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1/6/17

Linear and Parabolic Motion - Lesson 8

Friction

LI

e Know the meanings of Static, Limiting and Kinetic Friction.
e Draw FBDs for systems with friction.
e Solve problems involving friction.

SC

e Write equations for net force using FBDs.

Jan 10-12:11



008 - Friction.notebook May 28, 2017

Static Friction

Friction that exists when there is
no relative motion between objects

static frictional

/ force

coefficient of

. L. i
static friction normal reaction

force

F. = H, N

S

Value of F_ required to just get the

S

object moving (aka Limiting Friction) is :

(Fs) max. USN
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Kinetic (aka Dynamic or Sliding) Friction

Friction that exists when there
is relative motion between objects

kinetic frictional

/ force

F

def K
TN
coefficient of normal reaction
kinetic friction force

Fe = u N
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Angle of Friction

Object of mass m kg on rough slope (with coefficient of static
friction ps; angle of slope can change.

The problem is to find the angle required (aka Angle of Friction)
to just overcome the static frictional force.

N

Fs

Angle of slope changes;
tilt up (8 increases) so
that object is on the
verge of sliding down

For slope questions, it is simpler to resolve forces parallel
to and perpendicular to the slope.

8% W cos©
W sin©
All Perpendicular Forces All Parallel Forces
N +

Fs

+

W sin 6 _/

W cos 6

The block is in equilibrium, so the net force perpendicular to the
plane is O (and similar for parallel to the slope). Equating forces
parallel and perpendicular to the slope gives, respectively,

Fs = mgsin®

N

mg cos 6

Dividing the first equation by the second equation gives,
remembering that at limiting friction, Fs = psN,

Fs
— = tan®©
N al
usN
—— = tan 6
= N a
= USZTGne
= 9=1‘an'1us

(Angle of Friction)
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Example 1

Calculate the maximum frictional force that can act when a
block of mass 3 kg rests on a rough, horizontal surface, the
coefficient of static friction between the surfaces being 0 . 4.

R

+

w

R=W=mg
(Fs) mee = WsR
(Fs) ne = HsM g
= (F)me = 0.4(3)(9.8)

= (FS) max. — 11 . 76 N
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Example 2

A force of 30 N acts on a block of mass 5 kg resting on
a rough, horizontal surface.

If the coefficient of static friction between the block and the
surface is 0.6, determine whether or not the block will move.

R
+

5 kg
Fs 30N n

Fs 30

w

The block will move if the 30 N force is greater than (Fs) ...
So, we first calculate (F.) ve.

R=W=mg
(F) e = HsR
(Fs)mex. = HsMM g
>  (Fs)me = 0.6(5)(9.8)
= (Fdwm = 29.4N

As 30N > (F,) .. (= 29.4N), the block will move.
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Example 3

A 10 kg trunk lies on a rough, horizontal floor, with the
coefficient of static friction being +/3/4.

Show that the magnitude of the force P necessary so that

the trunk is on the verge of moving horizontally if P is
applied at 30° to the horizontal, is givenby P = 4 g newtons.

+

L.

10 k
J 30°

=

w

R

t

P i

P sin 30°
F. 29 5
P cos 30°
wW
P sin 30°

Fs
P cos 30°

W
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Limiting friction, so forces horizontally are balanced
(and similarly for vertical forces). Hence,

Fs = usR = P cos 30°

wW R + Psin30° = R = W - Psin30°

P cos 30° = psR

= P cos 30° us (W - Psin 30°)
= Pcos30° = psmg - psPsin 30°
= Hsmg = Pcos 30° + psPsin30°

HsmMg
(cos 30° + ussin 30°)

(v/3/4) (10) g
((v/372) + /3/4(1/2))

Multiplying top and bottom by 8/+/3 gives,

20 g
4 + 1)

= P = 4 g newtons
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Example 4

down the plane.

A mass of 3 kg rests on a rough plane inclined at 60° to the
horizontal, the coefficient of static friction being /3/5.

Find (in terms of g) the force P acting parallel to the plane
which must be applied to the mass to just prevent motion

All Perpendicular Forces

R +

W cos 60°

W sin 60

R P
Fs
60° W
R p
/s
60°
. W cos 60°
p
“"W sin 60°

All Parallel Forces

z
e

+
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To just prevent motion down the plane, a state of limiting friction
exists. Hence,

R = W cos 60°
P + F. = Wsin 60°
P + usR = mgsin 60°
= P = mgsin60° - psR
= P = mgsin60° - psmg cos 60°

P = (39/2)((vV3 - (~3/5))

693 N
5
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Example 5

All Perpendicular Forces

R +

Calculate the acceleration of a 0.5 kg mass up a rough plane
inclined at © to the horizontal (where sin©® = 1/3), when the
mass is given a force of 6 N up the plane (i. e. parallel to the
plane); the coefficient of kinetic frictionis 1/+/2.

3
1
0
V8
sin® = 1/3
cos® = /8/3

All Parallel Forces

Net force Fuer
is up the slope

Sep 12-13:28
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R = Wcos©

Fier = 6 — F« -~ Wsin6

Frer 6 - xR - Wsin6
= Fier = 6 — W cos© - Wsin6
= Fier = 6 - pymgcos® - mgsin®
= Fier = 6 - mg(Uccos® + sinO)

(1/2)a = 6 - (1/2)(9.8) ((1/V/2) (v8/3) + (1/3))
= (1/2) a 1.1
= a=2.2ms"?
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Blue Book

e pg. 110-114 Ex.6 A Q1-18,22.
e pg.118-121 Ex.6 B Q 2 - 8, 11, 14, 21.
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