Statics Mechanics topic notes

Friction is the force that opposes movement.

normal reaction N

‘ movement
_...
F, thrust
. .
limiting friction

¥ mg weight

The 3 Laws of Friction

The limiting frictional force ( F_ )is directly proportional to the
normal contact force ( N )

note: limiting frictional force is the maximum frictional force

2.

The ratio of the limiting frictional force ( F_ ) to the normal
contact force ( N ) is called the coefficient of friction (u )

F
= F,=ulv
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3.
When there is no motion, but the object is on the point of moving,
applied force = frictional force(limiting friction)
and when there is motion,
applied force > frictional force(limiting friction)
then this equality applies:
FL=pnN

Up to this point, when the frictional force is less than limiting
friction(maximum)*, then the inequality below applies.

FL< KU N
*object is static and not on the point of moving

Example #1

A flat stone is thrown horizontally across a frozen lake.
If the stone decelerates at 2.5 ms™? , what is the coefficient of
friction between the stone and the ice? (take g=10 ms™)

since the stone 15 moving, the friction 13 imiting(max )
Fp = uN (1
and wertically, N =mg
the stone is decelerating,
using MNewton's Second law,
F; =ma
substituting for  F; and & into (1

ma = Jmg
= PR I,
mg g 10

Ans coefficient of fiction between stone &ice1s 0.25
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Example #2

A 2 kg mass in limiting equilibrium rests on a rough plane inclined
at an angle of 30 deg. to the horizontal.
Show that the coefficient of friction between the mass and the plane

isVv3/3.

30%, 2gcos30e
30=

24

Z2gsin30°

resolving along the plane
. l
F;=1ganil = Eg.g

Fo=g

resolving at night angles to the plane

N =2gcosil
N =2g[§]=g«5

for limiting fiction  Fp = ud¥

F 1 3
. #=_L=i=___
N gfi 73

. . 3
Ans coefft of fiction between 2 kg mass & plane is %
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The Angle of Friction

M normal reaction

R resultant

¢L| angle of friction

friction

If we examine the normal reaction force( N ) and the frictional
force( FL ) when it is limiting, then the equation F. = p N applies.

If the resultant between N and F_ is R, and it is inclined at an angle
a(alpha) to the normal N, then we can write equations for F. and N
in terms of R .

Fr

E—#
F,=Rana
N=Rcosx

F, Ranao

— = = tan &
N Rcose

= MH=tan

In example #2(above) the angle of friction = tan 1(v/3/ 3)
= tan "1(0.5773) = 30° (the angle of the plane)
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