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TELEVISION

sErs,

RECEIVERS

AND

TRANSMITTER.S

Scottish Insurance Corporation Ltd
66-67  CORNHILL LOND ON EC3

Television Sets, Receivers and Short Wavc 
'I'ransmittcrs

arc cxpensivc to acquire and you no cloubt highly
prize your installation. Apart from thc value of yor.rr
Set. you might bc held responsiblc shoulcl injury bc
causcd by a fault in the Sct, or injury or damagc
by your Aerial collapsirrg.

A "Scottish" special policy for'I'clcvision Scts,
Receivcrs and Short Wavc Transmittcrs providcs thc
following cover:

(o) Loss or damage to irstallation (including in tht:
case of Television Sets the Cathode llay 

'l'ubc)

by Fire, Explosion, Lightning,'l'hc[t or Accidenta]
External Means at any private dwclling-house.

(b) (i) Legal Liability for bodily injury to l'hird
Parties or damage to their property arising
out of the breakage or collapse of the Acrial
Fittings or Mast, or through any defect in
the Set. Indemnity f,10,000 any one accident.

(ii) Damage to your property or that of your

landlord arising out of the breakage or
collapse of the Aerial Fittings or Mast, but
not exceeding d500.

til7hy not BE PRUDENT AND
INSURE your installation-it is
well worthwhile AT THE
VERY LOW COST INVOLVED.
If you write to the Corporation's
Office a proposal will be
submitted for completion.

Write for full details, quoting reference 5304, to:-

THE MANAGER

SCOTTISH INSURANCE CORPORATION LTD.,

{

f f i I  CORNHILL, LONDON E.C.3

Scottish 

66-67 

Insurance Corporation Ltd 

CORNHILL • LONDON • ECS 

TELEVISION 

SETS, 

RECEIVERS 

AND 

TRANSMITTERS 

Television. Sets, Receivers and Short Wave Transmitters 
are expensive to acquire and you no doubt highly 
prize your installation. Apart from the value of your 
Set, you might be held responsible should injury be 
caused by a fault in the Set, or injury or damage 
by your Aerial collapsing. 

A "Scottish" special policy for Television Sets, 
Receivers and Short Wave Transmitters provides the 
following cover: 

{a) Loss or damage to installation (including in the 
case of Television Sets the Cathode Ray Tube) 
by Fire, Explosion, Lightning, Theft or Accidental 
External Means at any private dwelling-house. 

{b) (i) Legal Liability for bodily injury to Third 
Parties or damage to their property arising 
out of the breakage or collapse of the Aerial 
Fittings or Mast, or through any defect in 
the Set. Indemnity £10,000 any one accident. 

(ii) Damage to your property or that of your 
landlord arising out of the breakage or 
collapse of the Aerial Fittings or Mast, but 
not exceeding £100. 

Why not BE PRUDENT AND 

INSURE your installation—it is 

well worthwhile AT THE 

VERY LOW COST INVOLVED. 

If you write to the Corporation's 

Office a proposal will be 

submitted for completion. 

Write for full details, quoting reference 5304, to:— 

THE MANAGER 

SCOTTISH INSURANCE CORPORATION LTD., 

66-67 CORNHILL, LONDON E.C.3 
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P M 6 0 r r A  . . . .  - .
l f ,u l la r ( l  l ' y t 'e .  . .  .  .  .

I  Si l icotr  Rech.100 PIV ?D0r'rA . .  . .
3  A F I I T  T r & m .  M u l l s r d  T y p e . . . . .  . .
7  O C E I  T y p e  T r a u .  . . . . . . . .  . .  . . . .  . . .
3  O C l 7 l  T r a u .  ! f i u l l a r d  T y p c  . . . . . . . .
5  2 N 2 9 2 6  B l l .  E p o x t ' . T r a n s .  . . . . . . . .
?  O C T I  T y p e  T r a E .  : , . . . . .  . . . . . . . .

26 TrM, Il€sts{Dh. 6t TOl8. sO12. €1".
2 2g?01 Bl l .  Tr.@. Texa NPN. .  .  .  .  .
il l2V Uoner 40omw
? ro^' 600 PMll. Bacts. Is{6.R . .
3 3Or0E 8ll. NPN lllgh G.ln Traft.
I  2Ngl0NPNBll .Tr&! i .  vots100 . .
2 I0O0 PIV l tu.  Ret.  I .5.^.  R53310 Al ' .
3 BSY96A 8l l .  Trau. NPN 900Uc/3..  .  .
3  O C ! 0 0  E l l . T r u .  l d u l l a r d  . . . . . . . .
2  g l l . ? o w e r  R @ t ! .  8 Y 2 1 3  . . . . . . . . .
I gll. Powe. Irw. NPN 100[c/8.

TK2orA .  .  .  .  .  .  .  .  .  .  .
a Zroe. Dlode 8-l6V 8ub-Drin. . . . . .
I 2N11il2 PNP Eptt|xlol PlaMr Sll. . . -
3 2N607 Epitslal Pl@r lrail. gll.
,l Cdm. . Power Arau. Eqvt, OclS
' I  U D l l u t r c t i o n  f r u . 2 N 2 6 { t i  . . . . .  . .  . .
2 8ll, IraB. 200tf,c/.. 80vcb 2T6318{ . .
1811. PloBr Trou. NPN loouc/s.

B S Y 2 6  . . . . . . . . . . . .

. .  8/-  each

. . E/E e&h

ITEMS

-
TBAr$troB !qvr. Dq)r

10/-
10/-
10/-
l0/-
r0/-
10/-
r0i -
r0/-
toi-
l0/-
I6/-
r6/-
r6/
r5l-
r0/-
16/-

16/-
r5/-
16^
16/-
r6F
16t-
16/-

llltr, BtroE ot ztrEB DroDEs
volrAcs tAloE t-18v.
400mW (DO-? Ce)
r.6w (Top.Esi)
row (so-10 siud)
.{.ll ldly te.ted 60/6 tol, od neked
8tal,e voltage Uulftd. l\ll rsnae
OAZUullud TW Z. Rsse of STC.I

aud lN tn€s.

30/-
10/-
r0/-
10/-
10/-
10/-
10/-
10i-
10/-

t/E orch
t/8 crch
5/- iloh

. Ple*
e ( l v i . 6
Il. Texiu

Drtlt Trau. 2N126 Germ.
l 0 0 U c / r .  . . , . . . . . . .
frtched lru, OC4{/{5/EI/8rD.
R e d  B p o t A F  ! r s u .  ? N P  - . . . . .
white Bpt BF are. PNP . . . .
ElllcoD Bect8. 3 A 100.{00 PIv
l0 A glU@D neck, 10O PIv . . . .
OC140 Trail. NPN Swltching
lg A scR 100 Prv
8 t t . T r a m .  2 9 3 0 3  P N P  . . . . . . . . .
Z e [ e r  D l o d e 8 2 6 0 m Y -  3 - 1 2 V . . . . .
200Mr/s. Bil. Ire4. .{PN BSY26/27
Zen.:  -  jod{  conrv 33V 5% "c!.
Illgh Lurrent Trsr:r. OC42 Eqvt. . .
Pover TruDslib.s 1 OCi20 I OC36 .
Atlicon Rect.. 400 PM60rrA . . . .

8t l .  Trai lB. NPN VCB 100 ZT8B . . .
OA81 Dlode.
OC72 Tidn.t.tor! fullar(l Type. . . .
OC?7 Trarul l tor.  Uul lard Ty)€.. . .
8 l l ,  R e c t ! .  4 0 0  F M o o D A  . . . . . .  -
C E T 6 8 {  T r & u .  E q v t .  O C { 4  . . . .  . .
G E T 8 E 3  T r & m .  E q v t ,  O C 4 5  , . . . . .
,N?08 j{ i l .  Trans. 300Mc/6. NPN. .  .
G I 4 1 / 4 6  ( l e r n r .  T r u t r s .  P N P . . . . . . .
CT31 Lt 'LoF Noise PNP l ' rms.
INSI4 Si l .Dlodes 76 PIV 76i l r4 . .
OA95 G€rilr, Dlode. Sub-miD. IN69
NPN Germ. TrM, NKT773 .  . ' .  .  .  .
O C 2 2  P o w e r  T r a s .  G e r m .  . . . . . . . .
O C 9 6  P o * e r  T r & 8 ,  G . r r n  . . . . . . . .
OC72 Mulled TrN,
ACI2E Trai l .  fNP I l lgh Gsin.. . .
rC127/l2E Comp. p&lr PNP/NPN
!N1307 PNP g*ltahiM T.aN. . . .

?il
lEa

t 2

Medt 'B 2 ldATroo & 3 U T120.. . .
I ' ! a d t ' s 2  I { A T l . o l  &  1 f A T ] 2 r . . . .
0 C 4 4  O e r D .  T r a n 6 .  A F  . . . . . . . . . .
A C l 2 7  N P N  O € r r n .  T r @ .  . . . . . . . .
2N3906 8il. PNP Trail. l{otorola. .
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. N o .

s l
S2
S3
B4

a6
a7
SA
s9
6 1 0

AIIOTHER CROWNI]IG SUCCE
ilils t0lTlt's BAR8ilt Ptffi

Arr rurly IEsTt0 Alto 0[mAilIttD srTtsfAcTt0ll
Price

. . .  r 0 / _

. . .  1 0 / _

. . .  1 0 i -

. . .  1 0 / -
. .  r0 /_

. . .  t 0 / _

. . .  1 0 / _

. . .  1 f / -
. .  10 t_

. . .  r 0 / _
EACE TOllIE POB OtrE IOTTE O'LY WE O'IEB SPECIAI, EASOAIT
PAtr8 AYAILABLE AI IEIS 8PE{tlAL PBICE. lAf8 FIIL& ADYAITAOE
AIiD SAVE EYEI( IOBI OIt YOSB EI-PAX BABCAIIS.

Kll{G OF TllE PAK! Un.qualled Vrluc rnd Curlitt

l0/-
10/-

Qty. Dwriplion
l 0  c o l d  B o n d e d  D i o d 6  e q v t .  O A { 7  .  . . . . .  . . .
r0 2N3707 NPN Planar Tlauistors
5 RCl08 NPN gi l .  Traruistors . .
8 Zeiers 4OOmW 2-lsv Uired .
E 2N3702 PNP Plamr TraElltoft . . . .
{  3A 600PlV 8l l .  Reck. gtud .
6  P N P  J r i l .  P l n s r  T r a E . 2 N c 0 0 4  . . . . . .
6  2 N 8 0 6  N P N  S i l . T r a m .  . . . . . .

l0 OC,l4 Type Tranr.  t ietr .  r ' .  I i t '  .  .  .  . .  .
lo Si l .  Dl ldes 60PM60mA fsl .  ( ien. P. . . .

OCP? I

$UPER PA|($ '*'l,'",1[ffillJff'* *
gilti.loctioil {IUARANTEED ia Every I'rk, or rnoDey back

Pek No.

U 4  4 0  c e l m u i u m  I r a u l . t o r .  l l t e  O C 8 l ,  4 q 1 2 8  . . . . . . . . . . . . .  1 0 / -
U 5  6 0  2 0 0 n r A  B u b i n l D .  S i l .  D l o d e  . . . . . .  . . .  .  . . .  . . . . . . .  l 0 / -

ultuuilcrroil
AI.o. Eqvt. 2N2g{0,
Bqvt. Il${S. BEN3fiX)

7/6 EAC]I
35-e0 !/- r00 uP l/-

I]IIEGRATED
ctRcurTs

L0. Olrcratloml Atrrpllgrr
Tlth Zener output.
It'r 701C. Ideal for P.E.
Proret!. S Iaed T0.6 c@e.
Full dott

oc r.ls 12/6 .-l
! otr 1l/- ub. Iarge Qty.
Prle. quoted lor.U6 i lo 6i l i@D PlsM tr@lrt  r8 NPN 8i l r .8SY96l,2N706

Ulz 12. gi l icon Rect ideru EPOXY 600urA up to 800 PIV . . . . . . .  l0/-
U I J  3 0  P N P ' N P N  B i l . T . s u l . t  r !  O C 2 0 0  &  2 a 1 0 4  . . . . . . . . . . . .  1 0 i  -

Ul{ 160 Uixed gillcor and G€miunr Diodd

Ul8 10 3-Ai l rp.3i l i@n Rect lner.  gt trd Type up to 1000 PIV . . . .  10/-
Ul7 30 Cemuniuril PNP Al'Tr@t3toN T0-6ltke ACY l?-22, . . l0l-

tJ32 26 Zener rllodea rl()ortrW D07 cse nri\ed vlte. 3-lE. .. . .. . . . . loi-
l I33 15 Pl4l ic (e I  s lrpr l t l@trr@tl t t€r.  1N4000 serie. . . . . . . . .  l0/-

'IIBCIILD EPOIY Io-I
8 Lsd I.C-
, r L o ( x )  3 u t r q  . . . . . . . .  t 0 / 0
!LOl4 DulGatp . . . . .  l0/0
dr23 J.K.Fllp-l'lop... l{/-
LC. DatsCleutt!, etc.. l/0

lnttl"taD r.0. .trtl,IllttE
14A243 O&P. Am9. . .  70/-
T-A4269 tln AF Atnp . l8i C
IAA283 G.P. ADrp . . . .  lC/-
nCA CA30t0 Audlo

i n r r .  . . . . . . . . . . . . .  3 6 r -

PRIIITED CIRCUITS
cx-qor.rPuTri

Pek"d *lth oemicoDduc.
to$ ald oonlpole[ta, l0
boqrdc glvc s gusrst@d 30
tres and 30 rllodes. Our
gr lc€.10 boar( ls 10/- .  Plu6
2l- P. & ?.

SOLID STATE DIGITAL
CLOCK

Price List of Components
avai lable FREE on request.

-rffi
t(Xlmv 30 .. .. 10/-
2!PIV(tlu.) 100 .... 16/-
iub .U ln .  t00 , . . ,  25
t rd lyTqtd l , (x )o . . . .  le
fder! tor'Orgu Buildefl.

ADl6l rrn ADI62 pttp
IAICIIBD COUPLEUENIARY
PAIRS OF CENM. POWER
TRi.N6I8TORS.
For maiB driven output stage! ol
Ampliner6 ud Ra(lio recelvers.
OUR LOWEST PR,ICE OF II/E

PEN P.A]N

ItlcII POWEB tsILICON
PIIINAIT TSANCISTOBS.
TEX,IS 2A034. NPN TO-3.

VCB100 lc 4A lT. l5ltr/c3
VCD100 Ptot.40W
vEB8 hfD(min.)

60 Price
16/- eucb

JLFIT
XEW 8I',ICOT REOTITIEAS [E8'TII
PM0onrA 750'trA 1 5A 3A r0A 30A

50 10d l/- 1/0 zts 418 ela
loo 1/- 1/8 2t8 3/8 rt6 16l-
r00 1/8 1i0 aa q- at0 Pjl-
300 -_ s/3 8/0 q6 at0 pl-
4002t- 2t8 rl- 6/0 ll0 P'l-
500 - at- a- 8/E 80/-
600 9/0 s/8 ata Elg t}t- slt-
8oo ..... at| q9 718 lu- lot-

t,ooo - 6t- 8t- siE r8/0 60/-
1,200 - 0/0 7ta ruE tt/-

PLIAAE iOfE. To nvold aDy luther lacrg4d Pstll ChNges to out
CustoDrets anal emble u to teep ou "By Rctm P@lol service" $hioh i{
s*onil 10 DoDe, x'e hrv€ r€-orgdlzed aild strdrlhred o$ D€spetch Ordcr
Deprtnledt en(t we nov request you to 8eu,l sll you orders aog€ther with
your leurithDcc, diret to our V[ehoue u(l Dopatch DeportDrcnl,
rulal !d&4: BI-PAtr SUICOIDUCIOIS, DdDrtcD D!9t., P.O. BOX 0,
'AEA, trEB!8, Fostsg€ an{ Ielhrg stlll l/- ler or(ler. l{tnirnuDt
order 1.0/-.

5fi) Chesham Hse..

150 Regent Street,
LONDON W.I.

U 2  6 0  M i x e d G e r r n m l u l T r u h b r s A t s / B F  . . . . . . . .
Ug 76 cerDEniunr Glold Bonded Dlod6 sim. OA5. PA4?

Code N@. DeDtlotrql sbovo arc Slvel d s guiCe to tbe t,ype ol
devica i! tbe Pak. Tbe devl@ tbeuEelvd are DorDully N[aaked

SCR's
LOvYEST PNICE

LARGEST IANGE
PIV IA 7A 16A 3OA
2 6 -  7 B - N t -
50 ?/8 8/8 l0/3 85/-

r00 8/e 10/- l5/- t5/-
20o 12la $F ?,.l- 651-
soo t6l- l- t- --
400 1?/E 96/- 86/- 80i-
600 8r|/- a0/- a5/- 06/-
600 - {0/-.50/- -.-

62psgesolcrosrelerenceaforl,rsB.iln{l dio,le,

FOLLOW THE LEADERS 

■ M© 
■ QUALITY-TESTED PAKS 

2 Drift, Trans. 2N1226 Germ. PNP 100 Mc/s    10/- 6 Matched Trans. OC44/45/81/81D  10/- '20 Red Spot AF Trans. PNP       10/- 16 White Spot RF Trans. PNP   10/- 16 Silicon Beets. 3 A 100-400 PIV ..... 10/- 2 10 A Silicon Recta. 100 PIV ........ 10/- 2 OC140 Trans. NPN Switching .... 10/- 1 12 A SCR 100 PIV   10/- 3 811. Trans. 2S303 PNP . , .   10/- 4 Zener Diodes 260mW 3-iaV  10/- 3 200Mu/8. Bil. Trans. NPN BSY26/27 . 10/- 3 Zen ." ' iodci" 400mW 33V 5% '?ol. . 10/- 4 High Current Trails. OC42 Eqvt  10/- 2 Power Trunalstora 1 OO20 1 OC36 ... 10/- 0 Silicon Reels. 400 PIV 260mA . . . 10/ . 4 OC76 Transistors Mallard Tyjte.. . 10/ 1 Power Trans, OC20 100 V    10/ HI OA202 811. Diodes Sub-miii. Marked. . 10/- 2 Low Noise Trans. NPN 2N329/30 . .. 10/- L 811. Trans. NPN VCB 100 ZT8fi  10/- 8 OA81 Diodes  "  10/- 4 OC72 Transistors Mullard Type  101- 4 OG77 Transistors Mullard Ty^je. - 10/- 4 811. Rects. 400 PIV tOOwA , .. 10/- 5 GBT884 Trans. Eqvt. OC44 10/- 5 GET883 Trans. Eqvt. OC45   10/- 2 2N708 851. Trans. 300Mc/8. NPN  10/- 6 GT41/46 Germ. Trans. PNP..  10/- 3 GT31 LF Low Noise PNP Trans. . 10/- I « 1N914 Bil. Diodes 75 PIV 76mA . 10/- 8 OA95 Germ. Diodes Sub-min. 1N69 .. 10/- 3 NPN Germ. Trans. NKT773 .  10/- 2 OC22 Power Trans. Germ  10/- 2 OC25 Power Trans. Germ   10/- 4 OC72 Mullard Trans  . 10/- 4 AC 128 Trans. PNP High Gain.. .. 10/- 2 AC127/128 Comp. pair PNP/NPN ... 10/- 3 2NJ307 PNP Switching Trans  10/- 10 CtmH Germ. Diodes Eqvt. OA71 ... 10/- 3 AFI16 Mullard Type Trans ......... 10/- 
c u p c 0n81>aclt 01 yoar 0WI1 
n\ C C choice free with orders 
12 Assorted Germ. Diodes Marked .... 10/- 4 AC126 Germ. PNP Trans  10/- 4 Siiieon Rects. 100 PIV 760inA  10/- 3 AF117 Trans. Mullard Type  .. 10/- 1 7 OC8X Type Trans      10/- 3 OC171 Trans. Mullard Type ........ 10/- 5 2N2926 811. Epoxy .Trans. .,   10/- 7 OC71 Type Trans. :     10/- 1 26 Trans. Heatslnks fit T018, S012, etc. 10/- 2 23701 811. Trans. Texas NPN  10A 3 12V Zener 400mW   .. 10/- 9 lOA 600 PIV 811. Reacts. IS46R 10/- 3 BC108 811. NPN High Gain Tranf, .. 15/- 1 2N910 NPN 811. Trans. VCB100 .... 15/- 2 1000 PIV 811. Rect. 1-8A R53310 AK. 15/ 3 B8Y96A 811. Trans. NPN 200Mc/8..., 15/- 3 OC200 811. Trans. Mullard      10/- 2 811. Power Rects. BYZ13  15/- l 811, Power Trans. NPN JOOMc/s. TK201A    16/- tt Zener Diodes 3-16V Sub-in in  16/- I 2N1132 PNP Epitaxial Planar 811  16/- 3 2N697 Epitaxial Planar Trans. 811. .. 15/- 4 Germ. . Power Trans. Eqvt. OC16 15/- 1 Unijunction Trans. 2N2646    15/- 2 811. Trans. 200Mc/b. 60Vcb ZT83/84 .. 15/- 1 811. Planar Trans. NPN lOOMc/a. B8Y25    15/- 1 Unijunction Trans. 2N2I60 TO-8 . . 16/- 2 Sil. Rects. 5A 600 PIV Stud Type ... 15/- 2 Germ Power Trans. OC28/29   15»- 1 10A Sil. Stud React, 800 PIV  15/- 1 Tunnei Diode AEY11 1050Mc/8  15; 2 2N2712 SIL Epoxy Planar HFE225 16,- 8 BY 100 Type 811. Rects   . . 20/- | 26 811. and Germ. Trans. Mixed, all marked. New   _ 30/- 2 GET880 Low Noise Germ. Trans. , ' 10/- 1 AP139 PNP High Freq. Trans  10/- 3 NPN Trans. 1 8T141 & 2 ST140 . , 10/- 4 Madt's 2 MAT100 <k 2 MAT J20  10/- 3 Iladt's 2 MAT/.01 & 1 MAT1.21  10/- 4 OC44 Germ. Trans, AF    10/- 3 AC127 NPN Germ. Trans  . 10/-. 1 2N3906 Sil. PNP Trans. Motorola. 10/- CADMIUM CELLS OBP60 ORP61      8/- each I ORP12   :.. i.  8/6 each 
MANY NEW PAK ITEMS 
FULL RAJNGE OP ZEKEB DIODES VOLTAGE RAKOE 2-18V. 400mW (DO-7 Case) ......... 2/8 each tl-6W (Top-Hat)    8/6 each 10W (80-10 Stud) ...   6/- each All fully tested 5% tol. and marked. Please state voltage required. Full range eqvt. to OAZ Mullard Type Z. Range of 8TC. T.R. Tex/ts ^»ud IN types.  
TRANSISTOR EQVT. HOOK 62 pages of cross references for trans, and d lodes, types Include British, European, American and LJapanese. Specially Imported by BI-PAK 

i  
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Pak "■No. Qty. 

ANOTHER CROWNING SUCCESS— 
THIS MOHTH'S BARGAIN PAKS 

ALL FULLY TESTED AND GUARANTEED SATISFAGTIOH 
Description Price 

86 
86 
87 88 
89 
810 

SI 10 Gold Bonded Diodes eqvt. OA47  .. 10/- 
82 10 2N3707 NPN Planar Transistors     10/- 
83 5 BC108 NPN SU. Transistors     10/- 

8 Zeiiers 400mW 2-18V Mixed      10/- 
8 2N3702 PNP Planar Transistors    10/- 
4 3A 600PIV SU. Rects. Stud ..    10/- 
5 PNP Sil. Plnar Trans. 2N2904 ..,    10/- 
6 2N696 NPN Sil. Trans. .,   lf/- 

10 OC44 Type Trans. Gen. P. RF  10/- 
10 Si!. Diodes 50P1V 250mA MSI. Gen. P. . ... 10/- 

EACH MONTH FOR ONE MONTH ONLY WE OFFER SPECIAL BARGAIN 
PAKS AVAILABLE AT THIS SPECIAL PRICE. TAKE PULL ADVANTAGE 
AND SAVE EVEN MORE ON YOUR BI-PAK BARGAINS. 

KING OF THE PAKS Un.qualled Value and Quality 
QHprQ Pftl/Q BRAND NEW—UNTESTED 
OUrLn rnlVO SEMICONDUCTORS ^ 
Sat ief act ion GUARANTEED in Every Pak, or money back. 
Pak U1 No. 120 Glass Hub-tnin. General Purpose Oermuniuin Diodes..., 10/- 
US 60 Mixed Germanium Transistors AF/RF 10/- 
us 76 Germanium Gold Bonded Diodes sim. OA6, PA47 .... 10/- 
U4 40 Germanium Transistors like OC81, AC128    10/- 
115 60 200mA Sub-min. Sil. Diodes ...    10/- 
U6 40 Silicon Planar Transistors NPN sim. BSV96A, 2N706 ... 10/- 
U7 16 Silicon Rectifiers Top-Hap 760mA up to 1000V ..... 10/- 
U8 50 Si!. PJanar Diodes 250inA OA/200/202 10/ 
U9 20 Mixed Volts 1 watt Zener Diodes. 10/ 
Ull 30 PNP Silicon Planar Transistors TO-6 sim. 2N1132  10/ 
U12 12. Silicon Rectifiers EPOXY fiOOmA up to 800 PIV   10/ 
U13 30 PNP-NPN Sil. Transistors OC200 & 28104 ............ 10/- 
U14 150 Mixed Silicon and Germanium Diodes . .    10/- 
U15 30 NPN Silicon Planar Transistors TO-6 sim. 2N697 , .... 10/ 
U16 10 3-Anip Silicon Rectifiers Stud Type up to 1000 PIV . — 10/- 
U17 • 30 Germanium PNP AF Transistors TO-5 like ACY 17-22.. 10/- 
U18 8 8-Aliip Silicon Rectifiers BYZ13 Type up to 600 PIV 10/ 
U19 30 Silicon NPN Transistors like BC108 . . 10/ 
U30 12 1.6-aiiip Silicon Rectifiers Top-Hat up to 1,000 PIV  10/i> 
U21 30 A.F. Germanium alloy Transistors 20300 Series & OC71 . 10/ 
U22 10 1-amp Glass Min. Silicon Rectifiers High Volts 10/ 
U23 30 Madt's like MAT Series PNP Transistors 10/- 
U24 20 Germanium l-anip Rectjflers UJM up to 300 PIV 10/- 
U26 26 300Mc/8 NPN Silicon Transistors 2N708, B3Y27 ...... 10/ 
U20 30. Fust Switching Silicon Diodes like 1N914 Micro-min 10/ 
U28 Experimenters' Assortment Jof Integrated Circuits," untested. Gates, t'liii-FJops, Registers, ftc., 8 Assorted Pieces. . ...... 20/ 
IJ29 10 1 amp HCR'a TO-6 can up to 690 PIV CRSJ/25-600 ...... 20/ 
U30 15 Plastic Silicon Planar trans. NPN 2N2921-2X2926  10/- 
IJ31 20 Sil Planar NPN trans, low noise Amp 2N3707    10/- 
U32 25 Zener diodes 400mW D07 case mixed Vita. 3-18........ 10/- 
U33 16 Plastic case 1 amp silicon rectifiers 1N4000 series.   10/- 

Code Noe. mentioned above arc given as a guide to the type of device in the Pak. The devices themselves are normally unmarked 

ADI6I -vpjv ADI62 pifp 
MATCHED COMPLEMENTARY PAIRS OF GERM. POWER TRANSISTORS. For mains driven output stages of Amplifiers and Radio receivers. OUR LOWEST PRICE OP 12/8 

PJSR PAIR 

HIGH POWER SILICON PLANAR TRANSISTORS. TEXAS 2S034. NPN 'TO-3. 
VCB100 1c 4A IT. 15M/ca 
VCE100 Ptot. 40W 
VEB8 hFE(min.) 60 Price 16/- each 

NEW SILICON RECTIFIERS TESTED PIV 400mA 760mA 1-5A 3A 10A 30A 80 10'd 11- 1/6 2/9 4/3 9/6 100 lh 1/3 2/6 3/8 4/6 15/- 200 1/8 1/9 2/6 4/- 4/9 20/- 300 - 2/3 8/9 4/6 6/8 22/- 400 21- 2/6 4/- 6/6 7/8 25/- 500 — 3/- 6/- 8/6 30/- 600 2/9 3/8 4/3 8/9 91- 37/ 800 3/8 4/9 7/8 111- 40/- 1,000 — 8/- 91- 9/3 12/0 50/- 1,200 — 8/6 7/6 11/6 15/- — 

SCR's 
LOWEST PRICE LARGEST RANGE PIV 1A 7A 16A 30A 26 — 7/8 — 80/- 50 7/8 8/6 10/8 86/- 100 8/6 10/- 16/- 45/- 200 12/6 15/- 20/- 55/- 300 16/- 20/- 26/- — 400 17/8 25/- 36/- 80/- 600 30/- 40/- 45/- 95/ 600 — 40/-50/- — 

PLEASE NOTE. To avoid any further increased Postal Chai-ges to our 
Customers and enable us to keep our "By Return Postal service" which is 
second to none, we have re-organized and streamlined our Despatch Order 
Department and we now request you to send all your orders together with 
your reimttancc, direct to our Warehouse and Despatch Department, 
postal address; BI-PAK SEMICONDUCTORS, Deipatcb Dept., P.O. BOX 6, 
WARE, HERTS. Postage and packing nllll 1/- per order. Minimum 
order 10/-. 

FETS 
SN 3819  10/- SN 3820...... ....... 26/- ;*PF106      8/- 
OCP71   8/8 

UNIJUNCTION 
UT46, Eqvt. 2N2846, Eqvt. T1S43. BEN3000 

7/6 EACH 
26-90 61- 100 UP 4/- 

INTEGRATED 
CIRCUITS 

LC. Operational Amplifier with Zener output. Type 701C. Ideal for P.E. Projects. 8 Lead TO-6 cose. Full data 
Our price 12/6 each 

6 off 11/- each. Large Qty. Prices quoted lor. 
FAIRCHTLD EPOXY TO-6 8 Lead LC, uL900 Buffer      10/8 ML914 Dual Gate - . . 10/0 )jL923 J.K.Flip-Flop. . . 14/- I.C. Data Circuits, etc.. .1/8 
HUlLARD I.C. AMPLIFIERS TAA243 ORP. Amp. .. 70/- TAA263 M!n AF Amp . 18/8 TAA293 G.P. Amp . . 28/- RCA CA3020 Audio Amp  80/- 

PR1NTED CIRCUITS 
EX-COMPUTER 

Packed with semiconduc- tors and components, 10 boards give a guaranteed 30 trans and 30 diodes. Our price 10 boards 10/-. Plus 2/- P. & P. 
SOLID STATE DIGITAL 

CLOCK 
Price List of Components 
available FREE on request. S.A.E. PLEASE. 

SlL. 4.P. DIODES 
800m W 30  10/- 26P1V (Mill.) 100 .... 25/- Bub-Min. 800 ... £5 Fully Tested 1,000 ... £9 Ideal for Organ Builders. 

BtMJK 

500 Chesham Hse., 
150 Regent Street, 
LONDON W.l. 
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NEW! PORTABLE SOLID-STATE VOM
A thousand and one uses . plus lowest cost

tM-l 7 Kit f t3.12.0 pp.6/_

Solid state circuitry FET input.
4 Silicon transistor, I diode. 4 A.C.
voltage ranges. 4 d.c. voltage ranges.
4 ohm ranges. llM ohm input d.c.
lM ohm input on a.c.4|in 200pA
meter. Battery powered. Rugged
Polypropylene case, self cover and
handle. Space for storage of test
leads. Easy circuit board construc-
tion.

Just right for the householder, hobbyist,
boaters, model builders. Amateur radio
den and TV service engineer.

I N S T R U M E N T S
3" LOW-PRICED SERVICE OSCILLOSCOPE.
Model OS-2. Compact size 5" x 1tr" x 12" deep.
Wt. only gtlb. "Y" bandwidth 2}{z-3MHz:3dP.
Sensitivity lo0mV/m. T/B 20Hz-200kHz in four
nnges, fifted mu-metal CRT Shield. Modcm funcioMl
styling.

Ki( {24.18.0 Rcadr-to-Use {32.18.0 p.p. 9/-

5" GEN-PURPOSE OSCILOSCOPE. Model
l0-12U. An oursBnding model with professional specifi c-
ation and sryling. "Y" bandwidrh 3Hz-4.5 MHz 

- 
, ldB.

T/B l0 Hz-500 kHz
Kit f,36.18.0 Rca(l\ '-ro-Usc X46.f8.0 p.p. l0/6

DE LUXE LARGE-SCALE VALVE I/OLT.
METER. Model IM-13U. ()ircuit and speci-
fication based on the well-known modcl V-74 but
with many worth-whi' lc refinements.6', Ernest
Turncr  metc r .  Uu iqu .  q imba l  b rackc t  a l lows
opera t ion  o f ins t rument  in  ma ly  pos i t ions .  Moder r r
s r  y l i  ng .
Kit [22.8.0 Rea<l-v-to-Use 429.10.0 p.p. 7/6

AUDIO SIGNAL GENERATOR. Model AG-9U. l0 Hz ro
100 kHz, switch selecred. Distortiotr less than 0 l%, lOV sine wave
output metered in volts and dB's.

rit {28.0.0 Rt'a<ir-ro-fise :636.0.0 p.p. 7/6

VALVE VOLTMETER. Model ! r ' -7AU. 7 volra,re ranees
d . c .  v o l t s  r o  1 . 5 0 0 .  A . c .  r o  1 . 5 0 0  r . m . s .  a n d  4 . 0 0 t t  r r c a k  t o
p e a k . .  R e s i s t a n c e  0 . l Q  r o  l . 0 0 0 M O  w i t h  i n r e r n a l  L a r t . r y .
D.c. input resistance I  I  MO. dB measurenrent.  has ccrrtre-
zero scale. Complete with test prods. leads and standardisine
b a t t e r l ' .  X i t  J l 4 . 1 6 . 0  R , . a , l v - r o - L  s i  { 1 9 . 1 8 . 0  p . n .  + r 6

MULTIMETER. Model MM-IU. Ranqcs 0 l .5V ro
1,500V a.c.  and d.c. ;  l50tA !o l5A d.c. ;  0.2e to 20MO.

4{" 50uA meter.
Kir  {12.18.0 Readv-to-Use {18.12.0 p.p.416

R.F. SIGNAL GENERATOR Model SINE/SQUAREGENERATORModeI
RF-IU. Up to 100 MHz tundamental ud IG-82U. Freq. range 20 Hz-l MHz in 5
dd 200 MHz on hamonics. Up to l00mv bands less rhan 0.59lo sine wave disr. less

thu 0.15p sec. sq. wave rise time

TATESTJ PORTABLE STEREO RECORD
PLAYER, SRP-I Ki t  f2g.d.0 incl .  p.T.p.p. ro/o

Rcadr-to-Use {35.4.0 incl. P.'f. p.p. l0/6

Autonrtic phyirg of 16, 33, 45 ud
78 rpn reord& All trusistor-
cool iratut op.ntion. Dual LP/78
s*ylus. Pbys Eono or rrGrco
reordr. Suitcecc frortrbility. DF
trclrblc epce&cr cnclogrrc for b.rt
stcrco cfrst, Two 8in r 5ia. srcirl
loudrpcrkcrc. For 220-250V r.c.
nrlac opcntion, Ovcnll crbiact
eizc 15ft r 3[ r lOrin

Compact, conomical stereo and mono rccord playing for thc wholc
Family-plays anything from the Beatle to Bartol. Al[ lolid-stat€
circuitry givcs room filling volume.

Wil l  g ive you superb LW and MW e nter-
tainment whcrcver you dr ive. ' l 'asteful lv
stvlcd to harmonise I i th anv car cokrur

ENJOY YOURSELF AND SAVE MONEY
HEATHKIT for Britain's Best in Electronic kits

Complete your  motor ing p leasure wi th th is
outstanding CAR RADIO, Modur cn-r

I TUNER

,4,-,!Y;i'5":i:fl;',.'&?J.tf"tfl,

tr*$ir':.l::1;*:*:."-*t

@
UXR-2

ffi
UXR.l

Totrl Prlce Klt (inc. Loudspeaker) {14.12.0 inct. I,.T.
P p . 4 1 6

TRANSISTOR RADIOS
OXFORD LUXURY PORTABLE. Modet
UXR-2. Special lv designcd for use as a
domestic or pcrs"nal portable receiver.
C o t c r s  I . .  a n d  M .  W a v c  b a r r t J ' . 7  t r a n s i s t o r ,
3 diode, ciroi t .  7" x 4" loudspeakcr for big
set sound. Hearhki t  now ofhr choice of
Brown or Black real leathcr casc. Exccl lent
value at oolv Kit  {15.10.0 inc. I , . ' l ' .  p.p.6/-

TRANSISTOR PORTABLE. Model UXR-
l .  Now avai lablg in modern'colours or real
leather case, 6 Transistor,  I  diode circui t  for
rel iabi l i ty.  Pre-al ierrcd I .F. rransformers.
Covers L.W. and M. Wave 6ands. 7" x 4, '
loudspeaker for generous sound. Case avai lable
in colours Navy I l lue, Coral  Pink, l , inre Gr,.err
or Browrr Real Leat lrer.  Pleasc srare secol(r
choicc. Ki t  /512.8.0 ( :olour incl .  P. ' l ' .  p.n. 4/6.

Kit  {13,8.0 Real leathcr i rrc l .  P.T. p.p.4/6.

I
I
I
t

Kir €13.18.0 R<rv-to-Use €20.8.0 
fir#i.Lg,1r.r6.0 p.p. 10/6

Cabinet exlra {3.16.0

t-----a---*-

.FM Tuner

I

I
I
t
I
t
I
I
I

SEE HO\^/ EASY.IT.IS TO BUILD
N HEATHKIT MODEL YOURSELF

Full  detai ls of manual only purchase scheme in
latest catalogue. Remembei i l l  Heathkit  models

are ful ly guaranteed.

\-

A
|  , a - !

ft{
E
.#
rit|

RF-IU

VISIT  THE HEATHKIT CENTRES
cLOUCESTER Bristol Road Tel. 2945.1

LONDON 233 Tottenham Ct. Rd. Tel. 01-6367349

Bl RM I NG HAI. l  17 -1 I St. Mart in Hse, Bul l  Ring Tel. 021 -643 4386
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NEW! PORTABLE SOLID-STATE VOM 
A thousand and one uses . . . plus lowest cost 

IM-17 Kit £13.12.0 pp.6/- 

Solid state circuitry FET input. 
4 Silicon transistor, 1 diode. 4 A.C. 
voltage ranges. 4 d.c. voltage ranges. 
4 ohm ranges. 11M ohm input d.c. 
1M ohm input on a.c. 4iin. 200|iA 
meter. Battery powered. Rugged 
Polypropylene case, self cover and 
handle. Space for storage of test 
leads. Easy circuit board construc- 
tion. „ 

Just right for the householder, hobbyist, 
boaters, model builders. Amateur radio 
den and TV service engineer. 

LATEST! PORTABLE STEREO RECORD 
PLAYER, SRP-1 Kit £28.6.0 incl. P.T. p.p. io/s 

Ready-io-Use £35.4.0 inch P.T. p.p. 10/6 
i 
Automatic playing of 16, 33, 45 and 
78 rpm records. All transistor— 
cool instant operation. Dual LP/78 
stylus. Plays mono or stereo 
records. Suitcase portability. De- 
tachable speaker enclosure for best 
stereo effect. Two Sin ac Sin. special 
loudspeakers. For 220-250V a^c. 
mains operation. Overall cabinet 
size 15-)^ x x lO^in. 

Compact, economical stereo and mono record playing for the whole 
Family—plays anything from the Beatles to Bartok. All solid-state 
circuitry gives room filling volume. 

III! 

ENJOY YOURSELF AND SAVE MONEY 

HEATHKIT for Britain's Best in Electronic kits 

INSTRUMENTS 
3 LOW-PRICED SERVICE OSCILLOSCOPE. 
Model OS-2. Compact size 5" x 1\" x 12* deep. 
Wt. only QJlb. "Y" bandwidth 2Hz-3MHz ±3dB. 
Sensidvity lOOmV/cm. T/B 20Hz-200kHz in four 
ranges, fitted mu-metal CRT Shield. Modem functional 
styling. 

K-'i £24.18.0 Ready-to-Use £32.18.0 p.p. 9/- 
5* GEN-PURPOSE OSCILLOSCOPE. Model 
10-12U. An outstanding model with professional specific- 
ation and styling. "Y" bandwidth 3Hz^L5 MHz +3dB. 
T/B 10 Hz-500 kHz. 
Kit £36.18.0 Ready-to-Use £46.16.0 P-P- 10/6 
DE LUXE LARGE-SCALE VALVE VOLT- 
METER. Model IM-X3U. Circuit and speci- 
fication based on the well-known model V-7A but 
with many worth-while refinements. 6" Ernest 
Turner meter. Unique gimbal bracket allows 
operation of instrument in many positions. Modern 
styling. 
Kit £22.8.0 Ready-to-Use £29.10.0 p.p. 7/6 
AUDIO SIGNAL GENERATOR. Model AG-9U. 10 Hz to 
100 kHz, switch selected. Distortion less than 0-1%, I0V sine wave 
output metered in volts and dB's, 

Kit £28.0.0 Ready-to-Use £36.0.0 p.p. 7/6 
VALVE VOLTMETER. Model V-7AU. 7 voltage ranges 
d.c. volts to 1,500. A.c. to 1,500 r.m.s. and 4,000 peak to 
peak. Resistance 0.1Q to UOOOMQ with internal battery. 
D.c. input resistance 11 MO- dB measurement, has centre- 
zero scale. Complete with test prods, leads and standardising 
battery. Kit £14.16.0 Ready-to-Use £19.18.0 P P. 4/6 
MULTIMETER. Model MM-1U. Ranges 0-1.5V to 
1,500V a.c. and d.C;j 150M to 15A d.c.j 0.20 to 20MO. 
4^" SOtxA meter. 

Kit £12.18.0 Ready-to-Use £18.12.0 P P- 4/6 
R.F. SIGNAL GENERATOR Model 
RF-1U. Up to 100 MHz fundamental and 
and 200 MHz on harmonics. Up to lOOmV 
output. 
Kit £13.18.0 Rdy-to-Use £20.8.0 
p.p. 6/- 

# « * 
OS-2 

IM-13U 

V-7A 
cn 

RF-IU 
SINE/SQUARE GENERATOR Model 
IG-82U. Freq. range 20 Hz-1 MHz in 5 
bands less than 0.5% sine wave dist. less 
than 0.15|4 sec. sq. wave rise time. 
^ £25.1 ..o 
Rdy-to-Lse £37.16.0 P-P- 10/6 

VISIT THE HEATHKIT CENTRES 
GLOUCESTER Bristol Road Tel. 29451 

LONDON 233 Tottenham Ct. Rd. Tel. 01-636 7349 

BIRMINGHAM 17-18St. Martin Hse, Bull Ring Tel. 021-643 4386 

Complete your motoring pleasure with this 
outstanding CAR RADIO, ModeicR-i 

Will give you superb LW and MW enter- 
tainment wherever you drive. Tastefully 
styled to harmonise with any car colour 
scheme. Available for your convenience in 
two separate parts, RF Amp. Kit ;£ 1.15.0 
incl. P.T. IF/AF Amp. Kit £11.3.6. 

Total Price Kit (inc. Loudspeaker) £14,12,0 incl. P.T. 
pp. 4/6 8" x 5" 

■ill 
TRANSISTOR RADIOS 

OXFORD LUXURY PORTABLE. Model 
UXR-2. Specially designed for use as a 
domestic or personal portable receiver. 
Covers L. and^ M. Wave bands. 7 transistor, 
3 diode, circuit. 7" x 4/, loudspeaker for big 
set sound. Heathkit now offer choice of 
Brown or Black real leather case. Excellent 
value at only Kit £15.10-0 inc. P.T. p.p. 6/- 
TRANSISTOR PORTABLE, Model UXR- 
1. Now available in modern colours or real 
leather case. 6 Transistor, 1 diode circuit for 
reliability. Pre-aligned I.F, transformers. 
Covers L.W. and M. Wave bands. 7" x 4" 
loudspeaker for generous sound. Case available 
in colours Navy Blue, Coral Pink, Lime'Green 
or Brown Real . Leather. Please state second 
choice. Kit £12.8.0 Colour incl. P.T. p.p. 4/6. 

Kit £13.8.0 Real leather incl. P.T. p.p. 4/6. 

UXR-2 

UXR-1 

STEREO TRANSISTOR FM TUNER 
(Mono version also available) 

14 transistor, 5 diode circuit. Tuning range 
88-108 MHz. Designed to match the AA-22U 
Amplifier. Available in separate units, can be 
built for a total price. 
TFM-IS Kit (Stereo £27.10.0 incl. P.T. p.p. 6/ 

Cabinet extra £3.16.0 

s 

FM Tuner 

SEE HOW EASY-IT-IS TO BUILD { 
ANY HEATHKIT MODEL YOURSELF j 

Full details of manual only purchase scheme in s 
latest catalogue. Remember all Heathkit models S 

are fully guaranteed. ^ 
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I
TATEST! STEREO AMPLIFIER, TSA-12
1.2 x 12 watts outpui.

Kitf32.16.0/ess cobinet p.p. 10/6

Cabinet S3.16.O extra
Redy-to-Use {39.f0.0 l6s @binet p.p. t0i6

FOR THIS SPECIFICATION
a l7 uansistoF, 6 diode circuit a I ldB, 16 o 50,000 Hz e 12 was IE
chaonel into 8 ohms a Outputsuitable for 8 or 15 ohm loudspeakers I 3
stereo inputs for Gram, Radio and Aux, o Modern low silhouette styling

a Attractive aluminium, golden anodised front panel a Flandsome

ruembled and finished walnut veneered cabinet ivailable a Matches
HeathLit models TFM-I and AFM-2 transistor tunen.

Full range power , . . over extremely wide frequency range. Special trans-
formerle$ output circuitry, Adequately heat-sinked power'transistors for
cool operation-long lifc.6 position source switch.

FULL SPECIFICATION SHEET AVAILABLE

TATEST! STEREOTAPE RECORDER, STR-I
Fully portoble-own speokars
Kit $8.0.0 incl. p.p. l0/6

Ready-to-Use 472.0.0 incl. P.T. p.p. l0/6

FOR THIS SPECIFICATION
a * track stereo or mono record and
playback at 7*,  3l  and l !  ips a Sound--ry 
i,:;"yor?:*.".:?:-.Hl*;:?:o"ixi;*'i;
nono record and plavback on either

channel o l8 transistor circuit for cool. instant and dependable oDeration
o. Moving coi l  record level indicator a Digiral  counter wi ih thumbwheel zero
reset a Stereo microphone and auxiliary inputs and controls, speaker/headphone
and external amplifrer outputs. . front panel mounted for easy access o Push-
button controls for operational modes a Built-in stereo power amplifier giving
zl watts rms per channel o Two high efficiency 8,, x 5'l speakers a Operates
on 230V a.c. supply.

Veratile recording facilities. So easy to build-so easy to use.

FULL SPECIFICATION SHEET AVAILABLE

woRLD LEADER lN QUALTTY KTTSETS
The instruction manual shows you how to build the model.

incl. broadcast plus 3 SS7
bands. 4 valve superhet cirilit
plus 2 silicon rectifien. Om 5"
speaker. Illuminated 7 slide-
ruie dial with logging scale.
Signal stlength indicator.
Variable BFO control. Built in AM rod antenna. Circuit Boud
construction. Headphone jack. Atuactive charcoal grey cabinet with
black dial panel with gren/white markings Assemble in a few houm.
Hear live broadcasts from around the Globe.

Kit {22.8.0 pp 9/-. Ready to use {20.8.0 pp 9/-.

SPEAKER SYSTEMS
HI.FI SPEAI(ER SYSTEM, Modcr SSU-I
Ducted-port bass reflex cabinet in the white: Two
speakers, vertical or horizontal models with less.
KIT {13.4.0. p.p. 7/6 without legs.

Set of 4 legs 7" or 15" (Please state length
required) 16l-, pp. 416.

AVON MINI SPEAKER SYSTEM
6{" Bass, 31" Treble speaken and crossover unit.
Kit f6.0.0. inct. P.T. Beautiful Walnut ven-
eered fully-Gnished cabinet, {9.8.0 Total price
Kit {15.8.0 incl. P.T. p.p. 10/6

SHORTWAVE 4 BAND RECEIVER, GR_o+
. .AMATEUR" EQUIPMENT

Offers you the exciting world of Shortwave
TIIE (MOHTCAN" GENERAL COVER-
AGE RECEryER. Model cC-lU. With
4 piezo-electric trans6lters, variable tuned
B,F.O. and Zener diode stabi l iser,  this is
an excellent fully transistorised general
purpose receiver for Amateur and Short
wave listeners. Printed circuits. telescooic
aerial .  tunins meter and large sl ide-rule dial .
Kit 438.8.0 Ready-to-Use {46.8.0
p.p. l0/6

AMATEUR EANDS RECEMR. Model
RA-I. To cover all the Amateur Bands
from 160-10 metres. Manv special features,
including: halflattice crystal f i l ter; B valves;
signal strength "S" meter; tuned R.F.
Amp. stage.

Kitd39.l6.0 Reaclvro-Use {53.0.0 p.p. 9/-

l6Gl0M TRANSMITTER. Model DX-
lfi)U. Careful design has achieved high
performance and stability. Completely self-
conta tned.

Kit f05.0.0 Rea<ly-to-Use {120.0.0
p .p .  l9 /6

COMITUNICATIONS TYPE RECEIVER.
Model RG-!. A high perfomce, low cost receiver
for the disainimting listeirer. Frequency overage:
600 kHz 1.5 MHz ud 1.7 MHz-12MjHz.

rit {39.16.0 neady-to-Use €53.0.0
pp.9 / -

Covers 550 kHz to 30 MHz

Ready to use pp. 10/6

DAYSTBoM 1T0., Dopt. RC 12
GL0UCESTTR Tel .2945l

!  Enc losed is  f ,  p lus  pack ing  and car r iage

Please send mode l  (s )

Q P lease send FREE Heathk i t  Cata logue.

(P lease Pr in t )

ry
ssu-l

@t

Ci ty
Pr ices  and spec i f i ca t rons  sub jec t  lo  change w i thout  no t rce .
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LATEST! STEREO AMPLIFIER, TSA-12 
12 x 12 watts output. 
Kit£32.16.0fess cabinet p.p. 10/6 
Cabinet £3.16.0 extra 
Ready-to-Use £39.10.0 less cabinet p.p. 10/6 
FOR THIS SPECIFICATION 
• 17 transistors, 6 diode circuit • ± IdB, 16 to 50,000 Hz at 12 watts per 
channel into 8 ohms • Output suitable for 8 or 15 ohm loudspeakers • 3 
stereo inputs for Gram, Radio and Aux. • Modern low silhouette styling 
• Attractive aluminium, golden anodised front panel • Handsome 
assembled and finished walnut veneered cabinet available • Matches 
Heathkit models TFM-1 and AFM-2 transistor tuners. 
Full range power . .. over extremely wide frequency range. Special trans- 
formerless output circuitry. Adequately heat-sinked power transistors for 
cool operation—long life. 6 position source switch. 
FULL SPECIFICATION SHEET AVAILABLE 

LATEST! STEREO TAPE RECORDER, STR-1 

Fully portable—own speakers 

Kit £58.0.0 incl. P.T. p.p. 10/6 
Ready-to-Use £72.0.0 inch P.T. p.p. 10/6 
FOR THIS SPECIFICATION 
• i track stereo or mono record and 
playback at 3J and 1| ips • Sound- 
on-sound and sound-with-sound capabili- 
ties • Stereo record, stereo playback, 
mono record and playback on either channel • 18 transistor circuit for cool, instant and dependable operation 

• . Moving coil record level indicator • Digital counter with thumbwheel zero 
reset • Stereo microphone and auxiliary inputs and controls, speaker/headphone 
and external amplifier outputs . . . front panel mounted for easy access • Push- 
button controls for operational modes • Built-in stereo power, amplifier giving 
4 watts rms per channel • Two high efficiency 8" x 5" speakers • Operates 
on 230V a.c. supply. 
Versatile recording facilities. So easy to build—so easy to use. 
FULL SPECIFICATION SHEET AVAILABLE 

WORLD LEADER IN QUALITY KITSETS 

The instruction manual shows you how to build the model. 

|o 

SHORTWAVE 4 BAND RECEIVER, GR-64 
Offers you the exciting world of Shortwave 

Covers 550 kHz to 30 MHz 
inch broadcast plus 3 SW 
bands. 4 valve superhet circuit 
plus 2 silicon rectifiers. Own 5" 
speaker. Illuminated T slide- 
rule dial with logging scale. 
Signal strength indicator. 
Variable BFO control. Built in AM rod antenna. Circuit Board 
construction. Headphone jack. Attractive charcoal grey cabinet with 
black dial panel with green/white markings. Assemble in a few hours. 
Hear live broadcasts from around the Globe. 

Kit £22.8.0 pp 9/-. Ready to use £29.8.0 pp 9/-. 

SPEAKER SYSTEMS 
HI-FI SPEAKER SYSTEM, Model SSU-1 
Ducted-port bass reflex cabinet in the white: Two 
speakers, vertical or horizontal models with legs, 
KIT £13.4.0. p.p. 7/6 without legs. 

Set of 4 legs 1" or 15"' (Please state length 
required) 16/-, pp. 4/6. 
AVON MINI SPEAKER SYSTEM 
6^" Bass, 3^" Treble speakers and crossover unit. 
Kit £6.0.0. inch P.T." Beautiful Walnut ven- 
eered fully-finished cabinet, £9.8.0 Total price 

£15.8.0 inch P.T. p.p. 10/6 
Ready to use pp. 10/6 

SSU-1 

H IT 

LHU 

Sb\Q 
  

"AMATEUR" EQUIPMENT 
THE "MOHICAN" GENERAL COVER- 
AGE RECEIVER. Model GC-1U. With 
4 piezo-eiectric transfilters, variable tuned 
B.F.O. and Zener diode stabiliser, this is 
an excellent fully transistorised general 
purpose receiver for Amateur and Short 
wave listeners. Printed circuits, telescopic 
aerial, tuning meter and large slide-rule dial. 
Kit £38.8.0 Ready-to-Use £46.8.0 
p.p. 10/6 

AMATEUR BANDS RECEIVER. Model 
RA-1. To cover all the Amateur Bands 
from 160-10 metres. Many special features, 
including: half-lattice crystal filter; 8 valves; 
signal strength "S" meter; tuned R.F. 
Amp. stage. 
Kit£39.16.0 Ready-to-Use £53.0.0 p.p. 9/- 

160-10M TRANSMITTER. Model DX- 
100U. Careful design has achieved high 
performance and stability. Completely self- 
contained. 
Kit £95.0.0 Ready-to-Use £120.0.0 
p.p. 19/6 

COMMUNICATIONS TYPE RECEIVER. 
Model RG-1. A high performance, low cost receiver 
for the discriminating listener. Frequency coverage: 
600 kHz 1.5 MHz and 1.7 MHz-32 MHz. 

Kit £39.16.0 Ready-to-Use £53.0.0 
pp. 91- 

GC-IU 

RG-X 

FREE! NEW 
CATALOGUE 
Describes these and many more kits 
and ready-to-use models for Stereo/ 
Hi-Fi, Domestic Radio. Record Players, 
Tape Recorder, Amateur Radio, Shcrt 

Hobby. Save money with Hea. 
models. Matt coupon or write to 
Oaystfom Ltd., Gloucester Tel; 19451 

. plus packing and carriage 

DAYSTR0M LTD., Dept. RC12 
GLOUCESTER Tel. 29451 
Q Enclosed is £ 

Please send model (s) 
p Please send FREE Heathkit Catalogue. 
Nairn 

(Please Print) 
Address_ 
City  

Prices and specifications subject to change without notice. 
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4 FSTS/8 slc Sil. R6titie6 New & Marked SmDiv
11Amp. G@d subsiruto for BY1OO etc. l3 l-

a RASIIoAF 8TC Avalanchs R6ritie6 New I Marked
120opiv 1* Amp 5A Surge rared. 6l-

6 GJ4M New I Marked AEI Germanium Rect i l iers
Sopiv 1 Amp 1O/-

a GH2g7/1 Sub. Miniaturs wer transistors Texas New
I Marked. 1O/-

3 ZFt6 8TC New A Marked 1 6v 300mW Zen€r Diodss.
e 1Ol-

I Pair ol ADl0t/ADl6:f l|Pl|/PtP Power Comote-
mentary Pair. 16/-

t Pair ot ACIU|AC176 XPt/PtP Driver ComDte-
montary Pair.

I Sot OC&ID -l- 2 x OC&l Matched pair New Muilard
Marked. 7O/-

tl BSYIIA $TC New I Marked ptanar TransistoF.
101_

| 8C108 Mullard L8r6t type Low noi$ pt8na6
Nsw 6 Mark6d. 1O/-

6 tfT2t6 New & Mark€d Newmark€r Audio cfl€ral
General purpose tEnsistot. 1Ol-

30 Squsre inch6 of 15" Msrrix Verobosrd-rhe rcst
popular psck oI all-only frcm LST. 1O/-

'l tl(T162 New 6 Marked Newrorket Switching
tEnsistor lO/-

2 0cl9 New & Mark€d Mullard Pow6r Transisro6.
10t_

5 BAllS N6w & Marked Muttard Colour Tslevision
Diodes. 7Ol-

a 2G37lB N6w & Marked Texas Audio Transi$o6.
70t_

a BYX38/0OO Mullard New I ldlarkod Power Studs
6o0piv 2* Amp. 761-

I "Datlgnn Guldc to Bdtid! TnBltion" New
data book with over toOO types lislod-Compute.
sel@tsd substitution chan. Just at t@m Publishqs
(Add 2/6d. rhis it€m pos0. 2a/-
Portlec rd P.ddne by Farrt cb$ M.al

nw 1/- minimum pct

c107l8lg zlgd

RtcI'$*

a

a

a

a

a

a

a

a

l - - -
PIEAS€ SENO 1954 CATAIOGUE IO

I ptoc. c.N.h) I

L

A BRILLIANT I\EW
HI-FI MONO/STEREO
TUI\ER FROM TRS

PLAYING UNITS

6105.0
AT.00 Ml. II l)e-Lue Auto-chuger die-€st
MEble. L6s ffiidep. 3f3.5.0
SP25 De-Luc single rcord player, die-est tum-
Eble. Iss ffiidge. f11.10.8
Bmd nry in matm' enon, Packing and erriaSe
paid oD ey one of above 7/6.

This adruced daign FM mcr com6 iD *y-te
sseble prcfabrieted uite ogi@d to lhe
highd steld[ds of c6ciocy ud p6fonmc.
Valuble rcdn@ts includc awitchsblc A.F,C..
aut@tic @is supprusio, flywhel ming, ael-
l6t audio rcrp@s. S@itiviry bccq the 5 6iqe
volE. Stc@ @ bc addcd I rcquired. Gorlc I.F.
mpli6q. Styled b @td the TRS St{@ ,!4.
S.A.E. brings frrll dcrails.
Kit to meke MONO mq iac. chcsis md ming
assmbly. 15 gns. (p. &p.3/6)

Addo T.R.S, Stcrc Multiplq Unir for mouting
withia €bind ed hdietiDA lSht 10 Su (r. & p.
2/!). T.B.q. Powq Unit for inorponting wirhi'
ebinet 12.6.0 G. & p. 2/6). T.R.S. Simplq-Cabiffi
to hous Tuc A$qbly s rcquired Jl.l?.6
(p. Er p. 216). ToEl prie (for roins opemtion

{29.10.0 (cu' ro/-)

Bu€d @ nw6t Mullsd Modul6, with BC.l08
pFup, this well dGigned produc of T.R.S. offm
rell@t kit vdw with g@d appqrc ud
pdforrue. Suibblc for lpslcn ftob 3 ro 15
ohms. Ba$ ud trcble et/b@st. RcstpnF-60 to
f4KI{z +3dB. Rcqui6 @ly wiring bemm
onmls ud modu.la. Compldc wfth ml chrsis
aDd simpls tet€dcd ebiffi for iBtslt Gr@bly.
St@/Mono ud Redio/P.U. switch6. Swled to
6-.^t mc

of abovc uiB. (Packiog and wiage 5/-). 05/-.
Gamrd cler-vlcw_ rlgld penp* ova (eri-
ase 416).8216.

CARTRIDGE FOR ABOVE
Stcp Souotone gTA/HC C€mic with dimond
,10/0; Deg Derm with diuond 0lU0; Moao Acos
GP9l-l 2li-; Goldrias MX2M 28/6.
EMI t etEd slngte playe!. fol in. T/bble with
sclnnte am ud T/O €fridge 00/8 (p. & p. S/-).

(!. & p. 3/6).

T.R.S. Power Unit J25.0 G. & p. 2/6). T.R.S.
Simplu Cabiet 3t.12.6 G. & p. 2J6). 4'p6 DIN
plugs ed sockes if puchascd Fpasrely tE/-. Com-
plete kit inc. €biner/power pak/DIN plugs ud
socters {12.10.0 GDsfrce).

TRS.MULLARD VALVE
AMPS

Su@ l0+l0 P8sive @ntol ne$otk, spped O/P
transfomq, phase switch *c. etc. Built 921.0.0
Kit, amplcte, Jf 7.10.0 (p. & p. either model 7/6)i

2 + 2 Ster@ Pre-Mp Built l3 gna. (p. &p. ?/6).

Make a bookshelf speaker
Matched speaka assmbly @mprising special 5 in.
base uit, ooss{vet aad 2l in. vetq. Ioads
@sily up to 6 wans. ResIDme 80-20,000 Hir
Cbmplete 79/6 e. & P.5/-).

3 + 3 r}tono anp Rddy built J9.19.6 Kit f,7.12.8
, (p. & p. either nDdel 7/6).
I

S-10 Mom aEp Basic kit O.t0.0 Vith conml
peel 611.10.6 Built 41i1,10.6 Pre-mp for basic

5-ro kit JOIZO Built J8.10.0
(p. & p. my of above, ech ?/6).

ORDERING-Sead an -
with @dq. Post Md peking
ohae nt statd add ll- M
I  h . ;  U9 |  h . ;3162tb . ;51-
6 h.; 616 ro lb.;81- 14 tb.;
aa l0l-. S.A.E. with aqui-
f,6?t@.
LIST$-Eight ldge printed
pag6 packed with bugain
offm. Send 0d. for latst

@py.

-----l 
Almys in sto.*-fu[ mges of r6isbB ud

I ep&itc€, all typ6, a@sia, mistos, valvs,
' I utsials dc,, cc. Sc bffi list.TAPE OPPORTUMTY

\vith qch rsl of this prcfsional quality fuI
ftequency ape with mesllired lada/stop foils we
give a tuI libBry sslle iD simulated lethd b hold
2 rcls. 7 i!. lel 1800 ft. with wdld. ZNlo

5 i!. rel 9000 ft. with wrllet. l2l8

5t in. reel lZ)0 ft- or 7 i!. Gl 1200 ft. with wallet.
1716 P. & P. l/6 pe. rel

TRS RADIO 39$?fll5+I
EST. 1946

70 BBIGSTOCK ROAD, THORIITOTTI HEATH, SUBREY
Telephone: 9 r m.-6 p m. daily A few don fm Thortm

0l-684 2188 l p. m. weds. Heath stD (s.R. victoria Sectid)

I

I

PACK BARGAINS 

4 FST3/8 STC Sil. Rectifiers New & Marked SOOpiv 
Amp. Good substitute for 8Y100 etc. 13/- 

4 RAS310AF STC Avalanche Rectifiers New & Marked 
1200piv 1J' Amp 5A Surge rated. 20/- 

6 GJ4IVI New & Marked AEI Germanium Rectifiers 
50piv 1 Amp 10/— 

4 GP297/1 Sub. Miniature power transistors Texas New fct Marked. 10/— 
3 2F16 STC New & Marked 16v 300mW Zener Diodes. 

.* 10/- 
1 Pair of AD161/AD162 NPN/PNP Power Comple- 

mentary Pair. 15/_ 
1 Pair of AC128/AC176 NPN/PNP Driver Comple- 

mentary Pair. 
1 Set OC82D -4- 2 x OC82 Matched Pair New Mullard 

Marked. 10/- 
4 BSY95A STC New & Marked Pianar Transistors. 

10/- 
4 BC108 Muilard Latest type Low noise planars 

New & Marked. 10/- 
6 NKT276 New & Marked Newmarket Audio General 

General purpose transistor. 10/— 
36 Square inches of 15' Matrix Veroboard—the most 

popular pack of all—only from LST. 10/- 
4 NKT162 New & Marked Newmarket Switching 

transistor 10/- 2 OC19 New & Marked Mullard Power Transistors. 
10/- 

5 BA115 New & Marked Mullard Colour Television 
Diodes. 10/- 4 2G371B New &■ Marked Texas Audio Transistors. 

10/- 
4 BYX38/600 Mullard New & Marked Power Studs 

600piv2iAmp. 16/- 
1 "Designers Guide to Britifth Transistors" New 

data book with over 1000 types listed—Computer 
selected substitution chart. Just out from Publishers 
(Add 2/6d. this item post). 25/— Postage and Packing by First Class Mail 

now 1 /- minimum per order 

TI843A 

uiiCTI0N6/9d 

2N3Big 
10/- 

FAIRGHILDiiLogiG 
LSOO 1 * 7 U 11* 

uLSia JK Flip Flop M 12.« 1' j » P»p« clou douila I id. 

TAA263 ■?- 19/- 2N38SA 

8CR1+2pc1S113 
sxr.™, lO/fy 

2N696 2N697 2N706 2N706A 
2N711A 2Nt13» 

BC107/8/9 2/9d 
2N1302 2N1303 2N1304 2N1305 

TD716 =' 12/: 
2N1307 2N130B 2N1309 

SILICON REGT'S* 
2N2368 2N2369 2N236SA 2N2646 
2N2l*8 2N2160 ' 

LOOKING FOR QUALITY.VALUE 4 SERVICE 0Writfi 

2S002 2 soi r 2S0I8 2502* 2S034 2S702 AAYtl AAYSO AC107 ACt 26 
ACI7B AC18J AC168 ACYI7 ACV18 ACY19 ACY20 ACY2t ACY2Z A0140 
AD161 
ADZ11 A0212 An 02 4F114 

AF117 AF124 AF127 

AFZ11 AFZ12 ASY27 ASY28 ASY26 ASY29 
9 6 AUYIO 8;9 BAT 15 10/ 8AY38 S BCY30 3/ - eCY31 4 BCY32 1. BCY33 «/- BCY34 • BCV38 27'4 8CY40- BCY54 BCY70 BCVIt BCZtl BD121 BD1Z3 BFX13 BF'184 BFY6C 8FY51 8FY52 BFY63 8FX29 BSX76 8SY27 SSY95A 3/. BTY87/150R 31 BTY91/150R " BVIOO BYX3e/100 8YZ10 8YZ12 BYZt3 6ZY93/C24 GST102 GETlOa 

8/8 10'4 

3/8 

«/- 

6ET112 GET114 6ET116 '0A5 0A47 OAZO OA79 2xOA79M 0A61 

OA200 OA202 OA210 0A2t1 OAZ201 OAZ202 0AZ206 OAZ207 OAZ208 
OAZ242 OAZ243 OAZ246 OAZ269 OAZ270 OC19 OC20 OC22 OC23 OC24 OC2S 0C26 OC28 OC29 OC30 0C35 0C36 OC41 OC42 0C43 0C44 OC45 0C71 OC72 OC73 OC76 0C78 0C77 0C81D OC82 

OC82D 0C83 0C84 OC1Z3 OC139 0C140 DC 169 OC170 0C171 0C200 OC201 OC202 OC203 OC204 OC205 OC206 OC207 ORP12 ORP60 ORP61 orpss 

S220C SVC1 C426 P346A V405A EC401 EC402 ClltE C400 2C1 It 2C45 EA403 £8383 0C113 BC1I8 80126 BC126 BC154 BF152 
MPF102 MPFt03 MPF104 MPFtOB MJ491 

COMPONENTS 
7 COPTFOLD ROAD 8RENTW00D ESSEX BRENTWOOD 7904 
24 HOUR POSTAL SERVICE 

10/- io/e 30/3 

^ PLEASE SEND 1968 CATALOGUE TO: j (Bloch Cipilals) 
I ENCLOSE 1/6 STAMPS 

I NAME  1 
| ADDRESS ...... j 
I   I 
I    

A BRILLIANT NEW 
HI-FI MONO/STEREO 
TUNER FROM TRS 

This advanced design FM tuner comes in easy-to- 
assemble prefabricated units engineered to the 
highest standards of efficiency and performance. 
Valuable refinements include switchable A.F.C., 
automatic noise suppression, flywheel tuning, excel- 
lent audio response. Sensitivity better than 5 micro- 
volts. Stereo can be added as required. Gorier I.F. 
amplifier. Styled to match the TRS Stereo 4-4. 
S.A.E. brings full details. 
Kit to make MONO tuner inc. chassis and tuning 
assembly. 15 gns, (p. & p. 3/6) 
Add-on T.R.S. Stereo Multiplex Unit for mounting within cabinet and indicating light 10 gns. (p. & p. 
2/6). T.R.S. Power Unit for incorporating within 
cabinet £2.5.0 (p. & p. 2/6). T.R.S. Simplex Cabinet 
to house Tuner Assembly as required £1.17.6 
(p. & p. 2/6). Total price (for mains operation 

£29.10.0 (carr. 10/-) 

TAPE OPPORTUNITY 
With each reel of this professional quality full 
frequency tape with metallised leader/stop foils we 
give a full library wallet in simulated leather to hold 
2 reels. 7 in. reel 1800 ft. with wallet. 22/6 

5 in. reel 9000 ft. with wallet. 12/6 
5^ in. reel 1200 ft. or 7 in. reel 1200 ft. with wallet. 

17/6 P. & P. 1/6 per reel 

TRS Stereo 4—4 
Based on newest Mullard Modules, with BC.108 
pre-amp, this well designed product of T.R.S. offers 
excellent kit value with good appearance and 
performance. Suitable for speakers from 3 to 15 
ohms. Bass and treble cut/boost. Response—60 to 14KHz ±3dB. Requires only wiring between 
controls and modules. Complete with metal chassis 
and simplex teak-ended cabinet for instant assembly. 
Stereo/Mono and Radio/P.U. switches. Styled to 
match TRS FM Tuner described in this ad. £7.19.6 
(p.&p. 3/6). 
T.R.S. Power Unit £2.5.0 (p. & p. 2/6). T.R.S. 
Simplex Cabinet £1.17.6 (p. & p. 2/6). 4 prs DIN 
plugs and sockets if purchased separately 15/-. Com- 
plete kit inc. cabinet/power pak/DIN plugs and 
sockets £12.10.0 (post free). 

Make a bookshelf speaker 
Matched speaker assembly comprising special 5 in. 
base unit, cross-over and 2| in. tweeter. Loads 
easily up to 6 watts. Response 80-20,000 Her 
Complete 79/6 :p.&p.5/-). 

ORDERING—Send cash w 
with order. Post and packing 
where not stated add 1/- per i lb.; 1/9 1 lb.; 316 2 lb.; 51- 
6 lb.; 6/6 10 lb.; 8/- 14 lb.; 
over 10/-. S.A.E. mth enqui- 
ries please. 
LISTS—Eight large printed 
pages packed with bargain 
offers. Send 6<L for latest 

copy. 

PLAYING UNITS 
LM3000 Record Player with 9T.A. Stereo Cartridge. 
£10.5.0 
AT.60 Mk. II De-Luxe Auto-changer die-cast 
turntable. Less cartridge. £13.5.0 
SP.25 De-Luxe single record player, die-cast turn- 
table. Less cartridge. £11.19.6 
Brand new in makers' carton. Packing and carriage 
paid on any one of above 7/6. 
GARRARD PLINTH WB.l. In fine Teak for any 
of above units. (Packing and carriage 5/-). 65/-. 
Garrard clear-view rigid perspex cover (carri- 
age 4/6). 62/6. 

CARTRIDGE FOR ABOVE 
Stereo Sonotone 9TA/HC Ceramic with diamond 
49/6; Decca Deram with diamond 92/6; Mono Acos 
GP91-1 21/-; Goldring MX2M 26/6. 
EMI 4 speed single player. 10^ in. T/table with 
separate arm and T/O cartridge 69/6 (p. & p. 5/-). 

TRS-MULLARD VALVE 
AMPS 

Stereo 10 + 10 Passive control network, tapped O/P 
transformer, phase switch etc. etc. Built £21.0.0 
Kit, complete, £17.10.0 (p. & p. either model 7/6)i 
2+2 Stereo Pre-amp Built 13 gns. (p. & p. 7/6). 
3+3 Mono amp Ready built £9.19.6 Kit £7.12.6 

(p. & p. either model 7/6). 
5—10 Mono amp Basic kit £9.19.6 With control 
panel £11.19.6 Built £14.19.6 Pre-amp for basic 

5-10 kit £6.12.6 Built £8.10.0 
(p. & p. any of above, each 7/6). 

Always in stock—full ranges of resistors and 
capacitors, all types, accessories, transistors, valves, 
materials etc., etc. See latest list. 

TRS RADIO SPECIALISTS 
EST. 1946 

70 BRIGST0CK R0AD; THORNTON HEATH, SURREY 
Telephone: 9 a. m.—6 p. m. daily A few doors from Thorton 
01—684 2188 - 1 p. m. Weds. Heath Stn. (S.R. Victoria Section) 
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TRY II{ YOUR

A NO.COMPROMISE
HIGH.FIDELITY LOUDSPEAKER

Listen to aQ.14.  Hear i t  in  your own home. l t  is  the
result of long and thorough investigation into speaker
design in order to produce one which would out-
perform anything within pounds of its price. How far
we have succeeded can be seen f rom the independent ly
taken test report which compares excellently with
loudspeakers over four t imes the pr ice.  The Sincla i r
Q.14 is  uncommonly versat i le,  too.  l t  can serve as a
free-standing unit for bookshelf, etc., as a corner
radiator ,  or  be f lush mounted in a mul t i -uni t  assembly.
Power handling capacity is in excess of 14 Watts
with remarkably smooth response between 60 and
16,00 c/s. Size 9s^" square x 4t" deep. In black matt
f i n i sh  w i t h  so l i d  a l um in i um ba r  embe l l i shmen t  and
detachable pl inth base.  lmpedance 8 ohnrs.

owil Hol'tE-Mo1{Ey (tr{c. posrAGE) REFuNDED tF Nor sATtsFtED f7.1 9.6

SINCLAIR MICROMATIC PRICE REDUCED
With sales and export  orders for  the Sincla i r  Micromat ic
breaking atl records, we have changed over to new production
methods to meet the ever- increasing demand for  the wor ld 's
smallest radio set. This 

'has 
enabled us to effect dramatic

economies in production costs, At the same time, we have
appreciably improved the set 's  qual i ty  by supply ing a mag-
net ic  earpiece wi th i t ,  and what was superb performance
before, now sounds better than ever. At the new prices,
everyone is going to want the Micromat ic.  Order yours now
for prompt del ivery.

,:,*:i#'i.,,"^", 4,9" i 6 ff1,l.'*'u"i;',tr;'\ti 5 I i 6
2 Mercury Cel l  long l i fe bat ter ies for  e i rher of  above,  each,2/9d.

O  l a l s x l r h s x * "
O Plays *

anywhere
M.W., A.G.C.
and Bandpass
Kit or Built

o

o

It
K
I

slNcLAlR z.l2
12 WATT INTEGRATED HI.FI
AMPLIFIER AND PRE.AMP

O Size 3" x 11" x11".
O 8 special HF transistors.
O Ultra-l inear class B output and generous

neg. feed back.
O Response-l5 to 50,00 c/s fldB.
O Output suitable for 3, 7.5 and 15 ohm

loads. Two 3 ohm speakers may be used
in paral lel.

O Input-2mV into 2K ohms.
O Signal to noise ratio-better than 60d8.

usE tT FoR Ht-Ft, RADIO, MUSTCAL
INSTRUMENTS, INTERCOM, P.A., etc.

SIIICLAIR RADIONICS TIMITED
22,.N EWMARKET RD., CAMBRI DGE

Telephone OCA3 52996

DECEMBER I968

Reody built, tested & guor-
onteed with 2.72 mm.uqt O 12 watt RMS Contin UOUS sine WaVe

89 
t 

6 o tdeat for battery operarion
G UARANTEE'1,:ii,":"-Z12;Tifr,E:,:.i:::0.1"1{:::.:i: i:i.:n:ffi::{Zii::r[i1-

sr{cLAtR
STEREO 25
Pre-ompIContol
Unit for two 2.12s
in stereo, built.

t9.19.6

SINCLAIR
PZ.4
Stabilised Heovy
Duty Moins Power
Unit. Delivers 18V.
d . c . a a 1 . 5  o m \ .

eels
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A NO-COMPROMISE 

HIGH-FIDELITY LOUDSPEAKER 

Listen to a Q.14. Hear it in your own home. It is the 
. result of long and thorough investigation into speaker 

design in order to produce one which would out- 
perform anything within pounds of its price. How far 
we have succeeded can be seen from the independently 
taken test report which compares excellently with 
loudspeakers over four times the price. The Sinclair 
Q.14 is uncommonly versatile, too. It can serve as a 
free-standing unit for bookshelf, etc., as a corner 
radiator, or be flush mounted in a multi-unit assembly. 
Power handling capacity is in excess of 14 Watts 
with remarkably smooth response between 60 and 
16,00 c/s. Size 9f" square x 4f" deep. In black matt 
finish with solid aluminium bar embellishment and 
detachable plinth base. Impedance 8 ohms. 

TRY IT IN YOUR OWN HOME—MONEY (INC. POSTAGE) REFUNDED IF NOT SATISFIED 

SINCLAIR 

Q.14 

£7.19.6 

| SINCI Alf» ilCROMATlC 

!»»»< 

SINCLAIR MICROMATIC PRICE REDUCED 
With sales and export orders for the Sinclair Micromatic 
breaking all records, we have changed over to new production 
methods to meet the ever-increasing demand for the world's 
smallest radio set. This "has enabled us to effect dramatic 
economies in production costs. At the same time, we have 
appreciably improved the set's quality by supplying a mag- 
netic earpiece with it, and what was superb performance 
before, now sounds better than ever. At the new prices, 
everyone is going to want the Micromatic. Order yours now 
for prompt delivery. 

• i^xp/jox-r 

• Plays ^ 
anywhere 

• M.W., A.G.C. 
and Bandpass 

• Kit or Built 

Kit complete with 
magnetic earpiece, solder and instructions, 
originally 59/6, now 49 6 

Ready built with magnetic 
earpiece, originally 79j6 
now 

Post Paid 
2 Mercury Cell long life batteries for either of above, each, 2/9d. 

59 6 
Post Paid 

SINCLAIR Z.I2 

12 WATT INTEGRATED HI-FI 
AMPLIFIER AND PRE-AMP 

• Size 3" x If x 1i". 
• 8 special HF transistors. 
• Ultra-linear class B output and generous 

neg. feed back. 
• Response—15 to 50,00 c/s 
• Output suitable for 3, 7.5 and 15 ohm 

loads. Two 3 ohm speakers may be used 
in parallel. 

• Input—2mV into 2K ohms. 
• Signal to noise ratio—better than 60dB. 
USE IT FOR HI-FI, RADIO, MUSICAL 
INSTRUMENTS, INTERCOM. P.A., etc. 

SINCLAIR RADIONICS LIMITED 
22 NEWMARKET RD., CAMBRIDGE 

Telephone OCA3 52996 
DECEMBER 1968 

SINCLAIR 
STEREO 25 
Pre-omp/Contro/ 
Unit for two Z.12s 
in stereo, built. 

£9.19.6 

SINCLAIR 
PZ.4 
Stabilised Heavy 
Duty Mains Power 
Unit. Delivers 18V. 
d.c. at 1,5 amp. 

99/6 
Ready built, tested & guar- 
ameed with z.nmanual 0 12 watt RMS continuous sine wave 

89 6 # Ideal for battery operation 
II A D i NT EE you are not comP'ete'y satisfied when you receive your purchose'from w 1 ^ ^ us. your money will be refunded ot once, in full and without question. 

SINCLAIR RADIONICS LTD., 22 NEWMARKET ROAD, CAMBRIDGE "j 
| Please send 

I for which I enclose cash I cheque j money order 
j value £..... s _.</    

NAME  
ADDRESS 

RC12 
I 
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DENGo ( CLACToN) LtMtTED.
355-7-9 oLD RoAD, CIACT0N-0N-SEA, ESSEX

Our components are chosen by Technical Authors and Constructors throughout
the World for their performance and reliability, every coil being inspected twice,
plus a f inal  test and near spot-on al ignment as a f inal  check.

Our General  Catalogue showing ful l  product range
DT84 Transistor & Valve circui try for D.P. Coi ls .  .

2s. 6d.
2s. 6d.
2s. 6d.
4s. 0d.

DTB9 Valve Type Coil Pack Application circuitry
MD.1 Decoder Circui try for Stereo Recept ion

Al l  post paid, but please enclose S.A.E. with al l  other
retaining lowest possible prices to actual consumers.

requests in the interestsof

THE MODERN BOOK CO

Televieion Engineers' Pocket 8ook. By J. P.
Hawker and J. A. Reddihough.2la. Postage ls.
ABC's of Electrical Soldering. By L M. Dezettel.
18s. Postage 1s.
The Electronic Musical Instrument Manual. By
A Douglas. 55s. Postage ls.6d.
Solution of Problems in E|ect?onica and Tele-
communication, By C. S. Henson. 38s. Postage 2s.
Elemontary Telecommunication Principles. By
R. N. Renton. 3Os. Postage 2s.
FET Circuits. By R. P. Turner. 25s. Postage ls.
RGA Hobby Circui ts Manual .17s.6d.  Postage ls .
O and A Radio and Television. By R. W. Hellyer.
8s. 8d. Postage 9d.
Electronics Poekot Book. By J. P. Hawker and J. A.
Reddihough. 21s. Postage 1 s.
Radio Valve Data. Comoiled "WW" 8th Ed. 9s. 6d.
Postage 1 s.

T?ansistor Subatitution Handbook luo. 8. 16s,
Postage fs.
Electrical and Electronic Signs and Symbols, By
R. G. Middleton. SOs. Postage ls.
Hi-Fi in tho Homo. By J. Crabbe. 4/0s. Postage 2s.
The Radio Amatour'a V.H.F. Manual. 28s. 6d.
Postage 2r.
The A.R.R.L. Antenna Book. 28s. 8d. Postage 2s.

Outline of Radio and felevision. Bv J. P. Hawker.
3Os. Postage 2s. 6d.
Mathematics for Radio and Eloctronics Tech-
nicians. By Dr. Inf F. Bergtold. sos. Postage 2s.

Inter G.E.C. Transistor Manual 7th Ed. 21s.
Postage 2s.
T.V. Fault Finding 4/J5/625lines. A Data Pub. No. 5.
8s. il. Postage 9d.
Understanding Digital Gomputers. By R- M. Benrey.
16s. Postage 1s.

llew Catalogue 2s. Od.

We have the Finest Selection of English and American Radio Books in the Country

19-21 PRAED STREET (Dept RG)'LONDON YY2

\

Telephone PADdington 4185

I  l l L  R A D I ( )  (  ( ) \ s t  l { L (  t ( ) R

DEIMC0( CLACTOIM) LIIVIITED. 

355-7-9 OLD ROAD, CLACTON-ON-SEA, ESSEX 

Our components are chosen by Technical Authors and Constructors throughout 
the World for their performance and reliability, every coil being inspected twice, 
plus a final test and near spot-on alignment as a final check. 

Our General Catalogue showing full product range . . 2s. 6d. 
DTB4 Transistor & Valve circuitry for D.P. Coils . . 2s. 6d. 
DTB9 Valve Type Coil Pack Application circuitry . . 2s. 6d 
MD.1 Decoder Circuitry for Stereo Reception 4s. Od. 

All post paid, but please enclose S.A.E. with all other requests in the interests of 
retaining lowest possible prices to actual consumers. 

THE MODERN BOOK CO 

Television Engineers' Pocket Book. By J. P. 
Hawker and J. A. Reddihough. 21s. Postage Is. 
ABC's of Electrical Soldering. By L M. Dezettel. 
18s. Postage Is. 
The Electronic Musical Instrument Manual. By 
A Douglas. 55s. Postage Is. 6d. 
Solution of Problems in Electronics and Tele- 
communication. By C. S. Henson. 38s. Postage 2s. 
Elementary Telecommunication Principles. By 
R. N. Renton. 30s. Postage 2s. 
FET Circuits. By R. P. Turner. 25s. Postage Is. 
RCA Hobby Circuits Manual. 17s. 6d. Postage Is. 
Q and A Radio and Television. By R. W. Hellyer. 
8s. 6d. Postage 9d. 
Electronics Pocket Book. By J. P. Hawker and J. A. 
Reddihough. 21s. Postage Is. 
Radio Valve Data. Compiled "WW" 8th Ed. 9s. 6d. 
Postage Is. 

Transistor Substitution Handbook No. 8. 16s. 
Postage Is. 
Electrical and Electronic Signs and Symbols. By 
R. G. Middleton. 30s. Postage Is. 
Hi-Fi in the Home. By J. Crabbe. 40s. Postage 2s. 
The Radio Amateur's V.H.F. Manual. 28s. 6d. 
Postage 2s. 
The A.R.R.L. Antenna Book. 28s. 6d. Postage 2s. 
Outline of Radio and Television. By J. P. Hawker. 
30s. Postage 2s. 6d. 
Mathematics for Radio and Electronics Tech- 
nicians. By Dr. Inf F. Bergtold. 50s. Postage 2s. 
Inter G.E.C. Transistor Manual 7th Ed. 21s. 
Postage 2s. 
T.V. Fault Finding 405/625 lines. A Data Pub. No. 5. 

"8s. 6d. Postage 9d. 
Understanding Digital Computers. By R. M. Benrey. 
16s. Postage Is. 

New Catalogue 2s. Od. 

We have the Finest Selection of English and American Radio Books in the Country 

19-21 PRAED STREET (Dept RC) LONDON W2 

Telephone PADdington 4185 
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El'PHE'mK
LIMITED

AC | 07 3/-
A C  1 2 6  2 / 4
ACt27 2/4
A C  r 2 8  2 / 4
ACY 17 3/- .
A F t  t 4  1 / -
AFi ls 3/6
A F i l 6  3 / 6
A F t  1 7  3 / 6
A F t  1 8  3 / 6
A F 1 8 6  t 0 / -
A F 1 3 9  1 0 / -
A F 2 3 9  1 2 / S
BFY5o 4/_
BSY25 7/6
B S Y 2 6  3 / _
B S Y 2 7  3 / -
B S Y 2 8  3 / -
B S Y 2 9  3 / -
B S Y 9 5 A  3 / _
o c 4 l  7 / 6
o c 4 4  t / t l
o c 4 5  |  / 9
oc7 |  2/6
oc72 2/6
oc73 3/6
o c 8  |  2 / 6
o c 8 l D  Z t e
o c 8 3  4 / -
o c  r 3 9  2 / 5
o c  r 4 0  3 / 6

TFIANSIST

o c t 7 0  3 / -
o c t T r  4 / -
oc200 3/6
oc20r 7 /-
2G30r  7 /6
2G303 2/6
2N7l  I  tO/ -
2N | 302-3 4/-
2N | 304-s 5/-
2Nt306-7  6 / -
2N1308-9  a / -
2N3844A 5/-

Transistors
oc2o to/-
oc23 to/-
oc2s a/-
oc26 5/-
oc28 7 /6
oc35 5 / -
oc36 7 i6
AD149 10/ -

6,'"lt"g 3ot'
AAY42 2/-
oA95 2/
oA70 | /9
oA79 | /9
oA8 | |,/9
oA73 2/-
r N 9 r 4  l / 6

O R S  P R I C E SPECIAL OFFER !  !
Excf usive to Radio Constructot rcaders

PRE- PAI(S
Select ion f rom our l is ts

N o .
81 50 Unmarked Trans. Untested
8 2  4  P h o t o  C e l l s  I n c .  B o o k  o f  I n s t r u c t i o n s
86 17 Red Spot AF Transistors
864 17 White Spot RF Transistors
8 9  1  O R P  1 2  L i g h t  S e n s i r i v e  C e l l
8 5 3  2 5 S i l . T r a n s . 4 0 0 M c / s  B r a n d  N e w
B 5 4  4 0  , ,  , ,  N P N t o 5  T r a n s V o l r a g e
8 5 5  , .  . .  N P N T o l 8  & G a i n  F a l l o u t s
8 5 6  , .  . .  N P N / P N P  A l l  T e s t e d
868 1 0 Top Hat Recs. 750 M/A 1 OO-800 PIV
8 6 9  2 0  D i o d e s .  G l d - B n d .  G e r m  S i l .  P l a n e r
8 7 4  5  G l d - B n d .  D i o d e s .  2 . O A 9 .  3 - O A 5
8 7 5  3  C o m D .  S e t .  2 G 3 7 1 .  2 G 3 8 1 ,  2 G 3 3 9 A
C 2  1  U n i j u n c t i o n  T r a n s i s t o r  2 N 2 1  6 0

C32 6 Top Hat Recs. lS'1 0O Type
C a 5  3  U n i j u n c t i o n  T r a n s . =  t o 2 N 2 1 6 0
A1 7 Si l icon Rect i f iers 8Y100 TvDe

43 25 Mixed Marked and Tested Transistors
4 2 1  5  P o w e r  T r a n s i s t o r s  1 - A D 1 4 9 / 1 - O C 2 6

and 3 others
A N D  M A N Y  M O R E

Price
10/  -
101 -
10 /  -
10 /  -
s/_

10/  -
10 /  -
1 0 /  -
1 0 /  -
1 0 /  -
1 0 /  -
10 /  -
1 0 t  -
' t5 t -

1 5 /  -
1 5 /  -
20/-
20/-

ELECTRONIG DIGITAL CTOCK
PAK CLl

This pack is approved by the author
of the project, in this issue..
This pack consists ol al l  the Semi-
conductors needed to bui ld the Digital
Clock.

Contents:' I 1 O Silicon Transistors
1 OC36 Power Transistor

132 Silicon Diodes
1 Zener Diode

All the Components are
tested and fully guaranteed

D| r  l1  F I  I  A l l th is
f r t l \ L r L .  l .  f o r o n l y

N.B.*Please add' l  / -  post  and packing
with order.  We very much regret  that
the "Free Choice" of fer  is  suspended
with th is pak.  t

FREE!
PACKS OF  YOUR OWN CHOICE UPTO
THE VALUE OF  1O/ .  W ITH  ORDERS

ovER f4
BRAND NEW PAK I  I  I
JUSTRELEASED: :  !
BEPI.ACES OUR VERY POPUTAR 839 PAI(
Shon Load Conpon0nts, all Bnnd ilow and Factory ltla]k0d,
moontsd on Printrd Circuit Psnsls,
Alprorimstoly:
sornArrsrsronsailDDtoDEs I n I
50rffcHroLERAilcrREstsrons a v I '
20 VARIOUS CAPACITORS
Please stato whon ordering Pak. P. l .  216 Post and Packing

with this Dack.

TRANSISTORS ONLY I/. EACH
SIL ICON .  PLANAR O N.P.N.  ' :  P .N.P.
Al l  th€so types  ava i lab l€
2N929 2N706 25131 2S103 2N696 2N1613 25733 BFy10
25501 2N706A25512 2S104 2N697 2Nt711 2N726 25731
8C108 2N301 1 2S102 2N2220 2N1507 2N1893 2N2484 25732

Al l  tos tsd  and guaranteod t rans is to rs -unmarked.
Manufac turers  over  runs  fo r  the  n€w PRE-PAK range. Make a Rev.  Counter for  your Car.  The''TACHO BLOCK'.  This encaosulated block

wi l l  turn any 0-1mA meter into a perfect ly
linear and accurate revalall '

8l;',:'fl i:t"lJ, :il, AUl' each
NEW UTIMARKID U]IITESTED PAKS

2s fiBl'3i,*" TBANslsroRs to/-
I o ;r:ii:4".:?lDe TRANsrsroRs to/-

FREE CATATOGUE AND L ISTS
fg7;-

ZENER DIODES
TRANSISTORS, BECTIFIEBS

FUtt PBE-PAK LISTS
& SUBSTITUTION CHART

zs "nBI'3,?1"" TBANstsToRs to/-
ro ll,Wii:J!S"" zENERs to/-
zs RFY*58,,1""'" TBANstsToBs to/-
ro 3,1i:3;""o BEcilFtERS 1o/-

zs RFLotl;?"" TRANstsToRs 1o/-
lo l)'1t#;u.3a2oo/202 DloDEs 1o/- MINIMUM ORDER 1O l .  CASH WITH

ORDER PLEASE. Add 1 / -  post  and packing
per order.  OVERSEAS ADD EXTRA FOR
AIRMAIL.tso Hll;8llfi, DtoDEs 10/-

25 'nl!ttti,""" TRANslsToRs to/-
T H E R E  I S  O N L Y  O N E
BI-PRE.PAK LTD
BEWARE OF IMITATIONS

-\ P R E . P A K ,  N . 6 0 5  P O W E R  ?  '

iBfi'-"+:r?fi,igvl*ir"' $/ - eacht fi ?V,"1-'Y'#lif."iil,' pa i r | / S
FREE! A WRITTEN GUARANTEE WITH ALLOUR SEMIC()NDUCT(IRS

LIMITED 

TRANSISTORS PRICE 
AC 107 3/— OCI70 AC 126 2/4 OCI7I AC 127 2/4 OC200 AC 128 i/4 OC20I ACYI7 3/- 2G30I AFI 14 4/- 2G303 AFI 15 3/6 2N7I 1 AFI 16 3/6 2N1302-3 AFI 17 3/6 2N1304-5 AFM8 3/6 2N1306-7 AF186 10/- 2N1308-9 AFI 39 10/- 2N3844A AF239 12/6 Power BFY50 4/— T ransisto BSY25 7/6 OC20 BSY26 3/- OC23 BSY27 3/- OC2S BSY28 3/- OC26 BSY29 3/- OC28 BSY95A 3/- OC35 OC41 2/6 OC36 OC44 l/ll AD149 OC4S 1/9 AUY10 OC7I 2/6 Diodes OC72 2/6 AAY42 OC73 3/6 OA95 OC8( 2/6 OA70 OC81D 2/6 OA79 OC83 4/- OAS 1 OCI39 2/6 OA73 OCI40 3/6 lN9i 4 

3/- 
4/- 3/6 7/- 2/6 2/6 10/- 
4/- 5/- 6/- 8/- 5/- 

10/- 10/- 8/- 5/- 7/6 5/- 7/6 10/- 
30/- 
2/- 2/- 1/9 1/9 1/9 2/- 1/6 

FREE! 
PACKS OF YOUR OWN CHOICE UPTO 
THE VALUE OF 10/- WITH ORDERS 

OVER £4 

SPECIAL OFFER!! 
Exclusive to Radio Constructor readers 

ELECTRONIC DIGITAL CLOCK 
PAK CL1 

This pack is approved by the author 
of the project, in this issue,- 
This pack consists of all the Semi- 
conductors needed to build the Digital 
Clock. 
Contents: 
110 Silicon Transistors 

1 OC36 Power Transistor 
132 Silicon Diodes 

1 Zener Diode - 
AH the Components are 

tested and fully guaranteed 
All this 
for only PAKCL1. 

N.B.—Please add 1/- post and packing 
with order. We very much regret that 
the "Free Choice" offer is suspended 
with this pak. , . 

TRANSISTORS ONLY 1/- EACH 
SILICON • PLANAR • N.P.N. • : P.N.P. 
All these types available 
2N929 2N706 2S131 2S103 2N696 2N1613 2S733 BFY10 
2S501 2N706A 2S512 2S104 2N697 2N1711 2N726 2S731 
BC108 2N3011 2S102 2N2220 2N1507 2N1893 2N2484 2S732 

All tested and guaranteed transistors—unmarked. 
Manufacturers over runs for the new PRE-PAK range. 

r NEW UNMARKED UNTESTED PAKS 
25 BSY95A NPN Silicon TRANSISTORS 10/- 
10 OC45—OC81 

Mull, Glass Type TRANSISTORS 10/- 
25 BSY26-27 NPN Silicon TRANSIST0RS 10/- 
10 10 Watt Silicon All Voltages ZENERS 10/- 
25 BFY50-1 -2 NPN Silicon TRANSIST0RS 10/- 

1 10 
4 amp. Stud. Silicon RECTIFIERS 10/- 

1 25 
BC107-8-9 NPN Silicon TRANSIST0RS 10/- 

1 40 1 N914-6 OA200/202 DinnPQ 111/ Sub. Min. Silicon LHUUtblU/- 
llSO Min. Germ. High Quality DI0DES 10/- 
1 25 2N706 A NPN Silicon TRANSIST0RS 10/- 

PRE-PAK. N.605 POWER TRANSISTOR EQUIVALENT TO NKT301-2-3-4 1 5/- each 
COMPLEMENTARY SET 
NPN/PNP GERM. TRANS, pair2/6 

PRE-PAKS 
Selection from our lists 

No. Price 
B1 50 Unmarked Trans. Untested - 10/- 
B2 4 Photo Cells Inc. Book of Instructions- 10/- 
B6 17 Red Spot AF Transistors - 10/- 
B6A 17 White Spot RF Transistors - 10/- 
B9 1 ORP 12 Light Sensitive Cell - 9/- 
B53 25SiLTrans.400 Mc/s Brand New - 10/- 
B54 40 „ „ NPNtoS TransVoltage - 10/- 
B55 „ „ NPNT0I8 & Gain Fallouts - 10/- 
B56 „ „ NPN/PNP All Tested -10/ 
B68 10 Top Hat Recs. 750 M/A 100-800 PIV- 10/- 
B69 20 Diodes. Gld-Bnd. Germ Sil. Planer - 10/' 
B74 5 Gld-Bnd. Diodes. 2-OA9, 3-OA5 - 10/- 
B75 3 Comp. Set. 2G371, 2G381. 2G339A - 10/ 
C2 1 Unijunction Transistor 2N2160 -15/- 
C32 6 Top Hat Recs. IS100 Type 15/ 
C35 3 Unijunction Trans. = to 2N2160 - 115/- 
A1 7 Silicon Rectifiers BY100 Type - 20/- 

A3 25 Mixed Marked and Tested Transistors - 20/- 
A21 5 Power Transistors 1-AD 149/1-OC26 

and 3 others - 20/- 
AND MANY MORE 

BRAND NEW PAK 
JUST RELEASED 
REPLACES OUR VERY POPULAR B39 PAK 
Short Lead Components, all Brand New and Factory Marked, 
mounted on Printed Circuit Panels 
Approximately: 
80 TRANSISTORS AND DIODES 
50 HIGH TOLERANCE RESISTORS 
20 VARIOUS CAPACITORS 
Please state when ordering Pak. P.l. 2/6 Post and Packing 

with this pack. 

I I I 

10/- 

Make a Rev. Counter for your Car. The- 
'TACHO BLOCK'. This encapsulated block 
will turn any 0-1 mA meter into a perfectly 
linear and accurate rev. I 
counter for any car. 
State 4 or 6 cylinder. 

iciei nuu d 

20/ each 

FREE CATALOGUE AND LISTS 
for:— 

ZENER DIODES 
TRANSISTORS, RECTIFIERS 

FULL PRE-PAK LISTS 
& SUBSTITUTION CHART 

MINIMUM ORDER 10/- CASH WITH 
ORDER PLEASE. Add 1/- post and packing 
per order. OVERSEAS ADD EXTRA FOR 
AIRMAIL. 

THERE IS ONLY ONE 
BI-RRE-PAK LTD 
BEWARE OF IMITATIONS 

FREE! A WRITTEN GUARANTEE WITH ALL OUR SEMICONDUCTORS 

DEPT. A, 222-224 WEST ROAD, WESTCLIFF-ON-SEA, ESSEX 
TELEPHONE: S0UTHEN0 (0702) 46344 



H0ME BADf0 (Mitcham) LTD., Dept. RC, 187 London Rd., Mitcham GR4 ZYO Phone :01-648 3282

STEAM
OR
SOLID STATE

You
need

1

tthe

HOME RADIO
CATA LOG U E
lf your interest lies in /ast year's gear, or next
year's . . . if you go for transmitting, receiving,
reproducing, or the lot  .  .  .  i f  you're working on
a t igh t  budget ,  o r  an  e las t i c  one.  .  .  the  HOME
RADIO Components Catalogue is a MUST!
ln its 256 pages, listing over 7,000 items (more
than 1,300 of them i l lustrated) you can track
down any component you're ever likely to need.
At 7s. 6d., plus 3s. p. and p., it 's the best ever
bumper book . . . and every copy contains 5
vouchers, each worth a shi l l ing when used as
directed. Send the coupon now with your cheque
or P.O. for 10s. 6d. lt'll be the best Christmas gift

\ou've ever given yourself.

fl ffteny
@Ddstmss
to all our
Readers !

I'

-'.jJl" ]\k.tp,.

THE RADIO CONSTRUCTOR

HOME RADIO (Mitcham) LTD., Dept. RC, 187 London Rd., Mitcham CR4 2YQ Phone : 01-6483282 

STEAM i 

OR 

SOLID STATE 

you 

(JO 

4* 4' 

✓ 

% 

m 

need the 

HOME 

CATALOGUE 

RADIO 

a jHerrp 

C^risitma^ 

to all our 

Readers I 

£80 

If your interest lies in last year's gear, or next 
year's... if you go for transmitting, receiving, 
reproducing, or the lot. . . if you're working on 
a tight budget, or an elastic one . . . the HOME 
RADIO Components Catalogue is a MUST! 
In its 256 pages, listing over 7,000 items (more 
than 1,300 of them illustrated) you can track 
down any component you're ever likely to need. 
At 7s. 6d., plus 3s. p. and p., it's the best ever 
bumper book . . . and every copy contains 5 
vouchers, each worth a shilling when used as 
directed. Send the coupon now with your cheque 
or P.O. for 10s. 6d. It'll be the best Christmas gift 
you've ever given yourself. 

^||| Phase write your Name and Address in block capitals 

^ NAME   || 

ADDRESS  ^ 

Home Radio (Mitcham) Ltd., Dept. RC, 187 London Rd., ^ 
Mitcham CR4 2YQ 

, ^ 

> THE RADIO CONSTRUCTOR 
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,3-Band Self-Powered Preselector

Thyristor Alarm Switch
(Suggested Circuit No. 217)

News and Comment

Wideband A.C. Millivoltmeter

Christmas Water Fountain

Crossword

Solid-State Digital Clock, Part I

by L. Saxham

by G. A. French

by C. Crosbie

Radio Constructor Data Sheet No. 18
(Wire Resistance and Current Table)

Radio Constructors Data Sheet Index 1958

Can Anyone Help?

Reflex-3 Portable Receiver
by Arman Sapciyan

by D. P. Newto.n

by LV. M. Fraser

by A. J. Ewins

Crossword Solution

Wide-Band Oscilloscope Amplifier
by G. Sowersby

Suggestions For Your'Easy -View' Diary

The Radio Constructor's'Easy-View' Diary
(First Quarter 1969)

150 Watt Amateur Bands Transmitter. Part 2
by F. G. Rayer, G3OGR

Understanding Radio
(Superhet Detector and A.G.C.)

by W. G. Morley

InJour Workshop

Radio Topics
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Telephone
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Telegrams
Databux, London
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Editor. Short abstracts or references are allowable provided
acknowledgement of source is given.
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Jluding postage. Remittances should be made payable to
"Data Publications Ltd". Overseas readers please pay by
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Oueries. We regret that we are unable to answer queries
other than those arising from art icles appearing in this
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3-BAND SELF-POWERED PRESELECTOR
by L. SAXHAM

This is the latest article in the series we have been publishing describing
the construction of communication receiver ancillary equifment housed
in Eddystone Diecast boxes. Previous articles in the series were "Aerial

Tuner Unit" (Augustl95S) and "O Multiplier" (Septemberl968) .,

n1ffi PRESTLECTOR UNrT ABOUT TO BE DESCRTBED WAS

I designed and constructed to match the other receiver
^ ancillary equipments as mentioned in the introduction
to this article and to function.with a Trio 9R-59D
communications receiver. The unit will, however, operate
satisfactorily with any communications receiver and the
circuit design is fairly standard, having no frills or "trick"
circuitry.

As may be seen from the illustrations, the layout is quite
compact. Because of this, construction of the preselector
is not recommended for the beginner unless he is confident
of undertaking the rather "close" work that is involved,
both when dealing with the drilling and physical
measurelnents and the wiring-up of the components. A
slightly wrong measurement, or an untidy or wrongly
282

routed wire, could result in a short-circuit to the outer
metal casing. Nwertheless, provided the instructions are
closely followed no trouble will be experienced by the
average constructor.

A self-powered design was decided upon as it was
considered unwise, in the writer's circumstances. to run
the unit from the receiver supplies-the Q-Multiplier
described in a previous article being already supplied in
this manner. In order not to run the receiver power supply
near its maximum it was necessary therefore to include a
power supply as an integral part of the preselector. Where
adequate power supplies are available from the receiver,
or a separate power supply is available, the beginner
could \rell undertake the construction of the tuned r.f.
stage part only, the design then being less compact and
easier to assemble.

I'
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3-BAND SELF-POWERED PRESELECTOR 

by L. SAXHAM 

This is the latest article in the series we have been publishing describing 
the construction of communication receiver ancillary equipment housed 
in Eddystone Diecast boxes. Previous articles in the series were "Aerial 

Tuner Unit" (August 1968) and "Q Multiplier" (September 1968) 

The preselector unit about to be described was 
designed and constructed to match the other receiver 
ancillary equipments as mentioned in the introduction 

to this article and to function with a Trio 9R-59D 
communications receiver. The unit will, however, operate 
satisfactorily with any communications receiver and the 
circuit design is fairly standard, having no frills or "trick" 
circuitry. 

As may be seen from the illustrations, the layout is quite 
compact. Because of this, construction of the preselector 
is not recommended for the beginner unless he is confident 
of undertaking the rather "close" work that is involved, 
both when dealing with the drilling and physical 
measurements and the wiring-up of the components. A 
slightly wrong measurement, or an untidy or wrongly 
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routed wire, could result in a short-circuit to the outer 
metal casing. Nevertheless, provided the instructions are 
closely followed no trouble will be experienced by the 
average constructor. 

A self-powered design was decided upon as it was 
considered unwise, in the writer's circumstances, to run 
the unit from the receiver supplies—the Q-Multiplier 
described in a previous article being already supplied in 
this manner. In order not to run the receiver power supply 
near its maximum it was necessary therefore to include a 
power supply as an integral part of the preselector. Where 
adequate power supplies are available from the receiver, 
or a separate power supply is available, the beginner 
could Veil undertake the construction of the tuned r.f. 
stage part only, the design then being less compact and 
easier to assemble. 
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Resistors
(All fixed values 10 "l)

Rl 33kQ j watt
R2 5'6kCl I watt
R3 lOkO 2 watt
R4 47Q f,watt
R. 5kO pot. l in
R; 5.6kcl { watt
R? 6'8kQ 2 watt

Yalve
EFl83 (Mullard)

Valveholder
B9A (ceramic with centre spigot)

Chassis
6l x2|x lLrirt
(L-shaped, front apron only)
(H. L. Smith & Co. Ltd.)

Knobs
Spun aluminium
(H. L. Smith & Co. Ltd.)

Dial and Drive

Cj l6pF, electrolytic, TCC type CEll.8LC,
Home Radio Cat. No. 2CKl3

C8 8pF, electrolytic, TCC type CEI l2LC, Home
Radio Cat. No.2CK07

Tagstrips
See text

Metal Rectifier
Contact-cooled, 250V, 50mA

Mains Transformer
250Y, 6OmA; 6'3V, l'5A. Type 6BRl0, (H. L.
Smith & Co. Ltd.)

Panel Lamp Assembly
Type LES (Red), 6'5V, 0'l5A (H. L. Smith &
Co. Ltd.)

R.F. Choke
2'5mH type CHI (H. L. Smith & Co. Ltd.)

Coils
Miniature Dual-Purpose Blue (Denco Ltd.)
Range 5 (32 to 10.2 Mc/s)
Range 4 (15'5 to 3'5 Mc/s) see text
Range 3 (4.6 to 1.25 Mc/s) re coverage

Switches
51 l-pole 3-way, rotary
Sr,",,,0, 2-pole 3-way, miniature rotary

Die-Cast Box
Eddystone, type 6357P (Home Radio Cat. No.
E903)

Miscellaneous
4BA and 68A nuts and bolts, 6 off $in rubber
grommets, solder, wire, coaxial cable (75Q), Panel
Sign transfers Set No. 3.

6:l Slow Motion Drive, Part No. 4489, Jackson
Bros. Ltd. (Home Radio Ltd. Cat No. DL3A)

Capacitors
(All fixed capacitors 350V wkg.)

C1 365pF variable, Jackson Bros. type 01,
(H. L. Smith & Co. Ltd.)

C2 0'1pF, tubular
C3 0'1pF, tubular
C4 l00pF silver mica
C. 0.0lpF, tubular
C; 100pF silver mica

I

t

Fig- |. Circuit of the 3-Band self-powered Preselectol
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Resistors 
(All fixed values 10%) 

R] 33kfJ j watt 
R2 5-6kn 1 watt 

lOkQ 2 watt Rs 
r4 

Rs 
Re 
r7 

5kQ pot. lin 
5-6k£2 ^ watt 
fi-Skfl 2 watt 

Valve 
EF183 (Mullard) 

Valve holder 
B9A (ceramic with centre spigot) 

Chassis 
6j x 2| x l^in 
(L-shaped, front apron only) 
(H. L. Smith & Co. Ltd.) 

Knobs 
Spun aluminium 
(H. L. Smith & Co. Ltd.) 

Dial and Drive 
6:1 Slow Motion Drive, Part No. 4489, Jackson 
Bros. Ltd. (Home Radio Ltd. Cat No. DL3A) 

Capacitors 
(All fixed capacitors 350V wkg.) 

C! 365pF variable, Jackson Bros, type 01, 
(H. L. Smith & Co. Ltd.) 

• C2 0-1 pF, tubular 
C3 0-lpF, tubular 
C4 lOOpF silver mica 
C5 0-0 IpF, tubular 
C6 lOOpF silver mica 

C7 16pF, electrolytic, TCC type CE118LC, 
Home Radio Cat. No. 2CK13 

C8 8pF, electrolytic, TCC type CE112LC, Home 
Radio Cat. No. 2CK07 

Tagstrips 
See text 

Metal Rectifier 
Contact-cooled, 250V, 50mA 

Mains Transformer 
250V, 60mA; 6-3V, 1-5A. Type 6BR10, (H. L. 
Smith & Co. Ltd.) 

Panel Lamp Assembly 
Type LES (Red), 6-5V, 0-15A (H. L. Smith & 
Co. Ltd.) 

R.F. Choke 
2-5mH type CHI (H. L. Smith & Co. Ltd.) 

Coils 
Miniature Dual-Purpose Blue (Denco Ltd.) 
Range 5 (32 to 10-2 Mc/s) 
Range 4 (15-5 to 3-5 Mc/s) see text 
Range 3 (4-6 to T25 Mc/s) re coverage 

Switches 
1-pole 3-way, rotary 

S2(a),(b) 2-pole 3-way, miniature rotary 
Die-Cast Box 

Eddystone, type 6357P (Home Radio Cat. No. 
E903) 

Miscellaneous 
4BA and 6BA nuts and bolts, 6 off fin rubber 
grommets, solder, wire, coaxial cable (75fl), Panel 
Sign transfers Set No. 3. 

rtr 
Aerial WW 

I C? 
rn 250V 

SO m A 
C6 

C2 red 

I 
ll 

L<)
0utpUt 250V black 

60mA 
red 

X 81  v blue s2a s2b 
6-3V 
ISA 

a 
A 

r5 pl-| 
C5 V 

IS L2L3-iW1 
blue 

1-6 
sriii 91111 

1 EF 83 Chassis 
AC mams Earth = 

Fig. 1. Circuit of the 3-Band self-powered Preselector 
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As shown, the pre-selector incorporates three bands
although this could be subject to some variation according
to individual preferences. In the prototype, Band I covers
from 32 to lQ.2 Mc/s; Band 2 from 15.5 to 3.5 Mc/s and
Band 3 from 4.6 to 1.25 Mc/s. It will be seen that therd is
quite a degree offrequency overlap between bands, which
the writer prefers. This overlap is occasioned by the fact
that a 365pF variable capacitor is used in conjunction
with the Denco Miniature Dual Purpose coils (Blue,
Ranges 3, 4 and 5) whilst the recommended variable
capacitor for the coil is 300pF nominal. The resultant
frequency coverage in each band is tlerefore larger, by
virtue of the additional 65pF, than that specified by the
manufacturer. The coil inductances have an average
frequency variation of tl5l obtainable by core
adjustmeqt and constructors may therefore vary the
coverage, within these limits, according to individual
requirements.

CIRCUIT
The circuit diagram is shown in Fig. I and, in this, it will

be seen that the aerial input is fed direct to the arm of
switch Sr. The inclusion of this switch enables the operator
to (l) short-circuit the aerial to chassis-this being a
useful facility when using a crystal standard; (2) bypass
the preselector and feed the aerial input direct to the
receiver input terminals via C6; and (3) feed the aerial
directly into the preselector circuit.

Where a crystal frequency standard is in use, its output
should be fed to tags 2 and 3 of the switch. With S, set to
position l, it will be found that the markers from the
standard are extremely easy to locate due to the elimination

of signals fromtl.e aerial which otherwise cause heterodyne
beats, particularly when the b.f.o. is also in use for the
purpose of locating the frequency marker points. Where
the marker points are weakest, usually towards the
30 Mc/s end, the preselector may be employed to boost
the marker output.

When checking these points witn the prototype, the
crystal marker output was temporarily clilpped to tags 2
and 3 of Sr, as appropriate. If a more permanent method
of connection is required, screened leads may be run from
tags 2 and 3 and coupled externally to the crystal marker
output when required. It is important to note that stray
capacitive coupling between any wiring from tags 2 and3
must be kept to a minimum as there will otherwise be
feedback from output to input when the preselector
function is switched in.

Selecting position 2 of 51 enables the aerial to be fed
direct to the receiver without amplification by the
preselector. This position may be used when the receiver
is operating at frequencies other than those covered by the
preselector and its availability obviates the continual
connection and disconnection of aerial and preselector
plugs at the back of the receiver which would otherwise
be required. It is sometimes beneficial, also, to select
position 2 when receiving strong signals within the
preselector coverage, as can occur on the 80 and 160
metres amateur bands.

Screened leads (coaxial cable is suitable) murt be used
for the connections to tags 2 and 3 of S, . The braiding of
these leads must be earthed at both ends. The aerial input
lead is screened and its braiding must be earthed at Sr.

I

:i:+,,ij

Above-chassis view of the preselector. Note the positioning of the variable capacitor e.
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As shown, the pre-selector incorporates three bands 
although this could be subject to some variation according 
to individual preferences. In the prototype, Band 1 covers 
from 32 to 10-2 Mc/s; Band 2 from 15-5 to 3*5 Mc/s and 
Band 3 from 4,6 to 1-25 Mc/s. It will be seen that there is 
quite a degree of frequency overlap between bands, which 
the writer prefers. This overlap is occasioned by the fact 
that a 365pF variable capacitor is used in conjunction 
with the Denco Miniature Dual Purpose coils (Blue, 
Ranges 3, 4 and 5) whilst the recommended variable 
capacitor for the coil is 300pF nominal. The resultant 
frequency coverage in each band is therefore larger, by 
virtue of the additional 65pF, than that specified by the 
manufacturer. The coil inductances have an average 
frequency variation of ±15% obtainable by core 
adjustment and constructors may therefore vary the 
coverage, within these limits, according to individual 
requirements. 
CIRCUIT 

The circuit diagram is shown in Fig. 1 and, in this, it will 
be seen that the aerial input is fed direct to the arm of 
switch Sj. The inclusion of this switch enables the operator 
to (1) short-circuit the aerial to chassis—this being a 
useful facility when using a crystal standard; (2) bypass 
the preselector and feed the aerial input direct to the 
receiver input terminals via C6; and (3) feed the aerial 
directly into the preselector circuit. 

Where a crystal frequency standard is in use, its output 
should be fed to tags 2 and 3 of the switch. With Sj set to 
position 1, it will be found that the markers from the 
standard are extremely easy to locate due to the elimination 

of signals from the aerial which otherwise cause heteroayne 
beats, particularly when the b.f.o. is also in use for the 
purpose of locating the frequency marker points. Where 
the marker points are weakest, usually towards the 
30 Mc/s end, the preselector may be employed to boost 
the marker output. 

When checking these points witn the prototype, the 
crystal marker output was temporarily clipped to tags 2 
and 3 of as appropriate. If a more permanent method 
of connection is required, screened leads may be run from 
tags 2 and 3 and coupled externally to the crystal marker 
output when required. It is important to note that stray 
capacitive coupling between any wiring from tags 2 and 3 
must be kept to a minimum as there will otherwise be 
feedback from output to input when the preselector 
function is switched in. 

Selecting position 2 of Si enables the aerial to be fed 
direct to the receiver without amplification by the 
preselector. This position may be used when the receiver 
is operating at frequencies other than those covered by the 
preselector and its availability obviates the continual' 
connection and disconnection of aerial and preselector 
plugs at the back of the receiver which would otherwise 
be required. It is sometimes beneficial, also, to select 
position 2 when receiving strong signals within the 
preselector coverage, as can occur on the 80 and 160 
metres amateur bands. 

Screened leads (coaxial cable is suitable) must be used 
for the connections to tags 2 and 3 of Sj. The braiding of 
these leads must be earthed at both ends. The aerial input 
lead is screened and its braiding must be earthed at 
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Above-chassis view of the preselector. Note the positioning of the variable capacitor C1 
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Below-chassis view of the completed.unit. The positioning of the coit and power supply sub-chassis is clearly
shown. Note that C, is mounted into position directly above C 

"

The output lead (from Cn) is.also screened, its braiding
being earthed at an adjac€nt chassis point. Cu should G
close to C4, with both capacitor lead-outs which connect
to the output lead being as short as possible. Both the
aerial input and the output screened leads pass through
holes in the back of the case.

With 51 in position 3, the aerial input is applied, via
section Sr,", of the wavechange switch, to coupling
windings Lr, L. or L, of the three coils. The remaining
section of the wavechange switch, Sr",, selects the
corresponding tuned windings, Lr, La or'Lu. L, and L,
{orm the Range 5 Denco coil (32 to 10.2 Mc/s), L3 and
La the Range 4 coil (15-5 to 3.5 Mc/s), and L, and Lu the
Range 3 coil (4.6 to 1.25 Mc/s). Variable capacitor C1
tunes whichever tuned winding is selected by S",*,.

The valve chosen for this design is the EFl83 v;'frble-mu
frame grid r.f. pentode, this type exhibiting a high gain
factor which is eminently suitable for preselection
applications. The values of the components used in this
circuit have been selected after much experiment, and
quality components should be used througbout. Positive
h.t. potential is supplied to tle screen gnd (pin 8) via Rr,
capacitor C2 being the bypass component. The anode
(pin 7) is supplied via R2 and the r.f. choke. The function
of resistor R3 is to reduce tt e h.t. potential to tlat required
for optimum operation of the circuit and to isolaie the
valve circuit from the power supply and thus provide
additional s,meething. The tuned aad amFlified r.f.
signal at the anode is fed, via capacitor Co, to the output
prcnunrn 1968

of the unit, this being then connected to the receiver aerial
and earth input terminals.

The internal screen of the valve, pin 6, must.be connected
direct to chassis. The suppressor grid (pin 9) is connected
to both pins I and 3 (cathode).

The cathode components Rn, R' Ro and C. provide the
required variable cathode bias voltage, R-, being the
panel-mounted gain control. As originally developed, the
cathode circuit consisted of Ro, \ and C, only but it was
found that with this arrangement, the setting of \ for
maximum gain was apt to be critical and difrcult to
adjust. Tests showed that'this condition was eased if
resistor Ru was included in the circuit in parallel with R".

One side of the heater supply is connected to chassii,
the 6'3V winding of tne mains transformer feeding the red
pilot lamF PL, as well as the valve heater. The rectified
d.c. voltage from th.e contact-cooled rectifier is fed to the
sneething circuit Rr, C7 and Cr. It should be noted that
C7 and Cg are separate components and not the more
usual twin-capacitor within a single can. This was
necessary in order to contain these components within the
small space available.
CONSTRUCTION

Fig.2 (a) shows the drilling detailp of the die-cast box
lid, which now becomes the front panel of the preselector
unit. Holes A, B, C, D and E should be drilled 1fin, A being
later used for the panel lamp PLl, B for switch 51, C foi
variable capacitor Cr, D for gain control R. and E for
wavechange switch S2("iG).

28s

Below chassis view of the completed unit. The positioning of the coil and power supply sub-chassis is clearly 
shown. Note that C1 is mounted into position directly above Cg 

The output lead (from C4) is also screened, its braiding 
being earthed at an adjacent chassis point. C6 should be 
close to C4, with both capacitor lead-outs which connect 
to the output lead being as short as possible. Both the 
aerial input and the output screened leads pass through 
holes in the back of the case. 

With S, in position 3, the aerial input is applied, via 
section S2(a) of the wavechange switch, to coupling 
windings Lj, L3 or L5 of the three coils. The remaining 
section of the wavechange switch, San,), selects the 
corresponding tuned windings, L2, L4 or L6. L1 and L2 
form the Range 5 Denco coil (32 to 10-2 Mc/s), Lj and 
L4 the Range 4 coil (15-5 to 3-5 Mc/s), and L5 and L6 the 
Range 3 coil (4,6 to T25 Mc/s). Variable capacitor Q 
tunes whichever tuned winding is selected by S2(b,. 

The valve chosen for this design is the EF183 vanable-mu 
frame grid r.f. pentode, this type exhibiting a high gain 
factor which is eminently suitable for preselection 
applications. The values of the components used in this 
circuit have been selected after much experiment, and 
quality components should be used throughout. Positive 
h.t. potential is supplied to the screen grid (pin 8) via Rj, 
capacitor C2 being the bypass component. The anode 
(pin 7) is supplied via R2 and the r.f. choke. The function 
of resistor R3 is to reduce the h.t. potential to that required 
for optimum operation of the circuit and to isolate the 
valve circuit from the power supply and thus provide 
additional smoothing. The tuned and amplified r.f. 
signal at the anode is fed, via capacitor C4, to the output 
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of the unit, this being then connected to the receiver aerial 
and earth input terminals. 

The internal screen of the valve, pin 6, must, be connected 
direct to chassis. The suppressor grid (pin 9) is connected 
to both pins 1 and 3 (cathode). 

The cathode components R4, R5, R6 and C5 provide the 
required variable cathode bias voltage, R5 being the 
panel-mounted gain control. As originally developed, the 
cathode circuit consisted of R4, R5 and C5 only but it was 
found that with this arrangement, the setting of R5 for 
maximum gain was apt to be critical and difficult to 
adjust. Tests showed that this condition was eased if 
resistor R6 was included in the circuit in parallel with R5. 

One side of the heater supply is connected to chassis, 
the b-SV winding of tne mains transformer feeding the red 
pilot lamp PL! as well as the valve heater. The rectified 
d.c. voltage from the contact-cooled rectifier is fed to the 
smoothing circuit R7, C7 and C8. It should be noted that 
C7 and C8 are separate components and not the more 
usual twin-capacitor within a single can. This was 
necessary in order to contain these components within the 
small space available. 
CONSTRUCTION 

Fig. 2 (a) shows the drilling detail^ of the die-cast box 
lid, which now becomes the front panel of the preselector 
unit. Holes A, B, C, D and E should be drilled y^in, A being 
later used for the panel lamp PLi, B for switch Sj, C for 
variable capacitor Cu D for gain control R5 and E for 
wavechange switch S2(a)(b). 
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I
Frg. 2 (b) is the plan view of the chassis deck. The

position for the EFl83 is shown as Vr, whilst holes l, 2, 3
and 4^are of fin diameter to which rubb". grommets are
later fitted. The hole for V, should be fin dia-meter to take
the B9A valveholder.* Hole I is required for the lead from
the grid of V, to the variable capalitor Cr, hole 2 for the
leads to !!,. hole 3 for the output coaxial cable from Cn
*A B9A Qin) "truri. "urr". 

;, *;t"ur" r-. n".-. n"a;;,a-, ;* c",",;
Number TL 10, the required Ai len key being l isted ulder Catalosue Number TL-l2.

286

I
l\r

and hole 4 for the coaxial cable from tag 3 ofS, to the arm
of S2,"y.

\ig. Z <r) shows the front aprori of the chassis, holes D
and B corresponding to D and E of Fig. 2 (a). Itshould be
noted here that the chassis, when viewed from the side, is
I.;9.1pe0, the-only apron being that at the front. Also, it
will be seen from Fig. 2 (c) that an inverted V-shaped
cut-out must be made in the chassis apron in the central
position so that the lower edge of the apron does not foul
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Fig. 2 (a). Front panel dimensions and drilting details, (b) plan view of the chassis deck with driiling details
and (c) chassis front apron drilling detaits
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F/fir. 2 fsj, Fro/?/ pane! dimensions and drilling details, (b) plan view of the chassis deck with drilling details 

and (c) chassis front apron drilling details 

Fig. 2 (b) is the plan view of the chassis deck. The 
position for the EF183 is shown as Vj, whilst holes 1, 2, 3 
and 4 are of n diameter to which rubber grommets are 
later fitted. The hole for V1 should be |in diameter to take 
the B9A valveholder.* Hole 1 is required for the lead from 
the grid of Vi to the variable capacitor Q, hole 2 for the 
leads to PLi, hole 3 for the output coaxial cable from C4 

*A B9A (|in) chasis cutter is available from Home RadioLtd., under Catalogue 
Number TLIO, the required Allen key being listed under Catalogue Number XL 12. 
286 

and hole 4 for the coaxial cable from tag 3 of S, to the arm 
Of $2(3)- 

Fig. 2 (c) shows the front apron of the chassis, holes D 
and E corresponding to D and E of Fig. 2 {a). It should be 
noted here that the chassis, when viewed from the side, is 
L-shaped, the only apron being that at the front. Also, it 
will be seen from Fig. 2 (c) that an inverted V-shaped 
cut-out must be made in the chassis apron in the central 
position so that the lower edge of the apron does not foul 
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Fig. 3. Dimensions of the coil mounting sub-chassis

the lower central fixing bolt extrusion on the front panel
rear.

From the illustration of the below-chassis view, it will
be noted that two small sub-chassis are used. The first of
these (see Fig. 3) is for the mounting of the three inductors,
the positions of which are shown. The dashed lines
indicate where bends should be made. The three coils
should be mounted iirto position on the sub-assembly
prior to securing this to the underside ofthe chassis. This
assembly is later secured to the underside of tlte chassis
by means of two 68,4, nuts and bolts, one in each lower
flange. Prior to this however, a further hole should be
drilled at a position midway between LrL, and L.L6 and
fitted with a 68.4, nut, bolt and solder tag. This tag
provides the chassis connection for the coils. A further
68,4' hole ("A" in Fig. 3) is drilled in the smaller side to
which is secured a small 3-way tagstrip (one tag earthed).
This tagstrip accommodates Cu and the earthed braiding
of its coaxial cable. The coil assembly should be positioned
on the chassis directly behind the wavechange switcn
52,",,6, and.rather nearer the rear of the chassis than is
shown in the photograph. The dust core threaded sections
of the inductors can then protrude through suitably sized
and positioned holes drilled in the rear panel of the box,
thereby allowing for adjustment ofthe frequency coverage
with the whole unit completely assembled. The outside
dimensions of the box are quoted irere.

Fig. 4 shows the dimensions and drilling details of the
second sub-chassis, the bend lines being shown dashed.
To the rear section ofthis sub-chassis (see-the photograph)
should be secured the contact-cooled rectifier. To the side
section are fitted two tagstrips, one in either side of the
section, by means of two 6B4, nuts and bolts. In the
prototype, the power supply side of the apron is fitted with
a 4-way tagstrip (2 tags earthed) and the other side with a
5-way tagstrip (2 tags earthed). In the course ofdevelop-
ment, two of the tags in the 5-way tagstrip have become
unused, although they could well be pressed into service
by constructors wiring up the circuit to their own
preferences. To the tag of the 5-way tagstrip nearest th€
oecBlrsen 1968

front panel is soldered the central fixing tag of a 3-way
tagstrip. This later pngjdes a support for resistor R.. R.
could alternatively be 3H(red to the two unused tags
just mentioned.

It will be noted that both these small sub-chassis not
only act as suitable mountings for the varioUs components
bufaho perform the necessiry function oflbreening both
the coils and the power supply from each. other, and from
the valveholder with its associated components.

The small mains transformer should be secured to the
chassis by means of four 4BA nuts and bolts, the
component itself acting as a template for these hole
positions. Additionally, two |in holes must be drilled in
the chassis deck, and fitted with rubber grommets, to take
the transformers leads doir.n through the deck. These
holes are not sirown in Fig. 2 (b).To the mains transformer
mounting bolt nearest gain control R, should be fitted
a 3-way tagstrip (end tag earthed). These tags accomodate
the 3-way mains cord, care being taken to ensure that the
earth lead in this cord connects correctly to the tag which
is in contact with the chassis. (No mains on-off switch is
incorporated in the preselector itself).

The electrolytic capacitor visible in the under-chassis
view is C7. Cs is immediately below this capacitor.

From the above-chassis illustration it will be seen that
variable capacitor Ct is mounted to the front panel such
that the moving vanes are furthest from the mains trans-
former. The capacitor is secured to the front panel by
means of three short 4BA bolts, ensuring that these do iot
pass through far enough to foul the rotor vanes.

Turning to the front panel illustration it may be noted
that the dial cursor is secured to the panel in the 45o
pbsition, it being impossible to mount this in the more
normal0o (or 360" !) position with the size of dial employed
(4in diameter). Wiren fitting the completed assembly into
the box, it will be found that the top central mounting
bolt cannot be used, as its hole is behind the top of the
didl Ofiission of this screw does not detract from the
final appearance of the preselector as the blank hole is
obscured bv the dial.
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Fig. 3. Dimensions of the coil mounting sub chassis 

the lower central fixing bolt extrusion on the front panel 
rear. 

From the illustration of the below-chassis view, it will 
be noted that two small sub-chassis are used. The first of 
these (see Fig. 3) is for the mounting of the three inductors, 
the positions of which are shown. The dashed lines 
indicate where bends should be made. The three coils 
should be mounted into position on the sub-assembly 
prior to securing this to the underside of the chassis. This 
assembly is later secured to the underside of the chassis 
by means of two 6BA nuts and bolts, one in each lower 
flange. Prior to this however, a further hole should be 
drilled at a position midway between and L5L6 and 
fitted with a 6BA nut, bolt and solder tag. This tag 
provides the chassis connection for the coils. A further 
6BA hole ("A" in Fig.' 3) is drilled in the smaller side to 
which is secured a small 3-way tagstrip (one tag earthed). 
Th s tagstrip accommodates C6 and the earthed braiding 
of its coaxial cable. The coil assembly should be positioned 
on the chassis directly behind the wavechange switch 
^2{a) (b) and rather nearer the rear of the chassis than is 
shown in the photograph. The dust core threaded sections 
of the inductors can then protrude through suitably sized 
and positioned holes drilled in the rear panel of the box, 
thereby allowing for adjustment of the frequency coverage 
with the whole unit completely assembled. The outside 
dimensions of the box are quoted here. 

Fig. 4 shows the dimensions and drilling details of the 
second sub-chassis, the bend lines being shown dashed. 
To the rear section of this sub-chassis (see the photograph) 
should be secured the contact-cooled rectifier. To the side 
section are fitted two tagstrips, one in either side of the 
section, by means of two 6BA nuts and bolts. In the 
prototype, the power supply side of the apron is fitted with 
a 4-way tagstrip (2 tags earthed) and the other side with a 
5-way tagstrip (2 tags earthed). In the course of develop- 
ment, two of the tags in the 5-way tagstrip have become 
unused, although they could well be pressed into service 
by constructors wiring up the circuit to their own 
preferences. To the tag of the 5-way tagstrip nearest the 
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front panel is soldered the central fixing tag of a 3-way 
tagstrip. This later pns^ides a support for resistor Rj. R3 
could alternatively be sMdered to the two unused tags 
just mentioned. 

It will be noted that both these small sub-chassis not 
only act as suitable mountings for the various components 
but also perform the necessary function of Sfcreening both 
the coils and the power supply from each other, and from 
the valveholder with its associated components. 

The small mains transformer should be secured to the 
chassis by means of four 4BA nuts and bolts, the 
component itself acting as a template for these hole 
positions. Additionally, two jin holes must be drilled in 
the chassis deck, and fitted with rubber grommets, to take 
the transformers leads down through the deck. These 
holes are not shown in Fig. 2 (b). To the mains transformer 
mounting bolt nearest gain control R5 should be fitted 
a 3-way tagstrip (end tag earthed). These tags accomodate 
the 3-way mains cord, care being taken to ensure that the 
earth lead hi this cord connects correctly to the tag which 
is in contact with the chassis. (No mains on-off switch is 
incorporated in the preselector itself). 

The electrolytic capacitor visible in the under-chassis 
view is C7. C8 is immediately below this capacitor. 

From the above-chassis illustration it will be seen that 
variable capacitor Q is mounted to the front panel such 
that the moving vanes are furthest from the mains trans- 
former. The capacitor is secured to the front panel by 
means of three short 4BA bolts, ensuring that these do hot 
pass through far enough to foul the rotor vanes. 

Turning to the front panel illustration it may be noted 
that the dial cursor is secured to the panel in the 45° 
position, it being impossible to mount this in the more 
normal 0° (or 360°!) position with the size of dial employed 
(4in diameter). When fitting the completed assembly into 
the box, it will be found that the top central mounting 
bolt cannot be used, as its hole is behind the top of the 
dial. Oifiission of this screw does not detract from the 
final appearance of the preselector as the blank hole is 
obscured by tfie dial. 
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Fig. 4. Measurement'details of the power suppty sub chassrs

In practice, it will be found that a god slow-motion
dial and drive assembly is of paraniount importance if the
preselector is to be capable of being tuned "on the nose"
and in line with the receiver.

'Dealing with tle remainder of the box, as distinct from
tle front panel, it will be found necessary to drill three
liin holes along the top of the rear panel for ventilation
purpos€s. One hole should be drilld i4 a central position
and the remaining two approximately 2in on either side
of this central hole. The three holes for the coil irondust
core threaded spindles have already been mentioned. In
addition, a further three holes must be drilled for the
qrains input, aerial input and preselector output leads.
Each of these should be fitted with a suitablv sized rubber
grommet.

WIRING-UP
It is not proposed here to describe the wiring-up process

in any detail, it being left to the individual constructor to
adopt his own methods. All wiring should, of course, be as
short and direct as possible and great care should be
taken to ensure tlat no short-circuits will be made vrith
the metalwork once the unit is secured within the box.
Pay particular attention here to the power supply of the
unit, making sure that no part of this can possibly touch
the metal box interior once the unit is completed and
assembled.

A voltage Table is given and .lris shows the typical
rgadings that may be obtained at the various iroints
desigr.ated, with Rs set to the minimurn gain position
(where it inserts maximum resistance into circui$. As is to
be expected, anode and screen-grid voltages will drop by a
considerable amount when R. is adjusted to the maximum

TABLE

Position Volts
Junction Rr, C, 345
Junction Rr, Cz 315
Anode (pin 7) 250
Screen grid (pin 8) 230
Cathode (pins l, 3) 12.2

Rs at minimum gain position

gain position. Due to component tolerances and different
mains voltages, variations on the readings in the Table up
to some l0 f or so may be encountere4 and sucL variations
do not necessarily indicate a fault.

FINAL DETAILS
In use the preselector is operated in the normal mannef,

it being kept approximately "in step" with the tuning of
the main receiver, then finally adjusted for maximum
signal strength when a desired signal is located.

It is possible that the preselector may go into oscillation
on parts ofone or more ofthe bands when R. approaches
the maximum gain position. This does not detract from
its performance and the added regeneration enhances the
sharpness of its tuning.

To provide the completed unit with eye-appeal, the
prototype was sprayed with Yukan Self-Spray .enamel
(light blue in the present instanceFsee advertisement at
the rear of this magazine---and then marked up with
Panel Signs transfers (set No. 3). The four rubber feet are
secured to the box wit} Parker-Kalon self-tapping screws.

tr
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RECEIVER AilCILLARY EOUIPMETTS

. In the pr_ese.nt series of articles. by. L. Saxham --describing the construction ofivarious units within Eddystone diecast
boxes-.(of which the above is the'latest example)-.a furtFer four equipments ire une ergoing ConrtruJtlon or design.
These will be published in due course.

l

t
t

288 THE RADIO CONSTRUCTOR

21/2 21/2- 

\ 

I/' 
Bend 

. \ /\ / J 

Fig. 4. Measurement details of the power supply sub- chassis -C 

In practice, it will be found that a good slow-motion 
dial and drive assembly is of paramount importance if the 
preselector is to be capable of being tuned "on the nose" 
and in line with the receiver. 

■Dealing with the remainder of the box, as distinct from 
the front panel, it will be found necessary to drill three 
n;in holes along the top of the rear panel for ventilation 
purposes. One hole should be drilled in a central position 
and the remaining two approximately 2in on either side 
of this central hole. The three holes for the coil iron-dust 
core threaded spindles have already been mentioned. In 
addition, a further three holes must be drilled for. the 
mains input, aerial input and preselector output leads. 
Each of these should be fitted with a suitably sized rubber 
grommet. 
WIRING-UP 

It is not proposed here to describe the wiring-up process 
in any detail, it being left to the individual constructor to 
adopt his own methods. All wiring should, of course, be as 
short and direct as possible and great care should be 
taken to ensure that no short-circuits will be made with 
the metalwork once the unit is secured within the box". 
Pay particular attention here to the power supply of the 
un t, making sure that no part of this can possibly touch 
the metal box interior once the unit is completed and 
assembled. 

A voltage Table is given and this shows the typical 
readings that may be obtained at the various points 
1c ignaled, with R5 set to the minimum gain position 
(where it inserts maximum resistance into circuit). As is to 
be expected, anode and screen-grid voltages will drop by a 
considerable amount when R, is adjusted to the maximum 

TABLE 

Position Volts 
Junction R7, C8 345 
Junction R7, C7 315 
Anode (pin 7) 250 
Screen grid (pin 8) 230 
Cathode (pins 1, 3) 12-2 

R5 at minimum gain position 

gain position. Due to component tolerances and different 
mains voltages, variations on the readings in the Table up 
to some 10 % or so may be encountered, and such variations 
do not necessarily indicate a fault. 
FINAL DETAILS 

In use the preselector is operated in the normal mannef, 
it being kept approximately "in step" with the tuning of 
the main receiver, then finally adjusted for maximum 
signal strength when a desired signal is located. 

It is possible that the preselector may go into oscillation 
on parts of one or more of the bands when R5 approaches 
the maximum gain position. This does not detract from 
its performance and the added regeneration enhances the 
sharpness of its tuning. 

To provide the completed unit with eye-appeal, the 
prototype was sprayed with Yukan Self-Spray enamel 
(light blue in the present instance)—see advertisement at 
the rear of this magazine—and then marked up with 
Panel Signs transfers (set No. 3). The four rubber feet are 
secured to the box with Parker-Kalon self-tapping screws. 

□ 
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RECEIVER ANCILLARY EQUIPMENTS 
In the present series of articles by L. Saxham—describing the construction ofivarious units within Eddystone diecast 

boxes—(of which the above is the latest example)—a further four equipments are undergoing construction or design. 
These will be published in due course. 
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SUGGESTED CIRCUIT No.  217

t

I
I via the hour hand when the latter passes modified alarm clocks of the type just

the.point at which it would normally be described where the closure 
'of "the

desired to waken. external circuit may not be as continual
This month's article in the "suggeste{-- or as reliable as would u" giu"n by u

circuit" series describes a simple mitnod\trqdard switch. It may arso tEe-ploj,ea
of reliably switching on a battery witi any other external circuit of iike
transistor radio by means of an external character and a fimber of novelty
switching circuit, and is capable of applications can be visualised here.
operation even when the completed aglin. ttre switching method enablei a
external circuit is intermittent in transistor radio (or transistorised
character. It..is primarily intended for equipment working dt urouna tt.-rurn.
use with radios powered by a 9 volt currint and voltagias a transistor radio)
battery, and all that is required is a to be turncd on iy pushing on, pr.i"
momentaryclosureoftheexternalcircuit button, and to be turned offby pressing
for the transistor receiver to be triggered another.
on and to remain playing indefinitely.
Th is  sw i tc \ ing-  met [od  is ,  in  THYRISTOR OPERATION
consequence, satislactory for use with rhe most obvious component for a

a
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THYRISTOR ALARM

SWITCH

by c.  A.  FRENCH

a N ATTRACTTVE APPLICATION FOR A

A transistor  radio consists ofcoupl ing
-{ lits battery circuit to some form of

time switcb so that it functions as a
"radio alarm" in the mornins. The
sleeper can then be awakenid by
broadcast music instead of by the
raucous clangour ofan alarm clock bell.

Unfortunately, time switches are not
always inexpensive or easy to obtain,
whereupon the constructor may find it
necessary to modify a standard alarm
clock so that it completes a circuit at a
preselected time and thereby switches
on the radio. If a conventional spring-
wound alarm clock is examined, for
instance, it will be found that a metal
disc which is concentric with the soindle
on which the set  a larm hand is mounted
moves forward and re leases the str iker
escapement at the preselected alarm
time. A reasonably skilful constructor
should find it possible to add a contact
to the clock mechanism which enables
a crrcui t  to be conpleted when th is d isc
moves forward. Since, as will shortly be
explained, only a momentary connection
is required at the time when the radio is
to be switched on, it does not matter if
the circuit completed by the added
contact in the clock is a little intermittent
in character, otis otherwise not as good
as would be provided by proper switch
contacts. The fact that only a momentary
connection is needed also makes it
possible to use an alternative and perhaps
easier scheme, in which the added
contact is positioned so that a circuit is
made when the striker arm is set into
operation. The general idea is shown in
Figs. I (c) and (b) and it will be seen thar
in both cases . tf,e alarm circuit is
completed by way of the clock chassis.
The contact added to the clock
mechanism is, of course, mounted on a
smal l  p iece of  sui table insulat ing
material. With a non-alarm clock, it
should even be possible, given care and
skill. to add a contact to the clock face
itself, this contact completing a circuit

DECEMBER 1968

Clock focc Insulotcd mounting

Alorm relcosc disc

Insulotcd mounting

(o) (b)

Fig. | (a). Adding a contact to an alatm clock. At alarm time. the alarm
release disc moves forward and completes a circuit to the added contact
(b) An alternative approach to adding a contact to the clock. The

striket atm touches the added contact as it swings back and forth
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An attractive application for a 
transistor radio consists of coupling 

Lits battery circuit to some form of 
time switch so that it functions as a 
"radio alarm" in the morning. The 
sleeper can then be awakened by 
broadcast music instead of by the 
raucous clangour of an alarm clock bell. 

Unfortunately, time switches are not 
always inexpensive or easy to obtain, 
whereupon the constructor may find it 
necessary to modify a standard alarm 
clock so that it completes a circuit at a 
preselected time and thereby switches 
on the radio. If a conventional spring- 
wound alarm clock is examined, for 
instance, it will be found that a metal 
disc which is concentric with the spindle 
on which the set alarm hand is mounted 
moves forward and releases the striker 
escapement at the preselected alarm 
time. A reasonably skilful constructor 
should find it possible to add a contact 
to the clock mechanism which enables 
a circuit to be completed when this disc 
moves forward. Since, as will shortly be 
explained, only a momentary connection 
is required at the time when the radio is 
to be switched on, it does not matter if 
the circuit completed by the added 
contact in the clock is a little intermittent 
in character, on is otherwise not as good 
as would be provided by proper switch 
contacts. The fact that only a momentary 
connection is needed also makes it 
possible to use an alternative and perhaps 
easier scheme, in which the added 
contact is positioned so that a circuit is 
made when the striker arm is set into 
operation. The general idea is shown in 
Figs. 1 (a) and (6) and it will be seen that 
in both cases the alarm circuit is 
completed by way of the clock chassis. 
The contact added to the clock 
mechanism is, of course, mounted on a 
small piece of suitable insulating 
material. With a non-alarm clock, it 
should even be possible, given care and 
skill, to add a contact to the clock face 
itself, this contact completing a circuit 
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via the hour hand when the latter passes 
the point at which it would normally be 
desired to waken. 

modified alarm clocks of the type just 
described where the closure of the 
external circuit may not be as continual 

This month's article in the "Suggested^ or as reliable as would be given by a 
C„lrcui.t." s?ries describes a simple method^^iyjdard switch. It may also be employed of reliably switching on a battery 
transistor radio by means of an external 
switching circuit, and is capable of 
operation even when the completed 
external circuit is intermittent in 
character. It is primarily intended for 
use with radios powered by a 9 volt 
battery, and all that is required is a 
momentary closure of the external circuit 
for the transistor receiver to be triggered 
on and to remain playing indefinitely. 
This switching method is, in 
consequence, satisfactory for use with 

Added contact 

Clock face / Insulated mounting 

with any other external circuit of like 
character and a number of novelty 
applications can be visualised here, 
again, the switching method enables a 
transistor radio (or transistorised 
equipment working at around the same 
current and voltage as a transistor radio) 
to be turned on by pushing one press- 
button, .and to be turned off by pressing 
another. 

THYRISTOR OPERATION 
The most obvious component for a 

Alarm release disc 

Alarm Spring 
hand 

Striker arm 

Added contact 

Clock chassis 

To clock 
chassis 

Insulated mounting 

(a) (b) 
Fig. 1 (a). Adding a contact to an alarm dock. At alarm time, the alarm 
release disc moves forward and completes a circuit to the added contact 
(b) An alternative approach to adding a contact to the dock. The 

striker arm touches the added contact as it swings back and forth 
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switching function of this nature is a
thyristor, or "silicon controlled rectifier'l
Small thyristors capable of controlling
battery powered transistor radios are
readily available at low cost. The
thyristor recommended for the present
"Suggested Circuit" is, for example,
housed in a TO-5 can and retails at
around five shillings.

Fig. 2 (a) shows the circuit symbol for
a thyristor and identifes its electrodes.
Until it is triggered, the thyristor passes
Ieakage current only. When it has bcen
tr iggered thc thyristor passes
conventional current (positive to
negative) from anode to cathode in a
similar manner to a standard rectifier.
The thyristor is triggercd by applying a
firing current to the gate in the direction
which causes convcntional currcnt to
flow from gate to cathode.

Fig. 2 (bt shows a typical thyristor
circuit for an application of the typ€
under discussion. Here. R, is the "load"
(and could be a transistoi radio) whilst

R, is a resistor which limits gate firing
current. S, is a switch which may, like
the alarm clock contacts just discussed,
close momentarily or intermittently only.

Before S, is closed, the only current
flowing through load resistor Rr is
leakage curent in the thyristor. As soon
as S, is closed a firing current flows in
tle gate circuit and the thyristor becomes
conductive. Current from the batterv
then flows th.rough R,. being limited
only by the value of R, itself (togcther
with a small forward resistance in the
conducting thyristor). Regardless of
whether S, is opened again or not the
thyristor remains conductive, and may
on$ be returned to its.non-conducting
slate by disconnecting the battery or by
short-circuiting its anodc and-cathodl
together.

The circuit of Fig. 2 (b) clearly
illustrates thyristor operation and could
be employed in practice for the radio
alarm application which forms the
subject of this article, the transistor
radio being connected in place of load
resistor Rr. It suffers, however, from the
disadvantage that connection has to be
made to both terminals of the batterv as
well as to tLe load, thereby making it
necessary for three connections to be
made to the transistor radio when this
is to be the load. Also, gate current
continues to flow whenever S, is closed.
This gate current is not negligible, being
of the order of l0mA or morJfor a smaii
thyristor.
, A better circuit, which was especially

checked out by the writer for the presenl
application, appears in Fig. 2 (c). When,
in this diagram, the thyristor is non-
conductive, its cathode assumes virtuallv
the same potential as the negativl
terminal of the battery. This is because
negligible current flows in the lo'ad
resistor Rr. On closing S, a firing
current flows through the gate-cathode
junction and then through the load
resistor. This gate current 0res the
thyristor which then becomes conductive.
allowing nearly the full battery voltage
to appear across Rr. Since the cathode
of the thyristor is now nearly at the
same potential as the positive battery
terminal there is no additional eate
current drawn from the batterv shJuld
S, remain closed. All the battery current
now flows in the load. A further
advantage of the circuit of Fig. 2 (c) is
that the thyristor and its associated
components may be coupled to a
transistor receiver (when this replaces
Rr) by two connections only. .

RADIO ALARM CIRCUIT
Fig. 3 illustrates t[.e thyristor circuit

as applied to a normal battery-operated
transistor radio. (It should be noted,
incidentally, that resistor numbering in
Fig. 3 does not correspond to that in
Figs. 2 (D) and (c)). The radio is modified
by having a non-reversible 2-way socket

ntted to its case, tbis being connected in
series with the lead to the positive
terminal of its battery. All the
components of the radio, including its
on-off switch, are within the block at
the left of the diagram. For normal use
the 2-way socket connections are
short-circuited, whereupon the radio
functions in its usual mann€r.

When the alarm facility is required
the radio is initially tuned to a station
and set to the desired volume level. its
on-off switch being left in the "on"
position. The sh.ort-circuit is then ta&cn
off the 2-way socket and a plug from the
thyristor switching circuit inserted
instead. Apart from resistor R, (which
is included merely to limit switch-on
surgc currcnt) thc circuit which results
is then the s.nrc ls that of Fig. 2 (c).
Before thc external alarm contacts closc
the thyristor passes leakage currcnt only
and the transistor radio does not operate.
As soon as thc external contacts close"
the thyristor fires and switches the radio
on. This then plays continually. Should
the radio be turned otr by its own on-off
switch the thyristor reverts to its non-
conductive state. If the radio is next
switched on again it will not operate
unless the external alarm contacts are
closed or unless the alarm circuit is
removed and the 2-way socket short-
circuited again.

".Ilxii'l;*ffi ":,1:$f '"*J;
the latter closes momentarily or
intermittently only, .and the required
alarm function has been achieved.

COMPONENTS
As has already been mentioned,

resistor R, of Fig. 3 is included to limit
switch-oh surge current. Such a resistor
is desirable as the receiver will have a
high value electrolytic bypass capacitor
across its supply lines and this will be
discharged when the thyristor starts to
conduct. The lOQ resistor specifred for
R, keeps surge current well within the
maximum peak value for the tLyristor
employed.

Resistor R, is the gate current limiting
resistor. It enables the gate firing current
to be. comfortably above the l0mA
minimum firing current rating of the
thyristor. Both R, and R, may be { watt
20/.types.

Tbe thyristor itself is an S.T.C.
CRSI/05, available from Henry's Radio
Ltd. It is encapsulated in a TO-5 can
and, in consequence, takes up very little
space. It is probable that the thyristor,
together with R, and Rr, could be fitted
inside the alarm clock, whereupon this
could be coupled to the receivbr via a
convenient length of 2-core flex
terminated in a plug. The external
metalwork on some transistor radios
(deqrrative metal finishes, telescopic
aerials, etc.) is frequently connected to
one of the supply lines in the receiver,
and care should be taken to prevent
this metalwork coming into contact
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Fig. 2 (a). The electrodes of a
thyristor

(b). A typical d.c. application
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(c). An improved circuitwhich
reduces battery cuffent and
simplifies wiring for the
application described in the
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switching function of this nature is a 
thyristor, or "silicon controlled rectifier" 
Small thyristors capable of controlling 
battery powered transistor radios are 
readily available at low cost. The 
thyristor recommended for the present 
"Suggested Circuit" is, for example, 
housed in a TO-5 can and retails at 
around five shillings. 

Fig. 2 (a) shows the circuit symbol for 
a thyristor and identifies its electrodes. 
Until it is triggered, the thyristor passes 
leakage current only. When it has been 
triggered the thyristor passes 
conventional current (positive to 
negative) from anode to cathode in a 
similar manner to a standard rectifier. 
The thyristor is triggered by applying a 
firing current to the gate in the direcuon 
which causes conventional current to 
flow from gate to cathode. 

Fig. 2 (6) shows a typical thyristor 
circuit for an application of the type 
under discussion. Here, R, is the "load" 
(and could be a transistor radio) whilst 

Anode 

Gate 

Cathode 

a) 

/ 
I 

(b) 

(<ri 

R2 is a resistor which limits gate firing 
current. S, is a switch which may, like 
the alarm clock contacts just discussed, 
close momentarily or intermittently only. 

Before is closed, the only current 
flowing through load resistor R, is 
leakage current in the thyristor. As soon 
as Sj is closed a firing current flows in 
the gate circuit and the thyristor becomes 
conductive. Current from the battery 
then flows through R,, being limited 
only by the value of R, itself (together 
with a small forward resistance in the 
conducting thyristor). Regardless of 
whether S1 is opened again or not the 
thyristor remains conductive, and may 
only be returned to its . non-conducting 
state by disconnecting the battery or by 
short-circuiting its anode and-cathode 
together. 

The circuit of Fig. 2 (b) clearly 
illustrates thyristor operation and could 
be employed in practice for the radio 
alarm application which forms the 
subject of this article, the transistor 
radio being connected in place of load 
resistor Rj. It suffers, however, from the 
disadvantage that connection has to be 
made to both terminals of the battery as 
well as to the load, thereby making it 
necessary for three connections to be 
made to the transistor radio when this 
is to be the load. Also, gate current 
continues to flow whenever S] is closed.' 
This gate current is not negligible, being 
of the order of 10mA or more for a small 
thyristor. 

A better circuit, which was especially 
checked out by the writer for the present 
application, appears in Fig. 2 (c). When, 
in this diagram, the thyristor is non- 
conductive, its cathode assumes virtually 
the same potential as the negative 
terminal of the battery. This is because 
negligible current flows in the load 
resistor R,. On closing Sj a firing 
current flows through the gate-cathode 
junction and then through the load 
resistor. This gate current fires the 
thyristor which then becomes conductive, 
allowing nearly the full battery voltage 
to appear across R^ Since the cathode 
of the thyristor is now nearly at the 
same potential as the positive battery 
terminal there is no additional gate 
current drawn from the battery should 
S! remain closed. All the battery current 
now flows in the load. A further 
advantage of the circuit of Fig. 2 (c) is 
that the thyristor and its associated 
components may be coupled to a 
transistor receiver (when this replaces 
Ri) by two connections only. 

Fig. 2 (a). The electrodes of a 
thyristor 

(b). A typical d.c. application ' 
for the thyristor 

(c). An improved circuit which 
reduces battery current and 
simplifies wiring for the 
application described in the 

text 
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RADIO ALARM CIRCUIT 
Fig. 3 illustrates the thyristor circuit 

as applied to a normal battery-operated 
transistor radio. (It should be noted, 
incidentally, that resistor numbering in 
Fig. 3 does not correspond to that in 
Figs. 2 {h) and (c)). The radio is modified 
by having a non-reversible 2-way socket 

fitted to its case, this being connected in 
series with the lead to the positive 
terminal of its battery. AH the 
components of the radio, including its 
on-off switch, are within the block at 
the left of the diagram. For normal use 
the 2-way socket connections are 
short-circuited, whereupon the radio 
functions in its usual manner. 

When the alarm facility is required 
the radio is initially tuned to a station 
and set to the desired volume level, its 
on-off switch being left in the "on" 
position. The short-circuit is then taken 
off the 2-way socket and a plug from the 
thyristor switching circuit inserted 
instead. Apart from resistor R! (which 
is included merely to Umit switch-on 
(urge current) the circuit which results 

is then the same as that of Fig. 2 (c). 
Before the external alarm contacts close 
the thyristor passes leakage current only 
and the transistor radio does not operate. 
As soon as the external contacts close, 
the thyristor fires and switches the radio 
on. This then plays continually. Should 
the radio be turned off by its own on-off 
switch the thyristor reverts to its non- 
conductive state. If the radio is next 
switched on again it will not operate 
unless tne external alarm contacts are 
closed or unless the alarm circuit is 
removed and the 2-way socket short- 
circuited again. 

Thus, the rad'o i.-, swnched on by the 
external a' uufCSSact circuit, even if 
the latter closes momentarily or 
intermittently only, and the required 
alarm function has been achieved. 

COMPONENTS 
As has already been mentioned, 

resistojvRi of Fig. 3 is included to limit 
switch-on surge current. Such a resistor 
is desirable as the receiver will have a 
high value electrolytic bypass capacitor 
across its supply lines and this will be 
discharged when the thyristor starts to 
conduct. The 100 resistor specified for 
Ri keeps surge current well within the 
maximum peak value for the thyristor 
employed. 

Resistor R2 is the gate current limiting 
resistor. It enables the gate firing current 
to be comfortably above the 10mA 
minimum firing current rating of the 
thyristor. Both R1 and R2 may be j watt 
20 % types. 

The thyristor itself is an S.T.C. 
CRSI/05, available from Henry's Radio 
Ltd. It is encapsulated in a TO-5 can 
and, in consequence, takes up very little 
space. It is probable that the thyristor, 
together with Rj and Rj, could be fitted 
inside the alarm clock, whereupon this 
could be coupled to the receiver via a 
convenient length of 2-core flex 
terminated in a plug. The external 
metalwork on some transistor radios 
(decorative metal finishes, telescopic 
aerials, etc.) is frequently connected to 
one of the supply lines in the receiver, 
and care should be taken to prevent 
this metalwork coming into contact 
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Fig. 3. The rcdio alam. The external citcuit comryising R ,, R , and
TH , is plugged in when the alarm facility is required 
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checked with a 6 volt battery. The
prototype functioned satisfactorily at
this voltage. It is possible, however, that
thyristor operation would not be so
reliable with a partly run-down 6 volt
battery as with a partly run-down 9 volt
battery, and its use with a 9 volt radio is
preferred. It may also be employed with
a radio using a 12 volt supply.

Leakage current through the thyristor
in the prototype assembly was of tbe
order of 20pA. The maximum leakage
current rating of tle CRS1/O5 is lmA
at a case temperature of l25oC, and
leakage current at normal ambient
temperatures will be very much lower
than this figure.

PUSH BUTTON CIRCUIT
A push button on-off circuit utilising

the thyristor is given in Fig. 4. This is
intended for equipment running from a
9 or 12 volt battery, with a current
requirement similar to that of a transistor
radio. When push button 52 is pressed

5t -t-

_E_ofr
with the metal case of the alarm clock as
battery short-circuits, or even damage
to components, could then result.

Fig. 3 shows a non-reversible plug
and socket for the connection from the
thyristor external contact circuit to tile
receiver. An excellent choice here would
be given by a miniature closed-circuit
jack and plug, the jack being fitted to
the receiver. A closed-circuit jack
automatically short-circuits its contacts
when its plug is removed, whereupon
t h e  r e c e i v e r  m a y  b e  c h a n g e d
automatically from normal to alarm
operation, or vice versa, merely by
inserting or withdrawing the jack plug.
The jack socket can be fitted at any
convenient point on the receiver cabinet
and it has, of course, merely to be wired
in series with the internal lead to the
positive battery terminal.

A helpful approach, during assembly
of the alarm switch circuit, is to leave
the fitting of the alarm contact until last.
The switching circuit may then be wired
up, coupled to the receiver, and
operation checked by momentarily
short-circuiting the connections whicb
will later couple to the alarm contacts.
When satisfied that all is coffect up to
this stage, the alarm contacts may then
be fitted and wired in.

As already stated, to use the alarm
switch the receiver is initially tuned to
the desired station and the alarm
switching circuit plugged in. The receiver
will then commence to play as soon as
the thyristor fires. A point to bear in
mind is that about 0'7 volts is dropped
acr6ss the thyristor and R1. Should the
receiver battery be nearly exhausted
and provide only enough voltage to
keep the local oscillator running when
the receiver is used under nbrmal

DECEMBER I968
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Fig. 4. Using the thytistot in an on-off switching circuit incorporating
two Dless-buttons

conditions, the 0'7 volt dropped across
the thyristor and R, may be sufficient
to prevent the oscillator operating when
the thyristor fires. In consequence, if the
receiver battery voltage is very low the
receiver may not provide the requisite
alarm when the alarm contacts close.

RESULTS WITH THE PROTOTYPE
A prototype assembly was made up

to the circuit of Fig. 3, employing a
standard medium and long wave
transistor superhet running from a 9 volt
battery. The thyristor fired and turned
on the receiver even when the external
contacts were closed for an instant only.
About 0'7 volt was dropped across the
thyristor and R, at normal volume
levels, this increasing sligtrtly at higher
volume peaks.

Altbough the circuit is primarily
intended for use with receivers workine
lrom a 9 volt battery, operation wai

the thyristor fires and the equipment is
switched on. When S, is pressed the
thyristor is short-circuited and becomes
non-conductive. The supply to the
equipment is then broken when S, is
released.

Fig. 4 is included in this article because
some readers may find it attractive for
certain applications. When compared
with an ordinary on-off switch, it suffers
from the disadvantages that a low
voltage is dropped across the conducting
thyristor and its series limiter resistor,
whereupon a small amount of battery
power is wasted, and that in the "off"
condition a small leakage current still
flows via the thyristor. Whilst these
disadvantages are of minor importance
with the radio alarm application, they
acquire somewhat greater significance
if the thyristor switching circuit is to be
permanently installed instead of a
conventional on-offswitch. tr
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Fig. 3. The radio alarm. The external circuit comprising R v R 2 and 
W, is plugged in when the alarm facility is required 

checked with a 6 volt battery. The 
prototype functioned satisfactorily at 
this voltage. It is possible, however, that 
thyristor operation would not be so 
reliable with a partly run-down 6 volt 
battery as with a partly run-down 9 volt 
battery, and its use with a 9 volt radio is 
preferred. It may also be employed with 
a radio using a 12 volt supply. 

Leakage current through the thyristor 
in the prototype assembly was of the 
order of 20pA, The maximum leakage 
current rating of the CRS1/05 is 1mA 
at a case temperature of 125°C, and 
leakage current at normal ambient 
temperatures will be very much lower 
than this figure. 

PUSH BUTTON CIRCUIT 
A push button on-off circuit utilising 

the thyristor is given in Fig. 4. This is 
intended for equipment running from a 
9 or 12 volt battery, with a current 
requirement similar to that of a transistor 
radio. When push button S2 is pressed 

with the metal case of the alarm clock as 
battery short-circuits, or even damage 
to components, could then result. 

Fig. 3 shows a non-reversible plug 
and socket for the connection from the 
thyristor external contact circuit to the 
receiver. An excellent choice here would 
be given by a miniature closed-circuit 
jack and plug, the jack being fitted to 
the receiver. A closed-circuit jack 
automatically short-circuits its contacts 
when its plug is removed, whereupon 
the receiver may be changed 
automatically from normal to alarm 
operation, or vice versa, merely by 
inserting or withdrawing the jack plug. 
The jack socket can be fitted at any 
convenient point on the receiver cabinet 
and it has, of course, merely to be wired 
in series with the internal lead to the 
positive battery terminal. 

A helpful approach, during assembly 
of the alarm switch circuit, is to leave 
the fitting of the alarm contact until last. 
The switching circuit may then be wired 
up, coupled to the receiver, and 
operation checked by momentarily 
short-circuiting the connections which 
will later couple to the alarm contacts. 
When satisfied that all is correct up to 
this stage, the alarm contacts may then 
be fitted and wired in. 

As already stated, to use the alarm 
switch the receiver is initially tuned to 
the desired station and the alarm 
switching circuit plugged in. The receiver 
will then commence to play as soon as 
the thyristor fires. A point to bear in 
mind is that about 0*7 volts is dropped 
acrbss the thyristor and R]. Should the 
receiver battery be nearly exhausted 
and provide only enough voltage to 
keep the local oscillator running when 
the receiver is used under normal 
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conditions, the 0-7 volt dropped across 
the thyristor and R! may be sufficient 
to prevent the oscillator operating when 
the thyristor fires. In consequence, if the 
receiver battery voltage is very low the 
receiver may not provide the requisite 
alarm when the alarm contacts close. 
RESULTS WITH THE PROTOTYPE 

A prototype assembly was made up 
to the circuit of Fig. 3, employing a 
standard medium and long wave 
transistor superhet running from a 9 volt 
battery. The thyristor fired and turned 
on the receiver even when the external 
contacts were closed for an instant only. 
About 0-7 volt was dropped across the 
thyristor and R! at normal volume 
levels, this increasing slightly at higher 
volume peaks. 

Although the circuit is primarily 
intended for use with receivers working 
from a 9 volt battery, operation was 

the thyristor fires and the equipment is 
switched on. When is pressed the 
thyristor is short-circuited and becomes 
non-conductive. The supply to the 
equipment is then broken when Sj is 
released. 

Fig. 4 is included in this article because 
some readers may find it attractive for 
certain applications. When compared 
with an ordinary on-off switch, it suffers 
from the disadvantages that a low 
voltage is dropped across the conducting 
thyristor and its series limiter resistor, 
whereupon a small amount of battery 
power is wasted, and that in the "off" 
condition a small leakage current still 
flows via the thyristor. Whilst these 
disadvantages are of minor importance 
with the radio alarm application, they 
acquire somewhat greater significance 
if the thyristor switching circuit is to be 
permanently installed instead of a 
conventional on-off switch. □ 
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NEWS AND
AN AMPLIVOX EAR DEFENDER-

AURALGARD

Amplivox have announced the release of a new
ear defender called "Auralgard".

The growing awareness of the effect of dangerous
noise levels on personnel in Industry has created a
demand for an economically priced ear defender
which wil l provide a high degree of noise reduction.

The new Auralgard Ear Defender is comfortable to
wear and has many interesting features. These include
a new type of hygienic soft foam ear cushion, which
is practically indestructable, a new style attractive
headband rest which is easy to clean and a robust
headband. All of these parts simply "snap" into
posi t ion which e l iminates any ser ious serv ic ing
problem as all components are easily replaceable
without the use of tools.

Auralgard has an attractive colour scheme of
bronze for headrest and ear cushions, and light brown
for  the ear  shel ls .  Auralgard is  going in to immediate
production and wil l be available from stock very
shortly.

We shbw a photograph of this new product 
rr
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NEW MARINE RADARS

Decca marine radar-already an acknowledged world
leader-now offers a new facility available for the first
time on commercial marine radar in the less expensive
price range. This is called Interscan-a line of light which
can be moved over the radar picture to get accurate range
and bearing details ofships and other objects in the picture.
As Richard Oliver explained in a BBC broadcast, without
Interscan this is a slow process either involving calculation,
or a wait of several seconds on each radar "tarset".
Interscan gives the answer instantly-and in this casJit is
particularly imporrant because these details are the very
ones that a ship's navigator needs to know to avoid

\lollisions. Hitherto Interscan has been available only on-Ilt 
more expensive radars. Its introduction by Decca in

the "Group 7 range" brings it within the reach of more
modest installations.

BACKHANDER
'A compliment I shall always remember being paid was

from my seven-year-old daughter. I was in bed recovering
from a nasty stomach upset, when she crept into my room.
"Mummy," she said earnestly, "you must be feeling
better. Just now you looked 70, but now you only look 50."
I 'm 32. '
Listener's letter to BBC 'Woman's Hour', after a broadcast
about compliments.

CHANGE OF ADDRESS
The Radio Society of Great Britain have now moved

into their own headquarters building, 35 Doughty Street,
London, W.C.l.
292

A  "F IRST"  FOR EUROPE
A "first" for Europe is a "fust" for Manchesterl
In October Group 70 Limited became the flrst company

in Europe to operate deep-sea colour television.
Limited underwater colour TV has been possible in

shallow water but on a very limited scale. The new
development of the Manchester-based iompany make it
possible for them to take underwater TV pictures in the
ocean-depths and not just in shallow rivers.

Mr. Richard Young, the Chairman of the company,
declared: "This puts Manchester first in Europe in Under-
water TV as well as football!"

For further information, please contact:
Mr. Richard A. E. Young, Chairman, Group 70 Limited,

St. Ann's Square, Manchester.
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AIM AMPLIVOX EAR DEFENDER— 
AURALGARD 

Amplivox have announced the release of a new 
ear defender called "Auralgard". 

■The growing awareness of the effect of dangerous 
noise levels on personnel in Industry has created a 
demand for an economically priced ear defender 
which will provide a high degree of noise reduction. 

The new Auralgard Ear Defender is comfortable to 
wear and has many interesting features. These include 
a new type of hygienic soft foam ear cushion, which 
is practically indestructable, a new style attractive 
headband rest which is easy to clean and a robust 
headband. All of these parts simply "snap" into 
position which eliminates any serious servicing 
problem as all components are easily replaceable 
without the use of tools. 

Auralgard has an attractive colour scheme of 
bronze for headrest and ear cushions, and light brown 
for the ear shells. Auralgard is going into immediate 
production and will be available from stock very 
shortly, ^ 

We show a photograph of this new product. 

NEW MARINE RADARS 
Decca marine radar—already an acknowledged world 

leader -now offers a new facility available for the first 
time on commercial marine radar in the less expensive 
price range. This is called InterScan—a line of light which 
can be moved over the radar picture to get accurate range 
and bearing details of ships and other objects in the picture. 
As Richard Oliver explained in a BBC broadcast, without 
InterScan this is a slow process either involving calculation, 
or a wait of several seconds on each radar "target". 
InterScan gives the answer instantly—and in this case it is 
particularly important because these details are the very 
ones that a ship's navigator needs to know to avoid 

■,»«>scollisions. Hitherto InterScan has been available only on 
tt>«, more expensive radars. Its introduction by Decca in 
the "Group 7 range" brings it within the reach of more 
modest installations. 

BACKHANDER 
'A compliment I shall always remember bt mg paid was 

from my seven-year-old daughter. I was in bed recovering 
from a nasty stomach upset, when she crept into my room. 
"Mummy," she said earnestly, "you must be feeling 
better. Just now you looked 70, but now you only look 50." 
I'm 32.' 
Listener's letter to BBC 'Woman's Hour', after a broadcast 
about compliments. 

CHANGE OF ADDRESS 
The Radio Society of Great Britain have now moved 

into their own headquarters building, 35 Doughty Street, 
London, W.C.I. 
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A "FIRST" FOR EUROPE 
A "first" for Europe is a "first" for Manchester! 
In October Group 70 Limited became the first company 

in Europe to operate deep-sea colour television. 
Limited underwater colour TV has been possible in 

shallow water but on a very limited scale. The new 
development of the Manchester-based company make it 
possible for them to take underwater TV pictures in the 
ocean-depths and not just in shallow rivers. 

Mr. Richard Young, the Chairman of the company, 
declared; "This puts Manchester first in Europe in Under- 
water TV as well as football!" 

For further information, please contact: 
Mr. Richard A. E. Young, Chairman, Group 70 Limited, 

St. Ann's Square, Manchester. 
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COMMENT
I M P R O V E D  S I N G L E  D E C A D E  C O U N T E R

Radratron Linri ted announce a ma.ior rmprovement to
their ELMA 84 Single Decade Counter.

ln order to give greater flexibility in operation, wider
safety margins, and higher ratings, the ELMA 84 counter
has been re-designed in several parts, whilst maintaining
the same overall size and appearance. The indexing drum
profile has considerably less operating drag; the coil
rating has been uprated by 70)(; a modified armature
mechanism provides more positive "snap" action, and
new zero reset and carry pulse contacts reduce reset time
and transfer drag.

The 84 counts electrical impulses at speeds of up to
25 i.p.s. and provides visual and electrical decimal readout.
In addition, a contact closure is provided which can
operate at any number preset on the rotary switch mounted
on the front panel.
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FUTURE PUBLICATIONS

Audio Amplifers is the title of our next publication,
number 18 in our Data Book series.

This Data Book will be published early in January and
contains no fewer than 16 transistor and valve designs for
the home constructor, especially selected from articles
published in this magazine.

All the authors are well known to our readers for their
expertise and reliability. The book, which contains
124 pages, has been edited by J. R. Davies. For fuller
details see our advertisement pages.

Stocks ofthe Tenth Revised Edition ofthat ever popular
book, The Radio Amateur Operator's Handbook, are now
exhausted.

The next edition will be available in mid-January.
This mine of information for the radio amateur has been
brought up to date and lull details will be given in next
month's issue.

Binders (wording on the spine) and therefore suitable
for binding otheriournals of the same format as The Radio
Constructor, are now available in two colours, rich maroon
and bright green.

Finally, readers will observe that this magazine is
steadily improving, as forecast in these notes when we
completed 2l years of publication.

The contents list of this issue contains l9 items includins
a Data Sheet, Easy-View Diary, and the discreet use oT
colour on a number of pages.

;

M I N I A T U R I S I N G  H I - F I

A most  recent  development  in  magnet ic  cone
loudspeakers for  use wi th h i - f i  systems and equip-
ment  is  the new P.20 soeaker uni t  f rom the Oakland
Trading Company of  London.

The uni t  has an excel lent  resoonse value wi th in a
frequency range of 40 c/s to 20 kc/s, but what is
surpr is ing is  that  the P.20,  complete in  a sol id  teak
waterproof  cabinet  is  only  2t  inches deep.  This wi l l
certainly enablgrlhe enthuslast to miniaturise his
insta l la t ion. .Z

Apart from being a stylish piece of furniture the
speci f icat ion avai lable wi th each uni t  shows that  i t
does the job and wi l l  compl iment  any h i - f i  system.

I t  has sensi t iv i ty  r5t ing of  85 dB/M for  1 wat t  and a
power capabi l i ty  of  20 wat ts  peak (10 wat ts  r .m.s. ) .

Measur ing 18 inches h igh by 14 inches wide,  the
P.20 provides a combination of characteristics not
avai lable f rom convent ional  cone soeakers.

Fur ther  deta i ls  f rom The Oakland Trading Company
68, Lupus Street, London, S.W.1.
nBcnvrnen 1968
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IMPROVED SINGLE DECADE COUNTER 
Radiatron Limited announce a major improvement to 

their ELMA B4 Single Decade Counter. 
In order to give greater flexibility in operation, wider 

safety margins, and higher ratings, the ELMA B4 counter 
has been re-designed in several parts, whilst maintaining 
the same overall size and appearance. The indexing drum 
profile has considerably less operating drag; the coil 
rating has been uprated by 70%; a modified armature 
mechanism provides more positive "snap" action, and 
new zero reset and carry pulse contacts reduce reset time 
and transfer drag. 

The B4 counts electrical impulses at speeds of up to 
25 i.p.s. and provides visual and electrical decimal readout. 
In addition, a contact closure is provided which can 
operate at any number preset on the rotary switch mounted 
on the front panel. 

FUTURE PUBLICATIONS 
Audio Amplifiers is the title of our next publication, 

number 18 in our Data Book series. 
This Data Book will be published early in January and 

contains no fewer than 16 transistor and valve designs for 
the home constructor, especially selected from articles 
published in this magazine. 

All the authors are well known to our readers for their 
expertise and reliability. The book, which contains 
124 pages, has been edited by J. R. Davies. For fuller 
details see our advertisement pages. 

Stocks of the Tenth Revised Edition of that ever popular 
book, The Radio Amateur Operator's Handbook, are now 
exhausted. 

The next edition will be available in mid-January. 
This mine of information for the radio amateur has been 
brought up to date and full details will be given in next 
month's issue. 

Binders (wording on the spine) and therefore suitable 
for binding other journals of the same format as The Radio 
Constructor, are now available in two colours, rich maroon 
and bright green. 

Finally, readers will observe that this magazine is 
steadily improving, as forecast in these notes when we 
completed 21 years of publication. 

The contents list of this issue contains 19 items including 
a Data Sheet, Easy-View Diary, and the discreet use of 
colour on a number of pages. 

MINIATURISING HI-FI 

A most recent development in magnetic cone 
loudspeakers for use with hi-fi systems and equip- 
ment is the new P.20 speaker unit from the Oakland 
Trading Company of London. 

The unit has an excellent response value within a 
frequency range of 40 c/s to 20 kc/s, but what is 
surprising is that the P.20, complete in a solid teak 
waterproof cabinet is only 2^ inches deep. This will 
certainly enable^he enthusiast to miniaturise his 
installation. 

Apart from being a stylish piece of furniture the 
specification available with each unit shows that it 
does the job and will compliment any hi-fi system. 

It has sensitivity rating of 85 dB/M for 1 watt and a 
power capability of 20 watts peak (10 watts r.m.s.). 

Measuring 18 inches high by 14 inches wide, the 
P.20 provides a combination of characteristics not 
available from conventional cone speakers. 

Further details from The Oakland Trading Company 
68, Lupus Street, London, S.W.I. 
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WIDEBAND A.C. MILLIVOLTMETER
by

G. CROSBIE

This ingeniously designed millivoltmeter has high input impedanc-e-'-a
it"q"."lv iit ge trom is c/s to 1 M/c and-p-rovide-s r-eading-s from 5mvto
500V in XtO iitenrals with a separate X2 multiplier. All Gomponen-ts'
it cl.rOing the semiconductors, ar-e readilV lvailable.-Particular attention
i;;; b;efrpaialo keeping costs low, and the millivoltmeter is presented

as a general-purpoie instrument. for the service engineer and the
exPerimenter

-TTHE WIDEBAND A.C. MILLIVOLTMETER WHICH FORMS THE

I  sub jec t  o f  t h i s  a r t i c l e  has  the  fo l l ow ing
^ soecffications.

Ringes:50mV to 500V r.m.s. in X10 intervals, with X2
multiplier and separate 5mV r.m.s. input.

Input impedance: lMCl and lOpF in parallel from 50mV
to 500V; 100kQ and 100pF in parallel at 5mV.

Frequency range: 15 c/s to I Mc/s.
Power supply:7mA at l8V.
M e t er movement : 0-501tA moving-coil.

GENERAL POINTS
The instrument uses 3 transistors and 2 diodes to achieve

a high input impedance and a linear scale. Two small 9V
batteries provide a long-lived power supply. Negative
feedback is employed to increase bandwidth and stability.
Cost has been kept to a minimum qrd easily obtainable
commercial components are spggtlEl throughout'

To enable the operation of tfe circuit to be more readily
appreciated this will be described in four stages. The final
slage is described first, then the stage immediately preced-
ing this, and so on. The author has found thAt this form of
explanation is of considerable help in promoting the
understanding of a circuit of this nature.

RECTIFIER CIRCUIT
The forward paris of germanium diode characteristics

exhibit what can be described as a "turnover" voltage,
below which the diode has a high forward resistance' A
representative example is shown in Fig. I (a). The
"turnover" voltage is around 0'3V depending upon tl'e
type of diode. Because of this characteristic, the forward
reiistance/forward current curve takes up the form shown
in Fig. I (b), where the change of resistance with current is
very evident. The effect of this change in resistance is to
produce a non-linear scale in rectifier-fed meters.
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The disadvantage is overcome in the pres€nt design by
including a resistor in series with the rectifier circuit, as
illustrated in Fig. 2, the series resistor being large enough
to make changes in diode resistance insignificant by
comparison. More voltage is needed to drive the rectifier
circuit, but this can be obtained from a preceding amplifier.

The voltage-doubler rectffier circuit shown in Fig. 2
gives best linearity for small voltage inputs. The. circuit
i-ncludes smoothing capacitor Cru and the d.c. blocking
capacitor C r, . The high series resistance just mentioned is
given by Viir, this also being employed to set up the
ialibration afier the millivoltmeter has been constructed.
The designis such that the final value in VRt is sufficiently
hish for it to counteract the effect of changing forward
.eJistance in the diodes.

VRr, another preset variable resistor, is the X2
multiplier. It is sef up such that the meter gives half its
previous indication when VR2 is switched into- circuit.
Thus, when "X2" is selected, the 0-50mV range becomes
0-l00mV, and so on. This facility is useful for expanding
the low ends of the ranges and saves the expense of further
input attenuator arms to provide intermediate ranges
between the XlO intervals.

MAIN AMPLIFIER
The circuit of the main amplifier appears in Fig. 3, this

being preceded by an emitter follower, TRt, which is
shown later in the complete circuit.

The function of the main amplifier is to supply some
2 to 3Y r.m.s. to the rectifier circuit whilst being fed with a
signal a little less than 5mV. Thus, a gain of over 500 is
required. For this purpose a 2-transistor feedback
amplifier, given by TR, and TR., is used. Each transistor
appears in a conventional common emitter stage. Negative
feedback is taken from the output to the emitter of TR,
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WIDEBAND A.C. MILLIVOLTIVIETER 

by 

C. CROSBIE 

This ingeniously designed millivoltmeter has high input impedance, a 
frequency range from 15 c/s to 1 M/c and provides readings from 5mV to 
500V in XI0 intervals with a separate X2 multiplier. All components, 
including the semiconductors, are readily available. Particular attention 
has been paid to keeping costs low, and the millivoltmeter is presented 
as a general-purpose instrument for the service engineer and the 

experimenter 

The wideband a.c. millivoltmeter which forms the 
subject of this article has the following 
specifications. 

Ranges : 50mV to 500V r.m.s. in X10 intervals, with X2 
multiplier and separate 5mV r.m.s. input. 

Input impedance: 1MQ and lOpF in parallel from 50mV 
to 500V; lOOkQ and lOOpF in parallel at 5mV. 

Frequency range: 15 c/s to 1 Mc/s. 
Power supply: 7mA at 18V. 
Meter movement: 0-50pA moving-coil. 

GENERAL POINTS 
The instrument uses 3 transistors and 2 diodes to achieve 

a high input impedance and a linear scale. Two small 9V 
batteries provide a long-lived power supply. Negative 
feedback is employed to increase bandwidth and stability. 
Cost has been kept to a minimum and easily obtainable 
commercial components are spgpiftSS throughout. 

To enable the operation of me circuit to be more readily 
appreciated this will be described in four stages. The final 
stage is described first, then the stage immediately preced- 
ing this, and so on. The author has found that this form of 
explanation is of considerable help in promoting the 
understanding of a circuit of this nature. 
RECTIFIER CIRCUIT 

The forward parts of germanium diode characteristics 
exhibit what can be described as a "turnover" voltage, 
below which the diode has a high forward resistance. A 
representative example is stiown in Fig. 1 (a). The 
"turnover" voltage is around 0-3V depending upon the 
type of diode. Because of this characteristic, the forward 
resistance/forward current curve takes up the form shown 
in Fig. 1 (b), where the change of resistance with current is 
very evident. The effect of this change in resistance is to 
produce a non-linear scale in rectifier-fed meters. 
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The disadvantage is overcome in the present design by 
including a resistor in series with the rectifier circuit, as 
illustrated in Fig. 2, the series resistor being large enough 
to make changes in diode resistance insignificant by 
comparison. More voltage is needed to drive the rectifier 
circuit, but this can be obtained from a preceding amplifier. 

The voltage-doubler rectifier circuit shown in Fig. 2 
gives best linearity for small voltage inputs. The circuit 
includes smoothing capacitor C16 and the d.c. blocking 
capacitor Cl5. The high series resistance just mentioned is 
given by VR,, this also being employed to set up the 
calibration after the millivoltmeter has been constructed. 
The design is such that the final value in VRj is sufficiently 
high for it to counteract the effect of changing forward 
resistance in the diodes. 

VR2, another preset variable resistor, is the X2 
multiplier. It is set up such that the meter gives half its 
previous indication when VR2 is switched into circuit. 
Thus, when "X2" is selected, the 0-50mV range becomes 
0-100mV, and so on. This facility is useful for expanding 
the low ends of the ranges and saves the expense of further 
input attenuator arms to provide intermediate ranges 
between the X10 intervals. 

MAIN AMPLIFIER 
The circuit of the main amplifier appears in Fig. 3, this 

being preceded by an emitter follower, TR^ which is 
shown later in the complete circuit. 

The function of the main amplifier is to supply some 
2 to 3V r.m.s. to the rectifier circuit whilst being fed with a 
signal a little less than 5mV. Thus, a gain of over 500 is 
required. For this purpose a 2-transistor feedback 
amplifier, given by TR2 and TR3, is used. Each transistor 
appears in a conventional common emitter stage. Negative 
feedback is taken from the output to the emitter of TRj 
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via C13 and R,.. The feedback ratio is Rtr/Rtr. Ct3 is a
d.c. blocking capacitor which has been made small enough
in value to reduce tire level offeedback at low frequencies,
and it compensates for the low frequency performance of
the coupling capacitors. C' bypasses some of the higir
frequency feedback, thus compensating for the efect of
stray capacitances.

Since TR. must be able to supply some 3V r.m.s. to the
rectifier circuit, its collector must be capable of swinging
at a total of about 8V peak-to-peak, without the transistor Foruord curf€nt
cutting off or bottoming. It is this consideration which
leads to the use of an l8V power supply, for then the
collector of TR. may be between -7V and -l2V d.c.
under no-signal conditions.

Rrn and Cr6 decouple TR, and the preceding emitter
follower, TRr, from any a.c. content in the supply voltage
due to TRr. TR, and TR. may be AFll4, AFll5 or -
AFl16.

The main amplffier runs direct from the l8V battery, o
and it was decided that it would be wasteful to incorporate
a stabilising circuit in an instrument of this nature. In any
event, as will be shown in the complete circuit diagram, a
battery check facility is provided, and the battery can be
discarded after its voltage has dropped to l7V or so. Cr7,
across the l8V supply, is a bypass capacitor.

HIGH IMPEDANCE INPUT STAGE
For the remainder of the stages we turn to the main

circuit diagram, given in Fig. 4. The high impedance input
stage is provided by TRt and it will be seen that its
emitter couples to C8 of the main amplifier of Fig. 3.

TR, is an emitter follower, obtaining its input from the Forword resistoncc

Fis. | (a)

(b). The

Forword current
( b )

T y p i ca I forward vo ltag e / forw a rd curr ent
curve for a germanium diode
curve of (a) re-plotted in terms of

forward resistance

attenuator circuit via Cr. Its input impedance is approxi-
mately equal to the total impedance presented to the
emitter multiplied by h6", this being reduced by Rt. An
actual input impedance of some 250kC) can be anticipated.
C7 is a d.c. blocking capacitor, to protect TR, from any
high d.c. voltages in the signal being measured and also to
prevent bias resistor R6 being shunted by the input
attenuator. An OC44 is chosen for TRr, partly on account
of its noise performance.

INPUT ATTENUATOR
The input attenuator is provided by Rt to R6, Ct to C6

and Sr. It is based on a high value resistor, Rt, placed in
series with the input stage, the latter being shunted by
successive resistors appropriate to the range selected by 51.
This method is preferred to that ofadding series resistance,
since the 50V range would then require l,000MQ! The
value for R, is found experimentally during calibration,
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Front view of the millivoltmeter. The
50pA meter used in the prototYpe is a
surplus component, but any standard
50pA meter may be employed in its place

orcprr,rspR. 1968

Forword rclts

via and Rl5. The feedback ratio is R^/Ris- C13 is a 
d.c. blocking capacitor which has been made small enough 
in value to reduce the level of feedback at low frequencies, 
and it compensates for the low frequency performance of 
the coupling capacitors. bypasses some of the high 
frequency feedback, thus compensating for the eifect of 
stray capacitances. 

Since TR3 must be able to supply some 3V r.m.s. to the 
rectifier circuit, its collector must be capable of swinging 
at a total of about 8 V peak-to-peak, without the transistor 
cutting off or bottoming. It is this consideration which 
leads to the use of an 18V power supply, for then the 
collector of TR3 may be between —TV and —12V d.c. 
under no-signal conditions. 

R^ and Cjq decouple TR2 and the preceding emitter 
follower, TR^ from any a.c. content in the supply voltage 
due to TR3. TR2 and TR3 may be AF114, AF115 or 
AF116. 

The main amplifier runs direct from the 18V battery, 
and it was decided that it would be wasteful to incorporate 
a stabilising circuit in an instrument of this nature. In any 
event, as will be shown in the complete circuit diagram, a 
battery check facility is provided, and the battery can be 
discarded after its voltage has dropped to 17V or so. C17, 
across the 18V supply, is a bypass capacitor. 
HIGH IMPEDANCE INPUT STAGE 

For the remainder of the stages we turn to the main 
circuit diagram, given in Fig. 4. The high impedance input 
stage is provided by TR! and it will be seen that its 
emitter couples to C8 of the main amplifier of Fig. 3. 

TR! is an emitter follower, obtaining its input from the 

Forward current 

Forward resistance 

Turnover voitaoe 

Forward volts 
(a) 

Turnover region 

Forward current 
(b) 

Fig. 1 (a). Typical forward voltage/forward current 
curve for a germanium diode 

(b). The curve of (a) re-plotted in terms of 
forward resistance 

iv 
1 v —^ 

1 I.- %*»*■■* ' .• -Ht. 
1 # A 
1 .«i 

v 

Front view of the mi/livo/tmeter. The 
50\iA meter used in the prototype is a 
surplus component, but any standard 
50 yA meter may be employed in its place 
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attenuator circuit via C7. Its input impedance is approxi- 
mately equal to the total impedance presented to the 
emitter multiplied by hfe, this being reduced by Ri. An 
actual input impedance of some 250k£2 can be anticipated. 
C7 is a d.c. blocking capacitor, to protect TRj from any 
high d.c. voltages in the signal being measured and also to 
prevent bias resistor Rg being shunted by the input 
attenuator. An OC44 is chosen for TRi, partly on account 
of its noise performance. 
INPUT ATTENUATOR 

The input attenuator is provided by Ri to R6, Ci to C6 
and Si- It is based on a high value resistor, Rj, placed in 
series with the input stage, the latter being shunted by 
successive resistors appropriate to the range selected by S j. 
This method is preferred to that of adding series resistance, 
since the 50V range would then require 1,000MG! The 
value for R2 is found experimentally during calibration, 
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Fig.2. The diode rectif ier circuit of the millivoltmeter

it being such that, in parallel with the input stage, if offers
an impedance of l00kQ. It is considered thai the input
impedance is sufficiently high for the remainder of ihe
resistors, R3 to Ru, to follow the progression l0ke, lkO,
etc.r

. To obtain_ readings on the 0-5mV range, S, may be
either at position I or position 2. When it is at rjositibn I
ttre input passes direct to TR, with no other connection.
With Sr at pgsiqion2 the addition of R, and C, causes an
impedance of l00kO with a parallel capacitan6 of l00pF
to be presented to the input terminali. Many users will
prefer to work with the known input impedance offered
!V 51 in position 2, and this is the impedince specified at
the beginning ofthis article.
* Ifa high level of accuracy is required on Range 3, R3 could, however, bc determined
experimentally in the same manner as R,.-Epnor.-

The millivoltrneter in use. Here it is
measuring local oscillator voltage in a

tnnsistor portable receiver

Eottom view, showing component
layout. Note how the batteries are fitted
between the switches and the amptifier

It was found that stray capacitances introduced errors
at the higher frequencies, and parallel capacitors were
included in the attenuator to counteract this effect.
THE FULL CIRCUIT

The full circuit diagram of Fig. 4 takes in the points
that have already been explained, and includes some
further incidental details.

Switch 52 is a 3-pole 4-way component which carries
out the following functions. On position I it switches off
the instrument iompletely, switching it on at positions 2,
3 and 4. On positions 3 and 4 Sr,"' couples the meter to the
rectifiers D, and Dr, thereby allowing the instrument to
function as a millivoltmeter. On position 4 S,,^, switches
VRr.across tlre meter, thereby selecting tfre.XZ facility
previously illustratod in Fig.2. In position I (Off) S21"y also
short-circuits the meter. This damps its coil an{ rtduces
any tendency for excessive movement in the needle when
the instrument is being moved around

At position 2. Srr", couples the meter to the negative
lupply line.!a,Rzo, enabling it to check battery voitage.
R-ro is specified as 390kQ l0% n the Components Liit,:
whereupon a supply of l8V will result in a reading oii
46pA at the same tolerance. A note on the front panel iray
then be added to indicate the reading which co^rrespondi
to the minimum usable battery voltage of 17. If a more
positive-indicajion is required, Rro may be changed to
500kQ close tolerance. A battery voitage 

-of 
tg will t[en be

indicated as 36 on the meter scale, and one of l7 as 34.
Switch 51 is specified as single-polei 6-way. It will

(continued on page 299)
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Fig. 2. The diode rectifier circuit of the millivoltmeter 

it being such that, in parallel with the input stage, if offers 
an impedance of lOOkfi. It is considered that the input 
impedance is sufficiently high for the remainder of the 
resistors, R3 to R6, to follow the progression. 10kn, Ikfi, 
etc.* 

To obtain readings on the 0-5mV range, Sj may be 
either at position 1 or position 2. When it is at position 1 
the input passes direct to TRj with no other connection. 
With Sj at position 2 the addition of R2 and C2 causes an 
impedance of lOOkfi with a parallel capacitance of lOOpF 
to be presented to the input tenninals. Many users will 
prefer to work with the known input impedance offered 
by Si in position 2, and this is the impedance specified at 
the beginning of this article. 
* If a high level of accuracy is required on Range 3, R3 could, however, be determined 
experimentally in the same manner as R2.—Editor. 
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The millivoltmeter in use. Here it is 
measuring local oscillator voltage in a 

transistor portable receiver 

Bottom view, showing component 
layout. Note how the batteries are fitted 
between the switches and the amplifier 

It was found that stray capacitances introduced errors 
at the higher frequencies, and parallel capacitors were 
included in the attenuator to counteract this effect. 
THE FULL CIRCUIT 

The full circuit diagram of Fig. 4 takes in the points 
that have already been explained, and includes some 
further incidental details. 

Switch Sj is a 3-pole 4-way component which carries 
out the following functions. On position 1 it switches off 
the instrument completely, switching it on at positions 2, 
3 and 4. On positions 3 and 4 Sj,,, couples the meter to the 
rectifiers D, and Dj, thereby allowing the instrument to 
function as a millivoltmeter. On position 4 S2(C) switches 
VR2 across the meter, thereby selecting the.X2 facility 
previously illustrated in Fig. 2. In position 1 (Off) S^, also 
short-circuits the meter. This damps its coil and reduces 
any tendency for excessive movement in the needle when 
the instrument is being moved around. 

At position 2, S2(a) couples the meter to the negative 
supply fine via R20, enabling it to check battery voltage. 
R20 is specified as 390kn 10% in the Components List,, 
whereupon a supply of 18V will result in a reading of 
46(r A at the same tolerance. A note on the front panel may 
then be added to indicate the reading which corresponds 
to the minimum usable battery voltage of 17. If a more 
positive indication is required, R20 may be changed to 
SOOkD close tolerance. A battery voltage of 18 will then be 
indicated as 36 on the meter scale, and one of 17 as 34. 

Switch 82 is specified as single-pole 6-way. It will 
(continued on page 299) 
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JANUARY_ ATnITHEB FEATaRE pAcKED BsaEt

SLIDE

PROJ ECTOR

SYNCH RO N ISER

PTUS
DATA SHEETS

O High Gain A.F. Amplif ier
O Variable Voltage Power Supply

19 AND 20 O Looking into Europe

INDEX
RADIO CONSTRUCTORS DATA SHEET

DATA SHEET 1
a
z

4
E

h

I
o

v

1 n

1 1
1 2
1 3
1 4
1 5
t o
1 7
1 8

(January to December 1968)

Reference Formulae (Ohms Law etc. )
Decibel  Table
Frequency/Wavelength Conversion Chart
Internat ional  Morse Code,  Nato Telephony Code
Capacitive fi s6616nss-{udio Frequencies
Capacitive fls6616nqs-Radio Frequencies
Inductive Reactance-Audio Frequencies
I nductive fls661sn6s-Radio Frequencies
Eureka Resistance Wire Table
U.K.  Amateur  (Sound) Frequency Bands
Temperature Conversion Chart
Metric Conversion Table
Paral le l -R,  Ser ies-C Tabre
Mul t iv ibrator  C-R Values
Windi ng Temperature Table
Binary-  Decimal  Convers ion Tables
Speaker Transformer Ratio Table
Wire Resistance and Current  Table

i i i  Janua rv
i l  r"nrraiy

47Q 'March
491\  March,
541  'Ap r i l

559 Apr i l
609 May
627 May
695 June

i i i  Ju l y
25 August
43 August
93 September'  161 October

179 October
229 November
247 November
297 December

298 T H E  R A D I O  C O N S T R U C T O R

JANUARY— ANOTHER FEATURE PACKED ISSUE! 

/ 
SLIDE 

PROJECTOR 

SYNCHRONISER 

PLUS 

DATA SHEETS 

19 AND 20 

RADIO CONSTRUCTOR 

High Gain A.F. Amplifier 

Variable Voltage Power Supply 

Looking into Europe 

INDEX 

RADIO CONSTRUCTORS DATA SHEET 

(January to December 1968) 

DATA SHEET 1 
2 
3 
4 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

Reference Formulae (Ohms Law etc.) 
Decibel Table 
Frequency/Wavelength Conversion Chart 
International Morse Code, Nato Telephony Code 
Capacitive Reactance—Audio Frequencies 
Capacitive Reactance—Radio Frequencies 
Inductive Reactance—Audio Frequencies 
Inductive Reactance—Radio Frequencies 
Eureka Resistance Wire Table 
U.K. Amateur (Sound) Frequency Bands 
Temperature Conversion Chart 
Metric Conversion Table 
Parallel-R, Series-C Table ' 
Multivibrator C-R Values 
Winding Temperature Table 
Binary-Decimal Conversion Tables 
Speaker Transformer Ratio Table 
Wire Resistance and Current Table 

47 
491 
541 

IN . 
\ I 

7\ 
9l\l 

January 
February 
March 
March, 
April 

559 April 
609 May 
627 May 
695 June 

iii July 
25 August 
43 August 
93 September 

161 October 
179 October 
229 November 
247 November 
297 December 
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WIDEBAND A .C .  M ILL IVOLTMETER

(continued from page 296)

probably be more convenient to obtain a 2-pole 6-way
switch and use one pole only.

The l8V battery is made up of two 9V batteries, a good
compromise between small size and long life being given
by two PP7 batteries. Ifboth batteries are purchased new

for a 5mV input up to 100 kc/s, after which there is an
increase of sensitivity. At I Mc/s, f.s.d. corresponds to
4'25mY input and, above this frequency, the sensitivity
begins to fall off.

CONSTRUCTION
The instrument must be completely screened, and it is

convenient to mount the components in an aluminium
ready-made chassis having dimensions of 6 by 8 by 2lin,
and which is fitted with a metal base plate. There is then
sufficient space for the two PP7 batteries.

$
*

-t8\r'

C6

-lDr
Input
(from TR1 )

R19

i 
"":

-€

"+l

c t t

C13

:Rn

To C15

TRz

Rts

I rRg

:R19

I

Rt2

Rtg

cre
Rtz

-d

Fig. 3. The.main amplifier circuit around TR , and TR 
"

al the same time, they should run down together at about Coaxial input sockets are best, and these enable a
the same rate. convenient test lead to be made from a length of coaxial

Fig. 5- shows !h9 pgrformance of the prototype over the cable, a coaxial plug and two crocodile clips.
range 20 c/s to 2'5 Mc/s. A correct f.s.d. reading is given Resistor R, and capacitor C, may be wired directly

i

?
i

*

6l\q)*'
oc44

Lcqd-outs

nrcnMsnR 1968

AFI14

Lcod-outg

S1 rongcs

I  O -5mVr
2 O-SOmV (O-smV)
3 O-5OOmV
4 o-sv
s o-50v
6 0-500v

t sec text

52 positions
' l  

or t
2 Check bottcry
3  x l
4 x 2

Fig. 4. Complete circuit diagram for the milfivoltmeter

299

WIDEBAND A.C. MILLIVOLTMETER 

(continued from page 296) 

probably be more convenient to obtain a 2-pole 6-way 
switch and use one pole only. 

The 18V battery is made up of two 9V batteries, a good 
compromise between small size and long life being given 
by two PP7 batteries. If both batteries are purchased new 

for a 5mV input up to 100 kc/s, after which there is an 
increase of sensitivity. At 1 Mc/s, f.s.d. corresponds to 
4,25mV input and, above this frequency, the sensitivity 
begins to fall off. 

CONSTRUCTION 
The instrument must be completely screened, and it is 

convenient to mount the components in an aluminium 
ready-made chassis having dimensions of 6 by 8 by 2^in, 
and which is fitted with a metal base plate. There is then 
sufficient space for the two PP7 batteries. 

R|4 — Qv 
ww 

I Cio 
rI8 Cm 

IDt ToC 

TR2 

C8 C|3 "15 
WW Lb— Input C|7 Cfrom TRi) 

' "3 

RIO <-12 

n n Co rI3 R|9 

I I 
Fig. 3. The main amplifier circuit around TR _ and TR, 

at the same time, they should run down together at about 
the same rate. 

Fig. 5 shows the performance of the prototype over the 
range 20 c/s to 2-5 Mc/s. A correct f.s.d. reading is given 

Coaxial input sockets are best, and these enable a 
convenient test lead to be made from a length of coaxial 
cable, a coaxial plug and two crocodile clips. 

Resistor Rj and capacitor Q may be wired directly 

"14 
WW 

I cIO 

1 
Ml R9 
■Dr Cf5 r20 tr2 

AF 14 VRi 52b rI5 S2a TR WW-iQI- 
OC44 

c7 5mV ' r3 
AF114 

/ Cs 
ID- 18V d, 

~3r C4 Cs 
n 'M 

CI4 RI7 c16 

I 

r13 R7I R|0 VR2 r3 

1 

Shield 

e b c 00 o idot 

OC44 
Lead-outs 

eb 

AF1I4 
Lead-outs 

S| ranges S2 positions 
1 O-SmV * '1 Off 
2 O-SOmV CO-5mV) 2 Check battery 
3 O-SOOmV 3 xl 
4 O-SV 4 x2 
5 O-SOV 
6 O-SOOV 

* see text 

Fig. 4. Complete circuit diagram for the miffivoitmeter 
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Fig' 5' Measured sensitivitv ntf\ff,"^, frcquencies from 20 c(s to

::::r^-l!: two..inpur. sockets. All the attenuatorcomponents should be wired direct to Sr, anO tilis sectionof the instrument should be screened fi6_ m.'u"lnpfinr.section. A screened lead couples trr. 
"r_ "iSlifrr. 

n 
"::1p".:.,ylii"c at C,u and arie. ca..ies neliiei'bi; u... unasucn wrnng need not be .screened frorn-i-fi-u'tt.nu"to.components, althoueh it is a_reasonable precauiion tok^eep it fairty well spaded away. rr,ii-p"i"irnui"."iiiorriur.

:"^"T:Yrt S, and S, alongside.".t^'on tf,.?ioni"iaoer, ifoeslred.
The amplifier comDonents proper may be wired up on a

:l::,r^_"ll_"^"lin fitted. wrh turret rags, but any othersrmllar means of assembly_would, 
!e .q"*tty ,uir'i*tory.The TR-,.stage should be screened from TR, and this was

*.T^t:,F prototype by suitably n"riii""iffii"no c,"oetween them.
It should be noted that no component is fitted in the R2position during construction.

-: 
ll l-r

d ll I ;irorn
Moins  { l l  g  f,;;;;;..'". lllE* J-I;;q llF *,o,,qi l |  I

-: 
ll l-1

Moins i l lC +roka
tronsrormer 3llFtu f-to moin input

llli $,oo"-'ril I I

( b )

Fig. 6 (a). A simple means of obtaining a 5mV
calibrating source

(D). I he sam.e approach is employed for acalibrating source of 5OmV' 
- -' "

(o)

CALIBRATION

. After the instrument has been completed a check shouldbe made of the voltage.at TR. ."ii;'"i;;. ihi""sioutd beapproximately half th'e Uutt.ry' 
""lt"g.""f 

o"i""iurrir. e,w_orst, the collector voltage may be at plus 3V or minus2Y of h_alf the battery uor6g. t;t, i"Hilj;Jhoura beclose_r. If alr appears iatisfaclory herejhe ."iiu."iion ,n"yDe commenced.
Two millivolt sources are required, Lhese being at 5mV

119_l0Tv,and they may be 
"-bj!"ile;ilddi, from amatns transformer havins a 5V sen^.,to'^,- ilii

{r';.-ol;1.""?'ii):d:t3,,:LX"Xtt"fl;,iH*il::?coyrlg, be close tolerance types.
Adjust-VR, to insert T"iilr- resistance and set S, toposition 3. Ensure that there i, ,; J;iffi;;in-,t 

" 
*.r".under. no-signal conditions^ro, 

"nv 
por-i'f irt,, trr.nset this switch to position Z.-App(y ifr.'i,iViufiu.utingsource (Fig. 6 (a)ito the 5mv ffitit ;;;il, ili 

"olurtV\, fo1 full-scale-reading in the -.t... 
-----'*'' *"t

Should it be found th"at VR, ."nrot insert sufficientresistance (i.e. the meter.reads rufi:s."L .;;;*f,"n vn,is at maximum resistance)_insert; fiil';.;i#rlt urouna27.kQin series with vR,.it i, 
""rit.iv 

trr"i.iti;; resistorwill be. required in practice, il llrl p"i"i"r..li ," u.covered, nevertheless-.
After VR, has been adjusted- satisfactorily, set S, toposition 4 and adjust Vnz so th;i-il;;;;,.'gi"*s halffull-scale deflection.

.. 
Disconnect the 5mV source and set S, to Off(positionl). Temporarily connect a^ resistor of u1.o"na'r,j0ke in

3l L,_pg.ri,i"n, apply.a s01nv source frL]'ifjlf to tr,.mam rnput tenninal and set S, to.position 3fThe)iproceeO,by trial and error and startin! wiih thei ioi.oi.rdrori"r,fitted, . to find the value required in R, for full_scale
9:*:g in the meter,.,*it"FiG s;';o 6ni"#,i*. uresrsror rs removed and a-notheipui in. Whe; tie finalvalue for _R, has been found, ;ht; ;";;;'ii."o tnpermanentlv.

^ Should ii be found that the meter reads less than
{llt-scale without any ...i.to, in tt" R; o"#il:L*n .33kQ resistor in series between the armi 6iSl 

""i'b, "rorecornmence calibration, starting on"" _or. oiitiiit. s_vinput. As with rte Drevious ..ijg*ii"" jurj ,i.niioo.a,it is untikely rhat this change *iilU..-.qriii in"iJu"ti".,
THE RADIO CONSTRUCTOR
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4mV-i 

5tnV 

fOc/s lOQc/s fkc/s 
7mV 

Okcft IOOkc/s IMc/s 

Fig. 5. Measured sensitivity response for frequencies from 20 cfs to 
1 Mc/s 

across the' two input sockets. All the attenuator 
components should be wired direct to S,, and this section 

s^ction^™6"1^0 aId be screened from the amplifier section. A screened lead couples the arm of Si to C, The 

such'wiri-'~n nppH '6 after CarrieS "^hgible a.c. and such wiring need not be screened from the attenuator 
components, a though it is a reasonable precaution to 

to mount's^^ msPoint makeshpossible 
desired 2 alongslde each on ^ front panel, if 

telTOnitr101"1 by S,,i,ablr P"S,"0,,m8 C» >'>d C.. 

po'S.I» is 

Mains 
transformer 

lOkn 

IO/I 

To 5mV input 
terminal 

Chassis 

Ca) 

Mains 
transformer 

:iOkn 
ISV "■To main input 

>!OOn 

" Chassis 

(b) 

300 

Fig. 6 (a). A simple means of obtaining a SmV 
calibrating source 

(b). The same approach is employed for a 
calibrating source of 50mV 

CALIBRATION 

hP1nf!.eLthef^trun?ent has been ooftpkted a check should be made of the voltage at TR3 collector. This should be 

rrrn hf he
1
battery voltage above chassis. At 

rvrTTTT vo,tage may be at plus 3V or minus 
close! If ft V0Tge but'in 8eneral. it should be 
be commenced156"8 Satlsfactory here'the oalibration may 

Two millivolt sources are required, these being at SmV 
and 50mV, and they may be obtained very simply from a 
mams transformer having a 5V secondary, as shown in 
Figs. 6 (a) and (b). The resistors used here should of 
course, be close tolerance types. 

Adjust VR! to insert maximum resistance and set S, to 

undeTnn ; r6 thf.tthereT no deflection in the meter under no-signal conditions for any position of then 
set this switch to position 2. Apply the SmV calibrating 

vTfoS s6c(?) t0ihe 5mTinpUt terminal. and adjust VKi tor full-scale reading in the meter 
Should it be found that VR, cannot insert sufficient 

resistance (i.e. the meter reads full-scale even when VR 
is at maxunum resistance) insert a fixed resistor of around 

SS hTrf168 Ttn VRl-11 is unlike,y that such a resistor 
h1" ,he POint MCdS "> 

r,^-er YRl has been adjusted satisfactorily, set S, to 
mS detoSr 50 meBr ^ fc"f 

IIZ,1;™"!1" 5mV source and Si to Off (position j-ernPoranIy connect a resistor of around ISOkD in 
the R2 position, apply a 50mV source (Fig. 6 (b)) to the 
mam input termina! and set S2 to position 3.gThen proceed 
TfT

alande"0
t
,.and starting with the ISOkD resistor just ntted, to find the value required in R2 for full-scale 

deflection m the meter, switching S2 to Off each time a 

S™'1: ,antl nnolher put in. When the final 
SmanSuy" ' b,!en f0lmd' ,his ba ""O •' 

rJ
h™!d ^ be foUnd 11131 the meter reads less than 

33koTi-T Ut any ueSiSt0r in the position, insert a resistor m senes between the arms of S. and C, and 

iTnntUAenC^hT!1ibratl0n-' starting once more with the SmV JP ^.s Previous modification just mentioned it is'Unlikely that this change will be required in practice,' 
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Resistors
(All fixed -valugs ] ivatt l0 f unless otherwise stated)

R1 lMA2%hi-stab
R2 (see text)

C6 I pF paper or plastic foil
!r 0'221tF paper br plastic foil, t,000V wke.
!e 2pF electrolytic, l5V wkg.
Qn 250pF electrolytic, 6V w[g.
9,0 50pF electrotyiic, i sv wt!.
9tr 8pF electrolytic, l5V wkgl
Cr, 330pF silver-mica
9tr lpF electrolytic, 25V wkg.
9tn 250pF electrolytic, 6V w[g.
9,, 2pF electrolytic, 25V wkgl
9'u 50pF electrolytic, 6V wkE.
C,.' 500pF electrolytic 25V wlg.

Semiconductors
TR, oc44
IR,JR. 4Fll4 (or AFI15, AFI 16)
Dr, Dz OA70 (or OA79, OAgl)

Switches
!r Single-pole, 6-way
52 3-pole, 4-way

Meter
Mr G-50pA moving-coil

Battery
Bl l8-volt battery (two 9-volt in series)

Miscellaneous
2 coaxial input sockets
2 pointer knobs
Metal case
Coaxial lead, coaxial plug and crocodile clips

R3 l |kQ2%hi-stab
R4 tkQ2% hi-stab
Rs 100o.2% hi-stab
R6 l0O2% hi-stab
R? l5ko
R8 560ko
Re 68kO
R,o l5ko
Rrr 6.gko
R, l00Q 5)( hi-stab
Rr. 2.7kQ
Rro 9.2kC2
Rrs l00kQ5%ir i -s tab
Rru 33kO
Rr, 2.7kO
Rrs 2.7kO
Rrs 3300
Rro 390kQ (see text)
VR1 50kO skeleton preset
VR, skQ skeleton pieset

Capacitors
Cr l0pF silver-mica
C2 l00pF silver-mica
C3 silver-mica
C4 0.0lpF paper or plastic foil
Cs 0.lpF paper or plastic foil

,;'
I

I

I
I

{

but it still has to be mentioned here.
Aftgr V\, VR, and R, have been set up, calibration is

complete. The instrument is then readv for use.

CONCLUSION

.In conclusion, the writer would like to mention that the
millivoltmeter described in this article is intendeJ as an

economic qgq".ral purpose instrument which employs
readily available components. Considerable stresj his
b,een placed on economy, if necessary at the expense of a
strgnt reductton ln accuracy. The millivoltmeter will be a
particularly useful instrument for the service engineer, as
well as for the amateur home-construc]tor and
experimenter. 

E

I
.f

*

Hallicrafter S27 Receiver.,-€. Hooper, 24 Bramble Close,
Durrington, Worthing, Sussex, I circuit oi manual
requrreo.

B40 Receiver.-P. Tarry, 38 Birchfield Road, Northamp_
ton, - clrcult, manual or any information, purchase orloan.
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GAN ANYONE HELP I
Reguests for infotmotion ore .inserted. in this feoture free. of, chorge, subjecr to spoce being. ovoiloble. Users of thisservice undertoke to ocknowledge otl letters,' etc., received ond'to reiinburii 

-[tt 
,eoronot/e expenses incurred bycotrespondents. circuits, monuots, service sheets,':::":;,:r;:r,:J:;id;jJ;;b; returned i, gi[,i ,iiiiiiiii'*itni^

ligh{uality. Stereo.-G_. Miller. 95 Mayfield Road,
Edtnburgh..-- loan or purchase any circuits of tS t tSW
amptrner wlth rnputs lor gram. tape deck, tuner and
mrcrophon_e (5mV into I l00O approx.). stabilis6h power
supply, 15C) output. Prompt retuin cfcircuit.

T\'/Oscilloscope Conversion -M. J. Davies. Beechcroft,
Northwood, Wem, Shropshire. _ any inlormation on
converting TV rbceivers into an oscilloicope.
orcBurBn 1968

Resistors 
(All Iked values i watt 10% unless otherwise stated) 

R-! IMfi 2% hi-stab 
R2 (see text) 
R3 lOkfi 2% hi-stab 
R4 Ikfl 2% hi-stab mm 
R5 100^2% hi-stab |9 
Rg lOQ 2% hi-stab H 
R7 15kn rji 
Rs 560kn 13 
r9 68kn m 
Rio iskn fjll 
Ru 6-8kn HI 
Ri2 loon 5% hi-stab M 
Ris 2-7kn 
Rm 8-2kn U 
Ris lOOkn 5% hi-stab Bl 
R16 33kn 
Riv 2-7kn 
Ris 2-7kn 
R19 3300 
R20 390kn (see text) 
VRi 50kn skeleton preset 
VR2 5kn skeleton preset 

Capacitors 
Ci lOpF silver-mica 
C2 lOOpF silver-mica 
C3 silver-mica 
C4 0-01 pF paper or plastic foil 
C5 0-1 pF paper or plastic foil 

C6 IpF paper or plastic foil 
C7 0-22pF paper or plastic foil, 1,000V wkg. 
C8 2pF electrolytic, 15V wkg. 
C9 250pF electrolytic, 6V wkg. 
C10 50pF electrolytic, 15V wkg. 
Cn 8pF electrolytic, 15V wkg. 
C12 330pF silver-mica 
Co IpF electrolytic, 25V wkg. 
Co 250pF electrolytic, 6V wkg. 
Cl5 2pF electrolytic, 25V wkg. 
C16 50pF electrolytic, 6V wkg. 
C17 500pF electrolytic 25 V wkg. 

Semiconductors 
TR! OC44 
TR2, TR3 AF114 (or AF115, AF116) 
03,02 OA70 (or OA79, OA81) 

Switches 
Sj Single-pole, 6-way 
S2 3-pole, 4-way 

Meter 
M! 0-50pA moving-coil 

Battery 
Bj 18-volt battery (two 9-volt in series) 

Miscellaneous 
2 coaxial input sockets 
2 pointer knobs 
Metal case 
Coaxial lead, coaxial plug and crocodile clips 

but it still has to be mentioned here. 
After VRi, VR2 and R2 have been set up, calibration is 

complete. The instrument is then ready for use. 

CONCLUSION 
In conclusion, the writer would like to mention that the 

millivoltmeter described in this article is intended as an 

economic general purpose instrument which employs 
readily available components. Considerable stress has 
been placed on economy, if necessary at the expense of a 
slight reduction in accuracy. The millivoltmeter will be a 
particularly useful instrument for the service engineer, as 
well as for the amateur home-constructor and 
experimenter. p* 

CAN ANYONE HELP t 

correspondents. C.rctnts. manuals, service sheets, etc lent by readers must be returned in |oo7conclS ^ 
a reasonable period of time 

Higb-Quality Stereo.—G. Miller, 95 Mayfield Road, 
Edinburgh, - loan or purchase any circuits of 15 + 15W 
amplifier with inputs for gram, tape deck, tuner and 
microphone (5mV into 1- 100f2 approx.), stabilised power 
supply, 15fi output. Prompt return of circuit. 

TV/Oscilloscope Conversion.—M. J. Davies, Beechcroft, 
Northwood, Wem, Shropshire, - any information on 
converting TV receivers into an oscilloscope. 
DECEMBER 1968 

Hallicrafter S27 Receiver.—G. Hooper, 24 Bramble Close, 
Durrington, Worthing, Sussex, - circuit or manual 
required. 

B40 Receiver.—P. Tarry, 38 Birchfield Road, Northamp- 
ton, - circuit, manual or any information, purchase or 
loan. 
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REFLEX-3

PORTABLE

RECEIVER
by

ARMAN SAPCIYAN

I-r IS QUrTE EASY TO OBTATNGOOD RH|ULTS FROM A STMPLE

f receiver using 3 transistors only. The set to be described
..,[employs 3 transistors in an inexpensive and reliable
circuit design, and it readily falls into this category. Like
other home-constructor desips of similar type, however,
it has one or"two tricky points which affeci the overall
performance; but if these are properly catered for
construction raises few difficulties.
REFLEX CIRCUIT

The circuit ofthe receiver appears in the accompanying
diagram. In this, L1 is a medinm wave ferrite aerial, witfi
a coupling coil which feeds the base of TRr. The aerial
coil is tuned by Cr.

TR1, in conjunction with diodes D, and Dr, functions
as a reflex amplifrer. It first amplifies the r.f. signal applied
from the ferrite aerial to its base, the amplified signal
appearing at its collector. The choke RFC, prevents this
signal passing to tle second stage and it is applied instead,
via C3, to the voltage doubler diode circuit grven by D,
and D2. These detect the signal which is then re-applied, as
a.f., to the base of TR1 for further amplification. The
amplified a.f. signal now passes tlrough RFC, and is next
fed via C6 to the volume control Rr. Capacitor C. bypasses
any residual r.f. that may still be preselrt after RFC',
whilst Rn and C" decouple the TR, stage from the rest of
the receiver.

Resistors R, and R2 in series provide base bias current
for TRr, and it will be found that if this current is increased
above a certain point the transistor oscillates. R1 is in
consequence adjusted so that TR, is just below the
oscillation point over most of the band received, where-
upon the resultant regeneration considerably improves
the overall selectivity and sensitivity of the receiver. In
somrc previously published designs using this type of
reflex circuit it hns been corlmon practice to specify a
single fixed resistor in place of R1 and R2, the conitructor
being advised to lind the best value by experiment. Such
an approach is 1i6e-yasting and can lead to the accidental
damage of other components whilst dilhrent values of
resistor are being soldered in. The present circuit is much
simpler and enables the receiver to be set up without
dilliculty.

One ofthe incidental advantages given by this class of
reflex circuit is that R, and R, provide a small forward
bias for diodes D1 and D2, with the result that their
detection effrsiency is enhanced. AgaiA the rectified output
from D1 is positive-going so that strong signals cause the
base of TR, to go slightly positive whereupon its gain is
reduced and it becomes partly removed from the state
where it is just short of oscillation. The circuit therefore

{

I

I
t
+

'64
.\J

AFI24
L?od-outs

@* 6\
\v
ACt28

Lcod-osts
oc75

Lcod-outs

I
rt

{

f iil
t i i l'i:iii

The circuit of the Reflex-s Portable receiver
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REFLEX-3 

PORTABLE > 

RECEIVER 

by 

ARMAN SAPCIYAN 

IT IS QUITE EASY TO OBTAIN GOOD RESULTS FROM A SIMPLE 
receiver using 3 transistors only. The set to be described 
employs 3 transistors in an inexpensive and reliable 

circuit design, and it readily falls into this category. Like 
other home-constructor designs of similar type, however, 
it has one or.two tricky points which affect the overall 
performance; but if these are properly catered for 
construction raises few difficulties. 
REFLEX CIRCUIT 

The circuit of the receiver appears in the accompanying 
diagram. In this, Lj is a medium wave ferrite aerial, with 
a coupling coil which feeds the base of TR^ The aerial 
coil is tuned by Cj. 

TRj, in conjunction with dioaes Dj and D2, functions 
as a reflex amplifier. It first amplifies the r.f. signal applied 
from the ferrite aerial to its base, the amplified signal 
appearing at its collector. The choke RFQ prevents this 
signal passing to the second stage and it is applied instead, 
via C3, to the voltage doubler diode circuit given by Di 
and Dj. These detect the signal which is then re-applied, as 
a.f., to the base of TRx for further amplification. The 
amplified a.f. signal now passes through RFCj and is next 
fed via C6 to the volume control R5. Capacitor C5 bypasses 
any residual r.f. that may still be present after RFCj, 
whilst R4 and C4, decouple the TRj stage from the rest of 
the receiver. 

Resistors Ri and R2 in series provide base bias current 
for TRj, and it will be found that if this current is increased 
above a certain point the transistor oscillates. Ri is in 
consequence adjusted so that TRi is just below the 
oscillation point over most of the band received, where- 
ipon the resultant regeneration considerably improves 

the overall selectivity and sensitivity of the receiver. In 
some previously published designs using this type of 
reflex circuit it has been common practice to specify a 
single fixed resistor in place of Rt and R2, the constructor 
being advised to find the best value by experiment. Such 
an approach is time-wasting and can lead to the accidental 
damage of other components whilst different values of 
resistor are being soldered in. The present circuit is much 
simpler and enables the receiver to be set up without 
difficulty. 

One of the incidental advantages given by this class of 
reflex circuit is that R! and Rj provide a small forward 
bias for diodes Di and Dj, with the result that their 
detection efficiency is enhanced. Again, the rectified output 
from D1 is positive-going, so that strong signals cause the 
base of TRi to go slightly positive whereupon its gain is 
reduced and it becomes partly removed from the state 
where it is just short of oscillation. The circuit therefore 

Shield 

/cbc\ 00 o(| o o e c 

AFI24 OC75 AC 128 
Lead-outs Lead-outs Lead-outs 

Mm 

R3 

r 
RFC 

TR, TR2 
OC75 

62T TR3 AFI24 ACI28 9v C4 BT 

C3 f ' 

R? 
tM—< Mm 

I d2j Z C5 

I X 
The circuit of the Fteflex-3 Portable receiver 

/ 

302 THE RADIO CONSTRUCTOR 



I

t

provides a degree ofa.g.c. action and ensures that greatest
ieeeneration is reserved for weaker signals.-The 

TRr stage b sufficiently sensitive to operate a pair
of high resiitanie headphones connected across i t'

A.F. STAGES
A.F. amplilication is provided by TR, and TR3' Direct

coupling ii employed fiom the volume control Rt rig}t
irtr.iunf, to tG ipeaker transformer primary, thereby
enabling a good performance to b€ obtained with a
*i*rnrfr of-comp6nents. R7 provides dc. feedback and
keeps the two stages stabilised. Capacitor Ct functions as a

bilass for the hifrer audio frequencies and, as is described
liti., ."y reqiire adjustment to suit the particular
speaker employed.' 

Ifa hieh ihD;dance speaker, ofaround 1500, is available'
this cari be ionnected directly in place of T1 primary,
whereupon this transformer is not required' For lower
impedance speakers, T1 shoqld pJesenj a primary
i*i"C*o ofiround 150 to 2500 to the collector of TR3'
(A' suitable component for T1 is the Radiospares
iiansistor Transformer type TfI4. This will match TR.
to u :O loudspeaker. ftre f6+ transformer is readily
available from iomponent mail order houses'-Editor)'

TRANSISTORS
The transistor specified for the first stage is an AF124'

*nl"tt it intended ?or v.h.f. operation. Alternative choices

for TR1 are AF126 ot AFLT7, but the writer found that

ini*-OiO not provide quite as much sain as the AF124'

Wn* *-p"ti,O with a medium wave transistor like the

OCq+, ine'ef124 is much to be preferrsd' Its shield

feaa-out is igp.ored, and is not connected to chassis'-Tn, 
i. 

"it ""ry 
critical and a number of high. gain a'f'

tvoes ivere tried;ith roughly equivalent results' An OC75
firirctioned well and this is specified in the Components
List.

The output transistor, TR3, should preferably be a high

nni" wp" ifto, although fairiy adequate results would be

SGiti&-.n""'witn an-Oczzbr similar' (The author tried

b;ihan AC153K and an AC117, with equal results' in the

Drototvp€. These are not readily available in the U'K', and
'*-etilg:;"omparable" 

with the ACllT-is quoted in

the ComPonents List.-Editor.).
The dfodes D, and D2 were OA70's- in the prototype'

Otlei ee-rmani*io diod"itlould be satisfactory, but they
-ay reiuire changes in the value of Rr'

?
*

INDUCTORS-- 
ffti 

"*i"t 
coil, Lr, is wound on a ferrite slab 3in long'

+in *ia. a"a +in ini"t, -d the total number of turns is 62,

iuiin tn" eartly ap 8 turns from the end which connects
to TR, base. fne ioit should be close-wound on a pap€r

rfL". *ni"n permits it to be slr4 alo-ng the s]ab for the

required frequency coverage. Slabs of approximately the

;iT;irgl',u,,:"'Hd#"H;l;;Y:Hjd!'J1#'l;
*lfi ti tifitt*tory, although it may be necessary to add'

;;i"k";ff, teu"t"'liutnt aithe endwhich conaects to ct

io pioviOe the requisite range. The wire is 26 s'w'g'
enamelled copper.--in 

ttre protbtype, choke RFCI consisted of the primary

of a miniitute iransistor i.f. transformer with its internal

"*"fftt 
*p"citor (200pF) disconnected' ({nY internal

[ouaio. across tLe iecondary should also be dis-

."'"ti.t.l.l The secondary winding and any taps in the

;ti-"t aie'ignored, no connections being made to these'
'So-" 

iauu"tigp was provided by the fact that the dust
core position ciuld be adjusted for best regeneration' The

"*-tiut 
iutttted to the p6sitiue supply lige' Horrever, the

ur" of* if. transformei in this manner is put forward as

an experimental approach only, and constructors may

;;l#;;;a;d-'t.f. 
"hok. 

instead. (A 2'5mH choke

r""fr-"'t tn Repanco CHl would be satisfactory'-Ediror')'
e Lo.*n*a choke could also be made up by winding

"L."t 
+SO tt-s of 36 s.w.g. single rayon covered enamelled

*ii. o" 
" 

I watt 2o/. reiistoi of lM(l or more, the ends

of the winding being soldered to theresistor lead-outs'

ADJUSTMENT AND OPERATION
With the prototype, current consumption was 10mA

from the eV Uattiry, and the output power-from the

r*"t"t was of the-order of 50mW. A PP3 battery is

rititf".toty for running the receiver under these con-
Oiti*t. Output power may be increased-by reducing the
value of Rs io 1m(), whereupon the tot-al current rises to
fTme-l ff: tutt"ty is not iecommended for this higher
cunent since its life ritill be reduced by more than half' and
a larger battery should be used.- 

fn?fuo"tiori of C, is to remove distortion at the higher
uodio i."qo*cies, such distortion being most noticeable
*itn s-li aia-eto speakers. With some speakers, it may
be p-refeiabfe to use 0'b2pF or 0'03pF 9 the !z position or'

.u*, to omit the capacitor altogeJhel' The reader is

"O"ir"a 
to build the receiver and bring it up to working
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N.B. Some of the components listed below may
require adjustment. Details are given in the text'

Resisfors
(All fixed values { watt l}Y)

Rl 250kO variable, skeleton Preset
R2 100k0
R3 4.7kO
R4 lkcl
Rr 10kQ potentiometer, log, with switch
R6 4.7kO
R7 33kO
R8 150f)

Capacitors
e , 365pF, variable
C; 0'01tF, paPer or Plastic foil
C" 330pF, ceramic
C; 30prF, electrolYtic, 10V wkg.-
C; 0'005pF, paPer or Plastic foil
C; 5pF, electrolYtic, 10V wkg.
C; O05pF, paPer or Plastic foil
C8 100prF, electrolYtic, 6V wkg'

Inductors
All inductors are described in the text'

Semiconductors
TR, AFl24
TRz oc75
TR. AC128
Dr, D, oA70

Switch
51 s.p,s.t., Part of R5

Battery
81 9 volt batterY

Iouilspeaker
See text
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prcmoes a degree of ci.g.c. action and enstues that greatest 
regeneration is reserved for weaker signals. 

The TR.! stage is sufficiently sensitive to operate a pair 
of high resistance headphones connected across *3. 
A.F. STAGES 

A.F. amplification is provided by TR2 and TR3. Direct 
coupling is employed from the volume control R5 right 
through to the speaker transformer primary, thereby 
enabling a good performance to be obtained with a 
minimum of components. R7 provides d.c. feedback and 
keeps the two stages stabilised. Capacitor C7 functions as a 
bypass for the higher audio frequencies and, as is described 
later, may require adjustment to suit the particular 
speaker employed. 

If a high impedance speaker, of around 15012, is available, 
this can be connected directly in place of Tj primary, 
whereupon this transformer is not required. For lower 
impedance speakers, T1 should present a primary 
impedance of around 150 to 250fi to the collector of TR 3. 
(A suitable component for T! is the Radiospares 
Transistor Transformer type T/T4. This will match TRj 
to a 312 loudspeaker. The T/T4 transformer is readily 
available from component mail order houses.—Editor). 
TRANSISTORS 

The transistor specified for the first stage is an AF124, 
which is intended for v.h.f. operation. Alternative choices 

N.B. Some of the components listed below may 
require adjustment. Details are given in the text. 

(All fixed values i watt 10%) 
R, 250kf2 variable, skeleton preset 

lOOkQ 
4-7kQ 
lkf2 
lOkD potentiometer, log, with switch 
4-7k£2 
33k£2 
15012 

R2 
R3 
R4 
r5 
Re 
R7 
Rs 

Capacitors 
Cj 365pF, variable 
C2 0 01/iF, paper or plastic foil 
C3 330pF, ceramic 
C4 30/jF, electrolytic, 10V wkg. 
C5 0 005|iF, paper or plastic foil 
C6 5/iF, electrolytic, 10V wkg. 
C7 0 05/iF, paper or plastic foil 
C8 100/iF, electrolytic, 6V wkg. 

Inductors 
All inductors are described in the text. 

Semiconductors 
TRt AF124 
TR2 OC75 
TRj AC 128 
Di, D2 OA70 

Switch 
83 s.p.s.t., part of R5 

Battery 
83 9 volt battery 

loudspeaker 
See text 

for TRx are AF126 or AF127, but the writer found that 
these did not provide quite as much gain as the AF124. 
"Vhen compared with a medium wave transistor like the 
OC44, the AF124 is much to be preferred. Its shield 
lead-out is ignored, and is not connected to chassis. 

TR2 is not very critical and a number of high gain a.f. 
types were tried with roughly equivalent results. An OC75 
functioned well and this is specified in the Components 
List. 

The output transistor, TRj, should preferably be a high 
gain type also, although fairly adequate results would be 
obtained even with an OC72 or similar. (The author tried 
both an AC153K and an AC117, with equal results, in the 
prototype. These are not readily available in the U.K., and 
an AC128—"comparable" with the AC117—is quoted m 
the Components List.—Editor.). 

The diodes Dx and D2 were OA70's in the prototype. 
Other germanium diodes should be satisfactory, but they 
may require changes in the value of R2. 
INDUCTORS . , , 

The aerial coil, Lx, is wound on a femte slab 3in long, 
fin wide and ^in thick, and the total number of turns is 62, 
with the earthy tap 8 turns from the end which connects 
to TRx base. The coil should be close-wound on a paper 
sleeve which permits it to be slid along the slab for the 
required frequency coverage. Slabs of approximately the 
same dimensions as thatjjgesl by the author (such as the 
4f by 7 by ^in slab avStlaWe from Henry's Radio.—Editor) 
will be satisfactory, although it may be necessary to add, 
or take off, several turns at the end which connects to Cx 
to provide the requisite range. The wire is 26 s.w.g. 
enamelled copper. 

In the prototype, choke RFC! consisted of the primary 
of a miniature transistor i.f. transformer with its internal 
parallel capacitor (200pF) disconnected. (Any internal 
capacitor across the secondary should also be dis- 
connected.). The secondary winding and any taps in the 
primary are ignored, no connections eing made to these. 
Some advantage was provided by the fact that the dust 
core position could be adjusted for best regeneration. The 
can was earthed to the positive supply line. However, the 
use of an i.f. transformer in this manner is put forward as 
an experimental approach only, and constructors may 
employ a standard r.f. choke instead. (A 2-5mH choke 
such as the Repanco CHI would be satisfactory—Editor.). 
A home-wound choke could also be made up by winding 
about 450 turns of 36 s.w.g. single rayon covered enamelled 
wire on a 1 watt 20% resistor of IMD or more, the ends 
of the winding being soldered to the resistor lead:outs. 

ADJUSTMENT AND OPERATION 
With the prototype, current consumption was 10mA 

from the 9V battery, and the output power from the 
speaker was of the order of 50mW. A PP3 battery is 
satisfactory for running the receiver under these con- 
ditions. Output power may be increased by reducing the 
value of R8 to 1002, whereupon the total current rises to 
17mA. A PP3 battery is not recommended for this higher 
current since its life will be reduced by more than half, and 
a larger battery should be used. 

The function of C7 is to remove distortion at the higher 
audio frequencies, such distortion being most noticeable 
with small diameter speakers. With some speakers, it may 
be preferable to use 0-02pF or 0"03nF in the C7 position or, 
even, to omit the capacitor altogether. The reader is 
advised to build the receiver and bring it up to working 
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order with C7 at 0'05pF. The value of C-, may then be
changed experimentally, if necessary, to suit the particular
speaker employed.

When the receiver has been completed it is first of all
necessary to set up Rr. A new battery should be htted for
this process. Initially adjust R, such that the receiver is
just below oscillation point over most ofthe band covered.
If oscillation cannot be obtained, reduce R, to 68kQ.
With the prototype it was found that the 100kO value
specified for R, was satisfactory for a wide range of
transistors in the TR, position. Remember that if RFC, is
unscreened the onset of oscillation will depend to some
extent upon any inductive coupling it may have to the
ferrite aerial coil. RFC, should be mounted several inches
away from L, and with its axis at right angles to that of
Lr. Some control of the oscillation point may then be
given by orientating it relative to the ferrite aerial coil, and
this factor may be helpful in some cases. After R, has been

initially set up it does not need to be touched again.
A suggested alternative method of using Rt is to ht it to

the front panel as a normal 250kQ linear potentiometer
and employ it as a sensitivity control. It may then be
adjusted for optimum sensitivity on each received station.
In this instance, R, is not required in variable form and
may be replaced by a fixed resistor of the same value, with
Cu connecting direct to its upper end. The on-off switch
may then be provided by a separate slide or toggle switch.
However, this alternative scheme is offered as a suggestion
only, since the circuit gives excellent results as it stands.

As a final point there is a very slight risk of inductive a.f.
feedback coupling between the output transformer and the
ferrite aerial. If this occurs the connections to the output
transformer primary should be reversed. There was no
trouble on this score at all with the prototype, and it is
only mentioned in case the constructor encounters the
snag and does not know how to deal with it. tr

CHRISTMAS
WATER FOUNTAIN

bv/
D. P. NEWTON

Add a distinctive touch to your.Ghristmas decorations by including this
ornamental fountain, which functions also as a humidifier. The simple
electrics involved will make E pleasant hgliday break from more complex

proiects !

ENTRAL IIEATING. THOUCH VERY CONVENIENT. PRESENTS

the problem of dry air which can cause discomfort,
since it irritates the membranes of the eyes. nose and

throat. A water fountain is an effrcient and interesting way
of overcoming this and one may be easily built, as is
described in this article. Its construction offers a verv
pleasant Christmas holiday task.

The bowl should be as large as possible, e.g. a big bowl
of glass or strong plastic of at least twelve inches diameter.

Stcpdown
tronslormcr

Fig. l. How the pump and transformers are wired
to the mains supply

A miniature water pump and a suitable transformer are
needed, the whole circuit being as in Fig. 1.

MODIFIED PUMP JET
It'is iecessary to modify the pump jet by making a

smaller outlet, so that a fine, high spray can be produced.
This is done by heating the central portion ol a length of
glass tubing in a gas flame until it is soft and then drawing
it out as in Fig. 2. (The glass tubing may be obtained at a
chemist's and should be of such a diameter as to fit into the
polythene outlet of the pump.). Break the tube along the
line AB and insert the end C into the existins outlet.

miniature submersible water pump. (See text)
15V output stepdown transformer. (See text)
lkQ variable resistor, linear, 2 watts wirewound
fuseholder and fuse. 1A
s.p.s.t. switch, toggle

Bowl
Glass tubing
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order with C7 at 0-05/rF. The value of C7 may then be 
changed experimentally, if necessary, to suit the particular 
speaker employed. 

When the receiver has been completed it is first of all 
necessary to set up Rj. A new battery should be fitted for 
this process. Initially adjust R, such that the receiver is 
just below oscillation point over most of the band covered. 
If oscillation cannot be obtained, reduce Rj to 68kfl 
With the prototype it was found that the lOOkfl value 
specified for Rj was satisfactory for a wide range of 
transistors in the TRj position. Remember that if RFC! is 
unscreened the onset of oscillation will depend to some 
extent upon any inductive coupling it may have to the 
ferrite aerial coil. RFCi should be mounted several inches 
away from L! and with its axis at right angles to that of 
L!. Some control of the oscillation point may then be 
given by orientating it relative to the ferrite aerial coil, and 
this factor may be helpful in some cases. After Rj has been 

initially set up it does not need to be touched again. 
A suggested alternative method of using Ri is to fit it to 

the front panel as a normal 250kfl linear potentiometer 
and employ it as a sensitivity control. It may then be 
adjusted for optimum sensitivity on each received station. 
In this instance, R5 is not required in variable form and 
may be replaced by a fixed resistor of the same value, with 
C6 connecting direct to its upper end. The on-off switch 
may then be provided by a separate slide or toggle switch. 
However, this alternative scheme is offered as a suggestion 
only, since the circuit gives excellent results as it stands. 

As a final point there is a very slight risk of inductive a.f. 
feedback coupling between the output transformer and the 
ferrite aerial. If this occurs the connections to the output 
transformer primary should be reversed. There was no 
trouble on this score at all with the prototype, and it is 
only mentioned in case the constructor encounters the 
snag and does not know how to deal with it. o 
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CHRISTMAS 

WATER FOUNTAIN 

by 

IT^I 

D. P. NEWTON 

Add a distinctive touch to your Christmas decorations by including this 
ornamental fountain, which functions also as a humidifier. The simple 
electrics involved will make q pleasant holiday break from more complex 

projects! 

CENTRAL HEATING, THOUGH VERY CONVENIENT, PRESENTS 
the problem of dry air which can cause discomfort, 
since it irritates the membranes of the eyes, nose and 

throat. A water fountain is an efficient and interesting way 
of overcoming this and one may be easily built, as is 
described in this article. Its construction offers a very 
pleasant Christmas holiday task. 

The bowl should be as large as possible, e.g. a big bowl 
of glass or strong plastic of at least twelve inches diameter, 

■" Glass tube |kn   1 

Jl—. T I 1 

It-v o ' ^ • A.C mains 

[J Pump = 

Stepdown 
transformer 

Fig. 1. How the pump and transformers are wired 
to the mains supply 

T04 

A miniature water pump and a suitable transformer are 
needed, the whole circuit being as in Fig. 1. 
MODIFIED PUMP JET 

It- is necessary to modify the pump jet by making a 
smaller outlet, so that a fine, high spray can be produced. 
This is done by heating the central portion of a length of 
glass tubing in a gas flame until it is soft and then drawing 
it out as in Fig. 2. (The glass tubing may be obtained at a 
chemist's and should be of such a diameter as to fit into the 
polythene outlet of the pump.). Break the tube along the 
line AB and insert the end C into the existing outlet. " 

COMPONENTS 

1 miniature submersible water pump. (See text) 
1 15 V output stepdown transformer. (See text) 
1 IkD variable resistor, linear, 2 watts wirewound 
1 fuseholder and fuse, 1A 
1 s.p.s.t. switch, toggle 
Bowl 
Glass tubing 
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The lko variable resistor controls the voltage drop
across the pump and hence the height of the spray. The
spray can therefore be conlined within the limits of the
bbwi. Reducing the voltage across the pump also reduces
the noise level considerably.

The pump should be mounted in the bowl so that the
intake ii clear of the bottom, and the glass outlet is above
the surface of the water. Floating plastic flowers will
eliminate any tendency to splash' and will disguise the.
body of the pump and its wires.

When completed, the fountain has an attractive
appearance and can provide a particularly distinctive
a&ition to the Christmas scene.The miniature submersible
pump operates from 8 to X) volts a.c' whilst the stepdown
iranifoimer has an output of 15 volts at 2fi)mA and is

Fig.2. Preparing the modified pump iet

specifrcally intended for driving the pump. Tle pu-mq a1{
tiansform-er are available from Proops Brothers Ltd.,52
Tottenham Court Road, London, W.1. The remaining
components are, ofcourse, standard radio parts. tr
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ACROSS
An example of axial directivity
(3, 4, 5)
First stage parameter in cascode
amplifier (3,4)
Reactive components (3, 4)
A nuisance when replacing valve
bases (6)
A feature of moist magnetrons (6)
Covered by Fenbridge guards (7)
It is this feature of 3 down that the
trap exploits (4)
Attenuated, but ampliftes (4)
Vertically built connectors (7)
Has been a sideproduct of23 across
(1, 3)
Can be replaced by the reactance
valve (4)
Pronounced (and spelt!) electronic
success in the U.S. (5, 1, 1)
Associated with 1 down, but
bounces (1,1,4)
Suez defines the scarcity of military
electronics (4, 2)
The input impedance of a second
stage is a prime example (7)'Cadmium 

plate or this (7)
Inharmonious (12)

DOWN
Fills the void between sound and
light (1, l, 5)
Compiles the specification for initial
perusal (6)
They make noise measurements
possible, and necessary (4)
The frequency ofd.c. perhaps (4)
Not a featuqe of magslips (6)
Scene of circuit design activity,
perhaps (7)
Responsible in a way for 1 down
(5,7)
Copes with large blocks of
interference (3, 9)
To be found in a J-type indicator
(4, 3)
Fence-sitter, electrically (7)
Two ones make a one (3,4)

CROSSWORD
Gheck your knowledge against this crossword
puzzle, which embraces all aspects of electronacs
irom automation to radar. Be warned+ome of the
answers are not too easyf The solution is given on

nas{ 31 2
I

20. Hazard to Santa Claus (7)
22. Point of discharge(1) bv
23. Victorian light source (6)
24. Splendid for running up the high W.M. FRASER

tension (6)
27. One cycle perhaps (4)
28. Microwave device minus means of

access (4)

I
l

2.

3.

t
+.

5.
6.

7.

10.

12.

t J .

t4.
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The IkQ variable resistor controls the voltage drop 
across the pump and hence the height of the spray. The 
spray can therefore be confined within the limits of the 
bowl. Reducing the voltage across the pump also reduces 
the noise level considerably. 

The pump should be mounted in the bowl so that the 
intake is clear of the bottom, and the glass outlet is above 
the surface of the water. Floating plastic flowers will 
eliminate any tendency to splash, and will disguise thei 
body of the pump and its wires. 

When completed, the fountain has an attractive 
appearance and can provide a particularly distinctive 
addition to the Christmas scene. The miniature submersible 
pump operates from 8 to 20 volts ax. whilst the stepdown 
transformer has an output of 15 volts at 200mA and is 

jA ^/le'ext.dia. 

|B About'M'ext.dia. 

Fig. 2. Preparing the modified pump jet 

specifically intended for driving the pump. The pump and 
transformer are available from Proops Brothers Ltd., 52 
Tottenham Court Road, London, W.l. The remaining 
components are, of course, standard radio parts. n 

ACROSS 
1. An example of axial directivity 

(3,4, 5) 
8. First stage parameter in cascode 

amplifier (3,4) 
9. Reactive components (3,4) 

11. A nuisance when replacing valve 
bases (6) 

14. A feature of moist magnetrons (6) 
15. Covered by Fenbridge guards (7) 
16. It is this feature of 3 down that the 

trap exploits (4) 
17. Attenuated, but amplifies (4) 

• 18. Vertically built connectors (7) 
19. Has been a sideproduct of 23 across 

(1, 3) 
21. Can be replaced by the reactance 

valve (4) 
23. Pronounced (and spelt!) electronic 

success in the U.S. (5,1,1) . 
25. Associated with 1 down, but 

bounces (1, 1, 4) 
26. Suez defines the scarcity of military 

electronics (4, 2) 
29. The input impedance of a second 

stage is a prime example (7) 
30. Cadmium plate or this (7) 
31. Inharmonious (12) 

DOWN 
1. Fills the void between sound and 

light (1,1, 5) 
2. Compiles the specification for initial 

perusal(6) 
3. They make noise measurements 

possible, and necessary (4) ■ 
4. The frequency of d.c. perhaps (4) 
5. Not a feature of magshps (6) 
6. Scene of circuit design activity, 

perhaps (7) 
7. Responsible in a way for 1 down 

(5, 7) 
10. Copes with large blocks of 

interference (3, 9) 
12. To be found in a J-type indicator 

(4,3) 
13. Fence-sitter, electrically (7) 
14. Two ones make a one (3,4) 
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CROSSWORD 

Check your knowledge against this crossword 
puzzle, which embraces all aspects of electronics 
from automation to radar. Be warned—some of the 
answers are not too easyJ The solution is given on 

pag^ 312 

20. Hazard to Santa Claus (7) 
22. Point of discharge (7) 
23. Victorian light source (6) ' 
24. Splendid for running up the high FRASER 

tension (6) 
27. One cycle perhaps (4) 
28. Microwave device minus means of 

access(4) 

12 
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This is the first of a 4-part series which
describes the design and assembly of an
electronic clock providing read-out on
four lmA meters. The clock, which is
time-controlled by the 50 c/s a.c. mains,
uses computer techniques throughout,
and even includes an indicator to
distinguish between a.m. and p.m. as
well as a circuit which sounds appropriate
"Ghimes" at each hour. Presented
primarily for those who wish to obtain
practical experience with computer
techniques, this project is intended for
readers who are able to design their own
Veroboard stage layouts from circuit

diagram and textual information

rr!ffi clocK To BE DESCRTBED rN TIIrS SERTES OF ARTTCLES

I is really a practical exercise in logic circuits such as are
^ encountered in digital computers. It incorporates
250 diodes and transistors, but very nearly all of these are
the very cheap surplus silicon'devices which are avaiiable
for around 3d each. Had it not been for tne availability of
such semiconductor devices the clock would not have
been economically feasible. Even with the very cheap
devices incorporated it is still more expensive than an
ordinary electric clock and its design is, of course, much
more complicated. The total cost of all the components
less the meters and cabinet is of the order of f,14 at the
time of writing.

Whilst the writer agrees that the design represents a
complicated and expensive way of building a clock, he
would nevertheless point out that the building of a clock
was not the sole object of the exercise. The main object is to
construct and become acquainted with the operation of a
number of logic circuits such as are encountered in digital
computers, whereupon a digital clgck .represents a
reasonable end product.

In this first article we will introduce the main operational
circuits and, in succeeding articles, describe individual
stages and general construction. It would be impossible
to attempt to reproduce complete wiring layout diagrams
in a magazine series of reasonable length and the reader
has, to some extent, to devise individual stage layouts
himself. However, the 

'writer 
feels that, \4ry event,

part of the pleasure of construction lies in sinffilDdesign
work of this nature.

Also given this month is an overall Components List for
the electronic components. A later article will describe the
construction of a suitable cabinet, but the materials
required for this are not included in the Components List
given this month.

f
I

This board carries all the stages of Fig. 1 except
binaries B2l to 825, and is identified as Board 1
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"chimes" at each hour. Presented 
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practical experience with computer 
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readers who are able to design their own 
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The clock to be described in this series of articles 
is really a practical exercise in logic circuits such as are 
encountered in digital computers. It incorporates 

250 diodes and transistors, but very nearly all of these are 
the very cheap surplus silicon devices which are available 
for around 3d each. Had it not been for the availability of 
such semiconductor devices the clock would not have 
been economically feasible. Even with the very cheap 
devices incorporated it is still more expensive than an 
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less the meters and cabinet is of the order of £14 at the 
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Whilst the writer agrees that the design represents a 
complicated and expensive way of building a clock, he 
would nevertheless point out that the building of a clock 
was not the sole object of the exercise. The main object is to 
construct and become acquainted with the operation of a 
number of logic circuits such as are encountered in digital 
computers, whereupon a digital clock represents a 
reasonable end product. 

In this first article we will introduce the main operational 
circuits and, in succeeding articles, describe individual 
stages and general construction. It would be impossible 
to attempt to reproduce complete wiring layout diagrams 
in a magazine series of reasonable length and the reader 
has, to some extent, to devise individual stage layouts 
himself. However, the "writer feels that, Sa^any event, 
part of the pleasure of construction lies in simple-design 
work of this nature. 

Also given this month is an overall Components List for 
the electronic components. A later article will describe the 
construction of a suitable cabinet, but the materials 
required for this are not included in Che Components List 
given this month. 
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This board carries all the stages of Fig. 1 except 
binaries B21 to B25, and is identified as Board 1 
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From Schmidt
rigg?r o/P

by A. J.  EWINS

To on/pm light
circuit

I switch, s.p.s.t. toggle (Sr)
4 push-button switches, closed when pressed

(Sr-Sr)
(N.B. Separate Components Lists for the bistable
dividers and^reset monostable are given later).

To'o'ot chime
circuit

Ib b of chirrc
circuit

+9 to
tov

;

;

SOLID - STATE
DIGITAL
CLOCK
Part I

Fig. l. The complete circuit of the time-keeping seclion of the clock. Circuit diagrams and descriptions of the
bistables and monostahles are given in next month's issue

pncrrunsn 1968

bistable dividers
reset monostable
silicon diodes (Dr-Drs)
10kQ resistors
l00kO resistors
820kCl resistors
0'0lpF capacitor (disc ceramic, as small as
possible)
0'02pF capacitors (disc ceramic, as small as
possibte)

ko

D13

★ 

SOLID - STATE 

DIGITAL 

CLOCK 

Part 1 

by A. J. EWINS 

COMPONENTS 

25 bistable dividers 
1 reset monostable 

18 silicon diodes (D j-D 18) 
4 10kn resistors 

17 lOOkD resistors 
2 820kQ resistors 
1 0-01 ioJF capacitor (disc ceramic, as small as 

possible) 
5 ()-02|iF capacitors (disc ceramic, as small as 

possible) 
1 switch, s.p.s.t. toggle (SJ 
4 push-button switches, closed when pressed 

(S2-S5) (N.B. Separate Components Lists for the bistable 
dividers and^reset monostable are given later). 
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trigger o/p Bl 
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0 02pF 

To am/pm light _ 
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ilfSi ^"kn l ^ j 
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B2I S4 
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820 
kn 

To V of chime 
circuit 

Fig. 1. The complete circuit of the time-keeping section of the dock. Circuit diagrams and descriptions of the 
bistables and monostab/es are given in next month's issue 

DECEMBER 1968 307 



Thepho tog rapho facomp le tedve rs iono f the ' c l ock theb ina r i es .B .S toB l3 |o rmthebu i l d i ngb lockso f the
aDDears in one of ttre accomp'anying illustratioi:.^I:';;i; second sectiot T#';t;iio; ' divides by 60 to provide

olbtogpphthelef thanorn. ' i . r l ia i&, .shours, thecentre 
a negat iut  i l - ing pulse:" t - : I '  I  minute

meter tens-of-mmutes ano the right h""d T*: T-1;; 
itot itt" ootpiti 

' 
oF d rl' - and -provides 

outputs

The circuit includes electronics-for a meter t" ii;; tto'.tt'" 
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iaie'' wtren tr'i ui*v"ai"ia;rs are described in detail)'

-other 
requirements, as are described later- .1L: 

consider inltialtv uiaf the outputs from the four binaries
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THE BASIC CIRCUIT 
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The photograph of a completed version of the clock 
appears in one of the accompanying illustrations. In this 
photograph the left hand meter indicates hours, the centre 
meter tens-of-minutes and the right hand meter mmute . 
The circuit includes electronics for a meter to indicate 
seconds but this meter was not included in the particular 
cabinet shown. Cabinet dimensions are not critical and the 
meters are standard 0-lmA types, whereupon it is readily 
possible to incorporate the seconds meter m an alternative 
design. Above the two right hand meters is a^nummated 
panel having two separate sections identified as 
and "PM". Either of these sections is illuminated 
according to whether the time indicated is a.m. or pmi. 
respectively. Fitted to the small round aperture between 
the hours and tens-of-minutes meters is a moving-co 
SLo7o.S«r, which scmd "cUmci- « jch hour, 
the number of "chimes" indicating the hour itself. 

" There are four small push-button switches in the l0^ 
part of the front panel. These are used for circuit reset and 
other requirements, as are descnbed later 

Test instruments required for 
are a voltmeter with a sensitivity of SO.OWapervot and 
preferably, a simple oscilloscope _ Tnelatterisnot 
however, essential. Also required, J ^ .^Xcker 
obtained are of the untested vanety, is a simple hfe checker. 
A suitable instrument is descnbed this month. 

So far as drawings and photographs are concerned, it 
J be Pessary i/succeeding parts to 'f 
and illustrations which have appeared in e™ 
All the issues should, in consequence, be retained, so mat 
such references may be properly followed. 

We shall now proceed to a description of circuit 
operation. 

THE BASIC CIRCUIT . , • ■ Tr„ i 
The basic circuit of the digital clock is shown in Fig. 1. 

The Bistable Dividers (hereafter referred to as binaries ) 
and the Monostable are shown in block diagrammatic 
form only (they are shown in detail in later diagrams). 
The circuit of Fig. 1 can be described in five ,^tions. 

The first section divides the 50 c/s mains frequency 
output from the Schmitt trigger by S^producing 1 second 
pulses at the output from binary B6. The bmanes B1 to B6 
and the reset monostable Ml form the building blocks of 
this secfion. Six binaries connected in series would 

ii a' o*5 fA The introduction of the reset 
mo™ stable'enables the six binaries to skip 14 pulses in the 
fofiowing manner. If one considers ^t the °E\of aU 
six binaries initially read zero, then after 15 Puhes thes 
binaries will read, B1 to B6 respectively, 1,1,1,, 0 0. On 
the sixteenth pulse, if the reset monostable is not 
connected,theywillread0,0,0,0,1,0.However,-th he 
reset monostable connected tp the inverse output of B5 it 
s triggered on for approximately 10 msec as the state of B5 
is changed over. The positive d.c. potential output from 
the monostable presets the binaries B1 to B4 with the 
result that after the sixteenth pulse has been fed into B1 the 
bfnariS B1 to B6 will read 1,1, 1, 0,1 0RXfS 
only a further nine pulses to be fed into Bl before the 

■ binaries will read 0, 0, 0, 0, 0 1. A ^rther 25 pulses 
returns all outputs from the six binaries^ tozero with the 
result that a negative going pulse is obtal"®d

If
r ™ ins 

output of B6 for every 50 that are fed into B1. If a mains 
frequency of 50 c/s is fed into Bl then a negative go g 
pulse is obtained every 1 second at the output of B6. 
m output from B6 is fed into B7, which together with 
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the binaries B8 to B13 form ^.^building blocks of^he 
second section. This section divides bj 60 to proina 
a npaative going pulse every 1 minute 

i + + Rl^ and provides outputs 

tS Z seven binaries, B7 .o 
„AAeA together in a suitable manner, can count , 
provide a read-out for, 0-59 secondsfAstheread-out 
circuits are described in a later 6ect,on,only tbe divide by 
60 principle is discussed at Uus p •)■ 
sectFon can be split up into two ? 

ami tr, ri 3 The four binaries B7 to Bit) amae oy iw 
and the three binaries Bl 1 to B13 divide by 6- Co"'ide™g 

the binaries B7 to B10 and ignonng the reset diodes Dio 
to D it will be seen that the four binanes are connected 

B7 to B10 all read zero, m other words, all four outputs 
are down at ground potential. After eight pulses haye 
entered B7 the four binaries will read, from B7 to B10 
respect vel^JLO, 0, 1 (an output pulse from B7 does not 
StBiSffis. 
the ninth pulse the bmanes will read 1,0, 0 '■ un m 
tenth pulse tne output from B7 returns tbe tput 
to a zero and also tries to change the state of B8 s output. 
However, the diode, capacitor resistor feedback netwo , 
from the output of B10 holds the output of B8 down at a 
7ero The lOOkQ resistor between the output of B7 and 
the input of B8 weakens the pulse from B7 m order that i ^ould not over-ride the capacitor, diod^ resistor fewlback 

network from B10. It is also unportant that tne time 
"SFt of Se feedback network is ^he Ume 
eontitant of the trigger input pulse, which is 1 msec (see 
later description of binary dividersk The capacitor of the 
feedback network is given a value of 0 02pr, giving a 
amstam msec with a feedback resistor value of 
10The'binaries Bll to B13 are made to diyide by 6 m 
nreciselv the same manner as the binaries B7 to B 
made to divide by 10. A similar feedback network holds 
down the output of B12 at the zero level 

pulse so that all three binanes read zero after s^ Pu se^k 
The diodes D/to and their associated lOOkfi 

resistors reset the outputs of the binanes B7 to B13 to 
zero when the switch S, is closed. 
of resetting the 0-59 seconds read-out to zero and oi 

B,3 is fed into the thitd secdot. oj: the 
clock which consists of binanes B14 to B20. These 
binaries in addition to dividing by 60, provide outputs 
which when added togetner count and giye ^ut8 for 
0-9 minutes and 0-5 tens-of-minutes^ B14 to B17 divide by 
10 and provide the read-out for 0-9 minutes and B18 t 
B20 divide by 6, providing the read-out for 0 5 tens o 
minutes An output pulse is obtained every hour from B20. 
^ output from B20 is fed into B21, which, together 

with the binaries B22 to B24, form the fourth section of 
the digital clock. These binaries count and provide a 
read out for 0-11 hours (12 o'clock being the same as 0). . 
B21 divides by 2 and B22 to B24 divide by 6, Provid>ng an 
overall division by 12. The output from B24' wbicb 

nulse every half-day, operates the binary B25 which in 
turn operates the AM/PM light circuit. This part of the 
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Board 2. On this board are assembled binaries
B2l to 825 and the AMIPM light circuit. The row
of transistors at the bottom arc in the digital to

a nalogue read - out c itcu it

r
circuit (described in detail later) indicates by means of two
lit panels whether it is a.m. or p.m.

The push-button switches, 52 to 54, enable the minutes,
tens-of-minutes and the hours binaries to be connected to
the l-second pulses from the output of binary 86. With the
switch.Sl clo_sed, (this stopping the clock and resetting the
seconds read-out to zero but still allowing l-second pulses
to be obtained from 86) each sfthe pusli-button switches
is depiessed in turn, starting with Sr, so that the clock may
be set to the right time. Switch S" sets the Chime circuit to
the right hour. Upon opening switch Sr, the clock is
restarted.

The diod-es Dru and D' are necessary in order that any
resetting of the hours does not interfere with the resettinl
of the cbime circuit, and vice-versa. The 820ke resistori
associated with Dr6 and Dlz enable the input sides of the
capacitors of the binaries B21 and BCI (in the chime
gircuit) to return to a positive potential when the output of
B20 reads l, as would have been the case had thev been
connected directly to the output ofB20.
THE CHIME CIRCUIT
. Before describing the chime circuit (shown in Fig. 2)

the task that it has to carry.out must first be clearly
understood. Basically the chime circuit must be able to
store the time in hours and on recept of a pulse, on the
hour, count the hours that it holds stored, operating the
oscillator (which acts as the chime) as it cbunts. and.
finally, switch itself offwhen it has finished counting.

The binaries BHI to BH4 count the hours in precisely
the same way that binaries B2l to 824 of the basic circuit
ofFig. I do. (In fact, the outputs from tne binaries B2l to
B24 of the basic circuit could possibly be used instead of
the outputs from binaries BHI to BH4 if an economy on
components or space were to be effected). The binaries
BSI to BS4 count 0-ll, as do BHI to BH4, on receipt of
one second pulses. The four comparators Cl to C4
compare the ou.tputs of the four pairs of binaries BHI and
BSl, BH2 and BS2, BH3 and BS3, and BH4 and BS4.
oncnrrasnn x968

The output frorn a comparator is zero when the outputs
from the two binaries it is comparing are the same.

To understand the operation of the chime circuit let us
consider that initially the time stored by the binaries BHI
to BH4 is, say, 6 o'clock, in which case the output from
BHI to BH4 will read 0, I, l, 0 respectively. Initially the
output from BCI ig zero and the outputs from BC2 and
tl.e NAND gate are one. The outputs from the four
binaries, BSI to BS4 are also all zeros.
, An output pulse, on the hour, from B20 of Fig. I

changes the output of BCI from 0 to l, and the binaries
BHI to BH4 now store 7 o$ock, reading l, l, l, 0
respectively. Simultaneously with a negative going "hour"
pulse arriving at the.inputs to binaries BCI and BHI a
positive going "second" pulse arrives at the input to the
NAND gate.  As both inputs to the NAND gate
are now one the output from the NAND goes
down to zero, transmitting.a negative going pulse to the
inputs of BSl, BC2 and the oscillator. So long as the
output from BCI is a one the NAND gate is controlled
by incoming "second" pulses, the output being zero when
the input."second" pulse is positive, a one. Thus negative
going pulses are transmitted to BSI for as long as the
output from BCI is a one. The binaries BSI to ES4 now
proceed to store and count the number of "second',
pulses fed into BSl. Simultaneously the oscillator is
pulsed on and off for each "second" pulse that passes
4lorrgtt the NAND gate. After seven pulses the binaries
BSI to BS4 will read the same as the binaries BHI to
BH4, thus the outputs from all four comparators will be
zero. The output from BC2 is also zero, having been
changed from a one to a zero when the first "second"
pulse passed through the NAND gate. Hence five inputs
!9 the OR gate now read zero and on the positive gciing
"second" pulse returning to zero the output from the OR
gate will go Cown to zero, triggering the monostable MC
with a negative going pulse. MC in turn transmits a
negative going pulse to BCI and BC2, returning the
output of BCI to zero and the output of BC2 to a one. Tire
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Board 2. On this board are assembled binaries 
B21 to B25 and the AM/PM light circuit. The row 
of transistors at the bottom are in the digital to 

analogue read-out circuit 

circuit (described in detail later; indicates by means of two 
lit panels whether it is a.m. or p.m. 

The push-button switches, Sj to S4, enable the minutes, 
tens-of-minutes and the hours binaries to be connected to 
the 1-second pulses from the output of binary B6. With the 
switch S, closed, (this stopping the clock and resetting the 
seconds read-out to zero but still allowing 1-second pulses 
to be obtained from B6) each of the push-button switches 
is depressed in turn, starting with S2, so that the clock may 
be set to the right time. Switch S5 sets the Chime circuit to 
the right hour. Upon opening switch Sj, the clock is 
restarted. 

The diodes D16 and D17 are necessary in order that any 
resetting of the hours does not interfere with the resetting 
of the chime circuit, and vice-versa. The 820kfl resistors 
associated with D16 and D17 enable the input sides of the 
capacitors of the binaries B21 and BC1 (in the chime 
circuit) to return to a positive potential when the output of 
B20 reads 1, as would have been the case bad they been 
connected directly to the output of B20. 
THE CHIME CIRCUIT 

Before describing the chime circuit (shown in Fig. 2) 
the task that it has to carry out must first be clearly 
understood. Basically the chime circuit must be able to 
store the time in hours and on recept of a pulse, on the 
hour, count the hours that it holds stored, operating the 
oscillator (which acts as the chime) as it counts, and, 
finally, switch itself off when it has finished counting. 

The binaries BH1 to BH4 count the hours in precisely 
the same way that binaries B21 to B24 of the basic circuit 
of Fig. 1 do. (In fact, the outputs from tne binaries B21 to 
B24 of the basic circuit could possibly be used instead of 
the outputs from binaries BH1 to BH4 if an economy on 
components or space were to be effected). The binaries 
BS1 to BS4 count 0-11, as do BH1 to BH4, on receipt of 
one second pulses. The four comparators C1 to C4 
compare the outputs of the'four pairs of binaries BH1 and 
BS1, BH2 and BS2, BH3 and BS3, and BH4 and BS4. 
DECEMBER X968 

The output from a comparator is zero when the outputs 
from the two binaries it is comparing are the same. 

To understand the operation of the chime circuit let us 
consider that initially the time stored by the binaries BH1 
to BH4 is, say, 6 o'clock, in which case the output from 
BH1 to BH4 will read 0, 1, 1,0 respectively. Initially the 
output from BC1 is zero and the outputs from BC2 and 
the NAND gate are one. The outputs from the four 
binaries, BS1 to BS4 are also all zeros. 

An output pulse, on the hour, from B20 of Fig. 1 
changes the output of BC1 from 0 to 1, and the binaries 
BH1 to BH4 now store 7 o'clock, reading 1, 1, 1, 0 
respectively. Simultaneously with a negative going "hour" 
pulse arriving at the. inputs to binaries BC1 and BH1 a 
positive going "second" pulse arrives at the input to the 
NAND gate. As both inputs to the NAND gate 
are now one the output from the NAND goes 
down to zero, transmitting, a negative going pulse to the 
inputs of BS1, BC2 and the oscillator. So long as the 
output from BC1 is a one the NAND gate is controlled 
by incoming "second" pulses, the output being zero when 
the input "second" pulse is positive, a one. Thus negative 
going pulses are transmitted to BS1 for as long as the 
output from BC1 is a one. The binaries BS1 to BS4 now 
proceed to store and count the number of "second" 
pulses fed into BS1. Simultaneously the oscillator is 
pulsed on and off for each "second" pulse that passes 
through the NAND gate. After seven pulses the binaries 
BS1 to BS4 will read the same as the binaries BH1 to 
BH4, thus the outputs from all four comparators will be 
zero. The output from BC2 is also zero, having been 
changed from a one to a zero when the first "second" 
pulse passed through the NAND gate. Hence five inputs 
to the OR gate now read zero and on the positive going 
"second" pulse returning to zero the output from the OR 
gate will go down to zero, triggering the monostable MC 
with a negative going pulse. MC in turn transmits a 
negative going pulse to BC1 and BC2, returning the 
output of BC1 to zero and the output of BC2 to a one. The 
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Fis.2. rhe chime circuit. Asain. btock,*J:i:i;r#,::":":;frri:ril:individuatstases' rhese are described in

zero output from BCl prevents any furtirer "second"
pulses from passing through the NAND gate and thus
ihuts the chime circuit off until a further "hour" pulse is
received at the input to binary BCI and BHl. MC also
transmits positive going pulses to the four binaries BSI to
BS4, which resets their outputs to zero's.

The reason for the inclusion of BC2 is to preveot the
chime circuit from counting zero chimes for 12 o'clock-
For the clock to read 12 o'clock all the binaries BHI to
BH4 must read zero. Thus, without BC2, the circuit
would immediately switch its€tr off after being switched
on, counting no chimes at all, since the binaries ESI to
BS4 also read zero initially. The output from BC2 is
designed not to read zero until one "second" pulse has

entered the circuit, by which time the binaries BSI to
BS4 will have advanced from their zero positions. An
additional eleven pulses is therefore lecessary before they
can again readzero.

Adding the positive "second" pulses to the inputs of the
On lut"-pr*ints the chime ciriuit from switihing itself 

' '

off immediately after the beginning of the last pulse,
cutting short the last chime of the oscillator.

It iJquite possible that as t\e positive "second" pulse
arrives at tha OR gate fractionally ahead of an "hour"
pulse at BCI and BHI that the binary BC2- is made
iedundant. since the binaries BSI to BS4 must read more
than zero before the "second" pulse returns to zero.
However, the binary BC2 was included in the circuit
before it was realised that the addition of the positive
"second" pulse to the OR gate input was necessary. The
author, therefore, suggests that binary BC2 be included
as a precautionary measure.

NOTES ON COMPONENTS
A master Components List for all the electronic items

required for the clock accompanies this article. Also
eivin, with each circuit diagram, is a Components List
ipplying to that diagram only. These- individual
C-omponents Lists are all part of tlre master Components
List.

A very large number of semiconductors are required
for the cl,ock. Dealing first with the diodes, unless otherwise
specified these are all silicon planar types obtainable as
surplus components from firms specialising in this
paiticular market and advertising in The Radio-Constructor. 

At the time of writing these diodes were
available. untested. at 40 for l0s. A total of 126 of these
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10 bistable dividers
I reset monostable
4 comparators
I six-input OR gate
I two-input NAND gate
I oscillator

N.B. Separate Components Lists for the items above
are given later).
4 l0k0 resistors
6 100k0 resistors
2 0'02pF capacitors (disc ceramic, as small as

possible)
6 silicon diodes (Dt-Du)

310

X OOz^F lOOkn Y 
| VvW * 

OOkn I hour pulses 
ww 

BH4 BH2 BH3 ^Cl bhi 

c4 ^2 OR I sec pulses NAND 

kn S3 BS4 d6 BSI Osc 

J lOOkn 
—ww -J- -lOkn 

_+ 002>JF"S * 
T ■"■D5 lOkn 

Wf j — 

D4 □a 
lOkn 
 VvW 

lOkn 
VvW 

Fig. 2. The chime circuit. Again, block representation is used for the individual stages. These are described in 
detail in succeeding issues 

zero output from BC1 prevents any further "second" 
pulses from passing through the NAND gate and thus 
shuts the chime circuit oif until a further "hour" pulse is 
received at the input to binary BC1 and BHI. MC also 
transmits positive going pulses to the four binaries BSI to 
BS4, which resets their outputs to zero's. 

The reason for the inclusion of BC2 is to prevent the 
chime circuit from counting zero chimes for 12 o'clock. 
For the clock to read 12 o'clock all the binaries BHI to 
BH4 must read zero. Thus, without BC2, the circuit 
would immediately switch itself off after being switched 
on, counting no chimes at all, since the binaries BSI to 
BS4 also read zero initially. The output from BC2 is 
designed not to read zero until one "second" pulse has 

COMPONENTS 

bistable dividers 
reset monostable 
comparators 
six-input OR gate 
two-input NAND gate 
oscillator 

N.B. Separate Components Lists for the items above 
are given later). 
4 lOkQ resistors 
6 lOOkfl resistors 
2 0-02|rF capacitors (disc ceramic, as small as 

possible) 
6 silicon diodes (Di-Dg) 
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entered the circuit, by which time the binaries BSI to 
BS4 will have advanced from their zero positions. An 
additional eleven pulses is therefore pecessary before they 
can again read zero. 

Adding the positive "second" pulses to the inputs of the 
OR gate prevents the chime circuit from switching itself 
off immediately after the beginning of the last pulse, 
cutting short the last chime of the oscillator. 

It is quite possible that as the positive "second" pulse 
arrives at the OR gate fractionally ahead of an "hour" 
pulse at BC1 and BHI that the binary BC2 is made 
redundant, since the binaries BSI to BS4 must read more 
than zero before the "second" pulse returns to zero. 
However, the binary BC2 was included in the circuit 
before it was realised that the addition of the positive 
"second" pulse to the OR gate input was necessary. The 
author, therefore, suggests that binary BC2 be included 
as a precautionary measure. 

NOTES ON COMPONENTS 
A master Components List for all the electronic items 

required for the clock accompanies this article. Also 
given, with each circuit diagram, is a Components List 
applying to that diagram only. These individual 
Components Lists are all part of the master Components 
List. 

A very large number of semiconductors are required 
for the clock. Dealing first with the diodes, unless otherwise 
specified these are all silicon planar types obtainable as 
surplus components from firms specialising in this 
particular market and advertising in The Radio 
Constructor. At the time of writing these diodes were 
available, untested, at 40 for 10s. A total of 126 of these 
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diodes is required for the clock, and they are referred to,
in the individual Components Lists, as "silicon diodes".
They should be tested before use, and should offer a

Master list

(N.B. See text for details on components listed below.)

Resistors
l50o | 22kt2
680c, 3 24kA
8200 | 27kO
lko 3 33ko
l.5kQ I 43kO
2kC) 16 47ka
2.2kO I 62kO
2.7kO l 9lkc)
3ko r97 l00ko
3.3k0 l 130ko
4'3kO I 2,mko
4.7kA 5 330kO
5.1kfi I 510ko
5.6kO 95 820k0
8'2kO I 2kO potentio-
iOkQ meter, pre-set,
llkO linear
l2kQ
r3ko
l5ko
20ko

Fig. 3. A simple test circkt for n-p-n. tnnsistots.
The lokdl variable resistor should be set to
maximum resistance before inserting a trcnsistol

I

I
I

t
ir

2
I
2
1
2
J

2
I

98

Capacitors
73 0'01pF disc ceramic (as small as possible)
10 0'02pF disc ceramic (as small as possible)
2 0'lpF (as small as possible)
I 0'47pF
3 l0pF electrolytic, l2V wkg.
2 251tF electrolytic, l2V wkg.
I 500pF electrolytic, 20V wkg.

Transistors
104 n.p.n. silicon planar, hr. greater than 20

2 n.p.n. silicon planar, hs. greater than 60
3 n.p.n. silicon planar, hr" greater than 100
I p.n.p.OC200
I  p.n.p.OC36 ;

Diodes
126 silicon planar diodes

6 silicon rectifier diodes, 250mA, p.i.v. greater
than 40V (e.g. Lucas DD000)

I zener'diode, 6'2 volts, 250mW

Miscellaneous
4 push-to-makepress-buttons
I single pole toggle switch
4 0-lmA meters
2 6V 0'04A' bulbs
2 bulb-holders, m.e.s., clip-on
I moving coil microphone insert (See text)
1 Mains transformer, Douglas MTll2AT, G.

W. Smith & Co., 3 Lisle Street, London,
w.c.2.

2 sheets Veroboard, 0'lin matrix, l7'9 x 3fin.
Copper strips parallel with longer side. (See
text)

reverse current ofvery mucn less than lpA when checked
with a voltage not less than l0 volts.

Except where specified, the transistors used throughout
were surplus n.p.n. silicon planar types of the TO-18 or
TO-5 variety, available from the same retail source as the
diodes. Untested ones were also available at about the
same price. The clock employs 104 of these transistors,
and the circuits in which they are used are designed to
give satisfactory operation with transistors having a
minimum hs. of 20 at lmA. They should also have an
I""o of-very much less than lpA pt a voltage not less than
l-d- volts. 

- 
In the individual Components Lists these

transistors are referred to as "silicon planar transistors".
A point to bear in mind is that some transistors in this
catigory have the metal can common to one of the
elecirodes, and that it ig in consequence, necessary to take
the approprifte precautions against short-circuits during
wiring.

,4,16 required are 2 n.p.n. silicon planar tra-nsistois
with an hs" greater than 60. These may be BCl68 or
equivalent.'3-further silicon planar transistors with fu"
griater than 100 are needed, and they can also be BCl68
or equivalent. The two remaining transistors in the clock
are OC36 and OC200.

A suitable test circuit for the transistors is given in
Fig. 3, the l0kO variable resistor being -set up for an
emitter current reading of lmA. The gain of the transistor
under test is then given by (lmA/Iof l

All the resistors used in the prototype were lwatt 5\
carbon film types.

The majority of the capacitors wbre disc ceramics of
about fiin diameter. As a large quantity of these is required
it is possible that some retailers may be prepared to give
some kind of discount.

If any difficulty is experienced in obtaining the 6V
0'04,4, lamps, these are usually available at Woolwortl's
stores. They are normally.used as rear lamps in bicycle
dynamo systems.

The master Components List includes four lmA
moving-coil meters, these providing the read-out facility.
At this stage, it is difficult to quote specific components by
make and type number because of varying dimensions,
which will have considerable effect upon final cabinet
design. Also, some constructors may prefer to use three
meters only, one of th.ese doubling both for h.ours and
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diodes is required for the clock, and they are referred to, 
in the individual Components Lists, as "silicon diodes". 
They should be tested before use, and should offer a 

COMPONENTS 
Master list 

(N.B. See text for details on components listed below.) 
Resistors 

1 isoa 1 22kn 
1 eson 3 24kn 
1 820f2 1 27kn 
1 ikn 3 33kn 
1 l-5kn 1 43kn 
1 2kn 16 47kn 
1 2-2kn 1 62kn 
2 2-7kD 1 9 Ikn 
1 3kn 197 loom 
2 3-3kf2 1 130kn 
1 4-3kfl 1 240kn 
2 4-7kn 5 330kn 
3 5-IkD 1 510kn 
2 5-6kn 95 820kn 
1 8-2kn 1 2kn potentio- 

98 lOkn meter, pre-set, 
1 urn linear 
1 12kn 
1 13kn 
1 15kn 
5 20kn 

Capacitors 
73 0-01 pF disc ceramic (as small as possible) 
10 
2 
1 
3 
2 
1 

OTpF (as small as possible) 
0-47pF 
lOpF electrolytic, 12V wkg. 
25pF electrolytic, 12V wkg. 
500pF electrolytic, 20V wkg. 

Transistors 
104 n.p.n. silicon planar, hfe greater than 20 

2 n.p.n. silicon planar, hfe greater than 60 
3 n.p.n. silicon planar, hfe greater than 100 
1 p.n.p. OC200 
1 p.n.p. OC36 i 

Diodes 
126 silicon planar utodes 

6 silicon rectifier diodes, 250mA, p.i.v. greater 
than 40V (e.g. Lucas DD000) 

1 zener mode, 6-2 volts, 250mW 
Miscellaneous 

4 push-to-make press-buttons 
1 single pole toggle switch 
4 0-1 mA meters 
2 6V0-04A bulbs 
2 bulb-holders, m.e.s., chp-on 
1 moving coil microphone insert (See text) 
1 Mains transformer, Douglas MT112AT, G. 

W. Smith & Co., 3 Lisle Street, London, 
W.C.2. 

2 sheets Veroboard, O-lin matrix, 17-9 x 3|in. 
Copper strips parallel with longer side. (See 
text) 

Si icon 
diodes 

IOOua 
meter 

ImA 
meter lOkn 
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Fig. 3. A simple test circuit for n.p.n. transistors. 
The lOkQ. variable resistor should be set to 
maximum resistance before inserting a transistor 

reverse current of very mucn less than IpA when checked 
with a voltage not less than 10 volts. 

Except where specified, the transistors used throughout 
were surplus n.p.n. silicon planar types of the TO-18 or 
TO-5 variety, available from the same retail source as the 
diodes. Untested ones were also available at about the 
same price. The clock employs 104 of these transistors, 
and the circuits in which they are used are designed to 
give satisfactory operation with transistors having a 
minimum hfe of 20 at 1mA. They should also have an 
Iceo of very much less than IpA pt a voltage not less than 
10 volts. In the individual Components Lists these 
transistors are referred to as "silicon planar transistors". 
A point to bear in mind is that some transistors in this 
category have the metal can common to one of the 
electrodes, and that it is, in consequence, necessary to take 
the appropridte precautions against short-circuits during 
wiring. 

Also required are 2 n.p.n. silicon planar transistors 
with an hfe greater than 60. These may be BC168 or 
equivalent. 3 further silicon planar transistors with hfe 
greater than 100 are needed, and they can also be BC168 
or equivalent. The two remaining transistors in the clock 
are OC36 and OC200. 

A suitable test circuit for the transistors is given in 
Fig. 3', the 10kn variable resistor being set up for an 
emitter current reading of 1mA. The gain of the transistor 
under test is then given by (lmA/Ib)-L 

All the resistors used in the prototype were i watt 5 % 
carbon film types. 

The majority of the capacitors Were disc ceramics of 
about fin diameter. As a large quantity of these is required 
it is possible that some retailers may be prepared to give 
some kind of discount. 

If any difficulty is experienced in obtaining the 6V 
0-04A lamps, these are usually available at Woolworth's 
stores. They are normally used as rear lamps in bicycle 
dynamo systems. 

The master Components List includes four 1mA 
moving-coil meters, these providing the read-out facility. 
At this stage, it is difficult to quote specific components by 
make and type number because of varying dimensions, 
which will have considerable effect upon final cabinet 
design. Also, some constructors may prefer to use three 
meters only, one of these doubling both for hours and 
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seconds read-out. Since these points are fully discussed in

tir. fut t parts in this series of articles, including-Part 4'

tfri i.uaii it uavised to read these parts before. making his

final selection of meter types. Fortunately, there. are no

dfficulties in obtaining suitable meters with the minimum
of delav through normal channels.--ffti'piototv"pe 

clock was assembled 91 t!r:9e pieces of
v"ioudara wiii, 0'litt -ut.i* measuring I 1 x 3{in, 7f x 3tin
una iOtin x 3f,in respectively, and a fourth,piece of
VeiotoirA wittr-O'tsinmatrirmeasuring 2 x 6rain' In all
.ur.", th. copper strips are parallel wf$1he longer side'
itre assemtty bn tne fourth board could, however, just as
readilv be made up on 0'lin Veroboard, whereupon the
wloli Veroboard- requirements for the clock can be
or*iO"a bv two largsboards of 0'lin matrix measuring
iZ.S * f*in. fhese miy be obtained from Service Trading
Co., 9 Little Newport Street, London, W'C'2'

The microphone insert specified -in the Components
LiJ is used ai a miniature loudspeaker to reproduce tbe
outout of the chime oscillator. It is available in impedances
.i 5OO or l00Q (either is satisfactory) from West End

Electronics Co., 14 Lisle Street, London, W.C'2' Although
not checked by the writer, a miniature 80Q speaker
should serve equallY well.

As a final point,-several extra resistors will be required
to provide l'trimming" in the read-out circuit and,
p"rhup., the power supply circuit. Their values have to be
ioundexperimentally iird so they cannot be quoted in the
Components List.

Kit Suppliers
There are two retailers providing kits for this project:
Messrs. Bi-Pak Semiconductors,.500 Chesham House,

150 Regent Slreet. London. W.1. \
Bi-P;-Pak Ltd ., 222-224 W est Ro{' Westc liff-on- Sea,

Essex. \ '/
Details will be found on pages 273 and 279 respectively'

NEXT MONTH
Aiichnical description of the individual stages will be

given in Part2,Io be published next month'

(To be continued) .

, ,AUDIO DIARY 69"

A useful diary for the audiophile is the "Audio Diary 69" now published by,!i1k H-ouse Publications

Ltd., Link House, oingwiil Av;nue, croydon, Cng zrn. with a page size ot 2l by 4 in., this provides

6g pages of information'on rri- i i lopiis in iaoition io tne notmat tacitit i-es provided by a diary (Underground

map. etc.) The wide r"ng" of 
"ontents 

include an index of composers. note/frequency.tables' speaker

cross-over network valuei. tape equalisation curves ana a gtossary 9f audio terms' The "Audio Diary 69"1

is available at 8/6d. post-free direct from the publishers'
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Electronics Co., 14 Lisle Street, London, W.C.2. Although 
not checked by the writer, a miniature 80Q speaker 
should serve equally well. 

As a final point, several extra resistors will be required 
to provide "trimining'' in the read-out circuit and, 
perhaps, the power supply circuit. Their values have to be 
found experimentally and so they cannot be quoted in the 
Components List. 

seconds read-out. Since these points are fully discussed in 
the later parts in this series of articles, including Part 4, 
the reader is advised to read these parts before making his 
final selection of meter types. Fortunately, there are no 
difficulties in obtaining suitable meters with the minimum 
of delay through normal channels. 

The prototype clock was assembled on three pieces^of 
Veroboard with OTin matrix measuring 11 x 3|in, 7| x S^in 
and lOjin x 3|in respectively, and a fourth piece of 
Veroboard with OTSin matrix measuring 2 x frjin. In all 
cases, the copper strips are parallel with the longer side. 
The assembly on tne fourth board could, however, just as 
readily be made up on OTin Veroboard, whereupon tne 
whole Veroboard requirements for the clock can be 
provided by two large boards of OTin matrix measuring 
17-9 x 3|in. These may be obtained from Service Trading 
Co., 9 Little Newport Street, London, W.C.2. 

The microphone insert soecified in the Components 
List is used as a miniature loudspeaker to reproduce the 
output of the chime oscillator. It is available in impedances 
of 50fi or lOOQ (either is satisfactory) from West End 

Kit Suppliers 
There are two retailers providing kits for this project: 
Messrs. Bi-Pak Semiconductors,.500 Chesham House, 

150 Regent Street, London, W. 1. \ 
Bi-Pre-Pak Ltd., 222-224 West Road, Westchff-on-Sea, 

Essex. 
Details will be found on pages 273 and 279 respectively. 

NEXT MONTH 
A technical description of the individual stages will be 

given in Part 2, to be published next month. 
(To be continued) # 

'AUDIO DIARY 69" 

A useful diary for the audiophile is the "Audio Diary 69" now published by Link House Publications 
Ltd., Link House, Dingwall Avenue, Croydon, CR9 2TA. With a page size of 2i by 4 ln ' th'S P^vid^ 
68 pages of information on hi-fi topics in addition to the normal facilities provided by a diary 
map, etc.) The wide range of contents include an index of composers, note/frequency tables, speake 
cross-over network values, tape equalisation curves and a glossary of audio terms. The Audio Diary 69 / 
is available at 8/6d. post-free direct from the publishers. 
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WI DE.BAND OSCILLOSCOPE AMPLIFIEB

by\
\

G. SOWERSBY\
\

Extend the sensitivity and high frequency performance of your
oscilloscope with this simple low-cost amplifier, which can beset up to
provide a gain of lfl! or more. A particularly attractive feature is the use

of an f.e.t. in the first stage to provide high input impedance

I f ANY LOw PRICED OSCLLOSCOPES ARE AVAILABLE

l\/l with a reasonable bandwidth of some 3 to 5 Mc/s
l- v -r-and gains up to. say. lO0mV/cm. With higher gains

(if provided) the bandwidth is often reduced, sometimes to
as low as 100 kc1s. Where it is necessary to look at low
amplitude high frequency signals, for example in radio r.f.
and i.f. amplifiers, such oscilloscopes are useless; whilst
the oscilloscopes which can carry out these functions
adequately are usually quite expensive.

There are many people who already possess a low gain
oscilloscope, such as radio enthusiasts and school groups,
etc. The addition ofthe amplifier to be described here can
convert an oscilloscope of this type into a much more
versatile instrument.

DESIGN REQUIREMENTS
The prototype amplifer was designed to have a

bandwidth of 50 c/s to 5 Mc/s * 1dB, and a gain of 100.
It was intended to feed into an oscilloscope having a
maximum gain of 100mV/cm, thus increasing the overall
gain to lmV/cm. A separate transistor amplifier was
envisaged, this being battery powered to eliminate hum
pick-up troubles. Since a small PP3 battery will last a long
time when used with the amplifrer, a mains supply, with
its attendant problems, is not necessary.

The hrst stage of the amplifier, whose circuit is given in
the accompanying diagram, employs a cheap field effect
transistor type 2N3819 which is easily obtainable atJow
cost. This is employed as a source follower to give a high
impedance low capacitance input, and to act as an
impedance converter to feed into the following transistor.

The next two stages use OC171 transistors with low
impedance collector loads and negative feedback in the
form of a variable 3kQ resistor, Rr, strapped across the
two collectors. R, controls thc gain of these two stages

(continued on page 317)
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WIDE-BAWD OSCILLOSCOPE AMPLIFIER 

by \ 

G. SOWERSBY^ 

Extend the sensitivity and high frequency performance of your 
oscilloscope with this simple low-cost amplifier, which can be set up to 
provide a gain of 10C or more. A particularly attractive feature is the use 

of an f .e.t. in the first stage to provide high input impedance 

Many low priced oscilloscopes are available 
with a reasonable bandwidth of some 3 to 5 Mc/s 
and gains up to, say, lOOmV/cm. With higher gains 

(if provided) the bandwidth is often reduced, sometimes to 
as low as 100 kc/s. Where it is necessary to look at low 
amplitude high frequency signals, for example in radio r.f. 
and i.f. amplifiers, such oscilloscopes are useless; whilst 
the oscilloscopes which can carry out these functions 
adequately are usually quite expensive. 

There are many people who already possess a low gain 
oscilloscope, such as radio enthusiasts and school groups, 
etc. The addition of the amplifier to be described here can 
convert an oscilloscope of this type into a much more 
versatile instrument. 

DESIGN REQUIREMENTS 
The prototype amplifer was designed to have a 

bandwidth of 50 c/s to 5 Mc/s ± IdB, and a gain of 100. 
It was intended to feed into an oscilloscope having a 
maximum gain of lOOmV/cm, thus increasing the overall 
gain to ImV/cm. A separate transistor amplifier was 
envisaged, this being battery powered to eliminate hum 
pick-up troubles. Since a small PP3 battery will last a long 
time when used with the amplifier, a mains supply, with 
its attendant problems, is not necessary. 

The first stage of the amplifier, whose circuit is given in 
the accompanying diagram, employs a cheap field effect 
transistor type 2N3819 which is easily obtainable atJow 
cost. This is employed as a source follower to give a high 
impedance low capacitance input, and to act as an 
impedance converter to feed into the following transistor. 

The next two stages use OC171 transistors with low 
impedance collector loads and negative feedback in the 
form of a variable 3kD resistor, R7, strapped across the 
two collectors. R7 controls tht gain of these two stages 

{continued on page 317) 
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WIDEBAND OSCITLOSCOPE
A M P L I F I E R

(continued from page 313)

2 x 2 x 6in steel conduit box with detachable rear. This
gave ample room, aldo, for the battery and on-off switch.
Layout is not critical, and the only point to be careful
about is to keep the input and output leads as far apart as
is convenient. The terminations used Were coaxial sockets
bolted to the steel box. The gain control, R7, can be a
potentiometer mounted on the box with an external knob
or a slider preset soldered on the Veroboard and enciosed.

As tested with various OC171's, the minimum gain was
130. The trace thickness (caused by transistor noise) with
the worst transistors tried and with the input operycircuit,
was no more than approximately lmm, which is quite
reasonable.

l
I

and_can be either preset or a normal variable component.
In the original it was preset, and was adjusted to give an
overall gain of 100. The emitter decoupling from TR, is
returned to the negative supply rail to make the ampther
as stable as possible: With the gain turned fully up there is
nb tendency to self-oscillation. 

_r

. An isolating capacitor is'not provided in the output as
the oscilloscope to whichthe amplifier couples is set to the
a.c. input posiion. If isolation is required, a 0.251tF
capacitor can be inserted between the collector ofTR. and
the output socket.

The prototype was built on Veroboard and mounted in a

Apart from an occasional battery change the original
has given good service for over a year with no faults or
deterioration in performanQe, even though it has had some
rough usage.

a

HEATHKIT CATATOGUE for  1968/69

Now available from Daystrom Ltd. is the new Heathkit catalogue for 1968/69. Fublished.in a larger
format (81 x J 1$in.) than previous editions, the catalogue is in full colour and has 36 pages. Listed ire
many new editions to the well established existing Heathkit range of kits for assembly at home or in the
school or laboratory, and a very wide range of user requirements is catered for.

Listed under General Products are such items as communications receivers, a car radio, a stereo tape
recorder and a guitar amplif ier. A section devoted to high fidelity reproduction includes everything foi a
hi-fi installation from turntables, cartridges and tuners to loudspeaker systems. Among the tesf equipment
available are multimeters, signal generators and oscil loscopes, whilst the amateur radio section embraces
all that an amateur would normally need, from an electronic keyer through transmitters and receivers to
s.w.r. bridges. Sophisticated laboratory and educational equipment is also l isted and it is possible to
obtain kits for a pH meter, an educational analogue computer and many other items of l ike application.

The 1968/69 Heathkit Catalogue will be forwarded, free, to any reader of The Radio Construlctor who
writes to Daystrom Ltd. at Gloucester.

Resistors
(All frxed values f watt lO%)

R1 lMc)
R2 1kcl
R3 56kO
R4 toko
Rs 680c)
R6 6800
R? 3kO potentiometer, linear (see text)
Rs 56kO
Re 15kO
Rro 6g00
R,,  6900

Capacitors
Cl 0'1pF
C2 100pF electrolytic, 9V wkg.
C3 1,000pF electrolytic, 9V wkg.
C4 100pF electrolytic, 9V wkg.
C5 1,000pF electrolytic, 6V wkg.
C6 2,000pF electrolyti69V wkg.

Tiansistors
TR, 2N3819
TR2 OC171
TR3 OC171

Switch
S1 s.p.s.t., on-off

Miscellaneous
2 coaxial sockets
9-volt battery I

pscnlanen 1968 3t7

WIDEBAND OSCILLOSCOPE 
AMPLIFIER 

(continued from page 313) 

and can be either preset or a normal variable component. 
In the original it was preset, and was adjusted to give an 
overall gain of 100. The emitter decoupling from TR2 is 
returned to the negative supply rail to make the amplifier 
as stable as possible. With the gain turned fully up there is 
no tendency to self-oscillation. 

2 x 2 x 6in steel conduit box with detachable rear. This 
gave ample room, also, for the battery and on-off switch. 
Layout is not critical, and the only point to be careful 
about is to keep the input and output leads as far apart as 
is convenient. The terminations used were coaxial sockets 
bolted to the steel box. The gain control, R7, can be a 
potentiometer mounted on the box with an external knob 
or a slider preset soldered on the Veroboard and enclosed, 

As tested with various OClTl's, the minimum gain was 
130. The trace thickness (caused by transistor noise) with 
the worst transistors tried, and with the input open-circuit, 
was no more than approximately 1mm, which is quite 
reasonable. 

COMPONENTS 

Resistors 
(All fixed values i watt 10%) 

Rt 1MQ 
IkQ 
56kO 
10kn 
eson 
68011 
3kQ potentiometer, linear (see text) 
56kf2 
15kf2 
6800 

Ra 
Ra 
R4 
R5 
Rs 
Rt 
Rs 
r9 
Ri n 
R^j 68011 

Capacitors 
Q OT/dF 
C2 100/iF electrolytic, 9V wkg. 
C3 1,000/iF electrolytic, 9V wkg. 
C4 100/iF electrolytic, 9V wkg. 
C5 1,000/iF electrolytic, 6V wkg. 
C6 2,000/iF electrolyliof9V wkg. 

Transistors 
TRj 2N3819 
TR2 OC171 
TR3 OC171 

Switch 
S! s.p.s.t., on-off 

Miscellaneous 
2 coaxial sockets 
9-volt battery 

An isolating capacitor is'not provided in the output as 
the oscilloscope to which-the amplifier couples is set to the 
a.c. input position. If isolation is required, a 0-25pF 
capacitor can be inserted between the collector of TR3 and 
the output socket. 

The prototype was built on Veroboard and mounted in a 

Apart from an occasional battery change the original 
has given good service for over a year with no faults or 
deterioration in performance, even though it has had some 
rough usage. v 

□ 

HEATHKIT CATALOGUE for 1968/69 

Now available from Daystrom Ltd. is the new Heathkit catalogue for 1968/69. Published in a larger 
format (8^ x 1 TJin.) than previous editions, the catalogue is in full colour and has 36 pages. Listed are 
many new editions to the well established existing Heathkit range of kits for assembly at home or in the 
school or laboratory, and a very wide range of user requirements is catered for. 

Listed under General Products are such items as communications receivers, a car radio, a stereo tape 
recorder and a guitar amplifier. A section devoted to high fidelity reproduction includes everything for a 
hi-fi installation from turntables, cartridges and tuners to loudspeaker systems. Among the test equipment 
available are multimeters, signal generators and oscilloscopes, whilst the amateur radio section embraces 
all that an amateur would normally need, from an electronic keyer through transmitters and receivers to 
s.w.r. bridges. Sophisticated laboratory and educational equipment is also listed and it is possible to 
obtain kits for a pH meter, an educational analogue computer and many other items of like application. 

The 1968/69 Heathkit Catalogue will be forwarded, free, to any reader of The Radio Constructor who 
writes to Daystrom Ltd. at Gloucester. 
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1 50 WATT AMATEUR
BANDS TBANSMITTER

Part 2
by

F. G. RAYER, GSOGR
In this second article, our contributor describes the v.f.o. and buffer
section of this yelY successful design. Next month's concluding article

will discuss suitable modulator units

'I'THO[.IGH TI{E VARIABLE FREQI,JENCY GCILI.ATOR WHICH

I forms the subject of this montl's article was originally
^ intended for use witl the 150 watt driver/p.a. de-

scribed last month, it is suitable for most other driver/p.a.
stages in the 3'5-28 Mc/s range as well.

Fig. 1 shows the circuir In thi$, L, , tunes from
L'75-l'9 Mc/s, for the 3'5-3'8 Mc/s band. L2 covers
7.O-7'2 McA, for the 7G'7'1 Mc/s ban{ and also 14'0-14'4
Mc/s for the 14O-14'35 Mc/s band by doubling. (fhe
ciriuit is also satishctory for 2l Mc/s and 28 Mc/s bands,
though coverage on the latter is limited to 28-28'8 _It-{c/s.)-

H.1. to the v.f.o. stage is regulated by the VRl50/30 and
switched olf by 32 for optional crystal control. The latter
was provided to allow frequency checking but can be
excluded if wish€d by omitting Cro, Crr, RFC, and the
2-pole2-way switch, Sr. The cathode of V. then clnnects
diiect to chassis. If crystals are use4 the crystal oscillator
(V3) anode may b€ tuned to the fundamental or harmonics

of the cystal frequency.
L is ,in use fbr 7 Mc/s and 1! Mc/s bands, and is

resoiant at about 7'1 Mc/s. Lo is resonant at about
1'8 Mc/s, for 80m, with doubling in the driver of the
&iver/p.a. unit.

VALVE TYPES
The 6AG7 used for V3 is particularly suitable for r.f. and

doubler circuits, whilst audio valves such as the 6V6 are
unsatisfactory. The 6AG7 is not dilficult to obtain. Tfie
same circuit has proved to be satisfactory using miniature
valves-a'6C4 (in a screening can) for the v.f.o' and a
5763 for buffer.

A 400 to 500V supply is shown as this was used, but a
lower voltage is satisfactory, and 300V will be adeqqate.
R2 can thenbe reduced to 10kO 3 watt, and R. to lkQ or
4700 1 watt.

I

?

Y2
vRr5o/3o

s2q

vFo

To 8O7 grid

400/soov
+

l

t
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Fig. t . Circuit of the 2-band v.f -o. for 80, 4O and 2O metres
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150 WATT AMATEUR 

BANDS TRANSMITTER 

Part 2 

by 

F. G. RAYER, G30GR 

In this second article, our contributor describes the v.f.o. ano buffer 
section of this very successful design. Next month's concluding article 

will discuss suitable modulator units 

Though the variable frequency oscillator which 
forms the subject of this month's article was originally 
intended for use with the 150 watt driver/p.a. de- 

scribed last month, it is suitable for most other driver/p.a. 
stages in the 3-5-28 Mc/s range as well. 

Fig. 1 shows the circuit. In this, L, tunes from 
1-75-1-9 Mc/s, for the 3-5-3-8 Mc/s band. L2 covers 
7-0-7-2 Mc/s, for the 7-0-7-1 Mc/s band, and also 14 0-14'4 
Mc/s for the 14-0-14-35 Mc/s band by doubling. (The 
circuit is also satisfactory for 21 Mc/s and 28 Mc/s bands, 
though coverage on the latter is limited to 28-28-8 Mc/s.). 

H.T. to the v.f.o. stage is regulated by the VR150/30, and 
switched off by S 2 for optional crystal control. The latter 
was provided to allow frequency checking, but can be 
excluded if wished by omitting Cl0, Cn, RFC2 and the 
2-pole 2-way switch, S2. The cathode of V3 then connects 
direct to chassis. If crystals are used, the crystal oscillator 
(V3) anode may be tuned to the fundamental or harmonics 

V2 
VR150/30 

of the crystal frequency. 
L3 is in use for 7 Mc/s and 14 Mc/s bands, and is 

resonant at about 7-1 Mc/s. L4 is resonant at about 
1-8 Mc/s, for 80m, with doubling in the driver of the 
driver/p.a. unit. 

VALVE TYPES 
The 6AG7 used for V3 is particularly suitable for r.f. and 

doublet circuits, whilst audio valves such as the 6V6 are 
unsatisfactory. The 6AG7 is not difficult to obtain. The 
same circuit has proved to be satisfactory using miniature 
valves—a,6C4 (in a screening can) for the v.to. and a 
5763 for buffer. 

A 400 to 500V supply is shown as this was used, but a 
lower voltage is satisfactory, and 300V will be adequate. 
R2 can then be reduced to lOkQ 3 watt, and R3 to IkQ or 
470Q 1 watt. 

"2 
vwv s2a 400/500V 

+ R3 
Crystal VFO 

Screened box 
c\2 To 807 grid C6 

X II a—II— 
I bJ5 

C3 

6AG7 
7%L 

Rs 

C4 S2bl 6-3V 
VFO/ Crystal 

rt 
Crystal I v 

| jQI | RFC2 

6-3V Li^ 5& l 

II 
C7 

C2 slb 

.t RFC| VC 
TC2 
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Fig. 2. Layout and wiring in the v.f.o. box as seen from rear. Pin
connections to V. should be as shown in Fig. I

The 6AG7 may be used on its own, if desired, as crystal
oscillator, and will give output on the crystal frequency,
or 2x,3x and 4x this. Given crystals can then allow more
working frequencies than when using the 807 of the
driver p.a. unit as crystal oscillator. A crystal also allows
a quic[ check on rec€iver calibration or on v.f.o. tuning, by
leaving the receiver untouched and switching from
cfstal to v.f.o.

COILS
L, consists of 55 turns of 32 s.w.g. enamelled wire, in

a piie lin wide on a ]in diameter former. The turns are
doped after-winding. L2 has 12 turns close-wound of
24-s.w.g. enamelled wire, on a similar former. A little
adhesive is applied before winding. Other coils adjusted
for similar coverage would do. Both Lt atdL, are fitted

coupling windings removed and its core screwed out a
little to give resonance around 160m.

When construction is finished calibration of the v.f.o' is
easily carried out by beating its output against harmonics
of a 100 kc/s crystal marker, tuning in the wanted 100 kc/s
harmonic on a receiver. By adjusting L1 core and TC1,
suitable band coverage is obtained for 3'l-3'8 Mc/s. L2 and
TCrare similarly adjusted for the higher frequency bands.

The cores of L3 and Lo ate set for maximum grid
current in the p.a. stage, with VC2 nearly open, whereupon
little further adjustment of VC2 will be needed.

POINTS ON CONSTRUCTION
All components in the v.f.o. stage (excluding the valve)

are in a screened box 3fin high, 4iin wide and 3in deep.
This was easily made by taking a L2 by 3in Universal

with adjustable iron dust cores.
TC, and TC, are small short wave

air spaced variable capacitors of the
type shown in Fig. 2. The values of
TC, plus Cr, or TC, plus Cr, can be
changed slightly if alternative com-
ponents are to hand, provided that
the combined capacitance in each
case gives satisfactory band coverage.

L, can be any small coil resonant
around 7'l Mc/s. That used by the
author had 28 turns of 26 s.w.g.
enamelled wire close-wound on a
jin diameter former with adiustable
core. L. is a medium wave tuning
coil, with unwanted coupling win-
dinss removed and its core screwed
o.rif littl. to give resonanc€ around
160m.

lnternal view of the
components inside the v.f.o.

box

oncBrrasnn 1968

6'3V

nrc - chossig conn?ction
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Fig. 2. Layout and wiring in the v.f.o. box as seen from rear. Pin 
connections to V ^ should be as shown in Fig. 1 

The 6AG7 may be used on its own, if desired, as crystal 
oscillator, and will give output on the crystal frequency, 
or 2x, 3x and 4x this. Given crystals can then allow more 
working frequencies than when using the 807 of the 
driver p.a. unit as crystal oscillator. A crystal also allows 
a quick check on receiver calibration or on v.f.o. tuning, by 
leaving the receiver untouched and switching from 
cfystal to v.f.o. 
COILS 

Lj consists of 55 turns of 32 s.w.g. enamelled wire, in 
a pile iin wide on a ^in diameter former. The turns are 
doped after Grinding. L2 has 12 turns close-wound of 
24 s.w.g. enamelled wire, on a similar former. A little 
adhesive is applied before winding. Other coils adjusted 
for similar coverage would do. Both Li and L2 are fitted 
with adjustable iron dust cores. 

TCj and TC2 are small short wave 
air spaced variable capacitors of the 
type shown in Fig. 2. The values of 
TC! plus Q, or TC2 plus C2, can be 
changed slightly if alternative com- 
ponents are to hand, provided that 
the combined capacitance in each 
case gives satisfactory band coverage. 

L3 can be any small coil resonant 
around 7-1 Mc/s. That used by the 
author had 28 turns of 26 s.w.g. 
enamelled wire close-wound on a 
4in diameter former with adjustable 
core, L4 is a medium wave tuning 
coil, with unwanted coupling win- 
dings removed and its core screwed 
out a little to give resonance around 
160m. 

Internal view of the 
components inside the v.f.o. 

box 
DECEMBER 1968 

coupling windings removed and its core screwed out a 
little to give resonance around 160m. 

When construction is finished cahbration of the v.f.o. is 
easily carried out by beating its output against harmonics 
of a 100 kc/s crystal marker, tuning in the wanted 100 kc/s 
harmonic on a receiver. By adjusting L! core and TC^ 
suitable band coverage is obtained for 3-5-3-8 Mc/s. L2 and 
TC2 are similarly adjusted for the higher frequency bands. 

The cores of Lj and L4 are set for maximum grid 
current in the p.a. stage, with VC2 nearly open, whereupon 
little further adjustment of VC2 will be needed. 
POINTS ON CONSTRUCTION 

All components in the v.f.o. stage (excluding the valve) 
are in a screened box 3|in high, 4jin wide and 3in deep. 
This was easily made by taking a 12 by 3in Universal 

fe-l'tssi 
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Pin 4,V3

Crystol/VFO VFO tunc

vFO bondswitch

\

Chassis flanged side (Home Radio Cat. No. CU152) and
cutting gG.degree sections out ofthe flanges 3fin from each
end. The member is then bent to produce the 3iin high
sides and 4fin top of the box, as may be seen from Fig. 2.
Front dnd back are later closed with flat metal plateg each
3iin by afin. The manner in which ths v.f.o. screened box
is mounted on the chassiq relative to the front panel of the
v.f.o. section of the transmitter, may be seen in Fig. 3.

The v.f.o. valve is a "metal" type, and it stands on top
of the v.f.o. box to keep heat away from the v.f.o.
components. Its metal shell, pin 1, is earthed to chassis. If
a glass 6J5 is used, it must be provided with,a screening
can. The v.f.o. is assembled and wired rvithout the back
plate and before the box is mounted on the chassis.

A ball drive, with pointer for calibration, is employed
with VCt, and an extension spindle will probably be
required on the bandswitch, 51. kads are all short and
stout. L1 and L2 are positioned so as to fix to the chassis

Butf€r
bond switch

rnc - choSsi3 conncction

when the box is mounted.
The box is finally bolted in place by its flanges, and leads

run out for anode, C7, and heater connections. The back
plate is secured with self-tapping screws.

V.F.O. BUFFER CHASSIS
Fig. 3 gives the layout used on top of the chassis. The

v.f.o. box is spaced back a little from the panel.
The crystal v.f.o. switching and buffer anode switching

are very straightforward, and involve no wiring problems.
L. was positicned immediately over switch 53. VC2 is
insulated from the chassis, and employs |in diameter
insulated rod as extension spindle.

An octal valveholder accepts an octal plug and this
provides h.t. and other connections, including the screened
coaxial lead from Ct, to the grid of the 807 in the driver/p.a.
unit. This valveholder could, alternatively, be on the rear
of a chassis or cabinet.

@
crz

Fig. 3. Component layout ahove lhe chassis. Connections to
components below (see Fig. 4) and in the v.f.o. box should be taken
through adequate grommets. Note that VC, has its spindle and bush

insulated from chassrs

Buflcr
tunc

;

i4

A 4n by 3fin card scale was
placed behind the ball drive pointer
and calibrated as described. PersDex
ofsimilar size was then cut to go over
the card. and secured with tw:o 8BA
countersunk bolts.

Components under the chassis are
positioned as in Fig. 4. The crystal
v.f.o. switch section Sr(u) applies h.t.
to the v.f.o. when this function is
selected. Tag 6 of the VRl50/30
valveholder is an anchor ooint for
leads runnine to the h.t.  contacts of
Srt").

PANEL LAYOUT
The front panel lavout can be

seen in the iccompanying photo-

Layout of the panel controls
for the v-f.o./buffer section
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TC, TCo 
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Q 

vc. 
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Crystal/VFO 
Q a 

VFO tune 
Front panel 

Buffer 
tune 

Buffer 
band switch 

VFO buroswltch Scale 
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Fig. 3. Component layout above the chassis. Connections to 
components below (see Fig. 4) and in the v.f.o. box should be taken 
through adequate grommets. Note that l/C2 has its spindle and bush 

insulated from chassis 

Chassis flanged side (Home Radio Cat. No. CU152) and 
cutting 90-degree sections out of the flanges 3|in from each 
end. The member is then bent to produce the 3|in high 
sides and 4jin top of the box, as may be seen from Fig. 2. 
Front and back are later closed with flat metal plates, each 
3Jin by 4jin. The manner in which the v.f.o. screened box 
is mounted on the cnassis, relative to the front panel of the 
vi.o. section of the transmitter, may be seen in Fig. 3. 

The v.f.o. valve is a "metal" type, and it stands on top 
of the v.f.o. box to keep heat away from the v.f.o. 
components. Its metal shell, pin 1, is earthed to chassis. If 
a glass 6J5 is used, it must be provided with, a screening 
can. The v.f.o. is assembled and wired without the back 
plate and before the box is mounted on the chassis. 

A ball drive, with pointer for calibration, is employed 
with VCi, and an extension spindle will probably be 
required on the bandswitch, Leads are all short and 
stout. L, and Lj are positioned so as to fix to the chassis 

when the box is mounted. 
The box is finally bolted in place by its flanges, and leads 

run out for anode, C7, and heater connections. The back 
plate is secured with self-tapping screws. 

V.F.O. BUFFER CHASSIS 
Fig. 3 gives the layout used on top of the chassis. The 

vi.o. box is spaced back a little from the panel. 
The crystal v.f.o. switching and buffer anode switching 

are very straightforward, and involve no wiring problems. 
L3 was positioned immediately over switch S3. VCj is 
insulated from the chassis, and employs Jin diameter 
insulated rod as extension spindle. 

An octal valveholder accepts an octal plug and this 
provides h.t. and other connections, including the screened 
coaxial lead from C^ to the grid of the 807 in the driver/p.a. 
unit. This valveholder could, alternatively, be on the rear 
of a chassis or cabinet. 
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A 2jin by 3|in card scale was 
placed behind the ball drive pointer 
and calibrated as described. Perspex 
of similar size was then cut to go over 
the card, and secured with two 8BA 
countersunk bolts. 

Components under the chassis are 
positioned as in Fig. 4. The crystal 
v.f.o. switch section S2

<a) applies h.t. 
to the v.f.o. when this function is 
selected. Tag 6 of the VR150/30 
valveholder is an anchor point for 
leads running to the h.t. contacts of 
S2

<a'. 

PANEL LAYOUT 
The front panel layout can be 

seen in the accompanying photo- 

Layout of the pane! controls 
for the v.f.o./buffer section . 
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Resistors
(ArrL0%)

Rl 100kO l watt
R2 15kO 10 watt
R3 4.7kQ 5 watt
R4 47kO I watt
Rs 82kQ 1 watt

Capacitors
(All fixed capacitors 250V wkg. unless otherwise
stated)

Cl l00pFsilver-mica2/"
Cz 300pF silver-mica 2l
C. lOOpF silver-mica
C; +zoiFYlegmica r/.
Cs 470pF silver:mica ll
C6 0'01pF ceramic 500V wkg.
Cj l00pF silver-mica
C8 0'01pF silver-mica 500V wkg.
Ce 0'0lpF silver-mica 500V wkg.
Cro 20pF silver-mica (optional)
Ctt 200pF silver-mica (optional)
Ctt 100pF silver-mica 500V wkg.
TC, 75pF air-spaced, trimmer
TC, 100pF air-spaced, trimmer
VC, 75pF air-spaced, variable
YC, 25pF air-spaced, variable

Inductors
LbL2,L3, Lu see text
RFCl
RFC2

2'6mH 100mA type RFC5 (Denco)
2'6mH 100mA type RFC5 (Denco)
(optional)

YaIues
(V1 and V. should, preferably, be "metal" types)
v1 6J5
v 2 vR150/30
v3 6AG7

Switches
St(o)(r) 2-pole 2-way rotary
Srrortrr 2-pole 2-way rotary (optional)
53 Single pole 2-way rotary

Sockets
3 octal valveholders (for valves) ,l
1 octal valveholder (for external connections) or
alternative socket
I crystal holder (optional)

Miscellaneous
4 spindle couplers (VCr, Sr, Sz, S.-see text)
3 extension spindles and bushes (Sr, Sz, S3-see
text)
I insulated extension spindle and bush (VCr)
Insulated mounting washers (VC2)
Knobs for controls (as required)
Ball drive with cursor mount. Cat. No. 45lLlF
(Jackson Bros.)
Metalwork, gommets, etc., as required

inclusive, as described last month. The fifth is optional and
merely monitors the high voltage h.t. supply for the p.a.
anode and screen-grid.

NOTES ON WORKING
If the Transmit/Receive control circuit shown in Fig. 7

last month is employed, h.t. can be applied to the v.f.o.,
buffer and driver only, whilst tuning to a selected frequency
and adjusting p.a. gnd current. If an alternative driver/p.a.
unit is used, a switch should be fitted so that p.a. anode and
screen-grid voltages can be removed for tuning up.

Crystol hold.r

graphs. From left to right, the controls appear in the
following order: Transmit/Receive control (operating the
Transmit/Receive switch at the rear of the transmitter
above, by way of a crank and link), switch 52, switch 51,
VCt (with calibrated scale), VC2, 53, and an on-off toggle
switch which applies the mains to the p.a. h.t. transformer
primary (see Fig. 7 of last month's article). To the right of
this switch, and visitrle- in the photograph showing the
meter panel, is VR, of tie drivei/p.a. circuit, which varies
the screen-grid voltage for the 807. Of the five meters on
the meter panel, four carry out the functions of M, to Mo

Coox inncr

Tog-strips
Fig, 4. Wiilng and components below the chassis

COMPONENTS 

Resistors 
(All 10%) 

Ri 100kfi 1 watt 
r2 15kQ 10 watt 
Rs 4-7kn 5 watt 
r4 47kfl 1 watt 
R5 82kQ 1 watt 

Capacitors 
(All fixed capacitors 250V wkg. unless otherwise 
stated) 

C, lOOpF silver-mica 2% 
Cj 300pF silver-mica 2 % 
C3 lOOpF silver-mica 
C4 470pF,,Silji6j;mica 1 % 
C5 470pF silver-mica 1 % 
C6 0-01/iF ceramic 500V wkg. 
C7 lOOpF silver-mica 
C8 0 01/rF silver-mica 500V wkg. 
C9 0-OljuF silver-mica 500V wkg. 
Cm 20pF silver-mica (optional) 
Cn 200pF silver-mica (optional) 

lOOpF silver-mica 500V wkg. 
TCj 75pF air-spaced, trimmer 
TCj lOOpF air-spaced, trimmer 
VCi 75pF air-spaced, variable 
VC2 25pF air-spaced, variable 

Inductors 
I.j. L2,1.3- see text 
RFC! 2-6mH 100mA type RFC5 (Denco) 
RFC2 2-6mH 100mA type RFC5 (Denco) 

(optional) 
Valves 

(V! and V3 should, preferably, be "metal" types) 
V! 6J5 
V2 VR150/30 
V3 6AG7 

Switches 
Si(«)(n 2-pole 2-way rotary 
S2(a)(t) 2-pole 2-way rotary (optional) 
S3 Single pole 2-way rotary 

Sockets 
3 octal valveholders (for valves) 
1 octal valveholder (for external connections) or 
alternative socket 
1 crystal holder (optional) 

Miscellaneous 
4 spindle couplers (VC2, Si, S2, S3—see text) 
3 extension spindles and bushes (S^ Sj, S3—see 
text) 
1 insulated extension spindle and bush (VC2) 
Insulated mounting washers (VC2) 
Knobs for controls (as required) 
Ball drive with cursor mount, Cat. No. 4511/F 
(Jackson Bros.) 
Metalwork, gommets, etc., as required 

graphs. From left to right, the controls appear in the 
following order: Transmit/Receive control (operating the 
Transmit/Receive switch at the rear of the transmitter 
above, by way of a crank and link), switch S2, switch Sj, 
VCi (with calibrated scale), VC2, S3, and an on-off toggle 
switch which applies the mains to the p.a. h.t. transformer 
primary (see Fig. 7 of last month's article). To the right of 
this switch, and visible in the photograph showing the 
meter panel, is VRi of'the driver/p.a. circuit/which varies 
the screen-grid voltage for the 807. Of the five meters on 
the meter panel, four carry out the functions of M! to M4 

Coax inner 

inclusive, as described last month. The fifth is optional and 
merely monitors the high voltage h.t. supply for the p.a. 
anode and screen-grid. 

NOTES ON WORKING 
If the Transmit/Receive control circuit shown in Fig. 7 

last month is employed, h.t. can be applied to the v.fo., 
buffer and driver only, whilst tuning to a selected frequency 
and adjusting p.a. grid current. If an alternative driver/p.a. 
unit is used, a switch should be fitted so that p.a. anode and 
screen-grid voltages can be removed for tuning up. 

Crystal holder 

6-3y ToS2a Coax outer mc 

mc x/o 
O o o 

ToSoh HT+ C9 

C12 'VC2 R4 RFC2 
Xf-2 c8 

C6 
"2 Heater 
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Tag-strips 
Fig. 4. Wiring and components below the chassis 
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The v.f.o., buffer and driver in the writer's transmitter
were designed to provide the large gnd current required
by the 813. A p.a. consisting ofa single 807 or 6146, or a
pair of these valves, could be substituted. For a single 807

or 6l46,about 2'5mA grid current will be usual, so a 250Y
receiver type h.t. supply would then easily prove adequate
for the v.f.o., bulfer and driver stages.

(Tb be concludedl

DETECTOR AIUD A.G.C.

hy t(. S. Morlcy
I-N LAsr tr,toNtH's tssuE wE coMpLETED ouR DEscRIprIoN
I of the i.f. amplifier then tumed our attention to the

^superhet a.m. detector. We discussed a number of
important basic points conceming this section of the
receiver, including the posifioning of the a.f. volume
control wLen this appears in the detector circuit, and the
necessity ofkeeping the detector d.c. and a.c. loads close
to each other in value in order to prevent distortion.

We will next complete our examination of the detector,
after which we shall consider automatic gain control.

THE DOUBLE DIODE TRIODE
In the article published last month we saw how superhet

a.m. detection could be carried out with the aid of a single
diode. In valve superhets it is, however, uneconomic to
use a single diode valve on its own for this function, since
amplifying valves have been developed which incorporate
one or more diodes in the same envelope as well. Typical
of these is the double diode triode, whose circuit symbol
is given in Fig. I (a). The triode section of this valve is a
conventional a.f. rroltage amplifier, and it is intended that
it amplify the a.f. signal qltained immediately after
detection. The two diodes shafe the same cathode and are
intended for signal detection together with, as we shall see
shortly, the provision of an automatic gain control
voltage. For the time being we shall look at the valve in
terms of signal detection and a.f. voltage amplification
only.

So far as the double diode triode itselfis concerned, its
construction is quite simple. The cathode in tire valve is
mounted vertically, most of it appearing in the triode
section, which is positioned at the upper end of the valve
assembly. Two small cylindrical diode anodes are then
fitted around the bottom end of the cathode. As may be
imagined, the use of a common cathode in tiris manner
enables a simple and effective electrode structure to be
made up. Fortunately, the common cathode does not
involve any difrculties so far as standard a.m. detector
circuit design is concerned.

Fig. I (b) shows a typical superhet detector and voltage
amplifier circuit incorporating a double diode triode. The
322

\
'f

cathode is at chassis potential, whereupon the two diodes
function in the same manner as did the single detector
diode we saw last month. Incidentally, it is not necessary
for both the diode anodes in Fig. I (D) to be connected
together; a single diode anode on its own would function
just as well in the detector circuit, whereupon the remain-
ing anode would be unused and could be connected direct
to chassis to prevent any unwanted static voltages
appearing on it.

The detected a.f. voltage appears across volume control
R2 and is then applied via C3 (which has negligible
reactance at a.f.) to the g;rid of the triode. An amplified
a.f. signal is produced at the anode and this is passed to
the sucreeding a.f. amplifier stage or stages in the receiver.
In Fig. I (D) the triode is biased by grid current bias (dealt
with in "Understanding Radio" in the October 1965
issue) whereupon its grid resistor R. requires a high value,
of the order of IOMO or more.

It should be noted that, if an a.f. volume control is to be
inserted in tire circuit of Fig. I (r), it must be in t}e R2
position. It cannot be in the R. position because the grid
of tbe triode would not then have the requisite high value
of resistance to chassis wnich is needed to maintain the
grid current bias condition. To have a volume control in
the R. position it is necessary to add a further blocking
capacitor, as shown in Fig. I (c). Here, R, and R3 appear
in the detector circuit as before, whilst Rn is a high value
resistor offering current bias for the triode. The second
blocking capacitor, Co, has negligible reactance at a.f. and
its function is to prevent the bias voltage at the triode grid
being reduced by the low resistance path between the
slider of volume control R3 and chassis. The circuit of
Fig. I (c) is quite practicable, but it suffers from the slight
disadvantage of requiring an extra capacitor and resistor.

Fig. I (d) shows the detector and a.f. amplifier circuit
given when the triode has cathode bias. It is interesting to
note here that, since the double diode triode cathode now
has a positive potential above chassis due to the voltage
dropped across cathode resistor Rr, the lower end of the
diode load resistor R2 cannot be connected to chassis as in
the previous circuits. If it were the diode would only
conduct when the positive half-cycles passed to its anode

THE RADIO CONSTRUCTOR
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The v.f.o., buffer and driver in the writer's transmitter 
were designed to provide the large grid current required 
by the 813. A p.a. consisting of a single 807 or 6146, or a 
pair of these valves, could be substituted. For a single 807 

or 6146, about 2-5mA grid current will be usual, so a 250V 
receiver type h.t. supply would then easily prove adequate 
for the v.f.o., buffer and driver stages. 

{To be concluded) 

UNDERSTANDING 

DETECTOR AND A.G.C. 

m 

by IV. M or ley 

IN LAST MONTH'S ISSUE WE COMPLETED OUR DESCRIPTION 
of the i.f. amplifier then turned our attention to the 
superhet a.m. detector. We discussed a number of 

important basic points concerning this section of the 
receiver, including the positioning of the a.f. volume 
control when this appears in the detector circuit, and the 
necessity of keeping the detector d.c. and a.c. loads close 
to each other in value in order to prevent distortion. 

We will next complete our examination of the detector, 
after which we shall consider automatic gain control. 

THE DOUBLE DIODE TRIODE 
In the article published last month we saw how superhet 

a.m. detection could be carried out with the aid of a single 
diode. In valve superhets it is, however, uneconomic to 
use a single diode valve on its own for this function, since 
amplifying valves have been developed which incorporate 
one or more diodes in the same envelope as well. Typical 
of these is the double diode triode, whose circuit symbol 
is given in Fig. 1 (a). The triode section of this valve is a 
conventional a.f. voltage amplifier, and it is intended that 
it amplify the a.f. signal obtained immediately after 
detection. The two diodes share the same cathode and are 
intended for signal detection together with, as we shall see 
shortly, the provision of an automatic gain control 
voltage. For the time being we shall look at the valve in 
terms of signal detection and a.f. voltage amplification 
only. 

So far as the double diode triode itself is concerned, its 
construction is quite simple. The cathode in the valve is 
mounted vertically, most of it appearing in the triode 
section, which is positioned at the upper end of the valve 
assembly." Two small cylindrical diode anodes are then 
fitted around the bottom end of the cathode. As may be 
imagined, the use of a common cathode in this manner 
enables a simple and effective electrode structure to be 
made up. Fortunately, the common cathode does not 
involve any difficulties so far as standard a.m. detector 
circuit design is concerned. 

Fig. 1 (b) shows a typical superhet detector and voltage 
amplifier circuit incorporating a double diode triode. The 
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cathode is at chassis potential, whereupon the two diodes 
function in the same manner as did the single detector 
diode we saw last month. Incidentally, it is not necessary 
for both the diode anodes in Fig. 1 (b) to be connected 
together; a single diode anode on its own would function 
just as well in the detector circuit, whereupon the remain- 
ing anode would be unused and could be connected direct 
to chassis to prevent any unwanted static voltages 
appearing on it. 

The detected a.f. voltage appears across volume control 
R2 and is then applied via C3 (which has negligible 
reactance at a.f.) to the grid of the triode. An amplified 
a.f. signal is produced at the anode and this is passed to 
the succeeding a.f. amplifier stage or stages in the receiver. 
In Fig. 1 {b) the triode is biased by grid current bias (dealt 
with in "Understanding Radio" in the October 1965 
issue) whereupon its grid resistor R3 requires a high value, 
of the order of 10Mf2 or more. 

It should be noted that, if an a.f. volume control is to be 
inserted in the circuit of Fig. 1 (6), it must be in the R2 
position. It cannot be in the R3 position because the grid 
of the triode would not then have the requisite high value 
of resistance to chassis which is needed to maintain the 
grid current bias condition. To have a volume control in 
the R3 position it is necessary to add a further blocking 
capacitor, as shown in Fig. 1 (c). Here, R2 and R3 appear 
in the detector circuit as before, whilst R4 is a high value 
resistor offering current bias for the triode. The second 
blocking capacitor, C4, has negligible reactance at a.f. and 
its function is to prevent the bias voltage at the triode grid 
being reduced by the low resistance path between the 
slider of volume control R3 and chassis. The circuit of 
Fig. 1 (c) is quite practicable, but it suffers from the slight 
disadvantage of requiring an extra capacitor and resistor. 

Fig. 1 (d) shows the detector and a.f. amplifier circuit 
given when the triode has cathode bias. It is interesting to 
note here that, since the double diode triode cathode now 
has a positive potential above chassis due to the voltage 
dropped across cathode resistor R5, the lower end of the 
diode load resistor Rj cannot be connected to chassis as in 
the previous circuits. If it were the diode would only 
conduct when the positive half-cycles passed to its anode 
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from the i.f. transformer secondary exceeded the voltage
on tle diode cathode, witb the results that detection could
only occur with high amplitude signals and tl.at the
detected a.f. signal produced would, in any case, be heavily
distorted. The lower end of R2 is, therefore, connected to
t\e cathode of the double diode triode. A standard diode
detector circuit is thus obtained, the only difference with
what we have seen previously being that the diode cathode
(which is bypassed to chassis for i.f. and a.f. signals by Cr)
h.appens to be a volt or so positive of the chassis. Detection
takes place as before, the detected a.f. signal appearing
across R2 and being passed on to the triode amplifier grid
via C3. In Fig. I (d), either R2 or R3 may be a volume
control because it is not now oecessary for the grid of the
triode to have a high value ofexternal rcsistance coupling

t$itlts of Figs. I (D) to (d) represent thosc most
commonly employed for a.m. detection using a double
diode triode. An alternative type of amplifier valve
incorporating diodes is the double diode pentode, in which
two diodes and a pentode share a common cathode inside
a single envelope. It is usual for the pentode to be employed
as the i.f. amplifier feeding the last i.f. transformer
primary, whilst the diode circuit is similar to those we have

just examined. Alternatively, the pentode may b€ employed
as an a-f. voltage amplifier, whereupon it replaces the
triode ofthe double diode triode. Because triode pentode
valves incorporating an a.f. voltage amplif.er triode and
output pentode in a single envelope are available, an
attractive proposition from the economic point of view is
to have the pentode ofthe double diode pentode function
as i.f. amplifier, giving thereby the tftree-valve superhet
"line-up" shown in Fig. 2. As may be seen, this allows a
complete superhet capable of meeting domestic require-
ments to be made up using three valves only. Quite a
number of commercially made a.m. receivers using this
"line-up" have been manufactured, with aoccptable
performance. Care has to be taken witt componcnt and
wiring layout when the detector diodes appear in the same
envelope as a pentode employed as i.f. amplifier. This is
because it is necessary to keep stray capacitive couplings
between the diode and pentode control grid circuits at a
minimum as, since the diode circuits carry the i.f. signal at
an amplified level, instability may otherntse occur.

VARIABLE-MU VALVES
When (in the March 1967 issue) we were deatng with

(o)

( c )  
,  

( < l ,

Fig. | (a). The circuit symbol for a doubte diode triode. tn the symbol, the tvvo diode anodes appeat on eithel
side of the cathode. with the triode section above

(b). A tVpical a.m. detectot and a.f. amplifier circuit incorporating a double diode ttiode
(c). The circuit modifications required when B, is a volume conuol

(d). A detector and amplif ier circuit which can be used when the triode section has cathode bias- Either R ,or R 
"may be a volume control
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from the i.f. transformer secondary exceeded the voltage 
on the diode cathode, with the results that detection could 
only occur witn high amplitude signals and that the 
detected a.f. signal produced would, in any case, be heavily 
distorted. The lower end of Rj is, therefore, connected to 
the cathode of the double diode triode. A standard diode 
detector circuit is thus obtained, the only difference with 
what we have seen previously being that the diode cathode 
(which is bypassed to chassis for i.f. and a.f. signals by C5) 
happens to be a volt or so positive of the chassis. Detection 
takes place as before, the detected a.f. signal appearing 
across Rj and being passed on to the triode amplifier grid 
via C3. In Fig. 1 (d), either R2 or R3 may be a volume 
control because it is not now necessary for the grid of the 
triode to have a high value of external resistance coupling 

-ittQ.chassis. 
The circuits of Figs. 1 (b) to (d) represent those most 

commonly employed for a.m. detection using a double 
diode triode. An alternative type of amplifier valve 
incorporating diodes is the double diode pentode, in which 
two diodes and a pentode share a common cathode inside 
a single envelope. It is usual for the pentode to be employed 
as the i.f. amplifier feeding the last i.f. transformer 
primary, whilst the diode circuit is similar to those we have 
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just examined. Alternatively, the pentode may be employed 
as an a.f. voltage amplifier, whereupon it replaces the 
triode of the double diode triode. Because triode pentode 
valves incorporating an a.f. voltage amplifier triode and 
output pentode in a single envelope are available, an 
attractive proposition from the economic point of view is 
to have the pentode of the double diode pentode function 
as i.f. amplifier, giving thereby the three-waive superhet 
"line-up" shown in Fig. 2. As may be seen, this allows a 
complete superhet capable of meeting domestic require- 
ments to be made up using three valves only. Quite a 
number of commercially made a.m. receivers using this 
"line-up" have been manufactured, with acceptable 
performance. Care has to be taken with component and 
wiring layout when the detector diodes appear in the same 
envelope as a pentode employed as i.f. amplifier. This is 
because it is necessary to keep stray capacitive couplings 
between the diode and pentode control grid circuits at a 
minimum as, since the diode circuits carry the i.f. signal at 
an amplified level, instability may otherwise occur. 

VARIABLE-MU VALVES 
When (in the March 1967 issue) we were dealing with 
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F/g. 1 (a). The circuit symbol for a double diode triode. In the symbol, the two diode anodes appear on either 
side of the cathode, with the triode section above 

(b). A typical a.m. detector and a.f. amplifier circuit incorporating a double diode triode 
(c). The circuit modifications required when /?3 is a volume control 

(d). A detector and amplifier circuit which can be used when the triode section has cathode bias. Either R 2 or R3 
may be a volume control 
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voltage amplifier pentodes, we introduced what are
described as variable-mu valves. We saw that these valves
have variations in the spacing between the control grid
wires along the length of the control grid assembly whicb
makes it possible to control mutual conductance very

r{ilgby varying grid biras.voltage. Fig. 3 (a) shows a
typicall"V" characteristis for a normal r.f. pentode and
Fig. 3 (b) that for a variable-mu r.f. pentode. It will be
noted tlat the slope of the characteristic (and hence tt^e
mutual conductance) varies much more "smoothly" witlt
change in grid voltage in Fig. 3 (D) than it does in Fig. 3 (c)
and, also, that the grid cut-off point in Fig. 3 (D) is at a

, much greater negative potential than it is in Fig. 3 (a). As is
demonstrated by these characteristics it is possible to

Fig. 2. Stage line-up for a three valve a.m. superhet

16(mA)

Io (mA)

control mutual conductance by way of control grid bias
voltage much more effectively with a variable-mu pentode
than itiq with a normal pentode.*

As we shall see very shortly, variable-mu pentodes offer
a particular advantage when used in a.m. superhets.

It is desirable, in a.m. valve superhets, fdr the frequency
changer to be similarly capable of having its gqin
contrblled by way of control-grid bias voltage. In this
case the mixer section of the valve is designed f,uch that a
smoothly-changing variation in conversion con&tctance is
given as the grid bias voltage is varied. In the ECH8I, for
instance, conversion conductance changes smoothly from
about 700pA per volt at a signal grtd bias potential of
-2 volts (with respect to cathode) to around lpA per volt
at a signal grid bias potential of -40 volts.

AUTOMATIC GAIN CONTROL
The a.m. superlet, as described up to row, consists of

an optional a.f. amplifier, a frequency changer stage, an
i.f. amplifrer, a detector stage, an a.f. voltage amalifier and
the a.f. output stage. It offers a high degree of selectivity
and sensitivity, but it suffers from several shortcomings.

The fust of these is that no provision is made to
counteract "fading" of received signals. Fading occurs
with the more distant transmitters, whose signals are
"reflected" back to the Earth by the refractive action of
ionised layers in the upper atmosphere. The activity of
these ionised regions is not constant and signals received
by way of them tend to vary in strength from time to time.

A second shortcoming ofthe superhet as so far envisaged
is that all signals receive the same degree of amplification
before being passed to the detector. Thus, as tbe tuning
dial is turned, a weak signal is liable to be succeeded by a
signal having a very high amplitude. With a domestic
receiver this can be particularly trying, since the audible
output at the loudspeaker is proportional to the strerlg$
of each received signal. Also, it is difrcult to control the
a.f. output from a wide range of signal input strengths by
means of a singls a.f. volume control. A further point is
that some of the more powerful received signals may have
sufficient amplitude to overload the i.f. amplifier stage.

All these difficulties are overcome by a circuit device
known as qutotrutic gain control. Fig. 4 gives a block
diagram illustrating how automatic gain control (or a.g.c')
may be applied in a superhet. We have the frequency
changer and i.f. amplifier as before but, in addition to the
detector diode, we now have an a.g.c. diode. The function
ofthe a.g.c. diode is to develop a negative direct voltage
which is proportional to the i.f. voltage passed tg it from
the i.f. amplifier. This negative voltage is then applied, as a
tArother important point here is that, although the I.% characteristic of the
vuiablemu valve is always slighdy cwed along its lcngth, it d@s lot exhibit as
great a curyatue as, at some points, dcs the chuacteristic for the norul pentode.
Thus, the vuiable-mu pentode is tess likely to sufret from cross-modulation eff*ts
thao i$a nomd p€Dtode op€nted at a highly ouryed portion ofits I.Vr chuacteristic.
(Cros-modulation mun when two signals are applied to a uou-linear amplifier'
Due to the non-lin€rity, each tends to modulaie the other.).
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voltage amplifier pentodes, we introduced what are 
described as variable-mu valves. We saw that these valves 
have variations in the spacing between the control grid 
wires along the length of the control grid assembly which 
makes it possible to control mutual conductance very 
rtfldily by varying grid bias voltage. Fig. 3 (a) shows a 
typical IaVg characteristic for a normal r.f. pentode and 
Fig. 3 (b) that for a variable-mu r.f. pentode. It will be 
noted that the slope of the characteristic (and hence the 
mutual conductance) varies much more "smoothly" with 
change in grid voltage in Fig. 3 (b) than it does in Fig. 3 (a) 
and, also, that the grid cut-off point in Fig. 3 (b) is at a 
much greater negative potential than it is in Fig. 3 (a). As is 
demonstrated by these characteristics it is possible to 
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control mutual conductance by way of control grid bias 
voltage much more effectively with a variable-mu pentode 
than it is with a normal pentode.* 

As we shall see very shortly, variable-mu pentodes offer 
a particular advantage when used in a.m. superhets. 

It is desirable, in a.m. valve superhets, for the frequency 
changer to be similarly capable of having its gain 
controlled by way of control-grid bias voltage. In this 
case the mixer section of the valve is designed Sbch that a 
smoothly-changing variation in conversion conductance is 
given as the grid bias voltage is varied. In the ECH81, for 
instance, conversion conductance changes smoothly from 
about 700pA per volt at a signal grid bias potential of 
—2 volts (with respect to cathode) to around IpA per volt 
at a signal grid bias potential of—40 volts. 
AUTOMATIC GAIN CONTROL 

The a.m. superhet, as described up to now, consists of 
an optional a.f. amplifier, a frequency changer stage, an 
i.f. amplifier, a detector stage, an a.f. voltage amplifier and 
the a.f. output stage. It offers a high degree of selectivity 
and sensitivity, but it suffers from several shortcomings. 

The first of these is that no provision is made to 
counteract "fading" of received signals. Fading occurs 
with the more distant transmitters, whose signals are 
"reflected" back to the Earth by the refractive action of 
ionised layers in the upper atmosphere. The activity of 
these ionised regions is not constant and signals received 
by way of them tend to vary in strength from time to time. 

A second shortcoming of the superhet as so far envisaged 
is that all signals receive the same degree of amplification 
before being passed to the detector. Thus, as the tuning 
dial is turned, a weak signal is liable to be succeeded by a 
signal having a very high amplitude. With a domestic 
receiver this can be particularly trying, since the audible 
output at the loudspeaker is proportional to the strength 
of each received signal. Also, it is difficult to control the 
a.f. output from a wide range of signal input strengths by 
means of a single a.f. volume control. A further point is 
that some of the more powerful received signals may have 
sufficient amplitude to overload the i.f. amplifier stage. 

All these difficulties are overcome by a circuit device 
known as automatic gain control. Fig. 4 gives a block 
diagram illustrating how automatic gain control (or a.g.c.) 
may be applied in a superhet. We have the frequency 
changer and i.f. amplifier as before but, in addition to the 
detector diode, we now have an a.g.c. diode. The function 
of the a.g.c. diode is to develop a negative direct voltage 
which is proportional to the i.f. voltage passed to it from 
the i.f. amplifier. This negative voltage is then applied, as a 
♦Another important point here is that, although the I^Vg characteristic of the 
variable-mu valve is always slightly curved along its length, it does not exhibit as 
great a curvature as, at some points, does the characteristic for the normal pentode. 
Thus, the variable-mu pentode is less likely to suffer from cross-modulation effects 
than is a normal pentode operated at a highly curved portion of its I^Vg characteristic. 
(Cross-modulation occurs when two signals are applied to a non-linear amplifier. 
Due to the non-linearity, each tends to modulate the other.). 
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To A.F stoges

Fig. 4. Block diagrcm illustrating how an a.g.c. voltage obtained from
an a.g.c. diode may be applied to .preceding stages to control theil

gatn

\
grid bias- voltage, to the preceding valves, which in Fig. 4
are the frequency ch.anger and i.f. amplifier. What now
occursis that if, say, a weak signal is rec€ived, the a.g.c.
diode develops a small negative bias voltage only and tl,e
frequency changer and i.f. amplifier stagei coniequently
_offer very nearly the full gain of which they are capable.
When, on the other hand, a strong signal is received, the
a.g.c. detector applies a correspondingly higb negative
bias voltage to tbe preceding stages and decreaseJtheir
gain considerably, thereby reducing the amplitude of the
i.f. signal passed to the detector diode. It will be apparent
that a state of equilibrium is achieved according to tle
amplitude of each signal received. Should a signal be
suddenly applied to the receiver, the action of tle a.g.c.
circuit causes the output of the i.f. amplifier to be reduced
and, hence, the amplitude of the i.f. signal passed to the
a.g.c. diode itself. The system stabilises when the bias
voltage from the a.g.c. diode maintains the gain of the
preceding stages at the level which provides the
corresponding i.f. output to the diode.

It follows that an a.g.c. system of the type shown in
Fig.4 cannot cause all received signals to produce a
standard i.f. output amplitude. Instead, it regulates the

gain of the stages preceding the a.g.c. diode in such a
manner that strong signals provide a much lower i.f.
output than would otherwise be the case. It is possible, by
using rather complex a.g.c. systems incorporating an
amplifier, to obtain a receiver performance where all
signals are reproduced at'the same level, and such systems
have been used fairly extensively in the past. They are not
often encountered in more modern receivers. however. as
the simple a.g.c. system shown in block form in Fig. 4 can,
when properly designed, regulate i.f. output amplitude
within quite narrow limits for a very wide range ol input
signal strengths.

Turning to the reasons for incorporating a.g.c. in a
receiver, it may now be seen that the regulating action of
tlie a.g.c. counteracts fading. When a signal fades, the
a.g.c. system causes the stages preceding the detector to
offer greater amplffication for it. Similarly, the a.g.c.
system causes signals consecutively tuned in by turning
the tuning control to be reproduced at very nearly the
same level despite considerable variance in their signal
strength at the aerial.

In Fig. 4, the bias voltage from the a.g.c. diode is shown
applied to the frequency-changer and i.f. amplifier. The

AGC"
rcltogc

Fig. 5 (a). Obtaining an automatic gain control voltage frcm the circuit of Fig. I (b)' (b).A slightly higher a.g.c. voltage is avaitabte atlhe upper end of resisti R .'
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Fig. 4. Block diagram illustrating how an a.g.c. voltage obtained from 
an a.g.c. diode may be applied to preceding stages to control their 

gain 

grid bias voltage, to the preceding valves, which in Fig. 4 
are the frequency changer and i.f. amplifier. What now 
occurs is that if, say, a weak signal is received, the a.g.c. 
diode develops a small negative bias voltage only and the 
frequency changer and i.f. amplifier stages consequently 
offer very nearly the full gain of which they are capable. 
When, on the other hand, a strong signal is received, the 
a.g.c. detector applies a correspondingly high negative 
bias voltage to the preceding stages and decreases their 
gain considerably, thereby reducing the amplitude of the 
i.f. signal passed to the detector diode. It will be apparent 
that a state of equilibrium is achieved according to the 
amplitude of each signal received. Should a signal be 
suddenly applied to the receiver, the action of the a.g.c. 
circuit causes the output of the i.f. amplifier to be reduced 
and, hence, the amphtude of the i.f. signal passed to the 
a.g.c. diode itself. The system stabilises when the bias 
voltage from the a.g.c. diode maintains the gain of the 
preceding stages at the level which provides the 
corresponding i.f. output to the diode. 

It follows that an a.g.c. system of the type shown in 
Fig. 4 cannot cause all received signals to produce a 
standard i.f. output amplitude. Instead, it regulates the 

gain of the stages preceding the a.g.c. diode in such a 
manner that strong signals provide a much lower i.f. 
output than would otherwise be the case. It is possible, by 
using rather complex a.g.c. systems incorporating an 
amplifier, to obtain a receiver performance where all 
signals are reproduced at the same level, and such systems 
have been used fairly extensively in the past. They are not 
often encountered in more modem receivers, however, as 
the simple a.g.c. system shown in block form in Fig. 4 can, 
when properly designed, regulate i.f. output amplitude 
within quite narrow limits for a very wide range of input 
signal strengths. 

Turning to the reasons for incorporating a.g.c. in a 
receiver, it may now be seen that the regulating action of 
the a.g.c. counteracts fading. When a signal fades, the 
a.g.c. system causes the stages preceding the detector to 
offer greater amplification for it. Similarly, the a.g.c. 
system causes signals consecutively tuned in by turning 
the tuning control to be reproduced at very nearly the 
same level despite considerable variance in their signal 
strength at the aerial. 

In Fig. 4, the bias voltage from the a.g.c. diode is shown 
applied to the frequency-changer and i.f. amplifier. The 

HT+ 

AH output 

I 
C3 

C2 

I 
"3 

I 

I 
Ra 

A.G.C. 
voltage 

HT+ 

A.F output 

C3 
iL 

I C4 
IP4 

UM vw- AGC 
voltage 

Fig. 5 (a). Obtaining an automatic gain control voltage from the circuit of Fig. 1 (b) 
(b). A slightly higher a.g.c. voltage is available at the upper end of resistor R, 
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valves fitted in these stages would be types having
variable-mu characteristics. since these are more suitable
when it is intended that gain be controlled by grid bias
voltage. If the receiver were fitted with an r.f. amplifier
stage preceding the frequency changer, this would also be
a variable-mu type and the a.g.c. voltage would be applied
as bias to its grid as well.

A.G.C. DIODE CIRCUITS
An extremely simple a.g.c. circuit incorporating a

double diode triode is illustrated in Fig' 5 (a). In this
circuit a single diode performs the functions of both tt e
detectotand the a.g.c. diode. Fig. 5 (a) is the same as
Fig. I (T},ithJhe eiception that il^e components Ra and
Cn have been added, and it takes advantage of the fact
that a direct voltage nearly equal to the peak value of the
rectified i.f. half-cycles appears across Cr. As we saw last
month, the polarity of this voltage is such that the upper
plate of C1 is negative with respect to chassis. Nearly all
the voltage across C, appears across tle load resistor R2
and an automatic gain control voltage for the preceding
stages is taken from the upper end ofthis resistor. Resistors
Ra and Ca form a filter which Prevents the detected a.f.
signal appearing on the a.g.c. voltage. There is, therefore,
a direclvoltage only across Ca, this being proportional
to the amplitude of the i.f. signal from the i.f. transformer
secondary. Obviously, the control voltage on tle lower
plate of Ca goes negative as the amplitude of the i'f.
iignal increases, whereupon it meets the requirements
for an a.g.c. system.-

A slight modification to the circuit of Fig. 5 (a) is given
in Fig. 5 (b). Here, the a.g.c. control voltage is taken from
the upper plate of Cr, whereupon the filter given by Ra
and Ca also prevents the i.f. content of the detected signal

from appearing on the a.g.c. voltage. Fig. 5 (b) has the
advantage that a slightly higher a.g.c. voltage is given
than occurs with Fig. 5 (a) but, since the value of Rt is

. normally very much lower than that of R2, the increase
in a.g.c. voltage is marginal only.

Aiwe saw last month, it is desirable for tbe a.c. and d.c.
loads presented to the detector diode to be as close in
value as possible. The d.c. load is given by R, on its own
(ignoring the relatively low value of R1) whilst the a.c.
toaO is given by R2 in parallel with any load coupled to it
by a capacitor which offers low reactance at audio
friquencies. In Fig. 5 (a) and (D) we have added another
resiitor which is effectively in parallel with R, at a.f. This
new resistor is Rn, and it is coupled across R2 via Ca. The
latter capacitor has, ofcoursc, to have a low reactancc at
a.f., or the filter it fgrms with R1 would not be effective.
To prevent the a.c. load being excessively different from
the d.c. load, Ra requircs a value considerably higher than
Rr. Typical practical values would be grven by having
n, equal to 250kO and R. equal to lMCl. Capacitor Cn
may, typically, have a valuc of the order of 0{5pF. A
further point to be introduced at this point is lne time
constant of thea.g.c. system. In Figs. 5 (a) and (b) this time
constant is partly provided by Ra and Ca and it controls
the speed at which the a.g.c. system operates. We shall be
referring to ttre question of time constant in greater detail
later. after we have examined the manner in which the
a.g.c. voltage is applied to the grids of the controlled
values.

NEXT MONTH
In next month's article we shall consider other a.g.c.

)

detector circuits. tr
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As usuat, Ghristmas brings its load of extla work
for Smithy the Serviceman and his able assistant,
Dick. This year, fortunately, the pair are able to
finish their labours by the late afternoon of Christmas
Eve, and there is stil l time for Smithy to give Dick

an exercise in elementary servicing

The shades of night were falling fast,
As through an Alpine village passed
A youth who bore, mid snow and ice,
A banner with the strlnge device,
Excelsior I
Thus, from that past, speaks Henry

Wadsworth Longfellow, and this
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opening stanza in the tale of the boy who
died rather than relinquish that banner
of his provides a fitting introduction to
our tale for this month.

For it is Christmas Eve and when we
ioin the Serviceman and his faithful
assistant Dick we find that, outside the
rime-laden windows of the Workshop,
the shades ofnight are falling fast indeed.
There is, as well, evidence of much snow
and ice, some of the former having
actually found its way inside by way of a
dodgy section of the Workshop roof.
Again, of strange devices there is a great
profusion, these ranging from ?
precarious soldering iron stand created
by Smithy from the wire of an old coat
hanger to a beautifully finished grid-dip
osci l la tor  lov ingly constructed three
years ago by Dick and never since used.
And, finally, the bright and garish trade
calendars for 1969 which already grace
the Workshop walls show that the
concept of the hard sell is just as much
in evidence today as it was with that l9th
century youth when he Pursued his
dedicated promotion camPaign for

American packing material.

CHRISTMAS BET
But (as we slip gratefully into the past

tense) there were other features in the
Workshop on this particular Christmas
Eve which could not have been conceived
by the poet, however inspired his Muse.
There was the Workshop floor, spangled
with the many star-shaped splashes of
solder which betokened that mighty
industry witb the soldering iron had
taken place that day; there was- the
spares cupboard with its doors gaping
unaccustomedly wide after withstanding
a continual rush on its contents; and
there here the "For Repair" racks
now completely clear of sets and the
"Repaired" racks filled to overflowing
as Dick triumphantly carried over the
last serviced receiver for the day and
deposited it on them.

"Gosh." said Dick. as he returned
and flopped onto his stool, "whata dayl"

"It has certainly," agreed Smithy,
mopping his brow, "been something of
a shocker."
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valves fitted in these stages would be types having 
variable-mu characteristics, since these are more suitable 
when it is intended that gain be controlled by grid bias 
voltage. If the receiver were fitted with an r.f. amplifier 
stage preceding the frequency changer, this would also be 
a variable-mu type and the a.g.c. voltage would be applied 
as bias to its grid as well. 
A.G.C. DIODE CIRCUITS 

An extremely simple a.g.c. circuit incorporating a 
double diode triode is illustrated in Fig. 5 (a). In this 
circuit a single diode performs the functions of both the 
detectqrand the a.R.c. diode. Fig. 5 (a) is the same as 
Fig. 1 (o^TtothJhe exception that the components R4 and 
C4 have been added, and it takes advantage of the fact 
that a direct voltage nearly equal to the peak value of the 
rectified'i.f. half-cycles appears across Q. As we saw last 
month, the polarity of this voltage is such that the upper 
plate of Q is negative with respect to chassis. Nearly all 
the voltage across Cl appears across the load resistor R2 
and an automatic gain control voltage for the preceding 
stages is taken from the upper end of this resistor. Resistors 
R4 and C4 form a filter which prevents the detected a.f. 
signal appearing on the a.g.c. voltage. There is, therefore, 
a direct voltage only across C4, this being proportional 
to the amplitude of the i.f. signal from the i.f. transformer 
secondary. Obviously, the control voltage on the lower 
plate of C4 goes negative as the amplitude of the i.f. 
signal increases, whereupon it meets the requirements 
for an a.g.c. system.- 

A slight modification to the circuit of Fig. 5 (a) is given 
in Fig. 5 (b). Here, the a.g.c. control voltage is taken from 
the upper plate of Cj, whereupon the filter given by R4 
and C4 also prevents the i.f. content of the detected signal 

from appearing on the a.g.c. voltage. Fig. 5 (b) has the 
advantage that a slightly higher a.g.c. voltage is given 
than occurs with Fig. 5 (a) but, since the value of Ri is 

_ normally very much lower than that of R2, the increase 
in a.g.c. voltage is marginal only. 

As we saw last month, it is desirable for the a.c. and d.c. 
loads presented to the detector diode to be as close in 
value as possible. The d.c. load is given by R2 on its own 
(ignoring the relatively low value of RJ whilst the a.c. 
load is given by R2 in parallel with any load coupled to it 
by a capacitor which offers low reactance at audio 
frequencies. In Fig. 5 (a) and (b) we have added another 
resistor which is effectively in parallel with Rj at a.f. This 
new resistor is R4, and it is coupled across R2 via C4. The 
latter capacitor has, of course, to have a low reactance at 
a.f., or the filter it fqrms with R4 would not be effective. 
To prevent the a.c. load being excessively different from 
the d.c. load, R4 requires a value considerably higher than 
R2. Typical practical values would be given by having 
R2 equal to 250kQ and R4 equal to IMQ. Capacitor C4 
may, typically, have a value of the order of O-OSpF. A 
further point to be introduced at this point is the time 
constant of the a.g.c. system. In Figs. 5 (a) and (b) this time 
constant is partly provided by R4 and C4 and it controls 
the speed at which the a.g.c. system operates. We shall be 
referring to the question of time constant in greater detail 
later, after we have examined the manner in which the 
a.g.c. voltage is applied to the grids of the controlled 
values. 

NEXT MONTH 
In next month's article we shall consider other a.g.c. 

detector circuits. □ 

o o 

000 

your 

work 

As usual, Christmas brings its load of extra work 
for Smithy the Serviceman and his able assistant, 
Dick. This year, fortunately, the pair are able to 
finish their labours by the late afternoon of Christmas 
Eve, and there is still time for Smithy to give Dick 

an exercise in elementary servicing 

The shades of night were falling fast. 
As through an Alpine village passed 
A youth who bore, mid snow and ice, 
A banner with the strange device. 
Excelsior! 
Thus, from that past, speaks Henry 

Wadsworth Longfellow, and this 
326 

opening stanza in the tale of the boy who 
died rather than relinquish that banner 
of his provides a fitting introduction to 
our tale for this month. 

For it is Christmas Eve and when we 
join the Serviceman and his faithful 
assistant Dick we find that, outside the 
rime-laden windows of the Workshop, 
the shades of night are falling fast indeed. 
There is, as well, evidence of much snow 
and ice, some of the former having 
actually found its way inside by way of a 
dodgy section of the Workshop roof. 
Again, of strange devices there is a great 
profusion, these ranging from a 
precarious soldering iron stand created 
by Smithy from the wire of an old coat 
hanger to a beautifully finished grid-dip 
oscillator lovingly constructed three 
years ago by Dick and never since used. 
And, finally, the bright and garish trade 
calendars for 1969 which already grace 
the Workshop walls show that the 
concept of the hard sell is just as much 
in evidence today as it was with that 19th 
century youth when he pursued his 
dedicated promotion campaign for 

American packing material. 

CHRISTMAS BET 
But (as we slip gratefully into the past 

tense) there were other features in the 
Workshop on this particular Christmas 
Eve which could not have been conceived 
by the poet, however inspired his Muse. 
There was the Workshop floor, spangled 
with the many star-shaped splashes of 
solder which betokened that mighty 
industry with the soldering iron had 
taken place that day; there was the 
spares cupboard with its doors gaping 
unaccustomedly wide after withstanding 
a continual rush on its contents; and 
there were the "For Repair" racks 
now completely clear of sets and the 
"Repaired" racks filled to overflowing 
as Dick triumphantly carried over the 
last serviced receiver for the day and 
deposited it on them. 

"Gosh," said Dick, as he returned 
and flopped onto his stool, "what a day!" 

"It has certainly," agreed Smithy, 
mopping his brow, "been something of 
a shocker." 
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"It's always the same at Christmas,"
grumbled Dick. "Every flaming set in
the neighbourhood goes up the wall
from December the 20th onwards !"

"True enougl,," confirmed Smithy.
The pair rested and gazed with pride

at the sets they had repaired.
"Well, there's one thing," remarked

Dick smugly. "I fixed a lot more sets
todav than vou did."

"Of .oillir,pu did," returned Smithy,
a little irrita-61> "The scheme we'd
arranged beforehand was that you'd do
all the easy ones whilst I did all the Lard
ones."

"Some of the ones 1 did," boasted
Dick, "were still pretty tough,
nevertheless. What this Christmas Eve
nas really proved is that youngsters such
as me have got a real edge over you old
fuddy-duddieS when it comes to getting
the work done quickly!"

"How on earth," snorted Smithy,
"you manage to get that great head of
yours through the Workshop door each
morning completely baffies me. Well, if
that's how you feel, and seeing that it's
Cirristmas, I'll have a wager with you
if only to find out whether I can deflate
you a little. I'll get a transistor portable
offthose shelves, put a simple fault on it
and see how long you take to find it. You
can have the service manual in front of
you and if you fix the set within twenty
minutes you win the bet. O.K.?"

"How much?"
"Ten bob."
"Donol"
The impending conflict aroused the

pair from the lethargy which had
followed their exertions. and it was with
alacrity tlat Smithy walked towards the
"Repaiped" racks and selected a small
medium and long wave transistor radio.
Returning, he called out its make and
type number to Dick who briskly
searched in the filing cabinet for its
service manual. Whilst Dick was thus
occupied, Smithy took the back off the
receiver, busied himself mysteriously in
its interior, then carefully replaced the
back again. At that instant, Dick
returned from the filing cabinet with tt e
service sheet in his hand.

"It's ten to five," remarked Smithy,
glancing at the Workshop clock. "If you
get this set going by ten past, you've won
the bet."

"Fair enough," said Dick seating
himself at Smithy's bench. "You've put
the fault on?"

"I have."
"Right," replied Dick. "Then I'll

begin."
He switched on the receiver and

adjusted the volume and tuning controls.
Its loudspeaker was completely silent
for all settings of these controls, both on
medium and on long waves. Dick
switched the set off again.

"I  am now," he pronounced
pompously, "going to start by making a
test which doesn't even necessitate takine
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Fig. l. Checking the oscillator of a trcnsistor rcdio
by picking up the oscillation on a second radio. The
receivers should be positioned so that theil
fenite aerial rods are parallel and close togethel

the back off the set !"
"Aren't you going to check the battery

voltage first?"
"In this case," replied Dick airily,

"I'm assuming that you wouldn't have
tried so corny a gag as to put a run-down
battery in that set. And so I'll risk that
the battery is O.K. Instead, I'm going to
check th-at the oscillator is running."

"Blimey," said Smithy. "This is going
to be the easiest ten bob I've picked up
for a long time! You know, Dick, there
are quite a few other things you should
check before you start testing the
oscillator."

"Who," retorted Dick rudely, "is
doing this job, you or me? Anyway,
we're wasting valuable time."

Dick strode purposefully to the
"Repaired" racks and picked up another
transistor radio.

"What I'm going to do," he
announced, "is to carry out a pretty
well-known dodge for checking whether
the oscillator of a transistor radio is
working without actually opening up its
cabinet."

Whilst Smithy settled down to watch
him, Dick switched on the second radio
and tuned it to a weak station at the
high frequency end of the medium wave
band. He then placed the faulty receiver
close to it, switched this on as well and
set it to the medium wave band. (Fig. l).
He then carefully adjusted its tuning
control. As he did so a heterodyne
became audible from the speaker of the
serviceable receiver. Dick continued
adjusting the tuning control of tle
faulty set and was rewarded with
heterodynes at several other tuning
positions.

"There we are," he remarked with
satislaction as he switched off both the
sets. "That shows that the oscillator in
this receiver is working on the medium
wave band!"

"I'11 agree with you on that, at any
rate," remarked Smithy with grudging
approval. "And I'll agree also that what
you've just done is quite a good method
of checking the oscillator of a faulty set.
What's happening, of course, is that
some of the oscillator signal in tne faulty
receiver is finding its way to the ferrite
frame aerial. whereuoon it's beine

radiated at sufrcient strength to be
picked up by the ferrite frame aerial of
the other set. I've used tirat method of
testing quite a bit myself and the
theoretical idea is that you tune the
good set to a frequency about 460 kc/s or
so higher that the frequency you tune the
faulty set to. Since the oscillator in the
faulty set is running some 460 kc/s above
the frequency indicated on its dial you
should then get its heterodyne on the
good set as you adjust the tuning of the
b a d  s e t  a r o u n d  t h e  a p p r o p r i a t e
frequency. You must, ofcouise, iune in
a signal on the good set first."

"I usually find," said Dick, who had
now started to remove the back from the
faulty receiver, "that you get several
heterodynes as you adjust the tuning of
the suspect receiver. There are others in
addition to the one where the tuning of
the two receivers is spaced about 460 kc/s
apart."

"True enough," agreed Smithy.
"You've got a fair number of oscillator
harmonics knocking around in both
receivers and these will give you the
other heterodynes. Still, they're nothing
to worry about. This heterodyne test is,
of course, capable of being carried out
on the medium wave band because this
band has a top frequency of about
1,550 kc/s and a bottom frequency of
around 600 kc/s. It's easy to get two dial
frequencies' with 460 kc/s difference
between them on a range as wide as that."

"Often." remarked Dick, looking
inside the cabinet of the faulty radio,
"the heterodynes sound fairly weak."

"They are, with some sets," confumed
Smithy. "Still, all you're carrying out is a
rough and ready test for oscillator
operation on medium waves, and so you
can't expect exactly the same results with
different sets. So long as yov get a
heterodyne, you know that the oscillator
in the faulty set is running. My own
experience, by the way, is that you get the
best coppling between the sets if you
positionj them so that their ferrite aerial
iods ard close together and parallel to
each other."

A.G.C. VOLTAGE TEST
"That," agreed Dick, "is what I've

found, too."
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"It's always the same at Christmas," 
grumbled Dick. "Every flaming set in 
the neighbourhood goes up the wall 
from December the 20th onwards!" 

"True enough " confirmed Smithy. 
The pair rested and gazed with pride 

at the sets they had repaired. 
"Well, there's one thing," remarked 

Dick smugly. "I fixed a lot more sets 
today than you did." 

"Of corfrs^vou did," returned Smithy, 
a little irritably^ "The scheme we'd 
arranged beforehand was that you'd do 
all the easy ones whilst I did all the Lard 
ones." 

"Some of the ones I did," boasted 
Dick, "were still pretty tough, 
nevertheless. What this Christmas Eve 
has really proved is that youngsters such 
as me have got a real edge over you old 
fuddy-duddies when it comes to getting 
the work done quickly!" 

"How on earth," snorted Smithy, 
"you manage to get that great head of 
yours through the Workshop door each 
morning completely baffles me. Well, if 
that's how you feel, and seeing that it's 
Christmas, I'll have a wager with you 
if only to find out whether I can deflate 
you a little. I'll get a transistor portable 
off those shelves, put a simple fault on it 
and see how long you take to find it. You 
can have the service manual in front of 
you and if you fix the set within twenty 
minutes you win the bet. O.K.?" 

"How much?" 
"Ten bob." 
"Done»!" 
The impending conflict aroused the 

pair from the lethargy which had 
followed their exertions, and it was with 
alacrity that Smithy walked towards the 
"Repaired" racks and selected a small 
medium and long wave transistor radio. 
Returning, he called out its make and 
type number to Dick who briskly 
searched in the filing cabinet for its 
service manual. Whilst Dick was thus 
occupied, Smithy took the back off the 
receiver, busied himself mysteriously in 
its interior, then carefully replaced the 
back again. At that instant, Dick 
returned from the filing cabinet with the 
service sheet in his hand. 

"It's ten to five," remarked Smithy, 
glancing at the Workshop clock. "If you 
get this set going by ten past, you've won 
the bet." 

"Fair enough," said Dick seating 
himself at Smithy's bench. "You've put 
the fault on?" 

"I have." 
"Right," replied Dick. "Then I'll 

begin " 
He switched on the. receiver and 

adjusted the volume and tuning controls. 
Its loudspeaker was completely silent 
for all settings of these controls, both on 
medium and on long waves. Dick 
switched the set off again. 

"I am now," he pronounced 
pompously, "going to start by making a 
test which doesn't even necessitate taking 

Fcrrite rod' 
aerials \ 

the back off the set!" 
"Aren't you going to check the battery 

voltage first?" 
"In this case," replied Dick airily, 

"I'm assuming that you wouldn't have 
tried so corny a gag as to put a run-down 
battery in that set. And so I'll risk that 
the battery is O.K. Instead, I'm going to 
check that the oscillator is running." 

"Blimey," said Smithy. "This is going 
to be the easiest ten bob I've picked up 
for a long time! You know, Dick, there 
are quite a few other things you should 
check before you start testing the 
oscillator." 

"Who," retorted Dick rudely, "is 
doing this job, you or me? Anyway, 
we're wasting valuable time." 

Dick strode purposefully to the 
"Repaired" racks and picked up another 
transistor radio. 

"What I'm going to do," he 
announced, "is to carry out a pretty 
well-known dodge for checking whether 
the oscillator of a transistor radio is 
working without actually opening up its 
cabinet." 

Whilst Smithy settled down to watch 
him, Dick switched on the second radio 
and tuned it to a weak station at the 
high frequency end of the medium wave 
band. He then placed the faulty receiver 
close to it, switched this on as well and 
set it to the medium wave band. (Fig. 1). 
He then carefully adjusted its tuning 
control. As he did so a heterodyne 
became audible from the speaker of the 
serviceable receiver. Dick continued 
adjusting the tuning control of the 
faulty set and was rewarded with 
heterodynes at several other tuning 
positions. 

"There we are," he remarked with 
satisfaction as he switched off both the 
sets. "That shows that the oscillator in 
this receiver is working on the medium 
wave band!" 

"I'll agree with you on that, at any 
rate," remarked Smithy with grudging 
approval. "And I'll agree also that what 
you've just done is quite a good method 
of checking the oscillator of a faulty set. 
What's happening, of course, is that 
some of the oscillator signal in tne faulty 
receiver is finding its way to the ferrite 
frame aerial, whereupon it's being 

Serviceable 
receiver 

radiated at sufficient strength to be 
picked up by the ferrite frame aerial of 
the other set. I've used that method of 
testing quite a bit myself and the 
theoretical idea is that you tune the 
good set to a frequency about 460 kc/s or 
so higher that the frequency you tune the 
faulty set to. Since the oscillator in the 
faulty set is running some 460 kc/s above 
the frequency indicated on its dial you 
should then get its heterodyne on the 
good set as you adjust the tuning of the 
bad set around the appropriate 
frequency. You must, of course, tune in 
a signal on the good set first." 

"I usually find," said Dick, who had 
now started to remove the back from the 
faulty receiver, "that you get several 
heterodynes as you adjust the tuning of 
the suspect receiver. There are others in 
addition to the one where the tuning of 
the two receivers is spaced about 460 kc/s 
apart." 

"True enough," agreed Smithy. 
"You've got a fair number of oscillator 
harmonics knocking around in both 
receivers and these will give you the 
other heterodynes. Still, they're nothing 
to worry about. This heterodyne test is, 
of course, capable of being carried out 
on the medium wave band because this 
band has a top frequency of about 
1,550 kc/s and a bottom frequency of 
around 600 kc/s. It's easy to get two dial 
frequencies- with 460 kc/s difference 
between them on a range as wide as that." 

"Often." remarked Dick, looking 
inside the cabinet of the faulty radio, 
"the heterodynes sound fairly weak." 

"They are, with some sets," confirmed 
Smithy. "Still, all you're carrying out is a 
rough and ready test for oscillator 
operation on medium waves, and so you 
can't expect exactly the same results with 
different sets. So long as you get a 
heterodyne, you know that the oscillator 
in the faulty set is running. My own 
experience, by the way, is that you get the 
best coupling between the sets if you 
position) them so that their ferrite aerial 
rods are close together and parallel to 
each other." 

A.G.C. VOLTAGE TEST 
"That," agreed Dick, "is what I've 

found, too." 

.Faulty 
receiver 

Fig. 1. Checking the oscillator of a transistor radio 
by picking up the oscillation on a second radio. The 
receivers should be positioned so that their 
ferrite aerial rods are parallel and dose together 
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Fig. 2. A typical detector and a'q.c.
ciicuit in a transistor a'm. portable
radio. ln this example a.g.c. is applied
to the fitst i.f . tnnsistot only. The
testmeter measutes detected signal

voltage across the volume control

He oulled his tesfineter towards him,
seleeted a low voltage range and
carefully clipped its test leads to two tags
inside the unserviceable receiver.

"What," asked SmithY, "are You
doine now?"

"Clhecking for a.g.c. voltage," replied
Dick confidintly. "This is a servicing
dodge you told me about Yourself a

couple ofyears ago."
"bnce more," remonstrated Smithy'

"you're carrying out a useful and sensible
cireck. But you're sti// doing these tests
in the wrong order."

"What should I be doing, then?"
Smitl,y opened his mouth, then

remembered the ten shillings wager.
"I'll tell you later," he added hastily.

"After ten past five."
"As vou iike." replied Dick cheerfully'

"Well 
-now, 

what- I'm doing here is
cliooinc th€ testmeter leads across the
voiumJcontrol track. In nearly all these
a.m. portables ttre volume control is also
the diode d.c. load, which means that

the a.g.c. voltage is built up across it.
(Fis.2). Thus, if I can get a voltage
i.uiitti as I turn the tuning dial it
indicat-es that a signal is finding its way
throush to tlle detector."

"Fi ir  enough," rePlied SmithY,
relinouishins foi the moment any further
attempt to c-onvince his assistant that he
was proceeding with his tests in the
wrons order. "That a.g.c. test is a jolly

usefu lone for a.m. portables, particularly
if you're working on an unfamiliar set.
Even with the most crowded Printed
circuit lavouts, it's still very easy to
locate the volume control tags' It's also
very easy, by turning the control, to
judge which tig is set at the earthy end of
ihe-track. With a conventional set using
D.n.o. transistors, you connect the
nesative meter terminal to the earthy end
of ihe track."

"I've iust finished doing that,"
annoonci Dick. "Let's turn on the
set."

He did so, and his meter needle
travelled, in a reverse direction, towards
the end stop at the zero voltage end ofthe
ranee. Diik turned the receiver dial
exoErimentally, whereupon there was a
suiden positive deflection of the meter
needle. Dick adjusted the tuning control
for maximum deflection.

"I don't know what the station I've.
juned in is," he remarked, pleased, "but
it's causing the detector to bash out a
eood 0'6 volts of a.g.c.!"- 

"Then," remarked SmithY' "the
receiver is serviceable up to the diode
stase at least."

'i wonder," mused Dick, switching
of the set again and removing his test
clips, "why, with this test, I always get a
reverse voltage reading in the meter at
first."

SUPPIY

l

(o) (b)

Fig.3 (a). D.C. circuit conditions in Fig. 2when no.signal is being received. Conventional current (from positive

to negative) flows in the direction inJicated, causini the upperTnd-of the.volume conttol to be negative with

rcspect to chassis and the diode to be forward-biased
(b). On receipt of a signal,'iiiriiiioiui"irrent from the diode flows through the volume control as shown'
'ii" 

,pp"n 
"rid 

of the v-otumi ioriro,i jo"t positive (as also does the iunction of the 4'7kQ and lOOkdl resistors)
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Fig. 2. A typical detector and a.g.c. 
circuit in a transistor a.m. portable 
radio. In this example a.g.c. is applied 
to the first i.f. transistor only. The 
testmeter measures detected signal 

voltage across the volume control 

He pulled his testmeter towards him, 
seleeted a low voltage range and 
carefully clipped its test leads to two tags 
inside the unserviceable receiver. 

"What," asked Smithy, "are you 
doing now?" 

"Checking for a.g.c. voltage," replied 
Dick confidently. "This is a servicing 
dodge you told me about yourself a 

couple of years ago." 
"Once more," remonstrated Smithy, 

"youTe carrying out a useful and sensible 
check. But you're still doing these tests 
in the wrong order." 

"What should I be doing, then?" 
Smithy opened his mouth, then 

remembered the ten shillings wager. 
"I'll tell you later," he added hastily. 

"After ten past five." 
"As you like," replied Dick cheerfully. 

"Well now, what I'm doing here is 
clipping the testmeter leads across the 
volume control track. In nearly all these 
a.m. portables the volume control is also 
the diode d.c. load, which means that 

Supply 

the a.g.c. voltage is built up across it. 
(Fig. 2). Thus, if I can get a voltage 
reading as I turn the tuning dial it 
indicates that a signal is finding its way 
through to the detector." 

"Fair enough," replied Smithy, 
relinquishing for the moment any further 
attempt to convince his assistant that he 
was proceeding with his tests in the 
wrong order. "That a.g.c. test is a jolly 
useful one for a.m. portables, particularly 
if you're working on an unfamiliar set. 
Even with the most crowded printed 
circuit layouts, it's still very easy to 
locate the volume control tags. It's also 
very easy, by turning the control, to 
judge which tag is set at the earthy end of 
the track. With a conventional set using 
p.n.p. transistors, you connect the 
negative meter terminal to the earthy end 
of the track." 

"I've just finished doing that," 
announced Dick. "Let's turn on the 
set." 

He did so, and his meter needle 
travelled, in a reverse direction, towards 
the end stop at the zero voltage end of the 
range. Dick turned the receiver dial 
experimentally, whereupon there was a 
sudden positive deflection of the meter 
needle. Dick adjusted the tuning control 
for maximum deflection. 

"I don't know what the station I've. 
Juned in is," he remarked, pleased, "but 
it's causing the detector to bash out a 
good 0-6 volts of a.g.c.!" 

"Then," remarked Smithy, "the 
receiver is serviceable up to the diode 
stage at least." 

"I wonder," mused Dick, switching 
off the set again and removing his test 
clips, "why, with this test, I always get a 
reverse voltage reading in the meter at 
first." 
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(a) (b) 

Fig. 3 (at. D.C. circuit conditions in Fig. 2 when no signal is being received. Conventional current (from positive 
to negative) flows in the direction indicated, causing the upper end of the volume control to be negative with 

respect to chassis and the diode to be forward-biased 
(b). On receipt of a signal, conventional current from the diode flows through the volume control as shown. 
The upper end of the volume control goes positive (as also does the junction of the 4-7kQ. and lOOkn resistors) 
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"That's because of the a.g.c. circuit,"
replied Smithy. "The normal form with
these sets is that current in the emitter
bias potentiometer for the a.g.c.
controlled transistor or transistors flows

1 through the volume control. This means-\fbt, 
in the absence of signal, tbe upper

end of the volume control track- is
negative and the detector diode is
forward-biased (Fig. 3 (a)). When a
signal comes along, the diode causes the
upper end of the volume control track
to go positive and provide a positive
a.g.c. voltage for the controlled transistor
or transistors. (Fig. 3 (r)). Because ofthe
initial reverse reading in the meter it's a
good plan to start off with it switched to
read, say, l0 volts full-scale, since this
will prevent too much reverse movement
of the needle. You can still see the
positive deflection as you tune in a
station, and you can then go down to a
lower voltage range ifyou want to.',

BATTERY CURRENT
Dick glanced up at the clock.
"Gosh," he remarked, "it's just gone

five! I'd better get weaving if I'm going
to win this Christmas bet of ours."

"What's your next move?"
"To check battery current."
"The heavens," pronounced Smithy

d5:voutly, "preserve us!"
But Dick had no time for Smithy's

comments and he hastily set his testmeter
to its l00mA range, removed one of the
battery clips, and inserted the meter in
series with this clip and the battery
(Fig. a). He switched on thd receiver,
turning the volume control to full.

The meter needle rose initially to
indicate 30mA then danced continuallv
between this figure and l5mA. Suddenly,
it fell to 7mA and remained steadv at
this reading for a few seconds, ifter
which it advanced again and resumed its
jigging motion between l5 and 30mA.

Nonplussed, Dick stared at the
quivering needle.

"Blimey, Smithy," he wailed. "I've
got an intermittent fault in this set."

Smithy could contain his impatience
no longer.

"You thundering great twirp," he
exploded. "Of course it isn't an
intermittent! What I find even more
infuriating is the fact that this is one of
the tests you should have carried out
right at the beginning."

"But it must be an intermittent."
protested Dick, sticking doggedly to his
theme. "Just look at the way that
meter needle's wobbling about!"

"Ye gods," snorted Smithy. "Haven't
youlearnt anythr'ng during the years that
you've been in tlris Workshop?"

Completely at a loss, the confused
Dick turned the volume control of the
receiverback to ninimum. The vibration
of his testmeter needle at once ceased.
and it sank back to indicate a sedate
7mA. Puzzled, Dick turned up the
volume control again, whereupon the
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Fig. 4. lnserting a testmetet in series with the
receiver battery to measurc supply current

meter needle once more commenced its
erratic motion between l5 and 30mA.

"Of course, of course," exclaimed
Dick suddenly, smiting his forehead.
"Why the dickens didn't I realise it first
of all ?"

He quickly examined the circuit
diagram showing the output stage of the
receiver (Fig. 5), then returned to the set
and peered inside.

"Blow me," he remarked elegantly.
"Yott crafty old devill"

With trembling fingers he picked up a
pair of long-nosed pliers and applied
them to the inside ofthe receiver. As he
removed the pliers, gripping a small
piece of paper between their jaws, the
receiver came to life and the sound of
Bing Crosby singing "I'm Dreaming of a
White Christmas" filled the Workshop.

Both Dick and Smithy looked at the
clock. It indicated precisely ten minutes
past five.

LOGICAL SERVICING
"I've won," Dick cried out exultantlv.

"I 've won!"
"You jolly well didn't deserve to,"

returned Smithy ungraciously. "You
should have located that fault ages ago."

"At any event, I found it in the end,"
said Dick triumphantly. "But you know,
Smithy, you really are cunning. The
fault you put on that set represented a
touch ofgenius."

"I have my moments, I suppose,"
conceded Smithy modestly. "But what I
was really trying to bring home to you
was the fact that even you arcn't as hot at
this servicing game as you fondly imagine
you are. All I did to that set was to slip a
bit of paper between the closed-circuit
contacts of the receiver earohone socket
(Fig. 6) with the result that the set
worked perfectly all the way up to the
speaker transformer secondary, but there
was no circuit from that secondary to the
speaker itself. That was why the set was
completely dead."

"I wasn't half foxed for a moment."
commented Dick ruefully, "when that
meter needle started shaking around
after I'd put it in series with the battery.
What the meter was reading, of course,
was the current drawn by the Class B
output stage, and the needle was actually
jogging about in time with the broadcast
music. As soon as I turned the volume
control down and the meter readine
dropped to the quiescent value for thE

Fig. 5. The output stage of the transistor
radio repaired by Dick

Supply-

"That's oecause of the a.g.u circuit," 
replied Smithy. "The normal form with 
these sets is that current in the emitter 
bias potentiometer for the a.g.c. 
controlled transistor or transistors flows 
through the volume control. This means 
<iwt, in the absence of signal the unper 
end of the volume control track* is 
negative and the detector diode is 
forward-biased (Fig. 3 (a)). When a 
signal comes along, the diode causes the 
upper end of the volume control track 
to go positive and provide a positive 
a.g.c. voltage for the controlled transistor 
or transistors. (Fig. 3 (A)). Because of the 
initial .reverse reading in the meter it's a 
good plan to start off with it switched to 
read, say, 10 volts full-scale, since this 
will prevent too much reverse movement 
of the needle. You can still see the 
positive deflection as you tune in a 
station, and you can then go down to a 
lower voltage range if you want to." 

BATTERY CURRENT 
Dick glanced up at the clock. 
"Gosh," he remarked, "it's just gone 

five! I'd better get weaving if I'm going 
to win this Christmas bet of ours." 

"What's your next move?" 
"To check battery current." 
"The heavens," pronounced Smithy 

devoutly, "preserve us!" 
But Dick had no time for Smithy's 

comments and he hastily set his testmeter 
to its 100mA range, removed one of the 
battery clips, and inserted the meter in 
series with this clip and the battery 
(Fig. 4). He switched on the receiver, 
turning the volume control to full. 

The meter needle rose initially to 
indicate 30mA then danced continually 
between this figure and 15mA. Suddenly, 
it fell to 7mA and remained steady at 
this reading for a few seconds, after 
which it advanced again and resumed its 
jigging motion between 15 and 30mA. 

Nonplussed, Dick stared at the 
quivering needle. 

"Blimey, Smithy," he wailed. "I've 
got an intermittent fault in this set." 

Smithy could contain his impatience 
no longer. 

"You thundering great twirp," he 
exploded. "Of course it isn't an 
intermittent! What I find even more 
infuriating is the fact that this is one of 
the tests you should have carried out 
right at the beginning." 

"But it must be an intermittent," 
protested Dick, sticking doggedly to his 
theme. "Just look at the way that 
meter needle's wobbling about!" 

"Ye gods," snorted Smithy. "Haven't 
you learnt anything during the years that 
you've been in this Workshop?" 

Completely at a loss, the confused 
Dick turned the volume control of the 
receiver back to minimum. The vibration 
of his testmeter needle at once ceased, 
and it sank back to indicate a sedate 
7mA. Puzzled, Dick turned up the 
volume control again, whereupon the 
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Fig. 4. Inserting a testmeter in series with the 
receiver battery to measure supply current 

meter needle once more commenced its 
erratic motion between 15 and 30mA. 

"Of course, of course" exclaimed 
Dick suddenly, smiting his forehead. 
"Why the dickens didn't I realise it first 
of all?" 

He quickly examined the circuit 
diagram showing the output stage of the 
receiver (Fig. 5), then returned to the set 
and peered inside. 

"Blow me," he remarked elegantly. 
"You crafty old devil!" 

With trembling fingers he picked up a 
pair of long-nosed pliers and applied 
them to the inside of the receiver. As he 
removed the pliers, gripping a small 
piece of paper between their jaws, the 
receiver came to life and the sound of 
Bing Crosby singing "I'm Dreaming of a 
White Christmas" filled the Workshop. 

Both Dick and Smithy looked at the 
clock. It indicated precisely ten minutes 
past five. 

LOGICAL SERVICING 
"I've won," Dick cried out exultantly. 

"I've won!" 
"You jolly well didn't deserve to," 

returned Smithy ungraciously. "You 
should have located that fault ages ago." 

"At any event, I found it in me end," 
said Dick triumphantly. "But you know, 
Smithy, you really are cunning. The 
fault you put on that set represented a 
touch of genius." 

"I have my moments, I suppose," 
conceded Smithy modestly. "But what I 
was really trying to bring home to you 
was the fact that even you aren't as hot at 
this servicing game as you fondly imagine 
you are. All I did to that set was to slip a 
bit of paper between the closed-circuit 
contacts of the receiver earphone socket 
(Fig. 6) with the result that the set 
worked perfectly all the way up to the 
speaker transformer secondary, but there 
was no circuit from that secondary to the 
speaker itself. That was why the set was 
completely dead." 

"I wasn't half foxed for a moment," 
commented Dick ruefully, "when that 
meter needle started shaking around 
after I'd put it in series with the battery. 
What the meter was reading, of course, 
was the current drawn by the Class B 
output stage, and the needle was actually 
jogging about in time with the broadcast 
music. As soon as I turned the volume 
control down and the meter reading 
dropped to the quiescent value for the 
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set, I suddenly realised that tle Class B
output stage must be working all rigbt
and that the fault must lie between tlat
stage and the speaker."

*With the consequence," Smithy
broke in, "that you looked at the circuit

t":"i,1il:H,l-x:f,T'"'.0#Jl:
of tle earphone jack. By the way, these
closed-circuit jacks do go open now and
again, so my artificial snag was
representative of what you find in
practice. It was a good thing for you
that the set happened to be tuned to a
station following your a.g.c. test, so that
you had an a.f. input to the output
stager Otherwise, you'd never have got it
working within twenty minutes."

"I did though, didn't I?" grinned
Dick. "Ten shillings, please!"

"In a moment," replied Smithy
heavily. "What I next want to say is that
you shouldhave located t}at fault in five
minutes, not twenty minutes."

"How come?"
"By carrying out the tests you did in.

the proper orders," continued Smithy,
frowning. "When confronted with any
faulty transistor radio, the first thing to
do is to measure battery voltage with the
set switched on. However, I'Il agree that,
in this case, the voltage of the battery in
the set would have been O.K. because
the set had already been through our
hands earlier. With a set that is
completely dead, like this one was, the
second thing to do is to give its works a
quick visual check for something
obviously wrong. Such a check might
well have enabled you to see that little
bit ofpaper I popped in, and you could
have cleared the fault there and then.
The next thing to do with a completely
dead set is the test you carried out last of
all---+heck the battery current!"

"But," queried Dick, "what other
things could abattery current test show
up? Apart, that is, from the particular
snag I had myself."

"A battery current cbeck,l' said
Smithy, "can indicate quite a lot of things
with a dead receiver. For instance, if
there's no current at all there's almost
certainly a simple open-circi.rit in the
battery wiring or in the on-off switch
circuit. If the meter shows the usual
7 to l2mA or so quiescent current that
these transistor portables draw, then it's
fairly safe to assume that all or most of
the transistors are running at their
conect current. If the set is in this
condition, you should then turn the
volume to full, adjust the tuning
capacitor slowly, and see what happens.

If the same igrcreased current effect that
you experiend€d appears, then you know
that a received signal of some sort is
finding its way to the output stage. If
you don't get that efect then you know
that the signal is being lost earlier on."

Smithy sett led bimself more
comfortably on his stool.

"If," he resuned, "the battery current
check indicates thai quiescent iurrent is
pretty well what it should be and that no
signal is getting to the output stage, you
should next check for a.g.c. voltage
across the diode detector load, which is
nearly always the volume control. If
a.g.c. voltage is present here, then the
fault is in the a.f. circuits following the
volume control. If a.g.c. voltage is not
present you will next want to know
whether the oscillator is running,
whereupon you can check for
heterodynes with another receiver in the
same manner as you did yourself. All
these checks ar€ very simple and they
soon enable you to isolate the section of
the receiver in which the fault actuallv
exists."

DEBT ACKNOWLEDGED
"Oh, well," admitted Dick, "perhaps

I couldhave done these tests of mine in a
more logical order. Nevertheless, I still
won the bet and you still owe me ten
bob!"

"All right," agreed Smithy grudgingly.
"I suppose I'd better see what I can do
for you. Ten shillings, eh?"

The Serviceman drew out a bulging
wallet and, after a careful search,
extracted some of its contents. He next
dug 'into his trouser pockets and
withdrew a number of coins. He carefully
arranged all these items on his bench,
checked and double-checked them, then
turned gravely to Dick.

"There you are," he remarked. "Ten
shillings."

"Don't tel l  D€," said Dick
incredulously, "that that pile of junk
represents ten bob."

"Unless," replied Smithy firmly, "my
calculations are in error, what you so
ungratefully refer to as a'pile ofjunk'is
equal to sliglttJy more than ten shillings.
To start offwith. here's a l0 New Pence
piece."

"Well, that's something, anyway,"
remarked Dick. "That's lwo of the ten
shillings. What are all those bits of
paper?"

"These two bits." continued Smithv.
handing two coupons over to Dick, "aie
4d-Off coupons for Fairy Snow. Your
grocer will allow you 8d for these. I'm

also giving you no less than 54 Green
Shield stamps. These are worth 0.075
pence each, so that's another 4.05 pence."

"Don't you ever," asked 
' 

Dick
bitterly, "believe in paying your debts
with real noney? What's this?

"This," explained Smithy, "is a 2s. 6d.
coupon cut out from a radio component
mail order catalogue. And here's a two
shilling piece to go with it."

"It's an lrishtwo shilling piece!"
"They'll change it at the bank,"

replied Smithy cheerfully.
Dick pulled a piece of paper towards

him and started to tot up some figures.
"Up to know," he announced, "I

make it seven shilllngs and sixpence
you've given me."

"Seven shillings," Smithy corrected
him, "and 6.05 pence. Well, here's the
remainder of what I owe you."

The Serviceman passed five metal
discs over to his assistant.

"What on earth are these?" srunted
Dick sarcastically, "Devalued liastres
from Outer Mongolia or something?"

"Nothing of the sort," replied Smithy.
"They're sixpenny tokens from the
one-armed bandit in my local pub !"

"Corluvaduk," grumbled Dick
resignedly. "I must have seen everything
now. I suppose l'll.have to take all this
stuff if I'm ever to get anything
representing payment from a tight-wad
like you."

CHRISTMAS SPIRIT
"Tight-wad?" repeated Smithy,

shocked. "When I'm actually giving you
0'05 of a penny morc than I need do?
That's a fine thought for Christmas, I
must say!"

Suddenly, Dich chuckled.
"Oh, well," he laughed, "I suppose I

must admit I've been lucky to pick up
even this lot. I suggest that from now on
we forget all about work and debts, and
start thinking about Christmas instead !"

"No sooner said," remarked Smithy,
opening a drawer in his bench and
extracting some objects that produced
the pleasant tinkle of glass on bottle,
"tban done, my lad !"

"Now this," remarked Dick, a few
seconds later, as he sipped appreciatively
at tle golden liquid in the charged glass
that Smithy had handed him, "is a bit of
the real Christmas spirit."

"Indeed it is," responded Smithy
warmly, "and let me take this opportunity
to wish you a very Merry Christmas,
Dick."

"The same to you, Smithy."
Tire pair stood and held up their

glasses.
"We must also," announced Smithy,

"wish a very Merry Christmas to all the
readers who've put up with the two of us
over the last twelve months. A reallv
Happy and Merry Christmas to you all !;'

"And," chimed in Dick, "let's fnally
end this year as we have ended so many
previous years, by sayrng'God Bless Us,
Every One!"' El
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Fig. 6. ldentifying the closed-circuit contacts
of the earphone jack

set, I suddenly realised that the Class B 
output stage must be working all right 
and that the fault must he between that 
stage and the speaker." 

"With the consequence," Smithy 
broke in, "that you looked at the circuit 
diagram and saw that the most obvious 

^""ptace was at the short-circuit contacts 
of the earphone jack. By the way, these 
closed-circuit jacks do go open now and 
again, so my artificial snag was 
representative of what you find in 
practice. It was a good thing for you 
that the set happened to be tuned to a 
station following your a.g.c. test, so that 
you had an a.f. input to the output 
stage. Otherwise, you'd never have got it 
working within twenty minutes." 

"I did though, didn't I?" grinned 
Dick. "Ten shillings, please!" 

"In a moment," replied Smithy 
heavily. "What I next want to say is that 
you should have located that fault in five 
minutes, not twenty minutes." 

"How come?" 
"By carrying out the tests you did in 

the proper orders," continued Smithy, 
frowning. "When confronted with any 
faulty transistor radio, the first thing to 
do is to measure battery voltage with the 
set switched on. However, I'll agree that, 
in this case, the voltage of the battery in 
the set would have been O.K. because 
the set had already been through our 
hands earlier. With a set that is 
completely dead, like this one was, the 
second thing to do is to give its works a 
quick visual check for something 
obviously wrong. Such a check might 
well have enabled you to see that little 
bit of paper I popped in, and you could 
h tve cleared the fault there and then. 
The next thing to do with a completely 
dead set is the test you carried out last of 
all—check the battery current!" 

"But," queried Dick, "what other 
things could a battery current test show 
up? Apart, that is, from the particular 
snag I had myself." 

"A battery current check," said 
Smithy, "can indicate quite a lot of things 
with a dead receiver. For instance, if 
there's no current at all there's almost 
certainly a simple open-circuit in the 
battery wiring or in the on-off switch 
circuit. If the meter shows the usual 
7 to 12mA or so quiescent current that 
these transistor portables draw, then it's 
fairly safe to assume that all or most of 
the transistors are running at their 
correct current. If the set is in this 
condition, you should then turn the 
volume to full, adjust the tuning 
capacitor slowly, and see what happens. 

If the oame increased current effect that 
you experienced appears, then you know 
that a received signal of some sort is 
finding its way to the output stage. If 
you don't get that effect then you know 
that the signal is being lost earlier on." 

Smithy settled himself more 
comfortably on his stool. 

"If," he resumed, "the battery current 
check indicates that quiescent current is 
pretty well what it should be and that no 
signal is getting to the output stage, you 
should next check for a.g.c. voltage 
across the diode detector load, which is 
nearly always the volume control. If 
a.g.c. voltage is present here, then the 
fault is in the a.f. circuits following the 
volume control. If a.g.c. voltage is not 
present you will next want to know 
whether the oscillator is running, 
whereupon you can check for 
heterodynes with another receiver in the 
same manner as you did yourself. All 
these checks are very simple and they 
soon enable you to isolate the section of 
the receiver in which the fault actually 
exists." 

DEBT ACKNOWLEDGED 
"Oh, well," admitted Dick, "perhaps 

I couldhave done these tests of mine in a 
more logical order. Nevertheless, I still 
won the bet and you still owe me ten 
bob!" 

"All right," agreed Smithy grudgingly. 
"I suppose I'd better see what I can do 
for you. Ten shillings, eh?" 

The Serviceman drew out a bulging 
wallet and, after a careful search, 
extracted some of its contents. He next 
dug into his trouser pockets and 
withdrew a number of coins. He carefully 
arranged all these items on his bench, 
checked and double-checked them, then 
turned gravely to Dick. 

"There you are," he remarked. "Ten 
shillings." 

"Don't tell me," said Dick 
incredulously, "that that pile of junk 
represents ten bob." 

"Unless," replied Smithy firmly, "my 
calculations are in error, what you so 
ungratefully refer to as a 'pile of junk' is 
equal to slightly more than ten shillings. 
To start off with, here's a 10 New Pence 
piece." 

"Well, that's something, anyway," 
remarked Dick. "That's two of the ten 
shillings. What are all those bits of 
paper?" 

"These two bits," continued Smithy, 
handing two coupons over to Dick, "are 
4d-Off coupons for Fairy Snow. Your 
grocer will allow you 8d for these. I'm 

also giving you no less than 54 Green 
Shield stamps. These are worth 0-075 
pence each, so that's another 4-05 pence." 

"Don't you ever," asked Dick 
bitterly, "believe in paying your debts 
with real money? What's this? 

"This," explained Smithy, "is a 2s. 6d. 
coupon cut out from a radio component 
mail order catalogue. And here's a two 
shilling piece to go with it." 

"It's an Irish two shilling piece!" 
"They'll change it at the bank," 

replied Smithy cheerfully. 
Dick pulled a piece of paper towards 

him and started to tot up some figures. 
"Up to know," he announced, "I 

make it seven shillings and sixpence 
you've given me." 

"Seven shillings," Smithy corrected 
him, "and 6-05 pence. Well, here's the 
remainder of what I owe you." 

The Serviceman passed five metal 
discs over to his assistant. 

"What on earth are these?" grunted 
Dick sarcastically. "Devalued piastres 
from Outer Mongolia or something?" 

"Nothing of the sort," replied Smithy. 
"They're sixpenny tokens from the 
one-armed bandit in my local pub!" 

"Corluvaduk," grumbled Dick 
resignedly. "I must have seen everything 
now. I suppose VW have to take all this 
stuff if I'm ever to get anything 
representing payment from a tight-wad 
like you." 

CHRISTMAS SPIRIT 
"Tight-wad?" repeated Smithy, 

shocked. "When I'm actually giving you 
0-05 of a penny more than I need do? 
That's a fine thought for Christmas, I 
must say!" 

Suddenly, Dich chuckled. 
"Oh, well," be laughed, "I suppose I 

must admit I've been lucky to pick up 
even this lot. I suggest that from now on 
we forget all about work and debts, and 
start thinking about Christmas instead!" 

"No sooner said," remarked Smithy, 
opening a drawer in his bench and 
extracting some objects that produced 
the pleasant tinkle of glass on bottle, 
"than done, my lad!" 

"Now this," remarked Dick, a few 
seconds later, as he sipped appreciatively 
at the golden liquid in the charged glass 
that Smithy had handed him, "is a bit of 
the real Christmas spirit." 

"Indeed it is," responded Smithy 
warmly, "and let me take this opportunity 
to wish you a very Merry Christmas, 
Dick." 

"The same to you, Smithy." 
The pair stood and held up their 

glasses. 
"We must also," announced Smithy, 

"wish a very Merry Christmas to all the 
readers who've put up with the two of us 
over the last twelve months. A really 
Happy and Merry Christmas to you all!" 

"And," chimed in Dick, "let's finally 
end this year as we have ended so many 
previous years, by saying 'God Bless Us, 
Every One!'" 
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advantage of the mechanics existing
in the process which links the artisi

Typical examples occur, for instance,
in the field of literature. A writer can
convey impression not only by his words
but also by their appearance when they
are set up on the printed page, the rnost
common stratagem with prose being the
use ofthe paragraph. Humorous uses of
the technique are very common, and I
recall that P. G. Wodehouse once wrote a
wildly inane dialogue between two
burglars, one of whom expressed his
opinion by stating, simply: ..R". In
poetry, the positioning of the start of
each line adds much to the effect of the
words tnemselves.

Where the linking process is
complicated and highly technical, its
mechanics are purposely used to

.conshtute a part of the whole
presentation. The most obvious instance
here is given by the motion picture film.
The final impression given by a film owes
nearly aq much to skill in the cuttine
room as it does to the actors and thE
writer of the script.

POP MUSIC
We have now reached the stage at

which we accepr the fact that a similar
reliance on technical artistry contributes
as much to the production of a
gramophone record as it does in the
case of the film. This rstate of affairs
exists mainly in the world of pop music,
and the greateSt exponents of the
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to his audiencc.

techniques are, I would suggest, our old
friends tne Beatles.

I have been reading a description of a
typical recording session ln .,The
Beatles", by Hunter Davies, which was
published at the end of September by
Heinemann. Quite a standard Beatlei
approach is to get the instrumental
pagking for a number safely on the tape
before attempting the vocal. The latier
is then sung (without Ringo in the
exa.mple described by Hunter Davies)
whilst wearing headphones reproducing
the backing track. A great dell of hard
work goes into these recording sessions
and the. number is played, or sung, very
many times befoge the Beatles considei
themselves satisfied. Finally, the tracks
which have been recorded are blended
together to produce the final version.
which then goes onto tne disc.

It could be said that the record which
is sold to the public represents a
performance which could rrot possibly be
produced by the artists if they were to
appear on stage'and perform under
normal stage conditions, and some might
even doubt the ethics of this approicl,
to recording. But to my mind the lieatles'
technique is not only perfectly ethical
but is also to be applauded, for the
simple reason tirat they make no secret
of the fact that the whole idea behind
their recording and composing sessions
is the production of the disc and nothins
else but the disc. Where the use oT
recording mett ods of this type tends to
shimmer a little at the adges so far as
ethics are concerned is when il is not
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By Recorder 

Every art form tends to take 
advantage of the mechanics existing 
in the process which links the artist 

to his audience. 
Typical examples occur, for instance, 

in the field of literature. A writer can 
convey impression not only by his words 
but also by their appearance when they 
are set up on the printed page, the most 
common stratagem with prose being the 
use of the paragraph. Humorous uses of 
the technique are very common, and I 
recall that P. G. Wodehouse once wrote a 
wildly inane dialogue between two 
burglars, one of whom expressed his 
opinion by stating, simply: "R". In 
poetry, the positioning of the start of 
each line adds much to the effect of the 
words tnemselves. 

Where the linking process is 
complicated and highly technical, its 
mechanics are purposely used to 

■constitute a part of the whole 
presentation. The most obvious instance 
here is given by the motion picture film. 
The final impression given by a film owes 
nearly as much to skill in the cutting 
room as it does to the actors and the 
writer of the script. 

POP MUSIC 
We have now reached the stage at 

which we accept the fact that a similar 
reliance on technical artistry contributes 
as much to the production of a 
gramophone record as it does in the 
case of the film. This state of affairs 
exists mainly in the world of pop music, 
and the greatest exponents of the 
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techniques are, I would suggest, our old 
friends the Beatles. 

I have been reading a description of a 
typical recording session in "The 
Beatles", by Hunter Davies, which was 
published at the end of September by 
Heinemann. Quite a standard Beatles 
approach is to get the instrumental 
backing for a number safely on the tape 
before attempting the vocal. The latter 
is then sung (without Ringo in the 
example described by Hunter Davies) 
whilst wearing headphones reproducing 
the backing track. A great deal of hard 
work goes into these recording sessions 
and the number is played, or sung, very 
many times before the Beatles consider 
themselves satisfied. Finally, the tracks 
which have been recorded are blended 
together to produce the final version, 
which then goes onto tne disc. 

It could be said that the record which 
is sold to the public represents a 
performance which could not possibly be 
produced by the artists if they were to 
appear on stage and perform under 
normal stage conditions, and some might 
even doubt the ethics of this approach 
to recording. But to my mind the Beatles' 
technique is not only perfectly ethical 
but is also to be applauded, for the 
simple reason that they make no secret 
of the fact that the whole idea behind 
their recording and composing sessions 
is the production of the disc and nothing 
else but the disc. Where the use of 
recording methods of this type tends to 
shimmer a little at the adges so far as 
ethics are concerned is when it is not 
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made known to the public, who might
then reasonablv exDect the same
performa/ce from a group when working
live as has been offered on their
recordings.

Thus. we now have the case where the
production of music via the gramophone
record is provided partly by the
composer, partly by the performer and
partly by the recording engineer. Just
as with the motion picture film.

LES PAUL AND MARY FORD
Older readers may recall that this

state of affairs is by no means new. Cast
your mind back to the early 50's and
bring to mind the records produced by
Les Paul and Mary Ford, who would
Lave topped the pop music charts of
those days if we'd called it pop music
then and if charts. as we know them
today, had been started.

Les Paul not only played a competent
guitar, he was also a highly skilled
electronic engineer. His technique was
to produce multiple sound on a record
by continually adding parts played by
himself to a basic recording until the
final result consisted of as many as a
dozen combined guitar parts. The result,
as anyone who has heard a Les Paul
record will confirm, was a very pleasant
and enjoyable composition which owed
its entire existence to the use ofelectronic
recording techniqdes, and which was -
accepted by the public as such.
Incidentally, Les Paul had no need for
a recording engineer, as he handled all
the technical work himself. To give an
idea ofwhat was involved, it is interesting
to note that all the tracks for the very
popular "Lover" were combined on
disc and not on tape. Also, the disc-cutter
employed was a home-made job
constructed by Les Paul himself I Later,
Les Paul went over to tape because this
was so obviously more convenient for
rnultiple recordings.

The vocals on a Les Paul. recording
were provided by Mary Ford. Much use
was made of acoustics to provide a
particular effect, and ofelectronic filters
and a Les Paul "special"--decaying
echo.

And so tle modern recording methods
used for pop music discs are not perhaps
so revolutionary (no pun intended) as
they may appear. Personally, I think
that quite a lot of pop music, whilst
often brash and naive, still has a lot to
commend it, and that there is nothing
wrong with the use of recording
gimmickry in its production provided
that the existence of such gimmickry is
made known.

Incidentallv. I turned to a ten vear old
issue of 

't-he American magazine
Radio-Electronics to refresh my memory
concerning ks Paul and Mary Ford,
and must give acknowledgement to
Eric Leslie, whose article "Les Paul,
Technician and Musician" appeared in
the October 1958 issue ofthat iournal.

PLUG-IN TRANSISTORS
I have always tl,ought that, provided

they are treated with reasonable respect,
transistors are as reliable as the resistors
and capacitors which share their circuits.
A transistors cannot "wear out" in the
sense that a valve with falling cathode
emission c:rn wear out, whereupon it
becomes a sensible approach to solder
transistors directly into circuit.

I am rather surprised to learn,
therefore, that ttre latest range of
Sylvania transistorised colour-TV sets
manufactured in America employs
plug-in transistors. Each transistor has
its own socket and may be pulled out
for testing or for temporary replacement
if it is thought that it may be faulty.

So far as servicing is concerned this
idea has its advantages, I suppose, when
used in a complex piece of equipment
such as a colour television receiver
because, apart frorn being able to remove
a suspect transistor, one can also render
individual stages inoperative for fault
tracing. At the same time, though, one
of the older American servicing gags
concerns the set-owner who arrives at a
radio store witl. a bag full ofvalves taken
from his TV set, for checking on tne
stores valve tester. The modem
equivalent will be given by the set-owner
who similarly arrives at the store, but
this time with several dozen transistors
taken from his colour TV.

On reflection, I think it preferable
that transistors in television equipment
remain fairly and securely soldered in
position !

LUCKY 37
You can play some interesting little

tricks with numbers. Take, for example,
the number 37. If you multiply this by
any number lower than 10, then multiply
the result by 3, you get quite a surprising
answer. To show you what I mean, let's
first multiply 37 by 7, giving us 259.
That ntmber, when further multiplied
by 3, gives 777. You'll get a similar
result ii you choose any other number
lower than l0 for the init ial
multiplication. If, for instance, you
cLoose 4, then the fi1sl 3a5ws1 is 444.

There's a very simple reason for this
apparent phenomenon and I should
imagine that most of you have already
spotted it. For those who haven't, I'll
pass on the appropriate information
in next month's issue.

MORE NUMBERS
Talking about numbers, my comments

on mnemonics for n in the last May and
September issues seem to have caused
quite a little interest.

I initially introduced the mnemonic
"May I have a large container of coffee,"
which gives the first 8 figures of n. The
number of letters in each word in this
sentence represeots, in order, these first
8 figures.

I then quoted from the 7th edition of
M. G. Scroggie's Radio and Electronic
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made known to the public, who might 
then reasonably expect the same 
performarfte from a group when working 
live as has been offered on their 
recordings. 

Thus, we now have the case where the 
production of music via the gramophone 
record is provided partly by the 
composer, partly by the performer and 
partly by the recording engineer. Just 
as with the motion picture film. 

LES PAUL AND MARY FORD 
Older readers may recall that this 

state of affairs is by no means new. Cast 
your mind back to the early 50's and 
bring to mind the records produced by 
Les Paul and Mary Ford, who would 
have topped the pop music charts of 
those days if we'd called it pop music 
then and if charts, as we know them 
today, had been started. 

Les Paul not only played a competent 
guitar, he was also a highly skilled 
electronic engineer. His technique was 
to produce multiple sound on a record 
by continually adding parts played by 
himself to a basic recording until the 
final result consisted of as many as a 
dozen combined guitar parts. The result, 
as anyone who has heard a Les Paul 
record will confirm, was a very pleasant 
and enjoyable composition which owed 
its entire existence to the use of electronic 
recording techniques, and which was 
accepted by the public as such. 
Incidentally, Les Paul had no need for 
a recording engineer, as be handled all 
the technical work himself. To give an 
idea of what was involved, it is interesting 
to note that all the tracks for the very 
popular "Lover" were combined on 
disc and not on tape. Also, the disc-cutter 
employed was a home-made job 
constructed by Les Paul himself! Later, 
Les Paul went over to tape because this 
was so obviously more convenient for 
multiple recordings. 

The vocals on a Les Paul recording 
were provided by Mary Ford. Much use 
was made of acoustics to provide a 
particular effect, and of electronic filters 
and a Les Paul "special"—decaying 
echo. 

And so the modem recording methods 
used for pop music discs are not perhaps 
so revolutionary (no pun intended) as 
they may appear. Personally, I think 
that quite a lot of pop music, whilst 
often brash and naive, still has a lot to 
commend it, and that there is nothing 
wrong with the use of recording 
gimmickry in its production provided 
that the existence of such gimmickry is 
made known. 

Incidentally, I turned to a ten year old 
issue of 'the American magazine 
Radio-Electronics to refresh my memory 
concerning Les Paul and Mary Ford, 
and must give acknowledgement to 
Eric Leslie, whose article "Les Paul, 
Technician and Musician" appeared in 
the October 1958 issue of that journal. 
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PLUG-IN TRANSISTORS 
I have always thought that, provided 

they are treated with reasonable respect, 
transistors are as reliable as the resistors 
and capacitors which share their circuits. 
A transistors cannot "wear out" in the 
sense that a valve with falling cathode 
emission can wear out, whereupon it 
becomes a sensible approach to solder 
transistors directly into circuit. 

I am rather surprised to learn, 
therefore, that the latest range of 
Sylvania transistorised colour-TV sets 
manufactured in America employs 
plug-in transistors. Each transistor has 
its own socket and may be pulled out 
for testing or for temporary replacement 
if it is thought that it may be faulty. 

So far as servicing is concerned this 
idea has its advantages, I suppose, when 
used in a complex piece of equipment 
such as a colour television receiver 
because, apart from being able to remove 
a suspect transistor, one can also render 
individual stages inoperative for fault 
tracing. At the same time, though, one 
of the older American servicing gags 
concerns the set-owner who arrives at a 
radio store with a bag full of valves taken 
from his TV set, for checking on the 
stores valve tester. The modem 
equivalent will be given by the set-owner 
who similarly arrives at the store, but 
this time with several dozen transistors 
taken from his colour TV. 

On reflection, I think it preferable 
that transistors in television equipment 

■ remain fairly and securely soldered in 
position! 

LUCKY 37 
You can play some interesting little 

tricks with numbers. Take, for example, 
the number 37. If you multiply this by 
any number lower than 10, then multiply 
the result by 3, you get quite a surprising 
answer. To show you what I mean, let's 
first multiply 37 by 7, giving us 259. 
That number, when further multiplied 
by 3, gives 777. You'll get a similar 
result if you choose any other number 
lower than 10 for the initial 
multiplication. If, for instance, you 
choose 4, then the final answer is 444. 

There's a very simple reason for this 
apparent phenomenon and I should 
imagine that most of you have already 
spotted it. For those who haven't, I'll 
pass on the appropriate information 
in next month's issue. 

MORE NUMBERS 
Talking about numbers, my comments 

on mnemonics for n in the last May and 
September issues seem to have caused 
quite a little interest. 

I initially introduced the mnemonic 
"May I have a large container of coffee," 
which gives the first 8 figures of n. The 
number of letters in each word in this 
sentence represents, in order, these first 
8 figures. 

I then quoted from the 7th edition of 
M. G. Scroggie's Radio and Electronic 
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Laboratory Handbook (Iliffe), stating
that r to ten decimal places is

3 . t4 r5926535. . ._
Whereupon I remarked that the final
word in the mnemonic, which stands
for 6, should really be replaced by one
which stands for 7, as is given when the
expression is corrected to seven decimal
places.

Mr. Scroggie has since written to me to
point out that the final 6 represented bv
the mnemonic is correct. because thl
rule for 5 is to round of to an even
number. This rule is justified statistically
and is, indeed, mentioned in his book.

Mr. Scroggie states also that the 8th
edition of his Radio and Electronic
Laboratory Handbook should be
appearing shortly (if it is not already in

print by the time these notes appear) and
that it has been ttyrroughly revised and
is very different from the 7th. This is a
work which l, for one, will warmly
welcome for my bookshelves.

DECEMBER ONCE MORE
Yet another year has shot by, and I see

that we are once again at December.
So let me first of all wish all readers a
ygry ryIerry Christmas and a truly Happy
New Year.

It's going to be an exciting New year
too, so far as The Radio Constructor is
concerned. We have plenty of fascinating
new projects in hand, as you,ll be
disovering during the nexl twelve
months.

Seeyou in  1969!  E

TWO i lEW HEATH MODELS

Two new models recently introduced from Heath are the Universal
Digital lnstrument EU-805 Series and the Analogue Digital Designer,
model EU-801-A.

The Heath "805" Universal Digital Instrument is lhe ideal multi-
purpose instrument capable of many high-accuracy standard measure_
ments and has the adaptabil ity and versati l i ty required of modern
research instrumentation. lt incorporates a unique modular design
based on 16 plug-in cards using TTL Integrated circuits. This conceipt
enables card addition of new functions to the instrument and protects
it against obsolescence. ln both academic and industrial laboratories it
is a_ logical companion to the Heath Analogue Digital Designer
EU-€01-A.

The Heath Analogue Digital Designer, model EU-€01-A is an
exceptionally versati le device for teaching digital logic and instrumenta-
tion in academic laboratories. lt can also be used by engineers and
scientists in research and development as an experimentation system
as well as a permanent or semi-permanent instrument, in a particular
configuration. lt has everything necessary to investigate digital
circuitry, design one's own circuits or "customise" functionJ to
perform as a discreet digital instrument.

- For further details, please write to Daystrom Limited, Bristol Road,
Gloucester GL2 6EE.

SOLID STATE WINDSCREEIU WIPER DELAY UNIT

We have been informed that there is a risk of excessive battery
current f low if the windscreen wiper delay unit described on page 116
of the last September issue is employed with modern vehicles having
a wiper motor with permanent magnet field. In such systems the motoi
armature is short-circuited to provide dynamic braking during.the
parking operation, and the circuit employed is not compatible with
that of the delay unit. lf in doubt, insert a fuse rated at 1O amps in series
with the non-earthy supply lead to the wiper circuit whilst init ially
checking the delay circuit.
pucnMrsn 1968
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Laboratory Handbook (Iliffe), stating 
that it to ten decimal places is 

3-1415926535. . 
Whereupon I remarked that the final 
word in the mnemonic, which stands 
for 6, should really be replaced by one 
which stands for 7, as is given when the 
expression is corrected to seven decimal 
places. 

Mr. Scroggie has since written to me to 
point out that the final 6 represented by 
the mnemonic is correct, because the 
rule for 5 is to round off to an even 
number. This rule is justified statistically 
and is, indeed, mentioned in his book. 

Mr. Scroggie states also that the 8th 
edition of his Radio and Electronic 
Laboratory Handbook should be 
appearing shortly (if it is not already in 

print by the time these notes appear; and 
that it has been throughly revised and 
is very different from the 7th. This is a 
work which I, for one, will warmly 
welcome for my bookshelves. 

DECEMBER ONCE MORE 
Yet another year has shot by, and I see 

that we are once again at December. 
So let me first of all wish all readers a 
very Merry Christmas and a truly Happy 
New Year. 

It's going to be an exciting New Year 
too, so far as The Radio Constructor is 
concerned. We have plenty of fascinating 
new projects in hand, as you'll be 
disovering during the next twelve 
months. 

Your Etocal Supplier 

See you in 1969! □ 

TWO NEW HEATH MODELS 

Two new models recently introduced from Heath are the Universal 
Digital Instrument EU-805 Series and the Analogue Digital Designer, 
model EU-801-A. 

The Heath "805" Universal Digital Instrument is the ideal multi- 
purpose instrument capable of many high-accuracy standard measure- 
ments and has the adaptability and versatility required of modern 
research instrumentation. It incorporates a unique modular design 
based on 16 plug-in cards using TTL Integrated Circuits. This concept 
enables card addition of new functions to the instrument and protects 
it against obsolescence. In both academic and industrial laboratories it 
is a logical companion to the Heath Analogue Digital Designer 
EU—801—A. 

The Heath Analogue Digital Designer, model EU-801—A is an 
exceptionally versatile device for teaching digital logic and instrumenta- 
tion in academic laboratories. It can also be used by engineers and 
scientists in research and development as an experimentation system 
as well as a permanent or semi-permanent instrument, in a particular 
configuration. It has everything necessary to investigate digital 
circuitry, design one's own circuits or "customise" functions to 
perform as a discreet digital instrument. 

For further details, please write to Daystrom Limited, Bristol Road, 
Gloucester GL2 6EE. 

SOLID STATE WINDSCREEN WIPER DELAY UNIT 

We have been informed that there is a risk of excessive battery 
current flow if the windscreen wiper delay unit described on page 116 
of the last September issue is employed with modern vehicles having 
a wiper motor with permanent magnet field. In such systems the motor 
armature is short-circuited to provide dynamic braking during the 
parking operation, and the circuit employed is not compatible with 
that of the delay unit. If in doubt, insert a fuse rated at 10 amps in series 
with the non-earthy supply lead to the wiper circuit whilst initially 
checking the delay circuit. 
DECEMBER 1968 

HA.0X4 6«» 

Worth double 
our price 

Portable 
Transistor 
Amplifier 
Many uses. Inter- 
coms, Baby 
Alarms, Guitar Practice, 
Telephone or Record 
Player Amplifier. ONE WATT 
OUTPUT. Wooden cabinet 
12 x 9 x 4in. Rexine covered 
two tone grey. Four 
transistors, 7 x 4in. speaker. 
Volume control; Jack 
socket. Uses PP9 battery. 

Radio Component Specialists 
337, WHITEHORSE ROAD, 

WEST CROYDON, SURREY. 
Phone 01-684-1665 FULL LIST I/- 

79/6 
Post 5!B 

SUSSEX 

E. JEFFRIES 

For your new television set, 
tape recorder, transistor radio, 

and hi-fi equipment. 
PHILIPS, ULTRA, INVICTA. DANSETTB, 

MASTERADIO. PERDIO, MARCONf, 
FHILCO, FIDELITY. 

6A Albert Parade, 
Victoria Drive, 

EASTBOURNE SUSSEX 

WORCESTERSHIRE 

Dept. C1, 176 HAGLEY ROAD 

HALESOWEN 
021-550 3210 WORCS. 

Hi-Fi Equipment 
Transistors and 

Radio Components 
Public Address Amplifiers 

EIRE 

PEATS for PARTS 

ELECTRONIC COMPONENTS 
RADIO & TELEVISION ' 

For the convenience of IRISH 
enthusiasts we supply: 
The Radio Constructor, 
Data Books and 
Panel-Signs Transfers 
Also a postal service 

Wm. B. PEAT & Co. Ltd. 
28 PARNELL STREET 

DUBLIN I 

333 



0pportunity of a Ffetime !
Big price reductions on
top quality knights-kits
Easy to build. Designed,to highest speciflcations.
Unb-eatable quality antl supdrb performance guaranteed.

4-

KG980 Solid-State Steloo FM
ReceiYer Kit
Stllcon trusistors. CoDtrol faclllues
for Dhono and taDe. Extra-wide rDwor
bualwtdth md resDoDse- 2{0V. sOHz AC.
Kit 155. 3. 6. Teak cse extra 15. 15. 6.
(inc. PT.) Tunina heartextra$?. 19, 0.
(inc. PT.) Postage l0s 0d. complete kit.
5s 0d. case.

KG765A Solid-Stato Steroo
FM-AM Tuner
Frequency respoGe ldB, m-20.m Ht.
Hum md Dolse (f.m.) 55dB dom.
Outstandlu in we&k slgul ses. Klt
f,?d- 14- 2- Taak cse extra 15 (tnc. Pl.)
TuninS: heartextratlo. 15. tl. (inc. PT)
Postage l0s 0d. completc ki t .  5s 0d. case.

KG795 Stereo funer
F.M. + lalB,30-15,000IIz.IIm ud
nolse better than-50d8. Tunina rmae
8&-108 MFz. Channel seDaretion 30dB or
more &t lkHz. Klt f34. 14.2. Teak csc
extra 95. 7. 6. (lnc. PT.) Tunlng heart
extra96. 16. 0. (lnc. PT.) Posraee l0s 0d.
complete kit. 5s 0d. case.

KG854 Stereo Amplilier
Adv&nced deslgn. 14 translstore. 2
slllcon dlodes, Full controls. ReEponEe
+ IdB, 20-25,000 Ht. Ktt e{2. 9. 0. Teak
cse extre 15 (inc, PT.) Postage los 0d.
comDlete Lrt .  )s 0d. case.

KG964 Storoo Fil-Ail Roceiver
For tbe Derfectlonlst. Powerful
64-Watt 

-IHF 
AmDltoers. 46 semi-

conductors. Full coBtrols. Factory
assembled FM FronGeDd, FM-AM Itr'
Clrcuits, trusfomeF ard colls.
RestDEe a ldB, 20-20,000 IIz. Hm and
nols€ 55d8. I(it 162.8.4. Toak 6e
extfa 98. 12. 7. (lnc. PT.) Tunlng heart
extree20.1.4. (lnc. PT.) Posraee l0s 0d.
complete kit, 5s 0d. case.

KG790 Storoo AM-FM Tunor
22 Trarsistors. 14 allodes. ResgoBe
+ 2dB, 50 IIz to l5 kHz. IIum md nolse
-dldB. Range 815 to 108'5 MIIZ. Ktt
€55. 18. 2. Tek Ge extra 18. 9. 6. (lnc.
PT.) TunlnSi heartextralz). l. 4. (lnc.
PT.)Postage l0s 0d. complete kit, 5s 0d. case

2l Circuit fransirtor [ab. Kit
ComDlete wltJl hoadDhono8 mal
Dhotocoll. Groat fu ud lDstructlve.
Etrebles you to broade8t throwh aDy
nearby radlo: tm olectric equlDment
on md off ,ust by sDeokina! Kit
t?. 19. 6. (lnc. PT.) postage ?s 6d.

fG275A GdS Exposure ilotor Kit
T&kea &cuate readlDgs 6von ln
Doonlaht. CoveF ASA SrFed Retlngs
6 to l2.qn: sbuttar settlns3 l/4,000
second to 30 mlnutes. CiDo Eettilgs 4 to
12| frmes Der aec. IDcident or reflected
ligbt readlDtE. Xlt 110. 7. 6. (lnc. PT.)
H*d 6e 12. 8. 3. (inc. PT.) extra. Soft
cse tl. 6. 5. (lnc. PT.) extre. postase 4s 0d.

f - :  l l .
* r -:**: a.'

Easy credlt facilities available, ask for aletails.

New 960 page Hobbies Manual l2 Hobbies Sections
. over 1 2,000 units & components for dozens of
Hobbies l6i6

Please soDal me: Free Krlght-Xlts brochue E
Ths new Eloctrontques Hobbles Muu&I. (f6/6) !
Enclosod ls a chequg/IDstal oralor for l6i6 (which
hcludeB tho 5/- DD) maale payable to
Electronlques (ProD. STc) Ltd.

Illame,
,r

I
I
I

3y
ISL--."h?tonq.,etJ

aids to economical hi-fi

Peak Sound
ES.10-l5
BAXANDALL
SPEAKER

"Rolls-Royce
standards"
says
RALPH WEST
Hi-Fi News Oct.

"The immediate impression was of a thoroughbred speaker,  smooth and

ef lonless .  .  .  voices were uncanni ly real  .  .  .  Once again we see the possibi l i ty

of Rol ls Royce standards l rom comparat ively cheap components when
you know how." Hi Fl  lvewi Test Report ,  Pages 12Oa/1211. Oct.  1968.

'A Revolutionary Advance in Design Logic
,THE PEAKSOUI t ID ES/10-15 is thedes igner -approved Equa l iser  assembly
, kit ol the sensational loudspeaker designed and described -36/-: Sp€aker unii
by P.J. Baxandall in Wireless Woild (Aug. & Sept. 68) J8/-: Pur' Tax-
Frequency response extends from 60'14,000 Hz. (100- 8/ld.: cabiost parts
10,000 Hz. .. 3dB). Everything supplied to specificalion (complets) f6.15.0
-the 1 8" x 12" x 10" alrormosia teak cabinet is cut and Tota I COst
dril led for simple assembly; the 

^equalising.:jt:yi: iy 
i" f l0.17.1

ready for immediate installation. See what li 
fi,N.?ws 

Corarloradditioral
says in tull in their October issue. lt is hard to believe 

ii"l'"ii_ZZU._
so modestly priced a speaker could get so glowing a report. 

f r*. O.iO.--- 
O

From dealers or sent direct in case of difficultv. POST FREE.

PEAK SOUND (HARROW) LTD.
32 St. Judes Road, Englelield Green, Egham, Surrey. Egham 5316

THE RADIO CONSTRUCTOR

a new Peak Sound
hi-fi power amplifier
THE PEAK SOUi lD PA/12-15 is  a
new power amplifrer of excellenl design
and performance. Class B output of 1 2
watts R.M.S. into 15 ohms; 43dB neg.
Ieedback frequency response trom 1 O Hz
ro 45 KHz I 0.5d8; distonion less than
0.1% input sensitivity-4oomv; powel
requirement 45V D.C. Size 5" x 3* x 1 s3'.
Selected high gain closely matched
transistors are used throughout. Full
instruclions are provided. Pre amp de-
tails are available. Peak Sound heavv
duty oower unir f5.5.0.

Bui i t  and tested f5.19'6

Kit ,  less heat sink (pr ice 6/-)  and
base board 79/6

PEAK SOUND 

Opportunity of a lifetime! 

Big price reductions on 

top quality knights-kits 
Easy to build. Designed .to highest specifications. 
Unbeatable quality and superb performance guaranteed. 

KG980 Solid-State Stereo FM 
Receiver Kit 
Silicon transistors. Control facilities for phono and tape. Extra-wide power bandwidth and response. 240V. 50Hz AC. Kit £55. 3. 6. Teak case extra £5. 15, 6. (inc. PT.) Tuning heart extra£7. 19. 0. (inc. PT.) Postage 10s Od. complete kit, 
5s Od. case. 
KG7G5A Solid-State Stereo 
FM-AM Tuner 
Frequency response IdB, 20-20.000 Hz. Hum and noise (f.m.) 55dB down. Outstanding in weak signal areas. Kit £34. 14. 2. Teak case extra £5 (inc. PT.) Tuning heart extra £10.15. 4. (inc. PT) 
Postage 10s Od. complete kit. 5s Od. case. 
KG795 Stereo Tuner 
F.M. ± IdB, 30-15,000 Hz. Hum and noise better than—50dB. Tuning range 88-108 MHz. Channel separation 30dB or more at 1kHz. Kit £34. 14. 2. Teak case extra £5. 7. 6. (inc. PT.) Tuning heart extra£6.16. 0. (Inc. PT.) Postage 10s Od. complete kit, 5s Od. case. 
KG854 Stereo Amplifier 
Advanced design. 14 transistors. 2 silicon diodes. Full controls. Response ± IdB. 20-25.000 Hz. Kit £42. 9. 0. Teak case extra £5 (inc. PT.) Postage 10s Od. 
complete kit, 5s Od. case. 
KG964 Stereo FM-AM Receivei 
For the perfectionist. Powerful 64-Watt-IHF Amplifiers. 46 semi- conductors, Full controls. Factory assembled FM Front-end, FM-AM IF Circuits, transformers and coils. Response ± IdB. 20-20,000 Hz. Hum and noise 55dB. Kit £62. 8. 4. Teak case extr.a £8. 12. 7. (inc. PT.) Tuning heart extra£20.1. 4. (inc. PT.) Postage 10s Od. 
complete kit, 5s Od. case. 
KG790 Stereo AM-FM Tuner 
22 Transistors. 14 diodes. Response ± 2dB, 50 Hz to 15 kHz. Hum and noise —OOdB. Range 87-5 to 108-5 MHz. Kit £55. 18. 2. Teak case extra £8. 9. 6. (Inc. PT.) Tuning heart extra£20. 1. 4. (Inc. 
PT.)Poslage 10s Od. complete kit, 5s Od. case. 

21 Circuit Transistor Lab. Kit 
Complete with headphones and photocell. Great fun and Instructive. Enables you to broadcast through any nearby radio: turn electric equipment on and off Just by speaking! Kit £7. 19. 6, (Inc. PT.) Postage 7s 6d. 

KG275A CdS Exposure Meter Kit 
Takes accurate readings even In moonlight. Covers ASA Speed Ratings 6 to 12,000: shutter settings 1/4,000 second to 30 minutes. Cine settings 4 to 128 frames per sec. Incident or reflected light readings. Kit £10. 7. 6. (Inc. PT.) Hard case £2. 8. 3. (inc. PT.) extra. Soft case £1, 6. 5. (inc. PT.) extra. Postage 4s Od 

Easy credit facilities available, ask for details. 
New 960 page Hobbies Manual 12 Hobbies Sections 
• over 12,000 units & components for dozens of 
Hobbies 16/6 

a 
*51 

Please send me: Free Knight-Kits brochure □ 
The new Electroniques Hobbies Manual. (16/6) □ 
Enclosed Is a cheque/postal order for 16/6 (which Includes the 51- pp) made payable to Electroniques (Prop. STC) Ltd. 

Name  
Address.. RC5 Quality built-in, built up by you. j knight-kit 

P Electronics (Prop. STC) Ltd.. ■ Eiectromcs (Prop, stg) Litu.. am |Ed» ^"^^.....e/ecfron/quesJ 

aids to economical hi-fi 

Peak Sound 

ES.10-15 

BAXANDALL 

SPEAKER 

"Rolls-Royce 
standards" 
says 
RALPH WEST 
Hi-Fi News Oct. 

"The immediate impression was of a thoroughbred speaker, smooth and 
effortless . . . voices were uncannily real . . . Once again we see the possibility 
of Rolls Royce standards from comparativefy cheap components . . . when 
you know how." Hi Fi News Test Report, Pages 1208/1211. Oct. 1968. 

A Revolutionary Advance in Design Logic 
THE PEAK SOUND ES/10-15 is the designer-approved 
kit of the sensational loudspeaker designed and described 
by P.J. Baxandali in Wireless World (Aug. & Sept. 63) 
Frequency response extends from 60 14,000 Hz. (100- 
10,000 Hz. . . 3dB). Everything suppfied to specification 
-—the 18" x 12" x 10" afrormosia teak cabinet is cut and 
drilled for simple assembly; the equalising circuitry is 
ready for immediate installation. See what Hi Fi News 
says in full in their October issue, it is hard to believe 
so modestly priced a speaker could get so glowing a report. 

a new Peak Sound 
hi-fi power amplifier 
THE PEAK SOUND PA/12-15 is a 
new power amplifier of excellent design 
and performance. Class B output of 12 
watts R.M.S. into 15 ohms; 43dB neg. 
feedback frequency response from 10 Hz 
to 45 KHz + 0.5dB; distortion less than 
0.1% input sensitivity—400mV; power 
requirement 45V D.C. Size 5" x Sf x 11". 
Selected high gain closely matched 
transistors are used throughout. Full 
instructions are provided. Pre amp de- 
tails are available. Peak Sound heavy 
duty power unit £5.5.0. 

Equaliser assembly 
—36/-: Speaker Unit 
-38/-: Pur. Tax— 
8/1 d.: Cabinet parts 
(complete) £6.15.0 
Total Cost 

£10.17.1 
Cover for additional 
bass unit—22ISd.— 
(carr. paid). 

6 5.0 

Built and tested £5.19.6 
Kit, less heat sink (price 6/-) and 
baseboard 79/6 
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From dealers or sent direct in case of difficulty. POST FREE. 

PEAK SOUND (HARROW) LTD. 
32 St. Judes Road, Englefield Green, Egham, Surrey. Egham 5316 
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TAKE FIVE
Save money with our new discounts and pr ice reduct ions. You can now buy ANY FlVt
ormoretransistors,onetypeorMIXED,atthe 5-up'( inbrackets)pr ices.Example:set0l
6 transistors and diodelor the'R.C. '  3V TBF {0ctober,  p.  '160).  

old pr i te f l  -0-9. New price:

17/8. oual i ty unchanged: new, f i rst  grade and ouararteed to speci l icat ion. Send stamp
for data/pr ice l ist  ( I ree with orders).0rders over l0/-  post paid. IXTM DISCOUNT:
10% over f5. '15% over f l0.

ADl6l/zpr l5/6 (12/8) GET693 1/6 (l/3) 2N3707
AF23S 10/- (8/6) HK04l 216 l2l3l 2N3983
8-5000 t2l6 {10/-) HK1o',r 2l- (1/9) 2N4058
80121 231- l21l-l HK301 2t- 0/s) 2N4285
BCI07B 3t- l2t8l HK601 216 l2t3l 2N4292
BC109C 4/- {3/6) SFil5 2t10 (2161 2N706
8C1688 213 ll l- l 13028 19/S (16/7) 2S8r87
BCr68C 213 l2l-l TrS18 8/6 (7/-) 238405
8C169C 216 l2l3l T|S60M 5n0 (4/8) 25072
8F224 5l- l4t-l rS6rM 5/t1 (4/11) 3Nr40
8F225 5t- l4l-l 2N2926G 3/- (2/6) 3Nr4',l
8FY51 4/S {41-) 2N3055 20/- (r7l-) rS557

'8.C. '  3V TRF (0ctober, pl60)
Wound lvlW aenal rod lor 300pF tuni0g 5/i. Blank 4l"rg'rod i0 NW25, 2/-. J.B. Dilemin
capacitof, 300pF, l0/-. Eartery Holder 8H2, wilh clip connector.2/6. Transistors (see
above) 17/8. We can supply all parts exc€pt 3c) speaker. Send stamp tor list and circuil.

5t- (4/3)
6nr (5/8)
5t6 l4t7l
2f0 lzt6l
2t1O lztil
314 l2l1l
2t6 lzt-l
6/- (5/-)
6/- (5/-)

2ol- {r8i-)
r5/8 (r4l-)
3/6 (3/-)

H00KE0 oltl GE?
Are you a 'negative up', germanium transist0r addict? Woried by all those new silicon
npns? Break y0ursslf 0ently 0t the Ge habil. our n€w sil icon pops work in the familiar
germanium circuits. 2N4285 is similar ro 0ld friends l ike 0C71. 0C72, etc. 2N4289 is a
high gain type for r.f. and a.t., not far removed from 0C/|4, AFl17, etc. Both tioy, robust,
and cheap: 2/' l  0 (2/6). Send 6d. slamp tor our new hint-sheet 'CHAltlGlNG T0 SlLlC0N',
with many useful circuits.

WHO ARE AMATROT{IX?
Amatronix (You gusssed !  l t  s short  for 

'Amateur 
Electronics')  Ltd. is a smal l  family f i rm.

We special ise in mai l-order supply to c0nstructors, and we real ly do take an ioterest in

0ur customers. our sgryice is quick, our pr ices are reasonable, and we don't  sel l  rubbish.
We know your problems: we're constructors ourselves. (You may have seen art ic les bY
G. W. Sh0rt  in '8.C. '  He's one oI our directors, and a l i fe long radio enthusiast) .

AMATRoNIX LTD. (RC)
396 Selsdon Road, South Croydon, Suney, CR2 0DE.

S- DeG

*
*

*

BREADBOARDING
Fast, rel iable, solderless circuit
assembly
Contacts last indefinitely
Use ordinary components again
and again
Test a//the circuits in the magazines

This breadboard is used professional ly by development en{ineers throughout the world.
0ver 80% of currenl production is exported. A booklet df proiects is included with each
kit  giv ing construct ioo detai ls for a var iety of c ircui ts such as ampl i f iefs,  osci l lators,
VHF transminer,  radio, etc.

S-DE Kit :  one S-oec witb Control  Panel,  J ig and Accessories for s0lderless connect ions
t0 controls,  etc. ,  with booklet 

'S-0eC 
Proiects '  giv ing c0nstruct i0n detai ls for a var iety of

circui ts.  29/6d relai l .

+DoC Xi l :  Four S-DeCs with two Control  Panels,  J igs and Accessories and the booklet'S-oec 
Projects 'al l  contained inastrong attract iveplast iccase. ldeal forthe professional

user.  f5-17-6d retai l .

AVAIIABIE FROM LEADI]IIG SUPPLIERS

or in case ol difficulty lron

S.D.C. PRODUCTS (Electronics) LTD.
THE CORN EXCHAl{GE, CHEIMSFORD, ESSEX,

Telephone: Ghelmsford (0CH 5) 56215
{Please add 1/- P.8P. for S-Decs, and 3/- P.6P. for 2 and 4-Dec Kits)

MARCONI INSTRUMENTS LIMITED

ST. ALBANS A LUTON
rr.rolrrr ^s.D

ARE YOU A SKITLED AIUD EXPERIENCED ETECTRONICS TECHNICIAN?
HAVE YOU BEEN A WIRELESS OR RAOAR FITTER IN THE ARMED FORCES?
CAN YOU DO A PROFESSIOIIAL REPAIR JOB ON A T.V.?

Ifyou can answer "YES" to at least one ofthese questions, then we should like to hear from you..
We need test and calibration engineers both at our Government Service Unit at Luton Airport and at our Produc-

tion Units in St. Albans to work on a wide range of telecommunications measuring instruments, which includes
F.M. and A.M. Signal Generators, R.F. Power Meters, Valve Voltmeters, Radar Test Sets, Digital Counters, Devia-
tion Meters, Spectrum Analysers and White Noise Test Sets.

The wcrk requires the understanding ofthe most modern and varied circuit techniques and embraces all frequencies
up to U.H.F.

This is an opportunity to work for an e4panding company with a world-wide reputation fortechnical progress in the
design oftest eQuipment. The posts are peimanent and pensionable; they offer first-class conditions of service in a key
export company of English Electric, including substantial superannuation and life assurance benefits. Financial
assistance may be given with re-location expenses.

Write in confidence, stating briefly age, experiencc. tlualifications and present salary. to:

The Recruitment Manager, Marconi lnstruments Limited,
c/o Directorate of Personnel (RC 2890 H),
English Electric House, Strand, London, W.C.z.

An [nglirh El.clric Comlrny

TAKE FIVE 
Save money with our new discounts and price reductions. You can now buy ANY FIVE 
or more transistors, one type or MIXED, at the '5-up' (in brackets) prices. Example: set of 
6 transistors and diod&for the 'R.C.' 3V TRF (October, p. 160). Old price £1 -0-9. New price: 
17/8. Quality unchanged: new, first grade and guaranteed to specification. Send stamp 
for data/price list (free with orders). Orders over 10/- post paid. EXTRA DISCOUNT: 
1 D% over £5,15% over £10. 
AD161/2pr 
AF239 
B-5000 
BD121 
BC107B 
BC109C 
BC168B 
BC168C 
BC169C 
BF224 
BF225 
BFY51 

15/6 (12/8) 
10/- (8/6) 12/6 (10/-) 
23/- (21/-) 
3/~ (2/8) 
4/- (3/6) 
2/3 {21-) 
2/3 (2/-) 
2/6 (2/3) 
5/- (4/-) 
5/- (4/-) 
4/9 (4/-) 

GET693 1/6 
HK041 
HK101 
HK301 
HK601 
SF115 

2/6 
21- 
21- 
2/6 
2/10 

TI3028 19/9 
TIS18 8/6 
TIS60M 5/10 
T1S61M 5/11 
2N2926G 3/- 
2N3055 20/- 

(1/3) 
(2/3) 
(1/9) 
(1/9) (2/3) 
(2/6) 

(16/7) 
(7/-) 
(4/8) 
(4/11) 
(2/6) 

(17/-) 

2N3707 
2N3983 
2N4058 
2N4285 
2N4292 
2N708 
2SBI87 
2SB4D5 
2SD72 
3N140 
3N141 
IS557 

5/- (4/3) 
6/11 (5/8) 
5/6 (4/7) 
2/10 (2/6) 
2/10 (2/6) 
3/4 (2/7) 
2/6 (2/-) 
6/- (5/-) 
6/- (5/-) 

20/- (18/-) 
15/8 (14/-) 

3/6 (3/-) 

'R.C.' 3V TRF {October. p160) 
Wound MW aerial rod for 300pF tuning 5/7. Blank 45,x|" rod in NW25, 2/-. J.B. Dilemin 
capacitor, 300pF, 10/-. Battery Holder BH2, with clip connector, 2/6. Transistors (see 
above) 17/8. We can supply all parts except 3^ speaker. Send stamp for list and circuit 

HOOKED OM GE? 
Are you a 'negative up', germanium transistor addict? Worried by all those new silicon 
npns? Break yourself gently of the Ge habit. Our new silicon pnps work in the familiar 
germanium circuits. 2N4285 is similar to old friends like OC71, 0C72, etc. 2N4289 is a 
high gain type for r.f. and a.f., not far removed from OC44, AF117, etc. Both tiny, robust, 
and cheap: 2/10 (2/6). Send 6d. stamp for our new hint-sheet 'CHANGING TO SILICON', 
with many useful circuits. 

WHO ARE AMATRONIX? 
Amatronix (You guessed I It's short for 'Amateur Electronics') Ltd. is a small family firm. 
We specialise In mail-order supply to constructors, and we really do take an interest in 
our customers. Our service is quick, our prices are reasonable, and we don't sell rubbish. 
We know your problems: we're constructors ourselves. (You may have seen articles by 
G. W. Short in 'R.C.' He's one of our directors, and a lifelong radio enthusiast). 

AMATRONIX LTD. (RC) 
396 Selsdon Road. South Croydon, Surrey, CR2 ODE. 

S-DeC 

BREADBOARDING 

* Fast, reliable, solderless circuit 
assembly 

* Contacts last indefinitely 

* Use ordinary components again 
and again 

* Test all the circuits in the magazines 

This breadboard is used professionally fay development engineers throughout the world. 
Over 80% of current production is exported. A booklet'of projects is included with each 
kit giving construction details for a variety of circuits such as amplifiers, oscillators, 
VHF transmitter, radio, etc. 
S-Dec Kit: One S-OeC with Control Panel, Jig and Accessories for solderless connections 
to controls, etc., with booklet 'S-DeC Projects' giving construction details for a variety of 
circuits. 29/6d retail. 
4-DeC Kit: Four S-DeCs with two Control Panels, Jigs and Accessories and the booklet 
'S-DeC Projects' all contained in a strong attractive plastic case. Ideal for the professional 
user. £5-17-6d retail. 

AVAILABLE FROM LEADING SUPPLIERS 
or in case of difficulty from 

S.D.C. PRODUCTS (Electronics) LTD. 
THE CORN EXCHANGE. CHELMSFORD, ESSEX. 

Telephone: Chelmsford (OCR 5) 56215 
(Please add 1/- P.&P. for S-Decs, and 3/- P.&P. for 2 and 4-Dec Kits) 

MARCONI INSTRUMENTS LIMITED 

ST. ALBANS & LUTON 

ARE YOU A SKILLED AND EXPERIENCED ELECTRONICS TECHNICIAN? 

HAVE YOU BEEN A WIRELESS OR RADAR FITTER IN THE ARMED FORCES? 
CAN YOU DO A PROFESSIONAL REPAIR JOB ON A T.V.? 

If you can answer "YES" to at least one of these questions, then we should like to hear from you.. 
We need test and calibration engineers both at our Government Service Unit at Luton Airport and at our Produc- 

tion Units in St. Albans to work on a wide range of telecommunications measuring instruments, which includes 
P.M. and A.M. Signal Generators, R.F. Power Meters, Valve Voltmeters, Radar Test Sets, Digital Counters, Devia- 
tion Meters, Spectrum Analysers and White Noise Test Sets. 

The work requires the understanding of the most modern and varied circuit techniques and embraces all frequencies 
up to U.H.F. 

This is an opportunity to work for an expanding company with a world-wide reputation for technical progress in the 
design of test equipment. The posts are permanent and pensionable; they offer first-class conditions of service in a key 
export company of English Electric, including substantial superannuation and life assurance benefits. Financial 
assistance may be given with re-location expenses. 

Write in confidence, stating briefly age, experience, qualifications and present salary, to:— 
The Recruitment Manager, Marconi Instruments Limited, 
c/o Directorate of Personnel (RC 2890 H), 
English Electric House, Strand, London, W.C.2. 

An Englijh Elictric Company 

io iMovrrny 

csa 
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COMING SHORTLY

AUDIO AMPLIFIERS
16 Transistor and Valve Designs for the
Home Gonstructor

Amptifiers for Tuner units, Record Players,
Tape Recorders, Public Address, etc., etc.

Includes contributions by such well know
authors as A. S. Carpenter, A. Kinloch,
E. Govier, G. A. French, F. G. Rayer,
P. F. Bretherick, K. Jones, D. Aldous,
R. Murray-Shelley, C. Swires, G. A. Stevens
and V. E. Hol ley.

Specially selecteci from The Radio Constructor

Edited by J. R. Davies PRICE 1 0s. 6d.
124 pages

Avai lable January 1969

Postage 8d.

TO DATA PUBLICATIONS LTD 57 Maida Va le  London W9

Please supply . .copy(ies) of "Audio Amplif iers," Data Book No. 18

I enclose cheque/crossed postal order for

NAME

ADDRESS

BLOCK LETTERS PLEASE

I

I
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COMING SHORTLY . . 

AUDIO AMPLIFIERS 

MNW . 

MHPllHWS 

16 Transistor and Valve Designs for the 
Home Constructor 

Amplifiers for Tuner Units, Record Players, 
Tape Recorders, Public Address, etc., etc. 

eJ* 
Includes contributions by such well know 
authors as A. S. Carpenter, A. Kinloch, 
E. Govier, G. A. French, F. G. Rayer, 
P. F. Bretherick, K. Jones, D. Aldous, 
R. Murray-Shelley, C. Swires, G. A. Stevens 
and V. E. Holley. 

Edited by J. R. Davies 

Specially selected from The Radio Constructor 

PRICE 10s. 6d. 

124 pages Postage 8d. 

Available January 1969 

TO DATA PUB LI CAT 10 IMS LTD 57 Maida Vale London W9 

Please supply copy(ies) of "Audio Amplifiers," Data Book No. 18 

I enclose cheque/crossed postal order for  

NAME    

ADDRESS   

BLOCK LETTERS PLEASE 
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SMALL ADVERTISEMENTS
Rate: 9d. per word. Minimum chargc 12/-.

Box No, 2/- extra.

Advertisements must be prepaid and all copy must
be received by the 4th of the month for insertion
in the followinS month's issue. 

'!:he 
Publishers

cannot be held liable in any way for printing errors
or omissions, nor can they accept responsibility for
the bono f;des of advertisers. (Replies to Box
numbers should be addressed to: Box No.-, Ihe
Rodio Constructor, 57 Maida Vale, London, W.9.)

SERVICE SHEETS. Radio, Television, Tape Recorders
1925-1968, by return post, from ls. with free fault-finding
guide. Catalogue 6,000 model.s 2s. 6d. S.A.E. enquiries.

Hamilton Radio, 54c London Road, Bexhill, Sussex.
ILLUSTRATED CATALOGUE No. 17. Manufacturers
' Surplus and New Electronic Components including Semi-

conductors. 3/- Post Free. Arthur Sallis Ltd., 28 Gardner
Street, Brighton.

RESISTORS. Low noise (0'3 micro V.per V.). jW. 10 f carbon
film. 1/6d. each 13/- per 100. Transistor mounting pads-!0.
each. Post and packing plus 5l. Stuart Fyfe (Components).
I I Rosedene Avenue. Croydon. Surrey. CRO. 3DN.

WHY PAY MOREI! PM Loudspeakers, all shapes & sizes.
ldeal for room to room extcnsions. car radics. etc. Ex-
equipment. Tested & Guaranteed. l0/6d., l5/6d., or 231
Well packed. 4/6d. postage. E. & J. Wild (Loudspeakers).
Square Street, Ramsbottom, Lancs.

RCA LINEAR I.C's. CA3011 1 s.. CA3020 28s., CA3028A
20s. P. & P. 1s. per order. L.F.H. Electronics,65 Flanders
Mansions, Flanders Road, London, W.4.

PRINTED CIRCUITS MADE TO YOUR NEGATIVES OT
transparent master positives. I board to 250 boards. We will
produce master to your circuit diagram if required. Bideford
Graphic Arts, Torridge Hill, Bideford, North Devon.
Telephone: Bideford 4991.

WHY BUILD A POWER SUPPLY, when you can buy one for
only 251-, plus 2/6d p. and p. Mains input 230Y a.p.250Y,
100mA d.c. out. Fused. 6.3V at 3 amp. 7.3V at 3 amp.
ISHERWOODS ELECTRONICS, 98/l 00 Northgate, Black-
burn, Lancs.

BRIGHTEN LJP YOLJR ADVERTISING! Break the ice with a
cartoon, "tailor made" for your product. Reasonable
charges.-Box No. F294.

5 TON FACTORY CLEARAI\CE. Radio, T.V., elec.
components in 27s. 6d. mixed parcels. Post free. Example:
resistors, condensers, pots, speakers, coax, coils, fibre
washers, valves, over a dozen different types, tuning knobs,
grommets, sleeving, IFS, Paxalin, wire, rectifiers. Lots of
other items. Pot Luck. Postal orders to: P. L. Newton, 16
Shallcross Cresgent, Hatfield, Herts.

BOOKS FOR SALE. Alfred Nobel E. Bergengren f'1, Radio-
isotope Laboratory Techniques R. A. Faires, l0s. Atomic
Medicine Behrens, f,l. Medical Radiation Biology Ellinger,
30s. Plysics in Medical Radiology Russ, Clark & Pelc, 7s. 6d.
Disease & its Conquest Hollis, 7s. 6d. Earth's Envelope T.
Lobsack, lls. The Atomic Submarine C. Blair,7s. 6d. Astro-
and exploration D. R. Bates, 11. Once round the Szz Story of
the I.G.Y., Fraser, 10s. Earth Satellite P. Moore, 7s. 6d.
Frontier to Space E. Burgess, 5s.-Box No. F316.

FOR SALE: I cwt. electronic components, chassis, (resistors,
capacitors, pots. etc.). 

'View 
London W.2. f3. Buyer collects.

Telephone: Mr. Fowler, 0l-'123*9584.9 a.m. to 6 p.m.

DECEMBER I968

l

Have you sont for your coPY ?

E N G I N E E R I N G  O P P O R T U N I T I E S  i s  a  h i g h l v  i n f o r m a t i v e  1 3 2  p a g e  g u i d e

to the best paid engineering posts. l l  te l ls you how you can quickly prepare

at home tor a recognised engineering qual i f icat ion and out l ines a wondorful

range of modern Home Study Courses in al l  branches of Engineering. This

unique book also gives tul l  detai ls of  the Pract ical  Radio & Electronic

Courses, administered by our Special ist  Electronics Training Divis ion -

exDlains the benef i ts of our Appointments Dept.  and shows you how to

qual i fy for f ive years promotion in one year.

"Satilfaction or tofund of fee" torma

Whatever your age or experience you cannot al fold ro miss reading this

tamous book. l l  you are earning less than f30 a week send for your copy of

" E N G I N E E R I N G  O P P O R T U N I T I E S "  t o d a v  -  F R E E .

Practical Equipment including Toola

The special ist  Electronics Divis ion ot B I .E.T NOW offers you a real

laboratory training at home with pract ical  equipment.

Basic Pract ice and Theoret ical  Courses for beginnets in Radio, T.Vi

Electronics, etc.  Ask lor detai ls.

Which is your pot subiect

A.M.l .E.R.E. Citv & Gui lds f l  Radio Amateur 's Exam. n R.T E.B Cert i f icate

P.M.G. Cert i l icate D Pract ical  Radio E Radio 6 Television Servicing E

Pract ical  Electronics E Electronics Engineering E Automation

fhe B.I.E.T. is the leading institute of its kind in the woild

r -

I,M
I Please send Frce Books

I 
and Full lnfomation

I
t-

British Instituto ol
Enginooring Tochnology
N A M E , . , , . .

A D D R E S S

Subiect
of Interest

ALDERMASIOIII COURT, DeDt. 480D. Aldermaston, Berks
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I

Bililtty tc0ljslrc c0Rp0RATt0]r tID.
38 Chalcot Road, Chalk Farm, The Old Pol ice Stat ion

L O N D O N ,  N . W . i .  G l o u c e s t e r  R o a d

P R l m r o e g 0 g O  L I T T L E H A M P T O N ,  S u s s e x

P l e a s e  f o r w a r d  a l l  6 a ; l  o r d e r s  t o  L i t t l e h a m p t o n  P H O N E  6 7 4 3

ECF80 6 /6
ECF82 5 /6

4/5
4t6

1 t 9
2t-

5t-

5t-
5/-

5t-
5t-
at_
7 t 6

1 1  t 6
1 0 / -

2t-
1 t 9
3t-

2/6
2t6
3t-
3/-
2t-

2/3
2t-

4t6
3/6

3t4

4/6
4t6
7ta

6L6GT 7 /91  ECF86 9 ! -

30P19 12. / - lEF l84  5 /9

cL33 1  ! /6  |  EL8a 1 t6

o/- I  PCF84 8/-  |  uCH4? 9/ 3 |  BA I  30
9 / -  l P c F 8 6  8 / 6  l u c H s r  6 / 6  l B c l o /
8/-  |  PcFSor , / -  |  ucL82 7/ I  Bc os

3/  I  GET896
2 / 9  1 6 5 p 9 7
3i-  |  orat
3/6 |  oAss
3 / 6  I  o a 1 g 2

11/- |  oa2oo
e/6 |  oc22
5/ |  oc23

r0/ |  oc24
zla loc2s
2t6 loc26
2t- | oc2a
a/ - | ocso

32 3/6 12N2369A 4/3 |  8y236 4t-

3 r  5 l  o c a s
4 / 3  |  O c a 6
s/- | oc:s
s/-  |  oc4t

!',,"1::t
:t:13i1',
111 t;;';

13t-12N22s7 l ie lsy23a qi-  19918. d  I r N , i a o 6  r , r  l ; - ; ; .  - ,  l O c 7 8 DC Y 3 1  7 / 5 l E L g s  A t -
DY87 s /9  I  EMSo 5 /9 33 9/6 12N3866 2ol-E M80 . ,  l o c 8 1
rascc rzr  l iuer  i is le"ar  s, r l rc i :  3/G l ;y ; ; :  ; ;  199!1D
FABC8o 6/-  lEM84 6/-  |  PY82 5/-  lacro7 3t-  lByzj2 sl_ |  Y!!1
Z A F 4 2  8 / 3 l E M 8 5  1 1 / - l P Y 8 3  5 / 8  l A C l 1 3  5 / -  l s y z r 3  s / -  l u L d J

SMALL ADVERTISEMENTS 
Rate: 9d. per word. Minimum charge 12/- 

Box No. 2/- extra. 

Advertisements must be prepaid and all cop/ must 
be received by the 4th of the month for insertion 
in the following month's issue. The Publishers 
cannot be held liable in any way for printing errors 
or omissions, nor can they accept responsibility for 
the bona fides of advertisers. (Replies to Box 
numbers should be addressed to: Box No.—, rhe 
Radio Constructor, 57 Maida Vale, London, W.9.) 

SERVICE SHEETS. Radio, Television, Tape Recorders 
1925-1968, by return post, from Is. with free fault-finding 
guide. Catalogue 6,000 models 2s. 6d. S.A.E. enquiries. 
—Hamilton Radio, 54c London Road, Bexhill, Sussex. 

ILLUSTRATED CATALOGUE No. 17. Manufacturers 
' Surplus and New Electronic Components including Semi- 

conductors. 3/- Post Free. Arthur Sallis Ltd., 28 Gardner 
Street, Brighton. 

RESISTORS. Low noise (0-3 micro V.per V.).4W. 10 % carbon 
film. l/6d. each 13/- per 100. Transistor mounting pads4d. 
each. Post and packing plus 5%. Stuart Fyfe (Components). 
11 Rosedene Avenue, Croydon, Surrey. CRO. 3DN. 

WHY PAY MORE!! PM Loudspeakers, all shapes & sizes. 
Ideal for room to room extensions, car radios, etc. Ex- 
equipment. Tested & Guaranteed. 10/6d., 15/6d., or 23/-. 
Well packed. 4/6d. postage. E. & J. Wild (Loudspeakers). 
Square Street, Ramsbottom, Lanes. 

RCA LINEAR EC's. CA3011 1 s., CA3020 28s., CA3028A 
20s. P. & P. Is. per order. L.F.H. Electronics, 65 Flanders 
Mansions, Flanders Road, London, W.4. 

PRINTED CIRCUITS MADE TO YOUR NEGATIVES or 
transparent master positives. 1 board to 250 boards. We will 
produce master to your circuit diagram if required. Bideford 
Graphic Arts, Torridge Hill, Bideford, North Devon. 
Telephone: Bideford 4991. 

WHY BUILD A POWER SUPPLY, when you can buy one for 
only 25/-, plus 2/6d p. and p. Mains input 230V a.,c. 250V, 
100mA d.c. out. Fused. 6.3V at 3 amp. 7.3V at 3 amp. 
ISHERWOODS ELECTRONICS, 98/100 Northgate, Black- 
bum, Lanes. 

BRIGHTEN UP YOUR ADVERTISING! Break the ice with a 
cartoon, "tailor made" for your product. Reasonable 
charges. -Box No. F294. 

5 TON FACTORY CLEARANCE. Radio, T.V., elec. 
components in 27s. 6d. mixed parcels. Post free. Example: 
resistors, condensers, pots, speakers, coax, coils, fibre 
washers, valves, over a dozen different types, tuning knobs, 
grommets, sleeving, IFS, Paxalin, wire, rectifiers. Lots of 
other items. Pot Luck. Postal orders to; P. L. Newton, 16 
Shallcross Crescent, Hatfleld, Herts. 

BOOKS FOR SALE. Alfred Nobel E. Bergengren £1, Radio- 
isotope Laboratory Techniques R. A. Faires, 10s. Atomic 
Medicine Behrens, £1. Medical Radiation Biology Ellinger, 
30s. Physics in Medical Radiology Russ, Clark & Pelc, 7s. 6d. 
Disease & its Conquest Hollis, 7s. 6d. Earth's Envelope T. 
Lobsack, 15s. The Atomic Submarine C. Blair, 7s. 6d. Astro- 
and exploration D. R. Bates, £1. Once round the Sun Story of 
the I.G.Y., Fraser, 10s. Earth Satellite P. Moore, 7s. 6d. 
Frontier to Space E. Burgess, 5s.—Box No. F316. 

FOR SALE: 1 cwt. electronic components, chassis, (resistors, 
capacitors, pots. etc.). View London W.2. £3. Buyer collects. 
Telephone: Mr. Fowler, 01-723-9584. 9 a.m. to 6 p.m. 

DECEMBER 1968 

BENIIEY ACOUSTIC CORPORATION LTD. 
38 Chalcot Road, Chaik Farm, The Old Police Station 
LONDON, N.W.I. Gloucester Road 
PRImrote 9090 LITTLE HAM PTON, Sussex 

Please forward all mail orders to Littlehampton PHONE 6743 
5Z4G 6/9 ECC85 5/- PC88 9/G U801 17/6 AF116 3/- 6AT6 4/- ECC88 7/- PC95 8/3 U4020 6/9 AF11? 2/9 6/30L2 12/6 ECC189 9/6 PC97 7/9 UABC80 5/9 AF119 3/- 6F1 8/9 ECF80 6/6 PC900 8/3 UBC81 7/- AF125 3/6 6F23 12/3 ECF82 6/6 PCC84 6/- UBF80 5/9 AF127 3/6 6L6GT 7/9 ECF86 9/- PCC85 6/6 UBF89 - 6/9 AF139 11/- tOFI 15/- ECH42 9/6 PCC88 9/9 UC92 5/6 AF180 9/6 10P13 12/- ECH81 6/3 PCC89 9/6 UCC84 8/- AFZ12 5/- 20D1 13/ ECH83 . 8/- PCC189 9/B UCC85 - 6/6 ASY29 10/- 20LI 13/ ECH84 7/- PCF80 6/6 UCF80 8/3 BA115 2/8 20 P4 18/6 EC180 6/6 PCF82 6/- UCH21 9/- BA129 2/6 30C15 13/6 ECL82 6/- PCF84 8/- UCH42 9/3 BA130 2/- 
30C17 13/- ECL83 9/— PCF86 8/6 UCH81 6/6 BC107 4/- 
30C18 8/9 ECL86 8/- PCF801 7/- UCL82 7/- BC108 3/6 
30F5 11/9 EF22 12/6 PCF802 9/- UCL83 9/3 BC109 4/3 
30FL1 15/- EF37A 7/- PCL82 7./- UF41 9/6 BCVtO 5/- 30FL12 16/ EF41 91- PCL83 8/9 UF42 9/- BCY12 5/- 30FL14 12/6 EF80 4/6 PCL84 7/6 UF80 6/9 BCY33 5/- 30L15 13/9 EF85 5/3 PCL85 8/3 UF85 6/9 BCY34 4/6 30L17 13/- EF86 6/- PCL86 8/3 UF86 9/- BCY38 5/- 30P4 12/ EF89 4/9 PFL200 12/6 UF89 6/3 BCY39 4/6 30P4MR 17/6 EF91 3/3 PL36 9/6 UL41 9/6 BFY50 4/- 30P12 13/- EF183 5/9 PL81 7/3 UL84 6/6 BFY51 4/- 30P19 12/- EF184 5/9 PL82 6/6 UM80 5/- BFY52 4/6 30PL1 15/- EH90 6/6 PL83 7/- UY41 6/9 BF163 4/— 30PL13 15/- EL33 12/- PL84 6/3 UY85 5/6 BY100 3/6 30PL14 15/- EL4.1 9/3 PL500 12/3 2N404 6/- BY126 6/6 CL33 18/6 EL84 4/6 PL 504 13/- 2N2297 4/6 BY234 4/- CY31 7/6 EL9S 5/- PY32 9/6 2N2369A 4/3 BY236 4/- DY87 5/S EM80 5/9 PY33 9/6 2 N 3866 20/- BY238 4/- E88CC 12/- EM81 6/9 PY81 5/3 AAZ13 3/6 8YZ11 5/- EABC80 6/- EM84 6/- PY82 5/- AC107 3/- BY212 5/- EAF42 8/3 EM85 11/- PY83 5/6 AC113 5/- 8YZ13 5/- EB91 2/3 EM87 7/3 PY88 6/3 AC126 2/- GHT103 GET113 GET116 GET119 

4/- 4/- 6/6 
EBC41 8/6 EY51 6/9 PY800 6/6 AC127 2/_ 
E8C81 5/9 EY86 6/- PY801 6/6 AC128 2/— EBF80 5/9 EY87 6/- U25 13/- AC154 5/- 4/- EBF83 8/- EZ40 7/3 U26 11/9 AC156 4/- 7/6 EBF89 6/3 EZ80 4/3 U33 29/6 AC157 5/- GET573 
EC92 6/6 EZ81 4/6 U45 15/6 A0140 8/- GET587 8/6 
ECC81 3/9 KT88 29/- U191 12/6 AD149 8/- GET873 3/- 
ECC82 4/6 KTW62 10/- U251 16/- AD162 9/- GET887 4/6 
ECC83 4/6 PABC80 7/3 U301 11/- AF114 4/- GET889 4/6 
ECC84 5/6 PC86 9/6 U404 7/6 AF115 3/- GET890 4/6 

GET896 4/6 
GET897 4/6 OA81 1/9 OA95 1/9 0A182 2/- OA200 1/- OC22 5/- OC23 5/- OC24 s/- OC25 5/- OC26 5/- OC28 5/- OC30 5/- OC35 91- OC36 7/6 OC38 11/6 OC41 10/- 
OC44 2/- OC45 1/9 OC46 3/- OC70 2/3 OC71 2/- OC72 2/- OC75 2/- OC76 2/6 OC77 2/6 
OC78 3/- OC78D 3/- 0081 2/- 0C81D 2/- OC82 2/3 OC83 2/- 0C84 3/- OC123 4/6 OC169 3/6 OC170 2/6 OC171 3/4 OC172 4/- OC200 4/4 
00202 4/6 
OC203 4/6 OC205 7/6 

Terms of business: Cash with order only. No C.O.D, Post/Packing 6d. per item. Orders over £5 post free. AH orders despatched same day as received. Complete catalogue including transistor section and components with terms, of business 6d, Any parcel insured against damage in transit for 6d. extra. 
Business hours; 9 a.m.-5.30 p.m. Saturdays 9 a.m.-l p;m. 

FREE 
TO AMBITIOUS ENGINEERS — THE LATEST EDITION OF ENGINEERING OPPORTUNITIES 

Have you sent for your copy 7 
ENGINEERING OPPORTUNITIES is a highly informative 132 page guide 
to the best paid engineering posts. It tells you how you can quickly prepare 
at home for a recognised engineering qualification and outlines a wonderful 
range of modern Home Study Courses in all branches of Engineering. This 
unique book also gives full details of the Practical Radio & Electronic 
Courses, administered by our Specialist Electronics Training Division - 
explains the benefits of our Appointments Dept. and shows you how to 
qualify for five years promotion in one year. 
"Satisfaction or refund of fee" terms 
Whatever your age or experience you cannot afford to miss reading this 
famous book. If you are earning less than £30 a week send for your copy of 
"ENGINEERING OPPORTUNITIES" today - FREE. 
Practical Equipment including Tools 
The specialist Electronics Division of B.l.E.T. NOW offers you a real 
laboratory training at home with practical equipment. 
Basic Practice and Theoretical Courses for beginners in Radio, T.V.; 
Electronics, etc. Ask for details. 
Which is your pet subject 
A.M.l.E.R.E. City & Guilds □ Radio Amateur's Exam. □ R.T.E.B. Certificate 
P.M.G. Certificate □ Practical Radio □ Radio & Television Servicing □ 
Practical Electronics □ Electronics Engineering O Automation 
The B.l.E.T. is the leading institute of its kind in the world. 

r  
Please send Free Books British Institute of 
and Fun information Engineering Technology 

NAME   
ADDRESS          

iri-lr ffiiftjl Subject 
of Interest      Age —. — 

ALDERMASTON COURT. Dept. 480D. Aldermaston, Berks. 
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NEW STYLE
SELF-BINDER
lot "Ihe Budio GonsltucloJ"
The "CORDEX" Patent Self-Binding Case

wi l l  keep your  issues in  mint  condi t ion.

Copies can be inserted or removed with

the greatest of ease. Rich maroon finish, gold

let ter ing on spine.

Special ly constructed Bind' ing Cords are made from Super Linen

of great strength, very hard twisted and twice doubled'  They

are attached to trrong RUSTLESS Springs

under tension, and the method adopted

ensures PERMANENT RESILIENCE of

the Cords. Any slack that may develop

is immediately cotnpensated for,  and

the Cord: wi l l  a lways remain taut and

strong. l t  is impossible to overstretch

the spr ings, as a salety check-device is

f i t ted to each.

PRIGE 141'
Postage 116

Available only from:-

llffi Puhlicilions ud.
57 trfiidn Unle lendon Wg

SMALL ADVERTISEMENTS
(otttinu(d lront luge

ARE YOII A MOTORING ENTHU-SIAST? The Seven Fiftv
Motor Club caters for all types of motor sport-racing,
rallies, hill climbs, etc. MonthltBulletin free to members' For
fun aetalts write to: The General Secretary, Colin Peck,
"Dancer's End," St. Winifred's Road, Biggin Hill' Kent'

JOIN TI{E INTERNATIONAL S.W. LEAGUE. Free Services
to members including Q.S.L. Bureriu. Amateur and Broad-
cast Transldtion. TeChnical and Identification Dept.-both
Broadcast and Fixed Stations, DX Certificates, contests and
activities for the SWL and transmitting members. Monthly
magazine, Monitor, containing arti9es of general interest to
Briadcasi and Amateur SWLs, Transmitter Section and
League affairs, etc. League supplies.such as badges, headed
trote-paper and envelopes. QSL cards, etc., are available at
.easonible cost. Send-for League particulars. Membership
including monthly magazine, etc. 35s. per annum.--Secretary
ISWL,60 White Street, DerbY.

BARGAIN TRANSISTORS. Good Audio tvpes. 5 for 5/-,
10 for 8/-. All new, tested. Post 6d. J. Blacker, 32A Mill Hill'
Vicarage Lane, Leicester.

TECHMCAL DRAWINGS, Artwork, etc. Electronic and
Radio Circuits a speciality. Moderate charges.-B. P'
Meaney,43 Forest Road, Worthing, Sussex.

*MEDILjM WAVE NEWS" Monthly during DX season-
Details from: K. Brownless, ? The Avenue, Clifton, York'

WANTED TO PURCHASE. Set of 6 coils for Jason Everest-7
receiver kit. 43 Ashbrook Road, Old Windsor, Berkshire'

FOR SALE: MORSE OSCILLATOR SET. Transistorised,
type D, key, on base 8j in. x 9$ in., with headphones. f,3.
Box No. F347.

BOOK BARGAINS TO CLEAR. "The Yachtman's Bedside
Book", Snoxell, 25 1 -. " The Story of Atomic Energy", Soddy,
l2l6d. "Invitation to Skiing", Iselin and Spectorsky, 20l-'
"The Upper Atmosphere" , Massey and Boyd,50/-. "Outlook"
-simpie weather iorecasting, White, 7/6d. " Basic Principles
of Marine Navigation", Moore, 7/6d' "Telegraphy", Free-
body, 60/-. "The Book about l4'eather", Mee; 7 l6d. Box No'
F348.

FOR SALE: Radio Construclor Sept. 1967 to October 1968.
Practical Wireless 1955 to 1961. Bulletin 1959 to 1968. Offers
for any year. Some bound. L. Tarr, lt Oakwood Avenue,
Wilmslow, Cheshire.

POSTAL ADVERTISING? This is the Holborn Service.
Mailing lists, addressing, enclosing, wrappering, facsimile
letters, automatic typing, copy service campaign planning'
design and artwork, printing and stationery. Please ask
for price list.-The Holbom Direct Mail 9ompany, lapagity
House, 2-6 Rothsay Street, Tower Bridge Road, London,
S.E. l. Telephone : 0l-407 -1495.

WORLD DX CLUB covers all aspects of SWLing on Amateur
and Broadcast Bands through its monthly bulletin"Contact".
Membership costs 25s. a year. Enquiries to Secretary,
WDXC, 17 Taunton Road, Bridgwater, Somerset.

FOR SALE. Golay Lever Escapement Navigation watch, with
external, rotata6le, navigation ring, graduated to 3600. In
wooden case, 4 in. x 3t in. x 2 t in. ll0. Box No. F350.

PROPERTIES for sale and to let in London and suburbs.
Apply to Maggs & Stephens, Estate Agents, 229 JN Iuda
Vale, London, W.9. MAIda Vale 8123.

(continued on page
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NEW STYLE- 

SELF-BINDER 

for "The Radio Constructor 

The "CORDEX" Patent Self-Binding Case 

will keep your issues in mint condition. 
Copies can be inserted or removed with 

the greatest of ease. Rich maroon finish, gold 
lettering on spine. 

Specially constructed Binding Cords are made from Super Linen 
of great strength, very hard twisted and twice doubled. They 

are attached to strong RUSTLESS Springs 
under tension, and the method adopted 
ensures PERMANENT RESILIENCE of 
the Cords. Any stack that may develop 
is immediately compensated for, and 
the Cords will always remain taut and 
strong. It is impossible to overstretch 
the springs, as a safety check-device is 
fitted to each. 

: vr J 
i -m 

m 

h 

PRICE 14'- 
Postage 1/6 

Available only from;— 

SMALL ADVERTISEMENTS 
continual from page 

Data Publications Ltd. 

57 Maida Vale London W9 

ARE YOU A MOTORING ENTHUSIAST? The Seven Fifty 
Motor Club caters for all types of motor sport—racing, 
rallies, hill climbs, etc. Monthly Bulletin free to members. For 
full details write to: The General Secretary, Colin Peck, 
"Dancer's End," St. Winifred's Road, Biggin Hill, Kent. 

JOIN THE INTERNATIONAL S.W. LEAGUE. Free Services 
to members including Q.S.L. Bureau. Amateur and Broad- 
cast Translation. Technical and Identification Dept.—both 
Broadcast and Fixed Stations, DX Certificates, contests and 
activities for the SWL and transmitting members. Monthly 
magazine, Monitor, containing articles of general interest to 
Broadcast and Amateur SWLs, Transmitter Section and 
League affairs, etc. League supplies such as badges, headed 
notepaper and envelopes. QSL cards, etc., are available at 
reasonable cost. Send for League particulars. Membership 
including monthly magazine, etc. 35s. per annum.—Secretary, 
ISWL, 60 White Street, Derby. 

BARGAIN TRANSISTORS. Good Audio types. 5 for 5/-, 
10 for 8/-. All new, tested. Post 6d. J. Blacker, 32A Mill Hill, 
Vicarage Lane, Leicester. 

TECHNICAL DRAWINGS, Artwork, etc. Electronic and 
Radio Circuits a speciality. Moderate charges.—B. P. 
Meaney, 43 Forest Road, Worthing Sussex. 

"MEDIUM WAVE NEWS" Monthly during DX season- 
Details from: K. Brownless, 7 The Avenue, Clifton, York. 

WANTED TO PURCHASE. Set of 6 coils for Jason Everest-7 
receiver kit. 43 Ashbrook Road, Old Windsor, Berkshire. 

FOR SALE: MORSE OSCILLATOR SET. Transistorised, 
type D, key, on base 8j in. x 9j in., with headphones. £3. 
Box No. F347. 

BOOK BARGAINS TO CLEAR. "The Yacht man's Bedside 
Book", Snoxell, 25/-. "The Story of Atomic Energy", Soddy, 
12/6d. "Invitation to Skiing", Iselin and Spectorsky, 20/-. 
"The Upper Atmosphere", Massey and Boyd, 50/—. "Outlook" 
—simple weather forecasting, White, 7/6d. "Basic Principles 
of Marine Navigation", Moore, 7/6d. "Telegraphy", Free- 
body, 60/-. "The Book about Weather", Mee, 7/6d. Box No. 
F348. 

FOR SALE: Radio Constructor Sept. 1967 to October 1968. 
Practical Wireless 1955 to 1961. Bulletin 1959 to 1968. Offers 
for any year. Some bound. L. Tarr, 11 Oakwood Avenue, 
Wilmslow, Cheshire. 

POSTAL ADVERTISING? This is the Holbom Service. 
Mailing lists, addressing, enclosing, wrappering, facsimile 
letters, automatic typing, copy service campaign planning, 
design and artwork, printing and stationery. Please ask 
for price list.—The Holbom Direct Mail Company, Capacity 
House, 2-6 Rothsay Street, Tower Bridge Road, London, 
S.E.I. Telephone; 01-407-1495. 

WORLD DX CLUB covers all aspects of SWLing on Amateur 
and Broadcast Bands through its monthly bulletin "Contact". 
Membership costs 25s. a year. Enquiries to Secretary, 
WDXC, 17 Taunton Road, Bridgwater, Somerset. 

FOR SALE. Golay Lever Escapement Navigation watch, with 
external, rotatable, navigation ring, graduated to 360°. In 
wooden case, 4 in. x 3^ in. x 2 i in. £10. Box No. F350. 

PROPERTIES for sale and to let in London and suburbs. 
Apply to Maggs & Stephens, Estate Agents 229 Maida 
Vale, London, W.9. MAIda Vale 8123. 

{continued on page 
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SMALL ADVERTISEMENTS
(onIit lued fj.2nt Du{(
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TO CLEAR. 3000V d.c. 0.5pF capacitors,2!in. x llin. x 6in.
with porcelain insulators, 316d,. each.88Htoroid ioils. new.

wax covered, 5l- each. Heathkit Balun Coil set. B-lU,
assembled. f5. Box No. F352.

ESSEX GARDENERS. Buy your bedding and rock plants,
shrubs, etc., also cacti from May's Nurseries, 608 Riyleigh
Ro'ad, Hutton, Brentwood, Essex. Callers only. M<indiy
to Saturday.

RADIO HAMS. For sale, R.107 set, Good condition, f,30 or
nearest; Single and twin Tannoy speakers; power generator
(converter) S.E.R.70; 2 converter units type S454B; carbon
microphones;radio receiver VC 4538; Oliers? Box No. F353.

FOR SALE: Unbound copies of ,,The Radio Constructor",
1955 I 1960 I 19^62 I 1963 I 1964 I 1966. Complete. 40s. per year,
post paid.^Other years avai lable. noi complete. 'Enquire
with s.a.e. f i rst.  Box No. F354.

VALVES FOR SALE TO CLEAR. Early radio valves, would
sLit col lecror. LS5, p625, DE5, DEL6l0. cossor 4lMp,
HP4l06. HL6l0. HLS. ACS2/PEN, Multard TDD4, IW4/350.
4lla! 316d each. Wartime types: VT62, Ut4, 6B4b, Vf 136,
9Y1075,801-A, VR9l. Altat2l6d.each. EF40, EL9l, EB9l,
D^L92:DK8l, 3ML, IS5, 6AG5. All at 5i- each. SB|254M,
l0/-.  Box No. F355.

RECITALS OF RECORDED MUSIC. The second Saturdav
gygling of each winter month. Next recital: l4th Decembei,
1968, 8 p.m. Woodford Green United Free Church, Wood_
ford Green, Essex. Bus routes 20, 20A, 38A and l79-alieht
at "The Castle" stop. Programme includes works by pergot-esi.
Bach, Handel & Gabrieli.

FOR SALE: 88mH toroid coils, 5/- each. Cover for Sremens
Teleprinter, 50/- Ink rollers for Creed type 3 teleprinter, 5/_
per bottle. EMI Fisk Solariscope, 7/6d. piices incliAe p. & i.Box No. F356.

FOR SALE : The Radio Const ructor. January I 954 to February
1968, most as new, all indexed. Half price, minimum one
volume. Box No. F357.

INNOVATION IN DX CLUBS ANNOUNCED! Formed in
October, 1965, the Radio New york Worldwide Listenen
Club now has 3,600 members in 86 countries ! A unique club
offering shortwave listeners-monthly magazines containing
listening tips and technical features, numbered wallet_sized
membership- cards and gold 8jin. by llin. membership
certificates. Multi-lingual report forms'available for cost oT
postage. "We must be doing something right!" Find out. . .
join now!" Send 7s. 2d. (crossed domJstiJmoney order) for
one year's membership to: The Radio New york'Worldwide
Listeners Club, 485 Madison Avenue, New york 10022,
U.S.A.

SITUATIONS VACANT

{D We have Vacancies for Four

l \  1{  Exper ienced Test  Engineers in  our
I  I  I  I  {  Product ionTesr  Departmenr.  Appl i -
t a t F cants are preferred who have

- f ?

n V Exper ience of  Faul t  F inding and
Test ing of  Mobi le  VHF and UHF Mobi le
Equipment .Excel lentOpportuni t ies for  promot ion
due to Expansion Programme.
Please apply to Personnel  Manager,
Pye Telecommunicatidns Ltd.,
Cambr idge Works,  Haig Road.  Cambr idge.
Tel. Cambridge 51 351 , Extn, 327.

DECEMBER I968

#

PLAIN- BACKED
NEW STYLE

SELF. BINDERS
for your othet mogurine$

(max. format 7t" x 9t")

The "CORDEX" Patent Self-Binding Case
will keep your copies in mint conlition.
lssues can be inserted or removed with
the greatest of ease. Specially constructed
Binding cords are made from Super Linen
of great strength, very hard twisted and
twice doubled. They are attached to
strong RUSTLESS Springs under tension,
and the method adopted ensures pER-
MANENT RESIL IENCE o f  the  Cords .  Any
slack that may develop is immediately
compensated for, and the cords will
always remain taut and strong. lt is
impo-ssible to overstretch the spr-ings, as
a safety check-device is fitted to bach.

COLOURS :  MAROON OR GREEN
(Please state choice)

PRfGEI3 | 6Postasel/6
Available only from:-

llulu Puilicdion$ [d.
57 lloidu Uole london Wg

SMALL ADVERTISEMENTS 
contiiuieilfrom page 

TO CLEAR. 3000V d.c. 0.5(iF capacitors, 2jin. x I jin. x 6in. 
with porcelain insulators, 3/6d. each. 88Htoroid coils, new, 

wax covered, 5/- each. Heathkit Balun Coil set, B-1U, 
assembled, £5. Box No. F352. 

ESSEX GARDENERS. Buy your bedding and rock plants, 
shrubs, etc., also cacti from May's Nurseries, 608 Rayleigh 
Road, Mutton, Brentwood, Essex. Callers only. Monday 
to Saturday. 

RADIO HAMS. For sale, R.107 set, Good condition, £30 or 
nearest; Single and twin Tannoy speakers; power generator 
(converter) S.E.R.70; 2 converter units type S454B; carbon 
microphones; radio receiver VC453B; Offers? Box No. F353. 

FOR SALE: Unbound copies of "The Radio Constructor", 
1955/1960/1962/1963/1964/1966. Complete. 40s. per year, 
post paid. Other years available, not complete. Enquire 
with s.a.e. first. Box No. F354. 

VALVES FOR SALE TO CLEAR. Early radio valves, would 
suit collector. LS5, P625, DE5, DEL6I0. Cossor 41MP 
HP4106, HL610, HL8, ACS2/PEN, Mullard TDD4,1W4/350. 
All at 3/6d. each. Wartime types: VT62, U14, 6B4G, VT136, 
CV1075, 801-A, VR91. All at 2/6d. each. EF40, EL91, EB9l' 
DL92, DK81, 3ML, IS5, 6AG5. All at 5/- each. 5B/254m! 
10/-. Box No. F355. 

RECITALS OF RECORDED MUSIC. The second Saturday 
evening of each winter month. Next recital; 14th December, 
1968, 8 p.m. Woodford Green United Free Church, Wood- 
ford Green, Essex. Bus routes 20, 20A, 38A and 179—alight 
at "The Castle" stop. Programme includes works by Pergolesi, 
Bach, Handel & Gabrieli. 

FOR SALE: 88mH toroid coils, 5/- each. Cover for Siemens 
Teleprinter, 50/-. Ink rollers for Creed type 3 teleprinter, 5/- 
per bottle. EMI Fisk Solariscope 7/6d. Prices include p & p 
Box No. F356. 

FOR SALE: The Radio Constructor. January 1954 to February 
1968, most as new, all indexed. Half price, minimum one 
volume. Box No. F357. 

INNOVATION IN DX CLUBS ANNOUNCED! Formed in 
October, 1965, the Radio New York Worldwide Listeners 
Club now has 3,600 members in 86 countries! A unique club 
offering shortwave listeners monthly magazines containing 
listening tips and technical features, numbered wallet-sized 
membership cards and gold 8lin. by 11 in. membership 
certificates. Multi-lingual report forms available for cost of 
postage. "We must be doing something right!" Find out. .. 
join now!" Send 7s. 2d. (crossed domestic money order) for 
one year's membership to: The Radio New York Worldwide 
Listeners Club, 485 Madison Avenue, New York 10022 
U.S.A. 

SITUATIONS VACANT 

We have Vacancies for Four 
Experienced Test Engineers in our 
ProductionTest Department. Appli- 
cants are preferred who have 
Experience of Fault Finding and 

Testing of Mobile VHF and UHF Mobile 
Equipment.Excellent Opportunities for promotion 
due to Expansion Programme. 

• Please apply to Personnel Manager, 
Pye Telecommunications Ltd., 
Cambridge Works, Flaig Road, Cambridge. 
Tel. Cambridge 51351, Extn, 327. 

PLAIN-BACKED 

NEW STYLE 

SELF-BINDERS 

for your other magazines 

(max. format 7£" x 9^") 

1 •I 

i 

JW ¥ 

The "CORDEX" Patent Self-Binding Case 
will keep your copies in mint condition. 
Issues can be inserted or removed with 
the greatest of ease. Specially constructed 
Binding cords are made from Super Linen 
of great strength, very hard twisted and 
twice doubled. They are attached to 
strong RUSTLESS Springs under tension, 
and the method adopted ensures PER- 
MANENT RESILIENCE of the Cords. Any 
slack that may develop is immediately 
compensated for, and the Cords will 
always remain taut and strong. It is 
impossible to overstretch the springs, as 
a safety check-device is fitted to each. 

COLOURS : MAROON OR GREEN 
(Please state choice) 

PRICE 13f6 Postage l/6 

Available only from:— 

Data Publications Ltd. 

57 Maida Vale Loadoa W9 
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cHAss ts {fu1 I #iTili":: -.ff;
cn6is,, q^^*2/ | ,l,oi-z23sse,

cAs Es r'.r.* *o"nLtH'rTLu,lli
Type Size Price Type Size Price
N 8x6x2" r  181-  \N  12x7x7"  3 f l5
N  6 x 6 x 3 "  1 7 1 6  W  1 5 x 9 x 8 "  4 8 1 5
N , l x 4 x 2 "  1 l l -  Y  8 x 6 x 6 "  7 9 1 -
U 4x4x4"  l1 l -  Y  12x7 x7"  151-
U Slxalx4l" l7l- Y '13x7 x9" 50/6
U 8x6x6"  231-  Y  15x ix7"  53 /6
U 9!x7!x3la 24i!- Z 17x10x9" f2l6
U 15x9x9"  491-  Z  19x10xa*"  781-
W 8x6x6" ?,tl- *Heisht

Typc N h6 remoyable bottom, Typc U rcmovable
bottom or back, Typc \ / removable front, Type Y
all scrcw.d conslrucrion, Type Z removable back and
f ron t -

BLAIIK CHASSIS-Same day Service
Of over 20 different forms made up to YOUR SIZE.

(Max imum lengrh  35" ,  dep lh  5" . )

SEND FOR ILLUSTRATED LEAFLETS or order
straiSht away, working out total area of material re-
quired (including waste) and referring to table bolow
which is for four-sided chusis in 16 s.w.g. aluminium.

48 sq. in. 5/- 176 sq. in. l0/' l  304 sq. in. l5/8
80 sd .  in .  6 /4  208 sq .  in .  l t /8  336 sq .  in .  t7 l -

112 sd. in. 7/9 240 sq. in. l3/- 368 sq. in. l8/4
144 sd. in. 9/- 272 sq, in. t4l4 and pro rata

P.  i  P .  3 / -  P .  &  P.  3 /6  P .  &  P.416

Discounts for quantit ies. More than 20 different
sizes kept in stock for callers.\

FLAI IGES 1 ; "  o r  f "  ) .  6d .  per  bend.

STRENGTHENED CORNERS' l/- each corner.
PANELS

Any s ize  up  to  3 f t  a t  6 / -  sq .  f t .16  s .w.g .  (18  s .w.e .5 /3 ) .
Plus Postoge ond Pocking

'ff,ak0s lantsstic dilhrcnco to Pancls'so say

hundrods ol lnthusisstic usors. 
'Crackle pattsln

appears l ike magic. Dries hard glossyf inish. Scratch'pr0of,
r i i ists heat and l iquid. Simply brEh'on. No undercoat.  Air

dr ies l5 mins. l . t .  & Dk. Elue; Brorzs; Si lv.r ;  Green; Black.

Send for details 0r send 8/'(plus l/g post.) lor lpt. Trial Tin,

colour samples and instructions.
TIilITIGAil SPECIATITY PAIl{I IAIIUFACTUREBS,
DEPT. RC, ST0Ct(St lEt0. t loRIHUtBERl '^ i lD. lo l .  2280

B R U S H
OR SPRAY.ON

O U I C K  D R Y I N G

:
l
I

j
I
I
l
I
I
I

I.i
. . !

..J

1 ' H E  R A D I O  C O N S T R U C T O R

20 Suggested Circuits
by  G .  A .  FRENCH

48 pages Data Book Series No. 15
Price 3/6d. Postage 5d.

This book contains the f i rs t  20 c i rcui ts to be publ ished in the very
popular series of the same name appearing in The Radio
Consttuctor.
The Contents include: simple and inexpensive two-valve
capacity bridge, short wave regeneration preselector, one-valve
speech operated swirching circuit, transfolmer ratio analysqr,
series noise limiter, receiver remote mains on-off contlol. and
many others; covering subjects ranging from electronic laboratory
equipment to a s imple 2-Stage Gram Ampl i f ier .

DATA PU8llCATlOilS tTo.. 5? UAIDA VALE, t01l00f{' w.9.

Nl|W AUAI1AB1E O'O
Bl|UNll U0lUlylE N0.21 r tl|R Y0UR llBR[RY

0f "The findio Gonslruclol" I pRlGESSt'postoge 4rO
AUGUST 1967  tO  JULY 1968  -

Compr is ing 792 Pages Plus index

Special discount ol 10l- for regular readers

As a further service to regular readers, it is no longer necessary to return the complete issues
making up a volume, to qual i fy for the special discount.

Just cut the heading from each month's contents page, including t i t le and month of issue, and
this wil l  be suff icient evidence of readership ro qual i fy for the discount.

Thus regular readers wil l  st i l l  retain their old copies for workbench use, while having a splendid
bound volume containing issues in mint condit ion.

PRICE 25l- Postage 4/6

Limited llumber of Volume 20 (August 1966-luly 1967) stil l available. Price : 32/6, postage 4/6.

Ava i lab le  on ly  f rom:

DATA PUBLICATIONS LTD. .  57  MAIDA VALE,  LONDON,  W9

341)

CHASSIS 
and 

CASES by EDGWARE ROAD/ 

H.L.SMITH&CO.LTD. 
287/9 Edgware Road 

London W2 
TEL: 01-723 S891 

r^AOCO ALUMINIUM, OAOba SILVER HAMMERED FINISH 
Type Size Price Type Size Price 

N 8x6x2"* 18/- W 12x7x7" 37/6 
N 6x6x3" 17/6 W 15x9x8" 48/6 
N 4x4x2" 11/- Y 8x6x6" 29/- 
U 4x4x4" 11/- Y 12x7x7" 45/- 
U 5ix4±x4i' 17/- Y 13x7x9" 50/6 
U 8x6x6" 23/- Y 15x9x7" 53/6 
U 9^x7^x3^" 24/- Z 37x10x9" 72/6 
U 15x9x9" 49/- Z 19 x 10 x Qi" 78/- 
W 8x6x6" 23/- * Height Type N has removable bottom, Type U removable bottom or back, Type W removable front. Type Y all screwed construction,Type Z removable back and front. 

Type N 

  
Type Y 

TypeZ Type 
Type U 

BLANK CHASSIS—Same day Service 
Of over 20 different forms made up to YOUR SIZE. (Maximum length 35", depth 5".} 
SEND FOR ILLUSTRATED LEAFLETS or order 
straight away, working out total area of material re- 
quired (including waste) and referring to table below 
which is for four-sided chassis in 16 s.w.g. aluminium. 

48 sq. in. 5/- 176 sq. in. 10/4 304 sq. in. 15/8 
80sq. in. 6/4 208 sq. in. -11/8 336 sq. in. 17/- 

112sq. in. 7/9 240 sq. in. 13/- 368 sq. in. 18/4 
144 sq. in. 91- 272 sq. in. 14/4 and pro rata 

P. & P. 31- P. & P. 3/6 P. & P. 4/6 
Discounts for quantities. More than 20 different 

sizes kept in stock for callers.\ 
FLANGES (J" or |"). 6d. per bend. 

STRENGTHENED CORNERS, 1/- each corner. 
PANELS 

Any size up to 3ft at 6/- sq. ft. 16 s.w.g. (18 s.w.g. 5/3). 
Plus postage and packing 

HIGH GLOSS METALLIC HAMMERED ENAMEL 
'Makes fantastic difference to Panels' so say ^ 
hundreds of enthusiastic users. 'Crackle' pattern ^ 
appears like magic. Dries hard glossy finish. Scratch-proof, 
resists heat and liquid. Simply brush-on. No undercoat. Air 
dries 15 mins. U. & Dk. Blue; Bronze; Silver; Green; Black. 
Send for details or send 8/- (plus 1/9 post.) for ipt. Trial Tin. 
colour samples and instructions. 
FINNIGAN SPECIALITY PAINT MANUFACTURERS. 
DEPT. RC, ST0CKSFIELD. NORTHUMBERLAND. Tel. 2280. 

■myj* * Vj » .:*e/ 

BRUSH 
OR SPRAY-ON 

QUICK DRYING 

V NOKHtS 
w w WANTED 

G.P.O. W] Contact springs as shown 
tYPE U L, 
RELAY Ql 

CONTACT y yl 
SPRINGS l—1 

BEST PRICES PAID 
S.a.e. to "Lanco", 76 Sedge moor Road, 

WiUenhail, Coventry, Warwickshire 

20 Suggested Circuits 

by G. A. FRENCH 
48 pages Data Book Series No. 15 
Price 3/6d. Postage 5d. 

This book contains the first 20 circuits to be published in the very 
popular series of the same name appearing in The Radio 
Constructor. 
The Contents include: simple and inexpensive two-valve 
capacity bridge, short wave regeneration preselector, one-valve 
speech operated switching circuit, transformer ratio analyser, 
series noise limiter, receiver remote mains on-off control, and 
many others; covering subjects ranging from electronic laboratory 
equipment to a simple 2-Stage Gram Amplifier. 

DATA PUBLICATIONS LTD.. 57 MAI DA VALE, LONDON. W.9. 

• • • NOW AVAIIAB1I 

BOUND VOLUME No. 21 

of "The Radio Constructor 
»» 

— AUGUST 1967 to JULY 1968 — 
Comprising 792 pages plus index 

♦ 

FOR YOUR LIRRARY 

PRICE 35' Postage 4'6 

Special discount of 10/- for regular readers 

As a further service to regular readers, it is no longer necessary to return the complete issues 
making up a volume, to qualify for the special discount. 

Just cut the heading from each month's contents page, including title and month of issue, and 
this will be sufficient evidence of readership to qualify for the discount. 

Thus regular readers will still retain their old copies for workbench use, while having a splendid 
bound volume containing issues in mint condition. 

PRICE 25/- Postage 4/6 

Limited Number of Volume 20 (August 1966-July 1967) still available. Price: 32/6, postage 4/6.' 

Available only from: 

DATA PUB LI CATIONS LTD., 57 MAIDA VALE, LONDON, W9 
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THE RADIO CONSTRUCTOR
Price 3/- cach, postage 6d.
/frnual Subscription Ql-, post frec.
Bound Volumes Vol. 20 August 1966 to July t96Z 32/6, postage 4/6.

Vol. 2l August t967 to July 1968 S5/-, postage 4/6.
cordex Self-Binders with title "The Radio constructor', on spine,

s?if i; l,if',t""$?f5,tlu";""" or green, 18/6,
postage 1/6.

DATA BOOK SERIES
DBs TV FAI,JLT FINDING

124 pages. Price 8/G, postage 8d.

DB6 THE RADIO AMATEUR OPERATOR'S HANDBOOK
64 pages. Price 5/-, postage 5d. New edition available mid-January 1969

DB14 SHORT WAVE RECEIVERS FOR THE BEGINNER
72 pag*. Price 6/-, postage 6d.

DB15 TWENTY SUGGESTED CIRCUITS
,t8 pages. Price 3/0, postage 5d.

DB16 RADIO CONTROL FOR MODELS
192 pages. Price 15/-, postage li-.

DB17 UNDERSTANDING TELEVISION
512 pages. Price 37/6, postage 3/-

PANEL.SIGNS TRANSFERS
Six shees in each set
SetS: WORDING-White
Set 4: WORDING-Black
Set 5: DIALS-Control Panels have a clear background
Set6: DIALS-Control Panels have a black background

Price per set 4/6, postage 4d.

I enclosc Postal Order/Cheque for........... ......in payment for

(; i;: ;;- ;' Ei;i' d;i;; ; j;

Postal Order should bc crossed and made payable to Data htbticatioas Ltd.
Ooctscas anstonas please pay by Internationol MonqJ, Order

AA fubhcatins are obtahtdlc from your local bookellct

Data Publlcadonr Ltd., 57 Mdd. Vele, London W.0

THE RADIO CONSTRUCTOR 
Price 3/- each, postage 6d. 
Annual Subscription 42/-, post tree. 
Bound Volumes Vol. 20 August 1966 to July 1967 32/6, postage 4/6. 

Vol. 21 August 1967 to July 1968 35/—, postage 4/6. 
Cordex Self-Binders With title "The Radio Constructor" on spine, 

maroon, 14/-, postage 1/6. 
With no title on spine, maroon or green, 13/6, 
postage 1/6. 

DATA BOOK SERIES 
DBS TV FAULT FINDING 

124 pages. Price 8/6, postage 8d. 

DB6 THE RADIO AMATEUR OPERATOR'S HANDBOOK 
64 pages. Price 5/-, postage 5d. New edition available mid-January 1969 

DB14 SHORT WAVE RECEIVERS FOR THE BEGINNER 
72 pages. Price 6/-, postage 6d. 

DB15 TWENTY SUGGESTED CIRCUITS 
48 pages. Price 3/6, postage 5d. 

DB16 RADIO CONTROL FOR MODELS 
192 pages. Price 15/-, postage 1/-. 

DB17 UNDERSTANDING TELEVISION 
512 pages. Price 37/6, postage 3/- 

PANEL-SIGNS TRAKSFERS 
Six sheets in each set 
Set 3; WORDING—White 

Set 4; WORDING—Black 

Set 5: DIALS—Control Panels have a clear background 

Set 6; DIALS—Control Panels have a black background 

Price per set 4/6, postage 4d. 

I enclose Postal Order/Cheque for in payment for. 

Name   

Address 

(Please use Block Capitals for both name ana add--'is) 

Postal Orders should be crossed and made payable to Data Publications Ltd. 
Overseas customers please pay by International Money Order 

All publications are obtainable from your local bookseller 

Data Publications Ltd., 57 Maida Vale, London W.9 
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i" f"rrv Ftyphonic. rh.t b full cho.ds can bo Pl6Y€d ovot thr cnri[ bvborrd'

Suppried rr r-rn ot prris which includes 165 tansislors, printd citcui prn.l. tp.ci.l tully rFunt
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A n6w source ol conn.uclion lor lhe L.en eldfonics fan eilh.t.m.tur ol Fol!!do,!{,
oa..r, ihth. MAffMa uiltt^. vcd.. ToTAL COST 99 Gm.

f..t. cl.^toJ.tl. rt..

ORGAT{ coMPoNENTo Delered. l . 'm. eval i$| . ,  BUlLlAl l0tESlED
W. crily. comproh€nsivc slocl COMPLETE xlT o.Frit CL.l.O I
ot oiJari co.ponem ro, o"p*it iai r c.o, 12 monthlY D.vmntt ol
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PHAS€ desisns, IoTAL t113.19.0, tl'off :fou||ltt
Ast fo? SROCHUR€ 9 C.l, iA. s.. ;, .nd Plrr ia lourt.lf.

SOLID STATE-H IGH FIDELITY

AAPN HUPNEff
Audio Equipment developed from
Dinsdale Mk.ll-each unit or system
will comDare favourably with other
professionsl equipment sell ing at much
higher pfices.

COMPLETE SYSTEMS
F R O M

f l5.5.O
THE FINEST VALUE IN HIGH FIOETITY-
CH()OSE A SYSTEM TO SUIT YOUR
NEEOS ANO SAVE POUNOS

All units available separclelY.

SEND FOR 16 PAGE BROCHURE (No.  2t )  TODAYI
.  DEMONSTRATIONSDAILYAT'303 'EDGWAREFOAD

A nn. rGi.ion ..sin.s.d c.r t.dio l i.f. tsd-l c.6ts.Y id tonC b[ s lf, '

ro.d So ...v to i6.r.rr a^d ots'.t.-.d lh. en.. i..r.cl lv riahl H!' qui' l  S'

!u(on oF'i l idn lo' ,n,i)d'.t. . i .t i i  I elcrion .nd .hoi.. ol Mdun d lo{ wM' !u(on oFtil idn lot rnri)d'. l. . l .r i r ercnon 'nd 'nor" or M

ii.!r.^cv M,^url lrni.e Lc:ri i .. F".h lunon coikol Oure"l or 3l *.f ir.^rur- cttrA lop qudt

oobringrpdr.  l .c. 'nclud.r7' , ra-.P.rrr ,  iur l . .c. . .on.r .drn.tu 'x 'nt '
Posrlrve oR t .6alvt  taArrr  EASI'TUNE f12'12.0, PP, q'

lUrOlAl{ l lMA}lUAL..  rn.  l^st .  f lo. l0,0,pp, l /a
rUNC, bur rnh..i.ol. Mw/Lw fufi Bctrdn
CAR A!RIA!3 ' 3.Secrion Sioole Hol. Win! or Eool Moonlins 1t/a , . 8'9"11?-19

ilrrii-ii"rc,irrli ii."pp-eai,os rvpe wilh loctins d.ric., insl. hoi'
mounrino 36/- Po.t h6e wrilr Ctr Radio o. 9P.216 upal.Ltf' -

TBAilSISTOR AMPIIFIER
[ltciAt:o t f,llr ll?Llft:t I ?ttllttltlll llt
wirb tsll Br.. lr.bl. rnd Vol!m. Cont?dl.

a b.lr.^t n.w d.Ign .,{rbl. tot n.fr. or lorubl. i.rtr lhtiont fo, u- , in

llt lW n$Nrc tac'vil.r 'c...m'c..nndo.r ,.d'o !rn.a m'c'stun.i r.D. h..d ,.prry

F rnd .u'i l ' .ry npuE output r ld 3 io 15 ohn.t..r.(

h l.r6ur rh. u..r,n ro mr"v w.r.-*{h l..r..nc F*d'nh h I 'or.tadrpt.biltrr *i ln

t..doh ro oF d. n l iom b!tr. ' i .. or n.i.. !o*d rueelY u^il oh...* Ps 20 i. 'd.. l ld \hi.),
, ,^rdlrno^r . l.ctoNc outr... ..d do.n' t.A, In.rdl. lonr. 'nttcom, tt i l .m3. .rc Ihr. tueS i I r n r d l . n o ^ t . l . c t o N c a u t r . . . . . d d g . n ' t A , I n . r d l . l o n r ' ' n t t c o m , t t i l . m 3 . . r c  I h r . t u e

wrt..rpti.r r. r lppli.d rc.cr burl r..r.d rnd l!.r.nl..d

Fo, c.aet... t i ' t .nint...nnat"a. FOR ONLY f8/10/0 P.P, 4/-.

IOP'IONAL MAlt{S Ui l lT Ps.20 C2l2, P.P. 3-.)  l t lut t . l6d Srochur.  No 12.

ilurrAno r w^rAntuHEB
WITH VOLUME CONTROL

suitablo 7 x4 inch 3 ohm 3D.akd l7/e
ldeal for Portable Bsod Phyara. Int3.

FSili\t"ft":li:1[r. "" 45 l - {Bh.

ffii,i*$iiifi.l,
MOoEL t r .  d.  t ro.
22 Powd Supply t4 O 0 22
30 Audio G.n.tlror rl l0 0 24
31 R.F G.. .rato. 12 rO o 25
32 C.R.8r idoc lO 10 0 26
33 Inducbnc. B.ids. 20 0 0 29

ior dcscriotiv. illu.rrtd grochc..

DO IT YOURSETF
I|Y/$Y PoRT llE

N.w Fintad circuit d.3i0^ whh
tull gowof outpui. Fully 1!nrb16

on both dw/lw b.nd.. 7 ornsillot3 plos drd..
purh.pllt cicuil, Filld 5 inch 3fat.t,1..0.
Lrtr...rirl.nd Mlll..d tfandslo.r. Ea.Y lo builc
wirh l.(ilac t.rsll.. All loc.l .nd conomnlil

roral cost ,6.19.6.
lO  IUI ID 9"1  1" ,6 ' " "6" '

BUILD THESE
PRACTICAL DESIGNS

LIST
t.c.F.M. TUNEB c5.2.0. 408
switchodF.M.Tunor C3.17.6. 398
Fluorescmt Camping
L'sht e3.2.8. 43
Lct us hava you, anquitics lot pails lol
cuil.nt Pw and PE dcsigns. S.A E.
PLEASE.

TEW_XIATLOEY LOIIG LIFE
MERCURY BATTERIES

. 5O9; OFF LIST PRICES
t A M 1 2  r  $ r o t . 3 6 @ . r r . H  O U n ? i l C a 6 l . . . c h

' iM626 1035 voh.  350 h  .x
P . c l o r S  s ' , . 2 1 r 1 d . .
Oua PRICa l0 / .  . . ch
t..ny.plil inro.ohl 1 35Y c.lr.

th.r. c.lr. ,. id..l ror .nY
$9rc.tro^ *h... sMAl! slzE
f f IGH CAPACITY.nd LONG
l l fE  . r .  r .qu i .d  OUAnt l lY
oooialrots wfillt on

c.rl i. Tn.t. .t .o doubl
.b6ur i l-VHf FM eiv.. lh.
t^. t .t ro@d. t@
rhbilnv .c6^omic.l lYd'cd
TOTAL COSt  aa . t t .a .

(cAilNtt 2ol. €xrn^) ASx FOi LlAfttT !.

PROFESSIONAL STANDARDS
l o  e . r  t n .  h r  o u t  o l  y o u '  M A G t A v O x  S l u 0 l O M l T l c
o t c ( T v F  3 6 3 ,  v o u  n d .  { A f i r l t  n t c o i o A r l T  T h r
.ooFid . .Fid nieh qu.nry t ,.1v. rmpltr. '  .^d ts.
.nDrit i.r rich cotu ro yo! .umbr.d o^ ft rrn!.d
cncutrbrd,t4arh.*hh d
contoi t^ob- in l.ct .v.tyth'no Dd.d dotn ro th. lt.r

& o w  F O i  M A ( r l G  A S U P l a l l ^ ? l  i l C O R o E n .  w h ' . h

wh.n bui[, *iI comr.r. l.voor.bly *i lh 'n.t!m.n$ corrhg
tuic... mu.h, V.ryou nd no.rFi..c.otr.chn'c.r t l i l
r o  t ' r  r h { . b u r  t a 6  l i S T l u C T l O N S  M A x u a l  M A t  F S

!urrof iG tAsY arD stcclss assuRto,

W
IwO TAAC( o.cl. Afrpli l i .r, Cobin.r .nd sF*.'

Com!r.r.| i l . r i lh MICnOPfiOnE 7 'n t,2@ lr rd9.,

.e.r. .@ol. Tdrv'. v.l!. t55 OOR PnlC€ 3C C..

FOUn TRAC( O.ck, AmDili3' Cobi^.t .nd !p.rr.,

C o m p l . t .  l E  r n h  M I C n O P A O N €  7 , n  1 . 2 m  ! i  r . p . .

. D . , .  r p o o l .  T o d . y r  v . r ! . 4 6 0  O l R  P n l c €  3 9 9 n . .
? C  2 2 t 6

S AVAILASIC SIiAAAT€IY. Aorh mdd.

' . t tD t -  |  l r rao-
ICONDUCTORS

COMPL€TELY NEW 'I 968 LIST OF 1 OOO
types available t.om stock, Send for your
fREE COPY TOOAY..(List No. 36)

S.C.R. 's  hom 5 l '
Field €ltect Transistors f.om 9/6
Power Traosistors ltom 5/'
Diodes and Rectil iets trom 1/6

Ttlt3t3J0i!, ttclfiris. rtltl3, tGr'. lutlltl
DroD13, i tn0 r t t tc l  r l f :s,  Yl lvts.  crYsl^ ls

lr.w,96t 32-p.gD Bookt a
Price I /- Post Paid

Circui ts with Data, Oetai ls and Prices of
. ovef 2000 difierent lvpes
This booklet is a must lor every enthusiast.

M A N U F A C T U R E R S  D I S T R I E U T O R S .
We also Dubl ish a OUANTITY, S€Ml-
C O N D U C T O R  S U L L E T I N .  I
Please writo to us for your copy.

'ifili{t,'rca
COMPLETILY NEW glh EDITION

The most COMPREHENSIVE-CONcISE-CLEAR
-COMPONENTS CATALOGUE

Complete with '10/- worth discount vouchers

FREE WITH EVERY COPY,

* 32 pages of transistors and semi'conducior

devices, valves and cryslals.

| 2OO pagosof components and equipmgnl.

* 65 paEes of microphones, deck3 and Hi 'Fi

equrprent.

Hi-Fi- Stock List Leatlet 16.17
VISIT OUR NEW HI.FI CENTRE At 309 EDGWARE

fo. ,// leading makes

AMPLIFIERS
TUNERS
DECKS
SPEAKERS
MICBOPHONES
SYSTEMS

ALLWITH OISCOUNTS
IT WILL PAY YOU TO PAY US A VISIT !

q
@
r \ .
\.,,'

[HGLAHPS UAPHie COMPONENTkEQUIPHIENT CeNTRBS 
SOLID STATE-HIGH FIDELITY 

AUPIO tQUIPMENT 
Audio Equipment developed from 
Dinsdale Mk.11—each unit or system 
will compare favourably with other 
professional equipment sellirrg at much 
higher prices. 
COMPLETE SYSTEMS 
FROM 
£15.5.0 
THE FINEST VALUE IN HIGH FIDELITY- 
CHOOSE A SYSTEM TO SUIT YOUR 
NEEDS AND SAVE POUNDS 

AH units a vailable separately. 
SEND FOR 16 PAGE BROCHURE (No. 21) TODAY! 

DEMONSTRATIONS DAILY AT'303' EDGWARE ROAD  

\ 

Acclaimed py everyone 
THE MAYFAIR ELECTRONIC 

ORGAN 
A completely new development In portable electronic musical Instruments and a new field tor the hor^e constructor. The "MAYFAIR" produces a multitude of the most pleasing sounds with a wide range of tone colours suitable for ciassic or popular , t . • music. The organ is fully polyphonic, that rs full chords can be ptayed over the entire keybosra. Supplied as a kit of pans which Includes 165 transistors,.printed circuit panels, special fully sprung and depth of touch adjusted keyboard, attractive vynair covered cabinet with carry handle, A complete detailed and illustrated contsruction manual is provided with circuits and full parts list. Cost can be spread by purchasing the components packet by packet. All pans supplied are full/ guaranieed. full after sales service, 
A new source of construction (or the keen electronics fan either amateur or proreisioniL Onct built th» 'MAYfAW will tbun protidt TOTAL COST 99 Gns. 

li 

yrt of in/aytbl» pnlprtpiiuupnt. 
ORGAN COMPONENTS We carry a comprehensive stock of organ components for TRANSISTOR AND VALVE FREE PHASE designs. 

Deferred terms available. COMPLETE KIT • Deposit €29.19.0. 12 monthly payments of €7. TOTAL £113.19.0. 
Ask for B R OCH U RE 9 C»ll in. See it »nd p/*y it yourfl/. 

BUILT AND TESTED Deposit €3<.B.O 9r 12 monthly paymenft of £9. Total £144.10. 
EXPORT ENQUIRIES INVITED ' 

TRANSISTOR AMPLIFIER 
INTEGRATEO 7 WATT AMPLIFIER t PREAMPLIFIER MA7 
Witb full Base Treble and Volume Controls A new dtugn tuuabt* lor hom« or oorUblB invlnllationr For Uaa wllh m»9n«iic ind crvil»l/c«'imic cinndget (»diO ion«ra, (nicrdphontt, Up* htid frfplty d luxilmy inpult. Oulpul it lor 3 to 16 ohm (oMkBn. _ , _ It lavoun lha uaar in to many wtyt—with (snisftlc powtr. with Itt fl'Mtar •dipttbiHty. with frttdom to optraw it Irom batts'itt Or mtint poww tupply unit (tha n«w PS.20 it ideal for thit), eii li IntMilition*. e'eciroruc guitsrt tod orgent, P A, Intisllttiom. intercom, tytlami, eie. This true wstt tmpiifiar it supplied ready built, tetted and gueranteed 

fee comp/ete Usfning FOR ONLY £8/10/0 P.P. 4/*. 
(OPTIONAL MAINS UNIT PS.20 62/2, P.P. 3-.) Illustrated Brochure No. 12. 

IBRITISH MADE CAR RADIOS e precition tngineered car radio lhat'a perfect company for long hour* eft the So eaty to install and operaie -and ibe price It atacily right. Hat quick m operation tor immediate stalk a »eleciion and choice of Medium or Lone wave frequency Manual tuning feciliiitt. Putn burton control. Output ol 2\ watt, enaures criip, lop quality aound avail M hifih motoring speedt. Price include* 7* * 4" speaker, full sccaasories and intwucnoni. 
POSITIVE OR NEGATIVE CART 11 EASI-TUNE £12.12.0, pp, 4/tf 

AUTOBAHN MANUAL s« the IASI. £10,10.0. pp,4/4 TUNE, but with s tingle MW/LW Push Button. 
CAR AERIALS * "a-Section Single Hole Wing or Boot Mounting 1t/f < Brochure 15 Multi Section fully disappearing type with locking device, single hoie mounting 35/- Post free with Car Radio or pp. 2/6 separafely. 

BUILD THESE 
PRACTICAL DESIGNS 

LIST 
T.C.F.M.TUNER £5.2.6. 40B Switched F.M. Tuner £3.17.6. 39B 
Fluorescent Camping Light £3.2.6. 43 
Let us have your enquiries for parts for 
current PW and PE designs. S.A.E. PLEASE. 

mssk*- 
MODEL 22 Power Supply 30 Audio Generator 31 R.F. Generator 32 C.R. Bridge 33 Inductance Bridge 20 0 0 29 
Send for descriptive illustrated Brochure. 

NEW MODELS 
NOMBREX 
TRANSISTORISED Te«t Equipment 

PRICE Leaflet C «. d. No. 14 0 0 22 19 10 0 24 12 10 10 10 

DO IT YOURSELF 
MW/LW PORTABLE 

New printed circuit design with full power output. Fully tunable on both mw/lw bandi. 7 transistors plus diode, push-pull circuit. Fitted 5 inch speaker, large ferrite eerial and Mullerd transistor*. Easy to buitd with terrific jeaults. All local and Coritmeninl •tsiions. TOTAL COST £6.19.6. P.P. 4/6 TO BUILpSend for Brochure 1 

MULLARD 1 WATT AMPLIFIER 
WITH VOLUME CONTROL 

Suitable 7*4 inch 3 ohm speaker 17/8 
Ideal for Portable Record Playen. |nt#f- Comms. Baby Alarms ete.^ g^pp. 
For 9 Volts operation. "S/ed. 

ITS SO EASY TO BUILD TO 
PROFESSIONAL STANDARDS To gel iht be*l out o( your MAGNAVOX STU010MAT1C DECK Type 363. you need • MARTIN RECORDAKIT. Thii compriae* •'•peciel high quelily $ y*lye (mplilier »nd pre •mplitier which come* to you iwembled on lit printed circuit board, logaiher with necaa*ary Uanalormera, awitchea. control knobt—In tact everything needed down to tha leal tcrew FOR MAKING A SUPERB TAPE RECORDER, which, when built. wiM compere levouiebly with inaiiumems coiling twice *• much, yet you need no experience or technical skill to bring thii eboot, THE INSTRUCTIONS MANUAL MAKES BUILDING EASY AND SUCCESS ASSURED. 

VHF FM SUPERHET TUNER MKII 
HIGH FIDELITY REPRODUCTION MONO AND STEREO * MATCHES AUDIO MK II EQUIPMENT A popular VHF FM Tuner now used throughout Iht country tor quelily reception ol monophonic and, with the decoder stereophonic broad- eaali. There is no doubt about it—VMF FM givaa the the reef sound. E xceUem atabitity" economieelly priced, TOTAL COST £4.H.«- oecooee cs.u.b. (CABINET 20/- EXTRA) ASK FOR LEAFLET 3. 

NEW —MALLORY LONG LIFE 
MERCURY BATTERIES 

. 50°, OFF LIST PRICES •RMt2 V3S volta 3600 m/eH OUR PRICE 6.'- each «"• 3- el d.e.  * RM62G 10 35 volt* 350 m.'»H Pack ol 8 Sire 21x1 du. OUR PRICE 10/- each Eatily split into eight 1.36y cell* These cell# era ideel tor »ny eppiicetion where SMALL SIZE HIGH CAPACITY and LONG LIFE ere required. QUANTITY QUOTATIONS WRITE OR PHONE EXTN. 2. 

GARRARD DECKS 

m 

TWO TRACK. Deck, Amplitior, Cabinet and Speaker. Complete kilt with MICROPHONE 7 m 1,200 (i tape, spar* spool. Today's value £56. OUR PRICE 36 gna. FOUR TRACK Deck, Amplifior, Cabinet and speaker Complete kits with MICROPHONE 7 in 1,200. It, tape, ♦pare spool. Today's Value £60 OUR PRICE 39 flna. P.P. 22/6 ALL UNITS AVAILABLE SEPARATELY. Bolh model* 

TRANSISTORS, RFCTIFiERS. ZENERS, SCR * TUNNEL' DIODES. FIELD EFFECT TVflS. VALVES. CRYSTALS 
New 1968 32-pagp Booklmt 

Pyice 1/- Post Paid 
Circuits with -Data, Details and Prices of . over 2000 different types 
This booklet is a must for eveiy enthusiast. 
MANUFACTURERS — DISTRIBUTORS. 
We also publish a QUANTITY, SEMI- CONDUCTOR BULLETIN. : 
Please write to us for your copy. 

TRANSISTORS- 
SEMICONDUCTORS 

COMPLETELY NEW 1968 LIST OF 1000 
types available from stock. Send for your 
FREE COPY TODAY.x(List No 36) 
S.C.R.'s from 5/- 
Field Effect Transistors from 9/6 
Power Transistors from 5/- 
Diodes and Rectifiers from 1/6 

BRAND NEW All b*low lUt pr'c« t «. i.. 202S Mono/Steted ... «. .« ( IB 6 300 LM with 9TAHC .. •• .. • 1* • SP25MKII  .. 12 11 O LAB80 Mk it .. .. AT60    AT60 Mk II .. .. eOMklt: .t 3500 Mono/Stereo .» 401 AP7C 

10 1* Hit 11 10 14 10 27 It 10 0  1J10  It It  12 10 I   ,, ' » 10 f A70MKII .. .. . . j.—lfLlI I Send (or Illustrated brochutes 16,1/ Comptele range of accessories avaiiabli. 

SL5b SL65 SU75 SL95 

HI-ft equipment to suit EVERY POCKET 
Ask for Hi-Fi- Stock List Leaflet 16.17 

O G O C G' • • 4 

for all leading makes 
AMPLIFIERS 
TUNERS 
DECKS 
SPEAKERS 
MICROPHONES 
SYSTEMS 
ALL WITH DISCOUNTS 
IT WILL PAY YOU TO PAY US A VISIT! 
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^Ustrated CATALOGUE 

COMPLETELY NEW 9th EDITION (1968) 
The most COMPREHENSIVE-CONCISE-CLEAR 
—COMPONENTS CATALOGUE 
Complete with 10/- worth discount vouchers 
FREE WITH EVERY COPY. 
* 32 pages of transistors and semi-conductor 

devices, valves and crystals. 
* 200 pages of components and equipment. 
* 65 pages of microphones, decks and Hi-Fi 

equipment. 

6,500 ITEMS 
300 BIG PAGES Send today 8 6 

HR 


