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37. A constant amount of an ideal gas undergoes the

cyclic process ABCA inthe PV diagram shown
above. The path BC is isothermal. The work
done by the gas during one complete cycle,
beginning and ending at A, is most nearly

(A) 600 kJ
(B) 300kJ

( 0
@-—300”
(E) =600 kJ
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I5. A classical model of a diatomic molecule is a springy
dumbbell, as shown above, where the dumbbell is
free to rotate about axes perpendicular to the spring.
In the limit of high temperature, what is the specific
heat per mole at constant volume?

(®) 3R
@i+
(D) 3R
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62. A mole of ideal gas initially at temperature T,

and volume ¥, undergoes a reversible isothermal

expansion to volume ¥,. If the ratio of specific
heats is cp/cp, =y and if R is the gas constant,
the work done by the gas is

(A) zero

(B) RT, (Vi/Vo)

(C) RTy(Vy/Vo — 1)

(D) CvTo[l - (%/V.)?"]

@Rn R0 (K¥o)

63. Which of the following is true if the arrangement

of an isolated thermodynamic system is of maximal

probability?

(A) Spontancous change to a lower probability
oceurs.
(B) The entropy is a minimum.
=), Boltzmann's constant approaches zero.
@ No spontaneous change occurs.
The entropy is zero.

A system in thermal equilibrium at temperature 7
consists of a lurge number N, of subsystems, each of
which can exist only i two states of E, and E,,
where E; — E; = ¢ > 0. In the expressions that follow,
k is the Boltzmann constant.

71, For a system at temperature 77, the average number
of subsystems in the state of ecnergy £, is given by
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T2 The internal energy of this system at any tempera-

N,
tare T is given by E\No + 1~ S The heat
capacity of the system is given by which of the

o
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following expressions?
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73. Which of the foliowing is true of the entropy of the
system?
(A) [t imcreases withouwt limit with T from zero at
T'=0,
It decreases with increasing 7',
Itincreases from zeroat T = 0 10 Nk in2 at
arbitranily high temperatures,

(D) 11 is given by N,k[; T ~Inp + cnmum].

(E) It cannot be caleulated from the information
given, = o e Vi

16. An engine absorbs heat at a temperature of
727° C and exhausts heat at a temperature of
527° C. If the engine operates at maximum
possible efficiency, for 2000 joules of heat
input the amount of work the engine performs

is most nearly
(A)) 400 J
1450 J T 2wp™? K
(C) 1600 J o
(D) 2000J x| A,
(E) 2760 J SEA A
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Isotherms and coexsstence curves are shown in the pV
diagram above for a liquid-gas system. The dashed lines
are the boundaries of the labeled regions.

#6. Which numbered curve is the critical isotherm?

A) 1 af %
@ o
(E) 5

47. In which region are the liquid and the vapor in equi-
librium with cach other?

(D) D
(E) F
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17. The outputs of two electrical oscillators are compared
on an oscilloscope screen. The oscilloscope spot is
initially at the center of the screen. Oscillator Y is
connected to the vertical terminals of the oscillo-
scope and oscillator X to the horizontal terminals.
Which of the following patterns could appear on the
oscilloscope screen, if the frequency of oscillator ¥
is twice that of oscillator X ?

0D W
D0

(E)

91. The particle decay A—p + n~ must be a weak
interaction because

(A) the =~ isa lepton

(B) the A has spin zero

(C) no neutrino is produced in the decay
it does not conserve angular momentum
it does not conserve strangeness

R
I‘/v—J‘v‘v‘r
M-

Vo

>

Oscilloscopej

86. The circuit shown above is used to measure the size
of the capacitance C. The y-coordinate of the spot
on the oscilloscope screen is proportional to the
potential difference across R, and the x-coordinate
of the spot is swept at a constant speed s. The
switch is closed and then opened. One can then calcu-
late C from the shape and the size of the curve on
the screen plus a knowledge of which of the following?

(A) ¥V, and R
@: and R

(€C) s and ¥V,

(D) R and R’

(E) The sensitivity of the oscilloscope

. The magnitude of the force F on an object can

= be d.eterst::lned by measuring both the mass m of
an object and the magnitude of its acceleration a,
where F = ma. Assume that these measurements
are uncorrelated and normally distributed. 1f the
standard deviations of the measurements of the
mass and the acceleration are ¢,, and d,,
respectively, then ox/F is

(e ()
®) ("-,‘;, + ”:)3 |
6tz -(9]

(D) 222
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. horizontal scintillation counters are located near
» Echoﬁanh's surface. One is 3.0 meters directly above
the other. OF the following, which is the largest scin-
tillator resolving time that can be used to distinguish
downward-going relativistic muons from upward-
going relativistic muons using the relative ime of the
scintillator signals?

1 picosecond
@l nanosecond

1 microsecond
(D) | miltisecond
(E) 1 second

97. Lattice forces affect the motion of electrons in a
metallic crystal, o that the relationship between the
encrgy £ and wave number & is not the classical
equation E = Mk?/Lm, where m is the electron
mass. [ d, itis p ble to use an effective mass
m* given by which of the following?

(A) m* = LWk (ﬁ.)
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25. In experiments located deep underground, the two
types of cosmic rays that most commonly reach the
experimental apparatus are

(A) alpha particles and neutrons
(B) protons and electrons
iron nuclei and carbon nuclei
uons and neutrinos
positrons and electrons
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26. A radioactive nucleus decays, with the activity

shown in the graph above. The half-life of the
nucleus is

2 min
7 min
11 min

(D) 18 min
(E) 23 min

18. In transmitting high frequency signals on a coaxial
cable, it is important that the cable be terminated at
an end with its characteristic impedance in order to
avoid

(A) leakage of the signal out of the cable
overheating of the cable
@nﬂwicn of signals from the terminated end of

the cable

(D) attenuation of the signal propagating in the
cable

(E) production of image currents in the outer
conductor
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15, Suppose one mole of an ideal gas undergoes the
reversible cycle ABCA shown in the P-V
diagram above, where AB is an isotherm. The
molar heat capacities are Cp, at constant pressure
and Cp at constant volume. The net heat added to
the gas during the cycle is equal to
(A) RTHV11V,

(B) —Cp(Th =Tc)
(C) Co(Th-T¢)
(D) RTyInVy/V, — Cp(Th-T¢)

@Rr,,lnv,/v. - R(Tp~Te)

73. The adiabatic expansion of an ideal gas is described
by the equation PVY=C, where y and C are con-
stants. The work done by the gas in expanding
adiabatically from the state (V;, P;) to (Vr, Pr)
is equal to

(A) Py
P+ P
® CEE v,

94, A system consists of N weakly interacting subsys-
" tems, each with two internal quantum states with

Ve— PiV; * energies O and €. The internal energy for this

(: i -y system at absolute temperature T is equal to

(A) Ne
P,‘(V l+y Viloy
(D) —L_-Zl 3
i (B) 5NkT
E Sy =D C) Nee-¢lir
(E) L‘;—l e (C) Nee

Ne
D) +1

Ne
® T+ e-am

16. The mean free path for the molecules of a gas is
approximately given by nla , where 7 is the number

density and o is the collision cross section. The mean
free path for air molecules at room conditions is

13. A 100-watt clectric heating clement is placed in a
pan containing one liter of water. Although the
heating clement is on for a long time, the water,

) I though close to boiling, does not boil. When the
approximately heating element is removed, approximately how
A) 10~ m long will it take the water to cool by 1°C ?
(@ 107 m (Assume that the specific heat for water is
-10 4.2 kilojoules/kilogram °C.)
(C) 107°m 2
(D) lo-ll m A $
(E) 1075 m g:
74. A body of mass m with specific heat C at tem- D) 130s
perature 500 K is brought into contact with an a4

identical body at temperature 100 K, and the two
are isolated from their surroundings. The change in

14. Two identical 1.0-kilogram blocks of copper metal,
one initially at a temperature T, =0° C and the

%

Glass

7

Indoor

Outdoor

4 mm
Window A

Outdoor

Indoor| |
Air

Glass: "L Glass

2 mm
Window B

75. Window A is a pane of glass 4 millimeters thick, as
shown shove. Window B is a sandwich consisting of
two extremely thin layers of glass separated by an air
gap 2 millimeters thick, as shown above. If the ther-
mal conductivities of glass and air are 0.8 watt/meter °C
and 0.025 watt/meter °C, respectively, then the ratio of
the heat flow through window™ A to the heat flow
through window B is

(A) 2
(B) 4

ol

Oven Lens

by
Ky 1ty

Sample

91. An experimenter needs to heat a small sample to
900 K, but the oaly available oven has a maximum
temperature of 600 K. Could the experimenter heat
the sample to 900 K by using a large lens to concen-

entropy of the system is equal to other initially at a temperature T, = 100° C, arc trate the radiation from the oven onto the sample, as
A) (4/3)mC enclosed in a perfectly insulating container. The shown above?
*mCln(WS) o BN -y Pt peimt o b (A) Yes, if the volume of the oven is ot least 372 the
mClIn(3) 79. For an ideal diatomic gas in lher_mal equilibrium,  _mro temperature Ty. The amount of heat \(ﬂ;ljm of the sample. :
(D) -mCln(5/3) the ratio of the molar heat capacity at constant exchanged between the two blocks in this process (B) Yes, if the arca of the front of the oven is at least
(E) 0 volume at very high temperatures to that at very s equal to which of the following? (The specific 32 the area of the front of the sample.
low temperatures is equal to m:af;z;gm; metal is equal to 0.1 kilocalorie/ (C) Yes, if the sampke is placed at the focal point of
A) 1 ; the lens.
EB; 513 gg)) gg ;a' (D) No, because it woukl violate conservation of
2 10 keal coergy.
713 5 kcc:l (E)\ No, because it would violate the second law of
3 1 keal thermodynamics.
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95. Which of the following curves is characteristic of
the specific heat Cyp of a metal such as lead, tin,
or aluminum in the temperature region where it
becomes superconducting?

(A) Cpl

2] T
B G

0 T
© G
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(D) Cof
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27. In laboratory experiments, graphs are employed to determine how one measured variable depends on another.
These graphs generally fall into three catcgories:  linear, semilog (logarithmic versus lincar), and log-log. Which
type of graph listed in the third column below would NOT be the best for plotting data to test the relationship

given in the first and second columns?

Relation Variables Plotted Type of Graph
(A) dN/dt o ¢3¢ Activity vs. time for a radio- Sermilog
active isotope
(B) eVy=hf =W Stopping potential vs. frequency Linear
for the photoelectric effect
(C) set? Distance vs. time for an object Log-log

undergoing constant acceleration

((v[yvﬂlv;,, e 1/ Gain vs. frequency for a Jow-pass Lincar LOG LOG
filter

(E) P=T4 Power radiated vs. temperature Log-log
for blackbody radiation

78. In an n-type semiconductor, which of the following 72. In a voltage amplifier, which of the following is NOT

is true of impurity atoms?

(A) They accept electrons from the filled valence
band into empty energy levels just above the
valence band.

(B) They accept electrons from the filled valence .
band into empty energy levels just below the
valence band.

(C) They accept electrons from the conduction
band into empty energy levels just below the 34
conduction band.

(D) They donate electrons to the filled valence band
from donor levels just above the valence band.
hey donate electrons to the conduction band from
filled donor levels just below the conduction band.

10. Internal conversion is the process whereby an excited
nucleus transfers its energy directly to one of the
most tightly bound atomic electrons, causing the
electron to be ejected from the atom and leaving the
atom in an excited state. The most probable process
after an internal conversion electron is ejected from
an atom with a high atomic number is that the

(A) atom returns to its ground state through inelastic
collisions with other atoms
alom emits one or several x-rays
) nucleus emits a y-ray
(D) nucleus emits an electron
(E) nucleus emits a positron

usually a result of introducing negative feedback?

@ Increased amplification
(B) Increased bandwidth
(C) Increased stability

(D) Decreased distortion
(E) Decreased voltage gain

. When the beta-decay of %Co nuclei is observed at

low temperatures in a magnetic field that aligns the
spins of the nuclei, it is found that the electrons are
cmitted preferentially in a direction opposite to the
®Co spin direction. Which of the following invari-
ances is violated by this decay?

(A) Gauge invariance
(B) Time invariance

C) Translation invariance
{((D)Reflection invariance
Rotation invariance

63. According to the Standard Model of elementary
particles, which of the following is NOT a
composite object?

(A))Muon
Pi-meson

(C) Neutron

(D) Deuteron

(E) Alpha particle
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