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¢19-1. The rigid body (slab) has a mass m and rotates with mvg

an angular velocity @ about an axis passing through the ®
fixed point O. Show that the momenta of all the particles
composing the body can be represented by a single vector
having a magnitude mvg; and acting through point P, called
the center of percussion, which lies at a distance
rpiG = k%;/rG/o from the mass center G. Here ks is the
radius of gyration of the body, computed about an axis
perpendicular to the plane of motion and passing through G.

HO = (rG/O + rp/G) mvg = rG/O (va) + IGQ), where IG = mk%;

r6)0 (mvg) + rpjg (M) = rgjo (mvg) + (mkg)
kg
Tr/G = vg/w

VG
However, Vg = Wrgio O TIgio = —
w

Kz
rpig = /0 Q.E.D.

19-2. At a given instant, the body has a linear momentum

L = mvg and an angular momentum H; = I computed mve

about its mass center. Show that the angular momentum of

the body computed about the instantaneous center of zero \G :
velocity IC can be expressed as H;c = I;cw, where ;¢ G
represents the body’s moment of inertia computed about

the instantaneous axis of zero velocity. As shown, the IC is

located at a distance rg/;c away from the mass center G.
IG/ic

H]C = rG/,C (va) + IG w, where Vg = U.)VG/]C
Ic
= rg/ic (morgc) + Igw

g + m”é/]c) w

= I]C w Q.E.D.

19-3. Show that if a slab is rotating about a fixed axis ®
perpendicular to the slab and passing through its mass center Pe

G, the angular momentum is the same when computed about

any other point P.

Since vg = 0, the linear momentum L = mvg = 0. Hence the angular momentum
about any point P is

Hp:IG(x)

Since w is a free vector,soisHp . Q.E.D.
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*19-4. The pilot of a crippled jet was able to control his
plane by throttling the two engines. If the plane has a weight
of 17 000 Ib and a radius of gyration of k; = 4.7 ft about the
mass center G, determine the angular velocity of the plane
and the velocity of its mass center G in ¢ = 5 s if the thrust in
each engine is altered to 73 = 50001b and 7, = 800 1b as
shown. Originally the plane is flying straight at 1200 ft/s.
Neglect the effects of drag and the loss of fuel.

(S (Hgh + 2/MG dt = (Hg),
0 + 5000(5)(1.25) — 800(5)(1.25) = {(%)(4.7)2}0
® = 2.25rad/s Ans.
<i’> m(veh + E/Fx dt = m(vgy),
(1;2(?20)(1200) + 5800(5) = (1;292())(%)2
(ve), = 125(10%) ft/s Ans.

*19-5. The assembly weighs 10 1b and has a radius of
gyration kg = 0.6 ft about its center of mass G. The kinetic
energy of the assembly is 31 ft-1b when it is in the position
shown. If it rolls counterclockwise on the surface without ’
slipping, determine its linear momentum at this instant. Licf
vG Vg /

Kinetic Energy: Since the assembly rolls without slipping, then w = =— 1ft
_ ¥, G/IC 1.2
= 0.8333vg.

1 1
T =_-mvg+ - [0

2 2

1/10\ ,  1[ 10, , } ) W=0-8333 Y
= {255 )6+ 5| 3550 . - #

2(32.2) VG 2{32.2(06 ) |(0:8333v5) Vg B

¥
\ /
vg = 12.64 ft/s fg/l( 2§+
Linear Momentum: Applying Eq. 19-7, we have Tc
1

L = mvg = 70(12.64) = 3.92 slug - ft/s Ans.

322

19-6. The impact wrench consists of a slender 1-kg rod AB
which is 580 mm long, and cylindrical end weights at A and B
that each have a diameter of 20 mm and a mass of 1 kg. This
assembly is free to rotate about the handle and socket, which
are attached to the lug nut on the wheel of a car. If the rod AB
is given an angular velocity of 4 rad/s and it strikes the bracket
C on the handle without rebounding, determine the angular
impulse imparted to the lug nut.

1 1
Lge = E(1)(0.6 —0.02)2 + 2 5(1)(0.01)2 + 1(0.3)* | = 0.2081 kg - m?

/ Mdt = Iy, w = 0.2081(4) = 0.833 kg~ m%/s Ans.
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19-7. 'The space shuttle is located in “deep space,” where the
effects of gravity can be neglected. It has a mass of 120 Mg, a
center of mass at G, and a radius of gyration (kg), = 14 m
about the x axis. It is originally traveling forward at
v = 3 km/s when the pilot turns on the engine at A, creating
a thrust 7 = 600(1 — e *¥) kN, where ¢ is in seconds.
Determine the shuttle’s angular velocity 2 s later.

€6 o+ Mo = iy
2
0+ / 600(10%)(1 — ¢*3)(2) dr = [120(10%)(14)?|w
0
1200(103){t = _O.B[T = 120(10%)(14)?
03¢ |~ (14w

o = 0.0253 rad/s Ans.

T=bo0)(1-€**) N

*19-8. The 50-kg cylinder has an angular velocity of = 30rad/s
30 rad/s when it is brought into contact with the horizontal
surface at C. If the coefficient of kinetic friction is uc = 0.2,
determine how long it will take for the cylinder to stop
spinning. What force is developed in link AB during this
time? The axle through the cylinder is connected to two
symmetrical links. (Only AB is shown.) For the computation,
neglect the weight of the links.

Principle of Impulse and Momentum: The mass moment inertia of the cylinder about c

1
its mass center is [ = 5 (50)(0.22) = 1.00 kg - m?. Applying Eq. 19-14, we have

mlue)y+ 3 [ Fydi = mfus), S0(78) 1

+1 0 + N(f) + 2F,psin 20° () — 50(9.81)(t) = 0 )

o)+ 3 [ Fedi = mlu),
n

() 0 + 0.2N(f) — 2F o5 cos 20°(t) = 0 )

IGa)l + E/ZMGdl = IGwZ
(C+) ~1.00(30) + [0.2N()](0.2) = 0 A3)

Solving Eqgs. (1), (2), and (3) yields
F g = 487N t=1.64s Ans.
N = 45722 N
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¢19-9. If the cord is subjected to a horizontal force of 75 mm
P = 150 N, and the gear rack is fixed to the horizontal plane,
determine the angular velocity of the gear in 4 s, starting from P=150N

rest. The mass of the gear is 50 kg, and it has a radius of 150 mm ‘= i

gyration about its center of mass O of kp = 125 mm.

Kinematics: Referring to Fig. a,
Vo = a)rO/IC = (1)(015)

Principle of Angular Impulse and Momentum: The mass moment of inertia of the gear
about its mass center is Iy = mko? = 50(0.1252) = (.78125 kg - m?. From Fig. b,

5]
C+IP(UI + E/ MP dt = Ipa)z
3}

0 + 150(4)(0.225) = 0.78125 + 50[w(0.15)](0.15)
o = 70.8 rad/s Ans.

50981)(4)N-5
0781251

X 50[w(015))
& 0-156m
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19-10. If the cord is subjected to a horizontal force of 75 mm
P = 150N, and gear is supported by a fixed pin at O,
determine the angular velocity of the gear and the velocity P=150N

of the 20-kg gear rack in 4 s, starting from rest. The mass of 150 mm ‘: >

the gear is 50 kg and it has a radius of gyration of
ko = 125 mm. Assume that the contact surface between
the gear rack and the horizontal plane is smooth.

Principle of Impulse and Momentum: The mass moment of inertia of the gear about
its mass center is Iy = mko? = 50(0.1252) = (.78125 kg - m?. Referring to the
free-body diagram of the gear shown in Fig. a,

5]
Q+10w1 + 2/ Modt = 10(02
51

0 + F(4)(0.15) — 150(4)(0.075) = —0.78125w
F=75— 13020, @

Since the gear rotates about the fixed axis, vp = w rp = w4(0.15). Referring to the
free-body diagram of the gear rack shown in Fig. b,

12
(¢) mv1+2/2det=mv2
4

0 + F(4) = 20[w, (0.15)]
F = 0750, ()

Equating Egs. (1) and (2),
075w, =75 — 130204

w, = 36.548 rad/s = 36.5 rad/s Ans.

Then,

v = 36.548(0.15) = 5.48 m/s Ans.

%
50(2.61) N w) X L0(98/)N

F

(b)
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19-11. A motor transmits a torque of M = 0.05N -m to
the center of gear A. Determine the angular velocity of each
of the three (equal) smaller gears in 2 s starting from rest.
The smaller gears (B) are pinned at their centers, and the
masses and centroidal radii of gyration of the gears are
given in the figure.

Gear A:

(C+) (Ha) + 2/MAdl‘ = (Hy)

0 — 3(F)(2)(0.04) + 0.05(2) = [0.8(0.031)}]

Gear B:

(C+) (HB)1+2/MBdt:(HB)2

0 + (F)(2)(0.02) = [0.3(0.015)*] wp
Since 0.04w,4 = 0.02wp, or wg = 2w 4, then solving,
F =0214N

wy = 633 rad/s

wp = 127 rad/s Ans.

0B8N %

)
0.3(9.8)N
£
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*#19-12. The 200-1b flywheel has a radius of gyration about
its center of gravity O of ko = 0.75ft. If it rotates
counterclockwise with an angular velocity of 1200 rev/min
before the brake is applied, determine the time required for
the wheel to come to rest when a force of P = 2001b is
applied to the handle. The coefficient of kinetic friction
between the belt and the wheel rim is w, = 0.3. (Hint:
Recall from the statics text that the relation of the tension
in the belt is given by Tz = T e*#, where 8 is the angle of
contact in radians.)

Equilibrium: Writing the moment equation of equilibrium about point A and
referring to the free-body diagram of the arm brake shown in Fig. a,

C+E=M, =0 Tp(1.25) — 200(3.75) = 0 Tg = 6001b
Using the belt friction formula,

Tp=Tce®

600 = Tce®*™

Tc = 233.801b

Principle of Angular Impulse and Momentum: The mass moment of inertia of the

200
wheel about its mass center is I, = mky? = (E)(msz) = 3.494 slug - ft*, and
27 rad /1 mi
the initial angular velocity of the wheel is w; = (1200 re—v)( URL )( rn1n>
min 1rev 60 s

= 407 rad/s. Applying the angular impulse and momentum equation about point O
using the free-body diagram of the wheel shown in Fig. b,

153
Q+ 10w1+2/ Modt:Isz
a1
3.494(40m) + 233.80(¢)(1) — 600(r)(1) = 0

t=120s Ans.

Ts 200|b

| £t

(d rase mmar

» ATE IO B I AR Ao AT ERE A

Viusft T zsp i

\}
L=233.800b WT, =éo0lb

(b)

785




91962 _09_s19 p0779-0826 6/8/09 4:41 PM Page 786 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

¢19-13. The 200-1b flywheel has a radius of gyration about
its center of gravity O of ko = 0.75ft. If it rotates
counterclockwise with a constant angular velocity of
1200 rev/min before the brake is applied, determine the
required force P that must be applied to the handle to stop
the wheel in 2 s. The coefficient of kinetic friction between
the belt and the wheel rim is w;, = 0.3. (Hint: Recall from the
statics text that the relation of the tension in the belt is given
by Ty = T e#P, where B is the angle of contact in radians.)

Principle of Angular Impulse and Momentum: The mass moment of inertia of the ‘

200
wheel about its mass center is I, = mky? = (E)(msz) = 3.494 slug - ft*, and

2 d\/1mi
the initial angular velocity of the wheel is w; = (1200 —re,v )( 7ra )( rn1n>
min 1rev 60 s

= 407 rad/s. Applying the angular impulse and momentum equation about point O
using the free-body diagram shown in Fig. a,

)
Q““ 10(1)] + E/ Modt = Iowz
n

3.494(40m) + T (2)(1) — T (2)(1) =0
Ty — Tc =219.52 @

Using the belt friction formula,
Ty =Tce

Tp=Tce" ™ ()

Solving Egs. (1) and (2),

Tc = 140.151b Tg = 359.671b

Equilibrium: Using this result and writing the moment equation of equilibrium
about point A using the free-body diagram of the brake arm shown in Fig. b,

C+3IM, =0 359.67(1.25) — P(3.75) = 0

P =1201b Ans.

29 Fars M a3 s MeT LY AT T LT g

X0 P NS O T TN AR IS

¥ 1258 2.5.1¢ ]

(b)
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19-14. The 12-kg disk has an angular velocity of
o = 20 rad/s. If the brake ABC is applied such that the
magnitude of force P varies with time as shown, determine
the time needed to stop the disk. The coefficient of kinetic
friction at B is u; = 0.4. Neglect the thickness of the brake.

Equation of Equilibrium: Since slipping occurs at B, the friction Fy = u; Np = 0.4Np.
From FBD(a), the normal reaction Np can be obtained directed by summing
moments about point A.

C+SM, =0; Np(0.5) — 04Nz (0.4) — P(1) = 0
Np = 2941P
Thus, the friction Fy = 0.4Ng = 0.4(2.941P) = 1.176P. P
| _d5m 0-5m I
Principle of Impulse and Momentum: The mass moment inertia of the cylinder r X
1
about its mass center is Iy = 5(12)(0.22) = 0.240 kg - m% Applying Eq. 19-14, A ——
we have 0-4nm fj—,‘:a. 4 Nb
1 )
Iowl-i-E/ Modt:Isz e Nb
f [ Ai"—-
C+ —0.240(20) + {—(1.176/ sz) 0.2 } =0 1 A
(C+) (20) [ par )02) &) L (@)

t
However, / Pdt is the area under the P—t graph. Assuming ¢ > 2 s, then
0

t
1
/Pdt = 5(5)(2) +5(—-2)=(5t—-5)N-s
0
Substitute into Eq. (1) yields

—0.240(20) + [—1.176(5t — 5)(0.2)] = 0
t =508s Ans.

Since t = 5.08 s > 2 s, the above assumption is correct.
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19-15. The 1.25-1b tennis racket has a center of gravity at
G and a radius of gyration about G of ks = 0.625 ft.
Determine the position P where the ball must be hit so that
‘no sting’ is felt by the hand holding the racket, i.e., the
horizontal force exerted by the racket on the hand is zero.

Principle of Impulse and Momentum: Here, we will assume that the tennis racket is
initially at rest and rotates about point A with an angular velocity of w immediately

after it is hit by the ball, which exerts an impulse of / Fdt on the racket, Fig. a. The

1.25
mass moment of inertia of the racket about its mass center is I; = ( 0 2)(0.6252)

= 0.01516 slug - ft2. Since the racket about point 4,

(vg) = wrg = w(1). Referring to Fig. b,

5]
& m(VG)1 + 2/ Fx dt = m(VG)z
31
1.25
0+ / Fdr = <@>[w(1)]
/ Fdt = 0.03882w Q)
and

C+ (Hah + E/ZMAdl = (Ha)

0+ </Fdl>rp = 0.015160 + ;2% [w(D)](1)

/th _ 0.05398w @
rp

Equating Egs. (1) and (2) yields

0053980

0.03882w = rp = 1391t Ans.

rp

Jrdt
—

e )

32:2

+ ’; = ) ;{\0‘0/5/6 w

e
N
Iy
Q
=
4

(»)
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*19-16. If the boxer hits the 75-kg punching bag with an
impulse of I = 20 N -s, determine the angular velocity of
the bag immediately after it has been hit. Also, find the
location d of point B, about which the bag appears to rotate.
Treat the bag as a uniform cylinder.

Principle of Impulse and Momentum: The mass moment of inertia of the bag about
: : _1 2 2y _ 1 2 2| = 2
its mass center is I = Em(3r + h ) = 6(75){3(0.25 ) + 1.5 = 1523 kg-m".

Referring to the impulse and momentum diagrams of the bag shown in Fig. a,

5]

(_‘i;) m(vG)1 + E/ FX dt = m(VG)z

n

0 + 20 = 75v¢ ve = 02667 m/s

and

t

QJr IGwl + 2/ MG dt = IG(L)Q
I

0 + 20(0.25) = 1523w

o = 0.3282 rad/s = 0.328 rad/s Ans.

Kinematics: Referring to Fig. b,

VG = 0rgjic
0.2667 = 0.3282(0.75 + d)

d = 0.0625 m Ans.

Te (At)

TG ——

75@81)(At) d

——

/‘ 0/5m

]

ozm] [ 4 ——> 754 '/
rl
ZON.s /623U Ghe

—

A

Y=02667mfs
W= 0.3282 s
(*) (b)
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¢19-17. The 5-kg ball is cast on the alley with a backspin 100 mm
of wy = 10 rad/s, and the velocity of its center of mass O is wy = 10rad/s
vg = 5m/s. Determine the time for the ball to stop back vy =5m/s

spinning, and the velocity of its center of mass at this
instant. The coefficient of kinetic friction between the ball
and the alley is p;, = 0.08.

Principle of Impulse and Momentum: Since the ball slips, Fy = u;N = 0.08N.
The mass moment of inertia of the ball about its mass center is

— 2 2 _ 2 2\ — 2
lo=5Smr = g(5)(0.1 ) = 0.02kg-m
Referring to Fig. a,

(+T> m{(VO)yL + 21 F, dt = m[(vo)y}2
0+ N(t) — 5(9.81)t = 0 N = 49.05N
C (Hpy + 3 / Madt = (H,),
0.02(10) — 5(5)(0.1) + 0 = —5(v), (0.1)

(vo), = 46m/s Ans.

(5)  mlon]i + 3 / Fdt = m|(vo).):

5(5) — 0.08(49.05)(t) = 5(4.6)
t =0.510s Ans.

5(5) K,-m/s 5@81)1)

+ 1 4 5@,),
0:Im 0o lm

[=0-08N(t) A

A
0-02(10) 7-07‘/5 A

NG)
(»
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19-18. The smooth rod assembly shown is at rest when it
is struck by a hammer at A with an impulse of 10 N-s.
Determine the angular velocity of the assembly and the
magnitude of velocity of its mass center immediately after it
has been struck. The rods have a mass per unit length of
6 kg/m.

Principle of Impulse and Momentum: The total mass of the assembly
is m = 3[6(0.4)] = 7.2 kg. The mass moment of inertia of the assembly about its
mass center is

Ig = % [6(0.4)](0.4%) + 2{11—2[6(0.4)](0.42) + 6(0.4)(0.22)} = 0.288 kg - m?
Referring to Fig. b,

)
(+‘|’) m(vx)l + E/' det = m(vx)Z
L5t
0 + 10 cos 30° = 7.2(vg), (vg)x = 1.203m/s

15}
($) m(vy) + E/ F,dt = m(v,),
4
0 + 10 sin 30° = 7.2(vg), (vg)y = 0.6944 m/s

Thus, the magnitude of v, is

v = V(ve): + (vg)} = V12032 + 0.6944% = 1.39 m/s Ans.

Also

)
Q““ IGw1 + E/ MGdt = IG(D2
Ju

0 + [~10 cos 30°(0.2) — 10 sin 30°(0.2)] = —0.288w

o = 9.49 rad/s Ans.

B p 72(7/4)¢
T —%
_e—r——i
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19-19. The flywheel A has a mass of 30 kg and a radius of M
gyration of kc = 95 mm. Disk B has a mass of 25 kg, is 125 mm B 125 mm
pinned at D, and is coupled to the flywheel using a belt

which is subjected to a tension such that it does not slip at its

contacting surfaces. If a motor supplies a counterclockwise C
torque or twist to the flywheel, having a magnitude of

M = (12¢t) N - m, where ¢ is in seconds, determine the

angular velocity of the disk 3 s after the motor is turned on.

Initially, the flywheel is at rest.

Principle of Impulse and Momentum: The mass moment inertia of the flywheel ?
about point C is I = 30(0.095%) = 0.27075 kg - m>. Applying Eq. 19-14 to the 30(4-91) W
flywheel [FBD(a)], we have

5]
Ica)1+2/ Mcdt:ICa)z
3l
3s
C+) 0+ / 12t dt + [T (3)](0.125) — T, (3)](0.125) = 0.27075w
0

54.0 + 0.375T, — 0.375T, = 0.27075w (00)

1
The mass moment inertia of the disk about point D is Ip = > (25)(0.1252)
= 0.1953125 kg - m?. Applying Eq. 19-14 to the disk [FBD(b)], we have

5}
IDCU1+E/ MDdl:ID(Uz
151

C+) 0+ [T ®]0.125) — [T (3)](0.125) = 0.1953125w
0.375T, — 0.375T; = —0.1953125w )

Substitute Eq. (2) into Eq. (1) and solving yields
o = 116 rad/s Ans.
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#19-20. The 30-1b flywheel A has a radius of gyration M = (500) Ib-ft
about its center of 4 in. Disk B weighs 50 1b and is coupled to
the flywheel by means of a belt which does not slip at its
contacting surfaces. If a motor supplies a counterclockwise
torque to the flywheel of M = (50¢) Ib - ft, where ¢ is in
seconds, determine the time required for the disk to attain
an angular velocity of 60 rad/s starting from rest.

Principle of Impulse and Momentum: The mass moment inertia of the flywheel

2
about point C is I = % (%) = 0.1035 slug - ft>. The angular velocity of the
. rp 0.75 .
flywheel is w, = P s (60) = 90.0 rad/s. Applying Eq. 19-14 to the
A .
flywheel [FBD(a)], we have 301p 'y W
"
1)
]Cw1+ E/ Mcdlzlcwz M:?Ot 7,
13
t Cl
(C+) 0+ / 50 dr + | / T, (dn)](0.5) — | / Ty(d1)(0.5) = 0.1035(90)
0
05t TL
252 + 0.5 / (T, — Ty)dt = 9317 ) Cy

The mass moment inertia of the disk about point D is Ip = \32
= 0.4367 slug - ft>. Applying Eq. 19-14 to the disk [FBD(b)], we have

1 a
,< 50 >(0.752) ( )
5]
Ile + 2/ MDdt = ID(UQ
4

G+ 0+ / T, (dr)](0.75) — | / T (dr)](0.75) = 0.4367(60)

/ (T, — Tydt = —34.94 2)

Substitute Eq. (2) into Eq. (1) and solving yields

t =1.04s Ans. ( b)
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¢19-21. For safety reasons, the 20-kg supporting leg of a
sign is designed to break away with negligible resistance at
B when the leg is subjected to the impact of a car. Assuming
that the leg is pinned at A and approximates a thin rod,
determine the impulse the car bumper exerts on it, if after }
the impact the leg appears to rotate clockwise to a

maximum angle of 0,,,, = 150°.

1)
(+D) IA(UIJFE/ MAdt:IAa)z
n

0+ I(1.75) = E (20)(2)2}02
wy = 0.0656251
Ty+V,=T5+V;
%B (20)(2)2}(0.0656251)2 +20(9.81)(—1) = 0 + 20(9.81)(1 sin 60°)
I =798N-s Ans.

W=20(9.61)N

A1) —

ISin6o'm
> Alt) m Datum:
L 20(9.81)(1) C Im t W=20(9.8IN
= T, !

60",
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19-22. The slender rod has a mass m and is suspended at
its end A by a cord. If the rod receives a horizontal blow
giving it an impulse I at its bottom B, determine the location
y of the point P about which the rod appears to rotate A

during the impact. -
——|olp
1
y
Principle of Impulse and Momentum:
1)
(Q+) IGwl + 2/ MG dl:IG(l)z I ;B
51
[ 1 1
0+ 1(5) = [Emlz}w 1= gmlw
1)
(=) sy + 3 [ Fodt = mioa,
151
1 l
O+gmlw=va UG =
Kinematics: Point P is the /C.
vp = w)y
Using similar triangles,
[
)
wy 6 2
— = ==l Ans.
y 1 y=3 ns
)

4 —_ x— 4
G hi Y%= @
1 7]
Tqw w
1 I 1l :('/:%’7712)(4) 3 71/5
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19-23. The 25-kg circular disk is attached to the yoke by
means of a smooth axle A. Screw C is used to lock the disk
to the yoke. If the yoke is subjected to a torque of
M = (5t*) N+m, where ¢ is in seconds, and the disk is
unlocked, determine the angular velocity of the yoke when
t = 3 s, starting from rest. Neglect the mass of the yoke.

Principle of Angular Momentum: Since the disk is not rigidly attached to the yoke,
only the linear momentum of its mass center contributes to the angular momentum
about point O. Here, the yoke rotates about the fixed axis, thus v, = wrps = 0(0.3).
Referring to Fig. a,

G+ (Ho) + E[ZModt = (Ho),

3s
0+ / 5t = 25[(0.3)](0.3)
0

5t3 3s

—| =225

3|, @

o = 20rad/s Ans.
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*19-24. The 25-kg circular disk is attached to the yoke by
means of a smooth axle A. Screw C is used to lock the disk
to the yoke. If the yoke is subjected to a torque of
M = (5t*) N-m, where ¢ is in seconds, and the disk is
locked, determine the angular velocity of the yoke when
t = 3 s, starting from rest. Neglect the mass of the yoke.

Principle of Angular Momentum: The mass moment of inertia of the disk about its
1 1
mass centeris I 4 = 5 mr? = 5(25)<0.152) = 0.28125 kg - m. Since the yoke rotates

about a fixed axis, v, = wrp, = w(0.3). Referring to Fig.

C+ (Ho) + E/ZMO dt = (Hp),

3s
0+ / 522t = 0281250 + 25[w(0.3)](0.3)
0

313s
S 2.53125w
310
o = 17.8 rad/s Ans.

0.28n25W

0

1—® -+ . H©® = ﬁ e
M=(5tHN-m 0:3m

¥
25 [w(0.3)]

(»)
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©19-25. If the shaft is subjected to a torque of

M = (15*) N-m, where ¢ is in seconds, determine the T~ /‘ M=(15%)N-m
angular velocity of the assembly when ¢ = 3 s, starting from
rest. Rods AB and BC each have a mass of 9 kg.

Principle of Impulse and Momentum: The mass moment of inertia of the rods
1 1

about their mass center is I = Eml2 ST (9)(12) = 0.75kg-m?. Since the

assembly rotates about the fixed axis, (vg)az = w(rg)ap = »(0.5) and

(vg)pe = o(rg)pc = w(\/12 + (0.5)2) = w(1.118). Referring to Fig. a,

CH+ (H)+ S / M. dr = (i),

3s
0+ / 15¢2dt = 9[w(0.5)](0.5) + 0.75w + 9[w(1.118)](1.118) + 0.750
0

3s
= 15w
0

® = 9rad/s Ans.

56
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19-26. The body and bucket of a skid steer loader has a TS |
weight of 2000 Ib, and its center of gravity is located at G. ' F
Each of the four wheels has a weight of 100 1b and a radius =
of gyration about its center of gravity of 1 ft. If the engine
supplies a torque of M = 100 1b - ft to each of the rear drive
wheels, determine the speed of the loader in ¢ = 10s,
starting from rest. The wheels roll without slipping.

Principle of Impulse and Momentum. The mass moment of inertia of the wheels

100
about their mass center are [, = Iz = 2mk> = 2(7)(12) = 6.211 slug - ft2.

322 A?
gt
Since the wheels roll without slipping, w = ; = % = 0.8v. From Figs. a, b, and ¢, 00) ’b'{
153 Ax_
C+  (Hou + E/ Mc dt = (Hc),
‘ 125,
0 + 2(100)(10) — A(10)(1.25) = 6.211(0.8v) + 2{(%)11}(1.25) }t . (100)1b
A, =160 — 1.019v @ FC C -
Ne

and
Ct+ (Hp)y+ 3 / "My di = (Hp), (@)

0 + B,(10)(1.25) = 6.211(0.8v) + 2{(@)1/}(1.25)

B
322 7
B, = 1.019v () 20100) b

From Fig. d,

rom Fig t - BJC
<¢> m[(vc)x]l + Z/ F.dt = m[(v(;)x]z 1'25f{

5] ——L
0 + A,(10) — B,(10) = (%)v 3 D F;’

Substituting Egs. (1) and (2) into Eq. (3), ND

2000 ) (b)
22)"

(160 — 1.019v)(10) — 1.019v(10) = (

v =194 ft/s Ans. V

6.21(08V)

()
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19-27. The body and bucket of a skid steer loader has a PRI T
weight of 2000 Ib, and its center of gravity is located at G. THEEEEEEE
Each of the four wheels has a weight of 100 1b and a radius =
of gyration about its center of gravity of 1 ft. If the loader
attains a speed of 20ft/s in 10 s, starting from rest,
determine the torque M supplied to each of the rear drive
wheels. The wheels roll without slipping.

Principle of Impulse and Momentum: The mass momentum of inertia of the wheels

100
about their mass centers are [, = Iz = 2mk> = 2(32 2>(12) = 6.211 slug - ft2.
20
Since the wheels roll without slipping, w = ; =125 16 rad/s. From Figs. a, b,

and c,

G+ (Ho) + 2[2Mcdf = (Hc)»

0 + 2M(10) — A,(10)(1.25) = 6.211(16) + 2{312%(20)}(1.25)
A, = 1.6M — 20.37 @

and

¢+ (Hp) + E/ZMDdf = (Hp)»

0 + B,(10)(1.25) = 6.211(16) + 2{%(20)}(1.25)
B, =20371b )
From Fig. d,

<¢) m[(ve) ] + = / IZFX dt = m{(v6)x >

0+ A,(10) — B,(10) = 23(;703 (20) 3)

Substituting Egs. (1) and (2) into Eq. (3), ( b)

2000
(16M = 20.37)(10) — 20.37(10) = ~=>(20)

M =1031b-ft Ans.

248 (20)] sleg- 145
&-2/1(16) 5/17 YA

1255t

¢ D
()
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*19-28. The two rods each have a mass m and a length /, ‘\ I

and lie on the smooth horizontal plane. If an impulse I is h 12
applied at an angle of 45° to one of the rods at midlength as A \ ’\1/ 2 \-‘
shown, determine the angular velocity of each rod just after -

the impact. The rods are pin connected at B. 50

Bar BC:
€ o+ 3 [Modt = (o

0+ / B, dt (é) = I wpe )
) w3 [ By di = mvey,

0 - / B, dr + I'sin45° = m(vg), )

Bar AB:
€+ oy + S Mo = (1),

0+ [B,ai(1) = 100 &
(+1)  m@g) + = / Fy di = m(vgy),

0+ / B, di = m(ve), )

Vg = Vg + VB/G' = Vg + VB/G

(+1) ey = (vo)y + wap (é) = (va)y — ch(é> 5)
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*19-28. Continued

Eliminate / B, dt from Egs. (1) and (2), from Egs. (3) and (4), and between
Egs. (1) and (3). This yields

/
IG wpc = 5 (I sin 45° — m(VG)y)

l
m(VG)y <5) = Ig wup
WRC = WApR

Substituting into Eq. (5),

1 /2 / w 2 1 . l
(1 rooas +oun(5) = 1o 52 )(7) ]+ s s 5)

1
( )IGU)AB‘F(HABI—*SIH“-SO
m

4
3

4 1
7)( mlz)wAB + wABl = —sin 45°
ml m

1
S WAB 1= Sin 45°

it
Wop = Wpc = —— Ans.
AB BC 4\/5 ml
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©19-29. The car strikes the side of a light pole, which is
designed to break away from its base with negligible
resistance. From a video taken of the collision it is observed
that the pole was given an angular velocity of 60 rad/s
when AC was vertical. The pole has a mass of 175 kg, a
center of mass at G, and a radius of gyration about an axis
perpendicular to the plane of the pole assembly and passing
through G of kg = 2.25m. Determine the horizontal
impulse which the car exerts on the pole at the instant AC is
essentially vertical.

(C+)  (Hon + E/MG dt = (Hg),
0+ { / F dr}(3.5) = 175(2.25)* (60)

/th = 152kN-s

Ans.

—G

3.5m

hd

L w=175(9.81)N

yli:;’”q

Ax—':o
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19-30. The frame of the roller has a mass of 5.5 Mg and a
center of mass at G. The roller has a mass of 2 Mg and
a radius of gyration about its mass center of k4, = 0.45 m. If
a torque of M = 600 N-m is applied to the rear wheels,
determine the speed of the compactor in ¢t = 4 s, starting
from rest. No slipping occurs. Neglect the mass of the
driving wheels.

Driving Wheels: (mass is neglected)

C+3Mp=0; 600 — Fc(0.5) =0
Fe = 1200N

Frame and driving wheels:
<(:t> m(va)l + 2/Fx dt = m(VGx)Z

0 + 1200(4) — A, (4) = 5500vg
A, = 1200 — 1375v¢ @

Roller:

vg = vy, = 0.6w
C+)  (Hpy+ 3 / My di = (Hy),

0+ A, (4)(0.6) = [2000(0.45)2](5—‘2) + [2000(v) |(0.6)

A, = 78125v; 2)
Solving Egs. (1) and (2):
A, = 435N
v = 0.557 m/s Ans.
7 "y 5500(2.81)N M
4 1 o

2000¢9.8/)N

Ne
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19-31. The 200-kg satellite has a radius of gyration about
the centroidal z axis of k, = 1.25 m. Initially it is rotating
with a constant angular velocity of w, = {1500 k} rev/min.
If the two jets A and B are fired simultaneously and produce
athrust of T = (5¢~!*) kN, where ¢ is in seconds, determine
the angular velocity of the satellite, five seconds after firing.

Principle of Angular Impulse and Momentum: The mass moment of inertia of the
satellite about its centroidal z axis is 7, = mk2 = 200(1.25?) = 312.5 kg - m> The

27rrad \/ 1 mi
initial angular velocity of the satellite is w; = (1500 ﬂ)( T )< mm>
min /\ 1rev 60 s

= 507 rad/s. Applying the angular impulse and momentum equation about the z axis,

15}
Izwl + E/ Mzd[ = Izwz
13}

Ss
312.5(50m) — [2 / 500060'1’(1.5)dti| = 312.5w,
0

Ss
= 3125w,

156257 + (150 000e 1)
0

Thus,

w, = [—31.8k] rad/s Ans.

T = (5¢119) kN

1.5&

T = (5¢7/1") kN

*19-32. If the shaft is subjected to a torque of
M = (30e~%1) N -m, where ¢ is in seconds, determine the
angular velocity of the assembly when ¢ = 5 s, starting from
rest. The rectangular plate has a mass of 25 kg. Rods AC and
BC have the same mass of 5 kg.

Principle of Angular Impulse and Momentum: The mass moment of inertia of the

1 1
assembly about the z axisis [, = 2{5(5)(0,62) } + {E (25)(0.62) + 25(0.6 sin 600)2}
= 8.70 kg - m?. Using the free-body diagram of the assembly shown in Fig. a,

15}
Q+IZU)1+E/ Mzdt=lzw2
L&

Ss
0+ / 30e""dt = 8.70w,
0

Ss
(—=300e~1)| = 8.70w,
0
Thus,
w, = 13.6 rad/s Ans.

= (30 ) N - m

[l

.

0.6
.6 m

9

0.6 m

(¢
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©19-33. The 75-kg gymnast lets go of the horizontal bar in
a fully stretched position A, rotating with an angular
velocity of w, = 3rad/s. Estimate his angular velocity
when he assumes a tucked position B. Assume the gymnast
at positions A and B as a uniform slender rod and a uniform
circular disk, respectively.

Conservation of Angular Momentum: Other than the weight, there is no external
impulse during the motion. Thus, the angular momentum of the gymnast is
conserved about his mass center G. The mass moments of inertia of the gymnast at

1 1
the fully-stretched and tucked positions are (I4)g = Emﬂ =E(75)(1.752)

1 1
= . *m- an B)G — ~mr- = —~ . = D. ‘m-. us,
19.14 kg - m? and (1 5 2 575 0.375%) = 5273 kg-m? Th

(Ha)e = (Hp)g

19.14(3) = 5273wy

wp = 109 rad/s Ans.
19-34. A 75-kg man stands on the turntable A and rotates a z
6-kg slender rod over his head. If the angular velocity of the h Ilm—~—1m ﬁ
rod is w, = 5rad/s measured relative to the man and the y

turntable is observed to be rotating in the opposite direction

with an angular velocity of w, = 3 rad/s, determine the radius
of gyration of the man about the z axis. Consider the turntable

as a thin circular disk of 300-mm radius and 5-kg mass.

Conservation of Angular Momentum: The mass moment of inertia of the rod about

1 1
the z axis is (/,), = Eml2 = 6(6)(22> = 2kg-m? and the mass moment of

1
inertia of the man and the turntable about the z axis is (1,,), = 5 (5)(0.32) + 75Kk2

=0.225 + 75k2. Since no external angular impulse acts on the system, the angular
momentum of the system is conserverved about the z axis.

(H) = (H2)s

0 = 2(w,) — (0.225 + 75k2)(3)
w, = @y, + Im

w, = —3+5=2rad/s

2(2) = (0225 + 75k2)3

k,=0122m Ans.
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19-35. A horizontal circular platform has a weight of z

300 1b and a radius of gyration k, = 8 ft about the z axis

passing through its center O. The platform is free to rotate

about the z axis and is initially at rest. A man having a

weight of 150 Ib begins to run along the edge in a circular

path of radius 10 ft. If he maintains a speed of 4 ft/s relative

to the platform, determine the angular velocity of the o
platform. Neglect friction. 10t

Vo = Vp + Vi

<is> V= —100 + 4
(g"_) (Hz)l = (HZ)Z

0= —(%)(S)Zw + <%)(—10w + 4)(10)

o = 0.175 rad/s

*19-36. A horizontal circular platform has a weight of
300 Ib and a radius of gyration k, = 8 ft about the z axis
passing through its center O. The platform is free to rotate
about the z axis and is initially at rest. A man having a
weight of 150 Ib throws a 15-Ib block off the edge of the
platform with a horizontal velocity of 5 ft/s, measured
relative to the platform. Determine the angular velocity of
the platform if the block is thrown (a) tangent to the
platform, along the +¢ axis, and (b) outward along a radial
line, or +n axis. Neglect the size of the man.

a) (H)1 = (Hy),

0+0= (%)(vau» - (%)(8% - (%)(10(»)(@
vy = 228w

vV, =V, + Vo/m

(i>) vy = =100 + 5
2280 = —10w + 5
= 0.0210 rad/s Ans. ‘
b) (H)1 = (Hy) y
b

040=0— (%)(8)% - (%)(10@(10) Y=r —>

w=0 Ans.
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¢19-37. The man sits on the swivel chair holding two 5-1b
weights with his arms outstretched. If he is rotating at
3 rad/s in this position, determine his angular velocity when
the weights are drawn in and held 0.3 ft from the axis of
rotation. Assume he weighs 160 1b and has a radius of
gyration k, = 0.55 ft about the z axis. Neglect the mass of his
arms and the size of the weights for the calculation.

Mass Moment of Inertia: The mass moment inertia of the man and the weights
about z axis when the man arms are fully stretched is

(1), = (%)(0.552) + 2{325—2 (2.52)} = 3.444 slug - ft?

The mass moment inertia of the man and the weights about z axis when the weights
are drawn in to a distance 0.3 ft from z axis

160

(1.), = (ﬁ>(0.552) + 2{325—2 (0.32)} = 1.531 slug - ft?

Conservation of Angular Momentum: Applying Eq. 19-17, we have
(H) = (Hy),
3.444(3) = 1.531(w,),

(w,), = 6.75rad/s Ans.

19-38. The satellite’s body C has a mass of 200 kg and a
radius of gyration about the z axis of k, = 0.2 m. If the
satellite rotates about the z axis with an angular velocity of
Srev/s, when the solar panels A and B are in a position of
6 = 0°, determine the angular velocity of the satellite when
the solar panels are rotated to a position of 6 = 90°.
Consider each solar panel to be a thin plate having a mass
of 30 kg. Neglect the mass of the rods.

Conservation of Angular Momentum: When 6 = 0° and 6 = 90°, the mass
momentum of inertia of the satellite are

(I,); =200(0.22) + 2{% (30)(0.5% + 0.4%) + 30(0.752)}
= 438kg-m’

(1,), = 200(0.22) + 2[11—2 (30)(0.5%) + 30(0.752)}
= 43kg-m?

Thus,

(Ho = (Ho)y

(I o = (1), @)

43.8(5) = 43w,

wy = 5.09 rev/s Ans.
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19-39. A 150-1b man leaps off the circular platform with a Vyp = S Mt/s
velocity of w,,, = 5ft/s, relative to the platform.
Determine the angular velocity of the platform afterwards.
Initially the man and platform are at rest. The platform
weighs 300 1b and can be treated as a uniform circular disk.

Kinematics: Since the platform rotates about a fixed axis, the speed of point P on
the platform to which the man leaps is vp = wr = w(8). Applying the relative
velocity equation,

Vm = vp + Vin/P

(+1) v

—w(8) +5 @

Conservation of Angular Momentum: As shown in Fig. b, the impulse / Fdt

generated during the leap is internal to the system. Thus, angular momentum of
the system is conserved about the axis perpendicular to the page passing through
point O.The mass moment of inertia of the platform about this axis is

1 1 (300
Io=-mr*=_ (- )(10*) = 465.84 slug - ft*
0=5mr 2(32'2)(0) 65.84 slug - ft
Then w \/m

(Hoh = (Ho)»

150
0= (3272 Vm)(S) — 465.84w ?
Vv = 1250 )

Solving Egs. (1) and (2) yields

V,
o = 0.244 rad/s Ans. 5ft P

v, = 3.05 ft/s

JFdt 322

465.8¢W
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*19-40. The 150-kg platform can be considered as a
circular disk. Two men, A and B, of 60-kg and 75-kg mass,
respectively, stand on the platform when it is at rest. If they
start to walk around the circular paths with speeds of
v4/p = 1.5m/s and vg/, = 2 m/s, measured relative to the
platform, determine the angular velocity of the platform.

Kinematics: Since the platform rotates about a fixed axis, the speed of points P and
P’ on the platform at which men B and A are located is vp = wrp = w(2.5) and
vp = wrp = w(2). Applying the relative velocity equation,

Vg = Vp + vpp
(+l> 1]

and

—w(2.5) + 2 @

VA= Vp + Vap

(+1)  veg=w(2) +15 @)

Conservation of Angular Momentum: As shown in Fig. b, the impulses / F,dt

and / Fp dt are internal to the system. Thus, angular momentum of the system is
conserved about the axis perpendicular to the page passing through point O. The

1 1
mass moment of inertia of the platform about this axis is /o = 5 mr? = 5 (150)(32)
= 675 kg - m’. Then

(Ho)1 = (Ho), (B
0 = 7505 (2.5) — 60v4 (2) — 6750 3)

Substituting Egs. (1) and (2) into Eq. (3),
0 = 75(=2.50 + 2)(2.5) — 60w + 1.5)(2) — 675w VB a %
o = 0.141 rad/s Ans. (&)

T N vrew

<
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¢19-41. Two children A and B, each having a mass of 30 kg,
sit at the edge of the merry-go-round which rotates at
® = 2 rad/s. Excluding the children, the merry-go-round
has a mass of 180 kg and a radius of gyration k, = 0.6 m.
Determine the angular velocity of the merry-go-round if A
jumps off horizontally in the —#n direction with a speed of
2 m/s, measured relative to the merry-go-round. What is the
merry-go-round’s angular velocity if B then jumps off
horizontally in the —r direction with a speed of 2 m/s,
measured relative to the merry-go-round? Neglect friction
and the size of each child.

w =2rad/s
Mass Moment of Inertia: The mass moment inertia of the merry-go-round about the
z axis when both children are still on it is
(1,); = 180(0.6%) + 2[30(0.75%)] = 98.55 kg - m?
The mass moment inertia of the merry-go-round about z axis when child A jumps off
(1,), = 180(0.6?) + 30(0.75?) = 81.675 kg - m’

The mass moment inertia of the merry-go-round about z axis when both children
jump off

(1,); = 180(0.6?) + 0 = 64.80 kg - m?
Conservation of Angular Momentum: When child A jumps off in the —» direction,
applying Eq. 19-17, we have

(H) = (H),
(U)o = ()0
98.55(2) = 81.675w,
wy = 2413 rad/s = 2.41 rad/s Ans.
Subsequently, when child B jumps off from the merry-go-round in the —¢ direction, +
applying Eq. 19-17, we have
(H2)2 = (H)s3 =M= (o
: : Y= Wr'=w(075)
(I)2 w2 = (I;)3 w3 — (mpvp)(0.75)

81.675(2.413) = 64.80w; — 30vp (0.75) (60) N n
Relative Velocity: The speed of a point located on the edge of the merry-go-round at ()03 1 (UB/ = Zm/ S
the instant child B jumps off is vy, = w53 (0.75). 7 "

vp = —uy + vgy = —w3 (0.75) + 2 ) Ve

Substituting Eq. (2) into Eq. (1) and solving yields

w3 = 2.96 rad/s Ans.
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19-42. A thin square plate of mass m rotates on the
smooth surface with an angular velocity w;. Determine its
new angular velocity just after the hook at its corner strikes
the peg P and the plate starts to rotate about P without
rebounding.

Mass Moment of Inertia: The mass moment inertia of the thin plate about the z axis

passing through its mass center is

)g = 1172(’”) (a2 + az) = %ma2

The mass moment inertia of the thin plate about z axis passing through peg P is

(I)p = 11*2('71)(a2 +a?) + m[ (g)z + (;’)12 = %maz

Conservation of Angular Momentum: Applying Eq. 19-17, we have

Hg = Hp
1 2
<7 maz)wl = (7 ma2>w2
3
1
wy = Zwl

Ans.

~<S

P

g
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19-43. A ball having a mass of 8 kg and initial speed of
v; = 0.2 m/s rolls over a 30-mm-long depression. Assuming
that the ball rolls off the edges of contact first A, then B,
without slipping, determine its final velocity v, when it
reaches the other side.

_ 0.2 _ Uy
@1= 008 1.6 rad/s @ =075 8v,
15
=gin =) = °
6 = sin (125) 6.8921

h =125 — 125 cos 6.8921° = 0.90326 mm

Tl + Vl = Tz + Vz
%(8)(0.2)2 + %E (8)(0.125)2}(1.6)2 +0

= —(0.90326)(1073)8(9.81) + %(8)&(0.125)2 + %E (8)(0.125)2}(@2
® = 1.836 rad/s
(Hp)2 = (Hp)s
{% (8)(0.125)2}(1.836) + 8(1.836)(0.125) cos 6.892°(0.125 cos 6.892°)

— 8(0.22948 sin 6.892°)(0.125 sin 6.892°)

B98HN 8(98)N

_ [%(8)(0.125)2}03 + 8(0.125)w; (0.125)
w3 = 1.7980 rad/s

T3+V3=T4+V4

%E (8)(0.125)2}(1.7980)2 + %(8)(1.7980)2(0.125)2 +0
— 8(9.81)(0.90326(103)) + %E (8)(0.125)2}((»4)2
+ %(8)((04)2(0.125)2

wy = 1.56 rad/s
So that
v, = 1.56(0.125) = 0.195 m/s

8(1-836) (0.125)

8(0-125w,)

I,01836)
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*19-44. The 15-kg thin ring strikes the 20-mm-high step.
Determine the smallest angular velocity w; the ring can have
so that it will just roll over the step at A without slipping

A [20 mm

The weight is non-impulsive.

(Ha = (Ha),
15(w1)(0.18)(0.18 — 0.02) + [15(0.18)%|(w) = [15(0.18)? + 15(0.18) |,

wy = 09444&)1
NIF, = m(ag),;  (15)(9.81) cos § — N, = 1503 (0.18)

1
When hoop is about to rebound, N 4, — 0. Also, cos § = 130" and so

®, = 6.9602 rad/s
6.9602

©1 = S omaa 7.37 rad/s Ans.
M(%),= 15(W.(018)]
T,
=[15¢018%) W, L, 15(9.81)N
= [150169] W, t
\(aﬁ)m

(k)= 18{w,(018)

0-18m

(0.16-0.02)m
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©19-45. The uniform pole has a mass of 15 kg and falls

from rest when 6 = 90°. It strikes the edge at A when

0 = 60°. If the pole then begins to pivot about this point C
after contact, determine the pole’s angular velocity just

after the impact. Assume that the pole does not slip at B as

it falls until it strikes A.

Conservation of Energy: Datum is set at point B. When the pole is at its initial and A
final position, its center of gravity is located 1.5 m and 1.5 sin 60° m = 1.299 m above f
the datum. Its initial and final potential energy are 15(9.81)(1.5) = 220.725 N -m B 015 m

and 15(9.81)(1.299) = 191.15 N - m. The mass moment of inertia about point B is (
1
Is=15 (15)(32) + 15(1.52) = 45.0 kg - m?. The kinetic energy of the pole before

1 1
the impact is 515 wr = 3 (45.0)w? = 22.507. Applying Eq. 1818, we have

T] + V] = T2 + V2
0 + 220.725 = 22.5w? + 191.15

oy = 1.146 rad/s i
15(780N

Conservation of Angular Momentum: Since the weight of the pole is nonimpulsive
force, the angular momentum is conserved about point A. The velocity of its mass
center before impact is vg = w; rgg = 1.146(1.5) = 1.720 m/s. The mass moment
of inertia of the pole about its mass center and point A are

1
I = E(15)(32) = 11.25kg - m? N

and

0.5
sin 60°

1 2 : 2
I, = E<15)(3 ) + 15(1.5 - ) = 24.02kg-m

Applying Eq. 19-17, we have
(Ha)1 = (Ha)
(mug)(rga) + Igwr = 14w

sin 60°
w, = 1.53 rad/s Ans.

[15(1.720)](1.5 - ) + 11.25(1.146) = 24.02w,

815



91962 _09_s19 p0779-0826 6/8/09 5:00 PM Page 816 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

19-46. The 10-Ib block slides on the smooth surface when

the corner D hits a stop block S. Determine the minimum A B
velocity v the block should have which would allow it to tip 7=
over on its side and land in the position shown. Neglect the /
size of S. Hint: During impact consider the weight of the T )
block to be nonimpulsive. NNSS c
Conservation of Energy: If the block tips over about point D, it must at least achieve
the dash position shown. Datum is set at point D. When the block is at its initial and
final position, its center of gravity is located 0.5 ft and 0.7071 ft above the datum. Its
initial and final potential energy are 10(0.5) = 5.00ft-1b  and
10(0.7071) = 7.071 ft - Ib. The mass moment of inertia of the block about point D is
1/ 10 10 g1k
=\ )(P+1)+ (= 57+ 0522 =0. - ft?
Ip 12(32.2)(1 1) 3 (V0.5? + 0.52)> = 0.2070 slug - ft
The initial kineti f the block (after the i is2 1yl = - (0.2070) o}
e initial kinetic energy of the bloc (after the impact) is SIpw: = 5( . ) w3. —|—Ys |- ,ED:O'7°” L
Applying Eq. 18-18, we have '
.’U=0'5ﬂ F
T, +V,=T3;+V < D
2 2 3 3 »}* )
1
~(0.2070) w3 + 5.00 = 0 + 7.071
2 ( ) w3 s f
w, = 4.472 rad/s
Conservation of Angular Momentum: Since the weight of the block and the normal
reaction N are nonimpulsive forces, the angular momentum is conserves about
point D. Applying Eq. 19-17, we have
~
_ VN
(Hp)1 = (Hp), 2 N
s N
(mvg)(r') = Ip w L > —r—
— 7
10 a.5ft]: N | [oTer e
v — s/ 1
{(32.2>v}(0.5) 0.2070(4.472) ) Datum
v = 5.96 ft/s Ans.
816
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19-47. The target is a thin 5-kg circular disk that can
rotate freely about the z axis. A 25-g bullet, traveling at
600 m/s, strikes the target at A and becomes embedded in
it. Determine the angular velocity of the target after the
impact. Initially, it is at rest.

Ia]

Conservation of Angular Momentum: Referring to Fig. a, the sum of the angular
impulse of the system about the z axis is zero. Thus, the angular impulse of the
system is conserved about the z axis. The mass moment of inertia of the target about

1 1
the z axis is I, = Zmr2 = Z(S)(0.32) = 0.1125 kg - m>. Since the target rotates

about the z axis when the bullet is embedded in the target, the bullet’s velocity is
(vp)2» = @(0.2). Then,
(H) = (H),
0.025(600)(0.2) = 0.1125w + 0.025[(0.2)](0.2)

w = 26.4rad/s Ans.

5G8)4t=0 ot

J it

0-025(600) 7.»1/5 0.025 (W (0-2)]

()
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*19-48. A 2-kg mass of putty D strikes the uniform 10-kg

plank ABC with a velocity of 10 m/s. If the putty remains 300 mm.D
attached to the plank, determine the maximum angle 6 of A 9\ ‘ B ‘ C
swing before the plank momentarily stops. Neglect the size [ ———1o\ ]
of the putty. A

‘ 800 mm 400 mm —

Conservation of Angular Momentum: Referring to Fig. a, the sum of the angular
impulses about point B is zero. Thus, angular impulse of the system is conserved
about this point. Since rod AC rotates about point B, (Vgac)s = wifgac = @2(0.2)
and (vp), = wyrgp = ®,(0.3). The mass moment of inertia of rod AC about its mass

1 1
center is Igc = Eml2 = 5(10)(1.22) = 1.2 kg-m? Then,

(Hp), = (Hp),
2(10)(03) = 1.2, + 10[@5(0.2)(0.2) + 2[w(0.3)](0.3)
w, = 3.371 rad/s Ans.

Conservation of Energy: With reference to the datum in Fig. a,

V, = (Vg)Z = Wac (YVoac)2 + Wp(yep)2 = 0
and
Vi = (Vg>3 = Wac VGac)s — Wp(Yen)s
— 10(9.81)(0.2 sin 6) — 2(9.81)(0.3 sin 6) = 13.734 sin 6

The initial kinetic energy of the system is

1 1
T, = 5 Iac wy® + 5 Mac (vGac)® + EmD(VGD)Zz

= %(1.2)(3.3712)+ % (10)[3371(0.2) ] + %(2)[3.371(0.3)}2 =10117 g

Since the system is required to be at rest in the final position, 73 = 0.Then,

T2 + V2 = T3 + V3
1011 + 0 =0 + 13.734 sin 0
0 =474° Ans.

Z(@8DAt=0

A1) kg-mis 10G8)At =0
0.5m

[10[W(o-2)] 4 Tw(OH)]

O3m

02
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©19-49. The uniform 6-kg slender rod AB is given a slight _ A
horizontal disturbance when it is in the vertical position and
rotates about B without slipping. Subsequently, it strikes the
step at C. The impact is perfectly plastic and so the rod
rotates about C without slipping after the impact.

Determine the angular velocity of the rod when it is in the
horizontal position shown. 1m c
0.225 = ( ‘
Conservation of Energy: From the geometry of Fig. a,§ = tan™! (ﬁ) = 36.87°
and BC = V0.32 + 0.2252 = 0.375 m. Thus, rcg = 0.5 — 0.375 = 0.125 m. With 0225 m
reference to the datum, V| = W(yg); = 6(9.81)(0.5) = 29.43J,V, = V3 = W(y5)3 3
= 6(9.81)(0.5 sin 36.87°) = 17.658 J,and V4, = W(ys)s = 6(9.81)(0.225) = 13.2435 J.
Since the rod is initially at rest, 7y = 0.The rod rotates about point B before impact. 03m
Thus, (vg), = wyrpg = , (0.5). The mass moment of inertia of the rod about its mass
: o1 2) = 2 _1 2 1 2
center is I = Eml SRt (6)(1 ) = 0.5kg-m". Then, T, = Em("c)z + Elcw
1 1
-5 (6)[n(0.5) 2 + 2 (0.5)@,2 = 1w,2. Therefore,
Tl + Vl = T2 + V2
0 + 29.43 = 1w, + 17.658
w, = 3.431 rad/s
The rod rotates about point C after impact. Thus, vg = wrcg = w(0.125). Then,
1 2, 1 ) _ 1 2,1 2 2
T = mvel + 5 Iow’ = 5(6)[(”(0.125)} + 5 (05)w’ = 02968750
so that
T; = 0.296875w;% and T, = 0.296875w,>
T3 + V’; = T4 + V4
0.296875w32 + 17.658 = 0.296875w,> + 13.2435
wy? — w3 = 14.87 0y
Conservation of Angular Momentum: Referring to Fig. b, the sum of the angular
impulses about point C is zero. Thus, angular momentum of the rod is conserved
about this point during the impact. Then,
(He) = (He)a Ol I4=0-125m
6[3.431(0.5)(0.125) + 0.5(3.431) = 6]w5(0.125)](0.125) + 0.5w5
w03 = 5.056 rad/s (oML
(), =0-225m
Substituting this result into Eq. (1), we obtain Sotam (
0 — (5.056)° = 14.87 )= Cfe),
@)
w4 = 6.36 rad/s Ans. ¢
6(981)At 20
a
0.5(343) G )s
6 [>-431(05)] 4w n _
o[w;( 0-125)]
s 0-/125m
s Jek
(b)
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19-50. The rigid 30-1b plank is struck by the 15-1b hammer /‘
head H. Just before the impact the hammer is gripped |
loosely and has a vertical velocity of 75 ft/s. If the coefficient
of restitution between the hammer head and the plank is
e = 0.5, determine the maximum height attained by the 50-1b
block D. The block can slide freely along the two vertical
guide rods. The plank is initially in a horizontal position.

Conservation of Angular Momentum: Referring to Fig. a, the sum of the angular
impulses about point B is zero. Thus, angular momentum of the system is conserved
about this point during the impact. Since the plank rotates about point B,
(vp)2 = wy(1) and (vg), = w,(1.25). The mass moment of inertia of the plank about

1 1/ 30
its mass centeris I = — ml*> = — (7) (4.52) = 1.572 slug - ft>. Thus,

2™ T 12\322
(Hp) = (Hp),

3%(75)(3) = 35702 [oa(D](1) + 332%[@20-25)](1-25) 1572, = 31752 (via(3)

4581w, — 1398(vy), = 104.81 1)

Coefficient of Restitution: Here, (v4), = w,(3) |. Thus,
_ (va)2 = ()
(+1) (v — (vah
—0(3) = (vu)
=75 -0
3(()2 + (VH)Z = 375 (2)

0.5 =

Solving Egs. (1) and (2),
wy = 17.92 rad/s (vi)s = —16.26 ft/s = 16.26 ft/s |

Conservation of Energy: With reference to the datum in Fig. b, V, = (Vg)z
= Wp(ye)2 = 0and Vs = (V)s = Wp(ye)s = SOh.

(vb)r = wa(1) = 17.92(1) = 17.92 ft/s and (vp); = 0
Thus,

1 , _1(50 2
T = S mp(vp)?® = (327)(17.92 ) = 24933 ft-lband 75 = 0

Then
T, +V,=T3+V;
24933 + 0 = 0 + 50h
h =499 ft Ans.

;’;,57(75)5/7-#/, 504t =0

22 W)

| 34 i:l [l' 30At 20 I Py
U 1 -|- - l‘—£ = N \l ]

16At 20 —3%( Vi,

—7
4 B 1254 41-572/1«&
Jhat 25002
(*)
820
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19-51. The disk has a mass of 15 kg. If it is released from
rest when 6 = 30°, determine the maximum angle 6 of
rebound after it collides with the wall. The coefficient of
restitution between the disk and the wall is e = 0.6. When
0 = 0°, the disk hangs such that it just touches the wall.
Neglect friction at the pin C.

‘«150 mm-—|

Datum at lower position of G.

hL+WV=5L+V

0 + (15)(9.81)(0.15)(1 — cos 30°) = B (15)(0.15)2}»2 +0

N | =

o = 3418 rad/s

0 = (~0.150")
+ —ae - (F0bLw)
< ) ¢ =06 = 34180015 — 0

' = 2.0508 rad/s

T2+V2:T3+‘/3

%[%(15)(0.15)2}(2.0508)2 +0 =0+ 1509.81)(0.15)(1 — cos 0)

6 =17.9° Ans.
W=15(9.81)N
0:15m
JI" 3 Datum

h=015(1-os0)
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*19-52. The mass center of the 3-1b ball has a velocity of
(vg)1 = 6 ft/s when it strikes the end of the smooth 5-1b
slender bar which is at rest. Determine the angular velocity
of the bar about the z axis just after impact if e = 0.8.

2ft

\/
(vo)1 = Ot/

0.5 ft

Conservation of Angular Momentum: Since force F due to the impact is internal to
the system consisting of the slender bar and the ball, it will cancel out. Thus, angular
momentum is conserved about the z axis. The mass moment of inertia of the slender F =05 ft

5\, ) (vp)
322)(4 ) = 0.2070 slug - ft%. Here, w, = 5

1
bar about the z axis is /, = E(
Applying Eq. 19-17, we have
(H) = (Hy),

[y, (o1 |(r) = I + [my () )(rv)

<3§ 2)(6)(2) =0 2070[( 3)2} (32 2>(UG)2(2) 1y

Coefficient of Restitution: Applying Eq. 19-20, we have

_ (ws) — (v),
(ve)1 — (vph

_ (vg)2 — (vo)2
0.8 = 27 @

Solving Egs. (1) and (2) yields

(vG)r = 2143 1t/s  (vp), = 6.943 ft/s

Thus, the angular velocity of the slender rod is given by

6.943
Wy, = % =5 = 3.47 rad/s Ans.
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¢19-53. The 300-1b bell is at rest in the vertical position
before it is struck by a 75-1b wooden post suspended from
two equal-length ropes. If the post is released from rest at
6 = 45°, determine the angular velocity of the bell and the
velocity of the post immediately after the impact. The
coefficient of restitution between the bell and the post is
e = 0.6. The center of gravity of the bell is located at point
G and its radius of gyration about G is kg = 1.5 ft.

Conservation of Energy: With reference to the datum in Fig. a, V| = (Vg)1
= —W(ye) = —75(3cos45°) = —159.10ft-Ib  and  V, = (V,), = ~W(ye)
= —75(3) = —225ft-1b. Since the post is initially at rest, 7; = 0. The post

L { 5 }(vp)zz. Thus,

- . 1
undergoes curvilinear translation, 7, = 5 m(vp)y? = 21302

T1+V1:T2+V2

0 + (~159.10) = ﬂ

(Vp)2 = 7.522 ft/S

75

32_2}(%)22 + (—225)

Conservation of Angular Momentum: The sum of the angular impulses about point
O is zero. Thus, angular momentum of the system is conserved about this point
during the impact. Since the bell rotates about point O, (vg); = wsrog = w3(4.5).

L . . 1
The mass moment of inertia of the bell about its mass center is IG = — mkg?

12
_ 300 /oy _ o2
=32 (1.5 ) = 20.96 slug - ft*. Thus,
(Hop), = (Hp)s
75 300 75
5 (7. = 5)|(4.5) + 20. -
35 752)6) = 35 [05(4.5)](4.5) + 209605 320vP0)
209.63w; — 6.988(vp); = 52.56 )

Coefficient of Restitution: The impact point A on the bell along the line of impact
(x axis) is [ (v4)3]« = w3(3). Thus,

_ [(VAHX = (vp)3

o e = [Wa)a)s

& _ —3(3) — (vp)s
( ) 06 —-7.522 - 0
3w3 + (vp); = 4.513 2)

Solving Egs. (1) and (2),

w3 = 0.365 rad/s (vp)z = 3.421t/s Ans.
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19-54. The 4-1b rod AB hangs in the vertical position. A
2-1b block, sliding on a smooth horizontal surface with a
velocity of 12 ft/s, strikes the rod at its end B. Determine A
the velocity of the block immediately after the collision. The
coefficient of restitution between the block and the rod at B

(o

ise =0.8. 34
12 ft/s
e
_UB

Conservation of Angular Momentum: Since force F due to the impact is internal to
the system consisting of the slender rod and the block, it will cancel out. Thus,
angular momentum is conserved about point A. The mass moment of inertia of the — Lo

: ; _ 1 4 2 4 2\ _ 2
slender rod about point A is [ 4 = o <@><3 ) + 32 (1.5 ) = 0.3727 slug - ft~.

_ (vB)2 .
Here, w, = 3o Applying Eq. 19-17, we have
i
(Ha) = (H )2
[mb (Ub)l](rb) =lpm + [mb (Ub)z](rb) A
X
2 2
<—)(12)(3) = 0.3727{@} + (—)(vh)z(S) @
322 3 322
L4 b
Coefficient of Restitution: Applying Eq. 19-20, we have
_ (g — (W) Z b
(o1 — (v
- 4
£ 08 = (vp)a — ()2 2
(=) 12-0 @ = F

Solving Egs. (1) and (2) yields
(vp), = 3.36 ft/s — Ans.
(UB)Z = 12.96 ft/S -
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19-55. The pendulum consists of a 10-Ib sphere and 4-1b
rod. If it is released from rest when 6 = 90°, determine the
angle 0 of rebound after the sphere strikes the floor. Take

e =0.8.
1/ 4\, 2(10 ) ( 10 ) X 2
“3\329 + 2 == )03 + | == )(23)* = 1. .
Ia=3 (32.2>(2) 5(32.2)(0 3)° + (355 )23) = 18197 slug - ft

Just before impact:

Datum through O.

Ih+Vi=5L+V,

1
0 + 4(1) + 10(2.3) = 5 (1.8197)w? + 0
w, = 5.4475 rad/s

v = 23(5.4475) = 12.529 ft/s We=/0 Ib

Since the floor does not move,

(+1)  e=08 _ =0

0 — (—12.529)
= 10.023 ft, .
1((:];))233 ) ] e asnef
w3 = 2"3 = 4.358 rad/s [5,’,,9&
Dotum

T+ V=T, +V, —

1
5 (1.8197)(4.358)> + 0 = 4(1 sin ;) + 10(2.3 sin ;)

0, = 39.8° Ans.
2:3ft | L 2-3ft X
Wo=5-4475 radfs . ‘fo& f P
p 3 {

Wk VX (fu,;)fws(zs)

Y )
o
Wply= 5:4475(23) s
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#19-56. The solid ball of mass m is dropped with a
velocity v; onto the edge of the rough step. If it rebounds
horizontally off the step with a velocity v,, determine the
angle 6 at which contact occurs. Assume no slipping when
the ball strikes the step. The coefficient of restitution is e.

—_
V2

Conservation of Angular Momentum: Since the weight of the solid ball is a

nonimpulsive force, then angular momentum is conserved about point A. The mass

moment of inertia of the solid ball about its mass center is I = — mr’. Here,

v, cos 6 .
Wy = . Applying Eq. 19-17, we have
(Ha)1 = (H )
[, i |(r') = T @a + [my (wp)a](r") mg

(mwy)(r sin 6) = (% mrz) (@) + (muy)(r cos 6)

Y2 > tan 6 @
V1 7

N
T 4

Coefficient of Restitution: Applying Eq. 19-20, we have

A
0 —
. (vp)2 N
(vp — 0
~ —(v;sin 0)
B —wvq cos 6
v _e clzos 0 @
vy sin 6
line of impact

Equating Eqgs. (1) and (2) yields

v,
M (%ing /
B tan g = £ o ‘-
7 sin 6 (p 1/1,
7

LD s
A
6 = tan"! < Ze) Ans.
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