


Solution: There are four forces acting on the
object: a normal force N perpendicularly away
from the incline, gravity myg vertically down-
ward, the applied force F in the direction of
motion, and a static frictional force fbefore the
object begins to move. Since the object is about
to slide along the plane, the frictional force
must be at its maximum value, f'= 1 /V. The
sum of the force components perpendicular to
the incline is zero, so,

N=mgcos) = f=pu mgcos0. (1)

On the other hand, the force components par-
allel to the surface of the incline are sketched in

the following free-body diagram.
fi

mg sin f

Note that the frictional force must make some
angle ¢ as drawn because it initially balances
the other two forces on this diagram,

F=fcos ¢ 2

for the minimum applied force to get the object
to start sliding, and

fsing =mgsind = f= M .3)
sing

Substitute Eq. (3) into (2) along with

cosp = \ll—sinz [0)

to obtain

F =mgsin0 1. (4)

sin’ 10)

Also substitute Eq. (3) into (1) and rearrange

Now put Eq. (5) into (4) to get
F= mg\/usz cos> 0 —sin? 0,

(©)
where we require g1, > tan 0, as otherwise
the object will slip even in the absence of an
applied force. Note that if 1y < pu, as is usually
the case, then the object will begin to accelerate
after it starts moving,.

(Contributed by Carl E. Mungan, U.S. Naval

Academy, Annapolis, MD)

D No Spin Zone (J3)

Challenge: Two cylinders are rapidly spinning in the oppo-
site directions as shown. The axes of the cylinders are a
distance d apart. A uniform board of mass M is placed hori-
zontally on the cylinders as shown. The coefficient of kinetic
friction between the board and the cylinders is [L.. Describe
the subsequent motion of the board.
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Solution: Let us put the origin of our reference
frame over the midpoint of the axes of the cyl-
inders, at the level of the center of the board,
and let us call x the horizontal position of the
center of the board in this reference frame (x
axis pointing to the right). The vertical equa-
tion for the forces acting on the board is IV} +
N, — Mg = 0 and the equation for rotational
equilibrium is

d d
(V, is the normal at the right cylinder, and N,
at the left cylinder.) From these two equations
we obtain

1 x 1 x
N, = Mo(—+=) and N, = Mg(——=).
1 g(2 ,) 2 g(Z ,)

The kinetic friction forces are F; = — 1y IV} and
F, = + N, (the first points to the left, and
the second to the right). Applying Newton’s

to find second law to the center of tl}e board, we hilVC
_ K ) 2 d 2 d
sing  sinf Mg 2ME L
d d
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