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Letter to Professors of Physics of US Universities,
Inviting Their Departments’ Participation
in the CUSPEA Program

February 1, 1980

Dear g.’,iﬂ}__i

This letter is to invite the participation of your department
in an effort to establish objective criteria for selecting graduate
students in physics from the People’s Republic of China. As you
know, the GRE program has not so far been established in Chi-
na. Yet thereis alarge number of Chinese college graduates who
would like to come to the U. S. to study, and this number will
undoubtedly increase by next year. During this interim period,
the Columbia Physics Department has used a temporary proce-
dure which has turned out to be quite successful, and which
might work well as a general plan for American universities.

The method we have used is simply to provide our own ex-
amination (see attached), equivalent to the qualifying examina-
tion which our students take during the first year of their gradu-
ate work. The first exam, given last spring, was conducted
while I was in China. The second, held from December 26 ~ 29,
1979, was administered jointly by the Graduate School of A-
cademia Sinica and the Physics Department of Peking Universi-
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ty, who also notified all Chinese graduate physics students from
other universities and institutes. The examination was graded in
China and then the top ten papers were sent to Columbia where
they were re-graded;, both grades are essentially identical. In
both instances | was able to interview the high-ranking appli-
cants for about one-half hour each, which gave me an estimat e of
their spoken English as well as an overall impression of the per-
son. In addition, we asked the A cademia to make up a written
English examination. Largely because of the excelent adminis-
tration by the Chinese, which was both painstaking and objec-
tive, the process has resulted in providing us with an effective
substitute for the GRE.

As aresult of the first examination given last spring, we ad-
mitted five Chinese graduate students. They arrived in August
and joined our regular first-year program which requires some
teaching duties as well as the usual course work—quantum me-
chanics, statistical mechanics and electromagnetic theory. All
have performed both tasks admirably. At the beginning of this
spring semester they passed our qualifying examination, with
three of them ranking in the first, third and fourth positions (the
one who scored first probably broke all our records) . Theresults
of their qualifying examinations are consistent with their course
grades. In fact, partially because of the success of this first
group, we have admitted (for September 1980) the four top stu-
dents among those who took the second exam given last Decem-
ber.

Our good experience encourges us to believe that, for the
period before the GRE program becomes available in the People’'s
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Republic of China, a system such as | have described might be
useful on a nationwide basis. In addition, we have felt that our
Physics Department should not be the only one having access to
this pool of excellent students. We felt this especially strongly in
view of the important fact that the examination to be given this
coming fall will be taken by the first class to complete the stan-
dard four-year college program since the re-establishment of reg-
ular university training in Chinain 1977.

As afirst step, we ask all interested physics departments to
fill out the enclosed questionnaire. Assuming that the response is
positive, we will then have a substantia group of A merican uni-
versities which will participate in the following steps:

1. Each year, two physics departments will be selected to
prepare and to assume full responsibility for the examination,
with each serving, say, not more than two years.

2. The exam will then be sent to China and administered by
the Graduate School of A cademia Sinica and Peking U niversity,
who will notify all other Chinese universities and physics insti-
tutes. The first examination will be held in Peking in either Oc-
tober or November 1980. It is estimated that there will be sever-
al hundred qudified students from all over China participating
(some already graduates, but most in their fourth year of
college). The exam will be graded by Chinese physicists. Since
this does involve a great deal of organization and effort on the
Chinese side, | have received assurances from, among others,
Deputy Premier Fang Yi (who is also President of Academia
Sinica) and Jiang Nan-xiang, the Minister of Education, of ther
strong support for this program. | have every reason to believe
that all the best eligible Chinese students who wish to participate

9



will be ableto do so.

3. Two American physicists (one from each of the universi-
ties preparing the examination) will go to China to interview,
say, thetop fifty. [ This step may not be necessary. However, it
does serve the important purpose of providing us some personal
contact with the Chinese participants. ]

T he results of the examination and the interviews will be
made available to the participating American physics depart-
ments.

4. Each student can then send his college transcript and rec-
ommendations to the universities of his choice to apply for admis-
sion. However, because of the practical difficulty for a student in
China to request and receive application forms, we suggest a uni-
form simplified application procedure:

i) Each student will be given a list of the participating
American physics departments, together with your replies to
items 2~ 6 on the questionnaire. With this information, he will
complete a“ pre-application” form on which he indicates five
schools of his choice (a suggested sampleis enclosed) .

ii) The student then sends the form and his college tran-
script to each of the departments of interest, but with his recom-
mendation letters mailed separately. All these should arrive by a
specified date.

iii) Each physics department will then have sufficient infor-
mation to make decisions regarding admission. Should a depart-
ment be interested in a student who did not list it as his first
choice, it would be advisable to clarify his status before admis-
sion. This can be done easily by a phone call to the physics ad-
missions officer at theinstitution(s) listed in prior order.

10



Once it has been decided to admit a student, it can be ar-
ranged for him to complete a regular set of admission application
forms, as the universities will undoubtedly require. A waiver of
the usual application fee will be necessary since it is virtually im-
possible for the student to acquire forgeign exchange on his own.

iv) To avoid confusion, the student should be instructed to
return the completed application to the physics department which
will then forward it to the admissions office.

Again, specific deadlines can be set for steps iii) and iv).
Since a certain amount of entropy is bound to occur, adjustments
may be made after the deadline. If the admission date is set suffi-
ciently early (for example by the end of January), then it may be
possible to have a second round to place some of those students
who were not accepted by the schools of their choice.

5. The main task of coordinating on the American side will
naturally fal on the two physics departments selected. Should it
turn out to betoo much of aburden, asmall committee of a more
permanent nature could be set up to hep with the problems. The
same committee could also provide continuity in future opera-
tions.

In view of the great difference between the Chinese and
A merican educational systems, an objective program and proce-
dure for selection is clearly needed. T he above is merely atenta-
tive outline which | hope, with your help, may serve the purpose
at the beginning.

Y ours sincerely,
7%

T.D.Lee
11
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, 10 15 ,

0.

A. U.S. schools will send acceptances to each student by
cable. Rejections will be sent either by cable or airmail. T he uni-
versities will notify Dr. Lee and Dr. Yan's Office at the same
time. The whole process should be completed by the end of Jan-
uary.

B. The Chinese students should send their acceptances to
the U.S. Universities by cable and their rejections by airmail be-
fore mid-February. T hese decisions should be communicated im-
mediately to Dr. Yan’s Office in Peking. Dr. Yan will then send
T.D. Lee along cable listing the complete group of acceptances
by Eebruary 15". T his cable will be duplicated and distributed to
all participating universities, in preparation for the second
round.

] ! 8B” H 1)
26



C. Each school will send to the student accepted a regular

set of application forms.
T he student should fill it out immediatey and return the set

to the CUSPEA representative of that school. T he representative
will in turn forward it to his Office of Admissions so that it may
pass through the regular admission process. When this is done,
a visa form will be sent to the student.

D. A second round of acceptances will be sent by the U. S.
schools, with a repetition of the previous cycle to be completed
by mid-March.

E. A third round will be finished by mid-A pril.

E. During either the second or third round some schools
may discover that all their Chinese applicants have decided to at-
tend other universities. In this case they can write or cable Dr.
Y an directly stating the approximate number of Chinese students
they wish to accept and the cut-off point in the examination
ranking above which they wish to remain Dr. Yan's Office will
then do an optimal matching on an individual basis in these few
cases.
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CUSPEA

May 5, 1981

Dear Professor

U pon the successful completion of the application and ad-
misson of the first batch of CUSPEA candidates, please allow
me, on behaf of all the related universities and research insti-
tutes of China, to extend our heartfet thanks to you for your
kindness in taking part in the CU SPEA program and your gener-
ous offer that enables our students to further their studies at
your University. We indeed appreciate your consideration as well
as your important contribution to the friendly academic coopera-
tion and cultural exchange between our two countries.

Our students will begin their studies on your campus this
fall. We earnestly hope that you will give them the same kind of
strict training as you do to the average students.

| should like to express again, on behalf of my colleagues
and myself, our most sincere gratitude to the President of your
U niversity, the faculty of your Department and yoursef for all
your kindness.

Sincerdy yours,
Y an Jici
Vice President,
A cademia Sinica
34
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CUSPEA
THE PARTICIPATING UNIVERSTIES
OF THE UNITED STATES

U niversity of Arizona

Arizona State University

Boston College

Boston U niversity

Brandeis University

U niversity of British Columbia
Brooklyn College of the CUNY

Brown University

California Institute of T echnology

U niversity of California, Berkeley

U niversity of California, Irvine

U niversity of California, Los Angeles
U niversity of California, San Diego

U niversity of California, Santa Barbara
Carnegie-Mellon University
Case-Western Reserve University

U niversity of Chicago

The total number of the participating universities of the United State and
Canada is 97. The list given above covers only the ones that have admitted CUSPEA
students.
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U niversity of Cincinnati

City College of the CUNY

U niversity of Colorado, Boulder

Columbia U niversity

Columbia University, Astronomy

Columbia University, Applied Physics

U niversity of Connecticut

Corndl University

Dartmouth College

Drexe University

Duke University

U niversity of Florida

U niversity of Georgia

Harvard University

Harvard University, Applied physics

U niversity of Hawaii at M anoa

U niversity of Houston, Central Campus

Hunter College of the CUNY

U niversity of Illinois, Urbana-Champaign

[llinois Institute of T echnology

Indiana University, Bloomington

U niversity of lowa

lowa State University

Johns Hopkins U niversity

U niversity of Kentucky

L ouisiana State University

U niversity of Maryland

M assachusetts Institute of T echnology
50



U niversity of Michigan

Michigan State University

U niversity of Minnesota

Montana State University

New York University

State University of New York at Albany
State University of New York at Buffalo
Northwestern U niversity

Ohio State University

U niversity of Oregon

U niversity of Pennsylvania
Pennsylvania State U niversity
Pennsylvania State University, Astronomy
U niversity of Pittsburgh

Princeton University

Princeton University, Astrophysics
Princeton University, EE

Purdue University

Queens College of the CUNY

Rice University

U niversity of Rochester

Rutgers, the State University of New Jersey
U niversity of Southern California
Stanford U niversity

Stanford University, Applied Physics
Sevens Institute of Technology

Syracuse University

U niversity of Texas at Austin
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Texas A and M University

U niversity of Utah

V anderbilt University

U niversity of Virginia

Virginia Polytechnic Institute and State University
U niversity of Washington

College of William and Mary

U niversity of Wisconsin, M adison

U niversity of Wisconsin, Milwaukee

Y ale University

Y ale University, Engineering and Applied Science

52



CUSPEA

CUSPEA

95

53



54



CUSPEA

CUSPEA
1
1

1979 18
1980 548 126
1981 835 124
1982 530 119
1983 623 108
1984 662 103
1985 662 95
1986 431 72
1987 373 76
1988 450 74

5114 915
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CUSPEA EXAMINATION (1980)

CLASSICAL PHYSICS

(4 hours)

A. Mechanics

Solve 2 of the following 3 problems

Al. Two uniform cylinders are spinning independently about
their axes, which are paralle. Onehasradius R: and mass
M:; theother R: and M. Initially they rotate in the same
sense with angular speeds Q: and Q- respectively. T hey
are then displaced until they touch along a common tan-
gent.

fig. 1

After a steady state is reached, what is the final angular
velocity of each cylinder?

A2. A particle moves in a circular orbit of radius r under the
59



influence of an attractive central force. Show that this or-
bit is stable if

f(r)> - .

S wh
—1|—"

where f (r) is the magnitude of the force as a function of

distancer from the center.

A3. Three particles of equal mass m move without friction in
one dimension. Two of the particles are each connected to
the third by a massless spring of spring constant k. Find
the normal modes of oscillation and their corresponding
frequencies.

fig. 2

B. Electromagnetism

Solve 2 of the following 3 problems

B1l. A parallel plate capacitor ( perfectly conducting plates)
with plate separation d is filled with two layers of materi-

—1 - £y, Oy, iy

- P AT, .

fig. 3
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B2.

B3.

al (1) and (2). Thefirst has dieectric constant €, con-

ductivity o, the second &, @, and their thicknesses are

d. and d: respectively. d.+ d.= d. A potential V is placed

across the capacitor.

a) Neglecting edge effects, what is the electric field in
material (1) and (2)?

b) What is the current flowing through the capacitor ?

c) What is the total surface charge density on the inter-
face between (1) and (2) ?

d) What isthe free” or* real” surface charge density on
the interface between (1) and (2)? Explain carefully
what is meant by the free” or* real” charge density.

Consider a closed circuit of wire - o
formed into a coil of n turns with m—» %’\:j
radius a, resistance R and self-in- _: -~ coil
ductance L. The coil rotates in a u-

. ] . . fig. 4
niform magnetic field H about a di-

ameter perpendicular to the field.

a) Find the current in the coil as a function 0 for rotation
at a constant angular velocity w. Here 6(t) = wt isthe
angle between the plane of the coil and H .

b) Find the externally applied torque required to maintain
this uniform rotation.

(In both parts you should assume that all transient ef-

fects have died away.)

A cylinder of length L and radius R carries a uniform cur-
rent | parallel to its axis.
61



a) Find the direction and magnitude of the magnetic field
everywhere inside the cylinder. (lgnore end effects. )

S VEIEED

b) A beam of particles, each with momentum p parallel to

lll

fig. 5

the cylinder axis and each with positive charge q, im-
pinges on its end from the left. Show that after passing
through the cylinder the particle beam is focussed to a
point. (Make & thin lens” approximation by assuming
that the cylinder is much shorter than the focal length.
Neglect the slowing down and scattering of the beam
particles by the material of the cylinder.) Compute the
focal length.

C. Thermodynamics

Solve 1 of the following 2 problems

C1.

62

Consider two ways to mix two perfect gases. In the first,
an adiabatically isolated container is divided into two
chambers with a pure gas A in the lefthand side and pure
gas B in theright. The mixing is accomplished by opening
a holein the divding wall.

In the second case the chamber is divided by two rigid,
perfectly selective membranes, the membrane on the l€eft is



C2.

LIS

ST AER] |

(g A Cips B
Ry s Ny les
Vol=V, Yol=Vy

fig. 6

perfectly permeable to gas A but impermeable to gas B.
The membrane on the right is just the reverse. The two
membranes are connected by rods to the outside and the
w hole chamber is connected to a heat reservoir at tempera-
ture T. The gases can be mixed in this case by pulling the
|lefthand membrane to the left and the right hand to the
right.

A permeahle \\ // & permeable

LTose Bection Gas A (ias B

-— I | —=-

fig. 7

a) Find the changein entropy of the container and its con-
tents for the second process.

b) Find the change in entropy of the container and its con-
tents for the first process.

c) What is the change in entropy of the heat reservoir in
part a) ?

A Carnot cycle is operated with aliquid-gas interface. The
vapor pressure is pv temperature T, volume V. The cycle
Is operated according to the following p-V diagram.
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!//

T=AT

M % % % %ty o]
|
I

fig. 8 fig. 9
The cycle goes isothermally from 1 to 2, evaporating n
moles of liquid. Thisis followed by reversible cooling from
2to 3. Then there is an isothermal contraction from 3 to

4, recondensing n moles of liquid, and finally a reversible
heating from 4 to 1 completes the cycle.

a) Observe that Vz- V1= Vg¢- Vi where Vo= volume of n
moles of gas, Vi= volume of n moles of liquid. Calcu-
late the efficiency in terms of Ap, V.- Vi, and L.= la-
tent heat of vaporization of a mole of liquid. Treat Ap
and AT as small.

b) Recognizing that any two Carnot engines operating be-
tween T and T - AT must have the same efficiency
(why?) and that this efficiency is a function of T and
AT alone, usetheresult of part a) to obtain an expres-
sion for dp+/dT in terms of Vo- Vi, n, Lvand T.

D. Optics

Solve 1 of the following 2 problems

D1.
64

Consider the modified Y oung’s double-slit arrangement:



D2.

Py

.'-.'.. - I

L

fig. 10

Q is a monochromatic point source of light with wave-
length A. S:is ascreen having along narrow slit and S: has
two slits of width a separated by a distancedm a. P1, P2,
Ps and P4 are polarizing filters. For each of the following
arrangements, describe and briefly explain the intensity
pattern on the screen Ss.

a) All polarizers removed. (Here derive a formula for the
intensity pattern on Ss.)

b) P: removed, P2 and Ps have mutually perpendicular
pass axes while the axis of P4 is at 45°to that of P-.

c) Asin b) but P.removed.

d) P:in place at 45°to P2. Pzand Ps still crossed. P4 per-
pendicular to Pa.

One side of a disk, 1 cm® area, radiates uniformly (a
Lambert’s law radiator) with abrightness of 1 watt cm™ °
steradian " at a single frequency in the visible.

a) What isthetotal rate at which energy is radiated from
this face of the disk?

b) Given afused quartz lens (n= 1. 5) whose diameter is
10cm and whose focal length is 100 cm, show how to
image the radiator onto a disk whose area is cm’.
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c) Estimate the total energy flux reaching the  cm’ disk
to within a few percent.

d) By changing n and the dimensions of thelens, you may
increase the energy flux reaching the  cm’ disk. By
what reasoning might you determine the maximum en-
ergy flux into the  cm’disk that can be achieved?

MODERN PHY SICSK

(4 hours)

Solve 5 of the following 8 problems

1. A historic failure of classical physics is its description of the
electromagnetic radiation from a blackbody. Considered a
simple model for an ideal blackbody consisting of a cubic
cavity of side L with a small hole in one side. ( Seefig. 11).

+}
- o "’f"
- "

fig. 11 fig. 12

a) Assuming the classical equipartition of energy, derive an
expression for the average energy per unit volume and u-
nit frequency range (Rayleigh-Jeans’ law) . In what way
does this result deviate from actual observation?

b) Repeat the calculation, now using quantum ideas, to ob-
tain an expression that properly accounts for the ob-
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2.

served spectral distribution (Planck’s law).
c) Find the temperature dependence of the total power emit-
ted from the hole.

A rod of length d and uniform mass distribution is pivoted at
its center and constrained to rotate in a plane. The rod has
mass M and charges + Q and - Q fixed at either end.

a) Describe this system quantum mechanically, finding the
Hamiltonian, its eigenfunctions and their eigenvalues.

b) If aconstant weak eectric field E lying in the plane of ro-
tation is applied to this system, what are the new eigen-
functions and energies to first order E.

c) If the applied dectric field isvery strong, find an approx-
imate wave function and energy for the ground state.

A nucleus of charge Z has its atomic number suddenly
changed to Z+ 1 by (3decay. What is the probability that a
K-electron before the decay remains a K-eectron around
the new nucleus after [3decay? Ignore all éectron-electron

o

[ [

interactions.

fig. 13

A piece of paraffinis placed in a uniform magnetic field H o.
The sample contains many hydrogen nuclei. The spins of
these nuclei are relatively free from interaction with their
environment and, to first approximation, interact only with

the applied magnetic field.
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a)

b)

d)

Give an expression for the number of protons in the vari-
ous magnetic substates at a temperature T.

A radio-frequency coil is to be introduced in order to ob-
serve resonance absorption produced by an oscillating
magnetic fieddld. What should be the direction of the oscil -
lating field relative to the steady magnetic field Ho. and
why?

At what frequency will resonance absorption be ob-
served? Give the units of all quantities appearing in your
expression so that the frequency will be given in megacy-
cles per second.

In terms of the transition mechanism of the proton spins,
explain why the absorption of energy from the radio-fre-
guency field does not disappear after an initial pulse, but
in fact continues at a steady rate. What happens to the
absorption rate as the strength of the oscillating field is
increased to very large values? ExlIpain.

Consider a particle of mass m moving in a three-dimen-
sional square-wdl potential V(r). Show that for a well
of fixed radius R, a bound state exists only if the depth
of the well has at least a certain minimum value. Calcu-
late that minimum value.

ir Fix

R
¢
| *
i

fig. 14 fig. 15




b) The analogous problem in one dimension leads to a dif-
ferent answer. What is that answer?

c) Can you show that the general nature of the answers to
a) and b) above remains the same for a well of arbitrary
shape? For example, in the one-dimensional case b) use

V(x) = M(x)< 0, as< x< b,
V(x) =0, x< aorx>bh
and consider various values of A keeping f (x) un-
changed.

K" mesons can be photoproduced in the reaction y+ p - K"

N’

a) Find the minimum photon energy in the laboratory ( pro-
ton rest frame) for which this reaction will occur (M«+ =
494 MeV/c’, Mao= 1116 MeV/c’).

b) If thetarget proton is not free but is bound in a nucleus,
then the motion of the proton in the nucleus ( Fermi mo-
tion) allows the reaction of part a) to proceed with a
lower incident photon energy. Assume a reasonable val-
ue for the Fermi motion and compute the minimum pho-
ton energy.

c) The A’ decays in flight into a proton and a 1@ (M, = 140
MeV/cz). If the A" has a velocity of 0. 8c, what is i) the
maximum momentum that the 1t can havein the labora-
tory, and ii) the maximum component of laboratory mo-
mentum perpendicular to the A° direction?

T he magnetic polarizability of an atom is defined by

E(H)
aH = - 2 ,
H H=0
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where E(H ) isthe energy of the atom in a constant, exter-

nal magnetic field.

a) Estimate the magnetic polarizability of the F= 0, 1s, hy-
perfine ground state of a hydrogen atom.

b) Estimate the magnetic polarizability of the (1s)® ground
state of a helium atom. (Be sure to give thought to the
sign of au.)

8. The radioactive isotope 52 Bi decays to Tl by emitting a

6. 1 MeV alpha particle.

a) In an attempt to calculate the decay lifetime, first consid-
er the finite potential barrier shown below. Calculate the
transition probability T for a particle of mass M incident
from the left with energy E in the limit Tn 1.

W,
i~

e O

£y L] v

fig. 16

b) Using the above result, obtain a rough numerical esti-
mate for the lifetime of the *“Bi nucleus. Choose sensi-
ble barrier parameters to approximate the true alpha-
particle potential.

GENERAL PHYSICS
(4 hours)

Solve 6 of the following 8 problems

1. a) How would you measure the surface temperature of the
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sun?

b) What would be the error in your measurement?

c) Using easily observed properties of the sun, make a
rough estimate of the sun’s temperature.

Derive the equations necessary for two independent methods
for experimentally determining Avogadro’'s number (the
number of atoms in a gram molecular weight). Describe
how the experiments might be performed.

a) Draw and qualitatively explain an energy level diagram
for the n= 1 and 2 levels of helium in the nonrelativistic
approximation.

b) Draw and discuss a similar diagram for hydrogen, in-
cluding all the energy splittings that are actually pre-

sent.

a) In order to make & charge sensitive amplifier”, one can
connect capacitance across an ideal inverting amplifier as

indicated below.

=

—

Ampli I".-.'l-:,f‘_._r__,_,._ -

fig. 17

The triangular symbol represents an ideal inverting am-
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5.

b)

plifier with the characteristics: input impedancem 1, out-
put impedancen 1, gainm 1 and output voltage Vou =
(gain Gk (input voltage Vi.). Compute the output volt-
age as a function of the input charge.

It is common practice when interconnecting electronic e-
quipment for handling short-pulsed dectrical signals to
use coaxial cable terminated in its characteristic
impedance. For what reason might one terminate the in-
put end, the output end or both ends of such a coaxial
cable?

N W
L mepll
10 ft of 530 £k cahle
p
L |

20 wilt

anpet pulse

25 ftoof 50 L2 cable

/

1
— ¥ T
- T outpi
- HILR Joand

fig. 18

c) Thefollowing circuit is used to generate a short, high-

voltage pulse. How does it work? What is the shape,
amplitude and duration of the output pulse? The tube is
a Krytron, a gas-filled diode in which the gas can be
ionized by the application of a trigger pulse to a third
electrode. (It acts essentially as a switch.)

a) Define
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1) intrinsic conductivity
ii) valence band
iii) conduction band
iv) donor states
V) acceptor states
vi) Fermi level.
b) How is a donor state produced? Give a specific example.
Answer the corresponding question for an acceptor state.
c) For an n-type material
1) Whereis Fermi leval at T= 0?
ii) Where is Fermi leve at high temperatures?
iii) Sketch temperature variation of Fermi-level location
and explain the general features.
d) How does a p-n junction diode work? Derive an expres-
sion for current flow as a function of temperature and ap-
plied voltage.

Estimate, on reasonable grounds, the following:

a) The average distance between nitrogen molecules in the
atmosphere at sea level.

b) The magneticfield (in either c.g.s. or M. K. S. units) at
the nucleus of a hydrogen atom in its ground state.

c) Therelative number of molecules of HD in the three low-
est rotational states of the molecule at the temperature of
liquid nitrogen.

d) The minimum energy that must be supplied by a D. C.
generator to produce 1kg of hydrogen gas by the dec-
trolysis of water.

e) The velocity of electrons that are accelerated through a
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potential of 100 volts from rest.

f) T he quantity of mass which disappears in the explosion of
a 10 megaton H bomb”.

g) The minimum energy in eV that electrons must have in
order that the bombardment of atomic sodium vapor by

the dectrons will excite the D lines of sodium.

Design a magnet to produce a field of 10,000 gaussin a 0.1
meter gap having an area of 1 nx 2m. Assume very high
permeability iron. Calculate the power required and the
weight of the necessary copper. (T he resistivity of copper is
x 10 ° ohms/cm; its density is 8 gm/cm’ and carries a

maximum current density of 1000 amps/ cm’.)

One of the most puzzling problems in astrophysics is the na-
ture of the quasi-stellar objects (Q. S. O. ’'s) discovered in
the early 1960’s.

a) If aQ.S.0. has an angular diameter smaller than the re-
solving power of a radioteescope 300 meters in diameter
operating at 1500 megacycles, at least how small must its
angular diameter be?

b) How does the resolving power computed above compare
with that of a 200 inch optical telescope?

c) An optical image, associated with the Q. S. O. 3C48, has
angular diameter less than 1 arc sec and spectral lines
looking like the hydrogen spectrum shifted to the red by
an amount AM A= 0. 30. Suppose that this red shift is
caused by the large velocity of the Q. S. O. Estimate how
fast the Q. S. O. must be travelling away from us.
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d)

f)

g)

If the velocity v of the Q. S. O. is caused by the expan-
sion of the universe, then

v= DH.
where D is the distance of the Q.S. O fromus and H (=
3.% 10 “m/sec.x light year) is Hubble's constant.
Using the distance implied by the above equation and the
fact that the observed energy flux on the earth is 10 '
that from the sun, compare the energy output of the Q.
S. O. with that of the sun. How many stars must a
galaxy contain to produce this much energy?
If, on the other hand, the red shift is caused by a large
gravitational potential at the surface of the Q.S.O., find
the mass required for the Q. S. O. if its radius is that of
the sun. How does this mass compare to that of the sun?
To that of the galaxy?
It was observed that the intensity of the Q. S. O. varied
appreciably with atime scale of aday. Can you deduce an
upper limit on the diameter of the Q. S. O. from this
fact? If the Q. S. O. has a diameter equal to this limit,
what is its minimum distance from us consistent with the
observed angular diameter of less than 1 arc sec? Could it
bein our galaxy?
Finally, which of the possible explanationsof Q.S.O.'s,
if any, seems most plausible?
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ANSWER KEY (1980)

CLASSICAL PHYSICS
A. Mechanics

Al. Let w, w»rbether respective final angular velocities
wR:1= - wRq,

Let d: and dz be the time-integrated torque of 2on land 1

on 2,
d _ d
R. X
di= (- Q), d2= l2(x- Q)
or

I_l(JLIL- Q.) = u[- (Al&- Qz],

and sincel MR’

M:iR:i(wx - Qi) = Msz[- Qll.%' Qz],
2
_ MiRiQi- M:R:Q
SO = (M1+ |\/|2) R1
A2, re’ = constant = L,
mi=- f + r@?

L et
r(t) = r+ (1), ’
at) = o+ 36(t), 6

then fig. 19
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A3.

wr = f(r),
r’s0+ 2re&xr = AL.

T hus
N 1
mor = - dr6r+ Wor + 2w( AL - 2rudr) o2
= [ dt gL ]&+ 2L - 2,
dr r r

which implies simple harmonic motion only if the coeffi-
cient of or is negative:

o df
f(r)>- 3 dr-
T he normal modes for this simple O O= —O=
system may simply be guessed dapm )
ified. 1f X1, X2and X: : :
and ver'l ?ed and .are o
the positions of the three partices Y
and | the equilibrium length of e
each spring, we have the follow- O . ,_f — -
ing modes: =
a) Xs= X2+ |= xXa+ 2= vt+ C; fig. 20

b) x2= constant,
X1= Acos(wt+ @+ x2- |,
X3= - Acos(wt+ @+ xz2+t |;
(c) x:= Acos(uwt+ ¢ + C,
X2= - 2Acos(wt+ @+ |+ C,
xs= Acos(wt+ @ + 21+ C.
Of course one might also diagonalize the 8 3 matrix inthe
potential energy:
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1 -1 0
-1 2 - 1].
0O -1 1

B. Electromagnetism

B1. a) Sincethe current flowingin (1) and (2) must be equal,
0:E.= o:E- and E:.d:+ E.d.= V,

or
Bs o B
d. + _ldz —d: + de
Q2 (0]]
b) Thecurrent density j= a:E.= — OBV _
Y= 0= od:+ ad:’
c) From Gauss Law,
E.- E.= 4mp,
or
_ i (0'1- O'z)V

Inod: + ad:’
d) poa= pret Poo, Where pua is the charge density coming
from the polarization of the medium. Recall if V- D=
4mpree, D= €E. Thus

1 (ae- ea)V
Prees = A od:+ od: '’

1 [a(l- &)- &(l1- &)]V

Peot = 4m ad: + oud:
_ _ di  1do®
BZ. a) E - dr - IR - = L dt = C dt y . H
& = TA’nH sind.
2
Ld—|+IR=— EnHuI:osod,
dt c fig. 21
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and

T[aZnH eioot e ot :|
0= " 1R+ i " R- joL

b) Our coil has dipole moment

1
= ~ma’nl
M Cnan,

so that the applied torque

_ UH cosaut
C
m’nH ]2 W
= cos(wx + cosud.
[ C 4/7R2 + szz ( (‘p)

B3. a) B is tangent to concentric circles perpendicular to and
centered on the axis of symmetry of thecylinder, point-
ed clockwise when viewed in the direction of |,

fig. 22
21rB(r) = - Tﬂ]:\-’z 4_5[,
or
2r
B= R

b) A particle passing through the cylinder at aradiusr re-
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C1.

C2.

80

ceives a radial momentum

_ _ L _ 2drL
Ap- —Iq vBdt= qvB - v - R’

proportional to r. T his particle crosses the axis of sym-
metry a distance d from the cylinder where

B I pcR’
Ap:  2ILqg

d=

C. Thermodynamics

a) Since the process is reversible we can use

d&_ ﬁ VA+ VB VA+ VB }
AS = PadV PedV
.F T Va g .f Vg °

_ R{nInVA‘l‘ VB+ nInVA+ VB:|
B g Va ’ Ve 7

b) Conservation of energy requires that the final and initial
temperatures in the first process be equal. T hus the fi-
nal states in the two processes are identical so that AS
Is the same as above.

C) ASies= - AScontaner.

a) Since T isfixed the change in total volume is due only
to the change from liquid to gas,
V2- Vi= Vg- Vi,
Ap(Vz2- Vi)  Ap(Ve- Vi)

Efficiency =

L.n B Lvn
b) AT _ Ap (Vg - Vl)’
T Lvn
or
dp L.n

dT =~ T(Ve- Vi)'



D. Optics

D1. a) The pattern on Ss is a product of the interference pat-

tern from a single slit,

2 23in[ k—asine]
|kxsm9dx — 2
| a ksing
_ 2n
k = )

(a broad pattern if a is small) and the more findy
spaced pattern from two very narrow slits

fig. 23 fig. 24

imsine - i@sin
e’ 4+ e 272 Zcos[%sine],

.| ka .

kd . sm[ zsme]

1 (6) cosz[ ?sme] Sin’

b) Only the broad, single-slit pattern appears (the maxi-
mum intensity is  that in a) .

c) Sameas b), maximum intensity is  that in a).

81



D2.

82

d) The combined pattern of a) reappears but with the dou-
ble slit maxima and minima exchanged.
The maximum intensity is  that in a).

rd

a) Rate= 1W><I 21C0s6sin6d0 = TW.

b) Let a and b be the image and object distances. Choose a
= bl 2,

0

i_i+i_£+i
f b a a a’

or
a= 3f = 300cm.

c) Flux= [ﬁ)] W= % 10 2 w.
d) The second law of thermodynamics requires that the
maximum imaged flux be no more than that radiated by
the cm’ disk when the two disks are at the same

temperature. T hus,

(FIUX) max = W.

N

MODERN PHY SICS

a) For each triplet of integers (n:, n2, ns) there are two
modes, each with frequency

LJ 2 2 2
V= 2L n, + N, + nNs.

Thus in afrequency interval Avthere are
3
AT 2 A [ A] x 2
8 C
modes. If each has energy kT (equipartition theorem)



for which the large v behavior is completely wrong.
b) For aparticular mode of frequency v, the average energy

IS
- hwn
Z hwne - hwg
—0 _ —In 1 _ hwe
0o - - hvg — hvp 1
hvn B B 1- e * 1- *
Z e
=0
SO
y = 8m_hv
T ™. 1

where = 1/KkT.

0 i hVS
C) Power_f L —ehvp ] 1dv
4 o 3
= k;I-S xX dX T4
C oe - 1
PZ
9 —_ &
a) H o I d |
nt

ol ?l].ln = EmUn is solved by

eigenfunctions  m = J——12—ém¢
m

2

eigenvalues En = Em

m= 0, 1 = 2,
21 X
b) En’ =J' _Un dQEcos@yndg= 0,

) Edcos
|L|in) _ Z I Uk |Q : E(P|'~|Jn

fig. 25
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_ _QEd I_|L|Jm ) QEd I_|L|Jm
To2m+ 1/ 2m - 1g2ITT

2

P Ps
c) H = 2—;" E Qdcosgp= 2—{°+ %EQd(pz- EQd.

T his is a simple harmonic oscillator with w=

EQd
|

E, = %ﬁw- EQd,

2

Wo( @) = {QET:HT[J exp{- ¥ QEdI@/2h}.

3.  The wave function of a K electron in an atom of charge Z
has the form

2rl a

W(r) = NZ e
with

00

3 v 2Zrla 2 _ 2 - 2rla 2 _
NIZOe rdr—J;I € r'dr = 1.
Probability of K dectrin remaining

o

_lz(z+ 1T°
T o(Z+ U2°

- (2Z+ Yria 5

rodr

:NZ[Z(Z+ 1)]

4. a) Choose the z direction parallel to H o,

_ _ _ . eh
En=- mpHo, m=zx 12 p= ngmDC.
uH m
T
cosh%

b) A coil with its axis perpendicular to Ho will produce an
oscillating magnetic fidd H+ also perpendicular to Ho.
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The interaction - pH. - o 2 then contains o« and o

which mix m= * 1/ 2, allowing absorption.

c) v= ‘% = 4% 10 % [g} 10°s .

d) The interaction of the proton spins with the rest of the
paraffin acts to maintain their thermal distribution. Only
when the oscillating field is very large does the absorp-
tion rate approach the maximum relaxation rate, reach-

ing a fixed saturation value.

{Asinkr, Ir| < R,
a) W(r) =

Be ', |r|> R.
. hk? . A%
E=- om = om " Vo.
kcotkR = - k' = - j zm—Y‘)- K.
h
\} 2mVo T ';'[2'ﬁ2
—h > or O Vo > —8mR2'
.I"-I
|["\."'||['|I"I
J'.
'
T
IR
fig. 26 fig. 27

b) Here abound state occursin any depth well. The ground
state will be symmetric about the center of the well

which we will choose as the origin.
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%Acoskr, Ir| < R/2,
P =7
e ', |r|> R/2.
- ktankR = - k',

and a solution aways exists.
First, for 3-dimensional case.

V(x) = M (x), HW.= E:Wo.
Assume Wois a bound state for the potential V(x). Then
if f(x)> F for all x.

2

Wo| 2=+ MNO(r- R)|W < E\
2m

which implies that a bound state exists in case a) for ar-
bitrary small A, a contradiction!

Secondly, for the 1l-dimensional case. Define a square
well potential Vs(x) obeying Vs(x)> V(x) for all x. Let
Wo(x) be the corresponding bound state found in b).
T hen

2

p° ‘ p°
Wo 2m+ V(X)) [Wo £ W 2m+ Vs(X) |Wo < 0,

which impliesthat V(x) must also possess a bound state.

2
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6.

a) Use the same letter for the particle and its four-momen-
tum,
(y+ p)°= M.+ 2E,Mp = (M« + M,0)?,
or

2

eoo (Mt M) - M,
' 2M,

b) If we assume the proton is moving toward the y with

= 913 MeV.

Fermi momentum pr= 200 MeV/c, then
(Y+ p)*= Mp+ 2E(Mp+ pr) = (Mc + My)?,
S0

_ _ _Me
Ey= E/(pr= 0)x M, + pF~ 750 MeV.

c) In the A° center of mass system,

2

M/\O:J p’’+ |\/|F2,+J p i+ My,

or

2

(Mpo- Ex)’= Ex"+ M;- Mg,

or

2

M+ Mp- M,
2M o0 -

E, = 173 MeV.

o - | E,*- M2= 101Mevic
Thus, in the Lab frame,
(P )= p;
(P™ )i = Ya°%(Pr + PrEr) = 399 MeV/c.

max

| F=1]- y-H|F=0/
EF:l' EF:O

E€hH:? 1

Amic® 2mhix 1400 MHZ'

a) E(H)
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because H is in the z direction.

_ (0.6x 10 °eV/Gs)?
o= X s
5.8& 10 °eV

= 1. 10 " eV/Gs’.

b) Since L= S= J= 0, H enters the energy only through the
diamagnetic term.

eA’° e
omé 8mc2(r>< H)*,
2
e
E(H) = X P Lp|(r>< |—|)2|Lp,

where the factor 2 is attributed to two € ectrons, and
2

(x H)?= r’H*- (r-H)?*= ngHZ.
2 2 2

_ € 2\~ —€ l]

~ 3mc wlrw = 3mc2[me2

=- 0.5 10 "eV/GS.

a) If Tn 1thereflection at O occurs as if the barrier were in-
finitely thick,

e+ (- De’, r< 0,
LIJ(I‘) = - k'r
tie O0< r< b,
2mVo 2
k’ = j hz - k .
Ik(2- tl) = - k't
or
2ik 2k

B0k kT okt ik

At bwe have
k'b - k'(r- b k'(r- b

e - [e + (t- 1)e ], 0<r<b,
LP(r)— - Kb ik(r- b
tie - tee , r> b.



- K+ (- DK = t- ik,
-2k 2K
- K+ ik k+ ik

Transition probability

to =

2,2 ’
T= |t1tze' k'bl2 = —( k:21'6+k i,g)ge_ 2
16E(Vo - E) . kb
= V2 e .
0

b) We can estimate the adecay rate for “*Bi by viewing the

electrostatic potential seen by the 6 MeV a particle as a
barrier.

_ 16262 _ - 12
o= —6Mev_ 3.5% 10 cm,
- 12
Vo= 6 MeVx %: 35MeV.

10
Replace k'ro in the formula of a) for T by the average

j 2K ezslvljy , Lo 14
h R r
N T
h
thus lifetime of 212Bi neucleus = time oetween collisions

30,

g1 22 W e
EEEr——

""'--.._,____ Mt
i
208" 5 107 = 6 107 em
fig. 30
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b)

of the alpha particle in “*Bi with the surfacex € “'° =
& 10 % €’= 40 min.

GENERAL PHYSICS

One can compare the Sun’s radiation with the radiation

from a blackbody at a temperature T. A comparison of

either the total radiated energy or the detailed spectral
shape can be made. T hese measurements should be made

with one or more filters of known characteristics and a

bolometer (a device measuring incident light intensity by

first converting it to heat).

In addition to the errors introduced by uncertainty in the

properties of the filters and bolometer one must also con-

sider errors arising from:

1) absorption bands in the Earth’s atomsphere if the ex-

periment is not performed in a satellite;

I1) emission lines in the Sun’s spectrum causing it to de-
viate from that of a black body;

iii) variation in temperature of various visible portions of
the Sun—one may see to different depths in different
places.

Using the solar constant (1 kW/m®) and the Stefan-

Boltzmann’s law,

- o ] . ;0.5"]2
1kW/m°= 5. % 10 [mz_S]Tx [2 7o |
or
_ 10° }
T= {2. x 10% 5 & 10 ° 500K,



where 0. 5° is the angular diameter of the Sun.

Method 1. Perform the electrolysis of water producing n
moles of hydrogen gas with the passage of Q coulombs of
charge. If eisthe electronic charge, Avogadro’s unmber is

No = Q

ne
The dectronic charge can be measured using the Millikan
oil drop experiment: small oil drops are observed moving in
an electricfied and the electric force determined by measur-
ing their velocity when the viscous and e ectric forces are in
balance.

]
distance o . voltage V, & X =f mua

fig. 31

Here the linear dependence on the oil drop radius a and ve-

locity v, and the constant 6mqu might be determined empiri-

cally using larger spheres acted on by gravity.
Method 2. The cell dimen-

sion d of a cubic crystalline solid

fﬂ..l':c"lr::l
can be determined from X-ray « .« . .
=]

diffraction, the X-ray wave-
length being determined by scat-
tering at glancing incidence from g, 32
a grating with known spacing.
Bragg maxima occur when 2dsin@ = nA. Finally No =

(pd®)” " where p is the molar density.
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Of course many other methods are also possible.

a) i) In the ground state (1s, S= 0) the spatial wave func-

tion of the two electrons are identical so that the Pauli
principle requires S= 0. Its ionization energy should be
somew hat less than doubly charged hydrogen because of
the screening of the second electron.

i) All S= 0 states lie above the corresponding S= 1
states because the electrostatic €ectron-éectron energy
€/1|ri- ra| is less for antisymmetric wave functions
which approach zero as ri—r-.

iii) The 2p states have energies near that of 2p hydrogen
because the 1s electron effectively screens the double
charge. The 2s states however will be more tightly
bound since it penetrates the 1swave function to a larger
degree.

The relative size of ii) and iii) (and therefore the sign of
the 2s (S= 0) and 2p (S= 1) energy splitting) is more
difficult to determine.

g

fig. 33 fig. 34

b) The non-reativistic energies are given by

2 2
mc d

E=- on’



4,

The 2p,,, and 2p,, states are split by the rdativistic,
spin orbit coupling which is v’/c¢® o smaler than E
above. The sign of the splitting follows from classical
considerations: Inthee rest frame,
Ea- B-uy= B:-Sa+ L - S

and L and S ar¢ anti-paralld” in theJ= 1/ 2 state. The
2s12 and 2ps/2 levels, degenerate in the Dirac theory, are
split by radiation corrections—the Lamb shift mc’o’.
Finally the interaction with the proton’s magnetic mo-
ment gives all levels a hyperfine structure  ( me/ mp)x
fine structure or about 1/10 of the Lamb shift. The sign
of the hyperfine splitting requires detailed computation.

T — 1
p J=N1
fhive sirweiure
| _L - 10 mHz
L i
- C T
B JalfFT ™
“~Lamb shift
- 1000 mHz
1 pa
2 13
— e — T_'I cm oor 140 mHz
g Fai) i

II - i
- — W Tl atrchure
i

fig. 35

a) Since the input impedance is high the charge Q entering

the input must appear on the capacitor. T hus,

oL
Vln C Vout,

-1 Q _
- G Vout - C - Vout,

or
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v .. —QC
out — 1+ G-l-

b) A pulse reaching the end of a cable terminated in the
characteristic impedance is entirely absorbed with no un-
wanted reflected pulse sent back down the cable.

c) When triggered the diode effectively joins the two coaxial

cables with no resistance. The 10 megQ resistor isolates
the 2000V supply. The current and voltage in the cable
arel= 0and

Y
1 V=il
i LR A pal ||
fig. 36
T his can be decomposed into 3 waves:
: ]|||:-:|1.' e
(20A A
1 |r=|-|
I|II:I:|"|.'
1 K=
-— B
T . =0
20 ft A
I ¥}
—1000 Y C
I =0

94

2004

fig. 37

A and C moveto theright, B to theleft. C insures the
total current at the open end of the 10ft cable remains ze-
ro. Thusthevoltage at the output looks like

| l

trigmer 25 45 tame (SN

PLLIAY

fig. 38



where v is the propagation velocity in the cable (typically

v 0. 6c). After C passes the diode, conduction stops
and the 10ft cable begins to recharge.

5. a) i) The electrical conductivity of a pure semicodductor,
normally vanisning at T= 0.

1) T he band of energies fully occupied by electrons in a
pure semiconductor at T= 0 and bounded from above
by a forbidden energy gap.

iii) The band above this energy gap, empty at zero tem-
perature for a pure semiconductor.

iv) Additional electronic states, occupied at zerotemper-
ature lying within the forbidden gap. These states
are produced by adding impurities, for example
adding arsenic to silicon.

P o

# comducizon band

(T ITIIIIIITIIS

77777777777
"f valence band f/
YT I VI II

fig. 39

v) Additional electronic states empty at T= 0, aso lying
within the forbidden gap. Produced, for example, by
adding boron to silicon.

vi) The constant Er in the Fermi dirtribution

1

(E- Ep)/kT

+ 1
giving the probability that a particular, single parti-
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cle state of energy E is occupied. It is determined by
the total number of electrons in the system.
b) Seeaiv) andv). .

c)i) At T=0, Er= Eat & e ________
E,.

i) For high temperature Er=

E, i
L (Ec+ Ev) because the 1k 300 K T
2

valance band becomes par- fig. 40
tially ionized and the asymmetry introduced by the

donors irrelevamt.

o

l

- 4+ b =+ +
1

|

+ =

fig. 41

iii) As T increases from zero, the donor states ionize and
E- falls.

d) The variation in energy of the bottom of the conduction
band, necessary for the Fermi levels to cioncide, re-
guires an electric field as shown. If avoltageV is applied
to the p side of the diode it appears directly across the
depl etion region since both the n and p regions have high
conductivity. Looking only at the flow of electrons
across theregion (+ from nto p) we have two contribu-
tions

J = Jnap' Jpan-

The flow from p to n is very smal caused by the diffu-



sion of the very few number of conduction electrons in
the p region into the depletion region. T hese are acceler-
ated by E and the current uneffected by the magnitude of
E and henceV as long as E remains positive. Thus J,._.
= Ja, a constant. J.., is caused by diffusion of dec-
trons in the other direction and is proportional to the
density of electrons in the n type material with energy
above the bottom of the p region conduction band.
Hence J.., contains the Boltzmann factor € ©'*". Since
there is little recombination in the depletion region J°
must vanish when V= 0; therefore,
J° = Ja e - ),
or adding an equivalent expression for holes,

J= Ja(e - 1).
22 10’ cm’

& 10”

b) B= &-1- 12 10Gs
Ca

0

6. a)d={ }=33

- E/KT

c) Number of molecules e
80K 1

_ _L _ - 3
KT = W 40eV— & 10 eV,
2
E= M+ 1), 1=01,2
2]
where
4 2 3 17 3
e (2] 2o,
SO
2
e= LMD 04 px 5 10 %ev.
2 3 Ao
o Me
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T hus the relative numbers of HD molecules are:

1 state with = 0, number of molecules= 1,

3 states with I= 1, number of molecules= 3¢ *
= 0.74

5 states with |= 2, number of molecules= 5e
= 0.07.

d) Minimum energy supplied
~lew 8 10% 1008 1.6 10 °J/ev= 10°J.

e) v= } 2 & 10° cm/s.
m

4.3

f)m:% 11000 o 447
(0.5 10°/8 10 ) 2.2 200
=58 10 “kg.
g) E= h%= 2.1eV.
%nle H - dl,
> g B
IN= x 10% 0.1Gs-m
ATt
= & 10*A, turns fig. 42
Weight of copper
& 10% o6& 10° 2
= & 103 = 4x 10 kg,
Power = I’R= 10" W.
a) Bp< %: 6.% 10 'rad.
5 10° 7
b) 8w 3725 10~ 10 rad
_ Av_ _ _ Av_ AN
o) v=y(1- Bv U=- B B=- T=5=03
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3 10° m/s
P33 10 mss ly
1ly= & 10°(mile/sk 8 10'= & 10" miles.

9 12] 2
E:{S 10810 }x 10E =4 10°E

=3 10°ly

9.3 10’
o Ov_ GM
v CR’
2
M: %2%): 3 10389'—: 105M = & 10 ! MGdaxy-

f) From causality

Diameter< 8 10°(cm/s¥ 1 day= 3 10° cm;

Distance= 8 10% 3608 57= & 10 cm,

within our galaxy.
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CUSPEA EXAMINATION (1988)

A CLASSICAL PHYSICS

(4 hours)

Do 5 out of 6 Problems

Al. A mechanical governor consists of
two weights of mass m attached by
massless rigid rods to two hinged
pivots. The upper pivot is massless
and cannot movein a vertical direc- (™ m
tion. The lower pivot has mass M

and is free to slide up and down the

center pole. All pivots and hinges -:r

are frictionless. The entire appara-

) ) fig. 228
tus is forces to rotate at a fixed an-

gular velocity w about the vertical center pole. Gravity

acts in the downward direction. Let g denote the accelera-

tion of gravity.

(a) Find the equilibrium value, cos®, of the cosine of the
angle 6.

(b) Find the equation of motion for the angle 6 and use it
to determine the frequency of small amplitude oscilla-

tions about equilibrium.
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A2.

A3.

A4.

a particle of mass m moves classically in a certain central
potential V(r). The orbit of course liesin a plane. Let r
and @be the polar coordinates in that plane. Y ou are given
that the orbital equation is

_ 1
Bcosb( - @)’
and you are also given that
sz —2ME_— - 1+ mK/L:, K> O
L+ mK

where K is aparameter, E is the energy, L isthe angular

momentum of the particle.

(a) Find the potentia V(r).

( b) Compute the differential scattering cross section as a
function of energy E and scattering angle 6.

An dectrically neutral, conducting, spherical shell of ra-
diusr is placed in a uniform electric field Eo.. Suppose the
sphereis cut into two hemispheres by a plane perperdicu-
lar to Eo. What is the force that would be needed to pre-
vent the two hemispheres from moving apart?

A plane interface separatestwo semi- i

infinite media, one a pure vacuum, ., TS ERIL RTINS
the other a plasma (ionized gas). A ...l

L]

plane e ectromagnetic wave, coming
from the vacuum side, is incident
normal to the interface; correspond-
ingly there is a reflected wave propa- ~ loeicent  reflectad

WS Wave
gating back into the vacuum. Thera-
fig. 229
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AG.
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diation frequency is w. Thereis auniform magnetic field B
in the plasma medium, pointing in the direction of theinci-
dent plane wave. Let n bethe number density of electrons
in the plasma; let m and e be, respectively, the mass and
charge of an electron. Ignore all collision effects in the
plasma.

Compute the reflection coefficient R (ratio of reflected to
incident intensity) as afunction of frequency wfor incident
radiation that is circularly polarized. (T he answer will de-
pend on the direction of the circular polarization.)

Consider a gas whose entropy S, regarded as a function of
the volume V occupied by the gas, the number N of
molecules, and the internal energy E, is given by

2 3/2
S= Nklr{ E+ N A’V] [L 1“+ BNk,

Eo NVo
where Eo, Vo, A and B are given parameters. (This ex-

pression for the entropy can make physical sense only over

a certain range of the variables V, N, U; but for present

purposes assume we are in that range. )

(a) Find the equation of state connecting pressure p, tem-
perature T, V and N .

(b) The gas is compressed adiabatically from initia vol-
ume V:to final volume V.. The initia pressureis ps.

What is the final pressure p2?

(a) A collection of N particles, each of mass m, is con-
fined to a cylinder fitted out with a moveable, fric-
tionless piston. The piston is maintained at a fixed



pressure p, and the system is in contact with a heat
bath at temperature T. Treat the system classically
and ignore mutual interactions among the particles.
The volume V occupied by the gas is a fluctuating
quantity. Compute the mean square fluctuation V*
-V

(b) Now lock the piston in place so that the volume is
held at some fixed valueV. Let P be the net momen-
tum of the collection of particles. This momentum is
fluctuating quantity. Compute the mean square value

p?

B MODERN PHYSICS
(4 hours)

Do 5 of the 6 Problems

B1.

A hypothetical molecule is composed of three spinless par-
ticles. an“ exon” of mass m, position vector r; and two
nuclei”, each of mass M, with position vectors R: and R-.
Suppose Mm m. T he potential energy function is
V= A{R%Z"' é[(Rz- N’ + (R:- r)zl}, A,a> 0,
where Ri.= |Ri- R.|. You are asked to estimate the ener-
gy difference between the first excited state and the ground
state, using the methods of the Born-Oppenheimer ( adia-
batic”) approximation taken together with any other rea-
sonable approximations based on am A/ MA.
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B2.

B3.

B4.

104

Consider an ideal fermi gas composed of non-interacting
spin-1/2 particles of mass m. Let p be the mass density of
the gas. Compute the speed of sound in this system if it is
a the absolute zero of temperature.

Consider the scattering, as viewed in the center of mass
frame, of two identical, spinless particles, each of mass
m. They interact via the potential

v(r) = Le”,

where r is the separation between the particles. The cen-
ter of mass energy is E, the scattering angle is 6. Com-
pute the differential scattering cross section, working in
first Born approximation.

A list of particle reactions is given below for contempla-
tion. Imagine that the energies are modest, below the re-
gion of electroweak unification. Inthislow energy domain
there is a reasonably sharp phenomenological distinction
between strong (S), electromagnetic (E), and weak (W)
interactions. It may be that one or more of the listed reac-
tions are strong (S), in the senese that they would pro-
ceed little changed if the electromagnetic and weak interac-
tions were switched off. Others may be (E), in that they
would proceed if (W) were switched off. Still others may
be (W), in that the weak interactions are necessary for
the process to occur. Finally, there may be reactions that
are forbidden (F) altogether, at least on the basis of
presently established phenomenology.



B5.

B6.

For each of thereactions, classify accordingto (S), (E),
(W), (F) and give your reasoning in a few lines.

(a) K + poS + M+ T+,

(b) K"+ no2" + 10,

(c) A+ A" A+ A+ 1T,

(d) K" -1t v,

(e) wt p-e +n,

(f) wt p-p +n,

(g e +e —p+y,

(h) T+ T -1+ T+ T,

(i) T+p-o + K + A+ K + 1.
Consider thereaction

V+ p-v+ p,

where v denotes a ( massless) neutrino, p a proton ( mass
m). Suppose one collects data on a large number of
events, in all of which the incident neutrinos have the
same |laboratory frame energy E (in the lab frame the ini-
tial proton is at rest). The outgoing neutrinos are dis-
tributed over a range of laboratory energies E'.
Let P(E')dE’ be the probability that this energy lies be-
tween E' and E'+ dE'. The same events can be analyzed
for the center of mass frame scattering angle, 6 . Let
W(8 )sin® d8 be the probability of finding this angle be-
tween ® and 6 + d6 . You are given that W= 1/2 is a
constant.
Find the distribution function P(E").

In a Mossbauer experiment designed to study the structure
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of ironcontaining molecules such as hemoglobin, one irra-
diates the sample to be tested-with photons generated in a
separate iron-57 source. These photons are absorbed by
ground state Fe’" atoms in the sample. Information of in-
terest is contained in the shape of the absorption line. The
photons arise in the source from radiative transitions from
the first excited level to the ground leve of Fe”’. T he ener-
gy difference between these levels is 14. 4 keV, the transi-
tion lifetime is 10" " sec.

(a) What is the M ossbauer effect?

(b) In the absence of the Mossbauer effect, nuclear recoil
effects would prevent any absorption of the photons.
Show this.

(c) The absorption line shape is mapped out by imparting
a velocity to the sample, while leaving the source at
rest. This serves to Doppler-shift the photons. Work
out the expected line width, as expressed in velocity u-
nits.

(d) If the sourceis cooled down, thereis a shift in the ab-
sorption line. Which way does the shift go? What is
the magnitude of the shift if one cools all the way from
room temperature to absolute zero?

C GENERAL PHYSICS
(4 hours)

Do 5 out of 6 Problems

C1.
106

E.H. Hall first observed the effect named after him using



C2.

a sample of gold. In a Hall
experiment one place the sample in a
plane perpendicular to a magnetic
fidd B and then measures a voltage
Vu that develops across the width W
of the sample, corresponding to the

development of an electric field Ex=

Vul W transverse to both the magnet-

fig. 230

ic field and the direction of current

flow. The Hall coefficient is defined by R« = Ex/JB,

where J isthe current density. At room temperature, for

gold, Hall found a value very close to what would be ex-
pected from a simple model of the effect.

(a) Estimate the Hall coefficient for gold.

(b) Design an experiment to measure the Hall coefficient.
In particular, make reasonable decisions about mag-
netic field strength, sample dimensions, voltage mea-
suring device. Take into account that the removal of
heat generated by the current can be a problem.

A spherical volume filled with gas is enclosed by a thin,
massless film whose surface tension (€ astic energy per u-
nit volume) is . On the outside thereis vacuum. In equi-
librium, the radius of the sphereis ro, the mass density of
thegasis p. Let c bethe speed of sound in the gas. Con-
sider small amplitude vibrations about equilibrium, re-
stricting yourself to the case of purely radial, spherically
symmetric motions of surface and gas. Set up an explicit
107



C3.

CA4.

C5.

108

equation whose roots give the normal mode vibration fre-
guencies.

In the accompanying circuit dia- AN — T
gram, the voltagesource V has fre- . g

guency f. For what value of this

frequency will the current read by

the ammeter A be independent of

I
whether the switch S is open of U
closed?

fig. 231

Give order of magnitude estimates of the following items,

providing a brief indication of your reasoning from“ well-

known” quantities.

(a) Thebinding energy of sodium chloride salt, NaCl.

(b) The Debye temperature of a aluminum, Al.

(c) The Fermi energy of sodium metal at zero absolute
temperature.

(d) The energy gap in curpous oxide, Cu:O, a semicon-
ductor which, in thin sections, transmits red light.

(e Thenumber flux of solar neutrinos at the earth, given
that the radiant energy flux from the sun is about 0.1
watts/ cm” a the earth.

(f) The average photon energy in the three degree” mi-
crowave cosmic background radiation that fills the uni-
verse as a relic of the big bang.

Consider a neutral atom composed of Z electrons of mass
m, charge - e, all moving in the Coulomb field of a nucle-
us of charge Ze. Ignore mutual interactions among the



C6.

eectrons. Let Eo(Z) bethe ground state energy, regarded
as a function of Z. Compute Eo(Z) to leading order in the

limit Z - o .
A neutron interferometer is B I .

- — | |}
composed of four beam [I

I
pipes forming a paralldo- ! l

—
v
=
¥

gram of length L and width
W, where Wn 1. A neu- W 1_

tron beam from the source

S is coherently split at A fig. 232

into two beams of equal

amplitude and phase. Thesetravel the two paths indicated
in the drawing and recombine coherently at E. The inten-
sity of the combined beam is measured at the detector D.
T he plane of the interferometer is tilted a an angle B rela-
tive to the horizontal, the whole system being acted on by
gravity (let g denote the acceleration of gravity). The
non-relativistic neutrons emerge from the source with Ki-
netic energy T. Let m denote the mass of a neutron.

How does the beam intensity measured at the detector D
vary with tilt angle 6?
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(b)
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ANSWER KEY (1988)

A CLASSICAL PHYSICS

(T 1+ T2)sinB= mwlsing,
(T:- T2)cos®= mg,
2T 2cos6= Mg.
From these equations

(M + m)g fig. 233

maoy |

cost =

L agrangian:
L = m&1’sin®8+ ml’6°
+ 2MI’&sin’0+ 2(M + m)glcosé.
T his leads to
I(m+ 2Msin’6) 8+ 2ml6’sinBcosd
= mwlsinBcosB- (m+ M)gsiné.
For small vibrations 6and 8 are regarded as first order
small, so that & term can be dropped. Expand the
right hand side of above equation to first order in 8- 6o
and set 8= B everywhere else, then
I(m+ 2Msin’®) 6
= - {(m+ M)gcos - mwlcos26}(0- &).
T he oscillation frequency ws is then given by

i = (m* M)gcost - ma'| cos26
T I[(m+ 2Msin®6) '



A2. (a) Letf=- dV/dr betheforce. Thefamiliar orbit equa-
tion easily worked out, is

L u[dlg‘+ u]z- f, u= i.
m Ldg r
We are given r( @), henceu(q@. Wethen find
f= k= &
r
So
_ K
V(r) = 2r2.
(b) Let sbethe impact parameter, so L= mvs
do _ _ds
dQ sin6d@’

Choose @= 0 we find

- {1 3]

We know b as afunction of L, henceof s, so can work

but s= 46).

do K 7t m- 0
dQ = 2E sine 6'(2m- 6)%

A3. E=Veg Vg0,
=0 a r=R,
@-- Eorcosg, r-o.

T hen
= - Eo[ r- —2] cosb.

T hen surface charge density is
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A4.

112

The force on, say, the upper hemisphereis

F= IR2 OE.cosBdQ = 2ER’.
hemisphere 8
Let n(w) be the index of refraction (depneds on polariza-
tion). The reflection coefficient is then

n-_ 1|°
n+ 1

R =

If ois the conductivity of the plasma, then in the usual

way
. 1= 40
W
But
dv _ e
mdt_ eE + Cvx B.

TakeB= (0,0,B)= Bes and E= E(et ie), where B is
the external field and E is the disturbance field which is
circular polarized. T hen

C iamv(et ie) = eE(e * ie) * ievTB(eli e).

. eE/m

wwxt ws)’

w is the plasma frequency



4me
—

2
W =

2

n: - 1
n: + 1

R: =
But
R =1, ifw> ow- ),
1,

R: = if w> W+ w).

AS. =

From these equations we obtain

_ 3 N A
E = 2NkT v
N 2A
1 3 v?
p=NKT\ T " vv - 5> won [
V - NVo 2E+ N A

Eliminating E between them, we find

2
(a) p+ NVZA](V- NVo) = NKT.
(b) Along an adiabat

dE + pdv = 0.
Taking T and V as the independent variables,
_ 3 N°A
dE = 2deT + NE dv.
3 NKT 3
2deT RV NVodV = 0.
(V- NVo)T”*= constant.

2
p+ Nvf‘}: constant,

(V- NVo)™*

or
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NZAHvl- NVo]S/S

p2= - 2+[p1+ V2 lva- NV

A6. (a) Volume= xA, —
P= piSton momentum, : :.._.I. ._'_' ;E-ﬂ_ﬂ

M= piston mass,

P’ B

N 2
_ b !
H= Zl om™ om ™ PAX.

fig. 234
Probability distribution in volume
- BDVVNdV
P(V)dv= © .
e "'vVav
VZ - V%= (N+ 1)['%] :

(b) P='3 p.

N

p? = ) p’ = 2m-%kT-N= 3mN KT .

B MODERN PHYSICS

B1l. Gototherest frame of the two nuclea:

R __ R
X R. = - X

_aa ;[R_Z ”
V—A{R"‘as 2+2r .

Fix the nuclei, let the electron move, and concedes the
electronic ground state energy €x¢(R):

R s ]
- — v U= &qU.
[ om 't M ord

R =

2

Clearly
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B2.

3 4A
= 20| 2B

In this simple problem &y4 is independent of R. Then let
the nuclei move:

2 2
- i a2 Bes @ ou
where y= M/2= reduced mass. Expand V(R) about its
minimum at R= a.
1, R
R 2a°
To get the ground and low lying energy levels, write out

3A_ 3A 2
= 2at 2R A

V(R) = A[

the radial equation, then allow R to range from + o to
- o, replacing the centrifugal term | (1+ 1)/ R? by I(I+
1)/ a’(the usual diatomic molecule approximation). T hen
thelow lying levlels are

hZ
B = got 52+ B %[w —%]Jr e
|

(v=0,1,2, |, = 0,1,2, ).

2R
Ma®

AE= Evoi1=1- Ewoi=0=

T he familiar formulafor the Fermi gasenergy at T= 0 eas-
ily worked out:

5/3
E = %[ﬁ—} (31)”° %

2m
2 5/3
Pressure p = - —\E/z %[ ;—m](sﬁ)z’sﬁlm, p= m%.

T he square of the sound speed is

,_dp_ 3 W [u]
c = dp = 2 2rn2(311) Vv :
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_ _mn_
B3. E= v W= 5= reduced mass.
g_gc;= |f (cosB)+ f (- cos) |

In Born approximation,

f (cosB) = 4—3{# V(1) dx,

A= 2k°(1- cosH),
mA 1

f (cosB) = - B W+ 2K(1- cosh)’
do_ m_A]z{ 1 N 1 }2
dQ” [ A°J Lp’+ 2K°(1- cos®) p°+ 2k°(1+ cosb) ) -
B4. (a) (9);

(b) Since AS= 2, 2nd order weak (W);

(c) Violates isospin, Al= 1, so (E);

(d) O-Otransition, absolutely forbidden (F);

(e) Violates lepton number conservation, e type and p
type forbidden on present phenomenology (F);

(f) wisalepton, p  isan antilepton, so forbidden (F);

(9) (E);

(h) Voilates G parity, so (E);

(1) Violates strangeness by one unit, so 1st order weak
(W).

B5. Let E. bethe center of mass neutrino energy and E, the
center of mass proton energy. Then

. E.(E, + E, cosd )
E'= 2 .
mc

Since E' and cos® are linearly related, if W(© ) is a con-
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B6.

stant, sois P(E') intherange Emn t0 Ena. Clearly Ena=
E and one find

o E
Emin = 1+ 2E/m’
T hus
N . Mm+ 2F
P(E') = B -

(a) Mossbauer effect is an effect observed when certain ra-
dioactive nucle, bound in crystals, emit or absorb
gamma radiation. The emission and absorption of
gamma rays are found to be accompanied without loss
of energy through nucle recoil, but with the result
that radiation emitted by one such nucleus can be ab-

sorbed by another.
h

(b) r=- 8 10 ° eV.
T he nuclear recoil enerqgy is P_2= L‘w‘gﬂ‘z
u ! WIS oM oM &

X 10 ’eV. This greatly exceeds the line width so
the emitted photon would not be resonant if the recoil
could take away this energy.

(c) Av 3 10 ° cm/sec. This comes from

Av 2r
C photon energy’

(d) Let e« m bethe photon energy in the frame of the par-
ent iron atom, which is moving about because of ther-
mal effects in the lab. Let €., be the lab photon ener-
gy, Vv the thermal veocity of the atom. T hen

_ _ 1
E&m = yaab, V— \171_ VZ/ CZ-
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C1.

C2.
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Since the atom’s lab recoil momentum is zero ( by
M ossbauer) . y at temperature T is

KT
M ¢

1+ %x 10 * at room temperature.

If one shiftsto T = 0,
& K 10 eV,

y 1+

S0
% 0.15s "’
C GENERAL PHYSICS
(a) vB= E, = nev,
_ 1
"7 ne’

where n= number density= 8 10”°/cm’,
R«= 10 % cm’/C.

(b) For a given power density in the sample, the Hall volt-
age is proportional to the current, width, and B field.
A reasonable field is B 10° Gs. To minimize power
per unit area of sample, make it thin—say, 1 micron
gold leaf. To fit into a reasonably sized magnets and
minimized end effects, take length 10cm, width 3cm.
Cement the gold leaf to an insulating support to carry
off heat. With heat power 0.1W, current 1A,
get Vv 10 *V, avalue not hard to measure.

Pressure p= pot+ p(r). Let v(r) be the gas velocity.



Taking time dependence e

Vp+ k'p=0, k= %)
So
sinkr
p(r) = A=
But
~vz_ _ D
Po t - P
T his gives
1 dp
V= :
lwpo dr

If surfaceis at r= R, then

ZEG: pressureat r = R.
T hus
20
p(ro) = - FV(ro).
0
20
p(ro) = iwgv(ro).
20k _dp _
oozporﬁ d(kr)’ atr = ro.
WCpolfe 1 W
o0 = kre” cotkro, k= c

C3. Let |:becurrent through C, | be current through R and
L. I= 11+ l2is measured by ammeter. All quantities very

likee . Then
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C4.

120

.= CV =- iuCV,

LI+ Rl2=V,
or
o= ——
R- 1aL
We demand |11+ 12|= [I1]|. This gives
0= =—.
{ac

(a) The binding energy of an ionic link molecule is about
several dectron volts. T his also can be estimated from
the lattice energy or the Coulomb potential energy of
NaCl.

(b) g(w=

2

VW
21V

wmax wﬂ‘ﬂx V(L)nax
—_ 2 —

Nf  9(wdw= # G wdo= o5,
e = (6TCN)"°v= 5 107 s,

h ax .ﬁ ax
@ = \f(“ - “;“ ~ 400K.
2 3/2
(0 &= Zh_m[ g_g] . Nn= 10°m °.
g=5 10 .

(d) The cuprous oxide Cu:0, in thin sections, is capable
to transmit red light. This means that the energy gap
in Cu20 must be slightly larger than the red photo en-

ergy.

hc
A
(e) 4pa§He+ 2v+ + 26. 7 MeV. This means that there

Ae= (1-3)eV.



C5.

C6.

are two neutrinos emitted while the energies of 26. 7

MeV come out of the Sun.

B 0,1x 10°
n= T x 2
1.6« 10 % 26.% 10

=~ 5% 10°/m’- s,
(f) = kT=1.38 10 X 3= 4 10 ~J= 10 "eV,

or from MWmT=2.898 10 *mK,
€= ;—Cz x 10 7J= 10 "eV.
T he one particle energy levels are
e - . Ze 1
" 2a n*’
2
a= hz.
me

T he degeneracy is 2n°. Thus for a large number Z of eec-

trons, fill up to Nmax= N,
N

N
- 2 2
Z= lenf Ondn.
N i ]1/3
o [22]”
N

Z°e¢ Z°e
Ego = - Zznz- o= - N
-1

N §]1/322 s
T [2 at -

Amplitude= constant- {e ™+ e?'}.
2 2

h o 2y _ A h _
2rn(kl— k) = mgWsind = 2m(kl kz) - 2k.

2
_ ki + ko ~hk2
k = 5 T= om

121



| (6)= lo(1+ cosL Ak)
m°qW Lsin®
ﬁ«/_ZmT

= |o 1+ cos
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CUSPEA ENGLISH PROFICIENCY TEST
(1988)

Please Note: Y ou are given 150 minutes to complete this test.
. LISTENING (25 points)

A. Listening Comprehension:

1. In this part, you will hear ten short statements. Each state-
ment will be spoken only once. When you hear a statement,
choose among the four choices the closest in meaning to the
statement you have just heard. Circle the letter of your choice
on your answer sheet.

Example:

You will hear: Peter used to do a lot of reading after class,
but now he doesn’t have time to do it.

You will read: a. Peter spends lots of time reading after

class.
b. Peter doesn’t have timeto do much read-

ing.
c. Peter doesn’t like reading in class.
d. Peter doesn’t have time to read in class.

Y ou should mark: a.
b.
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2)

3)

4)

5)
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oo o p o0 T 9 oo T p

o0 T 9

o

C.
d.

| like to read history.

| want to know more about the world.

| am interested in learning more about world history.

World history does not concern me.

| answered the last question first.

| failed to get to the first four questions.

T he final question was easier than the other four.
T he last question was the most difficult for me.

Now John gets up at six every morning.
John has always got up at six in the morning.
John used to get up at six in the morning.

John has worked in a new firm.

T he ever-increasing role our country playsis important.
T he role applied science plays is increasing.

Applied science is gradually becoming important.

T he rule applied to doing science is important.

Results of experiments are unexpected.

Some unexpected results of experiments have led to dis-
coveries.

Discoveries should be made from results of experi-
ments.

Unexpected results of experiments can be found.



6) a.

7) a

The art of management can make average people work
better.

Getting people to do extra work is an art in manage-
ment.

Good managenent seldom gets better work from work-
ers.

. Good managers can do superior work.

This year’s popular songs will be completely unknown
next year.

A song people like very much now may soon |ose its
popularity.

popular songs are bound to be forgotten.

. A song can not be popular if it is unknown.

. He never helps his department when it needs him most.
. Whenever his department needs help, he's always near

and around.
His department needs his good intentions.
He dosen’t intend to stay away.

. She paid very little attention, but she could have the

work done better than ever.

. She paid enough attention but couldn’'t get the work

done any better.

c. Shedidn’t do the work well.
d. She did the work better this time.
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10) a. There are many major points in the detailed plan.
b. The plan needs to be clarified, though there are many
major points.
c. The details are not explicit, though the plan is clearly
important.
d. While the details are uncertain, the main ideas are

clear.

2. In this part, you will hear a short passage read to you twice.
After hearing the second reading, select the best answer to
complete the partial statements by circling the letter of your
choice. Each of the partial statements will aso be read twice.
1) a. the size of the people doing the measuring was differ-

ent.

b. thewidth of thumbs was not standardized.

c. different rulers were used.

d. most people’s feet were shorter than the length of a
“ foot” defined by the king of England.

2) a. 1385 c. 1705
b. 1350 d. 1305
3) a. three grains of cereal were not enough.

b. the size of an inch had been changing from time to time.
c. the length of each piece of grain was not exactly the
same.
d. the size of an inch depended on the length of certain
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grains for making the cereal.

4) a. French c. Greek
b. English d. Latin

5) a. thedistance around the earth.
b. the method of multiplying or dividing by tens.
c. either aor b.
d. both a and b.

B. Dictantion:
A passage will be read to you three times. Listen carefully
and put down what you have heard in readable handwriting
on your answer sheet.

. STRUCTURE (20 points)

A. In this part you are required to choose the word or phrase
which best completes each sentence. Circle the letter (a, b,
c, or d) of your choice.
1. Sang Tong, president of the conservatory, offered cash

awards to the students at a meeting_________ last month.
a. of their honour c. for its honour
b. in his honour d. for their honour

2. He said that China had been able to produce some
worldlevel musicians but unable______ to produce any
worldlevel manuscripts for its musicians.
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a. thus much c. by far
b. thus far d. by now

Ken Gray is neither the stuff of an American legend
could be called a hero.

a. nor he c. nor a man who
b. nor who d. nor he who
. The charges and countercharges wereover, ______the

opposing groups pledged to maintain mutual respect.
a. and c. for
b. but d. or

Billy Frank contends that he lives on protected Indian

land, not subject to the laws of the state of Washington
his sale of fireworks is legal.

a. ; therefore, c. ; however,

b. , therefore, d. , however.

, the Boeing 747 could not return to pick up bag-
gage which had been accidentally left behind.
a. Not being able to take off from Bejing
b. Having already taken off from Beijing
c. Now it had already taken off
d. Being taken off already

. | learned that hewasyoung, ___ |, nevertheless, am-

bitious.



a. but he was c. hewas
b. but that he was d. that he was

8. Torun the hundred-yard dash and to throw the javelin are
John’s favorite pastimes.
a. only the c. two of
b. the only d. of two

9. The amount of gravitational attraction between two ob-

jects depends on the mass of the objectsand ______ be-

tween them.

a. the distance which c. the distance is

b. thedistance that d. the distance

10. The universe _____ we know it might have begun

with a great explosion.
a. that c. for
b. which d. as

B. In each of the following sentences, four words or phraces are
underlined. Please identify the item that you think is wrong
and circle the letter (a, b, ¢, or d)of your choice.

1. Theyoung author writes novels J.EIJAU:LLQh_bap.pml_tD the
intellectual critics of Beijing as well as the reviewers for
c d

some popular magazines.

2. When adress shop owner buys the nest season’s merchan-
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7.

130

dise, she Js_takmgb_a_chance because she knows that some
of her choices isnot going to seLl_d\ALe.Ll

The teacher enLQLed_Lhe_chsmnmLoJ)gagm his lecture
and that he was ten minutes late as_uasual

Each time the department director summoned an employee
to his office ima.cag.f.emace they wondered what
infraction of the rules they would br;c:haLgdﬂdJau.Lh this

time.

Ajk_i.ng_abnulthe prospects for the reforms and open poli-
cy, Deng Xiaoping told abgldl_A,_Oguests who are in Beijing
for aI_O_chﬂLel. meeting of the Chase Manhattan Bank’s I n-
ternational Advisory Committee that h.e_ls_cnnd.f_l.dﬂ]l_oi

China's development.

T he professor caomplained that the intensification of the re-

lationship between the Soviet Union and the West during
the 197Os_anﬂ_sb 1980s could have avaided if the Soviet U-

nion had not erred Ln_us_as?essm_enl of the world situa-

tion.

The young man whom we all thought should have been



elected president of the class Qamr;LPJhLLd in
the balloting.

C

8. Recent high schoal graduates have greater experience m%m

advanced courses in mathematics and physics as those who
c d

completed the twelfth grade thirty years ago.

9. IBM and other computer manufacturers have produced

surhjaphﬁunated_machlnasand_tq)e_d&a stored in them
for instant refrieval arealnost unbelievable.
c d
10. It’s raining hard outside right now, hui_bthat big tree in

front of my house hasn’t lost a single one of j.t’_sJ_ccjaasL%in

the storm.
. CLOZE TEST (10 points)

Fill each of the blanks in the following passage with one
suitable word.

There are two kinds of irrelevance: casual and logical.
When we claim that a certain fact is the cause of a certain other
fact, there should be areal cause-and-effect relationship between
the two facts. Itisnot __1 easy thingto see causal relevance.
For example, __2 _ahistorian isinvestigating causes for the de-

cline of the Roman Empire, 3 _helearn the date _4 _the

Great Wall of China was built? Isthis arelevant fact? On further
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investigation we find that it is. There _5 appear to be a

cause-and-effect relationship between the building of the Chinese
Wall and the decline of the Roman Empire. The Chinese built
the Great Wall to __6__ their borders. After the Wall was built,
the Hun advanled on China _7 _ were stopped by the Wall

8 to move east, they turned westward and finally reached

the Roman area. 9 they contributed significantly to the fall

of Rome’s empire. T his shows how an apparently irrelevant fact
may actually be more relevant __10 it seems.

. READING (30 points)

A. Vocabulary:

Change the word in capitals given in the parentheses to fit
into the sentence. Write the word you have formed in the proper
place on the answer sheet.

1. Therearemany _____ hoping to increase their trade with

China. (COMPETE)

2. isan important part of American life because few
American live in one place for longer than five years.

(MOBILIZE)

3. Language is the result of very ___ and efficient adap-

tions of bodily functions. (SPECIAL)

4. Salting and drying were the earliest methods used to preserve
otherwise highly _____ meat and fish, making unspoiled
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10.

food available during bad times. (PERISH)

Sometimes we learn new words _____ because the word
appears very often. (CONSCIOUYS)
Some people seem to make a habit of coming closer to each

other for normal conversation, and touch each other more,
regardless of the degree of personal . (INTIMATE)

It is obvious that theinstitutions and ideas of the 1Sth century
will not ______ without modification for the needs of the
20th century. (SUFFICIENCY)

Tokyo, the capital city of Japan, is the most densely-
city in theworld. (POPULATION)

T he control of hurricanes and other natural calamities will
be beneficial to all of humanity. (DOUBT)

People generally consider dependability, ___ and con-
venience when they are purchasing a product.

(ECONOMIC)

Reading Comprehension:

Read the following passages and do the questions or complete
the partial statements that follow. Choose the best answer
and circle the corresponding letter on your answer sheet.

Passage One
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Human beings have adapted to the physical world not by
changing their physical nature, but by adjusting their society.
Animals and plants have made adjustments, over long periods,
by the development of radical changes in their very organisms.
Hereditary differences meet needs of various environments. But
among humans, differences in head form and in other physical
features are not, in most cases, clearly adaptive. Nor is it clear
that menta capacities of races are different. As far as we know,
the races are equally inteligent and equally capable of solving
their problems of living together. The varying ways of life, it
seems, are social and learned differences and not physical and in-
herited differences. It stands to reason, therefore, that man’s
adjustment to his surroundings should be studied in custom and
institution, not in anatomy and neural structure.

1. According to the passage, anyone who wanted to study hu-
man adaptation to environment should do so through the field

of
a. physics c. archaeology
b. sociology d. medicine

2. Ove the centuries of human development, adaptation to the
physical world has been accomplished through
a. radical change in the organism
b. changes similar to those accomplished by plants
c. dramatically different head sizes
d. cultural adjustments in the customs of society
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3. The varying ways of life among humans are
a. learned and socia
b. caused by heredity and physical variation
c. due to different mental capacities
d. similar to the varying ways of plants

Passage two

The prevailing method of growing rice in California is to
plow the land in early spring to a depth of four to six inches and
to allow the soil to dry for seven to ten days. A satisfactory
seedbed can then be prepared by harrowing twice and floating
once with a heavy plank drag. T he field levees are then put up,
the floodgates put in place, and the field flooded to a depth of
about six inches. Seed that has been soaked for thirty-six to
forty-eight hours is then sown from an airplane at the rate of 135
pounds of seed an acre. T he field is kept submerged to a depth of
five to seven inches until the rice is ready to harvest, when it is
drained. Preparing the seedbed when the soil is dry gives better
control of some of the aquatic weeds and grasses that cannot be
controlled by flooding and retards the growth of algae (green
scum) on the surface of the water.

4. When everything is in readiness for the planting, the fidd is
flooded to a depth
a. of 135 pounds an acre
b. of seven to ten days
c. equal to a heavy plank drag
d. equal to the depth to which the land has been plowed
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5. In California, rice seeds are planted
a. by hand c. from theair
b. by floodgates d. by floating them

6. After the seeds are planted, the field is
a. under water until harvest time
b. filled with green scum
C. never under water
d. dried for a week and a half

Passage T hree

If the property of a corporation or company in which the la-
boring men, the capitalists, the widows and orphans, the sav-
ings banks, propertiesin which any or al of our people are inter-
ested, cannot be respected and protected, then the cottage, the
small village and the little personal property of the humblest citi-
zen is in jeopardy, liable at any moment to be confiscated,
seized, or destroyed by any traveling band of tramps. Then any
combination or any body of men tha threaten the peace, the
prosperity, the personal liberty, the life and property of our citi-
zens, must be regarded as dangerous, and it is a misfortune that
the laboring men employed in railroad transportation have been
misled by passionate speeches of professional agitatorsinto an at-
titude of this character. The insurrection must be met and over-
come in one of two ways: first by the strong arm of the munici-
pal, state, and federal goverments enforcing the guarantee to all
the people, from the humblest to the highest, of perfct security
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in life and property. Otherwise our government would be a rope

of sand. T he other method of meeting the crisis is for America to

maintain its principles. Men must take sides either for anarchy,

unwritten law, mob violence, and universal chaos on the one

hand; or on the side of established government, the supremacy

of law, the maintenance of good order, universal peace, absolute

security of life and property, therights of personal liberty on the

other.

7. This passage was probably written during

a.

b
C.
d

the American War of Independence.

. an American ralroad workers' strike.

T he Stock Market Crash of 1929.

. World War 11.

8. Which of the following assumptions are implied in the first

sentence of the passage?

1) The intended reader ought to be equally concerned about

widows, orphans, and capitalists.

2) Savings banks are responsible for the chaotic situation.

3) If large property holdings are confiscated, small holdings

o0 T @

will suffer the same fate.
1) and 3) only
1) and 2) only
2) and 3) only

. 1) 2) and 3)

9. The final sentence implies that
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a. the author supports thestrikers’ demands but dislikes thier
tactics.

b. Americais the only nation that stands for law and order.

c. one must be careful when taking sides.

d. siding with the strikers is siding with anarchy, against the
rule of law and peace.

10. T he author makes all of the following appeals to the reader’s
emotions except
a. achallengeto the readers sense of social responsibility.
b. an attempt to tap the reader’'s sympathy towards wid-
owsand orphans.
c. the description of parental affection and tender memories.
d. the depiction of the issues in absolute terms.

Passage Four
It is often helpful when thinking about biological processes
to consider some apparently similar yet better understood
non-biological process. In the case of visual perception an
obvious choice would be colour photography. Sincein many
respects

5 eyes resemble cameras, is it not reasonable to assume that
perception is a sort of photographic process whereby sam-
ples of the external world become spontaneously and accu-
rately reproduced somewhere inside our heads? Unfortu-
natey, the answer must be no. The best that can be said of
the photographic anal o-
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gy is that it points up what perception is not. Beyond this it
is superficial and misleading. Three simple experiments
should make the matter plain.

In the first a person is asked to match a pair of black
and white discs, which are rotating at such a speed as to
mak e them
appear uniformly grey. Onedisc is standing in shadow, the
other in bright illumination. By adjusting the ratio of black
to white in one of the discs the subject tries to make it look
the same as the other. The results show him to be remark-
ably accurate, for it seems he has made the proportion of
black to white
in the brightly illuminated disc almost identical with that in
the disc which stood in shadow. But thereis nothing photo-
graphic about his perception, for when the matched discs,
still spinning, are photographed, the resulting print shows
them to be quite dissimilar in appearance. The disc in shad-
ow is obviously
very much darker than the other one. What has happened?
Both the camera and the person were accurate, but their cri-
teria differed. One might say that the camera recorded
things as they look, and the person things as they are. But
the situation is manifestly more complex than this, for the
person also record-ed
things as they look. He did better than the camera because
he made them look as they really are. He was not misled by
the differences in illumination. He showed perceptual
constancy. By reason of an extremey rapid, wholly uncon-
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1.

scious piece of computation be recelved a more accurate
record of the externalworld than could the camera.

In the second experiment a person is asked to match
with a colour card the colours of two pictures in dim illumi-
nation. One is of a leaf, the other of a donkey. Both are
coloured an equal shade of green. In making his match he
chooses a muchstronger
green for the leaf than for the donkey. The leaf evidently
looks greener than the donkey. T he percipient makes a per-
ceptual world compatible with his own experience. It hardly
needs saying that cameras lack this capability.

In the third experiment hungry, thirsty and satiated
people
are asked to equalize the brightness of pictures depicting
food, water and other objects unrelated to hunger or thirst.
When the intensities at which they set the pictures are mea-
sured it is found that hungry people see pictures reating to
food as brighter than the rest (i. e. to equalize the pictures
they make the food ones
less intense), and thirsty people do likewise with* drink’
pictures. For the satiated group no differences are obtained
between the different objects. In other words, perception
serves to satisfy needs, not to enrich subjective experience.
U nlike a photograph the percept is determined by more than
just the stimu-
lus.

In the first paragraph, the author suggests that
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colour photography is a biological process.
. vision is rather like colour photography.
vision is a sort of photographic process.

o 0o T o

. vision and colour photography are very different.

2. The word® Whereby” in line 6 means
a. in that place
b. in what respect
c. by means of which
d. next to which

3. The word’ it”, inline 10, refersto
a. perception.
b. the photographic process.
c. the comparison with photography.
d. the answer.

4. In thefirst experiment, it is proved that a person
a. makes mistakes of perception and is less accurate than a
camer a.
b. can see more clearly than a camera.
c. is more sensitive to changes in light than a camera.
d. sees colours as they are in spite of changes in the light.

5. The word‘ that”, in line 20, refers to
a. the proportion of black to white.
b. the brightly illuminated disc.

c. the other dise.
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d. the grey colour.

6. T he second experiment shows that
a. people see colours according to their ideas of how things
should look.
b. colours look different in a dim light.
c. cameras work less efficiently in a dim light.
d. colours are less intense in larger objects.

7." Satiated”, in line 44, means
a. tired c. not hungry or thirsty
b. bored d. nervous

8. What does' to equalize the brightness” (line 45) mean
a. To arrange the pictures to that the equally bright ones are
together.
b. To change the lighting so that the pictures lood equally
bright.
c. To describe the brightness.
d. To move the pictures nearer or further away.

9. The third experiment proves that
a. we seethings differently according to our interest in them.
b. pictures of food and drink are especially interesting to ev-
erybody.
C. cameras are not good at equalising brightness.
d. satiated people see less clearly than hungry or thirsty peo-

ple.
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10. The group of experiments, taken together, prove that hu-
man perception is
a. unrdiable.
b. mysterious and unpredictable.
c. less accurate than a camera.
d. related to our knowledge, experience and needs.

. WRITING (15 points)

Write a short essay by answering the following question in
about 200 words.

W hat have you learned from your college education?
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ANSWER KEY (1988)

|. Listening (25 points)
A. Listening Comprehension:

1.

1) ¢ 2) d 3) a 4) b 5 b

6) a 7) b 8) a 9) ¢ 10) d
2.

1) a 2) d 3) ¢ 4) b 5 d
B. Dictation:

Language has more than one purpose. We might say
that language operates on different levels, but the word
“ level” suggests higher and lower values, and no value
judgement is intended here. We shall deal with three func-
tions: the informative, the expressive, and the directive.
To say that language has these three functions is to say
that there are three different reasons for speaking. One
reason, or purpose, is to communicate facts. This is the
informative function. Another purpose of speech is the to
express our feelings, or to affect the fedings and attitudes
of the person we are talking to. We shall call this the ex-
pressive or emotive function. And, finally, athird prupose
is to cause peopleto act. This is the directive function.

(124 words)
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. Sructure (20 points)

A. 1L b 2. b 3. ¢c 4. a 5. a
6. a 7. b 8. C 9. d 10. d
B. 1. b 2. c 3. ¢ 4. a 5. a
6. C 7. a 8. d 9. b 10. a

. Cloze Test (10 points)
1. an 2. if 3. should 4. when 5. does
6. protect 7. but 8 Unable 9. There 10. than

. Reading (30 points)
A. Vocabulary:

1. competitors 6. intimacy

2. moblity 7. suffice

3. specialized 8. populated
4. perishable 9. undoubtedly
5. unconsciously 10. economy

B. Reading Comprehension
Passage One
1. b 2. d 3. a
Passage Two
4. d 5. ¢ 6. a
Passage T hree
7. b 8. a 9. d 10. ¢
Passage Four
1. d 2. C 3. ¢ 4. d 5 a
6. a 7. C 8. b 9. a 10. d
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CUSPEA

Reports (selected) on Interviewing
the CUSPEA Students, Conducted
by US Professors of Physics

December 12, 1980

Dear Colleague:

W e have just returned from a two-week trip to China to in-
terview candidates for physics graduate study in the U nited
States. Enclosed is a copy of the examination scores and the re-
sults of our interviews with the final 132 candidates whose sd ec-
tion was described in the letter of November 11, 1980 from T.D.
Lee. Since the summaries of our interviews are quite subjective
and sensitive we must ask that you treat them as confidential ma-
terial.

We interviewed 7 students in Guangzhou, 67 in Beijing, 17
in Xi’an and 41 in Shanghai. Each student was seen for two 15~
30 minute interviews. One session (with one or both of us) con-
centrated on the student’s preparation and experience in physics,

155



his interests and his choice of U.S. universities. Occasionally we
asked a specific physics question. The other session with one or
both of our wives (who arein fact trained interviewers) focussed
upon assessing the student’s fluency in English and obtaining an
understanding of the student’s past history and personal inter-
ests.

The 132 students with whom we spoke were quite extraordi-
nary. Almost all had endured considerable hardship in acquiring
their physicstraining. All werevery eager to have the opportuni-
ty to study in the U. S. We examined about one-quarter of the
test papers and found them to be fairly, and perhaps somewhat
strictly, graded. Thus, the good scores obtained by these stu-
dents seem to indicate real achievement in physics. Of course,
the detailed ranking should not be treated too seriously since the
preparation for the examination varied considerably for the stu-
dents in different regions and some students took the examina-
tion after long journeys from distant places.

The degree of fluency in English demonstrated during the
interviews was also quite surprising in view of the very limited
opportunities for conversation available to most of the candi-
dates. In al but a few cases (as noted in our interview sum-
maries), the candidates spoken English, although often slow
and imperfect, was adequate for the purpose of our interview and
guite consistent with the requirements of graduate study, espe-
cially since many will be able to take an intensive course in Eng-
lish between now and next September. Most should be able to
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carry out some teaching assistant duties from the start, at least
grading or laboratory instruction. However, any arrangement
that will free them from this responsibility for their first
semester would certainly ease their transition. We aso reviewed
the written English examination for which scores appear on the
enclosed sheets. We thought it was a reasonable test of English
comprehension and usage. In general, the scores (out of 100)
correlated reasonably well with our impressions from the inter-
views.

In summary, we consider thisto be avery exceptiona group
of students, both in ther physics ability and in the personal
qualities to which ther present level of achievement testifies.
T heir experience, cultural background and dedication should en-
able them to contribute substantially to the universities they at-
tend and, upon their return, to further the development of
physics in China.

Y ours truly,

D. 3. Fidebon

D.B. Fitchen
Professor of Physics and Chairman
Corndl University

N, H. Chacrd

Norman H. Christ
Professor of Physics
Columbia University
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A dditional Comments and Background
Information Regarding Interview Reports

Our interviews included questions and conversation about

the individual candidate and his/ her history (126 men and 6

women were interviewed). Some of the material we collected is

condensed in the reports about each student. Here, however, it

might be helpful to have an overall description and a brief expla-

nation of some of the salient points and terms included in the re-

ports.

1. Dominating the life histories of these candidates has been

theé’ Cultural Revolution” and its aftermath (1966 — 1976, plus a

year or two for recovery) which created tremendous disruption

and hardship for individuals and wreaked havoc with the entire e-

ducational system. Because of this, most of the candidates fall

into one of two different age groups. The first consists of stu-

dents over age 30 who received their undergraduate training be-

fore the Cultural Revolution, then suffered severe interruption in

their careers and were only able to return to their studies in

1978. The second group of younger candidates were usudly in

“ middle school” (roughly equivalent to both junior and senior
high in the U. S.) during the Cultural Revolution. T hese
younger students were admitted to the universities in the spring
of 1978 after taking a nationwide entrance examination in 1977.
This wasthe first such examination given after the Cultural Rev-
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olution and marked the beginning of a return to normal universi-
ty operation. (Presently 2%~ 3% of college-age people are en-
rolled in universities.)

T he most critical effects of the Cultural Revolution on these
candidates (in addition to the postponement of education) can be
briefly summarized as follows:

a) Assignments to* the countryside” and to factories lasted
from 1to 10 years. Most involved hard physical labor and usual -
ly prevented an individual from undertaking any regular study or
work in his own field.

b) Schools and universities ( for those who remained in
them) were totally disrupted. T eachers were directed to conduct
or attend political discussions and discouraged from or not da-
lowed to engage in academic work. Even those assigned to the
middle schools usually could not conduct normal classes and had
to teach’ practica” skills.

c) Personal hardships were severe, particularly for the older
candidates who were cut off in the midst of training, uprooted
from families, and arbitrarily assigned to factory and farm labor,
often in the most remote regions.

d)“ self-study” (or learning on one’s own) was the only
way students could learn physics (or mathematics and English).
They obtained scarce books where they could, listened secretly
to the BBC, studied by lantern/flashlight after a long day’s hard
labor, and often incurred ridicule or punishment for doing so.
Most of these students prepared by* self-study” for the first na-
tionwide university entrance examination, given in 1977.

2. We found wide variation in facility with English. T heir
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speech ranged from fluent and almost colloquial a one extreme
to (in a few cases) poor with considerable difficulty in compre-
hending and answering questions. Some general points are:

a) We judged candidates’ English in terms of the level of
fluency needed to function effectively as graduate students. In a
few cases, we have indicated that a candidate falls short of this
level. At the opposite extreme, some students already have the
necessary articulateness to lead discussion sections.

b) Most candidates are to be given special, intensive English
training before coming to America. We expect this to result in
considerable improvement. However, our written comments are
based on facility demonstrated during the November interview.

c) Some candidates have studied English only during the |l ast
year or so. Even with post-Cultural Revolution improvements,
facilities for learning English are not uniformly good: many stu-
dents have had no access to teachers who speak English well.
V oice of Americaand BBC programs and’ self-study” are still an
important means of learning.

d) For most of the 1950's and 60’'s Russian was taught to
middle school students rather than English.

3. Our overall impression of the students was extremely fa-
vorable. Particularly noteworthy were their motivation and de-
termination to make careers for themselves in physics. They are
highly committed to physics as a field of persona endeavor and
as a means of making a significant contribution to the moderniza-
tion of their country. They have exhibited ingenuity and perse-
verance in finding ways to pursue their interest in physics and to
educat e themselve despite obstacles and hardships.
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Beyond this, it is difficult to generalize about the candi-
dates. Some came from peasant or worker families, quite a few
are from families of professional, scientific or educational back-
ground,; the rest are somewhere between. In terms of personali-
ty, they run the gamut from shy and reserved to outgoing and
assertive. Many were nervous during the interview and some
were quite anxious, which is understandable considering that a
number had never conversed in English before. Also, students
recognized that ther future will be strongly affected by complet-
ing graduate work in physics in the U. S.

For many of these candidates, adjustment to the U. S. will
mean that they have to cope with separation from families, with
the language, and with major cultural differences. We expect
that their strong determination to obtain excelent training and
their past experience in overcoming obstacles will aid them sub-
stantially in adapting to this country. However, we would urge
each physics department enrolling graduate students from the
People’s Republic of Chinato be especially thoughtful in assist-
ing them during their first weeks in America.

4. A small note on the grading system might help explain
the applicants’ transcripts. For a number of years the universi-
ties followed a system (claimed to be of Russian origin) of offer-
ing many courses on a pass/ fail basis with no exminations. T his
apparently coexisted with a 5432 (ABCF) and /or percentage
marking system, but is now being phased out.

It was a pleasure to interview this exceptional group of stu-
dents. Welook forward to hearing about their progress in gradu-
ate schools throughout the U . S.

Winifred Christ M.S. and Janet M. Fitchen Ph. D.
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N ovember, 1988

Dear Colleague:

This year’s candidates are the last who will be seeking ad-
mission to graduate study in America under the 10-year-old
CUSPEA program, which now draws to an end. More than 900
students from the Peopl€ s Republic will have come here over the
life of the program.

T he accompanying Record Booklet provides data on the cur-
rent candidates: age, sex, and institution; separate grades on
the classical, modern, and general portions of the written
physics examination, along with total grade and rank; a score on
the written English exam; and aletter grade on Spoken English,
based on our interviews. A total of 429 students took this year’s
examination (this is up somewhat from the numbers of the past
few years). Of these, the 74 who are listed in the Record Book-
let were deemed to have passed at an adequately high levd. Five
are women. We interviewed the candidates in October. A brief
writeup on each appears in the Booklet. The physics examination
was prepared jointly by Messrs. Henley (University of Washing-
ton) and Treiman (Princeton University). It was administered at
several locations in China this past summer, and graded ably by
a team of Chinese professors. Asin past years, the examination
was at the level of a qualifying examination taken at the end of
the first year of graduate study in typical American physics de-
partments. The maximum possible score was 300. T he top stu-
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dent achieved an impressive grade of 283, and, in general, the
passing level was set quite high. To our great embarrassment,
the figure accompanying problem C3 shows the open Switch in
the wrong location. This error occurred during transcription of
the drawing from scratch paper to the final script. The virus
then propagated. The Chinese graders were however kind e-
nough to say that this* obvious” error was actually useful as a
test of the alertness and ingenuity of the students. Overadl, their
assessment, and ours, is that the examination was roughly com-
parable in difficulty with the tests of previous years, and that
this year’s crop of candidates is as strong as any in the past.

A's have our predecessors, we advise against excessive atten-
tion to rank order. There is a considerable bunching in total
scores, and small differences can produce misleadingly large dis-
crepancies in rank order. In our opinion, the students themselves
are more conscious of relative rankings than they ought to be;
indeed, the educational system seems to foster this awareness
unduly. The breakdown of scores among the three components,
classical, modern, and general, may be more informative;, simi-
larly, we hope that our written commentary will be helpful. In
contrast to the earliest years of CUSPEA, when there were
many older candidates who had had their educations interrupted
by the cultural revolution, the current class is composed of
young students on track—in some cases on accelerated track.
Most took the examination in their third or in some cases fourth
year of college, though afew had already completed the under-
graduate degree. Three schools dominate thisyear—The Univer-
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sity of Science and T echnology of China (USTC), Peking Uni-
versity, and Fudan University. All three have special programs
w hich prepare students for the CUSPEA exam, theoneat USTC
being especially extensive and intense.

The written English examination was prepared and graded
in China by Dr. Li Pei and her co-workers in the English Lan-
guage Program at the Graduate School of the Academy in Bei-
jing. It included oral comprehension sections (answering ques-
tions about taped readings) as well as written sections. Students
who were below a passing level that had been established did not
make the final list of candidates, however well they did on the
physics examination. One of the aims of our interviews was to
further probe the students Spoken English Language skills. In
the majority of cases, our assessments correlated reasonably well
with the scores on the written English examination. In some cas-
es, however, we fet that the score did not reflect—one way or
the other—what we observed in the interview. Such instances
are duly noted. We were especialy alert to the student’s ability
to convey ideas and information in the face of vocabulary gaps
(blockage and stolidity versus inventiveness, use of analogies,
etc. ) It must be emphasized that English language education has
become quite widespread generally in high schools and colleges.
By and large, the CUSPEA students have been especially zeal ous
in working at English. Two of us (the Treimans) participated in
CUSPEA interviews in 1981 and 1982. We bdieve that the Eng-
lish language skills have on the whole improved considerably
since then in the CUSPEA ranks. It is probable that this year’s
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CUSPEA crop will show about the same range of facility, and
difficulties, as the CUSPEA students who have cometo America
In recent years.

Every student had two interviews, each of about a half
hour’s duration. One was devoted to physics conversation; the
other involved conversation ranging over a variety of non-scien-
tific topics. T he latter interview was especially aimed at assess-
ing English language skills—comprehension, vocabulary, ac-
cent, etc. It also served to provide a picture of the student’s so-
cial background, adaptability, sef confidence, and prospects for
adjustment to lifein a new world. The physics interview was d -
so sensitive to English language skills, in a technical context de-
manding some degree of precision. In addition, we tried in that
interview to dicit the students leanings among the various sub-
fields of physics, their familiarity with current developments,
etc. Not many have had the opportunity to engage with their
teachers in real research projects. To a considerable degree the
trajectories they envisage reflect what they have been exposed to
in the classroom or through advice from their teachers. Over-
whe mingly, the expressed preferences this year favor various as-
pects of solid state physics. But when pressed, many of the stu-
dents show a lively openness to a wider range of physics areas.
Mostly—as it should be at the start of graduate education—their
scientific personalities are waiting to develop.

W e assigned overall letter grades for Spoken English, based
on the interviews. These should be considered only in conjunc-
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tion with the accompanying descriptive commentaries bearing on
English language skills.

5:/ e X d’»&j‘ f'ﬁ%'/}

Elaine Henley Ernest Henley
Trsirras .
Joan T reiman Sam T reiman
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1980

1981

1982

1983

1984

1985

1980—1988

Prof.
Prof.

Prof.
Prof.

Prof.
Prof.

Prof.
Prof.

Prof.
Prof.

Prof.

and Mrs.
and Mrs.

and Mrs.
and Mrs.

and Mrs.
and Mrs.

and Mrs.
and Mrs.

and Mrs.
and Mrs.

and Mrs.

Douglas B. Fitchen
Norman H. Christ

Douglas B. Fitchen

Sam B. Treiman

Sam B. Treiman
Jack Sandweiss

Jack Sandweiss
George Trilling

George Trilling
Malvin Ruderman

Malvin Ruderman
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1986

1987

1988
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Prof.

Prof.
Prof.

Prof.

Prof.
Prof.

and Mrs.

and Mrs.
and Mrs.

and Mrs.

and Mrs.
and Mrs.

Larry Spruch

Larry Spruch
Norman Kroll

Douglas B. Fitchen

Sam B. Treiman
Ernest Henley



Bulletins (Se ected) Prepared Each
Y ear by Professor T.D. Lee for
All the Participating U niversities

December 12, 1980

Dear Colleague:

Enclosed are Bulletin 2 and the CUSPEA Record Booklet.
As you can see, the booklet consists of the results of the exami-
nation and the interviews. Weare grateful to Professor and Mrs.
Norman Christ and Professor and Mrs. Douglas Fitchen for un-
dertaking this mammoth task, and to our Chinese colleagues for
making it possible. May | urge you to read the booklet carefully.
A ccompanying it is acovering letter together with comments and
background information provided by the Fitchens and the
Christs; these give a succinct overview of the results. | think
you will agree with me that this booklet is a remarkable docu-
ment, reaffirming the strength of the human spirit even in atur-
bulent time. Because of the sensitivity of the information, you

are asked to use it only confidentially.
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Bulletin 2 gives the details of the application process, d -
ready outlined in Bulletin 1. For your convenience, atimetableis
given at the end of the Bulletin. Because of the large number of
students and universities, your cooperation in meeting the dead-
lines will be crucial.

T he Chinese Government will be able to provide transporta-
tion tothe U. S. for the students who are admitted. Each U. S.
physics department will then be responsible for ther support
through fellowships or teaching/research assistantships as you
indicated on your questionnaire.

Through the large amount of effort devoted by many peo-
ple, we have been able to select an excellent group of students to
draw from. However, the final success of the program depends
on your active participation.

Yours sincerdy,
T.D. Lee
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1.

BULLETIN 1

August 22, 1980

T he Participating Universities

a)

b)

There are at present 53 physics departments in the
CUSPEA group. A list is appended.

T he questionnaires which you returned have been edited
into booklet form for the use of the applicants. Each
student will also be provided with a volume containing
an introduction to each member department based on
the AIP directory and other materials which you have
sent. Copies are already available in China.

T he 1980 Examination

a)

b)

c)

d)

T he physics problems will be made up by Columbia U-

niversity and Cornell University, and will be sent to

China on September 1st. The English written examina-

tion will be composed by the Graduate School of A-

cademia Sinica and Peking University.

T he participants will consist of college juniors and se-

niors, graduate students and junior researchers from

various institutes. It is estimated that there will be

more than 400 people taking part.

The examination will be held from October 13th to

16th.

T he place will be Beijing, plus afew other centers, de-
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pending on the geographica distribution of the partici-
pants.

e) Thegrading will be done immediately following the ex-
am by a special committee consisting of physics profes-
sors from A cademia Sinica and various Chinese universi-
ties.

T he Interviews

a) Theinterview is really an exchange of information; it
serves the dua purpose of providing the A merican uni-
versities a more persona knowledge of the individual
student and giving the Chinese students an opportunity
to obtain answers to questions they may have about
American universities.

b) Professors N. H. Chirst and D. B. Fitchen will bein
China from November 17 — 28 to interview the 100
top-ranking participants.

T he Results
The results of the examination and interviews will be
sent to each American member university in December.
The booklet will contain the scores (subdivided by
physics subject) of approximately the top 150 and brief
comments from the interviews with 100 applicants.

T he Pre-application Process

a) In order not to swamp the system and awaken unrealis-
tic expectations on the part of the applicants, only ap-
proximatey 125 of the top students will be encouraged
to apply (but see item 10 below).

b) A standard form (copy appended) will be sent by each
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c)

d)

student tothe four or five physics departments of his or
her choice, together with the academic records. Letters
of recommendation will be mailed separately.

T hese forms will be sent to the departmental represen-
tatives listed in the questionnares. If your representa-

tive has changed for the new academic year, please noti-

fy me as soon as possible.
All forms and letters will be mailed by December 15th

at the latest.

T he First Round of A cceptances

a)

b)

d)

e)

The U.S. schools should send acceptances to each stu-
dent by cable. For purposes of coordination, please fill
out the enclosed green sheet when you have made your
acceptances and sent it to me. Rejections may be sent
by airmail.
All acceptance cables should be sent by the end of Jan-
uary.
T he Chinese students will sent their acceptances to the
U.S. universities before mid-February, also by cable.
Each school will then send to the students accepted a
regular set of application forms. T he student will fill it
out immediately and return the set to the CUSPEA rep-
resentative of that school. The representative will in
turn forward it to his Office of Admissions so that it
may pass through the regular admissions process.
When this is done, avisaform (the |AP-66 for the J-1
visa) will be sent to the student.
Because international cable service may not be readily
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available in all parts of China, a special arrangement
has been made for the Graduate School of Academia
Sinica to bear the responsibility of transmitting these
cables. Therefore all cables should be sent to the stu-
dents at the following address:

T he Graduate School, Academia Sinica
Beijing, The People’s Republic of China.
L etters will reach the students if you send them to:
P. O. Box 935
Beijing, The People’s Republic of China.
7. The Complete List of Acceptances
A complete list of the first round of acceptances by the
Chinese students (see 6¢) will be cabled to me by
February 15th. This list will be duplicated immediatdy
and distributed to each participating university. T hese
acceptances are considered final, so that from this list
the departments can easily ascertain which of ther of-
fers have been rejected, enabling them to go on to the
second round.
8. The Second Round
A Second round of acceptances will be sent by the U. S.
schools, with a repetition of the previous cycle to be
completed by the end of March.
9. The Third Round
A third round will be finished by the end of A pril.
10. Matching Process Option
During either the second or third round some schools

may discover that all their Chinese applicants have de-
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cided to attend other universities. In this case they
may write or cable Dr. Yan directly, stating the ap-
proximate number of Chinese students they wish to ac-
cept and the cut-off-point in the examination ranking
above which they wish to remain.
Dr. Yan’s office will then do an optimal matching on
an individual basis in these few cases.
Dr. Yan's address is.

Professor Yan Chi-tsi, Vice President

Academia Sinica

Beijing, T he People’s Republic of China.
Conversdy, there will also be provision for a student
to re-apply if his initial applications are all rejected.
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PRE-APPLICATION FORM

School to which you are applying:

Designated faculty representative:

Students Name: /
(Family name) (Given name)
In English In Chinese
Cable address: Letter address:
T he Graduate School P.O.Box 935
A cademia Sinica Beijing
Beijing the People' s Republic of China

T he People’s Republic of China

Birthdate: Birthplace:
School you are now attending or institute or organization with

which you are affiliated:

Note to student: This from should be mailed directly to the
CUSPEA representative in the physics de-
partment of the university to which you wish
to apply, together with your college tran-
script. Please ask three professors who are
able to comment on your qualifications for
graduat e study to send letters of recommenda-
tion to the same address (the name of therep-
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resentative is given in the information
booklet).
PLEASE MAIL THIS FORM BEFORE DECEMBER 15th.
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Record of Your Pre-Application Forms for Professor T.D. Lee

N ame: /
(Family name) (Given name)

In English In Chinese

Mailing A ddress:

Birthdate: Birthplace:
School you are now attending or institute or organization with

which you are affiliated:

List thefive U.S. universities to which you have applied, in or-
der of priority

ok D

Note to student: T his form should be mailed directly to
Professor T.D. Lee
Department of Physics
Columbia U niversity
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New York, N. Y. 10027
at the same time as you send the five pre-appli-
cation forms to the U. S. universities.
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REPORT OF ACCEPTANCES OF STUDENTS

Name of University:

Names of students you have accepted:

Name of person completing form

Date
Please return this form to:
Professor T. D. Lee
Department of Physics

Columbia U niversity
New York, N. Y. 10027
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BULLETIN 2

December 12, 1980

The 1980 Examination and Interviews for the top 132 stu-

dents are given in the CUSPEA Record booklet ( enclosed).

T he pre-application process

a) Each student can apply to up to five American universi-
ties.

b) The participating universities will receive from the stu-
dent his course records plus a standard pre-application
form (marked Form A). Letters of recommendation are
being mailed separately. All of these will be sent to
your departmental CUSPEA representative. They will
be mailed in December.

c) As an additiomal hep for identification, each student
has an examination number which is given in the CU &
PEA Record Booklet; this number also appears on his
pre—application form.

T he First round of Offers

a) TheU.S. schools should send their offer to each stu-
dent by cable. Please also indicate the nature of the fi-
nancial support you can provide.

b) All offering cables should be sent by January 31st.

c) After the cables should be sent, please fill in Form C
(the enclosed green sheet) and send itto T.D. Lee, for
coordination.
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4,

5.

A cceptances

a)

b)

The

T hose students who receive cables will made their deci-
sions and send their acceptance cables not later than
February 12th.

All acceptances are final. Each school will then send to
the students accepted a regular set of application
forms. The student will fill the set out and return it to
the CUSPEA representative, who will in turn forward
it to his Office of Admissions so that it may pass
through the regular admission process. When this is
done, avisaform (the IAP-66 for the J-1 visa) should
be sent to the student of the earliest possible date.

Second Round

b)

c)
182

T hose students who do not receive any offers in round
one available for the second round. A list of these can-
didates will be received by all participation universities
by February 12th.

Each of these students can also send out new pre-appli-
cation forms (the same Form A) together with their
coures recordsto up to two additional American univer-
sities. To simplify the process, there will not be any
reguirement of letters of recommendation for these new
applications. T hese will be mailed by February 4th.
By February 12th each school has in hand

1) these new forms.

ii) thepre-application forms received in rouned one,
i) thelist of available candidates.

Each school should send out their offering cables by



d)

February 26th.
All acceptance cables from the Chinese students should
be sent by March 9th. The completion of their admis-

sion process follows the same steps as in round one.

6. Matching Option

a)

b)

d)

Because of the overlapping inherent in the process, of
the end of the second round some students may not
have received any offers, even though they are highly
qualified; some universities may find that a student to
whom they have made an offer has decided to go € se-
where. As will be explained below, Form 1 (which
will be received by each department March 5th) is
designed to resolve this problem.
Form 1 consists of a new list of available students.
Your department can cross out the name of any stu-
dent you do not wish to accept. The remainder then
constitutes & selected list”. In addition, you should
indicate the total number of Chinese students you wish
to have. By using Form 1you can ask Dr. Yan’s office
to match the vacancies with the available students
from your* selected list”.
For those who wish to use the matching option, Form 1
must be sent out by March 13th (so that it may reach
Dr. Yan's officeby 3/21).
If selected through the matching process, the student
will send his acceptance cable directly to the depart-
ment. T his step probably will be completed by the end
of March.

183



1.

Timetable

Fist round: Deadline
pre-application forms sent 12/ 80
Offering cables 1/31/ 81
A cceptance cables 2/ 21

Second round:
New pre-application forms from students who have

not received cables 2/ 4

List of available students received by U.S. schools
2/ 12
Offering cables 2/ 26
A cceptance cables 3/9

M at ching:

Form 1 to bereceived by U.S. schools 3/5
Form 1 to be sent out by 3/ 12

If possible, please send your offering cables earlier than the
deadlines.
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1979 Pre-CUSPEA (1)
38 :
Tao Rong-jia Columbia
Chen Cheng-jun 42 Columbia
33 :
Qiu Zhao-ming Columbia
31 .
Wu Zhen Columbia
40 :
Chen Tian-jie Columbia
1979 Pre-CUSPEA (2)

Ren Hai-cang 23 Columbia
Li Da-xi 31 CCNY
Xu Yi-xie 28 Columbia
Qian Y u-kun 37 Columbia
Wang Ping 27 Virginia
Xi Ding-ping 33 Oregon
Xu Guang-nan 35 Oregon
33 Utah

Yang Yi-hong
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Liu Ping-yu 38 Utah

Wang Chui-lin 33 CCNY

Zhang Hong-xin 4l CCNY

Zhou Wei-ren 36 Carnegie-Mdlon
35 Pittsburgh

Chang Chong-an
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1980

Hu Qing 23 Harvard
Huang Yi-he 36 Ber keley
Shi Kang-jie 39 Illinois
Feng Xi-giao 20 Harvard
Zhu Xiang-dong 22 Berkeley
Fu Y ao-tian 23 Princeton
Chen Feng-zhi 31 Washington
Wang Zhi-yue 22 lllinois
Wang Jian-ging 20 Ber keley
Tian Guang-shan 24 Princeton
L uo Ning 25 Cor nell
Gao Xin-hai 39 lowa State
Qi Nian-sheng 24 Yale

Zhao Tian-chi 33 Columbia
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Wang Ke-bin 36 Stanford

Li Zen-qin 20 Cornell

Chen Chang-ye 35 Texas, Austin
Y uan Ren-feng 38 CIT

Zhang Lu 30 Johns Hopkins
Liu Gang 25 k)

Liang Zheng-rong 25 CCNY

Tang San-yi 30 Michigan Stae
Hua Xin-min 35 UCsD

Wu Ji-wei 23 Indiana

Qian Song-nian 30 Maryland

Lou Y u-ging 21 Harvard

Ding Hong-giang 26 Columbia

Jin Li-ping 20 Chicago

Gao Y ong-li 26 Purdue
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Tang Chao 22 Chicago
Zheng Xiao-lu 29 MIT

Cai Wei 39 Houston
Zhou Hu 20 UCSD

Cai Jia-ling 32 New Y ork
Lin Guang-hai 38 Color ado
Zhu Miao 26 Color ado
Hua Xiao-ming 33 CCNY

Guo Wei 19 New Y ork
Qiu Jian-wei 23 Columbia
Wu Xiao-lun 24 Cornell

Y u Rong-ging 23 Pennsylvania
Qiu Zong-an 20 Chicago
Wang Jiang 21 Pennsylvania
Fang Zu-yun 34 New Y ork
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Zhang Xi-cheng 24 Brown

Chen Jian-guo 25 Illinois

Cheng Zhe-ming 23 Michigan

Gao Hong 20 Duke

Hu Yu-ming 21 UCLA

Pan Li-wen 25 Johns Hopkins
Zhang Qi-ming 23 Penn. State
Niu Qian 22 Washington
Cai Yong-ming 33 Pennsylvania
He Hong-xing 35 Michigan State
Zhu Xiao-dong 21 Purdue

Shen Qun 21 Purdue

Zhao Ping 24 Yale

Chen Yin 24 lowa State
Chen Quan 39 Indiana
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Y ang Y ong-nian 36 Pittsburgh
Deng Hua 27 CUNY
Tang Lei-han 19 Carnegie-Méllon
Yin Ru-ying 38 Pittsburgh
Lin Ha-ging 22 UCSD
He Xong 37 Syracuse
Lin Min-yao 22 CUNY
Xie Ai-hua 20 Carnegie-Mdon
LU Dan 20 Washington
He Li-xiong 36 Oregon
Gai Wei 19 lllinois I nst
Zhu Gang 39 Pittsburgh
Li Ming 19 Washington
Zhang Xing-guo 36 Penn. State
22 Penn. State

Li Zheng
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Cui Sheng-ting 24 Stevens Inst.
Shao Ren-fan 36 Stevens Inst.
Wang Ning 34 Purdue
Y ang De-ping 24 Connecticut
Qian Zhi-ding 39 Virginia
Wei Su-huai 23 William-Mary
Cao Zong-jian 35 Indiana

26 Virginia
Zhou Chen Polytechnic Inst.
Li Li-feng 23 Arizona
Song Y an 37 Minnesota
LU Fu-long 40 Rutgers
Hu Shao-ping 19 Purdue
Xiao Gang 21 Johns Hopkins
Wang Yao-rong 24 Purdue

25 New Y ork

Zhang Qiang
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Hu Y ue 19 Cornell
Jin Hai-yong 22 CCNY
Han Jia-liang 27 Duke
Zhang Chao 25 CUNY
Jin Long-huan 34 Pittsburgh
Gu You-liang 35 Purdue
Huang Jin-chu 37 New Y ork
MaTi-ze 25 lowa
Cui Hong-liang 24 Stevens Inst.
Li Ying 2l Texas, Austin
Zhang Jie 23 Utah
Zhou Zi-ye 20 Purdue
Zhang Qi-we 24 Rutgers
Chen Chu-xin 23 Arizona

23 Syracuse

Jiang Hong-xing
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Shen Guang-fu 33 New Y ork
Xia Ke-ging 23 Pittsburgh
Hu Po 29 Houston
Xu Jiao-lin 40 Georgia
He Yu 23 Ohio State
Lin Nai-guo 35 Minnesota
Qi Na-ding 36 Colorado
25 Virginia
Zhang Hua-yi Polytechnic Inst.
Zhang Hong-lin 7 Penn. State
Zhang Y ang-zhong 39 Texas, Austin
Guo Hong 25 Pittsburgh
Gu Xiao-yue 35 Boston College
Chen Xing 24 MIT
Cai Qing 24 Montana State
26 Rutgers

Gong Zhao-xin
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35 |
Sun Guo-zheng owa
21 Lo
Chen Niu-niu Virginia
Ma Si-feng 25 Stevens Inst.
Y uan Sui-hua 36 Ohio State
i i 34 Penn. State
Jiang Xue-pei
20 Virginia
Liang Yi-gao Polytechnic Inst.
23 CCNY

Chen Dong-min
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1981

Wen Xiao-gang 20 Princeton
Gan Zheng 16 Princeton
23 Harvard
Li Yuan-min (Applied)
Chen Kai-you 21 Columbia
Wu Yan 18 Ber keley
Zhang Sheng-bai 26 Ber keley
Bai Yu-sheng 21 Harvard
Xue Wei-ge 21 MIT
Xie Ming 22 Stanford
Zhu Han-you 25 lllinois
Gao Jian-ping 21 Brown
Y ang Jie 25 Princeton
Y u Da-hai 20 Princeton
23 MIT

Xiao Y ue-ming
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Feng Ji-yu 24 cIT
Kuang Y u-nan 19 Yale
Lai Zhao-wei 20 Chicago
Y an Yong-xin 20 MIT
Wang Xue-sen 20 Maryland
Shao Zhi-feng 22 Chicago
Liang Shou-dan 20 Chicago
Y ang Chao-ping 21 Carnegic-Mellon
Pang Y ang 18 Columbia
Zhang Xiao-he 23 CI.T
Tang Ye-ke 28 Colorado
Y u Gang 22 Cornell
Xue Jiu-zhi 19 Color ado
Wang Xue-wen 25 lowa State
24 Ohio State

Cao Y ue
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Wu Xu 32 Rutgers

Deng Y ao-bing 21 Connecticut
Gao Bo-ca 23 Ohio State

Y ang Bin 23 uCsD

Wang Jian-sheng 21 Carnegie-M e lon
Cui Jing-he 25 Washington
Huang Liang-kang 26 Johns Hopkins
Hu Xiao-ping 20 Chicago

Ni Ben-wen 28 Yale

Wang Zhu 20 New Y ork

Lu Jian-ping 20 CCNY

Y uan Jian-yang 22 Maryland

Liu Jiang 24 Carnegie-Méd | er
Li Xiao-lin 24 E:Xlsprﬂzide;

Ma Y an-jun 18 Washington
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( )
Wu Qian 21 Maryland
Wang Shi-ging 22 Chicago
Gao Ru-shan 27 Rice
Liu Hui-chun 21 Pittsburgh
Shen Jie-feng 21 Pittsburgh
Liu Guo-giang 23 Pittsburgh
Liu Wei-ning 19 Rice
Lu Hao-an 25 Virginia
Zhang Zheng-hui 20 Houston
Chen Han 18 Louisiana State
Jiang Xiu-guang 20 Ohio State
Zuo Ming 22 New Y ork
Zhong Jian-hui 25 Brown
Chen Wei 24 UC, Irvine
Liu Huan 21 Rutgers
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Zhu Yi-fu 25 Virginia
Shen Y ong 19 Virginia
Lu Ning 20 New Y ork
Li Wen-tian 22 Columbia
Pei Shi-you 25 Carnegie-Mdlon
Chen Chu-xin 25 Utah
Chen Ji-ping 25 SUNY, Buffalo
Xie Xin-cheng 22 Maryland
24 Virginia
Gao Chao Polytechnic Inst.
Chen Zheng-yu 20 Maryland
Liu Zhao-huai 24 Utah
Liu Ying 20 Carnegie-Mdon
Wang Su-wen 22 Duke
Lin Hong 21 New Y ork
22 Arizona State

Fan Guo-you
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. . 24 Irvine
Xiang Qing-san UC lrvi
20 i chi
Yin Shi Michigan Stae
: [llinois Inst.
Feng Y uan-ping 24 Inois I nst
Lou Liang 27 Indiana
. 20 T
Pu Yi-kang M
_ 21 illiam-M
Wang Yi-cheng William-Mary
. 22 Michigan State
Wu Jian-qun g
Liu Jun 21 Texas, Austin
_ 22 New Y ork
Chen Jian-sheng ew ror
22 Carnegie-Mdlon
Peng Zheng-yu &'
29 Pennsylvnia
Huang Y an-min State
Zhou Zhi-min 20 Houston
British columbia
. . 19
Li Zhan-ming ( )
] 23 Maryland
Yan Li y
Chen Wei 22 Indiana
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Lu Xiao-ming 25 Arizona State

Zhong Fang 24 Duke

LU Zhe 24 New Y ork

Cai Mao 19 Kentucky

Dou Qun 19 lowa State

Y ang Li-you 20 Rutgers

Zhang Zhen-yu 24 Rutgers

Qian Xiao-wen 18 Michigan Stae

Mei Pin 25 Rutgers

Luo Hong-de 25 Kentucky

Pan Cheng 25 Virginia

Zhu Xiao-rong 20 Utah

Luo Hong 20 Purdue

Tang Wen-ging 25 Michigan State
22 Texas, Austin

Xiao Min
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. 31 Viraini
Sheng Qing-guang irginia
22 i
Dong Jie-lin Carnegie-Mélon
Chen Jian-ping 21 Virginia
Li Qiang 22 Louisiana State
25 Dartmouth
Chen Hu-dong College
20 Brooklyn College
Y an Dong CUNY
Song Yi 24 Ohio State
Wang Xiao-wu 23 New Y ork
28
Li Hui-sheng Utah
20 Virginia
Que Wei-ming Polytechnic Inst.
Yu Nan 21 Arizona
i 2 Penn.
Y ang Bang-yi 9 enn. State
20 Brooklyn College
Li Yan CCNY
20 i
L0 Fan Rice
21 Virginia
Lu Bin Polytechnic. Inst.
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Shuai Yi-guo 24 Montana Stae
Y ang Qiang 20 Maryland
Li Yong 21 MIT
He Xiao-gang 22 Haw aii
20 Kentucky

Y ang Ming-hong
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1982

Ying Zhi-giang 22 Cor nell
Chen Y ong-cong 19 Illinois
Ao Ping 19 Illinois
Zhou Zhou 19 Princeton
Wen Zhi-min 20 Pennsylvania
Ma Hong 20 CIT

Xiao Guo-ging 20 Stanford
Shi An-cang 23 lllinois
Peng Zheng-wei 19 CIT

Li Keke 19 Illiniois
Zhang T ao 20 Stanford
Chen Kan 18 Ohio State
Hao Xin 22 MIT

Lu Liang 22 Maryland
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19
Xu Pei-rong Cornell
22
Liu Wei-qgiang UCSD
20 Southern
Chen Liang California
Fan Nong-giang 20 Berkeley
20
Guo Jun Northwestern
23 :
Y an Xiao Pennsylvania
Fu Sheng-qi 20 Columbia
Wang Jian 22 Pennsylvania
19 :
Wu Le Chicago
21 :
Gao Ming-shen Columbia
Fan Yi-zhong 27 Cincinnati
Deng Y ue-fan 20 Columbia
Columbia
. : 20 _
Yin Feng-lin (Applied)
22 B :
O Yang-feng randeis
Fu Guo-yong 20 Texas, Austin
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M ong Rui-bin 21 Oregon

Zhang Wei-Ping 20 Pennsylvania
Zhu Quan 19 Rice

Wu Zhong-xin 20 Yale

Cai Yun-hai 21 Texas, Austin
Qian Ning 20 Johns Hopkins
Chen Qun 20 Yale

Zhang Xin-yun 22 UCSD

LU Mei 20 Stanford

Xu Dan 21 Cincinnati

Tao Zhi-chao 19 Boston College
Ning Xiao-hui 18 Chicago

Chen Zhe 21 CCNY

Du Mong-li 20 William-Mary
Li Ying-hong 22 Ohio State
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Luo Ming-xing 19 Pennsylvania

Liu Sen 22 Brandeis

Chen Chi-ping 20 Stevens Inst.

Zhang Y u-hong 21 Houston

Zhang Hua-zhong 21 Rochester

Feng Y i-ping 20 Penn. State
26 Virginia

Feng Guo-fu Polytechnic Inst.

Pang Yi 21 Maryland

Huang Zhi-hong 20 Penn. State

Jin Guo-xi 20 Purdue

Hu Hong-yao 20 Arizona

Chen Xu 19 Washington

LI Qi-ming 21 lowa State

Cai Shao-yang 20 SUNY Albany
20 Brown

Luo Jing
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Peng Jian-liang 20 SUNY Albany
Liu Bin 20 Johns Hopkins
He Zhong-xiang 19 Haw aii

21 Virginia
Geng Chao-giang Polytechnic Inst.
Chen Jian-min 22 Boston College
Chen Chang-hua 20 Utah
Y u Ri-d 19 Haw aii
Pei Yi-chuan 20 Johns Hopkins
Y ang Zhi-yu 21 Purdue
Sun Y ue-min 19 Penn. State
Qian Qi-de 21 Purdue
Zhang Zi-li 18 Johns Hopkins
Kan Xiao-bo 18 Houston
Liu Li-zhong 18 Pittsburgh
Wen Xin 20 Brandeis
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Y ang Y u-nong 21 Maryland

Lin Ha 21 Rutgers

Han Xian-ming 19 Colorado

Fan Wei-cheng 26 Houston

Qian Y ao-jin 21 Michigan State
Chen Zi-ping 19 Michigan State
Huang Zhi-jun 19 Houston
Zhang Zi-ping 21 Purdue

Sun Y ong-he 19 Utah

Zhang Xiao-guang 18 Northernw est
Ji Xiang-dong 20 Drexel

Wang Ling 27 Pittsburgh
Chen Yu 22 Montana State
Li Xiao-yu 21 Duke

Wang Li-bo 19 Louisiana State
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Y an Ying-dong Carnegie-Mellon
Zhu Da-ming Michigan State
Wang Zhong-lin 21 Arizona State
21 Virginia
Wang Yun-yu Polytechnic Inst.
21 ;
Wang Zhi-giang Ohio State
20
Bai Gang Syracause
Lu Zhi-we 20 William-M ary
i-qi 21 NY Al
Feng Yi-qging SU bany
20 :
Zhu Hong Connecticut
Duan Mu
21
Zhen Y u Montana State
Liang Gan 26 Rutgers
21 Southern
Jing T ian-wei California
Xia Wei-zhu Michigan State
. . 19 R
Wu Xing-di utgers
26 New Y ork

Chen Zong-hua
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Pi Hong Michigan Steate
20 _
Huang Han-ding Stevens Inst
Zhang Y ang-ling 19 Carnegie-Mdlon
Fan Yi-bin 21 Michigan State
19 ;
Jiang Yi-feng Ohio State
23 Queens College
Gao Yi-tian CUNY
i 20 Arizona State
Peng Lian-mao
Sun Yi 21 New Y ork
20 ;
Zuo Fu-lin Ohio State
22 i
Li Gang Pittsburgh
Sun Y an 26 Houston
i-mi 2 K k
Zhang Ji-ming 5 entucky
20
Shen Zhi-xun Rutgers
20 Wisconsin-
Zhao Tie-cheng Milwaukee
20 Boston College

Zhang Hong
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1983

Li Zhao-ping 19 CIT

Y e Huan-chun 19 Berkeley
Wang Ning 20 Ber keley
Kan Rui 20 Princeton
Chen Wei 20 Berkeley
Jiang Fan 21 [llinois
Huang Hu 21 Rochester
Wu Xiao-yi 21 Columbia
Wu Ai-qun 19 Columbia
He An-ming 21 Texas, Austin
Huang Huan-zhong 20 MIT

Chen Xiao-dong 20 Ohio state
Qiu Xia 20 Pennsylvania
Ji Hong L Pennsylvania
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Zhou Zhi-xiang 21 Yale
Li Qi 21 Maryland
Ou Ze-yu 19 Rochester
Chen Qi 20 Texas, Austin
Fu Qiang 21 Brown
Hong Tao 20 Northwestern
_ . 21 Queens College
Jiang Li-giang CUNY
Hu Hui 21 Utah
Sui Zhi-feng Z2 Montana State
Zhang Y u-heng 20 Texas, Austin
Xing Guo-giang 20 Rice
Zhang Jian-zhi 21 Yale
Xiong Quan 21 Brown
Duan Shan-lin 19 Pittsburgh

24 Pittsburgh

Ruan Ju-ai
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Lu Yong 19 Ohio State
Wang Xi-di 21 UCSD
Yin Shu-gian 20 Washington
Jiang Li-feng 24 Maryland
Su Qi-chang 21 Rochester
Chen Xi-ming 21 L ouisiana State
Fei Xiang 21 Washington
Gao Jia-hong 22 SUNY Buffalo
Jiang Y uan 21 CCNY
Yin Qin-yun 22 SUNY Buffalo
Jiang Zhi-hua 19 Ohio State
Zhou Jin-bao 21 Rutgers

19 Southern
Lin Shu-jie California
Huang Wei-dong 20 Indiana

20 Vanderbilt

Zhang Peng
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Li Yun-zhong 20 Purdue
Zhou Huan-xiang 18 L ouisiana State
Luo Ding 19 Colorado

21 Virginia
Chen Jie Poiytechnic Inst.
Wang Zi-giang 20 Columbia
Liu Rong 22 lowa State
Ding Y u-jie 21 Purdue
Wang Xiang-rong 20 Rochester
An Guo-zhong 21 Washington
Tan Zheng-quan 20 Connecticut
Zhang Yi 20 L ouisiana State
Qiu Zi-giang 21 Johns Hopkins
Deng Dong-ping 20 Carnegie-Médlon
Sang Ye-ming 20 L ouisiana State
Sun Zan-hong 21 Stanford

218



Zhao Qin 20 Purdue
Lin Feng 21 CCNY
Xu Rui-ming 19 Brandeis
Y ang Deng-ke 21 Haw aii
Xu Jing-we 21 Purdue
Ma Qing 21 Pittsburgh
Jin Wei 20 Michigan State
Liu Yi 20 Ohio State
Chen Duan-pin 20 L ouisiana State
Li Hong 19 Pittsburgh

_ 23 Case Western
Wang Jing Reserve

18 Wisconsin-

Wu Shu-wu Madison
Kuang Y e 20 Pittsburgh
Ma Jian-jie 20 Rice
Lu Ping 19 Arizona State
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Zhen Xiao-cheng 21 Ohio State
Wang Xiao-ging 21 lllinois Inst.
LU Li-min 19 Pittsburgh

21 Wisconsion-
Qian Qiang Madison
Xu Hong-min 21 Michigan State
Wu Zhi-biao 21 L ouisiana State
Chen Y u-ming 20 Michgan State
Fan Chao-liang 21 SUNY Albany
Xu Zhi-hua 20 Houston State
Xu Ming-de 19 Montana State
Hou Li 19 Carnegie-M dlon
Tao Nong-Jian 20 Arizora State
Zhou Jun-wei 21 New Y ork
Liu Feng 20 CCNY
Xu Wen-yue 20 Stevens Inst.
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19
Gan Zhe-hong Utah
18 ;
Xie Wan-fen Rice
Liu Shu-dun 22 Rutgers
Cheng Ai-lan 20 Penn. State
21 ;
Zhu Yang Ohio State
19 iAe
Zhang Qian-fan Carnegie-M dlon
29 Wisconsin-
Zhang Hua M adison
. 21 Michi
Huang Yi-yun ichigan State
i i 21 Arizona State
Zuo Jian-min
Chen Yi Michigan
Luo Li-fan 22 New Y ork
Zhu Xiao-xiong 20 L ouisiana State
20
Zhou Bin Kentucky
British Columbia
. 21
Ma Chang-lin ( )
20 Drexel

Y uan Wen-bo
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20
Gao Bo Nebraska
20
Mu Xin-dong Oregon
Sun Dao-pin 21 Oregon
20 Boston College

Zhou Guo-ping
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1984

21

Feng Ping Harvard

i 21 Ber kel

Lin Hong erkeley

Duan Ji-min Illinois

Huang Ming 20 Cor nell
20

Y e Chang-yuan MIT
20

Wang Lin-wang Cor nel |
20

Shao Bin Yale

i 21 IT

Gu Xiang-guang C
20 Columbia

Wang Xiao-hong (Applied)
19 o

Liu Feng Illinois
20

Li Qiang Maryland
22 Stanford

Xu Yi-zhi (Applied)
21

Jin Chao Cor nel
20 :

Huang Hong Columbia
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Y ang Zhong-xia 20 Texas, Austin
Xia Xiao-guang 19 Yale

Chen Hong 19 Columbia
Fang Y an 20 uCsD

L1 Xiao-jian 20 New Y ork
Guo Jin-ping 20 Penn. State
Liu Yu-ming 22 Columbia

Y u Xiao-hong 21 William-Mary
Wang Xiao-fang 19 Columbia
Qian Zhong-shan 21 Columbia
Ding Jian 22 Brown

Dong Da-wei 21 CIT

Lin Wei 21 Northwestern
Dai Jin 19 Texas, Austin
Liu Yi-xin 20 New Y ork
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Li Hao 20 New Y ork
He San-xiong 18 Northwestern
Zhu Zhi-ging 19 Connecticut
Cheng peng 20 Stanford
Zhang Shu-feng 21 New Y ork
Jin Jia-hua 19 Penn. State
Huang Xiao-pei 21 UCSD
Wu Xiao-zhong 20 Univ. of Chicago
Wang Jin-zhao 21 Texas A & M
Zhang Gui-hua 18 New Y ork

21 Wisconsin-
LG Nan-yao Milwaukee
Tang Ping 19 Washington
Zhao Y ang 22 New Y ork
Y ang Y u-min 21 UCSD

19 Michigan Stae

Pi Bo
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20 Texas, Austin
Gang Feng-yan
20 -
Li Qin Washington
19 Wisconsin-
Wu Zhi-giang Milwaukee
Liu Hai-ying 21 Minnesota
21
Li He-sheng Colorado
21
Chen Hua Utah
Tan Xue-qging 21 Pittsburgh
i 21 British Columbia
Xu Huang-jian
20 Wisconsin-
Wang Qing-nan Milwaukee
20 Hunter College
Wang Cai-yi CUNY
Deng Xun-ming 21 Chicago
; 22 R
Hu Ping utgers
22 -
Wan Ji-chun Minnesota
20 -
Shen Li-ming Minnesota
Jiang Qiang 21 Rutgers
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21
Liu Jin Purdue
21 -
Yu Bo Pittsburgh
20 Michigan State
Zhu Fan Univ.
Xiao Qi-fan 22 SUNY Albany
21 i
Chen Jian Rice
17 Virginia
Zhou Yu Polytechnic Inst.
Wei Xing 21 Utah
21 |
Lu Gang owa
21
Chen Qi-biao Drexel
. 19 Michi
Li Y ong-sheng ichigan State
Chen Xiao-liang 19 Texas, Austin
Li Chun 21 Northwestern
21 :
Hu Jie Brandeis
21 Pennsylvania
Ding Yi-nong State
Li Bin 21 New Y ork
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Y ang Zhu 20 Brandeis
Li Wei-xiong 21 Carnegie-Mdlon
Zhu Xian-zhou 18 Duke
Lei Ning 22 Rutgers
Wang Hui-wen 21 Brooklyn CUNY
Zhang Zhi-zhong 20 Rutgers
Guo Wei-giang 20 Vanderbilt
Jiang Ming-ya 18 Pennsylvania
Y ang Hua 22 Rutgers
Zhang Xia 21 Rice
Zhao Zhi-ping 20 Yale
21 Southern
Wei Wei California
Jiang Qing-tang 21 Rutgers
Y u Fang el Minnesota
21 Michigan Stae

Gong W en-guang
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Jiang Wei-cheng 20 Vanderbilt
Wang Zhi-guo 19 New Y ork
Wang Nian-gin 22 Pennsilvania
Zhou Qi-lu 21 Pittsburgh

Gu Chun 19 L ouisiana State
Lin Wei 19 Indiana

Hu Xiao-tian 20 Drexel

Lin Chen 19 Rice

Y u Rang-chen 22 L ouisiana State
Li Xiao-liang 21 L ouisiana State
Zhuang Zhi-ming 22 Colorado
Zhang Jun 21 UC Irvine
Wang Yun 20 Carnegie-Médlon
Hu Xiao-hui 22 Pensylvania
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1985

Ren Yong 18 Princeton
Chen Guan-hua 20 CIT

Wang Qing 20 llinois

Gu You-song 20 Illinois
Xiao Xu-dong 22 Ber keley
Zhu Jing 17 Berkeley
Wang Deng-feng 20 Princeton
Zeng Shu-xiang 21 [llinois
Zhang Xiao-dong 21 Texas, Austin
Wen Guo-zhong 21 Illinois

He Xiao-dong 18 Cor nel|

Liu Feng-chuan 20 Washington
Dong Zhi-hua 20 Columbia
Xu Hai-ming 19 Rice
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Chen Wei 19 Brown
Li Bin 20 Maryland
Fan Cheng-gang 21 Colorado
Chen Wen-jie 20 UCSD
Cen Ren-yue 20 Princeton
Cao Jian-shu 20 Columbia
Wang Li-jun 19 Rochester
Chen Jian 19 Texas, Austin
Zhou Su-min 22 Chicago
Zhao Jia-lin 22 Northwestern
Wang Wei-jian 21 Rochester
Yang Xian-yu 21 UC Irvine
Hua Long 21 New Y ork
Han Ji-ning 21 Columbia

21 Brown

Meng Guo-wu
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Wang Guang-yu 22 UCSD

Huang Y u-hong 21 Stanford

Wu We 20 New Y ork

Kong Yuan 21 CCNY

Liu Chu-heng 19 Chicago

Yang Ze 19 New Y ork

Liu Wei-hong 20 New Y ork

He Song 21 Maryland

Gu Shi-qun 21 Utah

Zhang Zhao-yang 21 Columbia

Shi Xiang-dong 21 Pennsylvania
20 Wisconsin-

Wang Yi Milwaukee
20 Southern

Zhu Chang California

Bao Xue-jun 21 Carnegie-Médlon

Mao De-gen 21 Brown
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21 S
Y ang Y ong-an Virginia
21
Jiang Zhao-ping lowa State
Xu Li 20 CCNY
Zhou Ping 21 Michigan Stae
. . 21 Louisiana State
Peng Y ing-cai
Columbia
22 .
Chen Dong (Applied)
20 Queens College
Zhao Xiao-feng CUNY
19 Virginia
Wu Chang-hong Polytechnic Inst.
20 Columbia
Hu Bin-bin Astronomy
- 21 B
Li Ning ucs
Zheng Dao-chen 22 Rutgers
Zheng Wei 23 vale
22
Qian Rong-zhen Utah
19 i
Si Qi-miao Chicago
Ru Ping 20 Drexel
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Zhou Po 22 Minnesota
Pan Ze-q 21 Maryland
Shan Lin-hua 21 Texas A & M
Hu Y uan-zheng 20 Arizona
Li Feng 22 Texas A & M
Xie Ping 22 Michigan
Shen Tian-xiang 21 Rice
He Lei 20 Minnesota

22 Virginia
Li Zhu-jun Polytechnic Inst.
Wang Xun-li 21 lowa State
Wang Yun 20 New Y ork
Y uan Jian-zhong 23 SUNY Albany
Zhang Zheng-zhi 20 Pittsburg
Li Jin-ling 20 Washington
Shi Jia 21 UCLA
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20
Chen Hong Rochester
18 Sourthern
Huang Xiao-zhou California
Dong Cheng-zhi 22 Rutgers
Xu Li-xue 23 UC Irvine
20
Cao Y u-qun Brooklyn CUNY
22 Wisconsin-
Peng Wei-guo Milwaukee
Wang Shi 20 Arizona
21 Penn.
Wang Yong enn. State
21 S
Wang Chen Virginia
. 20 |
Wang Shan-xiang owa State
Lu Yang 20 Pittsburgh
Zhou Peng 17 Oregon
21
Wang Jing-dong New Y ork
20 i
Chen Y ou-jun Minnesota
19 Michigan

Zhang Jie
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20
Hong Po Northwestern
Cai Zhi-xiong Michigan State
22 Queens College
Wu Xiao-ye CUNY
Li Qiang 22 lowa State
21
Sha Wei-jian Rochester
22 .
He Jian-hui Penn. State
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1986

Hong Jiang-tao 19 CIT

Chen Bing-ging 18 Princeton
Stanford

Chen Zong-jian 20 (Applied)

Zhu Xue-jun 19 lllinois

Cao Yi-bin 18 cIT

Xiao Xiao-dong 20 Columbia

L u Zheng-tian 19 Chieago

Wan Chun-cheng 22 Pennsylvania

Ying Xue-jun 22 Maryland

Zhang Y an-jun 20 Washington

Li Yuan 22 Princeton (EE)

L e Lian-ping 21 Columbia

Zeng Chen 21 Cor nell

Wu Xu-dong 22 Texas, Austin
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Tu Yu-ha 18 UCSD
Zou Xing-yu 22 Rochester
Sheng Qing 21 Cornell
Dong Hui 20 Chicago
Xi Zhi-gang 23 Brandeis
Wang Li-wei 22 Rochester
21 Southern
Che Xiao-dong california
Ju Neng Jiu 21 New Y ork
Zhang Da-wei 22 UCLA
Gong Min-fang 21 Connecticut
Dai Wei-shen 20 Chicago
Wei Ke-hong 21 Texas, Austin
Zhao Hui-Lin 22 UCLA
Fu Hai-ying 19 Washington
Yu Lei 20 Maryland
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Tan Yong 20 Washington
Zhang Tian-ming 21 Washington
Y ue Ning 20 Pennylvania
Sun K ai 20 lowa State
You Li 22 New Y ork
Chen Y ong-ging 21 New York
Li Xiao-Zhen 19 Washington
Bao De-Hai 20 Chicago
Chen Dong 20 Maryland
Xiong Peng 21 Brown
Liu Xiang-ming 16 Texas, Austin
20 Colorado
Zhou Gan a Boulder
Chen Xun-ming 20 Brandeis
Zeng Ning 21 Arizona
Zhu Qiang 21 New Y ork
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. . 21 D
Wang Rui-wei UCs
22 ;
Tang Zi-xiang Minnesota
Su Yue 22 Washington
Zhou Fei 22 New Y ork
: 18 D
Y uan Wei-san UCs
21 Wisconsin-
Cui Wei Milwaukee
21 Southern
Hu Ke-zhong California
Sun Y a-Xiong 22 Arizona
19 Southern
Teng Zhong-Jian California
Cai Yong Michigan Stae
Wu Zuo-guo 17 Texas A & M
Chen Ji-dong 22 New Y ork
Zhong Wei-ging Michigan State
20 i
Wang Tie-fei Minnesota
19 Colorado,
Li Zhi-yun Boulder
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: 21 P lvani
Song L ing-feng ennylvania
22
Xion Shan-hui Northwestern
Ou Y ang 21 Colorado,
Jin-song Bounlder
22 Brooklyn College
Qiang Hao of CUNY
21
LiYe Rutgers
21 .
Wang Ping Penn. State
Zhu Qi-fu 21 Michigan State
Y ang Song 20 Cornegie-Mellon
18
Chen Zhan-liang lowa State
20 Color ade,
Lu Xian-ping Boulder
Zhang Jun-ging 20 Florida
Zhao Xin-xin 20 Rice
20 lowa State

Y e Jun
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1987

17 -

Chen L uo-q Princeton
Stanfood

21 .
Zhu Jun (Applied)

21
Dai Qiang Stanford

1 hi
Zhu Chang-hong 8 Chicago

22
Xu Hang Harvard

19
La Dong Cor nel

21 Princeton,
Mao Shu-de Astronomy
Lu Ming 19 Boston

21 -
Liu Y uan-ming Washington
Zheng Xin-ling [llinois

18 -
Huang He Princeton (EE)
Wang Fu-giang 20 Columbia

22 , -
L uo Shan Texas, Austin

21 T
Zhang Hai-yun Cor negie-Mellon
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Zhao Y ang 21 UCSD
Sheng Jia 22 New Y ork
Tang Hali 21 Chicago
Liu Xiang-yang 22 Texas A & M
WU Qiu-wen 20 Columbia
Wu W ei-dong 20 Columbia
Zhao Hong-sheng 20 Columbia
Wei Dan 20 UCSD
Qian Jun 19 Rochester
shi Rui-fang 22 Penn.
Wang Nin-jun 21 Rochester
Chen Shi-jie 22 uCsD
Ren Hai 20 Columbia
Liang Yi-ming 19 UCSD
Huo Y an 19 UCSD
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19
M ao Y ou-bing New Y ork
21 :
Tang Jian-xin Brandeis
Chen Wen-liang 20 Yale (Applied)
Chen Jing 21 Maryland
21
Du Y un-song lowa
21
Zhang Shi-wei Cornell
Jiang Wei-dong 20 Washington
Li Y ong-hong 21 New Y ork
22 City College
Shi Song of CUNY
: 23 v Aboli
Zhang Bing-long ale (Applied)
Luo Bin 19 Georgia
21 Texas A & M
Lu Hong exas A &
21
Liu Chuan UCSD
21 Colorado,
Wang Yong-giang Boulder
21 Texas A & M

He Hong-we
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Wang Li-shun 22 Northwestern
Wang Jian 21 Texas, Autstin
Xu Xiao-gin 21 Jahns Hopkins
Wu Ying 21 Duke
Song Y ang 21 Northwestern
22 Wisconsin-
Zhou Y uan Milwaukee
Yang Jie 21 New Y ork
Wang Jin-hua 20 Brandeis
Liu Yong 19 New Y ork
Chen Guan-long 19 Purdue
Wang Jin-gen 23 lowa
Y u Xin-hua 21 Michigan State
Lin Xin-tian 18 UCsD
Leng Yao-jian 22 Utah
21 Virginia

Cai Li-tang
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Chen Hong-yi exas, Austin
21 Columbia,
Xu Kun Astronomy
292 City College
Sun Guo-ping of CUNY
Zou Xiao-ging 20 UCSD
20
Guo Jun New Y ork
20 i
Pan Jing Arizona State
Feng Guo-shun 23 UC Irvine
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