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Statics Equilibrium
Problem Physics

With Solution

Mastering the
Art of Statics
Equilibrium
Problem
Physics With
Solution

Imagine a massive bridge
holding steady under the
weight of endless traffic, a
towering crane lifting a
steel beam without tipping
o v e r ,  o r  a  s i m p l e
bookshelf resting securely
on your wall. What do all
these scenarios have in
common? They are all

governed by the principles
of static equilibrium. For
students and professionals
alike, encountering a
Statics Equilibrium
Problem Physics With
Solut ion  i s  a  r i te  of
passage that  bui lds  a
f o u n d a t i o n a l
understanding of how
f o r c e s  i n t e r a c t  i n  a
stationary system. Whether
you are studying for an
exam or working on a real-
w o r l d  e n g i n e e r i n g
challenge, mastering these
problems is essential. This
gu ide  w i l l  wa lk  you
through the core concepts,
p r o v i d e  a  c l e a r



methodology, and offer
detailed examples to help
you solve any stat ics
equilibrium problem with
confidence.

Statics is the branch of
mechanics that deals with
bodies at rest. The word
"equilibrium" implies a
s t a t e  o f  ba l ance .  I n
physics, an object is in
static equilibrium when it
is not moving and not
rotating. This means that
all the forces acting upon it
cancel each other out
perfectly,  and al l  the
torques (or moments) are
also balanced.  Every
Statics Equilibrium
Problem Physics With
Solution you encounter
will ultimately rely on
these two fundamental
conditions. By mastering
these conditions, you
unlock the abi l i ty  to
analyze everything from a
simple see-saw to the

structural integrity of a
skyscraper.

Understandin
g the
Fundamental
s of
Equilibrium

Before  d iv ing  in to  a
Statics Equilibrium
Problem Physics With
Solution, let us solidify
what equilibrium truly
means. There are two
d i s t i n c t  t y p e s  o f
equilibrium: translational
and rotational. For an
object to be in a complete
state of static equilibrium,
both must be satisfied.

Translational
Equilibrium

This condition deals with
the object's motion from
one location to another.
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F o r  a  b o d y  t o  b e  i n
translational equilibrium,
the vector  sum of  a l l
external forces acting on it
m u s t  b e  z e r o .
Mathematically, this is
expressed as:

ΣF = 0

This equation is often
broken down into i ts
components along the x, y,
a n d  z  a x e s .  I n  m o s t
introductory physics
problems, we work in two
d i m e n s i o n s ,  s o  t h e
conditions become:

ΣFx = 0 (The sum
of all forces in the
horizontal direction
is zero)
ΣFy = 0 (The sum
of all forces in the
vertical direction is
zero)

If the net force is not zero,
t h e  o b j e c t  w o u l d
accelerate according to

Newton's second law (F =
ma), meaning it would not
be at rest.

Rotational
Equilibrium

Even if all forces balance,
an object could still be
spinning.  Rotat ional
equilibrium requires that
the sum of all torques (or
moments) acting on the
object about any point is
z e r o .  A  t o r q u e  i s  a
rotational force, often
thought of as a "twist."
The condition is:

Στ = 0

A torque is calculated as
the product of a force and
the perpendicular distance
from the pivot point to the
line of action of the force
(τ = F * d). The choice of
pivot point is arbitrary in
s t a t i c  e q u i l i b r i u m
problems because if the
net torque is zero about



one point, it is zero about
all points. However, a
smart choice of pivot point
can simplify a Statics
Equilibrium Problem
Physics With Solution
significantly by eliminating
unknown forces.

The Critical
Tool: The
Free Body
Diagram

Every successful Statics
Equilibrium Problem
Physics With Solution
begins  with a  s ingle ,
powerful tool: the Free
Body Diagram (FBD).
This is a simple sketch of
the object in question,
i s o l a t e d  f r o m  i t s
surroundings, with all
external forces represented
as arrows. A well-drawn
FBD is half the battle won.
Here is how to create one

effectively:

Isolate the Object:1.
Draw the object of
interest by itself,
separated from
everything around
it. This could be a
beam, a box, a
ladder, or a joint.
Identify All2.
External Forces:
Determine every
force acting on the
object. This
includes gravity
(weight), applied
forces, tension
forces from ropes,
normal forces from
surfaces, and
friction forces.
Draw Force3.
Arrows: Represent
each force with an
arrow pointing in
the correct
direction. The
length of the arrow
should be roughly
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proportional to the
magnitude of the
force. Label each
force clearly (e.g.,
W for weight, T for
tension, N for
normal force).
Choose a4.
Coordinate
System: Decide on
a set of axes
(usually x and y)
and indicate them
on your FBD.

Without a clear FBD, it is
easy to miss forces or
misdirect them, leading to
an incorrect solution. It is
the single most important
s t e p  i n  a n y  S t a t i c s
Equilibrium Problem
Physics With Solution.

Step-by-Step
Methodology
for Solving

Problems

To cons i s t en t l y  and
correc t ly  ar r ive  a t  a
Statics Equilibrium
Problem Physics With
Solution ,  follow this
structured approach. This
systematic method reduces
errors and builds a clear
path from the problem
statement to the final
answer.

Step 1: Read and
Understand the
Problem

Identify what is given and
what is being asked. Look
f o r  k n o w n  f o r c e s ,
distances, angles, and
unknown quant i t ies .
Visualize the physical
scenario.

Step 2: Draw the
Free Body Diagram



(FBD)

As discussed above, this is
non-negotiable. Sketch the
object and all forces acting
on it. For extended bodies
(objects with size and
shape), draw the weight
vector acting at the center
of gravity.

Step 3: Set Up the
Equilibrium
Equations

Write the three equations
of equilibrium (for 2D
problems):

ΣFx = 0
ΣFy = 0
Στ = 0 (Choose a
convenient pivot
point)

For the torque equation,
c h o o s e  a  p o i n t  t h a t
e l i m i n a t e s  a s  m a n y
u n k n o w n  f o r c e s  a s
possible. For instance, if a
force acts through the

pivot point, its torque is
zero regardless of its
magnitude.

Step 4: Resolve
Forces into
Components

If forces are at angles,
break them down into their
x and y components using
sine and cosine functions.
This makes it easy to plug
them into the ΣFx and ΣFy

equations.

Step 5: Solve the
System of Equations

You will typically have
two or three equations
with a similar number of
u n k n o w n s .  U s e
substitution or algebraic
manipulation to solve for
the required quantities. Be
careful with signs – forces
to the right and upward are
usually positive, while
clockwise torques are



Statics Equilibrium Problem Physics
With Solution

Downloaded from ges.cursor.cl by Kendal & Horton • The
journey of a thousand miles begins with a single page. • Page 7

often (but not always)
considered negative.
Consistency is key.

Step 6: Check Your
Answer

Does the magnitude make
sense?  Are  the  uni t s
correct? Can you verify
your result by considering
a different pivot point for
the torque equation? A
final check ensures you
have a reliable Statics
Equilibrium Problem
Physics With Solution.

Worked
Example 1: A
Simple
Hanging Sign

L e t  u s  a p p l y  o u r
methodology to a classic
Statics Equilibrium
Problem Physics With
Solution. Imagine a 20 kg

s i g n  i s  h u n g  f r o m  a
horizontal beam that is
attached to a wall by a
hinge. The beam is 2.0 m
long and has a mass of 10
kg. A cable is attached to
the far end of the beam
and to the wall at a point
1.5 m above the hinge.
Find the tension in the
cable and the reaction
forces at the hinge.

Solution

1 .  U n d e r s t a n d  t h e
Problem:  We have a
beam with weight (10 kg),
a sign hanging from the far
end (20 kg), a cable at an
a n g l e ,  a n d  a  h i n g e .
Unknowns are the cable
tension (T) and the hinge
reaction forces (Fhx and
Fhy).

2. Free Body Diagram:
D r a w  t h e  b e a m
horizontally. At the left
end (hinge), draw arrows



for Fhx (horizontal) and Fhy

(vertical). At the center of
the beam (1.0 m from
hinge), draw Wbeam = 10 *
9.8 = 98 N downward. At
the far right end (2.0 m
from hinge), draw Wsign =
2 0  *  9 . 8  =  1 9 6  N
downward. Also at the far
right end, draw the cable
tension T acting upward
and to the left at an angle.
The vertical distance from
the hinge to the cable
attachment on the wall is
1.5 m, so the length of the
beam is 2.0 m. The angle θ
of the cable from the beam
can be found: tan(θ) = 1.5
/ 2.0 = 0.75, so θ = 36.9
degrees.

3 .  E q u i l i b r i u m
Equations:
Σ F x  =  0 :  F h x  -  T  *
cos(36.9°) = 0
Σ F y  =  0 :  F h y  +  T  *
sin(36.9°) - 98 N - 196 N
= 0
Στ = 0 (about hinge):

Taking counterclockwise
as positive. The torque due
to T is T * sin(36.9°) * 2.0
m  ( p e r p e n d i c u l a r
c o m p o n e n t  t i m e s
distance). The torque due
to Wbeam is -98 N * 1.0 m.
The torque due to Wsign is
- 196  N  *  2 .0  m .  The
reaction forces at the hinge
produce  zero  torque
because they act at the
pivot point.
Equation: (T * sin(36.9°) *
2.0) - (98 * 1.0) - (196 *
2.0) = 0

4. Solve:
From τ equation: 2.0 * T *
0.6 - 98 - 392 = 0 (sin
36.9° ≈ 0.6)
1.2 T = 490
T = 408.3 N
F r o m  Σ F x :  F h x  =  T  *
cos(36.9°) = 408.3 * 0.8 =
326.6 N
From ΣFy: Fhy = 294 - T *
sin(36.9°) = 294 - 408.3 *
0.6 = 294 - 245 = 49 N



Statics Equilibrium Problem Physics
With Solution

Downloaded from ges.cursor.cl by Kendal & Horton • The
journey of a thousand miles begins with a single page. • Page 9

5. Check: The tension
seems reasonable for
holding a 30 kg load. The
h i n g e  h a s  a  l a r g e
horizontal force and a
smaller vertical force. This
is a valid and complete
Statics Equilibrium
Problem Physics With
Solution.

Worked
Example 2:
The Classic
Ladder
Problem

A uniform ladder of length
5.0 m and mass 15 kg
leans against a frictionless
wall  at  an angle of 60
degrees with the ground. A
person of mass 70 kg

stands on the ladder at a
point 3.0 m from the base.
The ground has friction.
Find the frictional force at
the base and the normal
force from the wall.

Solution

1.  Understand:  The
l a d d e r  i s  i n  s t a t i c
equilibrium. The wall is
frictionless, so the force
from the wall (Nwal l) is
h o r i z o n t a l  a n d
perpendicular to the wall.
The ground provides a
normal force (N g r o u n d)
upward and a frictional
force (f) to the right to
prevent the ladder from
sliding. The weight of the
ladder (Wladder = 15 * 9.8 =
147 N) acts at its center
(2.5 m from base). The
weight of the person (


