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TIME AND FREQUENCY: 
A BIBLIOGRAPHY OF NBS LITERATURE 
PUBLISHED JULY 1955LDECEMBER 1970 

B. E. Blair 

This publication gives bibliographic references to N B S  time and frequency papers (principally 
those of the Time and Frequency Division or it$ predecessor sections) published over the past 15 
years. The NBS material is classified under five gefleral sections: Time and Frequency Standards; Time 
Scales, Time; Distribution/Rcception of Time , and Frequerlcy Signals; Statistics of Time and 
Frequency Analyses, Frequency Stability; and Ge eral, Summary, and Status Reports. An additional 
section lists outside publications which describJ tlle usc of NBS time and frequency services or 
illustrate their varied use in seismic research, indytnal practice, navigation, and propagation studies, 
among others. The bibliography documents past Iprogress, will aid access to available literature, and 
gives an indication of the present direction, scope, and status of NBS time and frequenry research. 

Key words: Atomic clocks; atomic standards; cliock dissemination: crystal oscillators; definition of 
second; flicker noise; frequency; frequency stability; lasers; length standards; mrasurement standards; 
spectral drnsity : standard frequency broadcasts; speed of light; 'statistics of time/frequcncy measure- 
ments; time; time/frequency dissemination; time scales; timing (HF, LF, satellite, TV, VLF); wave- 
length standards; WWV; WWVB; WWVH; WWVI,. 

Introduction 

This bibliography lists NBS papers and reports in the field af time and frequericy under five categories and by fiscal 
year, published from June 1955 through December 1970. The cited work is principally that of the Time and 
Frequency Division; however, important related work in the time and frciquency area by other NRS personnel also is 
listed. We include an NBS author index as well as a selected listing of nori-NBS written articles about our work. This 
latter section gives a sampling of reports and papers which describe and illustrate, for instance, instrumentation 
methods for comparability to NBS time and frequency standards, the use of the NBS radio broadcasts and services, 
and the scope and depth of such usage. 

The contents of this bibliographic listing exemplify the extent and character of work performed by the Time and 
Frequency Division. (The listing is in the form of an NBS Special Publication which we plan to update periodically.) 
The Division welcomes questions and provides consultation services on matters relating to time and frequency. 
Appendix 1 shows the section structure and responsibilities of the Division. Appendix I1 indicates the various time and 
frequency broadcast notices, bulletins, HF prediction notices, etc., available to the public on the basis of need. 

To aid in the location of the source material, there has been a vigorous attempt to list complete references in 
consistent form, using accepted journal title abbreviations as given in the 1961 Chemical Abstracts-Lists of 
Publications or the 1966 Revised and Enlarged Word Abbreviation List for USAS1 Z39.5-1963-American Standard 
for Periodical Title Abbreviations. Most of the bibliographic listings can be seen at  public or university libraries. NBS 
Technical Notes and papers with a USGPO notation are available, for the price shown, from: 

Superintendent of Documents 
U. S. Government Ptinting Office 
Washington, D. C. 20402 

A listing with a Libr. Congr. notation is available as follows: 

The Library of Congress 
Washington, D. C. 20540 

Photocopying is done also by the Library for research purposes, under certain specified conditions. Any out-of-print 
Bureau documents can generally be obtained by such photoduplication, as well as single articles in a publication, such 
as proceedings of a conference. Complete information about these services are available from the Photoduplication 
Service Group of the Library of Congress. Papers with an AD accession number and a NTIS notation are available 
from the National Technical Information Service as follows: 
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National Technical Information Service 
U .  S. Department of Commerce 
5285 Port Roy a1 Road 
Springfield, Va. 22151 

Limited reprints of some listed research articles and reports are available from: 

Secretary to the Chief 
Time and Frequency Division 
National Bureau of Standards 
Boulder, Colo. 80302 
(Telephone: 303-447-1000, ext. 3294) 
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NBS PUBLICATIONS-TIM@ AND FRFQUENCY 

This section is concerned with studies on primary time and frequcncy standards at  NBS since 1955. The studies 
embrace low temperature crystal oscillators; development, cdnstruction, and waluation of atomic beam frequency 
standards assembled at  the NBS laboratories (including ambonis masers, cesium, thallium, and hydrogen beam 
standards); evaluation of commercial atomic frequency standdrds, such as tubidium, cesium, and hydrogen standards; 
evaluation of errors in atomic frequency standards; developrhen t of l o w  noise electronics; theoretical research on 
atomic beam resonances and hydrogen spin-exchange; stqbilizati ,n qf laser frequencies; and refinement of 
measurements of the speed of light. 

Over this 15-year period, the accuracy of primary frequency standards has improved from about 1 part in lo8 to 
some 5 parts in 10' (lo).  The rigorous evaluation of the cesibm beam standard at NBS, along with similar studies at  
other national laboratories, contributed to thc 13th (;enera1 Gonference df Weights and Measures defining, in 1967, 
the international unit of time-the second-based on a cesium, resonance frequency. For the future, studies indicate 
that frequency accuracies of a few parts in 1014 are within reach of today's research capabilities. An exciting 
consequence of further work envisions a single Standard for fkequcncy, time, and length, from which other units of 
measurement can be derived. This approach would specify a numerical balue for the speed of light (previous best 
experimental value) and, since length measurements could be referred back to a frequency standard, there would be 
no need for a separate length standard. 
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SECTION A 

TIME AND FREQUENCY STANDARDS 

July 1955 - June  1956 

GEORGE, W. D., "A frequency s t anda rd  at low t e m p e r a t u r e ,  PROC. 10th ANN. 
SYMP. ON FREQUENCY CONTROL (Signal Corps  Engineering Lab., Ft. 
Monmouth, N. J. 07703, May 15-17, 1956), pp. 197-215 (Libr .  Congr., 
PB-125  393, 1956). 

NBS, "Constant t e m p e r a t u r e  oven fo r  q u a r t z  c r y s t a l  osc i l la tor ,  NAT, BUR. 
STAND. (U. S. ), TECH. NEWS BULL., 40, No. 4 ,  p. 59 (USGPO, $0.15, 
A p r i l  1956). 

- 

NBS, l l P o r t a b l e  secondary  frequency s tandard,  ' I  NAT. BUR. STAND. (U. s. 1, 
TECH. NEWS BULL.,  2, NO. 7, pp. 92-93 (USGPO, $0.15, July 1955). 

SULZER. P. G. , "An osc i l la tor  with direct-feedback frequency cor rec t ion ,  I '  

(Unpublished report) .  

July 1956 - June 1957 

LYONS, H. , "Atomic clocks,  ' I  SCIENTIFIC AMERICAN, 196, No. 2, pp. 71 - - 
82 ( F e b r u a r y  1957). 

NBS, "Por t ab le  f requency s tandard,  ' I  NAT. BUR. STAND. (U. S. ), TECH. NEWS 
BULL.,  41, No. 4, p. 62 (USCPO, $0.15, A p r i l  1957). 

PHELPS,  F. P., "Stability of q u a r t z  r e s o n a t o r s  at v e r y  low t e m p e r a t u r e s ,  ' I  
PROC. 1 l t h  ANN. SYMP. ON FREQUENCY CONTROL (Signal Corps  Engi- 
neer ing Lab.,  Ft. Monmouth, N. J. 07703, May 7-9, 1957), pp. 256-276 
(Libr. Congr., PB-134 925, 1957). 

July 1957 - June 1958 

BENDER, P. L., BEATY, E. C., and  CHI, A. R., "Optical detect ion of the 
ces ium hyperfine t ransi t ion,  PROC. 12th ANN. SYMP. ON FREQUENCY 
CONTROL (U. S. A r m y  Signal R e s e a r c h  and  Development Lab. ,  Ft. Mon- 
mouth,  N. J. 07703, May 6-8, 1958), pp. 593-605 (Libr .  Congr., P B -  
142 945, 1958). 

PHELPS,  F. P., and MORGAN, A. H., " R e s e a r c h  at NBS Boulder L a b o r a t o r i e s  
on q u a r t z  c r y s t a l  r e s o n a t o r s  and o s c i l l a t o r s  a t  low t e m p e r a t u r e s ,  ' I  PROC. 
12th ANN. SYMP. ON FREQUENCY CONTROL (U. S .  A r m y  Signal R e s e a r c h  
and Development L a b , ,  Ft. Monmouth, N. J. 07703, May 6-8, 1958), pp. 
162-171 (Libr .  Congr. ,  PB-142 945, 1958). 

RICHARDSON, J. M. , "Exper imenta l  evaluation of the  oxygen microwave  a b s o r p -  
t ion as a poss ib le  a tomic  frequency s tandard ,  ( I  J. APPL.  PHYS. , 29, No. 2, 
pp. 137-145 (1958). 

1. L e t t e r s  i n  p a r e n t h e s r s  indicate  applicabili ty to  additional sections.  
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July 1958 - June 1959 

BEATY, E. C. , BENDER, P. L., and GHI, A. R. ,  "Hyperfine t rans i t ions  i n  [A-11] 
rubidium-87 vapor ,  I 1  PROC. 13th ANN. SYMP. ON FREQUENCY CONTROL 
(U. S. A r m y  Signal R e s e a r c h  and Development Lab . ,  Ft. Monmouth. N. J. 
07703, May 12-14, 1959),  pp. 669-675 (Libr .  Congr., PB-146 982, 1959). 

[A-12] MOCKLER, R. C. , and BARNES, J. A. ,  "Maser  f requency s tabi l i ty ,  PROC. 
13th ANN, SYMP. ON FREQUENCY CONTROL (U. S. A r m y  Signal R e s e a r c h  and  
Development Lab. , Ft. Monmouth, w.  J. 07703, May 12-14, 1959),  pp. 583- 
595 (Libr .  Congr. , PB-146 982, 1939). 

(D) 

[A-131 MOCKLER, R. C., BARNES, J. , BEEHLER, R. ,  SALAZAR, H. , and F E Y ,  L., 
"The ammonia  m a s e r  as a n  a tomic  fkequency and t i m e  s tandard,  'I IRE 
TRANS. INSTRUM., 1-7, Nos. 3 and 4,  pp. 201-202 (December  1958). - 

[A-14] SIMPSON, P. A . ,  and MORGAN, A. H. , !Quartz c rys t a l s  at low t e m p e r a t u r e s , "  
PROC. 13thANN. SYMP. ON FREQPENCY CONTROL (U. S. A r m y  Signal 
R e s e a r c h  and Development Lab. , Fti Monmoukh, N. J. 07703, May 12-14, 
1959),  pp. 207-231 (Libr .  Congr. , QB-146 982, 1959). 

[A-151 SULZER, P. G., "Frequency s tabi l ized osc i l la tor ,  U. S. Pa ten t  2, 871,356 
(January  27, 1959). 

Julv 1959 - J u n e  1960 

[A-161 

[A-171 

[A-181 
(D) 

[A-201 

[A-211 

BENDER, P. L. , IIAtomic frequency s tahdards  and clocks,  "Quantum Elec t ronics - -  
A Symposium, C. H. Townes,  Ed. (Conf. on Quantum Elec t ronics - -Resonance  
Phenomena,  Bloomingburg, N. Y. 12721, September  14-16, 1959),  pp. 
110-120 (Columbia Universi ty  P r e s s ,  New York, N.  Y .  10025, 1 9 6 0 ) .  

MOCKLER, R. C., and BEEHLER, R. E., "NBS atomic frequency s tandards ,  
PROC. 14thANN, SYMP. ON FREQOENCY CONTROL (U. S. A r m y  Signal 
R e s e a r c h  and Development Lab. ,  F t ,  Monmouth, N. J. 07703, May 31- 
June  2, 1960), pp. 298-309 (Libr .  Congr. ,  PB  -153 716, 1960). 

MOCKLER, R. C.,  BEEHLER, R. E., Ynd BARNaS, J. A., "An evaluation of a 
c e s i u m  b e a m  frequency s tandard ,  q u a n t u m  Elec t ronics - -A Symposium, C. H. 
Townes,  Ed. (Conf. on Quantum Ele+t ronics - -kesonance  Phenomena,  Bloom- 
ingburg, N. Y. 12721, September  14-16, 1959),  pp. 127-145 (Columbia Uni- 
ve r s i ty  P r e s s ,  New York, N. Y. 10025, 1960). 

MORGAN, A. H. , and BARNES, J. A. ,  "Short- t ime s tabi l i ty  of a q u a r t z - c r y s t a l  
osc i l la tor  as m e a s u r e d  with an ammdnia  maser, 
47, No. 10, p. 1782 (October 1959). ' 

PROC. IRE (Corresp .  ), 

- 
NBS, "National s tandards  of t i m e  and frequency i n  the  United S ta tes ,  PROC. IRE 

(Corresp .  ), 48, No. 1, pp. 105-106 (January  1960). 

RICHARDSON, J. M. , "Microwave spectroscopy--atomic frequencv s tandards.  'I 
Encyclopedia of Spectroscopy,  G; L. Clark;  Ed. , pp. 647-656<(Reinhold P u b -  
l ishing C o r p . ,  New York, N.Y.  100131, 1960). 
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[A-221 SIMPSON, P. A. , BARCLAY, C. , and PHELPS,  F. P. , IIQuartz osc i l la tor  unit 
for  opera t ion  at low t e m p e r a t u r e s ,  U. S. Pa ten t  2 ,931,924 (Apri l  5, 1960). 

July 1960 - June  1961 

BARNES, J. A. ,  and HEIM, L. E. , "A high-resolut ion a m m o n i a - m a s e r - s p e c t r u m  [A-23] 
a n a l y z e r , "  I R E  TRANS. INSTRUM., 1-10, NO. 1, pp. 4-8 ( June  1961). - (D) 

[A-241 BEEHLER, R. E. , MOCKLER, R. C. , and SNIDER, C. S., "A compar ison  of 
a tomic  b e a m  frequency s tandards ,  NATURE (Le t t e r ) ,  187, No. 4738, pp. 
681-682 (August 20, 1960). 

- 

[A-251 BENDER, P. L.,  "Atomic clocks for s p a c e  exper iments ,  ASTRONAUTICS, 5, - 
No. 7, pp. 37, 70, 71 (July 1960). 

[A-26] 
(B,  C ,  D) 

BOOTH, S h e r m a n  F., Ed. ,  P r e c i s i o n  Measuremen t  and Cal ibra t ion- -Papers  on 
Elec t r ic i ty  and  Elec t ronics ,  (contains  6 se lec ted  r ep r in t s  of NBS time and 
frequency publications 1950 - 1960),  NAT. BUR. STAND. (U. S. ) HANDB. 77, 
I, pp. 472-577 (USGPO, $6.00, F e b r u a r y  1961). - 

[A-27] CARPENTER, R. J., BEATY, E. C. , BENDER, P. L . ,  SAITO, S. , and STONE, 
R. 0. , "A prototype rubidium vapor  f requency s tandard ,  I t  IRE TRANS. IN- 
STRUM. , r-9, No. 2, pp. 132-135 (September  1960). 

[A-28] MOCKLER, R. C. , "Atomic b e a m  frequency s tandards ,  Advances i n  Elec t ronics  
and Elec t ron  P h y s i c s ,  L. Marton,  Ed. , 15, pp. 1-71 (Academic P r e s s ,  Inc., 
New York, N. Y. 10003, 1961). 

- (D) 

[A-29] MOCKLER, R. C.,  BEEHLER, R. E., andSNIDER, C. S., "Atomic b e a m f r e -  
quency s tandards ,  I t  IRE TRANS. INSTRUM. , 1-9, NO. 2 ,  pp. 120-132 (SeP- 
t e m b e r  1960). 

(D) - 

[A-30] NBS, "Atomic frequency s tandards ,  NAT. BUR. STAND. (U. S. ), TECH. NEWS 
BULL. , 45, No. 1, pp. 8-10 (USGPO, $0.15, J a n u a r y  1961). 

[A-311 RICHARDSON, J. M. , "The c a e s i u m  r e s o n a t o r s  of t he  National Bureau  of Stand- 
Monograph of Radioe lec t r ic  M e a s u r e m e n t s  and  Standards  (XIIIth Gen. a r d s ,  

Assem. of URSI, London, England, September  5-1 5, 1960),  B. Decaux, Ed., 
pp. 26-29 ( E l s e v i e r  Publ ishing Co., Ams te rdam,  Nether lands,  1961). 

July 1961 - J u n e  1962 

BARNES, J. A. ,  ALLAN, D. W . ,  and WAINWRIGHT, A. E. , "The ammonia  [ ~ - 3 2 ]  
b e a m  m a s e r  as a s tandard  of f requency,  t I  IRE TRANS. INSTRUM., fi, NO. 
1, pp. 26-30 ( J u n e  1962). 

July 1962 - June  1963 

[A-33] BEEHLER, R. E., ATKINSON, W. R. ,  HEIM, L. E., and SNIDER, c. s . ~  ! I A  

compar ison  of d i r e c t  and s e r v o  methods  f o r  uti l izing c e s i u m  b e a m  r e s o n a t o r s  
as f requency  s t a n d a r d s , "  IRE TRANS. INSTRUM. , 1-11, Nos. 3 and 4 D  pp. 
231 -238 (December  1962). 

- 
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[A-34] BEEHLER, R. E., and GLAZE, D. J., "Experinbental evaluation of a tha l l ium 
b e a m  f requency  s tandard ,  " PROC. 117th ANN4 SYMP. ON FREQUENCY CON- 
TROL (U. S. A r m y  E lec t ron ic s  Cobmand ,  Ft. Monmouth, N. J. 
May 27-29, 1963), pp. 392-407 (NYIS, AD 423 381, 1963). 

07703, 

[A-35] SHIRLEY, J. H. ,  "Some c a u s e s  of resdnant  f reqdency shifts i n  a tomic  beam 
machines ,  
quencies  of excitation, 
modulation on t h e  Ramsey  l ine  shape, pp. 789-791 (Apr i l  1963). 

J. APPL.  PHYS., 34, /No. 4,  P d r t  I - "Shifts due  to o ther  f r e -  
pp. 783-7818; Part I1 1 -  "The effect of slow f requency  

Ju ly  1963 - June  1964 
I 

[A-36a] BEEHLER,  R. E. ,  and MOCKLER, R. 'C.,  "A compar ison  of a tomic  f requency  
s t anda rds ,  PROC. XIVth GEN. AdSEM. of WRSI (Tokyo, Japan ,  September  
9-20, 1963), Publ icat ion 1183, pp. '128-129 (National Academy of Sciences,  
Washington, D. C. 

(E) 

20418, Decembdr 1963); 

[A-36b] P r o g r e s s  i n  Radio Science 1960 - 1963, Radio S tandards  & Measuremen t s ,  
P r o c .  of Comm. 1 on Radio Measu i .  & Stand., - XIVth Gen. A s s e m .  
of URSI (Tokyo, Japan ,  September  9-20, 1963), R. W. Beatty,  Ed . ,  1, pp. 
20-26 (E l sev ie r  Publ ishing Co.,  Ams te rdam, '  Nether lands,  1965). 

[A-37a] BENDER, P. L . ,  " P r e c i s e  measu remqnt s  of distance and  the velocity of tight 
using l a s e r s ,  URSI National C o m h i t t e e  Report ,  XIVth GEN. ASSEM., Tokyo, 
Japan, September  1963: COMM. 1, Radio Measuremen t  Methods and Stand- 
a r d s ,  P a r t  7, RADIO SCI. J .  RES.1, NBS/USNC - URSI, K D ,  No. 5, pp. 540- 
541 (May 1964); 

[A - 37b] URSI - Radio S tandards  and Measuqements  - Commiss ion  1, (XIVth Gen. 
Assem.  of URSI, Tokyo, Japan,  Se'ptember '$-20, 1963), XLII-1, pp. 109-114 
(URSI, B r u s s e l s  18, Belgium, 1963); 

I 

[A -37 c] (Summary) ,  P r o g r e s s  i n  Radio Scidnce 196011963, Proc .  of Comm. 1 on 
Radio Measur .  PI Stand.,  XIVth Geb. A s s e m ,  of URSI (Tokyo, Japan, 
September  9-20, 1963),  R. W. Beqtty, Ed. 
Co. ,  Ams te rdam,  Nether lands,  19135); 

L, p. 101 (E l sev ie r  Publ ishing 

[A - 3 7d] (Summary) ,  U. S. A. National Com*ittee Inteknational Scientific Radio Union, 
(Repor t  on t h e  XIVth Gen. Assem.  tof URSI, Tokyo, Japan, September  9-20, 
1963), Publ icat ion 1183, pp. 195-199 (Nation31 Academy of Sc iences ,  Washing- 
ton, D. C. 20418, 1963). 

[A-38] BENDER, P. L. , "Effect of hydrogen-hydrogen exchange coll isions,  PHYS. REV. , 
132, No. 5, pp. 2154-2158 (December  1, 1963). - 

[A-39] CARPENTER, R. J. , "A por tab le  rubi4ium-vapor  f requency s tandard ,  NAT. 
BUR. STAND. (U. S. ), TECH. NO4E 235, 24 pages  (USGPO, $0.25, Apr i l  6, 
1964). 

1 

[A-40aJ MOCKLER, R. C. , "Atomic f requency  'and t i m e  in t e rva l  s t anda rds ,  I' URSI - Radio 
(B, E) Standards  and  Measuremen t s  - C o h m i s s i o n  1, 

Tokyo, Japan, September  9-20, 19k3), XIII-1, pp. 66-76 (URSI, B r u s s e l s  18, 
Belgium, 1963); 

(XIVth Gen. Assem.  of URSI, 
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[A-40b] URSI National Commit tee  Repor t ,  X N t h  GEN. ASSEM., Tokyo, Japan ,  Sep-  
t e m b e r  1963: COMM. 1, Radio M e a s u r e m e n t  Methods and  Standards,  Part 1, 
RADIO SCI. , J. RES. , NBS/USNC - URSI, 68D, No. 5, pp. 523-527 (May 
1964). 

- 

[A-411 

[A-421 
(B)  

[A-431 
P) 

[A-441 

[A-451 
P) 

[A-461 
(D) 

[A-471 
(D) 

[A-481 
(D) 

[A-49] 
(D) 

[A-501 

[A-51] 
(B)  

NBS, "Standards and ca l ibra t ion- -Prec is ion  of t he  U. S. f requency s tandard ,  
NAT. BUR. STAND. (U.S.), TECH. NEWS BULL., 9, NO. 2, pp. 31-32 
(USGPO, $0.15, F e b r u a r y  1964). 

July 1964 - J u n e  1965 

HUDSON, G. E., "Frequency and t i m e  s tandards ,  I T  ELECTRONICS WORLD, 72, - 
NO. 2, pp. 20-23 (August 1964). 

NBS, "Frequency s tabi l i ty  cal ibrat ion of s ignal  s o u r c e s ,  NAT. BUR. STAND. 
(U.S.), TECH. NEWS BULL. , 49, No, 6, p. 89 (USGPO, $0.15, J u n e  1965). - 

Julv 1965 - June  1966 

BARNES, J., and WAINWRIGHT, A. ,  "A p r e c i s i o n  pulse-opera ted  e lec t ronic  
phase  sh i f te r  and frequency t r a n s l a t o r J t 1  PROC. IEEE (Corresp .  ), 53, No. 
12, pp. 2143-2144 (December  1965). 

- 

BEEHLER, R. E. , and GLAZE, D. J. , "The p e r f o r m a n c e  and capabili ty of 
c e s i u m  b e a m  frequency s tandards  at the  National Bureau  of S tandards ,  
I E E E  TRANS. INSTRUM. AND MEAS. , IM-15, Nos. 1 and 2, pp. 48-55 
( M a r c h  and J u n e  1966). 

BEEHLER, R. E. ,  and GLAZE, D. J., "Evaluation of a thal l ium a tomic  b e a m  
frequency s tandard  at the National B u r e a u  of Standards,  ' I  IEEE TRANS. 
INSTRUM. AND MEAS., IM-15, Nos. 1 and  2, pp. 55-58 ( M a r c h  and J u n e  
1966). 

BEEHLER, R. ,  HALFORD, D., H A R U C H ,  R . ,  ALLAN, D.s GLAZE, 
SNIDER, C., BARNES, J., VESSOT, R. ,  PETERS,  H., VANIER, J., 
CUTLER, L.,  and  BODILY, L.,  "An i n t e r c o m p a r i s o n  of a tomic  s tandards ,  
PROC. I E E E  ( L e t t e r s ) ,  54, No. 2, pp. 301-302 ( F e b r u a r y  1966). - 

BEEHLER, R. E., MOCKLER, R. C. ,  and RICHARDSON, J. M.,  "Ces ium beam 
a tomic  time and frequency s t a n d a r d s , "  METROLOGIA, 1, No. 3 ,  pp. 114- 
131 (July 1965). 

- 

BLAIR, B. E. , and MORGAN, A. H.,  "The long- te rm p e r f o r m a n c e  of two com-  
m e r c i a l  rubidium vapor  f requency s tandards ,  NAT. BUR. STAND. (U. S. ), 
TECH. NOTE 341, 31 pages  (USGPO,' $0.25, J u n e  1966). 

HARRACH, R. J.,  l lSome a c c u r a c y  l imit ing e f iec ts  i n  a n  a tomic  b e a m  frequency 
s tandard ,  PROC. 20th ANN. SYMP. ON FREQUENCY CONTROL (U. S. 
A r m y  Elec t ronics  Command, Ft. Monmouth, N. J. 07703, A p r i l  19-21, 
1966), pp. 424-435 (NTIS, AD-800 523, 1966). 

RICHARDSON, 3. M. , "T ime  s tandards ,  Encyclopedic Dict ionary of P h y s i c s ,  
Suppl. 1, J. Thewlis ,  Ed., pp. 351-355 ( P e r g a m o n  Press Ltd., Oxford,  
London, 1966). 
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July 1966 - June  1967 

BEEHLER, R. E. , !)A h i s to r i ca l  review pf a tomic  frequency s t anda rds ,  I t  PROC. [A-52] 
IEEE, 55, No. 6, pp. 792-805 (Juneil967).  ( E )  - 

[A-531 HALL, J. L . ,  and MOREY, W. W . ,  "Optical heterodyne m e a s u r e m e n t  of neon 
l a s e r ' s  mi l l ime te r  wave d i f fe rence  fsequency,  APPL.  PHYS. L E T T . ,  10,  
No. 5, pp. 152-155 ( M a r c h  1, 1967). 

- 

[A-541 HARRACH, R. J. , "On the  na tu ra l  shift of a resonance  frequency,  'I NAT. BUR. 
STAND. (U. S. ), TECH. NOTE 346, 27 pages  (USGPO, $0.25, September  
1966). 

[A-55] HARRACH, R. J. , "Radiation-field-dependent f requency sh i f t s  of a tomic  beam 
resonances ,  J. A P P L .  PHYS., E, 'No. 4 ,  pp. 1808-1819 ( M a r c h  15, 1967). 

[A-56] RICHARDSON, J. M . ,  and BROCKMAN, J. F., "Atomic s tandards  of f requency 
and t i m e ,  THE PHYSICS TEACHER1 4 ,  No. 6 ,  pp. 247-256 (September  1966). (B)  - 

[A-57] VESSOT, R . ,  PETERS,  H., VANIER, J . ,  BEEHL@R, R . ,  HALFORD, D . ,  
(D) HARRACH, R . ,  ALLAN, D. ,  GLAZE,  D. ,  SNIDER, C. ,  BARNES, J . ,  

CUTLER, L. ,  and BODILY, L . ,  "An in t e rcompar i son  of hydrogen and 
ces ium frequency s t anda rds ,  I E E E  TRANS. INSTRUM. AND MEAS. , 
IM-15, No. 4,  pp. 165-176 (December  1966). 

Julv 1967 - June  1968 

[A-581 BAY, Z . ,  and LUTHER, G. G. ,  "The m e a s u r e m e n t  of optical  f requencies  and a 
rede termina t ion  of t h e  velocity of light by microwave  modulation of l a s e r  
b e a m s ,  'I R e s e a r c h  on Laser Standards  and Mate r i a l s  at the  National Bureau  
of S tandards ,  NAT. BUR. STAND, (I$. S. ), TECH. NOTE 449, K. G. K e s s l e r ,  
E. Passagl ia ,and N. N. Winogradoff, Eds . ,  p. 30 (USGPO, $0.30, June 1968). 

July 1968 - June 1969 

BARGER, R. L. ,  and HALL, J. L . ,  " P r e s s u r e  shift  and broadening of methane  
l i ne  at 3 . 3 9 ~  s tudied  by l a se r - sa tu raued  molecular  absorp t ion ,  I t  PHYS. REV. 
L E T T . ,  22, No. 1, pp. 4-8  ( Janua ry  6, 1969). 

I 

[A-59] 

- 
[A-601 BARGER, R. L . ,  and HALL, J. L., "Use  of l a s e r - s a t u r a t e d  absorp t ion  of 

methane  fo r  l a s e r  f requency  stabil ization, IT (Summary) ,  PROC. 23rd  ANN. 
SYMP. ON FREQUENCY CONTROL (U. S. A r m y  E lec t ron ic s  Command,  
Ft.  Monmouth, N. J. 07703, May 6-8, 1969), p. 306 (Electron. Ind. A s s . ,  
Washington, D. C. 20006, $6. 50, 19169). 

[A-611 BAY, Z . ,  and LUTHER, G. G. ,  "Locking a l a s e r  f requency to  the  t i m e  s tandard ,  
APPL.  PHYS. LETT. 13, No. 9,  pp. 303-304 (November 1, 1968). 

HALL, J. L .  , "The l a s e r  absolu te  wavelength s tandard  problem,  I E E E  J. 

- 
[A-621 

QUANTUM E L E C T . ,  QE-4,  No. 10, pp. 638-641 (October  1968). 
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_ -  
of l ight,  I t  E l ec t ron  Technology, (P roc .  URSI (Comm. 1 )  Conf. on Laser Meas . ,  
Warsaw,  Poland ,  September  24-28, 1968),  A. Smolidski  and S. Hahn, Eds . ,  
2 ,  NO. 2 / 3 ,  pp. 53-66 (Insti tute of Electron. Technol., P o l i s h  Academy of 
Sc iences ,  Warsaw,  Poland ,  1969). 
- 

[A-64] JENNINGS, D. A . ,  EVENSON, K. M . ,  SIMMONS, w. R. ,  and U S M U S S E N ,  
A. L . ,  " L a s e r  energy ,  power,  and f requency  m e a s u r e m e n t s ,  I t  Elec t ron  
Technology, (P roc .  URSI (Comm. 1) Conf. on  Laser Meas . ,  Warsaw,  Poland ,  
September  24-28, 1968), A. Smolidski  and S. Hahn, Eds . ,  2, No. 2 /3 ,  pp. 
149-158 (Insti tute of Electron. Technol . ,  P o l i s h  Academy of Sc iences ,  
Warsaw,  Poland ,  1969). 

[A-65] SHIRLEY, J. H. ,  "Dynamics of a s imple  m a s e r  model ,  
No. 11, Part 1, pp. 949-963 (November 1968). 

AMER. J. PHYS., 2, 

[A-66] SKIRLEY, J. H. , "Validity of t he  s e m i c l a s s i c a l  approximat ion  in m a s e r  t heo ry ,  I' 
PHYS. REV., 181, NO. 2, pp. 600-609 (May 1969). 

July 1969 - June 1970 

BENDER, P. L. , and COHEN, V. W., "New informat ion  on the phys ics  of [A-67] 
rubidium gas  ce l l s ,  ( I  (Summary) ,  PROC. 24th ANN. SYMP. ON FREQUENCY 
CONTROL (U. S. A r m y  E lec t ron ic s  Command,  Ft. Monmouth, N. J .  07703, 
Apr i l  27-29, 1970), p. 279 (Electron. Ind. A s s . ,  Washington, D. C. 20006, 
$6. 50, 1970). 

[ A 4 8 1  BENDER, P. L., a n d  COHEN, V. W . ,  ' tCol l i s iona l  broadening of the RB 87 
hyperf ine t rans i t ion ,  Book of Abs t r ac t s ,  (VIth Int. Conf. Phys .  of the 
Elec t ron .  and  At. Collisions,  Cambridge,  Mass .  02142, Ju ly  28-August 2, 
1969), pp. 720-722 (Mass .  Inst. Technol. P r e s s ,  Cambr idge ,  Mass .  02142, 
196 9). 

[A-69] BOYNE, H. S., " L a s e r  f requency  stabil ization techniques a n d  the i r  applications,  I '  

PROC. 24th ANN. SYMP. ON FREQUENCY CONTROL (U. S. A r m y  E l e c -  
t ron ic s  Command, F t .  Monmouth, N. J. 07703, Apr i l  27-29, 1970), pp. 233- 
239 (Electron. Ind. A s s . ,  Washington, D. C. 20006, $6.50, 1970). 

[A-70] EVENSON, K. M., WELLS, J. S., and  MATARRESE, L. M., "Absolute f r e -  
quency m e a s u r e m e n t s  of the C 0 2  cw l a s e r  a t  28 THz (10.6 p m ) ,  I t  A P P L .  
PHYS. LETT. ,  16, No. 6, pp. 251-253 (March  15, 1970). 

[A-71] EVENSON, K. M., WELLS, J. S., MATARRESE, L. M., a n d E L W E L L ,  L. B., 
"Absolute f requency  m e a s u r e m e n t s  of the 28-  and  7 8 - p m  cw wa te r  vapor  
l a s e r  l ines,  A P P L .  PHYS. LETT. ,  16, No. 4, pp. 159-161 ( F e b r u a r y  15, 
1970). 

[A-72] HELLWIG, H., "Hydrogen sp in  exchange f requency  shifts,  NAT. BUR. STAND. 
(U.S.) ,  TECH. NOTE 387, 13 pages  (USCPO, C13.46:387, $0. 30, March  
1970). 
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[A -731 

[A-74a] 

[A-74b] 

[A-75al 
(D 1 

[A-75bI 

[A -761 

[A-77I 
(D) 

[A-781 

[A-79] 
(D) 

[A-80] 

[A-811 

[A-821 

HELLWIG, H., "The hydrogen s to rage  b e a m  tube--a  p roposa l  fo r  a new frequency 
s tandard ,  I f  METROLOGLA, 6 ,  No. '2 ,  pp. 5 6 ~ 6 0  (April  1970). 

s tandards ,  ' ' PROC. 24th ANN. SY*P. ON FREQUENCY CONTROL (U. S. 
A r m y  E lec t ron ic s  Command, F t .  Monmouth, N. J. 07703, Apr i l  27-29, 1970) 
pp. 246-258 (Electron. Ind. A s s . ,  ,Washington, D. C. 20006, $6. 50, 1970); 
METROLOGLA, 6, No. 4, pp. 1181126 (October 1970). 

M.,  ZITZEWITZ, P. W., and  PETERS,  H. E.,  "Measurement  of the unpe r -  
tu rbed  hydrogen hyperf ine t rans i t iun  frequency,  
(1970 Conf. on P r e c i s i o n  Elec t romagnet ic  Mbas. ,  Boulder ,  Colo. 80302, 
June 2-5, 1970), pp. 72-73 (IEEE,  Inc., New York, N. Y .  10017, $15.00/ 
$10.00 m e m b e r ,  June 1970). 

HELLWIG, H., E T .  AL. ,  IEEE TkANS. INSTRUM. AND MEAS., IM-19,  
No. 4, pp. 200-209 (November 1970). 

NBS, "Measurement  of light f r equenc ie s ,~  NAT. BUR. STAND. (U. S. ), TECH. 
NEWS BULL., 53, No. 9, p. 206 (bSGPO, $p.30, September  1969). 

H. E . ,  GLAZE, D. J . ,  PETERS,  fr. E . ,  JClHNSON, E .  H., VESSOT, R .  
F. C. ,  and  LEVINE, M. , "Long t e r m  f requency  stabil i ty of a NASA pro to -  
type hydrogen m a s e r ,  I (  (Summary)  C P E M  DIGEST (1970 Conf. on P r e c i s i o n  
Elec t romagnet ic  Meas . ,  Boulder ,  Colo. 80302, June 2-5, 1970), pp. 74-75 
(IEEE, Inc. ,  New York, N. Y. 100117, $15.OD/$10.00 m e m b e r ,  June 1970). 

- 
HELLWIG, H., "Areas  of p r o m i s e  fo r  d$velopment of fu ture  p r i m a r y  f requency  

HELLWIG, H. ,  ALLAN, D. W . ,  GLAZES, D. J.,  VESSOT, R. F. C. , LEVINE, 

(Summary)  C P E M  DIGEST 

I 

RISLEY, A. S., ALLAN, D. W.,  GRAY,, J. E . ,  SHOAF, J .  H. ,  MACHLAN, 

1 

Ju ly  1970 - June 1971 

BARGER, R ,  L., and HALL, J. L., "P rec i s ion  wavelength m e a s u r e m e n t  of t he  
methane  3.39 sa tu ra t ed  absorp t iob  l ine by  l a se r - con t ro l l ed  in t e r f e romet ry ,  
(Abstract) ,  Proceedings  Internationpl Conference on P r e c i s i o n  Measuremen t  
and Fundamenta l  Constants  (NBS - Fa i the r sbdrg ,  Md. 20760, August 3-7, 
1970), D. N. Langenberg and B. N.1 Taylor,  Eds . ,  NAT. BUR, STAND. 
(U. S ,  ), SPEC.  PUBL. (in p r e s s ) .  ' 

I 

BARNES, J. A., "Frequency  m e a s u r e m e n t  e r r o r s  of pass ive  r e s o n a t o r s  caused  
by f requency  modulated exciting sigbals,  IEEE TRANS, INSTRUM. AND 
MEAS., IM-19, NO. 3, pp. 147-152 (August 1970). 

BAY, 

BAY, 

z. s "The u s e  of microwave  modulat ion of lasers fo r  length measu remen t s ,  (I  

Proceedings  In te rna t iona l  Confer enqe on P rec i s ion  Measuremen t  and Funda-  
men ta l  Constants  (NBS - GaithersbGrg, Md. 20760, August 3-7, 1970), D. N. 
Langenberg and B. N. Taylor,  Eds,, NAT. BUR. STAND. (U.S. ), SPEC.  
PUBL, (in p r e s s ) .  

z. , and LUTHER, G. G., "The m e a s u r e m e n t  of optical  f requencies  and a 
rede termina t ion  of the velocity of light," 
on P r e c i s i o n  Measurement  and Fundlamental Constants  (NBS - Gaither  sburg,  
Md. 20760, August 3-7, 1970), D, #J. Langenberg and B. N. Taylor,  Eds . ,  
NAT, BUR, STAND. (U, S ,  ), SPEC,  PUBL. (in p r e s s ) .  

Proceedings  In te rna t iona l  Conference 

EVENSON, K. M. , W E L L S ,  J. S., and MATARRESE, L, M,,  "Defining the  speed  
of light: A combinat ion t ime, f requkncy and length standard,  I t  Proceedings  
International Conference on P r e c i s i m  Measurement  and Fundamenta l  Con- 
s tan ts  (NBS - Gaithersburg,  Md. 20760, August 3-7, 1970), D. N. 
Langenberg and B. N. Taylor,  Eds. ,  NAT. BUR. STAND. (U.S.) ,  SPEC.  
PUBL. (in p r e s s ) .  
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[A-83a] GLAZE, D. J. "Improvements  i n  a tomic  ces ium beam f requency  s t anda rds  at 
the  National Bureau  of Standards,  'I I E E E  TRANS, INSTRUM, AND MEAS., 

P r o g r e s s  i n  Radio Science 1966-1969 - Part 1, ( P r o c .  XVIth Gen. Assem.  
of URSI, Comm. 1, Ottawa, Canada, August 18-28, 1969), C. E. White, Ed. 
(in p r e s s ) .  

IM-19, NO. 3, pp. 156-160 (August 1970); 

[A-83b] 

[A-841 HALL, J. L.,  and BARGER, R. L , ,  "The impl ica t ion  of s a tu ra t ed  molecu la r  
absorp t ion  fo r  the l a s e r  wavelength s t anda rd  problem, I t  (Abstract) ,  P r o -  
ceedings  Internat ional  Conference on P r e c i s i o n  Measuremen t  and Funda-  
men ta l  Constants (NBS - Gai thersburg ,  Md. 20760, August 3-7, 1970), 
D. N. Langenberg and B. N. Taylor,  Eds. ,  NAT, BUR, STAND, (U.S.) ,  
SPEC,  PUBL, (in p r e s s ) .  

[A-85 ] HELLWIG, H,,  "The ion  s to rage  technique fo r  application i n  f requency  s tandards,  'I 
NAT, BUR. STAND. (U. S ,  ), TECH. NOTE 388, 23 pages  (USGPO, C13.46: 
388, $0.35, November 1970). 

[A-86a] HELLWIG, H., and HALFORD, D, ,  "Accurate f requency  m e a s u r e m e n t s :  survey, 
significance, and forecast ,  I t  Proceed ings  Internat ional  Conference on Pre- 
c i s ion  Measuremen t  and Fundamenta l  Constants (NBS - Gai thersburg ,  Md. 
20760, August 3-7, 1970), D. N. Langenberg and B. N. Taylor ,  Eds . ,  
NAT, BUR, STAND, (U.S.), SPEC.  PUBL, ( i n p r e s s ) ;  

!D 1 

[A-86b] Unpublished r epor t .  

[A-87] MIELENZ, K., " In t e r f e romet ry  f o r  wavelength compar isons ,  P roceed ings  
Internat ional  Conference on P r e c i s i o n  Measuremen t  and Fundamenta l  Con- 
s t an t s  (NBS - Gai thersburg ,  Md. 20760, August 3-7, 1970), D. N. 
Langenberg and B. N. Taylor,  Eds., NAT, BUR. STAND, (U.S.) ,  SPEC,  
PUBL. (in p r e s s ) .  

[A-881 PAGE, C, H., HARRIS, F, K., FOWLER, H, A,, TOOTS, J., OLSEN, P, T , ,  
EICKE, W , ,  and WITT, T , ,  "Referencing of t he  U.S. national volt against  a 
Josephson f requency-  t o  - voltage source,  P roceed ings  Internat ional  Con- 
f e rence  on P r e c i s i o n  Measuremen t  and Fundamenta l  Cons tan ts  (NBS - 
Gai thersburg ,  Md, 20760, August 3-7, 1970), D. N. Langenberg  and B. N. 
Taylor,  Eds. ,  NAT, BUR. STAND. (U.S.), SPEC.  PUBL. (in p r e s s ) .  
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SECTION B 

TIME SCALES, TlME 

The reports and papers in this section span a period of time which experienced three different definitions of the 
basic unit of time-the second-with some four to five ordets of magnitude improvement. In 1955 the lnternational 
Astronomical [inion approved a prototype time unit, the Ephemeris second, to supplant the less precise mean solar or 
UT second. The International Committee of Weights and Measures adopted this refined standard in 1956, and the 
General Conference of Weights and Measures gave formal approval to the Ephemeris second in 1960. Concurrently, 
with the advent of atomic frequency standards, it was apparent that an even more refined unit of time-an atomic 
second-could be defined. As a consequence, the lnternational Committee of Weights and Measures (CIPM) 
established in 1956 a Consultative Committee for the Definition of the Second (CCDS) which held four meetings in 
Paris (1957, 1961, 1963, and 1967). Dr. F. W. Brown represented NBS a t  the first meeting and entered into initial 
discussions as recorded in Comitd Consultatif Pour La Ddfiqition De La Seconde Ire Session, 1957 (Minutes of the 
First Meeting), pages 1-32 (Gauthier-Villars, Paris, France, 1958). In 1964 the General Conference of Weights and 
Measures authorized the International Committee of Weights and Measures to define a provisional atomic second 
based on the cesium transition frequency. 

The 13th General Conference of Weights and Measures, in 1967, defined the unit of time in the International 
System of units as follows: 

“The second is the duration of 
9192631770 

periods ol the radiation 
corresponding to the transition 
between two hyperfine levels 

of the ground State of the 
atom of cesium 133.” 

Since navigators, astronomers, and others require earth or UT time, studies continue for optimizing and striking a 
compromise between the needs of both kinds of time. There is also anticipation that future research will further refine 
the present definition of the second. 

NBS participation in such far reaching endeavors as time unit definitions, coordination of UT and AT, development 
of a national and/or international time scale, and research into methods for synchronizing time scales, is shown in the 
scope, depth, and variety of applicable subjects listed in this sertion. 

13 



SECTION il3 

TIME SCALESd TIME 

July 1955 - June  1956 

[B-1] NBS, " Improvements  i n  s t anda rd  frequkncies  b roadcas t  by rad io  s ta t ions W W V  
and WWVH," NAT. BUR. STAND. (U. S. ), TECH. NEWS BULL. ,  40, No. 3, 
pp. 37-38 (USGPO, $0.15, M a r c h  1956). 

( C )  - 

July 1956 - June  1957 

GEOR,GE, W. D. , l l&alons et m e s u r e d  d e  frgquence et d ' interval le  de  t e m p s  aux [B-21 
(A) Etats-Unis  d'A&erique d e  19% a 1957," (Standards and m e a s u r e s  of f r e -  

quency and  in te rva l  of t i m e  i n  t h e  United S ta tes  of A m e r i c a  f r o m  1954 to  
1957), Comitg  Consultatif pour la pgfinit ion d e  la S e c o n d e - P r o d s  Verbaux 
d e s  SQances,  (Consultative Commiktee fo r  t$e Definition of the Second-Min- 
U t e s  of Meeting),  (CIPM, I r e  Sessbon, Parig, F r a n c e ,  June  3-4,  1957),  
2=, S e r i e s  2, Annex 53, pp. S3$-S37, (Gauthier-Vil lars ,  P a r i s ,  F r a n c e ,  
December  1958). 

[B-31 
(A ) 

MOCKLER, R. C., "h t a lons  de t e m p s  atomiques,  et molgcu la i r e s  a u  National 
Bureau  of Standards,  
t ional Bureau  of Standards) ,  Comit$ Consultatif pour la Dgfinition de  la 
Seconde-Proc?es Verbaux d e s  S k a n t e s ,  (Contiultative Commit tee  for  the 
Definition of the  Second-Minutes of Meeting),  (CIPM, I r e  Session,  P a r i s ,  
F r a n c e ,  June  3-4,  1957), 26-B, S e r i e s  2, Annex S4, pp. S38-S42, (Gauthier-  
V i l l a r s ,  P a r i s ,  F r a n c e ,  December  1958). 

(Atomic and  molecu la r  s t anda rds  of t i m e  a t  the  Na-  

July 1957 - June  1958 

NONE 

July 1958 - June 1959 

NONE 

Julv 1959 - June 1960 

NONE 
I 

July 1960 - June 1961 

MORGAN, A. H. , and ANDREWS, D. [B-41 
( C )  

. , " M 6 t b d e s  et techniques d e  contr6le  
d e s  ondes ki lomgtr iques et m y r i  J gt r iques  $ux Boulder Labora to r i e s ,  
(Methods and techniques of low and v e r y  low frequency monitoring at Boulder 
L a b o r a t o r i e s ) ,  Comi tg  Consultatif /pour la Definition de  la Seconde Aupr&s  du 
Comit; Internat ional  d e s  P o i d s  et @ e k e s ,  ' (Consultative Commit tee  for  the 
Definition of the  Second to  the  Intejnat ional  G m m i t t e e  of Weights and Meas -  
u r e s ) ,  (CIPM, Ze Session, Par i s , .  F r a n c e ,  Apr i l  11-12, 1961), Annex 6, 
pp. 68-72, (Gauthier - V i l l a r s  & Cle, P a r i s ,  F r a n c e ,  September  1962). 
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[B-5] RICHARDSON, J. M.,  BEEHCER, R. E., MOCKLER, R. C.,  a n d F E Y ,  R. L. ,  
" L e s  ;talons atomiques d e  frehuence au NBS, (Atomic frequency standards 
at the National Bureau  of S tandards) ,  C o m i t k  Consultatif pour  1aDkfinit ion d e  
la Seconde Auprks  du Gomite/ Internat ional  d e s  P o i d s  et M e s u r e s ,  (Consul ta-  
t ive  Commit tee  fo r  the Definition of t he  Second to  the Internat ional  Commit tee  
of Weights and M e a s u r e s ) ,  (CIPM, 2 e  Session, Pa.ris, F r a n c e ,  A p r i l  11 -12, 
1961), Annex 5, pp. 57-67, (Gauthier-Vil lars  & CIe, Paris, F r a n c e ,  
September  1962). 

(A 1 

Ju ly  1961 - June 1962 

[B-6] T P S O N ,  R. S. , t lSun-t ime rep laced  by a tomic  clocks,  CAPITAL CHEMIST, 11, - 
(A 1 No. 8, pp. 255-256 (November 1961). 

Ju lv  1962 - June  1963 

[B-7] HUDSON, G. E. , and ATKINSON, W. R. ,  "The redefinit ion of t he  second and  the  
veloci ty  of l ight,  I t  PHYS. TODAY, 16, No. 5, pp. 30-32, 34, 36 (May 1963). 

[B-8] HUDSON, G. E. , and ATKINSON, W . ,  "On the  redefinit ion of the  second and the  

(A 1 - 

(A 1 veloci ty  of l ight,  I '  IEEE TRANS. INSTRUM. AND MEAS. , IM-12, NO. 1 , 
pp. 44-46 (June  1963). 

[B-9] NEWMAN, J. , F E Y ,  L. , and ATKINSON, W. R . ,  "A compar ison  of two inde-  
pendent a tomic  time sca le s ,  PROC. IEEE (Corresp .  ), 51, No. 3, pp. 498- 
499 ( M a r c h  1963). 

- 

July 1963 - J u n e  1964 

[B-101 BARNES, J. A. ,  and F E Y ,  R. L. , "Synchronization of two r e m o t e  a t o m i c  t i m e  
sca l e s ,  It  PROC. IEEE (Corresp .  ), 51, No. 11, p. 1665 (November 1963). 

[ B - l l a ]  BARNES, J. A. , and MOCKLER, R. C. , "The NBS time sca le  and its re la t ion  to  
o ther  t i m e  sca l e s ,  I t  (Summary) ,  P r o g r e s s  in Radio Science 1960 - 1963, 
Radio S tandards  & M e a s u r e m e n t s ,  P r o c .  of Comm. 1 on Radio Measur .  & 
Stand. - XIVth Gen. Assem.  of URSI (Tokyo, Japan ,  September  9-20, 1963),  
R. W. Beatty,  Ed., 1, p. 41 ( E l s e v i e r  Publ ishing Co.,  Ams te rdam,  
Nether lands,  1965); 

[ B - l l b ]  U. S. A. National Commit tee  Internat ional  Scient i f ic  Radio Union, (Repor t  on 
t h e  XIVth Gen. A s s e m .  of URSI, Tokyo, Japan,  September  9-20, 1963), 
Publ icat ion 1183, pp. 135-136 (National Academy of Sciences,  Washington, 
D.C. 20418, 1963). 

[B-121 BONANOMI, J . ,  KARTASCHOFF, P . ,  NEWMAN, J., BARNES, J. A. , and 
ATKINSON, W. R. ,  "A compar ison  of t he  TA-1 and the NBS-A a tomic  t i m e  
s c a l e s , "  PROC. IEEE ( C o r r e s p . ) ,  52, No. 4, p. 439 (Apri l  1964). - , 

[B-13] HUDSON,, G. E. , "Spacetime coordin$te s y s t e m s ,  PROC. 7 e m e  C O N G R ~ S  
INTERNATIONAL DE CHRONOMETRIE (Internat ional  Conference on Chrono - 
m e t r y ,  Lausanne,  Switzer land,  J u n e  8-12, 1964),  Part 1, pp. 197-221 
(Soci&e/ S u i s s e  d e  Chronomgtr ie ,  Neuchatel ,  Switzer land,  1964). 
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[B-141 
(A 1 

[B-151 

[B-161 

[B-171 

[B-181 

[B-19] 

[B-201 

[B-211 

[B-221 

[B-231 
(A) 

[B-241 

MOCKLER, R. C . ,  and RICHARDSON, J. M. ,  "Quelques considkrat ions s u r  une 
dkfinition atomique d e  lIunit6 de  t emps ,  I t  (Sotne considerat ions re la t ive  to  a n  
atomic definition for  the unit of t i m e ) ,  Comit16 Consultatif pour la De/finition 
de l a  Seconde, (Consultative Commit tee  fo r  the Definition of the  Second),  
(CIPM, 3e Session,  Paris,, Franceb December  3-5, 1963), Annex 10, pp. 58- 
65, (Gauthier-Villars & Cle, Paris, F r a n c e ,  December  1964). 

July 1964 - June  1965 

NBS, "World sets a tomic  definition of t ime,  ' I  NAT. BUR. STAND. (U. S. ), TECH. 
NEWS BULL.,  48, No. 12, pp. 209-210 (USGPO, $0.15, December  1964). - 

July 1965 - June  1966 

BARNES, J. A. ,  ANDREWS, D. H., aad  ALLAN, D. W . ,  "The NBS-A t i m e  
I E E E  TRANS. INSTRUM. AND s c a l e - i t s  generat ion and  disseminat ion,  

MEAS., IM-14, No. 4,  pp. 228-2333 (December  1965). 

FEY,  L . ,  BARNES, J. A , ,  and ALLAN, D. W. ,  "An ana lys is  of low information 
r a t e  t i m e  control unit, I t  PROC. 20th ANN. SYMP. ON FREQUENCY CON- 
TROL (U. S. A r m y  Elec t ronics  C o w a n d ,  FY. Monmouth, N. J. 07703, 
Apr i l  19-21, 1966), pp. 629-635 (NTIS, AD-800 523, 1966). 

HUDSON, G. E . ,  "Of time and the  a t o d ,  PHYSICS TODAY, 18, No. 8, pp. 34- - 
38 (August 1965 - Addendum 1968). 

July 1966 - June 1967 

BARNES, J. A.,  '!The development of a n  internat ional  a tomic  time sca le ,  
I E E E ,  55, No. 6, pp. 822-826 ( J u n p  1967). - 

HUDSON, G. E. , "Some c h a r a c t e r i s t i c s  of commonly  used  t i m e  s c a l e s ,  f 9  

I E E E ,  55, NO. 6, pp. 815-821 (June  1967). - 

'I PROC. 

PROC. 

J U L Y  1967 - June 1968 

ALLAN, D. W., FEY,  L., MACHLAN, H. E . ,  and BARNES, J. A., " A n u l t r a -  
p r e c i s e  t i m e  synchronization s y s t e w  designed by computer  simulation, 
FREQUENCY, 6, No. 1, pp. 11-14 ( Janua ry  1968). - 

BARNES, J. A.,  and ALLAN, D. W., "An approach  to  the  predict ion of coordi-  
nated universa l  time, FREQUENCY, 5, No. 6, pp. 15-20 (November - 
December  1967). 

- 

CIPM, " T r a v a w  sur les :talons a tomiqpes  d e  frgquence, (Works on a tomic  
s t anda rds  of f requencv) .  December  1963-December 1966. Comit6  Consultatif 

I .. 
pour l a  D6finition de  l a  Seconde, (Consultative Commit tee  fo r  the Definition of 
the  Second), (CIPM, 4e Session, Paris, F r a n c e ,  July 12-13, 1967), Annex 1, 
pp. S16-Sl7 (Bur. Internat .  des  Poids et  Measures ,  Sevres ,  F r a n c e ,  May 1968). 

DAVEY, W. R.,  "A review of s tudies  m a d e  on the  decade fluctuations i n  the  
e a r t h ' s  r a t e  of rotat ion,  'I NAT. BUR. STAND. (U. S. 1, TECH. NOTE 358, 
16 pages (USGPO, $0.20, October 1967). 
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[B-25] NBS, "Standards and ca l ibra t ions  - UTC clock coordination, NAT. BUR. STAND. 
(U.S. ), TECH. NEWS BULL.,  2, No. 10, p. 223 (USGPO, $0.15, October  
1967). 

[B-26] NBS, "Atomic second adopted as internat ional  unit of time, NAT. BUR. STAND. 
(U.S.), TECH. NEWS BULL.,  52, No. 1, pp. 10-12 (USGPO, $0.15. J a n u a r y  
1968). 

- 

Julv 1968 - June 1969 

[B-27] HUDSON, G. E., ALLAN, D. W., BARNES, J. A., HALL, R. G., LAVANCEAU, 
J. D., and WINKLER, G. M. R., 
PROC. 23rd  ANN. SYMP. ON FREQUENCY CONTROL (U. S. A r m y  Elec- 
t ron ic s  Command, Ft. Monmouth, N. J. 07703, May 6-8, 19691, pp. 249- 
262 (Electron. Ind. Ass. ,  Washington, D. C. 20006, $6.50, 1969). 

NBS, "Nation g e t s  unified time system, NAT. BUR. STAND. (U. S. ), TECH. 

"A coordinate  f requency and  t i m e  s y s t e m ,  

[B-28] 
NEWS BULL.,  21, No. 2, p. 34 (USGPO. $0.30, F e b r u a r y  1969). 

July 1969 - June 1970 

ALLAN, D. W. ,  GRAY, J. E., and MACHLAN, H. E., "The NBS a t o m i c  time [B-29] 
s c a l e  system: AT(NBS), SAT(NBS), and UTC(NBS), (Summary) ,  PROC. 
24th ANN. SYMP. ON FREQUENCY CONTROL (U. S. A r m y  Elec t ronics  
Command, Ft. Monmouth, N. J. 07703, April-27-29, 1970), p. 361 (Electron.  
Ind. Ass . ,  Washington, D. C. 20006, $6.50, 1970). 

July 1970 - June 1971 

BARNES, J. A , ,  "A non-mathematical  d i scuss ion  of some b a s i c  concepts  of [B-301 
p r e c i s e  t i m e  measurement ,  TRACOR FREQUENCY, 17 pages  (in p r e s s ) .  
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SECTIQN C 

DISTRIBUTlON/RECEPTION OF TIME AND IJREQUENCY SIGNALS 

NBS contributions to the topic of this section were, in the middle 1950's, through the HF standard frequency 
broadcasts of WWV and WWVH with received precisions of mme parts in lo' from day to day. LF broadcasts were 
commenced at 60 kHz (KK2XEI-later WWVB) in 1956 from a site at  the Boulder Laboratories. Only radiating about 
a watt of power, this 60 kHz broadcast was, used by Prof. Pierce at Harvard University to intercompare NBS and NPL 
(England) frequency standards to several parts in lo9. Concuwently with the LF studies, it became apparent that VLF 
signals also could be broadcast with prccision. N E  studia, dong wiah others, gave impetus to the adoption, in 
December 1959, of the 20 kHz standard frequency band by the lnternahnal Kadio Conference for the International 
Telecommunications Union (ITU). After a 3-month period cpf construction, NBS commenced broadcasting a 20 kIiz 
standard frequency from WWVL a t  a site some 18 a i r h e  k m s  west of Boulder. The success of these two low 
lrequency transmissions on an experimental basis led to the development and construction of more powcdul stations 
at Ft. Collins, Colorado in 1963. This section of the bibliogi-aphy includes papers which describe the NUS broadcasts 
and give their characteristics, use, special experiments, and l e ~ l s  of received precision. Thc. improvement in frequency 
standards during this period of time contributed immeasely to the precision of signals broadcast. The NBS 
contribution to Loran-C, although not a direct time and freqaency involvement, is also listed. 

A5 time and frequency dissemination advanced to meet wore stringent goals, the use of satellites and commercial 
TV enabled 1.1 second, or better, timing. The future includes providing a more powerful and effective WWVH on Kauai, 
Hawaii in July 1971, revising the format of the IIF broadcasts for greater utility of use, and refining the satellite and 
TV rxperiments; long-range plans include WWV-type transmkssions from synchronous satellites and time synchroniza- 
tions through long-base interferometry (LBI) measurements. 
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SECTION C 

DISTRIBUTION/RECEPTION O F  TIME AND FREQUENCY SIGNALS 
1 

Ju ly  1955 - June  1956 

[C- l ]  NBS, "Standard f requencies  and t i m e  s igba ls  WWV and WWVH, NAT. BUR. 
(B)  STAND. (U. S. ), LETT.  CIRC. 1023, 14 pages  ( June  1956),  (Superseded  by 

MISC. PUBL. 236, December  1960). 

Ju lv  1956 - June  1957 

[C-21 GEORGE, W. D. , "Low f requency  s tanddrd  t r ansmiss ion ,  PROC. 11th ANN. 
SYMP. ON FREQUENCY CONTROL '(Signal Corps  Engineer ing Lab. ,  
Ft. Monmouth, N. 3. 07703, May 7-9, 1957), p. 574 (Libr. Congr. , P B -  
134 925, 1957). 

[C-31 NBS, "Standard f requency  and t i m e  s igna ls  WWV and WWVH, PROC. I R E  
( C o r r e s p . ) ,  44,  No. 10, pp, 1470-1473 (October  1956). (B)  - 

Ju ly  1957 - June  1958 

GEORGE, W. D.,  and NBS STAFF,  "WWV s tandard  frequency t r a n s m i s s i o n s ,  [C-4] 
PROC. IRE ( C o r r e s p . ) ,  46,  No. 5, pp. 910-911 (May 1958). 
[Note: 
PROC. I E E E  ( L e t t e r s ) ,  56, No. 10, pp. 1759-1760 (October  1968). ] 

GILLILAND, T. R. ,  "Automatic rad io  cdntrol fo r  c locks ,"  U. S. patent 

T h e s e  not ices  w e r e p u b l i s h e d  monthly the rea f t e r  t h r u  October  1968--  

- 
[C-5] 

( B )  2 ,824 ,218 ,  18  pages  ( F e b r u a r y  18, 1958). 
I 

[C-6] NBS, "Exper imenta l  s t anda rd  frequency b roadcas t  on  60 k i locyc les ,  II NAT. BUR. 
STAND. (U.S. ), TECH. NEWS BULG., 41, No. 7,  pp. 99-100 (USGPO, 
$0.15, Ju ly  1957). 

- 

[C-i'] NBS, "Standard m u s i c a l  pitch,  NAT. BUR. STAND. (U. S. ), TECH. NEWS 
BULL.,  41, No. 8, pp. 120-121 (USGPO, $0.15, August 1957). 

Ju lv  1958 - June  1959 

NONE 

July  1959 - June  1960 

[C-&]  DOHERTY, R. H., HEFLEY,  G. , and LLNFIELD, R. F. , "Timing potentials 
of Loran-C,  PROC. 14th ANN. SNMP. ON FREQUENCY CONTROL 
(U. S. A r m y  Signal Resea rch  and  Development Lab., F t .  Monmouth, 
N. J. 07703, May 31-June 2 ,  1960), pp. 276-297 (Libr .  Congr . ,  P B -  
153 716, 1960); 

[C-8b]  PROC. IRE, 49, No. 11, pp.1659-1673 (November 1961). 
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[C-sa ]  HEFLEY,  C. , DOHERTY, R. H. , and  BERGER, E.  L.,  "An in te rmi t ten t -ac t ion  
c a m e r a  with absolu te  t ime  ca l ibra t ion ,  IRE We scon  Convention Record  
(PROC. WESCON, Los  Angeles ,  Calif . ,  August 18-21, 1959), 3 ,  Part 6,  
pp. 129-135 (IRE, ( IEEE)  Inc., New York, N.Y. 10017, 1959): 

J. RES. NAT. BUR. STAND. (ENG. AND INSTRUM.) ,KC,  No. 7, PP. 159- [C-9bI 
165 (Apri l -June 1960). 

[C-101 
(B)  

MORGAN, A. H. , " P r e c i s e  t i m e  synchronizat ion of widely sepa ra t ed  c locks ,  I t  

NAT. BUR. STAND. (U. S. ), TECH. NOTE 22, 65  pages  (NTIS, P B  151 381, 
$3.00, July 1959). 

[C-11] NBS, "Standards and ca l ibra t ion  i n  r ad io  and  e l ec t ron ic s ,  'I NAT. BUR. STAND. 
(U.S.), TECH. NEWS BULL,,  43,  No. 1 2 ,  pp. 226-230 (USGPO, $0.15, 
December  1959). 

- (A ) 

[C-12] NBS, "Standard frequency b roadcas t  on  20 k c / s ,  I '  TELECOM. J. (Notes  and News-  
Engl i sh  Edition),  27, No. 5, p. llOE (May 1960). - 

EC-131 WATT, A. D. , and PLUSH, R. W . ,  "Power  r equ i r emen t s  and choice of a n  opti-  
m u m  f requency  f o r  a worldwide s tandard- f requency  broadcas t ing  station, ( I  

J. RES. NAT. BUR. STAND. (RADIO PROPAGAT. ), 63D, NO. 
(July-August  19 59). 

1, pp. 35-44 - 

Julv 1960 - June 1961 

[C-14] BENDER, P. L. , "Synchronization of time s t anda rds  f o r  s a t e l l i t e  t r ack ing ,  
u -  

(Summary) ,  Monograph of Rad ioe lec t r i c  Measuremen t s  and  Standards  (XILTth 
Gen. Assem.  of URSI, London, England, September  5-15, 1960),  B. Decaux, 
Ed. ,  pp. 48-49 (E l sev ie r  Publ ishing Co., Ams te rdam,  Nether lands,  1961). 

[C-15a] DAVIS, T. L., and DOHERTY, R. H. ,  "Widely sepa ra t ed  clocks wi th  m i c r o -  
second synchronizat ion and independent d i s t r ibu t ion  s y s t e m s ,  
Convention Recog$. ( P r o c .  WESCON, Los  Angeles ,  Calif . ,  August 23-26, 
1960), 4, P a r t  5, pp. 3-17 (IRE, ( IEEE)  Inc., New York, N.Y. 10017, 1960). 

IRE TRANS. SPACE ELECT.  AND TELEMETRY, SET-6, No. 3-4 ,  pp. 138- 
146 (December  1960). 

IRE Wescon 

[C-15b] 

[ c - i 6 ]  NBS, "Exper imenta l  t iming code added to WWV broadcas t s ,  'I NAT. BUR. STAND. 
(U.S.), TECH. NEWS BULL. ,  44, No. 7, pp. 114-115 (USGPO, $0.15, July 
1960). 

( B )  - 

[C-17] NBS, "New s t anda rd  frequency b roadcas t s ,  I f  NAT. BUR. STAND. (U. S. ), TECH, 
NEWS BULL., 44, NO. 7,  pp. 120-121 (USGPO, $0.15, July 1960). 

[C-181 NBS, "Standard f requencies  and t i m e  s igna ls  f r o m  NBS s ta t ions  W W V  and WWVH, 'I 
( B )  NAT. BUR. STAND. (U. S. ), MISC. PUBL. 236, 6 pages  (December  1960). 

(Repr in ted  wi th  co r rec t ions  Ju ly  1, 1961 - Superseded  by 1965 Edition). 

[C-19] NBS, "Changes i n  WWV/WWVH s tanda rd  b , roadcas ts ,  NAT. BUR. STAND. (U. S. ), 
TECH. NEWS BULL., g,  No. 1, pp. 11-13 (USCPO, $0.15, J anua ry  1961). 

[C-20] SAITO, S. , and BRETEMPS, F. R . ,  " F o r  a c c u r a t e  t iming build a WWV t i m e  s ig -  
nal r e c e i v e r ,  (I ELECTRONIC INDUSTRIES, 19, No. s, pp. 214, 216 (August 
1960). 

- 
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July 1961 - June  1962 

F E Y ,  R. L . ,  MILTON, J. B. ,  and MORGAN, A. H. ,  "Remote phase  control of 
NATURE, 1913, No. 48'20, pp. 1063-1064 ( M a r c h  17, 

[ c -21 ]  
rad io  station WWVL, 
1962). 

i- 

[c -221  NBS, "Loran-C clock t iming sys t em,  'I NAT. BUR. STAND. (U. S. ), TECH. NEWS 
BULL., 46, No. 2 ,  pp. 20-21 (USCPO, $0.14, F e b r u a r y  1962). 

BUR. STAND. (U.S.), TECH. NEWS BULL.,  5, No. 2, p. 24, (USGPO, 
$0.15, F e b r u a r y  1962). I 

[ c -23 ]  NBS, IINBS and Navy announce change i n  s t anda rd  f requency  b roadcas t s ,  It NAT. 

1 

[ c -24 ]  WATT, A. D., PLUSH, R. W. , BROWN, W. W . ,  and MORGAN, A. H. ,  l lWor ld-  
wide V L F  s t anda rd  frequency and t i m e  signal broadcas t ing ,  J. RES. NAT. 
BUR. STAND. (RADIO PROPACAT,)  65D, pp. 617-627 (November-December  
1961). 

- 

Ju ly  1962 - June  1963 

[ c -25 ]  MORGAN, A. H. ,  "Frequency  and  t i m e  b roadcas t  s e r v i c e s  of the  National Bureau  
of S tandards ,  (I 1962 PROC. INSTRdM. SOC. O F  AMER. , (17th Annu. Ins t rum.  - 
Automat. Conf. and Exhib., New Ydrk City, N. Y . ,  October  15-18, 1962),  
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Pa. 15219, 1962). 
- 
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ards Labora to ry  Conference (Bould t r, Colo. 80302, August 8-10, 1962), 
NAT. BUR. STAND. (U.S.) MISC. PUBL. 248, P a p e r  1.6, pp. 37-43 (USGPO, 
$1.75, August 1963). 

Ju ly  1963 - June 1964 1 

[C-28] 
(A ) 

MORGAN, A. H., "Compar ison  of a tomic  s t anda rds  by VLF,  U. S. A. National 
Commit tee  International Scientific fladio UnioD (Repor t  on t h e  XIVth Gen. 
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pp. 134-135 (National Academy of Sbiences,  Washington, D. C. 20418. 1963). 

[C-29] 
(A ) 
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Sc ience  1960-1963, Radio Standardq & Measuremen t s ,  P r o c .  of Comm. I on  
Radio Measur .  & Stand. - XIVth Geb. A s s e m ,  of URSI (Tokyo,  J apan ,  Sep-  
t e m b e r  9-20, 1963),  R. W. Beatty,  E d . ,  1 ,  p. 40 (E l sev ie r  Publ ishing Co., 
Ams te rdam,  Nether lands,  1963). 

P r o g r e s s  i n  Radio 

- 

[C-301 NBS, "New fac i l i t i es  dedicated fo r  WWVB and WWVL, NAT. BUR. STAND. 
(U.S. ), TECH. NEWS BULL. ,  47, NO. 10, pp. 178-179 (USGPO, $0.15, - 
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[C-31] RICHARDSON, J. M. , "Es tab l i shment  of new fac i l i t i es  fo r  WWVL and WWVB, 
RADIO SCI. J. RES. ,  NBS/USNC-URSI, 68D, No. 1 ,  p. 135 ( Janua ry  1964). - 
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[C-32] MORGAN, A. H., and  BALTZER, 0. J . ,  "A V L F  t iming experiment ,  I t  RADIO 
SCI. J. RES., NBSJUSNC-URSI, 68D, No. 11, pp. 1219-1222 (November 
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- 

[C-331 NBS, "Standard frequency and t i m e  s e r v i c e s  of t he  National Bureau  of S tandards ,  
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[C-34] NBS, "NBS low-frequency s ta t ion WWVB to  broadcas t  internat ional  unit of time, 'I 
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(USGPO, $0.15, F e b r u a r y  1965). 

Julv 1965 - June  1966 

[C-35] ANDREWS, D. H . ,  "Standard frequency and  t i m e  s e r v i c e s  of t he  National Bureau  
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- 

[C-36] ANDREWS, D. H.,  " L F - V L F  frequency and t i m e  s e r v i c e s  of the National Bureau  
(B)  of S tandards ,"  IEEE TRANS. INSTRUM. AND MEAS. , LM-14, No. 4. pp. 233- 
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[C-37] BLAIR, B. E., and MORGAN, A. H., "Control of WWV and WWVH s t a n d a r d  f r e -  
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[C-38] 
(A 1 
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rG-391 NBS, "WWV to  b e  relocated,  NAT. BUR. STAND. (U. S. ), TECH. NEWS BULL. 
49,  No. 12, pp. 215-218 (USGPO, $0.15, December  1965). - 

[C-40] NBS, "NBS s tandard  frequency and time s e r v i c e s ,  ' I  NAT. BUR. STAND. (U. S. ), 
MISC. PUBL. 236, 1966 Edition, 12 pages  (USGPO, 1966) (Superseded by 
1967 Edition). 

[C-41] NBS, ltWWVB adds  time code to  b r o a d c a s t s ,  I t  NAT. BUR. STAND. (U. S. ), TECH. 
(B)  NEWS BULL.,  50, No. 1, pp. 15-16 (USGPO, $0.15, J a n u a r y  1966). 

Julv 1966 - J u n e  1967 

[G-42] ANDREWS, D. H. ,  "Of t i m e  and  frequency,  How to L i s t e n  to the World,  pp. 3 -7  
(World Publ icat ions , Hell e r u p  , Denmark ,  January  19 67). 

[C-43] BEERS, Y . ,  l l W W V  m o v e s  to Colorado, I t  Parts I and 11, QST, LI, No. 1, pp. 11- - 
14 (January  1967);  LI, No. 2, pp. 30-36 ( F e b r u a r y  1967). - 

[C-44] BLAIR, B. E. ,  CROW, E. L. ,  and MORGAN, A. H.,  "F ive  y e a r s  of V L F  wor ld-  
wide compar ison  of a t o m i c  frequency s t a n d a r d s ,  I 1  RADIO SCI., 2 ,  (New 
S e r i e s ) ,  No. 6, pp. 627-636 (June 1967). 

(A) - 
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[C-45] FEY, L.,  and LOONEY, C. H., J r . ,  "A dual frequency V L F  t iming s y s t e m , "  
I E E E  TRANS. INSTRUM. A N D M W S . ,  - IM-15, NO. 4, pp. 190-195 
(December  1966). 

[ ~ - 4 6 ]  KAMAS, G., MORGAN, A. H, , and JEFPERSEN, J. L.,  "New m e a s u r e m e n t s  of 
phase  velocity at V L F ,  I (  RADIO SCJ., 1, (New Ser i e s ) ,  No. 12. pp. 1409- 
1410 (December  1966). 

[C-47] MORGAN, A. H . ,  "Distribution of s tangard  frequency and t i m e  s igna ls , "  PROC. 
IEEE, 55, No. 6, pp. 827-836 (June  1967). - 

[C-48] NBS, ! 'Construction of new WWV buildings begun, NAT. BUR. STAND. (U. S. ), 
TECH. NEWS BULL.,  50, No. 9,  p. 161 (USGPO, $0.15, September  19661- 

NBS, "NBS s tandard  frequency and t i m e  s e r v i c e s ,  I t  NAT. BUR. STAND. (U. S. ), [C-49] 
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1968 Edition). 
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[C- 501 JESPERSEN, J. L. , "Signal design foq t i m e  disqemination: s o m e  aspec t s ,  " NAT. 

BUR. STAND. (U.  S. ), TECH. NOPE 357, 38 pages  (USGPO, $0.30, Novem- 
b e r  1967). 
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rc-521 JESPERSEN, J. L. ,  KAMAS, G.,  and MORGAN, A. H.,  "A proposed  ranging 
s y s t e m  with application to  V L F  t i l r ing ,  
MEAS., IM-15, No. 4 ,  pp. 282-2$5 (December  1967). 

I E E E  TRANS. INSTRUM. AND 

[C-53] NBS, "Standards and cal ibrat ions - WWVH radiat ion p a t t e r n  modified,  I t  NAT. 
BUR. STAND. (U.S. ), TECH. NEWS BULL, ,  1, No. 10, p. 223 (USGPO, 
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July 1968 - June 1969 
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- 
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SPEC. PUBL. 236, 1969 Edition, 16 pages  (USGPO, 1969) (Superseded by 
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- 

[C-62] BLAJR, B. E. ,  JESPERSEN, J. L . ,  and  KAMAS, G . ,  " V L F  p r e c i s i o n  t imekeep-  
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- 
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Elec t ronics  Command, Ft. Monmouth, N. J. 07703, A p r i l  27-29, 1970),  
pp. 322-323 (Electron.  Ind. A s s . ,  Washington, D. C. 20006, $6.50, 1970). 

[C-65] 
(A, B) 
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[C-70] 

D, E )  

[C-71] 

BLAIR, B. E.  .and MORGAN, A. H., (qds. ), Pre ,c i s ion  Measurement  and  
BJ Calibrat ion - Selected NBS Pape rb  on Frequency  and Time, NAT. BUR. 

STAND. (U.S.), SPEC. PUBL. 3b0, vol. v (USGPO, in p r e s s ) .  

DAVIS, D. D. , "Transmiss ion  of t ime i f r equency  s ignals  in  the ver t ica l  interval ,  I '  

Synopses of P a p e r s ,  (SOC. MOTIbN PICT.  & TELE.  ENG. - 108th Tech. 
Conf. & Equip. Exhib., New York, N.Y. 
P a p e r  No. 43, 3 pages (October i970).  

10019, October 4-9, 1970), 



SECTION D 

STATISTICS OF TIME AND FREQUENCY 
ANALYSES, FREQUENCY STABILITY 

This section includes NBS papers on such subjects as power spectrum, oscillator noise effects, flicker noise, stability 
of frequency generators, and statistics of atomic frequency standards. Specific NBS work and publications in this 
general subject area did not appear until the late 1950’s. Impetus to the study of the definition and measurement of 
short-term frequency stability was given by the joint IEEE-NASA Symposium in 1964, from which evolved a Special 
Issue of the IEEE PROCEEDINGS in February 1966. NBS contributions to these studies are noted in this listing. 
Some specific characterizations or definitions of frequency stability have now been crystallized by the Subcommittee 
on Frequency Stability of the Frequency and Time Technical Committee (IEEE Group on Instrumentation and 
Measurement). The initial publication of this work is NBS TECH. NOTE 394, co-authored by 11 Subcommittee 
members. 
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[D-41 

SECTION D 

STATISTICS O F  TIME AND FREQUENCY ANALYSES; MEASUREMENTS 

Ju ly  1959 - Ju ly  1960 

ATKINSON, W., and  F E Y ,  L. ,  "Statist ical  a s p e c t s  of clock e r r o r s ,  (Unpublished 
r epor t ) .  

Ju ly  1960 - June  1961 

BARNES, J. A., and MOCKLER, R. C., "The power s p e c t r u m  and its i m p o r -  
t ance  i n  p r e c i s e  f requency m e a s u r e m e n t s ,  I t  IRE TRANS. INSTRUM., E, 
No. 2, pp. 149-155 (September  1960). 

Ju ly  1961 - June  1962 

NONE 

July  1962 - June  1963 

ATKINSON, W. R. , F E Y ,  L. ,  and  NEWMAN, J. ,  "Spectrum ana lys i s  of ex t r eme ly  
low frequency va r i a t ions  of qua r t z  osicillators, I I  PROC. IEEE (Cor resp .  ), 51, 
NO. 2 ,  p. 379 ( F e b r u a r y  1963). 

- 

July 1963 - June 1964 

F E Y ,  L., ATKINSON, W. R., and NEWMAN, J.,  "Obscur i t ies  of o sc i l l a to r  
noise,  PROC. IEEE (Cor resp .  ), 521 No. 1, pp. 104-105 (January  1964). -- 

July 1964 - June  1965 

BARNES, J. A. ,  and ALLAN, D, W. , "Effects of l ong- t e rm stabil i ty on t h e  
definition and m e a s u r e m e n t  of s h o r t - t e r m  stabil i ty,  
SYMP. ON SHORT-TERM FREQUENCY STABILITY, A. R. Chi, Chai rman,  
(Goddard Space  F l ight  Center ,  Greenbel t ,  Md. 

PROC. IEEE-NASA 

20771, November 23-24, 
1964), NASA REP.  SP-80, pp. 119-1E3 (USGPO, $1.75, 1965). 

Ju lv  1965 - June  1966 

ALLAN, D. W. , "Statist ics of a tomic  f requency  s t anda rds ,  PROC. IEEE, 54, - 
' 7 ~ ) .  2 ,  pp. 221-230 ( F e b r u a r y  1966). 

29 



[D-71 
(A ) 

[D-81 

[D- 91 

[D- 10 ] 
(C)  

[ D - l l l  

[D-121 

[D-131 

[D-141 

[D- 151 
(C)  

BARNES, J. A. ,  "Atomic t imekeeping and the  s t a t i s t i c s  of prec is ion  s ignal  gen-  
e r a t o r s ,  I T  PROC. I E E E ,  54, No. 2, pp. 207-220 ( F e b r u a r y  1966). 

BARNES, J. A.,  and ALLAN, D. W.  , "A statistical model of f l icker  noise, 

- 

PROC. IEEE, 54, No. 2, pp. 176-178 ( F e b r u a r y  1966). - 

July 1966 - J u n e  1967 

BARNES, J. A. , "The generat ion and recogni t ion of f l icker  noise ,  (Unpublished 
r e p o r t  ). 

July 1967 - June 1968 

ALLAN, D. W . ,  and BARNES, J. A. , "Some s ta t i s t ica l  p r o p e r t i e s  of L F  and 
V L F  propagation, 
Propagat ion (AGARD/EWP XI11 Symp.,  Ankara,  Turkey,  October  9-12, 1967), 
AGARD CONF. PROC. NO. 33, Chap. 15, K. Davies ,  Ed. (Technivision 
Serv ices ,  Slough, England)(In p r e s s ) .  

HALFORD, D.,  "A genera l  mechanica l  model  for  lfla spec t r a l  densi ty  r andom 

F h a s e  and  Frequency  Instabil i ty in  Elec t romagnet ic  Wave 

noise  with spec ia l  r e f e r e n c e  to  f l icker  no ise  1 /  If\,!! PROC. IEEE, 56, No. 3 ,  
pp. 251-258 ( M a r c h  1968). 

- 

HALFORD, D. , WAINWRIGHT, A. E., a n d  BARNES, J. A , ,  "Flicker n o i s e  of 
phase  i n  R F  a m p l i f i e r s  and  frequency mul t ip l ie rs :  Charac te r iza t ion ,  cause ,  
and cu re ,  (Summary)  PROC. 22nd ANN. SYMP. ON FREQUENCY CONTROL 
(U. S. A r m y  Elec t ronics  Command, Ft. Monmouth, N. J. 07703, Apr i l  22- 
24, 1968),  pp. 340-341 (NTIS, AD-844 911, 1968). 

HUDSON, G. E., and BARNES, J. A . ,  "Clock e r r o r  s t a t i s t i c s  as a renewal  
p r o c e s s ,  PROC. 22nd ANN. SYMP. ON FREQUENCY CONTROL (U. S. 
A r m y  Elec t ronics  Command, Ft. Monmouth, N. J. 07703, A p r i l  22-24, 
1968),  pp. 384-418 (NTIS, AD-844 911, 1968). 

J u l y  1968 - June 1969 

BARNES, J. A. ,  "Tables  of b i a s  functions,  B and B2, fo r  v a r i a n c e s  based  on 
1 

f in i te  s a m p l e s  of p r o c e s s e s  with power law spec t r a l  dens i t ies ,  
STAND. (U. S. ), TECH. NOTE 375, 37 pages  (USGPO, $0.50, J a n u a r y  1969). 

NAT. BUR. 

GUETROT, A. ,  HIGBIE, L. S. ,  LAVANCEAU, J . ,  a n d A L L A N ,  D. W . ,  "An 
application of s ta t i s t ica l  smoothing techniques on V L F  s igna ls  fo r  compar ison  
of t i m e  between USNO and NBS, I' (Summary)  PROC. 23rd  ANN. SYMP. ON 
FREQUENCY CONTROL (U. S. A r m y  Elec t ronics  Command, Ft. Monmouth, 
N. J. 07703, May 6-8,  1969),  p. 248 (Electron.  Ind. A s s . ,  Washington, 
D. C. 20006, $6.50, 1969). 

[D-161 
(A, BY E )  

POWERS, R. S., and SNYDER, W. F. (Eds.  ), "Radio-frequency m e a s u r e m e n t s  
i n  the  NBS Ins t i tu te  for  B a s i c  Standards"  ( T i m e  and Frequency  Sect ions only) ,  

$1.00, J u n e  1969). 
NAT. BUR. STAND, (U.S. ), TECH. NOTE 373, pp. 1 to  12-1 (USGPO, 
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July 1969 - June 1970 

[D-17] HALFORD, D., "Frequency s tabi l i ty  of uality q u a r t z  c rys t a l  osc i l la tors :  P e r -  
(A 1 f o r m a n c e  and s o m e  c r i t i ca l  appl icat  P ons ,  ' I  (Abs t rac t )  PROC. COLLOQUE 

INTERNATIONAL DE CHRONOMETRIE (Internat ional  Horological Symp. , 
Paris, F r a n c e ,  September  16-20, 1969),  P a p e r  A l l ,  3 pages (Nouvelle 
Facul te  d e s  Sc iences ,  11, Quai  St., Paris, (5 ' ) ,  F r a n c e ,  1969). 

July 1970 - June  1971 

[D- lga]  BARNES, J. A . ,  CHI, A. R . ,  CUTLER, L. S.9 HEALEY, D. J., LEESON, D. B.3 

McGUNIGAL, T. E., MULLEN, J. A., SMITH, w. L.8 SYDNORs R.9 

VESSOT, R. F. C. ,  and WINKLER, G. M. R . ,  "Charac te r iza t ion  of f requency 
stabil i ty,  I t  NAT. BUR. STAND. (U. $. ), TECH. NOTE 394, 50 pages  ( U s G P o ,  
C13.46:394, $0. 60, October  1970); 

IEEE TRANS. INSTRUM. AND MEAG., IM-20, No. 2 (May 1 9 7 1 ) .  [D-18b] 
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SECTION E 

GENERAL, SUMMARY, AND STATUS REPORTS 

This section includes (1) reviews of progress, developments, etc., in the general area of time and frequency for given 
time periods, prepared for the International Body of URSI-Commission 1; (2) conference or summary reports 
showing the progress of time and frequency projects; (3) status reports of time and frequency activities at a given 
time; and (4) reports or papers which show how time and frequency functions fit into the overall NBS mission of 
providing a central basis for the National Measurement System. 
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SECTION E 

GENERAL, SUMMARY AND STATUS REPORTS 

Julv 1956 - June  1957 

[E-1] McNISH, A. G . ,  "Dimensions,  units andl s t anda rds , "  PHYSICS TODAY, 10,  - 
No. 4,  pp. 19-25 (Apri l  1957). 

Julv 1957 - June 1958 

[E-21 
(A, B, C )  

GEORGE, W. D., and LYONS, H., "Review of developments on  radio m e a s u r e -  
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SECTION G 

NBS TlME AND FREQUENCY SERVICES 
OUTSIDE PUBLICATIONS 

In this section appear some important articles which are non-NBS affiliated, yet are related LO NBS services. These 
papers describe the NBS standards and facilities, show methods and techniques for using the NBS time and frequency 
services, and document some of the many ways in which the NBS outputs in time and frequency are used. These NBS 
services impact on a range of activities which includes the timing of seismic events; providing a time reference for both 
telemetering data from “clusters” of seismic stations throughout the western U. S. and automatically processing 
earthquake data on an electronic computer; accurate timing for telephone distribution in many of our major cities; 
frequency synchronization of electric power utilities throughout the U S .  and Canada; frequency and time 
synchronization of standards laboratories; contributions to an international time scale as determined by the B.I.H.; 
time service station for USNO clock reference; and specialized research and propagation studies. Such a varied range 
of activities provides a cross section of the NBS time and frequency user. The aggregate body of users includes 
government agencies (U. S. Geological Survey, U. S. Coast & Geodetic Survey, NASA, U. S. Navy, U. S. Air Force, 
U. S. Army), diverse university research units, Woods Hole Oceanographic group, Je t  Propulsion Laboratory, Douglas 
Aircraft Co., Canadian Pacific Railway, Bell Telephone Co., power utilities in the U. S. and Canada, time and 
frequency equipment manufacturers, amateur radio operators, and scientific and technical industries. 

This listing is a sample of outside publications which attempts to show the scope and depth of  NBS time and 
frequency involvement in science and technology. It cannot be all-inclusive; however, we welcome recommendations 
for noteworthy accessions, as well as documentation of additional uses of our time and frequency services. The 
reierc~~ces includc some manufacturers’ literature; thfLir inclusion, though, is to show overall techniques and methods 
of time and frequency measurement and in no way is an NBS endorsement of commercial equipment. The outline 
structure of this section is as follows: 
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G 1. Description of NBS frequency standards, broadcasts, andl receiving systems. 
G 11. How to use NBS time and frequency broadcasts. 
G 111. Varied uses of NBS time and frequency services. 

a. 
b. 

d. 
C. 

e. 
f. 
g. 
h. 

J. 
1. 

Commercial-radio frequency stabilization 
Geophysical event timing 
lntercomparison of frequency standards, time scales I 

Local laboratory synchronization 
(1) General synchronization 
(2) Within laboratory distribution 
Navigation 
Portable clock comparisons 
Power industry frequency synchronization 
Propagation studies 
Research experiments 
Timing 
(1) Local 
(2) Telephone company 

I 
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SECTION C 

NBS TIME AND FREQUENCY SERVICES--OUTSIDE PUBLICATIONS 
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APPENDIF I 

STRUCTURE OF NBS TIME AN FREQUENCY DIVISION D 
The Time and Frequency Division, one of eleven technical1 divisions in the NBS Institute for Basic Standards, is 

located a t  Boulder, Colorado, 80302, and consists of three Sections as follows: 
Section 273.01 

Section 273.02 

Section 273.04 

Frequency-Time Dissemination Research , 
Pursues research on new and improved methods for dissemination of frequency and time 
standards, including radio (HF, MF, LF, and VLF signals), satellites, television timing, portable 
clocks, and other advanced techniques. 
Frequency-Time Broadcast Services 
Operates four NBS standard frequency radio stations-three located at  Ft. Collins, Colorado, and 
one HF station, WWVH, located at Maui, Hawaii. (WWVII will relocate to Kauai, Hawaii on or 
about July 1, 1971.) The three Ft. Colliqs stations include (1) WWV, which transmits in 6 €IF 
bands, (2) WWVB, which transmits a 60; kHz signal, and (3) WWVL, an experimental VLF 
broadcast, nominally at 20 kHz. Evaluate , modifies, and develops new or better techniques for 
improving the accuracy and/or coverage of lthe NBS standard frequency and time broadcasts. 
Atomic Frequency and Time Standards 
Operates, maintains, and improves the p ary NBS Frequcricy and Time Standards. Performs 
research and development on cesium be t s, hydrogen beams, and othcr potential quantum 
electronic frequency standards, low noFse electronics, and statistical analyses and model 
techniques for evaluating time and frequenicy data. Also provides frequency and time calibrations 
to users requiring traceability to the NBS standards. 
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APPENDIX I1 

NBS TIME/FREQUENCY BROADCAST NOTICES, 
BULLETINS, HF PREDICTION METHODS 

1. Information on the NBS standard frequency and time broadcasts is given monthly in the NAT. BUR. STAND. 
(US.), TECH. NEWS BULL. (USGPO, $3.00/yr.) since January 1967. 

2. The Frequency-Time Broadcast Services Section publishes a monthly bulletin which includes time scale 
information, daily phase deviations of NBS and non-NBS stations, daily television time transfer measurements, 
outages of NBS radio broadcasts, advance announcements concerning phase adjustments, offsets or alterations of 
broadcast formats, etc. Users of NBS radio broadcasts, who require such information on the basis of need, should 
address a request to: 

Chief, Frequency-Time Broadcast 
Services Section, 273.02 

Time and Frequency Division 
National Bureau of Standards 
Boulder, Colorado 80302 

Telephone: (303) 447-1000, extension 3453 

3. The NBS SPEC. PUBL. 236-NBS Frequency and Time Broadcast Services is revised annually. Copies are 
available from the USGPO. 

4. A mailing list for current scientific and technical publications of the Atomic Frequency and Time Standards 
Section is maintained. On the basis of need, make written request to: 

Chief, Atomic Frequency and Time 
Standards Section, -273.M 

Time and Frequency Division 
National Bureau of Standards 
Boulder, Colorado 80302 

Telephone: (303) 447-1000, extension 3755 

5. BARGHAUSEN, A. F., FINNEY, J. W., PROCTOR, L. L., AND SCHULTZ, L.D., “Predicting long-term 
operational parameters and high-frequency sky-wave telecommunication systems,” ESSA TECH REP. ERL 1 10-ITS 
78,290 pages (USGPO, $2.25, May 1969). 

Note: This is a comprehensive treatment of methods and techniques for predicting long-term performance of HF 
telecommunication systems. Measures of the system performance are derived in terms of circuit reliability and 
service probability. A complete listing of the electronic computer program is given which includes descriptions of 
input and output data. 

Many people helped in the compilation of this bibliography. Don Halford and Roger Beehler gave much 
encouragement to this work. Grateful appreciation is expressed to the NBS Library personnel, the Electromagnetic 
Metrology Center, and the Boulder Program Information Office. We thank Mrs. Louise Gaskill and Mrs. Carol Wright 
for patience and skill in typing this manuscript. Thanks are also due Mrs. Glynetta Perrymore, Mrs. Darlene Noble, 
and Mrs. Sandra Gainsforth for assistance in checking and documenting references 
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NBS TECHNICAL 

P ERI 0 D I CALS 

JOURNAL OF RESEARCH reports National 
Burrau of Standards research and developriient in 
physics, iiiatlieiiiatics, cheiiiistry, and engineering. 
Coiiipreliensi\.e scientific papers give coiiiplete details 
of the work: including laboratory data, experimental 
procedures, and theoretical and iiiatheiiiatical analy- 
ses. Illustrated with photograplis, drawings, and 
charts. 

Pub1ishc.d i n  thrcc' sections, available selarately: 

0 Physics and Chemistry 

Papers of interest primarily to scientists working in 
these fields. This section covers a broad range of 
physical and chemical research, with major emphasis 
on standards of physical measurement, fundamental 
constants, and properties of matter. Issued six times 
a year. Annual subscription : Domestic, $9.50; for- 
eign, $1 1.75". 

0 Mathematical Sciences 

Studies and compilations designed mainly for the 
mathematician and theoretical physicist. Topics in 
mathematical statistics, theory of experiment design, 
numerical analysis, theoretical physics and chemis- 
try, logical design and programming of computers 
and computer systems. Short numerical tables. 
Issued quarterly. Annual subscription : Domestic, 
$5.00; foreign, $6.25". 

0 Engineering and Instrumentation 

Reporting results of interest chiefly to the engineer 
and the applied scientist. This section includes many 
of the new developments in instrumentation resulting 
from the Bureau's work in physical measurement, 
data processing, and development of test methods. 
I t  will also cover some of the work in acoustics, 
applied mechanics, building research, and cryogenic 
engineering. Issued quarterly. Annual subscription : 
Domestic, $5.00; foreign, $6.25". 

TECHNICAL NEWS BULLETIN 

The best single source of information concerning the 
Bureau's research, developmental, cooperative and 
publication activities, this monthly publication is 
designed for the industry-oriented individual whose 
daily work involves intimate contact with science gnd 
technology-for engineers, chemists, physicists, 76- 

search managers, product-development managers, and 
company executives. Annual subscription : Dome$tic, 
$3.00; foreign, $4.00". 

Difference in price is due to extra colt  of foreign mailing. 

Order NBS publications from: Superintendent 

PUBLICATIONS 

NONPER~ 0 DICALS 

Applied Mathematics Series. Mathematical tables, 
manuals, and studies. 

Building Science Series. Research results, test 
methods, and performance criteria of building ma- 
terials, components, systems, and structures. 

Handbooks. Recommended codes of engineering 
and industrial practice (including safety codes) de- 
veloped in cooperation with interested industries, 
ptofessional organizations, and regulatory bodies. 

Special Publications. Proceedings of NBS confer- 
ences, bibliographies, annual reports, wall charts, 
pamphlets, etc. 

mnographs. Major contributions to the technical 
literature on various subjects related to the Bureau's 
scientific and technical activities. 

Ngtional Standard Reference Data Series. 
N$RDS provides quantitative data on the physical 
a d  chemical properties of materials, compiled from 
the world's literature and critically evaluated. 

Product Standards. Provide requirements for si7es, 
types, quality and methods for testing various indus- 
trial products. These standards are developed coopera- 
tively with interested Government and industry groups 
and provide the basis for common understanding of 
prpduct characteristics for both buyers and sellers. 
Their use is voluntary. 

Technical Notes. This series consists of communi- 
cations and reports (covering both other agency and 
NBS-sponsored work) of limited or transitory interest. 

Federal Information Processing Standards Pub- 
liaations. This series is the official publication within 
the Federal Government for information on standards 
adopted and promulgated under the Public Law 
89-306, and Bureau of the Budget Circular A-86 
entitled, Standardization of Data Elements and Codes 
in Data Systems. 

Consumer Information Series. Practical informa- 
tian, based on NBS research and experience, covering 
areas of interest to the consumer. Easily understand- 
able language and illustrations provide useful back- 
ground knowledge for shopping in today's technolog- 
ical marketplace. 

NBS Special Publication 305, Supplement 1, 
Publications of the NBS, 1968-1969. When ordcr- 
ing, include Catalog No. C 13.10 : 305. Price $4.50; 
foreign, $5.75. 
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