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covering one year, with a possibility of renewal. Ap-
proximately ten appointments will be made per year.
The permanent staff of the Center includes fifty NRL
scientists and technicians actively committed to rocket
and satellite research programs. To support the addi-
tional research carried out by those appointed as visit-
ing scientists, fifteen new permanent staff positions
have been established under funds provided by the
Office of Naval Research. Five of the new permanent
staff members are physicists and astronomers; the re-
mainder are engineers and technicians. The National
Science Foundation's support to the Center will be ade-
quate to provide for the costs of rockets, satellites,
and the instrumental payloads for the research pro-
grams in which the visiting scientists are involved.

The NRL s work in rocket astronomy dates back to
1946, when the first use was made of V-2 rockets in
the United States. Since that time, studies carried out
at the Laboratory have dealt with the ultraviolet and
x-ray regions of the solar spectrum, the ultraviolet
fluxes of early-type stars, and the structure of the ter-
restrial atmosphere and its geocorona. The first as-
tronomy experiments intended for satellite payloads
also were designed at NRL in connection with the
Vanguard program. The Center's rocket program is
built around the Aerobee-Hi rocket, although other
sounding rockets may also be used. A continuing small
satellite program will instrument two or more launch-
ings per year, and the Center will also compete for
payload space in NASA-sponsored spacecraft. In the
past, the Naval Research Laboratory has taken part
in the Explorer VII and the Ranger I and II programs,
and it is involved in NASA's Orbiting Solar Observa-
tory (S-17) and Geophysical Observatories (EOGO
and POGO).

The visiting scientists and permanent staff of the
Hulburt Center have access to the many shop facili-
ties and engineering services of the NRL as well as to
expert consulting assistance from the various divisions
of the Laboratory. Navy facilities at the White Sands
and the Pacific missile ranges will be used for rocket
launchings in the astronomy program, and fleet sup-
port will be available for experiments carried out at
sea. In addition to their direct participation in rocket
and satellite astronomy, the visiting scientists will have
opportunities for contact with other NRL research pro-
grams ranging from radio astronomy to laboratory
astrophysics. They will also be expected to participate
in a regularly scheduled program of relevant scientific
lectures and colloquia.

Applications for research appointments at the Center
will be accepted from US citizens associated with aca-
demic institutions. Generally, graduate students will be
considered only after having completed all requirements
for the PhD degree, except thesis and examination on
the thesis. With university approval, research carried
out at the Center may be used in thesis preparation.
Additional information can be obtained by writing to
the E. 0. Hulburt Center for Space Research, US
Naval Research Laboratory, Washington 25, D. C.

Fulbright Grants
Overseas opportunities for university lecturing and

advanced research assignments in physics under the
Fulbright-Hays Act are still available in a dozen coun-
tries for the 1964-65 academic year, according to
the Committee on International Exchange of Persons,
which administers the Fulbright program.

All applicants must be United States citizens. For
lecturing, at least one year of college or university
teaching experience is required at the level for which
application is made; for research, the applicant must
either have received a doctoral degree at the time of
application or have achieved recognized professional
standing. In some cases, a knowledge of the language
of the host country is a requirement for eligibility.

Applications for the awards listed below should be
submitted by January 1, 1964. Those interested are
advised to consult the Committee for detailed infor-
mation on specific assignments, particularly with re-
gard to the financial terms of the grants, which vary
from country to country. Additional details and appli-
cation forms can be obtained by writing to the Com-
mittee on International Exchange of Persons, Confer-
ence Board of Associated Research Councils, 2101
Constitution Avenue, N.W., Washington 25, D. C.

In addition to the specific lecturing and research op-
portunities listed, awards are also available for lectur-
ing in a number of countries with which the United
States does not have agreements for the use of foreign
currencies for programs of educational exchange. These
grants ordinarily cannot be announced in advance and
are, therefore, generally filled by recruitment. Quali-
fied individuals who are interested and who wish to in-
dicate their availability for such overseas assignments
may complete biographical data forms so that their
names will be included in the Committee's Register of
Scholars. Registration forms will be provided by the
Committee upon request.

The regular open competition for 1965-66 awards
will take place next year. Applications for lecturing
and postdoctoral research assignments in Australia,
New Zealand, and Latin America must be submitted
between March 1 and April 15, 1964. The competition
for awards involving appointments in Europe, the Near
and Middle East, South and East Asia, and Africa will
open on May 1; the probable closing date is August 1.

The current list of overseas assignments for 1964-65,
for which awards have not yet been granted, is given
below.

Grants for University Lecturing and Advanced
Research Under the Fulbright-Hays Act

(1964-65)

BRAZIL (Period of Award: March 1964-December 1964)
The Sao Carlos School of Engineering, University of Sao
Paulo: Two lecturer-researchers in solid-state physics are
requested to continue a five-year teaching and research
program initiated with Fulbright assistance in 1963. The
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RAYTHEON LASER HEAD
WITH

25OJOULES OUTPUT!

Raytheon LHM6 Laser Head—one of a comprehensive
line of laser devices—features high energy output to en-
hance your research capabilities and unique construction
to preclude obsolescence. LHM6, as with all Raytheon
Laser Heads, is supplied with a Ruby rod. All perform
efficiently, too, with Neodymium-in-glass and other laser
rods that can be pumped with Xenon lamps. In LHM6,
both ends of the crystal are accessible to facilitate the use

of Q-spoiling devices and external optics. LHM6 is de-
signed for long-term use: when higher energy lamps and
larger laser rods are available, they may be incorporated
without modification. Your Raytheon Sales Engineer has
a portfolio of Laser Data Sheets for you. Ask him for your
set. Or, write Raytheon Com-
pany, Laser Advanced Develop- W~ n » U T M p/"\ M
mentCenter,Waltham54,Mass. ^ R M

•Ruby at liquid nitrogen temperature. With neodymium-doped glass, 175 joules have been obtained at room temperature.
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CAREER OPPORTUNITIES FOR

THEORETICAL
PHYSICISTS

PHD OR EQUIVALENT

NUCLEAR PHYSICS

NUCLEAR WEAPONS EFFECTS

SHOCK WAVE PHENOMENA

SOLID STATE PHYSICS
SI

WEAPONS SYSTEMS ANALYSIS

ft
RE-ENTRY PHYSICS

WRITE PERSONNEL DIRECTOR

FOR INFORMATION ABOUT PERMANENT POSITIONS

G A R D E N O F T H E G O D S R D.

C O L O R A D O S P R I N G S , C O L O .

A DIVISION OF KAMAN AIRCRAFT CORPORATION

An Equal Opportunity Employer

visiting professors will work with graduate students who
have a good background in physics. Research in solid-
state physics at Sao Paulo emphasizes ionic crystals,
crystallography, magnetic resonance, organic crystals.
The University of Ceara: Lectureships in physics at the
undergraduate level.

CHINA (Period of Award: September 1964-June 1965)
Provincial Cheng Rung University, Taiwan: A lecture-
ship in theoretical physics, quantum mechanics, or solid-
state physics for undergraduates.

FINLAND (Period of Award: September 1964-June 1965)
The Institute of Technology, Helsinki: A lectureship in
neutron physics. The visiting professor should be a spe-
cialist in work with a Triga Mark 2 (FIR-1) reactor.
Research programs would include nuclear magnetic reso-
nance, pulsed neutron generator, coincidence spectros-
copy, reactor with cold-neutron facility.
The University of Oulo: A lectureship in quantum me-
chanics and nuclear physics. A Finnish-speaking grantee
is preferred. Lectures would be delivered to about ten
undergraduates acquainted with elementary quantum me-
chanics and the theory of relativity.

University of Turku: (1) A lectureship in experimental
physics (four hours of teaching per week to about
twenty students). (2) A lectureship in x-ray crystal-
lography (four hours of teaching per week to about
twenty advanced and graduate students). The University
has an Institute of Physics and the Wihuri Physical
Laboratory for basic research and teaching in the fields
of solid-state, low-temperature, and nuclear physics.

GHANA (Period of Award: September 1964-June 1965)
University College of Cape Coast: Lectureship in phys-
ics. Teaching will be at both the pre-university and the
degree level. The laboratories are adequately equipped.
It is hoped that a senior American scholar, experienced
in research, will be able to assist in the development of
the curriculum in this recently opened college.
University of Ghana, Department of Physics: A lecturer
is requested to serve as the head of the Department.
The subject of physics is very important for the future
development of an industrialized Ghana. A senior scholar
would be asked to supervise courses of instruction for
the undergraduate program and to direct research.
University of Ghana, Institute of Education: The visit-
ing lecturer will be asked to assist in the development of
the Science Research Unit. Emphasis will be on new
methods of teaching science and mathematics in the sec-
ondary and primary schools in the newly organized edu-
cational system. The grantee should have had several
years experience in physics education, with demonstrated
ability to plan research and supervise the operation of
this program. The educational system is completely
Ghanaian and thus cannot be considered a copy of
either the American or British educational systems. The
project will be developed in close cooperation with the
existing schools and the Ministry of Education.

INDIA (Period of Award: July 1964-April 1965)
Requests, without indication of specialization desired,
have been received from Bihar, Calcutta, Rajasthan, and
Saugar Universities; in theoretical physics, from Gujera
and Lucknow Universities and from S. V. Vidyapeeth
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Keithley simplifies microvolt measurements!
(from .002 microvolt)

Keithley microvoltmeters make quick, direct measure-
ments of low-level dc signals. Each instrument is direct
reading, with recording capabilities, and can be used with
floating or grounded input. Two units—Models 149 and
150A—feature zero suppression up to 100 times full scale.

and all units are relatively insensitive to vibration, 60
cycle fields and thermal EMF's. Available in bench or
rack mounting, Keithley has three basic models of micro-
voltmeters with range characteristics to meet your
specific requirements.

MODEL 149 MILLI-MICROVOLTMETER is the most sensi-
tive voltmeter available today. Ranges cover 0.1 Mv to 100 mv
full scale. Maximum gain is 100,000,000. Speed of response to
90% of full scale is less than 0.5 second on most ranges. Short
term noise is within 3 x 10"9 volt peak-to-peak (6 x 10"10 volt
RMS). Input resistance is 10,000 ohms on the 0.1 nv range,
rising to 10 megohms on less sensitive ranges. Recommended for
low source resistance applications, as with thermopiles and
thermocouples, the Model 149 can also be used to measure
outputs from bolometers, resistance bridges and barrier layer
cells. Other uses exist in corrosion work, Hall Effect studies and
differential thermal analysis. The 149 features a low-thermal
copper circuit, low thermal switches and low-level magnetic
shielding for the input compartment. $895.00

MODEL 150A MICROVOLT-AMMETER has extra versatility. As
a dc voltmeter, ranges extend from I /iv to I volt full scale, and noise

is within 0.006 MV RMS. Input resistance
is 1 megohm on the 1 îv range, rising to
90 megohms on less sensitive ranges. As
an ammeter, ranges cover 10"10 to 10"3

ampere full scale. As a dc amplifier, gains
are 10 to 10,000,000. The 150A can also
function as a micro-microammeter to
measure current from low voltage circuits,
and (with external voltage supply) as a

•

meg-megohmmeter. Applications include

output measurements of thermocouples,
strain gages, ion chambers, phototubes
and scintillation counters. Also useful for
Hall Effect studies, differential thermal
analysis, cell studies, molecular weight
analysis and to extend the range of Wheat-
stone bridges. $750.00

MODEL 151 MICROVOLTMETER can also
function as a dc amplifier, bridge null detector
and micro-microammeter. Eleven linear ranges
and 5 non-linear ranges cover 0.1 mv to 10 volts,
with a maximum voltage sensitivity of 100 ,uv
full scale. Input resistance is constant at 10 meg-
ohms on all ranges. As a dc amplifier, maximum
gain is 100,000; as an ammeter, currents as low
as 2 x 10"13 ampere can be detected. The Model
151 has 500,000:1 in-phase rejection, with noise
less than 2% of full scale on
all ranges. Extremely stable
and oblivious to stray fields
or 60 cycle pick-up, the 151 is
useful wherever a suspension
galvanometer can be used,
or where a galvanometer is
not sufficiently sensitive, fast
or rugged. $420.00 A

Brief Specifications

MODEL .

149

15OA/15OAR*
Voltmeter

Ammeter

W1/151R*
151RCt

RANGES

13 over lapp ing in l x ,
3x s teps, 0.1 fiv to 100 mv .

13 over lapp ing in l x ,
3x s teps , 1 yuv to 1 v.

15 over lapp ing in l x , 3x
steps, 10-'° to 10-3 a m p .

11 l inear, l x , 3x s teps , 0.1 m v
to 10 v; 5 non- l inear , 0.001
to 10 v; th ree decades each .

ACCURACY

2% fu l l scale on all ranges.

2% fu l l scale on all ranges.

3% fu l l scale on all ranges.

Linear ± 3 % ful l scale.
Non-linear ±10% of input.

STABILITY

After warmup, within 0.01
tx\i per day.

After warmup, within 0.1
p.\i per day.

After warmup, ±2 x 10"
ampere per day.

After warmup, below 10 /JV
per day.

POWER SENSITIVITY

Greater than
4 x 10-'» watt.

Greater than
4 x 10-'! watt.

10-" watt.

•Models for rack mounting tRack-Contact meter model, same as standard unit except for addition of a contact meter relay.

complete specifications in latest catalog...

KEITHLEY INSTRUMENTS
12419 EUCLID A V E M U E CLEVELAND e, OHIO

electrometers • milliohmmeters • ac amplifiers • power supplies • resistance bridges
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NOW
AVAILABLE!
SECOND HARMONIC

CRYSTALS
Ammonium Dihydrogen Phosphate

(ADP)

Potassium Dihydrogen Phosphate
(KDP)

Quartz • Sodium Chlorate

Triglycine Sulphate (TGS)

Rochelle Salt
(Potassium Sodium Tartrate)

• Prepared from High Purity Materials

• Grown to High Optical
Quality Specifications

• Available in Bulk, Coarse

Cut, Finely Polished Cubes,

Prisms, Cylinders, Etc.

Other Second Harmonic Crystals
with suitable Non-Linear

Dielectric Coefficients are
becoming available.

Inquire NOW about your
particular requirements for Crystals

THE WORLD'S LARGEST

SUPPLIER OF SINGLE CRYSTALS

emi-elements, inc.
Saxonburg Boulevard,

Saxonburg, Pa.
Phone: 412-352-1548

Secondary Training College; in geology and nuclear
physics, from Banaras Hindu University.

IRAN (Period of Award: September 1964-June 1965)

Tehran University, CENTO Research Center: A lecture-
ship in solid-state physics. The visiting scholar will be
asked to advise on research methods. Little formal lec-
turing would be required.

KOREA (Period of Award: August 1964-July 1965 or Feb-
ruary 1964-December 1965)

Yonsei University, College of Science Engineering, Seoul;
and Seoul National University, College of Education:
Lectureships in science education. Grantees skilled in the
use of minimal or improvised laboratory equipment will
be asked to train prospective secondary-school science
teachers and to conduct seminars and workshops for in-
service teachers.

NEPAL (Period of Award: July 1964-June 1965)

Tribhuban University and other institution of higher
learning: A lectureship in science education.

PAKISTAN (Period of Award: September 1964-June 1965)

Universities of Karachi and Sind: Lectureships in elec-
tronics and theoretical physics.
Universities of Dacca and the Panjab: Lectureships in
experimental nuclear physics.

SPAIN (Period of Award: January-June 1964 or October
1964-June 1965)

The University of Barcelona: A research scholar in ex-
perimental solid-state physics with experience in one of
the following fields: lasers, transport phenomena, trans-
port in the solid, surface phenomena in the solid, or mag-
netic phenomena in the solid. A knowledge of Spanish
would be helpful, but is not essential.

TURKEY (Period of Award: September 1964-June 1965)

Istanbul Technical University: A lectureship in nuclear
physics. The visiting professor would offer four hours of
lectures and three hours of laboratory work per week
to nuclear engineers at the senior undergraduate and
graduate levels. The University has a nuclear physics
laboratory and a good library in English. Only an asso-
ciate or full professor may be accommodated.

UNITED ARAB REPUBLIC (Period of Award: September
1964-June 1965)

Cairo University: (1) A lectureship in applied electron-
ics. The grantee would be asked to supervise the elec-
tronics laboratory and lecture 16 hours per week. (2) A
lectureship in theoretical physics. The grantee would of-
fer lectures in quantum theory, optics, the theory of elec-
trons, and statistical mechanics.
Ein Shams University, Cairo: A lectureship in solid-state
physics and electron microscopy. Four hours of lectures
per week to senior undergraduate students.
National Research Center, Cairo: A lectureship in the
physics of metals. The National Research Center is now
erecting a laboratory unit in the physics of metals. The
grantee would lecture two hours a week and advise o
research programs in both theoretical and applied physics.
Womens' College, Ein Shams University, Cairo: A lec-
tureship in theoretical, atomic, and nuclear physics. Four
hours of lectures per week to undergraduates.
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