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3/2 SO(Q,SI)N EFB =0: N- 50(?.‘5!)1:05 15°=0
N=4T74 N 'f'hroujhowt

=N @ P=o

=-5 Equllibrfum cheek :

N Zfo:O‘ F - 5o (‘i.'&\) sin 1S°=o0
F = 1%70 N

Frax = MsN = 0.2(474) = 748N <F i mohon «
ZFy = Moyt 0.15 (474) - 50 (2.81) sin15° = Soay
Ay = -1.1E Mg ™

(5) P= 150 N | Ec'uihhr{um check
EFy=0: |50+ F - 50(38))si I5° =0
[ ¥ 58 Ny |F| < Frax
€) P=300 N ; Equilibrium check yields F=-/73,0N
|Fl > Finay , SO mohon 7 , F=F &«
2 Fy = Moyt 300 - 0.15(474-)‘ 58(9.8)) sin ]5°=50ﬂ.1
ay = R.04 mls©

Ss ne mehomta=o
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/ s ﬂk“ a=— 18,58 ft/scc.z

V=7VY,tot * 07 +30-18 5%t o t= LelB sec
V3= "UOZTQCLCS‘SQ el 30?‘+2(—I8.58) d
d = 24,2 ft
- ’U02+—Za_ (S-SQB P 157 = 30° + KC—TE.SE‘\;J'
d'= 1817 ft
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ZF = ma,:
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U

TR S, -
. b “'~5.x 3(240 ooo)-l— 300000 (Q.ﬁl}SmJi
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3/5 | For entire unit: ! !
Y F=ma: R0000= 30000q ";
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For trailer O.lone.) T = 20000 (0.5&,'7)= 13330 N
43’““05 or T = 13.33 kN
—>T
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36 | mg

4, Mg coS 40°

Z@':mdz ; mq th-#ﬂd-;ué mq cas40” +//’

A mg cos 40°

a=9.8/(sin 40"-/«-‘: cos40°)
=6.3/ - 251;Ak

=mda

For constant accel. s = <4 t+ ‘-zLa f";

20=0+4(6.31-75/u,)2.58°
Sy = 0. 0395
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—_———
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= : = =
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3/i0
m . A
A a = 6.8] ft[sec

= "G.g']L_'Ft}SECz

Qg = Gp-Gg = ~(.8TL =0
Yl = @ﬁ){) + at = o+ 6.87(10) = 687 ftfsec
Ug = [5 (%) = 22 ft/sec

o[ P B
= - 817 -1y Ftlec
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3/ W /9 When ©=6 a=o:
ZF=0= -F+Wsing,

F\\ ~-.8 TF = Wsing,
Fu .

When 0 = 6; )
W
ZFy=ma Wsinb,-Wsing, = g«
a= g (sinB,—sin ®)

8,= °| = 9 (S';“I 2% -Sin {cf) T - 0106':”-.:‘1
6,= R° (2,24 ft/sec® or —0.683 m)s™)
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312 Kinematics : 4 xq + xg= L_r.OPJccnstmit

~ 4aqa+ag = © (1)
Kinetics:
4T, F—u
I N
|
e

(2.5 N
A: ZFR=ma, ¢ 6(4.8)-4T = 6aq (2)

8+ EFy=may: 4(1) - T, = 4ag  (3)
Solution of E 96 0 -Q): QRZ—J.‘:{.O; mls >
Tension . Cakle u'mve A Qg = 5.6 m s =
= 4T, = 7. 3N T o= [.T2 N
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%_ et m be The mass of each car
and Zm That of the locometwe.

02mg X T F=ma:
| _ 102(R00000)
: S 4ojooo =

+ 40,000 \o 32.2
N a = 0,063] 'F'tIS&.z'

[00mg 4+ 100 (Roo ou-:.)
=T F=ma: T= ——22 0.00

i'
f — T, T 39,200 lb
N!

M S SFoma: To= [ (R00,600)
g e e g

T,= 312 b

60

0.063]

N”
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6 | 3= fj\\\ mg

//
i< o

P & 3% N
o.3N AN X é:l

Rkt B

ZFj =0 = N= O.?BLM&

2. Fx =may = mg Sin 30°- a.a(a.ggamj) = o,

ay= 2.3b m|s*

Vg = Va'+ Ro,di Vg T 08% 4 2 (2:3+)(2)
Vg = 317 m)s

B to C:

ZFU’ =0 = N= mjg

Ty =ma, -0.3(1%3)’: may Qy =~ R, 54wl

VR agr Rays ¢ 0= 3-a(a)s
S=1LTI0wm
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mg ;{ Eliminarte B § se? 4= 9/3/(3
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ZF:fO * N- 25(‘1.8!) Cos 28° =0  ~__ /3
R0°

N= 2306 N TONDN

0,
EF& =May * N ’S‘V

25(381) sin R0° - 0.15 (239) 7 254, T&z 1-1'13 m)s®
A o

Sehere alone : 759 456 Tg
}‘_Fﬂ =0 (Tq "'TE.) cos45°-10(9 -'3\)-:05 20°=0

Tﬂ +T.B = 130.4 N

) : ) it 22 % i
ZFy = May: (TB Tﬁ) sm457+ 98| sinRe b !
= |0 (L“l'??a)lbf Tg—Ta=~19.56N

Seluton Ta = 75.0 N : Tg= 55.4 N
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2’/)—:: ma, | —0.3mg =ma, Y R
e
Gy = -0.39 =-03(9.8/)=-2.9%4 m/s? ’f,::g,jw

2) s . N=mg
= o B U -

2
s= ~(70/3.6) /2 _
X7 = 643 m
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320 [ Truck ¢ ( VE-V© = 2&1[1-1.,)
o*-(3.44)*= 2 a[50-0)
G .= -3 ra

Crate : T 3.1% mfs

,me’ ZF=ma : —F = m("3."l€)

B F= 37%m
- Froax = BN = 0.3 (m 9.81) = 234 m
F > Fmay | Crate slips ) F=MN
ZF,=m™may : - 0.25\.“3 = me, &z - 245w/

Aefr = A=A = - 2.45 = (-3.78) = 1.328 m)s*

2_ 2

Vcn- Vch‘a = chh_ ("‘tfr“’*t?—!n)

Nijr — @b = 2(\‘329)(3_531 Vor= 2-32 m/s
(Truck stepping time = 5,145, crate impastsat 2.13 5)
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Y |2p P O5(196.2)
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/96.2 N/ /96.2 ;. AsSume S/ipping cccurs
’24 & F=98 /M
vg A EF=ma; j20-98./1= 20 a,
1009 .87) 8 Z. = 2
2, =1.095 /s
hATT Yok 8 tF=wma,; 78./= /002,
Qn7Gg S0 assumption OK. Gy = O G 81m/s®
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3/24 80 /b
(a) ZF =ma:

—4p = 80
80 -60 =29 a1
a=10.73 ft/sec? 60 Ib
(a)
2T T
G S > 1 f
60-1b] 2T-60=L< 4 2a
ol 32.2 d'f +
| |

[40-16]40-T = ﬁ% (2a) Voo 16
Solve fgez‘ T =327 /b (h)

a= 2.93 fblec*
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3/25 |
30(3.) T TTT
N

8

|
l0(7.81) N ‘L

Kinemotic constraint @ k= 2Sq + 3sg

= 0= Rag +3ag ()
i EF= Ma0q ¢ 30(9.81)sin20°-2T= 304, ()
+w|r ZF = Mmgag: 10(4.81) — 3T = l0gg (3)

Qp = l.024 m,ls =

Solution of Eqs. (1)-B):
ag=-0682 mfs*

T = 35.0N
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3/z6 Check fer motion. Assume
R il Static eclu‘\lilnrium. From B,
T T= 19%.2 N. Mags A:

ﬁ ZF'1= 0 : 196.2+ F
—(Go)(q.sr) sin 36° = °, F=9%IN
ROXIR)  Frypye ™ fN = ©.28)(0)0.3)
-, % Cs30° = 127, 4 N (a)

Fows = CIS)(E)(17) s 30°

NG \'ﬂeti'm ‘Fur (CIBJ
SO &= 0 T=1%.2N = 76,5 N | mstion for (&)
(&)

Ar ZF=ma, 2T - (60)(9.81) sin 30° +(0. ()6 5o
= 0 Q

B: ZFy=may: @)(3.8)-T= 206«
Selution ;@ @ = -0, 5% mls®, T= 208 N

30°~\ N
(60)(3.91)
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3/27 | Check for motion L‘J'j stuminj
3\‘ T % Static QC‘U‘llibr‘tum.

-

T™AMT B: 2T=19.2 , T=9%IN

= Y ) :
3 I At ZF,=0: 9%.1 - 5326 sin 30°
o) (3.81) : TRy e le s N
= X )
5?&;:«4(20)080 Fray = psN = (©.25)(58%.¢) Cos 36°
- = 12794 N

=196.2 N
F > Faay = totion ()
From k‘mE’mot'lcx ) Ag = 2:13 = 2o

A: 2F"¥.= qu T+ 0.2 (SEE’.Q Cos 30")
~SBE6 Sin 36° = 60 (2a)

B: ZF,=may: -2T +19.2 = 20 o
Selutisn 1 @=-0725 m/s* , T=1054 N
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Three- car unit:

(0= tan' (%,)z 2%)
X ZFU =0 = N= mﬁtuse

..--"'"e ]
“""';6_5[:] ZF,lszux: O.‘Sijraseumjsme

= Ma
n.ﬁ N a@= 3(0.5(‘;359 --s'm.e) = 4.4 m}_sl

C,ar‘xﬂ-T ZFy=0: Ny= mgqcese
\ | -5 % ZF = may T 0.5Mp § Cos8
%.SNH -Ma9 sn8 =m, (‘1‘.41)1 I}i
mMggY \ Na

From FBD «f Car C} Tz_=0
B\Lj similar analyges :

(&) ©) @)
A [ 2.718 wm|st| 2,18 wm)s¥ .18 wm)sY
T, |32 T00N(T) 6 330 N () 16 330 N (O))
T2l 330 N )] e 330N )32 Tean (c
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4y
ZFy=wma,: -D = “Cbzf’u S= mU gy

fmécb%z S )dx :mg"e{;l_
g v
= (_ 'licnfo/:“)
> U=
- 1: ﬂ(--"i (0-3)(0';’2.523“ )(11 (q 125&11) 5,|25)

16'32.2
o &
L6238 ) x

U= ,e
For Vo= 90 mifhr and A =60Ft: V= BT mifhr
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= Canstant. Time T plate s
@0
= & = G,
t =9 (5% ) 455 sec

vy = Vy,mgt = —32.2(0.455) = — (464 Ft[sec
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For Th= 10t :
N . .
= = t
L A .S /e
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Sa ?1: Ztl 4
t 3 +3 t
V= Rt Clt = ‘——"'15 s — /60.
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. 2350
~ - \ <30
L f = 17.13°

o =00 (10*) (“i.al) N

Vg - Vs = Ray (SgSa )
R003y2 (300\2 2000 _
2.6 ) 6-&-) = Ray \ Cos ?,l3‘); Qy= = 0,957 m}sz
ZFy= Mmay' - D+ 200(:03)(‘1.31)sin'7.13°=
20 o(mi'*) (—-a.qs']) ' D=435 kN
ZFy=o0: L~ 200(10°)(9.8))cos T13° = o
L= 1.L347 MN

The net aerodynamic force  1s then

R= VY LT+D= = \/I.ﬁ‘ﬂz + 0.435 = 1.995 MN
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90
P .= Fus= 5e(3g)= ‘4o w
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ano
T",‘n = -«———--Tr‘.ﬂ'“‘JC = —[4 = Roooo W
e 5.70
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3/138 | F = 300 x , Fa = 300x + 150(x~-s)

I:‘

= 45o0x —150s

. | - 0, 2m
2 I “U"_; - & 300s "f (_4—501-1505)11

F |ﬁ_| =z e

| ==T78s< +30s -9 T
Oo é é" K -
oam  UZAT:

F -N5g T +30s-1= % (0-5)(0-51)

155%- 305 + 2.75 =0
s= 0.1423m or <. RSTm

O. 25T m = 200 mwm ; 'umisus.siut
Se s= 14,3 mm
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—_—1 Sp | 2.-5,:""53 = CQﬂSth-t

—C 2V Vs T O

e Ty (\!elaci-ﬁ'cs)
o = 0Ky [—>—
j 57/- G

8

R = T
| 2-

o+ 40 (08) = Hbuy” + Tlo(2vp)
Vo = 1120 wls
Vg = 2Yy = 236 ms

N
&
3

Speeds
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———-—“4 -U;-z AL=0; 0.05 +%
e(L.31)N _
| o,(q.iu) (o.1+58) — J 4000xdx = o
Y 0.05
1 2000 $% 4+ 141.15-5.89 =o

Kn= 4000y § = 0.0294m or S = 29 4 mm

( Posi+ive resuly oken From “]uadnﬁt. ‘Fﬂf‘mulm)
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3/‘44 ’?*5:/“& fﬂrea)p }J:&‘Ib

= a!.fxzx‘/n'xép
VA

= /885 p 1b
Solve Jget p=_7.34 /b/in* 616

L
%

by

=
S

U=AT: (15+6-1.885p)12- 15 (g*-0?)

*
o3 nhos
E-s.
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3142 ™3= . 9= 0 or 6=tan =—=343°

2000 \b 100

— = i - = =
P+ -z F= ky*: 50=k(60) .
{ lb=hr

f 2> ™ k=o0.0138) T o=
\ 4 F = 0.013%iv "

ZFtL:O . FZP—FR-F',D- nnj&ne =0

Fo = Forfy+mg s e
Y©=0 V=30 mifn ¢ Fo = 0.01389(36)= RS0 1b
F Fo = 5041250 = 62.5 b

Fo= 625 (30 3;,00/55:: = 5 n

GO m.)hr : = 50 Ik F' FRJrr‘;: 106 b
5280 )

P = Fu= 100 (ao =5 ) /553 = 16 he
(k) ©=3.43° F_ = 50456 + Zom Sin 3.43°= 220 b

Pup = 220 (60 3‘}%)/550 35.2 he

Down: V7= 50+50- Rooosm 3.43° = — 1178 b
5280 e
Pown = 118 (60 m)/SSD =—3.1The (bmk_e;.!)

(&) ZFy,=0: 50 +ks"~ 2000 sin 3.4’3":‘}) =709 %

o

dg—itlj _U-n_
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343 | v=a1 mg=0.6(4.81) N

B
— I |
U= F(AD-BD)-0.6(2.81) 0.4 (K[ |0.2m
= F(0.825-0.283)-2.35

o D
=0.542F -235 J g |0.2m
al—"___ 1 _.
AT=5m(g*-) 0.6m 0.2m
:éasﬂ/z-a}:zw o AD=/0.824,0.2=0.825 m
BD=y/0.2*+0.2*= 0.283 m

Thus O.542F -2.35=4.8,
F=/3.2/ N
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3(.’44 | ZFH =o: N-50¢cos60”= O, N=25 b
50 \b

Displacement s 3+ 2= 3.33 £t

U= (50 sin60°-0.5:25) 3.33

-z
“:_';:_J- (100u+°f1=)c:l1
(o]
= R0.0 ft-lb

2o0- & 32 (1-27)

5.46 ftlsec

=
H
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/145 L i«—i-—--o.S ~;1 F = pe N
Je= 300 Mfm ' e i =0.30(10)(%. 81)

= 29943 A

- ——

—
1
p <~ -]
I

—_— e

—a-

——

(a) F
from B fo A: YzAT
:-zﬁf;-!oa)(c:iﬁ)z-— 2‘?.43(0.5,}:2".(10)2f2

Z/"zz 4,557 (m/s)z' U= 2./13 mjs

) from A hC, YzaT
-4 (300)x*- 2943 x = O - $(40)(4.557)

w2 r0.1962x -0.1519 =0

_ —0. 1962 4 1 <
£ B2 isz’a.;yezj + 4. /1519 )

= ~0.098/+ 0.401% | X= 0.304m (x=-0.48)
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J

! -~

g az o
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2, - e 3 3y _

mv A = [Ps 2 (et y)=Ps

) = I
7 _ s/ 3Ps +zf3)/3
2 » ¥ /
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3{H4 U|-;. o= AT+ p{ﬁ + AVe
aT= £3(v%0) = £2°
AVaz= - 3(98)(08) = —23.5 T

aVe= & zoo| (Jostior®-0.4)*- (o,z—o.+)1:|

= 207

So 0= %v5-235+2, v= 1537 ms
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3/148 For The Sy stem \ -Ul_:,_: 0) So Qﬁ-&&T‘-‘O

-mj(%) + = ('Zm)(nl—o} =0
V= 6.95 'F‘t}sec_,
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3/149| Ectoblisn datum @ A
LO_) Tﬂ "\"-V.ﬁ = Tﬁ +v§
= = 3
O+ 0 = Zmvg" - myhg
Ve = V2ghg = R(1.8)(45) = .40 ms
(b) State F : sSprimg "FuU.\Lj Compressed

01'0 omh++zkﬁ

h k ;
RIRYASES IS \/2%?&?)(3) = 0.0542 m

o S= 54.2 mm
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3/I50| Estaklisn datum @A
Ta +Va= Te+Ve t 0+ 0 =qé~_mu°1_m3h‘-
Yo g = JZOmEr s o)
= 9.1 mjs 4
n 9.18

1 L]
\ mS//t (@) ZF=m¥F : N~ 12081 oss 3= 1275
\

¥ -

0 Ne= 7177 N
N £ ('0) an‘= o N - l.'Z(QI-?]) Cos 30" =0
Ne = 1019 N

Ta+Va=Te + Ve © 0+0=ZnmiS —mihe

Vg = |Rghe = {z(%.ﬁ)(:sj = 7.67 mis

7671
mg 'Z'F'n=m1]f}: —-NE + I.Z('?.ESI) =I.ZT§"
-t Ng = -35.3 N (down)
I NE
n
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51 |AT+AV,+4Y,=0, AT=0

AV, =Fk(x)-x})=4500(0.050*0.100%)= -/ 875 J

AV =mgdh = 2(3.81)h =/9.62 h

Thus 0-1.275+/9.62h=0 h=0.0956 m o /=956 ym
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r
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/ o o ol
o = Ns mjur = ﬁ']
h _ 3
= my [ 2F .
=0.18m 1 h= 0.bm,
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3/-'53_ _i-ﬁ-rvﬂ = TB+V¢3] dotum @ ®
0+ mgR + EK[RER-R] = Zmi a0

Vg = \]23R+ 5'%\3(3-257

Tﬂ +-\TR '—'_r(; +I-V-Q ) datum @ C

0+ RmyR t Ek[REE-R]"= L + o
_ 3 ,

ve = 43R+ 5 (3-23)

Kinetics ot C:
ni Ne*
mj E’: Fn:: ma—r‘] . N_ m& = m R

. = N=onlEs . S 62R)
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3054 For The system) T+ Y, 2= T+,
= 4 =k + 0% T tezky, - mgh
where The datum 15 Tthe nitial goesitin and

h is The drop distance . Note That the

s,?rinj defledtm  rung abt twice that of e
Qd\;wl{f  Numberg: - R

2 3+2(2 z \
oA L] -—g;fzu‘moz)];—l.z [ ()

v = 1.248 Ftsec
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3/155 |@) ATrdy=o

A o g N R T Pl 18 sin 60° =102 517 60° =
232V +E§%2{,T§v fj“,z.SMSQ .va!zs.wéo O2
0. /14610 %= 2,165 U= /4.76 (#/sec)

U= J3.84 ft/sec

(b) For entire inferva/ AT 20  AY +04=0

-2.765 (12) + %-(200])(2:0} = 0.25?9{.«3)2

x= 0.5/0 in.
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—3/1!5}:9 ,‘—0.4,:—;———\-}'——0.4»-14 —r-l fe= oo MNfm

-‘.l. k /1o kg k L:'.: 2 M/j
g"\. D :E T Initias 5hreteh
i I +M 0.8m S=0dm
""-'1-1 ] o S §,=0.5-0.3
I‘\'\\r -l ‘;\J { =002M
1 -
L3
Y
AT + .{ll/uﬂ

z_:o(v‘ z"’-) za{?.s'.r)(oa),f-z&’oa/o? -0.1% =0

Jy;%= 20 + 2943 -24 | 15°= 5086 (m)s)*

Z/;_ 2.26 m/s
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I8 54 zﬂ?“hﬁl/ o, 47-2322 26)°

* 5553 [25'?)
= 0.043676° #-/b
_j(z) 2(4 +45

-42 . e
z -~ 375 %

Vhus  0.043676°- 375 = o, 6% 8587 (ra.d/sec)z
8= 227 rad e

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes
to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work

beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner
is unlawful.



3/153 Let m be the mass of Fhe cor
¢ 2 2
_q_zzdi—f-dg:O:}Lm(V-L{‘)ﬁ-mﬁy
1 U'i: %1'2'35/

- U, 'U;i 'S el
W m 2, prpi- )
/9;, /o bl zga
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‘?nd, 2’;7/)0?9.5':: U’o .='I"'/%fr

min
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3//59 f%r e interval fromr 8= 60° fo 6=90°

Jprmf shreteh 15
§=16VZz~/5= 6.2

15" Ave = 5 6 (6.21)% /5.8 in. -tb

Ve
— Ay -mgdh = /o (30) cos 60°
S 150 in.=tb.

él)‘mg raAY=o

A LA

IMAAARAALREARY

E.'_ 3‘;2{!_2) z,rz_/_‘;'c? +H§.5’=0} z}"Z: 2642 : U=514 ;_:E
| or i = 4.29 fifsec
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T4V, = T+,

= —— -7 ‘_]"I.—_ o
P.I TZ:Jim“ﬁl
. Note That

>
il

0.2 Cosb0+ \{0,251{0.2 smbo)*

0. 230 m

® {-: -\rl "hg(_o.z cos Gﬁ) - Mj( 0.230)-= - 0.33ﬁm3

i

"

r '\]’.,_—_- —mg (o.i)-mj (o.+s) = —Q.Q,Ec)mj
|
Se - o.3t0mg = L ovlg - — o, 650mg
g = 2.30 m/s
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o

/or motion from 8 =60° fo O=/80
A +o7 =0

™ 6 kg
(), = 6(281)(0:3)(1- sim 30%) = £.829
(4%) A 4(2.81)(2)(0.3)(1 - sin 307
= ~.772 J
§.829~ 11772 + -é-sy'+ o =0
U %= 0.981 (mfs)*, 1= 0.990 m/s
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Esteklish datem at veleage 'v'so."mt
Ta t+ Ng= Ty + Vg

O~ Ekgny = O+ Mg (Mntd e+ Tke'tg
£ 9)() ()7 W (EHE) 1 0)(e) (o)

Ng = 6.89 n.
The “fack That Yg > g

1s due o

The difference. 1n Spf.lnj st Hnesces (Qlonj
Wit  The Tnftim\or Vowwe d = 206-6= H’”).

Note That d= 14" |3 The distance

which  The collor wioves  when

Q'-lt D"f" Qan-t-uqi'
with  the  springs,
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3/”93_ A force Qf\ﬁlﬂs'ls reveals that A will

meve  dnwn i-% B Wil mew v,

Kineraties = SVgq = XNVg (speeds)
T+ V, = Tz £V, | dobm (@ Inihd @ositon
O+06 = Ewmavy + %.'MEQ%_'UQZ + Mgy hg
— Ma9hn
0 =% A1t + 28 F W + g8 (1)
= 40(18) (S5 (1) sm :20“)

Vg = 0. 616 m]s | Vg= 2V, = 0.924 m)s
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3/ 164 | /5t interval of motion (0.4 m) AT +A4Vy =0 for system

Z(4+6+48) s+ 9.8/%0.4 (8- 4-6)=0, 0= 0.872 (mh)'
U=0.934 m/s

2nd intervel for &- :7,?-,&3 ayﬁmﬁrj AT+A|§=0

0-%(54*:?)(0,??2)#5‘. Ef/,é-d.#)/g-g):g) h=0TH m

Kinetic energy of collar is dissipated into heal § sound
d«r‘p’ng {mpact with bracket.
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66| (= AT + AV +4Y  For sysrem
U'= 50(1.5)cos 30° = 6495

a7 = ‘T';*Z’U'-z = 'Z/"Z
& 2
av = ‘?"30[(\/22;/.57- -/.5) _(2_/'5)1}: 11,25

A = 2(3.87)7.5 = 2943 J

4,
So 64.95 U k1125 +2743, 222427 U493 m
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3167 | AT + A =0 | 1= msk*
e 3
Mean radius of earth 15 2= 637/ b

g=9825( 3¢00) /1000 = 127.3(10%) km/h*

e 2 1 3 2 / {
5m (U;-{Zq‘ooo})F!Z?.S(f&jfé!?f)m(—6550 * 7“0):0

- 288(10%) + 5167 (107)(-0.0/099 )(107})= 0

I 2
2%

g 6 -
y;2= 2[2¢8 + 56.8]10° = 690 (10°) = 26 300 ki,
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T | gryige s+ =0

S,arz’ng efbngmﬁmn az‘A is & =AB244% -2 = 3 /¢
¥ J =/3%437-2 = 2.24 f#
Ae=3k(6-67)= j.?(zz#*—j )=<2.97 #t-/b

AT=Fmlg*is*)=4 322(,:0 ~4*)=4.97 F-1b

AI§=WA3 =5(0-4)=-20 Ft-/b

Thus 497 -20 —3,‘?7+0}=0} q, = /9.00 #-/b (loss)

Y=F,s, F=L222_5504k
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3/169 Ellipse eccen‘trir_it\j e = \[\— -gh—:
& 0.6  _
* I~ o= -~ ©O.66|
Couin = a(l-€) = 0.8(1- 0.bbl) = 0.27 m
"ma‘x = a(l+e) = 0.8 (| + 0.66l)= 1,329 m
Ta+ Va = Te + Ve

Smug "+ 6= O+ Fki¥c

‘—z(o.q-‘wﬁl = -'55(3)‘1.32?—&211]1!‘% = 2.90 m/s
Thﬁ’."r\ —r{.\‘r\r = TB+VB
= (0.4) (20 = & (6, AYVg + 1{[(0 g-0.271)*
4o.0)2] - 2'”}

Vg = R.51 m[s
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I

~Lm 5.32 (108) (5280)
Se vT - fzoss o) = 5,32 (i080)(5280)

V= 6240 Ftfsec o 4250 mifhr
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B Tz =0 so Ti+\y =Tz Vg,

Take datum 'U:jro at arouni leve| .,

1S t1o 2 pris
sz 322 VT2t Ta0

Vg, = (175 +10) % = G643 %
Vs, = 175 (18) + 16(3) = 3230 ft-Ib

Se 2.8717v5+ 648 = 0+ 3230
Y= 300 ft[sec of RO4& mi|hr
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3/z46

e _d

ZM, =+, mglcosé a’z‘ﬁff 8)
=mlé

£9=-2£z:a.59

From [6d6 =548, £ | =

W
i

'2- < y ) =./%g
—Zﬁsm g, %=Go° 1/'_'

S0 at 5’=?0‘: a"=2’65-=1/2gf

By work-energy U=4T mgf:j—muz v=y2gl
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'3/24"'? Forces on jbﬂfﬁ’ré:’c excrt no mtonicnl dbowt

m;‘m/ @xis So Qrgelér PirCosrt et Fos st 15
Cernscrved @ boul Flys axis. THas dH, =0 §
m ffch?S/_s (!‘) = mlices 1.‘9(./1-’_]" z{wﬁﬂ = Ucws @
A/so energy 15 Cemnserved 3o sha T
z 2 v
./.Pf+di§’:aj‘ -zﬁ-mzr ..E;'mz(/; - mgh =0

: LU e
Eliminate, UV & 5f (os56= hd #
Vo2 r 29 h
=/ cos
or &G= cos "d
i
zgz
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__?’_/E_‘E, Sﬂs‘tf.m angular momentum conserved
durinJ impat : ¥+ Ho = Fog
0.050 (300) (0.4 cos 20") - 3.2(0.2)2(: -3.2 (o.+)‘°‘§,
= (o.osd+3.2)(0.+)zu' -r‘S.Z(o.a)zu’
w'= 277 vodfs (cew)

Enerjj Considerations after Impact
o

T+ V! ==/T;jr'\f ; chotse  datum @ 0 :

= (0.05 +32) Lo.4(2.77)] 4k L3'2) EO'Z(Z'TU]L

fs2(0.2) - 2v008). A [1.8) = o+
[3.2(0.2) 3.2 + 8.05) (2. 4) 9.8\ cos 0
6= 52.1°
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z 2 =
3!'245'_ Path form: —gj—Lr + _{T =1 a= 5%

b = 4 ft
Flnj\a'\w mamentum Geout O |s Canserved:
_ " o
MV = Mgy, * Vg = ?B_nﬁ gyt
2] = %‘(‘3)= \) "Ft}seL
y= b[I-&)]"

Pl -

& - =D-TE )= - -]
2 +-L -3
G it G

a
3 ay
Naw =3 = 0 and f’r = E_z
% =0 ¥ k=0 ‘,:L 4
[" %Y]wl ["4_0]3.":_ 5.1J 25
— Z - = —b.2
Se [D: QJ:Z.SI ZF-—MP '-TB: —
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» 3/250| w) = 40(2m)/é0 = 4./9 rad/s

a=ao.dwm, b=0.3m

Ror 62905 r=0.1+2(0.3)cos 45° 0,529 m

" Q=60 r=oult+2(. 3)cos 30°= 0.620m
b

-— Q|

£H=o}' .Emr;'za% 2mrw =0

= - rt _ /0 4.z
I T L
= J.00 rad/s
(or 32040 = 28.6 rev/rin)
¥

U=a7+4Y =2(zm)(r'e® -g'w?) + 2mg 4k
where Ah = 26 (5/n45°- 57 307)
= 2(0.3)(0.707/-2.5)= 0.1243m
t/ = 5([0.62’ox :‘f.aojz- [o.52¢4x412])%)+2(5)(84)(0.1243)
= - 6.850 # 12,470 = 5.34
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3251 = 1/23}1 , v \(zjh
_ Lf _/n _lloo
C. 7. ¢ " 1V =ico O. 724_

/
_ _mgh - mgh _ 200~ 1100
n mah (IOO‘%) Y TY- |°°°?)

= 47.6

|
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3!252; Sastem I'near momentum :
/
m U, + Y, = MY+ My,

.5 2 R I ! 2 /
32.2 (O'E) +32.2 (ﬁ 2‘4) = 322 Yt 337 VY,
' . 'Uﬂ.l"ull L I'vlf
estitution es — —105 = kel TRl SN
i U=V 0.8~ (-2.4)

Solve The Two Ee\xm_tinha 4o obtain
21,943 ft/sec

VU, = - 0.343 ft[sec

T
=

OrijmuL E:ntrrJJ T, = ;_mﬂ,1+—ﬁm1u
1, = _5322(03) v+ 3 % (24)1
= :'735' ft-1b
T, = &5 =2 322 (1.943)+ L353 (0.343)°
= 0,09l Tt-lb

B . et
e TUTE (o) < OB,

= 527 7%
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3/2'5‘3. Sjstem Momentum

1.5 . =2 _ L5 /
;-32_.2(0'8)Jr 322 Y2 T 3229 *t°
. _ ]
Restitution D 6.5
0.8- 1,

Sslve o sbhtam ’UI" == 1120 {t]sec
V== [.440 Ft[sec
Nete U, assumed. 't.a”cqi'\j unknein  olove -

no \eftuard direction assumed.
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- S—— - e a4 e e e

3/254| C onsider The case U, =v,. Conservatin

of sds’cem linear momentum ¢
i

¥ ] o |

/7
4N I! = (m'-"m'z-l ﬂ‘
L

m 'Tﬂt
—uzl_-ulf U —(—_]"__)U
. . ] R ekl S 1 m. 1
Restitution : T Y,
m, L
m, ~ €
I m, |'
Soe Tor 'Uz 7'\),‘ : ma > e
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3/2'55 333-}071'\ lTnear momentum :

]
MaVg T MgNg = My "Jﬂ‘ + Mg Vg —
AR A A fp\?/nl o ®
: . - V' - - M
R&Shtut\m ' e W . 0.1 v-0 (2\.)
Solve (1) §(® v obtam
Lty | — 0. [P | I
Yo T s )U Vs T Trep Y

/
For p= Z: Vo = 04633y, Vg = 0733y

)
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3/25& Irprc” pfe/acx'i”jx Za"'-‘}/f_;é(:m/l_
= 16.05 Frisec

o= o ¢ Fooyp'!

o= 10,03 £#/sec

= 0062.5

AG =0, S00/7/6.05) #

10.03

58 5
T
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3[z57 |

h, ~ r "'.O i\ h
" / z_
| P ' ~ |

ay ¥ Ty,

(Nn’rt © Drop  distences  rveduced by ¥= 0.'?'5">
U5= \12301..,-) y iV T E'ujr-' E«Jz (n-v)

= {24 (n,r)
- 0907 (25)(h-075)23)(1- 0.75) , h= 10340
Uy, = €Uy “'23(h1‘1’3= o9 %j(hu'r)

With = o195 in. ¥ h|= Qin.: h1= 7,43 .
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==t m {_ A senr L om_ /A o) /

a —— "4 —_— 3 | ———te (2N + == 1

2 My +tg 2 hy ety T2 ATA

silofa R
2 )’?4:4 -,'-f:.a‘?. )

2
n ) L T
g A) l/ri‘tAf‘f?z.g‘)—f-Zﬁ'?;q o
I Wy g 2
z —= /055
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Cidi- B "
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=3’
VRS9 . [t (T i h‘—s —

=/3.90 #t/sec r
A
/47‘ ffro:r’pa.:?‘z/s'—'ﬂdaﬁéx:@:’ao ”[ﬂ' II
/eos 9 +10°)=13.90 5in /0= 0 1) %—,—; .
olsin(B+10°) (b) ) 107

e = a 7: >
/3,90 cos /O
Combine ﬂljﬂgf’ z‘a,nr;gwﬁc') =397
+10" = 7:;'5?) =45.9°
From Ep.ta) o'=R302010"_ G o fi/ie

cos 75,9°
From Sample Prob. 2/6, h = ‘—*Lifi‘-ﬁ 780 %5in’65T | 243 42
2g 2x32.2 &
2g .2-!32.2 -
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3/260 Dwrinj impact FF,=O so na
v’ chonje n X \relucituj Componert.

Q VYCos 6 = 24(0.5>= 12 mg
" : _ ysnB  _
/O\ TN ydiny €2 Shesae O

= 1663 5
“+an 6 22 = 1.3%¢
8 = 54.2
12
U= osseze = RS mis
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3{2{9{ " t— momentum Conserved :
= . _ |
V= 2.4-1»1]5: v @ Ball: ml*ult- mV.
60°Nl -6

/
Cm I Ve = 'U”: = 24 00s60°= 12 ms
P m,U, = moy,

n- mMomentum :

_ / /
W/\”ln* '742”1,\ = V’{ﬂ’m t '7/1"”2,,

. ! i
- 2% s 60° = Y+

‘ ) U 5 ! i !
Restitution : e= 2n Vg , 0.8= Vg~V
Uln' "Uzn - 245 60°-0
. /
Selve o find - V) =-2.08 mfs | v, = - 189 s
/ ' 1 Vin
W= = 2zl | @ste (G20
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For 1€ 2 ‘{"Oje-th?r' 5
mv, Cos45° = mv,'sin 6
+ I!"-"n’Ugir

[
or V'sin®d + v = V= ()

For 1 olme @ mv Sin 45° = ro) Coso
or U,'Cﬁg.—.m/f{ (=)

Re st tutvan “Uz; -"Jltsfn& =€), cog 45

or "‘j-r_r‘ "«J;sfng = 0.9, /VE_ (z)

{ . [ - = . LI . - a
(V&R v sind 0.0284-y 3 Dwde N (‘1} 8=22%

e Tl L Te Ul Eew e T
T, ~ z
' ‘U'Z—FUIZT‘ ;z' rm], I
S %., ;. whewe V= 0.708v, )1},;&5?211'
z z
Se n= |- IR +GTET _ 00495

1
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Before @@ zg=z¢’+aﬂ
T'r '] /
E@iff} v'-ey -2
i @ %
i ’

UV —— — {aynézrc c?/j‘:/
z
Zi‘ g e~ ?/‘

i

- [/+e -
it z’; B ‘—27— ?"':
/= -""Lf f'*f
K1 2 )

1 !
7 e g /f£-3
2y = = 7, L A
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3/264] et The launch conditions at A

be speed U, \ | aunch O.ﬂjl& Qo

E The vonge Kk, (g

| VU, 5 b

| ik RUgs Sin & CosOo

| e_o_ s }x | | 3

A ond the Velscity Components

com'mj b B oare [, = 0,088,
'Ufj = =\, Sin B,

The VEIGQ\'J:J Cbmpanen{s aftter imPof.‘I at B

Ot Uy = U €058, Uy = EVysnbe : Which
2ev,t sinp, Cosb,

L)

vesult m The  vonge h, =

SG L.,‘?..:EL'I'
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3/=65]

130°/
U l /
o B L B %

Igupﬁ 50 kmfh
=Gz,r Mglg +0 = (mﬂfme)u'sfn 30°
1600vg = R%00v'( =) ()
Q, = G'a,ﬁ v MpVg x 0 = (Y‘ng+mﬁ)'11" Cos 30°
\2ea (50) = 23uuu'(u.%{,c,) &)
From (2): U'= 247 km/h
Frem (4): Vg = 217 kwmh
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3/2b0)| SH&"E.E‘.W‘- linear Womentum s Censecved :
| J
o MyUs + MpVy = (mermy)y

L-—-x

(moo) (2000 _l._.) + 100 (—"um\j)= (louo+|on)[u‘(cos 20°L
) - s 20":1:)]

Equa‘l‘inj coefficients
_L_ : (Iow)(zooo) = 1100 Cos 20° UI
v'= 1935 m]s

i+ -0y, ==(100)(H35) s1n 20°
Um = T280 wmfs
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3(ze¥ e Vg and v, stand for rebound
velocities from steel and brass plates,

Impact speed = {2gn =2@e)(.is) = 1716 s

i~ i m _ 1.029-0.686 -
0.6 ) Vg = 1o~ k| w= T
U "
04 % TEgT) %04 s ) = 0572 redfs
CCW
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3/269] y U.ﬁ = U, = 0

l 'UB‘:*UB = |0sin 30°

i 3 Y
° = S wmfs

bmls Ug= 10 mfs
i /
MaVa, + MaVg, = Mada, + MeVg

‘ /
G —0cos30° = Vay +Vay (1)
/ 1
e= B TVax . gq5= Nex V! (=)
Van “Vay G- (—.‘O C0530°)

Solve K9s. () ﬁL—(Z) ] Vg = 683 m]s
PUTS‘K"' = 417 M}S

Mani’tudeg and Uﬁ; = (.83 {%“@ (= Moo [go°

«:i:\v'ed‘;nng __Q"'}( ’\JE’:J: 6.5) %@ 68=50-20

Tnictiel: T, = L_lm(gl.‘.luz‘): -
Final * Ta= m (6:53%+6.517) = 44.5m

SBoAES (10am) = 34.L%

n=
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For 'sjst_e.m) LG, =0

- Va 23vﬂ'cn:aseﬂ' + 4—1!3! cQsaE:
) 4 4

= 23(8) (%) - 4(2)5) -
:.'ﬂ\“‘*/ ()(s) ( Xs) °)

For cach sphere, 0G =0
R 4(%)-'" rUﬁl sin e,_: --*(&:)
o1 12(8) < 3 shg -+ )
'UB" Cos eFSI __Uﬁﬂcogeﬂ_i_ e (d)

2(%) + 4(F)

Solve (2),(),€), B) ¢ vs' = 2.46 m]s | ©4=112°

Ve = 9.1k mls, Op=58"

Relatrwe 4o the + ’x-mis} the  divedons  of the
final  vRncihey e [ B = TT.2- 36.1= Ho0,3°
Bg =-51.8- 3%.3 =-%8.7°
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/
noont

30° ~ N a , ‘oo ™
= Vg, = Vg, =-128m30° = <~ 6 3

I
Gn

— Uqb= 3sin45'=212 =

|
MaVa, ¥ MeVe, Mavs,t MgV
10(3 Cos45“) + R(-12C0s30%)=
£ /
10Va, + R Vg, )

] ]
Vgn ~ Van
. 5 ®
3es345°- (12 cos30°)

-

Selve (1)  (®)

'LJP:“= -1.007 “"/5) 'UQ\'— 5.25 ™)s

Then Ul;wx = -2125m R0° — 1,047 ces 20° = ~ |.L72 "“/5
u;lj = 212 cos 20° - 1,007 sin 20° = 1.6A1 s
’UB".I:‘G'Q: 6{n2@°)+ S.25 desRe® = 6.99 M/s
Ngy = b Cas2¢ 4 525 sin 26 = =334 s
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3/272| ¥ Fer wshers, AG o So

o )" | P # [m (6 cos 30°) — m(4)]
20X 2 "5 ~[myisma)rmy]=o0
€=0.60 »C—rX or U -1 58 =//% (1)

£ A X\ For cack bar av =0 So
Usbmfist U it oo :
o0 esg’s 6(3), 2 =0
Also e =0.60= ?}E',&.—Zr;’_s;}.,e"
' L+ 6 cos 30°

- ' » &
, Ut sin8 =55/8 (2)

Cormbine (1) & (2) § et 2&5':5;94 +5.578 25':3,36-#—
E Sec

gf ?/,"'.s.'}aé{,'=2./6 " Divide by L{:'ws .5},’: 3

f 9¢7 Q'sten'o 7203 = 35.8° g = = =3.70 I

Initeal kinetic energy = 517 (6%+ 2% = L5, r52)
. 2

=, » : ' —2

Final i :2"—;17(3.?0 +3.362) = ém /2-?,9/
- 24,

% loss = %—?= CE20 or S2.0%
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3/273] Conservation of n-momentum :
M (-V, Cos60°) + m (Y, Cos = ) =

~ / Vﬂm; + mﬂé} @)
Y, © Restitution :
’ [
SUMEER

/ 208 ' e=0._8=
£/ (Nete :v,=V,)
Simultanesus Sslution of Eqs. (@) ond () :

!

- ()

-, Cos 60‘—111_'&0\5@\

Y, =Y, [0.9cosx-0,05]

o _ : b — B
’Ult = Y, = U Sin 6o’ = S
+an I0° = "Jm' _ Ul [L0.9 Cos N—0.0E‘]
Sol\fIﬁj ; Cos x = O.6ll : =1t 52.3°

e S
= 2. Q - 30 I

Se 6 20 + 52.2 $2.3 S 3@‘.;\——

or B = 30°- 52.3° =-22.3° " e
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3/274 N 24" 8
ot TN
-1 2 N/ | "
o= Tan 13,144 @\ | :IE.'ESL/n
= 38 Oo \\i. I o -
2 )
©,= %x+30°=68.0° I ¥ Zsin 30°= | "
Vd
q: \ n
/ | 2 ¢os30°= 1.732
M~ 28-13.85c-1 = 13.144
v |
[ )i = ol
> S~ 12-1.732 = 10.2¢8"

Mom. : Fﬂl(ﬂ,}h+ ?’42‘(752),, = 71‘1@';)!'\ + V‘z@?i)n
Y, SINGY.0° = bjaJ)n +(:Uz!)\’\

Restitution :  e= (2 -0')n

Q‘“)'ﬂ I @1)“

(2 Jn = ')

‘ U, 3in 68.0° -0

Solvinj) (U:)nl‘ 0.0464%,

p('ls.oJ @I")t = (“UJJC =V, 065 68.0° = 0.3'?511[

0.9

Fan elf - (i‘l..}n B 0.0464’01 9 I _ 7.050
e ©.315 v, ) N '

g=30-86' = 22.95"  tanf = (zgg Ty 70443
h= 5.%7". Then x=24-1732-5.37 = [¢,40 In.
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3 /2 15 F=kx=2.8(10% N

Hammer: v =y2h 600 kq. A L"' %,-;"

=/2(4.51)(0.5) '

=313 mfs | AV RN I

3000 kgl A 1""? A\P% N g
. — X%
For anvil: 4 7'+4 Vo +4 Vé =0 Leaaz«‘+
AT = 0-730000% J i

BV, = 2 (2.8x109(0.024)° =g =3000(0.81)- 294N

+ 2.4 (10°)(0.024) J

AV = - 294 (10%)(0.024) J
Substitute & get - F(000)u s + (2.8x10°)0.024) = o,

U; =0 733 M/:S
Hammer & anvil impact; 06,=0: 3000(0.733) 600" 600 (.13)=0

U’=0.534 m/s .
fammer after impact ;o /21/257—/7; h = '.{.29;.:5;‘3:;

or h=/4%53 mm

= O.0I453 m

_0.534-(-0.733)_ , s

= 3./3
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P3/276| Vy, = S0 Cos e | Vy, = Sosm «

.. = A2 PR S L X
AB Ve ~ So o T Scasa

fo‘sr" 1}“&: SO CoS o
- - = wRBERNCR: i
'Uag __’Utjﬂ at—~ 50 Sin ol Scosx
9g = Ya + "V, At ‘;:at"t =] +(503#ho<)(5 :;m)

-_3__ — o g
:’_(25005-‘* = [O0tan« - 50 Cost
at R : / . 3
= = -
-UUB 8 S0 Sina 5 cosa
/ ]
FS__J_X = -UZ'K—Ul"‘ * 0"'\)1?}
T . — D-S
'U"Y_'Uzac S6cosa-0
‘pr = -‘25 Cof &«
TS RN LW - 3
BA 2S5 cosk 5 Cosa

Jr = Jr TVt - L:n_atl

0 = Cotans - g )+ (Sosin< - 55 Y (Faew )

—32? ( 5:;;&_ )1
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CD“EQ‘E + LE g iR
36 ton o —

\

Use = (tomt & +1) +o obtam

i iad o
Sp. o Costy T D

S.79% +an* ¢ — 36 tang + S5.796 = 0
QUGP]W'HQ, Eﬁluﬁ;m H _t"lh o, = 0.201) 4.,?7
O e | 1 iy -t A
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27
'3/ ! FromA to 8

ﬂT'fél}é- =0: _-zimc{':'—m‘gb:da
c{;:.-y/.?g.éz

Dur'.f'n? I}W/DQCIL
ZF,20: BR-mgcos@+Ncos820
2 <mgcosd

r

During smalf +ime af/fmpacf; impulses mg Ei\/,-x

of 2§ mg «re nagf'fj'r'éfe —_——
sofZF dt w0 § AG, = 0: R

mu, casé?zmc.g cof )
jZF; dt £0 & U, Sinf8 = e sin 4 (2)
Divide r’..?)ég (1) c?{gef etand = 2'&»/6

U;(:[‘ECO‘S/B=U;CO'S€; U;.—: ..?3}2 cos B

_IAT] dme™Lma?
2

—

Ay _"’.:lz (.ec{.sing/sz’nﬁ)z

— —

18]

S/
7 2" Y L o2

2_+ 2 2 z

e sin*~4 e*tan &
= /._ —_— - ._'.':' X _- 2 - 2p.

o P /-(co 8+ e’sin 9) where 5in /5 __-__/+ezfa_n‘€

for @arounded forner of radius crrcufg.r then that of the Spﬁe!‘e, there would
be no d;':cam‘;}:m’,{j in He magniufud'c of He Vcﬁ::c:'i‘:, a.m‘) hence, no impact,
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"3f273.v:}\n . 4G, =0, 2(/0)+0 = -2Ucos8 + /101

n\\‘\ \-.‘f ’,-’ (= 5y$fn‘5ﬁ?) (1)
Bies = here
26 VA AG, = O (for sphere)
— L= O S |- ' ‘o ,
/0 m/s % ¢ 2010 s 300) =2Usin (@ -_-?0"/.
60

_ | Coefficien? of resrtstutron (2)
app/zes fe .rfe/oc.f}fy com,ﬂ&ﬁewr‘{'s /}7 r.!-qf;"/t

i UL 577 60° + U cos (@ -30°)

5 (3)
/0 cos 30° + ©

£5.(3)is 5196 =0.866 U, + 0.866 VoSS 05U mé
Sab.E£9.(1) Fo eliminale U, & gel

5 /94 = 0.956(2 + ©.2 Utos O) +0.Fé6 Ueos® +0.5USIn G
or [, 039 U'cos® +0.5U5/nO = 3.46* ()
£%.(2) becorres O0.866U'5/n@ -0, 50 cos®=5 (5)
Solve (£) #(5) § 5e7 U= 6.04m/s, 9=857"°

= Lo. () U= 2.087m/
,glerj@c),grigp@:o;-;/o (2.05*;)2%;?’1/6006'-2 o
§%= 002722, §=0./c50 m or 4= /65.0 mm
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3/219

Gwms (3.439x10"%) (3330004095 ﬂgﬁj
r (33 x10°) (5280)

= CJ"_?JFIZ_S 'Ft){SE(; = 13.8) mi/ge_(;
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80 ( : —
312 For o cCircular ObetJ T min = Crvax

and o= Rth So Ky, 3/48 becomes

)
g 9,825 :
= 637163 :

7563 m]s o RT250 km

"

U

Il
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3[r81] Fq. 3/47 with r=a= R+H:

3 e Ry

lL6Z (34%/2)7‘

H -1“}_;_'5_',30

V= 64l mls  or 5910 Km)n

(1000)
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3/292 Fs Gmsm [ 470

Moon m Fe G Mem /dﬁ_e
o Ve =
Dlmqs me
384 398 Z

149.6 (16%) - 384 39% ) 333000 = 2.2]

TthE'beE') hfh?. QCCE[ET’G‘E\OT\ ot the moan
1S fPowad the sun | Gnd Thuy The  path

s ConCon towawd the sun!
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3/2'?3 . [7, _37/5"7 For a circular orbid of aldidtude waf.i‘; a=r=R+H4
v2= 2gRUE-L)= gRYIR+H)| o= 2+/g](R+H)

uE = 2R (- )= 2gR/(R+H), = R/ 2g/(R+H )

escape

Qr=u_  -u= R}/Eﬁﬂ— VT=1) =T - l)r = 0414 o

escape

For R=3959 mi, g=3223 #i/sec” H=200 mi,

= 3989 [I2-23/5280 _ 4 g0 mifsec, Ao = 0414 (4. §0)=1.58 7%
3959+ 200 AR}
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3/2'3‘1 /. EF7/ +2490 = 66// frm

legld o]
ooy = 637/ +400 = 677/ frmm
y _ /=€

So (/ff)ééff:ff-e)tS??/ €=0.0//96

F?am £y 344 certty @= 5 Tonax * i) = 6697 bom
7z (669/x/0%) 72

@37/“03)\/? g24

= 5446' S or

7 =7 h 30 mn 7€ =
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3/235] = g Dz

r'?.
| 4% (1623 (L300)(16*7)
(I.t:'?uxlut')z'
v i\{ 1656 (1062") ]
me T (4906 (1623 /470 (0%)

= 6613 (157" *16.50 (16*')N

F= mru.l) 6 =

)

1017 (1675 ) rad]s
t_. =2 — = Ar

- 2w - s
W T o100 GJEOU )S or LI dajs

_OF _oaes0 (102 _ 0 -3 2
an= L4‘i{}(10z3) | .7([0 )m‘s_
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B/28] Vi

= 21?\] rf‘n').'g = 3‘&

Yonim + T
O\..-: LALALaY Lk s - 215R

2
UP=R\[%‘J%§: = R\/Z.SSR zil = 1"%_

The Veloth\j in the Qr;\j'-.'f‘-ﬁ.[_ ciralar orbit

Y
ve= RVE = RyZx = V=R
AUT U -V = @(@:-Ej = 0.0675 3R

Numbers : AU = 0.0675+/1.825(¢3M) (I509)
= 534 m|s
(&.U 45 occur G'P‘P“5L+?Q' 3)
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387 r=a= 637 + 366 = €67 km = 6,611 (16°) m

= -2%&.312 g 2 ((o.b'nxm“'_)s"z
R \]3 6.3 xm‘-q 9.925
= 5421 s

Speei of araund point  on e,ciuuﬂnr
Ve=Rewo = (6378)(7.292 x107S) = ©. 451 kms

Recluirfcl distance d = 'Ue't = @.%51)(54—2'.)
= 2520 km
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3/233 @ On 3munc{) speed V), = QR CQSZE'.E)(.G
C—% = 6371 (1000) Cos 8.5° (0.7242 " 16~ *)
= 408 m|s
= Ly, = = (80 000) 408 *
= 667 (18" J

V’I —"j—ﬁ\ = —g0 000 (‘],%25) (‘63']‘\-1309 - _5'0,[0'511)]-
i

@ TIn civohr  ofeit: U =R

= = i ‘
6_:3‘-“ (10 )-\((:afﬂl +3to (lon? =173 (lb"") s
Tas Err = = Bo0ss [173(12]]* = 231 (0*) T

. - ™qRE _ _ 300 (3,825) (6371 lem) = 2
Y2 - (6371+368) - 1600 - 4T8(10) T

AE = T4V, Cr.ﬂf.) = 261(10'1)3‘
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@ y-= R\/: = 63T 90")\/@,31] +637)(l000)
1544 s

"

® From Ty = Q(l-c)J a= :Tin - |I;io.i37‘
= 7187 kwm '
Up = R{Z thz = 63“(!%0)\/:'1.';{82']5('“‘“) f]f;.Il
= 7912 mfs = l
‘ Fonin L1(¢3T)
@ a= Tme” T T T 10081 km

9,825 [+ 0.9
Up = 637I(l°?°)\/70 om(looo) |- 0.9

= |0 398 mls = v

<3
@) EQ} 3/4*7 With a=>w: = Ry{ 7+

This 1S IZ_Z— +imes ansuer For part (GB}SQ
v=Z (7544) = 10 6L8 m)s
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3290 v, = Ry L = (3959)(52%0) [,32:23

(4757) (S2%0)
= 2367¢ ft[sec
R I ’ max
=(3959)(52¢%0) [, 3223 Ol El i
( 15:‘)( )\{(2(335?)2‘1?00) (5280) 4739

= 23,917 Tt)sec
Momentum Conservat ion

durin 1.m'pt1d‘ :
MU+ MeY, = (mn-tms)ﬂ

Bllt' T“_"‘n-: mE ; So

U = = (Y wB) = 23,79 Ft/sec

M
From , = R+ < WI T
F _J Crevin )

r — rmin
May

= 2z.s¢52.x(07 ft
e ) (4858 mi)

Mgy = rmolx_g = 4?5‘5’*3515? = gcﬁ ml.

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes
to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work

beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner
is unlawful.



3/29
Padius of actuel orb/t around .

— — e —
Q 2
the sun is a, which is the ma_jor Sun ;"T - Earth

axis 2a’ of the degenefa te
&/ / .f:’p_s“f_

R= radius of sun

Orbh"al'}ag,-,-od £a. 3/4’4, Py g= gmw';‘ur‘;bn¢f accel. on

For actual orbit T =7 WGl surface of sun
Rvg”

/2
(a2)”
For . te ell/ 7= 2 —L2
or Egt;’nem ¢ £ .lp.f? E@-’
3/
a7
(4 /

so
But time 2‘"1‘9 fall is ?L=jf,:é‘-(:?—{ 5’{; :‘#?365: 26
=646 days
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3294 The apogee sSpeed ot C =
=rd L [ Ui
v Rl

) i 9.8285 " [e3mazan
= 3 (1) (26311 + R4+ B2) 1000 [ [ 63714320
= 1697 'sz

The Ciwalar orbtt 5?.&90[ ot h= 320 km I3

M= R\/ 9/‘, = 1720 m(s

\re max

AV= Vg~ Vg = T1R0-T7657 = 23.25 m/s

Fat = sau: 2 (300m)(at) = 85000 (23.25)
aT= 329 s

The burn ‘o nerese speed 15 at C.
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3/293] The linear Impulses from dvag and
trom The thruster must be €qua |
in maani*}udti or

DE=s272T
burn q3fl
t = 10T where L = 24 RP
L ijw (6.571 x10¢ )3z J
oY - —
G.311%10% /9,325 5300 s
t = 10T = 53}60(}5
2. Tt hurn _ b (300}

= =0.01132 N
t 53,000 ——————
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3R From e =ali-e) :
1959 = [4.000 +.‘3‘i‘5hléjoaoj<|-c)J e= 0,66%

b= afl-e® = 23959\ 1-0.668" = 17 §33 mi
At B, r= \fle,ooo’w t?}aaa" = 23 151 mi

2

Us .5 23?'{?' ("T-' 5 EJEL)
2 ' !
2 (32.23) 3151 623%[23‘351 i 2(2.3,15?)]

Vg = 16, 55| fx ij’t—

ll
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= 3z
3295 o v alar . phe KRBT DN 2eanT
I S TN =T
- [2oo (10N ]™*

" : = 21,70 000 s
Vo673 (5" 103 L
2iva I%

R 3ATE T = G (mpme)
Y [=oo (169)] i

Ve.673(6™) ( 163+ 10%)

P4

:21‘{

2 1 40 000 5

(" 4.7 pereent diﬁam&)

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes
to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work

beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner
is unlawful.



_3’_@ Speed i Circalar orkit s

v= Ry T = fisa)(s28 )J 22:23

Guys9) (5280 )

= 243453 1 [see

Time Y‘Ec\u';fl'cl +for B +to rehrn to C,l5

burn qositin @t = ¥ — 1000(5280)
'U‘

= 5%32 s

- 2%a Y2 2/3
S, ()

(5832)(3959)(52¢0) V32,23’
( zﬂ) S2¢0) V32,23 ) 3

=2.29799 (i)’
ft

At Gfajef;’_) V= \/ZBREE‘IF- —2L£:l= 2_4)]5'(, 'H'#EQ

A= V-V = 24,458 - 24} IS¢

= 302 ft/sec

(Can check 4o ensure that € doeg net

strike the earth b -Find{ra Mmin= 2.242 xlo? f+
> R= 2.99c x1n? q-t )
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%ﬂ From pPrevious  Solutien )'the Ciranlar
orkit speed s V= 2_4-)-4-53 ft[sec.

Time requlred for B to return to C's
burn position over almost +wo Cirwlar orbits:
= 4—’n‘r—QOOGj (52%0)

= Il 381 s

:(TR ):/3 [('“')3‘15? (szegwyﬂ%

20 | |
= 2.32¢26 (107)ft
At apogee, VU, = ‘\/ZSR?- (JF ——]'zz_j = 24)30‘? F‘L‘]sec.

DV= VT Ve = 24)4SF - 24,307 = 148 ft /sec
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3/2?8 Circular  orbt speed
3 s 2 e fL
Ry = Ryzx zaR

Speed ot A (apoger) in elliphical orbit:
= 3 Conin - 3 R _ a1
Ua R\lax/?;;; B R\/z_mjﬁ Ve 3R
Vo = Vo-Vg= (3R 5= (% | = o tendgr
T
Numbers : V= OJL;‘H\/[,&,Z 34—.;_[" (Iooo\

= 2%4 m [s (direc‘ted Y“eavuuri)

I

Call The Circular orbit period o and the
ell|pkicol orbix Peried T'ms

3
"= zmade  2r@EYY . 21 (2R) h

—

Rl Ris ) ‘%e Ry

v (Yo - @Y s o o

18.0°

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes
to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work

beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner
is unlawful.



3/2?? Circ.ahr orki s N = R\lé_

v = (3959)(52%) \r 32,23

4|5"){_52?03 = 25332.‘4' ‘th&ﬁc.
) 5 I - 2 (6000 _
Dufm\-} Nora 1 A= (75.000) Jaz2 Z.ZﬁE

=VY-q t = 2 - - -Ft
Va ¢ S,324 - 226(150) = 24193 1=
V= 29R" [ - 33
Substitute Conditeng at B +» find a= 2.1'103(11?) +t
Use Vg, = ‘E\' —%— %% +o obtamn €= 0,02599
r = M

|+ eCos ©

(z.1403%167) (1- 0.025992)
(2959)(S280) = e

utilized ot ff:a.-.ﬂ": C:

6= 26.7°
p= 136-6= 153.3
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3/300 From £5. 343 d_ /EECcoss
A r a(/-e2)
when =905 r=~r
" 8=/80] r=R+H
— Thus £ - _/
R a(re?
95( A i, -SSP /
R+H a(r-e?) acli+e)

Solve e” /-e= _R_ #
g9 Jeﬁfﬁ{ al(l+e)= R+H

From £3. 3/48
- ]/9(/*“—’) N R r _ RVie
a=X e (7+€) =RV RrH R+H ~  RFH

For circular orbi?

= K g — 7 -— R 52
o JF?TIJ . z]{/;, R R+H r_+H

S RVl (1- /)
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3/301 Vg Ug =V Coset= 2000 cos 30°
o = 1732 mls .
—ﬂ'rf?zr:;{\ s+ VUpz VUsin & =2000 sin 30°
p 71 ’3‘7‘\2:5 = (000 m]s

| U
R e ZjR?'( r - 2a
O i conditions at B:
A= "3.2906% 16 ©m
2
":zm*uﬁ = "li m (Zooa)z =

I

Ts = 2¥%I16° m
Vg = ~MIR™ | -m (9%25)6.371 % 106) "
r 6.3 %106

~6.2595 X107 m
E=Tg+Vg = -6.0595 x 167 m

h= v = 630 (16°)(132) = 11035 xl0'"

Now vge = 2Eh? _
e -\r|+ mﬂ,_w +q aat e =0.9525

Finally | Yrog e (1+e) = 3.2900(16%) 1+ 0.9525)
= 6.4249 x16% m
hma‘-—; max—~ R = 53 900 m

or 53.9 km
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At A VT = 2(9.928)(6.370 % 106¢)% X

N—

| |
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Yy RWJ—TJ—;; RE;TR |+ 0.6306
= ].555+ R

h= rava = 3R (1.555{T) = 23332 RY%
Conservatisn of anu\o,r mamentum Tefiu;ﬂs

h= Yglgy = Rug, = 2.3332RY2

Vg, = 2.3332 R"2

- 2.3332 (f,.s‘rlxm*')‘fz = 5%89 wms

Bg = Ug Cos 4

w= Cos” (B2 ) = Qos"(im> 33.8°
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g A 1

H
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\

: |
[(@311 r150) 103 2(T%) 103 }
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Ruw= 6371 (18%)(0.1292:107™") = 45 ms

. -R
Absolute dish anu\a,( \J&luub Pq_= . .U—HE-

Relotive  dish angular velac|

V-RW  %I79- 4b5

= L -4
P" H w = ISOCIG“"J 0.’12{12('0 )
= 0:.05\4 Yaud]s
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0= Oia = i _,'f___.__ IR __)__
n
| \
o \ /
So fP = L ~ -~
O Rl 1ot §
x ‘he, [ R LR |"
From Eq. 3/48, o
29 Yma N Y Yol W
,UP?.. =R o _L'f‘m;n max | min
But fram Eqs. 3/43 ' Poin T Tmax = Ra | So
o g Z Vrnay o
Vp = SR‘ r

PN T‘m{nffmi
R \=
[:“59) Qyp = 3per{&ct iy ( rmin) ('Fl"nm Chuf‘l'tri)
z
Thus PP = ZSR?- V' max i R

§ . z
Pein Ymin*max /3 Vrain
| Vmax " min
= 2

rmf'n ‘I"‘I"mu
3 (Rthg)(R+he)
e f’F © R T ZReh thy
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Path /s limited 4o an equatorial
orbit in order o remain chove a
p.p;'n:" A on the 'eysrm‘ar.

o é" for cirvemlar orb/t , w=0.7292 M(J_"'ma'/s

‘?-*H fq. 3/9’? with a=r=R+H = 6371 km
g
R+H

Cam‘b‘;ne ‘gggf 2+H:3 g z /‘Lj’-"-' '?:,525(63?fo03)2'—éj?fx"OB
LGP T R (0.7292x10"")*

g;'res =K

=42 170 -4371)10°=35.8x10°m
or H=35 800 ém

b

B_ K -16371 _ 2 R -5" £ long itucl
T el " g pap = DR AndeS e of s
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S = Ryl
! o 7825

.::'r.éz}*’}
=637/(10%
E (112 377¢ 103)
= 5678 m/s
for elliptical orbi? a?l apogce A .
r -H.‘_'. i
&y = f‘? -'-9-- _.CT,"_" | N .
: /; Fax e ZCZE ‘:-—'
= 637/¢+ 3000 =937/ "‘"”'|'czzxe+5aao |
=637/ +6000

tbhere [
oy = €37/ +6000 =/2 37/ km |
50 24=6371(10%)\ . T825 [ 937/ =/237/4m
/0 &87/1(103) {1237/ 2@2: T Jooo
= 2/ 732 km
CZZ: 20 877 Ao

=527/ m/s
Thaus QU= 5678-527/ = 406 rn/s

JO 2000 ¢ = oo (408)
= J)E2 5

i
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n
e ;“{1_}2 Fo : force exerted »n

5 spacecrott b\j ear th

.

Y T
ZF=may . Fg-Fe = me =mlw
=m@W)(F)"
where, D 1S the earth —sun distance ond T
s The eoarth ovkitel P 10d .

Gmsrk _ Gmerk - o) (T

©-n)- he Ft
Witn G = 3.43?(10’3) et M= 333,000 m,
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Hir hoas

h=4387(18")f or 922,000 mi
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At A avy= v by = RM{TH R, = R (E )
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Eq. 347 ¢

'Uz = ZJR'LC_\"*_ -‘2_10‘-")
14006° =

2(ﬁ-825>(637| . |oocbz[—,_}m — _'__]

“ZLa
= T462 km

Il

L = L m (’Mau)" =

_ o omaRY _ m(9-825) (63T 10w)*
A Rl 13N (luou) 54._1({0&)",‘
i T R ?l"p.?(lb"jm (fn Toule;;)
h=

1) Z
U= T3 (%) (40 eas 2%) = 5.45 (10™) T
L REh? 2(-267)10°m 5.45" 162
= \/"i’ mﬂzp\q- J| +

S
M G.?QSY'(LS’]I-NMJ_F
= 0.0369 |

i q(l-el) ] T4L2Z (i—o.azm"‘)
From = TP 1371 =

|+ 0.036% cos®
=+72.8° Se o = T28°
J,’Q Y eain = g,(n-e) ='i4&.20-o.o3m)
/ | = 78> R= 637 m
;dz 72.%8° .
/

5. Does not strike €arth
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ﬁ=+qu- SR
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v = 29R* (F - =1
At B : 3200 = 2(4. ?25)(63"“*"“’) [‘ Vzm 631105 zq

G.= 2.066 ‘,(lO m

B - Lz *rm.ral = "" m (3206)1 = 5,120 x16° m
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Vg = ( ) 162 %10 m
e " 2 (6371 x109)

E= TtV = —6.504 %10 m

Vg = 200 sinx = g8, 5 m/s
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ka 'f“/s
. \J | . 2Eh%
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m
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Q= v - 2(—6.554@(_4_017)“0'“)2m
m (9.825)% (.37 xi00) *

= 0.9295
a(l-e*)
|+ ©Ccas &

At B 1 29 (63Nx¢) = .06 x17) (1 - 0.92667)

I+ 0.9295 s 6

n

6=160.9°

. . L I-0.9 =
At C ¢ éSWl(IhEF ('3 066 %10 )( 0.9295 )
I+ e cos

e= |, %°

Seyn, - rnajar  ax '8

5{ line

T 160.9-153,2=21°

(3,.—_- Ini.v— 2.7 = 109.1°
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The speed of The Satellite s

N = xf'ﬂ-:-r“ds;; = 791 wm/s
Eq. 347: VT = 2gRY(F - m)

I
(1m31)*= 23, 825)(43?1 ruoﬁmom) 2@]
a = 6572 km
/

—

3

27e 't
rT= ——— = 530|s

RVg" ==
Frevgy E = =) - ———L—E‘mrm = -30.3m(10°) T
h=vVg. = 6571(1999)7790 = 5.12 (16 ) m?s

. - 2Eh _

Ecl 3/45 e = | + m =  0.012%84%

A |+ € cos B
Yo L Q(l e* )
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6 = C'oa EZ)'\G.C_H:]
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r \ —

v = R{Z \/rr:; 1690 mfs
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22w 20 (sms0) ¢ (15 Fes ) = 2a(30)

1 =
= 3.0 - t=Q,
A-000 b Q gooﬂheb =
— =F=ma: F= 25 (3.03)
F TN F= 3% W
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Qo 16
A= R64°
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UTE\ 90 )

U ATy ¢ Fd= = m (Vg —o)
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= - I15mfs
F K\ a_= -o. t S LT |
or Truck, Q. 135 st 0.9(3.81 mls?) ks

Far crate, a. = -o.”;j
%fy = a,~aq = —oqjﬂ(—o.qj) = 0.23
(As 'lcmj ag  truck is mw’\ﬂj}
Yefr = Q‘cn\o t (”Ch\o‘t\si% +3 Aefr t:tqr
= 0+ 0 + Ji@.zj )@.mq)l = 2.3 m
'Uc.{"r = t“ch—)ﬁ + o IT tStuFZO" (&2\3)([.6‘]33: 333 =
T‘nen : .Ul::.l': ﬂr:.z + 2Qt:, ("K"')fo)

5
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U = 2,46 g
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3320] F= constait

Absolute : U = AT : F(s-t— 510)3 Jim(uw)a"’irnuz

Relative To walkway @ U, = AT : Fs=Lmv™o

@)
Suktract @) fram O Fang = muy

The term MUV represents The work done
b\uj force F due only to the movement

of P Nu\kmu\j.
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k(x-x,)——
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)Ea’£=;'¢'dx S0 x

ax __H -x )|
oxx /[g (x - )]x

35 = (2, - 522 (e ox,)- = (- x])

4 ’Ez)... kx, K oz
dx (.2 =4, +';1'£‘Fx50 bor max, i— g hence max x
mez
So a&-’i_ao+k"a X =X _+ e
b m 1 k

Thus

2 _ = ”’"a 1 2ma,  mas 2
(0;'1‘1' qu_' 2(‘1 +_)(%D .?C) k(x 4'_"'10"" _k';’—xa)
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h

: | -
0.8mjs BE 0.8 mfs

m,= 10 Rj 0=0.8m & =9q°
6= 3vadfs

U7 06 = 0.3(3)= 2.4 mfs

T, = "imy: = % (10)[o.8%+2.4%] = 32 T
(same far cases (o) and kb))
Te = Tmou” = % (=50)(0.8) = %07

T= T+ Te=3R+80 = N2 3T For botn Cases
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4| . L QA
e 6" 8= —j Cos® (1)
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S 1 4 '
L = i —Q::- .: m (Qe, 4+ G,Sin 9) @)
" ;i d_i _ Qn
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. ’ e §
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6 o
N O
=z 9 - ) s»n®
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[ 08 ~mqsine= m (06 + ;s 8)
) T{,ft i o= - g‘l%ﬁ_> sin 8
mg \‘\ 56:16 = "‘SC%IS )Sl.nede
0 o,
6% = 2(3.%1)((:956—%56@

ZFn: ma,: T- mq CosO = m(ﬂé?‘+ clocv:nse)
T=m [3 (3 cos® - ZC&;80>+ o, (3cos 6 -2c0s6,)

\__'.L_____J

When © = o = m(9+a,) (3cos® - 2wty
T = m(gta)(3- 2 ces8,)
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N
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. N X 1t .
Relative ! Urel = hTr'E\ ""A“{ﬂ rel F5=2M”df+mjs SIE
I "
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. 5 | 564
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Case (a): Orbf?‘u!.speea’ (5 constant sp Mhat X (s both the cbsolute
and relative acceleration in the x —direction.

H’E-’ﬁCE F:m}f ADKE{J.

Case (b): Orbital Jpged Xy a’em.ra‘n? in the pesition shown
S0 that a component of accelerction in the neqgative
s-direction exists 50 that the Frue (pbsolute) accel-
eration in the x-direction is X minus the fangential
orbital deceleration. Consequentiy Fé#mx. Only at the
perigee anel apogee positions where :}='4J woulel
F=mi be true,
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REA A GEM(_Zv,)‘j = 2wmy
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G, = ™, = % (G0 o= (-i) = ~1.281L lorse
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= 22 19265+ &) G, |
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— ==
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aN
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~ : displacement © is
o Q U= L5 (amzse)ﬁuza(ozsslne)

; - 2,_:‘ (0.375) (1 - Cos ©)
U‘f[ 29 | For O= 30° U= 1659 T

AT= [ 152 +2(ch£_§ v)* *‘2(222 U)]

= 325.3v* Ulz AT yields 0.0714m[s ('-”.4.%)
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S/ — - gt
) 2Pb (s 3 Srnz )

-0,6P(s1tn 60°-5/17 30°)
: 0.2/96 F J

—V=0 d%:mj'ﬂh

. 6 6,
=mg (5b)(¢0s 3 - cos 5
= 60(9.81)(1.5)(cos 30%cos 2y,
= 323.2 J

T 3.2 +270

Thus 0©.2/196 /P = 323.2+ 270, pP-= ii._w?é_" = 2701 M

or P=2.70 kN
For complete syskm e e

ZF=maj' 2rR- GO(9.8/) = 60(20)
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