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Midterm 1
Prof. Achilles Speliotopoulos
Problem 3. A cylinder is cut out of a large block with mass M sitting on

a table. A small block of negligible size and mass m is placed within the hole
(see figure). The coefficient of static friction between the small block and the
large block is µs, and you may assume that the friction between the large block
and the table is negligible. What is the minimum and maximum value of F so
that θ does not change?

Solution.
∑−→

Fi = m−→a
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FBD for mass m:
axis x:

∑
Fx = N sin θ − f cos θ = ma (1)

axis y:
∑

Fy = N cos θ + f sin θ −mg = 0 (2)

FBD for mass M :
axis x:

∑
Fx = −N sin θ + f cos θ + F = Ma (3)

N
m

Mg

F

Ñ
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(1) + (3) : F = (m + M)a

(actually that is clear from the common sense)
In the critical case f = µsN and after rewriting the

equations for mass m we can get:
axis x:

N(sin θ − µs cos θ) = m
F

m + M
(4)

axis y:
N(cos θ + µs sin θ) = mg (5)

sin θ − µs cos θ

cos θ + µs sin θ
=

F

(M + m)g
(6)
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Fmin = (M + m)g
sin θ − µs cos θ

cos θ + µs sin θ
(7)

This case corresponds to the minimal force Fmin since it’s the force which
is needed only to keep the mass m on the big block.

The case of the maximum force corresponds to the friction force in the
opposite direction (all forces create the acceleration in the x direction).

If you redraw the pictures and rewrite the equations you get

Fmax = (M + m)g
sin θ + µs cos θ

cos θ − µs sin θ
(8)

You can see the difference between (7) and (8) only in the sign before µs,
which is actually the change in the sign of the friction force.

2






	mt1_1_Q11.pdf
	mt1_1_Q12
	mt1_1_Q2
	mt1_1_Q3
	mt1_1_Q4
	mt1_1_Q5

