8.7 Two Blocks, Two Slopes and a Pulley

Two blocks my1 and mg are connected by a light string (with negligible mass) passing over a pulley
with mass M and radius R as shown. The pulley is a solid uniform disk, and the friction between
it and the rope is such that when the blocks move the rope turns the pulley without slipping. The
kinetic friction coefficient between the blocks and the slope is . Find the acceleration of the blocks,
the angular acceleration of the pulley, and the tension in each part of the rope. Assume that my is
much larger than m; (the blocks go from left to right), and that the bearings of the pulley rotate
without friciton.
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Problem 8.7

We assume that the mass msy is sufficiently larger than the mass m; so that ms
accelerates down. This determines which direction the kinetic friction acts for each block.
The force equation for msy in the direction down the slope is

mga:ZF:mggsineg—umggcosé’g —T5 —
fric
Ty = magsinfy — pmag cos By — moa (1)

where a is the acceleration of msy directed down the slope and T5 is the tension for that
portion of the string. The force equation for m; in the direction up the slope is

mla:ZF:Tl—mlgsinﬁl—,umlgcosel —
fric
Ty = myia + mygsin 0y + pmqg cos 6q (2)

where a is also the acceleration of m; directed up the slope (assuming the string does not
stretch) and 77 is the tension for that portion of the string. The torque equation for the
pulley is

Ia:ZT

1
5MR%é — RT, — RT} —

2(Ty — Th)
=R )

where « is the angular acceleration clockwise in the picture and [ = %M R? is the moment
of inertia about the axle. (Please see Table 12.1 on page 309.) The coefficient of RT5 is
positive because Th acts to increase «; the coefficient of RT) is negative because T} acts
to decrease . The constraint of no slipping between the pulley and the string requires
that

a = Ra (4)
Substituting Equation (?7?) into Equation (?7?) gives

ATy —T)
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Substituting Equations (??) and (?7) into Equation (??) and solving for a gives

mag(sin By — pucosby) —myg(sin by + pcos ;)

a= (6)

m1+m2+%M

Substituting Equation (?7?) into Equation (??) gives

mog(sin By — p1cos by) — myg(sin by + pcosby)
my + meo + %M

Ty = magsinfy — pmsog cos s — my -

Substituting Equation (?77) into Equation (?7?) gives

mag(sin By — p1cos by) — myg(sin by + pcosby)
my + mo + %M

T =mq - + mqgsin 6y + pumy g cos 6,

Substituting Equation (?7?) into Equation (?7) gives

a  mag(sinfy — pcosby) — myg(sin 6y + jucos b))

=

R<m1+m2+%M)
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