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Properties of Friction




Static vs. Kinetic Friction |

A block is resting on a rough table. The maximum frictional force
between the block and the table is 10 N when the block is stationary,
and 5 N when the block is moving. You begin pushing the block with a
slowly increasing force F from O N to 15 N. Which correctly describes
the magnitude of the friction force for the given values of F?

F
ffric
- S—

F ON 5N 10 N 15N
A ON 5 N 10 N 5N
B. f. ON 5N 10 N 10 N
C. f.. 5N 5N 5N 5N
D. f. 10 N 10 N 10 N 5N
E. f 10 N 10 N 10 N 10 N



Solution

Answer: A

Justification: When the block is stationary, a force less than
10 N will not cause the block to move because of the static
friction force that ranges from O N to 10 N. As long as the
block is stationary, the static friction must be equal and
opposite to the applied force.

As soon as the block begins moving (after a force larger than
10 N is applied), the frictional force will decrease to 5 N as it
will become a force of kinetic friction.



Static vs. Kinetic Friction Il

Consider the same block and table as last question. After you finish
pushing the block with a force increasing from O N to 15 N, you begin
slowly decreasing the force from 15 N to 4 N. Which correctly
describes the magnitude of the friction force for the given values of F?

F
1:fric
b

F 15N 10 N 5N 4N
A 5N 5 N 5N ON
B. f. 5N 5N 5N 4N
C. f.. 5N 5N 5N 5N
D. f. 5N 5N 5N 10 N
E. f 5N 5N 10 N 10 N



Solution

Answer: C

Justification: When you are pushing the block with the force
of 15 N, it is accelerating since 15 N is larger than the force of
kinetic friction (5 N), and the net force is greater than zero.

When you start decreasing the force from 15 N to 5 N, the block
will continue moving, but its acceleration will start decreasing.

When the applied force reaches 5 N, it becomes equal to the
friction force, causing the block to stop accelerating and start
moving at a constant speed.

When the applied force becomes less than kinetic friction force,
the block starts slowing down. Since it is still moving, the
friction force will remain the kinetic friction force of 5 N.



Friction Il

Four 5 kg blocks are kicked across a rough table at different initial
velocities. Which of the blocks shown below is slowing down the
fastest due to friction? Ignore air resistance.

A. 1 m/s B. 2 m/s
ffric 1:fric

C. 3 m/s D. 4 m/s
1:fric ffric

E. All 4 blocks are slowing down at the same rate




Solution

Answer: E

Justification: Each block experiences the same friction force of:
fric = 4 Fy = 14Mg

In this case, the friction force is equal to the net force acting on the
block, so it determines its acceleration. Since the friction force
does not depend on velocity, all 4 blocks will have the same
acceleration no matter its initial velocity (besides 0 m/s —then it is
not moving). Unlike air resistance, the force of friction does not
depend on the speed of the object.



Friction IV

Consider a 5 kg block sliding on a rough table at 5 m/s att =0 s.
The block comes to a stop att = 5 s due to friction. At what time
IS the friction force the largest? Ignore air resistance.

t=0s t=5s
5m/s stationary block
1:fric
A.t=0s
B.t=25s

C. t =5 s (when the block is stationary)
D. The friction force is the same at all times (until the block stops moving)

E. The friction force at any particular time cannot be determined.



Solution

Answer: D

Justification: The friction force is the same at all times when the
block is sliding. The block experiences the constant friction force
of:

foic = 24 Fy = 14,mg

In the equation above, u,, m and g are all constant with respect to
time so the friction force is constant at all times. Recall that in the
last question that the velocity of the block also does not change the
friction force.



Friction V

Blocks with various mass are sliding on a rough surface with an
initial velocity of 5 m/s. Assume f...= u.Fy, U, = 0.5, g = 10 m/s?.
Which block will come to a stop first?

A. 5ml/s B. 5ml/s
ffric 1:fric

C. 5m/s D. 5 m/s
ffric ffric

E. All blocks will stop at the same time.




Solution

Answer: E

Justification: Each block experiences a friction force of:

feic = 24 Fy = 14,mg

The friction force Is equal to the net force acting on the block, so it
determines the acceleration of the block.

ffric _ _,Ukmg _
m m
The acceleration of the block does not depend on mass, therefore

all the blocks will stop at the same time. Even though there is a

larger friction force for a massive object, it is also harder to change
the velocity of a massive object.

a=

— 1.9



Friction VI

Alex and Heather are moving a giant box across the floor at
constant velocity. Alex pulls the box by applying a force upwards at
45° (assume the block is heavy enough so that it does not lift off the
ground). Heather, on the other hand, decides to push the box by
applying a force downwards at 45°. Who must apply the greater
force to keep the box moving at a constant velocity?

A' F B I:push

I
pu/' 45°
45°
1:fric f
<« \ fric €— \

Alex Heather

C. Alex and Heather apply the same force



Solution

Answer: B

Justification: When Heather pushes downwards on the box,
there is a greater normal force between the ground and the box.
The greater normal force means there is a greater friction force,
and Heather must be pushing harder in order to oppose this
greater force.

Since Alex is pulling upwards, there is a smaller normal force and
thus a smaller friction force.



