
Chapter 11

11.1

(a) m =
6.8 N

1.62 m/s2
= 4.198 kg �

(b) W = mg = 4.198(9.81) = 41.2 kg �

11.2

W =
1

3
πR2hρg =

π

3
(0.0752)(0.125)(2700)(9.81) = 19.503 N �

11.3

KE =
1

2
mv2 +

1

2
mk2ω2

Since the dimensions of each term must be the same, we have

[KE] = [M ]

[
L2

T 2

]
= [M ][k2]

[
1

T 2

]

Therefore,

[k] = [L]

(a) In the SI system

[KE] = [M ]

[
L2

T 2

]
=

kg · m2

s2
� [k] = m �

11.4

[g][k][x]

[
1

W

]
=

[
L

T 2

] [
F

L

]
[L]

[
1

F

]
=

[
L

T 2

]
= [a] Q.E.D

11.5

(a)

[δ] =

[
PL

EA

]
[L] =

[
1

E

] [
FL

L2

]
[E] =

[
F

L2

]
�

1
c© 2017 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Contact me in order to access the whole complete document. Email: solution9159@gmail.com
WhatsApp: https://wa.me/message/2H3BV2L5TTSUF1 Telegram: https://t.me/solutionmanual



(b) Substituting [F ] = [ML/T 2] into the result of part (a):

[E] =

[
ML

T 2

] [
1

L2

]
=

[
M

T 2L

]
�

11.6 (a) [mv2] =

[
FT 2

L

] [
L2

T 2

]
= [FL] �

(b) [mv] =

[
FT 2

L

] [
L

T

]
= [FT ] �

(c) [ma] =

[
FT 2

L

] [
L

T 2

]
= [F ] �

11.7 Rewrite the equation as y = 1.0 x2

[y] = [1.0][x2] [L] = [1.0][L2] [1.0] =

[
1

L

]

y = x2 can be dimensionally correct only if the units of the implied constant 1.0 are
cm−1. �

11.8 (a) [I] = [mR2] =

[
FT 2

L

]
[L2] = [FLT 2] �

(b) [I] = [mR2] = [ML2] �

11.9 (a) [v3] = [A][x2] + [B][v][t2]

[
L3

T 3

]
= [A][L2] + [B]

[
L
T

]
[T 2]

[A] =

[
L

T 3

]
� [B] =

[
L2

T 4

]
�

(b) [x2] = [A][t2]
[
e[B][t2]

]
[L2] = [A][T 2][1] [B][T 2] = [1]

[A] =

[
L2

T 2

]
� [B] =

[
1

T 2

]
�

11.10

m
d2x

dt2
+ c

dx

dt
+ kx = P0 sin ωt

[m]

[
dx

dt2

]
=

[
FT 2

L

] [
L

T 2

]
= [F ]
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Therefore, the dimension of each term in the expression is [F ].

[c]

[
dx

dt

]
= [c]

[
L

T

]
= [F ] [c] =

[
FT

L

]
�

[k][x] = [k][L] = [F ] [k] =

[
F

L

]
�

[P0][sin ωt] = [P0][1] = [F ] [P0] = [F ] �

[ω][t] = [ω][T ] = [1] [ω] =

[
1

T

]
�

11.11

F = G
mAmB

R2
G =

FR2

mAmb

[G] =
[F ][L2]

[M2]

(a) [G] =
[F ][L2]

[FT 2/L]2
=

[
L4

FT 4

]
�

(b) [G] =
[ML/T 2][L2]

[M2]
=

[
L3

MT 2

]
�

11.12 Using the base dimensions of an absolute [MLT] system:

[F ] = [C][ρ][v2][A]

[
ML

T 2

]
= [C]

[
M

L3

] [
L2

T 2

]
[L2] [C] = [1] Q.E.D �

11.13

F = G
m2

R2
= (6.67 × 10−11)

82

0.42
= 2.668 × 10−8 N

W = mg = 8(9.81) = 78.48 N

F

W
× 100% =

2.668 × 10−8

78.48
× 100% = 3.40 × 10−8% �

11.14

F = G
m2

R2
=

(
6.67 × 10−11

) (0.907)2

(0.406)2
= 3.33 × 10−10 N �

11.15

m =
WR2

GMe

=
(3000) (6378 + 1600)2 × 106

(6.67 × 10−11) (5.9742 × 1024)
= 479 kg �

3
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11.16

gm =
GMm

R2
m

ge =
GMe

R2
e

gm

ge

=
Mm

Me

(
Re

Rm

)2

=
0.073483

5.9742

(
6378

1738

)2

= 0.1656 ≈ 1

6
Q.E.D

11.17

Me = 5.9742 × 1024 kg

Re = 6378 × 103 m

W = G
Mem

(2Re)2
= 3.44 × 10−8 (5.9742 × 1024)(667/9.81)

(2 × 6378 × 103)2
= 166.6 N �

11.18

F = G
Msm

R2
= 6.67 × 10−11 (1.9891 × 1030) (1.0)

(149.6 × 109)2
= 0.00593 N �

11.19

G
Mem

r2
= G

Msm

(R − r)2

Me

r2
=

Ms

(R − r)2

Me

Ms

=
r2

R2 − 2Rr + r2

5.9742 × 1024

1.9891 × 1030
=

r2

(149.6 × 109)2 − 2(149.6 × 109)r + r2

0 = 2.238 × 1022 − 2.992 × 1011r − 3.329 4 × 105r2

r = 259 × 106 m = 259 × 103 km �

4
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Chapter 12

12.1

y = −0.16t4 + 4.9t3 + 0.14t2 m

v = ẏ = −0.64t3 + 14.7t2 + 0.28t m/s

a = v̇ = −1.92t2 + 29.4t + 0.28 m/s2

At maximum velocity (a = 0):

−1.92t2 + 29.4t + 0.28 = 0 t = 15.322 s

vmax = −0.64(15.3223) + 14.7(15.3222) + 0.28(15.322)

= 1153 m/s �
y = −0.16(15.3224) + 4.9(15.3223) + 0.14(15.3222)

= 8840 m �

12.2

(a) x = −1

2
gt2 + v0t ∴ v = ẋ = −gt + v0 � ∴ a = ẍ = −g �

When t = 0, then x = 0 and v = v0. Hence v0 is the initial velocity.

Since gravity is the only source of acceleration in this problem, g must be the
gravitation acceleration.

(b) When x = xmax′ then v = 0. ∴ −gt + v0 = 0 ∴ t =
v0

g

∴ xmax = −1

2
g

(
v0

g

)2

+ v0

(
v0

g

)
=

v2
0

2g
�

At the end of flight x = 0. ∴ −1

2
gt2 + v0t = 0 ∴ t =

2v0

g
�

(c) ∴ xmax =
(26.8)2

2(9.81)
= 36.6 m � ∴ t =

2(26.8)

9.81
= 5.46 s �

12.3

x = 6
(
1 − e−t/2

)
m

v = ẋ = 6

(
1

2
e−t/2

)
= 3e−t/2 m/s

a = v̇ = −3

(
1

2
e−t/2

)
= −1.5e−t/2 m/s2
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(a) xmax = 6 m at t = ∞ �
vmax = 3 m/s and |a|max = 1.5 m/s2 both occurring at t = 0 �

(b) When x = 3m : 3 = 6(1 − e−t/2) e−t/2 = 0.5

t = −2 ln(0.5) = 1.3863 s �
v = 3(0.5) = 1.5 m/s � a = −1.5(0.5) = −0.75 m/s2 �

12.4

x = t3 − 6t2 − 32t m

v = ẋ = 3t2 − 12t − 32 m/s

a = v̇ = 6t − 12 m/s2

At t = 10 s:

x = 103 − 6(102) − 32(10) = 80 m �
v = 3(102) − 12(10) − 32 = 148 m/s �
a = 6(10) − 12 = 48 m/s2 �

Reversal of velocity occurs when v = 0 (t �= 0):

v = 3t2 − 12t − 32 = 0 t = 5.830 s

x = 5.8303 − 6(5.8302) − 32(5.830) = −192.3 m

At t = 10 s the distance travelled is

s = 192.3 + (193.3 + 80) = 466 m �

0−192.3 m
80 m

5.83 s 10 s

12.5 (a) x = t2 − t3

90
m v = ẋ = 2t − t2

30
m/s v = 0 when t = 60 s

xmax = 602 − 603

90
= 1200 m �

(b) a = v̇ = 2 − t

15
m/s2 a = 0 when t = 30 s

vmax = 2(30) − 302

30
= 30 m/s �
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12.6

12.7

x = 3t2 − 12t m v = ẋ = 6t − 12 m/s

(a) The bead leaves the wire when x = 40 m

3t2 − 12t = 40 t = 6.16 s �

(b) Reversal of velocity occurs when v = 0 (t �= 0):

v = 6t − 10 t = 2.0 s

x = 3(2.02) − 12(2.0) = −12.0 m

The distance travelled is

s = 2(12) + 40 = 64.0 m �

0−12 m 40 m
2.0 s 6.16 s

12.8

x = 4t2 − 2 mm

y =
x2

12
=

16t4 − 16t2 + 4

12
=

4t4 − 4t2 + 1

3
mm

When t = 2 s:

vx = ẋ = 8t = 8(2) = 16 mm/s

vy = ẏ =
16t3 − 8t

3
=

16(2)3 − 8(2)

3
= 37.33 mm/s

v =
√

v2
x + v2

y =
√

162 + 37.332 = 40.6 mm/s �

ax = v̇x = 8 mm/s2

ay = v̇y =
48t2 − 8

3
=

48(2)2 − 8

3
= 61.33 mm/s2

a =
√

a2
x + a2

y =
√

82 + 61.332 = 61.9 mm/s2 �
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12.9

12.10

y = 50 − 2t s vy = ẏ = −2 m/s ay = v̇y = 0

x =
6

y
=

6

50 − 2t
m vx = ẋ =

3

(25 − t)2
m/s ax = vx =

6

(25 − t)3

At t = 20 s:

vx =
3

(25 − 20)2
= 0.12 m/s vy = −2 m/s v = 0.12i − 2j m/s �

ax =
6

(25 − 20)3 = 0.048 m/s2 ay = 0 a = 0.048i m/s2 �

12.11

(a) v2 = 2gr0(r0/r − 1) + v2
0

Differentiate with respect to time: 2vv̇ = 2gr0(−r0/r
2)ṙ or 2va = −2g(r0/r)

2v
∴ a = −g(r0/r)

2 �
(b) v0 is the escape velocity if v → 0 when r → ∞.

∴ 0 = lim
r→∞

[2gr0(r0/r − 1) + v2
0] ∴ 0 = 2gr0(0 − 1) + v2

0 ∴ v0 =
√

2gr0 �

(c) For earth: v0 =
√

2(9.81)(6340 × 1000) = 11153 m/s �

12.12

x = 15 − 2t2 m vx = ẋ = −4t m/s ax = v̇x = −4 m/s2

y = 15 − 10t + t2 m vy = ẏ = −10 + 2t m/s ay = v̇y = 2 m/s2

(a) At t = 0: v = −10j m/s � a = −4i + 2j m/s2 �
(b) At t = 5 s: v = −20i m/s � a = −4i + 2j m/s2 �

8
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12.13

x = 58t m vx = ẋ = 58 m/s ax = v̇x = 0

y = 78t − 4.91t2 m vy = ẏ = 78 − 9.82t m/s ay = v̇y = −9.82 m/s2

(a) a = −9.82j m/s2 �
(b) v|t=0 = 58i + 78j m/s �
(c) y = h when vy = 0:

vy = 78 − 9.82t = 0 t = 7.943 s

h = 78(7.943) − 4.91(7.9432) = 310 m �

(d) x = L when y = −140 m:

y = 78t − 4.91t2 = −140 t = 17.514 s

L = 58(17.514) = 1016 m �

12.14

y =
x2

1000

dy

dx
=

x

500

dy/dx
1

v0
2

1 + (dy/dx)

vx = v0
1√

1 + (dy/dx)2
=

v0√
1 + (x/500)2

=
500v0√

5002 + x2

vy = v0
dy/dx√

1 + (dy/dx)2
=

x/500√
1 + (x/500)2

=
xv0√

5002 + x2

When x = 100 m:

vx =
500(6)√

5002 + 1002
= 5.883 m/s

vy =
100(6)√

5002 + 1002
= 1.1767 m/s

v = 5.88i + 1.177j m/s �
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ax = v̇x =
dvx

dx

dx

dt
=

dvx

dx
vx = − 500xv0

(5002 + x2)3/2
vx

ay = v̇y =
dvy

dx

dx

dt
=

dvy

dx
vx =

5002v0

(5002 + x2)3/2
vx

When x = 100 m:

ax = − 500(100)(6)

(5002 + 1002)3/2
(5.883) = −0.013 31 m/s2

ay =
5002(6)

(5002 + 1002)3/2
(5.883) = 0.0666 m/s2

a = −0.013 32i + 0.666j m/s2 �

12.15

12.16

10
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12.17

12.18

11
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12.19

12.20

(a) r = (3t2 + 4t)i + (−4t2 + 3t)j + (−6t + 9)k m

∴ v = ṙ = (6t + 4)i + (−8t + 3)j − 6k m/s �
∴ a = v̇ = 6i − 8j m/s2 �

(b) The vector normal to the plane formed by v and a (the instantaneous plane of
motion) is

v × a =

∣∣∣∣∣∣
i j k

6t + 4 −8t + 3 −6
6 −8 0

∣∣∣∣∣∣ = −48i − 36j − 50k

and the corresponding unit vector is

n = ± 48i + 36j + 50k√
482 + 362 + 502

= ±(0.615i + 0.461j + 0.640k)

Since this vector is independent of t, the orientation of the plane does not vary
with the location of the particle. Thus the particle is in plane motion on an
inclined plane. Q.E.D.

12
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12.21

12.22

12.23

12.24
x = R cos θ vx = ẋ = (−R sin θ) θ̇

y = R sin θ vy = ẏ = (R cos θ)θ̇

vy = v0 yields θ̇ =
v0

R cos θ

∴ vx = (−R sin θ)
v0

R cos θ
= −v0 tan θ

ax = v̇x =
(
−v0 sec2 θ

)
θ̇ =

(
−v0 sec2 θ

) v0

R cos θ
= −v2

0

R
sec3 θ

With R = 6 m, v0 = 2.5 m/s and θ = 60◦ we get

vy = 2.5 m/s vx = −2.5 tan 60◦ = −4.330 m/s

v = −4.33i + 2.5j m/s �

ay = 0 ax = −2.52

6
sec3 60◦ = −8.333 m/s2

a = −8.33i m/s2 �

13
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12.25

θ̇ =
1200 rev

1.0 min
× 2π rad

1.0 rev
× 1.0 min

60 s
= 125.66 rad/s

r = 55 + 10 cos θ + 5 cos 2θ mm

v = ṙ =
dr

dθ
θ̇ = (−10 sin θ − 10 sin 2θ)(125.66) mm/s

a = v̇ =
dv

dθ
θ̇ = (−10 cos θ − 20 cos 2θ)(125.66)2 mm/s2

|a|max =30(125.66)2 = 474 000 mm/s2 = 474 m/s2 (at θ = 0) �

*12.26

12.27
T

mg

ma

=

FBD MAD

v = 4t m/s a = v̇ = 4 m/s2

ΣF = ma + ↑ T − mg = ma

T = m(g + a) = 50(9.81 + 4) = 691 N �

14
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12.28
mg

ma

N
kF =μ  N FBD MAD

=
x

y

v0 = 100 km/h = 100 km/h

(
1000 m/km

3600 s/h

)
= 27.78 m/s

ΣFy = 0 + ↑ N − mg = 0 ∴ N = mg

ΣFx = ma
+→ −μkN = ma ∴ a = −μkN

m
= −μkg

v =

∫
a dt = −μkgt + C1

x =

∫
v dt = −1

2
μkgt2 + C1t + C2

When t = 0 (initial conditions):

x = 0 ∴ C2 = 0 v = v0 ∴ C1 = v0

∴ x = −1

2
μkgt2 + v0t v = −μkgt + v0

When v = 0:

−μkgt + v0 ∴ t =
v0

μkg

x = −1

2
μkg

(
v0

μkg

)2

+ v0

(
v0

μkg

)
=

v2
0

2μkg

=
27.782

2(0.65)(9.81)
= 60.5 m �

12.29
mg

ma

N

kF = μ  N

FBD MAD

=
x

y5o

v0 = 100 km/h = 27.78 m/s

15
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ΣFy = 0 + ↑ N − mg cos 5◦ = 0 ∴ N = mg cos 5◦

ΣFx = ma
+→ −μkN + mg sin 5◦ = ma

∴ a = −μkN

m
+ g sin 5◦ = (sin 5◦ − μk cos 5◦)g

= (sin 5◦ − 0.65 cos 5◦)9.81 = −5.497 m/s2

v =

∫
a dt = −5.497t + C1

x =

∫
v dt = −2.749t2 + C1t + C2

When t = 0 (initial conditions):

x = 0 ∴ C2 = 0 v = v0 ∴ C1 = v0 = 27.78 m/s

x = −2.749t2 + 27.78t m

v = −5.497t + 27.78 m/s

When v = 0:

−5.497t + 27.78 = 0 ∴ t = 5.054 s

x = −2.749(5.054)2 + 27.78(5.054) = 70.2 m �

12.30

a =
F

m
=

−1.2t

0.1
= −12t m/s2

v =

∫
axdt = −6t2 + C1 m/s

x =

∫
vxdt = −2t3 + C1t + C2 m

When t = 0 (initial conditions):

x = 0 ∴ C2 = 0 v = 64 m/s ∴ C1 = 64 m/s

∴ x = −2t3 + 64t m v = −6t2 + 64 m/s

When t = 4 s:

x = −2(4)3 + 64(4) = 128 m

When v = 0:

−6t2 + 64 = 0 t = 3.266 s

x = −2(3.266)3 + 64(3.266) = 139.35 m

16
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Distance traveled:

d = 2(139.35) − 128 = 150.7 m �

0 139.35

128
x (m)

12.31

a =
F

m
=

0.06
√

v

0.012
= 5

√
v m/s2

dt =
dv

a
=

dv

5
√

v
t =

∫
dv

5
√

v
=

2

5

√
v + C1

Given v = 0.25 m/s when t = 0.8 s:

0.8 =
2

5

√
0.25 + C1 C1 = 0.6 s

t =
2

5

√
v + 0.6 s

v = (2.5t − 1.5)2 = 6.25t2 − 7.5t + 2.25 m/s

x =

∫
v dt =

6.25

3
t3 − 7.5

2
t2 + 2.25t + C2

Initial condition: x = 0 when t = 0 ∴ C2 = 0

x|t=1.2s =
6.25

3
(1.2)3 − 7.5

2

(
1.22

)
+ 2.25(1.2) = 0.90 m �

12.32
T

cv2 ma

FBD MAD

=

ma = T − FD = T − cv2 a =
T − cv2

m

x =

∫
v

a
dv = m

∫
v

T − cv2
dv + C = −m

2c
ln

(
T − cv2

)
+ C

Initial condition: v = 0 at x = 0:

0 = −m

2c
ln (T ) + C C =

m

2c
ln (T )

∴ x = −m

2c
ln(T − cv2) +

m

2c
ln(T ) =

m

2c
ln

T

(T − cv2)

17
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Solve for v:

T

(T − cv2)
= exp

(
2c

m
x

)
T − cv2 = T exp

(
−2c

m
x

)

v2 =
T

c

[
1 − exp

(
−2c

m
x

)]
v =

√
T

c

[
1 − exp

(
−2c

m
x

)]
�

Terminal velocity:

v∞ = lim
x→∞

v(x) =

√
T

c
�

12.33

a =
F

m
=

4t − 4

4
= t − 1 m/s2

v =

∫
a dt =

1

2
t2 − t + C1

y =

∫
v dt =

1

6
t3 − 1

2
t2 + C1t + C2

When t = 0 (initial condition):

y = 0 ∴ C2 = 0 v = −8 m/s ∴ C1 = −8 m/s

∴ y =
1

6
t3 − 1

2
t2 − 8t m v =

1

2
t2 − t − 8 m/s

When t = 8 s:

y =
1

6
(8)3 − 1

2
(8)2 − 8(8) = −10.67 m

When v = 0:

1

2
t2 − t − 8 = 0 t = 5.123 s

y =
1

6
(5.123)3 − 1

2
(5.123)2 − 8(5.123) = −31.70 m

Distance traveled:

d = 2(31.70) − 10.67 = 52.7 m �

0
–10.67

y (m)–31.70
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12.34

12.35

12.36

ma

mg

NA
0.4FA NA=

20o

y

x

FBD MAD

=

Assume impending sliding (FA = 0.4NA)

ΣFy = 0 + ↑ NA cos 20◦ − 0.4NA sin 20◦ − mg = 0

NA = 1.2455 mg

ΣFx = max
+→ NA sin 20◦ + 0.4NA cos 20◦ = ma

1.2455 mg(sin 20◦ + 0.4 cos 20◦) = ma a = 0.894g �

12.37 Let y be measured up from the base of the cliff.

mg

ma

=FBD MAD
x

y

ΣFy = ma + ↑ −mg = ma ∴ a = −g

a =
dv

dy
v ∴ v dv = −g dy

1

2
v2 = −gy + C
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Initial condition: v = v0 when y = h. ∴ C =
1

2
v2

0 + gh

∴ 1

2

(
v2 − v2

0) = g(h − y
)

At impact y = 0 ∴ 1

2
(v2 − v2

0) = gh ∴ v =
√

v2
0 + 2gh �

12.38
F ma=

FBD MAD

F = ma a =
F

m
=

F0

m
e−x/b v dv =

F0

m
e−x/bdx

1

2
v2 =

F0

m

∫
e−x/b dx = −F0b

m
e−x/b + C

Initial condition : v = 0 at x = 0 ∴ C =
F0b

m
1

2
v2 =

F0b

m

(
1 − e−x/b

)
v =

√
2F0b

m
(1 − e−x/b)

v|x=0.55 m =

√
2(7010 N)(2)

0.0275/9.81
(1 − e−0.55/0.61) = 1346 m/s �

12.39

N
xy

20o

=

FBD MAD

80 N 26.7 t
g a80

ΣFx = ma 26.7t − 80 sin 20◦ =
80

9.81
a

a =
9.81

80
(26.7t − 80 sin 20◦) = 3.274t − 3.355 m/s2

v =

∫
a dt = 1.637t2 − 3.355t + C1 m/s

x =

∫
v dt = 0.5457t3 − 1.678t2 + C1t + C2 m
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