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PROBLEMS INVOLVING FRICTION.

It must be rememberei that the laws of friction usnally givon,
viz.:-

1. The friction varies as the normal pressure when the materials
of tho surfaces in contact romain the same.

2. The friction is independent of the estent of t'je surfaces in
contact so long as the normal pressure remains the same.
relate to limiting friction, i.e., motion is supposetd just about to
take place, and friction acts in a direction contrary to this motion.
The effect of the introduction of friction into mechanical problems is
to introduce an additional unknown quantity, but the above laws
fnrnish us with an additional equation. Thus if R bo the normal
reaction between two rough surfaces in contact, P the friction, and
c the co-efficient of friction, the additional unknown quantity
is F, and the additional equation is F =- c R, c being a known
qnantity determined by experiment. Beginners occasienally make
mistakes in reference to what R is in this equation. Thus, if a
weight (W) be supportei on a rough plane of inclination a, by a
force (P) inclined at an angle O to the plane, the weiglt resolved
perpendicular to the plane is W cos a, but it must net bo
supposei that the friction is c Vcos a, for the normal reaction of
the plane is net W cos a. Part of the force W cos a is counter-
balanced by P resolved perpendicular to the plane, i.c., by P sin 0,
se that the normal reaction of the plane is W cos a-P $in 0, and
the friction is this multiplied by c. In solving problems in which
rough surfaces are concerned, we represent the forces acting on the
body, as usual introduciig the friction (F) whicli always cts in a
direction contrary to that in which motion is supposed to take
place; and then forim the usual equations by resolving in perpen-
dicular directions and taking moments, being careful net to omit
the equation F=c R, which experiment furnishes.

1. Find the co-efficientof friction if a weiglitjust restona rough
plana inclined to the horizon at an angle of 60°.

Let R be the normal reaction of the plane, F th friction
acting up the plane, W the weight of the body, thon resolving
along and perpendicnlar te the plane, I W sin 600, R= Wcos 600;

c R W sin GO0
also P=c R. Hence ,- W ces 60°o c- tan 60 /

2. A weiglt of 20 Ibs. just rests on a rongli plane inclined at an
angle of 450 te the horizon; find the pressure at right angles to
the plane, and the force of friction exerted.

iesolving along and perpendicular to the plano F=20 sin 450,
R=20 cos 450; or F=10 1fš=R. Here, since F=c R, evi.

dontly c=1.
8. A weight of 10 lbs. is just suppurted on a roughI plane whose

inclination is 600 by a power of 5 lbs. acting parallel to the plane.
Find the inclination of the plane on which the veiglit would just
-est of itself.

Resolving along and perpondicular to the plane, we have F-5
10 sin 60, R 10 cos 600; also F = c R'=cX1O cos 60°. Hence

10 cos 60°+5=10 sin 60c; .-. 5 c + 5=5 v8,or c =V V - 1.
Again, if a b the inclination of the plane when the bodyjnst rests
on it supported by friction alone, c R = 10 sin a, R =10 cos a;

c = tan a, or a =tan- (/, - 1).
4. A beam rests with one end on the ground, and the other in

contact with a vertical wall. Having given the co-efficient of fric-
tion for the wall and the ground, and the distances of the cenfre
of gravity of the beam from the ends, determine the limiting in-
clination of the beam to the horizon.

Let a, b, be the distances of the centre of gravity of the beamt
from its lowor andti upper ends respectivoly; R, S the normal roac-
tions of the grouni and wall; c, c'the co-officiont of friction for the
ground and wall respectivoly; W the weight of the beam, and a its
inclination to the horizon. At the lower end tho friction (cR) acts
horizontally towards tho wall; at the upper end the friction (c' Si
acts vertically vpwards along the wall, the directions of friction in
both cases being contrary to the direction in which motion is about
to tako place.

Eqnating tho vertical and horizontal forces, we havo R + c' S=
S cW

W, c R = S; hence -+ c' S = W, or S = 1+c . Also taking mo-

tion about the lowerend, Va cos a =(a + b) (S sin a + c' S cos a), or
c WV

W a cos a = ta + b) (sin a + c' cos a)-,c c'; whence tan c =1 +c C'
a- b c c'
c,(a+ b)

5. A sphero of radius a is supported on a rougi inclined plane
(for which the co-efficieut of friction is c) by a string of longth

a attached to it and to a point in the plane. Prove that the
c
greatest possible elevation of the plane, in order that the sphere
may rest when the string is a tangent is 2 tan'c ; and find the
tension of the string and the pressure on the plano in the limiting
position of equilibrum.

Let 2 0 be tho angle bcthveen the string and the plane ; a tho
inclination of tihe plane, and iherefore tihe angle between the
direction of the weight of the sphere (l') and the radins drawn to
the point of contact; T the tension of the string and R the roac-
ion of the plane.

c 1 2c
Thensin = - 2 ' cosO - 2 .. sin 2 =C

cos 2 0 = 1-c Taking moments about centre of sphero,

T = c R (1). Resolving along and perpendicular to the pls ne

T L7 2 + cR IV sin a, (2); T 2 + W cos a=R, (3).
1+c 2  1+c 2

From (1) and (2) T 2 1 - sin a, (4). From (1), (8) and

1c 2
(4) T . + T cota -;whencocotq- -

1+c c 2c

tan a- 2c tan- a=c,ora=2tan- c. We shall
1-c2 2

find T W, and R = W.
The laws of friction above statei hold vhon there is sliding

motion, althougli the friction is not of same amount as in the stato
borderiug on motion ; when thero is a difference it is greater iü
the latter case than in the former. When thero is sliding motion,
the friction is independent of the velocity.

6. A body is projectei up a rough inclined plane with velocity
2 g; the inclination of the plano to the horizon is 80°, and the co-
efficient of friction ir> tan 150. Find the distance along the plane
whicli the body will describe.

Tho normal reaction of the plane is W cos 80°, and .·. friction
W cos 80° tan 15; lience entire force down the plano = W sin

80° + W cos 80' uan 150. But acceleration = force. Thereforo

accoloration down the plane = (W sin 80° + W cos 80° tan 15°)

- g (sin 80° + cos 800 tan 150) = g 5  2g Now,
W os l5 0 V+ No

if s be dis. described before body comes to rest, v2 - 2f s; .-. (2 g 2
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