1 deg
P Cc c C

Problem 12-121

The motorcycle is traveling at vy when it is at A. If the speed is then increased at dv/dt = a;,
determine its speed and acceleration at the instant t = t;.

v

Given: .
1 kx
k = 05 m_l - f;__z"
y
m ,
ag = 0.1 — //
2 .
S y,
=1 m T
Vo = S | ez &/
t] =55 L _._—--:'."-_F-’.
A
Solution:
3
2
2 : " 1+y'(%)
y(x) = kx y'(X) = 2kx y'(x) = 2k p(x) = u
y" (X)
1 2 m
Vi = Vo +agtg s1 = Vot + Eattl vy =15 —
S

X1
Guess x3 =1m  Given s = J J1+y02dx  xq = Find(xq)
0
2
V1 2 2 m
ajt = a ain = a] =./ait +ain a; = 0.117 =

px) S

Problem 12-122

The ball is ejected horizontally from the tube with speed v,. Find the equation of the path

y = f (x), and then find the ball’s velocity and the normal and tangential components of
acceleration when t = t;.
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Given: M
m
VA = 8 — ¥y
S - X
A
t1 =025s =
m
=981 —
g 2
S
Solution:
X - —_
X =vat t=— y = —gt2 y = —gzx2 parabola
va 2 2up
when t=1t;
Vyx = VA vy = —gtg 6 = atan| — 6 = 17.044 deg
Vx
m
an = gcos(e) an = 9.379 =
S
m
at = gsin(e) at = 2.875 -
S

Problem 12-123

The car travels around the circular track having a radius r such that when it is at point A it has

a velocity v, which is increasing at the rate dv/dt = kt. Determine the magnitudes of its
velocity and acceleration when it has traveled one-third the way around the track.

Given: ;

k =006 2
3
S P

r=2300m //___—__\\

Vv = 5
= ; %
1)

Solution: r LAY
ar(t) = kt L/ 1]

k
v(t) = v+ Etz

k.3
sp(t) = v1t+Et
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. 2zr .
Guess ty =1s Given  sp(ty) = Tﬂ tg = Find(t;) t; = 3558 s
V12
2 2

vi = v(tr)  an = at) an1 = —— ap = /au” +any

m m
vi=4302 aj = 652 2

S 32

*Problem 12-124

The car travels around the portion of a circular
track having a radius r such that when it is at
point A it has a velocity v; which is increasing at =

the rate of dv/dt = ks. Determine the magnitudes y S e o

of its velocity and acceleration when it has / \

traveled three-fourths the way around the track. ' \x
r "-.,_

_ \
Given: r. A
-2 11
k = 0.002 s ' | ] X
r = 500 ft
ft
vy =2 —
S
. 3 d
Solution: Sp1 = —2ar a;=V—V =Ks
p t Y
4 dsp
V1 Spl
ft . .
Guess vi =1— Given J v dv :J ksp dsp vy = Find(vy)
S 0 0
2
Vi 2 2 ft
at1 = ksp1 any = — a1 =.ap +ant vy = 1054 —
r s
a1 =22.7 ft
=i
s

Problem 12-125

The two particles A and B start at the origin O and travel in opposite directions along the circular
path at constant speeds v, and v respectively. Determine at t =t;, (a) the displacement along the

path of each particle, (b) the position vector to each particle, and (c) the shortest distance between
the particles.
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Given:
y
m
va = 0.7 —
S —_— T
vg = 15 — / \
* "
i
/ %
— / y
t1 =2s / \
II III
p=5m |' - I
| 7N ,l
Solution: \ yawak /
(@) The displacement along the path \ /
B/
sA = vaty spa=14m '{“‘“H C,Jlf"'f
T _—
Vi 0
Sg = vpi1 sg=3m vy

(b) The position vector to each particle

b A psin(6a) (1.382)
A P A p - pcos(HA) A 0.195

B ~psin(6g) (—2.823)
BT BT ,- pcos(6g) 57 0873

(c) The shortest distance between the particles

d:|rB—rA| d=426m

Problem 12-126

The two particles A and B start at the origin O and travel in opposite directions along the circular path
at constant speeds v, and vg respectively. Determine the time when they collide and the magnitude of

the acceleration of B just before this happens.

Given:
m
va = 0.7 —
S
vg =15 —
S
L =5m
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Solution:

(VA + VB)t =27p

. 2z p
B VA + VB
t=14.28s
A
"/ I\

S

A .
o/ |
ag = 0.45 © 2 1A
2 e .l_—-f_-?;_,r -

Problem 12-127

The race car has an initial speed v, at A. If it increases its speed along the circular track at the
rate a, = bs, determine the time needed for the car to travel distance s;.

s1 =20m
p =150 m

Solution:
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(5 1 t S1 L
—ds=J1dt t= ————ds t=1211s

0 J ,/vA2+b32

0

*Problem 12-128

A boy sits on a merry-go-round so that he is always located a distance r from the center of
rotation. The merry-go-round is originally at rest, and then due to rotation the boy’s speed is
increased at the rate a;. Determine the time needed for his acceleration to become a.

ft
a=4—
2

S

; ft
Given: r=28ft at:2—2
S
Solution:

2 2 Vv
a :,/a — & vV =.apr t=— t=263s
n t n at

Problem 12-129

A particle moves along the curve y = bsin(cx) with a constant speed v. Determine the normal and
tangential components of its velocity and acceleration at any instant.

Given: v:2m b=1m c:i
S m
Solution:
y = bsin(cx) y' = bccos(cx) y" = —bczsin(cx)
3
3 2
(1+y'2) [1+(bccos(cx))2J
p = - =
y —bczsin(cx)
2 .
v-bcsin(cx)
an = ar=0 vi=0 vVhp=0

3

[1 + (bccos(cx))zJ ’

Problem 12-130

The motion of a particle along a fixed path is defined by the parametric equations r=b, 8= ct
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and z = dt2. Determine the unit vector that specifies the direction of the binormal axis to the
osculating plane with respect to a set of fixed x, y, z coordinate axes when t = t;. Hint:

Formulate the particle’s velocity v, and acceleration a, in terms of their i, j, k components.
Note that x = rcos(6) and y = rsin(6). The binormal is parallel to v, x a,. Why?

rad ft

Given: b=28ft C=4T d=6? t1 =25
Solution:
bcos(ct) ~besin(cty) “bc? cos(cty)
_ bsin(ct) Vp1 = | bccos(cty) apl = | _pc2 sin(cty )
dt;? 2dty 2d

Since v, and a, are in the normal plane and the binormal direction is perpendicular to this
plane then we can use the cross product to define the binormal direction.

0.581
Vp1 X ap1l
u=u u=|0.161
Vp1 X &
P17 “pl 0.798

Problem 12-131

Particles A and B are traveling counter-clockwise around a circular track at constant speed v,.
If at the instant shown the speed of A is increased by dv,/dt = bs,, determine the distance
measured counterclockwise along the track from B to A when t = t,. What is the magnitude of
the acceleration of each particle at this instant?

Given: A\ A
g - T e
m A ]
Vo = 8 — ‘.{/ "'-,‘
S . N,
l‘"\ - J__-""
i &
_ { x
b=4s 2 f Ay 5 I'I,II B
x_\\ Y L J_
tl =1s _:Jr Iﬂ
/ /
F=5m S
/
/
6 = 120 deg
Solution: Distance
dva VA SA
aat = va— = bsa vp dvp = bsa dsp
dsa Vo 0
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t1 SAl 1
Guess spar =1m Given J 1dt= ——— dsa
0 [ 2 2
Vo~ + bsa
. 0
SA1 = Flnd(SAl) sap1 = 14.507 m
sg1 = Vot sg1 =8m SAB = SA1 + rd—sp1 saB = 16.979 m
V()2 + bSA]_2 ?
m
ap = (bsA1)2 +| —— ap = 190.24 <
r S
V()2
m
ap = — ag = 12.8 —
r 2

S

Problem 12-132

Particles A and B are traveling around a circular track at speed v at the instant shown. If the
speed of B is increased by dvg/dt = ag;, and at the same instant A has an increase in speed
dv,/dt = bt, determine how long it takes for a collision to occur. What is the magnitude of the
acceleration of each particle just before the collision occurs?

Given:

Solution:

VB = aptt + Vo

aBt 2
sg = —t +vpt
2
b b
aat = bt VA=E'[2+V0 5A=Et3+VOt
Assume that B catches A Guess t; =1s
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apt b
Given Ttlz +vpty = Et13 +Voty + 16 tg = Find(t;) t3 = 2.507 s

Assume that A catches B Guess ty =135

apt b
Given Ttgz +vgty + r(27r— (9) = Etgs + vt thr = Find(tg) to = 15.642 s
Take the smallertime  t = min(ty, tp) t=2.507 s
2
2
b.2 2
=t +Vvp 2
2 2 2 (aBtt + VO)
ap = [ (b)) +| ——— ag = |agt +|———
r r

Problem 12-133

The truck travels at speed v, along a circular road that has radius p. For a short distance from
s =0, its speed is then increased by dv/dt = bs. Determine its speed and the magnitude of its
acceleration when it has moved a distance s;.

Given:
m
vo = 4 —
S
L =50m
0.05
b =——
2
S
L -Ir-:
st =10m ¥
Solution:
v S 2 2
d 1 ! V1 Vo b 2
at=v|—Vv|=bs vdv = bsds — —-—==5
ds Vo 0 2 2 2
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V1 [ 2 2
ar = bsp an = — a=.a +ap

m
a=0.653 —
2

S

Chapter 12

Problem 12-134

A go-cart moves alona a circular track of radius p such that its speed for a short period of time,

2
0<t< tl, isv = b(l - eCt ) Determine the magnitude of its acceleration when t = tz. How far

has it traveled in t = t,? Use Simpson’s rule with n steps to evaluate the integral.

. ft
Given: p =100ft t3 =4s b =60— c=-1s
s
ot?
Solution: t=1t v="hb\l-e
£ v 7 2
at = —2bcte® an = — a=.a +ap
yo)
12
(1-¢7)
So = b\l-e dt

2 th =2s
ft
a=350—
2
S
Sp = 67.1ft

n =50

Problem 12-135

A particle P travels along an elliptical spiral path such that its position vector r is defined by
r=(acosbti+csindtj +et k). When t = t;, determine the coordinate direction angles «,

S, and y, which the binormal axis to the osculating plane makes with the x, y, and z axes.
Hint: Solve for the velocity v, and acceleration &, of the particle in terms of their i,j, Kk

components. The binormal is parallel to v, X a,. Why?
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4

Given:
a=2m d=01s "
_ m
b-0ls fe=21
S /fﬂ“’——__“‘“\\
c=15m 1t =28s \k_
Solution: t=11 C—_—H‘K
F
(a)cos(bt) C r \
rp =| csin(dt) ¥
et / /
—absin(bt) —ab’ cos(bt) |
Vp = | cdcos(dt) ap = —cdzsin(dt)
€ 0
0.609 a a 52.5
Vp X @
up = ﬁ up = | —0.789 p| = acos(ub) B | =1 142.1 |deg
Vp x a
p Y 0.085 y y 85.1

*Problem 12-136
The time rate of change of acceleration is referred to as the jerk, which is often used as a means
of measuring passenger discomfort. Calculate this vector, @', in terms of its cylindrical
components, using Eq. 12-32.
Solution:
n 2 1 1 n
a:(r -rd )ur+(r€ +2r0)ue+z uz
a'= (r - r'¢92 —2rd H')ur + (r" - ré’z)u'r
+ (r'H' +rd" +2r'@ + 2r'6")ue + (r6" + 2r'67')u'9 +2"uy +z"u'y
But ur=6dug U'g = -6 uy u';=0

Substituting and combining terms yields

a'= (r = 3r't92 = 3r€¢9‘)ur 1 (rH" +3r'd' +3r'd — rt93)ue + (2")uy
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Problem 12-137

If a particle’s position is described by the polar coordinates r = a(1 + sin bt) and &= ced,
determine the radial and tangential components of the particle’s velocity and acceleration

when t = t;.

Given: a=4m b=1s"' c=2rad d=-1s 1 tp =25
Solution: When t =1t
r = a(1 + sin(bt)) r' = abcos(bt) r" = —abzsin(bt)
6?=cedt 6’=cdedt 6"=cd2eOIt
m
Vi = r Vi = -1.66 —
S
m
vg =16 vg = —2.07 —
S
m
ar=r" - r6’2 ar = —4.20 >
S
m
ag=1rd' +2réd ag = 2.97 -
S

Problem 12-138

The slotted fork is rotating about O at a constant rate . Determine the radial and transverse
components of the velocity and acceleration of the pin A at the instant 8= 6,. The path is

defined by the spiral groove r = b + cé, where Gis in radians.

Given:
rad
g =3 —
S
B -
b=5in :
r;fﬂw . 3| s
1. A
CcC = ; In . ( £
01 = 2 xrad

Solution: 0 =01
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in rad
r=>b+cé r =céd r":OI— g =0—
2 2
S S
Ve =T vg =1ré ar =1r" - r€2 ag =rd'+2rd
in in in in
vr = 0.955 — Vg =21— ar = -63— ag=>573—
S S S2 S2

Problem 12-139

The slotted fork is rotating about O at the rate &' which is increasing at 6" when 0= g,.

Determine the radial and transverse components of the velocity and acceleration of the pin A
at this instant. The path is defined by the spiral groove r = (5 + 8/7) in., where @is in radians.

Given:
rad
g =3 —
s
rad
g =2 —
2
S
b=5in
1
c=—1in
T !
f _r,_“
61 =2 rrad :
r;fﬂ{-} - 3| 3
] A
Solution: 0 =01 r=(b+ct)—
r=>b+cé r=-cd r" =cd'
Ve =T Vg = rd
" 2 ' .
ar =r"-réd ag =rd'+2rd
in in in in
vp=0955— vg=21— ar = —62.363 — ag=19.73—
S S S2 s2

*Problem 12-140

If a particle moves along a path such that r = acos(bt) and &= ct, plot the path r = f(6)
and determine the particle’s radial and transverse components of velocity and
acceleration.
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Given: a=2ft b:ls_1 c:O.SEd
s

% %
The plot t=— r= (a)cos(b —j
c c

6 =0,001(27)..2z  r(6) = (a)cos(b‘—:)f—lt

2
=
8 o) of -
i}
2
- | | | | |
0 1 2 3 4 5 6 7
o
Angle in radians
r = (a)cos(bt) r' = —absin(bt) r = —ab2 cos(bt)
0 =ct g =c g' =0
] : " 2 2 2
vr = ' = —absin(bt) ar=r"-rd =-alb” +c")cos(bt)
Vg = rd = accos(bt) ag=rd' +2rd =-2abcsin(bt)

Problem 12-141

If a particle’s position is described by the polar coordinates r = asinb@ and &= ct,
determine the radial and tangential components of its velocity and acceleration when t = t;.

. rad
Given: a=2m b =2 rad c=4— tp =1s
S
Solution: t =1t
r = (a)sin(bct) r' = abccos(bct) r" = —abzczsin(bct)
rad
6 =ct g =c g' = 0_2
S
m
Vr = I" Vr = —2328 i
S
m
vg =ré vg = 7.915 —
S
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m
ar =1r" - r€2 ar = —-158.3 =
S
m
ag =rd' +2rd agp = —18.624 =
S

Problem 12-142

A particle is moving along a circular path having a radius r. Its position as a function of time is
given by 6= bt?. Determine the magnitude of the particle’s acceleration when = 0,. The
particle starts from rest when 6= 0°.

. rad
Given: r = 400 mm b =2 — 61 = 30 deg
S
. 0
Solution: t = o t=0512s
2 '
6 = bt g = 2bt g =2b
2
m
a= \/(—r 62) + (ns?')2 a= 2317 =

S

Problem 12-143

A particle moves in the x - y plane such that its position is defined by r = ati + btj. Determine
the radial and tangential components of the particle’s velocity and acceleration when t = t,.

. ft ft
Given: a=2-— b=4— t1 =25
S S2

Solution: t =1t

Rectangular

ft
X = at Vx = a ay =0 >
S
y = bt2 Vy = 2bt ay = 2b
Polar
0= atan(l) 6 = 75.964 deg
X
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Vp = vXcos(H) +vysin(9)

Vg = —vxsin(e) +vycos(6)
ar = axcos(e) + aysin(e)

ag = —axsin(H) + aycos(e)

Chapter 12

ft
vr = 16.007 —
s
ft
vg=194—
s
ft
ar = 7.761 —
2
s
ft
ag=194—
0 2
S

*Problem 12-144

A truck is traveling along the horizontal circular curve of radius r with a constant speed v. Determine
the angular rate of rotation & of the radial line r and the magnitude of the truck’s acceleration.

Given:
r=60m
m
v=20—
S
Solution:
d
g =" g = 03338
r S
m
a= |—r6?2| a = 6.667 2
S

Problem 12-145

A truck is traveling along the horizontal circular curve of radius r with speed v which is
increasing at the rate v'. Determine the truck’s radial and transverse components of

acceleration.
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Given:
r=60m
m
v=20—
S
m
Vi =3 —
2
S
Solution:
2
-V m
ar = — ar = —6.667 —
r 2
S
m
ag =V ag=3—
52

Problem 12-146

A particle is moving along a circular path having radius r such that its position as a function of
time is given by &=csin bt. Determine the acceleration of the particle at = 6,. The particle

starts from rest at 6= 0°.

Given: r=6in c¢=1rad b-3s?! 01 = 30 deg
. 1 (6
Solution: t = —asin| — t=0.184 s
b c
0 = csin(bt) ¢ = cbcos(bt) o' = cbzsin(bt)
2 q
n
a - \/(—r o) 1 (r0)? a- 48.329'—2
S

Problem 12-147
The slotted link is pinned at O, and as a result of the constant angular velocity & it drives the

peg P for a short distance along the spiral guide r = aé. Determine the radial and transverse
components of the velocity and acceleration of P at the instant 6= 6.
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0 -=3-— 0 == rad
3
a=04m b=05m

Solution: 0 =01

r=aé r=ad
m
Ve =1 vr=12 —
m
vg =1rf vg = 1.257 —
2 m
ar =1r"-réd ar =-3.77 =
S
m
ag = 2r'd (';19:72—2
S

*Problem 12-148

The slotted link is pinned at O, and as a result of the angular velocity & and the angular
acceleration " it drives the peg P for a short distance along the spiral guide r = aé. Determine
the radial and transverse components of the velocity and acceleration of P at the instant 6= 6,.

Given:
rad
g =3 — & = — rad
S
rad a=04m
g =8 —
32 b=05m

Solution: 0 =01
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r=ad r=ad " =ad'
Vp =1 Vr=12 —
S
m
Vg =rd vg = 1.257 —
S
2 m
ar =1r"-réd ar = —0.57 =
S
m
ag =rad' +2r'éd ag = 10.551 =
S

Problem 12-149

The slotted link is pinned at O, and as a result of the constant angular velocity & it drives the peg
P for a short distance along the spiral guide r =a&where 6 is in radians. Determine the velocity
and acceleration of the particle at the instant it leaves the slot in the link, i.e., when r=bh.

Given:
rad
g =3 —
S
a=04m
=05m
Solution: 0 =—
a
r=ad r=ad r =
1) " 2 1
Vp =T Vg =rd ar =1r"-réd ag = 2r'd
[ [ m m
vV = vr2 + ng a= arz + agz v=1921 — a=28491 >
S

S

Problem 12-150

A train is traveling along the circular curve of radius r. At the instant shown, its angular rate
of rotation is @, which is decreasing at &'. Determine the magnitudes of the train’s velocity
and acceleration at this instant.
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Given:
r = 600 ft
rad
g =002 —
S
rad
g' = -0.001 —
2
S
Solution: ;
i
ft "y
vV =rd v=12—
S
2
ft
a= \/(—r 02) +(ro)? a=0646—

Problem 12-151

A particle travels along a portion of the “four-leaf rose” defined by the equation r = a cos(b8). If the

angular velocity of the radial coordinate line is @ = ct?, determine the radial and transverse
components of the particle’s velocity and acceleration at the instant 8= 0,. Whent=0, 8= 0°.

Given: Il/- -\‘\\ r=gcos by
a=5m [ \./
' ki
) |\ # |
rad ".I;..-. f
CcC = 3 —_— LY 1] J.'I
J3 g NN ey
."/ S S \
61 = 30 deg ( }{ )
k"*-\ _,..-""_F \H"‘-\-\._\__ 4
i 2o \ﬁ _—
Solution: I.'i Iﬁ'.
!

o) = %t?’ o) =ct> (1) = 2t | I|

(0 = (@coslbo®)  r =3r @ = e
dt dt

301

When 0= 6, t] = (—j
c

vr = r'(ty) vy = ~16.88 —

107



Engineering Mechanics - Dynamics Chapter 12

Vg = r(tl) H(tl) vg = 4.87 ?
" 2 _ _goa M

ar = r"(tg) - r(t1) 4 (t1) ar = —89.4 2
: . - 5371
ag = r(tl) g (tl) +2r (tl) H(tl) ag=—-53.7 82

*Problem 12-152

At the instant shown, the watersprinkler is rotating with an angular speed & and an angular
acceleration &'. If the nozzle lies in the vertical plane and water is flowing through it at a
constant rate r', determine the magnitudes of the velocity and acceleration of a water particle as
it exits the open end, r.

Given: g
d d
g =2 i g =3 %
S S
m
r=3— r=02m
S
Solution:
m
v =r?+(re)? v=23027 2
S
2
m
a= \/(—r 672) + (rH' + 2r'67)2 a=12.625 -
S

Problem 12-153

The boy slides down the slide at a constant speed v. If the slide is in the form of a helix, defined
by the equations r = constant and z = —(h&)/(2 ), determine the boy’s angular velocity about
the z axis, & and the magnitude of his acceleration.

Given:
V=2—
S
r=15m
h=2m
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Solution: )
h
7=—20 :
2 \.i
h
7'=—4d
27

=

)

d
g =—Y —  g=13042
h )2 2 L
— | +r
2z
m
a= |—r6’2| a=255 5
s

Problem 12-154

A cameraman standing at A is following the movement of a race car, B, which is traveling along
a straight track at a constant speed v. Determine the angular rate at which he must turn in order
to keep the camera directed on the car at the instant 6= 6.

Given:
ft g
v=80— 6, =60deg a =100 ft Vg =1
s S —
a = rsin(6)
i
.-"ff
0 = r'sin(6) + rd cos(6) /

x = rcos(6) | /
vy = —v = r'cos(6) — r@ sin(6) /

Guess /
r=1ft r':lE 0:1@
S S
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0O=r sin(H) +rd cos(H)
-v=r cos(e) -rd sin(H)

r
r| = Find(r,r',H)
a

ft
_ ' 40— rad
r=11547ft r 40 S g =06
S

Problem 12-155

For a short distance the train travels along a track having the shape of a spiral, r=a/é. If it
maintains a constant speed v, determine the radial and transverse components of its velocity
when 6= 0,.

. m
Given: a=1000m v=20— 0 = 9% rad
S

Solution: 0 =01

2 2
a —a a a
r=— r:—20 v2:r'+r 02: —4+—2 92
0 g 0
g = VHZ I‘—a r —_aH
a\/1+¢92 0 92
m
Vr:rI Vr:—2.802_
S
m
vg =1ré vg = 19.803 —
S

*Problem 12-156

For a short distance the train travels along a track having the shape of a spiral, r=a/ é. If
the angular rate & is constant, determine the radial and transverse components of its velocity
and acceleration when 6= 4,.

. rad
Given: a = 1000 m g =02 — 01 = 9%
S
Solution: 0 =01
a -a 2a 2
r=— r=-—60 =—4d
7 92 93
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m
Vr = I" Vr = —4003 -
S
m
vg =ré vg =283 —
S

m
ar =1r" - r€2 ar = -5.432 —
S

m
ag = 2rd ag=-1601 —
S

Problem 12-157

The arm of the robot has a variable length so that r remains constant and its grip. A moves

along the path z = a sinb @, If 8= ct, determine the magnitudes of the grip’s velocity and
acceleration when t = t;.

Given:
r=3ft ¢c=05 Ed
S
a=3ft tt =3s
b=14
Solution: t =1t
6 = ct r=r z = asin(bct)
ft
g =c r=0— z' = abccos(bct)
S
rad ft
g =0— 1" =0— " = —abzczsin(bct)
2 2
S S
ft
vV = \/r‘2 + (rH)2 + 2'2 v =>5.953—
S
2
ft
a= \/(r - rez) + (re' + 2r'67)2 + z"2 a=3436—

Problem 12-158

For a short time the arm of the robot is extending so that r' remains constant, z = bt and 6= ct.
Determine the magnitudes of the velocity and acceleration of the grip Awhent=t,and r =r;.
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Given:
LA
r=15—
S
ft
b=4—
2
S
rad
c=05—
S
t]_ =3s |
rp =3ft
Solution: t =1t
r=rng 0 =ct Z = bt2
gd =c 7' = 2bt " =2b
v:\/r2+(r€) +z v=241—
S
2
ft
a = \/(—r 0% & (ora)?+ 2 a=8174—
S

Problem 12-159

The rod OA rotates counterclockwise with a constant angular velocity of 8. Two
pin-connected slider blocks, located at B, move freely on OA and the curved rod whose shape

is a limacon described by the equation r = b(c — cos(6)). Determine the speed of the slider
blocks at the instant 6= 6.

aa

Given:

g =5 fad -

s

b = 100 mm

c=2

01 = 120 deg .
Solution:

0 =060

F= cos )

r= b(c - cos(e))

r= bsin(&)H
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*Problem 12-160

The rod OA rotates counterclockwise with a constant angular velocity of 8. Two
pin-connected slider blocks, located at B, move freely on OA and the curved rod whose shape
is a limacon described by the equation r = b(c — cos(6)). Determine the acceleration of the
slider blocks at the instant 6= 4.

Given: "
rad g'.6'
g =5—
s
b = 100 mm g
c=2
61 = 120 deg
Solution: .
0 =601

F= cos )

r= bsin(&)H
r" = bcos(6)€2
2
a= \/(r - rez) + (2r'¢9)2 a = 8.66 m

|

Problem 12-161

The searchlight on the boat anchored a distance d from shore is turned on the automobile,
which is traveling along the straight road at a constant speed v. Determine the angular rate of
rotation of the light when the automaobile is r = ry from the boat.

Given:
d = 2000 ft
ft
v =80 —
S
r{ = 3000 ft
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Solution:
r=rn
d
0 = asin(—)
r
6 =41.81deg
3 vsin(&)
o
g = 0.0178 4
S

Problem 12-162

The searchlight on the boat anchored a distance d from shore is turned on the automobile,
which is traveling along the straight road at speed v and acceleration a. Determine the required
angular acceleration &' of the light when the automobile is r = r; from the boat.

Given:
d = 2000 ft
ft
v =80 —
S
ft
a=15—
2
S
ri = 3000 ft
Solution:
r=rn
. (d
0= asm(—r) 6 =4181deg
i d
g - usind) o oi7e
r S
ft

r = —vcos(6) r = ~59.628
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asin(@) -2r'd
r

g' = 0.00404 %

S

Problem 12-163

For a short time the bucket of the backhoe traces the path of the cardioid r = a(1 — cosé).
Determine the magnitudes of the velocity and acceleration of the bucket at = 6, if the boom is

rotating with an angular velocity & and an angular acceleration &' at the instant shown.

Given:
d
a = 25 ft g -2
S
rad
61 =120deg ' =02 —
S
Solution:
0 =601
r= a(l - cos(e)) r= asin(e)H

" = asin(H)H' +acos(9)€2

v =r?+(re)? V= 86.6%
2
a= \/(r - rez) + (re' + 2r'67)2 a= 266E2
S

*Problem 12-164

A car is traveling along the circular curve having a radius r. At the instance shown, its angular
rate of rotation is &, which is decreasing at the rate &'. Determine the radial and transverse
components of the car's velocity and acceleration at this instant.

Given:
r = 400 ft [
9 - 0025 "
S r
g' = —0.008 % a¥
S
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Solution:

m
Vr = I‘H Vr = 3048 -

S
vg =0
m
ar =rd’ ar =-0.975 -
S
m
ag = r672 ag = 0.076 2
S

Problem 12-165

The mechanism of a machine is constructed so that for a short time the roller at A follows the
surface of the cam described by the equation r =a + b cosé. If  and &" are given, determine
the magnitudes of the roller’s velocity and acceleration at the instant &= 6,. Neglect the size of
the roller. Also determine the velocity components v, and v, of the roller at this instant. The

rod to which the roller is attached remains vertical and can slide up or down along the guides
while the guides move horizontally to the left.

Given: ¥
rad
g =05— 61 = 30 deg
S
a=03m
g -0 rad
Ry b=02m
S
. e
Solution:
1
Q=20 : T
! I —— ___—-—41.3' —-—— X
r=a+ bCOS(&) ,.f.. L ".. \ )} r a+ Hcos i
: III. ] |'_|' " '|I
{ d |
r= —bsin(&)H

r = —bsin(H)H' - bcos(&) 02

v =r?+(re)? v=0242

2
a= \/(r - rez) + (re' + 2r'67)2 a=0.169 m
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vax = —I cos(e) +rd sin(@) vax = 0.162 %

Vay = I’ sin(@) +rd cos(e) vay = 0.18 %

Problem 12-166

The roller coaster is traveling down along the spiral ramp with a constant speed v. If the track
descends a distance h for every full revolution, determine the magnitude of the roller coaster’s
acceleration as it moves along the track, r of radius. Hint: For part of the solution, note that the

tangent to the ramp at any point is at an angle ¢= tan"}(h/2rr) from the horizontal. Use this to
determine the velocity components v,and v, which in turn are used to determine fand z.

Given:
v=62 h=10m r=5m
S
Solution:
h
¢ = atan(—) ¢ = 17.657 deg
2xr
_ veos(¢) . |—r02|
r
a = 6.538
s2

Problem 12-167

A cameraman standing at A is following the movement of a race car, B, which is traveling
around a curved track at constant speed vg. Determine the angular rate at which the man must

turn in order to keep the camera directed on the car at the instant 6= 6,.

Given:
A
m
vg = 30 —
S -
b I~
01 = 30 deg -
Y
a=20m 3 A7V
ér )
b=20m
0 =060
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Solution:

Guess

r=1m

Given rsin(e) = bsin(¢)

q-

S

ASS

rcos(H) =a+ bcos(¢)

Vg = bg

= Find(r,r', 6,4, 4)

:1m H:lﬂ ¢ = 20 deg ¢
S S
r' sin(H) + rcos(e)e = bcos(¢)¢'
r' cos(e) - rsin(&)e = —bsin(¢)¢'
r=234.641 m r=-15 ?
¢ = 60deg ¢ = l.S%d
g = 0.75@
S

-2 =
S

Chapter 12

*Problem 12-168

The pin follows the path described by the equation r = a + bcosé. At the instant 6= 6. the
angular velocity and angular acceleration are & and &'. Determine the magnitudes of the pin’s

velocity and acceleration at this instant. Neglect the size of the pin.

Given:
a=02m
b=015m
61 = 30 deg

rad
g =07 —
S
g = 05"
2
S
Solution:

r=a+ bcos(&)

0 =060

r=-b sin(&)H

a' G i

" = —bcos(6) 672 — bsin(6) 6’
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v =+ r?(re)? v = 0237 ?
2)? 2 m

a= (r" -rd ) + (rH' + 2r'€) a=0.278 2
S

Problem 12-169

For a short time the position of the roller-coaster car along its path is defined by the equations
r=ry 0= at, and z = bcos@. Determine the magnitude of the car’s velocity and acceleration

whent =t,.
Given:
rp=25m
rad
a=03—
S
b=-8m
t1 =4s

Solution: t =1t

r=rp g = at Z = bcos(&)
g =a ' = —bsin(e)H

" = —bcos(&) 672

vV = (r&) + 2'2 v =7.826 ?
2
a= (—r€2) + z"2 a= 2265 mz
S

Problem 12-170

The small washer is sliding down the cord OA. When it is at the midpoint, its speed is v and

its acceleration is a'. Express the velocity and acceleration of the washer at this point in terms
of its cylindrical components.

Given:

v=o2002m 4 _ oMM
S
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a = 400 mm 7
b = 300 mm A
.
]
¢ = 700 mm n.aﬁ"’

Solution: /ﬁ i
/
,
2 2 4
~vy/a” +b m rd 7
vr = -0.116 — Vi

Vp = —— = vg =0
T2 2 2 s 0 ")’
a +b +c T
Ve m e L Ty
V= —— v, = ~0.163 — < = Lh
: 2 2 2 z s t// p L
a +b +c .
arz—acos(a)
2 2
—a'\/a +b -3 m
ap = — V3 T2 ar=-5812x10 ° L a,-0
2 2 2 2
a +b +c S
-ve m
a; = ﬁ a; = —0.163 <

a +b2+c

Problem 12-171

A double collar C is pin-connected together such that one collar slides over a fixed rod and the
other slides over a rotating rod. If the geometry of the fixed rod for a short distance can be

defined by a lemniscate, r2 = (a cos b#), determine the collar’s radial and transverse
components of velocity and acceleration at the instant = 0° as shown. Rod OA is rotating at a
constant rate of &.

Given: = acos b

Solution:

6 = 0 deg r= \/acos(bei

r2 = acos(be)
—absin(b@)H

2rr' = —absin(be)a r=
2r
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2 2 2
—ab”cos(bg) 6 - 2r
2rr" + 2r'2 = —ab2 cos(be) 672 " = (2)
r
m
Vr = I" Vr = O —
S
ft
Vg =rd vg = 12—
S
ft
ar =1r" - r€2 ar=-216—
S
ft
ag = 2rd ag = 0—2

S

*Problem 12-172

If the end of the cable at A is pulled down with speed v, determine the speed at which block B

rises.
. m
Given: v=2—
S
Datum
Solution:
S,
Vp =V
L =2sg +sp
0=2vg +vp
Vg = —
B~
m
vg=-1—

S

Problem 12-173

If the end of the cable at A is pulled down with speed v, determine the speed at which block B
rises.

Given:

m
v=2—
S
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Solution:
VA =V
L1 =sa + 2sc
—Vp
0 =vpa+2vc Ve = 7

L2:(SB—S(;)+SB 0=2vg-VvC

vc m
vg =— vg=-05—
2 S

Chapter 12

Problem 12-174

Determine the constant speed at which the cable at A must be drawn in by the motor in order to

hoist the load at B a distance d in a time t.

Given:
d =15 ft
t=5s
Solution:
L =4sg +sp
0 =4vg +vp
vp = —4vp
vp = -4 —d
A= t
ft
vp = 12—
S

Problem 12-175

Determine the time needed for the load at B to attain speed v, starting from rest, if the cable
is drawn into the motor with acceleration a.

Given:

m
v=-8—
s
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m :
a=02— S |
2
S —_— A
Solution: i‘\ —_—
1 B
Vg = v \ A
L =4sg +sp
Sp-.
0=4vg +va
-V _ f'u"\.
4 4
—4vg s

: 24,

*Problem 12-176 i

If the hydraulic cylinder at H

Ju . | i _( 3 } - #
draws rod BC in by a distance . E F e p ke
d, determine how far the slider l | — = : = ==
at A moves.

Given: g IIATUIM

Sy
d=38in
Solution: (
e

Asq =d le’f N ,gl
\l) L \__/

L =sa + 2sH 0 = Asp + 24sH

Asp = —24sH Asp = —16in

Problem 12-177

The crate is being lifted up the inclined plane using the motor M and the rope and pulley
arrangement shown. Determine the speed at which the cable must be taken up by the motor in
order to move the crate up the plane with constant speed v.

Given:

» | =
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Solution: Deveromn

0=3vp—-Vvp
vp = 3vp
vp = 12—

Problem 12-178

Determine the displacement of the block at B if A is pulled down a distance d.

Given:
d=4ft
Solution:
Asp = d
L1 = 2sp + 25¢ Ly = (SB - Sc) + 3B

0 = 24sp + 24s¢c 0 = 24sg — Asc

Asc
Asc = —4sp Asg = - Asg = —2ft

Problem 12-179

The hoist is used to lift the load at D. If the end A of the chain is travelling downward at v, and
the end B is travelling upward at v, determine the velocity of the load at D.
Given:

ft ft
VA=5§ VB:Z;
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Sa Sa

b 1)

Solution: L I

L=sg+sa+25 0=-vg+va+2vp

VB~ VA m— 151t Positive means down,
2 D=7 Negative means up

VD =

*Problem 12-180

The pulley arrangement shown is designed for hoisting materials. If BC remains fixed while
the plunger P is pushed downward with speed v, determine the speed of the load at A.

Solution: - Pratum
.'l-ln ¢ A

Vp =V

L = 6sp + sa 0=06vp+va

ft
va = —6vp VA = —24;

Problem 12-181

If block A is moving downward with speed v, while C is moving up at speed v, determine
the speed of block B.
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ft
Ve = -2 ; y
Solution: (-djj\ /d%
1 = ~
SA+2Sg+ S L /H\\" A
+ + =
A B+SC b s, \__ A s,
Taking time derivative:
B | \‘
va+2vg+ve =0 ’7 C |/
r:il—‘ I
. ~(vg +va)
B= T
ft o .
vg = -1— Positive means down, negative means up.

Problem 12-182

If block A is moving downward at speed v, while block C is moving down at speed v,
determine the relative velocity of block B with respect to C.

Given:

va=6 yoo1glt (,&\ (4&5
S S \ r(_,_d_\ II/H_

" = \ -\"
Solution: S, e N/ S
|m| Sl,l'j
SA+25g+Sc =L = —
B
Taking time derivative C +
r:il—‘ I
va+2vg+ve =0 ’7
—\VA+VC ft
Vg = g vg = -12—
2 S
ft o .
VBC = VB — V¢ vgc = —30— Positive means down, negative means up
S

Problem 12-183

The motor draws in the cable at C with a constant velocity v. The motor draws in the cable at
D with a constant acceleration of ap. If vp = 0 when t = 0, determine (a) the time needed for

block A to rise a distance h, and (b) the relative velocity of block A with respect to block B
when this occurs.
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Solution:
L1 =sSp+ 2sa
0=vp+2vp
0 = ap + 2ap

Lo =sg+ (SB - Sc)

0=2vg-VvC 0=2ag—-ac
a = —
AT
va = aat
sa=-h=a ¢
A= = dA 2
-2h
t=[— t=1225s
aa
1
va = apt VB:EVC

LSS
4R
o
i P
_,_P i
D
A o
B
N
,«\F
VAB = VA — VB vag = —2.90 ?

Chapter 12

*Problem 12-184

If block A of the pulley system is moving downward with speed v, while
block C is moving up at v determine the speed of block B.

Given:
ft
va =4 —
S
ft
ve = -2 —

S
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Solution:

SA+25g+25¢c =L

va+2vg+2vec =0

m
vg=0—
S

Chapter 12

Problem 12-185

If the point A on the cable is moving upwards at v,, determine the speed of block B.

. m
Given: vp = -14 —
s

Solution:
L1 = (sp—sa) + (so - sg)
0=2vp—vpa—VE
L2 = (sp - sg) + (sc - sg)
0=vp+Vvc - 2vg
L3 = (sc - sp) +SC + SE

0=2vc—-Vvp+VE

Guesses

m m m
vce=1— vp=1— vgp=1

S S

Given 0=2vp-va-—VE
0=vp+Vvc - 2vg
0=2vc—-Vvp+VE

vc

vp | = Find(VC,VD,VE)
VE
m

VBZ—Z?

VB = VC

c
A
tealE ||'E
T
0 .y
."\l 'lli.
D
,”"_.'\I_l_
LA
s
vC -2
m
vp | =] -10 | —
S
VE —6

Positive means down,
Negative means up
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Problem 12-186

The cylinder C is being lifted using the cable and pulley system shown. If point A on the cable
is being drawn toward the drum with speed of v,, determine the speed of the cylinder.

Given:
[ A
2 m 7T
vp = -2 —
s T, Diariem
.‘-_1
Solution:

n:l:
¥ '

L =2sc+ (SC - SA)

0=3vc—-vp Y
VA
Ve = —
€73
" S - _
vc = —0.667 — !
S

Positive means down,
negative means up.

Problem 12-187

The cord is attached to the pin at C and passes over the two pulleys at A and D. The pulley at A
is attached to the smooth collar that travels along the vertical rod. Determine the velocity and
acceleration of the end of the cord at B if at the instant s, = b the collar is moving upwards at

speed v, which is decreasing at rate a.

Given: L a ele i .
ft
a:3ft VA:—S_ p—— ~_— -I.-
ft \k: "fﬁ/ '|||.l
b=14ft aA=2—2 Q‘h\ f{?ﬂ/
S I' W}“\'h ,;:.”’?x 8] '
Solution: "*QNM\ ,f
L=2/a%+sa° +5p spa=b \-v*“tlﬁf.
=3y
ft ft
Guesses vg =1— ap =1—
S 2
S
Given 2SAVA i
0=—+vp el
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2spap + ZVA2 25A2 VA2
0= - + apg

a’ 4 sp° / (a2 . 5A2)3

ap s 2

VB ft ft
( ] = Find(vB,aB) vg = 8— ag = -6.8—
S

*Problem 12-188

The cord of length L is attached to the pin at C and passes over the two pulleys at A and D. The
pulley at A is attached to the smooth collar that travels along the vertical rod. When sg = b, the

end of the cord at B is pulled downwards with a velocity vg and is given an acceleration ag.
Determine the velocity and acceleration of the collar A at this instant.

Given: L 3 L . J
L =161t & 1 A
W, o
ft \\"- 9:'} I}
a=3ft VB =4 — .Q'h ___z.-': M
S -, &
f i AN h‘| '
t By,
b==6ft apg = 3 —2 Ty, ﬂf“

Solution: sg=b

Guesses
va =1 ft ap =1 t sap = 1ft
A = s A = 32 A = .
Given L= 2,/a2+sA2+sB
2SAVA
=——+V
[.2 2 B
a + SA
2spap + ZVA2 25A2 VA2
= - + ap
\/az +5 2 2 2 3
A (a + SA )
SA
. ft ft
va | = Flnd(sA,vA,aA) sp = 4ft va = —2.50 — ap = —2.44—2
S
aa S
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Problem 12-189

Chapter 12

The crate C is being lifted by moving the roller at A downward with constant speed v, along
the guide. Determine the velocity and acceleration of the crate at the instant s = s;. When the

roller is at B, the crate rests on the ground. Neglect the size of the pulley in the calculation.
Hint: Relate the coordinates xc and X, using the problem geometry, then take the first and

second time derivatives.

Given: e
m
vp = 2 —
S [}
s1=1m
d=4m
e=4m H
Solution:
Xc =e-91 L=d+e §

Guesses ve =1—
S

. XAVA
Given L:X(;Jr,/xAerd2 0=vgc+ —
2 2
J XA~ +d

m
a(;:l—2 Xxpa =1m
S

2 2 2
XA VA VA
0=ac - +

/(XAZ . d2)3 \/xAz +d?

XA
. m
ve | = Flnd(XA,Vc,ac) Xp=3m vc =-12 —
S

ac

m
ac = 0512 —

Problem 12-190

The girl at C stands near the edge of the pier and pulls in the rope horizontally at constant speed
vc. Determine how fast the boat approaches the pier at the instant the rope length AB is d.

Given: R .
O
ft \ A
ve =6 — f @L i
| A s,
h=8ft "
1 L)
(W F
d =50 ft

Xpg—
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Solution: Xg = d? — h?

XBVB
L:X(;Jr,/thpr2 0=Vvg+——
[, 2 2
h™ + xg
1[hZ-I—XBZ

ft o . .
VB = -VC X—B VB = —6.0782 Positive means to the right, negative to the left.

Problem 12-191

The man pulls the boy up to the tree limb C by walking backward. If he starts from rest when
X, = 0 and moves backward with constant acceleration a,, determine the speed of the boy at the

instant yg = yg;. Neglect the size of the limb. When x, =0, yg = h so that A and B are coincident,
i.e., the rope is 2h long.

Given:
m
ap = 0.2 —
A 2
S
yB1 =4m
h=8m
Solution: YB = YB1

Guesses

m
Xxpa =1m vAzl? Vg =

. XAVA
Given 2h = 1/xA2 + h2 + VB 0= ——=+vp vA2 = 2ap XA
\ XA2 + h2
XA
. m m
va | = Flnd(xA,vA,vB) Xp =894 m vp=1.891 — vg = —-1.41 —
S S
VB

Positive means down,
negative means up

*Problem 12-192

Collars A and B are connected to the cord that passes over the small pulley at C. When A is
located at D, B is a distance d to the left of D. If A moves at a constant speed v,, to the right,

determine the speed of B when A is distance d, to the right of D.
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Given:

h =10 ft

dp =24 ft

h
dp =4 ft
ft
va =2 —
=2 | )
.‘:'_H k'.

Solution:

L=yh+d+h

sp = do

2
1/SBZ—i-hzzL—,/SA2+h2 S :/(L—JSAZ—khZ) —h2 sg = 23.163ft

SBVB —SAVA

\/SBZ+h2 \/SAZ-I—hZ

2 2
—SAVA4/SB~ +h ft

VB =
B/ SA2 + h2

vg = -0.809—

Positive means to the left,
negative to the right.

Problem 12-193

If block B is moving down with a velocity vg and has an acceleration ag, determine the
velocity and acceleration of block A in terms of the parameters shown.

Solution:
L= SB—i-,/SA2+h2
SAVA
0=vg+
2 2
sp-+h
-VB,/ SA2 + h2
vp= ———
SA
2 2 2
SA VA VA + SpAaA
0=ag— +
3 2 2
> sp-+h

(SA2 + h2)

133
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2 2 2 2 2 2 2,2
SAVA sp”+h 7N —ap+/SA +h vg_ h

M 2T T wm M=
sp” +h A A A

Problem 12-194

Vertical motion of the load is produced by movement of the piston at A on the boom. Determine
the distance the piston or pulley at C must move to the left in order to lift the load a distance h.
The cable is attached at B, passes over the pulley at C, then D, E, F, and again around E, and is
attached at G.

Given:
h=2ft
Solution:
Asg = -h
L = 2sc + 2sF
24sc = —24sf

Asc = —Asg Asc = 2ft

Problem 12-195

The motion of the collar at A is controlled by a motor at B such that when the collar is at s,, it is
moving upwards at v, and slowing down at a,. Determine the velocity and acceleration of the cable
as it is drawn into the motor B at this instant.

Given: i ; |
d=4ft
™ m"‘
sp = 3 ft P |
ft |
S ¥4 |
L |
ap =1 — ; -
A 2 4 i
S . :
[2. 2 }%’1 |
Solution: L=,sp”"+d +sp L
ft ft
Guesses vg =1— ap =1—
S §2
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SAVA
Vg = —— i L L L
2 2 /
\sa +d .
-1
2 2.2
VA + SAAA SA VA
apg = > > + 3 Ky
i
\/SA +d /(sA2+d2)
—1
ft ft -
vg = 12— ag = -1.112 — P J re —t
S S 7, T

*Problem 12-196

The roller at A is moving upward with a velocity v, and has an acceleration a, at s,. Determine
the velocity and acceleration of block B at this instant.

Given:

sp =4 ft ap =4 —

S
ft
vp = 3 — d=3ft

s F—d nl

Solution: _ ! [ f

SAVA d

|:SB+JSA2+d2 0=vg+— i Y
2 5 _ R -

Jsa +d L

—SAVA ft
vg = —2.4—

Vg = ——
S
,[SAZ-I—dZ

2 22
—VA —SA8A . SA VA B ft

2
\/SAZ L d? /(SAZ . d2)3 s
Problem 12-197 Lf%‘

A
Two planes, A and B, are flying at the same \ \
altitude. If their velocities are v, and vg such that AR

the angle between their straight-line courses is 6,
determine the velocity of plane B with respect to i
plane A. £\ a2 .

apg =
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Given:
km
vp = 600 —
hr
km
vg = 500 —
B hr
6 = 75 deg
Solution:
cos(6) 155.291 \ km
\ =V \Y] = J—
AV = sin(o) AV 579555 ) hr
-1 -500 \ km
Vi =V V = i
Bv B 0 Bv 0 hr
Y, =V \Y \Y; = R EL |v |—875km
BA = VBv AvV BA = 580 e BA| = pe

Chapter 12

Problem 12-198

At the instant shown, cars A and B are traveling at speeds v, and vg respectively. If B is
increasing its speed at v'5, while A maintains a constant speed, determine the velocity and
acceleration of B with respect to A.

Given:
mi
vap = 30 —
A hr B \a=
5-"".,!'
mi f\%\x—
vg = 20 — i
hr
Iy A
m| ¢ -
V'A =0 —2
hr
mi
v'g = 1200 —
hr
6 = 30 deg
r=0.3mi
Solution:

-1 -30 )\ mi
VAv = VA 0 VAv = 0 W
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o= o)

VBA = VBv — VAv

lvea| = 2657
hr

Chapter 12

(_VIAJ
apy =

0

~(—sin(6) VBZ cos(6) 554.701 ) mi

agy = V'B +— aBy = 3|75

cos(H) r sm(&) 1.706 x 10™ ) nhr

mi

( |laga| = 1794 —

hr

aBA = @Bv — 8Av aBA =

Problem 12-199

At the instant shown, cars A and B are traveling at speeds v, and vg respectively. If A is

increasing its speed at v', whereas the speed of B is decreasing at v'g, determine the velocity
and acceleration of B with respect to A.

Given:

va =30 M
AT

<-
>
|
N
o
(]
|3

<-
w
I
|
oo
o
o

6 = 30 deg
r=0.3mi

Solution:

-1 =30\ mi
\Y =V, VAY = —
Av A 0 Av 0 hr

—sin() =10 \mi
Bv =8 cos(6) B 17.321 ) hr
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2 mi mi
v = VBy-—V Y — \ = 26.458 —
BA Bv Av BA = (17 321) | BA| A
-V'a -400
apy = aAv =
0 0
(=sin(0)) ve®(cos(0) 1,555 x 10° | mi
agy = V'B + — apy = ™
cos(H) sin 6) —-26.154 hr
1955 mi
aBA = aBv — @Ay aBA = |aBA| = 1955—2
hr

*Problem 12-200

Two boats leave the shore at the same time and travel in the directions shown with the given
speeds. Determine the speed of boat A with respect to boat B. How long after leaving the
shore will the boats be at a distance d apart?

Given:
ft
va = 20 — 61 = 30 deg
s
ft
vg = 156 — 6 = 45 deg
s
d = 800 ft N4
. \\""-J;/'“'-f;f’ =5
Solution: L -
—sin(@l) cos(Hg)
VAv = VA VBv = VB| .
003(91) Sln(Hz)
Uam = v y Uam = —20.607  ft ‘o d
AB Av Bv AB 6.714 S |VAB|

fi
lvag| = 20673~ 1=36913s
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Problem 12-201

Chapter 12

At the instant shown, the car at A is traveling at v, around the curve while increasing its speed
at v',. The car at B is traveling at vg along the straightaway and increasing its speed at v'g.
Determine the relative velocity and relative acceleration of A with respect to B at this instant.

42

Given: i
m m
va = 10 < vg = 185 N SRy
1 m ' m
VA=5S—2 VB :23_2

0 =45deg p =100 m

Solution:
= 0
sin va” [ ~cos

VB V'B
VBv = aBy =
0 0

-11.43\ m

VAB = VAy — V VAB = —
AB Av Bv AB _707 .
0.828 \ m

apB = aay — a apB = —
AB Av Bv AB _4.943 32

Problem 12-202

An aircraft carrier is traveling
forward with a velocity v,. At the

instant shown, the plane at A has just

taken off and has attained a forward Al

horizontal air speed v,, measured

from still water. If the plane at B is
traveling along the runway of the
carrier at vg in the direction shown

measured relative to the carrier,
determine the velocity of A with
respect to B.
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6 = 15 deg vg = 175 —
hr

Solution:
VA ) cos(&)
VA = VB = + VB .
0 0 sin(0)
VAR = VA — V VAR = ~19.04 ) km |v | =491 km
AR TIATTE A8 4529 ) e ABL T hr

Problem 12-203

Cars A and B are traveling around the circular race track. At the instant shown, A has speed
v, and is increasing its speed at the rate of v'5, whereas B has speed vg and is decreasing its

speed at v'g. Determine the relative velocity and relative acceleration of car A with respect to

car B at this instant.
Va4

Given: 0 = 60 deg P
ra = 300 ft rg = 250 ft f// | f% |
F > 3
va = 90 1 Vg = 105 / / /j
s s I _
Va = 15 & Vg = 25 L | |g T

2 2 \ !
S S \
".'!.
Solution: N \

iy
VAy = V - VAy = 90 It \ ,/
Av A 0 Av 0 S —
—cos(&) -52.5 ) ft
B sin(o) %~ 90933 ) s
-37.5) ft ft
VAB = VAv — VBv VAB = (_90 9j; |VAB| = 98-42

-1 VA2 0 -15) ft
R T R w2
B N S

140



Engineering Mechanics - Dynamics Chapter 12

e B R

ang = aa — a ang = 10692 1t |a |—1983ﬁ
AB A B AB 16.701 SZ AB . 82

*Problem 12-204

The airplane has a speed relative to the wind of v,. If the speed of the wind relative to the
ground is vy, determine the angle & at which the plane must be directed in order to travel in
the direction of the runway. Also, what is its speed relative to the runway?

Given:
va = 100 ™
A= hr
. H
wy = 10 lisn
w hr : W :
o {
¢ = 20 deg :
Solution:
Guesses 0 = 1deg ':._::"--'Q-___
mi -
Vag =1 hr =

o () o{ )l )

0 _ mi
= Find( 6, vag) 0=539deg  vag=961—
VAg hr

Problem 12-205

At the instant shown car A is traveling with a velocity v, and has an acceleration a, along the
highway. At the same instant B is traveling on the trumpet interchange curve with a speed vg
which is decreasing at v'z. Determine the relative velocity and relative acceleration of B with
respect to A at this instant.
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Given
vp = 30 —
S
vg = 15 —
S
m
ap =2 —
A 2 _
S
m
VB = -0.8 —2 S
S ,—:;‘,,..a—-—
p =250 m
0 = 60 deg gt
Solution:

VA aa
VAv = apy =
0 0

Vv - VB[Zf:((j;j B - V'B(::fjj ’ %2(%)

Y =V \Y VBA = N |v | =26.0 m
BA Bv Av BA 12,99 3 BA s
-1.621\ m m
a = agy—a aRA = — a =1.983 —
BA = @By — 8Av BA (_1.1 43j 2 | BA| 2

Problem 12-206

The boy A is moving in a straight line away
from the building at a constant speed v,. The

boy C throws the ball B horizontally when A is
at d. At what speed must C throw the ball so
that A can catch it? Also determine the relative
speed of the ball with respect to boy A at the
instant the catch is made.

Given:
ft
va =4 —
S
d =10 ft
h =20ft L d &
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fi
g =322~
S

Solution:

Guesses vg =1 —

1
Given h - Egt2 =0

vet=d+vat
t _ ft
= Find(t, vc) t=1115s  vg=1297—
ve s
y ~ e VA Ven = 8.972 \ ft |v | e ft
AT gt) Lo BA™ {35889 ) s BAI =202

Problem 12-207

The boy A is moving in a straight line away from the building at a constant speed v,. At what

horizontal distance d must he be from C in order to make the catch if the ball is thrown with a
horizontal velocity v:? Also determine the relative speed of the ball with respect to the boy A at

the instant the catch is made.

Given:
ft
VA =4 Z h = 20 ft :.:IH
ft ft
ve = 10 — g =322 -
S
Solution:

Guesses d=1ft t=1s

1 v
Given h - Egt2 =0 | ﬁ

vet=d+vat - o .

t
(dj = Find(t,d) t=1115s d = 6.69 ft
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Ve VA 6 ft ft
VBA = - VBA = — % =36.4—
BA [_gtj [0 j BA [—35.889) s [vaal 5

*Problem 12-208

At a given instant, two particles A and B are moving with a speed of v, along the paths
shown. If B is decelerating at v'g and the speed of A is increasing at v',, determine the
acceleration of A with respect to B at this instant.

Given:
Vo =8 — VA =5— CE o
0 S A S2 . " | A wla) = (i)
A
m L = )
a=1m v'g = -6 - /
S
{
" 1
Solution:

N | w

\HT

_alX vy = 9 wegy _ 4 L -
yo) = a(aj YO ==-y0) ¥ ) =y NG \

(1 + y'(a)z)3

p=——"T"———"— 6O=atan(y'(a)) p=7812m
y"(a)
2 . .
(cos(6)) vo©(-sin(6) VB( 1 )
ap =V +— ag = —
ATTA sin(0) p \_cos(6) B V2 -1
apB = ap—a a —(O'ZJE |a |—447m
AB = dA B AB = 446 52 AB| = 4 52
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Problem 13-1

Determine the gravitational attraction between two spheres which are just touching each
other. Each sphere has a mass M and radius r.

Given:
—12 -9
r = 200 mm M = 10 kg G =66.73x 10 — nN =1x10 ° N
kg-s
Solution:
GM?
F = — F =41.7nN
(2r)
Problem 13-2

By using an inclined plane to retard the motion of a falling object, and thus make the observations
more accurate, Galileo was able to determine experimentally that the distance through which an
object moves in free fall is proportional to the square of the time for travel. Show that this is the

case, i.e., s « t? by determining the time t, t.., and t, needed for a block of mass m to slide
from rest at A to points B, C, and D, respectively. Neglect the effects of friction.

Given:
S =2m
sc=4m $0 M e )
v ..- - __Il_n.'
Sp = 9m " : H.__,":-"""-
0 = 20 deg y _#e_f-""
m g )
g =981 > f.n'._}__-_.--*" 6
. X
Solution:
. w
Wsm(é’) = (—)a
g

. m ;

a = gsin(0) a=3.355 > ; Ly
S ,‘-"1

2 .

s = —at \ -
2 %

2sp - N

tg = tg = 1.09 s s
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Chapter 13
2sc

tc = |[— tc =154s
a
2sp

tb = [— tp=232s
a

Problem 13-3

A bar B of mass My, originally at rest, is being towed over a series of small rollers. Determine
the force in the cable at time t if the motor M is drawing in the cable for a short time at a rate
v = kt2. How far does the bar move in time t? Neglect the mass of the cable, pulley, and the

rollers.
Given:

kN

Solution:

300 kg

5s

0.4

w| 3

1
d=Jka
0

-

{
(=]

b=

Yo
e

)

m
a=4—
2
S
T=12kN
d=16.7m

e M

*Problem 13-4

A crate having a mass M falls horizontally off the back of a truck which is traveling with speed
v. Determine the coefficient of kinetic friction between the road and the crate if the crate slides

a distance d on the ground with no tumbling along the road before coming to rest. Assume that
the initial speed of the crate along the road is v.
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Given:
M = 60 kg

d=45m

Solution:

Nc-Mg=20 Nc = Mg

#kNc = Ma a= ukg

2

v
— =ad= d
5 Hk9

2
\Y

= — = 0.559
20 Ak

K

Chapter 13

I '

Problem 13-5

The crane lifts a bin of mass M with an initial acceleration a. Determine
the force in each of the supporting cables due to this motion.

Given:
M=700ky b=3 KN =10°N
m
a=3— c=4
2
S
Solution:
ZT(;J—Mg:Ma
2 2
Vb +c
b2+c2
T = M(a+09) T T = 5.60kN
c

M
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Problem 13-6

The baggage truck A has mass m, and is used to pull the two cars, each with mass m.. The

tractive force on the truck is F. Determine the initial acceleration of the truck. What is the
acceleration of the truck if the coupling at C suddenly fails? The car wheels are free to roll.
Neglect the mass of the wheels.

Given:
m¢ = 800 kg
me = 300 kg
F =480 N
Solution: | |
+
—> ¥ F,=ma, F = (m¢ + 2me)a —F
F m
a=———— a=0.343 —
m¢ + 2 me S2
+
—> X Fx: ma,; F= (mt + mc)aFaiI I:UJ—%'
_:.n.-F
F m
afFajl = apajl = 0.436 —
mt + mC SZ
Problem 13-7

The fuel assembly of mass M for a nuclear reactor is being lifted out from the core of the nuclear
reactor using the pulley system shown. It is hoisted upward with a constant acceleration such that
s=0andv=0whent=0ands=s; whent=t;. Determine the tension in the cable at A during

the motion.
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Units Used:
kKN = 10° N
Given:
M = 500 kg
S1 =25m
t1 =155
m
=981 —
g 2
S
Solution:
(aj 2 231
2 ty
2T — Mg = Ma

Chapter 13

a=220 0

M
M(a+g) T = 3.008kN

*Problem 13-8

The crate of mass M is suspended from the cable of a crane. Determine the force in the cable at time
t if the crate is moving upward with (a) a constant velocity v; and (b) a speed of v = bt? + c.

Units Used:
KN = 10° N
Given:
M = 200 kg
t=2s
vy =2 —
S
b =02 EB
S
m
c=2—
S
Solution:

m
(a) a=0—2
S

AT

A

My

Ta—Mg=Ma Ta = M(g + a) T, = 1.962kN
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() v=btic a-=2bt Tp = M(g+a)  Tp=2.12kN

Problem 13-9

The elevator E has a mass Mg, and the counterweight at
A has a mass M. If the motor supplies a constant force

F on the cable at B, determine the speed of the elevator
at time t starting from rest. Neglect the mass of the
pulleys and cable.

Units Used: T T ¥
kN = 10° N T T T
an- E
Given:
A | E i $8
Mg = 500 kg | -
! ¢ A p
Ma = 150 kg 9
Mg Mg
F =5kN
t=3s
Solution:
m m
Guesses T =1kN a=1—2 v=1—
s S
Given T-Mag=-Mpa F+T-Mgg=Mga v = at
T
. m m
a | = Find(T,a,v) T=111kN a=241 - V=723 —
S
S
v
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Problem 13-10

i
The elevator E has a mass Mg and the counterweight at @ @
'
KR

A has a mass M,. If the elevator attains a speed v after

it rises a distance h, determine the constant force
developed in the cable at B. Neglect the mass of the
pulleys and cable.

Units Used: I
3 T T F |

kN = 10° N T T T :
Given: I iH

Mg = 500 kg A | E . e,

Ma = 150 kg + ¢ @i

| 1
v=102 M My —L
S

h=40m

Solution:
m
Guesses T =1kN F =1kN :;1:1—2
S

Given T-Mag=-Mpa F+T-Mgg=Mga v2:2ah

F

m
T | =Find(F,T,a) a=1.250 —2 T =1.28kN F = 4.25kN
S
a

Problem 13-11
The water-park ride consists of a sled of weight W which slides from rest down the incline

and then into the pool. If the frictional resistance on the incline is F,; and in the pool for a
short distance is F,,, determine how fast the sled is traveling when s ='s,.
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Given:
W = 800 Ib
Frp =301b
Fro =801Ib
sp =5 ft
a = 100 ft
b = 100 ft
ft
g =322 -
S
5!
Solution: W

b Fr;
0 = atan(—) !
a

On the incline

Wsinl @) - F
Wsin(H) -Fr1 = (gjal ai = g(M

W
v12 = 2a1\/ a2 + b2 V] =4 2a1\/ a2 + b2
In the water
Eo_ W . a — 9Fr2
2= g 2 2 = W

2

2
V2 V1 2
o "5 " —a2 s Vo =,V —2asp

o

W
Fr,
N
ft
aj = 21.561 —
2
s
ft
vy = 78.093 —
s
ft
ay = 3.22—
2 2
s
ft
Vo = 77.886—
s

*Problem 13-12

A car of mass m is traveling at a slow velocity v If it is subjected to the drag resistance of
the wind, which is proportional to its velocity, i.e., Fp = kv determine the distance and the
time the car will travel before its velocity becomes 0.5 v,. Assume no other frictional forces

act on the car.

Solution:
-Fp=ma
—kv =ma
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. —k
Find time a= d—v = —V
dt m
0.5v,
_k t 0
— | 1dt= — dv
m Jg v
Vo
m Vo m m
t=—1In t=—1In(2) t = 0.693 —
k 0.5vg k k
. . —k
Find distance a=Vv—V=—V
dx m

X 05V0
—J kdx = J m dv X = m(O.SVO) X = O.ST

0 \') k

Chapter 13

Problem 13-13

Determine the normal force the crate A of mass M exerts on the smooth cart if the cart is

given an acceleration a down the plane. Also, what is the acceleration of the crate?

Given:
M = 10 kg Mg
m
a=2— Y
2
S
~
6 = 30 deg N
Solution:

N - Mg = —M(a) sin(6)
N = Mg-(a)sin(6)] N=881N

m

dcrate = (a)sin(e) acrate = 1 >
S

Problem 13-14

Each of the two blocks has a mass m. The coefficient of kinetic friction at all surfaces of contact is
. If a horizontal force P moves the bottom block, determine the acceleration of the bottom block in

each case.
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Solution:
(a) Block A:

— IF,=may,

(b)

Block A:
— 3F,=ma,
Block B:

— XF,=ma,

Solving simultaenously

P -— A

Chapter 13

P —3umg = magp

P
ap = — - 3ug
m
SB+Sa=L
ap = —ap

P—-T-3umg = map

umg—T = mag

P
ap = —— — 249
2m

fa)

]
P — A
(bl
nig
g L g
T B
N
jmg 2pmg
2myg
Sp
EENC;
-,
m;:

g
,umu

T’-E JLng
”.'I"

2img

pmg

Problem 13-15

The driver attempts to tow the crate using a rope that has a tensile strength T,,,,. If the crate

is originally at rest and has weight W, determine the greatest acceleration it can have if the
coefficient of static friction between the crate and the road is s and the coefficient of kinetic

friction is 4.
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Given:
Tmax = 200 Ib
W = 500 Ib
uk = 0.3 [ “::'
ft
g =322 -
S
6 = 30 deg
Solution: W . W

%a wa

Equilibrium : In order to slide the crate, the

towing force must overcome static friction. N N
Initial guesses  Fn = 1001b T =50 1Ib Fy Fy
FN
Given Tcos(6) — usFN =0 Fn+ Tsin(0) - W =0 ( j = Find(Fn.,T)
T
If T=187.6131b > Tmpax = 2001b then the truck will not be able to pull the create without breaking
the rope.

If T=187.613Ib < Tmax = 2001b then the truck will be able to pull the create without breaking the
rope and we will now calculate the acceleration for this case.

. ft .
Initial guesses FN = 100 Ib a=1 - Require T = Tmax
S

F
Given  Tcos(6) — ucFN = %a FN -+ Tsin(6) -W =0 ( Nj = Fi”d(FN’a)
a
a= 3.426E
2
s

*Problem 13-16
An engine of mass M, is suspended from a spreader beam of mass M, and hoisted by a

crane which gives it an acceleration a when it has a velocity v. Determine the force in
chains AC and AD during the lift.
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Units Used:

Mg = 10° kg kN = 10° N
Given:

M1 = 3.5 Mg

My = 500 kg

)]

Il

IN
m|3 mwlg

<
Il
N

0 = 60 deg

Solution:

Guesses T=1N T =1N

Given T T
2Tsin(6) - (M1 + Mg)g = (M1 + M2)a N r r
___‘IF_-frf:x
2T' - M1g = M1 a v T T

omen (260 ()
(e)-(3)e

Problem 13-17

The bullet of mass m is given a velocity due to gas pressure caused by the burning of powder
within the chamber of the gun. Assuming this pressure creates a force of F = Fgsin(zt / tg) on

the bullet, determine the velocity of the bullet at any instant it is in the barrel. What is the bullet’s
maximum velocity? Also, determine the position of the bullet in the barrel as a function of time.
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Solution:
) t dv Fo  (t
Fosinf z— | = ma a=—=—sin| —
to dad m to
t s — =
V
Fo t
J ldv= —sin(lj dt
0 to F
0
Foto at Fy e
=—1- — - S
zzm 0 / \\

P a h
Vmax occurs when cos(t—] =-lort=ty

0
2Fotg —_—
Vo —>{ ]
m
[
t
S
Foto t Foto to at
J lds= (—j 1 - cos = dt §S=——|t—-—sin| —
0 m to m T to
0

Problem 13-18

o
The cylinder of weight W at A is hoisted using
the motor and the pulley system shown. If the 5 i
speed of point B on the cable is increased at a | &8
constant rate from zero to vg in time t, determine . G_:
the tension in the cable at B to cause the motion. i L
Given: r"_“.
W = 400 Ib £
ft i
vg = 10 —
S !
4
t=5s A
A
Solution: ¥a
2sp +sg = |
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LIS
vB ""‘ |
ag = T 27
T bt
—T LI B
_ag . : !
ap = —
A 2 F]
'l'.-l
2T -W = w a
Ty W .
oL
W aa
2 g

Problem 13-19

A suitcase of weight W slides from rest a distance d down the smooth ramp. Determine the point
where it strikes the ground at C. How long does it take to go from A to C?

Given:
W =401b 6 = 30 deg

ft
d=20ft g=32~
s
h=4ft
Solution:
Wsin(6) = (—)a a = gsin(6) N
g S [ .
B
ft h o
vg =4/ 2ad vg = 25.377 — [ o L
S i T
VB -
taAB = — tag = 1.576 s
a
Guesses tegc =1s R=1ft W /
fl
. —g 2 .
Given > tgc” - vBsm(G)tBC +h=0 R =vpg cos(@)tBC
tBC _ N
= F|nd(tBC,R) tgc =0.241 s
R

R =5304ft tag+tgc =1.818s
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*Problem 13-20

A suitcase of weight W slides from rest a distance d down the rough ramp. The coefficient of
kinetic friction along ramp AB is . The suitcase has an initial velocity down the ramp v,,.

Determine the point where it strikes the ground at C. How long does it take to go from A to C?

Given:

W =1401b
d=20ft
h=4ft
uk = 0.2
6 = 30 deg

ft
VOZlO?

_gpo It
g = o< >
S

Solution:
Fn —Wecos(6) =0 Fn = Wcos(6)

Wsin(6) — uWcos(6) = (%)a

a= g(sin(e) - ykcos(e)) a= 10.523E2
s

2 ft
VB = ./ 2ad+ Vg vg = 22.823 —
S

VB~V

tAB = tag =1.219 s
Guesses tec =1s R=1ft

Given (—79),[8(:2 - VB sin(@)tBC +h=0 R =vpg cos(@)tBC

tBC
( j = Find(tgc, R) tgc = 0.257 s R =5084ft tag+tgc = 1.476s
R
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Problem 13-21

The winding drum D is drawing in the cable at an accelerated rate a. Determine the cable
tension if the suspended crate has mass M.

Units Used:

T
5.:‘ aE
kN = 1000 N Y Sy
1 |
Given: ® g8
m
a=5—
S2
+2T
M = 800 kg
m
g =981~ |
; '
W
Solution:
-a m
L =sap+2sg agp = — ag = -25 — I
2 2
S
M(g - ap
2T-Mg=-Mag T = (T) T = 4.924kN

Problem 13-22

At a given instant block A of weight W, is moving downward with a speed v,. Determine
its speed at the later time t. Block B has weight Wg, and the coefficient of kinetic friction
between it and the horizontal plane is 2. Neglect the mass of the pulleys and cord.

Given: I
Wa=51lb vy =4~— =] !
S \5&
Wg=6Ib t=2s :
kg = 0.3 :
Solution: 2sg+sp =L _‘[L
Guesses A
i
E E | |
* —_ T O
.'|_-|
Given FN—-Wg=0 2ag+ap =0 Fy W,
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-Wg ~Wa
2T — ukFN = T ap T-Wp= T ap

FN
T FN 6.000 aa 20.3 \ ft
= Find(FN.T,aa. ag) = Ib = —
aa T 1.846 ap -10.2 82
ap
ft
Vo = V1 +aat vy = 44.6 —
s

Problem 13-23

A force F is applied to the cord. Determine how high the block A of weight W rises in time t starting
from rest. Neglect the weight of the pulleys and cord.

Given:
F=151b t=2s

fi
W=30l g=322-
S

Solution:
W
AF - W = (—)a
g
a = 2 (4F - W)
W F F 2F 2F 4F
.}
a=322— C k\_l
2
S
2F 4F W

1
d = Eat2 d = 6441t

*Problem 13-24

At a given instant block A of weight W, is moving downward with speed v,,. Determine its speed
at a later time t. Block B has a weight Wy and the coefficient of kinetic friction between it and the
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horizontal plane is z,. Neglect the mass of the pulleys and cord.

Given:
T
Wa =101b —
. a
VAO = 6 —
s
t=2s i Wi
Wg =41b Wy
g = 0.2 ' A ‘4:—‘ ey AL T
ft -~ Wy
g =322~ 1
s Wy
Solution: L =sg + 2sa
Guesses ap =1 ft ap =1 ft T=11Ib I-l—|sﬁ
A = 2 B = 5 =
S S k
W S
Given T-ukWp=|——1ap
g
_WA
2T -Wp=|——|aa
g
0 = ap + 2ap
T
_ an 10.403 ) ft
aA | = Find(T,aa, ap) T =3.3851Ib = —
ag) \-20.806) 2
ap
ft
VA = VaQ + aat vp = 26.8 —
s

Problem 13-25

A freight elevator, including its load, has mass M,. It is prevented from rotating due to the

track and wheels mounted along its sides. If the motor M develops a constant tension T in
its attached cable, determine the velocity of the elevator when it has moved upward at a
distance d starting from rest. Neglect the mass of the pulleys and cables.
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Units Used:

3

kN = 10" N

Given:

<
@D
[

500 kg
T = 1.50 kN

d=3m

m
g =981~
S

Solution:

4T — Meg = Mea a =4(

4T

M.z

T

)

v = +/2ad v=3e2
S

Chapter 13

MU 29 k

=
B

Problem 13-26

At the instant shown the block A of weight W, is moving down the plane at v, while being attached
to the block B of weight Wg. If the coefficient of Kinetic friction is x, , determine the acceleration
of A and the distance A slides before it stops. Neglect the mass of the pulleys and cables.

Given:
Wp = 100 Ib
Wg =50 1Ib
vg =5 —
uk =02
a=3
b=4

Solution: @ = atan (%j

Rope constraints

163
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sa+2sc=L1 T.Tﬁ sk T
SD+(SD—SB):L2 f,;
sc+sp+d=d |

Guesses i ¥
ft " Ty Ty
ap=1— ag =
2
S
ft -~
ac =1 ) ap = fif// ///f/f{//
S
TA=1lb Tg= te
Given | d ;
—+ |4
ap+2ac =0 2ap—ag=0
ac+ap=0 A

Wg
TB—WB= T ap

. -Wa
Ta - Wasin(6) + uxNa = | —— |aa
g

Na—Wacos(6) =0  2Tp-2Tg=0

= Find(aA,aB,ac,aD,TAaTBaNA)

ft
ap = ~1.287— dp = 9.711t

S

g

JT7777 77777777777

aa ~1.287
48

ap -1.287 | ft
48 |1b | oees |2

a .
80 ¢ S
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Problem 13-27

The safe S has weight W, and is supported by the rope and pulley arrangement shown. If the end of
the rope is given to a boy B of weight W,,, determine his acceleration if in the confusion he doesn’t
let go of the rope. Neglect the mass of the pulleys and rope.

Given:

fit
Ws =2001b Wp=901Ib g=322—

T W,

15,‘

Q

@iﬁj i

W,
Solution: L = 255+ Sp

. ft
Initial guesses: ap =1 - ag
S

Given 0 =2ag+ap 2T—WS=(

ap

ft ft .
a | = Find(ab,as,T) T=096.4291b ag = 1.15—2 ap = —2.3—2 Negative means up
S S
T

*Problem 13-28
The mine car of mass m,, is hoisted up the incline using the cable and motor M. For a short time,

the force in the cable is F = bt?. If the car has an initial velocity v, when t = 0, determine its
velocity when t =t;.
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Given:
mcar = 400 kg
N
b = 3200 —
2
S
m
Vg =2 —
S
t1 =25
m
S
c=28
d =15
Solution:

RN

2 c
bt™ — mcarg(—j = Mcara

\/02+d2

3

b \t1 gcty m

Vi =|—|————+\V vi =141 —
S

Problem 13-29

The mine car of mass m,, is hoisted up the incline using the cable and motor M. For a short

time, the force in the cable is F = bt?. If the car has an initial velocity v, when t = 0, determine
the distance it moves up the plane when t =1t;.
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Given:
mcar = 400 kg
N
b = 3200 —
2
S
m
Vg =2 —
S
t1 =25
m
= 0.81 —
g 2
S
c=28
d =15
Solution:

bt2 Mecard ¢ Meara a [ b jtz gc
—Mecar9| ————=| = Mcar = -
o2+ d Mcar ¢® + ¢

( b )tS gct
V= —— +V0

¢ +d
4 2
b \t1 gc t
1 =|—|—-|—|— +Vt1 S1 =5.434 m

Problem 13-30

The tanker has a weight W and is traveling forward at speed v, in still water when the engines

are shut off. If the drag resistance of the water is proportional to the speed of the tanker at any
instant and can be approximated by Fp = cv, determine the time needed for the tanker’s speed to

become v;. Given the initial velocity v, through what distance must the tanker travel before it

stops?
Given:
6 ¥
W = 800x 10" Ib l ] . "
i r
S | .
¢ = 400 x 10° Ib-2 - K,

ft ft
V0=3§ V1=1.5z

Solution:

—°9,

a(v) = W
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V1 1 W

t = ——dv t=431s —
J a(v)

Vo \ /

0 F 3 * F“
d= | - g d = 186.4ft

a(v) Ny
Vo

Problem 13-31

The spring mechanism is used as a
shock absorber for railroad cars.
Determine the maximum compression
of spring HI if the fixed bumper R of a
railroad car of mass M, rolling freely at
speed v strikes the plate P. Bar AB
slides along the guide paths CE and
DF. The ends of all springs are
attached to their respective members
and are originally unstretched.

Units Used:

KN = 10°N Mg = 10° kg

Given:

kN
M=5Mg k=80—
m

P L T
- S - m ﬂ"f,i,’
Solution: -—
The springs stretch or compress an equal amount x. Thus, —_— Y
Fy
K + 2k - U O
(k' + 2K)x = -Ma L S . S N
M dx
n'"!rl:"
0 d
. k' + 2k .
Guess d=1m Given vdv = - v X dx d = Find(d)
\"
0 d = 0.250 m

*Problem 13-32

The collar C of mass m, is free to slide along the smooth shaft AB. Determine the acceleration of
collar C if (a) the shaft is fixed from moving, (b) collar A, which is fixed to shaft AB, moves
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downward at constant velocity along the vertical rod, and (c) collar A is subjected to downward
acceleration a,. In all cases, the collar moves in the plane.

Given:
me = 2 kg
ap =2 =
AT
s
_9g 1
g =981 —
S
0 = 45 deg
Solution: )
(a) mcgcos(6) = meag ag = gcos(6) ag = 6.937 mz
S
(b) megcos(6) = meap ap = gcos(6) ap = 6.937 mz
S
© mc(g - aA) 005(9) = Mcacrel acrel = (g - a/_\)cos(e)
(—sin(e)j (oj (—3.905) m jag| = 708 m
ac = a +a ac = — ac| = 7.08 —
¢ 7l eos(g)) T A1 " \s905) 2 I 2

Problem 13-33

The collar C of mass m, is free to slide along the smooth shaft AB. Determine the acceleration of
collar C if collar A is subjected to an upward acceleration a. The collar moves in the plane.

Given: B
mc = 2 kg
a=4 m
h 2 Mg 1 il
S ,
£l
m .
g = 981 —_— = &,ﬂ?l.ﬂ{ Al
2
S
Ne
0 = 45 deg
Solution: )

The collar accelerates along the rod and the rod accelerates upward.
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ngcos(H) = mc[aCA - (a)cos(e)] aca = (g + a)cos(@)
—acasin(6) (—6.905) LT
¢ —acacos(6) + a €~ —2.905 &2 c 2

Problem 13-34

The boy has weight W and hangs uniformly from the bar. Determine the force in each of his arms at
time t = t, if the bar is moving upward with (a) a constant velocity v, and (b) a speed v = bt?

1 |

W = 80 Ib 1? -,I.‘iJ=|_‘I.I.
_ ()
tl = 2 S | |Il:ﬁ'll
Vo = 3 ft lﬁl I' ) |I
. ! -
i 1]
b=4-3 _ 1
S W K
. w
Solution: @ 2Ta-W=0 Ta = ? Ta = 401b
w 1 w
2Th —W=|—|2bt Tp = —=|W+ —2bt;| Tp=59.885Ib
(b) g 2 g

Problem 13-35

The block A of mass m, rests on the plate B of mass mg in the position shown. Neglecting the

mass of the rope and pulley, and using the coefficients of kinetic friction indicated, determine the
time needed for block A to slide a distance s' on the plate when the system is released from rest.

Given:

ma = 10 kg

mg = 50 kg

s =05m

upB = 0.2

uc =01

0 =30 deg Mg
_ 981

g=29 >

S
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Solution: 148
sa+sg=1L '-\'g:-_
Guesses } ""-._f,.f " (,.--*” ™ 40
ap =10 g1 \ \ \ \
A = E B = _— L ...____d-'* \ _-____..
52 52 \_-
T=1N Na =1N Ng =1N
Given
ap+ag =0
: T
Na — magcos(6) = 0 y’
NB — Na - mBgcos(e) =0
7 |'l'["‘|";_l'1' R #___.-ff::'x
T~ upgNa — magsin(6) = -mpan e
. ;"f';/
T+ upgNA + uac Ng — mpgsin(6) = -mpag =
Mpily
aa ,
N,
ap T A
. Sa TN
T | = Find(aa.ag,T,Na,Ng) | Na |= N N
Na NB X g :;7-’\\
o .-____.a-""-' Y
N ffﬁ"{i-"\,f”# .,--’?‘1-.‘
(aA] ( m '\y_r"" ) Y
= —_— L T g
2 - - ", ki
ap 5 Y ;_f,.e {‘x
m 2s'
apA = ag — aa apa = 3.708 — t=|— t=0.519 s
32 aBA

*Problem 13-36

Determine the acceleration of block A when the system is released from rest. The coefficient of
kinetic friction and the weight of each block are indicated. Neglect the mass of the pulleys and cord.

Given:
Wa =80 1Ib
Wg = 20 Ib
6 = 60 deg
uk = 0.2

171



Engineering Mechanics - Dynamics Chapter 13

ft
S

Solution: 2sp+sg =1L

Guesses

ft ft
aA=l—2 aB=l—2
S S

T=1b Na=11Ib

Given

. -Wa
2T — Wasin(6) + uNa = | —— |aa
g

Na — WAcos(H) =0

2ap+ag =0
aA % iy
ap . ft
= Find(ap,ag,T,Na)  ap=4.28—
T 2
NA

Problem 13-37

The conveyor belt is moving at speed v. If the coefficient of static friction between the
conveyor and the package B of mass M is 1, determine the shortest time the belt can stop so

that the package does not slide on the belt.

Given:
i}
v=aD Mg)
S
M = 10 kg |_i—| — 0
CEOHEEE T
=] -] & @ @ @ @
Hs = 0.2 Il\_ ,;t
- 9.81 = |
g=29 >
S

. m v

Solution: HUsMg=Ma a = usg a= 1962 > t = 2 t=2.039s

S
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Problem 13-38 ¥

An electron of mass m is discharged with an initial
horizontal velocity of v,. If it is subjected to two

fields of force for which F, = Fyand F, = 0.3F, S e e 1 o
where F is constant, determine the equation of the N |

}
path, and the speed of the electron at any time t. A :
,,«”"/ +

Solution: = P i | I .
Fo = may 0.3Fg = may #
Fo Fo :
ay = o ay = 0'3[Fj | J.r

10 20sym
Thus Sx = Y + Vo Y
3 3Fp
> Fo 2 (03Fp )?
v:,/vx +Vvy v= || —t+Vvy| + t
m m

*Problem 13-39

The conveyor belt delivers each crate of mass M to the ramp at A such that the crate’s speed is
v, directed down along the ramp. If the coefficient of kinetic friction between each crate and the

ramp is g4, determine the speed at which each crate slides off the ramp at B. Assume that no
tipping occurs.

Given:

M = 12 kg

vpa =25 m
S

d=3m

kg = 0.3

6 = 30 deg

g =981 m
2

S
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Solution: Mg

NC—Mgcos(e):O Nc = Mgcos(e)

j N
M sin(e)— Nc = Ma a= sin(@)— & a—2356m JH)\
g HkNC = =9 iy = 2396 — N,
m
Vg = JvaZ + 2ad vg = 4515 —
S

*Problem 13-40

A parachutist having a mass m opens his parachute from an at-rest position at a very high altitude. If
the atmospheric drag resistance is Fp= kv2, where k is a constant, determine his velocity when he has
fallen for a time t. What is his velocity when he lands on the ground? This velocity is referred to as the
terminal velocity, which is found by letting the time of fall t— co.

Solution:
kv2—mg:—ma A Fi
T
k d
a=g9g- (—)vz & b
m dt ?
V g
1
t= dv
()
g-|—|v
m
0

([t

Problem 13-41

=~ |

Block B rests on a smooth surface. If the coefficients of static and kinetic friction between
Aand B are u ; and u respectively, determine the acceleration of each block if someone

pushes horizontally on block A with a force of (a) F = F, and (b) F = F,,

Given: . /iT:_ ,
ss = 0.4 Fa =6 Ib —_— 2

ug = 0.3 Fp = 50 Ib | B
| Wy

w

Wp=20b Wg=230lb
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= 32.2 ft
g = ac. >
S
Solution:

Guesses FA=1lb Fmpax=11Ib

as = 1 ft = 1 ft
ATSZ BT
S S
(ad F=F3 First assume no slip
. Wa Wp
Given F-Fa=|—1lan Fa=|—1|aB
g g
ap =ap Fmax = #sWa
Fa
Fmax

= Find(FA. Frnax. aa. 28)

W,
-

-

I"".. II

V=

F

A

Ny |

|

]

[

If Fao=35991b< Fpax = 8lbthen our

3.86
3.86

aa
aa
ag assumption is correct and (
ap
(b) F=Fp First assume no slip
. Wa Wg
Given F-Fa=|—1lan Fa=|—1|aB
g g
ap =ap Fmax = #sWa
Fa
Fmax . .
= Find(Fa, Fmax. aA. ag) Since Fa = 30Ib> Fray = 8Ibthen our
a N
A assumption is not correct.
ap

Now we know that it slips

Given  Fa = uxWp

Fa
aa
aa :Find(FA,aA,aB) = =

aB

)

Chapter 13

ft

2
S
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Problem 13-42

Blocks A and B each have a mass M. Determine the largest horizontal force P which can be applied
to B so that A will not move relative to B. All surfaces are smooth.

Solution: M
A LS
Require ap =ap = a B P _
Block A: : C "“PS\
AN
IR, =0; Ncos(6) — Mg =0
.'F'l-"
—— 3F,=Ma, Nsin(6) = Ma )/*—I’
a= gtan(@) ta,,-l
Block B:

~— 3F,=Ma;, P-Nsin(9)=Ma P =2Mgtan(6)

Problem 13-43

Blocks A and B each have mass m. Determine the largest horizontal force P which can be applied to
B so that A will not slip up B. The coefficient of static friction between A and B is 1. Neglect any

friction between B and C. meg

Solution: A l
-— P X L /f/l.':_.-"'.-’
. F B - -
Require | P
C

ap=ag=a N
Block A:

ZF, =0; Ncos(@)—ystin(é’)—mg=0

XF, = ma, Nsin(6’) + uchos(é’) =ma

m
N = g

cos(e) —yssin(e)

(sin(@) +yscos(<9)j
a=g

cos(@) - ,ussin(e)
Block B:

ZF, = ma, P- uchos(e) - Nsin(@) =ma
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- cos(@) - yssin(e) cos(e) - yssin(e)

o om g(sin(@) + yscos(e)j

cos(@) —yssin(e)

ysmgcos(e) (sin(@)+,uscos(¢9)j
P =m

*Problem 13-44

Each of the three plates has mass M. If the coefficients of static and kinetic friction at each surface of

contact are 4 and g4 respectively, determine the acceleration of each plate when the three horizontal
forces are applied.

Given:
F, —— D
M = 10 kg
C e |-
us = 0.3 F, ———— i}
uk = 0.2 .
Fg = 15N
2Mg
Mg
Fc = 100 N ) * IMg
F F o m— [ F,
Fp =18 N . Fep [+ ;'4_|:_"_—_.H|
F ——— ] :
m f B( FaR
g = 981 _2 N= .-HR‘
S |~'|' = _-"_'ll-'fﬁr |""|'I _ ';.'14],;'
Solution:
Case 1: Assume that no slipping occurs anywhere.
FaBmax = #s(3MQ) FBCmax = #s(2Mg) Fcbmax = #s(Mg)

Guesses Fag = 1N FBc =1N Fcp=1N

Given -Fp+Fcp=0 Fc-Fcp-Fpc=0 -Fg-Fag+Fpc =0
FAB FaB 67 FABmax 88.29
Fsc | = Find(Fag.Fac.Fcp) FBc |=|82|N FBCmax | = | 58.86 | N
Fcp Fcp 18 FcDmax 29.43

If FAB=67N < FaBmax = 88.29N and Fgc = 82N

> FBCmaX =58.86N and
Fep = 18N < Fepmay = 29.43N

then nothing moves and there is no acceleration.
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Case 2. If FaAg =67N < Fagmax = 88.29N and Fgc =82N > Fpcmax = 58.86 N and
Fcp = 18N < FcDmax = 29.43N  then slipping occurs between B and C.  We will assume that
no slipping occurs at the other 2 surfaces.

Set Fec = uk(2Mq) ap =0 ac=ap=a
m
Guesses Fag = 1N Fcp=1N a=1 >
s
Given -Fp+Fcp=Ma Fc-Fcp-Fgec=Ma -Fg-Fag+Fpc =0
FaAB
. Find(Fag. F ) FaB 24.24 \ p1ag ™
D | = FInd{FAB,FCD,a = a=2. —
c ¢ Fcp 39.38 S2
a

ac = a ap = a

If FAB=2424N < FaBmax =88.29N and Fcp =39.38N > Fcpmax = 29.43N then

. m m
we have the correct answer and the accelerationsare ag = 0 , ac = 2.138—2 ,ap = 2.138—2
s s

Case3: If Fagp =24.24N < FpBmax = 88.29N and Fcp = 39.38N > Fcpmax = 29.43N

then slipping occurs between C and D as well as between B and C. We will assume that no slipping
occurs at the other surface.

Set FBCc = 1k(2M Q) Fcp = uk(Mo)
m
Guesses Fag = 1N ac =1 - ap =1 -
s s
Given -Fp+Fcp=Map Fc-Fcp-Fec=Mac -Fg-Fag+Fpc=0
FaB
Find(F ) Fag=2424 N ac L4 m
ac = FINn AB,aC.,ap AB = . = _
¢ ap 0162 ) 2

ap
If FaAg=24.24N < Fpapmax = 88.29N then we have the correct answer and the accelerations

m m
are ag=0, ac = 4.114—2 ,ap = 0.162—2
S S

There are other permutations of this problems depending on the numbers that one chooses.

Problem 13-45

Crate B has a mass m and is released from rest when it is on top of cart A, which has a
mass 3m. Determine the tension in cord CD needed to hold the cart from moving while B is
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sliding down A. Neglect friction.
Solution:

Block B:
Ng — mgcos(@) =0

Ng = mgcos(&)

Cart:
—T +Ngsin(6) =0

T = mgsin(6) cos(6)

T = (%)sin(ze)

Problem 13-46

The tractor is used to lift load B of mass
M with the rope of length 2h, and the
boom, and pulley system. If the tractor
is traveling to the right at constant speed
v, determine the tension in the rope
when s, =d. Whens, =0,s53 =0

Units used:
kKN = 10° N
Given:
M = 150 kg
T
v=4D nh_-o1om
S
m g
d=5m g=9381 - T
S
Mg
Solution: vao=Vv sp=d
Guesses T=1kN sg=1m
m m
ap=1— vg=1—
2 S i
s
; i
Given gt [sa2+h? = 2n
SAVA f?????;?????,
—-VB + =

179



Engineering Mechanics - Dynamics

Chapter 13
2 2 2
VA SA VA
-ag + — =0 T—Mg=MaB
2 2 3
Jsa”+h =
2 2)?
(SA +h )
T
SB m
= Find(T,sg. v, ap) sg=1m ag = 1.049 — T = 1.629 kN
VB s
m
ap vg = 1.538 —
s

Problem 13-47

The tractor is used to lift load B of mass M with the rope of length 2h, and the boom, and pulley

system. If the tractor is traveling to the right with an acceleration a and has speed v at the instant
Sa = d, determine the tension in the rope. Whens, =0, sg =0.

Units used: KN = 103 N
Given:
d=5m h=12m

M = 150 kg g=9.8132
S

m
v=4—
S
m
a=3—
2
S
Solution: ap = a Vp =V sp=d
m m
Guesses T=1kN sg=1m a|3=1—2 vg =1 —
S
s
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5 B

_ _ _0 |

B’ SA2 Y 3 ?’/x’/’/ﬁ//}’}”/;”//x’/fﬁ///’//x’/a’//f({//z"//,//

2
(SA2 + h2) A

T-Mg=Mag

T T

sB

= Find(T,sB,vB,aB) sg=1m “a
vB
aB Jir'fg
ag = 2.203 EZ vg = 1.538 % T = 1.802kN

S

*Problem 13-48

Block B has a mass m and is hoisted using the cord and pulley system shown. Determine the
magnitude of force F as a function of the block’s vertical position y so that when F is applied
the block rises with a constant acceleration ag. Neglect the mass of the cord and pulleys.

Solution:

2Fcos(¢9) —mg = map

where cos(6) = — -
2 3
2+ g ) i
y 2 ":' dia
y | y i T
AT | M " ag VY + (di2y

(ag + gl ay? + & i

Problem 13-49

Block A has mass m, and is attached to a spring having a stiffness k and unstretched length I,.
If another block B, having mass mg is pressed against A so that the spring deforms a distance d,
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determine the distance both blocks slide on the smooth surface before they begin to separate.
What is their velocity at this instant?

Solution:
Block A: —k(x—=d) =N =mpap
Block B: N = mgag k
A
B
Since a, = ag = a,
k(d — x
g KA-%)
ma + mp
kmg(d — x) Mgl e
N=——— d 48
ma + mp |
Separation occurs when " Y o 4‘ ‘ N
5
N=0 or x=d * |
y RN
k(d — X N ¥
J S R 5 .
0 ma + mp ‘
0
2 2 2
v k d kd
— = dd - — V=
2  mp+mg 2 ma + Mp

Problem 13-50

Block A has a mass m, and is attached to a spring having a stiffness k and unstretched length I, If
another block B, having a mass mg is pressed against A so that the spring deforms a distance d, show
that for separation to occur it is necessary that d > 244 g(ma+mg)/k, where g4 is the coefficient of

kinetic friction between the blocks and the ground. Also, what is the distance the blocks slide on the
surface before they separate?

Solution: Block A:

—k(x —d) = N — uxmag = maaa

Block B: N — uxmpg = mgag

182



Engineering Mechanics - Dynamics Chapter 13
Since ap =ag=a d 148
I
-
k(d - X) § ¥
= — Hk9 - Fo - N
ma + Mg A N
~] o 4
kmg(d — X) s -~ e
= ﬁ A
ma + M = Nyomgg
-
N =0, then x = d for separation.
At the moment of separation: mp(g)
d
v
k(d — X Li
J vdv = [gdx—,ukg} dx N—"{
0 ma + M
0 B |1, niglg)
kd? — 24 g(mp + mg)d
V= y
MA + Mg mylg)
Require v > 0, so that
24k 9
kd2 - Z,Ltkg(m/_\ + mB)d >0 d> (mA + mB) Q.ED

Problem 13-51

The block A has mass m, and rests on the pan B, which has mass mg Both are supported by a

spring having a stiffness k that is attached to the bottom of the pan and to the ground.
Determine the distance d the pan should be pushed down from the equilibrium position and then
released from rest so that separation of the block will take place from the surface of the pan at

the instant the spring becomes unstretched.

A

Solution:

For Equilibrium  kyeq — (ma + mg)g = 0 Yeq =

Block: ~MAQ + N =maa
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lu T8

F= T‘*

ful T mpg)
’n"



Engineering Mechanics - Dynamics Chapter 13

BlockandPan  (~MA+ MB)g + k(Yeq +y) = (ma + mg)a

- N
Thus, ~(ma + mg)g + k{(wjg + y} = (ma+ mB)(&j

mA

(mA + mB)g

Set y=-d, N=0 Thus d=yeq= ”

*Problem 13-52

Determine the mass of the sun, knowing that the distance from the earth to the sun is R. Hint:
Use Eq. 13-1 to represent the force of gravity acting on the earth.

2 —
Given: R = 1496x10°km G = 6673x10 1 N-m—2 C\)\ SI‘\

kg Fe M, V"

' R
. 27zR m
Solution: v = s v =2 v = 2.98 x 104—
t 1yr S

Me Mg V2 2R 30
¥ F,=ma,; G = Mg| — Mg = V| — Ms =199 x 10" kg
R2 R G

Problem 13-53
The helicopter of mass M is traveling at a constant speed v along the horizontal curved path

while banking at angle 6. Determine the force acting normal to the blade, i.e., in the y'
direction, and the radius of curvature of the path.
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Units Used:

m
v=40 M =14x10%kg

m
0 =30deg g :9.81—2
S
Solution:

Guesses FN = 1 kN p=1m

Given FN cos(e) -Mg=0
2
Fnsin(6) = M| —
Yol
FN
= Find(FN., p) FN = 15.86 kN ,
P
p=282m

Problem 13-54

The helicopter of mass M is traveling at a constant speed v M,
along the horizontal curved path having a radius of X
curvature p. Determine the force the blade exerts on the S
frame and the bank angle é. :

Units Used: N, -~
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Solution:

Guesses FN = 1 kN 6 = 1 deg

Given FN cos(e) -Mg=0
2
Fnsin(6) = M| —
Yol
FN
( j = Find(F., 6) FN = 14.64kN "
6
60 = 20deg

Problem 13-55

The plane is traveling at a constant speed v along the curve y = bx2 + c. If the pilot has
weight W, determine the normal and tangential components of the force the seat exerts on

the pilot when the plane is at its lowest point.

Given: W
6 1
b=20x10° = (D
-l
¢ = 5000 ft j: S
W = 180 Ib VD
ft [
v = 800 — . "“\
7
II,."r
.
Solution: ;
x=0ft y= bx2 +cC
y'=2bx y'=2b
3
(1+y?)
P ="
y
w2 w( v
Fn_W:—— Fn:W-‘r—— Fn:323|b
g\p g\p
W =
at=0 Ft = (E)at =
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*Problem 13-56

The jet plane is traveling at a
constant speed of v along the

curve y = bx2 + c. If the pilot has B
aweight W, determine the normal — | T g
and tangential components of the i
force the seat exerts on the pilot

wheny =vy,.
Given:
61 !
b = 20x 10 GEW:18OIb
ft
¢ = 5000 ft v = 1000 — n ;
S W
ft
g=1322— y1 = 10000 ft g
32 T 1
Solution:
y(x) = bx2 +C
y'(x) = 2bx
y'(x) =2b
(14y0?)
p(X) - n
y" (X)

Guesses Xp =1ft Fho=11b

6=1deg Ft=11Ib

Given y1 = y(xl) tan(e) =y (xl)

g { p(x1)
X1
0 _ Fn 287.1
= Find(x1, 6,Fn,Ft)  xq = 15811ft @ = 32.3deg = Ib
Fn Ft 96.2
Ft
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Problem 13-57

The wrecking ball of mass M is suspended from the crane by a cable having a negligible mass.
If the ball has speed v at the instant it is at its lowest point &, determine the tension in the cable
at this instant. Also, determine the angle @ to which the ball swings before it stops.

Units Used:
kN = 10° N
Given:
M = 600 kg
r
V=8 — _ a;  dy=vit 7
S ! \/’(
r=12m a
Mg M
m
=981 —
g 2
S
Solution: .

At the lowest point

2 2
T—Mg:M(V—j T:Mg+M[v—j T = 9.086 kN
r r

At some arbitrary angle

. . v( dv
~Mgsin(6) = Ma at = —gsin(6) = —(—)
r\de
0 o
J’ vdv:—J rgsin(&)d&
Vv 0
V2 2
— = rg(cos(ﬁ) - 1) 6 = acos| 1 - — 6 = 43.3deg
2 2rg

Problem 13-58
Prove that if the block is released from rest at point B of a smooth path of arbitrary

shape, the speed it attains when it reaches point A is equal to the speed it attains when
it falls freely through a distance h; i.e., v =4/ 2gh.
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% Mgl
s M
¢
h ;%
A
¥ J;,'II- I.
Solution:
\ SFy=ma;  (mg)sin(0) = may a¢ = gsin(6)
vdv = ads = gsin(6) ds However dy = ds sin(g)  9Y = 98 sin(6)

v h 2
J vdv:‘[ g dy V—:gh v =4/2gh QED

0 0 2

Problem 13-59

The sled and rider have a total mass M and start from rest at A(b, 0). If the sled descends
the smooth slope, which may be approximated by a parabola, determine the normal force
that the ground exerts on the sled at the instant it arrives at point B. Neglect the size of the

sled and rider. Hint: Use the result of Prob. 13-58.
>

Units Used:
kN = 10° N 5 et
A . ‘ b J .
Given: . ,’-
A s
a=2m b=10m c¢c=5m : - H,-’" \
¥ -
M=80ky g=098 — F 5 ?ﬁ/
& .
S "
Solution: - b J
V =4/ ch T
X 2
X) =c|l—| —¢
y(X) (b)
Mg
2C 2c
o (B -k
b b
) Y A
3
. 2
Jlryw?
p(X) - v
y" (X) b
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2

Vv
Np — Mg = M(—j

P

2
Nb :Mg+M(

j Np = 1.57 kN
p(0m)

*Problem 13-60

The sled and rider have a total mass M and start from rest at A(b, 0). If the sled descends
the smooth slope which may be approximated by a parabola, determine the normal force
that the ground exerts on the sled at the instant it arrives at point C. Neglect the size of the
sled and rider. Hint: Use the result of Prob. 13-58.

Units Used:
>
kN = 10° N
Given: 2 .|'.i].
. |5
a=2m b=10m <c¢=5m e
A z‘f
m /
M=80ky g=0981— } P | x
S p h‘/ﬁ’
Solution: P B oo
e e —
X 2 -  g— t -
X) =c|l—| —-c¢
y(X) (b
Mg n
2C 2c - /
y'(x) = — |X y'(x) = = /
b b f Ly

~h
sy’

p(x) = 700 / P

v =v29(-y(-a)) N

6 = atan(y'(-a))

2 2
N — Mgcos(6) = M(V—j Ng = M{gcos(&) L J NG = 1.48kN
P p(-a)

Problem 13-61

At the instant &= 6, the boy’s center of mass G has a downward speed vg. Determine the rate
of increase in his speed and the tension in each of the two supporting cords of the swing at this
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instant. The boy has a weight W. Neglect his size and the mass of the seat and cords.

Given:
W =601Ib

61 = 60 deg

| =10 ft

Solution:

Weos(6y) - (ﬂjat

g

ft
ay = gcos(6y) at = 16.18—2

2T — Wsin(6y) = %[VTZJ

) .
\Y
T = %{W(il} + Wsin(&l)} T=4691b £
g

Problem 13-62 % /,jﬁ
# -

At the instant @ = 0, the boy’s center of mass G is P
momentarily at rest. Determine his speed and the /-
tension in each of the two supporting cords of the xi j
swing when 6= 6,. The boy has a weight W. Neglect P 4

his size and the mass of the seat and cords.

Given:
ft
W =601b g:32.2—2
S
61 = 60 deg
&> = 90 deg

| =10 ft
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Solution:
Wcos(@) = (%)at at = gcos(@)
)
vo = |29l cos(6’) do
01
Vo = 9.29E
S
w V22
2T - Wsin(eg) =—| —
g\ |
W V22
T== sin(62) + o) T=380m

Chapter 13

Problem 13-63

If the crest of the hill has a radius of curvature p, determine the maximum constant speed at
which the car can travel over it without leaving the surface of the road. Neglect the size of
the car in the calculation. The car has weight W.

Given:
¥ L —_—
o = 200 ft P i —

W = 3500 Ib o

m
=9.815 —
9 2

Solution:  Limiting case isN = 0.

W v2 ft
4 ZF, =ma; W=—| — v=4+gp v=80.25—
s

*Problem 13-64

The airplane, traveling at constant speed v is executing a horizontal turn. If the plane
is banked at angle &when the pilot experiences only a normal force on the seat of the
plane, determine the radius of curvature p of the turn. Also, what is the normal force
of the seat on the pilot if he has mass M?

Units Used:

KN = 10° N
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Given: .
m T T
v =50 — | e —
S -":’ al ---_____-'_ e
s ‘%5#_______:..
6 = 15 deg £ T
M = 70 kg \ N
b
~ 9815 1~ \“‘
g=279 2 S
Solution:
. g
+ ZF, = ma,; Npsin{d) —-Mg=10 Ny = M Np = 2.654 kN
T b b p ( ) g p (sin(e)) p
V2 V2
— 3F,=ma,; Npcos(6) = M| — =M ———=| p=683m
P Np cos(e)

Problem 13-65

The man has weight W and lies against the cushion for which the coefficient of static friction is .

Determine the resultant normal and frictional forces the cushion exerts on him if, due to rotation
about the z axis, he has constant speed v. Neglect the size of the man.

Given:
W =150 Ib —T
——
Hs = 0.5
ft o
v=20—
S
6 = 60 deg
d=28ft
Solution: Assume no slipping occurs Guesses FN =11b F=11Ib
-W v2
Given -FN sin(6’) + Fcos(H) = — q FN cos(e) -W+ Fsin(@) =0
g
Nk d(FN.F) N i FN F 138.357 b
= Fin , = = = .
F N E 13.444 max = HsFN max

Since F = 13.4441b < Fpyax = 138.357 Ib then our assumption is correct and there is no slipping.
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Problem 13-66

The man has weight W and lies against the cushion for which the coefficient of static friction is .

If he rotates about the z axis with a constant speed v, determine the smallest angle & of the cushion
at which he will begin to slip off.

Given:
W = 150 Ib —,
——
Hs = 0.5
ft il
v=230—
S
d=28ft
Solution: Assume verge of slipping Guesses FN =11b 6 = 20 deg
-W v2
Given -FN sin(H) — usFN cos(e) =~ \q FNn cos(e) - W - usFN sin(&) =0
g

FN
( ) = Find(FN,6)  Fn =487.5631b 0= 47.463deg
0

Problem 13-67

Determine the constant speed of the passengers on the amusement-park ride if it is observed that
the supporting cables are directed at angle g from the vertical. Each chair including its passenger
has a mass m.. Also, what are the components of force in the n, t, and b directions which the chair

exerts on a passenger of mass m, during the motion?
Given: ' y
0 =30deg d=4m

m.=80kyg b=6m

m
mp = 50kg g =981 —
Solution:

The initial guesses:

T-100N v=102
S
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Given
V2
Tsinl8) = mg| ————
(6) = me d + bsin(0)
Tcos(&) -meg=0
T . m
( j = Find(T,v) T=0906209 N v=630—
v S

2
mpv

SF,=ma; Fp=-—b
oo " d+bsin(0)

Fn =283 N
2F; = ma; Ft=0N Ft=0

2F, = may; Fb—mpg:O Fb:mpg Fp =491 N

Chapter 13

*Problem 13-68

The snowmobile of mass M with passenger is traveling down the hill at a constant speed v.
Determine the resultant normal force and the resultant frictional force exerted on the tracks at

the instant it reaches point A. Neglect the size of the snowmobile.

Units Used: ¥
kN = 10°N
Given: —,
M = 200 kg
m
V=06—
S
a=5m i
b=10m
m
S N
Solution:
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6 = atan(y'(b))

Guesses Ns =1N F=1N

2
v
Gi Ng - M 0)=M
iven S gcos(6) (p(b)j

F - Mgsin(e) =0
Ns _ Ns 0.72
( F j = Find(Ns. ) ( = j B (—1.632jkN

Problem 13-69

The snowmobile of mass M with passenger is traveling down the hill such that when it is at
point A, it is traveling at speed v and increasing its speed at v'. Determine the resultant normal
force and the resultant frictional force exerted on the tracks at this instant. Neglect the size of
the snowmobile.

Units Used: ¥

kN = 10° N
Given: — I X
M = 200 kg a

10 m H\'\,H i

m|3
O
1l

Solution: .

3
X o fa)2
y(x) = —a(Bj y'(X) = 3[b3jx
3
. 2
PPN (PR

b

6 = atan(y'(b))

Guesses Ngs =1N F=1N

2
v

Given Ng — M gcos(ﬁ) =M _
p(b) Ns
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F-Mgsin(6) = Mv'
N N 0.924
( Sj = Find(Ns, F) ( SJ :( jkN
E F ~1.232

Problem 13-70

A collar having a mass M and negligible size slides over the surface of a horizontal circular rod
for which the coefficient of kinetic friction is z4. If the collar is given a speed v, and then

released at &= 0 deg, determine how far, d, it slides on the rod before coming to rest.

Given:
M =075kg r =100 mm

= m
Hk =03 g =981 —
2
m S
vi =4 —
S
Solution:
NCZ - M g = O ¥

2
v
Ncn = M[—j
r

2 2
Nc =4/ Ncz + Ncn

d = dv d=0.581 m

Problem 13-71

The roller coaster car and passenger have a total weight W and starting from rest at A travel down
the track that has the shape shown. Determine the normal force of the tracks on the car when the
car is at point B, it has a velocity of v. Neglect friction and the size of the car and passenger.

Given:
W = 600 Ib
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v =15 — ¥
S
a=20ft
b = 40 ft
Solution:

_ 2 ) = 4
y(x) = bCOS(Za) y'(x) = OIXy(x)

3
N
y" (%) ::_xy'(x) () Ay

y" (x)
At B 6 = atan(y'(a))
2
Fn - Weos(6) = ﬂ(v_) W
g\p

w v2
FN = Wcos(6) + —| —— Fn = 182.01b

g \p(a)
/

*Problem 13-72

The smooth block B, having mass M, is attached to the vertex A of the right circular cone using a
light cord. The cone is rotating at a constant angular rate about the z axis such that the block
attains speed v. At this speed, determine the tension in the cord and the reaction which the cone
exerts on the block. Neglect the size of the block.

My

My |.=3pr
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Chapter 13

Given: M = 0.2 kg v=05— a = 300 mm b = 400 mm
S
m
¢ = 200 mm g:9.81—2
S
Solution: Guesses T =1N N =1N
a
Set 0= atan(g) 6 = 36.87 deg
c
p = (—ja p =120mm
2 2
a +b
V2
Given Tsin(H) - NBcos(H) =M — Tcos + NBsin(H) -Mg=0
Y2,

T
= Find(T,Ng)
N

CREEE

Problem 13-73

The pendulum bob B of mass M is released from rest when 8 = 0°. Determine the initial tension
in the cord and also at the instant the bob reaches point D, & = 6,. Neglect the size of the bob.

Given:
M =5kg 61 =45deg
L=2m g:9.81mz B
Solution: ’
Initially, v = Oso ap = 0 T=0
At D we have
Mgcos(61) = May DN
<3
at = gcos(el) at = 6.937 mz
S
. M2 T -~
To - Mgsin(6y) = —— MP_,. _ = r:‘i”
Now find the velocity v Mg

Il
H
m|3

Guess v

| My,
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V
Given J’
0

m
v = Find(v) v =5.268 —
S

2
Tp = Mgsin(6y) + M(VTJ

01
vdv = J gcos(&)L do
0

Chapter 13

Tp=104.1 N

Problem 13-74

A ball having a mass M and negligible size moves within a smooth vertical circular slot. If it is
released from rest at &,, determine the force of the slot on the ball when the ball arrives at points

Aand B.
Given:
m
M = 2 kg 6 = 90 deg 61 =10deg r=08m g:9.81—2
S
Solution:
Mgsin(e) = Mat at = gsin(e)
At A 6p = 90 deg g,
oA
va = |29 J sin(e)rde
01
2
VA
Na - Mgcos(6a) = —M(—j
r
2
VA
NA = Mgcos(6p) - M[—j Np = —38.6 N
r

At B 6g = 180 deg - 61

VB2
N — Mgcos(dg) = —M(—j

r

VB

Ng = Mgcos(dg) - M[—rj

sin(ﬁ)rd&
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Problem 13-75

The rotational speed of the disk is controlled by a
smooth contact arm AB of mass M which is
spring-mounted on the disk.When the disk is at rest,
the center of mass G of the arm is located distance d :
from the center O, and the preset compression in the — o, |  ne
spring is a. If the initial gap between B and the

contact at C is b, determine the (controlling) speed
v of the arm’s mass center, G, which will close the

gap. The disk rotates in the horizontal plane. The
spring has a stiffness k and its ends are attached to
the contact arm at D and to the disk at E.

Given:
N
M = 30 gm a =20 mm b =10 mm d=150mm k=50 —
m
Solution:
FS = k(a+ b) FS = 15 N

2

VG VG2 . .
an = —— - [
" d+b Fs=M
d+b .F".\- — M, I

1
V6 = Mk (@+b)(@+b) v = 283 g

*Problem 13-76

The spool S of mass M fits loosely on the inclined rod for which the coefficient of static friction
is 1. If the spool is located a distance d from A, determine the maximum constant speed the

spool can have so that it does not slip up the rod.
Given:
M = 2 kg e=3 "

,USZO.Z f=4 b

d=025m g¢g=2981

Solution:

f
:d—
’ (2 2)

e+ f

Guesses Ng=1N v=1

m|3
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. e f v2

Given Ng| ——— | - sNg| —=1|=M| —

e2+ f2 e2+ f2 P

f e
Ng| — | + usNg| —=1|-Mg=0
2 2
e” + f e” + f

Ns _ m
= Find(Ns, v) Ns=21326 N v=0.969 —
Vv S

Problem 13-77

The box of mass M has a speed v, when it is at A on the smooth ramp. If the surface is in
the shape of a parabola, determine the normal force on the box at the instant x = x;. Also,
what is the rate of increase in its speed at this instant?

Given: ”
M=3kg a=4m
m 11
vgp =2 — b=—-—
S 9 m P i
- T
X1 = 3m '_}.1 "‘%.
“"--..,_x —~—V=f=hx
Solution: -~
y(x) =a- bx2 ‘\“\

y'(x) = -2bx  y"(X) = -2b

0(x) = atan(y'(x))

Find the velocity / '
t

V] = \/voz + 29(y(0 m) — y(xl)) v1 = 4.86 % n
Guesses FN =1N vi=1 mz
S
V12
Given Fn - Mgcos(6(x1)) = M ~Mgsin(9(x1)) = Mv
p(x1)
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FN :
= Find(Fn., V) FN = 179.9 N V' = 5.442
y

Problem 13-78

The man has mass M and sits a distance d from o -

the center of the rotating platform. Due to the / / ™,
- L (S

rotation his speed is increased from rest by the f ! \

rate v'. If the coefficient of static friction I (8] i

between his clothes and the platform is
determine the time required to cause him to slip. \
Given: - — i

M=80kg wus=03
d=3m D=10m

m m
— g =1981—
S2 2

5 .’Li £

Solution: Guess t=1s

Vi =04

2 (vp? 2
Given usMg= | (MV)" + MT

t = Find(t) t=7.39s

Problem 13-79

The collar A, having a mass M, is attached to a
spring having a stiffness k. When rod BC
rotates about the vertical axis, the collar slides
outward along the smooth rod DE. If the spring
is unstretched when x = 0, determine the
constant speed of the collar in order that x = x;.

Also, what is the normal force of the rod on the
collar? Neglect the size of the collar.

Given:
M = 0.75 kg
k = 200 —
m
X1 = 100 mm

203



Engineering Mechanics - Dynamics Chapter 13

m
=981 —
g 2
S
Solution: -
= (o)
Guesses Ma,
m
Nb=1N Ny=1IN v=1—
S
V2
Given Np—Mg=0 Nt=0 kx; = M| —
X1
Np
_ Np 7.36 Nb m
Nt | = Find(Np, Nt,v) = N =736 N  v=1633—
Nt 0 Nt S
v

*Problem 13-80

The block has weight W and it is free to move along the smooth slot in the rotating disk. The
spring has stiffness k and an unstretched length 6. Determine the force of the spring on the block
and the tangential component of force which the slot exerts on the side of the block, when the
block is at rest with respect to the disk and is traveling with constant speed v.

Given:
W=2Ib e
Ib b a3
_ -~ F, r o "‘\\
k=25 ft ' H,.f-'f ,// : ™
5=125ft 2
F 'l | | .
ft i
v=12— T I'.
s I""III I".
Solution: \
w2 -y
SF,=ma,; Fs=klp-0)= _{_j o
g\p
Choosing the positive root,
1
p = T[kg5+(\/k29252+4kngz)i| p = 26171t
g
Fs = k(p - 0) Fs = 3.4191b
2F; = ma; 2F; = ma; Ft=0

Problem 13-81

If the bicycle and rider have total weight W, determine the resultant normal force acting on the
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bicycle when it is at point A while it is freely coasting at speed v, . Also, compute the increase in

the bicyclist’s speed at this point. Neglect the resistance due to the wind and the size of the
bicycle and rider.

Given:
W =180Ib d=5ft i | __ﬂ_""“m
ft
=6 — ft
VA=6- g0l
2
S = :
h =20 ft .
Solution: ¥ =Hcos {fdi)

y(xX) = h COS(/Z%)

Chapter 13

vl S
y'(x) = OIXy(X) y" (X) OIXy (X)

AtA x=d 6 = atan(y'(x)) \\

(1 y )
y" (X)

ft
Guesses FN =11b vi=1 -
s

Given FN - Wcos(é’) = ﬂ(vij —Wsin(H) = (ﬂjv

FN ft
( j = Find(Fn., V) FN = 69.03Ib V' = 29.362 —
VI

Problem 13-82

The packages of weight W ride on the surface of
the conveyor belt. If the belt starts from rest and
increases to a constant speed v, in time t;,

determine the maximum angle & so that none of
the packages slip on the inclined surface AB of the
belt. The coefficient of static friction between the
belt and a package is 1. At what angle ¢ do the
packages first begin to slip off the surface of the

belt after the belt is moving at its constant speed
of v;? Neglect the size of the packages.
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Given:

W=5Ib t1=2s r=6in

o
ft lll,ﬂ-\-_ t'.':'."
V1 = 2 — Us = 0.3 i ‘L'“—u.
S £ w
A Vl }"‘"’ . T
Solution: a=— i, N,
t1 , N,
J
Guesses /

Ni =11b No =11lb 6 =1 deg ¢ = 1deg

Given
Nl—Wcos(H) =0 ySNl—Wsin(H) = (%ja

No — Wcos(¢) = ﬂ(vij HsNo — Wsin(¢) =0

g r
N1
N _ N1 4.83 0 14.99
= Find(N1,N2, 6, ) = Ib = deg
0 Ny 3.637 ¢ 12.61
¢

Problem 13-83

A particle having mass M moves along a path defined by the equations r = a + bt, = ct? + d and
7= e + ft3. Determine the r, 6, and z components of force which the path exerts on the particle

whent=t,.
Given: M = 1.5 kg a=4m b=3— z
s
d
c:l% d=2rad e=6m
j’.'“ -
. F
m m
f=—1—3 t1 =25 g=1981— \O/
S S - ey

Solution: t=1

r=a+ bt r=~nb r"=Om2
S

o=ctl+d @ =2t g =2

7= e+ft3 7' = 3ft2 7" = 6ft
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Fr = M(r" - r6’2)

Fr=-240 N
Fg = M(rg' + 2r'g) Fg=660N
F, = MZ" + Mg F, =-3.285 N

Chapter 13

*Problem 13-84

The path of motion of a particle of weight W in the horizontal plane is described in terms of polar
coordinates as r = at + b and &= ct? + dt. Determine the magnitude of the unbalanced force acting

on the particle when t = t;.

) ft
Given: W =5Ib a=2-— b
S
rad
S
Solution: t=1
r=at+b r'r=a
2
0 = ct” +dt g =2ct+d
ft
ar =" - r6?2 ar=-5—
2
s
ft
ag =rd' +2r'd ag=9—
S
w
F-2a?+as F = 1.599Ib
g

1ft

rad
c=05—

Problem 13-85

The spring-held follower AB has weight W and moves back and forth as its end rolls on the
contoured surface of the cam, where the radius is r and z = asin(26). If the cam is rotating at a
constant rate ¢, determine the force at the end A of the follower when 8= 6. In this position the

spring is compressed &;. Neglect friction at the bearing C.
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Given: (/

W =0751b &1 =04 ft |

— L r=¢ 50 & c

r=02ft 6 =45 deg [ : 7 o
b [:J ¥ PR '.I
a=01ft k=12— ‘ IF\J(C: X
ft ; '|
I A k
rad m \ '
0 =6— g=0981—
S 2
s
Solution: =60, 7= (a)sin(29) Fy
e ——]
- 5
2 =2(a)cos(20)8 7" = —4(a) sin(29)¢92 Fa—( J— ¢

w W
Fa— ko1 = (E)Z" Fa = ko1 + (E)z" Fa = 4.4641b

Problem 13-86

The spring-held follower AB has weight W and moves back and forth as its end rolls on the
contoured surface of the cam, where the radius is r and z = a sin(26). If the cam is rotating at a
constant rate of @, determine the maximum and minimum force the follower exerts on the cam

if the spring is compressed &, when 6= 45°,

Given:
W =0.751b /
r=02ft I.f
I ;
a=01ft = z=asinf C
\ : . B
d ; ;
o6 - ), 5
s | e i
61 =02 ft A I
ft
Ib = —
Ke10 2 g=322 >
ft S F
——
Fy——{) ] 2
Solution: When 6 = 45 deg Z = (a)cos(2<9) z=0m
So in other positions the spring is compresses a distance 01 +12
zZ= (a)sin(ze) Z' = 2(a) cos(20)6’ 7" = —-4(a) sin(20) 02
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Fa-ko1+2) = (%)z Fa = K o1 + (a)sin(20)] - (%)4(&1) sin(26) 6°

The maximum values occurs when sin(26) = -1 and the minimum occurs when sin(26) = 1

w
Famin = k(51 - a) + (5)4392 Famin = 1.5351b

w
Famax = k(51 + a) - (5)436’2 Famax = 3.2651b

Problem 13-87

The spool of mass M slides along the rotating rod. At the instant shown, the angular rate of
rotation of the rod is &, which is increasing at d'. At this same instant, the spool is moving

outward along the rod at r' which is increasing at r" at r. Determine the radial frictional force
and the normal force of the rod on the spool at this instant.

Given:
M = 4 kg r=05m
rad m
g =6 — r=3— - I
S S
rad m
g =2 — rr=1—
2 2
S S
-~ 981 1 =
g=29 5 -
S
Solution:
" 2 1 1]
ar =1r"-réd ag =rad' +2réd
Fr = Mar Fa = Mag
Fz = Mg

Fr=-680N Fg°+F;2=1531N

*Problem 13-88

The boy of mass M is sliding down the spiral slide at a constant speed such that his position,
measured from the top of the chute, has components r =r,, &= bt and z = ct. Determine the

components of force F,, F,and F, which the slide exerts on him at the instant t = t;. Neglect
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the size of the boy.

Given:

M = 40 kg

rp=15m
d

b =07
S
m

c=-05—
S

m
t1 =25 g =981

Solution:
r=rp
0= bt
z=ct

Fr = M(r" - rHZ)
Fg = M(re' + 2ro)

F;-Mg=Mz"

Fz = M(g +27")

Chapter 13

Problem 13-89

The girl has a mass M. She is seated on the horse of the merry-go-round which undergoes
constant rotational motion 4. If the path of the horse is defined by r =r,, z=bsin(6),

determine the maximum and minimum force F, the horse exerts on her during the motion.
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Given:
M = 50 kg
g =15 @
s
rp=4m
b=05m |
Solution: i
z = bsin(6) “u‘.r
Z' = bcos(e)H 1%
" = —bsin(e) 612
F,-Mg=Mz"

F;, = M(g - bsin(@) 6’2)

2
Fzmax = M(g +bo ) Fzmax = 547 N

2
Fzmin = M(g -bd ) Fzmin = 434 N

Problem 13-90

The particle of weight W is guided along the circular path
using the slotted arm guide. If the arm has angular velocity
¢ and angular acceleration &' at the instant = 6,
determine the force of the guide on the particle. Motion
occurs in the horizontal plane.

Given: 61 = 30 deg

W =051Ib a=05ft

o-4"0  y_ostt
S
d ft
a:s% g =322~ b
s s ‘ i
Solution: 0 =01
(a)sin(e) = bsin(¢) ¢ = asin(% sin(@)) ¢ = 30deg
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(a)cos(H)H = bcos(¢)¢' g = [(a)c—os(e)}g ¢ = 4@
bcos(¢) S
(a)cos(H)H' - (a)sin(e) 92 = bcos(¢)¢" - bsin(¢) ¢'2
g - (a)cos(H)H' - (a)sin(e) 672 + bsin(¢) ¢'2 5= 8@
- bcos(¢) - S2
r= (a)cos(e) + bcos(¢) r =—(a) sin(@)é’ - bsin(¢)¢'
r" = —(a) sin(H)H' - (a)cos(@) 6’2 - bsin(¢)¢" - bcos(¢) ¢'2
" 2
—Fncos(g) = M(r" - rﬂz) FN = M FN = 0.5691b
gcos(g)
. w ) w
F— Fysin(g) = (Ej(ra' +2r') F = Fysin(g) + (E)(ra' +2r'd) F=0.1431b

Problem 13-91

The particle has mass M and is confined to move along the smooth horizontal slot due to the
rotation of the arm OA. Determine the force of the rod on the particle and the normal force of the
slot on the particle when @= 6,. The rod is rotating with a constant angular velocity d. Assume the

particle contacts only one side of the slot at any instant.

Given:
M = 0.5 kg ;‘)"H
Me
61 = 30 deg i f '
rad
g =2 — r
S -
rad "
g =0—
32 -
:-'
h=05m
_ g8 1
g=29 >
S
Solution:
h
0 =61 h= rcos(@) r= r=0.577m
cos(e)



Engineering Mechanics - Dynamics Chapter 13

0 =r'cos(6) - rsin(0)@ o= (r;':((:;ja ' = 0.667 %

0=r" cos(@) - 2r'sin(9)€ - rcos(e) 92 - rsin(@)H'

r" = 2r'¢9tan(9) + r¢92 + rtan(e)H' r" = 3.849 m

2
S

W2
(FN - Mg)cos(6) = M(r" - r€2) FN = Mg+ M(ij FN = 5.794 N
cos(6’)

~F + (FN - Mg)sin(8) = -M(r¢" + 2r'¢)

F = (FN - Mg)sin(6) + M(ré" +2r9)  F=1778 N

*Problem 13-92

The particle has mass M and is confined to move
along the smooth horizontal slot due to the
rotation of the arm OA. Determine the force of
the rod on the particle and the normal force of the
slot on the particle when 6= @,. The rod is

rotating with angular velocity € and angular
acceleration 8'. Assume the particle contacts only
one side of the slot at any instant.

f

Given: .
M = 0.5 kg
61 = 30 deg
g =2 @ h=05m
S F
g _gfd g=981 -
2 S
S
Solution:
0=01 h = rcos(6) r= _h r=0.577 m Fy
cos(e)
0o=r cos(e) - rsin(@)é’ r= (rsm(&)jg r' = 0.667 m
cos(6’) S

0=r" cos(@) - 2r'sin(9)€ - rcos(e) 92 - rsin(@)H'

213



Engineering Mechanics - Dynamics Chapter 13
2 m

r" = 2r'6?tan(9) +réd + rtan(H)H' r" = 4.849 >

S

" 2
(FN - Mg)cos(6) = M(r" - r€2) FN = Mg+ M(ﬂ

FN =6.371 N
cos(&) j N

—F + (FN - Mg)sin(8) = -M(r¢" + 2r'¢)

F = (Fn - Mg)sin(6) + M(rg" +2r'6) F=2932N

Problem 13-93

A smooth can C, having a mass M, is lifted from a feed at A to a ramp at B by a rotating rod. If
the rod maintains a constant angular velocity of &, determine the force which the rod exerts on
the can at the instant = 6;. Neglect the effects of friction in the calculation and the size of the

can so that r = 2b cosé. The ramp from A to B is circular, having a radius of b.

Given:
i
M = 3 kg 61 = 30 deg ---HH\Q’{;__I
; — T
g -o5/d  b=0600mm N
S B . } -
b A A
Solution:
0= 91 - h -
r= 2bcos(6)
r= —2bsin(9)6?
" 2
r" = —2bcos(9) 7 Mo

Guesses FN =1N F=1N
Given
. " 2
Fncos(6) — Mgsin(6) = M(r —rd )

F + Fnsin(6) — Mgcos(6) = M(2r'g)

FN :
= Find(Fy., F) FN=15191N  F=16.99 N
F

Problem 13-94

The collar of weight W slides along the smooth horizontal spiral rod r = b8, where @is in
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radians. If its angular rate of rotation & is constant, determine the tangential force P needed to
cause the motion and the normal force that the rod exerts on the spool at the instant & = 4,.

Given:
W=2Ib
61 = 90 deg
rad
g =4 —
S |
b =2ft /
Solution:

w = atan| —
r

Guesses Ng=11b P=1Ib

Given

—NBsin(z//) + PCOS(l//) = (%)(—r 6’2)

Psin(y/) + NBCOS(I//) = (%)(m'e)

N
( j = Find(Ng, P) w=5752deg  Np=4771lb P=1677Ib
P

Problem 13-95
The collar of weight W slides along the smooth vertical spiral rod r = b6, where &is in radians.

If its angular rate of rotation @ is constant, determine the tangential force P needed to cause
the motion and the normal force that the rod exerts on the spool at the instant & = 4,.
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Given:
W=2Ib .
|_,'_rf__
61 = 90 deg &\
rad
g =4 —
S
b=2ft /’
Solution: e
£
=61 r=bo  r =hd PN

w = atan| —
r

Guesses Ng=11b P=1Ib

Given

~Ngsin(y) + Pos(y) - W = [g)(—rez)

psin(y) + Ng cos(y) = (g)(m)

NB
( j = Find(Ng, P) w=5752deg  Np=3.0841b P =2751lb
P

*Problem 13-96

The forked rod is used to move the smooth particle of weight W

around the horizontal path in the shape of a limacon r = a + bcosé. If
0= ct?, determine the force which the rod exerts on the particle at the
instant t = t,. The fork and path contact the particle on only one side.

Given:
W=2Ib Fv "
as2n 0 TNy
‘-\\
b = 1 ft H—
F

c =05 id

2

S
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t1 =1s
ft
=322 —
g 2
s
Solution: t=1 0 = ct2 g = 2ct g' =2

Find the angel wusing rectangular coordinates. The path
is tangent to the velocity therefore.

x = rcos(6) = (a)cos(6) + bcos(6’)2 x' = [—(a) sin(6) — 2bcos(6)sin(6)] @
y = rsin(6) = (a)sin(6) + %bsin(ze) y' = [(a)cos(6) + beos(26)]@
w=0- atan(xl:) w = 80.541 deg

Now do the dynamics using polar coordinates

r=a+ bcos(H) r' —bsin(e)H r" = —bcos(@) 6?2 - bsin(@)é"

Guesses F=11Ib FN =11b

Given -~ Fycos(y) = (ﬂj(re- care)  Fasin(y) - [ﬂj(r-- ~o?)

g g

E
(F j = Find(F,FN)  Fn = 0.2671b F =0.1631b
N

Problem 13-97

The smooth particle has mass M. It is attached to an elastic
cord extending from O to P and due to the slotted arm guide
moves along the horizontal circular path r =b siné. If the
cord has stiffness k and unstretched length ¢ determine the
force of the guide on the particle when @= 6,. The guide has

a constant angular velocity 4.

Given:
M = 80 gm
.
b=08m N/
N Np
k =30 — NN
m g0 S
Fy
6=025m
61 = 60 deg
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rad
g =5—
s
g =0 fad
2
S
Solution: 8 = 61 r= bsin(H) r= bcos(H)H " = bcos(&)H' - bsin(e)e

Guesses Np=1N F=1N
Given Npsm( ) ( 5) (r' —rHZ)

F- Npcos( ) M(rH +2r H)

F
(N ) - Find(F. Np) Np = 12.14 N F=767N
P

Problem 13-98

The smooth particle has mass M. It is attached to an elastic cord extending from O to P and due to
the slotted arm guide moves along the horizontal circular path r = b siné. If the cord has stiffness k
and unstretched length o determine the force of the guide on the particle when &= 6,. The guide has

angular velocity & and angular acceleration 8" at this instant.

Given:
M = 80 gm ,,\ /."
b=08m : '
N VAT N
k =30— I o
m
6=025m
61 = 60 deg
rad
g =5—
s
g =01
2
S
Solution: 8 = 6 r= bsin(H) r= bcos(H)H " = bcos(&)H' - bsin(e)e

Guesses Np=1N F=1N
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Given Np sin(6’) - k(r— 5) = M(r" - r6’2)

F- NpCOS(H) = M(rH' + 2r'€)

F
(N j = Find(F, Np) Np = 12.214 N F=7818 N
P

Chapter 13

Problem 13-99

Determine the normal and frictional driving forces that the partial spiral track exerts on the
motorcycle of mass M at the instant 8,6, and @'. Neglect the size of the motorcycle.

Units Used:
r= ht
kKN = 10° N
i
Given: s
M = 200 kg
b=5m
5 B
0 = == rad
3

rad
g =04 —

S
g = 0g '

S

Solution:

r=>bo r'=bd r" =hbo'

rg
v = atan(—'j w = 79.188 deg

r

Guesses FN =1N F=1N
- - H "n 2
Given -FN sm(y/) + FCOS(l//) - Mgsm(é’) = M(r -rd )

FN COS(l//) + Fsin(t//) - Mgcos(@) = M(ré" + 2r'€)

()t ()2
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*Problem 13-100

Using a forked rod, a smooth cylinder C having a mass M is forced to move along the vertical

slotted path r = aé. If the angular position of the arm is &= bt?, determine the force of the rod on
the cylinder and the normal force of the slot on the cylinder at the instant t. The cylinder is in
contact with only one edge of the rod and slot at any instant.

Given:
M = 0.5 kg Mg
r :
a=05m S~
LA907
1 N Y
b=05— e \/
S2 e
00" — ';y’ M,__,J'I
t1 =2s e \‘ 1 \
e VA B07 =
\ -
Solution: \
N
t=1t (

Find the angle wusing rectangular components. The velocity is parallel to the track therefore

x = rcos(6) = (abtz)cos(btz) X' = (2abt)cos(bt2) - (Zab2 t3)sin(bt2)
y = rsin(6) = (abtz)sin(btz) y' = (2abt)sin(bt2) + (Zab2 tS)cos(btz)
v = atan(xi:) - bt2 +7 w = 63.435deg

Now do the dynamics using polar coordinates

2 g = 2bt g =2b r=aé r =ad " =ad

6 = bt
Guesses F=1N Nc =1N
Given Nc sin(y/) - M gsin(e) = M(r" - rez)

F-Nc cos(z//) - Mgcos(e) = M(rH' + 2r'€)
F ) F 1.814
= Find(F,Nc) =( j N
Nc Nc 3.032

Problem 13-101

The ball has mass M and a negligible size. It is originally traveling around the horizontal circular
path of radius r, such that the angular rate of rotation is &. If the attached cord ABC is drawn

down through the hole at constant speed v, determine the tension the cord exerts on the ball at the
instant r = r,. Also, compute the angular velocity of the ball at this instant. Neglect the effects of
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friction between the ball and horizontal plane. Hint: First show that the equation of motion in the &

direction yields a,=r&" + 2r'd =(1/r)(d(r?@)/dt) = 0.When integrated, r’@ = ¢ where the constant
c is determined from the problem data.

Given:
M = 2 kg g My
rpo =05m
go =11 T € )
v=02-—
S
rp =025m N
Solution:
1d
SF,=Maz; 0=M(rg'+2re) = M[— a(rzﬂﬂ
r
ro ? d
ra
Thus c= rozﬁo = r12€1 g1 = (—j Ao 01 =4—
r S
m
r=rg r=-v r":O—2 0 =0,
S
T= —M(r" - rHZ) T=8N

Problem 13-102

The smooth surface of the vertical cam is defined in part by
the curve r = (a cos® + b). If the forked rod is rotating with
a constant angular velocity €, determine the force the cam
and the rod exert on the roller of mass M at angle 6. The
attached spring has a stiffness k and an unstretched length . |

Given:

N
a=02m k =30 — 6 = 30 deg
m

rad
b=03m Il =01m g =4 —
S
rad
g=981— M =2Kkg 9'20—2
S S

Solution:

r= (a)cos(e) +b
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r=-(a) sin(@)H

" = —(a) cos(6) 92 — (a)sin(6) &

w=atan| — |+ 7
r

Guesses FN =1N F=1N

Given Fnsin(w) — Mgsin(6) —k(r-1) = M(r" - raz)

F-FN COS(l//) - Mgcos(e) = M(r@' + 2r'¢9)
F F 10.524

( j = Find(F,Fy) ( j =( j N
FN FN 0.328

Problem 13-103

The collar has mass M and travels along the smooth horizontal rod defined by the equiangular spiral
r = ae’. Determine the tangential force F and the normal force N acting on the collar when 6= 6, if
the force F maintains a constant angular motion 4.

Given:

M = 2 kg

a=1m

61 = 90 deg

N,
g =2 fed
s
Solution:
6=6, 0 =246
r=ae’ r=age’ r = a(H' + az)eg

Find the angle yusing rectangular coordinates. The velocity is parallel to the path therefore

X = rcos(@) X' =r cos(@) -rd sin(&)
y = rsin(@) y' =r sin(@) +rd cos(@)
v = atan(xl:) -0+ w = 112.911 deg
Now do the dynamics using polar coordinates Guesses F=1IN Nc=1N
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Given FCOS(l//) - Nc cos(y/) = M(r" - er)

Fsin(z//) + Ncsin(y/) = M(r6" + 2r'6’)
F _ F 10.2
(ch = Find(F,Nc) (ch = (—13.7j N

*Problem 13-104

The smooth surface of the vertical cam is defined in part by the curve r = (a cos@+ b).
The forked rod is rotating with an angular acceleration &', and at angle &the angular

velocity is €. Determine the force the cam and the rod exert on the roller of mass M at this
instant. The attached spring has a stiffness k and an unstretched length I.

Given:

N
a=02m k=100 — & = 45deg
m

rad

b=03m Il =01m g =6 —
S

m rad
g=981— M=2kg g =2 —
2 2

S S

Solution:

r= acos(@) +b r=-(a) sin(6’)6’
" = —(a) cos(6) 6’2 — (a)sin(6) &

w=atan| — |+ 7
r

Guesses FN =1N F=1N

Given
FNsin(y/) - Mgsin(e) —k(r=-1 = M(r" - rHZ)

F-FN COS((//) - Mgcos(e) = M(r6" + 2r'6’)

() - [5)-()

Problem 13-105

The pilot of an airplane executes a vertical loop which in part follows the path of a “four-leaved rose,”
r=acos 26. If his speed at A is a constant v,, determine the vertical reaction the seat of the plane
exerts on the pilot when the plane is at A. His weight is W.
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Given:
a = —600 ft W =130 1Ib

ft r A
ft = _ I'I_ ,:-l_
vp = 80 — g 32'22 P SN
S S
. F
Solution: o 1 N
0 =90 deg Ik\_ : r dcos 26
; L‘r ]
r= (a)cos(ze) ' %l
Guesses W =~
S s S s
Given Note that Vp is constant so dvp/dt =0
r'=—-(a) sin(26?)26? r' =—(a) sin(26’)26" - (a)cos(26?)46’2
re +ré\r@d' +r'd
Vp = 24 (r0)2 0= + 16/ +2 )
r'2 + (rH)
rl
r ft ft
= Find(r',r",0,60')  r =0.000— =427
S S
gl
901329 g _1019x107 241
S
S
w
-FN-W = M(r" - raz) FN = -W — (—j(r" - rez) Fn = 85.31b
g

Problem 13-106

Using air pressure, the ball of mass M is forced to move through the tube lying in the horizontal plane
and having the shape of a logarithmic spiral. If the tangential force exerted on the ball due to the air is
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F, determine the rate of increase in the ball’s speed at the instant &= 6, .What direction does it act in?

Given:
M=05kg a=02m b=01

0 == F=6N ;
2 ':"]":—'I,l!-" T;Nf,
Solution:
f Oage—
bo }:5"-’
r ae 1 -
tan(y/) =—= 5 = — W
d_r abe o
de
1
v = atan(gj w = 84.289 deg
F m
F=MV V= — Vi =12 —
M s2

Problem 13-107

Using air pressure, the ball of mass M is forced to move through the tube lying in the vertical plane
and having the shape of a logarithmic spiral. If the tangential force exerted on the ball due to the air is
F, determine the rate of increase in the ball’s speed at the instant 6= 6,. What direction does it act in?

Given:
M=05kg a=02m b=01
r
VA
F=6N o =—
173
Solution:
aebg
tan(y) = — = 22— -+
d_r abe o
de
1
v = atan(gj w = 84.289 deg

F—Mgcos(y/)=Mv' v'=%—gcos(z//) v'=11.02322
S
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*Problem 13-108

The arm is rotating at the rate @ when the angular acceleration is ' and the angle is &,. Determine
the normal force it must exert on the particle of mass M if the particle is confined to move along the

slotted path defined by the horizontal hyperbolic spiral ré=b. =
Given: -
rad | [ap—
0 =5-— o0~ || r P
S L I P i
" J}"‘| &
rad j ~ /A
g =2 — / I
S fi F | | r .| R .-Ia
I| i : /'. TIT
6o = 90 deg f W E}/I )}
-0 Ny . 4
M = 0.5 kg ' —
b=02m
. b -b -b 2b
Solution: 6 =6 r=— r=|—160 r = - o'+ 3 6’2
o a g 0
b
r o
tan(y/) =——=—p= -0 v = atan(—H) w = —57.518 deg
d, =0
déo 0
Guesses Np =1N F=1N
Given —NpSin(l//) = M(r" - er) F+ NpCOS(l//) = M(rH' + 2r'6’)

()t (S22

Problem 13-109

The collar, which has weight W. slides along the smooth rod lying in the horizontal plane and having
the shape of a parabola r = a/( 1 — cos 6). If the collar's angular rate is ¢, determine the tangential

retarding force P needed to cause the motion and the normal force that the collar exerts on the rod at
the instatnt 8= 4,.

Given:

W =31Ib

a=4ft
rad

g =4 —
S

g - o™
2
S
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61 = 90 deg 9:32.232 M:ﬂ
S g
Solution: 0 =01
o a oo ~asin(60) 25
1—cos(6’) (1—cos(¢9))

—asin(@) P —acos(é’)tﬁ’2 N Zasin(ﬁ)zﬁ2
(1 - cos(e))2 (1 - cos(e))2 (1 - cos(6’))3

o=

Find the angle y using rectangular coordinates. The velocity is parallel to the path

X = rcos(&) X' =r cos(e) -rd sin(ﬁ) y = rsin(@) y' =r sin(e) +rd cos(H)
X" =r" cos(H) -2ré sin(ﬁ) -rg sin(ﬁ) - razcos(e)
y' =1r" sin(ﬁ) +2r'd cos(e) +rd sin(&) - rezsin(ﬁ)

W = atan(xl:) w = 45deg Guesses P=11Ib H=11Ib

Given PCOS(I/I) + Hsin(l//) = Mx" Psin(y/) - Hcos(z//) =My"

(P) _ (P) (12.649)
= Find(P, H) = Ib
H H 4.216

Problem 13-110

The tube rotates in the horizontal plane at a constant rate €. If a ball B of mass M starts at the
origin O with an initial radial velocity r'; and moves outward through the tube, determine the

radial and transverse components of the ball’s velocity at the instant it leaves the outer end at C.
Hint: Show that the equation of motion in the r direction is r" — rd = 0. The solution is of the

form r = Ae"?t + Be?". Evaluate the integration constants A and B, and determine the time tat r.
Proceed to obtain v, and v,
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Given:
rad
0 =4-— rg=15—
s s
M=02kg r;=05m - 2
Lo
Solution: P H}f}ii"- e
P e ’ Toe—
" 2 ~a r, -
0= mlr - ro?) 3¢ . "
at -t 1/ 4 &k & R >
r(t) = Ae” +Be ' G S
r'(t) :H(Aegt—Be_Ht) .
Guess A=1m B=1m
t=1s
Given 0=A+B ro=0(A-B) r=Ae/tiBe 7t
A
_ A 0.188
B | = Find(A,B,1) = m t1 = 0.275 s
B -0.188
ty
r(t) —aeftige 7t r'(t) :H(Aegt—Be_Ht)

ve=1r' (tl)

)-(5

Vg = I‘(t]_) g

)2

Problem 13-111

A spool of mass M slides down along a smooth rod. If the rod has a constant anaular rate of rotation

. . . . 2 .
6" in the vertical plane, show that the equations of motion for the spool are r"" — ré  — gsind = O and
2M @ r' + Ng — M gcos & = 0 where N is the magnitude of the normal force of the rod on the spool.

Using the methods of differential equations, it can be shown that the solution of the first of these
equations is r = C,e"%" + C,e" — (g/26%)sin(#1). If r, r' and Gare zero when t = 0, evaluate the
constants C, and C, and determine r at the instant 6= 4.
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Given:
Mg
M = 0.2 kg
d ‘”/
ra -
g =2 —
S
VA
0 = =
L= \
rad ay / Ny \ r
g =0— ' 4
2 /
S ~ 4
m
S
Solution:
M - : ( " 2) W2
IF,=Ma,; Mgsm(e) = M\r" - rd r"—rd - gsm(H) =0 [1]
2F ,= May; Mgcos(@) - Ng = M(rH' + 2r'6’) 2MAr' + Ng - Mgcos(@) =0
The solution of the differential equation (Eq.[1] is given by (E=le)
r= Cle_gt + C2e6’t -~ % sin(@t)
20
r'=-4¢ Cle_gt+ HCgegt— 3 cos(@t)
20
At t=0 r=0 0=C;+Cp F=0 0=-901+902—%
_ 0
Thus cl=—g2 c:2=i2 t=— t=039s
40 46 o
r=Cle_gt+Czth—[Ljsin(6't) r=0.198 m
2492

*Problem 13-112

The rocket is in circular orbit about the earth at altitude h. Determine the minimum increment in
speed it must have in order to escape the earth's gravitational field.
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Given:
h=410°m
12 m3
G =66.73x10 "——
2
kg-s
Me = 5.976 x 10°* kg t
Re = 6378 km
Solution:
. . GMe km
Circular orbit:  vc = ve = 6.199 —
Re +h
2GM k
Parabolic orbit: ve = ¢ Ve = 8.766—rn
Re +h S
km
AV = Vg — VG Av =257 —

S

Chapter 13

Problem 13-113

Prove Kepler’s third law of motion. Hint: Use Egs. 13-19, 13-28, 13-29, and 13-31.

Solution:
1 GM
From Eq. 13-19, 2~ ceos(6) + —
r 2
h
1 GMgs
For 6 = 0degand 6 = 180deg — =-C+
o h2

Eliminating C, From Egs. 13-28 and 13-29,

From Eq. 13-31, T = %(Za)(b)
2 T2 h2 4;:2 a2 G Mg

Thus, b™ = > >

4r°a? T2h h

1 G Mg
—=-C+
ra H2
2a 2G Mg
b2 h

2

Problem 13-114

A satellite is to be placed into an elliptical orbit about the earth such that at the perigee of its

orbit it has an altitude h,, and at apogee its altitude is h,. Determine its required launch velocity
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tangent to the earth’s surface at perigee and the period of its orbit.

Given: 3
— m
hp = 800 km G = 66.73x 107 ——
kg-s
ha = 2400 km o
Me = 5.976 x 10°* kg

s; = 6378 km

Solution: —————
tp=hp+sy  rp=7178km i | Y

ra = hg + 51 ra = 8778km N ]

rp ,) - -

(A= —mM o -
a7 26M, —
-1

2
rp VO

\/0 = (;Zj ‘\/E .\/rp(ra + rp)raG Me VO = 782kTm

FY rp + rp

2
m
fpVo h = 56.12x 107 -

>
Il

T = %(rp AN T=197hr

Problem 13-115

The rocket is traveling in free flight along an elliptical trajectory The planet has a
mass k times that of the earth's. If the rocket has an apoapsis and periapsis as shown
in the figure, determine the speed of the rocket when it is at point A.

Units Used:
Mm = 10° km
Given:
k = 0.60
a = 6.40 Mm
b =16 Mm
r =3.20 Mm
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2
- m
G = 6.673x 10 1 N1
2
kg
Me = 5.976 x 10°% kg
Solution: Central - Force Motion: Substitute Eq 13-27
—ro ith d k
- with rp=r,=a and M = kM
a GM 0 p e
-1
2
rovo
~ a a_(2GM (1+aj_ZGkMe
2GM 1 b aV02 b avp2
E:IV()2

2GKMgb Kk
Vo = [ Vp = 7.308
(a+b)a S

*Problem 13-116

An elliptical path of a satellite has an eccentricity e. If it has speed v, when it is at perigee, P,
determine its speed when it arrives at apogee, A. Also, how far is it from the earth's surface when it

is at A?
Units Used: e
" . --""-.H
Mm = 10° km / \ .,
,
- x-\'.
Given: /
| 2
e = 0.130
y
M -
m S i -
Vp = 15 — — e
hr — .
11 m2
G =6673x10 " N-—
2
kg
Me = 5.976 x 10°% kg
Re = 6.378 x 10° m
_ 2 (e +1)GMg
Solution: Vo = Vp o= fovo 1 = ——— ro = 25.956 Mm
G Mg Vo
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ro(e+1) Voro Mm
rA = ———— ra = 33.7Mm vp = —— va = 11.5—
l-e ra hr

d=ra-Re d=27.3Mm

Problem 13-117

A communications satellite is to be placed into an equatorial circular orbit around the earth so
that it always remains directly over a point on the earth’s surface. If this requires the period T
(approximately), determine the radius of the orbit and the satellite’s velocity.

Units Used: Mm = 103 km

Given: T =24hr G = 66.73x 10 12

Me = 5.976 x 10°% kg

kg-s
Solution:

GMe Ms '\/lsV2 GMe (Zﬂ-rjz
r2 r r

1 il

1 3 2 v 3

r=—2" \GMgT" 2r=422Mm

2xr km
v=22 V=307 —
S

Problem 13-118

The rocket is traveling in free flight along an elliptical trajectory A'A. The planet has no
atmosphere, and its mass is ¢ times that of the earth’s. If the rocket has the apogee and
perigee shown, determine the rocket’s velocity when it is at point A.

Given:

a = 4000 mi

233



Engineering Mechanics - Dynamics

b = 10000 mi
c=0.6
r = 2000 mi
_g Ibf-ft?
G = 344 X 10 —2
slug
Mg = 409 x 1021 slug
Solution:
rp =a OA' =D
]
OA' =

3 ft
Vo =239x%x 10" —
S

Chapter 13

Problem 13-119

The rocket is traveling in free flight along an elliptical trajectory A'A. If the rocket is to land
on the surface of the planet, determine the required free-flight speed it must have at A' so
that the landing occurs at B. How long does it take for the rocket to land, in going from A’

to B? The planet has no atmosphere, and its mass is 0.6 times that of the earth’s.

Units Used:
Mm = 10° km

Given:

a = 4000 mi r = 2000 mi

b = 10000 mi

c =06

g Ibf-ft?

2
slug

G =344x10

Solution:

Mp = MeC ()Al = b

Mg = 409 x 1021 slug
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2 ft
Vo = LZ\/OB(OA' + OB)OA' G Mj, Vo = 365x 105" (speed at B)
OA' OB + OB S
OBV 2
0 3 ft 9 ft
vp = var=73x10"— h = OBvg h =3855x 10" —
OA' S S
Thus,

T21219x10° s

OB + OA' T
T = %\/OBOA' > = 169

*Problem 13-120

The speed of a satellite launched into a circular orbit about the earth is given by Eq. 13-25.
Determine the speed of a satellite launched parallel to the surface of the earth so that it travels
in a circular orbit a distance d from the earth’s surface.

2

. — m
Given:  d = 800 km G = 6673x10 N-— Mg = 5.976 x 10°* kg
kg
fe = 6378 km
Solution:
GMe km
v = v = 74540
d+re S

Problem 13-121

The rocket is traveling in free flight along an elliptical trajectory A'A .The planet has no atmosphere,
and its mass is k times that of the earth’s. If the rocket has an apoapsis and periapsis as shown in the
figure, determine the speed of the rocket when it is at point A.

Units used: —_—
Mm = 10° km
Given:
k = 0.70
a=6Mm
b =9Mm
r=3Mm
Mg = 5.976 x 10°* kg
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G = 6673x10 1N

Sk

kg
Solution:

Central - Force motion:

1) a 2GkMeb km
g = ——— b ———M— Vp = [——— Vp = 7472 —
26M 2G(kMe) . a(a+b) s

2
rovo a vp2

Problem 13-122

The rocket is traveling in free flight along an elliptical trajectory A'A .The planet has no atmosphere,
and its mass is k times that of the earth’s. The rocket has an apoapsis and periapsis as shown in

the figure. If the rocket is to land on the surface of the planet, determine the required free-flight
speed it must have at A’ so that it strikes the planet at B. How long does it take for the rocket to
land, going from A’ to B along an elliptical path?

Units used:
Mm = 10° km
Given:
k = 0.70
a=6Mm
b=9Mm
r=3Mm

Mg = 5.976 x 10°* kg

_ m
G =6673x10 N1

Solution:

Central Force motion:

1) r 2GkMeb km
g = ——— b ———M— Vp = [———— Vp = 11.814 —
26M 2G(kMe) . r(r + b) s

2
rovo rvp2

r km
raVa = I’pr Va = B Vp Va = 3938T
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2
Eq13-20gives h =vpr  h=23544x10°
s
Thus, applying Eq.13-31we have T = %(r +b)+/rb T=5527x10° s

The time required for the rocket to go from A' to B (half the orbit) is given by

T .
t = E t = 46.1 min

Problem 13-123

A satellite S travels in a circular orbit around the earth. A rocket is located at the apogee of its elliptical
orbit for which the eccentricity is e. Determine the sudden change in speed that must occur at A so

that the rocket can enter the satellite’s orbit while in free flight along the blue elliptical trajectory. When
it arrives at B, determine the sudden adjustment in speed that must be given to the rocket in order to
maintain the circular orbit.

Units used:
Mm = 10° km
Given:
e = 0.58
a =10 Mm
b = 120 Mm |1

Mg = 5.976 x 10°* kg

2
_ m
G =6673x10 LN
2
kg — -
Solution:
: 1 GMe ch? rovo
Central - Force motion: C=—|1- h=rgvg e= = -
I’o rO VO G Me GMe
(1+€)GMe " 0 _ 0
Vo= |[———— 2G Mg 1
ro -1 2 -1
l1+e
rvp
l-e 1-¢e 6
rg =ra ro = b ro =31.90x 10" m
l+e l+e

(1+€)(G)(Me) 3m
A ASd Vo1 = 4.444 x 10° =

Substitute  rp; = rg Vp1 = j
rp]_ S
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Mp1 3m
Val = T pl Val = 1181 X 10 ?

When the rocket travels along the second elliptical orbit , from Eq.[4] , we have

1-¢ —-a+b
a= b e' = e' = 0.8462
1+¢' b+a
. (1+¢)(G)(Me) 3m
Substitute  rg =rp2 = a 2 =a Vp2 = Vp2 = 858 x 10" —
rp2 S
. M2 m
Applying Eg. 13-20, we have Vg2 = Tvpz Va2 = 715.021 —
s

For the rocket to enter into orbit two from orbit one at A, its speed must be decreased by

m
AV = Va1 — Va2 Av = 466 N

If the rocket travels in a circular free - flight trajectory , its speed is given by Eq. 13-25

GMe 3 m
Ve = 6.315 x 10° —
a S

The speed for which the rocket must be decreased in order to have a circular orbit is

VC:

km
AV = Vp2 — V¢ Av = 2.27T

*Problem 13-124

An asteroid is in an elliptical orbit about the sun such that its perihelion distance is d. If the
eccentricity of the orbit is e, determine the aphelion distance of the orbit.

Given:  d = 9.30x 10° km e = 0.073
Solution; p =d ro=d
2 2 2
ch’ 1 GMs )| ro Vo rovo
e = =—|1- e = -1
GMS I’o rO VO GMS GMS
GMg 1 ro ro(e+1) 9
= rA=—— rA = ———— ra = 10.76 x 10” km
2 e+1 2 1-e
roVvo —
e+1

Problem 13-125

A satellite is in an elliptical orbit around the earth with eccentricity e. If its perigee is h, determine its
velocity at this point and also the distance OB when it is at point B, located at angle &from perigee as
shown.
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Units Used: Mm = 103 km I
Given: . /
e = 0.156
8. .
0 = 135 deg &£
5;;.. L |I— F |
hp =5 Mm Pl hy e g/
k| s
3 —
_ m
G=6673x10 2 M _
2
kg-s

Me = 5.976 x 10°* kg

Solution:
2.2 2
G Mg hp th02 G Mg G Mg
1 km
Vo :—w/hpGMe(e+1) vo =9.6—
hp S
1 1 GMe GMe
—:h— 1- 5 cos(e)+ N
r p thO hp VO
1 1 1
-—=—|1- cos(6) + —
r h e+1 hple+1
p p
e+1
r = hp _ r=6.5Mm
e-cos(9)+1
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Problem 13-126

The rocket is traveling in a free-flight
elliptical orbit about the earth such that
the eccentricity is e and its perigee is a
distanced d as shown. Determine its
speed when it is at point B. Also
determine the sudden decrease in speed
the rocket must experience at A in order
to travel in a circular orbit about the

earth.
Given:
e = 0.76
d=9x10%m
11 m2
G =6.673x10 = N-—
2
kg

Me = 5.976 x 10°* kg
Solution:

Central - Force motion:

ro Vo 2

2

Chapter 13

e . T

|
A

1 GMe
C=—|1- h=rgvo

ch2  rovo’ 1 GM, (1+6)GMs
GMe GMe 1+e rOVO ro
1+e 6
rp = d R, =66x10 m h =d
a (1—e) a D
g - [LEeICMe vo = g8.831 <™ v = [ Ly v, = 12XM
P d p=" S R a= ="y

If the rockets in a cicular free - fright trajectory, its speed is given by eq.13-25

GMe
d

VC:

m
Ve = 6656.48 —
S

The speed for which the rocket must be decreased in order to have a circular orbit is

km

Av = vp — V¢ Av = 217 —

S
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Problem 13-127

A rocket is in free-flight elliptical orbit around the planet Venus. Knowing that the periapsis and
apoapsis of the orbit are r, and a,, respectively, determine (a) the speed of the rocket at point

A', (b) the required speed it must attain at A just after braking so that it undergoes a free-flight
circular orbit around Venus, and (c) the periods of both the circular and elliptical orbits. The
mass of Venus is a times the mass of the earth.

Units Used:
Mm = 10° km
] .
Given: b
a = 0.816 ap:26Mm i f 0 II'||
AN : 1=
f =8 Mm rp:8Mm & /
“12 m° _ e "4
G = 66.73x 10 _— s
2
kg-s
Me = 5.976 x 10°* kg I i "
Solution:
24
My = aMeg My = 4.876 x 107" kg
OA o
OA'=———— Pp=—=
GMp 2G My,
2 1 5 1
OAvg p VA
1 km
VA = [—Zjﬁ\/rp(ap + Ip)ap G My VA = 7'89T
ap rp + rp
VA km
VA = —— v'p =243 —
ap S
GMy km
VA = V'a = 6.38—
' S
. . 27Z'rp
Circular Orbit: Te = — Tc=219hr
VA
T
Elliptic Orbit: Te = —(rp+a ma Te = 6.78 hr
P e rva( p p)\/ pap e
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Problem 14-1

A woman having a mass M stands in an elevator which has a downward acceleration a starting from
rest. Determine the work done by her weight and the work of the normal force which the floor exerts
on her when the elevator descends a distance s. Explain why the work of these forces is different.

Units Used: kl = 103J

. m m
Given: M = 70 kg g:9.81—2 a:4—2 s=6m
S S
Solution:
Mg-Np=Ma Np = Mg-Ma Np = 406.7 N
Uw = Mgs Uy = 4.12kJ
Unp = —sNp Unp = —2.44KkJ

The difference accounts for a change in kinetic energy.

Problem 14-2
The crate of weight W has a velocity v, when it is at A. Determine its velocity after it slides down
the plane to s = s'. The coefficient of kinetic friction between the crate and the plane is z4.

Given:
W=201Ib a=3

Solution:
|"'|'I|:'
a
0= atan(g) Nc = Wcos(e) F = ukNc
m
Guess Vi =1—
S
1/wW 1/w ft
Given E(—) VA2 + WSin(é’)S' - Fs' = E(—) v'2 v' = Find(v') v' =17.72—
g g S
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Problem 14-3

The crate of mass M is subjected to a force having a constant direction and a magnitude F, where s
is measured in meters. When s = s;, the crate is moving to the right with a speed v,. Determine its

speed when s = s,. The coefficient of kinetic friction between the crate and the ground is 4.
Given:

M=20kg F =100N

s =4m 6 = 30 deg

m
vi =8 — a=1

s

-1
Sp) =25m b=1m
Mg
Lk = 0.25
1 . .:'\-\. . "H-.Mh : ) 13
Solution: MHH%:}H }_;.i‘,_._qx._.ﬁ.ﬁr
Equation of motion: Since the crate slides, the : e :
friction force developed between the crate and its _
contact surface is F;= uN * | F
N+ Fsin(6) - Mg =0 N = Mg - Fsin(0) N

Principle of work and Energy: The horizontal component of force F which acts in
the direction of displacement does positive work, whereas the friction force
Ff= yk(M g-F sin(@)) does negative work since it acts in the opposite direction

to that of displacement. The normal reaction N, the vertical component of force F
and the weight of the crate do not displace hence do no work.

Fcos(@) - kN =Ma
Fcos(@) - yk(Mg - Fsin(@)) =Ma

. Fcos(&) - ,uk(Mg - Fsin(&))

m

a= 2503 —
2
S
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*Problem 14-4

The “air spring” A is used to protect the support structure B and prevent damage to the
conveyor-belt tensioning weight C in the event of a belt failure D. The force developed by the
spring as a function of its deflection is shown by the graph. If the weight is W and it is
suspended a height d above the top of the spring, determine the maximum deformation of the
spring in the event the conveyor belt fails. Neglect the mass of the pulley and belt.

Given:
Ib L f
W =501b k= 8000 — o F =k
ft | /
d=15ft ) /
Solution: . /
Eale /
T1+U=To ! f
o
o

O+W(d+5)—J kx® dx = 0 - — v

i
0
=
Guess 0=1in B
5
Given w(d + 8) — K =) =0 5 = Find(s) 5 = 3.896in

Problem 14-5

A car is equipped with a bumper B designed to absorb collisions. The bumper is mounted to the car
using pieces of flexible tubing T. Upon collision with a rigid barrier at A, a constant horizontal force F
is developed which causes a car deceleration kg (the highest safe deceleration for a passenger without
a seatbelt). If the car and passenger have a total mass M and the car is initially coasting with a speed

v, determine the magnitude of F needed to stop the car and the deformation x of the bumper tubing.

Units Used:
Mm = 10° kg
3 Y
kN = 10" N 1 -—
Given: H...-r-r-fr—"—*—-"
3 _® ®©
M = 15107 kg
h
m
v=15— k =3 .
S
Solution: I

The average force needed to decelerate the car is
Favg = Mkg Favg = 44.1kN
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The deformation is

Chapter 14

1 e
+_ f-'-} { _'_'_J
1 v2 \f
X=—-M X = 38.2mm N, vl
Problem 14-6

The crate of mass M is subjected to forces F; and F,, as shown. If it is originally at rest,

determine the distance it slides in order to attain a speed v. The coefficient of kinetic friction
between the crate and the surface is 4.

Units Used: F,
[P I (N BN S
s ) F
3 ]
kN = 10° N H,.\
1 ,//1:'”:
Given:
m ww " e
M = 100 kg V==6— e e s = =
S
F1 =800 N L = 0.2
Fy = 1.5 kN m Mo
g =981 —2 F
61 = 30 deg S F,
6y = 20 deg I N
. L_IIJ..'\JIJ'.
Solution: '
N - F1sin(61) - Mg + Fsin(62) = 0 N,
Nc = F1 sin(&l) +Mg-Fp sin(&g) Nc = 867.97 N
T1+U2=T2
1.2
F1 cos(@l)s — ukNes+ Fo cos(@g)s = EMV
Mv2
S = $=0.933m
Z(Fl cos(@l) — ukNc + F2 cos(eg))
Problem 14-7

Design considerations for the bumper B on the train car of mass M require use of a nonlinear spring

having the load-deflection characteristics shown in the graph. Select the proper value of k so that the
maximum deflection of the spring is limited to a distance d when the car, traveling at speed v, strikes
the rigid stop. Neglect the mass of the car wheels.
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Units Used:
Mg = 10° kg
KN = 10° N
3
MN = 10" kN
Given:
M =5 Mg
d=02m
m
V=4—
S
Solution:

Chapter 14

F=foc?

*Problem 14-8

Determine the required height h of the roller coaster so that when it is essentially at rest at the
crest of the hill it will reach a speed v when it comes to the bottom. Also, what should be the
minimum radius of curvature p for the track at B so that the passengers do not experience a
normal force greater than kmg? Neglect the size of the car and passengers.

Given:

Il
H
o
o

Vv

k=4
Solution:
T1+U2=T2

m h—lmv2
9n=3

A

e — -

h

p=262m
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Problem 14-9

When the driver applies the brakes of a light truck traveling at speed v; it skids a distance d;
before stopping. How far will the truck skid if it is traveling at speed v, when the brakes are

applied?
Given:
vi1 = 40 km
L=y
di =3m
1 Mg
vo = 80 k_m
2 hr
Solution: | “\___
1 v° (O '_,3:_
2 = k=
—Mvy” — uxMgdq =0 = = 2.097 -
oMvL — cMgdy H = Sgdy #k Mg
1 V22
-M V22 — ukMgdo =0 do = d>=12m N=Mg
2 219

Problem 14-10

The ball of mass M of negligible size is fired up the vertical circular track using the spring plunger.
The plunger keeps the spring compressed a distance dwhen x = 0. Determine how far x it must be
pulled back and released so that the ball will begin to leave the track when 6= 6,.

Given:
M = 0.5 kg
o =0.08m 180° =6, Mg
I y
01 = 135 deg &
=]
r=15m v
N
k = 500 —
m n
= 9.81 m
g=29 >
S
Solution: L

v m
2XFph = map N — Mgcos(e) = M(—j vV =4/-¢ rcos(6) v =3.226 —
S
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Guess X = 10 mm

o
1
Given J —kxdx - Mg r(l - cos(e)) = EMVZ X = Find(x) X = 178.9mm
X+0

Problem 14-11

The force F, acting in a constant direction on the block of mass M, has a magnitude which varies
with the position x of the block. Determine how far the block slides before its velocity becomes v;.

When x = 0, the block is moving to the right at speed v, . The coefficient of kinetic friction
between the block and surface is g .

Given:

M = 20 k = F —
g C 3 \I’ v Mg
= —_—
m L ] . .
S —_— ©

vi =5

m
vop =2 —
S

m
ue =03  g=098l—

Solution:
(o
NB—Mg—(—jkxz -0 Ng=Mg+

Guess o=2m

Given
2 2 1 2
kx™ dx — uxMgo — uk kx dX:Ele

S o
1Mv2+ d J c
“Mvg - - -
2 +d%)%0 \/c2+d2
0

5 =Find(s) 5=3413m

*Problem 14-12

The force F, acting in a constant direction on the block of mass M, has a magnitude which
varies with position x of the block. Determine the speed of the block after it slides a distance d; .

When x = 0, the block is moving to the right at v, The coefficient of kinetic friction between the
block and surface is z4.
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Given:
M = 20 kg c=3

r
F TR
Mg \r 3
= —_—
d =3m d=14 P ‘ s

m N
vg =2 — k =50 — _ |
S m2 LN
m kY
uk = 0.3 g =981 — T"rf
S
Solution:
c 2 c 2 - T
Ng-Mg—-—|————1kx" =0 Ng=Mg+| —— |kx
B g > B g >
¢ +d c+d

m
Guess vy = 2—
S

Given

K dx — uxMgdy — pk

1 d o c
5MV02+ [2 2,[ [2 2
¢ +d 0 c +d

vy = Find(vy) vy = 3.774 %

Problem 14-13

As indicated by the derivation, the principle of work and energy is valid for observers in any inertial
reference frame. Show that this is so by considering the block of mass M which rests on the smooth
surface and is subjected to horizontal force F. If observer A is in a fixed frame x, determine the final
speed of the block if it has an initial speed of v, and travels a distance d, both directed to the right and
measured from the fixed frame. Compare the result with that obtained by an observer B, attached to
the x" axis and moving at a constant velocity of vg relative to A. Hint: The distance the block travels

will first have to be computed for observer B before applying the principle of work and energy.

Given: A |
M = 10 kg B
- X
F=6N E——
Vg
m
vg =5 —
s
v,
d=10m
m O i
vg =2 —
> B D P P P P
g =298 3—2 d |
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Solution:
Observer A:
1 1 2Fd m
—MV02+Fd:—MV22 Vo = V02+— vy = 6.083 —
2 2 M S
F m
F=Ma a=— a=06 — Guess t =1s
M 2
S
. 1 2 .
Given d=0+vot+ Eat t = Find(t) t=1.805s
Observer B:
. 1 2 . The distance that the block moves as seen by
d' = (vo - vg)t+ Sat d=6301m o oTe
1 1 2Fd' m
EM(VO - VB)2 +Fd = EMVIZZ Vo = /(VO - VB)2 + v’y = 4.083 —
S

Notice that vy = v's +vg

Problem 14-14

Determine the velocity of the block A of weight W, if the two blocks are released from rest and
the block B of weight Wz moves a distance d up the incline. The coefficient of kinetic friction
between both blocks and the inclined planes is 4.

Given:
Wp =60 1Ib

Wg = 40 Ib
61 = 60 deg
6> = 30 deg
d=2ft
uk = 0.10

Solution:

L =2sp +SB

0=2vp+VR

Guesses
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Given

0=2vp+VR

WA(%) sin(@l) - WBdsin(Hg) - ,ukWACOS(Ql)g e = Zig(WAVA2 + WBVBZ)
+ —ukWp cos(Hg)d

(VAJ = Find(va.vg)

VB

ft ft
vg = ~1543 VA= 0771

Problem 14-15

Block A has weight W, and block B has weight Wg.

Determine the speed of block A after it moves a
distance d down the plane, starting from rest. Neglect
friction and the mass of the cord and pulleys.

Given:
Wa

60Ib e=3

Wg=101lb f=4

ft
d=5ft g =322
S
Solution:
L =2sp +SB 0 = 24sp + 4sp 0=2vp+VR
e 1( Wa 1( WB
o - )7 ()
2 .2 2\ g 2\ ¢
"+ f
vp = 29d W ¢ 2W v —7178ﬁ
AT [Wa+awg| A 22 B A= AR

*Problem 14-16

The block A of weight W, rests on a surface for which the coefficient of kinetic friction is 4.
Determine the distance the cylinder B of weight Wg must descend so that A has a speed v, starting
from rest.
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Given: .

Iven “".-'l :
Wa = 3 Ib ‘ r )

JLT ‘ ﬁ.

Wg =8 b ' e

pk =03 - f
A -
f R Sp

va =5 — _ @
A s N, ~ | |
i,x
Solution:
Wy

L =sa+2sg

i
Guesses d=1ft

Given

2
1 2 VA
Wgd — uxWa2d = 2_9 Wava™ + Wp >

d = Find(d) d = 0.313ft

Problem 14-17

The block of weight W slides down the inclined plane for which the coefficient of kinetic friction
is 14 If it is moving at speed v when it reaches point A, determine the maximum deformation of

the spring needed to momentarily arrest the motion.

Given:
W = 100 Ib a=3m

ft =
v=10— b=4m .
° d =10 ft R
= lII .| i
Ib "Wﬁh -
k=200 —  pux =0.25 -
ft '
Solution:
b ;
N=|——W N=80lb f‘
a2 + b2 i
[
Initial Guess
dmax = 5 m _-'k"
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Given
(WY 2 1 ’ a
_( _g j V- K N(d + dmax) - Ekdmax + W(d + dmax)(—j =0

2 \ 2;12+b2

dmax = Find(dmax) dmax = 256 ft

Problem 14-18

The collar has mass M and rests on the smooth rod. Two springs are attached to it and the ends of the
rod as shown. Each spring has an uncompressed length I. If the collar is displaced a distance s =’
and released from rest, determine its velocity at the instant it returns to the point s = 0.

Given: 2
' |
= N
M = 20 kg K = 50 -~ P I
m i
, N
l=1m k=100 m J k K
[
d=025m L ; 11 . |
o
Solution:
1 l l J‘l-]r_:..'
—ks'2 + =K 5'2 = —MVC2
2 2 2 l
I ——] f—
y k+k' ¢ ' ' : h
c = :
v .
m
ve = 1.37—
S

Problem 14-19

The block of mass M is subjected to a force having a constant direction and a magnitude F = k/(a+bx).
When x = X;, the block is moving to the left with a speed v,. Determine its speed when x = X,. The

coefficient of kinetic friction between the block and the ground is 24

Given:

-1 m . ¥
M=2ky b=1m xp=12m g=98 — o /f:-,-
S ]

k=300N x; =4m 6 = 30 deg

a=1 vy =8 Lk = 0.25
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Solution:
. Mg k
k . ksin( @ T
Ng - Mg — sin(6)=0  Ng=Mg+ in(0) i+ b
a+bx a+bx . . L
X2 X2 ———
kcos(6) ksin(6) Hie Vg
U= ———Zdx- | Mg+ dx U =173.177N-m
a+bx a+ bx |
X1 X1 Ng
1 2 1 2 2 2U m
—Mvi"+U=—-Mvp Vo) = [V +— vy = 15.401 —
2 2 M S

*Problem 14-20

The motion of a truck is arrested using a bed of loose stones AB and a set of crash barrels BC. If
experiments show that the stones provide a rolling resistance F; per wheel and the crash barrels

provide a resistance as shown in the graph, determine the distance x the truck of weight W penetrates
the barrels if the truck is coasting at speed v, when it approaches A. Neglect the size of the truck.

Given: F
F=fx
Fi =1601b d =50 ft .
Ib N4
W = 4500 Ib k = 1000 — : s
3
ft |- :
fit ft e e ==\
Vo = 60 — g = 322 — 1 LR TR PR b R R I
S 2
S
Solution:
4 W
1(W
[ Zvp? - ard kX =0
2\ g 4

% -

1
2 4 F,
2Wvg 16Fd
X = — X = 5.444 ft .
kg k N,

Problem 14-21

The crash cushion for a highway barrier consists of a nest of barrels filled with an
impact-absorbing material. The barrier stopping force is measured versus the vehicle penetration
into the barrier. Determine the distance a car having weight W will penetrate the barrier if it is
originally traveling at speed v, when it strikes the first barrel.
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Units Used:
. 3
kip = 10" Ib .......¢.+..
000 aatatataa OO0
. R DO000CR= ==
Given: 99 .'.‘*‘.*.’*.‘*.*.‘,.*,.&.4
OO W
W = 4000 Ib £ 36 —
=
ft 2
vp = 55 — 2 27
S = —-—
_30 M E 18 T
9= ’ 2 ; N
S =
5‘ 0
Solution: =2
1 L L 1 L
(W) 2 25 w15 20 25
E(E) Yo~ Area =0 Vehicle penetration (1i)
(W 2 . . .
Area = —| — |V Area = 187.888kip-ft ~ We must produce this much work with the
2\ 9 barrels.
Assume that 5ft<x<15ft
Area = (2 ft)(9 kip) + (3 ft)(18 kip) + (x — 5 ft) (27 kip)
Area — 72 kip-ft L
X = rea P +5 ft X = 9.292 ft Check that the assumption is corrrect!

27 kip

Problem 14-22

The collar has a mass M and is supported on the rod having a coefficient of kinetic friction
M. The attached spring has an unstretched length | and a stiffness k. Determine the speed

of the collar after the applied force F causes it to be displaced a distance s = s; from point
A. When s = 0 the collar is held at rest.

Given: F
M =30kg =04 M 1 _ /
A k 8
_ f -
a=05M 4 _ 45 deg | /|
F=200N o _,5p u
I =02m
N g:981_ a
k =50 — &
m
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Solution:
My
Guesses Nc=1N v=1

b
A &
Given Fs 4_‘—'4

“_lll M
NC—Mg+Fsin(0):0 T s
\

m|3

1 1 1
Fcos(6)s1 — uxNesy + k(- 2 - k(s +a- 1)? = EMV2

Nc _ m
= Find(Nc.v) Nc = 152.9 N v=1666 —
v S

Problem 14-23

The block of weight W is released from rest at A and slides down the smooth circular surface
AB. It then continues to slide along the horizontal rough surface until it strikes the spring.
Determine how far it compresses the spring before stopping.

Given:
W=5Ib ux=02
a=3ft 6 =90deg
b=2ft k=40 % ;
DRPRASAS

Solution: '
Hy 1

Guess d=1ft
[th
Given +
Wa—- yW((b+d)—=kd =0 -CF ,
2 ll'l'la"\'l-_l

d = Find(d) d = 0.782ft Ny

*Problem 14-24

The block has a mass M and moves within the smooth vertical slot. If it starts from rest when
the attached spring is in the unstretched position at A, determine the constant vertical force F
which must be applied to the cord so that the block attains a speed vg when it reaches sg.

Neglect the size and mass of the pulley. Hint: The work of F can be determined by finding the
difference Al in cord lengths AC and BC and using Ug = F 4l.

Given:
M = 0.8 kg | =04m

m
vg = 25 — b=03m
S
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N
sg =015m k =100 —

Solution:

A =P J(1- ) + b2

Guess F=1N

Given T
I

1 1
FAl - Mgsg — EkSBZ = EM VB2

F=Find(F) F=439N

Problem 14-25

The collar has a mass M and is moving at speed v; when x = 0 and a force of F is applied

to it. The direction & of this force varies such that 8= ax, where &is clockwise, measured
in degrees. Determine the speed of the collar when x = x;. The coefficient of kinetic friction

between the collar and the rod is 4.

Given:
m ! i Pl |
M=5kg v =8—
S
F=60N m
Hk = 0.3 S
deg
X1 =3m a=10—
m
Mg

Solution:
H
N = Fsin(6) + Mg C
—~-— F

Guess v =5
X1

Given 4 ) 1 -
EMVl + Fcos(ax) dx — uk Fsin(ax) + Mg dx = EMV
0 0

7 |3
=
P_L-E‘.
—

=

X1

m
v = Find(v) v=1047 —
S
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Problem 14-26

Cylinder A has weight W, and block B has weight Wg. Determine the distance A must descend from
rest before it obtains speed v,. Also, what is the tension in the cord supporting block A? Neglect the
mass of the cord and pulleys.

Given:
ft
Wp =60Ib vp =8—
S
fit T,
Wg =101b g:32.2—2
S
Solution:
L =2sp +SB 0=2vp+VR
System Wa

1( Wa 1(Ws
0+Wad-Wg2d = —(—j VA2 + —(—j (2V/.\)2
2\ g 2\ g

(WA + 4W|3j 9
2 YA
d — g

d=2484ft
Wa — 2Wp
Block A alone
2
1({Wa) o Wava
0+Wad-Td==|—|va T =Wa- T=136lb
2\ g 2g9d

Problem 14-27

The conveyor belt delivers crate each of mass M to the ramp at A such that the crate’s velocity is v,

directed down along the ramp. If the coefficient of kinetic friction between each crate and the ramp is
M, determine the speed at which each crate slides off the ramp at B. Assume that no tipping occurs.

Given: .

=
VA = 2.5 ? ‘_'.,"
p = 03 VALY,

{

_og1 2
g =29 32 -.

k! =
0 = 30 deg L
a=3m
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Solution:

Ne = Mgcos(@)

1 ) 1
EM vA2 + (Mga)sm(e) — ukNca = EM vB2

Vg = \/VAZ + (29 a)sin(@) - (Zykg)cos(a)a

m
vg = 452 —

Chapter 14

*Problem 14-28

When the skier of weight W is at point A he has a speed v,. Determine his speed when he reaches

point B on the smooth slope. For this distance the slope follows the cosine curve shown. Also, what is
the normal force on his skis at B and his rate of increase in speed? Neglect friction and air resistance.

Given:
W =150 Ib
fit 4
va =5 — e
S
a =50 ft
= 100 ft
d=35ft
Solution:
X \ d
y(x) = (a)cos| 7— y'(x) =—y(x)
b dx
L Inll

(1 y?)

vy 2Oy _
y'(x) = dxy (¥) p(X) v (0

og = atan(y'(d))  pB = p(d)
Guesses FN=1lb Vv =1— vg =1—

Given l(ﬂ) Va2 + W(y(0 ft) — y(d)) = E(ﬂ) vg?
2\ g 2\ g

Fn - Wecos(6g) = (ﬂ)viz ~Wsin(6g) = (ﬂ)v'

9/ pB g
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VB
. ft ft
FN | = Find(vg, Fn, V') vg = 42.2— FN = 50.61b V=262~
S
\ S
Vv

Problem 14-29

When the block A of weight W, is released from rest it lifts the two weights B and C each of
weight W,,. Determine the maximum distance A will fall before its motion is momentarily
stopped. Neglect the weight of the cord and the size of the pulleys.

Given: r a i “ i
Wy =12 Ib bt i Al
Wy = 15 Ib @Q
i
a=4ft q
]

. . A .
Solution: ‘ ‘ \‘
Guess y = 10 ft i ol
Given Wiy - 2W2(\/ a2 + y2 - a) =0 y = Find(y) y=3.81ft

Problem 14-30

The catapulting mechanism is used to propel slider A of mass M to the right along the smooth track.
The propelling action is obtained by drawing the pulley attached to rod BC rapidly to the left by
means of a piston P. If the piston applies constant force F to rod BC such that it moves it a distance
d, determine the speed attained by the slider if it was originally at rest. Neglect the mass of the
pulleys, cable, piston, and rod BC.

Units Used:
KN = 10° N
Given:

M=10kg F=20kN d =
Solution:

1
O+Fd:EMv2 vV =
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Problem 14-31

The collar has mass M and slides along the smooth rod. Two springs are attached to it and the ends
of the rod as shown. If each spring has an uncompressed length L and the collar has speed v,

when s = 0, determine the maximum compression of each spring due to the back-and-forth
(oscillating) motion of the collar.

Given:
M = 20 kg a=025m

[ =~

N AN
L=1m ka = 50 — :
m K e
m N
vg =2 — kg = 100 — fe [ R i -
s m .
Solution:
1 2 1 2 3 M a
EMVO _E(kA+kB)d =0 d = kA+kBVO d=0.73m

*Problem 14-32

The cyclist travels to point A, pedaling until he reaches speed v,. He then coasts freely up the curved

surface. Determine the normal force he exerts on the surface when he reaches point B. The total mass
of the bike and man is M. Neglect friction, the mass of the wheels, and the size of the bicycle.

Units Used: ¥
KN = 10° N
¥ O
Given: My
m | ‘Y- 45
VA =8 ? a /

M = 75 kg Eat % /
a=4m R A Y = C;%l N“ g,

Solution: - a - o

When y=x 2¢/y =+/a y:%

1.2 1.2 2 m
EMVA _ng:EMVB VB =.VA —20Y VB = 6.662 —
S

Now find the radius of curvature  /x ++/y =+/a 2 o+ —dy 0

25" 2y

y=1m
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d
y—X—=Yy
: y " dx_ [x : w_ 1
y' =—|= y:—2 — When y=x y=-1 y' = —
X 2% y y
(1+y)"
Thus P p =+/8y p=2828m

VB VB
Ng — Mgcos(45 deg) = M(—j Ng = Mgcos(45 deg) + M (—j Ng = 1.697 kN
p p

Problem 14-33 ¥

The cyclist travels to point A, pedaling until .
he reaches speed v,. He then coasts freely up ¢

the curved surface. Determine how high he

reaches up the surface before he comes to a

stop. Also, what are the resultant normal d
force on the surface at this point and his
acceleration? The total mass of the bike and

man is M. Neglect friction, the mass of the

wheels, and the size of the bicycle. 1

Given:

m
vA:4? M=75kg a=4m

Solution:
2
1 2 VA
—MVA _ng:O y =— y:0815m My
2 29 k{ﬂ
/ [
x = (Va-yy) x = 1.203 m il

Y N
y = /; 0 = atan(|y']) 0 = 39.462 deg ™~ g

Ng — Mgcos(6) = 0 Ng = Mgcos(6) Np = 568.03 N

. . m
Mgsm(e) = May at = gsm(@) at = 6.235 =
S
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Problem 14-34

The block of weight W is pressed against the spring so as to compress it a distance o when
it is at A. If the plane is smooth, determine the distance d, measured from the wall, to
where the block strikes the ground. Neglect the size of the block.

Given:
W=101Ib e=4ft f
P i
5=2ft f=3ft v f
Ib m Aa
k=100= g=98— V —
), i =l -
S ?{_{_,»"A v_’.f/ L i
. f
Solution: @ = atan| —
e
ft
Guesses vg =1— t=1s d=1ft
s
Given
1 1(w .
—k52 -Wf=—-|— sz d= vBcos(e)t 0= f+vB3|n(9)t— g t2
2 2\ g 2
VB
. ft
t | = Find(vg,t,d) vg = 33.08 — t=1369s  d=36.2ft
S
d

Problem 14-35

The man at the window A wishes to throw a sack of mass M onto the ground. To do this he allows it
to swing from rest at B to point C, when he releases the cord at &= 6,. Determine the speed at which

it strikes the ground and the distance R.

Given: Jii L
I m e -
61 = 30 deg | |
h=16m AL
L=8m ‘ 7\
m h - %
2
S
M = 30 kg
' | )]
Solution: . R J
1 2 m
0+ MgLcos(6;) = SMve ve = /2gLcos(6y) ve = 11.659 —
S
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1 m
0+Mgh:EMvD2 Vp = \/2gh vp = 17.718 =
S

Free Flight Guess t=2s R=1m
Given 0= (—79),[2 +ve sin(@l)t +h- Lcos(@l) R =vc cos(@l)t + L(l + sin(@l))

t
(R) = Find(t,R) t=2078s R=330m

*Problem 14-36

A block of weight W rests on the smooth semicylindrical surface. An elastic cord having a
stiffness k is attached to the block at B and to the base of the semicylinder at point C. If the
block is released from rest at A(&= 0°), determine the unstretched length of the cord so the
block begins to leave the semicylinder at the instant @ = &;. Neglect the size of the block.

Given:
W=2Ib
Ib
k=2—
ft
61 = 45 deg ( A
a=151ft
m . :
g=981— f W
S2 HHH H
Solution: Fy ™~
ft ~. H}
Guess o=1ft v =1 3 ~/
Given No=1)
2 s
. WiVi /
Wsm(@l) =|—|— /
g/ a n
1 2 1 2 W V12
—klra—06) —=k|(7 - 01)a— 8| —Wasin(01) = | — |—
(ra- o = 2l a)a- o - wasi(ay) - ()
V1 . ft
= Find(vy, 9) v = 5.843— 5= 2771t
o S
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Problem 14-37

A rocket of mass m is fired vertically from the surface of the earth, i.e., at r = ry. Assuming that
no mass is lost as it travels upward, determine the work it must do against gravity to reach a
distance r,. The force of gravity is F = GM,m/r? (Eq. 13-1), where M, is the mass of the earth
and r the distance between the rocket and the center of the earth.

Solution: T
Mem
F:G(e J
2
r
r

1
Ulz:J Fdr=-GMgm —2dr
r

r

1 1
U2 = GMem| — — —
R n

Problem 14-38

The spring has a stiffness k and an unstretched length I,. As shown, it is confined by the

plate and wall using cables so that its length is I. A block of weight W is given a speed v, when
itis at A, and it slides down the incline having a coefficient of Kinetic friction . If it strikes the
plate and pushes it forward a distance |, before stopping, determine its speed at A. Neglect the
mass of the plate and spring.

Given:
W=41Ib d=3ft
|
lp = 2 ft k=50—b
ft
| =15 ft Mk = 0.2

li =025t a=3 b=4

. a
Solution: ¢ = atan —)
b Ny

f 2

Guess va =1
S N
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Given
%(%) Al + W(sin(6) — ukcos())(d + 17) - %k[(lo — 1+ |1)2 ~(lo - ')2] =0
VA = Find(vA) VA = 5-80%

Problem 14-39

The “flying car” is a ride at an amusement park which consists of a car having wheels that roll along
a track mounted inside a rotating drum. By design the car cannot fall off the track, however motion
of the car is developed by applying the car’s brake, thereby gripping the car to the track and allowing
it to move with a constant speed of the track, v;. If the rider applies the brake when going from B to
A and then releases it at the top of the drum, A, so that the car coasts freely down along the track to
B (6= mrad), determine the speed of the car at B and the normal reaction which the drum exerts on
the car at B. Neglect friction during the motion from A to B. The rider and car have a total mass M
and the center of mass of the car and rider moves along a circular path having a radius r.

Units Used: A
KN = 10° N
Given:
M = 250 kg
r=8m
m
Vi =3 —
S
Solution:

1.2 1 2
EMVt +Mng:EMVB

/ 2 m
VB =4Vt +49r vg=18.0—
S

2
VB My >
Ng - Mg =M — N * M{vyir;)
r R
u&:? T ‘I.%?‘..__.__ _ :
2 o <L
VB
Ng = M{g+—| Ng=125kN Mo N,
r LLi EA N
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*Problem 14-40

The skier starts from rest at A and travels down the ramp. If friction and air resistance can be
neglected, determine his speed vg when he reaches B. Also, find the distance d to where he strikes

the ground at C, if he makes the jump traveling horizontally at B. Neglect the skier’s size. He has a

mass M.
. A
Given: I
£
M = 70 kg hy = 50 m |
| /
0 = 30 deg ho =4m SOMAUN A DT, 8]
;e W
Solution: e
k
Guesses vg =1— t=1s d=1m
s
. 1 2 . -1 2
Given M g(hl - hz) = EMVB vgt = dcos(6) —hy — dsin(6) = 7gt
VB
: m
t | = Find(vg,t,d) t=3753s vg=300—  d=1302m
s
d

Problem 14-41

A spring having a stiffness k is compressed a distance J. The stored energy in the spring is used
to drive a machine which requires power P. Determine how long the spring can supply energy at
the required rate.

Units Used: kN = 103 N
. kN
Given: k=5— 6 = 400 mm P=90W
m
. 1 1 [ &
Solution: Upp = Ekéz =Pt t = 2 k(?j t=444s

Problem 14-42

Determine the power input for a motor necessary to lift a weight W at a constant rate v.
The efficiency of the motor is &.

. ft
Given: W=300Ibf v=5— ¢ = 0.65
S
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Solution: P=— P =4.20hp

Problem 14-43

An electrically powered train car draws a power P. If the car has weight W and starts from
rest, determine the maximum speed it attains in time t. The mechanical efficiency is &

Given: P = 30 kW W = 40000 Ibf t=230s =038

Solution: sP=Fv= W d—v Y,
g \dt

1
V
J vdv:J P9 v |2Pot v=292M
W S
0

*Problem 14-44

A truck has a weight W and an engine which transmits a power P to all the wheels.
Assuming that the wheels do not slip on the ground, determine the angle & of the largest
incline the truck can climb at a constant speed v.

Given: _
f‘.:;‘l,r
W = 25000 Ibf ‘:I
“1\. I"
ft F~S§f
v =50 — & iy
S "'““-‘-._
P =350 hp
Solution:
F = Wsin(6) P = Wsin(6)v

) P
0= asm(—) 0 = 8.86 deg
Wv

Problem 14-45

An automobile having mass M travels up a slope at constant speed v. If mechanical friction and
wind resistance are neglected, determine the power developed by the engine if the automobile has
efficiency ¢

Units Used:

Mg = 10° kg
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Given:

km
M=2Mg v=100—
hr

0 = 7 deg ¢ = 0.65

Solution:
P = Mgsin(6)v P = 66.419 kW

P
Peng = —  Peng = 102.2 KW

Problem 14-46

The escalator steps move with a constant speed
v. If the steps are of height h and length |,
determine the power of a motor needed to lift
an average mass M per step.There are n steps.

Given:
M = 150 kg h = 125 mm

n =32 I = 250 mm
m
v=06— d = nh
S
Solution:

h Y
0 = atan(T) P = nMgvsin(6) P = 12.63kW vy

Problem 14-47

If the escalator in Prob. 14—46 is not
moving, determine the constant speed
at which a man having a mass M must
walk up the steps to generate power
P—the same amount that is needed to
power a standard light bulb.

Given:
M = 80 kg h = 125 mm
n =232 I = 250 mm
v =06 m P =100 W
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Solution:

h . P m
0= atan(—) P= Fvsm(@) V=—-—— v =0.285 —
| Mgsm(é’) S

*Problem 14-48

An electric streetcar has a weight W and accelerates along a horizontal straight road from rest
such that the power is always P. Determine how far it must travel to reach a speed of v.

. ft
Given: W = 15000 Ibf v =40 — P =100 hp

Solution:

Guess d=1ft

d (‘V W
Given J P dsg = (—)VZ dv  d = Find(d) d = 180.8ft
0 Jo 9

Problem 14-49

The crate of weight W is given speed v in time t; starting W s

from rest. If the acceleration is constant, determine the
power that must be supplied to the motor when t = t,,.

The motor has an efficiency & Neglect the mass of the
pulley and cable.

Given:
W =501Ibf tp =2s

ft
v =10 — ¢ =0.76

S
ft I
t1 =4s g =322 -
S E
. _——
Solution:
\'
a=— a= 25—2
t1 S
ft
vy = aty V) =5—
S
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W W
F-W-= (—)a F=W+ (—)a F = 53.882 Ibf
g

P
P=Fv P =0.49hp Pmotor = — Pmotor = 0.645hp

Problem 14-50

A car has a mass M and accelerates along a horizontal straight road from rest such that the
power is always a constant amount P. Determine how far it must travel to reach a speed of v.
Solution:

Power: Since the power output is constant, then the traction force F varies
with v. Applying Eq. 14-10, we have

P
P=Fv F=—
v
. . P
Equation of Motion: — = Ma a=—
v Myv
v
Kinematics: Applying equation ds = —, we have
' 2 3
S
Mv
J lds= — dv S=——
0 3P
0

Problem 14-51

To dramatize the loss of energy in an automobile, consider a car having a weight W, that is

traveling at velocity v. If the car is brought to a stop, determine how long a light bulb with
power Py, must burn to expend the same amount of energy.

Given: Wear = 5000 Ibf Ppulb = 100 W

mi ft
v =23 — g =322 —
hr 2
S
Solution:
2
1 Wcal' 2 WcarV )
= V" = Ppylpt t=— t = 46.2min
2 29 Ppulb
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*Problem 14-52

Determine the power output of the draw-works motor M necessary to lift the drill pipe of weight W
upward with a constant speed v. The cable is tied to the top of the oil rig, wraps around the lower
pulley, then around the top pulley, and then to the motor.

Given:
W = 600 Ibf

ft

Solution:

P =Wy

P =436hp

Problem 14-53

The elevator of mass mstarts from rest and travels upward with @ M
a constant acceleration a.. Determine the power output of the
motor M when t = t;. Neglect the mass of the pulleys and cable.

Given:
me| = 500 kg

aCZZ

m
2
S

t1 =3s

_gg M
g =981 —
S

Solution:

F —mejg = mejac F = mei(g + ac)
3
F=5905x%x10" N
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m
Vi = acty V1=6:

P=Fv P = 35.4kW

Problem 14-54

The crate has mass m. and rests on a surface for which the coefficients of static and kinetic

friction are x4 and g respectively. If the motor M supplies a cable force of F = at’ + b,
determine the power output developed by the motor when t =1t;.

Given:

N
m¢ = 150 kg a:8—2
S

us = 0.3 b=20N
Hk = 0.2 tt =5s
_ 981 1
g=29 >
S
Solution:

.lI 1

|"i-.-"lI

Time to start motion

1 #sMcg
3(at2+b):ysmcg t= |- 330 -b t=399s N
a
Speed at t; 3(at2 + b) — {kMeg = mea = mcj—v
t
t1 3
m
vV = —(at2 + b) — ukQ dt v=170 —
Mc s
t
p = alat?+ by P = 1.12kW

Problem 14-55

The elevator E and its freight have total mass mg. Hoisting is provided by the motor M and the
block C of mass m¢ .If the motor has an efficiency &, determine the power that must be
supplied to the motor when the elevator is hoisted upward at a constant speed V.

Given:

mc = 60 kg
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meg = 400 kg
¢ =0.6
m
VE =4 —
S
_ 981 1
g =29 >
S
Solution:
F = (mE - mC)g
Fvg
P=— P = 22.236 kKW
£

Chapter 14

*Problem 14-56

The crate of mass m, is hoisted up the

incline of angle & by the pulley system and
motor M. If the crate starts from rest and

by constant acceleration attains speed v
after traveling a distance d along the plane,
determine the power that must be supplied
to the motor at this instant. Neglect friction
along the plane. The motor has efficiency &

Given:
me = 50 kg 6 = 30 deg

d=8m e =0.74
m m
S 2
S
Solution:
2
ac = — ac=1-2
¢ 2d ¢ 2
S
F - (mcg)sin(e) = mag F = mc(gsin(e) + ac) F =295.25 N
Fv
P=— P = 1.596 kW
&
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Problem 14-57

The block has mass M and rests on a surface for which the coefficients of static and kinetic friction

are 4 and g respectively. If a force F = kt? is applied to the cable, determine the power developed by
the force at t = t,. Hint: First determine the time needed for the force to cause motion.

Given:
N
M =150 kg k=60 —
s [ , P ——— .r«j,‘
us = 0.5 = '@-@.ﬂ rr——
m _ .
ug =04 S
tp =5s
Solution:
2 usMg
2F = 2kt1" = usMg t1 = 2 t1 = 2476 s
2kt — Mg = Ma = M Ly
dt
t2
[ 2kt? m
Vo = — — k9| dt vp =19.381 —
J M S
t
P = 2ktp2vy P = 58.144 kW

Problem 14-58

M
The load of weight W is hoisted by the pulley system E“““““:‘"
I+

i
and motor M. If the crate starts from rest and by <
constant acceleration attains a speed v after rising a : |
distance s = s,;, determine the power that must be ﬁ
supplied to the motor at this instant. The motor has an 5
efficiency & Neglect the mass of the pulleys and cable.

. &
Given: .
i

W =50 Ibf & =0.76

ft ft
v =15— g =322 —
S 2
S
S1 =6 ft
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Solution:
2 W
S1 g
Fv
P=— P =284hp
&

Problem 14-59

The load of weight W is hoisted by the pulley system and motor M. If the motor exerts a
constant force F on the cable, determine the power that must be supplied to the motor if the
load has been hoisted at s = s' starting from rest.The motor has an efficiency «.

Given:

M
W =50 Ibf ¢ = 0.76

F

F =301Ibf g=322— o A
2 i
s =10 ft S &
Solution: ;
W |
2F -W = —a . X
g B
2F ft i
a=|—-1|g a=644—
W 2 5
S
ft
v =+4/2as' v=11.349—
s
2Fv
P=— P =1.629hp
&
*Problem 14-60 [ il =
Ittt . —————
The collar of weight W starts from rest at A and is lifted by applying : ;, @
a constant vertical force F to the cord. If the rod is smooth, ;'“"ﬁ
determine the power developed by the force at the instant = 6,. 4
Given: ;“;
i
W = 10 Ibf a=3ft ﬂi'-.g
i F
F = 25 Ibf b =4ft Lj
i g A
6> = 60 deg P
Solution: ‘
F w1
h=b- (a)cot(eg) Rt i3 {=at ey
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Ly = a2 + b Ly = a2+ (b—h)?

W\ 2 F
FLy - Lo) - Wh = =[ 2 |v vo = |2| = |(Lg = Ly)g - 2gh
(L1 -Lo) 2(9)2 ) /(W)(l 2)g - 29

P = Fvycos(6y) P =0.229hp

Problem 14-61

The collar of weight W starts from rest at A and is lifted with a constant speed v along the
smooth rod. Determine the power developed by the force F at the instant shown.

Given: b a ~
W = 10 Ibf L A o
ft I _;-“":«':}“-_"i'
V=2— &
S /|
a=3ft h ,"; |
| H ,:9:‘
b=4ft [T
1 -\.'::“ II.
Solution: 'ij’
1 g A
a w -
0 = atan| — Fcos(@)—W:O F =
b cos(6’)
P - Fvcos(6) P =0.0364hp AT
r
Problem 14-62
An athlete pushes against an exercise machine F, .
with a force that varies with time as shown in the B
first graph. Also, the velocity of the athlete’s arm \\\
acting in the same direction as the force varies \\\
with time as shown in the second graph. i ) !
Determine the power applied as a function of time | I
and the work done in time t=t,.
Units Used: ki = 10°
Given:
Fi =80N t; =025 ‘
Vo = 20 — t2 =03s |- 1 !
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Solution: 71 = 0,001t ..t Pi(r1) = F 2L
: 1 , UL .. 11 171 1 t 1 KW
t1,1.01t; .t Polrs) = Fe| 22|22, 2
T = 5 Lt . T = —_— 7y —
2 1 1.-12 272 1t1—t2 t22kW
Power
15 I
2 o) | |
s =L _
g Pyr)
[@] ~
[a 0 -
-5 | | | | |
0 0.05 0.1 0.15 0.2 0.25
71,72
Timeins
t] t2
U= J P1(7) dr+J Po(z) dr [kW U = 1.689kJ
0 t1
Problem 14-63
r
An athlete pushes against an exercise
machine with a force that varies with time
as shown in the first graph. Also, the F, .
velocity of the athlete’s arm acting in the B
same direction as the force varies with time \\\

as shown in the second graph. Determine
the maximum power developed during the
time period 0 < t<t,.

Given: .
F1 =800 N
m
vp =20 —
S
t1 =02s
tp =035
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Solution: V2 1
71 = 0,0.01tq .. t Pil71) = Fq| — —_
(=000t Pale) - A2k
t{,1.01t] .t Po(r2) = F 2-ffv2) 1
2 = 5 L .. T = — 7o —
2 =11 1..-12 2(72 1 -t 5 2 KW
Power
15 |
E , (T )10 — _
= 171 L |
g Pin)
O ~
a 0 =
5 | | | | |
0 0.05 0.1 0.15 0.2 0.25
71,72
Timeins

Pmax = Pl(tl) kw

Pmax = 10667 kW

*Problem 14-64

Determine the required height h of the roller coaster so that when it is essentially at rest at the
crest of the hill it will reach a speed v when it comes to the bottom. Also, what should be the
minimum radius of curvature p for the track at B so that the passengers do not experience a
normal force greater than kmg? Neglect the size of the car and passengers.

Given:
A
km | —
v = 100 — -
hr
k =4 =l .=.(§
|
Solution: h ,
T1=0 V1 =mgh ; [
== = FJ
T2——mv2 Vo =0 ! ’ v _.H _\ﬂ‘IH
2
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lv2
h=—— h=393m
2\ ¢
kmg—mg:m—V
2
S ~ 262 m
pP = P = £0.
g(k—1)

Problem 14-65

Block A has weight W, and block B has weight Wg.

Determine the speed of block A after it moves a
distance d down the plane, starting from rest. Neglect
friction and the mass of the cord and pulleys.

Given:

Wpo=60lb e=3

Wg=101lb f=4

ft
d=5ft g =322
S

Solution:

L=2sp+sg 0=24sp+4sg 0= 2vp+vp
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Problem 14-66

The collar has mass M and rests on the smooth rod. Two springs are attached to it and the
ends of the rod as shown. Each spring has an uncompressed length I. If the collar is
displaced a distance s =s' and released from rest, determine its velocity at the instant it
returns to the point s = 0.

Given: PR
= N
M=20kg , _ o N
m
s =05m
k' = 100 N
l=1m - m
d=025m
Solution: . d
T =0 Vi = S(k+ k)52
1= 1—2 Mg
1 2
Top = =MV Vo =0 : _
2 Fo —— .-1—1’-.‘.
1 2 1 2 T
0+—(k+k)s" " ==Mve +0 -
2( ) SMve N,
Ve = K+ K s' v—137rn
c = M ¢ = bl

Problem 14-67

The collar has mass M and slides along the smooth rod. Two springs are attached to it and the
ends of the rod as shown. If each spring has an uncompressed length L and the collar has speed
vy when s = 0, determine the maximum compression of each spring due to the back-and-forth

(oscillating) motion of the collar.

Given:
M = 20 kg
L - l m X =
'\1 -~
a=025m
m
Vo =2 — i _
s i %
N b i it I I -
kp = 50 — f L L -
m v
N
kg = 100 —
m
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Solution:
1 1
Ty = EMVOZ V1=0 Tp=0 Vo = E(kA+ kB) d2
1 1 M
“Mvp® +0 = 0+ =(ka + kg) d° d = Vo d=073m
2 2 ka + kg
*Problem 14-68
A block of weight W rests on the smooth semicylindrical surface. An elastic cord having a
stiffness k is attached to the block at B and to the base of the semicylinder at point C. If the
block is released from rest at A(&= 0°), determine the unstretched length of the cord so the
block begins to leave the semicylinder at the instant @ = &,. Neglect the size of the block.
Given:
W=2Ibh a=15ft
Ib m
k=2— g=1981—
ft 2
S
6» = 45 deg p '.
Solution:
1 2
! ! 2 (ﬁ ) f W
"'\-\.H‘H :..l
1fW)Y 2 1 2 . - —
To=—|—|v Vo = —=k|(7z — @p)a— S| + (Wa)sin( & !
2= 3(F)e? Vo= 2(n- eo)a- 5 + wapsin(ay) RGN
o p—_ 7
Guess o=1ft vy =1— 4
S
_."."h._ i
Given 2 /
. W[ V2 /
Wsm(@g) =—|— /
g a f

o+ 2ra— o = 3222 [ Bl a5 « (Wil

v2 : fi
= Find(v2, 8) v = 5.843 5= 2771t
s
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Problem 14-69

Two equal-length springs are “nested” together in order to form a shock absorber. If it is
designed to arrest the motion of mass M that is dropped from a height s; above the top of the

springs from an at-rest position, and the maximum compression of the springs is to be J,
determine the required stiffness of the inner spring, kg, if the outer spring has a stiffness k.

Given:
M = 2 kg 0=02m ‘

N m
kn = 400 — g =981 — :
m 2

s1 =05m

Solution: t A
T1+V1=Tr+ V2 2 §§
———

O+Mg(sl+5):0+%(kA+kB)52

2Mg(sy + 5)

&

N
kg ka kg = ZBYE

Problem 14-70

Determine the smallest amount the spring at B must be compressed against the block of
weight W so that when it is released from B it slides along the smooth surface and reaches
point A.

Given:
W =051Ib
b=1ft g lr
Ib 2 4
T Q/
in ;
o oo H
Solution: :;}.H;_ -;f-;ﬁj‘.ﬂ] 5 1
X2
X P —
yo) =2 ; ,
1
TB=0 VBZEk52 Ta=0 Va = Wy(b)

1 2Wy(b
O+Ek52:0+Wy(b) 5 = /% 5= 1.095n
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Problem 14-71

If the spring is compressed a distance ¢ against the block of weight W and it is released from rest,
determine the normal force of the smooth surface on the block when it reaches the point Xx;.

Given: )
W=051Ib
b=1ft .
¥ TI
Ib
k=5— A

in /
5=3in imwwdﬂﬂﬁﬁf

X1 = 0.5 ft i
Solution: - g R
3
2 2

U S Jlrye?d
y(x) = 5 y'(x) = b y'(x) = . p(x) = v
d(x) = atan(y'(x))
T1=0 Vi = —k52 Ty = E(ﬂ) V:|_2

2\ g

0+ %kgz = %(%) V:|_2 + Wy(Xl) V] = /(kgz —2Vp = V\/\);(Xl)

v 2
Fn - Weos(6(x1)) = ﬂ( L }

9 p(x1)

2

w| V1

Fn = Weos(6(x1)) + —| — FN = 3.0411b
" (o) G[P(Xl)J "

*Problem 14-72

The girl has mass M and center of mass at G. If she is swinging to a maximum height defined by
0= 0,, determine the force developed along each of the four supporting posts such as AB at the

instant &= 0°. The swing is centrally located between the posts.

Given:
M = 40 kg
61 = 60 deg
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¢ = 30 deg
L=2m
_ 981 1
g=29 >
S
Solution:

T1+V1=T2+ V2

O—Mchos(el) = %Mvz—MgL

v = /2gL(1 - cos(61)) v = 4.429 %
V2 v2
T-Mg=M— T=Mg+M— T =7848 N
4Fpgcos(g) - T =0 Fag = — Fag = 226.552 N
4cos(¢)

Problem 14-73

Each of the two elastic rubber bands of the slingshot has an unstretched length I. If they are
pulled back to the position shown and released from rest, determine the speed of the pellet of
mass M just after the rubber bands become unstretched. Neglect the mass of the rubber bands
and the change in elevation of the pellet while it is constrained by the rubber bands. Each rubber

band has a stiffness k.

Given: ” = 0,
| = 200 mm &
M = 25gm o
a = 240 mm |
b =50 mm
k =50 N
m
Solution:

T1+V1=T2+ V2
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0+ ZEk(\/ b? +a° - ﬂ - %MVZ
v:/%(\/b2+a2—l) v:2.86%

Problem 14-74

Each of the two elastic rubber bands of the slingshot has an unstretched length I. If they are
pulled back to the position shown and released from rest, determine the maximum height the
pellet of mass M will reach if it is fired vertically upward. Neglect the mass of the rubber bands
and the change in elevation of the pellet while it is constrained by the rubber bands. Each rubber
band has a stiffness k.

Given:
| = 200 mm § i O
M = 25 gm o8
a = 240 mm
b =50 mm v
k =50 E
m
Solution:

T1+V1=T2+ V2

O+2Ek(\/b2+a2 - ﬂ - Mgh
h:L(\/b2+a2—l)2 h = 416mm

P rObIem 14_75 Ol'-:I'-I'-:I'Jl'd-'-'-:l'-'I'J'H-';J;dﬂ-‘fdﬂ;l’;l’ﬂl’d’-:-';l’-l’{l

The bob of the pendulum has a mass M and is released
from rest when it is in the horizontal position shown. . )
Determine its speed and the tension in the cord at the P

instant the bob passes through its lowest position. \ P
Given: :
M = 0.2 kg ke

m
r=075m g:9.81—2
S
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Solution:
Datum at initial position:

T1+V1=T2+ V2

I T My
| = "H$\'I
A

1
O+O:—Mv22—Mgr P
2 A e
=42 —384m
Vo =4/2gr vy = 3. S Mg
2F,=Ma,
2
V2
T—Mg:M[—J
r
2
V2
T:M[g+—j T=589N
r

*Problem 14-76

The collar of weight W is released from rest at A and travels along the smooth guide. Determine
the speed of the collar just before it strikes the stop at B. The spring has an unstretched length L.

Given:
Ib
W=5Ib k=2—
in
L =12Iin _gpo It
: S
h =10in (
[}
Solution:
[
Ta+Va=Tg+ VR h
1 2 1(W 2 B
0+W(L+h)+=kh™=—=—]v t
( ) > 2(9) B —
k ft
Vg :/(Wg)h2+29(L+h) vg = 15.013 —
S
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Problem 14-77

The collar of weight W is released from rest at A and travels along the smooth guide. Determine
its speed when its center reaches point C and the normal force it exerts on the rod at this point.
The spring has an unstretched length L, and point C is located just before the end of the curved
portion of the rod.

Given:

W =51Ib
L =12in

_ W
h =10in

.

Ib
k=2— f N

In i - v

i ]
g =322 E
2 ! B
f —
Solution:
2
1 1(w 1
Ta+Va=Tc+Ve 0+WL+Ekh2:E(—JVC2+Ek(\/L2+h2—L)
g
7
k k ft
Ve = ng L+ (Wg)hz - (Wg)(\/ 2on? Ve = 12.556—
S

ol ) ue

2
Ne = ﬂ["ij - (LJ(\/ L% 4+ h? - L) NG = 18.919Ib
L% +h

Problem 14-78

The firing mechanism of a pinball machine consists of a plunger P having a mass M, and a

spring stiffness k. When s = 0, the spring is compressed a distance ¢. If the arm is pulled back
such that s = s; and released, determine the speed of the pinball B of mass M,, just before the

plunger strikes the stop, i.e., assume all surfaces of contact to be smooth. The ball moves in
the horizontal plane. Neglect friction, the mass of the spring, and the rolling motion of the ball.

Given:
Mp =025 kg sp = 100 mm
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Mp = 0.3 kg

o = 50 mm

- | B
Solution: J
|r‘I \II

T1+V1=T2+ V2

K
0+ %k(sl + 5)2 = %(Mp + Mb)v22 + %k&z

- 2_# g
vz_/Mp+Mb(s1+5) & v2 =330

Problem 14-79

The roller-coaster car has mass M, including its passenger, and starts from the top of the hill A
with a speed v,. Determine the minimum height h of the hill crest so that the car travels around

both inside loops without leaving the track. Neglect friction, the mass of the wheels, and the size
of the car. What is the normal reaction on the car when the car is at B and when it is at C?

Units Used: kN = 103 N
Given:

m
M =800kg vp=3—
s

rg =10m
ft
rc=7m g =322 >
S
Solution:
Check the loop at B first ~ We require that Ng =0
VB2
m
—Nr - Mg = -M| — ve =./gr vg = 9.907 —
B g B B grs B S
1 2 1 2
Ta+Va=Tg+ VR EMVA +Mgh:EMVB + Mg2rg
2 2
VB —VA
h :2—+2rB h=24541 m
g
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Now check the loop at C

1.2 1,2
Ta+Va=Tc+ V¢ EMVA +Mgh:EMVC + Mg2rc

m
Ve = J vaZ+2g(h—2rc) v = 14.694 —
S

V(:2 VC2
—Nc - Mg =-M — Nc = M|— | - Mg Nc = 16.825kN
rc rc

Since N¢ > 0 then the coaster successfully
passes through loop C.

*Problem 14-80

The roller-coaster car has mass M, including its passenger, and starts from the top of the hill A
with a speed v,. Determine the minimum height h of the hill crest so that the car travels around

both inside loops without leaving the track. Neglect friction, the mass of the wheels, and the size
of the car. What is the normal reaction on the car when the car is at B and when it is at C?

Units Used: kN = 103 N

Given:

m
M =800kg vp=0—

S
rg =10m

ft
rc=7m g:32.2—2
S

Solution: Check the loop at B first ~ We require that Ng =0
V|32
m
-Ng - Mg = -M| — VB =./Qr vg = 9.907 —
B g B B grs B S
1 2 1 2
Ta+Va=Tg+ VR EMVA +Mgh:EMVB + Mg2rg
V|32 - VA2
h=——+2rp h=25m
29

Now check the loop at C

1 2 1 2
Ta+Va=Tc+ V¢ EMVA +Mgh:EMVC + Mg2rc

m
Ve = \/ va? + 29(h — 2rc) Ve = 14.694 —
S
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2
Ng = M[—} ~ Mg Nc = 16.825 kN

rc

Since N¢ > 0 then the coaster successfully
passes through loop C.

Problem 14-81

The bob of mass M of a pendulum is fired from rest at position A by a spring which has a
stiffness k and is compressed a distance 6. Determine the speed of the bob and the tension in
the cord when the bob is at positions B and C. Point B is located on the path where the radius
of curvature is still r, i.e., just before the cord becomes horizontal.

Units Used: kN = 103 N
Given:
M = 0.75 kg
kN
k=6 —
m
o = 125 mm
r=06m
Solution:
At B:

1 1
O+Ek52:EMvB2+Mgr

szlﬁf—Zgr

1 1
O+Ek52 - E|\/|vC2+ M g3r

vczlﬁﬁz—Ggr

5 At s sesced X

m
vg = 10.6 —
S - ;
- ! —. My~
et I Ty ]
> —
L [\,_ A
Tg = 142 N
Mg M,
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VC2
TC:MZ—— Tc=487N
r

Problem 14-82

The spring has stiffness k and unstretched length L. If it is attached to the smooth collar of
weight W and the collar is released from rest at A, determine the speed of the collar just before it
strikes the end of the rod at B. Neglect the size of the collar.

Given:

2 ft

@
|
o
=
—
Il

b=4ft g=322—

Solution:

Tao+Va=Tg+Vp

O+W(a—f)+%k(\/a2+b2+d2—L)2:E(ZVJVB + — k(\/c +e +f )

2

:\/ZQ(a—f)+%u\/a2+b2+d2—L)2—( ®rel 4 ZJ VB—272—

Problem 14-83 — — )

Just for fun, two engineering students f PRRCRRARDRN] | JPRRDORRD SRORR DR

each of weight W, A and B, intend to jump
off the bridge from rest using an elastic
cord (bungee cord) having stiffness k.
They wish to just reach the surface of the
river, when A, attached to the cord, lets go
of B at the instant they touch the water.
Determine the proper unstretched length of
the cord to do the stunt, and calculate the
maximum acceleration of student A and
the maximum height he reaches above the
water after the rebound. From your
results, comment on the feasibility of
doing this stunt.

'S )
T | T L R,
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Given:
Ib
W = 150 Ib k =80 —
ft
Solution:

T1+V1=T2+ V2
1 2
0+0=0—2Wh+zk(h—L)

Ty KL
k

At the bottom, after A lets go of B

k(h—L) —W = (ﬂ)a
g

Maximum height

L = 90ft

To+ Vo =T3+V3 Guess

1 1
0+Ek(h—L)2:WH+Ek(H—h—L)2

kg
= —(h-=1L) -

H = 2h

Chapter 14

h = 120 ft

ft
{31:483—2 =15

S

Q | o

Given

H = Find(H)  H = 218.896 ft

a
This stunt should not be attempted since E = 15 (excessive) and the rebound height is

above the bridge!!

Problem 14-84

Two equal-length springs having stiffnesses k, and kg are “nested” together in order to form a

shock absorber. If a block of mass M is dropped from an at-rest position a distance h above
the top of the springs, determine their deformation when the block momentarily stops.

Given:
N =
ko =300~ M =2kg
m
h=06m
N m
kg = 200 — g =9.81 —
m S2
Solution:

T1+V1=T2+ V2
Guess o6 =01m

Given 0+Mgh:%(kA+kB)§2—Mgé

L]
% A
B— )

5 =Find(s) &=0.260m
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Problem 14-85

The bob of mass M of a pendulum is fired from rest at position A. If the spring is compressed to a
distance o and released, determine (a) its stiffness k so that the speed of the bob is zero when it
reaches point B, where the radius of curvature is still r, and (b) the stiffness k so that when the bob
reaches point C the tension in the cord is zero.

Units Used: kN = 103 N

Given: e
m
M = 0.75 kg g:9.81—2 )
S __f"
o=50mm r=06m 4 4y
Solution: ;
At B: / 5 J

o
3

AL C: - 91

2 Ak
vC
-Mg = —M(—j Ve =429r
2r
kN

L = Mg3r+ TMvc? k= Mlegr+vcd) k=1413—
2 2 2

Problem 14-86

The roller-coaster car has a speed v, vy

when it is at the crest of a vertical B

parabolic track. Determine the car’s ; :3 o

velocity and the normal force it N Y=h 0 -xb)

exerts on the track when it reaches

point B. Neglect friction and the , / , \

mass of the wheels. The total weight 1 ‘
|
|

of the car and the passengers is W. /
Given: A:|

W = 350 Ib b

200 ft j'

= = ————
o
-~

: | i |I"= h;\ |

200 ft = b F

ft
VAZJ.SZ h
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Solution:

2

X hx h
y(x) =h1-— y'(x) =-2 — y'(x) = -2 —

b’ [sz (sz

o = atan(y'(b)) pB =

2 ft
VB =./VA~ +2gh vg = 114.5—
S

2 2
w| vB w| VB

N — Wcos(dg) = —| — Ng = Wcos(6g) + —| — Ng = 29.11b
g\ prB g\ B

Problem 14-87

The Raptor is an outside loop roller coaster in which riders are belted into seats resembling ski-lift
chairs. Determine the minimum speed v, at which the cars should coast down from the top of the

hill, so that passengers can just make the loop without leaving contact with their seats. Neglect
friction, the size of the car and passenger, and assume each passenger and car has a mass m.

Solution:
W=
Datum at ground: l | 2
il
|
T1+V1=T2+ V2 _-----d
1 2 1 2 [
—mvg~ + mgh=—mv{~ + mg2p e
2 2 A
2
V] = \/VO + Zg(h — 2p) m )
_}.. l
Mg

2 ¥
V1
0

w=vo

Thus,

h

2 ]
go=Vvo +2gh-4gp L A

Vo = \/g(Sp— 2h)
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*Problem 14-88

The Raptor is an outside loop roller coaster in which riders are belted into seats resembling
ski-lift chairs. If the cars travel at v, when they are at the top of the hill, determine their speed

when they are at the top of the loop and the reaction of the passenger of mass M, on his seat at
this instant. The car has a mass M. Neglect friction and the size of the car and passenger.

Given:
Mp = 70 kg

MC = 50 kg

m
vo =4 —
S
h=12m

p=5m

_gg M
g =981 —
S

Solution:

1.2 1.2 2 m
EMVO +Mgh:EMv1 +Mg2p vy =, v  +2gh-4gp vy =7.432 —
S

V12 V12
Mpg+ N = Mp| — FN:Mp7— Fn =86.7 N

o,

Problem 14-89

[]
A block having a mass M is attached to four
springs. If each spring has a stiffness k and an ;
unstretched length &, determine the maximum |
downward vertical displacement s,,, of the
block if it is released from rest at s = 0. '
Units Used: kN = 103 N .

Given:

M = 20 kg

k=2—
m

I = 100 mm
o = 150 mm
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Solution:

Guess Smax = 100 mm
i 1 1 1
Given 4-k(1- 5% = ~Mgsmax + Z[Ek(l —5+ smax)z} ; Z[Ek(l _5- smax)z}

Smax = Find(smax) Smax = 49.0mm

Problem 14-90

The ball has weight W and is fixed to a rod having a negligible mass. If it is released from rest
when 8= 0°, determine the angle &at which the compressive force in the rod becomes zero.

Given:
W=151b
L=3ft
= 32.2 ft
g = oc >
S
Solution:
m
Guesses v=1— 6 =10deg
S
Given (W) 2 w2
WL =—|— |V +WLcos(9) —Wcos(e):— —
2\ g g \ L
v . ft
o Find(v, 6) vV =8.025— 0 = 48.2 deg
S

Problem 14-91

The ride at an amusement park consists of a A v#sm
gondola which is lifted to a height h at A. If |

it is released from rest and falls along the !
parabolic track, determine the speed at the |
instant y = d. Also determine the normal
reaction of the tracks on the gondola at this
instant. The gondola and passenger have a
total weight W. Neglect the effects of

friction.
i
Given: d
I ! = ' ¥
W = 500 Ib d =20 ft
h = 120 ft a = 260 ft

297



Engineering Mechanics - Dynamics

Solution:
x2 X
yx) =— Yy =2
a a

(1 y?)

PO =0

d(x) = atan(y'(x))

Guesses
X0 =11t wvp = 10%
Given
Wh = %(%)vf +wd
X2

vy | = Find(xz,VZ, FN)

2
y'(x) ==
a
FN =11b
d= y(xz)
Xp = 72.11t

Fn - Weos(6(xz)) = —

ft
vz = 802

Chapter 14

2

W| V2
g p(x)
Fn = 9521b

*Problem 14-92

The collar of weight W has a speed v at A. The attached spring has an unstretched length dand
a stiffness k. If the collar moves over the smooth rod, determine its speed when it reaches point
B, the normal force of the rod on the collar, and the rate of decrease in its speed.

Given:

W=2Ib o6=2ft

a=45ft k=10E
ft
ft
b=3ft g=322—2
S
ft
v=5—
S
Solution:
X2
yx) =al-—
b
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ax a ey 0¥
v o) - —2[—} v - —z(—zj oo = VY07

b2 b y" (X)

¢ = atan(y' (b)) pB = p(b)

ft ft

Guesses vg =1— FN =11b szl—2
s

S

Given g(ﬂ) 2y Y@ 6%+ wa- E(ﬂ) ve? + k(b - 5)?
2\ g 2 2\ g 2

2
FN + k(b - 5) sin(e) - Wcos(e) = ﬂ(vi}
9\ »B

(b - )cos(6) - Wsin(6) = @V-B

VB
. ft ft
FN | = Find(vg, FN,V'B) vg = 34.1— Fn=7841b v =-204—
S
V'B S

Problem 14-93

The collar of weight W is constrained to move on the smooth rod. It is attached to the three
springs which are unstretched at s = 0. If the collar is displaced a distance s =s; and

released from rest, determine its speed when s = 0.

Given:
Ib
W=20Ib kp=10—
ft
Ib
s1 =05ft kg =10 —
1 B ft
ft Ib
g =322— ke =30 —
2 ft
S
Solution:
1 2 1(W) 2
—(ka+kp+kc)s1” =—=| — |V
2(A B +kc)s1 2(9)
g ft
v = |—(ka + kg + kc)s v =449—
/W(A B +kc)s1 S
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Problem 14-94

A tank car is stopped by two spring bumpers A and B, having stiffness k, and kg

respectively. Bumper A is attached to the car, whereas bumper B is attached to the wall. If
the car has a weight W and is freely coasting at speed v, determine the maximum deflection

of each spring at the instant the bumpers stop the car.

Given:

Ib Ib
ka = 15x 10° — kg = 20x 10° —
ft ft

W=25x10"Ib v =3

o |=

Solution:

Guesses sp =11t sg=1ft

Given 1ﬂv2:1k52+1k52
2\ g c 2AA 2BB

kasa = ks
SA _ SA 0.516
= FInd(SA,SB) = ft
S S 0.387

Problem 14-95

If the mass of the earth is M,, show that the gravitational potential energy of a body of mass m
located a distance r from the center of the earth is V, = —GMym/r. Recall that the gravitational

force acting between the earth and the body is F = G(Mem/rz), Eq. 13—1. For the calculation,
locate the datum at r — o, Also, prove that F is a conservative force.

Solution:
r
—-GMegm -GMgm
V= — dr = QED
2 r
r
o0
-GMem -GMem
F-—Gradv=-dy-9d77¢"_ - QED
dr dr r 2
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*Problem 14-96

The double-spring bumper is used to stop the steel billet of weight W in the rolling mill.
Determine the maximum deflection of the plate A caused by the billet if it strikes the plate with
a speed v. Neglect the mass of the springs, rollers and the plates A and B.

Given: B
Ib
W = 1500 Ib kg :BOOOE |
||| |
ft I \'
Vv=_8-— ko = 4500 — |
S ft 2000909 a0 "3
Solution:
k1X1 = ko xo
1w vz—ikx2+1kx2
2\ g ) 111 5 2 X2

2

1(W) 2 1 (kixa
—|— = —kl X1 + k2

2\ g ko

2. 2

(W) 2 k1™ x1 2

— V" =k + X1

g ko

x1 = 0.235 m
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Problem 15-1

A block of weight W slides down an inclined plane of angle @ with initial velocity v,. Determine
the velocity of the block at time t, if the coefficient of kinetic friction between the block and the
plane is .

Given:
W=201Ib t1 =35

6 = 30 deg g = 0.25

ft ft
VOZZZ g=322—2

Solution:

t2
(\) valJer Fy dt = mvyp

t
0+ FNty —Weos(O)ty =0 Fn = Wcos(6) Fn = 17.321b
t2
() m(vyeg) + ZJ Fy dt = m(vyx2)
t

W . W
(E)VO + WSIH(H)t]_ - ukFNT = (E)V

Wvg + Wsin(@)tlg - ukFNT1 g
V =
W

ft
vV=294—
S

Problem 15-2

A ball of weight W is thrown in the direction shown with an initial speed v,. Determine the time

needed for it to reach its highest point B and the speed at which it is traveling at B. Use the principle
of impulse and momentum for the solution.

Given: B

W=2Ib 6 = 30 deg
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Solution:
wy) w vasin(6)
— |vasin(0) —wt=|— |0 t= —— t=0.280 s
g g
W W ft
E vAcos(e) +0= E Vy Vy = vAcos(e) Vg = 15.59;
Problem 15-3

A block of weight W is given an initial velocity v, up a smooth slope of angle €. Determine the

time it will take to travel up the slope before it stops.

Given:
W=5Ib
vo =10 —
S
0 = 45 deg
= 32.2 ft
g = oc >
S
Solution:
w . Vo
— vO—Wsm(H)t:O t=—
g gsin(6)

t=0.439 s

*Problem 15-4

The baseball has a horizontal speed v; when it is struck by the bat B. If it then travels away at

an angle @from the horizontal and reaches a maximum height h, measured from the height of
the bat, determine the magnitude of the net impulse of the bat on the ball. The ball has a mass
M. Neglect the weight of the ball during the time the bat strikes the ball.

Given:
M = 0.4 kg P
I
vi =35 —
h =50m T F
= lr'--\-\'
0 = 60 deg ;-'___Hk )
g =981 — l’
S W

303



Engineering Mechanics - Dynamics Chapter 15

Solution:

Guesses

m
Vo =20 — Impx =1N-s Impy =10 N-s

S
Given
1 . .
EM(VZ sm(é’))2 = Mgh —Mv1 + Impy = Mva cos(e) 0+ Impy = Mvp sm(e)
V2
Imp i d( | | ) 6.2 m Impy 21.2 \
= Find(vy, Impy, Im vy = 36.2 — = S
X 2> 1MPx. MPy 2 S Impy 125
Impy
Impy
= 24.7N-s
Impy
Problem 15-5

The choice of a seating material for moving vehicles depends upon its ability to resist shock and
vibration. From the data shown in the graphs, determine the impulses created by a falling weight
onto a sample of urethane foam and CONFOR foam.

Units Used: f F(N)
ms = 10 ° s ..
Given: . urethane
F1=03N tg =2ms T conFoR
F) =04N tp =4ms , :
F3=05N t3=7ms . \
F4 =08N t4 =10ms
Fs = 12N t5 = 14 ms — : r \1 { (ms)
Solution:
CONFOR foam:

1 1 1
Ic = Etl F3+ E(Fg + F4)(t3 - tl) + EF4(t5 - t3)
Ic = 6.55N-ms
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Urethane foam:
1 1 1 1
lu = Etz F1+ E(FE, + Fl)(tg - tz) + E(F5 + F2)(t4 - t3) + E(tS - t4)F2

ly =6.05N-ms

Problem 15-6

A man hits the golf ball of mass M such that it leaves the tee at angle &with the horizontal and
strikes the ground at the same elevation a distance d away. Determine the impulse of the club C
on the ball. Neglect the impulse caused by the ball’s weight while the club is striking the ball.

Given:
M = 50 gm
6 = 40 deg v,
d=20m
—981 1
g=98l—
S
Solution: First find the velocity v,

m
Guesses vi =1— t=1s
S

Given 0= (—79),[2 +V1 sin(@)t d=vq cos(@)t

t _ m
= Find(t,vy) t=185s  vi=1411 — I d "
V1 S

Impulse - Momentum

0+ Imp=Mvy Imp = Mvq Imp = 0.706 N-s

Problem 15-7

A solid-fueled rocket can be made using a fuel grain with either a hole (a), or starred cavity (b), in
the cross section. From experiment the engine thrust-time curves (T vs. t) for the same amount of
propellant using these geometries are shown. Determine the total impulse in both cases.

Given:
T1a=4|b t1a=3s

Tip=81Ib tip=6s
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Toa=61b tic=10s I (1)
Ty,
tha =85 top =10 //\\
/
rl # \_R
Solution: \

(E ..\1
Impulse is area under curve for hole cavity. ‘ \x

1 1
la = T1atia + E(Tla + T1b)(tab — t1a) + Ele(tlc ~ t1p)

I'ilb)

lq = 46.001b-s
For starred cavity: T, \
\
1
lb = Toatoa + - T2a(tzh — t2a) \

Ip = 54.00 Ib-s k @9 \

() I,

*Problem 15-8

During operation the breaker hammer develops on the concrete surface a force which is indicated in the
graph. To achieve this the spike S of weight W is fired from rest into the surface at speed v. Determine
the speed of the spike just after rebounding.

Given: F{10% b
' 112.5 |
|
W = 2 Ib L)[p
v = 200 ft 67.5
S
it 45
. [k 2 ¢ (ms)
Solution: 0 01 02 03 04

1 _ .
| = (E x 90 x 10° Ib)(OA 10°3) 1-18001bs At = 04x10 3 s
([ e-wa(3) &) :
— V+ 1 -Wat=| — V' V' = v+ | — | —gat V' =89.8—
g g W S
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Problem 15-9

The jet plane has a mass M and a horizontal velocity v, when t = 0. If both engines provide a
horizontal thrust which varies as shown in the graph, determine the plane’s velocity at time t,.
Neglect air resistance and the loss of fuel during the motion.

Units Used:
(kM)
Mg = 10° kg
KN = 10° N
Given: ;
F=a+M
M = 250 Mg
m 1{s)
vg = 100 —
S
tt =15s
a = 200 kN
kN
b=2—
2
S
Solution:
t1
MVO+J a+bt2 dt = Mvy
0
ty
1 2 m
Vi = Vo +— a+bt dt vy = 121.00 —
M 0 S

Problem 15-10

A man kicks the ball of mass M such
that it leaves the ground at angle @with
the horizontal and strikes the ground at
the same elevation a distance d away.
Determine the impulse of his foot F on
the ball. Neglect the impulse caused by
the ball’s weight while it’s being kicked.

Given:
M=200gm d=15m

m
6 = 30 deg g:9.81—2
S
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Solution: First find the velocity v,
Guesses va =1 — t=1s
S ¥
. -g).2 . C/{
Given 0= > t™+ vAsm(H)t d= vAcos(e)t R 4
u'

t _ m
= Flnd(t,vA) t=1335s va = 13.04 —
VA S

Impulse - Momentum

0+1=Mva | = Mva | = 2.61N:s

Problem 15-11

The particle P is acted upon by its weight W and forces F, = (ai + btj + ctk) and F, = dt?i. If the
particle originally has a velocity of v; = (vy,i+vy,i+vy,K), determine its speed after time t;.

Given: z
ft
W=31Ib g =322 -
“ S
VlX = 3 - a = 5 Ib
S
Fy={F,i+F,j+F k)b
ft Ib
Vly =1— b =2 —
S S
ft Ib
Vlz = 6 - C = 1—
S S
Ib Foz 1.0 ¥
t1=28 d=l—2 2-{ EL" P
S
. X
Solution:
1 1 t1
mV1+J (F1+F2—Wk)dt:mV2 V2:V1+—J (F1+F2—Wk)dt
0 mJo
ty
ft
Vox = Vix + %J a+ dt2 dt voy = 138.96 —
0 S
t
Voy = vy + gjlbtdt Vou = 43.93 1
2y = Viy + — 2y = 49.95 —
w 0 S
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t
o ft
Vo7 = Viz + — ct—Wdt Vo; = —36.93 —
W g S

ft
vy = JVZXZ + V2y2 + V222 vy = 150.34 —
S

*Problem 15-12 F

The twitch in a muscle of the arm develops
a force which can be measured as a
function of time as shown in the graph. If
the effective contraction of the muscle lasts
for a time t,, determine the impulse

developed by the muscle.

Solution:

t
"0 -t — 0
t
Fo (?)eT dt=Fo(-to-T)e = +TFg

I:J0

_tO
to) 1
I =FoT|1-|1+—]e

Problem 15-13

vertical force on a runner’s foot as he strikes e

From experiments, the time variation of the 4;{:\)
/)

and pushes off the ground is shown in the F b T
graph.These results are reported for a 1-1b

static load, i.e., in terms of unit weight. If a T
runner has weight W, determine the .
approximate vertical impulse he exerts on the

ground if the impulse occurs in time ts. F.l

Striking | Pushing off

Units Used: - .

_ . f,f" S
ms:lO?’s i '3 [ |

Given:

£ ) {ms)

W =175 1b Y. 4 '3 fals

t1 =25ms t=210ms
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tpo =50ms t3 = 125 ms

tg =200 ms tg = 210 ms
Fo =301Ib F1=151b

Solution:
1 1 1
Area = Etl Fq+ Fl(tz — '[1) + Fl(t4 — t2) + E(t5 - t4)F1 + E(FZ - Fl)(t4 — '[2)

w
Imp = AreaE Imp = 70.21b-s

Problem 15-14

As indicated by the derivation, the principle of impulse and momentum is valid for observers in
any inertial reference frame. Show that this is so, by considering the block of mass M which rests
on the smooth surface and is subjected to horizontal force F. If observer A is in a fixed frame x,
determine the final speed of the block at time t; if it has an initial speed v, measured from the fixed

frame. Compare the result with that obtained by an observer B, attached to the x' axis that moves
at constant velocity vy relative to A.

. A X
Given:
. x
= m —
M = 10 kg vo =52 -
S
F=6N
vg = 2 m
tl =4s B = S o
S
Solution: p-»!i
Observer A:
F m
Mvg + Ft1 = Mvia ViA = Vo + M t1 vip = 7.40 —
S
Observer B:
F m
M(VO - VB) + Ft; = Mvip VIB = Vo — VB + (M)tl ViB = 540 —
S

Note that  via = V1B + VB

Problem 15-15
The cabinet of weight W is subjected to the force F = a(bt+c). If the cabinet is initially moving up

the plane with velocity v, determine how long it will take before the cabinet comes to a stop. F
always acts parallel to the plane. Neglect the size of the rollers.
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Given:

ft
W=4Ib vp=10—
S

ft
a=21I g¢=322-
S

1
b =- 0 = 20 deg
S
C = 1 _.-J'”J'H
Solution: Guess t=10s Given
t
w . .
(—)vo +J albr+¢) dzr— Wsin(9)t = 0 t = Find(t)  t=-0.069256619 s
9 0

*Problem 15-16

If it takes time t; for the tugboat of mass m; to increase its speed uniformly to v, starting from

rest, determine the force of the rope on the tugboat. The propeller provides the propulsion force
F which gives the tugboat forward motion, whereas the barge moves freely. Also, determine the
force F acting on the tugboat. The barge has mass of mj,

Units Used:
Mg = 1000 kg
KN = 10° N
Given:
tt =35s
my = 50 Mg
vi =25 km
1= hr
mp = 75 Mg
Solution:

The barge alone

Mp V1
0+ Tty = mpvy T=— T = 14.88kN
1
The barge and the tug
(m¢ + mp)va
0+ Fty = (mg+ mp)vy F=— F = 24.80kN
1
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Problem 15-17

When the ball of weight W is fired, it leaves the ground at an angle &from the horizontal and strikes
the ground at the same elevation a distance d away. Determine the impulse given to the ball.

Given:
W =041b /
d = 130 ft d
P
£y 8
6 = 40 deg A
= 32.2 ft
g = o 2 ) o
Solution: s T N
L I 1
Guesses vo =1— t=1s Imp =11lbs d
S
. -1 . W
Given Vo cos(e)t =d 7gt2 + Vo sm(@)t =0 Imp = (—)vo
g
Vo
. ft
t | = Find(vg,t, Imp) Vp=652—  t=26s  Imp=0810lbs
S
Imp

Problem 15-18

The uniform beam has weight W. Determine the average tension in each of the two cables AB
and AC if the beam is given an upward speed v in time t starting from rest. Neglect the mass of
the cables.

Units Used:

kip = 10° Ib Ap P

Given: A

fr
W= 50001 g =322~ /“j\k

|‘ a 'I‘ o "
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Solution:

O—Wt+2(

b Fapt (ij
———— |Fapt=| —
\/ a2 + b2 g

2 2

w b

Fag = | —v+wt|[ Y2 2 FaB = 3.64kip
g 2bt

Problem 15-19

The block of mass M is moving downward at speed v, when it is a distance h from the sandy

surface. Determine the impulse of the sand on the block necessary to stop its motion. Neglect
the distance the block dents into the sand and assume the block does not rebound. Neglect the
weight of the block during the impact with the sand.

Given:
M = 5 kg l
__D )
m
Vi =2 —
S
h=8m
h
- 981 1
g=>9 >
S
Solution:
. [ 2 m
Just before impact vo =.,/v1" +2gh vo = 12.69 —
s
Collision  Mvo —1=0 I =Mvy I = 63.4N-s

*Problem 15-20

The block of mass M is falling downward at speed v; B [:| l "

when it is a distance h from the sandy surface. Determine
the average impulsive force acting on the block by the sand
if the motion of the block is stopped in time At once the
block strikes the sand. Neglect the distance the block dents
into the sand and assume the block does not rebound.
Neglect the weight of the block during the impact with the
sand.
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Given:
M = 5 kg
m
vi=2— h=8m
s
m
At =09 s g:9.81—2
S
Solution:
. [ 2 m
Just before impact vo =.[v1" +2gh vo = 12.69 —
S
. Mva
Collision Mvy —FAt =0 F = e F=705N

Problem 15-21

A crate of mass M rests against a stop block s, which prevents the crate from moving down
the plane. If the coefficients of static and kinetic friction between the plane and the crate are s

and g4 respectively, determine the time needed for the force F to give the crate a speed v up

the plane. The force always acts parallel to the plane and has a magnitude of F = at. Hint: First
determine the time needed to overcome static friction and start the crate moving.

Given:
m
M = 50 kg 6 = 30 deg g:9.81—2
S
m
V = 2 _— /JS = 03
S
N =
a=300~ Hk=02
S
Solution:

Guesses t1 =1s Nc =1N tp=1s
Given Nc - Mgcos(e) =0

aty — usNc - Mgsin(@) =0

t2 ' -f"‘-.(
J (at - Mgsin(e) - ,uch) dt=Myv ‘1 =

tz | = Find(t1,t2,Nc) t1 =124 s th=1.93 s
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Problem 15-22

The block of weight W has an initial velocity v, in the direction shown. If a force F = {f;i + f,j} acts
on the block for time t, determine the final speed of the block. Neglect friction.

Given:
W=2Ib a=2ft f{=051Ib

ft
vi=10— b=2ft fp =021b

S
ft
g:32.2—2 c=5ft t=5s
S
Solution:
b AT v i
6 = atan e
c—a P ¥
ft ft
Guesses voy = 1 — voy =1 —
S S
Given

Or mE ) g
() ety (2]-(247)1

Problem 15-23

The tennis ball has a horizontal speed v; when it is struck by the racket. If it then travels away

at angle &from the horizontal and reaches maximum altitude h, measured from the height of the
racket, determine the magnitude of the net impulse of the racket on the ball. The ball has mass
M. Neglect the weight of the ball during the time the racket strikes the ball.

Given:
vi = 15 m
1= S 7 /
Xad

0 = 25 deg = //“ ¥
T e i

h=10m iR @ A !
i g .‘1|I_I -

M = 180 gm A

— 981 = vy
g =981 —
s
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: . . 2gh
Solution: Free flight vy sm(e) =4/2gh Vo = — (g vp = 33.14 m
sin S

NP

Impulse - momentum

~Mvq + Iy = Mvy cos(6) Ix = M(v2cos(6) +vq) Iy = 8.11N-s

0+ ly = Mvasin(6)

= 1+ 1 | = 8.49N-s

= Mvsysin(6) ly = 252N-s

=
|

*Problem 15-24

The slider block of mass M is moving to the right with speed v when it is acted upon by the
forces F, and F,. If these loadings vary in the manner shown on the graph, determine the speed

of the block at t = t;. Neglect friction and the mass of the pulleys and cords.

Given:
M = 40 kg o)
m B "
v=15—
S
t3 =65
F
tp =4s
F,
t1 =2s Fyr
F1
P71 = 10N Filr
P, =20 N Fyr
P3 =30 N P
1 1 Il:l:".:l
Py = 40N 0 f iy N
Solution: The impulses acting on the block are found from the areas under the graph.
I = 4|:P3 to + Pl(t3 - tg)] - |:P1t1 + P2(t2 - tl) + P4(t3 - tg)]
I m
Mv+1=Mv3 V3 = V+ — vz = 12.00 —
M S
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Problem 15-25

Determine the velocities of blocks A and B at time t after they are released from rest. Neglect
the mass of the pulleys and cables.

Given:
Wa=21Ib
AR A AR
Ty
Wg =41Ib
B ¥ i I\H\_-Jf_\ k]’i
t = 2 S —L—; b d
R
ft | |
g =322 — ALl
2
S
Solution:
2sp+2sg =L n
VA = —VB

Block A 0+ (2T - Wa)t = FvA
BlockB 0+ (2T - Wp)t = F(—VA)

Combining (W — Wa)t = (—

Problem 15-26

The package of mass M is released from rest at A. It slides down the smooth plane which is
inclined at angle @onto the rough surface having a coefficient of kinetic friction of 4. Determine

the total time of travel before the package stops sliding. Neglect the size of the package.
Given: A

M = 5 kg h=3m

m h
0 =30deg g =0981—

uk = 0.2
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Solution:
m Vi
On the slope vi =+/2gh vy =7.67 — t] = ——= t1 =156 s
S gsm(é’)
Vi
On the flat Mvy — uxkMgty =0 thp = — tp =391 s
Hkg

t=t1+1 t=547s

Chapter 15

Problem 15-27

Block A has weight W, and block B has weight Wg. If B is moving downward with a velocity
Vg at t = 0, determine the velocity of A when t = t;. Assume that block A slides smoothly.

Given: T,
A
Wp =101b g
Ak ! ity
Wg =31b . o=
ft .
vgg = 3 — S
S 4 1
tl =1s _(_,.-"I
s
ft |
g=322— _
32 WH
: ft
Solution: sp+2sg=1L VA = —2VB Guess vaj =1 — T=11b
S
Given
Wa Wa
g g
-Wp -Wg\( va1
Block B (—jVBO + 2Tty —Wgty = [_j(T
g g

VAL ft
( j = Find(va1,T) T=140lb  vpp =10.49—
T S
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*Problem 15-28

Block A has weight W, and block B has weight Wg. If B is moving downward with a velocity
vg; att = 0, determine the velocity of A when t = t;. The coefficient of kinetic friction
between the horizontal plane and block A is 4.

Given:
Wa =101b A il i
Sy
W _ 3 Ib 5 Jl. - | S
B Bl ﬁ [ C S
ft
VBl =3 — S
I 1
uk = 0.15 ) M
= B
t1 =1s L
ft
g=322— E
2
S
: ft
Solution: sp+2sg=1L VA = —2VB Guess vpp =1 — T=11b
S
Given

Wa Wa
Block A — |2vp1 + Ttg — uxWaty = | — |va2
9 g9

-Wpg -Wg(va2
Block B (_jVBl + 2Tt — Wty = —[T
g g

VA2 . ft
( j = Find(va2,T) T=150lb  vap =6.00—
T S

Problem 15-29
A jet plane having a mass M takes off from an aircraft carrier such that the engine thrust varies as
shown by the graph. If the carrier is traveling forward with a speed v, determine the plane’s airspeed
after time t.
Units Used:

Mg = 10° kg

KN = 10° N
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Given: F(kN)

M=7Mg t{=2s v

km . a—
V=40- =55 e
hr

Fi1 =5kN t=5s £
Fo = 15 kN _

Solution:
The impulse exerted on the plane is equal -
to the area under the graph. =

1 1
Mv + EFltl + E(Fl + Fz)(tz - tl) =Mvp

1
V] = V+ ml:':ltl + (F]_ + Fg)(tz - t]_)] vi1 = 16.11 %

Chapter 15

s}

Problem 15-30

The motor pulls on the cable at A with a force F = a + bt2. If the crate of weight W is originally at rest
at t = 0, determine its speed at time t = t,. Neglect the mass of the cable and pulleys. Hint: First find

the time needed to begin lifting the crate.

Given:
W =171b '.
a=301Ib
ki il
Ib
b=1—
2
S
tp =45
2 F
Solution:
1 2 T |
—(a+bt;"]-W=0
~(a+bu?)
2W - a
t1 = b t1 =2.00 s

t1

1 t2 W t2 ft
2 g 2

- a+bttdt—W(to —t1)=|— |v Vo = — a+bttdt—g(ty -t vo = 10.10 —

24[ (2 1) ( ) 2 2 2WJ 9(2 1) 2 S
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Problem 15-31

The log has mass M and rests on the ground for which the coefficients of static and kinetic
friction are x4 and g4 respectively. The winch delivers a horizontal towing force T to its cable at A

which varies as shown in the graph. Determine the speed of the log when t = t,. Originally the
tension in the cable is zero. Hint: First determine the force needed to begin moving the log.

Given: T (N)

M =500kg t; =3s
T,

=T H
us = 05 T1 = 1800 N L
m 5
Lk = 0.4 g - 081 = 3 Fs)
S
tp =5s
Solution:
2
: . to usMg
To begin motion we need 2T — | = usMg to = t1 tgp=248s
t 2 2Tq
1
Impulse - Momentum
t
1 2
0+ J 2T, (t—) dt + 2T1(t2 - '[1) - ukM g(t2 - to) =Mvy
1
to
t
! 2
T dt + 2T1(t2 - t1) — s Mg(t2 - o) m
VZ_MJ Uy 1tz - t1) — mMglt2 - o vy =765 0
S
to

*Problem 15-32

A railroad car having mass m; is coasting with speed v, on a horizontal track. At the same time
another car having mass m, is coasting with speed v, in the opposite direction. If the cars meet

and couple together, determine the speed of both cars just after the coupling. Find the difference
between the total Kinetic energy before and after coupling has occurred, and explain qualitatively
what happened to this energy.

Units used: Mg = 103 kg kJ-= 103 J

Given: m1 = 15 Mg mp = 12 Mg
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vi =15 — vp =075 —
S
Solution:
miviy —mav2 m
m1v1—m2v2:(m1+m2)v V=——-—""-— v=050 —
mq + my S
1 1
Ty = Smy v+ Sme e Ty = 20.25k]
1 2
Ty = E(ml + mg)v T2 = 3.38kJ
AT =To-Tq AT = -16.88kJ

~AT 100 - 8333 % loss
T1

The energy is dissipated as noise, shock, and heat during the coupling.

Problem 15-33

Car A has weight W, and is traveling to the right at speed v, Meanwhile car B of weight Wy is
traveling at speed vg to the left. If the cars crash head-on and become entangled, determine their
common velocity just after the collision. Assume that the brakes are not applied during collision.

Given:
A ]
Wp = 4500 Ib Wpg = 3000 Ib
ft ft ]
VA = 33— VB = 6 — s
S S g b
= 32.2 ft
g =322~
S
. Wa Wp Wa + Wp Wava —Wgvg ft
Solution: —lva-|—|vg=| ——|v Vs ———— v=-0.60—
g g g Wa + Wp s

Problem 15-34

The bus B has weight Wg and is traveling to the right at speed vg. Meanwhile car A of weight W, is
traveling at speed v, to the left. If the vehicles crash head-on and become entangled, determine their
common velocity just after the collision. Assume that the vehicles are free to roll during collision.
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Given:
ft
Wg = 15000 Ib vg =5 =
Wa = 3000 Ib v
=
VA = 4E f ] a
| ¥ - _
o =0 %
g =322~ 80,0 SR o WillS DT
S
Solution:
Wp Wa Wp + Wp Wgvg — Wava ft
— g |—lva=|——|v Ve ———~ 7 v=2350—
g g g Wp + Wp s

Positive means to the right,
negative means to the left.

Problem 15-35

The cart has mass M and rolls freely down the slope. When it reaches the bottom, a spring
loaded gun fires a ball of mass M, out the back with a horizontal velocity v, measured relative

to the cart. Determine the final velocity of the cart.

Given: {
e
M = 3 kg h=125m i
= m
M1 = 0.5 kg g =981 — /
Vb — O 6 m 32 4 5]
ER v y
Solution: = g = o
- - __,--‘j
vi =+/2gh '

(M +Mg)vy = My + My(ve — Vi)

M1
Ve = V1 + Y
C 1 M + My bc

m
Ve = 5.04 ?
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*Problem 15-36

Two men A and B, each having weight W, stand on the cart of weight W_. Each runs with speed v

measured relative to the cart. Determine the final speed of the cart if (a) A runs and jumps off, then
B runs and jumps off the same end, and (b) both run at the same time and jump off at the same time.
Neglect the mass of the wheels and assume the jumps are made horizontally.

Given:
Wy = 160 Ib A
WC = 200 Ib
ft
vV=3—
S
ft
g =322 — ©)] @]
2
S
. Wm We
Solution: My = — Mg = —
g g
(@) A jumps first
MmV ft
0= —mm(v - vc) + (mm + mc)vcl Vgl = ———— Vg1 = 0.923 —
Me + 2Mpy S
And then B jumps
MmV + (Mm + me)ver ft
(mm + mc)vcl = —mm(v — vcg) + Mc V2 Vo2 = e Vo2 = 2.26;
m C
(b) Both men jump at the same time
2mmV ft
0= —2mm(v - VC3) + McVe3 Vg3 = Py Ve3 = 1.85—
Mm + Mg S

Problem 15-37

A box of weight W/ slides from

rest down the smooth ramp onto
the surface of a cart of weight W,,.

Determine the speed of the box at
the instant it stops sliding on the
cart. If someone ties the cart to the
ramp at B, determine the horizontal
impulse the box will exert at C in
order to stop its motion. Neglect

friction on the ramp and neglect the |
size of the box. ﬁ
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Given:
ft
W1 =401b Wy =20 1b h =15 ft g:32.2—2
S
Solution:
v1 =+/2gh
W1 W1 + Ws W1 ft
—vy=|———|v Vo = | —— |v vy = 20.7—
g 1 g 2 2 Wi + Wo 1 2 3
W1 W1
—ivi—-Imp=0 Imp = | — (V1 Imp = 38.61b-s
g g
Problem 15-38
A boy of weight W, walks forward over the surface of
the cart of weight W, with a constant speed v relative to
the cart. Determine the cart’s speed and its displacement
at the moment he is about to step off. Neglect the mass .
of the wheels and assume the cart and boy are originally )
at rest.
Given: :
ft
W1 =1001b Wy =601Ib v=3-— d==6ft
S
Solution:
W1 W2 W1 ft
0=|— (vc+v)+ — V¢ Vg = ———V Ve = -1.88—
g g W1 +Ws S

Assuming that the boy walks the distance d

d
t = - SC = Vct SC = —375ft
Vv

Problem 15-39
The barge B has weight Wy and supports an automobile weighing W,. If the barge is not tied to the

pier P and someone drives the automobile to the other side of the barge for unloading, determine how
far the barge moves away from the pier. Neglect the resistance of the water.
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Given:
Wpg = 30000 Ib = o o
W4 = 3000 Ib
I“
- LIITIIITIITIT Tl 2 @ & =
= 32.2 ft — =
g = oL >
S
Solution:
Wg Wy
mg = — Mg = —
g g

v is the velocity of the car relative to the barge. The answer is independent of the
acceleration so we will do the problem for a constant speed.

—-mgV
mBVB+ma(v+vB):0 Vg = ————
mp + Mg
d Mg d
t=— sg = —vgt sg = ——— sg = 18.18ft
v my + Mg

*Problem 15-40

A bullet of weight W, traveling at speed v, strikes the wooden block of weight W, and exits the
other side at speed v, as shown. Determine the speed of the block just after the bullet exits the

block, and also determine how far the block slides before it stops. The coefficient of kinetic
friction between the block and the surface is .

Given:
W1 =003Ib a=3ft A
. - 1 '_",..,’ ~h
Wo—10lp P=4T 4 ‘Eg N e
ﬁ C = 5 ft T =
v1 = 1300 — W,
S d=12ft
t i
vy = 50 3 Ltk = 0.5
Solution: N
¥
— V1 =|——|VB — V2
N
02 + d2 g a2 + b2
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Wq vid

Chapter 15

vo b

VB

:W—2

2

[\/Cz+d2_\/az+bZJ

1( W2
%27 - g -0

ft
VB = 3.48 z

2
VB

= d = 0.38ft
29k

d

Problem 15-41

A bullet of weight W, traveling at v, strikes the wooden block of weight W, and exits the other side at
v, as shown. Determine the speed of the block just after the bullet exits the block. Also, determine the

average normal force on the block if the bullet passes through it in time A4t, and the time the block
slides before it stops. The coefficient of kinetic friction between the block and the surface is 4.

Units Used: ms =10 s
Given: a;, ;
71 s -
Wi =0031b a=3ft f"}‘ =z
Wy =10 Ib b=4ft [ 9‘
uk = 0.5 c=5"ft
At =1 ms d =12 ft
ft
vi = 1300 — vo = 50 —
S S
Solution:
W,
le d W2V . le b
— V| YVF/— | T VBT V2| T —
g c2 + d2 g g a2 + b2 l
W1 v1d vo b ft
VB = W_ - VB = 3.48 — LN
2 \/c2 + d2 \/a2 + b2 * k
_le ¢ + (N w )At le 8 N
1 - W2 = V2] —T/—
g \ c2 + d2 g a2 + b2
W1 voa vicC
= — + +W» N = 503.791b
o [27 7 d
Wo VB
— |vg — uxkWot=20 t=— t=022s
g gk
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Problem 15-42

The man M has weight W), and jumps onto the boat B which has weight Wg. If he has a

horizontal component of velocity v relative to the boat, just before he enters the boat, and the
boat is traveling at speed vg away from the pier when he makes the jump, determine the resulting

velocity of the man and boat.

Given:
W = 150 Ib _Lon
S
Wpg = 200 Ib
= 32.2 E
v =3 E v 2
= S
S
Solution:
Wm Wg Wpm + Wp
—(v + VB) +—VB = v
g g g

WpmV + (WM + WB)VB
Vo=
Wnm + Wp S

Problem 15-43

The man M has weight W), and jumps onto the boat B which is originally at rest. If he has a horizontal

component of velocity v just before he enters the boat, determine the weight of the boat if it has
velocity v' once the man enters it.

Given:
Wp = 150 Ib
ft
V=3—
S
ft
V' =2 —
S
ft
=322 —
g=3 >
S
Solution:
W Wnm + Wp V-V
— V= — |V Wg = — (Wm Wpg = 75.00 b
g g v
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*Problem 15-44

A boy A having weight W, and a girl B having weight Wg stand motionless at the ends of the
toboggan, which has weight W,. If A walks to B and stops, and both walk back together to the

original position of A (both positions measured on the toboggan), determine the final position of
the toboggan just after the motion stops. Neglect friction.

Given:
?
Wa = 80 Ib ﬁ\
Wg = 65 Ib
N
Wi =20 1b ] B
- “l' -
d=4ft
Solution: The center of mass doesn’t move during the motion since there is no friction and
therefore no net horizontal force
Wgd
Wgd = (Wa + Wg + Wy)d' d=— d' = 1.581t
Wa + W + Wi

Problem 15-45

The projectile of weight W is fired from ground level with initial velocity v, in the direction

shown. When it reaches its highest point B it explodes into two fragments of weight W/2. If one
fragment travels vertically upward at speed v;, determine the distance between the fragments

after they strike the ground. Neglect the size of the gun.

Given:
W =101Ib B
va = 80 — - ';
vy =12 = f'f;
6 = 60 deg
g =322 — :

Solution: At the top V = va cos(@)
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. W W
Explosion (—)v =0+ (—)vz)(
g9 29
0= w V] — w v
“l2g)t \2g)¥

(VA sin(&))2
29

Kinematics h =

Given 0= (—79),[2 —voyt+h

h = 7453t

Find (t)

= V2Xt

Chapter 15

fit
Vax = 80.00

ft

Guess

t=1s

t=181s

d = 14491t

Problem 15-46

The projectile of weight W is fired from ground level with an initial velocity v, in the direction

shown. When it reaches its highest point B it explodes into two fragments of weight W/2. If
one fragment is seen to travel vertically upward, and after they fall they are a distance d apart,
determine the speed of each fragment just after the explosion. Neglect the size of the gun.

Given:
W =101b 6 = 60 deg
ft
va = 80 — g:32.2—2
S
d = 150 ft
Solution:
(vAsin(e))2
= 2
Guesses
ft ft
vi =1— voy =1 —
S S
i w
Given (—)vA cos(e) = (—)VZX
29
d = V2Xt

V2y:1

w |2

H

O—ﬂv+ﬂv
“\2g)t 29 )

1 2
0=h—-—gt + voyt
29 2y
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V1
V1 9.56
V2x . ft
= Find(v1,vox. vy, 1) t=187s vox | = 80.00 |—
Vo S
t
ft V2x ft
v = 9.56 — = 80.57—

Problem 15-47

The winch on the back of the jeep A is turned on and pulls in the tow rope at speed v,g. If
both the car B of mass Mg and the jeep A of mass M, are free to roll, determine their velocities
at the instant they meet. If the rope is of length L, how long will this take?

Units Used:
Mg = 10° kg
Given:
m
MA = 25 Mg Vre' = 2 —
S
Mg =125Mg L=5m
Solution:
m m
Guess va =1 — vg =1—
S S
VA
Given 0 = Mava + Mgvp VA — VB = Vel = Find(vA,vB)
VB
L VA 0.67 \ m
t=— t=250s = —
Vrel VB -1.33 S
*Problem 15-48 -

The block of mass M, is held at rest on the

smooth inclined plane by the stop block at A.
If the bullet of mass M, is traveling at speed
v when it becomes embedded in the block of
mass M, determine the distance the block

will slide up along the plane before
momentarily stopping.
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Given:
Ma =10kg  _ 390
S
Mp = 10 gm
6 = 30 deg
Mc = 10 kg
Solution:

Conservation of Linear Momentum: If we consider the block and the bullet as a system,
then from the FBD, the impulsive force F caused by the impact is internal to the system.
Therefore, it will cancel out. Also, the weight of the bullet and the block are nonimpulsive
forces. As the result, linear momentum is conserved along the x axis

MbeX = (Mb + Ma)VX

Mpvcos(6) = (Mp + Ma)vy

cos(&) m
Vw = Mp V| ——— vy = 0.2595 —
Mb + Ma S

Conservation of Energy: The datum is set at the block’s initial position. When the block and
the embedded bullet are at their highest point they are a distance h above the datum. Their
gravitational potential energy is (M, + Mp)gh. Applying Eq. 14-21, we have

0+%(|v|a+ Mp) vy = 0+ (Mg + Mp)gh P
,,f
Mz - z
1 [VXZJ bt | /
h=—-|— h = 3.43mm P
2\ 9 0, j
i | ¥ F
d=— d = 6.86 mm e
sin(6) I/"‘H

Problem 15-49

A tugboat T having mass my is tied to a barge B having mass mg. If the rope is “elastic” such that it

has stiffness k, determine the maximum stretch in the rope during the initial towing. Originally both
the tugboat and barge are moving in the same direction with speeds vy, and vg, respectively. Neglect

the resistance of the water.
Units Used:

Mg = 10° kg kN = 10° N
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Given:
km
mT:19 Mg VBl :10_
hr
km
mB:75 Mg VT1:15—
hr
kN m =
k=600 — g=98—
m 32

Solution:
At maximum stretch the velocities are the same.
Guesses V) =1 — o=1m

Given

momentum  MTVT1 + MBVRL = (m-|- + mB)VZ

1 2 1 2 1 2 1 52
energy EmTVTl + EmBVBl = E(mT + mB) Vo + Ek
V2 . km
= Find(v2, 8) Vo = 11.01— §=0221m
P hr

Problem 15-50

The free-rolling ramp has a weight W,. The crate, whose weight is W, slides a distance d from

rest at A, down the ramp to B. Determine the ramp’s speed when the crate reaches B. Assume
that the ramp is smooth, and neglect the mass of the wheels.

Given:

Wr=1201b a=3 , A

~ #
WC:8OIb b_4 :n'l @/’;
d =15 ft i :

g =322 Ez A /

S . -
Solution: \
a ; . .
0 = atan(—) : ] &
b
ft ft
Guesses Vp=1— vg=1—
S S
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Given
. 1(Wr) 2 1(We 2 Y
chsm(a) = E(Fj Vr + E(?j[(vr - vcrcos(a)) + (vcrsm(a)) }
W W
0= [—r)vr + (—Cj(vr - Ver cos(e))
g g
Vr . ft ft
= Flnd(Vr,Vcr) Vcr = 279_ Vr = 893_
Ver S S

Problem 15-51

The free-rolling ramp has a weight W,. If the crate, whose weight is W, is released from rest
at A, determine the distance the ramp moves when the crate slides a distance d down the ramp
and reaches the bottom B.

Given:

Wy =1201b a=3 A

We-81b P°=4 e v
q d=151t SN
g=322— . -
B A

Solution: kY o
a ]I; .f-.
6 = atan E @ &

Momentum

Wr WC WC
F Vr + ? (Vr — Ver COS( 9)) Vr = m COS(Q)VCT
Integrate

W
Sr = _° cos(e)d sp = 4.80ft
WC + Wr

0

*Problem 15-52

The boy B jumps off the canoe at A with a velocity vg, relative to the canoe as shown. If he

lands in the second canoe C, determine the final speed of both canoes after the motion. Each
canoe has a mass M. The boy’s mass is Mg, and the girl D has a mass Mp. Both canoes are

originally at rest.
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Given:
Mc = 40 kg
Mg = 30 kg
Mp = 25 kg
m
VBA =5 —
S
0 = 30 deg
Solution:
m
Guesses vpa =1 —

- Dynamics

m
ve =1—
S

Given 0 = Mcva + MB(VA + vBAcos(e))

MB(VA + VBACOS(H)) = (MC + Mp + MD)VC

vc

(VA] = Find(va, vc)

VA -1.86\ m
Ve L 078 ) s

A

Chapter 15

Problem 15-53

The free-rolling ramp has a mass M,. A crate of mass M, is released from rest at A and slides
down d to point B. If the surface of the ramp is smooth, determine the ramp’s speed when the

crate reaches B. Also, what is the velocity of the crate?

Given:
My = 40 kg
Mc = 10 kg
d=35m
0 = 30 deg
_ 981 2
g=29 >
S
Solution:
m
Guesses Ve =1—
S
Given

0+ Mcgdsin(e)

m
Vr:]._
S

—le2+le
—ch 2rr

335
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(vr + Ver cos(é’))2 + (Vcr sin(é’))2 = vcz

0= MrVr + MC(Vr + VchOS(H))

_ m Vr -1.101
vr | = Flnd(vc,vr,vcr) Ver = 6.36 < y = i
C .

|3

Problem 15-54

Blocks A and B have masses m, and mg respectively. They are placed on a smooth surface and the

spring connected between them is stretched a distance d. If they are released from rest, determine
the speeds of both blocks the instant the spring becomes unstretched.

Given:
k

ma=40ky d=2m l X i
#

N
mg = 60 kg kZISOE

. m m .
Solution: Guesses  vp =1 — vg = -1— Given
s s
momentum 0 = mava + mgvp
1 2 1 2 1 2
energy Ekd = EmAVA +EmBVB

(et (222

Problem 15-55

m|3

Block A has a mass M, and is sliding on a rough horizontal surface with a velocity v,; when it
makes a direct collision with block B, which has a mass Mg and is originally at rest. If the

collision is perfectly elastic, determine the velocity of each block just after collision and the
distance between the blocks when they stop sliding. The coefficient of kinetic friction
between the blocks and the plane is z4.

Given:

m
Ma =3kg g=0981— ¥a

Mg =2kg e=1 A B |

m
var =2 —  puk =03
S
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Solution:

Guesess
m m
vap = 3 — vg2 =5 — dp=1m
S S

Given ) )
VB2 — VA2
Maval = Mava2 + Mpvg2 eVA1 = VB2 — VA2 dp = W

VA2

) VA2 040\ m
VB2 | = Flnd(vAz,ng,dg) Ve = i) & do> = 0.951 m
do .

*Problem 15-56

Disks A and B have masses M, and Mg respectively. If they have the velocities shown,
determine their velocities just after direct central impact.

Given:

Ma = 2 kg val = 2

Mg = 4 kg Vg1 =5

m|3 m|3

e =04 A

e |

. m m
Solution: Guesses vap =1 — vg2 =1 —
s s

Given Maval — Mgvg1 = Mava2 + Mgvg2

e(VA1 + VB1) = VB2 — VA2

VA2 i d( ) VA2 —4.53
= Find(vao,V =
VB2 Az B2 VB2 -1.73

Problem 15-57

cn|3

The three balls each have weight W and have
a coefficient of restitution e. If ball A is
released from rest and strikes ball B and then
ball B strikes ball C, determine the velocity of \ el

each ball after the second collision has ‘-.R '

occurred. The balls slide without friction. N ol Y,

Given:
W=05Ilb r=3ft
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ft
e = 0.85 g=322—

2
S
Solution:
va =4/ 29r
Guesses
ft ft ft ft
va =1 — vg' =1 — vgr =1 — ver =1 —
S S S S
Given

(3= (5)

—|va =|— |va'+ | — |vB' eva = VB' — VA'

g g g

(5o
—|vg'=|—|vg"+|—|vc" evp =vc'—vp"
g g g

VA
VA 1.04
VB’ _ ft
= Find (VA- ,VB',VB", vC--) vgr | =| 096 |[—
vg" S
Ve

Problem 15-58

The ball A of weight W, is thrown so that when it strikes the block B of weight Wy it is

traveling horizontally at speed v. If the coefficient of restitution between A and B is e, and the
coefficient of kinetic friction between the plane and the block is g4, determine the time before

block B stops sliding.
Given:

Wa=1Ilb =04

ft
Wg =101Ib v =20—
S Y
_322 8 e o6 =)
g - . _2 e = . I'kil:__:_-'l"L l‘.‘
S : -
Solution:
ft ft
Guesses var =1 — vgy =1 — t=1s
S S
. Wa Wa Wp
Given — |Vv=|—|va2 +| — |VB? eV = VB2 — Va2
g g g
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Wg
R vB2 — ukWpt =10

VA2
Find( t) 2 (o0t t=023
v, = Find(va2, VB2, = — =0.23s
B2 Az, B2 Vg2 201 ) s
t

Problem 15-59

The ball A of weight W, is thrown so that when it strikes the block B of weight Wy it is

traveling horizontally at speed v. If the coefficient of restitution between A and B is e, and the
coefficient of kinetic friction between the plane and the block is g4, determine the distance

block B slides before stopping.
Given:

Wa=1Ilb =04

ft
Wg =101Ib v =20 —
S e
= 32.2 ft = 0.6 o
g - . _2 e=~0 I'\,il'__"_l_.-'-fl 5]
S
Solution:
ft ft
Guesses vao =1 — vg =1 — d=1ft
S S
. Wa Wa Wp
Given — |Vv=|—|va2 +| — |VB? eV = VB2 — Va2
g g g
1( W 2
5(_j vB2 - ukWpd =0
g
VA2
Find( d) e[k d = 033ft
v = Find(va2,vgB2, = — =0.
B2 A2, VB2 veo 201 1S

d

Problem 15-60

The ball A of weight W, is thrown so that when it strikes the block B of weight Wy it is

traveling horizontally at speed v. Determine the average normal force exerted between A and B
if the impact occurs in time At. The coefficient of restitution between A and B is e.

Given:
Wa=1Ilb =04
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Wg =101Ib v =20—
S
ft
g=322— e=06
32 —
A
At =002 s & B
Solution: TR e DT Y VT
ft ft
Guesses va2 =1 — vz =1 — FN =11b
S S
. Wa Wa Wg
Given — |Vv=|—|va2 +| — |VB? eV = VB2 — Va2
9 g 9
Wa Wa
— V- Fn4at = | —|va2
9 g
VA2
vg2 | = Find(va2,vB2, = — = 45,
A2,VB2,FN veo 201 )3 N
FN

Problem 15-61

The man A has weight W, and jumps from rest from a height h onto a platform P that has weight
Wp. The platform is mounted on a spring, which has stiffness k. Determine (a) the velocities of A and

P just after impact and (b) the maximum compression imparted to the spring by the impact. Assume
the coefficient of restitution between the man and the platform is e, and the man holds himself rigid
during the motion.

Given:
Ib T
Wa = 17510 Wp = 60 b k = 200 — e a
ft AT
ft AN
h = 8ft e=06 g=322- _,,r"g;d
_ S [l
Solution: h | AT
Wa Wp Wp B
g g k -
ft ft ; — F
Guesses valp = 1 — var =1 — ! :
s s

ft
vpp =-1— o6 =211t
S
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Given
1 2
energy Wah = EmAVAl
momentum —MAVA1 = MAVA2 + MpVp2
restitution eval = VA2 — Vp2
1 1 .2 1 2
energy Empva2 + Ekést = Ek(5+ 5st) - Wpo
VAL
VA2 i VA2 -13.43 ) ft
= Flnd(VAl,VAz,VPz,cS) = — 0 =261ft
vp2 vp2 —27.04 ) s
o

Problem 15-62

The man A has weight W, and jumps from rest onto a platform P that has weight Wp. The platform
is mounted on a spring, which has stiffness k. If the coefficient of restitution between the man and
the platform is e, and the man holds himself rigid during the motion, determine the required height h
of the jump if the maximum compression of the spring becomes &.

Given:
Wp =100Ib Wp =601b o =2ft T
T o
Ib ft |%
k =200 — =322 — e =06 -
oY 2 Vet
S Al
Solution: ’ M:f"“
_|lr | I|HI |
Wa Wp Wp ' [ =5
ma = — mp = — Sst = — B
g k -
ft ft || p
Guesses var =1 — vao =1 — o :
S S
vp2 =-1—  h =211t
S
Given
1 2
energy Wah = EmAVAl
momentum —MAVA1 = MAVA2 + MpVp2
restitution eval = VA2 — Vp2
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1
energy Emp Vp2
VAL
VA2 .
= Find(va1,Va2.Vp2.h)
VP2
h

1 1
2, Ek5st2 _ E|<52 — Wp(s - 5¢)

—7.04

VA2
vpy | \-17.61

ft
s

h = 4.82ft

Chapter 15

Problem 15-63

The collar B of weight Wy is at rest, and when it is in the position shown the spring is
unstretched. If another collar A of weight W, strikes it so that B slides a distance b on the

smooth rod before momentarily stopping, determine the velocity of A just after impact, and the
average force exerted between A and B during the impact if the impact occurs in time At. The

coefficient of restitution between A and B is e.

Units Used:  kip = 103 Ib

Given:

a=3ft
b=4*ft

At = 0.002 s
e =05

Solution:

ft
Guesses var = 1 —
S

Given

L
)
-]
o
A I:*_‘: a
-
-]
-
b = ’
| - |
| B
n B W\
W,
rf?ﬂ'f-i
Ty
*I’;;r,:d
a aiﬁ% ¥ .
Ty,
4| % A
b
N
ft
VA2:1Z vg2 =1 — F=11Ib
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Wa Wa
— |va1 — FAt = | — |va2
9 g9

VA1
VA2 .
= FInd(V/.\l »VA2,VB2, F)
VB2

F

ft
vap = —42.80 —
S

Chapter 15

F = 2.49kip

*Problem 15-64

If the girl throws the ball with horizontal velocity v,, determine the distance d so that the ball
bounces once on the smooth surface and then lands in the cup at C.

Given:
ft ft
va =8 — g =322 —
S 2
S
e =038 h=3ft
Solution:
h
tg = [2— tg =043 s
g
ft
VBy1 = 9B VBy1 = 13.902
ft
VBy2 = €VBy1l VBy2 = 11.122
2vpy2
tc = tc =0.69 s
g
d = A(tB + tc) d = 8.98ft

B

Problem 15-65

The ball is dropped from rest and falls a distance h before striking the smooth plane at A. If the
coefficient of restitution is e, determine the distance R to where it again strikes the plane at B.

Given:
h=4ft c=3
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ft i
e =038 d=4 g =322 >
S
Solution:
c
0= atan(a) 0 = 36.87 deg
ft
val =V 2gh val = 16.05—
S
VAln = VA1 cos(e) VALt = VA1 sin(@)
VA2n = €VAln VA2t = VALt
. ft
VA2x = VA2n sm(@) + vA2tcos(9) vaox = 13.87 —
S
. ft
VA2y = VA2n cos(e) - vAgtsm(e) VA2y = 2_442
Guesses t=1s R =10ft
. . —0).2
Given Rcos(@) = vaoxt -R sm(@) = (7} +Vvazyt

R
(t) = Find(R, 1) t=080s R = 13.82ft

Problem 15-66

The ball is dropped from rest and falls a distance h before striking the smooth plane at A. If it
rebounds and in time t again strikes the plane at B, determine the coefficient of restitution e
between the ball and the plane. Also, what is the distance R?

Given: '_
= = ﬁ
h=4ft c¢=3 g = 322 =
t=05s d=4 S
Solution:
c
0= atan(a) 0 = 36.87 deg
ft
VAL =/ 2gh val = 16.05—
S
VAL = Va1 cos(6) VALt = va1sin(6)
VA2t = VA1t
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ft
vaon =1 —
S

—Rsin(@) =

Guesses e =08 R = 10 ft
Given VA2n = €VA1n
VA2x = VA2nsin(6) + vaztcos(6)
Rcos(6) = vaxxt
e
R
VA2n = Flnd (e N R . VA2n , VA2X . VAZy)
VA2x
VA2y

ft

VA2y = 1 —

ft
vax = 1 —
S S

VA2y = VA2ncos(6) — vazsin(6)

—0.2
—1t + vaoyt
> A2y

R =723ft e = 0.502

Chapter 15

Problem 15-67

The ball of mass m,, is thrown at the suspended block of mass mg with velocity v, If the coefficient
of restitution between the ball and the block is e, determine the maximum height h to which the block

will swing before it momentarily stops.

Given:
mp=2kg mg=20kg e=08
Solution:
m m
Guesses va =1 — vg =1—
S S
Given
momentum MpVh = Mp VA + MBVR
restitution evh = VB — VA
1 2
energy —mgvg~ = mggh

2

VA

Find 0 VA ~2.55
vg | = Find(va, VB, =
B A-TB VB 0.65

h

m

g =981

| 3

P

s

h =21.84mm
S

*Problem 15-68

The ball of mass m,, is thrown at the suspended block of mass mgwith a velocity of v, If the time of
impact between the ball and the block is At, determine the average normal force exerted on the block
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during this time.

Given: kN = 10° N B
m m X
mp = 2 kg Vp =4 — g =1981—
S 2
S
mg =20kg e =08 At = 0.005 s :
a . i X 2
Solution: — r;_ﬂ
B h
m m
Guesses va =1 — vg=1— F=1N 9
s s
Given
momentum Mp Vg = MpVa + MBVR
restitution eVp = VB — VA

momentum B 0 + FAt = mgvpg

VA
vg | = Find(va.vg.F) bl F = 2.62kN
B A-TB VB 0.65 ) s '

F

Problem 15-69

A ball is thrown onto a rough floor at an angle 6. If it rebounds at an angle ¢ and the coefficient of
kinetic friction is 4, determine the coefficient of restitution e. Neglect the size of the ball. Hint:
Show that during impact, the average impulses in the x and y directions are related by I, = x4,

Since the time of impact is the same, F At = uF At or F, = uF,.

Solution:
evy sin(&) =V sin(¢) Q 1
V2 sin(6) _-"{ )
almg) o f*

(i) ) mvp cos(e) — Fydt = mvy cos(¢)

mvy cos(6) — mvy cos(¢) [2]
At

FX:

(+) mvy sin(6) — Fydt = —mvy sin(¢)
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mvq sin(@) + mvy sin(¢)
At

Fy =

Since F, = uF,, from Eqs [2] and [3]

mvq cos(e) - mvy cos(¢) y(mvl sin(e) + mv25in(¢))

[3]

At

E _ cos(e) —ysin(@)
vi usin(g) + cos(¢)

Substituting Eqg. [4] into [1] yields:

_ sin(¢)(cos(9) - ysin(@)j
sin(e) ,usin(¢)+cos(¢)

At

[4]

Chapter 15

Problem 15-70

A ball is thrown onto a rough floor at an angle of &, If
it rebounds at the same angle ¢, determine the
coefficient of kinetic friction between the floor and the
ball. The coefficient of restitution is e. Hint: Show that
during impact, the average impulses in the x and y
directions are related by I, = l,. Since the time of

impact is the same, F,At = uF Ator Fy = uF,

Solution:
evy sin(6) = V2 sin(¢)

V2 sin(@)
wdhg)
(i) ) mvp cos(e) — Fydt = mvy cos(¢)

mvq cos(6) — mvy cos(g)
At

FX =
(+¥) mvy sin(6) — Fydt = —mvy sin(¢)

mvq sin(@) + mvy sin(¢)

F =
y At

347
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Since F, = uF,, from Egs [2] and [3]

Substituting Eq. [4] into [1] yields: e =

Given

Given

mvy cos(6) — mvacos(g)  u(mvysin(6) + mvosin(g))

e =

At

2 B cos(e) —ysin(@)

vi usin(g) + cos(g)

sm( %)

At

[4]

sin(0)

6 =45deg ¢ = 45 deg = 0.6

sin(¢) (cos(@) - usin(@))
sin(e) ,usin(¢) + cos(¢)

cos(
usin(

Guess

p = Find(u)

f;:z 4

=02

1 =025

Chapter 15

Problem 15-71

The ball bearing of weight W travels
over the edge A with velocity v,.

Determine the speed at which it
rebounds from the smooth inclined
plane at B. Take e = 0.8.

Given:

W =021Ib 6 = 45 deg

ft ft e =08

VA = 3 — g =322~

Solution:

Guesses

Given

S S

=+

ft
V51x=1§ V|31y=1§ veon = 1 —

t=1s R=1ft

VB1x = VA vat = RCOS(H)

=+

S

—719,[2 =-R sin(H) VB1y = —gt

vg1xC0s(6) — vg1ysin(6) = vaot

348
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e(—VBlyCOS(H) - VBlXSin(H)) = VB2n

VB1x
VB1y
VB2n

= Find(vB1x, VB1y.VB2n.VB2t. 1, R)
VB2t

VB2n 1.70 ) ft
VB2t 1636 s

Chapter 15

VB1x 3.00 \ ft
VB1ly ~\-6.00) s
t=0.19s

R =0.79ft

VB2n
VB2t

=6.59—

*Problem 15-72

The drop hammer H has a weight W, and falls from rest h onto a forged anvil plate P that has a
weight Wp. The plate is mounted on a set of springs that have a combined stiffness k;. Determine

(a) the velocity of P and H just after collision and (b) the maximum compression in the springs
caused by the impact. The coefficient of restitution between the hammer and the plate is e.

Neglect friction along the vertical guideposts A and B.

Given:
Ib
WH =900 Ib kt = 500 T
ft
Wp =5001b ¢ =322 -
S
h =3ft e =06
Solution:
Wp
Ost = = VH1 =+/2gh
T
Guesses
ft ft
VH2 =1 — vpp =1— o6=2ft
S S

eVH1 = VP2 — VH2

349
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1 2 1(Wp 2 1
EkT&st +E(?jVP2 :EkTéz—WP(é‘—é‘st)

VH2
Find( 5) i > | = 3521t
Vv = Find(vH2, VP2, = — = 3.
P2 H2. P2 Vp2 1430 ) s

S

Problem 15-73

It was observed that a tennis ball when served horizontally a distance h above the ground strikes the
smooth ground at B a distance d away. Determine the initial velocity v, of the ball and the velocity

vg (and @) of the ball just after it strikes the court at B. The coefficient of restitution is e.

Given:
h=75ft A V4

d=20ft 9
Y .
e = 07 )

=322 —
J 2 L I., i
S
Solution:
ft ft
Guesses vp =1 — vgy =1 —
S S

ft
vBy1 =1— 6 =10deg t=1s
s

1
Given h= Egt2 d=vat

eVBy1 = VB2 sin(@) VBy1 = gt

VA = VB2 cos(e)
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VA

fit ft
VBy1 | = Find(va,t,vgy1,V82, 6) VA = 29.30 VB2 = 3310~ 0= 27.70deg

VB2

Problem 15-74

The tennis ball is struck with a horizontal velocity v,, strikes the smooth ground at B, and bounces
upward at &= 6,. Determine the initial velocity v,, the final velocity vg, and the coefficient of
restitution between the ball and the ground.

Given:
h =75 ft A"
d=20ft f?) /

e fi
61 = 30 deg ﬁ

fi
g =322~
S

Solution: 0 =01

ft ft ft
Guesses vp =1 — t=1s vBy1 = 1 — vgg =1— e =05
s s s
. 1 2
Given h= Egt d=vat VBy1 = gt
€VBy1 = VB2 Sin(@) Va = VB2 COS(H)
VA
t
; ft ft
VBy1 | = Find(va,t,vBy1,VB2.€) v = 29.30 — Vgy = 3384— e=077
s s
VB2
e

Problem 15-75

The ping-pong ball has mass M. If it is struck with the velocity shown, determine how high h it
rises above the end of the smooth table after the rebound. The coefficient of restitution is e.
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Chapter 15
Given:
M =2gm a=225m
T
e =08 b=075m 1 A
T 'I'l'
_ m —a = -~ — b —
0 = 30 deg g=981 2 .
2 H
S
v =18 —
s
. m m m m
Solution: Guesses  vix =1 — iy =1—  wvx=1— voy =1 —
s s s s
tp=1s th=2s h=1m
Given Vix = vcos(e) a= vcos(e)tl Viy = gty + vsin(e)
g), 2
V2x = Vix evyy = Voy b =vaxt2 h=vpyty - S
Vix
V]_y
Vix 15.59
V2x
Fing ( - h) Viy 10.42 | m t 0.14
voy | = Find(v1x, V1y, Vox, Vay, t1,t2, = — = s
2 x> My T2x- T2y» 172 Vox | | 1559 | s to 0.05
t
Voy 8.33
2
h h = 390 mm

*Problem 15-76

The box B of weight Wy is dropped from rest a distance d from the top of the plate P of
weight Wp, which is supported by the spring having a stiffness k. Determine the maximum
compression imparted to the spring. Neglect the mass of the spring.
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. ft |
Given: Wg=5Ib Wp=10Ilb g =322 - [ F—]
S
Ib
k=30— d=>5ft e =06
ft
Solution:
Wp
Ost = — vB1 = v 29d P !
k —
i |
ft et
Guesses vgg =1— wvpp=1— Ss=2ft N —
s s
. Wg Wg Wp
Given — |vB1 =|— |vB2 + | — |vpP2 eVB1 = Vp2 — VB2
g g g

w
lk(;stz + %(ij Vpy? = %k&z ~ Wp(5 - 84t)

VB2

Find 5) e 5= 1311t
v = Find(vgs,Vvpy, = — = 1.
P2 B2. VP2 wor ) = o57 )5
5

Problem 15-77

A pitching machine throws the ball of weight M towards the wall with an initial velocity v, as

shown. Determine (a) the velocity at which it strikes the wall at B, (b) the velocity at which it
rebounds from the wall and (c) the distance d from the wall to where it strikes the ground at C.

Given:
M=05kg a=3m

m
vAzlo? b=15m n _.Iﬁ-/‘;:'__r'.

hH

7 ﬁ\\/ 0
0=30deg ©°~ 0.5 f 7| .
m i [ 1 ‘ A
g = 9.81 —2 Lt 1k | 1

S - o |

353



Engineering Mechanics - Dynamics

Solution:  Guesses
m m
vexl = 1 — VB2 = 1 —
S S
V =1 m vV =1 m
Byl = S By2 = S
h=1m d=1m
t1 =1s tp=1s
Given

VA COS(H)tl =a

VBy2 = VBy1 vasin(6) - gt1 = vay1

1.2
d = vpyoto h+VBy2t2—59t2 =0

vacos(6) = vgx1 eVBx1 = VBx2

VBx1
VBy1
VBx2
VBy2

t1
o

= Find(vBx1.,VBy1.VBx2. VBy2. . 11,12, d)

b+ VASin(H)tl - %g'[]_2 =h

VBx1 m

=881 —

VByl S

VBx2 m

= 462 —

VBy2 S
d=396 m

Chapter 15

Problem 15-78

The box of weight W, slides on the surface for which the coefficient of friction is 4. The box has
velocity v when it is a distance d from the plate. If it strikes the plate, which has weight W, and is

held in position by an unstretched spring of stiffness k, determine the maximum compression

imparted to the spring. The coefficient of restitution between the box and the plate is e. Assume that
the plate slides smoothly.
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Chapter 15
Given: ;
LS I.
Wb =201b Wp =101b .'* g I" In II_
.__. f | |
Ib —A M?\N
uk = 0.3 k=4OOF : | i i
ft - d -
v =15 — e =08
S
ft
d=2ft g =322 -
S
Solution:

ft ft ft
Guesses Vpp = 1 — Vpo =1 — Vo2 =1— o6=11
S S S

_ 1(Wh) » 1(Wp) > Wy Wp Wp
Given —|— |V = ukWpd = =| — |vp1 — Vb1 = | — Vb2 + | — |Vp2
2\ g 2\ ¢ g g g

1( Wp 2 1
eVp1 = Vp2 — Vp2 E(?j Vp2 = Ekéz
Vb1
Vb1 13.65
Vb2 _ ft
= Find(v1, Vb2, Vp2. J) Vo2 | =| 546 | 5 = 0.456 ft

V

P2 vp2) \16.38

5

Problem 15-79

The billiard ball of mass M is moving with a speed v when it strikes the side of the pool table at
A. If the coefficient of restitution between the ball and the side of the table is e, determine the

speed of the ball just after striking the table twice, i.e., at A, then at B. Neglect the size of the
ball.
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Given:
M = 200 gm
v=25—
S
0 = 45 deg
e =06
Solution:
Guesses
m m
vo =1 — 6> = 1deg vg =1 — 63 = 1deg
S S
Given evsin(e) = Vo sin(&g) vcos(e) = Vo 003(02)
evo 003(02) =v3 sin(93) Vo sin(@g) = V3 cos(93)
V2
v3 _ V2 2.06\ m ) 31.0
= Find(v2.,v3, 62, 63) = — = deg
6> V3 150/ s 03 45.0
03
m
vz = 1.500 —
S

*Problem 15-80

The three balls each have the same mass m. If A is released from rest at 6, determine the angle
¢ to which C rises after collision. The coefficient of restitution between each ball is e.

Solution:

Energy
2

0+ I(l - cos(Q))mg = %va

vp = \/211 - cosi@”gl

Collision of ball A with B:

1
mva + 0 =mv'a + mv'g eva = Vg — VA V'B :E(1+e)v'B

Collision of ball B with C:
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: " " . " " w1 2
mv'g + 0 = mv'g + mv'c evg =V'c - V'B Vsz(l+e) va

Energy

%mv"c2 +0=0+ I(l - cos(¢))mg %(%) (1+ e)4(2)(1 - cos(e)) = (1 - cos(¢))

(1;ej4<1-cos<e>> 1ocosly)  g- aco{l—(¥j4<l—cos<e>ﬂ

Problem 15-81

Two smooth billiard balls A and B

each have mass M. If A strikes B with V
a velocity v, as shown, determine their -
final velocities just after collision. Ball A

B is originally at rest and the y
coefficient of restitution is e. Neglect /

the size of each ball.

Given: -~y hY:
Bt ——1 ¥
M = 0.2 kg ‘
6 = 40 deg
m
vp =15 —
S
e = 0.85
. m m
Solution: Guesses vap =1 — vg2 =1 — 6> = 20 deg
s s
Given -M vAcos(H) = Mvg2 + Mvao 003(92)
eva COS(H) = VA2 008(02) - VB2
VASin(H) = VA2 Sin(Hz)
VA2
v Find( 6) 6> = 95.1d "2 0998 ) m
B2 | = Find(va2,VB2, =95.1de = =
A2-7B2. 72 2 2 VB2 -1.063 ) s
02
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Problem 15-82

The two hockey pucks A and B each have a mass M. If they collide at O and are deflected
along the colored paths, determine their speeds just after impact. Assume that the icy surface
over which they slide is smooth. Hint: Since the y' axis is not along the line of impact, apply
the conservation of momentum along the x' and y" axes.

Given:
M = 250 g 61 = 30 deg
m
vi =40 — 6 = 20 deg % L2
S | %
m .H,\\i-ﬂl ; @,
Vo = 60 — 63 = 45 deg L o
S ‘?, i
) g\ A U
Solution: o Ik
i
Initial Guess:
m m
VA2 =5 — vB2 =4 —
S S
Given

Mvy 005(93) + Mvq cos(@l) = Mvpo cos(@l) + Mvpg2 cos(eg)

—Mvs Siﬂ(@g) + Mvy sin(6’1) = Mva2 sin(@l) - Mvgo sin(6’2)

VA2 _ VA2 6.90 \ m
= Find (VA2 , VBZ) = —
VB2 VB2 75.66 ) S

Problem 15-83

Two smooth coins A and B, each having the same mass, slide on a smooth surface with the
motion shown. Determine the speed of each coin after collision if they move off along the dashed
paths. Hint: Since the line of impact has not been defined, apply the conservation of momentum
along the x and y axes, respectively.
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Given:
ft Yz
var = 0.5 — )
S YAl
ft "’Il{
vgr = 0.8 — 4 ., =
S b _ o @ i#

a = 30 deg -
T = X
B = 45 deg @y 0N
L
7 = 30 deg Y\
/ B A Vil

R

d=3

Solution:
ft ft
Guesses vgy = 025 — vpp =05 —
S S

Given

—VAl[;j —vg1sin(y) = ~vazsin(B) - vz cos(a)

N, % + ¢
_vAl[ﬁj +vp1 COS(;/) = Va2 cos(ﬁ) - VB2 sin(a)
VA2 _ VA2 0.766 ) ft
= Find (VA2 , VBZ) = =
VB2 VB2 0.298 ) s

*Problem 15-84

The two disks A and B have a mass M, and Mg, respectively. If they collide with the initial
velocities shown, determine their velocities just after impact. The coefficient of restitution is e.

Given:
MA =3 kg "',l.!.’/

=l = -
Mg =5 kg A e AR ;\'\.
4 i Y, /8 N Line ¢f impac
=l /¢ | Line ofimpact
0 = 60 deg ._ I |
"'\. _,J \
\___ o \'k\ . 4
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m
VAL =6 —
S
e = 0.65
. m m
Solution: Guesses  vp2 =1 — vg2 =1 — 6> = 20 deg
S S
Given

Maval — MpvB1 cos(6) = Mava2 + Mgvg2 008(02)

e(vA1 + VBl COS(H)) = VB2 005(92) — Va2 VB1 Siﬂ(@) = VB2 Sin(Hz)
VA2
v Find 0,) 6, = 68.6d " [_&Soj il
B2 = FIna(v , V] , =) . e = _
A2,VB2, 02 2 g Va2 6.51 3
02

Problem 15-85

Two smooth disks A and B each have mass M. If both disks are moving with the velocities shown
when they collide, determine their final velocities just after collision. The coefficient of restitution is e.

.1I '

Given: -,
LA
M = 0.5 kg c=4 vpp =6— -—
' () .
n L f o '
e = 0.75 d=3 vg =4— verd A
s -
B-- 1
Solution: Q/

Guesses
m m

vap =1 — vgg =1 — 6p =10deg &g = 10 deg
S S

Given va1(0) = va2 sin(ﬁA) VBl(;j = Vg2 sin(&B)

\/c2+d2

d
MVB]_[—2 2} - Mva1 = Mva2 COS(@A) - Mvp2 COS(HB)
c +d

d
e|:VA1 + VB{Wﬂ = VA2 COS(HA) + VB2 COS(@B)
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VA2

VB2 i ( . ) on 0.00 ; VA2 1.35) m
= Find(va2,vB2, OA, = e = ——
o Az, TB2,7A- 7B 0 32.88 g VB2 589 ) s

oB

Problem 15-86

Two smooth disks A and B each have mass M. If both disks are moving with the velocities shown
when they collide, determine the coefficient of restitution between the disks if after collision B travels
along a line angle & counterclockwise from the y axis.

Given:
m (tia)
M = 0.5 kg c=4 vpp =6— -—
> r M 1
m o f o '
g =30deg d=3 vgy =4— NE A A
S fd &
Solution: b
Guesses /
)y
m m
vap =2 — vg2 =1 — 6p = 10 deg e =05
S S
. . C
Given vp10 =va2 Sln(ﬁ/_\) VB1l| —/——| = VB2 COS(HB)
¢® +d?
d .
MvB1| ——| — Mva1 = Mva? COS(@A) - MVstln(HB)
v ¢® +d?
d .
€ VA1 + VB1| —— || = VA2 COS(HA) + VB2 sm(&B)
¢® +d?
VA2
VB2 ) VA2 -1.75\ m
= F|nd(vA2 ,VB2, 6, e) = — e = 0.0113
On VB2 3.70 ) s
€

Problem 15-87

Two smooth disks A and B have the initial velocities shown just before they collide at O. If they
have masses m, and mg, determine their speeds just after impact. The coefficient of restitution is e.
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Given:
m
vpa = 7 — ma = 8 kg c=12 e=05
s
m
vg =3 — mg = 6 kg d=5
s
. d
Solution: 6 = atan| — 6 = 22.62 deg
c
m m
Guesses vaot = 1 — vaon = 1 —
s s
m m
ve2t = 1 — vean = 1 —
s s
Given
vgcos(6) = vgoy ~vacos(6) = vaz
vaBsin(H) - mAvAsin(H) = MBVB2n + MAVA2n
e(vB + VA) Sin(H) = Va2n — VB2n
VA2t VA2t
VA2n ) VA2n
= Find(va2t, VA2n VB2t > VB2n)
VB2t VB2t
VB2n VB2n
2 2 m
VA2 = +/VA2t" +VA2n VA2 = 6.47 N
2 2 m
VB2 =+/VB2t +VB2n vg2 = 3.50 N

6.46
022 | m
277 | s
214

Chapter 15

*Problem 15-88

The “stone” A used in the sport of curling slides over the
ice track and strikes another “stone” B as shown. If
each “stone” is smooth and has weight W, and the
coefficient of restitution between the “stones” is e,
determine their speeds just after collision. Initially A has
velocity v,; and B is at rest. Neglect friction.

. ft
Given: W =471b vpL =8—
S

e =038 6 = 30 deg
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Solution:
Guesses  vpzt =1 5 vaon =1 N
VBZt:lE vB2n =1 —
S S
Given Va1 sin(6) = va 0 = vB2t
Va1 c0s(6) = vazn + Ve2n
eva1 cos(6) = van - vazn
VA2t VA2t 4.00
e Find (va2t. VA2n, VB2t VB2n) e | _joes i
VB2t VB2t 0.00 | s
VB2n VB2n 6.24

2 2 ft
VA2 =/ Vp2t~ + VA2n Va2 = 4-06§
2 2 ft
VB2 =/ VB2t + VB2n VB2 = 624;

Problem 15-89

The two billiard balls A and B are originally in contact
with one another when a third ball C strikes each of
them at the same time as shown. If ball C remains at
rest after the collision, determine the coefficient of
restitution. All the balls have the same mass. Neglect
the size of each ball.

Solution:

Conservation of “x” momentum:

mv = 2mv' cos(30 deg)

v = 2v' cos(30 deg) (1)
Coefficient of restitution:

\Y

= vcos(30 deg) 2

Substituiting Eq. (1) into Eq. (2) yields:
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V'
e = e =

2v' cos(30 deg)2

w| N

Problem 15-90 -

Determine the angular momentum of particle
A of weight W about point O. Use a Cartesian

vector solution. i
Given:
W=2Ib a=3ft
vy =12 8 b=2ft
S
c=2ft
ft
g = 32.2 —2 d =4 ft X
S
Solution:
—C c
v
ropo =|a+b rph=|-b VAy = VA—
vl
d —d
-1.827 2
ft
Ho = roa x (WVAV) Ho =| 0.000 |slug-—
S
-0.914
Problem 15-91
Determine the angular momentum H of the
particle about point O.
M
. @—
Given: 7
v
M = 1.5 kg o d
m e
V=6— // 1
S r iy
B /
a=4m - £ y
S~ a e b o '
b=3m
c=2m
X
d=4m
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Solution:
—C c
r'AB
ron =|-b rag = | —a va = Vﬁ
d _d AB
42.0 2
kg-m
Hpo = roa x (MVA) Ho=| 0.0

*Problem 15-92

Determine the angular momentum H of each of the particles about point O.
Given: 6 = 30 deg ¢ = 60 deg

ma = 6 kg c=2m . . .

mg = 4 kg d=5m i 90—
.-'!I\r,f)
mc =2k o _om Vy
_4m
VA =52 f=15m b

vg = 6

m|3
«Q
Il
(2}
3

m
ve=26— h=2m ; -

b=12m n=12 Vi

Solution:
kg-m2
Hao = amAvAsin(¢) - bmAVACOS(¢) Hao = 22.3
S
kg-m2
Hgo = —meVBCOS(H) + evaBsin(H) Hgo = -7.18
S
n | kg-m2

Hco = -hmg| ——— |v¢ - gm¢| — |V Hco = -21.60

2 2 2 2 S

I +n " +n
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Problem 15-93

Determine the angular momentum Hp, of each of the particles about point P.

Given: 6 = 30 deg ¢ = 60 deg a=8m f=15m
= m = =
mp = 6 kg vp =4 b=12m g=6m
S
m c=2m h=2m
mg = 4 kg vg = 6 —
S d=5m | =5
= m
mc =2k L _26™ e_om n=12
S
Solution: .
ol -
- |'||.|_l|
Hap = mavasin(g)(a—d) —mavacos(g)(b-c) "o ,
A \r,f)
2
kg-m '
Hap = —57.6 2 H
S
b
Hgp = vaBcos(e)(c— f) + vaBsin(e)(d +€) L& ¥y
P B /(r'
kg m’ T 0=
Hgp = 944 S ! ) O mg L f 1
— Lo -
n I Vi bt e
Hcp = -mc| ———== |vc(¢ + h) - m¢| ——— |vc(d +9) ,/
2 2 2 2 v
I +n I”+n i
2
kg-m
Hcp = —41.2 E
S
Problem 15-94
. ﬂq_]i-
Determine the angular momentum H s
of the particle about point O. f /
Given: T , "
W=10lb d=9ft § o ]
_____,-"“--_q_.#:-:' . . J
ft - f ’
v=14— e =8 ft P i Py
S _..}_J:?,,e —
a=5 .I:t f =1 ft !:____.-' J___,--""-'J. f._,-"'h.?---h__' '
b=2ft g=5ft e ey
—— ".J-‘G h 'f’."
c=3ft h==6ft
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Solution:
—f f+e
roa =| 9 rap=|d-g
h —-h
-16.78 2
rAB ft
va =V Ho = roa x (WVA) Ho=| 1492 |slug-—
|rAB| -23.62 °

Problem 15-95

Determine the angular momentum H;, of the particle about point P.

Given:
W =10 1b d=09ft | A
W
ft QI."'.‘-
V=14 — e =8 ft /
S F
a=5ft f—4ft e i
b = 2 ft g =5 ft i . ) -"'ﬁ:'-’-';. T .
,.-"’.F-h-"“.ﬂ-’:: . . -
T T T
c=3ft h =6 ft | "---.},_-_*_ ,.-" -:___.-_:_'_____f,.
.----.___\_ - =i -~ —
b~ T
-~ ¥
Solution: T
-f-c f+e — g <
rPA=| b+g | rag=|d-g
h-a -h
-14.30 2
rAB ft
va =V Hp = rpa x (WVA) Hp =| -9.32 |slug-—
|rAB| S|
-34.81

*Problem 15-96

Determine the total angular momentum H, for the system of three particles about point O. All the
particles are moving in the x-y plane.

Given:

ma = 15kg a =900 mm
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o
Il

m
vp = 4 700 mm

S

mg = 25kg ¢ =600 mm

m
vg =2 d = 800 mm

S

mc = 3 kg e = 200 mm

m
ve =6 —
s
Solution:
a 0 c —-VB —d 0
Ho =|0 |x|mal VA [[+| b [x|mg| 0 +| —e |x|mg| —Vc
0 0 0 0 0 0
0.00
kg-m
Ho =| 000 |2
12.50

Problem 15-97

Determine the angular momentum H of each of the two particles about point O. Use a scalar

solution.
.1I.
Given:
- i -
ma = 2 kg c=15m .
|II'|
mg = 1.5 kg d=2m '
A / b
m e=4m -
va =15 N Quh J
f = 1 m 'r'} E. 1 v
B =107 5 30 deg —a
a=5m |3 :
b=4m
n=+4 0 B gl
e
.}' My
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Solution:
n | kg-m2
H = —mp| ——— [vAC — mp| ——— |vad Hoa = -72.0
OA A > 5 A A > 5 A OA 3
n~+1 n~+1
kg-m2
HoB = —vaBcos(H)e - vaBsin(e)f Hog = -59.5

Problem 15-98

Determine the angular momentum H;, of each of the two particles about point P. Use a scalar

solution.
Given: ¥
ma = 2 kg c=15m L i .
'Ir 1
mg = 1.5 kg d=2m U
m e=4m A / b
S f=1m my .
m )
vg = 10 — _ + & 1 A
s 6 = 30 deg e d
a=5m | — 3 |
b=4m "
Fy B
~ @ -
xi'f My
}I‘_.-" -‘Il.. -
Solution: U
n | kg~m2
Hpa = mp———=va(b - ¢) - mp——=va(a +d) Hpa = —66.0
2 2 2 2 S
n~+1 n" +1
kg~m2
Hpp = —vaBcos(e)(b +€e) + vaBsin(e)(a— f) Hpg = -73.9

Problem 15-99

The ball B has mass M and is attached to the end of a rod whose mass may be neglected. If the
rod is subjected to a torque M = at® + bt + ¢, determine the speed of the ball when t = t,. The ball
has a speed v = vy whent = 0.
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Given:
M = 10 kg
N-m
a=3—
2
s
N-
b=5—
s
c=2Nm
t1 =25
m
Vg =2 —
S
L=15m
Solution: Principle of angular impulse momentum

{1
Mv0L+J at2+bt+cdt= MvqL
0

{1
1 m
v1=v0+—J at2+bt+cdt vy =347 —
ML J, S

*Problem 15-100

The two blocks A and B each have a mass M. The blocks are fixed to the horizontal rods, and

their initial velocity is v' in the direction shown. If a couple moment of M is applied about shaft
CD of the frame, determine the speed of the blocks at time t. The mass of the frame is
negligible, and it is free to rotate about CD. Neglect the size of the blocks.

Given:
Mg = 0.4 kg g C
&
a=03m
m i e M
Vi =2 — - - S
S L ——~| N
M = 0.6 N-m e _ f'..'ff?[ J
t=3s s
Solution: iy
&N

2aMpV' + Mt = 2aMgvV
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Mt m
v=950 —
2aMg S

V=V+

Problem 15-101

The small cylinder C has mass m¢ and is attached to the end of a rod whose mass may be

neglected. If the frame is subjected to a couple M = at? + b, and the cylinder is subjected to
force F, which is always directed as shown, determine the speed of the cylinder when t = ;.

The cylinder has a speed v, whent = 0.

Given: z
F
mc = 10 kg t1 =2s | .
m m
a=8N— Vg =2 —
2 S
S
d=075m e
b=5Nm {He -l
e=14 ll ‘ ; ‘A_-_""«x
ull | ! M= (ars + B
F=60N P 1&; = (ar” + b)
Solution:

{1
f
mcvod+J at2+ bdt+[—2

Fdty = mcgved
0 e+ f

{1
1 2 f m
Vi =v0+—J at” + b dt + | ——— |Fdt; vi = 13.38 —
mcd 0 /e2+f2 S

Problem 15-102

A box having a weight W is moving around in a circle of radius r, with a speed v,; while
connected to the end of a rope. If the rope is pulled inward with a constant speed v,, determine
the speed of the box at the instant r = rg. How much work is done after pulling in the rope
from A to B? Neglect friction and the size of the box.

Given:
W =281Ib
ra = 2 ft
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ft r
val =5 — T Ty
s =
Ta
Vi = 4 — :
S e -:l..,"""
rg = 1ft
ft :
g =3221— -'b«-—-ﬁ“‘ﬁ
S [ |
Soluti —
olution: T\.\
w w
— |FAVA1 = | — |'BVBtangent
g g
VAL ft
VBtangent = TA (_J VBtangent = 10.00 —
B S
2 2 ft
VB = \/VBtangent +Vr VB = 10-8§

U _1W 2 1(W 2
AB =515 )"B "2lg)"A Uuag =113ftlb

Chapter 15

B

Problem 15-103

An earth satellite of mass M is launched into a free-flight trajectory about the earth with initial
speed v, when the distance from the center of the earth is r,. If the launch angle at this position

is ¢y determine the speed vg of the satellite and its closest distance rg from the center of the

earth. The earth has a mass M,. Hint: Under these conditions, the satellite is subjected only to the

earth’s gravitational force, F, Eq. 13-1. For part of the solution, use the conservation of energy.

Units used: Mm = 103 km Vi }

Given: 7~
- 704d 0 3
M =700kg A= 7000 A Ne
5 H-_'|\"- /{_‘\
km 11 N-m I/ e
=100 G_ope3x10 I M [ -

2 | |

kg ' ll'-. /
ra = 15 Mm \\\ =

Mg = 5.976 x 10°* kg -
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. km
Solution: Guesses vg = 10 — rg = 10 Mm
S

Given MvAsin(¢A)rA = Mvgrpg

1 2 GMeM 1 2 GMeM
—Mvp~ - =—-—Mvg~ -
2 ra 2 s

VB km
( j = Find(VB, rB) vg = 10.2 — rg = 13.8 Mm
g S

*Problem 15-104

The ball B has weight W and is originally rotating in a circle. As shown, the cord AB has a length of
L and passes through the hole A, which is a distance h above the plane of motion. If L/2 of the cord
is pulled through the hole, determine the speed of the ball when it moves in a circular path at C.

Given: A
— a5

T

W =5Ib —T "juf
L = 3 ft I|::,+I:II
lr.I I.::::I. o A:./
h=2ft Ly
ft B f .
g =322 — | {-—~
Ve .
. h \
Solution: fg = acos T 6g = 48.19deg
ft ft
Guesses Tg =11b Tc=11Ib vg =1— ve =1— Oc = 10 deg
S S
w V82
Given TR cos(HB) -W=0 TR sin(@B) = — L—(Q)
g sin| &g
w VC2
chos(HC) -W=0 Tcsin(é’c) =5l
ESin(HC)

oo (2o
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B

Tc

VC

oc

_ TB 7.50
VB | = Flnd(TB,Tc,VB,Vc, Hc) = Ib 6c = 76.12 deg

Te 20.85

ft ft
VB = 897; Ve = 1378;

Chapter 15

Problem 15-105

The block of weight W rests on a surface for which the kinetic coefficient of friction is . It
is acted upon by a radial force Fg and a horizontal force F,, always directed at angle &from

the tangent to the path as shown. If the block is initially moving in a circular path with a speed
v, at the instant the forces are applied, determine the time required before the tension in cord

AB becomes T. Neglect the size of the block for the calculation.

Given:
W=10Ilb k=05

FR=2b T=201Ib

Apg ®
| &) I
Fu=7Ilb r=4ft , =
ft ‘ = '
= — ft e
V1 2S g=32.2—2 \ 2.
s . |
0 = 30 deg - ___d_,ﬁ-ff/
Solution:
ft
Guesses t=1s vy =1—
S T W
Given ‘X l
W W "““m ~
— |vir+FH cos(@)rt — ukWrt = (—jvz r F , e
( g ) g H A q: N I'
) f £
pn NV
I i
FR+ Fusin(6) - T = —| —
g\ r N
t ft
( j = Find(t, vo) vy = 13.67 — t=341s
V2 S
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Problem 15-106

The block of weight W is originally at rest on the smooth surface. It is acted upon by a radial
force F and a horizontal force F, always directed at & from the tangent to the path as

shown. Determine the time required to break the cord, which requires a tension T. What is the
speed of the block when this occurs? Neglect the size of the block for the calculation.

Given:
W =101b 6 = 30 deg

FR=2Ib T=301Ib
FH=7Ib r=4ft
-0 = ft
i=0- 4oL
Solution:

Guesses t=1s vy =1—

Given

(ﬂ)vl r+Fy cos(e)rt = (ﬂ)w r
g g

2
Vv
FR+ Fpsin(6) - T = —ﬂKL]

t ft
( j = Find(t, vo) vp = 17.76 — t=091s
V2 S

Problem 15-107

The roller-coaster car of weight W starts from
rest on the track having the shape of a
cylindrical helix. If the helix descends a
distance h for every one revolution, determine

the time required for the car to attain a speed v. .
Neglect friction and the size of the car. ]
Given: 1
W = 800 Ib
h =28ft
ft
v =60 —
S
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r=8ft W
'\"\-,_ [l
Solution: -Y_---ZI;;*\
M,
- b
h 'd p
0 = atan| — 6 = 9.04 deg Ay A
27r ‘*\v(_:r"
Fn—Wecos(6) =0 FN = Wcos(6) FN = 790.06 Ib "
N
ft
Vi = vcos(@) vi = 59.25 —
S
! w w
Ha +J M dt = Ho J FN sin(e)r dt = (—)hvt FN sin(6’)rt = (—)hvt
0 Y g
2mr v,
Vth Q@ -
t=wW————| t=119s | R
Fnsin(6)gr L

*Problem 15-108

A child having mass M holds her legs up as shown as she swings downward from rest at ;. Her
center of mass is located at point G;. When she is at the bottom position &= 0°, she suddenly lets her
legs come down, shifting her center of mass to position G,. Determine her speed in the upswing due
to this sudden movement and the angle &, to which she swings before momentarily coming to rest.
Treat the child’s body as a particle.

Given:
m
M = 50 kg ri =280 m g=9.81—2
S
61 =30deg rp =3m
Solution:
m
Vab = ,/2gr1(1 - cos(61)) Vop = 2.71 —
S
rn m -
r1Vop = r2V2a Voa = —V2b V2a =253 —
N S
2
V2a
0 = acos[l - —j 6o = 27.0deg
2912
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Problem 15-109

Chapter 15

A small particle having a mass m is placed inside the semicircular tube. The particle is
placed at the position shown and released. Apply the principle of angular momentum about
point O (M, = Hy), and show that the motion of the particle is governed by the differential

equation €'+ (g /R) sin 8=0.

Solution:

Mg = d—HO
dt

—ngsin(e) = j—(va)
t

2
. d d
sinlg) = —v =——5

g () o dt2

But, s=R@

Thus, gsin(@) =-R&'

o, @+ (%jsin(@) _0

f)

Problem 15-110

A toboggan and rider, having a
total mass M, enter horizontally
tangent to a circular curve (6,)

with a velocity v,. If the track
is flat and banked at angle 6,,
determine the speed vg and the

angle @of “descent”, measured
from the horizontal in a vertical
x-z plane, at which the
toboggan exists at B. Neglect
friction in the calculation.

Given:
M = 150 kg 61 = 90 deg
ra =60m rg =57m

km
VA = 70 W

r=5m

377
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Solution:
h = (ra - rg)tan(6,)

m
Guesses vg =10 — 6 = 1deg
S

1 1
Given EM vA2 +Mgh = EM vB2 Mvara = Mvgcos(d)rg J - .
1 i
VB m
( j = Find(vg, 6) vg = 21.9 — 0= —1.1x 10°deg
0 s

Problem 15-111

Water is discharged at speed v against the fixed cone diffuser. If the opening diameter of the
nozzle is d, determine the horizontal force exerted by the water on the diffuser.

Units Used:
Mg = 103 kg
B A
Given: — —
m T—— =
v=16— 6 =30deg _— '
S
M
d=40mm py =1 —g
m
Solution: .
T2 ,
Q= Zd v m = pwQ — .
4‘.— . — —|
F, L
Fx = m'|—-vcos| — | +V
2
Fy =110 N

*Problem 15-112

A jet of water having cross-sectional area A strikes the fixed blade with speed v. Determine the
horizontal and vertical components of force which the blade exerts on the water.

Given:

A= 4in°
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ft
v=25— .
S )
6 = 130 deg = o
b e — S
w = 62.4 —3 Y, ‘h-l—}_x —_—
ft
ft3
Solution: Q = Av Q=069— F,
S
I
d—m =m' = pQ m = ynQ m = 1.3468w
dt S
ft .
VA = V vay = 0; VB = vcos(e) VBy = vsm(e)

Fy = T(VBX ~ Vax) Fy = 55.31b

%(vBy ~vay)  Fy=2580b

T
<
Il

Chapter 15

Problem 15-113

Water is flowing from the fire hydrant opening of diameter dgwith velocity vg. Determine the

horizontal and vertical components of force and the moment developed at the base joint A, if the
static (gauge) pressure at A is P,. The diameter of the fire hydrant at A is d.

Units Used:
kPa = 10° Pa Viz=)|
Mg = 10° kg N g
m = — - T
3 ' -
kN = 10° N TlA‘T V, e
Given: P f B

dg = 150 mm h = 500 mm h

m
vg = 15 — da = 200 mm
S
Mo :
Py =50kpa AW Tt T3
A m3
Solution:
2 2 2
=T — =T — = | — =
B 5 A 5 PwVB 5 A w PA
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AX = m'VB

d

2
A
—Ay + 507[(7j = m'(O - VA)

M = m'hvg M = 1.99

Chapter 15

Ay = 3.98kN

2
da
Ay = m'VA + PA”(?) Ay = 3.81 kN

kN-m

Problem 15-114

The chute is used to divert the flow of
water Q. If the water has a
cross-sectional area A, determine the
force components at the pin A and roller
B necessary for equilibrium. Neglect
both the weight of the chute and the
weight of the water on the chute.

Units Used:
Mg = 10° kg kN = 10° N
Given:
3
m M
Q-06"1 ,,-12
S 3
m
2
A =0.05m h=2m
a=15m b=012m
Solution:
d , ,
—m=m m' = pwQ
dt
Q
vp = — VB =V
A A B A

ZFy = m'(VAx - VBx)

ZFy = mI(VAy — VBy)
~Ma = m'(dpava — doB VB)

AX = BX—mIVA

Ll g
= i
B,
__;..-Q
I
S NG
,
Bx — Ax = m'(VAX - VBx)
Ay = m0 - (-vg]] Ay = 7.20kN
1
By = Fm'[va +(a—b)va] By = 5.40kN
Ay = —1.80 kN
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Problem 15-115

The fan draws air through a vent with speed v. If the cross-sectional area of the vent is A,
determine the horizontal thrust on the blade. The specific weight of the air is y,.

Given:

Ib
= 0.076 —
7a 3

ft

ft .
=3220— g
g9 52

Solution:

slu T
- d_m m' = yaVA m' = 0.05669—g

dt S

T=0681Ib

*Problem 15-116

The buckets on the Pelton wheel are
subjected to a jet of water of diameter d,
which has velocity v,,. If each bucket is
traveling at speed v, when the water
strikes it, determine the power developed
by the wheel. The density of water is ¥,

Given:
d=2in 6 = 20 deg
ft ft
v = 150 — g =322 —
S 2
S
Vp = 95 —
S
Ibf
rw = 62.4 —
ft
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. ft
Solution: VA = Vyy — Vp vp = 55—
s

VBx = —vAcos(e) + Vp vpx = 43.317 E F

s Wy |-

kL

— ZFX = m'(VBX — VAX) L) B L.'.-

FX=

P = Fva

Fy = 266.412.1b

(HT sz

P = 4.69 hp

Problem 15-117

The boat of mass M is powered by a fan F which develops a slipstream having a diameter d. If
the fan ejects air with a speed v, measured relative to the boat, determine the initial acceleration
of the boat if it is initially at rest. Assume that air has a constant density o, and that the entering

air is essentially at rest. Neglect the drag resistance of the water.

Given:
M = 200 kg

h =0375m

d=075m

m
v=14—
S

pa = 1.22 —
3

Solution:
Q=Av

d 1
-m =

dt
ZFX = m'(VBX -
F = paQv

ZFX = MaX

T2
= —dv
Q 4
m' = paQ
VAx)
F = 105.64 N
F=Ma

m
Q = 6.1850 —
S

m' = 7.5457 kg
S
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a-= a=0.53m

F
M 2

Problem 15-118

The rocket car has a mass M (empty) and carries fuel of mass M. If the fuel is consumed
at a constant rate ¢ and ejected from the car with a relative velocity vpg, determine the
maximum speed attained by the car starting from rest. The drag resistance due to the
atmosphere is Fp = kv? and the speed is measured in m/s.

Units Used:
Mg = 103 kg
Given:
Mc = 3 Mg
m
- - k
VDR = 250 S c=4 kg
52
k =60N—
2
m
Solution:
mg = Mc + Mg At time t the mass of the car is mg — ct
Set F = kv? then k= (mo - ct):—v ~ VDRC
t
: . Mp
Maximum speed occurs at the instant the fuel runsout.  t = — t=3750s
c
. m
Thus, Initial Guess: v =4 —
S
v t
. 1 [ 1
Given — dv = dt
cVvpRr — kv ‘JO mo — ¢t

0

v =Find(v)  v=406 2
S
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Problem 15-119

A power lawn mower hovers very close over the ground. This is done by drawing air in at speed v,
through an intake unit A, which has cross-sectional area A, and then discharging it at the ground,
B, where the cross-sectional area is Ag. If air at A is subjected only to atmospheric pressure,

determine the air pressure which the lawn mower exerts on the ground when the weight of the
mower is freely supported and no load is placed on the handle. The mower has mass M with center
of mass at G. Assume that air has a constant density of p,.

Given:
m
vp = 6 —
S
Ap = 0.25 m?
Ag = 0.35 m?
M = 15 kg
k
pa =122 9
3
m
. kg
Solution: m' = pa AAVA m' =183 —
S

+T IFy = m'(VBy - VAy) PAg-Mg= m'[O - (_VA)]

.
P=A—B(va+Mg) P = 452 Pa

*Problem 15-120

The elbow for a buried pipe of diameter d is
subjected to static pressure P. The speed of the
water passing through it is v. Assuming the pipe
connection at A and B do not offer any vertical
force resistance on the elbow, determine the
resultant vertical force F that the soil must then
exert on the elbow in order to hold it in

equilibrium. Neglect the weight of the elbow and rd "‘ ~
the water within it. The density of water is . / Ba
-
Given: &3 P
d=5in 6 =45deg ) S
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Ib
P =10 — yW_624—3
in ft
Vv=8-—
S
Solution:
T2
= vl —d
Yw
1 — _Q
g

Also, the force induced by the water
pressure at A is

A= Zd?
4
F=PA F =196.351b
2F cos(@) -F1 = m'(—vcos(e) - vcos(@))
Fi = 2(Fcos(9) + m‘vcos(@))

F1 = 3021b

Problem 15-121

The car is used to scoop up water that is lying in a trough at the tracks. Determine the force
needed to pull the car forward at constant velocity v for each of the three cases. The scoop has
a cross-sectional area A and the density of water is p,,.

ia) (b}
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Solution:
The system consists of the car and the scoop. In all cases

d d
ZFS =MN—V — VDe—me
dt dt

F=0-VpAV F=V2pA

Problem 15-122

A rocket has an empty weight W, and carries fuel of weight W, If the fuel is burned at the rate
c and ejected with a relative velocity vpg, determine the maximum speed attained by the rocket
starting from rest. Neglect the effect of gravitation on the rocket.

. Ib ft ft
Given: W1 = 500 Ib Wy = 300 Ib c=15— VDR = 4400 — g =322 —
S S

2
S
) W1 + Wy
Solution: mg = ————
g
. W2
The maximum speed occurs when all the fuel is consumed, that is, where t = — t=20.00 s

d d
XFy = m—v — Vvpr—Me
Tt dt

c c . .
Atatimet, M =mg - at, where E = j—me. In space the weight of the rocket is zero.
t
d
0= (mo - Ct)d—v — VDRC
t

ft
Guess Vmax = 1 —
s

c
Gi Vmax —VDR
Iven J ldv=| 02—t
C
0 mg — —t
g

ft
Vmax = Find(Vmax) Vmax = 2068§
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Problem 15-123

The boat has mass M and is traveling forward on a river with constant velocity vy, measured relative
to the river. The river is flowing in the opposite direction at speed vg. If a tube is placed in the water,
as shown, and it collects water of mass M,, in the boat in time t, determine the horizontal thrust T on
the tube that is required to overcome the resistance to the water collection.

Units Used:
Mg = 103 kg
Given:
M =180kg My =40 kg
km
vp = 70 — t=80s
hr
Vo = km W = 1@
R=° me
. M
Solution: n - Mw o = 0.50 kg
t S
m
Vdi = Vp vdi = 19.44 —
S

2Fj = md—v + vgim'
dt

T = vgim' T=972N

*Problem 15-124

The second stage of a two-stage rocket has weight W, and is launched from the first stage with
velocity v. The fuel in the second stage has weight Ws. If it is consumed at rate r and ejected with
relative velocity v,, determine the acceleration of the second stage just after the engine is fired.
What is the rocket’s acceleration just before all the fuel is consumed? Neglect the effect of

gravitation.
Given:
Ib
Wy = 2000 Ib Ws = 1000 Ib r =50 —
S
mi ft ft
v = 3000 — vy = 8000 — g=2322—
hr S 52
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Solution:

Initially,

ZFS = md—V = Vdi d—me
dt

dt

W2+Wf r
0=|———la—v—
g g

Finally,

- (T )

a= 133E
2
S
ft
a; = 200—
1 52

Chapter 15

Problem 15-125

The earthmover initially carries volume V of sand having a density 0. The sand is unloaded
horizontally through A dumping port P at a rate m' measured relative to the port. If the
earthmover maintains a constant resultant tractive force F at its front wheels to provide
forward motion, determine its acceleration when half the sand is dumped. When empty, the
earthmover has a mass M. Neglect any resistance to forward motion and the mass of the
wheels. The rear wheels are free to roll.

Units Used:
Mg = 103 kg
KN = 10° N
Given:
A=25m° p-=
k
m' = 900 -2
S v =
F = 4 kN
M = 30 Mg
Solution:

When half the sand remains,

1
M1 = M+ 2Vp

M7 = 37600 kg
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m m
d—m=m'=va v=—v=024 —
d PA S

d d '
X F=m—v-—mvpRr F=Mja-m'v
dt dt
F+m'v m
a=——— a=0.11—2
M1 s
mm
a=112—
S

Problem 15-126

The earthmover initially carries sand of volume V having density p. The sand is unloaded horizontally
through a dumping port P of area A at rate of r measured relative to the port. Determine the resultant
tractive force F at its front wheels if the acceleration of the earthmover is a when half the sand is
dumped. When empty, the earthmover has mass M. Neglect any resistance to forward motion and

the mass of the wheels. The rear wheels are free to roll.

Units Used:
kN = 10° N
Mg = 1000 kg
Given:
V =
p =
A=25m M = 30 Mg
Solution:
. 1
When half the sand remains, M1 =M+ EVp M1 = 37600 kg
r m
d—m=r r=pvA V=— v =0.237 —
dt PA S
d d
F=m—v-—my F=Mia-rv F = 3.55kN
dt  dt
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Problem 15-127

If the chain is lowered at a constant speed v, determine the normal reaction exerted
on the floor as a function of time. The chain has a weight W and a total length I. @

Given:

Ib
W=5—
ft i

I =20 ft

ft
vV=4—
S

r
e T T CaF e

|

(

|

I
Solution: (i

|

At time t, the weight of the chain on the floor is W = M g(v t) ) :

I

|

d—v =0 Mt = M(vt) i
dt h

Gl
d—Mt = My -

dt il

d d
2 Fg= M=V + vpi—M¢
T dt
R—-Mg(vt) =0+ v(MV)

R = M(gvt+ v2) R = %(gvuvz)

*Problem 15-128

The rocket has mass M including the fuel. Determine the constant rate at
which the fuel must be burned so that its thrust gives the rocket a speed
v in time t starting from rest. The fuel is expelled from the rocket at
relative speed v,. Neglect the effects of air resistance and assume that g

is constant.
Given:
= ft
M = 65000 Ib vy = 3000 —
S
ft
v = 200 —
S ft
g=2322—
t=10s 32
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Solution:

A System That Losses Mass: Here,

W = (mo —d—me tjg
dt

Applying Eg. 15-29, we have

+TZ F; = mj—tv - VDEd—me

integrating we find

Chapter 15

dt |
Mo  —
v =Vpgeln - gt
d [| iy
mp — —Mme t L
dt
TN,
with mg =M VDE = Vr | /.’
I'.
I
mo IIIII".II
v =yvrln -g(t) '
mo d me t
— e
dt
—Mmo 1 —mo slu
d_mez = ol— A= mo |— A=43.3—g
d v+gt t v+gt t S
Vr Vr
e e
Problem 15-129
The rocket has an initial mass m,, including the fuel. For practical reasons ey
desired for the crew, it is required that it maintain a constant upward acceleration [ 4
ag. If the fuel is expelled from the rocket at a relative speed v,,, determine the : | Tirr.
rate at which the fuel should be consumed to maintain the motion. Neglect air [ &
resistance, and assume that the gravitational acceleration is constant. el
= —

Solution:

—-mg = mao — Verd—m
dt

d
Verﬁm = (ao + g)dt
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Since v,, is constant, integrating, with t = 0 when m = m, yields

m
VerIn| — | = (ap + g)t a0t
mo m e Ver

mo

The time rate fuel consumption is determined from Eq.[1]

ap+g
t
d ag + 9 d (ao+gje Ver

Note : v,, must be considered a negative quantity.

Problem 15-130

The jet airplane of mass M has constant speed v; when it is flying along a horizontal straight line. Air
enters the intake scoops S at rate ry. If the engine burns fuel at the rate r, and the gas (air and fuel) is
exhausted relative to the plane with speed v,, determine the resultant drag force exerted on the plane

by air resistance. Assume that air has a constant density p. Hint: Since mass both enters and exits the
plane, Egs. 15-29 and 15-30 must be combined.

Units Used:
Mg = 1000 kg - i P 7
kN = 103 N ___._.n:éi'__'—-r— —-_::_T"____'..'.'_--____ o e /'__ /
Given: — —_ﬁ.'--__. | ‘-;;--=~‘-
k
M=12Mg =04~
S
k Mg
vj =950—m ve=45om
hr S
3 -":IlI
m ki : 7
n=501-  p =122 o, V| —
S m —R —X
Solution:
d d d N
YFs=m=v-—m VDE) + —Mj(VDij .
ST dt e(ve) dt i(voi)
d d
—v =0 VDE =V VD' = Vj —m; = rlp
dt e ! J dt !
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A=rp %{me=r2+A B=rp+A

Forces T and F, are incorporated as the last two terms in the equation,

Fp = VeB - VjA Fp = 11.5kN

Problem 15-131

The jet is traveling at speed v, angle @with the horizontal. If the fuel is being spent at rate r; and the
engine takes in air at r, whereas the exhaust gas (air and fuel) has relative speed v,, determine the

acceleration of the plane at this instant. The drag resistance of the air is Fp = kv2 The jet has weight W.
Hint: See Prob. 15-130.

Given:
mi ft
v =500 — vp = 32800 —
hr S
s2
6 = 30 deg ki =07 Ib —
2
ft
Ib
rn=3— W = 15000 Ib
S
Ib ft
rp =400 — g¢g=2322—
S 2
s
Solution:
d rp d ri+rnr
dt g1 dt g1
\+ d d d
2Fg = M—V — Vpe—Mg + VDj—Mj
gt cdt o dt
. 2
—Wsm(@) —kivi" =Wa-vgB +v{A;
. B A1
(—Wsm(@) - k1v12 +Ve— — V1 —jg =
a= J J a=375—
W 52
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*Problem 15-132

The rope has a mass m' per unit length. If the end length y = h is draped off the edge of the
table, and released, determine the velocity of its end A for any position y, as the rope uncoils
and begins to fall.

Solution:

d d . d d
Fs=m=v +vpj—m; Atatimet, m=m'yand —mj=m'—y =m'v,
T P dt - dt

Here, vDj =V, d—v =0.
dt

. . d .
mgy=m yd—v+v(m V)
t

d 2 . d dy
=y—V+V Since v = —vy, then dt = —
o ydt dt \

Chapter 15

d 2
gy =VvVy—V +V
dy

Multiply both sides by 2ydy

29 y2dy = 2vy2 dv + 2yv2dy
2
J Zgyzdy=J 1dv2y2 Egy3+C=v2y2

2
v=0 at y=h Egh +C=0 3

Problem 15-133

The car has a mass m, and is used to tow the smooth chain having a total length | and a mass per

unit of length m'". If the chain is originally piled up, determine the tractive force F that must be

supplied by the rear wheels of the car, necessary to maintain a constant speed v while the chain is

being drawn out.
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Solution:

—— 3F= md—v+vDid—mi
dt dt

At atimet, m=mqg+ct

Where, c= d—mi = m'd—x =m'v
dt dt
_ d
Here, VDj =V —v=0
dt

F = (mg — mvt)(0) +v(m'v) = mvZ  F =mv

Problem 15-134

Determine the magnitude of force F as a function of time, which must be applied to the end of the
cord at A to raise the hook H with a constant speed v. Initially the chain is at rest on the ground.
Neglect the mass of the cord and the hook. The chain has a mass density p.

Given:
m k
v-o04l ,-289
S m
Solution:
d
—v=0 y = vt
dt
mj =my = mvt
d
—m| =mv
dt
d d
+ XFg = m—v + vpj| —m;j .
T s m I(dt |) LTJ.
1
F-mgvt=0+vmv F=mgvt+vmy Y3 4”?_
1
2 4
F=pgvt+Vv
N 2
f1 = pgv fi =7.85— fo = pv fo = 0.320N
S
F="ft+fo
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Problem 16-1

Chapter 16

A wheel has an initial clockwise angular velocity @ and a constant angular acceleration «. Determine
the number of revolutions it must undergo to acquire a clockwise angular velocity «. What time is

required?
Units Used: rev = 2 rad
. rad rad rad
Given: o =10 — a =3— wf = 15 —
S 2 S
S
wfz 2
Solution: a)f2 = a)z +2a6 6 = 6 = 3.32rev
2
Of — @
of =0+ at t = t=1.67s
(24
Problem 16-2

A flywheel has its angular speed increased uniformly from @, to @, in time t. If the diameter of the

wheel is D, determine the magnitudes of the normal and tangential components of acceleration of a
point on the rim of the wheel at time t, and the total distance the point travels during the time period.

. rad rad
Given: w1 =15 — @y =60 — t=280s D=2ft
S S
Solution: r= b
2
w0 — w1 rad
W = w1+ at a = 0:=0.56—2
t S
ft
at = ar at = 0.563—2
S
2 ft
an = w2 r an = 3600—2
S
a)22 - w1
0 = 6 = 3000rad
2
d=ér d = 3000 ft
Problem 16-3

The angular velocity of the disk is defined by @ = at? + b. Determine the magnitudes of the velocity
and acceleration of point A on the disk when t =1t;.
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Given:
rad
a=5—
3
S
rad
b=2—
S
r=08m
tt =05s
Solution: t = t1
rad
w=att+b w =322
S
rad
a = 2at o= 5.00—2
S
m
V = or v=260—
S

a-= (ozr)2 + (mzr)z a=935 m

*Problem 16-4

The figure shows the internal gearing of a “spinner” used for drilling wells. With constant
angular acceleration, the motor M rotates the shaft S to angular velocity @, in time t starting

from rest. Determine the angular acceleration of the drill-pipe connection D and the number of
revolutions it makes during the start up at t.

Units Used: rev = 2n

Given:
rev
oM = 100 — rm = 60 mm
min
—
rop = 150 mm t=2s al
o
Solution:
oM = amt
M rad
am = —/— a\m = 524 —
t 2
S
apMI'M = apIp
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™ rad
ap = aM (—j ap = 2.09—
D 2
S
1 2
0= EaDt 0 = 0.67rev
Problem 16-5

If gear A starts from rest and has a constant angular acceleration «,, determine the time needed for
gear B to attain an angular velocity a.

Given: A
rad Ry T
ap = 2 5—2 rg = 0.5 ft \ ’{‘-
ks \
W m-ozn SRR
S T —
Solution: // / / / / ‘ R RN \r;
—— " — @&

The point in contact with both gears
has a speed of

ft
Vp = wBIB Vp = 25.00; |
Thus,
v rad
op = — wp = 125.00 =
ra S
OA
So that o= oct t=— t=6250 s
127.)
Problem 16-6

If the armature A of the electric motor in the drill
has a constant angular acceleration a,, determine

its angular velocity and angular displacement at
time t. The motor starts from rest.

Given:
rad
ap =20 — t=3s
2
S
Solution:

rad
w=act o=oapt o=6000—
S
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1
0 = EaAtZ 6 = 90.00 rad
Problem 16-7

The mechanism for a car window winder is shown in the figure. Here the handle turns the small cog
C, which rotates the spur gear S, thereby rotating the fixed-connected lever AB which raises track D in
which the window rests. The window is free to slide on the track. If the handle is wound with angular
velocity @, determine the speed of points A and E and the speed v,, of the window at the instant 6.

Given:
rad
e = 05 e
S
6 = 30 deg
ra = 200 mm
Solution:
VC = aclC
m
vc =0.01 —
S
vC rad
g = — g = 020_
rs S

VA = VE = wsA

mm
VA = osTA va = VE = 40.00 e

Points A and E move along circular paths. The vertical component closes the window.

mm
Vyy = vAcos(H) Vyy = 34'GT

*Problem 16-8
The pinion gear A on the motor shaft is given a constant angular acceleration «. If the gears A and

B have the dimensions shown, determine the angular velocity and angular displacement of the
output shaft C, when t = t; starting from rest. The shaft is fixed to B and turns with it.

Given:
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t1 =25

rn =35 mm

ro = 125 mm

Solution:

ap = a

raa=reac ac

Il
7N\
=S | s
=
N——

N

>

Chapter 16

rad
oc = acty oc = 1.68—
S
1
Oc = E“Ctl 6c = 1.68rad

Problem 16-9

The motor M begins rotating at an angular rate @ = a(1 — e). If the pulleys and fan have the
radii shown, determine the magnitudes of the velocity and acceleration of point P on the fan
blade when t =t; Also, what is the maximum speed of this point?

Given:
rad
a=4— rp=1in
S
1
b=-1- ro =4in

tt =05s rg = 16 in

Solution:
t=1 Mol =rnw
rn
w1 = a(l—ebt) wp = (—jwl
2
in
Vp = 3wy vp = 6.30 —
S
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ap = / (azrs)” + (w22r3)2

As t approaches

r
w] = a wf = —w
2

Chapter 16

in
ap = 10.02—

in
Vi = r3of Vf = 16.00?

Problem 16-10

The disk is originally rotating at angular velocity a,. If it is subjected to a constant angular
acceleration ¢, determine the magnitudes of the velocity and the n and t components of

acceleration of point A at the instant t.

Given:
rad
oy =8 —
S
rad
a=6—
2
S
t=05s
r=2ft
Solution:
o = g+ at VA = To
at = re
a.n =Tw

fit
VA = 22.00 —
S
fit
ar = 12.00 —
2
S
fit
an = 242,00 —

S
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Problem 16-11

The disk is originally rotating at angular velocity a,. If it is subjected
to a constant angular acceleration ¢, determine the magnitudes of
the velocity and the n and t components of acceleration of point B
just after the wheel undergoes a rotation 6.

Given:
rad
rev = 2n rad 05:6—2 r=15ft
S
rad
wg =8 — 6 = 2rev
S
Solution:
rad
wz,/w02+2a€ o = 14.66 —
S
ft
VB = lrw vg = 22—
S
ft
apt = ra apt = 9—2
S
ft
apn = ra)2 apn = 322—2
S

*Problem 16-12

The anemometer measures the speed of
the wind due to the rotation of the three
cups. If during a time period t; a wind gust

causes the cups to have an angular velocity
= (At2 + B), determine (a) the speed of 5 . —

the cups when t = t,, (b) the total distance : = ] : - m
traveled by each cup during the time period - ; (-
t;, and (c) the angular acceleration of the h -

cups when t = t,. Neglect the size of the
cups for the calculation.

e

Given:
t1 =3s th=2s r=15ft

A=2 B =3

w |

1
3
S
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Solution:

o) = At22+ B Vo) = rwp

t1
d=rJ At + B dt
0

dao
oa=— a = 2At
dt

Chapter 16

fit
vy = 16.50 —
S

d = 40.50 ft
o - 800"
2

S

Problem 16-13

A motor gives disk A a clockwise angular acceleration a, = at? + b. If the initial angular velocity of
the disk is ay, determine the magnitudes of the velocity and acceleration of block B when t = t;.

Given:
rad rad . Y
a=06— oy =6 — r=015m
4 S
S
rad
b =075 —2 t]_ =25
S
Solution:
ap = at12 +b
a
wp = §t13 + bty + wg
m
VB = oAl vg = 1.3656 —
s
m
ag = apr ag = 0.472 3

S

Problem 16-14

The turntable T is driven by the frictional idler wheel A, which simultaneously bears against
the inner rim of the turntable and the motor-shaft spindle B. Determine the required diameter
d of the spindle if the motor turns it with angular velocity @y and it is required that the

turntable rotate with angular velocity .
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Given:
rad
og = 25 —
S
rad
oT =2 —
S
a=29in
Solution:
d
a__
d 2
OB = OA —(—
B Al 2
d
a__
2
opl — | = wTa

2wTa

wB

d=144in

Chapter 16

Problem 16-15

Gear A is in mesh with gear B as shown. If A starts from rest and has constant angular
acceleration « , , determine the time needed for B to attain an angular velocity .

Given:
5 rad .
a = —_— =
A 5 A
S
rad

a)BZSOT g =

Solution:

aATA = GBIB aB = (_jaA

op = apt t

25 mm

100 mm

rA

'B

aB

t=100.0 s
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*Problem 16-16

The blade on the horizontal-axis windmill is turning
with an angular velocity a,. Determine the distance
point P on the tip of the blade has traveled if the blade
attains an angular velocity @in time t. The angular
acceleration is constant. Also, what is the magnitude
of the acceleration of this point at time t?

Given:
rad rad
oy =2 — w=5—
S S
t=3s p = 15 ft
Solution:
@ — W) i %
a = I|I |

t

0
an = rpa)2 at = fpa
an ft
ap = ap = 375.30 —
at 82

Problem 16-17

The blade on the horizontal-axis windmill is turning with an angular velocity ay,. If it is given an

angular acceleration «, determine the angular velocity and the magnitude of acceleration of
point P on the tip of the blade at time t.
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Given:
rad rad
wg=2— a=06— r =15 ft t=3s
S S2
Solution:
rad
o = og+ at o= 3.80—
S
ft
apt = ar apt = 9.00—2
S
2 ft
apn =wlr apn = 21660_2
S

= Japt + apn’ PITAL
ap = apt +apn ap— _2

S

Problem 16-18

Starting from rest when s = 0, pulley A is given an
angular acceleration a,=ké. Determine the speed

of block B when it has risen to s = s;. The pulley has
an inner hub D which is fixed to C and turns with it.

Given:
-2
k=6s rc = 150 mm
sp=6m rb = 75 mm
B
ra = 50 mm L
i
:
il
Solution:
rc)si
Opra = Ocre fcrp = s1 Opn =|—|—
A J'D
2 2
21N oA
OlAZke T :k(TJ WA Z\/T(QA

ra m
OATA = oCcfC  oC = (—JwA VB = ocID VB = 1470 —
S
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Problem 16-19

Starting from rest when s = 0, pulley A is given a constant angular acceleration «,. Determine
the speed of block B when it has risen to s = s; . The pulley has an inner hub D which is fixed to
C and turns with it.

Given:
6 rad
ap =6 —
A 2
S
S =6m
ra = 50 mm
rc = 150 mm ]
L
rp =75 mm a
Solution: N
:
L N
rcif s1
Onra = 6crc Ocrp = s1 o = (_j(_j
A J\'D
a)AZ
— = apb wp = +/2ap0
5 AUA A AUVA
ra m
WATA = OCTIC wC = —oA VB = oCcID vg = 1.34 "
rc

*Problem 16-20

Initially the motor on the circular saw turns its drive shaft at o= kt¥3, If the radii of gears A and B are
r, and rg respectively, determine the magnitudes of the velocity and acceleration of a tooth C on the

saw blade after the drive shaft rotates through angle &= 6, starting from rest.
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Chapter 16

rad

rad

rad
ap = 15.88—2

S

Given:
ra = 0.25in
rg =1in
rc =25in
61 =5rad
rad
k =20 —
>
3
S
Solution:
2
op = kt3
3
501 >
t] = | —
1= sk
2
op = kt13
ra
wB = — WA
B
-1
2
ap = —kt
A 3 1
VCc = rcwp
ac =

/ (rcas)” + (fchZ)z

ra
aB = —ap
B
in
vc = 8.81—
S
in
ac = 32.6—
C 32

rad
ag = 3.97 —

Problem 16-21

Due to the screw at E, the actuator provides linear motion to the arm at F when the motor turns

the gear at A. If the gears have the radii listed, and the screw at E has pitch p, determine the

speed at F when the motor turns A with angular velocity w,. Hint: The screw pitch indicates the
amount of advance of the screw for each full revolution.
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Given:
rev = 2n rad
mm
p=2—
rev
rad
op =20 —
S
ra = 10 mm
rg = 50 mm
rc = 15 mm
rp = 60 mm
Solution:
WATA = WBIB wBICc = wplD
(rAj("Cj rad
op =|—||—|lopn op=1l—
B\ D S
mm
VE = opp VE = 0.318 —
S

Problem 16-22

A motor gives gear A angular acceleration a, = af3+ . If
this gear is initially turning with angular velocity @y,

determine the angular velocity of gear B after A undergoes an
angular displacement 6,.

Given:

rev = 2n rad

a-o025
2

S

b 05
2
S

rad
opg = 20 —
S
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ra = 0.05 m
rg = 0.15m
61 = 10 rev
Solution:
01
aA=a493+b a)A2= a)A02+2J (a6?3+b) do
0
01 d
rai
wp = a)A02 + ZJ a€3 +bdo wp = 1395.94 —
0 S
A rad
W = — OA wp = 465—
B S

Problem 16-23

A motor gives gear A angular acceleration a, = kt3. If this gear is initially turning with angular
velocity m,,, determine the angular velocity of gear B whent = t;.

Given: p LA 4

{0y In
rad t] =25 - SSS\) B qug;
k =4 — s (‘;.
5 Il
s ra = 0.05m y %5;_3) /@

rad a8 :
opg =20— rg=015m . ‘;6\ d

S o, 22 /

~J
Solution: t=1 ?/Iﬂ Ah

k rad
ap = k'[3 wp = (zjt4 + wpQ wp = 36.00 —
S
A rad
wg = — OA o = 12.00 —
B S

*Problem 16-24

For a short time a motor of the random-orbit sander drives the gear A with an angular velocity
ONS A(t® + Bt). This gear is connected to gear B, which is fixed connected to the shaft CD.

The end of this shaft is connected to the eccentric spindle EF and pad P, which causes the pad
to orbit around shaft CD at a radius rg. Determine the magnitudes of the velocity and the
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tangential and normal components of acceleration of the spindle EF at time t after starting from
rest.

Given:

ra=10mm rg =40 mm rg =15 mm

rad
A =40 = B =65 t=2s
s
Solution:
ra
oA = A(t3 + Bt) wB = — WA
B
ra
ap = A(St2 + B) aB = —ap
B
m
V = wBIE v=300—
s
m
at = aBprE at = 2.70 >
S
2 m
an = wB Ig an = 600.00 =

S

Problem 16-25

For a short time the motor of the random-orbit sander drives the gear A with an angular
velocity o, = k&?2. This gear is connected to gear B, which is fixed connected to the shaft

CD. The end of this shaft is connected to the eccentric spindle EF and pad P, which causes
the pad to orbit around shaft CD at a radius rg. Determine the magnitudes of the velocity and

the tangential and normal components of acceleration of the spindle EF when 8= 6, starting
from rest.

Units Used:

rev = 2n rad

411



Engineering Mechanics - Dynamics Chapter 16

Given:
rad =
K =5 rad ra = 10 mm
S
rg = 40 mm
61 = 05 rev re = 15 mm
Solution:
op = k¢912
2
ap = (k91 )(2kl91)
A A
wB = — WA ag = —ap
B B
m
V = wBIE v=019 —
S
m
at = aBpIg ar = 5.81 -
S
m
an = wBZrE an = 2.28 3
S

Problem 16-26

The engine shaft S on the lawnmower
rotates at a constant angular rate @,.

Determine the magnitudes of the velocity
and acceleration of point P on the blade
and the distance P travels in time t. The
shaft S is connected to the driver pulley A,
and the motion is transmitted to the belt
that passes over the idler pulleys at B and
C and to the pulley at D. This pulley is
connected to the blade and to another belt
that drives the other blade.

Given:

rad

ra = 75 mm ap =0

50 mm t=3s

D
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Solution:
rA
wp = — oA
D
m
Vp = oplp vp = 12.00 —
S
2 m
ap = wp Ip ap = 720.00 >

S

optra
Sp = rp( o j sp =36.00 m

Problem 16-27

The operation of “reverse” for a three-speed automotive transmission is illustrated schematically
in the figure. If the crank shaft G is turning with angular speed ey , determine the angular speed

of the drive shaft H. Each of the gears rotates about a fixed axis. Note that gears A and B, C and
D, and E and F are in mesh. The radii of each of these gears are listed.

Given:
rad
oG = 60 —
S
ra = 90 mm
rg = 30 mm
rc = 30 mm
rp = 50 mm
re = 70 mm
re = 60 mm
Solution:
ra rad
wB = — G wg = 180.00 —
B S
rc rad
op = —oR op = 108.00 —
D S
'e rad
WH = —®p oH = 126.00 —
e S
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*Problem 16-28

Chapter 16

Morse Industrial manufactures the speed reducer shown. If a motor drives the gear shaft S with an

angular acceleration « = ke, determine the angular velocity of shaft E at time t after starting from
rest. The radius of each gear is listed. Note that gears B and C are fixed connected to the same shaft.

Given:
ra = 20 mm
rg = 80 mm
rc = 30 mm
rp = 120 mm
d
k=042
2
S
b=1s 1
t=2s
Solution:
t
a)=J kebtdt w = 256—
0

A Ic
o = |— || — |@ o = 0.160 —
rg)\ D s

Problem 16-29

Morse Industrial manufactures the
speed reducer shown. If a motor
drives the gear shaft S with an

angular acceleration o = ka?,
determine the angular velocity of
shaft E at time t; after gear S

starts from an angular velocity o,

when t = 0. The radius of each
gear is listed. Note that gears B
and C are fixed connected to the
same shaft.

Given:
ra = 20 mm
rg = 80 mm
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rc = 30 mm
rp = 120 mm
rad
og =1—
S
rad
k =4 —
5
S
t1 =25
Solution:
rad

Guess w; =1—
S

ty o]
Given J K dt :J o do w1 = Find(oy)
0 wQ

rad ral( rc rad
w1 = 240 — O = (—j(—jwl o = 0.150 —
S 1] D

Problem 16-30

A tape having a thickness s wraps around the

wheel which is turning at a constant rate «.

Assuming the unwrapped portion of tape remains /
horizontal, determine the acceleration of point P of |
the unwrapped tape when the radius of the |

wrapped tape is r. Hint: Since vp = @, take the |
time derivative and note that dr/dt = @ (s/27).

Solution:

Vp = ar

dvp  do dr
ap =— =—I1+ w—
dt  dt dt

since%—o ap = dr
it T Ay

In one revolution ris increased by s, so that

2r S

A0 Ar
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Hence,
S dr S
Ar=—4 —=—0w
2 d 2z
a s 2
=—ow
P 2

Problem 16-31

The sphere starts from rest at &= 0° and rotates with an angular acceleration « =ké.
Determine the magnitudes of the velocity and acceleration of point P on the sphere at the

instant 4= 4,.
Given:
01 = 6 rad r=28in
d
4 = 30 deg k=4 %
S
Solution:
a = ko
2 2
o
[} 1
o= - ko
ft
vp = arcos(¢) vp = 6.93—
2
ft
ap = \/(ozrcos(;é))2 + (wzrcos(qi)) ap = 84.3—

*Problem 16-32

The rod assembly is supported by
ball-and-socket joints at A and B. At the
instant shown it is rotating about the y
axis with angular velocity @ and has
angular acceleration «. Determine the
magnitudes of the velocity and
acceleration of point C at this instant.
Solve the problem using Cartesian
vectors and Egs. 16-9 and 16-13.
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Given:
w =25 id a=04m
s
b=04m
a =18 fad
52 c=03m
Solution:
0 -a
]=11 rac=| 0
0 c
1.50
Ve = (a)j) X TAC vc =| 0.00 % |Vc| = 2.50 ?
2.00
12.40
. . . m m
ac = (aj) x rac + (a)j) X I:(a)j) X rAC] ac =| 0.00 - |ac| =13.12 =
-4.30) ° >

Problem 16-33

The bar DC rotates uniformly about the shaft at D with a constant angular velocity @. Determine the
velocity and acceleration of the bar AB, which is confined by the guides to move vertically.

Ay A

|
- | C =] ] e —

 — ] ;  —
i 3
\( 6
L]
urfhu.ln.-’?.-’.-’.-’.-’#.-’.-’ L nw.-wrr::rm.l.l.r‘r.-'."
Solution: d=w d'=a=0
y = Isin(&)
y' = vy = lcos(60)@ vag = @l cos(6)
. ( o 2) 2 .

y" = ay = llcos(9) ¢' - sin(9) ¢ aag = - Isin(6)
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Problem 16-34

At the instant shown, @ is given, and rod AB is subjected to a deceleration a when the
velocity is v. Determine the angular velocity and angular acceleration of link CD at this

instant.
Given: o R y
e
A
v=101 a-161 ;
s 2
S - T N
il

6 =60deg r =300 mm
Solution:

X = 2rcos(0) x=0.30m

X' = —2rsin(€)€

-V rad
0 =—< w=-192—
2rsm(6’) S
X" = —2rcos(9) 02 - 2r5in(9)€'
2
a- 2rcos(€) @ rad
a = - o =-183—
2rsin(6) 2
Problem 16-35
The mechanism is used to convert the
constant circular motion o of rod AB h
into translating motion of rod CD. u o u
Determine the velocity and acceleration D: e it T
of CD for any angle &of AB.
¥ I
Solution:
X = Icos(&) X' =vyg= —Isin(9)€ -

X" =ay = —I(sin(e) g+ cos(e) 02)

Vyx = VCD ay = acp and d=w '=a=0

vep = —olsin(0)  acp = —a°1cos(0)
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*Problem 16-36

Determine the angular velocity of rod AB for the given 6. The shaft and the center of the roller
C move forward at a constant rate v.

Given: i
m -
Vv=5— _=
S
g A
6 = 30 deg : o
r = 100 mm
- X
Solution:

r= xsin(e) 0= x'sin(e) + xcos(H)H = —vsin(H) + xcos(@)w

X = — o = (than(e) o= 1443"9
sin(6) X s

Problem 16-37

Determine the velocity of rod R for any angle & of the cam C if the cam rotates with a constant
angular velocity «. The pin connection at O does not cause an interference with the motion of
AonC.

Solution:

Position Coordinate Equation: Using law of cosines.

(ro+ r2)2 = x% + 112 - 2r;xcos(6)

X=1r cos(&) +\/r12 cos(e)2 +2r1rp + r22

0=2xx"-2nx cos(e) + 2r1xsin(6)6?
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—rlxsin(9)¢9

X—r cos(@)

s —_— v:—rlsin(e)w 1+

Chapter 16

r cos(e)

2
r12 cos(&) +2r1rp + r22

Problem 16-38

The crankshaft AB is rotating at constant angular velocity @. Determine the velocity of the

piston P for the given 6.

Given:
o = 150 Ed '
S a
0 = 30 deg : '! ' . \I_.P
a=02ft
b = 0.75 ft
Solution:

X = (a)cos(&) +4/ b2 - a2 sinz(e)

a2 cos(6’)sin(€)

)

X' =—(a) sin(ﬁ)H -

N

b2 - a2 sin(@)

a2 cos(@)sin(e)w

v = —(a) sin(&)a) -

N

b2 - a2 sin(&)

ft
v =-18.50 —
S

Problem 16-39

At the instant 8= 6, the slotted guide is moving upward with acceleration a and velocity v.
Determine the angular acceleration and angular velocity of link AB at this instant. Note: The

upward motion of the guide is in the negative y direction.

Given:

m
61 =50degv =2 —
S

L = 300 mm
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Solution:

y = Lcos(6)

y' = —Lsin(6)@ (,; Tr

./

y" = —Lsin(6)@" — Lcos(6) 9°

w0 = # o= 8.70@
LS|n(91) S

a-— Lcos(@l) a)z

a =
Lsin(el)
d
a = —50.50 -2
2 ¥
S i

*Problem 16-40

Determine the velocity of the rod R for any angle & of cam C as the cam rotates with a
constant angular velocity «. The pin connection at O does not cause an interference with the
motion of plate A on C.

Solution:
X =1+ rcos(6) "
x' = —rsin(6)@

v = —rwsin(6)

Problem 16-41

The end A of the bar is moving downward along the slotted guide with a constant velocity V.
Determine the angular velocity wand angular acceleration a of the bar as a function of its position y.
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Solution: y' = -vp y'=0
r= ysin(&)

0= y'sin(&) + ycos(6)€

0=y" sin(ﬁ) + 2y cos(@)e - ysin(ﬁ) 62 + ycos(&)ﬁ'

oo 2

y
) VAZ( r j VA2 P rVA2(2)/2 - r2)
a=2—— + a=
- VP (y? - r2)3 VP (y? - r2)3

Problem 16-42

The inclined plate moves to the left with a constant velocity v. Determine the angular velocity and
angular acceleration of the slender rod of length I. The rod pivots about the step at C as it slides on

the plate.
Solution: X' =-v
X 3 | |

sin(¢— 49) - sin(180 deg — ¢) - sin(¢)

xsin(¢) = Isin(¢— 0)

X' sin(¢) = —Icos(¢— 6)9
Thus, = ——vsin(¢)

Icos(¢ - 6?)
2

x"sin(¢) = —Icos(¢— 6)6' - Isin(¢— 0) 7

0= —cos(¢ - 0) o — sin(¢ - 0) a)z
_ —sin(¢ - 0){ VZSin¢2 } o —v2 sin2(¢)sin(¢ - 49)
cos(¢ - 6) |ZCOS(¢ - 9)2 I2cos(¢ - 9)3
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Problem 16-43

The bar remains in contact with the floor and with point A. If point B moves to the right
with a constant velocity vg, determine the angular velocity and angular acceleration of the

bar as a function of x.

Solution: X' =vp X"=0
X = htan(&)

X' = hsec(&)ze

X" = hsec(@)ze' + 2hsec(0)2tan(€) 02

2,2
sec(6) = - tan(6) = =
hvg —2hxvpg
YT 2 “= 2
h” + x (hz N Xz)

*Problem 16-44

The crate is transported on a platform which rests on rollers, each having a radius r. If the rollers
do not slip, determine their angular velocity if the platform moves forward with a velocity V.

v
—

Solution:

Position coordinate equation: sg = ré. Using similar triangles sp = 2sg = 2ré@

S'A =Vv=2rf where € = @
v

w=—
2r
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Problem 16-45

Bar AB rotates uniformly about the fixed pin A with a constant angular velocity o. Determine the
velocity and acceleration of block C when 8= 4,.

Given:
L=1m I L
? o
61 = 60 deg ¥ L
- -
s
rad
w=2—
S
a=0 @
2
S
Solution
0-0, OG-0 0 =a r L -
rad rad

Guesses ¢p=60deg ¢4 =1— 4" =1—
s

m m
sc=1m ve = -1 — aC:—Z—Z
S

Given
Lcos(6) + Lcos(g) =
sin(6) @ +sin(g) ¢ =
cos(6) 0% + sin(6) & + sin(g) ¢* + cos(g) ¢” = 0
sc = Lsin(g) - Lsin(6)

Ve = Lcos(¢)¢' - Lcos(H)H

ac = —Lsin(g) g% + Lcos(g) g + Lsin(6) 9° — Lcos(0) 6"

¢

y

¢ _ o . rad . rad
|~ Find(¢, ¢, 4".sc.vc.ac) $=6000deg ¢ =-200— ¢ =-462—

S

V m m
¢ sc=000m vc=-200— ac=-231—
ac S 52
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Problem 16-46

The bar is confined to move along the vertical and inclined planes. If the velocity of the roller at A is
v, downward when 6= 6,. determine the bar's angular velocity and the velocity of roller B at this

instant.
Given:
vp =6 E i‘- I'
S
61 = 45 deg
¢ = 30 deg
L=5ft

Solution: 0 =6

Guesses
sp=1ft sg =1ft a)zlﬂ V|3:1E
S S
Given
Lsin(H) = sBcos(¢) Lcos(&)a) = vBcos(¢)
Lcos(&) =Sp + sBsin(¢) -L sin(ﬁ)a) = —vp + vBsin(¢)
SA
B SA 1.49 rad ft
= Find(sa,sB, @,V = ft =1.08— vg = 4.39 —
» (sa-58, . v8) (SBJ (4.08) © s B s
VB

Problem 16-47

When the bar is at the angle &the rod is rotating clockwise at @ and has an angular acceleration a.
Determine the velocity and acceleration of the weight A at this instant. The cord is of length L.

Given:
L = 20 ft
a=10ft
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b =10ft
6 = 30 deg
rad
w=3—
S
rad
a=5—
2
S
Solution: gd=-0 60 =-«a

sp =L —\/a2 + b2 - 2abcos(6)

—absin(0)@ '
Vp =
\/a2 + b2 - 2abcos(9)
a —absin(e)H' - abcos(@) 6?2 (absin(&)é’)2
A =
2 2 3
\/a +b” — 2abcos(6) \/(a2 . 2abcos(9))
sp = 14.82ft VA = 29.0% ap = 59.912

S

Chapter 16

*Problem 16-48

The slotted yoke is pinned at A while end B is used to
move the ram R horizontally. If the disk rotates with
a constant angular velocity o, determine the velocity
and acceleration of the ram. The crank pin C is fixed
to the disk and turns with it. The length of AB is L.

Solution:

X = Lsin(¢)

S = \/d2 + r2 + 2rdcos(9)
ssin(¢) = rsin(@)

Thus  x = Lrsm(@)

\/d2 + r2 +2rd cos(e)

426




Engineering Mechanics - Dynamics Chapter 16

chos(H)a) N dersin(H)a)

= —
\/d +r +2rdCOS(9) \/(d2+r2+2rd008(9))

3

-L rsin(H) a)2 N 3dersin(6?) cos(e) 0)2 N 3d2L rssin(H) a)2

T2 2 3
\/d +1° + 2rdcos(6) \/(dZ N 2rdcos(t9)) \/(dz g 2rdcos(9))

5

Problem 16-49

The Geneva wheel A provides intermittent rotary motion @, for continuous motion ey, of disk D. By
choosing d = \/E r, the wheel has zero angular velocity at the instant pin B enters or leaves one of
the four slots. Determine the magnitude of the angular velocity @, of the Geneva wheel when 6= 6,
so that pin B is in contact with the slot.

Given: e i o
rad ;r”J
op = 2 — /
S pi
{ r . —
r = 100 mm ' ) -
I: five = 11 .":” —
61 = 30 deg \
L'
\\5\\ D
Solution: T
0=0
rad
Guesses ¢ = 10 deg op =1—
S
mm
SgA = 10 mm sgp = 10 —
S

Given  rcos(6) + sgacos(g) =+/2r
—rsin(&)wD + s‘BAcos(¢) - sBAsin(¢)a)A =0
rsin(e) = sBAsin(¢)

rcos(ﬁ)a)D = s'BAsin(¢) + sBAcos(¢)wA
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¢
WA . rad
= Flnd(¢, @A > SBA » SIBA) ¢ = 42.37deg op = 0.816 —
SBA S
S'BA mm
SBA = 74.20 mm s'BA = 190.60 —
S
L 2cosl @) -1
The general solutionis  wp = wp V2 9
3 —2v/2cos(6)
Problem 16-50
If h and fare known, and the speed of A and B is v, = vg = v, determine the angular velocity
w of the body and the direction ¢ of vg.
1 Vi
/ 6 f
[ ,
\.\.I '\\H- A i
1.':- |'| ‘Jf'.l H‘\\I
Ll R | v o
'\\h i) | i
— '
¥i
IlI !H Li
Solution:

VB = VA + @ X IBA

—vcos(g)i + vsin(g)j = vcos(0)i + vsin(0)j + (~wk) x (=hj)
—vcos(¢) = vcos(e) — wh (1)

vsin(¢) = vsin(e) (2)

From Eq. (2), ¢p=20

From Eq. (1), w = % cos(&)
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Problem 16-51

The wheel is rotating with an angular velocity @. Determine the velocity of the collar A for the
given values of dand ¢.

Given:
6 = 30 deg
¢ = 60 deg
rad
w=8—
S
ra = 500 mm
rg = 150 mm
vg = 1.2 m
S
Solution:
rad m
Guesses opg = 1 — vp =1 —
S s
0 —Ig C0S ( 6?) 0 ra cos(¢) VA
Given 0 |x| rgsin(6) |+]| 0 |x| rasin(g) |=| 0
-0 0 WAB 0 0
WAB rad m
( j = Find(a)AB,VA) op = —4.16 — vp = 240 —
va S S

*Problem 16-52

The pinion gear A rolls on the fixed gear rack B with angular velocity @. Determine the velocity
of the gear rack C.

. rad Vi
Given: o =4 — r=0.3ft t
s
Solution:  vc = vg + VcB

ft
Ve = —6.56 ?

ve = o(2r)
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Problem 16-53

The pinion gear rolls on the gear racks. If B is moving to the right at speed vg and C is moving to
the left at speed v determine the angular velocity of the pinion gear and the velocity of its center A.

Given:
ft
vg =8 —
S
—2r
ft
ve =4 —
S ¥a
r =0.3ft
Vi
Solution:
VC = VB + VCB

-vc=vg-(2Nw

VC +VB rad
o = o = 20.00 —
2r S
VA = VB + VAR
ft
VA = VB+(—a))I’ vp =2—
S

Problem 16-54

The shaper mechanism is designed to give a slow cutting stroke
and a quick return to a blade attached to the slider at C.
Determine the velocity of the slider block C at the instant
shown, if link AB is rotating at angular velocity w,g.

Given:

6 = 60 deg

¢ = 45 deg
rad

wpB = 4 —
S

a = 300 mm

b = 125 mm
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Solution:
rad m
Guesses opc =1— ve =1—
s s
0 cos(6) 0 —cos(g) Ve
Given 0 |x|a sin(6) [[+] O |x|bl sin(g) ||=] 0
@WAB 0 @WBC 0 0
WBC rad m
( J = Find(a)Bc,Vc) wpC = 6.79— vc = -1.64 —
\e: S S

Problem 16-55

The shaper mechanism is designed to give a slow cutting stroke and a quick return to a blade
attached to the slider at C. Determine the velocity of the slider block C at the instant shown, if
link AB is rotating at angular velocity wpg.

Given:
6 = 45 deg
¢ = 45 deg
rad
wpAB = 4 —
S
a = 300 mm
b = 125 mm
Solution:
rad m
Guesses opc =1— ve =1—
S S
0 cos(6) 0 —cos(¢) Ve
Given 0 |x|a sin(6) [[+] O |x|b| sin(g) ||=] 0
WAB 0 @BC 0 0
WBC rad m
( J = Find(a)Bc,Vc) wpc = 9.60 — vc =-1.70 —
\e: S S
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Problem 16-56

The velocity of the slider block C is v up the inclined groove. Determine the angular velocity of
links AB and BC and the velocity of point B at the instant shown.

Given:
fit I L 1
ve=4— L=1ft / r
s
Guesses : °a 99
ft
vBx =1 — vey =1
S
rad rad k
opg =1—  woBc =1—
s
45"
0 0 VBx ' AN '
Given 0 |x|L|=]|vBy
OAB 0 0
VB 0 L vc cos (45 deg)
vey | + 0 |x]|0|=] vcsin(45 deg)
0 ®BC 0 0
VBx
VBy ) WAB —-2.83 ) rad
= Flnd(vBX,vBy, WAB » wBC) = e
ons oBC 283 ) s
WBC
VBx 2.83) ft VBx ft
_ It - 283—
VBy 0.00) s VBy S

Problem 16-57

Rod AB is rotating with an angular velocity w,g. Determine the velocity of the collar C for the given
angles dand ¢.

Given:
rad
WAB = 5 ——
vg = 10 —
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a=2ft
b =25ft
6 = 60 deg
¢ = 45 deg
Solution:
Guesses
ft rad
vec =4 — ocg = 1 —
S S ‘
Given
0 (a)cos(¢) 0 ~bcos ()
0 |x|(a)sin(g) [+| O |x| —bsin(6)
WAB 0 @CB 0

rad
wcB = 5.66 —
S

Ve
( J = Find(Vc,a)CB)
@CB

Chapter 16

ft
Ve = 5.18 ?

Problem 16-58

If rod CD is rotating with an angular velocity apc, determine the angular velocities of rods AB

and BC at the instant shown.

Given:
opc = 8 fad
S
61 = 45 deg
6> = 30 deg
rag = 150 mm
rgc = 400 mm
rcp = 200 mm
Solution:
Guesses @3 = 20 deg wpg =1 %d ogc =1 %d
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Given
I’ABSin(Hl) - IBC Sin(ﬁg) + rCDsin(Hz) =0

0 -rcp cos(@z) 0 —IBC 003(63) 0 —raB cos(@l)
0 |x —I’CDSin(Hg) +1 0 |x| rgc Sin(ﬁg) +| 0 |x| -rap sin(ﬁl) =0
@DC 0 WBC 0 AB 0
03
) ®AB —9.615 ) rad
oOpB | = Flnd(93, OAB, CUBC) 63 = 31.01deg (Q)BCJ = (—1.067j%
WBC

Positive means CCW
Negative means CW

Problem 16-59

The angular velocity of link AB is @,g. h
Determine the velocity of the collar at &
C and the angular velocity of link CB #},
for the given angles @and ¢. Link CB . LA |
is horizontal at this instant. 4

C s H

Given: y
> -
rad 7 "

opg = 4 — ¢ = 45 deg 74 y

S P,

rag = 500 mm 6 = 60 deg

rgc = 350 mm @ = 30 deg

Solution:

m rad
Guesses ve =1— ocg =1—
] s

Given
0 rAB COS(H) 0 —-Igc -Vc COS(¢)
0 |x|ragsin(6) |+] O [x| o |=]|-vcsin(g)
WAB 0 “CB 0 0
Ve
( J = Find(VC, wCB) @OCB = 7.81@ vc = 245 m
@CB S S
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*Problem 16-60

The link AB has an angular velocity w,g. Determine the velocity of block C at the instant
shown when 6= 45 deg.

Given: :
rad . \ B
=2 — 15in X
WAB S ) y c ;

_.‘
Il

6 = 45 deg r=15in
Solution:
Guesses
rad in
opc =1— ve =1—
s s
Given
0 rcos(6) 0 rcos(6) 0
0 |x|rsin(0) [+] O |x|-rsin(0)|=]-vc
—WAB 0 —WBC 0 0
@WBC rad ft
( J = Find(a)Bc,Vc) wpc = 200—  vc =354—
Ve s s

Problem 16-61

At the instant shown, the truck is traveling to the right at speed v, while the pipe is rolling
counterclockwise at angular velocity o without slipping at B. Determine the velocity of the pipe’s

center G.
Given:
m
V=3—
S
rad
w=8—
S
r=15m
Solution:
VG = V+ VGB
m
Vg =V—or vg = -9.00 —
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Problem 16-62

At the instant shown, the truck is traveling to the right at speed v. If the spool does not slip at B,
determine its angular velocity so that its mass center G appears to an observer on the ground to
remain stationary.

Given:
v=2_8 o
S
r=15m
Solution:
VG = V+ VGB O=v-oar a):¥ a)=5.33%

Problem 16-63

If, at a given instant, point B has a downward velocity of vg, determine the velocity of point A
at this instant. Notice that for this motion to occur, the wheel must slip at A.

Given:
m
vg = 3 —
S
rp =015 m
rp =04 m
Solution:
Guesses
m rad
vpa =1 — w=1—
S S
Given
-va 0 0 -n
0 |[=|-vB|+| 0O |x|-Ir
0 0 - 0
VA . rad m
( j = Find(va, o) ®=2000—  vao=800—
@ S S

436



Engineering Mechanics - Dynamics Chapter 16

Problem 16-64

If the link AB is rotating about the pin at A with angular velocity wag, determine the velocities of
blocks C and E at the instant shown.

b @
Given
rad
WAB = 5 ——
a=1ft d
b=2ft
6 = 30 deg
c = 3 ft 1 = i =
afl E
d=4ft
Solution:
rad rad ft ft
Guesses ogeD =1 — opg =1 — ve =1— VE=1—
s s s s
0 -a 0 bcos(6) -vc
Given 0 x| 0|+ O |x|bsin(e |=]| o
@AB 0 ®BCD 0 0
0 -a 0 —csin(6) 0 0 0
0 |x| 0 |+] O |x|ccos(0) |+| O |x|-d|=]|-Vvg
@AB 0 ®BCD 0 @DE 0 0
@WBCD
@WDE i d( ) @BCD 2.89 ) rad VE 9.33 ) ft
= Find( o , ®DE,VC, V] = — — —
e BCD, “DE. ¥C- TE WDE 188) s Ve 289 ) s
VE

Problem 16-65

If disk D has constant angular velocity ap, determine the angular velocity of disk A at the instant
shown.
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¢ = 45 deg d=2ft
6 = 30 deg
Solution:
rad rad
Guesses op =1 e wpc =1 e
Given
0 —rgsin(s) 0 —dcos(6) 0 —racos(¢) 0
ft
0 |x| rgcos(s) |+| O |[x| dsin(6) |[+| O [x| —rasin(g) |=]0 S
@D 0 @WBC 0 WA 0 0
o) rad rad
= Find(a)/_\, CUBC) opc = —0.75— op = 0.00—
@BC S S

Problem 16-66

The planetary gear system is used in an automatic
transmission for an automobile. By locking or
releasing certain gears, it has the advantage of
operating the car at different speeds. Consider the
case where the ring gear R is rotating with angular
velocity ax, and the sun gear S is held fixed, ax = 0.
Determine the angular velocity of each of the planet
gears P and shaft A.

Given:
rh=40mm @R =3—

rn=80mm vg=0

Solution:

VA = a)R(r2 + 2I’1)
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VA rad
wp = — wp = 6.00 — 1

2rq S Y A K
A9 ™\
VC = opln (r + ot ry) Loy e Y

| I."r ., \ 1
\/e 500 rad I|I I'\ ; _.'I I||

WA = WA = <. —_— !
A r2+ri A S \:\ - ﬁfl

Problem 16-67

If bar AB has an angular velocity wag, determine the velocity of the slider block C at the
instant shown.

Given:
©AB = 6 rd
S
6 = 45 deg
¢ = 30 deg
rag = 200 mm
rgc = 500 mm
Solution:

rad
Guesses wpc = 2 —
s

m
ve =4 —
S
Given
0 rag cos(6) 0 rgc cos(¢) Ve
0 |x| ragsin(6) |+| O |x|-rgcsin(g) |=] 0
WAB 0 wWBC 0 0
WBC
( J = Find(a)Bc,Vc) WBC = —1.96@ vc = -1.34 m
el S S
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*Problem 16-68

If the end of the cord is pulled downward with speed v, determine the angular velocities of
pulleys A and B and the speed of block D. Assume that the cord does not slip on the pulleys.

Given:
mm
vc = 120 —
S
rg = 30 mm
rp = 60 mm
Solution:
vc rad
Ve = WAl op = — op = 4.00 —
ra S
vc rad
VC = wp2rp og = — og = 1.00—
21y S
mm
VD = @By vp = 60.00 —
S

Problem 16-69

At the instant shown, the truck is traveling to the right at speed v = at, while the pipe is rolling
counterclockwise at angular velocity @ = bt, without slipping at B. Determine the velocity of the pipe’s
center G at time t.

Given:
m
a=8—
2
S
rad
b=2—
2
S
r=15m
t=3s
Solution:
v = at w = bt
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VG =V-— ar vg=(a—-bnt

where a—br=5.00 mz
S

Problem 16-70

At the instant shown, the truck is traveling to the right at speed v;. If the spool does not slip at B,

determine its angular velocity if its mass center appears to an observer on the ground to be moving
to the right at speed v.

Given:
m
vi = 12 —
S
m
Vg = 3 —
S
r=15m
Solution:
VG =Vt — wr
Vi — VG rad
o = o= 6.00—
r S

Problem 16-71

The pinion gear A rolls on the fixed gear rack B with an angular velocity @. Determine the
velocity of the gear rack C.

Given: . -
S T
_, = T S
vty o 2 Ve
E o g }
r=03f i_”: WA Py :3: /
= = :

. T A "t ) :
Solution: : A u\ _ra/
VC = VB + VCB L b J 5 —

Bl o ;
Ve = 20r h ?‘%q
1L g a
ft
ve = 2.40—
S
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*Problem 16-72

Part of an automatic transmission consists of a fixed ring gear R, three equal planet gears P, the sun
gear S, and the planet carrier C, which is shaded. If the sun gear is rotating with angular velocity a,

determine the angular velocity a, of the planet carrier. Note that C is pin-connected to the center of
each of the planet gears.

Given:
ws =6 @
S
rs = 4in
rp =2in
Solution:

wglg = a)erp

a)p = Ws| —
2rp

wp rp = a)c(rs + rp)

I rad
¢ = a)p( B j e = 2.00—
s+ rp S

Problem 16-73

When the crank on the Chinese windlass is turning, the rope

on shaft A unwinds while that on shaft B winds up. Determine

the speed of block D if the crank is turning with an angular L
velocity @. What is the angular velocity of the pulley at C? The
rope segments on each side of the pulley are both parallel and
vertical, and the rope does not slip on the pulley.

Given:

-Hi'f-

rc =50 mm rg =25mm

Solution:

Vp = wrp Vp' = @I
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Vp + VP! rad
oc = ———— oc = 4.00—
S

mm
VD = —Vp' + acrc vp = 100.00 —
S|

Problem 16-74
In an automobile transmission the planet pinions A and B rotate on shafts that are mounted on
the planet pinion carrier CD. As shown, CD is attached to a shaft at E which is aligned with
the center of the fixed sun-gear S. This shaft is not attached to the sun gear. If CD is rotating
with angular velocity ap, determine the angular velocity of the ring gear R.

Given:

rad
ocp =8 — 1y =50mm
S

rp=125mm r3 =75 mm

Solution:

Ve v

VC = ocDI? WA:E '

VR = @p2r] !
l|'.|

VR rad

OR = oR =114 —
M +r S

Problem 16-75

The cylinder B rolls on the fixed cylinder A without slipping. If the connected bar CD is
rotating with an angular velocity acp. Determine the angular velocity of cylinder B.

Given:
rad a =0.1m
wCcD = 5 —
S
b=03m P
Solution: =

vp = ocp(a+b)
'|-'_|I.l

VD
0B = — wB = 6.67@
b S
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*Problem 16-76

The slider mechanism is used to increase the stroke of travel of one slider with respect to that
of another. As shown, when the slider A is moving forward, the attached pinion F rolls on the
fixed rack D, forcing slider C to move forward. This in turn causes the attached pinion G to
roll on the fixed rack E, thereby moving slider B. If A has a velocity v, at the instant shown,

determine the velocity of B.

Given:
ft 3 /
VA=4— A B 4
S
» a " : ik T
=02 ft yovryyey = . Sy |
¥a o | AR A Yo
ft —  ASSE W | S e 2
VC =8 —
S Y YA LB
Solution: F DR\
VA
WF = — ve = wF(2r)
r
vC ft
oG = — vg = wg(2r) vg = 16.00 —
r S

Problem 16-77

The gauge is used to indicate the safe load acting at the end of the boom, B, when it is in any
angular position. It consists of a fixed dial plate D and an indicator arm ACE which is pinned
to the plate at C and to a short link EF. If the boom is pin-connected to the trunk frame at G
and is rotating downward with angular velocity aj, determine the velocity of the dial pointer A

at the instant shown, i.e., when EF and AC are in the vertical position.

Given:
rac = 250 mm a)B:4T
rec = 150 mm 61 = 60 deg

rge = 250 mm 6> = 45 deg

reg = 300 mm
Solution:
Guesses
rad rad
OEF :1T OACE :1T VA =
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Given
0 rGF cos(02) 0 0 0 ~rgcsin(6y)
0 |x|rgesin(62) [+ O |x|rEr|+| O |x|-reccos(6r)|=0
— g 0 oer ) \ o OACE 0
0 0 va
0 |x|rac|=]|o0
©ACE 0 0
OEF
. WEF 1.00 )\ rad m
oace | = Find(wer , waCE . VA) = ( )— va = 1.00 —
oace ) \-544) s s
VA

Problem 16-78

The wheel is rotating with an angular velocity @. Determine the velocity of the collar A at the instant
@and ¢ using the method of instantaneous center of zero velocity .

Given:
ra = 500 mm
rg = 150 mm
6 = 30 deg
01 = 90 deg
¢ = 60 deg
rad
w=8—
S
Solution:
VB = wIB
vg = 1.20 m
S

rBC = ra tan( 0)

rec =0.289 m
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VB A )
OAB = — N II,I—'h- N
'BC @Y |
A
rad lol
opg = 4.16 — |
S /
.l"_|. .I I
i |
rA |I |
AC = — rac = 0.577 m | @
sin(¢) Mo
.Ir'i | _T____:"F
m I
VA = FAC®AB vp = 240 —
S
Vo

Problem 16-79

The shaper mechanism is designed to give a slow cutting stroke and a quick return to a blade attached
to the slider at C. Determine the velocity of the slider block C at the instant shown, if link AB is

rotating with angular velocity aag. Solve using the method of instantaneous center of zero velocity.

Given:
rag = 300 mm

rgc = 125 mm

rad
wpB = 4 —
s

d = 90 deg
61 = 45 deg

6> = 60 deg

Solution:
cos(@l)

'oB = IB
Q ¢ cos(&g)
rQc = rBCsin(Hl) + I’QBSin(eg)
VB m
VB = wABTIAB wWBC = — VC = @wBCIQC vc = 1.64 —
roB S
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*Problem 16-80

The angular velocity of link AB is a,g. Determine

the velocity of the collar at C and the angular
velocity of link CB in the position shown using
the method of instantaneous center of zero
velocity. Link CB is horizontal at this instant.

Given:
opg = 4 % ff
rag = 500 mm :
rgc = 350 mm
¢ = 45 deg
6 = 60 deg

Solution:

Guesses rop = 1 mm roc =1 mm

Given rBc = rQBcos(e) + chsin(¢)
C o B

rogsin(6) = roccos(g)
rQc roc) (314 e o
= Find(rgc. ros) = ( )mm
QB QB 256 0Zic

VB
VB = @WABTAB oCB = —— VC = @oCBIQC
rQB

rad m
ocg = 7.81— vc = 245 —
S S

Problem 16-81

At the instant shown, the truck is
traveling to the right with speed vg, while

the pipe is rolling counterclockwise with
angular velocity @ without slipping at B.
Determine the velocity of the pipe’s
center G using the method of
instantaneous center of zero velocity.
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Given:
rad m
o =8— vg = 3 — r=15m
S S G
Solution:
d,
VB
dp = — d; =038 m .
w 1C
d =r-dp dp =113 m 4
m
VG = wdy vg = 9.00 — B Vi
S

Problem 16-82

At the instant shown, the truck is traveling to the right with speed vg. If the spool does not slip

at B, determine its angular velocity so that its mass center G appears to an observer on the
ground to remain stationary. Use the method of instantaneous center of zero velocity.

Given:
r=15m
m
vg = 8 —
S
Solution:
Mass center G is the instantaneous center. G
L
ro =Vvp
VB
®w=— '
r
rad
®=533—
S

Problem 16-83

If, at a given instant, point B has a downward velocity vy determine the velocity of point A at

this instant using the method of instantaneous center of zero velocity. Notice that for this
motion to occur, the wheel must slip at A.
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Given: :
_ m i) ) ~ )
rp =015 m @ p ~
rp =04m 2 §-
Solution: Vi A
VB rad
0w =— o = 20.00 —
r S
m
VA = o vp = 8.00 —
A
*Problem 16-84 ay ——y

If disk D has a constant angular velocity
ap, determine the angular velocity of disk

A at the instant 6, using the method of
instantaneous center of zero velocity.

Given:
r=05ft 6 =60 deg

rp = 0.75 ft 61 = 45deg

d
l=2ft 6 =30 deg a)D=2%

Solution:

a=0,+0 ﬂzg—a—az y=a—a-p

=

) rop=0m

o8 I(:Téy)
roc = (S'n(a)j roc = 061 m

sin(y)
vC
VC = opn OBC = —— VB = @BCIQB
rQC
VB 1
op = — op=0—
r S
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Problem 16-85

The instantaneous center of zero velocity for the body is located at point IC. If the body has an
angular velocity @, as shown, determine the velocity of B with respect to A.

Given: y
rad
o0 =4—
S z oIC
a = 1.5 m il
b=1m | s
c=05m
Bl
d=15m
e=05m
Solution: I i
L) 1 %
c+d-D '
¢ = atan(—)
a-c " a -
we
va=1| 0
0
sin(¢)
Vg = a)\/(a - c)2 +(e+d- b)2 cos(¢)
0
2.00
m m
VBA = VB — VA vga = | 4.00 | — |VBA| =447 —
S S
0.00
VBA
6 = atan 6 = 63.4deg
VBA0

Problem 16-86

In each case show graphically how to locate the instantaneous center of zero velocity of link AB.
Assume the geometry is known.
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el

Solution:
iC
'I"ﬁ
(b
Va
{a) ¥a
L"H
¥4
i
) IC
Problem 16-87
s L i |
The disk of radius r is confined to roll without :
slipping at A and B. If the plates have the velocities
shown, determine the angular velocity of the disk.
Solution:
2n
A I -
r-x X
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X = 4r — 2x
4
3x =4r X=-—r
3
2V 3v
w=— w=—
Ar 2r
3

*Problem 16-88

At the instant shown, the disk is rotating with angular velocity @. Determine the velocities of
points A, B, and C.

. et
Given:

rad
w=4— i !
S I
r=015m I TBic
Solution:

The instantaneous center is located at point A. Hence, Vi

va=0
m
ve =+/2re ve = 0.849 —
S
m
VB = 2r@ vg = 1.20 —
S
Problem 16-89
I "B
The slider block C is moving with speed v up i
the incline. Determine the angular velocities of ~ ° =
links AB and BC and the velocity of point B at
the instant shown.
Given:
ft 'l..llllfI
ve =4 —
S
rap = 1 ft
\.
rgc = 1 ft A 0
] =) '
0 = 45 deg e
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Solution:

QB = chtan(e)

vc rad
OBC = —— opc = 4.00—
roB S
ft
VB = WBCIQB VB = 4.00€
Vg B LT C
VB rad
OAB = — opg = 4.00 —
rAB S

Problem 16-90

Show that if the rim of the wheel and its hub maintain contact with the three tracks as the
wheel rolls, it is necessary that slipping occurs at the hub A if no slipping occurs at B. Under
these conditions, what is the speed at A if the wheel has an angular velocity «?

ICisatB.  va = ar2-r1)

Problem 16-91
The epicyclic gear train is driven by the rotating link DE, which has an angular velocity apg. If
the ring gear F is fixed, determine the angular velocities of gears A, B, and C.
Given:
ra =50 mm rc =30mm
rad

rg =40mm wpg =5 —
S
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Solution:

VE = (I’A +2rg + rC)a’DE

VE rad
oc = — oc = 26.7—

rc S
Vp = 2rcoc

Vp (rA + I’B) WDE

X X—1rIg
gvp
X =
Vp — (I‘A + rB)a)DE
vp rad
oB = — oB = 28.75—
X S

Vp = a)B(ZrB - x)

Vp' rad
op = — op = 1402
ra S

Chapter 16

*Problem 16-92

Determine the angular velocity of link AB at the instant shown if block C is moving upward at

speed V.
Given:
in
ve =12 —
S
c=4in
b =5in
0 = 30 deg
¢ = 45 deg
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Solution:
sin{90 deg — 6 .
d=c '(_ g-0+9) d = 5.46in
sm(90 deg - ¢)
sin( 8 .
e=c % e = 2.83in
sm(90 deg - ¢)
vc rad
WBC = — wBC = 2.20—
d S
in
VB = @wBCE® VB = 6.21?
VB rad
WAB = Y WAB = 1.24T

Chapter 16

Problem 16-93

In an automobile transmission the planet pinions
A and B rotate on shafts that are mounted on the
planet pinion carrier CD. As shown, CD is
attached to a shaft at E which is aligned with the
center of the fixed sun gear S. This shaft is not
attached to the sun gear. If CD is rotating with
angular velocity w¢p, determine the angular

velocity of the ring gear R.
Given:
rir =50mm rp =ry+r3

rad
r3 =75mm ocp :ST

Solution:
Pinion A:
rwcp rad
oA = op = 20.00 —
rn S
m
VR = a)/_\(2r1) VR = 2.00 —
S
VR rad
oOR = wr =11.4—
N +1r1 S
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Problem 16-94
Knowing that the angular velocity of link AB is w,g, determine the velocity of the collar at C and
the angular velocity of link CB at the instant shown. Link CB is horizontal at this instant.
Given:
rad
wopg =4 — 6 =60 deg
S

a = 500 mm ¢ = 45 deg

b = 350 mm
Solution:

B sin(90 deg - ¢)

"o (sin(% deg— 0+ ¢))

¢ = 256.22 mm

sin{ 8
d = b| — () d = 313.80 mm
sm(90 deg - 0+ ¢)
Vv a Vv 2.00 m
B AB B S L h E.
VB rad
OBRC = — oge = 7.81—
C S d ‘
m
ve = wpcd vec =245 — Y IC
S -

Problem 16-95

If the collar at C is moving downward to the left with
speed v, determine the angular velocity of link AB at

the instant shown.

Given:

m
Ve =8 —

S
a = 500 mm
b = 350 mm
0 = 60 deg
¢ = 45 deg
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Solution:

sin(90 deg - ¢)

B (sin(90 deg - 60+ ¢)

sin(H)

) c = 256.22 mm

a= (sin(90 deg - 0+ ¢)

vC
® = —
BC d
VB = wBCC
VB
WAB = —
a

) d = 313.80 mm

rad
wBC = 2549 —
S
m
vg = 6.53 —
S

rad
opB = 13.1—
S

Chapter 16

*Problem 16-96

Due to slipping, points A and B on the rim of the disk have the velocities v, and vg. Determine
the velocities of the center point C and point D at this instant.

Given:
ft
vpa = 5 — 6 = 45 deg r=0.8ft
S
ft
vg = 10 — ¢ = 30 deg
S
Solution:
Guesses a=1ft b=1ft
. a b
Given — =— a+b=2r

(aj _ (aj (0.53j
= Find(a,b) = ft
b b 1.07

VA
w = —
a
ve = o(r—a)

rad
w=9.38—
S
ft
Ve = 2.50—
S

Vp = a)\/(r —a+ rcos(té’))2 + (rsin(¢9))2

ft
VD = 9.43 ?
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Problem 16-97

Due to slipping, points A and B on the rim of the disk have the velocities v, and vg. Determine
the velocities of the center point C and point E at this instant.

Given:

ft
V/.\=5§ 6 = 45 deg r=0.8ft

ft
szloz ¢ = 30 deg

Solution:
Guesses a=1ft b=1ft

. a b
Given — =— a+b=2r
VA VB
a ) a 0.53
= Find(a,b) = ft
b b 1.07
VA rad
® = — w=9.38—
a S
ft
vc = o(r-a) VC:2.50§

[ ft
VE = @ (r—a)2+r2 VE = 7.91—
S

Problem 16-98

The mechanism used in a marine engine consists of a single crank AB and two connecting rods
BC and BD. Determine the velocity of the piston at C the instant the crank is in the position
shown and has an angular velocity @,g.

Given:

rad
WAB =5 —
a=02m
b=04m
c=04m
0 = 45 deg
¢ = 30 deg
B = 45 deg
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Solution:
sin(90 deg —
d:blif—iiﬂ d =049 m
sm(e)
sin{90 de -0
e:bl( -g+¢ ) e=055m
sm(@)
m
VB = wpBa vg = 1.00 —
S
VB rad
WBC = — opc = 1.83—
e S
m
ve = wgcd vc = 0.897 —
S

Problem 16-99

The mechanism used in a marine engine consists of a single crank AB and two connecting rods
BC and BD. Determine the velocity of the piston at D the instant the crank is in the position
shown and has an angular velocity @,g.

Given:
rad

WAB = 5 —
a=02m

i
b=04m ¥
c=04m ¥ \ '
0 = 45 deg P

| YE

¢ = 30 deg i 'II

|_ -
y = 60 deg r S
B = 45 deg N

Solution:
sin(90 deg —
d:clif—ﬁ—ﬁ d=028m
sm(ﬁ)
sin(90 d -
_ fsinl i il 4 p e=055m
sin(3)
m

VB = wpBa vg = 1.00 N
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VB rad

WBC = — opc = 1.83—
(S S
m
vp = wpcd vp = 0.518 <

*Problem 16-100

The square plate is confined within the slots at A and B. In
the position shown, point A is moving to the right with
speed v,. Determine the velocity of point C at this instant.

Given: o
i
6 = 30 deg vy
m
vp = 8 —
S
vg 4
a=03m
A Vi
Solution:
VA rad
o = o = 30.79 —
acos(@) S
2 . 2 m
Ve = a)\/(acos(e)) + (acos(&) - asm(@)) vc = 8.69 <

Problem 16-101

The square plate is confined within the slots at A and B. In
the position shown, point A is moving to the right at speed
v,. Determine the velocity of point D at this instant.

Given: e
il
6 = 30 deg "
m
vp = 8 —
S
a=03m g A
A Vi
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Solution:
VA rad
o = o= 30.79 —
acos(@) S
. 2 . 2 m
VD = w\/(—asm(e) + acos(e)) + (asm(@)) vp = 5.72 ?

Problem 16-102

If the slider block A is moving to the
right with speed v,, determine the

velocities of blocks B and C at the

instant shown. C
Given:

va =8 f—: rap = 2 ft

61 = 45 deg rgp = 2 ft

6> = 30 deg rcp =2 ft
Solution:

ralc = (rAD + rBD)Sin(Hl)

rBIC = (rAD + rBD)COS(Hl)

2 2 .
rcip = \/rAIC +rap — 2raic rADsm(Hl)

rcib

. [ fAD
¢ = asm(— cos(@l)j
y =90deg— ¢ — 6»
i ( sin(y) )
cb sin(90 deg + ¢)

. [ sin(62) j
roic = Teb sin(90 deg + ¢)

va ft
WAB = —— VB = wABIBIC vg = 8.00—
ralC S

r'ecic
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VD
rbic

, ft
VD = wABICID ocp = Ve = wcpr'cic Ve = 2-932

Problem 16-103

The crankshaft AB rotates with angular velocity w,g about the fixed axis through point A, and

the disk at C is held fixed in its support at E. Determine the angular velocity of rod CD at the
instant shown where CD is perpendicular to BF.

Given: J
ri =100 mm & = 60 deg

= rad

rp = 300 mm opg = 50 222
S
rg = 75 mm
rg =75 mm
rs = 40 mm
Solution:
rn

I = I =0.60 m
BIC COS(H) BIC

rric = r2tan(6)  reic = 0.5196 m e
m I|.|I
VB = wpBI vg = 5.00 —
s
- 8.33 1 /S
WBF = —— WBF = 8.33— y
rBIC s /A
i p A
(i e,
VF = @BFIFIC VE = 4.330 " £V o ‘ah_‘_%
p (s ~
Thus, IC
VF rad
acD = — wcp = 57.7— -
r3 S

*Problem 16-104

The mechanism shown is used in a riveting machine. It consists of a driving piston A, three
members, and a riveter which is attached to the slider block D. Determine the velocity of D at
the instant shown, when the piston at A is traveling at v,.
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Given:
rac = 300 mm
rgc = 200 mm
rcp = 150 mm
vp =302
S
61 = 30 deg
6o = 45 deg
63 = 60 deg
64 = 45 deg
Solution:
a=63-06>

P =90deg- 6>+ 01

Chapter 16

y=180deg-a-f
0 =03-06y D Fan G=1IC o=IC
£=180deg- 04— 6
rQc = rac sinl ) rQA = rAC snly)
Q sin(a) Q sin(a)
sin(5) sin(94)
rQ'D = fcb fQ'C = feb| ——y
sin(z) sin(e)
VA Ve
wopC = — VC = @ACTQC @CD = —— YD = “CD'Q'D
rQA rQIC
vp = 1061 ?

Problem 16-105

At a given instant the bottom A of the ladder has acceleration a,and velocity v,, both acting to

the left. Determine the acceleration of the top of the ladder, B, and the ladder’s angular
acceleration at this same instant.
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Given:
an = 4
AT
S
ft
vp = 6 —
S
L =16 ft
6 = 30 deg
. rad
Solution: Guesses ow=1—
S
—VA 0 Lcos(6’)
Given 0 |+ x Lsin(H)
0 w 0
—an 0 Lcos(6’)
0 |+|0 [x]| Lsin(0)
0 a 0
w
= Find a
VB I (a)ﬁ a7V87 B)
ap

ft
vg =1—
S
0
VB
0
0 0
X
w w
rad
o =-0.75—
S
rad
a=-147—
2
S

rad ft
a=1— ag=1—
2 2
S S
Lcos(6’) 0
Lsin(H) ap
0 0
ft
vg = -10.39 —
S
ft
apg = —24.93—2

Problem 16-106

At a given instant the top B of the
ladder has acceleration ag and
velocity vg both acting downward.
Determine the acceleration of the

bottom A of the ladder, and the ladder’
s angular acceleration at this instant.

Given:

agp =2 —
B 2

ft ft
vg = 4 —
S S
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L =16ft 6 = 30 deg
. rad ft rad ft
Solution: Guesses w=1— vp =1 — a=1— ap=1—
S S 2
S S
VA 0 Lcos(6’) 0
Given 0 |+] 0 |x Lsin(@) =|-VB
0 0] 0 0
aa 0 L cos(6) 0 0 L cos(6) 0
0 |+|0|x|Lsin(6) [+]0 |x]||0|x]|Lsin(e) ||=]-aB
0 a 0 10} w 0
[
rad ft
= Find(@, &, va, aa) = -0.289 — vp = —2.31—
VA s s
aa
rad ft
a= —0.0962—2 ap = 0.385—2
s S

Problem 16-107

At a given instant the top end A of the bar has the velocity and acceleration shown. Determine
the acceleration of the bottom B and the bar’s angular acceleration at this instant.

Given:
ft
vp =5 — L = 10 ft
S
ft
ap =7 - 6 = 60 deg
S
Solution:
rad rad
Guesses w=1— a=1—
S 2
S
ft ft
vg =1— ap =1—
S 2
S
0 0 Lcos(@) VB
Given VA |+| 0 [x —Lsin(&) =10
0 w 0 0
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0 0 L cos(6) 0 0 L cos(6) ap
—ap |+ 0 | x| -Lsin(@) |+| 0 [x]|| 0 x| -Lsin(8) || =] 0
0 a 0 w w 0 0
w
VB rad ft
= Find(@, Vg, o, a) = 1.00— Vg = 8.66 —
a s s
ap
rad ft
a = -0.332 — ag = ~7.88—
% s

*Problem 16-108

The rod of length r,g slides down the N

inclined plane, such that when it is at B it N A
has the motion shown. Determine the :
velocity and acceleration of A at this

instant.
Given:
ft
rag = 10 ft vg = 2 —
S
rcg = 4 ft 6 = 60 deg
ap = 1+
B3
s
Solution:
Guesses a)=1ﬂ a:lﬂ vA=1E aA=1E ¢ = 1deg
S 2 S 2
s s
Given rABsin(H— ¢) = rCBsin(é’)
VB 0 —TAB COS(¢) VA COS(H)
0 |[+]0|x rABsin(¢) = | —vasin(6)
0 @ 0 0
ap 0 —ragcos(g) 0 0 —rag cos(g) aacos(0)
0 |+]0 x| ragsin(g) |+ x| 0 | x| ragsin(¢) || =] -aasin(6)
0 a 0 w w 0 0
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¢
= Find(¢, o, @, va, ap) ¢ = 39.73 deg
VA
an
rad rad ft ft
w=018— o = 01049 — vp = 1.640— ap = 118~
S S
S S|

Problem 16-109

The wheel is moving to the right such that it has angular velocity wand angular acceleration « at
the instant shown. If it does not slip at A, determine the acceleration of point B.

Given: n
rad
S B
rad i
a =4 _2 £l
S
r = 145 ft
6 = 30 deg
¢ = 60 deg
Solution: A
ar 0 —rcos(H) 0 0 —rcos(e)
ag=| 0 [+] 0 |x rsin(e) +] 0 |x|[| 0 |x rsin(H)
0 -a 0 - - 0
13.72
ft ft
ag =| 212 |— ag| = 13.89 —
= 2 |as| 2
0.00 )S -

Problem 16-110

Determine the angular acceleration of link AB at the instant shown if the collar C has velocity v, and
deceleration a, as shown.
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Given:
ve =4 ft rag = 0.5 ft
C =47 AB = 0. i
ft
ac =3 — rgc = 0.5 ft i
32 i o —07p

6 = 90 deg ¢ = 45 deg .I

Solution: Fah
rad rad
Guesses wpg =1 — wpc =1 —
S S
&l A
rad rad al s
opg =1— apc=1—
2 2
[ S
Given
0 0 0 recsin(6) ~vc cos(¢)
0 |x|rag|+] 0 |x —rBCcOS(e) = VCSin(¢>
WAB 0 @WBC 0 0
o) (o (0 oY (o acoos(9)
0 |x|rag|+]| O [x 0 |x|raB || .. = —aCSin(¢)
aAB 0 ®AB @AB 0 0
0 rgc sin(6) 0 0 racsin(6)
+] 0 |x|-rgecos(d) |+| O [x|| O |x|-rgccos(6)
aBC 0 wBC WBC 0
WAB
oRC _ ®AB | (5.66 rad
= Flnd(a)AB, WBC, AAB, O!BC) = o
- oBC 566 ) S
aBc rad rad
aBc = 278— apB = —36.2—-
S S

Problem 16-111

The flywheel rotates with angular velocity @ and angular acceleration «. Determine the angular
acceleration of links AB and BC at the instant shown.
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Given
rad
w=2— a=04m
S
rad
a=6—2 b=05m

r=03m e =3

d=4
Solution:
0 d 0 0
b
rn=|r rp = 2—e r3 =|-a k=10
0 e"+d| o 0 1
rad rad rad rad
Guesses opg = 1 — opc =1 — apg = 1 — apc =1 —
S S S2 s2
Given

ok x 11+ opgkx rp + wgckxrz =0

ak x r1 + ok x (a)kx r1) + appk x ro + wppk x (a)Aka rg) ..=0
+ apck x r3 + wgck x (a)Bck X r3)

WAB
oBC _ ®AB ) (0.00) rad
= Flnd(a)AB,a)BC,aABaaBC) = o
e oBC 150) s
(04
BC aAB (0.75) rad
apc) \394) 2

*Problem 16-112

At a given instant the wheel is rotating with the angular
velocity and angular acceleration shown. Determine the
acceleration of block B at this instant.

Given:
d
=222 - 60deg
S
d
a=6% L =05m

r=03m ¢ = 45 deg
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Solution:
cos(H) cos(¢) 0
re =1 —sin(6) =L sin(¢) k=10
0 0 1
Guesses a)A|3=1ﬂ aA|3=1ﬂ vg =1— a|3=1m
S &2 S 2
Given
0
—oKxr1+ opgkx rp =| VB
0
0
—akxry— wkx (—a)kx rl) + apk x r2 + wpgk x (a)ABk X r2) =| ap
0
WAB
“AB = Find(a)AB, aABaVBaaB) WOAB = —1.47@ vg = —0.82 m
VB s s
8 apg = —8.27 % ag = —3.55 mZ
S S

Problem 16-113

The disk is moving to the left such that it has angular acceleration « and angular velocity o at
the instant shown. If it does not slip at A, determine the acceleration of point B.

Given:
rad
a=8—2 r=05m ¢ = 45 deg
s
d
w=322" - 30deg
S
Solution:
—ar 0 —rcos(e) 0
ag=| 0 |+|0|x|-rsin(g) |+|0 |x
0 a 0 w
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1.90
m
ag = | -121 | — |ag| =225 =
0.00 ) S 2
2
0 - atan| ——21e0s(9) + @7rsin(6) 0=-326deg | 6| = 32.62deg

—ar+ arsin(e) + wzrcos(a)

Problem 16-114

The disk is moving to the left such that it has angular acceleration « and angular velocity o at
the instant shown. If it does not slip at A, determine the acceleration of point D.

Given: @
q | -
ra "
a=8—2 r=05m ¢ = 45 deg D
S
d &:,_! ¢
ra
o =3— 0 =30deg r
S B
A
Solution: |

—ar 0 rcos(¢) 0 0 rcos(g)
0 |[+|0 [x|rsin(¢) [+] 0 |x]|| O [x]| rsin(g)
w

ap =
0 a 0 w 0
-10.01
m m
ap=| -035 | — ap| = 10.02 —
D > |ao] .
000 ) S s
arcos(¢) - a)zrsin(qﬁ)
6 = atan 6 = 2.02 deg

—ar— arsin(g) - w2r005(¢)

Problem 16-115

The hoop is cast on the rough surface such that it has angular velocity @and angular acceleration
a.. Also, its center has a velocity v, and a deceleration a,. Determine the acceleration of point A at

this instant.
Given:
rad m
w=4— ag =2 —
S S2
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a=5— r=03m

v0=5m ¢ = 45 deg

Solution: R TR
—ag 0 0 0 0 0
ap=| 0 |+| 0 |x|r|+| O [x|| O |x|Tr
0 a 0 - -0 0
-3.50
m m
an =| -4.80 | — aa| =594 —
A . EN .
0.00 ) S .

N

0= atan[Lrj 6 = 53.9 deg
—ag — ar

*Problem 16-116

The hoop is cast on the rough surface such that it has angular velocity @and angular acceleration
a. Also, its center has a velocity v, and a deceleration a,. Determine the acceleration of point B
at this instant.

Given:
rad m
w=4— a0=2—2
S S
rad
a=5—2 r=03m

v0=5m ¢ = 45 deg

S RO P
Solution:
-ag 0 rcos(¢) 0 0 rcos(¢)
ag=| 0 [+]|0 |x]|-rsin(¢g) |+| 0 [x|| O |[x]|-rsin(g)
0 a 0 - - 0
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~4.33
m m
ap =| 445 | — ap| = 6.21 —
B . |ag]| .
000 ) S S

2 .
6 = atan arcos(¢) o rsm(¢) 60 = —45.8deg |9| = 45.8deg

—ap + arsin(¢) - a)zrcos(¢)

Problem 16-117

The disk rotates with angular velocity @ and angular acceleration «. Determine the angular
acceleration of link CB at this instant.

Given:
rad
w=5— a=2ft
S
rad
a=6— b=151t
2
S
r=05ft 6 = 30 deg
Solution:
0 acos(e)
r=|-r rp = asin(&)
0 0
0 0
rg=1|b k=10
0 1
rad rad rad rad
Guesses wpg = 1 — ogec =1 — apg = 1 — ogc =1 —
S S 2 2
S S
Given ok x 11+ opgkx rp + wgckxrz =0
ak x r1 + ok x (a)kx rl) + appk x ro + wppk x (a)Aka rz) ..=0
+ apck x r3 + wpck x (a)Bck X r3)
WOAB
WBC ) OAB 0.00 ) rad
= Find(waB. @BC. 2AB, @BC) = —
OAB WBC 167) s
aBC rad rad
aAB = —4.81—2 aBC = 5.21—2
S S|
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Problem 16-118
At a given instant the slider block B is moving to the L

right with the motion shown. Determine the angular
acceleration of link AB and the acceleration of point
A at this instant.

Given:
ft
ap =2 - rag = 5 ft
S
ft =
Vg = 6= rac = 3 ft
S
Solution: d=, rA52 - rAC2
From an instantaneous center analysis we find that opg =0
rad ft
Guesses apg =1 — apy = 1 >
s s
Given
aAx
ap 0 d
0 =|YB |+] 0 |x]|rac
r
0 AC anB 0
0
aax
OAB Fi d( ) 5 . —7.00\ ft
= FINd| aAB, AA aa = A = -
aax AB- SAX VB 12.00 ) 2
rAC
rad
aAB = —3.00—2
S

appd
6 = atan 6 = 59.7 deg
aAx

Problem 16-119

The closure is manufactured by the LCN Company and is used to control the restricted
motion of a heavy door. If the door to which is it connected has an angular acceleration «,
determine the angular accelerations of links BC and CD. Originally the door is not rotating
but is hinged at A.
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Given:
. rad
rn=25in a=3—2 3
rp =6in S ; & .
| i
r3 = 4in 6 = 60 deg . '
rg =12 in
Solution:
) 0 -1y cos(e)
raB =1 rec =| 13 rcp = r4sin(€)
0 0 0
rad rad
Guesses agc =1 — acp =1 —
s s
Given ak xrag + agckx rgc + acpkx rcp =0

acb

aBC
( j = Find(agc,aCD)

aBC —9.67 )\ rad
acp) \-3.00) (2

*Problem 16-120

Rod AB has the angular motion shown. Determine the acceleration of the collar C at this instant.

Given:
WY
rad rad AC
opB = 3 — apg = 5 — ' ! 4 AR
S 2
s .
rag = 05m rgc = 06 m
61 = 30 deg 6o = 45 deg
Solution:
raAB cos(&l) —-Igc sin(@g)
r=|-rag sin(&l) rp =| -rgc cos(&g)
0 0
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rad rad
Guesses opec =1— apc =1 — ve =1—
S S
Given
0 0 0
0 X+ 0 XTIy =|-VC
—WAB wBC 0
0 0 0 0 )]
0 xrg+ 0 X 0 X I —ac
—QaAB —WAB —WAB 0
0 0 0
+| 0 |xrp+| O |x|| 0 |xn
| \?BC WBC wWBC 1
WBC
aBC . rad
= Flnd(a)BC , XBC,VC, ac) wpc = 1.77—
Ve S
ac m
vec =2.05 —
S

Chapter 16

Problem 16-121

At the given instant member AB has the angular
motions shown. Determine the velocity and
acceleration of the slider block C at this instant.

Given:
rad
w=3— a=7in d=3 c=5in
S
rad
05:2—2 b=5in e=4
S
Solution:
Guesses
rad rad
wgc =1— apc=1—
S 2
S
in in
ve =1— ac =1—
S SZ
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Given Ve

0 0 0 0 0 e
0 0 0 ac d
X|a|+ X x| a [ —

2 2
a 0 a) a) 0 ye +d 0

wWBC
aBC ) rad rad
= Flnd(a)Bc,aB(;,VC,ac) opc = 1.13— agc = —3.00—
vC S 2
S

ac in in

vec = -9.38 — ac = —54.7—

S 2

Problem 16-122

At a given instant gears A and B have the angular motions shown. Determine the angular acceleration
of gear C and the acceleration of its center point D at this instant. Note that the inner hub of gear C
is in mesh with gear A and its outer rim is in mesh with gear B.

Given:
rad rad
og=1—  op=4—
S S
rad rad
ag =6 — oap =8—
S S
ra =5in rc =10in rp=5in
Solution:
rad rad
Guesses oc =1— oc =1—
S 2
S
Given —OATA = a)B(rA +ID+ rc) - wC(FC + rD)

—apTA = aB(rA +IpD+ rc) — ac(rc + I’D)
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@C : rad rad
= Find(@c, ac) wc = 2.67 — ac = 10.67 —
ac S S2
in
VD = —wAlA + oC D vp = —6.67 —
s
in
apt = —aaAra + acrp apt = 13.33—2
s
2 .
VD in
apn = apn = 444 —
ra+1p 52
apt 13.33 ) in in
ap = ap = — |ap| = 14.05—
apn 444 ) 2 2

Problem 16-123

The tied crank and gear mechanism gives rocking motion to crank AC, necessary for the operation
of a printing press. If link DE has the angular motion shown, determine the respective angular
velocities of gear F and crank AC at this instant, and the angular acceleration of crank AC.

Given:
rad
opE = 4 —
S
rad
oapg = 20 —
2
S
a = 100 mm
b = 150 mm
¢ = 100 mm
d = 50 mm
r=75mm
6 = 30 deg
Solution: Guesses
rad rad
og =1— opc =1 —
S S
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_1 rad _1 rad
ac = 2 OAC = 2
s s
0 _a 0 _r 0 bsin(6)
Given 0 x| 0 |+| O |x|0|+| O |x|-bcos(g) |=0
—ODE 0 e 0 OAC 0
0 -a 0 0 -a 0 -r
0 x| 0 [+ 0 X 0 x| 0 [|+] O [x| O =0
—aDE 0 —@WDE —®WDE 0 aG 0
0 0 -r 0 bsin(6)
+| 0 |x|| 0 |x|0|[+] O [x|-bcos()
oG oG 0 apC 0
0 0 bsin(@
+] 0 x| O |x|-bcos(6)
WOAC WOAC 0
oG
WOAC . rad rad
= Flnd(wg, OAC, G, aAc) oG = -5.33— opc = 0.00—
aG S S
apC rad rad
oG = —2.07—2 OANC = —28.7—2
S S
Now find the motion of gear F.
wpc(c+d) — oge rad
opch+ oge=wpc(b+c+d) —wpd o =

o = 10.67 —
d . S
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At a given instant the wheel is rotating
with the angular velocity and angular
acceleration shown. Determine the
acceleration of block B at this instant.

Given:
rad =
w2 0=60 deg
S
rad
S
| =15m r=03m i
Solution:
cos(e) cos(¢) 0
ry = 1 —sin(6) rz = 1 sin(g) k=|0
0 0 1
rad rad m m
Guesses opg =1 — aopg = 1 — vg=1— ag =1—
S 2 S 2
S S
Given
0
—wkxr1+ opgkx o =| VB
0
0
—akxrg — wkx (—a)kx rl) + apk x ro + wpgk x (a)Aka r2) =| ap
0
@WAB
OAB . rad m
= Flnd(a)AB, aABaVBaaB) op = —0.49 — vg = —0.82 —
VB S S
ap rad m
OAB = —2.28—2 ag = —2.53 2
S S

Chapter 16

480



Engineering Mechanics - Dynamics
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The wheel rolls without slipping such that at
the instant shown it has an angular velocity
wand angular acceleration «. Determine the
velocity and acceleration of point B on the
rod at this instant.

Solution:
Velocity
0 —a 0 ~/3a
wg=|0|x|al|+| 0O |x| -a
» 0 OAB 0

Since B stays in contact with the ground we have

Acceleration

—aa 0 -a 0
a=| 0 |+]|0|x| O |+| O |x
0 a 0 -
0 0 ~/3a
+ 0 X 0 X -a
WAB WAB 0

2 2
—a+ o +apg +v/30pR

= 2
ag = 4 —a —+\/3app + @AB

0

aB:[4;j_;/§a)2— 1:;_;/5@)&1

Chapter 16

(COAB - co)a
= —(\/§ WAB + a)) a

0

= — VR = —
OAB \/5 B \/§

0 -a 0

~/3a

- 1+\/§
wa

Since B stays in contact with the ground we find

2 2
WOAB — @ 10}

RE

Problem 16-126

The disk rolls without slipping such that it has angular acceleration « and angular velocity o at the

instant shown. Determine the accelerations of points A and B on the link and the link’s angular

acceleration at this instant. Assume point A lies on the periphery of the disk, a distance r from C.
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Given:
rad a = 400 mm
a = 4 —_— i
S i
b = 500 mm
rad ;
w=2— r = 150 mm
S
Solution:

The ICisatoo, so w,z=0

ac = ar

2
ap=act+axrac— o rac

ac 0 0 0
2
ap=|0|[+| 0O |x|r|—-w]|T
0 -« 0 0
1.20
m
ap=|-060 | — |aa| = 1.342 —
0.00 ) S s
ot
6 = atan 0 = —26.6 deg |6 = 26.6deg
ac + ar
m rad
Guesses ap = 1— aopg = 1 —
2 2
S S
0 a
a B ag
Given apn+| O [x|=2r|=] 0 = Find(aB,aAB)
aAB
aAB 0 0
rad m
aAB = 1.500—2 ag = 1.650 3
S S

Problem 16-127

Determine the angular acceleration of link AB if link CD has the angular velocity and angular
deceleration shown.
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Given: . - o
rad |
aCD=4—2 a=03m — &)
S
b=06m
rad
ocp = 2 — c=06m
S f
Solution: & . B
a+b . -~ | | A X
ogc =0 opB = wcD 2 T 4
a ; ¥ fitpy
Guesses b A D
J‘L Dl oth,
1 rad 1 rad
(04 = _— = RN
AB 2 aBC 2
S S
Given
0 0 0 0 0 0 —C 0
m
0 x|la+b|+| 0 |x 0 |x|a+bl||+] O |x|-b ...=0—2
—-acD 0 oCcD ocD 0 aBC 0 0) 3
0 0 0 0 0
+] 0 |x|-al|+| 0 [x 0 (x| -a
aAB 0 OAB OAB 0
OAB rad rad
= Find((zAB, agc) agc = 12.00— apg = —36.00 —
aBc 2 2
S S

*Problem 16-128

The slider block B is moving to the right with acceleration ag. At the instant shown, its velocity is vg.
Determine the angular acceleration of link AB and the acceleration of point A at this instant.
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. ft ft
Given: ag =2 — Vg = 6 —
2 S
S
a=3ft b=5ft
Solution: opg =0 VA = VB
VA rad
WAC = WOAC = 2—
a S
rad ra .
Guesses opg =1 — aopc =1 — Given
S S
0 0 0 0 0 0
0 X | —a |+ 0 X 0 X | —a ||+ 0
aAC 0 OAC OAC 0 aAB
OAB . rad
= Flnd(aAB, aAc) apc = —2.33—
anC 2
0 0 0 0 0
aa = 0 X | —a |+ 0 X 0 X | —a
aAC 0 OAC OAC 0
2
WAC a
6 = atan 6 = 59.74 deg
—apca

rad
apg = —3.00—

~7.00

ft

ap = | 12.00 -
0.00 )S

|aa| = 1389 %

Problem 16-129

The ends of the bar AB are confined to move along the paths shown. At a given instant, A has
velocity v, and acceleration a,. Determine the angular velocity and angular acceleration of AB at this

instant.
Given:
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r=2ft
_ 7 ft
a = 2 0=60deg
Solution: Guessses \
|
|
rad rad ¢
o=1— a=1 —
S s
ft ft
vg =1— apt = 1—
S 52
Given
~vgsin(9) 0 0 r+rcos(6)
vBcos(a) =|-VaA |+| 0 x| a+ rsin(@)
0 0 @ 0
~agtsin(6) 2 ((—cos(6) 0 0 r+rcos(6)
VB
aBtcos(H) +—r —sin(&) =|-ap [+| 0 | x| a+ rsin(@)
0 0 0 a 0
0 0 r+ rcos(e)
+10 [x[| 0 |x]|a+ rsin(@)
w w 0
ft ft
= Find(@, a,vg, agy) Vg = 20.39— apt = —607.01 —
VB s 2
apt
rad rad
w=4713— a= —131.00—2
S

S

Problem 16-130

The mechanism produces intermittent motion of link AB. If the sprocket S is turning with an angular
acceleration «, and has an angular velocity « at the instant shown, determine the angular velocity

and angular acceleration of link AB at this instant. The sprocket S is mounted on a shaft which is

separate from a collinear shaft attached to AB at A. The pin at C is attached to one of the chain links
such that it moves vertically downward.

Given:

rad
wS:GT rga = 200 mm
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rad
a5=2—2 rgc = 150 mm
S
61 = 30 deg rs = 175 mm _
o
6> = 15 deg rp = 50 mm ;
Solution:
kG
cos(61) —sin(2) | s\
ey
ry =rsA Sin(ﬁl) ry = rgc —cos(eg)
0 0
0 0
k=(0| j=|1
1 0
rad rad rad rad
Guesses opB = 1 — opc =1 — apg = 1 — apc =1 ~
s s
S S

Given opk x 11 + owgck x rp = —wsrgj

2 2 .
apgk x r1 — wpg 1 + apckx rp — wgc r2 = —agrgj

WAB

@wBC : rad rad
= Flnd(a)AB, WBC > CAB» agc) wgc = —4.95— agc = 70.8 —

OAB S 52

@BC rad rad

opg = —1.17— opg = 23.1—
S

Problem 16-131

Block A, which is attached to a cord, moves along
the slot of a horizontal forked rod. At the instant
shown, the cord is pulled down through the hole at
O with acceleration a and velocity v. Determine the
acceleration of the block at this instant. The rod
rotates about O with constant angular velocity.

Given:

m

a=4— o =4—
2
S
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V=2 % r = 100 mm
Solution:
—-a 0 0 r 0 -V
ap = 0 [+]0 |x|[{O0|x|0]||+200(|x]| O
0 @ ) 0 ) 0
-5.60
an=|-1600 | = |aa| - 1695 =
000 ) S s

Problem 16-132

The ball B of negligible size rolls through the tube such that at the instant shown it has velocity v
and acceleration a, measured relative to the tube. If the tube has angular velocity » and angular
acceleration « at this same instant, determine the velocity and acceleration of the ball.

Given:
v=5—
a=3—
Solution:
X
VB
VB
a 0 r 0 0 r 0 v
ag = +[ 0 [x]| 0|+ X x[0]|+2 0 [x|O
0 a 0 ) ) 0 @ 0
-15.00
ft ft
ag =| 40.00 |— ap| = 42.72 —
B 2 |as| 2
000 /S -
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Problem 16-133

The collar E is attached to, and pivots about,
rod AB while it slides on rod CD. If rod AB

has an angular velocity of a,g and an angular
acceleration of a,g both acting clockwise,

determine the angular velocity and the angular
acceleration of rod CD at the instant shown.

Given:
rad rad
apg =1 — oaB = 6 —
s? S
| =4 ft 6 = 45 deg
Solution:
cos(e) —cos(e)
up = sin(&) us = sin(@)
0 0
rad ft

Guesses ocp =1 Vgl = 1 —

S

Given

—wp K x r1 = ocpK x r2 + Veglu2

2 2
—apgkx r1 — wpg r1 = acpk x rp — ocp 2 + arelu2 + 2wcpk x (V,—e|u2)

@CD
acbD . ft ft
= Flnd(&)CD, aCD> Vrel» are|) Vrel = —-24.00 — are| = -4.00 —2
Vrel s S
Arel rad rad
acp = —O.OOT acp = 36—2
S

Problem 16-134

Block B moves along the slot in the platform with constant speed v, measured relative to the
platform in the direction shown. If the platform is rotating at constant rate @ ,determine the
velocity and acceleration of the block at the instant shown.

Given:
ft
V=2—
S
6 = 60 deg

488



Engineering Mechanics - Dynamics Chapter 16

rad %
s
r=23ft ; =
h=2ft 4 h
#
Solution: GEE, L
r
—v 0 hcot(6)
vg =| 0 |+]|]0 |x h 5
0 1) 0 el

~12.00
fi fi
vg=| 577 |= |ve| = 13.32—
S

S
0.00
0 0 hcot(6) 0 -V
ag = 0 [x|| 0 |x h +2/ 0 |x| 0
1) 1) 0 1) 0
-28.9
ag = | 700 | % |ag| = 75.7—
2 2
00 )S s

Problem 16-135

While the swing bridge is closing with constant rotation @, a man runs along the roadway at constant
speed v relative to the roadway. Determine his velocity and acceleration at the instant shown.

Given:
rad
=05 —
S
ft
v=5—
S
d = 15 ft -
Solution: %
0 0 0 7.50
ft ft
Vman = | -V |+| 0 [ x| —d Vman = | -5.00 |— |Vman| = 9.01—
S S
0 w 0 0.00
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0 0 0 0 0
aman = 0 [x|| 0 [x|—-d|[[+2/ 0 |x]| -V
W w 0 W 0
5.00
aman = | 3.75 Ez |aman| =6.25E2
0.00 ) S >

*Problem 16-136

While the swing bridge is closing with constant rotation @, a man runs along the roadway such
that he is running outward from the center at speed v with acceleration a, both measured relative
to the roadway. Determine his velocity and acceleration at this instant.

Given:
w-05"d ,_ 1t
S 2
ft °
v=5— d =10 ft
S
Solution:
0 0 0
Vman =|-v|+|0 x| —d
0 w 0
0 0) [[o0 0 0 0
aman =|-a|+]| 0 |x 0 | x| —d +2 0 | x| —-v
0 ) ® 0 ® 0
5.00
ft ft
aman = 050 —2 |aman| = 502—2
0.00 /S .

Problem 16-137

A girl stands at A on a platform which is rotating with constant angular velocity . If she walks at
constant speed v measured relative to the platform, determine her acceleration (a) when she reaches
point D in going along the path ADC, and (b) when she reaches point B if she follows the path ABC.
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Given: . I
rad
=05 —
S
m
v =075 —
S
_".
d=1m
r=3m
Solution:
(@)
0 0 d 0 0 -1.00
m
agirl = | 0 |x|| 0 |x[0||+20 |x]|vV agirl =| 0.00 o
) ) 0 w 0 0.00 ) S
(b)
2
- 0 0 r 0 0 ~1.69
r m
agirl = 0 + x|{O [x]|O0O[|+2 0 x|V agirl =| 0.00 o
w w 0 w 0 0.00 ) S
0

Problem 16-138

A girl stands at A on a platform which is rotating with angular acceleration « and at the instant shown
has angular velocity @ .If she walks at constant speed v measured relative to the platform, determine
her acceleration (a) when she reaches point D in going along the path ADC, and (b) when she reaches
point B if she follows the path ABC.

Given: e

rad

a =02 —
2
S
rad

o =05— 3
S
m

v =075 —
S

d=1m

r=3m
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Solution:
(@)
0 d 0 0 d 0 0 -1.00
m
agirl =| 0 [x| 0|+ x| O |x]|0||+2 0 x|V agirl =| 0.20 o
a 0 ) w 0 @ 0 0.00 ) S
(b)
V2
0 r - 0 0 r 0 0
r
agirl =| 0 [x| 0|+ +1 0 x| O [x]|O0[|+2 0 |x|V
0
a 0 ® ® 0 ) 0
0
-1.69
m
agir|= 060 —2
0.00 ) S

Problem 16-139

Rod AB rotates counterclockwise with constant angular velocity «. Determine the velocity
and acceleration of point C located on the double collar when at the position shown. The
collar consists of two pin-connected slider blocks which are constrained to move along the
circular path and the rod AB.

. rad
Given: w=3— 6 = 45 deg r=04m
S
Solution: Guesses
m m m m
Vrgl = 1 — ve =1— apl=1— act =1—
S S S2 S2

Given

Ve cos(ZH) = Vre| sin(H) +]0 rsin 29
0 0 w

o

r+ rcos(249)
x| 0 |x rsin(20)
w 0

C
act 003(29) +T —sm

—sin(20) cos(6) 0 {r +rcos(20 }
0
0
w

—sin(26’) 2 —cos oS 49
= arel
0

sin 6?) +
3(9)
+2[ 0 |x|vrell sin(6)
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Vrel
fre = Find(VreI,areIaVCaaCt) (Vrelj = [_1.70) ul (arEIJ [ 509) u
Ve Ve 240 ) s act 0.00 ) 2
act
—sin(2€) —sin(26?) 2 —cos(2€)
vev = vl cos(26) acv = acy cos(26) Al —sin(20)
0 0 ' 0

-2.40 -0.00
vey = | 0.00 % acy = | ~14.40 mz

0.00 000 /S

Problem 16-140

A ride in an amusement park consists of a rotating platform P, having constant angular velocity
ap and four cars, C, mounted on the platform, which have constant angular velocities agp

measured relative to the platform. Determine the velocity and acceleration of the passenger at B at
the instant shown.

. rad
Given:  wp =15 — r=075m
s
rad
ocp =2 — R=3m
s
Solution: /
R 0 r ||I
vg=| 0 [x|0]|+ 0 x| 0
wp 0 wp + OCp 0
0.00
m m
vg =713 | — |lvg| = 7.13 —
s s
0.00

0 0 r
0 X 0 X O
0

o
+

0 wp + OCp wp + OCp

-15.94
m m
ag=| 000 |— ag| = 15.94 —
B 2 |ag| .

0.00 S
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Problem 16-141

Block B of the mechanism is confined to move within the
slot member CD. If AB is rotating at constant rate g,

determine the angular velocity and angular acceleration of

Chapter 16

member CD at the instant shown.

rad

Given: opB = 3 — = 100 mm
s
6 = 30 deg b = 200 mm
Solution: Guesses
rad rad
ocp =1 — acp =1 —
S 2
s
m m
Vrel =1 — arel = 1 —
S 2
s
Given
0 a sin(6) 0 bsin(6)
0 |x|0|=vplcos(6) |+] O |[x|bcos(6)
—WAB 0 0 —@CD 0
0 (0 a sin(0) 0 bsin(6)
0 X 0 x| 0 || = arel cos() | + 0 x | beos(6)
—opB ) |\ ~@AB 0 0 —-acp 0
0 0 bsin(6)
) X 0 x | beos(6)
—ocp ) [\ ~@cD 0
0 sin(0)
+2 O x | Vrel| cos(6)
—@CD 0
@“CD
acb . m m
= F'nd(wCDa aCD,VreIaareI) Vrel = —0.26 — arel = -0.34 —
Vrel S 32
arel rad

rad
ocp = 0.75— acp = —1.95—2
S

S
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Problem 16-142

The “quick-return” mechanism consists of a
crank AB, slider block B, and slotted link CD.
If the crank has the angular motion shown,
determine the angular motion of the slotted
link at this instant.

Given:
rad a = 100 mm
opg = 3 —
S | = 300 mm
_g rad
*AB = S_z 0 = 30 deg
¢ = 30 deg
Solution:
cos(6) sin(¢)
ui = | sin(6) up = | cos(g)
0 0
rad rad m m
Guesses ocp = 1 — acp =1 — Vrel = 1 — arel =1 —
S 2 S 2
S S
Given

opBK x 11 = wcpK x 1o + Vpglu2

2 2
apgk x r1 — wpg 1 = acpK x r2 — wcp 2 + arelu2 + 2ocpk x (VreIUZ)

@CD
acb . m m
= F'nd(wCDa aCD,VreIaareI) Vrel = 0.15 — arel = -0.10 -
Vrel > S
arel rad rad
ocD = 0.87T acp = 3.23—2
S

Problem 16-143

At a given instant, rod AB has the angular motions shown. Determine the angular velocity and angular
acceleration of rod CD at this instant. There is a collar at C.
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Given:
d d
a)A|3,=5i aAB:12% d=2ft
S S
Solution:
sin(60 deg) sin(60 deg)
up = | —cos(60 deg) | uo = | cos(60 deg)
0 0

0
rp=du; rp=dup k=10
1

rad rad
Guesses ocp =1— acp =1 —
S S
ft
Vrel =1 — arel =1 — aep
S 2

S
Given

—wcpkx ry = —wpg K x r1 + vrglug

2 2
~acpkx Iy — acp 12 = —apgk x 11— wpB 1 + arelu1 — 20ppk x (Vreju1)

@wCD
aCD . ft ft
= F'nd(wCDa aCD,VreIaareI) Vrel = 17.32 — are| = —8.43—
Vrel s 2
S
arel

rad rad
ocp = 10.00— acp = 24.00—2
S

S

Problem 16-144

At the instant shown, rod AB has angular velocity w,g and angular acceleration o,z Determine
the angular velocity and angular acceleration of rod CD at this instant. The collar at C is
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pin-connected to CD and slides over AB.

Tk Al
=]
AR g
_.-"'-

Given: 6 = 60 deg a=07m
rad rad _x».. ~
opB = 3 — aAB=5—2 b=05m '
S s
Solution: Guesses
rad rad m b 4
ocp=1— acp=1—F  Vrel=1-— b
S 2 S
s
m m m 1
areI=1—2 aCx=1—2 aCy—1_2 D
S S .&.
Given
0 0 0 asin(6) sin(0)
0 |x|b|=| 0 |x|-acos(6) |+ vre| —cos(6)
@CD 0 0 0
acx 0 0 0
aCy = b + X 0 X b
0 0 e acD 0
acx asin( 0 0 asin(6)
acy | = —acos(0) |+| O |x|| O |x]|-acos(6)
®OAB ®OAB 0
sin( 0 sin(6)
+ arel —COS +2 0 x| Vrel _COS(0>
WAB 0
@“CD
acb
Vre] F d( ) aCX 124.41 m
= Findlwcp, acD, Vrel, arel, aCx, & —
arel CD, &CD> Vrel, drel > 4Cx, ACy acy _4050 2
acx q
m ra
aC Vre| =390 — aCcD = -9.00 —
Yy S S
m rad
arel = 134.75 —  acp = —249—
s s
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Problem 16-145

Chapter 16

The gear has the angular motion shown. Determine the angular velocity and angular acceleration

of the slotted link BC at this instant. The peg at A is fixed to the gear.

Given:
rad =
= o rad ri =05ft
s
ro =07 ft
rad
o =4—
32 a=2ft
Solution: b = ./a’ - (r+12)
r+r
6 = atan
b
rad rad ft
Guesses opc =1 — apc =1 — Vrel = 1 — arel = 1 >
S s
Given
[—ar1 +12) | 0 b cos(6)
0 =| 0 |x|ro+r2|+vpl sin 6?)
o | \esc 0
_—a(l’l + rg)_ 0 b
r a)2 =| 0 |x|rp+r X I’l + r2)
0 aBC 0 wBC a)BC
- cos(e) cos
+arel| sin(6) |+2 x| vrel| sin(
0
wWBC
aBc . ft ft
= F'nd(G)BC,aBC,Vrelaarel) Vrel = —1.92 — are| = —4.00—
Vrel S 32
arel rad rad
ogc = 0.72— aBC = 2.02—2
s
s
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Problem 16-146

The disk rotates with the angular motion shown.
Determine the angular velocity and angular
acceleration of the slotted link AC at this instant.
The peg at B is fixed to the disk.

Given:

rad rad
®w=6— 0:=10—2 | =075 m
S

S

6 =30deg ¢ = 30 deg r=03m

Solution:
sin(e) cos(¢) 0
0 0 1
rad rad m m
Guesses opc =1 — opc =1 — Vigl = 1 — arel =1 —
S 2 S 2
S S
Given
wk x r2 = wpck x r{ + Vpeug
2 2
akKxro—w rp = apckx r1 — wpac 1+ arelul + 2oack x (Vrelul)
WOAC
GAC . m m
= F'”d(a’AC,aAC,VreI,arel) Vrel = -1.80 — arel = -3.00 —
Vrel S 2
S
arel rad rad
opc = 0.00— aAC = —14.40—2
S
S

Problem 16-147

A ride in an amusement park consists of a rotating arm AB having constant angular velocity ong

about point A and a car mounted at the end of the arm which has constant angular velocity -@ k
measured relative to the arm. At the instant shown, determine the velocity and acceleration of the
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passenger at C.

Given:
rad rad
opg =2 — @ =05—
S s
a=10ft r=2ft
6 = 30 deg
Solution:
0 acos(6)
ve=| 0 |x|asin(g) |+
®WAB 0 WAB — @
0 (0 acos(6)
ac=| 0 |x|| 0 [|x|asin(o) ||+
opB ) |\ @AB 0

x| —=r

0

0

0
OpB — @

X

ft
vc=|1732 |—
0.00
0 0
0 x| —=r
wpB — @ 0
—34.64
ft
ac = | —15.50 -
0.00 /S

Chapter 16

Problem 16-148

A ride in an amusement park consists of a rotating arm AB that has angular acceleration a,gwhen
the angular velocity is w,g at the instant shown. Also at this instant the car mounted at the end of
the arm has a relative angular acceleration -&' k of when the angular velocity is - ' k . Determine

the velocity and acceleration of the passenger C at this instant.

Given:

rad rad
wpB =2 — apg = 1—
S 2

S
d d
w =058 4 -0
S 2

S

a=10ft r=2ft
6 = 30 deg
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Solution:
0 acos(e) 0 0 —7.00
ft
ve=| 0 |x|asin(o) |+ 0 x| —r ve=|1732 |—
s
WAB 0 WAB — @ 0 0.00
0 acos(6) 0 0 acos(6)
ac=|| 0 |[x]|asin(6) |+| O |x|| O |x]| asin(6)
INZY:] 0 WAB ©AB 0
0 0 0 0 0
+ 0 x| —r | + 0 X 0 x| —r
apg — o 0 wAR — @ opB — @ 0
—-38.84
ft
ac = -6.84 —2
000 )5

Problem 16-149

The cars on the amusement-park ride rotate around the axle at A with constant angular velocity
wy: measured relative to the frame AB. At the same time the frame rotates around the main axle

support at B with constant angular velocity « .Determine the velocity and acceleration of the
passenger at C at the instant shown.

Given: ;
rad
oAf =2 ——
S
rad
of = 1 —
S
a=15ft
L}
b=28ft
6 = 30 deg
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Solution:

0 —acos(6) 0 -b ~7.50
ve=1| 0 |x asin(@) + 0 x| 0 vc =| —36.99
wFf 0 of + OAf 0 0.00

0 0 —~acos(0) 0 0 —b

ac = 0 |x]|| O |x asin(e) + 0 X 0 x| 0
of of 0 of + OAf Of + OAf 0

84.99

ac =| —7.50

0.00

Chapter 16

Problem 16-150

The block B of the “quick-return” mechanism is confined to move within the slot in member CD. If
AB is rotating at a constant rate of w,g, determine the angular velocity and angular acceleration of

member CD at the instant shown.

Given:

rad
opB = 3—

S
rag = 50 mm
rgc = 200 mm
6 = 30 deg
¢ = 30 deg
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Solution:
sin(@) sin(¢) 0
up = | —cos(6) | uz =| cos(g) k=|0
0 0 1
rp = rapuzi rp = rpcuz
Guesses
rad rad
ocp = 1— acp = 1—-
S 2
S
m m
Vrgl = 1 — arel =1 —
S 2
S
Given

opK x 11 = ocpK x o + Vrglu2

2 2
~pB 11 = acpk x 12 — @CD’ 12 + areluz + 26CDK x (Vrelu2)

@CD
acb . m m
= F'nd(G)CD, aCD,VreI,areI) Vrel = 0.13 — arel = 0.25 -
Vrel S s
arel rad rad
acpD = —038T acp = 244—2
S

Chapter 16
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Problem 17-1

The right circular cone is formed by

revolving the shaded area around the x v :
axis. Determine the moment of inertia I, y \
and express the result in terms of the total y ;, * ;’r |
mass m of the cone. The cone has a - / ",
constant density p. /

Solution:

Problem 17-2

Determine the moment of inertia of the thin ring about the z axis. The ring has a mass m.

Solution: 'l‘
27
m
m:J pRAO=27pR p=—
- — 1
27

l,=—— | RR%do=mR%® I,=mR?

|
Problem 17-3

The solid is formed by revolving the shaded area around the y axis. Determine the radius of
gyration k. The specific weight of the material is y.

Given:

Ib . .
y=380— a=3in b=3in
ft3
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Solution:
b
y3 i
m = yr|la—| dy m = 0.083slug
3
b
JO ‘
b h b
.
1 y32 y32 2 [5) =" }
ly = 757 a= | la=s dy ly=0.201slug-in 1
b b u
“0
ly
k= [—= k=156in
m
*Problem 17-4
.'l..‘ ¥
Determine the moment of inertia I, of the sphere and .
express the result in terms of the total mass m of the N
sphere.The sphere has a constant density p. r
—J
Solution:
r
2 4 3 3m
m = pr\r" =X )dx==r"pz p=—— L
-r 3 4nr Y=
= dx
r , ,_":|'//?i~. ¥
3m r 2 3| omml
IX:— z(I'Z—XZ) dX |X=—ml’ 'Iléj"'
4drr _J 2 > s-%}/
- r 1 -
Problem 17-5

Determine the radius of gyration k, of the
paraboloid. The density of the material is p.

Units Used: Mg = 106 gm
Given:
h = 200 mm
r = 100 mm
Mg
= 5 _—
P 3
m
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Solution:
~h
2
Xr
M = p;{Tj dx M = 15.708 kg
“0
~h
2 2
1 Xr 2
Iy = —pﬂ'(—j dx Iy = 0.052 kg-m
2 h
‘0
Ix
kx - M kx = 577 mm
Problem 17-6

Determine the moment of inertia of the
semiellipsoid with respect to the x axis and express
the result in terms of the mass m of the
semiellipsoid. The material has a constant density p.

Solution:
a
r 2 X2 2 2 3m
m = p b 1——2 dx=—apab™ p= 5
a 3 2azh
0
a
3m 1 2 X2 : 2
IX: 2 —ﬂ'b l—_2 dX IX:—mb
2azh 2 a
0
Problem 17-7
i
Determine the radius of gyration k, ( ¥y }‘ _

of the body. The specific weight of
the material is y.

Given:
380 Ib
Y= .
ft3
h=8in
r=2in
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Solution:
~h
2
) 3
M = zlr| — dx
7 (h)
Y0
~h
i 4
I ! r X ’ dx
= — v —_
X 277"k
Y0
Ix .
kx = M kx = 1.20|n

M = 0.412slug

Iy = 0.589 slug-in’

Chapter 17

*Problem 17-8

Determine the moment of inertia of the ellipsoid with respect to the x axis and express the result

in terms of the mass m of the ellipsoid. The material has a constant density p.

2
IX = gmb

Solution: i
a 2 Jl'l
X 4
m:J p;rbzl—— dX=—ap7rb2
2 3
a
-a
3m
p =
4a7rb2
2 2
2
3m 1 X
IX = 2 — 7T b2 l — _2 dX
darb 2 a
-a
Problem 17-9

Determine the moment of inertia of the homogeneous pyramid of mass m with respect to the z

axis.The density of the material is p. Suggestion: Use a rectangular plate element having a volume

of dV = (2x)(2y) dz.
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Solution:
_a(h—z)
~2h
" 2
a(h-2) 1 2
[ h } 3"
0
3m
p=—
ha2
h :
4 ”
3m lla(h-2) <
= s | @
ha 0
1 2
IZ__ma
10

Problem 17-10

The concrete shape is formed by rotating the shaded area about the y axis. Determine the moment
of inertia 1,. The specific weight of concrete is y.

Given: .y
a==6in
b=4in ,
PEER Rt Lt
h=8in e L
o
150 2 N
Y= ™
3 | 1
Solution: _____T '.-,.{;-']‘
o
h
1 4 1 2y 2 2
ly = —rz(a+b) ——=x|a"=| |dy ly = 2.25slug-ft
2 2 h
0

Problem 17-11

Determine the moment of inertia of the thin plate about an axis perpendicular to the page and
passing through the pin at O. The plate has a hole in its center. Its thickness is t, and the
material has a density of p.
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Given: E"
a =140 m >

r = 150 mm /

t = 50 mm
kg
=50 —
P 3
m
Solution:

\._/' .1‘"

2 2 5
2a r 2a
o = pazt(Tj - |:p ﬂrzt(?j +p ﬂrzt[\/—T) } lo = 6.227 kg-m?

Chapter 17

*Problem 17-12

Determine the moment of inertia I, of the frustum of the cone which has a conical depression.

The material has a density p.

Given:
r=02m ,-":f":. / ---H“J
el
rp =04m
hy = 0.6 m
hp) =0.8m
k
p = 200 —% - ;
S L) -
m g 2
-
Solution:
ra hp
hy = hg = hz—hy
-n

2 2 2
L 7y hg 3 i o | prarihy 3 . o | par2Thy 3 i 2
2= 73 \10)? 3 10) L 3 10) 2

I, = 1.53kg-m?

I,
/
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Problem 17-13
‘)

Determine the moment of inertia of the assembly = LM
about an axis which is perpendicular to the page / N B
and passes through the center of mass G. The ‘

material has a specific weight y.

Given:

a=05ft r =1ft

b=025ft rp=2ft

c=1ft Ib e
y =

Solution:

1 1 1
Ig = EVﬂc(rz + 6)4 - Sra(c=b) 2’ - YA r’ IG = 118slug-ft’

Problem 17-14

Determine the moment of inertia of the assembly about an axis which is perpendicular to the
page and passes through point O. The material has a specific weight y.

Given:
a=05ft L™
b =0.25 ft ‘
c=1ft
r=1ft
™
% Ib
]/ = —_— o -
ft>
Solution:

3 1
lo = E?’nc(rz + 6)4 N [57”(0 ~b) 1" + ya(c — b) r22(r2 " 3)2}
1
Lt el

lp = 283slug~ft2
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Problem 17-15

The wheel consists of a thin ring having a mass M, and four spokes made from slender rods,
each having a mass M,. Determine the wheel’s moment of inertia about an axis perpendicular
to the page and passing through point A.

Given:
M1 = 10 kg
Mo = 2 kg
r = 500 mm
Solution:
2 .
2 r Co—
Ig = M1r +4M2(?j A
2 2
I = Ig+ (M1 +4Mp)r Ip = 7.67kg-m

Problem 17-16

The slender rods have a weight density 7. Determine the moment of inertia of the assembly
about an axis perpendicular to the page and passing through point A.

Given: ‘_fl,"&f o X
_ 3 Ib
7/ - ft [7)
a=2ft N
[ |
b=1ft |
c=15ft
iy L]
Solution: I ’ T ’ *
2 2
a+b 2C
In = Ha+ b){%}  (20) % + 1(20)a° Ip = 2.17 slug-ft>

Problem 17-17

Each of the three rods has a mass m. Determine the moment of inertia of the assembly about an
axis which is perpendicular to the page and passes through the center point O.
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Solution: V7 4 x\
2 J';. _,r'r"r '-.\-x "\.\1
1 a)sin(60 de r/ 4 kT
lp = 3{—m a2 + m[u} } y ,r"j A ‘\
12 3 afy A\
£ A N
f.-“f 1\1 %
| 1 m a2 o 4 % \‘"\.L b
0=7 y W
f . '\\L.
? ¥, /j )
y T

Problem 17-18

The slender rods have weight density y. Determine the moment of inertia of the assembly
about an axis perpendicular to the page and passing through the pin at A.

Given: ._115 J ‘
_, b
™
i
a=2ft
b=15ft — ;1
Solution: l. ol o
1 1
Ip = 5ya3 ; Ey(zb)3 + ¥(2b) a° Ip = 1.58slug:ft

Problem 17-19

The pendulum consists of a plate having weight W, and a slender rod having weight W,. Determine
the radius of gyration of the pendulum about an axis perpendicular to the page and passing through

point O.
Given: f i
a >
Wp =12 1b | ‘x:.rr
Wr = 4 Ib — IlJ e |
a=1ft
b=3ft
c=2ft
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Solution:
2
1/ b 2 1( ¢ 2 1 2 a
lo = — Wb~ + — Wee™ + =Wpa +Wp| b+ —
© 3(b+c) r 3(b+c) TP p( 2)

o = 4.921 slug-ft>

lo
ko= | —— ko = 3.146 ft
Wr+ Wp

*Problem 17-20

Determine the moment of inertia of the overhung crank about the x axis. The material is steel
having a density p.

Units Used: ; — —
I [y i
Mg = 10° kg I:‘: ¢
Given: N
——
- 7 85 m 1 b} r
p =1 3 ¢ =180 mm :
m
8
a =20 mm d = 30 mm '
— <
b = 50 mm e = 20 mm eT." .
Solution: d—e | o L . o
2 2 2 2
e e e c-2d adc
|X=2ﬂ— bl=| +pz|=|Db L2 (d2+c2)
2 \2 2 2 2 12

Iy = 3.25 x 10 >kg-m

Problem 17-21

Determine the moment of inertia of the overhung crank about the x* axis. The material is steel
having a density p.

Units Used:

Mg = 10° kg
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Given: e ] I T i
{
= 7. — L]
Yol 85 3 o w
m
a =20 mm T
b = 50 mm ' * r
¢ = 180 mm i
d = 30 mm - . @ 7
B o
e =20 mm | P ! !
o — - = b -
i d
Solution:
2 2 2 2
e e e c-2d adc
IX:ZE— b|=| +pz|=|Db .2 (d2+c2)
2 \2 2 2 2 12
2 2
e c-2d _
e = |X+|:2p7z(zj b+padc:|( > ) ly = 7.19 x 10 kg-m?

Problem 17-22

Determine the moment of inertia of the solid steel assembly about the x axis. Steel has specific

weight .
Given:
f L
a=025ft 1
. N0
b =2 ft T X
c=3ft
I b 1 [ 1
Ib
yst = 490 —
ft
Solution:

1 31 1
Iy = [Eﬂ(za)zc(za)2 + 7 5;z(za)z(zb) (2a)% - % Eﬁazba2:|}/st

Iy = 5.644 slug-ft
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Problem 17-23 e {] e

|| wvv IR
The pendulum consists of two slender rods AB and OC which have a ! L) |-
mass density p;. The thin plate has a mass density p,. Determine the &

location y' of the center of mass G of the pendulum, then calculate the
moment of inertia of the pendulum about an axis perpendicular to the
page and passing through G.

Given: ' .
kg
p1 =3 — a=04m c=01m
m
k .
p2:12—i b=15m r=03m P L '
m / (a \\
Solution: I- :ﬁ._1 T
" A
<
b 2 2 —~
p1 b@ + pol?? — )b+ 1
y' = y' =0.888 m
pa(b +28) + pprli? - ?)
1 1 P2 P2
o = —p;|_(2a)3 +—=p1 b3 + | — 7zl’4 + p27rr2(r+ b)2 —|| —= 7ZC4 + p27Z02 (r+ b)2
12 3 2 2
2 2)]..2
Ic = lo- [p1(2a +b) + pzﬂ(f -c )]y
2
Ig =5.61kg-m

*Problem 17-24

Determine the greatest possible acceleration of the race car of mass M so that its front tires do
not leave the ground or the tires slip on the track. The coefficients of static and kinetic friction
are u and g respectively. Neglect the mass of the tires. The car has rear-wheel drive and the

front tires are free to roll.

Given:

M =975kg us = 0.8

a=182m uk = 0.6

m e h o
b=220m g:9.81—2

S
h =055m
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. My
Solution: '
h
First assume that the rear wheels B = | —
are on the verge of slipping FB = usNB Y ’ |'l’f \\\,
Pl N R SN
Guesses A u N 4—1— F
m L
NA=1N Ng=1N ag=1— b
32 Na Ng
Given |
usNB = Mag NA+Ng-Mg=0 —
Y - TT |f ﬁ\‘.\‘_x
—Naa+ Ng(b—-a) — usNgh =0 =\ /’f 1&.;/}-_
ft -',l
NA Mg, i
Ng | = Find(Na.Ng.ag) () 812
B | = Fin ,Ng,a = agy =812 —
A.NB.aG Ng 0801 Gl 2
acl
Next assume that the front wheels lose contact with the ground Na=0
m
Guesses Ng=1N FB =1N a(;:l—2
S
Given Fg = Mag Ng-Mg=0 Ng(b—a) -Fgh=0
N
F Find(Ng,Fg,ag) il N 6.78 =
B | = Fin ,FB.a = agy = 6.78 —
B."B-%C Fg 6608 G2 2
ac2
o . m
Choose the critical case ag = min(ag1.aG2) aG = 6.78 —
S

Problem 17-25

Determine the greatest possible acceleration of the race car of mass M so that its front tires do
not leave the ground nor the tires slip on the track. The coefficients of static and kinetic
friction are x4 and g respectively. Neglect the mass of the tires. The car has four-wheel drive.

Given:
M =975 kg us = 0.8

a=18m pux =206

b

m
220m g =981 —
32 L b o

>
Il

055 m
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Solution:
My
First assume that all wheels are on Fa = usNa
the verge of slipping -
FB = usNB e ~ [f "“-,\J
Guesses . S
m Fa 1 il J ]
Na =1N N =1N aG:l—2
S h
ﬂ"ll'l ﬂ"'.l
Given
usNB + usNa = Mag Na+Ng-Mg=0
—Npa+ Ng(b—a) — ugNgh— #sNah =0
NA
N Find(Na,Ng., ag) (2 7.85 =
B | = Fin ,Ng,a = agl = 7.85 —
A.NB.aG Ng 9826 Gl 2
acl
Next assume that the front wheels lose contact with the ground Na=0
m
Guesses N =1N FB =1N a(;:l—2
S
Given Fg = Mag Ng-Mg=0 Ng(b—-a) —-Fgh=10
N
F Find(Ng., Fg.ag) e 85 6.78
B | = Fin ,Fg.a = agy = 6.78 —
B.FB.aG Fe 6608 G2 2
acz
o . m
Choose the critical case ag = min(ag1.aG2) aG = 6.78 —
S
Problem 17-26 ﬂ
The bottle of weight W rests on the check-out conveyor at a (.7____
grocery store. If the coefficient of static friction is 1, determine T
the largest acceleration the conveyor can have without causing
the bottle to slip or tip. The center of gravity is at G. b a
Given: —
h_,;‘-h_____
W =21b R S
I/CF_TP-—-..__
Us = 0.2 ¢
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b=28in

c=15in
—322ft
g = ac. >

S

Solution: Assume that bottle tips before slipping

ft
Guesses ag =1 - Fe=11b Ng=1Ib Fpax=11Ib

. W
Given Fg = (—)ag Ng-W=0
g

il

Feb-Ngx=0 Fmax = #sNB

aGt
FB 0.375
Fg _ ft
Ne = Find(ag, Fg.,NB, Fmax) Ng |=| 2 |Ib agt = 6.087 —
Frax 0.4 S
Fmax

If Fg=0.375lb < Fpax = 0.41b then we have the correct answer.

If Fg =0.3751lb > Fpax = 0.41b then we know that slipping occurs first. If this is the case,

Fg = #sNB
. W
Given Fg = (—)ag Ng-W=20 Fgb—-Ngx=0
g
acs
. . ft
Ng | = Find(ag,Ng.X) Ng = 21b x=16in ags = 644 —
S
X

As a check, we should have x = 1.6in < ¢ = 1.5in if slipping occurs first

. . . ft
In either case, the answer is ~ ag = min(ags, aGt) ag = 6.037 —
s

Problem 17-27

The assembly has mass m, and is hoisted using the boom and pulley system. If the winch at B
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draws in the cable with acceleration a, determine the compressive force in the hydraulic cylinder
needed to support the boom. The boom has mass m,, and mass center at G.

Units Used:
Mg = 10° kg

2T
A

KN = 10° N

Given:

my = 8 Mg

Solution:

a 1 a
2T—mag:ma5 T :E mag+maz T = 43.24KkN

[-2T(b+c+d) —mpg(b+c) + FCDb]cos(e) =0

2T(b+c+d) + myg(b + c)
Fcp = . Fcp = 289kN

*Problem 17-28

The jet aircraft has total mass M and a center of mass at G. Initially at take-off the engines
provide thrusts 2T and T'. Determine the acceleration of the plane and the normal reactions on
the nose wheel and each of the two wing wheels located at B. Neglect the mass of the wheels
and, due to low velocity, neglect any lift caused by the wings.

Units Used:

Mg = 10° kg
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kN = 10" N
Given:

b=25m M = 22 Mg

23 m T =2KkN

o
Il

d=3m T =15KkN

m
e=6m g =981 —

2
S
f=12m
Solution:
Guesses a —1m By = 1 kN Ay = 1 kN
G=+17 y = y =
S
Given T + 2T = Mag 2By + Ay—-Mg=0
-T'b—2Tc-Mgd+ Ay(d +e) = -Mag f
ac
_ m Ay 72.6
By | = Find(ag, By, Ay) ag = 0.250 — = kN
&2 By 716
Ay

Problem 17-29

The lift truck has mass m; and mass center at G. If it
lifts the spool of mass mg with acceleration a,

determine the reactions of each of the four wheels on
the ground. The loading is symmetric. Neglect the
mass of the movable arm CD.

. m

Given: a=3 - d=04m
S

b=075m e=07m

m

c=05m g=9.81—2

S

mt = 70 kg ms = 120 kg
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Solution:

Guesses Nao =1N Ng =1N

Given

2(Na + Ng) — (Mt + ms)g = msa

e

NB

NA 568 \
= Il,..'
Ng 544 2N

= =

| L mg

—2Na(b +€) + mgge + mggc = —mgae — 1
Na ¥
( j = Find(Na. Ng) C/

[
h

B
[ EJ.'IEH

Chapter 17

Problem 17-30

The lift truck has mass m; and mass center at G. Determine the largest upward acceleration of the

spool of mass mj so that no reaction of the wheels on the ground exceeds F,,,.

Given:
m¢ = 70 kg b=075m
ms = 120 kg c=05m
Fmax =600N d=04m
99817 e-07m
S
Solution: Assume NA = Fmax

m
Guesses a=1 > Ng =1N
S
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Given
2(NA + NB) - (mt + ms)g = Mmga

—2Na(b + ¢) + mgge + migc = —mgae

a
= Find(a, N
(NBJ ind(a, Ng)
NA ( 600 j
= N
N 569.529

m
a=39 —
2
S

2""';)1

g

h

.
| L iy

B
N

Chapter 17

Check: Since Ng =570 N < Fpax = 600 N then our assumption is good.

Problem 17-31

The door has weight W and center of gravity at G. Determine how far the door moves in time t
starting from rest, if a man pushes on it at C with a horizontal force F. Also, find the vertical

reactions at the rollers A and B.

€ |

Given: ﬁA ﬁ&
W=2001Ilb c=5ft
t=2s d =12 ft
F=301Ib e =6ft )
1{" = o
ft
b=3ft g:32.2—2
S p:
Solution:
ft
Guesses a=1— Na=1Ilb Ng=11Ib hY N
2 i R
S =
. W _J—_r'__ | -
Given F=|—]a NA+Ng-W=0 4}b~~.h
g - ¥

F(c—b) + Nge—Npae=0
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a
. ft
Na | = Find(a,Na,Ng) a= 4.83—2
NB S
1
d = -at?
2

Chapter 17

NA (105.0)
= Ib
NB 95.0

d = 9.66 ft

*Problem 17-32

The door has weight W and center of gravity at G. Determine the constant force F that must be
applied to the door to push it open a distance d to the right in time t, starting from rest. Also, find the

vertical reactions at the rollers A and B.

Given: [ E € I
e 7
W=2001Ib c=5ft
t=5s d =12 ft
d =12 ft e =6 ft
¥ o
ft o
b=23ft g =322~
S
Solution: 4 iy
d ft l
a=2 — a=09—
2 2
t S
Guesses F=1Ib Na=1Ib Ng=11b N, 26 N
W d—cl | -l
Given F=|—la NaA+Ng-W=0 = b= >
g F g
r
W
F(c—b) + Nge—Npae=0
F F 5.96
Na | = Find(F,Na,Ng) NA | =1 100.99 |Ib
NB NB 99.01

Problem 17-33

The fork lift has a boom with mass M, and a mass center at G. If the vertical acceleration of the
boom is ag, determine the horizontal and vertical reactions at the pin A and on the short link BC

when the load M, is lifted.
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Units Used:
a4 —- b -
Mg = 10° kg kN = 10° N
Given:
M1 = 800 kg a=1m
My =125 Mg 2 =2M
c=15m
m d=125m
ag =4 —
2
S
Solution: i
Guesses Frg
Ay =1N Fcg=1N
-
Ay = 1N
y ¥ Mg
Given Ax : A Mg
L
—-Fcg+Ax=0
Ay—(M1+M2)g:(M1+M2)aG a+b
A,
Fcgc—Miga— Mog(a+b) =Miaga+ Moag(a+b) | |
AX ~ .'"‘fl.'ﬂ'f.;
Ay | = Find(Ax. Ay,Fca) .
Fcs
Ax 41.9
Ay |=|283 |KkN "':'-"’“
.
FcB 41.9
a+h
Problem 17-34

The pipe has mass M and is being towed behind the truck. If the acceleration of the truck is a;,
determine the angle #and the tension in the cable. The coefficient of kinetic friction between the pipe

524



Engineering Mechanics - Dynamics Chapter 17

and the ground is z4.
Units Used:

KN = 10° N

Given:

M=800kg r=04m

atzo.sz ¢ = 45 deg
S

4k = 0.1 g-o981 2

Solution:
Guesses 6 =10deg Nc =1N
Given

Tcos(g) - uNc = May

Tsin(¢) -Mg+Nc=0

Tsin(¢— e)r— UukNcr=20

0
Nc | = Find(4,Nc,T) Nc = 6.771kN T = 1.523kN 0 = 18.608 deg
T

Problem 17-35

The pipe has mass M and is being towed behind a truck. Determine the acceleration of the truck and
the tension in the cable. The coefficient of kinetic friction between the pipe and the ground is .
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Units Used: kN = 10° N

Given:
M=800kg r=04m

6 = 30 deg ¢ = 45 deg

sy = 0.1 g = 981 %
Solution: °
Guesses ar =1 mz
S
Nc =1N
T=1N My

Given
Tcos(¢) - ukNc = May e

Tsin(¢) - Mg+ Nc =0

Tsin(¢— O)r— uxNer =0

at
m
Nc | = Find(at,Nc,T) Nc = 6.164 kN T = 2.382kN ag = 1.335—
S
T

*Problem 17-36

The pipe has a mass M and is held in place on the truck bed using the two boards A and B.
Determine the acceleration of the truck so that the pipe begins to lose contact at A and the bed
of the truck and starts to pivot about B. Assume board B will not slip on the bed of the truck,
and the pipe is smooth. Also, what force does board B exert on the pipe during the
acceleration?
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Units Used: kN = 103 N
Given:
M = 460 kg
a=05m
b=03m
c=04m
d=01m
_ 981 2
g =29 >
S
. (b
Solution: 0 = asin| —
a
Guesses
Ngx = 1 N NBy =1N

Given

Npy = Mat NBy — Mg =0 NBx(@) cos(6) — Ngyb = 0

NBx
_ Npx 3.384 m
NBy | = Find(Ngx.Ngy. ) = kN ar=7.36 —

NBy 4513 .
NBx

The drop gate at the end of the trailer has mass M and mass center at G. If it is supported by
the cable AB and hinge at C, determine the tension in the cable when the truck begins to
accelerate at rate a. Also, what are the horizontal and vertical components of reaction at the
hinge C?

at

= 5.64 kN

Problem 17-37

Given: kN = 103 N

M = 1.25x 10° kg

a=>5 0 = 30 deg

m
2
S
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b=15m ¢ = 45 deg

m
c=1m g:9.81—2
S

Solution:
Guesses T=1IN C=1IN Cy=1N

Given ~Tcos(¢— 6) + Cy = —Ma
—Tsin(¢— 9) -Mg+Cy=0

Tsin(e)(b +C) - Mgbcos(¢) = Mabsin(¢)

T T 15.708
Cx | = Find(T,Cy,Cy) Cx |=| 8923 |kN
Cy Cy) \16.328

Problem 17-38

The sports car has mass M and a center of mass at G. Determine the shortest time it takes for it to
reach speed v, starting from rest, if the engine only drives the rear wheels, whereas the front wheels
are free rolling. The coefficient of static friction between the wheels and the road is x. Neglect the

mass of the wheels for the calculation. If driving power could be supplied to all four wheels, what
would be the shortest time for the car to reach a speed of v?

Given: ]

M = 1.5 x 10° kg

km
v =80 —
" a
/Js = 02
b=125m
c=075m Mg
d=035m B N ST .
/ YG T ‘e “e AN as
e A |d
g = 981 mz - Pt
S
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Solution:
. m
(a) Rear wheel drive only Guesses NA=1N Ng=1N ag-=1 -
S
Given Npo+Ng-Mg=0 H#sNg = Mag

Mgc—Na(b+c¢) = Magd

NA

_ Na) (5.185x 10° m
NB | = Find(Na,Ng,ag) = N ag=1271-
NB) | 9.53x 10° s
ac
v
trW = — trW = 17488 S
ac
. m
(b) Four wheel drive Guesses NA=1N Ng=1N ag-=1 -
S
Given No+Ng—-Mg=0 HsNB + usNa = Mag
Mgc—Na(b+c¢) = Magd
Na 3
_ NA 5.003 x 10 m
NB | = Find(Na,Ng,ag) = N ag=1962—
NB) | 9712 x 10° s
ac
v
trW = — trW = 11326 S
ac

Problem 17-39

The crate of mass m is supported on a cart of negligible mass. Determine the maximum force
P that can be applied a distance d from the cart bottom without causing the crate to tip on the

cart.
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Solution: fi g
Require N, to act at corner B p g ———— ‘
for tipping. > 1;;.-'2

b h )
Pd-mg|—=|=mag| = fi
o{z)-m{3)
1 B
- F
P =mag
B
Pd-m bY _ P h |
92) 72 Ne

mgb

Pmax = —=
h
2

*Problem 17-40

The car accelerates uniformly from rest to speed v in time t. If it has weight W and a center of
gravity at G, determine the normal reaction of each wheel on the pavement during the motion.
Power is developed at the front wheels, whereas the rear wheels are free to roll. Neglect the
mass of the wheels and take the coefficients of static and kinetic friction to be s and g4

respectively.
£

Given: a=25ft

ft
v =288 — kg = 0.2

S
t=15s b =4ft
W =3800Ib c =3 ft
fit
us = 0.4 g =322~
S

. - Vv ft
Solution: Assume no slipping ag = Y ag = 5.867—2

Guesses Ng=11b Na =11b Fa=11Ib

Given 2Ng +2NA—-W =0

w
2Fp = (—)ag
g

W
—2Ng(b +c¢) + Wc = (—)ac,a
g
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NA
_ NA 962
N | = Find(Na.,Ng.Fa) ol Ib Fa = 3461b
Fa
Fmax = #sNa Fmax = 3851b

Check: Our no-slip assumption is true if Fa = 3461b < Fmpax = 3851b

Problem 17-41

Block A has weight W, and the platform has weight W,. Determine the normal force exerted
by block A on B. Neglect the weight of the pulleys and bars of the triangular frame.

Given:
W1 =50 Ib I 2T T R T
Wy =10 Ib A T l T
B rali—
P =100 Ib T W, i
— R
Solution: W,
W1+ Ws
P—(Wq+Wp)=| —lag
g
P-1W1-1Wy ft
ac = ag = 21.47— y
G g W1+ W» G s2 | A ,
B
Guesses R=251Ib T=221Ib
Given

Wy
2T+R-Wqp = | — |ag
g

Wa
2T-R-Wy = | — |ag
g

R
(T) = Find(R,T) R =333lIb T=25Ib

Problem 17-42

The car of mass M shown has been “raked” by increasing the height of its center of mass to h
This was done by raising the springs on the rear axle. If the coefficient of kinetic friction
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between the rear wheels and the ground is 4, show that the car can accelerate slightly faster

than its counterpart for which h = 0. Neglect the mass of the wheels and driver and assume
the front wheels at B are free to roll while the rear wheels slip.

Units Used: f
Mg = 10° kg kN = 10° N

Given:

M=16Mg a=16m

g = 0.3
m
=981 —
g 2
S
Solution:

In the raised position

m
Guesses ag =1 -
S

Given  ukNa = Mag
Nao+Ng—-Mg=0
-Mga + Ng(a+b) = -Mag(h + hy)

aGr
. m
Na | = Find(ag,Na,Ng) agr =141 —
NB S
In the lower (regular) position

Given

HkNa = Mag Na+Ng—-Mg=0 -Mga+Ng(a+b) =-Maghy

agl
. m
Na | = Flnd(a(_;,NA,NB) ag| = 1.38 -
NB S
. . o m
Thus the advantage in the raised position is agr— ag| = 0.03 <

S
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Problem 17-43

The forklift and operator have combined weight W and center of mass at G. If the forklift is used to
lift the concrete pipe of weight W, determine the maximum vertical acceleration it can give to the

pipe so that it does not tip forward on its front wheels.

Given:
W = 10000lb b=5ft d=6*ft

ft
Wp =20001b c=4ft g=322—
S

2

h 7]

Solution:
. . W
It is required that Ng=0 ( HP> a
|
W ’
pr—Wc:——pab ,r'f
g [
& A
4= (W C— Wp bjg
Wp b !
a= 96.6E
52 =
b

*Problem 17-44
The forklift and operator have combined weight W and center of mass at G. If the forklift is used

to lift the concrete pipe of weight W, determine the normal reactions on each of its four wheels if
the pipe is given upward acceleration a.
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Units Used:
kip = 10° Ib

Given:
Wp = 2000 Ib

W = 10000 Ib

ft
a=4—

2
S

b:

Cc =

d:

g:

Solution:

Guesses
Na

NB

Given

5 ft
4 ft

6 ft

981 1
2
S

=11b

=11b

_ja

2NA+2NB—W—Wp:(

Chapter 17

h

L

2NpAb-W(b+c) +2Ng(b+c+d) =0

NB

)

4.686 )
= Kip
(1.438j

b
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Problem 17-45

The van has weight W, and center of gravity at G,. It carries fixed load W, which has center of
gravity at G,. If the van is traveling at speed v, determine the distance it skids before stopping. The

brakes cause all the wheels to lock or skid. The coefficient of kinetic friction between the wheels
and the pavement isz, . Compare this distance with that of the van being empty. Neglect the mass of

the wheels.

Given:
Wy =45001b b =2ft i

W) =800Ib c=3ft
ft &
v =40 — d=4ft
S
g = 0.3 e =6ft '
ft
f=2ft g =322 -
S
Solution: Loaded
ft "II"'r.ls Ny
Guesses Na=1lb Ng=1Ilb a=1 - f+h+e
S
Given
NpA+Ng—Wy-W;=0
WV + Wl
sk(NA + Np) = —

Wi Wy
—Np(f+b+c¢)+W(b+c) +Wyc=|—|ae+|—|ad
g

NA

N Find(Na.,Ng.,a) (e Ib
= Fin ,NB,a =

° ATE Ng ) \1523

a

fit
a=9.66— dj
s2

dj = 82.816 ft

Il
<

Unloaded Wy =01b

ft
Guesses Na =11b Ng=11b a:l—2

S
Given Na+Ng—Wy—-W;=0
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k(N + Ng) = (

—Ng(f+b+c) + Wi(b+c) + Wyc = (Fjae + (—jad

NA

Chapter 17

Wv+W|
—a
g

Wi Wy

g

_ NA 3343
Ng | = Find(Na,Ng.a) Ng |\ 1157 Ib

2
a-066% dyl = —
2 2a
S
dyl = 82.816 ft

The distance is the same in both cases although the forces on the tires are different.

Problem 17-46

The “muscle car” is designed to do a “wheeley”, i.e., to be able to lift its front wheels off the
ground in the manner shown when it accelerates. If the car of mass M, has a center of mass

at G, determine the minimum torque that must be developed at both rear wheels in order to do
this. Also, what is the smallest necessary coefficient of static friction assuming the
thick-walled rear wheels do not slip on the pavement? Neglect the mass of the wheels.

Units Used:
Mg = 103 kg
KN = 10° N
Given:
M1 = 1.35 Mg
a=110m
b=176m
c =0.67m
d=031m
m
=081 —
g 2
S
Solution:
Guesses ag =
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Given
Fa=Mz1ag
Na—-M19=0

Miga = Mjagc

-M+Fad=0
Fa = usNa
aG
Fa
_ Fa 21.7
Na | = Find(ag.Fa.Na, M, us) = kN M = 6.74kN-m
NaA 13.2
M
m = 1.642
_ - Hs
s ag = 16.11 —

S

Chapter 17

Problem 17-47

The bicycle and rider have a mass M with center of mass located at G. If the coefficient of
kinetic friction at the rear tire is x4, determine the normal reactions at the tires A and B, and

the deceleration of the rider, when the rear wheel locks for braking. What is the normal
reaction at the rear wheel when the bicycle is traveling at constant velocity and the brakes are
not applied? Neglect the mass of the wheels.

Given:

M=80kg wug=08
a=05m b=04m
c=12m

Solution:  Deceleration:

m
Guesses ag =1 -
S

Ng=1N Na=1N

Given 1N = Mag Na+Ng—-Mg=0

-Ng(a+b) + Mga = Magc
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ac
Ng | = Find(ag. Ng. Na) (%) 226
B | = Find(ag,NB, = ag =2.26 —
G- NB,NA Ng 226 G 2
NaA
Equilibrium Me

Given Npo+Ng-Mg=0

-Ng(a+b) + Mga=20

B
NA 330
= N
Ng 454

*Problem 17-48

A

The bicycle and rider have a mass M with center of mass located at G. Determine the minimum
coefficient of kinetic friction between the road and the wheels so that the rear wheel B starts to lift
off the ground when the rider applies the brakes to the front wheel. Neglect the mass of the wheels.

Given:
M = 80 kg

a=055m
b=04m
c=12m

Solution: N =0

m
Guesses ag =1—
2 [
S |
Mk =01
Na =1N

Given  uxNp = Mag
Na—-Mg=0

Mga = Magc
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#k | = Find(ag, 1k, Na)

NA
Np = 785 N
m
ac =450 —
G 2

S

Lk = 0.458

ﬂ’fj;'

Chapter 17

Problem 17-49

The dresser has a weight W and is pushed along the
floor. If the coefficient of static friction at A and B is s
and the coefficient of kinetic friction is ¢4 , determine the

smallest horizontal force P needed to cause motion. If
this force is increased slightly, determine the acceleration
of the dresser. Also, what are the normal reactions at A

and B when it begins to move?

Given:
W =801Ib
Hs = 0.3
Lk = 0.2
a=15ft
b=25ft
c = 4ft
Solution:
Guesses
Na =11b
Given

i

i

Ny

Ny

Impending Motion

P=1Ib

Ng=11b

NA+Ng-W=0

Ny

usNA + usNp—P =0

Pc+Wa—-Np(2a) =0

ey NH

N,
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P
_ NA 72
Na | = Find(P,Na,Ng) = Ib P = 24lb
NB 8
N
. ft
Motion  Guesses agc =1 -
S

. -W
Given NA+NB—W:O ykNAJ’_#kNB_P:(_)aG
g

P(c—b) + uk(Na + Ng)b + Nga— Naa = 0
NA

_ NA 65.3 ft
NB | = Flnd(NA, NB,ag) , = " Ib ag = 3.22—2
B . S

aG

Problem 17-50

The dresser has a weight W and is pushed along the - -
floor. If the coefficient of static friction at A and B is s

and the coefficient of Kinetic friction is 4, determine the

maximum horizontal force P that can be applied without
causing the dresser to tip over.

Given:
W =801b g - -

Hs = 0.3 ! —_—
Hk = 0.2 | - e

a

15 ft ) e—— L
25 ft G ome Ao owm

c=4ft
W

Solution:

Dresser slides before tipping occurs |

Guesses
ol

(s - b |l'|

Na =11b

L] | 1
N T —T—P
P = llb HeTa A F =)
N, N=0

ft
aG:l—Z

S
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Given

-W
Na-W=0 ,ukNA—P:(—)aG P(c—b) —Npaa+ uxkNpab =0
g

NA

fit
P | = Find(Na,P,ag) aG=1502— Nao=80b  P=533lb
ac S

Problem 17-51

The crate C has weight W and rests on the truck elevator for which the coefficient of static friction is
4. Determine the largest initial angular acceleration « starting from rest, which the parallel links AB

and DE can have without causing the crate to slip. No tipping occurs.

Given:
W =150 Ib
Hs = 0.4
a=2ft
6 = 30 deg
ft
g =322 -
S
Solution:
Initial Guesses: Nc =1 1b a=1 izd
S
Given ":’ 7
’.Tﬂ'u‘
W Y = Ao
HsNc = | — aacos(&)
g
Fr=pn N~
W - o= gy +
Nc-W=|—|a(a) sm(&) Ne
g

Nc d
( j - Find(Nc, )  Nc=195.0431b @ = 9.669%

a S

*Problem 17-52
The two rods EF and HI each of weight W are fixed (welded) to the link AC at E. Determine

the normal force N, shear force Vg, and moment Mg, which the bar AC exerts on FE at E if
at the instant @link AB has an angular velocity @ and an angular acceleration « as shown.
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Given: u
ft
W=31Ib a:2ftg:32.2—2

S

6 =30deg b =2ft I
[}
d
w =5 rad =3ft
S y
d ' F
=8 d-3tt
2
S 1
. !
Solution:
a
Wa + W(—j
, 2
X = ———=
2W
2
aGn = Cw
agt = Ca z—wf*r:.-
b4
Guesses ¢
VE=11Ib — #
Ne=11Ib ’_%p“m
Mg = 1 Ib-ft '
w W
Given —2W - Vg = —2(—)aGtcos(0) - 2(—)a(3n sin(&)
g g
w W
NE = 2(—)&1@“ cos(e) - 2(—)a(3tsin(€) Mg - Vegx' =0
g g
VE
N Find(Ve, Ng, MEg) e e M= 7200t
E | = Fin ,NE, = -7 )
E.TE-ME VE 4.86 E
Mg

Chapter 17

Problem 17-53

The disk of mass M is supported by a pin at A. If it is released
from rest from the position shown, determine the initial horizontal
and vertical components of reaction at the pin.

Given:
m

S
r=15m
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. rad
Solution: Guesses Ax=1IN Ay=1N a=1 —
S
. 3.2
Given Mgr:EMra -Ay =0 Ay—Mg=-Mra
Ax
rad Ax 0
Ay | = Find(Ag, Ay, a)  a=436— = N
2 Ay 262
(04

Problem 17-54

The wheel of mass m,, has a radius of gyration k,. If the wheel is subjected to a moment M = bt,

determine its angular velocity at time t starting from rest. Also, compute the reactions which the
fixed pin A exerts on the wheel during the motion.

Given:
my = 10 kg t=3s MLyl
m -M
ka =200 mm g =981 - A, T
S
m
b=5N— A,
S -
Solution:
bt
bt = kaAza a =
2
My KA
2
bt rad
AX:ON Ay—mwg:O

A AX ° In
=m =
y = o Ay) \981

Problem 17-55

The fan blade has mass my, and a moment of inertia I, about an axis passing through its center O.

If it is subjected to moment M = A(1 — e) determine its angular velocity when t = t, starting
from rest.
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Given:
myg
mp = 2 kg
lo = 0.18 kg-m’
0 ="0K M 0,
A =3Nm
2,
b=-02s" !
t1 =4s
Solution:
A bt
Al1—eY) = 1oa a——(l— 1)
lo
A 1 1 bt rad
w=—|tj+=-Ze ! ® =208 —
lo b b

Chapter 17

*Problem 17-56

The rod of weight W is pin-connected to its support at A and has an angular velocity @ when it
is in the horizontal position shown. Determine its angular acceleration and the horizontal and
vertical components of reaction which the pin exerts on the rod at this instant.

Given:
o-ard W
S -
a2 AN N
W=101b A r a f— ]
X ) B
_ = & ] J K
a==6ft 2k ;¥
g =322 - A, 1 . |
5 .
Solution:
w a
AX = (_)wz(—) AX = 149 Ib
g 2
a 1/w 3 rad
W—=—|— a2a a = —(g o =8.05—
2 3\9¢ 2a 2

g 2
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Problem 17-57

The pendulum consists of a disk of weight W, and a slender rod of weight W,,. Determine the

horizontal and vertical components of reaction that the pin O exerts on the rod just as it passes
the horizontal position, at which time its angular velocity is .

Given: i
rad e d (3
Wi=151b a=075ft o=8— i ; \j | o
Wy =101b b=3f e .
- b i
W,
Wi W == (g + b) e W
- . L =] (e o == (b2 e
re \_I i} 'Lf-'i-'.'l_'f’_‘fﬁ\' | .-,.‘::.r ;.\
. — = (> ¢ I
S T Oy Nl V4
Q. La+he E (b}
E
. 1( W1 W3 1( W2
2\ ¢ g 3\ g
rad
Guesses « =10 — Oyx = 100 Ib Oy =51Ib
S

' W1 W2\b
Given Oy — W1 - Wy :—?(a+b)a—(?j—a

2
Oy = (m)(a +b) o+ (&j@) o
g g \2

b
W1(a+b) + WZ(EJ = lpa

rad Ox 141,61
Ox | = Find(a,Ox, Oy) a=9.36— = Ib
2 Oy 4.29

S
Oy

Problem 17-58

The pendulum consists of a uniform plate of mass M, and a slender rod of mass M,. Determine the

horizontal and vertical components of reaction that the pin O exerts on the rod at the instant shown at
which time its angular velocity is .
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Given: )
M1 = 5 kg a=05m '

My = 2 kg b=02m w s
rad :
®w=3— c=03m ¢ \
S .
h -
\ \_,,-f""
m = -l.
g-981 1 0 = 30 deg A
2
S 0,
Solution: M = M1+ Mp
2 P 0
1 2 2 c 1 2 - - p
lo=—=M1\b"+c"/+M1|a+—=| +=Mra N
0=, 1( ) 1[ 2) 32 f..._______..--’* s
T A
c a
Mija+—= |+ My| = x—-\‘ :1
2 2 \ -
d = "
M Mg
rad
Guesses Ox =1N Oy =1N a:1—2
S
Given Oy = Mdasin(@) + Mdco2 cos(ﬁ) Mgdcos(@) = lpa
Oy -Mg=-M dacos(@) + Mda)zsin(e)
Ox
. rad Ox 54.8
Oy | = Find(Ox, Oy, @) o =13.65— = N
S2 Oy 41.2
o

Problem 17-59

The bar of weight W is pinned at its center O and
connected to a torsional spring. The spring has a stiffness
k, so that the torque developed is M = ké. If the bar is
released from rest when it is vertical at = 90°, determine
its angular velocity at the instant 6= 0°.

Given:
W=101b
Kt Ib-ft

rad
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a=1ft
ft
g =322
S
Solution:
2
1(w 3k o
ko= — Zlea?e a=2Iy @ _
12\ g Wl 2
2
3K d
o = —92(1) o= 1001722
wa? \2 s

Chapter 17

*Problem 17-60

The bar of weight w is pinned at its center O and connected to a torsional spring. The

spring has a stiffness k, so that the torque developed is M = ké. If the bar is released from

rest when it is vertical at 6 = 90°, determine its angular velocity at the instant 6= 6.

Given:
W =101b
K5 Ib-ft
rad
a=1ft
ft
g =322 -
S
61 = 45 deg
Solution:
1 (W -3k
-kf=—| — (2a)2a a:—99
12\ g Wa2
o o ikg(é 91}
2 2 Wa2 2 2
3k d
o= —92[(90 deg)? - 912] o= 945424
Wa S
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Problem 17-61

The roll of paper of mass M has radius of gyration k, about an axis passing through point A. It is

pin-supported at both ends by two brackets AB. If the roll rests against a wall for which the
coefficient of kinetic friction is ¢4 and a vertical force F is applied to the end of the paper, determine

the angular acceleration of the roll as the paper unrolls.

Given:
M = 20 kg a = 300 mm

kn =90 mm b = 125 mm

m
Hk = 0.2 g =981 -
S -
F=30N
. a
Solution: 0= atan(gj
rad
Guesses Nc =1N a:1—2 Ta = 1N
S
Given Nc - TaB cos(e) =0

Tagsin(6) — kN = Mg—-F =0

Fb—- ukNchb = MkAza

_ Nc 102.818 rad

a | = Find(Nc, a,Tag) = N  a=7281—
TAB 267.327

TAB

Problem 17-62

The cylinder has a radius r and mass m and rests in the trough
for which the coefficient of kinetic friction at Aand B is 2 . Ifa

horizontal force P is applied to the cylinder, determine the
cylinder’s angular acceleration when it begins to spin.

Solution:

P — (Ng - Na)sin(6) + u(Na + Ng) cos(6) = 0

(Na + Ng)cos(6) + uk(Ng — Na)sin(6) - mg = 0
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I:ﬂk(NA + NB) - P:Ir = _71m r2a
Solving
mg — u P
NA + NB = —2
cos(@)(l + 1k )
pgmg + P
NB-Ma=—"T—3
sin(a)(l + uk )
—2p|  mg - ukP 2P
o= > =
mr cos(@)(l + Lk ) mr

Chapter 17

Problem 17-63

The uniform slender rod has a mass M. If the cord at A is cut, determine the reaction at the
pin O, (a) when the rod is still in the horizontal position, and (b) when the rod swings to the

vertical position.

Given:
M = 5 kg
a = 200 mm i
b = 600 mm
m
=981 —
g 2
s
}‘I_.": ald
0, o l
2, Mg
. b-a
Solution: L=a+b d = >
(@) In the horizontal position
m rad
Guesses ag=1— a=1—
2 2
S S
Given ag= ad Mgd = lpa

{

{ue

) ™,

. ) |
[h‘—ulﬂi

lo

OX:lN

—OXZO
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Ox
o m rad Ox 0.0
Y| = Find(0x, 0y, a6, @) ag = 4.20 - a=210— = N
aG s 5 Oy 28.0
[24
Ox
=280 N
Next examine a general position Oy

M gdcos(e) = lpa

o= M99 (o)
lo
2 _
L . Mgd sin(ﬁ)
2 o Ml
o= 2Mgd sin(ﬁ)
lo

(b) In the vertical position (&= 90 deg) w = ZI\I/I gd sin(90 deg)
o]

rad
Guesses a:1—2 Ox =1N Oy =1N
s
Given 0=lpc —Oy = —-M ad Oy - Mg = Mda)2
“ o o
. rad X 0.0 X
Ox | = Find(a,0x,0y) @ =00— = N =911 N
2 0] 91.1 O
0 S Yy y
Yy

*Problem 17-64

The bar has a mass m and length I. If it is released from rest from the position shown, determine its
angular acceleration and the horizontal and vertical components of reaction at the pin O.

Given: e 5 .
6 = 30 deg |" ”R /o

Solution: \
Ty

mglzcos(a) = %mlza \\Q\
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Oy = mlzasin(a)

Oy-mg = —mlzacos(e)

mile
Solving
mg
39 3mg . 3 2
= —cosl @ Oy = —sinl26 Oy = mg| 1 - —cos( 8
a-Beosl) o= 0sinz0) 0y~ mof1- sl
3 3 3
ki = —cos(ﬁ) ko = —sin(29) k3 =1- —003(9)2
2 8 4
ki 3 _ _
a—le Oy = komg Oy = kamg
k1 = 1.30 ko = 0.325 k3 = 0.437

Problem 17-65

The Kinetic diagram representing the general rotational motion of a rigid body about a fixed axis
at O is shown in the figure. Show that I;a may be eliminated by moving the vectors m(ag;) and
m(ag,) to point P, located a distance rgp = kg?/rog from the center of mass G of the body. Here
kg represents the radius of gyration of the body about G. The point P is called the center of
percussion of the body.

"y H
\
P,"
o~
/’.-“'
uifre
I b e E.JJ
r = |
F;Il
/./ ”“_Hrr']_lr # £
,ft
TG
\{f
Solution:
oo ¥ rgp
2 aGt
I =mkg™ = mrgproc a:@
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aGt
magtrog + lga = magtrog + (m roc er) E

magtrog + lga = maGt(rOG + er) Q.E.D.

Problem 17-66

Determine the position of the center of percussion P of the slender bar of weight W. (See
Prob. 17-65.) What is the horizontal force at the pin when the bar is struck at P with force F?

Given:
L
W =10 1b I J I
A
F=201Ib Ay
A
L =4ft A=
- X
f‘t |'||'|
=322 —
g 2
S I F'J.
Solution: kg = L :
olution: G = ﬁ f_ F
j:'
From Prob 17-65
' U
2
r —L+kG I = 2.667 ft
p = 2 L p— &
2
rad
Guesses Ay =11b a=1 —
S
-W L -1(W
Given  Ax-F=|—ld = Frp=—|=|%
g 2 3\g
Ax rad _
( j - Find(Ay. @) a=-322— Ax =235x 10" b
a S

A zero horizontal force is the condition used to define the center of percussion.

Problem 17-67

The slender rod of mass M is supported horizontally by a spring at A and a cord at B. Determine
the angular acceleration of the rod and the acceleration of the rod ’s mass center at the instant
the cord at B is cut. Hint: The stiffness of the spring is not needed for the calculation.

Given:
M = 4 kg
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Solution: A

Since the deflection of the
spring is unchanged, we have

Chapter 17

Mg
Fa = T l‘wﬁ Ie "\F:f“'
; = [ ——
R S ¥ |
FaA— = —ML g, 1 md g,
2 12 F,
6FA rad
a = — a=147—
ML 2
S
Fa m m
FA—-Mg=-Magy aGy:g—V .31(;},:4.91—2 aGX:0—2
s s

*Problem 17-68

In order to experimentally determine the moment of inertia I of a connecting rod of mass M,

the rod is suspended horizontally at A by a cord and at B by a bearing and piezoelectric sensor,
an instrument used for measuring force. Under these equilibrium conditions, the force at B is
measured as F;. If, at the instant the cord is released, the reaction at B is measured as F,

determine the value of I ;. The support at B does not move when the measurement is taken.
For the calculation, the horizontal location of G must be determined.

Given:
M = 4 kg
F1 =146 N AP a -

pri
F2=33N ( W Y

"
2 - _

g =981
S
Solution: - e
Guesses
2 rad
x=1mm Ig=1kgm~ Ay=1N a:1—2
S
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Chapter 17
Given A,
[
Ay-Mg+F1=0 ) .
1T -|
-Mgx+Fra=0 / s T —
/ \ —
Ll 4 . - .
F2-Mg=-Ma(a-x) \\ / 1 T
2 — Mg
Mg(a - X) :[Ig+M(a—x) ]a 5 F,
X
Ic
= Find(x, 1. Ay, @)
Ay
[24

X = 130mm Ay =246 N

Problem 17-69

Disk D of weight W is subjected to counterclockwise moment M = bt. Determine the angular velocity
of the disk at time t after the moment is applied. Due to the spring the plate P exerts constant force P
on the disk. The coefficients of static and kinetic friction between the disk and the plate are sz and g

respectively. Hint: First find the time needed to start the disk rotating.
Given:

W=10Ib  us =03

Ib-ft
b=10— =02
S

t=2s r=05ft

fi
P=1000b g=322-

S
Solution: When motion begins
usPr F ‘
bty = ugPr t1 = b t1=15s '

At a later time we have

1(W 2
bt— uxPr=—|— r2a a:—g(bt—ykPr)

2\ ¢ Wr2
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Wr2 2

Problem 17-70

The furnace cover has a mass M and a radius of gyration kg about its mass center G. If an

operator applies a force F to the handle in order to open the cover, determine the cover’s initial
angular acceleration and the horizontal and vertical components of reaction which the pin at A
exerts on the cover at the instant the cover begins to open. Neglect the mass of the handle

BAC in the calculation.

Given:
F :‘x{
M = 20 kg a=07m — > 1
ke =025m b=04m d
F = 120 N CcC = 025 m A1 =
d=02m Al | ]
(s |
C . | :
Solution: 0 = atan |
b+d W | h
g I |
|
rad
Guesses o =5— - |
2 |
Ay = 50 N
Given
Ay — F = M(c + b) acos(6) =
i
Ay - Mg = M(c + b) sin(6) Al T
Fa_ M M 2 M ( b)z M ;x:—,;uf/;' (b +d)
a-Mgc=Mca+M(c+b)a _ [
[
a P \\\ d .
Ax | = Find(a, Ay, Ay) el
Ay

Ax 163
o= 3.60% ( ] _ ( N
] Ay 214
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Problem 17-71

The variable-resistance motor is often used for appliances, pumps, and blowers. By applying a
current through the stator S, an electromagnetic field is created that “pulls in” the nearest rotor poles.
The result of this is to create a torque M about the bearing at A. If the rotor is made from iron and
has a cylindrical core of mass M, diameter d and eight extended slender rods, each having a mass

M, and length I, determine its angular velocity at time t starting from rest.

Given:

M1 =3 kg | =100mm

Mo =1kg d=50mm

M=4Nm t=5s

Solution:

o = at o = 380—
S

*Problem 17-72

Determine the angular acceleration of the diving board of mass M and the horizontal and vertical
components of reaction at the pin A the instant the man jumps off. Assume that the board is
uniform and rigid, and that at the instant he jumps off the spring is compressed a maximum

amount ¢ and the board is horizontal.

Units Used:
kN = 10° N
Given: A r ‘ _l_ ’ g
M = 25 kg ¢
o = 200 mm
(=7
m
a=15m
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b=15m
m
g=9.815 —
2 AL
S ¥
Solution: A, ki Mia+b)
- 2
rad B
Guesses Ax=1N Ay =1N a:1—2
S
. 1 2
Given -Mga+ k5a:§M(a+b) a
a+b
AXZO —Ay—Mg+k5:Ma
2
Ax
rad Ax 0
Ay | = Find(Ay, Ay, a) a=231— = N
S2 Ay 289
o

Problem 17-73

The disk has mass M and is originally spinning at the end of the strut with angular velocity w. If it
is then placed against the wall, for which the coefficient of Kinetic friction is ¢4, determine the

time required for the motion to stop. What is the force in strut BC during this time?

Given:
M = 20 kg
rad A
o =60 —
S
tk = 0.3
6 = 60 deg
r = 150 mm
m
=981 —
g 2
S
Solution:
Initial Guess:
rad
Fce = 1N a=1—2 Na=1N
S
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Given Fcp cos(e) -Na=0

Fcepsin(0) = Mg+ ugNp = 0

1.2
HKNAT = EMr a

Fcs

rad
Na | = Find(Fcg.Na. a) a=19311—  NA=966N Fcg = 193 N

S
a

=2 t=3107s
a

Problem 17-74

The relay switch consists of an electromagnet E and an armature AB (slender bar) of mass M
which is pinned at A and lies in the vertical plane.When the current is turned off, the armature is
held open against the smooth stop at B by the spring CD, which exerts an upward vertical force
F, on the armature at C. When the current is turned on, the electromagnet attracts the armature at
E with a vertical force F. Determine the initial angular acceleration of the armature when the
contact BF begins to close.

Given:

v 7
M = 20 gm =
|—|_"L
F=08N
Fs = 0.85 N
»)
a =20 mm : . N
S
b = 30 mm ~ :
¢ =10 mm
Solution:
a+b+c 1
Fsc— MQ(L) -F(a+c) = ——M(a+b+c)2a
2 3 F, Mg
a+b+c T i
Mgl ———— |+ F(a+c) — Fsc A, = a M
2 -~
o =3 5 Af
M(a+b+c)
A, F
o = 80174 |
2
S
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Problem 17-75

The two blocks A and B have a mass m, and mg, respectively, where mg>m,.

If the pulley can be treated as a disk of mass M, determine the acceleration of
block A. Neglect the mass of the cord and any slipping on the pulley.

Solution:

a=ar

1 2 2 2
mBgr—mAgr:EMr a+MmMpra+mara

g(mB - mA) F
a = for
1 .
I’(EM +mg + mA)
JH r
~ g(mg —mp) 5
1
EM + mB + mA H?A,E," JJIH# ”I_."U' J‘J'J'HU'

*Problem 17-76

The rod has a length L and mass m. If it is released from rest when &= 0°, determine its angular
velocity as a function of 6. Also, express the horizontal and vertical components of reaction at the
pin O as a function of &,

Solution:

L . 1 2
— 0) = —mL
mg23|n() 3m a

a = Zsin(o)
2
()
3
= Tg(l — cos(6)) S/
Ox = mhacos(a) - mE a)2 sin(ﬁ) , / mg
2 2 I!l"ll. —

3) f

. g
Oy = mgsm(e)(z cos(e) 3 0,
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Oy -mg = —m(%jasin(e) - m(%) ° cos(6)

Oy = mg(l - g cos(e) + gcos,(e)2 - %sin(&)zj

Problem 17-77

The two-bar assembly is released from rest in the position shown. Determine the initial
bending moment at the fixed joint B. Each bar has mass m and length 1.

A ! B
© ‘-. B,

mg
- M 2
AR 1 i By !
I A 1 mg / lue
mg ( . a2
Ay M =m (F‘H%-"} o
C
Solution:
1 2 1 2 2 (1 2l 5 2
Ia=—mlI"+—ml"+mI"+|=| | ==ml
3 12 2 3
m I+m | =1 99
_ — lra a=—2
97 rmal=1la 10 |
1 | I 1 3
M:—ml2a+m— al = :—ml2a Ma = —mgl
12 2 2 3 10

Problem 17-78

Disk A has weight W, and disk B has weight Wg. If no slipping occurs between them, determine the
couple moment M which must be applied to disk A to give it an angular acceleration « .

Given:
Wp =51b rpn = 0.5 ft o -
Wg =101b rg =0.75 ft —~ M ...
4 \"ﬁ ; i
rad vl e /
op =4 — e B J
32 "1 _z/’fl
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Np 5
Solution: ¥
rad
Guesses ag =1 —~ M =1Ib-ft Fb=11Ib
S
Given
1(Wa) 2 1(WB)| 2
M-Fpra=—=|—|ra aa Fpre=—=|—|IB aB raca = 'Bap
2\ ¢ 2\ 9
M
. rad
aB | = Find(M, ag, Fp) ap=267—  Fp=0311lb M=0233Ib-ft
Fb S

Problem 17-79

The wheel has mass M and radius of gyration kg. It is originally spinning with angular velocity . If
it is placed on the ground, for which the coefficient of kinetic friction is s, determine the time

required for the motion to stop. What are the horizontal and vertical components of reaction which
the pin at A exerts on AB during this time? Neglect the mass of AB.

Given:

M = 25 kg |

kg = 0.15 m >
rad A

w1 =40 —
S

uc =05

a=04m

b=03m

r=02m

_ 981 2

g=29 >

S
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Solution: Guesses

Given
ucNc -

Nc—Mg+(

Fa = 1N

2 lrag =0
——— |FAB =
\/a2+b2
— P oo
> > AB =
\/a +b

ucNcr=-M k32a

FaB

_ FaB
Nc | = Find(Fag.Nc, a) (

o

Nc =1N

111.477
-~ 178.364

In

rad
2
S
rad
a =-31.709 —
2
S
t=1.261s
89.2
~ {66.9

Chapter 17

Problem 17-80

The cord is wrapped around the inner core of the spool. If block B of
weight Wy is suspended from the cord and released from rest, determine

the spool’s angular velocity when t = t;. Neglect the mass of the cord.

The spool has weight W and the radius of gyration about the axle A is
ka. Solve the problem in two ways, first by considering the “system”
consisting of the block and spool, and then by considering the block and

spool separately.

Given:

Wg =51b

t1 =3s

Wg = 180 Ib

ka = 1.25 ft

r=15ft

ro = 2.75 ft

g =322 E
2

S
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Solution:
(@) System as a whole
Ws) 2 Wg Wgrig rad
Wgri=|— |ka a+| — (riari) a = > > o= 0.826—2
g g Wg I~ + Wgka S
rad
o = aty w=2477T—
S
rad
(b) Parts separately Guesses T=1b a-=1 —~
S
Wsg -Wg T
Given Trj = (—jkAza T-Wg= (—)ari ( ) = Find(T, a)
g g a
rad rad
T=4.8081Ib a= 0.826—2 w = aty w = 2477 —
S
S

Chapter 17

Problem 17-81

A boy of mass m, sits on top of the large wheel which has mass m,, and a radius of gyration kg. If

the boy essentially starts from rest at = 0°, and the wheel begins to rotate freely, determine the
angle at which the boy begins to slip. The coefficient of static friction between the wheel and the boy
is 1. Neglect the size of the boy in the calculation.

Given:
mp = 40 kg m,E T8 m, (kY e
= o - _ T o -_‘_H-HHJ
my = 400 kg ; = b P
- ¥ .
. mnn:-'[,l'] g T
kg =55m Oy ’ —5/
Hs = 0.5 Mg

i el
r=8m
I"!'."i-.'n. L A
m ‘;k‘h{

2 F
S
Solution: Assume slipping occurs before contact is lost
. Mpgr .
mbgrsm(e) = (mb r2+kaGZ)a a= 2—8”1(9)
Mp ™ + mykg
rad rad
Guesses 6 = 10 deg 05:1—2 w=1— FNy=1N
s
S
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Given FN— mbgcos(e) = —Mmp ra)2 HsFN — mbgsin(a) =-—-Mpra

m r m r
a=— 9 (o) © 9 1 cos(e)

2 2
Mp ™ + mykg Mmpr~ + mykg

= Find(@, a,on, FN) Since FN =322 N >0 our assumption is correct.

FN rad rad
a = 0.107 —2 o= 0.238— 0 = 29.8 deg

S S

Problem 17-82

The “Catherine wheel” is a firework that consists of a coiled tube of powder which is pinned at
its center. If the powder burns at a constant rate m' such that the exhaust gases always exert a
force having a constant magnitude of F, directed tangent to the wheel, determine the angular
velocity of the wheel when k of the mass is burned off. Initially, the wheel is at rest and has
mass my and radius r,. For the calculation, consider the wheel to always be a thin disk.

Given:

m
m':209—
S

F=03N / jﬁr

mp = 100 gm Lﬂ—ll—)-:'r

R |
ro = 75 mm \ /

k =0.75

-—"

Solution:
- mo
The densityis p = —
7Try

The mass is m=mg—-mt=(1l-KkKmg

kmg
tp = — t1 =3.75s
m

. . 2 mp—m't
Find the radius  mg-m't= p zr r= [———
o ¥4
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. 1 2F
Dynamics Fr==mra =S VPT
2 ( 3
mp - m't)
& d
2F ra
w = # dt W= 800—
'3 S
(mg - m't)

Problem 17-83

The bar has a weight per length of w. If it is rotating in the vertical plane at a constant rate @ about
point O, determine the internal normal force, shear force, and moment as a function of x and 6.

al(r E‘-,.\. .\'\.E\
AAN
AR
R\ g
AR ’
\"x .'\'x__ ¥
\ \_\\
N\
wx
Solution:
2
N - chos(e) = (M)wZ(L - i) N = WKliCOS(Q) + (a)—j(L = iﬂ
g 2 g 2
S - Wxsin(e) =0 SE wain(e)
2
X X .
M-S—==0 M:w—sm(e)
2 2

Problem 17-84

A force F is applied perpendicular to the axis of the rod of weight W and moves from O to A at a
constant rate v. If the rod is at rest when &= 0° and F is at O when t = 0, determine the rod’s
angular velocity at the instant the force is at A. Through what angle has the rod rotated when this
occurs? The rod rotates in the horizontal plane.

Given:
F=21Ib
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W=5Ib
v =4—
S
L =4ft /
ﬁ I. _
g =322 — vt #
2 ),
S
Solution: F
1W 2 L
Fvt=——L"a t=— t=1s
349 v
3F 3F r
a= Vzg t o = ng t2 a)=4.83id
WL 2WL S
F
0 - ng {2 0 = 92.2 deg
2WL

Problem 17-85

Block A has a mass m and rests on a surface having a coefficient of kinetic friction z4. The cord

attached to A passes over a pulley at C and is attached to a block B having a mass 2m. If B is released,
determine the acceleration of A. Assume that the cord does not slip over the pulley. The pulley can be
approximated as a thin disk of radius r and mass m/4. Neglect the mass of the cord.

Solution:

r
. A ; I-.I.‘
Given ;

Ty - ukmg = ma ——— _j:.

To —2mg = -2ma

Tir—Tor 1fm r2
— = ——| — o
12t =G
a=ar
Solving lidmg
" f4.my
mg T, | —
mg / ™
Ty = —=(16 + 174 f oy 10N
25 TI i, _|_‘...'L\ ,: i
iy p ——— O
T \ P
Ty = —ng(9 + 8u1k) Ny =mg 2mg T, I
25
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89
(ZZE(Z—/JK)
_ 89,
2= 552~

Problem 17-86

The slender rod of mass m is released from rest when 8= 6,. At the same instant ball B having the

same mass m is released.Will B or the end A of the rod have the greatest speed when they pass the
horizontal? What is the difference in their speeds?

Given:

0o = 45 deg o /3

Solution: At horizontal & = 0 deg

fam

Rod

3
a= 2—? cos(@)
a)2 39, .
7 = E(SIH(@O) - Sln(ef))

o= / Dsin(ep) - sin(ar) va = ol = /3g1(sin{ o) - sin(6])
Ball

mg = ma a=4g

V—22 = gl(sin(ao) - sin(ef))

v = /291(sin{dp) — sin())

Define the constant k=(/3- \/E)\/sin(é?o) — sin( &)

A has the greater speed and the difference is given by Av = k\/a

k = 0.267
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Problem 17-87

If a disk rolls without slipping, show that when moments are summed about the instantaneous center
of zero velocity, IC, it is possible to use the moment equation M, = I,ca, where |, represents the

moment of inertia of the disk calculated about the instantaneous axis of zero velocity.

Solution:

— lgu
P IMc=2(M)c;  EMjc = lga + magr

Since there is no slipping, ag = ar
2 v
Thus, ZM|C:(IG+mr )a

J‘r’fﬁ’f.{j

I
By the parallel - axis theorem, the term in parenthesis represents |,c. ‘
2Mic = lica Q.E.D
*Problem 17-88
The punching bag of mass M has a radius of gyration about its center of
mass G of kg. If it is subjected to a horizontal force F, determine the initial
angular acceleration of the bag and the tension in the supporting cable AB.
Given:
M=20kg b=03m
ke =04m c¢c=06m
m F ——
F=30N g =981 >
S
a=1m
Solution: r
T-Mg=0 T = Mg T=196.2 N
2 Fc rad F = |
Fc=Mkg « a = a = 5.625 — +
Mk 2 52
G My

Problem 17-89

The trailer has mass M, and a mass center at G, whereas the spool has mass M,, mass center
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at O, and radius of gyration about an axis passing through O k. If a force F is applied to the

cable, determine the angular acceleration of the spool and the acceleration of the trailer. The
wheels have negligible mass and are free to roll.

Given:
M1 = 580 kg b=05m

Mo =200kg ¢ =06m

ko =045m d=04m
F=60N r=05m
Solution:
F = (M1 +Mp)a
3 F
M1+ Mo
m
a = 0.0769 —
2
S
2
Fr=Moko «
r
a = 5
M2 ko
r
o= 0.741id
52

Problem 17-90

The rocket has weight W, mass center at G, and radius of gyration about the mass center k; when

it is fired. Each of its two engines provides a thrust T. At a given instant, engine A suddenly fails to
operate. Determine the angular acceleration of the rocket and the acceleration of its nose B.

Given:

W = 20000 Ib T = 50000 Ib

kg = 21 ft g:9.81mz
S
d =30t
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a=15ft
Solution: R
W
Ta= (—)k@,za
g
i
o = Tagz o= 0.274%
Wkg S
L
Tow (W)a
~W=|=lag ' 4E |
g y
ag, = O — W9 agy = 14.715 2
Gy = W Gy = % 52
0 0 0 -8.2
ft
ag = aGy +| 0 |x|d apg = 48.3 —2
0 a 0 00 )8 ==
88
ft
ag] - 4002 X
S T T
aGy
0= atan(g) 6 = 80.3deg T T

Problem 17-91

The spool and wire wrapped around its core have a mass m and a centroidal radius of gyration
kg. If the coefficient of kinetic friction at the ground is 4, determine the angular acceleration
of the spool when the couple M is applied.

Given:
mg = 20 kg
kg = 250 mm
g = 0.1

M =30Nm
ri = 200 mm

ro = 400 mm
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Solution:

Guesses T =1N Ng=1N

/ ~ /
. | [
Lla,l | — [ — i JiE
o =1 @ | ."h"r Ir\_ .__/ll ,-'I H -.III
s \L __,,-/f "l
— j-"-J' .v.'” —

Given
T—- ukNg = mgr o

Ng-msg =0

M- ukNgrp —Try = mskGZa

T

T 55.2 rad
NB | = Find(T,Ng, @) (N j = (1962) N o =889 —
B .

a

*Problem 17-92

The uniform board of weight W is suspended from cords at C and D. If these cords are subjected
to constant forces F, and Fg respectively, determine the acceleration of the board’s center and the

board’s angular acceleration. Assume the board is a thin plate. Neglect the mass of the pulleys at E
and F.

Given:
W =501b
Fa = 30 Ib ";] E F “':__,]
Fg =451b
[ D
L = 10 ft A |- = B
L -
ft
S Fy Fy
Solution:
W Fa+Fp-W ft
A+FB 9 Gy Gy W g Gy 2
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“{3)-+3)- 5(5)

Chapter 17

2 6(F|3 - FA)g
WL

o - 5796 4

Problem 17-93

The spool has mass M and radius of gyration kg. It rests on the surface of a conveyor belt for

which the coefficient of static friction is 4 and the coefficient of kinetic friction is . If the
conveyor accelerates at rate ac, determine the initial tension in the wire and the angular acceleration
of the spool. The spool is originally at rest.

Units Used: kN = 103 N
Given:
m
M = 500 kg a(;:l—2
S
ke =130m ri=08m
Hs = 0.5 ro =16m
Utk = 0.4
Solution: Assume no slip
rad
Guesses a = 1—2
S
Fmax = 1N
Given T-Fs=May

Th - Fsto = -Mkg

m
ay = 1— T = 1N
2
S
Ng = 1IN Fs = 1IN
Ng—Mg=0
Fmax = #sNs

ay = lia ac = (ro - ri)e
(04
ax
Ns 4.907
Fmax ) rad
= Find(a, ax, Fmax, Ns. Fs, T) Fs |=| 1.82 |kN a=125—
Ns s
) Friax 2.454
S
T = 2.32kN
T

Since Fg = 1.82KkN < Fpax = 2.454 kN then our no-slip assumption is correct.
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Problem 17-94

The spool has mass M and radius of gyration kg. It

rests on the surface of a conveyor belt for which the
coefficient of static friction is u,. Determine the

greatest acceleration of the conveyor so that the spool
will not slip. Also, what are the initial tension in the
wire and the angular acceleration of the spool? The
spool is originally at rest.

Chapter 17

Units Used: kN = 103 N
Given: M = 500 kg
ke =130m ri=08m
Hs = 0.5 ro =16m
Solution:
rad m m
Guesses a=1— ax=1— ac=1—
2 2 2
S S s
Ns =1N Fs=1N T=1N
Given T-Fs=May Ns—Mg=0
Tri—Fsro:—MkGZCX FS:/USNS
ay = lia ac = (ro - ri)e
[24
ax
ac _ Ns 4.907 m
= Find(a,ax,ac,Ns, Fs,T) = kN ac = 1.348 —
Ng Fs 2.454 SZ
Fs rad
o =1.685— T = 3.128kN
T S2

Problem 17-95

The wheel has weight W and radius of gyration kg. If

the coefficients of static and kinetic

friction between the wheel and the plane are x4 and 24, determine the wheel’s angular
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acceleration as it rolls down the incline.

Given:
W =301Ib
kg = 0.6 ft
Hs = 0.2
uk = 0.15
r=125ft
6 = 12 deg
Solution: Assume no slipping
Guesses FN =11b F=11Ib
Given F - Wsin(e) = _—aG
g
w
Fr= —kGZa
g
F
FN
Fmax | = Find(F,FN, Fmax,>aG, a)
ac
[24

el

ft
aG=1—2 a=1—2 FmaX=1|b
S S
Fn—Wcos(6) =0 Fmax = 4sFN
ag =roa
F 1.17
ft
FN | =1]29.34 |Ib aG = 544~
Fmax 5.87 S
o - 435"
2
S

Since F = 1.171Ib < Fpax = 5.87 Ib then our no-slip assumption is correct.

Chapter 17

*Problem 17-96

The wheel has a weight W and a radius of gyration kg. If the coefficients of static and kinetic

friction between the wheel and the plane are 4 and g4, determine the maximum angle & of
the inclined plane so that the wheel rolls without slipping.

Given:
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W =301Ib r=125ft

kg =06 ft @ =12 deg W i
sis = 0.2 sk = 0.15 q
Solution:
F
Guesses
0 = 1 deg FN=1lb F=11Ib
rad Fx
a = —_ = —_
=1 2 a=1 2
S S
Given
~W W
F- Wsin(9) = (—)ae Fr= (—)k@,za
g g
FN - Wcos(6) =0 F = usFN
ag =ra
0
FN
F 4.10 ft rad
F | = Find(0,FN.F.ag, @) = b ag=191— a=153—
FN 20.50 32 32
aG
(04
60 = 46.9deg

Problem 17-97

The truck carries the spool which has weight W and radius of gyration kg. Determine the

angular acceleration of the spool if it is not tied down on the truck and the truck begins to
accelerate at the rate a,;. Assume the spool does not slip on the bed of the truck.

Given:
W = 500 Ib r=3ft

fit
kg = 2 ft g=322—

ft
aat = 3 —
At32
S
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Solution:

ft

Guesses a(;:l—2 a=1—
S

Given

ag = aat — ar
-W W
0= (—)agr+ (—)kgza
9 g

ag ft d
- Find(ag, @)  ag =098~  a= 0692
@ ¢? 5

Problem 17-98

The truck carries the spool which has weight W and radius of gyration k. Determine the

angular acceleration of the spool if it is not tied down on the truck and the truck begins to
accelerate at the rate a,;. The coefficients of static and kinetic friction between the spool and

the truck bed are 4 and g4, respectively.

Given:
ft
W =200 Ib g|:32.2—2
S
kg = 2t us = 0.15
ft
aat =5 - Hk = 0.1
S
r=3ft
Solution: Assume no slip L ¢ 9
Guesses :

F:llb FN:].Ib Fmalelb

--.f_.__ -— |'//- A
| ! -
_1 ft _1 rad - J/
acg = —2 a = —2 F . /
S S ; (k¥ e
Fy £

. w w
Given F=—ag Fr=—kg’a FN-W =0 Frmay = 4sFN
g g

ag = aat — ar
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F
FN F 9.56
Fmax | = Find(F,FN,Fmax.aG. @) Fmax | =| 30.00 [lIb  ag= 1.538%
ag FN 200.00 S
a a= 1.154%
S|

Since F = 9.561b < Fpax = 301b then our no-slip assumption is correct.

Problem 17-99

The spool has mass M and radius of gyration kg. It rests on the inclined surface for which the
coefficient of kinetic friction is z. If the spool is released from rest and slips at A, determine
the initial tension in the cord and the angular acceleration of the spool.

Given:
M=75kg kg =0380m a=03m

ug =015 @ = 30 deg b=06m

Solution:
m rad
Guesses T=1N Na=1N aG:1—2 05:1—2
s S
Given
T-Mgsin(6) — uxNa = -Mag Na — Mgcos(6) =0
Ta—,ukNAszkGZa ag = aa
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T
Na m rad
= Find(T,Na, @, ag) ag = 1.395 — o=465— T=35N
a 2 2
S S
aG

*Problem 17-100

A uniform rod having weight W is pin-supported at A from a roller which rides on horizontal track. If
the rod is originally at rest, and horizontal force F is applied to the roller, determine the acceleration of
the roller. Neglect the mass of the roller and its size d in the computations.

Given: d 4
. P
W=101b t -
'
F=151b
| =2ft
ft !
=322 —
g 2
S
Solution:
Guesses ag =1 ft ap =1 f =1 rad
Gt AT 9T
S S S \
Given
F
W N 1 (W) (F— —— (A
F=|—lag F|z|=—=|—|I"a 7\
g 2 12\ g N
s 2
| — fu
ap=ag+a— - ATk
2 ' L =
W
aG ( W )-w-
] \ g !
aa | = Flnd(aG,aA,a)
" o -
ft rad ft
ag = 48.3— =145— ap = 193 —
G 2 ¢ 2 & 2

Problem 17-101

A uniform rod having weight W is pin-supported at A from a roller which rides on horizontal track.
Assume that the roller at A is replaced by a slider block having a negligible mass. If the rod is initially
at rest, and a horizontal force F is applied to the slider, determine the slider’s acceleration. The
coefficient of kinetic friction between the block and the track is z. Neglect the dimension d and the
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size of the block in the computations.
Given:

W =101Ib u = 0.2

= ft
F=151b 9232.2_2
| =2 ft S
Solution:
ft ft
Guesses ag=1— ap=1—
2 2
S S
Given

W
F—ykW:(—)aG
g
| 1 (W) 2
F— W)= = —|—|I
(F s )2 12(g) “

o afl)

ap =
ac
ap | = Find(ag,aA, a)
o
ft rad
ag = 41.86— a=126—
52 32

Chapter 17

W4

ft
ap = 167 —

I I l||"llf.l

Problem 17-102

The lawn roller has mass M and radius of gyration Kg. If it is pushed forward with a force F

when the handle is in the position shown, determine its angular acceleration. The coefficients of

static and kinetic friction between the ground and the roller are 1 and z4, respectively.
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. s 'F
Given:
M = 80 kg Hs = 0.12

kg = 0175 m gy = 0.1

F =200 N r =200 mm

m
0 = 45 deg g:9.81—2
S
Solution: Assume no slipping,

Guesses

m
Ff=1N FN=1N a=1— a=1— Fmax = 1 N
S S
Given -F cos(@) + Ff = -May FnN — Mg - Fsin(e) =0
2
Ffl’z MkG (04 aX: ar FmaX:/LlsFN
Ft
FN FN 926.221
. m
Fmax | = Find(Ff, FN, Fmax. ax, @) Ff |=| 61324 [N ay = 1.001 —
S
ay Fmax 111.147
rad
a @ =501—

Since Ff =613 N < Fpax = 111.1 N then our no-slip assumption is true.

Problem 17-103

The slender bar of weight W is supported by two cords AB and AC. If cord AC suddenly breaks,
determine the initial angular acceleration of the bar and the tension in cord AB.
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Given:
W = 150 Ib a=4ft Ale &

fit
g=322— b=3ft b

2 / b
S
B
b ' ~

Solution: 6 = atan(—) “f -T .
a = i e i g
Guesses
rad T
Tag =1l  a=1— N
S
i
ft ft ft ¥
cx =1 5 acy 1 5 ap =1 5 j
S S S
Given w
~Tagcos(6) = ( g )an ||
-W . W
TABsm Tjagy —agyx = —ap sm(e) %(T}[”u} o
/
1(wW 2 L=t | B
TABsm —2 —|(28)"a -agy+aa= —chos(H) ; "\
W
& ) YW g
ThB g o
a aGx 7.43
ft rad
aGx | = Find(Tag. . acx. acy. ap) agy | =| 2663 |- a=418—
agy ag 12.38 ) S s
ap Tag = 43.31b

*Problem 17-104

A long strip of paper is wrapped into two rolls, each having mass M. Roll A is pin-supported about

its center whereas roll B is not centrally supported. If B is brought into contact with A and released

from rest, determine the initial tension in the paper between the rolls and the angular acceleration of
each roll. For the calculation, assume the rolls to be approximated by cylinders.

Given:

M = 8 kg r =90 mm

Solution: Guesses

T=1N agy=1

(/)ng
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Given
1 2 1.2
Tr=—=Mr ap Tr=—=Mr ap
2 2
T-Mg = Mapy —QAr = apy + aBr
T
aBy
= Find(T,agy, aa, ag) T=157N
ap

oB oA ~ 43.6 &d
aB 43.6 52

m
S

Chapter 17

Problem 17-105

The uniform bar of mass m and length L is balanced in the vertical position
when the horizontal force P is applied to the roller at A. Determine the bar's

initial angular acceleration and the acceleration of its top point B.

Solution:
-P
—P = max a.X = —
m
L 1 2 —6P
Pl =|=—mL « o =—
2 12 mL
L
ag=ay— > ag = — positive means to the right

| e

Problem 17-106

A woman sits in a rigid position in the middle of the swing. The combined weight of the woman and
swing is W and the radius of gyration about the center of mass G is kg. If @ man pushes on the swing

with a horizontal force F as shown, determine the initial angular acceleration and the tension in each
of the two supporting chains AB. During the motion, assume that the chain segment CAD remains

rigid. The swing is originally at rest.

Given:
ft
W=180Ib a=4ft g=32.2—2
S
ke =25ft b=15ft
F=201Ib c=04ft
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i, = [ . "|\

i

Y

V) Iea
f% o ’%ﬁ ”I.';'m :

Solution:

Guesses T=11Ib agt =1

W
Given F= (—jaGt 2T-W=0 Fc= (
g

T
ft rad

aGt | = Find(T,at, @) agt = 358 — @=0229—  T=900lb
S S

o

Problem 17-107

A girl sits snugly inside a large tire such that together
the girl and tire have a total weight W, a center of mass
at G, and a radius of gyration kg about G. If the tire
rolls freely down the incline, determine the normal and
frictional forces it exerts on the ground when it is in the
position shown and has an angular velocity . Assume
that the tire does not slip as it rolls.

Given:
W =185 Ib b=2ft

kg = 1.65ft a =075 ft

rad 6 = 20 deg

Solution:
Guesses Nt=11Ib Fr=11Ib
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Given

W w
NT - Wcos(@) = —aa)2 Fr(b-a) = —kG2a
g g

Fr— Wsin(6) = %(b -a)a

NT
rad
Fr | = Find(N7,FT, 2) a=32—
No
5 i
(04

NT 329.0
= Ib
Fr 40.2

*Problem 17-108

The hoop or thin ring of weight W is given an initial angular velocity @, when it is placed on the
surface. If the coefficient of kinetic friction between the hoop and the surface is g4, determine the

distance the hoop moves before it stops slipping.

Given:
W =101b g = 0.3
rad
wg =6 — r==6in
s
ft
=322 —
g 2
S
Solution:
FN-W=0 FN =W FN = 101b W "
re
Fr = w a A = A = 0.66 ft -~ ?:_h\ n;:I:_':a\\
aFN = | e G = /K9 G=966— /” N R
S 1L II |I : :-?__} I
W HKk9 rad \ / \ /
HKFENT = (—)rza a = — a= 19.32—2 \\“w\"ﬂ-—-’f/ \1‘“:_-:-;;/}
g r s gy W g
When it stops slipping Fy '
VG = or
g
agt = (wp - at)r t= t=0155s
ag + ar
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1
d - EaGt2 d = 1.398n

Problem 17-109

The circular plate of weight W is suspended from a pin at A. If the pin is connected to a track
which is given acceleration a,, determine the horizontal and vertical components of reaction at A

and the acceleration of the plate’s mass center G. The plate is originally at rest.

Given:
W =15 1b Ay j .
oy
ap = 3 _2 1% [E: i |/
S
W
r=2ft
A
ft Ay "I--D- fi)
g =322 n:f’{t:‘l.‘ )
s ST
Solution:
ft rad
Guesses an=1—2 a=1—2 Ay =11b Ay =11b
S s
. w -1W 2
Given Ay = —agyx Ay-W =20 —Ayr=——r"a«a agx + ar = ap
g 29
aGx
a Find|( A A Ax 0466 ) i
= FInd|a ,a, . = a =1—
Ax G0 E e Ty Ay ) (15000 T2
Ay rad
=1—
2
S

Problem 17-110

Wheel C has a mass M, and a radius of gyration kg, whereas wheel D has a mass M, and a radius of
gyration kp. Determine the angular acceleration of each wheel at the instant shown. Neglect the mass
of the link and assume that the assembly does not slip on the plane.

Given:
M1 =60kg kc =04 m r=05m b=2m
Mo =40kg kp=035m a=01m & =30deg
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Solution: —

Both wheels have the same angular acceleration.

.'1’:1F
Guesses .
/ > ma
Fa = 1N . || |
rad
a=1 ? \_F"//fj:-“
Given

—Fap(2r-a) + Mlgsin(H)r =M1 kcza + Ml(ra)r

Fag(2r—a) + Mggsin(H)r =My kD2a + Mg(ra)r

FaB rad
( j = Find(Fag. @) Fag = -6.21 N a=621—
@ S

Problem 17-111

The assembly consists of a disk of mass mp and a bar of mass my, which is pin connected to the

disk. If the system is released from rest, determine the angular acceleration of the disk. The
coefficients of static and kinetic friction between the disk and the inclined plane are x4 and 24

respectively. Neglect friction at B.
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Given:
mp = 8 kg L=1m

mp=10kg r=03m

us = 0.6 6 = 30 deg
m
Uk = 0.4 g =981 -
S

r

Solution: ¢ = asin (E)

Assume no slip

Guesses

FmaX = 1 N

Given

Chapter 17

]

NCLcos(¢) - ngLcos(e— ¢) - mbg%cos(e— ¢) = ;mDrza —mpaar - mbaA—;

~F¢ + (mp + mp)gsin(6) = (mp + mp)aa

Fcr= %mDrZa ap = ra Fmax = #sNc
Nc
Fc Nc 109.042
ap | = Find(Nc,Fc.aa. @, Fmax) Fc |=| 16053 [N a= 13.377%
o Frax 65.425 S
Fmax Since Fc = 16.053 N < Fpax = 65.425 N then our no-slip assumption is correct.

Problem 17-112

The assembly consists of a disk of mass mp and a bar of mass my, which is pin connected to the

disk. If the system is released from rest, determine the angular acceleration of the disk. The
coefficients of static and kinetic friction between the disk and the inclined plane are z and ¢4,

respectively. Neglect friction at B. Solve if the bar is removed.
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Given:

mp = 8 kg L=1m

mp = 0 kg r=03m

Hs = 0.15 6 = 30 deg

g =01 g

9.81 L
2
S

. (r
Solution: ¢ = asm(t)
Assume no slip

Guesses

]

1 rad a 1 m
a = _— = J—
2 A 2
S S
FmaX = 1 N
Given

NCLcos(¢) - ngLcos(e— ¢) - mbg%cos(e— ¢) = ;mDrza —mpaar - mbaA—;

~F¢ + (mp + mp)gsin(6) = (mp + mp)aa

Fcr= %mDrZa ap = ra Fmax = #sNc
Nc
Fc Nc 67.966
ap | = Find(Nc,Fc.aa. @, Fmax) Fc |=]| 13.08 | N a = 10.9%
o Frax 10.195 s
Fmax

Since Fc =13.08 N > Fpax = 10.195 N

then our no-slip assumption is wrong and we know
that slipping does occur.

Guesses

m
Ne=1N Fc=1N a=1— a=1—  Fpa=1N
S
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Given

NCLcos(¢) - ngLcos(e— ¢) - mbggcos(e— ¢) = ;mDrza —mpaar - mbaA—;

~F¢ + (mp + mp)gsin(6) = (mp + mp)aa

1 2
Fcr=§mDr o Fmax = #sNc Fc = ukNc
Nc
Fc Nc 67.966
. rad
ap | = Find(Nc,Fc.aa. @, Fmax) Fc |=]| 6797 | N a = 5.664—
S

a Frmax 10.195
Fmax

Problem 17-113

A “lifted” truck can become a road hazard since the bumper is high enough to ride up a
standard car in the event the car is rear-ended. As a model of this case consider the truck to
have a mass M, a mass center G, and a radius of gyration k;about G. Determine the horizontal

and vertical components of acceleration of the mass center G, and the angular acceleration of
the truck, at the moment its front wheels at C have just left the ground and its smooth front
bumper begins to ride up the back of the stopped car so that point B has a velocity of vg at

angle @from the horizontal. Assume the wheels are free to roll, and neglect the size of the
wheels and the deformation of the material.

Units Used:
3 a8
Mg = 10" k ¥ !
’ ’ Pim
[ i -y rSE
kN = 10° N T p f= @ =25 )
Given: i
M =270 Mga=13m P | PR
0 =20deg b=16m
Mg
ke =145m c=12m I—
m w ",
VB = 8 - d = 04 m T . ‘-;
S o f‘/—\' f/_x"'.
Solution: 1 J o d
m rad e
Guesses vap =1 — o=1— . o BN
S S B f #
Iillll._lI
m rad
agp =1— a=1—
2 2
s s
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a —lm a —lm Mg,
Gx = 2 Gy = 2 i
S S
Na=1N Ng=1N Q — Mo,
—, low ,f’—J“ﬂ\_
aA:lm 1\._ _,f'"'ll {\._ _M"'lll
S2
Given ‘ \\ .
Na + Ngcosld) — Mg = Ma
A+ NB ( ) g Gy N ~ o
~Ngsin(6) = Magy N > o/
Vi
NBcos(e)c - NBsin(H)(a— d) —Nab = ngza
va) (0) (b+c) (vscos(o)
0 [+/0|x| d |=]vgsin(9)
0 @ 0 0
ap 0 b+c b+c agcos(6)
2
0 |+|0|x| d |- d |= aBsin(e)
0 (24 0 0 0
aGx 0 c c agcos(0)
agy |[+| 0 |x| -a+d —a)2 —-a+d|= aBsin(H)
0 a 0 0 0
VA
[0
aa
ap
_ aGx ~1.82) m
acx | = F|nd(vA,a),aA,aB,aGX,aGy,a,NA,NB) = =
agy) \-169) 2
aGy
rad rad
“ ®=0977T— a = 0283 —
N

N
an)  (-0.664) m ( Aj _ ( 8.38 jkN
ag) \-3431) Q2 Ng/) 1440

Chapter 17
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Chapter 18

Problem 18-1 Ic

‘Ilr_i s

At a given instant the body of mass m has an angular
velocity wand its mass center has a velocity V. Show

that its kinetic energy can be represented as T = 1/2

l,c«?, where I, is the moment of inertia of the body

computed about the instantaneous axis of zero velocity,
located a distance rg,c from the mass center as shown.

o

[

Solution:
1 2
= (E mvG +( ) (Ig) @ where Vg = @ Ig e
L m r + 1I 2
- )\ —IGow
5 GIC 5 G
1
(E) m rGIC2 + |G) o However m(rg;c)? + 1= lic

(e

Problem 18-2

The wheel is made from a thin ring of mass my;,, and two slender rods each of mass mg. If
the torsional spring attached to the wheel’s center has stiffness k, so that the torque on the
center of the wheel is M = —k&, determine the maximum angular velocity of the wheel if it is
rotated two revolutions and then released from rest.

Given: P
Mring = 5 kg ff W
Fy
Mrod = 2 k9 |"' | A,
N‘m 1 III
k=2~ \A A,
rad K‘K
r=05m \Q\};

Solution:
1 2 2
lo = 2|:Emrod(2r) J + Mring I

lo = 1.583kg-m°
T1+2ZU12=T2
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0
1 k rad
O+J —k«9d9=—|ow2 0= |—A4rx o=141—
4 2 lo S
Problem 18-3

At the instant shown, the disk of weight W has counterclockwise angular velocity o when its
center has velocity v. Determine the kinetic energy of the disk at this instant.

Given:
W=2301Ib

_3p2 1
g =322 —
S

Solution:

o Af1W 2y 2 1(W) 2 T = 210ft.Ib
2\2 g g

*Problem 18-4

The uniform rectangular plate has weight W. If _ABh A
the plate is pinned at A and has an angular velocity /,;:" ‘\\
o, determine the kinetic energy of the plate. i = \

Given: i \ \\
W =2301Ib ; \ \

oo XA

Solution: ; e ;

1 2 1 2

T=—mvg +—=lgw
26 TG
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-4 e

T =6.991t:Ib

Problem 18-5

At the instant shown, link AB has angular velocity w,g. iy p A

If each link is considered as a uniform slender bar with T
weight density y, determine the total kinetic energy of

the system.
iven: rad .
Given: opg =228 a3
s
Ib _ )
in

0 = 45 deg c=>5in

Solution: p =

Guesses

rad rad
wgc =1— wcp=1—
s s

in in
VGX:]'? VGy:].? T:llbft

Given

o

@wCD 0

VGx

0 0 0 -b 0 ccos(6)
0 x| —-a|+ 0 x| 0 |+ 0 X —csin(e) =0
] 0

b

2
0
0

T—ip—as 1) 2+Ep—b3 1) 2+l b(v 2+v 2)+£'D—C3 o 2
AUE AB o\ 12 BC 2,0 Gx Gy ol 3 CD
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WwBC

@wCD

i d( T) wWBC 1.5 )\ rad VGx -0.5 ) ft
v = Find( @B, @CD,VGx, VGy, = = _ =
ox Be. oeb- Tox Toy ocp) \1697) s voy) \-025)s

VGy

T T = 0.0188 ft-Ib

Problem 18-6

Determine the kinetic energy of the system of three links. Links AB and CD each have weight
W4, and link BC has weight W,

Given:
Wy =101b
Wp =20 Ib :
rad -
WOAB = 5 — (@) ..
S ¢
rag = 1ft oo
rgc = 2 ft f
=y |
rcp =1ft
= 32.2 ft
g =322~
S
Solution:
rad r'AB
opc =0 — @OCD = WAB| ——
S 'cb
2 2
T 1( W1\ raB 2+1 Wz( ] )2+1 W1\ rcp 2
=——||l— | = — |l® o [0
2\ g 3 AB 2\ g AB'AB 2\ g 3 CD
T =1041t-lb
Problem 18-7

The mechanism consists of two rods, AB and BC, which have weights W, and W,, respectively,
and a block at C of weight W,. Determine the kinetic energy of the system at the instant shown,
when the block is moving at speed V.
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Given:
W1 =10 Ib
Wy = 20 Ib
W3 =41b
rag = 2 ft
rgc = 4 ft
ft
ve =3 —
S
= 32.2 ft
g = oZ >
S
Solution:
rad vC
@Bc =0-——=  opp = ——

2
1( Wz raB 1( W2 1( W3
T=—| — || —— a)AB2+— —_ VC2+— — VC2 T =13.82Ib-ft
2\ g 3 2\ g 2\ 9

*Problem 18-8

The bar of weight W is pinned at its center O and connected to a torsional spring. The spring has a
stiffness k, so that the torque developed is M = k&. If the bar is released from rest when it is vertical
at 6= 90°, determine its angular velocity at the instant 8= 0°. Use the prinicple of work and energy.

Given:
W =101b
Ib-ft
k=5——
rad
a=1ft
= 32.2 E
g = ac. >
S
Solution:

6o = 90 deg 6 = 0 deg
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2

1 1 1(W) (2
Given —k@o2 = —k9f2+— W1 (23) a)2

2 2 2\g/) 12

o =Findlo) o= 10.9%

Chapter 18

Problem 18-9

A force P is applied to the cable which causes the reel of mass M to turn since it is resting on the
two rollers A and B of the dispenser. Determine the angular velocity of the reel after it has made two
revolutions starting from rest. Neglect the mass of the rollers and the mass of the cable. The radius

of gyration of the reel about its center axis is k.

Given:
P=20N
M = 175 kg
kg =042 m
6 = 30 deg
ri = 250 mm
ro = 500 mm
a = 400 mm
Solution:

0+ P2(21;) = %M ke? o

8P ] rad
w = o=202—

M kG2

Problem 18-10

The rotary screen S is used to wash limestone. When empty it has a mass M, and a radius of

gyration kg. Rotation is achieved by applying a torque M about the drive wheel A. If no slipping

occurs at A and the supporting wheel at B is free to roll, determine the angular velocity of the
screen after it has rotated n revolutions. Neglect the mass of A and B.
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Unit Used:
rev = 27 rad
Given:
M1 = 800 kg
kg = 1.75 m
M = 280 N-m
rg=2m
ra=03m
n=>5rev
Solution:
M(:—z ] = %M]_k(;‘2 (02
o = 2Mrgn2 w=6.92%
raMike

Problem 18-11

A yo-yo has weight W and radius of gyration ko. If it is released from rest, determine how far it

must descend in order to attain angular velocity . Neglect the mass of the string and assume that
the string is wound around the central peg such that the mean radius at which it unravels is r.

Given:
W =031Ib
ko = 0.06 ft M

rad

o =70 —

S

r = 0.02 ft

ft
=322 —

g 2
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Solution:
1(W 1(W
0+Wh=—|— (ra))2+— —k02 a)2
2\ 9 2\ g
I’2 + k02
he— 2 42 h = 0.304t

29

*Problem 18-12

The soap-box car has weight W, including the passenger but excluding its four wheels. Each wheel has
weight W,,, radius r, and radius of gyration k, computed about an axis passing through the wheel’s

axle. Determine the car’s speed after it has traveled a distance d starting from rest. The wheels roll
without slipping. Neglect air resistance.

Given: r
W¢ = 110 Ib
WW = 5 Ib
r=05ft
k =03 ft
d = 100 ft
6 = 30 deg
= 32.2 E
g = oz >
s
Solution:
1( We + 4W. 1 (W 2
(We + 4Wy)dsin(0) = = ——— |2 + =4 —i2|[ 2
2 g 2 g r
2(We + 4Wy)dsin(6)g ft
vV = 2 v =552—
s

k
WC + 4WW + 4WW_2
r
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Problem 18-13

The pendulum of the Charpy impact machine has mass M and radius of gyration k,. If it is released
from rest when 8= 0°, determine its angular velocity just before it strikes the specimen S, 8= 90°.

Given:
M = 50 kg
kn = 1.75 m
d=125m
m
S
Solution:

2

1
O+Mgd=EMkA2a)2

29d d

wp = /i wp = 28372
kn’ s
A

Problem 18-14

The pulley of mass M, has a radius of gyration about O of k. If a motor M supplies a force to the

cable of P = a (b — ce"%), where x is the amount of cable wound up, determine the speed of the
crate of mass M, when it has been hoisted a distance h starting from rest. Neglect the mass of the

cable and assume the cable does not slip on the pulley.

Given:
Mp = 10 kg a = 800 N = P
ur:.‘;l /‘—\
MC — 50 kg b — 3 ___ ——=—_O & r \
- /J
ko =021 m c=2 .\\«-,_,s/
= 1
r=03m q= =
m i
h=2m -
Solution: ==
m gt
Guesses ve =1 —

S
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h
. - 1 Vi 1
Given J a(b—ce dx) dx:—Mpkoz(—cj +—MCVC2+MCgh
0 2 r 2
m
ve = Find(vc) Ve = 9.419 —
S

Problem 18-15

The uniform pipe has a mass M and radius of gyration about the z axis of kg. If the worker

pushes on it with a horizontal force F, applied perpendicular to the pipe, determine the pipe’s
angular velocity when it has rotated through angle @about the z axis, starting from rest.
Assume the pipe does not swing.

Units Used:
Mg = 10° kg {

Given:
M =16 Mg 6 = 90 deg

ke =27m r=075m

F=50N I =3m

Solution:

1
O+FI¢9:EMkGZw2

1 /MFI r
w=—Y""7 w = 0.0636 24
M kg S

*Problem 18-16

The slender rod of mass m, is subjected to the force and couple moment. When it is in the
position shown it has angular velocity @;. Determine its angular velocity at the instant it has

rotated downward 90°. The force is always applied perpendicular to the axis of the rod.
Motion occurs in the vertical plane.
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Given:
Mrod = 4 kg F
rad
w =6 — l .
A [Br ) )
F-15N alblda Y\ ,
- & -
M = 40 N-m
a=3m
m
=981 —
g 2
S
. rad
Solution: Guess w =1—
S
Given
1| Mroda 2+Faﬂ o a N 7 1| Mroda 2
= w — = - == 0]
2\ 3 1 2 ) T Mrod9( 7 AN 2
rad
wy = Find(a)g) wy = 8.25—
S

Problem 18-17

The slender rod of mass M is subjected to the force and couple moment. When the rod is in
the position shown it has angular velocity @,. Determine its angular velocity at the instant it has

rotated 360°. The force is always applied perpendicular to the axis of the rod and motion
occurs in the vertical plane.

Given:
Mrod = 4 kg M =40 N-m K
rad a=3m l
w =6 —
S A @y :{,’t
_ .  aAallla /
F-1s5n 979817 M S
S - & -
Solution:
rad

Guess wy =1 —
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Given

2 2
1| Mroda 1| Mroda
o B 0)12 +Fa2zr+M27 = — 0 a)22
2 3 2 3

wy = Find(a)g) Wy = 11.2%

Problem 18-18

The elevator car E has mass mg and the counterweight C has mass m¢. If a motor turns the driving

sheave A with constant torque M, determine the speed of the elevator when it has ascended a distance
d starting from rest. Each sheave A and B has mass mg and radius of gyration k about its mass center

or pinned axis. Neglect the mass of the cable and assume the cable does not slip on the sheaves.

Units Used: Mg = 1000 kg

Given: 1
mg = 1.80 Mg d=10m
mc = 2.30 Mg r=035m i
ms = 150 kg k=02m e
M = 100 N-m g =9.81£2 s
S |
Solution:
) E
d 1 K
M= —(mg - mc)gd = S| me + mc + 2ms = V2
r
r
d >
ZLM - - (mE - mc)g dJ :
r m
vV = v=4973 —
K2 2

m|5+m(;+2m5—2
r

Problem 18-19

The elevator car E has mass mg and the counterweight C has mass mc. If a motor turns the driving

sheave A with torque ad?2 + b, determine the speed of the elevator when it has ascended a distance d
starting from rest. Each sheave A and B has mass mg and radius of gyration k about its mass center

or pinned axis. Neglect the mass of the cable and assume the cable does not slip on the sheaves.
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Units Used:
Mg = 1000 kg

Given:
mg = 1.80 Mg

mc = 2.30 Mg

mg = 150 kg

a = 0.06 N-m

b
d

r=035m -
k=02m

m

= 9.81 —

g 2

S
Solution: E

75 N-m
12 m

Guess v=1—
S
d

. 2
. 1 K
Given J a62+bd9—(mE_mC)gd=E mE+mc+2ms—2jV2
r \

0

v = Find(v) v=5313 2
S

*Problem 18-20

The wheel has a mass M, and a radius of gyration k. A motor supplies a torque M = (a@+ b),
about the drive shaft at O. Determine the speed of the loading car, which has a mass M,, after

it travels a distance s = d. Initially the car is at rest when s = 0 and 6= 0°. Neglect the mass of
the attached cable and the mass of the car’s wheels.
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Given:
M1 = 100 kg

Mo = 300 kg
d=4m
a =40 N-m
b =900 N-m
r=03m

ko =02m

6 = 30 deg
Solution:
m
Guess v=1—
S
d
r

2
1 1
Given J (a0+ b) do = EMzVZ + EMl k02 G) + Mggdsin(e)
0

v = Find(v) v =749 m
S

Problem 18-21

The gear has a weight W and a radius of gyration kg. If the spring is unstretched when the
torque M is applied, determine the gear’s angular velocity after its mass center G has moved to
the left a distance d.

Given:
W =151b
M = 6 Ib-ft
ro = 05 ft
ri = 04 ft
d=2ft
k=32
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kg = 0.375 ft

Solution:

Guess w=1—

Problem 18-22

The disk of mass my is originally at rest, and the spring holds it in equilibrium. A couple moment M
is then applied to the disk as shown. Determine its angular velocity at the instant its mass center G
has moved distance d down along the inclined plane. The disk rolls without slipping.

Given:

mg = 20 kg 6 = 30 deg

M=30Nm r=02m

m
d=08m g=9.81—2
N S
k = 150 —
m
Solution: Guess w=1 id

Initial stretch in the spring  kdg = mq gsin(6’)

mdgsin(e)

" dp = 0.654 m

dg =

Given

d . k 2 2 1 2 1(1 2) 2
M—r+mdgdsm(0)—5[(d+do) —d0]=5md(0)r) +E(Emdr)w
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= Find(a)) o= 11.0%

Chapter 18

Problem 18-23

The disk of mass my is originally at rest, and the

spring holds it in equilibrium. A couple moment
M is then applied to the disk as shown.
Determine how far the center of mass of the
disk travels down along the incline, measured
from the equilibrium position, before it stops.
The disk rolls without slipping.

Given:
mg = 20 kg
M =30 N-m
N
k = 150 —
m
6 = 30 deg
r=02m
m
S
Solution: Guess d=3m

Initial stretch in the spring  kdg = myg gsin(H)

mg gsinl @
dg = L() dg = 0.654 m
k

. d . K 2 2
Given M—r+mdgdsm(6)—5[(d+d0) —doJ =0

d = Find(d) d=2m

*Problem 18-24

The linkage consists of two rods AB and CD each of weight W, and bar AD of weight W,. When
6 =0, rod AB is rotating with angular velocity . If rod CD is subjected to a couple moment M
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and bar AD is subjected to a horizontal force P as shown, determine w,g at the instant 6= 4.

Given:

Wi =8lb a=2ft

Wy =101b b =3ft

rad
a)o:ZT 61 = 90 deg

P=201Ib M = 15 Ib-ft

fi
g =322~
S

Solution:

U = Pasin(61) + Moy - 2W1 5(1 - cos(61)) - W2a(1 - cos( 0y))

rad
Guess ow=1—
S
Given
Wq 42 W W1 42 W
la 2 1 2 2 1la 2 1 2 2
2| == fon” + S| = (@en)’ + U= 22 — 5] 0” + 5| = (@0)

Problem 18-25

The linkage consists of two rods AB and CD each of weight W, and bar AD of weight W,. When
6 =0, rod AB is rotating with angular velocity . If rod CD is subjected to a couple moment M
and bar AD is subjected to a horizontal force P as shown, determine w,g at the instant 8= 4.
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Given:
W1 =81b a=2ft

M=151Ib-ft P =201b

fi
g =322~
S

Solution:

U= Pasin(@l) + M6 - 2W1§(1 - cos(@l)) - Wo a(l - cos(@l))

Guess w=1—

. 1 [Wy g 2 1( W2 2 1 [Wg g 2 1(W2 2
Given =2/——|wog +—=|— (aa)o) +U==2——|ow +—=|— (aa))
2\g 3 2\ g 2 3 2

w = Find(a)) W= 5.916%

Problem 18-26

The spool has weight W and radius of gyration k. A horizontal force P is applied to a cable

wrapped around its inner core. If the spool is originally at rest, determine its angular velocity after
the mass center G has moved distance d to the left. The spool rolls without slipping. Neglect the
mass of the cable.

Given:

W = 500 Ib d==6ft
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kg =175ft rj =08 ft

P
P=151b ro = 24 ft
= 32.2 ft
g = oz >
S
. rad
Solution: Guess w=1—
s
. fo +Tj 1(W 1(w ) rad
Given P 0o ! d=—-|— k(;2 a)2 + = — (row)2 o = Flnd(a)) o =1324—
o 2\ g 2\ g S

Problem 18-27

The double pulley consists of two parts that are attached to one
another. It has a weight W, and a centroidal radius of gyration kg

and is turning with an angular velocity o clockwise. Determine the
kinetic energy of the system. Assume that neither cable slips on
the pulley.

Given:

Wp =501b ry =05 ft ? E

[ S——

Wa =20Ib rp=1ft

Fis
W =30Ib ko = 0.6 ft A
rad
o =20 —
S
Solution:

K l|2+lWV2+1WV2
= —1lw —_ —
E > 2AA 2BB

W w W
e 4o

Kg = 283ft-1b
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*Problem 18-28

The system consists of disk A of weight W, slender rod BC of weight Wpc, and smooth collar C of
weight W. If the disk rolls without slipping, determine the velocity of the collar at the instant the rod

becomes horizontal, i.e. &= 0°. The system is released from rest when 6= §,.

Given:
Wp =201b L =3ft

Wgc =41lb r=08ft

ft
We =11Ib g=32.2—2
S
6p = 45 deg
Solution:
ft
Guess vgc =1—
S
Given
2 2
W Ecos(6’)+W Lcos(@)—l%szrl EL_ V_C
BC 0 C 0) =3 ] c 3 . 3 i

Ve = Find(VC) Ve = 13.3%

Problem 18-29

The cement bucket of weight W, is hoisted using a motor that supplies a torque M to the axle
of the wheel. If the wheel has a weight W, and a radius of gyration about O of kg, determine
the speed of the bucket when it has been hoisted a distance h starting from rest.
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Given:
W1 = 1500 Ib
Wy =115 1b
M = 2000 Ib-ft
ko = 0.95 ft
h =10 ft
r=1.25ft
Solution:

ft
Guess v=1-—
S

W
Given M E = l(—lj v2
r 2\.g

ft
v = Find(v) v=641—
S

Chapter 18

Problem 18-30

The assembly consists of two slender rods each of weight W, and a disk of weight W,. If the spring
is unstretched when 6= 6, and the assembly is released from rest at this position, determine the

angular velocity of rod AB at the instant = 0. The disk rolls without slipping.

Given:
Wr=151b
Wg =20 Ib
61 = 45 deg
k=4
ft
L =3ft
r=1f
Solution:

Guess w=1—
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Gi LY . 1 2 1(1Wr 2} 2
iven ZWr(E) sm(@l) - Ek(ZL - 2LCOS(6’1)) = ZE(E?r L ja)

w = Find(a)) W= 4.284%

Problem 18-31

The uniform door has mass M and can be treated as a thin plate having the dimensions shown. If
it is connected to a torsional spring at A, which has stiffness k, determine the required initial twist
of the spring in radians so that the door has an angular velocity @ when it closes at 8= 0° after
being opened at &= 90° and released from rest. Hint: For a torsional spring M = ké, where k is
the stiffness and &is the angle of twist.

Given:
M = 20 kg a=08m
N-
k=8 —2 p-01m
rad
d
o =12 fad c=2m b
S l:] “| =
ey )
P=0N B |
Solution: ﬂ
Guess 6o = 1rad =53
Given -' ?-ﬁ\,
o
o
11
J KOO = = =Ma? o’
60+90 deg 23

dp = Find(ép) 6o = 1.659 rad

*Problem 18-32

The uniform slender bar has a mass m and a length L. It is subjected to a uniform distributed
load w, which is always directed perpendicular to the axis of the bar. If it is released from the

position shown, determine its angular velocity at the instant it has rotated 90°. Solve the
problem for rotation in (a) the horizontal plane, and (b) the vertical plane.
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[‘l [T

. )] |
i}

2 L -
J Xwg dx d@ = —zL"wgp I

o ‘o 4 .

1 11 3zwo
@ —7z'L2W0 =—|—m L2 a)2 0= |——

4 2\3 2m

1 11 L 3zwp 3
(b) —71'L2W0 = =[=mL? a)z—mg— o= .-

4 2\3 2 2m L

Problem 18-33

A ball of mass m and radius r is cast onto the horizontal surface such that it rolls without slipping.
Determine the minimum speed v of its mass center G so that it rolls completely around the loop

of radius R + r without leaving the track.

S

/f_r
N=0

_R
~
et
= I
o v
3 [
"y —
G, Mg 2
filtl i, = i {IIT

Solution:

m —mv2 v2— R
g= R =9
2 2
1/2 2\ VG 1 2 1/2 2\(v 1 »
=|=mr ||—| +—=mvg -mg2R =—|—-mr || =| +—=mv
2\5 r 2 2\5 r 2

Lve? + 1ue? — ogr+ 1gR + LgR ve = 3 [2gR
SVG" + V6 = 20R + SR+ 2 G=3 /-0
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Problem 18-34

The beam has weight W and is being raised to a vertical position by pulling very slowly on its
bottom end A. If the cord fails when 6= &, and the beam is essentially at rest, determine the

speed of A at the instant cord BC becomes vertical. Neglect friction and the mass of the cords,
and treat the beam as a slender rod.

Given:
W = 1500 Ib i
01 = 60 deg '
L = 13 ft “
h =12 ft fi
a=7Tft
ft
g=322—
2 .
S
Solution:

o (2] 42
VA = /ZQE Sin(91) - [h ; ajJ VA = 14.2%

Problem 18-35

The pendulum of the Charpy impact machine has
mass M and radius of gyration k,. If it is released

from rest when 8= 0°, determine its angular velocity

just before it strikes the specimen S, &= 90°, using the
conservation of energy equation.

Given:
M = 50 kg
kn = 1.75 m
d=125m
m
S
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Solution:
1 2gd
O+Mgd:0+—MkA2(o22 Wy = 29
2 2
ka
rad
wy = 2.83—
S

*Problem 18-36

The soap-box car has weight W, including the passenger but excluding its four wheels. Each
wheel has weight W, radius r, and radius of gyration k, computed about an axis passing through

the wheel’s axle. Determine the car’s speed after it has traveled distance d starting from rest. The
wheels roll without slipping. Neglect air resistance. Solve using conservation of energy.

Given:

We = 1101b  d = 100 ft

Wy =51b 6 = 30 deg

= ft
r=05ft g=3222
2
S
k=03 ft
Solution:
1( W + 4W 1 (W 2
0+ (We + 4Wy)dsin(6) = 0 + —(u) v+ —4(—Wk2 d
2 g 2 g r
2(We + 4Wy)dsin(6)g ft
K :
WC + 4WW + 4WW _2

Problem 18-37

The assembly consists of two slender rods each of weight W, and a disk of weight W,. If the
spring is unstretched when €= 6, and the assembly is released from rest at this position,

determine the angular velocity of rod AB at the instant 8= 0. The disk rolls without slipping.
Solve using the conservation of energy.
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Given:

Ib
Wr=151b k=4—
fit

Wg=20lb L=3ft

O =45deg r=1ft

Solution:  Guess o = 1@
S
Given
LY . 1 1(Wr) 2| 2 1 2
0+ 2W¢ — |sin(@) =2—|—| — |L + —k(2L — 2L cos| &
“@ (@) 2[3(9) }" 2 (@)
rad

= Find(a)) o= 4.284T

Problem 18-38

A yo-yo has weight W and radius of gyration kg. If it is released from rest, determine how far it

must descend in order to attain angular velocity @. Neglect the mass of the string and assume that
the string is wound around the central peg such that the mean radius at which it unravels is r.
Solve using the conservation of energy.

Given:
W =031Ib ?_/
ko = 0.06 ft .{/JJ/
o =70 Ed
S
r =0.02 ft
ft
g =322 -
S
Solution:
(W 1(W
0+Ws= —(—) (ra))2 + —(—koz) a)2 +0
2\ ¢ 2\ ¢
2 2
r+k
S = [—OJa)Z s = 0.304 ft
29

616



Engineering Mechanics - Dynamics Chapter 18

Problem 18-39

The beam has weight W and is being raised to a vertical position by pulling very slowly on its
bottom end A. If the cord fails when 6= &, and the beam is essentially at rest, determine the

speed of A at the instant cord BC becomes vertical. Neglect friction and the mass of the cords,
and treat the beam as a slender rod. Solve using the conservation of energy.

Given:
W = 1500 Ib Cl .
61 = 60 deg
[
L = 13 ft
]
h =12 ft
a=7Tft
ft
- _ i
g =322 5
S
Solution:

0+ W&) sin(0y) = %(%) vaZ + W(%)
VA = /ZQE sin(61) - [h > a)J VA = 14.2%

*Problem 18-40

The system consists of disk A of weight W,
slender rod BC of weight Wy, and smooth collar C
of weight We.. If the disk rolls without slipping,
determine the velocity of the collar at the instant the

rod becomes horizontal, i.e. &= 0° The system is
released from rest when 6= 6. Solve using the

conservation of energy.
Given:

Wpa=20Ib L =3ft

Wgc =41b r=08ft =
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fi
We=1lb g=322-
S

6p = 45 deg
Solution:
ft
Guess v =1—
S
Given
2 2
0+W E cos(0)+W Lcos(ﬁ)—1 & Vv 2+1 EL— V—C +0
BC 5 0 C 0 2\ g C 5 g 3 L

Ve = Find(VC) Ve = 13.3%

Problem 18-41

The spool has mass mg and radius of gyration k. If block A of mass m, is released from rest,

determine the distance the block must fall in order for the spool to have angular velocity o. Also,
what is the tension in the cord while the block is in motion? Neglect the mass of the cord.

Given:

m
mg = 50 kg r=02m g =1981—

2
S
mp = 20 kg ro =03m
rad
w=5— ko = 0.280 m
S
Solution:
Guesses d=1m T=1N
Given
1 1
O+O:Emsk02w2+EmA(riw)2—mAgd A
1
0+0-Td= —mA(ria))2 —magd
2
d .
T = Find(d,T) d=030lm T=163N
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Problem 18-42

When slender bar AB of mass M is horizontal it is at rest and the spring is unstretched. Determine
the stiffness k of the spring so that the motion of the bar is momentarily stopped when it has
rotated downward 90°.

Given:
M = 10 kg A B k
a=15m
b=15m I a I b .
m
S
Solution:

2
1
0+0:0+Ek[\/(a+b)2+a2—bJ —Mgg

M
K = ga

k = 42.8ﬂ

[\/(a+b)2+a2— ]2 m

Problem 18-43

The disk of weight W is rotating about pin A in the vertical plane with an angular velocity @,

when 6= 0°. Determine its angular velocity at the instant shown, &= 90 deg. Also, compute
the horizontal and vertical components of reaction at A at this instant.

Given:
W=151Ib
e A,
5 rad e - -
w] = 2 —
1= y N
0 = 90 deg T’ H h \o
1 [ |
| At ! (y |
r = 05 ft r_,'|| r . |I .'-'I
I.I". >~ ."‘l
ft pV < 7
g =322 A 2 |
s T W
Solution:
rad rad
Guesses Ax =11b Ay =11b Wy =1— a:1—2
S
S
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. 1/3 W 2 2 1/3 W 2 2
Given —|=—r o1 +Wr=——-——r1r |
2\2 g 2\2 g

A rad rad Ax 20.9
Y| = Find(Ax, Ay, @2, 0) @ =429 oy =048 _ Ib

*Problem 18-44

The door is made from one piece, whose ends move along the horizontal and vertical tracks. If
the door is in the open position &= 0°, and then released, determine the speed at which its end A
strikes the stop at C. Assume the door is a thin plate of weight W having width c.

Given:
W =180 Ib
. A
a=3ft 7 ax
b=5ft
c=10ft
%
ft i F
g =322 = <
S
Solution:
ft rad
Guesses va =1 — o=1—
s s (B!
Given
1 W/ (a+h)? a+b)?| 2 (a+b
0+0=——|———+|b- o —W vp = ob
24q 12 2 2
. ra
( J = Find(w, va) w=6378—  vpo=319—
VA
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Problem 18-45

The overhead door BC is pushed
slightly from its open position and then
rotates downward about the pin at A.
Determine its angular velocity just
before its end B strikes the floor.
Assume the door is a thin plate having a
mass M and length I. Neglect the mass
of the supporting frame AB and AC.

Given:
M = 180 kg
Il =6m
h=5m
Solution: d =

2
MI
Given Mgd = E(T + Mdzj a)2 W = Find(a))

rad
w=2.03—

Chapter 18

Problem 18-46

The cylinder of weight W, is attached to the slender rod of
weight W, which is pinned at point A. At the instant 8 = 6, the
rod has an angular velocity @, as shown. Determine the angle
6 to which the rod swings before it momentarily stops.

Given:
W1 =801Ib
Wr =10 1b
rad
og =1—
S
6o = 30 deg

a=1ft

b=2ft

| =5 ft

—322E

g = od >
S
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Solution:

S ()
Ia=—|—-|=| +—=|+—|l+=| +|—|—=
g4\2 12 g 2 g /3

W1 + Ws
Guess 6 = 1 deg

Given %IAa)o2 - (Wl + Wz)d 008(90) = —(Wl + Wz) dcos(é’f)

¢ = Find(6) 6 = 39.3deg

Chapter 18

Problem 18-47

The compound disk pulley consists of a hub and attached outer rim. If
it has mass mp and radius of gyration kg, determine the speed of block

A after A descends distance d from rest. Blocks A and B each have a
mass m,,. Neglect the mass of the cords.

Given:
mp = 3 kg ri = 30 mm mp = 2 kg

kg =45 mm rg = 100 mm

m
d=02m g:9.81—2
S

Solution:

Guess vp =1 —
S

Given

2 2
1 2 1 i 1 2\( VA
0+0=—mpva” +-mp| —va| +—-\mpkc™)|—| —mMpgd+mpg
2 2 o 2 r

0

va = Find(va) VA = 1.404%

)
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*Problem 18-48

The semicircular segment of mass M is released from rest Vi
in the position shown. Determine the velocity of point A .
when it has rotated counterclockwise 90°. Assume that i
the segment rolls without slipping on the surface. The [

moment of inertia about its mass center is I. '-,.

Given:
b

M = 15 kg r=015m e '

Ig = 0.25 kg-m®> d = 0.4 m
Solution:

Guesses o =1— vg =1

1 1
Given Mgd:EMVGZ+Elga}2+Mg(d—r) VG = w(—— )

@ . rad m
= Find(w, vg) w=124-— vg = 0.62 —
e s s

—2.48
va = | —2.48
0.00

m
S

va =|0 |x |VA| ~350 2
s

|
o N|la I\)|Q_

Problem 18-49

The uniform stone (rectangular block) of weight W is being turned over on its side by pulling
the vertical cable slowly upward until the stone begins to tip. If it then falls freely (T = 0) from
an essentially balanced at-rest position, determine the speed at which the corner A strikes the
pad at B. The stone does not slip at its corner C as it falls.

Given: AT
W =150 Ib
a=05ft a
] 4
b=2ft T
= 32.2 ft
g=90c7 ; ;
S 2 {
L
Solution: f
rad L2 LY =) A
Guess w=1— | [ |
S fii
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. 612+b2 1w az+b2 2 a .
Given W——m—|==—— o +W-—= w = Flnd(a))
2 24q 3 2

ft
va = wb va = 11.9—
S

Problem 18-50

The assembly consists of pulley A of mass m, and pulley B of mass mg. If a block of mass m,, is

suspended from the cord, determine the block’s speed after it descends a distance d starting from
rest. Neglect the mass of the cord and treat the pulleys as thin disks. No slipping occurs.

Given:
ma = 3 kg
mg = 10 kg
mp = 2 kg
d=05m
r =30 mm
R = 100 mm
- 9.81 =
g=29 >
S
Solution: Guess vy =1—
s
Given
2 2 2 2
1| MAT (Vb 1| mgR™ | vb 1 2
0+0=~- —| += — | +=mpvp —mpgd
2\ 2 r 2\ 2 R 2
m
Vp = Find(vp) Vp = 1.519 —
S

Problem 18-51
A uniform ladder having weight W is released from rest when it is in the vertical position. If it is

allowed to fall freely, determine the angle at which the bottom end A starts to lift off the ground. For
the calculation, assume the ladder to be a slender rod and neglect friction at A.
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Given:
s
W =2301Ib
L =10 ft
= 32.2 ft
g = ac. >
S
Solution:

(@) The rod will rotate around point A until it loses
contact with the horizontal constraint (A, = 0). We

will find this point first

Guesses

rad rad
0 =30deg w1 =1— a1 =1 —
S

Given

ool S (Yt
42

al@ cos(61) - wf@sm(al) o

w1
. rad rad
a1 | = Find(@1, a1, 61) 01 = 48.19 deg 01 =179%—  a1=36—
S S
01

(b) Now the rod moves without any horizontal constraint. If we look for the point at which it loses
contact with the floor (A, = 0) we will find that this condition never occurs.

*Problem 18-52

The slender rod AB of weight W is attached to a spring BC which, has unstretched length L. If the
rod is released from rest when 8= 6;,determine its angular velocity at the instant 8= 6,.

Given:
W=251Ib
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61 = 30 deg

6> = 90 deg Al s

ft
g =322 —

2 = L !
S

Solution:
Guess w=1—

Given

0+ WG) sin(61) + %kLz J2AT+cos(an)) - 1] = %(g}(ﬁj o + WG) sin(62) ...

3

1 2
+EkL2 1/2i1+cosi6’2ii—1]

o =Findlo) o= 1.178%

Problem 18-53

The slender rod AB of weight w is attached to a spring BC which has an unstretched length L. If the
rod is released from rest when = @, determine the angular velocity of the rod the instant the spring
becomes unstretched.

] B
Given: =

W =25Ib 61 =30 deg

e NN
AN \\N\xm I
L =4 :‘; g =322 3—2 n }Tﬁi:ﬂNN A ,.

Solution:

When the spring is unstretched 6> = 120 deg

Guess w=1—
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Given

2
L 1 2 1(w)\[L L
0+W| = |sin(61) + =kL2[ /2T cos(@n)) - 1] = =[ = || = | & + W[ = |sin(6) ...
2 2 2\ g )\ 3 2
1 2
+—kL2,/2i1+cosi02H—1]
2

o =Findlo) o= 2.817%

Problem 18-54

A chain that has a negligible mass is draped over the sprocket which has mass m; and radius of
gyration kq. If block A of mass mj is released from rest in the position s = s;, determine the
angular velocity of the sprocket at the instant s ='s,.

Given: .
mg = 2 kg
ko = 50 mm
ma = 4 kg
sp =1m 7
Sp=2m
r=01m !
g =981 m
32
Solution:

Guess w=1—

Given

1 2 1 2 2
O—mAgslzzmA(rw) +EmskO @® —MAQS

o = Find(w) = 41.8%
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Problem 18-55

A chain that has a mass density p is draped over the sprocket which has mass m, and radius of
gyration kq. If block A of mass mj is released from rest in the position s = s;, determine the
angular velocity of the sprocket at the instant s =s,. When released there is an equal amount of
chain on each side. Neglect the portion of the chain that wraps over the sprocket.

o=,

Given:
ms = 2 kg st =1m
ko=50mm sy =2m

ma = 4 kg r=01m

m kg
g=981— p=08—
2 m
S 1
Solution:
rad
Guess Ti1=1INm T2=1Nm o=10—
S
Vi=1Nm Vy=1Nm
Given
T1=0

s1
V1 =-magsy — 2ps1 g(?j

Ty = %mA(rw)2 + %ms ko2 o + %,;(251) (m’)z

S 251 — %
Va2 = -magsz - psag | - p(2s1 - 52)g >

T1+V1=T2+ V2

T1
Vi
. rad
Ty | = Find(T1,V1,T2,V2, 0) w=393—
S
\Z)
w
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*Problem 18-56

Pulley A has weight W, and centroidal radius of gyration kg. Determine the speed of the crate C of
weight W, at the instant s = s,. Initially, the crate is released from rest when s =s;. The pulley at P

“rolls” downward on the cord without slipping. For the calculation, neglect the mass of this pulley
and the cord as it unwinds from the inner and outer hubs of pulley A.

Given:

Wa =301b ra =04 ft /‘:n 5
[

‘.
Wec =201b rg =038ft ' | JI_;Z _\.'.__:

g —rIa IIH \.

kg = 0.6 f = -
B=00T rp 2 \a'l_ﬂ,

sp =5t sp =10 ft l__
Pl :
Solution: P
rad ft
Guess wo=1—  vc=1—
s s |
Given E
1(Wa) 2 2 1(Wc) > rA+1TB
—Wesy==|—|kg" @ +—=|—|vc" -Wcs Ve = o
2\ g 2\ g 2
@ . rad ft
= Find(w, vc) w=189— ve =113—
Ve s s

Problem 18-57

The assembly consists of two bars of weight W, which are pinconnected to the two disks of
weight W,. If the bars are released from rest at €= &,, determine their angular velocities at the
instant &= 0°. Assume the disks roll without slipping.

Given:
W1 =81Ib

Wy =10 Ib
r=05ft

| =3 ft

6o = 60 deg

629



Engineering Mechanics - Dynamics Chapter 18

Solution:
rad
Guess o=1—
S
. 1 . 1(W1)(1?) 2
Given 2Wq| — sm(@o):Z— — = |®
2 2\ g 3

o = Find(w) @ = 5.28%

Problem 18-58

The assembly consists of two bars of weight W, which are pin-connected to the two disks of
weight W,. If the bars are released from rest at & = &, determine their angular velocities at the
instant @ = &,. Assume the disks roll without slipping.

Given:
W1 =81Ib
Wy = 10 Ib
61 = 60 deg
6> = 30 deg
r=05ft
| =3ft
Solution:
Guesses
rad ft
wo=1— vpa=1—
S S
Given
2 2
1 . Y . (W) 19] 2 _1]3(W2) o|(Vva
2W1| = |sin(61) = 2Wq| = [sin(ép) + 25| — || = |0 + 25| | — |r°|| —
2 2 2\ g 3 212\ ¢ r
VA = wlsin(@g)
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(V‘;’J ~ Find(. va)

ft
VA = 3.32 ;

rad

w=221—

Chapter 18

Problem 18-59

The end A of the garage door AB travels along the horizontal track, and the end of member BC is
attached to a spring at C. If the spring is originally unstretched, determine the stiffness k so that
when the door falls downward from rest in the position shown, it will have zero angular velocity
the moment it closes, i.e., when it and BC become vertical. Neglect the mass of member BC and
assume the door is a thin plate having weight W and a width and height of length L. There is a
similar connection and spring on the other side of the door.

Given:
W = 200 Ib b=2ft

L=12ft 6 = 15 deg
a=1ft
Solution:
Ib
Guess k=1— d=1ft
ft
Given

2
0= —W(E) +21k(E +b—d)
2 2 \2

k
(dj = Find(k,d) d = 4.535ft

Ib

k = 100.0 —
ft
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Problem 19-1

The rigid body (slab) has a mass m and is rotating with an angular velocity @ about an axis passing
through the fixed point O. Show that the momenta of all the particles composing the body can be
represented by a single vector having a magnitude mvgand acting through point P, called the center

of percussion, which lies at a distance rpg = k?g / rgo from the mass center G. Here kg is the radius

of gyration of the body, computed about an axis perpendicular to the plane of motion and passing
through G.

Solution:
Ho = (rGO + I’pg)mVG =rgomvg + lgw Where Ig = mk(;2

rcomvg + rpgMvg = rgomve + mkGZw

QED

VG VG

kGZa) kG2 e kG2
rpG = — =—

rco rco

Problem 19-2

At a given instant, the body has a linear momentum L = mv and v

an angular momentum Hg = | computed about its mass center. \
G W

Show that the angular momentum of the body computed about
the instantaneous center of zero velocity IC can be expressed as
H,c= l,c@ where I, represents the body’s moment of inertia

computed about the instantaneous axis of zero velocity. As
shown, the IC is located at a distance rg,c away from the mass

center G.
Solution:

Hic = rgicmvg + lge Where  vg = erg|c
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Hic = reicmargic + Igo

Hic = (IG + er|C2)a)

Hic = lice Q.E.D.
Problem 19-3
e
Show that if a slab is rotating about a fixed axis perpendicular to the slab B

and passing through its mass center G, the angular momentum is the
same when computed about any other point P on the slab.

Solution: Aﬁd..

Since v = 0, the linear momentum L = mvg = 0. Hence the angular
momentum about any point P is

Hp = lgw

Since wis a free vector , so is Hp. Q.E.D.

*Problem 19-4

Gear A rotates along the inside of the circular
gear rack R. If A has weight W and radius of
gyration kg, determine its angular momentum

about point C when (a) ag = 0, (b) o) = @. Wep

Given:

CE
Jo
W = 4 Ibf r=075ft :
rad
ocg = 30 — a=151ft
S
rad =
w = 20 F¢ kg = 0.5 ft L
S
= 32.2 ft
g = oL >
S
Solution:
rad
(a) wr =0 —
S
wr(a+r) — ocga
VB = aCOCB a)A =
r
2
w WY 2 ft
He = | —|vga+ | — |k~ wa Hc = 6.52slug- —
g g S
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(b) WR = @
wr(a+r) — ocga

VB = awCB oA =
r
2
w Wy 2 ft
He = | —|vga+ | — |k~ oa Hc = 8.39slug- —
g g S
Problem 19-5

The fan blade has mass my, and a moment of inertia I, about an axis

passing through its center O. If it is subjected to moment M = A(1 — eb)
determine its angular velocity when t = t, starting from rest.

Given:
mp = 2 kg A =3Nm t1 =4s
lo = 018 kg-m®> b =025 *
Solution:
{1 L 11 d
ra
0+J Al1 =Y dt = 10 o1 = — | Al1-eYar o = 20822
0 lo 0 S
Problem 19-6

The wheel of mass m,, has a radius of gyration k,. If the wheel is subjected to a moment M = b,
determine its angular velocity at time t; starting from rest. Also, compute the reactions which the
fixed pin A exerts on the wheel during the motion.

Given:
&

my = 10 kg t1 =35

m
ka =200 mm g =981 >
S X

m
b =5N— -

Solution:

ty t]
2 1 rad
0+ btdt = myka o1 w1 bt dt w1 = 56.25—
0 mW kA 2

0+ Axt; =0 Ay =0 Ay = 0.00
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Problem 19-7

Disk D of weight W is subjected to counterclockwise moment M = bt. Determine the angular velocity
of the disk at time t, after the moment is applied. Due to the spring the plate P exerts constant force

P on the disk. The coefficients of static and kinetic friction between the disk and the plate are 1 and
4 respectively. Hint: First find the time needed to start the disk rotating.

Given:

W=10Ib  u5=03

ft
b =10 |b; Hk = 0.2

th =25 r=05ft
ft
P = 100lb g =322 -
S
. . . F [ [
Solution: When motion begins
usPr
bty = usPr t1 = b t1 =150 s
At a later time we have
t2 2
WA
0+ J (bt - ,ukPr) dt = (—)—wg
t 9/2
1
2 (2 d
ra
@ =—92J (bt - uPr) dt wp = 96.6 —
Wr~ “t1 S

*Problem 19-8

The cord is wrapped around the inner core of the spool. If block B of weight W is suspended
from the cord and released from rest, determine the spool’s angular velocity when t = t;. Neglect
the mass of the cord. The spool has weight Wg and the radius of gyration about the axle A iskj.

Solve the problem in two ways, first by considering the “system” consisting of the block and
spool, and then by considering the block and spool separately.

Given:
Wg =51b
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tp =3s W, s
==
Wg = 180 Ib / J / t'\/‘i\-\ r,
P
-/:_:‘ Fia ™ )"’l |
ka = 1.25 ft A, A K \ /
I’i = 15ft A =
;
ro = 275 ft
= 32.2 ft
g = oz > |
S v
K
Solution: W 0
(@) System as a whole B
Ws) 2 Wg Wgrit1g rad
0+Wgrity = | — |ka o+ | — (ria))ri o = > > o =248 —
9 g Wska™ + WgTi S
rad
(b) Parts separately Guesses T=1Ib w=1—
s
) Ws) 5 -Wp
Given 0+Ttyri=|— |ka @ Tty -WBty = | — (ria))
g g
T rad
( ) = Find(T, @) T =481lb =248 —
@ s

Problem 19-9

The disk has mass M and is originally spinning at the end of the strut with angular velocity w. If it
is then placed against the wall, for which the coefficient of kinetic friction is g4 determine the

time required for the motion to stop. What is the force in strut BC during this time?

Given:

M = 20 kg 6 = 60 deg

rad
o =60 — r = 150 mm
S
m
Hk = 0.3 g =981 >
S

636



Engineering Mechanics - Dynamics

Solution:
Initial Guess:

Fce =1N t=1s Na=1N

Given r2
-M Y o+ ugNart=20

Fcgeos(O)t— Nat =0

FCBsin(e)t —Mgt+ ukNat=20

Na | = Find(Fcg,Na,t) Na = 96.55 N

Fcg =193 N

Chapter 19

t=311s

Problem 19-10

A flywheel has a mass M and radius of gyration ks about an axis of rotation passing through its
mass center. If a motor supplies a clockwise torque having a magnitude M = kt, determine the

flywheel’s angular veliocity at time t;. Initially the flywheel is rotating clockwise at angular

velocity @,

Given:

M =60kg kg = 150 mm k

Solution:

11
M kGZ(oo + ‘[ ktdt =M kGZa)l
0

[
w1 = oo+ ZJ kt dt
Mkg~ v0

? ‘

rad

t1 =3s

rad
@ =2-~

Problem 19-11

A wire of negligible mass is wrapped around the outer surface of the disk of mass M. If the

disk is released from rest, determine its angular velocity at time t.
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Given:
M = 2 kg T
t=3s
r = 80 mm C
Solution:
3
0+Mgrt:EMr2a) Mg
2 rad
W = —(g)t w = 245—
3\r S

Chapter 19

*Problem 19-12

The spool has mass mg and radius of gyration k,. Block A has mass m,, and block B has mass mg.
If they are released from rest, determine the time required for block A to attain speed v,. Neglect

the mass of the ropes.
Given:

mg =30kg mg = 10kg o =03m

m m
ko=025m vp=2— g:9.81—2
S
S
ma=25kg ri=018 m
Solution:
m rad
Guesses t=1s Ww=1— w=1—
S S
Given VA = @fg VB = @fj

2
0+ magtrg —mpgtri = mavarg + Mgvglj + msko @

t

. m rad
Vg | = Find(t,vg, ») vg=120 =  ©=667—

@

t=0.530s
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Problem 19-13

Chapter 19

The man pulls the rope off the reel with a constant force P in the direction shown. If the reel has
weight W and radius of gyration kg about the trunnion (pin) at A, determine the angular velocity

of the reel at time t starting from rest. Neglect friction and the weight of rope that is removed.

Given:
ft
P=8lb t=3s g=322—
S
W = 250 Ib 6 = 60 deg
kg = 0.8 ft r=125ft
Solution:
W
0+Prt= (—)k@zw
g
Prt rad
® = _92 o = 6.04 —
Wkg S

Problem 19-14

Angular motion is transmitted from a driver wheel A to the driven wheel B by friction between the
wheels at C. If A always rotates at constant rate @, and the coefficient of kinetic friction between

the wheels is ¢4, determine the time required for B to reach a constant angular velocity once the

wheels make contact with a normal force Fy. What is the final angular velocity of wheel B?
Wheel B has mass mg and radius of gyration about its axis of rotation k.

Given:
rad
op = 16 — mg =90kg a =40 mm
S
kg = 0.2 kg = 120 mm b = 50 mm
. rad
Solution: Guesses t=1s wg=1—
S
Given  ucFn(a+ b)t = mgkg op
a
wg(a+b) = a)A(E)
t rad
( ) = Find(t, ) wg = 3.56 —
wB S

t=512s Negs
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Problem 19-15

The slender rod of mass M rests on a smooth floor. If it is Kicked so as to receive a horizontal
impulse I at point A as shown, determine its angular velocity and the speed of its mass center.

Given:
M = 4 kg
l1 =2m
lo =175 m
Il =8Ns
6 = 60 deg
Solution:
m rad
Guesses v=1-— o =1—
S s
I1 1 2
Given Isinld)|lp ——| =—=Ml{"w I =My
-2 L
@ . rad m
= Find(w,v) o =3.90 — v=200—
v S s
*Problem 19-16
I:l
A cord of negligible mass is wrapped around //ﬁ:'r'"'—“-"-‘-:':r;:}; """""" »
the outer surface of the cylinder of weight W 5 Y
and its end is subjected to a constant horizontal -'I-' G
force P. If the cylinder rolls without slipping at i\ 4 ,."
A, determine its angular velocity in time t \\{ /:,’
starting from rest. Neglect the thickness of the e —
cord. A
Given:
W =501b
P=2Ib /-"’_"\
t=4s [ "|
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Solution:
0+Pt(2r) = F(ﬂ) rz}w + (ﬂ)(ra))r
2\ g g
4Ptg rad
w = w=114—
3rw S

Problem 19-17

The drum has mass M, radius r, and radius of gyration k. If the coefficients of static and kinetic
friction at A are g and 4 respectively, determine the drum'’s angular velocity at time t after it is
released from rest.

Given:

M = 70 kg us = 04 6 = 30 deg

m
r = 300mm kg = 0.3 g =981 -

S
ko=125mm t=2s
Solution: Assume no slip
Guesses FF=1N FNy=1N
rad m
a)=1— v=1— FmaX:lN
s S
Given 0+ Ffrt=M koza) V= or Fmax = #sFN
Mgsin(e)t—Fft: Mv FNt—Mgcos(e)t:O
Fy
Fmax Ff 51
. m
Fn | = Find(Ff, Fmax. FN, @.V) Fmax | =| 238 | N V=2836—
S
0] FN 595
rad
Vi w = 279?

Since Ff =51 N < Fpax = 238 N then our no-slip assumption is good.

Problem 19-18

The double pulley consists of two wheels which are attached to one another and turn at the same
rate. The pulley has mass m, and radius of gyration ko If the block at A has mass m,, determine
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Chapter 19

the speed of the block at time t after a constant force F is applied to the rope wrapped around the
inner hub of the pulley. The block is originally at rest. Neglect the mass of the rope.

3

Units Used: kN = 10" N
Given: "o
mp = 15 kg F =2kN
ko =110 mm rj = 75 mm
ma = 40 kg ro = 200 mm
t=3s
Solution: Guess va =1 m =1 fed
S S A
Given —-Frit+ magrot=-mp k02w_ MA VAT
Va = olg
VA ) rad m
(wj = Find(va, o) ©=12044— VA =241 —

Problem 19-19

The spool has weight W and radius of gyration k. A cord is wrapped around its inner hub and

the end subjected to a horizontal force P. Determine the spool’s angular velocity at time t starting
from rest. Assume the spool rolls without slipping.

Given: -
5 e
W=30b t=4s /-(' -
J.fl :
ko= 045ft 1 =03 ft (% \
|| 0 |
| |
P=5Ib ro = 0.9 ft N ———F
h
. rad ft G ,,f/
Solution: Guesses wo=1— vo=1-— 1
s s
. -W W 2
Given —P(rp - riJt = | — |voro — | — ko @ Vo = ol
g g
VO i m rad
= Find(vo, @) Vo =349 —  o=127—
w s s

*Problem 19-20

The two gears A and B have weights W,, Wg and radii of gyration k, and kg respectively. If a motor

transmits a couple moment to gear Bof M =M, (1 — e®), determine the angular velocity of gear A
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at time t, starting from rest.

Given:
Wa =151b Wg =101b

ra = 0.8 ft rg = 0.5 ft

ka = 0.5 ft kg = 0.35 ft

Mg =2Ibft b=05s *
t=5s
Solution: Wy W
I'|'Z"._.I JI'.' I-'H'
Guesses //. - /k \
rad rad ( i ' ——
op=1-— wg=1-— ImpF =11lbs \ I A, | B
s s \ : S
t ] |
: —bt WB) 2
Given Mo(l -e ) dt — ImpFrg = | — k" wB A F
. g A, B,
ImpFra = | — |ka op WATYA = WBIR
g
wp
. rad
wg | = Find(wa, g, ImpF) ImpF = 6.891bs o =757
ImpF
p rad
op = 471.3—
s

Problem 19-21

Spool B is at rest and spool A is rotating at @ when the slack in the cord connecting them is
taken up. Determine the angular velocity of each spool immediately after the cord is jerked
tight by the spinning of spool A. The weights and radii of gyration of A and B are W, k,, and

Wi, K, respectively.
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Given:
Wa =301lb Wg =151b X,.j:‘_'_‘_':\\\-n fﬁ,—"""'m\
n'-r L B % II_-
w-osft kg-ostt  [E %) ." ;;f:r,
. | EEE I. I| | '.f Y ! [
ra =12 ft rg = 0.4 ft \ "\\{.”,-1 A '\._\ At J
e ,:/' 7
. -
rad - _ S
0 =6—
s
Solution: A,
Guesses 1~
—~ 'ﬁ
rad rad / )
op =1— o =1— T
S S '\\ / ry
|
Imp =1 Ib-s Y r
.lr{.l.ll
Given
Wa Wa Wg
(—jkAza)— Imprp = (—jkAza)A Imprg = (—)kgzwg WATA = WBIB
g g g
OA
. WA 1.70 \ rad
wg | = Flnd(a)A,a)B,lmp) Imp = 2.141b-s . = =i <
B .
Imp

Problem 19-22

Disk A of mass m, is mounted on arm BC, which has a negligible mass. If a torque of M = Mg is

applied to the arm at C, determine the angular velocity of BC at time t starting from rest. Solve the
problem assuming that (a) the disk is set in a smooth bearing at B so that it rotates with curvilinear
translation, (b) the disk is fixed to the shaft BC, and (c) the disk is given an initial freely spinning
angular velocity @K prior to application of the torque.
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Given:
= = . rad

ma = 4 kg Mp = 5N-m COD=—80T

r = 60 mm a=05s h

b=250mm t=2s

. rad
Solution: Guess ogc =1 —

t
(a) Given J Mo 2t = MA®BC b2
0

. rad
WBC = Flnd(a)Bc) wBC = 68.7—
S

t 2
r
(b) Given J Mo 2t = MA®BC b2 + m/_\(?j ®BC
0
. rad
WBC = Flnd(a)Bc) wBC = 66.8 —
S
r2 t ¢ 5 I’2
(c) Given —ma| > a)D+J Moea dt = mawgch™ — mp > @p
0

. rad
WBC = Flnd(a)Bc) wBC = 68.7—
S

Problem 19-23

The inner hub of the wheel rests on the horizontal track. If it does not slip at A, determine the speed
of the block of weight W, at time t after the block is released from rest. The wheel has weight W,,

and radius of gyration kg. Neglect the mass of the pulley and cord.

Given:
Wp =10 1b rp=1ft

t=2s ro =2 ft

fi
Wy =301 g=322— |
S

kg = 1.30 ft : o
: A :
. ft _
Solution: Guesses vg =1 — i
s
ft rad
Vg = 1— T=11Ib w=1—
S S
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Given Tt-Wpt=|——|vg T(ro + 1)t = | — |vgri+ | — |ka" @
9 g g
VG = ol VB = affj + Ip)
VG
rad ft ft
= Find(vg,vg, 0, T)  T=473lb w=113— vg=113— vg=340—
0] S S S
T

*Problem 19-24

If the hoop has a weight W and radius r and is
thrown onto a rough surface with a velocity vg
parallel to the surface, determine the amount of
backspin, ax, it must be given so that it stops
spinning at the same instant that its forward
velocity is zero. It is not necessary to know the
coefficient of kinetic friction at A for the

calculation.
N W
Solution:
o —— £
W W == -—
[her-(§ )= an \ Bk
g g A

) = — —
| T
.'?"\-"

Problem 19-25

| g ! ."I

\ N !

VG \’\ ] j//
F

The rectangular plate of weight W is at rest on a smooth horizontal floor. If it is given the
horizontal impulses shown, determine its angular velocity and the velocity of the mass center.
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Given:
d

Il
H
o
o

Il
o
1
-
=2
=

a=05ft f=4 /
1 /
ft ' o
b = 2 ft g = 322 —2 I |rJ X
S
c=1ft
. ft ft rad
Solution: Guesses vy =1 — vy =1-— 0=1—
S S S
Given

@|=
N
3

_

\/ez+f2

_° 1 - Izsin(6’) =(
2 2

Ve +f

(ﬁjlla ~Izsin(6)(b - d) = %(%)(bz + o (%)VX@ " (%)Vy@

Vx
% Find(v V ) Y R 119 rad Y, )
= , ,C() = a = — — = —
y x> G vy s C=2a7)5s
w
ft
|vg| = 64.5—
S

Problem 19-26
The ball of mass m and radius r rolls along an inclined plane for which the coefficient of static

friction is g If the ball is released from rest, determine the maximum angle @for the incline so that
it rolls without slipping at A.
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g

a

By

r ol |
ﬂ-'-"’f} F o/
A

N

Solution:
Nt—mgcos(e)t:O N:mgcos(e)
2 2 20r
Nrt == t= ——
HET 5mr © Sygcos(e)
. ro
O)t — uNt = t=
masin{)t - it = mro m R —)
Thus
2ar ro Tu
= 0 = atan| —
5ugcos(6)  glsin(6) — s1cos(0) [ 2)

Problem 19-27

The spool has weight W, and radius of gyration kg If the block B has weight Wy, and a force P is

applied to the cord, determine the speed of the block at time t starting from rest. Neglect the mass
of the cord.

Given:

Ws = 75lb  t =55
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ko = 1.2ft 1y = 2ft

Wp = 60lb  rj = 0.75ft

P = 25Ib
Solution: L
ft rad
Guess vg =1— w —
S S
Given |
—Wh Ws), 2 4§
—Prot+Wprit=|——|vgri—-| — ko @ =
g g
B
VB = afj _

@

VB d ft
( j - Find(vg,®)  ©=568—  vg=426—
S S

Chapter 19

*Problem 19-28

The slender rod has a mass m and is suspended at its end A by a cord. If the rod receives a
horizontal blow giving it an impulse | at its bottom B, determine the location y of the point P

about which the rod appears to rotate during the impact.

Solution:

FAt = MVem

mat = lw

ly=Il'o

v 3]

MVem

I=m%a) (2)

Divide Egs (1) by (2)

(1)

4

| i
[3 \/33j
y=—+—|I
12
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Problem 19-29

A thin rod having mass M is balanced vertically as shown. Determine the height h at which it
can be struck with a horizontal force F and not slip on the floor. This requires that the
frictional force at A be essentially zero.

Given: B I f
M=4kg L=08m
F—a—
Solution: ¥
L f
Ft= MQ)E h Mg ]
2
L
Fth=M—o : 4 t
3 d
Thus T
N |
L L2 T T A R
Ma)_h: M_[() n e Pl | - P - .
2 3
2

Problem 19-30

The square plate has a mass M and is suspended at its corner A by a cord. If it receives a horizontal
impulse | at corner B, determine the location y' of the point P about which the plate appears to rotate
during the impact.

Solution:

Ia Ma2 6 |

2 _ = P 0= — ——

ﬁ ﬁMa

| = Mv V —I

= G G—M
e V2

y =— y =—a
w 6

Problem 19-31

Determine the height h of the bumper of the pool table, so that when the pool ball of mass m strikes
it, no frictional force will be developed between the ball and the table at A. Assume the bumper
exerts only a horizontal force on the ball.
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Solution:

7
Fat=Mav  Fath= M PAo A= rdo

Thus

7 7
Mrdwh = =M rZAa) h=-—-r
5 5

*Problem 19-32

The double pulley consists of two wheels which are attached to
one another and turn at the same rate. The pulley has a mass M¢

and a radius of gyration kg. If the block at A has a mass M, and
the container at B has a mass Mg, including its contents,

determine the speed of the container at time t after it is released
from rest.

Given: A
Mc = 15 kg ko = 110 mm

Ma =40kg rp = 200 mm ’f&\

Mg =85kg ro =75 mm - S
t=3s :;
B _
Solution: A
]
m m rad
Guess vp = 1— vg =1— o =1—
s s S
Given Magtr; — Mggtrp = MAVAr1+MBVBr2+Mck02w
VA = ol VB = @l
VA
. rad m m
Vg | = Flnd(vA,vB, a)) w=212— vp = 4.23 — vg = 1.59 —
S S S
[0

Problem 19-33

The crate has a mass M. Determine the constant speed v, it acquires as it moves down the

conveyor. The rollers each have radius r, mass M, and are spaced distance d apart. Note that
friction causes each roller to rotate when the crate comes in contact with it.
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Solution:

Assume each roller is brought to the condition of roll without
slipping. In time t, the number of rollers affected is v,t/d.

Mcgsin(é’)t— Ft=0

F= Mcgsin(e)
Frr= 1m0 29
r= 5 r o g Mg My
f’@..r
Mc
Vo= [29 sm(H)d V F=Mygsind {, G,

N

Problem 19-34

Two wheels A and B have masses m, and mg and radii of gyration about their central vertical
axes of k, and kg respectively. If they are freely rotating in the same direction at @, and @, about

the same vertical axis, determine their common angular velocity after they are brought into
contact and slipping between them stops.

Solution:

mAkAza)/_\ + mp kBZa)B = (mAkA2 + mp kBZ)a)

2 2
maka~ @p + Mpkg~ wp

@= 2 2
maka~ + mgkg

Problem 19-35

The Hubble Space Telescope is powered by two solar
panels as shown. The body of the telescope has a mass M,

and radii of gyration k, and k;, whereas the solar panels
can be considered as thin plates, each having a mass M,.

Due to an internal drive, the panels are given an angular
velocity of @], measured relative to the telescope.
Determine the angular velocity of the telescope due to the
rotation of the panels. Prior to rotating the panels, the
telescope was originally traveling at Vg = (Vi + vj + v,K).
Neglect its orbital rotation.

.;“.
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Units Used: Mg = 1O3kg
Given:
rad m
M1 = 11 Mg wg = 06 — vy = —400 —
S S
Mo = 54 kg m
a=15m vy = 250 —
ke = 1.64 m S
m
ky = 3.85m b=6m v, = 175 —
S
Solution: Angular momentum is conserved.
rad
Guess or =1—
S
. 1 2 2
Given 0=2 EMZb (a)o—arr)— M1 ky~ ot

oT = Find(arr)
oT = 00024
S

Chapter 19

*Problem 19-36

The platform swing consists of a flat plate of weight W, suspended by four rods of negligible

weight. When the swing is at rest, the man of weight W, jumps off the platform when his center

of gravity G is at distance a from the pin at A. This is done with a horizontal velocity v, measured
relative to the swing at the level of G. Determine the angular velocity he imparts to the swing just

after jumping off.

Given:
Wp = 200lb  a = 10ft
Wm = 150lb b = 11ft
ft
Vv=5— c = 4ft
S
Solution:
rad
Guess o =1—
S
-W Wy [ c2
Given 0= m(v—a)a)aJr—IO —+b2 1)
g g \ 12
. rad
o = Find(w) = 0190 —
S
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Problem 19-37

the same mass m. Also, the length of each rod is
equal to the diameter d of the disk. If the

I

Each of the two slender rods and the disk have I
0
assembly is rotating with an angular velocity l

when the rods are directed outward, determine o
the angular velocity of the assembly if by ‘—w—'
internal means the rods are brought to an upright / 7 /-

vertical position. #

Solution:
Hi = Ho

1 (dV? 1 ) 1 (d) % 11
—m|—=| +2—md" +2md |w1 =|—m|=| +2m|—=| |w2 w2 = ——0]
2 2 12 2 2 2 3

Problem 19-38

The rod has a length L and mass m. A smooth
collar having a negligible size and one-fourth
the mass of the rod is placed on the rod at its
midpoint. If the rod is freely rotating with
angular velocity @ about its end and the collar
is released, determine the rod’s angular
velocity just before the collar flies off the rod.
Also, what is the speed of the collar as it
leaves the rod?

Solution:
Hi = Ho

1 2 m)( L L 1 - m 19
—_mL " wo+|—||=|o|—=|=—mL & +|— |L&' L 0w =—ow
3 4 )\ 2 2 3 4 28

T1+V1=T2+ V2

101 2y 2 1/m\(L V¥ 1/m) 2 1(m 2 1(1 9\ 2
Jzm? e+ 22 20| =222 2 D (Lw) + 2 2ml? | @
2\ 3 2\ )\ 2 2\ 2 2\ 2 2\3

2
N 57 2 2 19 " 95 v" = 0.985wL
V= |—L w +|—w vV'= [— ol
112 28 98
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Problem 19-39

A man has a moment of inertia 1, about the z axis. He is originally at rest and standing on a small

platform which can turn freely. If he is handed a wheel which is rotating at angular velocity @and has
a moment of inertia | about its spinning axis, determine his angular velocity if (a) he holds the wheel

upright as shown, (b) turns the wheel out &= 90°, and (c) turns the wheel downward. = 180°.

Solution:
Y
(a) 0+lo = lyom + lo oM =
|
(b) 0+ 1lw=Il,0pm+0 a)le—co
z
21
(c) O+lo=loy-lo oy=—o

* Problem 19-40

The space satellite has mass m,, and moment of inertia I, excluding the four solar panels A,B,C,
and D. Each solar panel has mass my, and can be approximated as a thin plate.If the satellite is
originally spinning about the z axis at aconstant rate «,, when &= 90°, determine the rate of spin
if all the panels are raised and reach the upward position, 8= 0°, at the same instsnt.

Given:

rad
mss = 125 kg a=02m wz:O.ST

l, = 0.940 kg-m> b = 0.75 m

Mgp = 20 kg c=02m

Solution: Guess wz; =1 %
Given e -0 o~
Msp(, 2 2 b)? Msp 2 2
{'z + 4{E(b +cC ) + msp(a+ E) ﬂwz = ['z + 4[50 + Mgpa ﬂwzz
w72 = Find(wz) Wy = 3.56%
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Problem 19-41

Chapter 19

Rod ACB of mass m, supports the two disks each of mass my at its ends. If both disks are given
a clockwise angular velocity wn; = wg, = @, while the rod is held stationary and then released,

determine the angular velocity of the rod after both disks have stopped spinning relative to the rod
due to frictional resistance at the pins A and B. Motion is in the horizontal plane. Neglect friction

at pin C.
Given:
™ I.|I G I.|l o |
my = 2 k — Ll
' g I./f- .-—l fj-’_- H\"l
4 kg p |\ B ) =4 )
m = | [ 1 ¥ /
d r-—u.-.'\““"-- I 4 e, Nl A
rad J T
wg =5—
S
a=075m
r=015m
Solution:
1 2 1 2 2 Mr 2
2l =mg|rwg =12 —mg|r +2mga + —(23) |w
(2 d) 0 [(2 d) d 12()}2
2
Mg r rad
wo = wQ wp = 0.0906 —
S

2 2 (mrj 2
mgr-+2mga” + 3 a

Problem 19-42

Disk A has a weight W,. An inextensible cable is attached to the weight

W and wrapped around the disk.The weight is dropped distance h

before the slack is taken up. If the impact is perfectly elastic, i.e., e =1,

determine the angular velocity of the disk just after impact.

Given:
Wp =201b h=2ft

W =101Ib r=05ft

Solution:
v1 =+/2gh
rad
Guess wp =1— vp = 1—
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= (e ()
Given — vir=|—|vor+|—|—w? Vo) = wor
g9 9 9 /)2

V2 . ft rad
= Find(v2, wp) Vo = 5.67— wp = 11.3—
[0y) S S

Problem 19-43

A thin disk of mass m has an angular velocity @, while rotating on a smooth surface. Determine its

new angular velocity just after the hook at its edge strikes the peg P and the disk starts to rotate
about P without rebounding.

Solution:
Hy = Hp P __M"L_
/ d T
; ;e eme w
—_mr~ w1 =|—mr- +mr |wp -
2 2 — f
iy
1 .
W = -
2 3 1

*Problem 19-44 _.1,'-.3;- ;

The pendulum consists of a slender rod AB of weight W, and a
wooden block of weight W,,. A projectile of weight W/, is fired into

the center of the block with velocity v. If the pendulum is initially at i
rest, and the projectile embeds itself into the block, determine the
angular velocity of the pendulum just after the impact.

Given:

B
ft ft !
Wy =51b Wp:0.2lb v = 1000 — g =322 — .
S 32 L_ A
Wp=10Ib a=2ft b=1ft
]
Solution: L. s o
w b W\(a2] (Wo)(b%)] (Wb b\2 (W )2
— Va+—=|=||—||=|+|—||=|+|—|la+—= —la+—=] |o2
g 2 g /\3 g /\6 g 2 g 2
Wpv a+E
= 2 —694@
T2 2 o2 2 =
Wr—+Wb—+Wb(a+Ej +Wp(a+—)
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Problem 19-45

The pendulum consists of a slender rod AB of mass M; and a disk of mass M,. It is released

from rest without rotating. When it falls a distance d, the end A strikes the hook S, which
provides a permanent connection. Determine the angular velocity of the pendulum after it has
rotated 90°. Treat the pendulum’s weight during impact as a nonimpulsive force.

Given:

M1 = 2kg r=20.2m
Mo = 5kg | = 0.5m
d = 0.3m

Solution:

v/ 2gd

I2 r2 2
M{—+Mo— +Mo(l+r
13 25 2(1+1)

Vi

IA

Guesses

I
Mlvlz + Movi(l+1) = lpm

w3

1I 2
—lpw
2A2

rad

wy = 3.57—

S

1 2 |
= E'AWS - Mlgz - Mag(l+7)

rad

Chapter 19

Problem 19-46

A horizontal circular platform has a
weight W, and a radius of gyration k,

about the z axis passing through its center
O. The platform is free to rotate about the
z axis and is initially at rest. A man having
a weight W, begins to run along the edge

in a circular path of radius r. If he has a
speed v and maintains this speed relative
to the platform, determine the angular
velocity of the platform. Neglect friction.

e
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Given:
ft
W1 =3001Ib v=4—
S
Wy = 150 Ib
r = 10 ﬁ kz = 8 ft
Solution:
Mvr = lw
Wo W1 - rad
o= —kfe 0T WV o=03122
g g W1kz S

Problem 19-47

The square plate has a weight W and is e
rotating on the smooth surface with a :
constant angular velocity ay. Determine

the new angular velocity of the plate just
after its corner strikes the peg P and the
plate starts to rotate about P without
rebounding.

Solution: g

DG o

*Problem 19-48

Two children A and B, each having a mass My, sit

at the edge of the merry-go-round which is rotating s e "
with angular velocity @. Excluding the children, the
merry-go-round has a mass M, and a radius of
gyration k,. Determine the angular velocity of the
merry-go-round if A jJumps off horizontally in

the —n direction with a speed v, measured with
respect to the merry-go-round.What is the
merry-go-round’s angular velocity if B then jumps
off horizontally in the +t direction with a speed v,
measured with respect to the merry-go-round? T
Neglect friction and the size of each child.
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Given:
M1 = 30 kg k; =06 m
Mo =180kyg a=075m
rad m
w=2— V=2—
s S
Solution:
rad
(a) Guess w =1—
S
Given (M2 K + 2My az)a) - (M2 K + My az)a)g
. rad
) = Flnd(a)g) wy =241 —
S
rad
(b)  Guess w3 =1—
S
. 2 2 2
Given (Mz k;” + M1a )(02 = Mok w3 + Ml(v+ a)ga)a
. rad
w3 = Find(w3) w3 = 1.86 —
S

Problem 19-49

A bullet of mass m, having velocity v is fired into the edge of the disk of mass my as shown.
Determine the angular velocity of the disk of mass my just after the bullet becomes embedded in it.
Also, calculate how far &the disk will swing until it stops. The disk is originally at rest.

Given:
mp=79gm mg =5kg ¢ = 30 deg | (g
o s
m
v=800— r=02m I;/ /’{H.!f__r e /
S Pl
Solution: l.l I.l
rad \ \ /
Guesses o =1 — 6 = 10 deg . r d
\""'-\.._\___ -)-.;/’/
. 3 1(3
Given  mp vcos(¢)r = Emd r2w -mggr+ E(Emd rzj a)2 =-Mmyqg rcos(@)

@ d
(9) = Find(, 6) o= 3.23% 0 = 32.8 deg
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Problem 19-50

Chapter 19

The two disks each have weight W. If they are released from rest when 6= 6, , determine the
maximum angle &, after they collide and rebound from each other. The coefficient of restitution
is e. When 6= 0° the disks hang so that they just touch one another.

Given:
ft = 2r -
g =322 — | |
32 e——— " g a—
)
W =101b * A I P/ B -
/ ’/ /
Al f & _r |
91 = 30 deg |I F # e || |I F |I
|
e =075 \ /
Y
r=1n \ /
Solution: o o
rad rad
Guesses w =1— w =1— 6> = 10deg
S S
. 13 W
Given -W rcos(@l) = —(— — rz) a)12 -Wr
2\2 g
erw] = rwy
13 W
-Wr+ —(— — rz) a)22 =-W rcos(@z)
2\2 g
o]
) w1 2.40 ) rad
@ | = Flnd(wl , 02, 6’2) = — 6y = 22.4deg
[07) 180/ s
)
Problem 19-51 _ R
. :
The rod AB of weight W is released from
rest in the vertical position. If the coefficient
of restitution between the floor and the
cushion at B is e, determine how high the
end of the rod rebounds after impact with
the floor.
Given:
W=151Ib
| =2 ft —E
e =07
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Solution:
rad rad

Guesses w =1— w =1— 6 = ldeg
S S

Given

NEETA YN 1) 1(w) 12
W=|==—|—o ew |l = wl W| = |sin(6) = =| — —
2) 2\g)3 2 2\g ) 3
]

@1 6.95 rad
w | = Find(@1, @y, 6) ( j:( jﬂ 6 = 29.34 deg

0
h = Isin(6) h = 0.980 ft

Chapter 19

*Problem 19-52

The pendulum consists of a solid ball of weight
W, and a rod of weight W,. If it is released from

rest when 6, = 0°, determine the angle 6, after the

ball strikes the wall, rebounds, and the pendulum
swings up to the point of momentary rest.

Given:
Wy = 10lb e =06 L = 2ft
ft
Wy = 4lb r = 0.3ft g= 32.2—2
Solution: s
Wy L2 2(Wp) o Wp 2
Ian=|—]||—|+=|— | +—(L+7r)
g 3 S\ g g
rad rad
Guesses w =1— w =1— 6> = 10deg
S S

. L 1 2
Given 0=-Wp(L+r) —Wy 5 +E|Aw1

e(L+nNw1 =(L+1nNw

~Wp(L +1) — Wr(%) + %I Ao’ = —|:Wb(L +1) + W{%ﬂ sin(62)

]
] w1 5.45 ) rad
@ | = Flnd(wl , 02, 6’2) = — 6> = 39.8deg
@7 327 ) s
i
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Problem 19-53

The plank has a weight W, center of gravity at G, and it rests on the two sawhorses at A and

B. If the end D is raised a distance ¢ above the top of the sawhorses and is released from rest,
determine how high end C will rise from the top of the sawhorses after the plank falls so that it
rotates clockwise about A, strikes and pivots on the sawhorses at B, and rotates clockwise off
the sawhorse at A.

Given:
W = 30lb b = 1.5ft A B
I m=————r  — - 1t
a=3ft c=o2ft : AN A\ 7
f VAN
Solution: La & wla— h —wfa— [} —ula i |
1(W W
Ig = —| — |4(a+b)? Ip = Ig+|— |b?
12\ g g
rad rad
Guesses w1 =1— wp =1— 6 = ldeg h = 1ft
s s
. b 1 2 w
Given W c=—lpm —lgw1 +| — |w1bb =—lp
2b+a 2 g
. 1 2 .
Wbsm(e) = EIAwZ h=(a+ 2b)sm(¢9)
]
a) ) w1 1.89 )\ rad
2| - Find(w1, g, 6, h) = ( j— 0=478deg h = 0.500ft
0 [07) 095/ s
h

Problem 19-54

Tests of impact on the fixed crash dummy are conducted using the ram of weight W that is
released from rest at &= 6, and allowed to fall and strike the dummy at 8= 6,. If the

coefficient of restitution between the dummy and the ram is e, determine the angle 6, to
which the ram will rebound before momentarily coming to rest.

Given:
W=300Ib e=04

01 =30deg L =10ft

ft
6 =90deg g = 322 -
S
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Solution:

[
[

ft
Guesses vy =1— vy = 1—

.'I-\.!
s s ! ' L
03 = 1 deg ! . .
Given |
1(w ’ -
~WLsin(6y) = E(_) v1% - WLsin( ) * !
g
1(W —
~WLsin(6p) + E(_) vo” = ~WLsin(63)
g
evy = V2
Vi
V2 | = Find( ) R 03 = 66.9d
2 | = Find(vy,vo, = — = 66.9de
172,53 ) 718 /) S 3 g
03

Problem 19-55

The solid ball of mass m is dropped with a velocity v, onto the edge of the rough step. If it
rebounds horizontally off the step with a velocity v,, determine the angle & at which contact
occurs. Assume no slipping when the ball strikes the step. The coefficient of restitution is e.

My

Solution:

No slip wor = v2cos(9)
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2
Angular Momentum about A mvq rsin(e) =mvy rcos(H) + gm r2w2

Restitution evy cos(e) =V sin(&)
- . [7e
Combining we find 0= atan[ ?j

*Problem 19-56

A solid ball with a mass m is thrown on the ground // Vi \x
such that at the instant of contact it has an angular [ 4 b
velocity @ and velocity components Vg, and Vg,

as shown. If the ground is rough so no slipping \ (o ;"
occurs, determine the components of the velocity h: {,;"'
of its mass center just after impact. The . >’
coefficient of restitution is e. e

Solution:

Restitution eveyl = VGy2
2 2 2
Angular Momentum gm r2m1 -mvgxlr = Em r2 ®2 + MVGy2 l

No slip Vex2 = @2f

- 5 2
Combining —VGEx1 — =fo]

VG2 = 7 7
eval
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Problem 20-1

Chapter 20

The ladder of the fire truck rotates around the z axis with angular velocity @, which is
increasing at rate ;. At the same instant it is rotating upwards at the constant rate .
Determine the velocity and acceleration of point A located at the top of the ladder at this instant.

Given:
rad
w1 =015 —
S
rad
a1l = 0.8 —2
S
rad
wy =06 —
S
0 = 30 deg
L =40 ft
Solution:
0
r = Lcos(e)
Lsin(@)
w2
o1
VA = ®Xx T VA =
aAzaxr+u)x(a)><r) aa =

w12

a]

-5.20
-12.00
20.78

lva| = 24.6

w | =

S

-24.11
-13.25
—7.20

|ap| = 284—
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Problem 20-2

The ladder of the fire truck rotates around the z axis with angular velocity @, which is increasing at
rate o;. At the same instant it is rotating upwards at rate e, while increasing at rate «,. Determine
the velocity and acceleration of point A located at the top of the ladder at this instant.

Given:
rad
w1 = 015 —
s
rad
=02 —
a1 =0 >
s
rad
wy =06 —
s
rad
=04 —
ap =0 >
s
0 = 30 deg
L =40ft
X
Solution:
7] a? 0
o=|0 o =| olw r = Lcos(@)
w1 a1 Lsin(@)
-5.20
ft ft
VA=oxr VA = | -12.00 | = |va| = 24.6—
s s
20.78
-3.33
ft ft
ap =axr+ox(@xr) ap=|-2125 |— |aa| =225
6.66 )° S
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Problem 20-3

The antenna is following the motion of a jet plane. At the instant shown, the constant angular
rates of change are d and ¢. Determine the velocity and acceleration of the signal horn A at
this instant. The distance OA is d.

Given:
6 = 25 deg
g - 04
S
¢ = 75 deg
s - 06
S
d=08m
Solution:
¢l
o=|0
-0
0
oa=|-60¢
0

0
r= {d cos(g)

dsin(g)
0.083
m
VA = oXxT va = | —0.464 N
0.124
-0.371
m
aAz(xxr+u)x(mxr) ap = | —0.108 =
-0.278) S
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*Problem 20-4

The propeller of an airplane is rotating at a constant speed i, while the plane is undergoing a turn at
a constant rate a. Determine the angular acceleration of the propeller if (a) the turn is horizontal, i.e.,
@K, and (b) the turn is vertical, downward, i.e., aj.

Solution:
> »
@) a = (a;t k) X (605 i)
g
o = wswt)
> »
© o (o)< (ox)
> o
o = -asaok X
Problem 20-5

Gear A is fixed while gear B is free to rotate on the shaft S. If the shaft is turning about the z axis
with angular velocity @,, while increasing at rate o, determine the velocity and acceleration of

point C at the instant shown. The face of gear B lies in a vertical plane.

Given:
rad
w7 =5 —
S
rad
a7 = 2 —2
S
|1I.
ra = 160 mm
rg = 80 mm
h = 80 mm
Solution:
ra rad
wzTA = WBTB wB = W7— wg = 10—
B S
raA rad
azrp = aBrg aB = a7— ag = 4—
g 32
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0 0 0 0
o =| "B a=|"2|+| 0 |xe r=|TA
Wy ay Wz B
-16
m m
Ve =oxTr vce=| O = |Vc|:l.6—
s s
0
—-0.64
m m
ac =axr+ex(exr) ac=| -12 > |aC|:14.436—2
g ) S S
Problem 20-6

The conical spool rolls on the plane without slipping. If the axle has an angular velocity
and an angular acceleration ¢, at the instant shown, determine the angular velocity and
angular acceleration of the spool at this instant. Neglect the small vertical part of the rod at A.

Given:
rad
w =3 —
S I _ %
a1 = > 4l _| 3 N
S el &
| y '-. i
6 = 20 deg &£
P =
.f1:f"'/_{-:'-‘l \.' B
Solution: S
L=1m 2
R = Ltan(e)

r = | Lcos(6) + Rsin(6)
Lsin(@) - Rcos(e)

670



Engineering Mechanics - Dynamics Chapter 20

Guesses 1 rad 1 rad a 1 m a 1 m
[0} = —_— (04 = —_— = —_— = —_—
2 s 2 2 YTt %
S S S
Given
Enforce the no-slip constraint
0
10) cos(@) xr=0
w1 + @ sin(@)
[ 0 0 0 0
an cos(6’) + 0 |x 0) cos(e) xr=|3ay
a1+ a2 Sin(ﬁ) ] w1 + @2 sin(@) az
2
a2 . ay 0 \m rad
= Fmd(wg, az,ay,az) = — wy =-8.77—
ay az 26.3 S2 S
a rad
a9 = -585—
2
S
Now construct the angular velocity and angular acceleration.
0 0.00
rad
o=| ocos(0) o=|-824 |
S
w1 + 2sin(6) 0.00
0 0 0 24.73
a=| oazcos(d) |4+| 0 |x| wzcos(6) a=| -549 %d
a1+ ar Siﬂ(@) ] w1 + @ Sin(&) 0.00 ) S

Problem 20-7

At a given instant, the antenna has an angular motion @, and &', about the z axis. At the same
instant = 6,, the angular motion about the X axis is @, and &',. Determine the velocity and
acceleration of the signal horn A at this instant. The distance from O to A isd.
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Chapter 20

Given
rad rad
w =3 — =15—
S
, rad , rad
w1 =2 — wy =4 —
2
S S
61 = 30 deg d=3ft
Solution:
@2 @? 0
o=|0 a=|0 |[+] 0 |xw
o w1 w1
0
ra = | dcos(6)
dsin(@l)
—7.79
ft
VA = 0 X Ip va =| 225 |— |VA| =9—
S s
3.90
8.30
ft
ap = axra+ox(oxra) ap =| -35.23 [— |aa| = 36.868 —
702 )° S
*Problem 20-8 |
The cone rolls without slipping such that at 3
the instant shown w,and &, are as given. CT‘*{" z
Determine the velocity and acceleration of
point A at this instant. | A
Given: /
rad
w7 =4 —
S
, rad
Wz = 3 _2
S
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0 = 20 deg
a=2ft

Solution:
b = asin(@)

Chapter 20

. 2] rad
@, — wysin(6) = 0 wy = — wp = 11.695 —
sm(H) S
. w7 rad
@5 — @y sin(6) = 0 Wy = — @y = 8771 —
sin(6) 2
0 0 0
o = —w; cos(6) a = —ap cos(6) +] 0 |x®
) Sin(ﬁ) + w ) sin(é’) + oy @7
0 0
ra = | a— 2bsin(6) ra=| 1.532 |ft
2b cos(@) 1.286
~14.1
ft ft
VA = O X IA va=| 00 |= |va| = 14.128
0.0
-10.6
ft ft
ap =axrptox(oxra)  aa=|-565 - |aa| = 105.052 —
-879)° S
Problem 20-9

The cone rolls without slipping such that at the
instant shown @, and &, are given. Determine the

velocity and acceleration of point B at this instant. |
|

Given:
rad
w7 = 4 —
S
. rad
Wz = 3 _2
S
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6 = 20 deg

a=2ft
Solution:

b = asin(@)

w7 — W Sin(H) =0

@5 — @y sin(6) = 0

0
o = 07) cos(6’)

) Siﬂ(@) + wy
-b

rg = a—bsin(@)
bcos(@)

VB = o XIpB

ap =0L><I’B+0)><(0)>< rB)

2/
[0} =
2 sin(e)
Wy
Wy =
2 sin(6’)
0
o = -9 cos(e)
~apsin(6) + w5
—-0.684
rg=| 1766 |ft
0.643
—7.064
ft
VB = 0 =
S
—-7.518
77.319
ag = | —28.257 |—
5638 )

rad
wy = 11.695—
S
rad
w9 = 8.771—2
S

0

+1 0 |x®

Wz

|ve| = 10316 ¢
S

fi
|as| = 82513

S

Chapter 20

Problem 20-10

If the plate gears A and B are rotating with the angular velocities shown, determine the angular
velocity of gear C about the shaft DE. What is the angular velocity of DE about the y axis?

Given:
rad
op =5 —
S
rad
og = 15 —
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Chapter 20

a = 100 mm
b =25 mm
Solution:
Guesses f
T
rad rad
opg =1 — =1—
S
rad rad
Given
0 0 wx 0
wpa —opa wy 0
0 wy 0 0 -a
0 +| oy x| b|=| ®opE |x| O
wy
wx 40
. rad
= Flnd(a)x,a)y,a)z,wDE) oy |=|0|—
Wz
w; 0
WDE

rad
WDE = —5—
S

Problem 20-11

Gear A is fixed to the crankshaft S, while gear C is fixed and gear B and the propeller are free to
rotate. The crankshaft is turning with angular velocity a; about its axis. Determine the magnitudes

of the angular velocity of the propeller and the angular acceleration of gear B.

Given:
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rp =04 ft
rp =01ft
Solution:

Vp = wsp = a)B(Zrl)

W51
) =
B 2rq
VB = @Bl
vB
[0 = —
prop ry
0
aB = _a)prop X
0 wB

rad
wp = 160 —
ft
vg = 16—
0
® = | ~®prop
0

>,

o
=
iy,
=
—

0.0
rad
o=| -400 [—
S
0.0
—6400
rad
ap = 0 —2
0 S

Chapter 20

*Problem 20-12

The right circular cone rotates about the z axis at a
constant rate @, without slipping on the horizontal

plane. Determine the magnitudes of the velocity
and acceleration of points B and C.

Given:
rad
w1 =4— r=50mm 6 =45 deg
S
Solution:
rad

Enforce no-slip condition

Guess wp =1—
S
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0 0
. ) rad
Given @008(0) | x| /2r | =0 wp = Find(wp) ~ wp = -5.66-—
S
@2 Siﬂ(@) + w1 0
Define terms
0 0 0
o= | wcos(6) o =] 0 |x| @2cos(6)
w7 Siﬂ(@) + o w1 2 sin(é’) + o
0 0
rg = \/Er rc=| O
0 \/E r
Find velocities and accelerations
VB = 0% IB VC =oxrIc
aB=0L><I’B+0)><(0)><I’B) aczotxl’c+0)><(0)><rc)
0 0 -0.283 0
m m m m
vg=|0|— ap= 0 = Ve = 0 = ac=|-1131 | —
S 2 S 2
0 1.131) S 0 -1.131) S
m m m m
lve| =0 — |ag| = 1131 — |lvc| = 0.283 — |lac| =16 —
S 2 S 2
S S
j}
Problem 20-13
Shaft BD is connected to a ball-and-socket ” .
o~

joint at B, and a beveled gear A is attached to
its other end. The gear is in mesh with a fixed

gear C. If the shaft and gear A are spinning
with a constant angular velocity @, determine

the angular velocity and angular acceleration of

gear A.
Given:
rad
w =8 —
S
a = 300 mm

677




Engineering Mechanics - Dynamics Chapter 20

o =75mm
rc = 100 mm
Solution:

Guesses € =10deg h = 10 mm
Given

acos(e) + rDsin(H) =h asin(@) =rc+ rDcos(H)

h
(ej = Find(h, 0) h=0293m 0=232904deg

B 17D _6 rad
“y asin(e) - rDcos(H) “ S
w1 sin(6) 4.346
® cos(6) + - | 12717 |2
1 Wy .
0 0
0 0.0
rad
o =| 0y |xw a=| 00 —
0 -26.1) S

Problem 20-14

The truncated cone rotates about the z axis
at a constant rate @, without slipping on the

horizontal plane. Determine the velocity and
acceleration of point A on the cone.

Given:
rad
a)z = 04 e
S
a=1ft
b=2ft
c=05ft
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. . [C
Solution: @ = asin (—)
a

(0 —
w; + wssinl @) =0 ws =
’ ° ° sin(H)
0 0 0 0.277
rad rad
o=| oscos(0) 0=|-088|= a=|0|xe a=| 0 |=
s
wy + wssin(6) 0 wz 0o )3
_ 0 -
b+a 0
a+b-2 i csin(e)
ra = a ra=| 15 |ft
b+a 2.598
2( i jccos(@)
— a -
-1.8
ft
VA = @ X A va=| 0 |—
s
0
0.000
ft
aAzaxrA+0)><(0)><rA) ap =| —0.720 |—
-0.831) %

Problem 20-15 3

The truncated cone rotates about the z
axis at e, without slipping on the

horizontal plane. If at this same instant «,
is increasing at «',, determine the velocity
and acceleration of point A on the cone.

Given:
rad
w; = 0.4 — a=1ft
S
rad ' e
w‘Z=O.5—2 b=2ft -y
S
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6 = 30 deg c=05"t
0
. b+a .
Solution: r= ( - )c ra=|a+b- 2r3|n(¢9)
a
2rcos(9)
Guesses 1 rad 1 rad a 1 ft a 1 ft
[0} = —_— = —_— = _— = JEN—
2 s “2 2 YTt %
S S S
Given Enforce the no-slip constraints
0 0
wcos(6) |x|al=0
w7 + @9 sin(@) 0
0 0 0 0 0
an cos(6’) +| 0 |x 10) cos(@) x|al|=|ay
\ @7+ a2 Siﬂ(@) Wz w7 + @ sin(@) 0 ay
@2
a2 . rad rad
= Fmd(wg, az,ay,az) wy =-08— ay = -1—
a S 2
Yy S
az
Define terms
0 0 0 0
® = wgcos(@) o = azcos(H) +| 0 |x wgcos(e)
w7 + @ Sin(ﬁ) @7 + o sin(@) Wz w7 + @2 sin(@)
Calculate velocity and acceleration.
-1.80
ft
VA = @ X I'p va=| 0.00 |—
S
0.00
-2.25
ft
aAzaxrA+0)><(0)><rA) ap =| -0.72 >
-0.831 ) S
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*Problem 20-16

The bevel gear A rolls on the fixed gear B. If at the instant shown the shaft to which A is
attached is rotating with angular velocity @, and has angular acceleration «,, determine the

angular velocity and angular acceleration of gear A.

Given: {
rad
w =2—
S
rad
a1 =4 —
S
6 = 30 deg
Solution:
L=1m
R = Ltan(@)
Guesses
rad
wp =1—
S
m
ay =1 —2
S

Given Enforce the no-slip constraints.
0 0
@008(0)  |x|b|=0
w7 sin(e) + w1 0

0 0 0 0
an cos(e) +1 0 [x [07) cos(@) x|b|=]ay
0

N7 Sin(H) + a1 ] @2 sin(@) + w1

w2
az ) a 0\ m rad rad
:Fmd(w , ,a,a) y = — wy = —4— ar = -8 —
2,02,dy,dz 8 > S 2 >
ay az S S
az
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Build the angular velocity and angular acceleration.

0
a)gCOS(H)
w7 Sin(ﬁ) + o

0
a cos(@)

a Sin(ﬁ) + a1

+

0
0

]

X

0
[0) cos(e)

w7 sin(@) + w1

0.00
rad
o=|-346 | —
S
0.00
6.93
;
o =|-6.93 rad
2
000 ) S

Chapter 20

Problem 20-17

The differential of an automobile allows the two rear wheels to rotate at different speeds when the

automobile travels along a curve. For operation, the rear axles are attached to the wheels at one

end and have beveled gears A and B on their other ends. The differential case D is placed over the
left axle but can rotate about C independent of the axle. The case supports a pinion gear E on a
shaft, which meshes with gears A and B. Finally, a ring gear G is fixed to the differential case so
that the case rotates with the ring gear when the latter is driven by the drive pinion H. This gear,

like the differential case, is free to rotate about the left wheel axle. If the drive pinion is turning

with angular velocity a, and the pinion gear E is spinning about its shaft with angular velocity a,
determine the angular velocity @, and @y of each axle.

Given:
rad
oy = 100 —
S
rad
og = 30 —
S
rec = 180 mm
rH = 50 mm
re = 40 mm
ra = 60 mm
Solution:
OHTIH = OGIG

>

Toleft
wheel

682
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'H
oG = OH—
G
rad
oG = 271.778 —
S
m
VE = oGraA VE = 1.667 —
S
VE - ®ETE rad
VE — WEIE = WBIA og = ————— o = 1.778 —
ra S
VE + ®ETE rad
VE + WETE = OATA o = —————— op =47.8—
ra S

Problem 20-18 z

Rod AB is attached to the rotating arm using
ball-and-socket joints. If AC is rotating with
constant angular velocity @, about the pin at

C, determine the angular velocity of link BD at ? C— ~, @ar
the instant shown. @ -
Given: b

a=15Mt d=2ft

AT
rad L [
b =3ft opC = 8 — I|
S
I )
c = 6 ft | o
A ) G
Solution: Sy
Guesses
rad rad
gD = 1—  wppx = 1— g >
S S
rad rad
opBy = 1—  waBz = 1—
S S
Given

Note that w,g is perpendicular to .
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0 a OABxX b ®BD 0 0 OABX | b
ft ft
0 |x|0|+|®aBy|x|d |[+] 0 |[x|-d|=|0|= wpBy || d | =0—
s s
wBD
OABX -1.633
@ABX ) rad
=Flnd(wBD,wABx,wABy,wABz) @pBy | =| 0245 |—
“ABY 0735 )
WABz '
WABz
rad
@BD = —2——

Problem 20-19

Rod AB is attached to the rotating arm using ball-and-socket joints. If AC is rotating about the pin at
C with angular velocity w,cand angular acceleration a,c, determine the angular velocity and

angular acceleration of link BD at the instant shown.

Given: -
a=15ft ‘

@OAC =8-—= _3¢q

rad c=6ft
apc =6 —2
S
d=2ft
Solution:
Guesses
rad rad
wgp =1— agp=1—
S 2
S
rad rad
OABX :lT QABX —1—2
s 1
rad rad
@By =1—— appy =1 —
S
rad rad
OAB? :lT QABz =1—2
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Given Note that w,g and a,g are perpendicular to rg.

0 a DABX b WBD 0 0
ft
0 |x|0|+| @By |x|d |+] 0 |[x|-d|=|0]|—
s
WAC 0 OAB7 —C 0 0 0
2 aABX b OABX WOABX b 0
—a WAC
d d || = ’
aaac | +| @ABy | +| WABy | x || ®@ABy | X =| —dawBp
0 Bz —C WABy WABz —C depp
@ABX |( b AABX |( b
opBy || d [=0 apBy || d [=0
wpBz J\NC apsz JAC
®BD
WABxX
WABy
WABz .
= Fmd(wBD, WABX > @ABy » WABz> ABD > AABX > #ABY > aAB?)
aBD
A ABxX
G ABy
aABz
OABX ~1.633 TABX 0.495
rad rad rad
wpBy | =| 0.245 -~ apBy | =|-14.18 | — WBDZ—ZT
s
opg; | \-0.735 angy | \—4A79
rad
aBD=31.6—2
s

*Problem 20-20

If the rod is attached with ball-and-socket joints to smooth collars A and B at its end points,
determine the speed of B at the instant shown if A is moving downward at constant speed v,.

Also, determine the angular velocity of the rod if it is directed perpendicular to the axis of the rod.
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Given: -
ft
va = 8 — b==6"ft
S
a=3ft c=2ft
Solution:
Guesses
ft
vg=1—
S
rad
ox =1—
S i
_1 rad !
A
rad
w7 = 1 —
S
Given
0 x c VB x| ¢
ft
0 |+|aoy|x| b |=]|0 oy || b |=0—
S
_VA a)Z —a 0 a)z —a
VB
wx 0.980
. rad ft
= Find(vg, ox, oy, @) o =|ay o=|-1061 |— vg=12—
S S
“ o ~1.469
Wz

Chapter 20

Problem 20-21

If the collar at A is moving downward with an acceleration a,, at the instant its speed is v,,
determine the acceleration of the collar at B at this instant.

Given:

ft
V/.\=8§ a=3ft c=2ft
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ft
an=5—  Db=6ft
2 R
S
Solution: J &
Guesses [“ 4
ft rad %
vg = 1— oy =1— x\\
s s b
rad rad s \
oy=1- el
ft rad '
ag = 1— ay =1 — - - )
2 2 /! ;
S S r4
r i
4
rad rad /
(Zy =1— az; = 1 —2 //
S S /
_.d{ I
Given ; //
0 x c VB x| ¢
0 |+|aoy|x| b |=]|0 oy || b =0
_VA a)Z —a 0 a)z —a
0 ax c wx wx Cc ap ax | ¢
0 |+|ay|x| b |[+]oy|x|loy|x| b |[=]0 ay || b |=0
_aA ayz —a (2] @z —a 0 ayz -a
wy
wy
Wz
x 0.98
ax . rad
= Flnd(a)x,a)y,a)z,ax,ay,az,VB,aB) oy | =|-106 |—
ay S
w; -1.47
az
vB ax 0.61
rad
ap ay 570 |—
2 11.82) S
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ft
vg = 12—
S

ft

ap = —96.5—

Problem 20-22

Rod AB is attached to a disk and a collar by ball-and-socket joints. If the disk is rotating at a
constant angular velocity o, determine the velocity and acceleration of the collar at A at the
instant shown. Assume the angular velocity is directed perpendicular to the rod.

Given:
rad
0w =2—
S
_ i
r=1ft A
b=3ft 1o

Solution: 4 e
Guesses & "

rad y
rad ay =1 —
ox =1— 2
S S
_1 rad _1 rad
aT T A
S
rad rad
w7 = 1 — a7 = 1 —2
S S
ft ft
va =1 — ap =1—
S 2
S
Given
0 wx b va @x | b ax | b
—or |[+| oy |x|-r{=|0 oy || -r|=0 ay || -r|=0
0 w; —r 0 w; )\-T az J\-T
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0 ay b Wy wx b aa
0 +l Qy | x| |+ @y [ xX|| @Oy x| =F|l=]0
—a)2r oy —T w7 w7 —r 0
24
a)y
2
ax . ft ft
= Find(wx, oy, @7, ax, ay, az,Va, aa) VA =0667—  ap=-0148—
ay = S
127/
VA
aa
wx 0.182 ax -0.364
rad rad
a)y =1| —-0.061 T Oly =| -1.077 —2
s
oy 0.606 oy ) \-0.013

Problem 20-23

Rod AB is attached to a disk and a collar by ball and-socket joints. If the disk is rotating with
an angular acceleration ¢, and at the instant shown has an angular velocity o, determine the
velocity and acceleration of the collar at A at the instant shown.

Given:
rad
w=2— r=1ft
s
ra t :
a=4-— b=3ft Z0 A\
52 £ F d.':'/ r
; ‘x’f /
Solution: A ,f“
rad rad o -
Guesses oy =1 — oy =1— b
S s i :

rad ft
a)zle VAZ:I.—
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n rad n rad
ay = —_— = -
X N 2
S S
1 rad a 1 ft
(04 = _— = —_—
z 2 oA 2
S S
Given
0 x b VA ox \( b ax \( b
—or |+ oy |x|-r|=|0 oy || -r|=0 ay || -r|=0
0 @z —=r 0 wyz —-r ayz =r
0 ax b ox o b\ (aa
—arl fylay | x| —r|+| oy |x||oy|x|-T|l=|0
—a)2r oy —T w7 w7 —r | 0
wy
a)y
2
ay . ft ft
= Find(wx, oy, @7, ax, ay, az,Va, aa) VA =0667—  ap=1185—
ay S S
az
VA
ap
“x 0.182 | (_3636x 10 '
rad d
@y | =| 0081 |—= ay | = -1199 |
o 0.606 - 1.199 S

*Problem 20-24

The rod BC is attached to collars at its ends by ball-and-socket joints. If disk A has angular
velocity w,, determine the angular velocity of the rod and the velocity of collar B at the instant

shown. Assume the angular velocity of the rod is directed perpendicular to the rod.

Given:

a = 200 mm

690



Engineering Mechanics - Dynamics

rad
b =100 mm wp =10 —
S
¢ =500mm d =300 mm
Solution:
Guesses
m rad
pg=1—  wg=1—
S S
rad rad
a)y =1 T w7 = 1 —
Given
wpD wx -a 0 x| —a
m
0 |+|oy|x|b+c|=]|VB wy || b+c :O?
VB
x 0.204
Wy ) rad m
= Find(vg, ox, oy, @) oy |=|-0612 |—  vg=-0.333 —
a)y S S
Wy 1.361
wz

Problem 20-25

The rod BC is attached to collars at its ends. There is a ball-and-socket at C. The connection at B now
consists of a pin as shown in the bottom figure. If disk A has angular velocity @,, determine the
angular velocity of the rod and the velocity of collar B at the instant shown. Hint: The constraint
allows rotation of the rod both along the bar DE (j direction) and along the axis of the pin (n
direction). Since there is no rotational component in the u direction, i.e., perpendicular to n and j
where U =j x n, an additional equation for solution can be obtained from ®-u = 0. The vector n is

in the same direction as g X I'y..
Given:

rad
wp = 10 T

200 mm

QD
Il

o
Il

100 mm

691



Engineering Mechanics - Dynamics Chapter 20

¢ = 500 mm
D B )
d = 300 mm E
Solution: o
a
rgc =|-b-c i ¥
[
d i{, i,
A
a e [
b
e =| 0 /
X
—d
0.728
reCc X I'D
n= # n=1| 0485
rgCxr
BC*TDC 0.485
0 0.485
u=|1{xn u= 0
0 -0.728
m rad rad rad
Guesses vg=1— oy =1— oy =1— w; =1 —
S S S S
Given
wpb wx -a 0 wx
rad
0 |+|oy|x|b+c|=]|VB a)yu:OT
0 W d 0 2/
VB
wx 0.769
@x . rad m
= Find(vg, ox, oy, @) wy |=|-2308 |—  vg=-0333—
wy S
@y 0.513
0z

Problem 20-26

The rod AB is attached to collars at its ends by ball-and-socket joints. If collar A has a speed v,,
determine the speed of collar B at the instant shown.
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Given
va = 20 — T " i
S
a=2ft o ¥
b=6ft
0 = 45 deg
Solution:
rad rad rad ft
Guesses oy =1— oy =1— w;=1— vg=1—
S S s
Given
0 2 b —sin() DX\ b
VA|+| oy |[x|-a|=vg O oy |l -a|=0
0 oy 0 —cos(6) w, )\ 0
wx
x 0.333
. rad
“ = Flnd(a)x,a)y,a)z,VB) oy | = 1 — vg = 9.43 —
Wy S S
@, -3.333
VB
Problem 20-27
The rod is attached to smooth collars A
and B at its ends using ball-and-socket
joints. Determine the speed of B at the
instant shown if A is moving with speed
V. Also, determine the angular velocity
of the rod if it is directed perpendicular to
the axis of the rod. "
Given:
m
VA = 6 — b=1m //
a=05m c=1m
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Solution:
Guesses
n rad n rad 1 rad y 1 m
= _— = _— w7 = _— = —_—
wx S Wy S yA B s
Given
va x a 0 % | a
0 |[+]| @y |x =|VvB oy || b |=0
0 o —C 0 w; ]\=C
wy
x 1.33
. rad m
“ = Flnd(a)x,a)y,a)z,vB) wy | =267 |— vg = 3.00 —
Wy S
w; 3.33
VB
*Problem 20-28
The rod is attached to smooth collars A
and B at its ends using ball-and-socket
joints. At the instant shown, A is moving
with speed v, and is decelerating at the
rate a,. Determine the acceleration of
collar B at this instant.
.
Given: s
m e
vp =6 — a=05m 1
S ~
ol
m
ap =5 — b=1m
2
S )
c=1m 4 L B J
Solution:
rad rad rad m
Guesses oy =1— oy =1— w; =1— vg =1—
S S S S
n rad n rad 1 rad a m
(04 = —_— = —_— = —_— = —_—
X 2 ay 2 “z 2 B 2
S S S S
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Given
va x a 0 Wx
0 |[+|wy|x| b |=]VB wy
0 o —C 0 o
—an ax a wx wx a
0 |+|ay|x|b |+|oy|x||oy|[x|Db
0 ayz —C @z w7 —C
wy
wy
Wz
ax
= Find(a)x,a)y,a)z,ax,ay,az,VB,aB)
Qy
az
VB
ap
wx 1.33 ax -21.11
rad rad
wy | =|267 |[— ay | =| 222 |—
S
w; 3.33 az -12.78

Chapter 20

a ax |( a
b =0 ay =0
—C a; \-C
0
0
m m
vg = 3.00 — ag = 475 —
S 52

Problem 20-29

Rod AB is attached to collars at its
ends by using ball-and-socket joints.
If collar A moves along the fixed
rod with speed v,, determine the

angular velocity of the rod and the
velocity of collar B at the instant
shown. Assume that the rod’s
angular velocity is directed
perpendicular to the axis of the rod.

Given:
ft
va=8— c=6"Mt
S
a=38ft d =8ft y
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Solution:

9
6 = atan| —
c

rad

Guesses oy =1— oy =1—
S

Given

0 ¢ — bcos(6)

0 —a

wx

™| = Find(ox, @y, 00, v8)
VB

wx
VA | +| @y | X —e+bsin(9) = VB sin(é’)
Wz

—C0S ( 9)

0

rad

a)z:l—
S

ft
VBZIZ

@x ) ¢ — beos(6)
y —e+bsin(9) =0

W5 —a

—cos(@)
VBy = VB sin(@)

@x | (-0.440

oy [=| 0293 |—
S

o, ) \-0.238

Chapter 20

Problem 20-30

Rod AB is attached to collars at its
ends by using ball-and-socket joints.
If collar A moves along the fixed rod
with a velocity v, and has an

acceleration a, at the instant shown,

determine the angular acceleration of
the rod and the acceleration of collar
B at this instant. Assume that the rod’
s angular velocity and angular
acceleration are directed
perpendicular to the axis of the rod.

Given:

L
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Solution:

9
6 = atan| —
c

rad rad rad ft
Guesses oy =1— oy =1— w; =1— vg =1 —
S S S s
rad rad rad ft
(szl— (Zyzl— 0[2—1—2 ale—
S S S S
Given
0 x ¢ — bcos(6) —cos(6)
VA |+| @y | x| —e+ bsin(@) = VB sin(a)
0 Wz —a 0
0 ax ¢ — bcos(6) x x ¢ — bcos(6) —cos(6)
ap [ +| ay | x| e+ bsin(@) +| oy [x|| oy x| —e+ bsin(&) =ap sin(@)
0 ayz —a Wz Wz —a 0
@x ) ¢ - beos(6) ax |( ¢ — beos(6)
y —e+bsin(9) =0 ay —e+bsin(9) =0
Wz —a ayz —a
24
(oy
w7
ax
= Find(a)x,a)y,a)z,ax,ay,az,VB,aB)
ay
127/
VB
ap
—cos(@) —cos(@) -5.98 ;
t
vBy = vg| sin(6) apy = ag| sin(6) agy=| 798 |
0 0 0.00 )°

697

Chapter 20



Engineering Mechanics - Dynamics Chapter 20

®x | (-0.440 ax 0.413 ~2.824
rad rad ft
w, ) \-0.238 ay ) \-0.000) ° 0

Problem 20-31

Consider again Example 20.5. The pendulum consists of two rods: AB is pin supported at A and
swings only in the y-z plane, whereas a bearing at B allows the attached rod BD to spin about rod
AB. At a given instant, the rods have the angular motions shown. Also, a collar C has velocity v

and acceleration a; along the rod. Determine the velocity and acceleration of the collar at this

instant. Solve such that the x, y, z axes move with curvilinear translation, Q = 0, in which case
the collar appears to have both an angular velocity Q,, = @, + ®, and radial motion.

Given
rad m
o] =4 — vcg = 3 —
S S
rad m
@) =5— acg = 2 —
S 2
S
rad
a)'1:1.5—2 a=05m
S
rad
w'2=—6—2 b=02m
S
Solution:
o 0 0
m
vg=| 0 |x| O vg=|2|—
S
0 -a 0
w1 0 o] o] 0 0
m
ag = 0 (x| 0O |+]| 0 [x 0 [x| O ag = 075—2
0 -a 0 0 -a 8 )°
0 ] 0 -1.00
m
ve=vg+|VcB|+| O |x|b vc=| 500 | —
S
0 w7 0 0.80
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0 ok o o1 0 0
ac=ag-+|acB |+|| O |+]| 0 [x]| O [|x|b|+| O |x|| O [x|Db
0 0

0 w'? 0 107)
0] 0
+2 0 |x|VcB
w7 0
—28.8
ac =| —5.45
32.3

U)N|3

Problem 20-32

Consider again Example 20.5. The pendulum consists of two rods: AB is pin supported at A
and swings only in the y-z plane, whereas a bearing at B allows the attached rod BD to spin
about rod AB. At a given instant, the rods have the angular motions shown. Also, a collar C
has velocity v and acceleration a. along the rod. Determine the velocity and acceleration of

the collar at this instant. Solve by fixing the x, y, z axes to rod BD in which case the collar
appears only to have radial motion.

Given:
rad rad
o1 =4 — w1 =15 —
S
rad rad
wp =5— wy = -6 —
2
S
a=05m b=02m
m m
veB = 3 — acg = 2 —
S 2
S
Solution:
o] 0
v =| 0 |x| O
0 -a
w1 0 o] o] 0
ag = 0 (x| 0O |+]| 0 [x 0 [x| O
0 —a 0 0 —a
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0 o] 0
ve=vg+|VvcB |+| O |x|b
0

0 'l 1

0 w9 0
] 0
+2 0 |x|VcB
7 0

Chapter 20

~1.00
vec =| 5.00
0.80

—28.8
ac =| —545
323

U)N|3

Problem 20-33

At a given instant, rod BD is rotating about the y axis with angular velocity wgp and angular

acceleration @'zp. Also, when 6= 6, , link AC is rotating downward such that & = @, and 8" = a.
Determine the velocity and acceleration of point A on the link at this instant.

Given:
rad
wBD = 2 — 61 = 60 deg
S
rad rad
@wBD = 5 — w) =2 —
2 S
S
rad
L=3ft ap =8 —
2
S
Solution:
—w2 —a2
® =| -wBD a = | -&Bp
0 0

0 0
-oBD | x ® ra = LCOS(HJ_)
0 ~Lsin(6y)
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ft
VA = O X A va =| —5.196 |—

ft
aAzaxrA+0)x(0)>< rA) ap =| —26.785 =
S

Problem 20-34

During the instant shown the frame of the X-ray camera is rotating about the vertical axis at e, and
@,. Relative to the frame the arm is rotating at @ and @', - Determine the velocity and acceleration
of the center of the camera C at this instant.

Given:
rad
w; =5— =125m
S
rad
a)'Z:2—2 b=175m
S
rad —
Wre| = 2 — c=1m
S
1 — 1 rad " P -.:-:1-
Wrel = 5 A H
S -
Solution:
0
® = | @rel
w7
0 0
o=|%e |+| 0 |xw
[()IZ w7
0 -a 0 -6.75
m
ve=|0|x| 0 |+ox|b vc=|-625|—
S
w7 0 C 0
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aw; 0 0 28.75

ac = | —a@, | T X b|l+ox|ox|b ac =| —26.25

UJN|3

Problem 20-35

At the instant shown, the frame of the brush cutter is traveling forward in the x direction
with a constant velocity v, and the cab is rotating about the vertical axis with a constant
angular velocity @,;. At the same instant the boom AB has a constant angular velocity 6",
in the direction shown. Determine the velocity and acceleration of point B at the
connection to the mower at this instant.

Given: 7
rad
w1 = 05—
S
rad
g =08 —
S
m
v=1—
S
a=1m
b=8m
Solution:
v a a 5
m
vg =|0|+] O [x|b vg=|-05|—
S
0 -w1 0 6.4
0 a g g a
ag = | -@8 |x|b|+|] 0 |x 0 [x|b
0 0 -w1 -w1 0
-0.25
m
ag =| -7.12 3
0.00 ) S
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At the instant shown, the frame of the brush cutter is traveling forward in the x direction with a
constant velocity v, and the cab is rotating about the vertical axis with an angular velocity a;,

which is increasing at @';. At the same instant the boom AB has an angular velocity ', which is
increasing at . Determine the velocity and acceleration of point B at the connection to the

mower at this instant.

Given:
rad
w1 = 05—
S
. 04 rad
w =VV4 —
1 2
S
rad
g =08 —
S
rad
g =09 —
2
S
m
v=1—
S
a=1m
b=8m
Solution:
v ad a
vg =|0|+| O [x]|Db
0 -w1 0
g a g
ag = | —®10 |x|b|+| O
] 0 -w1

X

VB =

g

0

5
m
-05 | —
S
6.4
a 2.95
m
b ap = | -7.52 =
0 720 ) S

Problem 20-37

At the instant shown, rod BD is rotating about the vertical axis with an angular velocity wgp
and an angular acceleration agp. Link AC is rotating downward. Determine the velocity and
acceleration of point A on the link at this instant.
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Given:
rad il i
wgp =7 — 6 = 60 deg B
S
rad rad > oap
ogp =4 — 0 =2 — e |___
2 S Dl ag;
S -
A
rad
| =08m g =3 —
2
S Y
Solution: ¥
.
-4 0 A z 1
| A ’
o= 0 r = 1| sin(6) ! et
|
®BD cos(6) b
|
| Al MRa
|
A 0 I y
|
o = o |+|] 0 |[x@w T TTTTTTTT >
aBD @WBD
-4.85
m
VA = oxT va=| 080 | —
S
-1.39
-13.97
m
aA=a><I’+0)><(0)><r) ap =| —35.52 =
-368 ) S

Problem 20-38

The boom AB of the locomotive crane is rotating about the Z axis with angular velocity @, which is
increasing at «';. At this same instant, = 6, and the boom is rotating upward at a constant rate of
0' = w,. Determine the velocity and acceleration of the tip B of the boom at this instant.

Given:

rad
w1 = 05—

S

. 3 rad

w1 =3 —

1 2

S

61 = 30 deg
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rad
wp =3 —
S
L=20m
r=3m
Solution:
0 0 @7 0
VB = 0 |x|r|+] 0 [x LCOS(HJ_)
w1 0 o LSin(Hl)
B = | _g°r || “192 | x Leos(61) |+| 0 |x|| 0 || Lcos(ér)
0 w1 LSin(Hl) w1 w1 LSin(Ql)
-10.2 -31.0
m m
vg = | -30.0 | — ag = | ~1610 | —
S
52.0 —90.0 ) S

Problem 20-39

The locomotive crane is traveling to the right with speed v and acceleration a. The boom AB is
rotating about the Z axis with angular velocity @, which is increasing at @';. At this same instant, &

= ¢, and the boom is rotating upward at a constant rate of &' = @,. Determine the velocity and
acceleration of the tip B of the boom at this instant.

Given:

m
vV=2—
S
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m .
a=15 —2 “
S N — ____.-"')-"-,_.
rad By
a)l — O 5 — T _.-""-'
) -
ff.:'] L _.-"'"-'
rad - b
a)ll _ 3 _2 (1] ] \\__': .--._____,-""-'
s || -~
_ " —
61 = 30 deg ":‘" ¢
Al |
ko — e
rad IEREEE r
wp =3 —
s
L=20m
r=3m
Solution:
0 0 0 07) 0
vg =|Vv|+]| 0 |x|r|+]|] 0 |x LCOS(Hl)
0 ] 0 1 Lsin(&l)
0 —w1r 0 0 @? @? 0
ap = |a|+ _a)12r +| o1op | x| Leos(61) |+] 0 |x|| 0 |x|Lcos(6r)
0 0 @1 Lsin(@l) 1 1 Lsin(@l)
-10.2 -31.0
m m
Vg =| 280 | — ag = | ~1595 | —
S
52.0 —90.0 ) S

*Problem 20-40

At a given instant, the rod has the angular motions shown, while the collar C is moving down relative

to the rod with a velocity v and an acceleration a. Determine the collar’s velocity and acceleration at
this instant.

Given:
ft
V=06—

S
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rad
o] =8 —
=12
w1 = 5
s
6 = 30 deg
ft
a = 2 - e
2
s >
b =08ft
Solution:
0 0 0
ve =V cos(6) |+] O [x| bcos(6)
—sin(6) w1 —bsin(6)
0 0 0 0 0 0
ac =a cos(6) [+]| O |x| bcos(d) |+| O |x|| O |x]| bcos(6)
—sin(6) @'l ~bsin(6) 1 1 ~bsin(6)
0 0
+2 0 |x| vcos(6)
w1 —vsin(6)
-5.54 -91.45
ft ft
vc=| 520 ; ac =| —42.61 >
-3.00 -1.00 ) ®

Problem 20-41

At the instant shown, the arm OA of the conveyor belt is rotating about the z axis with a constant
angular velocity @, while at the same instant the arm is rotating upward at a constant rate a,. If the

conveyor is running at a constant rate r' = v, determine the velocity and acceleration of the package
P at the instant shown. Neglect the size of the package.

Given:

707



Engineering Mechanics - Dynamics Chapter 20

rad =
wy =48 r==6ft
0 = 45 deg
Solution:
10) 0
o=|0 a=0|xw
o1 ]
0 0
p = rcos(@) Viel = vcos(@)
rsin(e) vsin(@)
VP = Vpe| + @ X I'p apzocxrp+u)><(m><rp)+2mxvre|
-25.5 161.2
ft ft
vp =| -134 |— ap = | —248.9 | —
S
205 396 )5

Problem 20-42 T

At the instant shown, the arm OA of the
conveyor belt is rotating about the z axis with
a constant angular velocity @y, while at the

same instant the arm is rotating upward at a
constant rate @,. If the conveyor is running at
the rate r' = v which is increasing at the rate
r' = a, determine the velocity and acceleration
of the package P at the instant shown. Neglect
the size of the package.

Given:

rad rad
w =6— w) =4 —

S S

ft ft

v=5— a:8—2

S S
r==6"ft 0 = 45 deg
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Solution:
107) 0 0
o=|0 a=|0 |xo rp = | rcos(6)
1 w1 rsin(6)
0 0
Vrg| = vcos(e) arel = acos(e)
vsin(6) asin()
VP = Vgl + @ X I'p ap=are|+(x><rp+m><((o><rp)+20)><vre|
-25.5 161.2
ft ft
vp = | 134 | = ap =| 2432 | —
205 339 )5

Problem 20-43

At the given instant, the rod is spinning about the z axis with an angular velocity @, and angular
acceleration @';. At this same instant, the disk is spinning, with @, and @', both measured
relative to the rod. Determine the velocity and acceleration of point P on the disk at this instant.

Given:
rad
w1 = 3— a=2ft
S
rad
w1 =4 — b=3ft
2
S
rad
Wy =2 — c=4ft ;
S 1 ]
rad
op) :1—2 r =05 ft i
S
Solution: v
0 b @2 0
vp=| 0 |x|c|+| 0 |x]|-r
w1l 0 [ag} 0
-10.50
ft
vp=| 900 [—
S
-1.00
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0 b 0 0 b —41.00
ap=| 0 [x|c|+] O |x|| O |x|c]||.. ap = | —17.50 |—
@1 0 1 1 0 —050 )3
@2 0 @2 @2 0
+| 0@ | x| —r|+| 0 [x|| O |[x|-r
@1 0 1 ™ 0
*Problem 20-44
At a given instant, the crane is
moving along the track with a
velocity vp and acceleration acp.
Simultaneously, it has the angular
motions shown. If the trolley T is
moving outwards along the boom
AB with a relative speed v, and
relative acceleration a,, determine
the velocity and acceleration of
the trolley.
Given: e
rad rad
w1 =05— &1 =08 —
S
rad rad
w =04 — @y =06—
S 2
S
m
vep = 8 — acp =9~
S
m
Vr=3_ ar=5_ Il =3m
S 2
S
Solution:
-VeD -acp 2 @2
VA = 0 ap = 0 o=|0 o =|ww
0 0 w1 w1
0 0 0
r = I Vrel = Vr arel = ar
0 0 0
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-9.50
m
VT = VA+ Vel + O XTI vr=| 3.00 | —
S
1.20
—14.40
m
a-|-:aA+are|+a><r+m><((n><r)+2m><v,—e| ar=| 3.77 >
420 )%
Problem 20-45 £
At the instant shown, the base of the robotic arm #
is turning about the z axis with angular velocity £

@y, which is increasing at ;. Also, the boom
segment BC is rotating at constant rate wg.

Determine the velocity and acceleration of the
part C held in its grip at this instant.

Given:
rad
S
rad
a)']_ =3 —2 b=07m
S
rad
wBC = 8 —
S
Solution:
0 —w1 WBC b
® =| WBC a = 0 r=10
w1 @'1 0
0
m
VC=moxTr vc=| 28 | —
S
-5.6
-56
m
aczaxr+0)x((n><r) ac=| 21 >
0 S
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Problem 20-46

At the instant shown, the base of the robotic arm is turning about the z axis with angular velocity a;,
which is increasing at @';. Also, the boom segment BC is rotating with angular velociy wgcwhich is
incrasing at wzc. Determine the velocity and acceleration of the part C held in its grip at this instant.

Given:
rad rad
w =4 — w1 =3 —
2
S
rad rad
wgc =8 — wBCc =2 —
S 2
S
a=05m b=07m
Solution:
0 —w1 WBC
o =| @BC o = WBC
w1 @1
b -
r = 0 X >
0
0
m
VC=moxTr vc=| 28 | —
S
-5.6
ac = a x I’+0)><(0)>< r)
-56
ac=1| 2.1 m
C= . 5
-14) S

Problem 20-47

The load is being lifted upward at a constant rate v relative to the crane boom AB. At the instant
shown, the boom is rotating about the vertical axis at a constant rate @;, and the trolley T is moving

outward along the boom at a constant rate v,. Furthermore, at this same instant the rectractable arm
supporting the load is vertical and is swinging in the y-z plane at an angular rate @, with an increase in
the rate of swing o,. Determine the velocity and acceleration of the center G of the load at this

instant.
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Given: T
rad rad
0wl =4 —  ap=7—
2
S
rad
w=5— h=3m
S
] }I
Vi =2 — s1 =4m
S
i
m
Vv=9—
S |
Solution:
0 0 0 0 0 0 0 0
VT:Vt+0x51 aT:0><0><51+20XVt
0 w1 0 24} 24} 0 w1 0

Vg =VvT+|0|+| O |x]| O

Vv w1 —h
a 0 @2 @2 0 @2 0
ag = at+| wqw | x| 0 [+] O |x|| O |x| O ||+2 O |x|O
0 -h) o1 w1) \-h w1) \V
-16.0 -136.0
m m
ve=| 17.0 | — ag =| —-133.0 =
s
9.0 750 ) S
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Problem 21-1

Show that the sum of the moments of inertia of a body, 1+l +1,, is independent of the orientation
of the x, y, z axes and thus depends only on the location of the origin.

Solution:

|xx+|yy+|zz=J y2+22dm+J' x2+22dm+l[ x2+y2dm

IXX+IW+IZZ:2‘[ X2+y2+22dm
m

However, x2+ y? + z2 = r2 , where r is the distance from the origin O to dm. The magnitude | r |
does not depend on the orientation of the x, y, z axes. Consequently, I,,+1,, +1,, is also

independent of the x, y, z axes.

Problem 21-2

Determine the moment of inertia of the cylinder with respect to the a-a axis of the cylinder. The
cylinder has a mass m.

[
o dy
s
a !
RS I |1I
I\
- H"‘-\..l.
B
h a
i
Solution:
h m
m:J pﬂazdythﬂ'a p=—-
2
0 hra
h
m a2 21 2 m (1 4 1 23
Iaa:—2 — +y |(za” dy| = 2—h7za +—mah
hra 0 4 h za 4 3
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2 2
I :ma—+h—
aa 4 3

Problem 21-3
Determine the moments of inerta I, and I, Z
of the paraboloid of revolution. The mass
of the paraboloid is M. {i]f o
o
Given: \ —T
M = 20 slug 0
r=2ft : ¥
h=2ft
Solution: A L5
h
2 M
V = rr=d = —
[ere -t
0
~h
10 2y\(,2Y 2
Iy = —| = r=|d Iy = 26.7 slug-ft
X P 2(” h)( h) y X g
“0
°h
1
ly = P ;rrzz — rZZ + y2 dy ly = 53.35Iug«ft2
) h)L4\' h
0

*Problem 21-4

gt

Determine the product of inertia I, of the — g " b -
body formed by revolving the shaded
area about the line x =a +b. Express
your answer in terms of the density p.

Given:
a=3ft
A
b=2ft
c=3ft
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Solution:
a
k = J [Zﬂc/z(a+ b—x)}(a+b)£/zdx
a 24 a
0
5
Ixy = kp k = 636ft
Problem 21-5

Determine the moment of inertia I, of the body formed by revolving the shaded area about the line
X =a + b. Express your answer in terms of the density p.

Given: ¥
a=3ft L ik —
b=2ft
c=3ft
A
Solution:

a
k = J |:2ﬂC\/§(a+b—X):|I:(a+b—X)2+(a+ b)2] dx
0

ly=kp k= 4481ft°

Problem 21-6

Determine by direct integration the product of inertia I, for the homogeneous prism. The density of
the material is p. Express the result in terms of the mass m of the prism.

Solution:
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1
Iyz = Emah

Problem 21-7

Determine by direct integration the product of inertia I, for the homogeneous prism. The density of
the material is p. Express the result in terms of the mass m of the prism.

x h
j /G(E'-"’ T)
1

o .

Solution:

P ="
a2h

717



Engineering Mechanics - Dynamics

a

2m a-y
Ixy = - h(a—Y)y(T) dy =
a"h
0
| —iazm
Y12

Chapter 21

1 2/ m
12 a

*Problem 21-8

Determine the radii of gyration k, and k,

for the solid formed by revolving the
shaded area about the y axis. The density
of the material is p.

Given:
a=4ft “
b =025 ft |
X
I
p =12 S_L;g
ft L a -
Solution:
a
b
5 r a2 b2
M = pra dy+ | pz——dy M = 292.17 slug
0 y2
b
b a
a2 ) 5 ( a2b2 ) a2 b2 9
Iy = P " +y |ma"dy+ | p > +y T dy Iy = 948.71 slug- ft
0 X 4y y
b a
2 ( 2,2 2,2
a 2 ab ab 2
ly = P Y ma dy+ | p — 7 dy ly = 1608.40 slug- ft
0 2y y
b
Ix
kx = — kx = 180ft
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Problem 21-9

Determine the mass moment of inertia of the homogeneous block with respect to its centroidal x'

axis. The mass of the block is m.

L ]

/ th

Solution:
m
m = pabh = —
» P = abh
h
m 2 1 2 2
Iy = — —a +7 |abdz=
abh 12
—h

Iy = 1—”;(&12 + h2)

_m ia3bh+iabh3
12

abh\ 12

Problem 21-10

Determine the elements of the inertia tensor for the cube with respect to the x, y, z coordinate system.

The mass of the cube is m.
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Chapter 21
Solution:
2 2
Ixx = lyy = Izz = -ma .
3 “a
2 2 &
Iyy = Ixz = —m a :—ma— I
xy = Ixz 5 1
2 2 A ¥
yz= "5 ) TN o .4
2 4 --.____.-' Jrf-r H'\{:H
X / .
.rfr R‘“‘
1 1
ma2 8 3 3 X
l=——|3 8 -3
12
3 -3 8

Remember to change the signs of the products of inertia to put them in the inertia tensor

Problem 21-11

Compute the moment of inertia of the
rod-and-thin-ring assembly about the z axis.
The rods and ring have a mass density p.

Given:

p=2—
m

I = 500 mm

h = 400 mm

N
Il

120 deg

Solution:

ASS
I

o

o

o

wn
7/
— =
N

N
I

2
- 3(p|%sin(¢)2j + p(270) ¢ I, = 0.43kg-m?
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*Problem 21-12

Determine the moment of inertia of the cone about the z' axis. The weight of the cone is W, the
height is h, and the radius is r.

Given:
W=151b
h=15"ft
r=05ft :
= 32.2 ft
g = ac. >
S
Solution:

r
6 = atan| —
9

2
3 3n

I = —~wlar? + 1) - w[ "
80 4

3 2
Iy = IX IZ = EWI’
ly = Iysin(6)® + 1,cos(6) I = 0.0962 slug- ft>

Problem 21-13

The bent rod has weight density . Locate the center of gravity G(x', y') and determine the principal
moments of inertia I, I, and 1, of the rod with respect to the X', y', z' axes.

Given:
_15k l
y =1L ft
a=1ft
b=1ft ¥
—322E
g = ac. >
S
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Solution:
2aE +ba
X = — X' = 0.667 ft
2a+b
b
ab+ bE
(g — ' = 0.50 ft
y 2a+b i
2 2 1 2 b 2 2
Iy = yay'"” +ya(b-y) + Eybb + yb(z - y') Iy = 0.0272 slug- ft
2 2 a 2 2 2
ly = E},aa T 27""(5 _ x') +yb(a—-x) ly = 0.0155slug-ft
2
7 = Iy + Iy I = 0.0427 slug- ft

Problem 21-14

The assembly consists of two square plates A and B which have a mass M, each and a
rectangular plate C which has a mass M. Determine the moments of inertia I,, 1, and 1.

Given:
Ma = 3 kg
Mc = 4.5 kg
6 = 60 deg s
61 = 90 deg N
&> = 30 deg I
a=03m — 3
b=02m
c=04m

Solution:

Ma

PR = (2b)
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C
Iy = %MC(Za)Z " 2J pa(2b) (a + £cos(6)? + (¢sin(0)?] a2
0

b rc
ly = %MC(Zb)z n 2J J oalo® + Zsin(0)?) de dx
“b Y0

b rc
Iz = %Mc[(zb)2 v 2?4 ZJ J Pl + (a+ zcos(6)°] 0z ax
-b -0

Iy = 1.36 kg-m> ly = 0.380kg:m® I, = 1.25kg-m*

Problem 21-15

Determine the moment of inertia I, of the composite plate assembly. The plates have a specific

weight .
Given: -
6 Ib
y=0—
ft? -+
_t
a=05ft —
b = 05 ft __4‘_"1.?..{ T ¥
c =0.25ft
X
= 32.2 ft
g = oe >
S
Solution:

a
6 = atan| —
(b)

2 2 2

12
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2 2 02
I = yc24/a" +b 3

2
Iy = 2(|1 sin(6)° + 1 cos(@)z) + 7(2a)(2b) % Iy = 0.0293 slug- ft°

*Problem 21-16

Determine the product of inertia I, of the composite plate assembly. The plates have a specific
weight 7.

Solution:

Due to symmetry,

IyZZO

Problem 21-17

Determine the moment of inertia of the composite body about the aa axis. The cylinder has
weight W, and each hemisphere has weight W;..

Given:
We =201b
Wp =101b
b=2ft
c=2ft
—322ft
g = ac. >
S [ -l
Solution:
c
6 = atan| —
9
o= 222 b [S) I, = 0.56 slug ft?
7= 5 h > > c > z=U. g
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83 c 2 b 3¢ 2 b2 c 21
ly =2—Wh|Z| +2Wh| - +—<| +W—=+|Z| —
320 2 2 82 12 2) 4

2

ly = 1.70slug-ft

laa = 1;¢08(6)° + Iysin(6)* laa = 1.13slug-ft>

Problem 21-18

Determine the moment of inertia about the z axis of the assembly which consists of the rod
CD of mass Mg and disk of mass Mp,

Given:
MR = 1.5 kg o
Mp = 7 kg

r = 100 mm 5o

I = 200 mm 'i

Solution:

r
0 = atan(T)

1 1
EMRIZ + ZMDrZ + MDI2

I1 =
.__!l
&

I =11

1 2
Il = =Mpr
3=7Mp
1 0 0 I1 0 0Y1 o 0

Imat = || 0 cos(6) sin(6) || 0 12 0 | 0 cos(6) -sin(6)
0 —sin(e) cos(e) 0 0 I3)\0 sin(e) cos(@)

Iz = Imat, I, = 0.0915 kg-m>
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Chapter 21

The assembly consists of a plate A of weight W,, plate B of weight W, and four rods each of weight

W,. Determine the moments of inertia of the assembly with respect to the principal x, y, z axes.

Given:
Wp =15 1b
Wg = 40 Ib
Wy =71b
ra = 11t
rg = 4 ft
h=4ft

Solution:

L = (I’B— rA)2+h2

i
0 = asin| —
L

2
L L
Iy = 2wr(?j sin(6)° + z{wr(
I‘A2
+ Wp v + WAh2

ly = Ix by symmetry

2
I; = 4{Wr|1_—2 cos(té’)2 + Wr(

Ix 20.2
ly | = 20.2 |slug ft?
I, 16.3

0 = 53.13deg

Jou

b

h

*Problem 21-20

The thin plate has a weight W, and each of the four rods has weight W,. Determine the moment of
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inertia of the assembly about the z axis.

Given:
[!
Wr - 3 Ib
h=15ft
a=05ft fn
Solution: V4
/ g
Iy

L =+ h2+a2+a2 ffi”'
F

1 _ 1
Iz = 45Wr L?sin(6) + Ewp[(za)2 + 2?1, = 00881 slug >

Problem 21-21

If a body contains no planes of symmetry, the principal moments of inertia can be determined
mathematically. To show how this is done, consider the rigid body which is spinning with an angular
velocity o, directed along one of its principal axes of inertia. If the principal moment of inertia about
this axis is 1, the angular momentum can be expressed as H = lo = lai + 1gj + oK. The

components of H may also be expressed by Eqgs. 21-10, where the inertia tensor is assumed to be
known. Equate the i, j, and k components of both expressions for H and consider «,, @, and @, to be
unknown. The solution of these three equations is obtained provided the determinant of the
coefficients is zero. Show that this determinant, when expanded, yields the cubic equation

I3 '(Ixx+ Iyy+ Izz)I2 + (Ixxlyy+ Iyylzz+ Izzlxx' szy' I2yz'|2zx)I '(Ixxlyylzz' 2|xy|yz|zx' Ixxlzyz' Iyylzzx' Izzlzxy) =
0. The three positive roots of I, obtained from the solution of this equation, represent the principal
moments of inertia l,, I, and I,.

Solution: p
v
H=lo = loxi + layj + ok
(™=
Equating the i, j, and k components to the scalar k‘n._{w
(Eqg. 21 - 10) yields

('xx - |)a)x — Ixyoy — Iz, =0 (0]

—lyxa)x + (lyy - |)(0y — Iyza)z =0
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—sza)x - Izya)y + (IZZ - I)a)z =0
Solution for nontrivial @, &, and @, requires
(ha=1) by -l

—lyx - (lyy—=1) Iy [=0

“lx =y (121

Expanding the determinant produces the required equation

Chapter 21

Problem 21-22

Show that if the angular momentum of a body is determined with respect to an arbitrary point A, then

H, can be expressed by Eq. 21-9. This requires substituting p, = pg + pga into Eq. 21-6 and
expanding, noting that prdm = 0 by definition of the mass center and Vg =Va+ ® X pga.

&
|
Solution: X
r
Ha = pAdeVA+J’ pr(mpr)dm
r
Ha = pG+pGAdeVA+J (pc +pca)x[ox (pc + paa)] dm
r
Ha = demeA+pGA><mVA+J pGx((oxpg)dm+4[ demx((oxpGA)

+ PGA X wXJ pG dm|+pgax (@x pga)m
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Since J'p(;dm:O and HG:J’ pG x (0 x pg) dm

HA = pGA X MVA+HG + pGax % (pGA)m = pgax MVA + @ x pga) + Hg

Ha = pgx mvg + Hg Q.E.D

Problem 21-23

The thin plate of mass M is suspended at O using a ball-and-socket joint. It is rotating with a
constant angular velocity @= @k when the corner A strikes the hook at S, which provides a

permanent connection. Determine the angular velocity of the plate immediately after impact.

Given: -
M = 5 kg A @
. I
rad S
o] =2—
S : 4
[ iy L a
a = 300 mm ‘Q:“'“‘m%
X :
b = 400 mm B
Solution: }
Angular Momentum is conserved about the line OA. . T e
0 ]
OA E—
|0A]
-b
1 2 1 2
lp = =Mb I3 = —M(2a 1 =1l +1
2 =73 3 = ;M) 1=1I2+13
1 0 O

Imat: 0 |2 0
0 0 I3

T
lopa = 0a Imatoa

Guess wy =1—
S
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0
Given Imat 0 Oa = Ioawz
w1
0.00
. rad
wy = Flnd(wg) wy0a = | —0.75 <
1.00

*Problem 21-24

Rod AB has weight W and is attached to two smooth collars at its end points by ball-and-socket
joints. If collar A is moving downward at speed v,, determine the kinetic energy of the rod at the

instant shown. Assume that at this instant the angular velocity of the rod is directed perpendicular
to the rod’s axis.

Given: |
W=561Ib

ft
VA=8Z

a=3ft

b==6"ft

c=2ft

Solution: L = \/ a2 + b2 + 02

Guesses 7

wx c
Given 0 + oy |x| b |=]0
2
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vB
o 0.98
Wx ) rad ft
= Find(vg, ox, oy, @;) o =| @y ©=|-106 |——  vg=1200—
“y o 147
w7
C
0 2
2
b 1(w (W)L
vg=| 0 |+ox > = E(_)(VGVG) + E(_) E(mm) T = 6.46 Ib-ft
2

Problem 21-25

At the instant shown the collar at A on rod AB of weight W has velocity v,. Determine the kinetic

energy of the rod after the collar has descended a distance d. Neglect friction and the thickness of the
rod. Neglect the mass of the collar and the collar is attached to the rod using ball-and-socket joints.

Given: |
W =61lb 1
ft
vp =8 —
S
a=3ft
b==6*ft
_1.
c=2ft
d=3ft
Solution: l_/
L :\/a2+b2+02
Guesses
ft rad
vg = 1— wy =1 —
S S
rad rad
oy =1— w; =1—
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0 24 c VB wx c
. ft
Given 0 |+|awy|x| b |=|0 oy || b |=0—
s

VB
Ox .
= Flnd(vB,a)X,a)y,a)z)
wy
wz
wx 0.98
rad ft
o = a)y o=|-106 T VB = 12()0?
w; -1.47
C
0 2
b
VG = O + ® X E
—a
2

Ty = %(%)(VG'VG) + %(g)&—g(m-m) Tq = 6.46 Ib-ft

In position 2 the

center of mass has d
fallen a distance d/2 T1+0=Ty - W(E)

d
Tp =T1+ W(Ej Ty = 155 Ib-ft

Problem 21-26

The rod AB of mass Mg is attached to the collar of mass M, at A and a link BC of mass Mg using

ball-and-socket joints. If the rod is released from rest in the position shown, determine the angular
velocity of the link after it has rotated 180°.

Given:
Mag = 4 kg
Ma = 1 kg
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MBc = 2 kg
a=12m
b=05m
2

c = a2+b

Solution:

2
6 = atan| —
a

1 . 1
I = EMABCZ sm(e)2 + EMBC b2

Guess w=1—

. 1
Given (MAB + MBC)gb = Ela)2

Chapter 21

Problem 21-27

The rod has weight density yand is suspended from parallel cords at A and B. If the rod has angular
velocity @ about the z axis at the instant shown, determine how high the center of the rod rises at the

instant the rod momentarily stops swinging.

Given:
B Ib
Y=
rad
w=2—
S
a=3ft
= 32.2 ft
g = ac. >
S
Solution:

T1+V1=Tr+ V>
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1M1 2
—[— M}(Za)2 o = y2ah
2112 ¢
2
h iaz(a)_j h = 2.24in
6 g

*Problem 21-28

The assembly consists of a rod AB of mass mug Which is connected to link OA and the collar
at B by ball-and-socket joints. When 8= 0 and y = y;, the system is at rest, the spring is

unstretched, and a couple moment M, is applied to the link at O. Determine the angular
velocity of the link at the instant 6= 90°. Neglect the mass of the link.

Units Used:
KN = 10° N
Given:
mag = 4 kg
M=7Nm
— ~¥
a = 200 mm v a ~
5= - W
y1 = 600 mm '
kN
k=2—
m
Solution:
2 2 2
L=,a +a" +y]
1 2
| = —maplL
3 AB
6=L-yn
rad
Guess w=1—

a 1 1
Given mABQE + M(90 deg) = Elw2 + Ekéz

734



Engineering Mechanics - Dynamics Chapter 21

o = Find(o) o= 6.10%

L rad
WOA = O— oA = 20.2—
a S

Problem 21-29

The assembly consists of a rod AB of mass mug Which is connected to link OA and the collar
at B by ball-and-socket joints. When 8= 0 and y = y;, the system is at rest, the spring is
unstretched, and a couple moment M = My(bé + c), is applied to the link at O. Determine the
angular velocity of the link at the instant €= 90°. Neglect the mass of the link.

3

Units Used: kN = 10" N
Given:
mag = 4 kg
Mp=1Nm a”
S0
y1 = 600 mm A~
T (=] Z
T H W, 1_9‘\\
a = 200 mm il ik
b=4 = . s v
S _
c=2 '
kN
k=2—
m
Solution:
2 2 2
L=,a" +a" +y]
1 2
| = —maplL
3 AB
6=L-yn
rad
Guess o=1—
S

90 deg 1 9 1
Given mABgE+J Mo(b9+ c)dQ:EIw +Ek52
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L

Chapter 21

rad

rad
w=522— WOA = O— wop = 17.3—
S a S

Problem 21-30

The circular plate has weight W and diameter d. If it is released from rest and falls horizontally a
distance h onto the hook at S, which provides a permanent connection, determine the velocity of
the mass center of the plate just after the connection with the hook is made.

Given:

W =191b

d=15ft

h=25ft

ol
_3o L T
g = ac. >
S

Solution:

ft h
Vg1 =4/ 2gh Va1 = 12.69 —
s

G- G- |

8vG1 rad

Wy = wp = 13.53—
5d s

d ft

VG2 = @ — Vg2 = 10.2—
2 S

Problem 21-31

A thin plate, having mass M, is suspended from one
of its corners by a ball-and-socket joint O. If a stone

,
strikes the plate perpendicular to its surface at an —
adjacent corner A with an impulse |, determine the U a
instantaneous axis of rotation for the plate and the = \ TNy
impulse created at O. 1/ \ >

Given: /\ > .
M = 4 kg \// .
a = 200 mm
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0 = —45 deg
-60
IS = O NS
0
Solution:

Il = =Ma®  Ip = ~Ma’

2
I3 =1o Irg = Ma—
3 4

1 0 0
Cmat =| 0 cos(@) sin(e)
0 —sin(e) cos(e)

i1 O 0

T
Imat = Cmat| 0 12 -123 [Cmat

0 -log I3
lox 1 Vx 1 @x 1
m rad
Guesses loy|={1|Ns Wl=]1]— wy | = .
S S
loz 1 vz 1 0z 1
Given
lox Vx
Is+| loy | = M| vy
loz vz
0 Wy
a
ﬁ -1 |xls = Imat| @y
_1 w;
wy 0 Vyx
0
S ol IR Bl B
0] ﬁ vz
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Wy

Vx

Vy

Vz
lox N

Impulse = | loy o =| oy axis =
loz Wz

a)y = Find(IOX,IOy,IOZ,wX,a)y,wz,Vx,Vy,Vz)

(O]

|l

8.57
Impulse = | 0.00 |N-s
0.00

0.00
axis=| 0.14
-0.99

Chapter 21

*Problem 21-32

Rod AB has weight W and is attached to two smooth collars at its ends by ball-and-socket joints.
If collar A is moving downward with speed v, when z = a, determine the speed of A at the instant

z = 0. The spring has unstretched length c. Neglect the mass of the collars. Assume the angular

velocity of rod AB is perpendicular to its axis.

Given:
W=561Ib
ft
vp =8 —
S
a=3ft
b==6*ft
c=2ft
k=40
ft
o =2ft _1/
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= 32.2 ft
g =92z~
S

L :\/a2+b2+02

Solution:

First Position

Guesses
ft rad
vBL=1—  ox=1—
s S
rad rad
y=ioensiYs
0 wx1 c VB1
Given 0 |+|oy1|x| b |=]0
wx1 C
ft
wyl b |=0 ;
wz1 J)\8
wx1
wx1 0.98
wy1 ) rad
= Find(wx1, y1, @71,VB1) 01 =| oyl 01 =|-106 |—
e a7) °
wz1 :
VB1
0 C
1
vg1 =| 0 [+o1x E b
—VA —a
6.00
ft
ve1=| 0.00 |=
-4.00
1w 1w L2
T1 = =—(vg1-vg1) + = — —(01-0 T1 = 6.46 Ib-ft
1 29(6161)2912(1 1) 1

Work - Energy T1+V1=Tr+ Vs
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2
a 1 (]

Second Position Note that B becomes the instantaneous center

ft ft
1— vgy =1 —
S S

Guesses VA2

S

rad rad
1

— oy

S

Il
'_\

0x2

wpp =1—

Given 0 +| wy2 | x b =| 0

) | o 0 0

VA2
VB2 Ox2 2.23

. rad ft
wx2 | = Find (VA2 VB2, Wx2, Wy2, 0)22) oy | =| -1.34 o vgz = 0.00 5
wy2 w72 0.00

ft
wz2 vao = 18.2—
S

Problem 21-33

The circular disk has weight W and is 1 ™
mounted on the shaft AB at angle & with i :
the horizontal. Determine the angular
velocity of the shaft when t=t; if a

constant torque M is applied to the shaft. = 4
The shaft is originally spinning with angular M 7
velocity e, when the torque is applied. -

o '.-:;-]

-8
.
o
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Given:
W =151b
6 = 45 deg
t1 =3s
M = 2 Ib-ft
rad
w =8 —
S
r = 0.8ft
ft
g =322 -
s
Solution:
2 2
W[ r Wil r
g = | — || = feos(0)? + [ || = |sin()®  1ag = 011 1b-ft.82
g/\ 4 g/\2
M rad
oa = — W) = w1 + atq wy = 61.7—
IAB S

Problem 21-34

The circular disk has weight W and is mounted on the shaft AB at angle of & with the horizontal.
Determine the angular velocity of the shaft when t =1t if a torque M = Moebt applied to the shaft. The
shaft is originally spinning at @, when the torque is applied.

Given:

W =151b
0 = 45 deg M

F
e
g Voo
A = f /,"’ / ]
tg] =2s | — a_.. ——— i g

alth, Y 3
Mg = 4 Ib-ft M
rad

L

o] =8 —
S

r =028 ft
ft

g=32.2—2
S
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b=01s

Solution

(2t 2

1

Iag = 0.11 Ib-ft-s°

rad

Chapter 21

Problem 21-35

The rectangular plate of mass m,, is free to rotate about the y axis because of the bearing supports

at A and B. When the plate is balanced in the vertical plane, a bullet of mass m is fired into it,
perpendicular to its surface, with a velocity v. Compute the angular velocity of the plate at the

instant it has rotated 180°. If the bullet strikes corner D with the same velocity v, instead of at C,
does the angular velocity remain the same? Why or why not?

Given:
Mp

Mp

<
Il

QD
Il

o
Il

(=]
Il

Solution:

Given

2000 2
S

150 mm

150 mm

15 kg

0.003 kg

9.81 L
2

S

Guesses W) =

mpva 1m a2
=— a)
b 3 p 2

1
—m
2

2

a 2+mga
— w —
P73 2 PYy

1
==m
2
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@2 rad rad
( ] = Find(a)g, a)3) wy = 8.00 — w3 =214 —
3 S S

If the bullet strikes at D, the result will be the same.

*Problem 21-36

The rod assembly has a mass density o and is rotating with a constant angular velocity o= @k

when the loop end at C encounters a hook at S, which provides a permanent connection.
Determine the angular velocity of the assembly immediately after impact.

Given:

ki
p =25 9

m

. (!

a=05m ,*? e~ S

rad } o S
w =2 — f t Ty
h=05m ,

|'|' !
Solution: |
N 2 |
o |

0

OC =] a -
T -"f.
—-h
1 3 1 3 2
1 = —ph™ + —p(2a)~ + p2ah
1=3F 12p( )" +p
1

I, = 5,1)h3+,02ah2 I3=11-1

11 0 O

T

Imat =| 0 12 0 loc = oc ImatoC

0 0 I3

rad
Guess wy =1 —
S
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0

rad
Given Imat| O |oc = locwy @y = Find(a)g) @y =-0.63—
S
w1
0.00
rad
@poc = | -0.44 | —
S
0.44

Problem 21-37

The plate of weight W is subjected to force F which is always directed perpendicular to the face
of the plate. If the plate is originally at rest, determine its angular velocity after it has rotated one
revolution (360°). The plate is supported by ball-and-socket joints at A and B.

Given:
W=151Ib
F=81Ib
a=04ft
b=12ft
ft
g =322 -
S
Solution:
a
0= atan(g) 6 = 18.43deg

o = (g )t () oo

Iag = 0.0112 Ib-ft.s>

Guess w=1—

Given Facos(&)(Z;r) = %lABa)Z

= Find(a)) o= 58.4%
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Problem 21-38

The space capsule has mass m and the radii of gyration are k, = k, and k. If it is traveling with
a velocity v, compute its angular velocity just after it is struck by a meteoroid having mass m,
and a velocity V= (Vi +vyj +V,K ). Assume that the meteoroid embeds itself into the capsule at

point A and that the capsule initially has no angular velocity.
Units Used:
Mg = 1000 kg
Given:
me =35Mg my = 0.60 kg
m
kx = 08 m VX = —200 —_—
S

m
ky = 05 m Vy = —400 ?

m m
VG = 600 — v, =200 —

a=1m b=1m ¢c=3m

Solution:
Guesses
rad rad rad
=1— =1— w =1—
S
2
a Vy ke 0 O oy
Given C |x|mm Vy—VG ||=m¢ 0 ky2 0 wy
—b v
z 0 0 Kk’ J\¥Z
wx wx -0.107
= Find( ) ~| 0000 [
a)y wx, a)ya A a)y ° S
Wy Wy -0.107

Problem 21-39

Derive the scalar form of the rotational equation of motion along the x axis when Q # o and the
moments and products of inertia of the body are not constant with respect to time.
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Solution:
In general
M = :—(Hxi + Hyj + HzK)
t

M = (Hxi + Hyj + H'zK) + Q x (Hyi + Hyj + Hzk)

Substitute Q = Qi + Q) + 2k and expanding the cross product yields

M = (Hx — 2;Hy + QyHy)i + (HYy — QxHz + Q7 Hy)j ...
+(Hz - 2y Hy + 2 Hy)k

Substitute H,, H,, and H, using Eq. 21 - 10. For the i component

d
=My = =f(Ieax ~ hyy = Ixgg) = o lyay = lyzr = Iyxex) ..
dt
+ Qy(lz[{)z — sza)x — Izy(()y

One can obtain y and z components in a similar manner.

*Problem 21-40

Derive the scalar form of the rotational equation of motion along the x axis when Q = o and the
moments and products of inertia of the body are constant with respect to time.

Solution:
In general
M = d_(HXi + Hyj + HzK)
dt
M = (Hi + Hyj + H'zK) + Q x (Hyi + Hyj + Hzk)
Substitute Q = Qi + Q) + 2k and expanding the cross product yields

M = (Hx — 2;Hy + QyHy)i + (HYy — QxHz + Q7 Hy)j ...
+(Hz - 2y Hy + 2 Hy)k

Substitute H,, H,, and H, using Eq. 21 - 10. For the i component

d
ZMX = — (IXC()X - Ixya}y - Ixza)z) - .QZ(Iya)y - IyZa)Z - IyXa)X)
dt
+ Qy(lza)z — sza)x — Izya)y

746



Engineering Mechanics - Dynamics Chapter 21

For constant inertia, expanding the time derivative of the above equation yields

ZMX = (Ixa)lx — Ixya)ly — IXZa)Iz) — Qz(lya)y — Iyza)z — Iyxa)x)
+ Qy(lz[{)z — sza)x — Izya)y

One can obtain y and z components in a similar manner.

Problem 21-41

Derive the Euler equations of motion for Q = wi.e., Egs. 21-26.

Solution:
In general
M = d_(HXi + Hyj + HzK)
dt
M = (Hxi + Hyj + H'zK) + Q x (Hyi + Hyj + Hzk)
Substitute Q = Qi + Q) + 2k and expanding the cross product yields

M = (Hx — 2;Hy + QyHy)i + (HYy — QxHz + Q2 Hy)j ...
+(Hz - 2y Hy + 2 Hy)k

Substitute H,, Hy, and H, using Eq. 21 - 10. For the i component

d
ZMX = — (IXa)X — |Xya}y - |XZa)2) - .Qz(lya)y — |yZCE)Z - |yxa)x)
dt
+ Qy(lza)z — sza)x — Izya)y

Set Ixy = lyz = Izx =0  and require Ix, ly, Iz to be constant. This yields
ZMX = Ixa)lx — Iy.Qz(Uy ar Izgya)z

One can obtain y and z components in a similar manner.

Problem 21-42

The flywheel (disk of mass M) is mounted a distance d off its true center at G. If the shaft is
rotating at constant speed o, determine the maximum reactions exerted on the journal bearings at A
and B.
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Given:
M=40kg a=075m
d=20mm b =125m
rad m e
w=8— g=0981— ~— b
S 32 e

Solution:  Check both up and down positions z

Guesses Agp =1N By =1N

. 2
Given Aup +Byp — Mg = -Mdo

—Aupa+ Bupb =0
Aup Aup 213.25
= Flnd(Aup, Bup) = N
Bup Bup 127.95
Guesses Adown = 1N Bdown = 1 N

. 2
Given Adown + Bdown -M g =M da)

—Adowna + Bgownb = 0

Adown i d(A B ) Adown [277.25) N
= FINd{ Adown > Bdown =
Bdown Bdown 166.35
Thus Amax = maX(Aup, Adown) Amax =277 N

Bmax = maX(Bup,Bdown) Bmax = 166 N

Problem 21-43

The flywheel (disk of mass M) is mounted a distance d off its true center at G. If the shaft is
rotating at constant speed @, determine the minimum reactions exerted on the journal bearings at A
and B during the motion.
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Given:
M=40kg a=075m
d=20mm b =125m
rad m a
w=8— ¢g=981—
S 32

Solution:  Check both up and down positions z

Guesses Agp =1N By =1N

. 2
Given Aup +Byp — Mg = -Mdo

—Aupa+ Bupb =0

Aup ) Aup 213.25
) " (Aup-Bup) Bup ) \127.95 )
up up -

Guesses Adown = 1N Bdown = 1 N

. 2
Given Adown + Bdown -M g =M da)

—Adowna + Bgownb = 0

Adown i d(A B ) Adown (277.25) N
= FInd{ Adown Bdown =
Bdown Bdown 166.35
Thus Am|n = min(Aup, Adown) Am|n =213 N
Bmin = min(Bup,Bdown) Bmin = 128 N
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*Problem 21-44

The bar of weight W rests along the smooth
corners of an open box. At the instant shown,
the box has a velocity v = v,k and an

acceleration a = a;k. Determine the x, y, z

components of force which the corners exert ""
on the bar.
Given:
W=4Ilb a=2ft 7
ft
vi=5— Db=1f
S
ff c=2f f‘c l
a] =2 — X b
2 - -
S
Solution:
Guesses

AX:lIb szllb

Given
AX + BX = 0
Ay + By = 0
BZ -W= _al
- Bx c Ax
—| b ><By+——b><Ay=O
-a B, a 0
Ax
Ay Bx 2.12
_ Ax -2.12
BX = Flnd(AX 5 Ay 5 BX 5 By 5 Bz) = Ib By = —106 Ib
Ay 1.06
By B, 4.25
Bz
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Problem 21-45

The bar of weight W rests along the smooth
corners of an open box. At the instant shown,
the box has a velocity v = v;j and an acceleration

a = a,j. Determine the x, y, z components of
force which the corners exert on the bar.
Given:

W=4Ib a=2ft

ft
V1:3Z b=1ft

ft C = 2 ft e . - i ¥

e
al = -6 —2 r ™ }
S - -
Solution:
Guesses
AX = l Ib BX = 1 Ib
B,=11Ib .
Given
AX =+ BX = 0
Ay + By = _al
BZ - W - 0
—C Bx c Ax
1
—| b |x|By|+—=|-b|x|Ay|=0
2 y Yy
-a B, a 0
Ax
Ay Bx 2.00
_ Ax -2.00
Bx | = Find(Ayx, Ay.By,By,B;) = Ib By | =| -1.37 |Ib
Ay 0.63
By B, 4.00
B;
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Problem 21-46

The conical pendulum consists of a bar of mass m and length L that is
supported by the pin at its end A. If the pin is subjected to a rotation o,
determine the angle @that the bar makes with the vertical as it rotates.

Solution:
I = I, = %m L2
ly=0 wx=0
wy = —wcos(e)

ZMX = Ixa)lx - (Iy - Iz)a)ya)x

—mg@sm(e) _ o_(o_gmﬁj(_wcos(e»(a,sin(g))

1 3
g = —Lm2 cos(@) 6 = acos g
2 3 2
2Lw

Problem 21-47
The plate of weight W is mounted on the shaft AB so that the plane of the plate makes an angle &

with the vertical. If the shaft is turning in the direction shown with angular velocity o, determine
the vertical reactions at the bearing supports A and B when the plate is in the position shown.
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Given:
W =20 Ib il
6 = 30 deg
rad
o =25—
S
a=18in
b=18in
c=26Iin
Solution:
L (w(
X = 9 6
Ix
IZ = E Iy = IZ
wy = wsin(@) wy = —wcos(@)
rad
w7 = 0—
S
Guesses Fa =11b Fe=11b

Given Fa+Fg-W=0

0 oy Ix 0 0\ ax
0 =| oy |x 0 Iy 0 wy
Feb-Faa w; 0 0 I\

Fa _ Fa 8.83
= Find(Fa.Fg) = Ib
Fg Fg 11.17

Chapter 21

S

*Problem 21-48

The car is traveling around the curved road of radius p such that its mass center has a constant
speed vi. Write the equations of rotational motion with respect to the X, y, z axes. Assume that the

car’s six moments and products of inertia with respect to these axes are known.
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Solution:
Applying Eq. 21-24 with  wy =0 @y =0

VG
w7 = — a)lxza)lyza)'zzo

2 2
VG VG =
ZMX = Iyz (_j ZMy = sz(_j ZMZ 0
p p

Note: This result indicates the normal reactions of the / p X x
tires on the ground are not all necessarily equal.

Instead, they depend upon the speed of the car, radius

of curvature, and the products of inertia, 1., and I,,.

(See Example 13-6.)

Problem 21-49

The rod assembly is supported by journal bearings at A and B, which develops only x and z force
reactions on the shaft. If the shaft AB is rotating in the direction shown with angular velocity o,
determine the reactions at the bearings when the assembly is in the position shown. Also, what is the
shaft’s angular acceleration? The mass density of each rod is p.

Given:
rad |
w=-5—
S
k
p =15 “9
m
a = 500 mm L i
b = 300 mm
¢ = 500 mm e '
d = 400 mm
e = 300 mm
_ 981 1
g =29 >
S
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Chapter 21

Solution:
2 2 2
a+b+c e e
Iy = p(a+b+c)g+pda2+peE+pe{(a+ b)2+(5)}
2 2 2
a+b+c d d
Iy = p(a+b+c)g+pd—+pd a2+ — +,oe(a+b)2
3 12 2
lyy = dd2+ ee2 Ly = pdad lyy = pe(a +b) =
yy—/J3 ,03 Xy =P > yz = P 5
Ixx —Ixy O 1.5500 -0.0600 0.0000
Imat = | “Ixy lyy —lyz Imat = | —0.0600 0.0455 —0.0540 kg-m2
0 -y Iz 0.0000 -0.0540 1.5685
rad
Guesses Ay=1IN A;=1N By=1N B;=1N a)'yzl—z
S
Given
dd 2+ ee '
-pd—ow —
Ax) (Bx 0 pPRG@ TP
0 |+| 0 |- 0 = 0
A B d e
z z pla+b+c+d+e)g —pd—a)'y—pe—a)z
2 2
0 d
0 — 0 0 0 0
a+b+c 2 i
5 0 + X 0 e = Imat C()y +| —w | X Imat -
a
0 —-p(a+b+c)g 0 -pdg 0 0 0
0
0 0 Bx
b
+ ar X 0 +|la+b+c|x| 0
e
= —pe 0 B
2 reg z
Ax
Az
_ Ax -1.17 Bx -0.0791
Bx | = Find(Ax, Az,Bx,B;, dy) = N = N
A; 12.33 B, 12.3126
B;
Wy . rad
2

S
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Problem 21-50

Chapter 21

The rod assembly is supported by journal bearings at A and B, which develops only x and z force
reactions on the shaft. If the shaft AB is subjected to a couple moment M, j and at the instant shown

the shaft has an angular velocity @ j, determine the reactions at the bearings when the assembly is in
the position shown. Also, what is the shaft's angular acceleration? The mass density of each rod is p.

Given:
rad
o =-5— ¢ = 500 mm
S
K g
,0:1.5—g d = 400 mm
m

a=500mm e =300 mm

m X ;
b=300mm g=0981— B
2 .
S
Mg = 8 N-m
Solution:

<
<
Il

(a+b+c)2 2 e2 2 e 2
p(a+b+c)T+pda +peE+pe(a+b) + >

(@a+b+0’ & s (d)? )
IZZ:p(a+b+c)T+pdE+pda +[Ej + pe(a+bh)

2 2
d e d e
|yy = pd? +pe? |xy = pdaE |yz = pe(a+ b)z
Ixx —lxy O 1.5500 —0.0600 0.0000
Imat = | “Ixy lyy —lyz Imat = | —0.0600 0.0455 —0.0540 kg-m2
0 -y Iz 0.0000 -0.0540 1.5685
rad
Guesses Ay=1IN A;=1N By=1N B;=1N a)'yzl—z

S
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Given
dd 2+ ee ]
-pld—-w —w
Ax) (Bx 0 pEQY TRy
0 |+| 0 |- 0 = 0
A B d e
z z p(a+b+c+d+e)g —pd—a)'y—pe—a)z
2 2
0 d
0 — 0 0 0 0
a+b+c 2 -
5 x 0 + X 0 o = lmat] @y |+| —o | X|Imat| —@
a
0 —-p(a+b+c)g 0 -pdg 0 0 0
0
0 0 Bx 0
a+b
+ * x 0 +la+b+c|x| 0 [+] Mg
e
— —pe 0 B
5 peg z 0
Ax
Az
_ Ax 3.39 Bx 7.2243
Bx | = Find(Ax, Az,Bx, By, dy) = N = N
A, —0.66 B, 41977
B;
Wy rad

'y = 201.7 —
a)y SZ

Problem 21-51

The rod assembly has a weight density r. It is supported at B by a smooth journal bearing, which
develops x and y force reactions, and at A by a smooth thrust bearing, which develops X, y, and z
force reactions. If torque M is applied along rod AB, determine the components of reaction at the
bearings when the assembly has angular velocity @ at the instant shown.
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Given:
Ib
y=5— a=4ft d=2ft 4
ft =, )
f
M =501Ibft b=2ft g=32.2—2 C__'fjf.
s - ¥
d - o
w=1022 c-2 P b
S
i
Solution:
bt e
g : . S
c d i
ly; = pcb—+ pdc| b+ = -
yZ p 2 p ( 2) 5 | ¥
A
:»-”‘

¢ 2 ol
IZZ = pC? +pdC !

(a+b)? s ()2 d? ) )2
a+b +pC—+pgb"+|=| |+ pd—+pdc”+|b+—
p(a+Db) 3 P EP (2) pdo+p ( 2)

(a+b)> ) 2
lyy = p(@a+b)——— + pcb™ + pd— + pd| b + —
yy = p(@a+Dh) 3 p pd p( 2)

<
<
Il

Ixx 0 0 16.98 0.00 0.00
mat =| 0 Iy -lyz Imat = | 000 1532 -2.48 |Ib-ft.s°
0 Iy Iy 0.00 -248 1.66
rad
GueSSGS AX = 1 Ib Ay = 1 Ib Az = 1 Ib BX = 1 Ib By = 1 Ib a = 1 _2
S
Given
- pd
AX) (B 0 P
Ay | +| By | — 0 = c
y y —pCE (()Z—pdCa)2

A, 0 pla+b+c+d)g
0
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o

0 Bx 0 0 0 0
c
0 X By + E X O vee = Imat 0 + 0 X Imat O
a+b 0 b -pcg a 1) 1)
0
0 0
c
+ X 0 +| 0
b+— -pdg M
Ax
Ay
X -15.6
" | Find(A Ay A By Byoa) | A T e N el I
= In s s s s , O = - . =
By ory ey g By ) \—46.4
A, 50.0
B
y
rad
a a= 30.19—2
S

*Problem 21-52

The rod AB supports the sphere of weight W. If the rod is pinned at A to the vertical shaft which
is rotating at a constant rate w K, determine the angle & of the rod during the motion. Neglect the
mass of the rod in the calculation.
Given:
W =10 1Ib
rad
7

fi
g =322~
S

Solution:

el

) |

=
Il
w
+
TN
Ql|=
~
™~
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Guess 6 = 50 deg
Given  Wlsin(6) = (13 - I1) wcos(6) wsin(6)

6 = Find(6) 6= 70.8deg

Problem 21-53

The rod AB supports the sphere of weight W. If the rod is pinned at A to the vertical shaft which is
rotating with angular acceleration « k, and at the instant shown the shaft has an angular velocity
aK, determine the angle @of the rod during the motion. Neglect the mass of the rod in the

calculation.
Given:
W=101b
a =2 @
2
S
rad
w=171—
S
d =05 ft
| =2 ft
ft
g = 32.2 _2 Fil] . ; ey
S o ;:'
Solution: fn

SO
o

Guess 6 = 50 deg
Given  Wlsin(6) = (13 - I1) wcos(6) wsin(6)

6 = Find(6) 6= 70.8deg
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Problem 21-54

The thin rod has mass m, 4 and total length L. Only half of the rod is visible in the figure. It is rotating

about its midpoint at a constant rate @', while the table to which its axle A is fastened is rotating at
angular velocity @. Determine the x, y, z moment components which the axle exerts on the rod when
the rod is in position 6,

Given:
.1.
mrod = 08 kg
L = 150 mm
g =6 @
S
o =2 @
S
Solution:
= Mg =
A = Mrod 12
a)sin(ﬁ)
Oy = wcos(@)
ag
wsin(ﬁ) wd COS(H)
o= a)cos(H) X Oy = —wﬁsin(e)
0 0

M = Imatat + oy X (Imatov)

Mx 0 0 0 w0 cos(6) wsin(6) 0 0 0\ wsin(o)
My [=]0 1a 0 |x| —w@sin(6) | +| wcos(6) |x|| O 1A O || wcos(6)
M, 00 I 0 g 00 I p
My ° k °

My | - —2Ia8 wsin(6) o | - —2Ip0

M, %IAa)Zsin(Ze) k, %lsz
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MX = 0
My = kysin(6) ky = —0.036 N-m
M; = k;sin(2 6) k; = 0.0030 N-m

Problem 21-55

The cylinder has mass m; and is mounted on an axle that is supported by bearings at A and B. If the
axle is turning at w j, determine the vertical components of force acting at the bearings at this

instant.
Units Used:
kN = 10° N ;
b S e
Given:
me = 30 kg
a=1m
rad
o =-40 —
S
d=05m
L=15m
m
=981 —
g 2
S
Solution:

0
0 = atan| —
L

|—m"2+mCOIZ Iy = | |—mCO|2
X701 a2 Zo X Y= 2 2

1 0 0 Ix 0 031 o0 0
I =| 0 cos(6) —sin(6) | 0 1y 0|0 cos(6) sin(6)
0 sin(e) cos(e) 0 0 I )\0O —sin(H) cos(e)
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Guesses Ak =1N A;=1N By=1N B;=1N

Given

Ax Bx 0 0 Bx 0 Ax 0 0
O [+| 0 |- O |[=0 alx| 0 |+]|-a|x| 0 |=|-0|x|lg -@
A; B, mcg 0 B, 0 A; 0 0
Ax
Az _ Ax 0.00 Az 1.38

= Find(Ay, Az, Bx.B;) = N = kN
By By 0.00 B; -1.09
B;

*Problem 21-56

The cylinder has mass m; and is mounted on an axle that is supported by bearings at A and B. If the

axle is subjected to a couple moment M j and at the instant shown has an angular velocity @],
determine the vertical components of force acting at the bearings at this instant.

Units Used: kN = 103 N

Given:

me = 30 kg d=05m

a=1m L=15m 3
rad m
S 2
S
M = -30 N-m
Solution:
(d)
0 = atan| —
L

| —mL2+mCd2
X701 a2

Mc (d 2
Iz' = IX' Iy' = ? E
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1.38

()

1 0 0 Ix 0 03)1 o0 0
I = | 0 cos(6) —sin(6) || 0 Iy 0|0 cos(6) sin(6)
0 sin(6) cos(6) o 0 1, )\0 —sin(6) cos(6)
rad
Guesses Ay =1N A;=1N Bx=1IN B;=1N a=1—
S
Given
Ax Bx 0
0 |+|01|-| O =0
Az Bz mcg
0 0 Bx 0 Ax 0 0 0
M|+|a|x| 0 |+|-a|x| 0 |=lgla|+|-w|x|lg -
0 0) |8, 0 A, 0 0 0
Ax
Az
B Find(Ax, Az, By, Bz, @) AX PO &
= In ) ) > , = =
X o e T By ~15.97 B,
B;
(04
o = 206579
&2

Problem 21-57

The uniform hatch door, having mass M and mass center G, is supported in the horizontal plane by
bearings at A and B. If a vertical force F is applied to the door as shown, determine the components
of reaction at the bearings and the angular acceleration of the door. The bearing at A will resist a
component of force in the y direction, whereas the bearing at B will not. For the calculation, assume
the door to be a thin plate and neglect the size of each bearing. The door is originally at rest.

Given:
M =15kg ¢ =100 mm
F=300N d=30mm g
a=200mm e =30 mm
b = 150 mm g:9.81m2
S
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Solution: Guesses
rad
Ay =1N Ay:lN A;,=1N By=1N B;=1N a)'y:1—2
S
Given Ax Bx 0 0
Ay [+] 0 |+ 0 =M O
A, ) \B;) \F-Mmg ~dya
0
-a Bx —a Ax a—e 0 ,
b [x| 0 |+]|-b|x|Ay|+|b+c—d|x|0 :'V'(za)a,-y
12
0 B, 0 A, 0 F
0
AX
A
y
AX 0
& Find(Ax, Ay, Az, B, Bz, dy) A 0 [N % ° In
= in B B B B :a) = =
Bx ry e e me T Y B, \(-143
A, ) \207
B;
rad
@y Wy = ~102—
S

Problem 21-58

The man sits on a swivel chair which is

rotating with constant angular velocity o. He

holds the uniform rod AB of weight W - F. =
horizontal. He suddenly gives it an angular

acceleration o measured relative to him, as

shown. Determine the required force and i
moment components at the grip, A, necessary
to do this. Establish axes at the rod’s center of B
mass G, with +z upward, and +y directed

along the axis of the rod towards A.

Given:
a):3@
S
W =5Ib
L=3ft
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a=2ft
rad
a=2—
2
S
=322 —
g 2
S
2
. W L
Solution:  Ig = ——
g 12
Guesses
AX:lIb Ay:llb Azzllb

My = L1Ib-ft My =1Ibft M, =1Ibft

Given

S

Ay 0 L\ 2 z . z
Wi la+—|w

Ay + 0 = — 2 (b ¥ ‘
g L]

A, -W L _1./’/ 1./

a

0 A My I 0 0)/_g\ (0 Ic 0 0o

L

— |x|[Ay|+|My|[=]0 0 0 0o [+|0]|x|]|0 0 00O

2

0 A, M, 0 0 Ig 0 W 0 0 Ig)\w

Ax

A

y

A Ax 0.00 My -8.43

zZ

" = Find(Ax, Ay, Az, My, My, My) Ay | =|4.89 |Ib My | =| 0.00 [lb-ft

X A, | \547 M, 0.00

My

M;

Problem 21-59

Four spheres are connected to shaft AB. If you know m¢ and mg, determine the mass of D and F and

the angles of the rods, g,and & so that the shaft is dynamically balanced, that is, so that the bearings
at A and B exert only vertical reactions on the shaft as it rotates. Neglect the mass of the rods.

766



Engineering Mechanics - Dynamics Chapter 21

Given:
mc = 1 kg
mg = 2 kg
6 = 30 deg
a=01m
Solution: We need to put the center of mass along AB

and to make the product of inetia go to zero.
Guesses mp = 1 kg mg = 1 kg 6p = 40 deg 6F = 10 deg

Given

mEacos(eE) — mp(2a) sin(HD) - m;:asin(ep) =0
mc a + mp(2a) cos(&D) - mEasin(eE) + mFacos(H;:) =0
mcaa + mp(2a)(2a) cos(HD) - mE(Sa)asin(ﬁE) + m;:(4a)acos(6|:) =0

—mp(2a)(2a) sin(HD) + mE(Sa)acos(ag) - m|:(4a)asin(6|:) =0

mp

mE Find( . 65) mp 0.661 ) ) 139.1 .
= Find{mp,mg, ép, = = e
D-TF- 7D °F mE 1323) 0 OF 109 )9

*Problem 21-60

The bent uniform rod ACD has a weight density y, and is supported at A by a pin and at B by
a cord. If the vertical shaft rotates with a constant angular velocity o, determine the x, y, z
components of force and moment developed at A and the tension of the cord.

Given:
s
™
a=1ft
b=1ft
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c=05ft z
rad
o =20 — _-;
S
ft
= 322 —
g 2

Solution: p = z A )
Y

2 2 2
I aa— + bb— + pbla’ + b
XX = P 3 P 12 P 2 b
2
b
|yy=pb[?j e LS
Iy
(az 2 ™
Izz—pa? +pba
b
Iyz——pbaE
Iyx O 0

Guesses My =1 Ib-ft Ay =11b A, =11b

Mz =1 Ib-ft Ay =11b T=11Ib

Given
Ax 0 0
a
Ay |+ 0 = —paEa) —pbaa)2
AZ_T _}/(a+b) 0
a
—7a§—7ba—Tc 0 0
My =10 [x]|la O
M, ® ®
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= Find(Ax,Ay;AZaT’My’MZ)

Chapter 21

Ax 0.0
A -93.2 M 0.00
- Ib Y2 Ib- ft
A, 57.1 M, 0.00
T 47.1

Problem 21-61

Show that the angular velocity of a body, in terms of Euler angles 4, fand ywmay be expressed as
® = (¢ sindsiny+ G cosy) i + (4 sinfcosy— G siny) j + (¢ cosd+ ) k, where i, j, and k
are directed along the x, y, z axes as shown in Fig. 21-15d.

Solution:

From Fig. 21 - 15b, due to rotation ¢, the X, y, z components of ¢ are simply ¢ along z axis

From Fig. 21 - 15c, due to rotation 6, the x, y, z components of ¢ and & are ¢ sin@in the y
direction, ¢ cos@in the z direction, and & in the x direction.

Lastly, rotation y; Fig 21 - 15d, produces the final components which yields

o = (¢'sin(0)sin(y) + 0 cos(y)i + (¢ sin(6) cos(y) ~ Fsin(y))i + (g eos() + Wk g p

Problem 21-62

A thin rod is initially coincident with the Z axis when it is given three rotations defined by the Euler
angles ¢, 6 and . If these rotations are given in the order stated, determine the coordinate direction
angles «, S, y of the axis of the rod with respect to the X, Y, and Z axes. Are these directions the

same for any order of the rotations? Why?

Given:
¢ = 30 deg
6 = 45 deg
w = 60 deg
Solution:

cos(¢) —sin(¢) 01

u=|sin(g) cos(g) 010 cos(¢) —sin(6)

0 cos(z//) —sin(z//) 0)/0
sin(y/) cos(z//) 01l 0

0 0 1)lo sin(6) cos(0) 0 o 1)1

769



Engineering Mechanics - Dynamics Chapter 21

a a 69.3
Bl = acos(u) B | =1|127.8 |deg
7 y 45.0

The last rotation () does not affect the result because the rod just spins around its own axis.

The order of application of the rotations does affect the final result since rotational position is not a
vector quantity.

Problem 21-63

The turbine on a ship has mass M and is mounted on bearings A and B as shown. Its center of mass
is at G, its radius of gyration is k,, and k, = k. If it is spinning at angular velocity @, determine the

vertical reactions at the bearings when the ship undergoes each of the following motions: (a) rolling
ay, (b) turning @,, (c) pitching ;.

Units Used: y
kN = 1000 N
1_.51}_-_
Given:
rad
w = 200 — k; =03 m )
S .
rad = 5o /
w =02 — a=08m : L,-H“““-a
S
b=13m
rad
@y =08 —
S
rad
w3 =14 —
S
Solution:
kZ 0 0
Ic=M 0 Kk’ 0
0 0 k?

Guesses
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(@) Rolling Given
Ax Bx 0 0
Ay + By + —Mg = O N
0 0 0 0
0 Ax 0 Bx 0 0 0
olx| Ay |+ 0 x|By|=1g 04| 0 |x|ig o
X X = e X
Yy y G 32 G
b 0 —-a 0 0 1) @
Ax
Ay _ Ax 0.00 Ay 1.50
= Find(Ax, Ay, By, By) = kN = kN
By By 0.00 By 2.43
By
(b) Turning Given
Ax Bx 0 0
Ay + By + —Mg = O N
0 0 0 0
0 Ax 0 Bx 0Y0y) 0 0
Ox|Ay|+]| O |x|By|=Ig 0 |[+| @ |x|lg| @2
b 0 —a 0 0 w w
Ax
Ay _ Ax 0.00 Ay -1.25
= Find(Ax, Ay, By, By) = kN = kN
By By 0.00 By 5.17
By
(c) Pitching Given
Ax Bx 0 0
Ay + By + —Mg = O N
0 0 0 0
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0 Ay 0 By 0 @3 w3

Ox|Ay|+| O |x|By|=Ig —wo3 |+| 0 |x|lgl 0

b 0 —a 0 0 ) w

Ax

Ay _ Ax -4.80 Ay 1.50

= Find(Ax, Ay, Bx,By) = kN = kN

By By 4.80 By 2.43

By

*Problem 21-64

An airplane descends at a steep angle and then levels off horizontally to land. If the propeller is
turning clockwise when observed from the rear of the plane, determine the direction in which
the plane tends to turn as caused by the gyroscopic effect as it levels off.

Solution:

As noted on the diagram M, represents the effect of the plane on the

propeller. The opposite effect occurs on the plane. Hence, the plane
tends to turn to the right when viewed from above.

Problem 21-65

The propeller on a single-engine airplane has a mass M and a centroidal radius of gyration kg

computed about the axis of spin. When viewed from the front of the airplane, the propeller is turning
clockwise at e, about the spin axis. If the airplane enters a vertical curve having a radius p and is

traveling at speed v, determine the gyroscopic bending moment which the propeller exerts on the
bearings of the engine when the airplane is in its lowest position.
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Given:
M = 15 kg
ke =03 m
ki
v = 200 0
hr
rad
s = 350 e
S
p =80m
Solution: ey
P
Y p

M; = (Mke2) 2o

M, = 328N-m

Chapter 21

Problem 21-66

The rotor assembly on the engine of a

jet airplane consists of the turbine,

drive shaft, and compressor. The total
mass is m,, the radius of gyration about

the shaft axis is Kng, and the mass
center is at G. If the rotor has an

angular velocity w,g, and the plane is
pulling out of a vertical curve while

traveling at speed v, determine the

components of reaction at the bearings
A and B due to the gyroscopic effect.

Units Used:
KN = 10° N
Given:
my = 700 kg
kag = 0.35 m
rad
WAB = 1000 T
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p = 130 km

a=08m

b=04m

m

v = 250 —

S
. Vv
Solution: M = mrkABza)AB—
2

Guesses A=1N B=1N

] A ] A 13.7
Given Aa-Bb=M A+B=0 = Find(A,B) = kN
B B -13.7

Problem 21-67

A motor has weight W and has radius of gyration k, about the z axis. The shaft of the motor is
supported by bearings at A and B, and is turning at a constant rate @, = @,K, while the frame has an
angular velocity of @, = wg,] Determine the moment which the bearing forces at A and B exert on the
shaft due to this motion.

Given: y
W =501Ib
kZ = 02 ft
d
v, = 100 22
S
rad
= 2 _—
“y S
a=05ft
ft
g =322 -
S
Solution:
0
0 12.4
0
M =| ay|x M=| 0.0 [Ib-ft
w
g
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*Problem 21-68

The conical top has mass M, and the moments of inertia are I, = 1, and I,. If it spins freely in the
ball-and-socket joint at A with angular velocity @, compute the precession of the top about the axis of

the shaft AB.
Given:
M = 0.8 kg a = 100 mm
-3 2
Iy =3510 " kg-m 6 = 30 deg
_ m
I, = 08x10 ° kgm®> g = 9.81—
S
rad
ws = 750 —
S
Solution: Using Eq. 21-30.

IMy = —ly ¢'25in(6) cos(6) + 1,4 sin(6)(¢ cos(6) + )

rad
Guess g =1— :
s

Given M gsin(e)a = —ly ¢'23in(0) cos(H) + 174 sin(&)(qﬁ' cos(e) + a)s)

¢4 = Find(¢') ¢ = 1.31@ low precession
s

rad
Guess ¢ = 200—
S

Given M gsin(e)a = —ly ¢'23in(0) cos(H) + 174 sin(&)(qﬁ' cos(e) + a)s)

¢ = Find(¢') ¢ = 255@ high precession
s

Problem 21-69
A wheel of mass m and radius r rolls with constant spin @ about a circular path having a radius a. If

the angle of inclination is 6, determine the rate of precession. Treat the wheel as a thin ring. No
slipping occurs.
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Solution:
. - ! a+ rcos(@) )
Since no sipping occurs, ry =a+ rcos(9)¢ Y = — ¢
. .2
Also, o=4¢+y F:m(a¢) N-mg=0
mr2 2
IX = Iy = T IZ =mr
o=d¢ sin(e)j + (—1// + 4 cos(H)k
Thus, wy =0 wy=¢ sin(e) w;=-yY + ¢ cos(e)
& = ¢ xy =4 ysin(0)
Wy = —¢ vsin(6) Wy = oz =0
Applying

ZMX = Ixa)lx + (IZ - Iy)a)za)y

2 2
F rsin(ﬁ) - Nrcos(e) = %(—qﬁ' z/}sin(e)) + (mr2 - %j(—y) + 4 cos(e))(qﬁ' sin(e))

Solvina we find

mag?rsin(6) - mgroos(d) - (‘”;rzqu-zsmw)[a resld) [”"Zj@) #sin(0)

r 2

2gcos(6) = agsin(6) + rgsin(6) cos(6) 4 :/W cott &
a+ rcos(e)

Problem 21-70

The top consists of a thin disk that has weight W and radius r. The rod has a negligible mass and
length L. If the top is spinning with an angular velocity a,, determine the steady-state precessional

angular velocity a,.
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i

Given: L
W =8 1lb 0 = 40 deg _ \ T N
J o = b 0
r=03ft ft ! J) —~—
s /A %y
rad >
L =05 ft s = 300 — . Py 4
S {\ s ll,-’ﬂ-‘;."‘l
. |
S In'
Solution: X '

My = I ¢'Zsin(¢9) cos(e) + ;¢ sin(e)((,zﬁ' cos(e) + y/)

oy

rad ) / ”1 w
Guess oy =1 — Given ]
p S 'F'.'.l

vt ()81 ttr (3] sttt

wpy = Find(a) ) wp = 121@ low precession
p P p= et

rad .
Guess wp = 70 T Given

vt (2] (81 ttr (3] sttt

rad
= Find =76.3— high precession
@p (@p)  ep S gnp

Problem 21-71

The top consists of a thin disk that has weight W and radius r. The rod has a negligible mass and
length L. If the top is spinning with an angular velocity «,, determine the steady-state precessional

angular velocity a,.
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Given:
W =281lb 6 = 90 deg
= ﬁ
r=03ft g =322
2
S
rad
L =05ft ws = 300 —
S
Solution:

My = I ¢'Zsin(¢9) cos(e) + ;¢ sin(e)(¢' cos(e) + y})

rad .
Guess wp = 1 T Given

vt ()81 ttr (3] sttt

wp = Find(wp)  @p = 1.19%

*Problem 21-72

The top has weight W and can be considered as a solid cone. If it is observed to precess about the
vertical axis at a constant rate of &, determine its spin .

Given:

W =31Ib

o =5
S

6 = 30 deg

L==6In

r=15in

g:32.2E
2
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Solution:

S(sz
IZ:__r
10\ g

My = I ¢'Zsin(¢9) cos(e) + ;¢ sin(@)(qﬁ' cos(@) + y})

X

W%sin(&) S a)y2 sin(6) cos(6) + 1@y sin(6)( @y cos(6) + )

3WL + 41 myz cos(6) - 4|Za>y2 cos(6)

1
_4 |Z&)y

" :652%

Problem 21-73

The toy gyroscope consists of a rotor R which is attached to the frame of negligible mass. If it is
observed that the frame is precessing about the pivot point O at rate @, determine the angular velocity

wx, of the rotor. The stem OA moves in the horizontal plane. The rotor has mass M and a radius of
gyration ko, about OA.

Given: Il
5 rad - o
wpy = 2 —
P S
M = 200 gm
koa = 20 mm
a =30 mm
_ g8 1
g =29 >
S
Solution:
ZMX = Izgya)z s
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Mga=M kOAzwpr

ga
a) =
R 2
rad
wR = 368 —
S

Problem 21-74

The car is traveling at velocity v, around the horizontal curve having radius p. If each wheel has mass
M, radius of gyration kg about its spinning axis, and radius r, determine the difference between the
normal forces of the rear wheels, caused by the gyroscopic effect. The distance between the wheels

is d.

Given:

km
Ve = IOOF kG = 300 mm

p =80m r = 400 mm

M = 16 kg d=13m

Solution:
| = 2Mkg2 | = 2.88kg-m>
Ve rad
g = — s = 69.44 —
r S
Ve 0.35 rad
wp = — wp = 0.35—
P p S
M = |a)sa)p
@p
AFd = loswp AF = IwST AF =534 N
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Problem 21-75

The projectile shown is subjected to torque-free motion. The transverse and axial moments of inertia
are | and |, respectively. If @represents the angle between the precessional axis Z and the axis of

symmetry z, and £ is the angle between the angular velocity wand the z axis, show that fand fare
related by the equation tan 8= (I/1,)tan S.

Solution:
Hgsinl 8 Hgcos( 8
FromEq. 21-34 oy = © ( ) and Wy = © ( )
| I;
|
Hence 2 = —Ztan(e)
C()Z I
However, wy = wsin(ﬂ) and w7 = wcos(ﬂ)
|
ﬂ = tan(,B) = —Ztan(a)
w7 I
tan(6) = Iltan(ﬂ) QED

z

*Problem 21-76

While the rocket is in free flight, it has a spin @, and precesses about an axis measured angle dfrom

the axis of spin. If the ratio of the axial to transverse moments of inertia of the rocket is r, computed
about axes which pass through the mass center G, determine the angle which the resultant angular
velocity makes with the spin axis. Construct the body and space cones used to describe the motion.
Is the precession regular or retrograde?

Given:

rad
@5 =3~

6 = 10 deg
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r=—
15

Solution:

Determine the angle S from the result of prob.21-75

tan()

r

tan( 0) =

spin axis
body cone

precession axis

.
CERECe Cone

I.
[

B = atan(rtan(e)) B = 0.673deg
Thus,
a=0-p a = 9.33deg
Regular Precession ~ Since 1, < |

Chapter 21

Problem 21-77

The projectile has a mass M and axial and transverse radii of gyration k, and k;, respectively.
If it is spinning at @, when it leaves the barrel of a gun, determine its angular momentum.

Precession occurs about the Z axis.

Given:
i,
= rad ™ i
M = 0.9 kg ws =6 — f’_d__,__#— 7__!_#.__:_‘\_!-rr
k; = 20 mm (rg = 7
0 = 10 deg \ A |
ki = 25 mm - 6
Solution:
| = Mk | = 5.625x 10~ *kg-m?
l, = Mk, I, = 3.600 x 10~ *kg-m?
Y = s

782



Engineering Mechanics - Dynamics Chapter 21

e - wl| — 2 H —609><1o‘:‘3kg'—m2
c=V cos(9)(1 - 1) G=> s

Problem 21-78

The satellite has mass M, and about axes passing through the mass center G the axial and
transverse radii of gyration are k, and k;, respectively. If it is spinning at e, when it is

launched, determine its angular momentum. Precession occurs about the Z axis.

Units Used:
Mg = 10° kg
Given:
= rad
M=18Mg  _ . rad
k; = 0.8 m S
k= 1.2 m 0 =5 deg
Solution:
| = Mk | = 2592 kg m?
l; = Mk I, = 1152kg-m>
Y = ws
-1,
W= HGcos(H)
1,
H | ' Hg = 12.5M m’
G=V cos(6)(1 - 1) G = 2eoMITS

Problem 21-79

The disk of mass M is thrown with a spin @,. The angle @is measured as shown. Determine the
precession about the Z axis.
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Given: M = 4 kg Z
0 = 160 deg
e
r =125 mm e N
pla—"1]
rad r\____f/
w; =6 — \ i)
S ,;
Solution: \
1 1 1-
I:—Mr2 |Z:_|\/|r2 -
4 2

Applying Eq.21 - 36

V= o T HGcos(H)
z
Hg = o 'z Hg = 0.1995 <8
G- cos(6)(1 - 1) G=" s
Hg rad
g = — 4 =128—

Note that this is a case of retrograde precession since |, > |

*Problem 21-80

The radius of gyration about an axis passing through the axis of symmetry of the space
capsule of mass M is k,, and about any transverse axis passing through the center of mass G,

is k;. If the capsule has a known steady-state precession of two revolutions per hour about the
Z axis, determine the rate of spin about the z axis.

Units Used: . 7
3 & H"-Hq_ ____ [
Mg = 10" kg . P ”
{ Sl ,_—f'=_'7l?- =P |
. frl k ol
Given: é _k)—
M = 1.6 Mg =
k, = 1.2 m e
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ki = 1.8 m

0 = 20 deg
Solution:

| = Mk

IZ = Mkzz

Using the Egn.

tan(6) - (,ljtanw)

z

B = atan (tan(a) %j

£ =9.19deg

Zrevih

"\-\.H_ ﬁ

L.

Chapter 21

Sprin Axis

Zrev| h

- .
- Precession
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Problem 22-1

When a load of weight W, is suspended from a spring, the spring is stretched a distance d. Determine
the natural frequency and the period of vibration for a load of weight W, attached to the same spring.

Given: W3 =20Ib Wy =10Ilb d=4in

Solution:
W1 Ib
k = — k = 60.00 —
d ft
k rad
wn = Tz wn = 1389T
g
2
P r=045s
wn
(0]
fo 1 f=221 =
2 S
Problem 22-2

A spring has stiffness k. If a block of mass M is attached to the spring, pushed a distance d
above its equilibrium position, and released from rest, determine the equation which describes the
block’s motion. Assume that positive displacement is measured downward.

. N
Given: k = 600 — M = 4 kg d = 50 mm
m
Solution:
k 192 rad
won = |— wn = 12.2 —
n M n S

X = Asin(a)n t) + Bcos(a)n t) A=0 B =-d
Thus,
x = B cos(wnt) B=-005m ap-= 12.2%
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Problem 22-3

When a block of mass m; is suspended from a spring, the spring is stretched a distance &.
Determine the natural frequency and the period of vibration for a block of mass m, attached to

the same spring.

Given: my =3kg mo=02Kkg 6 = 60 mm

Solution:
mi1g N
k = — k = 490.50 —
m
k rad
mo S
(0]
T f = 7.88Hz
2
1
r = _f r=0.127 s

Chapter 22

*Problem 22-4

A block of mass M is suspended from a spring having a stiffness k. If the block is given an

upward velocity v when it is distance d above its equilibrium position, determine the equation
which describes the motion and the maximum upward displacement of the block measured from
the equilibrium position. Assume that the positive displacement is measured downward.

. N m
Given: M = 8 kg k =80 — v=04—
m S

Solution:

k rad
wn = M wn = 316T

X = Asin(wn)t + Bcos(a)n)t

B=-d A=—
®n
X = Asin(a)n)t 1 Bcos(wn)t A=-013m

787
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Xmax = ‘\’ A2 + B2 Xmax = 016 m

Problem 22-5

A weight W is suspended from a spring having a stiffness k. If the weight is pushed distance d
upward from its equilibrium position and then released from rest, determine the equation which
describes the motion. What is the amplitude and the natural frequency of the vibration?

. Ib . ft
Given: W=21Ib k=2— d=1in g:32.2—2
in s
Solution:
k
= |— rad
“n W on = 19.7 —
— S
g
y = Acos(a)n t) + Bsin(a)n t)
A= B=0in
rad
y = Acos(ant) A = —0.08 ft wn = 19.7—
S
@n
f=— f=313Hz
2

C=+A%4B2 C = 1.00in

Problem 22-6

A weight W is suspended from a spring having a stiffness k. If the weight is given an upward
velocity of v when it is distance d above its equilibrium position, determine the equation which
describes the motion and the maximum upward displacement of the weight, measured from the
equilibrium position. Assume positive displacement is downward.

Given:
W=561Ib
Ib
k=3—
in
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v =20 —
S
d=2in
= 32.2 ft
9= 2
S
Solution:
kg rad .
on = W on = 13.90 — y = Acos(a)nt) + Bsm(a)nt)
S
A=-d B=—
Wn

y= Acos(a)n t) o Bsin(wn t)
A=-017ft B =-144ft

rad
wp = 13.90—
S

C=+A%+B® C=1451

Problem 22-7

A spring is stretched a distance d by a block of mass M. If the block is displaced a distance b
downward from its equilibrium position and given a downward velocity v, determine the
differential equation which describes the motion. Assume that positive displacement is
measured downward. Use the Runge—Kutta method to determine the position of the block,
measured from its unstretched position, at time t; (See Appendix B.) Use a time increment At.

Given:

M = 8 kg

d = 175 mm

b = 100 mm
m

v =150 —
S

t1 =022s

At = 0.02 s
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_ 981 1
g=29 >
S
Solution:
M k
k = —g wn = -
d M
rad
y" + a)nzy =0 wnz = 56.1—2

S
To numerically integrate in Mathcad we have to switch to nondimensional variables

s b s 4]
B=— V=v— Tq=—

O = on—
rad mm mm S

Given  y'()+ 2.2y =0  y(0) =B y(0)=V

y = Odesolve(t, T1) y(T1) = 192 mm

*Problem 22-8

A spring is stretched a distance d by a block of mass M. If the block is displaced a distance b
downward from its equilibrium position and given an upward velocity v, determine the
differential equation which describes the motion. Assume that positive displacement is
measured downward. What is the amplitude of the motion?

Given:
M = 8 kg
d = 175 mm
b = 60 mm
m
V=4—
S
t1 =022s
m
At = 0.02 s g:981—2
S
Solution:
Mg k 2
k = — on = | — "+ w =0
q n M y ny
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A=b B=—
@n
. rad
y(t) = Acos(a)nt) + Bsm(a)n t) A =0.06 m B =-053m wp = 749 —
S

C=+yA%+B> C=054m

Problem 22-9

Determine the frequency of vibration for the block. The springs are originally compressed A.

Solution: k i
mx" +4kx =0 k m k
n k
X'+—x=0
1 4k
f=—|—
274 M

Problem 22-10

A pendulum has a cord of length L and is given a tangential velocity v toward the vertical from a
position 8, Determine the equation which describes the angular motion.

Given:

m
6p =03rad g =981 >
S

Solution:

Since the motion remains small @, :E

0= Asin(wn t) + Bcos(wn t)
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0= Asin(a)n t) + Bcos(a)n t)

A =-0.101rad B = 0.30rad

rad
wp = 4.95—
S

Chapter 22

Problem 22-11

A platform, having an unknown mass, is supported by four springs, each having the same stiffness
k. When nothing is on the platform, the period of vertical vibration is measured as t;; whereas if a

block of mass M, is supported on the platform, the period of vertical vibration is t,. Determine the

mass of a block placed on the (empty) platform which causes the platform to vibrate vertically with
a period t;. What is the stiffness k of each of the springs?

Given:
Mo = 3 kg
tp =235s
tp = 5235
t3 =562 s
Solution:

Guesses M1 = 1 kg

M3 = 1 kg
N
k=1—
m
. M1
Given t1 =27 | —
4k
M1

M3 | = Find(M1,Mg3,k)
k

IV

@
§ l"“‘
Z =

M1 + M> M1 + M3
to =27 | —— t3 =27 | ——
4k 4k
M3 = 0.759 kg M3 = 3.58 kg
N
k=136—
m
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*Problem 22-12

If the lower end of the slender rod of mass M is displaced a small amount and released from
rest, determine the natural frequency of vibration. Each spring has a stiffness k and is
unstretched when the rod is hanging vertically.

(e

A i
=W I

Given:

M = 30 kg l=1m [

N
k = 500 —
m

Solution:

2
Mglsin(@) + 2k|sin(0)|cos(9) = —M%H'

For small angles

2
%a' +(Mgl+ 2o =0

(Sg 3k)
0+ =+-—10=0

4] 2M
3g 3k rad
on = [ =+ — o = 5.60 —
4] 2M S
@, 1
fo 1 f=091 =
2 S
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Problem 22-13

The body of arbitrary shape has a mass m, mass center at G, and a radius of gyration about G of k.

If it is displaced a slight amount & from its equilibrium position and released, determine the natural
period of vibration.

F

il

d d
g b i

G

mg

Solution:

&J“ Mg = lga —mgdsin(@) = (m k(;2 + de)H'

g + % sin(6) = 0
kg™ +d

Lo d
However, for small rotation sin(&) = €. Hence g+ (g—ja =0

From the above differential equation,
2 2
gd 27 kg™ +d
on= |—0— T=— =27 /—
sz + d2 a)n gd

Problem 22-14

Determine to the nearest degree the maximum angular
displacement of the bob if it is initially displaced &,from the

vertical and given a tangential velocity v away from the vertical.

Given:

m
6p = 0.2 rad v=04—
S

| =04 m
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Solution:

o(t) = Acos(a)nt) + Bsin(a)n t)

c=A%24+B%>  C=16deg

Problem 22-15

The semicircular disk has weight W. Determine the natural period of vibration if it is displaced a small
amount and released.

Given:
W=201Ib j_iiq _
r=1ft / >\
I r
ft I
g=322— ' /
2
S
Solution:

o (202 513

4r \( W rad
wn = r—— — a)n=5.34_
37 )\ lo S

T =— r=118s

*Problem 22-16

The square plate has a mass m and is suspended at its corner by the pin O. Determine the natural
period of vibration if it is displaced a small amount and released.
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F

mg

Solution:

2 2 2 4
H'+(3\/—gj9=0 on = 32 r=Z on [ 2
4a 4a wn 3ﬁ g
b= 27 | —— r=b |2 b = 6.10

Problem 22-17

The disk has weight W and rolls without slipping on the horizontal surface as it oscillates about its
equilibrium position. If the disk is displaced by rolling it counterclockwise through angle 6,,

determine the equation which describes its oscillatory motion when it is released.

Given:
W =101b
k
6o = 0.4 rad
= F,
r 1 ft \
k = 100 E
ft
ft
=322 —
g 2

S
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Solution:
w r2 ) 8kg 8kg
—k(2r¢9)2r: —— +—r |0 g +—0=0 op = [—
g 2 g 3W 3w
rad
0 = dpcos(wnt) 6o = 0.40 rad wn = 29.3—
S

Chapter 22

Problem 22-18

The pointer on a metronome supports slider A of weight W, which is positioned at a fixed distance a

from the pivot O of the pointer. When the pointer is displaced, a torsional spring at O exerts a
restoring torque on the pointer having a magnitude M = k& where @represents the angle of

displacement from the vertical. Determine the natural period of vibration when the pointer is displaced

a small amount and released. Neglect the mass of the pointer.

Given: T
W =041b
ft
k=12Ib — A T —,
rad A —
a=025ft
o
= 32.2 ft
g = 32 32 ]
"\.h\.
LI -H)E
‘:\I =
4
Solution:
-W k
“Wad+ ke:(—)aza' 9'+9(——1)9=0
g a\aw
g k rad
op = |5 — -1 wn = 37.64 —
a\aW S
2
r=Z r=0167 s
wn
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Problem 22-19

The block has a mass m and is supported by a rigid bar of negligible mass. If the spring has a
stiffness k, determine the natural period of vibration for the block.

Solution:

o

fo- -

—kbob = mad'a A |

ma2¢9' + kb20: 0

-

=1

Ili

& WWWWA—=

=

2
k
R L. P
2

ma

*Problem 22-20

The disk, having weight W, is pinned at its center O and supports the block A that has weight W,.

If the belt which passes over the disk is not allowed to slip at its contacting surface, determine the
natural period of vibration of the system.

Given:
W =151b
I g
Wa =31b = a \
| r
k =80 —b
ft
r= 075 ft Typ+ ki)
= 32.2 ft
g - ' 2 L | L
S H’__q, H?”
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Solution:

. kg B
g + Z0=0
Wa + —
AT
kg
_ 3 rad
“n W on = 15.66 —
Wa + — S
2
2
r=Z r=0401s
n

Chapter 22

Problem 22-21

While standing in an elevator, the man holds a
pendulum which consists of cord of length L and a
bob of weight W. If the elevator is descending with
an acceleration a, determine the natural period of
vibration for small amplitudes of swing.

Given:
L =18 in
W =051Ib
ft
a=4—
2
S
ft
g =322 —

2
S
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Solution:
Since the acceleration of the pendulum is
T
ft
a =(g-a a' :28.2—2
S

Using the result of Example 22-1, we have
W

a rad
wn = r wn = 434?

T =— 7=145s

Problem 22-22

The spool of weight W is attached to two springs. If the spool is displaced a small amount and
released, determine the natural period of vibration. The radius of gyration of the spool is kg. The spool

rolls without slipping.

Given: ™ h '-;.; U
PN

W=50lb rj=1ft

kg = 15f 1o =2 ft \
|
b ft |
=3 - 322 — /
ki1 =3 o g =322 — /
S I /
-1 s |
ft e l

Solution:

“aro + i)l + 1) — ka{ro - 1)) A1 — i) = (gk& ; %rizja'

(gkgz + %rizj g+ [kl(ro + ri)2 + k2(r0 - ri)z]e =0

wl |

kg™ +ri
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T =— 7=267Ss

Chapter 22

Problem 22-23

Determine the natural frequency for small oscillations of the sphere of weight W when the rod
is displaced a slight distance and released. Neglect the size of the sphere and the mass of the

rod. The spring has an unstretched length d.

Given:

W =101Ib

(=52
ft

d=1ft

Solution:

Geometry L = \/d2 + d2 + 2ddcos(6) = d\/zil +cos(0)) = 2d cos(gj

Dynamics W(2d) sin(e) - k(Zd cos(g) — d) sin(gjd = (%)(Zd)zﬂ'

Linearize around 8= 0.

2 2
4Wd kd
[_jg-{wm)__}:o
g 2
g9 X9), o on = |2 _K8
2d  8W 2d 8w

f=—
2

rad
a)n = 375 e
S
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*Problem 22-24

The bar has length | and mass m. It is | N |
supported at its ends by rollers of negligible \ " /
mass. If it is given a small displacement and ), 1 /
released, determine the natural frequency of 1‘5’ ‘@
vibration. ;\ i
e

Solution: : B

Moment of inertia about point O:

B
SE— |
' N L
| N ________.-____d_, |
39y 4R% - 12 \ — r}w,f«;,f /N,
g+ ——60=0 \: e .
2_? A=
6R” - | = /
— g
From the above differential equation, / — |

T/ S| P
Problem 22-25 “

The weight W is fixed to the end of the rod assembly. ; A —
If both springs are unstretched when the assembly is 1
in the position shown, determine the natural period of
vibration for the weight when it is displaced slightly
and released. Neglect the size of the block and the
mass of the rods.

Given:
W =25 b § |
Ib
k=2—
in
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| =12 in
d=61In

Solution:

_W16 - 2kdod = (ﬂ)lza'
g

(ﬂ)lze' +(wi+2xd?)o=o

g
2
2kgd
a' g+ 92 6=0
b wi
_272'
n
T=091s

Chapter 22

Problem 22-26

The body of arbitrary shape has a mass m, mass center at G, and a radius of gyration about G of k.
If it is displaced a slight amount & from its equilibrium position and released, determine the natural

period of vibration. Solve using energy methods

Solution:

T+V= %(mk(;2 + md2) 92 + mgd(l— cos(@))

m(kG2 + dZ)HH' + mgd(sin(e))a =0

\ Datumn
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sin(@) ~ 0
d
g+ Zg 5 6=0
kg™ +d
27
==
@n

Chapter 22

Problem 22-27

The semicircular disk has weight W. Determine the natural period of vibration if it is displaced a small

amount and released. Solve using energy methods.

Given:

)
W =201Ib o

r=1ft /

_ g 1L
g = o< >
S

@

Solution:

r w 4r
o' +Wjr——|0=0 g +—|r——10=0
3z o 3z
W 4r rad 2
op = [—|r—— wp = 5.34— T =—
lo 3z wn

Datuimn

r=118s
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*Problem 22-28

The square plate has a mass m and is suspended at its
corner by the pin O. Determine the natural period of
vibration if it is displaced a small amount and released.
Solve using energy methods.

Solution:

2
T+V= %[%m(az + az) + m(%) }6’2 + mg( a

Chapter 22

V2

)(1 ~cos(6)

Problem 22-29

The disk, having weight W, is pinned at its center O and supports the block A that has weight W,.
If the belt which passes over the disk is not allowed to slip at its contacting surface, determine the

natural period of vibration of the system.

Given:
W=151b
Wa =31b
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k =80—
ft

r=075ft

322 —

(=]
Il

Datumn

5= il

Solution:

k rad
———0=0 wn = L wp = 15.66 —
S

T =— 7=0.401s

Problem 22-30

The uniform rod of mass m is supported by a pin at A and a spring at B. If the end B is given a
small downward displacement and released, determine the natural period of vibration.

Solution:
2
1 (1 1
T+V=2m — «92+—k(|0)2
2 (3 2
2
| k
m—@' +kl%6 =0 g+ X020 - I
3 m
3k
wn = |[—
m
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27 [m
T=— T=2r |—
an 3k

Problem 22-31

Determine the differential equation of motion of the block of mass M when it is displaced slightly
and released. The surface is smooth and the springs are originally unstretched.

Given:

M = 3 kg

N
k = 500 —
m

Solution:

1 1
T+V = =Mx?2 + 22kx
2 2

2k
Mx" +2kx =0 X"+ MX:O

*Problem 22-32

Determine the natural period of vibration of the | A

semicircular disk of weight W. ' -
Given: \

W =101Ib r=05ft

Solution:

o T -
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1 4g
g+ =0 on =
3 8
3rn| — - —
2 3r
2r
T =— 7=0.970s
wn

Problem 22-33

The disk of mass M is pin-connected at its midpoint. Determine the natural period of vibration
of the disk if the springs have sufficient tension in them to prevent the cord from slipping on
the disk as it oscillates. Hint: Assume that the initial stretch in each spring is &,. This term will

cancel out after taking the time derivative of the energy equation.

Given: / _,\‘\
o

M = 7 kg
N
k = 600 — \ /
m ———
r = 100 mm
- -
ion: = k = k
Solution: =
1 [rz j 1

?j 0%+ %k(r9+ 50)° + %k(r@— 50)°

T+V==M
2
r2 2 4k
M| — |8+ 2kr"¢=0 g +|—16=0
2 M
M
T =21 |— 7=0.339 s
4k

Problem 22-34

The sphere of weight W is attached to a rod of negligible mass and rests in the horizontal
position. Determine the natural frequency of vibration. Neglect the size of the sphere.
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Given:
| il i | -
W=5Ib a=1ft
: _—
b - - O
K= 102 b =05ft E
ft <k
>
Solution: —_—
1(W 1
T4V = —(—) (a+b)2 6% + 2k(a0)?
2\ g 2
w
(—)(a +0)%0" +ka’0 =0
g
2 2
ka ka
o +|—22 9= 0 on - |29
W(a+b) W(a+b)
)
— f=085 =
2 S
Problem 22-35
The bar has a mass M and is suspended from
two springs such that when it is in P @h Ya
equilibrium, the springs make an angle &with b /
the horizontal as shown. Determine the natural ‘;_?ﬁ Mj/
period of vibration if the bar is pulled down a f ’?g‘ K k 1;‘;"
short distance and released. Each spring has a 3‘; ,;:i‘“‘
stiffness k. 4 v P
b e
8 s B
Given: " }9” i
M = 8 kg
0 = 45 deg
N
k =40 —
m L]
Solution:

Let 2b be the distance between B and C.

1 1
T+V:EMy'2+E(2k)52
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where

5= (btan(0) + y)® + b2 - (btan(8))% + b2 = sin(a) y

thus

%M y'2 + ksin(@)2 y2 =0

My" + 2ksin(9)2y =0

r=2815s

for small y

Chapter 22

*Problem 22-36

Determine the natural period of vibration of the sphere of mass M. Neglect the mass of the rod

and the size of the sphere.

Given:
M = 3 kg a = 300 mm
N =
K = 500 -~ b = 300 mm
m
Solution:

T+V= %M(bﬂ)z + %k(ae)2

2
ka
Mb%@' + ka26 = 0 0 +——0-0
Mb
M b?

ka

T L;I'L i |
Y O
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Problem 22-37

The slender rod has a weight W. If it is supported in the horizontal plane by a ball-and-socket
joint at A and a cable at B, determine the natural frequency of vibration when the end B is
given a small horizontal displacement and then released.

Given: -

Ib
W=14—
ft

| = 0.75 ft —

Solution:

do =g $=—

Problem 22-38

Determine the natural frequency of vibration of the disk of weight W. Assume the disk does not
slip on the inclined surface.

Given:

W =201Ib
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I
(-102
in

Solution:

2
T+V= l(ﬂ)[i} 6'2+1k(r9)2
2lg )\ 2 2

2
(ﬂ)(i}q' L krPO=0
g 2

Chapter 22

Problem 22-39

If the disk has mass M, determine the natural frequency of vibration. The springs are originally

unstretched.
Given:
M = 8 kg
N
k = 400 —
m

r = 100 mm

Solution:

2
1[ M 1
T+v =220 1621 22k(re)?
2( 2 2
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2
M(%je' +2kr20 = 0

4k 1 4k 1
d'"+—0=0 f=—|— f=225—
M 27y M S

*Problem 22-40

Determine the differential equation of motion of the spool of mass M. Assume that it does not
slip at the surface of contact as it oscillates. The radius of gyration of the spool about its center

of mass is kg.
Given: 4
M = 3 kg .
fo
kg = 125 mm F,
| T
ri = 100 mm | ¥}

\

_\

ro = 200 mm

N

N
k = 400 —
m

Solution:

T+V = %M(k@2 + ri2) 672 + %k[(ro + ri)6']2

M(k(;2 + riz)é" + k(ro + ri)29 =0

0 + o 0=0

rad
where a)n2 = 468 —
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Problem 22-41

Use a block-and-spring model like that shown in Fig. 22-14a but suspended from a vertical
position and subjected to a periodic support displacement of &= &, cosat, determine the

equation of motion for the system, and obtain its general solution. Define the displacement y
measured from the static equilibrium position of the block when t = 0.

Solution:

For Static Equilibrium  mg = kdst A ¥ =fpeos of

Equation of Motion is then

k(§+§st—y)—mg:my

my" + ky = kdg cos(a)t)

k k
y'+—y = —§Ocos(a)t)
m m

The solution consists of a homogeneous part and a
particular part

[k [ [k 30
y(t) = Acos[ —t) + Bsm( —tj + —cos(a)t)
m m m 2

1- —
k

The constants A and B are determined from the initial conditions.

Problem 22-42

The block of weight W is attached to a spring having stiffness k. A force F = Fycosa t is applied

to the block. Determine the maximum speed of the block after frictional forces cause the free
vibrations to dampen out.

Given:
ff-“' [ W]
W — 20 |b . U ST A T
k =20 — A A A LA  —_—
ft .? F=F,cos5a¢
Fo=61Ib O & 6 6
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rad
0w =2—
S
= 32.2 ft
g = ac. >
S
Solution:
Fog
k
=[O oW
W kg 2
— -
W
X = Ccos(a)t) v=-C wsin(a)t)
ft
Vmax = Cw Vmax = 0.685 —
S

Problem 22-43

A weight W is attached to a spring having a stiffness k. The weight is drawn downward a distance
d and released from rest. If the support moves with a vertical displacement & = &, sinat, determine

the equation which describes the position of the weight as a function of time.

Given:
W=41Ib 60 = 05in
Ib rad
k =10 — w=4—
ft S
d=4in
Solution: I V= g sin e

For Static Equilibrium W = kdst

Equation of Motion is then

Ky + st — 6) - W = (%)y

(g)y +ky = kéosin(a)t)
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kg kg .
"+ | —|y=|—|dpSinlwt
y (W)y (w) osin(at)
The solution consists of a homogeneous part and a
particular part
k [k 5
y(t) = Acos —gt + Bsin —gt + —sm(a)t)
w W 2
Wao
kg
The constants A and B are determined from the initial conditions.
-0g o) Kk
A=d B = 5 C= — p = Wg
Wa kg Wao
1-—— | |— 1-——
kg W kg
y = Acos(pt) + Bsin(pt) + Csin(a)t)
where A = 0.33ft B = -0.0232ft
rad rad
C=0.05ft p=2897— w=4.00—
S S
*Problem 22-44
If the block is subjected to the impressed force F = F,cos(wt), show that
the differential equation of motionis y" + (k/m)y = (F, /m)cos(@t), s
where y is measured from the equilibrium position of the block. What is the @
general solution of this equation ? %
k
‘i‘ T=kii, +v) ;
L '
Hr::*' - |
Feos e mtr )
v F = F,cos ot
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Solution:
W = k§st

Fo cos(a)t) +mg - k(5st + y) =my

F
y' o+ (ﬁjy = 0 cos(a)t) Q.E.D.
m m

y= Asin(/j:]tj ¥ Bcos[/:r:t) + [ﬁ)m(aﬁ)

Problem 22-45

The light elastic rod supports the sphere of mass M. When a vertical force P is applied to
the sphere, the rod deflects a distance d. If the wall oscillates with harmonic frequency f
and has amplitude A, determine the amplitude of vibration for the sphere.

Given:
M = 4 kg
- (75 m -
P =18 N
5 = 14 mm _ I-/_\\
f=2Hz \-—’/
A =15 mm
Solution:
P
k = —
o
k
o = 2xf oy = |—
M
A
Xpmax = Xpmax = 295 mm
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Problem 22-46

Use a block-and-spring model like that shown in Fig. 22-14 a but suspended from a vertical
position and subjected to a periodic support displacement of &= &, sinat, determine the

equation of motion for the system, and obtain its general solution. Define the displacement y
measured from the static equilibrium position of the block when t = 0.

Solution:
For Static Equilibrium  mg = kdst ’—‘ + ¥ =ty sin e
Equation of Motion is then L
k(§+§st—y)—mg:my" k%
my" + ky = kdg sin(a)t) i."

k k :
y'+—y = —§osm(a)t)
m m

The solution consists of a homogeneous part and a
particular part

[ [ 1o)
y(t) = Asin( £tj + Bcos( Etj + —Osin(a)t)
m m 2
Mo

1- —
k

The constants A and B are determined from the initial conditions.

Problem 22-47

A block of mass M is suspended from a spring having a stiffness k. If the block is acted upon

by a vertical force F = F, sinat, determine the equation which describes the motion of the block
when it is pulled down a distance d from the equilibrium position and released from rest at t = 0.
Assume that positive displacement is downward.

Given:
M = 5 kg
N
k = 300 —
m
Fo =7N
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rad
w=8—
S
d = 100 mm
Solution:
k Fo
wn = M C =

M(a)nz - a)z)
y = Asin(a)n t) + Bcos(wn t) + Csin(a)t)

y' = Awp cos(a)n t) —Bawnp sin(wnt) + Ca)cos(a)t)

y=d when t=0 B=d
y=y =0 when t=0 A=-CcZ
@n
y = Asin(a)n t) + Bcos(a)n t) + Csin(a)t)
A 361
wn 7.75 ) rad
B |=| 100 |mm = =
@ 8.00/ s
C —-350

%

%
il

.

F=F, sin of

Chapter 22

*Problem 22-48

The circular disk of mass M is attached to three springs, each spring having a stiffness k.
If the disk is immersed in a fluid and given a downward velocity v at the equilibrium
position, determine the equation which describes the motion. Assume that positive
displacement is measured downward, and that fluid resistance acting on the disk furnishes

a damping force having a magnitude F = cv.

Given:
k
M = 4 kg c =60 L =
S
B
k=180 6 = 120 de (2 _
™ B J -
m
v=03—
S
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Solution:
My"+cy +3ky=0 "+C'+3k =0
y y y= y M y M y=
3k C . .
won = |— ¢ = Since ¢ = 0.65 <1 the system is underdamped
M ZMC()n

b =Cwp a)d=\/l—42wn

y(t) = e_bt(A cos(wgt) + Bsin(wgt))
Now find A and B from initial conditions. Guesses A=1m B=1m

Given 0=A v=-Ab+Bay (:) = Find(A,B)
y(t) = e_bt(Acos(wdt) + Bsin(a)d t))

rad rad
where b=750— wg = 8.87 — A =0.0mm B = 33.8mm
S S

Problem 22-49

The instrument is centered uniformly on a platform P, which in turn is supported by four springs,
each spring having stiffness k. If the floor is subjected to a vibration f, having a vertical
displacement amplitude J,, determine the vertical displacement amplitude of the platform and

instrument. The instrument and the platform have a total weight W.

Given:
Ib :
k=130 — 6p =0.17 ft el b
ft , |m— pooa 99 | F
= =
f=7Hz W =181b %A =,
= I =
Solution: = l -
4kg rad
a)n = e a)n = 3050_
w S
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rad
o = 2xf o = 43.98 —
S

Using Eq. 22-22, the amplitude is Xpmax = Xpmax = 1.891in

Problem 22-50

A trailer of mass M is pulled with a constant speed over the surface of a bumpy road, which
may be approximated by a cosine curve having an amplitude a and wave length 2d. If the

two springs s which support the trailer each have a stiffness k, determine the speed v which
will cause the greatest vibration (resonance) of the trailer. Neglect the weight of the wheels.

Given:
M = 450 kg
N
k = 800 —
m
d=2m
a =50 mm
Bl |:||l = [*) =
Solution:
2k 2
p= | = r=Z r=1333s
M P
For maximum vibration of the trailer, resonance must occur, w=7p
. 2d m
Thus the trailer must travel so that VR = — VR = 1.20 —
T S

Problem 22-51

The trailer of mass M is pulled with a constant speed over the surface of a bumpy road, which
may be approximated by a cosine curve having an amplitude a and wave length 2d. If the two
springs s which support the trailer each have a stiffness k, determine the amplitude of vibration
of the trailer if the speed is v.
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Given:
M = 450 kg d=2m
N
k = 800 — v =15 km
m hr _—
a =50 mm
Solution:
2k 2d 2r
p = _ T = — w = —
M v T
a
Xmax = Xmax = 4.53mm

Chapter 22

*Problem 22-52

The electric motor turns an eccentric flywheel which is equivalent to an unbalanced weight W,

located distance d from the axis of rotation. If the static deflection of the beam is o because of the
weight of the motor, determine the angular velocity of the flywheel at which resonance will occur.
The motor has weight W,,. Neglect the mass of the beam.

Given:

Wp = 02510 Wy = 150 Ib

_ . ft @t
d =10in g=3222 .1'1
2
S
d=1in
Solution:
w Ib
K=" k = 1800 —
) t
k rad
a)n = _g a)n = 1966_
Wm S

Resonance occurs when ® = wp

rad
o=19.7—
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Problem 22-53

The electric motor turns an eccentric flywheel which is equivalent to an unbalanced weight W,

located distance d from the axis of rotation. The static deflection of the beam is ¢ because of the
weight of the motor. The motor has weight W,,. Neglect the mass of the beam. What will be the

amplitude of steady-state vibration of the motor if the angular velocity of the flywheel is @ ?

Given:
Wp=0251b Wy =1501b »
e
_10i ft /q
d=10in 932t J’i—,
32 (@% :
¥ I
=1i rad
o=1Iin w = 20 *@
S
Solution:
w Ib
K=" k = 1800 —
) ft
kg rad
wn = —_— wn = 1966_
Wm S
b
Fo = —da)2 Fo=2591Ib
g

From Eq. 22-21, the amplitude of the steady state motion is

C=|——— |C| = 0.490in

Problem 22-54

The electric motor turns an eccentric flywheel which is equivalent to an unbalanced weight W,

located distance d from the axis of rotation. The static deflection of the beam is ¢ because of the
weight of the motor. The motor has weight W,,. Neglect the mass of the beam. Determine the

angular velocity of the flywheel which will produce an amplitude of vibration C.
Given:

Wp = 0.25 Ib
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Wm = 150 Ib e

d=101in ﬁ

C =0.25in
= 32.2 ft
g = ac. >
S
Solution:
Wm Ib k rad
k = — k = 1800 — wpn = wp = 19.657 —
) ft W S
g

There are 2 correct answers to this problem. We can find these 2 answers by starting with different
inital guesses.

Wbda)2
rad . K . 1
w =252 Given  C-= g - o= Findlw)  @=203=
S o S
1-|—
Wbda)2
rad . K . 1
o= 182 Given  C-= g o= Findlw)  ©=190-=
S S

Problem 22-55

The engine is mounted on a foundation block which is spring-supported. Describe the
steady-state vibration of the system if the block and engine have total weight W and the engine,
when running, creates an impressed force F = Fysinw t. Assume that the system vibrates only in

the vertical direction, with the positive displacement measured downward, and that the total
stiffness of the springs can be represented as k.

Given:

W = 1500 Ib
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Fo =50 1Ib
rad
0w =2—
s
Ib
k = 2000 —
ft
Solution:
kg rad
wn = W wn = 6.55 —
Fo
C=——
2
[0
1—-| —
. rad
xp = Csin(at) ©=200—  C=00276ft

*Problem 22-56

The engine is mounted on a foundation block which is spring-supported. The block and engine have
total weight W and the engine, when running, creates an impressed force F = F sinwt. Assume that
the system vibrates only in the vertical direction, with the positive displacement measured downward,
and that the total stiffness of the springs can be represented as k. What rotational speed o will cause

resonance?
Given:
W = 1500 Ib
Fo =50 1Ib
rad ==
®w=2—
S
Ib
k = 2000 —
ft
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Solution:

Chapter 22

rad

rad
w = 6.55—
S

op = 6.55T w = op

Problem 22-57

The block, having weight W, is immersed in a liquid such that the
damping force acting on the block has a magnitude of F = c|v|. If
the block is pulled down at a distance d and released from rest,
determine the position of the block as a function of time. The
spring has a stiffness k. Assume that positive displacement is

downward.
Given:
W =121b
Ibs
c=07—
ft
Ib
k =53 —
ft
Solution:
kg
a)n = W
b = {wn

We can write the solution as

2

T

| —— A

|

d = 0.62 ft
=322 f
g = oz >
S
cg . .
£ = Since ¢ = 0.08 <1 the system is underdamped
2W6()n

o =12 o

y(t) = Be_thin(a)dt+ ¢)

To solve for the constants B and ¢

Guesses B=1ft ¢ =1rad
Given Bsin(g) = d Bagcos(g) — bBsin(g) = 0 (Z) = Find(B, ¢)
Thus

y(t) = Be_thin(a)dt+ ¢)
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rad
where B = 0.62 ft b=094—
S
rad
wd = 11.9— ¢ = 1.49rad
S

Problem 22-58

A block of weight W is suspended from a spring having stiffness k. The support to which the
spring is attached is given simple harmonic motion which may be expressed as = §;sinwt. If the

damping factor is C,;,, determine the phase angle ¢ of the forced vibration.

Given:
d
W=71lb w=22
S
k =75 Ib Cratio = 0.8
= ft ratio =
ft
6o = 0.15 ft g =322 >
S
Solution:
kg rad
w S
_ VT
2Cratio(—j
n
¢ = atan| —— = ¢ = 9.89deg

Problem 22-59

A block of weight W is suspended from a spring having stiffness k. The support to which the
spring is attached is given simple harmonic motion which may be expressed as = §,sinwt. If the

damping factor is C,,;,, determine the magnification factor of the forced vibration.

Given:

W=7Ib w=2—
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Ib

ft ratio
ft
6o = 0.15 ft g =322 -
S
Solution:
kg 18,57
on = |— opn = 1o.of —
n w n S
1
MF =

MF = 0.997

*Problem 22-60

The bar has a weight W. If the stiffness of the spring is k and the dashpot has a damping
coefficient c, determine the differential equation which describes the motion in terms of the

angle @of the bar’s rotation. Also, what should be the damping coefficient of the dashpot if the
bar is to be critically damped?

Given:
Ib-
W=6lb b=3ft czfso?S | B u:;_,]
| (*]
= . =
ft ~= i
Ls 1 .—.- ! =
Solution:
2
w b
(E)({Hg ) o+ cb%0 +k(as b)20=0

2
M :(g)@ C=cb> K=k(a+h)?

M@'+ CA +Ka=0

where M = 1.55Ib-ft-s2
C = 540.00 Ib-ft-s

K = 200.00 Ib- ft
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To find critical damping

K
on = M C = ZMQ)n

Chapter 22

Problem 22-61

A block having mass M is suspended from a spring that has stiffness k. If the block is given
an upward velocity v from its equilibrium position at t = 0, determine its position as a function
of time. Assume that positive displacement of the block is downward and that motion takes
place in a medium which furnishes a damping force F = C |v|.

. N N-s m
Given: M = 7 kg k = 600 — C =50 — v=06—
m m S
Solution:

k 9.958 rad

n M n S

N-s

CC = ZMa)n CC = 1296—

m

S s
If C=50.00 N-H < C; =129.61 N-H the system is underdamped

C c)?
b =—awp od = opn |1-|—
Ce Ce
y=0m y =-v A=1m ¢ =1rad t=0s
. bt_.
Given y = Ae S|n(wdt+ ¢)

y' = Abebtsin(a)dt + ¢) + Awdebtcos(a)dt + ¢)

(2) = Find(A, ¢)
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y = Aebtsin(a)dt+ ¢)

rad rad
b=-357— @ =854—
S

S

A = -0.0702 m ¢ = 0.00rad

Chapter 22

Problem 22-62

The damping factor C/C_, may be determined experimentally by measuring the successive

amplitudes of vibrating motion of a system. If two of these maximum displacements can be
approximated by x; and x,, as shown in Fig. 22-17, show that the ratio

In(x,/x,) =27(C/C,)/(1—(CIC,)?) 2 The quantity In(x,/x,) is called the logarithmic

decrement.
Solution:
C
_2_t
X = D[e m sin(a)dt+ ¢)j
C C C
“om' “om L “om 2
Xmax = De m X1 =De X2 =De
__tl
X1 De 2 ~ ez_(tz_tl)
Xo c
2 -t
De
. 27
Since wdty — ogty = 27 then tp-t1 = —
ad
X1 C
sothat In| — ==z
X2 Maqg
Ce = 2m 1 [ & ‘G s i
= Q) wd = o = =— o
C n d n Ce om Ce
So that,

Q.E.D.

830



Engineering Mechanics - Dynamics Chapter 22

Problem 22-63

Determine the differential equation of motion for the damped @
vibratory system shown.What type of motion occurs?
Given: A
N N-s ’
M = 25 kg k = 100 — c =200 —
m m
Solution:
Mg —k(y+yst) —2cy' = My" "

My" +ky+2cy +kyst—Mg=0

[
Equilibrium  kyst— Mg =10 E‘L 1
‘- .

My" +2cy +ky=0 (1) & 2
"y 2c 'y k _ 0
y M y M y=
Elv+v,)
By comparing Eq.(1) to Eq. 22-27
AL 200 rad
p= M p=-c S y
T
S
Cc =2Mp Cc = 100.00N-—
m
Since ¢ = 200.00F > c¢ = 100.00 o the system is overdamped .
oy Y

and will not oscillate. The mation is an exponential decay.

*Problem 22-64

The block of mass M is subjected to the action of the harmonic force F = F, cosw t. Write the
equation which describes the steady-state motion.

Given:
N 2] ] ]
k

M =20kg k =400—

m g
F=F, cos mt

N-s M

Fp =90N C =125 — .
m =|‘|!!}=-

rad . k o IO < T < I~ WL '
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Solution:
2k 6.3 rad
won = [— wp = 6.32—
A M A S
s
Cc = 2Man Cc = 253.0N-—
m
Fo Co
A= 2 ¢ = atan
= - = >
2 2 w
1) C\ o 1-| =
(=T 2 )
2 Ce )\ an
rad
x = Acos(at — ¢) A=0119m =6.00— ¢ = 83.9deg
S
Problem 22-65 -
—rlﬁnr |::_;|r Frem ey
[ 3
Draw the electrical circuit that is equivalent to the i
mechanical system shown. What is the differential .
equation which describes the charge q in the circuit? L 'F_-'h| ; &
LI '
Solution:
For the block, ) 2 )

mx" +cx' +2kx=0
i

Let
1
m=L c¢=R X=q k=—
C -
2
Lq"+Rq'+(—jq:0
c C
e 25
f.; ;—;h
—
o

Problem 22-66

The block of mass M is continually damped. If the block is displaced x = x; and released from rest,
determine the time required for it to return to the position x = x.
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s I
X1 =50mm C =80N-— I
m
X2 =2 mm
Solution:
k rad S
wn = — wn = 245_ CC = 2Ma)n CC = 4899 N-—
M S m

s s
Since C = 80.00 N-H > Ce = 48.99 N-E the system is overdamped

—C c) « —C c) «
MM==—+[|—=| —— do=——-[|—| ——
2M 2M M 2M 2M M
m
t=0s Xx=X1 X' =0— Al=1Im Ax=1m
S
. A1t Aot At Aot
Given X=A1e © + Ape X'=A1d1e 7 + Agdoe
A1 _ A1 ~0.84 rad A1 0.06
= Flnd(Al, A2) = — = m
Ao A9 ~716) s Ao -0.01
. At Aot .
Given Xo = Ate ~ + Age t = Find(t) t=3.99s
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