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Engineering Physicists,

Physicists and Engineers
Stimulating work is offered in the broad field
of Weapon Systems Design. This work is in
the following major areas: design and de-
velopment of guided missile systems, includ-
ing guidance, missile air frame and launching
equipment; analysis of new missile systems
and aircraft designs, including particular at-
tention to maximizing performance through
proper integration of guidance, aerodynamics,
structures, propulsion and payload.

Activities include analysis of particular
weapons requirements, synthesis of current
and new techniques into a practical weapon
system, and field tests of the complete system.

Write for a comprehensive list of current po-
sitions available and for our new brochure
' ' A Decade of Research''.

.CORNELL AERONAUTICAL

4355 GENESEE ST BUFFALO 2 1. N.
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Electronic Engineers
Physicists

Want an opportunity

to advance rapidly

in electronics?

We need good men

and we'll pay for them.

Reply in confidence to:

Box 656F
Physics Today

57 East 55 Street
New York 22, N. Y.
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Atomic Clocks and Microwave
Amplification

THE first Symposium concerned primarily with the
application of atomic and molecular resonances to

the problem of obtaining extremely stable oscillators
and low-noise-figure amplifiers was held on 29 Feb-
ruary and 1 March 1956 in Asbury Park, New Jersey,
under the joint sponsorship of Army, Navy, and Air
Force. In arranging this program the Signal Corps En-
gineering Laboratories felt that the field was still a
young one, but that sufficient work had been done so
that this might be a good time to compare results from
different laboratories, to let the workers air their ideas
in public, and to present these results and ideas to in-
terested organizations. That there was interest was
proved by the more than 250 people from universities,
industrial groups, and military branches who attended.

The program was drawn up to make the most of the
discussion periods which were, on the average, twice as
long as the time devoted to formal presentation of pa-
pers. The programs, which were sent to registrants be-
fore the meeting, contained lists of suggested topics
which were to be covered in the discussions at each
session. The success of this plan, reflected in the lively
participation of the audience, might lead one to recom-
mend it as a working procedure for small meetings in
which a fairly large percentage of well-informed peo-
ple can be counted on. Also, a gallery of photographs
was arranged to illustrate some of the important de-
velopments in atomic frequency control. Experimental
models of the Maser (Microwave Amplification by
Stimulated Emission of Radiation), or Ammonia Beam
Oscillator, were illustrated in photographs by no fewer
than seven laboratories. This indicates a great deal of
interest and some pretty fast work on an idea only
four years old.

The two days of the meeting were divided into nine
sessions devoted to both basic ideas and practical de-
sign considerations. After introductory remarks by Dr.
E. A. Gerber, Col. T. M. Hahn, and Dr. H. A. Zahl,
of the Signal Corps Engineering Laboratories, Prof.
M. W. P. Strandberg of MIT discussed some of the
basic problems of utilizing atomic and molecular reso-
nances for frequency stabilization. In a passive fre-
quency control device, an external oscillator sends part
of its output into a system in which the field may in-
teract with molecules. The response of this system is
then used to monitor the oscillator frequency. The
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shape of the response-versus-frequency curve may de-
pend upon many factors such as the time allowed to
each molecule for interaction with the field, and the
configuration of this field. The oscillator frequency can
be controlled to within a small fraction of a molecular
line-width by making use of the amplitude response or,
better still, the phase-shift response of the system. In
comparing systems in which the response is detected
by counting deflected particles (such as in the atomic
beam experiments) with systems which measure ab-
sorption or emission of radiation, Prof. Strandberg finds
that the particle detection systems have a greater in-
trinsic precision by a factor of KT/hf.

The most advanced system based on these principles
is the cesium beam standard, in which resonance at
9200 mc/sec is detected by counting the atoms which
have undergone transitions under the influence of the
external oscillator. Systems of this type were described
by Prof. J. Zacharias of MIT who expects to build an
oscillator whose frequency will vary by no more than
a few parts in 10". This should be sufficient to measure
the influence of a gravitational field upon a radiating
atom, by comparing the frequency of an oscillator on
a mountaintop (the present trend seems to be in favor
of the Jungfrau) with an identical oscillator in the
valley. Dr. Essen of the National Physical Laboratories
in England described a cesium beam set-up which is
now used to monitor the standard frequencies trans-
mitted by WCBR to an accuracy of 1 part in 1010. Dr.
R. T. Daly described the cesium frequency standard
which the National Company is building to military
specifications under Signal Corps and Air Force spon-
sorship.

Another class of molecular resonators is represented
by the work done under Signal Corps sponsorship by
Prof. Dicke and his collaborators at Princeton Univer-
sity. The reference molecules are here in the form of a
gas, usually in a microwave resonant cavity. Under
some conditions, outlined by Prof. Dicke, the gas may
be put into a radiative state in which the molecules will
emit their resonant radiation under the influence of a
small incident field. The response of this system will be
highly peaked at the molecular resonance frequency
and it can be utilized for frequency control purposes,
as a narrow-band regenerative amplifier, or even as
a stable-frequency microwave generator. Still another
type of system is represented by the Maser which was
described by Dr. J. P. Gordon of the Bell Telephone
Laboratories. In this device, developed under a three
services contract by Prof. Townes and collaborators at
Columbia University, those ammonia molecules which
are capable of radiating the 3,3 inversion line at 24 000
mc/sec are separated from the others in a beam, and
stimulated to emit coherently. This intriguing idea,
which seems, at first sight, to violate the Second Law
of Thermodynamics, has captured the imagination of
many people who would like to see the Maser oper-
ated with other materials to generate millimeter waves
and serve as extremely low-noise amplifiers in the diffi-
cult millimeter wave regions.
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If you are a qualified engineer in any of

numerous fields and are looking for new and

challenging opportunities, a good-paying

position with an assured future awaits you In

Southern California at Northrop Aircraft, Inc.

Here you can apply your talents in fast-

growing jet aircraft and guided missile

research, development, and production

programs. For 16 years Northrop has pioneered

in these dramatic fields. Today, unlimited

opportunities still exist at Northrop in all

phases of manned and unmanned flight.

Where better could you be, and grow, than with

a pioneer? You can work on many interesting

projects among friendly associates in a

streamlined organization, with ever-new

assignments that will give your ability full play.

Too, you can live in Southern California, where

climate, sea, mountains and desert combine to

give new zest to life.

For complete information about the many

career positions now available at Northrop, we

invite you to contact the Manager of

Engineering Industrial Relations, Northrop

Aircraft, Inc., 1011 East Broadway, Hawthorne,

California. Telephone ORegon 8-9111,

Extension 1893.

NORTHROP AIRCRAFT, INC.
Producers of Scorpion F-89 Long-Range Interceptors

and Snark SM-62 intercontinental Missiles.
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Prof. N. F. Ramsey of Harvard offered some insight
into the split-cavity method for obtaining narrow lines
in atomic beam experiments. Techniques for frequency
measurements and frequency control instrumentation
were discussed by Dr. M. Peter of MIT and by Mr.
J. H. Shoaf of the National Bureau of Standards.

Just how will the advent of dependable atomic fre-
quency standards affect our systems of timekeeping?
Dr. W. Markowitz of the US Naval Observatory out-
lined the method by which the crystal-resonator clocks
are now calibrated against the motion of the moon in
relation to the stars. Such comparisons have already
shown important irregularities in the rotation of the
earth. The atomic clocks should bring more light to
bear on this and other astronomical matters. After a
very careful calibration of some convenient atomic
frequency, such as Dr. Essen is performing with the
cesium resonance, we will probably shift to an atomic
time standard, at least for some purposes. There also
remains the very interesting question relating to how
the various time scales may differ from each other.
Newtonian time, which depends on gravity and inertia,
is measured by astronomy and the pendulum. Coulomb
time involves electric interactions and might be deter-
mined by the frequency of crystals and some molecular
transitions. In addition, frequencies such as the cesium
resonance, which involve a nuclear magnetic moment,
might be considered to define a nuclear time since they
depend upon nucleon interactions. Will it be possible
to measure relative deviations among these time scales?
Time (?) will tell. H. H. Plotkin

F. H. Reder
Signal Corps Engineering Laboratories

Fort Monmouth, New Jersey

International Acoustical Congress

THE second International Congress on Acoustics is
to be held June 17-23 in Cambridge, Massachu-

setts, in conjunction with the Slst meeting of the
Acoustical Society of America. The first Congress was
held three years ago in Delft. Sessions will be held
both at Harvard University and at the Massachusetts
Institute of Technology, and it is anticipated that the
attendance will break all previous records for a gather-
ing of specialists in acoustical science. The program is
organized around three major symposia (on bioacous-
tics and noise control, architectural and musical acous-
tics, and physical acoustics and sonics) and will include
some twenty-seven additional sessions of contributed
papers that will deal with a variety of topics in modern
acoustics, ranging from speech analysis and synthesis
to jet aircraft noise. International standards for acous-
tics will be considered at a round-table discussion dur-
ing the afternoon of June 21st.

More than one hundred scientists from abroad will
attend the meeting, including representatives from Ar-
gentina, Belgium, Canada, Denmark, England, France,
Germany, Hungary, India, Italy, Japan, The Nether-
lands, Norway, Russia, the Saar, Sweden, and Turkey.

The Congress will open with a reception on Sunday
evening, June 17th, and a convocation Monday morn-
ing. A banquet is to take place on Friday evening, June
22nd. An exhibit of acoustical materials and instru-
mentation will be an event of interest.

The Congress has been organized by a planning com-
mittee headed by Richard H. Bolt, director of the MIT
Acoustics Laboratory. John A. Kessler, also of the
Laboratory, is Congress secretary. Local committees of
the Acoustical Society are handling arrangements for
the meeting. They include representatives of both host
institutions (Harvard and MIT) and of other scien-
tific and industrial organizations in New England. The
technical program committee for the Congress is headed
by Frederick V. Hunt of Harvard.

APS West Coast Summer Meeting
\ PROGRAM of fifty-nine contributed papers and

-^i- sixteen invited papers has been arranged for the
American Physical Society's 1956 Pacific Coast sum-
mer meeting, to be held June 21-23 in the Science
Building of the University of Oregon in Eugene. The
program, which has been compressed into seven longer
than normal sessions in order to avoid the need for
parallel meetings, has been organized under the fol-
lowing topic headings: electron physics and spectros-
copy; nuclear structure; neutron and reactor physics;
sound and general physics; high-energy physics; nu-
clear energy levels; and solid-state physics. The ban-
quet of the Society (preceded by a cocktail hour in the
Colonnade Room of the Eugene Hotel) will be held
on Friday evening, June 22, in the Erb Memorial Un-
ion on the University of Oregon campus. The principal
speaker will be Professor A. C. Helmholz on "The Re-
sponsibility of Physicists as Educators". Since banquet
tickets will not be sold after 1 P.M. on Thursday, June
21, those who expect to arrive in Eugene after that
hour are urged to order their tickets in advance by
sending $2.50 per person to Dr. B. Crasemann, Phys-
ics Department, University of Oregon, Eugene, Oregon.

High-Temperature Techniques
A THREE-DAY symposium on the methods, mate-

•*•»• rials, and processes involved in the uses of high
temperature in science and industry is to take place
June 25-27 on the Berkeley campus of the University
of California. Sponsored jointly by Stanford Research
Institute and the University of California, the sym-
posium program will include panel discussions devoted
to the following topics: methods of reaching high tem-
peratures; materials for containing high temperatures;
and processes occurring at high temperatures. Theodore
von Karman, chairman of NATO's Advisory Group for
Aeronautical Research and Development, will deliver
the keynote address at a luncheon to be held on June
26th. The program for the symposium has been organ-
ized with the cooperation of the Air Office of Scientific
Research of the US Air Research and Development
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