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USE OF THE INSTRUCTOR’S MANUAL

The problem solution portion of this manual has been prepared for the instructor who
wishes to occasionally refer to the authors’ method of solution or who wishes to check the
answer of his (her) solution with the result obtained by the authors. In the interest of space and
the associated cost of educational materials, the solutions are very concise. Because the problem
solution material is not intended for posting of solutions or classroom presentation, the authors
request that it not be used for these purposes.

In the transparency master section there are approximately 65 solved problems selected to
illustrate typical applications. These problems are different from and in addition to those in the
textbook. Instructors who have adopted the textbook are granted permission to reproduce these
masters for classroom use.
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C = mass center I/
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F=2ma, = 4=
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For system Z/; =th. a;
7-9.81(10+12+%)

= J0(-1.6)+12(0)+§(0.9)

T- 294 = - S’.c?) /=256 N

JT }+y

a -
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ag=0 W 12(G.81)N
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N 500 + 250 + 250 - 4o(?.87)= 40a
qoa = /000 -392

Y
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Mass centor remams frxed

S0 long as A< 2mg

for system U =47 ! F(b-bs/n6) :2(5-/:72!7

2/‘=)/—ﬁ,,—-b (1-5016)




-av

-
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= :[/3. 7-3.4)C +(-2.242.6)] +/%9- 6)k] /6.2
s 150420/ 4154 N

FzlE =Y 1.5%+2.0%425% < 2.92 N




4/6

for sphere /,
G = m[(V+b6 sim6)¢

~(b6c0s0)) ]

For sphere 2

G =m[(U-bés:’n9)_[ m \bé
#-/bécosa):_/']

G=G 4G, = m(Urv]L = 2mue
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T

.

.20k + (0.4£ +0.3j)x 3(3( + 4/)

l.20k +3(/.6k -0.94)
.20k +3(0.7K) = 3.36 kg -m%s

+FxXG | G=3(3c+4)) kg m/s

1

I




/8
Z% = /_/o where O-0 /'.st,%c axrs of rotarron
L . 2
sl {Mdf [2H, =4,
o

Mt = 4m (rw)r, t:4’;{2“’




vall
For the system of two spheres

U'= 0=4V, +4T
O=-mgr ~m9r//—1/i2-.)+2/-2m(f’; U"z=9r(2—7’2'~)

U=/, /379"‘
Sphere / just prior to reaching A mq
Tanz v*r
Z/; =ma,: a .=a,s= /.293 g =/2939
/Q—m_g:m(/.Z?.?g) R

R=2.29 mg




£r3)t68)00" Mo
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o | 1t - :
O/MIg At = Hy = Hy  Hy=2mr (176)
H, = 2(3)(0. 3% + 2(3)(0.5)% = 2.046

5o B30t = 2.04 (20-[-20]) = 21.6
= 2,72 s



Y, 2ooo %
—;—(2000 ~40)4 = 3/-(2000 Y- 4o [#00 - 1;])

#/60 = Zo4o7J5 - 32000
'UZ': /9.69 ft/sec




HI3 | For entire systern 46,20, X hori.
( 300 + 400 + 100) U~ "

- (300x0.6 - 400x0.3 #/00x /.2 cos 30%)z0

Yoo UT: /6 3.9 U= 0.205 m/s

Momertum 15 conseyved WeJarc{less o S
of eyents | So Tinal  Velotidy Waud bt the Same,



2//4 2 m///?r / T—IZA,. L5 mi/hr

V - < W:
%- W@' v
/30000 /6  Joo,000 16 150,000 /6

Zf 20 for system so 4s,=0

2
(/30x2 +/00x/ ~/50 x /. 5);—0‘23/-29-2

- (/30 +/00 +/50) 2/;—04;’22.;_-0

_ 260 £/00 -225 3 ,
130 #/00 #150 =0.355 rai/br
%

°p loss of ernergy = 7=
7
¢

-
/00 = /oo(/-__‘).-fz
7

,,=/00{/_ ‘-é (1304-/004/50) (0.355)% } */00(/-47'%)
g‘g(lsoxzzf 100xs?¢ 150x/.5%) 757

nh= 950 %




4//5 et ahbow’cr fo rmrove /O pocple

pb.-. p " % 3 éoys
' ' - 20 -
Vetocity of people vertically up 15 == 0.5 FH/sec
Y ” boys " downr 15 |-0.5 0.5 £/sec
= dy, . /0(450)(0.5) _
5/d¢t @ 55 z /364 hp
z -0.5,
i 3(120)C-0 )= -0.327 hp
550
fj'_-‘ 2.2 hp

Thus [P=/.364-0.327+2.2 = 3.24 hp



1///6 I U \(3 a'—ly\é'o"

3 I
For the system as a whole R /\\ : /\/
- ( A
Z/C;c ‘2-6 O so ) \._/) 12m/5\ A /l
AGX =0: -mdy sin 30"+ md, sin 50°-0 N —
: 0 v @ ______ x
Aéj =0: muyg cos 30°+md, cos50°-m(2)

=0
Solve §qet & =10/5 mfs, Uy=1556m/s




S 4 m, L +mfo) +m,% =
X zmz X (s+2-K) + (s +X,)
A g !;Ml m, 7 2 2
[

# mo(.s-ﬁ%)

Ve m A
C B

. MR, - mp X
Smplify § get S LT ez

'ﬂo ;‘-M' + 17,

Bu ¥ //:cy meel when szC/: { o

/m/+m2)xl -mzz

Mo + m, 4 m,



4//8 lh//'fb neglect of hydroulic forees /lincar
Mmemmentum (S ConsServed & velocity |
Uz:z,lvz /! knot. Cenrkr oFf mass does rol

Change peositron with respect o reference
' y A
aAxes mMovin with conston? specd of / Aneo
X 7 F—S—~
Thus (Em.X.) = ey . T
o ( A ‘)I (z ‘,K‘)z G of skif/

/
22 | /%° (2) + /80/%) + /60(16) + 300(5)]

=;",—;2[/zo(/¢¢x) FI80(G4x) +160(/0 +x) +3°0(5+*<>]

4240 = <ooo + ‘Pbox XK= 2de | o 31672

260
/7miing & Jegpwence of changed fesitions oloes nol

d‘ff:cf Fmnal resc/t becacse all forces are
thternal.



4//‘7 I-é/oz—HG +/5me

f/é =Z£i Xm;/é[ =2rxmx r‘wf =2mrrwk
Px2mT =(xi+yj)x 2mui=-2Zmvyk

so Hy=2mriwk- ZmU'yf) _/_—/O =2mlriw-vylk




]Z/'; dt =0 so AGx:O
JEE dt=46,: 10=2(1.5), , 4 = 3.33 m/s

fZMé dt =AM, : 10(0.3)= 2(1.5)4(0.3) y = 3.33 /s

Uz333VZ = 4.7/ m/s both spheres




ZAl

e -—— =X
U = AT+4V, s
-2 4 A5 0.360m ;540 m/s
=3(4x2.75x1.560%) -0 —
[ 7T
-2.75x9,81(0.360+0.1054) (\' ) N
=/0.04 -)2.56 =-2.52 J

L0.350//-0, 707)

So /oss /s AR =252/ =0.1054m

I, = PEdt =86, =6,-G,, G,= 3mv = 3(2.75)(1,560)

=/2.97 N-5, 6,20
,Z; =/2.87 N-s




Y22 |AT-4V,=0 50 V=2V =-4Q

Al/7=~"79':, }AV9I=_7_T_'”£g;2ﬁ£=/0 r*

Energy /s Jost in the generation of heat
and sound wupor Impact of rope with fixed quide.



4/23 I(a) Z,;'-_-m%'c}. F= ?ma) a= F/Zm
2. . Y
b) A z:»z(g) 6, H,=mli6/e

- , ] 20 Lo 2F6
IM = H, Fb =mi®/z2 §«

me?




4/24', For sysrwm of 2 bars g fever tugss
ceriter 15 Jr2 Jime wit, C § Aas Fhe Sonre
GeceleraFron as C.

200 = Zf/o)ﬁc . e v: Oy /6t

ZFEma,
200 N )

— i ii—120 @.=40 1M
Zm”.c_t 200 = /o0& Q. =202
-~ —} 8 ) '8 sS2

200N T dg 2y=240 n/s?
N\
\

QC: 1O m/52 C/moé.“s
N —

2y = ZOm/sz '



_f@ © Z/L;=0 for sys/em so .Z]G:o
| v (é,c) = (20 + &)(0.6) = /5.0 AN-5S

— r @:.O
@ . ]
___‘_,_ o (& = (20 +#5 )1 ~57.6)5im 80
v x ( )6)6=6o° )

ro=0.4(2)=/6m/s =25vU-6.93 N-S
Jher s V& raZ =25V*6',93) U= 2/.9/25’—‘0;817—//_;«;—/_5




4/26 |
m = Fotal mass =/ /80 _
of cars 2 77 28.65
rome _ /3sin 28.65°
iy 4 /2
- = /726 m
For sysfem ZJ7‘+AI§=O
/. 2 Jo72) _ -
Em(u-[l_é]) mg//7.26)-0
v (30/5.6)2 + 2(9.8/)(17.26) = 69.4 ¢+ 338
= 408 (m/s)

U'=20.2(3.6)= 72.7 km/h

U=20.2m/s or



4/27| ”’(} b “<n
m O—
po} Y’ '

O—)-'

(74

For system Ale' 0! (’@U+2m'l[)~"mov°'=0
=
m+em °

v=4ar: 2

<L 2 ;
O=gmuit2[zm (vub®e?Y]-Lmy
2 12 2
(mrem)vteméo’=my
2 2
. ” ’
Substitute U & get T Yo L, B, 02
wy +2m :
Solve for 6 & et 9:_1_)_;/ I
6V mr2m




4/28 I For entire Sy.sfem) 2m

Jehdt=46,-6,+6,~0 P
O=2me, +2m(d, -48) y,

. —— > +X
2 =18 -—==(7)
x A I A’ -l
For entire system, Zm g
yl,=AT+4V -
AT = 7(2m)g 2+ L (2m)(s, - £8)* - 0 8 d)a#fo’

=m /ZU;" —.Zlﬂ-tfx + (‘9.1)

Al§ =-Zmg(2ft)=-4mg’
U/i,z = 0 so 0:m/2u;‘—2{é¢x +‘/?1)-4mg-(

or 242—2{5‘&;+{zﬂ.z=49( ---(2)
Combine (V& (2): 24} 42+ 44" = g8, G229 o =297
9’-‘20,'(//—’2/—29{/'/:2]/_5_9_’




”4/2?' Systhm 15 conservative 5o arrdg=o
F/o?‘d‘ar/‘ a7 = -zimuz- o

£ grr
S ' _ 4 5000 2
" ! T2 3732 U

S
Y . A|/9 =0
, . =L -0 — . 2, . 2
Vehscle; AT=zmU-0 =1 19502 [(55055°—U’)+(5.5/n5°)]
| -0
AW =-Wah = - /500 (40 5in &) |
Thus 776.4 vie 232.9( (Scos5°-v) i ( S 5ins5°)?]
- g2290 =0 e L7

Also for system Z/‘il'-'o So AG)“;‘O
S0 000

/5 ooco e o
—eeeren coS - = e =
55 (5coss V)-S5 V=0

Scoss°-vr=u33v g SsnS°
Substitute mnto (1) & get
776.4v %+ 232.9[(3.33v)% + (0.379v)2] - 52290 =0

v(776.4 + 2588 ¢ 33.5 )= 52250
V= 1539 (f*/scc)’; U= 3.92 fH/sec

= R 33 Ffarn S°
= 0.379




430 | LE= o, dg=-m, 94 (1- co$5)
—_— 2
my A7’— Fm, (46 - zr)+ m, YL
X--- ] =
_ Y Thus
6t L m, /gg'_u*)zf.z’-mz.uz—-m gL (1-cosg)=0 ()
Y= 2901;' Also for qy.sﬁ:m Zh=0 so 4G, =0
m, Yy - m, (20 - 1/) o (2)
Sewbstrtwle (2) 1nto (1) & get |
..i m ‘
m, (__»i, )24 +£m, L% = mgldli-coss)
%= 2_92(/-¢o$9) \/ 294 (1~ cos 6)
(mz/m )z+(mz/m !mz/m,)(/vf“mz/ml)

U,‘lé"v /f!—‘”—z - mny -
5 C-/ m, ) UZ/C-V(/;/-E—;>25[(/ (055)



"%3" For max. speed, accel. =0, so T=resistance = 225 /b,

3.5
32.2

T:m/a.' 225 =

U, u= 2070 ft/sec




3R | ' Mg
s

= 0.0753
=" 27(6.50
32.2 (e.50)

=0.0|852 /6x$ec/
£+

Z:Fx z m'Ab): J F: 0.0152/0-[-3007)
= 4,56k

-

-~ 300 5’;—%



/33 | 7 eo° m's p@ = 1000 (0.05) = 5D /ig/s
U=30ms ZF= iy, ; -F=%0 (30 cos 60 - 30)

— F~—-%* F= 750 N



4/ 4 Leststonce R Csuals ret Fhrust T
where Tp'(re-v)

0,082
Mozale verocify ¢ = R/q = 2= 4.8 m/s

7 (0. 0%50)
ﬂens('é/ of se/f wa/eg 7able D-/, ,0-'/030 /ry/m’
m.'sz = 1030 (0.082) = 84.5 ky/s

/000
U= 70 L= = /9. 94 m/5
3600 /

R=Ts 84.5(4/8-199¢) = /885N



V=tom/s , m'=pQ= 1030 (0.080)

= = §2.4 hs/s
; SF=mgu:
7 7 =824 (40 cos 300-0) =2850 N

or = 2.85 kN




Z,cx' = m'ay,
=/ ¢os 15°= [¢3+ 0.8)(0 = 720)

J =326c0 N
or =326 kN




4/37 I 60(49.81) = 89N
.30 _2(xx0)%)

@=Av -2 2
V=38 m/s 30°
prar \
u;=2¢;£-‘-2, (/,‘=ZK3/.3)(£%3 2 “
" 21019 mfs 4 1 “/,,4

m ’=/oQ= 1030x 32 - 515 kq/s 6(lox/0°%)

60 | = 60103 N bolt

l tension

ZF, = Au 60x10°+559-0.0240p Y
- 55001092225~ xz 23
=575 (31,8 sin30°~[-10.14])

p= 840 (10%) Pa or p= 840 kPa




)

w &\ “IF=m'(-Ucosd -u)
—
T -— -—=X
d 2
) 7-=.’_:__/m(uwsa * )
¥



4/37 I , 0.5 /b
Ball § stream just under /+:

Z/Cy':m/A(/j;.’ -
m’at ball=m’atnozzle

2
=pAv = 62.4 ”(0’5)74 .35
P 522 7  (z)%°

=0.925 /b-sec/Ft
S0 0.5=0.925(0-[-v])
Y, = 54 F/sec

& - -

For water stream A%+ﬁ7—=0:
mah +:2-'—m (052_0;2):0)

/ _
h= SR_ S5 412) =857 A
zsz,z(jj S5412) =785




4/40] i e
/

The system Consists (
of the vane and the TS
fluid shown., Q is the ™
Volume rate of flow, @

m' = PQ=FAY

F-OY‘ Q\ :{A'Un: 0- \)Sl.ﬂe
gl

avg = V (I- cos®)

For @,: [Au, = O-Vsind
AV = -V-Veosh = — V([ +coso)

For s\kjs’tem)}:\‘_“'-‘m'mn = Fefe(s)-(faq Sine) Q)
= i 0 OF Pau- PR tos 8 - P&ru- PR casd (2)
(1) F= fQusm & oc F= AV sin ©

@ 0= Q (1-c038) - Qy (IxCase) o ( )
T - , @, = Z \I+ Cosl
With Q= @, +q,: { ], = % (1- ts6)




44 V= 72;5/0.4)- 0. 526 m/s

<£ 4 ~—O0dmis P, 783 MG/w®
ml: /)AU ’
7 = 7‘?3(/0?)(25’(10-3)[/-2)(0.‘)
= 940 kg/s

EF=m'dv : 2I'=%4.0(0.526 - 0.4)
7= $.93 N




Y42 | SF=Zmu

With reversers in place,
/

650 m/s
307 /

_ . o /
E—mgusmja +mi U . 5
Tn= (50+0.65)(650)sin30° — T T~

—_—

+850(55 6 -0) 35\ 450 m)
m/S

= /6460 +2780
=/9 240 N U=200056=556m/s

Without reversers 7= mq/ u 'ma/‘f
T=(50+065)650 -50(55.6)
= 32900 -2780 = 30 /00 N

so n=222490 _ p 438
30 /100




4/4-3 c F1r1ee7 ,
I ontinuwrt, regeires /’4’4%:/05’4”

Rlz > |
. o U =8
— — A
/Q‘A—r le— 2 A ' //)A
/
ﬂ/z_? m'= pAv Zpgﬁy' at 8
— -
o v

A

CF=m'av’
mav: Rty A-pef =AY (V)
= A'I/z - /%
,4/,,,),4:17/74} o ]Mz/@ /(/ 9/ﬁ4)
z B 2
£ *U/";;)ffﬁg'&%’-;f/

X

R = 7d* - 8\ )
2[4 2 )+ (po-12)]




4/44 | A ¥ )£ 0-0873 £t A= 94.:0.349 4t

40134
Tz B c m'=p AV
| 4 0. 840 16 = Sec
3 =
8 3232 (0.349) 50 = 0.455 =
'_ 0.0760 . -4
- M /0.0873)1{-‘2.06 (10 %)
=2 /b/,,2 .
fe ”ﬂ. "43""”2;‘ se U= 0,45’5-
¢ 2.06(%107¥)
—=Y= 50 H/sac = 2210 H/sec

ZF =mdy, ! /50(0.349)144 -2(0.0873)(144) ~
= 0.455(2210 - 50)
/= 6530 /6




4/45 l ;30207

Q=Av. 2 f—> v <\§———x.
/ _ o0/ 7 S
z2) = ==Y FE 1 g

U= .47/ (108) w2/ ! Y
or Ul': 2042 £¢/sec J'Ué=0. 6ol2042)=/225 F/sec
SFE=m'ay 223/ 1 1 6§ _ s/ 3) /b-
X k* T F G0 28722 2.39//0/f /6/5«)/#
) ‘ S/ugs/sec
F=2.350073) 1225 sin45°-[- 2042 s/n 30))

= 444 /b




fi:m’d?& ;
Yy Romg-myg = pR(Vees 45°- )
= 300 4
Mass of walker m = pV 2
= /oo0o gfo,z) /6)

R/z = /88.5 kg
Q= 0.125 m¥/s
+X A =7},r/°'/)2= 0.00755 m*
52 &
A, é_’“/o.za) T 0.04%! m

U= Q/Az0./25/0.00785 = /5,92 m/s
g = Q/,ao 20.125/0.049/ = 2.55 m/s
Thus R-(310+1885) 9.8/ = /000 (0.125)(75.92 co595°- 2.55)
/088 N

5980 N

n n

rR




447 l Kx=m'a v m's /)AU‘, = /aoogfo,ojo)zb’
= 0.7069 U

)5000 (0.150) = 0.706 9 V(U -0)
yl= 3183, U =564m/s

M= mvd; M=/5(150)(15 5in 75° - 4.8 cos 75°)

= 2250 (13.25) = 29 800 N'm
or M =298 AN-m




24| Yy ZH=miay ; mispAY
l ' 4y = o-l-v)=v
ity

|
A, S0 pAz-W:/JA/VZ
W= ‘L4200 b ,0(77',( 92)(/44 ) - 4200 = %ﬁxsz(xyo ’-/
< [ —_ g
AT | £ =0.1556 /.

— 7




4/4-7 Im 6 k3]s, pA=/400(10¥)(7500)(107%) = /0 500 N

y; z,c mdu* V= 6(360@530 -o)
Ug =360 m/s V=787 N
’ 6'0 orV=7.87/ kN
é'r')‘ Eh = m Y, 10 500 -T=6(360 517 30" 45)
7= 9690~/
600 mm or =269 kN
v, ‘)—-l'—A ZMy=m' (4 dy-274,)
/’AT‘L M T M=6(3‘60cos30°[o.6]—o)

a %:45m/5 = /22 A m
orM =/.122 kN -m




(A
m'= FAY, = £

Avy = ~UCosB- (-0)= u-vcesd
th’:m AU\‘i: 42
R-mg= [ F w (u-veess)
R=my+¢ T4 0 (w-vesse)




4/5, ly , / re
4/5/ L-ZO-—1| y= olume rare, 19/2_ /25 FfF/sec
|

l{ Lfﬁ_«é For each Oa/%:f ml: \5\;;22'4
T, -/
“ ' = 969 /b -t sec
M 24" /0 . |
' = — /33 #/sec
F-8— U ogs 1933 HS

vV <XIT
Y. ‘ —
U1T7— Z§‘=maz§/' -7 +#/2,560= 9.69(0-/3.33)

pA #9.69(+/255/n30°-/3.33)
pAZ 12000, 7,’2(’44/ = -/29,2 +476.5 -/2 %0

J=126/0 4
9.6?(/25'-0) + 9. 69[-/25‘@5 30°—-o)
1271 - /049 = 162.3 b

/
ZRg= ity

3]

My= Zmlvel [ M= 9.69(125)32 - 9.69(125 o5 30°) 22

#9.69(125751i 36°)22
M= 3028 ~ 2095 +1009= 1939 145 f¢



4{52| For the truck and plow o3 a5 Stem:
ZF - [ 60 ooo J "
x =m'ay, = 288 [3e 0] = 5500 N
or P = 5 5(9 kN
TFy=m' » R= 60
y=mavy s Re SRt[12cas45%0] = [4%0N
or R= 8.4‘1 kN




4/53 I M = /\.40: m'/z/z'q’z -a)

e Q. /6

W m
= = L :/509 &
2 A plo.150)/4 60 2 S

From Jable D-/, ar Y 0T2m
density /s /.206 hy/m’ -— [ = A 1
so m =pQ = /206 (/6)o=0.322 ka/s

M, =0.322(15.09x0.2 -0) = 0.97/ N'm

- 0.97/ (3450 x 2T js0
/D:‘ 0. 32 + %W//ooo = 0,32+¢ / 7000 )
P:0.32+ 0.35/ = 0.67/ kW




W= 24000 /b
a4

v, o 106 Ib[/sec .
"o 322 T*%Ezz-&Z? /bx&cc/ﬁ-

4

nm - 3.29 = 0.1829 /bxsec/,cf
Fuwel = /8

‘ / mnr.. 3.29

air imtoke velocity U =
°  pA  (0.0753/35.5)(1800/144)
: /2.6 ft/sec

"’l'cxhwo,f =2.29+0./1829
= 3.497 lbxsec /£

PA = ~0.30(1800)= - 540 /b

Net Fthrust 7_-‘méxu ma:r v, -pA
= 3.47(3/00) -3.29(1/2.6) - (-540)
= /10,940 /b

Zh =may 10940 = L4920 a = |4.68 Fifsec?




4/55 I mg= w/y/;f o//;e//'cqp/cr

=0 = force on syskem of
l air stream & helicoprler

rFor sy,,fem betwween :ec//olns /g2
2/3_‘: m'dl/,"
ms :PFFZU/V—O)

= L)/ 22
r /7'/)

Power = rat of thncrease of kinehi energy

P=Lm(u vy =Lm'v? mv¥- v
Z (4,°-47) FMmV =mvg=mg

p = 23 /m3
er ¥ mp



S e

Simulated L—X ] \
Fep ) , /4\
ma 2{ \

6L

mg u
mg = £600(9.8/) = 84,4f/03JN‘
mass rate of air = ma'.-.- GO k9/s
0 “ v fuel = 70/18= 5 k9/s
7 “o o exhawst = m;: $5 kg /s
PA==2(10%)(1.10) = -2200 N
Y= Ma/pA m“ﬁ%p;ﬁéz‘?'n/s, MY 2 90(67.8) = 6110 N
miw = 95(/020)= 96 900 N
For vertical take off EF,=20: 6110-2200 — 96 900 5in 6
Sin §20.0803 g.3.3;° ~°

fﬁ,:may . 96900 cos 2.3/°- 8¢ ¢o0 = £600 ay
er/.448 myfs®



4/6'7 m' - /2/2000) /I - 0.3/06 5/”?S/Jcc

anr 32.2 Jé600
v _ J5O(2000) (| 88 Slugs/sec
R, o, = [22ED - 25 95/,
RX, —> C e CF=mdy
2" ' o
N JZ-{{ R =(0.3106 +2.588 Y1245 60™0)
g 1 311 /b
1 7Y Ry=(0.3106 + 2.588)(-129 cos 60°-/24)
V=) 24 Hfsee = -539 )

Farces acting on bipe 6ena’ 7 mass wwitlrin 1F
1) tension /’/J = 492 77[/4)" 680 16 due Fo vocwem

2) ferrsievt o pipe al @

3) /‘I 1 " “w C

4) weight of ébend

5) balance of exfernal Swuppor’ forces frorr( crare

6) shear forec and bending romen? ar C



4‘/58 For entire Sysrem A= m'/gdz-g{d’)
Lef w= x/e/ocz')fy of water relatrve

M /o nozzle = (%A
w m'f/—‘@
2 2 @
r - =/°Q(r w rbe =21 - o)
b
C AQ(EE _[r¥4?
] M-/>Q(4A [r36?]w)
el ¢ For M =0 = ¢V = L
bw r ~ ™~ a= ° 4A[f2-/~62)

Com,banen/‘s of
absoluwle VEloc /./y
of waker afexit



_ . 8

% AU‘;ZU’.Smg

e 700 "2
-0,

2
Fem@v: m'=pdo=1.206 722222 245 = , 364/ kgts

F=0.344x4ws/n2é’=/745 .sz..gi N

For vane:
ZMy=0: 174.6 sin £ cos é(ﬂ?ﬁ _4(9.81)(0.240 5in8)= 0O
2 2V sin B '

$73x0.100 = 6(5.81)(0.240 sin8)
sind=0.618, 8=382°



»4/60 C' 11/ =/24 f¥/scc '
/ A pA Arr inlel are /[/6 5] - [’5]2} 37/ /n,z

A_Yi' p 2
Yl ol ¥ 7, 37///44_ e
¥ i T Ex/} arca = z(/4) = /5'3,‘?”:.
v = /53.9/144 = 1.069 #+°
3 /4~ oA = =(-4.42)(153.9) = 680 /b
| 1 o /8(2000) 1 y
] g, s LT —— = 0.3106 51495 f(sec
| 1 _ 150(2000) |
}‘_/672"—n Mun —32.z  Feoo 2.585 J/uQS/sec
’ 0.3106
V= "air/on = ———— = 5/7 F/sec
Ze 032072 )lo. 258)
ZE = mau ~C +680 -60= 0.3106 (124~[~517]) + 2.568 (124 - 0)
= /9922 +320.9

C= /00.3 /p



B 4ol | Flow rate @= 2223 —0.7525” mapQ= —5—‘?‘3/0753 -1, 458 %

1728x60 ~

2 2 a
Flow area A, = E‘)-l—z-/x/‘/:o.ozw H Ay = -’—:/’—/—/44 = 0.0054%5 f¢

2/oc ff/ U = == 74/, 7 Y L= - 38.9 1%
V ! A A 0.0218 )5 4 To.00545 =/ sec

4
p =/38.9 Ftfsec
z .
) % =U6 Cos 40
\\ 2/05,‘/ /é/’ec
. S ——x —— - -y
7 ( v £ - U, =y sin Jo°
pAA = 39.3 Ft/sec
a
() 2F =m'Bu,: 150(52 )~ F = /. 468(29.3-34.7) F=39/ /b
z,;nn (4@.- V=148 (106.4/-0), V=156.2 /b

IM, ,=mBlud): My, = 1968 (106.4x%2%)= 33.8 I-F¢
(4-2)ZMy g =mQ(vdl): Mys =/ 465(59.3x21) = 22.F /b- ¢t

M=y M+ My = (33.82+22.9%)% = 40.9 14-F+
(-2)Z M, =0: T-Vel=0, T=156.2 (%) = 27.5 1b-/¢



P%Z I/;om Fart (b) of 5am/p/e [Froblem m/-'-'/oA (v-u)

= (1000) E—”%’i@- (150-u)

= /539 (150-u) kq/s
gF= A (r-u)*(I-cos 120°), 6 = 90°+ 30" = 120°

=/5,39 (150-u)*(/- (-0.5)) /400(4.81) N
=23.1(/50-u)* F
2 —
ZFeméi: 23.1(150-u)~)373 — - L<__,€=
= /400 u é0/ 2. 1(400)(6.81)
u ol 3 =/373 N
[ 3 = / dt N=/400(4.81) N
p 0.0164% (150-u)*-0.981 J,
Uu=u
7o z'nfegr'afe let w=/50-u / der =3
* Jyzo O.981-0.01649 s *
/ / /0.990+0./2£4 (/_m-u))”_ 3
20,01649/0.98/ 0,990 -0./1284 (150-d)l,
3,93 In /-0,00534u= /-0.00634 « s
/-0.00703 « 7 )-0.00703 u

Solve for w gyet‘ U= 1300 m/s




»4/63 vU=Y29h =Y 2(9 &1)300) = 76.7 m/s

U= 0.97v = 36.1 m/s

0Tyt Y= [u-(U-u) s8] U = (Vw14 05 )
U_\ 4;\_‘ =-(7.7 36/)(/*0985) = - 80.7m/s
92402 = Average /‘anjam‘/d/ JAhrust p:,—dcgf )'s
_lf; EF"_ m‘Av-

—> - ¥
U E=/ooof76, 7A)l-80 9 = 6.,706%4 N

. where A=yt arca, m?

Theor. Power [P= 6F,u =6 (6. /9)(/06)A (36.1) = 1.340A(10°) W
Actual power 22 //0/
Theor . power - /.340A (16%)
Thus 4%/ = 0,025, d= 0.1653 m or d=165.3 rm

= 0.90/0.&5)/ A= 0.02/5 m?

= 2
2 w  27(zn/s0) —52"—



> 2/64 | Entrance . Yo . Iinl0° pr= 434 mys
IIE Sin 43¢
II5m/s
/ ; e
, +ZC 3/5”'/5 (7 - om227 vﬁ;:z/o m/S

’ \ 315 sin 43°%)
/ | . P .. , )
| N, Exit: U= (negngible friction )

: Zé'f 3/5 - 2/0 cos 3o0° = /334 m/s
| X

|

[}

J

A | = 439 cos 27° ~133.4 = 253 o

%-I Zﬁ =m AU).C )'
F = 15(253) = 3§00 N
' all
m'= 15K5/5, blades or F=3.8 kN
Power P=lFv P=IFR00(3/5)=1197(10%) W
or P= /197 MW




FOM9 = 3(10%)(9.60) = 28.8(/0‘,{/
T=miAv = /30(600): 76’{/03) N
EF=mag,. 28.8(10%)cos 30°=3(10%)a,

Q,= 8.3/ m/s?

ZFR=ma : 76(10%)- 28.8(10%) sin 30°
= 3(0%) %
4‘ = 2/.2m/az




466 |

z,«; =ma+mu: ~9,8/m=680m-220(820) +y T
m = 10.86 (103) kg mq
or m=10.86 Mg

{ u=820m/s



4/6‘7 mg =2.04(10°%)(9.81) = 20.0(10°) N
3R = 3(2.00)(r0%) = 6.00(10%) N
2P 2(11.80)(108) = 236(106) N
Spectfre impe/se L= 5— =455 s
So w= 455(9.81) = 4460 m/s

2, =mg@,:  (6.00)l0 4 (23.6)10°- 20.0(10°)
2.04(10%) a
Pz 3P A az 4.70 m/s?
R=m w 2090(10% = m (4460
m'= 448 ky/s

A




Fres ZE =mv+rmu
20000 /b X
wu = 60 ff/sx

= 2 m=-90 __ 5/ugs
. : W\ Qs2 Moect 77 e 2e L
Jo° <— . T

i ) B m = 20000

a5 'T —_— N\ 552 ° 62/ S/ugs
(@) watcr on; Pz 62/(2)-248(60)c0s30"

=/242 - /29 = f//3 /6

) water off, rrl—'o/ P=1242 16




+/69 | X '
F—] | == ==

. - . x x
ZF = my + mu where MepPr Ux, mepk us i

s Fipxi s pik | Fep(xi 45




4/70 '

mg

Vv

With added rrorsture pa FRrcles
//:7/773/5/ o/ re.SZ; relalve 'Ve/oc/'é/
of a Hrachrmen? of #7255 /5 W=
JhHerS wittr = M + i

we bave ZE=mv rm v =ﬂ%/mw)

where Z2F=mg -R



4/77/‘| Pr  for x=uU=cons?, Prwegh? of escerdiy

v //;)/“'5
I #T :‘/j /Z-)()
' & =46, . -p~ - :é -
+X £ ‘Lpgl. ,L; JE /)jé £ /oj/L )(} AE (/)EL !JU)
l /)jx_gz—/.?v-x’:— v

d{z Jo R = ,e5X +/U2




4V7Z lZé=mu”+n’vu: \

/10
Z£=380-200=180 b 45 \(5%
e 12000 +4(220) —

32.2 L~ o~
—
=400 Jb-sec it 350 1b

at t=4sec.
m= 220/32.2=6.83 lb-sec/tt 1.5 mifhr=2.20 Ft/sec
U= 2, 20-10cos 60°=-2.80 Ft/sec

So /80=4005+6.93(~2.80) a=uU=0.498 #/sec*




Y13 | z£=mirru g

: U
ZF = P-mg=P-20.6(3.81) '
=P-202 N
m =20.6 kg =20.6(.51) N
=085 m/s* €=0
= —pA 20° 20°
= _g (1000) ————mf}waz{z,ﬁ - P m/
=-3.53 kg/s

U=2,55in20°-0 = 0. 855 m/s
So P-202=20.6(0.5)-353 (0.355)) P=209 N



M4 | . l i i

X <«-—— F—)— - p
I | g 74
Z/)f:- MU, + mu, /l | i
/ <
S92 600 + L /80 oo ’ v :
L= U e =
4 2000 « g;
4/)‘=o

289 /b frictronal resistence
rel VE/OC/.Is/ wrth respect fo the car 7 Xdor. = O

U, =
4600 + 2 /80 poc ‘

- 287 = 2 115 £0.

Jhers P 4 522 c. + _
Jo  P= C74 + 289, = 763 4




4/75| mq 0= 2 mfs m= 40 + 30(1.2)

‘ — — = = 76 k9
‘ = osmist m = -fv = -12(7)

e

=it P = -2.4 Kj/s

>Fy= md + mu: PoRA= 76 (0.3) - 2.4(2)
P =204 N




476 | AT T | ymg

For constant initial speec/

x - -
propeller thrust T R

= drag R. 280 km/h

Adcded power =AT-v,
AT 2E9x1000 _ 5,3 5 (103) watts (joules/second)

3600
AT =2880 N
ZF,=md +mu where m=4.5<1000/2 =375 kg/s,
2820 x 1000
= = —=
u 3400 77.8 m/s

So 2950 =16.4(10°) 0 +375(77.8) v=a=-1603m/s*
(decelerationr)




g -0 0000000 O0—> P

Zh= Gy Ppspgx =, (pxx) Fapsx
ol X% xX) - Pax
p 2

a=x ="t - - X
X VA

4/77 Sol. I entire cham %ﬁ ¢P5)‘

Sol I. &g. #/20 SFor rmoving poOriion
SF=mwv + mu
,D-/uHOj)c :,ox.Sc' +/asc>2 where ¢«w=X




- "8 = m3 X
T masm% may A
(400) 24,8 b Constant
N
M= My =M t 32. 2 (\25 ’2t) |b-sec /ft

(Prcqm\sm\ tme t= 2° = |0 sec

Sot mw - (o W\f)ssme— (mo mi’)dl
[Tz -gsno] e = o
> U= u&n(m%m—:t')-jt&ne

_ B 125 D
When t=10sec, U= 400 In ,25,20>-32.2(m sin o

= 13,83 fitjsec

—
-—

418 | Xy
u =

ma
2
3.2




4/77 With v = const., u=accel.=0 lT F T

So Z/;=0 _/ora// bodies: F
P’*PQV'T:O -==(1)
/ou‘+/ogh—7'=0 --=-(2) v

Eliminate T § qet /oghk 1 l
P=/ou"+/og/h—7)

T +9
Left-hand portion (constant mass, T
ulop.er' end moving up): u* $n‘qu=/0(fz
IE =6, T+R-pgh-pg(L-h-y) .
=55 (phv) pon]l i
pY 24./99/7 +R-pgh P9 (L-/;-y) :
“a Pre et
where h=u
pu”'+k-/)q(1.—/)—y) =/JU’"
R =/Og'(/-—‘/’-7) = weight
of pile of chain

X

» ——/og(L-—h—g)

R



_4_/_831 let Mg = inrtial ass of car = 25(‘°3j kj
= 4(10%) Kyjs

The Car acquires Mass which has zer initiel

norizontal velotity, So for Mrizmbl K ZF—ﬂf(m)

0= i,LE (moﬂﬁt)u @r\o«-m’dq + MV =0

I R '“_U_
Q= '“3% - b-hn‘l’
cl'\} Arﬂ - mg'\)o
-—jm»rmt dt = V=% Mmytmt
\ my\ m, tmt
Then jdx = "‘%—?‘—At%x‘ °°)n( m)
Myt mt

\ _ _ _ 25@03\0.2) 25 ++(z)
Wit ‘c—x——Xs) = 205 )

N= 6.08 m




4/81 | m=ny,-px A

o~

Cmg%

7715 not tronsmiitied fo I
cort so ZF= ma

P=(m -px)a I———x——rl

- P

- My =P X 7'-4—0-9—0—0-0—0-0——»7—
vdv zadx /Uc/U de

21V
v ] . P ] P M,
— - / - = - / ——
2y Pn(%PX)O P - PK

[

- 2, 2P, ™Mo
‘hus V—\/U; % n

Temav, r=puiv), r=pv?

There 15 ro reaction (R 1h 3. ¢/§) betucer
depor Fing 172 K5 g carl, so mu /5 2ero & SF=ma



4/32. I Let x be the displacement  og(1-h- x)

x
of the chain § T be the tension 7 IA (
/n the chain at +*he corner, ri

. /og(l_—/w -x)
Horiz. part 2/ =may :

T:lo/[.“/?-t’()).(. /Ogh
Vert. part Zf; =ma,:

P9l - Tz/oh)'t'
Eliminate T § get

_ gh F=0
X—L-—x

L-h

Xdx=xdx: / d(x’) /f—/’;dx
(2]

Y -h

x!'
2 1.0

—gh In(L- x>) X~

) =

(@) v, =4/2gh In(L/h)
(b) Free fall of end A gives v =, +25h 2gh /n—+23h
U=y 2gh(1+n[L/n])

(c) Q= /oss 9/: potential enerqgy since AT=0
Q /09/7— +f9(L /7)/7 R= /09/7{/."/2) Joss




. no x-foree al botfem,

4/83 I /C;'om FBD of /inks in mofion cuith
275' 2ma, Gwes

Wom 0-p N = mx  or

v,u</\l LGlL-x)s5i 8 M PG (L-x)c0s & :/J(bx))'('
\ 6 N 5:': 9.5/';v¢9~/c¢kj cos @ cons?
—— ¢ x*=2xXx

For entire ckd/h) Zﬁ;: G:»(

. g - ]
v//“ﬁﬁ(l-x)c@@ ﬁj S/nj /‘k/)Q (L i()Cosa Ve
Y\ﬂ 0 = S (pleax)

el o . s
- ' = 0k ”ﬂxz=ﬂx/l-3x)
j&(057¢/1‘0)‘6 'x' solve ﬁ’l’ eijc/

R = pgl sin 9-/4*/)3 /L -X) COS® .
-9 (Sth- 6-—,akcos¢9) (L-3x)

7

R=pgx /3 5/n @ —z/ukcosa) A< tan @




4/ 34] For airplane plus moving por/'/bn of chorns
CF=0 = MUV = /m+2/32 v+ [z [/JZ)]U-

v _ ,udx  du_ _ pdx
—/M+WX)7E‘/J At U Tmpx

/du - [ pA . E oy L v m
m+/ax 2R A mo S mitpx
T 7 for x=2L =
= X = e
or U 4 pxm r , U / + 2pt
m
Also v = -—’5 S0 ///fﬁ")dx /Vﬂ’f
Px +_ Zm - 2th
X + S 7/;2,") X 70 X > °

x=~%t 452*8;7)& X= m[/u. T ]

far + root



4/‘95‘ Z’/C' me,

pgrdﬁ /7'/\,0.[ /7+d7‘)ca.s€'£3 fcas‘zlé f/)jrﬂ’/ssm/:’
\ ‘ —pra’/ﬁ Q
t/ ?\‘\: Simplify & et
T = g dp~ ar=pr (4~ 95inp)
o /2 ' '
a7 = pr G -6SmB)d
O/ f@/( (=G Srps) s
o< pr [0 o3 Th-en]

. _wsoe
a (7 -6) = gcosd a4=7 T

Energy loss Q= IAl//: mgdlh = pg Z’”Fc0545°

77/‘2,"_/9,,



P4[86| v=aTray ; v=-Fx )
P AT = 5 (my, e p[L-d)v

avg==[{rm sptexifrr prk 1s

v ~Fx =3 (mtplod)e [+ L% D) gx
Differenfiake with Fime g 527

“Fu= (m,+p [L-VJ)Va——é,le;-(ma*/’U—‘!57) gv

i’ +P3VUX /2
im, +pL)g " [, *f’“""z/“ =(m, +p(L-x)]g + "
' Pr/2 —F
RTIT o eplicy)

Ror entire Syshem ZF =6,
(m, +pL)9 —P=5—:§[rﬂ0+~/)(L-x)JU‘ =[VY70+/:(L-X)JQ -,ov'z
Swhstitu te a.';'.S;)n/a//',@ g get

P= pax + ﬂz‘.’z* ~



> 487 | - /rg R

Vﬁ = O"777' TTITT

. X
There |1s Na Force on

L-
‘ r Vj%—“ a5
moving part dlher Than K
T 8
we\jht so accelevation ,L
X =g = Constant. /
37 ‘j/ ‘} “Transi tion

—l_hus) 'U?- = 280( |°3L T kink

EC(U\\iBrium of links at re\{ti
SF.=0: T, +fq=z— e S
= R= —'z—fj ( L+ 3x)

loss Q = [Ny, - Vg, |=| gk (- F)-To (- )
= S fql®
'3

When /)("’L U>00. The loss of 'Poten'hql enua
Cﬁuc\\s t\'\t \qum m kme‘nc energj So ‘the gam s
concentrated m the lost element and 13 last d\)hv\j

Impact when the last element (s abruptly broygnt to rest.



’4/88| . AR ltﬁ

- lf' Ay o
A= p35Eex ( I
7 X/ X X (t X
/ .4 /Z L . ) L-
=l LN, ,2 ,
AV +AT =0 — a 7{-71‘;
Lp(Lex)ud=£pax(L-% X I
/*(L ) x//’ ) U
= 2gx £ KZ —--) : W;gl. A T
v = aa’x, s0 a-zi;-g= 5(4-)0(?—)() -:((L x/z)(—/)
L-X)
X(L~%:)
ara (it T ) e
o % 5)
z/: e"ew ;:Z -R= __(p %)= £(t-x)a -v?]
6. ) g@) g get ‘—Pf[(“x) + x(c "/z)]

Equ/./ of f/'xc./,bar/ jn;fs 71_: 2-{0_9)(- [L %)/(L-X)



»42/89 l . ?Elr t/z U=x = const.

For entire rope T
X

.'/’9/1 )L; /2 p L

+/>9§c 4 | I
o T

= /—’-9{L2+_’£) U — X |

2 2

724 L §

=0 - ;
ﬁ- T 7T 77 T rrg v r v /

Entire rope! ZF Gl R+P-pgl = —-—(ﬂz ?/) = _/:z/ —--()
Wwork-cricrgy: dU’s d/'fdl/ Pax = “(zﬂz z}-/—d{/’ (4**‘!)}
.—.4—/)U 2a/x -;-z/»_yxd)(
P=4,ou L pIX - (2)

R= Zpvt+py(t-"%)

Sub.(2) ke (1)

A;a// of’pg,g‘ _ '
not mavmj [/fy=0' fe*/'g(é*;—c)-}‘-a ]/“.— -,au'



Y4fa0| For feitmg part  ZF=mir s
where ZF=p9% mM=px, m=zpv U= x
- Thus /)jx'—/)x’l} FPVR, gX AT = x dv + vdx

or gxdts= dixv); gxivdt = xv dixv)
xv)?

S e o fion

3
Q- (xw vV Z-”‘

)/ 29 / 24
2=V = ) 6’—:}‘2- consrant
2

Q= A\/ A7‘-+ﬁ91— /:A ¢ - ot




44|

- _ /2 =
Z/S—max. 20—3—2—3@

a, = 4=537 Fftfsec*




4’/72' For The system, ZMO-:Ho =o) So

He is Conserved:
z2 1o
o (looo) Tz

0\

—\Zt (%Szm + 3 %200
1I2.37 rad|sec

A large horizontal Torce is exerted sn the
red by ‘the bearing s That EF#0 i ~the
hatizsekol  dicectan . Thus G, ¥0 and the
linear momentum of the bullel-pendulum system

s not  conserved.



443 |

Zf=ma, 1 T=mu=/3(10°)2400)= 3/. 2010°)N
mg= 2.7(10%)(4.81)=26.5(10°) N
Thas 31.2(10%)-26.5(10%) = 2.7(/0%) a
a= /) 746 mis*




Y4 | Femdo: (30-20)= 22 (r-0), v=133.3 mps




_z/_/zi_J‘ U
PO

F=m'Adu, :
L i Ay, = v cos 20°

Q=Au: 14003231 1 2 T _’f % %

/728 60 Sec

_Tx 2%/
————-——U‘ -
7, L U=/43.0 ft/sec
AU, = 143.0cos 20°- 0 = ) 34,4 F#4/5
g Sec

/7
m —‘/OQ: 62.4 /1400x23/ ./
37, / 7 x = 6.0 /b-Sec//t

F=6.0401344)= 812 Ib



4/96, m= My- m't

> F=ma: ma- (mo-mt)s (memt)a

d
a.= d'\i: = mmumt 3
jd\) = mu i‘c—fsdt'
U:—U,Qn(hf\o mt -jt'

Mo
U= ot W)'S’C



Y| 4% iE=md, - 12: 212 5

2
! Fs/2 /% as 64.9 #/sec
6” ————————————e.
41 4(r0-6)=24, b=6.67mn.

. g 5 = H(3.33)* 2(6 67)° 5
o —T H Zmr? JF2. 2(/2)2
_L _Y— = O 02339 b -FF-s0C

= pf (6+3 33 .
2 Z% h/G) /ZT): g.0288 &

o= 733
o.0288

= 325 rad/sed



il // ¢

T=m’u =120(640) =76, 8 (103) N
ZF =ma,: 76.8(10%)-26.2(10°) cos 30°
=2.80(103)a,
G, =19.34 m/s* ~_n
mg = 2.80(9.34)10° N
T =26.2(10°) N

ZF, =ma, : 26.2(10°)sin30°
=2.80(10%)a,
a, = 467 m/s*




vl 7

m=-m'=-52 kq/s
m= 20041200 5.2t =/400-5.2¢ kg | l g
a
ZF=md+muU.: —mg=ma -5,2(3000)
(1400-5.2¢t)(a+ §.70)=/5 600 Exh. vel, u = 3000 m/s

/5 600 2
- 128699 570 mss
1400-5.21 /
When t=60s a=—225990 9701434270

1400 -5.2(60) s pif o ssn

Max. accel. occurs when 5.2¢=/200, t=231s

L - /5 600
max - 400 -5.2(231)

- 8. 70= 7X/O—Xp70 :6403 m/s.l



4//00 |

Vertica/ drop o f
Spheres /s

h, = 20 ”
- n

‘72 s o

h3 = |0

For system
A%:-—my(ﬁ;{#bzl-é;) :
AT= Sm(v s Uzz+0)=2—'m/V2*[§U:]z)= 2t
U'=arraev @ o= -;-MVz‘ m?/b/ "Az¥/')

v f(32.2) 2045400 _ 1957 (#/sec)?

U= /390 #/sec

Polential encroy loss gocs wio [mpact erergy loss



47101 I ZE=mq, v 1

7 2.4 (1T (3/4) 30
mi=pAv = L2 (T )20
= 0.7/3 lb-sec/ét X - ——

= 120(1+0.866) = 224 ft/sec

4y, = U cos30°~(-v)= v (I+co530°) —
U
F=07/3x224=/59.8 /b :
3

%




10 e
HIZ| o ZE = m' 4y,
-2./-0.84 + Tcos 30°

A
/:Za//j) L j£/0.06) = [3/.6(600)—30(/20)]/0'3

AN =0.84 kN 7 =2/.[ kN
A B C
— ——
m
120 mys ____?_*_*_x oo m/s

40(0.16) 72 <1 0.84 kN ZF,= m'4Y,
=22.4 kN ——*} _
Ffz2 <— 22.4-0.84 -F

B C _ ~3
- = 3/.6(600-315)10
JI5 m/s F=12.55 kN




4//03 G, = (L-x)V2gx = p/2g (Lx7t-x%)
IX- P3¢ ZFX:C:'X SJor entire Sysrem
£V ﬁ9£ —F:ﬁ@(—z'—l_x-'/a'_%'x'/z)i.

i:\/2 X ,
’ - V25 (£4VZ5 - $V2g %)
4 = pgt = 3pax
~ o that /= 3p9x_
Al ferna;"/‘wo’d/v

.

PG % ﬁ /€=M'AU=/-'X(>'¢)=p)'cz=/>{23x)=2pgx
a Z/—;=O}' 2/)3)5 ‘/‘/’3)‘ ‘F:O/ _'c_-:_‘?iﬁ_f



For Sysfem . ZF);:MOTK.‘ /6= 3/2)5, a=2.67 3@2

. o 2,
ENLE D 16 (0.0752) = 2 (3x2<017328)

20 /6(0./732) — o rad
z 29 - 5. 40 X
g G (0.1732)% ! KX

For fop Sphere
a=a+ FO = 2.67+0.1732(15.40) = 533 m/s2




4(}05| o-

- =Av
U= QM =3000x231/(60x/728)
x4z
A 44
= /27.7 f/sec v—

Z/!//o:/%zm’zfc/ -mud :

Z 2 ¢t

mi= AQ = 624 5000x23/
7 32.2 60x1728

so M=216(1277)(8/12) = 1837 /b-F¢

=2/.6 /b-.szc//f




“MOG .A/L/‘é =0: Zmor =Lmriw="H,
So 4mw (0.8*+0.4%) = Ymew’(0.8%+0.65")
wer = NN = (0.6%+0.4*)10.8*40.65%)= 0, 753
Thus N'=0.753x120 = 90.4 rev/min

T=2 yme*=2 S mrw)* o
120x2 21190,4 2x |
1AT]= 4x1x2[o,9 042][ . "] xz-’xz[aﬁaw][ x ”J

=505-380=/24.8 J
|AT|=124.8 J loss

AT due fo impact energy loss upon impact of inner against

outer spheres.



.<U_= 80 f‘t[sec

Velocity at o : Q= R,
7180 (R31) Shz)* 't
180 (R3) A (4/.?\ U v,3543E

1128 (69)

MQSS/ flow rate - R4 180(R3) |L-gec
m' =PAv= FQ = 3z z 728 - 33T R

SMe = Ho = mid -0 &F= 3.31(2)(8)
F= 269 ly

Z.lez C:i'x_ = m'Ale
T-1Zo -’"—(f——)— +269= 3.37 [ 80- (—35.4)]

T= 967 b




4//08 Z/;' =m2(fy

2
Flow vol, per sec Q=Au = ”"3:‘%(/,

23/ I
=600555 o5 20’ y=27.2 ft/sec

Weight of water :
Tx3* Tx2* 624
W3 |G x55- 2500
= 1,120 /b
/,,4 12 2x37 gu 5 1y

)
m'=pQ= 35222" 6002231 1 = 2,59 lo~sec /it

So P+2.5+//20-848=259(0-][-27.2]),
P=/5/8 Ib




4//09 I 575/em [s ton:erra*/rc So L”é +A4T=0.

—/oc]x— 2/o/.x = _2. —xz x = ng
(a) accel a = X = /qx-ffx 50 a=
pg(L=x)
(b) ZF =ma: 7=/0/L-x)z9x -7<_—L i —
T=/09x(/ 'L"() 4 Tlog(L-X)
Check from vertical part 4/09’(

pgx=T=pxdx, T=pgx(I-f)ox

4 L 2 2
(c) vdv =a,dx: [odr =2 [ xdx, &= IL
) L 2 Lz

)
o

U_'_']/gl‘



Power P= Mw
_ qo(6¥

= 424 N
A M Q00 (27/s0) 424 Mem
IMy=m'(Y;d, -y a,)

424+ O. 34F=£(/ooo) [I g(o.2)
- (r8)- 0.075)]

/650 - 42¢
% = 4090 N

aF = 23

Thus (z250+40% = 4340 N [(ap)
D:=4090-250 = 3840 N (cdown)
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