THE FIRST ATOMIC CLOCK PROGRAM: NBS, 1947-1954
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In the years immediately after the Second World
War, the techniques developed for microwave radar
were applied to the stabilization of klystron
oscillators by the 24GHz inversion transition of
the ammonia molecule, Following these initial
demonstrations of the principle, Harold Lyons,
Chief of the Microwave Standards Section of the
Bureau of Standards' Central Radio Propagation
Laboratory, built up a comprehensive program of
atomic clock development. This paper describes
that program's history, scope, and accomplish-
ments -— and its eclipse.

Background

Hertz' experiments, 1886-88, demonstrating the reality and properties of
electromagnetic waves, had been performed at the threshold of the micro-
wave region, with waves whose lengths ranged from 3m down to 30cm. The
practical development of radio communication quickly directed attention
toward longer rather than shorter wavelengths, and it was almost fifty
yvears before electronic and radio engineering began to address production
and control of radio waves in the frequency range above 100MHz. Mean-
while, through the development of gquantum theory, physics had established
the connection between the lengths of electromagnetic waves and the enerqgy
states of atoms and molecules emitting or absorbing them. 1

Physicists thus began in the 1930s to make use of the available high
frequency radio techniques, initiating spectroscopy in this original
Hertzian region as a means of obtaining novel information about molecular
and nuclear structure., Direct excitation and measurement of the inversion
transition of the NH3 molecule at 1.25cm (24GHz), still today one of the
strongest microwave spectral lines known, formed Claude Cleeton's thesis
under N.H, Williams at the University of Michigan, 1932-34. Considering
how primitive was the apparatus then available for centimeter work (fig.
1), it is not altogether surprising that Cleeton's remained for more than
ten years the only observation of a spectral line above a gigahertz. In
the late forties, however, the situation changed dramatically. World war
had brought §, X, and even K band radar into existence. At war's end

the physicists took this equipment and set energetically about microwave
spectroscopy of atoms and, especially, molecules (fig. 2).2

By this date the world's leading standards laboratories had already been
working for decades toward the realization and international acceptance
of a standard of length based on one or another atomic spectral line in
the optical region. Adoption of a corresponding time unit based on the
selfsame atomic vibrations/transitions ~- suggested by Maxwell in 1873 -—-
had remained impracticable, however, due to lack of methods for counting
vibrations above very moderate radio frequencies.3
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Fig. 2. Total number of
molecules studied by
microwave spectroscopy
(from Townes, note 2).

Fig. 1. Cleeton's microwave
spectrometer grating and rack .
of magnetron tubes, 1934, : ‘

Fig. 3. C.H. Townes points out ;
that his ammonia-beam maser is i
also a good clock, Jan. 1955, ;
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Just before going to war, I.I. Rabi had bequn to measure hyperfine enerqgy
level separations with unprecedented precision using his newly devised
atomic beam magnetic resonance method. He saw then the possibility of
realizing an atomic unit of time by using his spectrometer as frequency
standard. Through a speech early in 1945, Rabi gave this possibility wide .
publicity. At this same time Charles Townes and Robert Pound, both of whom

had worked with microwaves all through the war -- at Bell Labs and MIT Rad
Lab, respectively —- sugqggested that a gas with microwave resonant energy
states, confined in a cavity or waveguide, was a frequency selective system
which could be used to stabilize a microwave oscillator, or more generally
function as a frequency standard. Within three years frequency stabili-
zation by a microwave absorption line had been achieved by at least five
groups -- all using the 24GHz inversion transition of ammonia. 4 |
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NBS, CRPL, and microwave standards

It was the spring of 1942 before the Armed Services recognized the impor-
tance of systematic data on long-distance radio transmission. Then their
Joint Communications Board established an Interservice Radio Propagation
Laboratory at the National Bureau of Standards, whose Radio Section had
long been the principal locus of such work in the U.S. The Laboratory and
the Section were essentially a single entity —— formally so in May 1946 —— ' -
and thus included the Bureau's program of standard frequency transmissions '

and its work on radio-frequency standards. >

As radar was pushed up into the microwave region during the course of the
war, a clear need arose for the creation and maintainance of microwave
frequency standards and calibration services. Thus in 1944 a Microwave
Standards Group was established in the Laboratory, and Harold Lyons placed
at its head. Prior to the summer of 1942 the Bureau never had more than
five persons working on radio propagation. By the summer of 1945 funds
transferred from the Army and Navy had brought the staff of the IRPL over
70, and over 80 in the next fiscal year, with roughly a quarter of the
Laboratory total in Lyons' Gtoup.6

Lyons, born in 1913, had overlapped Cleeton a year or two in Ann Arbor.
In 1939, upon completing his graduate studies, he had gone to work under
Cleeton at the Naval Research Laboratory. Then in 1941 Lyons transferred
to NBS, working initially on radio direction-finders under Harry Diamond.
Microwaves was a new field for Lyons as for the Bureau, but he threw him-
self into the task with energy —— and with advice and equipment- from MIT.
By war's end Lyons' Group could calibrate up to 11GHz with an accuracy of
a part in 108, and within another year had extended this capability to
33GHz, thus covering the ammonia inversion transition. Reference frequen-
cies for these calibrations were derived by lengthy chains of multipliers
and mixers from the output of the Bureau's bank of 100KHz quartz crystal
oscillators, which then constituted the National standard of frequency.7

This first postwar year had been used to work out with the Army and Navy an

arrangement for the continuation of this Laboratory whose work had proved so ' ¥
generally useful. The Central Radio Propagation Laboratory was established ’
in May 1946 as the 14th Division of the Bureau., It was, however, also over-

seen by a Radio Propagation Executive Council, on which sat represenatives

of the interested Federal agencies, chiefly the armed services. Foremost
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Fig. 5. NBS, about 1950, from SE.
Radio Building and tower nestled
between original South and East

Buildings, above, and Hydraulics

Building, below.

Fig. 6. NBS' first ammonia clock,

1948/49. Layout of the chassis
filling the pair of relay racks.
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Fig. 7. Since August 1945 Herblock
had returned again and again in his
Washington Post cartoons to this
theme: time is running out.
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~——~from The Herblock Book (Beacon
Press, 1952)
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