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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 coefficients of static and kinetic
friction between the wall and block A are us = 0.4, 4 = 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
» F, = 0=N-P (1)
Y F, = 0=T+ fi — mag, (2)

where N is the normal force, P is the applied force, 1" is the tension in the
rope, fr = upN 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,

ZFy:O:T—ng. (3)

Obtaining an expression for the tension 7' from equation (3) and for the
normal force N from equation (1) and substituting into equation (2) yields:

0 = mxg—mag+ N
= mxg —mag + P

_ P
myxy = Map— ——
g
~ 6.5 kg
= - 1S - (@
JPLO3 me= & s <
- Q15306
~ 6-4ef



Problem 2

A
Bm Q m

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 w about an axis perpendicular to
the triangle. For fixed w, 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)
isellap

(2 e

cos30° /3

lap =

The ratio of kinetic energies is

/0 pk Kp _ loe® Iy

K_A_%IA(,UQ IA’

where [ 4, Ig are the moments of inertia about an axis perpendicular to the

plane in which the masses lie and passing through points A, B respectively.
2

The moment of inertia through point A is I, = (\%) -3 = ml%. The

moment of inertia through point B is simple Iz = mf? -2 +0 = 2m#?. Thus,

/9\’)’/% O(Z)‘f j—/}‘ﬁjg Kp Ip

OQ (Qw Qwﬂ answer Ko L



Problem 3

Two cars start 200 m apart and drive toward each other at 10 m/s.
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 At = ’URva = 200 I;ls = 10 s. In this interval,

the grasshopper travels a distance d, = v, - At = 150 m.

157 b B et S
/0 70/@ Hnswes




Problem 4

A particle of mass 1 kg undergoes one-dimensional motion such that its
velocity varies according to v(z) = Sz~ ", where 5 and n are constants and x
is the position of the particle as a function of z. Determine the acceleration
of the particle as a function of its position x.

Solution:
v(x) = pa™"
dv dvdx
W)= G wd
= —nBx " u(a)
— n52x72n71

N}
= W
(VA
D
\)
Q
Q‘
Qo
S
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A particle of mass m undergoes one-dimensional motion in a potential U(r) =
Uy (}% + )\2§) where r is the distance from the origin, 0 < r < oo. The quan-
tities Uy, R, A are positive constants. Find the equilibrium position ry. For
small displacements = 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 ry that satisfies
9L\, = 0. Solving yields

Ulr) = Uo(i+)\2§>, 0<r<oo

7% R r
/0 / o = 0=t (-2,

R
o = AR
Taking the second derivative %272] and evaluating at the equilibrium point rq,

U _2W\NR _ 2y

Or? Iro = S AR2 0

Thus, r¢ is a stable equilibrium point. Substituting r = 9 + x into U(r) and
expanding for small x yields

ro+ R

/@Pé Ulrg+x) = UO(OR +)\2r H;),
0

To x MR 1
1= i

R( +T0)+ To 1+%

2
~ AUy (1+£>+<1—3+x—2—--~)1,
To To 7’0

— 2y + % (%)2.

For small displacements x about the equilibrium point ry the

quadratic in x. The frequency of small oscillatigus about rg ig

A simpler solution is to just U = U (ﬂb "f‘(r’fbMT -;Ll(ﬁ«(%l Ull(fa>

just Taylor expand about
r=r0 2

= Uy ¢ Y
K

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 Ais 1 in 50, the defective rate for factory B is 1 in 20, and the defective rate for factory C
is 1in 100.

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

SOLUTION

P(from C and defective)
P(defective)

We need to calculate P(from C|defective) =

We have
P(defective) = P(from A and defective) + P(from B and defective) + P(from C and defective)

1 1 1
=(0.20)x—+(0.75) x—+ (0.05) x — = 0.042
(020) 50 0.7) 20 (0.05) 100

and
P(from C and defective) = (0.05) x % =5%x10""

Hence,

P(from C and defective) 5x 107
P(defective) 0.042

P(from C | defective) = =0.0119 or 1.19%



THERMO B2

The equation of state of some material is
pV=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

U=BT"In(V/V,)+ f(T),
where B, n, and V are all constants, and f(T) only depends on the temperature.

Find B and n.
SOLUTION

From the first law of thermodynamics, we have

dU +pdV  [1 (U p 1 /38U
T eemm———— —_ R — [ V J— JR— .
43 T [T (av)T“LT}d +T(6T)VdT

We substitute in the above the expressions for internal energy U and pres-
sure p and get

ﬂ.—l 2 rtirm
BT+ AT" o, 1 IUD) L prne2, YV g
T Vo

ds =

From the condition of complete differential, we have

I BT 2
aT % av| T " "V

3 (BT”"l-i-ATg):i[f'(T) V]
giving

2AT - BT" % =0.

Therefore n = 3, B = 2A.
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