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PROBLEM 17.CQ1

A round object of mass m and radius r is released from rest at the top of a curved surface and rolls without
slipping until it leaves the surface with a horizontal velocity as shown. Will a solid sphere, a solid cylinder or
a hoop travel the greatest distance c?

(a) A solid sphere
(b) A ssolid cylinder -
(¢) Ahoop pra

(d) They will all travel the same distance.

SOLUTION

Answer: (a) It has the smallest mass moment of inertia, so it will have the greatest speed at the bottom of the
surface.
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PROBLEM 17.CQ2

A solid steel sphere A of radius r and mass m is released from rest and rolls without slipping down an incline
as shown. After traveling a distance d the sphere has a speed v. If a solid steel sphere of radius 2r is released
from rest on the same incline, what will its speed be after rolling a distance d?

(@ 025v
() 05v
() v

d 2

(e) 4v
SOLUTION

Answer: (c) Using conservation of energy you can show that the speed after traveling a distance d will be
independent of the mass and the radius.
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PROBLEM 17.CQ3

Slender bar A is rigidly connected to a massless rod BC in Case 1 and two massless cords in Case 2 as shown.
The vertical thickness of bar A is negligible compared to L. In both cases A is released from rest at an angle
6 = 6. When 6= 0° which system will have the larger kinetic energy?

(@) Casel
(b) Case?2

(c)  The kinetic energy will be the same.

Case 2

SOLUTION

Answer: (c)
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PROBLEM 17.CQ4
In Problem 17.CQ3, how will the speeds of the centers of gravity compare for the two cases when 6= 0°?

(a) Case 1 will be larger.
(b)  Case 2 will be larger.
(c)  The speeds will be the same.

SOLUTION

Answer: (b) Case 1 will also have rotational kinetic energy, so the speed will be smaller.
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PROBLEM 17.CQ5

Slender bar A is rigidly connected to a massless rod BC in Case 1 and two massless cords in Case 2 as shown.
The vertical thickness of bar A is not negligible compared to L. In both cases A is released from rest at an
angle 6 =6,. When @ = 6° which system will have the largest kinetic energy?

(@) Casel
(b) Case?2

(c)  The kinetic energy will be the same.

Case 2

SOLUTION

Answer: (a) Case 1 will have a greater change in gravitational potential energy, so the kinetic energy will be
larger.
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PROBLEM 17.1

The rotor of an electric motor has an angular velocity of 3600 rpm when the load and power are cut off. The
50-kg rotor then coasts to rest after 5000 revolutions. Knowing that the kinetic friction of the rotor produces a
couple of magnitude 4 N - m, determine the centroidal radius of gyration of the rotor.

SOLUTION
Angular velocities: o, =3600 re.v Amin 27 rad =1207z rad/s
min 60s  rev
@, =0
Angular displacement: 5000 rev =100007 rad
Principle of work and energy: 7, +U,_, =T,:
T, =%7w12 = %7(120;:)2 =71.061x10°T
[
TZ = EI a)z = 0

U,_,, =—M68=—(4 N-m)(100007 rad) = —400007 N -m
71.061x10°T — 400007 =0
1 =1.76839 kg-m*

I =mk*

T 2
Centroidal radius of gyration. k= ‘/L = 1.76839 kg - m” =0.1881m
m 50kg

k =188.1 mm <«
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PROBLEM 17.2

It is known that 1500 revolutions are required for the 6000-1b flywheel to coast to rest from an angular
velocity of 300 rpm. Knowing that the radius of gyration of the flywheel is 36 in., determine the average
magnitude of the couple due to kinetic friction in the bearings.

SOLUTION

Angular velocity:

Moment of inertia:

Kinetic energy:

Work:

Principle of work and energy:

Average friction couple:

) =300 rpm
=107 rad/s
@, =0
T =mk? = &()1]32(3 ft)?
32.2 ft/s

=1677 Ib-ft-s>

1—
I = 51 ay
1
= 5(1677)(107;)2
=827,600 ft -1b
T,=0
U,,=-M86
=—-M (1500 rev)(27 rad/rev)
=-9424.TM
L+U_, =T,

827,600-9424.7M =0
M =87.811b-ft

M =87.81b-ft 4
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PROBLEM 17.3

Two disks of the same material are attached to a shaft as shown. Disk A has a
weight of 30 Ib and a radius r =5in. Disk B is three times as thick as disk A.
Knowing that a couple M of magnitude 15 Ib - ft is to be applied to disk A when
the system is at rest, determine the radius nr of disk B if the angular velocity of
the system is to be 600 rpm after 4 revolutions.

SOLUTION

For any disk:

Moment of inertia.

Disk A:

Disk B:

Angular velocity:

Rotation:

Kinetic energy:

Work:

m= p(xr’t) 2 e)
! &
T = Emrz -r
= l7r,otr4
1, =—nmpbr*

1
Iy = E”p(3b)(m‘)4

1
=3n*| = obr*
{2 » }
=3n4IA
Ly =1y +15=(1+3n"1, )

@ =0
@, =600 rpm

=207 rad/s

0=4rev=8rrad
T, =0
1
T, ZEIlotal a)zz
U,=M¢6

=(151b-ft)(87 rad)
=376.991b - ft
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PROBLEM 17.3 (Continued)
Principle of work and energy: LL+U_,=T,
0+376.991= %Imm (207)*

I = 0.19099 slug - ft*

1
But, I, =—m,r;

2

1(30b)( 5 .Y
— [ 20 2
21322 )\ 12

=0.080875 slug - ft*

From (1) 0.19099 = (1+ 3n*)(0.080875)
n* =0.45383
n=0.82078
Radius of disk B:

ry =nr, =(0.82078)(5 in.) = 4.1039 in. r, =4.10in. <4
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PROBLEM 17.4

Two disks of the same material are attached to a shaft as shown. Disk A is of radius
r and has a thickness b, while disk B is of radius nr and thickness 3b. A couple M of
constant magnitude is applied when the system is at rest and is removed after the
system has executed 2 revolutions. Determine the value of n which results in the
largest final speed for a point on the rim of disk B.

SOLUTION
For any disk: m= p(rrt) }_ e’
— i
T=gmr &7

= l7r,otr4
Moment of inertia.
Disk A: IA=%7[pbr4

. 1 4
Disk B: Ig= Eﬂp(Sb)(nr)
1
=3n*| — mpbr*
[2 7 }
=3n"I,
Lo =14 +1p

=(1+3n")I,

Work-energy. =0 U,_,=M6=M (4rrad)
1
T2 = Eltolal a)22
T,+U,,,=T,: 0+M(4r) =%(1+3n4)1Aa)22
(022 . 8tM
1+3n")1,

For Point D on rim of disk B

2 2
2 2 2 2_8ﬂ'Mr n

v, =(nr) or vp=n'r .
P “ P I, 1+3n*
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PROBLEM 17.4 (Continued)
Value of n for maximum final speed.
2
For maximum v,,: 4 n_4 =0
dn\ 1+3n
————[n*(12n°) - (1+3n*)(2n)] =0
(1+3n")
12n° —2n—6n" =0
2n(3n* ~1)=0
10
n=0and n= (5) =0.7598 n=0.760 4
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PROBLEM 17.5

The flywheel of a small punch rotates at 300 rpm. It is known that 1800 ft - Ib of work must be done each time a
hole is punched. It is desired that the speed of the flywheel after one punching be not less that 90 percent of the
original speed of 300 rpm. (a) Determine the required moment of inertia of the flywheel. (b) If a constant 25-1b - ft
couple is applied to the shaft of the flywheel, determine the number of revolutions which must occur between each
punching, knowing that the initial velocity is to be 300 rpm at the start of each punching.

SOLUTION

Angular velocities: @ =300 rpm =107 rad/s
o, =0.90w, =97 rad/s

Principle of work and energy: L,+U,_,=T,

-, 1+ 2
T, =—1 =—1(00x
155 ay > (107z)

11—, 1-
T,=—Iw, =—1097
275 w; 2( )

U,_,, =—1800 ft-Ib

%7(10%)2 —1800 =%T(9n)2

(a)  Required moment of inertia.

2(1800)

——————=19.1981b-ft s> 1=19201b-ft-s* «
7* (100 -81)

I =
(b)  Number of revolution between each punching.
Definition of work: U,, =M@:
1800 ft-1b=(251b - ft)@
6 ="72rad =11.459 rev 6=11.46rev 4
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PROBLEM 17.6

The flywheel of a punching machine has a mass of 300 kg and a radius of gyration of 600 mm. Each punching
operation requires 2500 J of work. (a) Knowing that the speed of the flywheel is 300 rpm just before a
punching, determine the speed immediately after the punching. (b) If a constant 25-N - m couple is applied to
the shaft of the flywheel, determine the number of revolutions executed before the speed is again 300 rpm.

SOLUTION
Moment of inertia. I =mk*
= (300 kg)(0.6 m)*
=108 kg - m?
Kinetic energy. Position 1. o, =300 rpm
=107 rad/s
1
h=21 oy
1 2
= 5(108)(107z)
=53.296x10°J
Position 2. Q:?@:ﬂ@
Work. U_,=-2500]

Principle of work and energy for punching.
T,+U,,,=T,: 53.296x10° —2500 =54
(@) @} =940.66
o, =30.67 rad/s

Principle of work and energy for speed recovery.

I,+U,, =T
U, =25007
M=25N-m

Uy, =M6 2500=256 6=100rad
(b)

@, =293 rpm <«

0=1592rev 4
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PROBLEM 17.7

Disk A, of weight 10 Ib and radius r=6in., is at rest when it is placed in
contact with belt BC, which moves to the right with a constant speed

A v =40 ft/s. Knowing that z, =0.20 between the disk and the belt, determine
the number of revolutions executed by the disk before it attains a constant
5 —_— angular velocity.
' C
QN
SOLUTION

.. . W=amg
Work of external friction force on disk A. 1 -

Only force doing work is F. Since its moment about A is M =rF, we have

U_,=M6 —_— f
.y Fegmg Nimg
=r(umg)o
Kinetic energy of disk A.
Angular velocity becomes constant when w, = Y
’
T,=0
1—
=51 123
2
_Ipr ey
2\2 r
mv*

s

Principle of work and energy for disk A.

2
my

T+U_, =T, 0+r,ukmg9=T

2 2
Angle change f=—"rad 6=—" rev
4rug 87r i g
Data: r=0.5ft
H, =0.20
v =40 ft/s
2
(40 1t/s) 0=19.77rev 4

- 87(0.5 £)(0.20)(32.2 ft/s?)
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PROBLEM 17.8

Disk A is of constant thickness and is at rest when it is placed in contact
with belt BC, which moves with a constant velocity v. Denoting by #, the

A coefficient of kinetic friction between the disk and the belt, derive an
expression for the number of revolutions executed by the disk before it
., v . attains a constant angular velocity.
A
SOLUTION
Work of external friction force on disk A. l W=mgy
Only force doing work is F. Since its moment about A is M =rF, we have A
U1—>2 =M0 —_— f
=rFo f‘-r,z_"-g N:mg
=r(y,mg)o
Kinetic energy of disk A.
Angular velocity becomes constant when w, = Y
-
T,=0
1—
2 ZEI 0)22
2
LY U
2\2 r
_ mv*
4
Principle of work and energy for disk A.
mv?
T+U_,=T,: O+r,ukmg9=T
v? v
Angle change. 6=—rad f=—rev 4
4r i g 87ri 8
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PROBLEM 17.9

The 10-in.-radius brake drum is attached to a larger flywheel
which is not shown. The total mass moment of inertia of the
flywheel and drum is 16 Ib - ft - s and the coefficient of kinetic
friction between the drum and the brake shoe is 0.40. Knowing that
the initial angular velocity is 240 rpm clockwise, determine the
force which must be exerted by the hydraulic cylinder if the system
is to stop in 75 revolutions.

SOLUTION
Kinetic energies. ’___LU_‘
@ =240 rpm =87 rad/s 10 1n.
T=161b-ft-s> N
T = %wa =%(16)(87r)2 =5053 ft-1b T
w, =0 T7,=0
| Femw
Angular displacement. @ ="75rev="752x)=150x rad
At Ay
Work. U_,=-M6= —{F (%ftﬂ (1507 rad) =—-392.7F *Ay
Principle of work and T,+U T. iéjn g
rinciple of work and energy. U, =T, B . =
5053-392.7F =0 F =12.8681b
F=uN: 12.868=(040)N N=32.171b 12ip
Free body brake arm: l I f
+‘>ZMA =0: B(6in)+ F(6in)—N(18in.)=0 * ‘"N_

B(6in.)+ (12.868 Ib)(6 in.) — (32.17 Ib)(18 in.) = 0 din, |
B=83.641b

B=383.61b 4
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PROBLEM 17.10

Solve Problem 17.9, assuming that the initial angular velocity of the
flywheel is 240 rpm counterclockwise.

PROBLEM 17.9 The 10-in.-radius brake drum is attached to a
larger flywheel which is not shown. The total mass moment of
inertia of the flywheel and drumis 16 1b - ft- s” and the coefficient of
kinetic friction between the drum and the brake shoe is 0.40.
Knowing that the initial angular velocity is 240 rpm clockwise,
determine the force which must be exerted by the hydraulic cylinder
if the system is to stop in 75 revolutions.

SOLUTION

Kinetic energies.
@ =240 rpm = 87 rad/s
I=161b-ft-s*
T = %wa =%(16)(87r)2 =5053 ft-1b
w, =0 T7,=0

Angular displacement. 0 ="75rev="752x)=1507x rad

10

Work. U_,=—M6= —{F [Eﬁﬂ (1507 rad) =-392.7F

Principle of work and energy. T, +U, , =T,:

5053-392.7F =0 F=12.8681b

F=u N: 12.868=(040)N N =32.17b
Free body brake arm:
+‘>ZMA =0: B(6in)—-F(6in.)—N(18in)=0

B(6in.)—(12.868 1b)(6in.) —(32.17 1b)(18in.) =0
B=109.371b

T

_.1

JO i

@
ﬁ

P

¥

2

———
.

B=109.41b 4
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A B PROBLEM 17.11

X80 mm

\

Each of the gears A and B has a mass of 2.4 kg and a radius of
gyration of 60 mm, while gear C has a mass of 12 kg and a radius
of gyration of 150 mm. A couple M of constant magnitude 10 N - m
is applied to gear C. Determine (a) the number of revolutions of
gear C required for its angular velocity to increase from 100 to
450 rpm, (b) the corresponding tangential force acting on gear A.

200 mm

SOLUTION
Moments of inertia.
Gears A and B: 1, =1, =mk*=(2.4)(0.06)> =8.64x10 kg - m*
Gear C: I =(12)(0.15)* =270x10 kg - m*
Kinematics. T@y =Tzl =T-0fp
200
W, = Wy ZE% =250
6, =065 =256,
I 1. 5
Kinetic energy. T= EI '
iy 10
Position 1. @- =100 rpm = ?ﬂ' rad/s

o, = wy =250 rpm —éﬂ rad/s

Gear A: (1), =—(8 64><103)(T”) =2.9609 J
1 3 b4
Gear B: (T)g = 8:64x107) T —2.9609J
1 . ( 10z
Gear C: (T =§(270><10 ) T —14.8044]
System: T, =(T), + (1) +(T)e =20.726]
Position 2. @ =450 rpm =157 rad/s
o, = Wy =37.57 rad/s
Gear A: (Ty) , = %(8.64><10‘3 )(37.57)* =59.957J
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PROBLEM 17.11 (Continued)

Gear B: (), =%(8.64><10*3)(37.57r)2 =59.9571]

Gear C: (1)) = %(270>< 107)(157)% =299.789 J

System: Ty =(Ty), +(Ty) g +(Ty) e =419.77
Work of couple. U,_,=M6. =106,

Principle of work and energy for system.
T,+U_,,=T,: 20.726+106, =419.7
6 =39.898 radians

(a) Rotation of gear C.

Rotation of gear A. 6, =(2.5)(39.898)
=99.744 radians
Principle of work and energy for gear A.
Ty, +M,6,=(T,),: 2.9609+M ,(99.744) =59.957
M, =057142 N -m

M .
(b)  Tangential force on gear A. F=—%A= 0.57142

"oy 0.08

6. =6.35rev 4

F=714N <
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PROBLEM 17.12

80 mm 5 somm Solve Problem 17.11, assuming that the 10-N - m couple is applied
to gear B.

PROBLEM 17.11 Each of the gears A and B has a mass of 2.4 kg and
a radius of gyration of 60 mm, while gear C has a mass of 12 kg
and a radius of gyration of 150 mm. A couple M of constant
magnitude 10 N - m is applied to gear C. Determine (a) the number
of revolutions of gear C required for its angular velocity to increase
from 100 to 450 rpm, () the corresponding tangential force acting

200 mm

on gear A.
SOLUTION
Moments of inertia.
Gears A and B: 1, =1, =mk*=(2.4)(0.06)> =8.64x10 kg - m*
Gear C: I =(12)(0.15)* =270x10 kg - m*
Kinematics. TA@y =TgWy =1 0p
200
W, = Wy ZW% =250,
0, =06;=2.56,
I |
Kinetic energy. T= 51 '
iy 10
Position 1. @- =100 rpm = ?7; rad/s

w, = wy =250 rpm = 2—35” rad/s

2
Gear A: ()4 =%(8.64><103)[st”] =2.9609J
1 257
Gear B: (T)p = 5(8.64><10‘3)(T] =2.9609J
1 107
Gear C: (T)¢ :5(270x10—3)(7) =14.8044J
System: T, =(T), + (T +(T)e =20.726]
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PROBLEM 17.12 (Continued)

Position 2. @- =450 rpm =157 rad/s
o, =Wz =37.57 rad/s
Gear A: (T,), = %(8.64><10’3 )(37.57)* =59.957J
Gear B: (), = %(8.64><10’3 )(37.57)* =59.957J
Gear C: (T :%(270><10‘3)(15n)2 =299.789 J
System: T, =(Ty), +(Ty) +(Ty) =419.7]
Work of couple. U,_,=M8, =106,

Principle of work and energy for system.

T,+U,,,=T,: 20.726+106, =419.7
0; =39.898 radians

~39.898

(a) Rotation of gear C. [ 55

=15.959 radians 6. =254rev 4

Rotation of gear A. 0, = 6, =39.898 radians
Principle of work and energy for gear A.
Ty +M 0, =(T,),: 29609 +M ,(39.898) =59.957
M, =14285N-m

(b)  Tangential force on gear A. F = M, 1.4285 F,=17.86 N 4

", 008
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PROBLEM 17.13

The gear train shown consists of four gears of the same
thickness and of the same material; two gears are of radius r,
and the other two are of radius nr. The system is at rest when
the couple M| is applied to shaft C. Denoting by I, the moment
of inertia of a gear of radius r, determine the angular velocity
of shaft A if the couple M, is applied for one revolution of
shaft C.

SOLUTION

Mass and moment of inertia:

For a disk of radius r and thickness #: m= p(zri)t = prtr’
7. 1 5_1 221
Iy =—mr® =—(pmtr*)r° =— prtr
075 > (prtr®) > p.

4

For a disk of radius nr and thickness ¢, I= % pﬂ't(nr)4 I = n41_0

Kinematics: If for shaft A we have a)A)
Then, for shaft B we have w, = a)A/n‘>

And, for shaft C we have @) = a)A/nz)
Principle of work-energy:
Couple M, applied to shaft C for one revolution. 8 =27 radians, T, =0,
U,_, =M,0=M,2r radians) =2zM
_1
2

1 1 o, ) 1 w, )
_ L7 .2 T 47 A 47 A
_EIOWA +5(IO +n IO)£7] +E(I’l 10)[,1_2]

_ 1 — 1 —
T, (IshaftA)szx +5(Ishaf18)a)§ +E(Ishaflc)a)g'

1- 5 » 1
=—lw, | n+2+—
2 0 A( nz)

2
1- 1
=—Il,0,| n+—

2
1- 1
T,+U,_,=T,: 0+27M, :Elowj (m—j

4rM M
Angular velocity. w; =Q;2 Wy = 22 T <
Iy (n+1) n+1\ 1,
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150 mm PROBLEM 17.14

The double pulley shown has a mass of 15 kg and a
centroidal radius of gyration of 160 mm. Cylinder A
and block B are attached to cords that are wrapped
on the pulleys as shown. The coefficient of kinetic
friction between block B and the surface is 0.2.
Knowing that the system is at rest in the position
shown when a constant force P =200 N is applied to
cylinder A, determine (a) the velocity of cylinder A
as it strikes the ground, (b) the total distance that
block B moves before coming to rest.

SOLUTION

Kinematics. Let r, be the radius of the outer pulley and rp that of the inner pulley.

r
_ _ _s
Va =140 Vg =130c —F_VA

A

’
_ _Ts
Sa =100 sp=—"5,

Tz

Use the principle of work and energy with position 1 being the initial rest position and position 2 being when
cylinder A strikes the ground.

L +U, =T,
where T,=0
and T, =—m, Vi +—mgvy +—7Ca)é
2 2 2

with  m, =5kg, m,=15kg, I.=m-k;=(15kg)(0.160 m)*> =0.384 kg - m*

1 ;1
T, :E[mA + 8’8 +—C}v§

2 2

2 2
_1{51( L (15k)(0.150m)° 0384 kg-m’ | ,

= v
2 (0.250 m)? 0250m)*> | *

=(8.272kg)vi

Principle of work and energy applied to the system consisting of blocks A and B and the double pulley C.
Work. U,_,=Ps,+mugs,—Fprsy —mygsgsin30°

where s, =Im
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PROBLEM 17.14 (Continued)

Ty 0.150 m
and Sp=——8, =
T 0.250 m

(Im)=0.6m

To find Fy use the free body diagram of block B.
AL60°LF =0: Ny —mygcos30°=0
Ny =mggcos30°=(15kg)(9.81m/s)cos30°=127.44 N
Fp =N =(0.2)(127.44 N) =25.487 N
Ui, = (200 N)(I m) + (5 kg)(9.81 m/s*)(1 m)
—(25.487 N)(0.6 m) — (15 kg)(9.81 m/s*)(0.6 m)sin 30°
=189.6131]

Work-energy:  0+189.613J = (8.272 kg)v;

(a) Velocity of A. v, =4.7877 m/s

when the cylinder strikes the ground,

vy =ty =010 () oea7 mis) = 2.8726 mis
r AT 0250m
v, 47877 mis

e = =19.1508 rad/s
Iy 0.250 m

After the cylinder strikes the ground use the principle of work and energy applied to a system
consisting of block B and double pulley C.

Let T; be its kinetic energy when A strikes the ground.
1 - 17 5
T,=—myvy +—1 .0
375 MY TS e
1
2
=132.305]

(15 kg)(2.8726 m/s)* +%(O.384 kg - m?)(19.1508 rad/s)?

When the system comes to rest, T7,=0
U, ., =—(25.487 N)sj — (15 kg)(9.81 m/s*)(s} sin 30°)
=—(99.062 N)s7,
where s} is the additional travel of block B.
T,+U;, =T, 132.305J—(99.062 N)sy =0
sp =1.3356 m

(b)  Total distance: sp+55=1.936m «
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PROBLEM 17.15

50 mm

Gear A has a mass of 1 kg and a radius of gyration of 30 mm; gear B
has a mass of 4 kg and a radius of gyration of 75 mm; gear C has a
mass of 9 kg and a radius of gyration of 100 mm. The system is at rest
when a couple M of constant magnitude 4 N - m is applied to gear C.
Assuming that no slipping occurs between the gears, determine the
number of revolutions required for disk A to reach an angular velocity

50 mm 100 mm 150 mm of 300 rpm.
SOLUTION
Moments of inertia: I =mk?
Gear A: 1, =(1kg)(0.030 m)* =0.9x107 kg - m*
Gear B: I, = (4kg)(0.075 m)* =22.5x107° kg - m*
Gear C: I =(9kg)(0.100 m)* =90x 107" kg - m*

Let r4 be the radius of gear A, | the outer radius of gear B, r, the inner radius of gear B, and r¢ the radius of
gear C.

ry=50mm, 7 =100mm, r =50mm, 7, =150 mm

At the contact point between gears A and B,

r
— . _ A —
RWp =104 Wy _Ta)A =0.5w,
1

At the contact point between gear B and C.

T
TeQ =1hWy: O =r—za)B =0.33333w,
C

@ =0.16667m,

1 1
Kinetic energy: T= EIAa)j +EIBa)§ +Elca)g

T= %[0.9><10*3 @ +(22.5x107)(0.5w,)* + (90x107°)(0.16667 @, )*]

=(4.5125x10" kg - m?) @’
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PROBLEM 17.15 (Continued)

Use the principle of work and energy applied to the system of all three gears with position 1 being the initial
rest position and position 2 being when @, =300 rpm.

w, =27 rad 1min 500 T _ 31 416 radis

rev 60s min
T,=0

T, = (4.5125x10° kg-m*)(31.416 rad/s)* = 4.4565 J
U_,=M8,.=(4N-m),
Principle of work and energy.
T,+U,,,=T,: 0+4.4565]=4(N-m)d,
0, =1.11413 rad

_ 6.6848 rad
A7 27 rad/rev

=66, = 6.6848 rad

6,=1.063rev 4
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PROBLEM 17.16

A slender rod of length / and weight W is pivoted at one end as shown. It is

4@ OB released from rest in a horizontal position and swings freely. (a) Determine
! I ! the angular velocity of the rod as it passes through a vertical position
and determine the corresponding reaction at the pivot, (b) Solve part a for
W=181lband /=3 ft.
SOLUTION
W=amo
Position 1I: v =0 "F == :@ 8
=0 £
a)l e g’l 2 ”’ 20
1,=0 : ;)
-1 o m '
=50 @ W=mg
Position 2: T, =—mr, +%70)22 -8
2
1 (1 I(1 ) »
=—m|— +—=| —ml
2 (2 ) 2 (12 )a)z
1
T2 = gmlza)zz
l
Work: U_,= ng
Principle of work and energy: LL+U_,=T,

0+mg—=—ml
$376¢™
(a) Expressions for angular velocity and reactions.

So

375' mzz\/?)4

0, 1 3g 3
a= =_.2°% =
@BE=LTToE

L
A Py 2
m@ | ZF=3X(F)y: A-W=ma

w A—mg:mig
8 8 52 S
A=—m, A==wW| <
"8 ol
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PROBLEM 17.16 (Continued)

(b)  Application of data:
W=181Ib, [=3ft

? :37g =3?g: 32.2 rad®/s? ®, =5.67 radls ) 4
A=%W=%(1.81b) A=451b] <
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PROBLEM 17.17
’<—b

A slender rod of length [/ is pivoted about a Point C located at a distance b

W o »p fromits center G. It is released from rest in a horizontal position and swings
‘ C G ‘ freely. Determine (a) the distance b for which the angular velocity of the rod
| ! | as it passes through a vertical position is maximum, (b) the corresponding

values of its angular velocity and of the reaction at C.

SOLUTION
S e 8
Position 1. v=0, =0 T,=0 A Clbs
w
Elevation: h=0 Vi=mgh=0
Position 2. v, =bw, A A
I—iml2
12
1o 1+,
T2 —Emvz +510)2 c X
Lofp?+ Lr a2 -:LB
2 n )~ G»L
Elevation: h=-b V, =—-mgb W
Principle of conservation of energy.
1 2, 1) o
L+Vi=T,+V,: 0+0=—m|b" +—I —mgb .
1 TVi=h+V, 2’"( D ](02 mg B U
2gb
w22= 2. 12
b™+51

(a)  Value of b for maximum @,.

2,172\ _
i{ b J:(b +121 ) b(zb)zo bzzilz bZL |
2 2 2
db| b+ L1 (b2+ﬁlz) 12 Ji2
2L
(b)  Angular velocity. @ = \/?

0)2:121’4@ a)2=1.861\/% |
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PROBLEM 17.17 (Continued)

Reaction at C. a, =bw; [-

) rg
=——Jn&
iz T

-8 mQe r n]Eih
+T2Fy=man: C, —mg =mg “

)

=
)
4
T
10
Z

C,=2mg

+)SM =mba, +Ta:  0=(mb> +1)a J

a=0, a =0

FL3F, =ma,: C,=-ma, =0 C=2mgT<
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A PROBLEM 17.18

A slender 9 Ib rod can rotate in a vertical plane about a pivot at B. A spring
of constant k£ = 30 lb/ft and of unstretched length 6 in. is attached to the rod
as shown. Knowing that the rod is released from rest in the position shown,

24 in. . . .
determine its angular velocity after it has rotated through 90°.

SOLUTION
A

£

T © ®

W

& eD = 14,866 Wi, W lf—l‘*l in. ——il
Tin

D el 2] c Y
| LB _ A L o A

q
Sin, 7{7&7
£\ _
C le—1qin. —>t kTon S in =G in.
Position I:
Unstretched
Length
Spring: x,=CD—( 6in. ) =14.866 -6 =8.8661in.=0.73884 ft
V, =%kx12 = %(30 1b/ft)(0.73884)* = 8.1882 Ib - ft
Gravity: V,=Wh=(91b) (%ft] =5251b-ft
Vi=V,+V, =8.18821b-ft+5.251b-ft =13.438 Ib - ft
Kinetic energy: 17,=0
Position 2:
Spring: X, =9in.—6in.=3in.=0.25 ft

V,= %kxzz = %(30 1b/ft)(0.25 ft)* = 0.9375 Ib - ft
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PROBLEM 17.18 (Continued)

Gravity: V,=Wh=0
V, =V, +V,
=0.93751b-ft
o _ 7
Kinetic energy: V, =rm, = [Eftjwz
T=Lu2=L[210 (2 ft)* =0.093168 slug - ft*
12 121322

1 ., 1+,
T,=—mv, +—I1w
2T TSR

2
= %(%)[(%ft)%j +%(0.093168)w22
T, =0.094138¢;
Conservation of energy:
T,+V, =T, +V,
0+13.438=0.094138 a)zz +0.9375

@} =132.79
@, =11.524 rad/s ®, =11.52 rad/s ) 4
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< PROBLEM 17.19

1 5in A %44, D
1 (oft s A slender 9 1b rod can rotate in a vertical plane about a pivot at B. A spring of
B E{ C{ constant k£ = 30 1b/ft and of unstretched length 6 in. is attached to the rod as
shown. Knowing that the rod is released from rest in the position shown,
A determine its angular velocity after it has rotated through 90°.

_____JJ
AL— 14 in. —

SOLUTION
c CD=14.866 n,
5w, M
+—e D W
— 14 in—
Tin, £
A Gy c D
G G j ‘? > .
s
j:"- @ e 7 in Sin, k=9 in, =
A @
Position I CD =+/14% +5% =14.866 in.
Unstretched
Length
—
Spring: x, =CD—( 6in. ) =14.866 — 6 =8.8661in. = 0.73884 ft
V, = %kxf = %(30 1b/ft)(0.73884)* =8.1882 1b - fit
Gravity: V,=Wh=91b= [—%ft] =-5.251b-ft
V=V, +V, =8.18821b-ft—5.251b- ft =2.93821b - ft
Kinetic energy: T,=0
Position 2:
Spring: X, =9in.—6in.=3in.=0.25 ft
v, = %kxf = %(30 Ib/ft)(0.25 ft)* = 0.9375 Ib - ft
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PROBLEM 17.19 (Continued)

Gravity: V,=Wh=0
V, =V, +V,
=0.93751b-ft
o _ 7
Kinetic energy: V, =rw, = (Eft]a)z
T=tm2=L[210 (2 ft)* =0.093168 slug - ft*
12 121 32.2
I 5, 1+,
T,=—mv, +—1w
2T TG

2
= %[392—19([%&] a)zj +%(0.093 168);
T, =0.094138;
Conservation of energy:
L+Vi=T,+V,
0+2.9382 = 0.094138¢; +0.9375

w; =21.253
@, =4.6101 rad/s ®, =4.61 rad/s ) 4
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PROBLEM 17.20

A 160-Ib gymnast is executing a series of full-circle swings
on the horizontal bar. In the position shown he has a small
and negligible clockwise angular velocity and will maintain
his body straight and rigid as he swings downward. Assuming
that during the swing the centroidal radius of gyration of his
body is 1.5 ft, determine his angular velocity and the force
exerted on his hands after he has rotated through (a) 90°,

(b) 180°.
SOLUTION
Position 1. (Directly above the bar).
Elevation: h =351t
Potential energy: Vi =Wh, = (1601b)(3.5 ft) =560 ft - 1b
Speeds: w =0, v=0

Kinetic energy: 17,=0

(a)  Position 2. (Body at level of bar after rotating 90°).

Elevation: h, =0.
Potential energy: V,=0
Speeds: v, =3.5w,.
Kineti ) R O N S
netic energy: T, —Emv2 +Emk 05
1( 160 > 1( 160 2 2
I,=—|—1|@35 +—| — |5
: 2[32.2)( ) 2[32.2)( ye;
=36.025w;

&
Principle of conservation of energy. R, Tm = ﬁ‘
3 o

T, +V, =T, +V,: 0+560=236.0250;

@} =15.545 ®, =3.94 rad/s ) 4
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PROBLEM 17.20 (Continued)
Kinematics: a, =3.5a
a, =3.5w; =(3.5)(15.545) = 54.407 ft/s* ~—
+) M, =%(M, )eff : (3.5)(160) = [%) (3.5)3.5a) + (%) 1.5«
a=77724radls> @ =27.203 fus?|
+ 3F, =ma,: R, = [ﬂ) (54.407) =270.351b ~— & "’21
322 -
.
+15F, = —ma; R, —160= —(315—2] (27.203)f mg " Y T
R,=24831b} R=2711b ™ 5.25° «
(b)  Position 3. (Directly below bar after rotating 180°).
Elevation: hy=-3.5 ft.
Potential energy: V3 =Why =(160)(-3.5) =560 ft-1b
Speeds: V3 =3.5w;.
Kinetic energy: T, = 36.0250;
Principle of conservation of energy.
T, +V, =T, +V;: 0+560=36.0250; — 560
@2 =31.09 ®, =5.58 radls ) 4
Kinematics: a, =(3.5)(31.09) =108.81 ft/s> T
From IMy=X(My)y and ZF, =0,
=0, a, =0 R.=0
+1%F, =ma,: R,-160= (%] (108.81)
R, =700.621b R=7011bf <«
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PROBLEM 17.21

' L
| d A collar with a mass of 1 kg is rigidly attached at a distance
i| C d = 300 mm from the end of a uniform slender rod AB. The rod
Q :ozl has a mass of 3 kg and is of length L = 600 mm. Knowing that the
A B rod is released from rest in the position shown, determine the
angular velocity of the rod after it has rotated through 90°.
SOLUTION
@ ¢ & a8 Drrum
Kinematics. ,] ¥ L »
we We d
Rod V=50 % | %

We {|€
Collar Ve =dw e
f ' blc

Position 1. w=0 e @
,=0 V,=0
Position 2. T, =lmRVI§ +—1,0° +lmcvé
2 2 2
2
=lmR £(o +l imRL2 o’ +lmca'2a)2
2 2 2112 2

1 221 2 2
=—myL"w" +—m-d @
6 X 2 €

V,=-W.d —WRg

1 1 L
T,+V, =T, +V,: O+0=(ngL2 +Emcd2]a)2 —WCd—WRE

), 3QWed+W.L) 3g(2med +myL)
o= 2 2 - 2 2 (1)
3med” +myL 3med” +myL
Data: m-=1kg, d=03m, mp=3kg, L=0.6m
From Eq. (1), & =39.81)| DO +300)
3(1)(0.3)” +3(0.6)
=52.32 ®=7.23rad/s ) 4
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PROBLEM 17.22
' L
| d A collar with a mass of 1 kg is rigidly attached to a slender rod AB
. 24 of mass 3 kg and length L = 600 mm. The rod is released from rest
[i S g in the position shown. Determine the distance d for which the
angular velocity of the rod is maximum after it has rotated 90°.
SOLUTION ¢ c o
. 8 Drrum
Kinematics. @ I'] + 3t 1
we We T~ 4
L -
Rod Vg = Ew _!fg_L Y2
We {|¢
Collar Ve =dw U
c
Position 1. w=0 w, 3” ®
T,=0 ;=0
Position 2. T, =lmRVI§ +—1,0° +lmcvé
2 2 2
2
=lmR £(o +l imRL2 o’ +lmca'2a)2
2 2 212 2
= lmRLza)2 + lmcdza)2
6 2
V, =-W.d-W, L
2
Lo 1 2) o L
,+V,=T,+V,: 0+0= ngL +Emcd w -W.d _WRE
» 32Wed+WoL) 3g(2med +myL)
o= 2 2 2 2 (1
3med” +mpL 3med” +mpL
Let x= i
L
; 2x+—2
o =8 ’:qc
L3y,
me
Data: m-=1kg, my=3kg
L&*  2x+3
3g 3x° +3
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PROBLEM 17.22 (Continued)

Lw*/3g is maximum. Set its derivative with respect to x equal to zero.

d [ La? | _ (3x* +3)(2) - x+3)(6x) _

dx| 3g (3x? +3)° 0
—6x> —18x+6=0
Solving the quadratic equation
x=-330 and x=0.30278
d =0.30278L
=(0.30278)(0.6)
=0.1817 m d=181.7 mm <«
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PROBLEM 17.23

Two identical slender rods AB and BC are welded together to
form an L-shaped assembly. The assembly is pressed against a
h spring at D and released from the position shown. Knowing that
04m " the maximum angle of rotation of the assembly in its subsequent
J motion is 90° counterclockwise, determine the magnitude of the
D angular velocity of the assembly as it passes through the position
where rod AB forms an angle of 30° with the horizontal.

I
| 04m
SOLUTION
.. 1 , 1 )
Moment of inertia about B. I, = gmABl +§m3cl
1] A W
1
o ™
c Wee We. @
Position 2. 0 =30°
Vo =Wy (hyp)y + Wee (hye ),
l l
= —sin30° + W, | ——cos30°
AB TS BC{ 5 )
1 o1 2 2
T =— 10y =—(myp +mpc)l" @)
2 6
Position 3. g =90°

[
Vs ZWABE ;=0

Conservation of energy.
T,+V,=T,+V,:

é(mAB+ch)lza)22+WAB ésin 30° - Wy, écos30° = O+WABé

23 Wy (1-sin30°) + W cos30°

l Myp + Mg

= %%[l —§in30°+ cos 30°]

= 2.049% = 2.049% =50.25 @, =7.09 rad/s 4
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PROBLEM 17.24

The 30-kg turbine disk has a centroidal radius of gyration of 175 mm and is
rotating clockwise at a constant rate of 60 rpm when a small blade of weight
0.5 N at Point A becomes loose and is thrown off. Neglecting friction, determine
the change in the angular velocity of the turbine disk after it has rotated through
(@) 90°, (b) 270°.

SOLUTION

Mass of blade. m, =51 grams = 0.051 kg

Weight of blade. m,g =(0.051)(9.81)=0.5 N

Moment of inertia about O. I, =mk* —m,r; =30(0.175)* =51x107(0.3)*> =0.91416 kg - m*

Location of mass center for the position shown.

(m—my)x =—myr, xX=— Mala
m—m,
Position 1. 0 =0° @ =60rpm = 27 rad/s
S 1 2
Kinetic energy: T, = 51 00;
Center of gravity lies at the level of Point O. h =0
Potential energy: Vi =(mg—-m,g)h =0
(a) Position 2. 6 =90°
o 1 2
Kinetic energy: T, = EI oW
I . MyT, .
Center of gravity lies a distance above Point O.
m—my
— _MaTa
2 m—my
Potential energy: V, = (mg —myg)h, = mygr, = (0.5)(0.3) = 0.150 N-m
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(b)

Conservation of energy.

& = af - 22— ry
o

Aw=w, -

Position 3.

Kinetic energy:

PROBLEM 17.24 (Continued)

L+V,=1T,+V,:
L ?r0=21 2 +v
200’1 5 0@ 2

_ (2)(0.15)

— 6.257016 rad/
091416 2 radss

w, =6.257016 — 27 =-0.02617 rad/s

A =-0.250 rpm 4

6 =270°
1
T, = Elowf

. . . Mmyr .
Center of gravity lies a distance —2-4— below Point O.

Potential energy:

Conservation of energy.

m—my,

_ o MpTy

m—my
Vi = (mg —myg)hy = —mygry, = —(0.5)(0.3) = -0.15N-m
L+V, =T, +V;:

1 2 1 2
—I,of +0=—1,w; +V.
201 203 3

> AL 2 (2)(=0.15)
=@ — 23 = (o) = WD)
@ == T S ate

w; = 6.309246 rad/s
Aw = w; — @, = 6.309246 — 27 = 0.026061 rad/s

Aw=0.249 rpm 4
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PROBLEM 17.25

A rope is wrapped around a cylinder of radius r and mass m as shown. Knowing that
the cylinder is released from rest, determine the velocity of the center of the cylinder
after it has moved downward a distance s.

SOLUTION

Point C is the instantaneous center. g

V=ro w=

< | =
a)

O

)

Position 1. Atrest. T,=0

Position 2. Cylinder has fallen through distance s.

T, =tmi? + 170"
2 2

—\2

=lm72+l lmr2 Y

2 2 2 r

3

—2
=—my

Work. U,_,, =mgs

Principle of work and energy.

3 _
IL,+U,_, =1 0+mgs=zmv2

y2 = 488 V= /ﬂiq
3 3
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PROBLEM 17.26

Solve Problem 17.25, assuming that the cylinder is replaced by a thin-walled pipe of
radius r and mass m.

PROBLEM 17.25 A rope is wrapped around a cylinder of radius r and mass m as
shown. Knowing that the cylinder is released from rest, determine the velocity of the
center of the cylinder after it has moved downward a distance s.

SOLUTION
Point C is the instantaneous center. .
v=ro o= q o
r C g
Position 1. At rest. T,=0 1 o

Position 2. Cylinder has fallen through distance s.

1 _ 1-
T, =—mv> +Elw2

2
_\2
=lm52 +l(mr2) Y
2 2 r
)
=my
Work. U,_,, =mgs

Principle of work and energy.

T,+U,_,=Ty: 0+mgs=my>

v?=gs V=\/Ei4

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1738

STUDENTS-HUB.com


https://students-hub.com
https://students-hub.com

STUDENTS-HUB.com

PROBLEM 17.27

[ 3 9in.
20 Ib

A 45-1b uniform cylindrical roller, initially at rest, is acted upon by a 20-1b
force as shown. Knowing that the body rolls without slipping, determine
(a) the velocity of its center G after it has moved 5 ft, (b) the friction force
required to prevent slipping.

SOLUTION
Since the cylinder rolls without slipping, the point of contact with the ground is the instantaneous center.
Kinematics: V=rw
Position 1. At rest. 17,=0
AKY
Position 2. s=51ft v;=v w="0 P
r
T, = Lni® + 1 107
: 2 Fp
2
L1 N
2 212 r
3 5, 3(45), 2
=—mv; =—| —— |vz =1.04815v
4% 4 (32.2) ¢ ¢

Work: U, =Ps=(20)5)=1001b-ft. F; does no work.

(a)  Principle of work and energy.

T,+U,,,=T,: 0+100=1.0481v;

vg =95.407 v =9.77 ft/'s— 4

(b)  Since the forces are constant, a; = a = constant

2

2s
_95.407

0)
=9.5407 ft/s*

ag

mag

F.3F =ma: P—F;, =ma

Ff =P-ma

= 20—( 45 )(9.5407) F,=6.671b~— |

32.2
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PROBLEM 17.28

A
: A small sphere of mass m and radius r is released from rest at A and
N rolls without sliding on the curved surface to Point B where it leaves
G i’ the surface with a horizontal velocity. Knowing that @ = 1.5 m and
| . b =1.2 m, determine (a) the speed of the sphere as it strikes the ground
at C, (b) the corresponding distance c.
SOLUTION III
A
Work: U,_,,=mga -'I-
Kinetic energy: T,=0 s -;;‘ '
C,..-7
AL
Rolling motion at position 2. v,=rw or 60w= Y ] '
—2 2 }’_ e
I=—mv'+—-lw

Principle of work and energy.

T, +U 2

T _
12 =T 0+mga=Emv

2
S2_ 10ga _ 10)(9.81m/s”)(1.5 m) = 91,021 /s
7 7
v =4.5849 m/s

For path B to C the motion is projectile motion. Let =0 at Point B. Let y = 0 at Point C.
Vertical motion: v, = (vy )o—8t=-gt

1
y=yo+(vy)ot—5gt2

At Point C, o=b+0—lgz§

2
fo= |22 2 (@02 o460
Vg \o8lms’

(vy)e =—gtc =—(9.81 m/s”)(0.49462 s) = —4.8522 m/s
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PROBLEM 17.28 (Continued)

Horizontal motion: Let the x coordinate point to the left with origin below B.

v, =(v,)g =V =4.5849 m/s

(@) SpeedatC. Ve =4/(V)e + (vy )e

Ve =+/(4.5849)% + (4.8522)°

ve =6.68 m/s 4
(b)  Distance c. C=V.to

¢ =(4.5849 m/s)(0.49462 s) c=227m 4
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PROBLEM 17.29

The mass center G of a 3-kg wheel of radius R =180 mmis located at a distance
L r = 60 mm from its geometric center C. The centroidal radius of gyration of the

- wheel is k =90 mm. As the wheel rolls without sliding, its angular velocity is
observed to vary. Knowing that @=S8rad/s in the position shown, determine
(a) the angular velocity of the wheel when the mass center G is directly above the
geometric center C, (b) the reaction at the horizontal surface at the same instant.
SOLUTION

v =(BG)»y

= J(0.18)” +(0.06) (8)

=8+v0.036 m/s

v, =0.24m,

m=3kg

k =0.09 m
Position 1. V=0

1 5, 1=
Tl ZEmVIZ +§I 0)12
= %(3)(8\/0.036)2 +%(3)(0.09)2(8)2
=4.2336]

Position 2. V, =Wh
=mgh
=(3)(9.81)(0.06)
=1.7658]
1 o, 1=,
T,=—mv, +—1 w
2 Ty TG,

=%(3)(0.24a)2)2 +%(3)(0.O9)2a)22

=0.09855w;
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PROBLEM 17.29 (Continued)

(a)  Conservation of energy.
I,+V, =T, +V,
42336 J+0=0.09855@; +1.7658
@; =25.041
@, =5.004 rad/s ®, =5.00 rad/s <

(b) Reaction at B.

4,

77
72
C

ma, =m(CG)w;
= (3 kg)(0.06 m)(5.00 rad/s)*
=45N|
+T 2F,=ma,: N—-mg=-ma,
N-(3)9.81)=—45 N=249 NT <
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PROBLEM 17.30

A half section of pipe of mass m and radius r is released from rest in the position
shown. Knowing that the pipe rolls without sliding, determine (a) its angular

Ge (0]

° velocity after it has rolled through 90°, (b) the reaction at the horizontal surface
at the same instant. [Hint: Note that GO =2r/7and that, by the parallel-axis
theorem, I =mr? —m(GO)*.]

SOLUTION
Position 1.
Position 2. Kinematics:

Moment of inertia:

I I _ -
Kinetic energy: T, = Emv2 +—=1w,

Work: U,_,=W(OG) =mg£=£mgr
T r
Principle of work and energy: L+U_,=T,
0+mg—=— rZ(Z——)a)z2
V4 V4
2 28 8
W, = =1.7519~
zr(1-2) r r
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PROBLEM 17.30 (Continued)

(a)  Angular velocity. 0, = 1.324\/E ‘> <
r

(b) Reaction at A.

Kinematics: Since O moves horizontally, (a,) ,=0

a, = (0.6 °'f S
=3(1.7519§j ¢
T r
=1.1153g |
Kinetics:
[¥m2 gy # 411553
& A = &
(&
+] BF, =5(F))r: A—mg =1.1153mg A=2.12mg | 4
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? PROBLEM 17.31

A sphere of mass m and radius r rolls without slipping inside a curved
surface of radius R. Knowing that the sphere is released from rest in the
position shown, derive an expression (a) for the linear velocity of the
sphere as it passes through B, (b) for the magnitude of the vertical
reaction at that instant.

SOLUTION

Kinematics: The sphere rolls without slipping.

Kinetic energy.

Work. U,_, =mgh=mg(R—r)(1-cos f3)

Principle of work and energy. 7, +U,_, =T,:

0+mg(R—r)1-cos B)= %mvf

(@)  Linear velocity at B. v, = \/g g(R-r)(1-cosf3)

Free body diagram when S =0.
LZFzma,: a, =0 w:'ﬂﬂg mé-

DEIMg=Te:  a=0

|
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PROBLEM 17.31 (Continued)

The sphere rolls so that its mass center moves on a circle of radius p=R—r.

—2
_ vy
a=a, =

R-r

+| 2F, =(F))yy: N-mg=ma
1 10
N—mg —m(Ej[Tg(R—r)(l—COSﬁ):l
N=mg[1+g(l—cosﬁ)}

(b)  Vertical reaction. N = %mg[17 —10cos ] T |
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PROBLEM 17.32

\1"
§ B Two uniform cylinders, each of weight W =14 1b and radius » = 5 in., are connected
by a belt as shown. Knowing that at the instant shown the angular velocity of
cylinder B is 30 rad/s clockwise, determine (a) the distance through which cylinder A
will rise before the angular velocity of cylinder B is reduced to 5 rad/s, (b) the
d tension in the portion of belt connecting the two cylinders.
A
Z
&
SOLUTION
Kinematics. r @8
Vp =V =Ty £ —\

Point C is the instantaneous center of cylinder A.

vD_ra)B_l

W, =—==—=2=—@
“ed 2 208

1 >
Va —”(_‘)A —E”WB I?’; (‘V“::O)
vp =2V, 9 \-/ C

Kinetic energy of the system. wﬂ
_L -2 > 17 0
T=—mv, + Ia)A+21a)B r= \5“/&.
2 2
TZl La)B +l lmr2 la)B + lmr2 a)g
2 \2 2(2 2 2
T 29
T=—mrw 1
6 B (1)
Position 1: (@), =30rad/s )
Position 2: (@), =5 radls )

Work. For the system considered, the only force which does work is the weight of disk A.
U,_, =-Wh=-mgh

where £ is the rise of cylinder A.
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PROBLEM 17.32 (Continued)

Principle of work and energy.

7 7
B4ULy =Tyt Somr ()] —mgh=—zmr(@)]

2
r
h=——[(@p)} —(@)3] 2)
16 g
7(5 .Y 1 2 2
=—| —ft | ——————[(30rad/s)” —(5rad/s)"]=2.064 ft
16\ 12 32.2 ft/s
(a)  Rise of cylinder A. h=2.06ft 4
(b)  Tension in cord DE. Let Q be its value.
Recall that v, =2v, thus D moves twice the distance that A moves, i.e ZhT
&L
1 - 2 \—B
T =<1 (wy),
2
1=
T2 251 (a)B)2 _ @
Uy, =—0Qh) 71\ @¥, —
L +U,=T, -, \
L L zh | o7 ima
L s N
_1= 2 2 v
0= Ti(@,)} ~ (@,)}] ol .Y | 3)
\ A e
Divide Equation (3) by Equation (2): .
1-16g 1(1 ,\16g 2 2
=315z 4(2"”]7# 77877 @
2 .
0= 7(14 1b) Tension =0 =4.001b 4
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PROBLEM 17.33

\1"
§ B Two uniform cylinders, each of weight W = 14 Ib and radius r = 5 in., are connected
by a belt as shown. If the system is released from rest, determine (a) the velocity of
the center of cylinder A after it has moved through 3 ft, (b) the tension in the portion
of belt connecting the two cylinders.
d
A
Z
&
SOLUTION
Kinematics.

Vp = Vg ZVG)B

Point C is the instantaneous center of cylinder A.
vp  ray 1
D, =——m=—""=—Q)
““epo2r 277
— 1
V) =F@, = Era)B
vy =2v,
Kinetic energy of the system.
T=%m§j+%7wj+%7w§ =<,
2 2
T=— (La)B) +l(lmr2)(la)3j l(lmi‘zja)é
2 \2 2\2 2 282
T= lmrza)g (1)
16
Position 1: At rest 17,=0
Position 2: Center of cylinder C has moved 3 fti.

Work. For the system considered, the only force which does work is the weight of disk A.
U_,=Wh=(141b)3ft)=421t-1b

where / is the distance that cylinder A falls.
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PROBLEM 17.33 (Continued)

Principle of work and energy:

2
7 141 (5 ,
T +U,_,=T,: 0+82ft-b=——"" |2 f| (o
1 12 =12 16 322 fi/s? (12 j (@p);
(wg), =35.662 rad/s
. 1 1(5 _
(@) Velocity of A. Ty =y = | i |(35.6 rads) v, =7.431ts| €

(b)  Tension in cord DE. Let Q be its value.

Recall that v, =2v, thus D moves twice the distance that A moves, i.e Zhi
T, =0

1_
T, =§I(a)3)§

U,_, =0Q2h)

L+U_, =T, T ® — \q:k
11w = \
0+Qh=—[——r2Ja)§ Zh ‘ »— |-, —
2\2 g X /

5 — ‘ h
Q:l[ﬂ& L /7 ~N
4 g h [ \'
O *
_l 14 1b if 2(35.662rad/s)2 \ A ]C
4322 ft/s* 12 6 ft ~. ~
=4.001b
0=4.001b. 4
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PROBLEM 17.34

A bar of mass m =5 kg is held as shown between
four disks each of mass m’ = 2 kg and radius
r =75 mm. Knowing that the forces exerted on
the disks are sufficient to prevent slipping and
that the bar is released from rest, for each of the
cases shown determine the velocity of the bar
after it has moved through the distance 4.

SOLUTION

Kinetic energy.

0

For all three arrangements,
angular speeds are the same for all disks.

Let v be the velocity of the bar (v = vi), V' be the velocity of the mass center G of the upper left disk,
V= Vi) and o be its angular velocity.

the magnitudes of mass center velocities are the same for all disks. Likewise, the

1,5

Moment of inertia of one disk. I =—mr

2

T = lmv2+ 4 lm’(V’)2+ l761)2
2 2 2

—l 2 l 2 l l 2.2
T = 2(5)v +4L(2)(v) + 2(2j(2)r a)}

=252+ 400 + 210’

Position 1. Initial at rest position. 77 =0
Position 2. Bar has moved down a distance 4. All the disks move down a distance #'.
Work U,,, =mgh+4m'gh’ =5gh + 8gh’

Kinematics and kinetic energy for case (a).

The mass center of each disk is not moving.

Vv =0, K =0
v

w=— ro=vy
r

T, = 2.5v% + 0+ 217 = 4.5/?
-
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PROBLEM 17.34 (Continued)

Kinematics and kinetic energy for case (b).
The instantaneous center C of a typical disk lies at its point of contact

with the fixed wall.

w =

2=

x

ANNNNN NN

2 2
T,, = 2.5v* + (4)60 + 2[%] =4.0v?

Kinematics and kinetic energy for case (c).
The mass center of each disk moves with the bar.

W =h

-
vV =y,

The instantaneous center C of a typical disk lies at its point of contact
with the fixed wall.

V=rw=v,

T, = 2.50% + (4? + 2% = 8.57

Principle of Work and Energy. LL+U_,=1T,
(@) 0+5gh+0=457 v=1.054,/gh <4
v =1.500,/gh 4

(b) 0+5gh+4gh=4.00"
v =1.237/gh 4

(¢) 0+ 5gh+8gh=238.5/"
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75 mm PROBLEM 1735

The 5-kg rod BC is attached by pins to two uniform disks as
shown. The mass of the 150-mm-radius disk is 6 kg and that
of the 75-mm-radius disk is 1.5 kg. Knowing that the system
is released from rest in the position shown, determine the
velocity of the rod after disk A has rotated through 90°.

150 mm

SOLUTION
Position 1. 7,=0
Position 2.
Kinematics.
VB VaB
Vp =V W, =——=—2=L2— vy, =2y, =2y
B = VaB AT BE 0075m A B AB
= Ve VaB
Ve =V W, =——=—H=2— =0
¢ TC T cF 0075m M
. 1 _ — 1 _ -
Kinetic energy. T, =EmAvj +51Aa)j +EmABviB +Eva§ +EIBa)§

2
1 1 v
=3 (6 ft/s)(2v,5)° + E(6 kg)(0.15 m)* (ﬁj +(5kg)vig

2
1 %
+(15k 2+ —(1.5kg)(0.075 m)? | —4B_
(L.5kg)(v4p) 2( g)( ) [0.075)

=%[24+12+5+1.5+0.75]V§B

T, =21.625v5,
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PROBLEM 17.35 (Continued)

Work: U, =W,(0.1125 m - 0.075 m)
=(5kg)(9.81)(0.0375 m)
U_,=18394]
Principle of work and energy: L+U,_,=T,
0+1.8394J =21.625 v},
vi, =0.08506
Vg =0.2916 m/s

Velocity of the rod. V5 =292 mm/s — 4
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Moment of inertia.

Kinetic energy. 5

Potential energy.

Conservation of energy.

IL,+V, =T, +V,:

Kinematics. Locate the instantaneous center C. Triangle ABC is equilateral.

1 1-
T, =—mvj +51a)2: T,

A PROBLEM 17.36
€]
1 3 The motion of the uniform rod AB is guided by small wheels of
602 g negligible mass that roll on the surface shown. If the rod is released
B from rest when @ =0, determine the velocities of A and B when
o L 0 =30°.
SOLUTION
Position 1. 6=0
vy=vp=0
w=0
T,=0
V=0
Position 2. 0=30°

vy=vp=Lw
v = Lwcos30°

I =—ml*
12
1 , 1(1 2) o
=—m(Lwcos30°)" +—| —mL" |@
2 212
=imlza)2
12

L 1
V, =—mg—sin30° = ——mgL
2 82 2 g

O+O=imL2a)2 —lmgL
12 4

o =065
L

w= 0.775\/g
L

v, =0.775\[¢L
vy =0.775\[¢L

v, =0.775,/sL ~— 4
v, =0.775[eL 7 60° 4
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PROBLEM 17.37

A 5-m long ladder has a mass of 15 kg and is placed against a house at an
angle @ =20°. Knowing that the ladder is released from rest, determine
the angular velocity of the ladder and the velocity of A when 6 =45°.
Assume the ladder can slide freely on the horizontal ground and on the
vertical wall.

SOLUTION
c ) , B

Kinematics:
. Lo
Let vy =v,~—, Vg =1 i and o =@ ) Locate the instantaneous - ﬂfg
e
center C by drawing AC perpendicular to v, and BC perpendicular 9
to vg. Triangle GCB is isosceles.
GA =GB =GC = L/2. The velocity of the mass center G is G

V=v, =Lol2

1 5, 1=
Kinetic energy: T =Emv2 +EI o’

(- 1
:5(1 +ZmL2j(02 4)‘1 A B

Since the ladder can slide freely, the friction forces at A and B are zero.

Use the principle of conservation of energy. &
T,+V, =T, +V,: 6
Potential energy: Use the ground as the datum. ]
V =mgh m % h
L By
where h=—cos@ v
2 A
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PROBLEM 17.37 (Continued)

Position 1. g =20°% rest (77 =0)

Position 2. 0 =45°; ="

0+mg£c0s20° =l 7+lmL2 o’ +mg£cos45°
2 2 4 2

Data: m=15kg. L=5m g=9.81m/s’
T _ 1 2 _ 1 2 _ 2
Assume 1 —EmL —E(IS kg)(Sm)° =31.25kg-m

7+imL2 =31.25kg-m’ +i(15 kg)(5 m)? =125 kg - m?

(15kg)(9.81 m/s*)(2.5 m)(cos 20° — cos 45°) = %(125 kg -m?)@’

@ =1.3690 rad?/s* ®=1.17004 rad/s

Angular velocity. ® =1.170 rad/s ) <
Velocity of end A.
v, = wLcos @ =(1.17004 rad/s)(5 m)cos 30° v, =507 m/s~— 4

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1758

STUDENTS-HUB.com


https://students-hub.com
https://students-hub.com

STUDENTS-HUB.com

PROBLEM 17.38

A long ladder of length /, mass m, and centroidal mass moment of inertia
I is placed against a house at an angle 6= 6. Knowing that the ladder is
released from rest, determine the angular velocity of the ladder when
6 = 6,. Assume the ladder can slide freely on the horizontal ground and
on the vertical wall.

SOLUTION
c ) , B

Kinematics:

Let vy=v,~— Vp=Vp i, and o =@ ) Locate the instantaneous

center C by drawing AC perpendicular to v4 and BC perpendicular
to vp. Triangle GCB is isosceles.

GA =GB =GC = L/2. The velocity of the mass center G is G
V=v;=Lal2 ﬂ)é

1 5, 1=
Kinetic energy: T =Emv2 +EI o’
L7l e Y,
2 4

Since the ladder can slide freely, the friction forces at A and B are zero.

Use the principle of conservation of energy.
L+V,=T,+V,:

Potential energy: Use the ground as the datum. 6
V =mgh |

L
where h=—cos@
> m % AL

Position 1. 0=6,;, rest (I'=0) A
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PROBLEM 17.38 (Continued)

Position 2. 0=06,; w="

O-i-mgécosﬁzl 7+lmL2 a)2+mg£COS¢92
2 20 4 2

Assume I =—mlI?

o = 3Tg(cos 6, —cosb,)

Angular velocity. o= \/3g(cos 6, —cos8,)/L ) <4
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PROBLEM 17.39

The ends of a 9-1b rod AB are constrained to move along slots cut in a
vertical plate as shown. A spring of constant k =3 Ib/in. is attached to
end A in such a way that its tension is zero when € =0. If the rod is
released from rest when 8 =50°, determine the angular velocity of the
rod and the velocity of end B when 6 =0.

SOLUTION
% _"—' ‘/‘_|
At yun %
<, '/' "8
w
_ L
2= sz
vp = Lo,
X, =L—Lcos50°
=(251in.)(1-co0s50°)
=8.9303 in.
iy L. 1,
Position 1. Vi=-W Esm 50°+ Ekx1
V,=—(9 1b)(25 m'jsin 50° +%(3 Ib/in.)(8.9303 in.)’
=—86.18+119.63
=33.45in.-1b
=2.787 ft-Ib.
=0
Position 2. V,=(, ), +(V,), =0

T, =—mv;, +—1
275 T w,

1 (LY 1(1 ).,
——m| = L PR,
2"{2%) +2(12m sz

2
1, o, 1(9b)(25inY) ,
e =121 (2200 9020

6" 6(32.2]( 12 ) “ “

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1761

STUDENTS-HUB.com


https://students-hub.com
https://students-hub.com

PROBLEM 17.39 (Continued)

Conservation of energy: L+V,=T,+V,
0+2.787 ft - 1b = 0.2022;

@, =13.7849
@, =3.713 rad/s ®, =3.71rad/s ") 4
Velocity of B: vy =L, = ( 2? ;n] (3.713 rad/s)
=7.735 ft/s vy =7.741ts| <
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PROBLEM 17.40

The ends of a 9-1b rod AB are constrained to move along slots cut in a
vertical plane as shown. A spring of constant k =3 Ib/in. is attached to
end A in such a way that its tension is zero when 8 =0. If the rod is
released from rest when 6 =0, determine the angular velocity of the
rod and the velocity of end B when 8 =30°.

SOLUTION
fe— L —
Moment of inertia. Rod. I= LmL2 QMMM ~
2 0 "W
Position 1. 6,=0 v =0 w =0
h, = elevation above slot. h =0
e, = elongation of spring. e =0
R P
L=5mv +21ap =0 ;r, e L cos 38" —»]
v = Le2 v wn =0 & “he
® —
Position 2. 0=30°
L )

e, +Lcos30°=L
e, = L(1—cos30°)

L 1
=——sin30°=——L
hy 2 4

1 1 1
v, =5ke§ +Wh, =EkL2(l—cos3O°)2 - WL

Kinematics. Velocities at A and B are directed as shown. Point C is the instantaneous center of rotation. From

geometry, b=~

17=ba)=£a)
2

vp =(Lcos30%)w

1 _
T, =Emv

2
=lm £(0 +l imL2
2 \2 2112

2 +17a)2
2
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PROBLEM 17.40 (Continued)

Conservation of energy.

T, +V, =T, +V,: 0+0=%Kﬁa}2 +%kL2(1—cos30°)2 —%WL
g

s =3—g—&(l —c0830°)2
w

2L
Data: W=91b
g =32.2 ft/s*

L=25in.=2.0833 ft
k =3 1b/in. =36 Ib/ft

o = (3)(32.2)  (3)(36)(32.2)(1 —cos 30°)

(2)(2.0833) 9
=16.2484 ®=4.03 rad/s ) <
vy = (2.0833)(c0s30°)(4.03) v, =7.27 fus | <
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PROBLEM 17.41

The motion of a slender rod of length R is guided by pins at A and B which
slide freely in slots cut in a vertical plate as shown. If end B is moved
slightly to the left and then released, determine the angular velocity of the
rod and the velocity of its mass center (a) at the instant when the velocity
of end B is zero, (b) as end B passes through Point D.

SOLUTION

The rod AB moves from Position 1, where it is nearly vertical, to Position 2, where vy =0.

In Position 2, v, is perpendicular to both CA and AB, so CAB is a straight line of length 2L and slope
angle 30°.

In Position 3 the end B passes through Point D.

A ¢
T ;‘.{/—/

e

h=
_1__/2 i g%, o
B — X& =
e j‘
.. R
Position I: T7,=0 Vl=Wh=ng
Position 2: Since instantaneous center is at B,
1
Vy, = ERCUZ

1 5, 1 5,
T,=—mv, +—1
2 =My T 2

= émRza)Z2
V, =Wh, =mg R
4
Position 3: V;=0
Since both v, and v are horizontal, @, =0 (1
I;= %m@z
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PROBLEM 17.41 (Continued)

(@)  From 1 to 2: Conservation of energy

L+V, =T, +V,: O+%ng=%mRza)22 +%ng

»_38
* 2R
38 \/E
=, [== o, =1225/> ) 4
w, >R b R)

széRa)zzé %ng /%gR v =0.612/gR X 60° <

(b) From 1 to 3: Conservation of energy

From Eq. (1) we have 0,=0 <

1 1
T, +V, =T, +V,: O+5ng:5mv32

v =gR V;=4/gR— <«
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g PROBLEM 1

7.42

Each of the two rods shown is of length L = 1 m and has a mass of 5 kg.

B ‘ Point D is connected to a spring of constant £ = 20 N/m and is constrained

N
{(@

to move along a vertical slot. Knowing that the system is released from
rest when rod BD is horizontal and the spring connected to Point D is
initially unstretched, determine the velocity of Point D when it is directly
L to the right of Point A.

SOLUTION

Moments of inertia. I= %m

2 1

I, 1A=5 I

Use the principle of conservation of energy applied to the system consisting of both rods. Use the level at A as

the datum for the potential energy of each rod.
Position 1. (no motion)

1,=0

Vi =mg (%Lj+mgL+%kx12

3 1,
=—mgL+—kx
T

Position 2.
L . L .
V,=mg B sin 60° + mg 7 sin 60°

3

1, 5
=—mgL+—kx
o MEETR

4t o]

Tl

L./2

\LG

"%

D

@, = kx,

-
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PROBLEM 17.42 (Continued)

Kinematics. W,z =Wyp )
vg=Lw,, Vyz=Lw,,~<30°

Vp :VDi

Locate the instantaneous center C of rod BD by drawing BC perpendicular to vg and DC perpendicular to vp.
Point C coincides with Point A in position 2.

Let Wy = Wy )
Vg
Wpp =—— = Wyp
L
La)
VE = Wyp
2

B

Vg = (Lsin60°)ay == Lasy,
Vp = L, = L@y ey

- 1
T,=—1,0n +—1 @2 +—mv>
2 2 AYAB 2 BD 2 G

1(1 1( 1 1 (3 ’

:2(3mL2j AB+2(12mL2j AB+2m( 5 a)AB]
11 3) 25 T 55
+—+— |mL W,y =—mL @
(6 24 8) D) A

Principle of conservation of energy.

7 V3

3 1 2 2 2 1 2
T+V,=T,+V,: O0+—mgL+—kx; =—mL @, +—mgL +—kx
1 1 2 2 2 8 M T, AB 2 8 > 2

7 ., (3 B 1. 5,
—mL w,, =| ——— |mgL——k(x; — x, 2
12 'AB (2 2}8 2(2 1) ()

Data: m=5kg, L=I1m, g=9.81m/s2
k=20N-m, x =0, x,=L=Im

3 3

{——TngL (0.63397)(5 kg)(9.81 m/s*)(1 m) =31.096 J

—%k(xi —-x)= %(20 N/m)(1m)> =-107
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PROBLEM 17.42 (Continued)

By Eq. (2), %mszgB = G’—;kg : mzja)i,g =21.0967J

wyp =7.2329rad’/s* @, =2.6894 rad/s

By Eq. (1), v, = (1 m)(2.6894 rad/s) v, =2.69m/s| <

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1769

STUDENTS-HUB.com


https://students-hub.com
https://students-hub.com

PROBLEM 17.43

The 4-kg rod AB is attached to a collar of negligible mass at A and to a flywheel
at B. The flywheel has a mass of 16 kg and a radius of gyration of 180 mm.
Knowing that in the position shown the angular velocity of the flywheel is 60 rpm
clockwise, determine the velocity of the flywheel when Point B is directly below C.

240 mm

SOLUTION
Moments of inertia.

Rod AB: 1,5 =$mABLiB

:%(4 kg)(0.72 m)*

=0.1728 kg - m’
Flywheel: I-= mk*

= (16 kg)(0.18 m)?

=0.5184 kg-m*
Position 1. As shown. w= a)l)

0.24
inff=—-+-— =19.471°
sinfj 0.72 p

h = %(0.72) cos #=0.33941 m

Vi=Wash
=(4)(9.81)(0.33941)
=13.3185]J

Kinematics. vy =ra =0.240,
Bar AB is in translation. 0, =0, V=v,

= %(4)(0.24@)2 +0 +%(0.5184)a)12
=0.37440}
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PROBLEM 17.43 (Continued)

Position 2. Point B is directly below C. A
h, —lL -r
9 '‘AB
1 —
25(0'72) -0.24 s N
4 __‘ ——
=0.12 m g
2
Vo =Wyphy A Dw
(3
= (4)(9.81)(0.12) \
=4.7088 J A
B
Kinematics. v =rw, =0.24w,
W5 =—2—=0.33333
Y072 “
_ 1
v=—v,=0.12
5B @,
| P [ 1
T, :EmAsz +EIABa)/243 +Elca’22
= %(4)(0.12@)2 +%(0.1728)(0.33333w2)2 + %(0.5184)%2
=0.2976w;
Conservation of energy. T, +V, =T, +V,: 037440 +13.3185=0.2976w; +4.7088 (1)
Angular speed data: @ =60 rpm = 27 rad/s
Solving Equation (1) for w,, w, =8.8655 rad/s ®, =84.7 rpm ) <4
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720 mm

240 mm

PROBLEM 17.44

If in Problem 17.43 the angular velocity of the flywheel is to be the same in the
position shown and when Point B is directly above C, determine the required
value of its angular velocity in the position shown.

PROBLEM 17.43 The 4-kg rod AB is attached to a collar of negligible mass at A
and to a flywheel at B. The flywheel has a mass of 16 kg and a radius of gyration
of 180 mm. Knowing that in the position shown the angular velocity of the
flywheel is 60 rpm clockwise, determine the velocity of the flywheel when Point
B is directly below C.

SOLUTION

Moments of inertia.

Rod AB:

Flywheel:

Position 1. As shown.

Kinematics.

Bar AB is in translation.

Ion=—m,pl
Ap =5 Maptaz

1 2
=—(4kg)0.72 m
12( ) )
=0.1728 kg - m’
I =mk>
= (16 kg)(0.18 m)*
=0.5184 kg-m*
o=0 )
0.24

inff=—-+-— =19.471°
sinfj 0.72 p

h = %(0.72) cos #=0.33941 m

Vi =Wyph
=(4)(9.81)(0.33941)
=13.31851]

v =rw, =0.240,

_ 1-— 1
I :EmAsz +EIAB(03XB +51Cw12
1 2 1 2
:5(4)(0.24501) +O+E(O.5184)a)1

=0.3744
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PROBLEM 17.44 (Continued)

Position 2. Point B is directly above C.

h, ! L.+ A
== r
2 ‘AB
= %(0.72) +0.24
Vy, =Wyph, |

=(4)(9.81)(0.6)

=23.544] hy W,
Kinematics. vy =rw, =0.240, L )

%
0,5 =—2-=0.33333w, rhg;\'wz

1
v=—v,=0.12
VB w,
I, 1=, 1.,
T,=—m v +—1L .05 +—1
2 =5 Map 5 a8%as T c?

:%(4)(0.12%)2 +%(0.1728)(0.33333a)2)2 + %(0.5184)@3

=0.2976@;
Conservation of energy. T, +V, =T, +V,: 037440’ +13.3135=0.2976w; +23.544
Angular speed data: W, = @y
Then, 0.0760a)” = +0.4105
@ =11.602 rad/s ® =110.8pm ) «
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PROBLEM 17.45

— @
The uniform rods AB and BC of masses 2.4 kg and 4 kg,
600 mm respectively, and the small wheel at C is of negligible mass. If the
360 mm wheel is moved slightly to the right and then released, determine the
velocity of pin B after rod AB has rotated through 90°.
[ (S ﬂ@J A 9) C
SOLUTION
Moments of inertia.
Rod AB: I, = %mABLiB = %(2.4)(0.360)2 = 0.10368 kg-m?
7_ 1 2 1 2 2
Rod BC: I = EmBCLBC = 6(4)(0.600) = 0.1200 kg-m

Position 1. As shown with bar AB vertical. Point G is the midpoint of BC.
Vi = myp8hyp + mgeghpe = (2.4)(9.81)(0.180) + (4)(9.81)(0.180) = 11.30111J

Rod BC is at rest. wge =0
V=vs=vp=v-~=0 10 B _ 0
=V =Vp =Vc = AB = =
Lyp
T,=0
Position 2. Rod AB is horizontal.
on! N — e
ey —D
=7 L [
V V V % _ 1
Kinematics. W,y = —L-=—L_ Wp = —B- = —B_ Vv =—v
P Ly 0360 B Lye  0.600 2 °

1 2 1 ) )
T, =—1,0ip +—mp~v- +—1w
2= 5 la%ap T 5 e 5 @Be

1 ve ¥ 1, (1 Y 1 ve )
=E(0.10368)[ j +—(4)(Ev3j +E(O'1200)( j

0.360) 2 0.600
= 1.06667v3

Conservation of energy. T, +V, =T, + Vy: 0+11.3011 = 1.06667v}
Vg = 3.25 m/s vy =325m/s | 4
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—@ PROBLEM 17.46

600 mm The uniform rods AB and BC of masses 2.4 kg and 4 kg, respectively,
360 mm and the small wheel at C is of negligible mass. Knowing that in the
position shown the velocity of wheel C is 2 m/s to the right,
determine the velocity of pin B after rod AB has rotated through 90°.

©
b
@,
aQ

SOLUTION

Moments of inertia.

Rod AB: I, = %mABLiB =%(2.4)(0.36)2 =0.10368 kg - m*
: 7_1 _1 2 _ 2
Rod BC: I'=5mscLye: =75 (#)(0.600)° =0.1200 ke - m

Position 1. As shown with rod AB vertical. Point G is the midpoint of BC.
Vi =Waphap +Wychge

=(2.4)(9.81)(0.180) +(4)(9.81)(0.180)
=11.301J

Kinematics: At the instant shown in Position 1,
Wy =0

V=v;=vg=v.=2m/s

Wy =2 == =55556 rad/s
L, 036
1 1, 1
Tl = EIAa)iB +EmBCv 2 + Ela)éc
1 1
= 5(0.10368)(5.5556)2 + 5(4)(2)2 +0
=967
Position 2. Rod AB is horizontal.
7 ~N S
C | 7y 7 ;D2
‘/ !{ \ te,
Wis Vg A Wee
V,=0
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PROBLEM 17.46 (Continued)

. . v v
Kinematics. Oy =—2-=-2
s 0.36
_Ys _ VB
e 0.60
BC :
_ 1
vV=—v
5B
1 2 2 2

~ L 0.10368) 22 2+l(4)(1v j2+i(012) v )
2 036) 2 \2%) 27771060
=1.0667v;

Conservation of energy. T, +V, =T, +V,: 9.6+11.301=1.0667v; +0

vy = 4.4266 m/s vy =443 m/s| <
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PROBLEM 17.47

320 mm

SOLUTION

Kinematics. V)=V, ~—

Point D is the instantaneous center of rod AB.

Dypp = “4
Lcos@
vg =(Lsin@)@,z =v, tanb
L V4

V- =—Q =
C 27 2c0s0
Gear A effectively rolls without slipping, with Point C being the contact point.

ve =0
Angular velocity of gear w, =—=.
Potential energy: Use the level of the center of gear A as the datum.

V=-W,;, (gcosﬁjz—%mABgLCOse

Kinetic energy: T= %mAvf, +%IA0)§ +%mABV; +%

Masses and moments of inertia: m,=5kg, m,,=4kg

1, =m,k* =(5)(0.060)* =0.018 kg - m*

Ty =yl = %(4)(0.320)2 =0.03413 kg-m?

12
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The 80-mm-radius gear shown has a mass of 5 kg and a centroidal
radius of gyration of 60 mm. The 4-kg rod AB is attached to the center
of the gear and to a pin at B that slides freely in a vertical slot.
Knowing that the system is released from rest when & =60°, determine
the velocity of the center of the gear when 8 =20°.
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Conservation of energy:

Position 1:

Position 2:

Conservation of energy:

PROBLEM 17.47 (Continued)

L+Vi=T,+V,

6 =160°
v,=0 T,=0

V, = —%(4)(9.81)(0.320) cos 60°
=-3.13927
6=20° v, =7

2 2
1 2 1 Vy 1 V4
T, = (512 +=(0.018 TR -
2=y O+ )(0.080] > )(2coszo°)

2
L0031z — o
2 0.320c0s 20°

= (2.5+1.40625 +0.56624 + 0.18875)v;
=4.66124v;
Vv, = —%(4)(9.81)(0.320) c0s20°
=-5.8998 J
L +V =T, +V,

0-3.1392= 4.66124\//24 —5.8998

v =0.59225 m?*/s’
v, =0.770 m/s v, =0.770 m/s ~— 4
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PROBLEM 17.48
Knowing that the maximum allowable couple that can be applied to a shaft is 15.5 kip - in., determine the
maximum horsepower that can be transmitted by the shaft at (a) 180 rpm, (b) 480 rpm.
SOLUTION
M =155 kip-in.

=1.2917 kip - ft

=1291.7 Ib-ft
(a) @ =180 rpm

= 677 rad/s

Power =M w
=(1291.7 1b - ft)(67r rad/s)
= 24348 ft - 1b/s
24348
Horsepower =
550

=443 hp <
(b) @ =480 rpm

=167 rad/s

Power =M@
=(1291.7 Ib - ft)(167r rad/s)
= 64930 ft - 1b/s
64930
Horsepower =
550
=118.1hp <
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PROBLEM 17.49

Three shafts and four gears are used to form a gear train
which will transmit 7.5 kW from the motor at A to a machine
tool at F. (Bearings for the shafts are omitted from the
sketch.) Knowing that the frequency of the motor is 30 Hz,
determine the magnitude of the couple which is applied to
shaft (a) AB, (b) CD, (c) EF.

SOLUTION

Kinematics. w,; =30 Hz
=30(2x)rad/s
=607 rad/s

Gears B and C. rp =75 mm

7 =180 mm
TgWup = TcWqp: (75 mm)(607 rad/s) = (180 mm)(w, )
Gears D and E. Wep =257 rad/s
rp =75 mm
ry =180 mm
IpWcp = rWgr: (75 mm)(257z rad/s) = (180 mm)(@g )

W =10.4167 7 rad/s

Power =7.5 kW
(a)  Shaft AB. Power =M ,z,5: 7500 W =M , (607 rad/s) M, ;=398 N-m «
(b)  Shaft CD. Power =M -, @qp: 7500 W =M ., (257 rad/s) M p=955N-m 4
(¢)  Shaft EF. Power =M p g 7500 W =M . (10.4167 7z rad/s) Mg=229N-m <
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5 .. PROBLEM 17.50

The shaft-disk-belt arrangement shown is used to transmit 2.4 kW from
Point A to Point D. Knowing that the maximum allowable couples that can
A be applied to shafts AB and CD are 25 N-m and 80 N-m, respectively,

determine the required minimum speed of shaft AB.

D 120 mm
SOLUTION
Power. 2.4 kW =2400 W
M,z <25N-m
P=M ,z0,p
min @, , = P _ 2400 _ 96 rad/s
max M ,p
M, <80N-m
P=M _parp
min @, = P _ 2400 30 rad/s
max M .,
Kinematics. TA@pp = TcWcp

Choose the larger value for minw, ;.

. T .
min @,, =-<(min @)
Ta

120
-(5)(3‘”

=120rad/s

min @®,; =120 rad/s

min@,; =1146 rpm <
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PROBLEM 17.51

The experimental setup shown is used to measure the power output of a small turbine.
When the turbine is operating at 200 rpm, the readings of the two spring scales are
10 and 22 1b, respectively. Determine the power being developed by the turbine.

SOLUTION
Angular velocity. w = 200 rpm = 20.944 rad/s

Moments about the fixed axle.

10 b 22 b
(9
M =(221b-10 Ib) Eft]:mb-ft

Power = M® = (9)(20.994) = 188.5 Ib-ft/s

188.5 1b-ft/s

—_— = Power = 0.343 hp 4
550 Ib-ft/s/hp
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PROBLEM 17.CQ6

Slender bar A is rigidly connected to a massless rod BC in Case 1 and two massless cords in Case 2 as shown.
The vertical thickness of bar A is negligible compared to L. If bullet D strikes A with a speed vy and becomes
embedded in it, how will the speeds of the center of gravity of A immediately after the impact compare for the
two cases?

(a) Case 1 will be larger.
(b)  Case 2 will be larger.
(c)  The speeds will be the same.

Case 1 Case 2
—_— - —_— —_—
B \ N, \\
\ \, \,
\ N N
Y
O\ AN N
\ \ N\, \,
A \ \
LAY \ \
N N, N
O\
A N AN
I, \ \\ L \\ \
\
Y M \\
A\ b \,
LAY \, \
\ ) \
AR AN N
\ \ A \, \\
AN N, \, \
N -7 ) | I | — AN, N o
\ - > I 1
\ > Prd | |
C - e ooy . &
p=[4 g p=|A
Vo )

SOLUTION
Answer: (b)
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T Pre PROBLEM 17.CQ7
T . f3m A 1-m long uniform slender bar AB has an angular velocity of 12 rad/s and its
Im |= : Pye—— center of gravity has a velocity of 2 m/s as shown. About which point is the
w e i angular momentum of A smallest at this instant?
O m
-8B P3 o — (Cl) P 1
(b P
0.5m (©) P,
P,e (d ) P 4
(e)  Itis the same about all the points.
SOLUTION
Answer: (a)
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PROBLEM 17.F1

The 350-kg flywheel of a small hoisting engine has a radius of gyration
of 600 mm. If the power is cut off when the angular velocity of the
flywheel is 100 rpm clockwise, draw an impulse-momentum diagram
that can be used to determine the time required for the system to come
to rest.

225 mm

SOLUTION

Answer:
Wt
+ At = 0
At
r r

mg(Vp)2

Syst. Momenta,

wgt

Syst. Momenta;, +  Syst. Ext. Imp.;_,,
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PROBLEM 17.F2

,
A sphere of radius r and mass m is placed on a horizontal floor with no linear velocity

< but with a clockwise angular velocity @,. Denoting by g, the coefficient of kinetic
friction between the sphere and the floor, draw the impulse-momentum diagram that
can be used to determine the time #; at which the sphere will start rolling without
sliding.

SOLUTION

Answer:

+ = Nﬁ-’;
Nty
Nt;
Syst. Momenta, + Syst.Ext.Imp.,,, = Syst. Momenta,
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PROBLEM 17.F3

Two panels A and B are attached with hinges to a rectangular plate
and held by a wire as shown. The plate and the panels are made of
the same material and have the same thickness. The entire assembly
is rotating with an angular velocity @, when the wire breaks. Draw
the impulse-momentum diagram that is needed to determine the
angular velocity of the assembly after the panels have come to rest
against the plate.

SOLUTION
Answer:
8 e 5 o b = b —y
[ 1,
. e ¥
(’Trn,ol).% ‘c ,
Y {f -
Lk e powetia
av-r‘jt ple ' 1
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PROBLEM 17.52

The rotor of an electric motor has a mass of 25 kg, and it is observed that 4.2 min is required for the rotor to
coast to rest from an angular velocity of 3600 rpm. Knowing that kinetic friction produces a couple of
magnitude 1.2 N-m, determine the centroidal radius of gyration for the rotor.

SOLUTION
Coasting time: t=42min=252s
Initial angular velocity: @ =3600 rpm =120z rad/s

Principle of impulse and momentum.

Mt
B - @

Syst. Momenta, + XSyst. Impulses. , _,, Syst. Momenta,

( Moments about axle A: loy-Mt=0

ToM
©
_ (1.2N-m)(2525)
1207 rad/s

=0.80214 kg - m?
I =mk?
—_— T . 2

Radius of gyration: k= L_ 080214 kg -m” =0.1791m
m 25kg

k =179.1 mm <«
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PROBLEM 17.53

A small grinding wheel is attached to the shaft of an electric motor
which has a rated speed of 3600 rpm. When the power is turned off, the
unit coasts to rest in 70 s. The grinding wheel and rotor have a combined
weight of 6 1b and a combined radius of gyration of 2 in. Determine the
average magnitude of the couple due to kinetic friction in the bearings
of the motor.

SOLUTION

Use the principle of impulse and momentum applied to the grinding wheel and rotor with
4L=0 t,=70s

@ = 3600 rpm =120 rad/s w, =0

— 6 (2_Y
Moment of inertia. I =mk?*= —2(—&] =0.005181b-ft - s>
32.2ft/s” \ 12
I W, Mt - wa =0
f -— » -
fzo + fa — A
) t=2s5
Syst.Momenta, +  Syst.Ext.Imp., , = Syst. Momenta,
+‘> Moments about A: lo-Mt=0

(0.00518)(1207)—M (70s) =0
M =0.02788 1b - ft
M =0.334511b-in.

M =0.3351b-in. <4
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PROBLEM 17.54

A bolt located 50 mm from the center of an automobile wheel is

100 N tightened by applying the couple shown for 0.10 s. Assuming that the
wheel is free to rotate and is initially at rest, determine the resulting
angular velocity of the wheel. The wheel has a mass of 19 kg and has a
radius of gyration of 250 mm.

SOLUTION
Moment of inertia. I = mk?* = (19 kg)(0.25 m)* = 1.1875 kg-m?
Applied couple. M = (100 N)(0.460 m) = 46 N-m
+ =
Syst. Momenta, + Syst. Ext. Imp.,_,, = Syst. Momenta,
Moments about axle: O+Mt=1w

0 + (46 N-m)(0.10s) = (1.1875 kg-m?)@
w = 3.87 rad/s 4
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PROBLEM 17.55

Two disks of the same thickness and same material are attached to a
shaft as shown. The 8-1b disk A has a radius r, =31in., and disk B has a
radius r; =4.51in. Knowing that a couple M of magnitude 20 1b - in. is
applied to disk A when the system is at rest, determine the time required
for the angular velocity of the system to reach 960 rpm.

SOLUTION
2
Weight of disk B. W, = [EJ A
Ts
45in.)’
{'?j@m
=181b
Moment of inertia. [=1,+1,
18b(3 Y\ 1181b(45 Y
=——| —ft| +——| —ft
232212 232212
=0.04707 Ib - ft - s>
Angular velocity. w, =960 rpm =100.53 rad/s
Moment. M =201b-in.=1.667 Ib - ft

Principle of impulse and momentum.

i ‘ ] .
Syst. Momenta; + Syst. Ext. Imp.; ,, =  Syst. Momenta,
+‘> Moments about C: 0+Mt=1w,
I
Required time. t= 1o
M
_(0.04707 1b - ft - s%)(100.53 rad/s)
1.667 1b - ft
t=2.839s 1=2.84s 4
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PROBLEM 17.56

Two disks of the same thickness and same material are attached to a
shaft as shown. The 3-kg disk A has a radius r, =100 mm, and disk B
has a radius ry; =125 mm. Knowing that the angular velocity of the
system is to be increased from 200 rpm to 800 rpm during a 3-s
interval, determine the magnitude of the couple M that must be applied
to disk A.

SOLUTION

2
Mass of disk B. my = (F—B] m,

Moment of inertia. I=1,+

o]

~Lake0.1my +%(4.6875 ke)(0.125 m)?
=0.05162 kg - m*

Angular velocities. o =200 rpm = 20.944 rad/s
@, =800 rpm = 83.776 rad/s

Principle of impulse and momentum.

+ =
Syst. Momenta; + Syst. Ext. Imp., ,;, = Syst. Momenta,

+‘> Moments about B: Lo+ Mt=lw,

I
Couple M. M=—(v,-w)

t

2
_ 005162 kg -m” o3 276 1ad/s — 20,944 rads) M =1081N-m 4

3s
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PROBLEM 17.57

A disk of constant thickness, initially at rest, is placed in contact with a belt
that moves with a constant velocity v. Denoting by #, the coefficient of
kinetic friction between the disk and the belt, derive an expression for the
time required for the disk to reach a constant angular velocity.

[

—
© Vv
SOLUTION
— N
Moment of inertia. I = Emr
Final state of constant angular velocity. w, = Y
r
I mqt Tw,
= Fi
+ RE A
4Nt
Nt
Syst. Momenta; +  Syst. Ext. Imp.;_,, = Syst. Momenta,
+Ty components: O+Nt—mgt=0 N=mg
+‘> Moments about A: 0+, Ntr =1,
o Tw, imr?Y v
Hmgr pmgr - 24,8 2.8
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PROBLEM 17.58

Disk A, of weight 5 1b and radius r =31in., is at rest when it is placed in
contact with a belt which moves at a constant speed v =50 ft/s. Knowing
that 4, =0.20 between the disk and the belt, determine the time required
for the disk to reach a constant angular velocity.

[

—-
© Vv
SOLUTION
L +_1 5
Moment of inertia. I = Emr
Final state of constant angular velocity. w, = Y
r
-+ -
4Nt
Nt
Syst. Momenta; +  Syst. Ext. Imp., ,, = Syst. Momenta,
+T y components: O0+Nt—mgt=0 N=mg
+‘> Moments about A: 0+ 4, Ntr =1,
Ao _Smrty
Hyemgr - fymgr - 244 g
v
=
2.8
Data: v =50 ft/s
M, =020

t= __ 0 r=3.88s 4
(2)(0.20)(32.2)
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PROBLEM 17.59

A cylinder of radius r and weight W with an initial counterclockwise
angular velocity «, is placed in the corner formed by the floor and a
(‘\ vertical wall. Denoting by x, the coefficient of kinetic friction between the
cylinder and the wall and the floor derive an expression for the time

& required for the cylinder to come to rest.
SOLUTION
For the cylinder I= %mrz, W =mg
Principle of impulse and momentum.
Wt
Zevo
Net ©
1 py
Rt
A At
NAL

Syst. Momenta,

Syst. Momenta, + Syst. Ext. Imp.;_,,

Linear momentum .. 0+ Nyt—F,t=0
Ng=F,
Linear momentum +T : O+ N t+ Fpt—=Wt=0

Ny+Fg=N,+ 14Ny
=N, + i, Fy + N, +i;N, =W

w
N,= >
1+ u
uww
FA::ukNA:k—z
1+ u
ww
Ny=——
1+ u
P
B~ 2
I+
+‘>Moments about G: [y~ Frt—Fyrt=0
_ Iy, _ A+ u)HI a, . 1+ 4} ray
(Fy+Fg)r  u, A+ py)Wr 2u, A+ ) g
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PROBLEM 17.60

Two uniform disks and two cylinders are assembled as indicated. Disk A

,”/200 mo 150 mm\ | has a mass of 10 kg and disk B has a mass of 6 kg. Knowing that the
| o | system is released from rest, determine the time required for cylinder C
to have a speed of 0.5 m/s.

Disks A and B are bolted together and the cylinders are attached to
separate cords wrapped on the disks.

SOLUTION
Moments of inertia.

ol A _1 2 _1 2 _ 2
Disk A: 1, —EmArA —5(10 kg)(0.200m)” =0.2kg-m
Disk B: I =%m3r§ =%(6 kg)(0.150 m)* = 0.0675 kg - m*

. . Ve
Kinematics: Ve = vci 0, =0, ‘> = —‘>

Ta

Oy =0,=0
f=wn =21
Vp=Vp|= org|= v,
Tz

Principle of impulse and momentum.

] P i

Zero

m‘it mgt M. Ve Moty

Syst. Momenta;, + Syst. Ext. Imp.,,, = Syst. Momenta,
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PROBLEM 17.60 (Continued)

+‘> Moments about axle 0.
0+ mygtry —mpgtry =mevery, +mpvptg + (4 +15)@ (1)
Data: ve =0.5m/s t=?
mqgr, = (8kg)(9.81 m/s?)(0.200 m) =15.696 N -m
mpgry =(10kg)(9.81 m/s*)(0.150 m) =14.715N-m
megry —mpgry =0.981 N-m
mevery = (8 kg)(0.5 m/s)(0.200 m) = 0.8 kg - m*/s

0.150 m

mpvprg = (10 kg)(o 200m

J(o.s m/s)(0.150 m) = 0.5625 kg - m? /s

0.5 m/s
0.200 m

(I, +1,)0=(0.2675kg- mz)( ] =0.66875 kg -m*/s

mevery +mpvpty + (I, + 1)@ =2.03125 kg - m*/s

;. 2.03125kg- m’/s

Solving Eq. (1) for t,
ving Eq. (1) 0981 N-m

t=2.07s 4
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PROBLEM 17.61

Two uniform disks and two cylinders are assembled as indicated. Disk A
has a mass of 10 kg and disk B has a mass of 6 kg. Knowing that the
system is released from rest, determine the time required for cylinder C
to have a speed of 0.5 m/s.

The cylinders are attached to a single cord that passes over the disks.
Assume that no slipping occurs between the cord and the disks.

SOLUTION

Moments of inertia.

Disk A: I,= %mArf = %(10 kg)(0.200 m)* =0.2 kg - m?
Disk B: I, = %mBrBz = %(6 kg)(0.150 m)* = 0.0675 kg - m?
Kinematics: Ve = VT Vp = vi

v v

0=L) w,=L)
Ta s

Principle of impulse and momentum.

Disk A and cylinder C
Qt

m.
i
i
Disk B and cylinder D

Qr Lats

Syst. Momenta; + Syst. Ext. Imp.,,, = Syst. Momenta,

Mo
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PROBLEM 17.61 (Continued)

Disk A and cylinder C. (+ Moments about A:
Otry —mepgtry =myvry +1,0,
Disk B and cylinder D. (+ Moments about B:

—QOtrg —mp gtrg =mpteV + [y

To eliminate Qt divide Equation (1) by r4 and Equation (2) by rg, and then add the resulting equations.

1 1
(mD—mC)gtz(mA+—/;+mB —g]v
s Tp

v=05mls =2
(my —me)g =(2kg)(9.81 m/s*)=19.62 N

Data:

2
Ip _gyg02KE M 1ok

1

A B _
mc +—2+mD +—2—8

T Tp

(19.62 N)r = (26 kg)(0.5 m)

(0.200 m)*
Equation (3) becomes

t=0.66259 s

(D
2)
3)
2
N 0.0675 kg Izn 26 ke
(0.150 m)
1=0.663s 4
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PROBLEM 17.62

Disk B has an initial angular velocity @, when it is brought into contact with
disk A which is at rest. Show that the final angular velocity of disk B depends
only on @, and the ratio of the masses m, and m, of the two disks.

SOLUTION

Let Points A and B be the centers of the two disks and Point C be the contact point between the two disks.

Let w, and w, be the final angular velocities of disks A and B, respectively, and let v be the final velocity
at C common to both disks.

Kinematics: No slipping Ve =10, = gy
Moments of inertia. Assume that both disks are uniform cylinders.
1 1
Iy =5mArj Iy =5mBr§
Principle of impulse and momentum.
Disk A
+ NE — AN
Ft
Disk B
Ft
e - (\
= 4
Nt e ot
Syst. Momenta, + Syst. Ext.Imp., ,, = Syst. Momenta,
Disk A:‘> Moments about A: O+ryFt=1,0,
Fre NN :l mAr/;va
N 2
= MyVe
= 5 m,rgWy

Disk B:) Moments about B: Iy —rgFt =1, 0,

1 ) 1 | ),

— Mgl Wy — Ty | =M TpWy |=—mr;@ Wy =

2330)0 3(2 ABB]ZBB AR

mg
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PROBLEM 17.63

The 7.5-1b disk A has a radius r, =6 in. and is initially at rest. The
10-1b disk B has a radius r; =8 in. and an angular velocity @, of
900 rpm when it is brought into contact with disk A. Neglecting
friction in the bearings, determine (a) the final angular velocity of
each disk, (b) the total impulse of the friction force exerted on disk A.

SOLUTION

Let Points A and B be the centers of the two disks and Point C be the contact point between the two disks.

Let w, and w, be the final angular velocities of disks A and B, respectively, and let v be the final velocity
at C common to both disks.

Kinematics: No slipping Ve =T,0, = Ty

Moments of inertia. Assume that both disks are uniform cylinders.

IA_lmArj Iy _lmB’"g
Principle of impulse and momentum.
Disk A
+ NE — Lawn
Ft
Disk B
Ft
's
+ = p
Nt ’T 8 To
Syst. Momenta, + Syst. Ext. Imp. ,_,, = Syst. Momenta,
Disk A: ‘> Moments about A: O+r Ft=1,0,
Fr=ta®
Ta
1 myryv 1
_ Ml Ve _ 1,
2 2 2 M
= MATpWg
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PROBLEM 17.63 (Continued)
Disk B:) Moments about B: gy —rgFt =10,
1, 1 1,
EmBrB% ~Tp EmArBwB :EmrBwB
Wy = w(’m
142
Data: m, =75 023202 b5t
32.2
my _Wa 275 495
mg Wy 10
8
= ft
LD
Tp _ 8
ry 6
@ =900 rpm =307 rad/s
@y
Wy =———
@ 5715075
_ 30z
1.75
=53.856 rad/s
, =r—Ba)B
Ta
8
=| — [(53.856
HEES
=71.808 rad/s ®, =686 pm ) <
o, =514 rpm) |
0.23292)(%) (307
(b) Fr=tt V(i) Gom Fr=4.181b-s| 4
2 1+0.75
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Ty PROBLEM 17.64

A tape moves over the two drums shown. Drum A weighs 1.4 1b and
has a radius of gyration of 0.75 in., while drum B weighs 3.5 1b and
has a radius of gyration of 1.25 in. In the lower portion of the tape
the tension is constant and equal to 7, =0.751b. Knowing that the
tape is initially at rest, determine (a) the required constant tension
Ty if the velocity of the tape is to be v=10 ft/s after 0.24 s, (b) the
corresponding tension in the portion of tape between the drums.

SOLUTION
Kinematics. Drums A and B rotate about fixed axes. Let v be the tape velocity in ft/s.
V=10, =%a)A w, =13.3333y
12
1.5
v=rBa)B=Ea)B Wy =8v

2
] =169.837x107°1b-s? - ft

|
[\e]
VR
W
ks
(\o)
N—
VR
SIS
N‘Jl

Moments of inertia. [, =m k; =| ——

2
Iy =mgkp =[£)(£] =1.17942x1071b-s? - ft

322 )\ 12
State 1. t=0 v=0 W, =wy =0
State 2. t=0.24s, v =10 ft/s

w, =(13.3333)(10) =133.333 rad/s ‘>

@ = (8)(10) =80 rad/s

Tasl
&+ @ -0
Tat

Syst. Momenta, + Syst.Ext.Imp.,_,, =  Syst. Momenta,

Drum A.
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PROBLEM 17.64 (Continued)
+‘> Moments about A: O0+r T pt—rT,t=1,0,
0+ (%) (Tyst) - (%j (0.75)(0.24) = (169.837x107°)(133.333)

T,5t=0.481931b"s

Drum B.
Tt
zeve
+ = (
Te wyg
Tael
Syst.Momenta, + Syst.Ext.Imp., ., = Syst. Momenta,
+ (Moments about B: 0+ rgTpt — 15T gt = [y
1.5 1.5 3
0+—(Tgt) —| — |(0.48193) = (1.17942x107")(80)
12 12
TRt =1.236761b-s
Tyt 123676
Ty=-"%= Ty, =5.151b <

@ BT T 0 5

T,zt 0.48193

b Typ="2=—""—- T,; =2.011b <

® M 024 e
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PROBLEM 17.65

Show that the system of momenta for a rigid slab in plane motion reduces to a single vector, and express the
distance from the mass center G to the line of action of this vector in terms of the centroidal radius of gyration
k of the slab, the magnitude v of the velocity of G, and the angular velocity w.

SOLUTION
X
7
Syst. Momenta = Single Vector

\Components parallel to mv: mv=X X=mv 4
‘> Moments about G: To= (mv)d

7 =2 2

dzl_wzmk_w d:k_w <
my my 12
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mro PROBLEM 17.66

Show that, when a rigid slab rotates about a fixed axis through O perpendicular
to the slab, the system of the momenta of its particles is equivalent to a single
vector of magnitude mr®, perpendicular to the line OG, and applied to a
Point P on this line, called the center of percussion, at a distance GP =k /7
from the mass center of the slab.

SOLUTION
X
may
Kinematics. Point O is fixed. V=ro
System momenta.
Components parallel to mv: X=mv=mro X=mro 4
Moments about G: (GP)X = lo
_ k2
(GP)Ymrw=mk’® (GP)=— <
r
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PROBLEM 17.67

Show that the sum H, of the moments about a Point A of the momenta of the particles of a rigid slab in plane
motion is equal to I,w, where @ is the angular velocity of the slab at the instant considered and I, the
moment of inertia of the slab about A, if and only if one of the following conditions is satisfied: (a) A is
the mass center of the slab, (b) A is the instantaneous center of rotation, (¢) the velocity of A is directed along
a line joining Point A and the mass center G.

SOLUTION
Kinematics.
Let o=ouok
and Yo, =Tgu < 6
Then, Vi = OXTg, =(rg,) < B
where B=60+90°
Also V=V, + Vg u
Define h=r;, Xvg,
h = (100) (v 0K = (70 0K = (1,7 —

System momenta. Moments about A:
H, =1, xmv+Io
=T Xm(Vy+vg,) +1o
=Ty, XMV, + TG, XV, + 10

=1, Xmv, + mh+ o

_ 2 7

=Tg 0 XMV, +mrg 0+ I
5 _

=T Xmv, +(mrg, +1)o

The first term on the right hand side is equal to zero if

(a) r;4 =0 (A is the mass center)
or ®) v, =0 (A is the instantaneous center of rotation)
or (c) x4 1s perpendicular to v,.
In the second term, mrg, +1 =1, by the parallel axis theorem.
Thus, H,=/0

when one or more of the conditions (a), (b) or (c) is satisfied.
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PROBLEM 17.68

Consider a rigid slab initially at rest and subjected to an impulsive force F
contained in the plane of the slab. We define the center of percussion P as the
point of intersection of the line of action of F with the perpendicular drawn from G.
(a) Show that the instantaneous center of rotation C of the slab is located on line GP
at a distance GC =k “/GP on the opposite side of G. (b) Show that if the center
of percussion were located at C the instantaneous center of rotation would be
located at P.

SOLUTION

(a) Locate the instantaneous center C corresponding to center of percussion P. Let d, = GP.

N —
+ X =
my
tat
Syst. Momenta, + Syst.Ext.Imp., ,, = Syst. Momenta,
Components parallel to FA¢: 0+ FAt=mv
Moments about G: 0+dp(FAt)= lo de
- . v 1
Eliminate FAt¢ to obtain —=
o mdp -
— v
k? -
= Z
vo_k® k*
Kinematics. Locate Point C. GC=d.=—=— GC=—-4
o dp GP

(b)  Place the center of percussion at P’ = C. Locate the corresponding instantaneous center C’. Let

dy =GP’ =GC=d,.

P. X

n

4 FA
ma’

Syst. Momenta, + Syst. Ext.Imp. _,, = Syst. Momenta,
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Components parallel to FA¢:

Moments about G:

Eliminate FAt to obtain

Kinematics. Locate Point C".

K2
Using d. =d, = gives
P

PROBLEM 17.68 (Continued)

0+ FAt=mv’

0+dy(FAt) =T/

V_I _k
@& mdy dp
— 72 2
GC'=d, =LK _k
w dy d.

Thus Point C’ coincides with Point P.

de=dp or GC'=GP 4
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PROBLEM 17.69

A flywheel is rigidly attached to a 1.5-in.-radius shaft that rolls without sliding
along parallel rails. Knowing that after being released from rest the system
attains a speed of 6 in./s in 30 s, determine the centroidal radius of gyration of
the system.

SOLUTION

Kinematics. Rolling motion. Instantaneous center at C. Q

V=v;=rw ,
Moment of inertia. I =mk?

Kinetics.
mqt
+ =
CX SFH
\..,..//
St
Syst. Momenta, + Syst.Ext.Imp., , = Syst. Momenta,
‘> Moments about C: 0+ (mgt)rsin f=mvr+1 @
2
mgtrsin = m(r +—]7
r
Solving for l;z, k=r? (M - 1]
v
Data: r=1.5in.=0.125ft
g =32.21t/s
t=30s

v =61in./s =0.5 ft/s

K2 =(0.125)? [(32-2)(30) sin15° 1}

0.5
=17.7974 f* k=279ft 4
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PROBLEM 17.70

A wheel of radius r and centroidal radius of gyration k is released from rest on
the incline shown at time ¢#=0. Assuming that the wheel rolls without sliding,
determine (a) the velocity of its center at time ¢, (b) the coefficient of static
friction required to prevent slipping.

SOLUTION
Kinematics. Rolling motion. Instantaneous center at C.
V=v; =1
v
w=—
,
Moment of inertia. I =mk? 7z
Kinetics.
Iw
N
¥ | ] = [~
/3
c
c
Ng/ Ft
Syst. Momenta, + Syst. Ext.Imp., ., = Syst. Momenta,
~~ moments about C: 0+ (mgt)rsin f=mvr+1 @
mk *v

(mgrsin B)t = mrv +

2 .
r-gtsin < B <

e

<l
I

(a)  Velocity of Point G.

+\ components parallel to incline:
0+ mgtsin f— Ft =mv
2 .
. t
Ft = mgtsin - 81508
ro+k
B k>mgt sin 3
rr+k?
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(b)

PROBLEM 17.70 (Continued)

+/* components normal to incline:

0+ Nt —mgtcos f=0

Nt =mgtcos §
Required coefficient of static friction.

F

>

Hy N

_n

Nt

k>mgtsin

- (r* +k*)mgt cos 8

2
p >k tan 4 <

2+ k2
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P T PROBLEM 17.71
A
The double pulley shown has a mass of 3 kg and a radius of gyration of 100 mm.
Knowing that when the pulley is at rest, a force P of magnitude 24 N is
B C  applied to cord B, determine (a) the velocity of the center of the pulley after
1.5 s, (b) the tension in cord C.
mim
SOLUTION
For the double pulley, 7. =0.150 m
ry =0.080 m
k=0.100 m
Principle of impulse and momentum.
P
Qt
c + ¢ =
Syst. Momenta, + Syst. Ext.Imp., ,, = Syst. Momenta,
Kinematics. Point C is the instantaneous center. V=r.w

( Moments about C:

0+ Pt (1, + 1) — mgtre = 1 @+ mvr,

= mk*> @+ m(r.0)r,
_ Pt(ro +1g) —mgtr
m(k2 + rg)
_ (24)(1.5)(0.230) — (3)(9.81)(1.5)(0.150)

3(0.100 +0.150%)
=17.0077 rad/s
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+ T Linear components:

(b)  Tension in cord C.

PROBLEM 17.71 (Continued)

(@ v=(0.150)(17.0077) =2.55115 m/s

0+ Pt—mgt + Qt =my

Q=ﬂ+mg—P
t

= OCPID) 598124

v=255m/s | «

0=1053N <

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1814

STUDENTS-HUB.com


https://students-hub.com
https://students-hub.com

STUDENTS-HUB.com

B

PROBLEM 17.72

o A 9-in.-radius cylinder of weight 18 1b rests on a 6-lb carriage. The
system is at rest when a force P of magnitude 2.5 Ib is applied as shown
» for 1.2 s. Knowing that the cylinder rolls without sliding on the carriage

© and neglecting the mass of the wheels of the carriage, determine the
resulting velocity of (a) the carriage, (b) the center of the cylinder.

SOLUTION

Moment of inertia.

Cylinder alone:

‘> Moments about C:

or

- 1
1 =—mAr2

_1(181b)(9in.Y’
2322 )\ 12

=0.15722 slug - ft*

O @-€

Syst. Momenta,

I
3
)

Syst. Momenta, + Syst.Ext. Imp., ., =

0+0=1w—m,v,r

0=0.1572200— 18 ) V4 (1)
322 A\ 12

Cylinder and carriage:

_*. Horizontal components:

or

? ? Pt [:O —%J"’sb‘;

Syst. Momenta,

@) O

Syst. Momenta, + Syst.Ext. Imp.,_,, =

0+Pt=m,v, +mgvg

0+(2.5)(1.2) = (;zgzjv‘* +(3262]v3 )

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1815



https://students-hub.com
https://students-hub.com

PROBLEM 17.72 (Continued)
Kinematics. Vy=Vp —FO
9
Vy=Vvp—| — |@ 3
() >
Solving Equations (1), (2) and (3) simultaneously gives ®="7.16rad/s ‘>
(a)  Velocity of the carriage. v, =8.05 ft/s— 4
(b)  Velocity of the center of the cylinder. v, =2.68 ft/s — 4
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PROBLEM 17.73

A@ :P A 9-in.-radius cylinder of weight 18 1b rests on a 6-lb carriage. The
5 system is at rest when a force P of magnitude 2.5 Ib is applied as shown
= ‘ for 1.2 s. Knowing that the cylinder rolls without sliding on the carriage
and neglecting the mass of the wheels of the carriage, determine the
¥ & d neglecting th f the wheels of th iage, determine th
resulting velocity of (a) the carriage, (b) the center of the cylinder.
SOLUTION
N - 1 2
Moment of inertia. I :Em na

_1{181b)(9in.Y’
2(322)( 12

=0.15722 slug - ft*

Cylinder alone:

Iw
. Pt - @ WA
c c

Syst. Momenta, + Syst.Ext.Imp., ,, = Syst. Momenta,
) Moments about C: 0+ Ptr=1w+mv,r
9 18 \( 9
0+2.5)1.2) = |=0.15720+| —— || — 1
o (23X )(12] (32.2)(12)“ W

Cylinder and carriage:

OO L? ?J o e

Syst. Momenta, + Syst.Ext. Imp.,_,, = Syst. Momenta,
. Horizontal components: 0+ Pt=myuv, +mgvg
18 6
or 0+(2.51.2) = P [ )
322 32.2
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PROBLEM 17.73 (Continued)
Kinematics. Vy=Vg +ro
9
V=Vt — |@ 3
REEN >
Solving Equations (1), (2) and (3) simultaneously gives o =2.39 rad/s )
(a)  Velocity of the carriage. vy =2.68ft/s— 4
(b)  Velocity of the center of the cylinder. v, =447 ft/s — 4
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PROBLEM 17.74

Two uniform cylinders, each of mass m =6 kg and radius » =125 mm,
are connected by a belt as shown. If the system is released from rest
when ¢=0, determine (a) the velocity of the center of cylinder B
at t=3s, (b) the tension in the portion of belt connecting the two

cylinders.
SOLUTION
Kinematics. Vg =Wy (, N
£ g
Point C is the instantaneous center of cylinder A.
Pre
vap 1
a, =22 =—
Ao 27
Vy =TW, =—TWy @ c
| A

Moment of inertia. I= Emr2
(a)  Velocity of the center of A.

Cylinder B:

Iw B
+ =
Pt
Syst. Momenta, + Syst.Ext.Imp., , Syst. Momenta,
+) Moments about B: 0+ Ptr = Ta)B H
Cylinder. A:
Pt -
at Twy
c + c = c

Syst. Momenta, + Syst. Ext. Imp. ,_,,

Syst. Momenta,
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PROBLEM 17.74 (Continued)

‘> Moments about C: 0—2Ptr +mgtr =mv,r+ Il w,
— 1 -1
0-21 wgz +mgtr = m(arwBJr+I (Eij

5—- 1 ,
—1 +—mr” |wg = mgrt
(2 ) ] B 8

5mr* 1,
+—mr- Wy =mgrt

22 2
Zra) =gt
PR
_dst
BT )
;A:%rszggtzg(gm)@) VA=8.41m/si4

(b)  Tension in the belt.

From Egs. (1) and 2),  Ptr= 7[?6’_’)

P =—(—mr2)(——j =%mg =%(6)(9.81) =16817N P=1682N «
r
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PROBLEM 17.75

Two uniform cylinders, each of mass m =6 kg and radius r =125 mm,
are connected by a belt as shown. Knowing that at the instant shown the
angular velocity of cylinder A is 30 rad/s counterclockwise, determine
(a) the time required for the angular velocity of cylinder A to be reduced
to 5 rad/s, (b) the tension in the portion of belt connecting the two
cylinders.

SOLUTION
o Vs
Kinematics. Vg =Ty w"’,-t/,@,\
Point C is the instantaneous center of cylinder A.
Vap 1
= -,
ATy 2t Vsg
_ 1
Vy =Fr@, = Era)B c
Moment of inertia. I= w r
2g

(@)  Required time.

Cylinder B:

- f(wﬁ)z
stx ' @ ) @
Pt
Syst. Momenta, +  Syst.Ext.Imp., ,, = Syst. Momenta,
‘> Moments about B: I(wy), — Ptr=1(wy),
Ptr=1I[(wp), — (@p),]
1
=S l(@y); = (@), ] 1)
Cylinder A:
_ me), L et _ m (),
I 0‘%\ I (“)A\!
c + c g c
mqt
Syst. Momenta, + Syst.Ext.Imp.,_, = Syst. Momenta,
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PROBLEM 17.75 (Continued)
(" Moments about C: T(@,), +m ), r+2Ptr —mgtr = 1(@,), +m(v,),r
1
Emrz[(a)A)l —(@,), +mr{(®,), — (®,),1r + 2Ptr —mgtr =0
3 1 1 1
Emr2 [(Ewg ]1 - E(a)B )2} + 2{Emr2[(a)3 ), — (@ )2]} —mgtr =0
T 2
Zmr [(wg), = (wg),1—mgtr =0
= 7"[((03 )1 - (a)B )2] )
4g
Data: m=06kg
r=125mm=0.125 m
From Equation (2), t= (7)(0.125)30 = 5) =0.55747 t=0557s 4
(4)(9.81)
(b)  Tension in belt between cylinders.
From Equation (1), Ptr = %(6)(0. 125)2 (30-5)
=1.172 N-m-s
tr - (0.55747)(0.125)
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PROBLEM 17.76

In the gear arrangement shown, gears A and C are attached to rod ABC,
which is free to rotate about B, while the inner gear B is fixed. Knowing
that the system is at rest, determine the magnitude of the couple M which
must be applied to rod ABC, if 2.5 s later the angular velocity of the rod is
to be 240 rpm clockwise. Gears A and C weigh 2.5 1b each and may be
considered as disks of radius 2 in.; rod ABC weighs 4 1b.

SOLUTION

Kinematics of motion

Let @, =@ vy =V =(BO)0=2rw

Since gears A and C roll on the fixed gear B,

Syst. Momenta, + Syst.Ext.Imp., ,, = Syst. Momenta,
+) Moments about D: 0+ (Q0)r =mever + I we

(O)r =m-(2ra)r + %mcrz Q)

Ot =3m.ra ()

A
S

Syst.Momenta, +  Syst.Ext.Imp., ,, =  Syst. Momenta,
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PROBLEM 17.76 (Continued)

+) Moments about B: Mt —Qt(4r) =1 yo

1
Mt = 4(Qn)r =—mype (4r)'@
4 2
Mt —4(Qt)r = EmABCr w
Substitute for (Qt) from (1) into (2):
4 2
Mt —4Cm rw)r = EmABCr ®

Mt = grza)(mABC +9m)

Couple M.
Data: t=25s
r= i ft
12
P 41b
ABC 30 0 s
= 2.51b
€ 322152
o =240 rpm
=8 rad/s
4(2 Y 4
Eq. (3): M(Q2.5s)=—| —ft | (8z rad/s)
3012
2.5M =0.76607

M =0.30641b- ft

2

3

M =03061b-ft ) «
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PROBLEM 17.77
@ - - . . . .
2 Vo A sphere of radius r and mass m is projected along a rough horizontal surface
’ with the initial velocities shown. If the final velocity of the sphere is to be zero,
express (a) the required magnitude of ®, in terms of vy and r, (b) the time
required for the sphere to come to rest in terms of v, and coefficient of kinetic
friction g .
SOLUTION
L . - 2
Moment of inertia. Solid sphere. I = gmr
Iw. o
> ¥ “-\—\—v-
6wl B ¢ o
Ft
Nt
Syst. Momenta, + Syst. Ext. Imp. ,_, = Syst. Momenta,
+Ty components: Nt—Wt=0 N =W =mg (1)
. x components: mvy—Ft=0  Ft=my, (2)
+‘> Moments about G: lay—Ftr=0 3)
%mrza)0 —myyr =0
, S
(a)  Solving for w,, , :E_ <
r
(b)  Time to come to rest.
From Equation (2), 1= _ ™ 1=—0 <
Fpymg Hi 8
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PROBLEM 17.78

A bowler projects an 8.5-in.-diameter ball weighing 16 Ib along an alley with a forward
velocity vy of 25 ft/s and a backspin @, of 9 rad/s. Knowing that the coefficient of
kinetic friction between the ball and the alley is 0.10, determine (a) the time #; at which
the ball will start rolling without sliding, (b) the speed of the ball at time #,.

SOLUTION
. 11, .. .
Radius: r= Ed = 5(8.5 in.) =4.25in.=0.35417 ft
Mass: m= = 1610 49689 1b- st
g 32.2fts?
Moment of inertia: [ = §mr2 = @j (0.49689)(0.35417)* = 0.02493 Ib - s* - ft

Use the principle of impulse and momentum.

wt

WA,
R
Nt
Syst. Momenta, + Syst.Ext.Imp., , = Syst. Momenta,
+hNe-Wr=0  N=w=16lb
Friction force:  F, = x4, N =(0.10)(16) =1.6 1b.
Feimyy — Fpt =mv,
Fpt .
by = vy =T 95y - 1O
m 0.49689
=25-3.22t
+‘> Moments about G: Iy - Fptr=—1 w,
_ Fprr 0 (1.61)(0.35417) 9
I 0.02493
=22.731t-9

Slipping stops when v, = ra,
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PROBLEM 17.78 (Continued)

(a) Time t when slipping stops.
(25-3.221) = (0.35417 £t)(22.731t - 9)
(25+3.1875) =(3.22+8.05006)¢
t=2.501s 1=250s 4
(b)  Corresponding velocity.

v, =25-3.22¢ v, =16.95 ft/s 4
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PROBLEM 17.79

Four rectangular panels, each of length » and height %b, are
attached with hinges to a circular plate of diameter J2b and'held by
a wire loop in the position shown. The plate and the panels are made
of the same material and have the same thickness. The entire assembly
is rotating with an angular velocity @, when the wire breaks.
Determine the angular velocity of the assembly after the panels have
come to rest in a horizontal position.

SOLUTION
Kinematics: When the panels are in the up position, the speed of the mass center of each panel is
1
Vo = Eba)o

When the panels are in the down position the speed of the mass center of each panel is

I (Down position)
|

b | |

db b
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PROBLEM 17.79 (Continued)

Let p = mass density of plate and of panels
t = thickness of plate and of panels

Disk: m = pV = prt(0.707b)* = ptb*(0.500)

Iy =1, = %m(rdisk ) = % ptb? (0.500)(0.707h)*

1
ID ngtﬂb4
1 1 )
Each panel: m, =b Eb ptzgptb
In up position I, —Lm b* —i l b* |b? —i b*
0T T 27 24”
2
In down position Z:me b + lb =i lptb2 ébzziptb“
12 2 12\ 2 4 96

Principle of impulse and momentum.

Syst. Momenta,, + Syst. Ext.Imp., ,, = Syst. Momenta,

In the up position, the angular momentum of one panel about the vertical axle is
1 _
m,v, Eb +1,m,
In the down position it is
_3, -
m,v, Zb + 1o

Conservation of angular momentum.
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PROBLEM 17.79 (Continued)

Ly @y + 4{’";;"0 (%bj + Toa’o} =Ly @ + 4[’";7;1 (%bj + lel:|

3 2

2
Ly @y +4|:mp [%bj +To}"o =l @ +4

@y

Lt 4l Lo Lp 2+i 1b*
g” 2P 2 24’
I ot v al Lo 3 2+i 1b*

8p 2p 4 96p “

{£+1+1} ={£+2+i}
8 2 6/ 8 8 24
{1.059}a, = {1.726} a3
©,=0.6140,") 4
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PROBLEM 17.80

A 2.5-1b disk of radius 4 in. is attached to the yoke BCD by means
of short shafts fitted in bearings at B and D. The 1.5-1b yoke has a
radius of gyration of 3 in. about the x axis. Initially the assembly is
rotating at 120 rpm with the disk in the plane of the yoke (8= 0).
If the disk is slightly disturbed and rotates with respect to the yoke
until =90°, where it is stopped by a small bar at D, determine
the final angular velocity of the assembly.

SOLUTION
153(3Y
Moment of inertia of yoke: I =mkl =] —— || =| =2.9115x107 Ib-s*-ft
322 )\12
Moment of inertia of disk: 0=0: I,= imr2

_1(25)(4Y
4\ 322 L 12
=2.15666x107 Ib-s” - ft

6=90° 1, =%mr2

656l
2(322 )12
=4.3133x107 1b-s*-ft
Total moment of inertia about the x axis:
0=0: (1), =1.+1I,
=5.0682x107 Ib-s*-ft
0=90° (I,),=1.+1I,
=7.2248x107 Ib-s?-ft
Angular momentum about the x axis:
0=0: H =)o
=5.0682x10"w,
0=90°: H,=(I),w
=7.2248x10w,
Conservation of angular momentum.
H =H,: 50682x107w, =7.2248x10" w,
@, =0.7015@, = (0.7015)(120 rpm) , =84.2 rpm <
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PROBLEM 17.81

Two 10-1b disks and a small motor are mounted on a 15-1b rectangular
platform which is free to rotate about a central vertical spindle. The
normal operating speed of the motor is 180 rpm. If the motor is started
when the system is at rest, determine the angular velocity of all elements
of the system after the motor has attained its normal operating speed.
Neglect the mass of the motor and of the belt.

SOLUTION

Kinematics. Motor speed: oy, =180 rpm = 67 rad/s

Letw,, wy, and w, be the angular velocities, respectfully, of disk A, disk B and the platform. Since the motor
speed is the angular velocity of disk B relative to the platform,

Wy = Wp + @y = Wp + 67 (1)

Since, the disks have the same outer radius, Wy = @, 2
. . 4

Velocity of the center of disk A vy = Ewp 3)
. . 4

Velocity of the center of disk B Vg = Ewp 4

Moments of inertia.

2
Disks Aand B: T, =T, = 1w, _1 (3&)(1} =9.705x107° Ib-s>-ft

2 2
Platform: T, = AW 2ip)= L(i] (Ej + [ij =78.718 x 107 Ib-s>-ft
12 g 121322 )| L12 12

Principle of impulse and momentum for system.

SRyt Marh Tews

v,
o [OFD] - [

[$ R.dt -fk 2 IP“P \Y\QN},

Syst. Momenta, + Syst.Ext. Imp., ,, = Syst. Momenta,
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PROBLEM 17.81 (Continued)

+) Moments about O:

0+0=Ipwp + myvuloy + 1@, + mgvplos + Iy

- -3 02,2 3 10 )4 )4
= (78.718 x 10 )wp+(32‘2j(12wPJ(12j (9.705x 10 )(a)P+6ﬂ)+(32‘2j(12ij(12j

+(9.705 x 10)(@p + 677)
=167.141x 107w, + 365.87 x 10
wp =—2.189 rad/s
@, = Wy =—2.189 + 67 = 16.66 rad/s
Angular velocities. ®, =159.1 rpm) <
@y =159.11pm ) 4
@p =20.9 rpm ) <
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120 mm PROBLEM 17.82

’\320 mm A 3-kg rod of length 800 mm can slide freely in the 240-mm
A cylinder DE, which in turn can rotate freely in a horizontal plane. In
the position shown the assembly is rotating with an angular velocity
of magnitude @=40 rad/s and end B of the rod is moving toward
the cylinder at a speed of 75 mm/s relative to the cylinder. Knowing
D that the centroidal mass moment of inertia of the cylinder about a
vertical axis is 0.025 kg-m” and neglecting the effect of friction,
determine the angular velocity of the assembly as end B of the rod
strikes end E of the cylinder.
SOLUTION
Kinematics and geometry.
T - voers Vs
7T TONN o | H00sm § 2000y
" b Y i I~y wa
| [] ) | |1 LS *
o =, 3 A = o
YPomm dbowe l 480wy oe | 1™
v, =(0.04 m)a, = (0.4 m)(40 rad/s) v, =(028 m)w,
v, =1.6 m/s
Initial position Final position
Conservation of angular momentum about C.
> n .V - q'% =
> [ Toe® Z | J- Log oy
—— A - PL"E:: A
] 2 6
OV b 282
+) Moments about C: I = ée kg)(0.8 m)* =0.16 kg-m*

1,50 +mv,(0.04 m)+ I .0 = 1,0, +mv,(0.028 m) + I, @,
(0.16 kg-m?)(40 rad/s) + (3 kg)(1.6 m/s)(0.04 m)+ (0.025 kg - m*)(40 rad/s)
=(0.16 kg-m*)w, + (3 kg)(0.28 @, )(0.28) + (0.025 kg - m*) e,
(6.4+0.192+1.00) = (0.16 +0.2352 + 0.025),
7.592=0.4202e,; @, =18.068 rad/s
Angular velocity. @, =18.07 rad/s 4
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B /‘ PROBLEM 17.83
125 mm\ 375 min | g

A 1.6-kg tube AB can slide freely on rod DE, which in turn can rotate freely
in a horizontal plane. Initially the assembly is rotating with an angular
velocity @=>5 rad/s and the tube is held in position by a cord. The moment
of inertia of the rod and bracket about the vertical axis of rotation is
0.30 kg-m?* and the centroidal moment of inertia of the tube about a vertical
axis is 0.0025 kg-m?. If the cord suddenly breaks, determine (a) the angular
velocity of the assembly after the tube has moved to end E, (b) the energy
lost during the plastic impact at E.

SOLUTION

Let Point C be the intersection of axle C and rod DE. Let Point G be the mass center of tube AB.
Masses and moments of inertia about vertical axes.
my =1.6 kg
1,5 =0.0025 kg - m*
Iper =0.30 kg - m?

State 1. (r(;/A )1 :%(125)
=62.5 mm
@, =5 rad/s
State 2. (rg)s =500 62.5
=437.5 mm
w=w,
Kinematics. (Vg o =V =Tgc@
) 8
V“u(’uéé + ’J G
- A
Tyt
mdv; _G

Y
|
0

- 4{_@;\ +
D) L)

ibcs w,

Syst. Momenta; + Syst. Ext. Imp., ,, = Syst. Momenta,
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PROBLEM 17.83 (Continued)

Moments about C:
10+ TDCE(UI +mup (Vo) (e +0= 0+ TDCE(UZ +m,p(Vg)y (150 ),
|:7AB + TDCE +myp (T )12 ] o = I:TAB + TDCE +myp (e )5 ] w,
[0.0025+0.30+ (1 .6)(0.0625)2](5) =[0.0025+0.30+(1 .6)(0.4375)2](02

(0.30875)(5) = 0.60875w,
@, =2.5359 rad/s

(a)  Angular velocity after the plastic impact. 2.54 rad/s 4
L - -, 1=+ 2 1 —2
Kinetic energy. T=EIABa) +EIDCE(0 +EmABV

T, = %(0.0025)(5)2 + %(0.30)(5)2 +%(l.6)(0.0625)2 (5)
=3.8593757J

T, = %(0.0025)(2.5359)%%(0.30)(2.5359)2 +%(l.6)(0.4375)2 (2.5359)
=1.95737J

(b)  Energy lost. T,-T,=1902] 4
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PROBLEM 17.84

In the helicopter shown, a vertical tail propeller is used to prevent
rotation of the cab as the speed of the main blades is changed.
Assuming that the tail propeller is not operating, determine the
final angular velocity of the cab after the speed of the main blades
has been changed from 180 to 240 rpm. (The speed of the main
blades is measured relative to the cab, and the cab has a centroidal
moment of inertia of 650 Ib-ft-s*. Each of the four main blades is
assumed to be a slender 14-ft rod weighting 55 1b.)

SOLUTION

Let Q be the angular velocity of the cab and @ be the angular velocity of the blades relative to the cab. The
absolute angular velocity of the blades is Q + .

@, =180 rpm = 67 rad/s
o, =240 rpm =87 rad/s

Moments of inertia.

Cab: I, =650 Ib-ft-s>

Blades: Iy, = 4(% msz

1)( 55 5
=(4)| = || == |4
(355 o
=446.38 Ib-ft-s>

Assume Q, =0.
Conservation of angular momentum about shaft.

Ig(y +Q)+1.Q, =15(w, +Q,)+1.Q,

QZZ_IB(a)Z_a)l)

Ic+1,
_ (4463887 —67)

446.38 +650
=-2.5581 rad/s Q, =-24.4 pm <
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PROBLEM 17.85

Assuming that the tail propeller in Problem 17.84 is operating and
that the angular velocity of the cab remains zero, determine the final
horizontal velocity of the cab when the speed of the main blades is
changed from 180 to 240 rpm. The cab weighs 1250 1b and is
initially at rest. Also determine the force exerted by the tail propeller
if the change in speed takes place uniformly in 12 s.

SOLUTION

Let Q be the angular velocity of the cab and @ be the angular velocity of the blades relative to the cab. The
absolute angular velocity of the blades is Q + .

@, =180 rpm = 67 rad/s
w, =240 rpm =87 rad/s

Moments of inertia.

Cab: I =650 Ib-ft-s*

. _al Lo o[ 1)) qan
Blades: 13_4[3ij (4)(3][32_2)(14)

=446.38 1b-ft s’
The cab does not rotate. Q=Q,=0
Syst. Momenta, + Syst. Ext.Imp.,_,, = Syst. Momenta,
Moments about shaft: Ig(@ +Q)+1.Q +Fri=1z(w, +Q,)+1-Q,
Fri=13(w, - @)

=(446.38)(87 —67)
=2804.71b-ft-s

Ft =E = 2804.7 =175291b-s
r
Linear components: mv, + Ft =mv,
o, _Ft_ 17529
TV T T T 50 Al 55
m 5+ ()
=3.8398 ft/s
(@)  Assume v, =0. v, =3.84 ft/s 4
(b) Force. F i 1715;9 F=14.611b 4
t
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200 mm PROBLEM 17.86

The circular platform A is fitted with a rim of 200-mm inner radius and can
rotate freely about the vertical shaft. It is known that the platform-rim unit has
a mass of 5 kg and a radius of gyration of 175 mm with respect to the shaft.
At a time when the platform is rotating with an angular velocity of 50 rpm, a
3-kg disk B of radius 80 mm is placed on the platform with no velocity.
Knowing that disk B then slides until it comes to rest relative to the platform
against the rim, determine the final angular velocity of the platform.

SOLUTION

Moments of inertia. 1, =m,k’
= (5 kg)(0.175 m)*
=0.153125 kg - m?

|
Iy =§mBr§

= %(3 kg)(0.08 m)*
=9.6x107 kg-m?
State 1 Disk B is at rest.

State 2 Disk B moves with platform A.
Kinematics. In State 2, vy =(0.12 m)w,
Principle of conservation of angular momentum.

+‘> Moments about D: 1,0 =1,0, + 1,0, +mgv,(0.12 m)

(0.153125 kg - m*)e, = (0.153125 kg - m*) e,

Syst. Momenta,
+(9.6x107 kg-m*)@, + (3kg)(0.12 m)’w,
0.153125@, =0.20593w,
w, =0.7436w,
=0.7436(50 rpm)
Final angular velocity @, =372 rpm 4
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100 mm

PROBLEM 17.87

T e Two 4-kg disks and a small motor are mounted on a 6-kg
rectangular platform which is free to rotate about a central vertical
spindle. The normal operating speed of the motor is 240 rpm. If
the motor is started when the system is at rest, determine the
angular velocity of all elements of the system after the motor has

75 mm

150 mim attained its normal operating speed. Neglect the mass of the motor
and of the belt.
—— Motor

SOLUTION
Moments of inertia.

Disks: I,=1,= %mrz = %(4 kg)(0.075 m)* = 0.01125 kg-m

: 71 o a1 2 2 _ 2

Platform: Ip = Em(a +b°) = E(6 kg)[(0.15 m)” + (0.4 m)“] = 0.09125 kg-m

Kinematics:

240rev \( 1 min |( 27 rad
Wy = - = 87 rad/s
min 60s rev
Let w,, w; and wp be the angular velocities of A, B, and the platform. The motor speed is the angular
velocity of B relative to the platform.

Wy = Wp + Wy = Wp +87

Velocity of center of disk A. V4 = Wply = 01w,
Velocity of center of disk B. Vg = Wplyp = 0.1w,

Principle of impulse and momentum for system.

QS g),,lt mn’\); ie We

o + ¢ = L@G‘
| 1w,

‘§Rdt e Ml

Syst. Momenta, + Syst. Ext. Imp., _,, = Syst. Momenta,
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PROBLEM 17.87 (Continued)

+) Moments about O:

0+0=1Ipmp + MV aTa0 + 1,0, + N e 1,005

0 = Tpwp + my(@prsp) + 1y (@p + 87) + my(@pryp) + Iz(@p + 877)

8x(I, + Ip)

Wp = —= 5 =

Ip +myryo + 14 +mprg o+ 1p
o = 877(0.01125 + 0.01125)

i 0.09125 + (4)(0.1)* + 0.01125 + 4(0.1)> + 0.01125
= —2.9186 rad/s = —27.87 rpm
Wy = w, = —2.9186 + 87 = 22214 rad/s
= 22214 rad/s (ﬂ,sj(“evj = 212.13 rpm
min 27
Angular velocities. w, =212 rpm) <

Wy =212 rpm) <

@p =279 pm ) 4
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| 800 mm | PROBLEM 17.88

The 4-kg rod AB can slide freely inside the 6-kg tube CD. The rod was
entirely within the tube (x = 0) and released with no initial velocity
Y Y (C »— relative to the tube when the angular velocity of the assembly was 5 rad/s.
| Neglecting the effect of friction, determine the speed of the rod relative to

4

| 800 mm |
the tube when x = 400 mm.
C
SOLUTION
Let / be the length of the tube and the rod and Point O be the point of intersection of the tube and the axle.
L - 1 > = 1 ’
Moments of inertia. I.=—ml°, I,=—my,l
f =M R= 15 R
. . _ l
Kinematics. Vo)r =10 = Ea)
_ — l
(Vg)p=1R0 = E+x , )y =v,

Angular momentum about Point O.
Hy = mpip(vg) + I o + mpig(Vg)g + 1@

= L[ia)]+i Pw+m (L+xj[i+xja)+imlza)
Ty TR &\, 2 12"

= [%mrlz+ Mg [%lz+ Ix + xzj}a)

Kinetic energy.
T = lmT(vg)% + lTTaﬂ + lmR(ng)R + lmva + — 1,0’
2 2 2 2 2

2 2
1 ) 1 1 l 1 1
=— mT[—a)] +—m[lza)2+—mR(E+xj w2+_mer2+Ele2w2

2 2 12 2 2
T 1, zj , 1, 1 1,
=—|—mpl "+ my| ="+ Ix+ x° | |0+ —mpv=—H, 0+ —mgpv
2{3”’7 R(3 5 MRV =5 o o RVr
Potential energy. All motion is horizontal. V=0
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PROBLEM 17.88 (Continued)

State 1. x=0, o = ;=5 rad/s, v.=0

r

(Hy), = %(m, +mp)lPw = %(6 + 4)(0.800)*(5) = 10.6667 kg-m>/s

T,= i[%(m, + mR)lza)z} +0= %(Ho)la) = %(10.6667)(5) =26.667 ]

2
V=0
)
State 2. x = 7 = 0.400 m, w=0,="1, v,=1?

(Hy),= [%(6)(0.800)2 +(4) {%(0.800)2 + (0.800)(0.400) + (0.400)2}}0Z
= 4.05333m,

T,= %(4_()5333(02)(02 + %(4)"3 = 2.026667(022 + 2v,2

Conservation of angular momentum: (Hp), = (Hp),
10.6667 = 4.05333 w, w,=2.6316 rad/s
Conservation of energy. L+Vi=T,+V,

26.667 + 0 = (2.02667)(2.6316)* + 21>+ 0

v2 = 6.3158 m?/s? v, =2.51 m/s 4

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1843

STUDENTS-HUB.com


https://students-hub.com
https://students-hub.com

PROBLEM 17.89

A 1.8-kg collar A and a 0.7-kg collar B can slide without

0.1m Pt friction on a frame, consisting of the horizontal rod OF and the

{ vertical rod CD, which is free to rotate about its vertical axis of

o] QN —_ b——  symmetry. The two collars are connected by a cord running

rd ) 4 over a pulley that is attached to the frame at O. At the instant

shown, the velocity v, of collar A has a magnitude of 2.1 m/s

and a stop prevents collar B from moving. The stop is suddenly

pAE removed and collar A moves toward E. As it reaches a distance
I.

of 0.12 m from O, the magnitude of its velocity is observed to

be 2.5 m/s. Determine at that instant the magnitude of the

A angular velocity of the frame and the moment of inertia of the
frame and pulley system about CD.

SOLUTION
Components of velocity of collar A. vi = (v A)f + (v A)¢29 (D)
Constraint of rod OE. (Vpa)g = @ 2)
Constraint of cable AB. Ary = Ayg, (vy), =vg 3)
Position 1. (Ary) = 0.1m, [(vy),]; =0, (vy), =2.1m/s
From Equation (1), 2.7 =0 +[(v)elf [(vy)gl, = 2.1m/s
From Equation (2), (2.1) = 0.1y, w = 21rad/s
From Equation (3), v =0
Potential energy. Take position 1 as datum. V=0 )
Angular momentum. (Hp)y = 1ay + my[(vy), ] (r)y:

(Hp), = 1(21) + (1.8)(2.1)(0.1) (Hy), = 211 +0.378 ©)
Kinetic energy. T, = lI ol + lm Rrs lvafg:

2 2 2
T, = %1(21)2 + %(1.8)(2.1)2 T, = 220.5 + 3.969 (6)

Position 2. (r4), =012m, (vy), =2.5m/s 0=
From Equation (2), [((Vy)l, = 0.120,
From Equation (1), [(v)),]5 = ()5 = [(V)el3 = (2.5)* — (0.12)* )

= 6.25 - 0.01440;
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PROBLEM 17.89 (Continued)

From Equation (3), Vi = 6.25 - 0.01443

Change in radial position. Ary = (ry), — (ry); = 0.02m

From Equation (3), Ayg, =0.02m

Potential energy. V, = mgg(Ayg) = (0.7)(9.81)(0.02)
V, =0.13734]

Angular momentum. (Hp)y = 1wy, + my[(vy)gly(14)s:

(Hp), = Io, + (1.8)(0.12a2,)(0.12)  (H,), = (I + 0.02592),

1., 1 5 1 5

Kinetic energy. T, = —1w; + —mw; + EvaB:

2

T, = %Ia)zz + %(1.8)(2.5)2 + %(0.7)(6.25 —0.014403)

T, = (0.5 — 0.00504)a? + 7.8125

Conservation of angular momentum. (Hp) = (Hp)y:

217 +0.378 = (I + 0.02592)@,
_211+0378 N

Solving for w,, =" = —

C1+0.02592 D

Conservation of energy. L+V, =T, +Vy

220.51 +3.969 = (0.5 - 0.00504)(4)22 + 7.8125 + 0.13734

2
220.51 - (0.51 - 0.00504)% —3.98084 =0

220.5ID* — 0.5IN? + 0.00504N?> — 3.98084D* = 0

220.51(1* + 0.051841 + 0.0006718464) — 0.51(4411% + 15.8761 + 0.142884)

+0.00504(4411% + 15.8761 + 0.142884) — (3.98084)(I* + 0.051841 + 0.0006718464) = 0

0I° +1.734521% — 0.049651671 — 0.001954378 = 0

(7

®)

€))

(10)
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PROBLEM 17.89 (Continued)

Solving the quadratic equation for 7,

_0.04965167 £ 0.126590
3.46904

I = 0.050804 and —-0.022179

Reject the negative root.

_ (21)(0.050804) + 0.378
0.050804 + 0.02592

From Equation (10), w = 18.83rad/s 4

I = 0.0508 kg-m* 4
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PROBLEM 17.90

A 6-1b collar C is attached to a spring and can slide on rod AB, which
in turn can rotate in a horizontal plane. The mass moment of inertia of
rod AB with respect to end A is 0.35 1b - ft - s> The spring has a
constant k =151b/in. and an undeformed length of 10 in. At the
instant shown the velocity of the collar relative to the rod is zero, and
the assembly is rotating with an angular velocity of 12 rad/s.
Neglecting the effect of friction, determine (@) the angular velocity of
the assembly as the collar passes through a point located 7.5 in. from
end A of the rod, (b) the corresponding velocity of the collar relative to
the rod.

SOLUTION

Potential energy of spring: undeformed length = 10 in.

Position 1: Position 2:

ﬁ'& ”m /.Z-f .
/Ofn

A=26in.-10in.=161n. A=12.5in.-10in.=2.5in.

v, =%kA2 =%(15 Ib/in.)(16 in.)* v, =%kA2 =%(15 Ib/in.)(2.5in.)
=1920in.-1b =46.875in.-1b

V, =160 ft-Ib V, =3.91ft-Ib

Kinematics:

v, = 2e— I
ng ' < =8 /‘\k'/
),

A
(970 We ’3%\

(%) =r2ee,
) 1) vine

Kinetics: Since moments of all forces about shaft at A are zero,(H ), =(H,),
Iy +me (Vo)1 = 1x@c +me(vg)y 7y

(IR +mc”12)w1 :(IR +mcrz3)a)z
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PROBLEM 17.90 (Continued)

_6lb

Data: I,=0351b-ft-s*, mp=——0
32.2

n=21t, n =%ft, o, =12 rad/s

2
0.35 1b-ft-s2+ﬂ(2ft)2 (12 rad/s) = 0.351b-ft~s2+@(ﬁft) w,
32.2 3220 12
13.1441=0.42279@,; @, =31.089 rad/s

(@)  Angular velocity. @, =31.1rad/s 4
. 1 , 1 » 1 2
Kinetic energy. T =51Aa)1 +5mc(vp)l +5mc(v,)1
1 2 , 1(61b ) 2
=—(0.351b-ft-s*)(12rad/s)” +—| —— |(2 ft)" (12 rad/s)” +0
2 21322

T, =78.865ft-1b

1 1 1
T, =§IR(022 +Em(v3)§ +5m2(v,)§

= %(0.35 Ib-ft -s*)(31.089 rad/s)>

2
L0 TS 0 31089 radssy? + [ 212 |, 12
21322 )\ 12 21322

T, =204.32+0.09317(v,)3
Principle of conservation of energy: L+V,=T,+V,

Recall: Vi=160ft-1b and V,=3091ft-Ib

78.865+160 = 204.32+0.09317(v,); +3.91
30.638=0.09317(v,);

(b)  Velocity of collar relative to rod. (v,), =18.13ft/s 4
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PROBLEM 17.91

A small 4-1b collar C can slide freely on a thin ring of weight 6 Ib and radius
10 in. The ring is welded to a short vertical shaft, which can rotate freely in a
fixed bearing. Initially the ring has an angular velocity of 35 rad/s and the
collar is at the top of the ring (0=0) when it is given a slight nudge.
Neglecting the effect of friction, determine (a) the angular velocity of the ring
as the collar passes through the position 8 =90°, (b) the corresponding velocity
of the collar relative to the ring.

SOLUTION

Moment of inertia of ring.

A Tir™ 2 ~ i
zf’ -
2
NNy
Position 1 Position 2
Position 1. 0=0
ve=0
Position 2. 6 =90°
(ve)y =v, =R,
Conservation of angular momentum about y axis for system.
TRa)1 = TR(o2 + mcvyR
%mRRza)1 = %mRsz2 + mchaz)Z
meR*@, = (my + 2m R*w,
My +2m,
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PROBLEM 17.91 (Continued)

Potential energy. Datum is the center of the ring.

Vi=mcgR  V,=0

.. 1- , 1(1 2) 2
Kinetic energy: T =—1 =—|—myR" @
gy 175 R 2(2 R ) 1

1 2 2

—ZWZRR a)l

R | 2, 2
T2 —EIRQ)Z +Emc(vx +Vy)

1 2 21 2 01 2
=—myR +—m-R +—m v
1R , 5 e , 5 Mely

Principle of conservation of energy:

L+Vi=T,+V,

1 1 1 1
ZmRRza)l2 +mggR = [ZmR +Emch2w22 +Emcv§ 2)
Data: W, =41b
Wrp=61b
R=101in.=0.83333 ft
@, =35 rad/s
(a)  Angular velocity.
6lb
From Eq. (1), , =6+(35 rad/s) @, =15.00 rad/s «
err2()
(b)  Velocity of collar relative to ring.
1{61b)(10
From Eq. (2), —| — 35 rad/s)” + (4 Ib)| —ft
a2 4(32.2](12 ) ( 7 )( ]
6lb + Lf41b Eft (15rd/)+ 41b v
4322 322 )\ 12 322
39.629 +3.3333 =16.984+0.062112v§
vy =418.25 v, =20.5 ft/s 4
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PROBLEM 17.92

(GEE
o
A uniform rod AB, of mass 7 kg and length 1.2 m, is attached to the 11-kg cart C.
Knowing that the system is released from rest in the position shown and
neglecting friction, determine (a) the velocity of Point B as rod AB passes through
a vertical position () the corresponding velocity of cart C.
SOLUTION
Kinematics Vo=V,
Y _
—— Vig— = Ve —+(0.6 m)@w—
-1 €.A -
a‘ﬁm \_/g; Ve :VAB_0'6a) (1)
2108 AB=12m
O.6m
= ey
Weights.
Kinetics
@ & C — }2
- 3 —F oL
&
&oam” a . 6m
G 1h | & > e Tan
B Aﬁ% AQ ™
B U
Linear momentum
o 0=meve + MgV
Vv = _Mc v ——(llkg)v v ——Ev
AB Mg c (7 ke) c> Vas 7 Ve 2)
. . 11
Substitute into Eq. (1): Ve = —7vc -0.6w
18
7vc =-0.6w ve =—0.23333w 3)
. . _ 11
Substitute into Eq. (2): Vap = —7(—0.23333(0)
v, =0.36667@ “)
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PROBLEM 17.92 (Continued)

Kinetic and potential energies.

T,=0

Vi =m 5 8b = (7 kg)(9.81)(0.6 m)(1 — cos 30°)
=5520N-m

V,=0

1 2 1 —2 )
T, =—m-ve+—m,pVip +—1,,0
2 =5 MeVe T MagVag 5 fap

1
2
= (0.29944 + 0.47056 + 0.4200)
=1.1900"

= %(1 1)(=0.23333w)* +—(7)(0.36667 w)* + %[émaz)z)wz

Conservation of energy: IL,+V, =T, +V,

0+5.52=1.1900’
@ =4.6387 @=2.1538 rad/s

(b) Velocityof C: Eq. (3) ve =—0.23333(2.1538) Ve =0.503 m/s ~— <
(a) Velocity of B: vy =V +[(1.2)w—]=[0.50254 m/s ~—]+[1.2(2.1538) — ]
vy =[0.50254 ~—]+[2.5845— ] vy =2.08 m/s— 4
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PROBLEM 17.93

In Problem 17.82, determine the velocity of rod AB relative to cylinder DE as end B of the rod strikes end E of
the cylinder.

SOLUTION
Kinematics and geometry.
Vs
(Y7 o =
Yoomn 7 | Yoswmn | 280erp w
» RI ) (AP My =2
L [] J A ] 3 B
G [

!_ Uvﬁ- 1l 3bo0>w I 4 4-2 < b~ 1O

v, =(0.04 m)w, = (0.4 m)(40 rad/s) v, =(0.28 m)w,

v, =1.6 m/s

Initial position Final position

Conservation of angular momentum about C.

-nj.f = n'ff‘

> .Tp‘e'l j"‘-.’
o R

i oov= k€ s ¢ E.ao,. ‘E ¢

+) Moments about C: I= é@ kg)(0.8 m)* =0.16 kg-m?

1,50 +mv,(0.04 m)+ 1.0 =1z, +mv,(0.28 m)+ I,
(0.16 kg-m?)(40 rad/s) + (3 kg)(1.6 m/s)(0.04 m) + (0.025 kg - m*)(40 rad/s)
=(0.16 kg- m*)w, + (3 kg)(0.28®,)(0.28) + (0.025 kg - m*) @,
(6.4+0.192+1.00) = (0.16 +0.2352 + 0.025)w,
7.592=0.4202w,; @, =18.068 rad/s: @, =18.07 rad/s
Conservation of energy (v,)=0.075 m/s
Vi=V,=0

- — 1 _ 1
T =—1 S v = (V)P
175 pEW > ABY 5 MVt T 48 (V)i

= %(0.025 kg - m?)(40 rad/s)* + %(0. 16 kg - m?)(40 rad/s)*

+%(3 kg)(1.6 m/s)* + %(3 kg)(0.075 m/s)*
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PROBLEM 17.93 (Continued)

7,=20J+128J+3.84J+0.008 ) =151.85]
v, =(0.28 m)@, = (0.28 m)(18.068 rad/s) =5.059 m/s

— 1 1
IABa)22 + EmAng + EmAB v, )g

11— 5, 1
Ty =102 +—
275 pE® >

= %(0.025 kg - m?)(18.068 rad/s)*

+%(0. 16 kg - m*)(18.068 rad/s)?
= %(3 kg)(5.059 m/s)* +%(3 kg)(v,);

T, =4.081J+26.1161+38.391J +1.5(v,);
T, =68.587 T +1.5(v,);
T,+V, =T, +V,: 151.85J+0=68.587J+1.5(v,);
83.263=1.5(v,);

Velocity of rod relative to cylinder. (v,), =745m/s 4
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PROBLEM 17.94

195 mm. 375 ,m{‘ E In Problem 17.83 determine the velocity of the tube relative to the rod as the
N tube strikes end E of the assembly.

PROBLEM 17.83 A 1.6-kg tube AB can slide freely on rod DE which in
turn can rotate freely in a horizontal plane. Initially the assembly is rotating
with an angular velocity @w=>5rad/s and the tube is held in position by a
cord. The moment of inertia of the rod and bracket about the vertical axis of
rotation is 0.30 kg-m” and the centroidal moment of inertia of the tube about
a vertical axis is 0.0025 kg-m”. If the cord suddenly breaks, determine
(a) the angular velocity of the assembly after the tube has moved to end E,
(b) the energy lost during the plastic impact at E.

SOLUTION

Let Point C be the intersection of axle C and rod DE. Let Point G be the mass center of tube AB.

Masses and moments of inertia about vertical axes.

my, =1.6kg,  1,,=00025kg-m*>, I, =0.30kg m?

State 1. (rgah = %(125) =62.5 mm, @ =5rad/s, (v,);=0
State 2. (g4)2 =500—62.5=437.5 mm, 0=w,, v,=(v,), =0
Kinematics. (Voo =Vg = Tgc®
Ve (%),
- e &
8 O[]

mdv;), |_G A

- <“‘E—c‘,ﬂx +
9 L)

Ipsw,

Y
"
Q)

Syst. Momenta; + Syst. Ext. Imp.;_,, = Syst. Momenta,

Moments about C:
TABa)l + TDCEa)l +myup (Vo) (1G,c) +0= TABwZ + TDCEwZ +mup(Vg)o (0 )a
- 7 2 - 7 2
I:IAB +1pcp +mup (107 le :|:IAB +1pce +mAB(’"G/c)2Jw2

[0.0025 +0.30 + (1.6)(0.0625)1(5) =[0.0025 + 0.30 + (1.6)(0.4375)* |,
(0.30875)(5) = 0.60875w, @, =2.5359 rad/s
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PROBLEM 17.94 (Continued)

I 1 1— 1 _
Kinetic energy. T ZEIAB(OZ +§IDCEa)2 +E’”AB"2

- 1 _
:EIAsz +51DCEw2 +EmAB (r(%/cw2 +Vr2)
T = %(0.0025)(5)2 + %(0.3)(5)2 + %(1.6)(0.0625)2 +0=3.859375J

7, =%(0.0025)(2.5359)2 +%(0.30)(2.5359)2

+%(1.6)(0.4375)2(2.5359)2 +%(1.6)(V,)§

=1.95737+0.8(v,)3

Work. The work of the bearing reactions at C is zero. Since the sliding contact between the rod and the tube
is frictionless, the work of the contact force is zero.

U1—>2 =0
Principle of work and energy. L+U_,=T,
3.859375+0=1.95737+0.8(v.);

Velocity of the tube relative to the rod. (v,), =1.542 m/s 4
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PROBLEM 17.95

The 6-1b steel cylinder A and the 10-1b wooden cart B are at rest

6in. | C : in the position shown when the cylinder is given a slight nudge,
i — B~ 5 causing it to roll without sliding along the top surface of the cart.
v ¥ Neglecting friction between the cart and the ground, determine
the velocity of the cart as the cylinder passes through the lowest
point of the surface at C.
SOLUTION

Kinematics (when cylinder is passing C)

]
»

F vy =ve=ro-v,

_Vatvp
r
Principle of impulse and momentum.
E‘lt _ie "4?0
/'
= .
—%F > 4
413 e s Al
Syst. of Momenta; + Syst. Ext. Imp.; ,, = Syst. Momenta,
. x components: myv, —mgvg =0
Ib_ 10lb _
6—vA _10 vg; vp=0.6v,
g g
Work: U,_,,=W,(6in)=(6 lb)(%ft)=3ft-lb; T,=0
Kinetic energy: T, = %m Vs +%7(02 +§va32

VatVo _vat+06v, 16v,

vp=0.6v,; o=

r r r
2
p o L(610)p 1[1610 S](16n ) 1100 o
2\ g 212 g r 2 g
:ivj N 3.84 52 +§‘7§ _ 8'64Vj
4 8 8 8
Principle of work and energy: T, +U,_, =T,
0+3f.1b=S04 Vi
322

v2=11.181 v, =3.344 ft/s—
vy = 0.67, = 0.6(3.344) v, =2.01ft/s ~— 4
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' Avw PROBLEM 17.F4
| | ? A uniform slender rod AB of mass m is at rest on a frictionless
L | horizontal surface when hook C engages a small pin at A.
5 Knowing that the hook is pulled upward with a constant
B A . . . .
© D) velocity vy, draw the impulse-momentum diagram that is needed
C to determine the impulse exerted on the rod at A and B. Assume
that the velocity of the hook is unchanged and that the impact is
perfectly plastic.
SOLUTION
Answer:
mar & =
G I A
- IR
§ 2 " S BN A
gt SaHt
Syst. Momenta, + Syst. Ext. Imp. ., = Syst. Momenta,
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PROBLEM 17.F5

A uniform slender rod AB of length L is falling freely
with a velocity vy when cord AC suddenly becomes
taut. Assuming that the impact is perfectly plastic,
draw the impulse-momentum diagram that is needed to
determine the angular velocity of the rod and the
velocity of its mass center immediately after the cord
becomes taut.

=
A

Vo

SOLUTION

Answer:

Principle of impulse and momentum.

SAdt Iw
A G - =
C ] \r ] < /.2 )
A
+ = /Z L
oY Drw
maJ, m, )
Syst. Momenta, + Syst. Ext. Imp. ,_,, = Syst. Momenta,

Note: For the momentum after the impact a general ag, and ag, can be used. These can be related to @ and

v, using kinematics.
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PROBLEM 17.F6
= A slender rod CDE of length L and mass m is attached to a pin
support at its midpoint D. A second and identical rod AB is
A (o |B D . . . .
Cl 3 ——p Totating about a pin support at A with an angular velocity @,
= — when its end B strikes end C of rod CDE. The coefficient of
’ L J restitution between the rods is e. Draw the impulse-momentum
! L 3 T3 diagrams that are needed to determine the angular velocity of
each rod immediately after the impact.
SOLUTION
Answer:
Rod AB.
- /2 'l /2 1 [l L _ L_U__z-+_—_4m
" jl -l L ¢ P . ¢ ; 4 ; = — J
i lasr  Fagt a ¥ I(wna
”{"M’r ""[,’_B;n)a
Syst. Momenta, + Syst.Ext.Imp., ,, = Syst. Momenta,
Rod CE.
Far
t ] T
| fw=o 1 l _.1(‘_0, 2
€ c :* = > == (L E —
e & ¢ °ofpar & c b &
Syst. Momenta,  + Syst. Ext.Imp.,_,, = Syst. Momenta,
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PROBLEM 17.96

At what height & above its center G should a billiard ball of radius r be
struck horizontally by a cue if the ball is to start rolling without sliding?

SOLUTION

Moment of inertia. I= % 2
Principle of impulse and momentum.
Syst. Momenta, Syst. Ext. Imp. | ,, = Syst. Momenta,

Kinematics. Rolling without sliding. Point C is the instantaneous center of rotation.

T, Linear components: 0+ PAt = mv,
=mr,
( Moments about G: 0+ hPAt = o,
0+h(mra)z)=(§mr2)wz h=§r <
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PROBLEM 17.97

A bullet weighing 0.08 1b is fired with a horizontal velocity of 1800 ft/s into the
lower end of a slender 15-1b bar of length L=30in. Knowing that #=121in.
and that the bar is initially at rest, determine (a) the angular velocity of the bar
immediately after the bullet becomes embedded, (b) the impulsive reaction at C,
assuming that the bullet becomes embedded in 0.001 s.

Kinematics.

Kinetics.

Support location:

R == —
B
SOLUTION
) 15 2
Bar: L=30in.=25ft m=——=0.465841b-s"/ft
32.2
= 1 5 1 2 2
I =—mL =—(0.46584)(2.5)" =0.242621b -5~ - ft
12 12
Bullet: = 0.08

my = —— = 0.0024845 Ib - s*/ft
322
h=12in.=1.0ft
vy =(L-ho=25-1.000=1.50

Vg = (% - hja)z 1.25-1.0)w=0.25w

C@AD)
— c Cp
= W
Iw T
B lUw «—— 8 (= m, Ug<————J-:
wm,J,
Syst. Momenta,; + Syst. Ext. Imp.;, ,, = Syst. Momenta,

(Moments about C: myvy(L—h) =myvg(L—h)+my, (% - h] +1o

(0.0024845)(1800)(1.5) = (0.0024845)(1.5w) + (0.46584)(0.25@)(0.25) + (0.24262w)
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PROBLEM 17.97 (Continued)

(a) 6.7082 =0.27546w or w=124.353 =244 rad/s ) <

v =(1.5)(24.353) =36.53 ft/s
vg =(0.25)(24.353) = 6.0881ft/s

—£. Horizontal components:
—myv, + C(At) =—myvy —mvg: C(At) =my(vy —vg) —my,

C(Ar) =(0.0024845)(1800 —36.53) — (0.46584)(6.0881)

=1.5451b-s
(b) C=%=% C=15451b— <«
At 0.001
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A T PROBLEM 17.98
h In Problem 17.97, determine (a) the required distance £ if the impulsive reaction
at C is to be zero, (b) the corresponding angular velocity of the bar immediately
’: 4 i after the bullet becomes embedded.
L C
PROBLEM 17.97 A bullet weighing 0.08 1b is fired with a horizontal velocity of
1800 ft/s into the lower end of a slender 15-Ib bar of length L=30in. Knowing
that A=121in. and that the bar is initially at rest, determine (a) the angular
velocity of the bar immediately after the bullet becomes embedded, (b) the
K == -« impulsive reaction at C, assuming that the bullet becomes embedded in 0.001 s.
B
SOLUTION
. 15 2
Bar: L=30in.=25ft m=——=0.465841b-s"/ft
322
s_ b 5 1 2 2
I =—mL =—(0.46584)(2.5)" =2.242621b-s"/ft
12 12
Bullet: my = 008 _ 0.0024845 1b - s /ft
32.2
Kinematics. vg=(L-h)w=25-ho
Vg =[§—h)a)= 1.25-hw
Kinetics.
M s (]
ma)
I i
L/z w
m.”ﬂ»
U -4—1-— |t —
o A1 e
Syst. Momenta,; + Syst. Ext. Imp., ,, = Syst. Momenta,
- L
) moment about B: 0+0=Tw—mv, (E)
0+0=0.24262w—(0.46584)(1.25 — h)aw(1.25)
Divide by 0=0.24262-0.5823(1.25—h)
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PROBLEM 17.98 (Continued)

(a) h=0.8333ft h=10.00in. 4

vg =(2.5-0.8333)w=1.6667w
vg =(1.25-0.8333)w=0.4167w

-t Horizontal components: mgvy +0=mv, +myvg
(0.0024845)(1800) + 0 = (0.46584)(0.4167 w) + (0.0024845)(1.6667 w)
(b) =122.56 ®=226radls ) 4
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PROBLEM 17.99

A 16-1b wooden panel is suspended from a pin support at A and is initially at
rest. A 4-1b metal sphere is released from rest at B and falls into a hemispherical
cup C attached to the panel at a point located on its top edge. Assuming that
the impact is perfectly plastic, determine the velocity of the mass center G of

the panel immediately after the impact.

Impact

7in 7in.’

B LB
b | o
9in. | |

cl_ |

B
| 9in.
. |
18 in. ° b
L—lSin.*J
SOLUTION

Mass and moment of inertia

Velocity of sphere at C.

analysis.

mswcm
k_*' Tin.

A
G
Syst. Momenta,

WS

I=

41b W, =161b

1 2 _1( 16 ) (18
6" %(32.2](

18
12

2
] =0.18634 slug - ft*

(v =28y =[2(32.2 fUs?) (4 ft) =6.9498 fuss

Principle of impulse and momentum.

+

Kinematics: Immediately after impact in terms of @,

_ 9

Va zawz
7

(Ve ), 250)2
A, AL

[ g

Syst. Ext. Imp. | ,,

L

Syst. Momenta,
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PROBLEM 17.99 (Continued)

+‘> Moments about A:
m,(ve) lft +0=m,(vo) lft + 1@, + mpy ift
sWelill 15 sWeh | 15 W, +mpV, 12

41b 7 41b \( 7 7 161b)( 9 9
—— |(6.9498 ft/s)| —ft |=| — || — —ft |+0.18634w, +| —— || — —ft
(32.2)( S)£12 j (32.2)(12w2j(12 ) “ [32.2)(12%j[12 )
0.50361=(0.042271+0.18634 + 0.2795) @,
@, = 0.99115rad/s ®, = 0.99115 rad/s‘>

Velocity of the mass center

v, = (%ﬁ] » = (%ft] (0.99115 rad/s)

v, =0.74336 ft/s v,=892in/s — 4
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7in. 7in. PROBLEM 17.100

—T—Q An 16-1b wooden panel is suspended from a pin support at A and is initially at
9in, | : rest. A 4-1b metal sphere is released from rest at B” and falls into a hemispherical
oh - ! cup C’ attached to the panel at the same level as the mass center G. Assuming
. | { that the impact is perfectly plastic, determine the velocity of the mass center G
. || 9. of the panel immediately after the impact.
18 in. . =
L— 18 in.*J
SOLUTION
Mass and moment of inertia. W, =41b
Wp=161b
I :lmP(o.s m)?
6
116 \(18Y
6322 )\ 12
=0.18634 slug - ft*
Velocity of sphere at C”. (Ve =+/28Y
= 2622 fus?) (L 1t)
=9.8285 ft/s

Impact analysis.

Kinematics: Immediately after impact in terms of w,.

2 2
AC' = I + 2 =0.95015 ft
12 12

(Ver), =AC o,
=0.95015@w, 2> 6 (perpendicular to AC.)

_ 9
szﬁwz
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PROBLEM 17.100 (Continued)

Principle of impulse and momentum.

Syst. Momenta, + Syst. Ext. Imp.,_, = Syst. Momenta,

+) Moments about A:

e {%ftj +0=m, (vc),(0.95015 ft) + 1@, +mpv, (%ft)

41b 7 41b
=2 1(9.8285 ft/s)| —ft | =| —— |(0.95015,)(0.95015 ft) + 0.18634
(32.2} )[12 j [32.2} @) ) @

(ke )

0.71221=(0.11215+0.18634 + 0.2795) w,

w, =1.2322
. _ 9 ft
Velocity of the mass center. v, = E @,

= oft (1.2322 rad/s)
12

=0.92418 ft/s v,=11.09in/s ~— <«
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Cw PROBLEM 17.101
A
h \\L @ T A 45-g bullet is fired with a velocity of 400 m/s at € =30° into a 9-kg
o> o . b square panel of side b=200mm. Knowing that #=150mm and that the
— J panel is initially at rest, determine (a) the velocity of the center of the panel
immediately after the bullet becomes embedded, (b) the impulsive reaction
Li;)*,‘ at A, assuming that the bullet becomes embedded in 2 ms.
SOLUTION

my =0.045kg m, =9kg I, = émpb2 = é(9)(o.200)2 =0.06 kg-m’

Kinematics. After impact, the plate is rotating about the fixed Point A with angular velocity o = a)‘>.

_a)—>

VG=2

Principle of impulse and momentum. To simplify the analysis, neglect the mass of the bullet after impact.
3
) A

— L Ax(at)
[ T, w

‘L + = Ot e 5

Me o

Syst. Momenta, + Syst. Ext. Imp. | ,, = Syst. Momenta,

(a) +‘> Moments about A:
¢} 1 o b b
(mgv, c0s30°)h + mgv, sin 30 2 +O=IGa)+mPvGE
o b . L 1 2
mgV, | h cos30 +Es1n30 = IG+Zme w
(0.045)(400)(0.150cos 30° + 0.1005sin 30°)

= [0.06 + i(9)(0.2)2}0= 0.15w
w=21.588 rad/s

vp =(0.100)(21.588) = 2.1588 m/s Vg =216 m/s — 4
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PROBLEM 17.101 (Continued)

(b) *. Linear momentum: mgv, cos30° + A (Ar) =mpv,
(0.045)(400c0s 30°) + A, (0.002) = (9)(2.1588)

A =1920N A, =1920N—
+T Linear momentum: —mpgv,sin30°+ A, (A1) =0

—(0.045)(400)sin30° + A, (0.002) =0

A, =4500N A, =4500N
A=4892N=4802kN  tanf=o0 B 660°
1920

A =4.87kN .« 66.9° 4
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PROBLEM 17.102

T A 45-g bullet is fired with a velocity of 400 m/s at 8 =5° into a 9-kg

b square panel of side b =200 mm. Knowing that the panel is initially at

o/ rest, determine (a) the required distance # if the horizontal component
J of the impulsive reaction at A is to be zero, (b) the corresponding

°Q

‘ ‘ velocity of the center of the panel immediately after the bullet becomes
b embedded.

SOLUTION
my =0.045kg mp=9kg I, = %mez = é(9)(o.200)2 =0.06 kg-m*
Kinematics. After impact, the plate is rotating about the fixed Point A with angular velocity o = a)‘>.
b

=—w —.

Vg =

Principle of impulse and momentum. To simplify the analysis, neglect the mass of the bullet after impact.

Also Ay (Ar)=0.
)
T Ay At
] Tew
I 1 = | -
= T T ek
M
Syst. Momenta;, + Syst. Ext. Imp.,_,, = Syst. Momenta,
. Linear momentum: MgV, cos5°+0=mpv,; =mp (E a)]
(0.045)(400c0s5°) = (9)(0.100)@ @ =19.9239 rad/s
ve =(0.100)(19.9239) =1.99239 m/s (1)
+‘> Moments about A: (mgvy cos5°)h + (myv, sin SO)% =l;0+mpvg %

mgV, (hc0s5° +§sin5°) = (IG +ime2]a)

(0.045)(400)(hcos5° +0.100sin5°) = [0.06 + i (9)(0.200)* } (19.9239)

17.9315h +0.1569 = 2.9886
(a) h=0.15792 m h=158 mm <

(b) FromEq. (1), Vi =1.992 m/s — |
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PROBLEM 17.103

The uniform rods, each of mass m, form the L-shaped rigid body
ABC which is initially at rest on the frictionless horizontal surface
when hook D of the carriage E engages a small pin at C. Knowing
that the carriage is pulled to the right with a constant velocity vy,
determine immediately after the impact (a) the angular velocity of
the body, (b) the velocity of corner B. Assume that the velocity of
the carriage is unchanged and that the impact is perfectly plastic.

~

SOLUTION

Kinematics:

_ L
Ve =[V0—’]+|:Ea)‘—:|

Vpe = [Vo

5=l

(Vag)y =vp =[v

Vaz),
Let m be the mass of each rod.

Moment of inertia of each rod.

Vg =Vg—>, mza))

L
=(vp), +Ea)T =

L -—
Ll ’ 5
Vg =[vo—»2] j[Lw«—] L 03)9 C H“—*- ~8C

2! (%), &

(a)  Principle of impulse and momentum.

C -

A ¥

Syst. Momenta,

Cat

n <

Wt

'“1-05 8 zl
A 8
Ta iy,

Syst. Momenta;,

4+ Wit=~o

a MAE

+  Syst. Ext. Imp._; =
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PROBLEM 17.103 (Continued)

+) Moments about C:
1 - _ 1 -
0+0=m(vyp), EL —m,up) L+ 1 w—m(ye) EL +lw

0= m(%a))(%LJ —m(v, — La))L+émL2a)— m(vo —ﬁw](lLJ +imL2a)

2 2 12
Oz—iva0 +§mLza) a)=2v—o
2 3 10 L
(a) Angular velocity ®=0.900 v, /L) <
(b)  Velocity of B. Vg =Vy— La)=%v0 vy =0.100 v,— 4
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PROBLEM 17.104

The uniform slender rod AB of weight 5 lIb and length 30 in. forms an
angle = 30° with the vertical as it strikes the smooth corner shown with a
vertical velocity v, of magnitude 8 ft/s and no angular velocity. Assuming that
the impact is perfectly plastic, determine the angular velocity of the rod
immediately after the impact.

SOLUTION

2" T

322 )\ 12

2
Moment of inertia. I = imLz I (ij(ﬂ) =80.875%x 1073 Ib-s%-ft

Kinematics. (Rotation about A)

Kinetics.
7
/)
6//
r// [
A
Syst. Momenta, + Syst.Ext.Imp.,_,, = Syst. Momenta,
L . - L
) moments about A: my, —sin B+0=1w+my B
S ®) 5 sin30° + 0 = 80.875x 10w + il Ea) 5
322 12 32.2)\12 12

o = 2.4 rad/s
® = 2.40 rad/s ) <
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PROBLEM 17.105

A bullet weighing 0.08 Ib is fired with a horizontal velocity of 1800 ft/s into the 15-1b
wooden rod AB of length L = 30 in. The rod, which is initially at rest, is suspended by
L a cord of length L = 30 in. Determine the distance 4 for which, immediately after the
bullet becomes embedded, the instantaneous center of rotation of the rod is Point C.
O A—
oG p,
h
==
Vo B—1Y
SOLUTION
Let mp be the mass of the bullet and m the mass of the rod. The moment of inertia I of the rod is
I= LmL2
12

Principle of impulse and momentum.

l_‘!’l.t
V] ) HPI
I 1
EHe + shl = G
| e Y%
””a?."; 3 8 3J‘L

Wt

8

Syst. Momenta, + Syst.Ext.Imp., ,, = Syst. Momenta,
+‘> Moments about G: myvoh=1 @, (1)
. x components: MgV, = mv, c (2)
From Eq. (2). v =, Ws § 3)
m w
W eV Wy vk t
mgV, 0 v
From Eq. (3). wy=—B0-=_£ 1380 4
NE) S B A )

For the instantaneous center to lie at Point C, v, =

BU
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PROBLEM 17.105 (Continued)

Substitute for v, and @, from Equations (3) and (4).

h
Wy _3,[1,Wa v
w 2

w2
po L, _30in.
18 18

h=1.667 in. 4
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PROBLEM 17.106

:)wl A uniform sphere of radius r rolls down the incline shown without slipping.
/ @ It hits a horizontal surface and, after slipping for a while, it starts rolling
\ﬁ again. Assuming that the sphere does not bounce as it hits the horizontal
surface, determine its angular velocity and the velocity of its mass center

after it has resumed rolling.

SOLUTION

Moment of inertia. Solid sphere. I = %mr

Kinematics.

Before After
Before impact (rolling).
v =T
After slipping has stopped.
V, =1,
Kinetics.
+ =
C
C }
Syst. Momenta, + Syst.Ext.Imp., , = Syst. Momenta,
‘> Moments about C: Ly, +mvrcos f+0= 1w, +mv,r

Tay+mr’a cos f=1w, +mr’o,

2

I +mr? cos B gmr2 +mr? cos B 1 _
=—— = w ®, ==—2+5cos v, /r ) 4
I +mr? 2mr* + mr’ ! 7 ! ‘>
_ 2 1 _
vzzrcozz%osﬁrwl v2=7(2+5cos,8)v1 — <
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//\ PROBLEM 17.107

¢ b A uniformly loaded rectangular crate is released from rest in the
> position shown. Assuming that the floor is sufficiently rough to

prevent slipping and that the impact at B is perfectly plastic,
B determine the smallest value of the ratio a/b for which corner A
will remain in contact with the floor.
60\
A

SOLUTION

We consider the limiting case when the crate is just ready to rotate about B. At that instant the velocities must
be zero and the reaction at corner A must be zero. Use the principle of impulse and momentum.

e—oc —y _
—t m’ﬁ-b
ﬁc 4 = I - °
n s ¥ g
gpe 1 58
Syst. Momenta, + Syst.Ext.Imp., ,, = Syst.Momenta,
+) Moments about B:
— _. b _. a
Ia)1+(mv1)2§—(mv1)y5+0=0 (D
Note: sin¢)—L cos¢)—L
Va* +b* ’ Va® +b*
v, = (AG)y, =%\/a2 +h
Thus: (7). = (mv)sin ¢ = @ + 50— = L b,
2 w/a2+b2 2
Also, (mVl)y = (mv,)cos ¢ = %maa)
T:im(a%bz)
12
1 2 2 1 b 1 a
From Eq. (1 —m(a” +b +—(mbw)———(maw)—=0
q. (1) D ( ), 2( wl)2 2( 0)1)2
Lo ey —Lma?y, =0 C 5 Ay T4 <
3" AT b* b b
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PROBLEM 17.108

A bullet of mass m is fired with a horizontal velocity vy and at a
y height h:%R into a wooden disk of much larger mass M and
— radius R. The disk rests on a horizontal plane and the coefficient of
friction between the disk and the plane is finite. (a¢) Determine the
linear velocity v, and the angular velocity ®, of the disk
A immediately after the bullet has penetrated the disk. (b) Describe

the ensuing motion of the disk and determine its linear velocity

after the motion has become uniform.

SOLUTION

(a) Conditions immediately after the bullet has penetrated the disk.

Principle of impulse and momentum:

ne
"R\

walt=Ma AL

+ =
Fat-

Cc; M,

L4,

h

+T y components:

£, x components:

Since At =0,

+‘> Moments about G:

Syst. Momenta,

NatL

+ Syst. Ext.Imp.,_,,

0+NAt-WAt=0 N=W
myvy— FAt=Mv,
mvy — WAt =M v,

my, = my,

mv, =(R—h)— R(UW A1) =1 e,

Syst. Momenta,

7 =%~ (1) <

Since Af =0, mv, = (R—h) =%MR2a)l
m R—h

o =2 = v ) (2)
But hle
2

m R—1R my
S J =—0 )
“ M R? “ MR‘>
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PROBLEM 17.108 (Continued)
(b)  After the motion becomes uniform, the disk rolls without slipping.
Kinematics. v, = Rw,
w¢eMolt
. M.
m 'y; +' *6 - =f
| >
A _/Ft
b Nt
Syst. Momenta, + Syst.Ext.Imp., ,, = Syst. Momenta,
+) Moments about A:  mvyh+0=M ,R+1 @,
Since i =R is given:
1 |
mvy| SR | = (MR@,)R +— MR @,
1 3
—mv, =—MR
P
w, = mv,
3MR
nmy,
v, =R v,=—0 .
» = R, 2= 3m
At first the disk slides — and rotates‘>, it latter rolls with a constant linear velocity v, and a constant
angular velocity ®,.
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PROBLEM 17.109

— Determine the height 4 at which the bullet of Problem 17.108
hr - should be fired (a) if the disk is to roll without sliding immediately
after impact, (b) if the disk is to slide without rolling immediately
A after impact.
SOLUTION

Principle of impulse and momentum:

WAt =My At

mp + = (= 2
D:li’__ Fir- Ta,

h Nat

Syst. Momenta, + Syst. Ext. Imp. = Syst. Momenta,
+T y components: 0+NAt-WAt=0 N=W
. x components: mvy— FAt=M v,

myy — UW At = M v,

. _ _my,
Since At =0; mv, = mv, 1=7°—»(1)
+) Moments about G: ~ mvy =(R—h)— R(uW AN =1 &3
Since At = 0; myy =(R—h)= %MRza)1
m R—h
= 2— V, 2
@ =20 ) @
(a) If disk is to roll without sliding immediately after impact, we must have
@ ) and 7, = Ry —
mv, 2m R-h
0 _ Rl ;
M M R
R
(b)  If disk is to slide without rotating,
2m R-h
=— vy =0 h=R 4
YRR
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PROBLEM 17.110

A uniform slender bar of length L = 200 mm and mass m = 0.5
kg is supported by a frictionless horizontal table. Initially the bar
is spinning about its mass center G with a constant angular
velocity @, = 6rad/s. Suddenly latch D is moved to the right
and is struck by end A of the bar. Knowing that the coefficient
of restitution between A and D is e = 0.6, determine the
angular velocity of the bar and the velocity of its mass center
immediately after the impact.

SOLUTION
N - 1 5
Moment of inertia. I = EmL
. L
Before impact. (v, = Ewl i
Impact condition. (vy), =—e(v,), = %eLa)l T
. . . — L 1 1
Kinematics after impact. V, =), + sz = EeLa)1 + ELQ)2
Principle of impulse-momentum at impact.
A m
r\lu), — I/'\ -
= =>—— + | = N Tw,
SoH
Syst. Momenta, + Syst. Ext. Imp.,_,, = Syst. Momenta,
‘>Moments about D: lo+0=1w, +m72§
1 1 L
loy=1w, +m| —eLw, +—Lw, |—
o =10, (2 @ > a’z) >
L L 1 1
—mLl @ =—mL @, +—mL ew, +—mL
AT Ty e
1
=—(1-3
@, = (=300
v, —lLe +lL ! (1-3e) —l(1+e) L
275 @ 25\ @ ] @
Coefficient of restitution, e=0.6
w, = i(l —(3)(0.6))(6 rad/s) =—1.200 ®, =1.200 rad/s ) <4
v, = %(1 +0.6)(6 rad/s)(0.2 m) = 0.240 m/s v, =0.240 m/ST |
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PROBLEM 17.111
i L B A uniform slender rod of length L is dropped onto rigid supports at
A . )ie A and B. Since support B is slightly lower than support A, the rod
l‘ ! B strikes A with a velocity v, before it strikes B. Assuming perfectly
elastic impact at both A and B, determine the angular velocity of
the rod and the velocity of its mass center immediately after the
rod (a) strikes support A, (b) strikes support B, (c) again strikes
support A.
SOLUTION
o 7_1
Moment of inertia. I = EmL
(a)  Firstimpact at A.
ma,
A md g . A 8 A e
C ] . —0 —-_ G F o >
4 Tw,
SAat
Syst. Momenta, + Syst. Ext. Imp. ,_,, = Syst. Momenta,
Condition of impact: e=1: (vy), =y T
Kinematics: v, =§(1)—(\/A)2 =§a)—v1
L _ L -
) Moments about A: my; B} +0=my, By +1w,
L L 1, 3y
=m|—0-v |—+|—mL o, =t )d
(2 ‘jz (12 )wz 2 L‘>
— _L(3y 1 _ 1
Vo=—| — |—p, =—vp V, =—V 4
275 ( L ) 1=5M 275N i
(vp)y = Loo—(v,), =3v, —v, =2v,]
(b) Impact at B.
mu, N ML
A\ s = £ 5
G I rJ (e 2 [ - =
Tw, S Ty
Syst. Momenta, + Syst. Ext. Imp., ., = Syst. Momenta,
Condition of impact. e=1: (vp); =2y T
Kinematics: v =(vg), —%a)= 2y, —%a)
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( Moments about B:

PROBLEM 17.111 (Continued)

—mV2§+7w2+0=m73§—7a)3

1 \L 1 53w L L 1 3y
-m|—v, |=+| —=mL || — |+0=m| 2v, ——ay | =—| —mL 0, =— )4
m(zvljz (12'" )(L] m( " 2“’3]2 (12'” ]wB . L‘>
_ L{ 3y 1 _ 1
V3 22\/1—5(?1):51/1 \£ szl T‘
a)3=Lo—(vg); =3v, =2y, =V, i
(¢)  Second impact at A.
- D/
A A MAa
— '/ — + c - - g [ o =2
T \\-_77 \* -“o“
Teos SAdt
Syst. Momenta, + Syst. Ext.Imp.,_,, = Syst. Momenta,
Condition of impact. e=1: (v A)4=vlT
Kinematics: V=) +§a)4 = +§a)4
_ L - _ L -
‘>Moments about A: mvs, E+ Io;+0=my, E+ lw,
m lv1 £+ imL2 n +0=m v1+£a)4 £+ imL2 w, o,=0 <
2 )2 \12 L 2 2 \12
V,=v +0 v.=v | <
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PROBLEM 17.112
The slender rod AB of length L forms an angle £ with the vertical as it strikes
the frictionless surface shown with a vertical velocity v, and no angular
velocity. Assuming that the impact is perfectly plastic, derive an expression for
the angular velocity of the rod immediately after the impact.
SOLUTION
o 7_1
Moment of inertia. I = EmL
Perfectly plastic impact. e=0 [((v4), ], =—e(vy), =0
Va=Wa) d+ (), j=(vy), 0
Kinetics.
O mA}j
/
/
/ G maJ;,
mAf, / Lw
A f ’
SA M
Syst. Momenta, + Syst.Ext.Imp., ,, = Syst. Momenta,
T, horizontal components: 0+0=mv, mv, =0
. . _ L
Kinematics. Vo =V,4+ Vo [v),T] =[(vy), —1 +[Ea) ~ ,B}
. L .
Velocity components T : v, = —Ea) sin
L . _ L . =
) Moments about A: mv, Esm B+0=-my, Esm P+lw
L . L . L . 1
my,—sinff=m| —@sinf |—sin f+—mL @
) p ( 2 p ] 2 p 12
[i szleL2 sinzﬂ)a)zlmvlLsinﬂ :6s1—n,32£
12 4 2 1+3sin“B L
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PROBLEM 17.113

The slender rod AB of length L = 1 m forms an angle § = 30° with the vertical as
it strikes the frictionless surface shown with a vertical velocity v, =2 m/s and
no angular velocity. Knowing that the coefficient of restitution between the rod
and the ground is e = 0.8, determine the angular velocity of the rod immediately
after the impact.

SOLUTION
Moment of inertia. I= é ml?
Apply coefficient of restitution. [(va)y ], =—el(vy), ] =em T

Vo= d+ (), i=,),i+ev]

Kinetics.
O m;&
/
_ 6 maJy,
m4, Iw
A
A
SA
Syst. Momenta, + Syst.Ext.Imp., , = Syst. Momenta,
T, horizontal components: 0+0=mv, mv, =0
. . _ _ L
Kinematics. Vo =V4+ Vg [v, T] =[ey, T] +[(vy), — w{aaﬁ{ ﬂ}
. _ L .

Velocity components T : v, =ev - Ea) sin

) Moments about A:

mvlgsinﬂ+0=—mv},§sinﬂ+fa)
L . L . _\L . 1 2
mv,—sinf=m| —wsinf—ev, |—sin f+—mL @
"2 p (2 p 1)2 p 12
1 2 1 2 .2 1+€ .
—mL" +—mL" sin @w=——mv,Lsin
(12 4 p 2 ! p

6(1+e)sin B v,
O=———
1+3sin* g 1L
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PROBLEM 17.113 (Continued)

Data: L=1m, B=30° v,=2m/s, e=0.8

e (O18) $in30° 2m/s
1+3sin?30° Im

©=6.17rad/s ) 4
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PROBLEM 17.114

The trapeze/lanyard air drop (t/LAD) launch is a proposed innovative method for airborne launch of a
payload-carrying rocket. The release sequence involves several steps as shown in (1) where the payload rocket is
shown at various instances during the launch. To investigate the first step of this process where the rocket
body drops freely from the carrier aircraft until the 2-m lanyard stops the vertical motion of B, a trial rocket is
tested as shown in (2). The rocket can be considered a uniform 1-m by 7-m rectangle with a mass of 4000 kg.
Knowing that the rocket is released from rest and falls vertically 2 m before the lanyard becomes taut,
determine the angular velocity of the rocket immediately after the lanyard is taut.

7m

SOLUTION

While the lanyard is slack, the rocket falls freely without rotation. Considering its motion relative to the
airplane (a Newtonian frame of reference), its vertical velocity is

Vi =vg +28y =28y

v, =4/28y =\/(2)(9.81m/s)(2 m) v, =6.2642 m/si (1
Moment of inertia: I = ém(a2 +b%)

= %(4000 kg)[(7 m)* + (1 m)*]=16.667 kg - m*
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PROBLEM 17.114 (Continued)
For impact use the principle of impulse and momentum.
" y QCAE)
B
Im + = i ez
.
L Tm L‘ 2.S5wr ‘I" 2.5 '“‘"I
e /7
0.5m IQ_
y 8 _,
= 5 Gt | MY~
myy |
L—s.SM—J
Syst. Momenta,  + Syst. Ext.Imp.,_,, = Syst. Momenta,
x-components — : 0+0=mv, v.=0
+‘> Moments about B: mv,(3.5)+0=1a + mv},(3.5) )
Kinematics. Vp=Vp—
V=V, = 1+[7, ) 1=[v, — 1+[3.50 | 1+[0.50— |
y-components i : v, =350 3)
Substitute from Egs. (1) and (3) into Eq. (2).
mv,(3.5) =[I +m(3.5)* )0

(4000 kg)(6.2642 m/s)(3.5 m) = [16667 kg - m* + (4000 kg)(3.5 m)* &’

Angular velocity. ® =1.336 rad/s ) <
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PROBLEM 17.115

i 200 mm i - _ The uniform rectangular block shown is moving along a

, n,  frictionless surface with a velocity v, when it strikes a

100 mm ' —_— | Ty ~ / small obstruction at B. Assuming that the impact between
& A 9/4 ~y 1£ corner A and obstruction B is perfectly plastic, determine

the magnitude of the velocity v, for which the maximum
angle @ through which the block will rotate is 30°.

SOLUTION

Let m be the mass of the block.

Dimensions: a=0.200m
b=0.100 m

Moment of inertia about the mass center.

- 1 2,42
I =—m(a”+b
D ( )

Let d be one half the diagonal. d :% a*+b*=0.1118 m

Kinematics. Before impact vVi=y—, ® =0
After impact, the block is rotating about corner at B.
0,=0,) v,=do,/

Principle of impulse and momentum.

P.__ & -——-fl , mi’}.
B = | é
b T = |+ * e = 4 (,/\** -,
5 8as ~ _L&
B B 6% ~| 8
Syst. Momenta, + Syst.Ext.Imp., ,, = Syst. Momenta,
mv,b

+0=1a@, +mdv,

(+ Moments about B:

1 1 2,42 2
—mvb=—m(a” +b")w, + md
b= 1, @

=%m(a2 +hHw,
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PROBLEM 17.115 (Continued)

3vb
Angular velocity after impact 0, =—"1— €))]
¢ d P 2 a2 +bP) ),

The motion after impact is a rotation about corner B.
Position 2 (immediately after impact). Vv, =dw,

b
Position 3 (6 =30°). B=tan"' = =tan"' 0.5 = 26.565°

a

h=dsin(f+30°) =0.11180sin 56.565° = 0.093301 m
®,=0 7, =0

Ho¢ 7 15

8
. mgb
Potential energy: V,= - Vi =mgh
— =
Kinetic energy: = 3 lw, + — = —(I +md* )

=ém(a2 +b2)a)22 7,=0
Principle of conservation of energy:
T,+V, =T, +V,
) mgb
—m(a +b )a)2 + 5 =0+mgh

2 _ 3g(2h—b)  (3)(9.81)(0.18660 —0.100)

(a* +b%) (0.200)? + (0.100)>

=50.974 (rad/s)? ®, =7.1396 rad/s )
Magnitude of initial velocity.
2(a* +b*)w,
3b

_ (2)[(0.200)* + (0.100)*1(7.1396)
(3)(0.100)

Solving Eq. (1) for v, v =

v =2.38 m/s 4
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' L PROBLEM 17.116

‘ b
AG L @B A slender rod of length L and mass m is released from rest in the position
K shown. It is observed that after the rod strikes the vertical surface it
rebounds to form an angle of 30° with the vertical. (a) Determine the
| coefficient of restitution between knob K and the surface. () Show that

5 the same rebound can be expected for any position of knob K.

SOLUTION

For analysis of the downward swing of the rod before impact and for the upward swing after impact use the
principle of conservation of energy.

Before impact.

@ y’*”} ’lz" @ @
-
. £ l}’ ¥,
Wens
U 2
i=0
V,=—W—=-mg—
I,=0
2
1= 5 1 o, 1({1 L), 1 (1 1 5,
T,=—Ta +—mv:=—| —ml* V2 +=—m| —w, | =—mL
2= @y 2(12"1 )VZ M%) T
T4V =T, 4V, O=smla? =-mgL; =35 o =173205\/g‘>
1 1 2 2 6 2’ L 2 . L
After impact.
[
3 ﬂ
n?h ,
tug e J;cwio“ 30"
® sl =
I.S 3 !J)—mg
ey
..jg £
L
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Analysis of impact.

Let r be the distance BK.

Before impact,

After impact,

Coefficient of restitution.

PROBLEM 17.116 (Continued)

V,= —W%cos 30°

11—, 1 5
T, =—1w; +—mv
375 ; PHEE

2
1(1 L), 1 1
=—| —mL +—m| —
2(12 )@ 2 (2@)
1 5 5
=—mL
6 w;
T,=0

L+V, =T, +V,: émL2a)32 —mg%zO—mg%coﬁO"

@? =3(1-cos 300)%

(V)3 =raoy— =l.73205r\/% —

(V) =r,~— = 0.63397r\/% -~

| [

o= (Vi )an
(v )3,

o= 0.63397
1.73205

(0]

- £
= 0.63397\/: )

e=0.366 4
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PROBLEM 17.117

A slender rod of mass m and length L is released from rest in the
position shown and hits edge D. Assuming perfectly plastic impact at D,
determine for b=0.6L, (a) the angular velocity of the rod immediately
after the impact, (b) the maximum angle through which the rod will
rotate after the impact.

SOLUTION

For analysis of the falling motion before impact use the principle of conservation of energy.

Position I: I,=0, V= mg%
Position 2: V,=0
2
1 (L 11 5 S
T,=—m|— +—| —mL
IR S onmr
T, = lmL2a)§
6
L 1 ) 3g
L+V,=T,+V,: O+mg—=—mL w =,
1 tVi=htV, 8476 ), @ oL
Analysis of impact. Kinematics
Before impact, rotation is about Point A. v, = éa)2
. L . — L
After impact, rotation is about Point D. vy = T w,
Principle of impulse-momentum. _
m Uy
:f 2 O-Ib/P_J Jw, B
A T2\D =& A _gllo g pap 2D &g
—Tei + < —5— = I3 -
L - L L
z 4L s L-O.GL—-Eut I'Tl/-—;g
mP,
Syst. Momenta, + Syst.Ext.Imp., ., = Syst. Momenta,
+) Moments about D: 1w, —mv, (%) =l w, +mv, (%) (1)
1 2 L L 1 2 L L
—mL @, -—m| —@, |—=—mL & +m| —ay |—
12 “ (2(02]10 12 “ (10(03)10

()=o)
12 20 “ 12 100 @
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PROBLEM 17.117 (Continued)

. 5 5 (3¢ g
a)  Angular velocity. === /1= 0 =O.437\/: |
@ ST T ’ L‘>

For analysis of the rotation about Point D after the impact use the principle of conservation of energy.

A o./L

h=0IL sm&

®

®”’ ,_,_,gxcii, > pazom? | B

Position 3 (just after impact)
L
Vy=— V,=0
3 10“% 3
1 (L Y 1(1 14
T,=—m| — +—| —ml? |0} =—ml* &}
T (10@3j 2{12 j@ 300
2
_ 14 o5 [3g| _meL
300 14\ 2L 112
Position 4. 6 = maximum rotation angle.
h'=£sin6’
10

, mgL .
V,=mgh' = sin @
4 8 10

v,=0, @,=0, T,=0

L+V,=T,+V,; Lﬂ+020+ mgLsinH
112 10
. . . 10
(b)  Maximum rotation angle. s1n9=m 60=5.12° 4
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PROBLEM 17.118

A uniformly loaded square crate is released from rest with
C its corner D directly above A; it rotates about A until its
corner B strikes the floor, and then rotates about B. The floor
B is sufficiently rough to prevent slipping and the impact at B
-4 is perfectly plastic. Denoting by ®, the angular velocity of
! the crate immediately before B strikes the floor, determine
(a) the angular velocity of the crate immediately after B
strikes the floor, (b) the fraction of the kinetic energy of the
crate lost during the impact, (c) the angle 8 through which
the crate will rotate after B strikes the floor.

SOLUTION

Let m be the mass of the crate and ¢ be the length of an edge.

Moment of inertia I= %m(c2 + cz) = %mc2

c D
= Iw
( @, . - mu
\‘}* ¥ - Q
<
A B A B At A B8

S, &
Syst. Momenta, + Syst.Ext.Imp., ,, = Syst.Momenta,

Kinematics: Vo =Tgal = %\/Eca)o

V=r15p0= %\/Eca)

( Moments about B: Ty +0=10+71,,mv
| 1 5 1 1 2 5
—mc +0=—mc v+ —\/Ec m —\/Eca) =—mc @
g 0= e o e |
. 1
(a)  Solving for @, (0=Za)0‘>4
Kinetic Energy.
Before impact: T, = %ng + %m?oz
2
I(1 ), 1 (1
=—|—m +—m| —2¢
2(6 j“’(’ (2 %)
| .
=—mc
3 Wy
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PROBLEM 17.118 (Continued)

1+, 1 1(1 1 (1 ’
After impact: T,=—I&* +—mv’ =—| —mc* |@* +—m| —2cw
2 2 216 2 \2
2
1 1
2 2 2 2
=—mc @ =—mc’| — =—m
() =ggna
_ 1_ 1
(b)  Fraction of energy lost: LT =3 4 - L 15 |
T, 1 16 16
Conservation of energy during falling. T, +V, =T, +V, (1)
Conservation of energy during rising. L+V,=T,+V, 2
Conditions: ,=0, T,=0 T,= %Tl

1 1
Vo =mg(5\/§c) i=V, =mg(zc) Vs =mgh,
From Equation (1), L=V,-V = %(\/5 —mgc

From Equation (2), T, =V, -V, =mgh, — %mgc

_1
hy—ge 1 @:[%Jr%(ﬁ—l)}

(c)  From geometry, hy = %\/Ec sin (@ +45°) A

Equating the two expressions for /i, ha Q
L B

1+1lw2-1
sin (45° + 6) =Lf) R
NG
45°+ 6 =46.503° 6=1.50° 4
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A PROBLEM 17.119

L ® 7
A 1-oz bullet is fired with a horizontal velocity of 750 mi/h into the 18-1b
wooden beam AB. The beam is suspended from a collar of negligible mass
that can slide along a horizontal rod. Neglecting friction between the collar
\ and the rod, determine the maximum angle of rotation of the beam during its
200mm - gubsequent motion.
Bl a= #
—
A1)
SOLUTION
Mass of bullet. W’ =1ounce =0.0625 Ib
Mass of beam AB. W=181b
Mass ratio. L= % =0.0034722 W’'=pW and m’= fm

Since f is so small, the mass of the bullet will be neglected in comparison with that of the beam in

determining the motion after the impact.

Moment of inertia. I= %mL2
Impact kinetics.
} cadt
A "1 —[ (R
- 7T
¥ L T = \'
mo, Lo,
BwmanJ,
B U-lé——- ° L L

Syst. Momenta, + Syst. Ext.Imp., ,, = Syst. Momenta,

< linear components: —Bmv, +0=mv, v, =y,
) Moments about B: 0+0=1w-mv, %
o= mV_L _ 12mpBv,L
21 2ml?
6
P B
L
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PROBLEM 17.119 (Continued)

Motion during rising. Position 2. Just after the impact.

V,= —mg% (datum at level A)

2
2

212 L
=24 mv;
Position 3. w=0, 6=6,.
ko4 ma
m/!-}.z T + t
-« mg
H
e u
Syst. Momenta, + Syst.Ext.Imp., ., = Syst. Momenta,
Vi =-mg £cos 0,
; 2
I _
;= 5’”’“’32
- linear components: mv, +0=mv, vy =V, = v, where v, =750 mi/h =1100 ft/s
Conservation of energy. T,+V, =T, +Vy: 2B°mvy —mg 37 Em(ﬂvo) —mg—cos 6,
2 2
b =1-cos0,
gL
2 2
cos Hm =1- 3,3_1/0
gL
__ (3)(0.0034722)*(1100)*
(32.2)(4)
=0.66021 6,=48.7° 4
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R PROBLEM 17.120

For the beam of Problem 17.119, determine the velocity of the 1-oz bullet for
which the maximum angle of rotation of the beam will be 90°.
1.9m PROBLEM 17.119 A 1-oz bullet is fired with a horizontal velocity of 350 m/s
into the 18-b wooden beam AB. The beam is suspended from a collar of
negligible weight that can slide along a horizontal rod. Neglecting friction
between the collar and the rod, determine the maximum angle of rotation of the
beam during its subsequent motion.
Bl @@= — Y
Vo

SOLUTION

Mass of bullet. W’ =1ounce =0.0625 Ib

Mass of beam AB. W=181b

Mass ratio. B= % =0.0034722 W’'=pW and m' = ffm

Since S is so small, the mass of the bullet will be neglected in comparison with that of the beam in

determining the motion after the impact.
Moment of inertia. I =—ml’

Impact Kinetics.

AN a
- /T
¥ L7 o~ W
mw, T,
Bma,
g Uaerr” ! !

Syst. Momenta, + Syst.Ext.Imp., ,, = Syst.Momenta,

I linear components: —Bmvy +0=mv, v, =By,
) Moments about B: 0+0=1w-mv, %
o mv,L _ 12mf3v,L
21 2ml?
6
P B
L
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PROBLEM 17.120 (Continued)

Motion during rising. Position 2. Just after the impact.

V,= —mg% (datum at level A)
1 5, 1=,

T,=—mv;, +—1

275 TS w,

Ly 4 L L2 |0 )
—2m(ﬁv0) +2(12mL ){ 3 ]

Position 3. w=0, 6=0..

I~
3
S

Nl

e U
Syst. Momenta, + Syst.Ext.Imp., , = Syst. Momenta,
L
V, =—mg—cosf,
2
LR
;= 5’”’“’3
I linear components: mv, +0=mv;, v, =V, =py,

Conservation of energy.

T, +V, =T, +Vy:  2B°mv; —mg%z%m(ﬂvo)2 —mg%cosé’m

By, = %gL(l —cosd,)

= \/(%] (32.2)(4)(1 = cos90°)

=0.5524 ft/s

6.5524

=2 v, =1887 fi/s 4
0.0034722

Vo
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PROBLEM 17.121

_T The plank CDE has a mass of 15 kg and rests on a small pivot
h

ﬁ at D. The 55-kg gymnast A is standing on the plank at C when
A«g\‘ the 70-kg gymnast B jumps from a height of 2.5 m and strikes
clL _ D F the plank at E. Assuming perfectly plastic impact and that
gymnast A is standing absolutely straight, determine the height
! I ! L ! to which gymnast A will rise.
SOLUTION

Moment of inertia.

Velocity of jumper at E.

Principle of impulse-momentum.

Mg

[

7hyr

—
Syst. Momenta,

Kinematics:

‘> Moments about D:

Gymnast (flier) rising.

Data:

0,

E

- 1 2 1 2
I =—m,2L) =—m,L
12 p(2L) 3°F

)y =28 ey

Were Mg Vg
- ] Iw
+ = 3
| e } -
Sodt e— L —le— L
+ Syst. Ext.Imp.,_,, = Syst. Momenta,

ve=Lo v,=Lw
mgvL+0=mgv L+mcv-L+ o

1
= mEL2w+ mcLza)+§mPL2a)

mg 1
=—"—
mg +me+5imp L
VC:LwZLVII (2)
mg +me +3mp
2
v
Y 3
mp =my =70 kg
me=m, =55kg
mp =15kg
h =25m
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PROBLEM 17.121 (Continued)

From Equation (1) v, =4/(2)(9.81)(2.5)

=7.0036 m/s

From Equation (2) Ve = w
70+55+5

=3.7712 m/s

_ (3.7712)
(2)(9.81)
=0.725m hy =725 mm <«

From Equation (3) h,
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PROBLEM 17.122

Solve Problem 17.121, assuming that the gymnasts change
places so that gymnast A jumps onto the plank while gymnast B
T stands at C.

PROBLEM 17.121 The plank CDE has a mass of 15 kg and
rests on a small pivot at D. The 55-kg gymnast A is standing on

the plank at C when the 70-kg gymnast B jumps from a height
of 2.5 m and strikes the plank at E. Assuming perfectly plastic
impact and that gymnast A is standing absolutely straight,
determine the height to which gymnast A will rise.

SOLUTION
Moment of inertia.

Velocity of jumper at E.

Principle of impulse-momentum.

m;»«J,

[
7Fr

—L —

Syst. Momenta,

Kinematics:

‘> Moments about D:

Gymnast (flier) rising.

-1 )1 2
I =—m,2L)" =—m,L
LY =g

)y =+28h ey

al [
|

[SDJ«f e— L L —J
+ Syst. Ext.Imp.,_,, = Syst. Momenta,

WarJe m

i

Ve

m

He

ve=Lo v,=Lw
mgv,L+0= mEvEL+vaCL+Ta)

1
= mELza)+ mCL2w+ ngLza)

_ mg Vi
w_m +m-+im, L
gt mec+3mp
MV
ve =Lo= £l . 2)
My +me + L mp
2
v
he =% 3)

_Zg
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PROBLEM 17.122 (Continued)
Data: mg =m, =55kg
me =myz =70kg
mp =15kg
h=25m
From Equation (1) v =4/(2)(9.81)(2.5)
=7.0036 m/s
From Equation (2) Ve = w
55+70+5
=2.9631m/s
. (2.9631)
From Equation (3 =
. ©) & (2)(9.81)
=0.447 m h, =447 mm <
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PROBLEM 17.123

A small plate B is attached to a cord that is wrapped around a uniform 8-1b
disk of radius R =9in. A 3-Ib collar A is released from rest and falls through a
distance A =15 in. before hitting plate B. Assuming that the impact is
perfectly plastic and neglecting the weight of the plate, determine immediately
after the impact (a) the velocity of the collar, (b) the angular velocity of the disk.

SOLUTION

The collar A falls a distance A. From the principle of conservation of energy.

v, =4/28h

Impact analysis: e=0

Kinematics. Collar A and plate B move together. The cord is inextensible.

_ v
v, =R®w or = Ez
Let m = mass of collar A and M = mass of disk.

Moment of inertia of disk: I= %MR2

Principle of impulse and momentum.

Iw=0

3

Y ‘ A ! A l""'.l’a.
l_vbf

Syst. Momenta, +  Syst.Ext.Imp., ,, = Syst. Momenta,

+) Moments about C: mvR =1, +mv,R

1
mv, R =5MR2 (%]wLmsz

1
mszM%+m%

2m

Vy =————V
2m+ M

1

6]
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PROBLEM 17.123 (Continued)

Data: m=231b/g
M =8 1b/g
h=15in.=1.25ft
R=9in.=0.75ft
v =4/(2)(32.2)(1.25)
=8.972 ft/s
. (2)(3) 3
a Velocity of A. Vg =—————yp, =—
(@)  Velocity of A 2 (2)3)+8 1=
Vv, =%(8.972) =3.8452 ft/s v, =3.85 ft/si |
_3.8452

(b)  Angular velocity. ®, =5.13rad/s ) <

0.75
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PROBLEM 17.124

Solve Problem 17.123, assuming that the coefficient of restitution between A
and B is 0.8.

PROBLEM 17.123 A small plate B is attached to a cord that is wrapped
around a uniform 8-1b disk of radius R =9in. A 3-1b collar A is released from
rest and falls through a distance /=15 in. before hitting plate B. Assuming
that the impact is perfectly plastic and neglecting the weight of the plate,
determine immediately after the impact (a) the velocity of the collar, (b) the
angular velocity of the disk.

SOLUTION

W, =81b

mp = Wo _ 8 024841052t
g 322

R=9in.=0.75ft

I, =%mDR2 =0.06988 Ib-s” - ft

W, =31b

m, = Wa o 3 0003171052t
g 322

h=15in.=1.25ft

Collar A falls through distance /4. Use conservation of energy.

T,=0
Vi=W,h
TzzlmAVi
2
V,=0

T, +V, =T, +V,: 0+WAh:%mAvi +0
2myh
WA

=(2)(32.2)(1.25)
=80.5 ft*/s’
v, =8.972 fu's |

vi= =2gh

Impact. Neglect the mass of plate B. Neglect the effect of weight over the duration of the impact.
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PROBLEM 17.124 (Continued)

Kinematics. o'=0 ) Vi = Ra)iz O.75a)'i

Conservation of momentum.

Sudt

I

+
iy, OR | Mg

—

|
d : R
B e 2 z V”sU:a,'
+) Moments about D: muv,R+0=m,V R+ 1,0 +myvyR
(0.09317)(8.972)(0.75) = (0.09317)(0.75)v’, +0.06988 &’ Q8
Coefficient of restitution. v =V, =e(v, —vy)
0.750" —v), =0.8(8.972-0) 2
Solving Egs. (1) and (2) simultaneously
(a) Velocity of A. v, =—0.25648 ft/s v, =0.256 ft/s T <
(b)  Angular velocity. @ =9.228 rad/s ® =9.23 rad/s ) |
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PROBLEM 17.125

AC - Two identical slender rods may swing freely from the pivots shown. Rod
A is released from rest in a horizontal position and swings to a vertical
position, at which time the small knob K strikes rod B which was at rest.

=~ q

i | If h=7land e=7%, determine (a) the angle through which rod B will
swing, (b) the angle through which rod A will rebound.
l
\_4 B L
SOLUTION
Let m=my. =g,
— - - 1 5
Moment of inertia. I,e=1= o L
1
Iy, =—mL
BD 75

Rod AB falls to vertical position.

—i
A = lg'c @.—. " w‘;&l)'
. Vmg mg { Teao
A
Position 0. V=0 T,=0
.. L
Position 1. V, = _ng
_ L
Vac) = E(Q)Ac )
| N | 2
I = Em("Ac W+ El(a)AC I
1
=—mL (@,);
6
Conservation of energy. T, +V, =T, +V;: 0+0= %mL2 () )12 - %mgL
38
(@y0); = - (1)
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PROBLEM 17.125 (Continued)

Impact.

cw T A&
N"i‘)l WM),

Gz | =

IW- 1 I(Wm\‘
A Y K J SKAt J

Syst. Momenta; +  Syst. Ext. Imp.; ,, = Syst. Momenta,

Kinematics (Vyeh = %(WAC )

_ L
(Vac)r = E(C‘)Ac )2

(_ Moments about C: m@,e), §+ I(w,0), — LIKdt =m(v ), [%) +1(w,0),

1 1
3 [ (0,0), — LIKdt =§mL2(a)Ac)2 2)

; VD)
L“Th ()

+ ! = 2
| A
Iw,,),

SKJ‘ t 4
g Ug

Syst. Momenta; + Syst. Ext. Imp.; ,, = Syst. Momenta,

é’ .

Kinematics (Vgp)y = % (Wpp )y
_ L -
(_ Moments about D: 0+ (L—h)| Kdt =m(vyp), S+ @),
L
(L—h)] Kdt = gmL (Wgp), 3)

Multiply Eq. (2) by (L — k) and Eq. (3) by L and then add to eliminate | Kdr.

1 1 1
3 I (L—h)(@,.), =§mL2(L—h)(a)AC)2 +§mL3(a)BD)2 (1)
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PROBLEM 17.125 (Continued)

Condition of impact:  L(@,.), — (L—h)(@gp), =—eL(@, ),

For h =%L and e=0.5 Egs. (1) and (2) become

1 1 1
gmL3(a)AC ), = gmL3(a)AC ), + gmL3 (Wgp),

1
— =05L(@y),

Dividing Eq. (3) by %mL3 and transposing terms gives
(@pc )y +2(Wgp)y = (W),
Dividing Eq. (4) by L/2 and transposing terms gives
20y )y = (Wgp )y =Dy ),
Solving Egs. (5) and (6) simultaneously for (@,.), and (@), gives
(@5 ), ==0.2(0,¢),;
(@p ), =0.6(0y¢),
(a) Angle of swing 6y for rod B.
Apply the principle of conservation of energy to rod B.
T,+V, =T, +V;
Position (2): Just after impact.

Position (3): At maximum angle of swing. ) Dm detow
| e,

Potential energy.

Use the pivot point D as the datum.

'[(—‘Nlr‘ /—)[

L
VZ =—mg E ™m %
L
V,= —ngcos 0, /
L
e

2)

3)

“)

®)

(6)

(M
®)
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PROBLEM 17.125 (Continued)

Kinetic energy.

1 1
T, ZEID (@ )g = gmﬁ(wBD)%

T, =0
1 5 ) L L
—mL (W —mg—=0-—mg—cos@
6 (@pp)> 8 5 8 ) B
1—cos6, =l£(wBD)§
38

= l£[0.6(60143)1]2
3g

{on(2 )

cos @, =0.64 6, =50.2° <
(b)  Angle of rebound 6, for rod A.
Apply the principle of conservation of energy to rod A.
T,+V, =T, +V,
Position (2): Just after impact.
Position (4): At maximum angle of rebound.

Potential energy. Use the pivot Point C as the datum.

C C
V, = —mg% V, =-mg %cos 0, , dooe
.. T \*/<wkc)z |
Kinetic energy. L L cosOp
z 2
1 1
Tzzalc(a)AB)gzgmLz(a)Ac)g I,=0 I J‘ BA e
émLz(a)Ac)g—mg%zO—mg%cos&A mj—
1L m @
l1-cos8, ==——(0,);
38 g @ -
1L
=—=[-0.2(&), I A
3¢
= (lj (0.04) L [3_g) =0.04
3 g /UL
cosd, =0.96 6,=16.26° 4
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PROBLEM 17.126

e
@‘ WA 2-kg solid sphere of radius r = 40 mm is dropped from a
\ / height & = 200 mm and lands on a uniform slender plank
300\ h / 307 AB of mass 4 kg and length L = 500 mm which is held by

two inextensible cords. Knowing that the impact is perfectly
plastic and that the sphere remains attached to the plank at

A‘\"| sl | B a distance a = 40 mm from the left end, determine the
< L | velocity of the sphere immediately after impact. Neglect
the thickness of the plank.
SOLUTION
Masses and moments of inertia.
Sphere: mg =2kg, r=40mm=0.040 m
Iy = %msrz = @](2 kg)(0.04 m)> =1.28x107 kg - m*
Plank AB: myup =4kg, L=500mm=0.5m

I = émABLZ = (éj (4 kg)(0.5m)* =83.333x10 kg - m*

Velocity of sphere at impact.

Vg = \/ﬂ = \/(2)(9.81 m/s)(0.200 m) =1.9809 m/s
Before impact.
Linear momentum: mgvy = (4 kg)(1.9809 m/s) i =7.9236 kg - m/s i
with its line of action lying at distance % — a from the midpoint of the plank.

%—a=0.25m—0.04m=0.21m.

After impact. Assume that both cables are taut so v, is perpendicular to the cable at A and v is perpendicular
to the cable at B.
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PROBLEM 17.126 (Continued)

Kinematics.

To locate the instantaneous center C
draw line AC perpendicular to v, and

line BC perpendicular to vg. Let point G
be the mass center of the plank AB and
Point S be that of the sphere.

CH = Lcos30°+r
=(0.500 m)cos30°+0.040 m
=0.47301 m B>

:£—a20.21m
2

—VCH  +HS =051753m e

HS
tan /) =——=0.44397 =23.94°
p=— s

3

2l

e

vg =(CS)w=0.51753w
v = (Lcos30°)m= 043301

Principle of impulse and momentum.

wgax [ -2 — SAdt
: \

£ " { A ‘T 2
\
\
\
+ \
\
\
\

\/
. C c

\ A

Syst. Momenta, + Syst. Ext. Imp.,_, , = Syst. Momenta,

+‘> Moments about C:
MgV [% - a] +0 = mgvy (CS)+ MV (CH) + [0+ 1z

st [é_a] B [ms (5)2 + mABEz +7S +7AB]a): Ica)
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PROBLEM 17.126 (Continued)

where mgVg (% - aj =(2kg)(1.9809 m/s)(0.21 m) =0.83198 kg - m?/s

and I =(2kg)(0.51753 m)* + (4 kg)(0.43301 m)* +1.28 x10 kg - m* +83.333x 10 kg - m*
=(0.53567 +0.75+0.00128 + 0.08333) kg - m* = 1.37028 kg - m*

0.83198 kg - m?/s = (1.37028 kg - m* )@ ©=0.60716 rad/s ) 4

vé =(0.51753 m)(0.60716 rad/s) = 0.31422 m/s
vé; =(0.43301 m)(0.60716 rad/s) = 0.26291 m/s

To check that neither cable becomes slack during the impact, we show that | Adr and [ B dr are positive
quantities.

+T components: —mgvg + ([ Adt + [ Bdr) cos 30° = —mvy sin 3
gd Adt + [Bdt) = [mgvy —mgv| sin 1/ cos 30°
=7.9236 —(2)(0.31422)sin 23.94°
=7.6686 N -s
-t components: 0+ (| Adt — [ Bdt)sin 30° = m, zvy; +mgvg cos 8

%(I Adt — | Bdt) = (4)(0.26291) + (2)(0.31422) cos 23.94°
=1.6260 N -s
Solving the simultaneous equation gives
[Adt=6.05N-s  [Bdt=2.80N"s
The cables remain taut as assumed.

Velocity of sphere: v =0.314 m/s 37 23.9° 4
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PROBLEM 17.127

[~

v |l Op Member ABC has a mass of 2.4 kg and is attached to a pin
support at B. An 800-g sphere D strikes the end of member ABC
B with a vertical velocity v, of 3 m/s. Knowing that L=750mm
AC ° O C and that the coefficient of restitution between the sphere and
member ABC is 0.5, determine immediately after the impact
| (a) the angular velocity of member ABC, (b) the velocity of the

sphere.

SOLUTION

my, =0.800 kg
L=0.750m

lL=O.1875 m
4

my- =2.4kg
Let Point G be the mass center of member ABC.

1

I; = EmACL2
Lo 4)(0.750)*
12
=0.1125 kg - m?
Kinematics after impact. o= V>, Vg = %a)' f, v, = % a)’i

Conservation of momentum.

oo e ,
& & & f ;Y)As 08

C 5 - + e ¥ ) r Gy — )
B A 1\55 [l = 'r C()'
A -6
(2, It
L , L / , L
+‘> Moments about B: mDVDE+O=mDvDE+IGw +mACvGZ

L L LY |,
mDszszvDZ+ I +my, Z w

(0.800)(3)(0.1875) = (0.800)(0.1875)v7, +[0.1125 + (2.4)(0. 1875)* 1/
0.45=0.15v}, +0.196875 & (1)
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PROBLEM 17.127 (Continued)
. e . . 7 /7 ’ L 4
Coefficient of restitution. Vp =V =Vp — 7 w
=—e(vp —Vv,)
v, —0.18750" = —(0.5)(3-0) 2)
Solving Egs. (1) and (2) simultaneously.
(@)  Angular velocity. w=3 o’ =3.00 rad/s ‘D <
(b)  Velocity of D. v, =-0.9375 v, =0.938 m/s | «
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PROBLEM 17.128

Member ABC has a mass of 2.4 kg and is attached to a pin

Vi support at B. An 800-g sphere D strikes the end of member
ABC with a vertical velocity v, of 3 m/s. Knowing
that L=750mm and that the coefficient of restitution
between the sphere and member ABC is 0.5, determine
immediately after the impact (a) the angular velocity of
member ABC, (b) the velocity of the sphere.

SOLUTION
Let M be the mass of member ABC and 1 its moment of inertia about B.
M=24kg 1= iM(zL)Z
12
where L=750mm=0.75m

Let m be the mass of sphere D. m=3800g=0.8 kg

Impact kinematics and coefficient of restitution.

8 q% 1{3{'56 2 g
f%\

c
%:L w,
(v sin@)e=Lw, —(vy),: (vp),=Lw, —(v;sinf)e (D)

Principle of impulse and momentum.

L SHO . 8,8t TR

e /% y
(/9 +/8 = Fay o

Syst. Momenta, + Syst. Ext.Imp.,_,, = Syst. Momenta,

+) Moments about B: mv,Lsin@=1a, +m(v,), L

mv,Lsin @ = %M(ZL)Za)Z +m[Lw, — (v, sin)e]L
my, sin @ = %MLa)2 —mL@, —m(v, sin @)e

v 1
l+e)—Lsinf=-M +
m( e)Lsm (3 m]a)2
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PROBLEM 17.128 (Continued)

(a)  Angular velocity. = (3 +e)my, sin 0
(M +3m)L
_ (3)(1.5)(0.8)(3)sin 60°
: (2.4+2.4)(0.75)

=2.5981 ®, =2.60rad/s ) 4

(b)  Velocity of D.
From Eq. (1), (vp), =(0.75)(2.5981) — (3sin 60°)(0.5)
=0.64976 m/s
(vp), =V, cos60°
=3c0s60°
=1.5m/s

(v,), =0.64976 m/s /1 30°
(vp), =1.5m/s < 30°

vy =+/(0.64976) + (1.5)°

=1.63468 m/s
tan = 0.64976
1.5
6=234°
6 +30°=53.4° v, =1.635m/s < 53.4° 4
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PROBLEM 17.129

Sphere A of mass m, = 2 kg and radius r = 40 mm rolls without
slipping with a velocity v =2 m/s on a horizontal surface when
it hits squarely a uniform slender bar B of mass mz = 0.5 kg and
A L length L = 100 mm that is standing on end and at rest. Denoting
_ by x4 the coefficient of kinetic friction between the sphere and

ﬁ-;» the horizontal surface, neglecting friction between the sphere
4 and the bar, and knowing the coefficient of restitution between
A and B is 0.1, determine the angular velocities of the sphere
and the bar immediately after the impact.

SOLUTION

Before impact sphere A rolls without slipping so that its instantaneous center of rotation is its contact point
with the floor.
v 2m/s

r0.040m

=50 rad/s ®, =50 rad/s ) <4

Analysis of impact. Use the principle of impulse and momentum. Let point A be the center of sphere A, point
B be the mass center of bar B, and Points P and Q the contact point between the sphere and the bar, Point P
being on sphere A and Point Q being on the bar B.

g Mu0,
o+ ..
Sedt

I
-
.{
>
=
0"->| r!S,'
#1
H
P2V ik
=

Syst. Momenta, + Syst. Ext.Imp.,_,, = Syst. Momenta,
0y =0y ) Wy =Wy ‘>
VAa=Va " Vp=vg T,
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Sphere A alone.

( + Moments about A:

Kinematics:

Condition of impact.

PROBLEM 17.129 (Continued)

La+0=1,0, =0

b=§—r=50mm—40mm=10mm=

Vo =g +bwg) —

VA_VQ =—€V1

v, — Vg — by =—ev,

Bar B alone:

+‘> Moments about Q:

0+0= I_Ba)B —bmgvg

Sphere A and bar B together.

~£. components:

Data:

mv, +0=m,v, + mgvg

mMyvy +vaB =nmyuv;

m, =2kg, my=05kg, e=0.1

o, =50.0 rad/s )<

0.010 m

ey

2

3)

v=2m/s, L=0.100m, 5=0.010m

vy —vp —(0.010 m)w, =—(0.1)(2 m/s)
(0.010 m)v, —5(0.100 m)za)B =0

(2kg)v, +(0.5kg)v, =(2kg)(2 m/s)

Solving Egs. (1), (2)’, and (3)" simultaneously,

v, =159 m/s v, =1.606m/s @,

1y
@y

€

=19.27 rad/s

®, =19.27 radls ) <
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. 1 PROBLEM 17.130

A large 3-Ib sphere with a radius r = 3 in. is thrown into a light
¢ o4 basket at the end of a thin, uniform rod weighing 2 Ib and length

< L =10 in. as shown. Immediately before the impact the angular
\ ‘ J velocity of the rod is 3 rad/s counterclockwise and the velocity of
the sphere is 2 ft/s down. Assume the sphere sticks in the basket.
A [Of | 5 Determine after the impact (a) the angular velocity of the bar and
sphere, (b) the components of the reactions at A.
! L |
SOLUTION
Let Point G be the mass center of the sphere and Point C be that of the rod AB.
Rod AB: W, =21b. myy =i:0.062111b-52/ft
322
| 2
g —EmPLZ =—(0 06211)( 2) =0.003594 1b-s> - ft
Sphere: W =31b my =?32=0.09317 Ib-s°/ft

2
I; ==mgr’ :%(0.09317)(%) =0.0023291b-s” - ft

Impact. Before impact, bar AB is rotating about A with angular velocity @, = @, ‘> (@, =3 rad/s) and the
sphere is falling with velocity v, =v, i (v, =2 ft/s). After impact, the rod and the sphere move together,
rotating about A with angular velocity o =® ).

Geometry. R=~I +r* =102 +3? =10.44 in. = 0.8700 ft
wno="=2 0=167°
L 10 174
. . . L 5 = —
Kinematics: Before impact, Ve = Ea)o = E 3)=1.25 ft/sT A L 2
. L , ,
After impact, \2 =Ea) i’ c=Rao' N 6
Principle of impulse and momentum. Neglect weights of the rod and sphere over the duration of the impact.
mm
< =)

(5
Lo, 5" A1 S Ayt

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1924

STUDENTS-HUB.com


https://students-hub.com
https://students-hub.com

STUDENTS-HUB.com

PROBLEM 17.130 (Continued)

(a) +) Moments about A:

L / ’ ’ L
mgvoL—1 4,0, _mABVcE"'O:IGw +mgVvoR+ 1,0 +mABv03

L 1 /
or mSVOL_IAng_mABvCE:(IG+mSR2+IAB+ZmABL2Jw (1

(0.09317)(2) (%) —(0.003594)(3) — (0.06211)(1.25) [%)

2
= {0.002329 +(0.09317)(0.87)% +0.003594 +i(0-0621 g [%j }0’

0.112152=0.0872260/ &' =1.2858 o' =1.286rad/s ) 4

Normal accelerations at C and G.

(ac), =£(a)’)2 _[2 (1.2858)% = 0.6889 ft/s* ~—
2 12
(a), = R(@)* =(0.87)(1.2858)* =1.4384 ft/s> 3~ 16.7°

Tangential accelerations at Cand G. a= 0!)

(ac), =§0!=%0!i (ag), =Rar=0.87a N 16.7°
(b) Kinetics. Use bar AB and the sphere as a free body.
I ol
A ¢ @ _ MOk
> . > - —e—— m (ag)
A)‘ \l 'w; .I d < S t
7»’;3 S A mAB(aC) .
AJ

+) IM ,=Z(M )

L L
WABE+WSL=IABa+EmAB(aC), + 1,00+ mg(ag), R

1
=(1AB +ZmABL2 +1, +mSR2]0{

2
2) (%j +(3) (3] = {0.003594 +%(0.0621 D (3] +0.002329 +(0.09317)(0.87)* |

3.3333=0.087226x¢ a=38.214 rad/sz)

(ac), =(%j(38.214)=15.923 ft/szi, (a;), = (0.87)(38.214) = 33.247 ft/s> ]\ 16.7°
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PROBLEM 17.130 (Continued)

FLBF =35(F,)
A =-myg(ac-), —mg(ag), cosl6.7°+mg(ag), sinl16.70
A, =—(0.06211)(0.6889) — (0.09317)(1.4384) cos16.7° + (0.09317)(33.247)sin16.7°
A =0.7191b A, =0.7191b— <«
+T XF, =X(F))gs: Ay —Wyp =Wy =—myp(ac), —mg(ag), c0s16.7° —mg(ag), sinl6.7°
A, —2-3=—-(0.06211)(15.923) - (0.09317)(33.247) c0s16.7° — (0.09317)(1.4384)sin16.7°

A, =1.006 b Ay=1.0061bT4
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- PROBLEM 17.131
// \\\
/ N A small rubber ball of radius r is thrown against a rough floor
- / L with a velocity v, of magnitude v, and a backspin ®, of
w, ) \“ g magnitude @,. It is observed that the ball bounces from A to B,
/' A 60 60ﬁ ‘\ then from B to A, then from A to B, etc. Assuming perfectly
elastic impact, determine the required magnitude @, of the
(") (") lastic impact, determine the required magnitude @, of th
backspin in terms of v, and r.
SOLUTION
Moment of inertia. I = %mr2 Ball is assumed to be a solid sphere.
Impact at A.
maJ;’
+ =
SFAt =
SNdAt
Syst. Momenta, + Syst.Ext.Imp., , = Syst. Momenta,
For the velocity of the ball to be reversed on each impact,
V=V, =,
W) = 0, = 0
This is consistent with the assumption of perfectly elastic impact.
‘> Moments about C:  mv,rcos60° — I w, +0= I @, —mv’,rcos 60°
o 2 2 2 2 o
my,r cos 60 —gmr @, +0 =gmr @, —my,rcos 60
—ra)y =V, cos60° w, = Sh)
4r
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PROBLEM 17.132

A B Sphere A of mass m and radius r rolls without slipping with a
velocity Vv, on a horizontal surface when it hits squarely an
Vi identical sphere B that is at rest. Denoting by g, the coefficient
OJ\ of kinetic friction between the spheres and the surface, neglecting
friction between the spheres, and assuming perfectly elastic
impact, determine (a) the linear and angular velocities of each
sphere immediately after the impact, (b) the velocity of each
sphere after it has started rolling uniformly.

W

SOLUTION

Moment of inertia. I= %mr

Analysis of impact. Sphere A.

SPdt
+ = m A,
Syst. Momenta, + Syst.Ext.Imp., , = Syst.Momenta,
Kinematics: Rolling without slipping in Position 1.
w, =0
r
) Moments about G: T +0=1wm,
41
Wy =0 =—
’
. Linear components: my, — J. Pdt =mv, (D
Analysis of impact. Sphere B.
+ = m g
Syst. Momenta, + Syst. Ext.Imp.,_,, = Syst. Momenta,
—*. Linear components: 0+ Pdr = myg 2)
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PROBLEM 17.132 (Continued)

Add Equations (1) and (2) to eliminate [ Pdt.
my,=my, +mvg Or Vg+v, =V (3)
Condition of impact. e=1. Vg =V, =ev =V, “4)

Solving Equations (3) and (4) simultaneously,

v, =0, Vg =V,
( Moments about G: 0+0=ITw, w,=0
(a) Velocities after impact. v, =0; ®, =4 ); V=1 —; 0y=0 4
Motion after Impact. Sphere A.
mqt l
+ G = mA}A'
ch kL
Nt
Syst. Momenta, + Syst. Ext.Imp.,_, = Syst. Momenta,
Condition of rolling without slipping: Vv, = a,r
( Moments about C: Tw, +0+1 ), +mv,r
(gmrzj n +0= (zmrzja); + m(ra);)r
3 r 5
o 28
T
, 2
VA = 7\/1

Motion after impact. Sphere B.

@ + ) mn}"
C Ft
Nt

Syst. Momenta, + Syst.Ext.Imp., , =  Syst.Momenta,
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PROBLEM 17.132 (Continued)

Condition of rolling without slipping: vy = ra
( Moments about C: mvgr+0= 1wy +mvyr

mwr+0= (%mrzja)é +m(rag)r

7 r
;5
VB —7\}1
. . .. , 2 , 5
(b)  Final Rolling Velocities. ' =7V1 — Vp =7v1 — <
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y PROBLEM 17.133

In a game of pool, ball A is rolling without slipping with a velocity v, as it hits
obliquely ball B, which is at rest. Denoting by r the radius of each ball and
by u, the coefficient of kinetic friction between a ball and the table and
assuming perfectly elastic impact, determine (a) the linear and angular velocity
of each ball immediately after the impact, (b) the velocity of ball B after it has
started rolling uniformly.

SOLUTION
L - 2 5

Moment of inertia. I = gmr
(a) Impact analysis.

Ball A:

Iwv, M),
~ A
. x4 SPAt .
m )
ma, = A e
Syst. Momenta, +  Syst.Ext.Imp.,_, = Syst. Momenta,
Kinematics of rolling: wy = ]
’

. Linear components: v, cos 6 — J. Pdt=m(v,), (D

+ T Linear components: mvysin@+0=m(v,) y 2)

Moments about y axis: I @y cos0+0=1am,cos 3)

Moments about x axis: ~I w,sin@+0=—1 w, sin B “4)

Ball B:

iw. m(ul)y
Spdt
- m(a}),
+
Syst.Momenta, +  Syst.Ext.Imp., , = Syst. Momenta,
—*. Linear components: 0+ J.Pdt =m(vg), &)
+ T Linear components: 0+0=m(vg), (6)
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PROBLEM 17.133 (Continued)

Moments about y axis: 0+0= Ta)B cosy @)

Moments about x axis: 0+0= Ta)B sin ¥ (8)
Adding Equations (1) and (5) to eliminateJ.Pdt,

mvycos@+0=m(v,), +m(vy),
or (vg), +(v4), =Vv,cos8 ©)]
Condition of impact. e=1: (vg), —(v,), =ev,cos8=y,cosb (10)
Solving Equations (9) and (10) simultaneously,
v,), =0, (vg), =v,cosb
From Equations (2) and (6), (v4), =vysin 0, (vg) ,=0 v,=(v,sin0)j 4
vp=(v,cos)i 4

From Equations (3) and (4) simultaneously,

B=6, w,=a,="L ®, =~ (—sin 6i+ cos 6j) 4
r r

From Equations (7) and (8) simultaneously,

wy =0 0, =0 4
(b)  Subsequent motion of ball B.
2 2
mgt
—_X % 1 b ¢ mﬂr“
+ -
Nt ¥t
Syst. Momenta, + Syst.Ext.Imp., , = Syst. Momenta,

Kinematics of rolling without slipping. vy = raj
) Moments about C: mvgr+0=1a) +mvyr
2 2 7 4
= gmr Wy +m(rag)r

, 5vy 5vcosé

B=7r 7 r

Vg =%vl cos 6 4 =%(V0 cosd)i <
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Q Al

a(

PROBLEM 17.134

Each of the bars AB and BC is of length L =400 mm and mass m =1.2 kg. Determine
the angular velocity of each bar immediately after the impulse QAr=(1.5N-s)i is
applied at C.

SOLUTION

Principle of impulse and momentum.

Bar BC:

Kinematics

+‘> Moments about B:

—“£. x components:

Bar AB:

Syst.Momenta, + Syst.Ext.Imp., , =

Syst. Momenta, + Syst.Ext.Imp., ,, =

Bﬁm B4t
8 8 *_“ g
' - L
L & 4 JE ¢ %%CE
I Qat I wg,

c - <

C
Syst. Momenta,

_ L
Vpc =Vvp t Ech =La,, + EwBC

- _ L
0+ (QANL =T @y +miye

1 L L
(QAr)L = EmLza)BC + m(La)AB 5 g )3
QAt =%mLa)AB +%meBC (1)
QAt — B At = m(La)AB + %wBC] )
A '\'jét Ay A

I‘N[P ] N~ |

t
__L R “3*“__, B

8442

Syst. Momenta,

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1933



https://students-hub.com
https://students-hub.com

Add Egs. (2) and (3):

Given data:

+‘> Moments about A:

(B At)L = %mszAB + m(% Oy ]—

Subtract Eq. (1) from Eq. (4):

Substitute for @y in Eq. (1):

Substituting into Eq. (5):

Angular velocity of bar AB.

Angular velocity of bar BC.

PROBLEM 17.134 (Continued)

0+ (BANL=1w,5 +mv,, %

L
2

B At= %mLa)AB

We now have 3 unknowns (B, At;, @yp, and wgc) and 3 equations.

OAt = %mLa)AB + %meBC

5 1
O=—mlLw,, +—mLw,
6 AB T o BC

Ope =—50p

QAt = %mLa)AB +%mL(—5a)A3)

=——mL@,,
_6 QA
A7 mL
6 QA1
Wy =5 —2 =20
Be [ 7 mL ]
30 QA
¢ 7 mL
L=0.400 m
OAt=15N"s
m=12kg
6 QAt (6)(1.5)
Opp =~ ==
7 mL (7)(1.2)(0.4)
30 QAt (30)(1.5)
Wgc =—~ =

7 mL o (7)(1.2)(0.4)

3)

)

®)

(6)

(7

®,; =2.68 rad/s ) 4

©pc =13.39 rad/s ) 4
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PROBLEM 17.135

A uniform disk of constant thickness and initially at rest is placed in
contact with the belt shown, which moves at a constant speed
v =280 ft/s. Knowing that the coefficient of kinetic friction between
the disk and the belt is 0.15, determine (a) the number of revolutions
executed by the disk before it reaches a constant angular velocity,
(b) the time required for the disk to reach that constant angular

velocity.
SOLUTION
Kinetic friction. F,=uN=015N
+|2F, = Ncos25°~ F, sin25° —mg =0
(cos25° -y, sin25°)N = mg
— mg
€0825°—-0.15sin 25° e
=1.18636 mg N ’"
F, =(0.15)(1.18636)mg
=0.177954 mg
Final angular velocity. w, = Y
r
Moment of inertia. I= %mr2

(a)  Principle of work and energy.
L+Wi,, =T ;=0

Wy, = F;r0=0.177954mgr6

2
1- 1(1 v 1
TZ :510)22 = E(Emr2](7] = vaz
0+0.177954mgré = %mvz
v2
6 =1.40486—
8r
_ (1.40486)(80)°
(322)(3)
=670.14 radians 0=106.7 rev 4
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PROBLEM 17.135 (Continued)

(b)  Principle of impulse-momentum.

+ =
Ni Fel
Syst. Momenta, + Syst.Ext.Imp., ,, = Syst. Momenta,
‘> Moments about A: 0+ Fptr= 1w,

~Em?))

0.177954mgr

=2.80972
g

_(2.8097)(80)
322

1=698s 4
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6 in. PROBLEM 17.136

A The 8-in.-radius brake drum is attached to a larger flywheel that is not

%/{ j shown. The total mass moment of inertia of the flywheel and drum

is 141b-ft-s* and the coefficient of kinetic friction between the drum

10 in and the brake shoe is 0.35. Knowing that the initial angular velocity

of the flywheel is 360 rpm counterclockwise, determine the vertical
force P that must be applied to the pedal C if the system is to stop in
100 revolutions.

L

’ 8 in.
%/

" .
o)

c |
i 15 in.
SOLUTION
Kinetic energy. @ =360 rpm =127 rad/s
@, =0
1
h=51 o
1 2
=—(14)12x)
2
=9.9486x10° ft - 1b
7,=0
Work. 6 =(100)(27) =628.32 rad

8
Mp :Ffr:Ff(E]

U

1-2

=—M,0= —Ff(%j (628.32)

=—418.88F;
Principle of work and energy.
T,+Up,,=Ty: 9.9486x10° —418.88F, =0
F, =23751b
Kinetic friction force. Fy =N
F
STE BT 67850 1h
Hy 5
Statics. +‘> M, =0: Om)P+(Q2 in.)Ff —(10in)N =0 J
2 in, .

9P +(2)(23.75) — (10)(67.859) = 0
P=70.12 P=70.11b| 4
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PROBLEM 17.137

N U
A 6x8—in. rectangular plate is suspended by pins at A and B. The
| pin at B is removed and the plate swings freely about pin A.
Gin Determine (@) the angular velocity of the plate after it has rotated
through 90°, (b) the maximum angular velocity attained by the plate
as it swings freely.
I 8 in. |
SOLUTION
Let m be the mass of the plate.
Dimensions: a=8in.=0.66667ft b=6in.=0.5ft
Moment of inertia about A I,= %m(a2 +b%)
Position 1. Initial position. w =0

Position 2. Plate has rotated about A through 90°.

Position 3. Mass center is directly below pivot A.

O @ 4 ®

. A
-
T— b/2 -1_
b v arn d
‘6— G —— 8
———
Potential energy. Use level A as datum.
mab mga
V,=- V,=- V, =—-mgd
1 2 2 > 3 8
Where d =% a’ +b* =0.41667 ft
. . 1 2 1 2
Kinetic energy. =0 T, =51A6z)2 T, =51Aw3
(@) 90° rotation. Conservation of energy.
T, +V, =T, +V,: —%ﬂ):%%m(az +b%)w} + 182

o = 3g(a—>b) _ (3)(32.2)(0.66667 - 0.5) —23.184(rad/s)?

a’ +b* (0.66667)* +(0.5)*
®, =4.81radls ) 4
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PROBLEM 17.137 (Continued)

(b)  ®is maximum. Conservation of energy.

T +V, =T, +V,;: 0-——=

) _8(6d-3b) _ (322)2.5-1.5)
a*+b>  (0.66667)* +(0.5)

=46.386 (rad/s)*

®; =6.81rad/s ) «
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PROBLEM 17.138

The gear shown has a radius R = 150 mm and a radius of
gyration k =125 mm. The gear is rolling without sliding with
a velocity v of magnitude 3 m/s when it strikes a step of
height 4 = 75 mm. Because the edge of the step engages the
gear teeth, no slipping occurs between the gear and the step.
Assuming perfectly plastic impact, determine (a) the angular
velocity of the gear immediately after the impact, (b) the
angular velocity of the gear after it has rotated to the top of
the step.

SOLUTION

Part (a) Conditions just after impact.

Kinematics. Just before impact, the contact Point C with the floor the instantaneous center of rotation of the gear.
v, =R, ~—

Just after impact, Point S is the instantaneous center of rotation.
v, =Rm, ™ @ (perpendicular to GS)

Principle of impulse and momentum.

R-h mf?,

é,— <+ = & )f%
._;; I ®
F o *

+‘> Moments about S: mv, (R —h)+ [, = mv,R + [ o,

m(Ray)(R — h) +mk @y = m(Rewy)R +mk o,
[R(R-h)+k*1o, = (R* +k*)w,

R*+k*—Rh { Rh }
K rk —RhR =1 1
R> +k? R> +k? “ ()
Data: R=150mm, k=125mm, v,=3m/s, h=75mm
Sl 3o radss
R 0.150m
Angular velocity.
From (1), w, = 1—% (20 rad/s) = 0.7049(20) ®, =14.10 rad/s ‘> |
(150% +125%)
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PROBLEM 17.138 (Continued)

Part (b) Conditions at the top of the step.
The gear pivots about the edge of the step. Use the principle of conservation of energy.
Position (2): The gear has just broken contact with the floor.

Position (3): The center of the gear is above the edge of the step.

@ M3
® JW}‘

T R
R h -4
_L

T

AN

/4
Y,
77777777

Kinematics: (Rotation about S) v = @R

I 1— I _
Kinetic energy: T= 51 o+ Emv 2

= lmlzza)2 + lmRza)2
2 2

=%m(l?2 +R)&’

Position (2): T, = %m(lzz +R? )(022
V, =mgR
Position (3): T, = %m(l? *+ R}
Vs =mg(R+h)
Principle of conservation of energy: L,+V,=T,+V,

%m(l?2 +R*)@w} + mgR = %m(l?2 +R*) @} +mg(R+h)
Angular velocity:

2_ .2 2gh

=% k% +R?

~ (2)(9.81m/s°)(0.075 m)
(0.125 m)? +(0.150 m)*

= (14.10 rad/s)*

=160.21rad?/s*

®, =12.66 rad/s ) 4
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S— PROBLEM 17.139

A uniform slender rod is placed at corner B and is given a slight
clockwise motion. Assuming that the corner is sharp and becomes
slightly embedded in the end of the rod, so that the coefficient of static

L friction at B is very large, determine (@) the angle # through which the
Y rod will have rotated when it loses contact with the corner, (b) the
\ corresponding velocity of end A.
y B
SOLUTION @
Position 1 7,=0 L&
mgL
V= mgh =2~
Position 2 V, =mgh, = mgL;:osﬂ La
1. -, 11 5 »
T,=—Iw =—| —mL @
27514 =y ( 3 ) h

Principle of conservation of energy.
L+V =T, +V,

0+mgL:l lmLz w22+mchos,B
2 2\3

3
@ ==F(1-cos ) (1)
Normal acceleration of mass center.
L , 3
a =—a, =—g(l—cos
+/ XF =+XF 4 =ma,

mg cos 3 =%mg(l —cos )

(@) Angle . %cosﬁz% cos f=0.6 f=53.1° 4
3g g \/E
From (1 @, =">(1-06)=12> @ =1.09545 >
(1) Y= ( ) 3 2 3

(b)  Velocity of end A v, =Law, v, =1.095,/gL “X53.1° 4
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PROBLEM 17.140

’ The motion of the slender 250-mm rod AB is guided by pins at A and B that
slide freely in slots cut in a vertical plate as shown. Knowing that the rod has
a mass of 2 kg and is released from rest when 6 =0, determine the reactions
at A and B when 6 =90°.

SOLUTION

Let Point G be the mass center of rod AB.
m=2kg
L=025m

I; = émﬁ =0.0104667 kg-m*

Kinematics. 6 =90°
AD=R=0.125m
AB=L=025m
R 1
sinff=—=— =30°
p=7=5 B
AG=L-0125m
2
BG=0.125m
Point E is the instantaneous center of rotation of bar AB.

Vo =%a)=0.125 w

v, =(Lcos30°)@w=0.21651w
vg =(Lsin30°)@=0.125®

Use principle of conservation of energy to obtain the velocities when 8 =90°:

Use level A as the datum for potential energy.
Position 1 =0
T =0

V= —mg% =—(2)(9.81)(0.125) = —2.4525
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Position 2

For the rod AB,

T,+V, =T, +V,:

More kinematics:

PROBLEM 17.140 (Continued)

6=90°

1 L
T, =—I1,.0" +—mv
275 7% 5"

=%(0.0104667)a)2 +%(2)(0.125w)2

0.0208583w*

=-mg (R +§cosﬂj

—(2)(9.81)(0.125 + 0.125c0s 30°)
=-4.57641]

=
|

0—2.4525=0.0208583w" — 4.5764

@ =101.826 rad*/s*

@=10.091 rad/s

v, =(0.21651)(10.091)
=2.1848 m/s

vg =(0.125)(10.091)
=1.2614 m/s

For Point A moving in the curved slot,

2
e Vi
a, =(ac)x1+?‘]
(2.1847)*

0.125
=(a.),1+38.1833]

=(ag),i+

=0k, vp=vgj

r,z =—Lsin30° + Lcos30°j
=-0.125i+0.21651j

T/p ZErA/B
=—0.0625i + 0.108253j
A, =2, +0+T,; —OT,,;
=agj+akx(-0.125i +0.21651j)

—(10.091)*(=0.125i +0.21651j)
=agj—0.1250j—0.2165 1 +12.7285i — 22.0468

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,

you are using it without permission.

STUDENTS-HUB.com

1944



https://students-hub.com
https://students-hub.com

PROBLEM 17.140 (Continued)

Matching vertical components of a,

38.1833 =a, —0.125¢ —22.0468
a, =0.1250/+60.2301
ag =ap tag,
=a, + 0K XTIy, — 0Ty
=(0.125cx + 60.2324)j + ok x (—0.0625i + 0.108253j)
—(10.091)% (—0.0625i + 0. 108253j)
=0.125j+60.2301j—0.0625cj — 0.108253cxi
+6.3643i —11.0232j
a; = (-0.108253c + 6.3643)i + (0.0625¢ + 49.2069) j

Kinetics:  Use rod AB as a free body.
+‘> IM =2(Mp) s :

A
q —mg%sinﬁk=10a+rG,Ex(maG)

—(2)(9.81)(0.125)sin 30°k

G ma, =0.0104667a. + (0.0625i + 0.10825j) x (ma,)
Tal ~1.22625=0.0104667 ¢ + 0.03125¢ + 4.7730
0.0417167a = —5.99925
£ Sp o =—143.808 rad/s”
a; =(-21.933 m/s)i +(40.2189 m/s?)j
FLSF =3(F,) g =mlag),: —B=(2)(-21.932)=43.864 N B=439N— <«

+] TF, =X(F, )y =mlag),: A-mg =(2)(40.4289) =80.4378
A=(2)(9.81)+80.4378 =100.058 A=100.1N| 4

Check by considering
(+ IMg =3M g 4 ( M =(0.0625)A -0.1082538 =1.5052 N - m)

(Z(M)y = I (~20) = (0.0104667)(143.808) =1.5052 N-m )
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PROBLEM 17.141

A 35-g bullet B is fired horizontally with a velocity of 400 m/s into
the side of a 3-kg square panel suspended from a pin at A. Knowing
that the panel is initially at rest, determine the components of the
reaction at A after the panel has rotated 45°.

—
250 mm
250 mm
SOLUTION
Masses and moment of inertia. my =0.035 kg

mp =3 kg
b =500 mm=0.5m

I; :émez :%(3)(0.5)2 =0.125 kg-m2

Note: The mass of the bullet is neglected in comparison with that of the plate after impact.
Analysis of impact: Use principle of impulse and momentum.

, Sk dt
A
i% SA, 4 %
*’D) + =
-5 G
IGw

Mg J,

Kinematics: After impact the plate rotates about the pin at A.
b 0.5

Vo =——0=—1=0
N NG

+) Moments about A:

mv(i+ij—l w+m.v i
BO\/E 2\/5 G pG\/E

ivaOb =g +%me2)a)

22

i (0.035)(400)(0.5) = [O. 125+ l(3)(0.5)2 } 10
22 2
@=14.8492 rad/s
0.5
Vg =—2(14.8492) =5.25 m/s

7
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PROBLEM 17.141 (Continued)

. o 1 1
Corresponding kinetic energy. T, = 51 G o’ +Em Pvé

T, =%(0.125)(14.8492)2 +%(3)(5.25)2

=55.1251]
Plate rotates through 45°
Position I: 6=0°
Use Point A as the datum for potential energy.
b
Vi=-mpg ﬁ A
e —(3)(9.81)£

V2
=-10.4051] 0

Position 2: 0 =90°

V, =0 since G is at level A.

1. 5, 1 5 A
T, =—Ism +—mp(vs);
2 2 @
1 1 (05 Y
=—(0.125)@? +—(3)| —=
2( )wz+2( )[\/szj
=0.25w;

Principle of conservation of energy:
L+Vi=T,+V,
55.125J-10.4051J = 0.25@; +0

w; =178.879 (rad/s*)
@, =13.3746 rad/s

Analysis at 90° rotation. o= 0(‘>
b 0.5
Kinematics: (a;),=—=0=—7=0« (a,.), =0.35355x¢
i B B G i

b
(ag), =$a)2

_ (0.5)(178.879)

N

(ag), = 63.2434 m/s*—
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PROBLEM 17.141 (Continued)

Kinematics: Use the free body diagram of the plate.

b b
+‘>ZMA:Z(MA)eff: mPgﬁzlGa'i'mP(aG)rﬁ A_:(
K7 A
=(IG +%mpb2)a
Me(Qg)
(3)(9.81)(0.5) 1 ) - P Qc),
S2RZE ) 2 10.125+=(3)(0.5 =
7 [ + 2( )(0.5) }0!
o0 =20.810 rad/s’ ) T
G
(ag), =7.3574 m/s? | wp(Re
HUSF =5(F) et A, =mp(ag), =(3)(63.2434) A, =189.7N— 4
] 2F, =3(F)) A, —mpg =-mp(ag),
A, -(3)(9.81) = (3)(-7.3574) A, =736N|<
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b PROBLEM 17.142

b Two panels A and B are attached with hinges to a rectangular
b/r/ plate and held by a wire as shown. The plate and the panels

are made of the same material and have the same thickness.
B . . . . .
a\\/@ The entire assembly is rotating with an angular velocity @y
b AN when the wire breaks. Determine the angular velocity of the
\ .
Ji ® assembly after the panels have come to rest against the plate.
2

\/ [oN

SOLUTION
Geometry and kinematics:
26 36
b -+~6 b A %
8 &
25 .C y‘ . <
s
W g, iy A
1= & |
Panels in up position Panels in down position
_ _ 3
vy =ba, V) = Eb 29

Let p = mass density, ¢ = thickness

Plate: Myje = PH2b)(4b) =8 pib®
- 1
Te =75 BPIbHI(20)° +(4b)’]
= @ ptb*
40
Each panel: Myunet = PHB)(2D) =2 pth*
Panel in up position (Tyanet o = é(z ptb*)(2b)

8 42 4
=—pth" =—ptb
12p 3/)
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PROBLEM 17.142 (Continued)

Panel in down position (Tpanel ), = é 2 ptb2 ) [b2 + (2b)2]
10 4
=—ptb
12 P
5 4
=—ptb
6 P
Conservation of angular momentum about the vertical spindle.
7]
-5 -—5— b b —— b~y % 2%
| ! . ! 1
R ”)-uli; { a, - »eed Y,
| | i e | R
- 5 <&
v W Lexes N Upaeriats l 2 \ﬁ ) &
~poqsl M e ‘ ) "hpaet ﬁ'n’ /]
Initial momenta Final momenta

+‘> Moments about C:
- - < - 3b
Iplatea)O + 2[(Ipanel )0 (00 + mpanelvo (b)] = Iplatea)l + 2|:(Ipanel )1 a)l + mpanelvl (7)j|
4—30 pth”* @, + ZE pth* @y, + (2ptb2)(bw0)b} = ? pth* @y, + 2{% pth*w, +2pth* [%bwo ] [%bﬂ

[?+i+ 4}ptb4a)0 = [?+%+ 9}ptb4a)1

3
E% =24,
3
= 36 w=—0, 4
(3)(24)
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PROBLEM 17.143

Disks A and B are made of the same material and are of the same
thickness; they can rotate freely about the vertical shaft. Disk B is at
rest when it is dropped onto disk A, which is rotating with an angular
velocity of 500 rpm. Knowing that disk A has a mass of 8 kg, determine
(a) the final angular velocity of the disks, (b) the change is kinetic
energy of the system.

SOLUTION

m,=8kg r,=0.15m

1, =%mArj =%(8)(O.15)2 =0.0900 kg - m*
ry =0.100m
? 0.10Y
Iy .
mpg mA(rA] ( )(O.ISJ g

I, =%m3r§ =%(3.5556)(0.10)2 =0.017778 kg-m*

Principle of impulse and momentum.

Ly
+ =
@)
Syst. Momenta, + Syst. Ext. Imp. ;_,;, = Syst. Momenta,
+‘> Moments about B: 1, +0+0=1,0 + 1,0,
I, 0.09
=—4_ = =0.83505
“ IA+IBw1 0.10778(0l “

Initial angular velocity of disk A: @ =500 rpm =52.36 rad/s
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PROBLEM 17.143 (Continued)

(a) Final angular velocity of system: o, =(0.83505)(52.36)

@, =43.723 rad/s @, =418 rpm 4
Initial kinetic energy: T, = %I_A o}
1

T, =5(O.O9)(52.36)2 =123.371]
Final kinetic energy: T, = %(TA +1p)w;

T, =%(0.10778)(43.723)2 =103.02J

(b) Change in energy: T,-T,=-20.35] AT =-204] 4
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PROBLEM 17.144

<—b—>‘
— A square block of mass m is falling with a velocity v, when it strikes a small
obstruction at B. Knowing that the coefficient of restitution for the impact between
G | corner A and the obstruction B is e = (0.5, determine immediately after the impact
l“ [ (a) the angular velocity of the block, (b) the velocity of its mass center G.
ool |
fB
SOLUTION
L —b
Moments of inertia. I = gmb2
Kinematics. Before impact, block is translating. “45 _[
vi=v,| =0
, i N w,l b
After impact, v, =ev, T L Yeh
_ / w, ‘L
V, =V, + Vo Vg
A
=len 11+ 2L o, <450 Ae = 2 (1)
1 \/5 ¥z

Principle of impulse and momentum.

b —

I mo; T
- L

G + 4 — o m % W,
A A WL
A, ACF
A At
Syst. Momenta, + Syst. Ext. Imp. 1, = Syst. Momenta,
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PROBLEM 17.144 (Continued)

+)Moments about A:

I = lmb2
6
2
m\72—lmb2 —m672+m b
57% 0] 15 NG )
(d+ewd 2 ,
STORT 2y
2 3 @
. 3 v
(a)  Angular velocity. w, = E(l +e)v, 0, = 1.1255 )4
(b)  Velocity of the mass center.
From Eq. (1), v, =em 4| 22 4oy, 450
J2 4b

= eVlT+[i(1 +e)v, sin 45°q + [%(1 +e)v, cos45° —’}

42

=eVlT+ [%(1+e)v1 q +[§(l+e)v1 —’}

= K%evl —gvlm + E(He)vl —»}

5 3 3
- Kg(O.S) _§j v T} +50+05)y, —»}

=[-0.062511+[0.5625— ]
¥, =0.566 m/s << 6.34°4
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PROBLEM 17.145

A 3-kg bar AB is attached by a pin at D to a 4-kg square plate, which can rotate
500 mm freely about a vertical axis. Knowing that the angular velocity of the plate is
120 rpm when the bar is vertical, determine (a) the angular velocity of the
plate after the bar has swung into a horizontal position and has come to rest
against pin C, (b) the energy lost during the plastic impact at C.
SOLUTION

Moments of inertia about the vertical centroidal axis.

Square plate.
Bar AB vertical.

Bar AB horizontal.

Position 1. Bar AB is vertical.

Angular velocity.

_1 5 1 2 2
I =—mL =—(4)(0.500)" =0.083333 kg - m
0 12( ) ) g

I = approximately zero
T =L :i(3)(o.500)2 =0.0625 kg - m”
12 12

1, =0.083333 kg - m?

@ =120 rpm = 47 rad/s

Angular momentum about the vertical axis.

Kinetic energy.

(H,), = I,y = (0.083333)(47r) =1.04720 kg - m*/s

T, =%11a)f =%(0.083333)(47z)2 =6.57971

Position 2. Bar AB is horizontal. [, =0.145833 kg - m?

(H,), = Lw, =0.145833,

Conservation of angular momentum. (H,), =(H,),:

(a) Final angular velocity.

(b) Loss of energy.

1.04720=0.145833w, w, =7.1808 rad/s

®, =68.6 pm <

1

T-T,=T,

L} =6.5797 —%(0.145833)(7. 1808)*

T,-T,=282] 4
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A PROBLEM 17.146

A 1.8-1b javelin DE impacts a 10-Ib slender rod ABC with a horizontal
velocity of vy = 30 ft/s as shown. Knowing that the javelin becomes
embedded into the end of the rod at Point C and does not penetrate very
101 far into it, determine immediately after the impact (a) the angular velocity
of the rod ABC after the impact, (b) the components of the reaction at B.
Assume that the javelin and the rod move as a single body after the

ko]
S
o
-

P o £l impact.
| 551 |
SOLUTION
Masses and moments of inertia.
w
my =—4C = 1016 ~=0.31056 Ib- s> /ft
g  32.2ft/s
W, 1.81b
mp, =—LE = 8 - =0.055901b - s> /ft
g  32.2ft/s
Iic=—my- L, =—(0.31056)(10)" =2.5880 Ib-s~ - ft
12 12
- 1

Iy =EmDEL2DE =é(0.05590)(8.5)2 =0.33651b-s> - ft

(a) Angular velocity immediately after the impact.

Principle of impulse and momentum.

Opp =0 yp =(1)=Cl)‘>

A
T_‘ [
r\b +

(18]

(0] E
fo—
- ¢
Woe V)5,
Syst. Momenta, +  Syst. Ext. Imp. |, = Syst. Momenta,
+‘> Moments about B: MppVoly +0=1,c@+m, Vo1 + L pp @+ mppvp et
where vy =30ft/s r=10ft—2ft=8ft

n=5ft-2ft=3ft
ry =/(4.25 )% + (8 ft)° =9.0588 ft

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1956

STUDENTS-HUB.com


https://students-hub.com
https://students-hub.com

STUDENTS-HUB.com

PROBLEM 17.146 (Continued)

A
Kinematics: (Rotation about B) -|
— -
e v,
Vpg = HhW 20 & n
4.25 ft 7 ¥ Wye
tan = [ =27.98° /
8 ft /
_ — ) D v E
MppVoly =L pc@+my o O+ @+ mppt, @ ' : Vad
=0
where Iy =10 +myer + 1 +mp,rs /UBE

=2.5880+(0.31056)(3)* + 0.3365 + (0.05590)(9.0588)*
=10.3068 Ib-s” - ft
o oEvoly _ (0.055901b- s?/ft)(30 ft/s)(8 ft)
I 10.3068 1b - s> - ft
=1.30167 rad/s

®=1.302rad/s ) <
Accelerations: o= 0!‘>
dap :[”105_’]+["1w2h

app =[no < Bl+na’ /' Bl

Free body and kinetic diagrams.

+‘> Moments about B:

Wpery =100+ myc(aye) i+ Ipp0+mpp(apg), r

=1 c0+myeria+Ip0+mpyrio
=l
Wpers  (1.81b)(4.25)
I, 103068 1b-s>-ft
=0.74223 rad/s* @ =0.742 rad/s*")
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PROBLEM 17.146 (Continued)

(b)  Components of reaction at B.
XF =Xma:
B+ [WACi] + [WDEi] =[mycro—=1+mychno’ T] +Hmpprot X B+ [mppro’ [ B
Component T, :
B, = m 1,00+ mpy (1, cos Bt + myy (1, sin f)a”

= (0.31056)(3)(0.74223) + (0.05590)(8)(0.74223) + (0.05590)(4.25)(1.30167)*
=0.6915+0.3319 + 0.4025

B, =14261b— <«
Component +T :
B, ~Wyc =Wy = My " — mpp (1 sin B+ mp,p (1, cos B) @’
B,—-10-1.8= (0.31056)(3)(1.30167)* — (0.05590)(4.25)(0.74223) + (0.05590)(8)(1.30167)*
B, =11.8+1.5785-0.1763+0.7577

B, =13.961b «
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