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No. I T\\ O-S'I'AGE GRAM AMPLIFIER

( 'onrpone n ts  l . i s t

/l('.ri.f/(/r'.\
R,  150  k  t . r
R ,  I  M t t
R, ,  l (X)  t . l
R ,  l . l  k t t
R, ,  250 k i r
R , ,  250  k t t  ( r r  i t l t  : r r  i t ch )
R ,  6 3 0  k t r
R .  150  t r
R u  I  k t l

( ' t t l t t t t  i Ior .s ' .
(  ,  - ' : 1 r F .  l l  \ V \
( ' ,  0 .1  pF
C,  0 . (X )5  F I '
C ,  ( ) . 02  pF
( '  15  1 . rF .  l :  \ \  \
( '  , 0.002 pt I-
( - ,  l ( r  1 rF

( .  f i  p r F '
( ' ,  0 . ( ) l  p l r .  l - s 0 v  n ( '

I  t t  I  r t ' .s  :
V ,  E F  3 6
v ,  6v6
\ ' ,  5 Y l .  o r  l r n v  o t l r c r  s i n r i l a r  r c c t i l i e r .

. \ r r  i  1 r ' l r t , r ' :
S ,  F i t t c c l  t o  R , ,  ( s c c  l c r t ) .
S ,  O n - o f l '  : s  i t c h  ( n u r v  b c  l i t l c c l

t o  R , ) .
I t t t I t t t  l r t r . s ' .

[ ,  ,  O ut l- l  Lrt lnt u sf or nrer
( lu t io  c lc l , cnds  u1- lon  i r rpcdance
ot '  specch-co i l ) .

L ,  S n r o o t h i n g  c l t o k e .
t ,  M a i n s  t n t r t s l b r r n c t '

(250 0  150.  5  anc l  ( r .3  r 'o l t
o L l t p t l t \ ) .

+
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X X
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Characteristics

.  l l ' i t l ror r t  ncsut i rc  lccdback thc outpr , r t  is  approxin l r tc l \  - l  \ \ 'a t ts  lbr  0.03 vol ts
r  n  pu t .

I t ' i l l r r r c g a t i v c l c c d b u c k t h c o u t p u t i s a p l . r i ' o r i n r a t c l ) ' . 1  \ \ a t t s l b r 0 .  l v o l t s i n p u t .

Opt inrLrr l  outpr . l t  loacl  ( l runsl i r rnte r  i r i ' inrar '1  )  is  5. (X)0 t t l tn ts .

-l 'onc 
Control

A  s in rp l c  t ( ) l ) - cu t  t ( ) ne  con t f ( ) l  (R , ,  a r rd  S , )  i s  l i t t ed  t o  t l i c  an tp l i { i e r .  A
po tcn t i o r r r c t c r  l i t t cd  w i t h  an  on -o t l ' su i t c l i  s l i oL r i r l  bc  cn rp loyc< i  he re .  i n  o rdc r
tha t .  *hcn  thc  con t r ( ) l  i .  a r i - j L r s t c i l  t i r r  n r i n i r l un r  cL r t  ( t o ta l  po t cn t i on le t c r  r es i s t -
l uncc  i n  c i r cL r i t ) .  t l r c  s t r  i t ch  t l i s con i r c , : t s  t hc  c i l c i r i t  con r t r l c t c l r ' .

Supplies

Any  n ra ins  t r ans l i r r r l e r  c l Lpub l c  o l ' supp l y ' i r r g  250  0  150  r ' o l t s  a t  60  rnA  n tay
bc  cn - i p l o ' vc i l .  T l r c  6 . . 1  ro l t  u i nd ing  cou ld  hc  ca f thcd  a t  onc  c ; rd .  a l t hough  i t  i s
p rc l c rab l c  t o  c l r r t h  i t  l r t  t h r  ccn t r c  t ap  us  sho l ' , n  i r r  t hc  c l i ag ran t .

' l 'ype 
of  l ' ick-up

Thc  un rp l i l i c r  u  i l l  I t r nc t ron  r r  i t h  l Lny  h igh - i r npcdance  mov ing - i r on  p i ck -up .
l l ' a  l o r i ' - i r npcc lancc  p i ck -up  i s  uscd .  t l t e  n l r r t r . r l i . r c tu rc rs  \ \ i l l  adv i so  as  t o  t hc  t ypc
t t l  r la tc l r ins tntns l i r rnrcr  l rnr l  in l " rut  inrpcdancc rcc l r r i rcc i .

- f  
hc  ga in  o l '  t hc  l n rp l i l i c r  r i  i l l  a l n ros t  cc f  t l un l v  bc  t oo  g f ca t  l i ) r  a  c i ' y s ta l

p i ck -L rp .  l l ' s r r c l i  r L  p i ck -up  i s  c rnp lo l ' cd  t hc  [ : [ ] f i ( r .  (V , ) .  n l oy  bc  r cp laccd  by  a
6 .15  o r  s i n r i l u l  t r i odc .  I n  t h i s  casc  R ,  aud  C ' ,  i i i l l  n ( ) t  bc  r c r l r . t i r ec l ,  R .  shou l c l  bc
l cp luccd  b1 ,  u  l 50k l t  r cs i s to r .  unc l  t hc  \ i r l uc  o l ' t hc  b ias  res i s t t t r .  R , .  sho t r l d  bc
l l t c r cd  t o  l . 000 t t  Thc  l cc r l b : r ck  c i l cu i t  n r i r r  r c rn ; . r i n  l s  i t  i ' .

Valver

Thc  0u t1 - ru t  r a l r c  l r cc t l  n ( ) l  l r cccssu r i l l ' b c  a  6V6 .  und  rnos t  o thc r  pc r l t odc  o r
be tn r  pouc r  ou tpL l t  r u l r cs .  ( 6F6 .  F - t - -16 .  c t c . .  c t c . )  cu t t  bc  uscc l  i n  i t s  p l l r cc
u i l hou t  ( l i s t u rh ing  1hc  cha rac t c r i s t i cs  t o  l r  g r cu l  c \ t cn t .  I t  u i l l  bc  nccessa ry  t o
ch i l ngc  t hc  vu lue  o l 'R .  l i r r  son rc  r t l l c s .

('onstruction and'I-esting

A l ' t c r  con rp le t i on ,  t hc  a rnp l i l i c r  shou l t l  bc  t cs t cc l  l r i t h  t hc  ncga t i vc  f ecdback
loop  d i sconncc tcd  ( i . c .  b rokc -n  a t  t hc  l l o i n t  n ra rkcd  w i th  a  c ross  i n  t hc  d iag ram) .
In th is  s tu l .c  i t  s l rould bc conrplc tc l ' '  s lable- .  a l lhough reproduct ion n lay bc a
l i t t l c  sh r i l l .  pa r t i c r r l u r l r  i l ' a  sn ia l l - d i an l c te r  l oudspcake r  i s  uscd .

Al icr  th is  tcst  thc ncgat i \c  f 'eedblLck loop can bc conncctcd u1.1.  I t  wi l l  be
nece ssar)  to  crpcr imcnt  t  i th  thc corrnect iorrs  to thc spcakcr  t ransfbrmer
seconda r l  r i hcn  th i s  i s  bc in -s  donc .  I l ' t hc  sbconda ry  i s  connec tcd  the  w rong
u 'ay ' round  pos i t i r c  l ccdback  and  p robab le  osc i l l a t i o r l  r v i l l  bc  causcd .  The
correct  connect iorr  u ' i l l .  o l 'coursc.  rcsul t  in  lor ierc 'd volLrr . r . rc  and increased l ide l i ty .

Should i t  be lbLrnd t l ra l  morc tharr  adccl r . rate gain is  obta incd f iorn the ampl i l ier ,
the negat i ic  leedback can bc incrcased bv redLrc ing thc-  r 'a lLre of  R, ,  ( l f  r regat ive



t ' ecdback  is  i t t c rc l tsc t l  b r  r t  lu t ' sc  c \ tcn t  t l r c  o r . l t l )u t  in r l lec luncc  r r lL r  bc  sLr l l i c i c r r t l v
lo r i  c rcc l  to  r rc -ccsr i ta tc  i  r r t ra l i c r  r t t i ( )  ( )u t l )u t  t l ' l i t s tb r r r rc r .  )

\ \ / i t l t  son tc  t r  pc - :  o l ' ( ) t - l tp tL t  I t ' anr l i r rn ro '  i t  r r r igh t  bc  t i runc l  t l ru t  thc  iu t roduc t io t r
o l '  r l c g l t t i r c  l ' c c d h l c k  u  i l l  c u u : c  a  s n r a l l  u n i , , u r r t  t r l  : r r l - r c r s o n i c  o s c i l l a t i o n ,
s t l t l l c t i t . t t cs  t lo t i ccab lc  as  l t  I t i ss .  Th is  co i rc l i t i t )n  n ta \  bc  chcckcd bv  co turcc lu ts  a
r t l i l l i an tn rc tc r  i t t  rc t ' i c :  r i  i th  thc  1 ' ro : i t i r c  l { 'T '  supp l r , :  u  I rc rcu l . l r ' , i r  i t  c l raugc  in
reac l i r tg  r i  l t c t t  t l te  ou tpu t  tn in : l i r l r l c r  sccondar r  i s  s l i t t r t -c i rcg i tcd  a t  i t s  tc r r t r ina ls
r r  i l l  i r r t l i c l r t c  t l t r t l  r r . e i l l l t t i ( ) t t \  i u ' e  I r ' u \ e n l .  I  l r c  , r ' e i l l l r l i ( ) l t \  e l l n  r r : r u r l l v  h c
s t o l - r P c c l  b \  c o r r r r c c t i n g  l r  c u 1 - x r c i t o r  b c t u c c n  t l t c  u n o r l c  o l ' V ,  l L i r c l  c l r a s s i s .  i t s
r a l L r c  l l i r r s  b c t u c c r . t  5 0  l r n d  5 ( X ) p l r .

l : i n a l l r .  r c s u l t s  n ' r u r  h r  i n r p r o r c c l  i l ' t h c  r u l t r c  o l ' ( ' , ,  i s  l c t l t r c c d  o r  i l ' i t  i s
r c t t t o r c r l  t r l t o s c t l r c r .  

' l  
l t i s  l t t r i n t  s l r o r r l r l  b c  c l r c c k c d  c r l t c r i n r c n t a l l v .
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Rangc

Rl tn -uc :  50  p l i  (o r  l css)  to  g rc t t t c r  t l l a r l  I  f t I - - i l l  t \ \ ' ( )  ra l lgcs .  Wi th  carc lu l
c l c s i g r r .  r ' a l r r c s  o l ' c a p a c i t a n c c  d o r l t t  t o  l 0  o r  l 5  l t l t  c a r t  b c  t t l c a s t t r c d .

' l ' hc  
Osc i l la to r

T h c  o s c i l l a t t ) r  t s  i l t t c l l ( l c d  l o  l ' u n c t i o n  n r a i n l r  a s  a  n r u l t i r i b r a t o r .  i r t  o r d c l  t h a t
i1  r la l  c lc l i vc r  u  r i ch  hand o l 'aLrd io  1 r ' cqLrc t tc ics  to  thc-  b r ic lgc .  Thc  capac i to r  ( ' ,

s l tou lc l  bc  c rpcr in rcn ta l l l , choscn to  g i rc  thc  ou t l - l t t  a  Ia rsc  p ropor t ion  t t f  l r igh

auc l io  l ' r c t lucnc ics .  thcsc  bc i r rg  a t rc l ib lc  as  l t  " l r i ss " .  (Thc  "h iss"  may bc  c l r t l r . r 'ncd
bv  thc  lo r ic r  lud io  l ' r ' c r lucnc ics  p rcscr t t  r rn t i l  i t  i s  uscc l  l i ) r  t cs t i t t -s  l tL t r l . r t l scs) .  Thc
r a l u c  o l ' ( ' ,  u i l l  l i c  b c t r i c c n  1 0 0  p F  l r n c l  0 . 0 1  1 r l ' .

Thc  p t r r l tosc  o l '  l ta r  ing  suc l t  a  s t r ( )ns  "h iss"  co l r tcn t  i s  t t t  cnab lc  ca l tac i to rs
b c l o r r  l ( X )  p I j  o r  s o  t o  b c  t e s t c r l .  a  I a c i l i t y  n o I  a l r r u l s  a r a i l a b l c  r i i t l r  l r r l  a t r c l i o
br idgc .  Whc lc i rs  s r - rc l r  lo r i  r l r luc  cupac i to rs  o l l c r  a  re - ry  h igh  i r t tpcdar tcc  to  thc
L ts t t l t l  i t t t t l i o  l ' l ' cc l t rc r tc ics .  t l r c r  a l lo r r  s t r l l ' c i c l l t  "h iss"  t t l  bc  passcc l  to  c r l l rb lc  t l r c
br ic lgc  to  bc  b l lunccd l i r r  r r t l t t cs  c lo r i t t  t t l  a l t t l  bc lou  50  p I ] .

Any '  t r i  o  l cusonub l r ,  chose r r  r  a l r  cs  n r t t  bc  cn tp lov t - t l  i r t  thc  osc i l l l t to r .  V ,
:hoLr lc l  bc  l  t l i o t l c .  (6 .1  5 .  e tc . ) .  unc l  V ,  un  ou t l tu t  l t c r r todc  ( ) r  t c t r ( )c lc .  (6V6.  hL l2 .

e t c . ) .  l l ' d c s i r c d .  V ,  a n c l  V .  n l r \  h c  c o r r r h i r t e d  t o g c t h c r  i n  a  s i l t g l c  t r i o c l c -
p c t r t o d c .  s t t c h  u s  t l t c  t : ( ' l . S l  o r  I : ( ' l - f i - 1 .

- l ' h c  
o u 1 1 - r u t  c h o k c  i r r  t l t c  u r r o d c  c i r c r r i t  ( ) l -  V r  n r a v  c o l t s i s t  o l ' a t t y  c l t o k c  a v a i l -

lb lc  u  h ich  c lu t  cur r \  t l te  appropr ia tc  u r ro t l c  cur rcn l .  1 - l t c  l t r i r la r l  o l ' l t  s1- rc l tkc r
t n r r t s l i t r n t c r  u o t t l t l  t l o  ( l  t l i t c  \ \ c l l .

' l 'he 
l l r idsc

I t  n l r v  b c  l o L r n t l  c o r r r c r r i c n t  t o  r r r a k c  t l r c  b r i t l g c  l t  s c l l i t r l t l c  L l l t i t .  ( ' l t t ' c  s l t o t t l t l

l t c  tukcn  1o  c l tsL l re  t l l r t  t l t c  e i l r t l r )  l cu( l  o l '1hc  osc i l l l t to r  ( ) t l t [ )u t  co t ' t -cs1- ro t tc ls  t t l  thc
l t l ) l ) t  ( r I t ' i i l t c  t e t  r t t i t t l t l  , r t l  I l t c  l r l i t l : ] e  t t r t i t .

- l  
h c  w i r i n g  i n  t h c  b r i t l g c  u n i t  \ l r ( ) u l d  b c  r i c l l - s c c L r r c c l  i t t t t l  s l t o r t .  l l ' l t  r l c t a l

p a n c l  o l  c l l r s s i s  i ,  r r : c r l  t l t i : : l t o t r l r l  b c  c l t r t h c t l  t o  t l t c  c a r t l i - v -  l c a t i  l l ' o l l r  t l t c

o s c i l l r r t o r ' .
' l - h c  

t l a n s l i r l n r c r  c o t t p l i t t u  t l r c  b r i c l g c
l r r tv  " i t t t c r - r l t l r c "  t t ' l t r t s l ' t t r t t t c r  u  l t t l sc
c o n n c c t c d  l s  s h o u  n  i n  t h c  r l u t g r a l t t .

T h c  l 0  k L t  p o t c r r t i o n r c t c r .  I L , .  r t c l s
I rca t lp l to r tcs  shot r l t l  bc  t tscd .

p r ( ) l ) e r  t t l  1  l l e  hc l r c l  l l l t o t l c s  t l l a l '  c t l t l s i s t

r a t i o  i s  s r t r a l l c l  t h a r t  . 1  :  l .  l t  s h o t r l d

i l s  i r  r  o l t rn te  c ( ) l t t t ' ( )1 .  l l i gh  i r r r l l cc la r lcc

o l '
bc

' l - l t c  
50  k ! l  l l o tcn t i ( ) r t rc tc t ' .  R , .  r l toLr l t l  bc  a  h igh-gru t le .  r 'n i rc -$o t t t l t l  co t t tpo t . tc t l t ,

i t s  sP inc l l c  bc ing  l i t t cc l  r i  i th  l r  p ( ) in tc r  un t l  sc l t l c .  For  t t ta r in l l t t t l  acc t t racy .  t l t c

ind ic 'a t ing  l ta r ' (  t t l '  t l t c  1 ' ro in tc l  s l rou l r l  t r l cc  an  urc  t r  l tosc  d i l tn tc tc r  i s  i t t  I cas t

l i r u l  i n c l r c : .

( 'a l ib ra t ion

( 'a l ib lu t ion  is  cur r i c r l  o r r t  b r  c l rcck i r rg  t l rc  pos i t io r t  o l ' thc  l to te t t t ion le te r  l i l r

\ l r r i ( ) u s  k n o r i r r  r u l r r c s  o l ' c u p a c i t a n c c :  l l r c n  c o r t l p l c t i n g  t h c  s c a l c  t o  c o v c r  a l l

r a l l c s u ' [ i c h  n t a v  b e  c r . t c o r . r n l e  r c t l .  ( l ) o i r r t  o t ' b a l a r t c c u i l l c t t r r c s p t l t t c i t o  t l t i t t i n l t t t t t

AF in  thc  l rcac l l t l to t re -s ) .

1 -hc  br idgc  s l rou ld  bc  uscc l  r i i th  i t s  o r i  n  osc i l la to r  o r t l v .  l t s  t l t c  l t se  o f  o thcr

o s c i l l a t o r s .  u l i c ' r  o r i g i r t a l  c i r l i b l l t i o n .  t t l a \  c a L l s c  s l i g h t  d i s c r e p a r l c i e s .



No. if SUGGIjSTIiD lltlf 'ING OR CODANI CIRCUIT

l - l r i s  c i r c u i t  i s  i r l t c t r d e d  1 ' o r  u s c  u i t h  r c c e i . " c r s  o l ' r c l a t i v c l y  h i g l r  s c n s i t i v i t y
(suc l t  as .a  uc l l -dcs i -e r rcd  broadcas t  superhet  vu ' i th  an  RF s tagc)  rvhe- rc  i t  i s  lbLr l i
t h a t  t u n i n g  l l l c  r c c c i v c r  f r o n t  o n c  s t a t i o n  t c l  a n o t h c r  ( c i t h E r  r n a n t r a l l y  o r - b y  a
mot t l r )  c i tL lscs  a  Ia rgc  a l t tou l t t  o l -  d isa-s reeab le  n t t i se  to  be  hc : r rd  t ' r c l in - t [c  l6 i rd -
spcakcr .  

' f l r c  
c i rcLr i t  c r ts r . r rcs  tha t  thc  recc i l c r  oL l tpL l t  i s  n ru tec l  un lcss  lL  car . r i c r  i s

ac tua l l , v  bc i r rg  rccc ivcd .

T h c  t t s u a l  l b r n r  o l ' c o d u t t *  c n r p l o r ' s  a  s u i t c l r i n g  r . a l r c  u l r i c l r  v a r i c s  t h c  b i a :  r l r r
o t l c  o f  t l r c  A t ' a r l l p l i l , l i n g  r a l r c s .  

' f h i s  
I r a s  t l r c  c l i s a d v a n t i r g e s  t l l l t  t h c  a r n p l i l y i n g

r "a lvc  i s  i ro rkcd  i t t  a  l t t r i c r  t lT  lo l tage thar r  r loLr lc l  nor r la l l -v  bc  thc  casc .  r i r rC i t ra r
a  l a t r l t . o r  r l t a l t t c i . i t t s t n r c r t t  i n  l l r c  s r i  i i c h i n g  v a l r c  c i r c u i t  r r i l '  e l L u r c  t h c  a n t p l i l y -
ing  v i r l ' " ' c  to  opcra tc  a t  i l r t  i l l c ( ) r rcc t  va l i c  o l  h i l s .  th t r : ,  i r r i lo . l i r , - . in !  c t i r to i r ion .

I r r  t l l i s  c i r c t r i t .  l t  s c t t s i t i r c  l c l a v  i s  l r s c c l  t o  n r u t c  t h c  l c c c i r c r .  T h c s c  r c l u v s  n r a y
t l o u l t c l r t v s  h c  l l r r l y  c r s i l i "  o b t a i n c c l  i n  t l r c  l i r r n t  o l '  s u r ' p l u s  c r l u i p n t c n t .  

-  
T h c y

I t l t v e  l t  t l o r t t t l L l  c t t n s t r u c t i o n .  h u t  t l r c  b o b b i n  i s  r r o u n c l  
' u i t h  

l i i r c ' w i r . c  g i r i n g  a
t ' c s i s t a n c c  o l ' l . ( X ) 0  1 o  - 5 . ( X ) 0  o h r r s .  t l t c  r c l u v  c l o s i n { :  l t c t * c q r  I  a n d  l 0  m A
a c c o r d i n g  t o  i t s  n t a k c  u n d  t v 1 . r c .

I l l  F  i g .  I  a n  a d d i t i o r t l r l  t r i o d c  i s  L r s c c l  t o  o p c l i l t c  t h c  r c l a y .  i t s  g l i d  S c i r r g
cont lcc tcc i  to  thc  A( i ( '  l i nc  o l ' t l r c  rccc ivc r .  

' l ' l i c  
cLr r l c r r t  t l rau . ,n  by  i l te  t r ioc l i

I t t l o c l c  i s  s t r l l i c i c r l t  t t i  c l t t s c  t h c  r c l a r ' .  O n  l c c c p t i o n  o l ' a  s i s u a l  t l i c  A ( i ( '  I i r r c
r r o c s  n c g a t i r c ,  t h c  r l r l r c  t l n r r i r  l c r s  c t l r l c r r t .  l r r d  t i r c  r c l l r t , o l - l c i r i . .

l - h c  c a t h t l c l c  r c s i s l t t r .  R , .  i s  l i t t c d  t o  c n s r , l r c  t l r a t  t l r c  t r i o c l c  i s  n o t  1 l p c r l t c c l
u i t l t  z c r o  b i a s .  l t s  r r t l t r c  s l r o L r l c l  b c  k c p t  l o u  ( b c l o r . r  3 0 0  o h n t s )  a s  i t  r c d t i c c s  t h c
c l l e c t  o l ' t l l c  r r t l r . c .  W i t l r  n a n - v  l c c c i r , c r s  i t  \ \ i l l  b J  f i t u n c l  t h a t  ( a p a r t  l l - o n t  s u c h
t h i n r : s  a s  o s c i l l a t o r  l l i l r r r . c .  c t e . )  t l r r .  A ( j (  l i n c  a l u a v s  h u s  i i  . s m a l l  n c : u t i v c
v o l t a g c .  o w i n g  t o  t h c  r c c t i l i c a t i c t n  o l ' r . r t t i s c  ( ) r  c ( ) n t l e t  I r r i t - n t i a l  i n  t h c  A G C  d i o c l c ,
; t r ld  thc  c l r tho t lc  rcs is t t t r  In tv  t l rc rc l i r rc  bc  rcduced in  va lL re .  o r  cvcn  on- r i t t cd .
A l t c r n a t i v c l l , , ,  t h c  c a t h t t c l c  m a v . b c  g i r c r r  a  r c l a t i r . c l l ,  l i r c l  v a l r r c  o l '  b i a s  l t y
e  n r p l o y i n g  u  l . r o t c n t i o n t c t e r  c i r c u i t  l c r o s s  t h c  H  T  : L r ; ! r l 1  ( l { ,  u n r l  l ( , ) .  b u t  t h i . s
c l r l u  s  c u r r c n t  u n r l  s l r o L t l d  n o t  r c i L l l y  b c  n c c c s s u r . v .

I l ,  i s  u s c d  t o  ! i l r v  t h c  s c n s i t i v i t v  o l
t l t c  r c l l r - i .  l r r  s o r r r c  c , , ' a '  i t  n r l r l  b c  l i r r r n e l
tha t  th is  a ls t t  can  bc  orn i t t c t l .

Swi tch ing
' l ' h c  

r n u t i n q  c i r c u i t  r . r ' o t r l c l  b e  l a i r ' l y
c l l c c t i r c  i l ' t h c  l c l a y  c o n t a c t s  l r c r c  u s c d
s i n r p l v  t o  s h o r t - c i r c u i t  t h c  g r i c l  o l ' t h c
( )L l tp r - r t  ra l rc  to  c l tass is  u ,hcn  t l t c  rc lav
r r i t .  e l o : c d .  h r r t  t l r i :  i r r r r r l d  l l r r e  t l r c  d i r -
ad 'nantage-  tha t  thc  ac t iou  \ \ou ld  bc  too
lb rLrp t  and "p lo1 . r1 . ry " .

A  b c t t c r  s c h c n r c  i s  s h o w n  i n  F i g .  I
u  hcrc  thc  re - la , -  con tac ts  cont  p lc tc  the  HT
c i r c u i t  t o  t h c  a t r o d c  o f - t l r c  l s t  A F  a n t p l i -
l i e r ' " rhen the  re lay  ( )pc l ts .  A  t i r r rc  de lav

" Short fbr "carr icr-op.lratccl clcvicc an t i -noisc".



is  ot } 'ered by R,  and C, .  Sui tc l i ing the
anodc instead o1-  the b ias c i rcr - r i t
eradicatcs any l . loss ib lc  d is tor l ion r ih ich
lnuy occLl r  duc to incorrcct  va lues o l 'b ias.

I l ' the rc lay contacts "nrake" rvhen i t
c l ose - . .  t he  c i r cu i t  o l ' F i g .  2  n ra i , , be
e-mploycd,  i r r  r ih ich the HT sLrpplv to
the  AF  va l vc  i s  sho r l - c i r cu i t cc l  t o  chass i s
nhen  thc  r ccc i l c r  i s  n tu t cd .

In somc cascs thc ac ld i t ional  t r i i tdc o l
F ig.  I  may bc ont i t ted by connect ing thc
rc lay  i n  t hc  anodc  c i r cu i t  o l '  onc  o l ' t hc
A( lC  con t ro l l cd  ra l ves .  s r . r c l r  as  a r r  l F
arr rp l i l ic r .  LJnl i r r tLrnate lv .  t l re  ncccssi t t '
o1 '  p rov id ing  a  cc r ta in  a lnoun t  o l '  b i as
f i r r  such a valvc woulc l  rcdLrcc the-  e ' l l ic icncr

S C 4  F i s . 2

o l ' t h c  c i l c L r i t .

Addit ional F-aci l i t ics

The coc l l t r t  c i rc t r i t  t t l t r  bc  l i r r lhc r  u t i l i scc l  to  p ror  i c le  scvcra l  r lo rc  a t t l rLcL ivc
l i rc i  l  i  t ies .

I r o r  i n s l a n c c .  a d d i t i o n a l  c o n t a c t s  o r r  t h c
c x l i n g u i s h  a  p i l o t  l a n t p .  s l t o w i n q  r i h e t h c r  t h c
A l tc rna t ive  ly .  lu t  a r runqc l l cn t  c ( )u ld  bc  r lac lc
i l l L r n r i n a t e d ' , r ' l t c r r  s e u r c h i n g  l i r r  u  s t a t i o n ,  h u t
s ta t io r r  had bce n  l i rL rnc l .

A  l L r l t h c r  u s e  I t t i s l t l  b c  o b t a i n e d  b y  s u p p l y i n - u  t h e  c o d a n  c i r c L r i t  u i t l r  i t s  o w n
rcc t i l i c r ,  t l r i s  bc ing  led  l l ' onr  l  h igh ly 'sc lec t i vc  IF  c i rcu i t .  i t se l l ' e  ncrg iscd  l l ' r t r r r  thc
nor t l ta l  l l r  a r t rp l i l i e r  s t i . Igcs .  The c i rcLr i t  i i ou ld  thcn  opcra tc  on ly  rvhen thc
rccc lver  \ \a \  l l cc t l r l l te  l v  tL rnc t l  :  and  i t  r rou ld  bc '  in r l - loss ib lc  t ( )  tu l le  the  rece iver
i  ncor rcc t  l r  .

No. 4, ALL-WAVIi ALL-DIiY PERSO|{AI, RECltMlt
Th is  c i r cu i t  i s  t hu t  o l ' l n  a l l -wu rc  l i r u r  va l r . c  supe rhe t ,  s i gna l  p i ck -up  bc i r rg

cf l -ccted on a l l  bat tds b,v the usc ot - f l 'anre acr ia ls .  Whcrc possib le,  L lnnccessary
L 'o l l l pone l l t s  l t a r c  bcc l t  c l i r n i na t cc l  i n  o rc l c r  t o  rec lucc  bu l k .  bu t  f  h i s  l t as  on l y  bccn
t i o l t c  i . r l t c t t  t hc i r  c r c l L r s io r t  *o r r l c l  c rL l sc  no  l l l l i nq  o t i ' i n  nc r f i r nn l l ncu .

l 'he Circuit
A pentagr ic l  l i 'c r lucncv-char . r -9cr .  V, .  is  shown in thc d ia-gr i . r rn.  t l re  s i -unal -gr id

tuncd c i rcu i ts  being provided by the l ianre aer ia ls .  S.  se lects thc par t icr - r lar
l ' ramc acr ia l  l i t r  e-ach band.  *h i ls t  S,  su ' i tchcs i r r  a  seDlratc-  t r inrmer lbr  thc
mediur t t -wi . tvc bancl .  This  s l ight ly '  Lrnor t l . ro t i t r r  urr l r r r r :u-r lcr r t  enables the
mc<Jiunt  and lor tg-u i tvc l l 'ar res to bc-  connected in  ser ics to obta in t ' rp t i rnunr
pick-up,  whi ls t .  a t  thc sanre t i rnc.  e l iminat ing the sc ' rntewhat  cc l r rp l icatcd
pa ra l l e l  t r i r r n r i nq  c i r cL r i t s  o t t en  e r rp loyed  i n  a  r ccc i ve r  o1 ' t h i s  t ype .  I t  a l so
preve nts the t tse o l 'a  para l lc l  t r inrnrer  pernranent lv  connected across t l re  medium-
rvave f i i t t t . tc .  Thc sht t r t - r iavc f rarne is  s l l i tched in senarate lv  and consists  of  a
s ins le  t u rn  ( l - , )  i n  sc r i es  u i t h  a  l oad i r rg  co i l  ( 1 , , ) .  I t  i '  c t - r c r i bed  i n  de ta i l  l a t c r .

rc lay '  co i r ld  bc uscd to l ight  or
r ccc i r c r  u l r s  t r t r t ed  t ( )  l t  ) t l t t i r l l l .

such  t i r a t  t hc  d ia l  wou ld  bc  wc l l -
*oL r l d  hc  I i t  on l y  c l i n r l y  a f  t e  r  t hc



A  h i g h  \ a l u e  o l ' g r i d  l e a k .  R , .  i s  r e c o n . r r r c n d c d  l b r  t h c  d o L r b l e  d i o d e - t r i o d e .
Th is  p ror " ides  a  s r la l l  an tount  o f  leak i -g r id  b ias .  and i t  l i e lps  to  keep the  AC
a n d  D C  d i o d c  l o a d s  s i m i l a r  i n  r a l u c .

A  t o n e  c o r r c c t i o n  c u p a c i t o r .  ( C , , , ) .  i s  s l i o u n  i n  d o t t c d  l i n c  c o n n e c t e d  a c r o s s
the  spcakcr  t rans f i r rn rc r  p r i r r ia r l  .  l t ' poss ib le .  th is  capac i to r  shoLr lc i  be  orn i t ted
s ince  i t  rcduccs  thc  l im i lcd  por rc r  ava i lab le  f ronr  thc  ou tpLr t  s t r -uc .  Ad jacent
channc l  i r  h is t l cs  shor , r ld  no t  bc  too  t ro r , rb lesonre  *  hen f ranre  aer ia ls  l rc  uscd
a s  i t  i s  p o s s i b l c  t o  r o t a t c  t h e  s c t  s u c h  t h t t  t h c  i n t e r t ' e r i n g  s i g n a l  i s  a t  r n i r t u r n u n t
s t r e n g t h .  a r r d  t h c  s l i g h t  s h r i l l n e s s  r i  h i c h  n r a y  b e  a p p a r e n t  u  l i e n  a  s n r a l l  s p c a k c r  i s
ins la l l cd  car t  bc  countc rbu la r rced b l  ha l , ing  t l ie  speaker  l i r i r l y  hea i ' r l y  ba l l l cd  by
t h e  c a b i n c t  ( i . c .  b y ' u s i n g  a r r  a l n r o s t  c o n r l - . l e t c l v  c r r c l o s c d  c a b i n c t ) .  I n  a d d i t i o n .
i 1 ' t l t c  l F  t r a r r s l i r r r r c r s  a r c  c a r e l L r l l l ' a l i g n c t l  t o  a  " p c a k '  ( i t  s h o L r l d  b c  r e n r c r n b c r e c l
tha t  t l t c  scconc l  IF  t rans lb rnrc r  scconc la rv  i s  on ly '  l i gh t l y  loac lcd  b i '  thc  d iodc
c i r c u i t )  s u l l i c i c n t  s c l c c t i r i t v  s h t r L r l d  b c , r b i l i n c d  i i r  t t i c  f  i - ' s t a g c s  t o  r c c l u c c  t o 1 . r
t ' c : l ) ( ) t l \ c  l t t t t l  l t c l I  t t t  p r , r r  i , . l i t l g  , r 1 ' t 1 t , , t . n t  A F  e , r r t ' c e l i t r t t .' I -hc  

capac i to r ,  ( ' , , , .  cor . r r . rcc tc ( l  uc ross  thc  i lT  supp ly '  p rcvents  i r rs tab i l i t y  uhcn
t l t c  H T  h a t t c r y ' r u t t s  d o v n n .  u r r c l  i n c r c a s c s  i l s  c l l e c t i l c  I i l c .  I n  o n c  ( ) r  t w ( )  c a s c s ,  l l
s l i u h l  i n r p r o r c n i c n t  i r t  r o l u n r c  n r a r  p c r l r a p : ,  b c  l i r u n t l  i l - a  l o r i - r ' o l t u g e  c - l c c t r o l y t i c
capac i t t t r  i s  co t t r tcc tc r l  uc r r l : s  IJ . , .  unr l  th is  1 - ro in t  can  bc  chcckcd by  c rpr - r in tc r r t .
' l ' he  

Frame , \e r ia ls- f h c  
r t u n r b c r  o l ' t u r n s  r e c l  u i r c c l  l i r r  t h c  l l ' a n r c  a c r i a l s  i s  l i r r r n c l  c r p c r i r l c n t a l l y .

l ] c l i r rc  cor ln rcnc ing  or r  thc  l l ' anres ,  thc  res t  o l ' thc  rccc i rc r  shor r ld  bc  conrp lc tcd
ar td  thc  I  l - l '  s tagcs  a l igncd to  thc i r  c ( ) r rcc t  l ' r ' c r1 r . rcnc l  .  T I rc  osc i l la to r  co i l s
shou ld  bc  t r in rn rcc l  a r rc l  paddcr l  t ( )  c ( ) \ ' c r  thc  cor rcc t  l ' r -cqucnc ies ,  us ing  a  s igna l
g c l l c n r t o r  c o n n c c t c c l  d i r c c t l y  1 o  t h c  s i g n a l - s r i t l  o l ' t h c  l r c c l u c n c y  c h r n g c r .

Thc  mcc l iL rnr  und lo r t l l - r ia rc  l l ' u r rcs  n l rv  thc l r  bc  r iound c rpcr i rncn ta l l y .  Thc
b c s t  c h c c k  o l ' w  h c t h c r  I l r c  c o r r c c t  n u n r b c r  o l ' l u r n s  h a s  b c c n  l i t t c d  i s  b y  t c s t i n g  t h c
t r in r r l i r rg  a t  thc  lou- l l ' c r lL le  ncv  cnd o l ' thc  appropr ia tc  band.  l ' hc  n rcd iunr -wavc
t l 'anrc  shor r lc l  bc  r i  ound lnd  chccke 'd  l i r s t .  [ ]o th  r rcd iunr  anc l  long- 'uvavc
l }amcs n l r l -  bc  uoLrnd on  thc  sunrc  l i ) rn rc l ' .  thc  * i rcs  bc ing  la ic l  s idc  by  s ic lc .
A s  i t n  c x t r c n t c l v  r o u s h  g u i d c .  r t  n r a r '  l r c  s a i t l  t h t t .  i l ' i t  i s  l a r g c r  t h a n  a  l i l o t  s q u a r c
thc  n tcc l iL r r l - r ra r .c  f l ' unrc  r i i l l  nccd  about  50  l i c t  o l ' r ' , i r c ,  anr i  thc  long-wavc
l l ' a r r c  a b o r r t  1 5 0  l c c t .  I t  i s  c n r p h a s i s c d  t l t a t  t h i s  i s  o r r l l  u  r o u q h  s u i d c .

I l ' c l cs i rcc l .  a  r t t c r l iL rn r  rLnd lons- r ia rc  l c r r i t c  l l ' anrc  r lav  bc  cnrp loycd i r ts tcad  o1 '
t h c  1 w ' o  o 1 - r c n  l r a n r c  a c r i u l s  s h o r i r r  i n  l l r c  c l i l L g r u n r .  P r o r i d c c l  t h l l  t h c  n r c d i u n r
anc l  lonq-uavc  r r inc l inss  on  thc  I ' c r r i te -  l l ' anrc  acr ia l  n rav  bc  cor rncc tcd  in  sc r ics  l i r r '
Iong-u ' l t vc  rcccp l ion  r ro  a l tcnr t ions  to  thc  c i rcu i t  u rc  rcq  Lr i rcc l .

T h c  s h o r t - r ' r u v c  l l ' l n r c  c o n s i s t s  o l '  u  s i n g l e  l o o p  o l '  u  i l c .  ( 1 . , , ) .  a s  l a r g c  l s  t h c
p h y s i c a l  c l i n r c n s i o r r s  o l ' t h e  c a b i n e t  r i r l l  a l l o r i .  c o n r p l c t e c l  b y '  a  c o i l .  ( L , ) .  a t  i t s
c a r t h v  c n d .  T o  c o r c r  u p p r o r i r l u t c l l  t h e  l 5 - - 1 9  n r c t r c -  b a n d  t h i s  c o i l  u ' i l l  n c c c i
a b t t u t  h a l l ' - a - d o z c n  t u r n s  o 1 ' u  i r c  o n  a  l - i n c h  l i r r r l c r .  t h c  c x a c t  n L u l b e r  o t '  t r t r t r s
b e i n g  l i r u n c l  b v  e x p c r i n r c r t t .  T h i s  t i n r c  t l r c  i n c l u c t a n c c  o l ' t h c  l l ' a r n e  i r n d  i t s
c o i l  i s  c h c c k c d  b l  t r i n r n r i n s  a t  t l r c  h i e h - l ' r ' c c l L r c r r c v  c n d  o l ' t h c  b l r r d .  L J s i n g  s L r c h
a n  u r r a n g c m c n t  i t  u i l l  b c  c l i l i i c u l t  t o  c r a d i c a t c  s c c o n d  c h a n n c l  i n t e r l ' c r c r r c e  o n  t h e
shor t - l l ' avc  band ovcr  thc  luuer  ( l ' r c r ;L rcnc , " ' )  tuo- th i rds  o l '  the  range.  Neve- r -
thc lcss  thc  shor t -uar "e  band is  cap i rb lc -  o l -good er r te r ta innrcn t  va luc .  t l t c  p rescnce
of  sccond c l ian t tc l  in te r lc rc r tcc  bc ing  cons idcrec l  as  an  u l la \ ' ( ) idab le  c le t rac t ion .

Squegging
O r v i n g  t o  t h c  I r i g h  v a l u c  o l ' o s c i l l a t o r  g r i d  l c a k .  R , .  i t  i s  p o s s i b l e  t h a t  t h c  o s c i l -

l a t o r  m a y  s q u c g  o n  p a r t  o f ' o n c  o r  n r o r c  o l ' t l r e  b a n c l s .  S c l u c g g i n g  w i l l  b c
c v i d c n t  i t s  u  l o u c l .  h a r s h  h i s s .

r l



l l ' t h i s  t r oub l c  ( ) ccu rs  on  a l l  banc i s .  t hc  ra luc  o l ' t hc  osc i l l a to r  g r i d  l eak  s l i ou ld
bc rcdtrccd:  bLr t  i f  i t  on ly  occLrrs on one barrd a rc .s is t t r r  sh. ' tL t ld  be connected
across thc lccdback u ' ind i r rg of  the osci l lu tor  co i l  tor  that  band.  This res is tor
sht lu ld l t l tve i ts  h igh a r i t luc as 1-rossib lc  so long l is  i t  o l l 'c rs  sLr l l ic icnt  dampin-u to
l ) r ' c \ cn t  t l r c  e i r c r r i t  l l ' ( r n )  \ r l  U ( jSS i l tS .

Padding
l l 'co i ls  u i th  ad. justablc  i ron-dLrst  c( ) rcs arc cnt l t l r t l 'cc l  in  t l re  rncc l i r - r rn and long-

*avc t ' rsc i l la tor  l . ros i t ions.  thc rar iablc  pacld ing cal . rac i tors spcci f icd l i r r  C, , ,  ar id
( ' , . ,  I lav be--  rcPl l rccd br  l i r r -d conr l )oncnts.  I r r  th is  ercnt  ( ' , , ,  rec lu i res l r  cap-
ac i l unce -  o l ' - 170  p l :  a r rd  ( ' ,  a  cupac i t a r r cc  o1 '  150  r rF .  bo th  vu luc i  be ing  a t  a
to l c rancc  o l '  f  5 " , , .

No. .; RltGltNEItA'l'lVE I'RESIiLE(11'OR UNI'I'

.1,

(

l l unc l se  t  I 50  1o  250  p t l
B l r p d ' l , r e l r r l  l )  t 1  . 1 t t  1 , 1
l ( X )  p l r
2(X)  p l j
0 . 0 1  p F  ( r t r i c a )
0 .25  p r l i  ( p l pc r )
0 . 0 2  p F  ( n r i c u )
0 . 0 2  p F  ( n t i c u )

omponents  L is t

( ,

( ' , , ,
R ,
R ,
R , ,
R ,
R .

HT-

HT+

To Rcceiver
+A.riol ond

out 
\ Eorth termimls

Cooxiol C.oblc

l - i0  to  150 p [ :  ( to  cor respor rd
r i i t h  C ' , )
0 .02  pF (n r ica)
I  M t t
l 0  k i t
l ( ) 0  k r t
l 0  k l
-5 k t.l

R5

(
( '
(
(
C'
( '
( '
( '

l . l



This  c i rcu i t  i l l us t r rL tcs  u  1 . r l c :c lcc to r  u r r i t  r ' ,  iL l i  cor r t ro l l c t l  l cgcncra t io r t  r . i  l t i ch
is  in tcnded lb r  conncc t ion  bc tucc ' r . r  thc  ucr iu l  anc l  thc  r rc r ia l  t c rn r i r ra ls  o t 'a  sh t l r t -
uar . ' c  rccc i rc r .  Apar t  t l ' onr  i t s  r . l sc  a \  i r  l l r ! - \ c lcc t ( ) r .  in  r ih ich  l ' l rnc t ion  thc  L rn i t
i s  capah lc  o l '  rc r . r . ro r  i r r . r  sc -cond chanr rc l  in te - r l -c rc r rcc  r i  i th  a  s r rpcrhc t ,  r t te l  o1-
a t tcnr . lu t ing  ac l . iaccn t  chanr rc l  in lc r l c r r -ncc  u  hcr r  uscr ' l  r i  i l h  u  s t ra iqh l .  rccc ivc r .  t l i c
n ra i t t  purposc  o1 '  1hc  c i rcu iL  i s  to  inc rcasc  thc  scr rs i t i r  r t . ,  o t '  thc  c r l t r i l - r r t te - r t t  to
* h i c h  i t  i s  c o n n c c t c d .  T h i s  i n c r c a s c  i n  s c r s i t i r i t l '  i s  o c c u s i o r r c c l  b 1 ' t l i s  L r s c  o l ' t h c
rc -scncnr l i \o  tuncd c i rcLr i l .  in rn rc t l iu tc l l  u l ' t c r  thc  r rc r iu l .  I t  u  i l l  bc  lpprcc ia tcc l
t h u t .  r r  h o r  p r o l . r c r l r  a c i . j u s t c c i .  t h c  c l i c c t i r c  " Q "  o l '  s r r c h  u  t u n c r l  c i r c t r i t  n r a y  b c
r . t . u t c l c  r c r v  l r i g l r  i n r l c c d .  t h u \  ( ) c c u 5 i o n i n g  u  s i g r r a l  n o i s c  f u t i o  l l ' o n r  t h c  a c r i a l
s t a s c  u  h i c h  i :  h i g h c r  t l r u r r  t l r u t  l l l i r r t l c t l  b r  t h c  i r r p u t  c i l c u i t s  o l '  n u r n v .  i l '  t r o t
r rear l l  l l l .  s r i l - rc lhc t  o r  s t r i r i sh t  l ' ccc i \  c r \ .

I l c g c t t c t r t i o n  i r  p r o r i t l c d  h 1  t h c  r a l r c  V , .  \ ' "  b c i n u  l  b r r l l r ' r '  r i h o s c  l i r n c t i o t t  i s
t ( )  l t u \ s  t h c  l c r i u l  s i g n r i  l s  t o  t h c : t r h s c r l  r . l c n t  r c c c i \ c r .  T h c  c t l r r r t c c t i o r t  t o  t h c
lccc i rc r  i r  n l r t l c  l i z r  cour ia l  cub lc .  

- l ' l r s '  
I I ' l  anc l  hca tc r  s t rpp l i cs  l i r r -  t . l r c  p rc -

sc lcc lo r  r ru r  hc  ob tu iucc l .  i l ' e lc : i rcc l .  l ' r ' on t  l l t r :  r ' ccc i rc t ' .
A  s p c c i a l  s r r i t c h .  S ,  S . .  i s  r r s c d  t o : * i t c l r  t l r c  p r e : c l c c l o r  " i n "  o r  . ' o t r t " .

W h c n  t h c  1 - r r e s c l c c t o l  i s  s u i t c h c d  . ' ( ) r - 1 1 " .  I l J ' i :  r c n r o r c r l  l l ' o r r r  V , l i n c l  V , .  i t t t c l  t l t c
l t c r i a l  i s  c o r t r t c c l c c l  d i r c c t l y  t o  t l r c  c o u r i u l  c a b l c  r i  h i c h  l c c d s  1 h c  r c c c i v c r .  O r r
s r i  i t c h i n g  t o  " i n " .  l l  I '  i s  u p p l i c d  1 o  t l r c  p r c s c l c c t o r ' .  l r n d  i t s  i n p r r t  u n d  o u l p u t
ac l iu l  c i rc r r i t s  r r rc  conrp lc tc t l .  In  a t l r l i t i o r r .  t l r c  l car l  u  l r i c l r  p rc r  ious l l  co t tncc tcc l
t l t c  l t c r i u l  s t n r i s l r t  1 o  t h c  r c c c i v c r  i s  n o u  c o n n c c t c c l  t o  c h l r s s i s  ( b ) '  S , ) .  t h i s
c o r l r s c  b c i r r g  a d r i s l r h l c  t o  1 ' r r c r c n t  e u P l r e t i r c  l c c t l b u c k  a l o n l r  t h i s  l c a d  ( t h c
c a l t a c i t l t t t c c  b e i n g  p r c s u r t  i n  l l r c  l r i r i r r u  l r n d  c o n t l r c t s  o l ' S ,  l r n t l  S , )  r ' n h c r t  t l t c

1 ' r rcsc lcc to r  i s  opcnr t i  n  g .
I t  r n l t  b c  n o t i c c t l  t h r r l  t h e  l c r i l L l  t L r n c c i  c o i l  [ - ,  i s  t r r r r c t l  [ ' r  ( ,  r u r t l  ( ' , .  t h c s c

b c i n s  b u n c l - s c t  l r n t l  b u n t l - s p r c a c l  c u p u c i l o r s  r - c s l " r c c t i r c l r .  I l n l c s s  u n  c x t r c r n c l y
g o o t l  s l o r i - r r o t i o n  t l l i r c  i s  u r l r r l u b l e  h u r r i l s p r c l c l i n g  i s  u l n r o s l  c s \ c n t i a l .  s i r t c c  t l r c
t u r t i r r g  o l ' t h c  l r e r i l r l  s t u g c  i s  r c r r  s l r i r r p .  R c g c n c r u t i o r r  i s  p r o r i i l c d  b y  l l t c  v u r i i t b l c
c u p a c i t o r  ( ' , .  ' l ' o  

l l l o r r  i u r  i t c c u r i t t c  l c s c n c l u t i o n  s c t t i n g  t o  b c  o h t l r i r t e d ,  t h i s
c ( ) r t t l tonc l r l  s l ro t r l t l  a ls t l  lu r r  c  l t  s lo r r  - r . t ro t ion  drn  e  .- l - l r c  

t r r r r c d  c i l c L r i t .  1 . ,  (  , , .  i n  t l r c  a n o c l c  c i r c r r i t  o 1 '  \ 1 ,  i s  u l r d c  1 - r r r r ' p o s c l l '  I l l t
( i t  b c i r r g  d u r t r p c t l  b r '  1 h c  u u o r i c  r e : i s t u n c c  o l ' 1 h c  r a l r c )  i r r  o r d c r  t o  r c n t o r c  t l t c
t t c c c \ s i t v  o l  c o n t i n t u r l l l  k c c p i n g  i t  i r r  s t e  p  r i  i t h  (  .  *  h c r r  s c u r c l r i n g  l i r l  s t l t t i t r n s .
I t  r i ' i l l  p r o b u b l r '  l r c  l i r u r r c l  l h u l  o n c  s c t t i n g  o l ' ( ' , ,  r r  i l l  c o p c  l i r r  l r b o u t  l  t l i i r d .  i l ' n o t
t t t t t r c .  t l l ' u n  u r t l r t c r r r  b u n t l .  I ) c s p i t c  t h e  l l u t  t L r n i n g .  h o \ \ c r c r .  i t  r i o t r l c l  b c
l c l l ' i s a b l c  t o  l i t  t h i s  c i t l l t c i t ( ) r  r r i t l t  t r  s l o u - r n o l i o n  t l r i r c  l s  r r c l l .

T h c  c o i l :  L - , .  [ - .  u n t l  l . ,  n r . i r  b c  p r o r  i d c c l  i n  p n r c t i c c  l r y  r r s i n g  u  r r o r r r a l  s i r - p i n
p l u g - i n  c o i l .  1 . ,  a n t l  [ . , ,  n r r r  c o n : i : t  o l ' a  l i r t r r - P i n  c o i l .  t h c  r r s L u r l  u e  r i u l  * ' i n d i n g

l t l o i i c l i r t u  [ . , , .  I i o r  l - , l r  g o o r l  1 1  r r a l i t r  s h o r t - r i t r r c  r c l t c l i ( ) n  c h o k e  i s  f c c l r . r i f c c l .
T h c  r l t l r c s  V ,  u n t l  V ,  r t t r r  c o r t : i : t  o l ' u  l r i s l r - n t u  t r i o d c  a n c l  u  r a r i a b l c - r n t t  R I :

1 - lc t t todc  rcs l - rcc t i r  e  l r .  [ :o r  | c i . r \ ( ) r ] \  o l '  lu r  o r r t  t l r c  c t tn t ro l  u r id  o l '  t l r c  pcn toc lc
i h r t t r l t l  P r e l i i | a b l r  b e ' b r ' , , r r ! r l t t  ( ) U 1  t ( )  i I  t , r P  r - 1 1 1 ' , .
( 'onstruction

A s  c r c r r  r c l r r i c l  u l r o  l r l r s  e r p c l i r l c n t c r l  r i i t h  O  r  O  u n d  O  r  I  s h o r t -
u u r c  r c c c i r c r s  u i l l  k n o r r .  l u r o t r t  i n  u  c i r c r r i t  o l  t h i s  t t 1 - r c  i s  o l ' t l t c  u t n l r r s t  i r n p o l l -
l l l t c c .  A l l  R F  c a r r r i t t s  l c u c l s  r r r r s t  b c  k e p t  a s  s h o r t  u s  l . r o s s i b l e  :  u n c l .  i l ' t h i s
c a r t  b c  c l o r t c .  c c n r r . r . t i c  i n s L r l u t i o r r  s h o u l c l  b c  L r : c d  t h r o u g h o u t .  T h c  c h a s s i s
c l l t t l to t  bc  rc l i cc l  L r l ton  l i r r  tun in t -cu1- r tc i to r  car th  rc tL ln rs .  unc l  i t  shoLr lc l  a lso  bc
b o r n e  i n  n t i n t l  l l u r t  t h c  c a l r a c i t t r r ' ( ' , ,  i s  l l r r t  o l ' t h e  t L r n c d  c i r c u i t  ( ' , ,  L r .  T h c
sr l ' i t c l tes  S ,  S ,  s l roLr ld  1 - r l c lc luh l r  hc  gar r ,ue t l  in  son. ic  l r i l l u rc r .  a l thoLrgh two



\eparate swi tchcs nrav bc L lscd i l ' thc lay 'c lut  rcnders ganging impossib le.
Thc lead conncct ing the acr ia l  tuncd c i rcr . r i t  to  the gr id of  V,  should a lso

kc1-r t  vcrv shor t .  T l ic  bcst  ntethod of  nrak ing th is  connect ion consists
e n t i r e l v  c n c l o s i r r g t h c V , c i r c L t i t i r r a s c r e c n i n s " b o x " . a n d a l l o w i n g t h e - u r i d o f
t<t  "probc"  in lo thc bor .
Operation

1 -he  on l y ' c l i sad \an tagc  u i t l t  a  p rcsc l cc to r  i s .  o1 ' cou rsc ,  t he  neccss i t y  f b r  t un ing
i t  in  s tcp i i ' i t l r  thc nr iL in rccc i rcr .  In  th is  casc is  addcd thc neccssi ty  ofkeeping the
rcgcncrat i t ' r t t  . lust  bc lor"  osc i l la t ior r  point .  Wi th th is  par t icu lar  c i rcu i t  the best
l l r t lccdt t rc  cor ts is ts  o l ' iur t i r rg thc nra i r r  rccc i ' 'c r  to  thc requi red l i 'cc luerrcy,  keeping
t l re prcsc lccto l  su i tc l tcc l  "oLt t " .  Thc l t reselector  ntav then bc swi tchcd " in" ,  Cu
sct  approxi rnatc l ) '  to  posi t ion.  arrc l  C ' .  ancl  ( ' ,  ad justcd unt i l  thc requi red
stat ion conrcs in  I ' rcc (cor l rncn\uratc r i i th  i ts  s t rength)  o1 'back-qroLrrrd.  l t  wi l l
bc l i rund t l r i t t  a  snra l l  ac1- justnrcrr t  o l 'C ' ,  r " i l l  prov ide very h igh a l terat ions indeed
in s ignal  s t rcngth.  Rcrcncra l ion s l tould not  bc "p lo; r1ty"  or  su l lcr  f rc ' r r r  back-
lash:  anci  the osci l la t ion l . ro int  car t  bc d is t inguishcd by a suclc lcn ly  increased
backsrount l  an c l  thc-  prcscncc o l '  hctcrodvncs.

A l inu l  ad. j  ustnrcrr t  o l ' ( ' , ,  shoLr ld thcn bc nradc,  uhcrcupon thc presclcctor  is  sct
up .  I l ' l L i r t hc r  sc l f ch i r t g  i s  r c r ; L r i r c r1 .  u r t v  sn ra l l  c l cv ia t i ons  i n  l - r ' c c1  ucncy  n tay  bc
ca r r i cd  ou t  by  us ing  ( ' .  a l onc .  l i na l l l ' " t ouch ing  up "  w i t h  C , .

Thc rcs is tor  R.  shoulc l  not  hc touchccl  a l ier  i t  has bccn in i t ia l ly  set .  I t  wi l l
p robab l y  bc  l i r und  th l t .  i l ' t oo  l i t t l c  h i as  i s  app l i cd  t o  V , ,  r cac t i on  may  bccome
"p loppy " :an r l  so  an  ad . j us t r t r cn t  shoL r l d  bc  n radc  *h i ch  g i vcs  t he  g rea tes t  RF
anrp l i l i ca t i on  u  i t hou t  i ncu r r i ng  t l i i s  cond i t i on .  La rgc  ad jus tn rcn ts  o f  C ,  w i l l
lu lso har 'c  u s l ight  c l lcct  u l . rorr  thc rcact iorr  sct t i r rg.

S\\ ITCHING CIRCUIT

be
of
V ,

( ' ,
( ' ,
( ' , ,
c',

0 . I p F
0 . 0 1  p l j
15 1rF 25\1 \\ '
0 . 1  p F

R ,  2 5 0  k o
R,  50  k t t
R ,  2 M t l
R,  200 t i
R , ,  25  k t l

HT+

(iomponents List



l 'h is  c i rcu i t  is  capable of '  su i tch ing cr ter t ra l  c i rcu i ts .  i t  be i r tg actuated by
sound p icked Lrp b1 '  the microphot te.  I t  has thc advanta-qe of  requi r ing only
one valve.  th is  r ' 'a lve carr l " in-u out  thc funct ions of  arrp l i f ier ,  rect i f ier  arrd re lay
su, i tch i r rg.  l l  a  scnsi t ive tn icrophone is  Lrsed thc dcvice should be capablc o l
act ing l is  an cf l ic ient  "bab, ' - -a larn l "  l ' i  i thout  ani '  addi t ional  arr rp l i f icat ion '
Othcr  annl icat ions.  sr , rc l ' r  as i ts  usc l i r r  an ar , r tomat ic  " ta lk- l is ten"  swi tch wi th
loLrd-speaking in tcrcor t r  i r rs ta l la t ions.  and so on.  wi l l  a lso suggcst  thcntselvcs t t l
thc cxncr inrcnter .

( 'omponents

Thc  l ' a l vc  uscd  i n  t he  c i r cu i t  n rav  cons i s t  o l ' an , , - ' doL rb le -d iodc - t r i oc l c ,  s t t ch  as
thc ( rAT(r  or  L.BC'9() .  but  i t  should be l to intcd out  that  bat tcry types n lay r tot  bc
capablc ot 'passing sul l ic icnt  cL l r rcnt  to  opcrate thc ' re lay ' .  Thc lc l l ty  is  a h igh-
rcs is tancc rnodcl  i l  h ich r )pcr l tc \  l t t  u1 ' rpr t r r i t t ta tc ly  5 t t tA or  lcss.

A l t l t ough .  o l ' cou rse ,  t l i c  n r i c ropho r r c  nccd  no t  bc  a  "qua l i t y "  co t t t p t r t t c t . l t .  i t
shou l c l  l r cvc r thc l css  bc  l a i r l y ' scns i t i r e  anc l .  i n  adc l i t i on .  shou ld  ca r r sc  l i t t l c
background noisc.  l -hc 1r i  o  vur iablc  re s is tors.  R '  a t rd R, , .  cat r  be chassis-
nrount i r rg types ancl  u i l l  probablv nccd l i t t lc  a l tcrat io l r  o l rcc t l rcy havc bccn sct
r rp.  R,  ac l . justs thc scnsi t i r , ' i t i "  o1 ' thc dc l icc,  cnsur ing that  orr ly  noiscs abt ' rve a
ccr ta in lc lc l  u i l l  causc thc c i rcLr i t  to  opcratc.  In  cascs u hcrc t l r is  l i rc i l i ty  is  not
rccpr i rcc l  R,  nra.v-  bc onr i t tcd,  thc gr id  o1 ' thc v l lvc bc i r rg takcn d i rcct ly  to  thc t t l l - l
o l '  thc t ransl i r rnrcr  sccondarr , .

I t  is  i r lpor tant  to  nrakc cer ta in t l ia t  thc t*o capaci t t t rs  ( - ,  ancl  ( - ,  t t rc  t - to t
" l c l ky " .  l s  t hc  c i r cu i t  u i l l  no t  r t t l i c r r i i s c  l i r r t c t i t t r t  co r r cc t l y .

' l 'he 
Act ion of  the ( ' i rcu i t

' Thc  
wo rk i r rg  o l ' t hc  c i r cu i t  i s  l u i r l y  s i n tp l c .  Thc  A [ ]  i , o l t agcs  ( l o rmcd  by

s1' lccch or  noisc at  thc r l ic rophonc)  arc sLrppl iec l  to  thc -ur ic l  o l - thc t r iode by thc
l ransl i r rmcr scconclarv,  thc car t l iy  e nd ot ' r ih ich is  c l l 'ect ive ly  lakcn to cathodc by
thc  cap l c i t o r  C ' , .  Thc  t r i odc  an rp l i l i c s  t he  A I r ,  t hc  choke  l i r r n r i ng  i t s  anodc
load .  Thc  an tp l i l i cd  AF  i s  t hcn  passcd  to  t l r c  c l i odc  r vh i ch  l b rn rs  u  t t c -gu t i vc
vol tagc (u ' i th  rcs l . lcct  to  c l rass is)  across i ts  lc lad,  R, , .  This  ne-gat ivc vol tagc
cha rges  ( ' , .  r ' i a  I l . .  Lhus  app l y i ng  a  b ias  t o  t hc  t r i t t c l e  scc t i on .  Thc  anodc
currcnt  o l - thc val t ,c  thcn c l rops.  dc-cncrg is ing thc re lay ancl  opcrat ing i ts  cot t tacts.

Whcn thc sound p ickcd Lrp by thc n i icrophone cs l tscs.  thc c l iargc on ( i ,  Icaks
luu 'ay througl i  thc rcs is tors R,  and R, ,  br inging thc c i rcu i t  back to i ts  or ig inal
cond i t i o r r .  A l t c r i ng  t hc  ra lL rc  o l -C ,  (o r  R , , )  i r i l l  va ry  t hc  t i n re  t akcn  by  t hc
c i r c t r i t  t o  I ' c1 , , t ' t  l ( )  i t \  l i l f r ) ) e r  \ t l l t c .

- l -hc 
rcs is tor  R,  is  adjusted sLrch that  the re la i r . just  c loscs wi th the nornta l

runode  cu r re -n t  o1 - thc  va l ve .  l n  t h i s  cond i t i on  t he  c i r cu i t  i s  i n  i t s  rnos t  scns i t i v c
s tatc .
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No. 7 40-70 Mc/s SIGI\AL GENERATOR

Components List

Coil.v
L ,  l I  t u r n s ;  l  i n .  d i a m c t e r ;

I in. 1-ronr earth e'nd of
L r ,  

" .L .  0 .207  pH :  ( r . 6  l u rns :  . !  i n .
d ian rc le r ;  I  i n . l ong :  l ( r  s r vg
enamel lcd 70-55 Mcls.

L ,  0 . 3 3 5  p H ;  l 0  t u r n s ;  1 i n .
d iame tc r :  l I  i n .  I on -u ;  I  l {
swg enanre l led 55-40 Mc's.

L ,  AF  osc i l l a to r  co i l .
R F C  A p p r o x .  5 0 p r H ;  5 5 t u r n s ;

26  swg  D .S .C .  on  ]  i n .
l b rn re r  l l  i n .  l ong .

Cupucitor.;
C , ,  C ,  T r imnrc rs :  Ph i l i ps  con -

ccn t r i c ;  6 -30  pF .
C, .  C 'n Tuning Capaci tor  (see

text) .
Cu  20  pF .
Cu,  C,  0.001 pF
C*  0 .01  pF .

AF osci l la tor  tuning capaci tor .
-500 pF
0 . 1  p F

( l  wat t  unless otherwisc

See tu-xt.
l 5  k t t
500 k i t
l 0  k i l :  I  wa t t .
40  k ! ) ;  2  wa t t s .
100 kt t  ;  potent ionleter .
1 .5 -4  k r r :  ( t o  su i t  s tab i l i se r
and HT vol tagc) .
20  k t i

Modular ion on-olF swi tch.

R F osci l la tor  (see text ) .
Any  su i t ab l c  s tab i l  i se r :
VR 150i30,  etc .
Tr iode AF osci l la tor ;  6J5,
etc.

(-,
C ' , ,
c, ,

Rc.r'i.r'tor.r
s tated )

R ,
R ,
R ,
R ,
R ,
R. ,
R ,

R "
5 rli /r'lrc.r'

S ,
Vulyt'.s

l 7



'Th is  
c i rcLr i t  i s  s r rgges tc -d  l i r r  a  s ig r ra l  ge l tc ra to r  corer ing  thc  ra r tgc '10-70  Mc s .

AF nroc lu l l t i t )n  n ra)  bc  s " i  i t chcc l  in  i t r  t t t t t  as  c lcs i le  d .

Circuit  Dctai ls

Thc  s i - r : r ra l  l i cncra tor  cor rs is t :  l ' unc ianrcn ta l l l  o l -  a  l )c l r tode (o r  t r i t t c le )  va lvc .
(V , ) .  f i rnc t ion ing  ls  i . r  ( 'o lp i t t s  osc i l la to r ' .  The anr . rdc  vo l tage is  s tab i l i sed  b , r '
V . .  i vh i l s t  lhc  sc rccn-ur ic l  lo l tage is  t i r r t l i c l  rua in t l i r rcc l  s tcad l 'b - " -  t l t c ' l . ro te r r t io -
n r e t c r  R , .  I L , .  A F  n r o d L r l a t i o n  i s  p r o r i d c r l  b l  V . , .  r i o r k i n - s  ( i r l  t l r i s  c a s c )  a s  l t
H a r t l c ' l , o s c i l l a t o r .  ( A n l  o t h c r  t ) p e  o l ' A I :  o s c i l l a t o r  c o L r l d  b c  t r s c c l  i t t  o r t l c r  t t r
lake  adrantagc  o l ' con t l . roncnt \  ( )n  h rnd) .  

- fhc  
n roc lL r la t io t r  i s  i r t jec tcc l  l ia  I1 , , .

thc  c lcgrcc  o l 'n toc lL r l l t i r rn  l . rc ing  ld  jL rs lcd  hr  R, ,  wh ich  n t tv  bc  e i thc r  l t  l . t t t t t c l  o r  l t
p rc - \c t  c ( )n r  l t ( ) t l c l l  t .

' l 'hr:  
Osci l lator

As  t l t c  (  o l1 t i1 ts  c i l c r r r t  h l rs  su incc l  popr r l lL r i t f  ln rongs l  an l i l t c r . r rs  u  l . t c t t  t t scd  l t s  l t
V H F  r c c c i r c r . o s c i l l u t o r .  i t  r r a s  t l c c i d c t l  1 o  c r n p l o l  s r r c h  u n  o s c i l l a t o t ' i r t  t l t i s

l ra r l i c r r lu r  c i rcLr i t .  fhc  lL rncc l  c i r .cLr i t  co t rs is ts  o l '  1 . .  o r  L ,  s l t t rn tcc l  by  ( ' , ,  ( ' . .
( ' ,  1nc l  ( ' ,  in  sc r ic . -pura l l c l .  (  ,  anc l  ( ,  u rc  t r in rn tc rs .  a r tc l  l t re  L tssc l  t to t  t t t t l ' v
to :c t  t l i c  tL r r rcd  c i rcLr i t  to  thc  cor fcc t  l ' r ' c r lucncr  [ r t r t  a lso  to  \a r ! ' thc  ra t io  bc tuccr t
t h c  t l l ' a p p l i c r l  [ o  t h c  u n o d c  u n d  1 o  t h c  g r i d  l i r r  b c s t  o s c i l l a t o r  u o l k i r t g .  ( l t

cou l r . l  bc  sa id  t l t r t  t l t c r  r  u iv  t l t c  pos i t ion  o l '  thc  "car th  lap . '  i r t to  t l t c  t t t t t c t l
c i rcLr i t ) .  

' l .hc1 ,  
:hou l r l  bc  a t l - jus tcd  suc l r  tha t .  u  i th  (  , .  ( 'n  \c I  L r  I t t i t t i l . t . t t l l . t t

c t1 - rac i te r rcc .  t l t c  to ta l  cu l - r t rc i tunce ucr -oss  t l t c  co i l  ( i r rc l t rc l i t tg  s t r l t ys  a t rd  va lvc
c l c c t r o c i e  c a p u c i t l u t e c s )  i s  l r p p l o r r n l t t e  I r  l 5  p F .  (  , .  ( ' ,  s l t o t t l t l  l l c  a  s l l l i t -
\ l u 1 ( ) r  c a p a c i t o r .  p r c l c n r b l y  o l '  t i r c  " b r r t t c r . l l ) "  t ! l ) c  I l '  i t  i s  i l t r p l a c t i c a b l c  t o
c a l t h  t h e  n r o r i r r g  r a n c s  o l ' t h c  p l r r t i c u l l r r  t u n r r t g  c u p a c i t o r  t r s e c l  t h c y '  t t t a v  r c t t t a i t t
d isconncc tc t l  :  (  , .  (  .  l rn r l  s ln rv  cu1-xLc i t l rnce  s  su l ie  r ing  l i r r '  1hc  "c l t11 l t  ta l t "  in to
thc  tL rncd  c i l cLr i t .  A  nor r t ra l  lu r r ins  capac i to r  i s  no t  rccontn tc r t t l cc l  o r r  i l tg  t t r
thc  poss ih le  h iuh  c l l tac i luncc  hc1 ' , i cc t t  i t s  l l ' l r r t rc  a r tc l  c l t l t ss is .

I t  i s  i r r t c n r l c c l  t l u r t  t h c  \ \ l \ c  r u n s c  - 1 0 - 7 0  M c  s  b c  c o r c r c c l  i t t  t u o  s l c l ' r s .  I J s i t r g
co i l  l - , .  t l t c  1 ( )p  l rc . l r rcnc- ,  i :  70  Mc s  l i r r  u  to ta l  p tn t l l c l  cu1-x tc i tuncc  o l '2 -5  p l i
l n c l  5 5  M c  s  l i r r  u  c u p a c i t u n c c  o l ' . 1 0 . 5  p t - .  W i t h  c o i l  L , , .  r r  p a n t l l c l  c r t l ' t u c i t r t t t c c
o l ' 2 5 p F i v i l l c a r r s c i t t ( ) r e s ( ) n u t c a t  5 5 \ ' ' l c  s : r i l r i l s t . l 7 . 3 p F  u i l l g i i e  . 1 0 M c ' s .  I t  t t r l t y
b c  s c c n  l h u t  t l r c  c a p a c i t u n c c  s u  i n g  n c c c l c c l  l l ' o n  ( '  ,  a r r d  ( ' '  i r t  s c r i e s  i s  s l i g h t l y  l c s s
t h u n  2 5  p l i .  ( ' o i l  c l r t n g i r r s  c o u l t l  b e  c l l c c t e c l  b v  u s i u g  p l t r g - i r t  c o i l s  t t r  b y  r t t c a n s
o l 'a  t r r r le  t  s rv i tch i r ' ,g  c lc r  i cc .  

'The 
co i l s  l l t l s t  bc  \  c f \  r ig i ( l  l t r t c l  l t r t l s t  n t l t  l re  s t rb jcc t

t o  a n \  l r l t c n l t i o n \  i r r  i n d L r c t a r r e c  d t r c  t o  t h e  r l c c l l t n i c u l  h a r t c l l i l t g  n e c c s s i t a t c t l
w l t c n  u s i i t g  t h e  p l r r g - i n  s \ ' s t c n t .  T h c  e o i l  c l i n r c n s r o r t s  g i r c r t  i n  t l i c  c t t t t . t p o r t c l i t s  l i s t
a rc  ca lcu lu tcc l  lnc l  rnur  necc l  s l igh t  i " '11111 1111- j r rs t lnc l r ts  \ \he t t  p r . t t  i l t l o  l t rac t i ca l  t l se .
! i u l l i c i c r r t  u l t c r a t i i l r r s  i r r  i n d r L c t a n c c  e o L r l t l  p r o l . r r t b l r  b c  c a r r i c t l  o t t t  b t ' s l i g l r t l r
o p c n i n g  o r  e l o s i n g  t l r e  t t u ' t . t s .

T o  o b r i a t c  t l t c  n c c c s s i t \  o l ' c h u n u i n s  c o i l s .  i t  n l l r )  b c  l i r u n d  p o s s i h l c  t o  t t s c  c o i l
L ,  l ' o r  t h c  c o r l p l c t e  r a n g c .  L .  w r l l  r c s o r ' u t c  a t , 1 0  M c  s  u h c t t  l t  t t t t a l  c a p a c i t a l i c e
o l ' 7 6 . ( r  1 t F  i s  c o r r n c c l c r l  a c r o s s  i 1 :  t l i u s  n c c e s s i t a t i r r g  a  l u n i r t g  c a p a c i t r t t t c L ' \ $ i l t : I
o l '  s l ig l r t l v  n to rc  than 50  pF- .  Wl rc thcr  L ,  r r  i l l  t  o rk  sa t is f l c t t t r i l l '  ( )ver  th i \
ra r r rc  in  t l rc  cor rs t r t i c to r ' s  par l i cu la r  ca5e n l tv  he  t l i sco ' "c re t l  by 'c rper in tc r t t .

C ' o i l  L ,  i s .  o l ' c o u r s c .  i r r t c n d c d  l i r r  c o u p l i n g  t o  t l t e  o u t p u t  t c r r n i n a l .  I l ' p l t r g - i n
c r t i l s  u rc  u :cd .  1 . ,  c t t t r l c l  be-  f i t t c -c i  pc rnranent l )  so  tha t  i t  i s  i r t  l i r re .  w l t i chever  c t t i l
i s  l i t t cc l .  

'T - l rc  
rc : i : to r  R,  i r  i t r t cn t l cc l  to  io l t l  thc  co i l  lu td  p re  vc t r t  cx tc r t l l l
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ci rcui ts  l ion i  t l l tc t ing thc t i 'cqucncr  o l '  osc i l la t ion.  R,  should bc mor, rntcd
c losc  t o  t hc  cou l . r l i ng  c t t i l .

I t  u i l l  bc notcd that  HT is  prcsent  uL^ross thc l r inr r lcrs  ancl  the t r rn in,u cap-
aci tors.  This ro l t lgc could bc iso latcd bv l i t t in-s a 0. (X) l  prF capaci tor  bctwecn
t l tc  unodc ot 'V,  und ths tLrncd c i rcLr i t .  br" r t  such a prccaul ion is  hard ly  necessary.
l l 'dcs i rcd. l  l i rsc hLr lb could [ - .c  inscr tec l  in  the HT posi t i r "e l ine a l ier  thc stabi l iser .

Thc osci l la tor  r l l rc  shoun in thc c l iaenur l  is  a pentodc.  the u ' r i tcr  having in
nr ind thc ubicpr i toLrs EF5t) .  Hor icr t - r .  , i l , r ru ' t  an-v-  "a l l -g lass"  perr toc le or  t r i i lc lc
r i  i th  lor i  in tcr -c lcct rodc cupaci tanccs should co1' rc  i r r  thc c i rcu i t .

Construction

I t  i s .  o l ' co r r r sc .  e  sscn t i a l  t o  l akc  g rca l  ca rc  ovc r  t hc  *  i r i ng  a rou r t c l  t l t c  osc i l l a to r
vulvc.  Al l  I l .  l :  conncct ions to V,  ancl  in  thc tunccl  c i rcu i t  should be kept  as
short  as possib lc .  

' l -hc 
rcs is tor  R. ,  shoulc l  bc r ro l rntcc l  c losc to thc val r . 'e  gr id .

cvcn i l ' th is  r rcccssi tutc \  u l ( )ns lcad t ionr  i ts  other  s idc.

Thc nra in cuusc o l '  c l r i l t  r r  i l l  bc g i rcn bv tcnrpc-raturc '  changcs.  A good
n rc l l r o t l  o l ' n r i n i n r i s i ng  t l i c sc  cons i s l s  o l ' huv ing  thc  osc i l l a to r  vu l vc  abovo  thc
chass i s  i n  u  uc l l - r cn t i l a t cc l  pos i t i on .  t l i c  con rp ( )ncn ts  o l - t hc  t uncd  c i roL r i t  bc ing
bclor i  uncl  kePt  uc l l  uu ' l l  l - ron1 hcat- radiat ing conr l lo l rcnts s t tch as Rr.

Set t ing [ ]p

Whcn thc osci l lu tor  has bccrr  corn l - r lc tcc i .  the prcscncc o l 'osc i l la t ions nray bc
chcckcc l  bv  i nsc r t i r r q  u  n r i l l i an r rnc te r  i n  t hc  I I 1 ' l i ne  a t  t hc  po in t  n ra rkcc l  w i t h  a
cross in  thc c l i r rsnrnr .  I l  osc i l la t ions arc s toppcd by ' touchin-u thc osci l la tor  gr id
r i ' i t l r  an  ca f thc ( l  p rod  thc  l l l - c r r r r r -n t  r r i l l  i nc rcasc  cons idc rub l y .  t hus  i nd i ca t i ng
that  thc c i lcu i l  is  uork ins.  Bcar ing in  rn inc l  the luct  that  C' ,  a t tc l  C ' ,  arc t tccdccl
a l so  t o  sc1  1hc  n r i r r i n run r  l L rn ing  eun r r c i t unc r ' .  t hcsc  two  t l i n rn re rs  l l u r y  t hen  bs
r rd j t r s l cc l  t o  t hc  c l 1 ' x r c i t u r r cc  r . u t i o  r i h i ch  g i r cs  n ra r i n r r r rn  " c l i p "  w i t l r  t hc  t u r r i r r g
cupaci tor  hal l ' -cr rnreshcd.  Tr inmr i r rg l i r r  th is  r r t io  r i  i l l  probubly bc vcry l la t .

' l  
hc rcs is lor  [ { ,  s l rorr ld  the-n bc crpcr inrcnta l ly  rcr luce 'd i r r  v l luc t rnt i l  i t  hegins

1o  l ouc l  1he  tuncd  c i r cu i t .  t h i s  s ta t c  bc ing  i nd i ca t cd  by ' rn  i nc rease  i r r  t hc  l l T
cu r ren t  l cad ing .  , \  r l l r i c  l i r r  R ,  r rh i ch  caL rses  s l i g l r t  l o l d i ns  shou l c l  bc  c l u i t c
s r r l l i c i c r t t .

F requcncv ('alibration

( ' i t l ibrat ing thc s ignl l  qcncrr tor  f i r r  t ic r lLrencr-  mi . r )  prove a l i t t le  d i f f rcu l t
rv i thoLr t  adcl i t ional  cqr . r i l . rme nt .  Spot  chccks r lav bc obta incd by bcat ing the
output  agai r rs t  knor i  r r  f ' rcr l r . rencic 's  (T V soLrnd.  e- tc . . )  thc s ignal  generator  then
bcing " l i r l lor rcd"  b l  us ing the harnronics of  uuvcrneters or  lower f requcncy
gcnerators.  Sucl r  * r rcnrctcrs as the U( ' l l l  g i rc  usef  Lr l  harmotr ics up to at  least
l 0 0 M c s o r s o : u n d s h o L r l c i p r o \ e \ e f \ ' r . l s e l \ l l i n t h i s r c s p c c t .  S t r o n g e r h a r m o n i c s
1l 'onr  norr la l  s isnal  gcncnr lors coulc l  p i 'obabl i "be obta inecl  by fbcc l ing thei r  fu l l
( ) u tpu1  i n to  un  t r r t b r l sc t l  upc r i oc l i c  an ip l i t i e r .
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No. I KEYING MONITOR

R.F Input
R t

5@kn

Frcm A.F Oscil lctor

GB-2

sc9

A l though  th i s  c i r cu i t  i s  des ig r r cd  n ra in l y ' as  a  mon i to r  f i r r  an ra t cu r  bL r i l t
t ransmit tcrs i t  is  capablc o1 'bc ing uscd f i r l  nrarrv  othcr  pLl rposcs,  whcrc t l ' rc
sw i t ch ing  o f  AF  an rp l i l i ca t i on  b_ " -  n r cans  o l ' a r r  R I :  s i gna l  i s  r cc lu i r cc l .  l t  coL r l d ,
l i t r  instancc,  pro l ic lc  a uscl i r l  rncthocl  of 's i lcnc i r rg r r  se-nsi t i ic  rccc i r t ' r  u ,h ich is  not
tuncd  to  an  ac tua l  ca r r i c r :  ( i n  such  a  casc  thc  va lL rc  o t ' ( ' , ,  uou ld  h l t vs  t 9  bc
inc rcascd ) .  As  a  n ron i t o r  i t  has  t hc  ad lan t rge  tha t  t hc  AF  i n  t l r c  hcac lphoncs  i s
conl ro l lcc l  by thc t ransnt i t tcr  output  i tsc l l 'anc l  not  bv subsid iary kcv c i rcu i ts :  thus
g i v i ng  a  n ro rc  r c l i ab l c  i dcu  o l ' r vha t  i s  hea rd  a t  t hc  c l i s t an t  r ccc i vc r .

The Operation of the Circuit

I t r  i ts  nornra l  s tatc  thc t r ioc ic  is  overbiased.  th is  bc in.u cbnc by choosing an
appropr iatc  gr ic l  b ias vol tagc wi th thc GB 2 tap.  This ncgat ivc vol tage wi l l
c a u s c t l t c c l i o d c V , t o c o n d u c t a n c l  s o t h c b i a s a c t u a l l y  u p p l i c c l t o t h e v a l v c w i l l b e
apprt tx intate lv  hal f  o f ' t l ta t  choscn,  1hc ro l tagc c l rop bc in-u occasinnccl  by thc
potcnt ionrctcr  R, .  R, .  TI tc  gr ic l  b ias ta l t  Lrscd s l tould bc jLrst  su l l lc icnt  to
cnsurc cu1-ol l ' .  lhus prcvcnt ing thc-  t r iodc l ' ront  ar lp l i f_v ing thc oulput  o l -  the
scpafatc AF osci l l l lor  r . r  l r ic l r  is  le  c l  to  i ts  gr id  v iu ( ' , , .

Thc  ( iB  I  t l r pp ing  i s  t akcn  to  a  po in t  uh i ch  co r r csponc l s  t o  s l i gh t l y  n to rc  t ha t r
thc LtsLra l  l r ias vol tagc l i r r  the pur t icu lar  t l ,pe o1 ' t r iodc u 'h ich is  bc ing used.

When  an  R [ ;  i npu t  i s  app l i ed  t o  t hc  t uncc l  c i r cu i t .  V ,  i n tn rcd ia t c l y  r cc t i { i es ,
t hus  app l y i ng  a  pos i t i r c  vo l t usc  ( r c l a t i r c  t o  c l r ass i s )  1o  R , .  Th i s  vo l t age  causes
the ncsat ivc b ias on thc ia l lc  to  bc reduccd or  rerr . roved,  a l lorv ing i t  to  ampl i fy
the AF osci l la tor .  r rhose notc is  then heard in  thc l icadohorres.  As i t  u ,ould be
d i l i i cL r l t  t o  regu la t c  t hc  RF  vo l t ases  appca r i n -u  l r c r ( r s \  t l r L ' t uncd  c i r cu i t ,  t hc  i npu t
is  nrac lc  such that  the i 'o l tase obta ined f iont  the rcct i f ied RF is  too largc ar . rd
would causc thc gr id o l  V,  t . r  beconte pt rs i t i . " 'c  r i . i th  respect  to  i ts  c i thode
(restr l t ing.  in  pract ice.  u i th  "c i ickv"  moni tor i r r -q) .  How'ever ' ,  wheir  the posi t ive
vol tage at  the gr id of  V, ,  r ises above i ts  usual  -sr id  b ias value,  V,  conducts and
providcs an ef  l tc t i rc-  s l ior t -c i r r 'u i t  to  anv increasing gr id vol tages.
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Practical Points
Al thoLrgh the c i rcu i t  shoun l rere is  per fect ly 'capable o l ' i . r 'ork ing as i t  s tands,

sclnre crperinrenters nrav carc to make a f 'erv alterutions to meet different
condi t ions.  For  instancc.  t l ie  headphones coulc l  bc rcplacecl  by a t ransfbrnrer ,
t hc  scconda r l '  o f -uh i ch  cou ld  hc  pc rmancn t l v  connec ted  to  t he  rece i ve r  ou tpu t
te rm ina l s .  t hL rs  ob 'u ia t i nc  an1 '  hcadphone  s r r i t ch ing .  S im i l a r l y ,  t hc  g r i d  b ias
bat lcry could bc d ispcnsed n i th.  Lrs ins i r rs tead a rect ihed neqat ive supply f ionr
the nta i r ts  ar tc l  cntp l t t l , i l tg  p1e- \c l  l )o tcr t l i r r rneters tbr  the tappings.

Whcn  uscd  as  a  n ron i t o r ' .  on l r  a  r c r v  l oosc  coup l i ng  t o  t he  t r ansm i t t c r  shou ld
bc nccdcd.  This nrav corrs is t  o l 'a  shor t  le 'ngth o l 'u ' i re  mounted near the aer ia l
t c rn r i n l l  o r  nc l r r  t hc  oL l t p r - l t  t ank  c i r cu i t .

No. 9 SIIB-STANDARD 200 KC S HARMONIC GEI\ERATOR

Th is  c i r cu i t  i s  i n t cnc l cd  t o  p r ( ) \ i c l e  u  se  r i es  o t ' c l r ccks  o rc r  a l l  t hc  usua l  t i c t l uen -
c i cs  cn rp lo l cc l  l i r r  c l on rcs t i c  anc l  sho r t - r i a r c  l i s t cn ing  and  sc rv i c i ng .  t hc  check
points bc ing obta ine,- l  l l 'onr  h i r r r r ronics basccl  orr  a l (X)  kc,s l i rn i lanrcnta l .
Principle of Operation

Thc  c i r cL r i t  uo rks  o r . t  t he  p r i nc ip l c  o f ' a r rp l i t _v ing  an  R I :  soL l r cc  o l ' k r rown
trcqucncy arr t l  s tabi l i t , " - .  und thc 'n apply- ing thc anrp l i l icd s ignal  to  a stagc
capable o1 'adcl ing a r ich harnr t ' rn ic  corr tcr . r t .  thc output  thcn bc ing uscd tc ' r  prov idc
hctcrodvnc tcsts l i r r  chccking rccc ivcr .  s isnal  qenerator  and \ \ ' l rvcmcter  cal ibra-
t ior t .  c1c.  In  t l r is  cusc,  t l tc  RF soLrrcc l tas u l - r 'cqucncy '  o l '200 kc,"s  and is  obta ined
1l 'onr  thc l l l i ( '  L ight  I ) r r rs t rn. l r . l . lc  t lur rsnrr t t t ' r  on 1500 ntet rcs.' f hc  

d i sad ian lagcs  o l ' an  a r rangcn rcn t  s l r ch  as  t h i s  cons i s t  o l -  t hc  ncccss i t y  o l '
cons t ruc l i ng  l  l u i r l r  con rp le r  c i r cu i t ,  and  thc  cos t  o l ' p r c l r " i c l i ng  t hc  pa r t s .
l l owcvc r .  t hc  l a t l c r  can  bc  red r r cu -d  co r r s i dcmb lv  b1 ' t hc  r r sc  o l ' su rp lus  va l vcs  and
cor l l l roncn ts .

Thc lc lvantr rscs i r rc  u i rcn b_"-  t l rc  tact  thr t  thc accuracy of  the l iequcncy
chccks obta incd is  us soocl  us that  cmplovcd b- ' -  thc UUC in nra inta in ing t rans-
nr i t tcr  f rcqLrcncy 's tubi l i ty ' .  and is  therc lbrc h ighcr  ancl  nrorc rc l iab lc  than that
g i vcn  b1  1hc  l vc ragc  c r l s ta l  osc i l l a to r .
'I 'he 

Circuit
I n  t he  c i r cu i t  sho r rn  hc re .  \ ' , .  V ,  and  V ,  a rc  va r i ab le - rnu  R l -  1 . l cn toc1cs ,  and

thcy  a rc  cn rp lovcd  to  un rp l i l - r  t l r e  100  kc  s  s i gna l  i n  t hc  usua l  r na r l ne r .  The i r
ga in  i s  con t ro l l cd  bv  va r i ah le  ca thodc  r cs i s to rs .  uh i ch  a rc  sc t  t o  ob ta in  t he
gfcatest  ampl i f icut ion 1 l 'onr  e-uc l r  s taqc r i  i thout  r r . rnning iu to gr id  curre11t .

Thc  u rnp l i l i c c l  s i gnu l  shoL r l d  t l r cn  bc  sL r l i i c i en t l y ' s t rong  to  pc r r r i t  o l - ha rmon ic
gcnc ra t i o r r .  I t  i s  app l i cc l  t o  t hc  g r i c l  o1 'V , ,  a  " s t ra igh t "  RF  pcn toc l c ,  whose  b ias
can be a l tercd by 'a gr ic i  b ius l . rotcnt i t ' rmetcr .  This  ra l lc  is  rnaclc  to d is tor t  the
s ign l l  e i t he r  by '  t hc  app l i ca t i on  o1 -  e rcess i re  b ias  o r  nonc  a t  a l l ,  i t  bc ing  tbund
cxpe r i n r cn ta l lV  uh i ch  p roccdu rc  o1 ' l c r s  t hc  g rea te r  amoun t  o l ' l i a rmc ln i cs .  T l l e
anodc  c i r cu i t  o l '  V ,  i s  co rnp le t cd  by  a  sho r t - *ave  choke  i n  se r i es  r v i t h  a  mcd ium
and  l ong -ua rc  chokc .  The  s i -qna l  i s  t hcn  app l i cd  t o  t hc  t r i odc  de tcc to r  wh i ch  w i l l
u_qa i t t  i t t e r c r r . c  t l r c  l r l r r r t t , r r t i e  e r r r t l c r t l .
Practical Points

Orv ing to thc comparat i r 'e ly ' lor i  f requencr .  of  the f 'undarrcnta l  RF,  the
layout  ot '  thc harnrorr ic  gcnL-rator  shor . r ld  not  provc lcry d i lhcLr l t .  E lhc ierr t
screening o1-  cach stage shoLr ld remo\e anr , '  tendcncy to instabi l i ty .  Normal

] I
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I o r t s - u a \ c  e r l i l s  e a r r  b c  u s c d  l i l r  t h c  i i r s t  t l i r c c  s t t r g c s  i u t d  t l r e  r n p u t  a c f i a l  c o u p l i l l g
c o u l d  h c  o b t a i n c d  b v  n r o u n t i n g  t r i o  c o i l s  s i c l c  b l  s i d c .  A  g o o d  a e r i a l  a n d
c a r t l r  s v s t c r n  i s  a d r  i s a b l e  .

R e a l l y  g o o d  c o n l p o n c n t s  s l t o u l c l  b c  c h o s e n  l b r  t h c  t u o  c h o k c s c o n n e c l e d  i n  t h c
a r t o c l c  c i r c u i l  o l -  V , .  I 1 ' o n c  o l ' t h c  o l d - f a s h i o n c d  " b i n o c L r l a r "  c h o k e s  c a l t  b c
obta incd .  th is  uo t r l c l  c lo  c rcc l l cn t l r '1 'o r  thc  mcc j iunr  a r rc l  long-*a i ,c  scc t ic '1 . r .  I t
r t t i - g h t  l t l s o  b c  u o r l h - n h i l c  t t r  k t ' c 1 r - 1 1 1 ( '  R l r  r r i r i n s  a r o u r . r c l  V , . - : r r r c l  \ / ,  r c a s o n a b l v
s  h o r t .

\ lodu la t ion
I t  i s  r r p p r c c i i t t c d .  o l  e ( ) u r \ c .  t l t r t  t l t e  o n s i n a l  l ( X )  k c  s  s i s r r a l  r i i l l  b e  r t r o d u l a t c c l

w h i l s t  i t  i s  hc ing  t rsc t l  l i u  tes t  l )u rp( ) \cs .  a r r r l  t l t i l  1he  s ic lcbanc ls  ob ta incc l  w i l l
l u l s o  b c  r r i u l t i p l i c d  u  i t h  t h e  c a r r i c r .  l r r  u c l c l i t i o r r  r o  t h l s .  t h c  n t u l t i p l l , i n s  s t a g c s
tLrc  u ln ros t .  cc r ta in  lo  i r r l rod t rcc  c ross-nrodu lu t ion  hc t tvccr r  s ic lcbands and
I t a r n t o n i c s ,  c t c .  A s .  h o r i c r c r ' .  t h c s c  u r r r i a n t c c l  l ' r c r l u c r r c i c s  u i l l  b c  c o t r s t a n t l y
c l ta t tg i r ts  thc l  cou ld  harc l l r  bc  con l i rscd  r i  i th  thc  s tcadr ' ,  s t ronqcr  r ro tc  u ,h ic l r
u o L r l c l  b c  o h t u i n c t l  l l ' o n t  t h c  o r i s i n a l  c a r r i c r  u n d  i t s  l r a r n t t ' r t i c s .

No. t0 MII)GI1]' 2-V,\LVl,l AC I)C ItFl(lEtVltR
' I  

l r c  c i r c t r i t  i s  s t r i t l b l c  l i r r  l r  t r i o - r a l r e  ' . n r i r i g c t "  r ' c c c i r c r  a r r c l  t a k c s  a d r a n t a g c
o l ' t l r c  s n r u l l  s i z c r  o l  t h c -  I  l 7 l - 7  o r  I  l 7 t - 7 ( i - l '  t o  s i r c  l l  c o n t p a c t  l a l o L r t .

A s  t l t c  I  l 7 [ - 7  t l k c s  i t  h c i l t c l  c u r r c l r t  o l ' 0 . 0 9  a n r 1 . r s .  i t  u o r r l c i  b c  n c c L . s s u r y  t - ( )
t t s c  l t  p r t r i t l l c l  r c s i s t o t ' t o  c n r r b l c  i t  t o  u o l k  i n  a n  A ( ' ' [ ) ( ' r c c c i l c r  r v i t h  o t l t c r  n u r i n s
Y a l V c s .  l n  t l r i s  p l t I t i c r r l u I  c i r c L r i l .  t h i s  p r o b l c n t  i \  ( ) \ c r c o n l c  b ) '  L r s i r r g  t l t c  c l l h o r ' l c
c u r r c n t  o l  t l r c  I  1 7 1 . 7  t o  h c u t  l r  s c p u r a t c  l . - 1  r  o l t  r u l r c .
( ' i r cu i t  I )c ta i l s' l . h c  

c i r c u i l  i \  \ e r ' \ ' s t r l t i g h t l i r l r i l r t l .  t h c  r L c r i a l  l c ' c r l i r r u  i r r t o  r r  l c l k y ' - g r i c l  t l i o d e r
c l c t c c t t t r  r i i t l t  t ' c u c t i o n .  t h c  l l r t t e l  b c i n g  e o n t r o l l c t l  b r  t h e  p o t e r r t i o n t c t c r  R , .  T h c
a c r i a l  c o i l s  u r c  c o n r c n t i o t u r l  n r c c l i L r n r  u r r t l  l o n g - r i a r e  i n t c r s t u r l c  c o u p l i n g  c o r t r -
po l tc t t t s ,  thc  coup l ing  u  in i l inc  bc i r rg  cn tp l t .>y 'cd  l i r l  l ce  t lback .  A  n t i c lgc t  " in tc r -
v l t l r c "  t n t l t s l i r r n t c r  i s  s h u n t - l c c l  b y  t h c  t r i o c l c .  i t s  s e c o n c l a r r  h c i n g  c o n n c c t c t l  t t r
t h c  ( ) r . r t p u t  r u l r c .  r i  h i c h  i s  p u r t  o l ' t h c  |  1 7 1 . 7 .  T l t c  t l u l t s l i r r r l c r  s h o u l c l  h a v e  l r
r u t i o  o l ' b c l u c c l r  l : . 1  l r n c l  l : 6  i n c l u s i r c .

1 -o  l t rcve- t . t t  t l r c  loss  o l  to r r  rnLrch  H- l  ro l t iLgc  ar rd  lo  a ro id  us ing  iL  bLr lky
c h o k c .  l  : l i g l i t l r  u n o r l h o c l o r  s r r r o o t h i n g  c i r c r r i t  i s  s h o i r  r r  i n  t h e  d i a g r a n t .  t h i s
cons is t i r rg  o l ' t l r rcc -  ca1-1111 ' j1 ,1 r r  eor r r rcc tcJ  t ( )s r - - thc r  b l  lo *  ia l r re  res is to rs .  N t ' r
rcc t i l i c r  l i r t t i t i ng  i s  nccdcd hcrc  us  thc  inp t r t  i r t rpcc luncc  o l l -c rcc l  to  thc  rcc t i l i c r
l u r t o c l c  i s  l i r i r l y ' h i g h .  I t  * i l l  p r o b a b l r  b c  l i r L r n d .  l l i e r  t h c  I l 7 L 7  h a s  l r ' a r r t r c c l  u 1 ' t .
t h a t  t h c  a t l c l i t r o r r l l  1 l - l ' c r r r r c n t  u i l l  c a t r s c  t ( ) o  g r e a t  a  r o l t a s e  c l r o l . r  i n  t l i c  l i l r c -
c r t r d .  R . .  1 o  c r t r  b l c  t h c  r c r r r r i s i t c  I l 7  r o l t s  t o  b c  o b t a i r r c c l  a c r o s s  t h t '  h c a t e r .
W l r c n  t h c  ( ) u l p u t  s t a g c  l t i r s  h c c r t  c o r n p l c t c c l .  t h c  \ a l u c  ( ) l ' l l *  s h o L r l d  b e  c x p c r i -
n r c r t t a l l t  r c d u c c c l  r . r r r t i l  c o r r c c t  $ o r k i n e  i s  o b t a i n c d .

W i t h  5 . 1  r o l t s  g r i c l  b i a s  t h c  c a t h o d c  c L l r r c n t  o l ' t h c  l l T l - 7  s l i o u l d  b c  a p p r o x i -
n t a t e l v . l T  r r t A .  A :  t l i l l ' c r e n t  r a l v e s  r r i l l  p r c s c n t  s l i g l i t  r t r i a t i o n s  o n  t h i s  f i g L r r c ,  a
I t  o h n . r  r e s i s t o r  s h o u l d  h c  c o n r r e c l c d  u p  t e m p o r a r i l y  i n  p l a c e  o f  t h c  l i l a m e n t  o l '
V ,  to  tsccr lu in  th l t  t l t c  cor rcc t  cur r ! -n t  i s  l lo r r ' ing .  and thL ls  [ ] revenLanvacc idcn ta l
b u r n - o u t s .  A  r o l t a s e ' o l '  l . - l  ( o r  r c r r  s l i g l i t l r ,  l e s s )  s h o u l d  b e  b L r i l t  L r p  a c r o s s  t h i s
r c s i s t n r .  

- l ' h c  
c u t h o d c  c u r r e n t  o l ' t h e  I 1 7 L 7  n r a 1 , b e  i n c r e a s e d  b y  r e c l u c i n g  t h e

va l t tc  r r l 'R ' ,  anc l  r i ( t '  t ' t , r su .  (V ,  :hou lc l  no t  be  c ( ) l rn r -c ted  Lrn t i l  bo th  R.  a r rc l  R .
Itar c becn corrccl lv udjrrste-r l  ) .



Construction
The c i rcu i t  may be bui l t  up in  very conlpact  form and,  apar t  f rom the usual

requi rcments of  us ing shor t  connect ing leads,  etc .  needs l i t t le  at tent ion to layout .
However,  i t  s l ioLr ld be remembered that  the l l7L7 d iss ipates a large amount  of
heat  and good a i r  c i rcu lat ion is  needed around th is-valve.  The intervalve
transformer shor-r ld  not  be mounted c lose to the acr ia l  co i ls  or  to  the speaker
t ransfbrmcr.  To prevent  in teract ion,  the ards o l - the t ransfornrers and the aer ia l
co i l s  shou ld  a l l  be  a t  r i gh t  ang l cs  t o  each  o the r .

Thc aer ia l  co i ls  are convent ional  ntedium and long-wave interstage coupl ing
components,  thc coupl ing rv inding being employed f  or  feedback.

R 7R6

s3
, t r

T',"'

C ,
C ,
C. ,
C ,
C.,
C. ,
C ,
C .
C ,
( ' ,  , ,
C , ,
C , , ,

Components l. ist

20  pF .  -500  WV C , .
0 . 0 1  p F .  5 0 0  W V  R ,
-500  pF .  so l i d  d ie l cc t r i c , '  R ,
200 pF R, ,
300  pF  R ,
200  pF  R ,
200  pF  Rn
0 . 0 1  p r F  R ,
0 . 0 1  p F  R "
1 0 0  p F .  1 2  W V  V ,
0.002 pF
1 6  p F ,  2 5 0  W V  V ,

0 .01  pF ,  350V .  A .C .
500 kt t
l 0  k t t
100  k t t
100  k t r
76 t t
200 t t
200 t r
1 .340  t t  l i ne  co rd  ( see  l ex t )
lG4 (or  I  L4 wi th screen-gr id
and anode st rapped)
I  l l L T  a r  I  I  7 L 7 C T



No. rr TRANSI'ORMERRATIO ANALYSER

I

I
I

Lhit Scrc€nil

Copacitor.t

F r g .  I

Components

I
I C',  Expcr imcnta l .  (C ' l roscn to

g i ve  1 ,000  c  s  t onc ) .
C', -500 pF
C,,  0.001 pF
C,  25  pF ,  2 -s  WV (May  bc

onr i t ted i l '  sLr f i ic icnt  gain
i s  ava i l ab l c  u i t hou t ) .

Co 4 1rF (or  lar - r rcr )
Re,; i.sl or.s

R ,  I 0  k ( 2  t o  1 0 0  k r r
(  Ex per i  nrenta l  ) .

R.  2-50 krr
R, ,  Vuluc i lccord i l tg  t ( )  n i l r t icu l i l r .

va lve c l rosen lbr  V, .
R ,  l 0  k t t
R.  -500 ko
Ro  l 0  k r i  w i re *ound  ( scc  t cx t ) .
R,  500 kt t
R .  l 0 k o

I-ist
(-hokc
L,  Expcr intcnta l -suggest

tappcd output  t ransfbnner
pr intary,  P/P in ler-valve t rans-
lbrnrcr ,  or  ord inary i r r tcr -
valvc t ranslbrmer rv i th  wir rd-
r lus c()n l tcctcd in  scr ics.

Vulrc,r'
V , ,  V ,  Sce  tex t .

.\x' it cltc.t
S , .  S .  S ing l c  po l c ,  l i v c  way .

Ganged .

Rqn.qt, Sx' it ch Pos i t ion.;
A Rat ios c losc ly  approachin-u uni ty .
B  Ra t i os  be tween  un i t y  and2 :1 . -
C  Ru t i o :  be tnce r r  l : l  u r r c l  - ' l : 1 .
D  R a t i o s  b e t u , e e r r  2 : l a n d  8 : 1 .
E  Ra t i os  c l ose l y  app roach ing  8 :  l .

1 F

u l

cz

0'.,1

R5

R6

Trcnsformer undcr
tsst

Fotcntiometer
Unit



Hot.

Input
a

Eor thy'

Auto -tronslorrner

under test

5 C t 2  t

1 1 0  t

Inpu t

F O r l n /

H o t

Polcntrometcr

L O r ! n y

O P
'Hot '

)o

B Potcntlomu tcr
r ) t -

L O r t i l y

I P

A 
- l t i s  

c i l cL t i t  ( t : i g .  I  )  l t as  bcc r t  dc rc lo t l -
.[ cd at the rcrlr. lc\t t l t 'rea,-lcrs. atld rc1-r: 'o-

i la  .Hot '  \e  nts  an i tcn i  o l - tcstcqr , r ipmcntwhich wi l l
l ld  "  , , l tar  e-  ntanl '  l rscs in  the l r r la tc l r r  rvork-
i l$- 

Potcntromet( 
sltop. 

' l  
lrc ptlrp()se of thc analyscr ts to

, l l?  
rEor thv '  

c letcrnt i t tc  ihc ' rat ios cr is t ing bc ' r ,vccn
"  I  r i  i r r d i r r gs  t t r t t t t t t t ed  o t t  l t  co t l l t l l o l l  l r o l l

7  
I  Co rc :  s t t c l . t  as r i  t l t t l c l  b . -  l l r ov i c l c c l  by  n l a i ns

Not ussd or  auc l io  t ra r ts l i r r r l c rs .  c tc . .  o r  b1  l tL r lo -
t r l r r rs f i r rn rc t ' s .  Thc  i t t t i t l vscr  t t r l t y  a ls t r
bc  t r t i l i scc l  occas io r ta l l l  to  l l r t i l  thc  ra t io
o l ' R l :  t r a r i s f ( ) r n r c r s :  t h i s  b c i n g  l c a s i h l c
i l ' a n  i r o n  c t l r c  o f  s o n t c  s ( ) r t  c a r t  b c

t c n r p o l i L r i l y  i n s c r t c d  i r r s i c l c  t h c  l i r r n t c t ' o l ' s t t c l t  a  c o i l .
- l - h c  

a n l l l s c r -  h r r s  t h r c c  i n r p o r t a r t t  a d r a n t a g c s .  [ : i r s t  o l -  a l l .  i 1  l l l o u s  r c a d i r t s s

to  bc  ob lu i l rcd  t1  u ick ly  und s in tp l l .  Sccor rc l l y .  t l r c  t rans f t r r r t t c r  t t t rc lc t ' t t -s t  i r  I l r r t
s r rb . j cc tcd  to  any  I ta r r t r l i r l  I ' o l tugcs  ( ) r  cur r ! -n ts .  Th i rd l l ' .  thc  r t t io  l ig t r rcs  ob ta i r l c t l

I r rc -  thosc  l i r r  n t t - lo l r t l  conc l i t ions . l t r r r l  a rc ,  thc rc - l i r rc .  I t ( ) t  o t t l v  accur t tc  i r l  thcn l -
sc l rcs .  hu t  a rc  a lso  r rsc l i r l  l i r r  r io rk i r t r . r  oLr t  a r t l i c i l - r l t t c t l  pc l f i t r rn l t t l cc  l ig t t rc - t .

l ' r inc ip lc  o f  opc t 'a t io t t
' I  

l r c  p r i n c i p l c  ( ) l t  \ \  h i c h  t h c  c r r c u r t  l i r n c t i o n :  i s  t 1  t r i t c  s i r r r p l c ' .  A r r  A [ ]  t ( ) l l c  l \

l c t l  1 l 'onr  l r r  t rsc i l l l r lo r  l ( )  ( )nc  o l '  thc  r r  inc l i r tus  t t l '  t l t c  l r l t t t s l i r r t t l c r  u l l c !c r  tcs t .
l rn I  t r l s r t  1o  t l t c  o r r t : i c lc  cnr ls  o1 'u  1 ' ro tcn t ionrc tc r  t t c lu t t rk .  A  scconc l  r . l i n t l i r rg  o l l

l l t c  t r -uns l i t rn tc l  lu r :  ouc  cn t l  conncc lc r l  u lso  to  u t t  c t tc l  o l ' t l t c  l to tc t l l i o t l t c lc l '  t le t -

uork .  i t s  o t l t c r  c r t t l  hc i r tg  co t lncc tec l .  r i l r  l t  P i t i r  o l ' l l l t t l t l c ; '  to  t l l c  l lo tL ' t l t io t t t c t t - r
s l i c lc r .  

- l  
o  l in t l  t l t c  ra t io  bc t r i ccn  thc  tu  o  r r  i r t t l i r rgs  o1 ' thc  t rans l i l l r t l c r .  thc  s l i c lc r

i s  rd j r rs tcd  un t i l  t l t c  tonc  hcard  in  thc  phoncs  is  l t t  a  t t r i t t i t t t t t t t t ,  u ' l t c rc t t l - l t l t l  thc

ra t io  bc luccn thc  t r  in t l ings  cor rcspor rds  to  tha t  cx is t ing  i l t  t l l c  l lo t r - l l t l o l l lL - tL - l '
nc t r io rk .  I l ' the-  po tcn t ion tc tc r  l ias  hccn l i l t cd  bc ' l i r rchu t t t l  r i i th  a  ca l ih ra tcc l
s c u l c .  t h i s  n r t i o  n u r r  b c  r c a t l  r l i r c c t l y .  1 - l t c  p t ' o c c s s  i s .  o l ' c t t t t r s c .  s i r l r i l a r  t o  t h a t

o l '  b u l u r r c i n g  l  b r i d g c .

I t  u  i l l  bc  \ccn  t l t i l t .  to  ob tar r r  a  - ' l l i l r in runr " .  i t  i s  r tcccss i t r l -  f i l r  thc  scc , t : r l t t l
r i i nd ing  to  h i r rc  l c r i c r  tu rns  than thc  I l rs t ,  i tnc l  l i r r  i t  to  bc  cor lncc tcd  t l t c

c ( ) r rcc t  \ \ l l \  rou l t ( l  t t t  thc  a l ta l )sc r  te -s t  l cac ls .  
- l ' l tesc  

rcc l t r i rcn lcn ts  Ca l l  bc

s u t i s l i c d  b y '  r r s i n g  c \ p c r i l l c n t a l  c o n n c c t i o n s  a t  l i r s t :  a l t h o u g h  i t l  t n o s t  c a s c s .  t l t c

l ) ropcr  conncc t ious  r lay  bc  cas i l ) 'ascc f ta ined l l ' onr  l t  p rc l in r inarv  c \a t t t i t ta t io l l  ( ) l -

thc  t rans fornrc r  bc f i r rc  i t  i t  conncc tcc l  to  thc  tcs tc r .

i ' lot
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Wltc r t  u t t  uu to- t rans fo t rncr  i s  bc ing  i r r rcs l iga tcc l  i t  shou lc l  bc  cor rucc tcc l  u1- r  t t ' r
thc  tes t  l cads  as  i l l us t ra tc t l  in  F ig .  l .  A  t rans l i r ln rc r  rvhosc  tags  arc  n ta fkcd
" 1 . P . " .  " O . P . " .  c t c . .  c a n  h c  c o n n c c t c c i  i n  t h c  n r a n n c r  s h o t r . r  i n  F i g s .  3  1 a 1  a r r d
( b ) .

T l t c  r r r i t c r  h a s  c l r o s c n  t l r c  t c r n r s  . ' l n 1 - r u t "  u n d  " P o t c n t i o r n c t c r ' " .  " l l o t "  a t r d
"Ear t l ry " ,  1o  c lcs ignatc  t l t c  tc -s t  l cuds  s l ro*  n  in  thc  d iaqran is .  

' f  
h is  rvas  donc

nta i r r [y  bccausc  thcsc  c r1- r rcss ions  urc  sc l l ' - c rp lanatorv  and c lcar ly ' c lenotc  the
l i r r t c t i o r t  o l ' c a c h  l c a d .  A n r  o t l t c r  s L r i t u h l c  i c l c n t i l \ ' i n u  t c r r l s  c o u l d .  o l ' c o u r s c .  b e
u s c d  i n  t h c i r  n l u c c .

Range Swi tch ing
T 0  c n i t b l c  t h c  u r u r l r : c r  1 o  r r o r k  \ \ i t h  g | c u t c r  i l c c u | u c \ .  u  l i r c - p o s i t i ( ) n  | i i l l g c

sr i i t ch  (S ,  and S.1  is  i r rc lL rc lc t l  i r r  thc  po tcn i io r re - tc r  un i t .  1 ' l r c  raugcs  co lc rcc l  6y
t l t i s  s u i l c h  a r c  s i r c r r  i r r  t h c  l a b l c  u c c ( ) n r p u n \ i n g  l l r i s  a r t i c l c - .  I t  u i l l  b c  n o t i c c c l
t h a t  r a l i o s  u l . l p r o u c l r i n u  u r r i t r  a r r c l  i n l i n i t v  c u n  b c  u c c u r a t c l l  c l c t c r r l i n c t l ,  t h i s
b c i n s  n r a t l c  l . r o s s i h l c  h y  t h c  i n c l u s i o n  o l - t h c  - 5 ( X )  k t t  r c s i s t o r s  R .  a n c l  R ,  i n  t . h c
l t o l c t r t i o r t r c t c r  n c t r r o r k .  A l t h o u g l r  r c a c l i n g s  u t  t h e -  i n l i n i t r ,  c n c l  o l ' t h c  s c a l c  l r c
obv io t rs lv  l in r i t cd  b r  thc  phr  s ica l  c l l . rab i l i t ie -s  o l '  the-  r 'a r i lb lc  l cs is lo r  i t sc l l ' .  i t
s l t o u l d  b c  p o s s i h l c  1 o  o b t l r i n  u c c u n r t c  r c l c l i n g s  l o  t h c  o r d c r  o l ' 5 . ( X X ) :  l .  l l i g h c r -
n t t i o  r c u d i n q  c o u l t l  b c  o b t l i i n c c l  b v  i n c r c a s i n g  t h c  I ' a l u e r  o l ' R , .

T h c r c  r r i l l  h c  l  c c r t a i t t  i l n r ( ) u n t  o l ' o r c r l u l - r  h c t r i c e - r r  r a n g c s  b L r t  l l r i s  1 ' r r r i r r t  i s  n t r t .
o l ' c t t t t r s c .  u  c l i s a t l r r t n t i t g c .  (  u l i b r a t i o n  c a r t  h c  c l f r i c c l  o u t  o v c r  t h c  c o ; n n r o n
p i t l t s  o l ' o r c r l u l . r :  r r l t h ( ) u s l r  t h c r c  i s  l i t t l c  p o i n t  i n  c u l i b r l t i n g  t o  t h c  c r t r c n r c  c n c l
o l  a  p l r l t i cu l l t r  nu l l c  i l ' thc  rc lc l ings  s i rcn  t l re  rc  t re 'udcc ; r .n tc ly  covcrcc l  c lsc rv l tc lc .
' l  

h t '  (  ) re  i l l a lo r  I  r r i t
T h c  o s c i l l l r t o r  r r n i l  n c c t l s  l i t t l c  t l c s c r i l . r l i o n .  i t  c o n s i s t i r r s  s i n r p l l ' o l ' a n  A l i

o s c i l l l t t o r  ( V , )  l i r l l o r r c d  b r  r r  t r i o t l c  r i n r p l i l i c r  ( V . ) .  l ' l r c  A I r o r r t p u t  t o  t l t c
p t l t c l t l i o t t rc te r  u r t i t  i \  p ro r i r l c t l  l t1  lo r r  i r t tpcc lu r tcc  bv  cor rncc l i r rg  l  cor rvcr r t io r l r l
s l r c a k c r  t r l n s l i r r n r c l  i n  t h c  l n o d c  c i r c t r i t  o l ' \ '' - f h c  

c l i l u n u r  s l r o r r s  a  l l a r t l c r  o s c i l l u t o r ' :  l r l t l r , r r r s l r  l r r r \  , r t l r t - r  o s c i l l a t o r
c i rcu i l  cun  bc-  L rscd  so  Io r rg  l s  i t  g i re -s  a  rc l iub lc  sourcc  o l -  A l i  a t  i t1 ' rp rox i rna tc lv
1 . 0 ( X )  c , s  i l i t l r  c o o d  l ) ( ) \ \ c r .  ( 1 . ( X X ) c  s  * ' i l l  l - r c  l i r L r r r d  u n  c a s i c r t o n c t o  u ' o l k  w ' i t h
than ;100 c  s ) .  The-  r 'o lL rnrc  c t ln l r t ' r l  i s  csscn l ia l  u r rc l  rv i l l  ncc t l  to  bc  t t r rncc l  dou ' r r
l r t  l r ( ) s t  c u s c s .  l l o r i c r c r .  u  l r i g h  l c r c l  o l ' r o l r r n t c  r i i l i  p l o h l h l y  b c  t r c c c l c c l  l i r r '
c h c c k i r r g  1 r ' u l t s l i r r r u c r , .  r r  i t l r  h i q h  n L t i o s .

A n _ v  t r i o  t r i o d c s  ( 6 . 1 5 . 6 (  5 .  c t c . ) c a n  b c  L r s c r l  i r r  t h c  o s c i l l u L o r  u n i t .  A l t c r - n a -
t i v c l v  u  t l o r r b l c - t r i o t l c .  s r r c h  r s  l  ( r S \ 7  o r  l l A t r T .  c o r r l c l  b c  c n r p l o v c c l  i n s t c a r . l .
( l l  b a l t c r , v  t \ ' 1 ' r c s  l t r c  t t s c r l .  V , : l t o u l c l  b c  l r r t  " o r r t P L r t "  r a l r c .  A n  a l t c r n a t i v e -  b i a s
s t t 1 t 1 - r l t '  l i r r  V .  r r  i l l .  o l '  c ( ) u r \ c .  h c  r t e e  d e  c l  u s  t c l l ) .  l l - f  c o L r l d  c o l r s i s t  o l '  a r r l '
t o l t a g u  h i s l t c r  t l r l n . : u r ' .  l ( X )  r o l t s .

Construcl ion
I t  u  i l l  p r o b l b l r  b c  l i r r r n d  n r ( ) s 1  c o n \ c n i c r r t  t o  b L r i l c l  t l t c  a n l l l s c r  i n  t r . r ' o  p u r t s .

A l thoLrgh t l rc  osc i l lu lo l  L rn i t  nccr l  r to t  r . t r -ccssur i l \  bc  scrc r ' l t c r l  i t  u . i l l  bc  hc lp l i r l .  in
s ( ) r t t c  c l \ c \ .  to  lu r ro  i t  so .  I t  i s  c :sent ia l .  houcrc r .  t ( )  L tsc  scrcc l rc -c l  w i rc  l i r r  thc
Icad l l ' onr  thc  osc i l lu lo r  1 ( )  thc  l . ro tcn l io r rc tc f  un i t .  Thc  po tcn t ionrc tc r  un i l .
n r l t s t  a lso  bc  scrccncc l .  

' l ' l r c -  
c l rass is  conncc t ion  to  th is  un i t  can  bc  take-n  f l ' onr

t l t c  sc rcc t t ins  o l '  t l t c  i r t t c rconr rcc t ins  screcncd r i  i r c .  T l rc  osc i l la to r  L r r r i t  shoLr ld .
in  add i l ion ,  bc  conr rcc tc -d  to  u  good ear th .

l -hc  tcs t  l cac ls  l l ' onr  thc  l . ro tcn t io r lc ' t c r  u r r i t  cou l r l  cons is t  o t ' f i ru r  c igh t - inch
I c n g t h s  o l ' u i r c  t c r n t i n a t c d  b r  c r o c o c l i l c  c l i p s .  t h c s c  l c a d s  b c i n g  t a k e n  t h r o u g h  t h c
s ide  o t ' thc  L rn i t  sonre  d is tancc  a \ \ 'a )  l l ' onr  the  knob o l ' t l re  var iab le  res is to r .  Rn.
Longcr  l cs t  l cuc is  shoLr l t l  no t  bc  nccessar \ ' .  Thc  i r r tc rna l  rv i r ins  ins ic le  the
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potent lo lnete r  uni t  (par t icu lar l - l ' .  that  in  the rat rge-s iv i tch c i rcu i t )  should be ke; l t
separated at ld  as shor t l ts  1-rossib le in  ordcr  to redr- rce capaci tances between leads,
and betu 'ecn leads and chassis .

The abo'c  precaut ions are adr isecl  in  order  to prevent  poor  n-r in i rna being

: f  
obta in.ed.duc to s t ray 'capaci tances when

, 
*:: RA+ .Hot ;iJ;1.,1:*o'l ""'i'l,l;iliil",l;:.-J;.:[l'J'l,l

Inpur 
^ { Potentiometcr l ir l to keep the phonc leads away fronr

'Eor thyt  
"u*  ?Eo. thy,  the t ransl i l r r l lc r  ut ldcr  test .

)  I t  u i l l  bc neccssary to usc h igh-
I  r cs rs tancc  phones  (2 . (X )0 r ) ) ;  and  i t  i s

sc,s ,,.T'u'"0 iij:iiiiLj;:$i:,tirri*'i*ll
Cal ibrat ion

ln i t i a l  c l r l i b r i t t i o t t s  shou ld  bc  ca r r i cd  ou t  bv  check inu  t rans f i r r n t c r s  o t ' kuown
r l t l i t t : .  M t t i t t r  t t ' l r t t r l i r r t t t c t ' :  { n l r r t i c r r l r r r ' l - r  t l r . r s l '  1111161a  h1  re  P r r t l r h l c  r ru rnu l i r c .u r -
crs)  are t l tc  nr t ts t  usc l i t l  in  t l r is  res l . rcct  as,  apar t  l l ' t tm thc r t rany a l tcrnat ivc
n t t i o  l i g r r r cs  *h i ch  cun  bc  ob ta incc l  b l , t ak ing  advan tagc  o l ' t he  t apped  w ind ings .
c t c . .  such  t r l t t t s l i t r t nc rs  a rc  u ' ound .  i n  so  l h r  as  t hc  nun ibe r  o l - t un i s i s  co r r ce rn i c l .
vcry accuratc l l .  F- t r r the r  ca l ibrat ions rnay l l tcn bc ruuclc  by us ing les is tors
co r t r t cc t cd  i t s  sho t r r t  i n  F i -u .  - 1 .  L l r i r r g  t h i i  c i r cu i t  t he  r i L t i os  ob ta incc l  w i l l  bc

RN I tB
c r l  i l l t l  t ( )

R B
Bel i r rc  ca l ib ra t io r t  i s  c r ln t r .ncnced.  a  c l tcck  shou ld  bc  n tadc  i t t  scvcra l  "sno t "

po ln ts  to  l l takc  ccr ta i t t  tha t  reud ings  ob ta incd  f l ' on t  res is to r  ra t ios  c ( r r rcspond
rv i th . those g ivcn  b l  s in t i la r  t ra r ts f  o r 'n rc r  ra t ios .  I ) i sc repanc ics  a rc  un l i ke ly ;  bu t
shou lc l  i l ny  occ l l r .  thcy  u ' i l l  rnos t  p robab lv  bc  caLrsec i  by  exccss ivc  s t r l y  c r ipac i t -
a n c c s  i n  t h e  p o t c n t i o n t e r L - r  u l t r I .

HI(;H I'IDELITY TRF TTINER TINIT
(c,tttt irttrcl frrtrrt f 'uqa -)))

To  sc t  up  1he -  i nd i ca to r  c i r cu i t .  t hc  r cs i s to r  R , , ,  shou ld  be  ad ius t cd  uu t i l  t he
shadow t ln  thc largct  o l ' t l re  ind icator  iust  "c losc 's" .  When u st l i t ior r  is  tuned in
thc shadorv u i l l  thcn " ( )pcn."  I t  r r i i l  hc seen that  the potent iorneter  network
R,.and.R, ,  prcvcnts the-  ind icator  f ronr  nrak in-s ure of  t i re  fu l l  Hr  vol tage.  l t
nr ig .ht ,  thcrcf  orc,  possib l -v-  not  bc r i  or th u h i le  inc luding t l - rc  tuning indicato;  i f  the
avai lablc  HT ' " 'o l tagc uere lcss than.  sav.  200 vol ts .

Current Consuntption

wi th t l ie  RF volurrc  contro l  fu l ly '  adranced.  the tota l  HT current  taken by
the uni t  wi l l  be approxi rnate l r '  l0  to  -10 nrA for  an HI  vol tage of  250.
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No. 12 HIGII FIDELITY TRF T'UNER UNIT
The c i rcLr i t  s l to l r ' r . t  in  F ig.  I  g i res deta i ls  of  a TRF tLrner  uni t  in tended for  con-

nect ion to a h igh- l ide l i t l  AI -  anrp l i l ie  r .  The tuner  uni t  covers both rnedium
and lorrg-wavcs.  a conlprehensi re contrc l l  o f  var iable select iv i ty  being provided
by a swi tch i r rg c i rcu i t  r ih ich.  as i t  is  adr . 'anced.  pro-uressively  loads each tuned
ci rcui t  in  turn.  Dctect ion is  carr ied oLr t  by an in t in i tc  i r r rpedance detector .  A
"mag ic  eye "  t un i r t e  i nd i ca to r  can  bc  i nc lL rded .  i t ' d r ' s i r ed ,  t l r i s  he ing  uscd  to  show
the  s ta te  o l ' t un i r t g  and  a l so  g i r c  an  i nc l i ca t i on  o f ' t he  r r ragn i t udc 'o t ' t l i c  RF
voltages t 'ed to the detcctttr.
' l 'he 

RF- Circuits
As rnay be see t t  f l 'orn thc d iagrarn.  thc RF c i rcLr i ts  arc qLr i te  s inrp le and st ra ight-

fbrw'ard.  Wur.c-c l ransc su i tc l i ins is  c- l l 'cc tcd b i , ,  S,  to  S.  inc lus ive.  RF ampl i -
f i ca t i on  i s  ca r r i ec l  oL r t  b l  V ,  und  \ ' , .  bo th  o l 'wh i ch  a re  vu r i - n tu  RF  pen todes .
V,  I 'ccds i t r to  V, , .  t l tc  in l in i tc  inrpcdancc dctector ,  thc dcntodLr lated outpul
f ' r on r  t h i s  v t l r , e  bc inu  bu i l t  L rp  ac ross  R , , .

Var iablc  sc lcct iv i tv  is  l t ro ' , idcd b1, thc - l -wat 'cr ,  7-u 'ay sr . l ' i tch S, ,  S,  ar ld  S, , , .
When  thc  a rn . r  o1 ' t h i s  su i t c l r  i s  t i r l l y . t o  t he  l e t t  ( an t i - c l t t ck rv i se  i n  F ig .  l ) ,  t he
tuncd  c i r cu i t s  l r c  r r r t a l l c c t cd  und  the  i r n i t  i s  c l pab l c  o l ' g i l i n -u  i t s  sha rpc i l .  de 'g rce
o l ' se l cc t i r i t y .  As  t hc  su i t ch  i s  t u r r r cd  c l ock -u i sc  t h roL rsh  r t r r c  con tac t ,  u  100  k r r
r cs i s to r ,  R , , .  i s  conncc tcd  uc ross  t hc  r c r i a l  t L rncc l  c i r cu i t s  (L , ,  o r  L ,  and  C , ) ,
caus i r rg  t l r ese  c i r cu i t s  t o  bc  s l i gh t l y  l ' l a l t cncd .  A t  t he  nex t  con tac t  a  l 0ku
rcs i s to r .  R '  i s  co r t t t cc ted  ac ro : s  t l r c  t uncd  c i r cu i t s .  caus ing  thcn t  t he re lb re  t o  bc
t la l tcnccl  s t i l l  l i r r thcr .  IL ,  rcnra i r ts  connccted lcross thc-  acr ia l  tuncd c i lcu i ts  lbr
the re nra inde r  o l '  the r  ar iablc  sc lcct i r .  i t l  su.  i tc l r  posi t ions:  addi l . i i tna l  l la t tcn ing
bc ing  ob ta ined  b l  l oac l i ng  t l t e  t uncd  c i r cu i t s  1 . , ,  L .  unc l  ( ' , , ,  i n  t hc  s l unc  way .
and .  i n  t hc  l i n t l  1uo  l . r os i t i ons .  t hc  de tcc to r  t L l l l ed  c i r cu i t s  as  nc l l .

RF  r "o lL rn rc  con t ro l  i s  p ro r i c l cd  by  R , , .  l r h i ch  va r i cs  t hc  ca thodc  b ias  o f  V ,
and  V , .  Th i s  con t ro l  r l ay ,  bc  i nc - l l c c t i r . e  w  hcn  r ccc i v i n {  \ , c r y  s t rong  s ig r ra l s ,
whe reul . lor i  i t  u  i l l  bc ncccssar l '  to  c lose svu i tch S, .  

- f  
h is  su, ' i tch causcs thc

sc rccn -s r i d  vo l t ugc  o l 'V ,  t o  be  cons idc rab l y  r cduccd .
An  AF  vo lu r l c  con t ro l  (R , , , )  i s  a l so  p rov idcd .  Th i s  con rponcn t  n ta )  no t  bc

necessary i r . t  sonrc insta l la t ions,  and i t  coulc l  bc replaccd by a l ixcc l  res is tor  of  the
sante valLrc.  To prcvcnt  i r t tenuat ion ot ' t l rc  h ighcr  AF t ) 'cqLretrc ic 's .  i t  is  cssent ia l
t ha t  t hc  oL l t pu t  bc  f cc l  t o  t hc  subscqucn t  AF  an rp l i l i e r  t h roush  a  sc rec r r cd  l cad
l l hose  se l f ' - cupac i t ancc  i s  r c r l  sn ra l l .  l l ' t hc  L rsc  o1 'a  l ong  sc rccned  l cad  ( l vhose
sel l - -caplc i tar tce *ould thcre ' l i r re be h igh)caluot  bc avoidecl .  i t  would be advis-
ab l c  t o  i r t se r t  a  ca thodc  l i r l l o r vc r  be - tuccn  the  oL r tnu t  o f - t hc  de tec to r  and  the
sc reened  l cad .  A  su i t ab l c  c i r cL r i t  i s  shuun  i n  F ig .  l .  I n  c i r sc -s  whe rc  t he
sel t ' -capaci tarrcc in  thc conne-ct ing Ieacl  to  thc anrp l i l ier  vnould not  be h ighcr  than
l00pF  o r  so .  an  cas ie r  cou rsc  r i ou ld  cons i s t  o f  on r i t t i ng  R , ,  a l t ogc the r  and
taking thc output  d i rcct ly  t l 'ont  ( - . ,  ancl  c i tass is .  Ht tucver .  should th is  course
be  adop tcd  i t  u i l l  bc  nccessa r )  t o  have  a  vo lu r l c  con t ro l  a t  t he  amp l i f i e r  i npu t .
W l i cn  R , , ,  i s  r e ta incd  thc  i npu t  i n tpedance  o t ' t hc  subsequcn t  an rp l i f i e r  shou ld  bc
I  M t l  o r  g rea l c r .  I f -  R , , ,  i s  o rn i t t ed ,  and  c t ' r nncc t i on  i s  rnade  d i rec t  t o  C . , ,  t he
input  i r lpcdunce s l rould bc 500 k! )  or  greater .  Any input  i rnpedance above
50 kt l  or  so iv i l l  be acccptablc *hcn thc cathode fb l louer  output  is  entp loycd.

Stabil ity'
ln  order  to prevent  instabi l i ty ' .  carefu l  at tent ion has becn paid in  the design of

the c i rcu i t  to  the inc lLrs ion of  adecluate decoupl ing.  The provis ion of  ef fect ive.
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s c r c c n i n g  i s  a l s o  o l ' c o n s i d c l a b l c '  i n t -
por tancr -  and thc  la t ,o r , r t  shou lc l  bc
p l a n n c d  r i  i t h  t h i s  p o i n t  a l r i  a v s  i n
r r t i r td .  T l re  bcs t  po l i cv  cons is t :  o l '
s c r c c n i r . r s  t h c  t i t r c c  s c t s  o l ' t u n c d
c i r c u i t s  ( a r r d  t h c i r  i n r n t c c l i a t c  u i r i n g )
au 'av  l l ' o r l  cach  o l l t c r  as  c l l cc t i r  c l l  as
| ( ) \ : i h l c .  T l t e  r l r r ' l r c t l  l i r r c '  i r r  r l r c
d i a q n r n r  s i l c  a  g o o d  i c l c a  o l ' t h e  p o i n t :
a1  r . i  h ich  screcn in l " r  shou l r l  be  app l icd .
1 I f  i n s t a b i l i t y  s h o t r l t l  h e  p c r s i s t c ' n t .  i t
n i i g h t  h c l p  1 o  l l r r c  t h c  u n o d c  l e u t l '
l l ' o r t t  \ ' ,  l r r t t l  \ ' ,  t o  1 ; ' .  ' '  t c . P c q l i r u
s \ \  i t c l l  con t i t c l . \  \ c rccnec l  l l s ( ) ) .

I t  s h o u l d  b c  r c n r c n t b c l c c l  t l u r t  L I t c
i r r d i r i t l u l r l  u l l c ' r :  o l ' b o t l t  t l r c  r r u r c -

sc17
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change and the var iable select iv i ty  swi tches must  be connected to thei r  respect ive
tuned  c i r cu i t s  by  means  o f  sho r t  * i r i ng .

1'he 1'uning Indicator
The tuning indicator  shown in the c i rcu i t  need not  neccssar i ly  be f i t ted to the

tuncr  uni t .  as i ts  inc lus ion is  ent i re ly  opt ional .  I t  is  used here in  a d i f ferent
lnanner to that  normal ly  errcountered.  This is  due to the f -act  that  the DC
vol tagc bui l t  up across the in f ln i te  impcdancc dctsctor  load is  posi t ive (wi th
respect  to  chassis)  instead of 'ne-cat ivc.

I f '  they are used,  R, , ,  i lnd C*.  should be mountcd c lose to the cathode of  V" .
The lead to the tuning indicatc l r  -sr id  can then be made as long as is  requi red by
the  l ayou t .  Thc  pos i t i ons  o f  R , ,  and  R . , ,  a re  un in tpo r tan t .  R ,  w i l l ,  o f '
coursc.  bc l i t tcd d i rect lv  to  thc indicator 's  va lvcholdcr  tags.

(Contlttttel ttn Puge )l i)

No. l3 IIET'ERODYNE CAI'ACI'I'ANCE ME'I'IiR

(.upacitor.s
C ,  l 0  p F : M i c a .
C  ,  40 ( )  pF :  M  i cu .
C .  5 0  p F :  M i c a .
C ,  0 .  I  p F :  P l p e r .
C ,  500  pF .
Cu  50  pF ;  M ica .
C ,  0 . f f i 1  pF ;  M ica .

Components List
Cn  0 .001  pF ;  M ica .

Rc.r'rs/r,,rs
R , ,  R , -20  kQ

Valyes
V , ,  V ,  6J5  o r  equ i va len t ,

b ined as 6SN7 or

) :

or  com-
t 2 A U 7 .



Th is  c i r cu i t  i s  t ha t  o f  a  hc te rodvnc  capac i t a l r cc  n rc t c r  capab l c  o l ' r r t easu r i t t g
valucs of -capaci tance l ' rom less than 10 pF to -ereater  than 0.0 I  pF.  Accuracy is
good.  but  the scale is  l iab lc  to bccome crantped for  rcadings abovc 0.001 prF.

Principle of Opcration

Thc  p r i nc ip l c  o l ' o1 ' r c ra t i o r r  i s  vc rv  s i n rp l c .  V ,  i s  an  R l -  osc i l l a to r .  ac ross  t l t c
g r i d c o i l  o l - r i ' h i c l r ( [ . , ) r ' a r i o u s ' n a l u e s o t - u r . t k l t o u n c a p a c i t a n c e n t a y b c c o t t t t c c t c c i .
V ,  i s  a l so  a r r  RF  osc i l l a to r .  bc ing  l L rncd  by  a  va r i ab le  capac i t o r ,  ( ' , , .  I t  i s
l oosc l i , coup led  to  t hc  c i r cL r i t  o l '  V ,  bv  su i t ab l c  l . r os i t i on ing  o l - t hc  co i l s .  

' I - o  
l l nd

thc  va luc  o l ' an  u r r kno r rn  capac i t o r .  i t  i s  f l r s t  o l ' a l l  conncc ted  ac rc l ss  L , ,  whc rc -
r , rporr  ( ' , ,  is  ad. justcd r , rnt i l  a  zero bcut  is  hcard in  t l tc  phoncs.  T l rc  t rvo osci l la tors
arc thcrr  *ork ing on thc sun-rc l ' rcc l r . rcr rc l  and thc valuc o l ' t l tc  t t t tknowtt  capaci tor
nray bc rcad l l 'onr  a prcr iously-cal ibratcd scalc l i t ted to ( ' . .

To cx l . luncl  t l rc  rangc o l ' the nrctcr  a t \ \ ' ( ) - \ \a)  sr . r i tc l r .  S, .  is  i r rc l t rdcd in  t l rc
c i r cu i t .  Whc r r  t h i s  s * i t c l r  i s  sc t  t o  Rangc  l .  t hc  L rnk r roun  capac i t o t ' r s  conncc -
tcc l  d i rcct ly  l rcross l - , .  Whcrr  Rangc I  is  sc lcctcc l ,  t l rc  unkr towtr  cupaci t t ' r r  i t
conrrcctcd in  scr ics r i i t l r  a  l i rc-c l  capaci tor .  C ' . .  ar rc l  acts nr( ) rc  or  lcss i ts  a paddcr .
AssLrnt ing that  C' ,  ha:  a ra luc o1 '5(X)  pF.  I {arrgc I  thcr . t  n tcasurcs cul . ruc i t r t t . tccs
nca r l y  up  to  t h i s  l i gu rc .  u  h i l s t  I l angc  2  a l l ow ' s  r cac l i ngs  t o  bc  t akc r r  t o  t hc
p robab l c  rna r i n ru r l  ( * i t h  ucc t r rac l ' )  o l ' 0 .0 I  gL I r .  Thc rc  u i l l  bc  a  cc r ta in  a r t t o t l r t t
o t -ovc r l up  bc tuccn  thc  t r i o  rangcs .  bu t  t hc l c  i s  l i t t l c  po in t  i n  ca l i b ra t i r r g  I l angc
I  bc lo i "  300 n[ : .

A  s r ra l l  l i r cc l  c tp l c i t o r .  ( ' , .  i s  con r r cc t cd  pc rn ranc r r t l v  uc ros :  L , .  t h i s  hc lp i r t g  t o
r c r , l r r cc  t l r c  c l l t ' e t r  ( ) l ' \ l t ' ) i r L l  r t l l r r  c t rP l r c i t l t r r cc . .  l t  l r l r , '  l r l l , r * r  (  ,  [ o .u i t l t  o r c r '
thc zcro tcst  capaci tancc posi t ion * 'hcr t  i ts  v i lncs arc ut t t r tcshcd.

Bo t l r  L , .  L ,  t r r d  L , ,  L , l r c  s i r r i l a r  co i l s .  i L r rd  i t  i s  r ccon rn rcndcc l  t ha t  I r ed iun t -
r vavc  supc r l r c t  osc i l l a to r  co i l s  bc  L rsed  i n  t hcsc  1 - ros i t i ons .  W i th  sL rch  co i l s .
s tablc  osc i l lu t ior rs  s l iou lc l  bc obta incd u ' i thor . r t  too r luch sc l l ' -ca l rac i tat rcc.  L, , .
thc RF chokc,  nccd not  bc c luboratc- .  A s i r r -s lc-bobbin " rcact ion- typc"  cor t lpot t -
cn t  uoL r l d  p rob lb l y  co l ' l c  t l u i t c  * c l l .

Pract ica l  l )c ta i ls

Thc  co r r s t ruc t i on  o t ' t hc  n rc t c r  shou ld  p rcscn t  l i t t l c  d i l ) i cL r l t y ' .  l t  u ' i l l  p robab l y
not  bc ncccssarv to scrccn t l rc  co i ls  L, ,  L ,  and L, , ,  L ,  ar . r 'ay l ior t r  each othcr :
but  i t  w,oulc l  be advis tb le to har . 'c  thcn.r  sonrc d is tancc apart .  u ' i th  thei r  axds at
r i gh t  ang l cs .  l l ' t h i s  docs  no t  g i vc  su l l i c i en t  coL r l . r l i ng .  t hc i r ' 1 . r r r : i t i ons  t nay  be
a l t c r cd  so  tha t  t he i r  axds  u rc  b roL rgh t  n to re  i n  l i nc .  On  thc  o the r  hand ,  sho r . r l d
coup l i ng  bc  t oo  t i gh t  ( and  th i s  n l t y  resu l t  i n  "pu l l i n -u " ) i t  r r r ay  bc  nccessa ry  t o  l i t
a  smal l  scrccn b! - t \ \ 'cen thc t r io  coi ls .

When the nrctcr  has bccn conrpleted,  ca l ibrat ion nray bc carr icd out  by n lc l lsL l r -
i r r g  t l i e  va lucs  o l ' knoun  capac i t o r s .  and  con rp le t i n -u  t hc  sca le  r v i t l r  t he  a id  o1 'a
gra pn .

.1.1



No. I l, ' l ' ltANStl'RON INI)trC'I'ANCI.I l lII i ' l 'EIt

(  onrponents  l . i s t

/ i ' . i i . r /or ' .r
[ { ,  I  k L t
R . ,  l - s O  L L r
R ,  5 0  k L r
I{,  I  l \ ,1 l
l L  l i 0  l . L r  ( l ) l u t c l - n t o u n t c t l  )
R ,  l ( X )  k t r
[ { ,  ]  k t t : . 1  u u l t : .  ( l ) r - c - : c t )
R .  ( r  k  L t :  5  r r  t r t t s .  (  I ) r c - : c t )

( t t l t r t t  i t t tr .s
( ' ,  0 .  I  1 r l :
( ' .  1 - 5 ; r  l : : 1 5 \ ' \ \ \ .
( ' ,  0 . 0 1  g r t
( ' ,  - 5 ( X )  p [ :
( '  - i 0  p [ :

l 0  p l l
l ( X )  p F  I  S i l r c r - i n i c r r

*  1 " , ,  o r  b c t l c r
5 ( l t )  ' . ' 1 "  

'  S i l r . c r - r r r i ca
f  2 ' ' , ,  o r  b c t l c r

2 0 0  p [ :
0 | p l l

()  K 7. 6.1 7 urc recolnr.r.rcud,.cl .
b r r t  n ros I  o thc l  l l  F  pcn toc lcs
r i  i t l r  separ l tc  supprcssor -
q r i c l  c o r r  r r c c t i o r r s  s h o u l d
c () l lc.
6 . i - i .  c tc . ,  ( ) r  con lb incd  as
6 5 \ 7  o r  l l n  t l 7 .

(  ' , ,

L i

t .

( , ,
r
\  r  r .  I  r  t r l

I  uIrt .s

S u g g c s t c d  (  i r c u i t  \ o .  l - 3  g u r c  d c t a i l s  o l '  u  u u l ' r . r e  i t r r i t e c  n l c t c r  i n  t v h i c i r  t h c
i lnkn( ) \ \  n  c l r l ) l l c t t l tncc  w ls  uscc l  [ ( )  l t - lnc  an  inc l t rc to r ,  a  ru 'ac l ing  thcr r  bc ing
t l t k c l t  o l '  L l t c  l ' r ' c t l u c i r c r  o l  r c s o n a n c c .  l n  t h i s  c i r c u i t  s o n t c t h i n g  o l '  t l t c  s a n t c
p r i r t c i p l c  i s  u s c d  t o  l i n c l  u n k r t o r i r r  r a l u c :  o l ' i n d u c t a n c c .  T h c  i n d u c t o r  u n d e r  t c s t
i s  c o r t t t e c t c t l  t o  l t  t r a t t s i t r o n  o s c i l l a t o r  a n c l .  u  h c n  1 - x r l a l l e ' d  b v  a  k n o w  n  v a l u c  o f
c l t l l ac i t l t t l cc .  i t \  f csonant  1 ' t ' cc1  ucncr  read u  i th  the  a ic l  o f '  an  er te r r ra l  s igna l
g c r l c r a t o r .  I l r  t h c  u s c  o l ' t r r o  d i f l ' c r c r r t  p a r a l l e l  c l i p e c i l o r s  i t  i s  a l s o  p o s s i b l e  t o
t tb ta in  a  n rc i t \u rc  o1 '  thc  sc l l : c l rpac i tuncc  ncn tss  t . l te  indLrc to r .
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Thc C i rcu i t

T h c  n r o s t  i n t n o r t l n t  l ) i u  t  ( ) l ' t h e  c i l c u i t  c c l r l r c \  r r o L r i r d  t l t c  t n t n s i t r o t t  o s c i l l a t o r .
V , .  T l r i s  i s  a  co lncr . t t io r . ru l  R l r  pcn todc  *hosc  s r . lpprc5 \o f -g r id  i s  n t l c lc  t t c .ua t ivc
r r ' i th  rcs l - rcc t  to  i t s  ca lhodc .  and r i  hose-  sc rccn-gr id  i s  s i rc t t  a  h ighcr  p t rs i t i v t -
v o l t a g c  l h a n  i 1 s  u n o d c .  l  l r c  o s c i l l a t o r  u  o r k s  ( ) n  u  p o r l i o l r  o l '  i t s  s c r c c r t - g r i d
c u r r c n t - \ o l t a s c  c u r r c  r i h i c l r  1 ' r r o d u c c \  n c g a l i \ c  r c s i s t a t t c c .  D u c  t o  t l t i r  t t c g l t t i r t '
r c s i s t a n c e  n o  l c c t l h u c k  c o r l  i :  n c c c ' : u r r  l i u  t l r c  i r t c l L r c t o t ' t t r t d c t ' t c s 1 ,  l t r t c l  i t  r t t a i , ' b c
n t a d c  t o  o s c i l l u t c  b v  t l t c  L t : c  o l ' i t  s i t t t p l c  t r i t t - t c r t t t i t t l t l  c o t t t l c c t i o n .

' fo  
n ra in t l r in  thc  | rcccs : i r r r  ro l tugcs  t tn  1hc  c lcc t ro t l cs .  t \ \ ( )  l ) rc - \c i  1 r ( ) t t l l t i r ) -

t n c t c l ' \ .  R ,  l r r r d  l { . .  t l c  c o l l t c c t c ( l  i r c r ( ) s 5  l h c  l l  T  l i n c .  l - l t c  r . a l L t c s  o l ' r c s i s t a r l c c
c i v c n  i n  l h c  c i r c L r i t  l i r r  t l t e . c  t r i o  c o n r l - r o n c n t \  u r c  a  l i t t l c  l o r r  b t r 1 .  i r t  t l t c  i t t t c r c s t s
o l ' s t l b i l i t v  t t l ' o 1 t e l - u t i o r r .  : r r c l t  l o r r  r a l u c s  c a n  b c  r c l i c d  u p ( ) n  t o  c l ' l '  o l t  t l l c  " \ l l l t '

s idc"  l i r r  thc  d i l l c ' rcn t  1 ' r t 'uc t i cu l  n ro t l c ls  r i  l t i c l t  t t t i t r ,  hc  b t r i l t .
- I - l t c  

r i rngc  o l ' t l t c  tn rn : i t t - ( ) l r  ( ) \c i l l i l t ( ) r  \ i r r i c \  l l ' o rn  lo r i  l tL t t l io  l ' t  cc l t t c r tc ics  t t1 - r  to
I l r p r i ) \ i ! 1 i r t c l t ,  j (  )  M ( '  \ .' - i - l r c  

o s c i l l i L i o r  r , r l t l r r c s  o b t l r i r r c t l  l l ' o r n  t l r c  t c s t  i t t t l u c t o t ' u r c  a p p l i c d  t t l  a  l c l t k v -
g l i c l  d c t c c t o r ' .  V . .  \ i l  t h c  l 0  p [ :  c a p a c i t o r .  ( ' , ' .  ' l - l t c  

o t r t l . r t t t  o l ' l t t l  a t t c t t r t a t c d
s i g n u l  g c n c n r l ( ) l  i \  l r l \ o  r r p p l i c d  t o  t h c  s u t t t c  r l t l r c .  A  l i r l t h c l  r , a l r c ,  V . , .  t h c r r
an t l - r l i l i c \  t l t c  r \ l :  ( )u t Iu t  I ' r ' o r r r  \ ' .  l r r t t l  Pusscs  i t  to  t l rc  l t c l t t l l th t t t t cs .  I  hc  A l ;
lu rn l t l i l i c l  i s  ncccss l r r_ r  l r :  t l t c  ( )u t l )u t  l l ' onr  b t r th  thc  l raus i t r t r t  l t r t t l  t l r c  s ig r r l t l
g c n c n r t ( ) r  *  i l l  b c  l o r i .

O n c e  t l r e  l ' r - c c l r r c n c t  o l  t , : c i l l l r t i o n  s i r  c r r  l r r  t l r c  u n k n ( ) \ \  r t  i t t c l t t c t ( ) f  l t l L s  b c c t t
o b l l i r r c c l .  t l t c  r u l L r c  o l ' i t s  i n t l r r c t l n c c  \ \ r l l  h c  g i r c n  b r  t h c  l i r l l o r . r i r t g  l i r r r t t t t l l t :

l
t .

( l -  l ' )  ( '
r i h c r c  l .  i s  i n  h c n r r : .  (  r n  l i r l l t t l s .  u r t c l  I ' i t t  c t c l c s  p c r  \ c c ( ) t t ( 1 .

l l ' t h c  n t c t c r  i s  t o  b c  r r s c t l  c o n : i s t c n t l \  l r  g r u p h  o l ' i n d L t c t u t t c c  l t g l t i t t : l  l ' t ' c t l t t c t t c v
c l u t  b c  p l o t l c r l .  r r : i r r g  t l t c  c l p u c i l l r l t c c  r l r l L r c :  r t l r c i t t l v  i t t : t l l l c c l  i t t  t l t c  r t t c t c r .

l ) rac t i ca l  l )c ta i l s
' T l t c  

c o n s t r t r c t i o n  o l ' t l r c  r l c t c t ' s l t o L r l r l  n ( ) t  l ) r - c \ c t t t .  l t  g l t ' c l t t  c l c l r l  o l ' t l i l ) i c t r l t y .
T h c  u  i r i n g  t o  t l r c  o s c i l l l r t o r  r u l r c  u r r r s t  b c  k c p t  s l r o r t  i t t  r t r c l e - r  t r t  r c t l t t c c  s c l l l
c l L l - t r c i t l r n c c  u n t l  t o  g i r c  c l l i c i c n t .  r r o l k i r t g  i r t  h i g h  I ' t - c r l t t c t t c i c s .  

' l - l t c  
r c s i s t . o t ' .  R , .

i s  p l n c l - n r t l r r n t e t l  l r n t l  i t r  l c l t l .  n l r t  b c  o l ' l u r v  c o t t r c t t i c t t t  I c r t g t l t  s r t  l o t l g  a s  ( ' , , ,

i s  n r o r r r t l c c l  c l t t : c  t t l  t h c  r l t l r c .  
. l ' h r ' s l u l t c  

l r 1 r 1 - r l i c s  1 t l  [ 1 . '  l t t l t l  (  , ' .
Whcn thc  n tc lc r  h t rs  bccr r  conrp lc tcd .  thc  p rc -sc t  rcs is to rs  R,  u r t t l  I l .  r t l t v  bc  sc t

u p  l i r r  o p l i n r r r n r  r c s t r l t : .  
- l ' o  

t l o  t h i s .  R . : h o u l c l  1 ' r r i n t r r i l - "  b c  s c t  r t b o i t t  a  t h i r d  o l '
t h c  r i a l  u 1 . r  l n d  I l , : c {  t o  r r p p l r  i r : l i g h t  r r c g a t i r c  r o l t a g c  t o  t l r c  s r . t l . r p r c s s o f  g f i c l
(u i th  rc l l t ion  to  cu t l to r . l c ) .  I l  ,  shor r ]c l  be-  :c t  to  n t r r i r . t tu rn .  Ar t  inc l t rc to f  l t taY
t h e  n  b c  c ( ) n n c c t c ( l  : . r c t ' ( ) \ s  t l t c  t c s t  t c r n t i n a l s  u r r d  t h c  s u i t c h  S ,  s c t  t ( )  p o s i t i o l l  l .

T h c  o s c i l l u t o r  u i l l  p r o b u b l r  l i t n c t i o n  s t r a i g h t u r i a t .  i t  b c u t - r t o l o  b c i r r g  o b t a i n c d
t ion t  t l t c  c r tc r r t r l  s is r ra l  gcnc t 'u to r  u  hcn  i t  i s  sc t  to  thc  c t t r rc -c t  1 r ' c t lL rcncy ' .  l l '
o s c i l l a t i o n s  c l o  n o t  c ( ) n l l c n c e  i r n n r c d i a t c l y .  I l ,  s h o L r l d  b c  a c l - j t r s t c c l .  l t t  e x t r c l l c
case-s  i t  r , i  i l l  bc  ncce \ \u rv  to  ud . j r r : t  R .  us  uc l l .  Ot tcc  u  su t is f  i t c to rv  bca t -no tc
h a s  b e c n  o b t a i n c c l .  I l ,  u n t l  I L , : h o u l c l  b c  a d . y u s t c d  t o  g i r c  l l r c  s t r t t t t g c s t  o s c i l l -
a t ions .  ( l ' l r c  l t l . j u : tn rcn t :  t ( )  t l r csc-  t r io  l " ro tcn t ionrc tc rs  \ \ i l l  p robab ly  bc  in te r -
d e p c n c l c n t ) .  [ { .  : ] t t r r r l t l  t h c r r  b c  t u r n c c l  c l o * n  u n l i l  t h c  b c l t - r t o t e  i s  j r r s t  a t r c i i b l c :
r lhereu l . ron  thc  p roccs :  c ln  bc  rc l . rcu tcd .  Or tcc  thc l  a rc  sc t  t lp .  Rr  anc l  R"  w i l l
n e e d  n o  l L r r t l t c r  a l t c r a l i o n .  I n t l c c c l .  t h o r  c a n  b c  r e D l a c e d  b r ' l i r e d  r c s i s t o r s .  i l '
t h i s  i s  d c s i r c c l .

/
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.  F -or  rc r , t '  acc t t ra tc  t ' cad ings .  i t  r i  i l l  bc  l t cccssary  to  takc  in to  accor - r1 t  thc
tn tc rna l  s t r iL l  ca l tac i ta r tccs  i t t  t l t c  n re tc - r  i t se l l ' .  T l rc .sc  cou ld  bc  nrc -asured across
t l t c  tcs t  t c r r l t i r la ls .  u  i t l t  onc '  o t ' thc  para l le i ing  capac i tu rs  tcn t l ' ro ru r r i l y  u6so l tJercd
i l n d  i l i t h  V ,  p i u g g e d  i r r  ( t h e  l t o r i e j r  s r . r p p l . , ' i c i r i g  s * i t c h c d  o l l ) : a n d  s h o L r l c l  b c
la lc r  addcc l  to  t l t c ' "a luc  o t ' capac i tancc  i r i i i ched i i r  b - r 'S , .  the  c t l l - c t  o l ' the  s t ray
ca l )acr tancc \  r i  i l l  r ro t  bc  so  s rca t  uhe n  S is  s r i i t che-d  to  r . ros i t ion  l .

Sclf-( 'apacitance

A s s t t t l l i l t g  t h l l t  t h c  s c - l f ' - c a p a c i t a n c c  i r r  t h c  i r r d r r c t o l  u n d c r  t c s I  r l a v  t r c  c o r r -
s idcrcd  as  ar l  ldd i t i t t r ta l  capac i to r  conncc tcd  ac loss  i t .  i t  n rsusurc  6 l -  t l r i s  se l l ' -
capac i ta l tcc  car l  bc  ob t l incd  f ro r r  thc  t r -e -c ; r rcnc l ' rcad ings  -u iven or r  pgs i t iops  I
l u . d  I  . l ' S , :  t h c s c  r r - a d i n s s  b c i n g  r r s c d  t .  f . r ' r  u - r l u a d r a t i c  J c l  u a t i o r r .

I  la rn ron ics

.  l t  n la - r ' so lnc t i t t t cs  bc  poss ib lc  to  t lb ta i r r  l l l sc  rc lc l in -qs  f l ' o r t r  thc  l rc tc r  d r . rc  tg
t l t c  Prcscr tcc  o f ' I ta rn ror r i cs  g i i cn  c i thc l  b1 '  thc  s igna l  gcne l ra to r  o r .  by  thc ' t r .a r rs i t r9 l
t l sc i l l l t t t l r .  

- l - l t csc  
h l t r r t to t t i cs  r i  i l l .  ho icvcr .  t r "  t . ' r y ,  n ruch  r l cakcr  tha l  thc

l i r l l d lL l l le  I l l l r l s :  l t l t r t i cu la r l r  so  r i  hcn  bo t l r  thc  s ign l l  s inc ra to r  a r rc l  t5c  6sc i l la t11r
l t rc  sc t  to .  g ivc  l t l r i  o . r t . t1 . r t t t s .  Or tcc  a  bca t -no te  has  b i r ' r r  ob ta incc l .  thc  ou tp l t  o l '
thc  t rans i t ro t t  s l to t r l t l  bc -  rcc luced (b l  ac l . jus t ing  R, )  r rn t i l  i t  i s  appr .oach ipg  thc" . ius t  aL lc l ib lc "  s t l tuc .  l ' he-  s i -sna l  gcncra t i r r  sh t iu lc l  the 'n  hc  a t tsnuatcd  ln t i i  th is
s tagc  is  ac t t t r t l l , '  r c t tc l tec l .  S l tou ld  r ro  o lhcr  bca t - r ro tcs  bc  ob ta inab le ' ,  thcn  i t  rv i l l
b c  c c l t u i n  t h a t  t h c  i n c l r c u t i o n s  o b t a i n c - d  a r c  g i v c n  b v  t h e  l i r n c l l u n c n t a l s .

No. 1,5 Sltlit lts NOISE LIDII'I 't i l i
Sccondory ol lost
I F Tronslormr

(iomponents l-ist

Rc.si.stor.y
I i , , ,  l - 50  k r r
R , , ,  I  M r t
R , ,  2  M t t

(  u1 t11111111 ' . ,
( ' ,  200 pF
( ' ,  ( ) . 01  pF
( ' , ,  100  pF
( ' ,  0 .01  l r  l r
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This c i rcLr i t  is  that  o l 'a  ser ies-d iodc noise I imi ter  r rh ich is  verv ef ] 'ect ivc in
rcdLrc ing pulsc- t1 'pc ' in ter t 'ercnce.  sL lch as igni t ion noise.  l t  is  in tendecl  fbr
conncct io t t  a t  thc second dctector  s tagc o l 'a : r - rpcrhet .  ln  addi t ion to t l rc  l inr i ter
c- i rc t r i t .  thc d iaurar l  i l lLrs t ratcs a lso thc nccessarv subsid iary conrponents needcd
lb r  de tec t i on :  anc l  l i r r  unde la rcd  AGC 'as  we l l .  shoL r l d  t h i s  be  dcs i rec l .  The
ci rcui t  nrav bc l i t tcd ls  i t  r turr . i r  in t ( )  l l r )  rLr l ' rcr l t t - - t .  to  prov ic lc  both l i r r r i t ing ancl
t lc tect ion.

Circui t  Act ion

Thc  l r c t i < tn  o t ' t hc  c i r cu i t  i s  l u i r l l  s i n r ; l l c .  On  reccp t i o r r  o l ' a  ca r r i c r ,  t hc  d iode
V, r 'cct i l ics.  c l t t ts i l tg  l t  ncsat i \c  ro i tage ( re lat i r "c  to chassis)  to  be bLr i l t  up ucross
R ,  and  R , .  appeu r i ng  i n  l i r l l  a t  t hc  j L rnc t i on  o l 'R ,  and  R , , .  Th i s  l L r l l  vo l t age  i s
l upp l i cd .  r , i a  I l  , and  I l  , .  t o  t hc  cu thoc l c  o l 'V ! .  Ha l l ' t he  vo l t agc  ( sp l i t  by  R ,  nnd
R,  i n  sc r i cs )  uppc r r f \  a t  1hc  anoc le  o1 'V , .  

- f h i s  
anodc  i s  t hc rc lb rc  pos i t i v c  w i t h

rcspect  t0  i ts  cathot lc .  an( l  V.  corrcs l loncl in-s l l  cr tnc lucts.
Also l tppcar i t rg across I l  ,  ancl  R,  is  thc AF nrodulat iorr  vo l tagr-  obta incc l  by the

dc tcc t i r t g  uc t i ( ) n  o l ' v , .  As  v ,  i s  conduc t i ns ,  t ha l  pa r t  r l l ' t he '  AF  vo l t age  bu i l t
r . r l )  across R.  is  passccl  to  i ts  cathode ant l .  r ihcn thc s ' , r ' i tc l r  S,  is  sct  t6  "On."  to
thc  s r . r bsccp rcn t  A l j  u r l l t l i l i c r  r i u  ( ' , .

w l r c r r  a  pL r l sc  o l ' i n t c r l ' c r cncc  i s  r ccc i r cd .  i t  i s  i n r ruec l i a t c l y  dc t cc ted  by  v , .
c l t t t s i t t t t  a  co r r cs l - ro t t c l i ng l l  h i gh  ncg l t t i \ c  r o l t l r uc  t o  hc  hL r i l t  up  l c ross  R ,  a r r t l
R , .  l l a l l ' o l ' t h i s  I t i gh  v t t l t ugc  i s  app l i cd  i n rn t cc l i a t c l r  t o  t hc  anodc  o f 'V , .  The
cat l toc lc  o l '  t l t is  ru l rc .  I to lvcr 'e  r .  r iscs onlv s l t r r r  I r  t t i  thu.  ncul l t ivc vol tagt :  :  th is
dclay t rc ing c luc to t l re  lc la t i rc l - \ '  l ( )ns t inrc '  constarr t  s ivcrr  b. 'y  R, ,  ancl  (  1 .  T 'hc
ant lc lc  o l ' thc c l ioc lc  thcrc l i r rc  bccomcs nrore l lcsat ive than i ts  cathodc iu td i t
c c i t s c s t o c o r l c l t t c t : 1 h c r c b 1  c u t t i n g o l ) ' a l t o g c t h c r t h c A l " o u t p u l t o t h c s u b s c q r . r c r r t
amp l i l i c r .  Thc  t i r nc  cons tan t  o l '  R ,  a r rd  (  .  i s  such  tha t  t hc -  i r r t e r l c r cncc  nu rsc
* ' i l l  h l rvc ccasccl  to  cr is I  wcl l  bc l i r r -e t l re  cathodc approachcs l l ic  vo l t i rgc l i t  thc '
a t rode .  Th t t s ,  l t l ' t c r  t hc  pL r l sc  h l s  l i n i shcc l .  t hc  c i r cu i t  sc t t l c s  c l o * ' n  r ( )  non l t i l l
r ' " o r k i r r u  ugu in .

I)etection

Apart  I ' r 'ont  i ts  l in t i t ing act ion.  th is  c i rcLr i t  u lso o l lcrs  the corrcct  tac i l i t ic 's  l i r r
sccond  dc t cc t i on .  RF  dccoL rp l i ng  o1 ' t hc  AF  ou tpL r t  i s  g i l en  by  t hc  l l l t c r  ( ' , .
R '  and  ( ' , , .  The  subscc lL re -n t  c i r cu i t ,  ( p robab l v  a  l cak  o r  vo lu rnc  con t ro l )
u , ' h i ch  l b l l ows  ( ' ,  shoL r l r l  p res r -n t  an  i n l t u t  i n tpec la r r ce 'o l -  a t  l e l s t  I  M t r .  (A
Iower v i t l t te  ivoLr ld rcducc l ide l i ty) .  I t  is  l . ross ib lc  that  hunr  nrav bc p ickcd up by
thc 'no i sc  l im i t c r  con rponen t \  und  c r r c  shou ld  bc  t akcn  to  sec  t ha t  AC ' l cads  a rc
kcp t  uc l l  a r i a r ' .  l 1 ' ncce ' ssa r r ' .  t hc  l i n r i t e r  c i r cu i t  coL r l d  bc  l i t t cd  i n  1sc rccncc l
con lpa r tn l c l t l .  Thc  l i r r t i t c r  shou l c l  r i o r k . j us t  as  e  l i i c i c r r t l t  i l ' V .  r i c l c  r cp laccc l  bv
l l  g cn l l i t n I  un ]  c rYs ta l .

Unde la - r ' cd  A ( i ( ' can  be  ob ta ined  I ' r on r  1he  po in t  i nd i ca t cc l  by  t he  d t shed  l i ne .
L l s i ng .  t he  reco rn r t re r r c l cd  ra lL rc  o1 ' l  Mr . t  t b r  R , , .  t hc  s r rbse r l r cn t  AGC 'b r ' - 1 . l r ss
cupac i l o r  t o  ca r th  cou l r l  co r t r cn i cn t l r  be  0 .05  o r  0 .1  1 rF .
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No. 16 REIIIOTE NTAINIS ON-OFF CON'I'ROL
S t t s s c s t c c i  ( ' i r c L r i t  N o .  l 6  i s  t l c s i s r r c d  l i r r  s *  i t c h i n g  l  n l r i n s  r c c c i v c r  o n

l ronr  a  rL -nro1c  1- ros i t ion .  I t  L rse- r  on lv  t \ \o  cor rnc-c t ing  lc - tds .  unc l  c l lu i r r
c n c r g i s i n g  b l r t t : 1 1  i s  a l r r . r t r : t  n c g l i - u i b l c .  T l t e  t r i o  l c u t l i c o t r l t l .  i l ' d c s i r . c t r ,
a l s o  l i r l  d r i r  i n s  u n  c r t c n s i o n  l o L r c l s l - r c a k c r ' .

artr l  ol l '
ort  t l tc-

bc  uscd

' l ' he  ( - i rcu i t
' l  

h c  h a s i c  c i r c t r i t  i s  s h t t r r  n  i r t  [ -  i g .  I  .  l ' o  c r p l l i n  i t s  r r c t i o n .  l c l  r r s  a s s r r u r e  t h a t
t h c  r c c c i r c t '  i s  l L r t  A ( '  r r t r r r r r  t \  P c .  u r i n S  u  r l c t u l  I I T  r c c t i l i c r :  a n d  t l t a t  t h c
" rc t ] lo [c - loc l l "  su  i t c l i  ins ta l l cc l  in  Lhc  recc i rc r  i s  sc t  t ( )  " fcn to tc . "  The re  luv
ruscc l  i s  o l '  t l t c  t_ r  pc  I tav inu  a  h ig l i  rcs is la r rcc  co i l .- fo  

s t i i t c l t  o r t  thc  rccc i rc r .  the  " ( )n"  hu t ton  u t  t l r c  ren toLc  1- ros i t ron  is  l t rcsscc l .- f l t i s  
c o t t t t c c t s  l t  b l t t l c t ' 1  t o  t l t c  r c l l L v  c o i l .  l h u s  c n c l ' s i s i n q  i t  u n r l  c r i r r r p l c t i n g  t h c

n i a i r r s  i n p u t  t o  t l t c  r c c e  i r e  r .  O r r  i r r t  t t t  l l t c  u r c  o l ' u  r n c t a l  r r : c t i l i e  r - ,  I l  I '  a 1 - r 1 t c a r . s
a l t t t o s l  i r t t r t t c t l i r t t c l r .  T h i s  I I T  r o l t a g c  i s  l p p l i c d .  r i a  R .  l . o  t l t c  r c l t y  c o i l .  T h c
r l t l t t c  t t l ' l l  l r r t t l  l - l t c  c t t t ' t t t c c t i o n s  t o  t l i c  c n c l g i s i l r u  b l r t t e l r ,  l r r c  s o  c h o s e n  l h t r t  t l t c v
h o t h  l t 1 t 1 t l 1  u t t  c r l  u i t l  r o l 1 1 1 s g  ( ) l ' t l t c  \ l n t c  l t o l a r i n  t o  t l t c  r c l l v  c o i l .

l ' hc  "Or t "  l t t i l t t t l t  i s  thc r r  rc lc i t sc r l .  t l r c  r r : lav  r i ' n r l r i r r inu  cn . ' rg i rcc l  hy  rc lson  o l
t h c  H  I '  r o l t u s c .  W h c n  i t  i s  r l e  s i l c t l  t o  \ \ \  i t c i i  o l l ' t l i c  r c i c i r c i . - t h c  " ( ) l l " '  b u t t o n
i s  p r e s s c t l  l t t  t l t e  r e  t t t ( ) t c  l . r o s i t i o t t .  T h i s  s h o r t - c i r c r r i t s  t l t c  c o i l  o l ' t h c  l c l l v .  u ' l r i c l t
t l t c l t  dc -c r tc rg iscs  a t td  s r i  i t c l t c r  o l l '  t l r c  recc i rc r ' .  (T l tc  l cs is to r  R 1- r rc rc r r ts  l rny
c r c c s s i r c  H T  c u r r e  n t  u  l r o n  t l t c  r c l u r  c o i l  i s  s l t o r . t - c i r c L r i t c t l ) .

S L r c l t  i s  t h c  l t c t i o r t  o l ' t l t c  t r . l u r .  l t  r r i l l  h c  s c c n  t l r a t  b o t h  b u t t o n s  h l r v c  t o  b c
l l r c s s e t l  l i r r  o t t l r  l t  t c r \  s l t o t - t  s l t a c c  t t l ' l i n r c .  t l r c  " O n "  b r r t t o n  s t r l l i c i c n t l y  l o r r g  l i t r
l r r t  l l ' l - r t t l t i t g c  t o  b c  l i r t ' l t t e r l  i r t  t h e  r c c c i r c r .  u n d  l l t c  " O l l  "  h r r t t o n  l o n g  c n o r r g l t  t o
lu l low t l t c  l l  l '  s r r roo t l t inu  c l t l - xLc i to ls  to  d isc lu r rgc .  l loucvcr .  s l to t r l r l  u  r , ' l l l , c
ins tc r tc l  t t l ' l t  r t t c t l t l  rec t i l i c r '  l r c  used in  thc  rccc iver ' .  i t  w i l l  bo  ncccss l r rv  to  keep
t h c  " O r t "  h L r t l o l t  l t r c \ \ c d  l ' o r  a  l i t t l c  l o t t g c r  i n  o r c l e l  t o  a l l o u  i I  t o  u l r n l  r r p .  l l r i s
l \  l l ( ) t  [ ( ) ( )  s r c i l t  l t  t l i ' r t t l r  l l t t t r t r t : .  i r \  n t o s t  r c c t i l i c t s  \ \ i t r n l  u l ]  l l r i r l r ,

t p r i c k l r .  A  t l i r c c t l v - h c a l e d  r c c t i -
l i e  r '  ( r L r t  l t  l r .  t l t e  5 \  . 1 1  e o r r e :  i n l o
o p e  f t r t i o n  l r I r r r o s t  i n r n r c c l i i l t c l !  l l l c r
t h c  r  o l t u g c  h u s  b c c n  a p p l i e t l  l t l  i t s
l i l a r r r c i i t .  I r r t l i r c c t l r - h c i r t c d  r u l l c s
o l '  t h e  5 Z - 1  c l l s s  ( i n  r i , h i c h  t h c
c r L t l t o d c  i s  i n t e l n u l l v  c t t n n c c l e c l  t o
o r r c  s i r l e  ( ) l ' t l r c  h c u t c r ' )  d o  n o l  t a k e
r n r r c h  l o r . r g c r - .  E r c n  l r  r  l l v c  l i k e
t l r c  6 X - i  c ( ) l r l n e n c c s  l o  r e c t i l v
l r r i l l i  r l r r i e k l r .

\ c r  c r t h c l c s s .  i n  s ( ) n l e  c a s e s
r n d  r i  i t l r  c c r t l i r t  p l r t i c u l a r  r e c t i -
l l c l \  \ ( ) t l l c  e , t t t : i t l c r l t h l c  t i t t t c  e l t t t
r lapsc  bc l i ' , r ' c  the  rcc t i l i c r  conr -
nrc l rcc \  t ( )  r io rk .  l1  rvou lc l
o b r  i o t r s l r  b c  a  n u i s a n c c  t o  k e e p t h e
"Oh"  bLr t ton  c lc l . r l csscd  i i r l  th is

I r t ' r ' i r r t l .  i u l L l  i u r  l l l c r t t r t l  i r  e  e i l t  t r i t
l i r r  thc  rcnr ( ) tc  1 - ros i t io r t  i s  s l tou  n
r r r  I t i s .  ] .  I n  t h i s  t l i l g n t i n  l l

w  t h  l , l o r n s
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s \ \  i t ch  i s  uscc l  u t  t l te  rcn to to
p o s i t i o n  a n d  t h c  e n e r s i s i n g  b a t t c r r
r s  c o r r n e c l c c l  a l l  t h c  t i n t c  t h a t  t h i s
i s  s u i t c h c c l  o n .  O t h c r u  i s c  t h c
n r i n c i p l e  i s  l h e  s a n i c  l \  t h a t  u s c c l  i r r
F i g .  L  W l t c n  t h e  c i r c L r i t  o 1 '  F i s .
I  i s  t r . c d  e l u r ' r l t , r r r l t l  l . e  l i r k e r t  r r t
s e c  t h i l t  t h c  r  a l i r c  o l '  i L  i s  s r r c l ,  a s  l t r
app ly ,  l r  r  o l l l r l c  ucr r : ,s  t l t c  re  la r
e t r i l  l r s  n c i l r  t ( )  t l t l r l  o l  t l r c  e r r e I g i r -
i n g  b i l t t e r ) ' a s  i s  1 . r o : : i h l c .  t  r r r J c r
t l r c s e  c o r r d i t i o n s .  l l ( )  r j i s c l u r r s c  , c ? 2
1 l -onr  l l r c  l )a t l c r \  s l toLr l t i  occur  l t \
s ( ) o n  a s  F l 1 - u p p c u r s  i n  t l r c  r c e c i r e  r .

To Rccervzr

I
I
I

I
f  t  " . - ,
Ir-_-
I  - t o n

t --

I-Ir
I

Practical I)oints
l - i t t l c  r t c c d s  t o  b c  s l t i d  r r b o r r t  t h c  p r a c t i c a l  u p p l i c l l i o r r s  o 1 ' t h c  c i r c r r i t  a s  i t  i s

l l i r l v  s t r a i g h l  l i r r r r u r c l  l r n c l  s c l l ' - c r p l u r r t u t o r r .  T l r e  r c l a r  s h o r r l r l  b c  o l ' t h c
t u s L r a l  h i g h - r c s i s t u n c c  t \  l ) c  I l r \  i n s  u  c o i l  o l '  a b o r r t  I  k r t  r e s i s l a n c c .  T h c s c
r e  l a y ' s  t t s t r l t l l v  c l o s e  * i t l r  u  r n i n i n r r r r r  c n c r g i s i r r g  r o l t a g c  o 1 ' a b o u t  l 0  r ' o l t s  o r  s o .' f  

h ree  9  r  o l t  g r i r l  b i l :  ba t tc r ies  u t  l l r c  rc lno tL '  1 ' ro i r r t  sho t r l t l  g ivc  un  ar lc t ;L r l t c
r  o l t u g c .

T l tc  cor t l l t c ts  o l '  r ' r ' tos t  [ ) .O.  t , r  pe  lc la , -s  lp l ] car  usuu l l l  to  bc  ra thc l  s r t ra l l  l i r r '
I l t a i n s  s u i t c h i n g : r c t  t h c r  s c c n r  t o  c ( ) l l c  r ; L r i t c  u c l l  i r r  p r a c t i c c .  l t  i s  l . u o o d  l t l a n
t o  l t i t r c  [ \ \ ' ( )  \ e  t s  o l ' c o n t u e t s  i n  p u n r l l c l  o r r  t h c  o r r c  r - c l u r ' .  ( ) n e  s c t  " n r a k i r r g "  - j r r s t
b c l i r r c  t h e  o t l r c r .  T h i s  s c t  o l ' c ( ) n t i . r c l , \  t h c n  b c a l s  t l r c  b r t r n l  o l ' u ' l i r t c ' r c r '  , r r i ' i ' r g
l l l l t v  ( )cc t l r  l t t  I l t c  I . t . t t t t l cn t  t t l ' s *  i t ch ing .  A  rc la r  o l '  t l r i s  t r  Pc  cou lc l  no t  bc  r rscd
l i r r  s r ' " i l c l r i n g  a  r c c c i r c r  c t r n n c c t c d  t o  t l t ' n r u i n s .

T h c  c i r c L r i t  s l t t t : t l t l  n o t  b c  c n r p l o v c d  r r i t h  A ( ' I ) ( ' r ' c c c i r c r s .  a s  t l l c  r c n t ( ) t c
u ' i r i r r g  n u n  b c c o r l c  l i r  c .

l l ' l  h i g h  i t l p c c l a r t c c  c r t c r t s i o n  s p c a k c r  o L r t l c t  i s  u s c d  t h c  s p c u k c r  u i r e s  t h c n r -
sc lvcs  co t t l c l  hc  uscr l  l i r l  con l ro l l ins  1hc  rccc i rc r ' .  Shot r l c l  th is  bc  dor rc ,  u1-x r r - [
l i o n i  l i t t i r t g  i s o l a t i n u  c u 1 ' r a c i t o r r .  i t  u - i l l  l i l s o  b c  n c c c s s a r v  t ( )  u s c  u  c h o k c  i n  s e i r i c s
r v i t h  t h c  r c l i t v  c o i l  i n  t l r c  r c c c i r c r .  A  s e c o n t l  c h o k c  r r t  t l t c  r c r n o t c  p o s i t i o n  * i l l
b e  n c c d c r l  l i r r  t l r c  c i r c r r i t  o l  l r i g .  l .

\(: IX] I}ATTEITY I'0WEIT STII'PI,\
|  ( !  )n t  i tu t \ l  f  r t )  n t  I ' t t4 t ,  1  )  7

O n l y  r t c u  c l c c t r o l t  l i c  c u y - l t c i t o r s  ( o r  r c l i a b l c  p a p c r  c l r p a c i t o r s  o l ' u n , -  r c l r s o n a b l c
I t -ue  )  shoLr ld  bc  t tscc l  l i r r  th is  purpo \c .  us  o thc- ru  i sc  the-1 ,  n r lv  ha lc  lou 'c r  ac tua l
va lues  th l t t t  those pr in tcd  on  thc i r  c lLses .  Wl r t -n  thcJ  c . , r , l cc t  ra lL rc  has  bcen
l i r u n c l  a  n e u ' c a l . r i t c i t o r  a g l i r t  s h o u l c l  b c  i n s l u l l c c l .  T h c  l i l a n r e n t  c L r r r c n t  o b l l i n c d
n l l t y  Vcrv  g r l t c l  L ra l l " ' c l ro l - r  us  th is  c r ln rponcn l  agcs  anc l  loscs  i t s  capuc i tancc :  bu t
t h i s  p r o c c s s  u  i l l  l u k e  u  c o r t s i t l c n r b l c  t i n r c  a n t l  i s .  i n  u n l  c a s c  b c t t c r  t h u n  b u r r r i n s
( ) t : t  i l t c  r l r l r c .  h )  i r r i t r t r l l r  u \ i n . r . l  I r ) , ]  l l r l u u  l  e l r P l r e i l , r r ' .

The' Second l)etcctor
I t  \ \ a s  s t a t c d  i t b t t l c  l l t t t  t h e  p o s i t i o n  o l ' t h c  l t l 5  i n  l h e  l i l a n t c n t  c h l i n  a u t o -

n a t i c a l l l -  e  l t s u r c \  c o r r e c t  h i a s i n g  o l -  t h c  I A 7  a n d  l \ 5 ,  a n d  t h a t  i t s  g r i d  l e a k
shou ld  be  rc t r . t r t tec l  to  f i lanrc r t t .  To  c la r i l v  t l t i s  s ta ten ter r t  a  rcco i lmrended
s c ' c o t r d  d c t e c t o r  c i r c r r i t  l i r r  t h c -  l H i  i s  c i r c r r  i n  [ ] i s .  l .  T h e  r i i o c l e '  o l ' t h c  l H 5
s h o u l t l  b c  l t  t h c  l . r o s i l i r c  c n t l  o l ' i t .  l i l u r i t u - n t .
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No. l7 AC I)C BAT'TERY PO\I ER SUPPLY

To Grid Lcok

of lA5

F i t -  I

( 'ompone n ts  l , i s t

r*
I

I  - l

( 'u Jtuc i t t tr .s
( ' ,
( ' ,
( , , .  , . ,
( . , r

( ' ,

Ilc.s it or.r
R ,
R .

Vulya.s

I  pF  o r  n ro rc
f i  p F :  2 5 0  W V .
2 5  p r F :  l l  W V .
Scc tcxt .
0 .01  g r l ; :  l - i 0V  A ( ' .

. 100  l l :  I  ga t t .
f i O  i l ;  I  i 1 1 1 1 1 .

R , ,  1 4  k t t : - 5  r v a t t s .
R ,  . 1 . 5  k t t ;  l 5  w a t t s .
R , ,  l k t t ;  1 1 1 ' x 1 1 .
R , ,  1 5 0  t t : )  w a t t s .
R ,  1 .050  t t :  50  wa t t s .

Sx'i 1r' lrr,r '
S, .  ,  On-of l '  swi tch
S . .  , ,  ,  Ma ins , rBa t t c r y  sw i t ch .

N5  (o r  DF-33 )  IF  an rp l i l i e r .  ( pen tode ) .
A7 (or  DK3l)  Freqr , rency-changer,  (hc.ptodc) .
H-5 (or  t )A( '31)  Sccond detector  and AF- ampl i f ier ,  (d iode- t r iode) .
A5  (o r  D1 .96 )  Or r tpu t .  ( pcn todc ) .

l N 5

tA7

r H 5

rA5

-l( )



S t t s s c s t c d  (  i r c u i t  \ o  l 7  i i l u s t r a t c s  l r  p ( ) \ \ c r  s L r p p l l  s u i t a b l c  l i r r  r . r s c  i r r  u r r
A C '  I ) t -  I l a t t c r r  r c c c i i c r .  T h i s c i l c L r i t u l l o u s a t b u r - r a l r c s u p c r h c t t o b e o p c r a t c d
c i t h c r  l ' r o r n  l 0 ( i t o  l - 5 0  r o l t  A ( ' o r  D ( ' i n a i n s .  t t r  l l - o n . r  a  9 0  r o l t  H T  h a t t c r _ v  a r r < J  a
( r  r ' o l t  L ' l ' b a t t c f \ ' ( t r i o  i  r o l t  L r n i t s  i r r  s c r i c s ) .  l l  i s  c o n s i d c ' r c d  n o t  u o l t h  w h i l c
i r tc lL rd i r t . ! I  thc  i r r ldcd  con i l . r l i cu t ious  nccdcc l  to  u l lo \ \  thc  usc  t t f  a  1 .5  l , ' o l t  LT  cc l l .
a s  t h i s  u o u l c l  r t c c e - s s i t a t c  b o t l r  l i l u n r ' : n t  a n d  b i a s  s u i t c h i r r g  r , , h c n  c h a n g i n g  l - r ' o n r
I t t a i t t s  t o  h a t t c r r  o p c r a t i ( ) n .  l t  i s .  i n  a n \  c i i s c .  u s r . l l l l v  c o n s i e l c r c c l  c c c t n o n t i c a l  t o
en l l - t lo l  l l  sc l t tn t tc  l - - l -  sup l t l i .  l rnc l  t i r i s  cou l r - l  cons is t  o l '  lL  ( r  \ ( ) l t  ba t tc r \  . i t - t \ t  i l \
c u s i l v  i r s  i t  c o u l c l  o l  r L  I . 5  r t , l t  e c l l .

( ' i r cu i t  De la i l s

T h c  s t r l t c r h e t  c i r c r r r t  p f ( ) p c t ' c n r p l o r r  l i r r r l  r l r l r c s :  l r \ 7 .  l N i ,  I t l - i  t r n t l  l A 5  o t r t -
p L r t .  

' I - h c  
l j l u n t c n t s  o l ' t h c s c  r l l r c :  u l c  c ( ) l u t ! ' c t c d  i n  s c r i c s .  ( ) * i n g  t o  t h c  I a c t

t h a t  t h c  c o i l b i n c c l  c t L t l r o c l c  c u r ' r ' c n t \  o l ' t h c  l A 7  l r n d  t h c  l N - i  p a s s  i l r r . o t r r l t  t l t c
l i l a r n c n t s  o l ' t h c  l A 5  l L n d  t h c  I H . 5 .  t l r c s c  l a t t c r  u r c  s l t r r n t c d  b y  l t , .  r i I t i c h  n l r i n -
t a i n s  t l t c i r  l i l l t r t r c r t t  c u r r c n t  u t  t l . t c  c o r r c c t  r a l r r c  o l ' 5 0  l l A .  

- l ' l r c  
c a t h o d c  c u r r o l t t

o l  t h c  l N 5  b r "  i t s c l l  a t  t l t c  t o 1 . r  o l ' t h c  c h a i n  * o u l d  h c  t o o  : r r r a l l  t o  a l l l ' c t  t h c  l i l a -
l l l c l l I  c t l r r c t t t  o l  t l t c  l A 7  o v c r r r u c h .  u n c l  t t o  l i r l t l r e l  I i l a n r c r r t  r e  g u l a t i r r u  t ' L - s i s t ( ) 1 5
arc  l i  t  t c t l .

A s  t h c  I A 5  t l r k c :  t l t r ;  t r c . t t c - t  c l t t l r o t l c  c u r r c n l .  t h i s  r a l t c  i s  c o n n c c t c d  a t  t h c
r t c g l r t i v c  c r t d  o l ' t l t c  c h a i n .  I ' h , '  l H 5  t u k c .  t h c  l c a s t  c l t h o r l c  c u r r c n t  o f  l l l  l h c
r a l r c s .  b t r t  i t  i s  I t c c c s s i t r \  l i r l  i t  1 o  b e  c o r t r t c c t c - d  i n t ; n c c l i a t c l l  u b o v c  t h c  l A 5  i r r
r ) l ' ( l u t  t l t i l t  l r  ' t t i t r t h l r ' ' t r r r i t i i r r :  \ r r l t i r l r c  l i r l  r l t c  l A 7  r r r r r r  h u  l r r i i l l r h l e  o n  t l r c  A ( i ( '
I i r l c .  A n  A ( i ( ' r ' o l t a g c  n t a r  a l s o  b c  a p p l i c c l  t o  t l t c  I \ - i ,  s l t r r u l t l  t h i :  b c  d c s i r c d .
r r i t h  t h c  u i d  o l ' l r  l ) ( ) t c n t i ( ) n t c t e r  c o n s i s t i r r g  o l ' t r i o  I  l \ , l t . t  l i x c d  r c j i s t o t . s  i r r  s c r . i c s .
T l t c  1 - r o t c i t t i r ) r l c l c r  c ( ) n n L - c t s  b c t r i c c n  t h c  A ( i ( '  l i n c  u n c l  t l r c  1 1 6 s i t i r e ' c n c i  o l ' t l r c
l N 5  l i l a r l c r t t .  t l t c  l \ 5  g r i t l  b c i n g  s u p p l i c d  l l ' o i n  t l r c . j u n c t i o n  o l ' t l t c  r o s i s t ( ) t ' s .

T l t c  l r t r , ' i t r g  A I i  c u r r c n t s  l . r a s s c r l  b r  t l r c  r r n o d c  o l ' t h c  l A 5  a r c  l i a b l c  t o  b L r i l c i  u p
c t t r | cs1- ronr l in r  r  o l taqc-s  uc f ( )ss  i t s  l i l an tcn t .  

' I -hcsc  
vo l tascs  cor r l c l

b c  l r a s s c t l  t o  t l t c  l i l u r l c i r t s  o l ' t l t c  o t l t c r '
r i t l r c s  i r n t l  s o  c l r u s c  l r r r t l i o  l c ' e c l b i r e k .  l t
l s  r c c o n l n c n r l c t l  t l r l r t  t h c  i r r i r l  l c u l i  o l ' t l t e
I  t l 5  b c  t u k c n  t o  i t s  o u  n  l i l u n t c i r t  t t r
r c d u c c  t l t i s  c l l e c t .  I n  t t r t l e  r  t t t  n t r k c
d o r - r b l y  s L r r c .  t h e  l i l a n t c n t  o l '  t h c  l A 5  i s
d c c o r r p l c c l  u s  u c l l  b , r ' ( ' , .  ( ' ,  i s  t l k c i t
t o  t h c  n c g a t i r  c  c n c l  o l '  t l t c  h i u s  r c s i : t o r
I { ,  i n s t c u t l  o l ' t t t  c l r l r s s i s .  i l t  t t r t l c r  t l l r t  i t
n r a l  b c  g r r c r r  i r  l t i u l r c r -  p o l a r i s i r r s  r  o l t l r g e  .
I t  r n l l  b c  I ' o u n c l  p o s s i b l e  t o  o r r r i t  ( ,
ln  sontc  fecc l \  c r ' \ .

M a i n s  [ ] u t t c r r  s u  i t c h i n g  i s  c l l e c t c c l  b 1
S , ,  S , a t t c l  S , . ' I  h i s  s r i i t c h  r l o c s  r ) o t  h 1 l l d l c
a  g r e i r t  t l c u l  o l ' e r l r r c l t t  a r r d  i t  c o L r l d
c o t r s i s l  o l '  l  n t i l t i l r l u r - c  r i l r r c - c h l r n g c  t , \  l t e .
i l ' d c s i r c d .  I t  i s  i n u d r  i s a b l c  t o  o p e  r a t c
t h i s  s i l  i t c l t  u  I r e  n  t r  n t a i r r s  s L r l - r p l r  i s
s r , ' i t c h c c l  o n .  S h o l r l c l  s L r c l t  a n  c \ e i t t -
t r a l i t v  o c c L r r .  h o r . l c r  c t ' .  t h c  c l c c t r o l r  t i c
u l r | l r r ' i t t r l  e ( r n r ' r c L t e ( l  l , c n r t l r r t e i t t l r
a c r o s s  t l t c  l i l a n t c n t s  ( ( '  , ) .  r r  i l l  p r c r  c n t  t L

4 7 r  l N 5
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c t l t ' l c t l t  \ u l s c  I l c l e  .  l l r c t - c  r i i l l .  r r c r c l t l t e l c s : .  s t i l l  b c  a r r  l l ' l '  s t r r - g c  i l ' ( .  l t r s  l r r r
r t1 ' rpor t r tn i t - r  o l ' chu Is ins  r rp  r i  hcn  t l i c  :c1  is  s r i  i t c l i cc l  to  ba t tc r r  opcra t ion ;  anc l
t l t i s  r t t n  c u u s c  c l u n . l r g c  l o  t l r c  r u l r c s .  I l ' 1 ' r o s s i b l c .  a  l i r o l - p l o o f -  a r r a n s c u l c n t
s l to t r l c l  bc  n t rc lc  b r  n rc r . rns  o l '  u  h ich  i t  i :  on l r  poss ib lc  to  su  i l ch  to  b i i t t c f ) '
( ) l ) c r i l t i ( ) r r  u  l t c r r  t l t c  n u r i r r :  p l i r g  i :  l i t t c c l  t o  a  l t o t r s i r r s  i n  t h c  r c c c i i c r .

W h c r r  S , .  S ,  u r t r l  S , l L r c  s q i t c l t c c l  [ o  " B l r t t e r r " .  t h c  I i l a n r c n t s  a r c  c o l u r c c t g d
r l i r c c t l r ' 1 o  u  ( r  r o l t  L - l ' h i r t t c r \ ' .  u n t l  t h c -  l { T : r r p p l y  t o  u  9 0  r o l t  t l T  b a t t c r y .
/ \ t l t ( )n l l t i c  b ius  ( -1  r  o l ts l  I i r r  t l i c  |  .A5  is  :L rpp l i cd  l r r  rcusor . r  o l ' thc  l lT  cur rcn t  I l ' ( )n t
t l t c  n c r : l t i r c  p o l c  o l '  t l t c  I J T  b a t t c r \  l l o r r  i n u  t h r o r r u h  I L , .  

- l - h c  
l e c c i r c l  i s

s *  i t c h c t l  o t t  l n t l  o l l '  b r  S . .  r r  h i c l r  b r c u k :  t h e  L - l '  c u l r c n t .  l t  i s  c l i l l i c u l t  t o
r l c r  i s c  u  n r c l l n \  ( ) l  b r c r r k i n g  t h c  t l  l '  s u P l ' r l r  b c c l r r r s c  t h c  r c c c i r c l  o n - o l l ' \ \ \ ' i l c h  \ \ ' i l l
l t l o b l b l r  b c  o l  t l t c  l r r o - p o l c  n p c  l i t t c d  t o  t h c  r o l u n . r c  c o n t r o l :  [ h c  s c c o n c l  1 ' r o l c
l t c i r tg  r tcc r lc t l  l i r r  n l r i r t :  su  i t c l r ing .  T l rc lc t i r rc .  on  bu t tc rv  opcnr t io l r .  thc  c lcc t l t l l y , t i c
c l t l - x tc i to r  ( ' .  i :  d iscor r rcc l .cc l  l ' r ' ( )n r  thc  l l l -  c i l cLr i t  l r :  i t  r r i sh t  o thc l r r  i sc  c l i sc l ra rgc
t l r c  b u t t e l v  r r l r i l s t  t l r c  \ c [  \ \ u s : r r i t c ] r c d  o l l ' .  \ c r c r t l r c l c s s .  u  c u 1 - l r c i t o l  l r c r o s s  t l t c
I I - l '  r L r p p l r  i s  : t r l l  r l c s i r r r b l c  i r r  o r t l c l  t ( )  p r c \ c i r t  i r r s t u b i l i t r  u  h e n  t l r c  b u t t c r v  n n r s
I t t r r .  l :o r  t l t i :  r ' c i r \ ( )n  i I  i :  t ' ccon. tn tcndcr ' l  thu t  (  ,  bc  conncc tcc l  1 - rc rn l r r rc r r t l y  across
t l t c  l I ' l -  b l r t t c r ' , r :  t l r i :  c l t l - l t c i to r  bc i r rg  l r  l ) r . r l )e l  cor l r l - roncn l  r i t l r  ; . r  r , l l uc  o l '  a t
I c u s t  I  ; r  l : .

\ \ ' h c n  t l r c  l c c c i r c l  i :  s u  i t c l r c t l  t o  l t l r i n s  ( ) 1 r c n l t i ( ) l ) .  t l t c  l i l u l r r c n t s  u r - c  s u l t P l i c r - l
l l ' o r t t  t l t c  c u t l r o r l c  o l  t h c  (  \ ' - l l  r e c t i l i c r .  t l r c  r o l t u g c  b c i n g  d r o P p c d  t o  t h c  c o r l c c t
r l i l L t c  b r  I { , .  S r t t o o t l t i n u  o l ' t l r c  l i l l r n t c n t  s u 1 - r p l r  i s  c l l c c t e  t l  b r  (  , ,  l t r r t l  ( ' , , .  I f ' l '
i s  l t l :o  sLrpp l i c t l  l l  o r t t  t l r c  (  \ ' - i  l .  t l r i s  hc i r rg  t l lo l . rpc t l  b1  l i  ,  unr l  s r r roo t l rc t l  h \ '  ( ' , , .
(  , l t t t t l  (  , .  , , \ : .  n o r t .  t l r c  l i l r L r l c n t  l r :  n e l l  l r s  t l r c  l { I  c u r r c n t  u o t r l c l  p a s s  t h r o r r g h
t l t c  l t i r :  t c : i : t t r l  I { , .  t l t c  r u l L r c  o l ' t l r i s  i :  c l l e ' c t i r c l r  r c t l r r c c t l  h r  s t r i t c h i n s  u n o t l i c r '
r c s i s t o r .  I L . .  i n  p l r r r r l l c l  u  i t h  i t .

\ la ins  ( 'onr ;x ) l le  n l \

I  l t c  r c s t  o l  t l r c  c i r c L r i t  i :  t l c r  o t c t l  t o  t l 1 .  . , r ' , , " t r l r c n t :  r r e c r l c t l  l i r l  s r r P p l r " i r r g  t h e
(  \  - l  l .  l l , ,  i :  l  l i r n i t c l  r c s i s l o r  r i  l t o s c  D u l l - r o s c  c o n s i s l s  o l ' r ' c t l r r c i r r g  t h c  c h t r r g i n g
pt t l sc :  l . l t ssc t l  b r  t l r c  l cc t i l i c r ' .  I l ,  i :  thc  c l r .opp i r ru  rcs is to r  l i r r  t l r c  I rc l t c r  o f  t l r c
(  \ ' . l  l  l r r r r l  c o t t l r l  c o r t : i : 1  o l ' o n c  c l c n r c n t  o l ' l  . l - r r l r r  l i n c  c o r r l .  (  ,  i s  i l t c l t r r l c d  f  o
t ' c t l t t c c  t l r c  c l l r ' c t  o l  n u t  i n s  r i t o t l r r l l t t i o t t  l l r t t l  t o  r c t l r r c c  n l r i n :  i n t c r - l L ' r - c r t c c .
' lhe  

l l cservo i r  ( 'apac i lo r

I t  r i  i l l  b c  n o l i c c r l  t l L r t  n ( )  r r r l r r c  l I r :  b c c n  g i r c r r  l i i l '  t l r c  | c s c r r o i r  c t r l - [ r c i t o r  ( ' , , .
' I  

h i s  i s  b c c r t t t s c  t l t c  r l r l L r c  o l '  t h i :  c ( ) n r l ) ( ) n c n t  n l r r  b c  c f i t i c i t l .  l r n t l  t l r c  u r i t c r
r i o r r l t l  n r t l r c r - \ u L l l c \ t  i t  n t c i u t \  o l ' l i r r t l i n g  i t  c r P e r i n r e  n t u l l v  t l u r n  t o  s t l l c  a n  t r c t u a l
r l t l t t c  r r  l t i c l t  r n l n  n ( ) t  l r c  i l e c u r i l t c  i r r  P l u c t i e c .  I ' l t c  l c u s o r r  l i r l  t h i s  P o l i c r '  i s  t l r t t
i l ' t o o  h i g l t  l t  r l t l t t c  o l  r c s c r r o i l  e l r P l r e i l r r r  i r  u s c r l .  t l r c  r e c t i l i c d  r o l t u g c  o n  A (  n r l y
b c  I t i g l r c r  t l t r r n  t l l r l  g i r c l t  o n  I ) (  n r u i n : .  r i  i t l t  c o n s c r l  r r c n t  c l l n r l g c  t o  t l r c  i , l r l v c
l i  l i r  n r  c  n  t s .' I  

o  l i n t l  t l r c  c o r l c e  t  r l r l r r c  l i l  (  , .  t l r e  l i l t r n r c r r t  s t r l - r p l r  l i n c  s l r t l t r l d  b c  b r o k c r r  l r t
t l t c  l - r t r i r t t  n l t r k c t l  r i  r t l t  l r  e  r o s :  u n t l  u  0  l ( X )  n r i l l i l u l e  t c l  i r r s c r t c r l  i n  s c r i c s .
( ' r t D u c t t o r '  (  : l r o r r l t l  b c  s l r o r t - c i r c L r i t e  r l  l r n r l  r r  9  k t t  r c : ; i s t o l  c o r . r n o c l c c l
l l c l ' ( ) \ s  (  , .  I l t c  rccc i rc r  : l ro r r ]c l  bc :c l -  to  n r i t ins  o1 ' rc la t io r . t ,  cor tncc tcd  to  l r  l JO or
l - 1 0  r o l t ; \ (  : L r p p l r  l u r d : * i t c l r c r l  o n .  

- f o  
c n s r r r c  l i r l l  c n t i s s i o n  i t  i s  i r o r t h  u h i l c

t t s i n L l  l t  l l t i r l r  n e u  r c c t i l i c l  r u l r c  u l r r l  l o  u l l o *  i t  1 o  * u r r l  t r p  l i r r  l i i , c  l n i n u t c s  o r  s o .
( , ,  s l r r i u l d  l l t c n  b c  c r p c r i u r c n t l r l l )  d c l c n r i n c d .  t h i s  b e i n g  c l o n c  b v  i n c r c u s i n g  i t s
r t t l t t c -  i t t  l  l t l : . t c 1 ' r s  L r n l i l  t h c  c u r r c n t  r c u d i n s  i n  t h c  n r i l l i u n r n r c - t c r  i s  - i ( )  n r A  o r . j u s t
n c l ( l \ \  '  

r ( ' t ) l t ( l t ! t l ( . 1  r , t r  I ' t < t ' . t ( ) l

I l
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I t  l i c t l  L r e r t t l r  l u r l ' t 1 ' r c r t s  t h u t  r c l u t r r c l l  l o n u  l c l r d s  c o n n c c t i r r g  o l r c  p i c c c  o l '
c t l t l t l l t l l c t l t  t ( )  i t l t ( ) t l t c r  l t rc  t -c t lu i rcd  l r ' r  g :111 '1  A I :  l r t  u  h iu l t  in t l ted lncc  lcvc l .  

' l ' h is

l l l c t l t o d  o l ' c o n n c c t i o n  g i \ c \  r ' i s c  t o  t r o L r b l c  i n  s o  l l t r  t l r l r t  i r r s t l r b i l i t r ,  n l r v  o c c r r r  i l '
t l t c  I t l t t l .  i l t ' ( ' L t t l \ ( ' l ' c c t t e t l .  l t t t e t t L t ; r t i o l t  r r l  l t r c  l r i r . r l r e r ' l ' r ' c . 1 r r c r t e i u .  t t ' , ' i  h a  t l l t r . c t l  h r
c r c c s s i r c  c r t l t l t e i t u t t c e s  i n  t h c  l i n c .  l r n t l  u l r \ \ l u r t c ( l  h r i r n  i s  l i u h l c  t o  l r c  p i c k c d  r r p .
T h c s c  l l r r r l t s  l r r c  c o n s i r l c n r b l r '  l c s s e n c t l  i l ' t h c  i n t p c r l l u t c c  ( ) l ' t l t c  l i n c  t c r n t i r r l r t i r r n s
i s  r c t l t t c c d .  I - l r c  : i r r t p l c r t  r i r r - r  , , l  t l r r i n u  t l r i :  c r i n s i s t :  o l ' l i t t i n g  t r a n s l i r r n r c r ' :  a t
c i t l t c r  c l r t l  o l ' t h c  l i r r c .- [ - r ' l r r r s l i r r n r c l s .  

r r n l i r l t r r n u t c l r .  l r r e  l i u b l c  t o  g i r c  l i s c  t o  t r o r r b l c  i r r  t l t c n t s c l r , c s :
l ) i r r t i c u l u r l v  l l r c n  t l r c r  l r r c  r r s c t l  i n  t l r c  i r r p L r i  c i l e  r r i t o l  u r r  r r n t 1 r l i l l c r .  A 1 - r l r r l  l ' r - o n r
t h c  l i r c t  t l r a t  t l r c r  n r t r  i n t r t r t l u c c  t l i s t o l t i o n .  t l r c v  u r c  a l s o .  t r n l c s s  l t c l r  i l l  \ c r c c n c d .
i r . l s c c p t i b l c  t o  h r r n r  p i c k - u p  o b t t r i r r c c l  i n r l L r c t i r c l y  l i o n r  r r c i u l t b o r r l i r r u  n l r i n :
t r i t  ns l i r l r l c rs  l r  n  t l  :n too t  l t  i  r . t  s  c l rokc : .

I t  i s  t t o t  i t l \ \ l t \ \  n c c c \ \ l r \  t ( )  u \ c  t r - l r r r : l i l l n t c r s  l i l l  i n t p c r l l u t c o  e ( ) n \ c t \ i ( ) n .
l l o r r c r e  r :  l t t r t l  r , i t t r c  e  i r u t r i t '  l u c  \ h ( ) \ \  n  h c r c  *  h i c l r  i l l t r s t n r t c  u n  l t l t c n l r t i r c
\ \ \ l e n l .  t l t l t l  d l  r ' l r l l t ( ) t l e  i r r . i e e t i o r t .

l r i g .  I  i l l t r s t l u t c s  l  : i n r P l c  l n c t l t ( ) r l  o l ' p u s : i n g  l r i u l t  i r l P e d l r n c c  A l :  t l r l o t r s l r  l o i ' n
t t l l l l c t l l t t t c c  l i r t c :  r i  i t h  t h c  l t i r l  o l '  r u l r c s .  

- l ' h c  
A l :  s o r r r c c  s l t o r r  r r  i r r  t l r c  d i l r g r l r n t

t t l l t v  c o t t s i s t  o l ' r t  u n t n r o p l r o n c  p i c k - t r 1 ' r .  u  l l r l i o  l c ' c d c l  L r n i t .  o r  a l r t  s i r r r i l i t f  i t c n l  o l '
c r l r . l r l ) n r c n t  r i  l t o s c  o r r t l ' r u t  i :  l t  I t i u l t  i n t p c c l u n c c .  l t  l l ' c d :  i n t o  V , ,  u  c u t l t ( ) r l c
l i i l l r l u e r ' .  t l t c  l i r t c s  h c i r r l  c o r t n c c t c r l  b c t r r e c n  t h c  c l r t h o t l c  o l ' t l r i s  r u l r c  l n d  c u r t l t .' I ' h c  

l i r r c s  l r t ' c  t h c n  t t r k c r i  t o  t l t c  e ; . r l l t , r t l e  , r l  \ '  . l l c r o s :  t h c  u n o r l c  l r l l r c l  o l ' l r ' l t i c l r  t l t c
A l i  l t 1 - r 1 - r c i t r s  l l t  i l  h i g l t  i n r p c d l t n c c  ( ) l r c c  n r ( ) r c .  V ,  o l l e ' r ' s  r r o  r o l t u g c  a n t p l i l i c a t i o n
h t t t  V .  u i r c s  l t 1 ' r l t r o r i t t t r t c l r  l t s  n r t t c l r  g u i n  u s  i t  u  o u l d  i l ' t r s c d  u s  u  s t l u i s l t t l i r r r v u r t l
i l t l l l l l i l i c r .  l t t  t t . t l t t r t  c l t s e : .  t h t r r c l i r t ' c .  \ ' . c l r n  l c p l a c c - t l r c l i r s t  r u l r c  i r r  t h c u n r p l i l i c r .

I t  u i l l  b c  r r ( ) t i c c ( l  t l r l r t  t l r c  T S 0  t r h n r  c i r t h ( ) ( l c  r c : i s l o r  i s  c o n t n t o l r  l o  b o t l r  V ,  l n c l
V , .  

- T ' h i s  
i s  ( l  u i t c  p c r n ' t i \ : i b l c  r r  l r c - n  t l r c  l i n c s  h l L r c  l i t t l c  o l  r r o  l c s i s t l r n c c .  T h c

c o t l t t l l ( ) t l  t ' u - s i s t t t r  l t l t r .  t t l ' c ( ) u r - \ c .  h u l l ' t h c  r t r l r r c ' o l ' t l r l r t  u l t i c t t  u o u l d  r r o r n u t l l v  b c
c n t l . r l o l c d r r i t l t r t s i r t s l c r u l r c .  I n  F i g .  l . t h c i n r p c c l a l t c c l t w h i c h t l r c l i n c s u o r k i s
7 5 0  o l t r t r s .  I l ' i t  i s  t l c s i r - c c l  t o  r c d u c c  t l r i s  i r l p c d u n c c  i l  r c s i \ l o f  i . u t r i  c i t | l l c i t ( ) f  e t u l
t r c  c t t t t l r c c t c c l  u c r o : s  t h c  c u t l r o c l c  r c : i s t o r .  a \  s l t o \ \  n  i n  [ : i g .  l .  T h i s  c i r c u i t  s t i l l
a l l o u s  t h c  r l t l r c .  t t r  r u l r c s .  t o  r c n r a i n  c o r r c c t l v  b i a s c d .  T h c  r r c u  i n r p e d a r r c c  i s
c q t l a l  t o  t l i c  r i t l t r c  s i r c r t  b r  t h c  1 s o  r c : i s t o r s  i n  p u r a l l r - 1 .  L o r i r - r ' i n s  t h c  i n r p c d -
a l l cc  \ \  i l l  causc  t l t c  l ru in  , ,1 '  \ r ' ,  to  hc  rec luccd.

6 J 5
(or srrrrlor typc)
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1 '11 l1 r . rde  rn - jcc t io r r  ca t t  a lso  bc
r i s c d  u i t l r  s u c h  l o u  i n r p c d u n c c
sourccs  as  n i rcopho l rc \  anc l  l ( l \ \
i n r p c d a n c c  p i c k - L r 1 ' r s .  c t c .  ( l t  i s
assur rcc l  tha t  t l t c rc  i s  a  D( '
c i r c u i t  t h r o ; . r g h  t h c  s o u l c c ) .  n
. t t g g u \ t c d  i t t I t r t  . i t ' t t r i t  i t  c i r c i t  i r t
I i i g .  . 1 .  h r r t  i t s  c n r p l o r  r l c n t  r r e e  c l :
\ ( ) n r c  c i r r c .  

' I l r i s  
i s  ( l u c  t ( )  t l t c  l u c t

t h u t  t h c  c l c c t l o l l ' t i c  c o t - l p l i l t g
c l p a e  i t o r  r r  i l l  p a s s  l t  s t t t a l l  c t t c t ' -
g i s i n g  c u l r c n t  r r  h i e  h  r l l r v  a t l c c t  t h c

(Lc* lmpzccnce)

-"t +
- " P '

Volue
Input

to  su l t

rmpedonce

A F

5C 2f

Sou rc c

L

F' t :  '  2

r i r l r k i r r g  t i l ' .  o r  c r c n  c l i t r r r a g c  t l t c
\ ( )u i ' cc  o l '  A  I - .  

'T l t i s  
c t t l t ' c t t t  cor t ld

bc  ohr  iu tcd  [ r : -  t t s i t rg  r t  P i l l l c r
c l r l - X r c i t o t '  i n  P l i l c c  o l ' t l l c  c l c c l r o l v -
t i r ' c o n r p o n c r t t .  b u t  s t t c l t  a  s o l t t t i o n
i ,  sonrcu  ha t  c lL tn tsv .  Nc ' " ' c r t l t c -
l c s s .  e a t l t o d c  i n . i e c t i o n  r v i l h  t h c
c l c c t l o l r  t i c  c u p a c i t o r  s h o L r l c l  b c

I t ' r r r ' l i e l r h l c  c r l ( ) t l . u l l  l i ' r  t t t o r  i t t r :
c r r i l  n r i c t 'o1 ' rho t tcs  l t t t c l  ( ) t l l c r

r - c l u t i r c l y  r o b t l s t  c o l l l l l o l l c l l t s .

No. l9 l 'HASH-St'Ll' l"l ' lNG I)E'l ' l i(lToll
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( Push -put i )

sc 28

ln  h ig l t - l i c l c l i t y  r ccc i r c r s  c i np lo r  i n .u  push -pu l l  ou t l ' t u t  i t  i s  no rn ra l  p r i . t c t i cc  t ( )
usc  a  phase -sp l i r t i ng  ra l r c -  a t ' t c r  t he  dc i cc to r .  An  AF  a t r t p l i t y i n - t  s tagc  n lay  bc
conncclc-d bc iuecrr  i l to  ( ic tcctof  ancl  thc phl rc-s1-r l i t tcr .  in  r i  l i ich c i lse the phasc-
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s l r l i t t c r  usua l lv  f 'ec -ds  thc  oL l tpL l t  r  a lvcs  c l i rec t l r ' :  o r  the  phase-s i t l i t te r  n tav  bc
e m p l o y c d  i m n r c d i a t e l l  a l ' t e r  t h c  c l c t c c t o r .  *  I t e r e u p o n  s e v e r a l  A F  a r n p l i l y i n g
s t a g c s  i n  p L r s l t - p u l l  a r c  u s u l L l l r  r c q L r i r e c l  t o  b r i n g  t h c  s i g n a l  t o  l o u c l s l . r c a k c r
s t  rc l r  g t  l ) .

T h i s  c i r c L r i t  i l l u s t r l l c s  a r r  a l t c i ' n a t i \ c  s \ ' s t e n t .  h 1 ' n t e a n s  o l ' u h i c h  p h a s e -
s p l i t t i n g  i s  o b t a i n c c l  a l  l l r c  t l c t c e  t t r r  i t : c l l .  S u c l r  a  r v r i c , l  h a s  s c l c r a l  a d v a r i t a g c r .
t h c  n r o s t  i n r l . l o r t u i t t  o l ' t h c : c  b c i n g  t h l t  a l i  t h c  l b l l o * i n g  A F  u n t p l i t i c u t i o n  i s
c a r r i c c l  o u t  b v  p L r s h - 1 . r L r l l  c i r c u i t s .  T h c  c i r c L r i t  i s  a t  i t s  n r o s t  u s c l i l l  \ \  I t c n  d e  t c c t i o n
o c c u r s  a t  a  h i g l r  I l .  l ' r o l t a s c  l e v c l .  I n  t h i s  c a s c  t h c  c l c t c c t c d  A F  h a s  a  r c l a t i v c l y
h i g h  v o l t a g c .  u r t d  : u t r s c t ; r . r c n t  A I r  a n r p l i l i c l t i o r r  n c c c l  c o n s i s t  o n l v  o 1 ' t \ \ o  o L r t p u t
v i t l v c s  i n  1 . r u s h - p t r l l .  u l n ' r o . t  i d c a l  c o r r c i i t i o n s  b e  i r r s  o b t u i n c d  v n  h c r r  t h c s c  v l l v c s
a r c  t r i t t d e s  ( p o s s i b l r  r i i t l r  n c g u t i r c  t c c t l h u c k )  g i r i r r u  c o l r s L - L l L l c n t  h a r n t o n i c
c l r n c c l l r r t i , , r t  i r t  t l r e  . n e l k c t  t r l r n r l i , r n t e r ' .

T l t c  p r o r i s i o n  o l ' l  h i g h  I L F  r o l t l g c  t o  t h c  d c t c c t o r  c l o c s  l r ( ) t  p r c s c n t  l l r a n y
D r o b l c n t s .  S L r l l i c i c n t  R l j  r o l t u g c  s h o L r l c l  b c  o b t u i r r c c l  o n  l o c a l  s l a t i ( ) u s  l i o n r  a
i i cc lucncy ' -c l t tnucr  r r r tc l  l l  . t r r ! : r '  i . r l ( rnc .  l ) r ( r \  i c lcc l  tha t  a  sooc l  acr ia l  i s  uscd  and
A ( i C ' i s  c l i s y r c n s c r l  r i i t h .  

- f r r o  
[ { l i  s t u u c s  i r r  l  I R } i  c i r e r r i t  r l u r .  i l ' r i c l l - d c s i s n e d .

p o s s i h l r  g i r c  n c l r r l r  l r :  l r i u h  r r  r o l t l r t c .

Advantagcs

[ ' - l c n  r i h e n  t t : c . l  i n  u  n o r r n a l  A ( i ( ' c o n t r o l l c c l  s u r r e l l r c t .  t h c  c i r c L r i t  s t i l l  s h o n s
i t s  u c l v r r n t a s c s .  

' l ' h c s c  
l r r e  g n c n  b v  t h c  l j r c t  t l r a t  t h c  l i r l l o * i n g  A I r  a n r p l i l i c a t i o n

i s  i n  p u s l r - 1 . r r r l l  ( a s  r r c n t i o n c c l  l L b o ' , c ) .  t h r r t  t h c  r r c c c s s i t \ ' l i r r  u n  a c l c l i t i o n a l
p h a s c - s p l i t t i r t g  r l r l r c  i s  u r o i c l c c l .  t h a l  t h c  o n l ' u  c l i s t o r t i o r r  i r r t r o d u c c c l  i s  t h a t  g i v e n
b v  a  r t o r n r a l  c l i o r l c  c i r c u i t  ( t l r i s  t l i r t o r t i o r r  r r s L r a l l l  a p p c a r i n u  o l t l v  u t  v c r y  l o r .
s i g n a l  l c ' , c l s  o r  o n  t l t c  r c c c p t i o n  o l ' h c u r i l r  n r o d u l a t c d  c l r r i c - r s ) ,  u n d  t l t a t  h r r n r
' u i ' h i c l t  n r a r '  l r c  P i c k c r l  L r p  h r  t h c  c u t h o d e  o l ' l r n  A l j  p h l s c - s p l i t t c r  c l o e s  n o t  o c c r r r  i r . r
t h i s  c i r c r r i l .

( iompone n ts

I t  s l t o L r l r l  b e  r t o t c d  t l u t  t h c  d c t c c t o r  e n r p l o l s  l  r o l u n r c  c o n t r o l .  R , ,  R , , .
conrpr is ing  l r i  o  gungcd po tcn t io r lc tc r : .  ( i r r r rgcd  r  o lu r . r . rc  c ( )n t r ( ) l s  o l '  thc  tv1- rc
c u r r c n t l ) ' l i t t c d  t o  s l c r c o  u n r p l i l i c r :  u r c  r c a d i l v  l r a i l a b l c .  a r r c l  t h c s c  * i l l  b c  p c r ' -
l ' cc t l y  s l t i s luc to rv  l i r r  t l r c  c i rcu i t  d isc r rsscr l  l r c rc .

T h c  d c t c c t o r  r i i l l  l i r n c t i o n  c t l r u r l l r  r r c l l  i l ' u  q c n n l l r i u r l  c l i o t l c  i s  c r l p l o y c c l  i r r
p l a c c  o l ' t l r c  t l t c r n r i o n i c  d i o d c  s l r o u  n  i n  t h c  t l i u s n r n r .

F unctioning

T l i c  l i r n c t i o n i n g  o l ' t h c  c i i c u i t  i s  a l n r o s t  s c l l - e - r p l a r r a t o r ! .  T h c  d i o d c  l o a c i  i s
n r a < 1 e  u 1 - r  b y  t h c  t u o  r c s i : t o r - :  R ,  a n d  R ,  i r t : ; c r i c s .  B r '  c c n t r e - t i t p p i n g  t h e s e
r e s i s t o r s  a n c l  u r r a r r s i n s  t l r c  o t l r c - r  d e - t c c t i o n  c o n p ( ) n c l r t s  s v n r i r e t r i c a l l y  a b o u t  t h c
c e n t r e - t a p .  p h a s e - s p l i t t i n g  i s  a u t t ' r n l r l i c a l l r  e - n s L r r c d .  T h e  t u n e c l  c i r c u i t  l ' c c d i n g
the  dc tcc to r  shou lc l  n ( )1 .  o l ' c ( )u rsc .  bc-  ce i r t re - tappec i .  and i t  shoLr ld  bc  l l ' cc  l l ' onr
c h a s s i s .  I f  A C ( '  i s  c l c s i r c d  t h i s  n r a r  b c  o b t a i n c d  r  i a  R , .  T h c  h i g h  v a l L r c
s l . ro rvn  l i r r  th is  rcs is to r  i :  rcconrnrc r . rc lcd  in  o rde- r  to  p revent  i t  L rpse t t ing  the
ba lancc  o l ' t l t c  c i rc t r i t .  \ \ ' hcn  A( i ( '  i s  no t  rc - t1  u i rc 'c l .  I l ,  un t l  ( - , ,  c r t t r  bc  onr i t t cc l .
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' f h i ,  
S t r g g c s r c d  ( ' i r c L r i t  i s  t l l l t  o l ' a r r  c l c c t r o r t i c  t i r r c l  c a p a b l c  o l ' o l ) c r i n g  r t

cor r t in r rou i l - r  ru r iab lc  ru r rsc  l l ' r )n r  0 .5  to  100: ;c -co t rc ls .  Shot r l c l  i t  bc  so  c les i rcd .

t h i s  r a n g c  n i a _ v  h c  i r r c r c u s c d .  I t  n r a r  a l s o .  t t t t  t h c  o t l t c r  h l n t l .  b c  l c d t r c c d .  w i t h

c 6 l s e c l r r e ' n 1  s i n t p l i l i c l t i o n  l r n t l  c h c a p c r  c o s t .  T h c  l o r i c r  ( s l l o r t c r )  c r r d  o l ' t h c

s c u l c  i s  l i p r i t c c l .  l r o r r c r c r .  b r  t h c  c u p u l . r i l i t i c r  o l ' t h c : u i t c h i n g  r c l l 1 .  O p e r l t t i o n  i s

s iu tp lc .  sc r . r . r i -u r r t r rn .u l t i c .  ln ( l  pn tc t i c l l l \  l i to l l t ro t l l ' .  A t t  i t t l l - ro r la t t t  l ' ca t t r rc  o l ' t l l c

c i r c u i t  i s  l l i l t  c n c | u t s r n g  ( ) l ' t h c  : r r  i t c l r i n s  r c l a v  l t  t l r c  e  r r t l  o l ' t h c  t i r n i r r g  p c r i o d . i s

1 c I i c y c {  r i i t l r  1 p  a h l r r p t  i p c r c l r r c  r t l ' c r r r l c n l  i r t s t c i t c l  r t l ' l t  s r l t c l L t t t l  r i s c .  l t s  t t e c L t t ' s  I t l

n t u r \ r  t i n i c r s .  I n  c o l r . c . l  u e  n c c .  l i r n t t t l  1 . e  t i , ' t l \  i t t r l \  b c  r c 1 - r c l t t c t l  r r i t l l  l r  h i g h c r '

r l c l l f c c  ( ) l  i l c c l l f i l e \  .

Opera t ion

l l c l i l r c  t l r c  t i r r r c t ' c l r r  l ) c  b t  o r t s l t t  i t l t t r  o P c r l t t i i l t t  i t  t r r t t s I  b c : c t  t t 1 ' r .  
- I ' l t r s

l t cce \ \ l tu tc \ .  l l r : t  o l  l r l l .  thc  1 ' r 'o r  i : ion  o l '  [ - ' l -  u r t r l  l l - l -  s t r l l l t l i cs  l t ' t l t l t  l t  so l la r i l t c

P o r i  c t ' s r r 1 ' r P I v  c i r - c r r i t  ( n o I  r h o r r  n  i n  t l r c  c l i l g r r r r t r ) .  t l t c s c  h c i r t g  l r P l t l i c t l  l i r r  s r r l l i c i c r l t -

i l  l , r n g  t o  c i r r r b l e  \ ' ,  t o  u l l ' n r  u p .  l - h c  " l l c s e t - S t l r r t "  s r i i t c l l .  S . .  : l l o t r l c l  b c

l i r r t  t o  "  l l c r e t . "  u n t l  t l t c  c r t c r n t r l c i r c L r i t  h c i n g  t i r r c ( l  c ( ) t t t t c c t c t l  t o  t l l c  l t l r 1 ' r t ' o p t ' i r t t c

i c r p t i l l r l r .  l : i n t r l l r .  t l t c  t ' l t r r g c  c o t ' t t t - o l : .  S .  S .  l t t l t l  1 1 , , .  l r r c : c t  t o  t l l c  t i r l r i r l g

r rc r i ( ) ( l  re t t  r r i  rc t l .
\ \ r l t c r r  t h c  c i r c L r i t  i :  i n  t l r i :  : t u t c .  S  I  p l c \ e  n t \  t h c  l | P l i c l t i o r t  o l '  I l T  t o  t l l c  t i r l l e r .

A t  t h c  \ i l n t c  t i r l c  i i  t t l r o  k c c l - r r  i l t c  " l : r t c l r l l r l  (  i l c t r i t "  t c r l l r i t l l t l s  o p e t l .
' l  

t t : t l r r t  t l r c  t i n t i n s  o P e l u l i o r r .  S , i :  t h r o r i n  t o  t l ) c  " S t l t r t "  1 ' r t l s i t i t l t l ,  r i l t c | c -

r 1 ' r t t r r  i t s  l t t u c r  c o n t l r c t  c l o : c :  t h c  c \ t c t ' n l l  c i r c t t i t .  l t :  t t l - r l l t t ' c ( ) l l t i t ( j t  s i r l t t t l t -

l n c o r r . l \  u l l o r r r  l l  l  t o  b c  1 l l t s r c t l  t o  t l l e  I { (  t r e t \ \ ( ) f  k  ( [ { ,  t o  l l , '  l t r l t l  ( ' "  ( ' ' ) .

u  i t l r  t l r c  r - c s r r l t  l l l r t  t l r c  c l t l ' r i t l n c e  c ( ) n r p ( ) n c l t I  o l  t l t i s  t t c t r i  o t ' k  c ( ) t l l l l l c l l c c \  t ( )

c l t u r g c .  l l l  i :  l r l s o  r r I p l i c c l  t o  t l r c  r r l t o r l c  o l ' \ ' .  ( r i l r  l l  , ,  r t t t t l  t l t c  c t t i l s  o l ' l l c l l r l - s  I

r t s c l  l ) .  \ ' . .  l r o r r e r c r .  h i t \  i t .  g l i r l  t l r k c n  t o  c l l t s s i r  r i l  I l  ,  i t t t t l  l l  ,  r i h i l s t  i t s

c l t l t r t r l c  i s  c o r r r r c e l c t l  t r )  l r  l ) ( ) \ i l t r u  l l , ' i t t t  i r t  t l t c  r o l t l L g c  t l i r i t l c l  I 1  , , , .  l { , , .  
' [ - l l c

b i l r  r - c s r r l t i n q  l l ' o n t  t l r i :  l u l i l l t g c l l t c n I  l ) r ' c \ c n t :  t l r c  r l t l r c  l l - o t t t  t l r l t u i r l g  s t r l i i c i c r l t

l t n o t l c  c t t t ' t c t t t  t ( )  c r r c f ! i \ c  c i l l l c r  , l l ' t l t c  r c l l t l t .

I t  \ N ( ; l . l  l . \ l i l . l ' .
( - l ' l r c : c  r - i l r t u c \  l t r e  : c l c c t e d  b l  S ,
u i t l r  S  : c t  t o  t l t e  ' '  \ l  "  1 - t t r : i t i o t t )

l L r r n g c  I  .  0 . 5  t o  1 . 5 : c c : .
l l l r n g e  I  I  t o J  \ e c \ .
I { l r n g c - 1  . .  - 1  t o ( r  \ c c \ .
I { l r n g c - 1  ( r  t o S  \ c c \ .
I l l r t g c  :  S  1 o  l 0  s c c . .

A :  t t i c t t t i o t ' t c t l  l t b t t r c .  t l l c  c l t l l i t i l l l c c  c ( ) l l l l l ( ) l l c t l t  t l l ' t l l c  I ( ( '  r r c t r r ( ) f k  h i t s  c ( ) l l 1 -

I r . t c t . rccc l  to  e  l t l r ' ! r c .  l t \  f l l t c  o l '  c lu r rgc  is  co t t t t -o l le  t l  b r  t l t c  t -cs is to r  l l c t *o rk .  I l . ,

t 9  R , , .  W l t c n  t l t e  r o l t l g c  l t c r ( ) \ \  l h c  c l l p l r c i t i l r t c ! ' c ( ) r t t p ( ) t t c l t t  r c a c l l c s  t l l c

i t r i k i r r g  r l r  l r r c  o l  V ,  t l t i \  l l r t t c f  c ( ) r 1 ( l u c t \  l i l l { . 1  c o r t ' c s 1 ' t t l t l t l i t t g l v  t l r l t u \  c t l r r c l l t .

T h i s  c L r r r c p t  1 1 . r s : c :  t l t r o r r u h  R , .  c l r r r r i n s  u  \ o l t ; . I g e  t o  b c  h r r i l t  t t 1 ' r  l t c r o s s  i t .  l  h c

t t l - r 1 l c r  c t t c l  o l  l l  ,  l i . : r t t l l e \  t l l c r e  l i ) r c  l i  l - r o t i t i r c  p o t c r l t i l t l  ( r c l a t i r c  t o  c h a s s i s ) '  t h i s

1 . , i i c r r t i 1 l  b c i r r g  a p p l i c r l  t o  t h c  g l i c l  o l ' \ " .  r i u  l { . .  
- f h r -  

r t t t o c l c  c t l r r c r l t  o l . V .

i r t rn tcc l iu tc l l  inc ' rc r i .o ' r .  cne  rg is i r tg  Rc l rL ls  I  r t t rc l  l .  I l c l t r l '  l .  hc i r lg  a  h igh-spce c l

co l l l toncnt .  ( ) l te f l r t c \  L l t  ( )ncc .  i t r  b reak  cor t t i . t c t  o l " rc t t i t tg  t l te " ' l - - r tc r t la l  ( ' i r c t r i t  "

l c f  l i i l l r l \ .  l l c l l r  I  c n c r g i s c .  u '  t l r i c k l r  u :  i t s  t l c t i g r t  r t l l o u  s :  l t r l t l  i t s  l o r " ' c r

c o l t t a c t  c ( ) n l t c c t \  t h c  g l i d  o l ' \ ' ,  t o  i t r  c l t l t o d e .  l l t L t s  c t t s t t r i t l g  i h t l t  t h i s  v a l v c  s t i l l

c r t 6 t i p r r c : 1 6  k c c l - r  t l t c  r c l l t \  c n c r s i ' c ( l  i r r c \ l ) c c l i r c  t l l ' u l t l t t c r c r  r o l t l t g c  t l t l t , v '



s u b s e q g e n t l ) ' a p p c a r  a c r o s s  R r .  T [ e  u p p c r  c o r r t a c t  9 l ' R e l l y  ]  b r c a k s  t h c  H T

supp ly  to  the  i ( '  nc1 \ \  ( ) rk  :  u  h i l s t  i t s  cen t rc  contac t  c f i cc t i ve ly  sh t r r t -c i rcu i ts  the

.apr . : i t "n .e  c ( )n tp ( )ncn t  th ror . rgn  thc  100 ! l  rcs is to r .  R , , .  c l t t t s i t . tg  i t  to  c l i scharge.

Thc  t in r ing  cyc lc  i s  no \ \  u ln to \ t  co l l rp lc tc .  Thc  c i rcLr i t  l tas  rcachec l  l r  s tab lc

c o n d i t i o n .  t h c  i r r  o  r c l r t t  \  t ' c r t t r t i t l i l r g  e  i r c l g i t c c l  b 1 '  t h c  i l l l o d e  c t l r r c n t  o l '  V i ,

l r  h i l s t  the  capac i ta lcc  c t i r t rp t tncn t  has  bccor .nc  c l i sc l ia rgcd .  To  br ing  thc  t in - r i .ng

c i r c u i t  b u c k  i o  i t s  o r i g i r t l L l  s t a t c .  S , i s  t h r o u r t  t o  t h c  " R c s c t "  l . r t l s i t i o r l .  l ' h i s

h r e l k s  t h c  l l l '  s u p ; ' 1 1 1 o  V ,  a t t t l  t h r :  r c l l t t  s  d c - c r l c l g i s c .  
- I ' h c  " E r t e  r n l l  C i r c t l i t "

t c r n r i n u l s  s t i l l  r e  n i a i r i  o l ) c n .  o l ' c ( ) r - l r \ c .  b \  \  i r t t l c  t t l ' t l t c  l t l u c l  c t l t t t a c t  o l ' S ' , .
' f o  

c t t r r . l l c r r c c  l r  I ' r l f  t l l e f  t i r r r i r r r r  c \ c l c .  i t  i \  r l c c a \ \ r t r v  i l l c r c l \  t t l : c t  S ,  t ( )  " s t l t r t "

lugu i  rr .

( ' i r cu i t  l ) c ta i l s

I t  \ \ i l l  h u \ c  b c c r r  n o t i c c t l  t h l t  t l r c  b r i c l ' d c t a i l s  o l '  o 1 . r c t ' r t t i o t l  q i v c t l  c l o  t l o t

i l cc ( )111 cgptp lc tc l r  l i r r  thc  r l l r rcs  chosc t t  l i r t ' .  t t r  c rc r l  l i r t ' t l t c  l l r csc t tec  ( r l ' .  \ ( ) l l l c

o l '  t h c  c i r c u i t  c ( ) n t l ) o u c n t 5 .  1 ' l r i s  l t o i n t  $  i l l  r l t l $  b e  c l c l r l t  $ i t h .

T I rc  l i r : r  i t c r l  o l ' i n tp t t r tu r rcc  l i cs  in  t l rc  l i r c t  thu t  t ' , r 'o  rc l l t l ' s  a rc  t t sc t l  u l t c rc  t l t . l c '

l t i gh t  p rcsr . ln rah ly  bc :  su l i i c i cn t  b1 ,  i t sc l l ' .  Th is  1 . r l t ' r cc t lL l rc . l las  bccn i tdoptec l

hc iuLrs . l .  l i r r  t in r i r ig  shor t  pcr io r - l : .  l r  h ig l r -spccc l  l c l l r  i s  cssc t t t ia l  l i r l  su  i t ch i r tg  thc

c \ tc f  nu l  c i rcu i t :  inc l  h ig i r -s l . rcc r l  rc l r r  s  ra rc ly  p ( )sscss  an ! ' th i l lg  r t r t l t ' c  c t l t l l p l i -

ca tc t l  t Iu r r  s i l rq t l c  c lu rngcorc r  c ( )n tuc t \ .  Rc la l '2  i s  t rsc t l  l i r r  a  c l i l l c rc r l t  l l t l l ' l )osc .
t h a l  t t l ' c l s u r i l g  l t L r t o n L r t i c  u  o r k i n g .  u n t l  i t r  s 1 - r c c t l  o l ' o p c r a t i o n  i s  c t l n l l - r a ] . l t t i v c l y

t t t t i t t t l to r t l t l t .  \ \ t l l c l t  shor t  pcr ioc ! \  l t re  l lo l  rcc l t r i rc t l  I l ' o r r l  thc  t in lc r '  I {c lay  I

c o u l J  c o n c c i r l b l r  b c  o n r i t t c t J .  l t t  r t c l t l i t i i , r r r t l  b r c a k  c ( ) l l t i t c t  b c i n g  l i t t c c l  t o  R c l l t y

I  t6  c11pt r .6 l  thc  i r te  r r ra l  c i rcLr i t  :u  i t c l t i r tg .  \ \ ' l t c ' t t  t t scc l  r ts  s l lou  t l  l t c t ' c .  I l c lay  I

c o u l r i  1 t c r h 1 1 t :  c r t n : i s t  r t l ' o r . r c  o l ' t h e  s c n s i t i r c  t t t o t l c l - c o t l t r o l  l c l a v s  u ' l t i c l t  a t - c  r l t l w '

hc i lg  u t l rc r i i sc r l  l t  l i r i r . l y  c l t cu l . r  1 . r i ' r cc : .  I le luy  2  r t ra l  bc  i t  l ro r t l l i t l  l c ' l l t y  ( rv r th  a

h i u l r l r c s i s t l n c c  c o i l )  o l ' t l r c  t r i r c  u h i c l r  i s  c l l ) i l h l c  o l ' h c i r r g  l t c t L t l t t c t l  [ r v  l t t l o d c

c  t l  l ' t 'C  l l  I  s .

A \  \ \ l \  r l c n t i t l n c t l  u h o r e  .  l r  s t l r r r - l i n s  c l t t h ( ) d e  h i l r s  i s  t 1 t 1 : l i c t l  t t l  V '  b ! '  R , , ,  a r l c l

R , , .  A s s t r l t i r r g  l r  1 5 0 - r  o l t  l  l T  : t r p p l r .  t h i s  u r n t r t g c t l l L ' l l l  \ \  o t l l c l  g i v c  i l  _ b . i l t s
r , i l t , , g .  g l ' s l i g h i l y  r l o r c  l l l r n  6  r o l t s .  W h c r r  t h c  t r c o t t  b t r l b  s t l i k c s .  t h c  r c s t r l t i r l g

l ' o l t a g c  b u i l t i r p  l i c l o s r  [ { ,  r r  i l l  l L l n r o s t  c c r t u i n l v  b c  i t t  c r c c s s  o l ' ( r . r ' o l t s .  F . r c c s s i r " c

gr i t l  ig r rcn t  i s .  houcrc r .  p lcvcr r tc r l  b }  I ( , .  
'T l tc  

1 - r t 'e ' sc r tce  t l l ' l l l i s  rc i i s lo r  i l l s ( )

c n s l l r c s  c ( ) r r c c t  o l r e r l t t i t t t ' l  t l l  t l l c  t l c t l t l  b L r l b  a l ' t c r  s t r - i k i t l g .

I t  u i l l  b c  \ c c p  t l t i l t .  r i h c n  t l r c  n c o n  s l r i k c s .  t l r c  b i u s . r p p l i c d  t o  V .  c l l l t t r g c s  l i t l t l l
( r  t r r  z c r t t  r 9 l l r .  T l t c  r u r i l t i o n  i n  u n ( ) d c  c L r r r c l t t  r c s t t l t i l l g  l l ' o r l r  t h i s  c h a n g c

s h t t u l c l  b e  l t o r c  t l l r n  s L r l j i c i c n t  t ( )  c n 5 r . l r c  p o s i t i r c  o 1 - r c t ' l t t i o t l  o l ' t l r c  r c l l t y s .  N c v c r -

thc lcss .  r r  l t c i r  zc ro  b i l s  i s  app l i c t l  to  \ i . .  i t  i s  1 - ross ib lc  t l l l r t  thc  va lvc  t r t l t v  1 - l l t ss
c r c e  s s i r c  1 p 6 r l c  c L r r r e  1 t .  r . .  i t i t  l t r l n t l i r l  r c s r r l t s .  l  l t i :  c t t r t ' c t r t  i s  k c p t  u  i t h i r l  s a l c '

b o L r r r c l s .  h o u c r c r .  b r  r c u : o r r  o l ' R , , .  T l t c  r a l t t c  t ' c c o r t r t t t c t t c l c c l  l l c r c  l i l r  t h i s

r c s i : t 0 r '  l i r t r i t s  t l t c  1 t o 1 , s i b l e ' i i l l ( ) c l L ' c r l r r c l r t  t o  l 0  r t l A .  l l ' r c r l '  s c i l s i t i V c  t ' e l l t y s  l t r c

t r s c t l .  t l r c  r u i u c  9 l ' R , ,  n l r , r  b e  i n c r e u s e c l  r r i t l t  l t  c t t t t s e r l t l c l l t l )  l t l r l g e - r  i l l r e  l i l c .

T l r c  i r c 6 r r  b L r l b  i :  i l n  i l l p ( ) r t u n t  c o n r p o u c r t t .  \ o t  a l l  t l c o l l s  l l l a : i  s t r i k c  r e l i a b l y

r ' , i t l t  l  s c r i c s  r c s i \ t , r r  u . .  h i g l r  i n  i u l u c  a s  I  N { r l  u n d  l L  l i t t l e  c x } ) c r i l l l c l l t a l  s c l e c t i o n

nru t  bc  ncc i l cc l .  l . . con : tah i l i sc r  ra l rc .  ln r . I \  copc .  bLr t  i t  i s  s t lggcs tcd  tha t  hcs t

r e s i r l t .  n t i r \  p o \ \ i b l \  l ) c  u i r c t t  h r  t h c  s e l l s i l i r c  I l c o l l s  L l s r ' d  b y ' e l c c t r i c i r n s  f b r

c h e c k i 6 g  l i l r  i ' l i r c ' t  r t r a i r i r  p o i n t s .  ( T h t - ' h i g h  r a l u c  o l - - \ e r i c s  r L l s i s t o r  i s  n c e d e d

t o  p r c r e i r t  t h c  p o r s i b i l i t l  o l ' i l t c  c a p a c i t l n c e -  c o n r p o t l c t t t . t l i s c h a r g i r r g  t o  b c l o l r ' t h c

h L r i r r r n t r  r l r l t t c  o l ' t h t ' t t c o n  b c l i r r t -  [ l c l l l  I  l t l t s  c r l c - r g i s c r ' l  ) .

,+ f.



' l 'he ' l ' inre ( onstant ( 'omponents

T l t e  r l t t t s c  p c r i o c l s  s l ' t o t r  t t  i r t  t h e  t l b l e  a c c o n r p a n y i n g  t h i s  a r t i c l e  h a v e  b e e r r
r ro rkcc l  o i l l  ( ) t t  t l t c  t t ss t t t t r l t l i t t r t  tha t  lhc  ne- l r r . r  s t r i kcs  r . ihen  the  ca t tac i ta lce
c o n l l l o l l c t l t  h a s  r c l t c l t c d  t l t e  I  o l t a g c  r i  h i c l r  c o r r c s p o n d s  t o  t h c  n t a t h e n t a t i c a l l y
a c c c p t c d  t i t r t c  c o t t s t a t r t  o l ' t h c  R ( ' c i r c r r i t .  I n  a  s c r i e s  R ( ' c i r c L r i t  t l r i s  v a l u c  i . s
c c 1  t t a l  t t t  0 . 6 - l  t t l ' t h e  l p p l i c t l  e l t a r g i r t u  r o l t a g c .  W r i r k i n - q  t o  t h i s  u s s u r l p t i 6 l
t t l a k c s  c a l c t r l r t t i o t t :  r c r , i  : i r t t l t l c .  a s  t h c  c h u r s i n s  t i n t c  i n  s e c t t n d s  i s  t h c n  c c l J a l  t r r
t l l c  c a p a c i t l t t r c c  i t r ; t F  n r u l t i p l i c c l  b r  t h c  s c r r c s  r c s i s t a n c c  i n  l \ 4 r i .  A  i L r r t h c r
a d l a r t t . l t g c  i s . g i r c r r  h r  t h c  l l c t  t h u t  u  r c l a t i r e l v  l c l i a b l e  p o r t i o n  o l ' t h e  c h a r g i n g
c t t r r c  i :  t t : c t l .  \ \ ' l t c t t  r i o t ' k i n g  L t n r l c r  t h c s c  c o n c l i t i o r r s  i t  i s  n c c c s s a r v  f i r r  t h c
a l t p l i c d  f l  f  t o  b e  l . 5 S  t i n r c :  t l r c  : t r i k i n g  r o l t a s c  o l '  t h c  n c t l n  ( t h c  l a t t c r  b c i t r g
l i r t t t t c l  c n r P r r i c l t l l r  c l s c r r  I t e  r e  ) .  I n  I r ' ; y ! ' 1 i . i c .  r u c l i  a  s t u l c  o l ' a t l l i r . s  c a n  h a r c i l y  b i
o b t a i r l c c l  r i  i t l t  u r t t  i l c c u n l c \ .  l t r r t  i t  r r  o u l d  b c  \ \  o r t l t  \ \  h i l c  t o  u t t c n t l - l t  l  l i r i r
i l I P t  ( ) \ i  l l ) i l t  i r ) | l .

T h c  r l r r i l r b l c  r c : i : t o t ' .  I l , .  i s  l L l s o  u n  i n r p o r t a n t  c ( ) l l p o n c l t t .  a n d  i t  s l t o u l c l  b c
u c l l - r t t l t t l c  l t t t t l  r o h L r : 1 .  T h e  n u t r i r t r r r n r  p o s s i b l c  c u r r c n t  r i h i c h  i t  w i l l  h a v e  t o
1 - r l t s s  i s  l t t t  i t t s t t t t t t r t t t c ( ) u \  ( ) r 1 c  o l ' a l t l t r o r i r n a t c l r '  I  r l A .  t l t i s  o c c r . r l r i n g  w l t c l  t I c
t i t t t c r  i s  s c t  t o  0 . 5  s c c ( ) n ( l s .  I i ,  i s  r r s e t i  t t t  g i r c  a  c o n t i n r . r t t r . r s l v  r a r . i a b l c  c o n t r t t l  o l '
t i t t t i t t s  i t r t d  r i  i l l  r r c c t l  l i r c  s c p a n t t c  s c u l c s .  c a c l r  e r r l i h r l r t c r l  i r i  t e l n r s  o l ' t h c  n r n g c
: c l c c t c c l  b t  S . .  (  l l i b r l r t i o n  l n u r  b c  o t r t l i n c d  b r .  n t c u s u r e n t c r r t s  o l ' r c s i s t a n c c  a r r c l
c a l t a c i l u t t c c  l t n r l  c r r c L r l r r t i o n :  o r  b r  s l o P - u u t c l r .  

' l - h c  
l i r r n t c r  n t c t h o c l  w i l l .  i r r  a t r y

c l tsc .  be  l rcccr \ l l r r  lo r  111.  \ l t ( ) l ' t c l '  t in rc  l t c r ioc l : .  r i  h i l s t  t l te  la t tc r  n tav  bc  Lrscc l  l i t r
c l r c c k i r r g  r c s t r l t : .  I l  ,  i s  i n c l r r r l c t l  t o  l i n r i t  t l t e  l l r r  r i n t u n r  t :  L r n - c n t  | r r s s c d  b y  I L  .' l - h c  

I ' e s i s t o r s  I l  ,  t o  I L  ,  t t l t i  b c  l t i g l t - t o l e  r u n c c .  i l ' t l c s i l c c l  :  u l t h o u g l r  l ( ) \ \ ' - t ( ) l c r a n c c
c ( ) t t t l ) ( ) t t c l t l s  c o L r l t l  h e  t t : c c l  . i u s l  l t :  t r c l l .  d i s e r c l - r l r n e i u s  h u i n g  t l k c n  r r l t  i n  t h c
c u l i b r . u t i o l r  o l ' I L , .  I l  l { ,  h r r :  r r  r l l L r c : l i g h t l r  i r . r  c r c c s s  o l ' I  M L r  u  s r n u l l ,  b u t
d c s i r a b l c .  r i l l r g c  ( ) \ c r ' l u p  u  i l l  b c  o b t a i n c d .

Ihe  ( 'apac i t rnce  ( 'onrponent

I t  i s ,  t t l ' c ( ) t t r \ c .  \ c l ' \  i n t l ) r ) r t i i l t t  t ( ,  c n \ U t 1 .  t h a t  b o t l t  ( ' ,  a n d  ( ' ,  h i t r . , c  r r t t  l c a k s
u l t l t t s t t c t c r .  l ' l t P c r  c o n t l - r ( ) n c l t t \  s l t o L r l c l  b c  r r s c c l .  W l r c n  l o n s  l i r l i n g  l t c r i o c l s
i t r c  l l ( ) t  r e t l t t i l ' c c l  t l t c  r r r t t l t i p l r  i r r g  c i r c r r i t  n u v  h t -  t , r n i t t c t j .  

- I ' h i i  
c a n  b . i  c i o n c  b y

c r c l r r r l i r t g  S  l r n r l  (  ,  l ' r ' o r r r  t l r c  c i r c L r i t .

A  l i l t t r l  i t t t p o r t l t t t l  p o i r r t  l i c :  i n  t l r c  r l r : c h u r g i n s  o l ' t h c  c a p l c i t a r l c c  c ( ) n r p ( ) n c n t
t h r o t r g l t  R  .  r t l ' t c r  l t e i l l  I  l r r r r  t l e  - c n : r ' g i s , ' d  i r i  t l i  t i r n i n c  c : , ' c l c .  A l t h o L r g h  t h i s
d i r c l t r r t : : . ' r r i l l  l r e  r l u r r ' l  i l . t i l l  l i ' l l , , r i \  r r  c \ l ) r ) n c r ) t i i l i  l i i \ \ .  r r n d  i t  r r , l r r l t l  h c
ld r is r rb lc  to  l t l l o r i  l  \ cc ( ) l t ( l  to  c l ;11) rg  l l ' t c l  I l c lu r  I  has  t l c -c r rc r r - ' i sec l  bc l i r rc
p L l t t i l l g  S  t o  " l { c : c t " .  s i r t c e  t l t t s  y t r t t c c c l r t r c  r i o L r i c l  t h c r r  c n s r l r c  r ' h l r t  l r  r c u l l y
I tdc ( l  t t i l t c  t l i sc l t l r rgc  lu t r l  t l t kc t t  p l l t ce  .  A  longcr  p l rusc  t l ia r r  th is  r i  i l l  occur
a t l t ( ) r t t l t t i c l l l l \  t r t  n r o . t  i n s t u n e c s .  l r \  t l r c  l i n r c d  n r a t e r i l r l  r r o u l d  u s u a l l v  h a v c  t o  b c
h a n d l t - c l  b c t r i  c l t  t i n t i n s  c \ c l c \ .

I)otcr Supplies
- f l l c  

H T  p ( ) \ \ c r  \ t l p l ) l \  c i r c u i t  i :  n o t  r h o r r n  l t c r c  u s  i t  c a r r  b c ' l a i r l v  c o r t v c n t i o n a l .
I l s  r o l t a s c  s t u h i l i t r  n r - l \ t  b c  h i s h .  \ ' o l t a g e  r e q L l l r t i o n  d u r i n g  t h c  c h a r - u i n . u
p e f i ( ) c l  \ \ i l l  h c  l s s i r i e t l  h r  t h c  P t ' c i L . l t e (  , r l  d , , , . n J  R , , .  u h i c h  t i k c  a  r e l a t i i , c l i '
h c a r . l  c t t r r c r t t .  \ \ ' h c n  r c r \  l e e L l l u t c  t i n t i n g  c t c l c s  a r c  r e c l L r i r c c l .  o r  u h c n  t h e
n t i t i r t :  s u l . r P I r  r o l t u g c  i s , r h r  i o r r : l _ r  u r r l c l i l h l c .  t h c i  I { T  t t r , r f  p u t  s h o L t l d  b e ' s 1 a b i l i s e c l .




