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A multitude of uses in
Home,Goroge,Gord"ry
Horticulture, etc.

The subiect of this article is a simple electronic
thermometer which has a measuring range of 0 to
100 degrees Centigrade. The temperature is in-
dicated'on a 0-100p-A moving-coil meter and, as the
scalins of the thermometer is linear, there is no
need 1o bother with the difficult problem of
recalibrating the meter scale.

An electronic thermometer has the advantage,
over more conventional forms of instrument, of be-
ing capable of making measurements -with the
temperature sensor remotely located from the
metbr read-out and accompanying circuitry' Thus,
for example, the unit can be used to monitor the
temperature of a greenhouse, cellar or water tank
from anv conveni6nt point inside the premises.

Of corjrse, the unit is also suitable for the many
applications where the remote read-out facility is
of'no consequence. The accuracy of the unit is
equal to that of most ordinary wide range ther-
mometers.

D I O D E  S E N S O R
The obvious choice as the sensor fota unit of this

tvpe would be a thermistor, but these devices
s-eirerallv have comparatively poor temperature-
iesistan6e linearity,-especially when used over a
wide temperature rang6. The poor linearity- would
make it necessarv either to accept a relatively poor
accuracv or to- individually calibrate all the
temperature gradations on the meter scale.

An alternative and in some respects better form
of temperature sensor is a forwaid biased silicon
diode fed from a constant current generator, as
shown in Fig. 1(a). As many readers will be aware,
when forwar*d biased a silic6n diode operates rather
like a zener diode, but with a voltage across it of
only about 0.65 volt. The precise--vo-ltag.e will de-
pend upon the current fed to the diode, the type of
iliode ehployed and its junction temperature'

R. A.bJenrola
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Since the current fed to the diode is constant, for
anv particular device the exact voltage appearing
ac ross  i t  w i l l  be  on l y  dependen t  upon  i t s
temperature. The voltage wil l fall with increasing
temperature and wil l r ise with fall ine temperature.
The voltage change is quite small. Moit sil icon
diodes produce a voltage change of onlv about 2mV
per dcgree Centigradd, and no diodei produce a
change of more than some 3mV per degree Cen-
tigrade.

However, the voltage change per degree Cen-
tigrade remains virtually constanf over a very wide
range of temperatures and it would be an easy
matter to amplify the voltage swing if this should
prove to be necessary. But for a thermometer hav-
ing a wide temperature range i t  is  by no means es-
sential to use any amplif ication at all since a
voltage change of 2mV per degree Centigrade over a
100 degree range corresponds to a total voltage sw-
ing of some 200mV, which is more than adequate to
drive a moving-coil meter.

Provided the meter has a full-scale deflection
sen.sit ivity which is reasonably low in comparison
with the diode current, the simple bridge arrange-
ment ,  out l ined in F ig.  1(b)  works very wel l .  Wi th
the diode at a temferature of zero degrees Cen-
tigrade the potentiometer VR1 is adjusfed so that
the voltage at its slider is exactly the same as the
voltage at the anode terminal of the diode. There is
then no voltage developed across the meter and it
reads zero in consequence.

With the diode at a temperature of 100 degrees
Centigrade, variable resislor Rl is adiuste? to
produce f.s.d. in the meter. The desired range of
zero to 100 degrees Centigrade is thus provided,
and as there is  a l ineai  re lat ionship 'between
temperature change and voltage change acrose
the diode the unit wil l have a l inear scale.

Note that negative meter terminal is connected
to the diode anode so that, when this point in the
<' i rcu i t  goes_negat ive wi th increasing temperature,
the requi red posi t ive def lect ion of  the met-er  needle
is produced. 'Ihe 

suppfy to the circuit must be very
well stabil ized as a voltage change of only a few
mill ivolts at the slider of VRl due to a fluituation
in supply potential would obviously significantly
upset  lhe accuracy of  the uni t .

THE C IRCUIT
Fig..2 ,shows the full circuit of the thermometer,

and th.is is very.much along the l ines of the arrange-
men t  i n  F ig .  1 (b ) .

The diode used in the prototype is a 1N914, but
other sil icon diodes thaf were- tried, such as the
1N4148,  a lso worked sat is factor i lv .  A l l  the 1N914
and 1N4148 devices that were checked had rather
low bu.t adequate sensitivity. Various cheap sur-
p lus s i l icon d iodes that  were t r ied exper imenta l ly
seemed to be better in this respect. No'sil icon diod-e
that was used failed to operat'e satisfactori ly in ti ie
circuit, and this has been given wide adjustment
ranges so that it can be set-up to suit any normal
d iode.

'fhe 
diode sensor, Dl, is fed with a consrant

current from TRl collector. TR1 is used in a quite
conventional constant .current generator - 'ode,
with R1 and R2 biasing its base a l itt le more than I
volts. below ^the positlve supply rail. With ap-
pro.ximately 0.6 volt being dropped across the bas'e-
emit ter  junct ion of  TRl- th is 'broduces about  1.b
v.olts across R3, and with the'specified value for
thls component an emitter current of a l itt le less

Resistors
(All f ixed values f watt 5% unless otherwise stated)

R l  3 .3k  o
R2 4.7k o
R3 560 rr
R4 100k o 2%
R5 2.2k O pre-set  potent iometer .  0.1 wat t ,
hor lzonta I
R7 820 ()
R8 220 {t pre-set potentiometer, 0.1 watt,

horizontal
Rg 56 o l(G 2?o -n-

Capacitors
Cl  0. lpF type C280 (Mul lard)
C2 0.1pF type C280 (Mullard)

Semiconductors
ICI  pA78L05WC
TRl 8C179
D l  1N914

Switches
51 2-pole 2-way rotary (see text)
52 s.p.s.t. rotary

Meter
Ml 0-100pA moving coil (see text)

Miscellaneous
Case (see text)
Materials for probe (see text)
3.5mm. iack sbcket
3.5mm. jack plug
2-wav cable
9-voli battery type PP3 (Ever Ready)
Batterv connecior
Veroboard, 0.1 in. matrix.
2 control knobs
Bolts, nuts. wire. etc.

BC t79 tC r
L c o d - o u t s  L c q d  - o u t s

Fig. 2. The circuit of tha remota read-out ther_
mometer. In the lead-out inset for lCl the

loads are pointing at the reader

G
t 3 2

Sl  pos i t ions . l  -  t cmpcrorurc
2-chcck  bo t te ry
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than 3mA is produced' The BCIZg used tn the TR1

;;:iffi't.';'ttigtt g"in ttansistor, and its emitter
fiJ;;ii;; "u"r.e"nt. 

are virtuallv equal',A cons-
;;il;;;il J"-iiitt" t"s than 5mA is therefore
fed to Dl.^"hil 

flti utd R9 form a potential divider network

";;l!ift;;;;ii;il. 
;" that the mejgr' M1'3an

fil^i"hrlitr*l'.fi itt" ."*" G at zero degrees Cen-
ffi;A;. Hd';;;ii; tt'" '*t"' circuit sensitivitv to
U3^uJ:u.i.a'to the.correct level'

The meter .*proyua 
-i" 

the prototyprc unit ia

H#iJil;; *-itlt-a a.z-m' squar-e front- This has a
nominal internal r".tJ"tt"" oT g00-o.'which means

il'JgilV i;diopp.J 
"tiois 

it at full-scale deflec-

ii".*.-ff.""f"c panel mounting meters, are not as

.LuJitv utuilable as they were several years ago'

;",ft;ily 
"iil"t 

o-iool'e t""t'ttt movement with an in-

ternal resistance 
""i 

st;"i"1-than 1'000 o can be

;;;i;;;d"1;- it' pri""l, Vg"" with, internal
;;JiU";;;. 

';"ii- 
#i;;- 1,000.q will .be quite

Uli:H;1.ty 
'ii.'.tt",ita 

be noted ir.r passing that a
multimeter .*rt.n"dlo-" O-fOOp'l' iange will not

lffiTil;"i;tii.'i,-i'.,iiti"-"liimedershav6universal
shunt range .*tt"nittl-"iicuits. yfric\,necessitate
the provision ot vortag'et ;iltt higher than 100mV

for full-scale deflection on the. current, ranges'
'" 

d;;;entioned ""tti"t' 
it is important to have

" 
;;i';;i;iiir"a '"pprv''o lpt t1"ie is.no signifi-

;^;i;""ti^tion in th6 p6tential.at ttre-9911t]ye meter
terminal. The constani""tit"r gq":,t-1tor also relies

l" Irliuitirlh supply as any variation ln the supp-

i;' ;il;;; iri u rf"tf t[" ba"se and em itter, volta ges

:if i"ii:";";;iiliih"';i;' "tt.' 
the level of current

;;iilifiDi. 
-A-.-"ri 

s vtlt regulator i'c' stabilizes
the supply volmge tot inl-tit"""it'.and.it provides a

verv high Ievel ot p"rfot*utt-t-"'-Vay!ng the input

'ii;fv ?,iri&;-";;i";;;e' "i 
g's.t" ?-'5 volts' which

iJili;i;;;;8i po[""tiur'"offered bv a e v.olt batterv
durins its operattng ti1", causei u j11:t barely

oerceptible -o.'"-"'it ;T t'ht;;"r needle' C1 and

6i;;: ;;;a"6;;.;;; tt'"1 tt'" resulator i'c' does
not become ,rn.tuo,"'-Ti"- t"s"tutoii'c' is available

ir"tti"tvtipiin Electronic Supplies' a r

:: j, nl^Li;*lx$":"J'?*'i':"'ltf, i:"1"$:l:;'"'f 3
iili"tii"t"i: r"ttn u olr'ov "ottmeter' 

operating 51

lil';,b";;;;i;; th; u"ttttv 
"ondition 

tb be check-

;il'Hd i;'ti.'.;-*-gff swilch' The current con-

sumption ot the u"tiltl 'Uo"i 1{-A at 9 volts' As

the thermom"t", *'it itiiu-^Uiv not be switched

in degrees Centi-

ffiMr4ry

:

' ' ,

Front panel taYout of tho thermometer' The meter gives direct indications'

grade' of the temperaturc of the remote sensor

l ' . , ,
: , 1 : ,  i

: ' : : : , : : : I

' .
Cd}{ilrfltlffit, b r*t/ly0fi

thlpb- ffii',mo{il':d thl
oiffiwnrt#trel
d & ,'Y "i[Cltll']
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on for.long periods but will only be turned on when
a readln-g.ls to be taken, a small g volt battery such
as a PP3 is a perfectly suitable powercou."e ior the
unlt.

__llclden,tally, in the .same way as the voltagep r o d u c e d  a c r o s s  D 1  _ v a r i e s  w i t h  a p p l i e " d
temperature the voltage dropped across thb base_
:li!t".r 

junction of TRf doei'as *"[. Ho*"u"r, uvarratron of a few millivo-lts or so at TR1 emittbr,
which is all that is likely to oCcui wilh .,ormat
ch^anges in room temperature, h"r-"o-"oticeable
effect on the circuit whatever.'I. f""i, .iiit, i"re"
:!"F"": in the temperature of Tnifiaielioff;in:
cant ettect.. ' l 'he regulator i.c. is largely unaff6cted
D{ gnaqqe,s rn temperature, and there is no problem
wrrn setl heattng of the sensor as D1 consumes a
power ol only about 2mW.

CONSTRUCTION

. The prototype, with its Henelec meter, is housed
rn a Verob^o_x type 75-l2J8D, which meisures 1b4
Dy bu.by E-5mn. deep. Any other instrument casecapaDle or taking the parts and the particular
meter to be etnpl-oyed can, of course, be used. The
meter rs mounted at the left hand side of the front
panel. and will require a circular cui-out. Thr;;;:
out clrameter depends on the meter, but with most
small types. wilf be 38m. (l]in.) The cut-out can
be m.ade using a _fretsaw or a ireedle file. There will
arso De tour small mounting holes, whose positions
callg found with the aid"of ttrJ'meter ifJeff.- 

-

52. is mounted towards ttt" 
"J"t""-oi 

t[e-]ro"tpanel and S-l is situated to ttre righio? 5i. ft o"o"_nection to the diode sensor, whidli is mountea in a
::!,lTtu probe, is made by way of a g.S;m. j;c[
soc[er mounted on the rear panel of the case. Thejack socket is \dred so thad the sGeve Jontact is
common with the diode cathode and the tip contactis commo-n with ttre diodc anJde. iti;l;;dilk;;was. inadvertently wired incoi.i.tlv " *hen ili"pnorographs of the unit interior. wereiaken.) Sf isa z-way 4:pol.e rotary switch with 2 poles uiused.or.Flrernatlvely a B-way 4_pole rotary switch withadjustable end stop sef rof i:ia;;de"ili;..
OCTOBER 19?8

. Most of the.compo-nents are assembled on a 0.1ln. matrlx strrpboard panel which has 16 copperstrips].v 2_0 hoies. Detdih ;f thfi;;il;ie provid-ed in Fig. B..Start !y cutting o"t a'p"n"foi dh; 
";;_recr slze and then tile up any rough edges that areproduced_. Thetwo mouirting MG;re ii;" arifr"d684 or .MB clear, -and thE ;ftt;-b;;k in thecop,per snlps rg_ ryade- using either the special Verotool or a small hand -helil drill bit. fire ua.iouscomponents can then be soldered into position

,, rne.completed.panel is wired up to the rest ofrne unlt anct then it is mounted on the base panel ofthe case behind St and Sz lv meln. Jr?ge or MBbolts and nuts. Spacing *"6t,ei. 
"r" 

."qrir.a-on
the bolts to space'the U-oa.a-u"q!;i;;;;y fr";the. bottom_ -stirface of th." ;g.;: T[;';"iili_t.i_p"iri
wiring is all i l lustrated in FE. t.---'""'"

P R O B E
- Thediode aensor is soldered to a twin lead of the
desired length and then it is mounted in some foim
:1 :,o11"t"9.. to protect it against moisture and any
llqulcl rn whrch it is to be immersed. The prototyp6
uqels a small test tube as.the housing_for tire prrife,
with its cork stopper drilled to take"the connectins
wtre., Any other .small glass or plastic containei
capaple or Del-ng rmmersed in hot water should beequaily surtable. It is advisable to use some

t';ff*? ffiffi aT #t'tff,llH:: #,f""..1* frii:
yill help- to provide a good theimaf contact
between the outside of the-container and the diode,
so that the latter responds reasonably q"i"kit;
temperature changes.
, A.3.5mm. jack plug is fitted to the other end of

llre tgag connecting to the probe. Make sure that
the cuocle connects to the main circuit with the cor_
rect polarity. Should it be connected incorrectiv.
excessive current can flow through the meter. If
the twin lead to the diode is to be"relall;"ty t;ili;
should consist of fairly low resistan.. *ire.".iil,ti"J
S qTnp lighting.flex. The twin lead should 6e in cii_
curt between the main thermometer unit and the
diode sensor during the setting-up of nA and n6.

8l
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Fig. 3. Wiring details for the thermometer

SETTING-UP-;; 
ih; outset the slider of R8 should be at the

".;i;;i 
ii.lt""t a"a R5 should be.adjusted to in-

r.ii-"ii--"- resistance into circuit, i'e' adjusted
fullv clockwise.^-f,ftJli.i.J 

*"v to set up the unit is to first add
.";;;;b;*lo'" gl"t. of cold water.and.then stir
;ilil";;;f it"iii'.o *ot" ice. can be dissolved'
tfi il;fi itt ttt""- u" at -zero de grees.Ce,ntisrqdg'.
iii; ;;;be is placed in the water- and allowed to
;;;i 6';h;.;*;i"*p"iit,t'e, which should take no
ilJi,i"trtiit"iii"iriG-.e""nas. The unit is switched
il;"['Rtii i--"aialetv adjuste$ to. zero the
-Ltit. tti. piobe should fhen be placed in some
iiitr"'nii'*-"i"t of L"own-temperature, and it is
;;;"r;;; i" 

- 
tt"". 

-a 
calibrat6d standard ther-

;;;A; of .o-" kind available so that the water

82

Detaited itlustration of the Veroboard layout
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temperature can be measured. It is not too impor_tant what the actual temperaiure-I. ;;";ft;Jili;of the.order of b0 a.gr"6. C."iffi{."#a i, 
"._c,urately known. A-ft-er the seqsor has heated up tothe temperature of the water R5 is ;A:ii.trti,iifi"appropriate .meter reading.

"-t^l..rj 
p-1.-.1!l..to set yp.thq unit with any twoKnown temperatures within its range whrcn are

Ig3-.9n"!lv well spaced 
"p".t, 

-[.ii 
*iit,'il,u to*",remperature. not being zero degrees Centigadl.Ho_wever, the..progqsq is mujh- .1";;;. "It isnecessary to adjust R8 for the correci i""ai"g *i*

'Plll:tt 
voltage-as..low.as-.6 volts, but when thebattery check facitity inli_cqtes [h"t td ffit;;;voltage is d.own to aui,uCislffi il;i.#i";;;;;

L9_l one. There is otherwise a ;i.ili deb;tt"ru.even when it is of the steel_clad atb;; i;;ki,;;;rddamaging the unit.
,,1tl1l1y, never switch qn thq unit without theolode sensor connec_ted to. it as this could cause ex_cessrve current to flow.through the ;;;;nn-;consequent risk of, damag"e. ia a;;i;;d;-li;
lfl_{:9 input circuit."f {ie,; m& u 

",riprov"a,In whrch an internal added s"iticon a"ioae"_rint"ir,.

S"" Or:*".11the lower.temperatgre and then adiustno ror rhe apDroDria_te reading at l[;'htd,il;t-em.perature.. This- procedure ha5 to bJ-iepeateduntil no further adjustment i, ;;d;d;o producethe correct readings.
r ne thermometer will work satisfactorilv with a

the.collector of TRl, at about-0.65 volt positiveof the nggative rail when th"l;;k ;"t;g'ii'out of thesocket. Even with this modific"ti6.l"fr"*"ver, theunit should alwavs ne ,*itcr,-e-a 
"oii';i;;;iir; 

j;;i
plug is being fitted o. ."--ouud.-Th; ile; diode iswired acrosi the tags 

"f 
th; j""k^."J["'t." r

TRADE NOTE

_ The neat l i tt le item of test equip-nlelt yoq can see in the iir'stgngtggranh is.the Model Ci.o Cli:cutt I'ester, which is manufactuied
Dy 

rl.jlectronic Ploducts Coventrrr.

Hfiilti,Hfi ,,,nt+? #,6sr ev o rd
_ t,nls ls one- of a range of sixmodels, each of which is tr6ured ii'i
l:?9p_."... case measuring Zb by Zb
pI 49Tm. containing a ielaxalion
fll:trto1 oscillator 

"na 
mi"iatuietoudspeaker. The speaker ._it" 

"naudlble lone when i, circ"itls-com*_pteted via the test probes. Tii";;i;
i^.:,1._r.ctrtt'erence in tone when argw resrstance. is presented iii-inicrrcurt being chq4ied, and the-uniirs gowcred by a pp3 g_uoti Uaiteiv.
L^ruotmentay c-hecks of wiring
f"t:.r1.:t printed circuit trac[s]'-1*t, 1"-OU'. Inductors, capacitors,
99l.x1at cable terminations ands-wltches can_ be quickly ,naae u.ini
:1,_r_{?."F. of rest-ers. Al _"aerc arEsupptr.ed with- extra-flexible--tiJ
leacls I metre long, the pr"U.. h*_
0CTOBER 1978

Circuit tester tWe CT.6,
manufactured by Electronic
Products, Covcntry. This
c o n t a i n s  a  m i n i a t u r e
speaker which emits an
audible tone whcn the tcst
prob* couple to a circuit
path 

_of less than a specified
maimum icsistancc

,:q,rp1ilc.loaded hook grips andgotct p.tated surlaces.
, rn th.e.range the Model CT.l is arow, reslstance tester, the maximumparn reslstance for audible signalDe,rng approximately 200o. Ttrevormge on the probes is g volts and

f^i 
"u!'iti 

i[: gi gi llilr.::,ll#;
!fiF: ffi'*' x%ii? J: fi:tJi:' r ?hdano probe current 40uA. Nextcomes the Model CT.B, ,ii,i.t-iJ
l.l?. -'"-. as the CT.l 6"t ;ili, ;
:oj!f" control added. Also. aim r n r m u m  v o l u m e  t h e  p r b b ecgrlent redu-ces to ?mA. itibfi
wrth an added volume control
lppgq.. as Modjl cT.4. Th;-ef,.b
:oJnnines, the Models CT.l ;;\, r .2, ano ls lttted with a switch toselect-low. or high _path ..rirt"n"u]
Ano, trnall;', the lVlodel CT.6 com_bl!.: tf. CT.3,. CT.4 and CT.b'in
91.. pq.Lugt, it has a switch forlowor tlrgh resistance path selecti;n;E
well as a volume cbntrol-

83
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NEWS AND
EASY Tv PROGRAMME RECORDING

The British consumer's choice of video recorders
for taping TV programmes has been extended
significantly with the arrival in the shops here of
National Panasonic's VHS (video home system)
TV programme recorder.

AT HOME

National Panasonlc's VHS (vldco homo
system) recordar, model NV86(N, ls plctured
above. Equipmont also ln the photo ls: on lcft,
the new National panasonlc 22-lnch colourTV.
model TC-22O3; and a stand to show off the TV

and the recorder

VAT, and incorporates a built-in microphone for
simultaneous sound recording.

Intbrmation on local stockists mav be obtained
from: National Panasonic, Whitby Road, Slough,
Berks.

Priced at 1750 including VAT, the National
Panasonic VHS, model number NV8600, arrives in
Britain with the track record of being the most
widely sold TV programme recorder in America.

You can record  a  TV programme when
everyone's out of the house, a programme on one
channel when you're watching another channel,
and a TV programme as it's screened, for enjoy-
ment again later. You can also record your own
home-made programmes with a handy TV camera.

The NV8600 gives up to three hours un-
interrupted recording and playback time.

A three-hour tape costs el3.50; a two-hour tape
sl0.50; and a one-hour tape e8.00. The tapes can be
re-used again and again - so that over their life
span, their cost per minute of playing time is frac-
tions of a penny.

A key component in the VHS recorder is a uni-
oue 'direct drive' video head cvlinder motor that
guarantees the rock-steady running speed needed
to ensure a stable, sharp picture.

With the National Panasonic VHS, the amateur
cameraman can record his own programmes in the
home, and play them back instantly - no process-
ing delay, no processing costs. All it takes is the
WV460 black-and-white TV camera, an optional
extra to the VHS. It will cost approx e250 including

SOPHISTICATED OUTSIDE BROADCAST UNITS

The cable rcel comp.rtment ol th. n.w
tl .5m ZDF, Germany, outside broadcast
unit which was manufactured by Dell
Technical Vehicles Limftcd of Southamp-
ton. All major cable drums are powcr
opcrated and the termination pancls arc

also located in this arca,
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Two of the world's most sophisticated outside broadcast units,
worth over €2m, and producedby Dell Technical Vehicles Limited
of Southampton, havb been supilied to the Mainz based German
broadcast n'etwork, ZDF. Thei 

-were 
recently used in London for

video and sound ricording of a James Last TV spectacular at the
Royal Albert Hall.

The two vehicles, a 5 camera/sound unit and a complex sound
recording van, were produced for ZDF by specialist vehicle
builders," Dell, and recently commissioned 

-in 
Germany. They

feature a unique air-conditioning system.

The ZDF camera/sound unit was consttucted by Dell on al-624
Mercedes chassis modified with a third axle to give an uplift in
weight carrying capabilitv from 16 to 22 tons.

The Production Control compartment is manned by the director,
mix operator and technical controller. It contains four colour and
four black gnd white monitors and tgn small black and rvhite
monitois. T-he video mix desk controls the 20 channel input and 10
channel mixer. '-there are two special mixers for feeding and selec-
tion of 22 special effects; five ihroma key systems are available.

The sound recordine vehicle contains a 36 channel Telefunken
sound svstem, which irakes the vehicle probably one of the most
soohistii:ated'mobile sound studios ii the ivorld. Recording
fai:ilities include a 16 track recorder capable of 15 tracks with syn-
chronisation pulse and three two channel tape recorders. Air con-
ditioning givds an ambient noise level of only 38 Db(A).

RADIO AND ELECTRONICS CONSTRUCTOR



COMMENT
O LEVEL EXPERIMENT FOR
ELECTRONICS

We were interested in a report. under the above
heading, which recently- appiared in The Sunday
Times "written bv theiiEddcation Corresnondenl.

If the appropriate examinrng board approves,
there is to be a new O level course in electronics
tried out in schools this vear. The writer said "The
experiment reflects groiving concern that schools
are failing to prepare children for a world in which
electronics will be a dominant part of their lives".

It appears that of the 40,000 children in London
who took CSEs only 461 took a paper in elec-
tronics!

One lecturer said that in his opinion children
should be given plenty of electronics projects to
build as an aid to their learning. In this magazine
we have always borne the needs of the beginner in
mind and some of our constructional projects are
therefore quite simple to build. It was with the
learner in mind that, just over three years ago, we
started publishine the popular feature Electronics
Data - For Thd Beginier. Incidentally, in case
you have not noticed, the feature now appears on
the inside front cover.

We are always interested to hear from readers as
to their wishes as to editorial content, and, if you
are a beginner, do not be shy let us know what you
think would be helpful to you and we will, if possi-
ble, try and oblige.

NEW MINIATURE TOOL SET

,,SATELLITES FOR BROADCASTING

A further volume - "Satellites for Broadcasting" - has been
published by the Independent Broadcasting Authority as the
bleventh in t6e series ofoicasional engineering iexts initiat6d inl972
under the general title of "IBA Technical Review".

This ?2-page book with 73 illustrations, mostly two-c-olour,
provides an-introduction to the practices, possibilities and problems
bf using artificial earth satellitei for television broadcsating and for
national and iriternational distribution of progtammes.

These are examined in relation to the 1977 Region 1 PIan and
World Agreement of the International Telecommunications Union
and to current experimental projects including the Orbital Test
Satellite of the European Space Agency.

Written by IBA and ITN engineers, the book includes a detailed
descriotion of the compact satellite receivins terminal built at the
IBA's Engineering Centre at Crawley Court, Winchester, for 12 GHz
propagation research.

Contents include: Development of Communication and. Broadcasting
Satellites; The ITU Plan for Space Broadcastins: Fundamentals of Satellit6
Broadcasting; Low-cost Satelliie Receiving Tecf,niques; IBA Earth Station
at Crawley eourt; Satellite Relays and Dis[ributioniand Digital Modulation
for Satellite Svstems.

The book is intended for engineers and students directly involved
in the field of broadcasting and is available to technical libiaries and
educational centres, in the UK and overseas.

Enquiries to IBA Engineering Information Seruice, Crawley
Court, Winchester, Hants.
ocToBER 1978

A new miniature precision tool set from Light
Soldering Developments comprises two cross point
(Phillips) screwdrivers, three hexagonal key
wrenches (allen keys), 1.5, 2 and 2.5mm A.F. and a
tommy bar in a pocket sized rigid plastic case. The
screwdrivers and wrenches are all hardened and
tempered and are fitted into easy hold chromium
plated handles.

This new tool set (Ref. 37305) is added to the ex-
isting range of precision tool sets available from
LITESOLD including screwdrivers, box spanners
and open ended spanners to metric sizes.

Full details are available from Light Soldering
Developments Ltd.,  97199 Gloucester Road,
Croydon, Surrey CRO 2DN.

THE WORLD OF WIRELESS
A catalogue with a difference has now

been  i n t r oduced  bv  Amb i t  I n t e r -
national, 2 Gresham Road, Brentwood,
Essex. Priced at 45p, it infuses an infor-
mal magazine-style approach into its
descriptions and specifications ofthe ex-
tended range of products available from
this firm.

Containing 67 large pages 11f x 8fin.,
the publication gives full details of Am-
bit stock, including an exceptionally
wide and diverse list of coils, chokes,
filters, r.f. transformers and other
wound components. Also to be found are
integrated circuits, ceramic filters, tuner
modules and all the other componento
and assemblies which are associat€d
with - to quote the catalogue title -
"The World of Wireless". There are,
again, many items, such as function
generator  i .c . 's ,  etc. ,  which do not
necessarily fall into the "wireless"
category.

The catalogue is packed with circuit
diagrams and engineering drawings, all
accompanied by helpful and often
humorous informat ion on use and
application. Not all the cataloEre is con-
cerned with products. One page, for in-
stance, is devoted to the subject of im-
pedances and the matching of tuned cir-
iuits. With its attractive-presentation,
t h e  A m b i t  I n t e r n a t i o n a l
catalogue/magazine should hold the in-
terest of anyone concerned with radio
and general electronics.
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PINGING BELL
crRculTs

Yes, the word in . the title is
"pinsine" and not "ringing"l The
ailth6r has noticed the proviston ot
p ing ing  be l l  dev i ces  i n  some
miclo*aue ovens to give warntngs
i-ttui itt" ttt. cooking period has been
;;;i;t;d, and wasitruck with the
;i;;U;t nature of the sound as
io-put"a with the more usual con-
;i";;f-;fu"g of an electric bell '
e t th"ueh " the Pinging sound is
reoeate-d at intervals of several
il;a; it is still verY noticeable
,nd iartubl" of attracting attention'

This article describes a number

"f 
;i r;;it;';hlch-enable a standard

.i.. l t i . U"tt to give single pings'and
these all relY on the actton grven
w h e n  a  c h a r g e d  e l e c t r o l Y . t t c
capacitor disharges into the cotl ot
th6 bell.

THE BELL
The bell emPloYed in the circuits

is a Friedland "Underdom-e''.type
Z"gi. *tti.tt is widely available-in
.f,oir.-..i^iti.g electrical goods' The
bell design is particularly.sulted lor
the provlsion of single plngs slnce
the hrmature is attracted lnto tne
;;i l  ir ' i i t ;;;nner of a solenoid and
i.,;; ;i';;;f-; a wide travel befo-re
;fidil;h.-to.ng' TI. inertia of the
armituie enables it to continue
i"'ir"ia-. ttt. gong after a sh.ort pulse
of current has been Passed througn
irr.'""ii. itt. author has not check-
.J"p..Lti.t with anY other model

"f 
Uitl- ̂ ti cannot guarantee that

"it.*"ti". 
types wi-ll function in

the circuits.'--itrJ 
f'ri.aland bell has to be

r"odiiita fot the circuits by short-
circuiting its interruptor contacts'
fn i r  i .  necessary onlY because
there is a tendencY when the In-
i.t iupto. contacts are in circuit-for
irt. u[iiitglve a double Ping.*\S"
the electrolytic capacitor whlcn ols-
charses intb its coil has an excep-
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tionally high charge. The modifica-
iion is"ueiv easv fo carry out' The
thin base ilate 

-and 
the gong of t}te

bell are removed, whereupon tne,ln-
terruptor contacts can be reacllly
identified. The fixed cgntact i9
*""iiii,a-*ittta screw, and one end
of a piece of thin insulated wire is
careiullv soldered to this contact
close to'the screw. The moving con-
tact, actuated bY the armature, con-
nects to one oi the two terminal
..r.*t on the upper side ofthe bell '
The thin wire liom the fixed con-
tact is passed through the hole
through rlvhich the bell supply wires
oass ind its end is secured under
lhe terminal screw in comPanY with
one ofthe supPly wires. The second
supplv wire'-connects in normal
faslii<in to the remaining screw ter-
minal on the uPPer side of the bell '
after which th6-gong and the base
olate are refitted: The link wire can
be easilv removed without damage
to the b6ll i f i t is required to use the
Iatter for normal oPeration at a
later date.--Setoie 

continuing to the circuits
themselves it should be mentione4
that the coil of the Friedland bell
has a low resistance, which is of the
order of 3o only. If the bell, in its
modified 

-state, 
were connected

directly across a batte-ry gr o.tfe,r
supplv,  a corresPondlnglY h lgn
cuiierit would be drawn.

S I M P L E  C I R C U I T
A simple but nevertheless verY

effective- bell pinging circuit for
operation from-a 9 volt batterY is
shown in Fie. 1. In this diagram C1
charges via-Rl unti l the potential
across its plates is close to or equals
the supplv voltage. If push-button
Sl is thinclosed, the capacitor dis-
charses into the coil of the modified
bell. 'hvine a sinsle ping. When the
oush-"butt6n is released-C1 charges

uD once more via Rl and is then
readv to operate the bell when the
push-button is pressed again' The
push-but ton  can be  Post t toned
iemotely, away from the remainder

Rl ;t 100fi the capacitor becomes
adeouate lv  charged a lmost  im-
mediately ifter the push-button has
been released. Inteimediate values
in Rl give corresponding^waitiJtB
times. The current drawn lrom tne
9 volt battery is aPProximatelY
18mA when the Push-button ls
pressed with a 470o resistor, rising
to 90mA when R1 is 1000. These
are also the initial charging currents
in Cl which appear momentarlly
after the push-button is releasecl.
A l t housh '  r e l a t i ve lY  h igh '  t he
currentJ are much lower than those
which flow in a standard electric
bell circuit and are well within the
capabilities of the type of battery
*5ich is intended for bell use. As
soon as C1 has become fullY charg-

of the components.
When Ri has a value of 470() i tWhen Rl has a value of 470t2 l t

is necessary to wait several seconds
after Leleasing the -push-buttonaf ter  re leaslng the Pusn-Dutron
before C1 acqulres sufficient charge
+n nnorq to  fh ;  hp l l  nnce more .  Wi thto operate the.bell once more. Wi

Fig. l. A simPle battary
operated circuit. The ball
gives a single Ping when the

push-button is Pressed

ELECTRONICS CONSTRUCTORRADIO AND



ed after operation of the bell the
only current which flows is leakage
current in this capacitor. Wi[h
modern electrolytic iapacitors this
should be of the order of a fery
microamps only, or even less. The
ci rcrr i t  funct ions wi th suoolv
voltages down to some 6.5 volts, bui
the waiting time, as Cl charees
after releaie of the push-butt6n,
becomes significantl j, longer ai
these low voltages.

Rl should be-rated at I watt for
resistance values between 100 o
and 300 O , and at * watt for
'ralues between 300 o 

"trd 
470gr .

Fig. 2 illustrates the circuit with a
mains bell transformer instead of a
9 volt batterv. The 8 volts from the
bell transformer secondary is rec-
tif ied bv Dl and applied to-the elec-
trolytic-capacitor'via Rl. The cir-
cuit functions in the same manner
a_s does that of Fig. 1, except that
the capacitor is now, of bourse,
c h a r g e d  b y  t h e  r e c t i f i e d
transformer secondarv voltaee. The
circuit is ready lor usi again"almost
imediately after the pustr-button is
released and the running costs are
negligibly low. The rectifred voltage
applied to the electrolytic capacitor
can rise slightly above 10 vofts, and
so its working voltage rating is in-
creased to 16.vol ts .  

-

S.--tv

Fig. 2. Running costs are
reduced to a negligible leval
if the single ping circuit is
p o w e r e d  b V  a  b e l l

transformer.

CONTINUAL  P INGS
A battery operated circuit which

gives a. series of continual pings is
shown in Fig. 3. Here, the capaiitor
which discharses into the mbdified
be-ll -coil is C2, and it charges up via
R5. Instead of a push-button sri,itch
the coil of the bell is coupled across
the capacitor by turning on tran-
sistor TR2. Diode D1 is now added
across the bell to suppress anv hieh
back-e.m.f. voltagds which' miy
appear across it.
^ The remaining transistor, TR1,
functions as a standard uniiunction
oscil lator. When 51 is 

- 
closed.

capacitor C1 commences to charse
via Rl. As soon as the voltase acrois
C1 reaches the unijunctiori- trigger-
ocToBER 197s
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ing level the capacitor discharges
through the emitter-base 1 junction
of the transistor and through R3
into the base of TR2. This pulse of
current turns TR2 on and the bell
gives a ping. C1 then commences to
recharge via Rl and C2 to recharge
via R5.

The circuit produces a series of
pings from the bell at approximate-
ly 3 second intervals, the sound being
very noticeable but not irritatingli
so. 

-Although 
both the electrolyiii

capacitors pass quite high dischdrge
currents neither of these currents is
derived directly from the supply.
The average current drawn iiom
the 9 volt-batterv is about 10mA
only.

Transistor TR2 is maintained
fully turned off, between pulses
from TRl, by the resistor R4
between its base and the negative
supply rail. Since the current TR2
passes when it does conduct can be
in excess of several amps, a small
power transistor is employed here.
It does not need to be mounted on a
heatsink, as its dissipation is quite
low.

The circuit of Fie. 3 could be
used as an audible allrm to warn of
the end of a timing period, or for
similar applications. It has to be
remembered that it is necessarv to
wait for some 4 seconds follori'ing
the application of the supply for the
first ping to be sounded, after which
the c i rcu i t  cont inues wi th i ts
regular pings spaced at 3 second in-
tervals. The frequency. may .bedecrearqed, if desirid, by rncreasrng
the value of Rl.

Fig. 3. A circuit which causas a series of pings to be sounded at
apprcximataly 3 second intervals

3 :

;<){
oY
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All the resistors in the circuit can
be I watt types. This includes R5,
which required a l watt ratine in
the circuii of Fig. 1. It can be I iatt
in Fig. 3 because it does not now
have to pass the continual current
which flowed in Fig. 1 when the
push-button was pressed.

DOOR BELL
The circuit of Fig. 3 can be

adapted as a unique door bell for a
small house or flat by adding two
push-buttons and several other
components, as in Fig. 4. In this
diagram 52 is the bell-push, and is
situated remotelv at the door. C3 is
normally dischirged, whereupon
the base of TR3 is at the same
potential as the neeative rail and no
3upply voltage is "available for Rl
and R2 in the unijunction oscillator
clrcult.

When 52 is pressed, capacitor C3
becomes charged to the full supply
voltage, taking with it the base of
transistor TR1. This functions as
an emitter follower, providing a
positive voltage at its emitter for R1
and R2, whereupon the unijunction
circuit commences to oscillate. A
series of pinss spaced at 3 second
intervals is iroduced bv the bell.
and these iontinue foi about a
minute and a half as C3 discharges
slowly into the base of TR3. At the
end ofthis period the voltage at the
upper ends of Rl and R2 is too low
to allow the unijunction circuit to
pass pulses of adequate amplitude
to the base of TR2 and the pinp stop
(although the bell armature may
operate weakly for some time at the
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TRANSFORMERS

Twin Primaries, Twin lsolatod Sec-
ondaries - 6VA O-4.5-O-4.5. 0-6-
0 -6 ,  o -9 -o -9 ,  o -1s -o -15 ,  f t . 70 ,
other slzcs availablc.
Rosistor  Packs -  1O/value 10R-
10M -  |w,  5% -  730 pieces
QE.5O, half pack f3.3O.
Electrolytic Cspacitor Packs 2Svw
1p-1OOp, 35 pieces S/value €2,1O,
70 pieces f4.
Ceramic Plate Capacitors Pack 5/
value 22pF-.O1p -  165 piecos,
f4.96.

Sgmlconductors
BC 107/8/9 95C10
BC 182/3/4 85p/10
BC 212/3/4 85p/10

ln 4148 269/1A, f23O/1OO

Special Offer:
741-14di t  f l .80/10

2" REO LED f l .35/10
CMOS - Low Pdcor -TTL

Rotary Switchos 1/12 2/6 3/4 4/3
36p orch, 23.2O/1O

Soldercon Pins 55p/1OO
74r-8dir  f t .99/10

Scnd S.A.f. for Complete
Cat logue end 8eryain Shect

Mlnlmum Order €2

T.D. COMPOtUEitTS
Strlncllffc Mlllt

Dowrbury . W..t Yor{<.
VAT lllClUOED ADD 26p P&P

GAREX
2-mstrc RECEIVER NR5E: fu i lv  runable
144-148 MHz, slEo 1 I xtal oositions for
monitoring specific channels. Comoact, sen-
sitive, ideal for fixed or mobile listoning.
Built-in 1.S., 12v DC oporEtion. CE4.OO Ini,
VAT. Cryetals, if required: €2.6O each. All
popular 2m. channels in stock. Cr6dit torms
avallable, s.E.o. d€t6ils. Mrrlna B!nd Rx
(1 56-162MHzl s imi tar  to NR56.. . . . . . f59.40

(xt8l8 f2,791
ffclaye 6v coil, 25A contacts. Sp make gop,
2P make 9Op
Neonl  min.  wire end.  66p/1O; E4l l (Xl
Slldc Swltchcr mln DPDT 18p ca; 6+: i4p

2 pofe, 3 porltlonzzp c!ch; E+: t8p
Rrrirtor Xitr E12 serieg, 22 ll to 1M O
57 values.  5% carbon f i lm, lW or fW.
Startor pack, 5 each value (285) f2.96
Mtxed pack, 5 each |W + {W (570)f5,a0
Standard pack,  10 each (570) f5.40
Giant pack, 25 each '1,4251 f13.26
f ,G'r  (new) 7410 26p CD4OO1AE 26p
SN76660 75p NE555 56p 723(TO5) 75p
7Og (TO5),  741 {OlL-8)  Op.amps 3Op;
8NC Gablc mtg rockct  5OO 2opt
5+:16p P1259 UHF Plug & Reducer 88p;
5+:  6Op; SO239 UHF Socket  panel  mtd.
55p; 5+: 45p Nlcad rlchrrg.lblo phy-
sically equiv. to zinc-carbon typos: AAA
'U  16 )  €1 .04 ;  AA(U7 )  f  1 . 16 ;  C (U  1  1 )  f 3 . 15 ;
D(U2) f4.94;  PP3 e5.20 Any 5+:  less
10%, Any 10+ lese 2O%.
Wa rtock tmataur V.H,F. aqulpmant and

mobll...rl.lr, ...... d.t ll..
Dblrlbutor. io? J. H. A..ocl.i.. Ltd,

l.wltch.r rnd bmprl
PRICES INCTUOE UK PO8T, PACKINO & VAT
M.ll ordar only 8ol. Addr.$:

OAREX ELECTiOIUIC!
t NoRvtc RoAD. LARSWORIH.

TRINO, HEiTS HF23 IILS
Chrddlngton (8TD O23C) COlt?t
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Fig, 4. The circuit of Fig, 3 adapted as a door bell. Thc pings con-
tinue to sound for about lt minutcs aftcr 52 is prcssed

3 second intervals without striking
the gong). A new 1* minute period
can be fnitiated by pressing 52 once
more. As with Fig. 3, it is necessary
to wait some 4 seconds for the first
ping to be heard.

If the occupant of the house or
flat wishes to silence the bell he
presses push-button S3, which
causes C3 to be diecharged. Resistor
R6 prevents a short-circuit across

some 7.5 volts, brrt the. len$h of the
period durinc which the pincE con-
tinue after S/ is released ie oSvious-
ly then shortened.

Both the circuits of Fige. 3 and 4
may be powered from the maine, all
that is required being the simple
half-wave rectrifier supply shown
in Fig. 5. Since this pioduces a
voltage a little higher than 10 volts
both C2 of Fige. 3 and 4, and C3 of

lllE--l
f  l l l -  24Ov
l l l F  A c

illLj
Bcl l
tron3totmcr

the supplv if both the push-buttons
should }ipen to be piessed at the
same time. It requires a wattage
rating of I watt.

T h e  u n i t  m a y  b e  b a t t e r y
operated and the Eupply current in
the quiescent  s tate is  leakage
current in C2 and the transistors.
With the DrototvDe circuit this
measured ai 4pA.'operation con-
tinues for supdly voltages down to

Fig. 4, require working voltages of
16 volts instead of 10 volts.

In all the circuits, the 2,00@rF
capacitor which discharces into the
bell coil may alternatively be
2,20WF or 2,6001F if thege valueg
are easier to obtain. Alternative
values for the 200pF capacitor of
Fig. 4 are, similarly, 220pF and
250pF. 

r

C3
2OOpF
IOV wkg

rN4002
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RADIo c lRcul rs  us lNG lc 's .  By J.B.  Dance,  M.Sc.  12g pages,
180 x 1O5mm. 17 x 4in.l  pubtished by Bernard Babani (publishing) i tO.
Price f  1 .35.

J. Brian Dance is a prolific writer on electronic and constructional matters, and has contributed tomany magazines, including Radio & Electronics Constructor. In this book he turns rris atteniion tointegrated circuits, including in part icular those encountered in radio appl icat ions. An introductory
chapter discusses general fa-ctors concerning i .c. 's, including constructional hints on wir ing i .c.,s intoworking circuits and the dif ference between l inear and digital types.

The second chapter carr ies on to a.m. radio receiverr uid giue" information on several 7;N414receivers, a superhet tuner inco.rporating the pA720, a car r" i io superhet using the 1/,A120 and a
1 tA7OG aud io  i . c . ,  another  superhet  employ ing  the  LM 182ON and rhe  LM386N,  and a  varac tor  tun-ed circuit  in which the intergrated circuit  is a TCA44O.
-. In the third chapter, on f.m' receivers, circuits are given for use with the double-f.e.t .  SD6OOO.
There is also a 1 O.7MHz 1tA753 i . f .  ampli f ier, a CA3O8-9E f.m. l imiter and demodulator circuir and as imi la r  c i rcu i t  app l i ca t ion  tak ing  in  the  CA3 189E.  The chapter  ends  w i th  a  4okHz u l t rason icgenerator and detector.

The fourth chapter continues the theme by giving circuits for stereo and quadraphonic decoders,
and is fol lowed by a f inal chapter concerned with voltage regulator i .c. 's. As can be seen, the bookranges widely within i ts chosen subject_matter.

MOBILE DlscorHEouE HANDBOOK. By col in carson.  1zB
pages,  18O x  1O5mm. ( l  x  4 in . )  pub l i shed by  Bernard  Baban i(publ ishing) Ltd.  Pr ice f  1.35.

Set t ing  up  and runn ing  a  mob i le  d isco  is  no t  s imp ly  a  mat te r  o f  lugg ing  around an  ampl i f ie r ,  a
couple of speakers and a turntable, and of then hooking these togethei at tn" chosen site. There is
cons iderab ly  more  to  the  opera t ion  than th is :  a  second back-up  ampl i f ie r  i s  v i r tua l l y  essent ia l ,  as
also are monitor headphones, mixers, cueing devices, presentation fronts and many other i tems.
The person running the disco has to be capable of providing optimum condit ions for the part icular
temporary venue in which each performance is to be held and of coping with any faults which may
s.uddenly arise. Finagle's Law states that i f ,  in a system, anything can gowrong i t  inevitably wil l ,  and
the Law is l iable to make i tself  part icularly felt  in the rough a-nd tui lbt" world of the mobile dis-
cotheque.

- 
"MoNle Discotheque Handbook" starts with a short section on basic electr ici ty then proceeds to

disco equipment and operation in considerable depth. Much common-sense advice is given, this
taking into account practical factors as well  as the cost of equipmerrt.  The approach is informal and
l ively, and any budding disco operator should f ind the book excel lent value at i ts modest orice.

JoHN LoGIE BAIRD AND TELEVts toN.  By Michae l  Ha l te t t .  9b
pages, 235 x 195mm. (9 x 7{in.) publ ished by priory press, Ltd. pr ice
f  3 .95.

This book, which appears in the "Pioneers of Science and Discovery" series publ ished byPriory Press, deals in a simple manner with the l i fe and achievements of John Logie Baird. Coverrng
the subject mainly in chionological order, the book starts with Baird's early days, during which hewas continual ly dogged by i l l  fortune and poor health. Even the tr iumphant period in 193"6 when hishigh definit ion television signals were being broadcast from Alexandra paiace proved to be short-
l ived; his intermediate f i lm $/stem was runln tandem with the al l-electronic Marconi-EMl 4o5 l ine
system and the latter was ult imately chosen as that to be permanently adopted.

Of great attract ion in the present book is the selection of large clear photographs and i l-lustrat ions, these highl ighting some of the historic moments in Baird' i  enterprising aid 
"orrrg"ouscareer and depict ing patent drawings and the l ike from the early days of the incept- ion of television.



HIGH POWER

Amplifier Nlodules
by

A. P. Roberts

LOW DISTOFTION A.F. OUTPUTS
UP TO 14 WATTS INTO 8 OHMS
D.C. AND A.C. COUPLED VERSIONS

This article describes a high quality audio power
amplifier module which should be of interest to
anvone who is contemplating the construction of a
hi-fi amplifier, or who requires a high quality
power amplifier for any other purpose, such as a
lransmitter modulator or a public address system.
The circuit is provided in two formsr a d.c. coupled
version and a conventional a.c. coupled unit. Both
versions have a high and virtually identical level of
performance, which is understandable as they are
basically the same. However, the d.c. coupled cir-
cuit do6s have certain advantages over the a.c.
coupled one, and it has possible uses outside the

The d.c. coupled ampllfier module. The two output transisto6 appear at the

extrema ilght

field of audio (in servo systems, dual balanced
power supplies, etc.).

When powered from a dual 15 volt supply (d.c.
amplifier) or 30 volt supply (a.c. amplifier) the cir-
cuits will supply a maximum unclipped output
power of approximately 14 watts into an 8O
speaker. The level of t.h.d. produced is very low at
power levels below 14 watts, being only about 0.1%
or less. and is too low for the author to measure ac-
curately using the equipment available to him. The
unweighted signal-to-noise ratio of the circuit is ex-
cellent, at slightly better than -80dB.
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D . C .  A M P L I F I E R
Th.e. circuit diagram of tLe d.c. version of theamp.lifier appears in Fig. t. To anvon-e ivio is un_ramll lar wrth d.c.  coupled cirCuits based onoperational amplifiers this probablv loo[. a little

::^Yi_q! al.tno"usn this type- of power amplifierqeslgn rsqurte.trequently used these days. It wouldpernaps be. helptUl to examine a basic bperationalampllrler crrcurt betbre l_ooking more cloiely at theprlqtical circuit of Fig. l.
. Fig. 2 -shows how antp-amp is used in the inver_ting mode, which is the confi[urati; 

"-;i;t;a;l!:-.._'lSq! of Fig, ,r. Circulis oi-[n]r'Tvp" ur.powered trom a dual,balanced powercuppfy *ittithe central junction oerng usecr as the 
"#t 

#i:r ne,non-lnvertlng rnput of the op_amp is connectedto this earth rai[

A M P L I F I E R

Semiconductors
TR1 BFY51
TR2 8C109
TR3 BFR41
TR4 BFR81
TRs TIP32A
TR6 TIP31O
IC1 CA314OT

Miscellaneous
Control knob
Materials for printed circuit board
fleatslnk tor output transistors
Insulating sets for output transistors
wrre, solder. etc.

I

I
Fig. 2. The basic d.c, couplcd invertlns inout

operational amplifier configuratlin

c1 c4

O.C.  AMPLIFIER

G.d
o c q

BFR4I  BFREI

Lsod-outs

Resistors
(All fixed values I watt t0%)
Rl 15ko
R2 330ko
R3 lko
V&l 25ko potentiometer, log
VR2 4.7ko pre-set pofent- iometer,0.1 wattnorlzontal

Capacitors
91 9.1pI type C280 (Mul lard)
9? I Ve type C280 (Mullardi
C3 lpcF (see text)
C4 10pF ceramic
9! 1,{9gp! ceramic plate
C6 1,500pF ceramic flate
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Op-amps are basically differential amPlifiers
,"ain.y 

-"*plify 
the voltige.present across the two

innuts or. in other words, the difference between
lii;l;;;t' p"tentials. Theoreticallv, an operational
ampliiier 

-has 
infinite voltage gain so.-that -atly

aiiT.t.n.. in voltage across the inputs will result in
;#-ou6tt of th"e amplifier gding either {uflv
p".iti*li fully negativ6. ttre outoul-goes poslliv,e
if the non-inveiting input is at the higher potentral,
;";;;;ti"; ii ttid ndn-inverting inpgt ls at the
io*.."oo1."tial. Practical operitional amplifiers
have finite voltage gain, of course' but- the ̂ garn
oi -oti- i""cticai it"ptifiers is typically of the

"iali""i 
Ioo,ooo times. Thus, only- an extremely

il;tt aiff*ential input voltage will be. sufficient
6-;;;d lh; output ot ttte amplifier fullv positive
or negative.

R1 and R2 in Fig. 2 form a negative feedback
r""r], ila ii-is itte falues of these-resistors which
e.dilffi-the vottage gain of the c.i.r^.cuit' R1 also
;,iliili;;r.ii i*peda""c6 of the amplifie.r whilst R2

;;ilffi-tGsi"g,-causi"g the outprit to.be at earth
;;;;;i"1 *[""1tt"." is "no input-signal-voltage' Lf
^the 

output should tend to drift away trom eartn
il.;;ii[;"v .tigttUv positive for. example, this
would take the inverting input slightly posrtlve oI
iirr i"tlft.a non-invertirig input' T}e ihputs would
;ililil;;balanced, whi6h ri'ould cause a negative
swins i" the output voltage. The output would
ilfft to earth botential 

-again 
and the input

balance would be restored.
The voltage gain of the circu-it is equal to R2

aiviaed Uv htl This is termed the closed .loop^
voltase sain. The voltage gain of the- op-amp itself
without- anv feedback is called the open looP
;;[;;; s;i.1 The wav in which Rl qnd R2 control
;lie;Stdge-tain is pr6bablv best explained with the
aid of a simple mathemafical example'-'H;ft; 

tii"t nt has a value of lkttand that the
uui". oi-nZ i. 1gtso, If a negative input potential of
i;;ltil;, to be applied to the- ciriuit at the left-
ft""a-."a of R1, thiinputs woull-obviously Fu q:
balanced and the output would go posrtrve' rt
would onlv swing positive by 10 volts' howevet'- as
iir;;;;tit flow Thiough R2 would !!re.n !e equal to
that throush Rt, and the two would- balance each
;[;t; 6;dsi"g dtte inverting input.-back to earth
;"i"ritilt. fhe"eain of the ciicuit will obviously be
ioii-.. tiot o?ivided bv !ko) si-nce an input of 1
volt produces an output of 10 voltF'''ii;itfb;;-pp"ret 

t that the feedback circuit has
tr'e ei'rect or 'iii"tai"i"s tl'. ilYg!ilp-1yY.!*l$:

at earth potential. Therefore the in-verting input is
aiso tteld at earth potential, and what is termed a
iiii""i *ttn-is iottted here' As the input signal is
connected to this via Rl, the input-impedance of
;h;;iilit musi obviouslv be virtuallv egual to Rl'
ii" piu"ti.", stray capaiitances.-ald other circuit
i;;tf";;1;t-t""v have some slight effect on the
infut impedance.)

PRACTICAL CIRCUIT' 'G;t;ii";;l 
i-ptiri". i'c.'s are not designed to

trandle high poweri, and so in order-to use them as

""*"r "-?itifters 
it is necessary to add a highpow-er

buffer stage at the output. By bringing the'butter
stase within the feedback network, the-bastc con-
ifi;;"ii;;;i Fie. z can still be retained' Further-
-"ot.l 

""-ltt" 
feeiback is applied to the circuit as a

ffi;i; it ;iit counteract diifortion in the entire cir-
;;ii;;d ;;1lust distortion contributed bv the op-
amp.-^-ii"tutnitts 

to the circuit of Fig. 1, Rl and R2 set
th; i;;;;l;p"a"""" of the circirit at 15ko and the
;;ft A; ;;il 

-ai 
approxim atelv 22 times' This^ gives

ttte-c"it"luit an iniut sensitiiity of about 480mV
;.;;. i; f"tl oritput. The giin and. input, im-
nedance can be altered to sutt lndlvrdual re-
["it.-""t. if tt"c".*aty, but it is advisable not to
i*t.r.. ittl sain of the iircuit much above its pre-
.""it"*i u.ittit will result in incre-ased noise and
ei;;i;;- teveis. stabilitv could - also suffer'
Sill'Lrl"; t"i.it g the input impedance geatly
.n"ta aftb resuli in instability and a signiticant
reduction in the signal-to-noise ratio'- -frt" 

U"ff"r stage ivhich is used at the output of the
i.c. is a fairly co-nventional complementary cir.cutt
driven bv an emitter follower stage' 'r'he emltter
f;ll;;;i. not iequired for the gain it provides, but
i;-;;"4;d in ord6r to permit fhe usual quiesggnt
bias voltase to be applied to the output stggg' r nts
bi;; i' il;;iaea uv Vn2 and T$-2-, with TRz func-
;i;;ils;- 

"" "-ritin"d 
diode. VR2 is.adjusted so

iii"f 
""uott"ge 

of a'bout 1.1 volts isieveloped across
iii" 

""ti"ii"i 
and emitter of TR2. The voltage is not

ouite sufficient to turn on the transistors in the out-
;;;;;;:-;;d ailirst it might be thoughtthat quite
I ttiefT"i,;i of 

"to..-ouer 
iiistortion y99ld b.e pe-

;";";; ; ;;..ttt. ttt fact, the level, of distortion on
i;;i;i"is";is is stigtrtiv highe-r than thatproduc-
ed at medium and high output l9ve.l9' but rt rs stru
;f ;;;i;;ota"i""[ is noi of significance' This is
;;; ;i'h;;L.v ttigtt t"tel of negative feedback used
i" itt" 

"It""it"*ttii,h 
largely ellminates what cross-

"u.t-ai.l"iiion 
exists. Tf,is method of counteracting



article in this magazine ("CMOS Audio Ampli-
fier", R. A. Penfolii, in the issue for April lgi7).

The main advantage of the system is that, with
only a fairly low bias on the oulput stase. there ii
very little chance of thermal rrjnawai occurrins
here, especially when it is considered that TRf
provides a degree of thermal stabilization in the
conventional manner anyway. VR2 could be ad-jgsted to permit a quiescent-bias current throush
the output stage, but the circuit would then be
more vulnerable to overloading, and good heat-
sinking of the output stage woulil-becom"e more im-
portant.

A well-known arrangement is used in the output
stage, with all four transistors being connected in
the common emitter mode. Alth6ueh common
emitter slagep. normally provide a high level oJ
voltage galn t$s rs not the case here as each pair of
transistors (TR3 - TR5 and TR4 - TR6) are con-
nected with 100% negative feedback, andiherefore
provide unity gain. There is in fact unitv voltaee
gain..all the way from the output of ICl to tf,e
ampllller ou@ut, but the current gain between

these two points is extremely high. This gives the
circuit a very low output impedance which is a
matter of a few milliohms rather than ohms. The
combination of the very low output impedance and
the fact that the CA31,i0T i.c. uied in tlhe IC1 posi-
tion is capable of an.output voltage swing virtuallv
equal to the supply rail potentia'l meani that th-e
peak-to-peak output voltage swing which can be
fed. to the speaker is also nearly equal to the supply
rall. voltage. ln consequence tfe circuit can provide
optimum ou@ut power from a given combination
of supply vol-tage-and speakbr impedance.

There is no need for a d.c. blocliins capacitor to
be. used. at the output 4q lbe quieicent output
voltage is extrem-ely small. The iro-signal output
current is probably no more than that which flows
in a conventional amplifier due to slight Ieakage
through the output capacitor.

Similarly, there is no need to use a d.c. blocking
capacitor between R1 and the slider of the volum6
control, but it is essential that such a capacitor be
included in series with the volume control.
Otherwise any d.c. potential which is coupled to the

"0 fi..lfiffi..0.'0 #'
u.rf:)

".il

'l
291t6"

_l
Fig. 3, The printed circuit tayout for thc d.c, couptcd anplffier



sp-eaker. This
input will be amplified 22 times and ted to the
speaker. This could easilv damase both the soeakereasily damage both the speaker

f the input of the amplifier is toand the amplifier. If the input of the amplifier is to
be connected to a source w}ich contains a d.c. ele-
ment of known polarity, then C3 can be an elec-
trolytic type suit-ably connected. If not, then a non-
electrolytic type such as a Mullard C280 compo-eleclrolyti-c type suih as a Mullard compo-
nent must be employed.r lL r r lusL uc eur lJruyeu

The circuit has an extremelv wide bandwidth
unless steps to reduce it are taken. A wide
bandwidth which extends well beyond the upper
audio frequency limit is undesirable as it is li}'ely
to result in pick-up of radio frequency, and can also
result in various forms of instability. C4,C5 and C6
are therefore included to roll off the high frequency
r-esponse of the circuit. Cl and C2 pr6vide iupply
decoupling.

CONSTRUCTION AND SETTING UP
A suitable printed circuit board layout for the

amplifier is shown actual size in Fig. 3. This is con-
structed in the usual manner. TR5 and TR6 must
be mounted on a substantial heatsink, and in manv
instances it wiil be possible to use the metal case oi
chassis of the equipment as the heatsink. In in-
stances where this is not practical a large size com-
mercially produced heatsink can be employed. The
output transistors must also be insulated from the
heatsink, using mica washers and plastic insulating
bushes. Use a continuity tester to ensure that this
insulation is completely effective.

The holes in the board for VR2 are positioned to
take a component having 0.2in. spacing between
track tags and 0.4in. spacing between track and
slider tags.

Before applying power to the circuit ensure that
VR2 is adjusted in a fully anticlockwise direction
so that its slider is at the track end connecting to
TR2 collector. Connect a multimeter set to read
about 50mA in series with one supply rai!, and then
switch on the power. A current of abbut 20mA
should be drawn by the circuit, and if VR2 is slowly
adjusted in a clockwise direction a setting should
be reached where any further advancement results
in a large increase in current consumption. VR2
slider should be slightly backed off from this set-
ting. As explained earlier VR2 can, if preferred, be
adjusted for a small quiescent current through the
output stage, and this could consist of an increase
in current of, say, 5mA. However, this quiescent
current will certainly not improve performance
noticeably.

It is worth noting that if the circuit is operated
with one supply rail absent there,will still be only a
small quiescent output current, and the amplifier
will not be damaged.

A . C .  V E R S I O N
The circuit of Fig. 4 is_provided for consbuctors

who prefer an a.c. coupled amplifier. This is much
the same as the circuit of Fig. 1, except that d.c.
blocking cap4citors have been added al the input
and output. R2 and R3 bias the non-inverting input
of the i.c. to half the supply rail potential, and
C2 smooths out noise which could otherwise be
coupled to this input from the supply lines via R2.
The supply line iipple rejection-6f ihis circuit is
quite good, and it is not necessary to use an elec-
tronically smoothed power supply. However, this
circuit is not as good in this respect as the d.c. ver-
sion, and circuits of the type shown in Fig. 1 and
Fie. 2 have inherentlv hieh suonlv rinole reiection.

Another disadvantige'of *r'e^ciicu'it of Frig. + is
that it is slightly more expensive since a large elec-
trolytic capacitor must be used at the butput. The
gapacitor also reduces the low frequency power
bandwidth of the circuit, although in praclici this
may not be of any consequence.

ill;,.,
'*#

A . C .  A M P L I F I E R
Resisfors

(all fixed values I watt t\Vo)
R l  15ko
R2 8.2kCI
R3 8.2k0
R4 1ko
R5 330kf)
VR1 25ko potentiometer, log
VR2 4.7ko pre-set potent iometer,

horizontal.

Capacitors
Cl lpF electrolytic, 25 V. Wks.
C2 10pF electrolvtic. 25 V. W[e.
C3 l ,500pF ceramic'plate
C4 1,500pF ceramic plate
C5 2,200pF electrolviic, 2S V. Wke.
C6 100pF electrolytic, 40 V. Wkg."
C7 10pF ceramic 

-

Semiconductors
As for d.c. amplifier

Miscellaneous
As for d.c. amplifier

0 .1  wat
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A suitable printed circuit board desim for thea.c. velsion of the amplifier i. ;6r;Jff;a actuai
:i::.il Tje;,b- The constr""tioo u"i-."itii"up of thecrrcult rs the same as for the d.c. amplifier exceDtthal due to the differentlat;ut,-VHtii;illd f;;fi:itially-set fully clockwise if"iis siiae.-is'iiie at tteend of -the track 

"otttr"ctirrg 
;; inZ 

""fi""tor. 
It isthen adjusted in an anticl8clwise i;;il".

PO^_WER S.gPPLY'I'he amplitigls should not be powered from a
::Bp]{_"^t,:ign"ificantly more than iS volts positiveano negatlve tor the d.c.,version or 30 volti singlerail for the a.c. version. Using th; p;;;r;;pit;i;:
:rjl*::: Iig:6 these vditag"i, 

"o.i".pl,i,d 
to 

"maxlmum marns transformer secondary voltage oi10-0-10 volts. With a practical ir""rfi,rir".,'if,i.power supply will normally provide-j;;t J,id;iil:

more than 1b-0-1b cr 30. volts under quiescent con_ditions.Transf ormer.*itnio-o:i-0*;"li lA"ndaries
are not listed by the rarger component mail_order
fro.use-s, but theie .."o"d"ry 

-uofi"i"r'*rv 
b. oU_tained from transtol1ngt. having secondariestapped at 0-5-20-SO-aO_OO votts.""CJririection ismade to the 20, 30 and ao vott;;;;. i;;:iight lossin supply voltage anct-auclro power, the more com_mon transformers with 9_0-9;ii;L"d"diii.. _ivbe emploved.

In. oider to supply a single amplifier ttre powersupply-transformir i""ond"'ry .t;;ilffi; irt"a 
"t 

tamp. For a stereo applifirir 
-air;-;";;;-;ti;;

should be increased t" til;;;"iia'ti"i"ii"gof the
!y9. f99es shoutd be similiiiy-;i#il. iE",-;i;;1N4001 rectifiers should bg_'.";i;"";i' ty nigne.current types, such as the tNb+bO.

A.C. AMPLIFIER

Fig' 4' The a'c'-ucrsion-.of 
.thc amplfficr. requirc only a single suppty rail. Thera are d.c,capacrtons at thc input to thc integntad ciiuit tni 

"t 
th" output to the speakerOCTOBER 19?8

blocking



Supply pog.

Supply neg.

Fig. 5, The a.c. couplad amplifier is assambled on its printed board as shown here. Like Fig. 3, this is
reproduced full size

Fig. 6. A suitablc powcr
supply for the d.c. couplcd
ampli f  ier. Transformar
ratings are discussed ln thc
text. With slight modifica-
tion the power supply may
also be used with the a.c.

coupled amplifier

output is ignored. Also, the mains earth can be
transferred from the centre rail to the negative out-
- - - a  - ^ : l  - - l  f - - - ^  n d o  ^ - - : ^ a ^ l

C q
4TOOlrF
l6V wkg

C2
47OOyF
l6V rkg

FSa N.9

I A

:ilR;

L 4'too

*=ni
A€ moins i llll

_t_Jlll

As shown, the power supply of Fig. 6 offers the
positive and negative rails for the d.c. version of the
-  , , , 1 : 4 : -  -  t r t l r l  a l ,  ,  :  a l ,  -  - -  a , - ,  l r



Several comPlete
new Proi*ts for You to

build with full constructlon

deJils in the catalogue including:

A suoerb 4OW per channel hi-fi steteo

*tt'i""',q$:*f ?:""fi lT#
, ilJ,'""li'n::""il,:'lFtii:3lJ

SuPerb specit lcat lon'

i A omplete hom.e t-wgla'."-l'jlil""'-iduding 
ulttasonic detectors

A model railway train controller

with inert ia control  Ior accel '

erating and breaking
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Dynamic uni t
per fo rmance

By
P. R. Arthur

improves and boosts the
of portable cassette

recorders.

Probably many readers of this magazine own a
portable cassette recorder or cassette/radio unit,
and have wondered if it is possible to improve the
reproduction quality provided by such units. While
it is likely that this can be achieved by modifying
the recorder, a more practical solution is to feed th6
output of the unit to a separate noise reduction cir-
cuit, amplifier and speaker.

The amplifier which forms the subject of this ar-
ticle is intended for use in such an application, and
it incorporates noise reduction circuitry of the
dynamic noise Iimiter (d.n.l.) type. The circuit is
very simple and uses just two active devices. It is
mains powered and provides an output power of
about 2.5 watts r.m.s. into an external 8 o speaker.
The total harmonic distortion is typicalfy only
about 0.21r0 at all output power levels, and the un-
weighted signal-to-noise ratio is about -72dB. Thus
the unit does not significantly detract from the
signal it processes. In fact, provided a reasonably
good speaker is used, the combination of the in-
creased output power the unit offers plus the effect
of the d.n.l. circuitry results in a remarkable im-
provement in audio quality.
D . N . L .  P R I N C I P L E

The d.n.l. system relies on the fact that the most
noticeable noise on the output from a cassette
recorder is the familiar high frequency tape hiss.
This hiss is only significanf at low recording levels
though, as it is masked bv hish level simals. It is
more readily masked by hig:h frequency signals
f .han hv mir id la nr  lnrw f io^rr l - . . ,  ^ ioo

Basically the d.n.l. system consists of a low pass
(or treble cut) filter which attenuates the tape hiss
in the presence of low recording levels. At higher
recording levels the treble cut is progressivelv
reduced,-4nd it is completely removed at very high
recording Ievels.

A slight flaw exists in this system, in that there is
some loss of treble response except at very high
volume levels. However, the reduction in the tafe
hiss Ievel tends to be much more noticeable than
the loll of high frequency response, and.a dynamic
noise limiter can produce a large subjectrve rm-
provement in the quality of a signal.

Also, many pre-recorded cassettes as well as
home produced ones are recorded using some form
of noise reduction encoding, such as the popular
Dolby B system. Most of these systems are
somewhat similar to the d.n.l. one so far as the
decoding is concerned, but during the recording
process the cassette is encoded in thb form of treble
boost on low level signals. This enables both noise
reduction and a flat frequency response to be ob-
tained.

It must be emphasised that the unit described
here is not a Dolby decoder, nor will it properly
decode any other form of noise reduction encoding.
As one would expect, though, results are better
when using this type of cassette as the low level tre-
ble boost which is applied during the recording
process tends to compensate to some extent for the
treble cut which is applied to low level signals dur-
i no  n l  qvhqn l r
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BASIC OPERATION

Iig. t- illustrates the basic arrahgement of thenoise red.uction amplifier. The 
"-piTn". 

itself is adifferential type wh'ich has the u.uii no"_i"vertins
11] rl9 l"tertrng (.__) inputs. It is not a high gaifr
type such as the 7 L-and similar types, bul his a
y_ol"!u,gu. glin of only about 2 ti-u.. itie ii,put signalrs red ro the non-inverting input of the implifier,
and the boosted signal which dpp""r. il th";;ti l i
rs Iect to a loudspeaker. The input signal is also Tedto- !h_e rnvertrng input via low value capacitor CA
Xhiglr, togetheiwith VRA, for-s 

" 
t iehiass filter.

5:::llu,"_--Corng. signals at the non_inverting input
If:ult rn,positive-g.oing excursions at the ofrtput ofrne amptttler, and negative-going inputs produce
negative.output excuriiorrs. As tfie 

";*; 
il;Iil;

the.rnverting.input produces an output signal tif opi
p9sltg polanty to that applied to the input. Thenrgn rrequencv srcnals passed to the inverting inputvia CA there?orj can6el ;"i il-;;;e-dlsee thesame signals at the non-inverting i"pu1, 

"n?;;ifi;reqqired treble cut is acnreved.
.VRA is not an ordinary ,e.i.tor, but is a devicewhose resistanc'e can !e 

"contiol-leri 
t/;; applierJvoltage. Th-e control voltage i. aurir"a'fro- ift i;:put signal by means of a'rectifier and-Jmoothins

[""ri:r*, 
and rs proportional to the input signaT

Th" _circuit is arranged so that the larger the con_trol _voltage, the lowei the resisian-c;;?tRA.-aA
1n$ !\{ form a high p"., fiit". Uy 

" 
ioi." ofpot*_tial divider action. Ttr'e impeaa-rrc'er 

"f 
C.q'f"ffr *iii,rising frequency, and so . liEffi };"i*:ri", ;r*";r;are.coupled. to the.inverting"input *'itt, t"i,. arten_ruauon and are thus cance_lled. out to a greaterdegree. Th-e resista""" of 

-vna-r.iair."l 
H t-i;presence of high level.signals, and liiis r"ir". if,"trequency at which a significaht amount o? roil_olirs producecl.. With very high input levels there ii

:1,^y.^"^*qlrrcant amount of roll_off at frequenciesaDove rhe upper limit of the audio range, and so thetreb le si gnal d receive fu [ ;mplifi;"Iffi 
'f 

ir"r"io.",i1 effecJ, the higher -the amplitld-e- oi iire inputsignal the lower ihe degree oi treltl ;i;iic'f;;applied to it.
98

Fig. l. Tha basic manner tn whlch thc nolsc
reduction omplifler functions. The rcslstcncc of
VRA reduces wlth increaslng input sign;t
yoftage. causing less high freqicncy conteitto
De presont at the inverting input of the',mptificr

T H E  C I R C U I T
Fig..2 shows the complete circuit diagram of the

unit, including the r:lgi". power .upfly section.
I!" u:tv, versatile LMg80 i.c. u"di6-"u--pllii;;
Iorms the basis of the unit, and this device hai bothnon-invertinC lld inv.erting inputs with a pre_set
y_ol3C" garn of tVRicallV b0 times. Such a 

-gain 
is

llllgt ,htgher than is required in the piresent
appllcatlon, and so an attenuator is used at each in_put_, lhat at the non-inverting inputconsistilt;iR2
alg F4, and that at_ !h_e inv"erting i"il;;;"'.irtil;
of R3 and Rb. The LM380-ope*i.. i,"rf!"llv ,iiijTwithout the necessity of using d.". Uto""ti"e
capgcitors between the-attenuatori and its inpuisl
, --T!" input signal. is coup]ed to th; ;;;_i;;;;ti;;
Inpulof tjrggrmplifier via C4, _and it is also coupled
lV^ y"V of Li3 to a rectifier and smoothins netwbrk.
uJ rras been given a fairly low value so that thispart of the crrcuit r.esponds m_o_re readily to high
freguencies than it do6s to middle u.rd bu.. orr"..
. The electronic variable resistor G 

";tr;ny 
;;_

channel.JUGFET, TRl,  and i ts source _ drain
termrnals provi9e the variable resistance path. The
negattve control voltage whic.h is formed by the rec_
li{lqr and smoothing 

*network 
is fea 1o tli" gate ofTR1. VR1-superimfbse , po.itiu" Lir."uoti"g" o.rto

th.e control voltage. This biases TR1 to a pointwhere it exhibiti quite a t rgt, *ur"" 
"_ 

draln
ItT13.t*; bu,t where only a fairly small negative
cnange ot gate _voltage is needed to reduc6 thisresrsrance to about_ 100 Thus the rectifiednegative control voltage produced 

-th" 
d;;;dresult.

^" TJqh-l"qgf,ncy coupling between the two inputsoI tne,amphtier is provided via either Cb or'C6.
l"^p,"_n!l"q upon which of these is selected bV 52.
!o, 1s useo when processing ordinary tapes, ana CS
twnlcn pro.vlcles rncreased treble cut) is used ontapes which have a high treble outprit. hlese i"_clude Dolby. encoded ufra 

"r,io- 
iurn il"iii" i"r"..

., , h" c.oupllng is rerhoved in position I of S2-, andrne ,u-nlt then operates as a straightforward
amplrtrer. ' l 'hrs 

enables the amplifier to-be used to
P:::l ,1.., gytput ,f'o.- ". 

poriuUri- i"ii". N"tl,,nowever, that the d.n.l. action can often be used toimprove noisy radio reception.
.. rne power suppty section emplovs a conven_uonat, brrdge rectifier. It is unrCzulated andprovldes an output potential of. approximately 1gvolts..The two 6 volt secondaries'6i-fi-u." .or,_nected in series to pro-vide. 12 volts-lor lt" [rijg.rectifier. T1 is a' ..Miniature OVA, Sivte l-,;

Th.e.rear panel. The input socket is to thc loft,
with the output socket appeaing bc'|yycen thi

and tho malns lead

RADIO AND ELECTRONICS CONSTRTICTOR
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Fig' 2' The complctc clrEult of thc nolsc rcduction amplifier. Thc use of an integrated circuit eudio
.mpllllu considcnbty reduces complexity

Resistors
(All fixed values I watt |Vo)

Rl 120k o.
R2 5.6k o
R3 5.6k o'
R4 220 0,
R5 220 'o
VRl 100k o potentiometer,

Capacitors

Semiconductors
IC1 LM38O
TRl 2N3820
D1-D4 1N4001

Cl 0.22ttF type C280 (Mullard)
9? o.tuP ty!'e Czeo tMuiiaiai'q3- 9p4fp{ iype C28b tMuuaial

Transforrner
T1 mains transformer, secondaries 0-6V,

at 0.5A (see text)

Switches
Sl(a)(b) d.p.s. t .  toggle
52 4-pole 3-way rotary (see text)

Indicator
NEl neon indicator (see text)

Sockets
SK1 3.5mm. jack socket (see text)
SK2 3.5mm. jack socket (see text)

Fuse
FSl 500mA fuse, 20mm.

Miscellaneous
Instrument case, 8 x 5| x 2in (see text)
20mm. fuseholder (see text)
2 control knobs
Materials for printed circuit board
3-core mains lead
Grommet
Nuts, bolts, wire, etc.

0-6v

91 lol{ "l"ciiolvtic, t0*V. WE:va rvt4 l '  YrcuLfuryLlcr  IU v.  wKg.

91 9 Qlsry.e type-C2flO (Muuardl
Q! prot4r.tyir^e _czao (M;il;a)
Q! lorF elecirolytic, 2bV: \i,*.
99 1,90PF electiolytic, ro V. Wkg.9q l,00EF electrolytic, 16 V.
Qg 0.lpF type C28d (Mullard
UlO l,000rzF electrolvtic. 25 \

rd)
C10 1,000pF electrolytic, ZS V. Wt g.

D5 0A91
D6 0A91
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transformer. and is -availahle from Doram Elec_
tronics Ltd. It has the unusu.al f""t"r"-"i irrri.,S
two. primary windings, and these u." .u-r,", ao._necrcd tor use wrth the normal U.K. mains voltage.
^ Fuse FS1 is a 20mm. b00mA type and it f i ts in a
?01n-. chassis mounting fusehollir-, iiiu iuttu, utrobeing available from O6.am Eiecirl"i".'ita. fn"unit is assembled in an instru-""i *.u *"asuring8 by.s{ pv lin.This is a case TtttBVi;';,r;i"d'i:
retailed by Bi-Pak Semrconductors.

.. 52 is a.4-pole 3-way rotary switch, with connec_
trons made to one of the poles only. NEI is a panel
mount ing .neo.n indicalor  wi th in tesra l -  s 'er ie ;
reslstor surtable fbr connection to 240 volts a.c.
mains.

CONSTRUCTION
Apart from the controls, neon indicator and in-put and. output sockets, itt ttre 

"o-ponenm 
ur"

mounted on- a printed circuit board 
-which 

is i l_
tustrated tull size in Fig. B. It is not recommended
that.any, other.form of ionstructi"; b;-;;;a ;ih;pnnr,eo boarcl has a large area of copper laminate
which.acts as a heatsiik for the iM5gd. Inade_
quate heatsinking would not result i" ah; i:.. b;i"g

damaged, since the LM380 incorporates thermal
S19,qutpul short-circuit protection'circuiirv, Uut iiwoulct reduce the maximum available 

- 
outputpower.

-Jn-u pOmm. fuseholder is mounted by a sinele68A bolt and nut. It is advised tdttdbBA";H;;
hole .for. this be drilled.nrst, followiiri Fii. g, after
y\ich the precise position 

"f 
tt 

" "dJi.rir? 
t"l"ti,iihole is maiked ofi wirtr- the ;i;i ;iih;il.it;;td";

itself.
The prototype- is-constructed in the metal instru_

ment case which has just been referred to. thegener.al layout of the unit can be seenln itre accom_
p3l,{,_tlC.,photographs,. gnd .is_ not particularly
crrtrcal. Working trom left to right, the iomponenrc
on rne^Iront panel are the-neon indicator, 51, VRIand sz. Un the rear panel, the mains lead passes
through^a hole behind the rirains iianslo.-ei. ff,i,nole,ls tlttecl wlth a grommet and the mains leadshould be secured inside the case with a plastic oiplastic-faced c-lamp Next to tli; m;il; [ia f,ifl i,
:l:,_9ytput lack socket, followed by the input jack
socKet.

The p:inted bgqrd is secured to the bottom of thecase with three 684 bolts and nutr, meiai rp""inewashers being employed to .p""" iii"-fo;;d il;;:

W, **, :

i.tii\

x

I.

P A n T n  a r r n  b r
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side clear of the inside metal surface of the case
and. thereby prevent short-circuits. The case tales
up its earth connection from the printed board via
these spacing washers. Single urrscreened *ire.
connect to the tip contacts. oithe input and outpuijack sockets. Th-ese should be of th6 no.,-i.,sul"ied
type, and they take-up their earthy connections via
tnelr mountrng bushes and nuts.

U S I N G  T H E  U N I T
The input.socke^t of the amplifier is fed from the

earpnone socket of the cassette recorder. At the im_
neda,ncg and signal voltage levels involved there
snoutd be no need to use screened cable, but the in_
terconnection should be such that the chassis of
both-units are at the same potential. A1th""g[1[;
earphone output of ttre recoider is intendea t"o ffea
rnto. a low imp-edance load, there seems to be no
neecl to add a dummy load_ resistor at the input of
the amplifier. The efi'ect of a aummy toad resistor
was tried in practice, but it merelv iesui[ed in in_
creased distort ion both with Iransformerless
recorder outputs and with the older types havini an
output transformer.

The outp.ut of the-amplifier connects to an g o
gpeaKer whtch should be mounted in a cabinet and
be_c.apable of handling at least g walts-i.m.s.

The volume level is adjusted bV means of the
volume control on the recoide.. Ca-ssette iecordeis
are often fitted with a simple top cut tone control
and, if this should be the case, 

'the 

"o"t.ot 
i. 

"a-justed for maximum treble.
To gblq1n good results it is essential that bias

control VKI be correctly adjusted. With the
y9l.um9 adjusted to a low^levet it strouia be possible
to locate a small range of settings oue. *t i?t VRi
operates as a sort of top cut tone control. Thepot-entiometer should be iet at the maiimum cut
9,n.d of this range of settings. It may be iound that
[nls resutts rn the treble cut being reduced on fairly
low level,signals, with a rise ii itiu Uu.igroun&
norse level bern-g very apparent on such sicnals. In
tnls case rt wrll be necessary to back VRI oTf slight-
ly from the point at which it Ueginilo lil; ;[e treble
cut.

. In theory it is neces,sary to readjust VRl each
tlme the volume control setting is altered. This was
not found to be the case in practice, and once the
correct setting for VR1 has b-een located it does not
seem to be necessary to readiust it unless the
volume control setting is gredtly cnu"s;d.- fiie
higher the volume contlol seltine,"the furlher VRi
will need to be backed off.
, Tyo gf {h.e _nh_o_tofraphs illustrate oscillograms

obtarned with lkHz square wave input, the upper
waveform in each being the.signal at the inveiling
input of the LM380 and the loier wavefor- tn"t ^t
the output. The first photograph shows the resuit
grven wlth a low level signal. The square wave har_
monics are largely.fed io the inveiting input and
tne sio.wlng !-p ol the output waveform due to the
cancel l l l lg et. lect can he clear lv seen.

Waveforms at the inverting input (upper) and
the output (lower) given with a low tevel lkHz

squara wavd input

The printed boad is spaced away from the bot_
tom of the casc to prevont short_chcuits to its

undenidc

Waveforms with a high tevel f kHz square wave
input. Only superconic harmonics are fcd to thc
inverting input and the output ,shows tittte

evidence of high fraguancy aftenuation

.The .secrrnd photograph i l lustrates condit ions
y,tt ,h g hlgh stgnal input level.  This t ime only very
hrgh trequency harmonics outside the audro range
are passed to the inverting input and in conse_
quence there is little slow:ing 

-up 
of the output

waveform. I



DX LISTENERS

By Frank A. Baldwin

Lusaka can be found on 4gll where thev were
ged at 1950 whe-n radiating a program'me ofigtsu ar ryou wnen raolatlng a proqTamme ot
rican music complete with drums and chants in
. 'Home Service.

Stations on the African continent can be of great
terest to the Dxer and short wave listener alike.

of the programmes are colourful to sav the
African music and rhvthms are well worth

rg for those that are so equipped. The early
ings and mornings are the best times for logg-

these transmissions - why not try an African
ri tonight?

fi|l?#c * stfif

ICA

ZAMBIA

TANZANIA
Dar-es-Salaam on 6O5O at 1903. OM with a

st in Swahi l i  unt i l  1910 then into A
:amme of local music and songs in the
mercial Service scheduled from 180-0 to 201b.

te National Service in Swahili is also radiated on
is channel but from 0300 to 0500. The power is
okw,

CONGO

BENIN

O CAMEROON
Garoua on 6OlO at any time throughout the

evenrng (lt closes at22OO). I tend to use this one as
an indicator for African reception conditions. If its
good then so are the other Afiicans on the 60 metre
band.

If a tougher task appeals to you then trv
migrating to the 90 metr6 band. The secret here is
to watch the band over a period of time. sooner or
later (mostly later) conditions will favour the
reception of African stations.

O TOGO
Radio Lama Kara on a measured 3222 atl9t2,

OM in vernacular, light music in the Palm Court
style! The schedule is from 0530 to 0830 and from
1630 to 2230, the power being 10kW.

O SWAZILAND
TWR Mpangela on 3.24O at 1916, OM with a

lalk in English about the Bible. This one operates
from 0315 to 0414 and from 1800 to 1905 ac6ordins
to the schedule - and in Afrikaans and ver-
naculars only! The power is 30kW.

O RWANDA
Radio Rwanda, Kigali, on 333O at 1925, drums,

OM in vernacular, African music in the Home Ser-
vice, scheduled here from 0300 to 0600 (weekends
to 0?00) from 0900 to 1200 (weekendsto2100) and
from 1330 to 2100, the power being 5kW.

. LIBERIA
ELWA Monrovia on a measurcd 3227 at 213b.

YL's with chants, drums, African music. This is
the Home Service in vernaculars which operates
from 0610 to 0800 and from 1805 to 2210. The
power is 10kW.

With that we leave the African continent and
pay brief visits to some other far away places with
strange sounding names.

O CZECHOSLOVAKIA
Prague on_7346 at 1916, OM with the English

programme directed to the U.K., Eire and Mi-ddle
East, scheduled here from 1900 to 1930.

O FINLAND
Helsinki on 11766 at 1915, OM with a newscast

of local affairs in the Enelish Drosrarnme for
Europe, scheduled from 19'00 to' 1g25. Also in
parallel on 966O. This programme is also intended
for the Middle East and West Africa.

RTV 9-ongolaise, Frazzaville, on 4766 at 1g40,
rums, _YL's with shrill cries, OM announcer in
ernacular. This is probably the easiest of Africanracular. This is probably the easiest of African

ions to receive here in the U.K.-- if vou are a
inner then this is where to make a slart with

t.T.^T!^" power is 50kW and a sign-off weekdays
r at 2400. A newscast in English 6an be heard at130.
. Pointe Noire on a measured 4848 at 2010. OM,s
iscussion in French. This one ia ;t so easy to

:ive_but is well worth a try. It often relavs Braz-
ille but does have some local progra-ttlJ" tt 

"ning schedule is from 1200 t; 2i00.

Cotonou on 487O at 2000, YL and OM alternate
th a. newscqst in English. tt e rctrenuli-iiere isa, newsca-st -ln [ngllsh. 'l'he schedule here rs

nd the clock and is the Home Service in
ch and vernaculars. The power is 50kW.

GHANA
Accra on 4916 at 2249, OM with a talk on local
fairs in English. The schedule is from 0bB0 to
Qf (Sundays through to 2300) and from 1200 to

the power bein"g LOkW.



O INDIA
All India Radio, Delhi, on 1162O at 1930,

featuring a programme of Indian music in the
Enelish Iransmission for Eqsl Africg.-the U.K and
w;?-t";; E"iope, 

"ctteaulecl 
from 1745 to 1945 and

in parallel on-7226,9626,973O and on 16126.
For those interested, other English programmes

from Delhi during the evening pgriqd are.a-s follows
- from 1945 to IOIS to Nortt & West Africa, the
U.K. and West Europe on 7226,9626,9766,
gg1.z, l1620 and on ifeeO; from 2045 to 2230 to
the U.K., West Europe and Australasia on7146,
7225, 9626, ggl,z, 11620 and on ll740.

3 EGYPT- 
C"ito o" L7746 at 1'230, YL with Arabic songq

in ihe 'Voice of the Arabs' programme, scheduled
here from 0800 to 1400 antl from 1500 to 1825.

O ALBANIA
Tirana on 11986 at 1535, OM with the English

programme for Africa, scheduled here trom 1530 to
1OO"O and also in parallel on 948O.

O NETHERLANDS
Hilversum on 2164O at 1545, OM with a

prosramme in Arabic beamed to the Middle East
indGulf States. scheduled on this channel from
1530 to 1620.

O TIBET
Lhasa on 949O at 1610, OM with programme in

Hindi to South Asia. heard under a USSR
transmitter on the same channel. The Hindi
programme is scheduled from 1600 to 1700.

O COLOMBIA
Radio Bucaramanea on 4846 at 0155, commer-

cials and announcements in Spanish, local pops on
records. The schedule is from 1000 to 0400 and the
power is 1kW.- 

Ecos del Atrato. Quibdo. on 6O20 at 0314. YL
with love song, 

'OM 
with announcements in

Spanish. 'Ihe schedule is from 1100 to 0400 and the
power is 1kW.

O ECUADOR
Radio Popular, Cuenca, on 48OO at 0404, OM,in

Spanish, loial pops on records. This station has a
2 4 - h o u r  s c h e d u l e ,  t h e  p o w e r  b e i n g  2 k W .
Sometimes identifying as 'Amiga Popular de
Cuenca' this one cin be heard after Railio Lara,
Barquisimeto, closes at 0400.

Lri Voz de los Caras, Bahia de Caraquez, on
4796 at 0349. a prosrahme of local muiric with
OM announcer. The schedule is from 1300 to 0400
(Sundays to 0520) and the power is 3kW.

O DOMINICAN REPUBLIC
Radio Mil, Santo Domingo, on 493O at 03Q7,

local pops on records, OM in Sp.anish. , Tll.
schedule-is from 0900 to 0400 and the pouier is
1kw.

O PERU
La Yoz de la Selva, Iquitos, on 4826 at 0410,

OM with commercials'in-Spanish, lg""l [pps, sta:

schedule is from 1000 to 0500 and the power is
1kw.- 

Radio Quillabamba on 6O26 at 0318, OM with
commerciils in Spanish, lieht music background
with 'noticias'. Schedule is lrom 1100 to 0500 and
the oower is 5kW.

Ridio Atlantida, Iquitos, on 479O at 0150, OM
with sonss in Spanish-, zuitar music, commercials.
The sche?ule is'from 0900 to 0600 and the power is
1kw.

O BRAZIL
Radio Brasil Central, Goiania, o-n 4986 at 0216'

OM with song in Portuguese, LA music' 'l'he

schedule is around the clocli and the power is 5kW.
Radio Relogio, Rio de Janeiro, on 49Ob at 01pQ'

OM in Portufrrese, time pips, identification. This
stat ion feat"ures'  t ime 

- 
pipt  throughout the

transmissions as a backcrounil addition, it is on the
air daily from 0800 to 0500 e4gept from Tue.sd-ay to
Fridav-from 2200 to 2330' The power is 5kW.

Radio Aparecida on 6O36 at-0220,1oca1 songs
and music 

-of 
the pop variety. The schedule is from

0900 to 0300 and the power is 1kW.
Radio Sociedad, Feira de Santana, on 4866 at

0300. OM with identification, announcements and
local pops on records. The schedule is from 0730 to
0400 ind the power is 2kW.

Radio Emisora Rural, Santaregr, on 4766-qt
Ogi2,bM with announceinents in Portuguese with
added echo-effect, local pops on records. The
schedule is from 0830 to 0400 and the power is
1Okw.

O AUSTRALIA
ABC Brisbane on 492O at 2006, pops on records

after a newscast in English. The schedule is from
1900 (Sundays from 19-30) to 1402 and the power is
1Okw.

O CHINA- 
Radio Peking on 6226 at 1430, YL with gon-gs- i1

the Domestic 
-Service 

1 programme, scheduled
here from 1100 to 1735 and from 2000 to 0100.

Radio Pekine on 992O at 1430, Chinese songs
and music in fhe Kazakh Domestic Service for
Minoritv Groups.

Radiri Pekins on 11696 at 1415, YL with the
programme forCambodia, scheduled from 1400 to
isob on this channel.

Radio Peking on 1166O at 1418, -YL with an
English programme beamed to South Asia from
1400 to 1500.

Radio Peking on 1242O at 1440, programme of
Chinese musicln the domestic Service 1, scheduled
here from 0750 to 1735 and from 2203 to 0300.

O CLANDESTINE- 
V"i"-" 

"f 
ttte Feopie of Thailond on-a measured

ga'25 ;t Gio, 6M-*ittt songs followe.d lv.mllttarv
;*i.ln the Laotion programme, scheduled from
1430 to 1520.

O NOW HEAR THIS- 
Radio Libertad. Junin, Peru, on a measured

5O41 at 041?, OM in Spanish, typical plai4live
Andean song bv YL, mournful flute music. This
one has a 24-h-our schedule and can vary in fre-



U LTRA-SEIVS ITIVE

OP-AMP METER
By J. B. Dance

This low cost CA3lltO circuit allows measurement of
currents below 

'O.OO1pA, 
voltages below l  OmV and

resistances up to IOO,OOOMJII

This article shows how the economical CA3140
operational amplifier can be used in a very simple
nieter circuit which will provide a full scale deflec-
tion with an input current of only 1 nanoamp (one-
thousandth of 

-a 
microamp). Other curreht ranges

such as 0.01pA, 0.lpA, liA, lDl.tL, etc., can easily
be added. The circuit can also measure small input
voltages and provides a full-scale deflection with
inpuis of 10mV, 100mV or lV at an input
reiistance of 10Mo. In addition, the circuit can be
used for measuring resistance values up to some
100,000Mo.

The meter driven by the operational amplifier
requires a full-scale deflection of lV. and can con-
sisi of a 0-100pA or 0-1mA meter movement in
series with a suitable resistor. The circuit has not
been designed to give the highest possible accuracy,
but the accuracyshould be well within plus or
minus 1Vo and piobably within plus or minus 3%;
this is adequate for almost all purposes.

METER AMPLIFIERS
The normal moving-coil meter can be made

quite sensitive, but if one wishes to measure
currents in the nanoamp range one must employ an
amplifier with such a-metCr. Numerous circuits
have been published which incorporate the 741 op-
amp as an implifier to produce full-scale deflection
on a 0-1mA meter with an input current of about
lpA. This is about the smallest current a 741 device
can measure with reasonable accuracy, since the
typical input current required by a 741 iq p.2pA,
whilst the maximum input current required by any
741 device is 0.5pA.

High performance hybrid operational amplifier
devic"es innicn contain irvo junction field effect in-
put transistors and an operational amplifier in a
Sinele package can be used to measure much
smiller currents, although some of these devices
are fairly expensive. However, the RCA device type
CA3140 is very suitable for measurements in the
nanoampere range and is also very cheap being
only about three times the price of a 741device.
r06

THE CA314O
The CA3140 device employs p-channel MOS

field effect transistors in the input stage so that in-
put impedances of about 1.5Tir  (1.5 mi l l ion
megohms) are obtained. The input currents re-
quired are typically 10 picoamps with a maximum
value of 50 picoamps for any one device.

The CA3140 is verv much like the well-known
?41 operational amplifier except that it has a far
greater input impedance. As in the case of the 741,
the CA3140 has an internal frequencv compen-
sating capacitor and is provided with offset nulling
facilities.

The connections of the CA3140 are shown in Fig.
1. This device is obtainable as the CA3140E in an 8
pin dual-in-line package with similar connections
io those of the 741. The CA3140 can also be ob-
tained as the CA3140T in a circular metal can with
8 straight leads and as the CA3140S in a similar
metal package with the leads bent into the 8 pin
dual-in-line configuration. More expensive types
are available as the CA3140A and the CA3140B,
but generally any of the other three types is ideal
for the present application.

orr't nur ld Positive TJii'-"--' -"QAQ 
"uPPrY rnu..,ing/ \

'Y|;"s ft>-& ou'pu' **-i"'Ji,l"sinput 
\f 1 Input

..\#o_1f:, rucaotiw
t,tod-inve rtir|g (lJ nul I

inPut N.gotivc 
suPPrY

SUPPIY

cA3l40T / cA3t40s
TOP VIEW

cA3l40E
TQP VIEW

Fig. | . Pin connections for three versions of the
cA3l40
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Fig. 2. Simple operational amplifier circuit
c a p a b l e  o f  l o w  c u r r e n t  a n d  v o l t a g e

measurements

positive to its other end. The current of 0.001pA
flows through Rl and produces a voltace droo of
10mV across it. The components Ri and'C1
a,ttenuate a.ny high frequency signals picked up by
tne lnput clrcurt ancl also reduce the effect of strav
capqcitance in the input circuit.

The input voltagg. it pi," 3 is multiplied by the
gain of the circuit. This gain is 1 + R5/RB. or ibout
100 times with the values shown in Fis. 2.'Thus the
10mV positive at the input is amilified to lV
positive at the output. Thii circuit cair therefore be
used as a voltmeter with a full-scale deflection of
lOryY_ and an input resistance of l0Mo (that is
1,000Mo per vol t) .

If the value of R5 is changed to g0hothe voltage
gain will be reduced to i0 times; the ranges for fuil-
scale deflection will then be 0.01pA aid tO0mV
with the same 10M,o input impedance. Similarly
the value of R5 can be feduced further to zero. iir
yli"tr case the s.ain of the amplifier is unity and
full-scale deflection is obtained with a curr6nt of
0.124 and a voltage of lV.

C U R R E N T  M E A S U R E M E N T S
It was found that the value of Rl could be

increased to 100Mo in order to obtain a full-scale
deflection with an input cgrrent of 100 picoamps,
but errors occur if one tries to measure such ex-
tremely low currents with this simple circuit. The
typical CA3140 input current is then 10% of the
current being measured and zero drift can be
troublesome. A value of 10Mo was therefore
selected for R1.

Current ranges in the microamp region can easi-
ly be obtained by reducing the value 6f Rl. For ex-
ample, if R1 is 100kothe currents for full-scale
deflection are 0.1pA, l.uA and 10zA when the
amplifier gain is respectively 100, 10 and 1.

V A R I O U S  R A N G E S
A complete working circuit for a multi-ranse

measuring instrument using the princioles discus's-
e^d. ,is shown in Fig. 3. The voltage 

-gain 
of the

CA3140. amplifier c-an be selected b] S? to have a
nominal value of 100, l0 or 1. R6 iialwavs in cir_
cuit in order to avoid excessive switching tran-
sients. With S1 in the "100" position the value of 1
+ R6./R4, is.actual ly 101, but this is adequaiely
near the desired value__to prplide the accuricy for
which we are aiming. Wheir R? is switched int6 cii-
cuit by 52 it is connected in parallel with R6 in
order to obtain a gain of abouf 10 times with suf-
t lcrent accuracy.

Closing switch 51 cauees the input resistance to
be reduqed -by a factor of 100 so that larger
currents can be measured. The voltage and current
ranges which can be obtained withlhe circuit of
Fig. 3 are shown in the table.

Further options are available with the circuit. If,
for instance, one wishes to measure larger currents
one may switch an even smaller resistoi in parallel
with Rl; a lko resistor will provide fril l-scale
deflections of 10pA, 100rrA and imA, whilst a 10o
resistor will provide ranges of lmA, 10mA and
100mA.

Another variation is to switch in a 20ko resistor
in series with R8 so that the total meter and series
resistance becomes 30ko Full-scale deflection on
whatever range is selected will then be increased
by a factor of 3. Yet a further modification cou.ld

I U '

B A S I C  C I R C U I T
The basic meter circuit, used bv the writer in his

initial experiments, is shown in Fie. 2. It was not
found.necessary to employ decoupling capacitors
lr^o4r thg two power supply rails to ground with any
of the CA3l40 devicei uied, but iT anv unwanted
oscillations should occur (givins pecill iar meter
readings) 0.14.F capacitors from fin'? and from pin
4 to ground should remove this-trouble.
. The positive and negative 9V power supplies

shown may be convenient ly obtained 
' f rom

batte.ries, but- a positive and negative 1bV supply is
gqLu.llv satisfacto.ry. The minimum supply vdttige
is 2V positive and negative, but the maximum out-
put swing is then limited to rather Iess than these
values. It is essential that the OV line be connected
to the OV of the power supply. The power supply
current- is normally 3 to 4mA, but it can be ap-
preciably greater when the circuit is settling down
to a_ final meter regding.

The potentiometer R4 should first be adiusted so
that the meter indicates OV when the inpu[ noint of
the circui t  is connected to the OV l ine. The sett ing
of.this potentiometer is fairly critical and some
dritt o1' the zero occurs as the temperature of the
CA3140 silicon chip changes; R4 should therefore
be adjusted again aftei the circuit has been
operating for a few minutes.

Any meter with a full-scale deflection of 1V and
a resistance of 1,000c or more mav be used across
the.output. With 15V supplies a nieter with a full-
scale deflection of 10V niav be emploved if a 10
times decrease in the sensilivitv is'acientable. A
meter with an f.s.d. of lV is given by a'0-100pA
meter movement and a series resistance which
causes the total resistance to be 10kn as is shown in
Fig. 2.

Let us now consider what happens if we feed a
gullglt of 0.00lpA to the input oTihe circuit of Fig.
2..This ryay be done by connecting the resistor F,
(shown dotted) to thg input and applying 10V
ocToBER 1978
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consist of employing a centre-zero 100-0-10024
meter movement; the circuit could then measure
input voltages and currents of either polarity.

It is important to appreciate that the two inputs
of the CAgfnO are s-eirsitive to stray pick-ui of
signals when the gain is set to 10O timis. The cbm-
ponents R4 and R6 should in consequence be
positioned as near to pin 2 of the device air possible,
whilst RB and Cl should be positioned clobe to pin
3. The sensitivitv of the cirbuit can be shown'bv
touching the inpirt with a finqer: this will usuallv
produce full-scale deflection ifth6 circuit is switch-
ed to one of its more sensitive current ranges.

Readers having access to home constructor
slrppliers only may have difficulty in obtaining the
close tolerance lOMoresistor required for Rl. If a

suitable resistor cannot be selected from a batch of
wider tolerance components, a 5% resistor may be
employed with the corresponding possible small
loss of accuracy accepted. Switch S3(a) (b) in Fig.
3 is, of course, the on-off switch, and is required
when the circuit is powered by two 9 volt batteries.

Apart from the sensitivitv of the current ranqes.
one bf the features of the circuit is the high in"put
impedance of 10Mr on all the voltage ranges.
Thus, the circuit imposes a very small load on the
circuit to which the input is connected.

RESISTANCE MEASU R EMENT
The circuit of Fig. 3 can also be used to measure

high value resistors. 51 should be open for such
measurements and the unknown resistor is con-
nected between the input and a 10 volt supolv in
the manner which waishown in Fig. 2. Il witli S2
set to "100", the unknown resistor has a value of
10,000M,o there will be 0.01 volt across R1 and the
meter will read full-scale deflection. 100.000MO
will cause an output reading of 0.1 volt.

A simple circuit of this nature forms an ideal
first exercise in the use of an operational amplifier.
It should be remembered thit the CA3140 is a
CMOS device and that the ueual precautions
against applying high static voltages to it should be
observed. Soldering should be carried out with an
iron whose bit is reliably earthed. I

Voltage Gain
(Set by 32)

lnput Voltage
For F.S.D.

nputCurren'
For F.S.D.
(SI open)

nput Curren
For F.S.D.
(S1 closed)

1

10

100

IV

0.1v

0.01v

0.lpA

0.01pA

0.001pA

1OpA

LUA

0.1pA

Mail Oider Protection Schsme
The publishers of thie magazine have civen to the

Director General of Fair Trading an uni[ertakinc to
refund money eent bv readerg In resnonse to riail
order advertisements placed in thie maiazine bv mail
order traders who fCil to eupply codds or iefund
meney and who have become ihe-sutiect of liquida-
tion or bankruptcy proceedinm. The-s€ refunds are
made voluntarily anil arei subiect to proof that pav-
ment wag made to the adverfieer foi coods order6d
through an advertieement in this nil'acazine. The
arrangement does not apply to anv failuie to suoplv
goods advertig€d in a catalogue or direct mail soliii'ta-
tion.

- If a mail order trader faili, readers are advis€d to
lodge a claim with the Advdrtis€ment Minace, oi tt i,
m.agazine within 3 months of the appeararice ol the
advertieement.

.. For .the gurp.osd of this scheme mail order adver-
uslng ls deltned ar:

"Direct response advertisements. displav or
postal bargains where cash has to be's€nt in
advance of goods being delivered."

Claesified and catalogue mail order advertising are
excluded.

108 RADIO AND ELECTRbNICS CONSTRUCTON



3 BAND SHOBT WAVE
SUPERHET partl

By R. A. penfotd

Building the i.f. and a.f. amplifiers.

Thc coilpack mlxet and osclllator stcgcs. Further datails on these are given in the text. pin 2 ofcoll 5 is used as an anchor tag

In last month's issue we introduced this com_prehensive short wave superhet desi;;d;;.;;it
9d th_e construction of itd casi and-ihl-ciicuitrv ofits r.f., oscillator and i.f. stages. We;;G;;;rit;;
the r.f. coilpack.

COILPACK CONSTRUCTION
. All the mixer and oscillator circuitry is containedin a.coilpack assembly. Thi.;;;;i.ir'oi"" -.t rbracket on which are.mounted the coils and thewavechaagp nqlgh and a perfor"l"i ..i.^U.p. uo"rdcarrying TR1, TR2 and the u..o.l"ira 

"oirionent..The board is secured. to the meial il";"k;T bv wavof rwq_sotder tags solder"d t" ;ir;;:r.6;:i;;";i ;i.{ing. This metf,od of construction is employedbecause it is necessary for the r.f. ana os.-iifrit*wiring to be kept short"in th" Gte.;;;"tq.l;.;and stability. Details of tt.. ;iip;il iiu" gru.n ,nFig. 4. In this diasram, cott, i, i. d.;;"rj the os_
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cillator coils (L2) whilst the aerial coils (L1) are
shown as 4, 5 and 6. The Range 5 coils are at the
front, nearest the switch, the Range 4 coils are in
the middle and the Range 3 coils 

-are 
at the rear.

The component panel ii a plain perforated board
of 0.15in. matrix havinc 1O bv & holes. and it is
helpful if this. is mad-e -hrst as its two solder tags
define the positions of the corresponding mountiig
holes on the metal bracket. Th-e components ar6
fitted in the positions shown in Fis. 4-. with their
lead-outs bent flat against the un-*derside of the
board. They are then wired together as shown in
the diagram, after which C12 

-is 
wired in on the

board underside. The two solder tass are next
soldered in place. TR2 is wired into cirduit with the
lead-out layout shown in Fig. 3. (In some data
references the drain and souice lead-outs of this
transistor are shown transposed).

The metal bracket is then cut out and drilled.
Cut out a piece of 18 s.w.g. aluminium sheet 153 bv
43mm. and drill this to take the coils. the switch
and the bolts which secure the various solder tags.
The precise positioning of the coils is nol roo
critical, but they should be kept as far apart from
each other as is reasonably possible and they must
not be mounted too far forwrards where thev would
foul Sl when the right angle bend in the bracket is
made. The coils require 6.-5mm. diameter holes and
are mountei Uy ttr" -plastic nuts with which they
qr9..supp!!e.d. The holes for the solder tag bolts ar-e
drilled 68A or M3 clearance.

The two sets of coils are separated bv a vertical
screen which has been omitted from Fie. 4 for the
sake of clarity. This is made from a iiece of 18
s.w.g. alumium sheet measuring 90 by 40mm. A 90
degree bend is made 10mm. in froin one of the
90mm. long sides of the aluminium sheet, and this

ides a small flange which enables the screen to

by a single 68A or M5 bolt and nut situated in a
central

solder tags being on the bracket underside as this is
illustrated (i.e. on the same side as the coil core ad-
justing screws). It should be mounted well forward
on the bracket, and its body is alongside the coils
with its component side tow-ards theioils. When it
has been fitted the remainins wirins can be carried
out. It will probably be fou-nd easlest to start bv
wiring in D1, R11 and the other connections to th-e
coil pins. The four central tags of the switch mav
then be wired up, followed by the outer tags. It ii
essential that all this wirins be kept as short and
direct as possible. Also, befdre conriecting up to S1
ascertain with a continuitv tester the tlire6 outer
tags corresponding to eachinner tag. Their relative
positioning may differ with some switches, from
that shown in the diagram. (The same comment
applies to the other rotary switch in the receiver,
s2).

Soldered connections are made direct to the coil
pins. The soldering iron must be applied verv
(uickly to these pins as the plastic riaterial iir
which they are mounted melts readilv with heat.

The completed coilpack is then mounted in the
case with the coil core adjusting screws pointing
upwards. The edge of the brackef should iust cleai
the edge of the front flange of the chassis. The
coilpack bracket is secured-in place by way of the
mounting bush and nut of the wavechinge-switch.
Short connections are next made to the fixed vanes
of VCl, VC2 and VC3. The rear section of the 2-
gang capacitor is VC2 and the front section is VC3.
The variable capacitors obtain the chassis connec-
tion to their moving vanes via the metal case.

I . F .  A M P L I F I E R
-The i.f. amplifier stages are constructed on a

plain perforated s.r.b.p. panel of 0.15in. matrix
having 25 by 16 holes.-This is a standard B.Zb bv
2.5in. panel and does not have to be cut down frorir
a lalger size. Details of this panel are given in Fig.
5.. The three mounting h6les are 6'8.{ or M"B
clearance and are drillid out with a bit of ao-
propriate size. It is also necessarv to sliehtlv
enlarge the holes through which 

-pass 
thd i.i.

transformer and filter tags and mounling lugs. The
mechanical filter consists of two parts."thilareer
being the_ actual filter and the smiller a matching
i.f. transformer.

central position on the 10mm. flange. The screen is
mounted so that its rear edee is fluih with the rearedge is flush with the rear

provlcles a small tlange which enables the screen to
be mounted to the coilpack bracket. It is secured
bv a sinele 68A or M5 bolt and nut situated in a

edgeofthe coilpack bracket. It is advisable to place
a stlip of p.v.c. insulating tape across the top-edge
of the screen so that there is no risk of wirine'shori-
circuiting to it.

The component panel has its two tags mounted
to the metal bracket at the points indicated, the two

RADIO AND ELECTRONICS CONSTRUCTOR
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Fig. 5. fhc compondrt ond wlrlng sidcs of the i.f. amptifier

Mounting hol6

After drilling has been completed the com_ponents are mounted and the underside wirins is
carried out. It is impoltant to keep this wiring siiori
and d,lrect and, also, flat up against the panel un_
oers_lde. I'he chassis connection is made bv wav of
1 so,\del tag secured unde-r one of the mo""ii"giui"
tor.the board. Veropins of the 0.1bin. type are-fitted

rigid mounting for the transistor may fit a small 2-
way tagstrip at an appropriate point and solder the
base and collector leads of TR5-to its tass. One con-
nection is not shown in Fig. 6: this is a ririre connec-
ting the negative terminal of the meter to the solder
tag at one of its mounting bolts.

. The completed_ board is mounted at the extreme
rrght hand side of the chassis and as far towards the
rear as is possible. The end with the titie, i.
towards the right. Qpacers abo-ut 6mm. long are
used over the mounting bolts to keep the pane-l un_
derside clear of the chbssis.

As lhg i.f. transformers and mechanical filter are
supplied pre-aligned their cores must noi be touch_
ed at this stage. They _will be aligned when the
recelver has been completed.
, ,S"  METER WIRING
. There are very few components in the ,,S,' meter

crrcurt and so point-to-point wiring is used here.
This is shown iri Fig. 6. Readers *h;;;.i;; a more Fig. 6. Wiing details for thc "5" metcr clreult
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Pos. from 53

Frg, 7. fb cerxtft 6 ttn tf; mglilio act'on

A.F .  PANEL
The circuit of the

Fig. 7. This is based
audio amplifier is shown in
on the popular TBA800 i.c.,

which is the only semiconductor device used in this
part of the receiver.

VR2 is a conventional volume control. and R16
and C16 form an r.f. fi lter at the input to the i.c.
The internal circuit of the TBA800 ii such that no
input d.c. blocking capacitor is required. The
voltage gain of the circuit is controlled bv the value
given to Rl7, and this has a rather low vdlue since a
fairly high v^oltagg gain is needed in the present
application. C20, C2l, Rl9 and C23 ensure that the
circuit has good stability.

The audio amplifier is constructed on a plain
perforated s.Lb.p. board of 0.1in. matrix haviirg 36
by20 holes. Details appear in Fig. 8.

The TBA800 is encapsulated in a 12-pin quad-
in-line package. It has- two heat sink tdrbs ritrlctr
serve no useful function in the present circuit as the
i.c. is only calle4-upon to provide a comparatively
modest output. These tabs-must be eithei cut off or
ben! up out of the way.

The panel is first cut to size and the three moun-
ting holes. which may be either 68A or MB
clearance, are then drillbd out. The components are
next mounted in place and their lead-out wires
bent,over at right angles on the underside of the
panel. Wiring is carried out in the same wav as for
the i.f. palgl, thewarious connections being shown
in broken line in Fig. 8. Note that the chaJsis con-
nection is picked up by a solder tag at one of the
mountlng nuts.

The panel is wired up to the rest of the receiver
circuit before it is finallv mounted on the chassis. It
is positioned behind JKI with C24 to the rear and
its exact positioning is not critical. Spacers ap-
proximately 6mm. long on the mountine bolts ke6o
the underside of the panel clear of thJ chassis. ff
jack socket JK1 is of bpen non-insulated construc-
tion it takes up its "sle-eve" contact connection via
its mounting bush and nut. Take care to connect
the output from C22 to the correct tag ofthe socket.

RAI)IO AND IILECTRONICS CONSTRUCTON
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Mountrnq holcs

+ under

Fig. 8. The audio amplifier board is wired as shown here . Wiring under the board is reproducad in broken
line

NEXT MONTH

We continue with constructional details in the
next issue, carrying on to the product detector.

(To be continued)
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BOOK REVIEW
LINEAR lC  EOUIVALENTS & P IN CONNECTIONS.  By  Adr ian
Michae ls .  319  pages ,  180  x  125mm.17  x  S in . )  Pub l i shed  by  Bernard
Baban i  (pub l i sh ing)  t tO.  Pr ice  f2 .75 .

In  the  o ld  days  o f  va lves  we used to  g rumble  about  the  unnecessary  p ro l i fe ra t ion  o f  s im i la r  types

hav inq  d i f fe ren t  bases  and enve lope shapes.  Had we rea l i sed ,  then, lhe  teeming chaos  wh ich  was to

come with transistors we would have kept quiet! Now we have a host of integrated circuits of wide-

ly  rJ iverse  types  and app l ica t ions  bu t ,  surpr is ing ly  enough,  l i t t le  dup l i ca t ion  o f  s im i la r  dev ices .

Perhaps  the  a lmost  un iversa l  acceptance o f  the  dua l - in - l ine  package has  caused des igners  to  re f ra in

from needless variat ions on basic tvpes; many modern i .c. 's have direct replacements avai lable from

a wide l ist of manufactuers.
Never the less ,  there  are  s t i l l  very  many in tegra ted  c i rcu i ts  o f  d i f fe r ing  func t ion  ava i lab le  a t  p re-

sent ,  and fo r  the  l inear  tvpes  the  book  under  rev iew q ives  de ta i l s  o f  p inn ino  and equ iva len ts .  The
i.c. 's are l istect in 137 pages of the book and, with about 25 devices per page, there are some

3,4OO entr ies. Natural lv, ihe number of actual types dealt with is lower than this because of

cross-referenci ng.

The l i s t ings  are  under  the  genera l  head ings  o f  type ,  p inout ,  func t ion ,  land  o f  o r ig in ,  manufac-
tu rers ,  European equ iva len ts  and Amer ican equ iva len ts ,  and the  tab les  are  fo l lowed by  1  76  pages o f
p in  connect ion  drawings .  The book  is  a  compan ion  vo lume to  "D ig i ta l  lC  Equ iva len ts  &  P in  Connec-
t ions" ,  pub l i shed in  1977 bv  Baban i  Press  and or iced  a t  f2 .50 .
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FAULT

The Case of the Missing Erasure"$hufn0[
I ) i < ' k  t o o k  t h e  s r n a l l  < : a s s e t t e

r { ' ( 'o r ( l ( ' r  over  to  h is  bench and look-
t , r l  r r t  i t  i v i t  h  in tc res t . ,  no t ic ing  tha t  i t
h : r r l  p rov is io r r  Io r  a  2 '10  vo l t  a .c .  in -
l ) t t t  i l s , v c l l  1 s : r  l t l i t s t i c  l l 2 t t e r y
< 'o ' , ' r ' r .  I Io  n ' r r ioved the  la t te r ,  to
r t , r ' t ' : t l  l o t r r  f . i r  vo l t  ce l l s  nes t l ing
t ' ' s i l r , '  l l c tweur  the i r  c 'n tac ts .  pu l l -
i r rg  l r i s  l r l t t c re r l  rn t r l t imeter  towards
l r i rn .  hc  sc lcc te r i  n  0 -10  vo l t  range
r rnr l  r rpp l i c r l  the  tes t  p rods  to  the
t r r r i  cor r t l rc ts  o l  the  ser ies  coml t ina-
t ion o{ cel ls. The meter needle in-
r l i t r r t r ' < l  s l i g h t l v  i n  e x c e s s  o f  6  v o l t s .
l l t ,  tu i t chcr l  on  t l re  recor r le r  anc l
t  l r t ' r ' k t ' r l  : r g i r i r r .  ' l ' h i s  

t i r n e  t h e
l t ' r r r l i r r g  l r ' : r s : r  l i t t l o  l o w c r  t h a n  6
v o l l ' .  l ) i c k  s w i t c h e r l  o f  l .

I t  u ' r rs  r l r r i te  uv ident  tha t  the
rc r ' , r r r l t ' r  \ \ ' as  se t  u1 l  f i r r  ba t te ry  in -
s t t , l r r l  o t  rn : r i r . rs  opera t ion  and tha t
r l r ,  l i r r r r  l . i  v o l t  t . e l l s  w e r e  g i v i n g
\ ' ( , r v  n t ' ; r r l . v  t h e i r  f u l l  n o m i n a l
vo l I  r rgc .

I  I c  s c l c < ' t e d  "  P l a v b a c k "  a n d
srv i t< :her l  rn  aga in . ' fh 'e  l i t t le  rno tor
uh i r rc r l  : rn r l  l r c  heard  a  fa in t  rus t l -
i r rg  r ro is t : ,  f i r r  a l l  t .he  wor ld  as  though
s()nl(,ol)(,  rvere l trrshing their way
lh ror rgh  thc  t rndergrowth  o f  a  woor i .' l ' hen ,  

l i r in t l v ,  ( 'a lne  the  sound o f  a
b i r r l  Io l lo r .vcd ,  rnore  loud ly ,  by
s t ' vc ra l  f \ r r thc r  b i lds .  

' fhe  
recorder

l r r r l  pa l .en t lv  been r rsed bv  someone
lv i :h ing  to  ca l ) tu re  the  sounds o f
N i r l  L r  ro .

M U L T I P L E  R E C O R D I N G ,
Sudrlenlv t ,he wood seemed to

conrc  a l i ve  rv i th  the  sound o f  what
rvas manifest lv a very boozv party
indc t 'd .  A  par l r ' ,  n r , i reover i  wh ic i r
r l r r l  n o t  l t ; r v e  t h e  d u l c e t  t o n e  o f  b i r d _
song l r t r t  was  an  unharmon ious
: r rn l lgam o t  rnanv  vo ices  uns tead i lv
p l , r r rg l r ing  the i r  way  th rough , ; I ; i l
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l ; rk t '  vor r  home aga in ,  Kath leen" .
\ \ 'h i l s t  t l r c  b i rds  cont inued w i th
t  o rnrn t ' t rd : rb le  c la r i t v  to  tw i t te r  in
t  h t '  b a c k g r o u n d  

' a s  
t h e  t a p e

progrcsscd past the heads of the
t 'rrsscl. t t '  ret:order the reproduction
, r l  lhe  c t ' l cb ra t ing  chor is te rs  car r ied
r r .  r ro t i< ' r ' : rb le  and unp leasant  d is to r -
I  l ( ) n -

|  ) i r . k  l r , r w n t ' r l  i n  p r r z z l e r n e n t .
" H t ' r ' .  S r n i t h v ! "
" l l r r l l o l "
"Wh:rt do vou rnake of the racket

l ronr  th is  casset te  recorder  I ' ve  go t
l ) { ' r ( ' a

Srn i t l rv  the  Serv icernan s tood up
; r r r r l  rvendercd  over  towards  h is
r t  ssr st t t  rr  t , .

" l  shor r ld  i rnag ine , "  hb  remarked
: r l rscn t lv ,  " tha t  the  erase osc i l la to r
I r r rs  s top l led  work ing . "

I) ir :k srvitched off the recorder
; r r rd  regarded Srn i thv .  now a t  h is
s i r le ,  rv i th  i l l - concea led  annovance.

" \ \ ' h r ' , "  h c  a s k e d  i r r i t a b l v . , . d o
vorr keeJl coming out with o?f-the-
t : r r  I f  s t a t e m e n t s  l i k e  t h a t ?  Y o u
h:rven't  even looked at this darned
r ( . (  r ) r ( i ( , r  vc t ,  l l u t  you ' re  a l readv
t r ' l l i r r g  r n e  w h n t ' s  w i o n g  w i t h  i t . "  "

" l  . w a s  m e r e l y  h a z a r d i n g  a
i l l o . : , "  . r e p l i e d  S m i t h y  m i l d l y .
"Sceing t.hat, as always, you have [o
h : rvc  the  vo lu rne  o i  any th ing  on
v , ' u r . l x ' n ( . h  t u r n e d  u p  f u l l  b l a s t ,  I
r ' , r r r l d r r ' l  l r c l l >  l l r r t  h e a r  t h a t  r e c o r -
r l ing r ight from the start.  Those
I  r i  r ,  l ' , , r ,  t '  r t ' . r tp roduced qu i te  c lear ly ,
. , r , r l l v io r rs l l '  the  recorder  was wor [ . -
irrg al l  r ight rvhen they were record-
r ' r l .  I - | r r t .  lhe .  l )a r ty  was no t iceab ly
r l i s to r l td  r rnd  the  sound o f  the  b i rd i
lradn't  been erased. I  should im-
rrgine that the birds were recorded
f i rs t ,  and tha t  the  erase osc i l la to r
lrrrd Iai led when, later, the party

rvls being recorded.
rvhv  the  sound o f  the
rv iJ led  o f f  the  tape. "

'fhat explaino
birds was not

"( lotr ldn't  i t  have been the other
r r : rv  ro r rnd? fhe  par tv  f i rs t  and the
l r i r r l s  tcc , rnd?

"' l-hr '  pnrtv," rerreated Smithv
I i r r r r l v .  "w i rs  

.d is t r r r ted .  
Th is  wou l l

t  i t '  i rr  rr i th rhc erase osci l lator beinc
orrl  ol ,rrr ler because there wouli l
then bc no bias for the record.
plrrvl tack head when the recording
rvas.being rnade. Anyway, you can
t,:rsi lv t ' l ret 'k whethei the eiase cir.
t ' t r i t  i s  work ing .  Run a  p iece  o f  tam
t l r ro r rgh  rv i th  the  recorder  sw i tch id
to 'Rccord',  and see i f  what is on the
tlJrc bcrrornes wiped off or not."

l) ick carr ied out Smithv's bid.
r l ing. He nrn a further lengti  of the
l r rp t '  th rough w i th  the  hach ine
srvitched to "Record", rewound i t ,
sclected "Playback" and ran i i
throLrgh again. The mixture of inno.
<'cnt birdsong and what seemed by
nr)w lo lre developing into an out.
: rnd-or r t  o rgv  was resound ins lv
:r r  rr l  i  l r le. Whrriever rerviceable fuic-
tions the cassette recorder posses{r.
cd, it was clear that suicessful
or:rsr lre could not be numbered
: r rn r rngs t  them.

"Hr rmph, "  g run ted  D ick .  " I 'm a
bit baff led by al l  this. I 'm more
rrsed to the olr i  reel-to-reel recorderg
: r r r r l  I  don ' t  remember  see ing  manv
of them in here, come to thfik of i[.
How, exactly, does the erase os
t ' i l l a to r  work?"

"It  appl ies a high level super.
\ol l ic sine wave signal to the eiase
hcld," repl ied Smithy, "which is, of
( ' r r I r i c .  passed over  by  the  tape
Irt ' f i rre I  he record-plavback head."
(  F i s .  I  ) .

"What does the sine wave do?"
A  \ T N  D I



"To answer that," said Smithy,
"it is first necessary to look at the
recording tape itself. This has a
magnet ic  coat ing  wh ich  can be
regarded as consist ing of many very
tiny particles of magnetic material,
each of which can be magnetised to
exhibit a north and south pole like a
bar magret. The more technical
concept for these tiny magnetic
areas is to call them 'domains'. The
erase head has a relatively wide gap
and, as the tape passes over this, the
domains in i ts coating are taken up
t o  s a t u r a t i o n  w i t h  c o n t i n u a l l y
reversing magnetic polari ty by the
high frequency erase signal. When
the tape leaves the gap the erasing
magnetic field reduces in strength
and has gradually lessening effect
on the domains, which tend to re-
tain the last strong polarity which
was imparted by the erase f ield.
The overal l  result is that the tape
coating then consists of domains
which have magnetic polari t ies dis-
t r ibu ted  in  comple te ly  random
manner, with the magnetic fields of
individual domains being cancelled
out bv neighbourins domains. The
overali malgnetic fi;ld is virtually
zero. Erasing the tape is rather the
same as degaussing a colour televi-
sion picture tube."

ERASE FREOUENCY
"Is the frequency of the erase

signal important?"
"Well, i t has to be higher than

twice the highest audio frequency to
be recorded or you'l l get audible
beating with the audio frequencies.
Also, it must not beat with the
l9kHz pilot tone on stereo v.h.f.
radio transmissions. if vou're recor-
ding from the radio. This applies
n o w a d a y s  o f  c o u r s e  t o  m o n o
transmissions as well, since the
BBC keeps the pilot tone on all the
time. A very important point is that

f;;:l* 
signal must be a pure sine

"Why's that?"
"Because," repiled Smithy, "a

pure sine wave does.not have any
harmonics and is, therefore, fully
svmmetrical about its central zero

l i n e .  T h i s  g i v e s  t r u e  r a n d o m
magnetisation of the tape domains
which leave the erase head. It is
even harmon ics  on  the  erase
waveform which can give the most
trouble here, because if present
thev would cause the composite
eraie waveform to have a d.c. com-
ponent, with the result that a higher
nroDort ion of domains would be
magnetised with one polari ty and
there wouldn't  be a ful l  cancel l ing-
out erasure effect. The outcome
would be a noisy tape. I hardly need
to add that the erase oscillator is
only switched on during recording."

' iPerhaps we should"have a lobk
at the ciriuit of the erase oscillator
in this cassette recorder," suggested
I) ick. "Shall  I  get the service sheet
ottt?"

"That  wou ld  be  an  exce l len t
idea," agreed Smithy.

Dick walked over to the filing
cabinet and started leafing through
the sheets.

"Did vou hear." he remarked
over his shoulder, "about the chap
who'd been out on the town one
night and who woke up next mor-
nins to f ind his bedroom ful l  of air-
craft?"

Smithy groaned.
"I)on't tell me you're starting off

on those dreadful gags of yours
aga in . "

" l ) ' you  know what  the  chap
sa id?"

"No," sighed Smithy. "I  don't
know what he said."

"He said. 'Darn i t .  I 've left  the
landing l ight on againl '  Ah, here we
are . "

Grinning, Dick pul led out the
cassette recorder service sheet and
returned with it to the shuddering
Serviceman. Smithy took it from
him, opened i t  out at i ts circuit
diagram and pointed at the erase
osci l lator section. (Fie. 2).

"Here," he remarked, " is the
erase oscillator for this particular
cassette recorder. Erase oscillator
circuits vary considerably between
d i f fe ren t  makes and mode ls  o f
recorder, but they al l  have a tuned
LC circuit  which resonates at erase
fiequency. In the simple cassette
circirit we have here the erase os-
ci l lator drives the erase head direct-
l v ,  b u t  i n  m o r e  c o m P l i c a t e d
recorders there may be an ampli f ier
between the oscillator and the erase
head. Also, for greatest puri ty of
signal, the osci l lator may be a push-
nu l l  t vne . "' 

"Whht would the frequency of os-
ci l lat ion be?"

Smithv consulted the manual.
"Wi th  th is  recorder , "  he  an '

nounc€d, " i t 's 50kHz. As you can
see, the circuit is pretty easy to
follow. The oscillator is turned on
by app.lying the. negative supPly via
a sectlon ot the recoro-PlaYDacK
switch. The primarv of the os-
ci l lator transformer is tuned bY a
0.022uF caDacitor and one end con-
necti to tlie collector of the tran-
sistor. The other end couples, via an
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l J .2k  O r t ' s is to r  and a  4 ,700pF
t ' : rp l r< ' i t r r r  to  the  t rans is to r  base.
s  i t l r  : r  { ) . { } l p F  c a p a c i t o r  t o  t h e
nt ,g : r l  i v r ,  r ; r i l  l r r  keep the  base input
r ig r r r r l  ; r r  . j r rs t  the  r igh t  !eve l .  Th-ere
is l  4,7(X)1lF capacitor across the
st 'c,rn(l ;rrv of '  the transformer. too.
r r .  1a1 ' l l  as  : r  4 .7O res is to r  in  the
t 'rni l t t ' r  r : i rcuit  to give negative feed-
b:r<:k. Al l  t .hcse various comoonents
( ' r )s r l ro  tha t  the  erase s ignafpassed
1o thc  c r i rse  head is  bo th  pure  in
'uvrrvefirrnr and strong in ampli tude.' l 'ht,  

{ icld pr,rdrrced" bv th'e erase
ht,rrd hls t .o'be good anci powerful i f
i t  i s  to  do  i t s  job  proper iy . "

B I A S  S I G N A L
"' l 'here's a 270pF capacitor from

t he top end of the transformer
st ' t :ondlrrv," rernarked [) ick, "and i t
connects to three resistors with
va lues  o f  22k  O,27k  o  and 33k  o .
Whal are thev for?"

Smi thv  looked down a t  the
caDacitoi and the resistors.

i'They're for applying bias to the
record-playback head when you're
recordi;g,n he stated. "You-use a
link wire to connect which of the
three resistors gives the best bias
ampli tude to the part icular record-
olavback head which is f i t ted."'  ' i I  thought," moaned Dick, "that
things were going too easy. What in
heck is this bias business?"

"You need a bias signal at the
record-playback head when you're
recording," said Smithy, "in order
to get the recorded a.f. signal onto
t  h e  l i n e a r  p a r t s  o f  t I e  t a p e
magnetising characterist ic. "

tle pulle-d out a pencil, pulled

+ +
P R

Port ol rccord-
-ploybock switch

Fig. 2. The erase oscillator circuit in the cassette recorder sewiced
bv Dick

I)ick's note-pad towards him and
sketched out the tape characteristic
on the top sheet. (Fig. g(a).)

"This curve," he wint on, "shows
vou what happens when you try to
!.agnetise a piece of recorder tape,
The horizontal axis represeits
magnetising force, which during
recording is provided by the record-
playbacli h6ad, and ihe vertical
axis represents the magnetic field
strength which is causeil to appear
in the tape magnetic coating. 'Field
strength' is not reallv the proner
term nowadays, though, and'we
s h o u l d  m o r i  p r o p e i l y  c a l l  i t'magnetic f lux'. As you can see, the
slope of the characteristic is low
close to the centre zero point and it
also curves quite a 6it. As the
magnetising force increases, the
slope,gets steeper.and you need iess
and less mametising force to es.
tablish a correspondlng flux in the
tape. Also, the characteristic goes
into two regions, on either side of
the centre zero point, where it is
quite _straight and linear. If you
take the magnetising force beyirnd
the l inear paits of the characteiistic
the tape coating begins to approach
saturation and th"e chara'cieristic
becomes curved again."

"Well, I 'm with vou so far,
Smithy. Keep at it!"

"Okay, I will! Let's sav, to start
off with, that we apply a signal to be
recorded direct to lh-e rec-ord-play-
back head without any precaulions
to prevent distortion. Th-e magnetis-
ing force exerted bv the r-ecord-
playback head on ihe tape wil l
follow the signal. We'll try i[ with a
sine wave."
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Smithy drew a cycle of a sine
wave below the charhcteristic, bas-
ed on the central vertical line.

"We'll next see what happens
when that sine wave is converted
into magnetic .flux by way of the
tape characteristic, Here rie are."- 

The Serviceman sketched out the
co r respond ing  magne t i c  f l ux
waveform. (Fie. 3(b).I

"Blimey," siid Oick. ,.that se-
cqnd waveform's really distorted.
The. central bits are ail squashed
uD.
.'"Which they're bound to be, after

th_e input sine wave has been chans_
ed to a magnetic flux waveform b"v
way of the tape characteristic. Letis

see if.I've got an indiarubber."
smrthy.dug around inhis pockets

ano produced- a grubby rubber
eraser_. He rubbed out the two
wave-forms and added a new
waveform. (Fie. B(c).)

"Here's tle-bias waveform," he
con^tinued. "It's conveniently deriv-
ed from.the erase oscillator, irra ttie
tips of the waveform are just aC ihi
centre parts of the linear sections of
the tape char-acteristic. Now, I'll
rub out the bias waveform and
redraw it mixed with the sine *ave
tha! ryg want to record on th; ta;e.
And I'll also show the finai-resiii
you get so far as the magaetic flux
waveform is concerned."-

Smithy erased. the bias waveform
and sketched in the combined bias
a.nd r_1pgt signal waveform. Thii
tlme Ltlck had to wait patientlv for
several_ minutes as Smithy ca;ied
on- to draw out the flux waveform.
(Fif. 3(d).)
^ "There you _are," pronounced
smtthy at length, as he put down
his pencil. "With bias, ihe input
magne t i s i ng  wave fo rm hae 'an
envelope which takes the sine wave
nght onto the linear parts of the
chara-cteristic. Not muih of the Uiai
waveform will be present on the
tape when it leaves the record-
playback head because of its high
frequency, and we can safelv
essume that all that's left are tw-o
$ne waves corresponding, without
drsto-rtlon, to the magnetisinc force
envelope applied to the lineai parts
o.f the tape characteristic. Wd can
then take the further graphical
step of combining these two sine
waves, together, where^upon we get
a nnat'resultant wavetbrm, centred
otl . thq magnetic flux zero line,
wntch ls also a sine wave."

"Stap me,"  exc la imed Dick.
"that takes a bit of absorbinc."
_"It isn't easy," conceded Sriithv.

"ln fact, it's a matter of historv thit
when tape recording first statted it
was found experimentallv that the
greatest fidelity of reproduction was
achie-ved by adding a supersonic
blas trequency to the audio sicnal to
be recorded. There were quiti a
f e w  a t t e m p t s  t o  r a t i o n a l i e e
theoretically the practical fact that
the bias signal improved qualitv.
and.the explanation I've jusi givd;
you ls pretty well as close to actuali-
ty. as you can get whilst keepinc
things reasonably simple." 

-

"Wel l ,  i t  seems reasonable
enough to me," commented Dick.
"What I now find puzzling is that in
thrs cassette recorder a hish power
erase signal is pumped directly into
the erase head. And yet the bias
signal extracted from lhe erase os-
cillator circuit is applied to the
record-playback heail- via a dirtv
great resistor of around 27kdl,,

^ "That's not entirely the caEe,"
S.mtthy corrected him. ..The erase
srgnal,voltage is. stepped up by the
seconoary of the erase oscillator
translqrmer before it is applied to
the.27k'o resistor, or to ofi6 oi the
resrstors on either side of it. Even
so, you've-raised_a point which is
worrn deallng with next, this being
that, ln term-c of power, a sur_
pnslng.ty small 'signal level is re-
qurrect  at  the record head to
successl'ull.r. irnpress a recoidinc
on the l irpe rr* it passbs over it. Thij
ls parr;\. ,{rrr to the fact that the
record. . . . (.Jr is r ', i ,.h ,r"rror"i i
than the t.dst. ..rrd gap, so that it
proouces a rnore concentrated
magnetising force on the tape. To
show you what I mean aboutiecord
head sensitivity, let's take a look at
the record amplifier output part of

-
Mognctising forcc

Fig. 3(a). Characteristic cuwe illustratiig m.gnetising force, pro_vided bv tha record head' and the.o"""luiit"il-gnatic ftux in the
(b). Apptying a sine wave inpuffinat to the cha)acteristic rcsuftsin a highly distorted recorded signal
(c), The peaks of the bias :ignal lake the magnctising force to thecontres of the linear sections ot tna cnanciiriiic

l!. ltry thp bi?s signat and the sine wave to bc recorded areapplled to-the characteristic. Two rocordei iiii _"". sisnals arepfOdUCed'whicfr mav ha ^^6^i^^) t- - G;^r
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cassoftc recofder.

R E C O R D  A M P L I F I E R

Smithy indicated the appropriate
amplifying section of the-caisette
recorder  c i rcu i t .  (F ig.  a) .

"Cosh," said Dick, lookins down
at the circuit. "This amplif i*er out_
put s-tage uses input and output
transformers. That's a bit old-
fashioned. isn't it?"

"There 's  a reason for  those
t rans fo rmers , "  s ta ted  Smi thv .
"Just take a butcher's at the wav in
which the audio output signal is
applied to the reco-rd-pliyback
head when the record function is
selected. Working back from the
head you'l l bumf into another of
your dirty great resistors. This
time it 's a 33k O one."

"What's that for?"
"It:s common practice to insert,

in series with a record head. a
resistor whose value is much higher
than the impedance of the hea-d at
any frequency in the audio range.
118

The result is that si.gnals o.f differing the record amplifier. The recorder
rrequency Dut slmltar voltage level supply voltage is only 6 volts s0
cause approximately  the same th; ' t . -  i f  a  

"s tandaid 
modern

current to flow in the coil of the transformerless.output stage were
head. .Don't forget that- it's the used, there;d oniv 5u 

" 

--i'iirnum

current in the head coil which does output voltase swine of about olus
the magnetising of the tape. In this unti -ir,.r, i volts. 

'Wh.;;r;fi;;
par-ticular recorder we next find a recording, the record-playback
h.igh frequen_cy^bo_osting circuit con- head is sinsitive, but ifs riJJo s€n-
sisting^o_f a 180kO resiskrr shunt€d sitivie as to be operated, via the
by a 100pF gllq a.lZpnf capacitor series resisior. in'it iJed, bv ,
rn paralrel. l nrs lltue lot grves a signal voltage as low as 3 volts peak.
degreeofhigh.frequency lift to over. Aid so 

"., "lf. 
ouiput t.ansloirfier is

come losses in the head and the needed so that its secondarv can
tapej:' step up the ;riprt";ita;; to"n guf-

lJ,here'. only t00pF when .the ficiently high jei,ei. Aniiitr"iii*ly
swrtch,rn that part of the circuit is the aniplifier employs an output
openeo. transformer, For convenience the
. "True," qgreed Smithy, "and output transistors then need-to be

that catels tbr chr. omium dioxide fed-by an input transformer. you'll
rape. unromlum dloxrd€.tap€ has a noh, incidentally, that the record
greater sensitivity to high frequen- output staee doubies as a plavbacl
cres. at low tape speeds. than has outlrut st'age when ptaibaik is
rerrrc.oxloe tape, ancl so lt requlres selected. A tap lower down in the
less hlgh trequency boost in the feed output transfoimer secondarv then
to the record-playback head. And feeds an go speaker arid an
now we come to the output stage of earphone socket."

RADIO AND ELECTRONICS CONSTRUCTOR ;



"When playback is selected,"
said l) ick, gazing thoughtful ly at
the circuit  in the service sheet, "the
record-p layback  head connects
almost direct ly to the base of the
first a.f .  transistor in the recorder.
No series resistors this t ime."

"There's no need for them," said
Smi thy .  " l )u r ing  p layback ,  we ' r .e
intereited in signal voltage as well
as signal current from the head.
You' l l  see that a 1,000pF capacitor
c o n n e c t s  a c r o s s  t h e  h e a d  o n
plavback. This capacitor, in com-
oanv w i th  o ther  components  in  the
hmi t i f ie r  la te r  on .  he ips  to  p roduce
the reqr.r ired playback frequency
characterist ic."

Smithy abruptly pushed the ser-
vice manual towards his assistant.

"And that 's i t ,"  he remarked
f i rmly .  "Enough na t te r ing  fo r  now!
I ' ve  fo t  my own work  to  do ,  so  I ' l l
leave vou to f ind what's gone wrong
with that erase osci l lator. I 'm not so
nessimist ic as to think that You
won't f ind the snag quite easi ly."

" T a l k i n g  a b o u t  b e i n g
pessimist ic," put in Dick quicklY,
before the Serviceman could leave

him, "what's the definit ion of a
nessimist?"- 

Smithv wavered.
"Here'we go again," he snorted

irately. "The annoying thing is that
I know I won't have any peace of
mind unti l  you tel l  nre. Al l  r ight,
w h a t  i s  t h e  d e f i n i t i o n  o f  a
oessinr ist?"'  

l ) i t ' k  g r inned broad ly .
"A  l ress imis t . "  he  sa id  cheer fu l l y ,

" is someone who puts prunes on his
A l l -Rran l "

F l N A L  D E F I N I T I O N

Weari lv, Smithy weaved his waY
back to his side of the WorkshoP,
whilst his chuckl ing assistant turn-
ed his attention to the cassette
recorder and i ts unserviceable erase
osci l lator. I t  was not long before a
I'eu' voltage and continuity checks
Ied him to the ernit ter of the erase
osci l lator transistor, and he quickly
app l ied  h is  so lder ing  i ron  and a  l i t -
t l i '  solder to the imperfect joint i t
had with the circuit  Print.  The
result was an erase osci l lator which

once more functioned correctlv.
But Dick's curiosity was aroused

to the level that he could not erase
the recording, even distorted, of
that party. He started to run the
tape through but was stopped by an
out raged Smi thy ,  who fo rc ib ly
oointed out the ethics which should
be observed so far as customers'
confidential i tv was concerned.

"We shouldn't listen to peoples'
private tapes," concluded Smithy
sternly. "I t 's a question of correct
moral behaviour."

"Fair enough," acquiesced Dick
amicablv. "Then, i f  we're talking of
moral behaviour, let me ask you a
ouest ion . "- 

Inevitablv. Smithv fel l  for i t .
"Al l  r igh[,! '  he said unwitt ingly,

"what  i s  i t? "
"What," asked l) ick, " is your

definit ion of a sadist?"
"Ye gods," fumed Smithy, "you

nor". fr i*. 'a chance do v"out-ntt
r ight, what r:s the definit ion of a
sadist?"

"A sadist," repl ied Dick happily,
" is someone who's terr iblv nice to a
masoch is t l " I

Radio Toprcs
By Recorder

Electronics has many sidel ines,
and one which has been present for
verv manv vears now is that of short
wave l i " ie i r ing .  The shor t  wave
b a n d s .  a . r e  j a m - p a c k e d  w i t h
t ransmiss ions ,  many o f  them us ing
s tandard  ampl i tude modu la t ion
which  can be  reso lved w i thout
t h e  n e c e s s i t y  f o r  p r o d u c t
detectors and the l ike. There is a
certain escapism in being able to
ret ire into the world of short waves,
to dig leisurely along the dial unti l
something of interest is unearthed.

W H A T  R E C E I V E R ?
Natura l l v  enough,  the  newcomer

to shori wa-ves asks the f irst obvious
ouestion: what sort of receiver is
reou i red? There  isn ' t  a  d i rec t
an iwer  to  th is  ques t ion ,  s ince
everything depends uPon th.e tYpe
of  l i s ten ing  vou want  to  under take
and the imbunt of moneY You're
orepared to srrend.^ 

I i  vou iust want to l isten to the
t n o . i  p o w e r f u l  b r o a d c a s t
transmisi ions, then you might get
the performance you require flonq a
mass produced rece iver  o f  the

donrestic entertainment type which
hatlrrens to have several short wave
bands in  add i t ion  to  the  med ium or
m e d i u m  a n d  l o n g  w a v e  r a n g e s .
Some ,rf  the sets in this categorY
have a fair ly reasonable Perfor-
mance whilst others are pretty terr i-
hle. I  n general.  the performance im-
proves with the price. Sets of this
iytre ha,re' a telescopic short wave
ae ' r ia l  and,  perhaPs,  an  ac tua l
: re r ia l  innu t  te rmina l .  Unfor tunate-
lv, i t  is not an easy matter to judge
the uerformance of a short wave
receiver of this nature whilst buying
it . ;  radio shop salesmen are not nor-
mallv short wave oriented and short
wave s ima l  p ick -up  in  the  shoP
itsel l '  mav well  be l imited. The
rusual shoitcomings with these types
of sets are poor sensitivity, poor
selectivi tv and vulnerabi l i ty to se-
cond channel interference, the Iast
showing un as whist les as the set
tunes  th roush the  s ta t ions .

If  vou have a receiver of the
entertainment tyPe and You want to
increase i ts short wave sensit ivi ty, a
ruseful anrrroach is to couple a long
uire lerihl to i t .  

' l 'he aerial may con-
sist of 40ft. or more of wtre strung

un in a reasonablv clear situation.
If  the set has an aerial terminal the
long wire can connect to this but, in
the'absence of such a terminal the
krng wire aerial has to couple to the
te le .scop ic  aer ia l  o f  the  se t .  In
general,  i t  is unwise to connect the
ions wire direct lv to the telescopic
aerial.  I t  is l ikely that a direct con-
nection of this- nature wil l  both
detune and damp the first tuned
circuit  in the receiver, with a con-
s i d e r a b l e  i n c r e a s e  i n  s e c o n d
channel interference together with
cross-modulat ion from Powerful
s i s n a l s  c l o s e  t o  t h o s e  Y o u
want. A much better solution is to
have a very loose coupling between
lhe long wire and the telescoPic
aerial.  An insulated lead-in from
the long wire can be coi led a turn or
tr.r 'o. lengthwise, down the extended
telescopic aerial.  whereuPon the
caoaci iance between the two maY
be'more than adequate for signal
transfer. It may even be possible to
obtain satisfactory signal transfer
bv having the long wire lead-in run
several inches away from the ex-
t e n d e d  t e l e s c o p i c  a e r i a l  a n d
paral lel with i t .
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VALVE SETS

I am certain that older readers
wil l  agree with me when I say that
the short wave performance of the
old valve entertainment type sets
was a lot better than is given by
their modern transistor counter-
parts. This is not an example of
maudlin nostalgia but simply a
recognition of the fact that it is
quite easy to design a low cost valve
superhet having a reasonable short
wave performance, much easier in
fact than it is to do the same with a
low cost semiconductor superhet.

As designers of communications
e q u i p m e n t  t h e m s e l v e s  a d m i t ,
valves have a linear signal voltage
performance which almost com-
pletely defeats cross-modulation, as
well  as the abi l i ty to accept a wide
range of signal amplitudes without
overloading and the capabil i ty of
being used-in relat ively low noise
mixer circuits. They can also be
employed in very simple automatic
gain control circuits which have an
almost unbeatable smoothness of
operation. You' l l  f ind plenty of the
more serious short wave l isteners
using valve receivers, incidental ly.
What is probably the only major
design difhculty ; i th valvei is t iat
they heat up and are liable to cause
o s c i l l a t o r  t u n i n g  d r i f t  u n l e s s
suitable steps to prevent this are
taKen.

So far as serious short wave
listening is concerned vou mav
w e l l  d e c i d e  t o  p u r c h a s e  i
c o m m u n i c a t i o n s - t y p e  r e c e i v e r
which is specifically intended for
the purpose. Again, you pays your
money and you takes your choice.
However, there is the advantage
here that you wil l  be buying the set
from people who have a good idea of
what short wave l istening is al l
about, instead of from commish-
h u n g r y  s a l e s m e n  w h o ,  i m -
mediately after having sold You a
snort wave radro, wtl l  next be gsing
their talents to flog a refrigerator.

Don't forged that you can build
your own short wave radio if you
wish. There have been quite a few
designs in Radio & Electronics
C o n s t r u c t o r  f o r  s h o r t  w a v e
receivers, both simple and complex'.
I f  you don't  want to spend too much
money, you can get successfully
started with an inexpensive t.r.f.
design having reaction. The secret
behind these simple sets is the reac-
tion circuit itself; if the reaction
control is gentle and smooth so that
you can take it slowly up to the os-
ci l lat ion point you wil l  be surprised
at the wealth of signals you can pick
up.

CLAMPMETER

Over recent years, instruments of
the Clampmeter type have become
i n c r e a s i n g l y  p o p u l a r  f o r
measurements on power systems
because of the particular safety
features they offer. The measure-

Two Avo instruments, the Clampmeter | 2OO and thd Clampmeter
3OO. The ends of the instruments are clamped over singla conduc-
torc carrying high altemating currcnts to obtain currant readings

without the necessity of a direct connection

ment of alternating current has
always been a problem, both in
terms of actually performing the
measurement and of the safetv of
the instrument whilst in the ciriuit.
With the Avo Clampmeters, alter-
nating currents may be measured
wherever a single conductor is
available without the need to break
the circuit, and the measurement
can be taken in complete safety.

In addition, the Clampmeters
have voltage and resistance ranges,
forming the instrument into a com-
plete multimeter for the electrician
or engineer. The Avo range consists
of the Clampmeter 300 for current
measurements up to 300 amps on
t h e  h i g h e s t  s c a l e ,  a n d  t h e
Clampmeter  1200 for  current
measurements up to 1,200 amps.

Further features include an in-
genious and readily manipulated
thumbwheel range switch which ac-
tually changes the scale as each
range is selected. Another unusual
facility is a pointer lock. If the in-
strument is used in an inaccessible
position, the pointer can be locked
and the instrument removed before
being read in the open.

The Clampmeter is intended for
one hand operation and can be used
in either the left or the right hand. A
wrist-band is attached as a precau-
tion against accidental dropping.
The instrument, complete with all
its accessories, is supplied in a stur-
dy p.v.c. carrying case which can be
carried either in the hand or strap-
ped to a belt for greater portabil-
I ty .

Further details can be obtained
from Avo Limited, Archcliffe Road,
Dover, Kent. CT17 9EN.

REMOTE CONTROL
The hearing ability of cats and

dogs extends quite a bit higher in
terms of frequency than does that of
h u m a n s .  T h i s  f a c t  m a k e s  m e
wonder sometimes what our pets
make of the electronic sounds in the
domestic scene which pass relative-
lv unnoticed bv their owners. The
earlv 405-line fV sets used to have
line output transformers which sang
away quite loudly at the l ine fre-
quencv  o f  l0 , l25Hz.  625- l ine  se ts
have line output transformers rurulhg
at15,625Hz. which must have mild-
lv irr i tated those of our pets who
liad become accustomed tb the old
lower frequencv. (That l ine fre-
quency of 15,625H2 is always nice
d,nd eisy to remember, incid6ntal ly,
because the last three digits are
625.) In general,  though, cats and
dogs seem to have what is almost an
annoving indif ference to the scenes
and souids which are projected by
our domestic electronic equipment.

A friend, who is now the proud
owner of a remotelv controlled TV
set, told me that his dog seemed a
l i t t le agitated at f i rst when he
started using the control unit, which
emils a beam of ultrasonic sound.
However, the dog soon got used to
the ultrasonic sound and, after a
week or so, simply ignored it. Which
set me to looking through some
news items for the earlier part of
this year, to find a repoit that in
Denmark two Alsatians and a boxer
dog went beserk after sitting near a
remotely control led TV. In-ihe end
they had to be put down.

A n  i s o l a t e d  i n s t a n c e ?  P r e -
sumably so, because there seem
to have been no turther accounts of
remotely controlled TV affecting
cats and dogs. I note, however, that
there is no end to the reports on the
effects TV programmes have on us
human beings ! I


