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Sample Prelim Questions

July 25, 2022

The first four problem are at the physics 211H level. The following four
problems are at a physics 311 level.

Problem 1

Block A of mass 8 kg and block X are attached to a rope that passes over
a pulley. A 50 N force P is applied horizontally to block A, keeping it in
contact with a rough vertical face. The coe�cients of static and kinetic
friction between the wall and block A are µs = 0.4, µk = 0.3 . The pulley
is light and frictionless. Determine the mass of block X such that block A
descends at a constant velocity of 5 cm/s when it is set into motion.
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Solution: Applying Newton’s second law to mass A yields

X
Fx = 0 = N � P (1)

X
Fy = 0 = T + fk �mAg, (2)

where N is the normal force, P is the applied force, T is the tension in the
rope, fk = µkN is the force due to kinetic friction, and g is the acceleration
due to gravity at the surface of the Earth. Similarly, for mass X,

X
Fy = 0 = T �mXg. (3)

Obtaining an expression for the tension T from equation (3) and for the
normal force N from equation (1) and substituting into equation (2) yields:

0 = mXg �mAg + µkN

= mXg �mAg + µkP

mX = mA � µkP

g
⇠ 6.5 kg
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Problem 2

30

Three equal masses m are rigidly connected to each other by massless rods
of length ` forming an equilateral triangle, as shown in the figure above.
The assembly is given an angular velocity ! about an axis perpendicular to
the triangle. For fixed !, determine the ratio of the kinetic energy of the
assembly for an axis through B compared with that for an axis through A.

Solution: The triangle formed by the massless rods connecting the masses
m is an equilateral triangle of length `. Thus, the distance from any mass m
to the center of the triangle (which is also the center-of-mass of the system)
is ellAB

`AB =
`/2

cos 30�
=

`p
3

The ratio of kinetic energies is

KB

KA
=

1
2IB!

2

1
2IA!

2
=

IB
IA

,

where IA, IB are the moments of inertia about an axis perpendicular to the
plane in which the masses lie and passing through points A,B respectively.

The moment of inertia through point A is IA = m
⇣

p̀
3

⌘2

· 3 = m`2. The

moment of inertia through point B is simple IB = m`2 · 2+ 0 = 2m`2. Thus,

KB

KA
=

IB
IA

= 2.
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Problem 3

Two cars start 200 m apart and drive toward each other at 10 m/s. A
grasshopper jumps back and forth between the cars with a constant hori-
zontal speed of 15 m/s relative to the ground. The grasshopper jumps the
instant he lands, so he spends no time resting on either car. What distance
does the grasshopper travel before the cars collide?

Solution: The cars collide after�t = d
vR�vL

= 200 m
20 m/s = 10 s. In this interval,

the grasshopper travels a distance dg = vg ·�t = 150 m.
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Problem 4

A particle of mass 1 kg undergoes one-dimensional motion such that its
velocity varies according to v(x) = �x�n, where � and n are constants and x
is the position of the particle as a function of x. Determine the acceleration
of the particle as a function of its position x.

Solution:

v(x) = �x�n

a(x) =
dv

dt
=

dv

dx

dx

dt
= �n�x�n�1 · v(x)
= �n�2x�2n�1
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Problem 5

A particle of massm undergoes one-dimensional motion in a potential U(r) =
U0

�
r
R + �2R

r

�
where r is the distance from the origin, 0  r  1. The quan-

tities U0, R,� are positive constants. Find the equilibrium position r0. For
small displacements x from this equilibrium point, show that the potential
is quadratic in x. Find the frequency of small oscillations.

Solution: The minimum of the potential occurs at position r0 that satisfies
@U
@r |r0 = 0. Solving yields

U(r) = U0

✓
r

R
+ �2R

r20

◆
, 0  r  1

@U

@r
|r0 = 0 = U0

✓
1

R
� �2R

r20

◆
,

r0 = �R

Taking the second derivative @2U
@r2 and evaluating at the equilibrium point r0,

@2U

@r2
|r0 =

2U0�2R

r30
=

2U0

R2
> 0.

Thus, r0 is a stable equilibrium point. Substituting r = r0 + x into U(r) and
expanding for small x yields

U(r0 + x) = U0

✓
r0 + x

R
+ �2 R

r0 + x

◆
,

= U0

"
r0
R

✓
1 +

x

r0

◆
+

�2R

r0

1

1 + x
r0

#
,

⇠ �U0

✓
1 +

x

r0

◆
+

✓
1� x

r0
+

x2

r20
� · · ·

◆�
,

= 2�U0 +
U0

�

⇣ x

R

⌘2

.

For small displacements x about the equilibrium point r0 the potential is

quadratic in x. The frequency of small oscillations about r0 is ! =
q

2U0
m�R2 .
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A simpler solution is to just 
just Taylor expand about 
r=r0

If the student does the expansion then they can find the 
frequency just from the expansion and do not need to 
explicitly compute the second derivative.  Accept either way of 
finding the expansion and frequency. 



THERMO – A3 

Three factories (A, B, and C) manufacture batteries. Factory A produces 20% of the batteries and factory 
B produces 75% of the batteries. The remaining 5% of the batteries are from factory C. The defective 
rate for factory A is 1 in 50, the defective rate for factory B is 1 in 20, and the defective rate for factory C 
is 1 in 100. 

Given that a randomly chosen battery is defective, what is the probability that it came from factory C? 

SOLUTION 

We need to calculate 
(from C and defective)(from C defective)

defective)
| =

(
PP

P
  

We have 

(defective) (from A and defective) (from B and defective) (from C and defective)

1 1 1(0.20) (0.75) (0.05) 0.042
50 20 100

= + +

= × + × + × =

P P P P
 

and  

41(from C and defective) (0.05) 5 10
100

−= × = ×P  

Hence, 

4(from C and %defective) 5 10(from C defective)
defectiv

1
e)

0.0119  or  1
0

. 9
.042

−×
| = =

(
=

PP
P

 

 

 

 

 

 

 

 

 

 

 

 

 



THERMO B2 

 

The equation of state of some material is 

3pV AT= ,  

where p, V, and T are the pressure, volume, and temperature, respectively, and A is a constant. The 
internal energy of the material is  

  0ln( / ) ( )nU BT V V f T= + , 

where B, n, and 0V  are all constants, and f(T) only depends on the temperature.  

Find B and n. 

 

SOLUTION 
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