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APPLICATION NOTE 30 

MAKING VLF FREQUENCY COMPARISON 
MEASUREMENTS WITH & LABORATORY EQUIPMENT 

1 INTRODUCTION 

When callbrating a local frequency standard against 
the transmissions from a standard radio station, the 
necessary comparison can be made by elther of twa 
basic methods. These are frequency comparison and 
time comparison, Although frequency comparison 
with the carrier of one of the high frequency standard 
stations such as WWY or WWVH is more widely used, 
this method suffers in accuracy because of the prob- 
lem of doppler shift. That is, the maximum accuracy 
achievable is determined by the uncertainty that vari- 
ations in the transmission medium fntroduce into the 
transmission, For the usual case of sky-path trans~ 
mission, the frequency, as received, can be differcay 
from that transmitted by up to several parts in 107 
because of ionosphere movement and other effects. 

Clearly, a different approach is required if the full 
capabilities of present-day local standards are to be 
utilized. Two methods are used. In the first, local 
standard calibration can be made on a time compari- 
son bagis. Utilizing the one-second ricks trans- 
mitted by most hf standard stations, a measurement 
is made of the time variations that occur over an 
interval of one or more days between a time signal 
derived from the local standard oscillator and the 
time signal as received from the standard station, 
In this way, propagation effects are integrated or 
averaged. Time comparisoss made over several days 
can yield comparison accuraciesl of a few parts 
in 1010, 

The second approach to the doppler shift problem is 
to make frequency comparison against the vl standard 
stations such as NBA and WWVL. VLF transmissions 
are virwally freeof the propagation problems encouns 
tered with hf signals and may usually be neglected. 
To realize a comparison accuracy of one part in 10° 
by the tme comparison method, using hf srandard 

  

‘Dot (e, A New Clock for Improving the accuracy of Locsl 
Frequency and Time Sundards”, & Joural, Vot. 11, No, 3.3, 
Nov-Dec, 1959, 

  

  

ZStutica have shown that vIf transmission path phase is very stable. 
‘when nelther sunrise or sunset is presentalong he path, 204 during 
el sl period the path P 1 much mort sable than the 
path at nlght. 
An excellent discussion of pah phase variability for Vi transmis- 
slons appears inNBS Repore #6091, World- Wide Standard Freqency andLine Signal Broadcasdag by A. D, Waie and otbers 
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stations, would ordinarlly require measurements 
made over a period of several days. With the equip- 
Tent and techniaues describod I thls note, & ot 
parioon aceuracy of one part in 109 may veually be 
achioved. In 1ose thin oue our. Longer téets can Crease the sceuracy proportionally. & shortcompari- 
Son perlod simplatica” callbration s, miniises 
“auipment needs. A plot of several days’ measure 
Tents may be made If the stabiliy capablity of the 
Tocal stangard warrants . 

  

“This application note describes a simple method of 
Vit frequency comparison using § instruments avail- 
able in many laboratorics. 

Il VLF FREQUENCY COMPARISON 

A. EQUIPMENT SETUP 
Frequency comparison against vif signals may be 

made using the equipment ahown in figure 1. The 
method is convenient, automatic, and can provide a 
contimuous record. 

Noce that although the measurements described here 
ate of the freqiency comparison FYps, loce] standard 
nstallations will ordinarlly inclus a synchronous 
clock. The & Model 113AR Clock, in conjunction 
with the & Model 103AR, or other suitable oscillator, permits time to be kept on 8 local basia 10 within 4 
Tillisecond of nannal standards. I also, of course, 
provides the capability to make alternate checks 
Sgainet bt standard broadcasts by he ime Comparison 
method.  However, fime synchronization 15 beyond 
the scope of his application note which describés the 
use f the 1134 Clock as & frequency dividor and 
phase shifier to facilitate the Vi{ carrier frequency 
Comparisons (see figure 23, 
1) Using the & 3024 as a VLF Receiver. 
The & 3024 Wave Analyzer is ahighly selective tuned 
voltmeter having a sensitivity of 10 microvolts o 
better, When used with an appropriate antenna, its 
range of 0.02-50 KC makes it convenient vif receiver, 
Operatiop in the afe mode locks the 3024 to the vt 
carrier.3 The time interval stop signal is taken di- 
rectly from the 3024 output BNC. 

  

In certain geographical areas, the signal strength 
may be low enough to require the use of an amplifier 

Fcare should be taken when wning, bowever. Large exsors in the 
inlial secting of the 3024 dial 10 the vIf carcier freuency can, in 
some cases, rest In an error in the reconstructed frequency ak 
the 3024 cuiput conmector. 
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IKe WHEN USING WWVL 
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Figure 1. Block Diagram of VLF Frequency Comparison Setup 
    

  

TABLE 1. WINDING INSTRUCTIONS 
  

  

  

       
  

  

    

  

    
  

    
    

  

  

Impedance | Turns | Wire Core 

aRoADLY RESONANT . 
s . 

T s 1 
v —9 

Gl ZT 30 TURNS #16 > 
R e Primary | 112CT*| #32 Genalex 

23chms Reavy Formvar  657NY* 
v| e | s 

*e1 ca® E Heavy Formvar 

" C1, C2 APPROXIMATELY L . 
I {O3UF EAGH. THE ACTUAL =% 

VALUE 1S ADJUSTED TO T2 
RESONATE THE L00P, T CI AN G2 SoULD. 8E LINE MATCHING EQUAL IN VALUE TO MAIN- Sl o 
TAIN A BALANGED INPUT. CI AND G2 ARE 600D Primary | 24 024 Genalex 

aRouND caBLE QUALITY MICA CAPAGI- 50 ohms fieavy Formyar  6S7N** AT RECEIVER Foms Wit £ o8 £ e o 1 SARACTERis ics. il o I s 
AYOID GROUND s 100K chms Heany Formuar 

T 
Winding Instructions 

T\ Wind secondary first, Wind bitilar primary 
T2 over secondary. Label leads 

Py —— . o R T Wind primary first. Wind secondary over 
72 Seconpary A1 THE primary. FREQUENCY OF THE VLE 
STATION, THE VALUE OF 
E:OI:FAPPROXMAYEU *  Bifilar wound - double the wire and wind 56 turns. 

** Genalex core manufactured by: 
" Salford Electrical Instruments, Lid. 

Times Mll, tleywood, Laves, England 
Available from: 
Wallace E. Connlly and Co, 

Figure 2. VLF Loop Antenna for the P.0.Box 295, Menlo Park, Calif. 
& Model 3024   
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such as the & 450A or 466A between the 3024 and 
the time interval meter to assure sufficient ampli- 
wde for reliable stop channel triggering. 

2) The Antenna, 
The easily-constructed antenna illustrated in figure 2 
may be used to feed the 302A. Approximate com- 
ponent and impedance values are shown in this drawing 
along with other important construction details. See 
figure 3 for a_photograph of a unit constructed at 
Hewleti-Packard Company. A sfmple cross bar of 
wood, aluminum, or other non-magnetic material is 
all that is needed for support. 

  

Figure 3. Photograph of Loop Antenna 

Page 3 

B. TECHNIQUES OF FREQUENCY 
COMPARISON MEASUREMENTS 

1) WWVL, The National Bureau of Standards VLF 
station, WWYL, broadcasts cw at 20KC from Boulder, 
Colorado. Comparison measurements are made in 
this case by using the 1 KC output from the 113AR 
clock or other divider tostart the time interval méter, 
and the 20 KC carrier to stop the time interval mea- 
surement. The time interval meter trigger level and 
slope controls permit selecting given and repeatable 
points on the start and stop signals. An analog record 
of the time interval meter readiogs gives the relative 
time drift of the oscillator under test as compared 
o wwvL.A 

Figure 4 is a strip chart analog recordingof a typical 
setp, comparinga local standard against WHVL. Here 
e see a change in the average value of the time intex~ 
val measirements of 4 microseconds overa periodof 2 
hours. This corresponds to a frequency offset in the 
local standard of 

AF _ AT aps 10 AR _T_.__F__”xmg 5 pares in 1010, 

The large pips are the result of WWVL identification 
modulation, spaced 20 minutes apart. Chart speed is 
7-1/2 inch per hour on  Varian GlI Recorder. 

The absolute accuracy of the oscillator thus calibrated 
i5 dependent upon the absolute accuracy of the stand- 
ard dme signal, in addition to the accuracy of com- 
parison.  Furthermore, the suability of the local 
  

*The comparison accuracy may be arrjved at in the folowing way: Since there are approximately 4 x 107 micrascconds in ooe hout, 
3 frequency difference between local and standard of ane part in 
109 Vould xesult v 4 time drift of abaut 4 microsecands n one 
our. The jiter on the 113AR tickis less thin one microsécaad and 
h time inierval measurement on a Gno-megatycle counter may be 
made 0 within @ ew Iiczoseconds. Thus, I I possible 0 achieva 
4 comparison accuracy of ono part in 167 in 8 tet covering only 
‘ahout ome hour. 
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Figure 4. Strip-Chart Recordiag of VLF Frequency Comparison 
Using WWVL. over one hour period
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standard will be a large factor in determining how 
frequently calibragion measurements should be made 
and 1o what accuracy the absolute value of the fre- 
quency can be set. 

2) NBA. This US. Navy VLF station transmits on 
a carrier of 18 KC from Panama. The carrier of 
NBA is keyed at a ane pps repetition rat with a 30%, 
duty cycle, That is, the carrier is on for 0.3 second 
and off for 0.7 second. 

Frequency comparison messurements in this case 
can be made only during the “‘on” time of the carrier. 
‘This is accomplished in the following way. The equip- 
ment setup is the same as that for comparison mea- 
surements with WWVL except that the one second 
tick from the 113AR is used as the start signal to the 
time interval meter instead ofa 1 KCsignal, In either 
case, of course, the starc signal is derived from the 
local standard t be calibrated. 

So that comparison can be made 1o a given point on 
the vif carrier, the pulse from the clock is positioned 
by the phase shifter on the clock panel to occur jn the 
middle or late portion of the received vifpulse.” The 
clock pulse Is then used [0 start a time interval mea- 
surement on the time interval meter. The measure- 
‘ment will be stopped by the point on the next cycle of 
the vif carrier which corresponds tothe trigger level 
and slope seting of the stop channel controls on the 
time interval meter. 

e 
I his way, any variarions during the carly part of the VI carrier 
Pulke wil Aot affect he character of the careier cycle used (o stop 
he time nterval meter. 

00523-2 

Appl. Note 50 

In this case, time interval readings can only be made 
at a one-per-second rate, The reading rate when 
comparison is made t a cw station such as WWVL 
is limited only by the printer speed which, in the case 
of the ® Model 5604, is 5 per second. 

Calculation of the frequeacy error of the local stand- 
ard can be made as described previously and is based 
upon the tme drift of the average time interval 
readings. 

Il VLF FOR TIME COMPARISON 
MEASUREMENTS. 

As previously discussed, vlf transmissions are more 
dependable as a long range broadcast means than high 
frequency radio waves. Onthe other band, information 
bandwidth eharacteristics have limited, tosome extent, 
the use of vIf for time-of-day Information and for time 
comparison measurements.Rise time ofcarrier pulses 
such as those broadcast by NBA are degraded by the 
time constants of the antenna system and the receiving 
cquipment. Some shaping occurs at the transmitting 
end as well. This makes time comparisons somewhat 
more_difficult than similar measurements using hf 
transmissions where rise time is a minor problem and 
time pulses may be closely resolved. 

Research is beingdone which should result in improve- 
ments in the presentation of Ume Information on vif 
standard broadcasts. Also, work is being done in the 
industry to develop vlf recciving cquipment which will 
improve the ability to synchronize accurately from 
VIt tme signals. 
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