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1. Reference (a) authorized the U. S. Naval Observatory to conduct a 
conference for Precise Time and Time Interval (PTTI) requirements. 
Reference (b) announced the convening of subject conference. The 
conference was convened and adjourned on 28 April 1969. 

2. Enclosure (1) [with attachments 1-41 and enclosure (2) forward and 
provide the pertinent data discussed at the conference. 

3 ,  It is requested that comments and recommendations on the informa- 
tion contained in enclosure (1) be submitted to the Superlntendent 
(Attn: PTTT Operations Officer), U. S. Haval Observatory, Washington, 

Distribution List: 
All Conference Attendees [ encl (2) 1 



REPOST ON 
PTTI CONFERENCE 

U. S. Naval Obser~aeory 
28 April 1959 

I. Captain J. Naury Werth, USN, Superintendent of the U. S. Naval 
Observatory, opened the meeting with a welcome and explanation of the 
purpose of the conference to the attendees [Attachment (I)]. 

11, The technical program convened with a talk by Dr. G. ? I .  R. Winkler, 
Director, Time Service Division, U, S .  Naval Observatory, on 'Present 
and Future Time Synchronization rlethodss' [Attachment ( Z ) ] .  

Messrs. P. F. MacDoran and F. Uorncamp of the Jet Propulsion 
Laboratory, Pasadena, California, continued the session w i t h  discus- 
sions on "Precise Time and Frequency Requirements for the Deep Space 
Network" [Attachment ( 3 ) ] .  

Xr. L. N. Bodily, representing the Betbrlett-Packard Company, Palo 
Alto, California, spoke on the maintenance problems existing with cesium 
beam standards [Attachment ( 4 )  1. 

I Concepts: 

The Naval Observatory submitted to the attendees for comments, a 
plan wherein the :Java1 Observatory would be: 

a. A central source for pooling PTTI synchronization clock trips 
to effect economy. 

b. Responsible for the standardization of PTTI techniques and 
procedures. 

c. A central source for PTTI problems and advlce. 

d. Responsible for the establishment of Time Reference Subatarions. 

A central source for coordinating all agenciess clock trips was 
suggested to avoid two or more teams visitirlg the same area a t  approxi- 
mately the sane time. In coordinating visits, one ream could perform a 
commitn;ent for another agency, deleting a separate requirement, and 
effecting a cost reduction In travel and per diem. To accomplish a 
satisfactory coordination program, a standar?. method for time transfers 
and phase measurements must be performed by a11 clock teams. k procedure 
of this narure was submitted to the attendees for their comments [ZIAVOESY 
ltr 62 2400 Ser 550 of 24 Apr 1969 (copies provided to all addressees 
during conference)]. 

2 n d  (1) to NAVOBSY l t r  62L 
2400 Ser 910 of 1 7  jul 1969 



As demands increase for atomic standards and clocks, sa do the 
problems. The Naval Observatory is in the b e ~ t  position to assist 
and to provide advice to users and potential users. It was recom- 
mended that organizations having experiences or problems contact the 
Time Service Division, U. S .  Naval Observatory. 

The Naval Observatory will establish Time Reference Substations 
in various countries, certifying their accuracy by performing frequent 
clock visits. These substations could be visited by local or visiting 
agencies requiring their services. 

During the conference a survey was performed to determine from 
the attendees their precise time requirements. The results were: 

FJumber of 
Organizations Accuracy 

milliseconds 
400.0 usec 
100.0 psec 
50.0 usec 
25.0 usec 
10.0 user: 
5.0 usec 
1.0 psec 
0.2 psec 
10.0 nanosec 

XV. A t ra ining program sponsored by the U. 5 .  Naval Observatory was 
scheduled at the I-lwlett-Packard Conpany, Rockville, Maryland, 9-13 June. 
The course will cover theory and application, and checkout and mainte- 
nance of cesium beam standards and clocks. Applications will be accepted 
from all organizations requiring such training. 

Courses of instruction i n  LOm-C monitoring techniques are being 
planned and will be conducted at the Naval Observatory in the near future. 
Personnel interested shauld contact the Time Service Division, U.S. Naval 
Observatory. 

V. The meetine adjourned with the conference objective and milestones 
listed as: 

a. Closer coordination between user agsnciea and the Naval Observa- 
tory on time synchronization related matters, 

b. A central source for coordination of clock trips. 

c. Annual conference on updating of requirements. 
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PTTI CONFERENCE 
U. S. Naval Observatory 

28 A p r i l  1969 

IPJTRODUCTIOI'J AM) WELCOYE 
by 

Captain J . Maury Ijerth 

Welcome, gentlemen, t o  the U .  S .  Naval Observatory. 

I am Captain Werth, Superintendent  of the  Observatory. It is 
g r a t i f y i n g  t o  see so many of you h e r e  today. The facilities of the dava l  
Observatory are ar your disposal--and we hope that you can go back to 
your offices with a feeling t h a t  t h e  t i m e  was well spent. 

I n  February 1955, the Department of Defense delegated sole 
management and con t ro l  r e s p o n s i b i l i t y  t o  t h e  U. S. Naval Observatory f g r  
P r e c i s e  T ime  and Time Interval (known to most of you as PTTI). The scope 
of the Naval Observatoryvs ope ra t ions  were thereby enlarged from a 
suppor t ing  se rv i ce  f o r  the Xavy to a r o l e  a s  single manager fo r  PTTI 
wi th in  the  Department of Defense, and f o r  i t s  components and contractors. 
In June 1965, t he  Secre ta ry  of t h ~  Navy d i r e c t e d  the Observatory to 
maintain adequate f a c i l i t i e s  t o  c a r r y  out  i t s  assigned responsibilities. 
By t h e  f i r s t  p a r t  of 1966, t h e  Observatory had its Precise Time Synchro- 
n i z a t i o n  Service i n  opera t ion  as one neans of insuring worldwide uni- 
formlty i n  precise ope ra t iona l  t iming functions. 

T h i s  conference is t h e  f i r s t  of what we hope will be a series 
of conferences of t h i s  na ture .  They w i l l  be designed to reveal if we are 
meeting a l l  of t h e  requirements and t o  determine what w e  can do better 
than we are doing now. Today--we would l i k e  t o  cover four general areas: 

1. To e s t a b l i s h  a sound working r e l a t i o n s h i p  between the 
Naval Observatory and each Doll component, con t r ac to r ,  and o t h e r  interested 
agencies .  

2. Review existing PTTI requirements and examine possible 
future requirements.  This s t e p  should enable  us t o  establish t h e  
o v e r a l l  needs of t h e  DoD and to be a b l e  t o  "ornulate the means Tor 
s t rong  support se rv i ces  more ?conomically. T h i s  i s  important in light 
of the ever-increasing budget r educ t ion  programs s f f e c t i n g  a l l  of our 
organizat ions.  

3. To provide advice  and guidartce t o  all PTTI users. 

Attachment (1) 



4 .  To proisore and e s t a b l i s h  the meads for maintaining opera- 
tlonal uniformity of PTTE functions.' 

This is a large order of business ..... but, F J ~  believe t h a t  
t h i s  i s  the beginning of a program that will b e n e f i t  all concerned. 

Now, may I introduce our PTTI Operations Officer, Mr. Harold 
Acrivos. He will fill you in on t he  details----and will be your Naval 
Observatory contact in all matters re la t ing  to Precise Time and Time 
Interval in the future. 



PTTI COPVEEEMCE 
U, S . Yaval Observatory 

28 A p r i l  1969 

Summary of Comiients 
by 

G ,  M. R, Ninkler  

on 
PRESENT AND N T U R E  

TI" SSYPJCHRONIZATION YETHOUS 

1. Our ope ra t iona l  requirements e x i s t  i n  t h r e e  main areas: 

Clock t i m e  (UTC) 

Synchronization 

Astronomical time (UT). 

2. Spec i f i ca t ions  of Clocks (fundamental te rms) :  

a.  Accuracy r e f e r s  t o  a s t a t i s t i c a l  measure (ms va lue ,  1 sigma) of 
agxeenient of t h e  output: f requencies  of a sample of frequency s t a n d a r d s  
wi th  the frequency of t h e  s tandard  clock t ime s c a l e s  of the  U.  S .  Naval 
Observatory. 

b ,  S t a b i l i t y  is  t h e  s t a t i s t i c a l  measure ( 1  sigma) of frequency 
dev ia t ions  from the  s tandards  average frequency under s p e c i f i e d  condi- 
t i o n s  of opera t ions .  

c .  & s . t r a b i l i t y  or  r e p r o d u c i b i l i t y  i s  a measure of p r e c i s i o n  of 
c o n t r o l s  and prescr ibed  adjustm.ents a f t e r  the standards have been turned 
o f f ,  

3. Performance of liodern Clocks: 

A simple s t a t i s t i c a l  rnodel cannot do complete j u s t i c e  t o  requirements 
of planning for p r a c t i c a l  deployment of c locks .  Another much simplified 
d e s c r i p t i o n  could be as fol lows f o r  cesium beam c locks :  Phase devia t ions  
occur randomly around a r a t h e r  uniform performance which w i l l  las t  from a 
f e w  days t o  100 days i n  the  best case. The inc reas ing  age  of beam tubes 
w i l l  be r e f l e c t e d  i n  a gradual i n c r e a s e  of these (phase) f l u c t u a t i o n s .  
They range from 10 nanoseconds ( 1  sigma per  day) up t o  s e v e r a l  hundred 
nanoseconds. The unif orrn perf orrnalnce is  in t e r rup ted  by i r r e v e r s i b l e  
changes i n  average frequency which may amount t o  up t o  4 x 1 0 ' ~ ~  ( f o r  t h e  



HP 5061). I n  a l l  cases  which were inves t iga ted  a t  the  Naval Observatory 
the effective "'C" f i e l d  had changed, Frequent adjustments and changes 
affecting the s tandards  w i l l  i nc rease  the p robab i l i t y  of such "permanent" 
frequency changes, 

For a l l  p r a c t i c a b l e  purposes, t he  cesium beam clock is the only 
c lock  r e a d i l y  a v a i l a b l e  with a performance allowing a sub-microsecond 
synchroniza t ion  under o p e r a t i o n a l  condit ions.  Data on the performance 
of p o r t a b l e  c locks ,  toge ther  wi th  experience i n  t h e  operation of cesium 
beam c locks  i n  t h e  l abora to ry ,  i n d i c a t e  t h a t  i t  is  e n t i r e l y  sufficieat 
t o  synchroni.ze once per  week i n  order  t o  maintain such microsecond 
i n t e r n a l  systern syncl~roniza t ion .  The da ta  which proved t h a t  t11is i s  
p o s s i b l e  a re :  (a) the RFiS c l o s u r e  e r r o r s  of the U. S .  Naval Observatoryr s 
f o u r  po r t ab le  c locks  i n  more than 30 t r i p s  of 29 t o  30 days'  du ra t ion  
(one micrwsecond) ; and, (b) t h e  range of mIS dev ia t i ans  from a l i n e a r  
performance of the U .  S. Naval Observatory's cesium beam clocks  (between 
55 nanoseconds t o  one microsecond Rl lS  f o r  a 100-day i n t e r v a l  with a daily 
sampling). I n  order  t o  provide suf f ic ien t :  r e l i a b i l i t y ,  a minimum redun- 
dancy of 3 t o  4 clocks i n  a t iming cen te r  i s  necessary. A t  the same 
t i n % ,  t h i s  redundancy w i l l  i n v a r i a b l y  improve t h e  a v a i l a b l e  p rec i s ion  by 
r evea l ing  sudden frequency changes of any one standard. 

The ques t ion  of averaging of phase and frequency i n  an automatic 
coa3lnez versus  computer eva lua t ion  of independently running cloclcs 
must be decided i t~c i iv idua l ly  according t o  requirements.  Nost appli- 
c a t i o n s  i n  conjunct ion wi th  an e x i s t i n g  computer w i l l  be b e t t e r  off by 
having t h e  computer average and monitor the i n d i v i d u a l l y  operating 
c locks .  On the other hand, i n  the absence of such a computer, opera- 
t fo t la l  convenience may dictate the use of an a d d i t i o n a l  phase combiner. 

4.  Cast Effec t iveness  of Precision Clocks; 

A Cost Effec t iveness  (CE) f igure  can be derived roughly by taking 
i n t o  account r e l a t i v e  estimates of performance, c o a t ,  e t c ,  

For example.: 

ICE Elements Hydrogen Cesium Ruhidiun 1 Quartz , 
t I Xa'aser Beas j Vapor C e l l  ) c r y s t a l !  
I I I 

I I 

/Cost I n i t  iel 5.08 1 ! 0.5 
i ~ u ~ ~ o r t  ! 10.00 1 I 0.5 ; 0.10 
/s. t a b i l i  ty 

I 

, 10.00 I 1 ! 0.1 ; 0.01: 
l ~ e l i a b i l i t y  1 0.20 1 I 1.0 i lO.OO! 

Re1 x Stab I !CE = -- G,Oh 1 
! 0.4 I 1 0 . 0 0 ~  Cost x Supt I 



This  must be extended accorditig to a p p l i c a t i o n  t o  inc lude  f u r t h e r  
elements as w e i g h t  , power consumption, volume, environmental s ens i -  
t i v i t y  (H-maser i s  about 40 t imes more s e n s i t i v e  t o  magnetic f i e l d  
changes than is  CS,  t h e  q u a r t z  c r y s t a l  s e n s i t i v i t y  i s  z e r o ) ,  tenpera-  
t u r e  c o e f f i c i e n t ,  pressure c o e f f i c i e n t  ( a l t i t u d e ) ,  e t c .  

5. I n t e r n a t i o n a l  Aspects of Clock T i m e  Scales: 

Improved i n t e r n a t i o n a l  cooperat ion,  c e n t r a l l y  coordinated by t h e  
Bureau I n t e r n a t i o n a l  de  l t I l eu re  ( B . I . H . )  is  being promoted a t  t h e  
present  tlme. A cons iderable  improvement i n  the operations of the 
coordinated clock time scale, UTC, w i l l  be necessary f o r  the r e a l i z a -  
t i o n  of p rec i s ion  sub-microsecond worldwide tiniing. S t e p s  f o r  such 
an improvement on an i n t e r n a t i o n a l  basis have been taken (CCIR Interim 
&ieeting Document No. 70) .  Our proposal calls for t h e  abolishment of 
frequency o f f s e t s  and f o r  s t e p s  of 1 second i n  the  f u t u r e  UTC system. 
The navigators a r e  not prepared t o  accept this as yet. 

6. TS-me Dis t r ibu t inn  Policy: 

It i s  necessary t o  review basic p r i n c i p l e s  and concepts ,  to  e s t a b l i s h  
values and t o  s c r u t i n i z e  goals  i n  order  t o  eva lua te  the many p o s s i b i l i -  
ties rsrhich e x i s t  o r  have been proposed for long distance synchronizarion. 
Should the re  5e one sin;;lz t i n e  re ference  o r  sever~il. independent syntcms? 
Today one single re ference  i s  t h e  only f e a s i b l e  a1y)roacn fxon a py-~ir~ly 
economical :;pint of view. 

Hcl.rever, c o s t  versus redundancy and the  s t a t c s  of a uroposed method 
In the resezrch and development cycle are a d d i t i o ~ l a l  Fmyortant: points. 
Up t o  aow, p-.ecisi.on t iming  has been provided (with t h e  no tab le  excep- 
t ion  of I,X+?V) as a pisgyback opera t ion  superlm,posec! as a secondary mission 
t o  navigatio~ and communication services. I b e l i e v e  t ha t  t h i s  p r i n c i p l e  
of economy is  s t i l l  far f r o m  being exhausted. 

T h i s  metbod of using e l e c t r o n i c  naviga t ion  services i s  also the  on ly  
method which al lows t i m i ~ g  of moving clocks economically and s i l e n t l y .  

Our general p r i n c i p l e  i n  t iming must be t o  ope ra t e  n a j o r  systems 
and t iming centers (T ibe  aeference  Subs ta t ions)  i n  a well c o o r ~ i n a t e d  way 
but s t i l l  s u f f i c i e n t l y  independent so that they can su rv ive  a complete 
l o s s  of commuc~.icat?.ons a d  control for a considerable t 5 : c  without exces- 
sive systems degradation. 

The  Naval Observatory maintains e:scellent in te rna t iona l  r e l a t i o n s  
with meny timine centers .  It is reques ted ,  however, t o  v i s i t  these ,  
and p a r t i c u l a r l y  the  Paris Observatory, only i n  e~aergencies.  



7. D i s t r i b u t i o n  Systems: 

a.  LORATT-C. All chains will be equipped ~~71th Cs beam cloclcs. 
1 pps identification from (synchronized) master stations can be used 
with extremely simple equipment. Antenna delay deserves more atten- 
tion for timing than has been necessary up to now, Cycle identifi- 
cation is the only real problem--also in very great distance skpave 
applications (6,000 I.Ii). 

b. OMEGA. The Omega system t u i l l  become operational by 1972 and 
will be capable of disseminating clock time with a precision of approx- 
imately 1 us (conputer-receivers). Less sophisticated users will 
obtain timing to 5 us in the absence of major Ionospheric disturbances 
(all daylight path). 

c .  Fly-aver. In the interest of early standardization the Naval 
Observatory needs to know how many ground stations may become necessary. 
One obstacle has been cleared--frequency allocation. 

8. The U. S. Naval Observatory must be kept informed of requirements 
and R&D efforts, Only in this way can we functfun as tb.e central focal 
point  of activities. 
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Summary of Comments 
by 

L, N, Bodily 
H e w l e t  t-Pacl'ard Company 

UINTENANCE PROBLEl4S EXISTING UITH THE 
CESIUM BEMI STANDARDS 

Cesium beam standard opera t ion ,  performance c h a r a c t e r i s t i c s ,  
r e l i a b i l i t y  and maintenance were b r i e f l y  discussed. 

Possible end-of-life mechanisms f o r  t h e  cesium beam tube were 
out l ined and discu:;sed. : 

1) Cesium source depletion--present tubes have adequate supply 
for in excess of f ive  years  opera t ion;  

2) Vacuum pt~mp f a i lu re - - th i s  i s  an infrequer-t  ca tes txophic  type 
f a i l u r e  and r e s ~ l r s  i n  tube pressure  rise and rc;sul tant  beam scattering; 

3) Saturatio:i of c%sium get ters - - th is  e ives  r i s e  t o  secondary 
cesim emission which rcaults i n  a degraded signal-to-noise performance. 

End of l i f e  is indica ted  when the desired s igna l  output  is  less 
than that necessary t o  maintain loclc with the e lec t ron ics  o r  when t h e  
signal-to-backgrov.11d r a t i o  degrades t o  less than 1:l. Per iod ic  measure- 
ment cf s igna l  to backgzound 5s t h e  most r e l i a b l e  method t o  determine 
tube performance. 

Present f i e l d  performance d a t a  ind ica te  cesium tube l i f e  is now i n  
excess of three years and continues t o  increase .  

One f a i l u r e  mechaaism In t h e  e l e c t r o n i c  c i r c u i t r y  which is d i f f i -  
c u l t  rn detec t  is an i n t e r m i t t e n t  s h o r t  of an integrar- lng cap:-lcitor 
assc;c:ated with t h e  operat ion ampl i f i e r .  then t h e  cocirol vo i t age  of 
t h e  flywheel o s c i l l a t o r  is set t o  zero,  the con t ro l  loop can f a i l  and 
t h e  high s t a b i l i t y  of the  o s c i l l a t o r  w i l l  maintain the  output frequency 
of t he  standard l e s s  than the  l o g i c  l i m i t  necessary t o  give an alarm 
indica t ion .  One possible technique t o  detect t h i s  condi t ion  i s  t o  
offset the  cont ro l  voltage t o  t h e  o s c i l l a t o r  t o  such a value t h a t  the  
l o g i c  error l i m i t s  are ac tuated  with in te r rup t ion  of normal con t ro l  
loop operation (520 "Control" meter reading).  

Attachment (3) 



Frequency adjustment of the cesium beam standard by adjustment  of 
the C-field should be done on t h e  basis of extended time interval 
measurements rather than frequency comparisons with p o r t a b l e  clocks. 
Temperature and magnetic f i e l d  effects upon t h e  p o r t a b l e  clock can 
result in errors in frequency se t t tng  based on the frequency comparison 
technique in t h e  order of parts in 10 to the 1 2 .  
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Outline of Comments 
by 

F. Borncamp and P .  F. MacDoran 
Jet Propulsion Laboratory 

PRECISE TIME AND FREQUENCY REQUIREPIENTS 
FOR THE DEEP SPACE NETWORK 

Part I .  REQUIREMENTS 

Peter F .  )IacDoran 
Navigational Accuracy Group 
Systems Analysis Research Section 
Jet Propulsion Laboratory 

1. SPECTRUM OF REQUIF3MENTS 

A. Internal Agreement Between Observing Stations 
B. Relationship of Observer to the Universe 

2. INFORIUTION CONTENT OF DOPPLER TRACKING 

3,  BALANCED ERROR SOURCES STRATEGY 

4. TRACKING SITUATIONS OF INTEREST 

A .  Planetary Orbiters 
B .  Cruise and Encounter Navigation 
C. Sc ient i f i c  Applications 

5 .  EFFECTS OF UT-ONE UNCERTAINTIES 

6 ECONOI4IC BENEFITS OF TIME SYNCI-IRONIZATION FOR DATA WDUCTION 



Part 11. OPERATIONAL EFFORTS TO 1BET THESE REQUIREI.ENTS 

Franz Borncamp 
Systems Data Analysis Group 
Deep Space Instrumentation Facility Operations Section 
Jet Propulsion Laboratory 

1. PROBLEEIS OF TUINTAINING PRECISE TIME IN A GLOBAL NET 

2 .  LI?fITATIONS OF THE CURRENT SYSTEII (TI?% AND FREQUENCY) 

A. Frequency Standards 
B .  Frequency Distribution 
C .  VLF Data 

3. FUWRE INTERNAL TPPROVEFIENTS 

A .  A New Clock Systen FTS-2 
B. Hydrogen Masers 
C. Lunar Bounce Timing Systen! 
D .  Microwave Time D i s t r i b u t i o a  System 

4.  DESIRED EXTERNAL REFERENCE UTILIZATION 

A.  n E '  
B. NBS-USNO Synchronization 



Uii'l'A SEEET 
for 

P E C I S E  TIM3 MEASUiiE?!4ENTS 

Bate 

1. Names of personnel making measurements: 
i 

- 

2. Location of  measuxemenr: 

3.  Addrese(es) to whfch ca l ib ra t ion  c .e r t i f i ca t ion(s )  should be sent:  

4. Designation of clock measured: 

a. Osci l l i i to r  model number: Ser. d 
b .  Cl.oclc model number t Ser. - 

5 .  Designation of reference c lock :  

a, Osci l la tor  model number: S e r . #  
b, Clock model number: Ser . 8 

6 ,  Displayed time of day check between measured and reference clocks. Corn- 
pare the readings of the two clocks separately and check if found t o  agree: 

Hours Minutes Second8 Recnvd any difference. 

7 .  Time marker to 100 H z  zero  crossover measurement: 

a. Ref. clack p u l s e  trigger p o l a r i t y ,  level, and slope: 
b. Ref. oac. 100 kHz posit ive going crasoover check: 

(Ascertain zero vol tage  counter t r i g g e r  level before making measure- 
men2. ) 

Date : T i m e  (UTC) : 
UTC (USNO PC# ) - r~zc (USNO CS// > = microseconds 

8. Time marker difference meesurmen t a  : 

a. Mea. clock pulse trig. vo l t age  p o l a r i t y  and s lope:  
b. Ref. cl.ock pu l se  trig, voltage p o l a r i t y  and s lope :  

Date: .- Time (UTC)  : 
U T C  ( > UTC ( > .. microseconds 

Date : Time (IJTC) : 
UTC ( - > - UTC ( A*. micrasecoruta 

Date: T5me {UTC) : 
UTC ( 1 - UTC (, - ) = microseconds 

(Rev. 9 / 6 9 )  



9. If photo is available, attach it to ch i s  sheet and record the fallowing: 
(Photo must be i d e n t i f i e d  on hack by a c t i v i t y  and clack designation.)  

Oscilloscope settings: 

Sensitivity: volts/cm 

Sweep : ps/cm 

LO, If photo is not available, sketch pulse and enter remarks below: 

11. Pleasured clock pulse characteristics: 

Amp Bi tude : vo l t s ,  i n t o :  alms 

Bolar i  ty : rise time: 

Pulse  length  : P s 



DATA SHEET 
f o r  

PH3CISE TIMI MEASWKEXL'S 

Date 

1. Nanes of personnel making measurements: 
/ 

2.  Location of measurement: 

3 ,  Address(es) to which calibration cer t i f ica t ion(s )  .should be sent: 

4 .  Designation of clock measured: 

a. 0sc i l h to r  mde l  number: Ser. /! 
b.  Clock model nmber: Ser. # 

5 ,  Designation of reference clock: 

a. O a c l l l a t o r  model number: Ser . # 
b. Clock model number : Ser. # 

6, Displayed time of  day check between meaaured and reference clocks, Com- 
pare the readings of the two clocks separately and check if found t o  agree: 

Hours Minutes Seconds Record m y  difference. 

7,  T i m e  marker to 100 M z  zero cruseover measurement: 

a. Ref. clock pulse  trfgger polari t j r ,  level,  and s2ope: 
b. Ref. oec. 100 kKz punitfve going crossover check: 

(Ascertain zero voltage counter trigger level before making measure- 
ment .) 

Date : T i m e  (UTC): 
UTC (USNO PC# - ) - U'TC (USNO Cs# ) microseconds 

8. Time marker difference measurements: 

a. Mea. clock pul.se tr ig ,  voltage p o l a r i t y  and s lope:  
b. R e f .  clock pulse  t r i g .  voltage polarity and slope: 

Date: - Time  (UTC) : - 
UTC ( u T c (  > .i microsecaads 

Date: Tfme (WC): 
fJ!TC < - ) - U T C Q  > a microaeconda 

Dote : T h e  (UTC): 
UTC( ) - U T C C  ________)= microseconds 

(Rev. 9/69) ' . 



9. If photo is available, actach it to this sheet" and record the following: 
(Photo must be identified on back by activity and clock designation.) 

Oscilloscope settings: 

Sens i t iv i ty :  valts/cm 

Sweep : P S / C ~  

LO. If photo is not available, sketch pulse and enter remarks below: 

11. Measured cloclc p u l s e  charaeteristf cs : 

Ampkftude: v01t6, i n t o :  ohms 

F o l a r i  ty : , rtss time: Ps 

Pulse Length: P s  



f i l e  8 ,  UV& mSmVA"ra3m 
WUm8&T.E;B* B.C .  20390 

The U. 8 .  WavmD Obrenatov d s d m  pda%llca~iooss, $wcrSbd 
on t b  rstlelssaed list, are awa$&&Ber upon xeqraarft, %a BsseniptOoro of ths 
pubZicant&onm conermkng t hm mQ f~qwacgr r e d c s o  f a  Anatendad for your 
use md  broad orart ba ra$ummd. btmm tbSc aheat: only go: 

Mlliathprs1 (and nwibst aE eop9ese of each) rqwtred are: 

=* - 6 ,  886 ILP . 
2- - 7. - ae. N/A 



nabs Sescrkce P&licafiom 
(%'Ma fom 9s for your retention) 

braes 2. tISZ OF WORXJWDE VLJF A?iD W ~ S H 1 1 8 S E Q N S  softable far PrccPee 
C 

I ' h e  h l t % w m e n k ~ .  kncludeer Call sip, gaographic location, 
frequerndw, radiated power, etc. 

W3E1 be ava%lable Pn the near future. 

Seriea 3, S G W D W  OF 83. 6 .  NAVY VLF T&WMIGSIQNS* including OMEGA - 
$yetem, PwcPude~: bctat20n, frequencies. power rad%~G*d, 
milatmancs pariotla, type of trmem&er~ir~n, etc .  

!hx%e?a 4, DAILY RELiWkVE P W E  VALUES (Zseueat weskly). Dacludea: Obasrvec - 
phase and hime differancaa between 'tr&P, LF, Omega, and bran-C 
etati0m-a and the U6tNO khaecr Clock. 

-SerLee 48. 'Bnatrwt%aatm for w e  of phase value bu%ler&m andl TKX. 

Serteo 5 ,  DAILY 'eEIL@TYBE HESS;&U (sent every worla:%gbg dayjb. ZncBUdes: 
C 

Dally relative phase t8me dsfferencea Between US30 kbater 
CLocck and VLF, LF, Omega, and Xloxaa-C statfonlra. PropagibitSpn 
dkstuhmh:ea and laotfcfes 9% imd$ate  eonmxa for pmcechion 
kSo~~ke8pixag. 

NO'PIE: The need to receive tbe M P y  TePepype MaEiaagee mwd; 
be weatblfibed l a  wrgting to the: 

Superintendent 
U. 8 ,  Naval Observatory 
Washington, D. C. 20390. 

Seriw 7. Pl3BLmeaAWY TIMES AHD CB8RDXNBTS OP POLE (issued weekly). - 
ZneBudes: erS2 - UTC predicted 2 weeb in advance; time 
difference8 between USNQ Ekmter Clock and UTC, VLO, ml, UT2, 
and A19; provi~rfornal ~ssrd%n&teea of the pole, 

Series 8, TIME SERWCE mN0WCWNTS OF B.I.W. AWfTED OFFSm from - 
N d n u t L  Frequency and Time Ad$ us tmntd. 



9-  TXME SERVICE I W N B U N C Q m  PERTAINING TO WIUN-C, 
-rsrr 

hc9lud+p1; Gmga %n trammieroioria and rapetfdsn sat-, 
9: sf coineZdeace <HULL) ephemrfu t a b k p ~ ,  e a  rn 
and r&rs%oa dalaye, gmerral fniormarbn, btc. 

Sag%- 10. AS 
_I CAL PWWS hjbeewd &en aw&l&l@l. 

Zacludera : Information patt&&niag to reedtb t n t a 3 o p ,  papam, 
ete, ad the Phatograph8c Zeal leh Tuba ('BXT) , Dtmjau &tml&oa?, 
aggd Dwil-Retc %3BKnm I$m%t%on Cmwra* 

sadem 33, - E W W T X O U  dr l'HENRI3 (B , f .B . ) Circdale D: Hews 
Mf&niO;i.we er Cmadomn6ea du ~Gls A oh TU: 
Xmeldes: bor83enatw of the pole; UTZ - ViE, W k  - DT@, and 
%BAT] - VEC Stgaaa 




