
Equilibrium
IB PHYSICS - FORCES



Remember the Fundamentals?

Length

Mass

Time

Electric Current

Temperature

Amount of Substance

Luminous Intensity

Fundamental S.I. Units:

Meter

Kilogram

Second

Ampere (amp)

Kelvin

Mole

Candela

m

kg

s

A

K

mol

cd



Primary and Secondary Colors

Primary Colors Secondary Colors



Fundamental vs Derived

Length m

Mass kg

Time s

Fundamental 
S.I. Units

Derived Units

Velocity:

Acceleration:

Force:

Τ𝑚
𝑠

ൗ𝑚
𝑠2

𝑁

= ൗΤ𝑚
𝑠

𝑠

= 𝑘𝑔 × ൗ𝑚
𝑠2



What is a Newton??

Unit of Force

N

*An apple weighs about 1 N

1 N

= kg × m s-2



REMINDER: Vector vs Scalar

Vector Quantities Scalar Quantities

Displacement Distance

Velocity Speed

Force Energy

Can be negative to 

indicate direction
Only Positive



Many Types of Forces

Gravitational Force

Normal Force

Surface Frictional Force

Tension

Elastic Restoring Force

Viscous Drag Force

Buoyant Force

Electric Force

Magnetic Force

Fg

FN

Ff

FT

FH

Fd

Fb

Fe

Fm



Free Body Diagrams

10 N 14 N

11 N

11 N
20 N

10 N

Vectors can be drawn originating from a point representing 

the center of mass to represent all of the forces acting on an 

object. This is known as a “Free Body Diagram” or “FBD”



Net (Resultant) Force

The vector sum of all the 
forces acting on an object

Fnet = 

(Total)

7 N12 N5 N

Fnet = 17 N12 N
5 N



Combining in Two Dimensions

12 N

5 N

Fnet = 13 N

13 N

12 N

5 N



Equilibrium

When all forces cancel out, 
the object is in equilibrium

Fnet = 0 N

200 N 200 N

200 N
100 N 100 N



Using Equilibrium

What is the tension force on the 

second cable if the window 

washers are in equilibrium?

900 N

800 N
750 N

1350 N
T

Weight of Guy #1 = 750 N

Weight of Guy #2 = 800 N

Weight of Platform = 900 N

𝐹𝑛𝑒𝑡 = 0 N

1350 + 𝑇 − 750 − 900 − 800 = 0 N

𝑇 = 1100 N



Newton’s First Law

A body will remain at rest or moving with 
constant velocity unless acted upon by an 
unbalanced force

“Law of

Inertia”



Forces in Two Dimensions

20 N

30°

x

y

x = 20 cos(30) =

y = 20 sin(30) =

Remember SOHCAHTOA? 17.3 N

10 N



10 N

??

2D Equilibrium

20 N

10 N

30°

x

y

x = 20 cos(30) =

y = 20 sin(30) =

17.3 N

10 N

F?? = 17.3 N

(If the object is in equilibrium)
17.3 N

10 N

y

x

??

Fnet = 0 N



What is the Missing Force?

45°45°

Fnet = 0 N

x

y

35.4 N
x

35.4 N

35.4 N

y
35.4 N

F

35.4 N35.4 N

35.4 N35.4 N

F = 70.8 N

x = 50 cos(45) y = 50 sin(45)= 35.4 N = 35.4 N



Cable Tension

300 N

27°

What is the tension of these 
cables?

Fsin(27) = 150 N

F
150 N

27°

27°

Each cable must support 

half the vertical force if the 

weight is evenly distributed

F = 330.4 N

300 N

330.4 N 330.4 N

300 N



Could the rope be horizontal?

Click for Simulation

From https://javalab.org/en/addition_of_force_2_en/

No!!! 
There must always be a 

vertical component to 

support the book’s 

weight.

The closer to the horizontal, 

the greater the tension required

https://javalab.org/en/addition_of_force_2_en/


Cable Tension

150 N

90 N

y

x

y

x

=150 N

= 90 N

150

90 FT
2 = 902 + 1502

FT = 175 N

150 N

90 N



Lesson Takeaways

❑ I can define a force (with proper units) in terms of the 

interaction between two objects

❑ I can calculate the resultant vector for 2 vectors in one 

dimension or at right angles

❑ I can calculate the net force on an object

❑ I can calculate an unknown force for an object in 

equilibrium

❑ I can describe Newton’s first law
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