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A ':P L IT U :O i M0DTTT;ATI0ITS e c t i o n  A1 p r e v io u s  T e ch n iq u e s  and T h e o r ie spart A

AlI o 1 P r e v io u s  T e ch n io u e s
A l .  1. 1 R e s i s t i v e  Modula t i o n  The most e le m e n ta ry  te c h n iq u e  f o r  m o d u la tio n  h a s  "been th e  c o n t r o l  o f  a c u r r e n t  f lo w in g  from so u rce  t o  lo a d  hy means o f  a v a r i a b l e  r e s i s t a n c e  under th e  command o f  th e  s i g n a l  to  be m odu lated  upon th e  c a r r i e r .Such a d e v ic e  i s  exampled by th e  carb on  m icrophone u s u a l l y  a t t r i b u t e d  to  M i s o n  though e a r l i e r  in v e n te d  by Henning i n  B r i t a i i io  The e le c t r o m a g n e t ic  m icrophone ( i d e n t i c a l  to  th e  r e c e i v e r  headphone ) in v e n te d  by B e l l  had p r o v id e d  such a f e e b l e  c u r r e n t  t h a t  as soon as th e  s i g n a l s  p a sse d  th ro u gh  a fev/ s w itc h  c o n t a c t s  th e y  becaiTie i n a u d i b l e .  Ix l is o n ’ s u se  o f  th e  carb on  m icrophone to  m odulate a c o m p a r a t iv e ly  l a r g e  d i r e c t  c u r r e n t  from a b a t t e r y  en ab led  th e  p r e v io u s  d i f f i c u l t i e s  to  be overcome.The b a s i c  system  o f  R e s i s t i v e  M o d u la tio n  i s  shown i n  I ' lg u r e  A l .  1. 1 . The r e s i s t o r  R^ i s  t i g h t l y  c o n t r o l l e d  by th e  s i g n a l  v o l t a g e  i n  some way, and t h e r e f o r e  changes th e  c u r r e n t  f lo w  to  th e  lo a d  r e s i s t o r  R̂  ̂ a c r o s s  which ch an ges o f  v o l t a g e  o c c u r ,  v^ .Per th e  cru de d . c .  te le p h o n e  m entioned ab ove, th-© so u rce  i s  th e  b a t t e r y  and th e  c o n t r o l  r e s i s t o r  i s  v a r i e d  by a i r  p r e s s u r e .  Por an a . c .  m o d u la tio n  c i r c u i t ,  v^



3

th e  source^ y / il l  he an a . Co g e n e r a t o r  ( h e re  ta k e n  to  he c o n s t a n t  v o l t a g e  and zero  impedance ) and t h e  c o n t r o l  r e s i s t o rw i l l  he e i t h e r  or
or

a f i e l d  e f f e c t  t r a n s i s t o r  below  p i n c h - o f fa b ir jo la r  t r a n s i s t o r  b ia s e d  to  a r e g io n  o f  l i n e a r  tra n s c o n d u cta n c ea t e tr o d e s  pentodCj or lieptode v a lv e  on some v a r i a b l e  tr a n s c o n d u c t a n c e  r e g io n
suppose = Rfl/ v^
th e n --- ^ 0 %

so
V,

1 + Ri/Rj^v^
( l  + Rj /Rl Y, )
, Jldl ( f ] l L \

by B in o m ia l Theorem
DAO»«

v/hich i s  l i n e a r  o n ly  f o r  s m a ll  f r a c t i o n a l  d ep th s
i  .o f  m o d u la t io n , s in c e  Rr must exceed R. g r e a t l y ,  to  neglect'^m f"'

S i m i l a r  d e d u c t io n s  r e s u l t  i f  o u tp u t c u r r e n t  , or o u tp u t  power i s  c a l c u l a t e d .
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A l .  1» 2 N o n - l i n e a r i t y  Mor3ulation The ax>plic a t i o n  o f  c a r r i e r  ware and s i g n a l  v/ave added t o g e t h e r  a c r o s s  a n o n - l i n e a r  d e v ic e  has "been th e  most u s u a l  form o f  a . c . m o d u la to r . I t  i s  th e  b a s i s  o f  th e  f o l l o w i n g  d e v ic e s  i )  d iod e m o d u lato r Nig Á 1 .1, 2. ii i )  svvitch m o d u la to r S*ig A l .  1. 2. i i  i i i )  C l a s s  G m o d u la to rs  such asG r id  'modulated v a lv e  P ig  A l .  1 ,2 .  i i i  Scre e n  m odulated v a lv e  Anode m odulated v a lv e  Base b i a s  m odu lated t r a n s i s t o r
I t  may be s a id  o f  a l l  t h e s e  c i r c u i t s  th e  lo a d  elem ent r e c e i v e s  from th e  n o n - l i n e a r  d e v ic e  a chopped c a r r i e r  v^ave i n  which th e  f r a c t i o n  o f  th e  o r i g i n a l  s in u s o id  i s  changed by th e  in s t a n t a n e o u s  m agnitu de o f  th e  s i g n a l .The phenomenon i s  i l l u s t r a t e d  i n  F ig u r e  A l . 1 , 2 . i v  .
C o n s id e r in g  th e  lo n g  h i s t o r y  o f  such d e v ic e s  and th e  number i n s t a l l e d  th ro u gh o u t every f i e l d  o f  r a d io  and te le co m m u n ic a tio n  e n g in e e r in g ,  i t  may seem c h u r l i s h  to  say t h a t  such c i r c u i t s  a r e  i n h e r e n t l y  d i s t o r t i n g .  ( The terra n o n - l i n e a r  must u n f o r t u n a t e l y  be r e t a in e d  h e r e  f o r  th e  v/aveform chopp ing d e v ic e  ) .Such d i s t o r t i o n  i s  h in t e d  at in  some d is t ' ln g u ls h e d  r a d io  e n g in e e r in g  c i r c l e s .  Schw artz (26) page 102 sp e a k in g  o f  th e  G l a s s  G i i l a t e  m odulated a m p l i f i e r  sa y s  ” t h e  m agnitu de o f  th e  p l a t e  c u r r e n t  v a r i e s  v ery  n e a r l y  l i n e a r l y  w ith  th e  p l a t e  v o l t a g e  BBCt e l e v i s i o n  t r a n s m i t t e r s  c o n t a in  a v id e o  p r e - d i s t o r t i o n
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C i r c u i t  p r i o r  to  t h e  m odulator., Hov/ever th e  f u l l  i n v e s t i g a t i o n  o f  l i n e a r i t y  n e c e s s i t a t e s  a degree o f  academ ic r a t h l e s s n e s s „  and so c a r e f u l  a n a l y s i s  o f  a chopped.-up s i n u s o i d a l  wave t r a i n  i s  made "below, in  p a ra g ra p h  A2. 2 and A ppendix a 2 . 2



A l .  g p r e y io u 8 T h co ri  c- sTh ere have been th r e e  ap p ro acb es to  am p litu d e  m o d u la tio n  t h e o r y ,  hacli h a s  produ ced some f a c t s , ,  bu t none a lo n e  h a s  been fou n d  to  g i v e  th e  e x i i la n a t io n  under a l l  c o n d it io n s o  The a jjp ro a ch e s  may be d é s i g n â t ed;~i )  polynornial-s ( and i m u l t i p l i c a t i o n  )i i )  s w it c h in g  f u n c t i o n s  ( and F o u r ie r  a n a l y s i s  )i i i )  g r a p h i c s  and waveform s k e t c h in g
These w i l l  be lo o k e d  a t  i n  s u c c e s s io n .  The b e s t  o f  each w i l l  be e x t r a c t e d  i n  o rd e r  to  s y n t h e s i s e  an improved viev/point f o r  th e  f u t u r e ,

A1. 2 . .i  ) fo ly n o m ia  1 s and lúu 11 ip  1 i  ca t i o nAssum ing t h a t  m o d u la tio n  i s  m u l t i p l i c a t i o n  o f  s i n u s o i d a l  i i in c t io n S }  and assum ing t h a t  a f a i r  a p p ro x im a tio n  t o  a n o n - l i n e a r  c h a r a c t e r i s t i c  may be r e p r e s e n te d  by a p o ly n o m ia l  e x p r e s s io n  some u s e f u l  g e n e r a l  d e d u c t io n s  have been made. For i n s t a n c e  i : v e r i t t  ( 11) p a g e 3 ‘58 u s e s  a p o ly n o m ia l  to  show t h a t  f i r s t  o rd er term s a re  h a r m le s s ,  second o r d e r  are th e  n e c e s s a r y  f u n c t i o n ,  t h i r d  o rd e r  a r e  h a rm fu l and t h a t  h ig h e r  o rd e r  term s a r e  n e g l i g i b l e  p r o v id e d  s i g n a l  m agn itu d es are  s m a ll .
A more r e c e n t  a u t h o r i t y ,  B e t t s  ( 8 ) in t r o d u c e s  th e  second c h a p te r  " M o d u la t io n ” by a t t e m p tin g  a pure m u l t i p l i c a t i o n  method. U n f o r t u n a t e ly  th e r e  r e s u l t s  im m éd iately^ double s id e b a n d  su p p ressed  c a r r i e r  m o d u lâtj.on



and he must t h e r e f o r e  shandon r a u l t i t i p l i c a t i o n  and r e - i n t r o d u c e  a n o th e r  raethod le a d in g  to  " f u l l  AM 'h
Bro'^m & G l a z i e r  ( 9  ) page 60 say t h a t  m o d u la tio n  i s  " t h e o r e t i c a l l y  very  s im p le "  but th e n c e  p ro ceed  to  remark t h a t  th e  m u l t i p l i e r  d e v ic e s  quoted ^such as p e n to d e .H a l l  e f f e c t  d e v i c e ,  t h e  a n a lo g u e  computer m u l t i j j l i e r ,  are  e i t h e r  i n s u f f i c i e n t l y  l i n e a r  o r  low in  o u tp u t or com plex.A normal p o ly n o m ia l  approach i s  g iv e n  f o r  low l e v e l  m o d u la tio n  and th en f i n a l l y  a " c a r r i e r  fr e q u e n c y  v a l v e "  i s  c i t e d  as  th e  u l t i m a t e  i n  h ig h  q u a l i t y ,  though why i s  n o t  e x p la in e d .

Á 1 . 2 . i i )  S w itc h in g  F u n c t io n s  ( and F o u r ie r  A n a l y s i s  )For s i m p l i c i t y  th e  s w itc h in g  f u n c t i o n  approach i s  b a sed  upon p ie c e w is e  l i n e a r  r e p r e s e n t a t i o n s  o f  th e  n o n - l i n e a r  d e v ic e s  and l a r g e  v a lu e d  s i n u s o i d a l  f u n c t i o n s .Thus I n i t i a l l y  p u re s in u s o id s  become broken up i n t o  harm onic s e r i e s  r e d u c ib le  to  a l g e b r a i c  f u n c t i o n s  o n ly  by F o u r ie r  a n a l y s i s .  The l i s t  o f  r e f e r e n c e s  to  t l i i s  m a th e m a tic a l  t e c h n iq u e  i s  n o t l a r g e  a p p a r e n t ly  commencing w ith B en n ett  ( 7 ) h y p e rg e o m e tric  s e r i e s ,  B e le v ic h  ( 2 ) ,  ( S ) , (  4 )  s tu d y in g  th e  e f f e c t  c f  ch an g in g  r e s t a n c e  v a lu e s  f o r  so u rce  , lo a d  and d i e d e ,  fo l lo w e d  very  c l o s e l y  by Tu cker (50) i n v o l v i n g  much m a th e m a tics  and l a t e r  f o l l o w in g  a t h e s i s  by B e le v i c h  o f  1959 T u cker p u b l is h e d  a renev/ed a t t a c k  on t h e  problem  i n  a book (31) in  which th e  F o u r ie r  s e r i e s  a re  ta k e n  away from th e  v o l t a g e s  and a s s ig n e d  to  th e  r e s i s t o r s , r e a c t o r s  and o t h e r  c i r c u i t  coraronents. U n f o r t u n a t e ly  th e  m ath em atics



rem ain s a s  i n t r a c t a b l e  as ever» "\7e have an i n f i n i t e  number o f  e q u a t io n s  v*'ith an i n f i n i t e  number o f  terras" i b i d  p 21,But th e  s u b j e c t  was k e p t  a l i v e  a t  t h i s  tim e by Howson and T u cke r ( 22) erabarking on th e  more s i g n i f i c a n t  problem  o f  in te r m o d u la t io r i  p r o d u c t s .  L a t t e r l y  t h e r e  have been p a p e r s  by G a r d in e r  & Surana ( 1 3 ) ,  G a r d in e r  ( 1 4 ) ,  Y o u s i f  & G a r d in e r ( 3 2 ) ,  and G ard lrier( 15)  ̂ riiost b e in g  con cern ed  w ith  t h e  p ie c e w is e  l i n e a r  and sw itch e d  c u r r e n t  f u n c t i o n s  b u t w ith  more e x t e n s iv e  a p ip l ic a t io n  o f  t h e s e  i d e a s .  I n  r e f ( l 4  ) G a r d in e r  a c t u a l l y  r e a c h e s  t h e  p o in t  o f  s a y in g  t h a t  " b e n e f i t  i s  o b ta in e d  from th e  o f f s e t "  (meaning d io d e  o f f s e t  v o lt a g e )  which he has added i n t o  th e  Tucker th e o r y  to  make i t  more r e a l i s t i c .  A cru d e e x p e r im e n ta l  te c h n iq u e  i n  which shunt co n n e cte d  c a p a c i t o r - r e s i s t o r  j ) a ir s  are  co n n ected  in  s e r i e s  with th e  d io d e s  to  i n c r e a s e  th e  o f f s e t  v o l t a g e  a r t i f i c i a l l y  i s  s a id  to  p rodu ce r e s u l t s  which v e r i f y  th e  t h e o r y .  P o s s i b l y  some u n s u s p e c te d  re so n a n ce  phenomenon between th e  la r g e  c a p a c i t o r  u sed  ( 10 000 pP ) and th e  r e v e r s e  c u r r e n t  p u ls e  due to  d io d e  c h a r g e  s t o r a g e  ( n o t c o n s id e r e d  by G a r d in e r  ) may have g iv e n  r i s e  to  th e  ap p aren t improvement. I t  can h a r d ly  be tioie t h a t  t h e  l a r g e r  th e  d io d e  forw ard v o l t a g e  ( " o f f s e t " o f  G a r d in e r  ) th e  t e t t e r  th e  d io d e  i s  as  a lev/ d i s t o r t i o n  m o d u la to r . A more m e a n in g fu l  method o f  a r t i f i c i a l l y  i n c r e a s i n g  forv/ard v o l t a g e  v/ould have been to  u s e  two or t h r e e  d io d e s  i n  s e r i e s .To own u p, i t  i s  i n t e r e s t i n g  to  n o te  t h a t  th e  l a s t  r e f e r e n c e  b r in g s  G a r d in e r  r i g h t  to  th e  p o s i t i o n  in  which th e  p r e s e n t  a u th o r  found h i m s e l f  i n  reg ard  to  mismatch as th e



b e s t  v/ay to  red u ce  ir ite r ii io d u la tic r u  P a t e n t  A p p l i c a t i o n  83 A p r i l  1 9 7 ( 8 0  ) .
A lo 2 . i i i )  G r a p h ic s  and Waveform s k e tc h in gI n  most o f  th e  elem en tary  t e x t b o o k s  t h e r e  has been a g r a p h i c a l  f i r s t  a cco u n t t o  th e  te c h n io u e s  o f  a m p litu d e  m o d u la t io n . Some p r e s e n t a t i o n s  have g iv e n  a p ie c e w is e  l i n e a r  r e p r e s e n t a t i o n  o f  th e  n o n - l i n e a r  d e v i c e .Some h ave g iv e n  a srnoot/ily changed c o n d u cta n ce  p i c t u r e ,  b u t i n  e i t h e r  c a se  t h e  r e s u l t  has been a v e ry  good i n t r o d u c t i o n  to  waveform r e p r o d u c t io n  from s i g n a l  fre q u e n c y  up onto t h e  c a r r i e r  ¥/ave. U n f o r t u n a t e ly  such d raw ings have lo o k e d  r a t h e r  to o  c o n v in c in g .  I t  h a s  been assumed t h a t  l i n e a r  m o d u la tio n  h a s  heen a c h ie v e d  when a t r a i n  o f  p a r t  s i n u s o id s  o f  l i n e a r l y  ch a n g in g  peak a m p litu d e  has been s u p p l ie d  to  th e  o u tp u t e lem en t. I t  w i l l  be shov/n belov/ a more c a r e f u l  a n a l y s i s  sh o u ld  be perform ed as a check .

A l .  3 C o n c lu s io n s  on P r e v io u s  T e c h n io u es & T h e o r ie s  The t h r e e  b a s i c  t h e o r e t i c a l  ap p ro ach es to  a m p litu d e  m o d u la tio n  which ap p ly  to  the two m ainstream  t e c h n iq u e s  have been review ed and found to  have c o n t r ib u t e d  a p a r t i a l  u n d e r s ta n d in g  to  any o f  th e  r e s e a r c h  workers co n ce rn e d . I t  may th ex-efo re  be deduced t h a t  a b e t t e r  u n d e r s ta n d in g  ( i n  th e  ab sen ce  o f  a b e t t e r  n o n - l i n e a r  m a th e m a tic a l  c a l c u l u s  ) must be based upon a s e l e c t i v e  a p p l i c a t i o n  o f  t h e o r i e s  as seems t e s t  in  th e  c ir c u m s t a n c e s .
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je c t io n  ^ 2  M  L i n e a r i t y  by L ism a tch  and Sanare Wave G a r r i■‘1 er
A2o 1 Áivi L i n e a r i t y  by Misníatch^2..JL«_1 S i n g l e - ended ivlisiriatcheg M o d u lato r n w e l l  e s t a b l is h e d ,  axiom o f  meaRurement te c h n iq u e  i s  to  c o n s t r u c t  each instruirient so as to  cau se th e  l e a s t  d is t u r b a n c e  to  th e  x->̂ *yf3i c a l  s i t u a t i o n  in  which i t  i s  o p e ra tin g o  Thus an i d e a l  v o lt m e t e r  would be one which took ze ro  c u r r e n t  from th e  e l e c t r o - m o t i v e  so u rc e  i t  sought to  observCc nn i d e a l  ammeter would be one -which c o u ld  i n d i c a t e  an a c c u r a t e  c u r r e n t  v a lu e  w ith o u t develorring any v o l t a g e  drop by r e s is t a n c e o
S e c o n d ly ,  i t  i s  a f u r t h e r  axiom o f  good p r a c t i c e  i n  p h y s i c a l  measurement to  see t h a t  any n o n -lin e a r-  ten d en cy  i s  overwhelmed by e x t e r i o r  m ajo r phenomena whose l i n e a r i t y  can be r e l i e d  upon.S in c e  th e  above measurement p r i n c i p l e s  a p p ly  t c  th e  m o d u la tio n  p r o c e s s  ( a s i g n a l  a m p litu d e  m easured in  th e  b a s e  band i s  to  be a c c u r a t e l y  rep rod uced in  th e  c a r r i e r  band ) and s i n c e  th e  c h i e f  vague f e a t u r e  o f  th e  p r e v io u s l y  knovm m o d u la to rs  h a s  been t h e i r  c h a r a c t e r i s t i c  c u r v a t u r e ,  i t  would seem w ise  t c  t r y  to  d e v is e  a m o d u la to r  whose b e h a v io u r  in  r e g a r d  to  th e  above p o i n t s  can be p r o p e r ly  d e s ig n e d .
Such p ro p e r  d e s ig n a t io n  w i l l  be most n e a r l y  a c h ie v e d  i f  th e  d io d e  i s  employed i n  i t s  most a p p r o p r ia t e  r o l e  V ia .  n CURRIM' SWITCH. In  o t h e r  words th e  d io d e  w i l l  be a c t i n g  as th e  c u n -e n t  c o n t r o l  elem ent betv/een a
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c u r r e n t  so u rc e  and a c u r r e n t  s in k .  To ensure t h a t  th e  dt s i r e d  c o n d i t i o n s  can I 'ever a l t e r ,  i t  i s  arran ge d  t h a t  t h e  d io d e  l i e s  between a h ig h  impedance ( or h ig h  im pedances ) and a low im pedance. In  o t h e r  words a MISiiATCHID c o n d it io n .
p r e s e n t l y  u sed  m o d u la to r c i r c u i t s  do n o t f o l l o w  such p r i n c i p l e s .  T ak in g  f o r  exar. l e  th e  d io d e  d e t e c t o r  ( a m o d u la to r  i n  s t r i c t l y  t h e o r e t i c a l  term s by v i r t u e  o f  i t s  a b i l i t y  to  t a k e  a c a r r i e r  p l u s  two s id e  f r e q u e n c ie s  and g e n e r a te  t h e  new b a se -b a n d  fr e q u e n c y  froiu th e  t r i p l e  ) .A d io d e  v/orks between a low impedance so u rce  i i i t o  a medium or h ig h  impiedance lo a d .  Presum ably an arrangem ent which i s  a le g a c y  from th e  days o f  jjov.'er r e c t i f h .c a t i o n  when e f f i c i e n c y  was th e  prim e o b j e c t i v e .
Under t h e s e  c ir c u m s t a n c e s ;i )  th e  c o n d u c tio n  i n t e r v a l  i s  a v e ry  s h o rt  p a r t  o f  th e  c y c l ei i )  th e  d io d e  o p e r a t e s  n e a r  i t s  bend f o r  most o f  th e  c o n d u c tio n  i n t e r v a li i i )  th e  d io d e  peak c u r r e n t  i s  very l a r g e  so t h a t  c a r r i e r  s t o r a g e  e f f e c t s  become pronounced.Por such r e a s o n s  th e  b e h a v io u r  i s  a n a l y t i c a l l y  i n t r a c t a b l e ,  and a l s o  th e r e  a r e  few e v id e n t  p o s s i b i l i t i e s  f o r  p r a c t i c a l  improvement.
I f  a r e - - a p p r a is a l  o f  th e  s i t u a t i o n  i s  made in  th e  l i g h t  o f  th e  above measurement axio m s, then a new f a m ily  o f  niisraatched d io d e  m o d u lato r or d em odu lato rs i s  c r e a t e d  o f  v/hich th e  S in gle ™ en d ed  Mismatched M odu lato r i s  th e  f i r s t  exam ple.
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The h a e ic  S in g le - e n d e d  hifÆiatehed M od u lato r i s  Bhovm i n  .dig .e ,2 , ].« 1= ic T h e  c i r c u i t  c o n s i s t s  o f  tv/o c u r r e n t  s o u r c e s  f e e d in g  th ro u gh  a s i n g l e  j u n c t i o n  to  a d io d e  to  a c u r r e n t  s i n k .  One c u r r e n t  so u rce  i s  t h a t  o f  tlie  c a r r i e r  th e  o t h e r  i s  t h a t  o f  th e  s i g n a l .
I t  i s  w e ll  known t h a t  m o d u la tio n  cannot hea c h ie v e d  hy siraple a d d i t i o n  o f  two t r a i n s  o f  s i n u s o i d a lc u r r e n t s  ( o r  v o l t a g e s  ) ,  Such an attem p t viewed on ano s c i l l o s c o p e  Vv’ould be seen as  a s e r p e n t in e  wave o f  th ehh ig h e r  fr e q u e n c y  l i f t e d  up and âovm by th e  lo w er . Su-bseaucnt a p p l i c a t i o n  t o  a band p a s s  f i l . t e r  n e a r  c a r r i e r  freq u en cy  y/ould remove th e  au d io  fr e q u e n c y  component o f  t h e  sum, and r e s t o r e  an uni.iodalated c a r r i e r  wave.
I f  ho'wever th e  s e r p e n t in e  v/ave i s  s l i c e d  in  h a l f  by a d io d e  i n  s e r i e s  ( or shunt ) ,  thex'e i s  formed a t r a i n  o f  p a r t  s i n e  waves o f  c a r r i e r  fr e q u e n c y  u n d u la t in g  i n  m agn itu d e a c c o r d in g  to  the s i g n a l  v/ave ( p r o v id e d  i t  i s  n o t  g r e a t e r  than th e  c a r r i e r  wave a m p litu d e  ) . F i l t r a t i o n  o f  t h i s  t r a i n  in  a band p a s s  f i l t e r  c e n tr e d  arourid c a r r i e r  fr e q u e n c y  w i l l  g iv e  an ap p ro xiraation  to  a m odulated wave.The: chopped n a tu r e  o f  th e  p a r t  s in u s o id s  a re  r c s t o r e d ^ y  th e  0. o f  th e  f i l t e r .
P r a c t i c a l  r e a l i s a t i o n  o f  th e  c u r r e n t  s o u r c e s  i s  u s u a l l y  ap proxiiaated by c o n n e c t in g  h ig h  im pedances in  s e r i e s  v/ith in p u t  s o u r c e s  o f  a more or l e s s  c o n s ta n t  v o l t a g e  c h a r a c t e r i s t i c  froax v/hich come c a r r i e r  and s i g n a l  in  coiiimoniy found arran ge m en ts . R e s i s t o r s  o f  between 2 and 40

t  See P h o to grap h  Page A2. 1, l . R .  1 photo 16
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th o u san d  ohius a re  u s e fia l  f o r  t h i s  r e q u ire m e n t , see F ig A 2 . 1« 1. i i  . Provided, th e  so u rce  e.m. f„ o f  th e  c a r r i e r  i s  more than 2 v o l t s  p e a k , th e  c u r v i l i n e a r  r e g io n  o f  th e  d io d e  i s  o f  m inim al s i g n i f i c a n c e  b e ca u se  d u r in g  th e  wave th e  o n ly  cu rv ed  p o r t i o n  t r a v e r s e d  by th e  v o l t a g e  i s  between th e  h ig h  impedance r e v e r s e  b ia s e d  d io d e  r e s i s t a n c e  and th e  fo rw a r d s  b ia s e d  r e g io n  h a v in g  l e s s  r e s i s t a n c e  than t h e  c u r r e n t  l i m i t i n g  r e s i s t o r  d e l i b e r a t e l y  in c lu d e d  above.The a c t i o n  i s  e x p la in e d  g r a p h i c a l l y  i n  F ig u r e  A 2 .1 . l . i i i  >
The s i g n a l  so u rce  may be s i m i l a r l y  co n n e cte d .So t h a t  "o v er m o d u la t io n "  may not be ca u se d , th e  c u r r e n tpeak v a lu e  from th e  s i g n a l  c u r r e n t  so u rce  arrangem ent mustn o t exceed  th e  peak c u r r e n t  v a lu e  o f  th e  c a r r i e r ;  P ig  A 2 . l . l . i v  .
Moving to  c o n s i d e r a t io n  o f  th e  c u r r e n t  s i n k ,  i t  i sc l e a r  t h a t  i t  sh o u ld  be a low impedance at a l l  f r c o u e n c i e s ;  i .  e.low compared v/ith th e  d io d e  and i t s  two or raore c u r r e n ts o u r c e s .  I d e a l l y  th e  c u r r e n t  s in k  should be r e s i s t i v ei n  n a t u r e  and p r e f e r a b l y  u n i - l a t e r a l  so t h a t  th e  e f f e c t s  o fsu bsequ ent c i r c u i t  v o l t a g e  phenomena cannot r e a c t  b ack  to  thed io d e . E m in en tly  s i u t a b l e  c u r r e n t  s in k s  may be e n g in e e re d  ins e v e r a l  vmys such as i )  a shunt fed t a c k  common e m it te rt r a n s i s t o r  c i r c u i t  shown in  F ig  A2. 1. I . t  .i i )  8 common base c i r c u i t  as shovm i n  F ig u r e  A2. 1. 1. v i
The d. c . c o n d i t i o n s  may be b a la n c e d  i n  v a r io u sways. Those shown en a b le  a s i l i c o n  d io d e  to  be b ia s e d  to  th eknee by th e  t r a n s i s t o r  e m it t e r - b a s e  j u n c t i o n  p o t e n t i a l .diodei,I f  germaniuiu d io d e s  or S c h o ttk y  b a r r i e r  s i l i c o n ' ^  a re  used
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t h e r e  i s  a n e t  fcrv/ar-d L i a s  o f  0. b V or o. 2 V which w i l l  p r o b a b ly  be a n e g l i g i b l e  arncunt corapared v/ith th e  c a r r i e r  peak eeiru f .  Both so u r c e s  sh ould  have a cl. c.̂  p a th  to  e a r th  v/ithin . I f  ac c o u p l in g  i s  m an dato ry , i t  may be p o s s i b l e  to  a rr a n g e  some k in d  o f  d. c ,  r e s t o r a t i o n  c i r c u i t  such as th e  c o u n t e r b a la n c e  c i r c u i t  shown i n  f i g u r e  l . l . v i i
Charge s t o r a g e  in  th e  PN j u n c t i o n  i s  n o t e x c e s s i v e l y  tro u b le so m e  i n  th e  S in g le -e n d e d  Mismatched M o d u la to r  u s in g  s i n u e o id a l  c a r r i e r  waves b e ca u se  th e  fo rw a rd  c u r r e n t  i s  c o n t r o l l e d  i n  m agnitude and a l s o  b e ca u se  t h e  c u r r e n t  i s  brou gh t sm oothly down to  se ro  b e fo r e  r e v e r s a l  o c c u r s .  N e v e r t h e le s s  a s l u g g i s l i  d iod e v / il l  s p o i l  th e  a c t i o n  o f  th e  m o d u lato r a t  h ig h  f r e q u e n c ie s .
A2. 1. 1. R RESULTS ( by ph otograph )
P h o to g ra p h s page A2. l . l . R .  1
The top group are a l l  ta k e n  w ith a c a r r i e r  fr e q u e n c y  o f  5 kHz and a s i g n a l  fre q u e n c y  o f  200 Ks s y n c h r o n is e d  to  th e  c a r r i e r  so t h a t  c l e a r  s t a t i o n a r y  o s c i l l o g r a m s  are produced. P h o to gra p h s are  r e f e r r e d  by number,

16 S i g n a l  V/ave a lo n eC a r r i e r  and s i g n a l  v/aves added
2 S i g n a l  wave a lo n eC a r r i e r  and s i g n a l  waves a p p l ie d  to  th e  S in g le -e n d e d  M ism atched M odu lato r
3 S i m i l a r  to  ph oto graph 2 b u t with s i g n a l  wave s h i f t e d  to  i l l u s t r a t e  l i n e a r i t y



1 S i i-n a l  v;ave a lo n e .Wave tj^ain p h oto 8 o r  3 ahove f f d  th rou gh  a band p a s s  f i l t e r .  I t  i s  o f  i n t e r e s t  to  n o te  th e  d e la y  caused by th e  f i l t e r  and t h a t  th e  r e s u l t a n t  depth o f  la o e u la t io n  i s  a p p r o x im a te ly  9Ty o n ly  ( R e fe r  nara 
ji2, 2 below  ) .

ih e  l a s t  p a i r  were chosen to  i l l u s t r a t e  th e  ap p a re n t l i n e a r i t y  o f  th e  S in g le -e n d e d  M ism atched M od u lato r d r iv e n  by s i n u s o i d a l  c a r r i e r  v/hen examined b e fo r e  f i l t e r i n g  and the. d i s a p p o i n t i n g  l i n e a r i t y  a f t e r w a r d s .
11 S i g n a l  wave alone^ 27 He t r i a n g u l a r  Y;ave 8 V pk to  pk . C a r r i e r  s in e  4 V pk p l u s  s i g n a l  a p p lie d  to  S ingle--ended M ism atched .Modulator h a v in g  d io d e  o f  o p p o s it e  p o l a r i t y  ( as  betw een f i g u r e s  A8, 1. 1. v and v i  fo r  example ).,41 S i m i l a r  to  photo 11 but h a v in g  d io d e  o f  o r i g i n a l  p o l a r i t y .  '7ave t r a i n  f i l t e r e d  in  band p a s s  f i l t e r .  L i s t i n c t  im p r e s s io n  o f  n o n - l i n e a r i t y  a t  c r e s t s  and tr o u g h s . f i 'e u u tn c y  ph ase e r r o r  problem .A2. 1< 2 B a la n ce d  iMismatched M o d u lato r

Many a p p l i c a t i o n s  o f  m o d u la to rs  r e q u ir e  b a la n c e  to  se re  f o r  one or o t h e r  o f  th e  in p u t  waves, f o r  i n s t a n c e  i n  th e  te le c o m m u n ic a t io n s  m u l t i p l e x  m o d u la tin g  t e r m i n a ls  using- s e l e c t i v e  f i l t e r s  to  o b t a in  s i n g l e  sid eb a n d  i t  i s  h e l p f u l  i f  t h e  c a r r i e r  i s  b a la n c e d  out b e fo r e  a p p l i c a t i o n  to  th e  f i l t e r s .  In  g e n e r a t o r s  o f  s i n g l e  sideband su p p ressed  c a r r i e r  by th e  P h a s in g  Method or th e  T h ir d  ( or 'b e a v e r 's  ) Method, i t  i s  n e c e s s a r y  t o  c o n s t r u c t  tŵ o or fo u r  w e ll  b a la n c e d  m o d u la to rs  h a v in g  a good p r o s p e c t  o f  rem ain ing  b a la n c e d  i n  s e r v i c e .
In  th e  l i g h t  o f  t h e s e  w e ll  kno-wn re q u ire m e n ts  f o r  good
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c a r r i e r  b a l a n c e ,  e a r l y  c o n s i d e r a t io n  was g iv e n  to  th e  develoxDiiient o f  a B a la n c e d  Miematched ModulatoPo And th e  c i r c u i t  t u r n s  ou t to  be v e ry  s im p le ,  see F ig u r e  A2. 1, 2. i
The s o u rce  to  be b a la n c e d  out ( u s u a l l y  th e  c a r r i e r  ) must o r i g i n a t e  from a b a la n c e d  s o u r c e . Then c a n c e l l a t i o n  i s  a c h ie v e d  by c o n n e c t io n  o f  th e  d io d e s  in  c o n t r a r y  d i r e c t i o n s  to  a common lov; impedance lo a d .  The s i g n a l  i s  a p p l i e d  i n  p h ase to  th e  d io d e s  so t h a t  i t  may push or p u l l  c u r r e n t  a t  a p p r o p r ia t e  p a r t s  o f  i t s  c y c l e ,  under o v e r - r i d i n g  c o n t r o l  o f  th e  l a r g e r  c a r r i e r  h a l f  c y c l e s ,  p h o to grap h  page A 2 .1 .2 ,  R Ko 8 shows th e  phenomenon q u it e  c l e a r l y .  I t  i s  a t  th e  extreme c o n d i t i o n  o f  s i g n a l  wave c u r r e n t  peak j u s t  a-s l a r g e  as th e  c a r r i e r  c u r r e n t  v/ave peak m a gn itu d e . C i r c u i t  im p le m e n ta tio n  o f  th e  wide band low impedance u n i - l a t e r a l  lo a d  can ta k e  th e  form o f  o t h e r s  found s u i t a b l e  f o r  th e  S in g le -e n d e d  Mismatched M o d u la to r . There i s  however some s i m p l i f i c a t i o n  o f  d , c ,  b i a s i n g  c o n s i d e r a t io n s  due to  th e  n a t u r a l  s e l f  b a la n c in g  form o f  th e  c o u n te r  co n n e cte d  d io d e s ,  so a , c . c o n n e c t io n  to  t h e  t r a n s i s t o r  b a se  i s  s u i t a b l e .  F ig u r e  Â 2 ,1 .2 .  i i  shoY/8 a t y p i c a l  f u . l l  c i r c u i t  w ith  t y p i c a l  v a lu e s .  The d iagram  a l s o  shows a te c h n iq u e  f o r  f i n e  ad ju stm en t o f  c a r r i e r  b a l a n c e ,  a manoeuvre perform ed v/ith zero  v o l t s  a t  th e  s i g n a l  in p u t .
Should s t r i c t  d. c , c o u p lin g  be d e s i r e d ,  th e  c i r c u i t  o f  F ig u r e  A 2 ,1, 2. i i i  may be a d o p ted . H av in g  r e l i a b l e  b a la n c e  and c o m p le te ly  d i r e c t  c o u p lin g  th e  B a la n c e d  Mismatched M o d u lato r i n  t h i s  form h a s  th e  rem ark a b le  p r o p e r ty  o f  b e in g



p h ase p r e c i s e  r i g h t  th ro u gh  zero v o l t s  in p u t .  In  o t h e r  ?7ords i t  may he u se d  a s  a measurement c o n t r o l  i n  an in stru m e n t or i n  a n e g a t i v e  fe e d b a c k  system . The m agnitude o f  th e  o u tp u t c a r r i e r  w i l l  f o l l o w  a g r a d u a l l y  d e s c e n d in g  p o s i t i v e  v o l t a g e  in p u t  by a g r a d u a l l y  r e d u c in g  o u tp u t m agnitude u n t i l  a t  zero i t  w i l l  c o n t in u e  to  f o l l o w  th e  in p u t  i n t o  th e  n e g a t i v e  quadrant by r e v e r s a l  o f  c a r r i e r  p h a s e . The Ph oto graph A 2 .1. 2. R No 8 i l l u s t r a t e s  th e  e f f e c t  a t  s in e  wave c r o s s - o v e r .  W h ils t  p o s s e s s in g  p h ase p r e c i s i o n  do?m. to  d, c .  t h i s  m o d u lato r s t i l l  r e t a i n s  h ig h  fr e q u e n c y  c a p a b i l i t i e s  so t h a t  i f  t h e r e  sh o u ld  ever be an a p p l i c a t i o n  f o r  b a la n c e d  wide band m o d u la tio n  ( e. g .  b a la n c e d  t e l e v i s i o n  m o d u la tio n  or d o u b le  sid eb a n d  t e l e v i s i o n  w ith  su p p re sse d  carrier-s«) th e  c i r c u i t  shown v / ill  p e rfo rm  to  d e s ig n .
R e tu r n in g  to  more normal a p p l i c a t i o n s ,  i t  sh o u ld  be n o te d  t h a t  a v e ry  i n t e r e s t i n g  b e h a v io u r  i s  seen i f  t h i s  m o d u lato r i s  c o n n e cte d  to  a c c e p t  b a la n c e d  au d io  s i g n a l s  b u t h a v in g  l a r g e r  s i n g l e  p h ase c a r r i e r  s u p p lie d  a t  th e  t e r m in a l  u s u a l l y  a l l o c a t e d  to  b a se  band. The o u tp u t v/ave t r a i n  a t  th e  c o l l e c t o r  o f  th e  a m p l i f i e r  t r a n s i s t o r  i s  a rem arkab ly  good r e p r e s e n t a t i o n  o f  a m odulated c a r r i e r  wave even though i t  h a s  n o t  p a s s e d  th rou gh any f i l t e r .  I f  th e  P h o to grap h  A 2 .1. 2. R No 6 i s  exam ined, th e  c la im  can be v e r i f i e d .  However i t  w i l l  be n oted  t h a t  some o f  th e  c a r r i e r  wave i s  m is s in g  from  a r e a s  l e s s  th an  h a l f  h e i g h t .  A remedy f o r  such e v e n ts  i s  e x p la in e d  i n  c h a p te r  A2, 2.

17

* Such as  would be n e c e s s a r y  to  g e n e r a te  phase m odulated TV
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A2. 1. 2. R RESULTS
U s in g  an a u d io  to n e  o f  200 Hz s y n c h r o n is e d  by a c a r r i e r  o f  5 kHz th e  fo llo v / in g  waveforms were o b se rv e d  on th e  B a la n c e d  M ism atched Modulator«,

p h o to g r a p h s  page A2e 1. 2. Rc 1
8 S i g n a l  wave u n b a la n ce d  4 V pk . C a r r i e r  s in e  v/ave b a la n c e d  2 V pk ’.wideband ou tp u t
9 As photo 8 above but to  a slow er tim e b a se  and th e  o u tp u t ta k e n  th ro u gh  a band p a s s  f i l t e r .By r e f e r e n c e  to  th e  au d io  wave a t  th e  top i t  i s  seen t h a t  a d o u b le  s id eb an d  su p p ressed  c a r r i e r  wave h a s an o u t l i n e  '’b e a t "  ap pearance c o n t a in in g  p r i n c i p a l l y  second harm onic ( see P a r t  B-?-l2ppage 6o ) .
6 S i g n a l  wave b a la n c e d ,  c a r r i e r  wave b a la n c e d  s in e  m agn itu d e 8 V p k  . Wideband o u tp u t .

20 n s  photo 6 above e x c e p t t h a t  th e  o r i g i n a l  s i g n a l  wave i s  shown as w e l l .  I t  i s  bro u gh t dov/n c l o s e  to  th e  m odulated t r a i n  p r o v in g  t h a t  th e  ou tp u t i s  a f a i r l y  good r e p r o d u c tio n  and t h a t  t h e r e  i s  no d e la y  ( a s  t h e r e  i s  no f i l t e r  ) .  Wideband o u tp u t .
21 As photo 20 above but reduced c a r r i e r  v/ave a m p litu d e  to  show t h a t  a m p litu d e  c l i p p i n g  o c c u r s  b o th  to p  and bottom . Wideband o u tp u t .17 As photo 8 above w ith low er t r a c e  h a v in g  th e  c a r r i e r  m agnitu de in c r e a s e d  u n t i l  i t  sq u ares o f f ,  showing th e  improvement which c o u ld  come w ith d e l i b e r a t e  square v/ave c a r r i e r  in p u t .



}?hotographs Page A2. 1, S. R. 2
These show a sequence w ith  th e  e x a c t in g  t r i a n g u l a r  wave m odu lated upon a 5 kHz s i n u s o i d a l  c a r r i e r  wave i n  v/hich th e  e f f e c t  o f  t h e  raagnitude o f  th e  c a r r i e r  wave i s  g r a d u a l l y  red u ced  to  z e ro .

19

15 C a r r i e r  wave o v e r la r g e  and b e in g  c l i p p e d  by th e  m o d u la to r  to  th e  peak m agnitude o f  th e  s i g n a l
14 C a r r i e r  wave o n ly  j u s t  s u f f i c i e n t
13 C a r r i e r  wave d i s t i n c t l y  i n s u f f i c i e n t  and c r o s s - o v e r  d i s t o r t i o n  i s  e v id e n t
12 Zero c a r r i e r  wave ant th e  s i g n a l  i s  c u t  i n t o  twol i n e a r  p a r t s  hy th e  o .4  V forward b i a s  needed by th e  S c h o ttk y  d io d e s .
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A2o1 .3  Doubly B a la n ce d  Mioraatchea M od u lato r
Encouraged by th e  achievem ent of* s i n g l e  b a la n c e ,  th o u g h t was gj.ven to  th e  e s t a b l is h m e n t  o f  d o u b le  b a la n c ei n  th e  m ism atched m o d u la to r  fornio ?h is  would then bea n a lo g o u s  to  th e  RING MODULfirOR. O b v io u s ly  b o th  s o u rce s  must be b a la n c e d  to  e a r t h ,  and must fe e d  two normal b a la n c e d  m o d u la to rs  whose o u tp u t c u r r e n t  p u l s e s  a re  s u b t r a c t e d  i n  a c u r r e n t  d i f f e r e n c e  u n i t  o f  Ioy/ impedance over a wide bandc A f i r s t  attem p t a t  such a c i r c u i t  lo o k ed  as F ig u r e  A2e 1. 3c i  , which when redrawn ap p ears  as  lU gu re  A2. 1, 3c i i  h a v in g  a g r e a t  s i m i l a r i t y  i n  ap p earan ce to  th e  R in g  M odu lato r se e  (( 31) page 87 ) .
The v/ide band low impedance d i f f e r e n c e  d e v ic e  may be r e a l i s e d  as e i t h e ra) t h e  e m it t e r  co u p led  shunt fe d b a c k  p a i r  shown i n  F ig u r e  A2c 1. 3. i i io r  b) a c e n t r e - t a p p e d  prim ary tr a n s fo r m e r  e n jo y in ggood b a la n c e  to  c a r r i e r  fre q u e n c y  band c u r r e n t s ,  as  shown i n  i’ig u r e  A f .  1, 3. i v  e C o u p lin g  to  d. c. w 'i l l  s t i l l  be a c h ie v e d  s in c e  th e  c u r r e n t s  a re  h e r e  c a r r i e r  waves chopped.

A2. 1. 5. R RESULTS
The r e s u l t s  o f  t h i s  s e c t i o n  were measured on a Doubly B a la n c e d  Mismatched M o d u lato r c o m p r is in g  th e  c i r c u i t  o f  F ig u r e  A2. 1. 3. i l  co n n ected  to  a c i r c u i t  c f  F ig u r e  a 2. 1. 3. i i i  w ith  a l l  r e s i s t o r s  d e s ig n a t e d  R chosen to  be 33 kiX .
The e f f e c t s  o f  th e  v a r i a t i o n  o f  c a r r i e r  and s i g n a l



m agnitucle a re  GhowTn uy th e  f i r s t  group o f  p h o to gra p h s p age a 2. lo 3» R. 1 . The second group show in  a g r a p h ic  m anner, th e  e x c e l le n t  lew  frequency c a p a b i l i t i e s  o f  t h i s  c o n n e c tio n  o f  inism atclied m o d u la to r . The s ig n a l  and c a r r i e r  fr e q u e n c ie s  a re  'brought to  a lm o st th e  same v a lu e . M u lt ip le  exp osu re q:)hotographs i n d ic a t e  th e  e v e n ts  a t d i f f e r e n t  p a r t s  o f  th e  c y c le .
P h o to g ra p h s page A 2 .1. 3. E. 1
A l l  have c a r r ie r  wave s in u s o id a l  a t 5 kHz and th e  s ig n a l  fre q u e n c y  i s  200 Hz .

-¿1

43 S ig n a l  11 V pk to  pkM o d u la tio n  wi't'h c a r r i e r  30 Y pk to  pk44 S ig n a l  o. 6 J  pk to  pk \ C a r r ie r  15 V nk to  S ig n a l  14 Y pk to  pk f  V pK to  pK45 The sajxe as photo 44 above b u t w ith  expanded tim e s c a le  47 As upper t r a c e  o f  44, a f t e r  band p a ss  f i l t e r .49 n s photo 45 above b u t a f t e r  band p a ss  f i l t e r .
I t  sh o u ld  be n o ted  in  th e s e  p h o to gra p h s how v e ry  n e a r ly  sq u are  wave th e  c a r r ie r  component becomes when th e  s ig n a l  v o lt a g e  i s  s m a ll.

p h o to g ra p h s page A2. 1. 3. R. 246 S ig n a l  27 Hz u n b a la n ce d  to  e a r th , a p p lie d  to  one in p u t  te r m in a l and e a r th . b a la n c in g  c a p a b i l i t y  o f  th e  t e s t  c i r c u i t  i s  good enough to  produ ce an o u tp u t a p p a r e n tly  o f  h a l f  th e  m agnitude and b a la n c e d .56 C a r r ie r  fre q u e n cy  cOO kHzS ig n a l  fre q u e n cy  20 iefiz. Shown a t  tv/o d i f f e r e n t  tim e b a se  sp eed s.57 As p hoto 56 w ith  f u r t h e r  in c r e a s e d  tim e b a se  speed«



2C>o
BO c a r r i e r  fre q u e n c y  5 k H z  g i g „ a i  freq u en cy  900 HiC a r r ie r  ire q u e n c y  1 ,5  khz -tj
51"̂ In t e r d c t io n o f  50052 by m ult i p l e exp osu re54-̂ " s i g n a l !}e55 I n t e r a c t io n o f  two s" C a r r ie r " 10 tim e s  "



Ai?. 1 .4  CcncluB ioriB  and Conmente
A t th e  end o f  th e  f i r s t  e x p e rim e n ta l s e c t io n  o f  t h i e  t h e s i s  comments can a lr e a d y  he made c o n c e rn in g  th e  a ch ie v e m e n ts  o f  th e  sim p le  ty p e s  o f  m ism atched m odulatorso
C o n s id e r in g  t h a t  p r e v io u s ly  u sed  form s o f  m o d u la to r h ave been found to  s u fife r  from  one o r more o f  th e  f o l l o w i n g : -i )  m ic e r t a in t y  o f  p r e c is e  n o n - l i n e a r i t y  o f  d io d e  o r o th e r  a c t i v e  d e v ic ei i )  d i f f i c u l t i e s  o f  so u rce  a d d it io n  due to  t h e i r  u s u a l ly  b e in g  b o th  u n b a la n ce d  to  e a r th  and s in g l e  ph asei i i )  low  fre q u e n c y  end o f  b a se  band b e in g  r e s t r i c t e d  b e ca u se  o f  th e  need f o r  tr a n s fo r m e r s  to  add e .m .f .  *s in  i i ) .i v )  u n c e r t a in t y  in  re g a rd  to  b a la n c e  ( and m aintcrianoe o f  b a la n c e  ) b o th  in  raan u faetu re and am bience f o r  th o s e  r e q u ir e d  to  g iv e  c a r r i e r  c a n c e l l a t io n .................................. i t  may be s a id  t h a t  th eM ism atched M o d u lato r c i r c u i t  p r o v id e s  a f a i r  d egree o fadva n ta g e . I ’or in s t a n c e  i )  i s  overcome by th e  s e r ie s  r e s is t a n c e s  u sed  to  s im u la te  c u r r e n t s o u r c e s ,i i )  i s  o f  no d i f f i c u l t y  w hatsoever a s  b o th  s o u rc e s  may have one te r m in a l e a rth e d  and a re  a c t u a l l y  w e ll i s o l a t e d  from  c o - in f lu e n c e  by v ir t u e  o f  th e  la r g e  r e s i s t o r  in  s e r ie s  'v ith  each .i i i )  b a se  band may exten d  to  d. c , as th e r e  a re  no tr a n s fo r m e r s  or c a p a c it o r s  n e c e s s a r y .iv )  b a la n c e  i s  r e t a in e d  overc o n s id e r a b le  ra n g e s  o f  d io d e  c h a r a c t e r i s t i c  th an k s to  th e
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overv/helruing in f lu e n c e  o f  th e  high, iiapedance fe e d  and low j.mnedance loado
To Bum u p , th e  fa m ily  o f  M ism atched M o d u lato rs a r e  d is t in g u is h e d , in  re g a r d  to  good d e s i g n a h i l i t y  and u s e f u l  c i  r c u i t  c o n f ig u r a t io n .



A2c 2 AM Lin earity by Square ’Vave Carrier

C o n s id e r a t io n  must nov/ be g iv e n  to  th e  in h e r e n t  d i s t o r t i o n  w hich a r i s e s  i n  a l l  ty p e s  o f  N o n -lin e a r  M o d u lato rs in c lu d in g  Alisraatched m o d u la to rs  but a ls o  in c lu d in g  th e  lo n g  u sed  C la s s  C m o d u la to rs .
R e fe r r in g  to  th e  b a s ic  waveform diagram  in  F ig u r e  A 2 , l . l . i v  , i t  v / ill  be observed, t h a t  n e a r th e  tro u g h s  o f  m o d u la tio n  th e  re m a in in g  f r a c t i o n  o f  th e  s in u s o id  chopped by th e  n o n - l i n e a r i t y  i s  n o t o n ly  sm all in  a m p litu d e , i t  i s  a ls o  s m a ll in  t im e - f lo w . C o n se q u e n tly  th e  energy im p u ls e s  s u p p lie d  to  th e  n e x t tuned c i r c u i t  ( th e  band p a s s  f i l t e r  ) a re  u n n e c e s s a r i ly  weak. Thus th e  tro u g h s  s in k  to o  f a s t  tow ards z e r o .
On th e  same d iagram , i t  v / ill  be seen t h a t  n e a r  th e  c r e s t s  o f  th e  m o d u la tio n , th e  p a r t  s in u s o id s  a re  b o th  la r g e  in  a m p litu d e  and a ls o  la r g e  in  tirn e -flo v n  C o n se q u e n tly  much o f  th e  energy a r r iv e s  in  th e  v/rong ph ase and a c t u a l l y  h in d e r s  th e  iiindaraental c a r r i e r  'wave see F ig u re  A2. 2, i
I f  a F o u r ie r  a n a ly s is  i s  made f o r  v a r io u s  sam ple f r a c t i o n s  o f  chopped s in u s o id  ( A ppendix A2.A) th e  graph shows th e r e  w i l l  be s i g n i f i c a n t  d i s t o r t i o n  see F ig iir e  A 2 .2. i i  . S u r p r is in g ly  th e  s lo p e  o f  th e  c e n tr e  r e g io n  i s  25^ g r e a t e r  th an  th e  e x p e cte d  a v e ra g e  l i n e a r  in p u t-o u tp u t  s lo p e .T h is  may cau se une.xpected u n d erm o d u latio n  f o r  i f  a s ig n a l  say X v o l t s  c a u s e s  b0% m o d u la tio n , th e n  a s ig n a l  o f  2x v o l t s
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w i l l  p rod u ce o n ly  90/0 n io d u la tlo n .
Or to  e x p re s s  th e  c u r v a tu r e  in  a more a la rm in g  way, m o d u la tio n  w hich i s  ah n o st 100^ w i l l  c o n ta in  t h ir dharm ,onic d i s t o r t i o n .
T h ese f a c t s  e x p la in  a)the m ,ysterio u s u n d ern io d u latio ne x p e rie n c e d  in  most G la s s  G m o d u la to r s , which h as in  th e  p a s t  been overcome by m o d u la tin g  a c a r r i e r  d r iv e  s ta g e  a s  w e ll . b ) th e  n e c e s s i t y  f o r  p i^ e -d is to r t io n  o f  th e  v id e o  wave in  t e l e v i s i o n  tra n srrd tt e r s .H avin g  a r r iv e d  a t th e s e  v a lu e s  i t  w i l l  be unw ise to  u se  s in u s o id a l  c a r r i e r  waveform s in  m o d u la to rs  r e q u ir e d  to  g iv e  e i t h e r  deep m o d u la tio n  o r v ery  low'- in te r in o d u la tio n  p r o d u c ts . T h ir d  o rd er com ponents have been lo n g  knovai to  be th e  ca u se  o f  in te n n o d u la r io n  ( l l ) .
The o b v io u s v/ay to  cu re th e s e  t r o u b le s  i s  to  u se  a c a r r i e r  waveform which may be c o r r e c t ly  a m p litu d e  m o d u lated  wdthout any accom panying t im e -flo w  m o d u la tio n .Noy/ i f  sq u are wave c a r r ie r  i s  u se d , th e r e  w i l l  b e ( P ig  A2. ? . i i i )  a c o n s ta n t t im e -f lo w  o f  h a l f  c y c le s  and th e  C o u r ie r  component o f  t lie  chopped weaves ' .v ill  be p r o p o r t io n a l to  th e  a m p litu d e  a lo n e . Thus th e r e  w i l l  be a t r u ly  l i n e a r  rao d u latio n  c h a r a c t e r i s t i c .  For th e s e  re a so n s th e  rem ainder o f  th e  e x p e rim e n ta l ŵ ork in  t h i s  p a r t  co n ce rn s M ism atched M o d u la to rs  v/ith so u are wave c a r r ie r  i i jp u t .



Square v/ave ca rr ie r :’ cuj;ren tB  h ave heen u sed  b e fo r e  ( i s ) .  I t  can n o t be c la im e d  t h a t  t h e i r  a p p l ic a t io n  i s  o r i g i n a l ,
UoY-rever i t  i s  p o s s ib le  t h a t  th e  p r e v io u s  p r a c t i c e  h a s been a c c id e n t a l  or u n in t e n t io n a l .  C e r t a in l y  i t  came to  th e  a u th o r ’ s a t t e n t io n  a c c i d e n t a l l y  in  1954 t h a t  a much o v e r d r iv e n  G la s s  C anode m o d u lated  s ta g e  g iv e s  a h ig h ly  l i n e a r  m o d u la tio n  c h a r a c t e r i s t i c j  and doe'S n o t s u f f e r  from  u n d e rm o d u la tio n . C o n c e iv a b ly  such b e h a v io u r  may be due to  th e  d r iv e  waveform becom ing squared by a l i m i t i n g  a c t io n  ( f o r  in s t a n c e  e x c e s s iv e  g r id  v o lt a g e  sw allov/ing up anode c u r r e n t ) ,

U ndoubtedl.y th e  a p p l ic a t io n  o f  squ are waves in  th e  W hite ( or v/as i t  B luraleirr?) o s c i l l a t o r  r e d e s c r ib e d  in  ( 1 2 ) by P o ss & S iz m u r^ g iv e s  i t  th e  a n c i l l i a r y  p r o p e r ty  o f  b e in g  m o d u la b le , F ig u r e  A2«2. i v  shows an ad ap tj.o n  f o r  a stu d e n t la b o r a t o r y  exp erim en t d e sig n e d  by th e  a u th o r w hich i s  so l i n e a r  t h a t  d e m o n stra to rs  have r e p o r te d  t h a t  s tu d e n ts  do n ot a p p r e c ia t e  p r e v io u s  d i f f i c u l t i e s .  A second equipm ent has been c o n s tr u c te d  u s in g  t r a n s i s t o r  b a se  c h a r a c t e r i s t i c  c u r v a tu r e  to  i l l u s t r a t e  th e  p o in t(  1 )- Y/lien th e  form er c i r c u i t  was u sed  to  i l l u s t r a t e  a p u b l ic  le c t u r e  ( l9 )  a c o n s id e r a b le  im p r e s s io n  was made upon a c r i t i c a l  a u d ie n ce  in  re g a rd  to  i t s  good l i n e a r i t y  o f  m o d u la tio n .
Furtherm ore} a s u c c e s s fu l  low power ( m i l l i w a t t  )UBF t e l e v i s i o n  m o d u lato r h a s  been d e s ig n e d , u s in g  th e  co n ce p t o f  a c o n t r o l le d  c u r r e n t s u p p lie d  to  an e m itte r  co u p le d



The c i r c u i t  o f  th e  co m p lete  o s c i l la t o r - m u lt ip l i e r - m o d u l a t o r  c h a in  i s  shorn in  f ig u r e  A2. 2, v . T liis  equipm ent i s  in  d a i ly  u s e  by A berdeen U n iv e r s it y  T e le v is io n  fje r v ic e  f o r  m o d u la tin g  P/i.L coded C o lo u r  TV s i g n a ls  up to  a c a r r ie r  fre q u e n c y  o f  G63 MHz, The p h o to grap h s page A8. 8. R shows th e  q u a l i t y  a c h ie v e d  u s in g  th e  e x a c t in g  new t e s t  c a rd  form ats and d e m o d u la tin g  on a D ecca 26" M o n ito r r e c e iv e r , w ith  a Gram pian TV T e s t Card as a r e c e iv e r  & p h oto grap h com parison ch e ck  o f  q u a l i t y .

pair o f tran sieto rs driven by a square wave on one base.



A2„ 2o 1 S i n g l e-Bended ;v!isiiiatched M o d u lato r w ith  Square 'Vave C a r r ie r
The c i r c u i t  coruponents o f  t h i s  a re  e x a c t ly  th e  same as p r e v io u s ly  d e scrib e d , f o r  th e  s in e  wave v e rslo .n (A 2 , 1 ,1 )»
The d e s c r ip t io n  o.f a c t io n  i s  a ls o  B iin ila r  to  th a t  d e s c r ib e d  b e fo r e , however th e r e  i s  now more e f f e c t  n o t ie a b le  due to  c a p a c i t i v e  and sem ico n d u cto r charge s t o r a g e . The d io d e  must sv/itch v ery  r a p id ly  from  for-’wards to  r e v e r s e  c o n d it io n  o f  b i a s ,  w hich i s  th e  co n d -itio n  most d i f f i c u l t  to  f u l f i l .  Even so i t  sh o u ld  be borne in  mind t h a t  th e  m ism atched m o d u la to rs  o f  any f o m  h ave s m a lle r  fo rw a rd s c u r r e n t th a n  many o th e r  form s o f  d io d e  m o d u la to r , so ch a rge  s to r a g e  e f f e c t s  may n o t be to o  bad. As a p r e c a u t io n  th e  e x p e rim e n ts  h e re  employed a S ch o tth y  d io d e  ( a ty jje  n o ta b le  f o r  lev.- v a lu e s  o f  ch a rg e  s to r a g e  )•

A2. 2. 1. R RESULTSP h o to g ra p h s P age A2. 2. 1, R. 14 C a r r ie r  wave r e c t a n g u la r  5 .6  V pk 5 kHz S ig n a l  s in e  wave 1. 9 V pk 200 Hz40 C a r r ie r  wave squ are 5 kHzS ig n a l  wave 27 Hz t r i a n g u l a r .Top t r a c e  i s  wddeband b e fo r e  f i l t e r .Lower t r a c e  i s  a f t e r  band p a ss f i l t e r .I t  i s  n o t ic a b le  t h a t  th e r e  i s  n o t so much d i s t o r t i o n  a s  th e r e  was in  th e  s in e  wave c a r r i e r  m o d u la tio n  o f  t h i s  t e s t  ( see p a re  a 2. 1. l . R  p h oto 41 )78 C a r r ie r  sq u are v/ave o f  900 kHz S ig n a l  s in e  o f  42 idlzTh ere i s  a sm a ll r e v e r s e  c u r r e n t s p ik e  n e a r th e  tro u g h  o f  m o d u la tio n . The sm a ll amount o f  energy th u s  in d ic a t e d  r e p r e s e n ts  a v ery  s l i g h t  d i s t o r t i o n .



r<r,
p h o to gra p h s P age A2. 2« 1„ R. 2T h ese a re  Spectruni -  Waveform p a ir s .  The to p  tv/o a re  s p e c t r a  w ith  th e  spectrura a n a ly s e r  h o r iz o n t a l  s c a le  s e t  to  4c 5 mm p e r MHZo Thus th e y  shov/ th e  harraonice of' th e  c a r r i e r  wave. The f i r s t  t a l l  r e a d in g  b e in g  th e  zero fr e q u e n c y  mark o f  th e  in s tr u m e n t , th e  o th e r s  a re  sp aced hy i n t e r v a l s  o f  900 kHz . S ig n a l  fre q u e n c y  i s  400 Hz .The two l o ’/ver s p e c tr a  a re  c e n tr e d  a t  900 kHz and have a h o r iz o n t a l  s c a l i n g  o f  4 . 5 rrim p er 50 kHz .Here th e  s i g n a l  fre q u e n c y  i s  42 kHz ( as  p h o to ’ s 78 & 80 ) and so i t  i s  p o s s ib le  to  see th e  c a r r i e r  and i t s  accom panying sid eb a n d  set«The v e r t i c a l  s c a le  o f  th e  s p e c t r a  i s  lo g a r it h m ic , b e in g  3. 5 lum p e r  10 dB •I t  i s  p o s s ib le  to  see t h a t  th e  band p a s s  f i l t e r  u sed  in  th e s e  e x p e rim e n ts  h a s  n o t enough b andw idth to  p a ss  th e  42 kHz s id e b a n d s  w ith o u t a t t e n u a t io n .The waveform o s c i l lo g r a m s  show on th e  u pp er t r a c e  th e  in p u t s i g n a l  wave, and on th e  low er t r a c e  th e  waveform a t th e  v;ideband o u tp u t te r m in a l o f  th e  S in g le -e n d e d  M ism atched ivioudulator. They a re  s im u lta n e o u s  exp o su res-C e r t a in  d ark  p a tc h e s  o v e r p a r t s  o f  th e  s p e c tr a  a re  cau sed  by in t e r f e r e n c e  betv/ecn th e  sweep v e l o c i t y  and th e  s h u t t e r  tim e .



Group o f  I n t e m o d u la t io n  T e s t s .
R a c a l Com raunlcations R e c e iv e r  Ra  17L used as a r e f e r  Gack v o ltm e te r . L a b o ra to ry  a t t e n u a t o r s  u sed  to  m easure m agnitude o f  th e  com ponents as number o f  d e c ib e ls  dovm.
Com p osite au d io  s ig n a l  c o m p risin g  added to n e s  o f  c o n s ta n t a m p litu d e  1 V p k to  pk a t  4 kHz , 'v ith  v a r ia b le  a m p litu d e  ( as marked on t a b le  ) s i g n a l  1 .5  kHz, C a r r ie r  900 kHz squ are wave.

J w r e f ?  K o n u L  A T I  PN7 -F re q . kHz 900 901. 5 902. n 903 904 905. 5 9 0 6 .5  907 908In p u t 1 .0 -1 5 0 30 32 0 30 44 44 40V 0 .5 -1 5 6 36 40 0 36 60 56 40pk to  0. -1 5 12 42 52 0 42 60 60 40
Accom panied by s im ila r  s e t  th e  o th e r  s id e  o f  900 kHz.



A2c S , ñ B a la n ce d  Mi ama 1: che d. M od u lato rv/ith Square Wave C a r r ie r
The B a la n ce d  M ism atched M o d u lato r w ith  Square V/ave C a r r ie r  may h ave a c i r c u i t  e x a c t ly  th e  same as any one su g g e s te d  f o r  th e  s in e  wave c a r r ie r  formso O f co u rse  th e r e  must be a b a la n c e d  sq u are  wave so u rce  o f  c a r r i e r  fr e q u e n c y .Such a d e v ic e  i s  a v a i l a b l e  in  th e  form  o f  an in t e g r a t e d  c i r c u i t  f l i p - f l o p  d r iv e n  by a s in u s o id a l  so u rce  o f  d o u b le  th e  r e q u ir e d  fr e q u e n c y . In  th e  e x p e rim e n ta l work in  w hich t h i s  c i r c u i t  was t e s t e d  in  th e  la b o r a t o r y , an o s c i l l a t o r  a t 1 .8  MHz v/as u sed  to  d r iv e  a d u a l D typ e  edge t r ig g e r e d  f l i p - f l o p  ty p e  SK 7474 . O utput waves were very  f a s t  5 V pk to  pk sq u a re s , w hich w'ere a. c . co u p led  to  th e  h ig h  im pedance in p u t te r m in a ls  o f  th e  m o d u lato r under t e s t .

S in c e  some r e v e r s e  c u r r e n t s p ik e s  were seen in  th e  ca se  o f  th e  s in g le -e n d e d  m ism atched m od u lato r t e s t  under- sq u are wave c o n d it io n s  , th en  a c a p a c i t iv e  b a la n c e  arrangem ent was u se d  . T h is  c o n s is te d  o f  th e  e x tr a  c a p a c it o r  o f  4 .7  pF from  one d io d e  to  e a r th  and a v a r ia b le  o f  2 -  8 pF from  th e  o p p o s ite  d io d e  to  earthy see Ih g u re  A2, 2. 2, i  . T ak in g  f u l l e s t  p r e c a u t io n s  a g a in s t  s to r e d  ch a rg e  , S c h o ttk y  d io d e s  were u se d . The quoted m in o r ity  c a r r ie r  l i f e t i m e  f o r  th e  H e w le tt-P a c k a r d  5082-2800 b e in g  t y p i c a l l y  100 p ic o s e c o n d . Tlrere a re  more comments c o n c e rn in g  d io d e s  and t h e i r  d e p a rtu re  from id e a l  b e h a v io u r in  P a r t  B (p a ra  B2. 1. 1 )•



a 2. 2c 2- R RESULTS
E xp erim en te  were perfo rm ed  in  tv/o g ro u p s.The f i r s t  group c o n s is t e d  o f  s tr a ig h t fo r w a r d  waveform U2id  spectrum  m easurem ents u s in g  p h o to g r a p h ic  re c o rd s  as g iv e n  f o r  th e  m o d u la to rs  in v e s t ig a t e d  e a r l i e r .

The second group c o n s is t e d  o f  in te r m o d u la tio n  m easurem ents. H ere th e  o b je c t iv e  was to  t e s t  th e  l i n e a r i t y  o f  m o d u la tio n  i n  th e  m ost p e r c e jjt iv e  m anner. The r e s u l t s  a re  m easured hy spectrum  a n a ly s is  u s in g  e i t h e r  a H e v /lett-p ach ard  sp ectru m  a n a ly s e r  ty p e  8558B. , o r a com m unications r e c e iv e r  p r e v io u s ly  c a r e P r l ly  checked f o r  g a in  f l a t n e s s  over th e  band, E i r s t  Group p h o to g ra p h s page A2, 2. 2. R. 1Waveform m easurem ents a t  c a r r ie r  fre q u e n cy  5 kHz sq u a re .10 C a r r ie r  5 V pk to  pk sq u are  b a la n c e d .S ig n a l  s in e  wave 4 V pk 200 Hs . ’Wideband .The o u t l in e  o f  th e  wave t r a in  fo llo w s  th e  shape o f  th e  s in u s o id  even c r o s s in g  o v er th e  zero  lin e w ith  p a r t  o f  th e  n e x t c a r r ie r  h a l f  squ are p o s i t i v e  and n e g a t iv e .18 C a r r ie r  'wave 5 V pk to  pk U n b a la n ce dS ig n a l  s in e  v/ave 5 V pk to  pk B a la n c e d . 'Wideband. S ig n a l  t r a c e  brou gh t dovm to  show tim e c o in c id e n c e  and f i d  e l i t y .The p ro d u ct i s  a, sym ruetrical norm al am p litu d e  m odulated 'vvave u n d e la y e d  b ecau se i t  h as p a sse d  th ro u gh  no f i l t e r .  I t  c o n ta in s  c a r r ie r  harm on ics o n ly . I t  would be s u it a b le  f o r  many a p p l ic a t io n s  o f  am p litu d e  jiiodulated w'aves.19 As p hoto 18 above b u t w ith  th e  s in e  wave peak e x ce e d in g  th e  c a r r i e r  h a l f  peak m agn itu d e, to  shew e f f e c t  o f  d i s t o r t i o n  r e s u l t i n g ,  and i t s  b a la n c e .'



P h o to g ra p h s page a 2c 2c 2. Rc 2Specti'Uiii iiicasurerrients at. 900 kliz w ith  sq u are  wave c a r r ie r c87 Spectrum  o f  sideband com ponents around 900 kHz w ith s i g n a l  a s in e  o f  40 kHz. Wideband.Sojiie in d ic a t io n  b o th  on th e  waveform and th e  spectrum  t n a t  th e  s in e  wave i s  to o  la r g e  and i s  c a u s in g  t h ir d  harm onic d is to r t io r ic88 AS f o r  p h oto  87 b u t w ith  red u ced  s ig n a l  m agn itu d e. F i l t e r e d .

Ĉ4

Second Group 
P h o to g ra p h s page A2. 2. 2. R. 3

INïERMOnJLATION a t  900 kHz
90 Siiows spectrum  o f  sid eb an d  com ponents around 900 kHzw ith  c a r r i e r  m odu lated by s in e s  o f  40 kHz and 65 kHz. W ideband.V e r t i c a l  s c a le  3, 5 mm p e r  10 dBC a r r ie r  b a la n c e  about -5 0  dB below  'Wanted sid e b a n d s H ig h e s t  in te r m o d u la tio n  p ro d u ct about -3 7  dB89 As p h oto  90 above b u t f i l t e r e d  in  band p a ss  f i l t e r .
91 As photo 89 bu t fr e q iie n c ie s  o f  m o d u la tio n s  40 kHz & 26 kHz, C a r r ie r  b a la n c e  seems to  have deg^enerated.In te r m o d u la tio n  p r o d iicts  s im i la r  to  p r e v io u s  p a ir .
Com p osite  au d io  s ig n a l  co m p risin g  added to n e s o f  c o n s ta n t a m p litu d e  1 V pk to  pk a t  4 kHz , w ith  v a r ia b le  a m p litu d e  ( a s  marked on t a b le )  a t  1. 5 kHz.
R a c a l EA 17 L Conununications r e c e iv e r  used a s  r e f e r  back v o ltm e te r  w ith  la b o r a to r y  a t t e n u a t o r s  f o r  m agn itu d es o f  dB dovmc
Preg, kHz..... . 900 901. 5 902. 5 90 3 904 905. 5 906. 5 907 908In p u t 1 .0 40 0 46 40 0 56 30 30 52V 0 .5 40 6 52 46 0 56 41 40 52^0 0 . 25 40 12 58 54 0 60 46 46 52With s im ila r  s e t o th e r s id e o f  c a r r ie r  fr e q .



ÁSc. 2, 3 Dou b ly  B al anc ed. íai. srna t  ch ed !vlodulator- vñ th  Sauare V/ave C a r r ie r
The D oubly B a la n ce d  H isn iatch ed M o d u lato r w hich v/as u sed  f o r  e x p e rim e n ts  to  v e r i f y  th e  e x p e cte d  good l . i n e a r i t y  and low  in te n n o d u la t io n  f ig u r e s  was th e  same c i r c u i t  as  f i g u r e  A 2 .1, 3. i i  co n n e cte d  to  th e  e m itte r  co u p le d  ty p e  o f  low im pedance d i f f e r e n c e  d e v ic e  shov/n in  F ig u re  A 2 .1. 3, i j . i  The h ig h  v a lu e d  r e s i s t o r s  in  th e  B a la n ce d  iViismatched M o d u lato r and in  th e  fe e d b a c k  c i r c u i t s  o f  th e  t r a n s i s t o r s  were e i t h e r  53 k olim o r 12 k ohm . T h ere was v ery  l i t t l e  d i f f e r e n c e  in  th e  f ig u r e s  or waveform s e i t h e r  way.
The c a r r i e r  fre q u e n c y  was 1 ,6  MHz, and th e  s q u a re r  was an e m itte r  co u p le d  p a ir  sw itch e d  hy a s in u s o id a l  o s c i l l a t o r  in p u t . The squ are wave was 9 V pk to  pkA2. 2. 3. R P.BSIJLTSP h o to gra p h  page A2. 2. 3, R IFTERMODULATION TESTS73 Shows waveform w ith  s i g n a ls  b o th  s in u s o id a l  a t  2. 2 and 2. 9 kHz and eq u al a m p litu d e .75 Sho’WB th e  above two b a la n c e d  m o d u la tio n s  one a t  a tim e Top t r a c e  2 .2  kHzM id d le  t r a c e  2 .9  kHzLower t r a c e  shows zero au d io  & i s  a check on c a r r ie r  b a la n c e  ad ju sth aen t.76 Show s oKe of th e  above s i n g l e  au d io  b a la n c e d , a t  th e  tim e  o f  au d io  c r o s s  o v e r . Expanded tim e  s c a le .60 Shows a n o th e r p a ir  o f  fr e q u e n c ie s  o f  eq u al am p litu d e  a p p lie d  to  th e  do u b ly  b a la n c e d  m isiuatched m od u lato r The fr e q u e n c ie s  a re  3 kHz and 2 .6  kHz.Lower t r a c e  i s  a b a la n c e  check t e s t ,  showing soins e r r o r .77 Shows a n o th e r p a ir  o f  s in e s  o f  eq u al a m p litu d e . F r e q u e n c ie s  2 ,6 6  & 2 .9  kHz.
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Com posite au d io  s ig n a l  coriiTjrising added to n e s  o: C o n s ta n t a m p litu d e  2 V pk to  pk a t  2 kHz. V a r ia b le  a m p litu d e  as g iv e n  in  ta b le  a t  3 kHz.
C a r r ie r  in p u t sq u are  v/ave a t 1 .6  milzB a la n c e  r e l i e d  on e l e c t r i c  s h ie ld in g  and r e s i s t o r  a c c u r a c y .
R a c a l R.1 17L G o ian u n icatio n s r e c e iv e r  u sed a s  r e f e r  back v o ltm e te r  w ith  la b o r a to r y  a t t e n u a t o r s  f o r  m agn itu d es o f  d e c ib e ls  down.

lHTgKriM)uiAT(»HPreq kHz 1600 001 002 003 004 005 006 007 008 009 010In p u t 4 28 28 0 -6 22 36 36 35 23 25 36V 2 , 27 28 0 0 22 4o 44 50 55 29 npk to  1 28 n 0 6 23 56 pi7O f 55 56 n npk' C o rre sp o n d in g  s e t  th e  o th e r  s id e  o f  c a r r i e r  fr e q . n i n d ic a t e s  no measurement re co rd e d .



37S e c t io n  A3 Developraents and i<\.irther Work on Mismatched. M o d u la to rs .
O p p o rtu n ity  was ta k e n  d u rin g  th e  v/ork to  propose a d e s ig n  f o r  th e  f a b r i c a t i o n  o f  a B a la n ce d  M ism atched M o d u la to r in  th e  form  o f  an I n t e g r a t e d  C i r c u i t ,
H avin g  c o n s u lte d  th e  member o f  s t a f f  v/ho k in d ly  o f f e r e d  to  a s s i s t  in  th e  draw ing o f  m asks and d i f f a s i o n ,  a d e s ig n  h a v in g  a q u ie s c e n t  c u r r e n t o f  6 mA in  th e  t r a n s i s t o r  and 12 k ohm r e s i s t o r s  f o r  d io d e  fe e d s  and fe e d b a c k  was d e s ig n e d . The c i r c u i t  i s  shovni in  f i g u r e  A3, i  and a p h o to grap h  o f  th e  r e s u lt a n t  s l i c e  on page A 3 .R and below  an unmounted s l i c e  ( f a i l e d  t e s t s  ) .
The r e s u l t s  o b ta in e d  in d ic a t e d  th a t  th e  s u c c e s s fu l  sam ples produced had s im i la r  c h a r a c t e r i s t i c s  to  th o s e  o f  th e  d i s c r e t e  component v e r s io n s  more th o ro u g h ly  i n v e s t i g a t e d . P erh ap s a second a ttem p t a t  th e d e s ig n  would a v o id  some o f  th e  m is ta k e s  made th ro u gh  no f a u l t  o f  th e  f a b r i c a t o r s ,  b u t th e  d io d e  fe e d  r e s i s t o r s  have been packed  so c lo s e  to g e th e r  in  th e  p r e s e n t arrangem ent t h a t  th e r e  i s  an undue amount o,f u n e x p e cte d  c a r r ie r  u n b a la n c e .
Presum ably had th e r e  been tim e and f in a n c e  a v a i l a b l e  an im proved v e r s io n  c o u ld  have been made.
D u rin g  th e  l a s t  fev/ months o f  th e  p r o je c t  i t  came to  th e  n o t ic e  o f  th e  a u th o r th a t  G in g e l l  ( l i : )  had d e v is e d  a n o v e l new approach to  th e  p h a sin g  method o f  g e n e r a t in g  SSB in  w hich two s im ila r  b a la n c e d  m o d u la to rs  ai' ê o f  c o u rse
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r e q u ir e d . I n t e r e s t i n g l y  enough th e  in v e n to r  h im s e lf  rem arks ((1 7 ) page 25 ) one o f  th e  most im p o rta n t p r a c t i c a l  p robleiiis t h a t  h as to  he overcom e i s  th e  d e sig n  o f  s a t i s f a c t o r y  m o d u la to r s " .
Out o f  c u r i o s i t y  a q u ick  d e s ig n  o f  a p o ly p h a se  netw ork c o v e r in g  340Hzto 3 .4  kHz was made and t e s t e d  f o r  th e  g e n e r a t io n  o f  SSE v/ith two o f  th e  b a la n c e d  m ism atched m o d u la to rs  o f  t h i s  t h e s i s .  There v/as an irm-nediate i n d ic a t io n  o f  th e  p o s s i b i l i t i e s  in  th e  system  f o r  a 30 dB v/anted to  unwanted sid eb a n d  s u p p re ssio n  v;as m easured.
iu io th e r  problem  w hich i s  s a id  to  be in  need o f  a s o lu t io n  i s  th e  c r o s s -m o d u la tio n  o f  c o - s i t e d  t r a n s m it t e r  s i g n a l s  on to  a r e c e iv e r  tuned to  a d i f f e r e n t  fr e q u e n c y .W ith th e  m ism atched m o d u lato r as a r e c e iv e r  fr o n t  end m ixer i t  sh o u ld  be i n t e r e s t i n g  to  see i f  a t h ir d  in p u t ( t h a t  i s  b e s id e  l o c a l  o s c i l l a t o r  and r . f .  in p u t ) can be added in  p a r a l l e l  in  such a p o l a r i t y  and m agnitude to  c a n c e l th e  unvi/anted c r o s s  m o d u la tio n  w ith some s ig n a l  p ic k e d  up on a w ideband p robe in  th e  t r a n s m it t e r  f i e l d .
I t  i s  c o n f id e n t ly  a n t ic ip a t e d  th a t  th e  m ism atched m o d u la to rs  w i l l  p r o v id e  s o lu t io n s  to  many c i r c u i t  s i t u a t i o n s  in  w hich p r e v io u s  m o d u la to rs  have been d i f f i c u l t  to  t r u s t ,  f o r  in s t a n c e  i t  sh ou ld  be p o s s ib le  to  in c lu d e  a m o d u lato r w ith in  a fe e d b a ck  lo o p . For in s ta n c e  compandors co u ld  be c o n s tr u c te d  v/ith c h a r a c t e r i s t i c s  ta ilc )r e d  by fe e d b a c k .
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S e c t io n  A4 C o n c lu s io n s  on ilism a tch ed  M o d u lato r G ir c u i '
The m ism atched m o d u lato r h a s 'been t'hought out from  f r i s t  p r i n c i p l e s  and f u l l y  develoxned and t e s t e d  in  th e  c o u rse  o f  t h i s  P a r t  o f  th e  work.
The d i f f i c u l t i e s  and d j.sa d v a n ta g e s  o f  p r e v io u s  forras o f  m o d u lato r c i r c u i t  have keen examined ana d e s c r ih e d .I t  h a s  "been su g g e s te d  th a t  hy com parison th e  m ism atched m o d u lato r a llo w s  th e  c i r c u i t  d e s ig n e r  more freedom  and a t  th e  same tim e g iv e s  him a more r e l ia 'b le  d e s ig n  c a p a ? j i l i t y .
The n o n - l i n e a r i t y  o f  th e  device: i s  c o n t r o l le d  and p r e c is e  b e ca u se  i t  depends p r i n c i p a l l y  on th e  p a s s iv e  r e s i s t o r s  fo rm in g  th e  ap p ro xim ated  c o n s ta n t c u r r e n t s o u rc e s .
The mean v o lt a g e  o f  th e  in p u t v/aves i s  raa in ta in ed  a t  th e  d io d e  bend as th e r e  i s  no ck a rg e  sto i-e  in  c i r c u i t .In  f a c t  acme b a la n c e d  v e r s io n s  a re  so s e l f  b a la n c in g , th a t  th e y  do n o t need b ia s  trim m ing a t  a l l .
The s ig n a l  c i r c u i t  i s  d i r e c t l y  co n n ected  end th u s  zriay be u sed  f o r  s ig n a ls  v/hose p o t e n t i a l  v a r ie s  s lo w ly  o.-r n o t a l l .  The m o d u lato r may be u sed  as a c o n tr o ] .le d  a t t e n u a t o r .
The so u rc e s  may be a l l  d i r e c t l y  co n n ected  to  e a r th .No tr a n s fo r m e r s  a re  n e c e s s a r y  and so thei-e need be no problem  o f  ph ase tow ards i^ero fr e q u e n c y .
The so u rc e s  have m inim al m utual e f f e c t  upon e a c h o tn e r .



T h is  i s  p a r t i c u l a r l y  tr u e  in  th e  b a la n c e d  form s where i t  i s  a f a c t  o f  c i r c u i t r y  t h a t  th e r e  i s  alw ays a d io d e  ON and so th e r e  i s  a lw ay s a low imiDedance a t  th e  c e n tr e  o f  th e  r e s i s t o r - d i o d e - r e s i a t o r  c h a in  which e x i s t s  betv/een th e  s i  .n a l so u rce  and i t s  c a r r i e r  so u rce  p a r t n e r . I t  i s  f o r  t h i s  rea so n  t h a t  th e  o u t l in e s  o f  th e  o u tp u t v/ave t e a r s  the p e r f e c t  o u t l i n e  o f  th e  c o n s t it u e n t  s ig n a l  an>d c a r r i e r  waves»
For th e  above rea so n  a f a r t h e r  ad van tage i s  gained» The s i g n a l  and c a r r i e r  fr e q u e n c ie s  do n o t have to  be d i s s i m i l a r .  They raay even be th e  same fre q u e n c y .
The m o d u la tio n  s e n s i t i v i t y  o f  th e  s in g le -e n d e d  sq u are wave d r iv e n  m o d u lato r i s  p r e c is e ly  c a l c u l a b l e t - ̂sDepth o f  M o d u la tio n  ii'ra ctio n  m = ------ -
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’Ahere i  = neak s ig n a l  c u r re n t s "i  = squ are v;ave c a r r ie r   ̂ c u r re n t
Or i f  ap p ro xim ated  c u r r e n t so u rc e s  have been u se d .:-

peak s ig n a l  v o lt a g em = "'e P-c Y.'here v „oVc
i^si s  u s u a l P̂ s -  Pc

squ are wave c a r r i e r  v o lt a g e
r e s i s t o r s

Then Vcm =
V.c
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The o u tp u t v o lt a g e  i s  c a lc u la t e d  hy th e  fo llo vv ''in g :-
For th e  sh unt fe d h a ck  a m p l i f ie i ’ Vo Rp i .-L lU

But i in rn. 1 c
X » c

R,
So V,o R n But o ft e n  i t  i s  arran ge dth a t  Rf R,

SO Vo = V gIn  o th e r  v/ords th e  m ism atched m o d u lato r i s  a u n it y  g a in  m o d u la to r ( o r m ixe r ) p ro v id e d  a l l  th e  r e s i s t o r s  m entioned a re  th e  same, and th e  t r a n s i s t o r  h as h ig h  g a in  a t  th e  fre q u e n cy
B alan ced  fo n n s o f  th e  m ism atched m o d u lato r a re  n o t dependent upon d io d e  t o le r a n c e  as such v a r ia t io n s  a re  svv'araped by th e  c u r r e n t so u rce  iniiDedances. So in  p r o d u c tio n  and in  s e r v ic e  ad eq u ate  b a la n c e  may be a c h ie v e d  w ith minimum f u s s .
The d i s t o r t i o n  produced by th e  r e s id u a l  n o n - l i n e a r i t y  i s  l e s s  th an  com parable c i r c u i t s  o f  a l e s s  p r e c is e  n a tu r e . P ro v id e d  sq u are  wave c a r r ie r  d r iv e  i s  em ployed, i t  h a s  been in d ic a t e d  th a t  th e  m o d u latio n  l i n e a r i t y  i s  as good a s  can be a c h ie v e d  in  an e le c t r o n ic  a ir ip li f ie r . The problem  o f
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in t e m o d u la t io n  w i l l  alw^ays t e  p r e s e n t , f o r  th e  fo llo v / in g  re a s o n ., I f  a s in u s o id a l  wave i s  in  p r o c e s s  o f  "being l i n e a r l y  m odu lated in  a squ are wave d r iv e n  m ism atched m o d u la to r , and i f  a t h ir d  wave ( p ro h a h ly  s in u s o id a l  ) i s  a ls o  added, th e t h ir d  wave w i l l  behave as i f  i t  had been a p p lie d  to  a s in e  wave d r iv e n  ra o cu la to r ( th e  la r g e r  s in e  a c t in g  as " c a r r i e r "  f o r  th e  s m a lle r  ) .
yrom th e  c i r c u i t  waveform c r i t e r i o n ,  a l i n e a r  m o d u la to r s u b je c te d  to  two s in e s  i s  th e  same as a p ie c e w is e  n o n - l in e a r  d io d e  s u b je c te d  to  two s in e s . Thus i t  may be assumed th a t  th e  cu rv e  o f  i?igu re A 2 . 2 , l i  o b ta in e d  from  th e  F o u r ie r  a n a l y s i s ,  w i l l  in  th e s e  c ir c u m s ta n c e s  ap p ly  to  th e  sq u are  wave d r iv e n  m o d u la to r . So th e  c u r v a tu r e  o f  th e  F o u r ie r  :fu n c tio n  w i l l  r e l a t e  th e  two s in u s o id s , and th e  m o d u la tio n  on th e  la r g e r  w i l l  be to  a sm a ll e x te n t t r a n s fe r r e d  to  th e  s m a lle r .



4P;

P a r t  S

A M P L I  T U P E D E M 0 D U L A T I  0 N



4-4

paro AMPLI TIID L D ILIO LU LaT I  ON

S e c t io n  B1 P r e v io u s  T ech n iq u es and T h e o rie s
B ]. o 1 P r  e V i  ou s T e c hn i  qu e s

B l . 1 .1  Power C o n v e rsio n  D e v ic e s
The e a r l i e s t  r a d io  freq u en ci'’ d e t e c t o r s  were d e v ic e s  w hich e x p e rie n c e d  th e  power in  t)ie r a d io  fre q u e n cy  c u r r e n t and c o n v e r te d  th e  power in t o  h e a t ( to  u n b a la n ce  a b r id g e  f o r  in s t a n c e  ) or in t o  l i g h t  ( H e rtz  & M arconi sought a sp ark  ) or in t o  i o n i c  d e p o s it io n  ( a s  in  c e r t a in  pen r e c o r d e r s  ) .
'Nlth  th e  a r r i v a l  o f  raodern se m i-co n d u cto r te c h n iq u e s  such h ig h  fre q u e n c y  d e t e c t io n  d e v ic e s  have r e c e iv e d  a new le a s e  o f  l i f e .  They a re  more s e n s i t i v e  than  b e fo r e  , and can be in c o r p o r a te d  in  n e g a t iv e  fe e d b a ck  lo o p s  so th a t  t h e ir  n o n - l in e a r  c h a r a c t e r i s t i c  b e h a v io u r  may be s t r a ig h t e n e d  o u t . In  th e  form  o f  th e  l i g h t  e m itt in g  d io d e  th e  p o s s i b i l i t i e s  a r e  o n ly  J u s t  b e in g  in v e s t ig a t e d . Perh ap s th e  LED sh o u ld  be c a t e g o r is e d  in  th e  n e x t s e c t io n , fo r  w hether i t  i s  o p e r a t in g  by r e c t i f i e d  r . f ,  c u r re n t or by th e  c o n v e rs io n  o f  u n i d i r e c t i o n a l  p u ls e s  o f  r a d io  fre q u e n cy  power in t o  l i g h t ,  i s  a d e b a ta b le  q u e s tio n . U n fo r tu n a te ly  v/hatever i t s  n o v e lt y  and a p p l i c a b i l i t y  th e  u s e fu ln e s s  o f  th e  LED w i l l  f o r  ever be r e s t r i c t e d  by th e  v a r i a b i l i t y  o f  th e  s e n s i t i v i t y  o f  th e  human eye.
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N o tw ith s ta n d in g  th e  in c r e a s e d  u t i l i s a t i o n  o f  power c o n v e r s io n  d e v ic e s  f o r  in s tr u m e n ts , th ey  a re  a l l  slow  in  r e s p o n s e . As a r e s u l t  though in  p r in c i p le  th e s e  d e t e c t o r s  v/ould p erfo rm  th e  c o r r e c t  fu n c t io n  e l e c t r i c a l l y ,  th e y  a re  o f  no use in  coraiaunications as dem od u lato rs
B l . 1. 2 R e c t i f i c a t i o n  D e v ic e s

Com m unications c a r r ie r  fre q u e n c y  d em odu lation  i s  alraost e x c lu s iv e ly  Based on th e  a l t e r n a t in g  v o lt a g e  peak r e c t i f i e r .  The c a r r i e r  fre q u e n cy  v o lt a g e s  h e a r in g  th e  s ig n a l  m odu lated upon them as a m p litu d e  v a r ia t io n s  are  peak r e c t i f i e d  hy a d io d e  so as to  ch arge a low p a ss  f i l t e r  or in t e g r a t o r  c i r c u i t .
The b a s ic  c i r c u i t  i s  shovm in  R igu re  B l . 1. 2. i  Nor so lo n g  i t s  supreiaacy h a s rem ained alm ost u n c h a lle n g e d . The o n ly  v a r ia t io n s  which have ap peared were v a lv e  or t r a n s is t o r  c i r c u i t s  which im it a t e d  th e  v o lt a g e  peak r e c t i f i c a t i o n  id e a  u s in g  th e  g r id  or base e le c tr o d e  f o r  th e  p u rp o se .
I t  was th e  trem endous a g i l i t y  o f  th e  e le c t r o n  c u r r e n t in  ch an g in g  from  forv/ards co n d u ctio n  to  r e v e r s e  i n s u l a t i o n  v/hich le d



Flem in g to  s u g g e s t th e  t h e m io n ic  d io d e  to  M arconi fo r  r .  f .  r e c t i f i c a t i o n .  In  o rd e r to  produce th e  g r e a t e s t  p o s s ib le  o u tp u t v o lt a g e  in  th e  b a se  band c i r c u i t  on th e  r ig h t  o f  th e  d iag ram , th e  lo a d  r e s i s t o r  i s  u s u a l ly  chosen to  be a s  g r e a t  as i s  found to  be u s e f u l .  In  o rd er to  b y -p a s s  th e  r . f ,  c u r r e n t th e  c a p a c it o r  i s  chosen to  be as la r g e  as p o s s ib le  in  view  o f  th e  req u irem en t t h a t  th e  p o t e n t i a l  a c r o s s  i t  must fo llo w  th e  s ig n a l  changes as r a p id ly  a s  n e c e s s a r y .
I t  w i l l  be o b served  th a t  in  th e s e  c i r c u i t s  th e  d io d e  i s  w orking from a lov/ im pedance so u rce  in t o  a h ig h  im pedance lo a d . Presum ably th e  endeavour h a s alw ays been tow ards e f f i c i e n c y .  P erh ap s t h i s  i s  p a r t ly  b e ca u se  th e  peak r e c t i f i e r  c i r c u i t  h a s  been w orked-up in  p a r a l l e l  w ith  a , c , to  d ,c ,  c o n v e rs io n  a c t i v i t i e s  in  th e  w orld o f  power e n g in e e r in g . Or p erhap s th e r e  h a s been th e  u n s a id  f e e l i n g  o f  f i d e l i t y  fo llo w in g  from  e f f i c i e n c y .

46

U n h a p p ily , und er th e  arran gem en ts d evelo p ed ;--a) th e  d io d e o p e r a te s  n ear i t s  bend f o r  most o f  the c o n d u c tio n  i n t e r v a lb) th e  co n d u ctio n  i n t e r v a l  i s  a v e ry  sh o rt p a r t  o f  th e  c y c lec) th e  d io d e  peak c u r r e n t i s  l a r g e , and so ch a rg e  s to r a g e  phenomena become ira p o rta n t.



47B l * 2 P r e v io u s  T h e o r ie s
M ost Ox th e  p u D lish e d  attemx^ts to  g iv e  a t h e o r e t i c a l  B a s is  f o r  th e  u n d e rs ta n d in g  o f  th e  r e c t i f i c a t i o n  typ e  d e v ic e s  f o r  th e  d em o d u latio n  o f  a m p litu d e  m odulated c a r r ie r s  have Been e i t h e r  h ig h ly  d e s c r ip t iv e  or h ave Been B ased on th e  p ie c e w is e  l i n e a r  ap proach to  th e  d io d e  c h a r a c t e r i s t i c .P e rh a p s th e  m ost th oro u gh  h as Been t h a t  g iv e n  p ages 427 to  433 o f  ( 11}. I t  i s  n o tew o rth y to  f in d  a v a lu e  c a lc u la t e d  f o r  th e  lo a d in g  p r e s e n te d  to  th e  so u rce  By th e  d io d e  d em o d u lato r c i r c u i t .  Not many t e x t s  manage to  g iv e  t h e i r  s tu d e n ts  t h i s  im p o rta n t in fo r m a tio n , s in c e  i t  i s  needed to  c a l c u l a t e  th e  a c t u a l  Q o f  th e  f i n a l  f i l t e r  c i r c u i t  in  th e  r ,  f ,  a m p l i f i e r .  I t  w i l l  Be sho?ai th a t  i t  i s  n o t n e c e s s a r y  to  u se  such a lo n g  d e r iv a t io n  to  deduce a rough lo a d in g  fo rm u la w hich a p p lj.e s  f o r  th e  g e n e r a l ly  u sed  s i t u a t i o n  o f  lo ad  r e s is t a n c e  as h ig h  as p o s s i b le .  O f co u rse  B v e r it t  p r e -d a te s  th e  se m i-co n d u cto r e r a , so th e r e  i s  no h e lp  co n c e rn in g  r e v e r s e  c u r r e n t in  PN ju n c t io n s  due to  m in o r ity  c a r r ie r  l i f e  tim e .
T r a g i c a l l y  m ost t e x t s  do n o t warn th e  d e s ig n e r  a g a in s t  u s in g  to o  la r g e  a B y -p a ss  c a p a c it o r . Even a r e c e n t  t e x t  o f  c o n s id e r a b le  m e r it  ( 8 ) h as no m ention o f  th e  problem  o f  d ia g o n a l c l ip p in g  sec i ’ig u r e  B l .  2. i  .The i n v e s t i g a t o r  who w ish es to  e s t a b l is h  th e  B e st p o s s ib le  arran gem en ts f o r  l i n e a r i t y  must do h i s  B e st to  a v o id  th e  h a z a r d , p erh ap s to o  much r e l ia n c e  h a s Been p la c e d  in  th e  assu m ption  th a t  am p litu d e  m o d u la tio n  from B ro a d ca s t s t a t io n s  w i l l  have an a v era ge  depth o f  o n ly  30^., so th a t  d ia g o n a l c l ip p in g  w i l l  n o t o ft e n  be n o t ic e d .



O th er s i t u a t i o n s  may be c o n s id e re d  to  "be '’com m unications q u a l i t y "  sy ste m s, and th e  s ig n a ls  c a r r ie d  a re  th e r e  s a id  to  be so d i s t o r t e d  t h a t  a l i t t l e  more v / ill n ot matter»* I t  co u ld  nov/ ( 1974 ) be argu ed d e t e c t io n  d i ,s t o r t io n  w i l l  n e t be o f  th e  form  o f  d ia g o n a l c l ip p in g  s in c e  th e  su p p ressed  c a r r ie r  Bystem s now b u i l t  r e q u ir e  co h e re n t d e t e c t o r s . The la r g e  r e - i n s e r t e d  c a r r i e r  s ig n a l  a t th e  co h e re n t d e te c t o r  f i x e s  th e  r e s u l t a n t  d ep th o f  m o d u la tio n  a t  a sm a ll v a lu e , so d ia g o n a l c l i p p in g  i s  no lo n g e r  im p o r ta n t . However th e r e  i s  a n o th e r  d i s t o r t i o n  w hich i s  to  be in v e s t ig a t e d  in  p a ra g ra p h  B2. 1. 2 cau sed  by th e  s in g l e  sid eb an d  p h aso r im p la n tin g  a q u a d ra tu re  comiDonent.
C r e d it  must be g iv e n  f o r  E v e r i t t  in  th e  thorough d e s c r ip t io n  o f  th e  im p lic a t io n s  o f  s i n g l e  sid eb an d  m o d u latio n  ( page 408 Op c i t . ) . He shows t h a t  f o r  d i s t o r t i o n l e s s  d em o d u latio n  SSB r e q u ir e s  a second o rd er n o n - lin e a r  d e v ic e  w hereas norm al AlA i s  d is t o r t e d  by secord o rd er and t h e r e fo r e  r e q u ir e s  f i r s t  o rd e r n o n - l i n e a r i t y ,  o r as v / ill be seen l a t e r ,  odd o rd e r l i n e a r i t y .

B le 3 C o n c lu s io n s  on p r e v io u s  T e ch n io u e s and T h e o rl e s .
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The p r in c i p a l  c o n c lu s io n  w hich i s  fo r c e d  upon th e  i n v e s t i g a t o r  who lo o k s  in t o  th e  l i t e r a t u r e  on D em odulation i s  one o f  d is a p p o in tm e n t. There i s  so much u n c r i t i c a l  u sa g e  o f  th e  c i r c u i t  which h as a lw ays been em ployed, and so l i t t l e  fr e s h  t h e o r e t ic a l  i n v e s t i g a t i o n . I t  i s  hoped to  su p p ly  some c o n t r ib u t io n s  in  t h i s  work.
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S e c t io n  B2 L in e a r i t y  o:f i\raplitude D em odulation

B 2 .1»I  L o ad in g  D ff e c t  of  Peak R e c t i f y i n g  D em odulators
V</hen th e  peak r e c t i f y i n g  dem odulator i s  in  u se  a c r o s s  th e  f i n a l  f i l t e r  o f  th e  r .  f .  a m p l i f ie r  o f  a r a d io  r e c e i v e r ,  i t  i s  o f  i n t e r e s t  and im p o rtan ce  to  know th e  m agn itu d e o f  th e  c i r c u i t  lo a d in g  i t  causes« The a n a ly s is  in  ( l l )  u s e s  a p ie c e w is e  l i n e a r  a p p ro x im a tio n  to  th e  d io d e  c h a r a c t e r i s t i c  and t h a t  p ro ced u re  v / ill he fo llo w e d  h e r e . I t  v / ill  n o t he n e c e s s a r y  to  d e r iv e  a tr a n s c e n d e n ta l e a u a tio n  w hich E v e r i t t  e v a lu a t e s . I t  can he assumed th a t  in  th e  r o le  o f  e f f i c i e n t  r e c t i f i e r ,  th e  dem odu lator i s  p a s s in g  v ery  s h o r t c u r r e n t  p u ls e s  and th a t  th e  c a p a c it o r  i s  s u f f i c i e n t l y  la r g e  to  a llo w  l i t t l e  droop on th e  o u tp u t between h a l f  c y c le  ch a rg e  im p u ls e s , see F ig u r e  B 2 .1 .1 . i  .
Assum ing t  th e  tim e d u rin g  w hich d io d e  c u r r e n t flo w s  i s  a v ery  sm a ll f r a c t i o n  o f  a c y c l e ,  i t  may he s a id  t h a t ( t ) le n g th  o f  tim e r e p r e s e n te d  hy DP i s  a p p ro x im a te ly  th e  c y c le  tim e ®T -f S t PO PDbu t hy S im ila r  T r ia n g le s

Or Time C o n sta n t o f  Load R e s is t o r - C a n a c lt o r  R e c t i f i e d  V o lta g e  V
Or V riiie V

Cy c l e  T im e f^  » S R ip p le  V o lta g e  v(Tf it)CR A fo rm u la  o f  i n t e r e s t  to  th e
d e s ig n e r  o f  d em od u lato rs f o r  knowing how sm a ll may he C
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But o c c a s io n a l ly  lo a d  c u r r e n t  1-, i e  kno\vn.uin s t e a d  o f  lo a d  r e s is t a n c e  RLBut R,- X

So th e  l a s t  forraula f o r  r i p p le  v o lt a g e  becomes:
I tC w hich i e  soiaetiraes o f  im p o rtan ce .

F u r th e r  i t  fo l lo w s  t h a t  as th e  r ip p le  v o lt a g e  i s  sm a ll 
Xp th u s  th e  c h a r g in g  c i r c u i t  i s  e f f e c t ! v e l 3r

as shown in  F ig u r e  B 2 ,1 ,1 . i i
So th e  c h a r g in g  c u r r e n t i^  i s  g iv e n  By

Vc dBut from  c o n s e r v a tio n  o f  e n e rg y ,C h arge in p u t p e r c y c le  = Charge d ra in e d  in t o  lo a d  p e r c y c le
i c  tSo i .

I t ( T  + t )
ti  = Ir* •*> . iT  •!'

But V =2r V V
so

And = Y
y.

So th e  above e q u a tio n  may Be w r itte nV s(T  t )d RL
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Or
C f +‘̂d tB at I-r tL

So Ri,
h ■̂•d

Now to  v/ork ou t th e  e f f e c t i v e  lo a d in g  o f  a deriiodulatorupon i t s  so u rce  I t  i s  p o s s ib le  to  v ery  q u ic k ly  re a ch  i v e r i t t ' s  v a lu e  by th e  fo llo w in g  p r o c e d u r e t-
Assume th e  peak r e c t i f i e r  d e t e c t o r  i s  an e f f i c i e n t  d e v ic e . T h e n  Pov̂ êr in  -  power out

I f  th e  e f f e c t i v e  lo a d  th e  d e v ic e  c a u s e s  to  i t s  so u rce  i s  and i f  th e  so u rce  v o lt a g e  i s
1rï h  en ^ e f f Y-R.

But V i s  a p p ro x im a te ly  th e  peak v o lt a g e  ^  y- rmaSo nnsRe f f
i

2-^misR
So Re f f R
Now e xp e rim e n ts were made on a Q m eter to  check w hether t h i s  fo rm u la  f o r  th e  lo a d in g  o f  a d io d e d e t e c t o r  was born out in  p r a c t i c e .  I t  was foi^d th a t  in  th e  ca se
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o f  p r e s e n t  day d e t e c t o r s  co m p risin g  se m i-co n d u cto r d io d e s  o f  r e a s o n a b le  or good q u a lit y  ( i , f a s t  d io d e s  recommended f o r  h . f<. d e te :c to r s  ) ,  th e r e  was u s u a l ly  to o  l i t t l e  lo a d in g  ( h ig h e r  th an  t v e r i t t  th eo ry  ) and th a t  th elo a d in g  went up as fre q u e n c y  v/as in c r e a s e d .
In  o rd e r  to  e> q:lain  th e s e  f a c t s j  two assn.m ptions a re  m ad e;-a) t h a t  an ad ju stm e n t sh o u ld  he made fo r  th e  d io d e  fo rw ard  v o lt a g eh) t h a t  th e r e  w i l l  he a fre q u e n cy  dependent lo s s  term  due to  r e v e r s e  c u r r e n t caused hy ch arge sten-age withix:i th e  ju n c t io n  .

To d e s c r ih e  th e s e  t h e o r ie s  in  d e t a i la) Forw ards Y o l.ta g e  A djustm entW liereas th e  above th eo ry  d educes th a t  th e  co n d u ctan ce lo a d in g  ca u se d  by th e  d io d e  i s
Ge f f  • R Siem ens

VpI t  i s  prop osed  to  red u ce t h i s  v a lu e  by a f a c t o r  1/1 +
So G WUi^ OcfXJfi. Joid ,

Row' v/hen t h i s  was done, th e  agreenicnt between th e  th e o ryand measurem ent was q u ite  good a t fr e q u e n c ie s  l e s s  than 7 MEy. .The m easurem ent p ro ced u re  and v a lu e s  a re  g iv e n  in  Appendix B f, 1 . 1<



b) Gha]'*ge Storaf^e L o ss Term
jiTora sem i” co n d u cto r th e o r y , i t  i s  v/ell e s ta b ],is h e d  th a t  ch a rg e  s to r e d  i s  iD ro p o rtlo n a l to  th e  pcah forw ard  c u r r e n t . Suppose th e  ch arge sto re d  i s  q coulomb 

Then froiu th e  above argument
% 0 C  i c

But i .  o C  I „SwLSo q O C  Ip
say q = K r/here X i s  a c o n s ta n t (' h a v in gth e  d im en sion  TIME )how th e  e x t r a  power drawn, from  th e  soui’ ce due to  th es to r e d  may be e s t im a te d :-

E x tr a  Power --- V^q f ’Ahere f == fre q u e n cy

But Pov/er = 2^rms^ e f f2 hhere = nev/ lo a d in g  term
Or power = 52. p^rms ^ e f f2So ^rms ^ e f f2 But ^^rms

ence ~6x I 2fiC/Sj^



Fi4
Tlie nev/ e f fe c t iv e -  co n d u ctan ce due to  ch arge s to r a g e  may he added to  th e  e f f e c t i v e  co n d u ctan ce due to  th e  p ie ce v / ise  o r p u ls e  o ije r a tio n  o f  th e  d io d e  c o n v e r t in g  a l t e r n a t i n g  c u r r e n t energy in t o  th e  d i r e c t  c u r re n t en ergy in  th  e 1C)ad.

Thuf T o t a l ”̂e f f  “  ^ e f f l + Ge f f S2 2fK

Iih:perim ental check o f  t h i s  rie\v corahined th e o rywas made a t  fr e q u e n c ie s  from  29 MHz to  le s s  than g M K xand th e  r e s u l t s  f o r  s e v e r a l ty p e s  o f  d io d e  a re  p lo t t e d  in  th e  second p a r t  o f  Appendix B 2 .1 .1
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BiS, 1» 2 Singli?;-ended M ism atched Lem odulatoi'
The S in g le ;-e n d e d  M ism atched M od u lato r c i r c u i t  can w ith o u t m o d if ic a t io n  be u sed as an Odd O rder or l i n e a r  d e t e c t o r . The c i r c u i t  i s  shov/n in  f ig u r e  B2. 1, 2, i  . The fo rw a rd s b ia s  frora th e  t r a n s is t o r  i s  u sed  to  forw ard b ia s  th e  S i d io d e  to  th e  knee and th u s  l i n e a r  d em od u latio n  r i g h t  do\rn to  th e  tro u g h  o f  100^; m odulated c a r r ie r  waves i s  a s s u r e d . The d io d e  p r o v id e s  a stream  o f  h a l f  s in e  p u ls e s  which flo w  ou t o f  th e  t r a n s i s t o r  shunt feed b ack  r e s i s t o r  in t o  th e  t r a n s i s t o r  lo a d  a c r o s s  which th e  c o lle c t o i*  v o lt a g e  ch a n g e s . The m agn itu d es o f  th e  h a l f  s in e  o u tp u t v o lt a g e  ch an ges a re  e x a c t ly  th e  same as th e  in p u t v/aves’ peak v o lt a g e s  p r o v id e d  i s  th e  same as Rg .
Yihen av era ged  in  a low p a ss  f i l t e r ,  th e  stream  o f  h a l f  s in e s  forras aa a c c u r a te  re p ro d u c tio n  o f  th e  o r ig i n a l  m o d u la tio n . D is t o r t io n  due to  d ia g o n a l c l ip p in g  cannot o ccu r b e ca u se  th e r e  i s  no r e a c t io n  back to  th e  d io d e  from  th e  a v era ged  v o lt a g e  a c r o s s  th e  f i l t e r .  There cannot be any r e a c t io n  b ecau se th e  t r a n s is t o r  a c t s  as a u n i­l a t e r a l  d e v ic e  and i s o l a t e s  lo a d  and so u rce .
Th ere i s  no d i s t o r t i o n  o f  any k in d  s im ila r  to  th e  chopped s in u s o id  d i s t o r t i o n  o f  th e  m ism atched m o d u la to r.A l l  th e  waves coming frora a m odulated tuned r . f .  a m p l i f ie r  w i l l  be o f  th e  tr u e  h a l f  s in e  d u r a tio n  and th e y  w a ll hove a tr-u ly  c o n s ta n t avera ge  v a lu e  s t r i c t l y  p r o p o r t io n a l to  th e  peak m agn itu d e o f  each wave. Thus th e  a v e ra g e  wave e x i s t i n g  a t th e  o u tp u t w i l l  be as f a r  as th e  dem odulator



i s  conc& rned a b s o lu t e ly  d i s t o r t i o n l e s s  a t  a l l  d ep ths o f  in o d u la tio n  f o r  a l l  fr e q u e n c ie s  in  which th e  c a r r ie r  fre q u e n cy  i s  s u f f i c i e n t l y  h ig h e r  than th e  rao d u lation  fre q u e n c y  to  a llo w  re a s o n a b le  s e p a r a tio n  o f  one from th e  o th e r  by f i l t e r .
A n o th e r n o ta b le  fe a t u r e  o f  th e  S in g le -e n d e dM ism atched D em odulator i s  th e  c o n s ta n t lo a d in g  o f  r e s is t a n c eeq u al to  -¿-R w hich i t  throw s upon i t s  so u rc e . As c u r r e n t oflo w s  f o r  th e  whole o f  h a l f  a c y c le ,  i t  i s  th e  e q u iv a le n t  o f  th e  r e s i s t a n c e  p la c e d  a c r o s s  th e  so u rce  f o r  th e  whole c y c l e .  The peak r e c t i f y i n g  dem odulator p r e v io u s ly  u sed  throw s upon i t s  so u rce  an a v era ge  r e s is t a n c e  lo a d in g  o f  ( see p aragrap h  B 2 .1 .1  ) b u t th e  le a d in g  v a r ie sd u rin g  th e  C3̂ cle  o f  m o d u la tio n , b e in g  more than  a v e ra ge  d u rin g  uq^ward s lo p e s  and l e s s  than a v e ra ge  on d e lin e s  o f  m o d u la tio n . Such v a r ia t io n s  th e m se lv e s  can cau se d i s t o r t i o n  o f  th e  incom ing wave u n le s s  some s p e c ia l  p r e c a u t io n s  a re  ta k e n .
T u rn in g  to  th e  problem  o f  co h e re n t d e t e c t io n , i t  i sfound th a t  th e  S in g le -e n d e d  M ism atched Dem odulator i s  an

/a t t r a c t i v e  p r o p io s it io n . The r e - i n s e r t i o n  o s c i l l a t o r  maj’’ be s w itc h e d  o r o f f  v/ithout any d is tu r b a n c e  to  th e  a c t u a l  r .  f .  c i r c u i t r y  see ¿Ugure BS.U-jk't sw itched in  i t spower supply' o n ly . From th e  argumients o f  th e  l a s t  P a r t  o f  t h i s  t h e s i s  i t  may be deduced t h a t  f o r  t h i s  purpose a Square v/ave c a r r ie r  w i l l  be ad van tageo u s from th e  p o in t  o f  view  o f  low er d is t o r t io n  than s in e  wave. But th e  d i f f e r e n c e  v / ill p ro b a b ly  be s l i g h t  when one c o n s id e r s  th a t  th e  d i s t o r t i o n  th a t  i s  p reven ted  b,y th e  use o f  square waves
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i s  c h i e f l y  for- wavtri d eep ly  m odu lated . The m agnitude o f  th e  S3B p h a so r must be co n sid e ra b j.y  s m a lle r  than t h a t  o f  th e  r e - in s e r t e d  o s c i l l a t o r  or th e r e  v / ill be second harm onic d is to 'x 'tio n  due to  th e  x^Base m o d u la tio n  i m p l i c i t  in  th e  d em o d u latio n  o f  t h i s  niuture, see below .
To e x p la in  th e  a c t io n  o f  SSB p h a so rs  as th ey  become dem odulated on a s in g le -e n d e d  d e te c t o r  o f  any ty p e , a d iagram  such as f ig u r e  1, 2, i i  be usedc The SSBp h a so r and th e  o s c i l l a t o r  add v e c t o r i a l l y  and th e  r e s u lt a n t  c o n t in u a l ly  s h i f t s  in  m agnitude and phase. The d io d e  peak r e c t i f i e s  th e  r e s u lt a n t  p liasor and th e  lev; p a ss  f i l t e r  siiioothes th e  o u tp u t to  an au d io  comiDonent a lo n e .
D e s ig n a t in g  th e  SSE id iasor as A , and th e  r e - in s e r t e d  c a r r i e r  p h a so r as C , th e  r e s u lt a n t  as R , th e  a n a ly s is  p ro c e e d s  t h u s : -  A udio p  ra d /s C a r r ie r  O) ra d /s
R e s u lt a n t  M agnitude 

R  =  ^ ( c  /\c£^b) r/here © - j ^ . d t
= ■ i'îfsCceriB  ̂ ĥ ccr>‘ 0 -i
= (c"" + 2AC ^

1%  - iib--« * ..)
=  [  ............ )V/here th e  wanted au d io  fre q u e n cy  component i s  re p re se n te d

By B in o m ia l
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by th e  in  co s 8 w ith  th e  un?/antecl second harm onicb e in g  in d ic a t e d  by th e  cos2@ tenvu
So f r a c t i o n a l  d i s t o r t i o n  may be c a l c u l a t e d ; -
2nd. Karm onic V o lt a g e 1 B t, Ha rmon i  c Vo11 ag e X . l ,  C 2 8 2 -S'“ I f l

i f  I ! Á2 ACT Cc^i- A^)
Ylhich f o r  l e s s  th an 1% harm onic d i s t o r t i o n  fo r  r e q u ir e s  t h e r e  to  be C^- :25A , or in  o th e r  words th e  peak r e - i n e e r t i o n  c a r r ie r  v o lt a g e  i s  to  be 25 tim e s th e

ñnorm al SSB p h aso r magnitude®
I t  i s  th e  p re se n ce  o f  th e  im p la n te d  ph ase m o d u latio n  w hich i s  th e  cau se  o f  th e  d i s t o r t i o n  term . I f  the v/ave had been norm al AM i t  vrc'Uld have c o n s is t e d  o f  th r e e  p h a s o r s .

C a r r ie r  C co s c j tUSB IA  coB(ci+p)tLSB -¿-A c o s ( o 'f } t
and th e  r e s u lt a n t  o f  such a co m b in atio n  moves up and down th e  c a r r i e r  p h a s o r , from th e  same t o t a l  a m p litu d e  to  th e  same d i f f e r e n c e  a m p litu d e  bu t alv;ays on th e  c a r r i e r  p h a se , see  f i g u r e  B2. 1. 2. i v  .

H ere i s  seen th e  d i f f e r e n c e  betw een "BKIT" betw een two waves and "MOlULATIOIi" o f  a c a r r ie r  by a low fre q u e n cy  wave. ’̂ *en one wave i s  iriuch s m a lle r  than th e  o t h e r , a b e a t phenomenon may have c e r t a in  resem itlance to  m o d u la tio n . But v^.en th e  waves approach one a n o th e r in



m a g n itu d e , t lie  o u t l in e  ap p earan ce w i l l  Toe q u ite  d i f f e r e n t .  T h is  can "be Been f o r  exam ple on Photo 22 page B?o 1. 2. R .The to p  t r a c e  shov/s an 18 kHz wave m odulated h;/ 400 Hz to  98% "being d e te cte d , in  a s in g le -e n d e d  m ism atched d em o d u lato r. The t h ir d  t r a c e  shows th e  h e a t 'between a viave o f  17 kHz o f  s m a lle r  m agn itu d e . The fo u r th  t r a c e  shows th e  "beat betw een eq u al am p litu d e  17 kHz and 18 kHz w aves. H ere th e  second harm onic i s  p e rh ap s 50 or 60 p e rc e n t,
The cu re  f o r  second harm onic d i s t o r t i o n  i s  to  u s e  a d e t e c t o r  w ith  second o rd e r n o n - l i n e a r i t y  as E v e r it t  s u g g e s te d  ((1 1 ) page 4 0 8 ), O f co u rse  th e  sm a ll s ig n a l  w hich h a s  to  be a p p lie d  to  f in d  such a p o r t io n  on any p r a c t i c a l  d io d e  means t h a t  t h i s  p ro ce d u re  i s  n o t o f  much u se to  th e  equipm ent d e s ig n e r . In  th e  n e x t p aragrap h  B2, 2. t h e r e  w i l l  be g iv e n  a m ism atched dem odulator d e sig n  Y/hich v / ill  f u l f i l  th e  need.

B2. 1. 2, R RESULTS
A t e s t  o f  S in g le -e n d e d  M ism atched D em odulator v/as p erfo rm ed  u s in g  th e  c i r c u i t  o f  f ig u r e  B 2 .1. 2, v , d r iv e n  from  e i t h e r  a la b o r a to r y  s ig n a l  g e n e r a to ro r an IP  o u tp u t from  a com m unications r e c e iv e r  .

P h o to g ra p h s page B2, 3., 2. R70 Shows C a r r ie r  o f  100 kHz m odulated to  98% by s in u s o id a l  wave o f  1 ,2  k H z , f i r s t l y  b e fo r e  d e t e c t io n ,t h e n  a t  th e  dem od u lato r b e fo r e  f i l t e r i n g ,  then  a f t e r  th e  f i l t e r .I t  i s  n o ta b le  th a t  th e re  i s  no d ia g o n a l c l ip p in g .( M arconi 15 kHz to  30 tLHz S ig n a l  G e n e ra to r )



60

65 Waveform a t  th e  dem od u lato r b e fo r e  f i l t e r i r .e - j  shoY/lng66 d e e p ly  nioouxated m usic ( p ia n o —a c c o rd io n  ) on th el i '  o u tjju t a t  100 khz from  th e  com m unications r e c e iv e r , tu n ed  to  a b r o a d c a s t  s t a t io n ,( R a c a l Rii 17 L ) .72 H a l f  s in e  waves a t  the'- dem odulator b e fo r e  f i l t e r i n g  u s in g  much f a s t e r  tim e base speed.. Top shows u nm o d u lated  c a r r ie r ,, Lcv/er shows v a r io u s  o ccu re n ce s  a u r in g  a c t i v e  m o d u la tio n , Coifiiuunicat:LonG r e c e iv e r  a g a in ,22 Shows a group o f  fo u r  t r a c e s i -  Top 18 kHz m odu lated by 400 Hz.2nd. Unm odulated c a r r i e r  o f  18 kHz.3rd . B eat betw een c a r r i e r  18 kHz and some 17 kHz.4 th . B eat betw een c a r r i e r  18 kHz and eq u al 17 kHz.A l l  w aveform s a t  th e  dem odulator b e fo r e  th e  f i l t e r .
B 2 .2 .1 . B alan ced  Demodul a t o r s

As deduced in  th e  l a s t  t h e o r e t i c a l  a n a ly s is ,  th e r e  i s  a re q u ire m e n t d u rin g  th e  derriodulation o f  SSB w ith  a r e - i n s e r t e d  c a r r i e r  f o r  th e r e  to  be a second o rd er n o n - l i n e a r i t y ,  in  o rd er to  c a n c e i second harjiionic d i s t o r t i o n  in  th e  a u d io  o u tp u t.
I f  th e  same nom en clatu re i s  u s e d , i t  nvay b e  seen from  th e  d iagram  R igu i’ e B2. 2 .1 . i  t h a t  a c i r c u i t  such as f ig u r e  B2e 2 .1 . i i  (o r  i t s  e q u iv a le n t in  th e  m ism atched iorni such as f ig u r e  B2. w i l l  . f u l f i l  th e  fo llo v / in ga n a ly s t  s .

D iode 1 peak r e c t i f i e s  
D iode 2 peak r e c t i f i e s

« ,  ■■‘ J F  •y (Kuyi 8 /  *  (A  Qji

■̂2- — A o* 0̂  + (̂ A

D 1
D 2

2 A C c o - ) 0  A  ^  

“  2 A C o 90
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: q 'Vs J C 2AC •% ^D 1 = [C t y B i n o m i a l h x p a n s i o n
]j P ' /
D 1 tr*

-it' *";rT' f 1■x.\ L }
!

3 !  t* ...........D P it* „  1  r jc & i  6 j  Cod a - ■» C f

-YTl j . -!•..........
The o u tp u t ta k e n  i s  th e  d p lffe re n ce  betw een th e s e  two peakv alu es»  I t  i s  e v id e n t th a t  odd o rd e r com ponents addand even o rd e r  com ponents c a n c e l . T h e re fo re  th e  secondharm onic d is a p p e a r s  and th e  majos' rem ai.ning d i s t o r t i o n  i sth e  t h ir d  h arm o n ic.ButSo th e r e  i s  a sm a ll c o n t r ib u t io n  to  th e  ftindarnental from cos*
Then 5rd Harm onic V o l t age ^ 1 s t Harm onic V o lta g e 3-a 3 f

O n - h F  'V ^ ich  f o r  l e s s  th an  1% harm onic d i s t o r t i o n  fo r  a c o r r e s ­p o n d in g exam ple ( r e f  page 5 8 ) r e q u ir e s  th e r e  to  be 0 ^ 3 .1 6 A , o r  in  o th e r  words th e  peak r e - i n s e r t i o n  c a rr ie r - need be o n ly  tim e s th e  nonnal SSB p h aso r m agn itu d e.Compared y/ith th e  s in g le -e n d e d  d e v ic e s , t h i s  form  o f  d e t e c t o r  i s  o b v io u s ly  th e  b e s t  c h o ic e  f o r  SSB d e m o d u la tio n .
Such b a la n c e d  m o d u la to rs have been u sed f o r  t h i s  p u rp ose f o r  many y e a r s . The so c a l l e d  P ro d u ct D e te c to r  b e in g  th e  d e s c r ip t io n  g iv e n  to  a comraonly used form .A l a t e  r e f e r e n c e  t o  a s q u a r e  wave c a r r i e r  t y p e  o f  t h i s  f o r m  i s  (I3 ) t h o u g h  t h e  a p p l i c a t i o n  d i s c u s s e d  i s  f r e q u e n c y  c h a n g i n g .
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B2, 2 o l , R  P LSUI/rS
An e x p e rim e n ta l B a la n ce d  H ism atched Dem odulator h a s been t e s t e d  u s in g  some s im u la te d  SSB si^^aSs and th e  waveform s have been p h oto grap h ed  belov/. In  a d d it io n  a d u a l p u rp o se dem ,odulator h a s been made f o r  u se  w ith the corrm u n icatio n s r e c e iv e r  in  th e  la b o ra to i'-y . H aving an u n d e te c te d  I P  o u tp u t a t  100 kHz a s w itc h a b le  B a la n ce d  or U n b alan ced  M ism atched D em odulator u n i t  p lu s  au d io  a m p l i f ie r  and sp eak er u n it  i t  h a s been p o s s ib le  to  compare q u a l i t y  o f  sound f o r  r e c e iv e d  SSB tr a n s m is s io n s . L is te n in g - t e s t s  have shown th a t  th e r e  i s  a g e n e r a lly  agreed  im provem ent, a c c o r d in g  to  a dozen or more p e rso n s to  whom i t  h a s been d e m o n strated .

P h o to g ra p h s page B 2 .2 .1 .R24 Shows th e  d em od u latio n  o f  a b a la n c e d  18 kHz "SSB p h a so r" w ith  a 17 kHz " c a r r i e r ”
31 Top t r a c e  shows a s i t u a t i o n  s im i la r  to  photo 24 w ith l a r g e r  s i g n a l s .Lower t r a c e  shows th e  o u tp u t a f t e r  one s ta g e  o f  low p a ss f i  I t e r i n g .
30 Shows two o v e r la p p in g  t i-a c e s . The la r g e r  i s  a s irn u la tio n  o f  SSE a t  40 kHz and th e  o u tp u t a f t e r  f i l t e r i n g .



B3. 5 Cone J .u s io n s  on LirHnqr:lt5'' o f  Amp 1 j. t  u d e D e; iio du 1 a t  i  o n
The s u h ie c t  o f  th e  d em o d u latio n  o f  a m p litu d e  m o d u lated  c a r r i e r  waves h a s  "been a f a i r l y  s ta g n a n t t o n ic  f o r  a lo n g  t im e . The peak r e c t i . f 3'-ing d e t e c t o r  h a s re ig n e d  u n c h a lle n g e d  in  th e  realm  o f  norm al AM . The move toY/arde SSB in  th e  ra d io  a p p l ic a t io n  h a s s tim u la te d  some a c t i v i t y  t h e r e , h u t th e  i n t e r e s t  in  l i n e a r i t y  h as been s l i g h t .  In  th e  realm  o f  la u lt ip le x  te le p h o n y  th e  need fo r  b a la n c e  to  a c h ie v e  t o le r a b le  q u a l i t y  in  d em od u latio n  o f  SSB s i g n a ls  h a s  been v/ell u n d ersto o d  and a p p lie d . However d e s ir e  f o r  e f f i c i e n c y  h as in h ib i t e d  e x p e rim e n ta tio n  v/lth d io d e s  fe d  from  h ig h  im pedance s o u rc e s .
I t  i s  hoped th e  M ism atched M o d u lato r te c h n iq u e  p r e s e n te d  h e r e  may be a w orthw hile c o n t r ib u t io n  to  th e  s u b je c t .  C e r t a in l y  th e  M ism atched D em odulator i s  f r e e  from th e  lo n g  known "d ia g o n a l c l ip p in g "  d i s t o r t i o n  o f  th e  peak r e c t i f y i n g  d e t e c t o r , jind c e r t a in ly  f o r  co h eren t d e t e c t io n  i t  i s  u s e f u l  to  have th e  l o c a l  c a r r ie r  r e - in s e r t e d  in  p a r a l l e l  w ith  th e  SSB p h aso r v o lt a g e s  a r r iv in g  from  th e  m odulated so u rc e . The energy from  th e  o s c i l l a t o r  i s  very  la r g e ly  i s o la t e d  from th e  p r e c e d in g  s t a g e , a f a c t  which in  r e c e iv e r s  sh ould  make th e  d e s ig n  o f  an a u to m a tic  c o n t r o l a l i t t l e  more e a s y , f i n a l l y  theM ism atched D em odulators can be d. c , cou p led  so th a t  th e r e  i s  th e n  no d i f f i c u l t y  w ith  phase l i n e a r i t y  down to  zero fr e q u e n c y . So a p p lic a t io n s  to  v id e o , f a c s im i le  , d a ta ^
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t e le g r a p h y , p h ase n io d u la tio n  and o th e r s  v/ould he id e a l  ta s k s  f o r  one o f  th e  foruis o f  t h i s  v e r s a t i l e  d e v ic e .
I t  i s  in te n d e d  to  pursue i i ir t h e r  i n v e s t i g a t io n s  tow ards th e  improvem ent o f  d em od u lato rs f o r  TV in te r ii ie d ia te  fre q u e n cy  a m p l i f i e r s ,  or o th e r  vddehand system  There a r e  few re q u ire m e n ts  f o r  d eiu cd u latio n  o f  fr e q u e n c ie s  h ig h e r  th a n  VHji’ s in c e  hy a p p lic a t io n  o f  th e  su p erh et p r i n c i p l e  a l l  h ig h e r  c a r r ie r  fr e q u e n c ie s  may he brou gh t down b e fo r e  d em o d u latio n  to  b a se  band.
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p a r t  C B’REQU©TGY MODULATION L IN IL R IT Y
S e c t io i:  01 P r e v io u s  T e ch n iq u e s and T h e o rie s

C l .  1 P r e v io u s  T ech n iq u es
The c la E '.s ic a l  m ethods o f  p ro d u cin g  fre q u e n cy  M o d u la tio n  v/hlch a re  g iv e n  in  th e  te x tb o o k s  a r e ;“i )  v a r i a b le  r e a c ta n c e  d e v ic e  ( v a lv e  o r t r a n s i s t o r  ) i i )  ü rra stro n g ’ s method ( or P h ase M o d u lato r )They v ; i l l  be exam ined in  term s o f  t h e i r  a b i l i t y  to  produce l i n e a r  fre q u e n cy  m o d u la tio n .
i )  V a r ia b le  R e a c ta n c e  D e v ic eThe o s e j l l a t o r  to  be rnodulat'Sd h a s a re so n a n t c i r c u i t  p a r t  o f  whose r e a c t iv e  component i s  form ed by the- o u tp u t iiTipedance o f  th e  v a r i a b le  r e a c ta n c e  under th e  c o n t r o l  o f  th e  in p u t s i g n a l  to  be im p ressed  as a fre q u e n cy  change o f  th e  c a r r i e r .  By means o f  a c a p a c i t o r - r e s i s t o r  i j o t e n t i a l  d iv id e r  some o f  th e  d e v ic e  o u tp u t v o lt a g e  i s  fe d b a ch  in t o  i t s  own in p u t t e m i n a l  a t  a p h ase d i f f e r e n t  from  th e  o u tp u t v o lt a g e . W ith in  th e  d e v ic e , g a in  g iv e s  to  th e  o u tp u t a g r e a t e r  or le s s e r  p r o p o r tio n  o f  th e  w rongly phased energy d ep ending upon th e  tr a n s c o n d u c ta n c e  o f  th e  d e v ic e  .at th a t  in s t a n t  s e t  by th e  in s ta n ta n e o u s  v o lt a g e  o f  th e  s i g n a l .  Thus th e r e  ap p ears a t  th e  >utp)ut th e  d e s ir e d  v a r ia b le  r e a c ta n c e  f o r  o s c i l l a t o r  ch an ge.
In  term s o f  l i n e a r i t y ,  such c i r c u i t s  have th r e e  p o in t s  o f  c r i t i c i s m .(a) th e  tr a n s c o n d u c ta n c e  v a r i a t i o n  o f  p en tod e v a lv e s  wasan ’ ad h o c ’ f e a t u r e  o f  th e  p a r t i c u l a r  specim en s in c e  i t
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depended upon th e  g r id  v á re  s p a c in g  p r o g r e s s iv e ly  in  s te n  g ra d a tio n s--(h) th e  tr a n s c o n d u c ta n c e  o f  th e  t r a n s i s t o r  i s  d i f f e r e n t  a t  d i  f f  er ent t  erar> e ra tu  r- e b ( c) th e  v a r i a t i o n s  in  r tia c ta n c e  a re  accom panied hy B im u lta n e cu s r e s is t a n c e  v a r i a t i o n s  which cau se i n e v i t a b l y  some a m p litu d e  ch an ges a s  v / e ll.
i i )  A r m s tr o n g 's  MethodA f r a c t i o n  o f  th e  o u tp u t from  a q u a rtz  c r y s t a l  c o n t r o l le d  o s c i l l a t o r  i s  m od u lated  in  a b a la n c e d  m o d u lato r 

BO t h a t  d o u b le  sid eb a n d  su p p ressed  c a r r ie r  r e s u lt s c  A d d it io n  to  th e  re m a in in g  f r a c t i o n  o f  th e  o r i g i n a l  phase s h i f t e d  90 g iv e s  p h ase  M o d u la tio n , Su(ih ph ase m o d u la tio n  h a s  a d e g re e  o f  fre q u e n c y  ra o d u la tio n  which i s  l i n e a r l y  p r o jjo r t io n a l  to  th e  s i g n a l  fr e q u e n c y . The d e s ir e d  r e la t i o n s h i p  b e in g  in d ep en d e n t o f  s ig n a l  fr e q u e n c y , th e r e  t h e r e fo r e  h a s  to  be K w l t i p l i c a t i o n  by an in v e r s e  p r o p o r t io n a l i t y  w ith  r e s p e c t  to  s ig n a l  fr e q u e n c y . A rm s tro n g 's  achievem en t v/as to  produce th e  n e c e s s a r y  r e la t i o n s h i p  by in t e r p o s in g  a p r e d is t o r t io r i  c i r c u i t  in  th e  a u d io  in p u t t a k in g  th e  form  o f  a v e ry  sim p le  0-R i n t e g r a t i o n  c i r c u i t ; (( 8) page 65 ) , B e t t s  h e r e  adds th a t  f o r  r e a s o n a b le  ph ase l i n e a r i t y  one must n o t ask f o r  more th an  ab out 0. 2 rad  peak ph ase d e v ia t io n  o f  th e  jjh a se  m o d u la to r , and t h i s  n e c e s s i t a t e s  a X 7500 m u l t i p l i c a t i o n  f o r  th e  su b seq u en t s ta g e s  o f  th e  t r a n s m it t e r . In  p r a c t i c e  X 81 o r X 729 i s  enough to  co n te m p la te  f o r  othervm se s t  th e  h ig h e r  fre q u e n c y  end o f  th e  au d io  sand th e  in p u t s i g n a ls  w i l l  be so sm all th a t  trem endous a m p l i f ic a t io n  w i l l
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be o b l ig a t o r y  and n o is e  w i l l  become tro u b le so m e .In  a d d it io n  m u l t i p l i c a t i o n  f a c t o r s  o f  X 7500 may produce p h a se  j i t t e r  which a ls o  ap p ears as n o is e  to  a u s e r ,

P r e s e n t  (1974) b r o a d c a s t t r a n s m it t e r s  employ a fe e d b a c k  te c h n iq u e  n o t u s u a l ly  d e s c r ib e d  in  s u b je c t  t e x t s ,  c a l l e d  ''Frequency M o d u lated  Q u a rtz "  o r PMQV- In  th e  PMQ g e n e r a to r  th e r e  i s  a r e a c t a n c e  c o n t r o l le d  o s c i l l a t o r  whose o u tp u t i s  saiaijled ajid dem odulated in  two p a r a l l e l  fre q u e n cy  d is c r im in a t o r s . One o f  w hich i s  narrow  band, h ig h  Q and s t a b l e ;  b e in g  a c t u a l l y  a q u a rtz  c r y s t a l ,  i s  u sed  to  r e tu r n  th e  mean fre q u e n c y  to  a m a in ta in e d  v a lu e .The o th e r  d is c r im in a t o r  i s  wide band and very  l i n e a r  ( in  th e  sen se o f  o u tp u t v e r s u s  fre q u e n cy  ) and i s  u sed  in  an a , c , fe e d b a c k  p a th  to  l i n e a r i s e  th e  fre q u e n cy  m o d u la tio n  c h a r a c t e r i s t i c  o f  th e  vihole v a r ia b le  r e a c t o r  -  o s c i l l a t o r  ~ d is c r im in a t o r  lo o p .
W ith c a r e f u l  ad ju stm e n t and m a in ta in e d  s ta n d a rd s  i t  i s  c o n c e iv a b le  t h a t  such equipm ents w i l l  p roduce h ig h ly  l i n e a r  PM. N e v e r th e le s s  i t  i s  p ro b a b ly  o n ly  in  th e  realm  o f  p u b l ic  b r o a d c a s t in g  can s u f f i c i e n t  in v e stm e n t be p r o v id e d  to  a c c e p t  such c o m p lic a tio n  in  c o n s t r u c t io n  and such c a r e  in  m aintenancee
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01« 2 P r e v io u s  T h e o r ie s
N e a r ly  a l l  th e  expounded t h e o r e t i c a l  p r e s e n t a t io n s  have' xol^-cwed. th e  m ista k e n  g u id a n ce  o f  th e  c i r c u i t  e n g in e e r s  who so u g h t to  p ro d u ce in  th e  v a r ia b le  r e a c t a n c e  d e v ic e  a m ethod o f  p r o d u c in g  a l i n e a r  r e a c t a n c e  v e r s u s  v o lt a g e  c h a r a c t e r i s t i c  and th e n  to  ap p ly  such a component to  an o s c i l l a t o r  in  o rd e r to  cau se  a l i n e a r  fre q u e n cy  v e rs u s  v o lt a g e  e f f e c t  u lt im a t e ly «  U sin g  th e  p r i n c i p l e s  o f  d i f f e r e n t i a l  c a lc u lu s  upon th e  re s o n a n t fre q u e n cy  e q u a tio n

i t  i s  shoviTx t h a t  f o r  sm a ll p r o p o r t io n a l  ch an ges in  fr e q u e n c y j th e  change i s  a lm o st l i n e a r l y  p r o r t io n a l  to  r e a c t a n c e , and th e rb y  j u s t i f y  th e  l i n e a r  v a r ia b le  r e a c ta n c e  d e v ic e  p r o v id e d . The m ost r e c e n t te x tb o o k  m a in ta in in g  th e  sarae m is ta k e n  v ie w p o in t i s  B e t t s  ( 8 ) page 63, though he q u o tes th e  modern component nam ely th e  v a r a c t o r  d io d e , rem arkin g t h a t  i t  i s  a p i t y  i t  does n ot have th e  l i n e a r  r e a c ta n c e  v e r s u s  v o lt a g e  c h a r a c t e r i s t i c .
C l .  3 C o n c lu s io n s  on P r e v io u s  T ech n iq u es & T h e o r ie s
The c o n c lu s io n  o f  th e  p r e s e n t p o s i t io n  b o th  on te c h n iq u e  and th e o r y  o f  P.M g e n e r a tio n  i s  one o f  m is d ir e c t e d  e f f o r t ,  On].y in  th e  ca se  o f  th e  Arm strong open lo o p  d e v ic e  and th e  PilQ c lo s e d  lo o p  c i r c u i t  h a s there been an approach to  good l i n e a r i t y .  And even th e s e  have p e r c e iv a b le  l i m i t a t i o n s .
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s e c t io n  0 2 L in e a r i t y  by Square -  Law Rea c ta n c eand Squar-e Wave O s c il la t o r *
0 2 »1 Mi L in e a r i t y  by Square ~ Law R e a cta n ce
R e c o n s id e r a t io n  o f  th e  re so n a n t fre q u e n c y  e q u a tio n  shov'/B t h a t  f o r  an u n r e s t r i c t e d  change o f  fr e q u e n c y , th e  fre q u e n c y  i s  s t r i c t l y  i n v e r s e ly  p r o p o r t io n a l  to  the sq u a re  o f  r e a c t a n c e .
2Tr f o 1//LG
In  con seq u en ce o f  t h i s  s im p le  f a c t ,  any r e a c t iv e  component w hich h a s  a r e a c ta n c e  p r o p o r t io n a l to  th e  sq u are o f  v o lt a g e  w i l l  p rod u ce l i n e a r  fre q u e n c y  m o d u la tio n .Thus any o s c i l l a t o r  a c r o s s  whose r e a c t iv e  c i r c u i t  i sshunted a sq u are  law  p r o p o r t io n a l  r e a c ta n c e  d e v ic e  w i l lhave th e  d e s ir e d  l i n e a r  fre q u e n cy  v e r s u s  v o lt a g e  c h a r a c t e r i s t i c .
Now i t  i s  a w e ll  knovm f a c t  o f  sem ico n d u cto r e l e c t r o n i c s  t h a t  aw abT-upr^unction d io d e  h a s a c a j ja c it y  p r o p o r t io n a l  to  V/here = R e v e rse  v o lt a g e
i .  e.

o r
l ./ p R
1/Ve

Thiis a sem ico n d u cto r ju n c t io n  d io d e  w i l l  produ ce l i n e a r  fre q u e n cy  v e rs u s  v o lt a g e  m o d u la tio n  o f  an o s c i l l a t o r ,  w ith o u t r e s t r i c t i o n .02. 1, 1 m  Os c i l l a t o r  C i r c u i tf o r  th e  sake o f  co m p leten ess an o s c i l l a t o r  based on th e  above p r i n c i p l e s  i s  sho'\.m in  F ig u r e  0 2 .1 .1



02. 2 L inea-r-ity by Square Wave O a c i l l a t o r  (A a ta ljle )
The A s t a h le  M u lt iv ib r a t o r  may be u sed  as a g e n e r a to r  o f  fre q u e n c y  m o d u la tio n  i f  s l i g h t l y  m o d ifie d  a c c o r d in g  to  F ig u re  02. 2, i  , The s i g n a l  to  be u sed  as fre q u e n cy  c o n t r o l  i s  a rr a n g e d  t o  add to  or s u b t r a c t  from  th e  su p p ly  r a i l  p o t e n t i a l  f o r  th e  b a se  r e s i s t o r s  o n ly . I t  th e re b y  r a i s e s  or loy/ers th e  a im in g  v o lt a g e  ( ) to  which th e  in s id ep l a t e s  o f  th e  b a s e  c a p a c it o r s  atterap t to  c h a r g e . The c h a r g in g  c u r r e n t  th e y  r e c e iv e  i s  c o n t r o l le d  by th e  b a se  r e s i  sto rso
U s in g  th e  d e s ig n a t io n s  o f  F ig u r e  0 2 ,2 .1  and a p p ly in g  th e s e  to  F ig u r e  C 2 ,2 , i i  i t  may be shown t h a t  th e  p u ls e  tim e I ” can be c a l c u l a t e d  from

?1

T =  OR log'e V,aim''’aim -  V.r i s e
Where i s  a lm o st e x a c t ly r i s eS in c e  th e  b a s e - c o l l e c t o r - c a p a c i t o r  group f a l l  a v o lt a g e  Vg a t  each c o n d u c tio n  e v e n t.

F o r  s i m p l i c i t y  in  th e  fo llo ^ Y in g  a n a ly s is  V r e p r e s e n ts  2Vg and a ls o  and a ls o
*T  ¿  OR lo g . V

V  -  V / 2
¿  O R  l o g g  2 

‘ T " ?  0 . 7  O R
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Butr irecjUCTicy o f  o t ic i l la t .lo n  i s  g iv e no 'jyf o  == 1 / 2 T
So from  l a s t  page 
f o  i  1/ 1 .40R

Suppose th e  s i g n a l  adds a sm a ll in crem e n t £ y t o  th e  aim in g p o t e n t ia le  Then a new p u ls e  tim e  + 5 T  a r i s e s  as fo llo v ;s ;
V -e S"'r1 -i- i T  r-- CR lO gp■ ® V ^ i- v  -  V/2= OR lo g g '3.'*/ 2 S-w
V  2.= CR log-e 2  ( I  -- v X v  -

w hich by th e  BinoiTiial Theorem
CR lo g g 2 (i v)('

£v
"v

CR lo g e 2 ( \
„ SSv 

V
f V  'S
"v /CR lo g g 2 [ l - 7 )

CR lo g g 2 + CR lo g g  (
r  + CR lo g g  (i ■“ V  ,

)

;
SO i T = CR l o g e  («’ " \ 7 / B u t l o g e { / “5^=
So s  T = CR p S*vL "  V  " - • ] 1

T h e r e fo r e  Ü C R«39396̂
V

^  3LX  ~ i

Or i T  . C.R
t -V V sN e g a tiv e  p r o p o r t io n a l i t y  s in c e  s h o r te r  when V l i f t e d »



Y3

Now f o  = 1 / 2 T
Go two d e d u c tio n s  fo l lo v ;i )  i i f  = - - d and i  i ) il-S ir £ i . £ I

s r  iu rI {— • eeaatrwwv̂ j

Hence
z. i  »

\-  +. But ( lc g g 2 ) ^
So 2 ( lo g p ) '

= 0o7'
So

Or ¿ È  g-v
C K  V

I

C K  :r V s U n it s  a re  H e r tz  p e r v o lt
P o s i t i v e  p r o p o r t i o n a l i t y  s in c e  fre q u e n c y  go es h ig h e r  when in p u t  v o lt a g e  l i f t e d .

0 . 5

02, 2 ,1  Uxperirn en ta l  V e r i f i c a t i o n
In  o rd e r  to  make raeasureraents to  ch eck  th e  a n a ly s is  g iv e n  ahove^an a s t a h le  o s c i l l a t o r  f o r  i.60 kHz was d e sig n e d . The c i r c u i t  was h u i l t  as ohe f i r s t  s e c t io n  o f  an m o d u la tio n  and d em o d u latio n  exp erim en t o f  w hicn g r e a t e r  d e t m l  i s  g iv e n  l a t e r  in  D 2 .2 .1
Owing t o  s w itc h in g  tim e o f  t r a n s is t o r s  t o t a l l i n g  over 100 ns each and s in c e  th e  normal mid ran ge  luanua^ s e t t in g  o f  th e  freq ;u en cy c o n t r o l  v/ould he s l i ' - h u l v  do„n iroiri th e  f u l l  B upply v o lt R g e , tn e  aomin. x v;as r a is e d  to  25ti above th e  v a lu e  d e s ir e d .
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Korninnl D e ci")! ?re n n e n cy  l GO x  1*25  =  5^0 /:Hz
Re.9soiiP)ljle v a lu e  fo } ’ oaee freqv-ency IB ki?
Prom f  “  1/ l*ifC R
C a lc u la t e  G v a lu e  G8 pP
RC3ULT rJifl k a n u a l C o n tr o l h.G0 )u iz

i . I o ell 11. a t  i  o n C e n s i  t  i  v i  t  y
Prom 4^ 1/ CR 2Vqav ^
C a lc u la t e  S e r iio it iv it y " '» iS x io Kz/V

16 >; lO6.8 X /.e V 2 X 9 Hz/V
= k 5 . 3 kHz A "But a s i m i la r  a llo w a n c e  h as to  be made f o r  s w itc h in g  tim e e t c .

So th e  e x o e c te d  M o d u la tio n  S e n s i t i v i t y  w i l l  b e :
k 5.3  X  1.25

 ̂ 5 6 .6  kHz/V
RkSULT M easured u o d r .la tio n  S e n s it iv it y '  58 kHz/V



0 2 ,3  C o n c lu s io n s  on L in e a r i t y  o f  Frequ ency M o d u la tio n
To suiarnarise th e  p o s i t io n  reex'^ecting M  i t  may­be s a id  t h a t  w ith  i n t e l l i g e n t  a p p l ic a t io n  o f  th e  te c h n iq u e s  s u g g e s te d , v e r y  l i n e a r  m o d u la tio n  i s  nov; a v a i l a b l e  in  UU“ c o m p lic a te d  c i r c u i t  a rra n g e m e n ts . I f  th e r e  i s  s u f f i c i e n t  component in v e s tm e n t much more s o p h is t ic a t e d  n e g a t iv e  fe e d b a c k  sy stem s can be e n g in e e re d  i n  q u it e  sm a ll sp a c e .For in s t a n c e  a v o lt a g e  c o n t r o l le d  o s c i l l a t o r  o f  rough l i n e a r i t y  may be in co r-p o ra te d  in t o  a p h ase lo c k  lo o p  u s in g  a p h ase  s e n s i t i v e  d e te c to r ’ and a d i g i t a l  c o u n te r .Time d oes n o t a llo w  f u l l  co v e ra g e  to  be made h e r e .
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p a r t D FRIiQUMOY DKaODUMTION LINEARITY
«■;» a.i,ik4>ts e c t io n  D1 P r e v io u s  T e ch n iq u e s and T h e o r ie s .

D l . 1 P r e v io u s  T e ch n iq u e s .
The h i s t o r y  o f  th e  d e s ig n  o f  PM Beraodulators ( or d is c r im in a t o r s  ) h a s  heen one o f  g r a d u a l d evelopm ent.
The m ost n a t iv e  c i r c u i t  d e s ig n  h a s "been th e  O ff - t u n e  R eso n an t C i r c u i t  fo llo w e d  hy peak d e t e c t o r  ( r e c t i f i e r ) .  U n fo r tu n a te ly  a s  i l l u s t r a t e d  i n  Pig-ure D l. 1. i  th e r e  i s  l i k e l y  to  be c o n s id e r a h le  d i s t o r t i o n .
The f o r a  n e x t i n  sequence ta k e s  th e  c u r v a tu r e  o f  one end and c a n c e ls  i t  hy u se  o f  a n o th e r o f f - t u n e  c i r c u i t  s e t  th e  o th e r  s id e  o f  th e  mean fr e q u e n c y . Two peak r e c t i f y i n g  d e t e c t o r s  a r e  u sed  a n .i t h e i r  o u tp u t v o lt a g e s  a r e  s u b t r a c t e d , see f ig u r e  D l . l .  i i  The arrangem ent shovm whereby energy i s  fe d  to  th e  two s e p a ra te  c i r c u i t s  by m utu al in d u c t io n  from  a s i n g l e  p rim ary  i s  c a l l e d  th e  C ro sb y  D is c r im in a t o r . I t  h a s an exten ded s t r a ig h t  l i n e  r e g io n  b u t h a s a p p ro x im a te ly  th e  same s lo p e  as e i t h e r  s i n g l e  o f f - t u n e  c i r c u j .t  a lo n e . A g r e a t  ad v a n ta ge  v/hich a r i s e s  in  con seq u en ce o f  th e  c a n c e l la t io n  p ro ce d u re  i s  th e  e l im in a t io n  o f  d .c ,  o u tp u t v o lt a g e  a t  th e  mean fr e q u e n c y . S in c e  o u tp u t d, c , p o l a r i t y  chan ges a t  cro ss-^ o ver, th e  c i r c u i t  en ab led  a u to m a tic  fre q u e n cy  c o n t r o l  r e c e iv e r s  to  be made f o r  th e  f i r s t  tim e . •
Si'ora th e  C ro sb y d is c r im in a t o r  th e r e  fo llo w e d  th e  P o s t e r - S e e le y  D is c r im in a to r  in  which th e  d o u b le  secondary



e v o lv e s  i n t o  a s i n g l e  tu n ed  c i r c u i t  w ith  c e n tr e  t a p . ih e r g y  i s  o b ta in e d , from  th e  p rim ary  in  two ways s im u lta n eo u sly s. see F ig u r e  r a o l . i i i  . The f u l l  v o lt a g e  o f  th e  p rim ary i s  p la c e d  upon th e  c e n tr e  ta p  by th e  low r e a c ta n c e  c a p a c it o r  ( d e s ig n a te d  v^^ ) b u t th e r e  i s  a ls o  a m utu al in d u c t iv e  e f f e c t  v/hich i n i t i a t e s  a c i r c u l a t i n g  c u r r e n t o f  o r th o g o n a l phase ( d e s ig n a t e d  i  ) ,  see  f ig u r e  D l. 1, i v  . Both th e  p rim ary and se co n d a ry  in d u c t o r s  a re  in f lu e n c e d  by th e  m utual in d u c ta n c e  b u t a re  r e -r e s o n a te d  by ad ju stm en t elem en ts so t h a t  th e y  a re  each  tu ned to  th e  c e n tr e  fr e q u e n c y . For th e  sake o f  s i m p l i c i t y  in  w r it in g  th e  m ath em atics i t  i s  ta k e n  th a t  th e y  a r e  b o th  th e  same v a lu e  L h en ry ( a c t u a l l y  M w i l l  in c r e a s e  p rim a ry  in d u c ta n c e  and red u ce  secon d ary in d u c ta n c e  ) and c o n s e q u e n tly  th e  c a p a c it o r s  o f  p rim ary and se co rd a ry  v d l l  be a ls o  e q u a l, say C fa r a d . In  th e  s e c t io n  to  f o l l o ’w a t h e o r e t i c a l  a t t a c k  v / ill  be made to  d e r iv e  a s e n s i t i v i t y  fo rm u la  and a coraraent on th e  l i k e l y  l i n e a r i t y .

78

F i n a l l y  a s  in  so much o f  modern e le c t r o n ic  e n g in e e r in g  th e r e  a re  two M  d em o d u lato rs which depend upon s w itc h in g  te c h n iq u e s  and w i l l  n o t be s tu d ie d  e x t e n s iv e ly  in  t h i s  re v ie w .
The P u ls e  C o u n ter D is c r im in a to r  i s  c o n s tr u c te d  so th a t  an a c t u a l  p u ls e  count p e r second i s  e stim a te d  by c o n v e rs io n  o f  each c a r r ie r  wave in t o  a u n i - d i r e c t i o n a l  p u ls e . The r e s u l t a n t  t r a i n  o f  eq u al energy p u ls e s  i s  fe d  v ia  a d io d e  in t o  a le a k in g  in t e g r a t o r  which re a ch e s  sn e q u ilib r iu m  v o lt a g e  r o u g h ly  p r o p o r t io n a l to  th e  number



?9o f  p u ls e s  p e r  seconde V /h ilst tlie  P u ls e  C o u n ter D is c r im in a to r  has a p p e a lin g  f e a t u r e s j  th e r e  a re  so many d is a d v a n ta g e s  th a t  i t  w i l l  be l i t t l e  u sed  in  :Puturee To enum erate;a) i t  must he o p e ra te d  a t  a mean fre q u e n cy  o n ly  ahout 1̂ - t im e s  th e  peak d e v ia t io n  fre q u e n c y  or th e  s e n s i t i v i t y  i s  p o o r,h) th e  l i n e a r i t y  i s  an e x p o n e n tia l fu n c t io n , c) due to  a) a d o u h le  su p e rh e t r e c e iv e r  i s  r e q u ir e d  
B O  t h a t  im age inter^T erence may h e  a v o id e d .

The P h ase Lock Loop may he u sed  as a h ig h ly  l i n e a r  PM d e m o d u lato r. I n  p r i n c i p l e  th e  in p u t fre q u e n c y  m odulated c a r r ie r  i s  u s e d  a s  one in p u t to  a p h ase  s e n s i t i v e  d e t e c t o r  com paring th e  p h ase  errcr r e l a t i v e  to  a c o n t r o lle d  o s c i l l a t o r  r e s p o n s iv e  to  th e  p h ase s e n s i t i v e  d e t e c t o r  o u tp u t v o lt a g e . Thus d u r in g  fr e q u e n c y  change hy th e  in i)U t c a r r i e r ,  th e r e  i s  a change o f  o u tp u t v o lt a g e  due to  th e  d e t e c t o r  f o r c in g  th e  o s c i l l a t o r  to  f o l lo w  th e  o r i g i n a l .  P h ase sh o u ld  n e v e r  s l i p  hu t w i l l  e l a s t i c a l l y  s t r a i n  h a ck  and f o r t h  w ith in  th e  p lu s  and m inus 90  ̂ a v a i l a b l e .  The developm ent o f  in t e g r a t e d  c i r c u i t s  h a s e n a b le d  such c o m p lic a te d  c i r c u i t s  to  he in c o r p o r a te d  i n  d o m e stic  e n te rta in m e n t equipment in  r e c e n t  y e a rs  ( 1974 ) .
T h ere  w i l l  he seen in t e g r a t e d  c i r c u i t s  d e s ig n a te d  "co m p lete  Fill d is c r im in a t o r "  in  c e r t a in  c a t a lo g u e s . These are a c t u a l l y  a c h a in  o f  l i m i t i n g  a m p lif ie r s  fo llo w e d  by a phase s e n s i t i v e  d e t e c t o r  o f  a s w itc h in g  ty p e . However th e y  I'eq u ire  an e x t e r n a l  tuned c i r c u i t  to  p rodu ce a s h i f t  o f  ph ase
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l i n e a r l y  p r o p o r t io n a l  to  fr e q u e n c y . They a re  sim p ly  in t e g r a t e d  c i r c u i t  P o st e r - S e e le y  d e v ic e s . T h e ir  c i r c u i t  b e h a v io u r fo llo v / s  P o st e r - S e e le y  th e o ry  and r e s t r i c t i o n s .

Dl. 2 P r e v io u s  T h e o r ie s .
The sta n d a rd  t e x t s  a re  s u r p r is in g ly  s c a n t in  th e  q u a n t ity  o f  u s e f u l  th e o ry  in  re g a rd  to  th e  e x p la n a tio n  o f  th e  F o u r ie r  sp ectram  o f  an PM wave and a ls o  i n  r e g a r d  to  th e  s e n s i t i v i t y  and l i n e a r i t y  o f  p r a c t i c a l  I'M d is c r im in a t o r s . I t  i s  hoped to  f i l l  th e  gap s in  suhsequent a n a ly s e s  helow .
D l © o C o n c lu s io n s  on P r e v io u s  Techniernes and T h e o r ie s
U n d o u b ted ly  th e r e  have been a number o f  v e ry  u s e f u l  PM d em odu lator c i r c u i t s  d e v is e d  and im plem ented w itli s u c c e s s . To some e x te n t  th e y  have been s t ic c e s s fu l  b e ca u se  th e y  have been e n g in e e r e d  v à th  gen erou s t o le r a n c e s  in  re g a rd  to  bandw idth emd c o s t .  The fielm : o f  PM h a s been b o th  th e  sphere o f  th e  h i g h - f i d e l i t y  e n th u s ia s t  and a ls o  o l  th e  p r o f e s s io n a l  com m unications e n g in e e r w ith  a c a p i t a l  P .Each groiip h a s  been a b le  to  ash f o r  ( and u s u a l ly  g e t  ) as  much ban d w id th  a s  he f e e l s  he n eed s. G e n e r a lly  th e r e  h a s te e n  l i t t l e  p r e s s u r e  to  d e s ig n  to  minimum bandw idth or d e sig n  to  ininiraura c o s t .  C o n se q u e n tly  c e r t a in  l a x i t y  in  th e o ry  o f  d is c r im in a t o r s  h a s become t o le r a t e d .
I f  a comment i s  to  be made co n c e rn in g  th e  s p e c t r a l
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a n a ly s is  i t  can o n ly  be sa ic l t h a t  th e  th e o ry  h a s  been sk e tch e d  i n  and v e ry  l i t t l e  m ore. li’ ev/ t e x t s  do more th an  put forw ard, th e  J a c o b i  s o lu t io n  to  th e  p u z z lin g  e q u a tio n  c o n ta in in g  th e  strsin ge term s cos(m  s in  t )  and sin (m  s in  t )  which a r i s e  q u it e  e a r ly  in  th e  m ath eraatics o f  A s o lu t io n  by s e r i e s  w hich a re  Goramonly known i s  g iv e n  here,;, see D 2 .1 .
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S e c tio n  D2 FM R e c e iv e r  Bandw idth and L in e a r i t y
D8. 1 S p e c t r a l  Components o f  an FM Wave and t h e i r  Consequence upon R e c e iv e r  Eandv/idth.
In  o r d e r  to  c a l c u l a t e  th e  bandw idth n e c e s s a r y  fo r  an FM r e c e iv e r  i t  h a s  been n e c e s s a r y  to  a n a ly s e  th e  F o u r ie r  Spectrum  o f  an FM wave.
C o n s id e r  a g e n e r a l s ig n a l  • v  s  S c « « ( f t w h i c h  i s  to  he fr e q u e n c y  m o d u lated  upon a g e n e r a l c a r r ie r  v/ave "V At a l l  t im e s  th e  in s ta n ta n e o u s  fre q u e n c y  o f  th e  c a r r ie r  i s  to  he a r e p r e s e n t a t io n  o f  th e  in s ta n ta n e o u s  m agnitude o f  th e  s i g n a l  v o l t a g e . The a m p litu d e  o f  th e  c a r r ie r  wave i s  to  rem ain u nch an ged  th ro u g h o u t.
Time o r i g i n s  f o r  each wave may he chosen so as to  a llo w  p h ase  term s 4  & ^ to  he eq u a l zero  and dropped o u t.
So a g e n e r a l FM wave i s  g iv e n  hy

A  C<i-a ^  p  0where k i s  th e  m o d u lato r s e n s i t i v i t y  in  ra d / s  p e r v o lt
The mean a n g u la r  fre q u e n cy  i s  0̂  ra d / s  The peak a n g u la r  fre q u e n cy  d e v ia t io n  i s  ra d / swhich i s  sy m b o lise d  .

a n g le I n t e g r a t i n g  th e  g e n e r a l v/ave to  o b ta in  in s ta n ta n e o u s



U/O
P r a d ia n s  from  th e  raean a n g le .which d e p a r ts  p lu s  and minuc

Now th e  a n g le  -~p' i s  im p o rta n t in  th e  th e o ry  heoause i t  i s  both th e  p eak  a n g le  o f  d e p a r tu r e  on th e  p h aso r d iagram , and a ls o  b ecau se i t  i s  th e  argument o f  th e  B e s s e l fu n c t io n s  vaiose m agn itu d es d e te rm in e  th e  comrjonent m a gn itu d e s.The term  i s  named th e  m o d u la tio n  in d e x  and d e s ig n a te d
S in c e  ^ and

FThen ~ PI t  i s  c o n v e n ie n t to  d is c o v e r  t h a t  th e  m o d u la tio n  in d e x  h as th e  same n u m e r ic a l v a lu e  w hether th e  d e v ia t io n  and s ig n a l  fr e q u e n c ie s  a r e  e x p re sse d  in  ra d / s  o r in  H e r tz . The d iv id e s  o u t .
So i ti Y-Iherc^JiiB d e v ia t io n  f r e q . peak in  He i s  s ig n a l  f r e q . in  Hz
So th e  g e n e r a l wave can now be w r itte n

S in c e  cod
Both in v o lv e  ’ co s  o f  s i n ’ o r ’ s in  o f  s i n ’
U sin g  k u l e r ’ s Form ula

Coo [ivK -i- j' ~  e



f-0 iBut 0 , e
8 3

TA<■9. p̂fce  -  e
rA. ffi e0 . K
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The e x p a n sio n s  in  sq u are b r a c k e ts  a re  th e  s e r ie s  f o r  th e  B e s s e l f u n c t io n s  o f  th e  f i r s t  k in d  <Ji%[ )̂ see ( 23 ) .
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So th e  p ro d u c t i  s ® -r  / % i f \ . r  'G ^'o i^y ^ c^C^/ -f- 0  €/̂  (W)“{ • •€. m2_{ -f-K-

-Ai'Siisi-
Or th e  jproduct i s ^  A )» £ </ K ('-'y

h- ~cl

But X  i^ )  - ™ 'Ti {.^ ĵ and
And #^  = C(Xipt-i~ and 2 /  91~ .‘ i> '
But Co» {- (5) ~
So - 1 ft  .

e ^  -  c^C-'P t _} + J  <̂ -x \~ p ^  ~ Ce'5 p t
C  *' "  Cd-  ̂ 2 pt — ^ /j'v«.2 p t ^£c

-e fc .

T h e r e fo r e  th e  p ro d u ct
- C i ^ p t ,  J .  6 ') -i-j 'W  f 5:.  ̂O i-lf .̂ 2pi:t\ - &>-5pb.J^(-4 ■

^  »7e "f-^ 2  2. Ja{''*^) Ca-aSpir -f-̂ * X.T's ■!• 2 v"<-<{̂ } csi-"^itt -t- •But th e  o r i g i n a l  p ro d u ct came fromCifO ^ tiA. p t)  •+ 4 ^ p tJSo e q u a tin g  Re and Im p a r te
'- JoC^J •«-2 4' C/b6h) ^f ̂  ' 3

So th e  prim e p h a so rs  m aking up th e  f u l l  r e s u lt a n t  a re
'U”  ~ / ^  -e 2 - i - 2  ^ / } ( > ^ )  c ^ i ^ ^ j t '  f  —  J-— >̂Vi/\, t  ^2 p V -S" 2 0 J«3>v>«. 'iptr 4 2 '4̂ ’» -<••-•



b'hich iiiay be sk ctcheaS a t th e  t i me \'jh  en th  e r e s u lt a n t  h a smaximum p h ase  d.i  Bp la-oement i „  e. v/h en th e  c a r r i  e r f r e  qu en c yi s e q u a l to  th e m e an f r e qu ericy. Th i  s o c c u r s v/hen c o sp ti s zero i, or p-t i s (̂f/z e tc
A t t h i s tim e co s s in pt ;:=:1cos;2 f t n; “  1 5 s in 3pt - 1co s4 p t« — i ■* s in ™ 4"X e t c .

e pi 0 —e life 1 . i
These prim e p h a so rs  o f  a lte r n a tir .'.g  le r ig th  but u n ch a n g in g  a n g le  r e l a t i v e  to  th e  c a r r i e r  p h a so rj may be tra n s fo rm e d  in t o  p a ir s  o f  s id e  fre q u e n c y  p h a so rs  o f  u n ch a n g in g  le n g t h  b u t c o n tr a r y  r o t a t i o n a l  a n g le  r e l a t i v e  to  th e  r e fe r e n c e  c a r r i e r  p h aso r by u se  o f  th e  r e la t i o n s h i p

A  (a  t B )  Hr c & o ( h ~ %

So 'XT t7) p C  -S- 2.— 2. ^ '̂ pt 2 Jil A>) wfc ciil ----- J
¡\  Ci?5 u t -  X  C'“/|Ci>5(W -'f)t -t- H 'i2p)t”  ITs .5. (tJ ■* 3p/tJ -f - —  .

Becomes
'\r

'^/hich i s  a c a r r i e r  fre q u e n c y  component and a fa m ily  o fp a ir s  o f  s id e  fr e q u e n c ie s ^  F o r tu n a te ly  in  any p r a c t i c a l  systemw ith  6Jq r e s t r i c t e d ,  tn i s  la r g e  o n ly  v;hen P i s  s m a ll .The v a lu e s  o f  th e  B e s s e l s e r i e s  may be o b ta in e d  from  p u b lis h e d  t a b l e s ,  and a r e  fou n d  to  c o n s t i t u t e  s e t s  o f  terras which e i t h e r  decay r a p id ly  f o r  s m a ll m or rem ain s i g n i f i c a n t  out to  th e  d e v ia t io n  fre q u e n c y  and s u b s e q u e n tly  aecay w ith in  a n o th e r  15% to  20% o f  t h a t  fr e q u e n c y .
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For exampl-Sj in  th e  u n l ik e l y  even t o f  a lo u d  sound o f  a 6 kHz to n e  o c c u r in g  in  l\ programme a peak d e v ia t io n  o f  60 kHz v/ould be a llo v / a b le  on th e  B r i t i s h  sta n d a rd  system  f o r  ITHF TV Sound ,

~ --- ^  106kThen th e  m o d u la tio n  in d e x
From T a b le s  o f  B e s s e l  fu n c t io n s  i t  i s  seen t h a t  th e  s id e b a n d  term s become l e s s  th a n  o f  th e  v o lt a g e  o f  th e  o r i g i n a l  c a r r i e r  ( l e s s  th an  1% o f  th e  power ) by th e  t h ir t e e n t h  o r d e r . C o n se q u e n tly  98% o f  th e  en ergy v ; i l l  a lw a y s be fou n d  vathin t v a c e  15 t im e s  th e  s ig n a l  fr e q u e n c y  band around th e  mean fr e q u e n c y i i ,  e. w ith in  a band o f  156 kHz,
Hence th e  w hole r e c e iv in g  system  sh ould  be d e s ig n e d  t o  h a v e  a p a s s  band o f  a t  l e a s t  156 kHz o E lem en tary  l o g i c  r a s h ly  a p p lie d  would have r e s u lt e d  in  a ban d w id th  o f  120 kHz ad ju d ge d  s u f f i c i e n t .

A v/orking r u le  w hich h a s been d i s t i l l e d  from  th e  a n a ly s e s  s im i la r  to  t h a t  g iv e n  above i s  to  assujne t h a t  an PM r e c e iv e r  system  sh o u ld  be g iv e n  a bandw idth o f  2c 8 t im e s  th e  peak d e v ia t io n  fr e q u e n c y , g iv in g  h e re  a f i g u r e  o f  168 kHz .
In  c o n c lu s io n  H efer-ence ( le) a ls o  g iv e s  a g r a p h ic a l  method o f  e v a lu a t in g  th e  B e s s e l f u n c t io n s , but i t s  i n c l u s i o n  h e re  would, be an u n n e c e s s a ry  d iv e r s io n  from  th e  o b j e c t i v e .



87

DR, 2 J?'os t  e r - S e e le y  Di scrinrinatorvS
D2, 2, 3. The o a i s i t i v i t y  o f  th e  „''oBter—S e e le yf o r  t lie  p r e c e n ta t j .o n  o f  an ap-proach to  a s im p le  fo rm u la  f o r  th e  s e n s i t i v i t y  o f  th e  F o s t e r - S e e le y  D is c r im in a t o r , th e  d iagran i and d e s ig n a t io n s  o f  F ig a r e s  D l, 1 , i i i  and D l . 1, i v  w il  he u se d .

I t  i s  assumed t h a t  b o th  p rim ary  and seco n d ary  a re  r e s o n a te d  a t  th e  c e n tr e  fre q u e n c y  in c lu d in g  th e  e f f e c t  o f  t h e i r  m utu al in d u c ta n c e . I t  v / ill  f u r t h e r  he assumed t h a t  each c i r c u i t  h a s  th e  same L and 0 v a lu e s . I t  i s  assum ed t h a t  th e  p rim a ry  h a s s u f f i c i e n t  handw idth to  p a s s  a l l  s i g n i f i c a n t  e n e rg y . The seco n d a ry  lo s s e s  are  t o t a l l e d  and shcft-n £S tv/o s m a ll e q u a l v a lu e d  s e r i e s  r e s i s t o r s  r/2 on o p p o s ite  h a lv e s  o f  th e  secondary« The d io d e s  peak r e c t i f y  so a l l  v o lt a g e s  may be c o n s id e r e d  ’ pea]i k '
D iode 1 V o lt a g e i s ap p ro xim at e ly
D iode 2 v o lt a g e  ̂0 ap p ro xiin at e ly

But
And a ls o  (In d u ce d  v o lt a g e  due t o M ) 

s o i j .jX p i=  ¿ - ( p V  
so i  =,

But
/ X u  -

/ /̂ from  c o n s id e r a t io n s  o f  p rim ary
r * -
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So I •J X mX £. '-T” (Xu"/Xc
But H a  it  i Where Si i s  c o u p lin g  f a c t o r

L .
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But 'XT -  'i ( - j X c )
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So ' i r S . L~fJ—  ̂V  i--»/
er 0 -  ^ )  =  X

A g .So i l*T:̂ >̂TO*».ariKiTCi3**iC3Ll.aS<S33 "  1 . ( 1

D io d e 1 i s  given.  ̂ ^ k ( - p Z  { .

D io d e 2 i s  given. 0/ w. r  I (-P
Oy, (f

As shown in  P ig ’une D 2 .2 * i
At th e  meen fr e q u e n c y  C:i ~ Ĉ o so ^  = zeroand each d io d e  h as th e  saiiie r e s u lt a n t  v o jt a g e  a p p lie d «  as in  th e  Pig-ure D 2 .2 .1 .i  . I f  th e  in p u t fre q iie n c y  chan gesa sm al], amount S o  from  th e  mean and t h e r e fo r e  hecomes 

O q Sco , th e  p r i n c i p a l  e f f e c t  i s  th e  change o f  s ig n  o f  ^  \vith co2iseq.uent change o f  p h ase  o f  th e  '\T  term .Th ere i s  a n e g l i g i h l e  e f f e c t  on th e  m agnitude o f CO©So th e  P h a se r diagram  hecoines cOs shov/n in  Pigaire D 2 .2 .1 .i
Now X  
And 0 ¿P oai^ctan

6>o
CiJa i £>(fj

“1So in  th e  r e g io n  o f  S in all 6  where t a n 0  ~  6
A Q
V  ^  Ldo
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From F ig u r e  D 2 „2 ^ j.i i t  ie  c l e a r  th n t th e  re  c u l t  ant v o lt a g e s  a p p lie d  to  th e  d io d e s  chanee hp p lu s  and raimuSo th e  e f f e c t  on th e  r e c t i f i e d  and su 'b seo u en tlyd .i f fe r e n c e d  o u tp u t v o lt a g e  i s
S V e  =  7 -

'Ì

tv, d l  P  •
C\JT h e r e fo r e  ____? :r
i u

a. v o lt / r a d / s
^ S*Vo 2 À Q V o lt/ H z

Thus i t  i s  seen  t h a t  th e  s e n s i t i v i t y  o f  tlie  F o s t e r - S e e le y  D is c r im in a t o r  i s : -a) p r o p o r t io n a l  to  c o u p lin g  f a c t o r  h) i n v e r s e ly  p r o p o r t io n a l  to  mean fr e a u s n c y  c) p r o p o r t io n a l  to  se co n d a ry  c i r c u i t  sq u a re d .
From p r a c t i c a l  c o n s id e r a t io n s  h a se d  on th e  e s t a b l is h e d  norm al c e n tr e  in te r m e d ia te  fr e q u e n c ie s  o f  10 Llliz ( or 
6 HHz ) f o r  Flu w ith  peak d e v ia t io n  o f  75 ^-hz ( or 60 kHz ) th e  se co n d a ry  v a lu e s  come out to  he ahoiit 30  .
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1)2, 9c 2 The L in e a r i t y  oT th e  T o s t e r - 8e e le yI n  c o n s id e r in g  tlie  p o s s iL le  l in e a r it y ''  o f  th e  Post. e r-S e e li ey D is c r im in a t o r , th e  most s i g n i f i c a n t  ap proxiifiat io n s  a r e ; -a) th e  geom etry o f  th e  n h aso r diagram  p ig  D2 „ 2 , 2 . i  h) th e  e q u a tin g  o f  ta n  0  and 0  .
P i r s t l 3̂  Geom etryIn  th e  a p p r o x im a tio ii , t lie  a rc  le n g th s

z
WGj? 3ta h e n  as c o r r e c t .  Prom th e  new F ig u r e  i t  i s  seen t h a t  th e  d io d e  r e s u lt a n t  v o lt a g e s  a re  p r e c is e l y  D io d e 1

D io d e 2
w hich when s u b tr a c te d  a re  e x a c t ly  a n a lo go u s to  th e  B a la n c e d  D em odulator ( f o r  M  ) g iv e n  in  B2, 2 ,1  :page 60 Thus even o r d e r  d i s t o r t i o n  w i l l  c a n c e l ( th e  c h i e f  id e a  o f  th e  F o s t e r - S e e le y  ) and th u s  th e  t h ir d  ord er w i l l  he th e  m ain d i s t o r t i o n  l e f t .  As in  th e  e a r l i e r  a n a ly s is  t h ir d  o rd e r term s are  n a t u r a l l y  s m a ll in  t r i a n g l e s  w ith  th e  p h aso r le s .s  th an  l / 2  ■Vluand wdth 0  B e in g  l e s s  th a n  L 5 '̂  n o r m a lly ,

S e c o n d ly ; -  Tan 9 and B »The a c t u a l  s e r i e s  e x p a n sio n  f o r  sm all a n g le
0^ 2ta n  0  i s  ^  j  ~  -f------

Mov.r i f  th e  a p p ro x im a tio n  o f  th e  u se  o f  th e  f i r s t  term  i s  em ployed, th e  e r r o r  i s  L , 6^ ĥ /
2 0 ° and Su l̂ o hy 3 0 ° ,



9 2
I f  a oys
10  I,JHz i( s in c e
For 2 0 °and X
So (boOr c

ic e .

'' 0 J

0.'S»4
0*006 

w 0 , 0  06 0J«i

’o;ri Q . ; ^

Or z^z. O *00 to -̂ o
w hich f o r  10  LIHz g iv e s  SI- zfz 60 knz a v a lu e  l e s s  th a n  th e  peak d e v ia t io n  u sed  f o r  th e  B r i t i s h  VHF PM S e i^ v ice . So th e  in fe r e n c e  frora such an e s t im a te  m ust he t h a t  f o r  l i n e a r i t y  a d is c r im in a t o r  s h o u ld  n o t be e x p e cte d  to  p ro d u ce to o  nruch seKsltiVct .̂D2, 2. 5 Two V a r ia n t s  o f  th e  P o s t e r - S e e le yI n  o rd e r  to  c o n c lu d e  on th e  P o s te r ~ S e e le y , i t  may be o f  im p o rta n ce  to  r e c o r d  a u s e f u l  v e r s io n  which can be c a l l e d  th e  M o d ifie d  j ib s t e r -S e e le y  P is c r im j.n a to r  d is c lo s e d  in  R e f (lo ), Now i t  w i l l  be c l e a r  t h a t  in  c e r t a in  p r o d u c tio n  s i t u a t i o n s  th e  n orm al P o s t e r - S e e le y  c i r c u i t  i s  s l i g h t l y  awkward to  re p ro d u ce  b e ca u se  m u tu al c o u p lin g  i s  r e q u ir e d  betw een th e  p rim a ry  and seco n d a ry  in d u c t o r s . M utu al c o u p lin g  d oes n o t su p p ly  energy t r a n s f e r ,  i t  i s  m erely  to  en su re 90'’ p h ase r e l a t i o n s h i p  betv;een seco n d a ry  and p rim ary  v o lt a g e s  a t
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th e  mean T req u en cy , Doughar-ty su g g e s te d  th e  ph ase of* th e  se co n d a ry  v o lt a g e  c o u ld  he s e t  to  90" i f  some c u r r e n t  from  th e  p le n it u d e  c i r c u l a t i n g  t h e r e  i s  hl.ed away to  e a r th  th ro u gh  a h ig h  reactance®  I f  th e  r e a c t a n c e  i s  an in d u c ta n c e  i t  p r o v id e s  a d . c® r e tu r n  p a th  f o r  th e  d io d e  r e c t i f i e d  c u r r e n t  and r e p la c e s  th e  r a d io  fre q u e n c y  choke o f  th e  o r i g i n a l  fo s te r -S e e le y ®  The c i r c u i t  o f  th e  M o d ifie d  F o s t e r - S e e le y  D is c r im in a t o r  i s  shovm in  F ig u r e  D2, 2 .3 .1  .A t y p i c a l  p h a se  s h i f t i n g  in d u c t o r  can he 10 tim e s  th e  iu agn itu d e  o f  th e  tu n in g  com ponent. A l l  th r e e  c o i l s  may he w ith in  t h e i r  ovm in d iv id u a l  s c r e e n in g  c a n , and th u s  p r o d u c tio n  l i n e  v a r i a b i l i t y  i s  d im in is h e d .
V ery o f t e n  tv;o o th e r  v a r ia n t s  o f  th e  F o s t e r - S e e le y  D is c r im in a t o r  h ave been s u p p lie d  in  d o m e stic  Kvi r e c e i v e r s .One h a s  th e  c i r c u i t  form  shovvii in  iidgure D2. 2 .3.i-i .H e re  th e  m utu al c o u p lin g  and p h ase s h i f t  i s  p r o v id e d  by a few turrvs o f  th e  se co n d a ry  b e in g  t i g h t l j ’’ co u p le d  to  th e  p rim a ry .P e rh a p s i t  may be nained th e  Low In d u c ta n c e  C ou p led  F o s t e r - S e e le y  D is c r im in a t o r . I t  i s  p resum ab ly more r e p r o d u c ib le  th an  th e  e lem en tary  form , though th e r e  i s  s t i l l  a d is a d v a ta g e o u s  th r e e  w ire  c o n n e c tio n  betw een p rim ary and secon d ary ( compared w ith  th e  l a s t  m en tion ed m o d if ic a t io n  ) and th e  r .  f . choke i s  s t i l l  n eed ed .
V a r ia n t  number tv/o i s  th e  R a t io  D e t e c t o r , w hich i s  a F o s t e r - S e e le y  h a v in g  o p p o s it e ly  co n n e cte d  d io d e s  and a la r g e  tim e  c o n s ta n t  sm oothing c i r c u i t  across one d io d e - lo a d .The d iag ram  o f  F igeire  D2. 2 ,3 .Iil g iv e s  a s im p l i f ie d  c i r c u i t
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o f  th e  se co n d a ry  sid e» The o p e r a t io n a l  b e h a v io u r i s  o f  th esame k in d  as th e  o th e r  f o s t e r - S e e le y  d is c r im in a t o r s ;  a t  meanfre q u e n c y  th e  d io d e s  peak r e c t i f y  eq u a l r e s u lt a n t  v o lt a g e s .Equal c u r r e n t s  flov/ in  o p p o s ite  d i r e c t i o n s  tow ardsand t h e r e f o r e  c a n c e l  out and flo w  e lse w h e re . The r e s i s t o r  Rh as th e  same oliiuic v a lu e  b u t i s  fo r c e d  to  c a r r y  b o th  c u r r e n t s .In  co n seq u en ce  i t  h a s  a d. c . v o lt a g e  o f  tw ic e  th e  e x p e cte dpeak v a lu e  a c r o s s  i t s e l f .  I t  i s  sh u n ted  by a la r g ec a p a c it o r  C w hich 
2a) m a in ta in s  th e  d o u b le  d. c . v o lt a g e  a c r o s s  R ¿̂'ju n ch a n g in g  d u rin g  a u d io  fre q u e n c y  e v e n ts

b) p a s s e s  a u d io  c u r r e n ts  e a s i l y  fr o n  d io d e  2 to  a n n ear .in  Rn
As th e  c a r r i e r  sw ings above or below  th e  mean fr e q u e n c y , th e  o u tp u t a u d io  c u r r e n ts  flo¥>r in  o p p o site  d i r e c t i o n s  tov/ards R̂  ̂ so th e r e  i s  a l t e r n a t e l y  n e t c u r r e n t one way and th e n  th e  o th e r  way th ro u gh  i t .  Thus an au d io  v o lt a g e  i s  a v a i l a b l e  a t  th e  te r m in a l shovai.

T h ere h a s  been a m is c o n c e p tio n  c o n c e r n in g  th e  a b i l i t y  o f  t h i s  ty p e  o f  d is c r im in a t o r  to  m it ig a t e  a m p litu d e  m o d u lated  n o is e  . I t  h a s o ft e n  been s a id  th a t  as th e  v o lt a g e  a c r o s s  Ro may v a ry  i t  w i l l  e lim in a t e  n o is e . U n f o r t u n a t e ly  t h i s  i s  n o t t r u e  b e ca u se  th e  n o is e  m o d u la tio n  w hich i s  a n u is a n c e  i s  au d io  spectrum  n o is e . The v o lt a g e  a c r o s s  Rg i s  s p e c i f i c a l l y  p re v e n te d  from  v a r y in g  v/ith t h i s  k in d  o f  r a p i d i t y ,  and t h e r e fo r e  th e  v a r i a t i o n s  due to  n o is e  v / ill  ap p ear a c r o s s  R̂ _ j u s t  a s  i f  th e y  were d e s ir a b le  s i g n a l s .



p e rh ap s th e  mi scone fp t  io n  lia s  p e r s is t e d  "because such, d is c r im in a t o r s  alw ays fo l lo w  a l i m i t e r  o f  th e  c o n v e n tio n a l form  and i t  i s  t h i s  l i m i t e r  v/hich p r o v id e s  th e  n o is e  r e d u c t io n  a t t r i b u t e d  to  th e  h a r ic  .'D etecto r. The o n ly  a d v a n ta g e  o f  th e  'R atio  D e te c to r  ( o r R a t io  D is c r im in a to r  as i t  would b e t t e r  h ave been c a l l e d  ) j s i t s  a b i l i t y  to  p e rfo rm  th e  o u tiiu t s u b tr a c tio iio  In  th e  days o f  v a lv e  r e c e iv e r s  t h i s  p r o b a b ly  meant t h a t  a v a lv e  co u ld  be d is p e n s e d  vá.th» In  th e  d ay s o.l? se m ico n d u cto rs  and I/G  e l e c t r o n i c s  such a p ro ce d u re  i s  urm ecessaryo One fu r t h e r  a c t i v e  component i s  n e i t h e r  h e r e  n or t h e r e .

D3 Pl'i E/cporiniental Eouipnient ph oto grap hpage D3. Ih 1In  o rd e r to  make m easurem ents to  chec'k th e  a n a ly s e s  g iv e n  ab o ve, an FIvI d e m o n stra tio n  u n it  was d esig .n ed  and a p a ir  c o n s tr u c te d  f o r  s tu d e n t e x p e r im e n ta tio n ,A lov? mean fr e q u e n c y  e n ab led  sim p le  o s c i l lo s c o p e s  to  be em ployed f o r  o b s e r v a t io n  and s i m p l i f i e d  th e  a c q u is i t i o n  o f  f i l t e r  com ponents. The c i r c u i t  co m p rise s  an a s t a b le  o s c i l l a t o r  vrith band p a s s  f i l t e r  which i s  c o n n e c ta b le  to  a l i m i t e r  and M o d ifie d  P o s t e r - S e e le y  D is c r im in a t o r . There i s  a l.so  p r o v id e d  a cru d e spectrum  a n a ly s e r  by ?/hich th e  PiDurier sp ectru m  may be v e r i f i e d .  T h is  h a s a s im p le  d io d e  m ixer c i r c u i t  and low p a s s  f i l t e r .  I f  a s ig n a l  g e n e r a to r  i s  sewpt s lo w ly  th ro u gh  th e  e x p e cte d  band o f  a fre q u e n c y  m o d u lated  c a r r i e r ,  a low  fre q u e n c y  s ig n a l  w i l l  ap pear a t  every s id e  fr e q u e n c y . The low p a ss f i l t e r  h as a c u t o f f
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F req u en cy  o f  300IIz nri'i co.iiponeiiL.:--. in  the s p e c t r a  se p a ra te d , hy as l i t t l e  as 1 W l?, can he ob served b y  u se  o f  a s e n .s i t iv e  m il]  iv o lt m e t e r  ( aoC,  ) co n n e cte d  at th e  o u tp u t term iiiR lo  See F ig u r e s  u 3, i  and 9 5, i i

The A s t a b le  Precpaency lio clu lated  O s c i l l a t o r  d e s ig n  h as a lr e a d y  been d e s c r ib e d  in  r)aragraph 0 2 ,2 .1
¡,1 o d i f  i  e d ?o  B t e r  “  3 e e 1 ey Di s c r  .1 rn i  n a t  o r

A s t r a ig h t fo r w a r d  i t o d i f ie d  F o s t e r - S e e le y  c i r c u i t  was f i t t e d  f o l lo w in g  a lo n g  t a i l  p a ir  l i m i t e r  s t a g e . As th e  phas'^ s h i f t i n g  in d u c t o r  has a r e a c t a n c e  10  t iiiie s  tlie  seco n d a ry  tu n in g  in d u c to r  , th e  e f f e c t i v e  c o u p lin g  f a c t o r  h o f  th e  d e s ig n  i s  0 ,1  . A r e a s o n a b le  se co n d a ry  Q f o r  d e v ia t io n  o f  16 kliz  i s  c a lc u la t e d  from  Q = fo/f'cL
So Q = 28Load r e s i s t o r s  f o r  th e  d io d e s  chosen as 59 kP From p a ra g ra p h  i t  i s  knov/n th a t  th e  lo a d in gco n d u cta n ce  o f  each d io d e  i s  tw ic e  th e  lo a d in g  o f  i t s  o\wn lo a d  r e s i s t o r .But th e r e  a rc  two d io d e s  e f f e c t i v e l y  in  p a r a l l e l  So th e  t o t a l  lo a d in g  co n d u cta n ce  i s  Lx l/ 3 9 k= 1 0 2 L ^ S

But from  Q coCR
K -  28/^*^

= i . Q A  J iS l

w ith  Q = -28G = 13L 4- 12 1L6 pF
3  ~ i x
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oo co n d u cta n ce n |a S
So e x tr a  co n d u cta n ce  o f  luust "bep r o v id e d  D.y a p h y s i c a l  r e s i s t o r  o f  22 kh w ired a c r o s s  th e  se c o n d a ry .

S e n s i t i v i t y  o f  th e  D is c r iiu in a t o r
i.Ieasursd i n p u t  v o l t a g e  Vj_ ,̂ i s  1 ,6 6  V p’
So froiri 
C a lc u la t  e 46c»l. 6>C> V2 'A 2 € X 2SH

T y /- ▼7/ ilZ
':,r/T.4 feo .10

0 .0 5 6  v/lcllz'’ fThe d is c r i .i i in a t o r  re sp o n se  i s  p l o t t e d  on F ig u r e  D2, i i i  Frou'i th e  gra  .¡h i t  i s  seen th a t  trie s lo p e  i s
k . l 6  V in  30  k?l2 1 . e. 0 .1 3 6  v A n o

D iv id in g  out th e  nisasured g a in  o f  th e  a m p l i f ie r  ( x 2. 55 ) g iv e s  a f i n a l  v a lu e
0 . 0 5h V/kKsw hich i s  in  good agreoinent w ith  th e  d e s ig n  v a lu e  o o ta in e d  from  th e  th e o r y  {ji'e se n te d  e a r l i e r .
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? i n a l l v  in  o rd e r to  show th e  l i n e a r i t y  o f  th e  w hole s 3wste;n o f  rnodulator— f i  1 1 e r - d is c r i ; f l in a t o r  sonie a c t iv e  t e n t s  are  ohovm in  th e  v/aveform phoiro£';raphn 81 and 82 p age D.3. E , 2 .
The p h o to grap h  ho, 81 shows a. n in u s o ir la l wave o f  

k- IcHs b e fo r e  and a f t e r  p a s s a g e  throu.gh th e  equiprnenc.The rnagnitnde o f  s i g n a l  l e v e l  i s  a p p ro x im a te ly  h V ph to  ph a t th e  o u tp u t , w ith  th e  in iju t waave s u i t a b l y  a m p l i f i e d  to  g iv e  th e  sa;iie s iz e d  d is p la j/  m a g n ita d e . I t  raa?/ be n o ted  th a t  th e  o u tp u t wave i s  d is t in g u is h a b le  o n ly  by tlie 1 /6  th  wave d e la y  ( ca u se d  by th e  f i l t e r  c i r c u i t s  ) and a E jlig h t t h lc h e n li ig  o f  th e  t r a c e  due to  n o is e .
The r)hotograph Ho 82 i s  a 1 knz t r i a n g u l a r  waví The in p u t lie re  b e in g  p la c e d  above th e  o u tp u t t r a c e . D e la y  i s  p r o p o r t io n a l ly  l e s s .  The \pave ap p ears to  be a f a i t h f u l  r e p r o d u c tio n  o f  th e  in p u t s i g n a l .
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P a r t E P in a l  C o n c lu s io n to

L in e a r i t y  o f  Some M o d u la tio n  C i r c u i t s
The o b je c t iv e  s e t  dov/n a t  th e  b e g in n in g  h a s been k e p t i n  mind a t  a l l  s t a g e s  o f  t h i s  work, though a m u lt i ­d i r e c t i o n a l  ap proach h a s  been ta k e n . The c o n s id e r a t io n s  have in c lu d e d  A rap litu d e and Prequency M o d u la tio n  and t h e i r  c o n v e rs e  D em od u lation  p r o c e s s e s .
W h ils t  th e  d i r e c t i o n  may have ap peared c o n fu s e d , n o n e t h e le s s  i t  h a s  been h e ld  to  a p a t t e r n . The p a t t e r n  h a s c o n s t i t u t e d  th e  i n v e s t i g a t i o n  o f  th e  p r e s e n t  day im p le m e n ta tio n  o f  each p r o c e s s  and th e  e x a m in a tio n  t h e r e o f  to  see i f  th e r e  h a s been a c h ie v e d  th e  h ig h e s t  p o s s ib le  d eg ree  o f  l i n e a r  rex->roduction o f  th e  i n i t i a l  s i g n a l .  In  each o f  th e  fo u r  c i r c u i t  f u n c t io n s  review ed  some p o in t s  have been found in  w hich p r e s e n t  p r a c t i c e  c o u ld  be im proved.
In  P a r t  A ( c o n c e rn in g  iu n p litu d e  M o d u la tio n  ) th e  c o n s id e r a t io n  o f  p r e s e n t m ethods o f  m o d u la tio n  ( a n d  m ix in g  ) r e v e a le d  t h a t  in  most c a s e s  th e  d e s ig n  o f  such c i r c u i t s  h a s been b a sed  l a r g e l y  on e m p ir ic a l  m ethods. S e n s i t i v i t y  h a s  been g u e sse d  a t .  D is t o r t io n  h a s  been m in im ise d  by "recommended p r o c e d u r e s "  adopted i n i t i a l l y  as e x p e d ie n ts  & th en  handed do?m y/ithout r e -e x a m in a tio n .
S t a r t in g  from  f i r s t  p r i n c i p l e s ,  a th o ro u gh  a p p r a is a l  o f  th e  m o d u la tio n  p r o c e s s  h as been perfo rm ed
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and th e  udsiuatched m o d u la to r i s  d e v e lo p e d  and p u t forw ard  as th e  b e s t  ansv/er to  th e  d i f f i c u l t i e s  o fa) m o d u la to r g a inh) m o d u la to r l i n e a r i t yc) m o d u la to r so u rce  i n t e r a c t i o nd) m o d u la to r 1 . f .  p h ase  re sp o n see) r e t e n t io n  o f  m o d u la to r b a la n c e
I t  h a s  been p roved  t h a t  a m o d u la to r must be d r iv e n  v d th  sq u a re  wave c a r r i e r  i f  i t  i s  to  be l i n e a r  f o r  deep m o d u la tio n .
In  th e  realm  o f  a m p l i f ie r  d e s ig n , n e g a t iv e  fe e d b a ck  h a s  u s u a l ly  been r e l i e d  on to  e n a b le  n o n - l i n e a r i t y  to  be re d u ce d , î ôr com m u n ication s e n g in e e r s  th e  u se  o f  fe e d b a ck  h a s  been to o  r is k y  s in c e  th e  u n c e r t a in t y  c o n c e rn in g  g a in  and p h ase  h a s  p r e c lu d e d  a tte m p ts  to  e n c lo s e  a m p litu d e  m o d u la to rs  w ith in  fe e d b a ck  lo o p s . p e rh ap s th e  new c i r c u i t s  s u g g e s te d  v d l l  allov/ d e s ig n e r s  to  co n te m p la te  n e g a t iv e  fe e d b a c k  in  th e  fu t u r e .
I n  P a r t  B ( c o n c e rn in g  A m p litu d e  D em odu lation  )

»Vi t  h a s  been e x p la in e d  t h a t  th e  p r in c ip a l d i s t o r t i o n  o f  th e  peak r e c t i f i e r  ty p e  o f  m o d u lato r h a s  n e v e r been c u re d .The d ia g o n a l c l ip p in g  h a s  alw ays been h id d en  by th e  a p p l i c a t i o n  o f  " s a fe t y  f a c t o r "  e n g in e e r in g . S in c e  th e
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t r o u b le  o c c u r s  w ith  deep m c c u la t io n , f o r  t h i s  (and o th e r)  r e a s o n s  deep m o d u la tio n  h a s  a lw ays been avo id ed  in  b r o a d c a s t in g . S in c e  th e r e  i s  treinendous i n t e r n a t io n a l  demand f o r  a l l o c a t i o n s  o f  fre q u e n cy  on th e  /dvi b r o a d c a s t  r a d io  b a n d s, i t  h a s  n e v e r  been p o s s ib le  to  tr a n s m it  fr e q u e n c ie s  h ig h e r  th an  8 kHz , and t h e r e fo r e  th e  a g g r a v a t io n  o f  th e  d ia g o n a l c l i p p in g  problem  h a s  in  p r a c t i c e  been p r e v e n te d .
A n a ly s e s  a re  a ls o  p erform ed to  i n v e s t i g a t e  th e  l i n e a r i t y  p o s s ib le  in  th e  co h e re n t d e t e c t io n  o f  s i n g l e  sid eb a n d  a m p litu d e  m o d u la tio n  w ith su p p ressed  c a r r i e r .H ere a g a in  c o m m e rc ia lly  th e r e  h a s been l i t t l e  e f f o r t  d ir e c t e d  tow ards g e t t i n g  good q u a l i t y ,  s in c e  th e  m icro p h on es and o p e r a t in g  c ir c u m s ta n c e s  have fcrined a c o n v e n ie n t excu se to  a c c e p t  th e  p r e s e n t d i s t o r t i o n  v a lu e s . I t  i s  p o s s ib le  to  co n ten d  w ith  some j u s t i f i c a t i o n  t h a t  o p e r a to r  f a t i g u e  c o u ld  be red u ced  i f  "co m m u n ication s q u a l i t y "  were im proved.
C o n vin ced  t h a t  th e  cu re  f o r  th e  p roblem s o f  m o d u la tio n  would p ro b a b ly  be a ls o  a cu re  f o r  th e  problem s o f  d e m o d u la tio n  ( fo r  th e r e  i s  much th e o ry  to  p ro v e  th a t  d e m o d u la tio n  i s  a p a r t i c u l a r  k in d  o f  m o d u la tio n  ) ,  th e  m ism atched m o d u la to r h a s  been in v e s t ig a t e d  in  th e  r o le  o f  d em o d u lato r. I t  h a s been found to  be v e ry  u s e f u l  p a r t i c u l a r l y  b e ca u se  th e  m ism atched dem iodulator e lim in a t e s  d ia g o n a l c l i p p i n g .

The m ism atched m o d u lato r and dem od u lato r and v a r i a t i o n s  have been a c c e p te d  as h a v in g  some n o v e lt y  as i s
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shovm by th e  a c c e p ta n c e  by th e  exam in ers o f  th e P a te n t  O f f i c e  and th e  r e f e r e e s  o f  th e  I n t e r n a t io n a l  C o n fe re n c e  "Conuiiuni c a t  io n s  74" to  be h e ld  in  Ju n e  1974- ( see A d d it io n a l  E v id e n ce  ) .
I n  p a r t  0 a s m a ll amount o f  new work i s  g iv e n  c o n c e r n in g  th e  l i n e a r i t y  o f  e le m e n ta ry  fre q u e n c y  m od u lated  o s c i l l a t o r s .  O f  c o u rse  th e  p r o f e s s io n a l  b r o a d c a s t in g  e n g in e e r in g  e f f o r t  h a s  been d ir e c t e d  tow ards th e  a tta in r a e n t o f  good l i n e a r i t y  in  fre q u e n c y  m o d u la tio n  f o r  many y e a r s . Thus th e r e  a re  few  a r e a s  o f  c r i t i c i s m  re m a in in g  f o r  r e s e a r c h  o f  th e  ty p e  p u rsu ed  in  t h i s  p r o j e c t .  The ite m s g iv e n  w i l l  be found o f  i n t e r e s t  f o r  s m a ll s c a le  system s in  w hich econom ic c o n s id e r a t io n s  demand c i r c u i t  s i m p l i c i t y  t o g e t h e r  w ith  good p e rfo rm a n ce .
In  p a r t  D ( c o n c e r n in g  Frequ ency D em od u lation  ) th e r e  i s  a reviev/ o f  th e  p r i n c i p l e s  o f  fre q u e n c y  d is c r im in a t o r s  fo l lo w in g  an a p p ro x im a te ly  h i s t o r i c a l  se q u e n ce , i t  w hich i t  i s  shown t h a t  th e  F o s t e r - S e e le y  ty p e  i s  l i k e l y  to  rem ain th e  a r c h e ty p e  o f  fu t u r e  open lo o p  fo rm s. I t  i s  a n a ly s e d  in  d e t a i l  so t h a t  a s e n s i t i v i t y  fo rm u la  i s  o b ta in e d  and so th a t  th e l i n e a r i t y  may be e v a lu a te d .
A new ap proach to  th e  th e o r y  o f  th e  spectrum  o f  a fre q u e n c y  m od u lated  y/ave i s  g iv e n . The m a th e m a tica l d e r iv a t io n  can be fo llo w e d  s te p  by s te p  to th e  f u l l  s e r ie s
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f o r  th e  B e s s e l fu n c t io n s  assum ing o n ly  th e  s e r ie s  f o r  and L u l e r 's  fo rm u la . The laethod h a s  Been w e ll r e c e iv e d  By Honours s tu d e n ts  o v e r a number o f  y e a r s  and was a c c e p te d  f o r  p u b l ic a t io n  in  1957 (1 8 ) .
In  c o n c lu d in g  P a r t  D some f ig u r e s  a r e  g iv e n  w hich have Been m easured d u rin g  exp eriraen ts on a d e m o n stra tio n  PM E x p e rim e n ta l Equipm ent. The r e s u l t s  have g iv e n  v e r i f i c a t i o n  to  th e  fo rm u la e  v/hich have Been d e r iv e d  f o r  th e  s e n s i t i v i t y  o f  B o th  th e  a s t a b le  o s c i l l a t o r  and o f  th e  m o d ifie d  P o s te r -  S e e le y  d is c r im in a t o r .

F i n a l l y  i t  may be s a id  t h a t  th ro u g h o u t t h i s  work th e r e  h a s Been a c o n tin u o u s  d e s ir e  to  en su re t h a t  th e  a n a lo g u e  a s p e c t  o f  com m unications e n g in e e r in g  i s  d e v e lo p e d  to  th e  f u l l .  The d r a f t  t o p ic  und er w hich th e  work was o r i g i n a l l y  r e g is t e r e d  was "The l i n e a r i t y  o f  M o d u la tio n  p r o c e s s e s " . The r e s e a r c h  work h a s  p roced ed  c l o s e l y  a lo n g  th e s e  l i n e s  and th e  f i n a l  t i t l e  h as Been made alm o st th e  same.
P erh ap s i t  i s  somewhat i r o n i c  th a t  th e  B e st a n a lo g u e  m o d u la to rs  d is c o v e r e d  have n e a r ly  a l l  in c lu d e d  sq u a re  wave phenomena, w ith  t h e i r  o v e r to n e s  o f  d i g i t a l  e le c t r o n i c  c i r c u i t r y .
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I t  i s  hoped t h a t  t h i s  p r o je c t  w i l l  en ab le  co n jin un ication s c i r c u i t  e n g in e e r s  to  have a t  t h e i r  command a fa m ily  o f  m o d u la to r d e s ig n s  f o r  w hich th e y  may c o n f id e n t ly  c a l c u l a t e  s e n s i t i v i t y ,  and know t h a t  th e  l i n e a r i t y  a p u ro a ch e s  th e  b e s t  t h a t  i s  p o s s i b le .
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F o u r ie r  A n a ly s is  o f  Fundaniental Component o f  Chopped S in u s o idhy G r a p h ic a l I n t e g r a t io n
T e ch n iq u e The wave i s  d iv id e d  in t o  v e r t i c a l  s t r i p s  10* wide and th e  a re a  s ta n d in g  above th e  zero  l i n e  a t each s t r i p  i s  m u lt ip l i e d  by th e  s in e  o f  th e  mid a n g le . T o t a ls  o f  i n t e g r a l s  a d d in g  en ergy  l e s s  t o t a l s  s u b t r a c t in g  energy ( due to  t h e i r  o c c u r in g  when th e  fu n d am en ta l i s  a n tip h a s e  ) up to  9 s t r i p s  o f  each k in d , a re  th e n  av eraged  by d i v is io n  by 9 . Thus th e  e q u iv a le n t  o f  m u lt ip ly  by 2 and d iv id e  by 18 ( to  ta k e  18 10® s t r i p s  in  h a l f  a c y c le  ) i s  a c h ie v e d  in  ones t e p , see a t t a c h e d  F ig u r e  A2. 2 l( g r a p h ) .

{'LOT OUTPUT
A l l  ad d in g  energy
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N O T E on QUALITY OP 0 S CIELO GR AI>!$ 78 81 & 82
O s c illo g r a r u s  78 81 & 82 pages A2. 2. 1. R & D 5 .R . 2 haveheen re]produced hy X ero grap h y from  th e  n e g a t iv e  o f  th e  P o la r o id  i n s t a n t  photographjg exposed on th e  CRO cam era.
I t  h a s  "been fou n d  t h a t  th e  X ero x m achine cannot re p ro d u ce  o s c i l lo g r a m s  o f  th e  p ro p e r p o s i t i v e  form . The m achine h a v in g  been d e s ig n e d  f o r  re p ro d u c in g  p r in t  on w h ite  b ackgrou n d  becomes i n h i b i t e d  by a t h in  w h ite  t r a c e  on a b la c k  b a ck g ro u n d . Kov/ever th e  n e g a t iv e  s id e  o f  th e  P o la r o id  f i l m  p ack  w hich i s  u s u a l ly  thrown away c o n ta in s  a b la c k  t r a c e  on w h ite  b a ck gro u n d . U n fo r tu n a te ly  th e  s i l v e r  h a l id e s  o f  th e  w h ite  backgrou nd q u ic k ly  darken in  th e  am bient room l i g h t .  The a u th o r p r e s e r v e s  th e s e  by p e e l in g  th e  n e g a t iv e  av/ay in  a s i t u a t i o n  away from  s tr o n g  l i g h t  and p la c e s  im raed iate ly  in  a b a th  o f  a c id  hypo f i x e r .  They can th e n  be c l ip p e d  f r e e  o f  th e  c h e m ic a l s a c h e ts  ' Via sh ed , d r ie d , and s to r e d  in  a p la c e  away from  d i r e c t  l i g h t  u n t i l  needed f o r  X e r o g r a p h ic  r e p r o d u c tio n .
The o n ly  re m ain in g  snag i s  thatttfctime b ase i s  shown in  th e  r e v e r s e  d i r e c t i o n .  As a rem inder th e  a u th o r m arks h i s  p r i n t s  w ith  in d e x  mark in  th e  to p  r i g h t  co rn e r  ( in s t e a d  o f  to p  l e f t  w ith  norm al p r i n t s  ) .



tx p e r lm e n ts  on L o ad in g  L f f e c t  o f  Peak R e c t i f y i n g  D em odulatorsaPPKKDIX B2. 1. 1

T a k in g  th r e e  t y p i c a l  d io d e s ;-  Gernianiura >iAY 1 1  S i l i c o n  BAX 13S i S c h o ttk y  H -P 2800 Q M eter M arconi TP 1245 Lab Bo. 605/R
B xp erim en ts were p erfo rm ed  a t  a s e r i e s  o f  f r e q u e n c ie s  in  th e  HP r e g io n  w ith  two d i f f e r e n t  v a lu e s  o f  lo a d  r e s i s t o r .
The h y -p a s s  c a p a c it o r  was m a in ta in e d  th e  same 100 p p ,p o ly s t y r e n e .
Prom m easurem ent o f  th e  Q o f  a tu n ed  c i r c u i t  b e fo r e  and a f t e r  a tta ch m e n t o f  th e  d io d e  and i t s  lo a d , i t  was p o s s ib le  to  c a l c u l a t e  th e  a c t u a l  lo a d in g  cau sed  by th e  peak r e c t i f y i n g  m o d u la to r so form ed. In d u c to r  L = 1 .0 p.H
T e s t  1 AAY 11  w ith 4. 7 k ohm lo a d V^ ta k e n  as 0 . 2 VPreqMHz X■A. Qu Gu AG Qd G to t V r f Gnet Gsub G fjx5 N o te s
29 182 320 17 ~1 . 8 1 3 .7 400 , 13 383 167 21623 145 348 19. 8 - 1 . 8 18. 8 367 . 19 347 207 14018 113 325 27 - 1 .  4 24. 5 346 . 30 319 255 6315 94 305 35 - 1 . 6 29 367 , 39 332 281 51
12 75 282 47 - 1 . 6 36 372 . 52 324 307 179 56 248 72 - 1 .4 46 386 , 72 313 333 -2 07 .4  ^ 47 225 95 - 2 .  4 52 413 . 86 308 345 -3 77 .4 |v ) 47 232 95 - 2 .0 59 365 .4 1 270 286 -1 6 Check
SyruboIs; -  X = r e a c t a n c e  in  ohms Qu = Q o f  u n lo a d e d  c c t  V r f  = RP V o lta g e  Qd = Q when d io d e  onGu = C o n d u ctan ce o f  u n lo ad ed  c c f ,  G to t  = C o n d u ctan ce lo a d e d  c c t ,  Gnet = D if f e r e n c e  betw een a b o v e ,Gsub = C o n d u ctan ce s u b tr a c te d  by fo rw a rd s v o lt a g e  a d ju s tm e n t.G f  s: C o n d u ctan ce  a t t r i b u t a b l e  to  S to r a g e  L o s s .



Appendix B2. 1. 1 Contd.

T e s t  2 AAY 11 v/ith 30 k ohm lo a d Y_p ta k en  as 0 . 2 VFt eg X Qu Gu G Qd G to t V r f Gnet Gsuh G f29 183 320 17 - 2 .4 32 172 . 57 154 49 10623 145 348 20 - 0 .  5 48 142 . 95 122 55 6718 113 325 27 - 0 . 6 68 129 1. 36 102 58 4415 94 503 35 - 0 . 8 82 129 1. 75 95 60 34
12 75 280 47 - 0 . 6 135 135 2. 16 87 61 269 56 245 72 - 0 .  8 115 154 2. 61 82 62 2046 225 95 - 1 .0 123 175 2. 82 80 67 147 . 4 y | 46 225 95 - 1 .0 124 175 1. 33 80 58 22

N o tes

Check
T e s t  3 BAX 13 w ith  4 .7  k ohm lo a d  ta k e n  a s  0 .7  VT’req X Qu Gu G Qd G to t V r f Gnet Gsuh G f N o tes29 163 324 17 - 1 . 8 27 202 . 16 165 87 9723 145 348 20 - 1 . 8 32 215 . 29 194 125 7018 113 330 27 - 1 . 8 38 235 .4 1 207 157 5015 94 306 33 - 2 . 2 43 249 . 52 216 164 32
-12 75 284 47 - 3 .  0 50 266 , 67 220 208 129 57 248 71 - 3 . 4 58 305 . 88 256 237 247 225 96 - 3 . 6 65 321 1 .0 4 225 254 -2 57 . 4 v) 47 232 96 - 3 .  6 80 267 . 46 172 169 — ^ Check
{Test 4 BAX 13 \^dth 30 k ohm lo a d  ta k e n  as 0 . 5 VFreq X Qu GU C Qd G to t V r f Gnet Gsub G f N o tes29 183 322 17 - 1 . 8 54 101 . 95 85 44 4123 145 338 20 - 1 . 8 72 96 1. 39 76 49 27■18 113 324 27 - 1 .4 92 97 1. 92 70 53 1715 94 312 33 - 1 . 2 106 100 2. 31 67 55 12
12 75 282 47 - 1 . 2 12 1 110 2e 70 63 56 79 57 250 71 - 1 .4 135 131 3 .0 8 60 57 547 225 96 - 1 . 5 139 155 3. 20 60 58 27.4(iv) 47 230 94 - 1 . 5 150 144 1 .4 7 50 50 0 Check
T e s t  5 H-P 2800 w ith 4 .7  >u ohm lo a d V^ ta k e n as 0 .7  VFreq X Qu Gu G Qd G to t V r f Gnet Gsub G f N o tes29 183 324 17 - 1 . 6 27 202 . 16 165 87 9623 145 348 20 - 1 . 6 52 215 . 29 194 125 6918 113 330 27 - 1 . 8 38 235 .4 1 207 157 5015 94 306 33 - 2. 2 42, 6 249 . 52 216 184 32
12 75 284 47 - 3 . 0 50 258 . 67 220 206 129 57 248 71 - 3 .4 58 305 . 88 236 237 07 .4 47 225 96 - 3 . 6 65 321 1. 04 226 244 - 2 27 . 4 ’vi) 47 232 96 -  3. 6 81 268 . 46 172 169 rro Check
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T e s t 6 H- P 280C w ith 30 k ohm lo a d ta k e n as 0 . 6 V
Preq X Qu Gu C Qd G to t V r f Gnet Gsuh G f N o tes
29 183 325 17 - 1 .  5 23 240 ? 223 9 ?23 145 350 20 - 1 .4 28 246 0 .4 225 170 55■18 113 332 27 - 1 . 4 33 270 0. 54 242 201 4115 94 305 33 - 1 .  7 37 286 0 . 64 253 219 34
12 75 282 47 - 1 . 8 43 310 0. 78 263 240 229 57 245 71 - 1 . 8 52 340 0 . 99 270 264 67 .4 47 228 96 - 2 .0 58 371 1. 14 275 278 - 37 . 4 v ) 47 232 96 - 2 . 0 67 321 0. 56 225 224 1 Check



A P P M D IX 1)2 . 2 . 1.T a b le  d 2. 2. 1. T P o s t e r - S e e le y  D ls c r in d n a t o rO u tp u t v o lt a g e  a f t e r  d. c . a m p l i f ie r  w ith  G a in  X g. 55 M easurem ents made a t  d. c . o u tp u t te r m in a l on AVO 8 , F req u en cy on Dawe d i g i t a l  fre q u e n c y  c o u n te r .
V o lt s F req u en cy kHz

Tl-'RM

5. 005. 50 UP
6 .0 0

6 . 50 7 .0 07. 50
8. 00 

8 . 50 
8 . 25 PoWH7 .7 5  7 . 25 
6 . 75 
6 . 255 .7 5  5 . 254 .7 5  4 . 25 3. 75 3. 252 .7 5

4 6 5 .4  4 7 0 .04 7 3 .74 7 7 .44 8 1 .4  485, 84 9 0 .74 9 7 .7  493. 1487. 5 483. 1 4 7 9 .0
¡ 475. 2 471. 6 458. 1 464. 5 460. 9 457. 5 453. 9 450. 4

íA

R o u tin e  e s t a b lis h e d  f o r  ch eck  o f  b o thrandom ness in  r e a d in g  and o f  d r i f tv/ith t im e . The s t a r t  i s  made inmid s c a l e ,  m oving to  to p  r e tu r n  v iain te r m e d ia te  v a lu e s  to  bottom  tu r nround cc up to  c e n tr e  f i n i s h i n g  onth e  s t a r t i n g  v a lu e . See graph F ig u r e  D2. 2 .1 . i i i  C o n t d :-V o lt s  Frequency kHz2. 25 446. 4
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j

1 . 50 UP
4 3 9 .0

2 . 00 444. 1
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( 4 )

( 5 )

( 6 )

( 7 )

( 8 )

( 9 )

( 10)

( 11 )

( 12)
(13)
(14)
(15)

(1) R. B aldw in  T r a n s is t o r  Alvi E xperim entCom m unications LaB. , R. G. I . T , ,  1972V. B e le v ic h  C o r r e s .W ir e le s s  E n g in e e r 1949 V o i 26 p 177" C o r r e s .i h i d  1950 V o i 27 p 130” C o rre si b i d  1950 V o i 27 p 164P . R. B ellw oo d  Im provem ents R e la t in g  to  F req u en cy  M o d u la to rs  B r i t i s h  p a te n t  No, 1 ,0 5 2 ,2 6 1  21 Dec 1966W. E . B e n n e tt
J .  A ,B e t t s

New R e s u lt s  in  C a lc ln  o f  Modln P r o d u c ts  B e l l  S y s . Tech , J o u r , 193 V o l 12 p 288S e r ie s  D e riv e d  f o r  R e c t i f i e r  M o d u la to rs  B e l l  S y s . T ech . J o u r . 1935 V o l 14 p 322's i g n a l  P r o c e s s in g  M o d u la tio n  & N o is e "E. U. P . 1970 à  R e v is e d  1972^'Telecoîïimuni c a t io n s "Brown & G la z i e rChapman & H a l l  1964W, D ou gh arty N ote on D is c r im in a t o r s  P r iv a t e  Conim unication 1955W, L . E v e r i t t  "Com m unication E n g in e e rin g "M cG ra w -H ill 1937R. C . F o ss  cic M. F. Sizm ur L -C  O s c i l l a t o r  D e sig n  Y / ire le s s  W orld 1962 Nov & DecJ .  G. G a r d in e r  & D. C. SuranaD is t o r t io n  Phenomena in  a S w itc h in g  Tr M ixer P r o c . I .  E. E. 1969 V o l 116 p 1855-1859J . G ,  G a r d in e r  An In te r m o d u la t io n  Phenomenon in  th e  R in g  Liodlr, R a d io  d E le c t r o n ic  Engr 1970 V o l 39 p 193" S ig n a l  H a n d lin g  C a p a c it y  o f  Square WaveSwi t  ch ed R i ng Mo du 1 a t  o rR ad io  & E le c t r o n ic  E n g r .1971 V o l 41 p 465(16) M .J .G i n g e l l A Sym m etrica l P o ly p h a se  NetworkB r i t i s h  p a te n t  Nos 1 ,1 7 4 .7 0 9  & 1 ,1 7 4 ,7 1 0 ;1 9 6 9
(17) S in g le  Sid eban d  M o d u la tio n  u s in g  SequenceAsyrm netric P o ly p h a se  Netw orksE l e c t r i c a l  Com iJiunication 1973 V o l 48 p 21-25



R e fe r e n c e s  C o n td .(18) M .C .H a t e ly
(19)
( 20 ) "

(21) E .H ood

fr e q u e n c y  M o d u la tio n  & B e s s e l fu n c t io n s  I n t e r n a t .J o u r .  E le c . E n g .E d u cn . 1967V o l 5 p459-470O s c i l l a t o r s  and M o d u la to rs  p ap er a t  S c o t . R e g io n  M tg. R ad io  S o c . G t . B r i t a i n  1971M ism atched ModemsB r i t i s h  p a te n t  No 1 ,3 3 9 ,5 0 8  Dec 1973 A p p l ic a t io n  D ate  23 A p r i l  1971 R o y a l S e a l  D ated  3 A p r i l  1974V id eo  E le c t r o n i c s  f o r  a W eather S a t e l l i t e  R e c e iv in g  S t a t io n  1970 A h .U n iv .K o n s  T h e s is(22) D. P.How son <S; D .G . T u cker R e c t i f i e r  M o d u la to rs  w ithPreqiiency S e l e c t i v e  T e r m in a tio n s  P r o c . I .E .E .  1960 V o l 107 P a r t  B(23) ITT Corpn. ’'R a d io  E n g in e e r s  R e fe r e n c e  Book" Howard Sams 1956 p 1065(24) p h i l i p s  N .V . L td  Wide Range V a r ia b le  fre q u e n c y  T r a n s is t o r is e dM u lt iv ib r a t o r sB r i t i s h  p a te n t  No. 1 ,0 3 7 ,0 3 6  1966( 25 ) Y/. Rob er t  son 
(26) M .Schw arz

A H igh  F req u en cy  L o g ic a l  F i l t e r  A berdeen U n iv . Hons. T h e s is  1967" in fo r m a t io n  T r a n s m is s io n  M o d u la tio n  & N o is e ” M c G ra w -H ill 1959(27) D .G . Surana & J .G .G a r d i n e r  G ro s s c o u p le d  T r a n s is t o r  M ix e rP r o c . I .E .E .  1970 V o l 117 p 2105-2108(28) F . E. Terman
(29) F . T i s i  
(30) D .G .T u c k e r
(51) D .G . T u cker

’'R ad io  E n g in e e r in g  Handbook"M c G ra w -H ill 1943Ein  D e m o n stra tio n sm o d e ll .fur Frequenzm oduln. I n t e r n a t . J o u r . E le c . Eng. Educn 1968 V o l 6 p 33In te r m o d u la t io n  D is t o r t io n  i n  R e c t i f i e r  M o d u la to rsW ir e le s s  E n g in e e r 1954 V o l 31 p 145-152C i r c u i t s  w ith  P e r i o d i c a l l y  V a ry in g  P a ram eters M acdonald 1964(32) A. M. Y o u s i f  & J .G .G a r d i n e r  M u lt ifr e q u e n c y  A n a ly s is  o fS w itc h in g  D iode M o d u la to rs  und er H ig h  L e v e l S ig n a l  C o n d it io n sR ad io  & E le c t r o n ic  ih g r . 1971 V o l 41 p 17



ADDITIOI'iAL e v id e n c e

The f o l lo w in g  p u b l ic a t i o n s  have b e e n (o r  a re  soon to  be) made by th e  c a n d id a te .
l )  T r a n s is t o r  C i r c u i t  D e sig n  Made Easy p a r t  I  A p r i l  1968” P a r t  I I  i,iay 1962" p a r t  I I I  Ju n e  1968J o u r n a l  o f  R ad io  So c. o f  Gt B r i t a i n .(Awarded Sevan S w ift  M em orial Premium f o r  th e s e  p a p e rs)
2) F req u en cy M o d u la tio n  and B e s s e l Iid n ctio n sI n t e r n a t .J o u r n a l  o f  E le c . Eng. E d u c a tio n  1967 V o l 6 p 459-470
3) A C o n v e r te r -R e v e r te r  C h a rt f o r  Im pedance C a lc u la t i o n si b i d  1971 V o l 9 p 568-369
5) M ism atch ed Modems B r i t i s h  P a te n t  No. 1 ,3 3 9 ,6 0 8  Dec 1973
6 ) p a p e r A cc e p te d  f o r  p r e s e n t a t io n  a tI n t e r n a t io n a l  C o n fe re n c e  ” G cm m unications 74"a t  B r ig h to n  Ju n e  1974T i t l e  "M ism atched D io d e M o d u la to r-D e m o d u la to r"



V o

F i g u R F  A 1 . I . 1R  £  5 15  "TI V' f: r  I o u  l . r n  i o  Ni

A
Vo r

1R. ^
F ig u r e  A1-1.2.F 
D i o u t  M o i m j u a t o r

F i g u r e  A  i . 1 . 2 .  i i
S w i t c h  H o T > u i  a t o r .

F i g u r e - Al  j . 2 . - i U  
G r i d  M  0--DU l /\t  E D  V a l v e



F I  G  u  R  e  A  1 ■ 1 ■ 2  . - i -u- 

M  o  f'l -  L  I N< e  A  R  I V  M  O T3 o' L A  T  ! 0 N

"‘I Ru I  Low J  Vhuji

PlGuRF- A2.U.-CM  I c, r "i A  T  C l  • £■ 'O H o  P u t  A  T  o 'I?
(Basic)

A 2 .3 .1 ,iL
 ̂ LoWI “ “ '

tv.<\ , ̂ f-A ATC H £ 'J> r'OPo t-A TO tt(V o i.TAGF. l^P'.vr')



A

li'J li lU A i I J ^. M • .1 A i ! I' H 1 1 ■ ̂  ' 1 ‘ ; ' 1. 1 V 1 »1 -jI ' ! , * 1 1 1 ! l»J 1, 1 1 1 , ' \•i 1 ' 1' ;Il 1111‘j
F i g u r e . A2 . j ,]. t-vCu RR.EM1 Stilai I (x| U0M> Ri.

F I G u R E__A 2 1 ■ 1. -vrS h u m t  F e.'i > - 3 a c k  T 'R a n 'ì ì s t o h  as R l

Fic- A ?  . 1 .1 ,'v^C a n n o N  .Ba s ì : T r a n s i s t o r  a s  R l



D.C. CouHTLRBALANCeD SouKCtS

LOV/
VAl-UC

F 1 'A u R £ A 2.1 . 2. XBALANCax* M iSMAICME.'» F^OPiAi-ATOR

F i g u r e  A 2 , 1 . 2 ,  i t
i 3 A U A H C £ l >  M iS K iATCH£T> M o D U L A T C R



+\?.v

D .C  C o u P L í U  3ALAPíCfcl* H | 3 M A T C H E : û K\ O ,X> l> L A T 0 15,

fv-o^RMO

F u t u r e  A 2 . J 5 . ÍD o U 2 . L V  B A l - A N f C E l ?  M  l î . r ^ , A T C K E 7 >  M ô - t > U L A T o R

F l  G U R  E A  2 . 1  .D o  U T> L,Y 3  .Al  a  N T  E' T> M  / S M  A  T C  H £ D M  D I> U L A T O  K





Oi<
LI

Vj
«V

ijj

fiú'

\-ZDcn
fsuJp-DcOCài‘JV'

UJl

>]l" <-i>
cs OJ< <U!

f¿Ov5ll

UioV'-l/jz
'v i.UlozUiGi
ftüj
tz3o





rot>Kjg-R

f lGuRG-T h ir d  liarrnonic S s t im a t io n : -S in e  wave c e n tr e d  a t Go5 ? o f  pealc a m p litu d e  0 .6 2 5  outputT h ird  _ . 1 2 iw i l l  he red u ced  to  0 .5 0  o u tp u t. So ji^inTaiaental 7 d2"5" o . P



A/I \
\

/]
I I '■, I1 T I ■I I ; 1/I ! ' 'I I ; I

K N r1Ü U ti-K-j» I I I ‘I J I
f- 1 S U K K A 2.2. ■ i  ̂SâUAÎ<£  ̂ \̂//\■>/C C a KP.ICR M cT5ULZ’/TI0íM

EXPÏ. AMPLITUDE MOPmdTI OH

Fi G Lf Tv Ú A 2 ■ 2 . I-Ü-A t>a v t e t > Fo s s  S i z m u R F io  j > u I-a t £ i > 0 S c i  l I, A T O  I<.





T >-5V

Fi G U RC P\2.2.2

B auaHCe:I> r̂ i »SK, ait r! t> MoDi^LATOK WiTK Cavaaitivs B a l a n c£



Ú̂So

h'\ Q U L A T O 7<-ORD e M o liü  !.. a t ó Ps



X)-C c H A R A C T F R I S T I  C S

CF

ATfE:N 3?/>i 3 2  A A  (^RfìTH 1



N e t

A fr e : Ni? íx S ^ . 1 . 1  , G r a ?h Z



AMPUITI/j>e Mo JJU L AT £INPUT ■ 3 CT-
0/ ~ i> l ----- p  Vo-  I_  §; H

K ^ * ;  VA!.U£——I--i-- 0F iG liR £ -B l . i . Z . i

P e a k  R c E T i F ti: A T i O isi D E M O i ^ U L A T O R

l-'\0 3>ULf\̂ eiT>
O U T ? U 1

F ig URt S  1.2 . -{D ia g o n a l  Ct-iFpiHG
I ctclcV-T'i'lL-J ^Rirruf

R g U R E IB 2.1 . 1 -L 5 pAooTH ir lA T3.V C a PATITOR
VjTioDt- \ 

i r-. IJ  l\l----4 \ roRWAiTU/Scs ,/
F ig o R£ £2.1.1.-F^Charging C i P C u r r



) 2 v

AnC A R R I E R
F i g - u r e  S > 2 .1 2 .  ¿5i NGuE- C NBEli MaIT I-IED JD eKvOJSUL ATOR

Max

FiCl.-'RE ,B>2. 1.2.-U-CS S B  -DL-noPut-ATioH Figure 3 2 . 1 . 2 . i vN OR-nAL A M



>1K
2 A K ’ ’Ji70

n s bJ a/'/̂aa— 1<3—p-=— îj . I jfK.P 2E00 i ---- i
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:'ap¡e a 2o lo le R SIKGLK-ERRKD RI SMaTCKID MOIIJLaTOR

F i l t e r e d

c a r r i e r  5 kHz s in e  4 V pk S ig n a l  200 Hz 3 .6  V pk

F i l t e r e d
C a r r ie r  3 kHz s in e S ig n a l  27 Hz t r i a n g u l a r  wave



Page AP. 1« 2« R, 1 BALANClvD MISMATCHED MODULATOR

C a r r ie r  5 EHz s in e S ig n a l  200 Hz

C a r r ie r  B a la n ce d  WideLand C a r r ie r  B a la n ce d  f i l t e r e d

A l l  t h r e e  S ig n a l  B a la n ce d  W idetand



Sequence o f  g r a d u a lly  r e d u c in g  c a r r i e r  m a g n itu d e .C a r r ie r  5 kHz s in e  wave S ig n a l  27 Hz t r i a n g u l a r  wave
page AP. I .2 .R . 2 B̂ '.LAPGED MISMATCHED MODULATOR

C a r r ie r  o v e r la r g e

C a r r ie r  j u s t  s u f f i c i e n t

C a r r ie r  i n s u f f i c i e n t

C a r r ie r  Zero



page .2, 1. 5. R. 1 DOUBLY BAMGED MISMATCHED MODULATOR

A l l  p h o to g ra p h s a r e  w ith  C a r r ie r  s in u s o id a l  v/ave 5 kH'ZS ig n a l  200 Hs

S ig n a l  11 V pk to  pk C a r r ie r  30 V pk to  pk C a r r ie r  15 V p tpS ig  14 V p tp

As f o r  44 h u t f a s t e r  tim e b a s e

As u p p er t r  o f  44 h u t f i l t e r e d As lo w er t r  o f  45 h u t f i l t e r e d



p age A2. 1. 3»R. 2 DOUBLY BALuallGLD MISiviATCHLD MODULATOR h 11 -iDhotogra-Dhs o f  w ideband waveform s
• •  ̂ *p f * #

V  VA  A
• '  * ir • *L • »4." Sfcfc* '*■

X ..s'*"
C a r r ie r  5 k H z ;S ig n a l  27 HzU n b alan ced C a r r ie r  500 kHz S ig n a l  20 kHz

A s No. 55 Time' b a se  f a s t e r  Q a r r ie r  5 kHz _ _C a r r ie r  1 .5  k H zS ig n .a l ...00 Hz

" C a r r ie r "  300 Hz 10 tim e s  " S ig n a l"  200 Hz

As 51 and 52 Both same fre q u e n cy



Page A2, 2 R

p h o to g ra p h  o f  P h i l i p s  E le c t r o n ic  T e s t  Card V ia  UHP TV M o d u la to r
I I I

______ J L

UiiVERSiTY TELEVISION

Com parison P h o to gra p h  o f  Gram pian TV T e s t  Card R e c e iv e d



w ith  SQUARE - ¥/AVE CARRII®page A^. 2 0 I .R . I  SINGLlA-i-NDED MISMATCHED MODULATOR

C a r r ie r  r e c t a n g n la r  5 kHzS ig n a l  200 Hz C a r r ie r  sq u are v/ave 5 kHz "S ig n a l  27 Hz t r i a n g u l a r

C a r r ie r  900 kHz sq u are  wave 5 V pk to  pk S ig n a l  42 kHz s in e  2 .4  V pk( some synch j i t t e r  )
For note on Quality of t h i s  oscillogram 
see ApT)eno.ix A2. 2o 1



page A2. g .lo R .2 AISM iiTGaKD  lilOlOLATOR w it ] i  SQUARE 7/AA/E CARRIER.

V/idetand
S3

DC t c  10 MHz S ig n a l  400 HR
Band P a s s  F i l t e r e d

84

V/i deband
86

900 kHz ± 2b0 kHz. S ig n a l  40 kHz
Band p a s s  F i l t e r e d

8 ^



page A2. 2, 2.  R. 1 BALANCPX) MISMATCHED MODUM'OR

with SQUARE WAVE CARRIER

 ̂ N/ \/ \/ \
\ /\ /V _ ^

C a r r ie r  5 kHz Square B a la n ce d  5 V pk to  pk S ig n a l  200 Hz s in e  4 V pk

C a r r ie r  5 kHz Square U n b alan ced  5 V pk to  pk S ig n a l  200 Hz s in e  2. 5 V pk BALANCED

\ '' / '  A

\ /
As 18 above b u t e x c e s s iv e  S in u s o id



w ith  SQUARE V/AVE CARRIERpage A2. 2. 2. Ro2 BA]yvNCIiI) MISi.lATCHED MODUL/i.TOR

W ideband

«7

900 kHz + 250 kHz S ig n a l  40 kHz

P i l t e r e d  ands m a lle rs i g n a lin p u t

&&

Spectrum  A n a ly s e r  V e r t i c a l  S c a le  3. 5 mm p e r 10 dE



w ith  SQUARE WAVE GARRIDRpage AP, 2. 2. Re3 BALANGS  ̂ MIS;vIaTGHED MODULATOR

90

900 kHz i  250 kHz S in e s  40 & 65 kHz Wi del) and

AS p h o to  90 ahove B ut band p a s s  f i l t e r e d

As o th e r s  above b u t S in e s  40 & 26 kHz



Page A2. 2. 3. R DOUBLY BALANCED MISMATCHED i.iODULATOR

with S'^UARE ’AAVE CARRI ITi

' (. A f ,  A  ft ft A  A  ^

/  . ‘ V y y v  - v y y v

Two eq u al s in e s  a s  s ig n a l2. 2 ■ & 2c 9 IcH.

Above s i g n a ls  one a t  a tim eTop 2. 2 kHzM id d le  2c 9 kHzLower c a r r i e r ,n o  s i g n a l .

Expanded tim e s c a le  o f  zero  c r o s s in g  tim e o f  one o f  above

■'111.
......

Two e q u a l s in e s  a s  s i g n a l .2. 6 cc 3. 0 kHz
2. 6 oc 3 .0  kHz Equal am p litu d e  s in e s  2 .6 5  & 2. 9 kHz



page A3. R IWTBGRATED CIRCUIT

M icro sco p e  P h o to grap h  o f  S l i c e  o f  B a la n c e d  M ism atchedM od u lato r/D en iod u lator

A c t u a l  Specim en
( F a i le d  T e s t s  )



Page B2. 1. 2. R SINGLE -ENDED MISMATGHIID DEMODULATOR w ith  NORMAL AM APPLIED
"  '  \  / '

^
100 kHz Ai,i "by 1. 2 kHz

100 kHz m o d u lated  hy m u sic(fro m  L r o a d c a s t)

100 kHz a t  dem odulator

......... .......... ............. ......... ........ "

18 kHz AM by 400 Hzand b e a ts  w ith  17 kH:



page B2. 2. 1 B A L A IJC iJj i.II8A;.\TGKEB Li.v.OBULATOR 
v i t h .  SIIuULATJil) SSB  i^*PPLIJLD

24

17 kli2' C a r r ie )" , 16 kh 2- "S SE

S ir .e lla r  to  24 above L a r g e r  S ig n a ls  Lower t r a c e  f i l t e r e d

40 ldi2 C a r r i e r ,  42 kHz "SSB' O u tp u t f i l t e r e d  a ls o



page L3. R. 1 PM £XPi:RIMi îT.^L i^UIPMENT

Knob on l e f t  i s  m anual c o n t r o l  o f  mean fr e q u e n c y . S ce e n in g  can on l e f t  i s  band p a s s  f i l t e r .
Three s c r e e n in g  can s on r i g h t  a r e  th e  th r e e  in d ep en d e n t c o i l s  c o m jjr is in g  th e  M o d ifie d  P o s t e r - S e e le y  d is c r im in a t o r .
L en gth  i s  about 38 cm



Page D3. 2

4 V pk to  pk .Sine o f  4 kKz
TV/ \

/  w \  '

\ \ /

A
/ / \   ̂/ / \ \

/
/ \/A  \/ / \  \

n  \ \/ / •  \ V\  \\ \Ì/ /ó /■, /V
4 V pk to  pk T r ia n g u la r  V/ave 1 kH.r
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