
Introduction to Mechanics for Engineers � Ruina & Pratap Ch 5 Section 5.1

5.1 Static equilibrium
of a particle

Preparatory Problems

5.1.1What is a particle?

5.1.2 What are the equations of equilib-
rium for a particle (also called �equilib-
rium conditions�, �force balance", or �lin-
ear momentum balance for statics"?

5.1.3 The particle shown in the �gure is
in static equilibrium. Find the unknown

force
Ç

F.
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Problem 5.1.3

5.1.4 Four forces act on a block as shown
in the �gure and hold it in static equi-
librium. Assume that the magnitude of

force
Ç

F is known and it is F.

a) Write the scalar equations of equi-
librium in the x and y directions.

b) Solve for
Ç

N and
Ç

F
r
in terms of F,

mg, and �.

c) What is
Ç

F
r
when � = 90ý?
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Problem 5.1.4

5.1.5 A particle of mass m = 2kg hangs
from strings AB and AC as shown. AB is
horizontal and � = 45

ý

. Find the tension
in the two strings.
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Problem 5.1.5

5.1.6 What force should be applied to the
end of the string over the pulley at C so
that the mass at A is at rest in the con�g-
uration shown?
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Problem 5.1.6

5.1.7 N small blocks each of mass m
hang vertically as shown, connected by
N inextensible strings. Find the tension
T
n
in string n. <
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Problem 5.1.7

5.1.8 For each situation below, as-
sume static equilibrium under the ap-
plied force and �nd the tensions in the
two rods.
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Problem 5.1.8

5.1.9 A particle of mass m = 5kg at
the end of a horizontal massless rod CB
of length 1:2m is held in place with the
help of a string AB that makes an angle
� = 45

ý

with the vertical in the equilib-
rium position. Find the tension in the
bar CB (it is ok to have negative tension).
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Problem 5.1.9

5.1.10 For each structure shown below,
�nd the tension in each rod. (Note the
tension can be less than zero.)
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Problem 5.1.10

5.1.11 In the following structures, a
pin connects two thin bars that are very
nearly either horizontal or vertical. Find
the tensions in each rod under the ap-
plied loads. (Note the tension is less than
zero for some of the rods.)
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Problem 5.1.11

5.1.12 For each situation shown below,
equilibrium is not possible. Write the
vector equation for force balance and
show that it has no solutions (i.e., leads
to an equation like 7 = 0).
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Problem 5.1.12

5.1.13 Assume no sliding friction (� =
0). Assume equilibrium. Find all reac-
tions, tensions, and forces. <
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Problem 5.1.13

5.1.14 In each of the two cases given be-
low, �nd the tension in the string AB as-
suming the block to be at rest and the
ramp to be frictionless.
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Problem 5.1.14

5.1.15 Find the unknown forces and ten-
sions in each structure shown below.
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Problem 5.1.15

5.1.16 A block of massm = 5kg rests on
a frictionless inclined plane as shown in
the �gure. Let � = � = 30

ý

. Find the
tension in the string.

m
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Problem 5.1.16

More-Involved
Problems

5.1.17 For small � what is the relation
betweenF and � (and g andl) for a static
pendulum?

F

g

m

δ 

�

Problem 5.1.17

5.1.18 In the situations shown in the �g-
ures, �nd the value of � that minimizes
F. What is the corresponding value of F
in each case?
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Problem 5.1.18

5.1.19 An object of weight W = 10N is
held in equilibrium in the vertical plane
by two strings AC and BC. Let � = 30

ý

and 0 f � f 90
ý

. Find and plot the ten-
sion in the two strings against� and com-
ment on the variation in the tensions.
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Problem 5.1.19

5.1.20 Find the tensions in the three
strings shown in the �gure.
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Problem 5.1.20

5.1.21 Find the tensions in the three
strings shown in the �gure. String CD
is horizontal and the force at D is 100N
straight down. [Hint: this problem has a
trick to it.] <
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Problem 5.1.21

5.1.22 Show that the particle acted upon

by the given force
Ç

F = .3�{ + 4 �| + 5 �k/N,
and held by the two bars as shown in the
�gure cannot be in equilibrium.
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Problem 5.1.22

5.1.23 In the �gure shown, the force
Ç

F, in the x-z plane, acts on the particle
(weighing 100N). FindF as a function of
� for equilibriumof the particle. Find the
value of � for which the required force is
smallest.

Introduction to Mechanics for Engineers � © 2026 Andy Ruina & Rudra Pratap



4 Chapter 5.

F

2m 2m

1m

1m 1m

3m

θ

g

x

y
z

100N

Problem 5.1.23

5.1.24 For the three cases (a), (b), and
(c), below, �nd the tension in the string
AB. In all cases the strings hold up the
mass m = 3kg. You may assume the lo-
cal gravitational constant is g = 10m_s2.
In all cases the winches are pulling in the
string so that the velocity of the mass is a

constant 4m_s upwards (in the �k direc-
tion). [ Note that in problems (b) and (c),
in order to pull the mass up at constant
rate the winches must pull in the strings
at an unsteady speed.] <
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Problem 5.1.24

5.1.25 A block of weight W , held by two
strings AC and DC, rests on a slippery
plane AEH. String CD is parallel to EH.
Find the tensions in the two strings and
the reaction of the plane. You may ap-
proximate AC to lie in the plane AEH.

3m 2m

3m

4m

1m
A

E

H

C

slippery 
plane

D

W

x

y

z

1m

Problem 5.1.25
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