15-33. The car A has a weight of 4500 Ib and is trav-
eling to the right at 3 ft/s. Meanwhile a 3000-Ib car B is
traveling at 6 ft/s to the left. If the cars crash head-on and
become entangled, determine their common velocity just
after the collision. Assume that the brakes are not applied
during collision.

[:9) malva)y +mplvg)) = (ma +mpg)v:

4500 00 3000 o _ 7500
322 302 32

vs = —0.600 fUs = 0.600 ft/s « Ans




15-39. The barge B weighs 30 000 1b and supports an
automobile weighing 3000 Ib. If the barge is not tied to
the pier P and someone drives the automobile to the } 200 fi
other side of the barge for unloading, determine how far
the barge moves away from the pier. Neglect the
resistance of the water.

Relative Velocity : The relatve velocity of the car with respect lo the barge
& U, Thus, the velocity of the car 15

(—‘) U ==Up+ U, [1]
Conservation of Linear Momentum : If we consider the car and the barge
as asystem. then the impulsive force caused by the wraction of the ures is

tntemal o the systiem. Therefore, it will cancel out, As the result, the
linear momentum is conserved along the x axis.

O=m u_+myu,

(-‘-r} U+:}=(%.]v,+(%ﬂlu* (21
Subsututing Eq.[1] inw [2] yields
v, —v,, =0 13
Inegratng Eq.[3] becomes
(=) s, =5, =0 (4]

Here. 5., = 200 It Then, from Eq.[4]

s, =200=0 s, =182f Ans



*15-43. The man M weighs 150 Ib and jumps onto the
boat B which is originally at rest. If he has a horizontal
component of velocity of 3 ft/s just before he enters the
boat, determine the weight of the boat if it has a velocity
of 2 ft/s once the man enters it.

-

)

+
(-

Vy = Vot Vun
Vi $0+3
vy = 3fts

Em(vy) = Im(vz)

150 Wy o _ (Wp+150)
.jﬁ(B) + ":12—2(0) = @
Wy =751b Ans



15-55.  An ivory ball having a mass of 200 g is released
from rest at a height of 400 mm above a very large fixed
metal surface. If the ball rebounds to a height of 325 mm
above the surface, determine the coefficient of restitution
between the ball and the surface.

Before impact
Ni+Vi=Th+ V2
0+ 0.2(9.81)(0.4) = %(U.Z)uf +0

vy = 2.801 m/s

After the impact
1
5(0.2)u§ = 0+ 0.2(9.81)(0.325)

vy = 2.525 m/fs

Coeflficient of restitution:

(¥a)2 = (vg)2
+ e= A2 102
H (vg) — (vah
_ 0—(=2.525)
2.801 -0
=0.901

Ans




15-57. Disk A has a mass of 2 kg and is sliding forward
on the smooth surface with a velocity (v4); = 5 m/s when
it strikes the 4-kg disk B, which is sliding towards A at
(vg); = 2 m/s, with direct central impact. If the coefficient
of restitution between the disks is e = 0.4, compute the
‘velocities of A and B just after collision.

Conservation of Momentum :

m,":”nh“’"’!(“l‘l =""'a{un:‘:+""sf”ﬂ}:
(=) 2(5)+4(-2) =2(v, ), +4(vg),

| Coefficient of Restitution :

:(03)1—[13_1}2
(Uy)y —(vg),
(vg)y = (V4 )y

‘ 0.4=
(=) e

 Solving Eqs.[1] and 2] yields

(vy), ==1.53mis=1.53m/s (vg), =127 m/s —

(1

12]

Ans

(Lg)y=5mfs (Lgh =2 mvs

A B

(V)7 5m/s (Va) =2 m/z
— e

Line #f impact
ne f»‘:zﬁ




15-63. The three balls each have the same mass m. If A
has a speed v just before a direct collision with B,
determine the speed of C after collision. The coefficient
of restitution between each ball is e. Neglect the size of
each ball.

Conservatton of Momentum : When ball A surikes ball B, we have

My iU, ), +mg(Ug), =my(U,),+mg(Uy),

(=) mu+0=miuv,), +m(vg),

Coefficient of Restitution :

_(vg),=tuy),

(Up), —(Ug),
(;’) E:{us.ll—ll.q}:
v—-0
Solving Egs.[1] and [2] yields
uil-el uil+el
(vy), = 3 (vg), =

Conservation of Momentum : When ball B strikes ball C, we have

mg(Vg)y +me(Ve), =mg(vg)y +me(Ve),

(_*) vil+e) 2
m 3 +0=m(vg), +m(v¢),

Coefficient of Restitution :

_ue), =lvg),

T (ug), —(ve),

(;) ___Iurl:—(u,l,
uil+e)

—_—=0

Solving Egs.[3] and [4] yields

vil+e)?
(ve),y S Ans
u(l-e?)

(vg)y = 1

(n

13]

(4]




15-90. Determine the angular momentum of the 2-Ib
particle A about point O. Use a Cartesian vector solution.

S
2NN 7 RN ¥ N vl

{0.3043i — 0.3043j — 0.6086k} slug-ft/s

3
R
I

(Hy)o = ry xmv,

i j k
=9 5 4
0.3043 —0.3043 —0.6086

I

{-1.83i — 0.913k} slug-f*/s Ans



*15-92. Determine the angular momentum Hy, of each

of the particles about point O. I._.g ol
6kg
00—
AN\ 60°
(Hq)o = 8(6)(4sin60°) - 12(6)(4cos60°) = 22.3 kg~ m/s Ans 4mfs
(Hy)o = =1.5(4)(6c0s30°)+2(4)(65in30°) = ~7.18 kg m’/s Ans 12m
2m 6 m/s
12 i
(Heo = -2(2)(—J(Z‘G}—G(ZJ(i](z.ﬁ) =-21.6kg- mis Ans P B _/1‘ {a0°
13 13 ' o
2mT| ol akg [15m ‘
f—5m—t—6m _C‘é) 2m
131 2kg

2.6 m's



*15-96. Determine the total angular momentum H,, for

the system of three particles about point O. All the
particles are moving in the x~y plane.

Hy =Zrxmv

i j k i i k i i k‘ iz
=109 0 Of+| 0.6 0.7 0o/+|-0.8 -0.2 o
0 -L54) o [-252) 0 o 0 3(-6) 0
X
={12.5k} kg - m'/s Ans

200 mm

Ikg
6 m's
—_—

C ;

800 mm
/ = Fd
o B /2ITIfS ﬁ_wmm
700 mm




15-99. The ball B has a mass of 10 kg and is attached
to the end of a rod whose mass may be neglected. If the
rod is subjected to a torque M = (3t + 5t +2) N-m,
where ¢ is in seconds, determine the speed of the ball when
t = 2 s. The ball has a speed v = 2 m/s when 7 = 0.

Principle of Angular Impluse and Momentum: Applying Eg. 15-22,
we have

1y
o+ 3 [ Mt = Hs
Ul

2a
1.5(10)(2) +f (312 + 5t + 2)dr = 1.5(10)v
1]

v =347 m/s Ans

o

M g

>
pag =

1.5m

M=(3F+5t+2)N-m

C 10(98.1) N




15-102.  The four 5-1b spheres are rigidly attached to the
crossbar frame having a negligible weight. If a couple
moment M = (0.5t + 0.8) Ib-ft, where ¢ is in seconds, is
applied as shown, determine the speed of each of the
spheres in 4 seconds starting from rest. Neglect the size
of the spheres.

(Ho) +E [ M. di = (H,)

4 5
u.J’ﬂ (0.50+0.8) ot = 4[[§ﬁ)m.avz ;]

7.2=0.37267 vy

w=19.31us Ans




15-106. A 4-1b ball B is traveling around in a circle of T30
radius r; = 3ft with a speed g(-u,a.)I = 6ft/s. If the A e
attached cord is pulled down through the hole with a 12 = (Vo) + (21
constant speed v, = 2 ft/s, determine how much time is
required for the ball to reach a speed of 12 ft/s. How far
ry is the ball from the hole when this occurs? Neglect H, = H,
friction and the size of the ball. -

ve = 11.832 fUs

4 4
— = ——(11.832)(r)
312‘6)(3) 323" )

r, =1.5213 = 1.52 1t Ans

Ar=vlt
(3-15213) = 2

1=0739s




