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This paper v : i l l  describe t h c  common time mecsurerr.cnts as used by the 
US Air Force Me a s u r e ~ e n t  s and Standards Laboratory, flerospac c Guidance 
and Metrology Center (AGMc), Newark A i r  Force Station, Ohio. 

The need f o r  time mc~surements a t  scvcral. user  l eve l s   ill br 
discussed. These include comparisons betrreer, USNQ and AGMC, t i m ?  
measurements in t h e  lab a t  AGMC, comparisons betileer, ,4C;MC and A i r  
Force precise  time a c t i v i t i e s ,  and measurements a t  t hc  a c t i v i t i e s  
thetrselves. 

The emphasis $ , r i l l  be on e lect ronic  counter t i n e  i n t e rva l  measurements 
since this i s  the aos t  common time comparison measurement i n  use. The 
proper use and settling of controls  w i l l  be covcrcd along irfith helpful  
h in t s  and common mistakes t o  be avoided. 

Applications of time rreasurcments ),ill be described. Some of these 
are timekeeping v i a  Loran<, TV Linc-10, and WJV. EYequency deter-  
mination using periodic time readings \;ill also  be discussed. 

This paper will be on a l e v c l  t h a t  can be understood by indivi.duals 
not previously involved i n  act ive  day-to-day PTTI measurcxents. Zn 
fact, the  purpose of t h i s  Fapcr i s  t o  acquaint non-PTTI oriented 
individuals with the i n t r i c ac i e s  of precrise time measurements and t o  
stinnilate discussion among others present  whose methods may vary 
from those expressed by the author. 



A s  you may or  may not be aware of ,  time can be measured more p rec i se ly  
than any other basic un i t  of measurement. 

Many precise time measurements are used by the  US Air Force 
Measurements and Standards Laboratory a t  the  Aerospacc Cuidance and 
Metrology Center (AGMC) , Ncbiark A i r  Force Sta t ion,  Ohio. Precise time 
mc asurements arc a lso  accomplished a t  various other Air Force ac t i v i t i e s .  
T h i s  paper describes the  techniques normally used by A i r  Force 
Laboratories and a c t i v i t i e s  t o  s a t i s f y  precise timc me&surement 
requirements . 

Thc most common precise time rreasurement i s  the  time i n t e rva l  
measurement. In many cases,  t h i s  measurement i s  ca l l ed  a  delay 
measurement. An oscilloscope i s  occasionally used t o  makc time in terv; i l  
measurements but more f r e q ~ e r ~ t l y ,  a  time i n t e rva l  counter i s  u t i l i z ed .  
A t i n e  i n t e rva l  reading represents thc  amount of time t h a t  has elapsed 
betiseen two chosen events. An examplc of a l a rge r  time i n t e rva l  would 
be thc  elapsed time between seeing a l ightning flash and hearing the  
thunder. An example of a shor t  time i n t e rva l  rrould be the  time recnuired 
f o r  the  e lec t ron  beam i n  a TV p ic tu re  tube t o  t r a v e l  from the  gun i n  the 
neck t o  the  phosphors on the  screen. Naturally, when using a time 
i n t e rva l  counter, or  even an oscilloscope, these events must be defined 
e l e c t r i c  a l ly .  

C LCX: K C OMPARISON 

A frequent appl ica t ion of time i n t e rva l  measurement i s  the comparison 
or timc synchronization of tilgo clocks by determining the  amount of time 
elapsed between the  respective 1 pulse-per-second (1 pps) "tick" pulses 
of the  individual  clocks. This i s  accomplished by connecting one clock 
pulse t o  thc  s t a r t  input  and the other clock pulse t o  the  stop input of 
the time i n t e rva l  counter. In the  i n t e r e s t  of va l i d  measurements and. 
e s p c c i d l y  f o r  time i n t e rva l  counters rwith time base o s c i l l a t o r s  of 
questionable accuracy, the  external  reference frequency standard input 
can be u t i l i z ed .  The 1 MHz from one of the  clocks bcing measured i s  
most generally used f o r  t h i s  purpose. Correct t r i g g e r  l e v e l  and slope 
conditions must be es tabl ished and w i l l  a l so  a f fec t  the  accuracy of the  
measurcr~ent i f  not acc omplishcd properly. 

A "t ick" pulse,  o r  any other pulse, has, along with othcr shape 
charac te r i s t i c s ,  po la r i ty ,  slope, r i s e  time, pulse length  (o r  
tlwatlion), and f a l l  time port ions.  Ideally,  before making a time 
i n t e rva l  measurement, the  two clock pulscs involved should be observed 
with the  aid o.E an oscilloscope and the fo l lowing  parameters 
determined: l e v e l  (posi t ive  o r  negative),  slope (posi t ive  o r  negative) 



and loading  requircmcnts .  Next, t h e  p o i n t  on t h e  pulse  t h a t  i.s "on 
tirne" must be determined. The time i n t e r v a l  count em^ s t a r t  and s t o p  
t r i g g e r  l e v e l  and. slopc c o n t r o l s  can  now be set, and a reading taker1 a t  
th.e r a t e  of once per  second. If' t h e  tirne interval countcr  b e i w  used 
has a  s to rage  :feature,  it, can  bc u t i l i z e d  t o  Iwld readings betiri?en 
samples. The a lgeb ra i c  s ign  given t o  th.e -i;j..me in.l;erval readi.ng should 
be considcrcd ncxt .  I f  t h e  re ference  c lock  1 pulse per  sccorld (1 pps) 
i s  connected t o  t h e  start inpu t  rmd t h c  i pps of t h c  c lock  t o  bc 
measured i s  connected t o  -the s t o p  inpu t  ancl a reading of l e s s  than  onc- 
half second r e s u l t s ,  t h e n  the time i n t e r v a l  readri.ng i s  consi.dered tc 
be positive. If a timc i n t c r v a i  rneasuement i s  accorrrplisl~cd and a 
reading  0.l: more than  one-i-1d.C second r e s u l t s ,  t h e  read-i.ng :i.s sub t r ac t ed  
from one second and i s  g iven  a negat ivc  s i ~ i n .  

APPLICATIONS 

Applicat ions of time i n t e r v d  mcas.ur.ements used by AGMC and other A i r  
Force a c t i v i t i e s  w i l l  noL1.i be d iscussed  . A ki.me intc:rval  rnc asurcmcnt 
i s  used -haher, comparing t h e  USAF master c locks  t o  t l k  USNO, t h e  USAF 
master c locks  t o  t h e  AGPiC tr.a.vcling ((porta1:)l.-) cl.ocks, and t h e  
tr.av-cling c locks  t o  t h e  P rec i sc  Time Hcfcrcncc S t ~ t , i o n s  (PTRs) at 
Vandcnberg AF'B, Californria,  Elmendorf Am, dlasira,  ,md o the r  A i r  Force 
act i -vi- t ies  :(rho r e q u i r e  p rec i se  L i m e  c a l i b r x t i o n .  

The r a s t e r  c locks  a t  AGMC arc s t,cc.rcd by d a i l y  Lorm-4 comparisons 
~ i i t h  USNO. Many o the r  A i r  Force a c t i v i t i e s  are us ing  t h e  Lorhan-C 
comparison method of timekeeping. The re ference  de l ay  numbers 
utilized a r e  determined by a time i n t e r v a l  measwenlent. The t ime 
i n t e r v a l  c o u n t e ~  ris s t a r t e d  : i t h  t h e  local c lock  1 pps m d  stopped 

t h e  1 pps f,rorn t h e  L o r a n 4  t iming r e c e i v e r .  

Another tTrnekeepkg technique 1:aininh; p o p u l a - i t y  because of i t s  lob; 
c o s t  i s  t h c  1,ine-10 TV nethod. In t h i s  i n s t ance ,  t h e  time inteu8v31 
countcr  i s  s t a r t e d  wi th  thi: 1 pps from thc: l o c a l  c l c c k  and stopped 
wi th  t h e  t e n t h  l i n e  odd pu l se  ;.rhich occurs once per picture: from t h c  
Line-10 d i sc r imina to r .  The Air' Force is curri.nt1.y us ing  t h i s  technique 
a t  AGMC, Guam, Colorado, and ?klr Tiampshire. 

If an a c t i v i t y  i s  keepring tirne v.ia L o r a n 4  or* TV Line-1.0 and t h e  c lock  
s tops ,  time hroul.d have t o  be kno~,n. t o  b:itkin a fcx  rr~j.l~liseconds t o  
r e e s t a b l i s h  p r e c i s e  t irr~e. This r e q u i r e r e n t  i s  usual1.y met by knowing 
the r e f e rcncc  delay number f o r  I.fi6V. h uscilloscopc: i s  used f o r  t h i . s  
purpose. It i.s s t a r t c d  (.triggc-:rcd) by the l o c a l  c lock  and stopped 
( p o s i t i o n  of t i c k  no ted  on the  d i sp l ay )  by t h e  detected s i g n a l  from 
t h e  HF r ece ive r .  So, i n  essence it i s  a tiirie inter.va:i, rcadi..ng. The 
measurerent r e p r e s e n t s  t h e  tirrie e lapsed  from t h e  -transmission of t h e  
t i c k  t o  t h e  r ecep t ion  of t he  t i c k  ai t h e  timckccping l o c a t i o n .  



Another appl ica t ion of time i n t e rva l  measurement i s  h o w l  as " t i ck  t o  
phase" and checks a por t ion of a clock's  d i g i t a l  d ivider  chain. The 
time i n t e rva l  counter i s  s t a r t e d  with the  1 pps t i c k  pulse and stopped 
with the  100 kHz from the  clock, The t r i gge r  l e v e l  on the s top i s  
adjusted around the  zero l e v e l  mtil  switching the  po l a r i t y  se lec to r  
from posi t ive  t o  negative y ie lds  a 5.0 microsecond difference.  The 
posi t ive  po l a r i t y  reading l is then noted and checked from time t o  time, 
espec ia l ly  on a clock t r i p  t o  see i f  the  clock d i g i t a l  d iv ider  has 
jumped. 

A cha r ac t e r i s t i c  of the  1 pulse per second output from a clock w i l l  be 
discussed next. Here we asc concerned with the  r egu l a r i t y  o r  
rep:2atability of the  1 pps. The measurement is  ca l l ed  t ick-to-t ick 
j i t t e r  and cons i s t s  of taking repeated time i n t e rva l  meesurements, 
s t a r t i n g  and stopping the  time i n t e rva l  counter with successive 1 pps 
output pulses from the clock being evaluated. A time i n t e rva l  counter 
with nanosecond or sub-nanosecond resolut ion and accuracy i s  a require- 
ment f o r  t h i s  measurement. The start t r i g g e r  i s  s l i g h t l y  l a t e r  on the 
1 pps pulse than the  stop,  so t he  time i n t e rva l  reading i s  l e s s  than 
one second. 

Using successive time i n t e rva l  measurements f o r  determining thc  
frequency o f f s e t  o r  frequency d r i f t  of a clock w i l l  now be described. 
Basically, this procedure cons i s t s  of equating thc  number of micro- 
seconds gained o r  l o s t  in a pcriod of time and computing the  o f f se t .  
A s impl i f ied  example of this i s  the  timekeeping ru le  of thumb t h a t  
approximately one pa r t  i n  t e n  t o  the  eleventh (1 x 10-11) frequency 
o f f s e t  i s  the  r e s u l t  of gaining or los ing one microsecond i n  one day. 

Cornputkg f r e q u e ~ c y  o f f s e t  a f t e r  rneasurerr,ent of timc gained or l o s t  
over a pcriod of days elapsed i s  rout inely  used by the Air Force 
Precise Time Synchronization Teams t o  determine the  frequency off s e t  
of various a c t i v i t i e s  s i t e  clocks. C-Field adjustment of Cesium clocks 
are determined using the  r e s u l t s  of these  computations, Actually this 
i s  about the  only method used a t  the  A i r  Forcc Measurement and 
Standards Laboratory i n  determining frequency of f se t s .  A va r ia t ion  of 
this method i s  sometimes uscd when time i s  shor t  and only a few hours 
o r  days are ava-ilable. In t h i s  case, a phase cornparator/recorder i s  
used. Normally, the  1 MHz s igna l s  from a reference and the  standard 
t o  be measured are compared. This y ie lds  a 1 microsecond change each 
time the  ind ica to r  t r a v e l s  f u l l  scale .  Hundredths of microseconds can 
be read from these  recorders and the  frequency o f f s e t  ca lcula t ions  can 
be accomplished i n  t h e  normal. manner. If  g rea te r  resolut ion i s  
desired,  a vector voltmeter can be u t i l i z e d  and the  degrees phase 
c h a ~ g e  rrreasured between the  two frequencies being compared i s  
converted t o  microseconds. One may then use t h i s  data t o  comput,e 
frequency of f se t .  



Two o t h e r  rneasurerr,ents are used by AGMC a s  confidence checks* F i r s t ,  
a good unchanging per iod  count i s  r equ i r ed  of t h e  TV Line-10 pu l se s  
prlior t o  obtainllng t h e  d a i l y  de l ay  nun~bers. Secondly, although a 
prcc i s c  time synchroniza t ion  t c  an may l c  avc AGMC i ~ i t h  sub-microsec ond 
accuracy on t h e i r  1 pps of t h e i r  po r t ab l e  time s tandard ,  a chcck i s  
alr:ays made to see  that the c lock  readout  indicates t h e  pyoper. hour,  
minute and second. C r e d i b i l i t y  i s  sometin~es i n  doubt 1,:hc.n a team 
claims t o  be ca r ry ing  time t o  b c t t c r  t han  one microsecond wi th  a c lock  
t h a t  i n d i c a t e s  a s e v e r a l  second or minutc e r r o r .  

SUMMARY 

I have attempted t o  show t h e  need for. prec i se  time rneaswements 
w i th in  the A i r  Force, how t h e  var ious  measwemcnts are acc omplished, 
and appl.ications of each of t h e  measurements. 



QUESTION AND ANSWER PERIOD 

MR. PICKETT: 

I am T3ob Pickett f rom SAMTEC. 

Is it general policy when you find a timing offset to correct  i t  o r  just log i t ?  That 
is question No. 1. 

Question No. 2 ,  what a r e  you going to do about using satellites for this rather 
than traveling cloclcs ? 

MR. RARNABA: 

If we measure your cloclr, Jet's say,  and its 75 microseconds off, generally be-- 
fore the team leaves, they will se t  the clock to nominal o r  to thc portable. And 
they would do this unless they were told not to by the particular site.  Some peo- 
ple just want to know where they a r c ,  but they don't want it moved. 

MR.  PICKETT: 

Will they try to se t  the frequcncy offset'? 

Our general rulc of thumb on that is il it is 3 parts in 1012 o r  bett,er, we leave 
i t  :done. If i t  is worse than that, we :~.djust the C field genera.11~. 

On your second pnrt about the satellites, 1 think just about evepyone agrees that, 
time will be transferred in thc future through satellites. And we arc watching 
the advances, and that's all 1 can s:iy, We will t ry  to implement them a s  soon 
as systems become available. 

DR. WINKLEIE: 

I would like to add to your comments. The f i rs t  one, my urgent suggestion that 
whatever is being done, you should report two measurements. One before the 
clocli has been rese t ,  and onc after it has becl~  rese t  if 3 rese t  is made. Whether 
it is to be made o r  not will depend on local policy. 1 think you are very right to 
say this will require different decisions in various agencies. 



~ u t  whatcver is to be dune, r n e a ~ u ~ ~ e r n c l ~ t s  have to k)e anntie I~cl'orc ancl af ter  rc3- 
set.  Bccause if you tlo no1 lvlalrc t h e  mensurcrncnt bcfore the rese t ,  all the prc-  
vious mcasurcrnents becorne worlhlcss or lrlny become worthless. Please (10 
not forget il' t l ~ c r c  is a rt3set rn:~dc it] a clock,  rnake two mc;lsurcvuicnts. 

Numbcr two, certainly 1 think wc  will hear more  nljout s :~tcl l i tcs  la tpr  on in  the 
conference; it is ;I problclu whlcli I tlli~llc i s  purcly ad~njnis trat ive,  but i l  is clusc 
to :I soiution, I Iiope. 

MR. T3AKXAHA: 

On your comment on lhc noting wti~hat the frecl~lcrlcy sv:~s I)cIor-c a n d  after ant1 the 
tinlc before and after,  we 1 ~ 1 v c  n d:~t:i shcet thnt our t eams  take out. Wc 11:havc 
initial frequency, final freciuer~cy, :lnd wo rnalcc note of al l  the digital clivlt lcr 
settings. So this i s  fully rlouumtlntcd, I a s su re  you. 




