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Huthematical Bepurtment.

Communications intended for this part of tho JounryaL should bo on separ-
ato sheots, writton on only ono sido, and pm{_»orl ¢ paged ¢o provont mistukos.
ALFRED BAKER, M.A,, EptTOR.

PROBLEMS INVOLVING FRICTION.

It must bo remombered that the laws of friction usnally given,
viz. :(—

1. The friction varies as the normal pressure when the materials
of tho surfaces in contaoct remain the sawme.

2. The fristion is independent of the extent of the surfaces in
contact so long as the normal pressure remains the same.
relate to limiting friction, i.e., motion is supposed just about to
take place, and friction acts in a dircction contrary to this motion.
The effect of the introduction of friction into mechanical problerus is
to introduce an additional unknown quantity, but the above laws
farnish us with an additional equation. Thus if R be the normal
reaction between two rough surfaces in contact, J* the friction, and
¢ the co-efficient of friction, the additional unknown quantity
is F, and tho additional equation is F = c R, ¢ being a known

quantity determined by experiment. Beginners oceasicnally make | €

mistekes in reference to what R isin this equation. Thus, if a
weight (7)) be supported on 2 rough plane of inclination a, by a
force (P) inclined at an angle 0 to the plane, the weight resolved
perpendicular to the plane is IV cos a, but it must not be
supposed that the friction is ¢ 1¥ cos ¢, for the normal reaction of
the plane is not IV cos 2. Part of the force W cos a is counter-
balanced by P resolved perpendicular to the plane, i.c., by Psin0,
80 that the normal reaction of the plane is ¥ cos a— P sin 0, and
the friction is this multiplied by c. In solving problems in which
rough sarfaces are concerned, we represent the forces acting on the
body, as usual introducing the friction (F) which always actsin a
direction countrary to that in which motion is supposed to take
place; and then form the usual equations by resolving in perpen-
dicular directions and taking momeuts, being careful not to omit
the equation F=c R, which experiment furnishes.

1. Find the co-efficiont of friction if a weight just reston a rough
plans inclined to the horizon at an angle of 60°.

Let R be the normal reaction of the plane, F tho friction
acting up tho plane, W the weight of the body, then resolving
along and perpendicular to the plane, = J¥ sin 60°, R="F ¢os 60°;

] o
‘%2._ 1—‘;—?%230, or ¢ = tan 60°:= V'8,

2. A weight of 20 lbs. just rests on a rongh plane iaclined at an
angle of 46° to the horizon; find the pressure at right angles to
the plane, and the force of friction exerted.

Resolving along and perpendicular to the plane F=20 sin 45°,
R=90cos 45°; or F=10 /3 =R. Here, since F=c R, en1-
deatly ¢=1.

8. A weight of 10 lbs. is just suppurted on a rough plane whose
inclination is 60° by a power of 5 lbs. acting parallel to tho planec.
Find the inclination of the plaue on which the weight would just
~est of itself.

Resolving along and perpendicular to the plave, we have F+5
== 10 sin 60, R = 10 cos 60°; also F' = ¢ R=¢X10 cos 60°. Henceo
10 ¢ cos 60°+5==10 sin 60°; .. 5c + 5=5 V8, orc =v3E - 1.
Agein, if a be the inclination of tho plane when the body jnst rests
on it supported by friction alone, ¢ R =10 sin @, B =10 cos a;
«. c=tana,ora==tan™ (/3 - 1).

4. A beam rests with one end on the grouad, aud the other in
contact with a vertical wall. Having given the co-efficient of fric-
tion for tho wall and the ground, and the distances of the centre
of gravity of the beam from the onds, determine tho limiling in-
clinaticn of the beam to the horizon.

als‘o P=c R. Hence

Let a, b, be the distances of the centre of gravity of the beam
from its lower and upper ends respectively; R, S tho normal renc-
tions of tho ground and wall; ¢, ¢’ the co-efficient of frictivn for the
ground and wall respectively ; I the weight of the beam, and « its
inclination to the horizon. At the lower end the friction (¢ R) acts
horizontally towards tho wall; at the uppor end the friction (¢’ S}
acts verlically upwards along the wall, the directions of friction in
both cases being contrary to the direction in which motion is about
to take place.

Equating tho vertical and horizontal forces, wo have R+-¢' S=
BH,cR=8§; hencef—-{- ¢'S=W,urS =1‘;ch,.
tion about the lowerend, Wacos @ ==(a+b) (S sina 4 ¢’ S cos a), or

c v

I
14cc’

Also taking mo-

W a cos a = (a4 b) (sin a + ¢’ cos @) ; whence tan « =

a-bcc
5. A sphere of radius a is supported on n rough ivclined plane
(for which the co-efliciout of friction is ¢) by a string of length

%, attached to it and to & pointin tho plane. Prove that the

arentest possibie elevation of the plane, in order that the sphere
may rest when the siring is a tangent is 2tan~c; and find the
tonsion of the string and the pressure on the plane in the limiting
position of equilibrum.

Let 20 be the angle between the string and the plaune ; a the
inclination of the plane, and therefore the angle between the
direction of the weight of the sphere (}) and the radius drawn to
the point of contact; T the tension of the string and R the reac-

tion of the plane.

1 2¢
<. sin20 =
sm..9_1 Feo®

c
——= CO8 f ma -, —==_; ..
v 1+c"" 9 v T2

Taking moments about centre of sphero,

Then sin § =

1—¢?
T+e?’
T = ¢ R (1). Resolving along and perpendicular to the plsae

Ti_:_&: +cR= Wsina, 2); T—C_ + W cosa=R, (9).
+c

cos 20 =

1+c¢?
From (1) and (2) T 1-—_:_2——, = IV sin a, (4). From (1), (8) and
¢

2¢ 2 T ) 1-¢2
H T Z°  + T —~"— cot a = = ; whence cotg =
) 14+¢® 1+ct ¢ 2¢ ?
tana-12° z,txm}_’a=c, ora= 2tan—'c. We shall
- C &

find T' == - ¥, and R= W.

The laws of friction above stated hold when there is sliding
motion, although ihe friction is not of same amount as in the state
bordering on wotion ; when there is a differenco it is greater in
the latter caso than in the former. When there i< sliding motion,
the friction is independent of the velocity.

6. A body is projected up a rough inclined plane with velocity
2 g; the inclination of the plane to the harizon is 80°, and the co-
efficient of friction is tan 15°. Find tho distance along the plane
which the body will deseribe.

Tho normal reaction of tho plane is W cos 80°% and .. friction
= W cos 80° tan 15; hence entire forcoe down tho plane = J#" sin

80° -}~ W cos 80° tan 15°. But acceleration = f%z. Therefore
aceeleration down the plane = (W sin 80° + ¥ cos 80° tan 15°) =
c sin 45° 2g

W . . . o _ SN 45° x
zr-—g(smso +- cos 80° tan 15 )—g'c?§115°"\/§+1 ow,
if s be dis. described bofore body comes torast, v¥ = 8 fs; .~ (2g°
-2, 28 ;s = g +1)-

v 9 (Vg +1)



