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Sorne useful constants

Gas constant R = 8.314 J/mol-K Gravitational constant G = 6.68x10!!
N-m? /kg?

Mass of Sun = 2.0 x10* kg Mass of Earth = 6.0x10% kg
Radius of Earth = 6.4 x10® m Radius of Sun = 7.0x10% m
Electron mass me = 9.1x103! kg Electron charge e = 1.6x10'° C

Electric constant (permittivity) €o = 8.85x10-12 C2 /N-m?

Magnetic constant (permeability) uo = 47X 107 T-m/A
Plank’s constant i = 6.63x10"3 J-s 1eV=1.6x10"7J
Boltzmann constant k, = 1.380 x 1023 J-K-!
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A 0.50-kg object moves on a horizoﬁtal frictionless circular track with a radius of 2.5 m. An external
force of 3.0 N, always tangent to the track, causes the object to speed up as it goes around. If it starts
from rest, then at the end of one revolution the radial component of the force of the track on it is.

A simple gyroscope consists of a wheel (M =2.0 kg, R= 0.75 m, I = 1.1 kg-m?) rotating on a horizontal
shaft. If the shaft is balanced on a pivot 0.50 m from the wheel, and the wheel rotates at 500 rev/min,
what is the precession frequency of the wheel?

A spherical shell has inner radius R1, outer radius Ro, and mass M, distributed uniformly throughout the
shell. What is the magnitude of the gravitational force exerted on the shell by a point particle of mass m,
located a distance d from the center, outside the inner radius and inside the outer radius?

A simple pendulum is suspended from the ceiling of an elevator. The elevator is accelerating upwards
with acceleration a. What is the period of this pendulum, in terms of its length L, g and a?

The sinusoidal wave y(x,t) = ym sin(kx — ¥) is incident on the fixed end of a string at x = L. What is the

. . 0
equation that describes the reflected wave? 4 d J d
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The diagram shows four slabs of different materials with equal

thickness, placed side by side. Heat flows from left to right and the 1 2 3 4
steady-state temperatures of the interfaces are given. Please rank the

materials according to their thermal conductivities, smallest to largest. 35°C 30°C 20°C 0°C -15°C
A sample of argon gas (molar mass 40 g) is at four times the absolute temperature of a sample of
hydrogen gas (molar mass 2 g). What is the ratio of the rms speed of the argon molecules to that of the

hydrogen?
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8.

10.

11.

An ideal gas of N monatomic molecules is in thermal equilibrium with an ideal gas of the same number
of diatomic molecules and equilibrium is maintained as temperature is increased. What is the ratio of the
changes in the internal energies AEdia/ AEmon?

The temperature of 7 moles of a gas is increased from T; to Trat constant pressure. If the molar specific
heat at constant pressure is Cp and is independent of temperature, then what is the change in the entropy
of the gas?

The thermodynamic state of gas changes configuration from one with 3.8 x 108 microstates to one with
7.9 % 10! microstates. The Boltzmann constant is 1.38 x 1023 J/K. What is the change in entropy?

The table below gives the electric flux through the ends and round surfaces of four Gaussian surfaces in
the form of cylinders. Rank the cylinders according to the charge inside, from the most negative to the

most positive.

left end

right end

rounded surface

cylinder 1:

+2 x 10° N-m?/C

+4 x 10 N-m?/C

—6 x 107 N-m?/C

cylinder 2:

43 x 10 N-m?%C

-2 x 10 N-m?/C

+6 x 10 N-m?%/C

cylinder 3:

-2 x 10° N-m?/C

-5 x 107 N-m?/C

+3 x 10° N-m?%/C

cylinder 4:

+2 x 107 N-m%C

-5 x 107" N-m?/C

-3 x 10° N-m%C

12.

13.

14.

In the following diagrams, all light bulbs are identical and all emf devices are identical. In which circuit
(1, I1, 111, TV, V) will the bulbs be dimmest?
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The diagrams show three circuits consisting of concentric circular arcs (either half or quarter circles of

radii r, 2r, and 37) and radial lengths. The circuits carry the same current. Please rank them according to

the magnitudes of the magnetic fields they produce at C, least to greatest.

AR ANYEN

The following figure shows the energy levels for an electron in a finite potential energy well. If the

electron makes a transition from the n = 3 state to the ground state, what is the wavelength of the emitted

photon?
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1. Acylindrical capacitor consists of a central conductor of radius a surrounded by a cylindrical shell of

radius b, as shown in right figure. We assume that the cable is long enough for us to neglect end effects

and the linear charge on the central conductor is 4 C/m. (k= 1/4meo)

(A) The electric field in the region a <r <b is £; = ki/2r

(B) The electric field in the region a <r <b is E; = 2kA/r

(C) The potential difference between the conductors is k4 In(b/a)

(D) The potential difference between the conductors is k4 (b/a)

(E) The capacitance of a length L assuming that air is between the plates:
C = 2ngoL/In(b/a)

2. Inthe right figure ¥23= 3¥1, and n moles of a diatomic ideal gas are

taken through the cycle with the molecules rotating but not oscillating.

Which of the following is/are correct?
(A)The molar heat capacity Cv = (5/2)R

(B) The ratio of the pressures P1/P3 =3

(C) The ratio of the temperatures 71/T3 = 3%

(D) Change in the internal energy for the complete cycle is AEin =0
(E) In process 1 — 2, the work done is W12 = RT} In3

Pressure

3. In the figure below, the conducting rod has length L= 0.1 m and is being pulled along horizontal

frictionless conducting rails at a constant velocity with v =5 m/s. The rails are connected at one end with

a metal strip. The rod has resistance of 0.4 Q and the rails and connector have negligible resistance. A

uniform magnetic field B = 1.2 T out of the page fills the region in which the rod moves. It is correct that

(A) the magnitude of the emf induced in the rod is 0.6 V

(B) the induced current is 1.5 A
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(C) the induced current is clockwise

(D) the leftward external force needed to keep the rod moving at constant velocity is 1.8 N

(E) the power associated with the force is 3.0 W
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