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Introduction .

This report, the seventy-second in a
series of quarterly progress reports issued
by the Research Laboratory of Electronics,
contains a review of the research activities
of the Liaboratory for the three-month period
ending November 30, 1963. Since this is a
report on work in progress, some of the
results may not be final.

Following our custom of the past several
years, in this issue of January 15, 1964 we
preface the report of each research group
with a statement of the objectives of the
group. These summaries of our aims are
presented in an effort to give perspective to
the detailed reports of this and ensuing
quarters.
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I. MOLECULAR BEAMS"

Prof. J. R. Zacharias R. S. Badessa S. G. Kukolich

Prof. J. G. King V. J. Bates F. J. O'Brien

Prof. C. L. Searle R. Golub R. W. Simon

Prof. K. W. Billman G. L. Guttrich C. O. Thornburg, Jr.
W. D. Johnston, Jr.

RESEARCH OBJECTIVES

Three kinds of research are pursued in the molecular beams group:

1. High-precision studies of atomic and molecular radiofrequency spectra, an
example being the study of the rotational spectrum of HF.

2. The development and intercomparison of atomic frequency standards. The two-
cavity ammonia maser and the ammonia molecule decelerator are examples. The CS
electric resonance studies mentioned in our "Research Objectives" in Quarterly Progress
Report No. 68 (page 25) have been abandoned, because of insufficient signal-to-noise
ratio. Work is also being done to determine the system properties of a cesium beam
tube, and to develop complementary electronics to realize its latent frequency stability.
These new clocks and others of different types will be intercompared by using the com-
puter facilities at M.1. T. in order to check for possible variations in rate with epoch.

3. Experiments that apply parts of these techniques to interesting problems in any
area of physics, as in the following list:

(a) measurement of the velocity of light in terms of atomic standards,

{b) search for a charge carried by molecules,

(c) an experiment on an aspect of continuous creation.

These problems are well advanced. In an earlier phase are the following experiments:
(d) the velocity distribution of He atoms from liquid He,
(e) experiments with slow electrons (10_6 ev).

J. R. Zacharias, J. G. King, C. L. Searle

A. CESIUM BEAM TUBE INVESTIGATION

In Quarterly Progress Report No. 70 (pp. 59-60) it was reported that measurements
made on two atomic clocks (incorporating Type 1001 cesium beam tubes) showed that the
frequency stability falls far short of the results that might be expected on the basis of the
tests of the electronic apparatus described in Quarterly Progress Report No. 69 (pp. 17-
21). It was suggested that the instability was caused by a component that would not influ-
ence the results of these electronic tests such as faults in the beam tubes themselves or
in the modulators used to frequency-modulate the X-band excitation signal. Since plans
had already begn made to replace the Type 1001 beam tubes by the improved Type 2001,
investigation during the past quarter has been confined to a detailed study of the modula-
tors and the errors that they might introduce. The results of this study not only indicate
that distortion was being introduced by this particular modulator design, but also showed
that a modulator capable of maintaining the low distortion required in this application for
long periods of time would be difficult to realize in a practical design.

*This work was supported in part by Purchase Order DDL BB-107 with Lincoln
Laboratory, a center for research operated by Massachusetts Institute of Technology,
with the support of the U.S. Air Force under Contract AF 19(628)-500.
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(I. MOLECULAR BEAMS)

Because square-wave phase modulation can be generated easily with low distortion,
we are now studying the properties of systems that have modulation of this type. We
have termed it "Frequency Impulse Modulation" to avoid confusion with the square-wave
frequency-modulation system that we have been describing in recent quarterly reports.
Whereas for square-wave frequency modulation we utilized gating in an attempt to mini-
mize certain undesirable characteristics of the beam-tube transients, the new method
of modulation provides a method for removing the basic cause of these undesirable
characteristics. In so doing it causes the output frequency of the atomic clock to depend
to a greater extent upon the cesium atom itself, thereby achieving accuracy, as well as
stability. Specifically, frequency impulse modulation provides a means for detecting
the existence of a cavity error 6 by observing the beam-tube output while it is in actual
operation as a frequency-stabilization device. It therefore permits continuous instru-
mentation to correct for this error.

The approximate transition probability of a beam tube with separated oscillating

fields in the vicinity of resonance is given by

(w =)L
_ .2 2bg 2_"o
Pp,q = sin —vn» cos —Zvn , (1)

where Wy (hereafter called the "true" cesium frequency) is the frequency of the Cs133

hyperfine transition (4,0-3,0) for the magnetic field that is being used, £ is the length
of each of the microwave exciting cavities, L is the distance between the two cavities,
b is proportional <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>