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BY R. A. Penfold

O Random ror-biased
number selection

Much amusement can be obtained from this
simnle electronic device which simulates the
action of a conventional dice, or die. The unit is
very simple and is based on three CMOS integrated
cir6uits,'a 7-segment l.e.d. display and very few
other discrete components. It is self-contained and
is powered from an internal 9 volt battery'

B A S I C  P R I N C I P L E- 
T[e basic principle of the unit is quite straight-

forward, and the first. steps are illustrated in the
block diacram of Fig. 1. An ordinary counter and
display ciicuit is fedlrom a clock osCillator by-*qy
of a normally open non-ldcking push button switch.
The clock 6scillator operates at a frequency of
several hundred Hertz, the precise frequency being

unimportant. Thus wllEn the. push. button is
nn.iui"a lhe counter will rapidlv and repeatedly
ibunt through 0 to 9 cycles, but at a speed that is
far too high; for anyone looking at the display to
oerceive. The displav therefore seems to be show-
ine o fig"r" 8, as ill lhe segments will be alight for
part of the time.' 

When the oush button is released the counter cir-
cuit will latch at whatever state it happened to be
in at the instant the clock signal ceased. If, for.ex-
ample, a fizure 5 was being-displayed at that ins-
luni ttten a"5 will remain In ttrb display after the
oush button is released. There is obviously no way
i., *tri.n the operator can determine which number
*itt U" displaved, as the counter is operating at far
too high a iat6. It is purely a -matter of chance, and
.o ttr&.trttgement dcts ai a 0 to 9 random number
selector.

I M P R O V E D  V E R S I O N
So far as an electronic dice is concerned there !s

".iJu.ii"'li 
ru;-i;'-thi;iiicuit, in that a dice onlv

oio"ia"i ttu-b.tt from 1 to 6, whereas,a device of
iit" tvp. outlined in Fig. 1 will give-numbers from 0
io 

-g."So-" 
means of eliminating the {igures 0, 7, 8

and 9 must therefore be incorporated.---eis. 
i t[o*. the block diagrirm of the improved

version. Here the clock signal is coupled to the
.ou"i.i via a resistor, whicf, ensures that the clock
i"nut .o"pline is of a fairly loose nature' the

"oirnt". 
i.c. milst also be a spbcial type which has
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Fig. |. A basic random number generator' This

iroduces singtc cligit numbers front O to 7



Fig. 2. A modified number gencr.tor which
suppresses all numberc except I to 6

zero blanking. S_uch i.c.'s have an output which isnormally low, but .which goes high while thecounter is at zero. This output is coiinectJd i" 1l;clock input via a low value capaciioi so that *hen
lne fgu,nter goes into the zero state a pulse issupplrgg to the clock input from the zero out_
put. This takes the countei on to the 1 state virtual_
ly the rnstant it reaches the zero state. In this way
the.zero. is suppressed, and cannot Ue aisptaved
Dy- rne crrcurt. Because caplcitor C has a faiily-low
value in relation to resistoi R, these comporrerrt. donot upset.the flow of the clock sisnal intb the cioct<lnput ot the counter. They do, however, enable thepulse from.the zero output tb be mix;j-iitfi ifi"
clock signal.

A second counter is fed_ from the clock signal,
and this,is what is usually termed 

" 
o""_oT_t.ri

counter. Such a device has-ten outputs *t icn aiedesignated 0 to g, and the o"tv .faUie siate the

device can have is with nine of the outputs in the
Iow state and one in the high state. fne circuil
starts with the 0 output in-the high state aftei
which, with successive 

-clock 
input cyEles, lt 

" 
t 

"u-iput goes high, then the 2 outpuf, andso on, until thl
9 output goes high.. With tlie next input'"t;i;ah;
devlce returns to the state where th6 0 oirtput is
high, and then starts from the begirrnirrg once
agaln.

, In this application the one-of-ten counter
nas, lts clock rnput conn-ected in parallel with that
9!lh" marn counter,,and so the zero_output is sup_
pressect rn .exacfly .the same way. Its T output is
connected to both its own resetierminal and thereset terminal of the main counter. Thus, after ihefirury 6 has been displayed on the,;;d;L;d;;i.;;
the. 7 output of the bnd-of-ten co""te. eoe. hisii
a.nd resets both counters to zero. The prilst fr;h-
the zero output of the main countei lhen takestne counters straight on to the 1 output state, and
they then count up to 6 again in the normal wav.
^ I hrs provrdes the desired circuit action with the0, 7, 8 and 9 output states all being eliminated. 

-

T H E  C I R C U I T
.. {ig, 3-shoqq the complete circuit diagram of the
digital dige. The clock oscillator is baset-on a 404?
i.c... which is a CMOS monostable/".tuUl" *"t_
tivibr-ator. It is connected here l" ttblrle runnins
astable mode with the frequencv of osciliaiil;-;;?
at approximately 150H2, but the normal e and not_q outputs (pins 10 and 11 respectivelv) aie not us_
ed. Instead, the-clock signal is extraited from pin
13, whichprovides aloritput at twice thelrequen_
cy. ot the Q and not-Q outputs, or about 300H2 incy or the
this case.

f the Q and not-Q outputs, or aboul

The clock signal is fed to the clock inputs of the
two counter i.c.'s via push button switih Sl and

/ Ind€ntotaons ot top

FND 5OO
Rcor vicw

Fig' 3' Tha circuit of the digital dice unit. As may bc soen, few discrcte components are raquired'in addi-
tion to th6 integfat.d circuits and the FNDSoo disptay
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The front panel of the digitel dice unlt'

Mounted on the teft is 52' with Sl on the right'

The FNDSOO 7-segment disptay is positioned
at the cantre

Re.si.sfors
(Al l  i  watt  5%) R2 1k o
itt tbot cr R3 27k tt

Caoacitors
Ct o.orspf' type C28o (Mullard)
C2 470pF ceramic Plate
C3 o. l t rF type C280 (Mul lard)

Semiconductors
IC1 CD4O47AE
IC2 CD4O17AE
IC3 CD4O33AE

Switches
51 press button, Push to make
52 s.p.s.t., toggle

DLsplay
7-segment displaY tYPe FND500

Miscellaneous
Plastic case (see text)
9-volt battery type PP6 (Ever Ready)
Batterv connector
Verob6ard, 0.1 in.  matr ix
14-nin d. i . l ,  socket
z-oi f  t6-pin d. i . l .  sockets
Wire. solder, etc.

The component strip'board couples to the c-9m;

iont^"'on the front pa,net by way of thin flexi'
ble leads

1 6

resistor R2. The one-of-ten counter is IC2, which is

il0iC a"ti*. fn" relevant pin functions of this
e.;i; 

"t" 
.ttl*" in the diagrim, and these follow

i;;. tt;;;.di"i ttt. operatio-n of this part of the cir-
uri i t ."'i"is is the display driver and decoder i'c', and
this"l ; Ci\4oS?o"3a de"ice' The clock signal is

uooti"a t" pin 1 and the signal from t}re zero output
[fil;;;i;;[G'il'-inaT bv c2' rhe reset signal
li"ti-iCz-iJlppti"a to pin 15 of IC3' Pins 2' 3 and
il;;i"p;t;fi;i;t't are unused in this application'
;;J; if;"t are connected to the negative supplv
rai l .'- 

F.o- a nominal 9 volt supply the 4033 i,'c' can be

"."d"to 
ait".lv ative a hilh brightness I'e'd' dis-

"iav 
of the cbmmon cathode type' An output

i';;";";; ;i" 
";lv 

;b"ut omA i6r segment is

;;;ih;i";;"i-..i it-ii absolutelv 6sseLt-ial that the
i.i.i.-aitpr"v be an eificient tvpe' An FN.D500 dis-
iii"i iJ"i,#a-itt itt. prototvpe, and this has a

character height of 0.5in.' '-bM()S 
i.c.is require v€ry little in the way. of

.";;ly ;";;pti"el and C3-is the sole. decoupling
component rn tne 

"ti."it. 
52 is an ordinary on-off

switch.""$; from the CD4033 and the FNDS00Asdav
the-[omponents are readily available' T'he CD4033
;;; l; ;i6ined from Messrs' Tom-Powell' qq6 St'
f ';;i;; R;;d; Highburv corner, London,^N1 or
il; 'C-t"."br"t" Eleclronics, 92 .New Chester
ii;;d, N;--F;t.y, Wirral,. Mersevside, L62 5AG'
fii"-'fNbs0o i;'available from Messrs' Tom
p"*"fi.^it-.n"r.tta Uu noted that a kit- of parts for the
i".."i"t""iieiiui di"" project can also be provided
bv Messrs. Tom Powel l .

CONSTR U CTION.-Th;t;6typ9. 
uni.t is housed in a plastic case

which has outstde drmensions of about 150 by 80
t;';;ffi. e"v-ptu.tic case of the sam.e size or
d.*;;';il;;ld-6e iierfectlv suitable provided it can
;::?;;;dri. ind .o-po""ents' The general lavout
;ilir;^iie;?'itt" "utu, 

oihich is-the front panel' can
;;;;;^f'; [h; tt";"s'aphs. s2.is mounted on the
i""ftH;;".td;;;.i Si?;ihe right hand 'side' The
ai.nluv is fitted at the centre' .unq it requrres a rec-
ilHr#;i:""t rs-t*-*iat nv 16mm' high'.This
#";;;;el tti"e 

" 
ft"tsaw or I co.Ping saw' Alter-

ilii"Jr"l ^ i-t;I. ul";i-i5.n-' in-diameter can be
:iltn|d-il irt. .""1i. or tnt tia and then filed out to
;h;^;;;;.; .tt"p" 

""d 
ti"e utittg. s vnini.ature flat

fii;. Th; Aitpr"v i. giJ.a l"to p"Iition using 
"-q:$

qr"fitv gup iitti"g a"dhesive such as- an €Poxv resrn'
The indentatrons t"iil;'iGpt"i .th""Ld be at the
,"r iiftffitil fiii;; G requi'ld as the FND500
has a built ' in red filter."-i;;i 'F;--iti. batterv,, the rem.aininq com-

"";;fi. '^;;it.d "i""'" 
i ir in' matrix Veroboard

il;;i' ;ft&'4;? 37.i';i;i' p.v t s copper -strios' Fu ll
constructlonu, our",i."oi1ttit punti 6're provided in

Fig. 4.' '3tutt 
by cutting out a panel oJ the correct size us-

i";";"rti.[.^*,"rni- itt." drill the two 68A

c learance rno , r " t ing  ho les '  Nex t  make the

;;;;;;;.- b;;;k; in The cepper .s!rips,.rhe com-

oJ;e;C;J jinfi *iietare thin solder-ed into.place'
"" l i i ' tht ; ;  i .c ' 's are mounted i"  i 'q '  holders to

"t;iA 
r,h;";.'[-of au-"ging them with high-static

;;it*;",- u." 
"oura-o..""i 

lt.thev were ioldered
iirilii"'i.tti, .i..uit.-cMoS deviie.s can easilv be

il;;'"d'il .t"ii""tt^e.s, although the use of in-

ternal protectron 
"iicuilty 

and splcial packaging

RADIO AND ELECTRONICS CONSTRUCTOR
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Fig. 4. Apan from the disptay cnd the two switches, all the components are assembled on e Vcroboard
' 
panal. The layout and wiring are illustrated here

An angled shot of the digital dice unit
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The components on the veroboard. The thrce integrated circuits are fitted into
i.c. holders

r,nal-(gs it highly unlikely that they will be damaged
in this way if they are not misusbd or handled un-
necessarily. The i.c. 's are left in their protective
packaging unti l all other wiring has been com-
pleted, and they are then handleil as l itt le as possi-
b le.

The completed panel is wired up to the com-
ponents mounted on the Iid using thin p.v.c. in-
sulated flexible leads. The batteiv conhector is
then wired into circuit. The compbnent panel is
mounted on the base panel of the-case on the ex-
treme right hand side and as far towards the rear as
possible. The side of the panel having the mountins
holes should be towards the front of-the case. 6E}A
bolts about 12mm. Iong are used to mount the pan-
el ,  and shor t  spacing washers about  4mm. longhold
the panel a l itt le clear of the inside case surface. If
spacers are not f itted it is quite possible that the
panel wil l be strained and 

-may -break 
when the

mount ing bol ts  and nuts are t iehtened.
Power is obtained from a ppd battery which fits

into the remaining space inside the cas-e. tt canbe
se.cured wrth a simple home-made clip, if desired.
The three CMOS i.b.'s consume ue.y l itt le current,

an-d .so the current consumptio.r of the unit as a'
whole depends.a.lmost. ent-ir'ely upor, *hai numbJr
rs olsptayed. I hls vanes tiom about 10mA with a
$fu.e 1. to .approximately BOmA with a figure 6.
r nere ls, rn consequence, quite good battery
economy.

..- {hen the finished unit is f irst switched on it is
l ikely that the display wil l fail to l ight up. thi, i,
Decause ruJ may rnrtrally be at zero, and the i.c. is
connected rn such a way that the zero wil l be blank-
ed. Depressing Sl sho.dld cause the aiipilv to tigiit
up. and the circuit wil l then operate in-the manner
already described.

I

Mail  Order Protect ion Scheme

_.The publishers of this magazine have given to the
Director General of Fair Triding an und'ertaking to
refund -money sent by readers in response to mail
order advert isements^placed in this magazine by mail
order traders who fai l  to supply goods or iefund
money and who have become the subject of l iquida_
tron, or bankruptcy proceedings. These refunds are
made vo lun tar r l y  and are-sub jec t  to  p roo f  tha t  pav_
ment, was macle to the advert iser for goods ord-ered
through an advert isement in this m?gazine. The
arrangement. do_es not apply to any failuie to supply
goods advertised in a cataiogue or direct mait sotiiita"-
t ion.

. I f  a mail  order trader fai ls, readers are advised to
lodge a claim r,vith the Advertisement Manaeer of this
magazine within 3 months of the appeararice of the
advert isernent.

.  For . the purpose of this scheme mail  order adver-
i lslng ls clet lnect as:

"Direct response advert isements, displav or
postal bargains where cash has to be seni in
advance o f  goods  be ing  de l i vered . "

Classif ied and catalogue mail  order advert ising are
excluded.

RADIO AND ELEC'IRONICS CONSTRUCTOR



WAVEGUIDE GAS
LASERS

By Michael Lorant

.V.ing hollow waveguides of glass - tiny tubes
with inner diametersibout one'half the thickness
of a pencil lead-Peter Smith and co-workers at Bell
Systems in the United States have succeeded in
miniaturising gas lasers. A typical example of these
lasers is about two inches lonc and twentv
thousandths of an inch in diameter.The lasers will
be emploved in communications svstems emnlov-
ing coherent light to ca.rry large ndmbers of voici,
prcture ancl data srgnals.- 

Spaced at intervals along a light path, miniature
gas .lasers can amplify light signals to compenr-ate
tor transmission losses in much the same wav that
communications signals are amplified in today's
telephone systems.- Conventiondl *". lasers are
much too Iarge to be used conveniently in such
appllcatlons.
. In most gas -lasers, including the waveguide
Iasers, coherent lieht is qenerateil bv means 

-of 
an

electrical discharge anilogous with that which
causes a neon sign to glow. According to Smith, "for
many gas lasers, the gain (the increase in intensitv

The tiny white circle is the inner region of
the miniaturised waveguide gas taser. This
region. roughly half the thickness of thd
mechanical pancil lead at the right. serves to
channel light passing through it by means
of multiple reflections from the highly polished

internal walls

*hi+ the light e4periences in passing through the
gas) increases as the diameter oT the d-ischarg-e tube
is decreased".

But a smaller inner diameter is onlv part of the
key to obtaining the required eain for sa's laser ac-
tion in very short lengths of tubine. With conven-
tional gas laser designs, for insta-nce, tubes with
small inner diameteis would actuallv block the
passage of some of the laser lisht and would more
than offset the benefit of hishEr sain.

To overcome this probleri waieguide gas laser
tubes are fabricated with very straight an? highly
polished inner walls. Light cair be foiussed so as tb
pass down these tubes and experience multiole
reflections from the walls, allowine a beam to be ef-
ficiently transmitted with low lossis. Also. the lisht
which^is -guided down the tube can be effectiv-ely
amplified by the gas laser discharge.

Depending on the kind of gas used to fill the
tube, waveguide gas lasers have been operated at
several wavelengths in the visible and riear infra-
red parts of the spectrum. The first successful
waveguide gas laser_used a helium-neon discharge,
and operated at 6,328 angstroms. R.F. excitati'ori
was necessary to maintain a stable discharse. A
Scm. laser tube was also fabricated, requiring only
d.c. excitation.

The waveguide configuration for gas lasers
should allow miniaturisation to the point where
these devices can be u-sed with integr-ated optical
elements in manv fields of communication. 

- 
I
1 9

I
I

Peter Smith, Bell Systems scientist. demon-
st/atas the new miniaturised waveguide gas
laser. The line of light in thb glass tubing
at the left is passing through a waveguide
configuration with a diameter of only twenty
thousandths of an inch. Such lasers wiil
appear in communications systems where
light is the carrier for many channals of data,

voice and picture signals,
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NEWS
NEW BRITISH UNMANNED
SUBMERSIBLE

A completely new type of microcomputer-
controlled^ unminned insp-ection system has been
l a u n c h e d  b v  R i c h m o n d - b a s e d  M a r i n e  U n i t
Technolorv L imi ted.

The ndw vehicle - which is supported by the
Department of Energy through the offshore Energy
Teihnology Board - is l ighter, smaller, more ver-
sati le, and far more controllable than other un-
derwater inspection systems currently available, it
is  c la imed.

The new system is code'named SMARTIE (Sub-

marine Automatic Remote Television Inspection
Eouinment) .  I t  is  e l l ip t ica l  in  cross-sect ion and is
nasic'atlv a hishlv mobile underwater vehicle
equipped with i battery of underwater television
.^-i, iu.. These wil l coniist of at least one low-light
sil icon intensified tarset (SIT) camera and a high
resolution vidicon camera. The vehicle is driven by
an electrically-powered submersible pump and is
therefore nropellerless.

The additir in of on-board computer facil i t ies has
enabled Marine Unit to provide the offshore in-
dustrv  wi th a submers ib le which is  much more
nn**iful and versati le than has been available to
ihe industrv in the past. The microcomputer was
d e s i g n e d  a n d  d e v e l o p e d  b v  M a r i n e  U n i t
Tectrnology's research aryd develoPment team
headed by-l-lr. Brian Ray. This-is the first occasion
on which a microcomputer has been installed on an

AND

Marine lJnit Technology stafl give SMARTIE a final
check before it enterc the water on its recent proving
trials in Ptymouth. ln tha background is the opentor's

underwater  veh ic le  o f  th is  tYPe.
Anar t  f rom the  re la t i v6 ly  s t ra igh t fo rward

Drn" "du t " .  o f  in te rpre t ing  manua l ly  inpu t  con t ro l

l imal .  f rom the operator i  console,  and contro l l ing
uJ[ri"l" soeed and direction, the computer is also
c'apable of making SMARTIE a good deal easier to
oDerate.  For  low v is ib i l i ty  work,  the computer  can
a'ccent input from the submersible's magnetic com-
pass 'and'gyro,  and pro ject  an ar t i f ic ia l  navigat ion
Itarcet' wii ich'the operitor can follow on his video
screen even though the craft may be passing
throush an area of zero visibil i ty.

ADDITION TO RANGE OF
PUSH-BUTTON CAR RADIOS

Radiomobile Limited have announced new ad-
ditions to their popular range of push-button car
radios -  inc luding Model  1180.

The Radiomobi i -e t180 is  equipped wi th a dual
output stage which makes it ideally suited for use
with a separate stereo cassette deck.

The output using two matched speakers is 10
watts per channel when used as a radio and 5 watts
ner channel with the stereo cassette deck. There are
s i x  nush -bu t tons  g i v i ng  p re -se lec t i on  on  f i ve
meclium and one long wa"-e station, full manual
tuning, and variable 6ass/treble tone and balance
controls.

AN NOU N CEM ENTS
O We have been advised by Ramar Elec-
ironics Services Ltd.,  of  Masons Road,
Stratford-upon-Avon, Warwickshire that
thev can sripply printed circuit boards for
t h e  C M O S -  

- D i g l t a l  
F r e q u e n c y  M e t e r

featured in our July and August issues.
All boards will be on epoxy glass, roller

tinned, and drilled as follows:- Schmitt etc.
x 2 . 6 5 ;  M a i n  p . c . b .  . € 3 . 9 6 ;  P . S . U .  . € 1 . 1 5 ;
Display 84p. Al l  pr ices include v.a.t .  and
postage.

O Messrs. Br ian J.  Reed of 161 St.  John's
Hi l l ,  Battersea, London SWll  lTQ,- have
asked us to draw the attention of readers to
the fact that the prices quoted in their adver-
tisements are now inclusive of v.a.t. and
postage.

O The Torbay Amateur Radio Society are
holding their Annual Mobile Rallv oLs-q143v
ZZttt A,tgust. The venue is the SCT/ITT
Social  Clntre, Br ixham Road,.  Paignton,
Devon and the'event is being run in conjunc--
t ion  * i t t t  the  E lec t ron ics  D iv is ion  o f
STC/ITT.- 

The Torbay Society continrre to- maintain
the Amateur-Stat ion at the Douglas House
Cheshire Home, Brixham and a-percentage
of t t  e proceeds from the Ral ly wi l l  be
donated-to this worthy cause.

RADIO AND ELECTRONICS CONSTRUCTOR

Recommended
178.64.

price, including VAT



COMMENT
ADDITION TO CONSOLE RANGE

Vero Electronics Limited have increased their
range of moulded plastic enclosures by the addition
or  a large s loplng- t ront  case.

Vacuum-formed from black textured ABS. the
case, Order Code 75-3960E, is desimed to suit
a p p l i c a t i o n s  r e q u i r i n g  a  f u l l  a l i h a n u m e r i c
keyboard, or a standar-d calculator 

-kevboard 
in

association with a number of other coitrols. An
anodised aluminium panel 430 mm x 11b mm is
supplied with the case, but not f itted. for use as
required in component mounting. A flat surface,
suitable for the mounting of digital displays, is
presented to the operator at a convenienf angle.

I

I

t
F
I
f,

I

RESISTOR WATTAGES
The ubiquitous miniature ! watt

f ixed resistor is so f irmlv establ ish-
ed in the home-constructor f ield
that it takes quite an effort to think
back to what now seem to be the in-
credibly bulky ] watt resistors of 10
to _ 20 years ago. But the present
del ightful ly small  components are
now virtual ly stock i tems and make
the business of wir ing up electronic
gear a real pleasure.

However, what we hobbvists
cla.ss as_ a I watt resistor would very
probably be looked upon as an
eighth watt resistor by a large
manufacturer of electronic equip-
ment. The reason is simply orie bf
obtaining a safety margin. When
hundred.s of thouiands df resistors

DRY REED RELAYS
We are al l  famil iar with drv reed

relays in which the contacls are
enclosed in a glass cartr idge in-
serted inside the relay coi l .  Passing
current through the coi l  causes the
contacts inside the glass cartridge to
snap together an-d to comp-lete
whatever circuit the relay is iniend-
ed to control. The contaci assemblv
may also be used on i ts own as i
switch which is actuated by one or
more permanent magnets.

But why dry reed relav? Whv is
the word "dry" applied tb the r-eed
contacts? The answer is that the
contacts are not wetted!

In telephone exchanges the tvpe
rrf relay employed before dry r-eid
relays came on the scene was of the
P.O.3000 type in which the contacts
are open to the air.  When the con-
tacts of a relay of this type close
they have a small self-wipi-ng action
which cleans offanv thinf i lm ofox-
ide which may hav6 formed on their
surfaces. But this self-cleaning ac-
tion may not be sufficient to 

-fully

remove 
-the 

oxide if the relav ii
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are assembled in widely scattered
i t e m s  w h i c h  h a v e  b e e n  s o l d
throughout the country it is comfor-
ting for a manufaituer's design
staff to know that all these resistols
are r.unning well within their dis-
slpat lon rat lng.

So far as the home-constructor is
concerned the approach towards
selecting resistor wattages is quite
easy .  A lways  make the  (a lbe i t
pess imis t i c )  assumpt ion  tha t  a
resistor is approaching i ts max-
imum dissipation when i t  is run at
its rated wattage. So, if you put a
res is to r  in  a  c i rcu i t  where  i t s
calculated wattage dissipation is
say 0.2 watt,  don't  use a ] watt
resistor. Play safe and employ a I

energised very intrequently, as can
h a p p e n  i n  s o m e  t e l e p h o n e
applications. The result is that the
completed circuit is not fully effec-
tive and the poor contact connec-
t ion gives r ise to crackles.

The oxide on contacts of this
nature can still nevertheless be
broken down if, on closing, the con-
tac ts  comple te  a  c i rcu i t  ac ross
which a small direct voltage, of the
order of 30 to 50 volts, is present.
'I'he tiny spark on contact closure
given by the voltage is sufficient to
break down the oxide and al low a
crackle-free connection to be made.
With infrequently operated open
re lay  contac ts  wh ich  normal ly
switch small signal voltages and
currents i t  is the practice to apply
this voltage, which is referred to as
a "wett ing" voltage.

Dry reed contacts are encap-
sulated in their glass cartr idge,
which is f i l led with inert gas. In
consequence they do not oxidise
a n d  d o  n o t  n e e d  a  " w e t t i n g "
voltage. Hence the term "dry".
Simple, isn't  i t?

watt resistor instead.
It is often forgotten that the wat-

tage ra t ing  o f  a  po ten t iometer
applies to its whole track. This
rat ing then defines the maximum
current which can be safelv drawn
from the track by the potenl iometer
sl ider. I f  for instance you have a
l-rk{) potentiometer whose track is
rated at 0.5 watt,  that 0.5 watt dis-
sipation wil l  be given i f  there is 50
vo l ts  across  the  t rack ,  caus ing
10mA to flow through it. (50 volts
t imes 1OmA gives 500 mil l iwatts, or
0.5 watt.) I t  fol lows that the max-
imum cur ren t  wh ich  may f low
through the track, or any part of i t
between the sl ider and one end. is
l0mA.

F o r t u n a t e l y ,  m o s t  h o m e -
constructor designs involve low
voltages and low currents and we do
not need to worry overmuch about
e x c e s s i v e  r e s i s t o r  a n d  p o t e n -
t iometer  d iss ioa t ions .  In  most
general cases, indeed, they are fre-
quentlv well  below a tenth of a watt.

"No, son, I've no idea what you ncxt
experlmcnt is, Should I hovo?"



SUGGESTED CIRCUIT

MUSICAL
VOLTMETER

By Fronch

We already have moving 'coi l
voltmeters and digital voltmeters'
Here. now ie a mu^s{cal voltmeter! It
funciions by generating an audible
a.f. tone when a voltage of the cor-
rect polaritv is applied to it8 test
terminals, the freq-dency of the tone
rising as the voltage increaseg'

This idea is by no means as out-
landish as it may at first sight
appear. After some experience with
the voltmeter the user soon acqutres
a knowledge of the tone frequencY
for specific voltages at the test ter-
minals, and it iJ readily Possible,
for instance, to distinguish the tone
given by a .partly run-down 9 volt
Satterv-against that given by a new
batterv. The voltmet-er may also be
used a! a voltage monitor when it is
desired to carrv on with other work.
If it is connectbd to, say, the olltput
of a suspect power supply its chang-
ing tone frequencY will soon tn-
diiate when the oirtput voltage of
the supplv varies or fluctuatee. For
s e r v i i i n e  w o r k  t h e  m u e i c a l
voltmeter-has the advantage that
there is no necessity to visually con'
sult a scale or a digital read-out; ag
soon as the user 

-knows 
the tone

frequency given by. the..voltage
across the main suPPlY ralls ol tne
equipment being exlirined it is a
ve rv  s imp le  ma t te r  t o  check
wheiher thi requisite lower voltages
are aoDear in l  a t  the ends of
decoudiinr and-load reeistors'

A dartiiularlv useful feature of
the voltmeter isihat it is completely
silent in the absence of test voltage.
\Yhen switched to the lowest voltage
range, a test voltage of 0.1 volt is
sufficient to cause it to generate its
lowest frequency tone.

TONE GENERATOR
The tone generator in the musical

voltmeter employs a. unijunction
transistor. A standard un1unctlon
transistor oscillator circuit is shown
22

T.rt
terminolr

( o )  ( b )

Fig. l(a). A standard unfiunctlon trunslttor e'l' oscillator circuit

(il. lf the oscillator clrcult ls modlflcd as shown hcrc, thc frcquen-
cv of oscillation rises as thc tast voltagc incrc''ses

in Fig. 1(a). After the power is
apolie-d. capacitor CA commences
tri charse via resistor RA until the
voltase-across its plates reaches the
emitt"er-base 1 triggering potential
for the transistor. The caPacitor
rapidly discharges into the base.1
load. then charges once more vla
RA. The result is a series of evenlY
spaced current  Pulses Passing
throueh the base 1 load, their
repetilion frequency being governed
bv the values of RA and CA.-In 

Fie. 1(b), RA is disconnected
from th-e upper supply rail and is
connected instead to a positive test
t e rm ina l .  The  comPlemen ta rY
negative test terminal ii returned to
the slider of a potentiometer con-
nected across thb supply rails, this
slider tapping off a voltage that is
fractionallv lower than the trigger-
ing voltage of the unijunction tran-

sistor. Should the two test terminals
be connected together the circuit
will not oscillate. If, however, a
voltase is applied to the test ter'
minals with the polaritY shown, the
upper end of RAis taken positive.of
the transistor trlggerlng porcntlat
and the circuit then ogcillates' lt
will be evident that the greater the
test voltase the faster will be the
rate of cliarse in CA between dis'
charse pulsel through the emitter
and bas'e I of the transietor. Thue,
increasing the test voltage increases
the repe-tit ion frequencY of the
oulses in the base 1 load.' 

In both Figs. 1(a) and (b) the
base 1 load of the transistor is a
l o u d s p e a k e r .  T h i s  d i r e c t l Y
reoroduces the pulses in the form of
an a.f. tone. Wiih Fig, 1(b) the fre-
quency .of the tone rises as test
voltage rncreases.
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VOLTAGE FOLLOWERS
A working version of the scheme

il lustrated in Fig. 1(b) is given in
F ig .  2 .  The po ten t iometer  now
appears as VRl, with R9 in series to
restrict the voltages tapped off by
its sl ider to the range which is re-
quired in practice. The voltage from
VRI  is  app l ied  to  the  non- inver t ing
i n p u t  o f ' t h e  7 4 1  o p e r a t i o n a l
ampl i f ie r ,  IC2.  Th is  has  i t s  ou tpu t
returned to i ts invert ing input with
the result that it functions as a
voltage follower, its output voltage
being almost exactly equal to the
voltage at i ts non-invert ing input.
The advantage of this op-amp con-
figuration is that it provides an out-
put voltage at low impedance which
is virtual ly the same as an input
voltage derived from a high im-
pedance source. The output voltage
from IC2 connects to the negative
test terminal of the voltmeter.

IC2 output also connects via R6
t o  t h e  n o n - i n v e r t i n g  i n p u t  o f
another  741,  IC l .  Th is  i s  a lso  a
voltage fol lower and i ts output
couples to R7 which, in turn, con-
nects to C1. These two components
carrv out the same functions as did
RA and CA in Fig. 1(b), and their
i u n c t i o n  c o u p l e s  i n  t h e  s a m e"-attner 

to the^ emitter of the uni-
iunction transistor TR1. The base 1
ioad is  the  15o speaker ,  LS1.

The input impedance of IC1 is
very high, being typical ly 2Ml). In
the absence of test voltage i ts non-
invert ing input is therefore at vir-
tual lv the same potential as the out-
put of IC2. t lnder these condit ions,

VR1 can be set up such that the out-
put of ICI is just below the trigger-
ing potential of TRl. When a test
vo'it ige is applied the output of ICl
then goes positive, causing the uni-
iunction transistor circuit to os-
c r  l l a t e .

It is found that a useful voltage
range variat ion at the non-invert ing
inout of IC1 is from zero to 1 volt
posit ive. In the present circuit  an
arbitrary choice was made to give
the voltmeter a sensit ivi ty of 20ko
oer volt .  and R6 has this value. So
ilso has R5 whereupon Range 1,
selected bv 51. is 0-2 volts. The
same value of resistance per volt  is
maintained in the further series
resistors R4 to Rl, giving the range
v o l t a g e  f i g u r e s  s h o w n  i n  t h e
olagram.

D i o d e s  D l  a n d  D 2  p r o v i d e
protection against excessive input
test voltages, and they prevent the
non- inver t ing  input  o f  IC I  f rom be-
ine  taken more  than 0 .65  vo l t
po.sitive of the upper supply rail or
more than 0.65 volt  negative of the
lower supply rai l .  Current l imit ing
protection for the output of IC2 is
siven bv whichever of the resistors
Rt to Rt is switched in by 31.

PRACTICAL POINTS
Aoart from some of the series in-

nu t  mu l t ip l ie r  res is to rs ,  a l l  the  com-
Donents are standard i tems. LSI
can be any small  15ot speaker with
a diameter of 2.5 in. or more.
Speakers with this impedance are
a v a i l a b l e  f r o m  a  n u m b e r  o f
suppliers, including Doram Elec-

tronics. The volume of the tone
produced by the speaker is not great
but will be more than adequate for
a normal workshop environment,

The pin numbering for ICl and
IC2 applies to the ?41 in i ts 14 pin
d.i . l .  package. The 8 pin d. i . l .  ver-
sion may alternatively be used, in
which case pin 2 is the inverting in-
put. pin 3 the non-invert ing input,
pin 4 the negative supply, pin 6 the
output and pin 7 the positive supp-
ly. With either i .c. package, no con-
nections are made to the unused
o ins .- 

The current drawn from the 9
volt battery is about 3mA, both
when the a.f. tone is present and
when i t  is absent. A battery type
P P 7  w i l l  b e  a d e q u a t e .  T h e
voltmeter functions with falling
b a t t e r y  v o l t a g e  d o w n  t o  a p -
oroximatelv 7.5 volts.' 

The fixed resistors can all be I
watt or I watt types, and R7 to R9
inclusive may have a tolerance of
10' ' ; .  R1 to R6 may be 5% or less.
R2. R5 and R6 are in the E24 series
of oreferred values and are offered
by-  some supp l ie rs  in  a  c loser
tolerance than 5q'o. Rl and R4 do
not have preferred values although
the values shown for these two
res is to rs  a re  occas iona l l y  found
amongst  c lose  to le rance types .
Since this is not a pointer instru-
ment it would be satisfactory in
oractice to use a 620kt) 5% resistor
ior Rl and a 62ko 5ec resistor for
R4. Alternativelv. R1 could consist
ol '  two 1.2M(l r-esistors in paral lel
and R4 of two 120ktt resistors in
oara l le l .

Rt R2 R3 R4

6OOkn 2OOkn lOOkn 6Okn

R5

20ko

On -Ot f

V R t

22ko
L  r n .
Set  zc ro

Sl rqngcs

|  - o -  2 v
2 - O - 5 V
3 - O - r O V
4 - o - 2 0 v
5 - O - 5 0 V

E,.--\8!

T I

B 2 v

2N 2646
Lcod -ou ts

741
Top viqw

I

;l

T R r

2 N  2 6 4 6

sEI/fFlMUI. lR r978

Fig. 2. The completa circuit of the musical voltmetel

2: \



T h e  c o m r ) o n e n t s  m a Y  t r e
assembled in any sma\\ p\astic case
capable of accommodating them.
This will require an aperture for the
speaker in the front panel, on which
may also be mounted Sl, 52, VRI
anri the test terminals. VRl should
be wired such that the voltage
tapped off by its slider goes positive
as i ts soindle is turned clockwise.

The voltmeter may be checked
with the circuit  shown in Fig. 3,
where a Dotentiometer is connected
across an external 9 volt battery to
give dif fering test. voltages. The
ootentiometer mav have anv value
between lko  and 20k t ) ,  and the
voltage between the lower end of its
track and i ts sl ider is monitored by
a standard multimeter switched to a
suitable voltage range. Before con-
necting the musical voltmeter to the
test circuit it is switched on and
VRl is adjusted clockwise to the
sett ing just below that at which os-
ci l lat ion commences. The musical
voltmeter is then set to Range 2 and
coupled to the test circuit, the

Fig. 3. Checking tho comploted instrument' The monitoring
viltmetar across the test teminals is a standard muftimeter

switched to a suitable volts range

potentiometer of which is adjusted
io give voltages ranging from zero to
5 volts. The frequency of the tone
oroduced bv the musical voltmeter
lhould inciease noticeablv as the
test voltage increases. Wittr the
prototype circuit the tone frequency
was approximately 200H2 at a very
low test voltage, r ising to around
2kKz at the maximum voltage in
the range selected. The frequency
should 

-continue 
to rise for test

voltages above the nominal max-
imum range voltage ( i .e. above 5

volts with the circuit of Fig. 3),
t h e r e b v  i n d i c a t i n g  t h a t  t h e
voltmeter has more tlian adequate
sensitivity "in hand."

In use- the musical voltmeter is
emploved in the same manner as an
ordjnary voltmeter, apart from the
fact that it is necessary to set uP
VRI at the start of any set of
measurements. As already stated,
t h i s  p o t e n t i o m e t e r  i s  a d j u s t e d
c lockwise ,  w i th  no  tes t  vo l tage
aoolied. to the point iust below that
ai which osci l l i t ion commences. I

THE 58 SET
The Canadian Wireless Set No' 58 Mk 1, shown

in the photograph with its lid open, is a recent addi-
tion to the dut6or's collection of antique and war-
t ime radio equipment.  Made in 1q43'- i !  is-one of the
rarer transcelvers employed in World War I I .

P E R M E A B I L I T Y  T U N I N G

like all military equipment, the 58 set is
beaut i ful ly engineered, 

-and 
i t  has many unique

The Canadian Wireless Set No' 58' one of the

more inf requentlY encountered transceivers

from World War tl. used in coniunction with

a separate back-pack power supply. this
covers 6 to gMHz

By Ron Ham

features including permeability tuning and ultra
slow motion tunin! drives for both the receiver and
the transmitter. fhe receiver tuning control is at
the left and that for the transmitter is at the right.
.qf botto- centre is the send-receive switch, which
ca" be operated by a mechanical -shafting when the
lid is cloied. Othei controls are volume and receiver
aerial trim at upper left, and a transmitter output
trim and nettine-switch below the meter.

fit" set weigTrs 14 lbs' and, compatible with
Wireless Sets 16, 19, 38 and 52, covers 6 to 9 MHz.

The wireless unit proper is assembled on the rec-
tangular black panei measuring 10| by 5in. and is
3fin. deep, and this is housed in an inner sp-rglg
f iame inside the mi l i tary green case which
.n"u.tt.. t4 bv ? bv 6in' with the lid closed. On the
iti"..ir n"ni"d tLe front panel and are eight valves, these
neine two 1T4's, one 1tt5, three 1SS's and two loctal
1299"A's. There is also a host of robust components
u"a 1*o i'uses with the unusual marking of ll32
amp.- 

A'matching green back-pack, measuring 10j by
14 bv 4l in.  deen and weishing 25 lbs.,  contains a
vibritor'Dower back and two 2 volt lead-acid ac-
cumulators together with a set of spare fuses'
valves and vib"rator. Each accumulator has three
coloured balls of different density to indicate the
io""ifi" gravitv of the acid and, h-ence, the state of
.hute.. fhe u6cu-ulators are used individually to
diive- the power unit, but a switch is incorporated
which can brine them both into operation when
they are in a loiv state of charge-

A 10-wav connector at the end of a power lead
from the sipply plugs into the left hand side of the
set. There iie" 

"tso"a 
pair o{ flying leads which

.nublu two operators to use the set, each having a
paaaea healset with a permanently attached
microphone I

RADIO AND ELECTRONICS CONSTRUCTOR



THE ZN424E
OPERATIONAT
AMPTIFIER

By P. R. Arthur

New i.c. with very low distortion
features in a dynamic microphone

pre-amplifier.

operational amplif ier and audio pre-amplif ier i.c. 's
have a much higher open loop gain than the 2N424,
but also have a very much greater level of open loon
distortion, so that 6ven the-increased negative feed-
back does not compensate sufficiently to produce
an improvement on the closed loop distortion per-
formance of the 2N424. Also, the guaranfeed
minimum voltage gain figure for such-devices is
often little or no better than that for the 2N424.

P E R F O R M A N C E

The typical open loop voltage gain of theZN424
is 86dB (20,000 times) with the minimum figure
being 80dB (10,000 times). The absolute maximum
permissible supply voltage is 18 volts positive and
negative with a dual supply of 35 volts in the case of
a single supply rail. It is advisable and normal to
allow a safety margin of at least 10% under these
figures, though. The device will work quite weil
from a comparatively low voltage supply such as a

POS. SUPPLY

N.C.

N.C.

NC.

NC.

N.C.I
t

Although i .c.  operat ional ampl i f iers were
originally-designed 

'for 
use in gen-eral analogue

computing applications, they are employed in a
very wide range of uses these days. Among other
things they are capable of low noise low dislortion
amplification and are therefore ideal for audio
applications.

FERRANTI 2N424
O-." of the highest quality operational amplifiers

in these two respects (in fact, to the best-of the
author's knowledge, the highest quality operational
amplifier i.c. at present available) is-the Ferranti
2N424. It comes-in three versions which are elec-
trically identical but have different package styles.
These are thd ZN424P which is an 8 pin 

-a.i.t.

device, the ZN424T which has an 8 pih TO-gg
metal encapsulation, and the ZN424Bwhich is a 14
pin d.i.l. device. The last is the onlv version which
is readily available to the amateur user at the time
of writing, and it has the pin connections shown in
Fig. 1.

The main advantage of the 2N424 over alter-
native devices is that when operated from a dual
supply voltage in the range 12 to 18 volts maximum
(or 24 to 36 volts maximum if a single supply rail is
used) the i.c. has a tvpical distortion lelvel-of less
than 1.5% with a 2 vblt peak-to-peak output level
and the-output.moderately load6d. This may not
seem to be particularly good" but remember that it
is without any negative feedback applied. There
are some audio pre-amplifier i.c.'s which offer a
similar level of open loop distortion, but they have
a considerably lower open loop voltage eain than
does the 2N424. Thus, for a gi'ien cloJed-loop gain
the 2N424 will provide loweidistortion dueio"the
greater amount of feedback. Similarlv, manv
SEPTEMBF]R 1978

EALANCE

INV INPUT

N.C

NON-INV INPUT

BALANCE /COMP

OUTPUT

NEG, SUPPLY

Fig. l. Pin allocations for the Ferranti ZN424E
oparational amplifier

f,vil

It
JI
t l
L--I

zN424E
TOP VIEW
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The component panel is housed in an all-metal
case which provides screcning

9 volt battery. Without feedback and using the
recomm.ended, compensation network the gain of
the device falls to unity at approximately-4MHz
a"q^th-e- -3dB point of the response is typically
at 20kHz. The input and outpirt resistairces are
typical ly  200kn and 4krr  respect ive lv .  The max-
imum differential input voliage should not be
allowed to exceed 5 volts.

From Fig. 1 it wil l be seen that the 2N424 has a
gate terminal. This has the effect of isolating the in-
put from the output when it is connected to the
negative supply rail, and the gating facil i ty can be
extremely useful in a few highly specialised
applications. However, in most applicdtions the
gate feature is not required and the gate terrninal
can simply be igaored. An offset null control can be
used if necessary, _and can consist of a lMr: pre-set
potentiometer with the ends of its track connected
to pins I and 5 of the i.c. The slider of the poten-
t iometer  connects to the posi t ive supplv ra i l  v ia  a
resistor of about 47kr: in value. Of cbuise, in most
audio applications the offset null control is not
needed.

PRACTICAL  PROJECT
The 2N424 is suitable for use in many pre-

amplif ier applications, and a practical exampie is
given in the circuit of Fig. 2. This is for a low im-
pedan^ce  (20 -0 . ( t )  dynamic  m ic rophone  p re -
amplif ier, and it can be readily adapled for 600o
microphones simply by alteririg the- value of one
resis tor .  A pre-ampl i f ier  such as th is  is  usual lv
needed if a low impedance microphone is to be used
in conjunction with an amplif ier, as it is very rare
for an amplif ier to have a suitable input. Fbr in-

Resistors
(All j watt 10''o)

R1 220.o (see text)
R 2  1 . 5  k o
R3 15ko
R4 15ko
R5 68n
R6 1 .5Mo

Capacitors
Cl 4.7pF electrolyt ic,  10 V. Wkg.
C2 lOlF electrolyt ic.  10 V. Wkgl
C3 o.0UF type ezao (Mui lardi
C4 1OpF electrolytic, 10 V. Wkg.
C5 0.1pF type C280 (Mul lard) 

-

Semiconductor
IC1 ZN424E

Switch
Sl s.p.s. t .  rotary

Sockets
SK1 3.5mm. iack socket
SK2 3.5mm. jack socket

Miscellaneous
Metal case (see text)
Control knob
9 volt  battery type PP3 (Ever Ready)
Batterv connecinr
I .C. holder,  14 pin d. i . l .
Veroboard, 0.1 in.  matr ix
Nuts, bolts. wire. etc.

stance, not all tape decks and recorders have an in-
put for this type of microphone, and so a suitable
external microphone pre-amplif ier is needed if a
low impedance dynamic microphone is to be used
successfully with such machines.

The pre-amplif ier consists basically of just an
ordinary inver t ing mode operat ional  ampl i f ier  c i r -
cu i t .  A s ingle supply ra i l  is  used and so R3 and R4
are inc luded to prov ide a centra l  vo l tage point
between the supply ra i ls  which b iases the 

-non-

inver t ing input  of  the i .c .  C2 provides decoupl ing at
the nrrn-inve,rting input and helps to produce g6od
staol l t tv  and a low norse level .

R5 dnd 03 are the compensation components,
and these are needed in order to ensure thal the i.c.
remains stable.

The voltage gain and input impedance of the
amplif ier are set by the values in thb negative feed-

Fig. 2. Tho clrcuit ol a
dyncmic micmphonc prs-
rmplllior incorpontlng thc

zN424E
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back network formed by R6 and R2. The voltage
sain is approximately equa! to R6 divided by R2
(t,SOOXo71.5krl) which is obviously 1,000 times
(60dB) with the specified component values. This
mav seem to be rather hieh, but it must be borne in
mirid that the output 

-from 
a low impedance

dvnamic microphone is only in the region of a few
hirndred microvolts. A hieh level input on an
amnlifier or tape deck requiies an inputlevel in the
ord'er of a few'hundred riril l ivolts. Thus, this high
level of gain is necessary.

What is termed a "viriual earth" is formed at the
inverting input of the i.c. and so, disregarding Rl,
the input ihpedance to the op-amp is roughly
equal to R2, 61 1.5k4). Rl shunts the input of the
ofe-amnlifier and so reduces the input impedance
to approximately the required level of 200rr. The
valu'e'of R1 miy be aliered to lk-rr if the pre-
amplifier is to be used with a 60011 dynamic
microphone.

D.C. blocking is accomplished at the input by
C1, and C4 provides d.c. blocking at the ou!p.ut,
Boih these capacitors, as well as C2, are specified
as 10 V. Wkg., but it will be in order to use com-
ponents havirrg a higher working voltage. C5 is a
iupplv bvpasJ capacitor and Sl is a straight-
toiriaid on-off switch. The circuit consumes only
about 2mA from a 9 volt supply and so a small
batterv such as a PP3 makes a suitable power
source for the unit.

CONSTRUCTION

All the components, apart from S1 and the input
and output sockets, are wired up on a 0.1 in.-pitch
Veroboard panel which has 16 Copper strips by 19
holes. See Fie. g for full details ofl the layout and
wirins of this-panel, and also for details of the other
wiring. There-are three breaks in the copper qtlips,
and these can be made usinq either the special Vero
spot face cutter tool or a smill twist drill-held in the
hand. The two mountins holes are 6ElA or M3 clear.
It is not essential to use an i.c. holder or Soldercon
pins for the 2N424, but as this. is-a comparatively
expensive component it is advisable to do so.
SEPTEMBER 1978

The prototype pre-amplifier is housed in an
aluminium box which has approximate outside
dimensions of 4 by 3 by 1|in. Tliis can be obtained
from Harrison Bios., iZ tvtilton Road, Westcliff-
On-Sea, Essex, SS0 ?LQ. Any similar metal case
which can accommodate the ilarts will be equally
suitable. It is essential for the case to be of all-
metal construction so that the circuit is well screen-
ed from mains hum and other stray electrical pick-
up.

The general layout of the pre-amplifier can be
seen from the accbmpanying photographs, and this
is not at all critical. S1 is mounted towards the right
hand side of the front panel, which consists of the
lid of the box. SKl and-SK2 are mounted at the left
hand side of the panel, one above the other with
SK2 the higher of the two. 51 requires a l_14. (or
10mm.) dia'meter mounting hole. SK1 and SK2 are
both 3.5mm. jack sockets and require- {in' (or
about 6.5mm.) diameter mounting holes. These two
sockets should be of open construction (i.e. not in-
sulated) because the negative supply rail connects
to the metal case via their mounting bushes and
nuts. The completed component panel is mounted
on the rear panel of the c-ase on dhe left hand side
usins two 68A or M3 bolts and nuts. Spacers are
passed over the bolts to hold the copper strips on
ihe underside of the panel about lin. clear of the
rnetal case. The panel must be wired up to SI!-1'
SK2, S1 and the battery clip before it is finally
mounted inside the case.

There is no need to use screened leads to connect
SKl and SK2 to the component panel as the case
nrovides overall screening. AIso, there is little
iikelihood of instability occurring due to stray feed'
back between the input and output of the pre-
amplifier despite its high voltage gain, since the in-
put is at a low impedance and the input and output
are in snti-phase. The input and output cables con-
nectins to the microphone and the amplifier
should] however, be screened. There is plenty of
soace for a PP3 batterv to the rear of 51, and if
.ricer.arv some foam nibber or a similar material
can be uied to ensure that this battery is held firm-
ly in position. 
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F i g . 3 .  H o w  t h e  P r . '
amplifier comPonents crc
laid out on tho Veroboard
panel. Also shown are thc
connoctions to the two
sockets, the switch and tho

battery connector

P E R F O R M A N C E

For a 2 volt peak-to-peak output signal the
2N424 i.c. has a typical distortion level of less than
l.5To, as was stated earlier. The typical open loop
gain of the device is 20,000 times (86dB) and the
ilosed loop gain in this application is 1,000 (60d8).

NK.

N

The front panel of the pre-amplifier. Mounted
here are the input and output socktfs and tho

rotary on-off switch

This means that the feedback is reducing the gain
of the i.c. by 20 times (26dB) and so the distortion
is similarly reduced. This would give the unit a
tvpical lev-el of t.h.d. of less than 0.075%. Such a
figure may not be quite achieved in practice here as
the i.c. is being run from a supply pbtential of only
9 volts, but the distortion on the prototype is cer-
tainly very low and is only in the region of the
calculated figure. (The distortion was too low for
the author to measure accurately with the equip-
ment available to him.)

The wideband output noise of the prototype was
measured at 1mV, which was a little disappointing
since it represents a signal-to-noise ratio of -54dB
with reference to an outnut level of 500mV r.m.s.
However, further investigation showed that much
of this noise was well abdve the upper limit of the
audio spectrum, and filtering out the ultrasonic
noise content produced a signal-to-noise ratio of
better than -63dB. Proper weighting would almost
certainly produce an even better figure.

The pre-amplifier will produce an output of just
under 2 volts r.m.s. from a 9 volt supply witliout
clipping. If necessary, the overload margin can be
inCr-eased if the supply voltage is raised to 18 volts
by using two PP3 batteries connected in series.
There is plenty of room for these inside the case.
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FOR DX L TENERS

By Frank A. Baldwin

Htt '. firrrss * CUt

O LATIN AMERICA

South American stations are always of interest
to 

"-o.T 
Dierl Uut for the successful- logging. of

-"nv of these transmitters, -many early morning
iii,iiii"*.!..io". are required - dnd I mean earlv
- anvtlme between 0100 and 0500'

S"rit-"i1n. LA transmitters recently heard here
are listed below.

O PERU
LaYoz de la Selva, Iquitos, ol 18??. at 0355,

Ofr4-*iitt iaentification in Spanish followed bv
local-style music and songs.

O HONDURAS
La Yoz Evangelica, Tegucigalpa, on 482O at

o+od. ou *itir ^"t^tt aboui tra--vel in the U.S' and
religion, all in English.

O COLOMBIA
Radio Guatapuri, Valledupar, on.4815 at 0130'

s c^liimir analdentiiication iir Spanish by OM' LA
dance music.

O VENEZUELA
Radio Carora, Carora, on a measured.49O7 at

0 1 4"2,-OM ;ith ldentification, commercials, local
pops on records''"f,;ii; 

i-o""to. Valencia, on 3355 at 0335, YL
*i;h i;;;;i"i iit Spanish, oM announcer, LA
music.--- 

n"aio Universidad, Merida, on .Q395 at 0225,
Iocal-type dance music and songs, UM announcer'

O BRAZIL
Radio Brazil Central, Goiania, on 4985 at 0435,

Iocal pop records, OM in Portuguese'

CURRENT SCHEDULES

O SAUDI ARABIA

The Broadcasting Service--of the Kingdom. of
Saua-i Ii"bd operites the Holy Qur'an Station
f.;;'Iiiu"d Uoth in the Domedtic--and External
il;i*J: neaaing from the Holy-Qur'an mav be
[;;A-ii"- 0636 to 1010 on Fridavs onlv on
i6li6ri'i'i--isoo"io ibbb on ugr6 dailv and
30

. ' ' ' . . ' . . . . ' '

,,'|. ',''Frcque*ies : ktrIz

from 1800 to 2100 on 1182O dailY.

.  THAILAND

"Radio Thailand" has an External Service in
which ntocta-tn"s in English are radiated from
oiis io-oEi5 and from 1055 to 1155 on 9655 and
o"- f fgOS beamed to both Asia and Europe'
proctr--"s in various languages are featured on
in"r?i*" channels from sign-on at 0415 through to
.i*-oif 

-ui 
l+zs. Additionallv, there is a further

;;%;.;;-.-in English from 7330 to 0155 on the
ianie channels.

.  MALAYSIA
The "Voice of Malaysia", Kuala Lum,pul'

broadcasts in English from O0ZS to 0855 on 6175'
9750 and on 15295.

O NIGERIA

The Nigerian Broadcasting Corporation, -Lagos'
ruai"i". itograttt-es in tlie Dpmg-st!c Service
?.^ii"""t Fto"gta-*e) mostly ir.r^Epslish, on 499O
i;or;"omo t" ibbo 

""il 
from i?00 thiough to 2305,

"lro 
ot 7255 from 1000 to 1700'-'Pt;a;;;. 

itt the Domest& Service from
r"iio"""f .."tt"s are as follows - E-lury, AnaTbra
S1"u1", fto* 0430 to 2305 on 6025; Benin.^Cltl'
ffia'.i Si"te, from 0430 to !3^0^5 on- 1^9-32;
ff,t"ia"htti.-iiot"o State, ftom 0430 t^o 2305 on
eioo;ULbai, Cross liver State, on 6146 from
dft"o t.i5bf K-adutta, Kadunq9tate, from 0430 to
ii05 

-Jnibtte;llorin, 
Kqara S^tate, from 0430 to

i50b ;; iI45; Sokot6, Sokoto state, from 0425 to
2305, on 6195.

O ETHIOPIA
The "Voice of Revolutionary . Eihiopia -

National Setvice", Addis Ababa' is one of the
ij"-.rli. Service transmitterq opeqqt!1s mostly in
I;ii;;il r'o"' ;;'6ir' ;il-;' 

-f'oi" 
os 3 o "throu gh to

ZbOO o" 4905, 5985 and on 711O'

O CHINA
For 'China watchets', the following information

*iit-Ue of inlere.t. Whil6 all of the channels are not
;;;;i";;d tieie, those that should provide targets
for most SWL's are included'

RADIO AND ELEC'TRONICS CONSTRUCTOR



. FUKIEN FRONT

* The Fukien Front^ statior.r operated by thePeople's ,Liberation _Army, t.o-ia-.u.i. both in
4TqV and Standard Chinese to Taiwan and otheiOffshore Islands.

From 1415 to 2400 on 24gO; from 1444 to 2810on^3^OOO; from 1600 to22BJ or, gb3b;lrom 1600 to
?|?? p"^19^4o; from-1000 to 0bs0 ;?o+s; irorn
111! to 2400 on 4B3O; from 1000 to i-SSg and f.om2234 to 0b30 on b246 and f.om iOOO io tbbg andfrom 2234 to 0580 on b26b. Aii 

"itir. 
f"r"soins arepalt of the First Network in Standard iTril;U.'-

^^The Second Network.opu.ut"i l" lmoy tiom0230 to O74b and in Standaid Cirinese from 074b to0930. From 1515 to 1900 on t6o-o;l;;; 1400 to
199Q "" ??oo; from_1b15 to rgoo-,i"-s"ioo; rrom1400 to 1900 on B4OO; from 15tb a"lb00 o., ggOO;
f1_om tp1 to 1900 on'414O; f.om bt50 to 1900 ona3Q_0; from 0230 to 1900 o" +e+O 

"na 
fro- OZiijto 1900 on blZO.

RADIO PEKING - DOMESTIC SERVICES
.^The  Rad io  pqk i "g  Domes t i c  Se rv i ce
!lll111,"-' t.{utumn, Sche8ule ) 

" 
ii;t. i'h; f;it;*l;;

cnannels l lkely to be of interest to the Dxer.
- - r l rs t  programme f rom 1408 to 1Z3b and l rom
?9Q9 to 2300-on 446o; fr;;11b0;"^iij 'b and rrom
?999 to 0100 on 48oo; from 1i00;;  i iSb and rrom
?999 to 2300 on 4eo5i from 1105;; iiSb and from2000 to 2400 on b32d and from iiO-O tJ tzss anafrom 2000 to 0100 on 5g6O.
^- Fg"oqd_ Programme from 1408 to 1700 and lrom
?J99 to 22rb in 425o; from labb a; it00 and from
?\9?to 2-240 on 48bol from 1355 ;; ii00 u"a i.onl2100 to 2400 on bOTb and f.om i5SC iJ rzOo anafrom 2100 to 2400 on bl68.

RADIO PEKING - EXTERNAL SERVICES
Progra^mmes in English- directed to Europe arenow as follows - ff"l 2030 to ii50 ;" bSgO,6860, 7590 and on g66O, this lasi-ch"a"*il"i,ie

used for the SSB transmission. 
- - -^-*"

.,.A pro-gramme in English directed to North and
west Atrica may be heard from 2030 to 2180 on
6550,  7620,85+b and on  942O." - -  

" "

AROUND THE DIAL

O MAURITANIA
Nouakchott on 4845 at-2045, OM with an_

nouncements in French after a' programme of
Afr ican music.  This transmit tei  oierates on
weekdays from 0600 to 0900 and from t'gOO to ZgtO
(!11days_gnd Saturdays until 2400), Sundays from
99Q9 !q 0900 and from tZ0O b 2a00. The fower is100kw.

O GHANA

_ Ag."T" on 4915 at 2249, OM with a talk in
P"gli.tr on local affairs. p.ogrammeJ ,." in
English and vernaculars and th;.r;h;a;le is from
9ll9 t" 9QQ5 (lu"aays through to 2Sboiand from
1200 to 2300. The power is 1"0kW.

O KENYA

. Nairobi on a measured 4g04 at 1g50, OM disc
i*ockgv. with U.K. made pops on ,-""oia. in rhelt"nflt:q programmed Home Service, the schedule
ot whrch rs trom 0255 (Sundays from 0830) to 0630
SEPTEMBER 19?8

and from 1300 to 2010 (Saturdays until 2110). The
power is lkW.

Nairobi on a measured 4gB4 at 1g20, OM an_
nouncer.with a programme of local-type music and
gonqs. This transmitter formerly opeidted on 4g1b
but has been on this channel foi so'me months-now.
The schedule is from -02b5 (Sundays from O5-g0i t"
0630 and from 1430 to 201b (Saturdavs 

-untij

2lI5). This is the Home Service'in Swatiiti. ffie
power is 10kW.

O CONGO

_ Brazzaville on a measured 4764 at 0400, choral'Internationale' 
and Moslem 

"h""i. 

-at 
dign_on-

The schedule is from 0430 to-0700 a$;d"Flr;;0400); from 1700 to 2400 and the &G. ijSO[W.

. UGANDA
Kampala on a m€asured bO26 at 1g4S, OM invernacular followed by a newsc"rl i"-Bngtirii ,i

1.900 with station identificatio". fnG 
'i. -it 

u
ilajlgial f.^oflg--9,,the schedut" 

-["i"g-r.orn

(weekcrays) 0J0-0 _to 1130 and from 1300 6 2110(Saturdays. ald Sundays until 2110 continuous
tnroughout).  I 'he power is Z.SkW.

O CAMEROON

Radio Garoua on bOlO at 042g, interval sienalrgpeated (drums and Tam-Tam),'OM-witi, iE;;_tification at. sign-on. The scheduie-of tti. 30kW
, tra-n-smrtter rs tiom 0b00 to 0200 and from 1?00 to2200. An Enelish programme is radiated Jiiiv
from 1830 to tg+S.

O RWANDA

.Radio.Rwanda, .Kigal i ,  on BBBO at 1g02, OM,swlth a dlscusslon in vernacular in the Home Ser_vice. The schedule is from 0300 to 060O as;d;Jt.and Sundays frolm 0?00); from O9bii to 1200(Saturda_ys and Sundays until 2100) and from13110 to 2100. The powei is 5kW.

O GABON
Francevi l le on BB5O.at 1909, OM's with a dis_

cussion in French. This 20kW transmitter in the
Regional Network operates from 0480 a" 0Zd0 ;rj
from 1700 to 2200.-

O ANGOLA

.Radio Nac.ional, Luanda, on BBZ5 at 0444, OMwtrn a tatk tn portuguese. The schedule is from
0430 to 2400 continuous and the powei is 10kW-

O  Y E M E N

{de4 on 5O6O at 1920, YL with sonss in Arabic_
1tyle, OM announcer. This transmia#-.;di;1;to
East Africa according to the followine scneaufe.
From O3O0 to gS^g^Q (Fiidays through iiZZOO; ,na
trom. I,l_tJ0 to 2030 ($q1il-g Rama-dan through to2300).  The power is Z.bkW.

O SWAZILAND
qWI (Tra_ns-World Radio) Mpangela on B24O

at -0438, OM in vernacular, ti ltrt 
-music 

nuro_sty'le. This one^_operates in Afiika";;;d ;;;-nac_ulars fiom 0815 to 0415 and from tgO0 t; f g-dS
daily. The power is 30kW.
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3 BA'UD SHORT
part I U parts)

circuit covering
1.6 to 25 MHz.

Short wave radio has for many years been a verv
popular hobby, and it is probably more popular
now than ever before. With the current high cost of
ready built communications receivers there is a
strong incentive to construct one's own set and, of
course, many people prefer to build their own
receivers anyway. In view of this there is
presumably a demand for a modern design, aimed
at the home constructor, which provides a fairly
high level of performance without being excessively
complex and expensive.

The short wave receiver which forms the sublect
of this 4-part article has been designed to meet the
above re{uirements. Its coverage is from about 1.6
to 25MHz in three switched ranges and it therefore
provides reception on most of the amateur and
broadcast shoit wave bands. A signal strength "S"
meter is incorporated, and so is a product detector
for the reception of i.s.b. and c.fo. signals. Good
selectivity is provided by the use of an inexpensive
mechanical filter and a Q multiplier circuit.

A.F
outPUt

Fig. l. Btock diagram illustrrting tha various stages in this comprehensive receiver. The preselector and
mains power suppty unit are optional extras which will be descrihed in future issues

RADIO AND ELECTRONICS CONSTRUCTOR

*Comprehensive
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banr
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filter pl
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B L O C K  D I A G R A M

A block diagram showing the stages which
comprise the receiver appears in Fie. 1. The
.eceiuer has no r.f. stage and tne aerial signal is
coupled direct to the mixer via the usual aerial tun-
ed circuit. A dual gate MOSFET mixer is employed
in the receiver together with a separate Jugfet os-
cillator.

Dual gate MOSFETs make really excellent mix-
ers since they provide a low noise level and low
levels of cross-modulation noise. This noise is
produced by strong input signals being distorted in
the r.f. (if fitted) and mixer stages of a superhet.
Because the r.f. bandwidth of a superhet is far
wider than the i.f. bandwidth. cross-modulation
:roise can be produced by transmissions which are
well awav from the reception frequency.

A.M. detcctor

AGC. OA9l

LF omps.

BFI85 BFI84

Product
dctcctor
40673
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WAVE SUPERHET
By R. A. Penfold

'rProvisions for -
upper or lower
s.s.b. reception.

A good practical test of a receiver's cross-
modulation performance is to try it out on the 40
metre amateur  band af ter  dark.  This band
overlaps the 39 metre broadcast band, and the
weak amateur transmissions can be easily drowned
in cross-modulation noise caused bv- oowerful
broadcast transmissions. When the prototype was
tested in this way it managed to produce r-eadable
signals from two American and one Japanese sta-
tion, and its cross-modulation perform-ance is ex-
tremely good.

There are two disadvantages with this simple in-
put arrangement, however, the most obvious one
being that the lack of an r.f. stage results in a loss of
sensitivity. With the present set this is not a serious
drawback since the receiver is still verv sensitive
without the r.f. stage. Of greater imp-ortance in

practice is l imited image or second channel rejec-
tion at the higher frequencies due to the fact that
there is only a single tuned circuit ahead of the
mixer. This situation can be improved by the use of
a tuned preselector connected between the aerial
and the receiver input, and a simple unit employ-
ing a single dual gate MOSFET wiil be describ'ed in
a later,article. This preselector is a completely in-
dependent unit which has its own batteiy surjplv.

The i.f. amplif ier has a fairly converit ional 2-
stage c i rcu i t  but ,  instead of  the usual  i . f .
transformer at the input a mechanical f i l ter is
employed. The Q multiplier also operates in this
part of the i.f. amplif ier. The provision of a high
level of selectivity ahead of the i.f. amplif ier tran-
sistors virtually eradicates i.f. cross-modulation.

The a.m. detector and a.g.c. circuitry is quite
conventional. The "S" meter appears in an ex-
tremely simple circuit employing one transistor
and very few other parts, and is operated by the
a.g.c. voltage.

rnical i.f.
rs O mul-
'iles very
rrow
width.

f
&
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Front panel layout of tha completed short wave superhet receiver



The product detector incorporates another dual
gate MOSFET, the b.f.o. signal being provided by a
Hartley oscillator. A switch selects the output
from either the envelope detector or the product
detector and feeds it to the audio stages. Only one
active device is used in the audio amplifier, and
ihis is a TBA800 i.c. which will provide an output
of up to about 500mW r.m.s. into an external 8,o
speaker. It can also be used to feed any normal
type of headphones or earpiece.

The receiver is powered by an internal PPg 9
volt battery, and both the local oscillator and b.f.o.
supplies are stabilized by zener diode regulators. If
preferred, the receiver can be operated from a
separate mains power supply unit. A combined
mains power supply and speaker unit has been
designed for use with the set and, like the preselec-
tor, will be described in a following article.

It is worth noting that because a product detec-
tor is used for s.s.b. reception, rather than the more
common method of loosely coupling the b.f.o.
signal into the i.f. amplifier stages, the a.g.c. and
"S" meter circuits work normally with the set
switched to the s.s.b. mode. However, due to the in-
termittent nature of an s.s.b. signal, neither of these
circuits are 100% efficient on this mode of recep-
tion. They both have fast attack and fast decay
times, whereas for s.s.b. reception a system having
a fast attack and slow decay (usually termed a
"hang a.g.c." system) is better. A modification to
slow the decay will be described in Part 4.

RECEIVER CASE

The receiver is assembled on four circuit boards
and a lso  has  a  home cons t ruc ted  co i lpack
assembly. Despite the consequent siYnplification of
construction the receiver is stil l not really a
suitable project for a beginner. The prototype is
housed in a metal case. details of which are shown
in Fig. 2. Commercially made cases of a similar size
are available and one of these should also be
suitable.

The material for the case is 18 s.w.g. alumtntum
sheet and most of its construction is quite straight-
forward. The "S" meter employed in the prototype
is a 170o unit obtainable from Doram Electronics
Limited, and this fits into a 39mm. circular cut-
out. This cut-out can be made with either a fretsaw
or a miniature round fi le. The positions of the four
mounting holes around the cut-out are then located
with the aid of the meter itself. The tuning drive is
a .lackson type 4103/A (l isted by some suppliers as
4103) and is available from several sources. One
wav of making the large central hole this requires is
to first punch out a circular hole of 25mm.
diameter and then cut out the two notches at the
side with a miniature round fi le. As with the "S"
meter the four small mounting holes can be located
bv means of the drive itself. It wil l be noted that
there are two 6mm. diameter holes in the front
flange of the chassis. These enable it to clear the
Iower rrair of mounting screws and nuts of the
drive, ind the holes can"be marked out and dril led
after the corresponding holes have been made in
t,he front panel.

The rectangular cut-out in the front of the
chassis is made by first making the two 25mm. cuts
with a hacksaw. A sharp modell ing knife is then
used to deeply score the metal along the remaining
50mm. cut. If the metal is then repeatedly bent up
and down along this scored l ine it wil l fatigue, and
this part of the chassis wil l then break off leaving
the required cut-out.

The front, rear and sides of the case are bolted
together using short 68A screws with nuts. The top
and bottom panels are secured by means of eight
self-tapping screws. The top and bottom panels are
not shown in Fig. 2. Each consists of a rectangle of
18 s.w.g. aluminium measuring 343 by 144mm.
Both panels have four mounting holes which are
clearance size fbr the self-tapping screws. The holes
correspond with those in thi fl"anges of the sides
and are positioned 30mm. in from the long edges
and 10mm. in from the short edges.

The layout of the individual circuit modulos inside the superhet case. Their positioning is ex-
plained in the text, with much of the constructional information being given in next month's

,ssue
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Florn3r ofr bant
downwordr ot 9Oo

All dim.nriona in mm

Fig. 2. Thc partl whtch mako up thc chassls .nd coac of thc rcceivcz The material is 18 s.w.g.
aluminium sheet. Holos for contrcl bushas and for JKI erc lOmm. ditmeter. The large holc for the tun'

lng drlvc ls dlscustod in the tcxt

No dimensions for the mounting holes in the
flanges of the front and rear panels are given. The
positions of these are found using the side panels as
templates. This method is used as it is obviously es-
sential for the sets of holes to accurately corres-
oond. The too and base panels are similarlv used to
locate the positions of ihe mounting holds in the
flanses of the side panels.

The chassis is secirred to the rear panel by means
of two 68A screws and nuts together with the two
sockets SKl and SK2. (Two further sockets are
visible in the photograph ofthe rear ofthe receiver.
These are added later if the receiver is to be used
with the mains power supply and speaker unit).
The front panel and the chassis are secured
together by the mounting bushes and nuts of JKl,
VR2 and VRl. Note that the chassis flanges point
upwards. The two mounting holes for VC2l3 are
SEPTEMBER 19?8

4BA clear and are located with the aid of the
canacitor. which is temporarilv fitted to the drive
for this operation. The iwo 4BA screws pass into
threaded holes in the base of the capacitoi and it is
most important to ensure that their ends do not
penetrat6 too far into the capacitor body as they
would then damage the metal vanes. The screws
should not be more than about 20mm. long, and
thev pass throueh the chassis from its underside
and then throueh 4BA spacers about 13 to 14mm.
long before eitering the tapped holes in the
capacitor. Since the case and chassis are home-
mide there will almost certainlv be some small
dimensional differences between one unit and the
next. whereupon it is the constructor who must
finailv nrovide a satisfactorv mountins for the
varia6le capacitor which allows it to be a-ccurately
aligned mechanically with the tuning drive and

- 6
VRe
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1?csls/ors
(Al l  f ixed values )  watt  10%)

R1 560k o
R2 1 .8k  o
R3 120k  o
R4 39k t :
R5 680 rr
R6 390 ']
R7 470k o
R8 68k tr
R9 680 c)
R10 5 .6k  o
R l 1  3 . 9 k o
R12 680ko
R l 3  2 . 2 k  r :
R l 4  1 2 k  o
R 1 5  1 k  t t
R16 10k  o
R17 33 (.r
R l8  100 t t
R19 10  r r
R 2 0  1 . 5 M o
R21 120k  t t
R22 l2}krt
R23 2.2ktt
R24 2.2ko
R25 820 o
R26 3.3k r,r
R27 lk  o
VRl lko potentiometer, linear
VR2 25k rr potentiometer, log, with switch 53
VR3 22ko potentiometer, linear
VR4 lktl potentiometer, linear

Capacttors

Cl 470pF polystyrene
C2 0.01pF type C280 (Mul lard)
C3 4.7 or SpcF electrolytic, 10V. Wkg.
C4 0. lPF tvpe C280 (Mul lard)
C5 0.01pF type C280 (Mul lard) '
C6 0.1t,F type C280 (Mul lard)
C7 0.022t'F type C280 (Mullard)
C8 0.01t,F type C280 (Mul lard)
C9 6.8pF ceramic
C10 0. ipF type C280 (Mul lard)
Cll 0.22pF type C280 (Mullard)
C12 i33pF polystyrene
C13 150pF polystyrene
C14 5.6nF ceramic
C15 4,700pF polystyrene
C16 0.015pF type C280 (Mul lard)
C17 100t F electrolytic, 10V. Wkg.
C18 100t,F electrolytic, 10V. Wkg.
C19 100pF electrolytic, 10V. Wkg.
C20 270pF polystyrene or silvered mica
C2l 2,200pF polystyrene
C22 680PF electrolytic, 10V. Wkg.
C23 0.1/.F type C280 (Mullard)
C24 680PF electrolytic, 10V. Wkg.
C25 0.1r-'F type C280 (Mullard)
C26 82pF polystyrene or silvered mica
C27 2.2pF ceramic
C28 8.2bF ceramic
C29 6.8t.F electrolytic, 10V. Wkg.
C30 0.015pF type C280 (Mullard)
C31 0. lpF type C280 (Mul lard)
C32 100pF electrolytic, 10V. Wkg.

C33 0.047PF type C280 (Mul lard)
C34 330pF electrolytic, 10V. Wkg.
CP1 3,000pF polysiyrene (see teit)
CP2 1,100iF irolystyrene (see text)
VC1 50pF-variabie,- type C804 (Jackson)
VC2-3 e0SiS0Spf 2-fane variable, type 02

(Jackson)

Semiconductors

TR1 40673
TR2 2N5245
TR3 8F185
TR4 8F184
TRs 2N3702
TR6 BC1O9
TR? 40673
TR8 2N3819

ICl TBAsOO
D1 BZY88C4V3
D2 0491
I)3 0A200
D4 BZY88C6V2

Inductors

Ll Miniature Dual-Purpose Coils, Blue, valve
usage, Ranges 3, 4 and 5 (Denco)

L2 Miniature Dual-Purpose Coils, Red, valve
usage, Ranges 3, 4 and 5 (Denco)

L3 LF. transformer type lFT14/4?0kHz (Den-
co)

lFTl I .F. t ransformer type IFTl3/470kHz
(Denco)

IFT2 I .F. t ransformer type IF' t l4 l47}kHz
(Denco)

IFTS I .F .  t rans former  type  IFT l8 /465kHz
(Denco)

F.iLter

MFl 455kHz mechanical  f i l ter type MFH41-T
(Toko)

Meter

Ml "S" meter,  0-1mA (see text)

Sockets

SK1 Insulated wander socket
SK2 Insulated wander socket
JKl in.  jack socket

Switches

51 4-pole 3-way rotary
52 a-fole 3-way rotary
53 S.P.S.T. toggle (part  of  VR2)

Miscellaneous

Tuning dr ive-type 4103/A, 6:1 and 36:1 (Jackson)
Large control knob
7 medium size control knobs
18 s.w.g. aluminium sheet
Plain perforated s.r.b.p., 0.1in. matrix
Plain perforated s.r.b.p., 0.15in. matrix
9-volt battery type PP9 (Ever Ready)
batterv connectors
Ve.ropins, 0.15in- and 0.1in. types
Wire, solder, bolts. etc.
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fui. to oac

ffi'/l

|  |  - { l i l  I
t l  a i i i  IL!jii]

vRa

M1

VRr

l.
.  s r b

l l
t l

cPr

d,._-rg2

E )

sVgl

4Q673
Lcod -outs

s  o 9

2N5245
Lcod-outs

H( t,\z
BF I84  BF I85

Lcod-outs

with which the mounting bolt ends do not penetrate
excessively into the capacitor.

Four solder tags are-fitted at this stage. Two of
these are mounted under the securing nuts which
hold the chassis and rear panel toqeth;r. A third is
positioned at the top left-hand m"ounting screw of
the tuning drive, and the fourth at th1 bottom

Fig. 3. The circuit of the mixcr and oscill.tor stagos, togother with the i.f. amptifier and the "5" mater
driver stage

D C €

2N3702
Lcod-outs

right-hand screw of the "S" meter.
M I X E R  A N D  I . F .  S T A G E S

The circuit of the mixer, oscillator and i.f. stages
is given in -Fig. 3. AIso shown are the enveldpe
detector and a.g.c. circuit, as well as the "S" metbr
stage. VRl is a variable aerial input attenuator,
and this control is incorporated for two reasons.
First, due to the set's sensilivitv it is possible for ex-
ceptionally strong signals to overload the receiver,
and these can be reduced in intensitv bv the con-
trol. Secondly, it is not advisable to have maximum
aerial coupling to the mixer as powerful simals
may then take it into a non-linear'mode with severe
cross-modulation resulting, making it difficult to
cgpy even quite strong signals. The effect is par-
ticularly noticeable on the 40 and 80 metre
amateur bands and can bp "ernoved by appropriate
adjustment of the potent, ' lneter.

Ll. is the- r.f. input translbrnrer and its primary
couples to the aerial. The secondary connecls direit
to the gate 1 oJ the mixer transistor and is tuned by
one section of the 2-gang variable capacitor, VC2.
VC1, mounted on the front panel, 

-is 
the aerial

trimmer, and this is set up for optimum reception

The rear panel of the case. The controt visible
here is that for zaro-setting the ,.5,, meter. The
aerial and edrth sockets arc at the lowar ldft.
The two upper sockets are not used in tha prc_
sent version of thc supcrhe| and aie a
modffication which allows an extemal power

supply to be appliad
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Tap vlaw of tht co/@.ac/t,
m l x e r  t n d  o E o t t l r t o r

a*cmbty

on the particular range of frequencies being receiv-
ed. The use of this trimmer eliminates the need for
a trimmins capacitor to be connected across each
tuned coil"and greatly simplifies the alignment
procedure. There are three r.f. input transfonners
but, for simplicity, only one is shown in the
diagram.

Aeain. onlv one of the three oscillator coils is
shoin, this biing identified as L2. All the coils for
L1 and L2 were originally designed for valve usage,
in which the tunedcoil iouplel direct to the valve
srid. Thev mav, with equal efficiency, be con-
iiected direct to the gate of an f.e.t. TR2 is the os-
cillator transistor an? its output is coupled to the
sate 2 of the mixer via CL4. Zener diode Dl
stabilizes the oscillator supply voltage. It was
found that a slight frequency modulation of the os-
cillator was appiarent \ji ith s.s.b. and c.w' signals on
the 15 and 20 metre bands when the volume was
set to a medium to high level, with consequent
loadins of the batterv. The addition of C34 across
the zeier diode virtu-ally eliminated this problem.

The 4-pole switch, S1, is the wavechange switch'
and its aims switch the non-earthy ends of the win-

dings. As already stated, only one of the three coils
for Ll andL2 is shown. The approximate frequen-
cv ranges covered are: Range 3, 1.6 to 4.6MHz;
F[angen, 4.5 to l2MHz; Range 5, 10 to 25MHz.
The range numbers are these ascribed to the coils
bv theif manufacturer. The oscillator coils have
tlie earthy ends of the tuned windings terminated
in differeht pins on each range. On Range 4 this is
pin 4, and' i t  connects to 

-chassis 
via padding

bapacitor CPl. CP2, connecting to pin 3 of the
Rdnge 3 coil, is the padding capacitor for that
rang"e. The Range 5 coil does not rdquire a padding
capacitor. and its pin 6 connects direct to chassis'
The padding capaiitors have rather unusual values
and it may be necessary for these to be made up ol'
two capaiitors in parallel. In the prototype, CPl
consist-ed of two 1,500pF capacitors in parallel, and
CP2 of a 1,000pF and a 100pF capacitor in
narallel.' 

The output from the mi.xer is fed to a conven-
t ional two stage 455kHz i . f .  ampl i f ier.  The
mechanical filtei does not have an internal tuning
capacitor across its tuned input winding, and so C1
is used to perform this function.

lht collplrk rtrailbtl
rrlttrowd trcm tE padilon
an lhe lront pusl ti t{iol

thc coile may bt cout
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_4.G.C, is applied to the first i.f. transistor viaR14, and t^h_e i.'g.c. action causes the uJiage at thejunct ion of F3, R+ and RttGb-;."Jr""" f 'on srrons
llc^lals, with a conse^quent ,"al"iio" ii;i l;";;-i:
1,,:: Sy,.r"tt for. TR3. The strongei the receivedslgnal the.lower is the voltage at ttre ,..irto, irn"_tron, and this vottage is also fised't;;;;;;;-h;:t3",,
meter circui t .

This last circuit is based on TRb which is con_nected^ as a common emitter 
"-bjii i"i '*ith themeter,formins irs co_!]ec_to. tgaa Tiii^i.""aju.tea .o

ll3l th,q voltage at 'I no emtrer rs about 0.6 voltsnlgher than i ts base voltage *t"n no i" lut . ignui i ,present. When a strong sifnal i. ;";;i;;f,, tR-b il;goes mor^e_negative and thus the tase-emitrei
l:l3gg of TR5 is increased; ;h"I;grffilt pur.*.collector_current and causes a deflJction in the
::t^"1. 

The collector current i""ieas"s"with in_creasrng negat iv-e vol tage.  at  TR5 
-base 

andtherefore. meter deflection is proportionuf to tf,"a.g.c. voltage. The function 
"t 

dd i;";relv to

red,uc.e the impedance in the emitter circuit of TRband thereby allow it to pass ;r;a;q;;;; coilectorcurrent.

NEXT MONTH
The full. Components !i.! accompanies thepresent article and the ,""ii"Lir'iiv 

"f";" 
of thecomponentb, the "S" lnetgr ..,a tii" 6;i"g iri"i,has. already been d-ug_!! *li i l '"ft" 4b5kHzmechanical iitter type MFitfi:f '"""11 obhined

l:: : A;1rll t I n tern i,ti on a t. 
-i^h" 

i li' ti"in.rur_.r.uslecr have nominal,.frequencies 
"f 

4tbfu;-;;465kHz, but they wrll tune dorvn to the 4bbkHztre,lugncy at whiih the mechanifii iift"i""perates.ln next month's issue we shali carry Jn to thec^onstruction of the coilpack aisemUiv, 
r*ti.f, 

.on_tarns the mixer and 
- 
oscillato, ;i;d;ihy. thi.assembly.appears in two of-it" ,""i#p"rryingphotographs.

(to be continued)

A PORTABLE WORKSHOP
...^19.::ilt suited 1b.r conslructors who have limited

ilil{.iL?J.f Ti'i,"frr_F,"..",,;"la:y,:**}:',"#
234-24u Lond<.,n Road, .Mirch";;,'iu.r"y, Cn+;tHI ). This comprises 

" 
i"tla'i"t'i.*Tlpll,l"t, mua*up  i n  wood ,  wh i ch  c :. d q ; i . ; ;, ; ; ;';;T"'h' l, ff B'f ff $ ""1 ? l;, nf i:Xill

i.g. :.f " i, 
qhe ra b le is re[uired f;;;ii,;;' ;u rposes.l ne workrns surla<:e is 2 t i .  wide by zb"i". i""p,wi th  the centre por t ion- 'co"J. " i ,  U 'J  u th i t .k

19povabt9 rubber. mat. Two-i i-..-jrii '. on eirherslde can take suchu i "".'r ii u.' l, ;;" ; ;;; :" fj":'.,X1.' i;il'ff 1 n, iii,,lmay be f i t ted.

,_- l l .  s loping panel back sect ion is div ided into
l,?f:" :o-,purrmenrs.. [n the teti tiandle.rion l. u,rcu speaker and volume control *t il it l i i if," i lsh;
!1n9- gg-.partment is a .variabf" uoitre" powerpac.k.oi ler ing zero ro 20.vol ts a.c.  at  i ; f f i . . fhe l2rn. wrde central section has a lock ani k..i ura .unbe opened to take tools and 

"ry 
;;;i. that is

lyrrelt{v, in progress. If thJ;;ch 
'd". 

i; 'b_ remov_ed qurckly al l  i rems m.av b9 .6;;d in ihi .  .o__partment an{. . the bench-picked ; t ; ; ;  iuk"n ournl }lt" way.. There are rubber feei unJe. the t.larsectron and also on t
stand upright when ,i;ri",i lf"i"el, 

so that it mav

F urther facilities are two .13 3-p mains sockets,terminats f i , r  aer ial  and earth, rhi l  ; ; ; ; ; ; "c les forsolcler and .wire, a neon rndrcator lamp lor the
lnarns supply,.and a pilot ii;h;;'rh;wtwtren the
.pf::. supply is,switched onl^q tt.*ible leaa rrnm
lli,,ir"iliuia.n 

be plugged into. any con,Jenrional

,.*,::::f ?l*. p,:l:i, com p-lete in .every detai I W*ir;;t;#tiliyr#;{ffqrruururcu ueni-{, ,  comp_lete rn every detai l
ifj "rl,yj,fg,,'-liygllgle at r45 ."1, rrriy-*ired. ar
I 3 1 ;,Y' +: *^, j I : l..gq I i ns ;"; ; ; bi ;' ; i' i r[",5]; 3l' 3 qn t y r" ? i i il; ; ;;:. :tl",i,T"# ?'Ja :l Ji ",utYXT
and f2.50 carr iaee.age.
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VARIABLE _ C
A, F. GENERATOR

Part 2 (Conclusion) BV P. R. Arthur

Concluding details on construction

The prototype signal generator is housed in a
metal instrument case having approximate outside
dimensions of 7 by 8 by 3in. This is a case type C3,
available from Harrison Bros., 22 Milton Road,
Westcliff-on-Sea, Essex SS0 7LQ. Any similar all-
metal case can be used provided that it can accom-
modate the parts, and it need not be quite as large
as that employed by the author, particularly in the
front to back dimension. An all-metal case is need-
ed to provide screening and to prevent the pick-up
of mains hum and other noise at the non-inverting
input  of  IC1.

The general layout of the front panel can be seen
in the photographs. Here, 52 is at upper left and 53
upper central with, below, 51 at lower left and VR1
lower central. The large control knob at the right is
for VCl-2. The general layout is not particularly
cr i t ica l .

It is essential that the metal frame of VC1-2 be
insulated from the metal case. The capacitor
frame, common with the moving vanes, connects to
the non-inverting input of IC1. The fixed vanes of
VCI then connect to the iunction of R2 and R3. and
the f ixed vanes of  VC2 to the arm of  31(b) .  VCt is
mounted on a small panel of s.r.b.p. having the
dimensions shown in Fig. 3. The two 4BA clear
holes here correspond with 4BA tapped holes in the

l
3,8"

{

I
-  " l514' -

{ t o

I

bottom of the capacitor frame and the hole
positions shown in Fig. 3 meet the requirements of
the dual-gang capacitor used by the author. Before
marking up and dril l ing the 4BA clear holes, the
constructor should verify that they conform with
the positions of the tapped holes in the particular
capacitor employed by him. If there are any dis-
crepancies the hole positions in the s.r.b.p. panel
should be rnodified accordingly. The main criterion
is that the capacitor body be central on the panel,
with the two 684 clear holes on either side. The
4RA bolts passing into the tapped holes in the
capacitor frame must be short. and their ends
should not pass more than marginally past the
metal bottom of the frame as they could then
damage the fixed or moving vanes of the capacitor.
Also, spacing washers are required over the bolts
between the s.r.b.p. panel and the capacitor frame
to provide clearance for protruding items on the
bottom of the frame. A solder tag under one of the
bolt heads may be used to provide connection to the
capacitor frame.

The s.r.b.p. panel is secured to the bottom of the
case by two 6E}4 bolts about l in. long. The
capacitor spindle passes centrally through a hole of
l in. diameter in the front panel, and the 68A bolts
are provided with spacers and are positioned to
allow the spindle to be concentric in the front panel
hole. The capacitor must not be fitted with a con-
trol knob of all-metal construction.

Component layout on the Vercboard pencl

t t t{

' ,.,.1 |/ ,
68A cl?or I  '

< zttz" -]

Fig. 3. The metal frame on the dual-gang
variable capacitor is insulated from chassis,
and it is mounted on the s;.b.p. panel shown

herc
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Fig. 4. Details of the wiring on the Veroboard and to the front panel components
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ln *ryN vicw d the a.f.
dgnel gonuotar

Manv of the components are assembled on a
Veroboird panel of d.l in. having 14 copper strips
bV 29 .holes. .Details of this Rgpel, and of the
remaining wiring, are given in Fig. 4. As can be
seen, the Wien network resistors and the attenuator
resistors are soldered direct to the tags ofSl and 53
respectively. Before wiring to the rotary switches
check the relative positioning of the inner tags and
the corresponding outer tags; with some switches
this may differ from the positioning shown in Fig.
4. Interconnections between the Veroboard panel
and the front panel components are indicated by
the letters A tb G. The fead from hole E3 of th-e
board connects to the frame of VC1-2, whilst that
from hole C4 connects to the fixed vanes ol V01, as
also does a lead from the common connection of R4
to R7. The arm of 51(b) connects to the fixed vanes
of VC2. In the prototype, VCl is the front section of
the dual-gang capacitor and VC2 the rear section.

The Veroboard is mounted at the centre of the
case bottom using two 6BA screws and nuts with
spacing washers to keep the board underside clear
of the metal of the case. Copper strip A is towards
the front. The board cannot be finally mounted un-
ti l  all the connections to it have been completed.
There is plenty of space inside the case for the
bat tery and,  i f  desi red,  th is  can be held in  p lace by
a s imple a luminium bracket .

C A L I B R A T I O N

If 'su i table test  equipment  is  avai lable,  such as a
frequency meter, a calibrated a.f. generator or an
oscil loscope, this can be brought into service to
cal ibrate the d ia l  o f  the uni t ,  and i t  is  assumed that
readers having such equipment  wi l l  know how to
rrti l ise it f 'or the function.

An a l ternat ive method is  to s imply copy the scale

Flg. S, Thcfroguenry tadaalt mad. w vlth tha
procows r.f. gcn&ctsr

The output socket, SKl, is f itted to the rear pan-
el of the case, and it should be a type having open
construction, i.e. not insulated. A lead from
Veroboard hole Al0 passes to its "sleeve" contact,
and this lead provides the chassis connection to the
case. The arm of 53 connects to the socket "tip"
contact.

reJrroduced in F ig.  5,  th is  having been obta ined
with the prototype signal generator. The frequency
select ive components have c lose to lerances and so
the use of  th is  scale should prov ide qui te accurate
cal ibrat ion for  uni ts  bui l t  to  the same desien.

(Concluded)
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THYRISTOR SENSITIVITY
BOOSTEB

Add a transistor
si l icon control led

and make
rectifier.

By P. D. Southern

a super-sensitive

A standard thyristor or sil icon controlled rec-
t i f ier  c i rcu i t  appears in  F ig.  1(a) .  Unt i l  i t  is
triggered the thyristor is non-conductive and
passes, in practice, an insigrrif icant leakage current
which is in the order of microamps only.

Ii the gate of the thyristor is slowly taken
positive of the cathode, forward current wil l f low
ihrough the gate-cathode junction ofthe device at a
voltage of about 0.6 volt. The gate current may
then be increased unti l i t reaches a crit ical level at
which the thyristor suddenly triggers on, causing
the full supply, less a small voltage dropped in the
conducting thyristor, to be applied to the load. If
the current drawn by the load is above the
"holding" value for the thyristor the latter wil l
then remain conductive regardless of whether the
gate current is maintained or removed. It follows
that the thvristor wil l also turn on and remain
turned on ifthe gate current, at or above triggering
level, is applied in the form of a very short pulse.

G A T E  C U R R E N T
'l'he gate current required to trigger on a

thyristor is not small and can be typically in the
range of 0.5 to 20mA or more according to the
thyristor typ.e employed. It occurred to the writer
that sensitivity could be considerably increased by
the simple process of adding an n.p.n. transistor in
the manner shown in F ie.  1(b) .

In this new circuit the input triggering current is

Flg. l(rt, A tt ndd thyrtttr cttrltilt, tlh;
t ryrlrloir fu twnsd ur hv takbg ilre g.ta

po*ttlw 6 ths asth&
lbl, A ceaddsably lw;tr tttggtcr crmrnt ,r
theor.ttcrw portlb/' trlt,',nsmor lt.ddod. .t

hac

applied to the base of the transistor, which func-
tions as an emitter follower. The gate current
passed to the thyristor is then equal to the input
current multiplied by the current gain of the trans-
istor. At the instant of triggering the transistor
collector receives an adequate collector supply
voltage by way of the load. After triggering the
voltage available to the collector wil l be verv low,
but this does not matter because the purposebf tne
circuit, that of turning on the thyristor with a low
input current, has been achieved. If an input cur-
rent sti l l  f lows it wil l merely pass through the for-
ward biased base-emitter iunction <lf the transistor
and the similarly forwdrd biased gate-cathode
iunct ion of  the thvr is tor .

rro"t,cor- cnicr
It is always a good plan to check out theory in

practice, and the author next made up the test cir-
cuit of Fig. 2(a). The load is a 470 e resistor, a
voltmeter being connected across it to monitor the
state of the thyristor. Gate current is supplied by a
variable 10k 

-o 
resistor with a currenl reading

meter (shown as a circle enclosing the Ietter "I") in
series. The particular thyristor ihosen is a small
device in  a TO5 case which has the same
characteristics as the CRl/051C and other small
thyristors in similar encapsulations.

The resistance inserted bv the variable resistor
is decreased unti l the thyristor triggers, as is in-
dicated by the sudden appearance of the full load

( o )  (  b )
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voltage across the 470 o resistor. With the thyristor
employed the triggering gate current was just un-
der  i l .5mA.

Thg n.p.q.  t ransis tor  was added as in  F ig.  2(b)
and the variable resistor value increased to"lM o.
Input triggering current was found to be 30pA on-
ly, whereupon it can be seen that the addition of
the transistor is definitely worth-while if sensitive
thvristor operating conditions are required. The
impedance at the base of the transistbr is much
higher than that at the gate of the thvristor with
the result that false triggering may be caused if the

( o )

Fig. 2(a). Practicdl test circuit to determine the gate
reduced input current required for the

( b )

triggeilng current of a thyristor (b). Evaluating the
transistor and thyristor combination

base wir ing is  long and p icks up mains hum or
static voltages. Should it occur the false triggering
elt 'ect can be eradicated by addine the 0.0llF
bypass capacitor which is shown in broken line.

I.f .ygu -want to try out the circuits of Figs. 2(a)
anct (b) always ensure that the variable resiitor in-
serts maximum resistance at the start, and then
decrease the res is tance s lowly.  Should the
resistance inserted into circuit to be too low the
current reading meter may be wrecked and the
potentiometer track could even be burnt out.

T

TRADE NOTE
E X T E N S I O N  R E E L

Whenever vou need electr ical
power  and a  proper  socket  i s  no t
a v a i l a b l e  i n  t h e  v i c i n i t v .  t h e
"min i - ree l "  shown in  the  

-photo-

graph cou l .d .  so lve  the  prob lem
l i r r  vou .  Th is  has  ius t  6een in -
tr.r l11r 's61 bv Buieesi Power Tools
L imi ted .  r r f 'Sapcote ,  Le ices tersh i re ,
l ,Flg { i .)W. and i t  fol lows the success
of their alreadv establ ished larger
I)owerl ine Safelv Cable Reel.' l he  

rn in i - ree l - i s  l?8mm.  (? in . )  in
d ianre ter ,  and is  c la imed to  be  one
of the safest, toughest and most ver-
sa t i le  ex tens ion  cab le  ree ls  on  the
market. I t  is f i t ted with twin socket
ou t le ts  and has  8  met res  (26 f t . )  o f  B-
core  cab le .  A  thermal  and cur ren t
overload cut-out is f i t ted to ensure
sa fetv.

' l ' he  min i - ree l  i s  smal l  enoush to
b e  h e l d  i n  t h e  p a l m  o f  t h e  h a n d ,  i t
a l lows easv  pu l l -ou t  and rewind 'o f
the  cab le  and i t  mav be  used w i th

The Burgess Powsr Tools "mini-reel,'. Despite
its small size this has I metres of 3-cora exten_
sion cable. lt is fittcd with a thcrmel .nd

currcnt ovcrload cut_out
SI.]PTEMBF]R 19?8

airpl iances taking a total of 6 amps
or less at one t ime. The twin socklt
ou t le ts  a re  par t i cu la r ly  use fu l ,  as
lhev  avo id  the  inconven ience o f
changing over from one tool to
another .  A l te rna t ive ly ,  o f  course ,
one outlel can be used to provide a

l ighting supply when the other is in
use w i th  an  e lec t r i c  too l .  The we ieh t
r r f  the  min i - ree l  i s  0 .9Kg (21b. )  "

.  The ori-ginal Safety Cable Reel is,
inc identa l l v .  a lso  pr r i v ided w i th  two
out le t  sockets ,  and th is  has  I9
metres (60ft.)  of 3-core cable.

I
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THE ''HYBRID''ALL WAVE
RADIO -- Part 2 (Conclusion)

By Sir Douglas Hal l ,  K.C.M.G.

Concluding details on construction

We now continue with the constructional details
for this receiver. In doins so, we will need to refer
to Figs. 2, 3 and 4, all of which were published last
month.

CAPACITOR MOUNTING

The tuning capacitor, VC2, has next to be
mounted to the item of Fig. a(b) using three short
4BA bolts passing into tapped holes_in the front
nlate of the tunin-c capaciioi frame. Place a piece
bf naper with a +ii. ho'le in its centre over the 

-spin-

dld ol the capacitor and mark out the positions of
the tapped hbles on this with a pencil. Then, using
the paper as a template mark out the correspon-
dine h6les on the it6m of Fis. a(b) and drill these
4BA clear. Then fit the tuning capacitor. The three
4BA mounting bolts need to be short because their
ends must nof pass more than marginally past the
capacitor fronf plate or they will damage the fixed
or movrng vanes.

Paes two countersunk bolts, 1iin. Iong, through
the 4BA clear holes in the front panel and tighten
them with two nuts on the inside. Run ori- two
further nuts to about the centree of the bolts. Fit
the tuning drive to the spindle of VC2 and pass the
item of Fig. a(b) over the 4BA bolte, using the drive
to mark out a 684 clear hole on the front panel to
take a bolt securing the drive anchoring lug. Drill
out the hole and then finally assemble the piece of
Fig.4(b),  the tuning dr ive and the var iable
capacitor to the front panel. Two further nuts are
paised over the 4BA tlolts and these and the two
irevious ones are all tightened at the appropriate
posltrons along the bolts.

Next cut out two 4-way tagstrips from the group
panel and secure these to the upper side of the
"chassis" deck as in Fig. 5, using the same
procedure as was employed with the g-way tagstrip
on the underside. TRB is mounted on a heatsink
made from a piece of aluminium sheet of around
18 s.w.g. measuring 3 by 2|in. One 3in. edge is bent

VFll krcb

iltil[Bolt holding spcok.r Front pon.l 40

4BA lock
nut

ssctbn 2b

Fig, 5, Thc componontn which are fittod and wired abovc tha "chassis" deck

RADIO AND ELECTRONICS CONSTRUCTOR

b)\"
-\t\\\\\

46

Sction 2c



Wtuing and canripoaottfr- lrila*
tr. "c/?s/Rsit. dtr'c d tho

rccdw

through 90 degrees . j,in. in to- make a jin. widemounting lq"gi..Drifl out tn" n"ilri"t to rake theemrtter and base lead_o.uts of the transistor, as wellas its two mounting bolts. Aiso dritt'i;; mountingholes in the {in. ?"ng" ild *""r""in,. to the"chassis" decli with .rrirtt *ooiiii"ir.'fn" trur,_sistor is not insulated from-ihe-ir""iri"t and a
19lder tag for connectioa t"it. 

"off".i#i. 
fitt"a urr_der one of its mou,nting nuts. C"l out the 2in.square aperture in the it^er1 of Fig.a(C) so thatil;po_s-r-tjo.n matches that of the heaftini.' 

'

Wirine mav now Ue. cjriiea out. f i?. e shows theposition-lng oi the malns.,transtormer and the wir_ing under- the ,,chassir"- d;;[, 
^;hir#'FiL-. -s 

lilustrates that above. The bridg;.;ii l;, is a smalllight_cgmponent and-m"v be .'".punJlj^i" the wir_ing. When rhe smoothi;d;;;;i;;lil positioned
and wired as shown, the"truriirev;il.-;; iow that itis rlifficrrlt to tell whether o. .,oi ihe*receiuer isswitched on. Hum ap.pears, on thl;-th;i h;;;, iiC9 is mounted alongJhJCio.-ii i. i i ipirtant thatthe negative ends of^C10 and Cig-boc'o"nnected tothe,earthy tag of VR3,. and thai;iid iJ connecteato the cathode nin of the valveholder. th" negutiu"leads of Ct0 ana Crg ;;"";;;;;;; aioiae. tag atone of.the speaker mountins;;;.:" 

- ""'

_-{t thrs stage do not finally fit the lead betweenTRl collectoi and pin 8 of LetLi'.- 
-"""

It, has to be remembered that, when the set is
:_Tt].j:* and pluggea in to ih'e ;;l;; supply,malns voltages are accpssible at the on_olT switdtand at the primary orti.-Until-ti i. ."' i i. Iitted inits case all t 'he usuil precqqtions against accidentalshock must be obseried. th;"rr;f;i""hihoura u"secured to the ,,chassis" aecf witii"a suitableplastic.or plastic 

"ou"r"d "l;;;.lhe back mav be finally.affiied at this stage. A4BA bott with spacins.;6h..;;J.Jj il. 'ougr, tleback. and the heatsirik f* t{t ;u ;,;. addedrigidity.
. It i_s next necessary to add a wire link betweenp.rlq 3 and 4 of the Hange 4-c"it. firiJ'iiirk;rl;;;R4.into circuit wtren fhe-coi-ii;;jrfte.d'i.,. rit tti"coil into a BgA valveholder to act"is a heatsink,then quickly. solder ttie *-iie U!;*;il i" upperends of its pins 3 and a. Wait uniil-ii"'pin. u."completely iool before ,"-ouing ii," coii trom tt evalveholder. The plastic materiaf in w-hich rhe pinsare imbedded melts ,"uattv *lli l-i;;;. '^'
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SETTING UP

^ Set the sliders of VR2 and VRb so that thev are
fyly -agi-clockwise ". 

.ho*r, i;Fis.'&'Alil :;;
X!_l {'ltv anti-clockwise. ptug i; th;R;;se 4 coil.
L,onnect a meter switched to give a clear reading of6.3 volts across.C12, with the"same ilt"rity u. tiuicompoment. Switch on the receiver ttren st6wty-aJ-
i:ll Yns clockwise until a 6.s voli;;;ai"g i". ot_
talned.

,  ̂ N"Tt, switch the meter to give a clear readine of50q14 and connect it betwee"n tt e 
""tt"ct"r? 

fnJ
q".4 pitt -9_ of LB I 4, ryith positive io 

-ihe -collector.

Adjust VR2 untii a'S00pA'reaai"g i ;i;-";. S;i;;i;o1'[. and complete the'connectio"n U?t*""n TIiicol lector and-pin 8 of LSIL4
Try o_uJ the receiver with the Range 4 coil in_serted,. PIug in the.aerial, set VR+ a?-maximum

anct vKr near maximum, then adjust VR3 whilestations are being tuned in by Vbf so 
-that 

i-her€cett'er ls on the verge of oscillation. Rememberthat the.valve takes aS.oura_O i,ei,oiilr'to"i^r.rm upafter switshing o{,, during wtriin iime iioreceiver
rs dead. AdJ.ust the core of the coil so that the 16metre band is received with the vanes of VC2 near_
fv .fullv opeq. 1.6. metres shoula U" .o"rij"."a 

".oerng about the highest frequency at which reliablereceptlon may be obtained. The low frequency end

Front view of the receiver. This is provided
with'; a tuning scale calibrated in ierms it

wavelength and short wave bands

&



of the coverage offered by the Range 4 coil, with
YC2 at maxiirum capaciiance, should take in the
49 metre band.

Plug in the Range 3 coil and adjust its core so that
the high frequency end of the 49 metre band is
received with the vanes of VC2 fully open. When
VC2 is at maximum capacitance the range should
extend to near the low wavelength end of the
medium wave band. Adjust the cores of the Range
2 coil (medium waves) and the Range 1 coil (long
Waves) in a similar manner.

It will be found that, with the Range 4 coil, VR3
will need to be continually advanced for the near-
osci l lat ion sett ing as frequency of recept ion
decreases until, at about 50 metres, it is just about
fully advanced. There may still be some further
clockwise movement available in VC2 but it may
prove impossible to achieve oscillation above the
50 metre setting. The appropriate frequencies here
are, of course, covered by the Range 3 coil. Using

tbc r*fu lqst*Iiad rn I o!4-Atof, Ttrf'J.mry
bi vrrnlshad e p&Wd, x p# ,bf thr

aonctruEtor

Therebch ingad l ldkW
cabintt top ptncl. whleh
rllows colls to b6 eh.ngd.
Tln lgrnllrred ffi ,r, talrrrd
fu at dxs{dc band sefiarttd

6tar,v6rfr twa woa6r's*x

the Range 3 coil, oscil lation wil l commence with
VR3 Iess far advanced, and will be easy to obtain
over the full range offered by VC2. Oscillation will
start at quite a low setting of VR3 with both the
Range 2 and the Range 1 coils, although some ad-
vance ofthe regeneration control wil l be needed as
VC2 capacitance is increased.

SELECTIVIW CONTROL

VRl should be used as a selectivity control. As it
is turned anti-clockwise it will be found increasing-
lv easier to separate stations, though there will be a
fhtt in volum6 and a consequent n"ecessity for VR2
to be set more critically. VRl should be set back a
little if overloading occurs, as is shown by a
tendency for strong stations to break through due
to cross-modulation. Otherwise, VR4 should be
used as a volume control since setting back VR1
reduces the a.g.c. effect. It will not, of course, be

,_* :$... -i

s
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possible to hold weak fading stations steady.
{hen operation is satisfactory, the wave trap

consisting of VCl and L2 is set up to reduce the
effects of any strong local medium wave station,
should this be present. The core adjusting screw of
L2 need only project slightly above the coil former,
so that there is no need to drill a hole in the top of
the screening can, and adjustments are made by
means of Ve1. Set VRl to maximum and tune iir
the station concerned, then adjust VC1 until the
volume from that station is at a minimum. VCl is
then left alone and need only be re-adjusted (and,
if necessary, a trimmer of different value wired in
as was described last month) if the receiver is
taken to a new locality or if other factors, such as a
frequency re-allocation, cause the interfering
signal to be on a different wavelength.

A suitable case is illustrated in Fig. 6, in which
the material is {in. plywood. This has a hinged lid
at the top to provide access for coil changing. Fig.
6(h) shows how two small woodscrews and a large
elastic band may be fitted to the lid underside to
hold the three coils not in use, and this will prevent
them becoming lost. The dimensions in Fig. 6 are
intended only as a guide since they allow no
tolerances and assume that the receiver has been
built exactly to the sizes given in the previous
diagrams. In practice, the dase should be dimen-
sioned against the receiver, as built. When com-
pleted it may be varnished or painted.

As can be seen from the photographs the front
panel of the receiver is fitted with a tuning scale.
This may be made up from stout white card and
marked up according to the constructor's tastes
and requirements. A perspex cursor, or two stiff

I
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Fig. 6. Details of the essembly of a case lor the
receiven Dimensions are for guidance only
and may need to be modified slightly to suit

tho receiver as buift

wires, may be secured to the flange of the tuning
drive by means of two 8BA bolts.

(Concluded)

L *t I

UNDERSTAND DATA
PROCESSING

DATA PROCESSING,  by  O l i ve r  &  Chapman,  i s  now in
i ts  Th i rd  Ed i t ion  -  f i r s t  pub l i shed-1972.

200 pages 9i" x 6t" PRICE f2,75
P.&P.35p

PUBLISHED BY D.  P.  PUBLICATIONS
The pr imary  a im o f  th is  ou ts tand ing  manua l  i s  to  p rov ide  a  s imp l i f ied  approach to

the  unders tand ing  o f  da ta  p rocess ing  -  (p rev ious  knowledge o f  the  sub jec t  i s  no t
necessa ry ) .

The 4O chapters  and append ices  cover  the  fo l low ing  top ics :  In t roduc t ion  to
Data  Process ing ;  Organ isa t ion  and Methods ;  Convent iona l  Methods ;  ln t roduc t ion
to  EDP and Computers ;  Hardware ;  Computer  F i les ;  Data  Co l lec t ion  and Cont ro l ;
Programming and Sof tware ;  F lowchar ts  and Dec is ion  Tab les ;  Sys tems Ar ra lys is ;
App l ica t ions ;  Management  o f  EDP,  e tc .

Avai labte f rom: DATA pUBLICATIONS LTD.,
57 MAIDA VALE, LONDON W9 1SN.
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Dfd anyone caII while
you were out?

"Now,"  sa id Dick anxiously ,
"you wil l be careful what you say,
won't vou?"

"WliLat d'you mean, be careful?"
responded Smithy irately. "I'm
always careful what I say."

"Not always you aren't," stated
Dick accusingly. "You do tend to
get yourself all worked up every
now and again."

"That , "  snor ted Smithy,  " is
because it's .ruu who gets irie all
worked up. [n fact, ydu're begin-
ning to get me all worked up right
now. [ 'm already regretting thatl 'd
agreed to spend our annual day off
together over at your Auntie Effs."

"Well, she heard about these
door bell monitors of yours which
you've knocked up for some of your
friends, and she thought she'd like
one herself. After all. thev are
rather unique'."

D O O R  B E L L  M O N I T O R

Mollified, Smithy slowed down
his impatient stride. Dick, carrying
a small shopping bag, changed his
step accordingly.

"It 's funny," remarked Smithy,
"how popular simple l itt le elec-
tronic Clevices can become. All that
these door bell gubbinses of mine do
is tell you whether anybody has
called while vou were but 6f the
house. My males who have got them
say they're really useful. You could,
for instance, be waiting 'for a
delivery of furniture or for a service
engineer to call or something like
thit, and you find you have toleave
the house for iust a few minutes.
When you get back again my little
c i rcu i t  can te l l  vou at  once i f
anybody called in your absence. If
50

it shows that they didn't you then
have the satisfaitory feeling that
you haven't missed anything im-
portant."

"Am I conect," queried Dick,
"in saying that you just connect
your device to the front door bell?"

"Tha t ' s  r i gh t ,  "  con f i rmed
Smithy. "However, you have to
check first whether the existing bell
circuit is going to be suitable. We
should be nearly there, shouldn't
we?"

"There's not far to go now," said
Dick. "We just turn down into this
side street here."

The pair walked comfortably, in
the warm August afternoon sun,
along the quiet pavement. They
soon arrived at a small wooden gate
in the wall. Dick unlatched this and
Smithy followed him through a neat
and meticulously kept garden. At
the front door Dick oressed the
bell-push, whereupon the door was
opened almost immediately to
reveal a white haired beaming little
old ladv

"Hello, Auntie Eff. I've brought
Smithy along, as I promised."

Auntie Eff eyed Smithy ap-
p r a i s i n g l y ,  t h e n  e x t e n d e d  a
diminutive white gloved hand.
Smithy shook it delicately with a
murmured greeting.

"Now, do come in," enthused
Auntie Eff in tinkling bell-like
tones. "And don't forget to wipe
vour feet."- 

Dutifully, the pair wiped their
shoes on the front door mat and
entered the hall. An antique dealer
would have immediately commenc-
ed slobbering at the tr-easures this
conta ined.  Smithy 's  gaze was
drawn to an elephant's foot um-

brella stand, and he was momen-
tarily unnerved to see the head of a
tabby cat rise above its upper sur-
face and scan the surroundings
l a t e r a l l y  l i k e  a  s u b m a r i n e
pe r i scope ,  be fo re  i t  s i l en t l y
ilescend6d out of sight again. Aunti-e
Eff led them into a living-room,
with the same style of furnishing as
existed in the hall. On a sideboard
was visible a three-tier wooden cake
stand on whose shelves nestled a
rich arrav of chocolate eclairs,
merinzues-and similar confections.
Dick ioticed Smithy's face visibly
blanch at the sight.

"We're in a bit of a hurry, Aun-
tie," he said hasti ly. "Perhaps we'd
better set working on the bell first."

" A J  v o u  w i s h . "  s h e  c o o e d
oblieinelv. "And after that you dear
boyJ ca-n-both have somethihg to eat
and drink."

"Well," said Dick to Smithy,
"the bell is at the back of the hall.
Did you say you wanted to check it
first?"

"That's right," said Smithy, as
they returned to the hall, leaving
Auntie Eff alone in the finery of her
living room. "You Bee, what my
doorbell monitor does is detect the
Dresence of voltaqe across the bell
when anvone pre5ses the bell-push
at the fr6nt door. This voltagelhen
triggers an electronic latch from one
state to the other. The only snag
here is that domestic front door bell
systems vary considerably from one
installation to the neirt. Some
systems were installed well before
the last war and may still be in
ouite eood working order. But
e'oodne;s knows whaf condition the
Insulation of the bell wiring is in.
Again, some electric bells are very
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"Blimey," gasped Smithy. "He
just about ecared me out of my wite.
Here, get him off me, will you?"

Deftly, Dick unhooked the ginger
cat's claws and then placed him
gently on the floor. The cat sat and
looked up at Smithy with an intense
unblinking gaze.

"He likes you," commented Dick
dispassionately. "Anyway, tell me
how vou check the door bell svstem
when it's powered by a bdttery.
How d'vou'do that?" 

-

Smithy smoothed down the cloth
of his coat.

"You simply connect a mul-
timeter set to a low d.c. volts rdnge
across the bell," he anowered after
some moments. "You should then
get a zero volte reading in the meter
when the bell-push isn't pressed,
and a reading of 1.5 volts or more
when the hell-push is closed. If you
eet both these voltace readincs then
lhe bell circuit is Suitable Ior use
with my door bell monitor, This test
also enables you to find which ofthe
bell terminals hae the poeitive
supply polarity applied to it. You
mark up this terminal or make a
note of which one it is." (Fic. 2.)

"That seems fair enoujh,t com-
mented Dick. "What about belle
w h i c h  a r e  r u n  o f f  a  b e l l
trangformer?"

"You have to use a little test ric
consisting of a series combination oT
a rectifier and a caDacitor. The
rectifier can be any-silicon type
having a p.i.v. of 100 volts or more,
and the capacitor can be either non-
electrolvtic or electrolvtic. If it's
electro[ytic it needs'a working
voltage of at least 50 volte. The
capaci tor  can have any value
between 1 and 10pF. You couple a
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Fig. | . There can ba faw cir-
cuits simpler than that of
the usual front door ball
system. ln (a) the bell is
powered by a battery, and in
lb) it is powarad from the
mains by a bell transformer

sensitive and will work with sur-
prisingly low voltages and currents,
whilst others are dead insensitive
affairs which require quite high
currentg to operate."

"There's also the question of
whether the bell worke from a
batterv or a maing bell transformer.
isn't there?" (Figs. 1(a) and (b).)

"That's true," agreed Smithy. "If
the system works from a battery,
the voltage appearing at the bell
may be too Iow for the monitor.
With battery systems, though, you
can at least be certain that the in-
sulation of the bell wiring is in pret-
ty good nick."

"Why's that?"
"Because," stated Smithy, "if

there was anv gerious leakase
between the twir wires soinc to tf,e
bell-push the battery fuould need
replacing much too frequently.
Good grief, something's attacking
me! "
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Frenziedlv. Smithv clutched at
his shouldei. 'to find a cat locked
securely to the right of his neck, its
claws imbedded in the cloth of his
iacket. From the corner of his eve
he spied a thick ginger striped furiy
tail. The cat rubbed its head againet
Smithy's sparse locks, purrihg
deafeningly in his ear.

"I ghould have warned vou about
that ginger cat," said Dick in a
matter-of-fact tone. "He alwave
does that to strangers, He perchis
on the top of the- hall-staird and
then jumps them."
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Fig. 2. Eafore constructing
and connecting Smithy's
door bell monitor it is first of
all necessary to check that
the existlng bell system is
suitable for it, With baftery
powered bell systems this
merely involvcs taking
dlrcct voltaga mc.tura-

ments across thc ball

multimeter switched to a lowish d.c.
volts range across the capacitor and
apply the ends of the test circuit to
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Fig. 3. A simple rectifier and
reservoir capacitor circuit is
required for checking the
su i t ab i l i t y  o f  a . c .  be l l

systems

LATCH OPERATION

"It has two stable states," replied
Smithv. "In one of the states the in-
put of the lower gate, or inverter
now, is high, whereupon its output
is low. The low voltage is passed to
the input of the upper inverter,
whose output is therefore high. This
high output is applied via a 47kO
resistor, which I've marked up as
R4, back to the input of the lower
inverter. So the latch circuit holds
itself stable under these conditions.
The second stable state is with the
input of the lower inverter low. Its
output is then high, as is the input
of the upper inverter. The conse-
quent low output of the upper in-
verter is then coupled, by way of the
47ko resistor, to the input of the
lower inverter."

"I think I can follow that orettv
easily. Can you change the state oi
the latch?"

"Oh yes," stated Smithy. "You
do it by altering the voltage at the
input of the lower inverter. If this
input is low and you momentarily
take it up to the positive supply rail
the circuit will take up the alter-
native state with the input of the
lower invefter high. You can bring
it back to the previous state by
momentarily connecting the input
of the lower inverter to the negative
rail. That input wil l then stav Iow
after -you remove the conneltion.' lhe 47ktl resistor, R4, prevents ex-
cessive currents at the outout of the
upper inverter when you make
these changes."

BC tO7
Lsod -outs

"Gosh, that 's neat. How about a
rundown on the whole circuit?"

"Al l  r ieht." said Smithy obl igine-
l .y. "To siart off  with. let 's say-that
you're going out and you want to
leave the door bel l  monitor set up to
tel l  vou i f  anvone has cal led whilst
youtre away.- You can do this by
press ing  the 'Reset '  push-but ton .
This ensures that the-input to the
lower inverter is high. When the
'Reset '  button is released, this input
wil l  stay high. For the t ime being
we'l l  assume that the door bel l  is
D o w e r e d  b v  a n  a . c .  b e l l
transformer. iwo wires, one from
the anode of diode D1 and the other
from the negative rail connect to the
bell .  Okay so far?"

"Oh ves." said Dick. "Let 's see
what oicurs i f  nobody presses the
bell  before you return."

"As  you w ish , "  rep l ied  Smi thy .
" ' fhe circuit  wi l l  then be in the
same state as it was when you left.
To f ind out i f  anyone has cal led you
press the'Interrogate' button. Since
the output of the upper inverter is
high so also wil l  be the voltage at
the base of the emitter follower,
TR3. Pressing the'Interrogate' but-
ton completes a circuit  via R5 to the
'No '  l .e .d . ,  and th is  w i l l  l i gh t  up  to
te l l  vou  lha t  nobodv has  ca l led . "

" l  l ike that word ' Interrogate',"

grinned Dick. "Let 's say next that
somebody did cal l  whi le you were
out . "

" I n  t h a t  c a s e , "  r e s p o n d e d
Smruhy, "they would have rung the
b e l l ,  c a u s i n g  a n  a l t e r n a t i n g
voltage to be passed to D1 and C1,

the bell terminals." (Fig. 3)')
"That 50 volts is a PrettY high

caoacitor working voltage, isn't it?"
i 'Not reallv." thuckled Smithv.

"You'd be suiprised at some of the
voltases which appear in electric
bell 

"circuits. Coil irvaduk, there's
another cat here now!"

A  b lack  and  wh i te  ca t  had
appeared whilst SmithY was talk-
irid. Ranged alongside th3 Ernger cat
it,- too, iegarded the Serviceman
with an unwavering intense stare.

"Mv Auntie Effs bell system
uses a transformer," pronounced
Dick. "I know because I Put it in
myself."

Smithv turned a dietracted
glance from the cat to his assistant'e
face.

"Did vou?" he remarked absent-
lv. "Well. with a.c. powered bells
the test conditions which have to be
satisfied are zero volts in the meter
when the bell-push isn't pressed
and 1.5 volts or more when it is."

"Why are you so fussy about
these test voltages?"

"For the simple reason," explain-
ed Smithy, "that there's no point in
makins up and tltt ins the door bell
monitdi ii the existing bell system
isn't suitable for it."

"That seems reasonable enough,"
stated Dick.  " Inc identa l lY,  I
haven't even seen a circuit of the
monitor yet."

Smithv took out his wallet and
extracted a piece of paper, He
carefully unfolded this and passed
it to his assistant. (Fig. a.)

"There you are," he pronounced
oroudlv. nHere's the Tull works.
The hdart of the gadget is a 2-way
latch circuit incorporating two 2-
input NAND gates. Each-of these
has its inputs connected together so
that it acts as a CMOS inverter."

"How does the latch circuit
work?"
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and giving a rectif ied positive
voltage on the upper plate of Cl.
This-causes TRi-to lurn on. Its
collector voltage falls to nearly the
negative supply rail potential, and
it takes the input of the lower in-
verter low by way of diode D2.
When the bell-push is releaeed,
TR1 will turn off asain and its
collector voltage will go high. But
the input to the lower inverter will
still stay low because diode D2 is
now reverse biased."

"Ah," said Dick, his eyes gleam-
ing. "I can see what happens next.
This time it will be the output of the
lower inverter which is hieh so that.
when the 'Interrogate' button is
pressed, the 'Yes' l.e.d. wil l l ight
up . t t

"That's it precisely," gtated
Smithy. "A minor poind is that the'Yes' l.e.d. will light up if more than
one person has called. But you will
at least know that sorneone has call-
ed. Yee-augh!"

Dick looked up in surprise to see
the Serviceman'i face c6ntorted in
agony. Glancing down, Dick notic-
ed that a Persian cat had joined the
feline throng around Smithy, and
was reaching up gracefully with its
c laws sunk deep in the Ser-
viceman's ample right calf.

" H e ' s  o n l y  s h a r p e n i n g  h i s
claws," Dick iemonstr-ated rfrildtv.
"All cats like to sharpen their
claws."

"Not on mv flaming les thev
don't," srated Smithi tf,rouch
clenched 

-teeth. 
"For the love 

'of

Mike pull i t off me."
For the second time that after-

noon, Dick disengaged the clawe of
one of his aunt's cortege of cats.
Smithy hitched up his trouser les
and examined the damage to his leE
anxiously.

"The sooner we get out of this
cat-infested house t-he better." he
announced darkly. "I 've probably
got tetanus now. It'll be rabies
next."

But Dick was more interested in
the circuit of Smithy's door bell
monltor.

"What do you do," he asked, "if
the bell happens to run from a
batterv?"

"You connect to the bell in the
same way as vou do to an a.c.
driven bell," strited Smithy, ginger-
ly massaging his leg, "remlm-beiinc
this time that the anode of Dl ha6
to connect to the terminal of the bell
which you have previously deter-
mined has the positive voltage. It
may seem surprising that you still
need a rectifier when the bell is
driven by a direct voltage, but it's
the only.s.imple way. ol .ensuringtnat, any nlgn reverse back-e.m.f. 's
g.enerated in the bell do not get into
the monitor circuit, where they can
cause erratic performance.- It 's
quite important, also, to connect
the monitor to the bell risht wav
round when it's battery opeiated. if
you don't, Dl and Cl rirai upset the
operation of the bell itse-lf.'l
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M O N I T O R  C U R R E N T

"Blow he," protested Dick,
"we're only talking about an or-
dinary inoffensive electric bell.
Don't tell me that a diode and
capacitor connected across it wrong
way round will cause any unusual
effect."

"You'd better believe it."
stated Smithv forciblv. "What vou
refer to as ai ordinaiv inoffeniive
bell can be an absolute little demon
so far as inductively generated high
voltages are concerned. Anyway,
let's get back to the circuit. The two
NAND gates in this which act as in-
verters are parts of a quad-NAND
gate type CD4011. This has the
positive supply going to pin 14 and
the negative supply going to pin ?.
The inputs of the remaining two
gates, at pins 8, 9, 12 and 13, are
taken to the negative rail, and no
connections are made to the outputs
at pins 10 and 11."

"What about current consump-
tion from the 9 volt batterv?"

"When the bell sounds,'i replied
Smithy, "the current drawn is
about 0.3mA through R2. And when
you press the 'Interrogate' button
the current drawn bv either LED1
or LED2 is about 14mA. If neither
of these things happen the current
taken from the batterv should be
less than a microamp.-The CMOS
i,c. draws very nearly zero current
and the remain ing current  is
leakage current in TRl, and in D2
as well if the input of the lower in-
verter is low. In the practical cir-
cuits I 've checked, the current
drawn from the batterv in the
quiescent state does not even cause
a perceptible movement in the nee-
dle of a 0-50pA meter. So you
should get a very long life from, say,
a PP7 batterv."

"That seefrrs to tie everything
up," said Dick. "No it doesn't! Why
have you got that 4.?ho resistor,
R3, in series with the 'Reset'but-
ton?"

"It could happen." exDlained
Smithy, "that soir-eonb might press
the bell-push at the same time as
you're pressing the 'Reset' button.
If this does occur. R3 will limit TR1
collector current to a safe level of
around 2mA. A final point is that,
when you switch on at S3, the latch
may take up the state where the in-
put of the lower inverter is low. You
can always guard against this by
pressing S1 after switching on."

He looked around at the group of
three cats which now surrounded
him.

"If," he continued, "I can find
my way through this feline forest,
I'll next check if vour Auntie Effs
bell system is iuitable for the
monitor. You'll find an a.c. test rig
cons i s t i ng  o f  a  rec t i f i e r  and
capacitor in series in that bag I gave
vou to carrv. Couole it up to the bell
ind see wliat haipens.'

Dick quickly friund the a.c. test
components and connected them to
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the bell terminals. He took a mul-
timeter from the shopping bag, set
it to a 0-10 volt d.c. range and
c l i p p e d  i t s  l e a d s  a c r o s s  t h e
capacitor. The needle indicated
zero volts.

"So far, so good," stated Smithy
approvlnglv.'He 

wa"ll ied to the front door,
followed by his retinue of cats. He
ooened the door. leaned out and
piessed the bell-push several t imes.
After closing the door, he returned
to his assistant and raised an en-
quiring eyebrow.

"Did you get a suitable voltage?"
" I ' l l  sav l  d id."  sa id Dick.  "Most

of the time the needle hovered
around 6 volts or so when the bell
was rinsins. But when vou released
the bell"-pu-sh the last [ ime, it shot
risht off-scale!"

"I told you," grinned Smithy,
"that these bells can oroduce some
pretty high voltages. Anyway, see-
ing that everythipg is satisfactory
perhaps you could now connect the
monitor unit up to the bell. I should
add that, so far as wiring is concern-
ed, it is always advisable to keep
the wires from the bell well clear of
the wiring in the monitor including,
in  par t icu lar  the wir ing to the
CMOS inverter inputs."

Smithy fished in the shopping
bag and produced a small plastic
case in which the monitor was hous-
ed, together with a length of twin
cable. Dick took these items from
him and, placing the monitor on the
hall-stand, proceeded to run the
cable from its input terminals up to
the bel l .  (F ig.  5) .

" l 've iust  lhought  of  something,"
he remarked as he worked on the
cable.  "What  about  those bel l
svstems where the bell-Push is i l-
luminated?" (F ig '  6 ' )

Fig. 6. A.C. powered systems freguently have a low consumption
bulb connected across the bell-push. This bulb has to be removed
because of the consequent voltage dropped across the bell, par-

ticularly if its armature contacts are worn

L E D l

Tcrmino ls

"In those," remarked Smithy,
"there is a low-consumption bulb
across the bell-push contacts. This
lights up when ihe bell-push is not
oressed. the current it draws beins
too low'to operate the bell. You'd
have to reniove the bulb if you
wanted to use such a svstem with
mv bell monitor."-"Fair 

enough, And what about
those two-tone ding-dong type
bells?"

"I haven't tried out my gadget
w i th  anv  o f  t hem. "  admi t t ed
Srnithv. i'But it should work all
risht ii the voltages across the two-
tone bell meet the requirements I
stated earlier on."

It was not long before Dick had
completed the wiring to the bell,
whereuoon the bell monitor was
ceremonially checked out, with
Dick at the front door bell-push and
Smithy operating the monitor. It

functioned satisfactorily on every
occasion.

A  T O U C H  O F  C O M F O R T

The intermittent ringing of the
bell had brought out the tabbY cat
residine in the elephant's foot um-
brella Jtand. as wrill as two further
cats from the upper regions of the
house. It also brought out Auntie
Eff. She was quickly instructed in
the operation of the monitor unit,
and pronounced herself extremelY
pleas'ed with its efficiency.' 

She then led Dick, SmithY and
all six cats back into the l iving-
room, on the centre table of which
was now arraved a silver tea-Pot on
a stand, a silver milk jug, a silver
sugar bowl and a tea set of delicate
bone china.

"Time for tea, boys," she sang
sailv as she poured out a diminutive
buo'of tea and handed it to her
neohew. Smithv. accustomed to his
cabacious tin mug in the WorkshoP,
ey'ed the tiny cups on the table with
apprehension.

"But for we more grown-up
ones." she pronounced, beaming at
him benierrlv, "perhaPs something
more fitt i-ng-for-this lovely August
afternoon."

The bemused SmithY found a
larse slass on the table in front of
hir;. A similar glass had appeared
at Auntie Effls place' She rose and
opened a beautifully finished old
oak cabinet.

"Let me see," she tri l led happily'
"I have Smirnoff, Booth's, Gor-
don's. Grant's, Teacher's and John'

LED2

S3

Fig. 5. The bell monitor can ba assembled in any plastic case
capable of accommodating the components and battery, and hauq
ing a front panel layout similar to that shown here. Whatever
method of construction is cmploycd, thc two wircs from the bell

must be kept well clear of the circuitry following Cl

nv Walker."
s2 Smithy's mouth droPPed oPen.- 

She cissled.
"ge l l ' J  wou ld  be  ve rY  aP-

oropriate. wouldn't it? Or possibly
mv'own litt le favourite - a touch of
Southern Comfort."

As Smithv remarked to himself
later on in that eventful day, Dick's
Aun t i e  E f f  was  ce r ta in lY  we l l
p r e s e r v e d  f o r  h e r  Y e a r s .  O r ,
perhaps, 'Pickled' would be the
more appropriate term. I
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The name of the communications
game.these .days is security, and a
new dimension to this has just been
announced by Marconi Sbace and
Defence Systems Limited in the in-
trod.uction of their Crypflex high
grade secure speech svstem.

Crypflex is ihe latcit addition to
the Marconi ".C.yp" r-ange of cryp-
t9graphlc equlpment lbr use in the
diplomatic, mil itarv, commercial
and civil ian fields. It has been
designed^ to provide long term
securlty tor volce communications
over so-cal led "d i f f icu l t "  l inks.
primarily in th.e high and very high
rrequency raclro bands. or over
other links which are below the
minimum standard for normal data
transmission.

S P E E C H  S E C U R I T Y

Two versions of Crypflex equip-
ment are available, one b-eins
designed for vehicle installatiofr
and the other for 19 inch rack
mount ing.  The lat ter  is  more
su i t ab le  f o r  l a rge r  f i xed  i n -
stallations. Three- functions are
carr.ied out by the Crypflex units.
ln tne transmrsston mode a vocoder
(a device which converts speech to
an alternative signal form) higitizes
tne speech,. a crypto$aphic stage
encypners the ensuing data stream
and finally a multi-tone modem
(modulator - demodulator) turns
the data st ream into a 

's imai

su i t ab le  f o r  t r ansm iss ion . 'On
rece ip t  o f  t he -  coded  s igna l ,
u r yp t l ex ' s  modem feeds  the
demodulated signal to the crvp-
togra.phic stage- for decoding, after
whrch the vocoder reconstitutes the
speech from the decoded data.

Crypflex is stated to be the first
equipment to combine all these
functions in a single unit small
gnqugh for  vehic le mount ing.
tjetbre the advent of Crvpflex 1
system embracing the h.f. radio
band required the use of equipment
s0 targe ancl expensive as to restrict
it to specialist applications where
SEPTEMBER 19?8

size and cost were of relativelv low
significance. By taking advairtage
ot very advanced digital signa-l-
processing techniques, but usine
s tandard  d ie i ta l  m i rcoc i rcu i ts l
Crypflex provides the facilities in a
single housing of convenient size
and at a drasticallv reduced cost.

The Crypflex vbcoder converts
speech to a data stream at onlv 2.4
ki lobits per second and in- the
receive mode converts the data
stream back again to speech. With a
quality- of reproducedspeech com-
p a r a b l e  w i t h  t h a t  6 f  s p e e c h
digitizers working at a spe6d ten
times. that of Crypflex, 

-listeners

qurckly become accustomed to the
vocoder  sound and can eas i l v
recognise individual speakers. Th-e
low bit rate of.Crypflei is the major
Iactor ln maklng speech encrvDtion
feasible over nairow band channels.
. The cryptographic unit, employ-
rng, nl.ghly actvanced cryptographic
t-ecnnlques, processes the vocoder
data output into an apparently ran-
oom brt stream at the same rate of
2.4 Hlobits per seCo;ill ln-The
receive mode the vocoder data iA
recovered from the apDarentlv ran-
dom bit stream. Bit:6v-bit aisital
encryption .is applied-using [ey-
streams whlch cannot possiblv cv_
cle in periods of several montis 6f
continuous operation and which are
so complex that analysis is virtuallv
impossible by anv form of crvo--
tanalysis known to the desimeri.

Operation of the Crvpfleiequio-
ment is simple. Apart 6om makins
the reguired code setting, whicf,
takes about 30_seconds, an? setting
the mode switch for clear or secure
operation, no further operator
attention is necessarv. Each user is
allocated an ex-clusiv-e group of over
on-e million million codes, ind code
selection is made quicklv and simo-
ly  by set t ing iO thumbwhe'e l
switches. The code settings must. of
course, be the same on thi Crvpflex
unit at each end of the l ink bifore
any .decrypted intelligence can be
obtalned.

FREOUENCY COUNTER. Modet RO-3 now
available in kit form. This nov€l dssign wil l
display FREOUENCY, PERTOD and WAVE_
LENGTH ro 6 digir  accuracy over a guaranteed
range. r f  ug to 40 MHz. Input impedence

lu 
K.O ,  1OO mV sonsit iv i ty.  

- [ r la, .s 
operared

Lan De coupted to the locsl  osci l lStor of vour
r e c e i v e r  r o  g i v e  a  d i g i t a l  d i s p l a y .  K i t
absolutely complete at an unbostsble pr ice for
such a qual i ty product.

Send Now onty f44.98 + 8% VAT

sxonrviaiE-necrrvrn. IooJTo-t. ioear
for boginners, very sensitive FET front snd
wilh varactor control lsd bandspread and lC
audio stage. \ ly 'e guaranree WORLD WIDE
RECEPTION. kir  absotutoly comptoto with
earpieco and ful l  instruct ions including our
Dx-ing guide,

Kir  pr ic€ onty f9.U6 + iz l  VAT

CRYSTAL CALTBRATOR. Modet RO-1. This is
a n  o r i g i n a l  d e s i g n  w h i c h  g i v e s  C W  o r
Ampli tud€ Modulated harmoni is of I  MHz,
l O O K H z .  a n d  I O K H z  w e i l  b € V o n d  V H F .
Kit at unboltoble price f12.72 , g% VAT

M O R S E  P R A C T T C E  S E T .  H e t p  y o u r s e t l
through the morse t6st by g6tt ing esssnt ial
pract ico. We offer a complete ki t  includino
morse key, osci l lator.  loudspesk6r etc.  in i
praslc case.

Onty C8.25 + 12{% VAT

SoJr! Lolq?t9arl - post.go .ppret.t.d
ROCOUAINE  ELECTRONICS

Aldobarrn, Rocquaine, Lc Coudrc.
GUERNSEY. CHANNEL ISLES.

BY THE G3HSC
RHYTHM METHODT

T l r l s r  
^ r  

r r r , r s e s  w l t r e  h  h a v e  b e e n  s o l r l  f o r

l r ] , I - 1 - l  y " , n , l  l r i v e  b e 4 n  p r o v e d  m a n y  t i m e s

l p  
D €  

- t h 9  
t a s t e s t  m e t h o d  o f  l e a r n i n g  M o r s

Y r ) i l  s l d r l  r 0 h l . a w d y  h v  l p a r n i n o  t h ;  s o , , n . l s
o t , i l t p . v a r r o r t s  l p l l p r s  n i l , n h p r s .  p l c .  a s  v o u
w i l t , r n  l d r  I  r t s e  l h p r r r  N o t  a  s e r i e s  o l  . l o l s  a n ( l( l d s r r o s  w r l r  r r  t A l ? ,  y ( t t t  w i l t  h d v p  t O  l r a n s l a l e
t r l l r )  l , ) l l r r r c  d r r ( 1  w ( ) r d <
U s i r l t l  s ,  i I n t ' f I  l l l y  t ) r F l ) a . p d  j  s n p F . l  r e c o r . l q
v r ) u  d r r t , j n t d l r c , t l l V  t p d r n  t o  r e c o O n l s "  l h e
l r r r i r ' .  . 9 . 1 { Y T H M  w i t h o L r r  l r a n s l a r ' i n g  y o , i
, . 1 ' . 1 . 1 ' l ' l . l i , r  t l  s  . r s  e a s v  a s  t e a , n r n q i  t r r n e
l B W P M  , , '  4  w e e k s  q u a n r l n p d
T l r r ,  0 o r D t t l e t r :  C O t i r s r :  c o n s i s l q  o f  t h r e e
r r , r : o r r J s  d s  w e l l ; 1 5  i 1 1 q 1 r , , a 1 1 o n  D o o t ( s .
For Complete Course send tb.OO plus part
postage SOp (overseas surface mail f 

,l 
oxtral.

Now available Shrouded Morse Kevg *
f2.7O inc.  UK postage

THE G3HSC MORSE CENTRE
Box 8,45 Grcen Lanc, pudcy, Surrcy.
I encloss f5.50 or s.a.e. for oxplanatorv

booklet.

N a  m 6 . . . .
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SPACE SAVER SWITCH
The accompanying photograph

shows a new miniaturised wafer
switch now being manufactured by
N . S . F .  L i m i t e d ,  K e i g h l e y ,
Yorkshire, BD21 5EF. This has
been evolved to meet the increasing
emphasis_with instrument layouts
towards decreasing internal mea-
surements and the use of miniature
components. The switch combinee
the N.S.F. Type A mechanism with
moulded wafers Type MA.

T h e  s w i t c h  h a s  1 2  c o n t a c t
pos i t i ons  and ,  measu res  on l y
ig.O5mm. from the mounting face
to the switch end.

r O P  F E R R I T E S

The selection of exotic shapes
v o u  c a n  s e e  i n  t h e  s e c o n d
irhotogra.ph will gladden the eyes of
anv pulse transformer designer.
Thev are manufactured by Ceramic
Madnetics Inc., for whorn Walmore
Eleltronics have been appointed
exclusive agents in the U.K.

C o m p o n e n t s  p r o d u c e d  b y
Ceramic Mametics have the dis-
tinction of belng the most expensive
ferrites curreit ly availabje. AII
parts are machined from solid rods
or ingots under very carefully con-
t ro l led condi t ions,  resul t ing in
p r o d u c t s  w h i c h  a r e  b o t h
homogenous and stress-free and
which conform to extremely strict
d imens iona l ,  mechan i ca l  and
magnetic tolerances.

The nature of the processes used
not only allows reproducibility of
p roduc i s  bu t  a l i o  o f f e r s  

- t he

iapabil ity of manufacturing com-
ol6x snecials to verv hieh standards
in a cbmparatively shdrt period of
time. The components can be
produced from a variety of high
berformance materials, such as the
MN60 high permeabil ity low-loss
ferrite which gives the lowest power
loss currently possible with today's
materials.

Fu l l  de ta i l s  on  the  fe r r i t e
oroducts mav be obtained from
Walmore Electronics Ltd.. l l-15
Betterton Street, Drury Lane, Lon-
don, WC2H 9BS.

*itfun nlmrddrld wr/*
@a twiH, lmm lt.&F.
f ; t t 'a i is '  t  2  oont t i t
@in ad rzrqtlutr#yry*ryry

F . E . T .  A M P L I F I E R

Wav back in Julv of 1976 I men-
tioned that field-eifect transistors
capable of handling high audio
powers were being'developed in
ianan. and that these could be
employed in the output stages of hi-
fi amilifiers. In this application
thev  g ive  the  same "smooth"
amolification which is associated
with the old triode valve.

I see now that Hitachi have un-
veiled a new MOSFET high fidelitY
stereo amplifier with, presumably,
high power f.e.t . 's in the, outPut
stages. The new Hitachi amPlifier,
moilel HMA-7500. wil l  del iver 75
watts r.m.s. per channel with a total
distortion o10.01% across the entire
ranse of 20Hz to 20kHz. At 40 watts
r.m.s. the distortion is only 0.005Vo.

It is refreshing to see an entirely
new technique emerging in what is
one of the liveliest branches of
domestic electronic equipment. It
has been occasionally stated that if
the f.e.t. had appeared before the
bipolar transistor, our transition
f r o m  v a l v e  t o  s e m i c o n d u c t o r
technology would have been vastly
dif ferent. Circuitry would have
then changed much less abruptly
from the valve approach to that
required with the roughly analogous
field-effect transistor. Late starter
though i t  may be, the f.e.t .  certainly
seems to be doing its best to catch
up l

N E W  M A N U F A C T U R E R
A new name to add to semicon-

ductor devices manufactured in the
U .K .  i s  t ha t  o f  I n te rna t i ona l
Devices Inc. This company has now
established a U.K. manufacturing
olant at Harlow in Essex. The
ilritish operation, known as IDI
Semiconductors Ltd.. has moved
into a 6,000 square ft. factory, and
w i l l  i n i t i a l l y  spec ia l i se  i n  t he
manufacture of germanium power
transistors with further product
Iines to follow.

International Devices Inc. has its
headquarters near Los Angeles
International Airport, and its total
product l ine covers about 2,300
lvpes. includins germanium small '
si gnai and powJr 

-transistors, 
silicon

n .p .n .  /  p .n .p .  sma l l - s i gna l  and
power transistors, plastic Power
devices and Darlingtons, diodes,
rectifiers and thvristors.

In addition, devices are produced
to special customer specifications,
and replacements can be offered for
obsolei.e or discontinued transistors
in a variety of packages.

The Briiish dompany is already
receiving large-quantity orders for
devices to be made at the new plant,

' and olans to conduct a hieh level of
e*po'r'ts, mainly to the E.E.C. coun-
tries. The full address of the new
companv is IDI Semiconductors
Ltd. .  tne Fai rwav.  Bush Fai r .
Hariow. Essex. I

RADIO AND ELECTRONICS CONSTRUCTOR
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