
Friction and Ramps
IB PHYSICS - FORCES



Types of Forces | Friction

Ff
*Always opposes motion



What is Friction?

The force ___________ the 
motion between two objects 

that are in ___________.

opposing

contact



Types of Friction

Static Friction-

Dynamic (Kinetic) Friction-

Not Moving

In Motion Static > Dynamic



Static vs. Dynamic Friction

Friction decreases 

once motion starts



How do we Calculate Friction?

Ff = μ × FN

Coefficient of Friction
*unitless

Normal Force

Large μ → “Sticky”

Small μ → “Slippery”

Materials μs μd

Steel on ice 0.1 0.05

Steel on steel (dry) 0.6 0.4

Steel on steel (greased) 0.1 0.05

Rope on wood 0.5 0.3

Teflon on steel 0.04 0.04

Shoes on ice 0.1 0.05

Climbing boots on rock 1.0 0.8



Static Friction

μs× FN calculates the limit of static friction but below 

that, it will be equal and opposite to external force



Physics Data Booklet

Ff = μFN



How do we Calculate Friction?

F

Fg

FN

Ff

Ff F

Fg

FN

g = 9.8 N/kg

*when flat

External Force

mg

Fg

μFN



Calculate Friction | Try This…

Santa’s Sleigh is loaded up with toys for all the good little 

girls and boys until it has a total mass of 2000 kg. What is 

the static friction force that must be overcome if µs is 0.1?

FN

Fg

Fg = mg 

FN = Fg

Ff = μFN

= (2000)(9.8) = 19,600 N

= 19,600 N

= (0.1)(19,600) = 1,960 N



What is the µ of your shoe?? 

Ff

FN

Fpull

Fg

Fpull = 1.92 N

Fg = 2.77 N

If…

Then…

Ff = Fpull = 1.92 N

FN = Fg = 2.77 N
Ff = µFN

µ = Ff /FN = 1.92/2.77 = 0.69



Forces on a Ramp

FN

Normal Force is always 

perpendicular to the 

surface applying the force

Ff

Force of Friction always 

opposes motion

Fg

Force of Gravity is 

always straight down

What we need 

to calculate 

Fnet



Components of Fg

θ

θFg

F∥

F⊥

We try to choose our axes so that we are only looking at 
forces that are parallel and perpendicular to the motion.

This means that we need to break Fg down into components! ☺

F∥

F⊥Fg

θ

F∥ = Fgsinθ

F⊥ = Fgcosθ

sinθ = F∥ / Fg 

cosθ = F⊥ / Fg 



Normal and Friction Forces on Ramp

θ

F∥

F⊥

Normal Force (FN)

Force perpendicular to the surface

Friction Force (Ff)

FN = F⊥
FN

Ff

Ff = μR

FgFf = F∥

*For Equilibrium



Normal and Friction Forces on Ramp

**Remember, once you’ve 

determined the parallel and 

perpendicular components, 

get rid of that Fg!



m 10 kg

Fg

F⊥

F∥

FN

Ff

μ

Ramp Example

40° μ = ?

Fg = mg

FN = F⊥

Ff = μFN

63.0 N
75.1 N

63.0 N
75.1 N

F∥ = Fgsinθ

F⊥ = Fgcosθ

= (10)(9.8) = 98 N

= 98 × cos(40) = 75.1 N

= 98 × sin(40) = 63.0 N

= 75.1 N

= (μ)(75.1) = 63.0 N

98 N

75.1 N

63.0 N

75.1 N

63.0 N

40°

μ = 0.839

0.839



Lesson Takeaways

❑ I can calculate the force of friction when given the 

normal force and coefficient of friction

❑ I can quantitatively compare surfaces based on their 

coefficients of friction

❑ I can describe how the normal force is impacted by an 

inclined surface

❑ I can calculate parallel and perpendicular components of 

the force due to gravity on a ramp

❑ I can calculate the force of friction required to keep an 

object in equilibrium on a ramp
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