
Introduction to Mechanics for Engineers � Ruina & Pratap Ch 14 Section 14.1

For all problems, unless stated other-

wise, treat all strings as inextensible, �ex-

ible and massless. Treat all pulleys and

wheels as round, frictionless and mass-

less. Assume all massive objects are pre-

vented from rotating (e.g., wheels stay

on the ground, etc.). When numbers

are called for use g = 10m_s2 or g =

32 f t_s2.

14.1.1 A motor at B allows the block of
massm = 3kg shown in the �gure to ac-
celerate downwards at 2m_s2. There is
gravity. What is the tension in the string
AB?

A

B

m

Problem 14.1

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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14.1.2 Twomasses connected by an inex-
tensible string hang from an ideal pulley.

a) Find the downward acceleration
of mass B. Answer in terms of
any or all of mA, mB, g, and the
present velocities of the blocks. As
a check, your answer should give
aB = g when mA = 0 and aB = 0
whenmA = mB. .

b) Find the tension in the string. As
a check, your answer should give
T = mBg = mAg when mA = mB

and T = 0 whenmA = 0.

mA

mB

g

Problem 14.2

Answer:

(a) aB = 0mB
*m

A

m
A
+m

B

1 g
(b) T = 2

m
A
m
B

m
A
+m

B

g.

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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14.1.3 The blocks shown are released
from rest.

a) What is the acceleration of block
A at t = 0+ (just after release)?

b) What is the speed of block B after
it has fallen 2 meters?

mA = mB = m

A

B

Problem 14.3

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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14.1.4 What is the acceleration of block
A? Use g = 10m_s2.

2 kg

32 kg

A

B

ı̂

ĵ

Problem 14.4

Answer:
ÇaA = *2m_s2 �|

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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14.1.5 For the system shown in prob-
lem 14.1.2, �nd the acceleration of mass
B using energy balance .P = �EK/.

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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14.1.6 For the various situations pic-
tured, �nd the acceleration of mass A
and point B. Clearly de�ne any variables,
coordinates or sign conventions that you
use.

A
B

A
B

m
A B

A

B

(a)
⇀

F

m

(b)

m

(c)

m

(d)

⇀

F

⇀

F

⇀

F

Problem 14.6: Four di�erent ways to pull
a mass.

Answer:

(a) ÇaA = ÇaB =
F

m
�{, where �{ is parallel to

the ground and pointing to the right.,

(b) ÇaA =
2F

m
�{, ÇaB =

4F

m
�{, (c) ÇaA =

F

2m
�{,

ÇaB =
F

4m
�{, (d) ÇaA =

F

m
�{, ÇaB = *

F

m
�{.

Disclaimer:We have lost track of the many people who wrote these solutions.
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Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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Disclaimer:We have lost track of the many people who wrote these solutions.
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Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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Disclaimer:We have lost track of the many people who wrote these solutions.
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Scanned with CamScanner
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Scanned with CamScanner
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Scanned with CamScanner
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Disclaimer:We have lost track of the many people who wrote these solutions.
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14.1.8 What is the ratio of the accelera-
tion of point A to that of point B in each
con�guration? m = m and F = F.

m

FA

FBm

Problem 14.8

Answer:
a
A

a
B

= 81.

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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14.1.9 Find the acceleration of points A
and B in terms of F andm.

m m
A

B
F

Problem 14.9

Answer:

aA = 2F_.5m/, aB = F_.5m/ to the

right.

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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14.1.10 For the situation pictured in
problem 14.1.9 �nd the accelerations of
the two masses using energy balance
.P = �EK/. De�ne any variables, coordi-
nates, or sign conventions that you need
to do your calculations and to de�ne your
solution.

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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14.1.11 The point of applicationA of the
force moves twice as fast as the mass. At
some instant in time t, the speed of the
mass is �x to the left. Find the input power
to the system at time t.

F
A

m

Problem 14.11

Answer:

P = 2F �x

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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14.1.12 A train engine of mass m pulls
and accelerates N cars, each of mass m.
The power of the engine is Pt and its
speed is vt . Find the tension Tn between
car n and car n+1. Assume there is no re-
sistance and the ground is level. Assume
the cars are connected with rigid links.

n=1 n=2 n=N-2 n=N-1 n=N

m m m m m

Problem 14.12

Answer:

Tn =
P
t

v
t

n

N
.

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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14.1.13 A cart of mass M, initially at
rest, can move horizontally along a fric-
tionless track. When t = 0, a force F is
applied as shown to the cart. During the
acceleration ofM by the force F, a small
box of mass m slides along the cart from
the front to the rear. The coe�cient of
friction between the cart and the box is
�, and it is assumed that the acceleration
of the cart is su�cient to cause sliding.

a) Draw free-body diagrams of the
cart, the box, and the cart and box
together.

b) Write the equation of linear mo-
mentum balance for the cart, the
box, and the system of cart and
box.

c) Show that the equations ofmotion
for the cart and box can be com-
bined to give the equation of mo-
tion of the mass center of the sys-
tem of two bodies.

d) Find the displacement of the cart
at the time when the box has
moved a distance l along the cart.

Fmm

M

no friction

�

Problem 14.13

Answer:

displacement of cart =
F*�mg

F*�.m+M/g
l

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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Disclaimer:We have lost track of the many people who wrote these solutions.
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Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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14.1.14 For the situations pictured, �nd
the accelerations of mass A and of point
B. Clearly de�ne any variables, coordi-
nates or sign conventions that you use.

a) A single mass and four pulleys.

b) Two masses and two pulleys.

c) A single mass and four pulleys. A B

massless

(b)

(a)
A B

m1

m2

A

B

30o

60o

g

m

(c)

⇀

F

⇀

F

m

Problem 14.14: Various pulley arrange-
ments.

Answer:

(a) ÇaA =
5F

m
�{, ÇaB =

25F

m
�{, where �{ is

parallel to the ground and points to the

right.

(b) ÇaA =
g

.4m
1
+m

2
/
.2m2*

ù
3m2/

��1,
ÇaB =

*
g

2.4m
1
+m

2
/
.2m1*

ù
3m2/

��2, where
��1 is

parallel to the slope that mass m1 trav-

els along, pointing down and to the left,

and ��2 is parallel to the slope that mass

m2 travels along, pointing down and to

the right.

aA =
5F

4m
and aB =

25F

16m
in the direction

of F.

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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Scanned with CamScanner

Disclaimer:We have lost track of the many people who wrote these solutions.
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Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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14.1.16 A person of mass m, modeled
as a rigid object, is sitting on a cart of
mass M > m and pulling the string to-
wards herself. The coe�cient of friction
between her seat and the cart is �. Point
B is attached to the cart and point A is at-
tached to the rope.

a) If you are given that she is pulling
rope in with acceleration a0 rela-
tive to herself (that is, ÇaA_B �

ÇaA*
ÇaB = *a0 �{) and that she is not
slipping relative to the cart, �nd
ÇaA. (Answer in terms of some or
all ofm;M; g; �; �{ and a0.)

b) Find the largest possible value of
a0 without the person slipping o�
the cart? (Answer in terms of
some or all of m;M; g and �. You
may assume her legs get out of the
way if she slips backwards.)

c) If instead, M < m, what is the
largest possible value of a0 with-
out the person slipping o� the
cart? (Answer in terms of some or
all of m;M; g and �. You may as-
sume her legs get out of the way if
she slips backwards.)

M

m A

B

ideal pulley

ı̂

ĵ

g

Problem 14.16: Pulley.

Answer:
ÇaA = *

a
0

2
�{

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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14.1.18 What is the natural frequency
of vibration of this system? Include grav-
ity. x measures the vertical position of
the lowermass from equilibrium. ymea-
sures the vertical position of the upper
mass from equilibrium.

m

k

y

x
m

Problem 14.18

Answer:

angular frequency of vibration � � =t
64k

65m
.

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.



Chapter 14. 1. 1D. . . Introduction to Mechanics for Engineers � © 2026 Andy Ruina & Rudra Pratap Problem. . . 33

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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14.1.19 For the situation pictured, �nd
the acceleration of mass A and points B
and C shown. [Hint: the situation with
point C is subtle.]

A
B

C

m

⇀

F

Problem 14.19

Answer:

The assembly at C has, with the ide-

alizations given, no mass and no net

force acting on it. The equation
Ç

F =

mÇa says 0 = 0 and, within the as-

sumptions made, the acceleration is in-

determinate. If you built such a ma-

chine, the acceleration of C would be

determined by the e�ects which are ne-

glected here, such as the mass of the

central assembly and the friction in the

pulley bearings. If you built such an as-

sembly you would see that only small

additional forces are needed to move

point C most any which way.

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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14.1.20 For the situation pictured in
problem 14.1.19, �nd the acceleration of
point A using energy balance .P = �EK/.
De�ne any variables, coordinates, or sign
conventions that you need to do your cal-
culations and to de�ne your solution.

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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14.1.21 Design a pulley system. You
are to design a pulley system to move a
mass. There is no gravity. Point A has

a force
Ç

F = F�{ pulling it to the right.
Mass B has mass mB. You can connect
point A to the mass with any number of
ideal strings and ideal pulleys. You can
make use of rigid walls or supports any-
where you like (say, to the right or left of
the mass). You must design the system

so that mass B accelerates to the left with
F

2m
B

(i.e., ÇaB = *
F

2m
B

�{).

a) Draw the system clearly. Justify
your answer with enough words
or equations so that a reasonable
person, say a grader, can tell that
you understand your solution.

b) Find the acceleration of point A.

F B D 

;� 
T�� 

}OA 2 Y& =) Cl.Z � -k82-
.` 

( '') F :h 2h T � 

IĞg 

)-mB

F 

-�
F �a.a � -_ �

� iW,�8 

r 'Oms 

Disclaimer:We have lost track of the many people who wrote these solutions.
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14.1.22 Design a pulley system. You
are to design a pulley system to move a
mass. There is no gravity. Point A has

a force
Ç

F = F�{ pulling it to the right.
Mass B has mass mB. You can connect
the point A to the mass with any number
of ideal strings and ideal pulleys. You can
make use of rigid walls or supports any-
where you like (say, to the right or left of
the mass). Draw the system clearly. Jus-
tify your answer with enough words or
equations to convince a skeptical person
that your solution is correct. You must
design the system so that the mass B ac-
celerates .

a) to the left with
F

m
B

(i.e., ÇaB =

*
F

m
B

�{)

b) to the left with
2F

m
B

c) to the left with
F

2m
B

d) to the right with
2F

m
B

e) to the right with
F

2m
B

f) to the left with
8F

m
B

g) to the right with
F

5m
B

_,\ A F = F i 

A r I 

T 

- ->
T ---

09 

f.B. D

T, ( • 

�() 

• 

- � 
: _, 
• T = -

mg
ÅK B 

�
1,

T 1
1-

 

Disclaimer:We have lost track of the many people who wrote these solutions.
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Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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14.1.23 Pulley and spring. For the
hanging mass �nd the period of oscilla-
tion. Only vertical motion is of interest.
There is gravity.

m

k

g

Problem 14.23

• I ' 'Y h� 2.:){ '

:: ,- g�T

"f:t "Oj'

FBD 

T I 

ZÜ ìŏ l
l
b-Y;um x =- O =- ') f�q hh 9,I.x � 0 => y .. :z Î�}Ý� 0 2[K. 

�) m:v ·.: Pć_ K [�. + uJ ) -· ZZ g  Z o = mZÊ =g - 2-<] � 

. ' my:h -�K� 

aÒĖ 

tÞ; � -.� KWV

w=j

Disclaimer:We have lost track of the many people who wrote these solutions.
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14.1.24 The spring-mass system shown
(m = 10 slugs (� lb � sec2_ft), k =
10 lb_ft) is excited by moving the free
end of the cable vertically according to
�.t/ = 4 sin.!t/ Ë, as shown in the �g-
ure.

a) Derive the equation of motion for
the block in terms of the displace-
mentx from the static equilibrium
position, as shown in the �gure.

b) If! = 0:9 rad_s, check to see if the
pulley is always in contact with

the cable (ignore the transient so-
lution).

Static equilibrium
position at δ = 0 

and x = 0

x

δ(t)

g

m

Problem 14.24

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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14.1.25 The block of massm hanging on
the spring with constant k and a string
shown in the �gure is forced by F =
A sin.!t/. Do not neglect gravity. The
pulley has negligible mass.

a) What is the di�erential equa-
tion governing the motion of the
block? You may assume that the
only motion is vertical motion.

b) GivenA,m and k, for what values
of ! would the string go slack at
some point in the cyclical motion?
(The common assumption in such
problems, which you can use, is to
neglect the homogeneous solution
to the di�erential equation. It is
assumed that the damping, small
enough to be neglected in the gov-
erning equations is large enough
so that the particular solution will

have damped out at the time of ob-
servation.)

m

F = A sin(ωt)

k

Problem 14.25

Answer:

(a) m �x + 4kx = A sin!t + mg, where

x is the distance measured from the

mass position when the spring is un-

stretched.

(b) The string will go slack if ! >u
4k

m
01 * A

mg
1.

Disclaimer:We have lost track of the many people who wrote these solutions.
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14.1.26 BlockA,withmassmA, is pulled
to the right a distance d from the posi-
tion it would have if the spring were re-
laxed. It is then released from rest. As-
sume ideal string, pulleys and wheels.
The spring has constant k.

a) What is the acceleration of block
A just after it is released (in terms
of k,mA, and d)?

b) What is the speed of the mass
when themass passes through the
position where the spring is re-

laxed? .

D E G

B C

A

x ı̂

Problem 14.26

Answer:

(a) ÇaA = *
9kd

m
A

�{.

(b) v = 3d

u
k

m
A

Disclaimer:We have lost track of the many people who wrote these solutions.
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Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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14.1.27 What is the static displacement
of the mass from the position where the
spring is just relaxed?

m

A

d

k, L0 g

Problem 14.27
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Ip . 
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)� = 0 
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Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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14.1.28 For the two situations pic-
tured, �nd the acceleration of point A
shown using balance of linear momen-

tum .
³ Ç

F = mÇa/. Assuming both
masses are de�ected an equal distance
from the position where the spring is just
relaxed, how much smaller or bigger is
the acceleration of block (b) than that of
block (a). De�ne any variables, coordi-
nate system origins, coordinates or sign
conventions that you need to do your cal-
culations and to de�ne your solution.

A

L

K,L0

(a)

m

A

d

K,L0

(b)

m

Problem 14.28

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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14.1.29 For each of the situations pic-
tured in problem 14.1.28, �nd the accel-
eration of the mass using energy balance
.P = �EK/. De�ne any variables, coordi-
nates, or sign conventions that you need
to do your calculations and to de�ne your
solution.

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.


