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Forces of Friction

‘When an object is in motion on a surface or through a

viscous medium, there will be a resistance to the motion.

This resistance is called the force of friction.
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Forces of Friction
[
e . o fo < ugn
Friction is proportional to the normal force.
* fie = mn
These equations relate the magnitudes of the forces; they
are not vector equations.
For static friction, the equals sign is valid only when the
surfaces are on the verge of slipping.
Use the inequality for static friction if the surfaces are not h
on the verge of slipping.
- | ® Us >l
u is the coefficient of friction [ O<us <1
s ‘ e 0 <y <1
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Forces of Friction

The coefficient of friction depends on the surfaces in contact.

The force of static friction is generally greater than the force of

kinetic friction.

The direction of the frictional force is opposite the direction of

motion and parallel to the surfaces in contact.

The coefficients of friction are nearly independent of the area of
contact.
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Static Friction

-
Static friction acts to keep the object
from moving.
§ J
( . . . \
As long as the object is not moving, fs f
=F
S Y, o max
s N
If F increases, so does fs
S J
s N
If F decreases, so does fs
S J
s N
f: = usn i
s,max. s f;
S J
s - N
The equality holds when the surfaces
are on the verge of slipping.
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Kinetic Friction
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f
( ) :
The force of kinetic friction acts o
when the object is in motion.
_ _J
( )
fre = men
_ J

fs

fe
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Some Coefficients of Friction

Coefficients of Friction

can exceed 1.0.

M My
Rubber on concrete 1.0 0.8
Steel on steel 0.74 0.57
Aluminum on steel 0.61 0.47
Glass on glass 0.94 0.4
Copper on steel 0.53 0.36
Wood on wood 0.25-0.5 0.2
Waxed wood on wet snow 0.14 0.1
Waxed wood on dry snow — 0.04
Metal on metal (lubricated) 0.15 0.06
Teflon on Teflon 0.04 0.04
Ice on ice 0.1 0.03
Synovial joints in humans 0.01 0.003

Note: All values are approximate. In some cases, the coefficient of friction
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Friction in Newton’s Laws Problems

Friction is a force, so it simply is included in the ), Fin

Newton’s Laws.

The rules of friction allow you to determine the direction and
magnitude of the force of friction.
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SOLUTION

(1)2Fx = —fx = may

(Z)ZFJ,:n—mg:O

—ln = —lmg = may

= —Urg

2
xi

= Zg;f

v

B 20.0m/s?
~ 2x9.80m/s2 X 115m

The Sliding Hockey Puck

Saturday, 30 January, 2021 12:50

A hockey puck on a frozen pond is given an initial speed of 20 m/s. If the -

Apply the particle under a net force model in the x direction to the puck:

vir = vy + 2a,(xp — x;), with x; = Oandvy = 0:
0 = v} + 2a,xp = Vi — 2l gxs

Solve for the coefficient of kinetic friction:

Substitute the numerical values:

=0.177
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n Moton

puck always remains on the ice and slides 115 m before coming to rest, —

determine the coefficient of kinetic friction between the puck and ice.

ol

LN
mg

Apply the particle in equilibrium model in the y direction to the puck:

Substitute n = mg from Equation (2) and f, = g ninto Equation (1):

Apply the particle under constant acceleration model to the puck,
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Suppose a block is placed on a rough surface inclined relative to the horizontal as
shown. The incline angle is increased until the block starts to move. Show that you

can obtain u; by measuring the critical angle 6. at which this slipping just occurs.

SOLUTION

The diagram shows the forces on the block: the gravitational force mg, the normal forcen, and the force of static friction

fSWe choose x to be parallel to the plane and y perpendicular to it.

Apply the particle in equilibrium model to the block in both the x and y directions:

(I)ZFX =mgsinf—f;,=0

(Z)EFV =n—-mgcosd =0

Substitute mg = n/ cos 6 from Equation (2) into Equation (1):

. _ n . _
(3) fy =mgsinf = (cosB)smg =ntanb

‘When the incline angle is increased until the block is on the verge of slipping, the force of static friction has reached its

maximum value ugn. The angle 8 in this situation is the critical angle 6,.. Make these substitutions in Equation (3):

usn =ntan,

Us = tan 6,

Once the block starts to move at 8 = 6., it accelerates down the incline and the force of friction is fj, = ppn. If 8 is reduced
to a value less than 6., however, it may be possible to find an angle 8.such that the block moves down the incline with

constant speed as a particle in equilibrium again (a, = 0). In this case, use Equations (1) and (2) with f; replaced by fito

find uy: py = tan 0., where 6, < 0..
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A box weighing (100 N) is at rest on a horizontal floor. What is the acceleration of the box if a horizontal force of (40 N)
is applied to it? (us = 0.34 and u = 0.2 )

The object will move only if:

F> fs,max
f smax = psn = usmg = 0.34 X 100 = 34 N

~ The object will move since:
F> fs,max

Zﬁxzm& > F—fi=ma = F—uyn=ma = F—uymg=ma

_F—pmg 40-0.2x100
S om 10

a =2m/s?
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An object of mass (10 kg) is set on an inclined plane of angle (37°) with the horizontal. Find the force of friction between

the surfaces (in units of N). (us = 0.9 and yy = 0.8 )

The object is about to move when the angle of the inclined plane is:
0, =tan 'y, =tan"10.9 = 42°

Since: 0 < 6, =
The object will not move, and:

Zﬁx=0
=>mgsin37—f,=0

= fs =mgsin37 = 60N
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F inclined below the horizontal mL
mL
Saturday, 30 January, 2021 12:53 o
mr

A block is pushed across a horizontal surface by the force shown

kinetic friction between the block and the surface is (0.3), (F = 20 N), (6 = 30°), and
(M = 3 kg). What is the magnitude of the acceleration of the block?

Qu

Za=m

= Fcos30—f,=ma

= Fcos30—pui =ma

= Fcos30—u(Mg+ Fsin30) =ma
=20c0s30—0.3x(3x10+20sin30) =3 xa=a=1.8m/s?
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. If the coefficient of
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