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The Nat ional  Bureau of Standards broadcasts  s tandard fre-  
quencies and o the r  s e rv i ces  by rad io .  
o the r  d e t a i l s  of these se rv ices  a r e  given i n  the  Appendix hereof.  
T h i s  Le t t e r  Circular pamphlet, i n  s i x  p a r t s ,  ' descr ibes  metnods 
of u t i l i z i n g  a l l  of these  s e r v i c e s  except t h e  ionosphere bul- 
l e t i n s ,  a h i c h  a r e  t r e a t e d  i l l  another  Le t t e r  C i rcu la r ,  as s t a t e d  
i n  t h e  Appendix. 

The time schedules and 

P a r t  1 (page 2 )  gives  methods o f  u s ing  the  r ad io  f requencies  
f o r  the c a l i b r a t i o n  OP s tandard o s c i l h t o r s  i n  simple cases  where 
the  frequencies  have such numerical  v a l u e s ' a s  t o  be r e a d i l y  
checked d i r e c t l y  i n  terms of t he  emissions. 
i s  given s g e c i f i c a l l y  i n  terms of measureme2ts u2on the  50OO-k~ 
emissions,  but  t h e r e  should be l i t t l e  d i f f i c u l t y  i n  applying t h e  
methods t o  t h e  10,000-kc and 20,000-kc eniissions,  us ing  higher 
harmonics of t he  a u x i l i a r y  generator .  
and s u i t a b l e  increase  i n  t h e  frequency of t h e  a u x i l i a r y  g e n e r a t o r ,  
should enable one t o  use any of t h e  e1;iissions a f t e r  some t r ia l  
and adjustment o f  equipment. 

The i n f o r m t i o n  

Further mpl . i f ' l c a t ion ,  

part  2 (page 
c a s t  f requencies .  
A ,  B, and c ,  progressing i n  d i f f i c u l t y  of mezsurernent. 
d q n l s  v i t h  only tv:o f requencies ,  1000 and l 2 ' j O  kc /s ;  very l i t t l e  
apparatus  i s  requi red  f o r  me:q.su.rerAents a t  thesc frequencies .  
Sdction I3 gives  t h e  nnetkiod of  neasuremznt, us ing  a2 a u x i l i a r y  
generator  , f o r  f requcncies  mliicil a r c  multipli ts  of  50 kc/s .  
Szc t ion  C g ives  t h e  method of messurement for a n y  broadcast  f re -  
quenc;i (mu l t ip l e s  of 10 k c / s ) .  

/ 
audio  frequcncy furn ishcd  as a modulation frequcncy with c z r t a i n  
of t h e  cmissions,  
c o n t r o l l i c g ,  2 saurce of audio or other  frequency, and producing 
h standard /of time rate. 

7 )  gives  d e t a i l s  fo,n t h e  checking of broad- 
Tile disc-assioll i s  divided i n t o  t h r e e  s e c t i o n s ,  

Sect ion A 

part 3 (page 12) describes raethodc, of  using %hc stmdard 

It gives  nethods of  checking a L o c a l  freqzeney, 

part. 4 (page 16) d e s 2 r i r - e ~  tLle use of t:ie s tandard time 
i n t e r v a l s  or secands pu l ses ,  
i n  pnysical measurements, ii1 geodat ic ,  seismological and similar 
work, and i n  r a p i d  checking of pen&dw-as and chronometer r a t e s  , 

The seconds pulses  a r e  of value 



and wherever shor t  t i m e  i n t e r v a l s  of g r e a t  accuracy a r e  needed,: 
They a r e  not  capable of giving solar t ime,  a s  needed i n  naviga- 
t i o n ,  f o r  example, f o r  which astronomical observat ions o r  t he  
Navy s ti:ne s i g n a l s  a r e  requi red .  

P a r t  5 (page 12 descr ibes  t h e  n i g h t l y  emissions of t h e  
American s tandard of  musical p i t c h ,  440 cycles  per second, pro- 
vided f o r  musicians,  musical instrument mnnufac-turers and o the r s  
i n t e r e s t e d  i n  s tandard p i t ch .  

o the r  methods of frequency measurement may be found, and devices  
for use i n  frequency measurements a re  described. The re ferences  
g ive  o the r  rxethods, whicn range from those  us ing  very simple ap- 
p a r a t u s ,  g iv ing  r e s u l t s  O i l l y  moderately accurate  , t o  methods us- 
i hg  complicated apparhtus  g iv ing  r e s - d t s  accurate  t o  b e t t e r  than 
a p a r t  i n  a mi l l i on ,  

P a r t  6 (page la) i s  a b ib l iography,  i n  mhich re ferences  t o  

P a r t  1, Checking Standard O s c i l l a t o r s .  

],lethod of 1deasurement.- While t h e  s tandard frequency 
err , iss ions may be used €or many s t anda rd iza t ion  purposes,  t h e  
most common use  i s  t o  determine accura te ly  t h e  frequency of 
a s tandard o s c i l l a t o r .  The apparatus necessary i s  (1) t h e  
o s c i l l a t o r ,  ( 2 )  a continuously v a r i a b l e  radio-frequency gener- 
a t o r  which i s  approximate1 c a l i b r a t e d ,  ( 3 )  a va r i ab le  audio- 

It is d e s i r a b l e  t h a t  t h e  r ece iv ing  s e t  have automatic volume 
con t ro l .  A frequency meter of t h e  resonance t y p s  i s  a l s o  u s e f u l  
but i t  i s  not e s s e n t i a l .  

by the  dimensions of  t h e  quartz  p l a t e  used. The usua l  vacuum- 
tube c i r c u i t  arrangement i n  which the quartz  p l a t e  i s  connected 
g ives  numerous harmonics for each fundamental frequency, 
r a d i o  gene ra to r ,  which i s  continuously v a r i a b l e ,  can be ad jus t ed  
t o  any frequency, and l ikewise  g ives  a s e r i e s  of harmonics f o r  
each fundamental frequency t o  which it  i s  adjusted.  If t h e  f r e -  
quency of t he  rad io  generator  i s  var ied  over a wide range, bea t  
no te s  a r e  produced a t  a number of s e t t i n g s  of  the  generator  by 
t he  i n t e r a c t i o n  of  var ious  harmonics of t h e  fundamental f r e -  
quency of tile piezo o s c i l l a t o r  w i t h  a harmonic of t h e  fundamental 
frequency of the  generator .  The beat  notes  may be heard i n  a pair 
of tele1Jhones s u i t a b l y  connected t o  t h e  generator  o r  t o  t h e  p iezo  
o s c i l l a t o r ,  Any frequency present  i n  t h e  piezo o s c i l l a t o r  can 
bea t  w i t h  a corresponding frequency prese-nt i n  the  rad io  genera- 
t o r ,  which makes i t  p o s s i b l e  t o  s e t  the generator  a t  a number 
of f requencies  which have a simple r e l a t i o n  t o  t h e  fundamental 
frequency of the piezo o s c i l l a t o r ,  Providing the  harmonic re- 
l a t i o n s h i p  i s  known, measurements'can be madc a t  a g rea t  number 
of f requencies  i n  terms of a s i n g l e  scandard f reqcmcy.  

frequency gene ra to r ,  and ( E ) a regenera t ive  r a d i o  r ece iv ing  s e t .  

The fundamental frequency of a p iezo  o s c i l l a t o r  i c  f i x e d  

The 
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If f i s  the  fundamental frequency o f  t he  piezo o s c i l l a t o r  
I 

which i s  being used and F t he  fundamental frequency of t he  
a u x i l i a r y  generator  which g ives  zero b e a t ,  then 

where a and b a r e  i n t e g e r s  (1, 2, 3 ,  4, e t c . ) .  

The procedure i s  s implest  wher? the  r a t i o  of t he  received 
r a d i o  frequency t o  t h e  nominal frequency of  t h e  piezo o s c i l l a t o r  
t o  be s tandardized i s  a. f a i r l y  small i n t e g e r ,  less than 100, For 
i n s t ance ,  secondary s tandards  whose fi-indamental f requencies  a r c  
50, 100, 200, 500, or 1000 kc /s  can be measured very simply i n  
terms of tile emissions and these  secondary stanclards may be  ad- 
vantageougly used i n  t n r n  t o  c a l i b r a t e  o the r  appnratus.  I t  i s ,  
however, poss ib l e  t o  use the  emiscions t o  e s t a S l i s h  accu ra t e ly  
any d e s i r e d  frequency, 

Examples o f  ldeasurement !.Jethod.- Suppose i t  i s  requi red  t o  
measure t h e  frequency of a piezo o s c i l l a t o r ,  t h e  approximate f re -  
quency of  which i s  700 k c / s ,  i n  ternis of t h o  5,000-kc s tandard 
frequency emis s ions.  

If t h e  r a d i o  generator  i s  s e t  at  100 k c / s ,  t h e  50th harmonic 
(5000. k c / s )  will beat  n i t h  t h e  5000-kc emission, and the  7 t h  har- 
monic (700 kc/c,) w i l l  bea t  w i t h  t he  fundamental of t he  piczo os- 
c i l l a t o r ,  

The 50OO-k~ s tandard  f rcqumcy cmission i s  received f i r s t  
and i d e n t i f i e d  w i t h  t h e  rece iv ing  s e t  i n  t he  genera t ing  condi t ion.  
The r a d i o  generator  i s  then turned on and ad jus t ed  t o  near 100 
k c / s ,  This  should g ive  a bea t  note  w i t h  the freqcency generated 
by the  r ece iv ing  s e t .  The regenera t ion  of the  rece iv ing  s e t  i s  
then  reduced u n t i l  t h e  s e t  j u s t  s tops  generat ing.  A hea t  no te  
should then be heard which w i l l  i n  genera l  be o€ l e s s  i n t e n s i t y  
than  t h a t  previously heard. Th i s  i s  tile beat  between t h e  50th 
harmonic of the  rad io  generator  and t h e  frcqucncy of the  incom- 
ing  wave, T h i s  beat  n o t e  should be reduced t o  zero frequency 
by ad jus t ing  t h e  r a d i o  generator ,  For most p r e c i s e  work,  this 
adjustment Ghould be made by using a bcat-frequency ind ica to r  
o r  o ther  mt.ans of i n d i c a t i n g  exact z z r o  bea t ,  A Fimpler and 
equal ly  accura te  s u b s t i t u t e  i s  t o  b r iqg  i3 a tuni2g f o r k  as 
descr ibed  below, Hoxever, f a r  a simple d i s c w s i o n  o f  the s t e p s  
involved in .  t he  mcmsurement ,  it m i l l  Se assumed that an accu ra t e  
zero-beat s e t t i n g  i s  o'wtai-fled, 

The rad io  generator  i s  the re fo re  p r e c i s e l y  ad jus t ed  s o  t h a t  i t  
has a frequency of 100 kc /s ,  
couple t h e  piezo o s c i l l a t o r  t o  it loose ly .  A beat  n o t e  should be 
heard i n  t h e  telephones i n  t h e  output o f  the  piezo oscillator un- 

; l e s s  the  frequency given by the  pieyo o s c i l l a t o r  i s  an exact mul- 

Without changing i t s  adjustment,  
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7 t h  harmonic = s e t  a t  
100 kc/s  I 

I -_-- -- _-__-.-.--I 

4. 
t i p l e  of  100 kc/s. 
In  t n i s  case a beat  
determine the  value 

Suppose, f o r  sxample, i t  i s  700.520 kc/s .  
o f  520 cycles  p e r  second w i l l  be heard. To 
of this no te ,  t h e  audio generator  must be used. 

The frequency of t h e  bea t  note and the  frequency of t he  audio 
generator  may be compared b y  us ing  s i n g l e  phone u n i t s  f rom each 
source and r ap id ly  interchanging them a t  t h s  ear .  If s u f f i c i e n t  
i n t s n s i t y  i s  a v a i l a b l e  from t h e  two sources then the  two audio 
f requencias  w i l l  combine and bea3s may be heard by t h e  ea r  when 
t h e  audio generator  i s  c l o s c l y  adjusted.  For exact zero beat  t h e  
frequency of the  ad jus t ab le  audio genera tor  gives  t h e  d i f f e rence  
i n  freq-uency between t h e  7 t h  harmonic (700 l tc/s)  of t h e  generator  
ad jus t ed  t o  100 k c / s  and $he fundampntal of t he  p i szo  o s c i l l a t o r ,  

Fig. 1 gives  a diagramniat ic r ep resen ta t  ion of t he  frequcncics  
used. It i s  necessary t o  dcterixine whether t h e  piczo o s c i l l a t o r  
frequency i s  higher  o r  lower than 700 kc /s .  This can be done by 
varying t h e  f requmcy of t h e  radio generator .  If inc reas ing  t h c  
f requmcy of th i s  generator  r e s u l t s  i n  decreasing t h e  bea t  no te ,  
then the  p iezo  o s c i l l a t o r  frequency i s  higher than t h e  r e fe rence  
frequency, that  i s ,  t h e  audio frequency i s  t o  he  added t o  700 
kc/s.  If t h e  reverse i s  t r u e ,  then the  audio frequcncy i s  t o  
be  shbt rac ted ,  

fjOGO-kc Standard J Frequency Signal  I 

\ I  /"-, ,'-. 

i 50th Harmonic a = frequency d i f f e r -  
ence rrieasured wi th  
audio o s c i l l a t o r .  



5. 
Use of  Audio-Frequency Xote i n  Lleasurement,- A change i n  the  

nethod descr ibed above which does not  r equ i r e  a b e a t  i n d i c a t o r ,  i s  - 
t o  adjust thc r a d i o  genera tor  t 9  have a known frequency d i f fe rence  
witii t he  incoming wave by rneans o f  matching with t h a t  of  a tuning 
fork of known frequency such as 1000 c / s .  
p l i c a t e d  i n  c a l c u l a t i o n  because a record xus t  be  made of four  fac- 
tors, (1) as t o  whether the  r ad io  generator  was ad jus t ed  higher or 
lower than zero b e a t ,  ( 2 )  t h e  frequency d i f f e rence ,  ( 3 )  the har- 
monic r e l a t i o n  between the  s tandard s i g n a l  and the  r a d i o  gcnera- 
t o r ,  and (4) t h e  har:nonic r e l a t i o n  between t h e  r ad io  generaltor 
and the? piezo o s c i l l a t o r .  The harmonic r e l a t i o n s ,  holv?ver, come 
i n  t o  any mcthod of measurement of  th i s  kind. 
involving t h e  use  of th .e  tuning f o r k  f o r  ad jus t ing  t h e  genGrator 
t o  give a Seat  note  1,000 cyc les  belov t h e  5,000-kc s igna l  would 
be made as f o l l a n s ,  znd a r e  s h o ~ n  diagrammatically i n  F i g .  2. Set 
generator  from approximate z e r o  bea t  at  100 ~ . ; c / s  t o  99.98 kc / s .  
The 50th harmonic i s  99.98 s 50 'c,399,0 kc/s  ( b e a t s , n i t h  ~ , O O O  
k c / s  irL r ece ive r  wLic11 i s  not  o s c i l l a t i n g  and g ives  a 1000-cycle 
n o t e ) .  
may now be hea,rd bea t ing  i n  t h e  telephones of t h e  piezo o s c i l l a t o r  
which is known t o  be approximately 700 kc /s .  I f  t h i s  value were 
exac t ly  700, a note of  700.cj00 - 699.860 k c / s  o r  140 c / s  would be 
neard,  Hovever, the  Seat  no te  prouuced i s  matched wi th  a corres- 
ponding note f r o n  the  _ _  aQdio generator .  
had the  frecpenct; of (00,520 kc / s  as assum3d previousilr ,  t h e  audio- 
f r e  uency  note  mir:L;,Surt?d would have been 700.520 - 699.g60 = 

This method i s  more cox- 

The mcasuromcnts 

The 7 t h  harmonic of t h e  generator  (99.9a x 7 = 699.g6 k c / s )  

If %he p i e z o  o s c i l l a t o r  

0.000 (9 I.- lc / S  o r  660 c!~. 

I 
1 50CO-kc s tandard 
V f r e q x n c y  s igna l  ! 

! 

! -.: 
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.-.___--l.l_I-..---- 

Piezo .  o s c i l l a t o r  frequency s i g n a l  
i t o  Sz measured, 

Vhe'clier t o  add o r  ~ui3tr: ict  t h e  audio-frequency note  o f  660 
C / S  t o  t h e  lcnoini frequency of 699.660 kc/s  would be  decided as 
follows wnen t'ne radio-frequency generator  was s e t  l ove r  than  
t h e  s tandard frequency s ignal .  If lowering t h e  frequency of 
t h e  r ad io  generator  i nc reases  t h e  bea t  no te  (560 c / g  i n  t h i s  
c a s e ) ,  add the  bea t  no te  frequency, or i f  increas ing  the  f rc -  
quency of  t h e  radio generator  decreases  the  bea t  no te ,  add t h e  
bca t  not?  frequency, 

The measurement could z l so  be made by a d j u s t i n g  t h e  genera- 
t o r  t o  100,020 kc/s  us ing  the  1000-cycle tun in  fo rk ,  as i n  Fig.  
3 ,  The 50th ha,rr:ionic i s  100,020 x 50 = 5001 kc 7 s which b e a t s  w i th  
t h e  s tandard frequency s igna l  of 5000 k c / s  aad produces a 1000- 
cyc le  note .  A c e r t a i n  mdio-freqxency note  i s  produced i n  t h e  
te lephones of the  p iezo  o s c i l l a t o r ,  viiich i s  matched wi th  a 
s i m i l z r  note  from t h e  audio osc i l l 2 , to r  as before ,  If lowering 
t h e  frequency of t he  r a d i o  generztor  reduces t h e  audio frcquency 
no te  heard,  sub t r ac t  i t  from t h e  known f requmcy o f  700,140 k c / s ,  
o r  i f  increas ing  the  frequency of the  r ad io  generator  i nc reases  
t h e  audio no te ,  sub t r ac t  i t .  The audio-frequency note  heard wi th  
a piezo o s c i l l a t o r  having t h e  assumed frequency would be 380 c / 6 ,  
hence 700.140 + 0.380 = 700,520 kc/s.  

11(J0,02 kc/s  1 
i 



7 .  

s c i l l a -  
ed o r  
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m i t t e r  i s  opera t ing ,  t he  measurement can be made i n d i r e c t l y  i n  
terms of the  t r a n s m i t t e r  i n  t h e  following manner. !!ea,sure t h e  
frequency of t h e  rad io  t r a n s m i t t e r  i n  terms of  t h e  5000-kc s ig-  
n a l  and simultaneously read t h e  frequency as ind ica t ed  by t h e  
frequency devia t ion  meter on t h e  monitor. The two frequencies  
should agree.  
t he  dev ia t ion  meter i n d i c a t e s  t he  cor rec t  frequency deviat ion.  
It may be d e s i r a b l e  t o  measure t h c  frequency monitor d i r e c t l y  
aga ins t  t h e  s tandard signal a t  a time when t h e  rr tdio t r ensmi t t e r  
i s  no t  operat ing.  

If they do n o t ,  a d j u s t  the  f r eqwncy  monitor u n t i l  

I f  t h e  frequency monitor i s  of the  type which i s  ad jus ted  t o  
exac t ly  1000 o r  1250 kc / s ,  t h e  measurement can be made the  s8me 
as i n  t h e  case of the  radio t r a n s n i t t e r .  Rowever, i f  t h e  monitor 
i s  s e t  high o r  low by 500 o r  1000 C / S ,  i t  will be  necessary t o  
make use of an audio o s c i l l a t o r  t o  dctarniinc t h c  value of t he  
audio bea t  frequency. In t h e  case of a monitor which has a fre-  
quency of 399.500 o r  1000,”jOo kc / s ,  t h e  bea t  no te  t o  be measured 
would Se 2500 c / s 6  A s  f i v e  cyc les  v a r i a t i o n  i n  t h e  beat  no te  i s  
only 1 p a r t  i n  10 , any audio o s c i l l a t o r  which would be constant  
t o  5 o r  10 c / s  wo?i.ld be adecpa,te. I n  t he  case of a monitor ynhich 
has a frequency of  993.OClO o r  1001,000 kc / s  a 5000-cycle note  
would be produced. S i a i l a r l y  f o r  1250 k c / s ,  audio-frequency beat  
no te s  of  2000 and 4cIOO c / s  would have t o  be neasuyed, The genera l  
r e l a t i o n  i s  tha t  the audio-frequency note  prqduy;? b-,. heterodyning 
t h e  monitor frequency and t h e  5000-kc standarh-yis equal t o  t h e  
product of tht: number of c y c l r s  t h e  monitor i s  s z t  h i @  o r  low 
and t h e  r a t i o  o f  5000 t o  thi? nominal value of t h e  monitor, 

The Sam2 p r i n c i p l e s  may bc, followed f o r  t h e  10,000 2nd 
ZC),OOO kc emissions. 

B. Measurements w i t h .  ,QmiPiary Generator f o r  Frequency 
TAifultinles of 50. 

Ideasurements o f  any of these  f requencies  r equ i r e  the  use of 
an z u x i l i a r y  generator  i n  a d d i t i o n  t o  the  high-frequency re- 
ce iver .  The a u x i l i a r y  genera tor  may be EL piezo o s c i l l a t o r  or 
i T ;  niay he a manually c o n t r o l l s d  o s c i l l a t o r .  If a, s i e z o  osc i l -  
l a t o r  of the  d e s i r e d  frequency i s  a v a i l 2 b l e ,  i t  i s  d e s i r z b l e  t o  
use one, In  this case a d i s t o r t i n g  ampl i f i e r  is. m c e s s a r y  . 
i n  order  t o  b r i n g  O L L ~  t h e  harmonics g o  that  ‘che beat aga ins t  
t h e  s tandard  s igna l  can be e a s i l y  heard. This piezo o s c i l l a t o r  
should be providsd w i t h  a. ve rn ie r  frequency adjustment SO t h a t  
it can be reEdi ly  ad jus t ed  t o  agreement wi th  t h e  5OoG-k~ stand- 
ard i n  $he manner previocsljr  described. Aftsr  t h i s  is  done the  
moilitor or r a d i o  t r a n s m i t t e r  can be  measured i n  terr-is of har- 
monics of t h e  a u x i l i a r y  genera tor .  If a me-nuaily c o n t r o l l e d  
genera tor  i s  used, t h e  - L r a t i o  must be low s o  t h a t  t h e  frequency 

t can be e a s i l y  ad jus ted  t o  zero bea t  with the  s t m d a r d  frequency, 
C 

and r e a d i l y  he ld  on t h a t  frequency. 



ni- irlerz are two main f a c t o r s  wkich determine t h e  f r e q x n c y  t o  
ah icn  t k L 2  a ,uxi l iary generator  should be adjust3d. The f i r s t  i s  
tha t  i t s  frequency must have an i n t e g r a l  r e i a t i m s h i p  m i t h  t he  
s tandard frequency and tbe frequency t o  be measured. ‘The second 
i s  t h a t  the harmonic nhich i s  heterodyned wi th  t n e  s tandard f r e -  
quency must be of S3itffiCie:i’; i n t e n s i t y  t o  product? z beat  noT;e 
whicn  i s  ea,sily recognized. Taking b o t h  f a c t o r s  i n t o  x c o u n t  
t h e  hes t  resi’lt i s  a t t a i n e d  i f  the frequeacy of t h e  m x i l i a r y  
generator  i s  the  h ighes t  COriV303 f a c t o r  of t he  standard frequency 
and the  frequency t o  be measured. There i s  one o t h e r  considera- 
t ion i n  the  case of a manually con t ro l l ed  a x x i l i z r y  gmterator 
;?,nd t ha t  i s ,  t he  lowzy i t s  f r -qumcy ,  t h e  l e s s  troQ3I.c i s  exper- 
ienced in holding i t  a t  es$8$$gainst t h e  s tandard frcquency.  
?lie following t a b l e  i a d i c a t  i‘s the  hrosdcast  f requ?ncies  which 
c2.n bz measi.ired i n  tcrlils of t h e  5OG0-k~ s’canda.rd frequency 
emission by means of a high-frcq-acncy r a d i o  r e c z i v c r  and an 
a u x i l i a r y  gencrator ,  I t  will b o  understood t h a t  thc7 t a b i e  
g ives  a l l  broadcast  fyequencies which a r c  mul t ip l e s  Of  50, but 
does not i n d i c a t e  riore than on;: gencrqtor frequency f o r  these  
frequencies  except f o r  10‘30 and 1500 kc/s .  

I ” 7requency of Auxiliary Generator i n  kc/s -I 
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~ s ;  a n  examjjle of t h i s  nethod of rfieFisurenent, ass ime t he  f re -  
quency of t h e  rad io  t r a n s m i t t e r  t o  be 11-50 ‘LCC/S.  he m 6 i o  re- 
c e i v e r ,  i n  t h e  gxj.erating cond i t ion ,  i s  tuned u n t i l  t he  5300-kc 
fi-ca.ndarci frequency signal. i s  heard,  The a u x i l i 3 r y  gene ra to r ,  
s e t  O i l  approximately 50 kc / s ,  i s  then turned on and thi? frt:q-Genzy 
var ied  c n t i l  a second auc!io frcqdency i s  heard o n  t h e  output of 
t he  high-frequzncy reci?iver ,  If the rad io  rcceiver i s  t k z n  Z ~ L -  
j u e t c d  s o  that i t  doas n o t  k.-:fmt?~ate, t l i e  auxi l ia r t r  generator  can 
be s e t  t o  z e r o  bzat w i t 3  ths stan~ard frequency .signal. If t h e  
r a d i o  r ece ive r  i s  aga in  mafi2 t ( 2  gcncra te ,  t h e  aijxiliargi gelnerator 
can be easily set t o  zgrcei,lt?;1t mi-c;:; t h e  stan?arct frcquency signal 
as previously cxpiaincd, The r o - q l l  r,djustment t c ,  z e r o  beat must 
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be made when the. r x l i o  r e c e i v e r  is iil t h e  non-gmsrat ing condi t ion ,  
o t h e r w i s e  t h e r e  is C%ilg;Jer of setting t o  z z r 3  b3zt between t h e  tmo 
audio frequencies  o r  hermoiiics of t h e  zudio freqi iencies ,  I f  a 
piezo o s c i l l a t o r  i s  used,  t h i s  p recau t io3  i s  unnecessary. A de- 
tector-ami2lifier i s  s e t  u? so as t o  rece ive  po r t ions  of t h e  out- 
puts o f  t he  aux i l i a ry  genera tor  and t h e  1150-kc radio tram- 
m i t t e r ,  Fig,  4, The output of tlie &rqJl i f ier  T i l l  g ive  the audio 
beat-frequency between the  2ljd 3arnonic of  the a u x i l i a r y  genera- 
tor ana t h e  1150 kc/s  of t h e  radio t r ansmi t t e r .  If this  a1Jdio 
frequency i s  reduce6 t o  ze ro  as ind ica t ed  on a v i s u a l  'oeat in- 
d i c a t o r  t he  -€;rmraitSer frequency w i l l  be i n  exact agreement w i t h  
the standard frm&x:ncy sigxal, One pzrson can mak? t h i s  ad jus t -  
ment, as all aural i nd ica t ion  nlay bl: used f o r  th.3 a u x i l i a r y  genera- 
t o r  and a v i s u a l  one for t h e  t r a n s m i t t e r  adjustmznt, 
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Fig. 4. 
If a piezo o s c i l l 2 t o r  i s  used as t he  a u x l l i s r y  ger ,erator ,  

i t  need only b? checked aga ins t  t h e  standard frequency s i g n a l  
at! i n t e r v a l s  . 

C. Measurement of Any Broadcast Frequency 
~ -__--_ --_-. 

The methods of measurement given i n  t h e  preceding peragraphs  
a r e  app l i cab le  t o  tm-enty o f  t h e  f requencies  i n  the broadcast  band. 
The h ighes t  comnon f a c t o r  of  5000 and t h e  remairLing broadcast  f r e -  
quencies i s  10 ,  The frequency of t h e  a u x i l i a r y  generator  must 



t h e r e f o r e  b e  1G k c / s  if t h e  o t h e r  b r o a d c a s t  f r e q u e n c i e s  a r e  t o  be 
checl;led readily i n  t e r m s  o f  t h e  5300-kc e n i s s i o n s .  The b e a t  n o t e  
betv:een t h e  500 th  ‘r;a.rinonI.c of’ t_;;,e 1G-kc g e n e r a t o r  and t h e  5 c ) O O - k ~  
emiss ior ,  would n o t  b e  l o u d  enough t o  b e  h e a r d  d i s t i n c t l y .  Tile 
s i m p l e s t  s o l u t i o n ,  t h e r e f o r e ,  i s  t o  s e t  tke a u x i l i a r y  g e n e r a t o r  
on 100 k c / s  and l e t  i t  c o n t r g l  a 10-kc m u l t i v i b r a t o r .  The b e a t  
a g a i n s t  t h e  s t a n d a r d  f r e q u e n c y  s i g n a l  cocld t h e n  b e  hear2 e a s i l y  
a:id t h e  h a r r ~ o n i c s  of‘ t h e  10 kc /s  v~ould  h e t e r o d y n e  e q u a l l y  well 
!vith f r e q u e n c i e s  i n  t h e  b roadca . s t  band .  It  i s  e v i d e n t  t ha t  with 
t h i s  equipment  a.11 a s s i g n e d  F r e q u e n c i e s  i n  t h e  ‘broadcas t  band  can  
b e  checked a g a i n s t  t h e  ?>GOO-kc s t a n d a r d  f r e q E e n c y  s i g n a l ,  F i g u r e  5. 

Fig. 5. 
Ther?  are some cases  i n  v h i c h  a fi-equency b e  measured  by 

m1-e t h m  one  of t h e  methods indl .ca . ted.  The q u e s t i o n  arise:;  8 s  
t o  t h e  advau:ta.ges m 3 .  di.Ga.dvar,tagees of t h e  vzLr;iouo p o s s i b i l i t i e s  
o r  a s  t o  how e x i s t i n g  equ.i?ment ;r,igF.t be b r o u g h t  i n t o  u ~ e .  The  
f i r s t  method IE a p p l i e e k l e  t o  c n l y  t a o  f r e q u e n c i e s .  It provldcs 
t h e  most a c c u r a t e  c h e c k  fsir fre!:l:ienci.es which a r e  v e r y  near t h e  
harmonic v a l u e .  F o r  inollS t(j:?S, kq:::sver, W h i C h  are s e t  h igh o r  
low by 500 o r  1000 c / s ,  t ,he a u 3 i n  f r e q u e n c y  whic:%i must b e  mea- 
s u r e d  is so  high t ha t  it is very d i f f i c u l t  t o  determine i t s  
v a l u e .  , This.  xethod i s  f w t h e r  hail-ilica~:.perl b y  t h e  f a c t  t h a t  
if t h e  meas3.rements ape  ma3e i n  tke transrxit ti; s t a t i o n  when 
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t h e  poTver a n p l - i f i e r  i s  o p e r a t i n s ,  t h e  harmonic whtch is picked 
up on t h e  r e c e i v e r  may b e  s o  s t r o n g  t h a t  i t  will 'uloclr t h e  re- 
c e i v e r .  If t h a t  1s t l i e  cause i t  would b e  n e c e c s a r y  l o c a t e  
t h e  r e c e i v e r  a t  s3me ,!<staiict: f m r n  t h e  t r a n s n i t t e r  and u s e  a 
l i n e  b e t v e e n  t r a n s m i t t e r  and r e c s i v e r .  

The second method rec,~.r i res  an a u x i l i a r y  gene i -a tor  ani"! de- 
t e c t o r - a m p l i f i e r  i n  a d d i t i o n  t o  t h e  eqi:,ipment u s e d  i n  the  f i r s t  
method. A small error may be i n t r o d u c c d  i n  t h i s  method i n  t h e  
a d j u s t m e n t  of t h e  a u x i l i a r y  g e n e r a t o r .  I f  a p i e z o  o s c i l l a t o r  i s  
u s e d  t 5 i s  e m o r  i s  n e g l i g i b l e .  The e r r o r  i s  much g r e a t e r  if a. 
r n ~ i u . a l l ~ y - c o n t r o l l e d  o . s c l l l a t o r  i c :  u sed .  I n  e i t h e r  c a s e ,  hovever ,  
i t  s h o u l d  riot h e  1;iOr.e t h a n  a fWJ p a r t o  i n  a mi.llioR.. This method 
is a p p l i c a b l e  t o  20 of the  b r o a d c c s t  f r e q u e n c i e s ,  and i s  w.xc3 
more s a t i s f a c t o r y  for check lng  m o n i t o r s  wlzich a r e  s e t  o f f - f r equency  
because  t h e  aud io  freq.uenc;yr t o  b e  r:ieasured e q u a l s  t h e  amount t he  
m o n i t a r  i s  s e t  hig:h or low, If a k,armonic a n p l i T i e r  i s  coup led  
t o  t h e  a u x i l i e r j :  g e n e r a t o r  so tha t  s u f f i c i e n t  v o l t a g e  is provided, 
tlie measurement of' t h e  c o n i t o r  car! b e  r ead  d i r e c t l y  on . t he  visu.al  
i n d i c a t o r  provided wi th  t h a t  u n i t  , 

maining  76 b r o a d c a s t  f r e q u e n c i e s .  
f r e q u e n c y  r e c e i v i n g  s e t ,  a w c i l i a r g  F e n e r a t o r ,  10-kc m u l t i v i b r a t o r ,  
d e t e c t o r - a m p l i f  i e r ,  and audio- f requency  Ixeasuring equ ipnen t  . The 
a c c u r a c y  of t h i s  method i s  the  same a s  of t h e  s e c o n d . x e t h o d .  

I t  i s  n e c e s s a r y  t o  u.se t h e  t h i r d  n-ietkod i n  c5ecking  t h e  r e -  
This method r e q u i r e s  a high- 

P a r t  3. Standard.  Axd io  .- F r e q u e n c i e s .  --- 

The e m i s s i o n s  each  Wecinesda:vr &e F o d u l a t e d  b y  an  av.dio f r e -  
quency, 1000 Cyc les  p e r  second. The p r e s e n c e  o f  t he  aud io  modu- 
l a t i o n  f r e q u e n c y  d o e s  n o t  i n p a i r  t h e  u s e  o f  the  c e r r i e r  f r e q u e n c y  
as a s t a n d a r d ,  t o  t h e  same kigh accuracy  as i n  t h e  CW emi.ss ions.  
See  t h e  Appendix f o r  f u r t h e r  i n f T r m a t i o n  about  t h e s e  erriiFsi3ns. 
The s t a n d a r d  n u s i c a l  p i t c h ,  44-0 c y c l e s  p e r  s e c o n d  b r a a d c a s t  as 
d e s c r i b e d  i n  Part 5 and a l s o  i n  t h e  Appendix, may a l s o  b e  u s e d  
as a s t a n 5 a r d  f r e q u e n c y  by t k e  rnethods d e s c r i b e d  i n  t h i s  s e c t i o n ;  
hoveve r  t h e  d e s c r i p t i o n  h e r e  g i v e n  i s  i n  t e r m s  of t h e  1000 c y c l e s  
p e r  s econd ,  

The s e r v i c e  may b e  u t i l i z e d  with v e r y  s i m p l e  equlpment .  
Using any r e c e i v i n g  s e t  oa,p&le of  r e c e i v i n g  t h e  s i g n a l s ,  t h e  
s t a n d a r d  a u d i o  f r e q u e n c y  i s  d e l i v e r e d  a t  t h e  o u t p u t  termina1.s 
oi" t i e  s e t .  This f r e q u e n c y  clay b e  used for comparison with a 
Loca l  fr .equency and  t l i u s  a c c u r a t e l y  measu r ins  the l a t t e r ,  f o r  
c o n t r o l  of some t y p e  of f r equency  s t a n d a r d ,  o r  f o r  p r o d u c t i o n  
o f  an a c c u r a t e  s t a n d a r d  of tir;.e r a t e ,  By the u s e  of harmonic  
a n p l i f i e r s  or m u l t i v i b r p - t o r s  t o  s t e p  un o r  : low e i t h e r  t h e  ir,- 
coming s t a n d a r d  f r e a u e n c y ,  tk-e  l o c a l  f requency ,  01- b o t h ,  measure- 
ments may be made v e r y  c o n v e n i e n t l y  as w e l l  as a c c u r a t e l y .  
f o l l o w i n g  list g i v e s  a number of b e s i c  n e t h o d s  wiiich hslve been  

The 

. found  p r a c t i c z b l e .  



A .  Checliinq FI ._______ freqg.encv L * 
1. Compsrlson o f  r e c e i v e 3  and l o c a l  f r e q u e n c i e s ,  by t i m i n g  

change 01 ca thode- ray  o s c i l l o g r a p h  p a t t e r n .  
a. D i r e c t  comparieon.  
b. Us tng  kar:rionic a n p l i f i e r ,  t , a  s t e p  up .  
c .  Vsl.ng z . u l . t i v i ' r r a t o r ,  t o  s t e p  down. 

2.  Comparison, by r e c o r d i n g  b o t h  f r e q u e n c l e s  1sitl-i an o s ' c i l -  
l o p - a p h  and grap1;i.c recorder. 

a. D i r e c t  cofi-iparison 
b. U s i n g  harriionlc a r p l i f i e r ,  t o  s t e p  up. 
c .  using: m u l t i v i h r a t o r ,  t o  E,tep t i om.  

3.  Comparison, b y  r e c o r d i n g  b e a t s  on a g r a p h i c  r e c T r d e r .  
it. Di:-ect c o n r a r i s o n .  
b. Usin€  htlrrrionic ai:l;olif'i.er., t o  s t e p  up .  
e .  U s i n E s  mu .T t iv ib ra t J r ,  t o  ;:tep C?om. 

4. CountI.rig, of b e n t s  ket-i'een Iiarconic:. , 

2. A u d i ~ - - f r e q ~ . e n c y .  o h . c i l l . s t o r .  
j. Radio-f requency  osci l1Y:tor .  

m  he e f f e c t s  of  f l u c t u ~ t i . o n s  of  ~ m n l i t . u ? e  and pl:a.?,e o f  t h e  
r e c e i v e d  a u d i o  f req i iency  may be markedly recluced by t h e  use of' 
n:itonatlc, volume c o n t r o l  a-d f i l t e r s ,  Fi . l ter-E a l s o  ksve  t h e  ad- 
vanta .ge  c;f niniEA.zing i r1terfer in .y  e l e c t r i c a l  n c i s e .  An e f f e c t i v e  
f i l . . t e r  for lOCjc> cpc,l-es p e r  secons3 i s  a tunin,Z fork or 8 vi ' c ra . t ing  
s t e e l  r e e d ;  a n o t h e r  i s  a. synckzonous moto r -gene ra to r .  For h i g h e r  
f r e q u e n c i e s  , n a p e t o s t r i c t i o n  bai-s or n l e z o e l e c t r i c  quartz p l a t e s  
a r e  good f i l t e r s .  
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I n  methods A, e i t h e r  h igh  or low s t a n d a r d  f r e a u e n c i e s  may 
be produced  b y  u 3 i n g  hsrmonics  or subharmonics  and a i ip l i fy i i l g  
as d e s l r e d .  Stazidards  of‘ low a u d i o  f r equency  (e.[:., 60 c y c l e s  
p e r  second)  a r e  e a s i l y  produced by o p e r a t i n g  a synchronous motor  
on t h e  a m p l i f i e r  o u t p u t ,  witk a-c g e n e r a t o r s  of  t h e  d e s i r e d  f r e -  
quency mounted on t h e  same shaft .  Such a moto r -gene ra to r  o u t f i t  
may b e  of  s imple  and f a i r l y  cheap  t y p e ,  somewhat l i k e  an e l e c t r i c  
c l o c k .  

I n  f r e q u e n c y  compar isons ,  i f  t h e  r e c e i v e d  sta:-idard f r e a u e n c y  
i s  s u f f i c i e n t l y  f r e e  f rom f l u c t u a t l o n s  of a m p l i t u d e  or p h a s e ,  i t  
i s  g e n e r s l l y  found advan tageous  t o  make t h e  comparison a t  some 
har.monic s u c h  as 10,000 or 100,030 c y c l e s  p e r  second. For e x m D l e ,  
c o n s i d e r  t he  u s e  of  method A l .  The two f r e q u e n c i e s  a r e  a p p l i e d  
t o  t h e  . t r o  pairs  o f  p l a t e s  o f  a ca thode - ray  t u b e  and t h e i r  f r e -  
q.Jency d i f f e r e n c e  i s  de t e r r r ined  by t i m i n g  t h e  s h i f t  of  t h e  p a t t e r n  
On t h e  s c r e e n  t h r o u g h  one or more comple te  c y c l e s .  A high a c c u r a c y  
3f comparison,  b e t t e r  t h a n  a p a r t  i n  a c i l l i o n ,  for exsmple,  r a y  
b e  secu red  by  t i rn inc  for 14, m i n u t e s  when t h e  comparison i s  made 
a t  1000 c y c l e s  p e r  second,  b u t  may b e  s e c u r e d  by t i c i n g  f c r  o n l y  
9 seconds  when t h e  comparison i s  naae a t  1OC),OO3 c y c l e s  p e r  second. 

The g r e a t e r / f l u c t u a t i o n s  of t h e  r e c e i v e d  s t a n d a r d  f r e q u e n c y ,  
t h e  lower must be the  harmonic a t  which t h e  o b s e r v a t i o n s  a r e  made 
and t h e  l o n g e r  t h e  t i m e  r e q u i r e d  f o r  t h e  d e t e r m i n a t i o n .  F o r t u n a t e -  
l y ,  such  l o n g e r  t i m e  o f  o b s e r v a t i o n  t e n d s  t o  e l i x i n a t e  any e r r o r  i n  
t he  r e s u l t  due  t o  t he  f l u c t u a t i o n .  The b e t t e r  t h e  a c c u r a c y  r e -  
q u i r e d ,  t h e  l o n g e r  must be  tLe t ime  o f  o b s e r v a t i o n .  

t h e  

It may b e  d e s i r a b l e  t o  m u l t i p l y  e i t h e r  t h e  incoming s t a n d a r d  
f r equency ,  t h e  l o c a l  f r e q u e n c y ,  or b o t h .  F r e q u e n c i e s  can b e  mul- 
t i p l i e d  q u i t e  s imply  by mezns o f  t u n e d  hzrmonic a n p l i f i e r s .  
Another  x e a n s  i s  t 3 e  u s e  o f  f requef icy  d o u b l e r s  u t i l i z i n g  t??o t u b e s  
connec ted  wi th  t h e i r  g r i d s  i n  a push -pu l l  a r r a n g e T e n t  and t h e i r  
p l a t e s  i n  p a r a l l e l .  It i s  c o n v e n i e n t  t o  have  t h e  incomipg 1009- 
c y c l e  f r e q u e n c y  c o n t r o l  a m u l t i v i b r a t o r  and  s t e p  UD i n  f r e q u e n c y  
from t h a t .  

The u s e  of t h e  ca thode - ray  o s c i l l o g r a p h  has il number o f  c2d- 
v:&ntages. It s i q l i f i e s  t h e  d i f f e r e n t i a t i n g  of ampl i tude  v x r i a -  
t i o n s  end i n t e r f e r i n g  n o i s e  from p h a s e  changes .  Also, i f  i? l i n e a r  
sweep c i r c u i t  c o n t r o l l e d  by t h e  l o c a l  f r e q u e n c y  i s  u s e d ,  o n e  c m  
t e l l . ‘  r e a d i l y  whether  t h e  l oca l  f r e q u e n c y  i s  b ighw or 16wer t h a n  
tb?e s t z n d a r d  modula t io i l  f r equency .  I f  t h e  o s c i l l o p a p h  b e a n  i s  - -  

s?-!ept f rom l e f t  t o  r igh t  a,rd t h e  s t a n d i n g  wave ~ o v e s  t o  t h e  l e f t  
t k e  local f r e q u e n c y  i s  lov-; i f  t h e  s t a n d i n g  wave moves t o  t h e  
r i g h t  t he  loca-1 f r e q u e n c y  i s  h i g h .  

oscillograph t h z t  may b e  a v a i l & J l e .  A r e q u i r e n e n t  i s  tha t  t h e  
t i n e  d i s p l a c e n e n t  b e  s u f f i c i e n t  t o  s e p a a t e  t h e  i n d i v i d u d  c y c l e s  

I n  method A?, u s e  i s  maae of any t y p e  of hi;:ii-speed r e c o r a i n g  



eo thet the r e c o r d  can k,e r e a d i l y  analyzed. I n  t h i s  neth3d t h e  
t v ; o  frequencies are r e c o r d e d  s i n u l t s n e o u s l y  on t h e  same f'iln, 
:;rhich Der ix i t s  a, d i r e c t  comparison by means of  m e m u r e n e n t s  o f  
t h e  photogrs .phic  or o t h e r  t r a c e .  
sill n o t  k i v e  s u f f i c i e n t  t ime  d i s p l a c e m e n t  of' tl2e 1 O G O  c / s ,  t h e  

If t h e  speed  of t h e  r e c o r d e r  

r e c e i v e d  s i g n a l  can c e  ste?pe6- dovn t o  a d e s i r e d  v a l u e  by  n e a n s  
of a m u l t i v i b r a t o r .  

In n e t h o d  A 3 ,  t h e  i'requer,cy d i f f e r e n c e  bety?een t h e  s tand-ard  
ml! t h e  l o c a l  f r e q u e n c y  i s  r?ec;,aured by combining t h e  t v o ,  ampli- 
f y i n g  t h e  b e a t  f r e q u e n c y ,  and- r e c t i f y i n g  by mea.i?s of a d e t e c t o r  
( e . g . ,  c o p p e r  o x i d e  r e c t i f i e r  0:" dio 'de  d e t e c t c r ) .  -4 d o u b l e  d i o d e  
t r i o i i e  t u b e  i s  c o n v e n i e n t  for b o t h  t h e  amplifyin; ;  2nd r e c t i f y i n g .  
A d.-c m e t e r  can  b e  use$. as is, vis?.zel i ? :d ica tor ,  and a relay c a n  be 
u s e d  t o  o p e r a t e  a. c o u n t e r .  The d i r e c t  v o l t a c e  o u t p u t  cs.i? a l s o  be 
r e c o r d e d  on a q r a p h i c  r e c o r d e r .  If t h e  r a t e  at Tvhich t h e  r e c o r d e r  
p a p e r  moves i s  c 3 n t r o l l e d  by a synckronous motor, or soze  t y p e  of 
blme marker  i s  w e d . ,  8 v e r y  s a t i s f a c t o r y  measure  o f  t h e  f r e q u e n c y  
d i f f e r e n c e s  can b e  xade .  'i'kiis metkcd i s  l i n i t e c i  t o  q u i t e  small 
f r e q u e n c y  d i f f e r e n c e s .  If a.ud.io f r e q x e n c i e s  a r e  compwed d i r e c t l y  
r a t h e r  t h a n  by t h e i r  ha.rmonics,  t h e  method r e q u i r e s  t h e  o p e r a t i o n  
o f  t h e  equigKient f3r 8 c ~ i i s I ? ~ . e r a - i ~ l ~ ~  t ime.  

L 

Wher?, i t  i s  d e s i r e 6  t o  check  a loc:?,l f req .uency  which i s  l o w e r  
t h a n  1000 c / s  ( e . g . ,  60 c j s ) ,  t h e  proced.urE: i s  t o  mu1 t ip ly  t h e  
local f r e q u e n c y  up  t o  R f r equency  v h i c h  cam b e  conpared  d i r e c t l y  
w i th  t h e  s t r n d a r d  modu la t ion  frequcrlcy or some harmonic of i t .  
In t h z  c p s e  of 60 c / s  i t  wou3.d b e  r i u l t i p l i e d  b y  5, d i v i d e d  by  3, 
and  i n  t u r n  m u l t i p l i e d  by  10 i:; one o r  t x o  s t e p s ,  -,?!kiich would g i v e  
an o u t p u t  o f  1000 c / s ,  T h ?  r e c e i v e d  s t a n d a r d  1030-cyc le  f r e q u e n c y  
would conceivEbljr  b e  d i v i d e i i  by t h e  p r o p e r  s t e p s  21id corrpzred 
d i r e c t l y  e g a i n s t  60 c / s ,  b u t  tlr.,is a o u l d  r e s u l t  i n  i?. lo?:er ac- 
c u r a c y  of  conpco.rison 01- would r e q u i r e  a 1o:iger t i n e  t o  mske a 
measurement.  

I n  Yiethod A 4 ,  t h e  ' u e z t s  can b e  coun ted  b y  t h e  e l d  of  e i t h e r  
sural o r  visual i n d i c a t i o n ,  A coifibinatior, o f  t h e  t v o  n c z n s  i s  
o f t e n  v e r y  c o n v e n i e n t .  Very .great  ac2uracy  can  b e  o b t a i n e d  by 
u s i n g  ha r r ion ic s  s u c h  z s  t o  na.l.:e f r e q u e n c i e s  o j '  t h e  o r d e r  of  
100,030 c y c l e s  per second .  B r o a d c a s t  r a d i o  f ' requericies  can  
be checked  by h a v i c g  t h e  stan5-;,ard l C O C  c / s  c o n t r 9 1  i; LO-kc 
n u l t i v i b r a t o r  or o s c i l l a t o r  and u s i n g  harrnoiiics of  i t s  o u t p u t  
i n  t h e  manner d-escyiSed i n  Pa . r t  2 .  

The a c c u r a t e  cont i -01 of 8 source of  f r e q u e n c y  ( 3  i n  r h o v e  
l i s t )  i n v o l v e s  Vie use of m ~ . ~ ~ . t o ~ . - ~ t i . c  r:!eans o f  !<reeving - c1 ti l o c a l  
s o u r c e  of  f r e q u e n c y  i n  agreecient v:i t h  t h e  r e c e i v e d  s t a i ida rd  audio 
f r e q u e n c y  or a harn3rii.c OT Ei;?:k~Ti;~:~T\IC. Where t h e  local source 
o f  f r e q u e n c y  is i3, mechanical- Gevice,  s.lLCki as a t u n i n g  fork o r  
synchronous  m o t o r - g e n e r e t o r ,  j-ts i i i e r t i e  i s  :iseful j.2 c a r r v i n g  



a l o n g  t h r o u g h  p e r i o d s  of ra$j.d f l u c t u a t l o n  o f  a n c l i t u d e  or phase 
af t h e  r e c e i v e d  frecliiency. Any l~ ,cs , l  s o u r c e  e m  a m ~ ~ l l y  b e  so de- 
s i p e d  ;is t o  o p e r e t e  t h r o u g h  c o n s i d e r a S l e  f a G i n g  or phase  s h i f t s  
of  t h e  r e c e i v e d  f r e q u e n c y .  

I f  t k e  l o c a l  s o u r c e  i s  c? 1030-cyc le  t u n i n g - f o r k  i t  c a n  b e  
d r i v e n  d i r e c t l y  f rom t n e  r e c e i v e d  1KO-cyc le  frequericp.  In t h i s  
a p p l i c z t i o n  i t  i s  n e c e s s a r y  thet t h e  a d j u s t m e n t  o f  t h e  f o r k  be 
sJch thp t  i t s  n z t u r P 1  f req i lency  i s  i n  Pgreernent v r i t l i  t h e  d r i v l n g  
f r e q u e n c y  w i t h i n  r a t h e r  nmrow 1 h i t s .  I n  one p ? r t i c u l E r  i n s t d -  
l a t i o n  I t  was found t h a t  t h e  fork h a d  t 3  b e  i n  a g r e c n e n t  w i t h  t h e  
r e c e i v e d  f req i iency  1vithir-i a felly p v t s  i n  10,000. These l i m i t e  
depend i n  any  p a r t i c u l a r  e s s e  on suck- f a c t o r s  2 s  t h e  d r t v i n g  v o l -  
t q ' e  2nd t h e  m s s  o f  t h e  f o r k .  

The s t a n d e r d  a125.io f r e q u e n c v  c m  s i m i l a r l y  S e  u s e d  to c o n t r o l  
a m u l t i v i b r a t o r  p.t t h e  f u n d i r e n t h  or a m u l t i p i e  or s u S m u l t i g l e  
f r e q u e n c y .  The m u l t i v i b r e t o r  S requescy  can  be m u l t i p l i e d  by  m e a s  
of  t u n e d  harmonic a x p l i f i e r s  t o  h i s h e r  f r e q u e n c k e s  as d e s i r e d .  
It i s  also p o s s i b l t ?  t o  m u l t i p l y  t7ne s tan6;zd a u d i o  f r e q u e n c y  by  
means o f  harmonic a m p l i f i e r s  t o  rac?io f r c n u e n c i c s  and c o n t r o l  R 
r a d i o - f r e a u e n c y  o s c i l l a t o r .  

A s i m p l e  means o f  pi-oducing a time r a t e  s tmdard (method C )  
f rom t h e  r e c e i v e d  s tnnd-ar t l  aud io  f r e q u e n c y  i s  t o  u s e  a s i n p l e  T.-C 
g e n e r a t o r  of  any d e s i r e d  freq1.iency mounted on t h e  same shaf t  with 
a synchronous  motor d r i v e n  by an a m p l i f i e d  2l terncLti .ng v o l t a g e  
from the r e c e i v e d  f r e q u e n c y .  S c c h  R generator cen  o p e r a t e  an 
e l e c t r i c  clock. Thv-s may b e  T r o v i d e d  a s t anda rd .  o f  t i m e  r a t e .  
f o r  s h o r t  p e r i o d s ,  as v e l l  es of  f r e q u e n c y ,  of  an a c c u r a c y  n o t  
g e n e r a l l y  a v a i i & l e  h i t h e r t o  t o  l a b o r s t o l - - i e s  f rom any s e r v i c e .  

P a r t  4. S tanGard  Time I n t e r v ~ . . I . s  

The s t a n d a r d  I n t e r v a l s  o f  one  second- pr.ovided. on Tuesdays 

- - ~ I _  

and F r i d a y s  of e a c h  veek  a r e  a . c c u r a t e ,  2 s  s t a t e d  i n  t h e  Appendix,  
'* t o  b e t t e r  t h a n  0.009 01 second,  R S  s e n t  o u t  f rom t h e  t r a n s n l t t e r .  

Taker? o v e r  ii l o n p e r  p e r i o d  o f  t i m e  t h i s  f i g x r e  Eiay be d i v i d e d  b y  
t h e  number of .  s e c o n d s  d u r a t i o n  o f  t h e  t irae i n t e i - v a l  c o n s i d e r e d ,  
up t o  ~i l i m i t  of' 3ne p a r t  i n  f i v e  m i l l i o n .  T k L t  i s ,  u n d e r  i d e a l  
r e c e i v i n g  and  raeasurh-!g c o n d i t i o z s  one c o u l d  me2.sw-e R tim.e i n t e r -  
v a l  of  59 secgnds  or l o n r c r  t:, k , e t t e r  t h a n  a p a r t  i n  f i v e  m i l l i o n .  
Eoviever, measurements  t o  0.000 0 1  second 8 r e  d i f i ' i c u l t  and e 
l o n g e r  t i n e  i n t e r v n l  tha.ii f i f t y  seconds  vould  * o r d i n a r i l y  b e  re- 
q u i r e d  t o  o b t a i n  a c e r t a l n t y  a f  o n e  in f i v e  m i l l i o n .  The 1 . i m i -  
t e t i o n  on 7ccu.re.cy f r o n  t h e  v3gF.riz.s of  r a d i o  wave t r a n s a i s s i o n  
e r e  2 s  s t ; z t e d  i n  t h e  s e c t i o n  on I t S t m d a r d  m d i o  f r e q u e n c y t t  i n  t h e  
AppenCix. The r iost  c c c u r c t e  t i m e  i n t e r v a l s  a r e  p r o v i d e d ,  a t  any 
p l ~ ~ c e  o r  t i r ? e ,  7sy 'il1s-t one o f  t h e  t h r e e  c a r r i e r  f r e q u e n c i e s  which 
has the  l e a s t  fz.ding. 



Wlth a p p r o p r i a t e  ckronographs o r  oscillogrr~phic r e c 3 r d i r q :  
equipment t h e  seconds  pr i lser ,  c m  k e  used  t o  mcc?.sure s h o r t  o r  
med-iurn l e n g t h  tirile i n t e r v a l s .  V i t k ?  'the forecoin? :  equlpriient o r  
Sy v i s u a l  or e u r a l  i s e m s  t h e  seconds y l s e s  can  be  u s e 2  t o  
m l i b r a t e  most  t i n e  izeasurin,? d e v i c e s .  

rii 1-le s econds  p u l s e s  a.re c m i t t s d  i:rit'r.lout r e g a r d  t o  t k e  a b s o l u t e  
t ime  rv?i:en t h e y  b e ~ i n  o r  end. They canriot b e  u s e d  t o  d e t e r m i n e  
so la r  t i m e  AS c m  b e  i h n e  with t h e  t i n e  s i g n a l s  trar,srfi j- t ted f rom 
zbs t ronor i i ca l  o b s e r v a t o r i e s  such  ;is t h e  'i. S. N a ~ w ~ l  G S s e r v ~ v t s r y .  

P a r t  I; Standand o f  '.?usical Pltcl:.. kLL.L. l__-(________l_ __. I.._. - 

Each day ( e x c e p t  S a t u r d a y  a n d  Sunday) f r o r i  4:OO P.x. t o  
2:00 A.M. E a s t e r n  S t a n d a r d  Tirr.e, t h e  Ameri.-,ar: s t m d a x ?  of  Iru.sj.ca1 
p i t c h ,  4-40 c y c l e s  p e r  second,  i s  hroac jcas t  on a fr.tiquer;cg oi' I~,OOO 
k l . l o c y c l e s  per second.. T h i s  p i t c h  i s  f o r  A a b ~ v e  midr?le C .  t k i l e  
t h i s  s e r v i c e  i s  I n t e n d e d  pr i !zar i ly  f o r  n u s i c l a n e ,  3 . t  may also ' ~ 2  
u s e f u l  t o  l a b o r a t o r i e s  as .a f r e q u e n c y  stendard i n  s:.a.ys si.i-riiI:ir t o  
t k o s e  d e s c r i b e d  i n  P a r t  3 fo i+  thc: ].COO-cycle er;?.isc:,ions. 



18. 

The rpr-l io c a r y i e r  f requeficy u s e d  i c  muck YiiGer  tk;m t l i e  
v r e l l - k n o w  f r e q A e n c i e s  on which 'che usua l  Sroadc?-s t  e n t e r t 9 i n m e n t  
pro,-rams are g i v e n .  The b r o s d c a s t  r e c e i v i n f '  s e t s  s o l 2  p r e v i o u s  
t o  z b o u t  1933 vi11 n o t  r e c e i v e  t h i s  high f r e q u e n c y  b u t  most of  
t h e  rece i ' ; i ing  s e t s  nov b e i n g  sold w i l l  do s o ,  as  ~411. a l s o  !!short- 
vi8veIf or 11c211-~~:~.vett r s c e i v i n g  s e t s .  

The I1c'lll--rxraveft r e c e i v e r s  h a v e  a number o f  s c a l e s  u m a l l s  
iacirked i n  l 'megacgcles t l  fQr  t k e  hither f r e q u e n c y  s c e l e s .  The 
s c a l e  s h o u l d  b e  s e t  f o r  5 z e g a c y c l e s  i n  o r d e r  t o  r e c e i v e  t h e  
s t a n d a r d  IrAtt  b r o a f i c a s t s .  This f r e q u e n c y  is t h e  s m e  as 5000 
k i l o c y c l e s  per second.  

I n  order t o  r e c e i v e  t h c s e  b r o a d c a s t s ,  c o n s i d e r a b l e  c a r e  must 
bt? u s e d  i n  t l i e  t u n i n g  o f  t h e  r a 6 i o  r e c e i v e r  b e c a u s e  a s l i g h t  ad- 
j u s t m e n t  o f  t h e  r e c e i s - e r  R t  hi@ f r e q u e n c i e s  c'nanpr.3 t h e  t u n i n g  
b y  a much l m g e r  m o u i i t  than pvt  1 m e r  f r e q u k n c i e s .  The s t a n d a r d  
ItAt' t o n e  f rom the  t r m s m i t t e r  y r r i . l l  n o t  b e  as l o u d  a s  t h e  program 
usuFLl ly  r e c e i v e d  f r o n  s t a t i c , n s  i n  t h e  b r o a d c a s t  hsnd.  I n  f a c t  
a t  c e r t a i n  t i n e a  &drifi& t h e  day or n i g h t  g r e a t  d i f f i c u l t y  may b e  
e x p e r i e n c e 2  i i i  s a t i s f a c t o r i l y  r e c e i v i n g  t h e  b r o c C c z s t ,  bec,-,use 
o f  " s t a t i c r f ,  e l e c t r i c a l  n o i s e  fron: e l e c t r i c a l  machines ,  and o t h e r  
t y p e s  o f  i n t e r f e r e n c e  p r c s c n t  F- t  t h e  receiving l o c a t i o n .  

To f a c i l i t a t e  t h e  r e c e p t i o n  o f  t h e  s t a n d a r d  t tA"  t o n e ,  the  
f'ol1ov:in.g s u g g e s t i o n s  are g i v e n .  Turn OR the radio r e c e i v e r  a.nd, 
a f t e r  a l l o w i n g  a few m i n u t e s  f o r  i t  t o  warm up,  a d j u s t  t h e  d i a l  
t o  the  s e t t i n g  f o r  5 megacycles .  The volume c o n t r o l  s h o u l d  b e  
t u r n e d  w e l l  up. The c a l i b r a t i o n  marked on t h e  d i a l  of' t h e  r e -  
c e i v e r  nay be i n  e r r o r  by  one or t v o  d i v i s i o n s .  To l o c a t e  the 
s t a t i o n ,  s lomly  a d j u s t  t h e  C i a 1  of  t h e ' r e c e i v e r  from two o r  
t h r e e  d - iv i s io i i s  below t h e  d e s i r e d  f r equenc -  marking on t h e  dial 
b o  the  same amount above.  If tl?e n o t e  of  L o  c y c l e s  p e r  s econd  
i s  h e a r d ,  a .d jus t  t h e  d i a l  ve ry  c a r e f l i l l y  t o  g i v e  t h e  l o u d e s t  
s i g n a l  and ad jus t  t h e  volume c o n t r o l  t o  g i v e  t h e  d . e s l r e d  volume 
o r  l o u d n e s e .  If no  s i g n a l  i s  heard, r a . i s e  t h e  volunie c o n t r o l  
s e t t i n g  and  v a r y  t h e  d i a l  as b e f o r e .  

I 

Every t e n  m i n u t e s  t h e  440-cyc le  t o n e  v i11  b e  i n t e r r u p t e d  i n  
a s e r i e s  of l o n g  and s h o r t  i n t e r v a l s  p r o v i d i n g  t h e  e d . 1  l e t t e r s  
!WV, t h e  i d e n t i f i c a t i o n  of  t h e  s t a t i o n  i n  I n t e r n a t i o n a l  Morse 
t e l e g r z . p h  code. P e r s o n s  n o t  f m i l i a r  with t h e  code can i d c r i t i f y  
t h e  s t a t i o n  by  t h e  m u s i c a l  n o t e  and  i t s  i n t e r r u p t i o n  e v e r y  t e n  
r;,i nu t e s . 

PF,rt 6. B i b l i o g r a p h y .  

F u r t h e r  i n f o r m t i o n  on frequer!cy m e z s u r e n e n t s  is g i v e n  in the  
articles r T k i c h  FLre l i s t e d  b e l o v  i n  ckironol-og i c ? J  o r d e r .  Except  
Ivhere n o t e d ,  t h e y  u e  - n o t  i s s u e d  b y ,  and  a r e  n o t  av,c , i lable  f rom, 



t h e  X a t i o n a l  Bureau of 3tanda.rd.s. These p u b l i c a t i o n s  can be  con- 
sulted i n  pinblic l i b r z r i e s  which m a i n t a i n  f i l e s  o f  p e r i o d i c a l s  or 
c o p i e s  nay b e  s e c u r e d  f r o n  t h e  p u b l i s h e r s  a t  t h e  f o l l o w i n g  ad- 
ares s e s : 

Annaleii der Phys ik .  J .  h b r o s i u s  B a r t h ,  L e i p z i s ,  Germzny. 
B e l l  L a b o r a t o r i e s  Recorc?. 4-63 'h'est S t r e e t ,  KFT York, I1.Y. 
3 e l l  System T e c h n i c a l  J o u r n a l ,  195 B r o d w a y ,  New 'Jork,  K.Y. 
E x p e r i m e n t d  I : ' i r e l e s s  & The ?! / i re less  Eng inee r .  See  The Virel,.ess 

Genera l  Fradio Exper imen te r .  j0 S t r t e  S t r e e t ,  CarnSridge A, Pla~s. 
Ho c hf r e  q u en z t e c h2 i k un 3 E l  el< t r o aku s t i k . 

Enginee r  a n d  Exper imen ta l  !Vireless .  

Ak2-d ex i s c l-~ e V e r 1 a g s - 
g e s e l l s c b n f t  L!EE, L z i p z i g ,  Germmy. 

O p t i c a l  S o c i e t y  of: Arilerica end  Review of Sc ie . r l tPf ic  I n s t r u -  
J o u r n a l  of  t h e  O p t i c a l  S o c i e t y  o f  Arericp.  ( f  orrrierly J3urnF-l  

m e n t s ) .  American I n s t i t i u t e  o f  P h y s i c s ,  175 5th  Ave. , Kew 
York, N.Y. 

Xarconi  Review, i \ k r c o n i I  s llrireless T e l e g r ~ ~ p l i  Co., Ltd-. , E l e c t r a .  
Eouse,  V i c t o r i a  En5c?,nkment, London, W.C.2, Elzgl-ind. 

P 5 y s i c s .  American I n s t i t s t e  o f  ?h.ysics ,  175 5 th  Ave., Rem York, 
x- T 7  
1'1 . L . 

P h y s i c a l  Revieixr. Amer icm I n s t i t - J t e  of Physics, 1 7 F  5 t h  Ave.? 
New York,  N.Y. 

P h y s i k a l i s c h e  Z e i t s c k r i f t .  S .  E i r z e l ,  Leipzig, Germmy. 
P r o c e e d i n g s  of t h e  Aneric2.n Acader9.y of A r t s  & S c i e n c e s .  L i b r a r y  

of t h e  Ayierican Academy of  A r t s  & S c i e n c e s ,  2 8  Fewbury S t . ,  
Bos ton ,  I d a s s .  

330 West 42d P r o c e e d i n g s  of t h e  I n s t i t u t e  of  R a d i o  Zng inee r s .  

P r o c e e d i n g s  of t h e  Royal  S o c i e t y .  E s r r i s o n  !& Sons ,  Ltd., h b Q 7  
S t .  Mpur t in l s  Lane ,  London, 1JJ.C.2, England. 

P r o c e e d i n g s  of t h e  W i r e l e s s  S e c t i o n  of  t h e  I n s t i t u t i o n  a f  Elec- 
t r i c a l  E n g i n e e r s .  Savoy P l s c e ,  V i c t o i > i a  Eabadcnent ,  London, 
W . C .  2,  En@md.  

QST. American Eadfo  Re lay  Leap'ue, Ti.  H m A f o r d ,  Conn. 
R a d i o  E n g i n e e r i n g .  Rry?n t  P u b l i s h i n g  Co. , 19 E .  47th- S t . ,  

New Ycrk, Y.Y. 
Repor t  of R a d i o  R e s e a r c h  ii? J a p a n .  N?.t iona~l Resea?cl?_ Cou.nci1 

of  J a p m ,  Tokyo, J a p a n ,  
RCA R.;.vievr. RCA I n s t i t u t e s  T e c h n i c a l  P r e s s ,  75 VaricB S t r e e t ,  

I\! er,v Y o  rk , I'J e Y . 
The E1ectri.c J o u r n a l .  530 Fem.mdo S t . ,  F i t t s b u r s h ,  PE.. 
The J o u r n a l  of t h e  i n s t i t u t i 3 n  of Z l e c t r i c a l  Z n g i n e e r s ,  Sevoy 

P l a c e  , V i c t o r i a  Zn5m'rment , Loildcn IV .  C .  2 ,  En6;land. 
The P r o c e e a i n g s  of tkie P?t?y.sicd S o c i e t y .  1 Lolvtker Ge.rdens, 

E x h i b i t i o n  Ro~ .d ,  London,  SYT, England. 
The Revlev: of S c i e n t i f i c  I~ ig t r : . j~ i :~n3s  e h e r i c m  I n s t i t u t e  o f  

The Wireless % n . p i n e e r  arid.  E x p e r i m e n t a l  ?Vire lesF .  I l i f f e  &; %ns, 

St . ,  K ~ V I  Yoiak, N.Y. 

_ -  

P h y s i c s ,  17% 5th Ave.,  1 yor;:, l;*ym 

Ltd .  , Dorse t  X o ~ s e ,  S t m f o r d  St,. , London, SEI , Englmd.. 
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Such p a p e r s  8,s e r e  i s s u e d  by  t h e  N a t i o n a l  E w e m  of  S t a n d a r d s  
c c n  b e  p u r c h s s e d  ir'rom t k e  S u p e r i n t e n d e n t  o f  Docu.nents, 5-overnnent  
P r i n t i n g  O f f i c e ,  Washington,  D.C., fit t h e  p r i c e s  s t a . t e d .  The 
p r i c e s  q u o t e d  are f o r  d e l i v e r y  i n  t h e  U n i t e d  S t , a t e s  and i t s  
p o s s e s s i o n s ,  and Canada, Cuba, Kexico,  Newfoundland, a n 6  t he  
Repub l i c  o f  P a n a . m .  F o r  d e l i v e r y  to c o u n t r i e s  other t k n .  t h o p e ,  
r e m i t t a n c e  shou ld  b e  i n c r e a s e d  by o n e - t h i r d  t o  c o v e r  p o s t a g e .  
f i e n i t t a n c e s  shoulii b e  made t o  t h e  t l S u p e r i n t e n d e n t  of  Docunents ,  
Governmect P r i n t i n g  O f f i c e ,  1:;:u'ashiiigton, I). C .  I( 

S e r i a l  l e t t e r s  . a n d  num3ers a r e  u s e d  t o  d e s i y n a t e  Bureau pub- 
l i c s t i o n s .  s,  ' I S c i e n t i f i c  Papcrll, i s  u s e d  for r e 2 r i n t s  from t h e  
" S c i e n t i f i c  P a p e r s  o f  t 5 e  B u r e m  qf' StanCerdsIl (Sc i .Pap ,ES)  , 
This s e r i e s  V J ~ S  s u p e r s e d e d  by t h e  ItEureeu of  S t e n d a r d s  J o u r n a l  
of  Resea rch"  i n  1928. 3 P ,  IIResearcl? P z p e r t t ,  d e s i b p s t e s  r e p r i n t s  
of e r t i c l e s  a p p e a i n g  i n  t h e  I1i3urem o f  S t a n d a r d s  J o u r n a l  of  Re- 
s e a r c h t t  ( B S J .  f i e s e a r c h )  and t l i e  I t J o u r n a l  o f  Researck- of t h e  Nn- 
t i o m 1  Bureau of S t a n d e r d s t l  ( z T . F i e s e e r c h  NBS) ti-e 1 . t . t t e r  beir-g 
t h e  t i t l e  o f  this D e r i o d i c a l  s i n c e  J u l y ,  1934 (volume 13, 
number 1). 

I n  e2"ch r e f e r e n c e  beloy'r, u n l e s s  o t h e m i s e  I n d i c 2 t e d ,  t h e  
f i i-st  number ( u n d e r s c o r e d )  i s  t h e  volume of t n o  c e r i o d i c a l ;  t h e  
numbers f o l l o v i n g  i n d i c a t e  p z g e s  and t h e  year of pYol ic ,? t ion .  
K a r n t , s  o f  p e r i 2 d i c a l s  a b S r e v i a t e d  can  b e  found  ir, f a l l  i n  t h e  
l i s t  of  a d d r e s s e s  above.  

The p i e z o e l e c t r i c  r e s o n a t o l i o  W. G .  Cady. Proc.1.R.E. -9 10  63-114, 
A p r i l  1322, 

F I e z o e l  e c t r i c c r y  s t .1 r e son a t  o r  E ?.nd c r y  s t a1 o E c ill a t  o r 6 2 p pl i e d 
t o  t h e  p r e c i s i o n  c a l i S r s W t i o n  o f  wzvemeters .  G. Y. P i s r c e .  
P roc .  An. Aced. A r t s  ;ind Se i .  9, 81-1061, Gct.  1923. 

A method o f  mea.sur ing v e r y  s k r t  r a d i o  wave l e n g t h s  m d  t h e i r  
u s e  in f r e q u e n c y  s t m d a r d i z a t f o n .  F. TI, Dunnore and F. H. 
Engel .  Proc.1.R.E. - 11, 467-47a, G e t .  1923. 

O p t i c n l  SOC.  Am. - 10,  475, A p r i l  1925. 
P i e z o e l e c t r i c  s t z n d a r d s  o f  high f r e q u e n c y .  iV. G .  Gady. J.  

A method of  c p - l i b r a t i n g  a low freq!iency gerierz*tor w i t h  a one  
freq7Jency s o u r c e .  S .  b r r i s .  P r o c , I . Z , E . a ,  213-2l6, A p r i l  
1926. 

3kEst;blishren.t of' r s c? io  stan6ards of  f r e q u e n c y  b y  t h e  u s e  o f  a 
harinoriic a x p l i f i e r .  C. B.. Jolliffe and Grace Elazen, B.S.Sci. 

*Obta inab le  f rori S u p c r i n t  endent  of Documents, Governrnent P r i n t i n g  
O f f i c e ,  Gash ing ton ,  D.C., at p r i c e  s t p t e d .  2 e s i g n 8 t e  p u b l i c a -  
t i o n  b y  t h e  l e t t e r  and nunber  a p p e a r i n s  j u z t  b e f o r e  p r i c e .  

pep. 21, 179-is9, 1526.  (~530, io#), 
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Yses  an^ ~ o s s i b i l i t i e s  o f  p i e z 3 e l e c t r i c  o s c i l l F L t o r s .  A .  k n b .  
Proc.1.Ii .E.  - 14, 447-469, Autzust 1926. 

3. K .  Dye. Proc. P h y s i c a l  S o c .  3, 393-457, d i s c u s s i o n ,  
457-b5S, August 1 9 2 6 .  

Quar t z  c r y s t a l  calibrators. A. CroFs ley .  QST gl, pp.23-27 of 

P i e z o e l e c t r i c  q u a r t z  r e s o n e t o r  and equivalei . , t  e l e c t r i c  c i r c G i t .  

m ~ k i  1927. 

Frequency c h e c k i n g  s t a t i o n  at hkr? Islalld. G .  T. Koyden. P roc .  
I.3.E. z, 313-318, April 1927, 
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Xeasurement of wave 1ene . ths  of b r o a d c a s t i n g  s t a t l o n s .  R. E r a i l -  
lar3 znd E. 9 i v o i r e . -  Exp. W i r e l e s s  and 3'. Zng. 6, 412-421, 
August  1929. 

O b s e r v z t i o n s  on modes o f  v i b r a t i o n s  and t e m p e r a t u r e  c o e f f i c i e n t s  
o f  q u a r t z  c r y s t 2 1  p l F - t e s ,  F.  2. Lack. Proc.1.E.E. IJ, 1123- 
1141, July 1929;  B e l l  S y s t e n  Tech. J o u r .  d t?, 515-535, J u l y  

'1929. 

An e l e c t r o m c g n e t i c  nonochord f o r  t h e  measurement of  a u d i o  f r e -  
q u e n c i e s .  J. 3'. Owen-Harries. Proc.1.R.E. lJ, l j l 6 - l 3 2 l ,  
August 1929.  

Measurement of f r e a u e n c y .  S. J i n b o .  Proc.1.R.E. IJ, 2011-2033, 
Novemb e r  13 29. 

The d imens ions  of ~ G V J  f r e q u e n c y  qua r t z ,  o s c i l l 2 t o r s .  R. C .  Hitcb- 
cock,. Rev. S c i . I n s t r u m e n t s  I, 13,  J e n u a r y  1930. 

Frequenc-r s t . m d p - r d i z a t i o n .  J ,  K.  C1.app and J. D. Crpwford. 

W e t h o d  e n d  2 p p r r r t u . s  u s e d  i n  t e s t i n g  p i e z o  o s c i l l z - t o r s  f o r  

QST d-, pp.5-15 of  Ma-cki 1930. 

b r o a d c a s t i n g  s t e t i o n s .  E. L .  H a l l .  B S J .  ReseFrch  3, 115-130, 
J e n u n r y  1930, (RP1.35, lo#). Proc.1.R.E. 2, 490-509, Narci? 
1439.  

OP Design o f  a p o r t a b l e  t e m p e r r t u r e - c o n t r o l l e d  p i e z o  o s c i l l z t o r .  
'\i.E.Heaton Fund V. E. B r p t t a i n .  ESJ. K e s e z r c k  4, 345-350, 
M c n h  1930, (RP153). Proc . I . R . E .  - 16, 1239-1246, J u l y  1930. 

A c o n s t a n t  f r e q u e n c y  o s c i l l e t o r .  C .  W. l ' l i l l e r  a-d. H. L. And-rews, 
Rev. S e i .  I n s t r u m e n t s  - 1, 267-276, N?.y 1930. 

The e s t ~ b l i s h m r ! n t  of t h e  JzpaneFe  radio-freqiJ.encg s t a n d a r d .  
Y. Namba. Proc.1.R.E. Ig, 1017-1027, J u n e  l Q 3 O .  

OP X p r e c i s e  2nd rzplfi n e t 5 0 2  of  mezsur ing  f r e q u e n c i e s  frorn f i v e  
t o  t v o  hundred. c v c l e s  u e r  second.  N .  P.  Case. RSJ. R e s e a r c h  
5, 237-242, August  19f0, (Eip195). Proc.1.R.E. I 18, 15f56- 
1592 ,  S e p t .  1930. 

I n t e r p o l F L t i o n  methods f o r  u s e  v:ith harmonic f r e q u e n c y  s t n n d a d s ,  
J.  K. Clapp. P roc . I .R .E ,  s, 1575-15a5, 3 e p t .  1950, 

OF A c c u r a t e  met306 o f  r-ieasuring t r c n s m i t t e d  rrr2ve f r e q u e n c i e s  at 
5000 and 20 009 k i l o c y c l e s  p e r  second. E .  L .  Hall. BSJ. 
Fiesearch 2, 647-652, S e p t .  1930, (RP220).  Proc.1.R.E. 
- 19, 35-41, J r n .  1.931, 

O f f i c e ,  Washington,  D.C., a t  p r i c e s  s t s t e d .  D e s i p a t e  p u b l i c 2 -  
t i o n  b y  t h e  l e t t e r  a n d  number a p p e z r i n g  j u s t  b e f o r e  p r i c e .  

---- - ~ -  -- 
JcObte in lb l e  f r o c  S u g e r i n t e n d e n t  o f  Documents, Government P r i n t i n g  

OP O u t  of. print. I d a y  b e  c o n s u l t e d  i n  r e f e r e n c e  l i b r q r i e s .  
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Frequency division. J. Groszkossk i .  Proc.1,R.E. l3, 1!?6O-l97O, 
~ I O V .  1930. 

Terperature control for f r e q u e n c y  stantiartis. J.  E;. Clapg. P r o c .  
I .R .E.  -> 1s 2303-2010, Dee, 1930. 

Ssme nethod:; of n e a s u r i n g  t h e  f r equencg  o f  s h c r t  wzves. H. X8g:el. 
P roc .1 .R .E .  9, l93-2l3, Feb. 1931.. 
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IJotes  on t h e  f r eq -ze rcy  s t a b i l i t y  of q u a r t z  p l s t e s .  L .  ti. i ia l lman,  

Q u z r t z  c r y s t a l  r e e c n a t o r s .  '7.;. A. K a r r i s c n .  3 e l l  L a b o r ? - t o r i e s  

S i 1 v e r i n c  e l e c t r o d P s  on q u a r t z  c r y s t e l s .  S .  3. -TIusons.  QST 16, 

Jr. PLadio Eric. - 1 2 ,  pg.15-19 o f  Feb. 1932. 

Record - 7  1 0  134-1?9, Feb. 1932. 

p.20 of  ?.!arch, 1932. 
l- 

-. Recent  deve lopments  i n  -precl.sion Yrequency c o z t r o l .  9. E.  Rep- 
l o g l e .  3i,.dio 3ng. 1, pp.29-32 o f  A - p r i l ,  1932.  

An s x d i o  o s c i l l a t o r  of t L e  3pn?trcn t y p e .  D. E:=Ae. Rev. S e i .  
I n s t r u m e n t s ,  1, 230-2j4, ~ ' ~ a y  1-95?. 

Hovgaard. Proc. I . R . Z .  20, 767-7gZ, f.ky 1932. 

20, 508412, May 1932. 

A p p l i c a t i o n  of  q u a r t z  p l a t e s  t o  r e d i o  t r a - i s m i t t e r s .  0.  IT. 

The v i S r z t i o n s  of  q u a r t z  p l a t e s .  R .  2. Colrse l l .  Proc.1.R.E. 

Exper imen ta l  s t u d y  o f  p:ALrFllel-cut p i e z o e l e c t r i c  q u ? r t z  p l p t e s .  
G. W. Fox Fnd ?l. G. Hi:tton. P h y s i c s  2, 443-4117, J u n e  1932.  

The p r e c i s i o n  freqiuency me,-,sixring systein o f  R. C: .A.Communicztions 
I n c .  €3. 0. P e t e r s o n  2nd A .  M. B r m t e n .  Proc.1.R.E. 20, 
9"-956, J u n e  1332. 

The d e s i g n  of  t e n p e r a t u r e - c o n t r o l  c p p a r a t u s  f o r  ? i e z o  o s c i l l F - t o r s .  
V. J. Andrew. Rev. S e i .  I n s t r u m e n t s  2, 341--35lY J711y 1932 .  

A l o v - f r e q u e n c y  o s c i l l p - t o r .  J.  X. Eudaclr. 3sll L z b o r z t o r i e s  
9ecDrd 10, 37g-380, J u l y  1932. 

!?'lie q u a r t z  o s c i l l a t o r .  T .  D .  PErkin .  IhErcc;ni Rev. x, pp.1-10 of 
J U ~ ~ A V . ~ .  , 1932. 



On t h e  p i e z o e l e c t r i c  p r o p e r t i e s  o f  t o l r r r a l I n e .  d. IV. Fox and  
X. Tjncierwod. P h y s i c s  - 4, LO-13, J c n .  1933. 

- Frequency meaeur tmrnt  E: a t  r a d i o  f r e q u e n c i e s .  ~ 1 ~ 1 . .  10, C-enerP1 
Radlo Co., Canbridge, i i k~~ ;~ .  , J a n .  1933. 

A combina t ion  m o n i t o r  Ind f ' requency me te r  f o r  t?.ic arcgteur,  G e n e r d  
Eadlo  Exn. 1, pp.5-7 o f  J a n .  1933. 

Eel;. LaborF-toL-ies Record  - 11 , 137-139, Jan, 1 :3 j j .  

Radio E!ig. 9, pp.18-19 of' F'eb., 1933. 

A he terad-yne  o s c i l l a t o r  of Wide f r e q u e n c y  range. J .  5, Kreer, Jr. 

A frequency monitorii ie:  u n i t  f c r  b r o a d c a s t  s t a t i o n s .  H. E. Coram. 

Idounting q u a r t z  T l F t e ; .  F. F.. Lack. 3 e l l  L a t o r a t c r i e s  hiecl-.,rd -) 11 
200-20k, M Z Y C ~ I  1935 

On t o l x m a l i n e  a s c i l l a t o r s .  S .  M z t s u m r a  and S. ishikar-ra.  S e p g r t  
o f  Hhdio R e s e a r c h  i;i Ja-nan 3, ?io,  1, I--5, J u n e  1533. 

A more s t a b l e  c r y s t s l  o s c i l l a t o r  of hi::h h a r n o n i c  o u t p u t .  %,ST g, 
pp.30-32 o f  J u n e ,  1333. 



26. 
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BY NATIONAL BURSAL7 OF STANDARDS. ---- --. 

Beginn ing  J u n e  1, 1937, t h e  Ne t ion21  Bure8-u o f  S t a n d a r d s  w i l l  
Ineke some changes  and  e x t e n s i o n s  i n  t h e  s e r v i c e s  b roa .dces t  by  i t s  
r a d i o  s t a t i o n  \WV, at B e l t s v i l l e ,  Md., n e a r  !'JI.;.shin@on, D . C .  The 
s e r v i c e s  w i l l .  i n c l u d e :  ( I - )  s tmdard  r a d i o  f r equ .enc ie s ,  (2) s tnnd-  
ard a u d i o  f r e q u e n c y ,  ( 3 )  s t m d a r d  t i m e  i n t e r v a l s  i n  t h e  form of  
p u l s e s  a c c u r a t e l y  spaced. one second a p a r t ,  (4.) t h e  s t a n d a r d  o f  
mus ica l  p i t c h ,  440 c y c l c s  p e r  s econd ,  and (5) b u l l e t i n s  o f  i n f o r -  
mat ion on t h e  i o n o s p h e r e  and r a d i o  t r a n s m i s s i o n  c o n d i t i o n s .  

1. -___ S t a n d a r d  r e d i o  f r e q u e n c i e s .  - This s e r v i c e  makes g e n e r e . l l y  
a v a i l a b l e  t h e  na . t i ona1  s t a n d a r d  o f  f r e q u e n c y ,  which. i s  o f  v a l u e  i n  
s c i e n t i f i c  or o t h e r  measuremerLt s r e a . u i r i n g  a n  a c c u r a t e  f r e q u e n c y ,  
and i s  u s e f u l  t o  r a .d io  t r a n s r ; i t t i n g  s t a t j - o n s  f o r  a d j u s t i n g  t h e i r  
t r a n s m i t t e r s  t o  e x a c t  f requei icy ,  and t o  t h e  p u b l i c  g e a e r a l l y  f o r  
c a l i b r a t i n g  f r e q u e n c y  s t anda rd . s .  This s e r v i c e  w i l l  b e  g i v e n  e v e r y  
Tuesday and F r i d a y ,  ( e x c e p t  n a t i o n a 1 l . y  l e g a l  h o l i d a y s )  , as h e r e t o -  
f o r e ,  b u t  t h e  t i m e s ,  c h a r a c t e r ,  a.nd f r e q u e n c i e s  o f  t h e  e m i s s i o n s  
will b e  somewhat changed.  The e m i s s i o n s  e a c h  Tuesday a n d  F r i d a y  
will b e  c o n t i n u o u s  unmodulated,  unkeyed waves ( C ! V )  e x c e p t  f o r  a 
short p u l s e  e a c h  second  a s  d e s c r i b e d  unde r  3 below.  

The s e r v i c e  ail1 be g i v e n  s u c c e s s i v e l y  on t h r e e  r a d i o  c a r r i e r  

1O:OO t o  1l:jO A . M . ,  EST, 5 000 k i l o c y c l e s  ( k c / s ) .  
Noon t o  1:3O P.N., EST, 107000 k i l o c y c l e s  ( k c / s ) .  
2:OO t o  3:3O F.N., EST, 20 000 k i l o c y c l e s  (kc/s). 

f r e q u e n c i e s ,  as f o l l o w s : .  

The power of  t h e  t r m s m i t t e r  xsed i s  a p p r c x i n a t e l y  20 k i l o w a t t s ,  
The e in i se ions  on 5 OOr3 kc/s m e  p x t i c u l e r l y  use fu l -  a t  d . i s t a n c e s  
w i t h i n  a f e x  kundred  m i l e s  fi-om d a s h l n g t o n ,  t h o s e  on 10 009 k c / s  
a r e  u s e f u l  for m 3 s t  o f  t h e  r e s t  of t h e  U n i t e d  S t a t e s ,  a,:;& t h o s e  
on 20 ooo kc/s art? u s e f u l  i n  t h e  w e s t e r n  pa r t  o f  t h e  U n i t e d  
S t a t e s  2nd  i n  o t h e r  p a r t s  o f  t h e  wor ld ,  

.. 

From any  s i n g l e  freyu.ency, u s i n g  harmonic r e t h o d s ,  any f r e -  
quency m y  be  ch5cked.  

Dur ing  t h e  f i r s t  f o u r  wid  t h e  l e s t  four m i n u t e s  o f  t h e  30- 
minutz  m i s s i o n  o : ~  eacli cc.rulier Prcauency ,  mnouncenents  will be 
g i v e n ;  t h e y  w i l l  b c  msde by tc,le,r;<pkic k e y i n g  ard  by ?Toice, and 
w i l l  i n c l u d e  t h e  s t a t i o ?  call l e t t e r r  (' ,iTV) and 2 s t e t e n e n t  o f  t he  
f r equency  a n d  t h e  2ccLxr:>.cy. TLe a c c u r a c y  of  t h e  f r e q u e n c i e s  i s  a t  
211 t i m e s  b e t t e r  t h e n  n p a r t  i n  f l v e  x i l l i o f i .  



2.  StsnZiarC a u d i o  f requency . -  On each  T,'ednesday (e;:ce;)t na- 
t i o n a l l y - l e g a l  h o l i d a y s ) ,  a f r e q u e n c y  of  1000 c y c l e s  p e r  second 
x 4 l l  b e  t r m s c i t t e d  as a r?.odulation on t h e  sar:e r a d i o  c a r r i e r  
f r e q u e n c i e s  and a t  t 3 e  same t i x e s  o f  day  as l i s t e d  2bove. The 
r a d i a t e d  potver w i l l  b e  a p p r o x i m a t e l y  20 kilowla t t s ,  rri t?i  50% 
modula t i  on.  

Esce2t d-uring- announcements,  t h e  e m i s s i o n s  x : i l l  c o n s i s t  of 
t h e  u n i n t e r r u p t e d  1000-cyc le  f r e q u e n c y  mperposeci  on  t y e  c a r i e r  
f r e q u e n c y .  During t h e  f i r s t  f o u r  and t'.-e l a s t  f o u r  m i n u t e s  of  
t h e  90-minut e e m i s s i o n  on e a c h  c a r r i e r  f r eq i i ency ,  ancouncements  
w i l l  be  g i v e n ;  t k e y  vi11 be made b y  t e l e g r a p h i c  keying  a i d  b y  
v o i c e ,  and  w i l l  i nc luc ' e  t h e  s t a t i o r ,  c a l l  l e t t e r s  ('GI'V) and a 
&a.t errent of t h e  r a d i o  c a r r i e r  f r e q u e n c y  snd t h e  m d i o  modu7.a- 
t i o n  f r e q u e n c y  2nd t h e  a c s u r a c y .  

The a c c u r a c y  of  t h e  f r e q u e n c i e s  (bot!? c a r r i e r  and m o d u l a t i o n )  
EIS s e n t  o u t  from t k e  t r m s m i t t i n g r  s t z t i o n  i s  a t  all t i m e s  b e t t e r  
t h a n  2 p a r t  i n  f i v e  m i l l i o n .  Trmsn- i i ss ion  e f f e c t s  i:i t h e  medium 
(Dopp le r  e f f e c t ,  e t c . )  may r e s u l t  i n  s l i E h t  f l u c t u e t i o n s  i n  tP.e 
f requer ,cy  t2s r e c e i v e d  a t  a i2ar t icular  place. A s  fer as t h e  car- 
r i e r  . r a d i o  f r e q u e n c i ? s  a r e  concerned-, such  f l u c t u a t i o n s  prac- 
t i c a l l y  n e v e r  exceed  3- p m t  i n  f i v e  m i l l i o n ;  f i J r the rmore ,  t he  
p r e s e n c e  o f  t h e  ".io mcdc13,tion f r e q u e n c y  does  n o t  r e d u c e  t h e  
a*ccuracy o f  t h e  c a . r r i e r  r a d i o  f r e q u e n c y .  Under occz .s iona1  extreme 
c o n d i t i o n s ,  momentary f l u . c t u a t i o n s  as g r e a t  c2s 1 c y c l e  p e r  s econd  
nay o c c u r  i n  t h e  a u d i o  modu la t ion  f r e q u e n c y  as r e c e i v e d .  I t  i s  
g e n e r a l l y  p o s s i b l e ,  however,  t o  use t h e  e u d i o  f r e q u e n c y  w i t h  c2n 
a c c u r a c y  b e t t e r  t h m  a p a . r t  i n  a n i l l i o n  by .e.mploying that  one  
o f  t?.ie t h r e e  carr-*ier  f r e q y - e n c i e s  which has t h e  l e w t  f a d i n g .  
I t  i s  h e l p f u l  t o  u s e  a u t o m a t i c  volunie c o n t r o l  a n d  aud io - f r equency  
f i l t e r s  t o  r e d u c e  t h e  e f f e c t s  of  f l u c t u 6 , t i o n s  i n  c*m-plitude or 
p h a s e  of  t h e  r e c e i v e d  a u d i o  f r e q u e n c y .  

A,ny d e s i r e d  f requer ,cy  rnny % e  measLIre.3 i n  t e n s  o f  any one  o f  
t h e  s t a n d a r d  f r e q u e n c i e s ,  e i t h e r  a u d i o  or radio. T h i s  may h e  
done by t h e  si3 of  ha rmon ics  and b e a t s ,  or, 3.n t l i a  c m e  of  t h e  
1009-cyc le  s t a n d a r d ,  a l G o  by t h e  oper iz t ion  of' a s imple motor-  
g e n e r a t o r .  

The stm23rZ- 1009 cycles .  p e r  second i s  e s p e i s i c l l y  usefu.1 i n  
t4-e a c c u r z t c  measuremcnt of hud io  f r e q u e n c i c s  mil t ime  i n t e r v e l s ,  
c L l i b r a t i o n  o f  t u n i n - - f o r k s ,  e t c .  



r a d 3 0  r e c e i v e r s .  The l e n g t h  of t h e  i n t e r v a l s  t h u s  marked betv-een 
e a c h  second and t h e  n e x t  i s  a c c u r a t e  w i t h i n  0.000 01 second ,  as 
s e n t  o u t  f rom the  t r a n s m i t t e r .  Keasurements  t o  t h i s  a c c u r a c y  have 
n o t  been  made of t h e s e  s i g n a l s  as r e c e i v e d ,  b u t  measurements  made 
a t  one r e c e i v i n g  l G c a t i o n  showed no e r r o r  w i t h i n  t h e  l i m i t s  o f  
p r e c i s i o n  of  t h e  meesurement,  vrhich was a b o u t  0.000 O j  second.  
V a g a r i e s  o c c u r r i n g  i n  t h e  t r a n s m i s s i o n  medium may c a u s e  f l u c t u a -  
t i o n s  m a t e r i e l l y  g r e a t e r  t h a n  t h i s  a t  p a r t i c u l a r  p l e c e s  or t i m e s  
rXThere t h e r e  i s  e x c e s s i v e  f a d i n g .  

These s t m d a r d  seconds  signtills c o n s t i t 7 l t e  a s t a n d a r d  f r e q u e n c y  
o f  one c y c l e  p e r  second,  a i d  a r e  d e r i v e d  from t h e  B u r e m ’ s  primp-ry 
s t a n d a r d  of  f r e q u e n c y  which i s  i n  t u r n  b a s e d  upon t h e  s t a n d a r d  
t i n e  s e r v i c e  m a i n t a i n e d  by  t h e  U.S.Nava1 OSse rva to ry .  They a r e  of  
s p e c i a l  v a l u e  i n  p h y s i c a l  measurements ,  i n  g e o d e t i c ,  s e i s m o l o g i c a l ,  
and similar work, i n  rapid c h e c k i n g  of pendulums and chronometer  
r a t e s ,  and  v h e r e v e r  s h o r t  t ime i n t e r v a l s  of g r e a t  a c c u r a c y  a r e  
needed. They a r e  n o t  c a p a b l e  of g i v i n g  solar t ime,  as needed  i n  
n a v i g a t i o n ,  for e x a c p l e ,  f o r  lrrhich a s t r o n o m i c a l  o b s e r v a t i o n s  or 
t h e  Navy’s  t i m e  s i g n a l s  a r e  r e q u i r e d .  

n u a i c a l  p i t c h , c y c l e s  p e r  s econd  f o r  A above middle  C ,  w i l l  
b e  b r o a d c a s t  as a modu la t ion  f r e q u e n c y  e v e r y  n i g h t  e x c e p t  S a t u r -  
day end Sunday ( a n d  e x c e p t  n a t i o n a l l y  l e g s 1  h o l i d a y s ) .  It w i l l  
b e  a 440-cycle  m o d u l a t i o n  011 a r a d i o  c a r r i e r  f r e q u e n c y  o f  5000 
lw/s. The s e r v i c e  T,vill b e  g i v e n  d a i l y  f rom 4:OO P.M. t o  2:OG 
A.M., EST.  The s t a t i o n  c a l l  l e t t e r s  (I’flVV) w i l l  b e  g i v e n  e v e r y  
t e n  m i n u t e s  on t h e  even t e n  m i n u t e s  by  t e l e g r a p h i c  key ing ,  so  
t ha t  m u s i c i a n s  Gs ing  t h e  s e r v i c e  nay  b e  s u r e  t h e y  a r e  l i s t e n i n g  
t o  t h e  r i g h t  s t a t i o n .  The l e t t e r s  Y?-JV are  d o t s  and d a s h e s  as 
foll .ows: .-- .-- . . .- The r a d i a t e d  p o v e r  w i l l  b e  one  l c i lowa t t ,  
with 100% modula t ion .  The a c c u r a c y  o f  t h e  411-0-cycle standard 
p i t c h  i s  a p p r o x i m a t e l y  t h e  same a s  that  of  t h e  1000-cyc le  t o n e  
as d e s c r i b e d  u n d e r  2 above,  i . e . ,  f a r  beyond any  m u s i c a l  r.ec/mire- 
ments .  

4, S t a n d a r d  o f  m u s i c z l  p i t c h . -  The Americmi s t a n d a r d  of 

5. --- I o n o s p h e r e  b u l l e t i n s . -  -__ - Data on t h e  i o n o s p h e r e  and- a sum- 
mary of h igh - f r equency  r a d i o  t r a n s m i s s i o n  c o n d i t i o n s  w i l l  b e  
b r o a d c a s t  e a c h  Vedriesday afternoon, t h e  same day  on which t h e  
1000-cyc le  modula ted  e m i s s i o n s  a r e  g iven .  The b u l l e t i n  will b e  
g i v e n  by v o i c e  on e a c h  o f  t h r e e  r a d i o  c a r r i e r  f r e q u e n c i e s ,  as  f o l -  
l o v s  : 

l :’O t o  1: 3 P.IT., EST, 10 GOO kc/s 

l:5O t o  l:53 F.F. ,  EST, 20 000 k.c/s 
1: r: 0 t o  l:& P.l2., EST, 5 000 kc/s 



The b r o a d c a s t  i n c l u d e s  s t e t e n e n t s  o f  t h e  no rma l - inc idence  
c r i t i c z . 1  f r e q u e n c i e s  and v i r t u a l  h e i g h t s  of t h e  ionos$I.ere l a y e r s ,  
2nd ec t ima ted .  s k i p  d . i s t a n c e s  f o r  a number of f r e q x e n c i e s ,  a l l  
based on o b s e r v a t i o E s  a t  SVashinzton t h e  day o f  t h e  b r o a d c a s t .  
Both  day  arld n i g h t  v a l u e s  a r e  g i v e n ,  
i n  choos ing  cptimum f r e q u e n c i e s  f o r  l o n g - d i s t a n c e  communication. 

. _. 
The i:clforina.tion i s  an a . id  

F u r t h e r  i n f o r m a t i o n  i s  g i v e n  i n  t h e  3ur.ea.u 's  L e t t e r  C i r c u l a r  
499, "The nieekly r a d i o  broadces tn ,  of t h e  Na t i . ona l  Bureau o f  S tand-  
ards o n  t h e  i o n 3 s p h e r e  a ~ d  radio t r a n s n i s s i o n  c o n d i t i o n s .  I 1  

G e n e r a l .  - Irif o r m  t io r :  on h o ~  t 2 receiT?e and  u t i l i z e  t h e s e  -_ 
ver ' igus s e r v i c e s  i s  g i v e n  i n  pamphlets obtaina'olle ofi r e q u e s t  aLd- 
dressed!  t o  t h e  Y h t l o n a l  Zureau of  StandFlrds, Vash ing ton ,  D. C.  

The Bureau vfelcomes r e - p o r t a  sf u s e  and ccmnents  upon t h e  
s e r v i c e s .  It i s  d e s i r e d  that u s e r s  r e p o r t  t o  t h e  Bureau t h e i r  
e x p e r i e n c e  i n  u s i n g  t h e n ,  i n c l u d i n g :  d e s c r i p t i o n  o f  method of 
u s e ;  s ta . tement  of  r e l a t i v e  fRdii ig; ,  i n t , e n s i t y ,  i n t e r f e r e n c e ,  e t c . ,  
on t h e  t h r e e  cc?-rrier f r e q . u e n c i e s ;  a.nd sugi :s t io!- is  f o r  improvement 
of any d e t a i l s .  Correspondence  - ~ h o u l d  be  a3c?resse3 ,"Ja.tion81 
Bureau of S t a n d a r d s ,  Washington, D .  C .  


