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Forces of Friction: f

- When an object is in motion =
viscous medium, there will b
motion. This resistance is ca

~1 This is due to the interactio
Its environment

- Force of static friction: f,
- Force of kinetic friction: 1,

- Direction: parallel along the surface, opposite the
direction of the intended motion
= in direction opposite velocity if moving
= in direction vector sum of other forces if stationary
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You are walking on a level floor. You are getting good traction, so
the soles of your shoes don’t slip on the floor.

Which of the following forces should be included in a free-body
diagram for your body? -

9

A. the force of kinetic friction that the floor exerts on your
shoes
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B. the force of static friction that the floor exerts on your shoes
C. the force of kinetic friction that your shoes exert on the floor
D. the force of static friction that your shoes exert on the floor

E. more than one of these
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Frictional forces

- When a body rests or
slides on a surface, the
friction force 1S
parallel to the surface.

. Friction between two
surfaces arises from
Interactions between
molecules on the
surfaces.
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The friction and normal forces are really
components of a single contact force.

Contact force

————
: Normal-force
: component n
|

Friction-force

=== Push or pull
component f
Weight
Block
t Fl
Magnified view
On a microscopic level, even smooth surfaces \ R‘
y ks S 1 N\ /
are rough; they tend to catch and cling. \\& U
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Forces of Friction: Magnitude

Magnitude: Friction is —

proportional to the b, b

Rubber on concrete 1.0 0.8
normal fo rce Steel on steel 0.74 0.57
. . . Aluminum on steel 0.61 0.47
StatIC frICtIOnZ Ff =F _<luS‘N Glass on glass 0.94 0.4
i . L Copper on steel 0.53 0.36
KI HEtIC fFICtIOn : Ff — ,ukN Wood on wood 0.25-0.5 0.2
. - = Waxed wood on wet snow 0.14 0.1
/,l IS the COEfflClent Of Waxed wood on dry snow — 0.04
friction Metal on metal (lubricated) 0.15 0.06
Teflon on Teflon 0.04 0.04
11 1 1 Ice on ice 0.1 0.03
The coefficients of friction <o |
Synovial joints in humans 0.01 0.003

a re n ea rIy i n d e pe n d e nt Of i\/;:JCti‘.'c,.‘-'c\llll\B.lllcs are approximate. In some cases, the coefficient of friction can
the area of contact e \
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Static Friction

-1 Static friction acts to keep
the object from moving

0 If F increases, so does f
0 If F decreases, so does f_

QO fe S u N
= Remember, the equality

holds only when the
surfaces are on the verge of

slipping
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Kinetic Friction

~1 The force of kinetic
friction acts when the
object is in motion

- Although p, can vary
with speed, we
neglect any such
variations in this class

Q=N
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Explore Forces of Friction

@ nh b) nA © nh d nA

T - g
>\4 8 p= ; A r Js : % ; \\ S
¢ A4 h = No) «
wv wv wv wv
No applied force, Weak applied force, Stronger applied force, Box sliding at
box at rest. box remains at rest. box just about to slide. constant speed.
No friction: Static friction: Static friction: Kinetic friction:
I =0 fs < pgn Js = mgn Sk = mn
©) f \ /
e P ™\
(fs)max _____________________
£ M s d—— ,
|
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
1 |
6 A =/ T
N W \
Box at rest; static friction Box moving; kinetic friction \ &
equals applied force. is essentially constant. \\&
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Free Body Diagram

A force F is applied on a block such that the
block will not slide down the wall. How many
forces are on the block?

A) Only external force F K
B) Gravity and F

C) Gravity, F and normal force

D) Gravity, F, normal force and static friction force
E) Gravity, F, normal force and kinetic friction force
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Equilibrium, Example 1

What is the smallest value of the force F such
that the 2.0-kg block will not slide down the
wall? The coefficient of static friction between
the block and the wall is 0.2.

A

f

mg
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Pulling a crate at an angle

- How hard should you pull to make 1t move at a
constant speed?

- The angle of the pull affects the normal force,
which in turn affects the friction force.

A : 5
(a) Pulling a crate at an angle n T sin 30
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Pulling a crate at an angle

From equilibrium conditions:

EFx = Tcos30° + (—fx) =0 so Tcos30° = un
D> Fy,=Tsin30° +n+ (—w) =0 so n=w— Tsin30°

Substitute n in EC| 1 with Eq 2, () Pulling a crate at an angle

and solve for T

T cos 30° = uy(w — T sin 30°) /
w
= = = 188 N /

cos 30° + uy sin 30°
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Free Body Diagram

- Which diagram can represent the drawing free-
body diagram for the block on a ramp? (mg:
weight; N: normal force; f: friction force)

A) B) i

E)

. .g

o'h

L
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Inclined Plane

Suppose a block with a 7
mass of 2.50 kg is
resting on a ramp. If
the coefficient of static
friction between the
block and ramp is 0.350,
what maximum angle
can the ramp make with
the horizontal before
the block starts to slip
down?
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Inclined Plane

-1 Newton 2nd law:
ZFx =mgsinf—u N =0
ZFy =N-mgcosfd =0

- Then N =mg cosl

ZFy:mgsinH—,usmgcosé?:O /

© 2007 Thomson Higher Education

130 tan@=p =0.350
0 =tan ' (0.350)=19.3°
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Motion on a slope having friction

« Now consider the
toboggan in the
example of our

N
previous class, now \\%

(a) The situation (b) Free-body diagram for toboggan

with friction. Derive
the acceleration in
terms of g, «a, My,

and m
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Motion on a slope having friction

(a) The situation

From Newton’s 2"d Law:

N
EFX = mgsina + (—fx) = may S
D> Fy=n+ (—mgcosa) =0
Rearrange 2" equation and o
Use relation Of friCtion (b) Free-body diagram for toboggan

n = mgcos«a

fx = mn = pymg cos a

We substitute this into the x-component equation and solve for a,:

mgsin a + (—pmgcos a) = ma,

a, = g(sina — py cos a)
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Rolling Friction

2, is usually much smaller than sliding
coefficient (as you can read from your
textbook)

-1 But why?

Normal forces

Surface
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Fluid Resistance

e Direction is a|Ways (5.-;&)‘4 A metal ball falling through a fluid
. i oil).
opposite to the moving
’ . . . (a) Metal ball falling  (b) Free-body diagram
bOdy S d|reCt|On relat|Ve through oil for ball in oil

to the fluid

- Magnitude increases ‘
with the relative speed

= kv (fluid resistance at low speed) Q X

= Dv? (fluid resistance at high speed) w = mg

D
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Which falls faster? Bowing
Ball or feather?
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Terminal Speed

Low Speed
f = kv (fluid resistance at low speed)
mg : . :
v = r (terminal speed, fluid resistance f = kv)
High Speed

f = Dv? (fluid resistance at high speed)

[m
v = Hg (terminal speed, fluid resistance f = sz)




Multiple ObJects

(b) (c)

A block of mass m1 on a rough, horizontal surface is
connected to a ball of mass m2 by a lightweight cord over

a lightweight, frictionless pulley as shown in figure. A force

of magnitude F at an angle & with the horizontal is applied

to the block as shown and the block slides to the right. The
coefficient of kinetic friction between the block and surface is (.
Find the magnitude of acceleration of the two objects. \ Y%
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Multiple Objects

2 ml: ZF;:FcosH—fk—TZmICZXZI%la
ZFyzNJrFsinH—mlg:O

Jm2.
ZFy:T—ngzmzayzmza *

I'=my(a+g)
N=mg—-Fsmb
Ji = N = (m g — F'sin 6)
FcosO@—u, (mg—FsmO)—m,(a+g)=ma
_ F(cosO+ p,sin0)—(m, + p,m)g

a
m, +m \ |
L ~\
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