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PHY131 F    Fall 2020

Class 10

Today:

• Friction: kinetic and static

• Tips for the Ch.4 Pre-Quiz

Microscopic bumps 

and holes crash into 

each other, causing a 

frictional force.

Kinetic Friction 

creates internal 

energy (thermal).

Ch.4 Pre-Quiz
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Ch.4 Pre-Quiz

Ch.4 Pre-Quiz
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Ch.4 Pre-Quiz

“Does friction always slow things down?” 

ANSWER: No!

Kinetic friction on an object from a stationary 

surface does always slow down the object.  But 

there are other kinds of friction.  And sometimes 

the surface is moving!

“Can friction ever speed things up?”

ANSWER: Yes!

Static friction of the floor on the bottom of your 

shoes is what allows you to walk!  Walking 

certainly involves speeding up, and this would 

not be possible if the floor were frictionless or 

covered in marbles! 

Ԧ𝑎
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Why does 

friction exist?

Because at the 

microscopic level, 

nothing is smooth!

“Kinetic Friction”
• Sliding friction of a surface on an on a moving object.

• When two flat surfaces are in contact and sliding relative to 

one another, heat is created, so it slows down the motion 

(kinetic energy is being converted to thermal energy). 

• Many experiments have shown the following approximate 

relation usually holds for the magnitude of fk:

k s on of

k s on of

k s on o k s on of N=

where Ns on o is the magnitude of 

the normal force of the surface 

on the object.

The direction of fk is opposite the 

direction of motion of the object, 

relative to the surface.

Object (sled)

Surface (snow)
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A wooden block weighs 100 N, and is sliding to 

the right on a smooth horizontal concrete 

surface at a speed of 5 m/s.  The coefficient 

of kinetic friction between wood and concrete 

is 0.1.  

A 5 N horizontal force is applied to the block, 

pushing toward the right.  What is the force of 

kinetic friction of the surface on the block?

A. 100 N, to the left

B. 10 N, to the left

C. 5 N, to the left

D. 10 N, to the right

E. 5 N, to the right

v


Poll Question 

A slippery box of mass 5.0 kg is pulled at a constant velocity by a rope which makes an angle of 20.0°

above the horizontal.  

The coefficient of kinetic friction between the box and the surface is 0.030.  

What is the tension in the rope?

Example
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A slippery box of mass 5.0 kg is pulled at a constant velocity by a rope which makes an angle of 20.0°

above the horizontal.  

The coefficient of kinetic friction between the box and the surface is 0.030.  

What is the tension in the rope?

Example

A slippery box of mass 5.0 kg is pulled at a constant velocity by a rope which makes an angle of 20.0°

above the horizontal.  

The coefficient of kinetic friction between the box and the surface is 0.030.  

What is the tension in the rope?

Example
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A slippery box of mass 5.0 kg is pulled at a constant velocity by a rope which makes an angle of 20.0°

above the horizontal.  

The coefficient of kinetic friction between the box and the surface is 0.030.  

What is the tension in the rope?

Example

“Static Friction”
• When an object is in contact with a surface, but is not 

moving relative to that surface, it tends to resist slipping.  

The object and surface have sort of “locked” together.  

This creates a force of the surface on the object, 

perpendicular to the normal force, called static friction. 

s s on of

There is no general 

equation for fs s on o.

The direction of  fs s on o is 

whatever is required to prevent 

the object from slipping, 

relative to the surface.
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• A car is parked on flat, horizontal pavement.

• Which of the following forces should be 

added to the force diagram of the car?

A. Gravity of Earth on Car, Ԧ𝐹𝑔 E on c

B. Normal force of surface on car, 𝑁s on c

C.Static friction of surface on car, Ԧ𝑓𝑠 s on c
D. All of the above

E. A and B, but not C

Multiple Forces on a Single Object

Maximum Static Friction

where Ns on o is the magnitude of the normal force of the 

surface on the object, and the proportionality constant μs is 

called the “coefficient of static friction”.

There’s a limit to how big fs s on o can get. If you push hard 

enough, the object slips and starts to move. In other words, 

the static friction force has a maximum possible size fs max.

• The two surfaces don’t slip against each other as long as 

fs s on o ≤ fs max.

•A static friction force fs on o > fs max is not 

physically possible.  Many experiments have shown the 

following approximate relation usually holds:

𝑓𝑠 𝑚𝑎𝑥 = 𝜇𝑠𝑁s on o
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A wooden block has a mass of 10.2 kg, so the force 

of gravity of the Earth on the block is 100 N.  The 

block is sitting stationary on a smooth horizontal 

concrete surface.  The coefficient of static friction 

between wood and concrete is 0.2.  

A 5 N horizontal force is applied to the block, 

pushing toward the right, but the block does not 

move.  What is the force of static friction of the 

surface on the block?

A. 100 N, to the left

B. 20 N, to the left

C. 5 N, to the left

D. 20 N, to the right

E. 5 N, to the right

F


Poll Question 

A wooden block has a mass of 10.2 kg, so the force 

of gravity of the Earth on the block is 100 N.  The 

block is sitting stationary on a smooth horizontal 

concrete surface.  The coefficient of static friction 

between wood and concrete is 0.2.  

A horizontal force is applied to the block, pushing 

toward the right, but the block does not move. 

What is the magnitude of the maximum horizontal 

force you can exert on the block and have the 

block remain stationary?

A. 200 N

B. 100 N

C. 20 N

D. 10 N

E. 5 N

F


Poll Question 
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Accelerating

Here the kinetic friction is constant as 

the applied force continues to increase.  

As the magnitude of the net force 

increases, so does the magnitude of the 

object’s acceleration.

What happens if 

you steadily 

increase the 

applied force on 

an object which is 

resting on a 

surface?

F


Typical Coefficients of Friction
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Before Class 11 on Monday

• Please read:

• 4.4 Solving Dynamics Problems in 2D

• 4.5 Projectile Motion
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