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10.1 Lifting a Drum up the Sidewalk
A cylinder of mass M and radius R is lying on the street against the sidewalk. The height of the
sidewalk is h. A rope is attached to the axis at each end (point P and Q) of the cylinder (we only
show point P in the figure). We pull on the ropes (with equal force) perpendicular to the axis at an
angle a with a horizontal plane so as to just lift the cylinder off the street.

a) What is the ratio of this force (2 ropes combined) to the weight of the cylinder? Express your
answer in terms of «, 6, M, and g.

b) At what angle of « is the ratio as described under a) a minimum, and at what angle is it a
maximum? Use 6 = 30°.
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Problem 10.1

(a) We pull with a force F' (both ropes combined). At the point O the sidewalk exerts
an unknown force F’ on the cylinder. The condition for just lifting the cylinder off the
street is N = 0 where N is the usual normal force the street exerts on the cylinder. We
can eliminate F’ by measuring all torques about O. (A torque is defined as positive if it
would cause the cylinder to roll up the sidewalk.) The condition for just rotating about
the corner is 7 = 0 where 7 is the total torque about O.

0= FRsin(r — ( + a)) — MgRsin (7?— (g — 0)) = FRsin(0 + o) — MgRcosf

where we use the trigonometric identities sin(m — ) = sinz and sin (g + x) = CcosZ.
Solving the above equation for F' gives

Fo cosf
Mg sin(0 + «)

(b) A local minimum or maximum occurs when

dF cosf cos(f + )
0=""= _My.
da g sin?(0 + )

The only solution to the above equation is
cos(f+a) =0 = a=90°—-14¢

For 6 = 30° then a = 60°. By plotting Mig we see that a = 60° is a local minimum and
the global minimum and « = 0 is the global maximum (not local). It’s not hard to show
that if 6 < 45° then the maximum is at o = 0°, and if # > 45° then the maximum is at
a = 45°.
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