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CORDLESS
HEADPHONE
RECEIVER

By A. P. Roberts

* A unique design mounting the
electnonics onto the headphones

* Case only 2t*2x1in. app.

* No trailing wires

Although initially designed and built for its
novelty value, this receiver does have advantages
over sets which feed a pair of headphones or an
earphone in the conventional way. this little set
differs from convention in that the electronics are
built into the headphones, or perhaps it would be
more accurate to sav that thev are built onto the
headphones. A case-which m'e-asures only ?1.5 by
49 by 24.5 mm. houses a completely self-contained
fully tuneable medium wave receiver, including a
ferrite aerial and battery. As can be seen from fhe
accompanying photograilhs, the set is mounted on
one ,earpiece of a pair of inexpensive 8o stereo
neaopnones.
652

A . M .  R E C E I V E R

Obviously the output of the set will not be of true
Hi-Fi quality as the receiver is an a.m. model. AIso,
the output is only monophonic, with the two
headphones being 

-wired 
in series. Nevertheless,

results are good with regard to quality, and the set
compares very favourably with most other portable
receivers in this respect, regardless ofwhether they
are of the loudspeaker or elrphone output varieti.

It would of 
-course 

be pbssible to^ feed moit
monophonic -receivers into-a pair of inexpensive
stereo headphones and obtain very similar iesults,
but there would then be the disadvantage of a trail-
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Fig. l. f he circuit of tha
headphone receiver. The
headphones dre two 8Q un-
its in series and give ade-
gudte volume after the a.f.
amplification provided by

TR I

ing lead between the headphones and the receiver.
Ordinary simple earphone receivers, with which
this set is roughly comparable in complexity, also
suffer from the same disadvantage.

One might expect this radio to be rather diff icult
to build due to the small size into which the elec-
tronics must be condensed. However, this is not
really the case, and construction of the project is
quite simple and straightforward. All the com-
ponents are standard readily available items, and
power is obtained from a single HP7 1.5 volt cell.
The set is therefore very economical to run, es-
neciallv when one considers that the cell wil l have a
iong li ie even if the receiver is used extensively.

THE C IRCUIT
As can be seen from Fig. 1, the circuit of the

receiver is extremely simple, and is based on the
popular 2N414 integrated circui t .  This device con-
tains most of the components for a sensitive
medium wave t .r . f .  receiver,  including the r . f .
amplifier, detector and a.g.c. circuitry.

A ferrite aerial and tuning capacitor are re-
quired, and these are Ll and VCl respectively. Cl
nrovides an earth return oath for one side of the
tuned circuit, and Rl is ihe bias resistor for the
2N414. R2 is its.load resistor, and it is across this
component that the audio output signal is
develoned. C2 is an r.f. fi lter canacitor.

The'2N414 provides an audio output level of
about 30 millivolts r.m.s. from a source impedance
of a few hundred ohms. This is not really sufficient
to adequately drive 8(l headphones, and some ad-
ditional audio amplification must be employed.
The amplification is provided by TRl, which is
wired as a high gain common emitter amplifier.
TRi is biased by R3, and the headphones form the
collector Ioad. C3 provides interstage coupling
between the 2N414 and the transistor, whilst C4
rolls off the high frequency response. This is
necessary as the frequency response of TRl would
otherwise extend well into the r.f. spectrum, which
would almost certainly result  in instabi l i ty
(especially when one considers the very compact
component layout which must be used).

S1 is tire on-off switci"r, and no supply decoupling
components are required. The current consump-
tion of the receiver is about 8mA. most of which is
JULY 1978

taken by the output stage. Some constructors may
be worried by the fact that a standing current from
the output stage flows through the headphones.
This current is not sufficiently high to adversely
affect the performance of the headphones, even in
the long term. The transducers used in inexpensive
stereo headphones are almost invariable similar to
miniature 8o loudspeakers of the type that are
found in small radib sets, cassette riiorders and
similar items.

zN4t4
L6d-outs

BC rO9C
Lcod -outs

-  TRr

2 
BC rO9C

Resistors
Rl 100ko ! watt 51h
R2 2.2ko pre-set potentiometer, 0.1 watt

skeleton, hor izontal
R3 47kcr I watt 5%

Capacitors
Ct O.Otpn type C280 (Mul lard)
C2 0.l1tF type C280 (Mullard)
C3 0.1pF type C280 (Mul lard)
C4 3,300pF ceramic plate
VCl 20-250pF trimmer (see text)

Inductor
L1 ferrite aerial (see text)

Semiconductors
1c l  2N414
TR1 BClOgC

Switch
S1 s.p.s. t .  sub-miniature toggle

Miscellaneous
Verobox type 75-1469-L
Stereo headphones, 8cr per headphone
Veroboard, 0.1in. matr ix
Trimmer converter (see text)
Control knob
1.5 volt cell type HP? (Ever Ready)
Ferrite rod, 2] x fin. (see text)
32 s.w.g. enamelled copper wire (for Ll)
Insulating tape, solder tags, wire, etc.
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Bonds of insulotion tope

Fig. 2. Details of thc ferrite rod aerial winding

FERRITE  AERIAL
Commercially produced ferrite aerials all seem

to be far too large for the present applicaticn, and
so it is necessary for the aeriaf to be home-
constructed. Details of this component are provid-
ed in  F ig.  2.' fhe 

aer ia l  is  wound on a 2 l  by l in .  ferr i te  rod.  I t
wi l l  probably not  be possib le- to obta in a rod of  the
required Iength, and so it wil l be necessary to cut a
piece from q longer rod. Ferrite is an extremely
hard and britt le substance which cannot be easilv
cut through with, say, a hacksaw. It should b-e
possible to cut a deep groove around the cir-
cumference of the rod at the point where it is to be
cut, after which the rod can be easilv broken at this
point by tapping it gently against ihe edge of the
bench. This does not always produce a very neat
break, but any rough protruding edges can be fi led
off, and any general roughness wil l not affect per-
[ormance.

The winding consists of 80 turns of 32 s.w.g.
enamelled copper wire wound around the middle
third of the rod in a single layer. The turns should
be spaced as closely together as possible. If i t is
found that the length of the winding is slightly
different from the fin. shown in Fig. 2]so thaiit is
not fully central on the rod, this is not of impor-
tance. Bands of insulating tape are used to hold the
lead-out wires in position and to thus prevent the
winding from springing apart. The lead-out wires

are cut to about 50mm. in length, and then the
enamel insulation is scraped off the ends of these
Ieads so that they can be tinned with solder.

If diff iculty is experienced in obtaining |in.
ferrite rod, it is in order to use the more readily
available rod having a diameter of Smm. This is cut
down from a longer piece in the same manner as
the i in. rod, and the winding has the same number
of turns. There is iust sufficient room in the lavout
for  8mm. rod.

C O N S T R U C T I O N

Most of the components are assembled on a
0.1in. matrix Veroboard panel which has 14 holes
by 7 copper strips. The component layout of this
panel is shown in Fig. 3.

Start by cutting out a panel of the required size
using a small hacksaw, and then make the single
break in the copper strips. No mounting holes are
dril led in the board. Then solder the components
into position. Note that R2 is a skeleton poten-
tiometer having 0.2in. spacing between track tags,
and 0.4in. spacing between track and slider tags.

The general arrangement of the receiver can be
seen from the accompanying photographs. A
Verobox type 75-1469-L is used as a housing, and
as the receiver has been designed to fit into this
case it is probably best not to attempt to use an
alternative.

The ferrite aerial is glued in position at the top of
the case using a good gap fi l l ing adhesive such as an
el)oxv type. The HP? cell f i ts into the space op-
posite this at the bottom of the case. A 250pF mica
compression t r immer is  used as the tuning
capacitor, and this is f itted with a "trimmer con-
verter" which replaces the adjusting screw and has
a ]in. shaft for a knob. The trimmer and the
trimmer converter are available from Home Radio
(Oomponenls) Ltd. The tuning capacitor is mounted
on the extreme right hand side of the case, and its
two tags must be bent forwards slightly so that they
are not obstructed by the ferrite aerial. The tuning
capacitor is mounted by the bush and nut which
are situated at the rear of this component. It does
not matter which way round the connections are
made to the tuning capacitor and to the ferrite
aer la l .

RADIO AND ELECTRONICS CONSTRUCTOR



S1 is mounted towards the top of the left hand
side panel of the case, and it is important that this
be a sub-miniature toggle switch as there is very l it-
t le space to accommodate it. An entrance hole for
the headohone lead is made in the side of the case
iust  below S1.- 

When all this has been completed the component
panel can be wired up to the rest of the unit. The
banel f its into the spice in the centre of the case.
The headphone lead is crtt down to only about 5in.
or so in length, and then it is soldered into the cir-
cuit. Only two of the three wires in the headphone

headohone lead may init iallv make temporary con-
necti irns from the 6oard to its jack plug. The wire
mav then be cut and finally fitted after tests have
beeh comuleted.)

The baitery leads are terminated in 68A solder
tass and theie are held against the appropriate
baiterv terminals with the aid of a rubber band'
Take 6are to ensure that the cell is connected with
correct polarity. The cell terminals wil l be marked
with their respective polarit ies.

'fhe l id of the case must be dril led with a ft in.
diameter hole through which the trimmer converter
shaft can nass. Thd case lid can then be screwed
into nositidn and the trimmer converter shaft f itted
with'a small control knob. However, this cannot
finally be done unti l R2 has been adjusted to the
correct settlng.

When com*pleted, the receiver is -glued to the
headnhone f rom 

'which 
the headphone lead

.*"rner. It wil l need to be mounted fairly low down
so that it does not obstruct the headband assembly,
ancl it is nreferable for it to be mounted on a flat
surface. Ho*eve., if an epoxy adhesive, or other
tvne havinq a sood eap-f i l l ing-abi l i ty ,  is  employed
ii 

'should 
be p*ossible'to obtain a good bond to a

curved surface, if necessarY.

ADJUSTMENT
R2 should be adjusted so that its slider is at ap-

proximately the ientre of its track - before the
i;;"i;;; is" initially switched on and tested. If
,u.uftr .""- to be Jatisfactory, adjusting the slider
, ,1 t tz sl icht lv in an ant ic lockwi ie dir ict ion wi l l
pr, , l l ; r l l lv I r , ,duce a srnal l  improvement in sensit iv-
i t r , , rn<l seiect iv i ty.  l )o not adjust R2 too far in the
, r i r t i c lockwise  d i rec t ion ,  though,  as  th is  w i l l
l r , ' r r l t  i r t  the circui t  becoming unstable. Also,

Bottcry pos Bottcfy neg

B

n

E
F
G

:

Ip

I

Fis.3.Mostorthacomponentsarawiredup-o.7 i:,,[,,]';til:11]f,,"t*tr:".3$iffit"?'rnltt;; f"ri,la smattveroboard,Panet' emptovins the taYout 
ii;fll,tlrj:i.,.';lixr*lxwznirl:tut'u"tt

If there is any sign of instability when first
testing the receivLr (iuch as a whistling sound as

cable are actuaily connected; the common lead be- the set is tuned across a transmission), ther R2
inn in"o*d. It is possible to determine which lead is slider should be adjusted slightly in a clockwise
the iommon one by inspecting the wiring at the direction to eliminate this instability. Do not adju.st
iack plug. The common iead iJthe one which con- it any.further in the clockwise direction than is ab-
hecis'to [he main part of the barrel of the plug, and solut-ely necessary,^as this wotlld cause a needless
ii is usuallv coloui coded black. (Constru6tors who degradation of performance. R2 should be set up
prefer to check out the receiver before cutting the rvith a new HP7 cell connected.

: ;  / :
frl- [n'
t  t o t  t o
|  |  tY_
te la I  H.v D  I
-  t o
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NEWS AND
ANALOGUE MAGNETIC TAPE RECORDER LOGS
VITAL DATA IN SEA WAVE ENERGY RESEARCH

An EMI'lechnology high-performance magnetic
tape recorder is playing an important role in the
I ) e p a r t m e n t  o f  E n e r g y ' s  c o n t i n u i n g  R & D
programme for winning power from the waves
around Britain's coast. One of their portable
S87000 analogue instrumentation recorders is be-
ing r rsed wi th equipment  prov ided bv The Nat ional
Mar i t ime  Ins t i [ r r t i r  (NMi )  and  the  B r i t i sh  Hove r -
craft Corporation for experiments being under-
taken in.the.Sole^nt by Wavepower Ltd., a io-pu.ry
comprising Sir Christopher Cockerell ( inventbr of
the Hovercraft) and E.W.H. Gifford and Partners
(<ronsul t ing engineers) .

The Wavepower project* is concerned with
evaluating the effectiveness of the 'Cockerell Con-
torrring Rafts' (see diagram). These have a series of
hvdraul ic  motors/pumps s i tuated between each
raft in order to convert the energy of the raft mo-
tion into high pressure in a fluid. Init ially, trials of
g_th scale ralt strings were conducted by fhe Brit ish
Hovercraft Corporation in test tanks oir the Isle of
Wight, and- now {th scale trials are being held at
sea in the Solent .

The recorder is being used to monitor a number
o.f .crit ical parameters relating to the design, ef-
ficiencv and survival capabil i ly of the Coikerell
Oontour ing Raf ts  (CCR).  Based on an analys is  of
the data obtained, a full size prototype ri i l l  be
designed for  fur ther  evaluat ion.

For the fith scale experiments the SE7000 is
housed, together with all the other measuring and
real-time data analysis equipment, in a 20-to; ISO
container secured in the hold of a moored 60ft sea-
going barge. This barge is l inked to the CCR by
means of  an e lect r ica l  'umbi l ica l '  cable.

The tape transport is being used to record pulse
code modulated (pcm) signals derived from 64data
channels. With such a large number of channels,
conventional analogre tape recording would have
fg.n - prohibit iv-ely expelsive; pcm techniques
(developed by Microconsultants Ltd in association

,r'',i"li'^ii".'9!ll3il''lt ii5io"".
The Cockere l l  Contour ing  Raf ts  a re
hydraulicl electrical systems whereby the wave-
induced movdments of the articulated sections
are converted into a hydraulic pressure, which
is then itself converted into electrical energy
using an altemator.

with the NMI) were therefore used. since these
enable up to 21 data channels to be recorded on
only one track of the 14-track recorder.

The measurements being monitored relate to en-
vironmental conditions such as wind and currenr
speeds and directions, t ide and wave heights and
directions (using a device developed bv th.-e Brit ish
Ship Research Association), baiomeiric pressure
etc. Other parameters being recorded include the
mooring fgr.ces on the CCR pontoons, loadings on
ttre raft hinges, hydraulic pressures, electl ical
power output and so on. Analysis of the recorded
data is f inally carried out at one of the NMI's land
bases, using Honeywell mainframe computers.

* I-n all, four R&D projects - each based on a
di f ferent  mode 

-  
of  wave-to-mechanical

energy.transfer - are being financed by the
s2j-mill ion DofE wave inersv resdarch
programme. The other three - 6eine under-
taken by both private industry and Govern-
ment bodies - concern the-use of Salter
Ducks, Oscil lating Water Columns and the
Russell Rectif ier.

Picture shows H.R.H, The Duke of Kant dis-
cussing Mufticore Solders Limited Solder
Creams with Gordon Arbib the company's
Managing Director. Also shown are four ax-
ecutives from Mult icore's Hong Kong

Distributors Rory Electric Co, Ltd

MULTICORE SOLDERS AT THE

BRITISH INDUSTRIAL

EXH|B|T|ON,  HONG KONG

It was a question of History repeating itself when
H.R.H. The Duke of Kent met Gordon Arbib,
Managing Director of Multicore Solders Limited,
at the British Industrial Exhibition in Hong Kong.
His Royal Highness stopped at the Multicore
Solders' Stand to see demonstrations of their
Oxide-Free Solder Cream and special solders for
the soldering of aluminium.

Twenty-eight years ago Queen Mary visited a
Multicore Solders exhibition stand at the Radio
Show in London where she met Mr. Arbib's father,
the late Richard Arbib.

The Hong Kong exhibition attracted exhibits
from 120 British Companies.
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COMMENT
ADDIITG SOUND TO CANCET NOISE IUEW SCIEilTIFIG

CALCUIATOROne of the problems of working in
industrial environments is that of
noise, and the usual approach
towards obtainine a reduction in
this particular field of audio pollu-
tion has been the use of sound-
proofing materials, baffling and the
like. Plus, of course, attempts to
reduce the level of noise generated
at the source itself.

All such devices are of a passive
nature, and it is of considerable in-
terest to learn. from the National
Research Development Corpora-
tion, of steps to reduce noise by an
active method. A further noise is
added to the original noise and
achieves partial cancellation of it.
To date, the technique has only
been developed to the state where
noise at low frequencies can be
dealt with.

The work carried out has been on
the low frequency noise from gas
turbines, which have presented
what has always up to now seemed
to  be  an  i nso lub le  p rob lem.
Howeve r .  r ecen t  resea rch  a t
Chelsea College into a system devis-
ed by Dr. M. A. Swinbanks suggests
that the answer mav lie in absor-
bing sound by generating additional
sound to interfere with and cancel
the offending frequencies.

Work on the Swinbanks system is
currently being financed by the
National Research Development
Corporation and. at the present
state of development, the method
appears to be particularly ap-
propriate for absorbing sound in air
ducts and fluid pipelines.

It is commonly accepted that a
loudspeaker can be used to cancel
sound waves in one direction at the
expense of doubling the sound levels
in another. but the fact that a

loudspeaker can be employed to ab-
sorb iound energy (thus 

-forming 
a

"sound sucker") is less well known.
Assumins that the noise from a fan,
for insta-nce, is travelling alo4g a
duct and that it is required to
silence this noise before it reaches
the area serviced by the duct, the
following method is adopted.

Two microphones are placed in
the duct and their outputs are com-
bined to detect only the sound
arriving from the noise source. The
microphone signal is electronically
processed and is thpn fed to two
Ioudspeakers mounted on the wall
of the duct. These operate to
produce a "plane wave" which
travels down the duct towards the
zone to be silenced but not towards
the original noise source. The plane
wave has identical amplitude but
oooosite ohase to the unwanted
sound and the end result is silence
in the duct downstream from the
loudspeakers wi th an unal tered
sound field upstream. Under such
circumstances it can be shown that
the sound energy is first "trapped"
between the loudspeakers, and is
then progressively absorbed by the
loudspeaker nearer the mlcro-
phones.

The experimental system has
sicnificantlv cut random noise over
th-e ranee of gO to 200H2 in a duct
measuring approximatelv 300mm.
square. WittL i fan havirig a broad
noise peak at 160H2, the attenua-
tion over the range was t4dB. The
precise attenuation and frequency
iange of operation is largely govern-
ed bv the need to ensure accurate
repr6duction of the initial sound
fidld; for example, 20dB attenua-
tion corresponds to 907o accuracy in
the operation of the loudspeakers.

The student rnarket is particularly
well catered for with the introduction of
Commodore's new scientific calculator.
which represents a breakthrough in
c a l c u l a t o r  f e a t u r e s / p r i c e :  M o d e l
SR4912 is an 8+2 digit tED calculator,
and undoubtedlv regresents fine value-
in students' scientific models. At a price
of s12.50, it features 50 key functions
including log and trig, mean and stan-
dard deviation, polar rectangular con-
version and many more power keys.

Following upon the above interesting news item we ex-press the^
hope that sourid pollution from radios-etc. will not be a feature of
ouldoor life this-summer. The position has certainly improved
since the first advent of transist6r portables, and we can all set a
good example.

PRIIUTED CIRCUIT BOARDS AVAIIABLE
Messrs. Ramar Constructor Services of Masons Road,

Stratford-on-Avon, Warwickshire CV37 9NF, inform us that
they can provide printed circuit boards for the 'Duette' Stereo
Amplifier described in our January issue and for the 2 Metre
Converter described in our Februarv issue.

The p.c.b.'s for the 'Duette' are frriced at 82.45 the pair in-
cluding'VAT and postage. The boards being in fibreglass, roller
tinned and fullv drilled.

The p.c.b. foi the 2 Metre Converter is produced as a double
sided 6oard, one side being plain for scieening on fibrqglass,
roller tinned and drilled. Tf,e-price is €2.38 incl[ding VAT and
postage.

JULY 1978
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3-WAY TOUCH
BUTTONS
By G.A. French

' f  h e  c u r r e n t  a v a i l a b i l i t Y  o f

CMOS d ig i ta l  i . c . ' s  makes i t  poss i -

ble to rnake up a nu.m.ber ol slmple
f o c i ;  c i t c u i t i  w h i t ' h  w o u l d  b e
relai iuetv dif f icult  to- bring into
orac t ica l  opera t ion  w i th  the  ear l le r
i . t . i .  d .u i . . t .  A lso , -CMOS i ' c ' ' s .have
the advantages of not requlrrng a

iezutated poier suPPIY. and of hav-

ini rvtt . tm'ett ical input and output
.*it.iling from higtr to low voltages
.na ui. .  versa, excePtional lY low

cur ren t  consumpt ion  and v t r tua l l y
inf init .  gate input resistance' On
the debii  side is ' the fact that many
CMOS gates have a low outPut
*r i ." t  Eapabil i tY, with the result
ihut .*t . t i tal  discrete transistors
are required i f  a CMOS device is to

controi a load having a current re-
q u i r e m e n t  i n  e x c e s s  o f  a  f e w

rni l l iamps.;ihe circuit to be described in this

-*tt t ' . 'suggested Circuit '  art icle
highl ights hith these advantages
and the disadvantage.

L A T C H I N G  C I R C U I T

! ' i c .  I  s h o w s  a  t h e o r e t i c a l
lat"hT"s circuit  incorporating three

2-inrrut-NAND gates. As readers
* i t t 'U .  aware ,  the  qu tPut  o f  .a  2 -

inout  NANI)  ga te  i s  h igh  (pos t t tve)

when either both i ts inPuts or onlY

one of i ts inputs is low (negattve)'
' fh. NAND gate output goes , lo.w
on lv  when bo th  i t s  inPuts  a re  n tgn '" 

i 'n the circuit  the outPut of gate A

connects to one input o-J sgle g apo

to  one input  o f  ga te  C '  S lml la r ly '
the outPul of gate B connects to one

i""" i i rgate"A and t- 'ne inPut of

sale C, whilst the output of gate (

lonnects to one inPut ol gate A ano

one input of gate B'' " rh ; '  
c i r .uTr  has  th ree  s tab le

staiei: either the outp-ut of gate A is

low and the outputs ol the other two

nui. i  ui" hieh, or the output of gate

b D 6

B on i ts own is low, or the outPut of
gate C on its own is low' The oPe-ra-
l iun of the circuit  can be readi lY
visual ised. I f ,  for instance. the out-
out of gate B is low, so also is one in-
i lut of 

'gate 
A and one inPut of gate

C. crr.rsi t te the outputs of gate A and
gate C to be high. These high.out-
puts connect to the lnputs ol gale b.
i i rmlv latching i ts output in the low
cnndit ion. Si ir i lar reasoning .wi l l
show that gate A output may al ler-
nativelv be latched in the low con-

dit ion on i ts own, as may the outPut
of sate C. Whatever gate output ls
low,  the  remain ing  two ga te  ou tpu ts
are  h igh  re in lo rc ing ,  as  i t  were ,  the
low output of the f irst gate.

The 
'circuit  

of Fig. I  has l i t t le
Dractical use because, once the
suoolv has been switched on, we
.uhhoi chanse i t  from whichever of
the three staTes it chooses to select'
i f  we a t temPt  to  fo rce  anY inPut  low
t r r  h ieh  we w i l l '  f i nd  tha t  we are
short-circuit ing a gate output to-an
,rpposite polari ty from that which i t
t t i ia.,  * i tn a consequent r isk of
damase to the gate and, certainlY,
the flow of excessive cunent.

; fhe situation alters dramatical ly
i f  w e  i n t r o d u c e  t h r e e  c u r r e n t
i i rr .r i t ine resistors in series with the
outptrt i ,  as we do- in l ' ig..  .2. 

' l 'hes.e

res is to rs  have va lues  wh lch  l lm l t
the sate output current to a safelY
low 

'va lue  
when i t  i s  des i red  to

chanse the  s ta te  o f  the  c i rcu i t '  A lso
inc lJded in  lhe  c i rcu i t  i s  a  l l y ing
lead frorn the negative VSS suPPlY
.uit  inr the gates. Let us say that the
( )u tDut  o f  ea te  C is  low and tha t  ue
*^n t  to  a l te r  the  s ta te  o t  the  c i rcu i t
so  tha t  i t  i s  ga te  B  ou tpu t .wh ich  is
low.  To  do  th is  we aPPIY the  t lY tng
lead to  Pont  Y ,  therebY tak ing  th ts
c i rcu i t  t ro in t  low.  A l though the  ou t -
r-rut of eate B is high, the current
which f iows from it  is st i l l  at a sate
Ievel because of the series current
l imit ine resistor. The negative con-
nection'to point Y causes one input
oi eate C io go low, whereuPo-n i ts
outiut eoes hi"eh. The output of gate
A, ;hi;h is already high' remains
una l te red .  In  consequence.  bo th  ln -
puts of gate B go high and i ts outPut
coes low. When the negative con-
nection is taken from point X. gate
B output is low and remains low'
with the other two outPuts high'
Note that the outPut of gate B is not

fttrt'L'd \ow bY the negative connec-
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t
Fig. 1. Theoretical circuit in'
corporating three CMOS
NAND gates. The circuit has

three stable states

I
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Fig, 2, Addlng output cunent limiting resistors anahles the circuit
to bc changed from one srate to another

tion to point Y. The sequence of
operations is that the negative con-
nection causes both its inputs to be
high by way of the other iwo gates,
whereupon its output goes low
following standard NAND gate
principles. In practice, the negative
connection to point Y may be of a
momentary nature only. If we next
want to make the low output that of
gate A, we momentarily apply the
negative connection to point X.
Subsequently applying thi negative
connection to point Z will then
make the output of gate C go low.
Should we apply the negative con-
nection to. say,-point K when the
output of gate A is already low
nothins happens; both ends of the
associa"ied current limiting resistor
are at the same potential and the
circuit state is unaltered.

The circuit of Fig. 2 can be made
to operate with t.t.l. gates but the
choibe of current lim-iting resistor
value is rather critical if we are to
ensure that sate output current
ratings are no1 exceed-ed and that
gate input current requirements are
5atisfied. Also, the presence of
resistors between one gate outPut
and the input of another gate means
that the circuit is not operating to
proper t.t. l , standards. None of
itreie difficulties is present with
CMOS gates. The fact that virtually

t
Vgp

TRt
BC2t4L

Outputs

- Touch buttons

BC2r4L
Lcod-outl

R1-R9 l/4wott too/o

Fig. 3. A ptractical circuit in which three outputs can be provided by momentarily touching one of the
threa touch buttons
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zero current flows into a CMOS gate
input means that the resistors can
have any value above that which
limits gale output currents to a safe
value.

TOUCH BUTTON

OPERATION

One obvious application for a 3-
wav CMOS latch is as a touch-button
switch. in which one of three out-
puts can be selected by applying a
finger to the appropriate touch but-
ton-. A working S-way touch button
circuit is illustrated in Fig. 3, where
it will be seen that the CMOS i.c.
emploved is a quad 2-input NAND
eati tvoe CD40i 1. Onlv three of the
Eates in the i.c. are useil. The fourth
has its inputs at pins 12 and 13
taken to the negative rail, and no
connecton is made to its output at
p in  11 .

The three remaining gates are
connected in the circuit of Fig. 2,
the three current limiting resistors
beins Rl, R2 and R3. If the circuit
is traled through it will be seen that
the output of each gate connects
first to its current limitins resistor
and then to one input of each of the
other two gates.

In Fig. 2 the right-hand ends of
the curient limiting resistors were
taken negative by means of a direct
connection. In Fig.3 the correspon-
dine c i rcu i t  points are taken
negitiue by way of the touch but-
tons; bridsing the two contacts of
anv touch-button with a finger tiP
provides the negativb coupli4g.
Althoueh the resistance scross the
touch button will be of a relatively
hieh value it will still be much lower
thin the values of Rl, R2 and R3,
thereby taking the appropriate gate
inputs sufficiently low to change the
circuit state. R4. R5 and R6 are in-
cluded in the touch button circuits
to limit anv input currents which
may flow b6cauie of static voltages
to L level which can be reliably
handled by the protection diodes
inside the i.c.

The gate outputs also connect,
via R7.R8 and R9. to the bases of

the three p.n.p. transistors. TRl'
TR2 and TR3. When any gate out-
put goes low, the corresPonding
transistor passes collector current.
and can supply outPut loads uP to
some 30mA or so.

When touch button 1 is touched,
oins 9 and 2 of the i.c. are taken
low. The output of the remaining
eate. at pin 4,-also goes low, causing
TRL to turn on. If touch button 2 is
bridged, pins 8 and 5 go low, as also
then does the remaining gate output
at pin 3. TR2 is thereby made con-
duitive and output 2 is turned on.
Bridcine touch button 3 takes the
negaliuJ coupling to pins I and 6 of
thd i.c.. wittr the result that pin 10
goes low and TR3 conducts.

It is a little difficult to devise a
simole means of biasing the circuit
such that a particulai outPut is
alwavs the first one to be turned on
when power is applied, which maY
be a 

- 
desirable 

- 
feature in some

applications. In practice, however,
it would seem that this facil i ty is
automatically provided by the
nature of the circuit itself, since
there must be a difference in the
current gains of the three gates.
With the p,rototype circuit it was
found that ihe same output alwaYs
came on first whenever the suPPlY
was  app l i ed .  Such  a  pe r fo r -
mance cannot be guaranteed with
all CD4011 i.c. 's, of course, and the

oarticular output which comes on
hrst wil l varvbetween one i.c' and
the next.

The outputs to be controlled de-
pend upon the requirements of the
bonstructor. If a r6lay is to be used
in an output circuit, i t wil l reguire
the usual reverse connected dlocte
across its coil, as is illustrated in
Fig. 4."The three touch buttons will need
to be home constructed, each con-
sistins of two small pieces of metal
havine a shinv surface which gives
sood 

"contacts to the skin of the
Iineer. The heads of two nickel-
ola"ted bolts of around 4BA or 2BA
mounted close to each other on a
oiece of insulating material can
brovide a simple a-nd easilY made
louch button.- The touch buttons
themselves should be sPaced'aPart
such that there is little risk of two
buttons being inadvertently touch-
ed at the same gime' This wil l not
cause any damage to the i.c. but
mav prevent correct output selec-
tiori. If the equipment in which the
touch button circuit is 

'emPloYed

has a chassis which is at earth
ootential. this mav be made com-
mon with the touch button negative
supply.

On no account must the circuit be
so used with equipment having a
live chassis connected to the mains
supply, aS occurs with manY televi-
sion receivers, I

vpg 9v+

vss -

Mail Order Protection Scheme
The publishers of this magazine have given to the

Director General of Fair Trading an undertaking to
refund monev sent bv readers in response to mail
order adverti6ements filaced in this malazine by mail
order traders who fail to supplv goods or refund
money and who have become ihe-sulject of liquida-
tion or bankruptcv procbedings. These refunds are
made voluntarilv and are subiect to proof that pav-
ment was made to the advertiser fof goods ord-er6d
through an advertisement in this magazine. The
arrangement does not apply to any failure to supply
goods advertised in a catalogue or direct mail solicita-
tion.

If a mail order trader fails. readers are advised to
lodge a claim with the Advertisement Manager of this
magazine within 3 months of the appearance of the
advertisement.

For the purpose of this scheme mail order adver-
tising is defined as:

"Direct response advertisements, display or
postal bargains where cash has to be sent in
advance of goods being delivered."

Classified and catalogue mail order advertising are
excluded.
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ULTRASOUND
DISPLAY SYSTEM

By Michael Lorant

X-ray-like TV displays employ colour changes to indicate varying
densi t ies in human t issue.

John E. Jacobs, executive director of the
Northwestern Universitv Institute's Biomedical
Engineering Centre in the United States has, with
a team of graduate students, developed the first ul-
trasound imaging system capable of producing X-
ray-like coloured images on a television screen of
the inside of a human finger, muscle or any other
livins tissue.

Clearly discernible blood veisels in the fingers
of a hand appear as pulsating blue, green or orange
lines. The array of colours shifts as the hand

recognisable by the human eye on a standard
colour scale appear as the sound wave phase
patterns alter.

Ultrasound wave interference patterns are set
up by the varying arrival times of the waves on a
two-inch round quartz plate operating at 3.58MH2.
The plate is part of an imaging tube at one end of
the tank which translates the ultrasound waves
emanating from the other end into the different
colours seen on the TV tube.

There are three important advantages of the

Working with the first ul-
trasound colour imaging
system, John E. Jocobs,
executive director of
Northwestam University
Tdchnological lnstitute's
Biomedical Engiieering
Centra, watchds the image
on tha colour TV screen
oiven bY the hand of the
braduat6 student on the left.
The student's hand is im-
mersed in a tank of water
contaihing tha 3.58MHz
ultnsonic r*eiving
t r a n s d u c a r .  ( l n  t h a
American N.T.S.C. colour
TV system, 3.58MHz is the
chrominance subcarrier

frequency,)

7::/. .,..

'174ir,,,,,:,:

/7'  ,z
I Tbnt

changes position in a tank of water containing the
transducer device.

The colours do not represent real colours in the
internal structure ofthe}and. Instead, they repre-
sent varying rates at which ultrasound waves pass
through-the hand when it is dipped in a tank of
water in the path of the waves.

A normal unimpeded sound shows up on the TV
screen as red. Sound waves arriving slightly later,
and therebv at different phases. appear successive-
ly as purfle, blue, gre'en and oiange. All hues

JULY 1978

svstein which will allow it to be used as a medical
diagnostic tool. First, it can produce bright
simultaneous images of pulsating blood vessels in
muscle and other tissues not normallv visible bv
conventional X-rays. Second, the colour televisioir
svstem is 20 to 40 times more sensitive to tissue
changes than existing black-and-white displays of
ultrasound images. Finally, by using scattering
and reflecting techniques, similar to those
employed in SONAR, the system could be used to
diagnose diseased conditions in human tissue. I
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SINGLE
TTJNED
CIRCI-]IT
F.M.
RECE,IVER
By P. R. Arthur

Local Station v.h.f. receiver using the synchronous
detector principle.

Simple v.h.f. broadcast receivers can make an
interestirie alternative to the more usual a.m.
receiver 

-broiect.  
They provide good qual i ty

relativelv inteiference-fieeleception of B.B.C. and
commeri:ial stations in areas of reasonably good
simal strength. The main disadvantage of a simple
v.-h.f. set islhat it is not really suitable for use in
mediocre or poor reception areas. A simple v.h.l.
detector can be very sensitive, but tuning and ad-
iustment become eicessively critical on very weak
iimals. and there is a marked loss of audio quality.
T[e orototvpe is used approximately 25 miles
awav'from ihe B.B.C. Wrotham transmitter, and
excellent results are obtained.

The receiver uses four transistors including a
Jugfet, and it provides an output which is suitable
for"hish impedance headphones or a crystal ear-
oiece.-In faci it will even drive any reasonably sen-
tbr hish lmpedance headpnones or a crystal ear-
piece.-In faci it will even drive any reas.onably sen;piece. ln tact tt wtl l even dnve any reasonably sen-
3 i t i ve  pa i r  o f  l ow  o r  med ium impedance
headohdnes. The set has a telescopic aerial and is
powered from an internal PP3 battery. It is thus
iompletelv self-contained.

This is-not intended to be a miniature pocket
tvne receiver, and the unit is built into a case
*tricn measures approximately 185 by 109 by
60mm. This, coupled with the use of varicap diode
tun ing ,  enab les  good f reedom f rom hand
capacitance effects to be obtained'
662
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T H E  C I R C U I T
The circuit of the receiver appears in Fig. 1. It

has four stages: a grounded gate input stage-,. a syn-
chronous delector, a common emitter audio pre-
amplifier and a common emitter output stage.

Whilst the grounded gate Jugfet in the TRl posi-
tion provides a srnall amount of gain, its primary
funcfion is to isolate the aerial from the detector,
TR2. Such isolation is necessarv because the detec-
tor is oscillating in use, with 

-the 
result ttrat- lhp

receiver could otherwise radiate a signal which
would interfere with other sets. Rl is the source
bias resistor for TR1 and no input tuned circuit is
emnloved as the aerial couples directly to the
.ource. Ll is a low value r.f. choke which forms the
drain load fbr TR1, and the output from this stage
is coupled to the detector via C1.

TR2 is the sSmchronous detector and appears in a
srounded base Colpitts circuit which is adjusted,
bv means of VR2, tb the point where it is just gent-
lv oscillatine. In this stata the oscillator will tend to
lock onto iny similar or very close frequency,
which in this case is an f.m. transmission'

As the innut sisnal deviates around its central
frequencv the oscillator follows it, resulting in fluc-
tuations in the amplitude of the oscillations and,.in
turn, the current cbnsumption of the oscillator cir-
cuit.'The oscillator current flows through R4, the
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Resistors
(All fixed values i watt 5%)

R 1  l k n
R 2  1 k o
R3 120ko
R4 2.2ka
R5 18kn
RG 10krr
R7 220a
R8 1.2Mo
R9 4 .7ko
R10 220 CI
R11 2.7k ct
R12 560k n
R13 56 r)
R14 lk  n
VRl 1Oko linear, with insulated spindle (see

text)
VR2 sko log, with switch 51

Capacitors
Cl 1.8pF ceramic or si lvered mica
C2 226uF electrolvt ic,  10V. Wkg'
C3 220uF electrolyt ic,  l0V. Wkg.
C4 0.011F cl isc ceratr t ic
C5 4.7pF ceramic
C6 0.001rI"  disc ceramic
C7 0.41iF- electrolvt ic,  1t)V. Wkg. (see text)
C8 100rF electrolyt i t ' .  10V. $'ke.
C9 0 .0 l lF  d isc  t ' t ' r r i r t t i i '

CrO 0.rpF type C280 (Mullard)
Cl1 0.015r2F tvpe C280 (Mullard)0.015pF iype C280 (Mullard)

1001F electrolytic, 10V. Wkg.C12 100aF electrolytic, 10V. Wkg.
C13 1001lF electrolytic, 10! Wkg.C13 100pF electrolytic, 10V. Wkg.
TCI 25pF trimmer, type C801 (Jackson)

Semiconductors
TRl BF244B
TR2 BF194
TR3 BC1O9
TR4 BC1O9
Dl BZY88C7V5
D2 BA1O2

Switch
S1 s.p.s. t . ,  part  of  VR2

Sochet
SK1 3.5mm. jack socket

MisceLlaneous
Plastic case, 185 by 109 by 60mm. (see text)
9 volt battery type PP3 (Ever Ready)
Battery connector
Telescopic aerial (see text)
Veroboird. 0.1in. matr ix
18 s.w.g. aluminium sheet
2 control knobs
Enamelled wire, resistor, for L1, L2 (see text)
Grommet, nuts bolts etc.

*ou )'P4

[:"3
d g s

BF 2448
L€qd-o!ts

c e /---\b
/ o  o \

t l L l

H \-v.
BF I94

Leod -outs
BC l09

t-?od- ou ts

Fig. l. The circuit of the singte tuned circuit f.m. receiver. Tuning is carried out by VRI and varicap

dioda D2
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voltage across which varies in sympathy with the
or.iii"uioi curtent, and these voliage chan-ges then
constitute the audio output of the- detector'
Capacitor C4 provides r.f. filtering and decoupling'

The detector is tuned over the t.m' band Dy
u"ri."o diode D2 which, in company with the
..ri.. 

-tti.n*er 
TC1 and' L2, completes the os-

cillator tuned circuit. R2 and D1 form a zener
ihunt t"gtt"tor circuit which provides a.slrbilized
uottae.-?or the tuning potentiometer, VR1. The
uoit"Ee tapped off bv VRt slider is applied to D2
throu?h R3, and the circuit can be set up for a tun-
ine ra*nse of about 88 to 100MHz.

"CZ cduplet the audio output from the detector to
the base of TR3. R? and C9 provide additi.onal r'f'
fiii.;i";. 

-utta 
tni. is necess'ary since both audio

;1;;; ftt; responses which eitend into the v'h'f'
;;;?tit;. Insfability could easilv -result if a
.i*iii.unt amount o-f oscillator sigiral were to be
alTowed to enter the audio stages. The filter com-
nonents also provide the necesiary de-emphasis to
in.- *ai" simal. This de-emphasis is. merely a
.iit"ti-utii"uni of treble attentuation which com-
o."."t.. for the treble boost (pre-emphqlis)
ipplied to the audio signal at the transmitter' 'I 'he

piripose 9f t{re pre-emphasis is to provtde an rm-
proved slgnal-to-nolse ratlo.'- 

Both ilie audio stages are conventional high gain
.o--on emitter circ-uits. R'13, the emitter resistor
i;; tR4, is unbypassed and provides q.measure of
nueutiui f".dbalk in the output stage. This reduces
;ir?'l r ;ih;;wise a marginallv.excessive gain, and
also sliehtlv improves the audto quallty.-. 

Stpptv d"conplittg in the various sections of the
crrcurt  rs provloeo oy C2, C3, C8, RtQ pn-4 Cl2'  51
i. tt* ot 

-ofi 
switch and is ginged with VR2' The

tui ient consumption of 
- the 

receiver- i t  -qP-
oroximatelv 6mA only '  whereupon the PPU
batterv has a reasonably long life.

C O M P O N E N T S
The telescopic aerial employed with the receiver

has a cioted length of 1?6min. qn-d an extended
t""*tft of t.t meties, and is hin-ge-d- for operation at
a-ifiaii"i aneles. This is available from Maplin
nieittonic Silpplies. It has a bracket on the lowest
...tio" *tti.his not required h-ere; this bracket can
il;;;";td ry aritting out the two rivets which

secure it to the aerial. Other telescopic aerials of

"l"t'itit! 
."me tengttr with the hineg't facility and

a 4BA tapped hole in the centre of the base snoulo
also be suitable'' ' 

bf"it""'tp."ined as 0.47wF electrolytic 10V'

wil.. 
-b";i; 

practice it will be found verv diffi-
.uit- io oUtain an electrolytic capacito: of thts
rii""" 

"t".ricii 
a lo* working voltage' It will be

;;l;; i" o-ttli to use a capa"citor. having a much
tilh;;;;;filg uott"g", even as-bish as 100 volts'
f fi;"^BFt4+ii speci?ied for T.Ri. is available
i ; ; ; " ; ; ia l  

-Juppl iets,  
including .EIectro-

value. The 185 by 109 by 60mm' plasttc case In
;ili;il ihe 

"eceiu"er 
is assembled is retailed by

fvi"ttt.. giian J' Reed. Finally, the C801 trimmer
;;;";it";;pecified for TCl cln be obtained from
Home Radio.

C O M P O N E N T  P A N E L

Most of the components are- assembled on a
o.iii,. *jit.tt Veroboard having 32 holes !v 1-4 gtrips'
V"."Ui"ta is not often usedln r'f ' and v'h'f' con-
r;u;;i";i projects as thera.pacitance between
strips can cause problems' This was not found to
6" ttt" case her-e, and an eqlly prototvpe was-
J,i.""".inrirn ur.ilid .i"l t-Dec! Ddtails of the panel

"t. 
rtt"*""i" Fig. 2, which also illustrates the other

*tfi:ft 
L1 and L2 are home-constructed com-

oo"u"lt. h consists of about 40 trrr-ns of 0'18mm'
ei;;;;;-("i-eo ..*.g.) ename-ll-e4 goPpe1 :vi:g
;;;;bi;-;outtd o.t anlrdinarv 270k o,r watt 10%
;;;iffi:- The 

- 
iesi.tor has a 

- 
bodv diameter of

u.ou"d 0.1in. The ends of the- winding, alter scraP-
i"n 

""a 
ti"ning, are soldered to- the resistor lead-

;;?;i;;t;i;;"ib ttt" resistor bodv, so that the win-
;i#;;;;;;.i'i"!rfi.1. rhe lead-out wires of the
resistor then act as ftte lead-out wires of the choxe'
Ttt" 

-ualue 
of the resistor is not important' pro-

"^ia:.a'iir"i 
it it ioot'n or more' since,it is merely

being used as a former'
L2-is a tuned winding and has to be wound with

r.r*"lUt.-piecision. It employs 0'9mm (ot ?9
rlile.t- ;"^';i it.a copper 

'wiie 
qld is self-

.itiri"iti"il it ffi exactlv 4 tur.ns"and is wound on
a temDorarv *tn. diamdter coil former' The coil
;;;;;-b;;t'dow" and pass throug!. holes in the
Veroboard which are 0.3in. apart' 'I'he turns are

RADIO AND ELECTRONICS CONSTRUCTOR



\ o  o  o  o

[ o  o  o

:i:j
t"l tt

(tlt'.'dI

TT-l[J
;t. l

o

o

o

a

o

o

0

o

o

o

o

o

:  :  :  : : : ' * ; " ; , '
o o o o o o  

\
o  o  o  o  o  o  o  o \  c o

I  o  o  o  "  .  I  . @ -

I( ' ._":: l: | :
m-H,  -  - i l " :  I '

T']'d;T;l'tlr .^o tk i lq l .
o 'h l'^3GSl.rP t I o
?o o o"f, o o I o

o

o

o

C 1

ffi
o

o

o o o

o o o

t9 2l 23 25 27 29 3l

A

6

a

o
E

F

G

H

J

K

M

N

o o a o o o o o a a o o o o o o o a o o a

a a a a a

o o o o o o o o o o o o o o o o o 0 0

1

I

l {
t t
I t,.t s "

Fig. 2. The wiring of tha receiver. Nearly alt the pafts are assembled on the Veroboard panel

snaced out over this lensth. 'l 'he coil ends are the copper strips over which they pass. In fact, the
sbraped clean of enamel ind tinned before being lead-out wires of all components in the r.l. cir-
;;id;tedlotheappropriatestripsof theVeroboardl cuitry should be no lonjer than is reasonably

The Veroboaid pahel is initially cut to size by necessary.

r,ffi'"iJ fi.xTei\'ltrTgr :*'lni'ly8 r':.:tlTf cAsE LAyour
tl i;-;"pd.;;arips are tn." -ad., after which the . Ttt.photographsfelntoshowthegenerallavout
b;;rd'6;p;"J"t. 

"r" 
mounted'and soldered in inside the case, qld.lt is strongly recommended

iliti""- N;te that C4 and C5 are mounted on the that this is not ra.dicallyaltered in any way. In this
;;;;;; ;id; ;a ah"- p"n.t. 

-Their 
lead-out wires application the lid of the case becomes the rear

;fi;td be tepi a" rttoif aspossible. Those of C4 are phnel, with the controls, output socket and aerial
;;;;d ;itti ri"ruitrg to i.euetrt short-circuits to appearing at the upper face' VR1 can be mounted
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Detail illustrating the Veroboard assembly more closely. The boarr! was not holted to the case when
this shct  l_1, : . . .  f , ) ro4

direct to this upper face, but greater freedom fiom
hand capacitance effects will be given if it is a type
having a long plastic spindle and if its body is
positioned lower down, fitted to a metal bracket.
This bracket is made up, as shown in Fig. 3 (a),
from 18 s.w.g. aluminium sheet and it is bolted to
the base of the case by two countersunk 4BA bolts
with nuts. It should be positioned. as shown in the
photograph of the interior, such that there is just
room for the PP3 battery between its upright sec-
tion and the adiacent corner nillar of the "case. It
will be necessary to alter the fength of the upright
section of the biacket if the spiridle lencth bf [ne
pol;entiometer differs from thdt of the c6mponent
usgd by the author, and this point should be check-
edrbefore making up the bricket.

ilhe mounting bracket for TCl is also made
frcim 18 s.w.g. aluminium sheet, and this is shown,
in Fig. 3 (b). The trimmer is secured to it by two
short-6BA bolts and care should be taken to ensure
that the adjusting spindle and bush do not touch
thb inside edge of the central hole. The capacitor is
mDunted with its moving vane tag pointing au'av
from the bend in the bracket. The bracket is glued
tor the inside surface of the front panel with a good
quality adhesive such as an epoxy type. Those-who
ptefer to do so may alternatively drill two holes in
the panel and the bracket to take countr:i'sru:1.: I RA
bolt-s with nuts. but this will mean :r. r
hgads will be visible from the front ol tire sei.

The aerial is bolted. in the position shown in the
photographs, to the bdttom ofthe case by means of
a 4BA countersunk screw. A solder tas is fitted
over this screw between the bottom oflhe aerial
alrd the case, and connection to the aerial is urade

66rj

via this tag. The aerial passes through a suitable
hole in the top of tlre case, and a groirmet can be
fitted hcre to prr-rduce a near finislr.

The comnonent nanel is secured to the bottom of
the case b! meani of two lin. long counte;sunk
t iBA screws. Spacing rvashers, or"spacing nuts
suitably positioired, ire employed to 

^ensuie 
that

the copper side is clear of the centre bottom moun-
ting pillar. The board is oriented such that the
holes in row No. 1 of Fig. 2 are nearer the aerial. It
is not finallv mounted until all connections from it
have been made to the other components. As can
be seen from Fie. 2. C2 and C3 are mounted on the
tags of VR2, Dl-and RZ on the tags of VR1 and C13
on one of the taes of SK1.

As alreadv mentioned. the batterv fits between
the bracliet irr VFil and the adiaceirt side moun-
ting pillar of the case. A piece of foam rubber or
plastic will hold it in position when the rear of the
caiie is screwed on.

- A D J U S T M E N T S
Initially, TCI should be adjusted for almost

maximum capacitance (i.e. its vanes should be
nearlv fullv inmeshed). With an earphone or
headphonei plugged into SK1, the set ca'n then be

.- d o: i  . . . ; , "  \  
' '  '  r , lvanred. I t  wi l l  probably not

, ' r ' .  l '  ,  ' i '  I  r ' l  , : v  m c a n s  o f  V R 1  u n -
t i l  ' ; i iz is wei i  advanc'rr i ,  i i  VR2 is advanced too
far it will not be possible to produce a proper audio
output from the set as the oscillating detector will
not lock on to the carrier ofthe received signal, and
all that will be heard is the beat note produced by
the carrier of the tr l:rission heterodyning with

.' i-, iii,UC'l'RONICS CONSTRUCTOR
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L!

-ilil
n::;, tl_____]

Altcr bcnding-

Fig. 3. (a) The mounting bracketforVRl. lf this
component has d non-stdndard spindle length.
bracket dimensions may need to be modified

as described in the text
r) The mounting bracket for VCI

., 
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i& Two of the r'f' bYpass capacitors are sotdered mto circuit on the copper side of the board
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where oscillation ceases the audio outPJI level will

#;;1h;;^ld ii'a 
""W"t 

qqqlilv wiil be a little
;;;"C;;"ilI' adjustment ofvRz 

-is 
needed for op-

iimum results.-'il;fu;ii;-"it 
r.-. broadcast transmitters use

n" ii'"""it?ii "p"I" ti, 
"Ti 

ot'" 
" 
tt a .o the te I esc o p i c a e r i a I

.t;;ff;;.I;;i.a "[+r'a"gtees 
ratherthan left in a

il;ti;;i;;itT;nl it shoull be rotated to the. posi-
il;^;hi[h iit". ttt" strongest signal, bearing in

"ri^tia'iiiit 
in?..ti"i"f Vn2f,ecomes less critical as

rrgii"t".itttgit i"-"t?u*.. A strong signal also gives
broader and easter tunlng'"'T;id ;;nse at the ldw frequencv end of the
#;'il4;;;;1iea-uv-tct' Adjustind rcl for in-
rre-;;J ."p".it"tt.""extends tfie range in the low
Hffi;;tT;;;i;;. i? iG range dods not extend
i"i""ii,"iigtt *itii tci at pqli-mpm capacitance'
;;ii t 

-A; 
be compressed slightlv to increase its

inductance.'^'Ot;;;ilIy, 
when there is insufficient covemge

i" ttt"-itiei't fi6qnettcyditection, \2 g"\be stretch-
;d ;1 ;ii;i';itl;;;a;" to reducg its i{rductance' In
ini. .itu^1ioti, ao 

"o[ 
adjust TC1. for decreased

caia;iffi;;;'i.ittit would reduce the overall tun-
Another view of tha receiver' The telescopic
aerial is stightly more than ona metre in langth

when it is fullY extended

the oscillatins detector. VR2 should then be lgrned
i;ff;ffi;;;'i':iii "' 

i' possible withoyt oscillation
i"i.ine. ti is obvious wh6n oscillation has been lost
u.-no-timuls, other than background noise, are

;;"4;.;J. ii Vnz is adjusted too close to the point

lng range."'fffr"fr o". considers the simplicity of the circuit'
+ho orrdin nrrql i tv orrtnut of the prototype Is verythe audio quality output of the p-rototype tq very

il;iii;"4;ili t"* impedance-16 o headphones-^' hioh irnnerlance 4.0iib'; il;dphones. Alihoughil;d ii;"4;lii to* I*p.dance'16 o Edadphones
:;"ti;i' l;;"d"r,"" 4,oiib'; h;;dphones' Alihough
.il'i'?I."pT"nt t, 

- 
t-.*-. ..itt.. are nof . 3t qo3d y,ill ̂  3

crystal edrPiece. TltiP q
as sood with a

ticea-bly reducedcrvstal earpiece. This gves a notlceaDly .

;;J;;;1;';;;--idaL ?equency resPonse which'
."Uj;"ii".iv, results in a'lower signal-to-noise ratio'

t

DECIMAL R AND
C VALI]ES

Combining two El2 resistors or capacitors
decimal values.

We occasionally require -resistance and
."o"iit""." values ritrictr ire in the deiimal series
;;i0:t0: 50, +0, so, 60, ?0, 80 a-n{ 90, and it can be
;ii;i;il".tiatihe *t 

"n 
wi rina that the onlv com-

;o#ffi;;^h;"". ;; hddo'tan P-urchasi have
#il;i" itt.- ptlr"tred" E12 series''T^his, you will
;#fi, il#;" iri. r.itt6*i"g-;;;;i' r0,ri,15r 1q'
Ti,1i ,'g5,-gg, 47,56,68 and 82. There-is no provi-
.i-,i" i6t tit" deciinal'values of 20 to 90'

If. however, we ar" prepared to use tyo EJ2
resistors in parallel or two E12 capacttors rn serres
ffi' ffi i"i'Jitv -"t e up combinations which
J""r."i"i. 

^pt*iJ.tv 
it a d'ecimal value, or which

By R. D. Smith

to obtain "round number"

calculate at the decimal value with an error of

0.5% or less.

PARALLEL-R SERIES-C' 
til;;"I vaG of two resistors in parallel' as in

Fig. 1,  is

and R2 are the values of the individual

D AT'ITr| ANN NT,IICTRONICS CONSTRUCTOR

R l x R 2
R:rTEz

where R1
resistors.



Fig. l. Two resistors connected in parallel

Fig. 2. A serias combination of two capacitors

TABLE The Table shows how two E12 values of parallel
resistance or series capacitance can be combined to
give total values in the decimal series. Two of the
entries are glaringly obvious; 100 and 100 must
give 50, and 180 and 180 must give 90. Not quite so
obvious, at first sight perhaps, is that 100 and 150
give exactly 60.

It is a minor matter of mathematical moment
that22 and220 give precisely 20, and that 33 and
330 give precisely 30. The remaining values are not
quite so exact. 47 and270 gsve 40.0 to three signifi-
cant figrres, the calculated value working out at
40.03. 82 and 470 work out to 69.8 instead of 70
precisely; the error is 2 out of 700 or two-sevenths
of 1%.100 and 390 are the worst, these calculating
out to 79.6. Compared with 80, this represents an
error of 4 out of 800 or one-half of l%.ln practice,
not too much to lrorrv about.

Lets try out the Table with a few examples. If we
want a 4.0ko resistance we mav use a 4.7kO
resistor in oarallel with a 2?ko resistor. If we want
a 30pF cipacitance we can connect in series a
33pF capacitor and a 330pF capacitor. Another ex-
ample: an 800 d. resistance is conveniently given
by the parallel combination of a 1ko. resistor and
a 3.9k o- resistor.

You may find it convenient to cut out or copy
out the tdfle and put it up on the wall of voui
workroom. It could-save vou ouite a little h-ead-
scratchine in the future. pdrticularlv with the more
awkwardiombined deciiral values-of 20, 30, 40, ?0

I
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Parallel-R or
Series-C

Total Value

22 and220

33 and 330

47 and270

100 and 100

100 and 150

82 and 470

100 and 390

180 and 180

20

30

40

50

60

70

80

90
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oP-AMPS -  THEIR PRINCIPLES AN-g APPLICATIONS. Bv J '

diirn"iitice. 96 pig"s, 215 x 135mm. (8{ x af,in.) Published bv

Newnes Technical Books. Price f2.25.
ln terms of t ime, i t  is not so long ago when one of the f irst integra-ted circuit .  operational

ampli f iers, the 702, was introduceO t i  t tr i  electronic scene. This was in 1965, and the 7O2 was

"". i"  
iJi f"*"J, inlgOSTOO, Uv tf '"  immensely successful 7O9' But 13 vears is a very extended

p"iioO ,o f.|. as the exubeiant tiefO of integrated circuit development is concerned. and the present-

dav user of i .c. operational ampli f iers can choose from a wide range of monoli thic devices' each hav-

ing i ts own individual characterist ics.
Mr. Dance's book deals with current op-amps in an uncomplicated and very informative style'

The approach is non-mathematical,  and ihere are numerous circuits complete with component

va lues .
The f irst part of the book covers operational ampli f ier basics in terms of the 741' which is inex-

pensive, is easy to 
"rp"i i t"nt 

wi lh and readi ly demonstrates operational ampli f ier principles'.Other

integrated circuit  op-ampt . t" i f t"n dealt wit i l ,  as also is frequency compensation' The book then

turns to devices witfr  t .e.[ .- inputs, audio power circuits and lownoise audio pre-ampli f iers'  These are

fol lowed by a glossary and a good index'
The book wil l  be of excel lent value to anyone who is commencing work with operational

ampli f iers, and wil l  
"pp""i  

in part icular to the non-academic technician and the home constructor '

HtGH PERFORMANCE LOUDSPEAKERS. By Mar t in  co l loms.  246
pug"r, ZIS ̂  f gSrr. iatr t s{in.) Published by Pentech Press Limited'

Price f8.95.
The development of high fidelity loudspeakers has resulted in considerable improvem.ents.in per-

formance over the fast OEcaOe, 
"nO 

tnit 'book deals with these as well as with virtually all other

aspects of modern high quality loudspeakers and their enclosures. lt hardly needs to be stated that

in the high fidelity cnain di repioductibn the loudspeaker is the component which is most dependent

on subiective evaluation, aitnougft it is possible nowadays for much of a loudspeaker's functioning

to be iudged by objective analysis and measurement'
After a,$enerat review, ttre book deals with theoretical aspects of diaphragm radiators, practical

diaphragms, acoustic loading, low. frequency system analysis, moving-coil direct drive radiators'

crossover systems, enclosuris and the assessment of loudspeaker performance' Each chapter is

followed by an extensive l isting of references, and the book takes in work originating in the U'S'A"

Japan and Austra l ia  as wel l  as in  the U'K '
The book wil l appeal io-r *iO" range of readers, from do-it-yourself enthusiasts to students of

electronics, anO is wriiten ti . l"ptX wtricn wil l make it of valud to professional loudspeaker

designers, studio engineers and technical writers on hi-f i subiects' There is a minimum of

mathematics, and the work clearly reflects the author's personal involvement in practical

loudspeaker design and manufacture.

MODEL RADIO CONTROL, Thi rd  Edi t ion.  By Paul  Newel l ,  B.Sc.  136

frg"r,  21O x 14Omm. (8+ x s{ in.) Publ ished by Radio Control
Publ ishing Co. Ltd. Price f2.95.

Radio control of models, including in particular model aircraft, has itsown special fascination'The
oresent book has become a standar-d reierence in the U.K. and appears, enlarged and re-visedin its

Il*-iftiiJ"liii;;. fh; book is available from model shops or may be obtained direct from Eadro

Modelter magazine, High Street, Sunningdale, Berks, SLS 0NF'
The book siarts whhi Uti"t historical section then proceeds to its main theme, proportional con-

trol systems. These are considered in great detail, and included are chapters on digital transmitters,

Jigit. l- i"""i"ers, digital decoders and- digital servo amplif iers. The text is accompanied by clear

Jiifrr.r, and theriis also a wealth of ph-otographs of models and equipment' Further to be found

are circuits and printed board layouts for an advanced i.c. digital system.
This is definitely a book for the radio control buff.
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CMOS DlGtTt
FREAUENCY N

Part | 2 partd Bv R. A. Penr

For the ultimate in accuracy and convenience in
use, a digital frequency meter easily betters the
alternative methods of frequency measurement.
The unit which is described here is capable of
measurements from low audio frequenciei up to a
typical maximum of about 5OiMHz (42MHz
minimum) with a minimum resolution of 10H2.
The accuracy of the unit is largely dependent upon
the adjustment of the clock oscillator, and should
be within 0.1%. The unit is quite sensitive and at
middle frequencies requires an innut level of onlv
about 20mV r.m.s. However. the'sensitivitv doei
fall away somewhat towards the upper and- lower
Iirnits of the operating range.

Digital frequency meters tend to be rather com-
plicated instruments, and although this particular
unit has been designed to be as simple as possible
without sacrificing accuracy or sensitivity, it is still
quite an involved project which is only suitable for
the more experienced constructor. The circuitrv is
largely based on eleven CMOS i.c.'s, but tliree
other i.c.'s and ten transistors are also employed in
the unit. An r.f. sisnal senerator is reoirir6d for
checking and adjust-ing tfie meter after if has been
completed.

B A S I C  P R I N C I P L E

The.manner in which a digital frequency meter
operates is very simple. In fact, in this respect it is
probably the most simple form of frequency meter.
The block diagram of Fig. 1 shows the basic
arrangement.

The input frequency is displayed on an elec-
tronic counter which shows the answer in ordinarv
denary form. There are several types of digital dii-
play which can be used in this application, and the
type actually used here are seven-segment l.e.d.
displays. The functioning of these displays has
been described a number of times in previous
issues of this journal and so need not be considered
further here. In the present unit a four digit display
is employed.

An electronic switch operating as an enabling
gate appears at the input of the counter, and this
only allows the input signal to pass the counter
when a suitable pulse is applied to a second input
of the gate. A pr-ecision pulse generator feeds t'his
second input, and it is the length of the pulse that
this geneiates which deteniines the'range of
measurement provided by the unit. If, for example,
the length of the pulse is-l second then a four digit
counter will operate as a 0 to 9.999kH2 frequency
meter. A little consideration will show that this is
the case. If the input signal were lkHz then 1,000
input signal pulses would be fed to the counter dur-
ing the 1 second period. The counter will then dis-
play 1,000H2 or 1.000kH2 according to the position
of its decimal point. It follows thaf the miximum
frequency which can be measured is 9.999kH2, as
any frequency higher than this will cause the
counter to overflow.

Higher ranges can be provided bv using shorter
gate enable p-ulses. A gate time of 10b milliseconds,
or 0.1 second, would increase the range to a max-

Range: lOHz to 42MHz

Electronic switch Electronic countcr

Fig. l. The basic form of a
digital frequency meter, The
enabling gate is held closed
for a pr*determined period
and the counter then dis-
plays the number of inPut'
signal cycles which have

passed through
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old

Crystal controlled gating pulse
Printed circuit modular construction

earlier. this last range iloperable in practice up ro atypical figure of SOVgz.

A C T U A L  A R R A N G E M E N T

A practical digital frequency meter tends to be
v.ery much more complicate-d -than the diagram of
liq.. t wgul{.suggest. This will beco*e i--Eaiateiy
appare.nt with reference to the block diagram of th'e
unit which is shown in Fig. 2.

$q
F

qETER

imum of 99.99kH2 as there would be onlv one-tenth
of the previous time for the maximum iount to be
reached,-and therefore te! times the input frequen-
cy would be needed to ach_ieve this. Shbrtening the
gate time to 10 milliseconds would produce a range
of up to 999.9kH2, further shoftenine it to "1
millisecond would increase the range to g:gggMHz,
and so on.

In. the present unit the frequency ranges have
TgIlIlyJn figure-s of __99.g'ilkH;, 99"9.9kH2,
9.999MH2 and 99.99MH2. As was mentioned

Dividc by O
pfa6colar

ond
intartoca

Clock
cnoblc

I
Rcrt ! ^
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Fig' 2' ln practica the frequencY meter is moro compticated than is evident from Fig. | . However, theuse of integrated circuits simptifies construction to a considerabte extent
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The display and counter section is based on four
4026 CMOS i.c.'s. each of which drives a DL704
common cathode l.e.d. display. The 4026 contains
all the necessary decoding and driver circuitry to
enable it to directly drive an l.e.d. display. It also
has a divided-by-ten output which is used to drive
the input of thi subsequent 4026. Thus the first
4026 ieeds the units display, the next only in-
creases the displayed count by one for every ten in-
put pulses and so diaplays the tens on its l.e.d.
ieadout, the next countei displays the hundreds,
and the last one the thousands. Note that in prac-
tice the l.e.d. displays are not mounted in the
fashion shown, Uui witn the units display at the
right and the thousands display at the left, so that
the output is shown in conventional manner.

P R E S C A L E R

One problem with the 4026 i.c. is that it will only
operate up to frequencies of about 5MHz, which
means that frequencies above this figure cannot be
handled as the first 4026 in the chain would fail to
operate. This can be overcome by using a prescaler,
which is merely a divide-by-ten circuit which is
added ahead of the counter circuitrv. To satisfv
normal amateur requirements it is ne6essary for air
instrument such as this to operate up to at least
30MHz, and this can be accomplished by using an
SN7490AN t.t.l. decade counter. This will operate
at frequencies up to at least 42MHz, and will
tvpicallv function at frequencies of about 50MHz
oi'so. Thus, the input frequency is divided down to
a level which can be satisfactorily processed by the
CMOS counter circuitry.

An interface circuit between the prescaler and
the counter circuitrv is needed because the t.t.l.
prescaler operates fiom a 5 volt supply (which is
the normal supply voltage for t.t.l. devices) and the
CMOS counter circuitry needs to operate from a
higher voltage than this in order to drive the dis-
plays with adequate current. In this case the
CMOS circuitry is fed froin a 12 volt supply. The
purpose of the interface circuit is to raise the peak-
to-peak output voltage from the prescaler to a level
which will properly drive the CMOS counter.

There are reaily three sections which comprise
the input circuit. First, there is a buffer stage which
is designed to provide the unit with a high input im-
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pedance so that it places as little loading as possible
bn the equipment irom which the input signal is he-
ing drawn.'Second, there is an amplifier section
*fri"h provides the'instrument with a reasonably
hieh sehsitivitv. Third, there is a Schmitt trigger
ciicuit which frovides an output signal having fabt
rise and fall times, even when the input signal is a
type which does not. such as a low frequency sine
wave. The Schmitt trigger is an essential part of the
unit, as without it the prescaler input will not be
cleanly switched from one logic state to the other dn
slow wave forms. and this would result in 'a
malfunction with-probably more output than input
pulses being produced.

GATE PULSE

Not only is it necessary for the gate pulse to haie
a hieh decree of accuracv. it must also have good
repe"atabil"ity. LC and RC circuits do not have- the
necessary long-term stability, and it is doubtful
whether they would even have adequate short-term
stability. The gate pulse is, therefore, derived from
a crvstal oscillator and divider chain.

H-ere, a single transistor lMHz crystal oscillator
stage feeds a series of six divide-by-ten circuits via
a birffer amplifier. The latter is needed to ensure
that there is 

-sutficient 
input signal to drive the first

divider stage reliably. Each of the divider stages
uses a 4017 CMOS i .c.

Another 4017 i.c. is used to convert the con-
tinuous output signal from the dividers into a single
gate pulse. The 4017 is not just a straightforward
divide-bv-ten circuit. and anart from the ordinarv
carry oui output it hd's ten other outputs. These ar-e
numbered "0" to "9", and they each go high, for
one complete input cycle, in sequence. ':,

Thus, when the reset push-button switch is
operated, the four countersbre reset to zero andiso
is' the seventh 401? i.c. The "0" output of this i.c.
goes high until the next positive edge input 'is

received from the divider chain. The "0" outpllt
then returns to the low state and the "1" outpgt
goes high for one complete input cycle, and precise-
ly one input cycle. It is this ou@ut which is usedto
control the input to the counter circuitry. Thereiis
no need to use an external gate, as the 4026 i.c. has
an internal clock enable gate. Since this has to be
taken low to enable the counter to operate, an in-
verter is incorporated after the "1" output of the
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4017. It is only necessary to connect the inverted
control oulse tL the clrrcli enable input of the firsl
counter  s ince,  i f  the input  s ignal  is  b locked at  the
first counter it c,buic,uslv cannot reach any subse-
quent counter. The three other 4026 i.c. 's therefore
have their clock enable inputs permanently con-
nected to the negat ive supply ra i l .

The 401? i .c .  a iso has a c lock enable input ,  and
its "2" output is connected to this i.nput' During
ci rcui t  nperat ion as so far  descr ibcd the "2" .output
i s  l ow ,  a l l ow ing  the  40  l 7  t o  ope ra te  no r t t l a l l y ,  bu t
after the "1" output has gone higlr fol one output
cvc le the "2"  output  goes h igh.  I t lhereby takes the
a"OtZ c lock enahl l  in i iu l  h igh as wel l ,  and the c i r -
cu i t  la tches in  th is  s iate rv i th  the "2"  output  h igh
and the input clock signal received from the
divider chain blocked.

The length of the output pulse of the 4017 i 'c'
depends upon the position o-f the range switch' If
this switch conneit. a lHz clock signal to the
device, then obviou,sly an output pulse. of one se-
cona (i.e. the length-of one inp-ut cycle) wil l be
produced. 10H2, i00Hz and -1kllz inPut frequen-
bies oroduce output pulses of 100 mill iseconds, -10
rn i l l iseconds and i  mi l l isecond respect ive ly '
Therefore, allowing for the fact that the- input
signal is diulded by ten by the prescaler, the unit
iri.'iit."f"tt"*ing f"our ratt"ge.: 0' to 99.99kH?,- g-!o
999.9kH2,  0 to ' -9.999MH2 and 0 to 99.99MH2
.{sain, it must be carefully noted that the upper
limit on the last range is l ik-ely to be much less than
gg.SgN4H, since, as*already 

-explained,- 
it is deter-

mined by the capabil ity of the prescaler and the
first counter stage t.c.

I N P U T  C I R C U I T

The circuit diagram of the input and prescaler
stages is shown in Fig. 3rT.h. inpu!.[qffelamplifier
is The Jugfet source follower, TRl. 'fhis- 'stage
provides a'high input im.pedanc.e-of.abo'r , t  lMsr as
iu.tt u. a low input'capacilance. Cl gives d.c. block-
ine at the indut,  anC Rl '  Di and D2 provide
ov?rload prote'ction. With high level inputs the two
diodu. clip the signal at TRl-gate to about 1'3 volts
oeak-to-n^eak, wi lh Rl rrroviding current l imit ing'
f u..u lirse input signal level would be needed to
dama"ge ariy of ihe input components. C2.bypasses
Ht aitrietr frequencies, thereby preventing a top
cut filteriffect which would be given by Rl and the

{irllowins input capacitance and which would gteat-
lv reclucl thb sensitivity of the unit at such frequen-
c les ."^"& couples the output from TRl sgq1ge to the
base of the common etititter amplifier, T&2' This is
ii;.;l'.;;pled io the emitter fbllower,- TR3, with
fr'a *titts ls a bias resistor controlling-both stages'
Ai frr.f .t'igttt, an emitter follower at the output of
itt" amnllfier mav seem superfluous, since it

;;;"i,1;.';; voltagd gain. The ioad resistor values
il;; ';t.; ';;"- t"Tn"i on the low side.-However, it
-r'.t-ir" remembered that this amp-lifier has to
i"".ii"" ui-it"qu"""ies up to-about 50MHz,-q!d so
it'h;; l"-.;plov high sireed transistors (TR2 to
'l 'R6 have an fT of 500MHz) which ,requrre com-

"ototiu.tu 
high operating currents' Also, the input

imoedanie o"f the subsequent stages- tends to lall
i'"tl.iJ"i'"tit" 

-ri 
tiigti frequencies.arld so the use of

;;;;itt.; f"lio*ei buff6r stage helps to maintain
the hieh frequencY response.""Ti{ i ' ""a '  tn6 foim a fair ly.  convent ional
S"tt-itt-Ttigger 

-circuit, 
and this .drives the

;;;;;;1". uu ii"u of another emitter follower, TR6'
frg it 

"llGteJ 
"to produce the best possible sen-

*il"ltu.If 
""aio "tia 

low radio frequencies the set-
;i;;'";i 

- 
i-hi. potentiometer is no! particularlv

.iiii.ut, but in'order to obtain good sensitivity at
;;;;hfuhliequencies it must be set up Quite ac-

"ui'^t"ti. 
C6' is a speed-up. capa-citor which

b;;J. Rii at high frequeniies ahd provides an
irirbroved high frequency response'

'Ihe SN7490AN decade counter actually con-
tains a divide-by-five and a divide-by-hro counter. It
must be connected to first divide by five and then
bv two as the divide-bv-five counter will operate up
to at least  2MHz,-whereas the divide-by-two
counter will only operate up to about-16MHz or so.
It must be noted that an orilinary SN7490N decade
counter is not suitable for use in this circuit as it
will only operate satisfactorily up tg about 16MHz.
tne SNz,ig0AN can be obiaiired from Maplin
Electronic Supplies, who can also supply the tran-
sistors tvpe 2TX313 and the voltage regulators
snec i f ied ' fo r  IC1 and IC14.  The remain ing
semiconductor devices. apart from the l.e.d. dis-
plays, are avai lable frbm Mapl in Electronic
Supplies and from other suppliers.

TR7 is a common emitter amplifier which
p.oliicies'itttitfacing between the t't.l' and CMOS

.nlLY 1978
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circuits. This transistor is powered from the main
12 volt supply line so that it provides virtually 12
volts peak-to-peak for the following CMOS
counter. R15 Iimits TR? base current to a safe
value and C10 is a speed-up capacitor.

The prescaler and ihput stages are powered from
a 5 volf line which is ddrived fiom th6 main 12 volt
supply by means of the monolithic voltage
RADIO AND ELECTRONICS CONSTRUCTOR

regulator, IC1. R17 lowers the voltage at the input
of the rezulator and thus reduces its dissipation.
C3, C7, C8 and C9 are the usual supply decoupling
capacitors. It should be mentioned that some data
tables show the source and drain lead-outs for the
2N5245 transposed from the layout given in the
lead-out inset. The 2N5245 functions satisfactorily
with the lead-out connections given in Fig. 3.
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Fig,4. Component and copper sides of thc printed board on which are assembled the input, Schmitt
trigger and prescaler sfrges. The board is reproduced full size

CONSTR UCTI ON

Nearlv all the components are mounted on four
orinted 

-circuit 
boardi. One board contains the in-

but and nrescaler circuitrv. whilst the others are
ior the mains power supply, the counter/divider
chain circuits and the Le.d. displays.

Details of the input circuit and prescaler printed
circuit board are shown in Fig. 4. This shows both
the component layout of the board and the copper
backine oattern. The diaeram is reproduced actual
size so ih'at it can be easily copied. This board, like
the other three which will be described later, is
fairly complex, but it is not difficult to produce if a
p.c.b-. etch reeist pen having a fine point is
available. The two mounting holes are drilled for
,68A clearance.
67E

D I S P L A Y  A N D  D I V I D E R S

The circuit diagram of the oscillator, divider
chain, counter and display sections of the unit is
shown in Fig. 5. TR8 is the crystal oscillator, and
this uses the well-known Pierce configuration. Cl1
enables the oscillator frequency to be trimmed to
within less than 1Hz of the nominal crvstal fre-
quency. TR9 is a buffer stage, and this is a straight-
forward common emitter amolifier.

The six 4017 integrated circuits, IC3 to IC9 in-
clusive, form the lMHz divider chain. The input
signal is applied to the clock input (pin 14) of each
device, and the divided output is obtained from pin
12. The clock enable (pin 13) and reset (pin 15) ter-
minals of each i.c. are-simply taken to the negative
supply rail, and the ten unused outputs are ig-

RADIO AND ELECTRONICS CONSTRUCTOR
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nored, w_ith no connections made to their ,pins.
Sl(a)(b) is the range switch, and this connects

the output of the appropriate 4017 divider to the
4017 pulse generator, IC9. The manner in which
IC9 ploduces the control pulse has already been
discussed, and go will nof be considered iurther
here. The common emitter amplifier, TR10, func-
tions as an inverter stage. R24 limits its base
current to a safe value and C15 is a speed-up
capacitor.

It is essential that Sl(aXb) is a break-before-
make type. If a make-before-break switch were
employed, two of the divider i.c. outputs would be
briefly short-circujted together when changing
from one range to the next. Since the outputs coulii
well be at o[posite logic states when this occurs
there would be a high risk of damage to the i.c.'s
concerned. Break-before-make rotar*v switches are
cur_rently listed by Maplin Electronic Supplies,
and the type employed should be a 3-pole-4-way
swltch, wrth connections made to onlv two of the
poles.

The 4026 decoder-driver i.c.'s can drive the
seven-segment l.e.d. displays directly, and there is
no need to use output cuirent limitine resistors.
With the 12 volt supply which is used he.-re, an out-
put current of about 1OmA per segment is obtained.
This is more than adequate for high brightness dis-
680

plays such as the DL704 devices which are
specified. The Ietters "A" to "G" around each 4026
apply to the appropriate display segments.

Each 4026 i.c. has a display enable output, but
only that of IC12 is used her6. This outprit drives
the applicable decimal point via S1(b), which is, of
course, part of the range switch. Incidentally, the
DL704 displays have a right-hand decimal point.

32 is the reset switch, and when this push-button
is operated the reset terminals of IC9 lo IC13 are
connected to the positive supply rail. This resets
them all to zero, and they are h'eti in this state until
the switch is released. The unit then makes a
measurement of the input frequency in the manner
described earler.

R26, R27 and R28 are included to ensure that at
no time is an input of any i.c. left floating. This
could otherwise bccur with the modular f6rm of
construction which is employed here if it happened
that external connectionitoihe printed boaid were
not completed. A floating i.c. input is highly unde-
sirable as CMOS i.c.'s can be damaged if high
static voltages appear at an input.

One advantage of CMOS i.c.'s is that they have a
high degree of lmmunity to noise and ther6fore re-
quire very little in the way of supply decoupling. In
this case only one decoupling component is used,
this being C16.

RADIO AND ELDCTRONICS CONSTRUCTOR



NEXT MONTH

In next month's concluding article we shall carry
on to the construction of the printed board oir
which is assembled the circuitrv of Fis. 5.

For convenience a full Components List accom-
panies this article, although it will be appreciated
that the functions of some components will not be
fully apparent until they are de-alt with in the con-
structional details to be given in next month's issue.
Nevertheless, some notes on the components here
will be of value.

The availability of the semiconductors has
already been deali with. The mains transformer
employed in the unit is the type "MlN TR 15V"
retailed by Maplin Electronic Supplies. The lMHz
crystal arid holder are available'fiom several out-
lets. The display filter is an optical filter suitable for red
displays and that emploved bv the aurhor was the
Electrovalue type PNF2i. Th6 author's frequency

meter was assembled in a Veropak case type 49-
1470L, which has dimensions of it Uv l.l bv'g.e in.
This has a p.v.c. clad steel shell anf, an a-nodised
aluminium front panel, and should be available
from stockists of Vero cases or from Retail Depart-
ment, Vero Electronics Ltd., Industrial E6tate,
Chandlers Ford, Hants., SO5 3ZR. Other metal
cases of the same dimensions or larger mav also be
used. The DL704 displays can be"obtairied from
Ambit International.

Dealing with smaller matters, switch S3 should
be suitable for switching mains voltages. The
horizontal skeleton potentiometer, R9, should be a
type having 0.2 in. spacing between track tags, and
0.4 in, spacing between track and slider tags. The
18 s.w.g. aluminium sheet is used for making a
chassis, a bracket and a heat sink, and details of
these will be given next month.

(To be concluded)

THERMOMIGRATION
by Michael Lorant

Dr. Thomas R. Anthonv and Dr. Harvev E.
Cline, staff research scientists of General Ele-ctric
Research and Development Centre. Schenectadv.
N.Y., have developed an entirely new techniqu-e,
called "Thermomigration", whicli reduces the time
required to fabricate a semiconductor device by as

Badiant
Heat

Sowce

New doping procoss could herald a fantastic ad-
vance in semiconductor manufacture.

much as a thousand.fold. In addition the novel
technique, which relies on a temperature gradient
to drive a liquid dopant through a silicon wafer,
reduces fabrication temperatures and increases
processing yields.

The patented innovation is also expected to
result in another important by-product:^a signifi-
cant saving of energy in the production of semicon-
ductor components.

In the manufacture of a semiconductor device a
crystal of silicon is first gxown at the highest possi-
ble purity and is then sliced into thin wafers. Next,
precise amounts of an impurity, called a "dopant",
are introduced into the wafer to change its elec-
trical properties and turn it into a semiconductor
device with n and p regions.

In the new process one side of the silicon wafer is
heated whilst the opposite side is cooled. The
temperature difference forces the dopant, in the
form of a droplet of liquid, to migrate through the
wafer from the cooler side to the hotter side.

The thermomigration technique can be ac-
complished in minutes. By contrast, the best
previous commercial method for equivalent doping
of wafers requires nearly a week of processing time.
Also, the new process can be performed at a
temperature several hundred degrees Fahrenheit
below that required up to now.

With established techniques, excessive wafer
breakage is often a problem because shallow do-
pant penetrat ion, of  around two to three
thousandths of an inch, necessitates the use of cor-
respondingly thin wafers. With the new approach it
is possible, by manipulating wafer alignment and
temperature, to control the size, Shape and concen-
tration of doped regions in the wafer.

The end result of this new technolog3' can be the
creation of whole new classes of semiconductor

I
6Er

/

This drawing demonstrates General Electric,s'Thermomigration" 
process. Droplets of do-

pant in the silicon wafar migrate frcm the cold
side of tha slice towards tha hot side, taking
one-thousandth of the time needed lo( the in-
toduction of dopants with prcvious techniqueg devices which never existed before.



By Frank A. Baldwin

We 0ommence this month by listing some
stations on the LF' bands for the interest of the Dx-
er, much that liriio',';:; lrcing on the higher frequen-
ctes.

O CHINA- 
Radio Pekirt:; r-'rr 446O at22lO, YL in Chirtese in

the Domestic S;i,r'. ' icc I progratnme, scheduled ht'rt:
from 2000 to 2300 with this transmission.

Radio Peking on 48OO at 2110, YL in Chineee in
the same prograllrrrle as above.---Harbin, 'Hi l longj iang, 

on 484O at 2113,-YL in
Ctiines". The sch6huli'is from 0825 to 1430 nnd
from 2040 to 06i)5.* 

Gnchow, Gansu, on 4865 at 2215, OM and YL
alternate in Chinese, scheduled here from 0950 to
1600, 2120 to 0100 and from 0320 to 0600.- 

Urumchi, Xinjiang, on 49?O at1728, signing'off
with ch,rral 

'renditiori 
of the 'Internationale'. In ad-

dition to local pro{ratnmes, this transmitter relays
the Peking Doriestic Service in Kazakh,- -the
schedule ii 'frnm 2300 to 0030 and from 0130 to
1730.

O COLOMBIA'- 
Emisora Nuevo Mundo, Bogota, on 4766 at

041?. Latin American music, OM with song in
Snanish. This station hasr a 24-hour schedule and a
p6*ut of lkW, sometimes identifying as Radio
Caracol.--Ona^" 

del Meta, Villavicencio, on 4885 at0245,'OM 
with i r i+nt i f i t ' : r l iun in Spanish and into a

p f o g t " , , .  , t  i . ' ' : , !  ' ,  l " 1 r  i i r t n f e  l l ' t ! t s i c :  T h e
'ictrJdul , ,,; i i{,,r i i  :}(Jir 1r:i L}i;t.t{) and the priwel is

1kw.

a VEN i iZUEL,r '
Radio Frontera, San Antonio, on 476O at 0232,

local-stvle pops, 6M announcer' YL with songs in
Spanish. 'J'heichedrrle is from 1000 to 0300 and the
pirwer is 1kW.
AROU: ' . r , !  1 ' : i i ' ' i , i i -
t ISRAEL- 

"t"t,it"tern on 215O0 at1220, pops' commercials
in 

-English, 
identification, announceme+lls and into

Fiu-n.Tr- uiiz30. Attno,rnced to Western Europe and
682

North America in parallel on 11666, 154O6 and
1?815 and to Asia on 16670.

. E. GERMANY- 
Berlin on 21540 at 1241, OM with an-

nuii"."-""ts and identification at the end of the
bnslish proffrailme to South East Asia. Announced
i r ,  i i a ra l ie l  on  15115 and 17880.

O SOUTH AFRICA- 
iofr^..u.burg on 21636 at 1356, progr-amme in

blnslish about lrocodile conservation, identifica-
li"f;-".a-ti-e check at 1400 followed by a local
iirj*t.u.t. Announced in parallel on 110OO and
t5220.

O NORWAY- 
?i*t";; zlzgo at 1405, oM and YL with a talk

about Norwegian affairs in English. Identification
a t  1 4 1 1 .

O EGYPT- 
c"fi; L767o at 1419, local-type music, YL

u"J iitvt in AraUic in the Domestic SCrvice General
Ft"nt"--., scheduled from 1300 to 1830 on this
;ffi;I ;ith-piostutntn"s intended fo-r the Arab
ffi;ia: East ind" Central Africa and Southern
!)urope.

O PORTUGAL- 
LirU". on f Zggf at 1608, YL with news of Por-

t,reu"r" ;ffuirs in-ttre English programme directed
ir''t-n" Mlaale East, sche?uled from 1600 to 1630
(nr.rt Sundays).'- 

t irU"" 
"ri 

gz+O ut 2030, OM with identification
f"ll";;d bv the news in English for Europe.,
scheduled fiom 2030 to 2100 (English programme)
and in parallel on 6O25.

. TURKEY- 
Attt 

".^ 
on 9515 at 2!32, OM with a local

nu*..*lln-ihe-English programme to Europe and
i.t;;h-A;;'1"i, *f,.a,il;d F;; zrgo to 2255 and
in parallel on 7170.- 

f;;kiu; Folis Radvosu (Turkish Police Radio),
a"lu.^."on ogaO uf tstg, local-type music, YL

RADIO AND ELECTRONICS CONSTRUCTOR



with songs, OM in Turkish. Scheduled from 0600 to
1100, 1200 to 1600 and from 1TB0 to 1900.

O GREECE
Athens on 1?88O. at 1582,. typical local_type

r-nryrc, OM and YL alternate ,i,itt{ innouncements
ln ureek.

O PAKISTAN
_-Karachi on 62Bb at 1943, OM with a talk inUrdu. in the World Service to ftre U.X.-r"a nuroo".schedyled here aqd. in_paralief o" 47i8 ;;;06;trom -1915 to 211b in Urdu and from 2t I; t"-zt6in Sylheti.

. W. GERMANY
., Cgloqle. on 6lOO at 0130, OM with a newscast in
tne-!:nghsh programme intended for the East Coast
ot North ASner-ic_a, scheduled from 0130 to 0200
anct transmitted from the relay station at Cyclops,
Malta, on this channer.

O AUSTRALIA
Melbourne on llgo0 at tblg, yL with the

RroqTa.mme 
'Australian Editorial Opinion' in iheFlnglrsh transmission to Asia and the-pacific. Time

9.h""l1.5 prp. and a newscast in EGIish after sta_
uon lclenttfrcation at 1600.

Melbourne on llZOb at 0g46, yL with listeners
leco.r-q Leguests in the English brog."--" to the
f;acific Isfands.
_ Melbourne on SBZO at 14b0, OM with the
ppslish programme to Papua/Ne* Gulnea, ider,_
trllcatron and world news at 1b00.

. NEW ZEALAND'Wellington 
on 1182O at 0900, OM with time

$eql., station identification and the news in
English.

O PHILIPPINES

,l.Fq,BC (fgr ^East Broad^c_asting Company)
Mani la on 11766 at.0918, OM with a rel ig iols
programme to Australia, New Zealand and 

-New

Guinea.
,Radio.Veritas, I{a.nilq, orr llgbb at 141b, yL

wrth a talk on travel in t-he Far East in the English

5#ffi;i-", 
scheduled from 1400 to 15-00 on"this

t ' \  I

.  CHINA
-^1{i" je.king on gg4b at 118b, yL in Viet_namese,. Uhlnese music in a programme for Viet_n4.pr, scheduled here from tt50 t"o iiiio, 

"li" 
fr"_1330 .to 1430.

.,,, fi.a$,io Peking on gg2o at 1480, OM and yL in
il-1..1^"tifh. propramme Domestic Minority
Fr!up-s, scheclule tiom 1400 to 14bb.

, fadjo ,  Peking. on 9880 ^i-  : /LZs, Chinese
9rFnestrat pu-slg in a programme intended for In_oonesra, scheduled from 1400 to 1480.
. Radio.Peking on 9B9O at ta+0, Vi;; Tagalog tothe Ph.ilipJines-, schedut"a frbm' f igOio^ i soo.

*,K,qd,to Pekrng on_1165O at 1429, OM irr the
5,.ngllsh. programme for South East Asia, scheduled
tlorn 1400 to 1500.'  

Radio Peking on l t69b at 1433, OM with aplgsgmme for Cambodia, scheduled'fr;m 1400 t;1500 bn this channel.
JUI,Y 1978

O BRAZIL
Radio Relogio, Rio de Janeiro, on 4gOE at 02b8i:

OM in Portuguese with announcements, time piffi
off at 0302 without National Anthem.

A Voz do Oeste, CuiaUa, on'+Zi{-it001b, OldJ
with identification in Portuzuese. local-stvle musicr
Schedule is from 1000 to bgOO and the power fil
1.skw.

Radio Pioneira, Teresina, on a measured b016
at 0242, announcements in Portugtrese. OM with
ballad. Schedule is from 0800 to 033b and the
power is 1kW.

Radio Ribamar, Maranhao, on 4786 at 0126,
folk music and sonss, identification bv OM at 0180.
The schedule of this one is from 1100 to 0400 and
the power is 5kW.

Radio B_orborema, Campina Grande, on 6O26 at
02_10, OM in Portuguesb, several mentions of
"Campina Grande". Schedule is from 0830 to 0b00
and the power is 1kW; sometimeg wanders down to
5023 and/or identifies as A Princesa do Sul.
- Emiso-ra Rural, Santarem, on 4788 at 0238,
local-style music, love song by OM in Portuguese
- quite a torried affair I gathered! The schedule is
from 0830 to 0400 and the power is 5kW.

! t',

. WORLD RADIO TV HANDBOOK i ,
There must be many readers of these columnS;

who would like to know more about the world of
short wave listening and the short wave station$"
mentioned here month by month but do not knor+i"
where to obtain such information. It is to this tvpe
of reader that the following review is presentei. '.,

The 1978 issue (32nd Edition) oi the World'
Radio TV Handbook comprises 512 paees packed.
with facts, figures and iirformation- aboui shoit'
wave stations, frequencies, schedules, interval.
signals, addresses, callsims, powers and per:l
sonalities. Quite apart from c6mplete detailS of'
Long and Med ium wave s ta t ions  and TV
transmitters, there is also a wealth of information,'
about such matters as DX Drosrammes of the
world, maps complete with tim'e-c6nversion charts,
broadcasts in English, frequency lists, standard
frequency and time-signal stations, solar activity
Ibr 1978, co-operators and monitors and co-operating'
operating DC clubs, together with much othei,
information of assistance to the modern-dav short'
wave enthusiast.

Also included between the covers of the WRTIf
is a separate section entitled Listen to the World,.
the contents of which include the followinA
chapters - Eight New Short Wave Receivers (d
review of receivers currently being offered to
SWL's); Antennas for Broadcasting Reception
(several practical aerial designs suitable foi thq
stated purposes); DXing in Paraguay (listening
results obtained by Tony Jones, a well-known Dxel
resident in that country); Frequency Counters fo{
the Dxer (learn all about measuring frequencies);
Build Your Own Log-Periodic Antenna (}ieh-eain
switchable or rotata6le aerial svstems for thd SWIr!
and Unofficial Radio (all aboirt radio pirates and
suchl ike).  '  i

The 32nd Edition of the World Radio TV Handj
book is thoroughly recommended to all who operate
over the short wave spectrum and it is available
direct from The Modern Book Company, 19-21
Praed Street, London W2 lNP at e8.16 inciusive of
postage. 1i
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WATCH
THE VVEATHER

By T. F. Weotherley

Red sky at night . . . seaweed, rain before seven,
all are traditional ways of telling the weather but
today things are different. Today there are weather
satellites continually sending cloud cover pictures
of the earth from f,0oo mi6s up. These irictures
can be received here on earth bv anvone equipped
with a ground station to receive ihem and it neidn't
cost a fortune. A sophisticated satellite receiving
station can be built for less than e50.

The interested reader should first write to the
Home Office Radio Regulatory Dept for permis-
sion to receive satellite signals from satellites
operating in the 135-138 Mhz band and a letter
granting authority will allow;

"authority to receive signals emitted by
artificial earth satellites engaged in
scientific space research for the purpose
of making observations on the technical

character ist ics of such sisnals or
otherwise carrying on techi ical  in-
vestigations into radio technique."

Obviously a receiver to receive this band is re-
quired. The author's route was to feed the output
from a converter into a VHF receiver. A suitable
converter for the satellite band can be purchased or
built. The 2M converter in the RSGts handbook
can be readily adjusted to cover 136-138 Mhz.

At the present time (1977) there are two
American satellites in orbit NOAA4 and NOAA b.
T-h_e_p_rlpe gqtellr_te is NOAA 5 transmitting on
137.5 Mhz with NOAA 4 as back up on 137.62 Mhz.
The signal from the satellite is tiansmitted as a
wideband FM signal with a 2.4 Mhz AM sub-
carrier, to the ear this sounds like 'lub-dub'. The
satellite passes overhead at about 10.30 am local
time each dav.

NOAA 5 Same depression over UKNOAA 5 visible light deprassion off Greenland

RADIO AND ELECTRONICS CONSTRUCTOR



Block diagram of Sateilite
' Receiving set up

The Display unit

NOAA 5 Composite of two photos cloud cover
over Westarn Europe and UK at night

photographed in lnfrc Red Light

photographically and the photographs show some
of the results to date.

The interested exper imenter  wi l l  f ind the
"Weather Satell i te Handbook" published by 73
Magazine gives much useful constructional infor-

- The block diagram (Fig. 1) shows the sections of
the display unit.-On receive the unit generates a 2.4
Mhz reference tone which is recorde-d on one track
of a ste_reo recording while the satellite signal is
recorded on the other. In the displav mo-de the
received -s.ignal and the reference tone dre replayed
into the display unit. The received signal is cieaired
up with an active filter and is used to brighten the
trace on a Cathode Ray tube. The referenle signal
is phase locked and used to generate the horizo'ntal
time base G I 5 Hz\ . The vertical time base is seven
minutes and is reset with a switch.

With such a slow picture build un a conventional
CRT will not displaj, a picture but'an ex radar tube
with an orange phosphgr gives a reasonable picture
in a darkened room. The picture is best reiorded
JULY T978
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CLOCK
AUTO-DIMMEN

By R. A. Penfold

A neat l i t t le unit  which dims digital clock dis-
play brightness under dark condit ions.

This device has been designed primarily as an
add-on unit for the "Single I.C.-Disital-Clock"
which was described in last month's 

-issue. 
Some

digital clock i.c.'s have an auto-dim facility built
in, so that very few external discrete compbnents
are required to add this feature. However, such is
not the case with the AY-5-1224A device which is
employed in the "Single I.C. Digital Clock", as this
i.c. was chosen to cater for a good and very simple
basic clock design.

The auto-dimmer circuit to be described is quite
simple and can easily be added to the clock with a
minimum of modification to its desim. The ex-
perienced constructor could probablf adapt the
circuit to operate with similar 

-clocks 
incorporating

the AY-5-1224A, but this has not been checked bv
the author and should not be attempted by anyone
who is not fullv competent.

The purpose of the'auto-dimmer is to reduce the
brightness of the display under verv dark con-
ditions. Under such conditions the 

-display 
can

become a little difficult to read due to glare, and
the facility is especially useful if the clock is to be
used in a bedroom.

T H E  C I R C U I T

Fig. 1 shows the manner in which the auto-
dimmer is added to the clock. It is connected
between the positive output of the clock power
supply and thi positive iriput to the clock circuit.
The dimmer has two output states: one where the
output voltage is virtudlly equal to the input
voltage, and one where the output voltage is. at
about half this level. The former is the normal state
of the circuit. and the latter occurs when the clock
is in almost total darkness. It will be apparent that
the circuit does not just reduce the voltage supplied
to the clock display but it also reduces the operating
voltage for the entire clock. In practice this does
not a-dversely affect clock operalion providbd the
dimmed outbut voltage is irot made excessively
low. (It *ay be noted that in Fig. 1 the positiv-e
supply rail is showh above the negative rail,
whereas in the clock circuit in last month's issue
the positive rail was the lower one.)

The complete circuit of the auto-dimmer
appears in Fig. 2. Here, a photoconductive cell type
ORP12 is coupled to the input of the Schmitt
trigger consisting of TR1, TR2-and their associated
components. The output of the Schmitt trigger
couples to the emitter follower TR3.

The circuit is arranged such that TRl is turned
off in the dark condition, with its base-emitter
voltage being below the 0.6 volt level required for a
silicon transistor to pass collector current. TR2 is
then made conductivi by way of the base current it
receives via R3 and R4. In a more conventional
Schmitt trigger R7 would have a value which is
much higher than that of R6, so that the oulpgt
voltage at TR2 collector would be only slightly
oositive of the nesative rail. But in the present
ipplication the ouiput voltage needs to fallio only
abbut half that on- the positive rail, and this re-
quirement is achieved wi-th the values of R6 and R7
which are specified. The resistor values around
TR2 are, also, such that this transistor does not
turn hard on when it becomes conductive, as is
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Fig. l. How the auto-dimmer unit functions. lt
takes up the positive and negative outputs of
the clock powar supply and then varies the
positive supply voltage fed to tha clock itself
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Pos. in

I Resisfors
| (All fixed values j wart 5%)
I  R l  2 .2k  a
I R2 50k o or 47k a pre-set potentiometer, 0.2S
I watt horizontal
I  R 3  3 . 9 o
I  R 4  2 2 k o
I  R 5  1 2 k o
I RG 390 o (see text)

I 
R7 r-160 0

I Semiconductors
I TRl BC109C
| 

' fR2 BC1OeC

| 
' fR3 BFY51

I Photocondu,ctiue CeIl
i  PCC1 ORP12

I Miscellaneous
I Printed board mater ials
I  Wire, solder,  etc.

L

*n

BFY5I
Leod -outs

Fig. 2. The auto-dimmer circuit. TRI and TR2
form a Schmitt trigger which is actuated by the
voltage on TRI base. TR3 is an emitter

follower feeding the ctock circuit

usual with the more common. versions of the
Schmit t  t r igser .

I f  . the vol tage at  TRI base is  caused to so
posr t rve,  a level  wi l l  be reached at  which TRI cor i_
mences to pass collector current. This wil l cause
the base current available to TR2 via RB to be
reduced, whelgqpoq a .lower voltage is dropped
Ac ross  R6 .  Th i s  f u r t he r  i nc reas i s  t he  6ase -
ern i t ter  vo l tage of  TRl  and a resenerat ive
a c t i o n  t a k e s  p l a c e  w h i c h  c o n c l u " d e s  w i t h'fRl 

turned fully on and TR2 cut off. The
change of state in the transistors takes place, of
course, in a minute fraction of a second and is
triggered when the appropriate voltage is applied to
TRl base. With TR2 cut off the output voltage of
the auto-dim circuit is only slightly lower thanlhat
on the positive rail.

The circuit wil l revert to its previous state if the
base of TRl is taken negative, but the voltage at
which the changeover occurs wil l be lower thanthat
at which TR1 was turned on. This hvsteresis effect
is a characteristic of Schmitt tr iggeioperation and
is useful here as it ensures that the trigger does not
continually change states for very small changes in
input  potent ia l .

The output current available from TR3 when
TR2 is turned off is that f lowing through R7 mul-
tiplied by the current gain of the transistor. Despite
the relatively high current drawn by the clock cir-
cuit the voltage drop across TR3 under this condi-
tion is only about 0.7 volt, which is not significant.

The base of TR1 is fed from a potential divider
circuit of which one arm consists of the photocon-
ductive cell PCCl and current l imiting reiistor R1,
rvhilst the other arm consists of the pre-set variable
resistor, R2. Under l ight conditions PCCl exhibits
a low resistance, this increasing to a very high
value, in €xcess of several megohms, under very
dark conditions. In consequence, l ight condition-s
cause the base of TRl to be taken sufficiently
positive for this transistor to be turned on and TR2
to be cut off, whereupon the auto-dimmer output is
JULY 1978

at its maximum level. If PCCI is in a dark situa-.
tion its resistance is high, and TRl base goes suf-'
ficiently negative for il to be turned off and the.
Schmitt trigger to change over to its alternate state.
The darkness level at which the Schmitt trigger
operates is chosen by adjusting R2.

C O N S T R U C T I O N

The auto-dimmer is constructed of a small
printed circuit board, and the copper pattern and
component layout of this are illustrdted, actual

The auto-dimmer components assemhled on
their printed board
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size, in Fig. 3. Note that R2 is a standard and not a
mrniature pre-set potentiometer. It is advisable to
mark up the three holes it requires from the tags of
the actual component, as these mav varv sliehtlv
from the hole positioning shown iri the diadani.
I ne two mountrng holes are 3 to 3.5mm. in
diameter. Insulated leads about 1b0mm. long are
connected to the board at the points where if will
eventually connect to PCCI and the clock circuit.

The photoconductive cell is,grounted on the rear
panel of the clock case, between the zero reset
switch and the adjacent end cheek. It is mounted
by first drill ing two holes of about 3mm. diameter
throug.lJ. which its leads,-covered by sleeving, can
pass. The photgcell. is the_n glued 

-in 
positi"oir by

means of.a good _quality adhesive such is an epoxy
type. Make absolutely certain that its lead-ou^ts dir
not short-circuit to the case.

The printed circuit board is mounted on the in-
side of the right-hand end cheek of the case, using
two small short woodscrews. It is necessary to fii
several washers qver these screws betwein the
board and the case, as otherwise there is a strong
risk of the board cracking when the mountin[
screws are tightened.

CLOCK MODIFICATIONS
After the board has been fitted in position it can

be connected to the photoconductive cell lead-outs.
AII the insulated leads from the board are shorten-
ed as necessary when they connect to the cell and to
the main printed board of the clock.

-The next process is to modify the clock,
whereupon it 

-becomes 
necessarv t6 consult the

printed-circuit board diagram which was published
ag Fig. 5 in the article describing the clbck. First
identify th9 copper track which calries the negative
supply rail. In the view of the copper side of the
board this is the track which runs dl-one the bottom
and up the right of the board, conne-cting to the
emitters of TRI to TR4. Drill an additional hole
through this track at anv convenient point and
solder the negative input lead from ihe auto-
dimmer board to the track.

At the qpper centre edge of the diagram of the
copper side of the main clock board islhe positive
supply track, which connects to the positive lead-
out of Cl and to C3. Make a small 

-break 
in this

track between the connections to these two
capacitors. The break can be made quite easily
with a sharp modelling knife. Drill additional holes

Mounting holc6

NcA. in

Flg, 3. Details of tha printed board, which is raproduced fult size

h0N /7\J
G-------./ (-_-----1 |
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tS o
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through the track on either side of this break. The
hole nearer C1 positive lead-out provides the
positive input to the auto-dimmer ind the hole
nearer C3 takes the auto-dimmer positive output.

This completes the modificatioirs to the main
printed board of the clock. The board can now be
remounted in the case.

R2 may next be set up, althoueh in most in-
stanc.es .it will probably be found latisfactory to
simply leave it with its slider at about the centre
position of the track. The reason is that the most
usual requirement of the auto-dimmer will be that
it should operate when the clock is in virtually total
darkness, and this will be achieved at almost anv
setting of R?, It- is, however, possible to adjust R2
so that the display will dim rinder semi-dark con-
d l t lons .

R2 slider should not be turned fully clockwise,
whereupon minimum resistance is inseited into cir-
cuit, if there is a possibility of the photoconductive

cel l  being br ight ly i l luminated during the dav bv
sunlight or an electric lamp. This is be6ause the cefi
will then exhibit an extremely low resistance, giv-
ing a slight risk of excessive- current flow in 

-the
potentiometer track. The risk disappears if the
potentiometer adjustment is such thai it always in_
serts about 5k o or more of resistance into cirtuits.
5k o is, of course, just one-tenth of the total track
resrstance.
. If desired, it is possible to vary the dimmed dis-

play brrghtness to some extent bv altering the value
9f R6. Raising its value will cause an i"ncrease in
brightn_ess, and reduci-ng it will have the opposite
effect. Its value should not, however, be increased
to more than 470o or reduced to less than 800 o.

TR3 will run rather warm but there is no need to
fit it with a heatsink, even if the clock circuit has
been modified to providc an increased display
current (as was described at the end of the articli
on the clock). I

BOOK REVIEW
TEST E0UIPMENT FoR THE RADIO AMATEUR, second Edi t ion.
Pf  H.  L .  Gibson,  C.Eng. ,  M. l .E .E. ,  G2BUp.  151 pages,24S x  1g5mm.
(9f,  x 7f, in.) Publ ished by Radio society of Great Bri tain. pr ice f3.7s.

The amateur radio transmitt ing enthusiast require.s basic test equipment not only for servicing
but also to ensure that he is satisfying his l icence condit ions. Further iest equipment is desirable and
much of this can be home-constructed with a corresponding saving of cost and increase in ex-
perience. The book under review gives detai led information oir the bir i loing of tesr equipment and
the manner in which i t  may be used. The present second edit ion has a completely revised text and
has .many new des igns ,  inc lud ing  d ig i ta l  ins t ruments  and mic rowave tes t  gear .

The test equipment covered includes everything that can conceivably b! required for normar
amateur work, and takes.in the measurement of voltage, current, frequency, r. f .  power, noise, aerial
standing waves and many other quanti t ies. The book also has the aitract iue well-drawn diagrams
which are associated with R.S.G.B. publ icat ions. The price at the head of this review i j  tnat
app l icab le  in  the  U.K. ,  and the  vo lume may be  ob ta ined d i rec t  f rom Rad io  Soc ie ty  o f  Great  Br i ta in ,
35  Doughty  S t ree t ,  London,  WClN 2AE,  a t  th is  p r ice  p lus  (a t  the  t ime o f  wr i t ing)  67p pos tage and
pack ing .
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Cheer fu l l y ,  D ick  p lugged an

aer ia l  lead  in to  the  14  inch  b lack
and white television receiver, after
which he inserted i ts PIug into one
, r f  the  mains  sockets  ranged a long
the rear r-, f  his bench. He switched
the set on, whereuPon the sound
sisnal frcm one of the local u.h.f '
channels became audible from its
soeaker. Expectantlv, he waited for
the  ca thode rav  tube to  warm uP
and the consequent aPPearance of a
uicture.- 

Nothing happened. There was no
o ic tu re :  

'no t  
even a  b lank  un-

nrodulated raster.
He leaned forward, located the

brightness contrr! , I ,  and ai justed. i t
exner i tnenta l l v .  The screen remaln-
ed^b lank  a t  a i l  se t t ings  o f  the  con-
trol.  Returning i t  to a central po-si-
t ion, Dick frowned as he mental lY
totted up the faults which could
cause the loss of raster and picture:
a faultv tube, a fauitv tube heater
.u r rp lv ,  a  fa i lu re  in  the  e .h . t '  vo l tage
.u i lb lv  to  the  tube f ina l  anode,  in -
c , , i ie r l t  onera t ion  o f  the  l ine  ou tpu t ,
l ine osci l lator or l ine driver stages,
or an unsetviceable supply to any of
the remaining tube electrodes.

"Rlimev." he rnuttered glumlY,
" th is  onets  go ing  to  be  a  s t inker " '

He switcl ied 
-off 

the receiver. At
once the screen of the tube l i t  up, to
f n d e  a w a Y  i n t o  i t s  P r e v i o u s
darkness after a few short moments.

B R I G H T N E S S  C O N T R O L

Inc redu lous ly ,  D ick  gaPed a t  the
receiver. Wit lr  i  trembl- ing hand he
turned i t  on again, with the result
that the sound-'signal became audi-
ble once rnore. The face of the Pic-
tu re  tube repeated  i t s ,  per fo rmance
i rnd  re tna tnec l  comple te ly  o lanK '
Dick waited for a minute then turn-
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ed the set off .  
' lhe 

screen became i l-
luminated for a brief period before
it  returned to i ts previous darkness.
"Hey,  Smi thy ! "

The Serv iceman,  p reoccup ied
with a dismembered music centre
on his own bench, gave no indica-
t ion that he had heard his assistant.

" H e v .  S m i l h Y / "
l r r i t ib l i ' ,  Smi thy  Put  down h is

test nrods.
"For goodness' sake, what is i t

r1()w i

" I ' v e  e o t  a  s e t  h e r e  t h a t ' s
haunted. i t  only comes on when I
switch i t  off !"

Wi th  a  s igh ,  Smi thy  go t  up  f rom
his  s too l  and wa lked over  to  D ick 's
bench.

"Show me. "
l) ick dernonstrated the behaviour

of the receiver. Smithv watched.
unimpressed. when the screen came

momentarily to Iife as Dick switch-
ed the set off.

"The re ' s  no th ing  ve rY  com-
nl icated there,"  he commented.  " l
ihould look for a snag in the
briehtness control circuit '  In fact, I
strriirtd check the brightness control
o o t e n t i o m e t e r  i t s e l f .  P e r h a P s
ihere's an open-circuit between one
end ol the tiack and its tag. You can
do a simple d.c. ohms test there."

W i t h  w h i c h  w o r d s ,  S m i t h Y
stumned back to his music centre'
Deflated, Dick took the television
.et plue' from its mains socket,
..-nued the back of the receiver
and.  af ter  maniPulat ion of  the
orinted board, found himself able to
ieach the tags of the brightness
potent iometei .  He swi tched h is
iestmeter to an ohms range and
applied its test cliPs to two of the
obient iometer  tags.  (F ig '  1(a) ' )

Brightncss control

( o )

Fig. | (a). Following Smithy's bidding' Dick checked the continuity
oi the brightness control potentiometer track in his faulty

monochrome TV raceiver
lb). When he checked between the slider and the track tag. when
the control was turned fultv cloclrwise he found an open-circuit

between thd tnck end and the tag

RADIO AND EI,ECTRONICS CONSTRUCTOR
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l2V bot tc ry  -

Fig. 2. Line output stagd of a monochrome mains/battery television receiver. (This is a stighttysimplified version of the circuit emptoyed in the Thorn lsbo-lsgl Seriis or television receiverc.)

He turned the control in an anti-
clockwise direct ion. The meter nee-
dle fel l  to a near-zero reading as the
potentiometer slider reached the
end of i ts track. He transferred one
of the cl ips to the other end of the
track, then adjusted the controt so
l h a l  i t s  s l i d e r  a p p r o a c h e d  a n d
reached the ful ly i lbckwise end of
i ts track. This t ime the meter con-
t inua l l y  ind ica ted  a  h igh  res is tance
r e a d i n g .  I t  w a s  o b v i o u s  t h a t
Smithy's d. iagnosis was completely
cor rec t .  (F ig .  1 (b) . )

.  "Hey ,  Smi thy !  You must  be  hav-
t n g  m e  o n ! "

Absent-mindedly, Smithy looked
rouno.

" I  bee vour  pardon. "
" I_  sa id 'you  must  be  hav ing  me

on.  You must  have had a  look  a t
this set yourself ,  because the fault
] v ? s .  a n  o p e n - c i r c u i t  t o  t h e
.bnghtness control track. exactly
l i ke  vou sa id . "

"But I  don't  get i t ,"  wai led Dick.
"How on earth can the symptoms of
the screen l ightine up at switch-off
l e a d  y o u  i o  d - i r 6 c t l y  t o  t h e
brightness control pot?"

Res igned lv ,  Sn i i t t rv  rose  and
walked over to the f i l ing cabinet in
which the service sheets were kept.
Afler some moments he removed a
manual, carr ied i t  over to Dick and
la id  i t  a longs ide  the  te lev is ion
receiver. -He opened out the pages
bearrng the receiver circuit  and in-
dicated the l ine output and picture
tube sec t ion .  (F ie .  2 . )

"I  need the reieiver circuit  to be
ahle to answer your question," he
remarked. "Now. i f  vou look at that
circuit  you' l l  see there's a winding
on the  l ine  ou tpu t  t rans formei
which feeds scan 

-pulses 
via a rec-

t i f ier diode to a lpF electrolyt ic and
the brightness control pot."

"Here, hang on a minute, what's
al l  this about scan pulses? And
what 's  a  w ind ing  do ing  on  the  l ine
output transformer providing these
sc-an pulses, anyway? I thouglt that
al l  a l- ine outpui transformer"is sup-
posed to do is to feed the l ine scan-
n ing  co i l s  and genera te  e .h . t .  fo r  the
final anode of ihe picture tube."

" E v e n  i n  d n  o r d i n a r v
monochrome receiver where the h.[.
is derived direct from the mains.

the line output transfbrmer does
more than just that. It so happens
that the set you have here is one of
the popular current models which
can run either from the mains or
from a 12 volt battery. If you con-
nect a battery to ii the- batterv
voltage passes to a stabil izing cii-
cuit which provides a regulateil out-
put of around 11.5 volts. And when
you connect the mains to it, the
mains is passed to a step-down
transformer and a rectifier and
smoothing circuit, the output of
which 4lso goes to the stabilizlng cir-
cuit. So, whether it 's mains or
battery operated the set still has to
work wi th a supply of  only  11.5
volts. "

BOOSTED H .T .  SUPPLY

"Humph," grunted Dick. "Well,
!g-t]. gg back to the ordinary type of
TV where the power supply ii ob-
tained direct from the mains. What
extra job does the l ine output
transformer do in these sets?"
__ "It provides boosted h.t.," replied
Smithy promptly. "The simplest
example here is given with the
ear l ier  sets having l ine output
valves rather than line outout trhn-
sistors because the circuitrv is a lit-
t le easier to understand. H6re's part

691

_"Was i t?" said Smithy, pleased.
"Desp.i te. my decl ining year.,  I
haven t lost my grip then. No, I
haven't examined the part icular set
vou've got there but I-do know the
model fair ly well .  I  made a guess at
t h e  s n a g ,  w o r k i n g  f r o m  t h a t
knowledge, and i t  looks as thoush
my guess was pretty inspired." "
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Fig. 3(d. A look at one of the earlier valve line output stages readi-
ly demonstrates the formation of a boosted h.t. vottage. With the
h.t. voltage shown, the boosted h.t. voltdge would be of the order

of 5OO volts

(U. Virtually the same circuit is given the more modern
semiconductor version

osci l lator and do similar iobs where
fa i r l v  h igh  vo l tage was needed. "

"Is there a boosted posit ive supp-
ly in this transistor circuit?"

Srnithy pointed to the circuit  in
the  serv ice  manua l .  (F ie .  3 (b) . )

" ' Ihere i t  is," he stated, "r ight at
t h e  t o p  o f  t h e  l i n e  o u t p u t
transformer primary winding, just
as with the valve version. Since the
supply voltage in this set is only
altout 1 1.5 volts, the boosted voltage
is correspondingly low. In practice
it 's approximately 25 volts, and i t 's
rrsed for supplving the i . f .  stages
and part of the video ampli f ier. But
i t  does not supply the video output
stage, which requires a much higher
vo l  tage.  "

H r r r n g r l r , "  r e p e a t e d  I ) i c k .
He thought  fo r  a  rnomenl .

.  
" \Vh ; r l  vo l lages .  he  asked,  , .does

t h e  l r r r e  r ) u l l ) u t  l r a n s f o r m e r  p r , r v i d e
other  than the  boos ted  

-supp ly

vol tage?"

"As  vou 've  a l ready  ment ioned, "
said Srnithy, " i t  supplies the extra
high tension voltage for the f inal
anode o f  the  o ic tu re  tube.  In  th is
p a r t i c u l a r  c i r c u i t  t h e  e . h . t .  i s
provided by i ts own separate win-
d ing .  S ince  the  cur ren t  d rawn by
the  f ina l  anode is  qu i te  s rna l l ,  be ing
r r l l o r r l  a  t e n t h  o f  a  m i l l i a m p  o r  s o ,
t h e  w i n d i r r c  i s  c o n n e c t e d  s o  t h a t  i t
fceds posit ive-going f lyback pulses
to  the  e .h . t .  rec t i f ie r .  The conse-
qr rcn t  e  .h . t .  vo l tage,  w i th  th is  se t ,  i s
t h e n  a l l o u t  i  1 k V . "  ( F i e .  4 . )

" F - l v b a c k  p u l s e s  I  c a n  u n -
ders tand, "  compla ined l ) i ck ,  f row-
ning. ", lust now, though, you were
ta lk ing  about  scan pu lses . "

"Ah ves , "  sa id  Smi thy ,  p ick ing
rup  h is  pen aga in .  "Wel l ,  le t ' s  nex t
take  a  look  a t  the  vo l tase  wh ich  is
induced in  tha t  e .h . t .  w ind ine .  I t
w i l l  l r a v e  n  w a v e s h a p e  . o m e t h i n g
l i k e  t h i s ,  w i t h  s p a c e d - o u t  h i g h
voltage pulses appearing at f lyback
ancl long cornparatively f lat sections
between these pulses. The average
voltage of the waveform wil l  be just
sl ightlv above the f lat sections,
wh ich  represent  lhe  scenn ing  par l
of the l ine output waveform during

+25V boostcd

voltogc

(200v
opprox.)

ofa typical valve l ine output stage."
Smithy pul led Dick's note-pad

towards him, took out a pen and
sketched out a circuit  on i ts too
p a g e .  ( F i g . 3 ( a ) . )

"We haven ' t  go t  t ime to  go
through the  who le  l ine  ou tpu t
cycle," he went on, "but, as we're
only interested in the boosted h.t.
supply we need only consider part
of i t  anyway. And I need only show
vou the l ine outout transformer
primary winding, 

-which 
produces

the boosted h.t.  Now, during the
latter half  of the scan section of the
l ine cycle, when the spot is being
deflected horizontal ly across the
screen of the picture tube, the l ine
output valve is on and is drawing a
c o n t i n u a l l y  i n c r e a s i n g  a n o d e
current from the posit ive h.t.  rai l
th rough the  boos ter  d iode,  and
through the l ine output winding
below the cathode of the booster
diode. Since the lower end of this
winding is negative of the booster
diode cathode, simple transformer
action causes the top end ofthe win-
d i n g ,  a b o v e  t h e  b o o s t e r  d i o d e
cathode, to be positive. The result is
tha t  the  boos ted  h . t .  reservo i r
capacitor charges up, causing a
v o l t a g e  w h i c h  i s  c o n s i d e r a b l y
posit ive of the h.t.  posit ive rai l  to be
available on the terminal of the
capacitor which connects to the top
end of the winding."

"And tha t ' s  the  boos ted  h . t .
voltage?"
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" l t  i s , "  con f i rmed Smi thy .  "The
capac i to r  loses  a  b i t  o l '  i t s  charge
dur ing  the  l ' i r s t  par t  o f  the  scan sec-
t ion of the cycle but i t  st i l l  retains
enough to provide a voltage which is
considerably posit ive of the h.t.
pos i t i ve  ra i l .  Wi th  s imp le  l ine  ou t -
put transformer circuits you can
a lwavs  f ind  the  boos ted  

-pos i t i ve

voltage, because i t 's si t t ing at the
top end of the winding whose bot-
tom end goes to the l ine output
valve. Or. nowadavs. to the l ine out-
pu1 transistor. In-the older sets the
boosted h.t.  voltage was normally
used to supply the frame t imebase

tii
l i l  eort or r inc

l i l  output

lilt'on"o""'

c H  L

wind ing
I,OOOpF

Fig.4. The e.h.t. section of the line output stage. ln most receivers
the e.h.t. resentoir capacitor is given by the capacitance between
the inside and outside graphite coatings of the picture tube. ln this

receiver a I,OOOpF capacitor is added in parallel

i l l
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which the spot travels across the
picture tube screen."

Smithy drew the waveform with
its average voltage careful ly. (Fig.
5 ( a ) . )

S C A N  P U L S E S

"Now that waveform." said Dick
musingly, " is the one that 's passed
to the e.h.t.  rect i f ier."

"That 's r ight," ageed Smithy,
"and, as we've already said, i t 's got
posit ive-going f lyback pulses."

An agonised expression creased
Dick's face.

"I think I 'm beginning to unders-
tand what this scan Dulse business
is about," he stated i lowly. "Am I
r ight in saying that i t  is al l  r ight to
p a s s  s p a c e d - o u t  p o s i t i v e - g o i n g
flyback pulses to the e.h.t.  rect i f ier
because the e.h.t.  current is so
small?"

"You are. The e.h.t.  reservoir
capacitor is charged up by each
pulse, and the smhll  e.h.t.  iurrent
only discharges i t  a l i t t le bit  before
the next pulse comes along."

"Right," said Dick briskly. "Now
what happens i f  we want the l ine
output transformer to supply a cir-
cuit that requires a high current?
could we do that by turning the
waveform uoside-down so that the
flyback pul ies go negative?" (Fig.
5 (b) .  )
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"We could."
" B l i m e v . "  r e m a r k e d  D i c k

del ightedly.  " I  th ink I 've d is-
covered something here! If we turn
the waveform upside-down so that
the scan sections are positive-going
and then apply fftrs to the rectifier,
we'l l also get a positive rectif ied
voltage output. The positive input
to the rectifier will be present near-
ly all the time too, won't it? That is
to say, not spaced out like the
flyback pulses are. This means that
the rectified output will be much
better regulated and will be able to
supply quite a high current with
only a small value of reservoir
capacitor."

"You're exactlv rieht."
"Am I? Gosh!'- '
"To use the usual terms." con-

tinued Smithy, "you can get a much
higher rectified output current from
scan rectification than vou can from
flyback rectification. But there's a
snag.

"When isn't there?"
"Can you," asked Smithy gently,

"see it?"
"Let me think about it." said

Dick. "Now, when we have flyback
rectif ication the peak rectif ied
positive voltage will be the voltage
by which the flyback peaks go
positive of the waveform average
voltage. I think that's right, isn't
it?"

"Apart from the very small
forward voltage dropped in the rec-
tifier, which can be ignored here,
you're completely right,"

"Good," said Dick, encouraged.
"Then, when we use scan rectifica-
tion, the peak rectified voltage is the
maximum amount by which the
scan part of the waveform goes
positive of the average voltage. For
a given line output transformer win-
ding this wil l be very much smaller
than the peak flyback rectification
voltage. Now, what does that bring
us to?"

Suddenly his face lit up.
"I 've got it!" he said excitedly.

"I 've got it! If you want a certain
rectified voltage with scan rectifica-
tion vou need a lot more turns on
the line output transformer winding
than you do to get the same voltage
with flvback rectification."

"That," remarked Smithy ap-
provingly, "is it precisely. The last
thine the TV set-maker wants to do
is to'put an unnecessary number of
turns on the line output transformer
and so, if he wants to obtain a supp-
ly voltage for a low current circuit,
he uses flyback rectification. It is
only when the supply voltage has to
feed a high current circuit that he
uses scan rectif ication. The polarity
of the waveform is governed, of
course, by the end of the winding
which is connected to chassis. In
this particular TV circuit we've
already seen the flyback rectifica-
tion for the e.h.t. supply. Can you
see another case of flvback rec-
tif ication?"

Scon
Flybock
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Fig. 6. Ftyback rectificdtion is used to feed the tube first anode and

the focus Potentiometer

the line output transformer circuit
s i v e s  s c a n -  r e c t i f i c a t i o n  a n d  a
ielatively high voltage, of the order
of 95 voits, ippearsicross the lPF
reservoir ca[dcitor fol lowing the
rectifier. This voltage feeds the
col lector load of the video output
t r a n s i s t o r .  I t  a l s o  f e e d s  t h e
brishtness control pot, which is the
one vou found to be faulty. I t  wi l l  be
almost certain that the track was
open-circuit  at the high brightness
end, where i t  connects to chassis."

"That 's r ight," agreed Dick. "I t
was the end where the knob was
t u r n e d  f u l l y  c l o c k w i s e .  W h i c h
reminds me al l  over again: how on
earth did you know that the fault
was there?"

"Recause this part icular set has a
rather unusual on-off switching cir-
cuit  which we ha.ren't  talked about
ve t . "  reo l ied  Smi thv .  "The on-o f f
iwitch has three poles, two of which
switch the mains supply whilst the
third switches battery negative to
chassis when the set operates from a
12 volt battery. When this third pole
soes to the 'of l"  posit ion i t  connects
ihe sl ider of the briehtness control
pot to chassis, whereupon the tube
D a s s e s  a  f a i r l v  h e a v Y  c u r r e n t
between cathode and f ihal anode,
and larselv discharges the e.h't .
reservoi i  cioacitance. The result is
lha t  vou  don ' t  ge t  tha t  l i t t le  sPot
anpeir ing on ihe centre of the
*. ieen ai ier vou switch off whilst
the tube cathode is st i l l  hot. Also,
vou don't  have a lot of e.h.t.  volts
i rang ing  around. "

"0f cour*e. of course. I  see i t
nowl" said Dick. "When the set was
on, the open-circuit  to the pot track
rneant that the tube cathode was
alwavs highly posit ive with respect

F O C U S  C I R C U I T

f) ick peered anxiously at the
circuit .

"Could i t ,"  he asked eventual ly,
" b e  a f t e r  t h e  w i n d i n g  w h i c h
supplies the focus pot circuit?"
(F ie .  6 . )

"You 've  n l t  l t  l l r s t  go .  l )ear  me,
vorr 're in verv good form today."

" l  rnus t  admi t . "  s ta ted  D ick
modestlv. "that t  have the oc-
casionai I lash of genius."

" R i g h t , t h e n . . . "
" l)own at. loe's Caff,  for instance,

the l '  L r t rk  upon me as  be ing  excep-
t ional lv brainv."

"Ok-av. so lbt 's .  .  ."
"Natural lv. I  have to draw a

cloak over mv bri l l iance."
"This f lvbick rect i f icat ion . .  ."
"Ottrerwise people might look

uoon me as heing big-headed."' "Wi l l  
vou  f la rn ing .we l l  be l t  up l "

"U l imv,  Smi thy .  what 's  up  w i th
vou I'  

" I  want to set on with this dis-
cussion," retorted $mithy heatedly.
" N o t  l i s t e n  t o  y o u  a n d  Y o u r
mouth."

"Fa i r  enough, "  rep l ied  D ick
equabl5'.  "Well ,  i f  you remember,
we weie talking about the f lYback
recti f icat ion bit  which, as I just
oointed out, is used in the focus con-
irol circuit ."

Smithy slowly simmered down.
"And," he grated, "you were

risht in point ing out that f lYback
recti f icat ion is used there. Now, let
me col lect my thoughts. Ah yesl
The associated winding on the l ine
o u t p u t  t  r a n s f o r m e r  a P P l i e s
oosi i ive-eoine f lvback pulses to the
iecti f ier '  ,nd the fol lbwing l0lF
reservoir capacitor, and the resul-
tant posit ivi  voltage then supplies
the focus oot. the sl ider of which
connects to the focus electrode of
the tube. The rectified voltage,
which is around 300 volts, also goes
to the f irst anode, incidental ly. The
first anode and the focus electrode

AO/.

both draw very small  currents and
so flyback rectification is quite in
order  here . "

" T h e r e ' s  a n o t h e r  r e c t i f i e r , "
remarked Dick, "and that 's at the
bottom of the same winding which
passes posit ive-going f lyback pulses
i , r  the ' focus  po t  c i rcu i t  rec t i f ie r '
' t 'here's 

a chassis tap into the *in-
d inc  in  be tween,  too . "  (F ig .  7 . )

' 'And tha t , "  remarked Smi thy ,
" is the scan recti f icat ion circuit  I
rcferred to r ight at the beginning.
Frorn the way that the comPlete
winding is drawn in the diagram
v,rrr worrld expect the wavefortn at
i ts hottom end to be of opPosite
po la r i t v  to  tha t  a t  the  top  end.  And
so,  in  l i rnc t i ce ,  i t  i s .  Th is  las t  par t  o f

Fig. 7. The higher current 95 volt supply for the video output stage
is provided by scan rectification. The cross indicates the position
of the open-circuit in the faulty brightness control potentiometer

l l l l -
l l l l r

Scct ion of

o n - o f f  s w i t c h
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Fig. 8. Yet some further outputs from the line ouvut trdnsformer.
The tap in the lowar winding provides line blanking pulsas for the
picture tube grid together with nagative-going flyback pulses to

tha flywhdel sync stage

to the tube grid regardless of the
position of the pot slider. Switching
off shorted the pot slider to chassis
and took the tube cathode suf-
ficiently negative for the tube to
pass current and light up the screen.
It 's obvious now, when you look at
i t . "

P O W E R  H O U S E

"Exactlv." chimed in Smithv.
"Taking ihe tube cathode highly
positive of the grid caused the tube
to cut off. because this is the same
as taking the grid highly negative of
the cathode. As vou can see from
the main circuit, ihe grid is held at
chassis potential by way of the 10k O
and 33ko resistors which couple it
to the chassis. So there vou are.
Dick. You've got a TV set in front of
you which has a positive supply rail
of only 11.5 volts feeding the l ine
output stage. And the line output
stage, with its transformer, acts like
a veritable power house. It knocks
out a boosted supply voltage of
around 25 volts for the i.f. stages
and some of the video circuitry, it
produces an e.h.t. voltage of about
1lkV for the final anode ofthe tube.
it generates some 300 volts for the
tube first anode and the focus
potentiometer and, finally, it gives
95 volts for the video output tran-
sistor and the brightness control cir-
cuit. That's not bad going for just
one stage."

"I ' l l  say it isn't," agreed Dick.
"Stap me, Smithy, I 've just noticed
another diode! "There's a tap in
that last winding we dealt with and
it connects via a 4,700pF capacitor
and a 100ko resistor to this diode. It
a l so  goes  by  way  o f  a  0 .1pF
capacitor to another part of the cir-
cuit. Blimey, there's no end to the
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external circuits which are tacked
on to this line output transformer!"
(F ig.  8. )

"That  last  d iode,"  chuckled
Smithy, as he glanced down at the
service manual, "is in the l ine
blanking circuit, and it clamps the
waveform with positive-going scan
oulses so that the most positive
parts are held at chassis potential.
The result is that the grid of the
tube is at chassis potential during
the scan period and then goes
negative during the flyback period,
caisins the tube to be cut offduring
that period. And the waveform
passed via the 0.lpF capacitor goes
back to the l ine flywheel sync
diodes. The important parts of the
waveform in this case are the
nega t i ve -go ing  f l yback  pu l ses .
These make the flywheel sync
diodes conductive, but I don't in-
tend to start diesing into tftof part
of the circuit no-ri. tsspecially ari the
only thing that started off this par-
ticular gen session was a faulty
brightneis control pot!"

"Well," said Dick, "You've cer-
tainlv opened mY eyes so far as the
line 6utbut stage of this set is con-
cerned. It's a v-ery busy little stage,
isn't it?"

It certainlv is," rePlied SmithY'
"Which reminds me that it 's t ime
that I became busY too, and got
back to mv work instead of sPen-
ding my time nattering awaY like
this."

"Still, it's nice to have a little
break from work everY now and
again."""I suppose so," conceded Smithy'
"provided it doesn't haPPen too
often."

"With us." crinned Dick, "it onlY
happens oncel month!" I
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Radio Topics
By Recorder

ARALDITE PACKS

I  should imagine that few readers
wil l  reouire an introduction to that
excel lent adhesive, Araldite. In the
Recorder household, for instance,
this enoxv resin has been used fbr
manv' jol is ranging from the moun-
t i n g  o f  r a d i o  c o m p o n e n t s  o n  a
chassis to the successful blockins of
ho les  in .  o f  a l l  th ings ,  an  enamel
bucket .  In  indus t ry ,  Ara ld i te  i s
widelv employed for the pott ing of
comnonents  and smal l  e lec t ron ic
assemblies. And i t  is made up by
cornbining the requisite amounts of
res in  and hardener .

Ara ld i te  has  been ava i lab le  in
two-part sachets containing 500
srams o f  the  mater ia l  fo r  indus t r ia l
p o t t i n g  a y r p l i c a t i o n s ,  a n d  t h e
tnanr r fac t r t re r  now announces  the
in t roduc t ion  o f  smal le r  200 grarn
s : rchets .  ' l hese shou ld  be  o f  spec ia l
interest to users who need to employ
l ro t t . ing  res ins  on ly  occas iona l l y ,  o r
whose a l l l l l i ca t ions  do  no t  rner i t  the
r r s e  o f  a n  a u t o m a t i c  m e t e r i n g
rnachine t() obtain the correct mix-
t r r re  o f  res in  and hardener .' l 'he 

200 grarn pack is in two

Araldite from a 2OO gram
sachet being poured to form
a small potted assembly.
The resin and hardener are
in separate halves of the
sache t ,  be ing  b rough t
together just before use by

removing a clip

p:rrts, one containing the resin and
the other the hardener, with the two
sections kept apart by means of a
c l ip .  When the  c l ip  i s  removed the
two comDonent materials come into
contact with each other and can be
thorough lv  rn ixed  by  man ipu la t ion .' l 'he 

bag is then pierced at one end
lnd t,he mixture squeezed out to be
rrsed as required. In the photograph
it.  is being poured into a can con-
ta in ing  e lec t ron ic  components .  As
cl lr  l le seen, there is no requirement
f i r r  the  opera tor  to  come in to
l lhvsical contact with the mixture at
a l l .' f  

he performance of epoxy resins
cart depart from specif icat ion i f  the
trvo components ate not mixed in
the correct rat io, and the two-part
sachet is a good way of ensuring
l h ; r t  o p t i m u m  p e r f o r m a n c e  i s
achieved. The resin and hardener
dif fer in colour, whereupon the
operator has a visual means of
checking that they are thoroughly
rn ixed be fore  use .' l 'he rnixture consists of CW 1404
( lR res in  and HY 956 hardener .' l 'his 

has a low shrinkage on curing,
low exotherrnic temperature r ise
end a low coeff icient of thermal ex-
p i r r rs ion .  As  w i th  o lher  epoxy  res ins ,
thc electr ical propert ies are par-
t i c r r la r l v  good.

' fhe hardener was chosen to give
the mixture rapid curing propert ies
at moderate temperatures, and i t  is
therefore part icularly suitable for
s.mall  castings. ' lhe 

mixture wil l
cure ful ly rrt  25'C in 24 to 36 hours,
but wi l l  cure in as l i t t le as 3 hours at
{ i0'(- ' .  Once mixed, the system has a
l i fe at 25"C of about 2 to 3 hours.
Further detai ls on the 200 eram
sachets may be obtained from Ciba-
( ' leigv Plastics and Addit ives Com-
1ranv, [) last ics Division, Duxford,
Oarnbr idge,  CB2 4QA.

D O I N G  T I M E

Although we do not always pav
much attention to the fact. as soon
r rs  we change,  in  anv  e lec t r i ca l  o r
c lec t  ron ic  work .  f ro rn  d i rec t  vo l tage
: r r rd  cur ren t  to  a l te rna t ing  vo l ta fe
and current we are introducing-'a
t ' , , t n l l l e t e l y  n e w  d i m e n s i o n .  A l l
a l te rna t i  ng  quant i t ies ,  whether  thev
l re  the  u .h . t .  te lev is ion  s rgxa l  vo 'u
p i c k  u p  o n  t h e  r o o f - t o p  a e r i a l . i h e
aucl io orrtput from a hi-f i  ampli f ier,
, ' r  t h e  m a i n s  s u p p l y  w h i c h  i s
hr r , r rgh t  1 , r  r rs  by  cour tesy  o f  the

C e n t r a l  E l e c t r i c i t v  G e n e r a t i n g
Board, are precisely defined in
terms of t ime. I t  may be that the
t i m e  e l e m e n t  b e c o m e s  P a r t l Y
hidden because virtual ly al l  the
measurements are expressed as the
number of cvcles which exist within
the f ixed period of 1 second. The
change of 

-terminology 
from cycles

per iecond to Hertz may also be
responsible for shif t ing the t ime
q oncept  , rne  laver  lower  in  our
th ink ing .

We can control the t iming of elec-
t r o n i c  c i r c u i t s  b y  m e c h a n i c a l
rneans. as with a quartz crystal,  or
hv purelv electronic means. In the
latter case we take advantage of the
l l ro l le r t ies  o t  capac i tance and in -
c l u c t a n c e ,  o f  c a p a c i t a n c e  a n d
r e s i s t a n c e  o r  i n d u c t a n c e  a n d
r e s i s t a n c e .  W h e n  w e  c o m b i n e
c a n a c i t a n c e  a n d  i n d u c t a n c e  w e
have. of corrrse, a tuned circuit .
(-arrncitance and resistance can be
directlv related to t ime because we
can make un bsci l lators which are
rlependent ulron the t ime taken for
ru capacitor to charge or discharge,
via a resistor. to a specif ic voltage.
Notable examples here are the two-
t r a n s i s t o r  s l l m m e t r i c a I  m u l -
t i v i b r a t o r  a n d  c i r c u i t s  i n c o r -
pora t ing  the  555 t imer  i . c .  I t  i s  a  lo t
more dif f icult  to give an example of
t im ing  cont ro l  bv  induc tance and
resistance, so far as generating an
rrl ternating voltage is concerned,
Irt 'cause i t  is irnpossible in practice
to  oh ta in  induc tance on  i t s  own
wi thout  se l f -capac i tance s tea l ing
onto  the  scene.  A  b lock ine  osc i l la to r
i t t c r r r p o r a t i n g  a n  i r - o n - c o r e d
I  r : ln \ { i ) r l le r  i s  a  rough approx ima-
t ion to frequency control by means
of  induc tance and the  inev i tab le
res is tance in  the  induc tance,  and
the  induc tance o f  a  TV l ine  ou tpu t
l r ; r n s f o r m e r  ( a n d  t h e  l i n e  s c a n n i n g
t ' ' i l s )  cer t ; r in lv  cont ro ls  the  t im in [
ol a l ine output stage during the
scann ing  sec t ion  o f  the  l ine  ou tpu t
cvc le .

l 'erhzrl ls the most fascinating of
t ime cont ro l l ing  c i rcu i ts  a re  those
e m l r l o v i n g  C a p a c i t a n c e  a n d
resistance. because i t  is so easy to
se lec t  the  t i rn ing  by  cho ice  o f
capac i tance va lue .  I f  you  haven ' t
go t  an  osc i l loscope ava i lab le  and
vou want to see the waveform given
i r r ' .  sav .  a  555 osc i l la to r ,  you  can
. i r r rp lv  s lo rv  i l  dorvn  a  b i t  by  us ing  a
l : r r g e  v a l u e  e l e c t r o l y t i c  f o r  t h e
c r r r r a c i t a n c e .  S e v e r a l  h u n d r e d
rn ic ro fh rads  in  con iunc t ion  w i th
res is tances  in  the  order  o f  l00kO
can g ive  an  overa l l  cyc le  las t ing
sonre  l0  o r  20  seconds. , Ius t  connect
r r  vo l t rne ter  across  the  ou tpu t  o f  a
i ir .-r slorved dorvn in this manner
rrrrd r, 'ou cal l  see i ts waveshape.

I l  i r i r r ' .  everv  r l ( )w  and aga in  jus t
1 , ,  r e r n e r r r b e r  t h a t  a l l  t h e  a l t e r n a t i n g
i-olt :rges :rt td cr.trrents we deal with
; r re  a l l  accura te ly  de termined in
r r  l r ; r t  i .  perha l ts  the  most  ephemera l
r l i r n e n r i , r n , , f - t h e m  a l l :  t i n r e  i t s e l f .
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