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(b)

First collision (between A and B).

The total momentum is conserved.

! !
MV, + MVg = MV, + MV

! !
Vo = Vj + Vg
Relative velocities.
(Va—Vg)e=(Vg—Va)
! !
Vo€ = Vg — Vi

Solving Equations (1) and (2) simultaneously,

!

Second collision (between B and C).

The total momentum is conserved.

MVg + MV = Mvg + MV
Using the result from (a) for vg

Vo(1+€)

" !
+0=vg +Vv¢

Relative velocities.

(Vi — O)e=V5 — v}
Substituting again for vz from (a)

@+e
2

Solving equations (3) and (4) simultaneously,

Vi = %{V(’a; ® . Vo(1+ e)(—g)}

Vo

(&) =vc Vg

@

)

Vo(1-€) <

Vo (1+e€) <

©)

(4)
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PROBLEM 13.160 (Continued)

For n spheres
n balls

n—1" collision,

we note from the answer to Part (b) with n=3

! ! ! V()(l+ e)2
n 3 C 4
, Vo(l+e)®D

or V=

Thus, for n balls

For n=6, e=0.95,
from the answer to Part (c) with n=6

. Vo(1+0.95)CD
S G
 V(L.95)°
2°

vy =0.881v, 4
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vV, =6m/s

(V,),, = (6)(cos 40°) = 4.596 mV's
(V4), = —6(sin 40°) = -3.857 m/s
Vg =(Vg), =—4m/s
(V) =0
t-direction.

Tota momentum conserved.

MA(Va)r + Me(Vg)r = Ma(Vg), + Me(Vi):
(0.6 kg)(—3.857 m/s) + 0= (0.6 kg)(Vj), + (L kg)(vg)t
—2.314 m/s=0.6 (Vj); + (Vg);
Ball A alone.

Momentum conserved.

Ma(Va), =Ma(Va), —3.857=(Va),
(V) =—3.857 m/s
Replacing (v,), in(2) inEq. (1)
-2.314 = (0.6)(—3.857) + (Vg ),
—2.314=-2.314 + (vg),
(vg); =0
n-direction

Relative velocities.

[(Va)n = (Ve)nle=(V&)n — (Va),
[(4.596) — (-4)1(0.8) = (V&) — (Va)n
6.877 = (Vg)n — (Vadn
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PROBLEM 13.165 (Continued)

Tota momentum conserved.

Ma(Vadn + Mg (Va)n = Ma(Va)n + Mg (V)n
(0.6 kg)(4.596 M/s) + (L kg)(—4 m/s) = (1 kg)(vg), + (0.6 kg)(V4),
-1.2424 = (vg), + 0.6 (V4), 4
Solving Eq. (4) and (3) simultaneously,

(Vp), =5.075m/s
(Vg), =1.802 m/s

Velocity of A.
an B = [(Vp), |
[(Va)nl
_ 3.857
5.075

[ =372° B+40°=77.2°

v, =+/(3.857)% + (5.075)
=6.37 m/s

Vi, =6.37 mis - 77.2° <4
Velocity of B. Vg =1.802 m/s < 40° 4
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(Va), = (8 m/s) cos 20° = 2.819 m/s

m, =
(Vo) = (-3m/9) §n20°=—1.0261mis A e

(Vg), = (-3 m/s) cos 20° = -2.819 m/s
(Vg); =(3m/s) sin 20°=1.0261 m/s
t-direction

Momentum of A is conserved.

Ma(Va); =My (V) —1.0261=(vj),
(Va); =—-1.0261 m/s

Momentum of B is conserved.

Mg(Vg), = Mg(Vp)t 1.0261= (vg),
(Vg); =1.0261 m/s

n-direction

Tota momentum is conserved.

mA(VA)n + mB(VB)n = mA(V,A)n + n]B(VI,B)n

2.819-2.819= (V) + (V4),

(Va)n ==(V8)n




PROBLEM 13.166 (Continued)

Relative velocities (coefficient of restitution).

[(VA)n - (VB)n]e: (VI,B)n - (V'A)n
[2.819—-(-2.819)]() = (V5), — (Va)n

(Vi) — (V) =5.638

(Va)n =—(Ve)n 2(V,),, =-5.638

(V) =—-2.819 m/s

(V) = 2.819 m/s

v, =3.00 m/s - 40° <
Vg =3.00 m/s 47 40° 4
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Momentum in t direction is conserved.

mvsin30° = my{
(15)(sin30°) = V't
Vi =75m/s

Coefficient of restitution in n-direction.

(vcos30°)e=v,
(15)(cos30°)(0.9) = v;,
v, =11.69 m/s
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Writing V' in terms of x and y components

(V)o =V, €0S30° — v Sin30°

(V)o = (11.69)(cos30°) — (7.5)(sin30°) = 6.374 m/s
(Vy)o = Vi SIN30° + v cos30°

(Vy)o = (11.69)(sin30°) + (7.5)(cos30°) =12.340 m/s

Motion of aprojectile.  (origin at 0)

(at?)
2

Y= Yo+ (Vy)ot -

2
y=1.2+ (12.340 m/s)t — (9.81 m/sz)tE




PROBLEM 13.170 (Continued)

Timeto reach Point B (Yyg =0)
0=1.2+12.340t, —(%]tg

X=Xg + (Vi )ot
x =0+ 6.374t
Xg = (6.374)(tg)
=(6.374 m/s)(2.610 s)
Xg =16.63m

d = xg —1.2 cot 60°
=1594m

t, =2.610s

d=1594m «
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1 GM

Using Eqg. (12.39), —=—-+Ccosb,
rA h

and i:%+Ccosé?3.
g h

But 0z =0, +180°,

o that COS @, = —COSbg.

Adding 1,1 1,1 2M

2
rh g fh L h
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Elliptic trajectory.

(b) Increasein speed at Point B.

For earth, R=3960 mi = 20.909x10° ft

GM = gR? =(32.2)(20.909x10°%)? =14.077 x10" ft%/s
r, = 3960+ 40.3= 4000.3 mi = 21.1216x10° ft
ry = 3960 + 336 = 4296 mi = 22.6829 ft

Using Eq. (12.39), iz%-FCCOSQA and i=%+CCOSQB.
A h re h
But 6y =6, +180°, sothat coséd, =-coséy
Add|ng, i_*.i:m:ﬂ
ra Tg  Talg h
he 2GMrrg
I’A + I’B
~ \/(2)(14.077><1015)(21.1216><106)(22.6829><106)
43.8045%10°
=554.911x10° ft?/s
(@  Speed vyat A
h 554.911x10°
ry, 21.1216x10
h
Vg)=—
(Ve .
_ 554.911x10°
22.6829x10°
= 24.464x10° ft/s
For acircular orbit through Point B,
GM
(VB)circ =. T
B
 [14.077x20%
22.6829x10°
=24.912x10°ft/s

AVB = (VB)circ - (VB )1
=448 ft/s

Vp = 26.3x10° ft/s <«

Avg = 448 ft/s 4
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First note Ry = 3960 mi = 20.9088x10° ft
rp = 202x10° mi =1066.56x 10° ft
rg = 92x10° mi = 485.76 x10° ft

From the solution to Problem 12.102, we have for any elliptic orbit about the sun
1 1 2GMg,

2
nn h

(@) Forthedliptic orbit AB, we have

n="_rp L=rg, h= hA =TpVp
Also, GMg,, = G[(332.8x10*)M ]
= gR%,,(332.8x10%)  using Eq. (12.30).

1,1 20RZ,, (332.8x10°)

Then >
fa TIs (raVa)
ANTE:
or vy = Reath 665.169 >; 10
2
~3960mi | 665.6x10°x32.2 ft/s?
- 6 1 1
202x10" mi 1066.56 x 10°ft + 485.76 x 10%ft
=52,431 ft/s
or v, =52.4x10° ft/s 4
(b) From Part (a), we have
2GMyg,, = (raV,)? (i+ij
fha Ts

Then, for any other eliptic orbit about the sun, we have

2

1.1 (raVa) (%+é)
nor h?

For the dlliptic transfer orbit AB’, we have

n=ra, fh=rg, h=h =r,(vVa)y




PROBLEM 12.105 (Continued)

1 1 _ (rAVA)2 (ﬁ*‘i)

Then 1,1 Gt
Y [ra(Va)e]
2
R R
or (VA)tr =VA %4—% =VA 1+:7A
A B B
1,20 U2
~ (52,431 ft/s)| — 2
1+ &5
=51113 ft/s
Now hy = (M) = (Mg )yt Ta(Va)y =Te (Ve )y
6 .
Then (Vg ) = 202107 M o1 113 /s = 120,758 fis

85.5x10° mi
For the dliptic orbit A'B’, we have

hL=ry, IL,=rg, h=rgvy

2
Then 1,1 ()

' e (rgve)?
12
or Vi =V, 1A et
B=VA~ |7 1
rB’ rii + é’
6 (1 . 1 2
= (52,431 ft/s) 202x10 5 ml_ 202: 10° 92xi06
85.5x10°mi 164.5x10° + 85.5x10°
=116,862 ft/s
Finaly, (Va)y =Va + AV,
or Av, = (51,113-52,431) ft/s
or |Av,|=1318 ft/s 4
and Vg = (Vg )y + AV
or Avg = (116,862 —120, 758) ft/s
=-3896 ft/s

or |Avg|=3900 ft/s 4
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First we note R = 3960 mi = 20.9088 x 10° ft
r, = (3960 + 350) mi = 4310 mi

=22.7568x10° ft
rg = (3960 + 75) mi = 4035 mi

Voo = [ [Eq. (1244
N

1/2
32.2 ft/s?
22.7568x10° ft

For the circular orbit, we have

=20.9088x10° ft[

=24,871ft/s

Now (Vo) a = Veire + AV, = (24,871 500) ft/s
=24,371ft/s

For the elliptic descent trgjectory, we have

% = i—'\zﬂ +Ccosd [Eq. (12.39)]

Noting that Point A is at the apogee of this trgjectory, we have

at A, 0=180° 1. 9" ¢
. h
o oM 1
h Ma
a B, 0 = 0, =180°— £ AOB: i:i—'\z/lJrCcos&'B
's
or C= 1 (1_GM
cosfs(rg  h?
Then GM _i: 1 i_GM
h? ry, coséylrg h?
or CoS O = 2—"—
W T
Now h=(ha)as =Ta(Va) ae

and GM = gR? [Eq. (12.30)]




From above,

Then

<0 that

or
Finally,

or

PROBLEM 12.117 (Continued)

OR® = 1y (Vyo)® [Eq. (12.44)]

GM — rA(Vcirc)2 :i|: Vair :|2
h?  [ra(va)asl®  Tal (Va)as

Costy

2 2
11| Ve Ta | Neire
s Tal (Va)as _ s (Va)a

4310mi _ ( 24,871fus)?
ao3smi ~ \ 43,3711

24871105\ > _ 4
24,3711t

0.64411
0y = 49.901°

£ AOB =180° - 49.901°

1 Veire 2 1 Veirc 2 -1
T|:(VA)AB:| A |:(VA)AB:|
A

£ AOB=130.1° «
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For Earth, R=23960 mi = 20.909x10°ft, g=32.2ft/s?
GM = gR? = (32.2)(20.909x 10°)? =14.077 x10™ ft3/s?

(@) Forthedliptic orhit, ry = 3960+ 40 = 4000 mi = 21.12x10° ft
rg = 3960 +170 = 4130 mi = 21.8064x 10° ft

a= %(rA +1g) = 21.5032x 10° ft

b=/rfg = 21.4605x10° ft

Using Eqg. 12.39, i:G—'\Z/IJr Ccosé,
rA h

and 1 G—'Zl +Ccosb,
s TIg

But 65 = 0, +180°, sothat coséd, = —cosé,

Adding, 1,1 _fatfe_2a_2GM
fa T l'als b? h?

’ 2
or he GMb
a

e 2rab 27zab\/a 3 27a%?

Periodic time. = =

h Jemp? GM

613/2
p = 27(2L5082x107)7" _ 55606 5-1.4668 h
\14.077x10"
Thetimeto travel from A to B is one half the periodic time
7pp =0.7334 h Tpg =44.0min <
(b) For thecircular orbit, a=b=ry = 21.4065x10°ft

. 27a¥?  27(21.8064x10°%)%?

ENEY J14.077x10%

Tare =1.498 h Tare =89.9min <

=5393s




