PHYS101 Pulley with and without moment of inertia considered

Pulley with and without moment of inertia considered

A block of mass m; = 1lkg and a block of mass
my = 4kg are connected by a massless string over a M. R
pulley in the shape of a solid disk having radius ™ '

R = 0.25m and mass M = 10.0kg. The fixed, N\
wedge-shaped ramp makes an angle of 8 = 30.0° &
as shown in the figure. The coefficient of kinetic 0

friction is py = 0.25 for both blocks. (Moment of
inertia of solid cylinder [ = %MRZ)

1. Draw the free body diagrams of both blocks and the pulley.

Solution:
free body diagram for mq free body diagram for my free body diagram for the pulley
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2. Determine the linear acceleration of the two blocks.

Solution:
LB = (T fo) i+ (Fy = mig)j = mai M
Zf:z = (—fr, — T+ magsin®) i+ (Fy, — magcosf)j = mpai (2)
Y1 = IR—T,R=—Iua 3)

From equation (1) we get:

Ty — fr, = ma (4)
FNl—mlg = 0:>FN1 :mlg:>fk1 = Upmg (5)

From equation (2) we get:

—fr, — To +magsin€ = mpa (6)
Fn, —mpgcost = 0= Fy, = magcost = fi, = ypmagcost (7)
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PHYS101 Pulley with and without moment of inertia considered

With &« = a/R we get from equation (3)

a
TR - TR = ~ I3 ®)

So (4),(6), (8)
Ty — g = ma )
—pugmagcos 0 — Tp +mpgsind = maa (10)
TR — ToR = —1% (11)

have to be solved for a, Ty, T>.

From (11) we get
a

Ty =T~ Iz (12)
Substitution of (12) in (14) gives
a
T, — Iﬁ — Uxm1g = mya (13)
(10)+(13) gives
—Um1§ — Ugag cos O + mpg sin 6 — I% = my1a + mpa (14)
Solving (14) for a gives
— Uy (my + my cos @) + my sin @ — g (my + my cos @) + my sin @
LTI T R my +my + 20
_ —0.25(1kg + 4kg cos 30°) + 4kg sin 30 o8™ _ g™ (15)
1kg + 4kg + 5kg 52 52

3. Determine the tensions in the string on both sides of the pulley.

From (1) we get:
Ty = my(a+ mg) = kg (0.87?2 +0.25 x 9.8?2) = 3.32N (16)
From (11) we get:

Ia IMR%a 1 1 m
- = - = T — = O. —1 . 7_ - 7. 7
= =T+ 20 1+ 5Ma = 3.32N + S10kg 0.87 5 = 7.67N

Tz = T1 + >
(17)
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If the pulley would be frictionless, i.e. the string slides over the pulley without turning
the pulley, then the results can be obtained by setting I = 0 and become:

—py(my + my cos 0) + mysin 6

a =
my + mp
_ —0.25(1kg + 4kg cos 30°) + 4kgsin30° 98™M _173M
1kg + 4kg 52 s?

T = Ty =T, =yumg+mua=025-1kg - 9.8?2 + 1kg - 1.73?2 =4.18N

(©2015 Department of Physics, Eastern Mediterranean University Page 3 of 2



