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A COMPREHENSIVE CRYSTAL CAURRATO R
By R. W . A D A M S

TH E  conditions governing the issue of the am ateur transm itting  
licence to-day are far more rigid than was the case before the 
last w ar and this is especially true  in the m a t te r  of the station 

operator’s ability accurately to check his operating  frequency. The 
increasing popularity of the variable frequency oscillator coupled 
with ever narrow ing  frequency bands and the increasing number 
of stations using them  has made some form of frequency standard 
an absolute necessity in 1he am ateur station instead of the luxury 
it was so often regarded in past years.

In the following paragraphs will be described an instrum ent 
which has been developed specifically for such work, being capable 
of a very high degree of accuracy whilst, at the same time, its 
construction does not involve the m ajor problems associated with 
a frequency meter. Since it is intended tha t  it shall be used 
during actual operation of the station, some care has been taken 
to make its employment as simple as possible after the initial 
setting-up process has been completed. This simplification in no 
way detracts  from its use for more involved calibrations so that 
it can be regarded as the frequency standard for the entire station.

The instrum ent consists of two separate crystal oscillators, a 
harmonic amplifier, modulator, m u ltiv ib ra to r ; a stabilized power 
supply is also built on to the same chassis. The first oscillator is 
a relatively simple Pierce circuit into which crystals having funda
mental frequencies of 7 Me, 1 Me or 500 Kc can be switched at 
will with the additional advantage that, if required, the 7 Me crystal 
may be removed to allow any of the transm it te r  crystals to  be 
inserted for checking. The second oscillator is somewhat more 
elaborate and is devoted, solejy, to a 100 Kc bar on which the final 
accuracy of the instrum ent depends and provision has been made 
for its frequency to be varied by a few cycles so tha t  it may be 
referred  to a known standard such as the B.B.C. at Droitwich on 
200 Kc or the N P L  standard frequency transmission on 2 Me. 
The 100 Kc oscillator is also made to control a multi-vibrator 
running at 10 Kc and in this manner a series of known m arker 
signals is obtained which, with their higher order harmonics, pro
vide accurate reference points th roughout a wide frequency 
spectrum. The harmonic amplifier enables the m arker signals to 
be used up to 30 Me and higher and, when the modulator is 
switched in, each m arker signal is easily identified by a super
imposed 4C0 cycle tone. The accuracy of the 10 Kc multi-vibrator 
is of the same order as that  of the 100 Kc bar and fur ther sub
division of the 10 Kc signal intervals is unnecessary and m ight even 
be confusing at higher frequencies, it being found adequate to 
use simple interpolation in conjunction with the station receiver 
for the determination of spot frequencies. All the valves, with 
the exception of the rectifier and voltage control tubes, are of 
the same type, namely, EF-50, some of which are connected as 
triodes. Their use for all purposes simplifies the replacement pro
blem by avoiding a multiplicity of valve types.
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I f  re fe re n ce  is m ade  to  th e  c ircu it d iag ram , it w ill be  seen  th a t  th e  100 Kc. 
o sc illa to r (V i) is a co n v en tio n al a r ra n g e m e n t w hich b a lan ces ou t th e  c ry s ta l 
cap ac ity  so  th a t  th e  tr im m e r c o n d en se r C3 can  be u sed  to  give a  v a ria tio n  of 
a  tew  cycles in  th e  c ry s ta l freq u en cy . Coil L« is a  tw o  sec tio n  R F  choke w ith  
an  in d u c tan ce  o f 17.9 m E ,  G> b e in g  m o u n ted  d irec tly  on  th e  chassis w ith  its  
u 'T '-  £>ro u n d e d a n d  a r ra n g e d  fo r  sc rew d riv e r ad ju s tm e n t. A  low  value  of 
H I  is u sed  fo r  th is  s tag e  and , as a  ru le , no  d ifficu lty  w ill be fo u n d  in  g e ttin g

i? r  *° osc ' " a^e- ^  difficulty  is found  in th is  co n n ec tio n  th e  re s is to rs  R 3 
an d  Ri m ay  be low ered  in value sligh tly , b u t ca re  m u s t b e  tak e n  to  e n su re

. . t  e o u tp u t fro m  th e  s tag e  does n o t ten d  to  o v e rlo ad  th e  fo llow ing  
am p lif ie r; C5 b e in g  k e p t sm all, co n s is ten t w ith  good  o u tp u t fro m  V«. T h e  
10 Kc. m u lti-v ib ra to r  (VS a n d  Vc) w ill n e x t be  co n sid ered , since it is m ost 
in tim a te ly  co n n ec ted  w ith  th e  100 Kc. o sc illa to r. I t  w ill be seen th a t  th e  
F F -5 0  s a re  co n n ec ted  as tr io d es  an d  th e  c ircu it va lues have  b een  fo und  to  
give good lo ck in g  a t  10 K cs. w ith  R 5 a t  m id -trav e l. T h is  v a riab le  re sis tan ce  
w ill u su a lly  allow  of o p e ra tio n  a t  9, 10, 11 and, occasionally , 12 Kc. b u t once 
se t, h a s  b een  fo u n d  to  rem a in  locked  on freq u en cy . I f  a  d iffe re n t c ircu it 
lay o u t is ad o p ted  it  m ay  be fo u n d  n ece ssa ry  to  a lte r, sligh tly , th e  values 
o f Rs a n d  Rs to  co m p en sa te  fo r  v a ry in g  c ircu it capac itie s  e tc .; b u t b e s t o p e r
a tio n  w ill b e  found  to  occu r w h en  th e  values o f R« plus JR s a re  equal to  Rs.
1 he lo ck in g  signal is o b ta in ed  v ia  Gs an d  Cs w hich , in  series, com prise  a  sm all, 
b u t sufficient cap ac ity  fo r  th e  p u rp o se  and, in fact, can  o f te n  be o m itted  
a lto g e th e r  w ith o u t lo sin g  locking, b u t it w ill b e  seen  th a t  th e y  p e rfo rm  
a n o th e r  fu n c tio n  besides th is , a c tin g  as coup ling  co n d en se rs  to  th e  h a rm o n ic  
am plifie r (V i). V 2 is th e  o sc illa to r  fo r  th e  re m a in in g  th re e  c ry s ta ls  w hich  
a re  sw itch ed  in to  c ircu it as re q u ire d  by  one  sec tio n  of sw itch  S*. T h e  c ircu it 
is a  n o rm al one excep t fo r th e  co n d en sers  sh u n te d  ac ro ss  th e  R F  choke in 
th e  an o d e  c ircu it an d  w h ich  have b een  found  a help  in  s ta r tin g  th e  tw o  low er 
freq u en cy  c ry s ta ls . Som e c o n s tru c to rs  m ay  p re fe r  to  sim plify  th is  design  
so m ew h at by  th e  om ission  of th e  500 Kc. a n d  7 M e. c ry s ta ls , and  th is  m ay  
be accom plished  by v e ry  sm all m od ifications to  th e  sw itch ing . In  p ractice , 
it h as b een  found  th a t  th e  500 Kc. b a r  is m o re  of a  lu x u ry  w h en  o p e ra tio n  
is confined  to  th e  a m a te u r  bands, b u t it is u sefu l w h en  th e  ra n g e  o f a p p li
ca tio n  is w ider. T h e  use  to  w hich  th e  7 M e. c ry s ta l can be  put, how ever, will 
be rea lised  especially  w h en  th e  rece iv e r to  be  ca lib ra ted  on ly  covers th e  
a m a te u r  b an d s  and  th e  b an d  edge h as to  be  se t b e fo re  fu r th e r  ca lib ra tio n  
is c a rr ied  out.

C hoice o f o u tp u t f req u en cy  is o b ta in e d  by  m ea n s  of th e  sw itch  Si w hich  is 
a  ro ta ry  s ix -b a n k  w a fe r  ty p e  a n d  is m ark e d  a t  each  s tep  to  show  th e  f r e 
q u en cy  in te rv a l b e tw een  th e  o u tp u t  signa ls (i.e. 10 Kc., 100 Kc., 500 Kc., lM c., 
7 M e.). I ts  ac tion  is to  se lec t th e  a p p ro p ria te  c ry s ta l in th e  case  o f th e  P ie rce  
c ircu it, p u t H T  to  th e  o sc illa to r in  use  a n d  a lso  to  th e  m u lti-v ib ra to r  w h en  
re q u ire d  so  th a t  th e re  is n o  am b ig u ity  an d  no o p e ra tin g  tim e  n eed  be w asted  
in se ttin g  up. In  th e  7 M e. p o sition , th e  H T  to  th e  o sc illa to r is red u ced  by 
th e  inclusion  of R u  in th e  H T  feed  as th e  o u tp u t it to o  g re a t  w hen  th e  full 
value  is u sed  an d  th e  h a rm o n ic  am plifie r w ould  be o v e r-d riv en .

T h e  h a rm o n ic  am p lifie r h a s  sig n a ls fed  to  its  g rid  v ia  th e  sm all v a riab le  
c o n d en se rs  C5, Ca an d  Cm, th e se  b e in g  a d ju s ted  so  th a t  th e  ha rm o n ic  o u tp u t 
from  th e  am p lifie r is a t  m axim um . In  th e  an o d e  c ircu it, as will be  seen  fro m  
th e  d iag ram , one of a n u m b er o f coils m ay  be se lec ted  a t  w ill to  cover any  
p a r t  o f th e  sp ec tru m  fro m  100 Kc. to  60 Me. o r  h ig h e r ;  th e  sw itch  in q u estion  
b e in g  S2. E ac h  coil h as a  lin k  co up ling  coil in te rw o u n d  w ith  it so  th a t  i t  can  be 
m atch ed  in to  a  co -ax ia l line  o f a n y  co n v en ien t len g th , b u t  on  th e  lo w est f r e 
quency  ra n g e  th is  w as n o t found  p rac ticab le  so th a t  a  s tra ig h tfo rw a rd  cap acity  
o u tp u t is used  in  co n ju n c tio n  w ith  th e  R F  ch oke  show n. T h e  tu n in g  co n 
d e n se r C19 is le f t in  c ircu it con tinuously , even in  th e  f irs t po sitio n  across 
th e  choke.

T h e  la s t  s tag e  to  be d esc rib ed  is th e  m o d u la to r w hich  is conn ec ted  as a 
tr io d e  in  a  M e issn e r c ircu it. T h e  tra n s fo rm e r  is an  o rd in a ry  audio  in te rv a lv e  
co m p o n en t such  as m o s t a m a te u rs  w ill possess. T h e  m o d u la to r o u tp u t is 
fed  to  th e  an o d e  of th e  am plifier, w hich  is m o d u la ted  by  th e  400 cycle to n e  
p ro d u ced  by tu n in g  th e  g rid  w in d in g  of th e  t ra n s fo rm e r  w ith  c o n d en se r G (. 
T h e  value of th is  c o n d en se r m ay  b e  v a ried  to  p ro d u ce  a  n o te  o f th e  re q u ire d  
freq u en cy . T h e  n eg a tiv e  feed b ack  co n tro l R n is m o u n ted  on th e  chassis close
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to  V 3, an d  w hen  th e  in s tru m e n t is se t up Ri- should  be  a d ju s te d  to  give a  c lean  
n o te  fre e  o f harm o n ics , once se t i t  should  re q u ire  no  fu r th e r  ad ju s tm e n t. 
T h e  m o d u la to r is c o n tro lled  fro m  th e  p an e l by  its  ow n sw itch , S3, so th a t  
i t  can  be b ro u g h t in to  use  a t  w ill w h en  it is re q u ire d  to  id en tify  a n y  one 
m a rk e r  po in t.

T h e  p o w er supp ly  fo r th e  in s tru m e n t is co n v en tio n al w ith  th e  ad d itio n  of 
a p a ir  o f V R  150/30 s tab ilise r  tu b es  w hich  ho ld  th e  H T  line  v o ltag e  to  a 
figure  o f 300 volts, th u s  en su rin g  th a t  th e  final m ea su re m e n ts  a re  n o t m ade 
in accu ra te  e ith e r  by m ains v o ltag e  flu c tu a tio n s o r H T  v a ria tio n  w h en  th e  
m o d u la to r is b ro u g h t in to  use. In d ic a to r  lam ps asso c ia ted  w ith  th e  m ains 
on/ofT an d  H T  sw itches a re  p rov ided  b u t fo r  c la r ity  a re  n o t show n on th e  
c ircu it d iag ram . T h e  m ain s v o ltag e  se lec to r p an el is loca ted  on  th e  re a r  
ap ro n  of th e  chassis.

A  few  w ords, in conclusion , on  th e  c o rre c t u se  o f  th e  c ry s ta l c a lib ra to r  
will, no  doubt, be  o f som e in te re s t  to  th o se  w ho  have  n o t h a d  th e  ex p erien ce  
of u s in g  one and , a lth o u g h  th e  re m a rk s  w h ich  follow  a re  in te n d e d  to  re fe r  
specifically  to  th e  c a lib ra to r  described , th e y  can , fro m  th e  p o in t of view  of 
ac tual o p e ra tio n , be app lied  equally  w ell to  a n u m b er o f in s tru m e n ts  availab le  
to -d ay .

T h e  c ry sta ls , o th e r  th a n  th e  100 Kc. ba r, a re  used  on ly  as gu ides to  th e  
final freq u en cy  and , th e re fo re , it is im p o rta n t to  e n su re  th a t  th e  accu racy  of 
th is  b a r  is a s  h igh a s  possib le. W e  a re  fo r tu n a te  in th is  co u n try , in hav in g  
«m ex ce llen t freq u en cy  s ta n d a rd  o f co n v en ien t value  in th e  B .B .C ’s. D ro itw ich  
long-w ave  s ta tio n  on  200 Kc. w hose  accu racy  is w ith in  v e ry  fine lim its. If, 
th e re fo re , th e  c a lib ra to r  be  fed  in to  a  rece iv e r tu n e d  to  th is  s ta tio n  it is 
possib le  to  de tec t, e ith e r  by e a r  o r by  m ean s o f a  tu n in g  in d ica to r, th e  b ea t 
n o te  b e tw een  D ro itw ich  an d  th e  second  h a rm o n ic  of th e  100 Kc. o sc illa to r in 
th e  ca lib ra to r. I f  now  c o n d en se r C3 be ad ju s te d  it  shou ld  be possib le  to  ze ro  
b e a t th e  tw o  signals o r, a t w o rs t, p roduce  a freq u e n c y  d ifference  of a  few  
b e a ts  p e r second and. th is  h av in g  been  accom plished , i t  should  no t n eed  r e 
ch eck in g  un less  th e  in s tru m e n t has been  in t ra n s it  o r h ad  a  ch an g e  of valve.

T h e  ch eck  rece iv e r is n e x t sw itched  to  th e  m ed ium  w a v e - ta n d  and  tw o 
a d ja ce n t ha rm o n ics o f  th e  100 K c. o sc illa to r id en tified  ( th e  m o d u la to r should  
be used  to  en su re  th a t  th e  s ignals chosen  a re  n o t con fu sed  w ith  c a r r ie rs  from  
b ro a d ca s t s ta tio n s) . N ex t, th e  10 Kc. positio n  of S» is chosen  w h en  th e  in te rv e n 
in g  space be tw een  th e  tw o  ch o sen  signals sh o u ld  be  d iv ided in to  a  n u m b er 
o f equal spaces by  sim ila r s igna ls a n d  th e se  shou ld  be coun ted  c a re 
fu lly  to  find ou t in to  ho w  m an y  d iv isions th e  m u lti-v ib ra to r  is se p a ra tin g  the  
100 Kc. ran g e . F o r  c o rre c t o p e ra tio n  th e re  shou ld  be  n ine  signals b e tw een  the  
tw o  o rig in a l ones, th u s  m ak in g  te n  eq u al d iv isions o f 10 Kc. each. In  p ractice , 
it w ill m o st p ro b ab ly  be  fo u n d  th a t  e ith e r  8, 10, 11 o r 12 signals a re  coun ted  
and  th e re fo re , it w ill be  n ece ssa ry  to  a d ju s t R 5 u n til th e  c o rre c t sub-d iv ision  
is ob ta in ed . T h is  done, th e  in s tru m e n t is re ad y  fo r  u se  and  th e  follow ing 
p ro ced u re  is su g g ested  as b e in g  th e  q u ick est m e th o d  of find ing  th e  freq u en cy  
of a n  u n k n o w n  signal. If  th e  rece iver, in  co n ju n c tio n  w ith  w hich  th e  cali
b ra to r  is to  be  used , h a s  l ittle  o r no  ca lib ra tio n , i t  w ill be  n e ce ssa ry  te  
d e te rm in e  one o r  tw o fixed p o in ts  of re fe re n ce  in i ts  sp ec tru m  and, fo r th is 
p u rpose , th e  7 M a  c ry s ta l is p rov ided  as it a lso  ac ts  a s  a v e ry  good b an d - 
edge  m a rk e r  fo r som e of th e  m ain  a m a te u r  bands. I t  shou ld  be possible, 
w ith  i ts  aid , to  lo ca te  7, 14, 21, 28 M e. on th e  rece iv e r dial and  care  should  
be  ta k e n  t o ’see th a t  th e  re a l an d  n o t th e  im age  s igna l is lo g g ed ; an y  rece iv e r 
h a v in g  a n  R F  s tag e  should  d isc rim in a te  b e tw een  th ese  tw o  u n less  th e  in jec ted  
signal is v e ry  s tro n g . T h is  done, th e  in te rv en in g  m egacycle  p o in ts  can  be 
fo u n d  b y  sw itch in g  to  th e  1 M e. c ry s ta l. S im ilarly , fu r th e r  sub -d iv isions a re  
m ad e  so th a t  in th e  end, th e  u n k n o w n  freq u en cy  is ‘ b ra c k e te d  ’ b y  tw o  p o in ts  
10 Kc. a p a r t  w h o se  freq u e n c y  is a cc u ra te ly  know n. F o r  m an y  p u rp o ses th is  
will be sufficient, b u t if an  e x ac t figure is n eed ed  it is found  by sim ple 
in te rp o la tio n  w hich is b e s t illu stra ted - by  a nu m erica l exam ple

I t  is re q u ire d  to  find th e  e x ac t freq u en cy  of a p o in t on  th e  rece iv e r dial 
w hose freq u en cy , fo r  exam ple is 14,395 K cs. T h e  a d ja c e n t p o in ts  w hich have 
been  fo und  a re  14,390 K c. =  436 deg., and 14,400 K c =  450 degs. W e  know  
th a t  14 degs. of d ial (450-^136) =  10 Kc. (14,400— 14,390), th e re fo re  

1 K c. =  1.4 deg. (d ia l).
T h e re fo re , 14,395 K c. =  436 +  (5 X 1.4) d e g .

=  436 +  7 =  443 degs. dial



T h e  o n ly  a ssu m p tio n  in th e  above is th a t  th e  rece iv e r dial is lin e a r  over th e  
sm all ra n g e  of 10 Kc. b e tw een  th e  la s t la s t m a rk e r  p o in ts  an d  th is  m ay  u sually  
b e  assum ed  as th e  ra n g e  is co m p ara tiv e ly  sm all.

F ina lly , if c a re  be  ta k e n  w ith  th e  co n stru c tio n  an d  se ttin g -u p  p ro ced u re , 
th e  c a lib ra to r  w ill b e  fo u n d  to  give c o n sis ten t serv ice  an d  g ives th e  s ta tio n  
o p e ra to r  th e  confidence o f k n o w in g  th a t  his V F O  an d  rece iv e r a re  su b jec t 
to  c o n s ta n t ch eck  so th a t  he  need  have  no  fe a r o f off freq u e n c y  w o rk in g  w hen  
o p e ra tin g  n e a r  th e  edges o f th e  a llo tte d  bands.

COMPONENTS
R esisto rs .
R i— 1 m egohm  
R 2— 390 ohm s 
Rs— 470 K  ohm  
R ,—470 K  ohm  
Rs—S K  o hm  var.
R 6— 11 K  ohm  
R?—490 ohm  
Rs— 12 K  ohm  
Rs—2.7 K  ohm  
Rio—2.7 K  ohm  
R «— 160 K  ohm  
R 12—82 K  ohm  
R i,—390 ohm  
R h—39 K  ohm
Ris—A d ju st to  give IS m /a  th ro u g h  

th ro u g h  Vs an d  V 9 (ap p ro x  1,000 
o hm s).

Ris— 220  ohm s 
R 17— 10 K ohm  var.
Ris—470 ohm  
R »—82 K  ohm  
R 20— 100 K  ohm

C o ndensers.
Ci— 8  m fd  
G — 16 m fd  
G — 20  pf. var.
G — 15 pf.
G —2-9 pf. var.
C«— .1 m fd 
G — .01 m fd 
Cs—.01 m fd  
Co—2-9 pf. var.
C10—2-9 pf. var.
Cu— .002 m fd 
C12—.002 m fd  
Cu— .0002  m fd  
Cm— .00047 m fd  
C15—.001 m fd 
Cie— .0001 m fd
C17— .001 tn f d 
C,s— .002 m fd  
G„—.0005 m fd . var.
Go— .0001 m fd  
Cn— .002  m fd  
C22— .002 m fd

Ga—.002 m fd  
G i—.0005 m fd

V alves.
V  1—Ve— E F 50 (M u lla rd )
V ,—AZ31 (M u lla rd )
V 8 an d  Vo—V R 150/30 (U .S .A .)

Coils.
RFC 1
R F C 2 E d y s to n e  S W  C hokes 

C at. 1010.
L»— 17.9 m H
La— 4 tu rn s  16 s.w.g. se lf su p p o rtin g  

w in d in g  len g th  1 inch  
Lad— 1 tu rn  18 D.C.C. In se r te d  a t 

cold end of L 3 an d  cem en ted  in to  
position  w ith  coil dope.

L t—8 tu rn s  18 D.C.C. w in d in g  len g th  
1 inch.

L .c—3 tu rn s  18 D.C.C. close w ound  
spaced  \  inch  fro m  cold end  L (. 

Ls—30 tu rn s  18 D.C.C. close w ound  
L 5b—5 tu rn s  18 D.C.C. close w ound 

spaced  i  inch  from  cold end of Ls. 
Le—50 tu rn s  18 D.C.C. close w ound. 
L8a—8 tu rn s  18 D.C.C. close w ound  

spaced  i  in ch  fro m  cold end of L e. 
L»-L6 to g e th e r  w ith  th e ir  couplings 

a re  all w ou n d  on S inch  d iam e te r 
fo rm ers.

L ,—20H 80 m /a
T i—P R I  200/250 V  (o r to  su it m ains 

vo ltage)
S E C  350—0—350 V. 80 m /a  
6.3 v 4 a.
4 v 2 a.

T 2—A udio  In te rv a lv e  T ra n s fo rm e r
51—D .P .S .T . togg le
5 2—2 b a n k  5 w ay  w a fe r  sw itch
5 3—2 b a n k  2 w ay  w a fe r  sw itch 
S»—6 b a n k  5 w ay  w a fe r  sw itch  
S5—D .P .S .T . togg le
6 B9G valve ho ld ers  
3 In t. O c ta l ho ld ers  
In s tru m e n t knobs.
C ry sta ls  an d  H o ld e rs  as req u ired .

T h e  P u b l i sh e rs  inv ite  th e  subm ission  of o rig in a l m an u sc rip ts  fo r  inclusion  
in  th is  series  d ealin g  w ith  A m a te u r  R ad io  a n d  T elev ision . M a n u 
sc rip ts  shou ld  b e  lim ited  to  a b o u t 2,500 w o rd s an d  sh o u ld  be su b m itted  
to  th e  T ech n ica l D ept., M essrs . B e rn a rd s  (P u b lish e rs )  L td ., T h e  
G ram p ian s, W e s te rn  G ate, L o ndon , W .6.
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RIG-BUILDER'S CIRCUIT GUIDE

RECOGNISING the fact that  most R -F  and audio circuits 
change very little from tube to  tube, this issue presents six 
standard circuits. W ith  each circuit are listed the types of 

tubes which will operate in that  circuit, together with the circuit 
constants which must vary from tube to tube. These six standard 
circuits are therefore the equivalent of eighty-nine separate 
circuits.

The single tube circuits (circuits A and B) may be employed 
as either buffer or final circuits. An untuned grid circuit is shown 
in order to keep the diagram as simple as possible. Circuits C 
and D are push-pull circuits and would normally be used as 
circuits for final amplifiers, although low power tubes in these 
circuits will allow their iise as buffer amplifiers. Circuit E  is a 
class B audio modulator circuit and circuit F  is a class AB2 modu
lator circuit.

The tube operating conditions given in the tables are, in most 
cases, the conditions for maximum input. I t  is im portant tha t  
these limits are not exceeded. The bias voltage given in circuits 
A, B, C and D is designed to protect the tubes in case,of excitation 
failure, or in case the crystal or VFO circuit is keyed. In the 
case of these four circuits bias is obtained by a combination of 
grid resistance bias and fixed bias. These values may be changed 
if desired. For example the grid resistor can be omitted if the 
fixed bias is increased. This increase in fixed bias should be equal 
to the amount of bias that  was obtained from the grid resistor 
due to the grid current (Ig).  Conversely the fixed bias can be 
removed and the grid resistor increased to give the proper bias. 
This is not recommended unless the stage is protected by an 
overload relay in the plate circuit.

Values for grid and plate coils and condensers are not specified. 
M anufactured assemblies may be u§ed, or homemade coils em
ployed. The table gives the airgap necessary for the plate con
denser. In the case of split-stator condensers, the airgap given is 
still valid for each section. This value of spacing allows a 100 
per cent factor of safety.

Neutralizing condensers (NC) should have an airgap 50 per 
cent g rea ter  than that of the plate condenser. Maximum usable 
capacity of the neutralizing condenser should be somewhat g reater  
than the grid to plate capacitance of the tube it is used with.

The w attage  of the various resistors is not given. This is easily 
computed by I2R, where I is the current th rough the resistor 
(grid current or screen current). Use a w a ttage  ra ting  which is 
approximately double the computed value, as a safety factor.

C I R C U I T  A
The filament bypass condensers may be of the 600 volt paper 

type. The 0.001 mf plate bypass condenser should have a voltage 
ra ting  of twice the d-c voltage for c-w operation and three to four 
times the d-c voltage for phone operation. The R F  choke should 
be of the all-band type and be capable of handling the d-c plate 
current.



C I R C U I T  B
The circuit as shown is for phone operation only. If c-w 

operation is desired, omit resistor R 2) and use a separate source of 
voltage on the screen grid as indicated in the table. Circuit B is 
used for tetrodes, beam power tubes, and pentodes. If the beam- 
forming plates of the beam tubes are brought out to a pin con
nection, they should be connected to the centre-tap  of the filament 
transform er. If the tube has a cathode connection, it should be 
connected to ground. The suppressor grid  in pentodes should also 
be grounded, unless the table indicates tha t  a positive voltage is 
required. In the la t te r  case a well-regulated source such as a 
ba t te ry  should be used.

The filament bypass condensers may be of the 600 volt paper 
type. The 0.002 mf plate bypass condenser should have a working 
voltage of twice the d-c voltage for c-w operation and three to 
four times the d-c voltage for phone operation. The screen bypass 
condenser (0.005 mf) should be rated a t  twice the screen voltage 
for c-w work and three to four times the screen voltage for 
phone operation. C I R C U I T  C

This circuit is the push-pull version of circuit A. The same 
comments apply regarding bypass condensers. In addition, the 
0.01 mf grid circuit bypass condenser may be a 600 volt paper 
condenser for most circuits, unless the bias voltage is very high, 
in which case a 1,250 or 2,500 volt mica is preferable.

C I R C U I T  D
Push-pull tetrodes, beam power tubes or pentodes may be used 

in this circuit. As in the case with circuit B, the diagram shown is 
for phone operation only. F o r  c-w operation remove R 2 and supply 
screen voltage from a separate source. All rem arks regarding 
beam-forming plates, cathodes and suppressor grids pertaining to 
circuit B also apply to circuit D. Similarly, the comments on 
bypass condensers also apply.

C I R C U I T  E
This class B modulator circuit is quite s traightforward. The 

table gives complete operating  data, including output impedance, 
plate-to-plate. Grid bias requirements are small, so tha t  batteries 
may be used in most cases. Two tubes, the GL-811 and the GL-838, 
are zero bias tubes. In this case the C—- and C +  terminals may 
be tied together. C I R C U I T  F

Tetrodes, beam tubes or pentodes may be used as class A B 2 
modulators in this circuit. Both transm itting  tubes and receiving 
tubes are included in the table. Beam tubes with an external con
nection for the beam-form ing plates should be used with the beam- 
forming plates tied to the centre tap  of the filament transformer. 
Tubes with cathodes should have the cathode grounded, and pen
todes should have their suppressor grid grounded unless the table 
indicates otherwise.

I t  is necessary to use a well-regulated source of voltage for the 
screen-grid supply (+ S G ).  For this reason a separate power 
supply is recommended. I t  is possible to use a voltage divider 
circuit, bu t the screen current varies so much in operation that 
the divider must d raw  a current equal to the screen-grid current. 
The divider is thus not economical.
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TRIODE
BUFFER OR FINAL

-  C +  -  B +

CIRCUIT A

Tube
Type

Input
W atts B C ma

R
ohms

F
volts

A irgap
(inches)

C W PH C W PH C W PH C W PH C W PH

G L-35T 250 168 2 0 00 2000 45 105 45 23 2,000 5.0 .100 .250

G L-100TH 495 366 3000 3000 75 215 51 26 2,500 5.0 .200 .500

G L-203A 188 150 1250 1000 80 45 25 50 1,800 10.0 .070 .100

G l-21 1 188 150 1250 1000 135 90 18 35 5,000 10.0 .070 .100

G L-592 600 395 26 00 2500 90 200 45 45 3,500 10.0 .175 .375

G L-805 300 200 1500 1250 45 70 40 60 1,500 10.0 .078 .144

G L-806 9 9 0 585 3300 3000 25 0 440 40 27 8,750 5.0 .250 .500

G L-81 0 620 45 0 22 50 1800 45 45 40 50 3,000 10.0 .150 .225

GL-811 225 156 1500 1250 45 25 35 50 2,000 6.3 .078 .144

G L-812 225 156 1500 1250 95 45 25 25 3,200 6.3 .078 .144

G L-838 188 150 1250 1000 45 45 30 60 1,500 10.0 .070 .100

G l-1 6 2 3 100 7 5 1000 7 5 0 45 75 20 20 2,500 6.3 .070 .084

G L-8000 75 0 500 25 00 20 00 135 275 40 37 2,500 10.0 .175 .250

G L-80 05 300 238 1500 1250 90 160 32 28 1,250 10.0 .078 .144

10



TETRODE, PENTODE & BEAM POWER
BUFFER OR FINAL

-  C + -  B +

CIRCUIT B

Tube
Type

Input
watts B C K

ma Ri
ohms

r 2
ohms
PH*

volts
A irgap
(inches)

C W PH C W PH C W PH C W PH C W PH C W PH

G L-2E24 40 27 600 500 20 15 3 3 1 0,000 40,000 195 180 .050 .070

G L-2E26 40 27 600 50 0 15 20 3 3 10,000 35,000 185 180 .050 .070

GL-4D21 50 0 375 3000 2500 90 150 9 9 7,000 71,500 35 0 350 .200 .375

G L -8 0 2 * * 33 20 60 0 500 45 0 2 2 27,000 17,000 250 245 .050 .070

G L -8 0 3 f 320 240 20 00 1600 45 0 12 20 37,500 20,000 500 500 .100 .200

G4.-807 75 60 75 0 .600 20 60 4 4 7,000 50,000 25 0 275 .050 .070

G l-8 1 3 360 240 2000 1600 45 70 3 4 15,000 60,000 40 0 40 0 .100 .200

G L-814 225 180 1500 1250 45 60 10 10 4,500 43,000 300 300 .078 .144

G L-828J 27t) 200 1500 1250 45 85 12 12 4,500 30,000 400 400 .078 .144

G l - 8 3 7 * * 30 18 50 0 40 0 45 0 4 5 7,500 13,000 20 0 140 .050 .050

G l-1 6 1 3 18 12 350 275 0 0 4 4 10,000 7,500 200 200 .030 .030

GL-161 4 30 23 375 325 0 0 2 2 20,000 10,000 25 0 245 .030 .030

G L-16 19 30 20 40 0 325 0 20 5 3 11,000 5,000 300 28 5 .030 .030

G L-1624 54 38 60 0 500 45 45 5 3 3,000 25 ,000 30 0 275 .050 .070

G L-1625 75 60 75 0 60 0 20 60 4 4 7,000 50,000 25 0 275 .050 .070

*Phone only; see text. **S u p p re sso r  g rid  voltage  =  +  40  volts.
fSuppresso r voltage o f + 4 0  for C W  and + 1 0 0  for phone. 
^Suppressor voltage =  + 7 5  volts.
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PUSH-PULL TRIODE
BUFFER OR FINAL

INPUT

- . c  + -  B +

Tube
Type

Input
watts B C ma R

ohms
F

volts

A irgap
(inches)

C W PH C W PH C W PH C W «PH C W PH

GL-35T 500 336 20 00 20 00 45 105 90 46 1,000 5.0 .100 .250

GL-100TH 990 732 3000 3003 75 215 102 52 1,250 5.0 .200 .500

G L-203A 376 •300 1250 1000 80 45 50 100 900 10.0 .070 .100

G L - 2 U 376 300 1250 1000 135 90 36 70 2,500 10.0 .070 .100

G L-592 1000 79 0 25 00 2500 80 200 90 90 1,750 10.0 .175 .375

G L-805 600 400 1500 1250 45 70 80 120 750 10.0 .078 .144

G L-806 1000 1000 2500 2500 250 200 50 80 5,000 5.0 .175 .375

G L-81 0 1000 900 2000 1800 45 45 80 100 1,500 10.0 .100 .225

GL-811 450 312 1500 1250 45 25 70 100 1,000 6.3 .078 .144

G L-812 450 312 1500 1250 95 45 50 50 1,500 6.3 .078 .144

G L-826 250 150 1000 800 35 65 70 70 500 7.5 .070 .084

G L-838 376 300 1250 1000 45 45 60 120 75 0 10.0 .070 .100

G L-1623 200 150 1000 75 0 45 75 40 40 1,250 6.3 .070 .084

G L-80 00 1000 1000 20 00 2000 135 275 50 75 1,250 10.0 .100 .250

G L-8005 600 476 1500 1250 90 160 64 56 625 10.0 .078 .144

.AH values are  for two tubes.
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PUSH-PULL TETRODE, PENTODE & BEAM POWER
BUFFER OR FINAL

A
-  c

j - 0  r  • ( < « ) - n
U lk J

T T
AC

CHOKE

O =r

OUTPUT

Tube
Type

Input
watts B C

\e

ma Ri
ohms

R.
ohms
PH *

volts
A irgap
(inches)

C W PH C W PH C W PH C W PH C W PH C W PH

G L-2E24 80 54 600 500 20 15 6 6 5,000 20,000 195 180 .050 .070
G L-2E26 80 54 600 500 15 20 6 6 5,000 17,500 185 180 .050 .070
G L-4D 2 I 1000 75 0 3000 2500 90 150 18 18 3,500 35,500 350 350 .200 .375
G L-802  * * 66 40 600 500 45 0 4 4 1 3,500 8,500 25 0 245 .050 .070
G L -8 0 3 f 640 480 2000 1 600 45 0 24 40 19,000 10,000 500 500 .100 .200
G L-807 150 120 75 0 600 20 60 8 8 3,500 25,000 250 275 .050 .070
G L-813 72 0 480 2000 1600 45 70 6 8 7,500 30,000 400 400 .100 .200
G L-814 450 360 1500 1250 45 60 20 20 2,250 21,500 300 300 .078 .144
G L -8 1 5 I 75 60 500 400 20 20 3 3 8,000 15,000 200 175 .050 .050
G L -8 2 8 ® 54 0 400 1500 1250 45 85 24 24 2,250 1 5,000 400 400 .078 .144
G L-829B J 120 90 75 0 600 20 35 12 12 3,000 1 3,000 200 200 .050 .070
G L-832A  t 36 21 75 0 600 45 45 3 3 6,750 25,000 200 200 .050 .070
G L -8 3 7 ” 60 36 500 40 0 45 0 9 10 3,750 6,500 200 140 .050 .050
G L-1613 36 24 350 275 0 0 8 8 5,000 3,750 200 200 .030 .030
G L-1614 60 46 375 325 0 0 4 4 10,000 5,000 250 245 .030 .030
G L-1619 60 40 400 325 0 20 10 6 5,500 2,500 300 285 .030 .030
G U I  624 108 76 600 500 45 45 10 6 1,500 12,500 300 275 .050 .070
G L-1625 150 120 75 0 600 20 60 8 8 3,500 25,000 250 275 .050 .070

’ Phone only; see  text. *  ’ Suppressor grid voltage =  + 4 0  volts,
fSuppresso r voltage o f + 4 0  for C W  & + 1 0 0  for phone. 
jS in g le  tube operation.
(§) Suppressor voltage =  + 7 5  volts.
All values are  fo r two tubes.
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CLASS AB2
MODULATORS

Tube
Type

F
volts

Audio
output
watts

Peak
grid

power
watts

B C SG

M ax .
sig.

ma

M ax .
sig.
kjr
ma

Z
ohms

GL-2E26 6.3 54 0.36 500 15 125 150 32 8,000

GL-4D21 5.0 520 2.5 3000 51 350 26 0 3.5 27,700

G L -8 0 7 * 6.3 120 0.5 75 0 32 300 24 0 10 6,960

G L-813 10.0 515 0.1 22 50 90 75 0 315 58 18,500

G l- 8 1 5 f 6.3 54 0.36 500 15 125 150 32 8,000

G L-828J 10.0 385 2000 120 75 0 27 0 60 18,500

G L-1619 2.5 36 0.4 400 16 300 150 11.5 6,000

G L-1624 2.5 72 1.2 600 25 300 180 15 7,500

G L-1625 12.6 120 0.5 75 0 32 ‘ 300 240 10 6,960

2A 5 2.5 18.5 375 26 250 82 19.5 10,000

42 6.3 18.5 375 26 250 82 19.5 10,000

6F6 6.3 18.5 375 26 250 82 19.5 10,000

6L6 6.3 31 360 18 225 142 11 6,000

6 V 6 * 6.3 10 25 0 15 25 0 79 13 10,000

*C la ss AB i fS ing le  tube operation. 
^Suppressor voltage =  + 6 0  volts.
All values a re  for two tubes.
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CLASS B
MODULATORS

TO PLATE 
OF F IN A L

FINAL  
+ HV

Tube
Type

F
volts

Audio
output
watts

Driving
pow er
watts*

B c
Zero
signal

•»
ma

M ax.
signal

Ip
ma

Z
ohms

G L-35T 5.0 235 4 2 0 00 40 34 167 27,500

G L-100TH 5.0 65 0 5 3000 65 40 215 31,000

G L-203A 10.0 260 11 1250 40 26 320 9,000

GL-211 10.0 260 8 1250 95 20 320 9,000

G l-8 0 5 10.0 370 7 1500 16 84 400 8,200

G L-806 5.0 535 19 20 00 140 80 390 18,000

G L -810 10.0 590 10 20 00 50 60 42 0 11,000

G L -8 1 1 6.3 225 4 1500 0 20 200 18,000

G L -812 6.3 225 5 1500 46 42 200 18,000

G L-838 10.0 260 8 1250 0 148 320 9,000

G L-1623 6.3 145 4 1000 40 30 20 0 12,000

G L-80 00 10.0 600 7 20 00 120 60 425 10,800

G L-8005 10.0 300 4 1500 70 40 310 10,000

All values a re  for two tubes.
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