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17–1.

SOLUTION

Thus,

Ans.Iy =
1
3

m l2

m = r A l

=
1
3
r A l3

=
L

l

0
x2 (r A dx)

Iy =
LM

x2 dm

Determine the moment of inertia for the slender rod. The
rod’s density and cross-sectional area A are constant.
Express the result in terms of the rod’s total mass m.

r

Iy

x

y

z

A

l

Ans:

Iy =
1
3

 m l2

793



© Pearson Education Limited 2017. All rights reserved. This material is protected under all copyright laws as they currently exist.  
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

17–2.

SOLUTION

Ans.kx =
A

Ix

m
=
A

50
3

(200) = 57.7 mm

= r p a50
2
b(200)2

= r p (50) c1
2

x2 d
200

0

m =
L

dm =
L

200

0
p r (50x) dx

= r p a
502

6
b(200)3

= r pa502

2
b c 1

3
x3 d

200

0

Ix =
L

1
2

y2 dm =
1
2L

200

0
50 x {p r (50x)} dx

dm = r p y2 dx = r p (50x) dx

The paraboloid is formed by revolving the shaded area
around the x axis. Determine the radius of gyration . The
density of the material is .r = 5 Mg>m3

kx

y

x

y2 50x

200 mm

100 mm

Ans:
kx = 57.7 mm
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The solid cylinder has an outer radius R, height h, and is
made from a material having a density that varies from its
center as where k and a are constants.
Determine the mass of the cylinder and its moment of
inertia about the z axis.

r = k + ar2,

SOLUTION
Consider a shell element of radius r and mass

Ans.

Ans.Iz =
p h R4

2
[k +

2 aR2

3
]

Iz = 2ph[
k R4

4
+

aR6

6
]

Iz = 2ph
L

R

0
(k r3 + a r5) dr

Iz =
L

R

0
r2(k + ar2)(2p r dr) h

dI = r2 dm = r2(r)(2p r dr)h

m = p h R2(k +
aR2

2
)

m = 2ph(
kR2

2
+

aR4

4
)

m =
L

R

0
(k + ar2)(2p r dr)h

dm = r dV = r(2p r dr)h

R

h

z

Ans:

m = p h R2  ak +
aR2

2
b

Iz =
p h R4

2
ck +

2 aR2

3
d

17–3.
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*17–4.

Determine the moment of inertia of the thin ring about the
z axis. The ring has a mass m.

SOLUTION

Thus,

Ans.Iz = mR2

m =
L

2p

0
rA R du = 2p rA R

Iz =
L

2p

0
rA(Rdu)R2 = 2p rA R3

x

y

R

Ans:
Iz = mR2
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17–5.

The hemisphere is formed by rotating the shaded area
around the y axis. Determine the moment of inertia and
express the result in terms of the total mass m of the
hemisphere. The material has a constant density .r

Iy

SOLUTION

Thus,

Ans.Iy =
2
5

m r2

=
rp

2
cr4y -

2
3

r2 y3 +
y5

5
d

r

0
=

4rp

15
 r5

Iy =
Lm

1
2

(dm) x2 =
r

2 L

r

0
px4 dy =

rp

2 L

r

0
(r2 - y2)2 dy

= rp cr2 y -
1
3

y3 d
r

0
=

2
3
rp r3

m =
LV
r dV = r

L

r

0
p x2 dy = rp

L

r

0
(r2 - y2)dy

x2 y2 r2

y

x

Ans:

Iy =
2
5

 mr 2
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17–6.

The frustum is formed by rotating the shaded area around
the x axis. Determine the moment of inertia and express
the result in terms of the total mass m of the frustum. The
frustum has a constant density .r

Ix

SOLUTION

Ans.Ix =
93
70

mb2

m =
Lm

dm = rp
L

a

0
Ab

2

a2x2 +
2b2

a
x + b2 Bdx =

7
3
rpab2

=
31
10
rpab4

Ix =
L

dIx =
1
2
rp
L

a

0
Ab

4

a4x4 +
4b4

a3 x3 +
6 b4

a2 x2 +
4 b4

a
x + b4 Bdx

dIx =
1
2
rp Ab

4

a4x4 +
4 b4

a3 x3 +
6 b4

a2 x2 +
4b4

a
x + b4 Bdx

dIx =
1
2

dmy2 =
1
2
rpy4 dx

dm = r dV = rpy2 dx = rp Ab
2

a2x2 +
2b2

a
x + b2 Bdx

y

x

2b

b–a x by

a

z

b

Ans:

Ix =
93
70

mb2

798



© Pearson Education Limited 2017. All rights reserved. This material is protected under all copyright laws as they currently exist.  
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

17–7.

The sphere is formed by revolving the shaded area around
the x axis. Determine the moment of inertia and express
the result in terms of the total mass m of the sphere. The
material has a constant density r.

Ix

SOLUTION

Thus,

Ans.Ix =
2
5

m r2

=
4
3
r p r3

m =
L

r

- r
r p(r2 - x2) dx

=
8

15
pr r5

Ix =
L

r

- r

1
2
r p(r2 - x2)2 dx

dIx =
1
2
r p(r2 - x2)2 dx

dm = r dV = r(py2 dx) = r p(r2 - x2) dx

dIx =
y2 dm

2

x

y

x2 + y2 = r2

Ans:

Ix =
2
5

 m r 2
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z

h

x

y

r

z �     (r � y)h
r

Determine the mass moment of inertia of the cone
formed by revolving the shaded area around the z axis. The
density of the material is . Express the result in terms of
the mass m of the cone.

r

Iz

SOLUTION

Differential Element: The mass of the disk element shown shaded in Fig. a is

. Here, .Thus, .The

mass moment of inertia of this element about the z axis is

Mass: The mass of the cone can be determined by integrating dm. Thus,

Mass Moment of Inertia: Integrating , we obtain

From the result of the mass, we obtain . Thus, can be written as

Ans.Iz =
1

10
Arpro 

2h Bro 

2 =
1

10
 (3m)ro 

2 =
3

10
 mro 

2

Izrpro 

2h = 3m

 =
1
2

 rp c
1
5
aro -

ro

h
 zb

3

a -
h
ro
b d 2

0

h

=
1

10
 rpro 

4h

 Iz = LdIz = L
h

0

1
2

 rparo -
ro

h
 zb

4

dz

dIz

 = rp c1
3
aro -

ro

h
 zb

3

a -  
h
ro
b d 2

0

h

=
1
3

 rpro 

2h

 m = Ldm = L
h

0
rparo -

ro

h
 zb

2

dz

dIz =
1
2

 dmr2 =
1
2

 (rpr2dz)r2 =
1
2

 rpr4dz =
1
2

 rparo -
ro

h
 zb

4

dz

dm = rparo -
ro

h
 zb

2

dzr = y = ro -
ro

h
  zdm = r dV = rpr2dz

*17–8.

800

Iz =
3

10
 mro 

2

Ans:
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17–9.

SOLUTION

Since 

Ans.Iz = m(R2 +
3
4

a2)

m = rV = 2pRrpa2

= 2p2 rRa2 (R2 +
3
4

a2)

Iz = 4pr[R3

L
a

-a
2a2 - x2 dx - 3R 2

L
a

-a
x32a2 - x2 dx + 3RL

a

-a
2a2 - x2 dx - L

a

-a
x32a2 - x2

= 4pr[(R3 - 3R2 x + 3Rx2 - x3)2a2 - x2 dx]

dlz = (R - x)2 dm

dm = 2p(R - x)(2z¿r dx)

Determine the moment of inertia of the torus. The mass of
the torus is m and the density is constant. Suggestion: Use a
shell element.

r

Iz

a

R

z

801

Iz = m(R2 +
3

4
 a2)

Ans:
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17–10.

Determine the location y of the center of mass G of the 
assembly and then calculate the moment of inertia about 
an axis perpendicular to the page and passing through G. 
The  block has a mass of 3 kg and the semicylinder has a 
mass of 5 kg.

Ans:
IG = 0.230 kg # m2

Solution
Moment inertia of the semicylinder about its center of mass:

(IG)cyc =
1
2

 mR2 - m a4R
3p

b
2

= 0.3199mR2

y =
Σ y∼m

Σm
=

c 0.2 -
4(0.2)

3p
d (5) + 0.35(3)

5 + 3
= 0.2032 m = 0.203 m� Ans.

IG = 0.3199(5)(0.2)2 + 5 c 0.2032 - a0.2 -
4(0.2)

3p
b d

2

+
1
12

 (3)(0.32 + 0.42)

+ 3(0.35 - 0.2032)2

	 = 0.230 kg # m2� Ans.

G

400 mm

300 mm

200 mm

O

y–
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17–11.

Determine the moment of inertia of the assembly about an 
axis perpendicular to the page and passing through point O. 
The block has a mass of 3 kg, and the semicylinder has a 
mass of 5 kg.

Ans:
IO = 0.560 kg # m2

G

400 mm

300 mm

200 mm

O

y–

Solution

(IG)cyl =
1
2

 mR2 - m a4R
3p

b
2

= 0.3199 mR2

 IO = 0.3199(5)(0.2)2 + 5 a0.2 -
4(0.2)

3p
b

2

+
1
12

 (3)((0.3)2 + (0.4)2) + 3(0.350)2

 = 0.560 kg # m2 � Ans.

Also from the solution to Prob. 17–22,

 IO = IG + md2

 = 0.230 + 8(0.2032)2

 = 0.560 kg # m2 � Ans.
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*17–12.

SOLUTION

Composite Parts:The plate can be subdivided into two segments as shown in Fig. a.
Since segment (2) is a hole, it should be considered as a negative part. The
perpendicular distances measured from the center of mass of each segment to the
point O are also indicated.

Mass Moment of Inertia:The moment of inertia of segments (1) and (2) are computed
as and . The moment of
inertia of the plate about an axis perpendicular to the page and passing through point
O for each segment can be determined using the parallel-axis theorem.

Ans.= 0.113 kg # m2

= c1
2

(0.8p)(0.22) + 0.8p(0.22) d - c 1
12

(0.8)(0.22 + 0.22) + 0.8(0.22) d

IO = ©IG + md2

m2 = (0.2)(0.2)(20) = 0.8 kgm1 = p(0.22)(20) = 0.8p kg

Determine the mass moment of inertia of the thin plate
about an axis perpendicular to the page and passing
through point O. The material has a mass per unit area of

.20 kg>m2
200 mm200 mm

200 mm

O

Ans:
IO = 0.113 kg # m2
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17–13.

SOLUTION

Thus,

Ans.Iy =
m

6
(a2 + h2)

m = rV =
1
2

abhr

=
1
12

abhr(a2 + h2)

= abr[
a2

3h3 (h4 -
3
2

h4 + h4 -
1
4

h4) +
1
h

(
1
3

h4 -
1
4

h4)]

Iy = abr
L

k

0
[
a3

3
(
h - z

h
)3 + z2(1 -

z

h
)]dz

= [b(a)(1 -
z

h
)dz](r)[

a2

3
(1 -

z

h
)2 + z2]

= dm(
x2

3
+ z2)

=
1

12
 dm(x2) + dm(

x2

4
) + dmz2

dIy = dIy + (dm)[(
x

2
)2 + z2]

dV = bx dz = b(a)(1 -
z

h
) dz

Determine the moment of inertia of the homogeneous
triangular prism with respect to the y axis. Express the result
in terms of the mass m of the prism. Hint: For integration, use
thin plate elements parallel to the x–y plane and having a
thickness dz.

x

y

z

–h––a (x – a)z =

h

ab

Ans:

Iy =
m
6

 (a2 + h2)
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17–14.

SOLUTION

Ans.= 7.67 kg # m2

= c2 c 1
12

 (4)(1)2 d + 10(0.5)2 d + 18(0.5)2

IA = Io + md3

The wheel consists of a thin ring having a mass of 10 kg and
four spokes made from slender rods, each having a mass of
2 kg. Determine the wheel’s moment of inertia about an
axis perpendicular to the page and passing through point A.

A

500 mm

Ans:
IA = 7.67 kg # m2
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17–15.

The assembly is made of the slender rods that have a mass 
per unit length of 3 kg>m. Determine the mass moment of 
inertia of the assembly about an axis perpendicular to the 
page and passing through point O.

Ans:
IO = 1.36 kg # m2

O

 0.8 m

 0.4 m

0.4 m

Solution
Using the parallel axis theorem by referring to Fig. a,

 IO = Σ(IG + md2)

 = e 1
12

33(1.2)4 (1.22) + 33(1.2)4 (0.22) f

+  e 1
12

33(0.4)4 (0.42) + 33(0.4)4 (0.82) f

= 1.36 kg # m2� Ans.
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SOLUTION
Measured from the right side,

Ans.

Ans.IO = 53.2 kg # m2

IO =
1
2

(6)(0.2)2 + 6(1)2 +
1

12
(2)(1.3)(1.3)2 + 2(1.3)(0.15)2 +

1
12

(2)(6.39)(6.39)2 + 2(6.39)(0.5)2

L = 6.39 m

y =
6(1.5) + 2(1.3)(0.65)

6 + 1.3(2) + L(2)
= 0.5

L

OA B

C

D0.8 m 0.5 m

0.2 m

808

IO = 53.2 kg # m2

L = 6.39 m

Ans:

*17–16. The assembly consists of a disk having a mass of 
6 kg and slender rods AB and DC which have a mass per unit 
length of 2 kg>m. Determine the length L of DC so that the 
center of mass is at the bearing O. What is the moment of 
inertia of the assembly about an axis perpendicular to the 
page and passing through O? 
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17–17.

The pendulum consists of a 4-kg circular plate and a 
2-kg slender rod. Determine the radius of gyration of the 
pendulum about an axis perpendicular to the page and 
passing through point O.

Ans:
kO = 2.17 m

Solution
Using the parallel axis theorem by referring to Fig. a,

 IO = Σ(IG + md2)

 = c 1
12

 (2)(22) + 2(12) d + c 1
2

 (4)(0.52) + 4(2.52) d

 = 28.17 kg # m2

Thus, the radius of gyration is

kO = A IO

m
= A 28.17

4 + 2
= 2.167 m = 2.17 m� Ans.

1 m

O

2 m
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17–18.

SOLUTION

Ans.IO = 1.5987 + 4.7233(1.4 sin 45°)2 = 6.23 kg # m2

m = 50(1.4)(1.4)(0.05) - 50(p)(0.15)2(0.05) = 4.7233 kg

IO = IG + md2

= 1.5987 kg # m2

IG =
1

12
C50(1.4)(1.4)(0.05) D C(1.4)2 + (1.4)2 D - 1

2
C50(p)(0.15)2(0.05) D(0.15)2

Determine the moment of inertia about an axis perpendicular 
to the page and passing through the pin at O. The thin plate 
has a hole in its center. Its thickness is 50 mm, and the 
material has a density r = 50 kg>m3.    

1.40 m 1.40 m

150 mm

O

Ans:
IO = 6.23 kg # m2
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SOLUTION

Ans.

Ans.IG = 5.61 kg # m2

-
1
2

[p(0.1)2(12)(0.1)2 - [p(0.1)2(12)](1.8 - 0.8878)2

+
1
2

[p(0.3)2(12)(0.3)2 + [p(0.3)2(12)](1.8 - 0.8878)2

+
1

12
(1.5)(3)(1.5)2 + 1.5(3)(0.75 - 0.8878)2

IG =
1
12

(0.8)(3)(0.8)2 + 0.8(3)(0.8878)2

= 0.8878 m = 0.888 m

y =
1.5(3)(0.75) + p(0.3)2(12)(1.8) - p(0.1)2(12)(1.8)

1.5(3) + p(0.3)2(12) - p(0.1)2(12) + 0.8(3)

A B

0.1 m

0.3 m

C

G

O

1.5 m

0.4 m 0.4 m

_
y

811

y = 0.888 m

IG = 5.61 kg # m2

Ans:

17–19. The pendulum consists of two slender rods AB and 
OC which have a mass per unit length of 3 kg>m. The thin 
circular plate has a mass per unit area of 12 kg>m2. Determine 
the location y of the center of mass G of the pendulum, then 
calculate the moment of inertia of the pendulum about an 
axis perpendicular to the page and passing through G.
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SOLUTION

Ans.

Also, from the solution to Prob. 17–16,

Ans.= 13.4 kg # m2

= 5.61 + 9.916(0.8878)2

Io = IG + m d2

m = 3(0.8 + 1.5) + 12[p(0.3)2 - p(0.1)2] = 9.916 kg

= 13.43 = 13.4 kg # m2

+ [12(p)(0.3)2](1.8)2 -
1
2

[12(p)(0.1)2](0.1)2 - [12(p)(0.1)2](1.8)2

Io =
1

12
[3(0.8)](0.8)2 +

1
3

[3(1.5)](1.5)2 +
1
2

[12(p)(0.3)2](0.3)2

A B

0.1 m

0.3 m

C

G

O

1.5 m

y–

0.4 m 0.4 m

812

*17–20. The pendulum consists of two slender rods AB and 
OC which have a mass per unit length of 3 kg>m. The thin 
circular plate has a mass per unit area of 12 kg>m2. Determine 
the moment of inertia of the pendulum about an axis 
perpendicular to the page and passing through the pin at O.

= 13.4 kg # m2Io

Ans:



© Pearson Education Limited 2017. All rights reserved. This material is protected under all copyright laws as they currently exist.  
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

17–21.

SOLUTION

Ans.

Ans.= 4.45 kg # m2

=
1
12

 (3)(2)2 + 3(1.781 - 1)2 +
1

12
 (5)(0.52 + 12) + 5(2.25 - 1.781)2

IG = ©IG + md2

y =
© ym

© m
=

1(3) + 2.25(5)

3 + 5
= 1.781 m = 1.78 m

G

2 m

1 m

0.5 m

y

O

The pendulum consists of the 3-kg slender rod and the 
5-kg thin plate. Determine the location y of the center of 
mass G of the pendulum; then calculate the moment of 
inertia of the pendulum about an axis perpendicular to the 
page and passing through G.          

Ans:
y = 1.78 m
IG = 4.45 kg # m2
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17–22.

90 mm

50 mm

20 mm

20 mm

20 mm

x

x¿

50 mm
30 mm

30 mm

30 mm

180 mm

Determine the moment of inertia of the overhung crank
about the x axis. The material is steel having a destiny of

.r = 7.85 Mg>m3

SOLUTION

Ans. = 0.00325 kg # m2 = 3.25 g # m2

+ c 1
12

 (0.8478) A(0.03)2 + (0.180)2 B d

 Ix = 2 c1
2

 (0.1233)(0.01)2 + (0.1233)(0.06)2 d

 mr = 7.85(103)((0.03)(0.180)(0.02)) = 0.8478 kg

 mc = 7.85(103) A(0.05)p(0.01)2 B = 0.1233 kg

Ans:
Ix = 3.25 g # m2
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17–23.

90 mm

50 mm

20 mm

20 mm

20 mm

x

x¿

50 mm
30 mm

30 mm

30 mm

180 mm

Determine the moment of inertia of the overhung crank
about the axis. The material is steel having a destiny of
r = 7.85 Mg>m3.

x¿

SOLUTION

Ans.= 0.00719 kg # m2 = 7.19 g # m2

+ c 1
12

 (0.8478) A(0.03)2 + (0.180)2 B + (0.8478)(0.06)2 d

Ix¿ = c
1
2

 (0.1233)(0.01)2 d + c
1
2

 (0.1233)(0.02)2 + (0.1233)(0.120)2 d

mp = 7.85 A103 B A(0.03)(0.180)(0.02) B = 0.8478 kg

mc = 7.85 A103 B A(0.05)p(0.01)2 B = 0.1233 kg

Ans:
Ix′ = 7.19 g # m2

815
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The jet aircraft has a total mass of 22 Mg and a center of
mass at G. Initially at take-off the engines provide a thrust

and Determine the acceleration of
the plane and the normal reactions on the nose wheel and
each of the two wing wheels located at B. Neglect the mass
of the wheels and, due to low velocity, neglect any lift
caused by the wings.

T¿ = 1.5 kN.2T = 4 kN

SOLUTION

a

Ans.

Ans.

Ans.aG = 0.250 m>s2

By = 71.6 kN

Ay = 72.6 kN

+©MB = ©(MK)B ; 4(2.3) - 1.5(2.5) - 22(9.81)(3) + Ay (9) = -22aG(1.2)

+ c©Fy = 0 ; 2By + Ay - 22(9.81) = 0

:+ ©Fx = max ; 1.5 + 4 = 22aG

T¿ 2T
G

2.5 m 2.3 m B
1.2 m

A
6 m3 m

Ans:
Ay = 72.6 kN
By = 71.6 kN
aG = 0.250 m>s2

17–24.*
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Canister:

Ans.

System:

Ans.27.6 kN

( )  ; 2  cos 30° 4050(9.81) 4050(2)

23.6 kN

( ) ; 2 4 103 (9.81) 4 103 (2)

17–2
material encased in concrete. If the mass of the spreader
beam BD is 50 kg, determine the force in each of the links
AB, CD, EF, and GH when the system is lifted with an
acceleration of for a short period of time.2 m s2

5. The 4-Mg uniform canister contains nuclear waste

817

TAB = TCD = T = 23.6 kN
TEF = TGH = T� = 27.6 kN

Ans:

Solution
0.3 m

30 30

a

CA

DB
E G

F H

0.3 m0.4 m
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Canister:

System:

Thus,

Ans.max 4.73 m s2

4.73 m s2

( ) ; 2 34 103 cos 30° 4050(9.81) 4050

5.19 m s2

( )  ; 2(30) 103 4 103 (9.81) 4 103

material encased in concrete. If the mass of the spreader
beam BD is 50 kg, determine the largest vertical acceleration
a of the system so that each of the links AB and CD are not
subjected to a force greater than 30 kN and links EF and GH
are not subjected to a force greater than 34 kN.

   The 4-Mg uniform canister contains nuclear waste17–26.

818

amax = 4.73 m>s2

Ans:

Solution 0.3 m

30 30

a

CA

DB
E G

F H

0.3 m0.4 m
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17–27.

The assembly has a mass of 8 Mg and is hoisted using the 
boom and pulley system. If the winch at B draws in the cable 
with an acceleration of 2 m>s2, determine the compressive 
force in the hydraulic cylinder needed to support the boom. 
The boom has a mass of 2 Mg and mass center at G.

G

C

DA

4 m

1 m

2 m

2 m

6 m

B
60

Solution

sB + 2sL = l

aB = -2aL

2 = -2aL

aL = -1 m>s2

Assembly:

+ cΣFy = may;    2T - 8(103)(9.81) = 8(103)(1)

T = 43.24 kN

Boom:

a+ΣMA = 0;   FCD(2) - 2(103)(9.81)(6 cos 60°) - 2(43.24)(103)(12 cos 60°) = 0

FCD = 289 kN� Ans.

Ans:
FCD = 289 kN

819
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The assembly has a mass of 4 Mg and is hoisted using the 
winch at B. Determine the greatest acceleration of the 
assembly so that the compressive force in the hydraulic 
cylinder supporting the boom does not exceed 180 kN. What 
is the tension in the supporting cable? The boom has a mass 
of 2 Mg and mass center at G.

Ans:
a = 2.74 m>s2

T = 25.1 kN

G

C

DA

4 m

1 m

2 m

2 m

6 m

B
60

Solution

Boom:

a+ΣMA = 0;     180(103)(2) - 2(103)(9.81)(6 cos 60°) - 2T(12 cos 60°) = 0

T = 25 095 N = 25.1 kN� Ans.

Assembly:

+ c  ΣFy = may ;    2(25 095) - 4(103)(9.81) = 4(103) a

a = 2.74 m>s2� Ans.

*17–28.
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2 m 1.5 m

0.75 mG

A B

17–29.

Determine the shortest time possible for the rear-wheel
drive, 2-Mg truck to achieve a speed of with a
constant acceleration starting from rest. The coefficient of
static friction between the wheels and the road surface is

. The front wheels are free to roll. Neglect the mass
of the wheels.
ms = 0.8

16 m>s

SOLUTION
Equations of Motion: The maximum acceleration of the truck occurs when its rear
wheels are on the verge of slipping. Thus, . Referring to the
free-body diagram of the truck shown in Fig. a, we can write 

; (1)

; (2)

; (3)

Solving Eqs. (1), (2), and (3) yields

Kinematics: Since the acceleration of the truck is constant, we can apply

Ans.t = 3.94 s

16 = 0 + 4.059t

v = v0 + atA :+ B

a = 4.059 m>s2NB = 9471.72 NNA = 10 148.28 N

NB(1.5) + 0.8NA(0.75) - NA(2) = 0+ ©MG = 0

NA + NB - 2000(9.81) = 0+ c ©Fy = m(aG)y

0.8NA = 2000a:+ ©Fx = m(aG)x

FA = msNA = 0.8NA

821

t = 3.94 s

Ans:
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17–30.

The 150-kg uniform crate rests on the 10-kg cart. Determine 
the maximum force P that can be applied to the handle 
without causing the crate to slip or tip on the cart. The 
coefficient of static friction between the crate and cart is 
ms = 0.2.

Ans:
P = 314 N

1 m

0.5 m

P

Solution

Equation of Motion. Assuming that the crate slips before it tips, then Ff = ms N = 0.2 N.
Referring to the FBD and kinetic diagram of the crate, Fig. a

 + cΣFy = may;    N - 150 (9.81) = 150 (0)    N = 1471.5 N

d+ ΣFx = m(aG)x;          0.2(1471.5) = 150 a    a = 1.962 m>s2

a+ΣMA = (Mk)A;     150(9.81)(x) = 150(1.962)(0.5)

           x = 0.1 m

Since x = 0.1 m 6 0.25 m, the crate indeed slips before it tips. Using the result of a 
and refer to the FBD of the crate and cart, Fig. b,

d+ ΣFx = m(aG)x;    P = (150 + 10)(1.962) = 313.92 N = 314 N� Ans.

822
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17–31.

The 150-kg uniform crate rests on the 10-kg cart. Determine 
the maximum force P that can be applied to the handle 
without causing the crate to tip on the cart. Slipping does 
not occur.

Ans:
P = 785 N

1 m

0.5 m

P

Solution

Equation of Motion. Tipping will occur about edge A. Referring to the FBD and 
kinetic diagram of the crate, Fig. a,

a+ ΣMA = Σ(MK)A;    150(9.81)(0.25) = (150a)(0.5)

	 a = 4.905 m>s2

Using the result of a and refer to the FBD of the crate and cart, Fig. b,

d+ ΣFx = m(aG)x    P = (150 + 10)(4.905) = 784.8 N = 785 N� Ans.

823
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The pipe has a mass M and is held in place on the truck bed using the two boards A and
B. Determine the acceleration of the truck so that the pipe begins to lose contact at A and
the bed of the truck and starts to pivot about B. Assume board B will not slip on the bed
of the truck, and the pipe is smooth. Also, what force does board B exert on the pipe
during the acceleration?

Units Used: kN 103 N


Given:

M 460 kg


a 0.5 m


b 0.3 m


c 0.4 m


g 9.81


� asin
b
a
��
�
��
	




Guesses

NBx 1 N
 NBy 1 N
 at 1


Given

NBx M at
 NBy M g� 0
 NBx a( ) cos �� � NBy b� 0


NBx

NBy

at

��
�
�
�

��
�
�
	

Find NBx NBy� at�� �

NBx

NBy

�
�
�

�
�
	

3.384

4.513
�
�
�

�
�
	

kN
 at 7.36


NBx

NBy

�
�
�

�
�
	

5.64 kN


Ans.

Ans.

*17–32.

824

m>s2

at 7.36
 m>s2

NBx
NBy

5.64 kN

5.64 kN


Ans:

Solution

m>s2

m>s2

0.4 m
0.5 m

0.3 m

B A
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17–33.

The uniform girder AB has a mass of 8 Mg. Determine the 
internal axial, shear, and bending-moment loadings at the 
center of the girder if a crane gives it an upward acceleration 
of 3 m>s2.

Ans:
N = 29.6 kN
V = 0
M = 51.2 kN # m

Solution

Girder:

+ cΣFy = may ;    2T sin 60° - 8000(9.81) = 8000(3)

T = 59 166.86 N

Segment:

S+ ΣFx = max ;    59 166.86 cos 60° - N = 0

N = 29.6 kN� Ans.

+ cΣFy = may ;    59 166.86 sin 60° - 4000(9.81) + V = 4000(3)

V = 0� Ans.

a+ΣMC = Σ(Mk)C ;    M + 4000(9.81)(1) - 59 166.86 sin 60°(2) = -4000(3)(1)

M = 51.2 kN # m� Ans.

A

C

60� 4 m B

3 m/s2

60�

825
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0.4 m

0.4 m 0.4 m
0.2 m

1.25 m

G2

G1

A B

17–34.

The mountain bike has a mass of 40 kg with center of mass
at point , while the rider has a mass of 60 kg with center
of mass at point . Determine the maximum deceleration
when the brake is applied to the front wheel, without
causing the rear wheel B to leave the road. Assume that the
front wheel does not slip. Neglect the mass of all the wheels.

G2

G1

SOLUTION
Equations of Motion: Since the rear wheel B is required to just leave the road,

. Thus, the acceleration a of the bike can be obtained directly by writing the
moment equation of motion about point A.

;

Ans.a = 5.606 m>s2 = 5.61 m>s2

60a(1.25)-  40(9.81)(0.4) - 60(9.81)(0.6) = -40a(0.4) -+ ©MA = (Mk)A

NB = 0

826

a = 5.61 m>s2

Ans:
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0.4 m

0.4 m 0.4 m
0.2 m

1.25 m

G2

G1

A B

17–35.

The mountain bike has a mass of 40 kg with center of mass
at point , while the rider has a mass of 60 kg with center
of mass at point . When the brake is applied to the front
wheel, it causes the bike to decelerate at a constant rate of

. Determine the normal reaction the road exerts on
the front and rear wheels.Assume that the rear wheel is free
to roll. Neglect the mass of all the wheels.

3 m>s2

G2

G1

SOLUTION
Equations of Motion: can be obtained directly by writing the moment equation
of motion about point A.

;

Ans.

Using this result and writing the force equations of motion along the y axis,

;

Ans.NA = 743.88 N = 744 N

NA + 237.12 - 40(9.81) - 60(9.81) = 0+ c ©Fy = m(aG)y

NB = 237.12 N = 237 N

= -60(3)(1.25) - 40(3)(0.4)NB(1) - 40(9.81)(0.4) - 60(9.81)(0.6)

+ ©MA = (Mk)A

NB

827

NB = 237 N
NA = 744 N

Ans:



© Pearson Education Limited 2017. All rights reserved. This material is protected under all copyright laws as they currently exist.  
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

SOLUTION

Equations of Motion: Writing the force equation of motion along the x axis,

Ans.

Using this result to write the moment equation about point A,

a

Ans.

Using this result to write the force equation of motion along the y axis,

Ans.NA = 326.81 N = 327 N

+ c©Fy = m(aG)y ; NA + 1144.69 - 150(9.81) = 150(0)

NB = 1144.69 N = 1.14 kN

+©MA = (Mk)A ; 150(9.81)(1.25) - 600(0.5) - NB(2) = -150(4)(1.25)

:+ ©Fx = m(aG)x ; 600 = 150a a = 4 m>s2:

The trailer with its load has a mass of 150 kg and a center of
mass at G. If it is subjected to a horizontal force of

, determine the trailer’s acceleration and the
normal force on the pair of wheels at A and at B. The
wheels are free to roll and have negligible mass.

P = 600 N

1.25 m

0.75 m
1.25 m

0.25 m0.25 m 0.5 m

G

B A

P 600 N

Ans:
a = 4 m>s2 S
NB = 1.14 kN
NA = 327 N

*17–36.
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17–37.

A force of P = 300 N is applied to the 60-kg cart. Determine 
the reactions at both the wheels at A and both the wheels  
at B. Also, what is the acceleration of the cart? The mass 
center of the cart is at G. 

0.3 m

0.08 m

0.2 m

0.3 m

0.4 m

30�

A B

G

P

Solution

Equations of Motions. Referring to the FBD of the cart, Fig. a,

d+ ΣFx = m(aG)x;    300 cos 30° = 60a

a = 4.3301 m>s2 = 4.33 m>s2 d � Ans.

+cΣFy = m(aG)y ;    NA + NB + 300 sin 30° - 60(9.81) = 60(0)� (1)

a+ΣMG = 0;    NB(0.2) - NA(0.3) + 300 cos 30°(0.1)

- 300 sin 30°(0.38) = 0� (2)

Solving Eqs. (1) and (2),

NA = 113.40 N = 113 N� Ans.

NB = 325.20 N = 325 N� Ans.

Ans:
a = 4.33 m>s2 d
NA = 113 N
NB = 325 N

829
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17–38.

Determine the largest force P that can be applied to the 
60-kg cart, without causing one of the wheel reactions, 
either at A or at B, to be zero. Also, what is the acceleration 
of the cart? The mass center of the cart is at G.

Ans:
P = 579 N

Solution

Equations of Motions. Since (0.38 m) tan 30° = 0.22 m 7 0.1 m, the line of action 
of P passes below G. Therefore, P tends to rotate the cart clockwise. The wheels at A 
will leave the ground before those at B. Then, it is required that NA = 0. Referring, 
to the FBD of the cart, Fig. a

+ cΣFy = m(aG)y;    NB + P sin 30° - 60(9.81) = 60(0)� (1)

a+ ΣMG = 0;    P cos 30°(0.1) - P sin 30°(0.38) + NB(0.2) = 0� (2)

Solving Eqs. (1) and (2)

P = 578.77 N = 579 N� Ans.

NB = 299.22 N

0.3 m

0.08 m

0.2 m

0.3 m

0.4 m

30�

A B

G

P
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17–39.

P

30

30

1 m

C

B

AIf the cart’s mass is 30 kg and it is subjected to a horizontal
force of , determine the tension in cord AB and
the horizontal and vertical components of reaction on end
C of the uniform 15-kg rod BC.

P = 90 N

SOLUTION
Equations of Motion: The acceleration a of the cart and the rod can be determined
by considering the free-body diagram of the cart and rod system shown in Fig. a.

;

The force in the cord can be obtained directly by writing the moment equation of
motion about point C by referring to Fig. b.

;

Ans.

Using this result and applying the force equations of motion along the x and y axes,

;

Ans.

;

Ans.Cy = 49.78 N = 49.8 N

Cy + 112.44 cos 30° - 15(9.81) = 0+ c©Fy = m(aG)y

Cx = 26.22 N = 26.2 N

-Cx + 112.44 sin 30° = 15(2):+ ©Fx = m(aG)x

FAB = 112.44 N = 112 N

FAB sin 30°(1) - 15(9.81) cos 30°(0.5) = -15(2) sin 30°(0.5)+©MC = (Mk)C

a = 2 m>s290 = (15 + 30)a:+ ©Fx = m(aG)x

Ans:
FAB = 112 N
Cx = 26.2 N
Cy = 49.8 N

831
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P

30

30

1 m

C

B

AIf the cart’s mass is 30 kg, determine the horizontal force P
that should be applied to the cart so that the cord AB just
becomes slack. The uniform rod BC has a mass of 15 kg.

SOLUTION
Equations of Motion: Since cord AB is required to be on the verge of becoming
slack, .The corresponding acceleration a of the rod can be obtained directly
by writing the moment equation of motion about point C. By referring to Fig. a.

;

Using this result and writing the force equation of motion along the x axis and
referring to the free-body diagram of the cart and rod system shown in Fig. b,

;

Ans.= 764.61 N = 765 N

P = (30 + 15)(16.99)A :+ B©Fx = m(aG)x

a = 16.99 m>s2

-15(9.81) cos 30°(0.5) = -15a sin 30°(0.5)+©MC = ©(MC)A

FAB = 0

Ans:
P = 765 N

*17–40.
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17–41.

L

A
a

u

The uniform bar of mass m is pin connected to the collar,
which slides along the smooth horizontal rod. If the collar is
given a constant acceleration of a, determine the bar’s
inclination angle Neglect the collar’s mass. u.

SOLUTION
Equations of Motion: Writing the moment equation of motion about point A,

;

Ans.u =  tan-1a a
g
b

mg sin uaL

2
b = ma cos uaL

2
b+©MA = (Mk)A

Ans:

u = tan- 1aa
g
b

833
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If the front wheels A lift off the ground, then .

a

Since the required friction ,
it is not possible to lift the front wheels off the ground. Ans.

( )max m 0.6(14715) 8829 N

( )  ; 1500(9.81) 0 14715 N

( )  ; 1500(39.24) 58860 N

39.24 m s2

( )  ; 1500(9.81)(1) 1500 (0.25)

0

17–42. The dragster has a mass of 1500 kg and a center of
mass at G. If the coefficient of kinetic friction between the
rear wheels and the pavement is , determine if it is
possible for the driver to lift the front wheels, A, off the
ground while the rear drive wheels are slipping. Neglect the
mass of the wheels and assume that the front wheels are
free to roll.

m 0.6

834

 Since the required friction Ff 7 (Ff)max =  
mk NB = 0.6(14715) = 8829 N, it is not possible 
to lift the front wheels off the ground.

Ans:

SOLUTION

0.25 m
0.3 m

B 2.5 m1 m

G

A
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a

Ans.

Ans.

Ans.4500 N 4.50 kN

( )  ; 2 1500(6)

5576.79 N 5.58 kN

( )  ; 2 2(1780.71) 1500(9.81) 0

1780.71 N 1.78 kN

( )  ; 2  (3.5) 1500(9.81)(1) 1500(6)(0.25)

17–4 3 . The dragster has a mass of 1500 kg and a center of
mass at G. If no slipping occurs, determine the frictional
force which must be developed at each of the rear drive
wheels B in order to create an acceleration of .
What are the normal reactions of each wheel on the
ground? Neglect the mass of the wheels and assume that
the front wheels are free to roll.

6 m s2
F

835

NA = 1.78 kN
NB = 5.58 kN
FB = 4.50 kN

Ans:

SOLUTION

0.25 m
0.3 m

B 2.5 m1 m

G

A
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The pipe has a length of 3 m and a mass of 500 kg. It is
attached to the back of the truck using a 0.6-m-long chain
AB. If the coefficient of kinetic friction at C is 
determine the acceleration of the truck if the angle 
with the road as shown.

u = 10°
mk = 0.4,

SOLUTION

a

Ans.aG = 2.33 m>s2

NC = 2.19 kN

T = 3.39 kN

+ ©MC = ©(Mk)C; -500(9.81)(1.5 cos 10°) + T sin (52.98° - 10°)(3) = -500aG(0.2605)

+ c ©Fy = m(aG)y ; NC - 500(9.81)+T sin 52.98° = 0

:+ ©Fx = m(aG)x; T cos 52.98° - 0.4NC = 500aG

f = sin- 1¢0.4791
0.6

≤ = 52.98°

C

A

B

1 m3 m
= 10°θ

*17–44.
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aG = 2.33 m>s2

Ans:
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17–45.

SOLUTION

a

Ans.

Ans.NB = 544 N

+ c ©Fy = m(aG)y ; 2(567.76) + 2NB - 120(9.81) - 70(9.81) = 120(3)

NA = 567.76 N = 568 N

= -120(3)(0.7)

+ ©MB = ©(Mk)B ; 70(9.81)(0.5) + 120(9.81)(0.7) - 2NA(1.25)

The lift truck has a mass of 70 kg and mass center at G. If
it lifts the 120-kg spool with an acceleration of ,
determine the reactions on each of the four wheels. The
loading is symmetric. Neglect the mass of the movable
arm CD.

3 m>s2

G

BA

C D

0.7 m

0.4 m

0.5 m0.75 m

837

NA = 568 N
NB = 544 N

Ans:
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17–46.

The lift truck has a mass of 70 kg and mass center at G.
Determine the largest upward acceleration of the 120-kg
spool so that no reaction on the wheels exceeds 600 N.

SOLUTION

Assume .

a

OK

Thus Ans.a = 3.96 m>s2

NB = 570 N 6 600 N

+ c ©Fy = m(aG)y ; 2(600) + 2NB - 120(9.81) - 70(9.81) = 120(3.960)

a = 3.960 m>s2

+ ©MB = ©(Mk)B ; 70(9.81)(0.5) + 120(9.81)(0.7) - 2(600)(1.25) = -120a(0.7)

NA = 600 N G

BA

C D

0.7 m

0.4 m

0.5 m0.75 m

838

a = 3.96 m>s2

Ans:
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17–47.

The uniform crate has a mass of 50 kg and rests on the cart
having an inclined surface. Determine the smallest
acceleration that will cause the crate either to tip or slip
relative to the cart. What is the magnitude of this
acceleration? The coefficient of static friction between the
crate and the cart is .ms = 0.5

SOLUTION

Equations of Motion: Assume that the crate slips, then .

a

(1)

(2)

(3)

Solving Eqs. (1), (2), and (3) yields

Ans.

Since , then crate will not tip. Thus, the crate slips. Ans.x 6 0.3 m

a = 2.01 m>s2

N = 447.81 N x = 0.250 m

R+©Fx¿ = m(aG)x¿ ; 50(9.81) sin 15° - 0.5N = -50a cos 15°

+Q©Fy¿ = m(aG)y¿ ; N - 50(9.81) cos 15° = -50a sin 15°

= 50a cos 15°(0.5) + 50a sin 15°(x)

+©MA = ©(Mk)A ; 50(9.81) cos 15°(x) - 50(9.81) sin 15°(0.5)

Ff = ms N = 0.5N
15

1 m

0.6 m

F

Ans:
a = 2.01 m>s2

The  crate  slips.
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The drop gate at the end of the trailer has a mass  
of 1.25 Mg and mass center at G. If it is supported by the 
cable AB and hinge at C, determine the tension in the cable 
when the truck begins to accelerate at 5 m>s2. Also, what 
are the horizontal and vertical components of reaction at 
the hinge C?

Ans:
T = 15.7 kN
Cx = 8.92 kN
Cy = 16.3 kN

B

C

30�

1.5 m
1 m

45�

G

Solution

a+ ΣMC = Σ(Mk)C;  T sin 30°(2.5) - 12 262.5(1.5 cos 45°) = 1250(5)(1.5 sin 45°)

	   T = 15 708.4 N = 15.7 kN� Ans.

d+ ΣFx = m(aG)x ;    -Cx + 15 708.4 cos 15° = 1250(5)

	   Cx = 8.92 kN� Ans.

+ cΣFy = m(aG)y;    Cy - 12 262.5 - 15 708.4 sin 15° = 0

	 Cy = 16.3 kN� Ans.

*17–48.

840
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17–49.

The drop gate at the end of the trailer has a mass of 1.25 Mg 
and mass center at G. If it is supported by the  
cable AB and hinge at C, determine the maximum 
deceleration of the truck so that the gate does not begin to 
rotate forward. What are the horizontal and vertical 
components of reaction at the hinge C?

Ans:
a = 9.81 m>s2

Cx = 12.3 kN
Cy = 12.3 kN

Solution

a+ΣMC = Σ(Mk)C;    -12 262.5(1.5 cos 45°) = -1250(a)(1.5 sin 45°)

	     a = 9.81 m>s2� Ans.

S+ ΣFx = m(aG)x ;    Cx = 1250(9.81)

	 Cx = 12.3 kN� Ans.

 + cΣFy = m(aG)y;    Cy - 12 262.5 = 0

	 Cy = 12.3 kN� Ans.

B

C

30�

1.5 m
1 m

45�

G

841
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17–50.

The bar has a weight per length w and is supported by the 
smooth collar. If it is released from rest, determine the 
internal normal force, shear force, and bending moment in 
the bar as a function of x.

Ans:
N = 0.433wx
V = 0.25wx
M = 0.125wx2

30�

x

Solution

Entire bar:

ΣFx′ = m(aG)x′;    wl cos 30° =
wl
g

 (aG)

	 aG = g cos 30°

Segment:

d+ ΣFx = m(aG)x;      N = (wx cos 30°) sin 30° = 0.433wx� Ans.

+ T  ΣFy = m(aG)y;    wx - V = wx cos 30°(cos 30°)

	 V = 0.25wx� Ans.

a+ ΣMS = Σ(Mk)S;    wxax
2
b - M = wx cos 30°(cos 30°)ax

2
b

	  M = 0.125wx2� Ans.

842
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17–51.

The pipe has a mass of 800 kg and is being towed behind the
truck. If the acceleration of the truck is 
determine the angle and the tension in the cable. The
coefficient of kinetic friction between the pipe and the
ground is mk = 0.1.

u

at = 0.5 m>s2,

SOLUTION

a

Ans.

Ans.u = 45° - f = 18.6°

sin f =
0.1(6770.9)

1523.24
 f = 26.39°

T = 1523.24 N = 1.52 kN

NC = 6770.9 N

+©MG = 0; -0.1NC(0.4) + T sin f(0.4) = 0

+ c©Fy = may ; NC - 800(9.81) + T sin 45° = 0

:+ ©Fx = max; -0.1NC + T cos 45° = 800(0.5)

45

0.4 m
G

A

B

C

at

u

Ans:
T = 1.52 kN
u = 18.6°

843
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*17–52.

SOLUTION

a

Ans.

Ans.a = 1.33 m>s2

T = 2382 N = 2.38 kN

NC = 6161 N

+©MG = 0; T sin 15°(0.4) - 0.1NC(0.4) = 0

+ c©Fy = may ; NC - 800(9.81) + T sin 45° = 0

:+ ©Fx = max ; T cos 45° - 0.1NC = 800a

The pipe has a mass of 800 kg and is being towed behind a
truck. If the angle determine the acceleration of the
truck and the tension in the cable. The coefficient of kinetic
friction between the pipe and the ground is mk = 0.1.

u = 30°,

45

0.4 m
G

A

B

C

at

u

Ans:
T = 2.38 kN
a = 1.33 m>s2

844
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17–53.

The 100-kg uniform crate C rests on the elevator floor 
where the coefficient of static friction is ms = 0.4. 
Determine the largest initial angular acceleration a, 
starting from rest at u = 90°, without causing the crate 
to slip. No tipping occurs.

Ans:
a = 2.62 rad>s2

Solution

Equations of Motion. The crate undergoes curvilinear translation. At u = 90°, 
v = 0. Thus, (aG)n = v2r = 0. However; (aG)t = ar = a(1.5). Assuming that the 
crate slides before it tips, then, Ff = msN = 0.4 N.

ΣFn = m(aG)n;    100(9.81) - N = 100(0)    N = 981 N

ΣFt = m(aG)t;    0.4(981) = 100[a(1.5)]    a = 2.616 rad>s2 = 2.62 rad>s2�Ans.

a+ ΣMG = 0;    0.4(981)(0.6) - 981(x) = 0

	 x = 0.24 m

Since x 6 0.3 m, the crate indeed slides before it tips, as assumed.

1.2 m

0.6 m

1.5 m

1.5 m

C

B

D

E

A
a

u u
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17–54.

The two uniform 4-kg bars DC and EF are fixed (welded) 
together at E. Determine the normal force NE , shear force VE , 
and moment ME , which DC exerts on EF at E if at the 
instant u = 60° BC has an angular velocity v = 2 rad>s and 
an angular acceleration a = 4 rad>s2  as shown.

u � 60� a � 4 rad/s2

v � 2 rad/s

E

F

2 m2 m

D

BA

C

1.5 m

Solution

Equations of Motion. The rod assembly undergoes curvilinear motion. Thus, 
(aG)t = ar = 4(2) = 8 m>s2 and (aG)n = v2r = (22)(2) = 8 m>s2. Referring to the 
FBD and kinetic diagram of rod EF, Fig. a

d+ ΣFx = m(aG)x;    VE = 4(8) cos 30° + 4(8) cos 60°

	 = 43.71 N = 43.7 N� Ans.

 + cΣFy = m(aG)y;    NE - 4(9.81) = 4(8) sin 30° - 4(8) sin 60°

	 NE = 27.53 N = 27.5 N � Ans.

a+ΣME = Σ(Mk)E;    ME = 4(8) cos 30°(0.75) + 4(8) cos 60°(0.75 )

	 = 32.78 N # m = 32.8 N # m� Ans.

Ans:
VE = 43.7 N
NE = 27.5 N 
ME = 32.8 N # m
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17–55.

SOLUTION

a

Solving,

Ans.

NB = 628 N

NA = 494 N

a = 5.95 rad>s2

+ c ©Fy = m(aG)y ; NA + NB - 80(9.81) = 80(1a) cos 45°

;+ ©Fx = m(aG)x; 0.3NA + 0.3NB = 80(1a) sin 45°

+ ©MA = ©(Mk)A ; NB(1) - 80(9.81)(0.5) = 80(1a)(sin 45°)(0.2) + 80(1a)(cos 45°)(0.5)

aG = (aG)t = (1)(a)

The arched pipe has a mass of 80 kg and rests on the surface
of the platform for which the coefficient of static friction is

Determine the greatest angular acceleration of
the platform, starting from rest when without
causing the pipe to slip on the platform.

u = 45°,
ams = 0.3.

θ

200 mm

500 mm

1 m

1 m

A
G

B

ω α,

847

a = 5.95 rad>s2

Ans:
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A C

DB P � 50 N

0.4 m

45�

0.6 m

Determine the force developed in the links and the
acceleration of the bar’s mass center immediately after
the cord fails. Neglect the mass of links AB and CD. The
uniform bar has a mass of 20 kg.

SOLUTION

Equations of Motion: Since the bar is still at rest at the instant the cord fails, .

Thus, . Referring to the free-body diagram of the bar, Fig. a,

;

;

;

Solving,

Ans.

Since , then

Ans.aG = (aG)t = 8.70 m>s2 R

(aG)n = 0

(aG)t = 8.704 m>s2

TAB = TCD = 51.68 N = 51.7 N

TCD cos 45°(0.3) - TAB cos 45°(0.3) = 0+ ©MG = 0

20(9.81) sin 45° + 50 sin 45° = 20(aG)t©Ft = m(aG)t

TAB + TCD - 20(9.81) cos 45° + 50 cos 45° = 0©Fn = m(aG)n

(aG)n =
vG

2

r
= 0

vG = 0

*17–56.

848

aG = (aG)t = 8.70 m>s2 R
TAB = TCD = 51.7 N

Ans:
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17–57.

The 10-kg wheel has a radius of gyration If
the wheel is subjected to a moment where t
is in seconds, determine its angular velocity when 
starting from rest. Also, compute the reactions which the
fixed pin A exerts on the wheel during the motion.

t = 3 s
M = 15t2 N # m,

kA = 200 mm.

SOLUTION

c

Ans.

Ans.

Ans.Ay = 98.1 N

Ax = 0

v = 56.2 rad>s

v =
L

3

0
12.5t dt =

12.5
2

(3)2

a =
dv

dt
= 12.5t

+ ©MA = Ia a; 5t = 10(0.2)2a

+ c©Fy = m(aG)y; Ay - 10(9.81) = 0

:+ ©Fx = m(aG)x; Ax = 0

A

M

Ans:
v = 56.2 rad>s
Ax = 0
Ay = 98.1 N

849
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17–58.

The uniform 24-kg plate is released from rest at the position 
shown. Determine its initial angular acceleration and the 
horizontal and vertical reactions at the pin A.

Ans:
a = 14.7 rad>s2

Ax = 88.3 N
Ay = 147 N

Solution

Equations of Motion. The mass moment of inertia of the plate about its center of 

gravity G is IG =
1
12

 (24)(0.52 + 0.52) = 1.00 kg # m2. Since the plate is at rest 

initially v = 0. Thus, (aG)n = v2rG = 0. Here rG = 20.252 + 0.252 = 0.2512 m.  

Thus, (aG)t = arG = a(0.2512). Referring to the FBD and kinetic diagram of 
the plate,

a+ ΣMA = (Mk)A;    -24(9.81)(0.25) = -243a(0.2512)4 (0.2512) - 1.00 a

	 a = 14.715 rad>s2 = 14.7 rad>s2� Ans.

Also, the same result can be obtained by applying ΣMA = IAa where 

IA =
1
12

 (24)(0.52 + 0.52) + 24(0.2512)2 = 4.00 kg # m2:

a+ ΣMA = IA a;    -24(9.81)(0.25) = -4.00 a

	 a = 14.715 rad>s2

d+ ΣFx = m(aG)x;  Ax = 24314.715(0.2512)4  cos 45° = 88.29  N = 88.3 N� Ans.

+ cΣFy = m(aG)y;    Ay - 24(9.81) = -24314.715(0.2512)4  sin 45°

	 Ay = 147.15 N = 147 N� Ans.

0.5 m

A

0.5 m

850
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17–59.

A

B

C

L
3

2
3 L

u

The uniform slender rod has a mass m. If it is released from
rest when , determine the magnitude of the reactive
force exerted on it by pin B when .u = 90°

u = 0°

SOLUTION

Equations of Motion: Since the rod rotates about a fixed axis passing through point

B, and . The mass moment of inertia

of the rod about its G is .Writing the moment equation of motion about

point B,

;

This equation can also be obtained by applying , where

. Thus,

;

Using this result and writing the force equation of motion along the n and t axes,

;

(1)

;

(2)

Kinematics: The angular velocity of the rod can be determined by integrating

When , . Substituting this result and into Eqs. (1) and (2),

Ans.FA = 3At
2 + An

2 =
C

02 + a
3
2

 mgb
2

=
3
2

 mg

Bn =
1
6

 ma
3g

L
b(L) + mg sin 90° =

3
2

 mg

Bt =
3
4

 mg cos 90° = 0

u = 90°v =
A

3g

L
u = 90°

v =
B

3g

L
 sin u

L

v

0
vdv =

L

u

0

3g

2L
 cos u du

L
vdv =

L
adu

Bn =
1
6

 mv2L + mg sin u

Bn - mg sin u = m cv2a
L

6
b d©Fn = m(aG)n

Bt =
3
4

 mg cos u

mg cos u - Bt = m c a
3g

2L
 cos ub a

L

6
b d©Ft = m(aG)t

a =
3g

2L
 cos u

-mg cos uaL

6
b = - a1

9
 mL2ba+©MB = IBa

maL

6
b

2

=
1
9

mL2

IB =
1

12
 mL2 +©MB = IBa

 a =
3g

2L
 cos u

 -mg cos uaL

6
b = -m caaL

6
b d aL

6
b - a 1

12
mL2ba+©MB = ©(Mk)B

IG =
1

12
mL2

(aG)n = v2rG = v2aL

6
b(aG)t = a rG = aaL

6
b

Ans:

FA =
3
2

 mg
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*17–60.

The bent rod has a mass of 2 kg>m. If it is released from rest 
in the position shown, determine its initial angular 
acceleration and the horizontal and vertical components of 
reaction at A.

1.5 m

1.5 m

A

B

C

Solution

Equations of Motion. Referring to Fig. a, the location of center of gravity G of the 
bent rod is at

x =
Σx∼m
Σm

=
2[0.75(1.5)(2)] + 1.5(2)(1.5)

3(1.5)(2)
= 1.00 m

y =
1.5
2

= 0.75 m

The mass moment of inertia of the bent rod about its center of gravity is 

IG = 2 c 1
12

 (3)(1.52) + 3(0.252 + 0.752)d + c 1
12

 (3) (1.52) + 3(0.52)d = 6.1875 kg # m2.

Here, rG = 21.002 + 0.752 = 1.25 m. Since the bent rod is at rest initially, v = 0. 
Thus, (aG)n = v2rG = 0. Also, (aG)t = arG = a(1.25). Referring to the FBD and 
kinetic diagram of the plate,

a+ ΣMA = (Mk)A;    9(9.81)(1) = 9[a(1.25)](1.25) + 6.1875 a

	 a = 4.36 rad>s2 d� Ans.

Also, the same result can be obtained by applying ΣMA = IAa where

IA =
1
12

(3)(1.52) + 3(0.752) +
1
12

(3)(1.52) + 3(1.52 + 0.752)

	 +
1
12

(3)(1.52) + 3(1.52 + 0.752) = 20.25 kg # m2 :

a+ ΣMA = IAa,    9(9.81)(1) = 20.25 a    a = 4.36 rad>s2

S+ ΣFx = m(aG)x;    Ax = 9[4.36(1.25)] a3
5
b = 29.43 N = 29.4 N� Ans.

+ cΣFy = m(aG)y;    Ay - 9(9.81) = -9[4.36(1.25)] a4
5
b

	 Ay = 49.05 N = 49.1 N� Ans.

Ans:
a = 4.36 rad>s2 d
Ax = 29.4 N
Ay = 49.1 N

852



© Pearson Education Limited 2017. All rights reserved. This material is protected under all copyright laws as they currently exist.  
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

17–61.

If a horizontal force of P = 100 N is applied to the 300-kg 
reel of cable, determine its initial angular acceleration. 
The reel rests on rollers at A and B and has a radius of 
gyration of kO = 0.6 m.

Solution

Equations of Motions. The mass moment of inertia of the reel about O is  
IO = Mk2

O = 300(0.62) = 108 kg # m2. Referring to the FBD of the reel,  Fig. a,

a+ ΣMO = IO a;    -100(0.75) = 108(-a)

	 a = 0.6944 rad>s2

	 = 0.694 rad>s2� Ans.

20� 20�

O

A B

0.75 m

1 m

P

Ans:
a = 0.694 rad>s2
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17–62.

The 20-kg roll of paper has a radius of gyration kA = 90 mm 
about an axis passing through point A. It is pin supported at 
both ends by two brackets AB. If the roll rests against a wall 
for which the coefficient of kinetic friction is μk = 0.2 and a 
vertical force F = 30 N is applied to the end of the paper, 
determine the angular acceleration of the roll as the paper 
unrolls.

Ans:
a = 7.28 rad>s2

Solution
+S ΣFx = m(aG)x ;    NC - TAB cos 67.38° = 0

+ cΣFy = m(aG)y ;    TAB sin 67.38° - 0.2NC - 20(9.81) - 30 = 0

c+ ΣMA = IA a;	 -0.2NC(0.125) + 30(0.125) = 20(0.09)2a

Solving:

 NC = 103 N

 TAB = 267 N

 a = 7.28 rad>s2� Ans.

300 mm

B

AC
125 mm

F
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17–63.

The 20-kg roll of paper has a radius of gyration kA = 90 mm 
about an axis passing through point A. It is pin supported at 
both ends by two brackets AB. If the roll rests against a wall 
for which the coefficient of kinetic friction is μk = 0.2, 
determine the constant vertical force F that must be applied 
to the roll to pull off 1 m of paper in t = 3 s starting from rest. 
Neglect the mass of paper that is removed.

Ans:
F = 22.1 N

Solution

( + T ) s = s0 + v0 t +
1
2

aC t
2

1 = 0 + 0 +
1
2

aC (3)2

aC = 0.222 m>s2

a =
aC

0.125
= 1.778 rad>s2

+S  ΣFx = m(aG x);    NC - TAB cos 67.38° = 0

+ c  ΣFy = m(aG)y;         TAB sin 67.38° - 0.2NC - 20(9.81) - F = 0

c+ ΣMA = IAa;         -0.2NC(0.125) + F(0.125) = 20(0.09)2(1.778)

Solving:
 NC = 99.3 N

 TAB = 258 N

 F = 22.1 N� Ans.

300 mm

B

AC
125 mm

F
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The kinetic diagram representing the general rotational
motion of a rigid body about a fixed axis passing through O
is shown in the figure. Show that may be eliminated by
moving the vectors and to point P, located a
distance from the center of mass G of the
body. Here represents the radius of gyration of the body
about an axis passing through G. The point P is called the
center of percussion of the body.

kG

rGP = k2
G>rOG

m(aG)nm(aG)t
IGA

SOLUTION

However,

and 

Q.E.D.= m(aG)t(rOG + rGP)

m(aG)t rOG + IGa = m(aG)t rOG + (mrOG rGP) c
(aG)t
rOG
d

a =
(aG)t
rOG

k2
G = rOG rGP

m(aG)t rOG + IG a = m(aG)t rOG + Amk2
G Ba

rGP

rOG

m(aG)n

G
IG

m(aG)t

O

P

a

a

Ans:
m(aG)t rOG + IG a = m(aG)t(rOG + rGP)

*17–64.
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A

B

200 mm
DC

M � 200(1 � e�0.2 t ) N�m

300 mm

17–65.

Gears A and B have a mass of 50 kg and 15 kg, respectively.
Their radii of gyration about their respective centers of mass
are and . If a torque of

, where t is in seconds, is applied
to gear A, determine the angular velocity of both gears when

, starting from rest.t = 3 s

M = 200(1 - e-0.2t) N # m
kD = 150 mmkC = 250 mm

SOLUTION
Equations of Motion: Since gear B is in mesh with gear A,

.The mass moment of inertia of gears A and B about their respective

centers are and 
. Writing the moment equation of motion about the gears’

center using the free-body diagrams of gears A and B, Figs. a and b,

a ; (1)

and

a ; (2)

Eliminating F from Eqs. (1) and (2) yields

Kinematics: The angular velocity of gear A can be determined by integration.

When ,

Ans.

Then

Ans. = 57.47 rad>s = 57.5 rad>s

 vB = a
rA

rB
bvA = a0.3

0.2
b(38.31)

vA = 51.49(3 + 5e-0.2(3) - 5) = 38.31 rad>s = 38.3 rad>s

t = 3 s

vA = 51.49(t + 5e-0.2t - 5) rad>s
L
vA

0
dvA = L

t

0
51.49(1 - e-0.2t)dt

LdvA = LaA dt

aA = 51.49(1 - e-0.2t) rad>s2

F(0.2) = 0.3375(1.5aA)+ ©MD = IDaB

F(0.3) - 200(1 - e-0.2t) = -3.125aA+ ©MC = ICaA

15(0.152) = 0.3375 kg # m2
ID = mB kD 

2 =IC = mA kC 

2 = 50(0.252) = 3.125 kg # m2

a0.3
0.2
baA = 1.5aA

aB = a
rA

rB
baA =

857

vA = 38.3 rad>s

vB = 57.5 rad>s

Ans:
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17–66.

The reel of cable has a mass of 400 kg and a radius of 
gyration of kA = 0.75 m. Determine its angular velocity 
when t = 2 s, starting from rest, if the force P = (20t2 + 80) N, 
when t is in seconds. Neglect the mass of the unwound cable, 
and assume it is always at a radius of 0.5 m.

Ans:
v = 0.474 rad>s

Solution
Equations of Motion. The mass moment of inertia of the reel about A is

IA = MkA
2 = 400(0.752) = 225 kg # m2. Referring to the FBD of the reel, Fig. a

a+ΣMA = IAa ;  - (20t2 + 80)(0.5) = 225(-a)

	     a =
2
45

(t2 + 4) rad>s2

Kinematics. Using the result of a, integrate dv = adt, with the initial condition v = 0 
at t = 0,

L
v

0
dv = L

2 s

0

2
45

 (t2 + 4) dt

v = 0.4741 rad>s = 0.474 rad>s� Ans.

A

1 m

0.5 m P
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17–67.

The door will close automatically using torsional springs
mounted on the hinges. Each spring has a stiffness

so that the torque on each hinge is
where is measured in radians. If the door

is released from rest when it is open at determine its
angular velocity at the instant For the calculation, treat
the door as a thin plate having a mass of 70 kg.

u = 0°.
u = 90°,

uM = 150u2 N # m,
k = 50 N # m>rad

SOLUTION

Ans.v = 2.71 rad>s

L
v

0
vdv = -L

0

p

2

2.9762udu

vdv = adu

©MAB = IAB a ; 2(50u) = -33.6(a) a = -2.9762u

IAB =
1

12
ml2 + md2 =

1
12

(70)(1.2)2 + 70(0.6)2 = 33.6 kg # m2

θ0.4 m

1.5 m

0.4 m

M

M

B

A

1.2 m

859

v = 2.71 rad>s

Ans:
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SOLUTION

Ans.k = 27.2 N # m>rad

k

2
(
p

2
)2 =

16.8
2

(2)2

-kL
0

p

2

udu = 16.8L
2

0
v dv

a du = v dv

ku = -16.8a

M = -16.8a

©MA = IAa; 2M = -  B 1
12

 (70)(1.2)2 + 70(0.6)2R(a)

The door will close automatically using torsional springs
mounted on the hinges. If the torque on each hinge is

where is measured in radians, determine the
required torsional stiffness k so that the door will close

with an angular velocity when it is
released from rest at For the calculation, treat the
door as a thin plate having a mass of 70 kg.

u = 90°.
v = 2 rad>s1u = 0°2

uM = ku, θ0.4 m

1.5 m

0.4 m

M

M

B

A

1.2 m

*17–68.
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k = 27.2 N # m>rad

Ans:
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17–69.

If the cord at B suddenly fails, determine the horizontal 
and vertical components of the initial reaction at the 
pin A, and the angular acceleration of the 120-kg beam. 
Treat the beam as a uniform slender rod.

Solution

Equations of Motion. The mass moment of inertia of the beam about A is IA =  
1
12

 (120)(42) + 120(22) = 640 kg # m2. Initially, the beam is at rest, v = 0. Thus, 

(aG)n = v2 r = 0. Also, (aG)t = arG = a(2) = 2a. referring to the FBD of the 
beam, Fig. a

a+ ΣMA = IAa;      800(4) + 120(9.81)(2) = 640 a

	 a = 8.67875 rad>s2 = 8.68 rad>s2� Ans.

ΣFn = m(aG)n ;       An = 0� Ans.

ΣFt = m(aG)t ;	  800 + 120(9.81) + At = 120[2(8.67875)]

	  At = 105.7 N = 106 N� Ans.

B
A

2 m 2 m

800 N

Ans:
a = 8.68 rad>s2

An = 0
At = 106 N

861



© Pearson Education Limited 2017. All rights reserved. This material is protected under all copyright laws as they currently exist.  
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

17–70.

SOLUTION
Mass Moment of Inertia:

Ans.

Equation of Motion: Applying Eq. 17–16, we have

a

Ans.a 1.25 rad s2

-200(9.81) cos 45°(0.75) = -174.75a

+©MA = IA a; 100(9.81)(0.625) + 200(9.81) sin 45°(0.15)

= 174.75 kg # m2 = 175 kg # m2

+
1

12
(200) A0.52 + 0.32 B + 200 A20.752 + 0.152 B2

IA =
1

12
(100) A1.252 B + 100 A0.6252 B

AC

1.25 m

0.5 m
0.5 m

0.3 m

B

The device acts as a pop-up barrier to prevent the passage
of a vehicle. It consists of a 100-kg steel plate AC and a 
200-kg counterweight solid concrete block located as 
shown. Determine the moment of inertia of the plate and 
block about the hinged axis through A. Neglect the mass of 
the supporting arms AB. Also, determine the initial angular 
acceleration of the assembly when it is released from rest at 
u = 45°.

Ans:
IA = 175 kg # m2

a = 1.25 rad>s2
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17–71.

A cord is wrapped around the outer surface of the 8-kg disk. 
If a force of F = (¼ u2) N, where u is in radians,  
is applied to the cord, determine the disk’s angular 
acceleration when it has turned 5 revolutions. The disk has 
an initial angular velocity of v0 = 1 rad>s. 

Solution

Equations of Motion. The mass moment inertia of the disk about O is 

IO =
1
2

 mr 2 =
1
2

 (8) (0.32) = 0.36 kg # m2. Referring to the FBD of the disk, Fig. a,

a+ ΣMO = IO a;    a1
4

 u2b(0.3) = 0.36 a

	 a = (0.2083 u2) rad>s2

Kinematics. Using the result of a, integrate vdv = adu with the initial condition 
v = 0 when u = 0,

L
v

1
vdv = L

5(2p)

0
0.2083 u2 du

a1
2
b (v2 - 1) = 0.06944 u3 2

0

5(2p)

	 v = 65.63 rad>s = 65.6 rad>s� Ans.

300 mm

O

F

v

Ans:
v = 65.6 rad>s
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B

r CA

Block A has a mass m and rests on a surface having a
coefficient of kinetic friction . The cord attached to A
passes over a pulley at C and is attached to a block B having
a mass 2m. If B is released, determine the acceleration of A.
Assume that the cord does not slip over the pulley. The
pulley can be approximated as a thin disk of radius r and
mass . Neglect the mass of the cord.1

4m

mk

SOLUTION
Block A:

; (1)

Block B:

; (2)

Pulley C:

c ;

(3)

Substituting Eqs. (1) and (2) into (3),

Ans.a =
8

25
 (2 - mk)g 2mg - mk mg =

1
8

 ma + 3ma

(2 - mk)g =
25
8

 a 2mg - 2ma - (ma + mk mg) =
1
8

 ma

 T2 - T1 =
1
8

 ma

 T2r - T1r = c1
2
a1

4
 mbr2 d aa

r
b+ ©MC = IG a

2mg - T2 = 2ma+ T ©Fy = may

T1 - mk mg = ma:+ ©Fx = max

864

a =
8

25
 (2 - mk)g

Ans:

*17–72.
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17–73.

A

B

r O

The two blocks A and B have a mass of 5 kg and 10 kg,
respectively. If the pulley can be treated as a disk of mass 3 kg
and radius 0.15 m, determine the acceleration of block A.
Neglect the mass of the cord and any slipping on the pulley.

SOLUTION
Kinematics: Since the pulley rotates about a fixed axis passes through point O, its
angular acceleration is

The mass moment of inertia of the pulley about point O is 

Equation of Motion: Write the moment equation of motion about point O by
referring to the free-body and kinetic diagram of the system shown in Fig. a,

a ;

Ans. a = 2.973 m>s2 = 2.97 m>s2

 = -0.03375(6.6667a) - 5a(0.15) - 10a(0.15)

5(9.81)(0.15) - 10(9.81)(0.15)+©Mo = ©(Mk)o

1
2

 (3)(0.152) = 0.03375 kg # m2Io =
1
2

Mr2 =

a =
a
r

=
a

0.15
= 6.6667a

Ans:
a = 2.97 m>s2
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17–74.

SOLUTION

c

Ans.a =
g(mB - mA)

a
1
2
M + mB + mAb

a =
g(mB - mA)

ra
1
2
M + mB + mAb

+©MC = ©  (Mk)C ; mB g(r) - mAg(r) = a
1
2
Mr2ba + mB r2a + mAr2a

a = ar

The two blocks A and B have a mass and 
respectively, where If the pulley can be treated
as a disk of mass M, determine the acceleration of block A.
Neglect the mass of the cord and any slipping on the pulley.

mB 7 mA .
mB ,mA

A

B

r O

Ans:

a =
g(mB - mA)

a 1

2
M + mB + mAb

866
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17–75.

The 30-kg disk is originally spinning at v = 125 rad>s. If it 
is placed on the ground, for which the coefficient of kinetic 
friction is μC = 0.5, determine the time required for the 
motion to stop. What are the horizontal and vertical 
components of force which the member AB exerts on the 
pin at A during this time? Neglect the mass of AB.

Solution
Equations of Motion. The mass moment of inertia of the disk about B is

IB =
1
2

 mr 2 =
1
2

 (30)(0.32) = 1.35 kg # m2. Since it is required to slip at C, 

Ff = mCNC = 0.5 NC. referring to the FBD of the disk, Fig. a, 

+S ΣFx = m(aG)x;         0.5NC - FAB cos 45° = 30(0)� (1)

+ c ΣFy = m(aG)y;     NC - FAB sin 45° - 30(9.81) = 30(0)� (2)

Solving Eqs. (1) and (2),

NC = 588.6 N    FAB = 416.20 N

Subsequently, 

a+  ΣMB = IBa;    0.5(588.6)(0.3) = 1.35a

a = 65.4 rad>s2 d

Referring to the FBD of pin A, Fig. b,

+S ΣFx = 0;      416.20 cos 45° - Ax = 0    Ax = 294.3 N = 294 N� Ans.

+ c ΣFy = 0;    416.20 sin 45° - Ay = 0    Ay = 294.3 N = 294 N� Ans.

Kinematic. Using the result of a,

+b v = v0 + at;    0 = 125 + (-65.4)t

t = 1.911 s = 1.91 s� Ans.

B

0.3 m

0.5 m

0.5 m   v � 125 rad/s
C

A

Ans:
Ax = 294 N
Ay = 294 N
t = 1.91 s
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SOLUTION

(1)

(2)

a (3)

Solvings Eqs. (1),(2) and (3) yields:

Ans.

Ans.

Ans.t = 1.26 s

0 = 40 + (-31.71) t

v = v0 + ac t

Ay = 3
5 FAB = 0.6(111.48) = 66.9 N

Ax = 4
5FAB = 0.8(111.48) = 89.2 N

a = -31.71 rad>s2

FAB = 111.48 N NC = 178.4 N

+©MB = IBa; 0.5NC(0.2) = 0.5625(-a)

:+ ©Fx = m(aG)x ; 0.5NC - A45 BFAB = 0

+ c©Fy = m(aG)y ; A35 B FAB + NC - 25(9.81) = 0

IB = mk2
B = 25(0.15)2 = 0.5625 kg # m2

The wheel has a mass of 25 kg and a radius of gyration
It is originally spinning at If it is

placed on the ground, for which the coefficient of kinetic
friction is determine the time required for the
motion to stop. What are the horizontal and vertical
components of reaction which the pin at A exerts on AB
during this time? Neglect the mass of AB.

mC = 0.5,

v = 40 rad>s.kB = 0.15 m.

0.3 m

B

0.4 m

A

C

0.2 m

V

Ans:
Ax = 89.2 N
Ay = 66.9 N
t = 1.25 s

*17–76.
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17–77.

SOLUTION

a

Ans.

c

Ans.t = 3.11 s

0 = 60 + (-19.3) t

v = v0 + ac t+

a = 19.3 rad>s2

FCB = 193 N

NA = 96.6 N

+©MB = IB a; 0.3NA (0.15) = c
1
2

(20)(0.15)2 da

+ c©Fy = m(aG)y ; FCB cos 30° - 20(9.81) + 0.3NA = 0

:+ ©Fx = m(aG)x ; FCB sin 30° - NA = 0

The disk has a mass of 20 kg and is originally spinning at
the end of the strut with an angular velocity of

. If it is then placed against the wall, where the
coefficient of kinetic friction is , determine the
time required for the motion to stop. What is the force in
strut BC during this time?

mk = 0.3
v = 60 rad>s

C

�

B
A

60�

150 mm

869

FCB = 193 N
t = 3.11 s

Ans:
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17–78.

The 5-kg cylinder is initially at rest when it is placed in
contact with the wall B and the rotor at A. If the rotor
always maintains a constant clockwise angular velocity

, determine the initial angular acceleration of
the cylinder. The coefficient of kinetic friction at the
contacting surfaces B and C is .mk = 0.2

v = 6 rad>s

SOLUTION

Equations of Motion: The mass moment of inertia of the cylinder about point O is

given by . Applying Eq. 17–16,
we have

(1)

(2)

a (3)

Solving Eqs. (1), (2), and (3) yields;

Ans.a = 14.2 rad>s2

NA = 51.01 N NB = 28.85 N

+©MO = IO a; 0.2NA (0.125) - 0.2NB (0.125) = 0.0390625a

+ c©Fy = m(aG)y ; 0.2NB + 0.2NA sin 45° + NA cos 45° - 5(9.81) = 0

:+ ©Fx = m(aG)x ; NB + 0.2NA cos 45° - NA sin 45° = 0

IO =
1
2

mr2 =
1
2

(5)(0.1252) = 0.0390625 kg # m2
C

A

125 mm

45

B

v

Ans:
a = 14.2 rad>s2
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17–79.

Cable is unwound from a spool supported on small rollers 
at A and B by exerting a force T = 300 N on the cable. 
Compute the time needed to unravel 5 m of cable from the 
spool if the spool and cable have a total mass of 600 kg and 
a radius of gyration of kO = 1.2 m. For the calculation, 
neglect the mass of the cable being unwound and the mass 
of the rollers at A and B. The rollers turn with no friction.

Ans:
t = 6.71 s

30�

1 m

O

T � 300 N

0.8 m

A B

1.5 m

Solution
IO = mkO

2 = 600(1.2)2 = 864 kg # m2

c+  ΣMO = IOa;    300(0.8) = 864(a)    a = 0.2778 rad>s2

The angular displacement u =
s
r
=

5
0.8

= 6.25 rad.

 u = u0 + v0 r +
1
2

 act
2

 6.25 = 0 + 0 +
1
2

(0.27778)t2

 t = 6.71 s � Ans.
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The 20-kg roll of paper has a radius of gyration  
kA = 120 mm about an axis passing through point A. It is pin 
supported at both ends by two brackets AB. The roll rests 
on the floor, for which the coefficient of kinetic friction is  
μk = 0.2. If a horizontal force F = 60 N is applied to the end 
of the paper, determine the initial angular acceleration of 
the roll as the paper unrolls.

Solution

Equations of Motion. The mass moment of inertia of the paper roll about A is  
IA = mkA 2 = 20(0.122) = 0.288 kg # m2. Since it is required to slip at C, the friction is 
Ff = mkN = 0.2 N. Referring to the FBD of the paper roll, Fig. a 

+S ΣFx = m(aG)x;    0.2 N - FAB a4
5
b + 60 = 20(0)� (1)

+ c ΣFy = m(aG)y;       N - FAB a3
5
b - 20(9.81) = 20(0)� (2)

Solving Eqs. (1) and (2)

	 FAB = 145.94 N    N = 283.76 N

Subsequently

	 a+ ΣMA = IAa;    0.2(283.76)(0.3) - 60(0.3) = 0.288(-a)

	  a = 3.3824 rad>s2 = 3.38 rad>s2� Ans.

300 mm

C

400 mm

B

A

F

Ans:
a = 3.38 rad>s2

*17–80.
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17–81.

The armature (slender rod) AB has a mass of 0.2 kg and
can pivot about the pin at A. Movement is controlled by the
electromagnet E, which exerts a horizontal attractive force
on the armature at B  erehw fo l in
meters is the gap between the armature and the magnet at
any instant. If the armature lies in the horizontal plane, and
is originally at rest, determine the speed of the contact at B
the instant Originally l = 0.02 m.l = 0.01 m.

FB = 10.2110-32l-22 N,

SOLUTION

Equation of Motion: The mass moment of inertia of the armature about point A is

given by 

Applying Eq. 17–16, we have

a

Kinematic: From the geometry, . Then or

. Also, hence . Substitute into equation ,

we have

Ans.v = 0.548 m s

L

v

0
vdv =

L

0.01 m

0.02 m
-0.15

0.02
l2 dl

vdv = -0.15adl

v

0.15
¢ dv

0.15
≤ = a¢ - dl

0.15
≤

vdv = adudv =
dv

0.15
v =

v

0.15
du = -

dl

0.15

dl = -0.15dul = 0.02 - 0.15 u

a =
0.02

l2

+©MA = IAa;
0.2(10-3)

l2 (0.15) = 1.50 A10-3 B a

IA = IG + mr2
G =

1
12

(0.2) A0.152 B + 0.2 A0.0752 B = 1.50 A10-3 Bkg # m2

B

150 mm

A

E

l

Ans:
v = 0.548 m>s
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17–82.

The 4-kg slender rod is initially supported horizontally by a 
spring at B and pin at A. Determine the angular acceleration 
of the rod and the acceleration of the rod’s mass center at 
the instant the 100-N force is applied.

Solution

Equation of Motion. The mass moment of inertia of the rod about A is IA =
1
12

 (4)(32) +  

4(1.52) = 12.0 kg # m2. Initially, the beam is at rest, v = 0. Thus, (aG)n = v2r = 0. Also,  

(aG)t = arG = a(1.5). The force developed in the spring before the application of the 

100 N force is Fsp =
4(9.81) N

2
= 19.62 N. Referring to the FBD of the rod, Fig. a,

a+ MA = IAa;    19.62(3) - 100(1.5) - 4(9.81)(1.5) = 12.0(-a)

	 a = 12.5 rad>sb� Ans.

Then

	 (aG)t = 12.5(1.5) = 18.75 m>s2 T

Since (aG)n = 0. Then

	 aG = (aG)t = 18.75 m>s2 T � Ans.

A

1.5 m 1.5 m

100 N

k � 20 N/m
B 

Ans:
a = 12.5 rad>sb
aG = 18.75 m>s2 T
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17–83.

SOLUTION

Forces:

(1)

Moments:

(2)

Solving (1) and (2),

Ans.

Ans.

Ans.M =
1
2

wx2 sin u

V = wx sin u

N = wx Bv
2

g
AL -

x

2
B + cos uR

O = M -
1
2

Sx

Ia = M - S a
x

2
b

wx
g
v2 aL -

x
z
b u
h

= N u

h + Sau + wx T

a = v2 aL -
x
z
b
u

h

The bar has a weight per length of If it is rotating in the
vertical plane at a constant rate about point O, determine
the internal normal force, shear force, and moment as a
function of x and u.

v

w.

x

L

O
v

u

Ans:

N = wx c v
2

g
aL -

x
2
b +  cos u d

V = wx sin u

M =
1
2

wx2  sin u
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Ans:
Ax = 0
Ay = 289 N
a = 23.1 rad>s2

SOLUTION

a

Solving,

Ans.

Ans.

Ans.a = 23.1 rad>s2

Ay = 289 N

Ax = 0

;+ a Fn = m(aG)n ; Ax = 0

+ ca Ft = m(aG)t ; 1400 - 245.25 - Ay = 25(1.5a)

+aMA = IAa; 1.5(1400 - 245.25) = c1
3

(25)(3)2 da

Determine the angular acceleration of the 25-kg diving
board and the horizontal and vertical components of
reaction at the pin A the instant the man jumps off. Assume
that the board is uniform and rigid, and that at the instant
he jumps off the spring is compressed a maximum amount
of 200 mm, and the board is horizontal. Take
k = 7 kN>m.

v = 0, k
A

1.5 m 1.5 m

*17–84.
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17–85.

Ans:
NA = 177 kN
VA = 5.86 kN
MA = 50.7 kN # m

The lightweight turbine consists of a rotor which is powered
from a torque applied at its center. At the instant the rotor
is horizontal it has an angular velocity of 15 rad/s and a
clockwise angular acceleration of Determine the
internal normal force, shear force, and moment at a section
through A. Assume the rotor is a 50-m-long slender rod,
having a mass of 3 kg/m.

8 rad>s2.
25 m

A

10 m

SOLUTION

Ans.

Ans.

c

Ans.MA = 50.7 kN # m

+©MA = ©(Mk)A ; MA + 45(9.81)(7.5) = c 1
12

 (45)(15)2 d(8) + [45(8)(17.5)](7.5)

VA = 5.86 kN

+ T©Ft = m(aG)t ; VA + 45(9.81) = 45(8)(17.5)

;+ ©Fn = m(aG)n ; NA = 45(15)2 (17.5) = 177kN
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17–86.

Ans:
M = 0.3gml

SOLUTION

Assembly:

c

Segment BC:

c

Ans.M = 0.3gml

M =
1
3

ml2 a =
1
3

ml2 (
0.9g

l
)

+©MB = ©(Mk)B; M = c 1
12

ml2 da + m(l 2 + (
l

2
)2)1>2a(

l>2
l2 + (l

2)2
)(

l

2
)

a =
0.9 g

l

+©MA = IA a; mg(
l

2
) + mg(l) = (1.667ml2)a

= 1.667 ml2

IA =
1
3

ml2 +
1
12

 (m)(l)2 + m(l2 + (
l

2
)2)

The two-bar assembly is released from rest in the position
shown. Determine the initial bending moment at the fixed
joint B. Each bar has a mass m and length l.

A l

l

B

C
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17–87.

SOLUTION

Equations of Motion: Since the pendulum rotates about the fixed axis passing
through point C, and .
Here, the mass moment of inertia of the pendulum about this axis is

. Writing the moment equation of
motion about point C and referring to the free-body diagram of the pendulum,
Fig. a, we have

a

Using this result to write the force equations of motion along the n and t axes,

Equilibrium: Writing the moment equation of equilibrium about point A and using
the free-body diagram of the beam in Fig. b, we have

Ans.

Using this result to write the force equations of equilibrium along the x and y axes,
we have

Ans.

Ans.+ c©Fy = 0; Ay + 2890.5 - 5781 = 0 Ay = 2890.5 N = 2.89 kN

:+ ©Fx = 0; Ax = 0

+©MA = 0; NB (1.2) - 5781(0.6) = 0 NB = 2890.5 N = 2.89 kN

+ c©Fn = m(aG)n; Cn - 100(9.81) = 100(48) Cn = 5781 N

;+ ©Ft = m(aG)t ; -Ct = 100[0(0.75)] Ct = 0

+©MC = ICa; 0 = 62.5a a = 0

IC = 100(0.25)2 + 100(0.752) = 62.5 kg # m2

(aG)n = v2rG = 82(0.75) = 48 m>s2(aG)t = arG = a(0.75)

The 100-kg pendulum has a center of mass at G and a radius
of gyration about G of . Determine the
horizontal and vertical components of reaction on the beam
by the pin A and the normal reaction of the roller B at the
instant when the pendulum is rotating at

. Neglect the weight of the beam and the
support.
v = 8 rad>s

u = 90°

kG = 250 mm

A B

C

0.6 m 0.6 m

0.75 m

1 m

G

v

u

Ans:
NB = 2.89 kN
Ax = 0
Ay = 2.89 kN
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*17–88.

The 100-kg pendulum has a center of mass at G and a radius
of gyration about G of . Determine the
horizontal and vertical components of reaction on the beam
by the pin A and the normal reaction of the roller B at the
instant when the pendulum is rotating at .
Neglect the weight of the beam and the support.

v = 4 rad>su = 0°

kG = 250 mm

A B

C

0.6 m 0.6 m

0.75 m

1 m

G

v

u

a+©MC = ICa; -100(9.81)(0.75) = -62.5a a = 11.772 rad>s2

Using this result to write the force equations of motion along the n and t
axes, we have

SOLUTION

Equations of Motion: Since the pendulum rotates about the fixed axis passing
through point C, and .
Here, the mass moment of inertia of the pendulum about this axis is

. Writing the moment equation of
motion about point C and referring to the free-body diagram shown in Fig. a,
IC = 100(0.252) + 100(0.75)2 = 62.5 kg # m2

(aG)n = v2rG = 42(0.75) = 12 m>s2(aG)t = arG = a(0.75)

Equilibrium: Writing the moment equation of equilibrium about point A
and using the free-body diagram of the beam in Fig. b,

;+ ©Fn = m(aG)n ; Cn = 100(12) Cn = 1200 N

+ c©Ft = m(aG)t ; Ct - 100(9.81) = -100[11.772(0.75)] Ct = 98.1 N

Ans.+©MA = 0; NB (1.2) - 98.1(0.6) - 1200(1) = 0 NB = 1049.05 N = 1.05 kN

Using this result to write the force equations of equilibrium along the x
and y axes, we have

Ans.

Ans.+ c©Fy = 0; 1049.05 - 98.1 - Ay = 0 Ay = 950.95 N = 951 N

:+ ©Fx = 0; 1200 - Ax = 0 Ax = 1200 N = 1.20 kN

Ans:
NB = 1.05 kN
Ax = 1.20 kN
Ay = 951 N
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17–89.

SOLUTION
Mass of wheel when 75% of the powder is burned = 0.025 kg

Time to burn off 

Mass of disk per unit area is

At any time t,

For 

Ans.v = 800 rad s

t = 3.75 s,

v = 253 C(0.1 - 0.02t)-
1
2 - 3.162 D

L

v

0
dv = 2.530 

L

t

0
[0.1 - 0.02t]-

3
2 dt

dv = a dt

a = 2.530[0.1 - 0.02t]-
3
2

a = 0.6 A2p(5.6588) B [0.1 - 0.02t]-
3
2

a =
0.6
mr

=
0.6

(0.1 - 0.02t)
A

0.1 - 0.02t

p(5.6588)

+©MC = ICa; 0.3r =
1
2

mr2a

r(t) =
A

0.1 - 0.02t

p(5.6588)

5.6588 =
0.1 - 0.02t

pr2

r0 =
m

A
=

0.1 kg

p(0.075 m)2 = 5.6588 kg>m2

m(t) = 0.1 - 0.02 t

75 % =
0.075 kg

0.02 kg>s = 3.75 s

The “Catherine wheel” is a firework that consists of a coiled 
tube of powder which is pinned at its center. If the powder 
burns at a constant rate of 20 g>s such as that the exhaust 
gases always exert a force having a constant magnitude of 
0.3 N, directed tangent to the wheel, determine the angular 
velocity of the wheel when 75% of the mass is burned off. 
Initially, the wheel is at rest and has a mass of 100 g and a 
radius of r = 75 mm. For the calculation, consider the wheel 
to always be a thin disk. 

Ans:
v = 800 rad>s
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17–90.

SOLUTION

c

Since there is no slipping,

Thus,

By the parallel–axis thoerem, the term in parenthesis represents . Thus,

Q.E.D.©MIC = IICa

IIC

©MIC = AIG + mr2 Ba

aG = ar

+©MlC = ©(MK)lC; ©MlC = IGa + (maG)r

If the disk in Fig. 17–19 rolls without slipping, show that
when moments are summed about the instantaneous center
of zero velocity, IC, it is possible to use the moment
equation where represents the moment
of inertia of the disk calculated about the instantaneous axis
of zero velocity.

IIC©MIC = IICa,

Ans:
ΣMIC = I ICa
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17–91.

The slender 12-kg bar has a clockwise angular velocity of  
v = 2 rad>s when it is in the position shown. Determine its 
angular acceleration and the normal reactions of the smooth 
surface A and B at this instant.

Solution

Equations of Motion. The mass moment of inertia of the rod about its center of 

gravity G is IG =
1
12

 ml2 =
1
12

(12)(32) = 9.00 kg # m2. Referring to the FBD and 

kinetic diagram of the rod, Fig. a

d+ ΣFx = m(aG)x;    NB = 12(aG)x� (1)

+ c  ΣFy = m(aG)y;         NA - 12(9.81) = -12(aG)y� (2)

a+ ΣMO = (Mk)O;  -12(9.81)(1.5 cos 60°) = -12(aG)x(1.5 sin 60°)

	 -12(aG)y(1.5 cos 60°) - 9.00a

	 23(aG)x + (aG)y + a = 9.81� (3)

Kinematics. Applying the relative acceleration equation relating aG and aB by 
referring to Fig. b,

	 aG = aB + A * rG>B - v2 rG>B

	 -(aG)xi -  (aG)yj = -aBj + (-ak) * (-1.5 cos 60°i - 1.5 sin 60°j) 

	 -2 2(-1.5 cos 60°i - 1.5 sin 60°j)

	 -(aG)x i - (aG)y j = (3 - 0.7523a)i + (0.75a - aB + 323)j

B

A

3 m

60�
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17–91.  Continued

Ans:
a = 2.45 rad>s2 b
NB = 2.23 N
NA = 33.3 N

Equating i and j components,

	 -(aG)x = 3 - 0.7523a	 (4)

	 -(aG)y = 0.75a - aB + 323	 (5)

Also, relate aB and aA,

	 aA = aB + a * rA>B - v2rA>B

	 -aAi = -aBj + (-ak) * (-3 cos 60°i - 3 sin 60°j)

	 -2 

2(-3 cos 60°i - 3 sin 60°j)

	 -aAi = (6 - 1.523a)i + (1.5a - aB + 623)j

Equating j components,

	 0 = 1.5a - aB + 623;      aB = 1.5a + 623	 (6)

Substituting Eq. (6) into (5)

	 (aG)y = 0.75a + 323	 (7)

Substituting Eq. (4) and (7) into (3)

	 2310.7523a - 32 + 0.75a + 323 + a = 9.81

	 a = 2.4525 rad>s2 = 2.45b rad>s2� Ans.

Substituting this result into Eqs. (4) and (7)

	 -(aG)x = 3 - (0.7523)(2.4525);  (aG)x = 0.1859 m>s2

	     (aG)y = 0.75(2.4525) + 323;      (aG)y = 7.0355 m>s2

Substituting these results into Eqs. (1) and (2)

	 NB = 12(0.1859);  NB = 2.2307 N = 2.23 N� Ans.

	 NA - 12(9.81) = -12(7.0355);  NA = 33.2937 N = 33.3 N� Ans.
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SOLUTION

a

Thus,

Ans.

Ans.a = 28.0 rad s2

(aG)y = -8.41 m s2

(aG)x = 2.43 m s2

T = 5.61 N

1.7321(aG)x = -(aG)y - 0.15a

(+ c) (aB) cos 30° = -(aG)y - a (0.15)

(:+ ) (aB) sin 30° = (aG)x

aB sin 30°i - aB cos 30°j = (aG)xi + (aG)y j + a (0.15)j

aB = aG + aB>G

+ ©MG = IGa ; T sin 30°(0.15) = [
1

12
(2)(0.3)2]a

+ c ©Fy = m(aG)y ; T sin 30° - 19.62 = 2(aG)y

:+ ©Fx = m(aG)x ; T cos 30° = 2(aG)x

The 2-kg slender bar is supported by cord BC and then
released from rest at A. Determine the initial angular
acceleration of the bar and the tension in the cord.

300 mm

30°
BA

C

*17–92.

885

a = 28.0 rad s2

T = 5.61 N

Ans:



© Pearson Education Limited 2017. All rights reserved. This material is protected under all copyright laws as they currently exist.  
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

17–93.

SOLUTION

c

Assume no slipping

Ans.

Ans.

Since

(No slipping occurs)

(Fs)max = 0.5(4.905) = 2.45 7 1.82

Fs = 1.82 kN

T = 2.32 kN

aG = 0.8(1.25) = 1 m>s2

a =
ac

0.8
=

1
0.8

= 1.25 rad>s

Ns = 4905 N

aG = 0.8a

(ap)yj = aG i - 0.8ai

ap = aG + ap>G

+aMG = IGa; Fs(1.6) - T(0.8) = 500(1.30)2a

+ caFy = m(aG)y; Ns - 500(9.81) = 0

:+ aFx = m(aG)x; -Fs + T = 500aG

The spool has a mass of 500 kg and a radius of gyration
It rests on the surface of a conveyor belt for

which the coefficient of static friction is and the
coefficient of kinetic friction is If the conveyor
accelerates at determine the initial tension in
the wire and the angular acceleration of the spool. The
spool is originally at rest.

aC = 1 m>s2,
mk = 0.4.

ms = 0.5
kG = 1.30 m.

G

0.8 m 1.6 m

G

aC

0.8 m 1.6 m

886

a = 1.25 rad>s
T = 2.32 N

Ans:
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17–94.

The spool has a mass of 500 kg and a radius of gyration
It rests on the surface of a conveyor belt for

which the coefficient of static friction is 
Determine the greatest acceleration of the conveyor so
that the spool will not slip. Also, what are the initial tension
in the wire and the angular acceleration of the spool? The
spool is originally at rest.

aC

ms = 0.5.
kG = 1.30 m.

SOLUTION

c

Solving;

Ans.

Ans.

Since no slipping

Ans.

Also,

c

Since 

a = 1.684 rad>s

NS = 4905 N

+aMIC = IICa; 0.5Ns(0.8) = [500(1.30)2 + 500(0.8)2]a

aC = 1.35 m>s2

ac = 1.347i - (1.684) (1.6)i

aC = aG + aC>G

aG = 1.347 m>s2

a = 1.684 rad>s

T = 3.13 kN

Ns = 4905 N

aG = 0.8a

(ap)yj = aGi - 0.8ai

ap = aC + ap>G

+aMG = IGa, 0.5Ns(1.6) - T(0.8) = 500(1.30)2a

+ caFy = m(aG)y; Ns - 500(9.81) = 0

:+ aFx = m(aG)x; T - 0.5NS = 500aG

G

0.8 m 1.6 m

G

aC

0.8 m 1.6 m

887

T = 3.13 kN, 
a = 1.684 rad>s

aC = 1.35 m>s2

Ans:
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17–95.

The 20-kg punching bag has a radius of gyration about its
center of mass G of If it is initially at rest and is
subjected to a horizontal force determine the
initial angular acceleration of the bag and the tension in the
supporting cable AB.

F = 30 N,
kG = 0.4 m.

SOLUTION

a

Ans.

Thus,

Ans.T = 196 N

(+ c) (aG)y = 0

aB i = (aG)y j + (aG)xi - a(0.3)i

aB = aG + aB>G

(aG)x = 1.5 m>s2

a = 5.62 rad>s2

+©MG = IGa; 30(0.6) = 20(0.4)2a

+ c©Fy = m(aG)y; T - 196.2 = 20(aG)y

:+ ©Fx = m(aG)x; 30 = 20(aG)x

B

A

1 m

0.6 m

0.3 m

F

G

Ans:
a = 5.62 rad>s2

T = 196 N
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mD 8 kg
 L 1 m


mb 10 kg
 r 0.3 m


�s 0.6
 � 30


�k 0.4
 g 9.81


� asin
r
L
��
�
��
	




Assume no slip

Guesses

NC 1 N
 FC 1 N


� 1
 aA 1


Fmax 1 N


Given

NC L cos �� � mD g L cos � ��� �� mb g
L
2

cos � ��� ��
1�

2
mD r2� mD aA r� mb aA

r
2

�


FC� mD mb�� �g sin �� �� mD mb�� �aA


FC r
1
2

mD r2�
 aA r�
 Fmax �s NC


NC

FC

aA

�

Fmax

�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
	

Find NC FC� aA� �� Fmax�� �


NC

FC

Fmax

��
�
�
�

��
�
�
	

109.04

16.05

65.43

�
�
�
�

�
�
�
	

N
 � 13.38


Since FC 16.05 N
   < Fmax 65.43 N
   then our no-slip assumption is correct.

Ans.

889

>rad s2

� 13.38
 >rad s2

Ans:

SOLUTION

*17–96. The assembly consists of an 8-kg disk and a 10-kg  
bar which is pin connected to the disk. If the system is 
released from rest, determine the angular acceleration of 
the disk. The coefficients of static and kinetic friction 
between the disk and the inclined plane are ms = 0.6 and 
mk = 0.4, respectively. Neglect friction at B.

1 m

A

C

B

30

0.3 m

m>s2

°

m>s2>rad s2

Since FC 16.05 N
   < Fmax 65.43 N

  then our no-slip assumption is correct.
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mD 8 kg
 L 1 m


mb 0 kg
 r 0.3 m


�s 0.15
 � 30


�k 0.1
 g 9.81


� asin
r
L
��
�
��
	




Assume no slip

Guesses

NC 1 N
 FC 1 N


� 1
 aA 1


Fmax 1 N


Given

NC L cos �� � mD g L cos � ��� �� mb g
L
2

cos � ��� ��
1�

2
mD r2� mD aA r� mb aA

r
2

�


FC� mD mb�� �g sin �� �� mD mb�� �aA


FC r
1
2

mD r2�
 aA r�
 Fmax �s NC


NC

FC

aA

�

Fmax

�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
	

Find NC FC� aA� �� Fmax�� �


NC

FC

Fmax

��
�
�
�

��
�
�
	

67.97

13.08

10.19

�
�
�
�

�
�
�
	

N
 � 10.90


Since FC 13.08 N
   > Fmax 10.19 N
   then our no-slip assumption is wrong and we know
that slipping does occur.

890

>rad s2

SOLUTION

17–97. Solve Prob. 17–96 if the bar is removed. The 
coefficients of static and kinetic friction between the disk 
and inclined plane are ms = 0.15 and mk = 0.1, respectively.

1 m

A

C

B

30

0.3 m

m>s2

>rad s2 m>s2

°
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Guesses

NC 1 N
 FC 1 N
 � 1
 aA 1
 Fmax 1 N


Given

NC L cos �� � mD g L cos � ��� �� mb g
L
2

cos � ��� ��
1�

2
mD r2� mD aA r� mb aA

r
2

�


FC� mD mb�� �g sin �� �� mD mb�� �aA


FC r
1
2

mD r2�
 Fmax �s NC
 FC �k NC


NC

FC

aA

�

Fmax

�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
	

Find NC FC� aA� �� Fmax�� �


NC

FC

Fmax

��
�
�
�

��
�
�
	

67.97

6.80

10.19

�
�
�
�

�
�
�
	

N
 � 5.66
 Ans.

891

>rad s2

� 5.66
 >rad s2

Ans:

17–97. Continued

m>s2>rad s2

Since FC 13.08 N
   > Fmax 10.19 N

  then our no-slip assumption is wrong and we know
that slipping does occur.



© Pearson Education Limited 2017. All rights reserved. This material is protected under all copyright laws as they currently exist.  
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

A force of F = 10 N is applied to the 10-kg ring as shown. If 
slipping does not occur, determine the ring’s initial angular 
acceleration, and the acceleration of its mass center, G. Neglect 
the thickness of the ring.

Solution

Equations of Motion. The mass moment of inertia of the ring about its center of 
gravity G is IG = mr 2 = 10(0.42) = 1.60 kg # m2. Referring to the FBD and kinetic 
diagram of the ring, Fig. a,

a+  ΣMC = (mk)C;  (10 sin 45°)(0.4 cos 30°) - (10 cos 45°)[0.4(1 + sin 30°)]

= -(10aG)(0.4) - 1.60a

4aG + 1.60a = 1.7932� (1)

Kinematics. Since the ring rolls without slipping,

aG = ar = a(0.4)� (2)

Solving Eqs. (1) and (2)

a = 0.5604 rad>s2 = 0.560 rad>s2 b� Ans.

aG = 0.2241 m>s2 = 0.224 m>s2 S � Ans.

45�

30�

0.4 m

G

A

C

F

Ans:
a = 0.560 rad>s2 b
aG = 0.224 m>s2 S

17–98.
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17–99.

If the coefficient of static friction at C is μs = 0.3, determine 
the largest force F that can be applied to the 5-kg ring, 
without causing it to slip. Neglect the thickness of  
the ring.

Solution

Equations of Motion: The mass moment of inertia of the ring about its center of 
gravity G is IG = mr 2 = 10(0.42) = 1.60 kg # m2. Here, it is required that the ring is 
on the verge of slipping at C, Ff = ms N = 0.3 N. Referring to the FBD and kinetic 
diagram of the ring, Fig. a

+  cΣFy = m(aG)y;    F sin 45° + N - 10(9.81) = 10(0)� (1)

 S+ ΣFx = m(aG)x ;    F cos 45° - 0.3 N = 10aG� (2)

 a+  ΣMG = IGa;    F sin 15°(0.4) - 0.3 N(0.4) = -1.60a� (3)

Kinematics. Since the ring rolls without slipping,

aG = ar = a(0.4)� (4)

Solving Eqs. (1) to (4), 

F = 42.34 N = 42.3 N� Ans.

N = 68.16 N    a = 2.373 rad>s2 b    aG = 0.9490  m>s2 S

45�

30�

0.4 m

G

A

C

F

Ans:
F = 42.3 N

893
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Wheel C has a mass M1 and a radius
of gyration kC, whereas wheel D has a
mass M2 and a radius of gyration kD.
Determine the angular acceleration of
each wheel at the instant shown.
Neglect the mass of the link and
assume that the assembly does not slip
on the plane.

Given:

M1 60 kg
 r 0.5 m


M2 40 kg
 a 0.1 m


kC 0.4 m
 b 2 m


kD 0.35 m
 � 30


Solution:

Both wheels have the
same angular
acceleration.

Guesses

FAB 1 N


� 1


Given

FAB� 2r a�( ) M1 g sin �� �r� M1 kC
2� M1 r�� �r�


FAB 2r a�( ) M2 g sin �� �r� M2 kD
2� M2 r�� �r�


FAB

�

�
�
�

�
�
	

Find FAB ��� �
 FAB 6.21� N
 � 6.21
 Ans.

*17–100.

894

>rad s2

� 6.21
 >rad s2

Ans:

°

>rad s2

2 m

A

B

30

0.5 m

0.1 m

0.1 m

C

D

0.5 m
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SOLUTION

c

Assume no slipping:

Ans.

Since OK(FA)max = 0.2(981) = 196.2 N 7 2.00 N

aG = 0.520 m>s2 NA = 981 N FA = 2.00 N

a = 1.30 rad>s2

aG = 0.4a

+©MG = IGa; 50(0.25) - FA(0.4) = [100(0.3)2]a

+ c©Fy = m(aG)y ; NA - 100(9.81) = 0

:+ ©Fx = m(aG)x ; 50 + FA = 100aG

The spool has a mass of 100 kg and a radius of gyration of
. If the coefficients of static and kinetic friction

at A are and , respectively, determine the
angular acceleration of the spool if .P = 50 N

mk = 0.15ms = 0.2
kG = 0.3 m

250 mm 400 mm
G

A

P

Ans:
a = 1.30 rad>s2

17–101.
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P

250 mm 400 mm
G

A

Solve Prob. 17–101 if the cord and force are
directed vertically upwards.

P= 50 N

SOLUTION

;

;

c ;

Assume no slipping:

Ans.

Since OK(FA)max = 0.2(931) = 186.2 N 7 20 N

FA = 20 NNA = 931 NaG = 0.2 m>s2

a = 0.500 rad>s2

aG = 0.4 a

50(0.25) - FA(0.4) = [100(0.3)2]a+©MG = IG a

NA + 50 - 100(9.81) = 0+ c©Fy = m(aG)y

FA = 100aG:+ ©Fx = m(aG)x

Ans:
a = 0.500 rad>s2

17–102.
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SOLUTION

c

Assume no slipping:

Ans.

Since OK(FA)max = 0.2(981) = 196.2 N 7 24.0 N

aG = 6.24 m>s2 NA = 981 N FA = 24.0 N

a = 15.6 rad>s2

aG = 0.4a

+©MG = IG a; 600(0.25) - FA(0.4) = [100(0.3)2]a

+ c©Fy = m(aG)y; NA - 100(9.81) = 0

:+ ©Fx = m(aG)x ; 600 + FA = 100aG

The spool has a mass of 100 kg and a radius of gyration
. If the coefficients of static and kinetic friction

at A are and , respectively, determine the
angular acceleration of the spool if .P = 600 N

mk = 0.15ms = 0.2
kG = 0.3 m

250 mm 400 mm
G

A

P

Ans:
a = 15.6 rad>s2

17–103.
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The uniform bar of mass m and length L is balanced in the 
vertical position when the horizontal force P is applied to 
the roller at A. Determine the bar’s initial angular 
acceleration and the acceleration of its top point B.

Solution

d+  ΣFx = m(aG)x;     P = maG

c+ ΣMG = IGa;	 P aL
2
b = a 1

12
 mL2ba

P =
1
6

 mLa

a =
6P
mL

� Ans.

aG =
P
m

aB = aG + aB>G

-aB i =
-P
m

 i +
L
2

 a i

(d+ )	  aB =
P
m

-
La

2

		   =
P
m

-
L
2

 a 6P
mL

b

aB = -
2P
m

=
2P
m

� Ans.

A

B

L

P

Ans:

a =
6P
mL

aB =
2P
m

*17–104.
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17–105.

Solve Prob. 17–104 if the roller is removed and the 
coefficient of kinetic friction at the ground is μk.

Solution

d+ ΣFx = m(aG)x; 	 P - mkNA = maG

c+ ΣMG = IGa;	 (P - mkNA)L
2

= a 1
12

mL2ba
+ c ΣFy = m(aG)y;	 NA - mg = 0

Solving,

	 NA = mg

	 aG =
L
6

 a

	 a =
6(P - mkmg)

mL
� Ans.

aB = aG + aB>G

(S+ ) aB = -  
L
6

 a +
L
2

 a

aB =
La

3

aB =
2(P - mkmg)

m
� Ans.

A

B

L

P

Ans:

a =
6(P - mk mg)

mL

aB =
2(P - mk mg)

m
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Mg 103 kg


kN 103 N


M 2.70 Mg
 a 1.3 m


� 20 deg
 b 1.6 m


kG 1.45 m
 c 1.2 m


vB 8
 d 0.4 m


Guesses

vA 1
 � 1


aB 1
 � 1


aGx 1
 aGy 1


NA 1 N
 NB 1 N


aA 1


Given

NA NB cos �� �� M g� M aGy
 NB� sin �� � M aGx


900

SOLUTION

1.2 m1.6 m

1.3 m

0.4 m

G

A C

20

B

>rad s

>rad s2

m>s2

m>s

m>s2

m>s2

m>s2

m>s

17–106. A “lifted” truck can become a road hazard since 
the bumper is high enough to ride up a standard car in the 
event the car is rear-ended. As a model of this case consider 
the truck to have a mass of 2.70 Mg, a mass center G, and a 
radius of gyration about G of kG = 1.45 m. Determine the 
horizontal and vertical components of acceleration of the 
mass center G, and the angular acceleration of the truck, at 
the moment its front wheels at C have just left the ground 
and its smooth front bumper begins to ride up the back of 
the stopped car so that point B has a velocity of vB = 8 m>s 
at 20º from the horizontal. Assume the wheels are free to 
roll, and neglect the size of the wheels and the deformation 
of the material.
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NB cos �� �c NB sin �� � a d�( )� NA b� M kG
2�


vA

0

0

��
�
��

��
�
�	

0

0

�

�
�
�
�

�
�
�
	

b c�

d

0

�
�
�
�

�
�
�
	

 �

vB cos �� �
vB sin �� �

0

��
�
�
�

��
�
�
	




aA

0

0

��
�
��

��
�
�	

0

0

�

�
�
�
�

�
�
�
	

b c�

d

0

�
�
�
�

�
�
�
	

 � �2
b c�

d

0

�
�
�
�

�
�
�
	

�

aB cos �� �
aB sin �� �

0

��
�
�
�

��
�
�
	




aGx

aGy

0

��
�
��

��
�
�	

0

0

�

�
�
�
�

�
�
�
	

c

a� d�

0

�
�
�
�

�
�
�
	

 � �2
c

a� d�

0

�
�
�
�

�
�
�
	

�

aB cos �� �
aB sin �� �

0

��
�
�
�

��
�
�
	




vA

�

aA

aB

aGx

aGy

�

NA

NB

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
	

Find vA �� aA� aB� aGx� aGy� �� NA� NB�� �

aGx

aGy

�
�
�

�
�
	

1.82�

1.69�
�
�
�

�
�
	




� 0.283�


N.A

N.B

�
�
�

�
�
	

8.38

14.39
�
�
�

�
�
	

kN


� 0.977


aA

aB

�
�
�

�
�
	

0.663�

3.431�
�
�
�

�
�
	




Ans.

Ans.

901

aGx = -1.82 m>s2  

aGy = -1.69  m>s2

a = -0.283 rad>s2

Ans:

17–106. Continued

m>s2

>rad s2

>rad s

m>s2
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17–107.

SOLUTION

Equations of Motion: The mass moment of inertia of the culvert about its mass
center is . Writing the moment equation of
motion about point A using Fig. a,

a (1)

Kinematics: Since the culvert does not slip at A, . Applying the
relative acceleration equation and referring to Fig. b,

Equating the i components,

(2)

Solving Eqs. (1) and (2) yields

Ans.a = 3 rad>s2

aG = 1.5 m>s2 :

aG = 3 - 0.5a

aGi = (3 - 0.5a)i + C(aA)n - 0.5v2 D j

aGi = 3i + (aA)n j + (ak * 0.5j) - v2(0.5j)

aG = aA + a * rG>A - v2rG>A

(aA)t = 3 m>s2

+©MA = ©(Mk)A ; 0 = 125a - 500aG(0.5)

IG = mr2 = 500 A0.52 B = 125 kg # m2

The 500-kg concrete culvert has a mean radius of 0.5 m. If
the truck has an acceleration of , determine the
culvert’s angular acceleration.Assume that the culvert does
not slip on the truck bed, and neglect its thickness.

3m>s2
4 m

0.5m

3 m/s2

Ans:
a = 3 rad>s2
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The 12-kg uniform bar is supported by a roller at A. If a 
horizontal force of F = 80 N is applied to the roller, 
determine the acceleration of the center of the roller at the 
instant the force is applied. Neglect the weight and the size 
of the roller.

Solution
Equations of Motion. The mass moment of inertia of the bar about its center of gravity G 

is IG =
1
12

 ml2 =
1
12

 (12)(22) = 4.00 kg # m2. Referring to the FBD and kinetic diagram 

of the bar, Fig. a

S+ ΣFx = m(aG)x;    80 = 12(aG)x    (aG)x = 6.6667 m>s2 S

a+  ΣMA = (mk)A;    0 = 12(6.6667)(1) - 4.00 a    a = 20.0 rad>s2 b

Kinematic. Since the bar is initially at rest, v = 0. Applying the relative acceleration 
equation by referring  to Fig. b,

aG = aA + A * rG>A - v2 rG>A

6.6667i + (aG)y j = aAi + (-20.0k) * (- j) - 0

6.6667i + (aG)y j = (aA - 20)i

Equating i and j components,

6.6667 = aA - 20;    aA = 26.67 m>s2 = 26.7 m>s2 S � Ans.

        (aG)y = 0

F � 80 NA

2 m

Ans:
aA = 26.7 m>s2 S

*17–108.
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17–109.

SOLUTION

Equations of Motion:The mass moment of inertia of the semicircular disk about its center

of mass is given by . From the

geometry, Also, using

law of sines, , .Applying Eq. 17–16, we have

a

(1)

(2)

(3)

Kinematics:Assume that the semicircular disk does not slip at A, then .
Here, .
Applying Eq. 16–18, we have

Equating i and j components, we have

(4)

(5)

Solving Eqs. (1), (2), (3), (4), and (5) yields:

Since , then the semicircular 
disk does not slip. Ans.

Ff 6 (Ff)max = msN = 0.5(91.32) = 45.66 N

Ff = 20.12 N N = 91.32 N

a = 13.85 rad>s2 (aG)x = 2.012 m>s2 (aG)y = 0.6779 m>s2

(aG)y = 0.1470a - 1.3581

(aG)x = 0.3151a - 2.3523

-(aG)x i - (aG)y j = (2.3523 - 0.3151 a) i + (1.3581 - 0.1470a)j

-(aG)x i - (aG)yj = 6.40j + ak * (-0.1470i + 0.3151j) - 42(-0.1470i + 0.3151j)

aG = aA + a * rG>A - v2rG>A

rG>A = {-0.3477 sin 25.01°i + 0.3477 cos 25.01°j} m = {-0.1470i + 0.3151j} m
(aA)x = 0

+ cFy = m(aG)y ; N - 10(9.81) = -10(aG)y

;+ ©Fx = m(aG)x; Ff = 10(aG)x

+ 10(aG)y sin 25.01°(0.3477)

+ 10(aG)x cos 25.01°(0.3477)

+©MA = ©(Mk)A ; 10(9.81)(0.1698 sin 60°) = 0.5118a

u = 25.01°
sin u

0.1698
=

sin 60°
0.3477

rG>A = 20.16982 + 0.42 - 2(0.1698) (0.4) cos 60° = 0.3477 m

IG =
1
2

(10) A0.42 B - 10 (0.16982) = 0.5118 kg # m2

The semicircular disk having a mass of 10 kg is rotating at
at the instant . If the coefficient of

static friction at A is , determine if the disk slips at
this instant.

ms = 0.5
u = 60°v = 4 rad>s

 4 (0.4) m
    3p

O

G

0.4 m

A

u

v

Ans:
Since Ff 6 (Ff )max = msN = 0.5(91.32) = 45.66 N,
then the semicircular disk does not slip.
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17–110.

The uniform disk of mass m is rotating with an angular
velocity of when it is placed on the floor. Determine the
initial angular acceleration of the disk and the acceleration
of its mass center.The coefficient of kinetic friction between
the disk and the floor is .mk

v0

SOLUTION

Equations of Motion. Since the disk slips, the frictional force is .The mass

moment of inertia of the disk about its mass center is . We have

;

; Ans.

; Ans.a =
2mkg

r
-mk(mg)r = a

1
2

m r 

2baa+©MG = IGa

aG = mkg ;mk(mg) = maG;+ ©Fx = m(aG)x

N = mgN - mg = 0+ c©Fy = m(aG)y

IG =
1
2

m r2

Ff = mkN

b

Ans:
aG = mkg d

a =
2mkg

r
b

905
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r
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17–111.

The uniform disk of mass m is rotating with an angular
velocity of when it is placed on the floor. Determine the
time before it starts to roll without slipping. What is the
angular velocity of the disk at this instant? The coefficient
of kinetic friction between the disk and the floor is .mk

v0

SOLUTION

Equations of Motion: Since the disk slips, the frictional force is .The mass

moment of inertia of the disk about its mass center is .

;

;

;

Kinematics: At the instant when the disk rolls without slipping, . Thus,

(1)

and

a (2)

Solving Eqs. (1) and (2) yields

Ans.t =
v0r

3mkg
v =

1
3

 v0

v = v0 + a -
2mkg

r
b t+)(

v = v0 + a
 

t

 t =
vr

mkg

 vr = 0 + mkgt

 vG = (vG)0 + aGtA ;+ B

vG = v
 

r

a =
2mkg

r
-mk(mg)r = - a1

2
m r 

2ba+©MG = IGa

aG = mkgmk(mg) = maG;+ ©Fx = m(aG)x

N = mgN - mg = 0+ c©Fy = m(aG)y

IG =
1
2

m r2

Ff = mkN

Ans:

v =
1
3
v0

t =
v0r

3mkg

906

v0

r
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Equation of Motions:

Disk:

c (1)

Block:

(2)

Kinematics:

Also,

Thus,

(3)

Note the direction for and are the same for all equations.

Solving Eqs. (1) through (3):

Ans.

b Ans.

Ans.45.3 N

a 7.55 rad s2 7.55 rad s2

0.755 m s2 0.755 m s2

a

0.1a

0.2a

2

2

( )  ; 10(9.81) 2 10

( )  ; (0.2)
1
2

(20)(0.2)2 20(0.2)2 a

The 20-kg disk A is attached to the 10-kg block B
using the cable and pulley system shown. If the disk rolls
without slipping, determine its angular acceleration and the
acceleration of the block when they are released.Also, what
is the tension in the cable? Neglect the mass of the pulleys.

*17–112.

907

45.3 N
a

0.755 m s2

b7.55 rad s2

Ans:

SOLUTION

B

A
G

0.2 m
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M � 150 N�m

0.75 m

A

B

0.75 m

17–113.

The 30-kg uniform slender rod AB rests in the position
shown when the couple moment of is
applied. Determine the initial angular acceleration of the
rod. Neglect the mass of the rollers.

M = 150 N # m

SOLUTION

Equations of Motion: Here, the mass moment of inertia of the rod about its mass

center is . Writing the moment

equations of motion about the intersection point A of the lines of action of and

and using, Fig. a,

;

(1)

Kinematics: Applying the relative acceleration equation to points A and G, Fig. b,

Equating the i components,

(2)

Substituting Eq. (2) into Eq. (1),

Ans.a = 6.667 rad>s2 = 6.67 rad>s2

(aG)x = -0.75a

(aG)xi + (aG)yj = -0.75ai - aAj

(aG)xi + (aG)yj = -aAj + (-ak) * (-0.75j) - 0

aG = aA + a * rG>A - v2rG>A

5.625a - 22.5(aG)x = 150

-150 = 30(aG)x(0.75) - 5.625a+ ©MA = ©(Mk)A

NB

NA

IG =
1

12
ml2 =

1
12

 (30)(1.52) = 5.625 kg # m2

908

a = 6.67 rad>s2

Ans:
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A

B

1.5 m

P � 50 N

17–114.

The 30-kg slender rod AB rests in the position shown when
the horizontal force is applied. Determine the
initial angular acceleration of the rod. Neglect the mass of
the rollers.

P = 50 N

SOLUTION

Equations of Motion: Here, the mass moment of inertia of the rod about its mass

center is .Writing the moment equations

of motion about the intersection point A of the lines of action of and and
using, Fig. a,

;

(1)

Kinematics: Applying the relative acceleration equation to points A and G, Fig. b,

Equating the i components,

(2)

Substituting Eq. (2) into Eq. (1),

Ans.a = 3.333 rad>s2 = 3.33 rad>s2

(aG)x = -0.75a

(aG)xi + (aG)yj = -0.75ai - aAj

(aG)xi + (aG)yj = -aAj + (-ak) * (-0.75j) - 0

aG = aA + a * rG>A - v2rG>A

5.625a - 22.5(aG)x = 75

-50(0.15) = 30(aG)x(0.75) - 5.625a+ ©MA = ©(Mk)A

NBNA

IG =
1

12
ml2 =

1
12

(30)(1.52) = 5.625 kg # m2

909

a = 3.33 rad>s2

Ans:
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17–115.

SOLUTION

Ans.a =
10g

1322 r

©Ma-a = ©(Mk)a-a; mg sin 45°a
r

2
b = c2

5
mr2 + ma

r

2
b

2

da

d = r sin 30° =
r

2

The solid ball of radius r and mass m rolls without slipping
down the trough. Determine its angular acceleration.60°

30°

45°

30°

Ans:

a =
10g

1322 r

910
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SOLUTION

For A:

c (1)

For B:

a (2)

(3)

(4)

Solving,

Ans.

Ans.

Ans.

= 118 N

Ay = 10(9.81) + 19.62

T = 19.6 N

aB = 43.6 rad>s2

aA = 43.6 rad>s2

aB = 7.85 m>s2

(+ T) aB = 0.09aA + 0.09aB + 0

aB = aP + (aB>P)t + (aB>P)n

+ T

+

+
90 mm

90 mm

B

A

D

C

A cord is wrapped around each of the two 10-kg disks.
If they are released from rest, determine the angular
acceleration of each disk and the tension in the cord C.
Neglect the mass of the cord.

MB = IBaB; T(0.09) = c
1
2

(10)(0.09)2 d aB©

Fy = m(aB)y; 10(9.81) - T = 10aB©

MA = IAaA; T(0.09) = c1
2

(10)(0.09)2 daA©

Ans:
aA = 43.6 rad>s2b
aB = 43.6 rad>s2d
T = 19.6 N

*17–116.
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17–117.

The disk of mass m and radius r rolls without slipping on the
circular path. Determine the normal force which the path
exerts on the disk and the disk’s angular acceleration if at
the instant shown the disk has an angular velocity of V.

SOLUTION

Equation of Motion: The mass moment of inertia of the disk about its center of

mass is given by . Applying Eq. 17–16, we have

a [1]

[2]

Kinematics: Since the semicircular disk does not slip at A, then and
. Substitute into Eq. [1] yields

Ans.

Also, the center of the mass for the disk moves around a circular path having a

radius of . Thus, . Substitute into Eq. [2] yields

Ans.N = m
v2r2

R - r
+ g cos u

N - mg cos u = ma v
2r2

R - r
b

(aG)n =
y2

G

r
=
v2r2

R - r
r = R - r

a =
2g

3r
sin u

mg sin u(r) = a
1
2

mr2ba + m(ar)(r)

(aG)t = ar(aG)t = ar
yG = vr

©Fn = m(aG)n ; N - mg cos u = m(aG)n

+©MA = ©(Mk)A ; mg sin u(r) = a
1
2

mr2ba + m(aG)t (r)

IG =
1
2

mr2

R

r

Ans:

a =
2g

3r
 sin u

N = ma v2r 2

R - r
+ g cos ub
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17–118.

SOLUTION

Equations of Motion: The mass moment of inertia of the culvert about its mass
center is 
motion about point A using Fig. a,

a (1)

Kinematics: Since the culvert does not slip at A, . Applying the
relative acceleration equation and referring to Fig. b,

Equating the i components,

(2)

Solving Eqs. (1) and (2) yields

Ans.a = 3 rad>s2

aG = 1.5 m>s2 :

aG = 3 - 0.5a

aGi = (3 - 0.5a)i + C(aA)n - 0.5v2 D j

aGi - 3i + (aA)n j + (ak * 0.5j) - v2(0.5j)

aG = aA + a * rG>A - v2rG>A

(aA)t = 3 m>s2

+ ©MA = ©(Mk)A ; 0 = 125a - 500aG(0.5)

IG = mr2 = 500 A0.52 B = 125 kg m . Writing the moment equation of# 2

The 500-kg concrete culvert has a mean radius of 0.5 m. If
the truck has an acceleration of , determine the
culvert’s angular acceleration.Assume that the culvert does
not slip on the truck bed, and neglect its thickness.

3m>s2

4 m

0.5m

3 m/s2

913

 
 Ans:

a = 3 rad>s2
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17–119.

The uniform beam has a weight W. If it is originally at rest
while being supported at A and B by cables, determine the
tension in cable A if cable B suddenly fails. Assume the
beam is a slender rod.

SOLUTION

c

Since .

Ans.

Also,

c

Since 

Ans.TA =
4
7

W

TA =
1
3
aW

g
bLa

12
7
b a

g

L
b

a =
12
7
a

g

L
b

1
3
aW

g
bLa - W = -

W
g
aL

4
ba

TA =
1
3
aW

g
bLa

aG =
L

4
a

+©MG = IG a; TAa
L

4
b = c 1

12
aW

g
bL2 da

+ c©Fy = m(aG)y ; TA - W = -
W
g

aG

TA =
4
7

W

TA = W -
W
g

(a)aL

4
b = W -

W
g
a12

7
b a

g

L
b a

L

4
b

a =
12
7
a

g

L
b

aG = aaL

4
b

1 =
1
g
aL

4
+

L

3
ba

+©MA = IAa; WaL

4
b = c 1

12
aW

g
bL2 da +

W
g
aL

4
baaL

4
b

+ c©Fy = m(aG)y; TA - W = -  
W
g

aG

BA

L––
4

L––
2

L––
4

Ans:

TA =
4
7

W
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*17–120.

By pressing down with the finger at B, a thin ring having a
mass m is given an initial velocity and a backspin when
the finger is released. If the coefficient of kinetic friction
between the table and the ring is determine the distance
the ring travels forward before backspinning stops.

mk,

V0v0

SOLUTION

a

(c

Ans.s =
v0 r

mk g
v0 -

1
2
v0 r

s = 0 + v0a
v0 r

mk g
b - a

1
2
b(mk g)a

v0
2 r2

mk
2 g2 b

A ;+ B s = s0 + v0t + 1

2
ac t2

t =
v0 r

mk g

0 = v0 - a
mk g

r
b t

+) v = v0 + ac t

a =
mk g

r

+©MG = IGa; mk (mg)r = mr2a

aG = mk g

:+ ©Fx = m(aG)x; mk (mg) = m(aG)

NA = mg

+ c©Fy = 0; NA - mg = 0

B

A

0

0

v

ω

r

Ans:

s = a v0 r

mk g
b av0 -

1
2

 v0 rb
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