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T h e series resistance and inductance of the pr imary 
winding w i t h the secondary winding open-circuited, 
was measured at 50 cycles per second wi th 5 and 20 
volts applied. T h e room temperature was 1^°C. 
T h e results are given i n Tab le 1. 

T A B L E I 
P r i m a r y R e s i s t a n c e a n d I n d u c t a n c e 

a t 50 c / s 
V o l t a g e R e s i s t a n c e ( H ) I n d u c t a n c e ( H ) 

5 4 700 95 
20 7 900 142 

T h e series resistance and inductance of the primary 
winding wi th the secondary winding short-circuited, 
and of half the pr imary winding w i t h the other half 
short-circuited were measured at 1,000 cycles per 
second. About 10 volts were applied. T h e results 
are given i n Tab le I I . 

T A B L E I I 
R e s i s t a n c e a n d I n d u c t a n c e a t 1,000 c / s 

C o n n e c t i o n s R e s i s t a n c e ( O ) I n d u c t a n c e ( m H ) 
Primary, Second- ^ — 

ary shorted. 3 . J 
Halt Primary. Half 
Primary shorted. 222 5.5 

Date : 2nd June, 1951. Reference : E.475.100. 

T h i s Laboratory Model Transformer Series I I easily permits 
6 db more feedback wi th complete stability than the max imum 
of our Series 1 which M r . D . T . N . Wil l iamson described. 

P R I C E S 
Series I I Output Transformers as above £ 7 . 7. 0 
Series I Output Transformers . . . ... . . . £ 6 . 6. 0 
Mains Transformers £ 4 . 4 . 0 
C H O K E S 10/12H, 150 m A £ 1 . 1 1 . 6 
C H O K E S 3 0 / H , 2C m A £ 2 . 0. 6 
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IT'S YOUR CHOICE 
If the components are below standard, there's not much 
justification for expecting first-class results. It has been our 
experience and that of many satisfied customers that in 
building the Will iamson Amplifier it definitely pays to use the 
best components. A l l items supplied are new and guaranteed. 

S P E C I A L W I L L I A M S O N A M P L I F I E R (Fig. i) 

T W O COMPLETE KITS OF ALL SPECIFIED PARTS EACH INCLUDING PARTRIDGE 
OUTPUT TRANSFORMER—DRILLED STEEL CHASSIS — MARCONI/OSRAM/COSSOR 
VALVES — G . E . C . AND T.C.C. CONDENSERS THROUGHOUT. 

With ELLISON MAINS TRANSFORMER AND CHOKES 19 Gns. 
With PARTRIDGE MAINS TRANSFORMER AND CHOKES 21 Gns. 

CARRIAGE IN U.K. 7s. 6d. PACKING 10/- RETURNABLE. 

M A I N A M P L I F I E R ( F I G . I ) 
P A R T R I D G E O U T P U T T R A N S F O R M E R S : 1.7, 0.95 or 3.6 ohm 

Secondaries : W i r e ended £6/1/- ; Tag Board £6/16/6 ; Potted 
£7/5/3. 

E L L I S O N 56/3 

13 H. 200 mA 40/3 
10 H. 150 mA 23/3 

MAINS T R A N S F O R M E R S : 
P A R T R I D G E 74/-

S M O O T H I N G C H O K E S : 
P A R T R I D G E 25 H. 60 mA. 20/9 
E L L I S O N 30 H. 20 mA.. . . 15/8 

V A L V E S : 
M A R C O N I O S R A M K T 6 6 M A T C H E D PAIRS 50/2 
M A R C O N I O S R A M L63 14/4 C O S S O R 5 3 K U 21/6 

RES I STORS . A full range is available, including : 
22K I watt Matched, Pr. 2/- 47K 2 watt Matched, Pr. 3/-
I 5 0 o h m 3 w a t t 1/6 

CHASS I S * 
S T E E L D R I L L E D F O R KITS 27/6. 
S T E E L I7in. x lOin. x 3in. U N D R I L L E D 12/6. 
A L U M I N I U M I 7 i n . x I Oi n. x 2 j i n . U N D R I L L E D 12/6. 

C O N D E N S E R S T . C . C . : 
2 - 8 m f d . 6 0 0 v ea. 15/- 1-8 + 8 mfd. 450 v. ea. 7/6 
2- .05mfd .350v 2/- 1-200 pfd. 350 v.... „ 1/2 
1- 8 mfd. 500 v 6/6 2-.2S mfd. 350 v. „ 2/8 

P O T E N T I O M E T E R S : 
2- 100 ohms C O L V E R N ea. 7/2. 

P R E - A M P L I F I E R ( F I G S . 13 a n d 27) 
RES I STORS—See Below. 
C O N D E N S E R S , T . C . C . A N D D U B I L I E R : 

l- .5mfd. 350 v ea. 3/- 1-16 mfd. 450 v. 
I - I 0 0 p f d . 3 5 0 v „ 1/6 l-50mfd. I 2 v . .. 
1-4000 pf. 1 0 % 2/6 I-.05 mfd. 500 v. . 

V A L V E : I EF37A 25/1 
P R E - A M P W I T H H I G H P A S S F I L T E R ( F I G S . 
R ES I STORS—See Below. 
C O N D E N S E R S , T . C . C . A N D D U B I L I E R : 

5/-
2/9 
2/1 

2-.5mfd. 350 v ea. 3/-
1- 4000 pf 2/6 
2- 5000 pf. Matched „ 3/6 
2-50 mfd. 12 v 2/9 
I- I00pfd . 350v 1/6 

V A L V E S : 3-EF37A 25/1 

2-16 mfd. 450 v. . 
1-.0I m f d . ± 2 % . 
l - .5mfd .500v . 
l- .02mfd. 350 v. 
l-.25mfd. 500 v. . 

5/-
6/3 
3/10 
1/9 
2/10 

F A D I N G C O N T R O L ( F I G . 18) 
RES I STORS—See Below. 
C O N D E N S E R S , T . C . C . A N D D U B I L I E R : 

l - 4 m f d . 2 5 0 v 17/2 mfd. 350 v 2/3 
1-2 mfd. 350 v 8/6 

T O N E C O M P E N S A T I O N A N D F I L T E R U N I T ( F I G . 
RES I STORS—See Below. 
C O N D E N S E R S , T . C . C . A N D D U B I L I E R : 

ea. 25 mfd. 500 v. 
I - I000pf 
1/4—1/7 ; 1 % , ea., 1/6-
1- 150 pf. T r immer ,, 
2- 16 mfd. 500 v 

I-S.P.D.T. ... 

!? ) 

2/10 
1/6 

-2/3. 
1/6 
«/-

3/8 

3-50 mfd. 12 v ea. 2/9 
1- .0I mfd. 350v 1/8 
50/500 pf. Silver M i c a ± 5 % < 
2- 8 mfd. 450 v 3/6 
3- .05 mfd. 350 v 2/-

S W I T C H E S : 
l-l pole, 5 way, 5 bank ,, 17/6 
l-D.P .D.T 3/11 

MAINS T R A N S F O R M E R : 
325 v. 45 mA. etc. : P A R T R I D G E 42/- ; E L L I S O N 32/3. 

S M O O T H I N G C H O K E — P A R T R I D G E 75H . 25 mA. 20/9. 
V A L V E S : 3—EF37A, ea., 25/1 ; 1—6X5 ,15/1 . 

R A D I O F E E D E R U N I T ( F I G . 20) 
(a) V A R I A B L E T U N I N G M O D E L 
RES I STORS : See Below. 
C O N D E N S E R S : 

3-. I mfd. 350 v ea. 
1-2 Gang 500 pf. 

C O I L S — A T K I N S H I G H ' 
D IALS—JB " A I R P L A N E " 
V A L V E S : I—EF39, 18/8 
(b) PRE-SET T U N I N G 
S W I T C H 2 wafers, 9/6. 
C O I L S — A T K I N S H I G H 
TR IMMERS , ea., 1/6 to 2/3. 

R E S I S T O R S 
C O M P O S I T I O N : i and i watt 2 0 % , 6 d . each. 

i and ^ watt 1 0 % , 8 d . each. ; I watt I/- each 
H I G H S T A B I L I T Y i and i watt I % and 2 % , 2/- each. 

i watt 5 % , I/- each. ; ^ watt 5 % , 1/3 each. 
N O T E : PR ICES AS R U L I N G A T D A T E O F P U R C H A S E . 

2/3 
9/6 

-I 

2-100 pf ea. 
I - I 6 m f d . 4 5 0 v . ... „ 

each AL2/R, AL2/W ea. 
" 13/- : or " S Q U A R E P L A N E " 12/9. 
; 1—EF37A, 25/1. 
M O D E L S 

Q " , ea., 4/-. 

1/4 
5/-

4/-. 

Send for Detailed Price List, Post Free. Prompt Delivery. Terms C.W.O. or C.O.D. Postage Extra 
O V E R S E A S E N Q U I R I E S I N V I T E D . 

IIOv. WINDINGS AND TROPICALISED COMPONENTS AVAILABLE. 

T E L E - R A D I O ( 1 9 4 3 ) L I M I T E D 
1 7 7 a & 1 8 9 , E D G W A R E R O A D , L O N D O N , W . 2 

Tel: PAD 6116 
PAD 5606 

Shop Hours: Monday — Saturday 9 a.m. — 6 p.m. 
Thursday 9 a.m.— I p.m. 
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T h e j o u r n a l f o r a l l r a d i o t e c h n i c i a n s 

W I R E L E S S W O R L D is Britain's leading 

technical journal devoted to radio, television 

and electronics — its pages providing a 

complete and accurate survey of the newest 

British techniques in design and manufacture. 

Articles of a high standard cover every 

phase of radio and allied technical practice, 

as well as the wider aspects of international 

radio. Theoretical articles by recognized 

experts deal with new developments, while 

design data and circuits for every application 

are published regularly. 

Monthly, 2s. Annual Subscription, £1 7s. 
Order a regular copy of W I R E L E S S W O R L D from 

your newsagent—to-day. 

T h e j o u r n a l f o r a l l a d v a n c e d w o r k e r s 

W I R E L E S S E N G I N E E R — produced for 

research engineers, designers and students in 

radio, television and electronics — is the 

international source of information for 

advanced workers; the journal publishes 

only original work. It is served by an 

Editorial Advisory Board composed of 

representatives from the National Physical 

Laboratory and the British Post Office, 

and publishes Abstracts and References 

compiled by the Radio Research Organiza

tion of the Department of Scientific and 

Industrial Research. 

Monthly, 3s. 6d. Annual Subscription, £2 4s. 6d. 
Your newsagent zoill be glad to supply a regular 
copy of W I R E L E S S E N G I N E E R . See him to-day ! 

I L I F F E & SONS L T D . , D O R S E T H O U S E , S T A M F O R D ST. , L O N D O N , S .E . I 



Introduction 
I n t r o d u c e d b y Wireless World i n 1947 as m e r e l y one of a series of 

ampl i f ie r designs, the " W i l l i a m s o n " has for seve ra l y e a r s been w i d e l y 

accepted as the s t anda rd of design a n d performance w h e r e v e r ampl i f ie rs 

a n d sound reproduc t ion are d iscussed. Desc r ip t ions of i t h a v e been 

pub l i shed i n a l l the p r i n c i p a l countr ies of the w o r l d , a n d so there are 

reasonable grounds for a s s u m i n g tha t its w idespread reputa t ion is based 

sole ly on its qua l i t i es . 

T h i s bookle t inc ludes a l l the ar t ic les w r i t t e n b y D . T . N . W i l l i a m s o n 

on the ampl i f ie r . B o t h the 1947 a n d 1949 ve r s ions are repr in ted , as the 

a l t e rna t ive output t rans former ra t ios cover a w i d e range of requi re

ments . Modif ica t ions a n d addi t ions inc lude pre-ampl i f ier c i rcu i t s a n d 

a n r . f . un i t , w i t h r ecen t ly pub l i shed in fo rmat ion on adapta t ion to h i g h -

impedance p i c k u p s a n d cor rec t ion for 3 3 J r . p . m . records . 

W e w o u l d stress the impor tance , i f the f u l l potent ial i t ies of the 

ampl i f i e r are to be rea l i zed , of fo l l owing the au tho r ' s recommendat ions 

i n de ta i l . E v e n i n the U . S . A . , whe re s eve ra l modif ied ve r s ions h a v e 

been descr ibed, m a n y users adhere to the des igner ' s e x a c t specif icat ion 

w i t h the o r i g i n a l v a l v e types . I t is no t the c i r cu i t a lone, bu t the 

propert ies of the v a l v e s a n d such components as the output t ransformer , 

together w i t h the w e l d i n g of theory a n d prac t ice into a r a t i ona l l ayou t , 

w h i c h produce the resul t s . 

E d i t o r , Wireless World. 



POTTED C O M P O U N D FILLED TRANSFORMERS & C H O K E S 

W O D E N Potted components are in constant demand for the 
WILLIAMSON AMPLIFIER AND PRE-AMPLIFIER. 

note the advantages 

• M a d e t o t h e a u t h o r ' s e x a c t s p e c i f i c a t i o n . 
• S m a r t a p p e a r a n c e a n d u n i f o r m l a y o u t . 

• A b s o l u t e R e l i a b i l i t y . 

SEND FOR FURTHER. PARTICULARS AND COMPLETE CATALOGUE. 

W O D E N T R A N S F O R M E R C O L T D 

V 1 I J V I K V I E I I 1 I I B I I S T O N S T A F F S 
P H O N E : B I L S T O N 4 1 9 5 9 

J .T .L . 
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T h e W i l l i a m s o n A m p l i f i e r 

Basic Design Requirements: 
Alternative Specifications 

RE C E N T i m p r o v e m e n t s i n the 
field of c o m m e r c i a l sound 

- r ecord ing h a v e m a d e p r a c 
t i c ab l e t h e r ep roduc t i on of a 
w i d e r range of f requencies t h a n 
h i the r to . T h e usefu l range of 
she l l ac press ings has been e x 
t ended f r o m the l i m i t e d 5 0 - 8 , 0 0 0 
c/s w h i c h , w i t h c e r t a i n notable 
excep t ions , has been s t a n d a r d 
f rom 1 9 3 0 u n t i l t he present , t o a 
range of some 2 0 - 1 5 , 0 0 0 c/s . T h i s 
increase i n the f requency range 
h a s been a c c o m p a n i e d b y a n 
o v e r a l l r educ t i on i n d i s to r t i on a n d 
the absence of peaks , a n d b y t he 
r eco rd ing of a l a rger v o l u m e range, 
w h i c h combine to m a k e possible a 
s t a n d a r d of r ep roduc t ion no t pre
v i o u s l y a t t a i n a b l e f rom d isc re 
cord ings . F u r t h e r i m p r o v e m e n t s , 
n o t a b l y the s u b s t i t u t i o n of l o w -
noise p l a s t i c m a t e r i a l for t he 
present she l l ac compos i t ion , a re 
l i k e l y to p r o v i d e s t i l l fu r the r 
e n h a n c e d per formance . 

T h e r e s u m p t i o n of the t e l e v i s i o n 
s e rv i ce w i t h i t s first-class s o u n d 
q u a l i t y , a n d the possible e x t e n s i o n 
of u .h . f . h i g h - q u a l i t y t r a n s 
miss ions , increase the a v a i l a b l e 
sources of h i g h - q u a l i t y sound . 

F u l l u t i l i z a t i o n of these r eco rd 
ings a n d t r a n s m i s s i o n s demands 
r ep roduc ing e q u i p m e n t w i t h a 
s t a n d a r d of pe r fo rmance h igher 
t h a n t h a t w h i c h has s e r v e d i n t h e 
pas t . E x t e n s i o n of the f r equency 
range, i n v o l v i n g the presence of 
l a rge -ampl i tude low- f requency s ig 
na l s , g ives greater l i k e l i h o o d of 
i n t e r m o d u l a t i o n d i s to r t i on i n the 
r ep roduc ing s y s t e m , w h i l s t the 
enhanced t reb le response m a k e s 
t h i s t y p e of d i s to r t i on more 
r e a d i l y detectable a n d undes i rab le . 

R e p r o d u c t i o n of sound b y elec
t r i c a l means i n v o l v e s t he a m p l i 
fication of a n e l ec t r i c a l w a v e f o r m 
w h i c h shou ld be a n e x a c t counter 
p a r t of t he a i r pressure w a v e f o r m 
w h i c h cons t i tu tes the sound . T h e 
purpose of t he ampl i f i e r i s t o 
produce a n e x a c t r e p l i c a of t he 
e l e c t r i c a l i n p u t vo l tage w a v e f o r m 
a t a p o w e r l e v e l su i t ab le for t he 

opera t ion of the loudspeaker . 
T h i s i n t u r n r econve r t s the e lec
t r i c a l w a v e f o r m in to a corres
pond ing sound pressure w a v e f o r m , 
w h i c h i n a n i d e a l s y s t e m w o u l d 
be a r e p l i c a of the o r ig ina l . 

T h e pe r fo rmance of a n ampl i f i e r 
i n t ended to reproduce a g i v e n 
w a v e f o r m i s u s u a l l y s t a t ed i n 
t e r m s of i t s a b i l i t y t o reproduce 
a c c u r a t e l y the f requency c o m 
ponents of a m y t h i c a l F o u r i e r 
a n a l y s i s of the w a v e f o r m . W h i l e 
t h i s m e t h o d is conven ien t a n d 
indeed corresponds to t he m a n n e r 
i n w h i c h the m e c h a n i s m of t he 
ear ana lyses s o u n d pressure w a v e 
forms i n t o componen t f requencies 
a n d t h e r e b y t r a n s m i t s in te l l igence 
to t he b r a i n , the fac t t h a t the 
func t ion of t he s y s t e m is to repro
duce a w a v e f o r m a n d no t a b a n d 
of frequencies shou ld no t be 
neglected. Sounds of a t r an s i en t 
n a t u r e h a v i n g i d e n t i c a l f r equency 
con ten t s m a y y e t be v e r y different 
i n cha rac te r , the d i s c r e p a n c y be ing 
i n the phase r e l a t ionsh ip of the 
componen t frequencies. 

T h e r equ i r emen t s of s u c h a n 
ampl i f i e r m a y be l i s t ed as : — 

(1) Negl ig ib le non- l inea r d i s 
t o r t i o n u p to the m a x i m u m ra ted 
ou tpu t . ( T h e t e r m " non- l inear 
d i s to r t i on " inc ludes the p roduc
t i o n of undes i red h a r m o n i c fre
quencies a n d the i n t e r m o d u l a t i o n 
of componen t frequencies of t he 
sound w a v e . ) T h i s requ i res t h a t 
the d y n a m i c o u t p u t / i n p u t cha r 
ac t e r i s t i c be l i n e a r w i t h i n close 
l i m i t s u p to m a x i m u m o u t p u t a t a l l 
f requencies w i t h i n the aud ib le 
range. 

(2) (a) L i n e a r f requency re
sponse w i t h i n t he aud ib le fre
q u e n c y s p e c t r u m of 1 0 - 2 0 , 0 0 0 c /s . 

(b) C o n s t a n t power h a n d l i n g 
c a p a c i t y for negl igible non- l inea r 
d i s t o r t i on a t a n y f requency w i t h i n 
the audib le f r equency s p e c t r u m . 

T h i s r equ i r emen t i s less s t r i n 
gent a t t he h igh- f requency e n d of 
the s p e c t r u m , b u t shou ld the 
m a x i m u m power ou tpu t / f r equency 
response a t e i the r e n d of the 

spec t rum (bu t espec ia l ly , a t the 
low-f requency end) be subs tan
t i a l l y less t h a n t h a t a t m e d i u m 
frequencies, filters m u s t be 
a r ranged to reduce the l e v e l of 
these frequencies before t h e y r e a c h 
the ampl i f i e r as o therwise severe 
i n t e r m o d u l a t i o n w i l l occur . T h i s 
i s espec ia l ly not iceable d u r i n g the 
reproduc t ion of a n organ on 
inco r r ec t l y designed equ ipmen t 
whe re peda l notes of the order of 
16-20 c / s cause b a d d i s to r t ion , 
even t hough t h e y m a y be i n 
audib le i n t he sound ou tpu t . 

(3) Negl ig ib le phase shi f t w i t h 
i n the audib le range . A l t h o u g h 
the phase re la t ionsh ip be tween 
the componen t frequencies of a 
c o m p l e x s teady-s ta te sound does 
no t appear to affect the aud ib le 
q u a l i t y of the sound, the same is 
no t t rue of sounds of a t r ans i en t 
na tu re , the q u a l i t y of w h i c h m a y 
be p ro found ly a l t e red b y d i s tu rb
ance of the phase re la t ionsh ip 
be tween componen t frequencies . 

(4) Good t r ans ien t response. I n 
add i t i on to l ow phase a n d fre
q u e n c y d i s to r t ion , other factors 
w h i c h are essent ia l for the accu 
ra te reproduc t ion of t r ans ien t 
wave - fo rms are the e l im ina t i on of 
changes i n effective ga in due to 
cu r r en t a n d vol tage cut-off i n a n y 
stages, the u t m o s t care i n the 
design of i ron-cored components , 
a n d the reduc t ion of the n u m b e r 
of such components to a m i n i m u m . 

Changes i n effective ga in du r ing 
" low- f requency " t r ans ien t s occur 
i n ampl i f ie rs w i t h ou tpu t stages 
of the self-biased Class A B t y p e , 
caus ing serious d i s to r t ion w h i c h 
is no t r evea l ed b y s teady-s ta te 
measurements . T h e t r ans i en t 
causes the cu r r en t i n the ou tpu t 
stage to r ise , a n d th i s is fo l lowed, 
a t a ra te de te rmined b y the t ime 
cons tan t of the b ias ing n e t w o r k , 
b y a r i se i n b ias vo l tage w h i c h 
a l te rs the effective ga in of the 
ampl i f ie r . 

(5) L o w ou tpu t res is tance. 
T h i s r equ i remen t is concerned 
w i t h the a t t a i n m e n t of good 
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1-

o 

INPUT 

( a ) ( b ) 

F i g . I . Output/ input charac te r i s t i cs (a) w i thou t 
feedback (b) w i th negat ive feedback. 

f r equency a n d t r a n s i e n t response 
f r o m t h e loudspeake r s y s t e m b y 
e n s u r i n g t h a t i t h a s adequa te 
e l e c t r i c a l d a m p i n g . T h e cone 
m o v e m e n t of a m o v i n g - c o i l l o u d 
s p e a k e r i s r e s t r i c t ed b y a i r l oad ing , 
suspens ion stiffness a n d res i s tance , 
a n d e lec t ro -magne t ic d a m p i n g . I n 
t he case of a baffle-loaded l o u d 
speaker , t he eff ic iency i s r a r e l y 
h ighe r t h a n 5 - 1 0 pe r cent , a n d t he 
a i r l oad ing , w h i c h de te rmines t he 
r a d i a t i o n , i s n o t h i g h . I n order 
t o a v o i d a h i g h bass-resonance 
f requency , t he suspens ion stiffness 
i n a h igh-grade loudspeake r i s 
k e p t l o w , a n d o b v i o u s l y t he p o w e r 
loss i n s u c h a suspens ion c a n n o t 
be la rge . E l e c t r o - m a g n e t i c d a m p 
i n g i s therefore i m p o r t a n t i n 
c o n t r o l l i n g t he m o t i o n of t he cone. 
T h i s effect i s p r o p o r t i o n a l t o t he 
c u r r e n t w h i c h c a n be genera ted 
i n t he c o i l c i r c u i t , a n d i s therefore 
p r o p o r t i o n a l t o t h e t o t a l res i s tance 
of t h e c i r c u i t . M a x i m u m d a m p 
i n g w i l l be a c h i e v e d w h e n t h e c o i l 
i s e f f ec t ive ly sho r t - c i r cu i t ed , hence 
t h e o u t p u t res i s tance of the 
a m p l i f i e r shou ld be m u c h l o w e r 
t h a n t h e c o i l impedance . 

(6) A d e q u a t e p o w e r reserve . 
T h e r e a l i s t i c r ep roduc t i on of 
o r c h e s t r a l m u s i c i n a n ave rage 
r o o m requ i res p e a k p o w e r c a p a 
b i l i t i e s o f t he o rde r of 1 5 - 2 0 
w a t t s w h e n t h e e lec t ro -acous t ic 
t r a n s d u c e r i s a baffle-loaded 
m o v i n g - c o i l l oudspeake r s y s t e m 
of n o r m a l ef f ic iency. T h e use 
of horn- loaded loudspeake r s m a y 
reduce the p o w e r r e q u i r e m e n t t o 
t he reg ion of 10 w a t t s . 

The Output Stage 
A n o u t p u t of t he order of 1 5 - 2 0 

w a t t s m a y be ob ta ined i n one of 
th ree w a y s , n a m e l y , p u s h - p u l l 
t r iodes , p u s h - p u l l t r iodes w i t h 
nega t i ve feedback, o r p u s h - p u l l 
t e t rodes w i t h nega t ive feedback. 

T h e s a l i en t fea
tu re s of these 
me thods a r e of 
in t e res t . 

P u s h - p u l l t r iode 
v a l v e s w i t h o u t 
the ref inement of 
nega t i ve feed
b a c k f o r m the 
m a i n s t a y of pre
sen t -day h i g h -
fidelity equ ip 
m e n t . A s tage of 
t h i s t y p e h a s a 
n u m b e r of d i s -

W i t h reasonable 
the p o w e r s tage 

canno t be 

a d v a n t a g e s 
eff ic iency 
s u c h a n a r r a n g e m e n t 
m a d e t o i n t roduce n o n - l i n e a r i t y t o 
a n e x t e n t less t h a n t h a t represen
t e d b y abou t 2-3 pe r cen t 
h a r m o n i c d i s to r t i on . T h e ou tpu t / 
i n p u t c h a r a c t e r i s t i c of s u c h a s tage 
i s a g r a d u a l c u r v e as i n F i g . 
1 ( a ) . W i t h t h i s t y p e of c h a r a c t e r i s 
t i c d i s t o r t i on w i l l be i n t roduced a t 
a l l s i g n a l l eve l s a n d i n t e r m o d u l a -
t i o n of t h e componen t s i g n a l 
f requencies w i l l o ccu r a t a l l l eve l s . 
T h e i n t e r m o d u l a t i o n w i t h s u c h a 
c h a r a c t e r i s t i c i s v e r y cons iderable 
a n d i s responsible for t he h a r s h 
ness a n d " mush ines s " w h i c h 
cha rac t e r i ze s ampl i f i e r s of t h i s 
t y p e . I n add i t i on , fu r the r n o n -
l i n e a r i t y a n d considerable i n t e r 
m o d u l a t i o n w i l l be i n t r o d u c e d b y 
t he o u t p u t t r a n s f o r m e r core. 

I f t he l oad i m p e d a n c e i s chosen 
to g ive m a x i m u m o u t p u t t h e 
load i m p e d a n c e / o u t p u t res i s tance 
r a t i o of t he ampl i f i e r w i l l be about 
2, w h i c h i s insuff ic ient for good 
loudspeaker d a m p i n g . 

I t i s d i f f icul t t o produce a n 
adequa te f requency response c h a r 
a c t e r i s t i c i n a mul t i - s t age a m p l i 
fier of t h i s t y p e a s t he effect o f 
m u l t i p l e v a l v e capac i t ances a n d 
t he o u t p u t t r a n s f o r m e r p r i m a r y 
a n d l eakage i nduc t ances becomes 
ser ious a t the ends of t he a.f. 
s p e c t r u m . 

T h e a p p l i c a t i o n of nega t ive feed
b a c k to p u s h - p u l l t r iodes resu l t s 
i n the more or less comple te so l 
u t i o n of the d i s advan t ages ou t 
l i n e d above . F e e d b a c k shou ld 
be app l ied o v e r t he who le a m 
plif ier , f r o m the o u t p u t t r a n s f o r m 
e r s econda ry to t he i n i t i a l s tage as 
t h i s m e t h o d cor rec ts d i s t o r t i on 
i n t roduced b y t he o u t p u t t r a n s 
former a n d m a k e s no a d d i t i o n a l 
d e m a n d s u p o n the o u t p u t c a p a b i l i 
t ies of a n y stage of the ampl i f i e r . 
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T h e func t ions of nega t ive feed
b a c k a re :—• 

(a) T o i m p r o v e t he l i n e a r i t y 
of t he ampl i f i e r , a n d ou tpu t 
t r ans fo rmer . 

(b) T o i m p r o v e t he f requency 
response of t he ampl i f i e r a n d 
ou tpu t t r ans former . 

(c) T o reduce t he phase shi f t 
i n t he ampl i f i e r a n d ou tpu t t r a n s 
fo rmer w i t h i n the aud ib le fre
q u e n c y range. 

(d) T o i m p r o v e the low-fre
q u e n c y cha rac t e r i s t i c s of the out 
p u t t r ans fo rmer , p a r t i c u l a r l y 
defects due to t he non- l inear 
r e l a t i on be tween flux a n d magne
t i z i n g force. 

(e) T o reduce t he o u t p u t 
res i s tance of t he ampl i f ie r . 

( / ) T o reduce the effect of 
r a n d o m changes of t he p a r a 
mete r s of t he ampl i f i e r a n d s u p p l y 
vo l tage changes , a n d of a n y 
spur ious defects. 

A s tage of t h i s t y p e i s capable 
of fu l f i l l ing t h e h ighes t fidelity 
r equ i r emen t s i n a sound repro
d u c i n g s y s t e m . T h e o u t p u t / i n p u t 
c h a r a c t e r i s t i c i s of the t y p e s h o w n 
i n F i g . 1 (b ) , a n d i s v i r t u a l l y 
s t r a i g h t u p t o m a x i m u m ou tpu t , 
w h e n i t c u r v e s s h a r p l y w i t h the 
onset of g r i d c u r r e n t i n the out 
p u t s tage. N o n - l i n e a r d i s t o r t i on 
c a n be reduced to a degree repre
sen ted b y less t h a n 0 .1 per cen t 
h a r m o n i c d i s to r t i on , w i t h no 
aud ib le i n t e r m o d u l a t i o n . T h e 
f requency response of t he who le 
ampl i f i e r f rom i n p u t t o o u t p u t 
t r a n s f o r m e r s econda ry c a n be 
m a d e l i nea r , a n d t he p o w e r 
h a n d l i n g c a p a c i t y cons tan t ove r 
a range cons ide rab ly w i d e r t h a n 
t h a t r e q u i r e d for s o u n d r ep roduc 
t i o n . 

T h e o u t p u t res i s tance , u p o n 
w h i c h t he loudspeaker u s u a l l y 
depends for mos t of the d a m p i n g 
r equ i r ed , c a n be reduced to a 
s m a l l f r ac t ion of t he speech c o i l 
impedance . A r a t i o of l o a d i m 
pedance /ou tpu t res i s tance (some
t i m e s k n o w n a s " d a m p i n g fac 
t o r " ) of 2 0 - 3 0 i s e a s i l y ob ta ined . 

" K i n k l e s s " or " b e a m " out 
p u t te t rodes used w i t h nega t i ve 
feedback c a n , w i t h care , be m a d e 
t o g ive a pe r fo rmance m i d w a y 
be tween t h a t o f t r iodes w i t h a n d 
w i t h o u t feedback. T h e a d v a n t a g e s 
t o be ga ined f r o m the use of 
te t rodes a re inc reased power effi
c i e n c y a n d l o w e r d r i v e vo l tage 
r equ i r emen t s . 
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I t m u s t be e m p h a s i z e d t h a t the 
c h a r a c t e r i s t i c s of the s tage a re 
dependent so l e ly u p o n the cha r 
a c t e r a n d a m o u n t of t he nega t i ve 
feedback used . T h e feedback 
m u s t r e m a i n effect ive a t a l l 
f requencies w i t h i n the a.f. 
s p e c t r u m unde r a l l ope ra t i ng c o n 
d i t ions , i f t he q u a l i t y i s no t t o 
degenerate t o t he l e v e l u s u a l l y 
assoc ia ted w i t h te t rodes w i t h o u t 
feedback. G r e a t care m u s t be 
t a k e n w i t h t he des ign a n d opera
t i o n of the ampl i f i e r t o a c h i e v e 
t h i s , a n d t roub les s u c h as p a r a s i t i c 
o sc i l l a t i on a n d i n s t a b i l i t y are 
l i ab le t o be encounte red . 

W h e n e q u i p m e n t has t o be 
opera ted f r o m low-vo l t age p o w e r 
supp l ies a te t rode s tage w i t h 
nega t ive feedback i s t he o n l y 
choice , b u t w h e r e p o w e r supp l ies 
are no t r e s t r i c t ed , t r iodes a re 
preferable because of ease of 
opera t ion a n d c e r t a i n t y of resu l t s . 

I t appea r s t h e n t h a t t he des ign 
of a n ampl i f i e r for s o u n d repro
d u c t i o n to g ive the h ighes t possible 
fidelity s h o u l d cent re r o u n d a 
p u s h - p u l l t r iode ou tpu t s tage a n d 
s h o u l d inco rpora t e nega t i ve feed
b a c k . 

T h e m o s t su i t ab le t y p e s of v a l v e 
for t h i s s e rv i ce a re the P X 2 5 
a n d the K T 6 6 . O f these t he K T 6 6 
i s t o be prefer red s ince i t i s a 
more m o d e r n i n d i r e c t l y - h e a t e d 
t y p e w i t h a 6 .3 - v o l t heater , a n d 
w i l l s i m p l i f y t he hea te r s u p p l y 
p r o b l e m . T r i o d e - c o n n e c t e d i t has 
c h a r a c t e r i s t i c s a l m o s t i d e n t i c a l 
w i t h those of t he P X 2 5 . 

U s i n g a s u p p l y vo l tage of some 
4 4 0 v o l t s a power o u t p u t of 15 
w a t t s per p a i r m a y be e x p e c t e d . 

The Output Transformer 
T h e o u t p u t t r ans fo rmer i s p rob

a b l y the mos t c r i t i c a l componen t 
i n a h igh- f ide l i ty ampl i f ie r . A n 
i n c o r r e c t l y designed componen t 
i s capable of p r o d u c i n g d i s to r t i on 
w h i c h i s often m i s t a k e n l y a t t r i b u 
t ed to the e lec t ron ic p a r t of the 
ampl i f ie r . D i s t o r t i o n p roduc ib le 
d i r e c t l y or i n d i r e c t l y b y the 
o u t p u t t r a n s f o r m e r m a y be l i s t e d 
as fo l lows : — 

(a) F r e q u e n c y d i s t o r t i on due 
to l o w w i n d i n g i n d u c t a n c e , h i g h 
l eakage reac tance a n d resonance 
phenomena . 

(b) D i s t o r t i o n due to the phase 
sh i f t p roduced w h e n nega t ive 
feedback i s app l i ed across t he 
t r ans fo rmer . T h i s u s u a l l y t a k e s 

the f o r m of p a r a s i t i c o sc i l l a t i on 
due to phase sh i f t p roduced i n the 
h i g h f requency region b y a h i g h 
l eakage reac tance . 

(c) I n t e r m o d u l a t i o n a n d h a r 
m o n i c d i s t o r t i o n i n t he o u t p u t 
s tage caused b y o v e r l o a d i n g a t l o w 
frequencies w h e n t h e p r i m a r y 
i n d u c t a n c e i s insuff ic ient . T h i s i s 
p r i m a r i l y due t o a r e d u c t i o n i n 
the effect ive l oad impedance be low 
the safe l i m i t , r e s u l t i n g i n a v e r y 
r e a c t i v e l oad a t l o w frequencies . 
T h i s m a y cause the v a l v e s t o be 
d r i v e n b e y o n d cut-off s ince t he 
l o a d e l l ipse w i l l t e n d to become 
c i r c u l a r . 

(d) H a r m o n i c a n d i n t e r m o d u l a 
t i o n d i s t o r t i on p roduced b y t he 
non- l inea r r e l a t i on be tween f l u x 
a n d m a g n e t i z i n g force i n t he core 
m a t e r i a l . T h i s d i s to r t i on i s a l w a y s 
presen t b u t w i l l be g r e a t l y aggra 
v a t e d i f t he f l u x d e n s i t y i n the 
core exceeds the safe l i m i t . 

(e) H a r m o n i c d i s t o r t i on i n t r o 
duced b y e x c e s s i v e res i s tance i n 
the p r i m a r y w i n d i n g . 

T h e des ign of a p r a c t i c a l t r a n s 
fo rmer has to be a compromise 
be tween these conf l i c t ing requ i re 
men t s . 

A t a l o w f requency / b , s u c h t h a t 
the r eac tance of t he o u t p u t t r ans 
fo rmer p r i m a r y i s e q u a l to the 
res i s tance fo rmed b y the l oad 
res i s tance a n d v a l v e a .c . res i s t 
ances i n p a r a l l e l , the o u t p u t 
vo l t age w i l l be 3 d b be low t h a t a t 
m e d i u m frequencies . A t a fre
q u e n c y 3 / b the response w i l l be 
w e l l m a i n t a i n e d , the t r ans fo rmer 
r eac t ance p r o d u c i n g o n l y 2 0 ° p h a s e 
angle . S i m i l a r l y a t the h i g h 
f requency end of t he s p e c t r u m the 
response w i l l be 3 d b d o w n a t a 
f requency ft s u c h t h a t t he leakage 
reac tance i s e q u a l t o the s u m of 
the l oad a n d v a l v e a.c. res i s tances . 
A g a i n a t a f r equency / ( / 3 the 

response w i l l be w e l l m a i n t a i n e d . 
I f t h e n t he r equ i r ed f requency 

range i n the ampl i f i e r i s f rom 
1 0 - 2 0 , 0 0 0 c/s , fb m a y be t a k e n as 
3.3 c/s a n d / ( as 60 k c / s . A t r ans 
former w h i c h i s o n l y 3 d b d o w n a t 
frequencies as w i d e l y spaced as 
these w o u l d be dif f icul t t o design 
for some condi t ions of opera t ion , 
a n d whe re t h i s i s so t he upper 
l i m i t m a y be reduced , a s the 
energy con ten t o f sound a t theso 
frequencies i s no t u s u a l l y h igh-
T h e l i m i t i n g fac tor w i l l be the 
necess i ty of a c h i e v i n g s t a b i l i t y 
w h e n feedback i s app l i ed across 
the t r ans fo rmer , i .e. , t h a t t he loop 
ga in shou ld be less t h a n u n i t y a t 
f requencies whe re t he phase shi f t 
reaches 1 8 0 0 . 

T o i l l u s t r a t e the procedure , 
cons ider t he spec i f ica t ion of a n 
o u t p u t t r a n s f o r m e r coup l ing t w o 
p u s h - p u l l K T 6 6 t y p e v a l v e s to a 
15 - o h m loudspeake r l o a d . 
P r i m a r y l oad i m p e d a n c e = i o , o o o £ 2 

T u r n s r a t io = V i o . o 
25-

E f f e c t i v e a.c. res i s tance of v a l v e s 
= 2 5 0 0 O 

Low-frequency Response 
P a r a l l e l l oad a n d v a l v e res is t -

2 5 0 0 x 1 0 , 0 0 0 
ance = = 2 0 o o i 2 

1 2 , 5 0 0 
A = 3-3 c / s ( < o b ~2 i ) response 

shou ld be 3 d b d o w n . 
P r i m a r y incremental i nduc t ance 

2 0 0 0 
L = = 9 5 H . 

2 1 
High-frequency Response 
S u m of l oad a n d a .c . res is tances 

= 1 0 , 0 0 0 + 2 5 0 0 
= 1 2 5 0 0 O 

A t ft = 6 0 k c / s = 376,000") 
response shou ld be 3 d b d o w n . 

1 2 , 5 0 0 .'. L e a k a g e reac tance 

ALTERNATING EXCITATION VOLTAGE 

F i g . 2. V a r i a t i o n of iron-cored 
induc tance w i t h a .c . exc i ta t ion . 

3 7 6 
= 3 3 m H . 

A 20 - w a t t t r ans fo rmer h a v i n g 10 
p r i m a r y a n d 8 secondary sect ions 
a n d us ing one of the be t ter grades 
of core m a t e r i a l c a n be made to 
c o m p l y w i t h these requ i rements . 
W i n d i n g d a t a w i l l be g iven i n a n 
a p p e n d i x (see page 11 ) . 

Some confusion m a y ar ise w h e n 
spec i fy ing a n o u t p u t t r ans fo rmer 
as the appa ren t induc tance of 
the w i n d i n g s w i l l v a r y g rea t ly 
w i t h the m e t h o d of measurement . 
T h e i nduc tance of a n i ron-cored 
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FIRST PHASE 
STAGE SPLITTER 

( 2 ) 

FIRST PHASE 
STAGE SPLITTER 

FIRST 
STAGE 

( c ) 

F i g . 3. B l o c k d i ag rams of c i r cu i t a r rangements d iscussed in the text. 

componen t is a func t ion of the 
e x c i t a t i o n , the v a r i a t i o n being 
of the f o r m s h o w n i n F i g . 2. T h e 
e x a c t shape of the c u r v e is 
dependent on the magne t i za t ion 
cha rac t e r i s t i c for the core m a t e r i a l . 

T h e m a x i m u m induc tance , 
cor responding to po in t C occurs 
w h e n the core m a t e r i a l is Hear ing 
s a tu r a t i on a n d i s c o m m o n l y 4-6 
t imes the ' ' l o w e x c i t a t i o n ' ' or 
" i n c r e m e n t a l ' v a l u e a t A , w h i c h 
corresponds to opera t ion nea r the 
o r ig in of the magne t i za t ion c u r v e . 
I n a co r r ec t l y designed ou tpu t 
t r ans fo rmer t he p r i m a r y induc t 
ance corresponding to the vol tage 
s w i n g a t m a x i m u m ou tpu t a t 
50 c / s w i l l l ie i n the region of B 
i n F i g . 2. 

I n spec i fy ing the component , 
the i m p o r t a n t v a l u e is the incre
m e n t a l i nduc tance corresponding 
to po in t A , since t h i s v a l u e deter
mines the f requency response a t 
l ow ou tpu t s . 

Phase Shift 
T h e r educ t ion of phase shi f t i n 

ampl i f i e r s w h i c h are to operate 
w i t h nega t ive feedback is of 
p r i m e impor t ance , as i n s t a b i l i t y 

w i l l resul t , shou ld a phase sh i f t 
of 1 8 0 0 occur a t a f r equency whe re 
the v e c t o r ga in of t he ampl i f i e r 
a n d feedback n e t w o r k i s greater 
t h a n u n i t y . T h e i n t r o d u c t i o n of 
more t h a n one t r a n s f o r m e r i n to 
the feedback p a t h i s l i k e l y to 
g ive r ise t o t roub le f r o m i n s t a 
b i l i t y . A s i t i s des i rab le to a p p l y 
feedback ove r t he o u t p u t t r a n s 
fo rmer t he res t o f the ampl i f i e r 
shou ld be R - C coupled . 

Alternative Circuits 
A l t h o u g h t h e amp l i f i e r m a y 

c o n t a i n p u s h - p u l l s tages i t i s 
des i rable t h a t the i n p u t a n d ou tpu t 
shou ld be " s ingle ended " a n d 
h a v e a c o m m o n e a r t h t e r m i n a l . 
T h r e e c i r c u i t a r r angemen t s suggest 
t hemse lves . 

T h e b l o c k d i a g r a m of F i g . 3 (a) 
shows the s imp le s t c i r c u i t a r range
m e n t . T h e o u t p u t v a l v e s are 
preceded b y a phase sp l i t t e r 
w h i c h i s d r i v e n b y the f i rs t s tage. 
T h e feedback i s t a k e n f r o m the 
ou tpu t t r a n s f o r m e r s econda ry to 
the ca thode of the f irst s tage. 
T h i s a r r angemen t i s advan tageous 
i n t h a t the phase sh i f t i n the 
ampl i f i e r c a n e a s i l y be reduced 

to a l ow v a l u e as i t con ta in s t he 
m i n i m u m n u m b e r of s tages. T h e 
a r r angemen t , howeve r , has a 
n u m b e r of d i s advan t ages w h i c h 
render i t unsu i t ab l e . T h e i n p u t 
vo l tage r e q u i r e d b y t he phase 
sp l i t t e r i s r a t h e r more t h a n c a n 
be ob ta ined f rom the first s tage 
for a reasonable d i s t o r t i on w i t h 
the a v a i l a b l e h . t . vo l t age , a n d i n 
a d d i t i o n the phase s p l i t t e r i s 
ope ra t ing a t a n u n d u l y h i g h l e v e l . 
T h e g a i n of the c i r c u i t i s l ow e v e n 
i f a pentode i s used i n t he f i rs t 
s tage, a n d w h e r e a l ow- impedance 
loudspeaker s y s t e m i s used, i n 
sufficient feedback vo l tage w i l l 
be a v a i l a b l e . 

T h e a d d i t i o n of a p u s h - p u l l 
d r i v e r s tage to the p r e v i o u s 
a r r angemen t , as i n F i g 3 (b ) , 
p rov ides a so lu t ion to mos t of the 
diff icul t ies . E a c h stage t h e n w o r k s 
w e l l w i t h i n i t s capab i l i t i e s . T h e 
inc reased phase sh i f t due to the 
e x t r a stage has no t been found 
u n d u l y t roublesome p r o v i d e d t h a t 
su i t ab le p recau t ions are t a k e n . 

T h e func t ions of phase sp l i t t e r 
a n d p u s h - p u l l d r i v e r stage m a y 
be combined i n a se l f -ba lanc ing 
" pa raphase " c i r c u i t g i v i n g the 
a r r angemen t of F i g . 3 ( c ) . T h e 
g r id of one d r i v e v a l v e i s fed 
d i r e c t l y f r o m the first s tage, the 
other be ing fed f rom a res i s tance 
n e t w o r k be tween the anodes of 
the d r i v e r v a l v e s as s h o w n i n 
F i g . 4. T h i s a r r angemen t forms 
a good a l t e r n a t i v e to the p reced ing 
one whe re i t i s des i rable t o use the 
m i n i m u m n u m b e r of v a l v e s . 

- M W - t - i M W 

T 

X 

F i g . 4. " Pa raphase " c i rcu i t 
combin ing the funct ions of 
phase splitter and push-pul l 

dr iver stages. 
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Details of Chosen Circuit 
and Its Performance 

TH E considerat ions under
l y i n g the design of a h i g h -
q u a l i t y ampl i f i e r were d is

cussed i n the first pa r t of th i s 
a r t i c le . A c i r cu i t of the complete 
ampl i f ie r is s h o w n i n F i g . 5. T h i s 
fol lows the bas ic a r rangement of 
F i g . 3 ( b ) . T h e design of the i n d i 
v i d u a l stages w i l l not be t reated 
in de ta i l , b u t a r e v i e w of the 
sa l ient features m a y be of v a l u e . 
A s a measure of s t andard iza t ion 
a l l v a l v e s except those of the out
pu t stage a re t ype L 6 3 , t r iodes of 
about 8 , 0 0 0 ohms a . c . res is tance. 

I n i t i a l S t a g e s . — I n order to 

keep the phase shif t i n the a m p l i 
fier a t l ow frequencies as s m a l l as 
possible the first stage has been 
d i r ec t ly coupled to the phase 
spli t ter , e l i m i n a t i n g one R - C 
coup l ing . T h e first two stages are 
thus designed as a single en t i ty . 
T h e phase-spli t ter sect ion, w h i c h 
consists of a t r iode w i t h equa l 
loads i n anode a n d cathode c i r 
cui t s , operates p a r t l y as a cathode 
fol lower , i ts g r id be ing some 100 V 
pos i t ive w i t h respect to chass is . 
T h e anode of the first t r iode is also 
a r r anged to be about 100 V posi
t i ve a n d is coupled to the phase-

spl i t te r g r i d . D u e to the cathode-
fol lower ac t ion of V 2 the opera t ing 
condi t ions are no t c r i t i c a l a n d no 
t rouble is l i k e l y to be encountered 
f rom n o r m a l changes i n v a l v e 
pa ramete rs . T h e cathode b ias 
resis tor of V 1 ( to w h i c h feedback 
is app l i ed f rom the ou tpu t t rans 
former secondary , i s k e p t as s m a l l 
as p rac t i cab le to a v o i d ga in reduc
t ion i n the first stage, due to series 
feedback. 

D r i v e r S t a g e . — T h e ou tpu t f rom 
the phase-spl i t te r i s t a k e n to the 
push -pu l l d r i v e r stage. P r o v i s i o n 
is made for v a r y i n g the load re-

I 450V , " j 2 

F i g . 5. C i rcu i t d i ag ram of complete ampl i f ier . Vo l tages under l ined are peak s igna l vol tages at 15 wat ts output. 

R , 

R 4 

Rs> ^ 6 
R 8 , Rg 

R l l > R l 3 
R12 

1 M a i watt ± 20 per cent 
33,000 n 1 watt ± 20 „ 
47,000 a 1 watt ± 20 ,. 
470 a i watt ± 10 

, R 7 22,000 n 1 watt ± 10 
0.47 MO I watt ± 20 
390 Q i watt ± 10 
39,000 n 2 watt ± 10 
25,000 a 1 watt wire-

wound variable. 
0.1 MO 1 watt ± 20 

C I R C U I T V A L U E S 

R ] 6 , R 2 0 1,000 O I watt ± 20 per cent 
R 1 6 , R a 8 100 Q 1 watt ± 20 
R 1 7 , R 2 1 100 O 2 watt wire-

wound variable. 
R 2 2 150 a 3 watt ± 20 
R 2 3 , R 2 4 100 a 1 watt ± 20 
R 2 6 1,200-y/speech eoil impedance, 

\ watt. 
Gu C 2 , C 6 8 M F 450 V , wkg. 

C 3 , C 4 0.05 fiF 350 V , wkg. 
C 6 , C , 0.25 /mF 350 V , wkg. 

C 8 8 M F 550 V , wkg. 
C 9 S « F 600 V , wkg. 

C H j 30 H at 20 mA (min.) 
C H 2 10 H at 150 m A (min.) 
T Power transformer. 

Secondary 425-0-425 V . 
150 m A ( m i n . ) 5 V . 3A.6.3 
V. 4A, c.t. 

V x to V 4 L63 
V 5 , V 6 K T 6 6 . 
V , U52 
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20 

INPUT VOLTS (R M S.) 

F i g . 6. Input-output charac te r i s t i c and h a r m o n i c 
distort ion curves , w i t h a n d w i thout feedback. 

( R i g h t ) — 
Osc i l l og rams of input-output charac te r i s t i c ; left-hand 
c o l u m n , w i thout feedback ; r ight-hand c o l u m n , w i th 
feedback, ( i ) A t 300 c/s w i th s l ight over load (2) A t 300 
c/s, output voltage 1 5 % be low m a x i m u m . (3) and (4) 
Condi t ions as in (1) and (2) respect ive ly , but a t 30 c/s. 

sistors of th i s stage w h i c h , i n con
j u n c t i o n w i t h a c o m m o n u n b y -
passed cathode b i a s resistor, 
a l l ows a considerable range of 
ad jus tmen t to be made i n the 
d r i v e vol tages to the ou tput v a l v e s 
to compensate for a n y inequa l i ty 
i n g a i n . 

O u t p u t S t a g e . — T h e ba lance of 
quiescent anode cu r ren t i n the 
output stage is a mat te r of some 
impor tance , as i t affects the per
formance of the output t rans 
former to a m a r k e d degree. I n 
this ampl i f ie r , p rov i s i on is made , 
b y means of a n e t w o r k i n the 
ca thode c i r c u i t s of the K T 6 6 
v a l v e s , for a l t e r ing the g r i d b ias 
of each v a l v e , g i v i n g comple te 
con t ro l of the s t a t i c condi t ions of 
t he stage. A feature of t h i s 
a r r angemen t i s t h a t the v a l v e s 
operate w i t h a c o m m o n u n b y -
passed ca thode b ias resistor , 
w h i c h assis ts i n p re se rv ing the 
ba lance of the stage under 
d y n a m i c condi t ions . 

O u t p u t T r a n s f o r m e r . — T h e 
t u r n s ra t io of t h e o u t p u t t r ans 
fo rmer w i l l be de te rmined b y the 
impedance of the loudspeaker 
l o a d . I t i s c o n v e n i e n t to m a k e 
each secondary sect ion of such a n 

impedance tha t b y ser ies-para l le l 
a r rangement a n u m b e r of sui table 
l o a d impedances m a y be p r o v i d e d 
u t i l i z i n g a l l the sections of the 
t ransformer . A sui table v a l u e of 
impedance is 1.7 ohms per sec
t ion , g i v i n g a l t e rna t ives of 1.7, 
6 . 8 , 1 5 . 3 , 2 7 o h m s , etc. 

W i n d i n g da t a for a sui table 
t rans former are g i v e n i n the 
A p p e n d i x . 

N e g a t i v e F e e d b a c k N e t w o r k . — 
T h e design of t h i s ampl i f i e r is s u c h 
tha t no di f f icul ty shou ld be expe r i 
enced i n the app l i ca t i on of nega
t i ve feedback u p to a m a x i m u m 
of some 3 0 db . P r o v i d e d tha t the 
th resho ld of i n s t ab i l i t y i s not 
reached , the benefits of negat ive 
feedback increase as the a m o u n t 
of feedback i s increased , a t the 
sole expense of loss of ga in , bu t 
there w i l l be l i t t le i f a n y aud ib le 
i m p r o v e m e n t to be ga ined w i t h 
t h i s ampl i f i e r b y inc reas ing the 
a m o u n t of feedback beyond 20 db . 

T h e feedback n e t w o r k is a 
p u r e l y res is t ive potent ia l d i v i d e r , 
the bot tom l i m b of w h i c h is the 
cathode b ias resistor of the first 
stage. 

W i t h component v a l u e s as 

specified no t rouble shou ld be ex 
per ienced f rom ins t ab i l i t y due to 
the effects of un in ten t iona l posi 
t ive feedback. S h o u l d ins t ab i l i t y 
ar ise i t w i l l p r o b a b l y appear as 
osc i l la t ion a t a supersonic fre
quency . T h i s m a y be t rans ient , 
occu r r i ng o n l y a t some pa r t of the 
cyc le w h e n the ampl i f ie r is oper
a ted nea r m a x i m u m output . I t s 
cause m a y be b a d l a y o u t or a n 
output t ransformer w i t h a h igher 
leakage reactance t h a n specified, 
or i t m a y be due to resonance i n 
the output t ransformer . 

A r emedy , w h i c h shou ld on ly 
be used as a t empora ry measure , 
is to reduce the h igh-f requency 
response of one of the ampl i f ie r 
stages, so r educ ing the loop ga in 
a t the f requency of osc i l la t ion to 
a v a l u e below u n i t y . T h i s m a y 
conven ien t ly be done b y connect
i n g a s m a l l capaci tor ( say 200 p F ) 
i n series w i t h a 5 , 0 0 0 r e s i s t o r 
f rom the anode of V \ to chass is . 

P e r f o r m a n c e 
L i n e a r i t y . — T h e l i n e a r i t y of the 

ampl i f ie r is w e l l i l lus t ra ted b y the 
series of osc i l lograms. T h e s e show 
that , u p to m a x i m u m output , the 
l i n e a r i t y is of a h i g h order, a n d 
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tha t the ove r load charac te r i s t i c i s 
of the des i rable type s h o w n i n 
F i g . i ( b ) i n the p rev ious issue. 
T h e i m p r o v e m e n t due to the 
app l i ca t ion of negat ive feedback, 
espec ia l ly a t l ow frequencies, i s 
c l e a r l y demonst ra ted b y the 
osc i l lograms. 

E q u i p m e n t for m e a s u r i n g inter-
modu la t ion products w a s not 
a v a i l a b l e , bu t measurement of the 
to ta l h a r m o n i c dis tor t ion w a s 
made w i t h a n i n p u t f requency of 
4 0 0 c / s . T h e resul t i s s h o w n i n 
F i g . 6 , f rom w h i c h i t w i l l be seen 
tha t the h a r m o n i c d is tor t ion a t 
m a x i m u m ra ted output (15 wa t t s ) 
is less t h a n 0 . 1 per cent . I n t e r -
modula t ion , w i t h t h i s degree of 
l i n e a r i t y , i s no t present to a n 
aud ib le degree. 

F r e q u e n c y R e s p o n s e . — T h e fre
q u e n c y response of the ampl i f ie r 
is g rea t ly dependent upon the 
charac te r i s t ics of the output t rans 
former . I n the ampl i f ie r tested, 
the output t rans former h a d a 
resonance a t abou t 6 o k c / s w h i c h 
caused a sha rp d ip of 2 .6 d b 
a r o u n d th is f requency . T h e cha r 
ac ter i s t ic w i t h i n the aud ib le range 
f rom 10-20 ,000 c / s is l i nea r w i t h 
i n 0 .2 db . 

P h a s e S h i f t . — T h e excel lence of 
the f requency response charac ter -

+ 1 

d b 0 

— 1 

i s t ic indica tes tha t l i t t le phase 
shif t is present . P h a s e shif t i s o n l y 
apparen t a t the ex t remes of the 
a.f. spec t rum a n d n e v e r exceeds a 
few degrees. 

O u t p u t R e s i s t a n c e . — T h e out
pu t resis tance of the ampl i f ie r is 
0.5 ohms measu red a t the 15 - o h m 
output t e rmina l s . 

N o i s e L e v e l . — I n the ampl i f ie r 
tested, the measured noise l e v e l 
w a s 8 5 db be low m a x i m u m output . 
T h e noise i n t h i s ampl i f i e r w a s , 
h o w e v e r , a lmos t en t i re ly 5 0 c / s 
h u m , caused b y c o u p l i n g between 
the m a i n s a n d output t rans 
formers . B y more ca re fu l a r 
rangement of these components i t 
appeared t ha t the noise l e v e l 
cou ld be reduced to better t h a n 
100 db be low m a x i m u m output . 

I f desired, the power output of 
the ampl i f ie r m a y be inc reased 
b e y o n d 15 wa t t s b y the use of 
s eve ra l pa i r s of output v a l v e s i n 
p a r a l l e l p u s h - p u l l . T h e output 
t ransformer , power s u p p l y a n d 
b ias a r rangements , a n d the feed
b a c k resistor R 2 5 w i l l requi re to 
be modif ied . A m p l i f i e r s of th i s 
design w i t h power outputs up to 
70 wa t t s h a v e been p roduced . 

L i s t e n i n g tests c a r r i e d out i n 
con junc t ion w i t h a wide-range 
loudspeaker sys t em h a v e f u l l y 

suppor ted the measured perform
ance . N o d is to r t ion c a n be de
tected, even w h e n the ampl i f ie r is 
reproducing organ m u s i c i n c l u d 
ing peda l notes of the 20 c / s order, 
w h i c h r e a c h the th resho ld of 
m a x i m u m ou tpu t . T r a n s i e n t s are 
reproduced w i t h ex t r eme fidelity; 
tes ts us ing a d i rec t mic rophone 
c i r c u i t w i t h noises such a s j i n g l i n g 
k e y s r e v e a l e x t r a o r d i n a r y r e a l i s m . 

T h e ampl i f i e r c a n be descr ibed 
as v i r t u a l l y perfect for sound-
reproducing channe l s of the h igh
est fidelity. I t p rov ides a n idea l 
ampl i f i e r for sound-recording pur
poses, where " d i s t o r t i o n l e s s " 
ampl i f i ca t ion a n d l ow noise l e v e l 
are of p r i m e impor t ance . 

A P P E N D I X . 

O u t p u t T r a n s f o r m e r . 

S p e c i f i c a t i o n . 
P r i m a r y load impedance 

= 10,000 ohms c.t. 
Secondary load impedance 

= 1.7 ohms per s e c 
t ion. 

T u r n s ratio = 76 : 1. 
P r i m a r y inductance = 100 H (min.) 
Leakage induc tance= 30 m H fmax.) 

W i n d i n g D a t a . 
Core: i f in stack of Pat te rn No. 

28A " S u p e r Silcor " laminations 
(Magnetic and E l e c t r i c a l Al loys , 
Burnbank , Hami l ton , L a n a r k s ) . 

The winding consists of two 
identical interleaved coils, each i j i n 
wide, wound on i i i n x i j i n paxolin 
formers. On each former is wound: 
5 p r imary sections each consisting 
of 5 layers (88 turns per layer) 
of 30 s .w.g. enamelled copper wire 
interleaved w i t h 2 m i l . paper, alter
nat ing wi th 4 secondary sections, 
each consisting of 2 layers (29 turns 
per layer) of 19 s .w.g. enam. copper 
wire, interleaved w i t h 2 m i l . paper. 

E a c h section is insulated from its 
neighbours by 3 layers of 5 m i l . 
Empi re tape. A l l connections are 
brought out on one side of the wind
ing, but the pr imary sections may lie 
connected in series when winding, 
only two primary connections per 
coil being brought out.* 

M e a s u r e d P e r f o r m a n c e . 
P r i m a r y inductance = 100 H . 

(measured at 50 c/s w i t h 5 V r .m.s. 
on pr imary , equivalent to 2.5 m W ) 

Leakage inductance = 22 m H . 
(measured at 1,000 c/s) 

P r i m a r y resistance = 250 ohms. 

* Secondary connections for different 
ratios are given in the Table on p. 17. 

FREQUENCY IN CYCLES PER SECOND 

F i g . 7. Frequency response (without feedback) of 20 watt output trans
former described in appendix. Generator resistance 2,500 CI load 
resistance 1.7Q. Measured wi th 5 V r .m.s. on primary. A t higher 

excitations the bass response improves progressively up to saturation. 

x - a <*"v 

J ' 

( «>• ( b ) ( c ) 

(a) Input waveform, 300 c/s. (b) Output waveform with feedback and 
slight overload, (c) Output waveform wi th feedback but output voltage 

J S % below m a x i m u m . 
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The New Version 
D e s i g n D a t a : M o d i f i c a t i o n s : F u r t h e r N o t e s 

S I N C E the pub l i c a t i on i n the 
A p r i l a n d M a y , 1947 , issues 
of Wireless World of a n a m 

plifier des ign sui table for h i g h -
qua l i t y reproduc t ion of sound , 
correspondence has r evea l ed tha t 
a more complete e x p l a n a t i o n of 
some of the features of the des ign, 
w i t h the add i t ion of some i n f o r m a 
tion about cons t ruc t ion , w o u l d be 
of interest . T h e correspondence 
a l s o shows tha t considerable de
m a n d ex is t s for a pre-ampl i f ier 
un i t to enable the ampl i f ie r to be 
used i n con junc t ion w i t h gramo
phone p i c k u p s a n d microphones of 
l o w output . I n the present a r t i c le 
i t i s proposed to d e a l w i t h the 

ampl i f ier , a n d i n subsequent 
ar t ic les to present the design of 
a u x i l i a r y equ ipment to f o r m a 
domest ic sound-reproducing i n 
s ta l l a t ion . 

C i r c u i t D i a g r a m . T h e l i s t of 
component v a l u e s are p r in t ed 
aga in . T h e s e differ i n m i n o r de ta i l 
f r o m the o r ig ina l s . I n the c i r cu i t 
p r e v i o u s l y p r i n t e d a potentio
meter , R 1 2 , w a s p r o v i d e d i n the 
penu l t ima te stage to enable the 
s igna l to be ba l anced . D u e to the 
use of c o m m o n unbypassed 
cathode resistors for the push -pu l l 
stages, the ampl i f ie r is l a rge ly 
se l f -ba lanc ing to s i gna l , a n d i t i s 
permiss ib le to dispense w i t h th i s 

ad jus tment . A c c o r d i n g l y , r ev i sed 
va lue s a n d tolerances a re s h o w n 
for resistors R 5 , R 7 , R I t a n d R l s . 

A t r ans i t i ona l phase-shif t net
w o r k consis t ing of R 2 6 a n d C 1 0 , 
w h i c h w a s p r e v i o u s l y recom
mended as a t empora ry measure , 
has been added as a pe rmanen t 
feature to increase the m a r g i n of 
s t ab i l i t y at h i g h frequencies . T h i s 
w i l l be discussed la ter w h e n the 
s t ab i l i ty of the ampl i f ie r is con
s idered. 

F i n a l l y , a n i nd i r ec t ly - heated 
rect if ier has been subst i tu ted as 
this prevents a damag ing vol tage 
surge w h e n the ampl i f ie r is 
sw i t ched on. N o sui table type w a s 

F i g . 1 . C i r cu i t d i ag ram of complete ampl i f ier . Vo l tages under l ined are peak s igna l vo l tages at 15 watts output. 

R 4 

Rs> R 7 

R« 

lMf t 
3 3 , 0 0 0 O 
4 7 , 0 0 0 0 
4 7 0 0 

2 2 , 0 0 0 0 
(or 

2 2 , 0 0 0 0 
R 8 , R „ 0.47MO 
R, 390O 
B 1 1 , R l s 4 7 , 0 0 0 O 

(or 

i watt ± 20% 
1 watt ± 20% 
1 watt ± 20% 
i watt ± 10% 
1 watt ± 5% 
matched) 

1 watt ± 20% 
1 watt ± 20% 
1 watt ± 10% 
2 watt ± 5% 
matched) 

R 1 6 , R 2 0 1 , 0 0 0 0 
R 1 6 , R 1 8 1 0 0 O 
R 1 7 , R 2 1 1 0 0 O 

R 2 2 

^ 2 3 ' 

Roe 

i watt ± 
J watt ± 
1 watt ± 
2 watt 
variable 
3 watt ± 
J watt ± 

C i , 

150O 
R 2 4 1 0 0 O 

1,200 ^ / speech coil 
i watt (s( 

1 4,7000 I watt ± 
C 2 , C 6 , C 8 8 M F 500V 
C 4 0.05/iF 350 V 

10% 
20% 
20% 
wirewound 

20% 
20% 
impedance 
3e table) 
20% 
wkg. 
wkg. 

C„, C 7 0 .25 M F 350V wkg. 
C 9 8ftF 600V wkg. 
C j 0 200pF 350V wkg. 
C H j 30H at 20mA 
C H 2 10H at 150mA 
T Power transformer 
Secondary 425-0-425V 150 mA, 5V. 3A, 

6.3V 4A, centre-tapped 
V ] ( V 2 2 x L 6 3 or 6J5, 6SN7 or B65 

V, 
V 4 do. 

, V . K T 6 6 V , 
do. 

Cossor 5 3 K U , 5 V 4 
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F i g . 3 . Suggested 
layout of pr inc ipa l 
components of c o m 
bined ampl i f ier and 

power pack . 

I _ . 

OUTPUT 
PLUG 

OUTPUT 
TRANSFORMER 

INPUT 
PLUG 

MAI££» 
I INPUT 

CH 2 CH 2 CH 2 

MAINS 
TRANSFORMER 

1 1 
CH, 

t r 

a v a i l a b l e w h e n the c i r c u i t w a s 
o r i g i n a l l y pub l i shed . A l i s t of 
a l t e rna t ive v a l v e types i s also 
s h o w n . 

A m p l i t u d e a n d P h a s e / f r e 
q u e n c y R e s p o n s e . A c u r v e show
i n g the t r ansmis s ion a n d loop 
g a i n of the ampl i f ie r a t f requencies 
be tween 1 c / s a n d 1 M c / s i s s h o w n 
i n F i g . 2 . A l t h o u g h o n l y the sec
t i on be tween 10 c / s a n d 2 0 , 0 0 0 c / s 
i s u se fu l for sound reproduc t ion , 
the c u r v e s outside t h i s range are 
i n c l u d e d as t h e y m a y be of i n 
terest to those w h o m a y w i s h to 
use the ampl i f ie r for other pur
poses. T h e y m a y also serve to 
emphasize tha t , i n a feedback 
ampl i f ie r , the response m u s t be 
ca re fu l ly cont ro l led a t f requencies 
v e r y remote f r o m the useful range 
i f s t ab i l i t y is to be a c h i e v e d . 

G e n e r a l C o n s t r u c t i o n a l D a t a . 
T h e l a y o u t of the ampl i f ie r i s not 
c r i t i c a l , p r o v i d e d tha t a few 
s imple p recau t ions are observed . 
M a n y different a r r angement s h a v e 
been used sa t i s fac tor i ly to sui t 
di f fer ing c i r cums tances . A n ex
cel lent p l a n i s to cons t ruc t the 
power s u p p l y a n d the ampl i f i e r on 
separate chass is , as th i s g ives 
greater f l e x i b i l i t y i n a c c o m m o 
d a t i n g the equ ipmen t i n a cab ine t . 

T h e f o l l o w i n g precaut ions 
shou ld be observed : — 

1 . T h e output t r ans fo rmer core 
shou ld be posi t ioned a t r igh t 
angles to the cores of the m a i n s 
t rans former a n d the m a i n smooth
i n g choke . 

2. T h e output t rans former a n d 
loudspeaker leads shou ld be kep t 
a t a reasonable d is tance f rom the 
i npu t leads, w h i c h shou ld be 
screened. A s the response c u r v e 

shows , the ampl i f ie r h a s consider
able g a i n a t l o w rad io frequencies, 
a n d care is necessary to a v o i d 
osc i l l a t ion . 

3 . S i g n a l w i r e s , espec ia l ly g r i d 
leads, shou ld be kep t as shor t as 
possible, a n d the stopper resistors 
associated w i t h the output stage 
m u s t be moun ted on the v a l v e -
holder tags, a n d not on group 
panels . 

4. A bus -bar ea r th r e tu rn 
fo rmed b y a piece of 12 or 14 
s . w . g . t i nned copper w i r e , con
nected to the chass is a t the i npu t 
end , is g rea t ly to be preferred to 
the use of the chass is as a n ea r th 
r e tu rn . 

5 . E l e c t r o l y t i c a n d p a p e r 
capac i to r s shou ld be kep t a w a y 
f r o m sources of heat , s u c h as the 
output a n d rectif ier v a l v e s . 

F i g s . 3 a n d 4 show the posi t ions 
of the ma jo r components i n two 
a l t e rna t ive l ayou t s w h i c h h a v e 
been used successful ly . 

I n i t i a l A d j u s t m e n t s . Be fo re 

the ampl i f ie r is p u t in to serv ice 
there are a few ad jus tmen t s w h i c h 
requi re to be made . T h e s e con
ce rn the b a l a n c i n g of the s t and ing 
cu r ren t s i n the ou tpu t stage, a n d 
(with the original circuit) ba lanc 
i n g of the s igna l cu r ren t s i n the 
p u s h - p u l l stages. 

A c c u r a t e ba lance of the s tand
ing cu r ren t s i n the ou tpu t stage 
i s essent ia l , as the low-f requency 
charac te r i s t i c s of the ou tpu t t rans
former deter iorate r a p i d l y w i t h 
d .c . magne t i za t ion . T h e proce
dure to be adopted for s t a t i c a n d 
s igna l b a l a n c i n g is as f o l l o w s : — 

Static Balancing. 

(a) Connec t a sui table m i l l i -
a m m e t e r i n the lead to the 
centre t a p of the ou tpu t t rans 
former p r i m a r y . 

(b) S e t the t o t a l cu r r en t to 
125 m A b y means of R . , , . 

(c) Connec t a mov ing -co i l 
v o l t m e t e r ( 0 - 1 0 V a p p r o x . ) 
across the whole of the ou tpu t 
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9" 

© © ( • • ' 

o © 
o 

• 

MAINS 
TRANSFORMER 

MAINS 
INPUT 

CONNECTING LINK 

F i g . 4. L a y o u t w h e n us i ng separate power pack . 

t r ans former p r i m a r y a n d ad jus t 
R l r u n t i l the r e a d i n g i s zero, i n 
d i c a t i n g ba l ance . R a n d o m 
fluctuations of t h i s i n s t rumen t 
m a y be not iced . T h e s e a re due 
to m a i n s a n d v a l v e fluctuations 
a n d shou ld be d is regarded . 

Signal Balancing. 
(a ) Connec t the l o w - i m 

pedance w i n d i n g of a s m a l l out
pu t t r ans former i n the l e a d to 
the centre tap of the ou tput 
t r ans former . Connec t a detector 
(headphones or a ca thode- ray 
osc i l lograph i f a v a i l a b l e ) to the 
other w i n d i n g , e a r t h ing one 
s ide for safe ty . 

(b) Connec t a res i s t ive l o a d 
i n p lace of the loudspeaker . 

(c) A p p l y a s igna l a t a fre
q u e n c y of abou t 4 0 0 c / s to the 
ampl i f i e r i n p u t to g ive a n out
pu t vo l tage about h a l f m a x i 
m u m . 

(d) A d j u s t R 1 2 for m i n i m u m 
output i n the detector. 

T h e O u t p u t T r a n s f o r m e r . A s 
s ta ted p r e v i o u s l y , the o u t p u t 
t r ans fo rmer is t he mos t c r i t i c a l 
componen t i n the ampl i f i e r a n d 
sa t i s fac to ry per formance w i l l no t 
be ob ta ined w i t h a componen t 
differ ing s u b s t a n t i a l l y f r o m the 
spec i f ica t ion . T h e effect of de
c reas ing the p r i m a r y i nduc t ance 
w i l l be to produce i n s t a b i l i t y a t 
l o w f requencies , w h i c h c a n be 
c u r e d o n l y b y a l t e r ing the t i m e 
cons tan t s of the other coup l ing 
c i r c u i t s , or b y decreasing the 
a m o u n t of feedback. A t h i g h fre
quencies the s i t ua t ion is more 
c o m p l e x , a s there are more 
v a r i a b l e s . T h e leakage i n d u c 
tance , the se l f -capaci tance of the 
w i n d i n g s , the capac i t ance be tween 
w i n d i n g s a n d the d i s t r i bu t ion of 
these pa rame te r s de te rmine the 

t r ansmis s ion of the component a t 
h i g h f requencies , a n d great v a r i a 
t ions a re possible . 

I n the ou tput t rans former speci
f ied, the o n l y pa ramete r w h i c h is 
l i k e l y to v a r y a p p r e c i a b l y i s the 
induc tance of the p r i m a r y a t l ow 
s i g n a l l e v e l s , due to the use of 
core m a t e r i a l w i t h a l o w i n i t i a l 
p e r m e a b i l i t y , or to careless 
a s sembly of the core . T h e h igh -
f requency charac te r i s t i c s a re not 
dependent on the core m a t e r i a l to 
a subs t an t i a l degree. T h e y a re 
dependent o n l y on the geometry of 
cons t ruc t ion , a n d to some ex ten t 
upon the d ie lec t r ic propert ies of 
the i n su l an t s used , a n d a re there
fore reproduc ib le w i t h a h i g h 
degree of a c c u r a c y . 

C o m m e n t s a r e f requen t ly ex 
pressed about the s ize of the out
p u t t rans former . I t i s t rue tha t 
i t i s cons ide rab ly la rger t h a n the 
t ransformers w h i c h are u s u a l l y 
fitted to 15 - w a t t ampl i f i e r s . T h e 
fac t tha t the peak f l u x dens i ty of 
7 ,250 gauss for m a x i m u m output 
a t 2 0 c / s l i e s on the upper safe 
l i m i t for l o w dis tor t ion is sufficient 
c o m m e n t on cu r r en t p rac t i ce . 

S o m e confus ion arose regard ing 
the me thod of connect ion of the 
t r ans fo rmer secondary w i n d i n g s to 
m a t c h loads of v a r i o u s i m 
pedances, w h i l s t u t i l i z i n g a l l the 
secondary sect ions. T h e correc t 
p r i m a r y load impedance i s 
1 0 , 0 0 0 ft a n d as the tu rns ra t io i n 
the o r i g ina l design is 7 6 : 1 the i m 
pedance of each secondary sect ion 
i s 1 0 , 0 0 0 f t / 7 6 s o r 1.7 f t . W h e n 
seconda ry sections are connected 
i n p a r a l l e l , the t u rns ra t io , a n d 
hence the impedance ra t io , re
m a i n s unchanged . I f n o w t w o 
secondary sect ions, or sets of 
pa ra l l e l ed sections, are connected 
i n series the t u rns ra t io is h a l v e d , 

1 6 

a n d the secondary impedance , 
being propor t iona l to the square 
of the t u rns ra t io , becomes 
1.7 x 2 2 = 6 . 8 f t . S i m i l a r l y i f three 
sections are connected i n series the 
impedance becomes 1 . 7 x 3 ' = 
15 .3 ft. T h u s the a v a i l a b l e 
secondary impedances , keep ing a 
1 0 , 0 0 0 ft p r i m a r y load impedance , 
are 1.7, 6 . 8 , 1 5 . 3 , 2 7 , 4 2 . 5 , 6 1 , 
83 a n d 109 ft. T h e connect ions to 
ob ta in these va lues are s h o w n i n 
the tab le . 

S h o u l d i t be necessary , i n a n 
emergency, to m a t c h loads of 
other impedances to the a m p l i 
fier, i t is permiss ib le to reduce the 
p r i m a r y load impedance to 6 , 0 0 0 O 
g i v i n g another series of secondary 
impedances , n a m e l y 1 , 4, 9, 16 , 
2 5 . 3 6 , 4 9 a n d 64Q. U n d e r these 
condi t ions the power ou tput w i l l 
be increased s l i gh t ly a n d the dis
tor t ion w i l l be doubled . T h e 
v a l u e of the feedback resistor R , 5 

mus t r e m a i n una l t e red , as the 
tu rns ra t io i s unchanged . T h e 
v a l u e s of R 2 5 are g iven i n the 
tab le . 

W i n d i n g da t a for a n output 
t rans former to m a t c h loads i n the 
region of 3 .5 fl are g i v e n i n the 
A p p e n d i x a n d the connect ions 
a n d other da ta are inc luded i n the 
lower sect ion of the tab le . 

T h e t w o outer l a y e r s of the 
output t rans former p r i m a r y should 
n o r m a l l y be connected together to 
f o r m the centre tap , the i nne r sec
t ions of the w i n d i n g be ing t a k e n 
to the v a l v e anodes. T h i s g ives 
the m i n i m u m ex t e rna l electr ic 
field. 

S t a b i l i t y w i t h Nega t ive F e e d 
b a c k . — M u c h has been wr i t t en 
about the s t ab i l i ty of ampl i f ie rs 
unde r condi t ions of negat ive feed
back , a n d the c r i t e r i a for s t ab i l i t y 
are n o w w i d e l y apprec ia ted . T h e 
a r t i c le b y " C a t h o d e R a y " i n the 
M a y , 1 9 4 9 , issue, states the 
mat te r s i m p l y a n d w i t h charac ter 
is t ic c l a r i t y . 

Con t inuous osc i l la t ion w i l l occur 
i n a feedback ampl i f ie r i f the loop 
ga in—tha t is the t r ansmiss ion of 
the ampl i f ie r a n d the feedback 
n e t w o r k — i s greater t h a n u n i t y a t 
a n y po in t where the phase shift 
of the ampl i f i e r h a s reached 1 8 0 0 . 
I t is also possible for a n ampl i f ie r 
to be uns table i n the absence of 
con t inuous osc i l la t ion i f these con
di t ions shou ld occur i n a t rans ient 
m a n n e r a t a c r i t i c a l s igna l l e v e l . 
T h i s la t ter cond i t ion is pa r t i cu 
l a r l y l i k e l y to occur in b a d l y de-
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s igned ampl i f ie r s w i t h i ron-cored 
components , whe re the induc tance 
a n d , therefore, the t ime cons tant 
con t ro l l i ng the phase a n d a m p l i 
tude charac te r i s t i cs of one or more 
stages m a y increase b y as m u c h as 
a factor of f ive be tween zero a n d 
m a x i m u m s igna l l eve l s . I f th i s 
v a r i a b l e t ime cons tant is shorter 
t h a n those of the f ixed coup l ing 
c i r c u i t s , a n increase i n i t s v a l u e 
due to a h i g h s igna l l e v e l m a y be 
sufficient to render the s y s t e m u n 
s table . I n order to a v o i d th i s 
condi t ion the fixed t ime constants 
mus t be m a d e m u c h longer t h a n 
tha t of the v a r i a b l e stage. T h i s 
condi t ion w o u l d l e a d to undesi r 
a b l y large interstage coupl ings i f 
good low-f requency response were 
r equ i r ed . A l t e r n a t i v e l y , the v a r 
iab le t ime cons tant m u s t be 
chosen i n re la t ion to the fixed 
t ime constants , s u c h t ha t i t s m i n i 
m u m v a l u e is suff ic ient ly longer 
t h a n the f ixed v a l u e s to produce 
s t ab i l i t y . A n increase i n i t s v a l u e 
then serves o n l y to increase the 
s t ab i l i t y m a r g i n . T h i s me thod i s 
used i n the ampl i f i e r unde r d is
cuss ion . 

T o ensure a w i d e m a r g i n of 
s t ab i l i t y , w h i l s t a t the same t ime 
p r e s e r v i n g the h i g h loop ga in 
necessary to reduce the effect of 

t r ans former d is tor t ion a t fre
quencies of the order of 10-20 c / s, 
w o u l d require a t rans former w i t h 
a v e r y large i n i t i a l p r i m a r y i nduc 
tance . T h i s w o u l d necessar i ly be 
expens ive , a n d a compromise 
m u s t be d r a w n be tween the three 
fac tors . B e c a u s e of th i s , the 
m a r g i n of s t ab i l i t y m u s t be kep t 
to the lowes t p rac t i cab le v a l u e . 

W h e n the ampl i f i e r i s repro
duced , the " s p r e a d " i n tolerance 
of components w i l l n o r m a l l y be 
s u c h t ha t changes i n charac te r 
i s t ics due to depar ture f r o m the 
n o m i n a l v a l u e of one component 
w i l l be b a l a n c e d b y opposite 
changes p roduced b y depar ture i n 
another component , a n d the 
ampl i f i e r a s a who le i s l i k e l y to 
h a v e charac te r i s t i c s close to the 
average . I n d i v i d u a l ampl i f i e r s 
m a y , howeve r , h a v e c h a r a c 
ter is t ics w h i c h differ subs tan
t i a l l y f r o m the ave rage , due 
to a n u p w a r d or d o w n w a r d 
t r end i n the changes p roduced b y 
componen t dev ia t ions . I f the 
t r end is i n a d i rec t ion s u c h t ha t 
the loop ga in i s r educed , no i n 
s t ab i l i t y w i l l resu l t , the o n l y effect 
be ing a s l igh t degrad ing of the 
per formance . I f , on the o ther 
h a n d , the loop ga in is increased 
b y a n a m o u n t greater t h a n the 

m a r g i n of s t ab i l i t y , osci l la t ion w i l l 
occur . I t s hou ld be emphas ized 
tha t t h i s w i l l h appen on ly v e r y 
r a r e ly , a n d w h e n i t does the 
r emedy i s o b v i o u s l y to reduce the 
loop ga in to i t s cor rec t v a l u e . 

T o ass is t the unfor tunate few 
w h o exper ience in s t ab i l i t y , the 
fo l lowing procedure i s recom
mended . I f osc i l la t ion shou ld 
occur a t a l ow f requency (about 
2 c / s ) the first step s h o u l d be t o 
disconnect the feedback resistor 
R , 5 . I f the osc i l l a t ion cont inues 
the decoupl ing c i rcu i t s shou ld be 
c h e c k e d a n d a n y f a u l t y compon
ents rep laced . T h e ampl i f ie r 
shou ld a lso be e x a m i n e d to ensure 
t ha t i t i s opera t ing cor rec t ly 
ba l anced i n p u s h - p u l l , a n d not i n 
a n u n b a l a n c e d m a n n e r due to the 
fa i lure of some component . 

Primary Inductance 
A s s u m i n g tha t the ampl i f i e r i s , 

or has been rendered, s table w i t h 
the feedback disconnected , the 
n e x t step shou ld be to c h e c k the 
phase a n d amp l i t ude charac ter 
is t ics a t l o w frequencies . I t i s no t 
p rac t i cab le to m a k e d i rec t mea 
surements of these charac te r i s t i cs 
w i t h o u t v e r y spec ia l equipment , 
a s inspect ion of F i g . 2 w i l l show 
tha t the in teres t ing region l ies 

O U T P U T T R A N S F O R M E R S . T A B L E OF CONNECTIONS. 

No. of secondary 
groups of seetions 

in series 1 2 3 4 5 6 7 8 

Connections JT I -ft <> 
_ft r 1 

Original 
Output 

Transformer 

10,000/1.70 

Correct secondary 
impedance (ohms) 1.7 6.8 15.3 27 42.5 61 83 109 

Original 
Output 

Transformer 

10,000/1.70 

Minimum second
ary impedance 
permissible (ohms) 1 4 9 16 25 36 49 64 

Original 
Output 

Transformer 

10,000/1.70 Feedback resistor 
R25 (ohms) 1,500 3,300 4,700 6,800 8,200 10,000 11,000 12,000 

Original 
Output 

Transformer 

10,000/1.70 

Turns ratio 76 38 25.4 19 15.2 12.6 10.8 9.5 

Alternative 
Output 

Transformer 
(See Appendix) 

10,000/3.60 

Correct secondary 
impedance (ohms) 3.6 14.4 32.5 57.5 90 130 176 230 

Alternative 
Output 

Transformer 
(See Appendix) 

10,000/3.60 
Feedback resistor 
R 2 6 (ohms) 2,200 4,700 6,800 9,000 11,500 13,500 16,000 18,000 

Alternative 
Output 

Transformer 
(See Appendix) 

10,000/3.60 

Turns ratio 52.5 26.25 17.5 13 10.5 8.75 7.5 6.5 

1 7 
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below 10 c / s . I t is therefore 
necessary to a r r i v e a t the desi red 
resu l t b y i nd i r ec t means , n a m e l y 
b y measu remen t of t he componen t 
pa rame te r s w h i c h de te rmine the 
cha rac t e r i s t i c s . T h e pa rame te r 
w h i c h i s mos t l i k e l y to show a 
large d e v i a t i o n f rom specif icat ion 
is the i n i t i a l p r i m a r y induc tance 
of the ou tpu t t r ans fo rmer , since 
the q u a l i t y of the core m a t e r i a l is 
no t easy to con t ro l a c c u r a t e l y , a n d 
care less a s sembly of the core m a y 
cause considerable v a r i a t i o n s i n i ts 
p e r m e a b i l i t y . 

T h e i n i t i a l p r i m a r y induc tance 
shou ld be c h e c k e d b y connec t ing 
the p r i m a r y w i n d i n g across the 
5 - V , 50 - c / s rectif ier heater w i n d 
i n g of the m a i n s t rans former a n d 
m e a s u r i n g the c u r r e n t i n i t . T h e 
secondary w i n d i n g s shou ld be on 
open c i r c u i t . T h e cu r ren t , w h i c h 
c a n j u s t be r ead on the 10 m A 
a . c . range of a M o d e l 7 A v o m e t e r , 
shou ld be 150 / i A or l ower . T h e 
component shou ld be rejected i f 
the cu r r en t exceeds 200 p.A. 

I f the output t rans former is 
sa t i s fac tory the v a l u e s of the other 
components shou ld be checked , 
p a r t i c u l a r a t tent ion be ing p a i d to 
the c o u p l i n g components . S h o u l d 
the t ime constants of the coup
l ings , tha t is the i r R C product , be 
h igher t h a n the n o m i n a l v a l u e s b y 
more t h a n 20 per cent , the resis
tors shou ld be ad jus ted to g ive 
the correct v a l u e . 

T h e t rouble w i l l p robab ly h a v e 
r evea l ed i tself b y th i s t ime , but , 
i f u p o n reconnect ing R 2 5 the osc i l 
l a t i on i s s t i l l present , i t i s v e r y 
l i k e l y to be due to the use of 
v a l v e s w i t h m u t u a l conductances 
h igher t h a n average , a n d i t is 
leg i t imate to increase the v a l u e of 
R 2 J to reduce the loop g a i n . I f 
i n s t rumen t s are a v a i l a b l e , the 
loop ga in m a y be measured b y 
d i sconnec t ing R 2 5 f r o m the 
ca thode of V , a n d reconnect ing i t 
v i a a 4 7 0 H + 1 0 per cen t resistor to 
chass i s . T h e vol tage ga in , mea 
sured f r o m the i n p u t g r i d to the 
j unc t i on of R 2 5 a n d the 4 7 0 O re
sistor, shou ld be 10 a t f requencies 
be tween 3 o c / s a n d 10 k c / s . 
C a r e m u s t be t a k e n not to over
load the ampl i f i e r w h e n th i s mea 
surement is be ing made . 

T h e ad jus tmen t of the loop ga in 
to i t s cor rec t v a l u e a t m e d i u m 
frequencies s h o u l d render the 
ampl i f i e r s table a t h i g h fre
quencies . I t i s u n l i k e l y tha t the 
phase charac te r i s t i c a t h i g h fre

quencies of i n d i v i d u a l ampl i f ie rs 
w i l l devia te a p p r e c i a b l y f r o m nor
m a l unless the l a y o u t i s v e r y poor 
or the t rans former is not to speci
fication. 

Capacitive Loads 
T h e ampl i f i e r i s abso lu te ly 

stable a t h i g h f requencies w i t h a 
res is t ive or i n d u c t i v e load , bu t i t 
is possible for osc i l la t ion to occur 
w h e n the l oad impedance is capa 
c i t i v e a t v e r y h i g h frequencies, 
for e x a m p l e , w h e n a long cable is 
used to connect the ampl i f ie r a n d 
loudspeaker . T o a v o i d t h i s pos
s i b i l i t y , a n d to g ive a n increased 
m a r g i n of s t ab i l i t y , a t r ans i t i ona l 
phase-shif t n e t w o r k cons is t ing of 
R 2 e a n d C 1 0 i n con junc t ion w i t h 
the output resistance of V l f has 
been i n c l u d e d i n the c i r c u i t . T h i s 
has the effect of r educ ing the loop 
ga in a t frequencies f r o m 2 0 k c / s 
u p w a r d s w i t h o u t affect ing the 
phase shif t i n the c r i t i c a l region. 

T h e use of a phase a d v a n c e net
w o r k cons is t ing of a capac i to r 
shun t ing R 2 5 h a s been advoca t ed 
as a means of s t ab i l i z ing th i s 
ampl i f ie r . T h e effect of s u c h a 
ne twork i s to increase the loop 
ga in a t h i g h frequencies , a t the 
same t ime reduc ing the a m o u n t of 
phase l a g . I t i s sometimes pos
sible b y th i s means to steer the 
phase c u r v e a w a y f r o m the 1 8 0 0 

po in t as the loop ga in i s pass ing 
t h rough u n i t y , t hus inc reas ing the 
m a r g i n of s t ab i l i t y . 

T h e connec t ion of a capac i tor 
across R 2 S , h o w e v e r , w i l l not 
s tabi l ize t h i s ampl i f i e r i f i t has 
been cons t ruc ted to specif icat ion, 
a l t hough i t m a y produce i m p r o v e 
m e n t i f osc i l l a t ion is due to some 
large depar ture f rom specif icat ion, 
such as the use of a n ou tpu t t rans 
fo rmer w i t h comple te ly different 
h i g h - f requency charac te r i s t i cs . 
T h e w r i t e r h a s no in fo rma t ion 
about th i s . 

T h e use of separate R C bias 
impedances for the ou tpu t v a l v e s 
h a s also been suggested. T h i s 
procedure i s not endorsed b y the 
wr i t e r , as there are numerous dis
advan tages i n i t s use a n d no re
deeming features wha t soever . I f 
the t ime cons tant of the b ias net
w o r k is made suff icient ly long to 
ensure tha t the low-f requency per
formance of the ampl i f i e r is u n 
i m p a i r e d , the phase shif t of the 
b ias n e t w o r k w i l l h a v e i ts m a x i 
m u m a t or nea r the lower c r i t i c a l 
f requency a n d m a y p rovoke 
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osc i l l a t ion . I f , on the other h a n d , 
i t i s made suff icient ly shor t to 
a v o i d th i s , the a b i l i t y of the 
ampl i f ie r to hand le l ow fre
quencies w i l l be i m p a i r e d . T h e 
use of separate b ias impedances 
destroys the se l f -ba lanc ing pro
pert ies of the ampl i f ie r , a n d i f two 
d i s s imi l a r v a l v e s are used i n the 
output stage ' ' motor boa t ing ' ' is 
l i k e l y , due to the presence of s ig
n a l i n the h . t . l i ne . T h e per form
ance of the output t ransformer 
m a y be ser ious ly affected b y the 
out-of-balance cu r r en t caused b y 
v a l v e s whose anode cu r ren t s l ie 
w i t h i n the manu fac tu r e r ' s toler
ance l i m i t s . F i n a l l y , there c a n be 
l i t t le jus t i f ica t ion of th i s modif ica
t ion on economic grounds , as the 
costs are rough ly s i m i l a r . I ndeed , 
i f the quest ion of rep lacement due 
to f a i lu re is cons idered , the com
m o n b ias a r r angement shows a 
definite s a v i n g . 

I t i s to be hoped tha t these re
m a r k s on s t ab i l i ty w i l l not h a v e 
the effect of f r ightening those w h o 
a l r e a d y possess ampl i f ie rs of th is 
type or are con templa t ing acqu i r 
i n g t h e m . T h e i r purpose i s to 
he lp the occas iona l ' ' outer l i m i t ' ' 
case where i n s t ab i l i t y i s expe r i 
enced, bu t i f t hey serve to impress 
upon the reader tha t nega t ive feed
b a c k ampl i f ie rs are designed as 
an in tegra l un i t , a n d t ha t a n y 
modif ica t ions , h o w e v e r ins igni f i 
c an t they m a y appear , m a y ser i 
ous ly affect the per formance or 
s t ab i l i t y , a useful purpose w i l l 
h a v e been accompl i shed . S u c h 
modif ica t ions shou ld be a t tempted 
o n l y b y those w h o are confident 
tha t they k n o w w h a t they a re do
ing , a n d w h o h a v e access to mea 
s u r i n g equ ipment to v e r i f y resul ts . 

A P P E N D I X 

Output Transformer with 3.6-okm 
Secondaries 

Winding Data 
Core : i j i n . stack of 2 8 A Super 
Silcor laminations. (Magnetic and 
Elect r ica l Alloys, Burnbank, Ham
ilton, Lanarks.) . The winding con
sists of two identical interleaved 
coils each i i i n . wide on paxol in 
formers i-Jin. X i f i n . inside dimen
sions. On each former is wound 
5 p r imary sections, each con
sisting of 440 turns (5 layers, 8 8 
turns per layer) of 30 s.w.g. 
enamelled copper wire interleaved 
wi th 2 m i l . paper, alternating wi th 
4 secondary sections, each con-



T h e W i l l i a m s o n A m p l i f i e r 

sisting of 84 turns (2 layers, 42 
turns per layer) of 22 s.w.g. 
enamelled copper wire interleaved 
wi th 2 m i l . paper. 

E a c h section is insulated from its 

neighbours by 3 layers of 5 m i l . 
E m p i r e tape. A l l connections are 
brought out on one side of the wind
ing, but the pr imary sections m a y be 
connected i n series when winding, 

two pr imary connections only per 
bobbin being brought out. Windings 
to be assembled on core wi th the 
bobbin reversed, and wi th insulating 
cheeks and centre spacer. 

Why the 
W I L L I A M S O N 
A M P L I F I E R 
should employ 
P A R T R I D G E 
Transformers 

T H E widest possible audio range—the lowest possible distor
tion and an output of 20 watts . . . these critical demands of the designer of 
this now famous Amplifier implied the finest that technical skill and craftsmanship 
could provide for every component. Little wonder that from the inception of the 
Williamson Amplifier in 1947 Partridge have specialised in the transformers and 
chokes. The all important output transformer was the special care of Partridge and 
this " Williamson specification" component is now available for a varied range of 
impedance. (A model is also available for American 807 tubes, see the modified 
circuit in "Audio Engineering," November 1949.) All secondary windings are brought 
out as eight separate sections of equal impedance. Stock types comprise 0.95 ohm, 
1.7 ohm, 3.6 ohm and 7.5 ohm sections; this latter giving a 500 ohm secondary 
for American requirements. The Partridge " Williamson " Output Transformer 
is acknowledged the most efficient of its type. 

Available 
U N P O T T E D (Style VDN/436B) 
or 
P O T T E D (Style VDN/436B) 

Technical data sheets with fullest details 
(complete with alternative mountings) are 
available on request. Also available, complete 
catalogue of the Partridge range including the 
mains components for this and other amplifiers. 

T*T I M M E D I A T E D E L I V E R Y can be made , 
a n d these componen ts are ready for sh ipment 
to al l parts of the w o r l d . 

R O E B U C K ROAD K I N G S T O N BY-PASS 

P A R T R I D G E 

T R A N S F O R M E R S LTD 

T O L W O R T H : SURREY : Elmbridge 6737/8 
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Design of Tone Controls and 
Auxiliary Gramophone Circuits 

MO S T p o w e r ampl i f i e r s i n 
tended for sound repro
duc t ion a re des igned to 

h a v e a u n i f o r m response to fre
quencies w i t h i n the aud ib l e range , 
a n d i t i s the a i m of designers of 
p i c k u p s , mic rophones a n d l oud 
speakers to g ive s i m i l a r charac te r 
i s t ics to t he i r p roduc ts . T h i s re
presents a n a t t empt to fu l f i l one 
of the cond i t ions for the c rea t ion 
of a perfect r e p l i c a of the o r i g ina l 
sound a n d p rov ides a c o m m o n 
bas i s for the des ign of i n d i v i d u a l 
un i t s , w h i c h , w h e n connec ted to
gether, w i l l p r o v i d e a comple te 
c h a n n e l w i t h a u n i f o r m ga in / 
f r equency cha rac te r i s t i c . 

Cons ide ra t ions of a n engineer
i n g n a t u r e somet imes m a k e i t de
s i r ab le , a n d e v e n essent ia l , to 
depar t f r o m th i s i dea l of a u n i 
f o r m response i n ce r t a in sections 
of equ ipment , a n d qui te fre
q u e n t l y the use of infer ior equip
men t or l ong a n d unsu i t ab le t rans 
miss ion l ines leads t c a n undes i r 
able depar ture f rom u n i f o r m i t y . 
I n cases l i k e th i s , other " e q u a l 
izer ' ' un i t s h a v e to be inser ted i n 
the c h a n n e l to p r o v i d e charac te r 
is t ics w h i c h are the inver se of 
those of the offending sect ion, so 
r e m e d y i n g the defect. 

W h e n l i s t en ing condi t ions de
p a r t f r o m the i d e a l — a n d th i s , u n 
for tuna te ly , happens f requent ly 
s ince most rooms are unsu i tab le 
aud i t o r i a for the reproduc t ion of 
o rches t ra l m u s i c a t rea l i s t i c i n 
tens i t ies—it i s somet imes bene
ficial to m o d i f y the f requency re
sponse cha rac te r i s t i c of the equip
men t i n a n a t t empt to compensa te 
for the m o r e obv ious defects i n the 
room acous t ics . T h e w o r d 
" a t t e m p t " i s used a d v i s e d l y , 
s ince o n l y v e r y c o m p l e x equa l i za 
t ion c o u l d ever hope to p rov ide 
accu ra t e compensa t ion for room 
acous t ics . T h i s ques t ion of the 
f requency compensa t ion w h i c h is 
des i rable w h e n condi t ions depar t 
f r o m the i dea l i s a v e r y t h o r n y 
a n d sub jec t ive one. I t p rovokes 
m u c h heated, dogmat ic , a n d 
u s u a l l y v e r y unscient i f ic d i scus
s ion , a n d is b e y o n d the scope of 

the present a r t i c l e . I t m u s t suffice 
to s a y tha t the mat te r i s one i n 
w h i c h the i n d i v i d u a l m u s t exer 
cise h i s o w n j u d g m e n t a n d ac t 
acco rd ing ly . 

I n order tha t he m a y h a v e 
scope to do th i s , a pre-ampl i f ie r 
designed to be used i n con junc t ion 
w i t h g ramophone recordings a n d 
r ad io t ransmiss ions shou ld there
fore be capab le of p r o v i d i n g v a r i 
ab le compensa t ion for s u c h de
fects as are l i k e l y to occur i n the 

source, a n d are capable of being 
amel io ra ted . I n add i t ion , fixed 
compensa t ion m u s t be p rov ided 
for dev ia t ions f r o m a u n i f o r m re
sponse w h i c h are de l ibera te ly i n 
t roduced i n gramophone records . 

T h e degree of compl i ca t i on 
w h i c h is w o r t h w h i l e i n s u c h a 
u n i t m u s t be cons idered . I n 
theory , i t i s possible to compen
sate prec ise ly for deficiencies i n 
the amp l i t ude / f r equency a n d 
phase / f requency response c h a r a c -

VALVE 
GRID 

F i g . 5. Bas ic frequency compensation circuit . Typical 
values (for use after an E F 3 7 , triode-connected) are : 
R40, 2 5 o k i i , log ; R 4 1 ) iookQ ; R 4 2 , 6 . 8 k O ; R 4 3 , 
l o k i J ; R ^ , i o o k i i linear. C 2 0 , i s o p F max. ; C 2 1 , 

o.oi / iF , C 2 2 O.OS / jF ; C 2 3 , iooopF. 
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ter is t ics , bu t the equ ipment to do 
th i s is compl i ca t ed a n d e x p e n s i v e . 
W h e n a considerable por t ion of 
the c h a n n e l i s outside the con t ro l 
of the l i s tener , as i s the case 
w h e n reproduc ing records or 
broadcas t t ransmiss ions , he has 
no means , apa r t f r o m the sensi
t i v i t y a n d t r a i n i n g of h i s ears , of 
de t e rmin ing the defects w h i c h 
h a v e occur red i n t ha t por t ion . 
S ince i t i s imposs ib le to de termine 
the na tu re a n d a m o u n t of phase 
dis tor t ion b y l i s t en ing to a t rans
mi s s ion , a n d s ince i t i s no t u s u a l 
for m u c h a t ten t ion to be p a i d to 
th i s f o r m of d is tor t ion a t the re
co rd ing or t r an smi t t i ng end , there 
w o u l d seem to be l i t t le jus t i f i ca 
t ion for the i n c l u s i o n of phase 
cor rec t ing n e t w o r k s i n domest ic 
equ ipment . I n the case of a 
sound r ep roduc ing s y s t e m w h i c h 
i s comple te ly unde r the con t ro l of 
the user , p a r t i c u l a r l y i f stereo
phon ic , phase d is tor t ion shou ld 
not be a l l o w e d to occur i f the 
finest possible q u a l i t y i s to be ob
t a ined . T h i s is espec ia l ly t rue a t 
l o w frequencies , where consider
ab le t ime de l ays are i n v o l v e d . 
L o w phase d is tor t ion i s best 
a c h i e v e d b y des igning a s y s t e m 
w i t h a b a n d w i d t h cons ide rab ly 
greater t h a n the aud ib l e range, 
bu t where t h i s i s not possible c o m 
pensat ion m a y be p r o v i d e d . 

Cons ide ra t ion of the causes of 
f requency d is tor t ion l eads to the 
conc lus ion tha t i t i s n o r m a l for the 
l eve l s a t the ends of the spec t rum 
to be accen tua ted or a t tenuated 
progress ive ly w i t h respect to the 
l e v e l a t m idd le f requencies a n d a 
f o r m of compensa t ion to correct 
t h i s fulf i ls most requ i rements . I t 
is no t poss ible to l a y d o w n h a r d 
a n d fast ru les abou t the a m o u n t 
of compensa t ion necessary , bu t 
rates of a t tenuat ion or accen tua 
t i on greater t h a n 6 d b / o c t a v e a re 
no t u s u a l l y r equ i r ed . 

A s i t i s often des i rab le to change 
the a m o u n t of compensa t ion dur
i n g a p r o g r a m m e w i t h o u t c a l l i n g 
a t tent ion to the fact , methods 
w h i c h g i v e cont inuous cont ro l 
ove r the response a re to be pre
fer red to s w i t c h e d sys tems , unless 
the la t te r a re g raded i n v e r y fine 
steps. 

T h e use of induc to r s to p rov ide 
g a i n / f requency compensa t ion is 
to be deprecated as , a p a r t f rom 
possible t roubles due to resonance 
effects a n d non- l inea r i ty , t h e y are 
v e r y l i ab le to p i c k up h u m f rom 

F i g . 7. Basic filter circuit . 

s t r ay a l t e rna t ing magnet ic fields, 
e spec ia l ly i f they a re a i r -cored . 
Me ta l - or dust-cored toroids are 
less t roublesome i n th i s respect, 
bu t a re expens ive a n d not r ead i ly 
obta inable . 

F r e q u e n c y C o m p e n s a t i o n .—F i g . 
5 shows a s imple compensat ion 
c i r c u i t w h i c h w i l l a c c o m p l i s h bass 
a n d treble accen tua t ion a n d 
a t tenua t ion w i t h o u t the use of i n 
ductors . T h e controls consis t of 
t w o potent iometers , e a c h asso
c i a t ed w i t h a changeover s w i t c h . 
Cons ider the l o w f requency con
t ro ls R 4 0 a n d S 2 . W h e n R 4 0 i s 
f u l l y an t i c lockwise ( m i n i m u m re
s is tance) the response to fre
quencies be low 1 , 0 0 0 c / s i s u n i 
f o r m . I f the s w i t c h S 2 i s set to 
" r i s e , " a s R 4 0 i s rotated c lock
wise , the amp l i t ude / f requency 
charac te r i s t i c w i l l r ise a t l o w fre
quencies to the m a x i m u m s h o w n 
a t A i n F i g . 6 . I f S 2 i s set to 
" f a l l " a n d R 4 0 rotated c lockwi se 
f rom the m i n i m u m posi t ion , pro
gress ive low-f requency a t tenua
t ion w i l l be in t roduced , up to the 
m a x i m u m s h o w n a t B . I n a s i m i 
l a r manne r , b y the use of R 4 4 a n d 
S 3 the h igh- f requency response is 
con t inuous ly v a r i a b l e f r o m a l e v e l 
response to the ex t remes s h o w n a t 
C a n d D w i t h the v a l u e s g i v e n . 
T h e c u r v e s m a y be shi f ted bod i ly 
a long the ho r i zon ta l a x i s b y 
m o d i f y i n g the capac i t ance va lue s 
as s h o w n b y the a r r o w s i n F i g . 6 . 

C 

FREQUENCY 

F i g . 8. Characteristics of circuit 
of F i g . 7. 

T h e a t tenuat ion in t roduced b y 
the ne twork w h e n controls are a t 
the l e v e l pos i t ion is 24 db , a n d the 
n e t w o r k m u s t , of course, be 
in t roduced into the s y s t e m a t a 
s igna l l e v e l s u c h tha t the v a l v e 
feeding is not over loaded . 

L o w - P a s s F i l t e r . — T h e m a j o r i t y 
of m e d i u m - w a v e broadcas t t r ans 
missions, w h e n reproduced w i t h 
wide-range equipment , e x h i b i t a 
most object ionable f o r m of non
l inea r d is tor t ion . T h i s t akes the 
f o r m of a rat t le or buzz often 
a c c o m p a n y i n g t rans ien t sounds 
such as pianoforte m u s i c . T h i s 
type of dis tor t ion is c o m m o n l y 
caused b y m i n o r d iscont inui t ies i n 
the t ransfer charac te r i s t i c a n d i s 
f requent ly associated w i t h C lass 
" B " ampl i f ie rs . 

R e c o r d i n g a n d process ing de
fects, record w e a r a n d imperfec t 
t r a c ing b y the p i c k u p produce a 
s i m i l a r t ype of dis tor t ion f rom 
gramophone records . 

T h e most offensive f requency 
components of the ra t t le or 
buzz are genera l ly present a t 
the ex t reme upper end of the 
aud ib le spec t rum, a n d spread 
d o w n w a r d s a s the s e v e r i t y of the 
effect increases . F o r t u n a t e l y , the 
concent ra t ion of th i s type of dis
tor t ion in to the ex t r eme upper end 
of the spec t rum m a k e s i t possible 
to effect considerable improve 
men t b y r e m o v i n g or r e d u c i n g the 
energy i n the s igna l a t these fre
quencies . A low-pass filter w i t h 
a cut-off f requency v a r i a b l e be
tween the l i m i t s of 5 a n d i 3 k c / s 
a n d a f a i r l y h i g h rate of a t tenua
t ion above the cut-off f requency 
is a great asset i n secur ing the best 
possible a u r a l resul t f rom indiffer
ent t ransmiss ions or recordings . 

A l t h o u g h i t is p rac t icab le to 
p rov ide a filter w i t h a con t inu 

a l 
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FREQUENCY 

F i g . 9. Modification of basic 
filter characteristic produced by 

additional phase shift. 

ous ly v a r i a b l e cut-off f requency , 
the expense a n d compl i ca t ion a re 
no t n o r m a l l y jus t i f i ed a n d a 
s w i t c h e d select ion of f requencies is 
sa t i s fac tory . T o a t t a i n the h i g h 
a t tenua t ion rates necessary to se
cure sa t i s fac tory resul ts a n o r m a l 
resonant-sect ion type of filter 
cou ld be used , bu t th i s ca r r i es 
w i t h i t the d i sadvantages asso
c ia ted w i t h the use of induc to r s . 

A n a l t e rna t i ve type of f i l ter 
u s i n g o n l y res is t ive a n d capac i t i ve 
e lements based on the p a r a l l e l - T 
n e t w o r k 1 i s capab le of g i v i n g v e r y 
sa t i s fac tory resul ts . B r i e f l y , the 
p r i n c i p l e of th i s f i l ter is a s fo l 
l o w s . I n F i g . 7 i s s h o w n a n a m p l i 
fier feeding a p a r a l l e l - T n u l l net
w o r k , the output f r o m the net
w o r k be ing fed b a c k to the i n p u t 
of the ampl i f i e r . S u c h a s y s t e m 
h a s amp l i t ude a n d phase c h a r a c 
ter is t ics of the genera l shape 
s h o w n i n F i g . 8. B y a l t e r ing the 
loop ga in of the ampl i f ie r , i t i s 
possible to produce a resonance 
charac te r i s t i c of a n y des i red de
gree of sharpness . 

I f n o w a lagging phase shif t i s 
i n t roduced in to the ampl i f ie r , for 
e x a m p l e , b y connec t ing the capa 
c i tor C f r o m g r i d to ea r th , i t w i l l 
be seen t ha t the to ta l phase shif t 
due to n e t w o r k a n d ampl i f ie r j u s t 
be low resonance w i l l be greater 
t h a n 9 0 0 a n d the feedback vo l t 
age w i l l h a v e a pos i t ive compon
ent, w h i l s t above resonance a 
greater nega t ive component w i l l 
ex i s t . T h e effect of th i s i s to u n 
ba lance the amp l i t ude charac te r 
is t ic as s h o w n i n F i g . 9 . A rise 
i n response occurs j u s t before the 
resonance f requency due to the 
posi t ive componen t of feedback, 
a n d above the resonant f requency 

' Thiessen, G. J . ' R-C Filter Circuits." 
Journal of the Acoustical Society of 
America. Vol. 16, No. 4, pp. 275-279 
April, 1945 

the response r ises to a f rac t ion of 
i ts v a l u e below resonance a n d then 
fa l l s off due to the a t t enua 
t ion p roduced b y the capac i to r C . 

T h e add i t ion of a fur ther R - C 
a t tenua t ing n e t w o r k ex t e rna l to 
the c i r cu i t w i l l p roduce a fre
quency response charac te r i s t i c as 

FREQUENCY 

F i g . i o . F i n a l low-pass charac
teristic resulting from addition of 

external R - C attenuator. 

s h o w n i n F i g . i o . T h e s i m i l a r i t y 
of th is c u r v e to the response of a 
resonant element L - C filter w i l l 
r e ad i ly be apprec ia ted . T h e r e is 
a p r a c t i c a l l i m i t to the rate of 
a t tenuat ion w h i c h c a n be a c h i e v e d 
w i t h a single stage, s ince the 
a t tenuat ion rate a n d the l e v e l to 
w h i c h the response r ises above the 
f requency of m a x i m u m at tenua
t ion are in te r re la ted . T h u s a h igh 
rate of a t tenuat ion i s a c h i e v e d 
w i t h s i m p l i c i t y o n l y a t the expense 
of a l o w ra t io of response be low 
cut-off to peak response above 
cut-off. H o w e v e r , a rate of 
a t t enua t ion of 4 0 d b / o c t a v e c a n 
be obta ined f rom one stage w i t h 
a m i n i m u m a t tenuat ion above 
cut-off of n e a r l y 3 0 db , w h i c h is 
qui te sa t i s fac tory . B y cascad ing 
a n u m b e r of these fi l ter stages a n y 
des i red a t tenuat ion charac te r i s t i cs 
m a y be a c h i e v e d , a n d high-pass 
filters m a y be s i m i l a r l y fo rmed b y 
the add i t i on of l ead ing phase shif t 
to the ampl i f ie r . 

A filter designed on these l ines , 
w i t h f ive s w i t c h e d posi t ions g i v 
i n g n o m i n a l cut-off frequencies of 
5. 7, 10 a n d i 3 k c / s a n d a 
" l i n e a r " posi t ion is incorpora ted 
i n the f ina l c i r c u i t . T h e per form
ance is s h o w n i n F i g . 1 1 . 

G r a m o p h o n e P re -ampl i f i e r . — 
T h e a r rangements ju s t descr ibed 
are genera l ly a l l t ha t i s necessary 
to compensate for defects i n radio 
t r ansmiss ions . F o r record repro
duc t ion , howeve r , add i t i ona l fixed 
compensa t ion is r equ i red . T h e 
na ture of th is compensa t ion w i l l 
depend on the record ing c h a r a c 

ter is t ic a n d the type of p i c k u p 
used . 

F o r reasons n o w too w e l l k n o w n 
to requi re repet i t ion, l a t e r a l disc 
recordings a re u s u a l l y cu t w i t h a 
groove amp l i t ude w h i c h is propor
t i ona l to s igna l be low some a rb i 
t r a r i l y selected f requency i n the 
300-400 c / s region a n d w i t h a 
l a t e r a l groove v e l o c i t y w h i c h is 
p ropor t iona l to s igna l above th is 
f requency . T o i m p r o v e s i g n a l / 
noise ra t io i t i s n o w c o m m o n prac 
t ice to increase the l e v e l recorded 
a t h i g h frequencies . T h i s i s par
t i c u l a r l y effective, s ince the noise 
energy per c y c l e increases w i t h 
f requency due to the s t ructure of 
the record m a t e r i a l . I n F i g . 12 i s 
s h o w n the record ing charac te r i s t ic 
used b y D e c c a . T h e E . M . I , char 
acter is t ic does not differ subs tan
t i a l l y a t l o w frequencies bu t the 
rise above 3 , 0 0 0 c / s i s absent . I t 
is proposed to use the D e c c a char 
acter is t ic as a bas is for design. 
W h e n p l a y i n g E . M . I , recordings , 
one fixed capac i to r i n the pre
ampl i f ie rs to be descr ibed la ter m a y 
be swi t ched out of c i r c u i t , g i v i n g a 
l e v e l response. A l t e r n a t i v e l y the 
g ramophone pre-ampl i f ier m a y be 
left unchanged a n d cor rec t ion pro
v i d e d b y means of the v a r i a b l e 
treble con t ro l i n the tone compen
sa t ion un i t . T h i s , w h e n C a o i s set 
to 100 p F a n d R 1 4 ( F i g . 5) ad 
v a n c e d b y one quar te r of m a x i 
m u m rota t ion, g ives a lmos t per
fect cor rec t ion . 

T h e m a j o r i t y of p i c k u p s , w i t h 
the except ion of piezoelectr ic 
types , g ive a n e lec t r ica l output 
w h i c h is p ropor t iona l to the l a t e ra l 
v e l o c i t y of the s ty lus . T h e out
pu t of s u c h a p i c k u p w h e n p l a y 
i n g a D e c c a record ing w i l l be of 
the f o r m s h o w n i n F i g . 1 2 , w i t h 
ordinates of vol tage ins tead of 
v e l o c i t y . A pre-ampl i f ie r sui table 
for s u c h a p i c k u p shou ld h a v e a 
f requency charac te r i s t i c w h i c h is 
the inver se of th i s . 

Some desirable propert ies of a 
p i c k u p pre-ampl i f ie r a re : — 

1 . L o w noise l e v e l . 
2. L o w dis tor t ion a t s igna l 

l eve l s l i k e l y to be encountered 
w i t h p i c k u p s i n c o m m o n use. 

3. S h a r p a t tenuat ion below 
20 c / s to suppress tu rn tab le 
rumble , etc. 

4. P r o v i s i o n for v a r y i n g the 
ga in e l ec t r i ca l ly . 

Noise L e v e l . — T h e a t ta inment 
of a l ow noise l e v e l i n h igh -qua l i t y 
sound sys t ems is of such v i t a l i m -

22 
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portance tha t a few r e m a r k s of 
a genera l na ture w i l l not be out 
of p lace a t th i s j u n c t u r e . 

I t i s a n unfor tunate fac t tha t 
improvemen t s i n microphones a n d 
p i c k u p s i n the d i rec t ion of w i d e r 
f requency range a n d absence of 
other fo rms of d is tor t ion are 
a lmos t i n v a r i a b l y a c h i e v e d a t the 
expense of the e lec t r ica l output . 
T h i s does no t necessar i ly m e a n 
tha t the efficiency of the t rans
ducer i s r educed b y the other i m 
provements , bu t mere ly tha t i t re
moves less energy f rom the 
acous t i ca l field or f r o m the record 
groove w h i c h ac tuates i t , c aus ing 
less d i s turbance of th i s field, or 
less w e a r of the record groove. 

T h e r e i s , h o w e v e r , a l i m i t to 
th is t endency set b y the noise 
generated b y t h e r m a l ag i ta t ion i n 
the t r ansducer a n d its a u x i l i a r i e s 
a n d b y the noise p roduced i n the 
first v a l v e of the ampl i f i e r . I t is 
desirable i n a wide- range , h i g h -
q u a l i t y sound s y s t e m to a t tempt 
to m a i n t a i n a p e a k s i g n a l / n o i s e 
ra t io of a t leas t 70 db . T h i s 
figure represents the best t ha t c a n 
be a c h i e v e d w i t h a d i rec t cel lulose 
d isc record ing w h e n e v e r y t h i n g is 
" j u s t r i g h t , " a n d i t i s to be ex 
pected t ha t the s t andards of c o m 
m e r c i a l d i sc recordings w i l l ap
p r o a c h th i s l e v e l w h e n i m p r o v e d 
techniques a re c o m b i n e d w i t h new 
d isc ma te r i a l s . A wel l -des igned 
magne t i c tape recorder w i l l g ive 
a s i g n a l / n o i s e ra t io of 70-80 db , 
a n d the inc reas ing use of th i s t ype 
of equ ipment w i l l doubtless g ive 
impetus to the research necessary 
for the a c h i e v e m e n t of s i m i l a r 
s t andards i n other fo rms of re
co rd ing . W i t h a s igna l /no i se 
ra t io of 70 db , a sound reproduc
i n g s y s t e m w i t h a f requency re-

+ 10 

sponse flat to 2 0 , o o o c / s operat
i n g a t a rea l i s t ic v o l u m e l e v e l pro
duces, i n the absence of a s igna l , 
noise w h i c h is j u s t aud ib le a s a 
v e r y gentle rus t le a n d i s com
ple te ly inoffensive. 

Most mode rn microphones a n d 
p i c k u p s are electromagnet ic , 
a l though there i s a t endency for 
mic rophone design to g rav i ta te 
t owards carr ier -operated capac i to r 
types . T h e s e h a v e problems of 
the i r o w n a n d w i l l not be t reated 
here . E l e c t r o m a g n e t i c mic ro 
phones a n d p i c k u p s a re manufac 
tu red w i t h impedances r ang ing 
f rom a few m i l l i o h m s to seve ra l 
t housand ohms, bu t a re n o r m a l l y 
used i n con junc t ion w i t h a t r a n s 
former w h i c h ra ises the impedance 
to a s u i t a b l y h i g h v a l u e to m a t c h 
the i n p u t impedance of a v a l v e . 

F o r obv ious reasons i t i s desir
able to m a k e th i s secondary i m 
pedance a s large as possible—say 

seve ra l megohms—since the vo l t 
age output f r o m the t ransducer 
w i l l increase s imul t aneous ly , re
duc ing the ga in requ i red f rom the 
electronic equipment a n d the 
amoun t of noise cont r ibu ted b y i t . 

I t i s not p rac t i cab le , however , 
to increase the secondary imped
ance m u c h beyond o . i M f l i f a 
flat f requency response i s r equ i red 
f rom the t ransformer over the 
aud ib le range . 

T h e noise generated b y t h e r m a l 
agi ta t ion i n a o . i f f i ] resistor a t 
r o o m tempera ture i s about 6 / i V 
for a b a n d w i d t h of 2 0 , 0 0 0 c / s . T o 
th i s mus t be added the noise pro
duced i n the first v a l v e of the 
ampl i f ie r . B y ca re fu l design a n d 
cons t ruc t ion , a n d b y the use of a 
sui table v a l v e , the noise f rom a l l 
causes, i n c l u d i n g m a i n s h u m , c a n 
be reduced to a v a l u e equ iva len t 
to about 3/j.V a t the g r i d , bu t 
under n o r m a l condi t ions a figure 
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F i g . 12. Decca recording characteristic. 
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F i g . 1 1 . Measured overall response of low-pass filter, i n conjunction 
wi th pre-amplifier circuit (F ig . 15, page 2 6 ) . 

of 5 / i V i s f a i r l y representa t ive . 
T h e to ta l noise m a y be t a k e n as 
the square root of the s u m of the 
squares of these v a l u e s , or about 
8 ^ V . T o ob ta in a s i g n a l / n o i s e 
ra t io of 7 0 db, t hen , the peak sig
n a l mus t be 70 db above th i s l e v e l , 
s a y 25 m V r . m . s . T h e p re -ampl i 
fier shou ld h a v e sufficient ga in to 
enable the m a i n ampl i f ie r to be 
f u l l y loaded b y a s igna l a t this 
l e v e l . 

T h e choice of a v a l v e type for 
the first stage m u s t be made care
f u l l y . I n theory, for equa l ga in 
the noise l e v e l i n a t r iode stage is 
l ower t h a n tha t p roduced b y a 
pentode, s ince the pentode has a n 
add i t i ona l noise component due to 
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e lectron pa r t i t i on be tween screen 
a n d anode. I n fact , howeve r , 
there a re no h igh-ga in tr iodes 
c o m m e r c i a l l y a v a i l a b l e w i t h the 
requisi te charac te r i s t i c s a n d elec
trode s t ruc tures for low-noise 
opera t ion . A v a l v e designed for 
s u c h condi t ions shou ld h a v e a 
r i g i d l y b raced electrode s t ruc ture 
to reduce m i c r o p h o n y a n d a 
b a l anced ' ' double h e l i c a l ' ' heater 
cons t ruc t ion to m i n i m i z e the al ter
n a t i n g f ie ld su r round ing the 
ca thode . T h e M u l l a r d E F 3 7 has 
this cons t ruc t ion a n d , connected 
as a pentode, the noise l eve l s men
t ioned ear l ie r a re ob ta inable . B e 
fore c o m m e n c i n g w o r k , the reader 
w h o i s not f a m i l i a r w i t h the tech
n ique of h igh-ga in ampl i f ie r con
s t ruc t ion shou ld consul t a n ar t i c le 
on th i s s u b j e c t . 2 - 3 Cons iderab le 
reduc t ion of r e s idua l h u m m a y 
u s u a l l y be ob ta ined b y demagnet
i z i n g the v a l v e . 4 I n order to 
ob ta in the best s igna l / no i s e ra t io , 
the p r i n c i p l e w h i c h shou ld be fol 
l o w e d , w h e n v a l v e noise i s the 
l i m i t i n g fac tor i n h igh -ga in a m p l i 
fiers, i s to pu t the who le of the 
a v a i l a b l e s i g n a l in to the v a l v e 
g r i d , a n d to p r o v i d e a n y fre
q u e n c y compensa t ion w h i c h m a y 
be necessary after the s igna l has 
been ampl i f i ed . B y th i s me thod 
v a l v e noise i s i n c l u d e d i n a n y 
a t t enua t ing operat ions w h i c h m a y 
be pe r fo rmed a n d the o v e r a l l s ig
n a l noise ra t io i s i m p r o v e d . 

L o w D i s t o r t i o n . — N u m e r o u s 
methods of p r o v i d i n g a response 
w h i c h v a r i e s w i t h f requency are 
possible a n d , of course, each 
me thod h a s advan tages a n d dis
advan tages . W h e r e the response 
h a s to be con t inuous ly v a r i a b l e 
the me thod w h i c h g ives greatest 
s i m p l i c i t y of con t ro l u s u a l l y 
t r i u m p h s . Other th ings be ing 
equa l , howeve r , methods w h i c h 
e m p l o y se lec t ive negat ive feed
b a c k a re to be preferred, as c i r 
cu i t s of th i s na tu re gene ra l ly h a v e 
a h i g h s igna l -hand l ing c a p a c i t y 
a n d non- l inea r d is tor t ion i s kep t 
to a m i n i m u m . I n a p i c k u p pre
ampl i f i e r t h i s m a y be of impor t 
ance whe re p i c k u p s w i t h w i d e l y 
v a r y i n g output l eve l s a re to be 
used . 

• Baxandall, P. J . , " Hum in High Gain Am
plifiers." Wireless World, Vol. 53, No. 
2, pp. 57-61, February. 1947. 

• Dickerson, A. F„ " Hum Reduction." 
Elrctronics. Vol. 21, No. 12, p. 112, De
cember, 1948. 

4 Correspondence. Electronic Engineering, 
Vol. 20, No. 245, p. 235, July, 1948; No. 
248 p. 339, October, 1948; No. 250, p. 
406, December, 1948. 

H i g h - P a s s Cha rac t e r i s t i c . -— 
G r a m o p h o n e motors tend to pro
duce v ib r a t i ons w h i c h c a n cause 
unpleasan t r u m b l i n g noises i n a 
wide-range s y s t e m . A l t h o u g h the 
energy con ta ined i n the " r u m b l e " 
components m a y be r e l a t i v e l y 
l o w , the f requency i s a lso v e r y 
l o w , a n d consequent ly loud
speaker cone movemen t s of h i g h 
amp l i t ude m a y be caused . I f the 
d r i v i n g c o i l shou ld m o v e out of 
the region of u n i f o r m f lux-dens i ty , 
the who le spec t rum be ing repro
duced w i l l be distorted i n a par
t i c u l a r l y unp leasan t m a n n e r . D i s 
tor t ion i n the output t rans former 
is also possible . 

T h i s s i tua t ion c a n be i m p r o v e d 
m a t e r i a l l y b y the inser t ion of a 
high-pass filter w i t h a cut-off fre
q u e n c y of about 2 0 c / s a n d a 
f a i r l y r a p i d a t tenuat ion below cut
off. A t these l o w frequencies , 
such filters are c o n v e n i e n t l y c o m 
posed of res is tance-capaci tance 
n e t w o r k s a n d m a y be incorpor
ated i n the bass-compensat ion pre
ampl i f ie r . 

E l e c t r i c a l F a d i n g C o n t r o l . -— 
W h e n the p i c k u p i s p l aced on , or 
removed f rom, the disc the ga in 
m u s t be reduced to a v o i d u n 
pleasant noises. W h i l e th i s m a y 
be done b y a m e c h a n i c a l poten
t iometer the method i s c l u m s y 
a n d does not fac i l i ta te r a p i d re
co rd c h a n g i n g . I t h a s been found 
conven ien t to employ a n e lec t r ica l 
me thod i n w h i c h the g a i n of one 
of the stages is reduced to zero a t 
the f l i ck of a s w i t c h b y a b ias vo l t 
age app l i ed a n d r e m o v e d b y 
means of a n e t w o r k w i t h a suit
able t ime constant . 

Pre-Amplifiers 
A l t h o u g h a l l the ref inements 

ou t l ined so f a r are des i rable , i n 
d i v i d u a l r equ i remen t s w i l l v a r y 
cons ide rab ly a n d w i l l de te rmine 
h o w m u c h c o m p l i c a t i o n shou ld be 
a t t e m p t e d . T w o gramophone 
pre-ampl i f ie r c i r c u i t s w i l l there
fore be descr ibed , w h i c h shou ld 
cove r mos t r equ i rement s . 

F i g . 13 shows a s imple c i r cu i t 
w h i c h g ives good compensa t ion 
for the D e c c a record ing c h a r a c 
te r i s t ic . T h e c i r c u i t constants 
h a v e been ad jus ted to g i v e as 
h i g h a degree of a t t enua t ion 
be low 20 c / s as is consistent w i t h 
s i m p l i c i t y . T h i s i n v o l v e s a s l ight 
sacrif ice of the response a t 20 c / s . 

T h e method of opera t ion is as 
f o l l o w s : N e g a t i v e feedback is 

appl ied to the v a l v e b y the 
potent ia l d i v i d e r fo rmed b y R 3 1 

a n d the impedance of C M , C 1 5 

a n d R 3 3 . A t m e d i u m frequencies 
the reactance of C 1 4 i s s m a l l , a n d 
tha t of C 1 5 large compared w i t h 
the resis tance of R 3 3 a n d R s l , a n d 
the ga in of the stage i s de te rmined 
b y the v a l u e s of these resis tors . 
A s the f requency is lowered the 
impedance of the top l i m b i n 
creases, g i v i n g a progress ive re
duc t ion of feedback. T h i s pro
duces a ga in / f requency cha rac 
ter is t ic w h i c h r ises to a m a x i m u m , 
de termined b y the c i r c u i t con
stants , a n d then decreases due to 
the coup l ing components C u , R 3 5 

a n d R 3 6 . W i t h inc reas ing fre
quency the impedance of C 1 5 de
creases, i nc reas ing the negat ive 
feedback a n d p roduc ing a f a l l i ng 
g a i n / f r e q u e n c y charac te r i s t i c . 

T h e capac i tance be tween the 
inpu t t r ans former secondary w i n d 
i n g a n d ea r th m a y , i f la rge , affect 
the response a t the ext reme upper 
end of the aud ib le spec t rum. T h i s 
effect i s negl igible w i t h a w e l l -
designed component , bu t long 
leads shou ld be avo ided . T h e 
t rans former shou ld be mounted 
on the pre-ampl i f ier chass is , 
w h i c h i n t u r n m a y conven ien t ly 
be fixed benea th the motor boa rd . 

T h e o v e r a l l cha rac t e r i s t i c w i t h 
a n i n p u t f rom a p e r f e c t 
" v e l o c i t y " p i c k u p on a D e c c a 
disc i s s h o w n i n F i g . 14 . 

A more c o m p l e x c i r c u i t , w h i c h 
g ives n e a r l y perfect compensa t ion 
a n d a v e r y r a p i d a t tenuat ion 
(30 db / oc tave) be low 20 c / s , i s 
s h o w n i n F i g . 15 . T h i s pre
ampl i f ie r has a h igher ga in t h a n 
the p r ev ious one, a n d is p a r t i c u 
l a r l y sui table for use i n equip
men t where the p i c k u p is located 
a t some dis tance f rom the rest of 
the ampl i f i e r as the c i r cu i t ter
mina tes i n a cathode fo l lower . 

T h e cons t ruc t ion of th i s c i r c u i t 
is no t recommended for those 
w i t h o u t access to fac i l i t ies for 
c h e c k i n g the response of the 
finished un i t , as the per formance 
m a y be ser ious ly affected b y a n 
error i n component v a l u e s . 

T h e f requency charac te r i s t i c of 
th is ampl i f ie r i s produced b y the 
combina t ion of t w o c u r v e s shown 
at A a n d B in F i g . 16 . T h e s e , 
w h e n added, g ive the c u r v e C . 
C u r v e A is produced b y the c i r 
cu i t associated w i t h V ] 3 , w h i c h is 
s i m i l a r i n pr inc ip le to tha t of 

24 



T h e W i l l i a m s o n A m p l i f i e r 

List of Components for F ig . 13. 
Type Rat ing Tolerance 

E 2 7 Value to suit High-stability 
Rat ing 

transformer carbon 
R 2 8 0.1 M O do. J W 
R 2 » 0.68 MQ do. | W 
R30 0.22 M O do. i W 
R 3 1 47 kCl do. i W 
R 3 2 4.7 k O do. 

i W 

R 3 3 0.22 MO Composition 10% 
R 3 4 22 k O do. 10% 
R 3 5 2.2 M O do. 

10% 

A l l resistors may be i W rating tolerance 20% unless 
otherwise specified. 

Rat ing 
(V d.c. 

Type working) Tolerance 
O n 0.5 fiF Paper 250 

50 juF Electrolytic 12 
^ 1 3 16/nF Electrolytic 450 
C M 4000 p F Silvered mica 350 10% 

100 p F Silvered mica 250 10% 
C l 6 

0.05 ^ F Paper 500 
10% 

F i g . 13. S imple 
gramophone p re 
ampl i f ier designed 
for the D e c c a r e 
cord ing c h a r a c t e r 
i s t i c . W h e n p lay ing 
E .M . I , records C 1 6 

m a y be sw i t ched out 
of c i r cu i t . A l t e r 
nat i ve ly , c o m p e n s a 
t ion c a n be effected 
i n the tone-control 

c i rcu i ts . 

F i g . 1 3 . T h e a t t e n u a t i o n a t l o w 
f r e q u e n c i e s i s d u e to t h e c o m b i n e d 
e f fec t o f t h e i n t e r v a l v e c o u p l i n g s . 
C u r v e B i s p r o d u c e d b y f e e d b a c k 
o v e r V 1 4 t h r o u g h a p a r a l l e l - T n e t 
w o r k t u n e d t o 2 0 c / s . 

T h e o v e r a l l f r e q u e n c y r e s p o n s e 
c u r v e , t a k e n u n d e r t h e s a m e c o n 
d i t i o n s a s t h a t of F i g . 14 , i s s h o w n 
i n F i g . 17 . 

F a d i n g C o n t r o l . — T h e c i r c u i t s 
of F i g s . 13 a n d 15 h a v e n o p r o 
v i s i o n f o r e l e c t r i c a l f a d i n g . F i g . 18 
s h o w s a n e t w o r k w h i c h , w h e n 
c o n n e c t e d t o t h e c a t h o d e o f V , i n 
F i g . 13 o r V l s i n F i g . 1 5 , e n a b l e s 
t h e g a i n t o b e r e d u c e d to z e r o i n 
a b o u t a s e c o n d w h e n t h e s w i t c h 
S 5 i s c l o s e d . O n o p e n i n g S 5 t h e 
g a i n i s r e s t o r e d t o i t s n o r m a l v a l u e 
i n a s i m i l a r p e r i o d . 

Comple te V a r i a b l e Compensa 
t ion U n i t . — I t i s n o w n e c e s s a r y t o 
c o n n e c t t o g e t h e r t h e c i r c u i t s j u s t 
d e s c r i b e d t o f o r m a flexible t o n e 
c o m p e n s a t i o n u n i t . T h i s m u s t b e 
d o n e i n s u c h a m a n n e r t h a t e a c h 
w o r k s w e l l w i t h i n i t s s i g n a l -
h a n d l i n g c a p a c i t y a n d d o e s n o t 
i n f l u e n c e t h e o t h e r s a d v e r s e l y . 
F i g . 19 o n p a g e s 28 a n d 29 s h o w s 
t h e final a r r a n g e m e n t . 

P o w e r S u p p l i e s . — T h e H i g h 
Q u a l i t y A m p l i f i e r h a s a f r e q u e n c y 
r e s p o n s e w h i c h i s u s e f u l d o w n t o 
2 c / s . T h i s n e c e s s i t a t e s a f e w 
p r e c a u t i o n s w h e n a u x i l i a r i e s a r e 
c o n n e c t e d to t h e i n p u t . A t t h e s e 
v e r y l o w f r e q u e n c i e s , t h e b a l a n c e 
of t h e p u s h - p u l l s t a g e s m a y n o t 
be g o o d , a n d t h e r e m a y b e c o n 
s i d e r a b l e s i g n a l i n t h e s u p p l y l i n e . 

- 1 0 

F i g . 14. Response curve 
FREQUENCY (e/«) 

of c i r cu i t of F i g . 
p ickup. 

- im 

13 w i t h ideal " velocity 

A v e r y c a r e f u l l y d e s i g n e d a n d 
n e c e s s a r i l y e x p e n s i v e d e c o u p l i n g 
s y s t e m i s r e q u i r e d i f a h i g h - g a i n 
p r e - a m p l i f i e r i s t o o p e r a t e s a t i s 
f a c t o r i l y f r o m t h e a m p l i f i e r p o w e r 
s u p p l y . T h e c o s t o f s u c h d e 
c o u p l i n g i s h i g h e r t h a n t h a t of a 
s e p a r a t e p o w e r s u p p l y u n i t p r o 
d u c i n g , s a y , 3 5 0 V a t 20 m A , a n d 
t h e r e f o r e t h e u s e of a u n i t of t h i s 
t y p e i s s t r o n g l y r e c o m m e n d e d . 

P e r f o r m a n c e . — F r e q u e n c y Re
sponse.—Reference t o F i g s . 6, 1 1 , 
14 a n d 17 w i l l e n a b l e t h e f r e 
q u e n c y r e s p o n s e of a n y c o m b i n a 
t i o n o f u n i t s a n d c o n t r o l s e t t i n g s 
to b e d e t e r m i n e d . T h e ef fec t o f 
i n t e r m e d i a t e c o n t r o l s e t t i n g s m a y 
b e a r r i v e d a t b y i n t e r p o l a t i o n . 

Gain.—The figures u n d e r l i n e d 
i n F i g . 19 a r e t h e p e a k s i g n a l 
v o l t a g e s n e c e s s a r y t o g i v e m a x i 
m u m o u t p u t a t 1,000 c / s w h e n t h e 
p r e - a m p l i f i e r i s u s e d i n c o n j u n c 
t i o n w i t h t h e H i g h Q u a l i t y 
A m p l i f i e r . 

T h e s i m p l e p i c k u p p r e - a m p l i f i e r 
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( F i g . 13) h a s a g a i n of n a t 1,000 
c / s . T h u s , w h e n t h i s u n i t i s u s e d , 
f u l l o u t p u t m a y b e o b t a i n e d w i t h 
a p i c k u p w h i c h p r o d u c e s 18 m V 
p e a k . S h o u l d i t be r e q u i r e d t o 
u s e t h e s y s t e m w i t h a n i n s e n s i t i v e 
m i c r o p h o n e , d i s c o n n e c t i o n o f C l t 

i n F i g . 13 w i l l r a i s e t h e g a i n o f 
t h e s t a g e t o a b o u t 1 5 0 , w i t h a 
s e n s i b l y l i n e a r f r e q u e n c y r e 
s p o n s e . F u l l o u t p u t w i l l t h e n b e 
o b t a i n e d w i t h a n i n p u t o f 1.3 m V 
p e a k . T h e m o r e c o m p l e x p i c k u p 
p r e - a m p l i f i e r ( F i g . 15) h a s a g a i n 
o f a p p r o x i m a t e l y 2 5 0 . 

Noise Level.—With c a r e f u l 
c o n s t r u c t i o n a n d b y a d j u s t m e n t 
of R 5 7 to g i v e m i n i m u m h u m , t h e 
n o i s e l e v e l m a y b e r e d u c e d to a n 
e q u i v a l e n t i n p u t s i g n a l o f 3-5 / i V 
a t t h e p i c k u p p r e - a m p l i f i e r g r i d , 
e x c l u d i n g t h e n o i s e d u e to t h e 
p i c k u p t r a n s f o r m e r a n d 
a u x i l i a r i e s . 

Distortion.—The t o t a l h a r 
m o n i c d i s t o r t i o n p r o d u c e d b y the 
u n i t s w h e n u s e d u p t o the s i g n a l 
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F i g . 15. Pre-amplifier w i th high-pass filter. 

Component Values for Circuit of F ig . 15. 

Pv, '58 

R 5 9 
R e o 
R 6 1 
R 6 2 
R 6 8 
R 6 4 
R 6 5 

R 6 6 
R 6 7 
R 6 8 
R 6 9 
R 7 0 
R n 

R 7 2 

R , , 
R 7 ( 

R „ 
R „ 

Type Rating Tolerance Type Rat ing Tolerance 
Value to suit High-stability R 7 9 0 . 2 2 M a Composition 20% 

transformer carbon R 8 0 1 0 k a do. I W 20% 
0 . 1 MQ do. i W 20% 

20% 
* May require adjustment. 

0.68 MO do. i W 
20% 
20% A l l resistors may be J W rating, except where other-

0 . 2 2 M O do. i W 20% wise stated. 
4.7 k a do. 20% Rat ing 
0 . 2 2 M O Composition 1 0 % (V d.c. 
20 k a * do. Type working) Tolerance 
2 2 k a High-stability IW 20% 0 . 5 pF Paper 250 20% 

carbon C , i 50 11F Electrolytic 12 
0 . 2 2 M a Composition 1 0 % C 5 2 16 fiF Electrolytic 450 
0 . 2 0 M a * do. ^53 0.02 /J? Paper 350 1 0 % 
4.7 M a do. 5% 

20% 
C54 4000 p F Silvered mica 350 1 0 % 

1.0 M a do. iW 
5% 

20% C55 100 p F Silvered mica 350 1 0 % 
0 . 2 2 M a do. i W 20% ^56 0 . 5 Paper 250 20% 
2 . 2 k a do. 20% C57 50 11F Electrolytic 12 
2 . 0 M a High-stability carbon 1 % C58 0.01 fiF Silvered mica 350 1 % 

or matched or matched 
2 . 0 M a do. 1 % C59 0.25 ixF Paper 500 20% 

1 % or matched ^60 5000 p F Silvered mica 350 
20% 

1 % 
1.0 M a do. 1 % or matched 

or matched ^ 6 1 5000 p F Silvered mica 350 1 % 
1 0 M a Composition 5% or matched 
47 k a do. 1 0 % *-"62 7000 p F 

0.5 fiF 
Silvered mica 350 1 0 % 

20% 1 k a do. 20% 
7000 p F 
0.5 fiF Paper 500 

1 0 % 
20% 

47 k a do. I W 20% C-64 16 fiF Electrolytic 450 

l eve l s i nd i ca t ed is cons iderab ly 
less t h a n 0 .1 per cent. 

F o r m of t h e E q u i p m e n t . — T h e 
o u t w a r d f o r m w h i c h a complete 
domest ic sound equ ipment takes 
is v e r y m u c h a mat te r of persona l 
taste. T h e suggestions w h i c h 
fo l low h a v e been found i n p rac 
t ice to p r o v i d e ease of opera t ion 
c o m b i n e d w i t h absence of t rouble
some feedback effects. 

T h e equ ipment is best con
s t ruc ted i n t w o un i t s , one con
t a i n i n g the loudspeaker a n d the 

other the tu rn tab le . T h i s pre
ven ts m e c h a n i c a l a n d acous t ica l 
feedback. 

T h e con t ro l un i t m a y be a con
sole of a r m c h a i r he ight ( o v e r a l l 
d imens ions about i 8 i n x 1 4 m x 
2 0 m h igh) eas i ly m o v a b l e on 
cas tors . T h i s m a y con t a in the 
p i c k u p a n d tu rn tab le , the pre
ampl i f ie r u n i t a n d , i f des i red, a 
rad io rece iver , complete w i t h i ts 
power s u p p l y . T h e output f rom 
the pre-ampl i f ier m a y be con
nected v i a a cathode fo l lower to 

a mul t icore-screened cable , w h i c h 
connects the console w i t h the 
ampl i f ie r a n d loudspeaker un i t , 
a n d carr ies the m a i n s a n d ae r i a l 
connect ions . 

T h e ampl i f ie r a n d loudspeaker 
un i t m a y be a t r i a n g u l a r corner 
cabine t , w i t h the ampl i f ier bu i l t 
into the lower por t ion , a n d the 
loudspeaker o c c u p y i n g the upper 
sect ion, a r r anged at a conven ien t 
l e v e l for l i s t en ing . 

T h i s a r r angement g ives great 
ease of m a n i p u l a t i o n , a v o i d i n g 
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the necessi ty of r i s i ng f rom one's 
comfor table seat to a t tend to the 
controls or change a record . T h e 
m a i n ampl i f i e r m a y be i nc luded 
i n the console, bu t th i s tends to 
m a k e i t h e a v y a n d b u l k y , a n d 
g ives r i se to p rob lems of heat dis
s ipa t ion w h i c h a re not eas i ly 
so lved . 

A c k n o w l e d g m e n t . — T h e w r i t e r 
is g rea t ly indebted to F e r r a n t i , 
L t d . , for pe rmis s ion to p u b l i s h 
the resu l t s o f w o r k unde r t aken 
on the i r behal f , a n d w i s h e s to 
t h a n k h i s colleagues for he lp 
freely g i v e n . 

350 V<f 

I s 
I I 

ON 

F i g . 18. Circuit of fading control. 

FREQUENCY 

F i g . 16. Derivation of high-pass 
characteristic. 

List of Components lor Fig . 18. 

R 8 1 0.22 M H 
R 8 2 0.22 M O 
R 8 3 47 k a 
R 8 4 100 a 

Rat ing 
J W 
i W 

A l l resistors may be J W rating, 
tolerance 20% unless otherwise 
specified. 

C 6 6 2 
C 6 7 0.1 / i F 

Rating 
(Vd.c . 

working) 
250 
350 
350 

2 -10 

H - 2 0 

FREQUENCY ( c / s ) 

F i g . 17. Response curve of circuit of F i g . 15. 

O T H E R " W I R E L E S S W O R L D " R E P R I N T S 
R e c e i v e r A l i g n m e n t E q u i p m e n t : 1. S i m p l e C a t h o d e - R a y Osc i l loscope 
( M a r c h 1950). 2 . D e s i g n for a W o b b u l a t o r (October 1950). B y M . G . Scroggie , 
B . s c , M.I.E.E. ... ... ... ... ... 9d.net. By post 10hd. 
C o m m u n i c a t i o n s R e c e i v i n g E q u i p m e n t : 1. E x - R . A . F . C o m m u n i 
cations R e c e i v e r (Ju ly 1946). 2. B a n d - P a s s C o n v e r t e r s (October 1959). 3. M o r e 
about B a n d - P a s s Conver ter s ( F e b r u a r y 1951). 4. 2 1 m'cs B a n d Pass C o n v e r t e r 
(July 1952). . . . . . . . . . ••• . . . . . . l s . n e t . By post Is. lid. 
R a d i o F e e d e r U n i t : H i g h Q u a l i t y P r e - t u n e d R e c e i v e r w i t h G r a m o p h o n e 
Pre-ampl i f ier . B y J . F . O . V a u g h a n ( D e c e m b e r 1951). 9d.net. By post lOhd. 
T e l e v i s i o n O s c i l l o s c o p e I S i m p l e D e s i g n w i t h F i v e - I n c h C a t h o d e R a y 
T u b e . B y W . T u s t i n g (June a n d J u l y 1952). . . . . . . 9d.net. By post lOid. 
M i d g e t T h r e e - V a l v e A . C . M a i n s R e c e i v e r : L o n g and M e d i u m W a v e 
T . R . F . set. B y S. W . A m o s , B.sc. (HONS.) ( F e b r u a r y 1950). 6d. net. By post lid. 
S e n s i t i v e T . R . F . R e c e i v e r : E m b o d y i n g A u t o m a t i c G a i n C o n t r o l . B y S . 
W . A m o s , B.sc. (HONS.) a n d G . G . Johnstone B.sc. (HONS.) ( O c t o b e r a n d N o v e m b e r 
1951). . . . . . . . . . . . . . . . ••• ls.net. By post Is. Hd. 

Obtainable direct from : 
I L I F F E & S O N S L T D . , D O R S E T H O U S E , S T A M F O R D S T . , L O N D O N . , S . E . 1. 

W I L L I A M S O N S 

O . P . 

T R A N S F O R M E R 
To Author's 

Specification 

£ 4 - 1 3 - 6 

C H O K E S F O R W I L L I A M S O N ' S 

A M P L I F I E R 

30H at 20 m/a. . . 18/6 
I OH at 150 m/a. . . 35/6 
50H at 20 m/a. . . 22/-

M A I N S T R A N S F O R M E R S 

FS43. Input 200/250v. 
Output 425/0/425v. at 
200 m/a. 6.3v. 4 amps. 
C.T. 6.3v. 4 amps. C.T. 
5v. 3 amps. 
Fully Shrouded . . . . 51 -

W . l . Input 200/250v. 
Output 325/0/325v. at 
20 m/a. 6.3v. 0.6 amps. 
6.3v. 1.5 amps. Chassis 
mounting 23/-

H. ASHWORTH 
6 7 6 , G R E A T H O R T O N 

R O A D 

B R A D F O R D 

Y O R K S . 
'Phone: BRADFORD 71916 
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F i g . 19. Complete tone compensation and filter unit . The input and output voltages underlined are peak values 
for full output from the main amplifier. 

R 3 ( 
R3; 
R 3 ! 
» » 
R 4 I 

R„ 

R 4 6 
R47 
R 4 8 
R 4 9 
Run 
R B 

R 5 : 
R 5 f 
R 5 ! 
R 5 ( 
R&-

List of Components for Fig . 19. 
Rat ing Tolerance 

0 .25 MQ log. 
47 k O 1W 
47 k H 1W 
3.3 k H 
0.25 M O log. 
100 k O 
6.8 k O 
10 kQ 
0.1 M H linear 
100 k O 
2.2 k H 
0.1 M i i 
0.47 M O 
0.47 M U 
33 k O 
100 kCl 
3.3 k O 
1 MO 
0.1 MQ "1 High-
O . l M i l y stability 
50 kf2 J carbon 
1 0 0 a 

A l l resistors may be J W rating, tolerance 20% unless 
otherwise specified. 

1W 

1W 
1W 

or 
matched 

10% 
10% 
10% 

1% 
1% 
1% 

C i , 

C 2 1 

c 2 2 

^23 
Co. 

50 pj? 
8 
0.25 fiV 
150 p F max. 
0.01 f iF 
0.05 iiF 
1000 p F 
50 fiF 
0.05 M F 

Type 
Electrolytic 
Electrolytic 
Paper 
Preset 
Paper 

do. 
Silvered mica 
Electrolytic 
Paper 

Rat ing 
(Vd.o. 

working) Tolerance 
12 

450 
500 

250 
250 

12 
500 

20% 

20% 
20% 
20% 

20% 

C 2 6 100 p F 
C 2 7 200 p F 
C 2 8 300 p F 
C 2 , 500 p F 
C 3 0 50 p F 
C 3 1 100 p F 
C 3„ 250 p F 
C 3 3 50 /iF 
C 3 4 0.05 
C 3 5 8 M F 
C3,.4o 75 p F 
C37.41100 p F 
C 3 8 , 4 2 150 p F 
C 3 9 , 4 3 2 0 0 p F 
C M 150 p F 
C 4 6 200 p F 
C 4 8 300 p F 
C„ 400 p F 
C 4 8 16 n¥ 
C 4 9 16 M F 

Choke. 
C H , 5 0 H at 20 mA. 

Type 
Silvered mica 

do. 
do. 
do. 
do. 
do. 
do. 

Electrolytic 
Paper 

Rating 
(V d.c. 

working) Tolerance 
5% 
5% 
5% 
5% 
5% 
5% 
5% 

12 20% 
500 

Electrolytic 450 
Silvered mica f l % 

do. 1% 
do. or 1% 
do. matched ' 1% 
do. 1% 
do. 1% 
do. l l % 
do. 

Electrolytic 450 
do. 500 

Resistance about 1,500 Q. 

Mains Transformer. 
Primary : 10-0-200-220-240 V , 50 c/s. 
Secondaries : 1. 325-0-325 V , 20 m A d.c. 

2. 6.3 V , 0.6 A. 
3. 6.3 V , 1.5 A. 

Switches. 
S j . Single pole double throw. 
Sj . Double pole double throw. 
5 3 . Single pole double throw. 
5 4 . 5 bank, 5 position selector switch. 
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RadiO Feeder JJtlit (see page 30 for general details) 

A D D I T I O N A L C O I L D A T A 

T h e radio feeder uni t described 
on succeeding pages was designed 
original ly to provide high-qual i ty 
reception from medium-wave sta
tions and coi l -winding data covered 
a range of frequencies from 500 kc / s 
to i . 6 M c / s . 

Since then there have been many 
requests for guidance i n the con

struction of coils for the reception 
of the D r o i t w i c h transmitter on 
200 kc / s, and the author has sup
plied the following addit ional data 
for those who get a higher signal 
strength for the B . B . C . L i g h t P ro 
gramme from the long-wave trans
mit ter . 

C O I L - W I N D I N G D A T A F O R T H E L O N G - W A V E R A N G E 

Transformer Winding No. of turns 
Inductance 

(MH) 
Coefficient 
of coupling 

(approx.) 

Aerial 
Pr imary 180 750 

0.3 Aerial 
Secondary 330 2,000 

0.3 

Coupling 
Pr imary 260 1,500 

0.6 Coupling 
Secondary 330 2,000 

0.6 

Coils are wound wi th 40-42 s.w.g., 
d.s.c. copper wire. 

T o give the correct coefficient of 
coupling the spacing between the 
windings of the aerial transformer 
should be increased to 0.25m. T h e 
disposition of the coupling trans
former windings is unaltered. 

W h e n continuous tuning is to be 

used, the min imum capacitance of the 
ganged capacitor should be increased 
by the addit ion of a i o o p F silvered-
mica capacitor across each secondary 
winding of the transformers, g iving a 
coverage of approximately 150-300 
kc/s . 

F o r fixed tuning, the capacitors 
should be 300 p F . 

T H E W I L L I A M S O N 

A M P L I F I E R D E S E R V E S 

J O I N T S S O L D E R E D W I T H 

One imperfectly soldered joint may 
endanger the successful assembly of the 
Will iamson Amplifier. Solder with 
Multicore and run no risks. Multicore 
contains 3 cores of extra-active, non-
corrosive Ers in F l u x ensuring speedy 
and reliable soldering without waste or 
trouble and guaranteeing that there are 
no lengths of solder without flux. Correct 
proportions of both flux and solder are 
automatically applied. Fast-acting, fast-
holding Multicore is used exclusively 
by leading manufacturers of radio, T / V 
and electronic equipment. Make certain 
of a good job—with Multicore. 

T H E SIZE 1 CARTON (shown above) has 
been designed specifically for easy 
use. Simply pull out the length you 
require. C16018 specification (60/40 
alloy) is particularly recommended for 
the Williamson Amplifier 

RADIO & T/V SERVICE 

ENGINEER'S 1 lb. REEL. 

For uses which demand 
fair quantities of solder. 
Contains approximately 
167 feet of 18 S. W.G.50/50 
alloy Ersin Multicore 
Solder. 

Ersin Multicore Solder can be obtained 
from radio shops everywhere. Size 1 

carton 5/- retail. 1 lb. reel 15/-. 

M U L T I C O R E S O L D E R S L T D . 
MULTICORE WORKS, MAVLANOS AVENUE, 
HEMEL HEMPSTEAD, HERTS ( B 0 X M 0 0 R 3S36) 
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T h e W i l l i a m s o n A m p l i f i e r 

Design for a 
Radio Feeder Unit 

TH E preceding ar t ic les i n th is 
series h a v e descr ibed a m p l i 
fier, tone compensa t ion a n d 

gramophone pre-ampl i f ie r un i t s 
w h i c h are capable of d r i v i n g a 
loudspeaker f r o m the ou tpu t of a 
p i c k u p or a rad io rece iver . T h e 
design of a rad io rece iver w h i c h 
w o u l d be su i tab le for use under 
the v a r i e d recept ion condi t ions 
w h i c h ex i s t i n the populous pa r t s 
of the c o u n t r y , a n d w h i c h a t the 
same t i m e cou ld be cons t ruc ted 
s i m p l y a n d w i t h c e r t a i n t y of re
su l t s , w o u l d be a dif f icul t under
t a k i n g . I n add i t i on , such a 
r ece ive r w o u l d be unnecessa r i ly 
c o m p l e x for the needs of t h a t 
sec t ion of the c o m m u n i t y w h i c h 
l i v e s w i t h i n the p r i m a r y serv ice 
a r ea of h igh-powered t w i n - w a v e 

t r ansmi t t e r s , a n d w h i c h desires 
o n l y to rece ive t ransmiss ions f rom 
these b y the s imples t possible 
means . 

I n order t h a t the un i t s descr ibed 
i n the series shou ld f o r m a com
plete domest ic sound i n s t a l l a t i o n , 
i t is proposed to ou t l ine the design 
of a s m a l l two-stage rece iver sui t 
able for the recept ion of m e d i u m -
w a v e t ransmiss ions w i t h i n the 
p r i m a r y serv ice a rea . T h e t y p e of 
rece iver to be descr ibed g ives sa t i s 
f ac to ry resu l t s whe re the spac ing 
be tween the ca r r i e r frequencies of 
the p r i n c i p a l t r an sm i t t e r s is h igh , 
s a y 200 k c / s . I t i s no t su i tab le 
for use i n d i s t r i c t s where c lose ly-
spaced power fu l t r ansmiss ions 
e x i s t , o r where interference is 
severe . T h e rece iver c i r c u i t is 

offered as a n i nd i ca t i on of the 
general l ines on w h i c h to proceed, 
a n d is capab le of being adap ted to 
i n d i v i d u a l requ i rements a n d con
di t ions . 

T h e basic c i r c u i t , s h o w n i n 
F i g . 20, consists of an r . f . a m p l i 
fier, t ransformer-coupled to a 
negat ive-feedback detector. C i r 
cu i t va lue s for a n u m b e r of a l ter
n a t i v e t u n i n g a r rangements are 
g iven . P o s s i b l y the s imples t 
scheme, f rom the po in t of v i e w of 
cons t ruc t ion , is to use a t w i n -
ganged capac i to r to cover the 
range, a l t hough b y th i s me thod i t 
is no t easy to secure a u n i f o r m l y 
good performance a t each end of 
the m e d i u m - w a v e b a n d . A l t e r 
n a t i v e l y the rece iver m a y be pre-
tuned , s ta t ions be ing selected b y a 

F i g . 20 . Circuit dia
gram of local station 
radio receiver. Pos i 
t i o n s of s e l e c t o r "« 
switches for pre-set 
tuning shown at X . 

I • v W W 1 -
Run 

- X -

I l i l 
C7 

- v V W A -
+ 350V 

EF37 

C 7 5 : f R 9 4 ^ OUTPUT 

o 

C O M P O N E N T V A L U E S F O R C I R C U I T O F F I G . 20 

Rating Type Rating (V d.c. 
R 8 6 0 . 1 MQ working) 
R 8 6 0.1 MO i w ^68* 72 See text 
R 8 7 3 30 n ^ 6 9 

72 
0.1/xF Paper 250 

R 8 8 1.5 k O C70 0.1/xF Paper 350 
R 8 9 0.1 M H C 7 1 0 . 1 M F Paper 350 
R 9 0 10 kii 2 W C73 16fiF Electrolytic 450 
R 9 1 47 k D C 7 4 lOOpF Silvered mica 
R 9 2 4.7 k a C76 lOOpF Silvered mica 
R 9 3 2 2 k O 0.1,iF Paper 500 
R , 4 2 . 2 MO 
A l l resistors may b e 1 W rating, tolerance 
20 per cent unless otherwise specified. 

30 



T h e W i l l i a m s o n A m p l i f i e r 

push-bu t ton or r o t a r y s w i t c h . 
T h e use of v a r i a b l e induc to r s i n 
th is a r r angement p rov ides a s imple 
m e t h o d of a c h i e v i n g a u n i f o r m 
s e l e c t i v i t y a n d s e n s i t i v i t y over the 
range, w i t h the d i sadvan tage t h a t 
t w o coi ls or t u n e d c i r c u i t s m u s t be 
p r o v i d e d for each s t a t ion to be 
r ece ived . I n the u n l i k e l y even t of 
ser ious t h e r m a l dr i f t , cor rec t ion is 
eas i ly app l ied b y the use of nega
t i v e t empera tu re coefficient capa
c i tors . 

R . F . T r a n s f o r m e r s . — W i n d i n g 
d a t a are g i v e n to enable r . f . t r ans 
formers to be w o u n d s i m p l y on 
s t a n d a r d formers w i t h o u t the use 
of a w a v e - w i n d i n g m a c h i n e . T h e 
correc t n u m b e r of t u r n s a re p i le-
w o u n d i n a r a n d o m m a n n e r be
tween t h i n P a x o l i n or c a rdboa rd 
cheeks , w h i c h serve to guide a n d 
suppor t the edges of the w i n d i n g . 
T h i s g ives a n a p p r o x i m a t i o n to 
the per formance of a w a v e - w o u n d 
c o i l . 

T h e table gives w i n d i n g d a t a for 
t r ans fo rmers to be used w i t h a 
twin-ganged capac i to r w i t h a 
capac i t ance s w i n g of 4 8 5 p F w i t h 
t r i m m e r s , c o v e r i n g a f requency 
range of a p p r o x i m a t e l y 5 5 0 - 1 , 5 5 0 
k c / s . 

W h e n sepa ra t e ly - swi t ched t u n e d 
t rans formers are to be used, the 
va lue s of secondary induc tance 
a n d t u n i n g capac i t ance m a y be 
read f rom the c u r v e of F i g . 21 
aga ins t t r a n s m i t t e r f r equency . 
T h i s c u r v e has been computed for 
a n L / C ra t io of u n i t y ( L i n nH, 
C i n p F ) , w h i c h is n e a r l y op t i 
m u m . T h e n u m b e r of t u r n s 
necessary to produce the r equ i r ed 
induc tance w i t h the formers a n d 
dust-cores specified m a y t h e n be 
ob ta ined f rom F i g . 2 2 . T h e 

W I N D I N G D A T A F O R R . F . T R A N S F O R M E R S 

Transformer Winding No. of turns Inductance 
(MH) 

Coefficient 
of coupling 

(approx.) 

Aerial 
Primary 35 30 

0.35 Aerial 
Secondary 95 160 

0.35 

Coupling 
Primary 60 80 

0.65 Coupling 
Secondary 95 160 

0.65 

dimens ions of the c o i l formers a n d 
w i n d i n g s a re s h o w n i n F i g . 2 3 . 
W h e n the capac i t ance is be ing 
chosen, a l l owance should be made 
for s t r a y s , w h i c h w i l l p r o b a b l y be 
about 25 p F . T h e va lue s used 
shou ld therefore be less t h a n those 
ind ica ted b y th i s amoun t . I n prac
tice the nearest s t anda rd v a l u e 
shou ld be chosen a n d a l lowance 
made i n the v a l u e of induc tance . 
M o v e m e n t of the core w i l l enable 
a v a r i a t i o n of a p p r o x i m a t e l y ±18 
per cent to be made i n the induct 
ance . 

C o n s t r u c t i o n .— I n order to pre
serve s t a b i l i t y , p recau t ions m u s t 
be observed w h e n cons t ruc t ing the 
rece iver . T h e mos t l i k e l y cause 

of i n s t a b i l i t y is the presence of 
undue s t r a y capac i tance between 
the anode a n d con t ro l g r id of V l e . 
T h e v a l v e types used h a v e a n 
anode-grid capac i tance of less t h a n 
0 .003 pF> a n d a l a y o u t shou ld be 
chosen w h i c h does not m a t e r i a l l y 
increase this figure. T h e design, 
based on t h i s v a l u e , has a factor 
of safe ty of abou t 4. A l t h o u g h 
the v a l v e is me ta l l i zed , a screening 
c a n m a y be necessary t o reduce 
leakage to the v a l v e base. A l l 
components i n the g r id c i r c u i t 
shou ld be k e p t above the chassis , 
a n d a l l components i n the anode 
c i r c u i t below the chassis . W h e r e 
components i n the anode c i r c u i t , 
or i n the fo l lowing gr id c i r c u i t 

400 

300 

2 0 0 

100 

/ 
/ 

t 
/ 

/ 
r 

/ 

<?/ / 
/ 

/ J / 
/ / 

s 

/ / ' 

1,000 

FREQUENCY (kc/s) 

1,500 1,600 70 90 100 110 120 

NUMBER OF TURNS 

14-0 

F i g . 2 1 . Curve relating tuned circuit parameters 
and resonance frequency. 

F i g . 22 . Curve relating inductance and num
ber of turns for windings discussed in text. 
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T h e W i l l i a m s o n A m p l i f i e r 

COIL FORMERS 

SLOTS CUT WITH 
THIN SAW 

MATERIAL; 0 0 1 5 BAKELIZED FABRIC 
OR PAXOLIN 

AERIAL TRANSFORMER COUPLING TRANSFORMER 

SEC. m 
PRI. H 

PRIMARY WINDING. (DIRECT AERIAL , 
CONNECTION) 

'/) NUMBER OF SECONDARY TURNS 

PRIMARY WINDING. ( 7 0 f l FEEDER) 

'/io NUMBER OF SECONDARY TURNS 

SECONDARY WINDING. SEE TEXT 

F i g . 23 . F o r m e r s are s tandard 
mou lded type, fitted w i t h 8-mm 
threaded i ron-dust cores. A l l coi ls 
are w o u n d w i t h L i t z wi re cons is t ing 
of 7-9 s t rands of 45-48 s.w.g. 

ename l l ed copper w i re . 

DATA FOR FIXED TUNING 
PRIMARY WINDING. 

2/l NUMBER OF SECONDARY TURNS 

SECONDARY WINDING. SEE TEXT 

CONNECTOR BLOCK 

m u s t be b rought above the chassis , 
as is the case w h e n t u n i n g is b y 
means of a ganged capac i to r , t hey 
m u s t be screened ca re fu l ly f rom 
the a e r i a l c i r cu i t s . F i g s . 24 a n d 
25 show suggested l a y o u t s for con
t i n u o u s l y v a r i a b l e a n d swi t ched 
t u n i n g a r rangements . 

T h e D e t e c t o r .—T o g ive l ow 
d is to r t ion , the detector requires 
to w o r k a t a f a i r l y h i g h s igna l 
l e v e l — s a y 5 V r . m . s . ou tpu t . A s 
the rece iver is in t ended to feed the 
tone compensa t ion u n i t , w h i c h 
requires a n i n p u t of o n l y 200 m V 
peak , the ou tpu t is t a k e n f rom a 
t app ing on the detector load resis
t ance . T h i s g r ea t l y reduces the 
a . c . l oad ing on the detector a n d 
enables i t to hand le h i g h modu la 
t i on leve ls w i t h o u t d i s to r t ion . 

A l i g n m e n t P r o c e d u r e . — (1 ) Se t 
ganged capac i to r a t a pos i t ion 
abou t f ive degrees f rom the m i n i 
m u m capac i t ance end, a n d ad jus t 
t r i m m e r s for m a x i m u m ou tpu t 
f r o m the h igh- f requency T h i r d 
P r o g r a m m e . 

(2) S e t capac i to r abou t t w e n t y 
degrees f rom m a x i m u m capac i 
tance pos i t ion a n d ad jus t dust-

cores for m a x i m u m out
p u t f r o m the low-fre
quency T h i r d P r o 
g r a m m e . 

(3) R e p e a t t h i s pro
cess u n t i l b o t h s ta t ions 
are a c c u r a t e l y t uned . 

P o w e r S u p p l i e s . — 
T h e rece iver i s in tended 

F i g . 25 . P l a n 
v i e w of top 
o f c h a s s i s . 
S w i t c h e d 

model . 

ALUMINIUM OR COPPER SCREEN 
EXTENDING BELOW CHASSIS 
AND 3V4" ABOVE CHASSIS WITH 
CUTOUT FOR GANGED CAPACITOR 

CHASSIS DEEP 

F i g . 24. T h i s d i a g r a m 
s h o w s a p l an v i e w of 

top of chass i s . 
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to be suppl ied f rom the 
pre-ampl i f ie r p o w e r 
s u p p l y . T h e decoupl ing 
is no t adequate to 

enable i t to be fed f rom the m a i n 
ampl i f i e r s u p p l y . 

A c k n o w l e d g m e n t . — T h e w r i t e r 
is indeb ted to M r . A . T . Shephe rd 
of F e r r a n t i , L t d . , for h i s assis
tance i n the compi l a t i on of da t a 
for these notes. 



T R A N S F O R M E R 

It gives us great pleasure to announce our latest output 
transformer for the "Williamson" amplifier. The 
result of some painstaking research, this instrument 
represents quite a considerable advance on our 2B36B. 
Typical technical details are as follows : 

P r i m a r y 
D . C . Resistance 90n + 9 0 a 
Incremental inductance taken at 5 v. 50 c/s., 100 hys. 
minimum. 
Nominal impedance 10,000Q centre tapped. 
Leakage reactance tested at 1 v. 800 c/s.: 

Whole Primary to the secondary connected for 30fi 
and short-circuited, 16 m/Hys. Insertion loss 
0.5 d.b. (6i per cent.). 

Half primary to the 30 n secondary, 8 m Hys. 
Half primary to the other half short-circuited, 

17 m/Hys. 
Secondary 
Considerable thought has been given to the question 
of secondary impedances, and we have decided that, 
for Loudspeaker matching, the most useful range is 
given by a basic impedance of 0.45 Q. 
The arrangement of secondary sections is, so far as 

we know, unique and permits of seven different 
secondary impedances with virtually no change in 
leakage reactance as against the normal four obtained 
with customary arrangements of eight sections. 
In the 3C67A these impedances are 0.45 £2, 1.8Q, 
4n, 7n, l l f i , 16n and 30n. One additional imped
ance—22 n—can be obtained if required with an 
increase in leakage reactance of about 10 per cent. 
Frequency Response 
With no feedback and assuming a generator impedance 
of 2,500Q the frequency response, even at incremental 
levels, is virtually flat (0.25 d.b.) from 12J c/s. to 
25 kc s. There is a smooth high frequency "roll 
off" with no objectionable resonances. 
Power handling capacity 
At 15 watts at 12| c/s., the core material is being 
worked at 10,000 gauss and the distortion introduced 
by the iron at this frequency and power level without 
any feedback should not exceed 2.5 per cent. 
At 25 ~ the transformer will handle 60 watts with 
half this distortion, and in either case quite a modest 
amount of feedback will reduce the distortion to 
negligible proportions. 

" o u t s t a n d i n g r e s u l t s 

S A V T ^ ^ D E V I Z E S ) 

< / M | T t O 

" . . . A s M r . Wil l iamson himself observes i n one 
of his Wireless World articles, the output trans
former is probably the most crit ical component 
i n a high-fidelity amplifier. Y o u r transformer 
performs this exacting duty wi th ful l honours, 
and I shall always recommend its use to anyone 
undertaking construction of a " Wi l l iamson." 
W i t h many thanks for a first-class job." 

E . L . J . s S w i n d o n . 

N U R S T E E D R O A D D E V I Z E S W I L T S 

T e l e p h o n e : D e v i z e s 5 3 6 
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T h e W i l l i a m s o n A m p l i f i e r 

Replies to Queries 
Raised by Constructors 

TH E series of ar t ic les recent ly p u b l i s h e d on the 
H i g h - Q u a l i t y A m p l i f i e r has a roused consider
able interest a n d g i v e n r ise to correspondence. 

I t i s hoped tha t these notes, w h i c h dea l w i t h 
mat ters of genera l interest a r i s i n g f rom the corres
pondence, m a y be of ass is tance to readers w h o h a v e 
s i m i l a r diff icult ies. 

V a l v e s . — T h e r e i s no e x a c t equ iva len t for the 
O s r a m t y p e K T 6 6 , a n d i ts use is r ecommended where 
possible . W h e n the equ ipment i s to be used over
seas, the K T 6 6 m a y be diff icult to ob ta in , a n d 6 L 6 
glass a n d m e t a l t ypes m a y be regarded as d i rec t 
rep lacements , w i t h the p rov i so t ha t the to ta l anode 
a n d screen d iss ipa t ion should be reduced f r o m 25 W 
to 2 1 . 5 W b y reduc ing the to ta l cu r r en t f r o m 125 m A 
to 110 m A b y ad jus tment of R 2 I . T h e use of these 
v a l v e s w i t h reduced r a t i ng enta i ls a s l ight reduc t ion 
of the m a x i m u m output . T h e 8 0 7 m a y be used a t 
the f u l l r a t i ng of 25 W , w i t h modif ica t ions to the 
v a l v e connect ions . 

S ince the a r t ic les were w r i t t e n , a modif ica t ion of 
the E F 3 7 has appeared under the n u m b e r E F 3 7 A . 
T h i s has i m p r o v e d heater cons t ruc t ion g i v i n g greater 
f reedom f r o m h u m , a n d i t s use m a y be advan tageous 
for V s a n d V , 3 . 

N o other changes i n v a l v e types c a n be recom
mended , as the i r use w o u l d i n v o l v e r a d i c a l redesign. 

O u t p u t T r a n s f o r m e r . — W h e n assembl ing the core 
of the t ransformer , ca re shou ld be t a k e n to ensure 
tha t the edges of the T a n d U l a m i n a t i o n s bu t t to
gether. T h e magne t ic proper t ies of the core are de
pendent upon ca re fu l a s sembly a n d t ight c l a m p i n g . 

S t a t i c B a l a n c i n g . — T h e me thod of b a l a n c i n g the 
s t and ing cur ren t s i n the output v a l v e s , w h i c h w a s 
suggested i n the a r t i c le i n the A u g u s t , 1949 , i ssue, is 
dependent for i t s success on close m a t c h i n g of the 
d .c . resistances of the h a l v e s of the ou tput t rans 
fo rmer p r i m a r y . N o m i n a l l y the sections are ident i 
c a l , a n d w h e n ca re fu l l y m a c h i n e - w o u n d f r o m the 
same ree l of w i r e , the resis tances shou ld not differ 
m a t e r i a l l y . I t i s possible , howeve r , due to v a r i a 
t ions i n w i r e d iameter a n d insu la t ion th i ckness , for 
the resistances to differ b y u p to 5 per cent a n d even , 
i n ex t r eme cases, 10 per cent . S h o u l d th i s occur , a 
compensa t ing resis tor shou ld be added i n series w i t h 
the low-res is tance side i n order to equal ize the resist
ances , a n d the meter connected across the equa l ized 
sect ions. 

O the r more d i rec t methods m a y , of course, be used 

t o ad jus t t h e anode cur ren t s to equa l i ty , b u t unless 
the t rans former h a s a sp l i t p r i m a r y w i n d i n g they 
a re inconven ien t , a n d great ca re shou ld b e t a k e n to 
ensure tha t the inse r t ion of ins t ruments does not 
cause osc i l l a t ion w h i c h c o u l d g ive mis l ead ing read
ings . 

C o n s t r u c t i o n . — T h e r e i s l i t t l e to a d d t o t h e con
s t ruc t iona l da ta on the m a i n ampl i f ie r g i v e n i n t h e 
A u g u s t , 1 9 4 9 , i ssue, excep t pe rhaps to e x p l a i n tha t 
t he purpose of t he sub-chassis screen, s h o w n i n F i g 3 
(see page 15 ) , i s to p r e v e n t feedback f rom the anode 
connect ions of the ou tpu t v a l v e s to the i n p u t of the 
ampl i f i e r . I t shou ld e x t e n d d o w n w a r d s to t h e f u l l 
depth of the chass is . 

T h e me thod of cons t ruc t ion of the preampl i f ie r 
a n d tone-compensat ion un i t s w i l l u sua l ly be adapted 
to i n d i v i d u a l c i r cums tances . One suggested method 
of cons t ruc t ion for the p reampl i f i e r c i r c u i t of F i g . 15 
i s to use a sha l low chass i s abou t gin x 3 m x i i n . T h e 
v a l v e s a n d e lec t ro ly t ic capac i tors are mounted i n a 
g roup a long the centre of t h i s chass is , a n d t h e other 
components m o u n t e d v e r t i c a l l y above the chass i s on 
t ag s t r ips a r r anged on each side of the cen t ra l group. 
T h e connect ions to the v a l v e h o l d e r s are t a k e n 
th rough slots c u t i n the top of the chass is . T h e 
i n p u t t r ans former shou ld be mounted on the top of 
the chass i s a t one end . W i t h the sizes g i v e n , there 
i s amp le r o o m for a screened component of d imen
sions u p to 3 i n x 3 i n x 2 i n . T h e whole un i t shou ld 
be fitted w i t h screening cover s , a n d mounted on t he 
unders ide of the motorboard as close a s possible to 
the p i c k u p . 

T h e tone compensa t ion un i t of F i g . 19 m a y be 
cons t ruc ted on or thodox l ines , the o n l y essent ial be ing 
to p r o v i d e sufficient f ron ta l a r ea to accommodate 
seven controls . G r i d leads shou ld be kep t shor t to 
a v o i d h u m p i c k - u p . T h e b l a n k v a l v e h o l d e r t e rmina l s 
(p in 6) shou ld not be used as anchor s for the leads 
to the top-cap gr ids . T h e power supp ly components 
c a n , w i t h advan tage , be assembled on a separate 
chass i s . 

C o n c l u s i o n . — T h e c i r cu i t s pub l i shed i n t h e series 
h a v e been e v o l v e d over a considerable per iod of t ime 
a n d are capable of g i v i n g a v e r y h i g h s t anda rd of 
pe r formance . Reques t s h a v e been r ece ived for da ta 
on modif ica t ions , b u t as i t i s r a r e l y possible to 
de termine the f u l l effect of these w i t h o u t c a r r y i n g 
out tests, i n genera l , no s u c h da t a c a n be suppl ied 
b y the w r i t e r . * 

* Or , for that matter, by Wireless World.—ED. 
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Modifications for High-impedance 
Pickups and Long-playing Records 

TH E in t roduc t i on of l ong -p l ay ing records i n G r e a t 
B r i t a i n , after the p u b l i c a t i o n i n N o v e m b e r , 
1949, of g ramophone pre-ampl i f ie r c i r c u i t s for 

the " H i g h Q u a l i t y A m p l i f i e r " w h i c h were su i tab le 
o n l y for t he 7 8 - r . p . m . s tandards , h a s made i t neces
s a r y to rev i se these designs. 

T h e p r i n c i p l e of record ing w i t h a r i s i ng f requency 
cha rac t e r i s t i c a t h i g h frequencies a n d reproduc ing 
w i t h a cor respondingly f a l l i n g cha rac t e r i s t i c , i n order 
to effect a r educ t ion i n the l e v e l of surface-noise f rom 
the m a t e r i a l , i s a wel l -es tab l i shed a n d useful one. I n 
the case of long-p lay ing records i t resul ts , i n con junc
t i on w i t h the use of a homogeneous p l a s t i c for t he 
record m a t e r i a l , i n a n a l m o s t s i len t b a c k g r o u n d . 

T h e r e are , h o w e v e r , dangers a t t endan t upon i t s 
use. T h e scheme i s based on the hypo thes i s t h a t the 
energy l e v e l of m u s i c decreases w i t h increase of fre
q u e n c y above about 500 c / s . T h u s i t shou ld be pos
sible s t e ad i l y to increase the ga in of the record ing 
c h a n n e l above th i s f requency . T h i s appears p a r t i c u 
l a r l y a t t r a c t i v e a t f irs t s ight , s ince w i t h t he n o r m a l l y 
used cons t an t -ve loc i ty cha rac t e r i s t i c the recorded a m 
p l i tude for a cons tan t record ing l e v e l is i n v e r s e l y 
p ropor t i ona l to f requency a n d is therefore v e r y s m a l l 
a t h igh f requencies . 

I n i t i a l l y , a r i s ing f requency response cha rac t e r i s t i c 
p roduc ing p r a c t i c a l l y cons tan t a m p l i t u d e a t cons tan t 
l e v e l w a s used, the energy l e v e l d i s t r i bu t ion be ing 
re l ied upon to r e s t r i c t the a m p l i t u d e a t h i g h frequen
cies . T h e effect of t h i s w a s , i n p rac t i ce , to cance l the 
i m p r o v e m e n t i n t r a c i n g , w h i c h the smal l -groove 
s y s t e m offered, b y p roduc ing , a t h i g h frequencies a n d 
h i g h o rches t r a l l eve l s , recorded w a v e f o r m s w i t h r a d i i 
of c u r v a t u r e too s m a l l to be t r a c e d a c c u r a t e l y . T h e 
re su l t ing d i s to r t ion mani fes ted i tse l f as a t ea r ing 
sound super imposed on the f u l l o rches t ra . 

T h e r e is a d d i t i o n a l ev idence to suggest t h a t the 
o r ig ina l hypo thes i s r equ i red r e v i s i o n , s ince i t i s 
demons t rab le t h a t i t b r e a k s d o w n w h e n such per
cuss ion i n s t r u m e n t s as c y m b a l s a n d cas tanets are con
sidered, p a r t i c u l a r l y w h e n the f requency range i s 
w i d e . I n d e e d , t he peak power l e v e l r equ i red to re
produce c y m b a l s exceeds t h a t n o r m a l l y requ i red a t 
m e d i u m frequencies . 

T h i s e a r l y exper ience has led to 
the adop t ion of a cha rac t e r i s t i c 
w h i c h i s a be t ter compromise 
be tween these conf l i c t ing factors 
a n d g ives m u c h more sa t i s f ac to ry 
resu l t s i n p rac t i ce . F i g . 26 shows 
the p r o v i s i o n a l record ing c h a r a c 
te r i s t i c n o w i n use b y the D e c c a 
R e c o r d C o m p a n y for L . P . 
records . T h e a m o u n t of t reble 
boost is l o w e r t h a n the theore t i 
c a l o p t i m u m , b u t the use of even 
th i s a m o u n t of compensa t ion 

+ 20 

means t h a t the first stages of the pre-ampl i f ier m u s t 
be capable of h a n d l i n g occas ional h igh-f requency 

peaks w h i c h are greater t h a n those exper ienced w i t h 
s t a n d a r d records , unless the p i c k - u p is a cons tan t 
a m p l i t u d e one, or i t s ou tpu t a t h i g h frequencies i s 
a t t enua ted before reach ing the p r e a m p l i f i e r . 

T h e o r ig ina l designs of pre-ampl i f ier e m p l o y e d 
negat ive-feedback methods of compensa t ion , a n d 
hence a re p a r t i c u l a r l y su i tab le for a wide range of 
i n p u t s . H o w e v e r , p i c k u p s are a v a i l a b l e w i t h such a 
w i d e v a r i e t y of ou tpu t l eve l s t h a t no single c i r c u i t 
w i l l cope adequa te ly w i t h t h e m , a n d e x t e r n a l a t t enu 
a tors m a y h a v e to be used . 

M o d i f i c a t i o n s . — D e a l i n g first w i t h the s ing le -va lve 
pre-ampl i f ie r (o r ig ina l c i r c u i t , F i g . 13, p . 2 5 ) , the 
r ev i sed c i r c u i t of F i g . 27 shows the modif ica t ions 
necessary to p rov ide a l t e r n a t i v e s t a n d a r d a n d long-
p l a y i n g cha rac te r i s t i c s . T o s i m p l i f y the s w i t c h i n g , 
b y us ing a single-pole changeover s w i t c h , the capa
c i to r C 1 5 i s lef t p e r m a n e n t l y i n c i r c u i t , g iv ing a 
D e c c a 7 8 - r . p . m . cha rac te r i s t i c i n t he " 78 " pos i t ion . 
A l t e r n a t i v e l y , C 1 5 m a y be r e m o v e d to g ive the E . M . I , 
cha rac t e r i s t i c . I n e i ther case, cor rec t ion for the 
other 7 8 - r . p . m . cha rac te r i s t i c m a y be made b y means 
of the t reble con t ro l on the tone compensa t ion u n i t . 

T h e advan tage of t h i s s impl i f ied s w i t c h i n g is t h a t 
i t becomes p r ac t i c ab l e to gang the s w i t c h to the 
motor speed-change con t ro l t o g ive a u t o m a t i c com
pensa t ion . I f t h i s a r r angement is no t desired, a two-
pole mul t i -pos i t i on s w i t c h m a y be used, to g ive three 
or more combina t ions , as i n F i g . 28. 

I t shou ld be no ted t h a t the posi t ion of C 1 6 has been 
a l te red , so t h a t the who le of the feedback n e t w o r k is 
a t e a r t h po ten t i a l . T h i s avo ids s w i t c h i n g t r ans i en t s 
w h i c h w o u l d o therwise occur , due to cha rg ing a n d 
d i scha rg ing of capac i to rs as the s w i t c h i s opera ted . 

A s m a l l capac i to r , C ] 7 , has been connected across 
the i n p u t t r ans fo rmer secondary . T h i s i s to p r e v e n t 
a n y t endency to i n s t a b i l i t y or p e a k i n g a t h i g h fre-

Fig. 26. Recording characteristic used for current Decca 
long-playing records. 

FREQUENCY ( c / s ) 
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quencies , caused b y the presence i n the feedback loop 
of the s t r a y secondary reac tances of the t r ans former . 
T h e necess i ty for t h i s capac i to r a n d i t s m i n i m u m 
va lue w i l l v a r y w i t h the i n d i v i d u a l t r ans fo rmers . I t s 
v a l u e shou ld be k e p t as s m a l l as possible, consis tent 
w i t h s t a b i l i t y . 

Modi f ica t ions to the three-stage high-pass p ream
pl i f ier (o r ig ina l c i r c u i t F i g . 15, p . 26) are on the same 
l ines , a n d F i g . 29 shows the rev i sed c i r c u i t . 

W i t h these pre-ampl i f ie r c i r c u i t s , the w i r i n g to the 
selector s w i t c h m u s t be k e p t shor t , a n d the s w i t c h 
shou ld , i f possible, be m o u n t e d on the pre-ampli f ier . 
S h o u l d the pos i t ion of the pre-ampl i f ie r render such 

a s w i t c h inaccess ib le , cons idera t ion should be g iven 
to the use of a r e l a y i n place of the selector s w i t c h , 
r a the r t h a n the use of ex tens ion leads. T h i s h a s t he 
add i t i ona l advan tage t h a t i t could eas i ly be operated 
f rom the speed-change l eve r b y means of a micro-
s w i t c h or f rom the add i t i ona l s w i t c h e d p i n w h i c h is 
a feature of some p i c k u p s w i t h in terchangeable heads. 

P i c k u p s w i thou t T r a n s f o r m e r s . — A n u m b e r of p ick
ups are a v a i l a b l e w h i c h do not n o r m a l l y require a 
t rans former . I t is possible t o use the m a j o r i t y of 
these w i t h the pre-ampl i f ie r c i r cu i t s , b y in terpos ing a 
sui table 1 : 1 t r ans former . I n other cases, w h e n the 
connec t ing leads are short , i t m a y be p rac t i cab le to 

connect the p i c k u p d i r e c t l y in place of 
the t rans former secondary . T h e l i m i t 
ing fac tor w i l l be the capac i tance 
be tween the leads a n d the i r screening, 
w h i c h w i l l be shun ted across R 3 4 or 
R 6 4 , a n d w h i c h , i f suff ic ient ly large, 
w o u l d upset the t reble compensa t ion . 
T h e v a l u e of t h i s s t r a y capac i tance 
shou ld no t be a l lowed to exceed 50 p F , 
a n d i f C 1 5 or C 5 5 i s s w i t c h e d out , 
shou ld be compensa ted b y a capac i t 
ance of one t e n t h of i t s v a l u e in 
pa ra l l e l w i t h R 3 , or R 6 3 , to g ive a 
l inear frequency-response charac te r 
i s t ic a t h i g h frequencies. 

R e s i s t o r s R , 7 a n d R . „ m u s t be 

Left : Fig. 27. Simple two-position switch
ing in single-valve pre-amplifier for 
playing Decca 78-r.p.m. standard and 
33^-r.p.m. L.P. records. Compensation 
for the E.M.I. 78-r.p.m. standard charac
teristic should be applied separately by the 
treble tone control. 

L i s t o f C o m p o n e n t s f o r F i g . 27 

T y p e Rat ing Tolerance 
R 2 7 

Value to suit High-stabil i ty R 2 7 

transformer carbon 
R28 0 . 1 M O do. J W 
R-29 0 .68MO do. J W 
R30 0 . 2 2 M D do. J W 

47kO do. J W 
R32 4.7kQ do. 
R33 0 .22MO Composition 10% 
R34 22kO do. 10% 
R35 2 . 2 M O do. 

A l l resistors may be J W rating, tolerance 2 0 % unless 
otherwise specified. 

be J W rating, 
otherwise specified. 

Rat ing 
( V d.c. 

T y p e working) Tolerance 
c „ 0 . 5 M F Paper 250 
C12 50/xF Electrolyt ic 12 
C13 1 6 M F do. 450 
c 1 5 

lOOpF Silvered mica 250 10% 
0.05 nF Paper 500 

C 7 7 10-50pF Silvered mica 250 
C 7 8 2500pF do. 250 10% 

1500pF do. 250 10 % 
300pF do. 250 10% 

s 6 Single-pole changeover switch 

Below : Fig. 28. Alternative circuit (applic
able to Figs. 27, 29 and 30) with three-
position switch giving compensation for 
Decca 33$, Decca 78 and E.M.I. 78-r.p.m. 
recording characteristics. 
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HANNEY OF BATH 
WILLIAMSON AMPLIFIER COMPONENTS 

12 1 % s i lver mica condensers for 
fig. 19 15 0 

7 5 % s i lver mica condensers for 
fig. 19 7 0 

25 Resistors and pots for W i l l i am
son main amplifier 33 9 

9 Res i s to rs fo r fig. 13 9 6 
23 Resistors for fig. 15 24 0 
22 Resistors and pots for fig. 19... 37 0 
6 Condensers for fig. 13 15 0 
15 Condensers for fig. 15 47 0 
33 Condensers for fig. 19 54 6 
10 Resistors for fig. 20 6 8 
7 Condensers for fig. 20 (less C68 

andC72 ) 12 9 
Matched pa i ro f47 K 2watt resistors 4 0 
Matched pair of 22K l x watt 

resistors 2 8 
5 Bank 6 position switch 9 6 
S.P.D.T. genuine O A K switches. . . 4 4 
D.P.D.T. genuine O A K switches. . . 4 8 
Reliance 100 ohm potent iometers 5 6 

S m a l l q u a n t i t i e s of W O D E N m a i n s t r a n s 
f o r m e r s , c h o k e s and o u p u t t r a n s f o r m e r s 
a r e a v a i l a b l e f r o m t i m e t o t i m e , as d e 
t a i l e d in o u r c u r r e n t l i s t s u p p l e m e n t . 

T . C . C . .25 mfd. metalpacks 
(coupling condensers for fig. I ) 

each 2 10 
T . C . C . .05 mfd. metal mites 

(coupling condensers for fig. I ) 
each 2 I 

K T 66 valves, matched pair, in 
cluding tax pair 50 2 

EF37A valves (EF37 now obsolete) 
(including tax) each 25 I 

Mains transformer to specification 57 6 
10 henry 150 mA choke to spec i 

fication 20 0 
30 henry 20 mA choke to spec i 

fication 10 0 
Wi l l iamson output transformers 

by E L S T O N E (3.6 ohm secon
dary) 90 0 

P A R T R I D G E type WWFB/0/1.7 
output transformers unpotted, 
including packing 127 0 

Acos G P 20 pickups, standard o r 
LP 71 5 

Heads only, standard o r LP 43 4 
B.S.R. type G U 4 gram-motors £9 19 6 
B.S.R. type M U I 4 3 speed motors £7 3 4 
B.S.R. type M U I 0 2 speed motors £3 14 4 
C O L L A R O type 3RC52 I auto-

changers, 3 speed unmixed, with 
2 Hi-Fi crystal heads £18 14 8 

C O L L A R O type 3RC522 auto-
changers, as above but plays 
10 and 12 inch records M IXED £21 4 3 

C H A N C E R Y LP attachment, con 
verts 78 r.p.m. motor to LP in a 
matter of seconds 72 6 

G O O D M A N S A X I O M 150 speakers £10 5 6 
G O O D M A N S A U D I O M 60 speakers £8 12 6 
R O L A G I 2 speakers £8 5 0 

The above is only a selection of our large s tocks , send 6d, stamp now for our current list and supplement, 
and save yourself time and trouble. 

L . F . H A M E Y 
7 7 L O W E R B R I S T O L R O A D , B A T H 

T e l e p h o n e : 3 8 1 I 

RADIO DESIGNER'S HANDBOOK 
A comprehensive reference, the w o r k of 

10 authors and 23 collaborating engineers 

P r e v i o u s edi t ions o f R a d i o D e s i g n e r ' s H a n d b o o k 
have ach ieved excep t iona l success , m a n y 
thousands o f copies o f t h i s s tandard reference 
w o r k h a v i n g been sold i n a l l pa r t s o f the 
w o r l d . T h e book deals w i t h general theory , 
components , tes t ing a n d design. T h e n e w 
ed i t ion i s m o r e t h a n four t imes as large as 
the p rev ious v o l u m e , and contains w o r k 
h i ther to u n p u b l i s h e d . I t i s the w o r k o f t en 
au thors a n d twen ty - th ree co l labora t ing e n 
g ineers , unde r the ed i torsh ip o f F . L a n g f o r d -
S m i t h . T h e w o r k i s in tended for those 

especial ly in teres ted i n the des ign and a p p l i 
ca t ion o f radio rece ivers or audio a m p l i f i e r s ; 
i t conta ins a n enormous amoun t o f data 
w h i c h has been made read i ly accessible b y 
means o f a fu l ly -de ta i l ed l i s t o f contents 
and a comprehens ive i n d e x . 

T h e m a i n subjects a r e : va lves a n d va lve 
tes t ing , general t heory a n d components , audio 
f requencies , radio f requencies , p o w e r suppl ies , 
des ign o f comple te A - M and F - M rece ivers , 
a n d reference data. 

Publication May, 1953. 42s. net. B y post 43s. 6d. 

Obtainable from all booksellers or direct by post from the address below. 

I L I F F E & S O N S L T D . , D O R S E T H O U S E , S T A M F O R D S T . , L O N D O N S . E . i 

38 



T h e W i l l i a m s o n A m p l i f i e r 

r e t a ined to p rov ide a conduc t ing p a t h to the v a l v e 
g r id w h e n the p i c k u p heads are being in te rchanged . 

T h e r e m a y be cases, where one side of the inpu t 
mus t be ear thed, i n w h i c h i t is imprac t i cab le to u t i l ize 
the pre-ampl i f ie rs i n th i s w a y . I n th is event the 
c i r cu i t m a y be modif ied as s h o w n i n F i g . 30. T h i s 
c i r c u i t appl ies to both pre-ampl i f ie rs . I n i t , the t rans
former h a d been rep laced b y a res is t ive n e t w o r k R , J 6 , 
R 0 7 , m i x i n g the i n p u t a n d feedback vol tages . 

T h e inpu t resistace of th i s c i r cu i t is a p p r o x i m a t e l y 
0 . 1 M i l , a n d its vol tage ga in a t 1 , 0 0 0 c / s is 9. T h e 
frequency-response c u r v e is a lmos t iden t ica l w i t h tha t 

Below : Fig. 29. Revised three-stage pre-amplifier circuit with 
high-pass filter, to play Decca 33%- and 78-r.p.m. records. 

of F i g . 14, p . 25 . T h i s c i r c u i t is sui table for mos t 
mov ing - i ron var iab le - re luc tance p i ckups , a n d can be 
used w i t h piezoelectr ic p i c k u p s w h i c h h a v e been 
loaded to g ive a n output p ropor t iona l to recorded 
ve loc i t y . 

D a n g e r of O v e r l o a d i n g .—T h e inpu t to the pre
ampl i f ie rs shou ld be restr ic ted to 200 m V i n the case 
of the single-stage c i rcu i t s a n d 50 m V for the three-
stage c i r c u i t , a n d i f necessary a po ten t i a l d iv ide r 
shou ld be used . 

P iezoe lec t r ic P i c k u p s . — L i g h t w e i g h t piezoelectr ic 
p i c k u p s h a v e recent ly become popular , p a r t i c u l a r l y 
for L . P . recordings . S ince these g ive a r e l a t i v e l y h i g h 
output, no pre-ampl i f ier is necessary a n d a n y correc
t ion r equ i r ed m a y be ach i eved b y means of s imple 

w w - o 
+350V 

Component Values for Circuit of Fig. 29 
T y p e Rat ing Tolerance Rat ing 

R58 Value to suit High-stabili ty ( V d.c. R58 
Transformer Carbon T y p e working) Tolerance 

0.1MS2 do. £W 2 0 % C50 0.5/xF Paper 250 2 0 % 
0 . 6 8 M H do. i W 2 0 % C51 5 0 M F Electrolytic 12 

R61 0 .22MQ do. 20 % C52 16/*F do. 450 R61 
4.7kO do. 2 0 % C53 0 . 0 2 ^ F Paper 350 10% 

1^63 0 . 2 2 M H Composition 10 % C55 lOOpF Silvered mica 350 10% 
2 0 k n * do. C56 0.5/xF Paper 250 2 0 % 

R65 22k U High-stabili ty m 2 0 % C57 5 0 M F Electrolytic 12 R65 
carbon c 5 8 0.01/xF Silvered mica 350 1 % 

0.22MO Composition 10% 
c 5 8 

or matched 
^ 6 7 0.20MO* do. 0.25 /tF Paper 500 20 % 
^ 6 8 4 .7MQ do. 5 % Ceo 5000pF Silvered 350 1 % 
H-69 1 .0MQ do. j w 2 0 % or matched 
^ 7 0 
R71 

0 . 2 2 M H do. | W 2 0 % £ - 6 1 5000pF do. 350 do. ^ 7 0 
R71 2.2k O do. 20 % C62 7000pF do. 350 10 % 
R 7 2 2 . 0 M Q High-stabili ty 1 % C63 0 . 5 ^ F Paper 500 20 % R 7 2 

carbon or matched C64 16/^F Electrolytic 450 
R73 2 .0MQ do. do. C s i 10-50pF Silvered mica 250 
R74 1 .0MQ do. do. C82 0.1/xF Paper 500 
R75 1 0 M O Composition 5 % C83 2500pF Silvered mica 250 10% 
R76 47k Q do. 10% ^ 8 4 1500pF do. 250 10% 
R77 do. 2 0 % C 8 5 300pF do. 250 10% 
^ 7 8 4 7 k H do. 1W 20 % ST Single-pole changeover switch. 
R79 0.22MO do. 2 0 % 
^ 8 0 1 0 k n do. 1W 2 0 % 
R95 2 . 2 M O do. 2 0 % 

* M a y require adjustment. A l l resistors may be J W rating, except where otherwise stated. 

3 9 



T h e W i l l i a m s o n A m p l i f i e r 

Fig. 30. Modified input cir
cuit for use without trans

former when one 
side of the pickup 
must be earthed. 

0-0O5jj.F (DISCONNECT FOR E.MJ. CHARACTERISTIC) 

TAP AT RESISTANCE EQUAL TO 
IMPEDANCE OF PICKUP IF 

LOWER THAN 3-3kfl 

INPUT 
(CONSTANT VOLTAGE) 

OUTPUT TO 
PRE-AMPLIFIER 

Fig. 31. Simulator for Decca and E.M.I. 78-r.p.m. recording 
characteristics. 

R C ne tworks , detai ls of w h i c h h a v e a l r eady been 
p u b l i s h e d . 1 

C h e c k i n g t h e P r e - a m p l i f i e r s . — W h e n a p re -ampl i 
fier has been constructed, i t is adv i sab le to measure 
i ts response c u r v e over the audib le f requency range 
a n d beyond , i n order to ensure tha t no th ing is amiss . 
T h i s is p a r t i c u l a r l y so i n the case of the three-stage 
pre-ampl i f ie r . 

T o faci l i ta te this measurement the ne tworks of F i g s . 
3 1 a n d 32 h a v e been dev i sed . T h e s e c i rcu i t s , w h e n 
fed w i t h constant-vol tage va r iab le - f requency input , 

0 006/j.F 

I I 
0'05flF 

— I I — 

« k f l 

1 

TAP AT RESISTANCE EQUAL TO 
IMPEDANCE OF PICKUP IF 

LOWER THAN 330U 
INPUT 

(CONSTANT VOLTAGE) 
330U 

OUTPUT TO 
PRE-AMPLIFIER 

Fig. 32. Simulator for Decca 33^ r.p.m. L.P. characteristic. 

produce outputs w h i c h are, respec t ive ly , repl icas of 
the s t anda rd a n d L . P . charac te r i s t ics . 

T o test a pre-ampl i f ier , the appropr ia te ne twork 
shou ld be connected be tween a n osci l la tor a n d the 
pre-ampl i f ie r inpu t . T h e output f rom the p re -ampl i 
fier for a constant vol tage to the ne twork should then 
fol low the response c u r v e a l r eady pub l i shed for the 
appropr ia te c i r c u i t ( F i g s . 14 a n d 17, pp . 25 a n d 27) . 

A c k n o w l e d g m e n t . — T h e w r i t e r is indebted to D e c c a 
for in format ion about their r ecord ing charac te r i s t i c . 

1 West and Kelly, " Pickup Input Circuits," Wireless World, 
November, 1950, pp. 386-391. 

Printed in England by Cornwall Press Ltd., Paris Garden. London, S.E.I. L 1 6 0 4 — B K S 1 6 1 3 K S 



WILLIAMSON HIGH-FIDELITY AMPLIFIERS 

•fa The Goodsell version of the World famous Williamson Amplifier is to full specification, 

laboratory built and tested. 

•fa All components are adequately rated to ensure long life and trouble free operation. 

Fully tropicalized version, Type G W I 8 C is available for use overseas. 

All models have separate power supply incorporated on the same chassis for use with 

multi-stage pre-amplifiers, tape pre-amplifiers and tuner units. 

A laboratory report of a Williamson Amplifier, our 
type G W I 8 C , which was submitted to intermodu
lation tests. The results using an Altec Lancing 
Intermodulation Distortion Meter and Boonton Beat 
Frequency Oscillator are given. 
The report on the Goodsell pre-amplifier showed it 
to be a comparable unit with similar figures. 
Type G W I 8 (standard model) Price £ 3 3 : 5 : 0 
Type G W I 8 C (as illustrated) Price £ 3 6 : 0 : 0 

I.M. Distortion Power Output Frequency 
Ratio 1 :4 

2% 
0-3% 
0.9% 
0-2% 

1S watts 
10 watts 
15 watts 
10 watts 

40 & 2.000 c s. 
40 & 2.000 c s. 

100 & 2,000 c s . 
100 & 2,000 c s . 

P R E - A M P L I F I E R T O N E C O N T R O L U N I T S 
Multi-stage, low noise tone control units with radio input and gramophone pre-amplifier. Equalization for micro-
groove and standard recording characteristics, 5 position steep cut low-pass filter and cathode follower out-put. 
Feedback over every stage ensures negligible distortion. 

Type PFA with equalization for British and American recording characteristics and S mv sensitivity on 
LP and 78. Price £22 : 10 : 0 

Type FUTC with LP and 78 equalization and IS mv sensitivity. Price £12 : 12 :0 

M A N U F A C T U R E D B Y — 

G O O D S E L L L T D . , 4 0 , G A R D N E R S T R E E T , B R I G H T O N , 1 
P h o n e : Brighton 2 6 7 3 5 



VALVES 
for the 

WILLIAMSON 
AMPLIFIER 

The following O s r a m valves are specified : 
L.63, *B.65, KT.66, U.52. 

Use of K T .66 is essential to obtain optimum 
performance of this equipment. 
The characteristics of K T .66 and 6 L 6 G are 
not identical. 
Circuit information on a Quality Amplifier 
for D C / A C operation may be obtained from 
the Osram Valves & Electronic Dept., Magnet 
House, Kingsway, W.C.2. 

*B.(i> double iriode as alternative 
for any two LJi-i type. 

T H E G E N E R A L E L E C T R I C C O . , L T D . , M A G N E T H O U S E . 

U.52 

K I N G S W A Y , W . C 2 



M O D E R N I Z E 
y o u r W I L L I A M S O N 

b y 

D a v i d H a f l e r 

D y n a C o m p a n y 

REPRINTED FROM AUDIOCRAFT, JANUARY 1956 

Modernization of Williamson-type amplifiers can be readily accomplished by use of 

new components and circuit modifications. These changes improve performance by 

increasing power handling capabilities and extending the margin of stability. This 

article describes the modernization procedure for a popular circuit using the new 

Dynaco A-430 transformer and EL-34 output tubes. 

DYNA COMPANY 5 1 4 2 M A S T E R S T R E E T 

P H I L A D E L P H I A 3 1 , P A . 



M O D E R N I Z E 
by DAVID HAFLER 

TH E Will iamson amplifier circuit was 
first publicized in England in 1947, 

and in this country in 1949. It has 
achieved wide acceptance and popularity, 
and has been the basis for several modi
fications of the original design. The 
most basic change was the ultra-linear 
version of operation, which I developed 
and subsequently described*. This ar
rangement corrected 2 of the basic de
ficiencies in the original design — it 
increased the power capability of the 
amplifier to 25 or 30 watts, and it im
proved the margin of feedback stability. 

Now, as always happens, progress in 
amplifier design has continued: it is 
possible to make further improvements 
in the- Will iamson design (both triode 
and ultra-linear versions). These im-
povements again correct for limitations 
with respect to power output and 
stability. 

Increasing Power Output 
Present thinking on requirements for 
audio power is vastly different from that 
of a few years ago. Then, most people 
said, "Ten watts is enough for me." 
Now, however, modern program ma
terial has been increased in dynamic 
range many times over that of former 
years. This fact alone has increased the 
power requirements substantially for 
realistic, undistorted reproduction. In 
addition, source material frequency re
sponse has been extended, and this also 
introduces the need for a re-evaluation 
of amplifier power requirements. I n 
creased frequency response means that 
the amplifier has to handle power at 
greater extremes of frequency. At these 
extremes, the impedance characteristics 
of the loudspeaker change from the 
nominal values. This means that the 
amplifier is mismatched at frequency ex
tremes, and a mismatch decreases the 
maximum-power capabilities of any 
amplifier. 

T o deliver clean power into a loud
speaker load, an amplifier must be cap
able of at least twice the power required 
for a resistor load such as is used in 
measuring and rating amplifiers. Thus 
the extension of both dynamic range and 
frequency range in modern recordings, 
E M sources, and tape means that 25 
watts are about a minimum if top-grade 

•Hafler, D . , and Keroes. H . I . . "Improving the 
WiUiamion Amplifier", Radio & Telttuion Ncv*. 
February 1953. 

performance is required. Even this mini
mum wil l probably be increased in the 
years to come unless the efficiency of 
loudspeaker systems can be increased. 

For these and related reasons, efforts 
have been devoted to increasing the 
power output of audio amplifiers. The 
advent of some new tube types has made 
this practical within the Will iamson 
configuration without the need for com
pletely rebuilding the amplifier. Changes 
required are replacement of the output 
tubes, substitution of an output trans
former which wil l handle the increased 
power and provide suitable impedance 
matching, and addition of fixed bias. 

New Output Tubes 
The new tube selected for modernization 
of the Will iamson is the Amperex 
6 C A 7 , which is also imported and dis
tributed as the Mullard E L - 3 4 . This is 
a compact tube with power capabilities 
up to 100 watts, depending on the sup
ply voltages available. It can be plugged 
directly into the sockets formerly used 
for 5881 s, K T 6 6 s , I 6 l 4 ' s , and other 
tubes of this type, with the single addi
tional requirement that the No. 1 pins 
must be grounded. 

The 6 C A 7 / E L - 3 1 is a pentode tube 

of extreme linearity. Its preferred oper
ating condition is as a pentode: although 
the manufacturer furnishes triode ratings 
for the tube, triode operation results in 
higher distortion and reduced power out
put. The conventional ultra-linear con
nection cannot provide optimum results 
with these tubes either, since there is no 
type of operation more linear than the 
pentode connection for which they were 
designed. As wil l be discussed later, 
however, a compromise form of opera
tion fits the needs of the Will iamson 
modernization very nicely. 

T o derive the potential benefits avail
able in these tubes, proper impedance-
matching must be obtained in the out
put transformer. T h e Dynaco A-430 
transformer has been designed specifi
cally for this purpose. This is a 50-watt 
unit, the performance of which exceeds 
Mr. Williamson's specifications with re
spect to frequency response, pcrmissible 
feedback, power handling ability, and so 
on. At present this is the only commer
cial transformer of correct impedance, 
but it is anticipated that others may be 
available soon. 

The Dynaco A-430 has primary taps 
which can be used to furnish about \0r.i 
screen loading. This does not cause de-

l-'ig. i. Complete circuit diagram of a Williamson amplifier modified as described. 
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THE FINEST COMPONENTS 
All premium components are used in the D Y N A K I T 

to insure permanence of characteristics without failures 
and to provide neat clean appearance. Some of these 
"extra" features which are normally only available 
in custom built equipment are: 

• D Y N A C O A-430 output transformer. This unit 
sells separately from the kit for 829.95 net. It is 
the finest of its type 

• A heavy duty, conservatively rated power trans
former with capacity to power a preamplifier if 
desired 

• Ceramic cased and plastic paper capacitors 
• 500 volt specially formed electrolytic capacitor 
• 1000 volt mica capacitor 
• Dependable highly linear E L - 3 4 / 6 C A 7 tubes 
• Heavy duty rectifier tube 
• X X X P etched circuit board with parts mounted 

and dip soldered. Metal eyelets for external con
nections to eliminate strain on plated wiring. 

• Underwriter approved line cord 
• On-off switch 
• "Wired in" fuse 
• Bias setting control 
• Nickel plated, binder (flat) head screws 
• High temperature insulation, solid hookup wire 
• Spot welded heavy gauge chassis 
• Protective cover and bottom plate 
• Spare socket for pre-amp power, remote on-off 

switching, etc. 

THE EASIEST TO ASSEMBLE 
The use of the pre-assembled printed circuit board 

eliminates two-thirds of the work. An inexperienced 
constructor can figure on about three hours of enjoy
able and interesting assembly time in mounting parts 
and soldering the connections. The work is simplified 
by detailed point-by-point instructions included with 
the D Y N A K I T and by two-step pictorial diagrams 
which show the placement of every lead and every part. 

THE DYNAKIT'S PERFORMANCE 
The measured specifications show that the D Y N A K I T 

rates with the very best of amplifier equipment in the 
highest price brackets. What these specifications can
not show, however, is how the D Y N A K I T amplifier 
sounds. The clarity, crispness, and smoothness that are 
attained because of its low distortion, high stability, 
and superior transient response can only be described 
through demonstration and comparison with other 
equipment. 

The person who uses a D Y N A K I T amplifier will 
find that familiar music has less stridency and harsh
ness at high frequencies and less muffled quality in the 
lower frequency passages. 

Percussive sounds will have more "snap" while 
strings will have a more natural sheen. Distortion 
which was formerly attributed to record breakup or to 
speaker overload will vanish when the 50 watt 
D Y N A K I T replaces a lower powered amplifier. The 
advantage of the large power reserve shows up most 
readily in reproducing large choral works and massive 
string ensembles, and yet even solo instruments will 
be reproduced more naturally because of the perform
ance attributes of the D Y N A K I T amplifier. We be
lieve that the D Y N A K I T Mark I I provides listening 
quality unequalled by any amplifier regardless of price, 
size, or degree of complexity. 



stability are important design problems. 
By these standards, then, original 

Will iamson amplifiers have inadequate 
stability at both extreme low and high 
frequencies. T h i s can be demonstrated 
for the low end by touching the input 
grid momentarily with the fingertip and 
watching the speaker cone. T h e heavy 
low-frequency transient which is gen
erated triggers the amplifier, and there 
are usually several surges before the 
effect is damped out. The speaker cone 
can be observed to move back and forth 
several times before coming to rest. This 
means that short signal impulses wil l 
also cause spurious cone movements 
which tend to blur the sound. 

At high frequencies, the correspond
ing effect can be viewed on an oscillo
scope with a square-wave signal input. 
A rippled square wave is indicative of 
basic instability, and indicates that 
there is a transient distortion of high-
frequency signals. 

Instability is due to the fact that 
the phase characteristics of the amplifier 
cause some of the feedback to be applied 
positively instead of negatively at the 
frequency extremes. The remedy is 
superficially simple — to shift the phase 
in the right direction at the critical fre
quencies. It is not always simple to do 
this. Fortunately, the phase characteris
tics of the A-430 transformer and the 
Will iamson circuit arrangement permit 
complete correction of the low-frequency 
phase characteristic and appreciable cor
rection of the high-frequency character
istic. These corrections are made with a 
few inexpensive components. 

The low-frequency correction is 
achieved by shunting the 0.25-yuf<-l 
coupling capacitors which go to the out
put grids with 1 megohm resistors. 
High-frequency correction is obtained 
with a 100-uufd capacitor which is con
nected from the lower driver plate to 
the cathode of the first stage. Without 
going into the theory underlying these 
corrections, it is worth mentioning that 
they have a tremendous effect on per
formance. ( I t is assumed that the 
10,000-ohm resistor in the input grid, 
change of the .05-ufd capacitors to 0.25, 
and the use of a small capacitor across 
the feedback resistor as indicated in the 
schematic are already included in the 
amplifier. If not, these should also be 
added in accordance with previous 
recommendations".) 

This completes the modernization of 
the Will iamson. If the power supply puts 
out a full 450 volts with reasonable regu
lation, the output power wil l be about 
50 watts at 1 % I M distortion. If the 
power supply provides lower voltage, the 
output power wil l be reduced somewhat. 
Below full output, the distortion drops 

•Holler, D . , "A 60 Watt Ultra-Linear Amplilicr", 
Radio & TiUtUiOlt News, February 195S. 

rapidly toward a v?nishing point. The 
frequency response of the amplifier wil l 
be approximately the same as that of the 
original version except that peaks in the 
response (associated with instability) 
are eliminated. The transient response 
— that unmeasurable intangible — wil l 
be audibly better. It wi l l be particularly 
evident in more solid, better-defined 
bass and smoother, cleaner treble. 

Appendix 
T h e following specific hints wi l l be 
helpful to those who are interested in 
modernizing the Heathkit W - 3 M W i l 
liamson: 

The bias voltage divider and rectifier 
can go in the power supply chassis. Out
put of the selenium rectifier is connected 
to pin 5 of the power socket and carried 
through the spare wire in the connecting 
cable to one side of the 10,000-ohm 
bias-setting pot. 

The 250-ohm and two 100-ohm resis
tors are discarded, as is the 100-ohm pot. 
The bias pot replaces the 100-ohm bal
ance adjustment, and the blank tie 
points to which the 100-ohm resistors 
were fastened can then be used to con
nect leads which are part of the ground 
circuit. 

In the interests of economy, the 
20-/xfd capacitor which formerly by

passed the cathodes can be used for 
filtering the bias supply. The schematic 
calls for 40 /J.(<1, but the difference in 
hum level is only 2 db. 

Jacks formerly used for metering plate 
current can still be used to check equal
ity of the output tubes. The former con
nection to the 250-ohm bias resistor 
must now be grounded in order to com
plete the circuit path for the cathode cur
rent. At the same time the No. 1 pins 
(suppressor grids of the output tubes) 
should be connected at the socket to 
the No. 8 (cathode) pins. 

In order to insert the 10,000-ohm 
parasitic suppressor resistor directly at 
the input grid, the 2.2-megohm resistor 
should be reconnected directly from the 
input socket to ground. The 10,000-
ohm resistor can then be inserted from 
the input connector to pin I of the 
first 6 S N 7 tube. T h i s replaces the .05-
ufd capacitor which is used as part of 
the bias supply in the power chassis. 
Make sure that the preamplifier used has 
an output coupling capacitor since the 
amplifier now has none in the input. 
Practically all preamplifiers are so 

equipped; if not, one should be added. 
The .05-/xfd coupling capacitors be

tween the two 6SN7's should be in
creased to 0.25 /j.fd. Care should be 
exercised in order to get these to fit 
the space. I f difficulty is encountered, it 
is suggested that miniature capacitors be 
used, such as Aerolites made by Aerovox. 

The 1-megohm phase-correcting re
sistors across the coupling capacitors per
mit some positive D C to appear on the 
grids if the negative bias supply is in
operative. T h e existence of negative 
voltage at the grid should be checked 
with the rectifier removed before per
mitting the B - | - voltage to be applied. 
Then the rectifier should be inserted and 
the bias set to 35 volts from grid to 
ground after the tubes have had time to 
warm up. D o not remove the second 
6 S N 7 while the amplifier is on, because 
this wil l cause additional positive voltage 
to be applied to the grids of the out
put stage, upsetting the bias and possibly 
harming the tubes. 

A U D I O C R A F T Test Results 
The amplifier shown in Figs. 2 and 3, 
which was the basic Wil l iamson con
verted in accordance with this article, 
produced 0.6% I M distortion at 50 
watts output, 0 .2% at 36 watts, and 
0 . 1 % at 15 watts. Below 15 watts dis
tortion was in the residual range of the 
meter and could reasonably be called 
negligible if not unmeasurable. Test 
frequencies were 60 and 7,000 cps, 
mixed in a 4-to-1 ratio. 

These readings could have been im
proved slightly by using parts matched 
more precisely, or by adding to the 
power supply filtering. It is doubtful 
that such small improvement would be 
apparent audibly. O n the other hand, if 
the phase inverter balance were off, or 
certain other elements had drifted in 
value, the distortion figures might be 
doubled — still exceptionally good per
formance. 

Frequency response was perfectly flat 
within the range of our test equipment. 
Calculated response, without the 100-
(J.fJ.f'i feedback capacitor at the driver 
stage plate, is ± 1 db from 2 to 200,000 
cps; with this added, response above 
80,000 cps slopes off smoothly. This 
capacitor causes a very slight increase in 
distortion at 20,000 cps, which is quite 
insignificant compared to the 12 db in
crease in the high-frequency stability 
margin. Stability at the low end, deter
mined by recovery characteristics from 
a sharp overload plusc, was apparently 
perfect. 

Square-wave response at low frequen
cies was excellent, and exceptionally 
good at high frequencies. Power re
sponse was completely flat from 20 to 
20,000 cps at 50 watts. Total cost for 
all parts required to make the complete 
conversion: less than $40.00. 


