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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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3/7 +<— 2 F=ma: 4\(40)000)_: 750,000

3,2
- o = 637 ft[sec?
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Qpjg = Ta~Gg = ~6.87L -0 = =687 Ptfsec

Vg = @A>° +8 at = O+ 6,87 (lo) = (8.7 ‘H:/\sec_
Ug = 15 (—f;) = 22 ftfsec
Valg = VYo Vg T ~ 6877\ *22(0053o°g+s{n3o°i)

= - 8'_’.7& - l\\l —Ft/SQQ,
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" 500 |b (Static)

< Ty , )

8 = £ =F, 0 Tg~ 500 sin8437=0
~_T T = 1581 I

—|N4~_ o
(e = tan n'18,43>

. , D00
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. 2 _ '
Percent INCrease n = 6]258‘5;8) (IOO%)

= 6.0 %



Kinematics + 4 xp + Ng = L_r,opt-t-cm:taﬁt

4a,+aq = O ()
Kinetics:
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| B |
Iy o !
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A)(9.91) N
(©)(3.8)N SRR

A: ZF=ma, : GCQ,‘ZI) -4T = 64a, (2)
B: ZFx=may: 4(3.3)) - T, = 4ag (3)

Tension W Cakle okeve A
AT = L7 3N

T Ve

Ag = 5.6 m s %
L= 16.%2 N

Solution of Eqs ()-@) -.{ aq= - L.40] m)s™
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0.5P + N $6.6 § goet N=64.74
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other Cougler.,
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Zoz doz 40z doz T z. X
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ma = M3 tan30® > a= gtan30® = 566 m/s*
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lood, EF=ma, 27-/000 = f;zog (10), 7= 655 /6

560"") N =0, 2400(8) - /0F, + 655(16 +/7)=0
/g': 4080 /b
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Gy= -0 39 =-03(7.8/)=-2.94 m/5?
2

o s
/Vd(f—:/dxa’x)' -—U:dxs
v pt 2

2
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1/::0. 3N
N=mg



318 | Truck ¢+ (VE-Y%" = 2a(x-%)

o* -ch.4-4»)z= 211(,50_0)

0= -3.1% mfs%

™3 TF =me,t —F = m(-3.7%)

"“ F= 373m
Froax = AN = 0.3(m 9.81) = 234 m
F> Fmay | Crate slips , F=mN

| EFX= may = 0,285 ms = YY\Q_C)CLC= ‘2-45'"\/:2

Aejr T Qg-8p = - 2.48 - (-3.78) = 1.328 m|s*
2_ .2

Ve ™ Ve, = 2aey ('Xc:r"“cm

Vir = o = 2(1.328)(3-6) | Vejr= 252 mis
(Truck. steppmg time = 5,145, crate impadts at 2.13 )
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= A /5° J_ -
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Thus g[S /5°- acos 15°)= G = =5
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FRD of cirait board:
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s= [vdt = vt = 2T (03)(=25) (24)

= 2.84 (10") km

AU=Jath =at, t=
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| s g F=98/n
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10009.8/) | %8 ’ ma, 120-98./= 20 &, N
Z,=/.015 r/s
aaaied 8/ EF=wma, 78./= /002,
Ay 7 Gg S0 assumption OIK. Gy * 0, 981m/s2

(b) 2P=So N < Frvax So wo o‘//',b,o/i:zf occwrs
g for élock g carl co»vé/h:z;//

ZEsma) S0=/20a , @G A 066lm/s5*
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. -1 &+ 9sSind
Elminate T @'—‘ tan ———-—3 Py

ma,
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3 26 = !
__/___| W = X, Zﬁ, maq, .,

=m
y\ .9 - o o o
30° /af mg cos (45130 ) = m @ cos #5
- - oS 75° 0.2588
F,=0 a9 == -gg) %"
Iy 7 cosass” ¥ 57007
45°\ = Q. 3663
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Kinematic constraint @ k= sS4+ 3sg

= 0= Rag +3ag ()
i TF= M,0q ¢ 30(9.81)sin20°-2T = 304, (2)
+Jr ZF= mgag: 100031 —3T = log, (B)

= 2
Solution of Eqs. ()-B) ¢ Qp = 1.024 m]s
ag=-0682 mfs*
T = 350N
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y T % Static equilibrium .
\ 2

-

TAMT B 2T =19.2 )
= L A : 2F,=0: 9%.] - 5%%.6 sin 30°
YL ,' +F=o F= %2 N
= 58%.6N ©.25)(58%.¢) Cos 30°
127.4 N
F>Fmay = totion (o )

From Kinernabics ) Qg = 2“8 = 2a

A: Z‘F—,x= Mma, : T+ 0.2 (S?‘&.G cos 300)
~S8EL Sin ° = 60 (24)

B: ZF,=may: -2T +19%.2 = 20 o

Selutien @ a=-0.725 m[s? ) T =105.4 N

T= 991N

Frnay = pgN

o

X
(20)(1.81)
=19.2 N
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f +HEF=ma : 50(38)+T-351T= 50(13)
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(Neﬁlect weijht- For mm)

d
ZF MR -D=—CD1PU S= VY\U_;—)I
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5 9,125/2 5125
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°© 16230853 x
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For Uy=

= 9o m\/hr and A T 60 Ft: = Q17 mi/hr
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Time t -+ ’PIG’("L

(528 7 0.455 sec

\\‘) \‘jo ﬁt = “32.2(0, 455) = — 4.4 ﬁ“[SeC.
Which Wlould wat Q‘,‘,Qc"ﬂo\j Q\‘CW‘SQ N = 1y nl!
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= Qhr\S‘br\JC s
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5‘(/0/- /27)L*{21314f 7= %f‘/‘e?‘




"
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ks = k(3 -x)
4 |

120 (“i’x)

< Unstretched position

o

5.

|
+ Sl’%
| 9% ilg
FT =
=
Y e lr a7 e

4—
'TZFX-: ma, @ — 4+ R0 ('z "X) = 2.2 Ay

oy = 32.2 (|4 -30x)
5 :

\Y
32.2 (M- 30x) = v 3x
J%z.z (14-30x) dx = fudu
) (o)

U= 14,47 +t|sec
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P =
P T T I, VT ,(lo dt
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Nf For Thy= 1ot :
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3/35 | Mass m :

Y. 7 ZF3=ozTcose—m3=o
i T= "y/cose
———x : .

2ZFy=mayt Tgin 8 = ma

™ (‘%“L)SM e = %Q | 8= tan! (%’>

Cos ©

Cart M :
Mlj’ 4 ZF=ma P-Tsines= Ma

—--

P P= ma+ Ma = (m+rM)a

T eN



A B
A\ 4 St
77;777/’7/ / C/]/////////

L= 2(sg=Sa) * <SB—SQ3 + constants

NN\

150 lbl 75“'
T T
600 Ik
AY -8
]t

T
wl el
150

F. TF=ma: () RT= 33, Ga
® ©o-3T= ;22 Qg
Selve Eqs. ()=@) ¢ ((agq = 703 F[sec™
ag = 4.68 ft[sec™
T = l6.36 Ik

®)
@)



_:_3_/3_7‘ Case (a) has the higher  acceleration
because of Three <> 2) Sopport{nj cables,

3T T
‘E{ U 600 N'm
' )
| r=
I | 125 mm
‘l’ } Drum: 2. M=0: T(o.lzs)%,(\o:o
300 (1.31)= _
3830 N T = 4900 N
Elevator @ ZFy=may: 3(4800)- 8830 = 000
o= 6.19 m[s2

U=VUstat = 0+ 6.11(1.2) = 7.43 m/s
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A T ma
-<——R—>—|—h—>—
o —

9= 9o 1= (OLL 'Per'tainmj ‘o Ynoon)
F-= : -
= YY\Gr-Tmor"“:YY\'U?:

r‘*(r— z)dr:J‘”t}Jdv
= = \/E;TR = 90K \/< ~3

N(Lmbers :
\/34%0000) 2 (25600)
- 1.62)

1’200

= 2'00 m}S
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h
Qekv Y Vc/rf—ar/yj zrjv =/o/y
o I-m? Y

2 (- mu) -9/ (3-57)]7 = 4

/r
h=Z [Ev g (- 55)]
/

mE g (= )_m_z_f
7 TN K]k







_3]£'.’_| 1y XF;fmaki Nsin® +Fcos6= ma
' ZF\A:O : NCOSG"FS\'ne—ma=0
F X Solving ,{ F= m(acos®-qsin®)
Y J) .

2 mf] N = m(asme +3C0$6)
For shp '\mpencl'mj ) F=)J$N
or r}/\(a cos%—gsine)=ﬁsrf\(asine+%Cose)
Solve For & 4o obtiin @ =+an” ;‘S&?)
For IQrae a (Q >> 33) B = +Q,\" (-;Ts

S +cn'\ -/‘:53 =5 < -CIE




3/f17’v| ZF3= mqaz mg- CY=may
} TS@FM QJ=0) mﬁ‘)' eV = 0

g 100(98)
i -0 = ¢ 20006 = 0327 M’S

du
mg  (b) M3 cy= ™M Ygg

fle- [t -nfmn

= .
y 9wV ) 37 %Y
%V

_ - ¢« \' = -9y /9"
FelrE s ST
= = "—\Q%L\—e m]= 0‘327E|‘Q— ]
[1— e,-30t] =03y = £ = 0.078 s
vr B oz Ll—e,—s“t] 3:0'327[“?%@:30}-‘)]

3 * -30t When T= 0.0768s
&33 = g°0.32'7 [i-¢ 10\{7 (jl's M= 0.01529m




?"’(A';(p. + 7“"&”"3 = 0
e 20 e . Z_
Aa Ke tT% + XgXg + Xg =O

= S0 igz ~Tata | -89
0.3

x " s 2 2 . m/s
—”"Kez"’(nz—o(a X _ =12 -0.9%-0.4x,
XB B o.3

=-15-F %, or 0g=-1.5-%aq, ()

A: NA . ~
;&é_iON Zsz max: 40 - =T= ZQR(Z)
4 I 8

B: % N _ . _3 3
E g:TG 2R M TS T = Sag (3

Salution of Egs. (')‘(3}2 Qg = 1.3c4% m[s=
Qg = -9.32 r\r\ls-‘L
T = 406N

f




j 1 n 1500 _"Ws"\r\VIS'" - - '
3/444— sin O/Q _ /Ss ) Sg=Sa = 0.259m

8

~ 4\*35.’" -+ Rgl
_30%N 2 15% \I_L‘m N
Sa
\aw of cosines: %= 5%+ Sg¥ — 25454 Cosl50°
ZOQ. =0 = X33V -\—'2\53"1)‘3 "2("{-‘;>(5q\)6\"$‘3\lg>
SaVaT Salq ¥ S; (savg wgsayo*
With Sa=35q = 0.25% M, Up=0Am[s : Vg=-0.4 m]s
Differentiatt ¥ : ‘ng% Sqla 'ng + SgQg + E; (SaQa

TVpVg + 05 Sg *Vag ) =0

Nuwmbkecs : 0,483 qp + 0.483qg +0.042170 @)
Kinetics

"\2‘::"‘%3 - TcosI5° = 3ag (2)
I SF = mag: 40-Teesl5'=20ag @)

Solution of Eqs. Q)'B): T=250N
ag= 795 mfs>
ag =~ 8.04 m|s*




3/45 g TF, =May: 100008 & = 0.5 N
Tl oo - B ()

*ﬁ [S) .
— % 2Fy=0: N-%0+ 00sin® =0
-~ d
T
Elimincce N to oktain 2 cose+sm8=2.099

Use sin &= v I-cog® o  obtan

N Cos™®™® — %.3677 cos B + 3.3762 = 0
Solve the ciuqdvm‘t'\c, to %Q‘t S = 5.38°% hH1.2°

Check that klock maoves in bsth casec:

8= 5¢° :{N= X0 =100 §in 5,%§° = 61.8 b

me: o_g(gq.g) = 4,9 |y £ 100 Cos
5%¢° = 99.5 IL
8= 41.2° : N= 63718 Fua, = 3.941b
|06 Cog H‘Lf" = &67.91y .~




Ng = 180 Ik
FBmax = Ms N = Cs)(50)= 27 1k
No metion for 0P < 27 b
Ng= 8016, Fq = (2)(8d = I( Ik

2 F, = ma : = 2

/secl - mox, for No

L g T T

g
= 3302 Qﬂ )y Qp = #,. %3 ‘H’/Secl
B F=(0.)I%0) - 0.15)(80) = 122

2.2 Aq
Az = 0,322P - 9,66

|

) A 9a (Ft[sec?)

| O




G‘_ 'Kd \4

— Gam X = v

i S - S dv
'X°=°'5 Vo=0

"

V= Gm N -1

V6-L13%167") (317) + 2605
H.T¢ x 1075 s

-
—

Now) (*J;’% :-’\’G-m -J_‘i;«

x=0.08 t
% dx G
3 -
Xp= 0.5 °

: x=0.08

L—\IT I-x 7 sinT ' 2« ] =-Igm T
B «go.s

Solvmj,'t=48;g00 S or t=I3hr ;

33 min




F3/4'8|30(9~9/) AN Ny a=-X Q' - ';Z
7 I 'Y b: L 2 2, 2
AN ! | ,Z = b +)C
3D ! . .
> \ly N __;L_X_ PYINI
- ' 2 _\v2 o P AN
a —+ +t 2L =X+ XX  f=Z
0.25R H K‘O A
7 or q,=%a
7—+ R /l) Z@:O/' R +3_3-7‘-30(9, §/)~7=0
| ! B R= 0.4+ 294, 3
a, 2h=ma, 0, 87-0.25(0.47+294.3)
15(9.81) N =Joa

So/lve J/'n?u/f‘arieaa.j/y

8 2K =ma, | /5(9.61)-T =15 (%a)

o 5ed 7=/38.0N
a =0.766 m/s?




> F=mF .
o(1e)N Ny 06 (38)= 06 3
No= 10.89 N
0.6 (3.%1)N
/N V=

4.2
Ng 0.6 (1.81) cos 30°= 0.6 3~

Ng= 8.30 N

Note: Friction is o.Lonﬂ The T —axis and

does not affect The above calculations.



3/50| ZF‘“: ma,= m NE

r
™ N 3.5%
F et Z(CIBIB N= Z ""‘2 4
CNg - Ng= 9.41 N

n lloss of cContact ot A: NA‘\70

.uZ
M5 ¢ ZFE=maE mp
-7 Cos 30° y{ Z 7
/l NA‘%O 743
Fa \ v= 4,52 m/s

N



2
ZE=mag, ' N-180cos 30°= /80 (%)
g Je2 150

Nz 180(0.866 + 1.33) = 394 7



i

3/52

\
l::Do\ n

2ZF =ma,

TR=me
r\‘mf ¢ N+ 2 cogs 30°
= = \0*
32.2 2
N= 1.374 b
~ 2 sin 30° = —
32.2
V= —16. 10 F1t/sec?




A ©
: C%"" ~ Ny = R= ©0.25 )b
-t

( Ny = © 25 b~ as in (@)
0.25 3%
JF\ Zhem N"‘ 322 %2

N, = O. 1048 I
R \/NJ + Nn = 0,27 b




3/54[ ZFQ' = MGy =m r‘e‘+2?é)5‘ N - 0.2 ces 30°
Slider _ 0.2 o0
\6 32 (PP 2<‘4>(3>)

- T
\ e

s
. - N= 0.024 |b
F/%N




ZFé:er: N‘YY\j Cos0 =0

e N pd N= mjcose

//“S ZFe = moy: JsN- Mjsme

/i‘:/ N =m (0-rw?)
<

/8=50° Eliminate N .
&'ﬂ?; Y‘ch/seq__ }AS: tan © - Q) Cos @
‘ o _ G ?/11)(337'
32,2 cos 50°

N umbers : ME tanm 50 = 0.540




3] o a,- [@5)(§2i2 i
IR

n Secr ( 32. 2 Ptsec®
= O.%I% g
ZF = ma, . F o= 30
2 (2¢.4)
= 24858 b

(An Cx\lwa%t of 614 b per "t\'rt‘.)



o 528 \2
3/57 lt 2 Fn=may: Fn= 3;;2 (25 3600)

100
| F o= 1253 Ib

|
n Fn N -
I JEr AT = Fue
Fe 1253% + F2 = R400°
Fr = =047
— . 3
XF.t-mqt. —R047] = 3020:.2 A

Qg = — 220 Ft/sec,z




3/58 I ) 0=,0 raed/sec, r= -2 fAAsec
\ 2/9—‘=m/r<'9'+2/:év

2 FfF/sec VP =
- — "/D: \?,22 /O +2[‘_23/0>
- 32 2z

P=3 6 [fs/de A)




3/59 9= Jwrface jrm/}z‘af/ona/
Zccelora 7‘/‘0” o Corr?h

! ZF;;: mﬁnj‘ mg = m,—wzl w =\/g/r
s w=VZE! 20,904 raa/s

| £
i___ \ P:m3 So A= 0'904‘ (‘Eé;}.e) = 8. 63 my/h’)/;)




N

|\

|G0° ™

ZF\\,j =0" Tc°sbo°-mj =0
" _SI S dan ot = ST 10SInbko?

ZF—h: man .

|

|

om |
|

9. 8)
mg w = V.07 vod s

201 () = 1153 rev/min

’ . 2
Tsin60° = m[3+ 10 s|n60°] A

2



i ZE=m(ré +2/8)
-
el P=o0.06 (0+2[600][0.5])
N7 =36 N

M3 Contact s a;ja/h.n‘ r‘/_'yh;‘-/"o”/

Srde of barrel.



3/62

2 . .
Make g =g a=2-08 G=8n-
. 7 n ) o

Sia

5= 281
200 (1000)
3600

=5.890107) radfs  or

8=337 degs




E
[\
W

N

g=20 N

S ——— E—-}— ——

DN

3

S
.

W=mg: m=20/9.8/= 2.04 kg

ZE =ma, ; 20-W'=2.04 (Mox/ooo o
3600 )80

=2.04(3.88)=79I N

W'=20-79/=/2.09 N



N

BG'FOY‘C : ZF-3 = OZTCOSG: mj

[N
After: 20F, = ma,= m:l;!r=o

I, = Mg Cos ©




® "
el |1

I'n
Qn = u7l°

<—:-’UBQ= 'Ugl -+ 2Qts
(+88) “=(blf* + =2a, (300)
Fe at = t 5,65 ft/sect

= ©&%Loo = 126 Fi/sec

TR mag: Fo= 222 (506) = 545 1

32.2

ZFnTmeg: Fu= 322 () = 720 b

32.2

F=55%+ 7262 = 920 I



3 | 2Py = mag . 2
"l@s)N - 0081 = 9o (600 /3.0

A: - — Nog = 3380 N
t

[KeJols}

Na

B: S F. = mag:
Ng n n (c00f.)
bt Ng + o (%.11) = G0 "

|
In

Q\lo‘te, Static normal m\o>= C\O(‘l.%l) = Y83 N>



3/67| Fr and Fy are the Y-and ©-
o\ Components of the teoltal Frichwm

v force F,

~
30° T F_= mar = m(r-rd3):
Fe Feo

2(320) N Fr - 1he2sin30 = 2[0- 1 (o3
Fr = 3.29 N
TF,= ma,= m (re+ 2¢6)
Fo = 1962 cos 300 = 2[1)(3.49) +2(05)c08m)]
Fo = 25.7 N

r——?_ '\I F-l"1+ Fez = 2740 N

= _Flza _ 27.0 /2
v v ‘o.‘sl'“: 27.0 N

(Static 9 peing fore = 1162 N)



Gmem V2
3/es8 I ZF =mq,: F= 2 .
Gy~ G G

'NF _ 3 2% (Reh)
Y n/a\, Rut Vv = t ~ (2'35144)(34,00)

\ /s Combining  the Two ec‘u«ﬁms :
_ N
= 2¢(<P\*h) G\'me
V = : =
(23.944)(3600) (Reh)

Solve for h o obtain  h = 3.580 x107 m
(35)800 km)




3/69 o
3 \ie 200 (3.21) N
100

V= g = R1% m s

2.8
300 Cos |0

L, =ma, + F+2R00(8)sin10"= 200

F = 1659 N

Check : X Fy= MQJ'-

27.8%

300

N=- K00 (9.80 Cos 10° = R60 Sin 10°®

N = Q0o N

Fran= psN= .70 (R029) = 415N > F
Crate dees nat Slip.



w2 z

i—is
=

0 8

3[T0] <|=* ZF:):O N cos6o - mj—o
y i y N = mgy/coss
r
’:/_9; SF,=map: Nsin & = m (rsin8)u®
h Mo
o
N <Cose>s}/e r)/\rs/(eu)
™)
W rCose
Note thet Ces B = rﬁxﬁ < 41

restriction .,






/’ls/\/ 15 down ﬁ)l" wma
r=0.2m|mg 10 wp o Lp i

',/>/,{5,\/ ZF o /\/60504:/1/\/5//)9 mo

\,\/ Zh=ma, [ Nsin® LM N cose

| = mrw?
Upper 3197 for Wy
Jower Sign for EOmin

Lovnbine § g2 Stn & £pug cosd oo '?

-

-—

ws& F A 5mE J

= ‘/:f__‘/j’”e L cos6 76’/\/0.51- 0.3(0.866)
ws6 Fu 5in® | 92V 5 essx 0.3(0.5)

Upper S1gn Dppay = 722/ rad /s

Lowesr J‘/é/? @w . = 3.4 rad/s

”nin




3 73 ZFta:O; NCOSefME)*‘}JSNSiY\e:O
.i‘J ZFh=mQ,\3 ‘Nsir\ Q + }ASN Cos © =

/% n mrw?
F:AN &N

mg So\v‘mz) e Wt

w =13 (Acose-sine)
r Ccoso + St 6)

= 2,713 V‘ac(/j




374 - w = LUQ+‘°('L:. +O.St

| T WAO .
2 Qr=/r{ rez = -o.1 (+o.50)%
' -0.025t* (m/s*)
--—e . 0
F Qg = r6+2/‘;7’e :(O.|)(+0|5>
= 0. OS Yﬁ/s?'
Com?anent of +total acceleration In

direction of wire * 21 0,05 CoghS° - 0,025t 0s4C

Setting Tk h  zero iedy £t = 1.414 s

as The time uwhen teénmshn Switthey From
Wire ¥ 2 Ay Wire F 4
o<t < [ 445

2
£
o

o

[T

ZFrZ th'r'-ré?’) : =N Cos 45° +T’2_ Cos 45 °
= 2 (~on)(sose)
2. F = m(ré'-\’ZwFé} t+N Cos 4-S° +Tzo_ogqg°

=2 (O‘\\)(“\- O.S>



]

SON\"\S \{-T; 0.07067 = 0,03541*

N

"

0.0707 + 0.0354t>

1.414<t &S s

2 F = m(F-ré*):-Ncos 45° + T, Cos4S°

= 2L)(+05t)°

ZFy = m(r8 +2r8): NCos45° = T, Cos 4S°
= 2(e.1)(-0.5)
Solving\ ) 'T\ = - Q.0M07 + 0‘0354.‘:1
N = 0.0707 + 0. 0354 t*
1o (‘r‘ = 0.38I13 N)
T. /
O >t (5)
1o § (Ty = 0.0707N) :
T2 ' * (“_2 =0 @ t=0>
o ’\.\.r-_z_' + - — — t(s)
"04\. » (N=0.954N)
N ’/ (I:l =0 @ 't:OB
° | ’ 2 é 4 ) - t(SX




3/15 |mg Treat the child as o particle.
n ‘/:F:t=mo(,c : mj Cos8 = May (l)
\\ / . -\\7_
. le/ T = mag ¢ Nomgsin8=m B (3
\. F ( d-u dv
rom (1) ¢ Cos® =1V 45 - U
v w rem () g ) ds - YRae
t J‘chosedezfvdu

O, Q0" Vo= ©
U = [2{{3 (S‘m 8 - Sin 20‘2] &
®): N= m(ﬁsin6+ %)
Numbers (R=2.5m , 97 7.81 MIS1)

/

=20 :{ar= 8.5 m/s*
Vo= 2.7% mls
N = Q%0 N
©=90 : (ay = O
U = 568 wms
N = 795 N




ﬂj {‘j For no Slip;sn'nj ‘ter\clenc:))

"3 set qu,x:/lsf\l ‘o  Zero

}‘s.N ' FR
20 n ‘n 0.

——_/ {ZF\\:fO'- Ncosso"-—m\?fo
N —_ }_3_} ' 0. v
Zrn”“r ¢ Nsin30°s M e

Selve + N= !.155mj , V= 149, 4 ft/sec

or V= (0, 8 mi|hr

Umn'n =0 as & = tan M = ‘tan-' (0.‘?)

) max

For Vyax | 4S€ Fuay 0s Shown in FBD .

{»Z"‘:\j =0 NCosso"-MJ—/lstin 30° :‘}_3
™m

- N, o . o~ ax
Tz mp i AN Cos30° ¢ Nsin3e®=m —3

U\t\r\ﬁszo.qz N= 2 40mg
Umnex = 345 ftfsec (R35 "“l/ha,



R=F.6 kA ZF;-).: Py C;r)J'

(3000)*
ﬂ
6(5)= 90109)/p | p= 3000 bm

2000 (6) 5/ 30° = 2000

my:Zooo(G) N Z’E:mv '
7=32 kN 32(10%) - 2000(6)cos 30°- 9600
= 2oo0¥

7}‘: 6.00 m/sé




. - v? - ,
mq Z:Fh::man' mj‘m /f)“U- f]f
D At tep of hump, ili =0. and
\\ CL’X
|N=O radius of Curvature s
¢ " d*y \~! . R
K [ = <0Lx2) where y= b sin T

dy 2wk znx Aty _ 4t 1 21

= co = |
ax L S L. ) dx* L_ZS L

_ L . 2MX
At top of \r\ump) = /4-)Sm- — = 4,

d \ 4%} L
Q,Y\d. .__t[__ -5 = = —
dx= ooy Thus V=29
+
f En At battem o’f d_ip . 3(3
N M ZFy=may: N=mg= m ==
=S N = 2mj
N



3/79 | :f/
|

Z/L;:O: Tco.sﬁ-myza) Tca.slﬁ =mq ;\L
Z/;:mdn: Tsin/& =mu':'/r . /):ﬂ a

1 = Y ' -
Divide §get z‘anﬁ > _..L;_J_ n———'—; U=rw
Bul /‘:L.S[n/& so Z‘an/ﬁ=L£oz.$in//g mg

or Leosp = g/e*
Ann’ /):LCOJ/G So }7 = ﬂ/‘dz [f/cpcmt/.s on/y on &) 19)

: -9 _mg _mgk _ 2
7/)nt ""Sﬁ L -—g/w‘ =mhe




3/80 l Vg—~— ;3\

ZFe = may - —mgs\'n6= Ma¢ | foqié‘ \
. , ' !/
a = — 351\'\9 l n / t
vt \ d
ZFnz Mag: R‘YYﬁ C:_Se= m r |© \r\.//
‘UA=4~.lm]5
h] o mﬂ
o) v Erms) 223
4.] o
2

V™= 10,63 + 6.28 c0s ©

_ 10.53 +6.28Cos®
Thus R= 0.065 (9.8\ oSO + 0.320 )

= R.14 + 1913 ¢ces® N
For © = Ig0°: ”uaz = 10.53+ (.R8§ ("\)

Vg = R(06 W]




3/8[ I ZFr: Ma, = m(’r‘—réz):

° N T %] (o- & &%)

/% T = 2.52 I
-
N

zFe____ mqé = m (ré-k?_ré)-
N= s (D 2¢%)E)]
N =-0.3261b <Con'\'_0&‘t on side B>




3/82[ m9

t . N=o
\\ )
~ Friction or
7 vane force
n /__.5_0_0.
. 2
T Fh= Ma, i Mgsin50°= mril
sin 50° ; o
Q.= \/5 p — ‘168\38;; 50° _ 4.7 rad/s

@.5,4, rev/min>



:[—_;“-Li 6 Paper

X f\\\r ZFrsz‘r: 0= m(Y‘ Y‘—Q) D
¥ S Fae=mag: P= m(rf—&—?r&l} @3

2

_3/8_3| ,© <N01’c= mg ¢ £ static normal L>
/

(\3: .r.= :3‘ =r.(L
J‘rd, [_Q\ rdrér -r +~ﬂ (r f':j

Yo o

Numbersg - r = [60 +7° (3 ):[/L-': G3.5::e%
(ot end
of e )

&): P-= m(:Zv‘-_QB 321 (2 (‘035)(7)

= B.62 b




3{84-] The distance traveled Trom A + C s
v

(sc-sﬁy = 100 + 250 (30 W) = =231 ft

Uniform ’tqr\jen‘t'lQL acceleration : 'UQ,Z=“URZ+ZQ‘t <SC-§\)

0% = [60 Fase |°+ Zag (z3) | Tp =-1677 Pefsec”

Speei ot B: U6L=’Uﬂ1‘+2at (_SB-SR)
2 1=, 2(- I(o.'l'?)(loo) ) Vg= 66.3 ‘Ft/sec

,UB'L = [60 T e
ooa
(0“) ZF,;'T qu: - F: 32.2 (‘ \6.'1'1)
=1 J--« F <1562 lb
3000
(0) !" ZF =may @ —F= 5o ('”9-77)
l Ft = 15,2 & -

———t Nt T
‘—LTJ ZF=m¥: F = 300 3
F’C Fn n —F n 32.2 250

Fn = 1636 b
F=yF2+ e = 2260 I

© v and Therefie F 9o o Z:%0
F=F.= 15621k

(In aoll FBDs) Ther is & wWeight ho the Poper
and o Stehic hormal force out of The tpofgyr.)



3[85 =l 6=6 rad fs = Constant

\\ //. (No‘te_'. Spr;nj "FO((‘.QS)

not shown on FBD.
F=uN
A .

|
mg \}NI mg = 0.8(9.8)) = 7.85 N
N

TFo= m(ré +2r6)

P =08(0+ =(0.8)6) = 768 N
N= ~/ 1682 +7.85% = 10.98 N
E = N= Q.4 (10.98) = 4.39 N




3/86 Z,L;: mgt S 7’+;/;4_9c05<9 =m

& == *56059

% A & M
~ 7 vdv =g, (rdd)

AN v 7/2
i ] AN //7— /VJV=/£ f—jc&aé)/‘dé’
o
/ o

| / N .

. 7/2
L/ 7 mg v rr - gr 5/»7:9]
Tt 2 n 2 )
5
= 7‘r‘/7+ ~
27 J

2 r(gf 25) V’l/"(—g-’-y-zj)

, g2
At 8 Zé)";rm@n N“””j :rw.rz_i

/\/=mj7‘7—/’7‘1‘2mj) /V=7‘77'+3m3




3/87 ZH=mq ; mg .S/'na:maf} q = Zszha
. U‘ .

o ™ ﬁa’z/=/@ as /Va’zf :/95//7(9 (R8)
%

| ~

| \\U o

:R N ;\ ?/‘322{274.2\9/?(/—605(9}
/

2
Ie/ = ‘ - = U
|//" 2h=ma, | mg cos® -N ME
¥

AN = mg cos@ - %Uo'z— 2mg //—cosé)

= mg (3603(9 -2"—-?{1;2)

IR 2

v

Wwhen N=0,6 08 50  JFcos/ = 2+39/5’
2

- -2, Y%
ﬁ—CO5 (3—1"372)

For Yy=0, p= Cos'l("?ﬂ‘—’ 43.2°



ZrE =mg

% é/' A;’:mr‘o(

2
CE =mgqG,_ E=mrw

2
ﬂl a)=,_j- /a;"g

Thes no, of revi af- &

J

”

t
:
e (Oe—f £ ]
n ?‘-‘n Max=/"‘sM -—/M_SVVIj So
%

mrawtrw? = puomg

2, 242 But Sor constan o,

4;)"= 2X O = 20t (2771)

4ra ‘—27/;/(/7279)2-/




3/8-‘1»| Y = 100 + 10 sin 6(12)t  mm
Y = 720 cos 72t mmls
r = - 51.84 sin 72t m[s?

FOV‘ r a mQXLYnum) COS 72t =0

Qp= r-rw® = - 51,84- o0 (12)%=-667 S

r ZF}: ma,.: R-1%] = 0.] (—67.7)

-

/OTHN R=12.33 N

R




3/q0 l B 0:5'c

r ©o’

P
Ot A

- 25
X BAC= tan oo = 0.477°
X 0BA = X OPB = (§0-0.477) = 89.5°
4 BoA = 180-2(3%.5) = 0.955° = R ¥ BAC

AB = Y602+0.5% = 66.002'

60.002' f ) = e
FR’D: Choril@n‘h\. -Fbrf_eS) o 5.!2,5/|b |20%
] ZFh=man R 3257 2o
rl L R= 0.03qg lb

Note ! R= 0.637 oz Yepresents [2.4% of
e et of he bagekall



- 3/9/ l uf/': apparent welgh? (force ro sSwopord m)

_ mg = Frice 9»*41//'7‘0 Fona/ GArractron

tol \
ul I, T~ where 9= absol/wle accel/erecrfrorn
a/\ "9 clue o grawly
)

" Z,'Co'::man)- Mj-W’szwZ
6= w >§:\ W'z m(g-Rew?

/ 2 .
w
A=_*:/_2w

—

g g
. Rw?
For vatkees gwen 'z mg (/- 7)
= 6378 ()08 2,0~
= /00 (/- (/; ;/(;_' 729) 0 ?)) = /00 (1-0,00345)

= 927.655 N




Rs & Tunction of t) V,. = r‘ﬁ“ (e Wot o wot)

b L ]

Tn terms of hﬂyerbql c func,tions)

Ur — Y‘OCOO Sif\\’] Cdot
With numbers

U.= O] sinhT
= LW, cosh wt r = 0.] cosh t

r = Y, Cosh w,t ‘

Ug = O.] CoSh t




3/13] S F=m(r8+2¢8) : N= m (2+w,)
Particle : ZF= m(\'r' - réz) : ~}LQ\3"' "‘C —er‘B

o\ o .
\ - Elminating N

F’f:/,\/N N - }*k(ZVA“ o) = VACF'”":‘}
‘ v+ 2/ARUJ°Y.“' We'r = 0O

. +
Assume & solution of ferm r= Ce°

and obtiin S5 = o[- u  YuE ],

t S, t
r = C\es‘ + C,e™?
Thitial Conditlens : {‘T@ =T
| vr(o)= o

SQ iro = Cl + CZ % C\= _Siro/csl_-sp_\

Q = C\Sl + CZSZ CZ_ = S| (~° /(Sl"sz)
Final  Solutien :

Yo < _\[—————.) W (_}‘H: J}‘:‘H )t
ey e [ el )e

AT wo C TR )

+<—)A.k+ }A:H e |



3/94 |

, 2
ZF=ma,: 2Tsin L8 pradfxL-
7_4'/9-‘-'/00‘22/91 T =pu?

So O;::T//, =/OU'2/A




n— — —
The mass per unt Lenjth it om [
ZF—n mo«n A (l-{-dT) = dr CTQ)

‘de fmi')—lrdr

When v = L/:2 =0t OTTo- W‘(L/ﬂlwl

) '2L

=)




3/% l Semi-majer axis of ellipse s
26,259 + 4159

Yrmay ¥ Croin

\ = -
Y o P G = > = 2.
~—_ F .

,'g\ = [5/209 mu
// lgl r -1 b
e :’*: A ~ = tan Q= Vimin

=

X - o, 450
-+ * - 43 .4
0 Q- Tig 15209+ 459
= 13,244 cos 43.4°= 6RO fifsec

f\:Ur:UCOSO( =

. - USin A
=VUg = Usin 6= —¢ , where
"= \/Lz+(0 mn /lo 450" + (15,209 - 4-15‘1)
_ . l32448n434 4\ rad
= 15298 mi so 8= i5,zo5(Sz89) © - 133010 ) coc
' 3R 3 . _—
V= e —%ﬁ- = plrore 22,23 (3959)°
Yoo g - R '“i :
F= 6" IR =152 szgo)gl 133)@0) 5 25
= *1.153 f)sec”
> Fs=may : 0= m (vo 1»2%())
& Y 8 ra
2¢6 _ _ 2(3620) (1133 (1" ) 2‘12(‘0% é%

©~ - 7r 15,208 (5280)



- Shestitike  Inh €9 aation To  obotam
S\= “N‘O ) Sl= uo . G\SO) ASSume,

of +irm e = D sin w,t

o Par NI\ Vs
Substi tule )

i

S =
A r M+ e

T ’C\‘c\\ Cand L tiong

r(0) = —u,C, + W C5 —




!Ze
(lm = g°+9"’\/o
a=3
ZF YY\Qt ‘YY\jsme m(ﬂe -5 Cose)
& 0 = T(COSQ Sm%} 9
3 .
jg (CQSQ‘SIV\QBdB = f 6do
a] o,
'%_‘[Sl’r\ﬁ -\'Cose"l‘J = @2/2 B
0= 0y Whia 820 1 Sin8 +¢s8 =]
w

> F\= moq: T- mg cos9 = m(Qé +35m0)
T= m (18T +gsmo N MSQX

With 2+ TT= mqg (3 Sm6+3tos6‘2>




=m = 0)
M N mg n F
\3!</ /6/ 2 Fp=mag My cos® —/uKN= ma, (2)
N' \ Solwe (l) for N T Sub.  ind (z)
\ _—u_z
t\ 3cose }lkjsm & - py =1CLt
But Q¢ =YyQ = fe H‘é = r'{ dﬁ Ce ) zrde(r97

ket w= Q‘ej =v% and the EoM bewomes

du
~o + 2}*1« ‘er (cos e-ﬂk sin e)
AB
For homojenesus solution y Assuwme tLH Ce )
Subshitoe in Ay And Uy = Ce M

Foyr <Pu(‘ticu\u( sclut\;m assum = Aews © +’B&;n0

Substituik. m Yo find ug = [:I 4 1][3ﬁkcose+(l Zﬂk)SN%

Assermislt u= W, 4 Up and opely invhal Cynd i Hon
S

L=V =0 @ ©= 0 45 obtun
—GAk3"

—z}lke 2.3( 2
w= -—_= ] +U'2 no
e e + —_—"H‘HAK‘ 3)4on5 Wi )S ]
—3 = 2
For my °©2 9 1.3\ m|s

2

V* = 30.4 MY *

)

)Y:SW\)%G—_—'%:
, V=552 m|s







(-%)*+ (y=90) "= RS
(xrou)y* +y" = 027
Switch +o polar Form :

————— X .
(rcose +o) % (rsin8) = 0.2

*

2
or ¥ "4 0.2r C6s ©-0.03=0

2

For ® =45°\ cluadra’dc. Formula
tjn'elds r=0.lt4 m
Differentiate % With respect o tHime ¢
2.0 + 0.2 (e - 0.2r65in 8 =0 ()
quir\ DRy R 4 0.’2ch56 - 0.2¢6 SInG
~0.2rBsind - o.zr/é?s’{ne —0.2v6%as6 =0 ()
With v = Ollbém  ©= 45°
IS O 5 @) 5'\9\& r = 0.6b0 m|s

v = 15,05 wmfs>

E:G = 15 ro&/s)

[

I

\



SWm@  _ _sin 135°

0. 164 0.2
R = 24.3°
<= 45°-@ = Ro.7°

= KS$ = 5000 (0.116 4- o.)>
= %19 N

2 Fr=mart Ncoset = Fg = m('r’— ré”-)
N cos 2o7° - 2Ly = 0.5(I5.05 - o.\lc,4—(|s")>
N= 2.6 N

ZF=ma,: R- Nsina = m(ré‘ —r2r'é>
R— 8.6 sin 207= 0.5 (o-vz(o.uoo)QS}S
R= 38.7 N




b3/loz| y= ko ® ) tan o = d = 2kn ‘?— =2k

X as 32 2 273/

AN = ?_ ) ] [l 4k X ] :
d

/\e 3 iF—t W\Qt m3 sm ev ma dUS

- N x
n \ sn®©ds = | vdy
\ “dj foaa Ujo
\\\\t 9 .Yo d& = jo vdv
y S v o= 2394 -
> Fo= maq: mgcos® ~N= m 7
,UL ’2 (K
N = YY\[a Cos8- ¢ :( M[jmsa N sz :3/7.]
= M3 Always > O
> 5302 ay \.m\es
(1 +4Kk*5) ( N N )

. a2\ [ =2k 6=
(Note Jumﬂ . cos m—ﬁ



208 J (@) spimy + iy = Skl x)
V., = = Q‘Fooo)LO.IZ_Q.z‘ = 60T

©) weight = T, = mg(y-4a)
V= 7T (‘1.?\) [:o.l Sin 20“] = 2357F




Tn the absence of friction ) °hb the altitude
change | and net  the shopr of the fath

‘FQ\\week) s & Fackr n the Wark  Caleulation.



3/105 | /=47 ga4@o) +U, =

L= 616 - /288 =

%




EM TtV =T Ji'f(\z’%ﬁh =0
t [z 17 322[20 (- cose)] -0
6=663"




iﬂ©7| 4 1516

2

A7 2(30)2) + 1.5 ("%a)
y‘zr: 275.-2}

=L L5 (v™o)
U= /718 St/sec




._?)__I_OEJ F:Or QO“G(‘ U' 7_— AT= 0o
UI 2= 50 (50 30) 30 \7_ Sw30°- 4k (i’i) =4
k= 267 \b/ft







3110 AT : mjh?—‘\z'm@l——o)) v=+243h

-2



3] y=aT: mgh+o="m(vg"-0?)
0.5(281)(1.5)+Q = £ (0.5)(4.76>0?)
©=-.835 T (CQULSe,s loss)

ot enery
The lost mechanical ener gy s transformed

‘o heat enerjj :



‘3/“2| f“//:- Power P:f__r

P=(d0i-20j -3¢k ) (8 L +24L/-15¢)
r o : B
R4 7 (Foc-20-36k) (84 9.6/ - 24 k)
= 320- /92 + 864 = 992 W

or P= 0.992 kW




3///3 I 2= Wy where y = Usind
& =tan 005 = 2.86° Sin &= 0.0499
P= 200 (%44. )0,04-99 = 219.7 F7/-/b/sec

p= 2/2%
J50

aor

= 0.900 hp




49.81) N

For system
UI;AT
60(0.2)(Z)- 4(9.€1)(0.3)
_ 2
= -2‘40'
vt=3539 (»/s5)*
U=1/,88 m/s




3//5/5| Active - force dragrams

Sor entue system

%)

(a

)A:»r‘ syfem 34T

* (4o +20)6 - S0(6)
= 40+Za+5av,z
2 32.2

U= 5193 Sfsee

(b)
(4o +20)6 - 50(6)
4o +50 _2

L T T2
“2 32.2 v

U = 6.55 ftfse




3//16 |

Z/z"zo,/b‘mé
A//@/ -

v=4ar;

.y\\\ mg 7/I'=0.45 m/s
\ ///: f§= OI I\/-m?cosﬂ
~ 7 I A= mycasﬁ

1.8 m

0.3N ‘N :
|

. — _____ /.8 _ —_—2 -

(mg S1nd —O-Brnycos&)m_ 7( 15 0.45

.3
1.8(9.8)(1- ——) = — 0480

fonb

R

fan 8 = 0,296 6= 16.62°



317 | LFy=0: N=-2(48])cos 600

2(481)N
P //B N= 9.2 N
(@) Uz AT: 2(3.21)(0.5sin 60°)
\ _ - 1 A
N O-+N\\ 0.4 (1.8)p5)= & 2
_soM VY= 2.56 mls

(&) U=aT + (3. 8))(05 +x)sin 60°~0.4(081)0.5 r«)
—4 (leodx™ =o
%00x" = 13.07% -6.53 =0
%= 0.0989m or X = 989 mm




3lna[ e=tan"7§;' =4.81° o M
U"_: AT = Ug+ m3h=-‘“2 m (U:—Ulzj 100
U;= —1Ro0 (3.81) (500 sin 4.57°)

RN E
Ue= — 903 (10°) T o =-703 KT
Ans. Q= 903 KJ (‘o."»s)




3019 | p= ‘““(At

oc P= glsse = 0.393 hp
. = 7 ©.304A% m
ConvVersiamy h= ci'Ft<“"]:—,c'—_) = 2,714 m

W = 120\5(4'4‘Ti2N) = 534 N

T N (5 ) = 293 wdts

Cheek : 6.313wp ( 741"’ WS\ = 293 wats””




3/_'2_0_I U.= AT opplied o System :
Tz 4o [6.4% +0.32 —017] =08 (2.81)(o.4)
= 2.8 T

AT = Tp-Ta = = (08)vg -0

Thus  [R.86=0.4ve" , VYg= 5.6T ms




3/12, I 0.6 b ...B.. 6" ¢ System = ,_s‘//'a/cf, cord,

/,’/o\ §g puriey at C.
U=-0.6 (%)H;’eg—)

- -5 _ -
+ =- 24" -— 3— - /667 .{t 'b

14
U=AT" |.667=- —9':‘—(1/1—0)) e /78.9 ves3.37 L

Sec



3/122 Net power repuired Jo //40)/24)/33 ooo

J.05 hp

Mechancca/ eff/c‘/'c"‘)’ = Poever mfu"n.”’ = 95 764
P ower epplicd 4o0 =




3/123 m3g O=rtorr' 0.l 51 8=0.0995
. J

o V
—> 7 .
4 ZFy = may, where U'=2ax
F k3
— . v
- F~mgsin®= m o=
v 3

- - U" y
P=Fv= mgvsme + 2

3
S000 0 _ 1500 (50000
1500(9.81) 22200 5,0995 7 ( /3600)

2(1r00)

]

M

20 336 + 20094 = 40 430 w
or Pz404 kW



3/|24_l Stﬁtc,@ . relea,se,') State @PF;ML Posi.‘t\'nr\
T YU =Tz
O+ my(h+d) - f kxFdx = o
o
mg (h+d) = tkd>® =0

> k = Smjﬁg*d)
A




3 .
/125 Power output = rate of domg work
300(9.81)(2) — 100(9.81)(4)

1962 Jfs (w)
= /.96 2 kW

Ef}lézéncy e = fower owutpal 1662
* Zzo " 2872

fower /h/buf




A’.\\\\
9 .
Ta o ~—F:z32 kN TERE
AC =/60 m . S
m=68 Mg N= mg cos E

YU=AT ) 6800°X7.8/)3) - 32(10°) X = £ 6200%)(3% 0.57)
2001 ~32%% 297.5, k=B



3//271 ork dene by wesh/ 5 ’"j/’;/z'o)
= 0.5(9.8/)(03-1)= 2.3/ J

Work done éﬁy 7 15 7‘(/1’;-/";72):/0/0.3/7'-0,3%)

= 4 7/\/
AT =L z
U-A/} 2.3/7‘4.7/-20.5‘(0'..0)

vl 28./0 , U=2530 v fs




3//28[,,,5: w9/ ~AB=ro=120Z = 62.8 m
N UzA7T =2 0 smee [=l=0

I\ .
: E \\\ 15 kN 1500(62.8) - ?8///6,081--?-):0
o

/20130 '\ 5 ¢ 6=2[94Z48 -/577/ )/99/
/l \\ S/Z -

” \B-30° = l60.0m
!——{_______ ‘\'
A

120(1-cos 30°)=16.08 m



3 lzq Tﬁ +_\jﬁ‘3= TB ¢ O+ 2YY\3 R= Jir“";)'\);=4jR

@ |m _ _ 4gR
—:c,_ ZF‘:‘: m“r\~ NB~ m %: 4.Mj
Ng | h
't
= . oA T 'L_
(b}mTﬁ t Uy = Te v O +3m3&—zmvc)\]b- 63R
GG R
\L—YY\:% t ZFr\: ma, Ng'Mj = m ‘jﬁ_
Nc{ Ne = Tmg

¢y Call S"‘OP@{Y\\C} point E :

TatUp g = Te =
0 + RmgR = mg (Jis)‘/‘k%"‘jé =0
s= AR

e

N:m\c)Cos3o°= Lgt_'“j

<Nb‘\’ei Nermol Force on inthng I$>



3//3 la/q.av VAR '
ll” -2 ) R ,
7 7 = Z—M% :EZ_I(;

i e
0.2 initas =9 ) Sina/
20N s /UB =0)
<
4 o2m Yz 20(0.2)+2(%8/)(0.4)
& ! 8l 4 = 1185 J
L3> ~——-L1
/.85 = UAZI U = 344 m/s




/Bl ¢/ =AT; mg(o.¢~12cos60°)
=tm( 2% 3%)
9.8/(0.20) = /2% 9) vc*z=/2,92) U= 3.59 m/s




3//32 =47’ —/4 z / a
/ v 6ox)dx =L %8 /1y o2
0/3?67‘ x)dx == (0-v)2
3 2714 _ 288 ,,% '
X + JoX ]0 = CE—ZT-ZU ) 1" /0 f!‘/}’CC,

2
v = 2_\% 2 (64 + 480) = 60.82 (#fs¢) | U= 790 frfsec




3/133! The pouwer oculput of the drvetrain 1S

90
Pour = FV = 560(3.@) = 14000 W
(he  pouwer nput o e drvetrm
T [4 000
P o= ot . -
m 5 > 70 - Roo0o0o W

So The wmohy ootput T = =20 kW




'—-—]3/‘34 Uz aT=o: 0.05+%

-2
e(?.lan (@31 (0.1+§) - j 40004dx = o
Y 0.05 ,
T 2000 $% 4+ 141.15-5.87 =o

Ka= 4ooox S = 0.0294m or S = 29 4 mm

' \
( Posi+ive resuly —tokea From j\nodrd\t, ‘F‘)\"‘ﬂm&)



3//35| For systemw of collor F cob/c

Y= A7

U= 200[»//0.450) 2t(0.225)% - 0. 225]
- 7(9.87)(0.450) -—ZL/v(o.o75)Z

kS

= 355.6 -30.9-0.0028 k
AT =0 se
Q.00281 k =55.6-3F0.9
b= 8790 nfm or k=877 KN/m

7/9.87) N




'3//36 l Y 16 (/'_;ﬁf Jor J):.sfcm

[or @ from 60° fo (805

U|; 2P 6 Casze - W(5b)//— S/h-g)

= 2(250) 12 cos 30°- 50(92) 1-51n 30°)
= 257 St-/b
So 257 = % %Vz, v 330.6

U= /8.18 £#/sec




3137 | M3= = = -l . 0
/ Izoom 6= 0 or 6=tan =c=343

_ % F=kv": 50=k(60)*

FP = _ lb=hv*
N\ 4 F = 0.0I3%iv”
ZFX—O , F—TP-FR—F,D-'(Y\jSm@ = 0

(@) 8=0 V=30 mifhr : Fo = 001389 (30"')=1250Ib
F.= Fg+F = 50+1250 = 6.5 1%

P30 Fv= 625(30 3600>/55° =

v= 60 hm)h( : = 50 b ) \" FR-H— 100 \b
5280

Poo = Fu= 100 (eo e /550 16 hp
(b) O = 3.A3° F = 504 56 + 2000 S 3.43°= 220 \b
Pop = 220 (eo iﬁ’o)/SSo = 35.2 he
Down: Tp = 50+50- R060sm 3.43° = — 1118 b
5230 -
Prowq = 118 (60 Fiw )/550 —31The Cbmkeg')
Q) ZF,=0: 50 +ke“~ 2000 sin3.43°=0, Y =705 -'1‘—‘—

J




3138 | TFy =0 N-50c0560°= O, N=R5 b
Displacement i 3+ iri‘: 3.33ft
Uz (50 sineo®-0.5:25) 3.33

N - ﬁj‘ (10ax + I ) dx
C /SN °
) °. = 20.0 ft-l
/ ©0°
—_— _ A 50
X U=aT: 2oo= = 333 (v*-22)

U= 546 ft]sec




3031 (y,. s J (4x - 120y3) dx

= (- 2x" +30x )lz,zs "2 (g )+ 3000 )

With %,= 0.0 m & %530 U-)g = 0.017 KN'm
or QJ’.,,L)& = [T Nwm = 17T
(Ul-z F ‘/ukmjd = - 0.2('0)(‘1.8\)@.()‘-’-' 1,962 T
T+, =T, 0 + 17 -1%2 =2 (0)v*
V= 1.734 m]s

For the \wnear Spﬁno , (U“LBS: Z('X_\i“ "LZLB
=2(01)" % 002 KN'm= 2o T =899 mls




3//40| RP=F | Fsma o P= marr
' 2
g =

Bt AV = ad5 | 5o A= Pds

%2 s '

2~ ‘ 3, -3

/mvda/ =/Fe/5 ) 3"2///2--0;)—/95

72/ o
/

l
o= (22 7)”




1 . xo o
3/,4'/ U=4ar, ﬂvx ak = E/wrnvz) v ;n/‘: (%% %%
x

Powwer Pz o ) P Fts ('/(x}zfr_ (XOz— )Cz)
e m

- k 2 2 2
,D_/rxv;;a()g—x) ar?

S0 X =0 (P=O)/ x=X//2

B sk (B [ARE k[, %
SC max L/?\/’” Xa_'ég “zVm % mz)“'fz"

3
A (ZX.ZX. - 4x3) = o Sfor
m o 2
max. P

—_—



3[ HZI State () & release J state @ : Xx= 0.050 m
T+ U2 =T
1770 . 2 )
Z M0+ g Sin 2% (3K T = Zmy
16 (2.81) (0.056) Sin 20°- %6129(0.056)73{(10) Ve

() | VU= 0.49( w|s

2

Redefine stae @ 1 X= ')(M“) U=0
. 3 2 _
‘|"+‘U“_z: T 0+ Mj 'xmws\v\ et - kamm =0

= RAmMg3in20° = 209)(9.51) s\n 20"
3k 3(120)

= 0.1864m oy /xm%f [B6.4 mm

Xynay = © \ Xy

G
g

3
g

KXsg \less ZFy=o0: |
- 3K'XSS -+ Y*(\\j Sin 20° =0
N kXgs Neg = M:Ziin 20°

With Numbers,  Xgs = 93.2 mm




3/143 Note Thet HAO = “/\8"1»3073 = 35.0 In,
UI_; = AT +r AV, + A'\Tj

2 N
AT = 5 553 V-0 =

32.2
e= 2(}(33{.&(3“5) 35.0—- |5>]
= —=2,08 ft-1b
aVy = (YR T LeeT el
Uliz =0
’\]7'

Soe 0= 322 ~R.08 +1.b667

, U= 3.65 frjsec




Iist| @) Areag =0, Lmuto - mah=o
v=V2gh =Val.61)(0.6) = 343 2

(6) Avj + L% =0 Since AT =0

-mgh # é/rx"”r:o‘ x2= 2':2": 2(4)(9.8/)0.6)

20 (109)
= 0.235 (10 %) m*
X =0.0485m or X=48.5mm

/




3//4-5 | < U= AT
-2

‘ 29y - 394 =Z’-z/z/.212-[0.8]2)
11{):0.3 mfs 1"—24-3([0.632—[0’411)
m A —A = _g_-
062} 7 y= 55 (0-80+ 03)
l ¥ y = 0.224 m
vz b
- 39 \LZ(O.é)
fonal =12m/s
posrFion



3//46 Estoblich  datum @ A .
@) Tﬁ +VH = TB + Vg
= S et — mah
O+ 0 2 Mg W\j B
Vg = \/23h5 = \/2(9.8))(4.5) = 9.40 m|s
Q’) State F s-pr'mj "Fukk\tj Campressed

Ot Q = o0-mghy 4+ =ke™

_ /Zwahg ! 2 (1.2)(3.8))3)
D= —k:l—{:‘ = \/ 24000 = 0.0542 m
ort §= 54.2 mm




3/147 Estabklisn  dotum @A .
Ta +Vﬂ T+ Ve o+o=‘;’fmvc}—mﬁhg

Ve = VZghe = /2(38)(3 + 1.5 cos30°)

= 9.1% mjs
Ims ¢ 3=, 306= lzqg
\ - (@YX Fy=m £ - 2(‘18\)0’5 1.5
N — Ne= 7.7 N
Ne (53 ZFa =0 0 N - l"Z(‘W)) Cos 30 =0
Ne = 109 N

Ta + Vg = Te + Ve ¢ 0+0= ZmyS —myhe
Ve = h 1. ) =7
xf?ﬁ e TA2OIE) =Tl

- 7.67
2 Fn m‘f‘ ~Ng + 1.2(7.8)) IZ'-I—S’

Ng =-35.3 N <down)




L Dty d e
r
B "= =g (- 3D
-
(_‘.“5\;{__:_ > F=mag N+ m{%_: lr_
o\
AN // $N-W\3E’F =) =
W3
= my [ 2¥ .

N= (4 42 N




:

3| Ta+Vy = Tg+ Vo dohm @ 8
O+ MmgR J::KLRE—RJZ= Z Mg+ O

Vg = \]23&+ %(3‘ZE>\

TR+VQ=TQ_ + V¢ ,  dahm @ G

o+ ZmyR * Ek[RIZ-g]"= T + o
R P oy

Vs = gR + -——r;\-<3 2‘—2_)

Kinetics ot C:
n ‘ et
my 2= ™Mans Nowmy = w7

\ = N= m[Sj + %(3‘_2(_7:)]




E/'ﬂ.l For tThe Sﬁstem) Ul =0 So AVJ‘—'O

-2,
AV, = —(00(7) =~ 100 Ft-|,
ST

A'\fjw = W [z(\ZE)— 2452«»\7}}7.‘14\/1
Thus  T94W-700 =0 W = 8&1 b




3/15] |/a} AT rdig =0
/8

L5 2,1 to (12,)2 18 5n 60° —10L2 s/ 60° =
23V +E§-z_z([_8_v) # 5/250760 10,5 51m 60 = O

0. /4610 %= 2,165 U= [4.76 (#/sec)
U =384 f/sec

(b) For entire sntercal A7 =0 Ag +Alé50
)

~2.165(12) + E’-/Zoo))(z:O} X2z 0.2598 (m)°
X = 0.5/0 in.




3//52 ] Ar:%//,g)/gi_z’) = 3.75 v

ALé:-ZL/«?oo)([oA-aajz- [o.5-0. 3]2) =-/2 J

‘ avg= L 5(9.8/1)0.4) = 5,89
%f- Y= AT +A4ve + 4y

~

%=3.75— 12 +5.87 = -2.36

T _ 2.36 _




3//53| Let m be Fhe mass of the car
(//_;zdf-f-dl;: O:émfvﬁ%z)l_mjy
2 U= %1—7’3}/

2

o _ Yo -2gy i} _ 29y
)p‘ﬁa(/ >

o Po T T
(>4

For car Fo remain i corfact with the
frack af the /op} Qn > 9 ) So for cow shant

i}
n, Y7 e y VA




3{]54—[ Esteblish dotem ot release pomt |

Ta +'\TA= ’Ts-r'\TB

O+ Ekoxa = Ot MG (Xa+d+%e)+ Ty
% @%)(12) (_‘522.)% \4.(_5_*_%_1?‘._3.) +509)() ( ?(?B)z
N~ 6.89 in.

The foct et wg >y,

s due o

The d\’H’QYenQQ, \.r\ Spr'mj S’U‘?‘Fne&g_es (Monj
With  the  gorticular Volue

Note That d= 14"
which  The  collor
with  the

d=Ro-6=14").
s The distance

wioves  \dhen

sut of contoet
Springs.



3/155 l L, = Rd Sin (%°—203/Z = 0,287 wm

M) s, = 0.25HZ2-L, = 0.0668 m

- . 0% R06°
L\Z - 2& S\ >

Z0. A0 m

2 = h,-0.25{2 = 0.0560m

We mt») i\‘)nort, T™he e(‘\m\
and.  oppdsite ’Po&em«a'u energy
chongee Qssotiated vty Twe of The masses,

T|Tv\ = Tz +-\TL datum  of O,

)

O~ mgd cas Ro%+ & k 82+ T kEF = 3 (1 md é%)- VL
o-g(ﬂ.%\) (625 ¢os Ro® + % 100 (0. 0668) ™=

+ & 1200 (0.0560)%= 3(0.25)1é1—3(9.8})(0.29

So\virlj ) ©= 4.22 rod s




3/‘56 |7'/7e Systerm s consServarire So

AT +AlG +AVG =0 | Spring streteh = 13-/25/mn

- 2
A7= 2'3—;?——2 /% - 8% = 0.0466%2—2.?3/ S
- / 2
Af=2(510x/"=0)5 = 0.833 #-16
Av = 3(-5/2) ==1.250 ##-/b
Thus O.0466 U°-2.98/ +0.833 ~ /250 =0
0.096¢ L3 =3.378 | 1L%=72.94 (##/3ec) *

Ug= &.54 F7/sec




3157  « = tan” Bz = 22,40 p=to-u = 67.4°
' = 2 (20)sinE = 283
§=kL-25" = 384"
@ T, +\N, =TV, )dn't\m@o

"

26
. O~ q(lz)“\' = L 2(\2)(3 8y
(3/1(0‘1/ o :_lz_égz_-zn + 2(\.2X\2>x
o 2
% x <[2(2<,)sin 2 ’25]/\2)
O 2 h

= 3.06 "PCISQQ_

() T4V, = —3f\f ) dd\m o Qc\
O+ "l<|7,>+ 1.2 () 5(38\4 = 252—-2“1
-9 11 S (35 ~o<§ + 2 <| 2 |2>[2(2c,)sm b+35 = 25]

\Z
v= [, 64 ‘H//sec,




3/‘58 A force Om‘gsis reveals that A will
meve down 9 B wifl mee g,
Kingmaties ¢ SV = K¢ (sSpeeds)
T+ V, = Ty +V, | dahim (@ mita @ositon
O+o = Emavy + % Mg (%\)Qz + M9 Ng
~ Magha
0 =L AUt + 28 F U+ g(a8)(1)
— 40 (18) (% (1) sn 20 )

Vg = 0. 6lk m}s ) Vg = %*uﬂ = 0.924 m/s




30151 Esietin detm ot 8 =5 (stete n),
stekte B s © = 30°,
TatVq = Tgt
O+ O = 2(-‘7:mu;‘)— ZW\jL(l‘CQSG>
+ L k[z5sine]”®
Numbers : 0= 159" - 2(1.5)(2.81) (e.48) (I - cos 30°)
+%60[0.485n3"| "
Solv:ﬁj , VE 0.331 ms




3/160 | AT%&%ZO

e 2 2 migrl map?
zm(Zf‘Uo_/"——g‘- » 225 -

o
let V=0 Sor r=o & ge
_ U2 _ —
'ZO_ - 961 Z{;— Zj/e
=)/2x9.825x637/x/03

= // /90 /s = /119 Am /s






2l62] A7 o (055 g 28 [ ) 322

=~/0.00(10%) ##-/4

2,/ / 2
V= - — - L) - S AR -t
Aj migR [% Q)_ 48(3959) (52%0) Iy 3?83)

= 6.22/ (10°) £#-1b
U =-P(250)(5280) = ~/320P (10%) fA-/b

UzA}‘+_/Jl§)' -/ 320P = -/0.00 7‘-6.22// P=2.86 /b



3(163 | AT +ay=0 ,l;:’ﬂzﬁz

P
Mean radius of earth 15 R = £37/ fwm

9= 9.825 (3600)f1000 = 127.3(10°) km/h?

Thus , ) , ,
Lm [y'~[24 000]") # 121.3(107)( 6371) m (-

/ /
s500 7000)'0
Uy?- 288(10%) # 5167 (107)(-0.0/0 97 )(107)= 0
z/é"-.- 2[288 +5’6.8]/o" = 690 (/0‘)) yé.—.- 26 300 hm/),

L
é




___3/I6+ l F= /00X Let x= Shretch af Sproag From

posiFor of zera Sforce
-3" L a
Y —\2 !/1 ﬁl; /*Z.“é +477=0

' v X - = /75 .
[f | / AI§~ .W/7~ 5= = O.729 £#-1b
: =L 2_y2y_ /0 2 2y
Equil. A= ghing-x3)= 2215 [1T) %
Position
=—0./823 fF-/6
A7=LWy2. 1 5 2 -2
29 2\;'—2—"27/'—0.0776?/'

eC




3/165 (/,_/2 =47 +A Vg’ +4 Ve For Sy stesm

/-2
AT=4mr*=15,%= 2.50% J
A\/gzmg/'i =-5x9.8/(0.100+x) J, x {n meters

A\é;-:zik(xzz—x/z)‘: :z,’/‘g(/o'?)xz'—- 00 x* J

O=0-5x9,8/(0.100+x,, )+900x%,

For Xpre , A7=0 50
0054 %, -0.00545 =0

x/mtx-
X  =01059m (or —0.0574)
max
or Xpay = /05,9 mm

O=2.80*-5x9.8/(0.100+x) + 900x*

v*= /962 +19.62x -360x*

c/d{j")____ /9.62 -720x =0 For max U‘zg/wnce max U
X=0.0272 m or X=27.2 mm

v x=\//,%zu%z{0,0272)—350(0,02722)7
= /. 493 m/s

For d:naxa




3/r66 IF?)r/niérm/ from /m,aac/ #o max/mhm
Adeformarion af Jpr/nj energy /s

conserved for syskm of spring § Cyiimder

So 4& —df+dt§ f»dl/ =0

a7 = O*EMZ/' d%- —mycf

Initia) Shrebch of Spring /s #he Statre deflecHon
wnder consrant -velocity (egwil.) condien &,

8s,= 9 /k-
AI/-—-A(o’ Yy, ‘z’ ‘/rJ S+ k"
"m9J f'—-/\‘J
Thu = —va’ myo’ +V’7y5*—/-/r<fz
2~/«5, 5 vYm/k



-y O
& = tan ﬁ% = 18.43°
@ = o« + 45°= (3.4°
@@ S’trc.‘k'c,\r\ Ka S‘Prmj
s §= 2 d <sin(6—s§r\ o(>

2\/0.06()z+ 0.180% (sin 63.4% S;nl&ﬂj

"

J]

.Y m

T,+V, = T ¥V, : datum ot O
O+2m\30\c,050k = & > 2m3dC05§ -+ i KSZ

R(18) (01217) Cos B.43° = 2(2)Q.8)) (0187 fusiad
+ £k (0.29)*

Solv{nj , k= |55, ] N/m




3/168 |

J kg 3 kg

dgrdg+ai=o

AT = o

= 2—{/?00)[0,4[/— szhg)]z

= 72(1-5m%)°

Qg = -2(3)(9.81)(0.5)(1-51n §) -4(9.8/)(0.4)(1~5(n Z)
= -45/3(1-5m§)

Thus 72//-.5/2—?)7} 4.5‘,/3//-5/)9.2)

5/"7_:‘_’: — 45':/3_ : - o
S/ %Peonn, ex43s”




30169 | Elljpse cccentricity e = \/\_ %

- / 0.6= _
= [~ o3> Q. 66|

C ot = a(l-e) = 0.8( 1~ 0.6bl) = 0.271 w

oay = a(l+e) = 0.8 (1 + 0.66l)=132% m

Ta + Vg = Te + Ve

S My, + 6= O+ fzkxf

> (o.ﬂuﬁ,?’ = 5(3)[1.’32‘1—0.271—32) Vg = 2.90 m/s
Then Ta+ Ny = Ta+ Vg

= Q@.Ar)<2.<\c§7'+ 6 = “7—_(0-4)'0;» %{[(o.g— 0.271)*

!;2 2
+0. .\ - o.271
e.ey] 1,
Vg = R.51 m[s




3//70[ T =0 so 'T,+'\fjl =Tp+ Vg,

Take datum '\G=o at 3rouml level .
] (75 tlo 2

=2 "3zz7 ¥ T RET | Tzx=0

Vg, = (175 +10) ‘%2-5-_ = 648 -1
Vg, = 175 (18) + 10(3) = 3230 ft-l

Se R.8Tv5+ 648 =0+ 3230
= 30.0 ft[sec or RO4 W\L)hr




3/)7[ I Spring dqeformation ;s
3 4g §=AB - 0.5(2
BB Vero5)*- 2005 cose
= 0.5&/?(‘0??
$zo0.5/2 /150707 -1]
< = 0217 m .
osm—| Oz 4hk& s £(100)(0.217) 22,35 J

&
oorll""
2

2] K* o
A

A‘§= -mgdh = ~3(9.81)(0.5)(1~ Sin 135°) = ~4.3( J
. K3

Ar+ay, +dig =0 23U °-43/¢+235 =0
U= /307, U7 /143 m/s




3172 | 7- gng;zx/éhs)/p\

\ -
=13.50m /% 4H€

(/’/\/' \_\/ let m

/

|
N
N

= fotal mass of Frain

W for System of cars

y=90km/fp  AT+dl=0

$m( U2y ?) + mg (27) =0

2 2 =
J%:V;—49r

2
Uz"z=[h__?°(’000) _ 4(9.81)(13.50) = 625~ 529.9 = 95.07 (/s )*

3600

Y= 9.75 mfs or U= 35.1 km/p,



I3 | T, +V, = Tat Vg | dotm O =
N 2
Ot 0‘6(%8\)(6-5) + % 1Ro [_\ro.ZS’“-k 6.5% - o.z}

= "—% (O,G) ,U&7. 4 _l_z P EO.ZS—-O-ZO]I

ug = 5.92 m|s mg = Sprn force = k§
Kinetes ot B : 06(18) =26 [8.25-0.2¢]N
ar —— — t
]
E N dy \z - 3f2.
' U @)
Radius of <Survature /’-.- dz:j/d n
X
Y= kyx®: 05=k(Q5*> k=2
d d‘L
3: 25(1) f&;:"‘%) ilz 4‘
2773/2
When X:O) P: D:—O ] — 0.25 m
ZF“= mapn ¢ N+ \'10(0.05) - 0.6 (mg«,)
2
= O.6 5.92
6.5




X =

'3/’74'| x?+y3= 0.92) XK +Yy=0 Y =-y=
ZJT*AE;:O/' _zf_m (>'<2+yz) " mj/y— %}:o

=

(10 £ 01 ) i Kiyh 0,008

X (/#Jz)_ 2(7.«?’/)/72— -.V)) x 7—3’—/?.62(7—;-51)
.2 0.7

0.9°x" = /?oéz(ﬁ"yl‘ya)

. .2
For max. % df)(): 19.62 _é_gy_gyz):O
dy ~ 0.8\ 2

So y(%—:”y)=o, er-é//Em

g x% 1962(27036_ 0108  (762v2
0.8 \ vz 2 Yz =)

; _ o _\[72.62VZ _
vémax—x— - 70—' = 0.962 m/5

X%

s



/7, =(L-x)Sin &

- h=(-x)smé& +—2’-‘—51279+T2":
=L Sin® +:§//-5/'néj

h éCf/o: mass /bcr (//7/7{ /enj)‘ﬁ

Al§+é]7"=o

- 45 15 Fhat of Fhe length X
dropping a dr5tEmce A

Al?: —pyxh = - py[Lx&'ne f-z"z(/-s/}va)]

= _/ Z
a7 ZFLU , )
Thas -ﬁg[z,x S & +_2)£//-5/}79)]+§’/042f =0

Vo= )/23)4[5/}79 - })_CZ (’/—-5/24.9):,



3/)76' For cn‘tire thin) U\-z A(T+Vj)

Ul-; =90, £T=%m = Zf '"'{)U’L'c'q?ﬁ]’ru
V- - (=g L& + 5]
c;_T@ == Efyrin (34 %
T—y ‘ﬁﬁfr So Zfarry ‘?\rjr'“'a*%—>=0
3 () S
Y U=\/3r<z+ﬂ’\\%>




31 | 1se(a8DN , O tai5T s

—
—

\’/6
(EFdt =86, s | F-is00(30)sin 571"] 8 =
1500 (60-30) ;\;::0

F = 3030N or F=3.03 kN




38 v= L5830 4+ (2437 4+ Sk (mfs)
{ﬁ = 45170 -6t Qn’\-/s?')
At £t = 2s 1 [v= 2L -96j + 5k m|s
{U = 1%L — \25 s ©

Then @ =mu= 12(IR1-96] +5K)
14401 - 11.52) +bk kgmjs

N

o
\
<

4,407 + 115274 6% = 1939 ky-ms

SEF=6G : R=wmi =12018i-12))

—

= 2\6 L - 14,45 N




ﬂl Conservation of system linear momentum:
1> 0.075(600) = 50.075 Vg Vg = 0895 m|s
Tnitial eneryy T, = —;_"(O.O‘ISXGOQZ= I3 Soo J
Finol eneqy T.= % (50.015)(0.891f = =oz T

Absolute eneryy hss WE|= T)-Tz= 13480 T

- _laEl _
Pevcent lost:n = = (|oof’]°)~. 99.9 o




3//80| ;
-2 = AN
A_><R :3 2T = /6 k

/Zﬁa/t = m AV | (/6000 -4R)9 = /0000 [/050-'/000)36
AR= 568 N '



5//8/ AG:O}‘ /50000 x 2 + /20,000x3
= (/15Qo00 +/20 ooo) v , U= 2. 44 rn/ér

- ! 2 2
IAE’—-Z—/’):Q?/,Z /—émaz/é _ f/mA*mg)Zfz

=_/ _;4{- 2 2 2 ——Mz]
2(32.2) (30) [’5",00”2 #/20000x3 "~ 270000«2.4%

= 2230 Ffr-/6 Joss




_3_“_82'_‘ No difference oetuween Casey (u.) QQJ).
G, =6, mMmv= @m}u V= 5

T= —li M- ) = 7.(3m)(3\)2' ‘é*m
T’ E e S
T —'i My L

T

n= - 2
3



3/183| mg = Roo(J-63) N

I
|
I
|5 T

200 (1.62)(8) = 2 2 (300) 4 2(3°°§] = oo (v-4)
N <= 200 mis




3/!84—' § T rocket fburns oul ofter 7 Sec
v feora/ /m/au/ac ot e a’am”jf fhe 1O sec i3
6/8600)- /OR
- ) _ = 3200 (5. 44
Jirwt e mav; 66000 = (eon 25 -0
R= 423 /%




20 %
P U= 2 fsec  16(0.2) + £(0.2) -6 (0.4)
—>

_ 20 _
= 552 (V-2

_ﬂ] \/Zxéca’é =m A
[#]

’T F=0.3(20)=6 %

20 1 U'=586 FE/sec




—_ . /2
3/186 | mg Z2Fy=0; N=mg o=

t
;/Z/:;dé = MAU)(

5112\ f\ Te—x (my;é-; —0.0ZMy{—;‘)[‘
N F:O-OZ'\/ - m (/00)‘/000 a)
= Jéoo

_«?;,_39_/(5_0_02[,21) t= 27.79, t= 7735



—

3/187 | ¢o,oooD/b

50
=
JZE at = 46, *~"D
(90) 000 sl'nfo—D) 120 N
= 90,000 (340 -4p0) 2222
32.2 J600

D=92/0 /6




/88| 1t = S

[2) 2240
(Fooeo cos 20°) ¢ = /5¢ 000 x /X115 44

S2.2 / Jo
46,785 ¢ /7.62%x/0°
=375 Sec or F = 6.25 rin

"




3/!87 I ’f; Lel. Ve/oc}{y /5
e 1 ‘—0 Ut Zé’ =0.3 rifs --¢/)
<L F SFEdt =mu

to #7%
F Jo mz// =/770V>(
goo U, = Joooo Y -~ -— (2
Solve (1) ¢ 2) & se - _ 9ovoo00
% 0.3 o0 Y%
Yy = 0.00264 mfs

4
So K&, [qt = 90000 (0.00264) £, * 7022.44): oo 0
@ —



J
M G, = Gy MU= (m \—pvv\)v’) V=
v : -
)

_

-y
At

I +p
drp ~V — Ve
At RTATD)
-u — —
A't(\-rp; ®
i =
V= Wk 3V
= LY
- 3 At
e U
3 at



&= ten~'o. /= 5 7s° ' 0= 0.099
3[191 15000 1b 7 7/°, Sin6=0.0995
20,000 [}, fZF;o’t*-'mAU;C
F 1 =gl - [35,000xo.o995-2;:]5

- 35000 4
=<8 = 33, Con 44
l 0 32.2 (O Z030)
15,000 Ib F=4930 1b
FifL‘P [P— 4930 +453000xo.0995]5‘
. - 15000 44
(Tra//er) _3.45__2_. (o- 20 33)

P= 704 Ib (tension)




3/!‘12| L™M9
N

N
—= 4 (ZFdt = mu,

ot J' “F e Ak = m"j |

y= Fo " (- ™, F
d

om0

f C\S = gmb e:bt\c‘t

S:

P

T )]




308| F =kt 20 =k(2)7, k=5N[*
F=5t7— (OAtA 2s)
£= Ls: j\—‘o\t = My,

°

j5tat = 255 = 047 s
=35 rm)oo ( Fdt = mv,
V= 4.[? bthat + 2(25 20)*—(3—2)(203]

= 3.9t m|s !/j
> F

Ty




3/ 14 | Gz06)(3.8)N

-

500N / 0
N feot

NJu.

mq),x + J}Z\’x dt = iy, ¢
1200 ) [500 + T Cosbo® ]IS = '2°°(3 (,)

T = 27180 N




Va(9.8/)(/4)

3/195 Impact velocily Us=Y29h
g.24 m/s

:

AG=0, 450(5:24)+0 = (450+240) v
vz 3.42 m/s

/mpulse of weights /s negligible compared

corth  smpulse of impact [forees.



31196 | Entire system: [2£ dt =46, 900(2.81) N

A
[(600+900)9.51-R]6 = 600(0.5-3)
|
R= /4,96 kN ; )
‘an
[ 600(9.81) N




3/197 AG=0, 12(20)+0 = (350+ 12)V
U =0.663 frp /




/98 | Y% Ty Vel Tk Yy -v

=6 - hmj,

| 240 A g ]
——

1%

AG =0, G, ,447= %5

8 (6-v)= 240V, 2 =0.1935 Am/p

;,a/=0




3/ l AG =0 3200 s, \= (3200+3400)
{199 /I\I(y) %= /30) S,
|

[1_1 | Y= 14.55 mi/hr
T8 30 mijnr

W (x) N\ T -, 3900 (20)_ (3200+3400) ,,
/r DA 2= 10.30 vui [hr.

20 mifhr U= V[/4,55>2 +(10.30)% = 17.82 mifhr

YV 2 g L2955 | 54.7°
g = ren '&; = fan /0,30 *4




3[200
/g
00 (2000) Sl0% 1o fZ/—“a’z‘ - mdv

=360(109) Ib oL
/%” [6 -1.8- 360/0.0/00)]/o4t
P ! '\‘/F':' 10 (1 8006) = 360(/04/(30_20)14_
T N = 1.8010% 1p J2.2 3o

/0
Stn® =0.0l00 0.600t= (6398
£=273.2 5ec or £ = 4rmin 335eC




3/3011 G, = Ga ¢ Mg F MUy = (g4 mm>“3
+5L -4y -k " :QOQQ;‘»\O)U
V524 a7y 2~ J B

Y = 369L + 1950 - 1470k s

1000 (Roao\j T 10 (‘500‘6[

The O\v\ﬁ\t L&WQM \13 and N 'S

_ -1 U Vs
,6 = Cos Vs
-1 . | - . 2000 '
= cos (3690 +19514 - 14T k) =000 :(

\/ 36.9% + 19512+ 14 6= Roo0

1. 167°

"




3[202

Force_
r Als|c!
' | .
el -
o - time

o ty tz2 My ,

Solld avea is 2% of nominal area o N=62.5%
Tn order to Compensete | Greas /) B, 3 C
rmuet be added oty time t) ss The

extra Time i = %: t.



3/20 10(9.81)N
/303 | o J/ /) Esp, N = 0.6(78.1)=50.9N
, £ opg N 0.4(98.1)=3%.2 N

—=/ =25
1*‘; Block does not wove i/
/D:F.; or 25t =5¢.7 £=2.35s

N=98 N fht"l /- becomes 3222/

IFAt = mday 4
f / /(252‘—3?.2)/L‘=/0/U_0)
2.35

25¢" ¢
—=— —3?.2;‘] z/oU /oU = 66./ U=6.6/ ms
z 235 g P



~”2MJ /ﬁ&%:mdu
a

Advea of a Semiellipsc (5 Tabfa where &= Jo N
b = 0.04S

Prgs BL38Me28) 4 0001 6))

U =342 m/s




:ﬁ?ﬂ ﬁﬁ;dt = mdy,

() (0.6 ‘0.2) ‘3-24—9 = 4/?/0_6 -——[-10])

48 :4{Va'é+10) %:6=2m/3 ({-,(-d’/r')

) 4¢- (0.9-0.6) 2= 4(v -[-0])

3o = 4/%7+zo)’ g =-2.5m/s
/—X-d/‘/‘.)



7 180 'Ft/Sec,

3/zoe| mg=o
z“/é
R 1.62/i

..-/_', Rat = mu R(0.00I)= 32 2 ('50)

R=472 b
. - IléZ/{Q
tr R= et 472 =
/ R ma. 322 a

a = 150,600 ‘Ft]gec,z' (4@@03>

\l

U= U, = Zad ¢ 150%-0" 2 (150,000 d
d= 0,075 ft or 0.900n.




\'| O8N +t =5s P=50 N
\ x 5s Ss
-7 [T7Pae = | zeRat
o o
P N 213 l 5s
m'\J,Xl t ZF’K dt = W\V,xl'.
‘t,-‘-o
~6(20) +83.3 + 50(8-5)- 589 5mI5°(8) = 6V,
’UZ: - . 423 W\)s

For a ZRvs speed:

A (:ad) + 83,3 + 30 ({-5)*58.9 smi5°(t) =0
+ = 8.25 s




3/208 AG=0, G =6,

(2//6 +0)2000=i/i+_5‘_0u; , Ya=4.99 Ft/sec
32.2 32.2

U=zA4T: o =29  4.99%=2(32.2)(6)(/-¢058) where h=4(I-csd
cos 8=0.936, §=207°

/ 2
77U - (m
Z enarjy /055 = Z_J__;J\__(__M
2
__z—m/u;

=[/_ 2/16 +50 2(32.2)6 (/-0.936)],001= 59,8 %
2/16 2000%

m

x/00% =(/— dhaie 3-5_—/:)/00 %
! 7




3/2_07,/4550/1’)'76 o c/zaujc s exFErvias
Sorces actins o Fug -barge Sysreomr.

U= vyg/OC/-‘é/ oF 7249, Ug" = Ve/ac/'éz oF barge
V5 = r 2 .
AG =0, (560 +1200)6x/.688 = 580U +1200 (1 +2)

. g.78
VU= 878 SfFfsec or 2= T ieg - J.20 frnoFs




3/2i0 I For plig. Alrdlg=0 3m

v? =
Z7GY g =0
v =l/29/"
Flug & block AG=0, Y257 = //%Afmc)v'/
where U= V(‘.’/(J’Cf'é/ of block g’p/z«/j af7er /r'n,oacf
Arickon foree /::/cck(m,q *11,.) G
Decelera fron  a : Flrmgemy) = /“kS
r 2
y :205, \S'-'/ mA_ )22\9,’ / - _r _ﬁf;__“ )2
"t e 2/¢(k3 MKy, e




__J‘?/‘Q” /Zt/:‘c/z‘ = m(Y

X
o
/"ram 3ra,bé
|
| /Zpdf——+24 +§=.§—/é-.s‘ec
U, =/2 f#/sec
o (e Jo g= L8 (% -0), 1 = 10 Hfsec
— )----= X
W=/6./ /b v =V 1024122 = 15,62 SHlsec
12 £t/sec ,
—————— - 2 0
/%:Z/. §~ ,%’7 -/—0— - 5‘0; 2
|
[
5
L2
/0 St /sec



3/212] rnjb.t / V2= 130 mifhr

RxAt U, = 85 mifhr

X

‘tz R\\’At
mv, f XF dt = W\'\J
LS| 3

_ 5, |25/\¢, 52803 5.\25/Ib /5280
22.2 (% Ry (0-005)= W(Z” as35

R,= 559 1b

) — '
mu, + | AFdE = my,

I f 3 Yz

& SNZSI6 /. 5280 . o

O+ R\\j (0-005)— 5"35 (0.005): W{f) 3600 |n35>
Rf) = Z(8 |b
If n\:) S Y\ea\tth’al c.\ur.mj \fm‘)\d— R3= 218 -

a 300& C\&S\)mp'hm‘ The qu(md\fb W\S \N\QJ
ot ke m\j\etke\ Therea iy — ofherwunt  we
obtiin o vecord Neme-vruw  distumey |



3/213 | Ryt 4 U, = 22 ms
R0°
Rt - =
* ~= "
mgat U, =15 mjs

(4
My, + Iczrx g =,

0.060 (—-15 C_0510°> + ‘R,x(0~05) = 0.060(22C0520°>
Ry=42.5N

t-,
muy, + jt‘ ZFyde=miy, =
0.060 (15 Sin 10%)+ Ry (8.05)- 0.060(q.81)005) = 0.0z25m zoj
RU = 6. 4(1 N

Weight my = 0.060 (4.81) = 0.589 N is akeut

I*s  of 'R\\)—-— ny need o omit W\j From

uv\q\ns'\s ) .

R= VRS ;—Rxf = 43.0 N .
N]

g = tan R = 3.68°




3/214‘ I fZF at = /43 cos 2wt ¢

-4 e Ycos arrt +2/rs//72/n‘)]
/1t 4r?

= [ C-1+0)=1(-1 fo)]

/+4ff
o.090¢[1-€%]= 0.0798(0.8647)
0.08054¢ /lb-sec

/
‘[Z/i et = mdv;c J' 0.08’54:3—2-:2(({—[-3])1 Ux': ~0.249 f#/sec.

/ negoﬂ‘re X ~dw»r., )

4]



3/2|5| System - (mg t Nyj

Y
L _ X
N
710
Mg Uy, + Mg Vs, = (m5+ms)\)
- MgVg, B80[322 .
(mgt MS) - 90(3R7) <lb s 30%)
= 12,32 ft/sec

710 At
YY\G'UBJ + ms'\jSJ t "(0 [N -<mB‘?"W\s)j ] dt = o
- B (losin3e%) + N(0.05) = 9o (0.08) = o

N= 488 Ik




‘_3_/"’?_’6__] SK\'P kej'm:, + mave When

=
7(\\ T 27T= 3(‘1,8\)’%) T=1274 kN
\ ‘ 12,74
| whieh oceus ot t= —To—
N T) kN = 1. 5%3 S
38NNy N e F—— <
60N, 2 L — \\\
N
0 NN t) s
o f2 A
1.593

[XF &t = mauy _
2[ “’—%3'—71 (2-1.593) + 16 (5—2)] -3(3.81) % ((;I.S'L’;)

=3 (v-0)

V= 913 mls




»3/2l 7' Velocity of ram just before impact

/
is u=vy29h =vV2x9.8/x],5" Y% &D EH %
=542 m/s
/Zg dt =A6j g For ram W, At isnesligible betore after

compared with impulse of extremely large | * v
(mpact force (. .sim//ar/j for pile , vector sum :

of n/e/:?/d‘ and penetration resistance can be ﬂcy/:c/r/). Y
(‘LMQ/ =0: (400+300)r — 400 (5.42) 20, o= 3,10 m/s
(h)AG,=0: 400x0+300v - 400(5.42)=0, v=_7.23 m/s
(c) ,{]67 =0 where upward m/oc/;‘y of ram :‘mmed/a#elj aflter

impact is U =/2gh"'=y29(0.100)" =40/ m /s

So (3005 ~400x1.401)-400(5.42)=0, =9./0 m/s




'3/2‘8, : 7;:"!/5= abSo/u;‘e Ve/ocllé

C ST of cor
7 _ sohrlh

/5°. Ua/l U
U

= 8005 15% 1] g %
= 4829V hm/h

X

Ag =0, 500« /030,“ = 1500(38.2%6 -V,) U= O"44_ET'
s

Ag=0 ¥ =, 1500 (48.152) = 501500 U]
—_—

(2 ;= 0.144 ke /y
or ?/2"-’ 40.0 mm /s




5.3/62/7" ZF, =0 on system So 46,= 0
e (15-05) - Mgy =0

| |y oo L6=y5 Mat™s
"Ma

- /J7"+AL§ =0,

/ * 2 / 2 =
M, (26 -L3) + F gty — 1y 5 =0

- e Lm [V2(mﬁfm,az 2 iy #mg 2
- Al e -2Ug + 5
26 Ug 2 m, ) 8 "m, 5]
!/
. + 3 Mg Uy = my 52
Simplity & sef U‘;Z- 2 Mayd

My (M ¢ vy )

m /
or U‘a=._£ 294
mg |+ Ma

Mg




'3/z:w| /8 hnots 20 ffsec ___ o
=19/1.688)=30.4. e é/' //,"7 ¢

500 ~~30.4.— AV . #4/sec
R
46 =0, (G, )W%/= (60x22¢40 : Joo)30.4- )/72.2
= 12.7/0(r0%) 1b-5ec
xX-componen? of forbede vekcrly afrer fownch /s
(17) = 30.4 - AV + 20cos 30" = 477 =AU ##/sec
€ /X
. _ eo(2240),. 100 A
((7" ).f/ﬂd/ T 32,2 (30.4--dv) + 3—2,}(47'7'- -4v)
= 12.726(10%) - 0.41832(10%) v

Thiws 12.,110010%) - 12.726(10%) + 0,4/832(10% Av-=0

JThws AU= 0,03%6 Tt]/see B
Alternare Soles From U’z veloci b of boat relotsve
Y T2 H e ro x-y (=av)
o L 90 . AG’-‘,:o}._éo{z;4o)du+ 300(20 cos 30 4y)

] \9 <0
U= 0.0386 ftfsec .




3/22' I (Q) Ho: ﬁx m\l

= 2021 +5))x T(cos48°L + Sin45°})

=613 k kj-mz/s , So Hg = 633 kj'm2/5

d= Tsin45°= 4,95 m
| Twmfs

Q_Ho = mvud
| zk‘ié"f = 2(7) (4.5)
L

= 613 kym'[s
Im_ W57

AN L‘/s/ 5m

bfz\/



3[222(q) G=my= 3 4[os 45 - sin 45 ]
BA1 - 8.4 kymfs

©) Ho = rxmy = rxq
< <C05 60°{ +Sin G@é))( (8. 49, -3, 49,[)

- 23.2k k3' “‘z/s

"

@ T=&2m'= T@R@H = 247



(36 +4) ~34)x(~34-2/734)
(12-6)+(6 —6)/+(-6+12)4
6L # 6k  F-1b-Sec

| =V 62r62= €47 f7-16-sec

"Q
I

1"




3/224[ r=32% -21] =3tk = 4k

v=r =6¢L -2/ -3k /s

G=my =46t -2/ -3k) N5
=rx6 =(3t% -2¢j ~3tk)x4(6ti -2/ - 3k)
(et ~62 )0 4 (9t7-188)] 4 (12¢%- 67 )i ]
= 12t*(-3/ +2k) N-m:s

M-‘?/'}:Z4t(‘3j+2_/ﬁ_’) N r

-

X

4 for €38 H= /08(-3/ +2k) N:m:S

|H|=108V3%¢2% = 387 A rm S
(M| = 72V32+2% = 260 N-m

<




3{225, Ho = rymvy
= (aé+l§+c‘5>x YY\‘J\j
= mn (—c£+al§>

ij M, = (awrkq +ck§x Fk

= F(bi-ay)




é&zﬁl ﬁnau\qr momentum Gqoout O 1§ Canserved:

H°|: Ho, ° 3mv(L) + 2w (L)= Im L W
5 Y
W= IO




3/22,7| H, + jK/\zdt = H,
t, 2 !

o t Rofo)t = 4'(3)(0'4') E5° Tﬁ)(z“')]
+ = 15.08 s




N _d v
O==(rmréxr
dr.‘( )

J

3/228 U Z,Woz,c.‘é
wﬁ\

f’, Ofd;?.frza'):a

SO /’zé = cons’t




3{22‘[' -TA + U{-\-Q =T

Smug + mgh, = Zm”
’Ucz = "Uaz-i—ZS hA"Q,

o=+ 322 (32)(®
143.3 Ft*[sec”

_— ‘ _9.25
Z y = may N-0.25% 37

]

1

N=15%5 lb

. 10
Mg= Mg = (1585-0.25) 12k = lu3k lb-ft




3/230 l [/ebcz'{y of ,Q/hj Lo I.'w/béc/ I:S‘
v =Y29h =Y2(9.97)(0.6) = 3.43 m/s

For systerm, AH =0 . Jake C.W positive
Initia) Fl=-4(0.5)2) — 6(0.3)(2) + 2(34#3)(0.5)

= -2 — /08 + J43* 035/ Nm-5
fonal  H = [(4+2)(0.57% + 6(0.3)" e

= 2.09¢w
So 0.35/=204w | w= 0.172/ rad/s Ccw




r;n:'n
g 33 980 Nmax = 2(13 520) - 676/
NI/ = 20279 km

1172
/r| For H, constont
A 6761(33 880)=1/1720 vﬂ;
= 20 279%
v
A i 25 = /1300 hom /i
| Torin y
max Ué= /9 540 ~Krmlh
2//3 J_Zd)km——’-

=637/ +390 = 676/ km



_3123_2—‘ F\njulw momentum  donservation ¢
_ , o &
HA‘ HB . YY\’UO(O = my (ro" h ) Cos O (\)
Ene Y9 conservation :

)
1 z _ L T 2
Z My = 2Zmy — W9z > =JG° +232(2)

() vk Q) yieds 6 = Cos ' ik }

Q\- 2) 'JU°1+23'£‘




3/233 I AH=0J" 2m ra)(r) -2m (2r)w(2ri=o
w=s W, /4
a7= 2 (4 m[rw,]?) - 2(4m [Zr%’_‘»]z) = mrin® (%)

3 £t
n=a4r/r = TMr%/erJoz = 94



3/234| W =H,

2mr s (f\ = ZMPCOS(S &' rcosp

6’ = @ se,c."p




3/235| > Mo= Ho =0 , SO qngular momentum Is

conserved Ho = Fo, (0+any point on axis )
0.2 (0.3 cos 30%)*4= 0.2(0.2 C0530°)?' A
W= 9 rodfs

1}\:& = AT+ AVj
AT= £ (0:2) (0.2 cos 30°-9)™ (0.3 cas 3°°x4)2]

= 0.1350 T
aVg = 0.2 (481)(olsin3e) = o018 T
Se U’ = 01350+ 0,098 = 0.233 7

-2



i&ﬁ_l (CL) Ho = 0  uhen Projechile s o O.
QDB RQ'\S{ R = 2Vs Cos B sin O
| Vo

Ho = vaR= M, Sin O
2 MUs> Sia 20 Cos ©
J
The moment of th Prjeckle uWright  abeut
pomt O s always '\nqrma'mj The Q"‘j“\w
Wmamtntum  Oeout 0,

—







3{238|C0nser‘l&t'lon ot Gnﬁu\wf' Maomentum

() g = (Frie)g

So(10%) (188,50) = 1S (10*) vy
Ve = 125700 ft)see (@ B

EY\Eraj Consuvotion ;{I—-ﬁ *Vﬂ = Tg, *‘VB
m
Tiofup - DL = Ly - B

rf‘\ Y‘B

= (188,509 * ~ Z Vgt = | | ‘
- 3 - -
340Uy g) (333,000)(4.0%5) o~ [50(@) 75(»6)] 52%0
Vg = 153)%0 £t )sec
+H

-Ur': "UBL_'U;" = \/\53)%01-— 12‘5)’7007" = 88)8705‘8“&




3/23? l/"brccs on pﬁrﬁdc excr’t ro mromeent @bowt
/74‘: ccn)‘»’ﬂ/ 4)(/.}1 Jo arzyu/ﬂr mamcn/um /s
Censcrved @ boul Fhus Qx’s- VDL dHE=0 4
m UJC&S/? (r) = mUces :9(’)/ Y 03B = Uews O
Also energy 15 cemscred 59 sHa l
oy L z v 2 -
Ar+dig o FmU -zmY - m9h =0

et inate U8 56f cose=_ 2=

Vo2 e 25 h
-/ 505,6

Vie Z5

Uo"Z

or G = cos




3/240[ System angular momentum conserved
durinj impagr: ¥+ Ho = Foy

0.050 (300) (0.4 cos 20") - 3,2(01)16 -3.2 (o.+)"e
= (o.oso+3.2)(o.+)zw' +3.2(0.2)% '

w'= 277 vadfs (cew)

Enerjj cons’n&e;cgtims after Impact °

T'+ V= T+V , Thoose datum @ 0 :

% (0.05 +3.2)L0.4(2.77)]z+ —'2—(3.2)[0.2(2.77211
52(0.2) -2 r008) 0. ) [1.8) = o+

[3.2(0.2) ~3.2+8.05)(c.4)]9.8) cos 6
6= 52.1°




/241 | Anguler momenturm aboul
central axis 5 conserved So

s m39
' « Y. 4 2
' r Hz;;(mrw):o
F K4 - adw _ _ 2w
5 m(2rwar +ra’w)-o);_;_ Ze
F -

N=mg

ZR=ma,, F= mrwt

du=dT, -Fdar = d(z’—mrzwz)

m(retdr+ riwadw)

m (rwzdr + riw [- Zr.ﬁ)dr_-))
(check)

So —mr‘wzdr =

-mrwzdr



2 2 -
3/242] Patih Form: Lo%a 5

b = 4 ft
ﬁr\gv\\w mamentum Goout Q is Conserved:

a a
MV = MY * Vg™ 77V = T Yy
5
= +(8)= Io ftfsec
I 4
5= b[l-@%)z] 2

b ()= =0T
R e SN

ol
L -3
S -z[\—- kq_\ ] b’x [)— %l)l} z
Q\\J _ 47
N!s\»\) X : O and AJ)("-_ XIO: __4?1 .
L \]3/’“ [ieo]? ~ 5% 25
Py = “"b/dx T s Tg—b.ig
Se = 6. 25 ) ZF'\:YY\%— '.TB——-

To?

n




> 3/243| w), = 40(2m)/60 = 4./9 rad/s

a=o.dm, b=0.3m

I -
-~ — a! Por 8= ?oj r= 0.1+2(0.3)cos 45° 0,529 m
| 6:60° r=o.(+2(0.3)c0s 30° 0.620m

_ 2 2 -
AH—O/ 2mrw -2mrow =0

: 4 - ,-2 ' 2 .
mz=5ky FI m=5 ky w = ;ﬁzw‘, =(%§6‘—Z—;,)/4.l9)
= 300 rad/s

(or Zz’o_oéo = 28.6 rev/mm)
174
where Ah = 2b (5/n45°-5/n 307)
2(0.3)(0.707/-2.5) = 0.1243 m

U= 5([0.6zox 3.00]%. [0.52¢ x413]%)+ 2(5)(%.6/)(0.1243)
2 - 6.880 ¢+ 12./90 = 534



o
'3/ 244 Moment of tension T about I‘a:nyency \

<
\
point 4 is zero, but A is not a tixed point. w 7 .
And moment about fixed point O is not T f °
. v )
Zero, Thus angular momentum is not 2ol 2

5120

A
w

tonserved., Alo SF#0D so /inear momen- )

hum 5 pot conserved.

Energy is conserved. sp 2_/.,”(,_;%)2: ELM (r‘a))z.
Thus
eJ,
QJ';:O—CJ =f”o c‘)o or a):‘____o___
r° r,-ab /-aﬁ/rb
(ZM0=/L/0: ~7a —";CE{'(MU"‘):mU'/"‘ Sénce v = const.
But /‘*:ji-(ro-ag).—_-—aéz—aw

So 7 =- -E-u‘{—aw):muw

or T:mr’;wow since U=U =r i)




3/24'5| V= -\JZSK
_ v__ _ ( no
€=v = 1600 O. %29

1= mghom -h_
n mah% (1007° . )looz

- (- Yo = sz




M “UI’*’*JZS\'\ ) \)‘-‘-J’uo?‘-»?\sh
—U 3 e: —1’—‘ - _@ = 08
° h ’U \t ’UOZ‘{’ 23"\ .
OO\ Y

”"L*”’IA““W— " With h=lbwm Vo= 4.20wm]|s




3/247| Sbstem Vinewr ™Momentum ¢

MV MY = My, + m'L'VLl — +
/
2(1) + 3(-5) = 2v, *+ 3%, 0)
\)ll-vl' .\LL'_U\ !

Reshihehen @ €5 57006 = e (2
Sswe () 1 (&) o abtaw
v/ = -4.52 wmjs

Y, T 2.68 wmls




3/248| CongerVGt‘iun of limew mMomentum :
9 ”07'0 _ 17'°+ /
MmUY = MY, m,
/ m,

Vo = T Y
o
. Wl ™
Restitution : e = = = - Mo
v, -]° Y
\ /‘L \ v
m,




3/249 System |inear momentum :

[} |

%U+Qr\?/\ﬂg'4p¢msl o
. _ ! Vo Vo'
Restitutin ¢ e= ’\_).9___“&_-, 0.1= -8 Va (2)
Va-Vg V-0
Selve () §(® v obtuw
i _ ([ 1=0.p | _ .1
R RNET: ) Y8 T TI+p

!

{
For = Z: Yo = 0633y, Vg = 0733y




—.__/-( My
Z mA 1"'745

= _/ VVLA Vng
Wiy + 3

2
U) (ret mg)+ F,

Ua : (/035)

‘ATI = £ ’VI-AVV)B Vz /

4
T /’V}af.ma

A 2
>0 Uy

=

WLB
Ny +47ig




3/251 AG=0 : mu=m(u'ry) }
W% U, - w
—> > Also : e = 2
] w

(Hﬂe‘" ""‘Pa‘t> Selve to abtain v, = —;\— (H—e)
E1 aG=0: m%(ive) = m(y+v)

]

H'So H e - U'“dz
5 (14¢)

Solve for v= %_—(H-c)z

|

Sy ]







O
N -0~
hI AN - N —0
Y i gh'r\/” _:4[(“7.

TN

<Noi”e.'~ DYQP distamces  reduezd b:] Y= 0.75">
Vy= \123014) y Yy, T Y%= e\!23(h-r)
= 25 (\'\\—Y)

o.qoz(zj\(h-oqs):(zj)@-o.75> , h= 1034 0n

et atr)s ot )

With r= o5 in. 3§ h"-: 9in.: ho = 743 m.




3/254l Durin3 impact T F,=O so ne
v Chor\ﬁe n X Velocit:’ Component.

/! _ _
| VCOS B = 24(05)= 12 mfg
24% : Q >

in 6
! / ~dw. e= w__;::o'?
60 _Oi\e X - J e 24-Cos 30

! tane = 183 - 3g,

12

U= o5 54.2°




3{2;’55] " t- momentum Conserved :

z Y ; = !
2‘4""/51 Yy _@© Ball: MY = MY
e’ 16 ! ;
m— 271 Ve = 'U“: = 24Cos60°= 12 ms

- ! /I _ -
P,Qte . ml—uzt‘ mz'uzt) '\Jzt -—.‘)Zt“

Nn—- Mo mentum :

- /
\'%\U‘n'\’ '741’1)1,,\ - Vf(\q)lv\ t Y%'L’UZ
' { )
- 248 60° =+
/ )

. - / {
RE&'\'H‘\Atlbq P e= UZV\ v"‘l 0.8 = ’Uzn -'U'n

-_

U~ Yy, ~ 2450600
Selve to find v, =-2.0¢ m/s v, = =187 m/s

/ 12

— ‘o _ !
Y= W = 1220 ms | (U“ ) 9930




3/258| Final VelothJ of m IS to be z=ero
So For AG=0, MY+ 0 = 300V+0

_ -0 =M =
€= o ) so 0.3%= =235 m = 90 kg
alyw  Thas for v =2(381)(4) = 286X
ml { U= e"U|‘: 0.3(?‘8632. 26() M/S
vV AE= mah-—';zm'“uz

i

90(3.91)(4)- .‘3(300)(2‘4,6)2 =247 T






JF Sfollows Fha P

JOo

AG:o;nuipdnq?nﬂ

’_ /
| Yy
e= “2t? e et -
Covmbire lj‘://
/—
=g ke -y
‘. 1+e
orUé-~_é__7f,‘
LIt C L _ e 2
GEEE )Y
I_ /+ /: 7‘6!3
&2“3?"45 (7;“)17
! ,/
L _ire\n-l
&, =3 Y

3

/
22



3[25'” u= \‘ 23h = \/Z(Q.SIDCO.W\S)‘ = 3.84 ms
|

20./” Yy, = 3.84Sin R°= 1,312 ms
Vo
Vs, = (3.84 cos 0% ) (0.85)
= 3,06 s
Vo= VY, 4%, = 3.33 mis

|

F = ‘hw\‘ = 66.,8°
Vot

O = B-=0° = 44,8°

K= ’Xoi"\),)(ot ¢ RcosR8" = 0+ 333 ¢s4b8° t ()

S:Bﬁ\'s\’c”’%stq* ~RsinRe* =0 +3,33sin 46,8t

7.8\

=t @

Solve. (1) Ar £ ¥ subsHtwte ‘ah (@) h obtom

R= 1.bI3 m

—




H

30°/

3260 IH v’
|
|
|
l

o e LA x
&vgz 50 km/h
Gry= Gz, Mglg + 0= (mﬂ»rm,s)v'sin 30°
1600 Vg = =800v'( &) ()

G|:G

47 Gay i Mavavo = (Mg rmg) ' cos 30°

12ea (50) = RBoav' (0.8t &)
From (2): V'= 247 km/h

Frem (4): Vg = 217 km]h




3/26‘| et Vg and v, stand for rebound
velocities From steel and brass plates.

Tmpackt speed = wfzﬂh =\f2(q.z|)(o.|5)'= 1716 ™

= Js = m _ 1.029-0.6%6
- Us _
0.4 = T ) W=068 Ms| = 0572 radfs

CCW




3/262., Y, = R4 ftfsec

(Ui)t: 24 sin4e® = (5,43 ft[sec 4
(u)n ="R% cos 40' T-18.31 Frhee " 7@ A
/), = Q) = 1543 Fthec /// h
(Ul ’)n = —e@l>h= ’0.84“@8.3(‘) B./_ En-
|
= + 15.44 ft/sec 'y
@ W) h
tan ® = —— = = = h= 1498 in
@|)n 15
19
() Projectile motion from A +o B: :
-3
Mg= N+ (') t: o+ 54t K"

+ = 0.0809 sec
Yo© Yo @) F - kgt

~h= 0+ (-15.43)(o. o%0%) - % (32.2)(0.0809) "
h= 1,354Ft or h= 16.25 in,




3/264 y ‘

| Uay Uny = °

! x  Vay = Vgy = 10 sin 30°
° = S m|s
bm|s Ug= 10 m/s

/
MaVa, T MeVg, =

[}
/ /
J ,'\) V I s
e ExTTAx . ogp= Ue UM ()
VY ~Vax ¢~ (-10 cos 20°)

Solve Kgs. O) %—(2) 3{’1)&,)(’ = -6.83 m/g

Vay/ = 417 m/s
Mani‘tudes and \)ﬁ' = (.83 %"@ On = 1g0°
Avrections __/Q;M Vg = 6.5] 5@ 6g=5072
Tnctwl: T\ = —‘;:m(a"+'015= 68 m
Fmal @ Ta= = m (@.%3°‘+e.511)=44-.5m
n= “’6‘?’5 (10079 = 34.¢ %




3/264 y ‘

| Uay Uny = °

! x  Vay = Vgy = 10 sin 30°
° = S m|s
bm|s Ug= 10 m/s

/
MaVa, T MeVg, =

[}
/ /
J ,'\) V I s
e ExTTAx . ogp= Ue UM ()
VY ~Vax ¢~ (-10 cos 20°)

Solve Kgs. O) %—(2) 3{’1)&,)(’ = -6.83 m/g

Vay/ = 417 m/s
Mani‘tudes and \)ﬁ' = (.83 %"@ On = 1g0°
Avrections __/Q;M Vg = 6.5] 5@ 6g=5072
Tnctwl: T\ = —‘;:m(a"+'015= 68 m
Fmal @ Ta= = m (@.%3°‘+e.511)=44-.5m
n= “’6‘?’5 (10079 = 34.¢ %




/ - . s - ™m
’Uﬂt—- Ugt 3 sin 45 2,125
= Vg, ! = Vg, =-12SIN30': ~ 6 ¢
— = —X | I

MaVa, Y MeVes Mava,* MeVa,
lo(3 Cos46°) + 2(—IZC0530°)=

/ !
10V, + RVg, 0

Vgn ~ Vn @
3os45°- (712 cos 30%)
Selve (1) (@) 'U,_\:n: - 1.007 "‘/s) ’Uts:\: 5.25 ")s

/
Th(’ﬂ —Ualx =

-

- 2025w 26" — 1.007 casR0° = - 1,672 Mg
U:ﬂg T 212 cos 20° - 1,007 sin 20° = [.6A1 "Ys
\33;':-(“(0 sin zo°)+ 5.25 ¢es Re® = 6,49 ™Js
’\lgj = —6 Cas28® + 5.25 sin 26" =

-3.34 "5



3/266| Conservation of n-momentum :
Vﬂ("’\l‘ COS60°) + m(”d.,_Cos ,g) =

myp + my @)

Restitution :

/ [}
S S
-'U\ Cos 0° —\IIQO\S R

v, |
£/ (Note :v,=V,)
Simultanesus Selution of Eqs. () and @) :

/

V,, =, [0.9 cos-0,05]
”% = U\t = v, sin 60 = %vl
,\) )
4an I0° = n _ v [o9 cesx-o0.05]
Sowin3 ) Cos x = 0.6l : =1t 52.3°
o ~N
Se ©= 30+ 523 = 323° ),’\
or O = 30°- 52.3° =-22.3° o TN

n



3ReT | v, = —\/2j<h+h>) v, -euj
’Q\JZJO\W) 1{23‘\

SeeQ&hH\ f&gh

¢ = h'+h

L)

—h= '\l?jh t - 1j‘t7'
Selve  ~or t

am
%

Choose. &) sfjv\ , as =y s'nyx \\j\'e\u + <o,

X~ displicemunt & K= A, 4V, £ 0 d= Ut

. S S st ok
h' + {h'+h




-13.856-1 = 13,144

L] \ ,
" 2 ’ & _ L u
e, = « +30°%°=68.0° |/ 2. sin 30° = |
o(: \ .
/ I 2 ¢os 30°= 1.732
™~ 23

- S~— 12-1.732 = 10.2¢8"
Mom. = hu), + o), = i In + h,00),
U $in6%.0° = (3)n +(¥; )0
Restltu‘tl'on : e = @é)n —(Ull)h
(’1)|5n - @1)7\
0.9 = (2 )a - @,
. U, Sin 68.0° -0
So\vinj) (U\/)n: 0.0%‘L’Ul

H\So) @.’)t =('\)‘)t = V005 68.0° = Q.315Y,

fan 8, = .—D——&‘ )“ = 2'03424”\ ) 9,/= 7.05°
Ve 375 v,

[} / o - —
£ =30-6" = 22,95, tanfl = JEgg 1570423
h= 5.87". Then x=24-1132-5.37 = |¢,40 in.



dr = Jr + Vy.t - zgt" Ny
0 = Qortans - gigem )+ (Sosins - 565 (Seaew )

COHQQt 'Hrms :
|

14 .
SG‘th\gL -—S—g—- Cos L = D

= C"l‘w\zds -l-l) 4+  obtam
S5.79% tn* ot = 36 tang + $5.79%¢ = 0

Q\)M\MHQ, SG\u*H.m . 'tdh' R = 0.20\) 4.9
= == U377 or 186




»3{2-70|V;!§~\ AG,=0; 2(/0)+0 = -2Utos8 + 102
n~ ‘- t’ (/:ér‘ J‘ys}‘cm) (1)

ﬂ(—}t =0 (for sphere)

X y L,
2(10 sin 30°) =2V 5in (0 ~30°)
‘ Coeffrcien? of rest futon (2)
applies  fo Ve/oc/')s/ comporien 7S 15 n-ar.
' UL 55 60° + Ucos (O -30°
0.6 = Q ( ) (3)
/0 cos 30° + ©
£5.(3)is B./96 =0.866 U; + 0.866 Veos® + 05U smb
Sab. E9.(1) fo eliminale U g ger
5./96= 0.866(2 + 0.2 Ut0$ 0) +0.666 UCos© 40.5VSin 6
or /039 Ucos® +0.5U5/n@ = 3464 ()
£5.(2) becormes O.F66U°5/nO -0, 5Vco0s®=5 = (5)
Sone () #(5) § 5eF U604 m/s, 0=859°
From £9.(7) U= 2.087m/s 2 2
fBr carrigje A]‘c;..AL/e:-QJ‘-—é’——/O(Z.&5’7) 7‘-2/—/600{: o
§%= 0.02722, §=0./650 m or 4= /65.0 mm




3211
v = ]Gms _ \/(3.433x10‘8)(333,ooo)@.095 xIOQ’)‘
r (33 % 10%) (5280)

= 9'7)'725 'Ft/gec = 13.5) mQ/SQC




3/272' For a cireular orbLt) Cmin = Nmag
and o= ’RH’\) So Ky, 3J44 becsmes

- { 3 - 3 9.825 )
U= Ky "Rin 63 (e )\/(fosﬂwswo)nﬁ

= 7569 m|s o R7250 km




3_2_711 Fq. 343 with r=a= R+H:
a 2 e R%
‘__)-l v = Zjﬁz(t - 7‘\05,) = g-ﬁ-H
_ ez (34%/2)7‘ 00)
R/ T3 [ (o

—————

2
V= 164l mfs  or 5910 Km)h




3/214] B _ Gmm/gh

Moon m Fe G Mem /df’w“_e
<> Am_e 2 mg
e e =
Olm-s Me
- 384 398 2 _
<I4‘l.6(lo")/ 384398 ) 333 000 .2l

Therefore, The acceleration of the woen
is towad the son ) and Thuy the @ath

s ConCone Howavd the sun!



3/2-75- From £g. I3 for a clrewlar orbit ol 2/ tucle H{nﬂ'/ﬂ azr=R+H
vtz 29R ;- 5)= gRY/R+H) | = R+/g]R+H)

vE = 2gR (%= L)=29R/(R+H), = Ry/25/(R+H)

Escape

A= ~u= R)/E-gﬁ-l_ VZ-1)=f/T-l)r= 0414 v

eéscape

For R=3959 mi, g=32.23 fi/sec” H=200 mi,

v = 3959 [32.23/5280 _ 4 §0mifsec, Aur= 0414 (4, 80)= 198722
J959+ 200 o Sec



837/ r2490 = 66// Frm
637/ #4400 = 677/ frim

= oy Tpasv, /-€
— ” /ﬂ:
/o "7'3/“ Yomax /7€

So (1te)ee// =(1-€)677/,

From 5"7.3/40 ces Fh a=2
3 /2
7= (66712/0°) 2 . 5446 5 o
(537”/0 Wa.924 |
7 =7 4h 30 min 48 =

3/2'16’/;7/

hay

i

e=0.0//%76

5 Bonax * Tmin) = 669/ hm




3217 | froms Apperaix D for #he meoon
@:/OC?O /Vl/' \9_-— 4532 f?‘/o‘ec;z

IO Vppay = 1080+ /80 = /260 M
e = Jo&O0 *+ 60 = J/Lo 7/
(1260 +1140))2 = 1200 ++1/

n1n
aZ = /rmax * /‘m,,‘,,)/z:

fror £s. 3/44-
Aax .vel. 15 Vp=/€@|/%:‘:

So 77 =(1080 \/5"32 | [1260  _ .
5=(1950) 3250 /200 \ 7740 =/.040¢ m//sec

or U5 /.0404/3600) = 3745 11 /hr




3—/2731 rm{n = ZR) rmW = 3R

a’: rmfn + rmwx = 2.5&

=2
ve = R{T - ER I -

The VQIOCLt\L, in The orij{nuk ciranlar orbit

IS

Vg = E RJ’E_K = V=3R
AU = \)P_\)cz\/gz(@—\[g> = 0.06T5V9R

Numbers : au = 0.0675y/7.825(¢3M) (1000)
=.534 m|s
(av to occur oppesite B)




3{2’77|r=a= 637 + 366 = 667 km = 6.611(16%) m

_ 2wk 2w (6.67 %10 @)%
T=H%1r— = s
R\l3 6.371 x16°+ 9.925
= b42] s

Spee(t of arounc{ point  on QC‘uar}or
Ve=Rewe = (6378)(7.292 x107S) = ©. 45| kms

Recluireci distance d =V, T = (CB.%SI>(54ZI>
= 2520 Km




3—/22'@ v = R\/?= 637l (rooo)\/@gc"gZS

) +637)(1000)
= 1544 m|s

Cenin /.
(&) From Crin = Q(l-e)) Q= m _ | (637

"’C I"O,\

= 7187 km

= 2 [lxe 1.825 1+0.)
Up = R{2 ~e 63'7!0000)‘/77870000) e

= 7912 M/s =

Trmin L1 (¢371)

(C) Q: ‘_e = ——TW— = ’70 08) km

9.8325 |+ 0.9
Up = G37|(‘°°°)\/’70 08) (1000) 1-0.9

= [0 398 mls = U

23

This is {2 THwmes ansuer for pert (0'}) SO
v=Z (7544) = 10668 ms




3281 | v, = Ry L= (Bes9)(528 0) \/ 32.23

(#757) (52%0)
= 23676 ft/sec

R‘FS‘\]T '

W\\n

=33 ' 4959
= (3951)(52%0 )\{(2(3153); 1%00) (52%0) 4759

= 23)<i|7 £t )sec
Momentum Conservat ion durinj I'Y\'\pqc,’ci
mn'Unﬂ— mB'UB_= (mhfmsﬁ“uc . B¢t Mp=mg , So

Vo = = (Vtyy) = 23,79 $t/3ec,
From , = R‘\I \I Frax

g Cyain )

- Y.mh\
Civay = = 2.5652.x/07 ft

S ) (4858 mi)
hrex = Tmoy R = 4858-3159 = %99 m]




3/282 |

Padius of actual orbd,/t around o ~——

the sun is a, which is the major  Sun Z2a’ Earth
axis 2a’ of the clegernerate

[
R

Z///'f.s‘e,
R= radius of sun

Orbital period £g. 3/40

g= 9ruw'/¢*/on4/ accel. on

3/2
For actual orbit v =2r Surtace of sun
RVg y
3/2
For c/egenem/e ell/pse 7’= 271'2(7//;_),

/1372
z’_(3)

i
0?_ 7

But time Tt to fall /s ZL=E/'T/=E/‘(E/‘)3/;' ::/7/7?-365: 26
=646 days



3/283| The apogee S?QQ(L st C s
= 3 Cens
= RJE\/ rW\vn

may

3 9.325 63 +248
= 63 (%) (2-4,371+24Jo+3za)mo/z 63714320

= 7697 wms
The Ciralar orbtt &Peecl at K= 320 km IS
3 0
C\rc, \[/r = 112 m/s

AV= Vgive — 1)&: T120~7697 = 23.25 ms
Fat = mav: =2 (30 ooo)(&): %5000 (23.25)
AT = 329 s

The burn Yo incesr speed 1s at C.



ﬂz_a_"'_l The linear Impulses From dvrag and

Ffrom The thruster must be e,quoi

n ma3ni+ude) or

Dt = ZTt,Wn

3/

Q

t = 10T , where C =32'N R“?
<= 2w (6.571 x 100 )%

oy -

C:.S’“XIO"-,’Q.?ZS = 53003
t = 10T = 53000 s
D= 2Tt hurm _ 2 (300}
t ~ 53,000

=0.01132 N



3/285| From Crnin = a(1-€) :

1959 = [4000+3959+16,000|(1-€) e= 0,408
b= a.\/? = 23959\ 1-0.668" = 17,833 mi
ALt B, r =\/|6)000L‘+I7,8337" =23 959 m!
UB?‘ = 23‘RZ (Lr‘ ‘—;_ZLQ)
2(32.23)335‘11628")[2'35151 ) 2(23‘,753)]

"

Vg = 16, 55| ft [sec



é@.l Speed in Ciralar orbit i
y= RV D = stse) (st9) | 222

ty59)(5280)

= 24458 Ft[see
Time Pec\u{reol Ffor B to rohen o Cls

burn positin @t = ZTM - 1000(5280)
U
= 5%32 s
_ 2%a Y2 TRNa \3%/3
T ———— =
o ot (5
((58325(3‘77:5‘7)(52?0)432.23‘. ) 13 =2.29799 (s 2
n
ft

At Gfoaﬁe) V= \/28&-?'[—% - éz]= 24)\5'6 ‘Hjsec

B = U-U. = 24 458 - 24,1546 = 302 ftjsec

(CGY\ check. to ensure Tthat C  doeg net

strike the earth b -F;“d"vb min= 2.242 X107 £+
> R= 2.090 x 137 ‘\—)Pt 1)



_28__' From previous Solutien ‘the Ciranlar
orkit speed s V= 24— 458 -Ft/se,c

Time V‘eqmred for B "|'o retuen to  C's
burn position over almost Ywo Cirwlar orbiks:

t = 4"\’(‘—(000)(52605

= H 381 s

- (L)Z/s [(—'ﬁg'-) 315§ Lszso)ﬁ 1%

240 J
= 2.32026 (16"}t
ARt apegeey V. = _\/28{21< —_ Zq =Z4j30?‘Ft/sec

AY= V-V = = 2445¥ - 24,309 = |48 ft /e




3/288| Circular orbit :mee&
3 _ 3 _ A
U, = Ry& = Ryze = V33aR

Spéfo\ at A <C"P°3QQ§ n Q\\'\P‘t‘\’cd arbit :
GRIE(EE - RVERV - Ve
V= Vg~ = \IEE[ ys—mlt O-lC,c”‘(;K_

1
Numbers : V= O.lgﬂl\/l,c,z 347_{" (looo\

= 2%4 mls (direc‘tecl recxruqrd)

J

Call Tthe cwcuwar orbit period/to and the

elllpticol orbit perted ﬁ('mz

o= zmatt 2w ER)YT oo 2 ()
Rle = Rig ) Ao Ry

e = (%/z)ﬁf = <%3/sz = [L7[0rad or

/2 15.0°




.3/287 Circdar orkit : = R\‘ ._3?_
V= (3‘15«1)(5280)\] 32.23

GrErsme) " 25§324 ft|sec
, - E _  _2(ko I
Durms Rurn A= m = (175'000)/321 —2.208-;_

V%= V-agt = 25324 - 220(18) = 2493 &
A (R

VE= 29R L ¥-=

Subs’r‘hﬁe Condithong at B 4+ find a= 2.1'10300’) ft

Use E-Jij J e ob‘f'a'm e= 0,02519
r= 0\(\ e )

|+ eCos©

(z.1403%107) (1- 0.025192)
(3‘!5‘1\(52?0\ ) | + ©.02599 cos ©

Ll‘H“Z:QJ at ‘Po.\v\t C:

&= 26,7°
p= I18-6= 533"

———



L= /£ccoS
r ﬂ(/-eZ)
when ©=907 r=~R

"

3/2?0 From £5. 3/39 /
T4 A

Thus _L /

R a(r-e?)

& ! _ . /(- _ U
R+H a_(/_c?.) a -f——_l+e)

2oy £ oalire)=R1H

From £y, 3/44 _
]/9(/ e) / R 512
2 x acive) RVg

Zf"/ RiH TR tH
For circutlar orbi#

" SYR - r/Z - RIGE
O A RVrm T e

AV (/)




" Vg = VCoset= 2000 cos I0°
8 = 1732 mls

s\ /T Vp= Vsin & =2000 sia 30°
= 1000 m|s

S U

b2 = 23R7'< r Za

Us\'n:) conditions ot B:
a= ~3.296% 16 ®m

TB:'"L

2.
Zmy, = ”7: m (200032 = 2¥%10°m
— 6\%
Vg = “MIRY | -m (1.825)6.37) x 109)
v 6.37 xi0é
= ~6.2595 x107 m

E=Tg+Vg = -6,0595 x 167 wm
h= 1V = 637 (10°)(132) = 1035 x16"
T 2
Now use ¢ = —\) |+ %;—% 0 3{1: € =0.9525
Fihq\\n) rqu# Q(|+Q3: 31‘10(,(]6")('-9— O.‘?SZS)
= 6.4249 x (6% m
hr,m'-; "max~R = 53 900m or

53.9 km



3/292.' Point A 1s the Q(Pojee) So W&

have Crnoy = i%— = Q(H—CB. 3
_a
= aﬁ\—e") . ftB : R= a (I-¢
| + ecos® ) I +e cos (135°)

Sol\l‘m:)) e = 0.6306) a = O0.9199RKR

Now, Vg = 2qr* (¥~ 2
At A Yy =2(9925)(6.37 % 16¢)% x

| |
((,,3’“ x106 z(o.qwt)(é.@&’m‘b




Ji[\?\((o3r“>"‘ 150 +|5001=' T196 km
Fq. 3/43 ot perigee P
Ve 2282968 (0]

| I
[(637|+|50) 2 Z(71%)10° ]
V= 8177 ms

Rw= 6371(18°)(0.1292-10™%) = H65 ms

Absolute Aish anu\m( \!Q\o(,ib Pm: U;‘Rw
Relohve  dish  angulor Vt\t:c_H:J P Pa-W

_ V-Rw o BIT- 465 4
P= R = Tlsoqi0y " 212 (107%)

= 0.05)\4 rad]s




At perigee )

apogee
o= Ay T Y \
ff’
"\
se Po= =P
P On

From Ecl 3}4—4)

2 3 YVynay
x .
mn

Yo = R

But fram Ejs 3/3‘| 3A Tenin T Tmay = 2a S

—,_ = q R rnax 2

Tewn T + rmax
A\s‘,) SPer\See, =3 ( ) (‘me Chapter i)
'S | RZ
Th = RqR* ==
o PP 3 Y min 'm m¥ rqu J Cra {nl

_ Vmax ¥ min
= 2
r\Y'f\ll\ 9 may

(Rithg)(R+he)
R +hg the

or f‘P: 2



3/295 _ .

Pde I’J //Irﬂ/'fea/ 4o an eqna/'omh/ K/
orbit in order 4o remain cbove a é H—\— S
point A on the equator. A/ -
/
v =0 { for clreular orb/t , w=0.7292 x/o"'lma//s
RHAH  fo. 343 with a=r=ReH R= €371 knm
gives =R
R+H
Combine & get R+H=3/IR" /7/=f//7,!25(6371x/0j)z 437110
w? (0.7292x107")*
=42 170 -4371)/0°=35.9x10"n
or H= 35 800 ém
£- g = ﬁﬂ- ° = /6 ‘o £ fongitucl
7 = ¢cos ,€+H—CD;42/70_3/'3)1ﬁ 26 o A e



3/296] Eq. (3/40) (m, Fred) : 7, = 28 32

V55"
Fq (3/45k) (m,net Fixed)s = 2wa¥?
21ra 3 Y Gm,

nt \/G(mo-rm)
Usinj numbers from Takle D/2
T, = 65%.69 h

Tpf = 654.6% h




3/2q 7 I Let o, = a'f%(/atr Ve/ac/r‘y of OA p

S R+H
T= pen’a\d of satel/l e = Fime for OA

F#o rotate f/)rouyé 2 A
7'z tme for cbserver’s radial /;ne 4

7o rotate féroug/» ang/e é

w, = anyu/ar veloes /-7 of earth and /ine OB
R=637/ km, H =300 km

Thus 8=, T’ }T,_ 2r
6r2n=c, T’ “5T%

£q.  a=r=R+Hql = ]/_9_ _ /[9.825 /073
7. 43 ” IV G RYern =9 e371v300

=773 km/s

. 7. -
%,3%0_3;-//57,\'/0 rad/s

From Teble D2y =0.7292 % 10" rad/s
50 /= 2r % /0 =&790 s or T’: /h 36 min Z25s

T /1859-0.7292

2r _ 2nx/0*
T = = = 7 = O mmin
5 59 F420 s or lh 3O0min 2/s
T’—T: ém/n 4 s




3/298| £ =

Ao Crrce far e
orbi/, U= ,Qlfg/a,

=637/(19°W,5 37/(/03)

= 5678 m/s

£

for e/liptical orbit al! apogce A

2= RYZ [

QZ Y max Zd2*>-
where /’;n""=637/+3000=937/ o Q=R + 6000
oy = 637/ 46000 =12 37/ hom | =637/ 46000
50 %'=@37//,03)1/25’25 737/ | /23704
0 87/(103) Y1237/ fZQZ: 2a,— 3000
=527/ m/s Lz 2/792 km

Thus QU= 5678-527/ = 406 m /s
SO 2000 ¢ = Soo (406)
= /62 5

; QZ:/O 87/ A



3/299 l Circular orkit speed U s
13 _ 1.825

V= Ry = 637N 003)-‘/(63'7H-40t9(l°°°) =674 5

. ~ R*

Orb\L enerl\) E = —};m\) - _"lf)E_ =m ”2- 3—]

-
1.74% _ 1.825 (eanm)
E=mi = @:swlmm)oom)J - 24, 4(‘0 m J

W= YUy= TN (0%) TeT4 s = 520 (1 ") bsso&

‘ maRT 2
Subshive o= ~ _E(’E— ke =\ |+ %
s Cos a (1=e) | whae V=R

- - m(‘i.825) (4’3'“) (10° [l_ J 2(-21.4)16°m 5.20 10" Cosnt
2 (-21.4)(165)m m (1.325) (37102 )*

Solve Hr o« as A= *333°




*\3/300| K Torce exerted on

m spacecvaft b\\’ son

n N
T E Q ,_—’e Fe © force 'xerted on

= spacecraft LJ ear th

,U')_

ZFR=map: Fg-Fe = My = Fu’
2 T
:YY\(_D’Y\)(—‘-\T-(> .

Where, D 1S the earth -sun distance ond T
s The eoarth ovkitol PUad.
Gmsh  Gwe v 21\ *
- = D-h
©-w)r he V;a )( T>
Witn 6= 3439(107 ) [oet | M= 333,000,
me = 4,05 (10°) Shyge, D= T2.%(10")(5280) Ft

and  T= 30526 (24)(3600) stc, Sele numerialy
Hor KW oas

h=438706")fc or 922,000 mi




o] For £, 4= R I ez, 4T,
For transfer ellipse ot H) U|/= KMM = r,;rz
For tronsfer ellipse at B "= Ry 7. |(Eq 3
At A av,= vty = R - R = F(&)

At B avg= v, 2R3 r7_ R\r/:\[? ——K\F( \/r_;)
a2 1y | 9,825 (163) 242111 ¢ \= -
8= 6371 (10%) =5, < e 1) 2370 mfs

3} [ 9.825063) (4 - = 447
=119 [ ST - [ZE@T Y < 1447 s




>3 Eq. 343: = 2JR"("J‘*E'R>

74007 = 2(9.825}(e37l-w°°)1[7;m - ;]
= T462 km
T=%wmy = 4m(T40)* = 2'1-38£°")m
IR N P N
E =T+V = - 267(10%)m  (in Toues)
h

R R
= = T3N(?) (1400 s 2°) = 545 (0") -
2Eh* 2 . T oz
e= \/l+ ,LK"_ 2‘\/1 + 2( 2(::7)'0 m 545 10

my m (3.825)" (63M1000) 7
= 0.0369
_all -eq') . 1402 (1- 0.03(,?1)
From = I+ e cos® o= |+ 0.0369 cos®
=*¥72.8° Sy« = T28°
Q
y Frnin = 0(1-€) = 1462(j-0.0361)
/ = T8> R= 637 m
Jx=T2.8°

1 2 .. Deoes not strike earth
/




v S 29RY (R - 4q)

‘ 2 _ o\ | L
At B : 3208 = 2(9.825)(6-31x0 )l'\fzi‘ 6.3(10%) 2a

G= R.066 X107 m

TB = "i \mval = "% m (32003'Z = 5.120 x10° m
- - mgqR? q.225)(6.371x10¢)?
VB AR = _m< ) 3 =—\.|(~;ZXIO—'m
e V27 (6.371 x10¢)
E= TtV = —6.504 %x10°m

Vg = R200 sinx = 1I§8. 5 ms
h= YV, = 23 (6.37\ xloe>(ll?&5)= H,077%10"°

ka’ mt/s
- 2Eh*




@ = \/ 2(=6.564m)(4.017x10" )2
L * e (neasy .37 xie)*

= 0.9295
a(i-¢e*)
|+ €cas ©

B+ J29(63Nx00°) = @.06“'0"\(\-0-‘!2?5)
" 2@t I+ 0.9295 cos 6

=

6=1606.9°
: - 3.006x107 ) (1-0.9295 %)
At C = 631(16°)= ( X )C
|+ e cos O
= |, g°

Semi-mador axig

g{ line

g= %= 27=]09.1°




(’77‘1 l) (9. 825)(4 311 '°°9{e5’n (1569 2,4

& = 65172 km
3/
_ 2T o &
Y = = 0
R\/F 530]| s
Fnergy & ° 2l - ér_“‘&m_ = -30.3m(10°) T
h= vy = 6571(1000)7790 = 5.12 (l0 'O) Mz/s
| : | + =Eh .

q(l t)
axis  Is pavellel 4o Y-

G (\-e) = 6.49(10%) m
= o (I+ Q) = b.bb (106) M

= 7890 m]s
‘RF \/r::;: = 160 mfs

imttiol | aundh PO ink

/ Satellite orkit



3/ 305 l Truck bed i's a cwys%anv‘-t/e/oc//y Frame of reference
So that Ure/ =A 7,:;[ /w/o'/.f. 5,/ 100(49.8/) N

I‘ 00, s
Z/; =0: N-98/ cos §.53°=0 - - ~XL9

NM=970 N /.(kN
N
- . . =3° _ -/ = o
Y, =47, (qy// 5in8.53-9704,)2  O=tan"0.45= 8.53
=5 /00 (O -32)

A = 0.382







3/307 Ure\ - Qé = 0:5(2) - l MIS —

U= VAl = 2%l = 3 m|s =
G=my = 3(39 = 9L Kj'hﬂ)s

Grey™ MVpy = 3UL) = 3L kym]s

T= Zwmv' = 5@E* = 1357
Trei = ¥mvy, = Z(3)0) = 15T

= - - - - K o
Ho Admy k = (0.53(3)(3)5 = -4,5k ﬂg—
My = 7 Uiy k= ~6.5)3)(V)k = —1.5k §33_W\j




3/308 I Re/ Fto carrier V,.e/z Ay

3 )
(22 +P)(10°) 75 = £ (3)(10%) [(240/3.6)*- 0]
22+P = 88.9 kN, P=66.7 AN




3/309 .
_l__‘ nge.-ﬂcixeck -Frqme s Neawton:
am

2
'U =
Ve~ +2a (s-8o) 53:3;?,) 2«(80}
@ = 3.03 ft]sect=ar,

A-000 1%,
> ZF=ma: - 48
oy P Fe 4% (o)

F
TN F= 37 b




Sin 165° _  _sinx

3/3-10[
A} % Q0 S - - 9o 16
i rel A= R.64°

’U°=|é mIS ‘6"' 180 =165 -4 = 12,36°
S'lr\é - S'\n "(;SQ Ure‘ = 4.4 MIS
VUre\ o )

Ure =ATpq @ Fa= =m (et =)

F (100) = L 7000 (‘MA")
F = (94000 N or |94.0 kN




3{3“1 —— =X
[5 m/g

= -~ t ———— T2
For ‘h‘uc,k) Q. O.‘ij) stop 03(3s] mls’) 1.699 s

For crate, a.= -O."lj

fy = Acmay = -011 (-093) = 023
(As \onj ag  truck is mw\n\))

Ht t= tsto‘a )

Xepr = Q‘C/r\o T ("crr\o tsw + 3 Gp tthr
= Q0+ 0 + ‘-'7-_60.23 )0.6‘7931 = 2,83 m

Ver = (lem), + ocyy Ceep=0+ (029)(1697)= 333 2
Then : U S = vc: + Zag (’X"‘XOB

= @.3332+2(-o.7j)(3.2- 283)
Vo = 2,46 v [s




3/3' 2 I F: COnStQY\t I~ S ‘)'l
Al R& el
O] )

M ')E:U
2

F\bSQ\U‘tQ.’ U = AT N F(S"'Axo): Jim(u+v)2‘%mu

Fs + Fase = Zmu + muy ()

Relative o walkway : U, = AT : Fs=%mv™o

®
Suktract @) fvam ) Faxg= muv

The term MUV represents Tthe work done

b:) force F due only to the rovement

of tnhe wolkwoy ,



' | — X >
3/313 | = a,
a, l
k(x-x )=
——
a

ZE =ma,:—k(x-x,)=m(x-a,)
X = dx 30 /:Za'i‘ /[4 ——(x -x )]c/x

F (o A ) )
%(3) etk

0 ————"—1—:0 /‘or' max,;—-gl;ence max )2

m
ma
So -/5-5=ao+k"0 X =Xx_+ 2
m m e L
Thus
2 ma 2
(U;.el Max_ _2(4 + )(X 0_x) /c(x1+ mQ, +m4o_x)

=

k.
(v =a_./m/k

rel/may




3/3’4'| y for acecel a Ver;‘/c'a//y Howwrs,

! Nn _ o
a4 %% Grey 0030
AL DR =0 so fh=o
S ~ .
~ éo° \\t- \\_;39___ -R sin 300::0’ R=0
a e ——————
rv = @ =

a=9 4 g=aV35:=9V3
= 98//3=1/6.9 9;—’;




(b) m L 0 (Cq Qo
O.8m/5 e\_\ | 0.8 mfs
my= 10 Ky 2=0.8m © =90°
6 = 3 vad(s

V= 06 = 0.8(3)= 2.4 mfs

—

T, = -l—zm-\)z = = (I03[0.37'+ 2.47'] =32 4

b'b
(same for cases (@) and \b))
Te= Tmaus = % (250)(0.8)"= goT

T= T+ Te=32+8 = 1237 For botn Cases




3/3,6 Zfz m (‘Z\o + C_'lrel) . In t- d§r_) ‘ZFt=0~)
So Q= Jé—qocose =0

O
4 . os QA a
/9: 08" 8= —p Cos® 0]
61 A .
Z{( : {6 In n-dm) ZF“‘-'-mQ“
h \ : 2z '
¢ m Qo T=m (087 + a,sin °) @
. . i@_ _ Qp
Tntegete O 03 O gy = T cs®
féd% = f‘l‘cose dé
6 o
\ v Qo .
=Z9 = T snb

From (2) S m[zq(,s\nﬁ X G, sin 6]

o T = 3ma,sm o

For ©=% | T,"/= 3ma, = 3(19)(3)= 90 N
A —




3{3!7'9{5’L e°‘° , ZF ma :

o-\i\ 28 ~m35m6 m (00 + Qg sin8)
.e T//t 5 e = ?——3-5 sin ©

m \‘\ fédé gc%ﬂj Smeole

j 0

SN
6% = 2<Q+3><Cose C°5603

Zﬁ\= ma,: T- mq CosO = m(ﬁe +q°C056)
T=m E3 (3 Cos® — Z Coy Gcb+ a, (3*(:05'9-2(:0560)

When © = o) = m(quo)(SCose—steb)
T, = m(3+a)(3- 20s8,)
It 6,= ,“’/2)

= 3m(3+qo)




_3@21, For notien From A + B:
Absolute : Uabs AT+ AVj -
Flaxets)= Em(u tu)> -~

- _'2‘ mu” + mg <M<,+S> Sin @

= zrm)(‘»r MW+ my(A%+S) sind
2 .
Relative : ,.e‘ = ATpy, +A‘13 * Fs =& g +mys sind
Work dant b\\, \m\km:) . Ua\os Urel =My, -\—\mj A, Sin @

MU Cepresents Tthe work done bH the belt due

only o e motlon oF the NQ\K\AQ:)
150
For m= 3226\\&35 V72,5 ffsec ) W= 2Fftsec

8=10° 3= 30 ft:
) .Uri z 57_

ZF'Xz mo*ve\: Q'Kru zs 2 (30) = olo4z sect
F-i50sin 18° = 125 (e.tok2) | F=265 1
P
Pouter by ooyt Try= Fue= R6.5(25)= (6.3 e

or (m = 663/550 = 0.1206 hp



»3/319 (@) a= 0 , elevater is  Neutonian frame
7 /I/ ,v'.___ e'u = e-‘lzjh\ = \‘2\3‘,‘2
Sg. [ =3 2
f’_ T r hy = e7h
59 :
Se |} V@ H ©) o= % up

SRV 1/4-
12|Ve het B=hall | E= tl’e,mhr,

\
f
At 1mpack | Sg=Se! Sgt Vgt + J{j‘tzz Sﬁo‘f'\’go't‘li%t

Lopt 4o o2
Seruit+ A5t = Egorh ) rut kgt b= 20 g

“e]s= Vg~Ve = @o +3 ZFE'““;> - (m— %2@)

= w{5h13

2z

- Sh
After  Callision )UBI)E:—e 7‘3 (up)

] ! Sh\s é
iy = UB/EO'*QBIE—‘: = -el =t 4—jt

8je
' 2 e 20
When vge =0y t= =EN 5y

’ P / oy 2
Sgie= Sekg,* Vg, © *7\%3t 2n
- h 5 2 &Ny
=o-ey 22 ey 5y * T34 g

= "’ezh\ % h2= ' e.zh'




"3/320' mg Ure = AT\r‘e.l

- m328'm6= "im*urj\-o

e ~

< .

= AT : mﬁ ,QSl'ne "‘(Ng;ne)d = JimUz‘_ﬁmﬂol

where d 1& Tthe horizontal digtance troveled.
55 the block,

Time +v slide from B+ C : Q= "zat"='ijs|'ne£

t = _Z;Q_.,____VZ - - 29
(SS,“G> . Se d 'Uot- ‘Uo_} jsine

Hlso) N= m9 Cos©

Solvfnj the mrk-er\ersj e1uqﬁon +for V2
=(voz “+ Zalsine + 2V, cosewjzla Sin6 ):/2

g:thCk H yH: '\lo +\_,)V'Ql
! = VgL + ’ZraQsine(CosGL - sin 6d'>

Y - = (m 3181«16@0&6) i sin3 ;4

Vrel AN (mo-\—w['z—ji_éh_‘ ast)? + (230&..36)'
TS +2348m 8 +2v, cosexlzjasme '



”3/32'[ ~rom Jaw af cos/nes

6—/2w cos T 9r:/ = jzy- 252— 2g Ggcos
:32(/4;;]‘-2 Speosy)
Iret "7[/* ;—f(-;ﬁ-zms a')]//z

Jor /30 fwo Ferms

wuse binonira/ exponslén
O+xX) =7 +nx +--- & s¢/

N [/" —;-’3(.2?9_8_“5;)}“—]

=g *r q (qu-?-coso')v‘---
»9,3/ =9 - szcosz()'(-— -ggai)./____

RwW= 6.37/ (10%(0.7292x10"%)% = ©.03388 m/s*?

G 825 — 003388 (1~ 223388
Gre/ 5 ( 2x9.825

9.§25 — 0.03382cos"y m/s?

coszr $---

i




»3/322 |

Case (a): Orbi/‘alspeea’ (s constant 5o Hhat X (s both the cbsolute
and relative acceleration /n the x —direction.

Hence F=mx holds.

Case (b): Orbital speedl is decreasing in the position shown
S0 that a component of acceleration in the negative
x-direction exists so that the Frue (pbsolute) 2ccel-
eration (n the x-direction is X minus the fangential
orbital deceleration. Canse?mmf/j Fémx. 0/1/744" the
perigee and apogee positions where v = O wouldl

F=m;€ be 7‘""“2.



3/3Z3| e/~Lj Motion weuld net occur ot

/
™ / A wWithet o nue\j{_ as
= 0.406 > tan 6 = tanze’=
;kN\ -k M 0.364
N ZFB?—o: N= rmg Ces ©

2 Fp T may s '}‘K(W‘j cos 6)+m3 sm O = May
SUEE (sine-/ukcgse)
A>B: a,= 981 (s1n=0™0.30 cosR0%) = 0.590 m|s®
B>C: ax= 98 (sin 10°-0,22¢0os1%) = - 0.422 ms”
Se Ug* =% + 2a, (X %,) =0"r 2(0.599)(7)
Vg = R8T wmls
U = Vg + 2o, (Ke-%g) = 2.81%42(-0,422)(7)

N = [.533 YY\IS




3/324 9

——— |

mg‘A: L ——x
r

ARy

Z/; =0: Neosb ~-mg=0, Neos8=mg \

,Z/;’max: Msin & =ma \JI

Divicle iyei tanb = 4/9 N

S=tan"'2
9



3/325 | K

System: . va
ZE=mZl, T-40=62 (2

n_r-° 322 15’

T=60(/+0.298) v'=/2 Rfsec o
fome~—
= 779 /b
- 60 /b
n

Girl:

N 30%,
Z/i' =m g:.: 2P cos30°+ R cos 30°-60 ZP‘\I
2
= €2 _12°_ ;799 /b
32.2 /¢ )
SN
ZF =0: 2Psin30°=R 5in30"=0 £\ 30
R
Solve é’get‘

P=22.50, R=450 /b




Ve
N> ZFp= et g = mR
% Vg = gR

Werk- Kin ehe eherjt) from A 4 B
T + _Uﬂ-a = Tg: O+ ';LikSz— mj/‘kﬁ - ™ (=r)
=”im(c,K)

mak (St Zﬂkl‘
= Tk




3327] 2q = (63N + 600 + =00

o = 677 Kkwm
i‘\/ Ymin = 3\ [ 9825 [e311+200
Ve~ R\/ * ¥V rax 63 (ie’) ¢ (163) V63114 koo

= 1451 w|s

Vonag = & (14 e) @37”@00 = 61 (l-te)
@ = 0.02495




3328 U:A/-/' mj/q::

So = 2= V255
Wt frie For presenl Fhe Ffricton force cerr/ be
3feafer i case (R) Fhowr 1m case (6) becacrse

the rnorma/ reactor perrcer Fhe bead asna
wire /s jrea/er i (@) Fhan 17 (8) . Jhis

k;ejaz‘/}/c work  wyl/ be oore g e tre
energy wil/ be less af B Fhan 8 so g <y,

-ZL-MUB'Z W/.)‘é ro ‘j[/’/'C/‘/‘aﬂ

rrvore



3/324| (% v, F=ma; q:o0.5
v —_—— /
E=—d =—<¢ /=225 -)/2(0.5:9.6/)0.8
| 0-5(5,.9> = 2.80 m/s
&9 '

r____>zfz 4,=0.59
0 ~—a, = \/24‘,52 -)/z@sx?.e/)x/,z
' = 3.43 m/s '
AG=0/ 0,060V +0 = &(2.50) +(6+0.06) 3.43
U=720 m/s




3/330| T = =24 i‘%f-_-, o= (ERYS >2/3

d =24
_ ((19(35) (24)(ze00) '“f.qz M 24 \%
=2
A = 2.4 (10'2) m or 2.6%3(107) km
~ 6
Cmax = 2a= Vip = 2 (203 010%) - ’_ﬁ'_%_(.'_"_ )

= 5.37 (qu) kwm




333 2(.81) N

JZE dt =46, : o

2
/palf =5(0.5x28)+4(0.5x20)
o
2 =/2 N-s
fzfi dt =/2-2(9.81)sinl5°x2 = /.44 N-s
o
AGZ =mAu;: AG":Z/U'—Z) kg-m/s

Thus L 844=2(v-2) =292 m/s




TF=ma : ~Cpkfo's 5 - mgd = m(aclray)
~Co 5 S(“M*“ﬂ}‘*“ﬁxi = (Qy L+ 9y 3_)
Se |jay =~ C'DJ'Z\OSWJ'\)/X /m
{O\x) = -Cinf)S'V\’j/m -9
wWhere U= Uy 4-'\137“
The twoe acceleration expressiong are

Coupled through The Speed Term. And

The expressisns are Nonlinear



3/333| ’U‘\_'z =0 <o AT+ AVj =0

v QD _. 2 - \ =
B . — — B: sm(ug*-u ) ngS\f\G 0
N _ UB’L—_ lLL '
,RTe oA S T F 4 2gsine
/‘//mfle N7 ‘ X '
”B\ N/:,O/ ) C: '5:"(\(‘0:-0.)““3 CZrS\nG):O
/ Y L ,
C_O\/rc’ y Qn = __f‘:—- ——r—+4jsm9
fe -
nﬁ QN \Uc_
T.F= ma,

R: 1g = m(BF'-i'ngine)
C' To- mSSinuSL: YY\("F —\-435\’“ 6)
Te = m(_r_i'Sjsiné)




N= S cos 30°= (U cos 60°)t : O8bbs= 30(%)*: )
Y= -Ssin3e” = (usin W)‘c - ’Eg’cz :

~Ls = 30(0.8b6)t -~ Jb.It? (2)
Ssve () £(@) h ok t=2.15s  s=373ft
Ui): wSIn 6ee -gt = 3&(0.8%)"32-2(2.15)= —43.33%
Yy = Wby = 30(3) = 15 Ftfse
V= 43.3Cos 3° -155in30° = 3o Ffsec
Vg = 483 sin 30+ 15 ca3® = 346 Fifse

For € =0, AN Oo.b | ’Un' = O.L(3b) = 13 ‘H‘/’S&.

) Ua

Thus B =q/lg% 341 = 3%.0 ftfsee




3/335 | mg

Fast West
YV —<— -
;7T AN Westuart s 0= R
|
j/ Fastward travel: U= Ru+V,
“(

E}: _ mus
TRyEmant ma-Pem R, PEmgs T

AT Tey Ry =g R (rer?] -
Lo = & (Ra=)]
AT = =4 mwe
Numbers @ & P=-4(I500) (0-72‘*2"0‘,‘*)(2"‘*)('362;)
" TRE3N




3/336 I ZF=ma; 6{%"—':—77"2:ma | but when 5= D-7;
a =39, =373 m/s? so

'_t5_>( g 2
g 50 6 Zesg, g g 5
(A o? (D-5)*
U=g20000 s
: " km/n : /Udu :fads
e ——> o v o
| /0000 km | ~Z}-34o00 km 7
< D !
D-r 2
Llviy®)= ° 5 201 _ 1L
Y T°(p-s)?
2 2 2 s
7Thas U=+ 29,0,
! Jole TS TD
for 5—/0 Xz /rm
(3600)* 2 /0 0c0
o 2(3.72 (3400)
/2000) +2( ) )340 //34“)

= 400(10%) +245(/o‘) 645(/0°) (hm/n)?
U= 25400 km/h af umpact




T,
3/337|1h c 5ﬂ=m¢v5ct—-‘5_5t .
S 0=2R+ 0K~ &gt*

t= 2%

Vo 3R_ L _,

A B Ka= Ko+ Uy L

0O = 3&"1&_2 le

Ne SR
Tet VUge = Te & Zmu'-mg(2R)= "‘LS“]
b= 5 gR
> g
%N ° ZFn: may ¢ YY\\():: m 2.( UC—:\‘jK
M) —/XL+\}’XQ

|
'n 0= Mynin ~ «S_’ 2\3_3

Amin = KR



3/338 Vé/oc/‘é/ o f pluy af borfom 8
V755 2Y2(32.2)6 = 19.66 #/se

\ Y-
AG=0, 2(19.66) _ /2#4.)1/:0/ U= 6.55 ft/sec

J J
. /
aTrageo, F fm (0= 655 + faolx ) =0
x2= o./00 f/ A*=03/6 fFf
ar - Z
n= ns [2 9-—(/?66) -——-/6 55) / 2(/9.66)"



3/339] Note that mq and N,=mg are
perpendicuer o plang  Shown.

= -\l 2 2
///r NTOT, N + ’\l1

A0 .
O PNy ZFermac= m (-6

-Nsin36°- JN’*{@‘SB(WBT‘ cos30°® =
/)3 ) a0 -—(0.5)(0.75)(2)1‘5
ZFGT- Mag = m(re + 2/(16 ) :
Ncos30°- /As‘\j N2 +[@.S)(¢].‘§\)]: sin 3o°=@.s3(ons)(z)
Smlvir\:) second G‘iuﬂtibv\ : N= 3.7 N
Finst ejuotion . t=2.02 s




3/340 NN 4=z'_'l L%=x%+ H®
Co N\L 2Ll=axk ) LL=xXx,
QAT 0L N L L% kK 4 kB where K=o
i QL_ \\ o ez 72, .2 xz'z)
< a=L=(x5-L) = (- Fx /L
40(9.81) N o L2-xFz, b2t

L3 L7
Rr X=!2m h=/bm L=20m -
y J ’ /6

2
) 2 = /6 (59,
X=U=39 m/s a= 253 = 0.80 m/s*

z,::ma/‘ T-40(%.81) =40 (0.80) ) A7"= L24 N



3/34] I Final Sklddmﬁ -U,__;’—‘
<Pr\me denotes *f‘kmad =0-5my'2
speed atter mym&) v'= “/2/*’.{34
A ’\Jﬁl = \12<0-‘1)(32.2> (So)‘ = 53,8 ft/sec
B»° 'UB' = \lz(o.‘!) (32,2\(\003' = 6. | 'Pt/sec,
4000 — 4000 /. 2000
2 g - 0 = O (o55), 200y
Vg = LT Ft/sec

—

TInitial Sklddmsz U al

My pd - U vl‘\o)
-0.9 (G2 2)(50} T (91.9% Vag ) y Vo™ (06.5 T
<Speeq\ limit wal exceeded!) = T2.6 Mifpe




3/ 342 For the .s'y;/em of man and cord far full foll

(a) Y., = O=AV,+4V, : O=80(9.81)(-44)+ 3 K (44-20)7,
k=/19.9 Nfm

(b) U/_’ ,=0=AT+4V+4V,: 0=7800*-30(3.81)(20+4)+ %1139 4*
where ¢ = e/onyal‘/on of bungee cordl.
40227 - 90(3.81)- 11295 =0 for max o7, 4= 6.55m
11

452, = { 80(9.9)(20+6.55)- 4 1/8.9(6.55)*} =457 m*/s*
v =214 m/s

max

(c) Max. acceleration occurs at bottom where Fension is 5rea/'¢sf
Toaw = Ky=119.9(44-20) =2880 N
42/‘; .—-mamax + 2880- 5’0(4.9/): g0 A e
A, ax=26.2 m/s? or ggg

50(9.81) N



33| @) n ZFy=0: Ny=mg

N "S mm r ZFnEmE i Np=mp
W idn - el
N H ang"f Nist NﬂzJ'N" g ez

out _ _ ﬂ4

(go0c) F_/‘tht'/‘Km\/Sz‘“‘,rz
=ma,: }lkﬂ\‘\’a + Yf\Qt ) =-/0.75 *S"z

As n part (@), NS mq
CF, and Np = m—p— f»

Nn Nn -6{1_ But F—j }lk j }kas
and F“ Fi Nn= AMME 6
e - = - 1439 ms?




3/3474—, DtoE ' Y4 YoT VSO 3t‘
-fP= -4 ’Cl t=

3
’x='xo+v,x°t t d=v F V’Z:
A te D: U=aT 5
JikSz—/tkmjf ~ mjf = "Z—m<dl 3:{’_) -0

) m:\/%—ﬁf(lws

BU:t SPQQi Qt tOP o']c hll must ke >0
U=aT : Lkg ,ukm<1f’-3m7f |E my -020
or 3 % ‘)ZW’F (GMK

mg / d% .
o ( 2p + 2pl */?‘k]) = 22&‘ <3 )
or d= 24z f |

ﬁ




3{34_5' U'=V2gh =Y2(32.2)(6) = /9. 66 F/sec

o’ = ‘ L paa
Z/ACI_‘)U' Af-:)} 2(19.66)ro0 =(/18+2)U) U= /966
" A o Spring deflection
8% I N f=wsih) = =30
J( P ° 273) ’

v' E ATrAY +Ag =0
] 20
A7 = O"’éfe?.‘é (1.966)% = — 1 200 FF-1b
AV = =20 5/,2 = /6674 ff-16 where & 1S 1w snches
2 z_
dig = 202(3)[(3+8)*- 37| % = /iiii_j Sl
Thes —1.200 -/ 6678 F @i%)f:_?: o
or &%-0.6676- 4.800 =0
_ 0667 / _
gz 2520 ZV0,444+ /9.20 = 0.333% 2.2/6
4§=2.55/n. (or £< -1.881)




= .,
3/34“6| me S.P 2/(9 2g= L Sn28 2“ 29

_ v SH\ qe° - .
350 = ——322I \ \s52 106.2 Ft)sec
- - S|k ) )
C:\\ = my, = 322 6663( L) = —1. 28“ lo-sec

Gy =mV = S/t
= 322"2(‘"’ ) G, |1
o

= 0.72% (i “-‘l> lo-sec |
45°
X e,

(0.008)= AT23(L4)-(1-281L)
= 4o02i + 145.75 b

oy At T §,7G F;
Fav

l—-r‘

= J402%+ 14572 = 428 Ib

Note: The mijnt of the baseball s .’3mm1
during  its \m‘:ock wWith The wal., With the
WQ@‘t mdu&eel) Fay STl mundy to 428 !



0.025mR Work done durin3 Qngular
displacement © is
U= I.59 (0.025 ©) t29 (0.255sin6) .
- 24 (0.375) (I - Cos o)
For 6=30°) U= 1659 T

o
&
%

AT= s[15+2 +2(0°,'o?;: U)z +2( Z’cﬂ? U)z]
=325.3v% U= AT yields 0.0714ms(11.45")




3/348 Drop O'F A (Stq‘l’e, CD.; state ®) s
T r Uiz = T2t O+ meglk (1= cos 68°) = "i‘“,}’a?;_

Vp, = 4+ R0 m/s
Collision ( @ > @) X
20
{Yﬂa\laz-v me})az = m‘*\’ﬂz + MB”B;;, (,)
- - 7R
Vg, “Vag T .1 L\)gz-ulezj (2)
Seiwtin t Yag T 242 mls) Yoy = 530 s
Rise of ﬁ)(@-\y @) .
T3'f U -4 = 'T4, :
£ Mg (5.36) “ - g (.01) [2.4(1-cos 36°) + S sin 3¢%)=0
S= 228 m



Use coordinates ¢ states -G sShown.
= =100 Cas4AS® = - 707 +Ft[sec

_UW\

U‘J = —l0o s 45° = —70.7 Ftf sec

Va, = ~€V, = T05(-70.7) T 354 frkec
\Jz:) = Vy =7 70.7 fX/sec

\13 =

U

Ts = 0.212, 1172 sec
whwe Nz = Vo, ts

= 35.4-(0.no4-)= 3.93 ft
= 13.40 +t
= 4.3




3/350'| Results of Prob. 3/301*

Nominally |
(A-U“\n: (3159) (52%0) (332‘1.52:13-!‘-‘\.'10)(5180; X
(Nt )= 19171 &
Actuall y, -
(EVa)g = @*5“3(52*"3‘1(35: jz—:,) (5280) X
(N Gy s sy —1) = 755 e

(AU"“)Q. ¢! / @Vn
= — = Q 4 _ J55 =
B¥ady 2 - (z;/:)ln— LTI (%)“___8'50._”.?



3/35' ConSErVQ“tion of linear momentum :

T4 0= bmu, + M,

) 2
Work —enerfm U=aT : m3Q= 2 m'UBZ +‘7%(6m)UA

Prnulf solution : 7y, = N
Simu aneous o a \/—%\—T—:\ <_>)
1)3 = —é\l —-62'—- <<—->
—Urel = 1 —

s/p = Vg Va = 33l (=)




- . g
P3/352 E?. 3/?7 ZA40=/-/0 /\\\ o 5§ /;r‘
| DAY, P
H. =mucosfxr w T/
o ’fz rdé r //’r=k9

7= RS
“7/“'7; et
r‘r‘
7’/~2+k”2rr‘ r* /s k e (r2+k?) 2ri - P35
0 1+k1 (r,2+k2)3/2
_rig 2k .
= Wﬂ“mw
. .. k
But vsinB=r r=uv —m—m__
R ==
r2+2k* 2
so H, P rofkm
. k
/1//0 —P/”Suvﬁ -—Pr-}/r—z-——-_:e-;-
Thus Pr riv2k s P= ri+ 2k 2

Vrrsht =(rz+k’)sz krm, (r2+/<2)5:2mu




>3/353]
V<= = Cop (ETV*)S

':o'/——é > = 200 b

-(-ZF:'@'. FP = Fb"-FK

- e = R 0.07530 . 5280
-Uﬂdqmdjei . r-P 0.3 [2 32.2 3Goo 3]3

4+ Roo = o8 b

. 5280
Pouvler re%mre( . P= FP'U:: HOS'(ZOO 3600)

= 324(10%) F-1b [sec

Dowmaged  (Pouer avoslbly s \lY\Q\ﬂOmse,\l)
Q.07530

| o 'z
P=Fl v 32400%) = 0.4 (2 m v )30
+2066] v
Solve cubic @ W= 268 fsec or 1829 wifhr




—* = 0.006457

E) ¥33 (303 + 0.0139 (30)2'] [:30 ( 528‘0

c 3600
+-1b

= Fu= |ozes3 (60) +0.0131 (60)" | 60 gezoio )]
= 3300 Ttk

7.33(0.5682.+ 0.006457 ( 8% )
(0. 5682+ 0.006457(7.33




*3/355 ZF:\ =0: TcosO— mj =0 0
3m Yy ZEF\=miy’ Tsin®:= m (3 +10 Si8) Wt

-\
| _‘_\0‘9 ’ where w= N % ®) ()
<_|§> . From 0): T = "™/cese
) () Then becomes

"‘l o With ()
m t , oV
j 3 tand '[IO (38 N)1]S\n9-3<30 N)
=0
Use Newton's methed o Sswve it ejuation
‘or O over 0<N = 10 rev/m,'n,

50 /

o, clej /
/|

1

0
0 N, rev/min 10

For N= % re\IIhn\'n) 6 = 29.6°.



Z/'— =may, . —mg.fme = /77 (r'é’ - Qa C’afg)

/‘9 acost - gs‘zn5
/‘/—mgwsé /77(1"9 +a.$1.n9)

Nz=m(r8+asind+qcosé)
Maltiply (1) by 28 4 obi‘m'n
r _4_ (%) =2

ZF =ma,

(a co.sé’—g.s'mﬁ) ,
or rd(é?)= 2la cos8 - g.sm 8)dé

/d/g‘) 2/[4@56 gsinb)dé r8*=2(asin ¢9+gcos¢9) s

o g = -——(4541919 +gcos B —qg)
Substitute into (2) 4 gef'
/V=m(24. Sing +296'055-Zg +a.s¢'n5’+9w;€)
= /77 (30 Sen & + 3q cos & —Zg)

Max 8 occers when 80 50 asiné +9¢o;9—9=0

Sso & =53./° when a:i.

ma.x 2

Thas for a = g: H4.9085 m/fs* and r = O. 3m)
= §.09/0.5 sin & +cos 8 ~/

rad/s

0.0

0 10 20 30

40 o0

Angle theta, degrees




0.4(2.]1) = 3.924 N
f[_ F;\ = Ma,+ Fy -3.9%4*¢o5t1 = O, 4(!.5) (21:) =
Fn= 3924 cost® + 2.4t% (N
Moyt —3.924 sint-= 0. 4 (\.S) (2)
Fp = 3924sint® +1.2  (N)
= W ) s'\mP\iFJ +o
= 6.4 + 18.94 ¢ cast = + ?._+Zsintz+5.’lét

When F = 30'_N ) T = 3.40 s (numem'(:o\b )

= 3.40%= = ||, IL91 vad or © = 663°

=R~




*3/358 an = ra* = 45 (15)= 01

ln\\ mﬁ/ t |2 F = My i N-mgcos8 = 60.9m
P XFg=mag: F-mgsmé= o

F/\N S\le\v\s i\'\'\yends wWhen F= qu;:/lSN

- 32.2 sin8
/‘s 00.9+ 32.2 cos©6

See Ple't of /15 Vs. &  below . Set il_/‘_s_o

Simultaneots solution :

. d6
or humericau\xj determme  Tthat
Poin = 0.622@ ©=1213°
0.8
~ = N
| N\
Ms 7 Y
Ve N
|
V
/
0
° © ) deg 180

Note That t s impossible +o see
slippage  First  occur at any angle
Srecrhr than © = 121.9° |




B B2 20522015 cos &

F st AB = 15V2V/I-cos

l Spring J;‘/eﬁé AB-15 =4
‘AV——-A—J -0

--L@[/s(/im—/)]

AV = -10(80)(coS 60°-co56) =675(3- 26059-2»/'\/"2“69
= ~/ZO ¢+ J00C8 O in-lb mn.~1b
Af/»At/ fAVe

é:./’az /ZU - 150+30005O +675(3-2¢c0s8-2V2V1- 050)=0

29(-1875 + 1050 cos & +/350VRV-Co 56 ) (1n./5x)"

*3/359.| k=6 w/nm.

U = 7Z
Setap progran fo Ja/u’éo
g get 40 80.0° | ™ in./sec_
. ‘ i
m. )
(@) Yppar® 575,"/ /5ec 20 / \I?3.6
@ = 8o. i
= o
(6) 6pay /03.6" 60 70 RO ees O 190 L—




,%3[360] > o
Defint states @A'/” - \®> A
@—@ as shown. 3’ C@‘ -

@D |

‘uo = 80 ‘Ft’scc' T TIP A TTI T 1/8 Py g 2 -
on'—‘: Uy Cos® = 80 cos 8% = T9.7 ftlsec,

VU, snB = B sin 5°= 6.97 Ftfse

30

tor = 9.9 = 0.37b Sec

Y= 3+ 6.37(0.310) =16l (6.37)% = 3.34 £

Vyy = Vey-gtu = 697 32,2(0.3%) = =515 ftjsec

Now frogram The ‘Fb\lw'w:) numkered eﬁuot\'ons!

'\JoJ

Uy = ~ 8V )
Vay T My @)
Uy = Vg ()
\)3J = - \/UZ;+2 Y, @)

Q’zb‘\‘33§ 3 (S)

+
N
W

"



©)

Vgx= Vax ()
Vay 'Ue"s (8)
tes = O/ )
Xg = %3 + VaxTys = X (10)
Ys = Vay T4s- Jif)"‘fs?— =Y ()

Selve  Egs.  ()-(0) for 0.5%e £0.9 4= obtam
e "Fg“bu'wl) 3t

4
£ c=p9
-\"H-.. é=0.%
\<e=0-'7-
Y, ft
‘“‘\‘__\ 9:3.6 c=05|
N
0 . :
-25 - O 10
x, Tt

For Xx=0, c=0.uo) 3=J.3% +t




*%3/36| _é_;? ZF-=ma,= m(r- réQ) =
N e
N g o)
e r- wor_jsmwt
g o Assume n= Ce® St obtain
S‘z-woj S; = Wo ASsum €
portituar solution of form rp = D sin wWet
and find D=- 2_853?& . Seo
r=r+rmn = C,e‘woﬁ Cieuoi 28 =z Sin Wt

Use the inittial conditions r(_o) = y(o) =0
4o find C, and CQq \ Gl\ow\‘\r\j wg B Write
The so\u-tion a s

( e + e. - Zs{n9>
Nom) set vy = 1L m and W, = 0.8 rad s

and Use Ntwi'ov\.s me thed 4o solve For

g oas & = 0. 535 TGC{) or 36.6°. From

0, 535

& = Wt T= 55 = loeds .



SQ\V“\S | W).B’= 5.103 ﬂ/&ec
1T, Dt‘(:.lec_'l'l’on ot B
U= AT s 10(2)0—(:0&9) +

We. need o ‘Finc{ /XL' 1§ Q “FUMC‘\';OV\
ot O ; '

The previous  Work- energy €9 wtlon becomes

‘ 20 Q-—Cos é) B "2‘000)(8’) (2 +SmO-2 \-r-si'ne)




Set up o Numerical '\n'\:e\jﬂ‘b{m Stheme (See.

H??Qﬂd{x C«/'Z) o and '\htedm‘fe, T)’\Q. GhUVQ "(:u(
Vaviauy VPR limits CO =0 = ,n/z)

0.5
EEEEENEEE
EEENED=a

1
sl L ]
’!Elllllll
VAREEEEEEE
0
= 0.401 s

O, dﬁj 90
When © = QO°) <
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