
4c) Friction

* Frictional fores are any force that infeeds
motion (lihear or rotional)

=x! surface frictio, aerodynamic dray,
hall resistance of a boat Block

088880

* why? = tp Zoom,h 980880

molecular
Table

Ff = MTN
weight  on  the  sur face

?  M i s  t heproportionality constant. It is
ca l led  the  coe f f i c ien t  o f  f r i c t ion

?  Two types  i  M l :
Mk = Kinetic friction when the block is

moving

Ms  =  s ta t i c  f r i c te
Whe the block is

not moving, but still resisting motion
to  me Breaks free

Mk
Ms,

Fs ? F,
motion

Jogr
pul l



@ values of Ml: Mstatic

w o o d  o n  w o o d

i c e  o n  i c e

0 . 4

0 . 1
( p r e - f u s i o n )

Uleinetic

0 . 2

0 . 0 3

0 . 0 7steel on steel 0.15

- rubber on dry concrete 1.00 0.8
i  r e b b e r  o n  w e t  c o n c r e t e  0 . 7 1 0 . 5

these values tell ur
that  there wi l l  be more
I fr ict ion i f  we keep the

tives from skidding: this
the anti-lock-brakes

? synovial jochts 0.01 0.01



(li) 1EN

(1) F f

(ici) x:- Ff+ F, = marta
Y: Fr-Fa =ma?,

D A T A

m= 10kg
Ms =0.4
1 /  =  0 .3

f: Ff = MEN

Q,: With what force do we pull to set,
mo t in  to  s tar t? (static) Ep=?

X: Fp = ma+ fs

f :  F f = M E N
y :  F u =  F a

Fp = 39N to over comme
static friction

Before motion begines

Fp = Ff
cal if Fp =ZON What is the Fristind resistance? A=ZON

=38N the F=38N



Cs it F=40N then we have overcome
static friction and we we Ma =0.3

since motion is occuring;yet there is still
friction, Find that Frictional firce

-X:- Ff + Fp =ma
Y: FM = F6
f: Ff= MREN

LFp-ur Fu i ma but Far-Fa

/Fa= mg = 98N
m

a = 40 N- (0.3) (98N)
1012g

a =  4 0 N  - 2 9 1  =  7 . 1 m / 3 2
10kg

ANS: Ff= MAFN = MR Fa = Mung

= (0.3 )(981)
=291 § Befre motion

Fs = Faull up to
39'N.?



(i) diagram 130°
EX 2-dim pull

10 kg

AFN(ii) free body

F$

D A T A

m= 10 kg

Fp= 40N
0=30°

MR = 0.30

a = ?

(ici) Equations of motion

Fw

EF=ma

X: FpcosQ-Ff = ma
y: FN+ FpsinG- Fw =mxy

friction: Ff = MREN

3-equations
43-unknowns

Fr, Ff, a
Fw=mg

(ir) Put Ff into the x-eguation
X LEpCosO -UkEN= ma 2-egus & 2 unkhowns

Y : N+ FpsinG-mg =0 Er, a

l o  g e t  a c c ' e n  s o l v e y-egn tor Ew and subst, tute
i t  i n t o  t h e  x - e g n :  1 8 t Fr=-Fpsh@+mg: y

X:  Fpcost  -  uk (Fps in@+mg) = ma}
legn and

lunku: a

S o l v e  f o r  " a " : a = Fpcos. O+MaFpsinO-mg)

(v) answer the question: (papulate)
a=40Nco530° +C0.3)40Nsin30°-10 kg 9.8173)

10 kg

a =34.6N +0.31201-98103 ?=34.6-23.411
10 1.1m. 2



EXI 2 - D  I n c l i n e  w i t h  F r i c t i o n

s k i e r
DATA

m= 70129

1 k = 0 . 1

0 = 3 0 °

a  =  ?
p y

( i )

( i c i )  E g n s ? :

y :
f :

EN- FacQ = 0
Ff = Mr Fa

(iv) Solve
Fasino - Ml (Fa CosO) = ma

ing sind - M/mg cosO = mafacéen is
indse. of mass.

a = g (sinO-up corO)
a=(9.8m/5) [sin30° -Ou1 Cos(30%) /

a=9.8mls (0 41) =4.01m


