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AN ADD-IN CRYSTAL FILTER

Tbis  c rys ta t  f i l te r  was  bu l l - t  fo r  cons lderab. ly  less
than a  comerc la l  un i t ,  and wh1 le  i t  nay  no t  be  up  to
sone comerc ia l  s tandards  i t  i s  nore  than adequate
lo r  good SSB and AM recept ion .  I  used c rys ta ls  on  a
f requency  o f  6 .sMHz but  c rys ta l  f requency  1s  no t
impor tan t  except  tha t  e  f requency  shou ld  be  chosen tha t
does  no t  c lash  w i tb  any  f requency  to  be  rece ived.  The
crys ta l .a  XL l  and XLz shou ld  be  about  1 .skHz apar t  end
X L 3  s h o u l d  b e  4 5 5 k H z  ( o r  t h e  f i r s t  I F )  f r o m  t h e
cent re  o f  XL l  and XL2.  RFC1 shou ld  be  se l f  resonant
a t  a p p r o x i D a t e l y  t b e  f i l t e r  f r e q u e D c y .

The c i rcu i t  has  a  ga in  o f  about  zdB and i t  can  be
a d d e d  t o  a n  e x l s t i n g  r e c e l v e r  w i t h  1 i t t 1 e  m o d l f i c a r r o n .
T h e  o u t p u t  o f  t h e  f i l t e r  c a n  g o  s t r a i g b t  t o  t h e  d e t e c t o r
i f  n e c e s s a r y .  T h e  f i t t e r  m u s t  b e  e n c l o s e d  l n  a  n e t a l
b o x  a n d  t h e  p o s i t i v e s u p p l y  r a i l  n u s t  b e  w e l l  f i l t e r e d .

When comple ted ,  L l  1s  a l lgned a t  the  cent re  f requency
of  XLI  and XL2.  Tb is  reduces  the  doubte  humD and
f t a t t e n s  t h e  t o p  o f  E h e  r e s p o n s e  c u r v e .  C t  i i  a
smal l  capac i to r  o f  about  l  o r  2pF,  a  I 'g im ick"  o r  pa l r
o f  lDsu la ted  w i res  tw is ted  together  fo r  about  2  to
3 c m  s h o u l d  b e  e n o u g h .  T h i s  c a p a c i t o r  a s s i s t s  1 n
s teepen lng  the  s ides  o f  the  response curve ,  bu t  1 f  too
la rge  i t  w i l l  cause s ide  lobes  to  appear .  The capac i to r
must  be  across  the  h igher  f requency  c rys ta l  as  l t  w i lL
w iden the  response curve  j . f  i t  i s  connected  Bcross
the  lower  f requency  c rys ta l .

The f i .L te r  ph ich  I  have made has  a  bandwid th  o f  2k8z
at  6dB down and gkHz a t  6OdB down.  T t r i s  type  o f
f i l te r  may a lso  be  used imed ia te ty  fo l low ing  the
n lxer  i .n  a  s lng le  convers ion  rece iver  w i th  a  tunab le
o s c i l l a t o r ,



ADDING AN S UE?ER IN YOUR RTCEIVER

Thls  a r t i c le  answers  the  o f ten  repeated  ques t lons :  How doesan S-neter  york?  How ca l .one be ,added io ' rn -J* r . t rng  . " ._e iver?  How nay  i t  be  ca t lb re ted?gh i i .  i t  i " t " i .  to  va lverece ivers  in  par t l cu la r ,  tbe  bas ic  i ; " ; ;  ; ; ; ' ;pp f lcab leto  t rans is to r  rece lvers .

A t  the  ou tse t  l t  nus t  
! :  

emphas ised tha t ,  fo r  the  nos t  par t ,S-ne ters .  ( i .e .  s ignaL s t rength  meters )  g ive  compara t ivera ther  than abso lu te  read ings .

Among the  reasons  fo r  th is  a re :

l .  T h e  s e n s i t i v l t y  o f  m o s t  r e c e l v e r s  v a r L e s  o v e r  t h e i :  r a n g e ,so  tha t -  meter  read ings  oay  vary  f ron  One input  i requeDcyto  another  fo r  s igDa ls  o f  the  sme nominaL l i r "ng tn .

2 .  The s igna l  fed  to  the  rece lver  depends o f  the  p ick_upof  the  aer ia l  and th is  var les  w ide ly -w i th  i re {uency  anOd i r e c t i v i t y .

-  3 . . P " : l  a s s m i n g  t h a t  t h e  " z e r o  s i g n a l , ,  a n d  , , m a x l m m  s l g _n a I "  l i m i t s  o f  t h e  m e t e r  s c a f e  a . e " r e a " o i " i f y - ' o " r r n e d ,  t h eIa I .  
9 f  t l re  read ings  in  be tween nay  vary  randomly  f ron  onec o m b i n a t i o n  t o  t h e  n e x t .

4 .  S - m e t e r  r e a d i n g s  a r e  f r e q u e n t l y  a f f e c t e d  b y  t h e  s e t t l n go f .manua l  RF and IF  ga in  cont ro ls  and may be  i r t s lead ingun l ,ess  these cont ro ls  a re  opera ted  no .maiLy  a t  fu l l_on .

Desp i te  these prob lems,  S-neters  can usefu l l y  lnd lca te  ad i f fe rence 
_ in  s t rens tb  fo r  s isna l  ; ;  ; i ; ; ; i - ; .  f rom dayto  day ,  and recorder  S-meter  read lngs  h ;ve  a  de f ln i te

l : . :1 l l l c " -?y" r .a  mere ,  aura l  impres l ion  and-memo"y .
E o w e v e r ,  o n l y  i f  a n  S _ m e t e r  h a s  b e e n  s p e c i f i c a l l y  d e s _rgned in to  a  rece iver  and then ca f lu ra ieJ-w i i f ,  tn "  " ia  o ra  s i g n a l - g e n e r a t o r  w i l l  1 t s  r e a d i n g  , u u o  , r . n " t n  t e r m s  o fi n p u t  s i g o a l  m i c r o - v o l - t s .

The_s lmples t  type  o f  S-mef ,e r  o r  tun tng  ind lca tor  i s  a  SmAor  lo rnA meter  w i red  in  ser ies  w i th  th6  ca tbod;  resrs to ro f  a n  A V c  c o n t r o l t e d  r F  m p l i f l e r .  ( S e e  i i ; ; ; ;  r )  t v i t hn o .  i n p u t  s i g o a l ,  o r  w i t h  t h e  a e r i a l ' t . . * i n i i - " t , o r t e d  t ocahss is ,  the  meter  reads  near  oax lmum cur ren t .

When a  s igna l .  i s  tuned by  the . rece iver ,  a  negat ive  vo l tageis  deve loped on  & AVC t ine  and app l led  to  tn ;  i r  mp: . f f ie rc o n t r o l  g r i d .

The I I '  ampl l f j .e r  d raws less  cur ren t ,  s i th  the  resu l t  tha tthe  meter  in  the  ca thode c i rcu i t  s f r6ps  a  . "Ju" "o  read ing .
l : : : : - i n :  

m e t e r _ r e a d i n g  v a r i e s  w i t h  t h e  A v a  " " i t " g .
? i p r r : o . t o  t h e  f F  m p l i f i e r  a n d  t b j . s ,  i n  t u r n ,  i s  d l r e c t _r y  r e l a r e d  t o  t h e  s i g n a l  s t r e o g t h  o f  t h e  s t a t i o n  t o  w h i c ht h e  r e c e i v e r  i s  t u n e L

To ach ieve  the  max imun sens i t i v i t y  w l tb  th is  S_oeter
c i r c u i t ,  i t  i s  d e s i r a b l e  t h a t  t i r e - f f  m p i i i i . .  . " r o " _ia ted  w i th  the  c i rcu i t  be  ar ranged to  opera te  wr tb  h ighnatura l .  ga i .n  fo r  w€ak s igna ls .  tn is  s f f i  g ive  the  gre i tes t
swlng  o f  ca thode cur ren t  fo r  an  appf fe - -a ic ' io i " "g .  , r . r_a t  1 o n  .
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I f  two IF  mpl i f ie r  s tages  are  in  use ,  i t  shou ld  be  poss-
ib le  to  de termine exper imenta l l y  wbether  the  meter
can be  opera ted  most  e f fec t i ve ly  lD  the  ca thode re tu rn
c i rcu i t  o f  e l ther  one or  bo tb  together ,

I f  the  ca thode cur ren t  shou ld  exceed the  meter  ra t ing ,
a  shunt  across  the  meter  can be  used to  g ive  fu l l sca le
read lng  under  no-s igna l  cond i t ions .

I i t h  t h i s  c l r c u l t ,  t h e  m e t e r  r e a d s  d e f l . e c t e d  t o  t b e  r l g h t
w i th  Do s lgna1 lnput ,  bu t  re tu rn ing  towards  zero  as  the
s t rength  o f  an  incomlng s lgna l  lnc reases .  Wj . th  a  very
s t rong input  s ignat ,  the  ca thode cur ren t  may fa l1  to  about
l O  p e r  c e n t  o f  f u l l  s c a l e .

Techn lca l l y ,  there  is  no  spec ia l  d isadvantaage in  a  reverse-
read ing  sca le ,  the  on ly  requ i rement  be in ig  tha t  i t  be
s u i t a b l y  c a l l b r a t e d ,  e i t h e r  w i t h  f l g u r e s  h a n d - l e t t e r e d
on to  the  meter  face  or  pas ted  on  to  the  f ron t  o f  the  ne ter '
g 1 a s s .

For  those who may w ish  to  ach ieve  a  s imp le  " fo lward  read ing"
sca le ,  the  ne ter  may be  mounted ups ide-down w j - th  the  need le
p o i n t l n g  t o  t h e  b o t t o m  o f  t h e  f r o n t  p a n e l .

In  the  des lgn  o f  comerc ls l  equ ipment ,  i t  has  been an
accepted  s tandard  tha t  an  S-po in t  ca l ib ra t ion  shou ld  equa l
an  inc rease in  s igna l  s t rength  o f  6dB.

By wsy  o f  exmple ,  j .n  ca l ib rs t ing  the  S-meter  on  a  typ ica l
comunlca t ions  rece lver  some t ine  ago,  we se t  S l  as  be i lg
equ iva len t  to  a  one mic ro-vo l t  s igna l  a t  the  aer ia l
te rmina l .  As  each succeed iDg S po in t  was  equa l  to  a  6dB
lncrease in  s igna l  s t rength ,  S9 resu l ted  f ron  a  256-mic ro-
v o l t  s l g n a l .  W h i l e  i t  t h u s  t a k e s  q u i t e  a  s i g n a l  t o  g i v e
a n  5 9  r e a d i D g ,  a t  l e a s t  t t l e  r e a d i n g s  a r e  r e a l i s t i c ; n d  d o
convey  some mean ing  w l ten  the  input  s lg la l  per  S  po in t  i s
quoted .

[ i th  the  par t i cu la r  rece lver ,  there  was no  spec la t  p rob lem
a b o u t  t h i s  c a t i b r a t l o n ,  b e c a u s e  t h e  l n t e r n a l  c l r c u i t r y
o f  the  f ron t -end un l t  was  ar ranged to  ma in ta l .n  a  subs tan t -
ia l l y  cons tan t  o rder  o f  ga in  aver  the  en t i re  rangd o f
l requency  coverage.  In  rece ivers  where  the  ga in  var ies  f rom
band to  band,  i t  may be  necessary  to  s t r i ke  some k ind  o f
e !  "average ' r ,  o r  ca l lb ra te  fo r  the  band o f  g rea tes t  in te r -
es t  o r  add to  the  bandss i tch ing  so6e prov is ion  to  mod i fy
b las  o r  sc reen vo l tage to  eveo th ings  ou t .

For  those who do  no t  have access  to  s tandard  s lgna l  gener -
a io rs ,  l t  j . s  no t  p rac t ica l  to  ca l lb ra te  an  S-meter  on
th is  bas ie  and an  arb i t ra ry  ca l ib ra t ion  must  be  made.

A log ica l  approach to  the  prob lem is  to  se t  59  on  the  meter
as  be ing  a  very  s t rong s igna l ,  w i tb  no  background no ise ,
rece l -ved f rom a  s ta t ion  o ther  than a  nearby  ne ighbour .  F rom
th is  po ln t  the  meter  read ing  cou ld  be  even ly  d iv ided to
prov lde  caL lb ra t lons  o f  I  to  9  S  po i .n ts .  However ,  i f  you
rece ive  a  reques t  fo r  an  rccura te  S  meter  repor t .  i t  i s
o n l y  f a i r  t o  e x p t a i n  t h e  a r b i t a r y  w a y  i n  w h i t h  t h e  S - m e t e r
ca l lb ra t ions  o f  your  rece iver  have been de termj .ned.
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As dlstlnct froo the slmple cathode current measurerent
o f  f igure  1 ,  var lous  c i rcu i ts  have been dev ised to  p ro-
duce an  lnherent ly  fo rward  read ing  type  o f  S-ne ter ,  in
wh lch  the  po in te r  i s  de f lec ted  ' rup-sca le"  to  the  r lgh t  as
the  s t rength  o f  the  lncoming s igna l  inc reases .  In  such
c i rcu l ts ,  i t  l s  a lso  usua l  to  e r range mat te rs  so  tha t  the
neters  read f rom near  zero  fo r  no  input  s igna l  to  near
fu l l  sca te  fo r  max lmun s igna l ,  so  tha t  the  fu l l  leng th  o f
t h e  m e t e r  s c a l e  i s  u s e d ,

A  l l n e  o f  a p p r o a c h  l s  t o  u s e  a  f a l r l y  s e n s i t i v e  m e t e r ,
t y p i c a l l y  a  l - m i 1 1 j . m p  n o v e m e n t ,  1 n  w h a t  i s  v i r t u a l l y  a
br ldge c i rcu i t  and so  ar ranged tha t  a  decrease in  the
p la te  cur ren t  o f  one or  more  AVC cont ro l led  ampl i f ie rs
produces  an  inc rease in  the  cur ren t  f low ing  th rough the
n e t e r .

A  s imp le  fo rm fo r  th is  b r idge c i rcu i t ,  f requent ly  used in
comunica t ioo  rece ivers ,  i s  shown in  f igure  2 .

Wi th  about  25OV HT,  about  smA wou ld  f low th rough tbe  2 .2
a n d  4 7 K  r e s i s t o r s ,  p u t t i n g  t h e  j u n c t i o n  b e t w e e n  t h e  t w o
about  11  vo l ts  be low the  ET l ine .  In  the  o ther  a rm o f  the
br idge,  se t  to  the  fu l l  I ,OOO ohms,  the  sue vo l tage drop
wou ld  be  ev ident  w i th  about  11mA f low ing  to  the  metered
va lve ;  under  these cond i t ions ,  the  meter  wou ld  read zero .

App l ica t ion  o f  an  AVC vo l tage to  the  ne tered  va lve
reduce i t s  cur ren t ,  reduce the  vo l tage drop  across
LK poten t iometer  and a t low the  pos i t i ve  s ide  o f  the
meter  to  approach more  c lose ly  the  HT l ine ,  caus ing
meter  to  read fo rward .

w o u l d
t h e

t h e

Adjus tment  o f  the  IK  po ten t iometer  a l lows the  meter  to  be
s e t  t o  z e r o ,  u n d e r  n o  s i g n a l  c o n d i t l o n s ,  f o r  a  t o t a l .
metered  cur ren t  h igher  than about  l lmA.  For  cur ren ts
l -ess  than th is  f igure ,  l t  may be  necessary  to  rev lse  the
v a L u e  o f  t b e 2 2 K  r e s l s t o r .

The mount  o f  fOrward  de f lec t ion  depends on  the  meter
sens l t j -v i t y  bu t  can  a lso  be  var ied  by  shunt ing  the  meter
o r  b y  m o d i f y l n g  t h e  v a l u e  o f  t h e  2 . 2 K  r e s i s t o r  e n d  t h e
s e t t i n g  o f  t h e  l K  p o t .

Ad jus tnents  as  ou t l ined  iD  tbe  two preced i .ng  paragraphs
are  comonly  Decessary  w i th  fo rward  read i .ng  type  S-meters .
They  are  a imed a t  (1 )  secur ing  zero  re te r  de f lec t ion  w i th
n o  l n p u t  s l g n a l  a n d  ( 2 )  c o n t r o l l i n g  t h e  s e n s i t i v i t y  o f
the  c i rcu i t  so  tba t  the  ne ter  w i . l l  read 59  (256uV)  a t
less  than fu l l -  sca1e,  w i th  a  narg in  fo r  those s igna ls
(S9 p lus)  wh ic t r  a re  even s t rouger  than t t l i s .

A  somewhat  d i f fe ren t  c i rcu i t  a r rangement  l s  shown in
f igure  3 .  Res is to r  Rk  is  the  nomal  ca thode res is to r  o f
an  AVC cont ro l led  IF  mpl i f i .e r .  Res j .s to rs  R2 and R3
shou ld  add up  to  the  normal  res is taDce fo r  the  ca thode
c i rcu i t  o f  the  aud io  power  mpL i f le r .  These res ls to rs  shoufd
be se lec ted  in  va lue  so  tha t  the  mov ing  arm o f  R2 c&n be
set  to  a  vo l tage equaL to  tha t  a t  the  ca thode o f  the  IF
mpl i f ie r  under  no-s igna l  cond i t ioDs.



j l _ :o r :  cases . i t_might  be  necessary  to  reverse  the  po6 i t_r o n s  o f  R 2  a n d  R 3 .  I t  a t s o ^ m a y  U e  f o s s f U i e - t J ' u " . .  " t n g t "p o t e n t i o n e t e r  i n s t e a d  o f  R 2  a ; d  n S ' U u t  i h i s - w i I t  d e c r e a s el h e  v e r n i e r  e f f e c t  o f  t h e  s e r i e s  r e s i s t o r . - ' I ' o - a d j u s t  t h eS - m e t e r  s e t  R 2  w i t h  t h e  a e r i a l  s h o r t e d  f o r  z J . q  r e a d i n g ;
9 : l  .  r ! "  s e n s i  t  i  v i  c y  c o n r r o l ,  t n .  i s o O _ - o n i -  p 6 i u n , , o r " r u ,( R l )  f o r  f u t l - s c a l L  r e a d j n g  w i t h  t h e  I F  v a l v e  r e m o v e d  f r o mr t s  s o c k e t .

I ! :  i 9 : r  o f  o b t a l n i n g  a  b a l a n c l n g  v o t t a g e  f r o m  & n o t h e r  v a t v e
l l " . ! i , .  a d v a n t a g e  t h a t  v o L t a g e s  " . "  u p p i i " O - i o  O o t n  " t d . .o t  t h e  m e t e r  a t  a b o u t  t h e  s m e  t i m e ,  a s  t t r e  i * o  v a l v e s  b e g i nt o  d r a w  c u r r e n t .  t v i t h  f i g u r e  z ,  o r - i i , u - " i i i I r " i l u n o ,  v o l t a g er s  a p p l i e d  v i a  t h e  2 _ z  a n d  s z x ' r e s i s i o r s - i , i i . I r u t . r y
vo l tage appears  on  the  HT r ine .  r i re -met . "^ i r r i iu ro" .  t .
sub jec t  to  a  reverse  vo l tage be fo fe  the  cont ro l led  va lvesb e s i n  t o  d r a w  c u r r e n t . . r n i l  i r - n o i - r i i i " t i " l . ' i " r a s e  t h em e t e r  b u t  i t  d o e s  n o t  l o o k  t b e  b e s t .

The remain lng  c i rcu i ts  i l l us t ra te  fo rward  read ing  S_netersus ing  add i t iona l  va fves .  These tend to - l iuu- " i  approx lmatel i n e a r  d B  s c a L e  w l t h o u t  u n d u e  c r o w d i n g .

I n  f i g u r e  4  a  n l l l i r e t e r  i s  i n c o r p o r a t e d  i n  a  b r i d g e  i nt h e  p l a t e  c l r c u i t  o f  t h e  a d d i t i o n " i  v a f v e . - i o  a d j u s t  t h i ss y s t e n  e i t h e r  r e m o v e  t h e  a d d i t i o n a l  v a l v e  f r o m  i t s  s o c k e tor  open the  ca thode c i rcu i t  so  tha t  the  va lve  does  no td r a w  c u r r e n t .  W h i l e  t h e  c i r c u i t  i s  i n  t h i s  c o n d r t i o n  a d j u s tt h e  s h u n t i n g  r e s i s t o r  a c r o s s  t h e  m e t e r  u n t i i  i u l l _ s c a l er e a d i n g  i s  o b t a i n e d _  T h e  v a l u e  o f  t n e  s f u n l - w i t t  d e p e n do n  t h e  i n t e r n a l  r e s i s t a n c e  o f  t h e  m e t e r  u " u a . - W i t t ,  t t .va tves  ment ioned on  the  .d iagrm th"  , ; ; " ; ; i ; ; te  cur ren tf l o w i n g  i n  t h e  m e t e r  w i l l  b ; 2 . s m A .

W i t h ,  t h e  v a L v e ,  o r  c i r c u r t ,  r e s t o r e d  t o  n o r m a l  t h e  a e r i a lo f  the  rece iver  shou ld  be  ihor ted  ; ;  ;h r ; ; i ; * ; rd  the  zeroset  po ten t iometer  se t  to  g ive  zero  read ing  on- - t t re  meter .I n c r e a s e  o f  s i g n a l  s t r e n g i h  w i l l  b e  . e g i s i e r ; a  t o  t h e  s t a g ew h e r e  t h e  A V C  v o l t a g e  1 s  h i g h  e n o u g h  t 5  " " i _ " i t  t h e  a d d i t _i o n a L  v a l v e , s  p l a t e  c u r r e n t .  T h i s  w i I l  n o r m a l l y  o c c u r  w i t happroxrmate ly  15  vo l ts  on  tbe  AVC l i .ne ,  wh ich ' represenrs
a  v e r y  s t r o n g  s i g n a l .

T h e  f i n a l  c i r c u i t  i s  o n e  w h l c h  c a n  b e  f j . t t e d  e a s l l y  t o  m o s tr e c e i v e r s ,  e i t h e r  i n t e r n a l l y . o r  " * t r " n r i i y .  
- f I -  

i n c o r p o r a t e sa  tw in  t r iode  va lve  in  shat  i s  essent ia l . l y  a  va tve  vo l . tmeterc i rcu i t .  Aga j .n  two pre-se t  con t ro ls  a re  used to  se t  tbeparmeters  o f  the  meter  read ings .  The zero  se t  nay  be  usedto  ad jus t  the  meter  to  min imm reaa ing  w i iU-no s igna l  o therahan rece iver  no ise .  The ca l ib ra te  co i t ro l  can  be-arb i ta r i l yse t  to  g ive  a  S8 or  Sg read ing  a t  be tween mi .d  to  th reequar t l rs c a 1 e .

l l 1 1 :  ! ! " . :  a r e . n a n y  o t b e r  S - m e t e r  c i r c u i t  c o n f r g u r a t l o n s ,
the  ones  g iven bere  w i l l  p robab ly  a l low the  se lec t ion  o fa  su i tab le  type  fo r  mc is t  rece ive ;s ,  f t  mount ing  an  S-meteron-an ex is t ing  fece j .ver ,  where  space is  a t  a  p i " r .un ,  con_Sidera t ion-  cou ld  be  g iveD to  the  use  o t  edge iyp .  , " tu . .now ava i lab le  in  Aus t ra l ia ,  sone o f  wh ich  i re  ava t tab . tew i t h  S - m e t e r  c a l i b r a t i o n s .
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CRYSTAL LOCKED HF RECEIVER

Here is a receiver designed for use on specific HF communications or
broadcast channels Crystal oontrolled, it nray be used on any number
of channcls lor which crystals can be provided. Designed around the
TAA840 IC i t  i s  cheap and easy  to  bu i ld .

There are many uses for such a receiver, sonre of them at professional

and semi-professional level. Those organisations which already oporate
conrmun ica t ions  sys tems in  the  H[ .  band,  o f ten  have need fo r  ex t ra
receivers to nronitor t lreir channels. This l itt le set would seem to be
an idea l  un i t  fo r  the  job .

There are sti l l  many applications where a fixed tuned rcccivcr would be
useful. There are several frcqucncy and timc strndard transmitlers
scattercd tfuoughout the world and our rcceiver would be a logical
cho ice  fo r  mon i to r ing  them.

Another  obv ious  upp l ica t ion  is  to  inon i tu r  t l r r ' vu ious  un ivers i ty  rad io
transnritters. We are oltcn askcd for a receiver which wil l operate
exclusively on one of thcse channcls, und this dcsign would seem to
bc  thc  answer .

Again, certain ovcrseas or local shortrvave broadcast stations nlay inter-
cst individuals to tbc point where they would be happy to be able to
r lon i to r  thc  channc l  rv i th  a  h ig l r  degree o f  re l iab i l i t y .

T l re  rece iver  i s  des igned around the  TAA840 lC ,  a  un i t  o r ig ina l l y  in tcnd-
ed as  t l re  ma jor  por t ion  o f  por tab le  b roadcas t  rcce ivers ,  and requ i r ing  a
nr in i rnum o f  per iphcra l  con lponcn ls  to  n rakc  i t 'work .

S ince  the  in t roduc t ion  o f  the  TAA840,  many pcop le  havc  exper in ren ted
wi th  i t  to  f ind  i i i t  i ssu i tab le  fb r  H l ;  reccp t ion ,  up  to ,  say ,  l5MHz,

l l xper iments  have shown tha t  the  osc i l la to r  sec t ion  o f  thc  IC res t r i c ts
opera t ion  beyond the  broadcas t  band,  bu t  tha t  i t  i s  capab le  o fwork ing
wel l  in to  the  HI r  band i t ' i t  i s  p rov ided w i th  an  ex terna l  osc i l la to r .

On corlsulting the makers for information relative to highest frequency
opera l ion  o f  the  lC  w i lh  an  ex terna l  osc i l la to r ,  i t  was  l 'e l t  tha t  i t  cou ld
poss ib ly  ach ieve  an  upper  I im i t  o l 'a l  leas t  l4 - l5Ml lz ,  bu t  no  o i l ra  was
available to corrl jrm this. lt was sugigcsted that the l irnit ing stage would
be tha t  o r ig ina l l y  used as  the  osc i l la to r  bu t  wh ich ,  under  the  new
ar rangement ,  becomes the  mixer .

Apar t  l ' rom the  cx te rna l  osc i l la to r  and the  IF 'sys tenr ,  the  TAA840
app l ica t ions  in fo rmat ion  c i rcu i t  was  fo l lowed.  A  l 'ew a l te ra t ions  to
c i rcu i t  va lues  a l lows i t  to  be  opcra ted  f rom a  9-vo l t  ba t te ry .

So much lo r  the  gencra l  aspec ts  o f  the  un i t .
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A brief description of the circuit will help the reader appreciate how
the set functions. The aerial feeds into a conventional tuned cirouit,
except that it is a fixed tuned arrangements, adjusted to suit the
selected crystal, The crystal and tuned circuit may be contained in
a plug-in module, if mote than one channel is to be monitored.

The BF I 94 transistor functions as a forrn of Pierce oscillator in con-
junction with the s€lected crystal. This oscillator will operate over a
wide range of frequencies, by simply plugging in the appropriate crystal.
Output is taken from the emitter and coupled to pin 3 of the IC via a
330pF capacitor.

Also coupled to pin 3 is a ceramic f ilter resonant at 455KHz. Within
the lC pin 3 connects to the emitter of what is now the mixer transistor.
The ceramic filter, which has minimum impedance at resonanoe, functions
as a bypass across a 2.2K resistor in the emitter circuit, and makes it
better able to handle signals at 455KHz.

Pin 2 is the collector of this same transistor, and connects the external
IF components. These consist of two IF transformers, top coupled, and
another ceramic filter. Output of the filter goes back into the IC at pin
12.  A volume contro l  connects between pins 9,  I  I  and common, and
the audio is taken from pin 7 and fed to a complementary - symmetry
pat ,  AC187/ACl88.

On the construction side, the whole receiver is assembled in a small.
sloping-front instrument case. Layout can be judged from photographs
of the prototype.

The circuit board carries almost all components closely associated with
the operation of the IC. Components external to thc board are the aerial
tuned circuit, crystal, loudspeaker, volume control, and off/on switch.

In the prototype, we mounted the aerial coil and crystal in a small metal
box so that channel changing could be achieved simply by plugging in a
suitable pretuned module.

Readers may have their own ideas on charnel selection, and we leave
this portion of the construction to the individual's ingenuity. One alter-
native arrangement could use a miniature rotary switch, selecting the
desired number of coils and crystals. For single channel operation, a
single coil and crystal could be wired in permanently.

Whatever system is used, make slrre that leads are kept short and that
there is a metdl screen between the aerial coil and the crystal. This is
necessary to minimise the risk of instability, particularly at the higher
frequencies.

t 3
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For readers who wish to duplicate our module arrangement, connection
is made to the receiver circuit by a dual .,phono" coinector strip. The
module itself carries two phono plugs mounted at the same €nrres as
the.connectorrtrip (tin). Qns is soldered directly to the module box,
and the other insulated from it in an oversize holi and fastened with an
epoxy such as "Araldite".

This provides four connections to the module. The crystal is connected
to the soldered phono plug, the centre pin being the ..hot" lead to the
base of the oscillator transistor. The shell of thi same socket is used
for the crystal common rcturn and the coil common return. The aerial
coil is connected to the insulated phono plug; the tapping to the pin,
and the aerial input lead to the insulated shell. The iirial input socket
is a simiiar type of single phono plug mounted on the front pancl.

The aerial tuned circuit consists ofa fixed capacitor and an adjustable
coil wound on a Neosid former with adjustable core. The coil is mount-
ed so that the core is accessible through a hole in the side of the modulc.
The winding is closewound with enamel wire to the specifications given
in the accompanying table.

Although we have sltown data for only two aerial coils, the choice of
capacitor value will allow any frequency frorn 2 to I lMHz to be covered,
With a_lower value capacitor, it may be possible to extend the frequencf
up to lsMHz or so.

lfseparate aeriql coils are wound to cover these higher liequencies it
would be advisable to select a grade 900 core for the coil former, The
grade 500 specilied is intended for use only up to about loMHz,

Ifyou wish, you can make your own IF coils to the data given.

The IFs are scramble wound on small Neosid "cotton reel" type E cores,
assembled with a small cup and threaded tuning cores.

With the aerial coil data specificd, tle s€nsitivity for 5omw in the
speaker was of the order of 1.5!V. This may vary slightly between
individua.l lcs, but is adequate for most situations. With increase of
RF input, the AGC control was within speoifications of thc IC data.

As we said earlier, there is very little information available as to the
highest frequency at which these ICs will work. If a particular unit will
not work up to I4 or 1SMHz, it may be worthwhile to select a different
IC. A batch identification code is usually placed in small letters under
the type number and one from a different batch may work better.

The ryystal frequency shoutd be the signal frequency plus or minus the
IF. This may present a problem in some cases, since the actual IF wi.ll
be determined by the response of the particular SFD455B ceramic
filter. These are made to a nominal 455KHz. but with a tolerance of
plus or mirus 2%.

t4
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Position of components and base con-

nections for IF coils,

Ptug-in crystal module showing position
of components and Phono Plugs.
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ldeally, the IF filter frequency chtracteristics should be quoted when
ordering a crystal, but very few constructors have the equipment to
measure the natural resonane of the ceramic filters with the accuracv
necessary to order a "spot on" crystal,

In there cases, there ile one ot two tricks that can be employed to
minimise possible errors. One is to "pull" (shift) the crystal frequency
by a smal l  amount.

"Pulling" can be achieved, within limits of reliable oscillation, by insert-
ing capacitance in series with the crystal to slightly increase its frequency
or il parallel to reduce its frequency. A small ai-r trimhrer can be used
for this.

A more complete solution, at some cost in selectivity, is to eliminate the
SFD455B filter. This will allow the IF response to be deterrnined by
adjustment of the remaining IF transfornrers. The crystal can then be
determined by adjustment of the remaining IF transformers. The crystal
can then be ordered on the basis ofa 455KHz IF, the IF channel being
ultimately adjusted to this on the basis of best reception of the signal.
Subsequent crystals could be ordered on the same basis.

The ceramic filter is eliminated by bridging the output of the tunable
IFs ro the input  of  the IF AMPLIFIER (pin l2)  wi th a 0.047pF cera-
mic disc capacitor. (Shown dotted in the circuit.) The effect of the
BFB455A ceramic filter can be neglected in these circumstances.

Another decision to be mtde before the crystal is ordered is whether it
should operate on tie high or low side of the wanted signal. Wrile
either will work equally well, the matter of possible images must be
considered. Particularly at high frequencies, the simple aerial tuned
circuit may not be able to reject a powerful signal which could be
located 91OKHz (twice the IF) away from the wanted signal.

For example: If the wanted signal is on l0MHz the crystal could oper-
ate at  e i ther l0.455MHz or 9.545MH2. Working at  10.455,  the image
would occur at  10.910,  whi le working at  9.545 would put  i t  at  9.090
MHz. If there was a powerful signal on either of these two image
fiequencies it would be wise to select the other one.

If a signal generator is available it could be used as a substitute for the
crystal, temporarily, to sllow both image conditions to be investigated.
Wren a decision has been made, the crystal can be ordered.

The only type of crystal which will work reliably in the Pierce oscillator
circuit is one cut for the fundamental mode. "Overtone" cut crystals
may or may not operate in the circuit. If they do, they will operate on
their fundamental, which will be approximately some odd sub-multiple
of the tigure stamped on the case.
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There should be no difficulty in obtaining fundamental crystals up to
the likely limit of this receiver. In fact fundamental crystals can be
supplied up to 40MHz, although they are quire fiagile. Up to ISMHz
there ilre no special difficultics.

Crystals, if bought new, should ideally be "wire in" typcs when used in
either the module or wired to a rotary switch. This obviates the use of
crystal sockets, which can take up more room than necessary. There
is no hard and fast rule to this, but it makes handling of componenrs
that much easier.

Assembly of the receiver should not present any problems. Drill all
large and smal l  holes for  mount ing and contro ls in the panel .  Cut  holes
as necessary for the speakcr, and rnodule (if used).

Mount the speaker on the pancl  wi th a p iece of  expanded aluminiunr or
fabr ic between. MoLrnt  the volume contro l  (wi th i ts  shal t  shortened for
an appropr iatc knob),  the on/of l 'swi teh,  acr ia l  conncctor .  an<l  t rvo in
ctcuit b0ard pilldrs.

Assemble the circuit board starting with the IC and smaller componenrs
I tst ;  then the f ly ing connect ing leads to the volume contro l ,  speaker,
bat tery and swi tch;  and f inal ly ,  the module conncctor .  Care shoulc l  be
exercised in or ientat ion ol  the IC on rhe c i rcui t  board.  Damage t r i  thc
ci rcui t  board and/or  the lC may resul t  i f  the lC is  soldered in p lacc und
then has to be removed. To th is end,  an t r row indicator  is  ctchcd in
the fo i l  of  the c i rcui t  board,  and the corresponding notch on the topsidc
of  the lC at  one end should be at  the arrow hcad (see pr inted rv i r ing
pattern)  between pins 1 and 14.

Mount the completed circuit board on tlte brass pillars and connect thc
f ly ing leads intu c i rcui t .  Clreck for  s l tor ts,  ete.

Ifeverything is ship-shape, a rushing souncl should be audible in the
speaker when the receiver is switched on, and should be variable with
volume control setting.

Alignment should be relatively simple. It will be a little easier if a signal
generator is available, but this is not essential. lf a generator is available,
it should tirst be used to adjust the lF transformers. The generator is fod
intopin I  of  the IC v iaa 0.1pF capaci tor .  Connect  an output  mcter,  or
multimeter on the low AC range, across the speaker termilals.

Feed in a signal at approximately 455KHz. The exact fiequency will be
determined by the second ceramic filter, and the idea is to sct the two
transformers so that they are at the same frequency as the filter. Final
adjustment is to the aerial circuit, which may be set approximately by
means of the signal generator, and precisely when the wanted signal is
received. Output from the generator should be kept at a minrmtrm at
all times, and the volume control of the set advanced to maxirnum.
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If the ckcuit has been built without the ceramic filter, the generatot
should be set as close to 455KHz as possible and the IF traisformers
adjusted to this. When the wanted signal is received, the transformers
can be touched up for best results.

If no signal generator is available it wilt be necessary to wait until it is
known that the. wanted signal is available and then ;djust tlre IF and/or
aeria.l coils until the signal is received and brought to maximum strength.
Ideally, the aerial chcuit should be adjusted wiitr tne set connected to
the aerial witlr which it is to work.

Finishing the receiver off is simply a matter of placing the whole
assenrbly into its plastic cabinet and inserting the tbui anchoring screws
in the appropriate positions.

Parts List

I
I
I
a

I

I

I
I
I

1 TAA840 httegrated circuit
I Phono socket.
3 Phono plugs.
1 Dual phono receptacle assembly.
I Miniattte single pole tog&Ie switch,
1 BFl94 or  R5276.2009.2N3694, BFt tS- i2r-163.

REYSZOR.! l% wattt
r 220K
t 100K
I 22K
I lsK
2 IOK

Plastic cabinet with front panel.
3 inch I5 ohm loudsneaker.'
9 volt bottery.
Connectors for above.
Circuit board.
IF translbrmers.
N.e^o^!id rye9 

"E" adiustable inductance assembly, 368&5 or
4OSltG DTE wire, and two minioturc 330pF cip,acitors.
\e.2sld-fgryer type 351 I wirh 6mm x I2mm 5'00 grade core and
348&5, 288&5 nr 30SWG DTE wire for aerial coll.
Murata SFD4558 filter unit 38SWG.
Murata BFB455A /ilter unit.
AC_|87/188 complementary trunsistor pair or R5276-2001 and
R5276.2005.

1K
470 ohm
330 ohm
270 ohm

I
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120 ohm
82 ohm
68 ohm
150 ohm thermistor.
5K potentiometer, curve C (log).

CAPACITORS
2 125pF l2Yltr
I  50uF6W
I 25pF 3Vtr
2 0.1pF ceramic or polyester.
3 0.047pF ceramic or polyester.
2 0.022pF ceramic or polyester.
1 0.01pF ceramic or pulyester.
1 0.0047pF ceramic or polyester.
1 0.001yF ceramic or polyester.
1 330pF miniature polystyrcne (Ducon DF-&112 or similor).
1 68pF NPO ceromic.
1 22pF NPO ceramic.
I 10pF NPO ceramic.

Polystyrene capacitor(s) to resonote derisl coil (see coi! data).

CUstal(s) to suit desbed channel /see text).
Small control knob, Hookup wire. Expanded aluminium or suitable
speaker fabric. Metal strip for battery clatnp. Nuts, bolts, brass pillars,
etc.

IF and Aerial Coil Data

lF Coils:
Neosid type "E" adjustable inductance assembly.
Winding wire: 368&5DTE or 40SWG.
Wirdings:  Resonant:  130 turns.

Coupl ing:  15 turns.

Aerial Coils:
Former:  Neosid type 351 1;  Core:  Neosid 6mm x l2mm, "500" grade.

f L l L 2
2-3MHz 3 turns 40 turns, tap

.  at  5 turns

3.7-5MHz as above as above

4,4-6MHz as above as above

5.8-8MHz 2 turns 15 turns, tap
at 2 turns

?.8-l lMHz as above as abovc

C Wire
220pF 34B&S or 38SWG

l5OpF as above

100pF as above

270pF 28B&S or 30SWG

150pF as above

Ll to commence at end neatest mounting flange, and placed approx.
3mm from this end. L2 to be wound over L1.

i
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EXPERIMENTAL AM TUNER USING A PHASE-
LOCKED LOOP

Those vho would like to experiment with one of the new ..phase-locked
loop" lCs should find this article particularly interesting. It explains
the operation of the deyices, and describes an experimental AM broad-
cast tuner.

Wren phase-locked loops or "PLLs" became available in IC form recent-
ly, our immediate reaction was that it should be possible to use one of
these devices to produce a simple yet high performance synchrodyne-
type AM radio tuner. After many fiustrations and a sood deal of
experimental work we have finally managed to produce such a unit, and
it does work quite well - most people wLo havi heard it have been very
impressed.

It's not quite as simple as we had hoped, for reasons which will become
apparent. However it is still quite easy to build and get going, and will
not cost very much. We are not claimirg it to be the ultimate desien for
a tuner or receiver of this type, by the way - nrerely one which wJrks
quite well and should serve as a good starting point for those who would
like to experiment further.

For the benefit of those not as yet familiar with pLLs. we should
pe:haps-point out the concept is not new. It was actually proposed by
a Frenchman named de Bellescize in 1932, in an article tittea..ta
Reception Synchtone". As this suggests he was in fact proposing it as a
system for radio reception, although more recently it his bten used for
many other applications such as signal processirg, frequency synthesis,
and noise filtering. The application of the idea to radio reception was'
proposed again in 1947 by D.G. Tucker, who first coined thc name"Synchrodyne".

Actually th€ concept of the pLL should already be quite familiar to
many readers, because there is a PLL in virtually all modern TV receivers.
This is the so<alled horizontal automatic frequency control or AFC
circuit, used to lock the horizontal sweep osciuatoi in phase with the
incoming sync pulses.

You can see the similarity to this type of circuit in Figure l, which
shows the basic arrangement of a pLL. In simple ter;s, the frequency
and phase of the voltrge-controlled oscillator or ..VCO'; are loclied to
the inpu.t.signal by comparing them in a phase comparator, filtering
the resulting error voltage and using it after amplification io control
the VCO.

Prac.tical PLLs do not actually lock the VCO phase directly to that of
the incoming signal, but because of the way they perform the phase

20
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comparison there is a fixed phase difference of 90 degrees. For mostapplications this is not important, but when tf," pfii to U" used forsynchronous detection of AM signals the gO a"grr" Aiif.ience must beremovcd. This is done by feeding the signal ur"? toloit if," pfl
through a 90degree phase shift nltwork-, as ,f,or"n iniiiur" Z.

The two 90degree phase shifts effectively cancel, because regar<iless ofthe actual phase of the VCO _ zero or lg0 degrees reluti". to the inputsignal - both polarities of its output are fed to the product detectorused to produce the demodulated- audio-

As you can see from Figure 2, using a pLL for AM detection is in factthe.Synchrodyne .yrt.i. W" Ueat 
-tne 

incominj nU,i**i *itn _
:::13::' "j,,T same fiequency ,"a pr,"* "rr:ii ""lri"i, in . p.oou",uE'ecrcr' anc uus produce the original audio information. The pLL

,is used to ensure that the local or.iluto, i, u"*iut.iv io-.t.a to tf,,carrier.

It wasrvith the general scheme of Figure 2 in mind.that we bought a
IrF_ngtics type NE 561-B integrated fLL a short iir" "gr. fr," Ne561-B.is a high performance Jevice "hi.h ;.1;;; ;;"o"nly the basicPLL elements of Figure l, but also a product detector for AM detec-tion. Typical devices wiil work from less tf,un iH, io ,"*, thun30MHz, and will lock ro input sjgnals a,,-Ji;ib0;V.""

f:lTpq:q 
block diagram.of ttre NE 561_B is shown in Figure 3. Note*dr urc rLL error voltage is amplified and brouglrt out to pin g, becausethe basic PLL can be used for FM aemoauUtion-mli.'iv t-v't""aing in n

frequ-ency modutated signal. The rnoJur"ii"n ror.", ii" i,tr_ to follow
it-in 

frecuencr, so that i replica of the .risi"J;.d"Liiniugnur i,generated as a component of the error voliage. A.op"aii&."n u"connected to pin l0 for de-emphasis if desired.

At the time we-bought the device, only very scant applicetions literaturewas available. Undaunted, we hookedit up on tn"6"nJ*l$, trr"
l":9rply components and power supply, making ample use of the"third 

dimension". An aerial r.r'n"a iv " i.neffi;i 'f;i;; wire draped
11u10 

tle worksho^p wrs coupled direitly int"o ttre pfilnJut vra au.ztr capacltor. Atter a short while clean, crisp music eminated fromthe loudspeaker of the bench amplifier connectld t" irr. tl.i"""rt.However after a few quick checki it roon u.l"ni" "r"ui'it '"i ,t "r" *"."a couple of nasty snags,

With the. NE 561-B, tuning of the pLL's nominal frequency can be doneusJng either a conventional tunmg gang capacitor (but one with a ratherodd.value), or a pot in conjunctidn-wiih "'fi*"a "upu"ii"r. ihe pot isused to adjust bias currenr for the VCo, *l,i"hl;l;;i;;; an emrtter-coupled multivibraror. Tuning wirh a pot seemea UotirloJet anOsrmprer, so we had chosen this method. As a result we had no RFpreselection ahead of the pLL.
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The m-ost obvious problem *u:.thlt without the preselection, the cap.ture effect of the pLL resulted in it.virtually ignoring ih"-*"ut",
stations,.effectivery "seeing' onry rne two strongest ones'in our area -we could have either one or th€ other, and nothi.,g "lsei 

-Tt 
"r" *",also a pronounced distortion on transients, which"we put down to alack of sufficient.carrier amplitudc to retia'Utv maintui'nlif- fo.f onnegauve modulatron swinss.

We also found that a filte, was required at the AM output to attenuate
the residual RF components fromthe proAu"t J"t""ioi.-Wnen we trieda_simple low-pass R-C filter it tended to chop the uudio f,ignr, so it wasobvious that a not-so.simple filter would U" ir""jJ--' 

"'"

To solve the first two problems we decided to use an RF stage, with atleast a basic amount oi preslection and g"ir- iil;;;;; or ress rutedout the pot approach for tuning the pLL, at feast if ii was io be tunedto each carrier in true synchrodyne fashion. we touri"J"i the idea ofbying to track a pot and a capacitor!

We tried two ways around this, one using a two-gang tuning capacrtorand the other using push-button tuning. The latier Lemed a good i<leabecause of the heterodyne whistles which t."aiti.""fiv'pGue synchro-
1ll:,:T"-!ri"": 

although as_ir tater transpired, this is not n"earty theprootem expected when a pLL is  used.

Both of the approaches we tried seemed to lead nowhere. The merefact.tha_t we were trying to make the pLL and ironi "nal.n"L o"".the I M^Hz range covered by the broadcast bund ,";r;; t;;roduce allsorts of instability and component drift problems, unJr"-uitu.t*"rt
was constantly needed. Somewhat despondently we shelved the ideafor a while, and only tinkered wittr it occasionafiy *f,"" iirn" permjtted.

::T:,ltl," 
trl.r we hit u.pon the idea of getting around rhese problems

o{ ytTg the superhet principle. The advantagCs were pretty obvious:with the PLL operatine ar a fixed intermedia; fr;qu"i.v,if,, trningand.tracking problems would disappear. It would ilso do'away wittrthe inevitable compromise in the i0 a"gr"" ptare Jifi nitivort<, wtricrrcould be.adjusted for optimum operation. Even the filter in the AMoutput circuit could become a simple IF trap, using a standard IFtransformer. Sure, it was getting away from the clissic synJnrooyne
approach, but we would still have the advantages of rvnationou.
detection. And so was born the Uusic iOeu oiiie . *pei-'r'yn.f,roayne,,.

Ihe 
ci:cujt.alg phorographs show the experimental tuner that hasoeen rne rnrtlal outcome of all this activity. lt uses a ferrite rod aerial

T*:,'i*pb 
autodyne mixer. with a FErnF siale i"';;l;;"" the two.A DLI uy or slnltrar tralsistor is used as an amplifier to drive a voltage-doubl.ing detector used to develop nCC for tfr'e nf'riu'gJ,iJo"...orn"

overload problems.
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As you can see, the unit we built is wired on a piece of matrix board
and uses a number of components resurrected from the iunk box.
The "germanium diodes" used in the AGC detector are actually the
base+mitter junctions of two old germanium transistors, because we
didn' t  have any OA9l 's  or  s imi tar  handy.

We also found it necessary to fit'a small earthed shield around the
0.221rF bypass on the spare RF input of the IC (in l2), otherwise
there was evidence of instability.

ln you build this unit up, the free-running frequency of the pLL should
be set up to 455kHz using the 50k pot, in the;bsence of signal.
ldeally this should be done with a calibrated CRO or a freq-uency meter,
but failing this the circuit can be roughly set by frst aligning the front
end and then adjusting the 50k pot until the IC will lock orthe smallest
signal. Probably the best way to do this is to use an aeriaI arrenuator
ard keep tuning the signal down and re-adjusting the pot until you feel
the optimum has been reached.

You will find that with a reasonable aerial and earth. the tuner sives
quite impressive results. And perhaps the most surprising thingibout
it is the almost complete absence of the loud zeroing-in whistle usuallv
found wi th synchrodynes.  Because the pLL. ' jumpJout and grabs"
the signal as you approach it with the tuning, there is nothing more,
than a rapid "swish". In fact many people have tried tuning stations
with the unit and have not realised that it is a synchrodyne until they
have been told!

We are sure this is not the only approach by which you could get good
results using the NE 561-B fot high quality AM reception. However
it is at least a starting point, and one which has been shown to give
good results. The rest is up to you,largely. One addition which might
make a worthwhile improvement is a tuning meter, which could be
arranged fairly easily as an add-on to the existing AGC circuit.
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sHoRT WAVE COTWERTER FOR 2MH3 TO 6MH3
We previou{y, described a simple converter covering the frequencygnge -6 - t 9MHz. This is anorlier version ;hi"h ;;;riled to coverftom 2-6.5MH2, and should trrus Li oilnte;;;fi;;ff;"r, who wishto listen to the marine and other transmir;i;;;;lifiihis range.

As a logical follow-on from our Basic Short Wave Converter coverinsthe more popular short-wave banas beiween 6l\,iH, ;;-ibMi{;,-ffi::latest unit covers the lower end of the st oti-*uui ,picirurn, ttrerange between about 2MHz and 6MHz. Tiri; b;; I;;;;","hat morespecialised, in that it includes quite a numGi;f;;;; and othercommunications bands, but it ian be quiterewuafi:'-

It is not proposed to repeat all the constructional details as gvenpreviou.sly. Rather, ̂ we will co^ncentrate on the differences between thetwo units.'. gving_ zu ffrcie n t information so trrat irren, ore experiencedrcader will be able to construct ttLis newveriion ,idtfr":rt m,i"h-if;treference to the previous article,

l11,a1,Ue anticipated, t\.main differences lie in the coils andoneo crcuits generally. Ih.e_plaaer capacitor in the oicillator circuitnas oeen changed from .00l5uF to 47dpF, to meei thJ'new tracling-rcquhements. The printed wiring board'ana-;;i;il;;i are identicat
lg.l!9r_g "-f.d previbusly. This in;lud;s the oia fru."uir"rnurv,sttrough this of course has a new-scale. as meniioneO "*fi"r, it is Aiarrsembly has been modified and the n"* on.ii"iiui.ri a'somewhat
lli$:l lTl panel alrhough tne mountrng centres are the same. Thisnas oeen taken care of in our metalworkirawins.

ln addition to the more obvious changes from the previous convertet,we have atso made a stipht crrange in t-tre ini,jiriljiiiJii"quenry, fromr nomin at l. 6 MHz to a*n omin al'I. i l.tHi.-iii J .-"" i; d;r" withou irnomrnat r.bMHz to a nominal l,SMHz. This can be doni:
111,:l1lg: to .component values, it ontf teing ne""rr& ,,,r !'cr,Ee ru lurrrponEnr viuues, lt only belng necessary to adjust thetuning slug in the-_output transfoimer. fhil;h?;;;;ideen maoeoecause.when an IF.of i.lMHz was first useA tt e"lofJoscillator of
Ig.q I " g in th e --o.u r p u t. tr"n, ro i"iei. 

-rrrir';h?;;."i;;dee 
n m ad e

Hi::,yl"l:f IF.of i.lMHz was first useA ttre"lofJoscillator of
$gtgggly.t into which ihe lonverter was being t"a uoo#ii'u"i
19J-1YH.'"* trre converter diat. 

-Bt;h;g;e'?"ii 
?F Jr r.surfi fl,i *Tf Ei: ::d :ls q i4.-'B'i ;iffi c,; fe _* ? FuJr r . s ru',,

$T_'lf$J?**U:::,:t';fiki:{*:rilsTi'ti#, Lhi.r, i,ning range of the converter.

D{re to l-!e somewhat larger number of turns required on the aerialod oscillator_coils for thi lower frequencv rangii, *. r,"ue used thelonger type of Neosid coil formers.

Whilg we.are on the subject of-coils, perhaps a good place to startconstruction would be tb wind the aerial and oscillator coi]s. The
Tl3 ,.:_il consists of a pjryary "{,d ;sigfid.ry rl,'irliirg, with the&condary wound first. This consists of g5 tums of ZC-I?C en"mrf*itq, Tl'r starl and finish of t$ *"aing;,-t'ue'aniio"rea witn armall. piece of adhesive tape. This is ,Uded riil;rf il# turns "t e".tend.during winding. The 6nd prog.rdiri! i, tii.n lola"a over rhe topof rhe winding when completLd. Thfi;fifi;;i*il;;; ib ii,'#"
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of 28 SWG enamel is wound over the bottom end of the secondary,
after havingplaced a piece of tape over that paxt of the secondary. 

'

Again, tape is used to anchor the winding in place.

The oscillator coil is treated in much the same way as the aerial coil,
bearing in mind that the frequency stability of the oscillator largely'
depends on this coil, It should therefore be wound hrmly and finished
in a workmanlike manner. The larger (primary) winding consists of
60 tu_ms centre tapped, of 28 SWG enamel wire. The tap on the coil
may be effected in a number of ways. One simple methbd is to scrape
the enamel from. about l/8-in of the wire at the tapping point.
Another short piece of the same wire is soldered oir-to iit as a lead.
To avoid a short circuit, a small piece of adhesive tape should be
plaggd_under that tum at the tai. The secondary wiirding of 10 tums
of 28 SWG enamel is wound over the "earthy" end of the primary
(that bypassed by the ,0luF capacitor).

To ensure that the windings stay firmly intact, they should now be
given a coat of cellulose lacquer or other suitable material. When
dry, the leads shoulC be terminated such that when the coil is frtted to
the vero board, the pins correspond with the relevant parts of the
cfucuit. This is shown in the diagram.

As the board was made to accommodate Neosid coil formers. we
found it desirable to use an IF transformer as output, some care is
needed in fitting this transformer. The following fitting procedure is
$ggested.

Bend each of the four pins over so that they lie across the comers
of the can. Then the pins are bent in dog-leg fashion such that they
will enter the four holes in the printed Ubar?. Ttre can mounting lugs
must also be bent inwards and in a similar manner so that they u/ill-
also pass through the respective holes in the board. This done, the can
may be mounted-but care must be taken to ensure that it is orientated
conectly, according to the code on the circuit and that moulded
adjacent to the pins.

As we mentioned earlier, the dial we used is no longer made but if
Iur favg one on hand, then it may be used, as the irounting holes
remain the same. Alternatively, the new dial may be used aisuggested,
or-you may make,your own arrargements as you see fit, possibly by
still making use of the dual ratio dial drive by Jackson Brbs.

The complete dial assembly is supplied with a scale, having in
addition to a G100 loggin! scaleTour blank ranges which iray be
calibrated according to actual needs. However, calibration of this
converter may present problems to those readers who do not have
any instruments for calibrating. To get around this problem, we are
making scales available which are ready calibrated fiom 2-6.5H2.
It is then only necessary to identify a signal of known frequency
towards each end of the scale and make adjustments whicir will'be
described later on.
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Having completed the mechanical work, the converter is ready to be
Rlr-t Tl,o operation. Quite a number of items must bL considr6ed hiie.we wul assume tnat vou have a suitable broadcast receiver into whichto feed the convertei. A source of 9 vorti-diliu.oupr. of milliampsshould also be available. Ideally, if the receivei'h;, ;6ii"6i;';;p;lyi"
l1:l^9._:9"l.rter may ;hare i1, O_1 tl" ottrei t ana]a separate 9Voarrery may be used just as.well, We will also assume at ifris stagethat there is a suitabl-e aeria.l.

Connect the converter to the.receiver, a suitable source of power aad
ll lill lty,ning that no.signal-generator is available, sef therecerver to I5UUHZ on the dial before connecting the converter. Switchon the converter and tune- in any station tt,..t ,nu-v 

-Ue 
""aiUfq ;dj,;ril;!the slug in the output translormer tor maximum response. This tunesule transtormer to the IF of l500kHz

Igy l*: to a signal toward_s_ the low frequency end of the dial and one
yT.::9 j1".1"-rl"{,ts 99yn: Havingtuned the station, more than tikely|t wilr not be rn the right place on the dial. In this case retune the diairo rne correct trequencv and adjust the slug in the oscillator coil untilthe station is again Ueing receivdd.

Now lune a station of known frequency_towards the high frequencyend of the dial. Once arain, havin!. tun"O in ttrJre?irenie ,tution, ii i,not likely to be in its c6rreit posi;io;. s;;-ih;;;i;a to the correctpoint and adjust the trimmer bn, the oscillator ie.iio,i of tfrJ g"ni 
- -

until the station is retuned. As always, wlie;;lic"iil. superhetreceiver, this process must be repeaied r."riJti'..t"until the stationsare set at the conect points at e_ich ard of *re aiJiespectively. The 
-

slug is used for the low end, and ttre trimmeiioia;i,'igh ;nA: 
' ----

Each time the oscillator coil slug or tri-mmer is adjusted, the slug ortrimmer on the aerial coil shouli "tstb;;i";;:-"*

lll-o^u _trlxr,q signal generator or you have acces to one, then theprocess ot'alignment is made. thai much easier, bui ttri firincipii,are the same. With an accurately caiUratea sighJg.n.r"tor, you mayalso calibrate your own dial scaie-

If a.signal_generator is not available, there are some readily identifiablestations which can provide reference points. 
-

The US standard stations- WWV and WWVH both radiate on Z,SMHI,24 hours a day. In most cases they should ui u"iiuGluring the hoursof darkness.

There may be instances where a.reader is located close to one of the
:lltlgl; on the suggested.tF of.l.S0okHt, t;ribty;;;;rune in bieii-tnrough. A way out of this problem is to r-etune ihe broadEast,ecJiuur
3;13vJY:l rt Ao]eh to^av oid this problem. i i tutii- 6J nec"ssury torerurn rne ouQut transtbrmer to the new frequency. In an exueme casert may even be necessarv to tune slightly highbr thdn ie OOtAr, iiiii trii,is hardly likely. Furthermore., it woild ieinLoauil-tie spurious signaljust above 2MHz, as well as changing tt . diul ia[ibraions somewtrat.
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A-p^oint which.must be considered however, is the situation wh'ere theoroadcast receiver to be used is.fitted Utfr i ferriijroA aenal. ManyFcelvers are likely to come under ttris catlgoryltut'if*tirere is pro_
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vision for an extemal aerial then there ivruu' rur dr v .cmru aenal men ilrere is no. ptoblem of coupling it fromthe converter.-At tlte same ttme, many leceivers do not have nrouicinnreceivers do not havd prdrrision
f:t"nr:"**l*::-et_Tj_irbecomesnecessarytoguinu'.'iJr".r,i;"i|}:hto add a coupling winding.

About thrce\tums of light hookup wire should be woun,end of the coil on the r-od. Tape the windinp in ntace ,",1 :nt-:*,H,hyend ofthecoil on the 1q6.1.t.srrs e! srs uux on me roc. lape the winding in place and connect the
::* ynr:lll.^ _e{jrv en d. o f. the m ain *i" di"g i;o;e co nven ien t e:point the other endyyutL- .! ne orn€r end goes to the centre condudtor of the coax from the-converter, while the shield braid of tt. "^r.'"^"i-r,I'*i'-

P.t:9,:lg:":gl soes to the same "*trr poi
___:_ : -_ -2  J r r rs ru  u r4s  u l  u le  coax  suseo ror ue earthy end of the added windine]

H'fJ'iTff in'r'l;:iil:1ff x*%':j#**:*:1:J,:0."j:.,ia,prob,,1::t*llllllle."r..a.ggntinue;t";i;ilrp'b".;iffi ,[g;i,t1?l: ::F,Tj]:::_""1 t. fact that ti,.-t"""iiti" iJ"clrlnecteo to it.T1,is can cairse interferen"e, particui-fl "i "i*;";.

;i.#g 
trouble be experienced, then the receiver may be retuned

PARTS LIST

! f,lysts*anet..6%in long x 5%in high x 5in deepr LaDtnet to sltit
I Dial assemblv
I Fl.ex.ihk cou-pling, ,/oin x %in';T!,':,'i;r:,':f 

-f.!,';Y:i"'!;f '0"''2'position
4 Rubber feet
l- Bubber grommet for coax cable
o spacers, %in lons x %in diameter, tapped t lg in WhitvtorthI_P7n1e-d board,6in x Jin, tt/tc
I Aerial coil, 2 to 6MHz
2, Neosid coil formers, 7.6mm x 2.Smm with grade 900 slug canI-Transistor,2N5485, MpFt06 or stiiti" 

"6'eeu /vL

I I ransistor, BFi I S, or similar

I

I
a

p

t
l

RESISTORS (Y"W)
1 1 0 0 o h m s  i  4 . 7 k
1 3.3k t 15k
1 3.9k I 22k

CAPACITORS
I lOpF NPO ceramic
1 12pF NPO ceramic
I 39pF NPO ceramic
2 60pF Philips trimmen

Note:"R_esistor wattage mtings and capagitol voltage ratings are thoseused lor our protorrne. co(gg1111,n-*inii6iiiifiiis, may seneratryoe usect providing thby are 
2t:lslcauy compatible, Components withtower fatings may als6 be it

not exceeded. 
,ed m some cases, providin! the ratiiTs are

i tit ?rF t t t"I { :!r:"y l: *

i: ;tri{ itrtrt;! ",1;:;e l or p ot y s ty r e n e l1-.!tu|!0,0v pSry6i;;
1 0.IuF 25Vc;;ok;;'-'

MISCELLANEOUS
Hookup wire, 2ft coax cable, solder, screws

I l00pF 630V
I 415bF 2-sani
t lzhpr O30t/t
L001uF  1oq i
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IHE HOMODYNE TUNER: ANOTHER APPROACH

Due to problems with supplies of suitable ICs for the homo
tlyne tuner, the author has developed an alternative venion.
Although simpler than the original, it will be of interest to
mnny readers, partiaiarly those who are experimentally
inclined.

Previously- the author discussed the principles of the "homodyne"
method of reception and followed with a'practical broadcastband
tuner using ICs. Unfortunately the detectoi IC specified (the Motorola
MCl330P) is  temporar i ly  out  of  stock.

This situation appears to be part of a general world-wide shortage
ol many types o.f ICs due to a resurgence il the electronics industry.
As there is no direct substitute for MCl330P available and because-
ofan apparent ready demand from hobbyists for a circuit that can
be assembled using more readily available semiconductors, the
author has developed an al ternat ive vcrs ion of  the Homodyne Tuncr
employing field effect transistors in place of lCs.

A-lthough readers arc referred to the original articles for detailed
discussion of the basis ofdesign, briefly the operation of this
circuit is as follows:

Tl .is a junction FET RF stage whose output is coupled in parallel
paths to T3.  a product  demodulator  and t2,  the seiond RF amul i -
f ier- l imi ter .  The output  of  T2 is  tuned to the incomirg s ienal  b i t
qnplitude variation (i.e., modulation) is limited by thdshint diodes
Dland D2,-giving a carrier o! qlout I volt peak-io-peak for injection
to Gate 2 of the dual gate MOSFET demodulator. 

-

the output from the demodulator is a relatively low-level audio
signal which is amplified by transistor T4 befoie feedins an exter-
nal power amplifier. The emitter circuit of T4 has an adiustable
negative feedback control (Pl) which is used to set the iudro oumur
level to the minimum acceptable to the followilg amplifier.

The printed board layout is to the same dimensions as the IC version
andemploys th.e same tuning unit. Alignment is quite simple, as Ll-
Lc delermme^the tunlng range while L2{9 may be set adequately
by adjusting for best audio quality. It is normal to adiust th'e trim
capaci tors.C4 and C9 only,  as the permeabi l i ty  tuning uni t  is  suppl icd
pre-aligned.

Unfortunately this tuner has no AGC facility as had the IC version
but ir practice tJle dynamic range of thc MOSFET detector has
proved_ to,be such tltat it is able to handle a larye variation in station
signal level without affecting operation. Adjustnient of audio levels
ftom station to station is thcrefore by means of the main amplifier
volume control. An audio derived AGC was attempted but was found
to bc generally unacceptable on musica.l programmes.

_1J



.$
*

b

s

*
s

.9+-

t *
b l is <
es
s ts a

\ f

o Q

t s
h a
< l o

i f ;
f *s :

F *s x
\ . s
d q

> . 9

.ss
p . e
t r :



r

Editorial note; Soon after it became known that thet€ wgre problems
in obtaining the type MCI330P IC specified for the homodyne tuner
previously described and before we were advised of the new design,
we set about investigating the possibility of designing a similar type
ol tuner but using a readily available IC. The task was not an easy
one but we have since overcome the obstacles and we have now
completed the development of a very satisfactory unit.

Our tuner uses a National LMl35l IC, which is modestly priced,
together with three transistors. The unit uses the superhet principle
and features AGC, a l0ktlz whistle filter and a tuning meter. There
is still a considerable amount of work before it is reaity for p,resent-
ation.

An approach would be to make a tracing from the board pattern
overlay on the diagam above, using carbon paper to transfer the
pattern dircctly to the copper. We have reproduced the above pattern
actual size, to allow this to be done if desired.

Permeability tuning units suitable for this and the earlier version of
the Homodyne are currently available. In some cases the value of the
resonat.ing capacitors adoss the coils of the tuning unit may have to
be altered to p€rmit tuning of the full broadcast band, depending
upon the actual coil inductance.

PARTS LIST

I Permeability tuner, 'Q" Inductance 164, or similar
I  Pr inted board,  73l tu l l
1 Dial assembly, as required
I Set of metalwork, as required
1 Transistor, 40841 (RCA)
2 Transistors 2N3819 (Texas)
I Transistor, BCl08
2 Diodes,  BAl00

RESISTORS (/z watt)
3 220 ohms
2 l k
|  2 . 2k
I  470k
3 l M
I 470 ohms trim pot

CAPACITORS
I 27pF NPO ceramic
I 5-5OpF Philips trimmers
3 100pF polystyrene
2 150pF polystyrene
I  .001uF polyest€r
3 .0 luF polyester
I  0. luF disc ceramic
2 luF tantalum or l60V polyester
3 l00uF l6VW electro lyt ics

J )



TWO SOLID.STATE RF PREAMPLIFIERS

An RF amplifier for short-wave receivers, with a wide frequency range, has
always been a stage in which the design presents more tha; its share ofproblems. This was the case with valves ind is now somewhat more so with
:"^ti^1-::1: 9:"1".::.H.t"t.*: 

present some ideas as to how this problem may
be approached wlth a satisfactory degree of success.

In the previous a.rticle we described a solid-stato RF preamplilier for short-
, wavereceivers. This desiga used a single low cost FEt as tlie active element,

together with four switched ranges to cover from 1.5 to 30MHz. Apart from
the interest centred on the FET; the coi.ls were all wound on ferrite toroids.
These toroids allowed a highe coil, with all its advantages, together with aminimum space requfuement and ease of construction.

This design proved to be quite successful.

An important point which emerged, when this RF Amplifier was integrated
inlu a Commurucations Receiver, was the very good siglral_to_noise ratio
which was achieved, This has turned out to be jo goodthat one gets the
impression that the receiver is "dead" until a signi rs tuned in. dn the other
hand, cross-modulation was evident, needing to-be combateO, with reason-
able success, by introducing some aerial attenuation.

In valve amplifiers, the "cascode" 
has a teputation for low noise, with good

cross modulation and AGC characteristics. The cascode configuration h"as
recently been introduced into the field of solid-state devises and we there-
fore decided to make up an amplifier along these lines,

[$,_.1-:1ll 
*: decided to.stay with the originar idea of using junction

..t l r:9ut-1 :_hll-ge to a high frequency type was considered to be a forward
step. The 2N5459 was therefore replacedwith a 2N54g5.

lf we are to use a cascode circuit, shall it be series or parallel t!d? This onewas fairly easily solved. Since this type of FET shoud fief.eraUfy be fed
from a source ofabout t2 volts and- iince the ruppfv "Jfiog" *u. to t"
| 2.volts, each FET would only have a supply of iufi *ri. u-Ju" if we used
se.es reed. By paraller feeding, each FET would have the full available
supply voltage; and so it was.

Wha_t prompted us to look deeper into the RF amplifier problem, is theneed for the best possible design, within reasonabG limi6. The main circuitoragram shows the detaiis ofdevelopment thus far. It could serve as the
basis for an RF preamplifier to putin front ofan existing receiver or as theDasls Ior tne I[st stage in a new rcceiver.

lf 
yo_ur receiver is reasonably modern and has an RF stage, more than likely

it will.be adequately designed for good.sensitivity and siinal-to_nois€ ratio,as well as such other considerations as image,"j""ti.". S-r.ii being thd case.
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you arc unlikely to be interested rn an outboard RF preamplifier' On the

other hand, if your receiver is an old one, with an old type valve in the RF

stage, or ifit does not have an RF stage at all, you may be interested in the

designs which we are abottt to present.

We have already mentioned having settled tbr an amplifier using the
"cascode" coniiguration' Let us take a look at the main circuit diagram'

ignoring for tlr. ti-e being the coils and tuning systems generally' The

iscodJactually consists of two distinctly defined stages' The first is a

sraightiorward grounded source (cathode or emitter) with sign:rl input to

the;ate ($id orlase) and with the output tiom the drain (plate or

coltictor). This is followed by a Srounded gate (grid or base) antplifier,

with input to the souroe (cathode or entitter) and output tiom the drain

(plate or collector)'

Looking at each part separately, a grounded source stage normally has a

high input irnpedince and a high output impedance' A grounded gate stage

nJrmatty has i very low input impedance and a high output impedance' As

can be seen frotn the combined circuit of these two parts, the output of the

first section is looking into or shunted by the input of the second section'

This means that the oiltptlt of the first stage is severely loaded and the

amplification ol this seciion is greatly curtailed. However,-the second

seciion is able to provide its fui amplification and most of the anrplification

from the system conles from this latter sectlon.

Note that the overall cascode circrtit has a high input and high output

impedance, free from the enrbarrassments which a low impedance circuit

can sometimes cause.

The first section of the cascode uses a type 2N54tt5 trET, with the tuned

circui ts looking into i ts  gate.  A bias resistor  of  150 ohms, shunted by a

.0luF capacitor, is in the source return path. these two items are norrnally

gounaed, although they are shown in series with a bipolar transistor' More

;ill be said about this transistor later on. The value of 150 ohms for the

bias resistor is a design centre value for this type of FET and normally
'should 

be adhered to.  The drain load is  a 2.5ml l  RF choke'

The second part is fed from the source of the preceding stage, via a 001uF

blocking capacitor. The gate is grounded directly. In the source circuit, is

anotheal50 ohm bias resistor. So that the input impedance of this stagc

will not be any lower than necessary' a lmH RF choke is connected in series

w i t h the l50ohmres i s t o r ' Thed ra in l oad fo r t hesecondpa r t i s comp lex ' i n
that there is a resistive load of 680 ohnls, in selies with a parallel tuned

circuit. Thc latter circuit is resonant a little lower thtn the upper tunable

frequency of the system, which is 30MHz The idea of this arrangement ls to

try to keep the gain of the system reasonably constant over the whole
tunable range.

The parallel resonant circuit in the source load of the second stage is
hervily damped to smooth out the gain nelr the high liequency end,

) t



between about 25 and 30MHz. The two RF chokes involved between the
two parts were chosen to have different values as a precaution against
possible spuriou s oscillation.

As the output impedance,of the cascode amplifier is reratively high and
we want to feed it into a low impedance circuit, such as the aeria'i
terminal of a receiver to retain the gain achieved, we have used an emitter
fclllower stage to effect the impedance tralsformation.

Having discussed the amprifier section of the circuit, let us now turn to
the tuned circuits. In line with our previous efforts, we ue uguin uring
coils wound on ferrite toroids. These give coils which are reaionabiy "urv
to wind, are compact and have a high e, making them ideal for oui
purpose,

F.rom the aerial, the signal is directed to the appropriate coil primary,
via a rotary switch. It will be noted that in most cases there ii a series
capacitor in this circuit. These have been introduced in an effort to further
even our the overall amplification of the system. These values could be
subject to some experiment, if the reader so desires.

To restrict the frequency coverage of each coil, using a 4l5pF tuning
capacitor, a fixed capacitor is connected between thl tuning capacitor ard
each coi-l, where this is necessary, with individual values setJcted to suit the
required range. These capacitors are interposed between the coil and its
switch contact.

TARTH
OUTPUT IO

AERIAL
TERMINAT

wiring diagram showing how we wired the board for themultiple tuned version., It i.s substaitialty the sarne as the component
board for the switched coil version.

The signal level across the variable capacitor is l imited to the rat io of thevariabte,and t ixed capacitor,."d ir l ; ; ; ; ; ; ;  i r ,"  tu, varue as measuredacross the coi l '  I t  is therefore necessary t,  i"r . .  the signar frorn across trre
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coil. This involves using a third switch section on the range selector switch,
the rotor feeding directly to the gate of the FET.

To restrict further the frequency coverage ofeach band, this time at the
high frequency end, where necessary, a fixed capacitor is connected across
the coil.

External fields around the toroidal coils iue very small and coils ofvarious
ranges may usually be located close together without serious problems
with "suckout". Nevertheless, we did detect some evidence of the effect
and as we had a spare section on the range selector switch, we used it to
short out certain coils.

So much for the basic design of the system. When this unit was being
discussed earlier on, it was suggested that it might be a good idea to prcsent
an alternative and much simpler tuning system, still feeding into the same
amplifier. The tuning system referred to is one which has been around for
a long time.

The circuit of this tuning system is shown as an alternative tuning system,
along with the main circuit diagram. Instead of the five separate coils,
with their capacitors and switching system, there is only one coil with a
two gang variable capacitor, instead of the single gang used above. It will
be noted that there isa tap on the secondary ofthe coil,with a sing.le
winding for the primary.

With this arrangement, we can cover from 2MHz to over 30MHz in one
sweep of the dial. This may seem incredible and even impossibte at first
sight. However, at the risk of a little over simplification, this is how it
works.

Consider the full winding first, with one section of the gang across it. This
is a simple parallel tuned circuit and could reasonably be expected to cover
from some low frequency, say about Z.SMHz, to about lOMHz- In addition
to this function, however, the other section of the gang is connected across
the tapped s€ction of the coil. This has much less overalt effect than the
first section, but might augment the former to make the overall tunine
range from say 2MHz to lOMHz.

Now consider the small tapped part of the coil, with one section of the
tuning capacitor across it. On its own, it is reasonable to assume that this
circuit will resonate over some higher frequency range than that of the full
coil and tuning capacitor.

ln fact, that part of the coil winding above the tap is somewhat'larger
than that part below the tap and, at high frequencies, this larger part of
the coil "looks like" an RF choke. This RF choke effect virtually lsolates
the lower resonant circuit from the rest of the circuit over the higher fre-
quency range. By correct selection of the tapping point on the coil we can
neke tb.is-ijrcdr-gne liom sy lO{VtHz to above 3bMHz.

f
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The nruin circuit diagratn srlorr'.s thc rcrsiort where a set of coils is
st\'it(hed in the convcntiornl vo.t'..:rt hottom left, is shown the alternative
tutliltg arrangernent. The !ron!tstt)t'in the tlrain ofthe lirst stagc is int,lucled
os a suggestion lor a mcans ol'uutonuric gain control of thc amplificr. This
nny be omitted, the r50 orrttt rt'sister ontr bypass running straighi to eartrr.
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This isjust what happens and we have a second tuning range from 1OMHz
to well above 30MHz. To limi.t the upper frequency of this range, we
have added a variable trimmer across this section of the gang, so we can
adjust it to cover from l0MHz to 30MHz for our purpose.

The two ranges just cited,zMHz to l0MHz and l0MHz to 30MHz, are. in
fact, the ranges of our tuning system and we have plotted these on a graph,
which is reproduced in these pages. From this can be clearly seen the two
fiequencies for any particuliu position on the tuning calibration.

As mentioned during our discussion of the switched coil system, there is
always the problem of keeping the gain reasonably constant from the
lowest to the highest tuned t'requency. ln the normal course ofevents, the
gain lalls off seriously at the high frequencies, where it is most needed and
the gain is highest at the low frequencies where it is least needed! (Murphy's
Law perhaps.) In the multiple tuning circuit, it will be noted that the gite
of the amplifier is fed fiom the tap on the coil. This gives the t'ull volt;ge to
fte amplifier from the high tuning range but taps down for the low turiinc
range,just what we need. It helps to level out the gain in quite a neat
fashion.

From the discussion of the multiple tuning circuit, it would seem reasonable
to ask, why go to all the bother with the other system using switched coils?
This is a fair question. In fact, there are some "catches" 

to the multiple
tuning system. It will be up to the reader to sort out the pros and cons,

Although we only have one coil and need no switch, a two€ang tuning
capacitor is requhed. This is probably a minor point. Also, with this
system, it is not easy to get coverage right down to the broadcast band
while going up to 30MHz. A no less important point is the fact that this
system tunes to two frequencies at once. In some circumstances, this
could mean that a wanted signal could be interfered with by an unwanted
signal coming through on the second tuned frequency.

Under most conditions of use, this RF amplifier and tuner would be used
with a receiver which would be tuned to the wanted frequegcv and would
be able to discriminate well enough against the unwanted signal. However,
ifwe went to the trouble to make the system cover the broadcast band as
well, it is almost certain that problems would be encountered with stront
local broadcast stations breaking through where they were least wanted.
But, to sum up, this system is well worth a trial.

Earlier we mentioned the application of AGC to the RF amplifier.
Normally, when tfus unit is used outboard, AGC would nor'be apptied.
Later, we will dea.l with some means of manually controlling thii itage.
ln the main circuit, we show a bipolar transistor in series with the bias
resistor of the first stage. This transistor can be part ofan elaborate and
very effective AGC system of a complete receiver.

4 l
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This wiring diagram gives details of the component board for use with the
switched coil version. The two above boards should be orientated carefuily
to make for short wiring leads.

Under full gain conditions, the bipolar transistor needs to be so biased by
the AGC system as to be "bottomed" or fully conducting. This means that
the eft'ective ohmic resistance between collector and emitter will be very
low indeed. This resistance is effectively in series with the amplifier source
circuit, and, being very small, will have negligible effect on the amplifier.

T-t*
These aerial attenuators are suggested methods for rimiting signar input.Either one can be used, depenld"ing o, iitin seems best to meet theparticular rituation.

corL
PRIM.
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the AGC becomes operative, the forward bias to the bipolar transistor

must be reduced progessively. This effectively causes an increase in the

collector<mitter resistance of the uansistor and this in turn is introduced
into the source circuit of the amplifier. This resistance is not bypassed to
RF and so has a degenerative effect on the signal into the amplifier' This
effect increases or decreases according to the strength of the received
signal.With this system of AGC, it is possible to get a very high degree of

control and it is one of the better systems in use today.

An alternative AGC system may be applied to this type of amplifier. The

system consists of applying an increasing negative control voltage with

increasing signal strength, to the gate of the first part of the RF amplifier'

To do this, i "gate leak" must be introduced into the gate circuit, with a

DC blocking capacitor. The AGC voltage is fed into the lower end of the
"gate leak" resiitor. tnstead of the shunt feed system just described' the

AGC voltage could be series fed via the tuning coils.

This circuit may be used to power the RF amplifier from a source of

6,3 voks AC, such as the heoter supply of an existing receiven

For those not requiring an ACC facility, an effective manual control may
be fitted by introducing a variable resistor in the form of a potentiometer,
in series with the 150 ohm bias resistor, in the position shown for the
bipolar AGC transistor. The maximum value of the potentiometer may be
between about l0K ohms and 50K ohms.

Another problem relating to RF amplifiers and which was mentioned
eulier. is that of cross modulation and other related problems. An effective
method of deating with this nuisance is to insert some form of attenuator
in the aerial circuit. Two simple methods of doing this are shown in an
accompanying diagram. One is simply a 1K potentiometer across the aerial
input, with the rotor of the potentiometer feeding the primary of the
relevant coil. Another method is to use a midget variable capacitor of
about l50pF maximum, in series with the aerial lead to the coil primary.
Both systems are effective and both could be tried and the one adopted
which meets the need in the better way.

As we have two different approaches to the tuning of the RF Amplifier
and the physical requirements ate different, we will run through each one
separately. Firstly, we will do the more conventional one, with the switched
coils.

4 3
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With the exception of the aerial attenuator, whatever type may be used,
and the tuning capacitor, all components are integrated into one assembly.
Most of the components are mounted on a strip of tag board, with 11 pairs
of tags, The five toroidal coils ate mounted on another sirnilar size tag board,
Both of these are shown in the respective sketches.

A logical place to start is winding the five toroidal coil units. This task is
straightforward but a few comments may make the job a little easier. The
number of turns quoted in the coil table may be considered as the number
of times the wire passes through the hole in the toroid. It is a good idea to
make an estimate of the quantity of wire required for the secondary and
then locate the centre of the length. Pass one end through the.toroid and
brins the wire to the centre point, thus leaving equal amounts to be
wound with half the number of turns each way. This means that there is
less wire to thread through each time. Care should be taken nor ro scraoe
the enamcl from the wire against the edges of the toroid.

At one end of fhe secondary winding, which will become the earth end,
the prima-ry is wound on. The common earth ends of the two windincs
should be bared, tinned and soldered together.

The number of turns on each winding and the disposition of the windings
should be closely adhered to, as given in the table. However, the gauge of
wire specified is simply a guide. If you do not have the exact gauge
specified, something clos€ to it should suffice. At the same time, particularly
for the higher frequency coils the gauge ofrvire rhould be as heavy as
practicable, to reduce the RF resistance of the coil and so give a higher e.

With the five coils wound, &ey can be mounted on the tag board in the
relative positions shown in the diagram. The tespective ends of the wind-
ings are terminated at convenient adjacent tags on the board. In the case
of the lower frequency coils, which are wound with relatively fine wire,
this is not sufficient to fix the coil securely to the board. This is best done
by simply tying the toroid to the board with a piece of nylon cord. While
not so necessary with the coils wound with healy wire, it is a good idea
and ensures that they do not move about.

The main component board is next and is wired up according to the dia-
gram. The usual care should be taken not to overheat any of the components,
particularly the transistots. Make sure that all the interconnecting wires are
complete before any attempt is made to take the assembly of this board any
further. The tfuee capacitors in series with the tuning capacitor are not
wired in at this stage, however.

The two above sub-assemblies are mounted on the end of the ranee
selector switch and separated from each other and the switch wit[ %in
long spacers. The first step in assembly involves fitting the first pair of
spacers to the rear ends of the two switch retaining screws. Generally,
there is about l/ 16in of thread protruding beyond the nuts. The screws
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used in MSP switches are 5BA and the threaded spacers which are readily
available are l/8in Whitworth. These dissimilar thieads do nor mare very
well but due to the short length of the thread, it is possible to screw
spacers on' provided due care is taken. If you can substitute whitworth
screws, so much the better.

Having mounted the spacers, check the centre-torentre dimension betweenthe spacers with that of the third hole from each .nA ot tne two boards.More than likely you will find that the two holes "r" too-"to*" together. AIttle filing with a small round file wilt put this right.

The board with the coils is mounted against the spacers at the end of theswitch, with the coils away from the s;itch. tne ,econJUourd is spaced
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The assembly is now ready for the outstanding wiring and components.
The various.sections of the switch are used as fouows: One section of the
wafer nearest the clicker plate is used to switch the aerial into the primaries
of the coils. The corresponding section on the other wafer (nearest the line
of transistors) switches the tuning capacitor to the relevant series capacitors.
The otlier section of the same wafer selects the top of the secondary of each
coil. Finally, the otherwise spare section of the wafer nearest the clicker
plate is used to short-circuit certain coils as required. This should be wired
carefully, as mistakes are easy to make here.

The wiring involves the interconnections between the various contacts on
the switch and coils, together with the series tuning and aerial capacitors. '
The latter capacitors are wired with a very short lead, to anchor them
closel., to the lugs on the switch. The other leads up to the coil board will
need to be lairty long and these should be run directly and with the use of
some nylex tubing for insulation where necessary

This almost completes the assembly, but we must bring the tuning capacitor
into the picture. The final choice is up to the builder but, for the sake of
convenience in presentation, we made up the final assembly on a small
"U" shaped bracket, similar to the way it would be assembled on a chassis.
The complete unit is shown in the photograph. We have not accommodated
the aerial attenuator on this assembly, but readers again will be able to
decide the best place for this on individual merits.

For those readers who choos€ to make up the multiple tuner version of the
RF amplifier, here are some comments which we hope will be of assistance.
Looking at the main circuit and replacing the inset giving the multiple tuner
details, you will see that it is much simpler. The earlier comments relating
to the aerial attenuator still apply as do all other comments on the rest of
the circuit, except the coils and switching.

Instead of the overall assembly centred around the switch, we have a
slightly modified wiring board, similar to the amplifier board for the other
units, but extended in length to l2 pairs of tags. It will also be noted from the
wiring diagram for this board that the special transistor and components for
the AGC transistor have been omitted, This will norrnally be the case for the
other board, unless readers wish to use the AGC system, The resulting extra
length of board is sufficient to accommodate the one coil needed.

Detai.ls for the above coil are given in the coil table and this should be
wound first, with the previous comments applying. In addition to the
primary and secondary windings as before, the secondary is tapped at
eight turns from the earth end.

Ncxt, the board should be wired up as shown in the diagram, care being
taken as with the othet one, that components should not be overheated.
With this wiring cornpleted, the coil can be fitted and if thought desirable
itmay be held in place with a tie of nylon cord.

I
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As mentioned much earliet, the multiple tuner requires^a.2-gang capacitor'

ii *iU "ir. be noted from the circuit that the section of the Sang across-the

il;;d;i;iih; coil is shunted with a 3-30pF variable trimmer' This is

iitiuO to r"ttti"t the upper tuning limit to a little above 30MHz'

Rather similar to theprevious case, the wiring board and the 2-gang

.."."ii"iaI" finally assembled an an..L" shaped bracket, as shown in the

;i,;;;;;t;. ii;;capacitor stands on the horizontal part' with the wiring

toard"screwed to the vertical pxrt.

When mounting the wiring board it is necessary to stand it off the bracket

tu'yiit i" yri".i" atlow su-fficient clearance for wiring soldered joints and

any protrudlng components. This can be done simply by using screws of

appropliate length and using extra nuts so that the amount of clearance is

achieved.

This completes the description of two version of the RAF Amplifier but

it is still necessary to provide a source of a minimum of 9 volts and
preferably l2 volts D.C. as a poweT supply. This can be met quite readily
with a battery but a small supply can be built up to operate from a source

ofsay 6.3 volts AC.This supply may be obtained from the heater supply
of the receiver proper where convenient. On the other hand, a small
heater transformer rated at 6,3 volts and up to one amp rvould be suitable.

A circuit of the suggested power supply is shown in a separate diagram,

Testing of either unit in quite simple. The usual wiring check should be

made before applying power. The output of the amplifier is fed into the

aerial terminal of the receiver, preferably via a short length of coa-rial cable.

A suitable aerial is connected to the amplifier input.

Select the appropriate range (in the case of the switched unit) to suit the

fiequency to be tuned on the receiver. Tune the wanted station on the

receiver and then peak the signal by tuning the RF Amplilier. As a
preliminary check, this procedure should be carried out across the full
coverage of the system. More than likely, signals will not be available over
srch a wide range at any given time. If a signal generator is available, it
could be used to advantage.

The RF Amplifier is now complete and the method of using will be clear
by now. At the sanle time, a little experience will soon show the best way
to use this device. ln some cases, it will be possible to tune the RF Athplifiet
to the "image" signal, rather than the wanted one. This must be carefully
guarded against, where this condition exists.

Such a condition can occur, in single conversion receivers using an inter-
mediate frequency of455KHz (or lower) and at signal frequencies from
about ?MHz, getting progressively worse as the frequency is increased. In
the case of a 455KHz tF. with the local oscillator tuned to the high side
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of the wanted signal, another signal at twice the IF, or 9l0KHz higher,
will also get through the system and cause interference. However, with the
RF Amplifier, extra RF selectivity is achieved and the image frequency
will be either eliminated or reduced in severity.

COIL WINDING DETAILS

Ll Sec. 100 rurns 25 SWG En. to occupy 100 per cent offormer. Prim. 3
turns interwound at earthy end of sec.

L2 Sec. 50 turns 23 SWG En. to occupy 100 per cent of former. Prim. 7
turns interwound at earthy end of sec.

L3 Sec. 18 turns 23 SWG En. to occupy 50 per cent offormer. Prim 3
turns interwound at earthy end of sec.

L4Sec.  8 turns l8 SWG En. to occupy 50per cent  of  former.  Pr im 2
turns 23 SWG En. interwound at earthy end of sec.

L5 Sec. 4 turns I B SWG En. to occupy 33 per cent of former. Prim I
turn 23 SWG En. interwound at earthy end of sec.

L6 Sec. 27 turns, tapped at 8 turn, 2l SWG En. to occupy 75 per cent of
former. Prim 2 turns interwound at earthy end of sec.

Ll to L6 all wound on type F4040/2 ferrite toroid formers, of Q2 material.
L7 l2 rurns 23 SWG En. straight on thread of 7.6mm x /:in. long iron dust

slug. Neosid grade 900 or similar. Exact diameter not impoitant.

+ 24V

60 C4-1 0Op
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l l . t t ^
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40 to 800 megahertz RF amp

8B F3 57=RS27 6-2011 / 20 15, 8 F377 - 3?8, MPS9 18,
2N9 18-35?0, BFY90, BFStTR
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BASIC RECETVER FOR SLOW.SCAN TELEVISION

Here is a new design for a monitor to display slow-scan TV pictures, of
the type being transmitted by increasing numbers of radio amateurs.
It uses four valves, four transistors, an IC and two SCRs, each perform-
ing the circuit functions for which they are best suited, This simplifies
thc unit and makes it easy to build, without sacrificing performance.

Slow Scan TV, or SSTV for short, has become very popular in the
Unitcd States and activity is beginning to quicken in this countty as
wcll. However, many amtteurs possibly do not realise iust what a
fascinating and absorbing branch of amateur radio is available to them.
at quite a modest outlay in cost and equipment. Very little has bren
published in this country on the subject of SSTV andwe propose ro
remcdy that at least in some measure.

Without doubt, the best place to start in SSTV is with a rnonitor.
Involving no more complexity than a modest CRO, a monitor can be
used.with the existinB shack receiver, so that you can really..read the
nuil" of any amateur SSTV transmissions, either locally oi from over_
seas. Eq uipment for the transmission of amateur SSTV signals is a
little morc involved and for the present at least, we will co-nl.ine our
offorts to describing a new monitor.

For those not yet familiar with SSTV, it is basically rather simitar to
conventional television except that the rate of scanning is slowed down
fiom one picture every l/25th of a second to approxiriately one every
8 seconds. This reduces the bandtvidth required'to transmii the signais
from the usual 5MHz or so right down to a figure well within the audio
spectruffL And as a result, SSTV signals can be transmitted and
received using almost any of the established types of radio equipment,
whether i t  employs AM, FM, SSB or other types of  modulat lon system.
Actually the SSTV "video" signal itself is not used to modulate the RF
carrier directly. Because of the low scanning rate, the video is largely
made up of very low-frequency components, and for thes€ to be tralrs-
mitted and reeived properly the transmitter and receiver would have
to be.fitted with much longer time constants than usual in the coupling
circuits and other sections. To avoid this, the SSTV video signal is usei
to frequency modulate an audio subc4rrier.

The subcarrier is made to vary between the limits of l200Hz and 23A0Hz.
synctuonising pulses correspond with l200Hz, black level is l500Hz,
and white level is 2300H2, with shades ofgrey in between black and
white, _ Ilorizontal sync pulses have a duraiion of 5mS, with 30mS for
vertical pulses

The numbcrof  scanningl inesis 120.  Due to the fact  that  the Uni tcd
States uses a 60Hz standard for their supply mains while we,Britain and
many other countries have a 50Hz standtrd, and as the mains freo uencv



is used as a reference for synchronising pulses, a compromise has had to
be struck. The result is a 15 Hz sweep rate (60/4) for the US and a
16-2l3Hz sweep rate (50/3) for Britain, etc. To tie in with the set 120
horizontal lines, the veitical rate is 8 seconds and 7.2 seconds for 60Hz
and 50Hz mains fiequencies respectively. .

The question may well be asked as to how this works out when an
amateur in Britain is in SSTV contact with an amateur in the united
States. In fact the differences in sweep tates are not very gleat and are
well within the synchronising capabilities of the equipment involved.
The pictures stay in lock, but the picture size will vary slightly.

Our approach to the design of an SSTV monitor has been along lines
already established overseas. However, in order to encourage newcomers
into this fascinating field, we have made some effort to simplify circuitry
as much as possible, together with an eye to keeping costs down.

Apart from the usual precautions with the installation of a CRO tube
with respect to magnetic fields, layout does not seem to be at all
critical,

Let us turn our attention to the circuit diagram and go through it, dis-
cussing the various circuit functions. The frequency modulated SSTV
subcarrier is fedto the input, This may be from a communications
receiver, tape recorder, etc. To avoid excessive input to the 741 op-amp,
a pair of lN9l4A diode clippers are included. The signal is amplified
by the opamp and emerges as a square wave. In series with the output
is an inductor, about 200mH, shunted by 0'022uF which tunes it to
2300H2, This LC combination is the "video discriminator" and is
effectively a rejector circuit at 230OHz. The FM signal passing through
the discriminator is effectively changed into an AM type signal, rather
like the well established "slope detection" used in AM receivers tbr
receiving FM signals,

This AM signal passes through a level or "contrast" control and is then
amplified by TRl. The output at the collector is stepped up in voltage
by the transformer, whete it is detected in the bridge consisting of four
silicon diodes. The video voltage from the detector is then fed directly
between the cathode and grid of the cathode ray tube, where the beatn
is mcidulated to give shades ofgrey between black and white levels.

Returning now to thc output of the video discriminator, a split is taken
via a sync level control, to the sync discriminator. The level available
fiom the video discriminator is quite high, much too high for our
purpose and so the need for the 220k series resistor and the 470 ohrn
resistor shunting the 47k potentiometer.

T'he sync discriminator is, in et'fect, a tiequency conscious arnplifier,
using a twin-T network and peaked to the sync frequency of l200Hz.
This ci-rcuit was selccted in preference to an LC circuit similar to the
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video discriminator because a fairly high e circuit is required and
readily available coils did not come up to this requirement.

Following the sync discriminator is a two-sta[ie sync separator using TR3and TR4. In rhe collector of TR4 is a light e;it;ing diode, which blinks
on.every sync pulse and is very_uset.ul for acljustnrent purposes. Syncpulses appear across rhe 0. l5uF capaci tor  a;d are led v ia a l0k isJ lat ing
resistor to the gate of the SCR in the horizontal denection circuit.

The 30mslong vcr t icr l  sync pulses are a l i t t le  t r icky to separate out
c leanty.  but  by using thc two-strge sync separator ,  rn integraror con-sistinc of the 27k resistor ald I ul uapaciror, rogeitre, wiifi 'a verticat
sync level control, very succ€ssl'ul vertical synchionising has been
achieved. The,vertical sync pulses rre t.ed into the gate';i lire SCR of
the vertical deflection circuit.

As the. vertical sweep rate is very slow, between 7.2 and gseconds, it
of ten happens that  when receiv ing_a t ransmit ted picture,  you have just
missed a vert ical  pulse,  This wouid normal ly  mean thatyLu nave towait a very considerable time betbre you st,i.t to get thc'.reit p,cture.
To avoid this' it is fairly standud practice to inctJoe a monuot uerricat
lj 'f"l]n* 

burror. This is simply a tM resistor t-rn-tn"'nigf, ,"nuon
n scrres wi th a "rn l rkc"  press but ton on t l lc  t . ront  pancl .

*: :l*l::t.h 
genera.tors or: ryrhrpt of more thrn just passing rnteresr.

r  ne stmpttct ty  ls  such that  i t  is  d i f f icul t  to image anything s i tnplcr .
Fundanrcntal ly ,  the generator  consists ot .a , " r i i ro,  ,J  l r ' r r r . i tor  t i tneconstant ,  wi th an SCR to in i l ia te l )yback.  The sawtooth upp"_rng
across the capacitor is DC connected to the grid of the rele'virnt Oeflec_
tion yalve, There are only two extra components additional to thosealready mentioned. A 22k resistor frorn the gate of tlle horizontal SCRto ground Ls addcd to ensure a reasonably lori irnpedance so that there
is tess likelihood of spurious triggering, u;hile O.ZV ,*"i Oioo"s are uscdto limit thc maximum voltage across each capacitor.

The foregoing describes both horizontal and vertical generators ln
principle, The lrorizontal circuit has an g.2M resistor ind a 470k in
serics-with a 0.47uF capacitor. The 470k resistor may have to be
modified during adjustment but more wilt be said about that later on.
The vertical circr.rit has an 8.2M and a 5.6M in series with a 47uF
tantalum capacitor. Instead of the 22k rcsistor from the gate of the
SCR to ground, the in-circuit resistance of the I 00k verti;l sync
level control is substituted.

Each deflection circuit consists of two 6BX6 valves in a ..long-tail pair,,.
Direct coupling from the valve plates permits the use ofamplfied trace
positioning. This is achieved by an adjustable voltage via a potentiometer
to the.undriven grid ofeach pair. The grid is bypasied for signal fre-
quencies,wi th r  0.01 uF capaci tor .  Gain of  rhe s i tgc and so iweep s ize,
rs controlled with a resistor between the cathodes;f each pair. These
are set during adjustment and will be covered later in detaii

5 l



Before leaving the two deflection amplificrs, it may be seen that tho

horizontal amplifier has a 4uF elcctrolytic bypassing the screen grids'

On the other hand, no bypass is included in ths vertical stage screens'

To be effective at such a low frequcncy the capacitance would be

Brohibitively large. Happily the stage works quite satisfactorily with-

out any bypass.

The power supply system is of necessity rather complex' However, we

havc'managed io simplify it as much as possible and only one ttans'

former is iivolvcd. Th"t" ur" two 6.3V windings, one for the CRT

heater while the other supplies the deflection valve hsaters, togethcr

with the,plus and rninus l5V supplics for the solid stat€ circuits'

These usc voltage doubling, with the output stabilised by l5V zener

diodes, Additional filtering was found to be necessary on the positive

rail and this is provided with a I 000uF electrolytic across the output'

High tension for the deflection amplifiers is obtained by full wave

reitification from a 250-0-250 volis secondary winding' lt was found

that a considerablc amount of filtering of the HT line was necessary'

This is achieved with a two-stage filter, making use of four 24uF

350VW capacitors in one can, with two lk 3W resistors'

EHT of nearly 700 volts is obtained by voltage doubling from one side

of the HT wi;ding. The output capacitol consists of two 8uF 450WV

units in series. The DC voltage across each unit is established by con-

necting thcirjunction to the junction of the 100k focusing pot and

the 22bk resistor of the EHT voltage divider chain' A 39k resistor

between the cathode of the CRT and the EHT rail sets the brightness

level, and may need adjustment during final setting up'

So much for the circuit' Now a l-ew mmments about components may

be helpful. As mentioned earlier,our prototype is a-much rebuilt 3in

Oscilloscope and as such, uses the original metalwork' The only change

of note, is'that a new front paneloverlay was needed' More than likely

readers will have their own ideas about this and a suitable panel could

bc made up from a piece of aluminium.

Resistors and potentiometers should pres€nt no problems' The capaci-

tors should alibe available, with one possible exception' The can type

housing four 24uF 350VW units may be difficult to obtain but substi-

tutes in thc lortn of separate capacitors should be easy enough to

obtain. The capacitors which we used are either electrolytics or

polycarbonates, with two exceptions They rue the two 47uF, 6'3mV

iuniolums. Diodes should present no problems. Either the types

specified or their equivalents may be used. The only possible excep

tion is the LED. This may be tny small ruby coloured unit, with a

bezel for mounting it on the front panel. A wide variety of suitable

LEDs are cuffently available.



The two SCRs which we used are made by Ifi but any low power
SCR-should be quite suitable; the circuit i, q"it" ""a"i""ioirg.
Similarly the 741 IC comes in uarious -ak"s aJ ;;;d;;. The onewe used is in a l4-pin dual-in-line package but no troubie should be
experienced in adapting almost any mechanical arrangement. Thetransistors,ofwhich there ue only four, are a[ readili u"uituUt",
However, if substitution of the Biry5l uia* amptin"rislonstoerea,
care should be taken to make sure that the substitute will do the job.

The 6BX6 valves should still be readily avajlable but if you have someother types on hand, then they may be used provideJ t'hev will do thejob. The pentode section of a 6BL8 is quite iatisfactoru u'no *"
imagine that other typds such as 6AU6, 6AM6, "i;.-;;;d be satis-
$:::l:,1: 

alT is special in that_it]ras a r""i p.rrirt""L phosphor.
wnen oroenng the tube, a mu_metal shield may be ordered at the same
ItT.-].lt::r?^qe 

perspex fitter which we fitted, althorth not essentiat,q:es.T9m to hetp to give a better picture, pieces of suitable material
should be available from suppliers-

The small transformer feeding the detector is actually a miniature
240112.6V heater transformer, The mains t.unrfoir*iis not quite soeasy. fire type of reader who is likely to make up one oilh"s" .lo,
scan monitors is also likely to have a transformer of similar specs inhis junk box, It may be necessary to add a shorting str"p L r"Ou"e
the stray.field. In any case, we feel thaf *" "un l"u"u" ihi. proUtem
for each irdividual to solve in his own way.

Fromlhe.constructional point of view, we will assume that reaclers willE ro uowtng the method which we used, Any deviations can safely beleft to the individual to sort out for himself. W"*ifi ufr" ul.u." tnutyou have a suitable set of metalwork.
A good plac€ to start is with the subassemblies. There are five mainboards, each with components mounted on miniature dboard and wehave given wiring d iagrams to mat e ttre joU so-"ri.i "If", than if youhad to work it all out for yourself.

One board includes the signal input, IC op_amp, video discriminator,video amplifier and detecior. ff," a"t""tl, tiu'nri-ri"i iJrnount"o
_separately. It is straightforward except tor ilre IC ani-itr. )bo^H *il.Welscd a socket forihe IC and we sriipp"a on rUin" ,iuil r"gr.with the socket c.orrectly located on tf,euoaro, *e diiliJiiue s*ail.lorcs @rrespondlng to p in posi t ions4,  5,  6,  l0 and l l .  The socket  islocated in these holes and the lugs are connected to ifr" tug;ip u,
in^d^icaled, by means o f thin tinned copper wire. Before m"o un ting the
ll9l} 

":1, carefully cut off the extreme end at the moulded shoulder.vur urr all rour corner Iugs and bend the remaining two active lugs outat right angles for solderi.rg to the xppropriat" irgi." if," t""rA.

The board containing the sync discriminator and sync separator presentsno problems. The trimpots are mounted verticattv unJiiiily t" r."n
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that in conrmon with the other boards, some tesisto$ and capacitors are
also mounted vertically to save space, For the same reason some items are
mounted underneath the board.

The board containing the two sawtooth generators and the board carry-
ing most of the small components lbr the two deflection amplifiers are
quite straighttbrward. The last board, which mainly includes compon-
ents for the two l5 volt supplies is rather crowded and needs some care
in fitting the electrolytics, Two pairs of lugs at one end carry a 220k
lW rcsistor and an 800 PIV diodc. These belong to the CRT IHT circuit.

The pictures show the location ofall the major components and apart from
a few dctails readers should be able to assemble the unit without diffi-
culty. In ourcase, the power transformer is stood off the back skirt of
the chassis with four spacers. A small panel of aluminium is fixed to one
side of the transformer to accomrnodate a couple of tagstrips for power
supply wiring.

A vertical panel, about I lcm long and 8cm wide, is fixed below the main
chassis and on it are mounted tluee board assemblies. The one including
the input to detector circuits is mounted nearest the underside of the
chassis, with the board containing the sync discriminator and sync
separator immediately below. The board with the sawtooth generators
is mounted imrnediately on the opposite side of the panel. With the
boards in these positions, it is possible to get to all the adjustments
wi thout  h indrance.

The board with the deflection circuit components is mounted atop the
chassis. The horizontal deflection valves ate those above the chassis and
the vertical deflection valves are mounted upside down on the other side
of the chassis, The detector transformer is above the chassis between
the horizontal valves and the front panel. Focusing and astigmatism
potentiometers are mounted on a bracket above and at the rear of the
chassis and the horizontal and vertical shift controls are immediately
below and mounted on the back skirt of the chassis.

The power supply board is mounted irnmediately behind the CRT socket
and the board is stood off the chassis by a cm or so to clear any com'
poncnts mounted under the board. This also applics to all the other
boards. lf you are not using a can type multiple clectrolytic assembly,
then some ingenuity may be needed to fit thc substitutes in the space
available.

Apart liom the tube face, with its hood and filter, the only other items
on the front panel are the input socket, trigger and mains switch, LED
and mains indicator lamps and contrast control, The panel is held in
place by thc trigger switch and contrast conttol.

Having built the SSTV Monitor, the next task is to put it into operation.
Some suggestions as to how to go about this are added, Although it is
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not necessary tn most cas€s, we stess that the 700 volts of EHT and the
300 volts HT line can be dangerous, particularly as the source impedancc
is quite low in each case. Apart from the more obvious danger points,
the detector components which at first sight seem innocent enough, ue
in the EHT circuit and a bite from this is not recommended.

Before switching on for the first time, it is always wise to.make a
thorough check ofwiring to make sure that there are no errors or
omissions. Having done this, a helpful move is to set all adjustment
points to a position which will help the adjustment procedure. The
vertical position, horizontal position, focus and astEmatism controls
are set to mid-position. The sync level, contrast and vertical sync level
controls are all set right oft'. Set the frequency adjust pot to a value of
27k and the feedback pot to l5k. The slug in the video discriminator
coil may be set so that the slug is fu[y inside the coil, with the resrrective
ends about flush.

For adjustment purposes, the use ofa CRO, an audio generator and
possibly a VTVM will be assumed. Aller switching on, a routine check
of voltages may be made, Make sure however, that there is not a wcll
focused bright spot on the CRT screen, which may lead to phosphor
burning. With voltages checked and if the aforementioned spot has not
yet appeared, rotate the horizontal and vertical position controls until
the spot is found. A rough adjustment of the focus and astig controls
may be made and then the spot should be shifted just off the screen
for the time being at the bottom right.

Connect the CRO (or VTVM) to the junction of the 2.7k resistor and
the lOuF electrolytic at the op-amp output, and connect the audio
g€nerator to the input socket. Feed in any frequency between | 200H2
and 2300H2. Limiting should occur with less than l00mV input and
the saturated output wiu be about 30V peak-to-peak.
To adjust the video discriminator coil, connect the CRO to the
junction of the coil and I 8k resistor, Set the audio generator to
2300H2 and output  level  to l00mV. Adjust  the s lu[  in the coi l
for minimunt indication on the CRO.

Now connect the CRO to the collector of the video amplifier, TRl.
Make sure you do.not come into contact with the deteitor, if the unit
is switched on! Set the generator to lS00Hz and advance the contrast
control until clipping appears, then back off until the clipping dis_
appears. The output should bc about l5V peak-to-peak. With 2300H2
input, the output level should fall to about I V peak-to-peak,

Adjustment of the sync discriminator calls for a little more care and
patience than the foregoing adjustments. Advance the sync level
control by about one quarter of its full travel This may need to be
adjusted more closely later on. Connect the CRO to the collector of

.  TR2, and feed in l200Hz at  l00mV from the audiogenerator .  Whi le- specific frcquencies mentioned so far are quite impoitant as regards
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accuracy, it is particularly vital to be sure that the l200Hz is known
accurately. Having rnade this point, we can leave the rest to the
reader's own ideas as how best this may be achieved.

Vary the frequency adjust pot to obtain maximum response on the
CRO. It will be found to be quite sharp. Reduce the audio input to
zero and all indication on the CRO should also disappear. If not, the
stage is oscillating and the feedback control should be reset iust below
the point ofoscillation. Do not try to get too close, as thislan be a
trial of patience and the extra gain and selectivity are not needed
anyway. Switch on the audio input and make any slight adjustment
to the frequency adjust control. This should be achieved without the
stage oscillating of course.

tlaving taken the adjqstments to this point, we now need a video signal
to complete the adjustments. A signal may be taken directly off air
from say, l4 or perhaps 7MHz, or even one of the VHF bands. In
doing this, it is most important that the signal be tuned in ,.on the
nose". Possibly the easiest way to do this is to adjust the re@iver on
the same transmission, on speech, after which it will be correctly tuned
for the picture. If a tape or cassette recorder is available, it can be
very helpful to record a signal and this may be used as required, over
and over, for adjustment or other purposes. A feUow amateur who is
in the position to do so, may be only too pleased to provile you with
some signa.ls strafht from his camera, etc., wNch you may record,

Assuming a soure of s[nals, it should be fed into the monitor and it is
reasonable to expect a horizontal trace video modulated. The trace
should now be centred on the screen with the horizontal shift control
Press the vertical trigger button and the trace should immediately go
to the top of the screen and slowly advance towards the bottom of the
screen. Now advance the vertical sync level control until the trace goes
to the top of the screen when a horizontal pulse appears Further
advance the sync control until the trace goes to the top of the screen
and stays there. Sot the control midway between these two positions,
which shoutd give corect vertical sync,

Now centre the picture vertically with the vertical shift control. The
two initial picture centring operations will have been tentative and
the size of the picture should now be considered and adjusted if
neessary. The picture should be square and of such a size that not
too much of the corners are cut.

The size of the picture is governed both by the natural frequency of
each of the sawtooth generators and the deflection amplifiers. The
gain of the deflection amplifiers may be adjusted by altering the
resistor between the two cathodes Reducing the resistor value
inqeases thc gain and vice versa. Slowing down the sawtooth generator
time constant will also reduce the picture size, and vice versa. The time
constant can best be changed by altering one of the two series resistors.



In order to help readers oI this book, we are reproducing the R_S_Tcode here.
R-S.T SIGI\AL REPORTS
To facilitate accurate renorts of signal quality, the R_S_T (Readability_
Strength-Tone) system ts emptoyedinter;ai&lll" 1t u""ign" numeriealvalues to these characteristics according to the diowing scales.Readability
l. Unreadable

?. F":ty readable, some words distinguishable
J. Readable with considerable difficultv
4. Readable with practically no difliculiy
5. Perfectly readable
Signal Strength
l, 

_Faint signals, barely perceptible
r, very weak signals
3. Weak signals
4. Fair signals
5. fhirly good signals
6. Good signals
?. Moderately strong signals
U. Strong signals
9. Extremely strong signals
Tone (Telegraphy only)
J. Extremely rought hissing note
z. Very.rough AC note, no trace of musicality.
J. Rough low-pitched AC note, slightly musicat
s. Xath€r rough AC note, moderafley musical
b. Musically modulated note.
6. Modulated note, slight trace of whistle, l: Near DC note, smooth ripple
l. tr"d DC note, lust a trace of ripple
9. Purest DC note
If the Bigrral has the characteristic of cry8tal control, actd the letter Xto the RST report. If there is a chirp, tfie fetter d mly be added. Sim_ilarly, for a click, add K
This,reporting system is used on both telegraphy ard telephony, leavingout the "tone" report on telephony.
An accepted convention is to -rate- one S point calibration as equal to anincrease y-"ict t strength of 6dB. Fori:<a-pte, if-iiis taken as 1uVat th€ aerial terminal of a receiver, 59 resutis i"orn a gSOuV "iSLl. anumber of other standards have been useO, mainiy ny-commerlcal manu_facturers oI short-wave receivers. One rates SS'a6"tiauV (S1 equal to0.5uV), ard another puts 59 as tow as tOOuV.-H;*a;; both systems re_tain 6dB as separation between S points. Otf,e"s-fraue Uoth different 59values and separation values.
Wl:"" 

1 standard signal generator is not avallable, an S meter may becaiibrated arbitrarilv. 59 is set as being u u""V "ll*g stgnal, with nobackground nolse, frbm a station other than a near neighbour. Themeter reading is then divided to provide f to g S pointsl If asked for anacc.urate S-meter report, it -is only fair to e:<plain the way in which thecalibrations of the receiver have blen aetermirea,---- 
"
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If necessary, the horizontal time constant may be changed by altering
the 470k resistor, and the vertical by altering the 5.6M resistor,

It is not very likely that there will be any touble due to component
value spreads changing sawtooth generator time constants and causing
lack of sync. However if you should be unlucky enough for this to
happen, then the appropriate one or both of the resistors just men-
tioned should be changed accordingly.

Brightness of the trace is controlled by the automatic bias resistor of
39k at the cathode of the CRT. Although it is not likely to need alter-
ation, the brightnessccan be adjusted by alteriry the value of this
iesistor. Do not reduce the value unnecessarily in an attempt to
increase brightness. It must be remembered that the al'terglow bright-
ness is quite limited and SSTV viewing is normally done in very
subdued lighL

Considering the simplicity of our monitot, we are pleased with its
perfornrance and we hope that our et'forts will encourage other
arnateurs to embark on this fascinating aspect of amateur radio.

List of Parts

I Case, I 2.7cm wide x I 9cm hi,gh x 2t.6cm deep, with lront panel
and chassis.

I Canying handlc.
4 Rubber feet.
I- S-et of brackets, including tube hood and suplnrt ring.
I Perspex orange filter.
I P-oluer tronslbrmer,240V primary,250V-0-250V secondary at 50mA,

6.3V at 1A, 6.3V at 3A, low radfution type (see text).
I, Miniature detector transformer,240V prinury, 12,6V ot I50mA,
I 200mH variable inductor.
1 Coaxial input socket.
I CRT socket.
4 9.pin miniature valve sockets.
I Miniature toggle switch, SPDT.
I Miniature press.on switch, SPDT.
I Knob.
I NE-2 neon bulb, in pilot bezel.
I Rubber gromtnet, *in.
I Rubber grommet, *in.
2 7-lug tagstips.
I 3-lug tqstrip.
2 Miniature tag boards with l6 prs tags.
I Miniature tag board with 15 prs tags.
I Minioture tag board with 12 prs tags.
1 Miniature tag board with 9 prs tags.
2 Diodes, BAt462, 1N9l4A.
4 Diodes, EM401. 0A6261100.
4 Diodes, 8M402, OA6261200.
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Diod es, EM40B, OA62 7/800.
z_ener diodes, BZy79 6V2
zener diodes, BZX79 ct t
SCR, 2SFI06 or simitir.-'
LED (see texr).
IC,74r.
Transistor, BFy5I.
Transistor, BCI 09.
Transistors, 2Ni63gA.
ueon indicator, NE-2.
yotves,68X6.
CRT, DP7.32, u,ith mu.metol shield type 55530.

U.PACITORS
I O00^33uF I 00 V polycarbonate.
z. 0. 0^04 7u F I 00 V'po iycarbonare.

j "43i1; ; iS[ f "l f;:",:;r ;I 0.0.3-9uF I00V poiycarbonare.
I A^.15-uF SqV polycarbonarc.
t, u^.J.JuF 50y polycarbonate.
t U.47u_I- 50V polycarbonote,
t, tuI- JUV polycarbonate-
t- 4uF 250W electrclvilc.
I 4-uF iS}Vttt electro[vtic.
/. 6,ttF 450W elecrro[ytics.
4. 10uF 25W electoivtics

1 a4-ut-:3.S9fw ckctrcrytics (in one can).z. 4-/uF 6.iVltt tantaluis.
r, 

:u-yu 16 vw etect roty tic.

1 ;lbXI i',W ": ;::,.;, i!;.
z I.U^UAUF l6VW elcctrolytics.
r rUUOuF 2SVW elecn.oil.tic.

lutjf1gl1 f fu untcss statcd othcrwise)

i i6_t:ffi, 1 "!j,*
i i.;b\i,x ! l:i
z 1 /u Ut.nns 2 47k t Wz o^d^U-otrnts I S6k
r 6/U^0hDts 2 6gk tW
i 

t^*_:, 4 t00k
t  / .  / K  )  a a ^ L
2  , a t -

i :.:: I 220k ]w
i ' . y (  1 2 7 0 k', ')r 2 470k'" 

:o^: 2 rM
1 '^"-: I s.6Mt zlx 2 g.2M
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20k linear potentiometers.
47k linear trtmpot$
I 00k linear potentio me terc.
I00k linear trimpot.
1 M linear potentiometer.

MISCELI.ANEOUS
Hookup wire, solder, solder lugs, 3-core flex and plug, cable clamp,
ECrews, nuts.

SEMICI)NDUC TOR EQUTYALENTS

1S.14 _szl 6- I 1 3 6, BAw62, BA2 I 1, BAys I _ 6 1, 1N4 15 I _444 6.
_8y191=Mlq-113e, 0A626/ 100,  BAy2le,8y126 /  r00,1N4002.
Il'119?=It?19- lg0? / !1s1,-c,+926 / 2oo, evna 1 zoo, 1r.i4003,8y12?
Iy-199=51?3 9- tt 14, 0^627 / slo, nvrd6 7soo, ir{a06 o, sy rzz
B Fys t=Rsz?6-20 14, B FR19, Bsy46-85, zNztilz I l_zzta_24 l0_8053-gzrz_

4046.
B-C^10-8=RS2?6-2009, 2N3565-3?11_4134, 8C148_168_208_318, SK302O_3122
?I-3-63qA=R!216-202 1, 2N544?, SK3O25,'F'C328 / 16, r1550.
6BXG61!w, 6_F41, 6p6, 8D6, EF80_806_su. zrsz'_lrs,64spr, cv13?6_

5092-5817.



I4MC BEAM USES TV AERJAL PARTS
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supportlng mast to protrude approximately l8 inches above boom level
and taklng a stralner wlre from each end of the boom to the protrudlr€
section of mast.
Each of'the antenna elements ls secured to the boom by means of two
double U-bolt next assemblies, one "nest" to each of the twln boom pie-
ces, The flnal strength achleved wlth this method of holding is such
that, at extremely htgh wind velocities, the antenna elements could
bend right out of shape, but the clamps to the boom would still hold
fast.

ELEMENT SIZES

The steel mast tube on whlch the antenna is mounted is also attached to
the boom with two of these double U-clamp assemblies. We used a
piece of 1|" ldameter by 16 gauge steel tube l0 feet 6 inches long for
this mast, mainly because that is a standard TV mast size and it fit-
ted very nlcely into the strengthened TV chimney clamp mounted atop
the author'g telegraph pole. More about this Iater.
With aeria-ls of thls size, lt ls common practice to manufacture the
elements from several dlfferent diameters of tubing, commencing
with a reasonably la_rge diameter in the centr.e and wincling up with a
fairly sma-ll to medium diameter at the tips of the elements.
In order to minlmise sagging of the elements we decided to use 16
gawe materla"l slnce it was felt that 18 gawe would be a little on the
light stde. The wall thlckness of this material is approxlmately I /16,'
and the stock slzes run in I /8 " lncrementg so, at first glance, lt
looked as lf the outside diameter of one 6ize would neaily fit into the
lnslde diameter of  the next  s ize up.
It eeems, however, that the inside diameter of this tublng averages
around 4/1000" on the small side of the outside diameter of the next
size down. Wlth some wangling it is possible to ftnd two pieces of
tubing whose tolerances are such that they will. mate together but the
process of tria_l and error involved makes it far from a commerclal pro-
posi t lon.
It was at this stage that we decided to fit the tubing with one size diff-
erence ln between the two pieces and simply secure them by mean6 of
eeveral self-tapping screws, It seems that such a practice is fahly
common in t]le commercial field and has always been found satisfact-
ory in the past.
Before commlttlr€ ourselves to this form of construction for the antenna
we tried it out experlmentally on two pieces of spzrre tubing. The tubing
rvas over lapped 12" and joined witi three |" by 8 cadmium plated self
tappers. Subjected to severe vibration and loadirg tests the Joint held
firm under a]l conditions, In the fina_l te6t, so much weight was placed
on the tubirg that it bent and broke, but still the joint heid firm.
We considered these tests to be fairly conclusive evidence that it WAS
indeed a good method of construction and accordingly based our design
on th is.
By means of some practical experiments and a few elementarv ca,lcula-
tions we found that a diameter of 1+" for the centre of the element. then
down to l" ln the middle of each side and*" at the tips was optimum for
the antenna, Diameters any smaller than this regulted in so rnuch sag,
even with l6 gawe tube, that the antenna was most unsightly, Larger
diameters imposed too high a straln on the boom and seiuring clamps at
hurricane-force wlnd velocitles. A thtrd point was the torquL impoied
on devices requlred to rotate the antenna, but we will come to this Iater.
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The diagram of the antenna sho$rs the sizing for the vartous elements. In
each case, a l0 foot length of tf" tuUe is used at the centre rrith two l0
fgo.t. lengths of 1" tubing overlapped 12" into each end of it. Short lengths
of i" tubing at each end make the elements up to the required length. 

-The

reason for the 10 foot lengths throughout is fairly obvious, when one con-
siders the fact that thls tubing is supplied from the manufacturer in stan.
dard lengths of 20 feet.
The next problem concerned the manner in which the antenna should be
fed from the trarsmitter or to the receiver.
The text books tell u6 that the impedarce at the centre of the driven ele-
ment in a three element yagi with spaclngs of .1 wavelength from driven
element to reflector and .2 wavelength from driven element to director
is  approx imate ly  l5 -20  ohms.  I f  we were  to  f i sp l i t "  the  dr iven  e lement  i [
the middle so that it could be fed with co-ax in the manner of a dipole. the
standing wave ratlo on the feedline would be much the same as the imbed_
ance mismatch ,  o r  rough ly  4 /1 .
We could turn our driven element lnto a folded dipole and, with the 4/1
impedance step up this woutd give us, so arrlve at a figure much closer
the impedance of the feedline. This, however, would compllcate matters
mechanica-lly aDd ideally, would sti l l  ca_ll for some form of balun or mat-
ching device to account for the balanced to unbalanced condition which
ex is ts  when a  co-ax  cab le  i s  coup led  in to  a  fo tded d ipo le .
When all of these considerations had been taken into account we reallsed
that we could not do better than adopt the same form of feed which had be-
en used on  the  Qad,  namely  the  gamma match ,Th is  t ime,  however .  we de .
cided to make the tuning and adjustment of the match easier by using the
modified version, sometimes known as the omega match.
In  the  gamma match ing  sys tem impedance t rans format ion  be tween the
t ransmiss ion  l lne  and the  dr iven  e lement  depends on  the  e lec t r i ca l  Ie_
ngth of the matching rod. When adjusted to provide the correcr rerm_
inal impedance for a 50 or ?0 ohm co-ax feed, the section is always
shorter than a quarter wave and, as a result, appears to ttre sysiem as
an induc t ive  reac tance.  To  cor rec t  th is  a  ser ieg  capac i to r  can  be  added
to introduce an equivalent capacitive reactance into ihe system, making
the  feedpo in t  appear  res is t i ve .
The gamma matching section is equlvalent to a short circuited l ine sec-
tion a quarter wave or less in length and may, in effect be physically
shortened by connecting a capacitor across i is open end. fhe degree to
which the l ine is electrically lengthened or physically shortened Oipends
on i t s  charac ter is t i c  o r  surge  impedance.
If the spacing between the gamma rod and driven element is such that the
shorted s-ection,has a surge impedance of 300 to b00 ohms, the effecfive
electrical lergth of the matchirg secuon may be varied by adding capacit_
ance from the open end of the rod to the centre of the element, The leng_
th of the gamma rod, with capacitive loading, is 50 per cent to ?b per
cent  less  than tha t  requ i red  fo r  the  regu la igamma match  ar rangement .
The main advantage of the modifiecl system is not the physical siving in
space,  however ,  bu t  the  case o f  ac l jus tment ' i t  t r ings  by  e t im ina t ing i t re
necessity to re-position the gamma shorting bar in the regular ariarge_
ment .
Detalls of the tuning procedure wil l be given later ln the chapter but we
are not exaggerating v/hen we say that the total t ime taken to tuqe the xnt_
enna fo r  a  s tand ing  wave ra t io  o t  l . l  /1  on  14 .2Mc was exac i l y  l0  minu_
tes, 

. inclu.ding_the_warming up time of the transmitter and connicting the
l ine  in to  the  SWR br idge.  
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Practlca,l constructlon of the antenna could be cbmmenced by assembllng
each of the elements to the pre-determined length as shown on our dia-
gram, If the flve pieces of aluminium which make up each element are
pre-cut to the lengths shown it is only necessary to mark-off accurately
the sections u'hich have to be overlapped 12", place them together and in-
sert three self-tapping screws into each overlapped section,
For greatest strength and minimum sag lt wilt be best if a selt tapper ls
placed 2" ln from each "end" of the overlapped section ln a line which
wlll ultlmately become the top of the element and one self-tapper is pla-
ced in the centre of the overlapped section at an argl€ ot 90 degrees to
the other tvro.
In order to prevent unpleasant noises from disturbing your sleep ard
that of your neighbous, do not forget to place some corks in the end of
€ach element and t}le ends of the twin boom sections.
In the Quad antenna no dlfficulties were experienced with wind vibra-
tions in either the dlagonals or the actual elements. This was probably
due to the relatively short unsupported length of the diagonals and the
damping effect caused by the elements strurg at their tips.
When first placed atop the mast we had trouble with severe vibrations
ln the reflector and director of our neut antema, however. The driven
element did not vlbrate, probably because of the damping effect of the
components in the gamma matching system.
Varlous means were tried to overcome this nuiaance and it was found
that the easiegt method was to place a small weight on one side of the
element rowhly five to six feet from the boom. Two standard TV "FIat

Back Nests with i" U-bolts", each weighing a few oncea, were used for
thls purpose and no further troubles were experienced with vibrations.
The major advantages of using these U bolts and nests as the vibratton
Feventing weights is that they are easy to alfix and being cadmium pla-
ted wlll not result in a ga-lvanic actlon which could eventua.l.ly destroy the
utenna. Incidentally, this latter point is one which should be carefully
raiched durlng construction,
Because of galvanic action, the best metal to use in contact with a piece
0f aluminium is another piece of aluminium. . Failing this, cadmium
plated steel makes an excellent "second string" choice. On NO ACCOIJNT
ghould brass be used where it will come into contact rvith the aluminium.
The potential difference of Mound 1,8 volts between the two metals will
destroy the structure in double quick time.

ASSEMBLY

Assembling the elements to the boom is mainly a matter of following
the directlons glven with the double U-bolt "nests" except for one imp-
ortant detail, The assembly instructions show a 3/16" bolt holdirg the
two sections of the clamp together through a hole drilled in the tubing.
This bolt plays no part in the flnal assembly, but is only a refinement
c,hich aids in the actua-l assembly job. In a lightweight TV antenna, it
vould be of no consequence, but it might tend to weaken the structure
ln a unit as large as this so is best left out.
The spaclng between the twin tubes of the boom ghould be equal to the dia-
neter of the meast used plus about one inch (introduced by the clamps
which join mast to boom). Assembly of the unit on the ground will be
facilltated if the elements are placed on the underside of the boom and the
U-bolts placed so that their threads project upwards. If the elements are
placed on top of the boom, it will not be possible to fit in the gamma mat-
ch correctly.
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The gamma match lg made from a 30r'lergtl of t" alumtnlum tube
from the mast by approxlmately 4 - 5 lnches by means o'f an alumlnium
bracket at one end and a special lnsulator and two aluminium brackets at
the other end, The dlagram of Fg, (1) shon's the dlmenslona of the alu-
minlum brackets assoclated wtth the gamma match.
The bracket (A) in Ftg. (1) folds around the drlven element and attacheg
to the rear of the plastlc box ln whtch the gamma matchlng capacltors
are mounted, (B) folds around the centre of the drlven element and att-
aches to one end of the gamma insulator, (C) folds around the open end
of the gamma leg and attaches to the insulator whlle (D) has one end
folded around the driven element and one around the gamma leg so that
It forms the spactng bar and shorted end ot t}le gamma match.
ln our prototype model, a phenollc reEln insulator obtalned from a dl8-
posa.Is store wa8 used at the end of the gamma match.
The gamma tunlrg capacltora are completely protected from the wea-
ther by enclosing them in a small plastic box and sealing all entrance
and exit holes q/ith some epoxy resin,
The box we uged measured approxlmately 5 x 3 x 3 tnches and was orlg-
inally sold as a butter contalner (ha,lf pound size) by one of our larger
chain stores. The bracket shovrn as (A) ln Flg. (l) is bolted to the base
of this box and the two tunlng capacitors are mounted side by 6ide in the
t id.

CAPACITORS

In our prototype, we used speclal trarsmlttlry type capacltors \rthlch
were sllver plated and double spaced. To prevent the posslbillty of a
short clrcult occurrlng during modulation peaks and reduce the dangerg
from molsture formtng between the plates, we would swgest you use
6imilar capacltord,
A half-tnch hole is driued tn the bottom of the box and a short (6-tnch)
length of co-ax is passed throwh this hole and soldered to the gamma
capacltor ln the box. The other end of the co-ax ls fitted with a coaxlal
plq. Tv/o 3/16" holes are drilled in one slde of thebox to accommo-
date the leade whlch connect to each side of the insulator tn the gamma
match.
The use of the co-ax fltttng ln the line from the transmltter to the gam-
ma match enablee the antenna to be erected on the top of the mast wlth-
out the lnconvenlence of a co-ax cable sagglng around nearby projecting
objects and generally gettlrg ln the way. It also means that a SWR bri-
dge may be connected ln the line close to the gamma for adjustlng the
matching,
When mounttrg the plastic box on to the element be eure that the two con'
trol knobs face away from the reflector as otherwise it would be rather
difficult to reach the controls from the mast or a suitably placed ladder'
The next etep ln conatruction ls the coupllng of the mast to the boom and
the lnstallation of the antt-aag stralner wtre acrocs the top. It wll l be

iced that t lere is no measurement on the main dlagram $'hlch thows
where the mast is installed, This i8 not an oversight on our part, but is
slmply because the posltlon ls best located by picking the whole antenna
up and determintng this point by balance.
The same typ€ ot clamps which are used to hold the elements in place
are also used to gecure the boom to the mast; they ate simply turned
throqh 90 deg, The mast should be allowed to protrude about 18" above
the top of the boom to accommodate the antl-s€ strainer wlre. The
wire ls passed through a i" hole drtlled in the top of the mast.
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From the photographs of the aerlal lt can bee seen that the author has
used a telegraph pole for a mast and a TV type chimney mounting to hold
the antenna. It should be noted that this chimney mount ls a special re-
tnforced unlt, fltted with a reversed ball-bearing guy ring to act as a
bearirg for the antenna, A standard chimney mount wlll definitely NOT
hold the arelght of the antenna, as we can testify from sad experience,
Not shown is a standard TV type rotator which we have added to the
aerlal. These llttle unitg will stand up to the wear ald tear of turnlrg
an antenna thls slze provlded they don't have to stand tle weight of the
antenna and that some form of Iocklng device ls lnstalled to prevent hlgh
wlndB damaglng thetr gears,
Before placlng t]le antenna atop the mast, lt is cd6e to apply some form
of protectlve coatlng to it: a brand of silcone compound in a push-button
spray pack ls excellent for the job. Failing this, some healy grease can
be dlsgolved in spirlts and painted on the antenna, paying particular att-
entton to the threads on the mountings. Some day you will want to lower
the anteirna for aervlce, and a thick coatlng of rust wlll not assist you in
your work,
Although lt ls posslble to use a field strength meter or other means to
adjust the gammaa match, the only really satlsfactory method ie the uee
of a SWR brldge in the co-ax line from the transmitter. For preference
the brtdge should be ln8ta-tled a6 close as possible to the antenna both for
physical (eaee of readlng, etc) and electrlcal reasons,
Unles8 you operate on only one small portion ot the band tt wlU be best if
the anterura i8 tuned with the tranemltter set to 14.2 Mc. If a SWR of 1,1
ie achleved at 14.2 Mc (and this iB not too hard to do), the SWR at 14.35
Mc ehould not be hlgher lhan 1.4/1 and at 14.OMc lt should not exeeed
1.65 /1. These flgures are Bo lo$' that they are ha_rdly worth conslderlq
Adju8tment of the gamma match is as follows. Set t}le serle8 capacltor
(10-200 pF) to sllghtly more than halfway in mesh and adJuet the parallel
capacltor (10-50 pF) for a mlnlmum reading on the SWR brtdge (reflected
posltlon). Alternately adjust the capacltors until the reflected readirg le
aa low as car be achleved. This is a-ll there is to lt, and, if you have con
Btructed the antenna fairly close to our speclflcatlons, the enttre proceed'
lngs should not taj{e longer than a minute or so.
PARTS LIST

2 l*" O. o. tube 10' long swaged 4r' one end .
5 1+" o.D. tube 10'  long.  3 feet  of  1"  x 169 al ,  s t r ip.
6  l "O .D .  t ube  l 0 '  l ong .  4  l "  x i "wh i t .  nu t s  andbo l t s ( cad  p l a t
2 *"  O.D. tube 4 '6"  Iong.  2 *"  d la.eolder lugs(cad plate) .
2 i "  O.D. tube 3 '5"  long.  6 f , "  d ia.p last tc p lw but tons.
2 i "  O.D, tube 2 '10" long.  2 t "  U-bol ts
8 U-bolt assemblles 2 capacltors,
I length li" dia, 169 steel pipe. I plastic box b x 3 x S inches
30.feet of 7/20 guy wire. I gamma insulator (eee text)
I  i "  O.  D.  tube 32" Iong.  2 Rope gr lp (3 /16,) ,
50 i" x 8 cad plated self tappers.
Sundriee ; epoxy glue, wlre, co-ur cable, knobs.

co-ax socket, can of silicone spray, support
bracket for ma8t, rotator etc.
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AERIALS FORTHE 52, I44 MC BANDS

For effective reception and transmisslon on either of these bands, a
resonant aerial system is required, properly coupled and matched to
the feeder cable and, ultimately, to the recelver or transmitter. If
not already appreciated, the reasong for this statement are well cov-
ered on other literature.
Among the Bimplest ol the reeonant aerials are the "ground plane* and"coaxial" types, vertical in their general conliguration and predomin-
antly responsive to vertically polariEed signals. Their simplicity stems
trom both their basic structure and from the fact that they are non-
directlonal in the horizonta,l plane; this latter feature obviate6 the
necessity for any form of rotattng mechanism,
Unfortunately, vertica-Ily polarlsed antenna8, as a class, are more sus-
ceptible to nolse pick-up than are horizontally poluised types, this
being one reason for their lack of popularity. A second point, discussed
further on in the text, is that of the "cross-polarity" loss, when used to
communicate with Btations eguipped with the a-iternative - and generally
preferred - horizontally polarised type of aerial.
However, the number of vertically polarised aerials on "6-metres" at
leaet, indlcates that, for many, their basic simplicity outweighs the
aloresaid dlsadvantages.
The so called I'ground plalre'r antenna, as lllustrated in flgure t, con-
sists of a vertical quarter wave radiator workirg against a ground-plane
of four radials. These radials need to be slightly longer then the vert-
ical portlon, as shown in the illustration.
A ground-plane antenna has a feed point lmpedance of appro:dmately 3?.5
ohms and 6ome method of matchlrg to a coaxial feeder is requtred. For
a ?5 ohm feeder we may use a quarter wave stub, made from a let€th of
50 ohm cable. This will be approxlmately 37.5" long as lndicated in
f igure l .
To match a ground plane directly to a 50-ohm feeder lt ls only necessary
to droop the lour radials by 45 degrees and attach the feeder dlrectly,
connecting the shield to the radials and the inner conductor to the vertlcal
element.
Ae mentioned earlier, the ground plane antenna is vertlcally polarised
and this poses some problems with Iocal contacts to horizontally polar-
ised stations. It is very effective, however, for working mobile stations
u6lng vertical whips. The cross polarity on local contacts gives an
approximate loss of between l0 and 30 dB, dependirg on the path between
8ta.tions, compared with a horizontally polarised dipole. In most case6'
signal strength is still ample for good contact.
On the cr edit stde, the ground-plane antenna has a Iow angle of radiation
which is very effective tn workirg DX signais, Cross polarisatlon is legs
serious for DX stgnals, since tlese become qulte randomly polarised en
route. A further bonus with vertically polarlsed artema is that the cross
polartty Ioss prevlously mentioned does help alleviate TVI in areas where
the TV stations use horizonta,lly polarised antennas. This, of course,
assumes mlnimum pick-up in the TV aerlal feedera.

COAXIAL ANTENNA

The second antenna featured has the dlsadvantage that more mechanical
work ls required but it wlll repay this trouble in results achieved' This
amay ls also vertically polarised.but has an extremely low angle of rad-

7 l



lation. The coaxlal dlpole wlll therefore give good results wtth DX con-
tacts as well as mobile stations. The ground-plane elements, as shown
in the illustration, are not essential but the addi$on of this extra 'ha-rd
ware" improves the apparent gatn of the antenna by up to ldB mainly by
lowerlng the argle of radiation.
The 6izes of the elements depend on the supporting mast to be used,
Assuming the Bupportlng mast to be Il" dlameter the sleeve could be 3"
in dlameter and the rod |" in diameter. In several references consulted
there is disagreement regarding the lergth of the sleeve element. One
suggestion is that tle sleeve should be shorter than the rod, takirg into
conslderation the dlameter to lergth ratto, Others put forward the ldea
that it is neceasary to lengthen the sleeve to cancel. out the reactance
produced by the proxtmity to the mast, However, if the sleeve is cut
to the dimenslons given in flgure 2 the SWR of the antenna should be
unde r  2 :1 .
If measuring equlpment is available, it is a good plan to make the ante-
nna elements sllghtly longer, or adjustable, and adjust the lengths for
correct operation at the transmltter frequency, The ?5-ohm coaxlal
cable leeds throwh the centre of the mast with the lnner conductor con-
nected to the rod, and the outer conductor to the sleeve. The sleeve is
electrically connected to the supporting mast at the top only, being in-
sulated 4t the bottom.
For a horlzontally polartsed antenna the four-element beam is very
popular on 52MC. As illuEtrated in figure 3, this antenna uses a
folded dlpole to give an acceptable match to 75-ohm feeder. If the con-
structor prefers to use a centre-fed dipole lor the drlven element, a
quarter wavelergth matching stub may be used to connect a ?5-ohm
feeder. Thie atub should have an approximate impedance of 36 ohms
and elther 39-ohm coaxial cable or two parallel lengths of ?5-ohm
cabl6 may be used. The length of the series stub would be approxi-
mately 3?.  5"  as al ready indicated in f igure 1,
Aluminium for constructlon ot this beam can be boqht at reasonable
prlces and we recommend that the elements be fabricated lrom i"
dlameter thln wall tubtng or 3/8" diameter thick wall tubing, TV
aerial flttings are freely avallable and provlde a good €ource oI mech-
anlcal parts for fabrlcatirg VHF aerlals.

USING TV AERIALS

As the aerlal Btands, a 4:l balun can be used conveniently, both to re-
duce the apparent impedance and to provlde the necessary balance-
to-unbalance transformatlon, As lndicated ln figure 4, such a balun
may be made from coaxlal cable, usually a piece cut to the required
length from the maln cable. The tmpedance of the cable used for the
balun ls not critical.
For an exact match, ?5 ohm feeder cable should be used, u/ith a +"
wave stub of 50 ohm cable at the feed point to the ba-lun.
However, even lf the balun ls fed dlrectly from a 50 ohm cable, an
SWR of better than I . 4: I can be achieved.

STACKT]D ARRAYS

If two of these antennas a"re stacked, using one wavelength spaclng and
stacklng bars, the centre of the stacklng bars may be fed wlth ?5 ohm
cable. The stacking distance would be approximately l9'6" with an
expected increase ln forward gain of approximately 3dB.
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Using j-wavelergth sections of coaxial cable for stacking, the separa-
tton would be under 13'. Better than 1.2:l SWR thould stl l l  be achieved
by feedtng the array at the junction of the two half-wave stacking sect-
ions. The velocity factor of the coaxial cable must be allowed for when

ca lcu la t ing  the  lengths  o l  these s tack tng  sec t ions .

THE I44MC BAND

On the 144MC band, suitably proportioned ground-plane and coaxial
des igns  are  poss ib le  bu i  f ind  very  l i t t le  use  among loca l  amateurs .  Pur '
e ly  lo r  the  sake o f  the  record ,  e lement  lengths  wou ld  be  l9 i "  fo r  the

vertlcal whip sections and coaxial sleeve whereas the ground-plane

rad ia le  lnboth  aer ia ls  wou ld  be  I9 i "  long  f rom t ip  to  mast .

For general inter-6tation workirg on 144MC a horizontally polarised

aerial system is desirable, along wlth some means of rotating it to cov(

the desired directions. At this stage, the problems of rotating the arral
must be left to the tngenuity of individual amateurs.
On 144MC,  the  'bas ic "  type  o i  aer ia l  i s  aga in  the  four -e lement  beam
shown in figure 3; the figures which apply are those in brackets' For a

simple, yet effective, beam this deslgn wll l take a lot of beating. Belng

relatively widespaced, the frontal lobe ts quite broad whilst sti l l  exlib-

it ing a reasonable gain. With Yagi antennas the gain characteristic
flattens out drastically alter the first three or four elements and it is

necessary  to  use  many more  e lements  to  ach ieve  a  wor thwh i le  lnc rease.

The nex t  des ign ,  shown in  l igure  5  i l l us t ra tes  th is  po in t .  A  Yag i  beam

antenna o f  ten  e lements  has  been requ i red  to  ach ieve  an  approx imate
forward  ga in  o f  12 .SdB.  In  o ther  words ,  i t  i s  necessary  to  add 6  d i re -

ctors to achieve a iurther approximate gain of 4dB over the four-ele-

ment  beam.  I t  w i l l  be  no t iced  tha t  these beams are  s taggered d i rec t -

o r  e lement  lengths ;  th is  i s  to  ach leve  a  reasonab le  band w id th .  Both

antennas w i l l  opera te  over  two megacyc les  w i th  very  l i t t le  wor ry  about
feeder  mlsmatch .
The dr lven  e lement  o I  the  l0  -  e lement  beam is  shown des igned fo r  300-

ohm feeder .  I f  75  ohm coax ia l  feeder  i s  to  be  used a l l  tha t  i s  necessa- ry

is  the  lour - to -one ba lun  shown in  f igure4 '  Note  tha t ,  Io r  l44MC the

length of the balun would be approximltely 27 inches' The price paid

for lorg Yagi antennas is that the frontal lobe is quite narrow and the

beam must therefore be positioned carefully for maxiumum effective-

n e s s .
As  w i th  52MC we now have a  re la ted  TV channe l  "5A" ,  to  the  144MC

band.
Ant i fe rence supp l ies  a  l0 -e lement  Yag i  fo r  channe l  "5A" ,  type  109 /5A '
wh ich  may be  eas i l y  conver ted  fo r  144MC.  The ga in  quoted  by  the  man '

u fac turer  i s  l2 .5dB wh ich  shou ld  s t i l l  app ly  to  the  mod i f ied  an tenna.
The modifications required are as {ollows: (l-) cut the reflector to

43"  (2 )  cu t  the  f i rs t  and second d i rec to r  to  36 i " ;  (3 )  cu t  the  th i rd  d i r -

ec to r  to  f5?" ;  (a )  cu t  the  four th  d i rec to r  t -o  35*"  (5 )  cu t  the  f i f th  d i rec-

to r  to  35" ;  (6 )  cu t  the  s ix th  d i rec to r  to  34 i " ;  (? )  cu t  the  seventh  and
eighth director6 to 34i" (8) adjust the shorting pieces on the folded di-
po le  to  39" ,  cen t re  to  cent re ,  the  hangover  be ing  l i "  long .

The ar ray ,  as  i t  s tandg,  may be  matched to  a  ?5-ohm feeder  w l th  a
four-to-one balun on the folded dipole feeding into a quarter wave stub

of  50  ohm impedance and then ln to  the  {eeder .  I f  two ar rays  are  s tacked

one wave length  (81  " )  apar t  us i rg  s tack ing  bars  (un i t  ve loc i ty  fac to r )

a good match wil l be achieved when feeding the centre of the stacking

7q
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bars wtth ?5 ohm feeder. The same feed point wil l provide better than
1.3:1 SWR when fed wlth 50-ohm cable. The gain of this system would

be approximately 15. 5dB.
ALTERNATWE TYPE

Channel Master also manufacture a l0-element aerlal lor channel "5A"

type 1005A, with a quoted gain of l0dB. The simple a.lterations nece-

sluv to operate this array on l44MC are as follows: (l) Cut the re-

flector to ao*"; (2) mt the driven element io an overall Iength of

36 3,i8"; (3) cut the first dir€ctor to 35 5/8"; (4) cut all other dlr-

ec to rs  except  the  e igh th  to  33+" ;  (5 )  cu t  the  e igh th  d i rec to r  to  33?/8" '

The unusuaLsize oflhe last director is brought aboutby the style of

mounting plate used for the director whlch has an eleQtrical shorten-

irg effect on the element'
Th'is aerlal can be fed direcuy wtth 300-ohm ribbon or via a fow-to-

one balun wlth ?5 ohm coaxial cable' Stacking of this aerial again re-

Iies on the removal of one bar lrom the folded dipole to give similar

matching arrargements to that for the Antiference 109/5A'

So much for slrgle-band aerials, simple and not so simple' Recently,

the writer has been doing a considerable amount of work with compo-

6ite affays, suitable for use on both the 52 and 144MC bands' While

these arrays are necessarily more complex than single band units'

they have an advantage for t}re amateur desiring to work both bands but

res t r i c ted  ln  te rms o f  space.
Aerta,le intended lor use with the GSCAR satell i te need' ideally, to

have equal gain at all polarit ies. This is due to the random polarity

sgnaf i*ety to be emltted by this. vehicle. While the artenna to be

described doeg not achieve thls ideal its performance is very close for

a slmple configuration. With a minimum gain of 9.5dB for any pol-

arity of GCAR'S signal excellent results are possible.

Ae a basis of ttr is aerial we swgest that you use two Antiference 109 /
5A TV antennag, These two antemas should be modil ied ln element

lengths as previously described, One boom is descarded and the ele-

-ents from lt are mounted on the complete antenna at right angles to

the existlrg elements. The aerial now becomes virtually one horl-

zontally polarised Yagi and one vertlcally pola-rised Yagi. To give

equal response through 180 degrees of polarity charge the two arrays

must be connected tcgether in correct phase.

Thi6 phasing lor the required coverage is 90 degrees. Ninety degrees

phase charge ls achleved by the use of a quarter wave section. The

impedance of. the quarter wave section in this applicatlon should be

t50 ohms. Iir thls case we would recommend the use of two lengths

of ?5 ohm coaxia.l cable bound together with plastic tape, the inner

conductors only betng used to equal an impedance of 150 ohms' Tal<-

ing into account the velocity factor, the length of this section wil l be

approdmate ly  13 .  5" .

Havlng proceded as outl ined, a good match to ?5 ohm cable may be

made Uy connecting it directty to either folded dipole- Incidentally,

this ae;ial wil l also give very good results when worklng mobile 6ta-

tions, notwithstanding the polarity of the original signal' as the pol-

arity may often shilt over the path between the vehicle ln motion and

the fixed station.

Quite often the amateur operator i8 restricted in the space, f inance

or times avallable to devote to his hobby. With this in mind, some

study and experiment have been directed to the possibil i ty of combined

I
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aeria-ls for 52 and l44MC.
Not surprlalngly, the objective of a two-band aerlaj. array suggests a

variety of approaches, some of them lnfluenced by the intensive re-
search that has gone into multl-channel television arrays. But it ls

a lot easier to generalise and theorlse than physically tobuild-up and
tes t  poss lb le  des igns .
For thie reason, we begin by mentlonlng a number of approache6 whl-
ch we didn't try but which may appea-l to readers lnterested in doing
a o .
The beam conflguration i l lustrated in i igue 6 uses a common driven
element consisting of a dlpole cut for 52MC, with a total length of
106.5  lnches .  A  cent re  por t lon  o f  th is  d ipo le ,  Iength  38 .5  lnches ,  l s
made to function as a 144MC dipole by lsolating it lrom the remaind-
er of the element with quarter wavelength shorted stubs,
Thus, when fed with 52MC energy, the full length of the dlpole i8
used but, when fed with l44MC energy, the quarter wave stubs effect-
i ve ly  i so la te  the  ou ts ide  6ec t lons  o f  the  d ipo le ,  leav ing  on ly  the  38 ,5"
portion. The stub length as shown is calculated for a veloclty factor
o f l �
The hltial construction ol lhis array should be tackled as follows:
Cut the driven element to the sizes given, making the quarter-wave

6tubs in guch a manner that they may be shifted along the element.
One suggestion ior this is the use oI folded dipole l inks used in TV
aerials. Feed the drlven element with RF at the deslred l44MC op-
erating frequency and, using a VSWR bri@e or artenna lmpedance
bridge, set the stub positions for correct operation.
Normal assumption for the dipole alone would be for a 75 ohm centre
impedance and a ?5 ohm coaxial feed cable.
Change over to 52MC and adjust the Iength of the outer ends of the
driven element lor correct operation. Thls may mean the reduction
oi the element to well below the figure given. However, thls reduci-
ion should be made in small 6teps ti l l  resonance is achieved' It may
be necessary to re-check the element severa.l t imes on both frequen-
cles, The next step would be to flt the 52MC reflector and adjust its

spacing for minlmum SWR, 6ti l l  assuming a 75 ohm impedance'
Now ftt the remainder of the elements. The impedance at l44MC will

be somewhat lower than ?5 ohms but the SWR should sti l l  be below

2:1 ,  wh ich  is  cons idered to le rab le .
Theoretically, on 52MC, a galn of approximately sdB should be ob-
talned and, on l44MC, an approxlmate galn of 8. 5dB. Addittonal dir-

ector s may be added for l44MC, as Iong as the SWR can be main-
tained at a reasonable figue. It is understood that this type of

aerial may be subject to some 'beam splitt ing" on the higher trequen-

cy, the front lobe tendirg to assume a heart shape, $'ith a slight null

directly in the l ine of the boom.

The second design, shown in figure 7, uses a different feed system.
On 52MC the beam acts as a two element array wlth an approximate
gatn of 5dB. Energy is not disstpated in the l44MC section, at the
52MC frequency, as the feedline between the two arrays and the folded
dipole combine to form a shorted quarter wave at 52MC; this reflects
a high lmpedance at the feeder attachment point. At l44MC the assem-
bly acts as a 5-element array *' l th an additional and interestirg advant-
age.

r
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When operatirg at l44MC, energy wil l also be fed to the 52MC dipole.

This element wil l radiate, functioning as an (approximate) three half

wavelength radlator. Normally, radiation in this mode produces a
"clover leal" f ield pattern but the reflector element lor the l44MC array

in close proximity to the 52MC dipole, acts as a phasing element' mak-

ing the dipole act as three l44MC half wave elements in phase. The "in

phase"  opera t ion  min imises  t l te  "c lover  lea f "  e f fec t  and produces  a  re l -

atively narrow fronta-l lobe.
Some jugg l ing  o f  the  d i rec to r  spac ings  may be  necessary  to  ach ieve  a

reasonab le  SWR on 144MC.  Proper ly  ad jus ted ,  a  ga in  o f  approx lmate ly

L  5dB cou ld  be  expec ted  f rom th is  an tenna on  144MC.

An entirely different appro,ach to the problem of a dual band beam is giv-

en  in  f lgure  8 .  Mechan ica l l y  th is  conf igura t lon  presents  more  prob lems

than the other two arrays but, electrically, it should be possible to lab-

ricate the aerial without need for subsequent adjustment. An SWR of

2 :1  o r  be t te r  i s  theore t ica l l y  poss ib le ,  wh i le  the  use  o f  300-ohm feeder

makes an  SWR of  up  to  3 .5 : l  read l l y  xcceptab le .
At 52MC the beam consists of four driven elements in what is common-

ly known as a series phased array. Each driven element is joined by a
phasing stub to the fouowing element, the stub length shown in the i l lu-

stration belng a compromise flgure for both hands. For correct phasing

of the elements, these phasing stubs should be a quarter wave length or

multiples ol a quarter wave length, at the operating frequency. This

is automatically achieved with this aerial as the phasing stubs are appro-

ximately one quarter wavelergth at 52MC and three quarter wavelength

a t  l 4 4 M C .

PHASING ELEMENTS

At l44MC the aerial would normally radiate two major lobes with a split
between them in l ine with the boom. However' by adding four phasing

e lements  c lose  to  the  dr iven  e lements ,  these lobes  are  brought  together

to form one major lobe. This type of construction is commonly uaed in

TV aerial construction where channels available have an approximate
3 : 1 allocation in !requency. The approximate gain of this a-rray would

be 6dB a t  52MC and l0dB a t  l44MC.
The simplest array found in any reference was that i l lustrated in figue

9. This array i6 patterned on the double vee antenna, popular in TV

c i rc les .  The ga in  f igures  quoted  fo r  the  beam,  4dB a t  52MC and 9dB a t
l44MC,  seem a  l i t t le  op t im is t i c .  However ,  th is  s imp le  conf iguat ion

could be fashioned from a double vee TV antenna, or f itt ings, and may

be wor th  some exper imenta l  work .
For those,xho might l ike to build the double vee array, we would sug-
gest that the arms be made adjustable and set for the best SWR comp-
romise  be tween the  two bands.  As  300-ohm feeder  i s  used,  an  SWR
of up to 3:l v/ould be quite acceptable.
Several references have been already made to the SWR exhibtted by
anays when connected to vuious feeders. Just what this means ln
terms oI lost slgna.l is explained in the next few paragraphs, the fig-
ures quoted being extracted from charts given ln the ARRL Hand-
book, 39th edition,
For reference purposes, Iet us conslder what additional loss in a fe-
eder  cab le  i s  b rought  about  by  a  SWR of  2 :1 .  A  med iocre  ?5-ohm co-
ax ia l  cab le ,  w i th  an  average length  o f  100 fee t ,  hav ing  an  SWR of  1 : l
exh ib i ts  a  loss  a t  50MC o f  zdB and a t  l44MC a  loss  o f  4 ,5d8,  Inc rea-
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sirg the SWR to 2:1 the additlonal loss will be 0.35d8 and 0.45 res-
pectlvely. A good coadal cable under the same conditions sho$'s a
loss oI I . 25dB and 2dB respectively at an SWR of 1 : I , while an SWR of
2:1 glves an additional loss oI 0' 275d8 and 0' 31 25dB at the respective
fr equenct es.
From the above flgures for coaxial cables it will be appreciated that the
addttional losg caused by an SwR ol 2:1 is not sufficient to cause con-
cern when operat ing on 52 or  l44MC.
Standard 300 ohm TV ribbon has an approximate loss, over 100 feet,
ot  0.8d8 and l .5dB at  these f requencies when the SwR is l :1 '  Increa-
s lng the SWR to 2:1,  the addi t lonal  loss is  0.  175d8 and 0.2?4dB resp-
ectively, Futher increaslrg the SWR to 3:1 the additional loss is stiU
only 0.4dB and 0.68d8 respect lvely.  I t  ls  obvious,  therefore,  that  the
uge of 300 ohm ribbon wlll allow the SWR to be higher than coaxial cable
before the loss of signal ts equalled' A closing thought on this subject is
that mo6t amateurs would not have a feeder run exceeding approximately
50 feet and therefore, these losses would be reduced accordingly.
A noted aeriat for horlzontally polarlsed, all-round coverage and one
which the writer used for a tlme, is the turn-stile. An adaptation of this
aerial, nick named by a Sydney amateur the 'Quadpod" has proved qulte
succegsful ln dual-band operatlon,
A turn-stile aerial consists of two dlpoles crossed at rlght angles ard led
90 degrees out of phase. The phase change is achieved by the use of a
quarter-wave cable section between the dipoles. The "QuadPod" aerial
consists of a turnstile aerial ln which four arme are drooped at an angle
of 45 degrees. (Ratstng them to produce the same included argle hag
been suggested a8 an al ternat lve.)
Drooping the elements has three effects on the aerlal: The llrst effect ls
that the feed lmpedance of each section of the aerial is lowered and is
closer to 50 ohm6 than ?5 ohms. This means that the feed point of the
aerial becomes approximately 25 ohms. The gecond ls an alteration ln
the electrical length of the antenna, In practlce this eflest can be lgnored'
provlded the included angle of the dtpole is not less than 90 degrees' The
third effect ls the polarisatlon o{ the eerlal. with this final conflguration
equal response ls achieved from both vertlcal and horlzontally polarised
signals,
In flgure 10, the aerlal ls ehown wlred ready for assembly. The two
dlpoles should be mounted at right argles, in close proximity, on the
supporting mast and the elements drooped at 45 degrees. When used
on the lower frequency band, the SWR of the aeria-l varled from 1.2:1
at 53MC to 1.8:l at 52 and 54MC. On the 144MC operating trequency,
the SWR wes measued at l.?:1. The performance of the aerlal in arl
attic of a block of flats proved to be reasonable on both bands.
The matching stubs do not give perfect matching as they can only be co-
rect for one band. However, the match ls near enough for all practica.l
purpoees, ag reaults have proved'
Figure 11 ahowa one dual band aerlal whlch exhibited quite good chara-
cteristica, was cheap to construct but proved a little unwieldy to rotate.
It was an adaptatlon of the Lenfo array and, when adjucted, was capable
of le6s than 2:l SWR on both bandg. Full meagurements were not taken
on the array but approximate figures were as follows: Forward gain,
52MC approximately 4,5dB, l44MC approximately 9dB. The a-rray co-
uld be fed directly with 300 ohm ribbon, or with ?5 ohm coaxial cable
by uslrg a four-to-one batun. By adjusting the lergth of wire on the end
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of each element the SWR may be set at a compromise for both bands'

The dual-band beam finally adopted by the writer ts i l lustrated 1n figure

12, There is nothing extraordinary about this array otler than the use

of only one feeder and the method used to obtain freedom from reactive

effects from the antenna portlon not 1n use' When operating on 144MC

It ls effectively a slx element Yagi, the other two elements being iso-

lated fuom the feeder by the stubs rtA, and approximate gain

of this array i6 gdB with a front to back ratio better than 20dB'

The remaining tvto elements of this beam are operated on 52MC in a

configuration commonly known as a "ZL special"..

The phasir€; l ine is made fuom two 28 3/8 inch lengths of 300 ohm rib-

bon connecied in parallel. An easy way to take approximately 62 inch-

es of 300 ohm ribbon and lold it in hatf. The two halves should be taped

llat together with plastic insulatlon tape. Where the bend was made

the wires are exposed takirg care not to break them, and made ready

to  connect  to  one fo lded d ipo le .  A t  28  3 /8"  f rom th is  end the  o ther  ends

are bared and connected without crosslng, ready for joining to the se-

cond dlpole.
Belore final connection, the phasirg l ine is given a half turn to reverse

the leed connectlon. The folded dipole at the end of the boom ie led

135 degrees out of phase with the other folded dipole achieving the pro-

pagation of the radiated signal a-long the l ine of the boom in the same

dl rec t ion  as  the  144MC s igna l .
As the two folded dipoles are very closely spaced, 1 /8" wavelergth, it

has been postulated that the interaction causes the radiation resistance

of each folded dipole to drop to approximately 180 ohms. Thls would

give a feed point impedance of approximately 90 ohms. In practice we

found that a reasonable SWR could be achieved when 75 ohm coaxial

cable was used to feed the array.
When the  ar ray  is  opera ted  on  52MC,  s tub 'C"  combines  w i th  the  144

MC lolded dipole to make a shorted quarter wavelergth stub on 52MC

thus lsolating the l44MC array from the feeder. Checked in situ when

the aeria,l re6onanceB had been adjusted the beam exhibited better

than 2:l SWR on both bands with no notlceable lnteraction between the

two sec t ions .

To ma]{e the task easy when constructing this array, a-l l TV part6 were

used. The three tolded dipoles were purchased complete with insulators

and boom locking blocks, and slightly modil ied to achieve resonarce on

ii i" t*o "-"t"tr-bands. As indicated on the i l lustration, one channel-
"5A" and two channel "Ort lolded dipoles were u8ed' The clamps hold-

ing the other elements were also TV fitt ings which allowed the whol€

array to be lolded for transport. The clamps.used on-the prototype were

io" "pfrt elements but we would recommend the use of clamps' which are

available, which do not require the elements totle split in two'

i te  ga in  o l  the  "ZL 6pec ia l .  has  been c la imed in  var ious  magaz inesas

Ueir{ fan. Accordlng to the best aeriat references, two dipoles spaced

ty 1'78 wavelength a;d fed out of phase by I 35 degrees wil l exhibit a

max imum ga in  o f  4 .5dB.  In  p rac t ice  the  aer ia l  has  averaged ou t  to

between 4 and 5dB gain on a number of tests. These gain figues are
quoted in reference to a half \r,ave dipole in free space.
"the t 'ZL special" configuration was chosen for the 52MC portion of this

aerial because of the space saved by the close spacing of the elements'

However, there is no reason why any other 52MC configuration cannot be

used as long as lt exhlbits the correct feed impedance of ?5 ohms. The

I
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*A MAICHING STUB NOMOGRAPH
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same applies to the t44MC section which could be enlarged as long as areasonable SWR can be maintained.
Figure l3 consista of e nomograph which makes the calculation of quar_
9::::" 

matchlrg etub impedance" " "i;;i;i;k'or "io,vrne a stratshtedge to a chart. An examnle_ts shown on tt" g"rph io;_ aeriat with animped-ance of 300 ohms *iri"t is to Ue usJwitfr-i'i-S-"f,rn feeder. Read_lng off the value on the centre line we frnd d;i-; q;;;;" wave srub withan impedance of 150 ohms can be used r" ";hi;;=;;;o".""t _"t"h b"_tween the aerial and the feeder,
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AN FM DETECTOR TOR AMATEURS
This relatively straighttorward outboard FM strip using a low cost phase
locked loop IC may be of interest to thos€ radio amateurs who' llke my-
self. have until now been operating mainly on the "tuneable" part of the
VHFbands using AM. I have built it into my existing home-brew tuneable
IF receiver, and it gives very clean demodulation ol the many relatively
wide deviation FM signals found on the FM net channels'
Like others before me, my first attempts to provide the tuneable-IF re-
ceiver with an FM demodulation facility involved altermtive detector
circuits at the end of the existing 455kHz IF strip, But while this app-
roach can glve good results with narrow deviation FM 6igFals' lt is
virtually useless for the wide-deviation signals produced by many of
the converted FM-mobile transceivers in use on the VHF net channels,
The reason is, of course, that these sigrals cannot pass through the
relatively narrow 455kllz IF passband of the usual AM/SSB receiver.
The only real way around the problem i3 to add not iust a separate de-
tector, but a complete parailel IF channel with an adequately wide pass-
band. IJ a conventional approach were used, this would become quite a
job, but luckily modern semisonductor technology can again come to the
rescue. In this case, tt comes in the form of the NE-565, a Iow cost
phase-locked loop IC made by the Signetics Corporation' This lends
itself very readily for use as an FM detector at up to about 500kHz, and
has almost enough gain as well to operate direstly from the mixer out-
put.
It does need a little additional gain in order to cope with weaker signals'
together with a modest amount of 455kHz preselection - mainly to stop
the loop from jumping across to a strong€r Eignal on an adiacent chan-
nel: The circuit shown 6eems to meet these requirements fairly wellt
and yet is quite straightforward. It takes the 455kHz signal from the
low impedance secondary of the first IF transformer in my solid state
receiver, but has a fairly high input impedance and could probably be
connected into the mixer plate circuit of a valve receiver without un-
due loading.
Alignment must be done on a weak 6lgnal, as a Etrong signal wiU pull
the PLL and give deceptlvely good results even when the circuit is
badly misaligned. Baslcally the procedure is quite gimple - use an
aerial attenuator or the RF gain control of the receiver to progresslvely
reduce the signal level, and adjust both the IF transformer and the VCO
tuning pot to give clear demodulation icr the smallest possible signal
Ievel.

I

86



t-
>t
A
6\1

I
@

6A
I

I
@
.tl

o io
o c q
O t -
c\l Fl

t l
co co
tr- t--
c\l N
U2 V)

I l t t
c o r f )
o c o
H u )
\-, 14J
* t A

4 , i

o o

o

;r[-lt
PcE 5

o



A SOLID STATE,
CRYSTAL FREQUENCY CALIBRATOR

A compact instrument which may be used to deliver any of thirteen accurately

.ontroil"d antl stable test frequency signals, all derived from a quartz srystal

oscillator and having a thst-transition rectangular wavefortn of high harmonic

content. lt should bi found invaluable for calibration of receivers and instrum-

ents, and would also be useful as an audio oscillator, square-wave generator'

digital circuit tester or as the heart of a crystal-controlled chronometer'

A source of accurately controlled and stablc test frequency signals vastly

simplities and facilitates the frequency calibration of short-wave Iecelvels,

signal generators and other equipment' both during initial calibration follow-

irig coistruction, and lbr "spot check" purposes during critical operation'

Srich a source can also sorve as a marker generator tbr sweep{iequency

alignment, ancl as I time-period reference for such applications as the cali-

bration of an oscilloscope timebase.

Tl]e instrument to be described in this article delivers any one of thilteen

quartz-crystal derived fundamental test frequencies, each of which is accont-

ianied by a series of its harmonics extending well tlp into the VHF spectrum'

it is ttreretore well suited for tlte above applications, as well as lbr more

general use as an audio-video squarewave genetator and :rs a digital "clock"

!"n"totot. It miSht also form the basis of a quartz-crystal chronometer' or

the t imebase system of  a d ig i ta l  counter .

Although functionally very flexible, the instrument is basically quite

straighiforward in design. lt is also very comPact, and will involve but a

mod"est <.rutlay. When built up in its complete tbrm, lor example, it should

cost no more than about $50. However, if the full range ofoutput frequen-

cies is not required, this figure may be significantly reduced'

The key to the attractive high tlexibility/low complexity ratio offered by

the instrument lies in its use of integrated digital microcircuits to pefform

all the active functions. In fact, apart fuom the single quartz crystal and

the power supply conrponents, the instrument consists of nothing more

than a hanctful of microcircuits and a few bypass capacitors'

Tte microcircuits used are all of the low-cost "RTL" (resistor-transistor

logic) variety. Only two device types are used, both from the MC700P range

minufo.tured by Motorola Semiconductors' One type MC799P dual bulTer

device is used in the crystal oscillator, while up to thirteen type MC790P

dual J-K flip-flop devices are used in the calibrated divider chain'used to

deiive the varioris output frequencies. All devices are in the l4-pin "DIL"

(duat inline) Package'

Al l  of  the act ive c i rcui t ry of  the instrument is  mounted on a smal l  s ingle-

sided printed wiring board, making assembly of the unit.a simple and

straiglitforward opiration. The board measures only 3/+in x 5%in' but

I

88



.. ll:lj3:: 
adequate space for the quartz crystal and all fourteen microcircuits,

rogetner wlul  mlnor contponents and wir ing.

Heart of the instrument is the crystal oscillator, shown in figure l. 'rhis 
uses

an MC799P dual'buffer device connected basicaily as an astable multivibra-
tor, with the quartz crystal in one feedbaok link. A capacitor/trimmer
combination connected in series with the crystal rllolis vernier adjustment
of the fiequency of oscillation and permits standardisation or tlie instrum-

- ent against a ret'erence such as the NIls standard transmissions o f wwV or
WWVH.

The crystal used in the oscillator is a.,D-type" unit, lraving a nominal
frequency of 2MHz (2,000KH2). This freqtiency was choscn rn contrast
wi th the more usual  f igures of  lMl{z and l00KHz because i t  would appear
that, where modern crystals are concerned, 2MHz represents a considliably
more at t ract ivc performance/cost  compromise.
Typically a modern 2MHz crystal costs slightly ress than half that of al.MHz crystal ot- comparable tolerance ,nd ft.qu"n"y stabitity, and lessthan one third the cost ofa comparable l00KHz crystal. Naturally, theuse of a 2MHz crystal involves additional frequency division, and ilris
tends to reduce the cost  advantage. However,  wi th the use of low cost
microcircuits in the divider chain the additional division is provicled very
economical ly ,  so that  the advantage ofernploying a 2MHi crystal js  st i l lqui te s igni l icant .

The crystal  used in the proto- type. lnstrument is  a.003 per cent  adjustmenttolerarce AT-cut type, specified tbr operation ut u,nUiJru t".peratures. Itwas kindly supplied by pye pty. Ltd., who advise that similar units can besupplied_ to readers on order, eitller direct or via norrnut-lurt, suppliers.The Py designation of the unit.in tcrms "i t"f*"r""'""a'stability is class"FEF",  wi th the holder code..e l24" anA t le noni inai i i tended shuntcapaci tance 30pF.

Similar crystals of difTerent manufacture may be used, and even a disposalscrystal may be tried ifavailable. The oscillator circuit is n.t critical, andwill op€rate witlr a wide variety of crysral.. i;;;;;;;;;iroura be borne inmind th:rt the ultintate t'requency ,tutitity oi ttr" inri.."nt dspends al-most conrplctery upon the crystal, so thai a rowaradc r'rnii nroy seriouslyprejudice usefulncss.

It rnay be,notcd that r.he capacitor and trilnrner connected in series withthe crystill are both NpO ceranric cumponents, to cnsure th"t th" t"nrp"r-aturc st : lb i l i ty  o l ' the osci l la tor  is  not  s igni t icant ly  less than that  of  thecrystal  i tsel f ' .  I t  is  lbr  the same reason t i rat  the ,0bluF loupf ing capaci torts specificd as a polystyrene type.

The 2MHz output from the crystal oscillator could be used directly as thehighest fundamental output frT_uerlgy of the instrument, atthough thiswould require the use of a third buf.fer element to ensure'tlat output load_ing would not degratle the liequency stability. In the tjnal design of the
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instrument we have not followed this course, but instead have settled upon
lMllz as the highest fundamental output frequency,

This has allowed the use of an MC790p dual J-K flip-l1op both as an
oscillator but'fer and as rhe initial 2: I divider. Both flip-flops of the device
are connected in toggling mode and operated from the 2MHz oscillator out-
put, as tnay be seen in ligure l, one eft'estively provicling a buftereti lMHz
output  and the ot l ier  provid ing an independent lMHz s ignal  for  the
fol luwing div ider chain.

The div ider chain of  the instrurnent  consists of  a ser ies of  l0:1 d iv ider
9:".u9.r: each using the configuration shown in figure 2. The configuration
divides in what may be called a ,,quibinary', 

or (jx 2) lashion, with the
flrst elenrent FFI dividing the input by two, and the remaining three
clctncnts d iv id ing by l ivc.

The actu:rl configuration used is particularly attractive from the point of
view of cconomy, tbr as nray be seen it requires no separate gating elements
to perform the required decade division. Only four J-K flip-flop el"-ents
are required, al?gating being performed by the elements themselves. (The
four elements used are provided by two MC790p dual flip-flop devices.)

Quite apart from its economical use of elenlents, the configuration has a
further attraction. From the output of elernent FFI may be taken a useful
auxiliary o-ulput signal, representing a 2: I division of the input signal. Thus
in term.s_offrequency multiples, each decade of the divicler can provide
both a "Xl"  s ignal  (FF4 output)  and a. ,X5' ,  s ignal  (FFl  output .y.

Space.is.provided on the printed wiring board for up to six divider decades,
in addition 10 the crystal oscillator and the initial buffer divider. whether
or not all of these decades are wired will depend solely upon the needs of
the constructor concerning the available range of output frcquencies.

If all decades are wired, the range of frequencies available extends from
lMHz down to lHz in a lG5-l s€quence. However the sequence may be
terminated at any desired point simply by omitting the redundant
microcircuits. If both devices of any redundant deoades are omitted, the
lowest  avai lable f requency wi l l  be a mul t ip le of  I  (or  l0) ;  however,  i t  is
entirely permissible to wire in only one device of the lowest decade
involved, in order to provide the appropriate ..X5" signal.

Hence if the constructor desires to provide only those frequencies extend-
ing down to 10KHz" he would wire in only the first two dlcades following
the crystal oscillator and buft'er divicler. This would involve a total of onlf
six microcircuits, and result in a considerable saving.

Another of the many possible variations would be where those frequencies
lgy! t" 50Hz are required, but not those lower. This would require tbur
full decades, together with thc tjrstdevice only from the fifth decade. In
th is case a tota l  o1 'e leven microcircui ts would be involved.

9t



Output voltage for all signats is approximately 2V peak to peak.

The design of the printed wiring board and circuitry is such that any or all
of any decades or part-decades omitted when the instrument is fitst made ,
could easily be added at a later time if the need arose for the provision of
lower frequencies. It would also be feasible to add additional decades to the
six allowed for on the board, in order to obtain still lower frequencies than
1Hz. However if this is contemplated it should be borne in mind that the
power supply may have to be re-designed to cope with the additional
current demands.

As may be seen from the main circuit diagram, the oscillator/divider board
forms the heart of the instrument. The remainder of the circuitry consists
of a simple regulated power supply delivering a nominal 3.6V DC for the
microcircuits, and a straightforward switching sy$tem to permit selcction of
the desired output signal.

The printed board pattern will be supplied to interested board manufacturers,
so that boards should be available tn the near future. The pattern is coded
69 lc9.

The power supply consists of a conventional full-wave rectifier followed by a
simple series-pass regulator using an NPN power transistor. Reference voltage
for the transistor is obtained using a 4.3V zener diode. The transistor base
supply is filtered to ensure that the transistor also acts as a dynamic hlter.

As the current drain of the oscillator/divider board is approximately 500mA
when all divider decades are wired, the quiescent power dissipated by the
series-pass transistor can exceed one watt. In view of this it is desirable to
employ in this position a device with a rated dissipation of 3W or more at
40 degrees C., to allow adequate safety margin.

The T0-66 type power devices specified on the circuit have adequate ratings
for this purpose, and are thus quite suitable. However, a device with higher
ratings could be used ifon hand. Alternatively it would be possible to use
medium-power silicon TO-5 devices such as the 40408 or AY81 16, provid-
ing they were fitted wlth the appropriate clip-on heat radiator to limit case
ternperature.

The output signal selection,circuitry has been arranged for simplicity and
operating convenience. The I MHz output signal has been taken directly to
one output connector, both because it is in a sense "thirteenth man" and
because this permits the instrument to be calibrated to greatest accuracy u9
ing this signal, even when one of the other signals is being used simultane-
ously lbr another purpose.

The selection of the remaining twelve output signals is performed by a two-
polc six-position switch and a two-position toggle switch, the latter connect-
ing to a second output connector. Isolating resistors (1.5K) are iitted in
series with each of the output connectors to prevent damage or malfunction
due to severe loading or short-circuits.
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The instrument is housed in a small rectangular instrument case similar to
that used for many ofour recent designs, and measuring 7%in x 5in x 4in.
The front panel controls consist of the freqiency selection swilches, the
output connectors and the mains switch and pilot bezel,

Inside the case, the printed wiring board is supported by two right-triang-
ularbrackets which are in turn clamped to the front panel by the input
connector screws at one end, and the mains switch and bezel at the other.
A hole in the bracket adjacent to the crystal end of the board and a similar
hole in the appropriate end of the case permit the crystal ossillator trim-
mer to be adjusted for calibration once the instrument is t'ully assembled.

The two miniature toggle switches and miniature pilot bezel used in the
instrument are avai lable f rom LR.H. Components Pty.  Ltd.  The swi tches
aer N.K.K. type2-2012, whi le the bezel  is  a Rodan 6V 50mA type.  Both
components nray be ordored v ia the usual  parts suppl ie ls.

Using the wiring diagram provided, assembly of the components on the
printed wiring board should be sirnple and straightforward. The main point
to watch is  that  a smal l ,  wel l  t inned i ron should be used, and the jo ints
made rapidly in order to avoid over-heating either the printed board con-
ductors,  or  the microcircui ts.  Care should be taken that  the solder does not
form bridges between conductors in places where the spacing is relatively
narrow.

Note that all wire links and bypass capacitors mounted on the board must
be fitted, regardless of whether or not all of the divider diodes are wired.
The l inks are essent ia l  for  cont inui ty of  the supply l ine,  whi le the bypass
capaci tors ensuro that  operat ion of  the microcircui ts is  not  d isturbed by
supply line transients.

The NPO ceramic trimmer which forrns the calibration adjustment for the
crystal oscillator is a special type designed for printed-board mounting and
side adjustrnent .  The uni t  employed in the prototype and tbr  which the
printed board has been designed is marketed in Australia by the lmported
Components Div is ion of  Plessey Ducon Pty,  Ltd. ,  and may be ordered v ia
normal parts suppliers. The type number is DVI l-PR8A.

The powor supply scction of the instrument is mounted in the lower rear of
the case, with the power translbrmer mounted toward the case end opposite
to that of the quartz crystal, in order to reduce thermal drift effeots. The
main cord terminations are mounted on one side of the transformer, while
the rectifier and regulator components are mounted on the other side on an
8-lug section of miniature resistor panel.

The regulator series-pass transistor is mounted c€ntrally on the rear of the
case, being insulated electrically by means of the usual mica washer and
plastic bushes. In this way thc case itself acts as the heat radiator for the
device.

t
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The power supply wiring is not crit icrl, and the constructor may deviatc
liom the luyout of the prototype ifdesired. l lowever, care should be ttken
to  ensure  tha t  the  power  cord  is  c la r t rped secure ly  upon cn t ry  v ia  the  usua l
grommet ted  l to lc ,  to  p revent  s t ra in  on  t l re  conncc t ions .  The oord  ear th  con-
duc tors  shou ld  bc  taken to  a  so ldcr  lug  c lamped under  the  ad j toent  t rans-
lb rmer  count ing  screw,

When the  power  supp ly  sec t io l t  i s  conrp le ted ,  i t  wou ld  be  w ise  to  appty
porvcr  und check  i t s  ou lpu t  vo l tugc  bc forc  thc  osc i l la to r /d iv idcr  board  is
connected .  Th is  w i l l  ensure  t l l x t  i f  rn  e r ro r  l r rs  occur red ,  i t  can  be  rec t i l - ied
before  drmage couk l  bc  cuused to  t l re  re la t i ve ly  cos t ly  rn ic roc i rcu i t  a r ray .

Wi thout  the  nr ic roc i rcu i ts  connectcd ,  thc  vo l t rge  de l i vercc l  by  the  power
supp ly  shou ld  b (  be tween 3 .8  and 4 .5V I )C;  i t ' i t  l i es  w i th in  th is  rangg,
ever l , th ing  is  p robab ly  in  o rder  lnd  the  nr ic roc i rcu i ts  may be  s r l 'e ly  connec-
ted .  I - lo rvcver  i l ' the  vo l tage is  rnarked ly  h igher  th rn  4 ,5V w i th  no  load,
swi tch  o l ' f  und  look  tb r  a  w i r i t rg  o r  co lnponent  fau l t .

As  v i r tu r l l y  a l l  the  f r . rnc t ionn l  w i r ing  is  p rov ided by  the  pr in ted  w i r ing
bourd ,  conncc t ion  o f  thc  3 .6V supp ly  to  the  contp le ted  board  shou ld
resu l t  in  fu l l  lnd  cor rec t  operx t io t . l .  The on ly  aspec t  o f  cons t ruc t ion  wh ich
wi l l  rcnra in  t t  th is  s tage is  ca l ib ra t ion  o f  the  c rys ta l  oso i l la to r  aga ins t  a
known rel'erencc.

As explained earlicr, this operation is perforrned when the unit is com-
p lc ted  rnd  i l ssembled ,  us ing  thc  smal l  ceramic  t r imnter .  Ad jus tn len t  o f  the
t r i rnnrer  i s  car r ie i l  ou t  us ing  a  snra l l  insuhted  a l ignmenl  too l ,  in t roduced
through the  ho les  prov idcd  in  the  end o t ' the  c : rse  and the  board  suppor t
b racket .

Two metlxrds of calibrrtion nray be used. One simply involves measure-
n lcn t  o l  t l l c  I  M l lz  ou tpu t  0 f  the  ins t rument  us ing  a  h igh-accuracy  d ig i ta l
f requency  mctc r .  Th is  i s  i l  vc ry  c t t ie i i .n t  t cchn iq i re ,  und w i l l  no  doubt
appcal to tlrose with the appropriate tacil i t ies. Flowcver, it should be
noted tl lat the I 'rcquency rneter used should be one having a timcbase
systorn whosc accurtcy and stabil ity are at least within 1 part per mill ion,
othcrwise thc excrcise wil l have litt le validity. The reason tbr this is that
the  ca l ib ra to r  i t se l f  i s  l i kc ly  to  h tve  a  per f i r rn tance approach ing  I  0  par ts
per  rn i l l i on ,  when se t  up .

Tlte clectrical sctup for the alternative method of'calibration is almost
rs simple, and may be more convenient. It involves only a oonventional
shortrvave or conrnrunications receiver capable of receiving a standard
liequency trrnsnrission suclt as those radiatcd by station WWV on 2.5,
5 .0 ,  10 .0 ,  I  5 .0 ,  20 .0  and 25 .0 ! t l l z ,  o r  by  s ta t ion  WWVH on 5 .0 ,  I  0 .0
andl5.0MHz. The I MHz signal from the calibrator is simply l 'cd into a
rudimentary aerial near the receiver, and the calibrutor trimmer adjusted
for zero beat.

The procedure is to switch both the calibrator and the receiver on and
let t ltem run for about I 5 minutes to allow the case temperrtutes to
strbil ise. At this stace no connection should be made to the pr*put
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connectors of the calibrator, in order that radiation should be minimal.
Then tune the recciver carefully to whichever of the standard irequency
s igna ls  i s  cur ren t ly  ava i lab le  a t  a  leve l  adequate  fo r  conven ien t  and
re l iab le  recept ion .
A lbo t  o r  two o l  hookup w i re  may then be  inser ted  in to  the  lM l , l z  ou t_
put  connector ,  whereupon J  beat  no te  shou ld  become aud ib le  in  the
recciver output. It nti ly in somc cases be necessary to place the wire close
to  the  rece iver  acr ia l  lead- in ,  o r  perhaps  evcn tw is t  th j  tw<t  together ,  in
order  to  ob ta in  su f f i c icn t  coup l ing .
Ad jus tn len t  o f  the  ca l ib ra to r  t r immer  shou lc l  a l low the  boat  no te  to  be

.  r tx luced in  f requency  be low aud ib i l i t y ,  a l though cont inued t r im ing  o f  the
t r in lncr  in  the  sante  d i rec t ion  shou ld  resu l t  in  the  no te  re_rppear ing  and
r is ing . in  p i tch  oncc  aga in .  The zero-beat  cond i t ion  r ies  in  the  oent re  o l  the
in rud ib le -ber t  scgrncnt  o f  xd jus tment ,  and w i th  m: rny  rece ivers  i t  may
hrve  lo  b ( ' -cs t in r r t r .d  by  in te rpo la t ion .  I - lowever ,  i f  thc  recc iver  i s  f i t ted
wi th  an  "S"  

n rc te r  i l  s l rou ld  be  poss ib lc  to  obse ive  the  beats  on  u le  meter
when thcy  i l re  ncar  zero ,  rnd  a  more  accura te  so t t ing  may be  ach ieved.
oncc  sc t  up  in  th is  fush ion  the  ca l ib ra to r  shou ld  re t i in  i t s  car ib rar i .n  rb r
a  cons iderab le  per iod .  The osc i l la to r  c i rcu i t  i s  re la t i ve ly  insens i t i ve  to  tem.
perature, and is also free from many of the aging eflects whicli are found
with other circuits. However, before crit ical nreisurernents are to be made
us ing  the  ins t run len t ,  i t  wou ld  be  w ise  to  re -check  i t s  c l l ib ra t ion  us ing  the
above tcchn iques ,

PARTS LIST
1 Casc, 7%in x 5itr x 4in, with wrap.around front pancl, board brackets.
I l'rinta<l wiing board, 60f c9.
I Stepdctwn transforncr, 240V to 12.6V CT, at t A.
1 2.000Mltz quartz crystal (see text).
I Two-polc six-Tnsttion rotar)) switch.
2 SI'DT miniature toggle switches.
I Minioturc pilot lamp, bezel, 6V at 50mA.
2 Co-axial connectors.
CAPACITORS
I 2-8pF NPO ccramic trimmer lscc text).
I 22pF NPO (uomic.
I .001 uF polystyrcnc, 400 V or lower if availahle.
3.047uF 25Vlt ceramic.
2 I00uF 6Vl4 electolvtic.
1 I 000uF 1 0W elcctrolytic.
SEMICONDUCTORS
2 B Y I 261 50 diodes or similar
I BZY88lC4V3 or similar 4.3V zaner diode.
I  AD|61,40250, AY8l09 or  s imi lar  NPN power t runsiston
I MC7 99 I' dual h ufft, r micr<tcircu it.
l3 MCT9OPdual J.K flip-flop microcircuits (see text).
Rfs/.t70R.S
6 22 ohms %watt_
2 I.5K %watt.
Mains cord and plug; gromrnet and cord clamp: 8-lug section of
miniature resistor panel; 3-lug miniature tagstrip: cdse handle, rubber
fcet; screws, nuts, connecting wire, Solder, etc.

I
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