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If you com
e 

into contact 
w

ith m
icroprocessors (w

hether 
as 

hobbyist, 
student, 

circuit 
engineer, 

program
m

er, 
buyer, 

teacher, servicem
an, 

or just hum
ble reader) you 

often find 

you w
ould 

like data inform
ation 

on 
a 

specific m
icrocircuit 

elem
ent. 

S
pecifications 

apart, 
you 

m
ay 

be 
even 

m
ore 

interested in w
here you can get the device 

in question. A
nd 

perhaps even m
ore im

portant still (particularly w
ith obsolete 

devices), you 
m

ay 
be looking 

for 
guidance 

on 
a 

readily - 

available second source or possible substitute. 
T

his m
icroprocessor 

selector (w
orking 

on the sam
e basis 

as the T
R

A
N

S
IS

T
O

R
, F

E
T

, 
and 

O
P

A
N

 
P

 
LIN

E
A

R
 -IC

 
selectors 

already 
com

piled 
by 

the author) 
is designed to 

provide 
in 

one 
handy 

reference 
volum

e 
a 

com
prehensive 

body 
of 

readily -accessible, user -slanted 
essential inform

ation across 
the field of m

icroprocessors. 
In the data tabulations w

ill 
be found 

set out the essential 
basic 

specifications 
of 

over 
7,000 

com
m

ercially -available 
m

icroprocessor 
'chips', 

including 
not 

only 
the 

m
icropro- 

cessor elem
ents them

selves 
(e.g. M

P
U

s and C
P

U
s) but also 

the 
m

any 
other 

LS
I 'support' 

circuits 
(e.g. 

R
O

M
s, 

R
A

M
s, 

P
R

O
M

s, clocks, U
A

R
T

s, I/O
s) norm

ally used in harness w
ith 

the m
icroprocessors proper to produce com

plete m
icrocom

- 

O
N

LY
 

£16.25 
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puters 
or 

m
icrocontrollers. 

F
or 

ease 
of 

reference, 
the 

descriptions 
and 

control 
specifications 

of 
the 

individual 
circuits are 

set out 
in the detailed 

data 
tables 

on separate 
single 

lines, 
arranged 

in 
alpha -num

eric 
order 

by 
type 

num
ber. 

F
or 

the 
new

com
er 

to 
the 

very 
new

 
field 

of 
m

icropro- 
cessors, 

the 
selector includes 

a 
full introductory 

note 
on 

these devices before the data tables. 
B

esides 
this, 

the tables 
are 

supplem
ented 

by 
separate 

appendices giving additional inform
ation on: 

(a) M
icropro- 

cessor chip applications land 
codings); 

(b) 
M

icroprocessor 
'fam

ilies'; 
(c) M

icroprocessor 
LS

I 
chip m

anufacturers 
land 

codings); (d) S
em

iconductor LS
I technologies land codings); 

le) M
icroprocessor chip packages land codings); 

(f) M
icro- 

processor trainer 
and developm

ent 
system

s; 
(g) M

icropro- 
cessor 

bibliography; 
(h) 

M
anufacturers' 

house 
codes; 

(i) 

G
lossary of m

icroprocessor term
s; 

(j) E
xplanatory 

notes to 
tabulations. 

T
his selector is fully international in scope and covers not 

only m
icroprocessors and related devices from

 the U
S

A
 and 

C
ontinental E

urope, 
but also from

 the 
U

K
 and the 

F
ar 

E
ast 

(Japan). 
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T
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ueries. W
e regret that w

e are 
unable to answ

er queries other than those 
arising 

from
 

articles 
appearing 

in 
this 

m
agazine nor can w

e advise on m
odifica- 

tions to equipm
ent described. W

e regret 
that queries cannot be answ

ered over the 
telephone, 

they 
m

ust 
be 

subm
itted 

in 

w
riting 

and 
accom

panied 
by 

a 
stam

ped 
addressed envelope for reply. 

C
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the 
E

ditor, 
A
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M

anager, 
S
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T
he 

m
arkings 

on 
m

any 
m

odern 
electronic 

com
po- 

nents 
are 

only 
required 

to 
w

ithstand 
a lim

ited am
ount of 

handling, 
as 

occurs w
hen, for 

instance, they are inserted into 
a printed circuit board in a fac- 
tory 

and 
are then 

left 
alone. 

E
lectronic 

experim
enters, 

on 
the 

other 
hand, 

frequently 
em

ploy com
ponents over and 

over again 
in different circuits 

and 
it 

is 
not 

long beforethe 
m

arkings 
on 

som
e 

of 
these 

com
ponents 

becom
e 

com
- 

pletely obliterated. T
ypical 

of 
the com

ponents w
hose 

m
ark- 

ings 
becom

e 
erased 

are 
rectifier 

diodes in 
the 

1N
4000 

series, and these soon lose the 
w

hite band w
hich indicates the 

cathode 
lead -out. 

It 
can 

also 
often 

be difficult to determ
ine 

the polarity of surplus diodes 
and of 

diodes 
w

hich 
are not 

listed 
in 

com
ponent 

cat- 
alogues 

or 
readily 

available 
m

anufacturers' data. 
T

he circuit to be described in 
this article is for an inexpensive 
diode 

evaluator 
w

hich 
indi- 

cates diode polarity 
in 

an un- 
m

istakable 
and 

striking 
m

an- 
ner. 

It also show
s w

hether the 
diode being 

checked 
is 

short- 
circuit or open -circuit. 

A
LT

E
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N
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T
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R
 

T
he diode evaluator circuit is 

given in F
ig. 1. IC

1 
is a standard 

555 
astable 

m
ultivibrator 

oscillating 
at 

a 
frequency 

of 

398 

B
y G

. A
. F

rench 

about 150H
z. B

ecause R
1 has 

a 

value 
w

hich 
is 

m
uch 

low
er 

than that of R
2 the charge and 

discharge 
periods 

of 
C

1 
are 

nearly equal and the 555 out- 
put 

is 
close to 

being 
a 

50:50 
square 

w
ave. 

T
his 

output 
is 

applied to pins 2 and 6 of IC
2, 

another 555 w
hich functions as 

an inverter. W
hen pin 3 of IC

1 is 
high, 

pin 
3 of 

IC
2 is 

low
, and 

vice versa. T
he tw

o i.c.'s func- 
tion 

as 
an alternator and their 

outputs 
feed 

the 
I.e.d. 

circuit 
and R

3. 

If a test diode is connected to 
the 

test 
term

inals 
w

ith 
the 

51 

O
n-O

ff 

polarity illustrated in F
ig.2(a) it 

prevents 
current 

flow
ing 

through 
any 

of 
the 

I.e.d.'s 
w

hen the upper alternator rail 
is negative. In consequence no 
I.e.d. lights up. W

hen the upper 
alternator 

rail 
is 

positive, 
as 

show
n, 

current 
(w

hich 
is 

assum
ed to flow

 from
 positive 

to 
negative) 

passes 
through 

R
3, 

LE
D

2, the 
test 

diode 
and 

LE
D

4, 
w

hereupon 
LE

D
2 

and 
LE

D
4 light up. N

o current flow
s 

through 
LE

D
1 

and 
LE

D
3 

because 
these 

are 
reverse 

biased. 

F
ig.2(b) show

s the situation 

27kn 

Ì 
B

1'' 
R

2 

T
 
g
v
 

4
7
0
k
n
 

C
l
 
i
 

D
.O

IN
F

 T
 

4 6 41 
6 

IC
, 

155 
3 

-s 
555 

T
op view

 

4
1
 

8
 

IC
I 

555 
3 

R
3 

150n 

i
 

LE
D

) 
a 

t 
T

 
at 

term
inals 

LE
D

3 
green 

LE
D

2 
green 

LE
D

4 

X
 

red 

F
ig. 1. T

he circuit of the diode evaluator. 
IC

1 and IC
2 

form
 

an alternator w
hose output 

feeds the 
I.e.d. 

section 

R
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(b) 

F
ig. 2(a). W

hen the test diode has its cathode conn- 
ected to the low

er test term
inal, 

LE
D

2 and 
LE

D
4 

light up 
on half -cycles w

hen the upper alternator 
rail is positive 

(b). C
onnecting the test diode the other w

ay round 
causes LE

D
3 and LE

D
1 to light up w

hen the low
er 

alternator rail is positive 

S, 

L
E
D
,
 

LE
D

3 

L
E
D
z
O
 O
 

O
 

L
E
D
4
 

\
,
 

T
est term

inals 

F
ig. 

3. A
 suggested front 

panel 
layout. 

T
he 

m
ain 

point 
to observe 

is that 
each pair of I.e.d.'s is pos- 
itioned close to the term

- 
inal w

ith w
hich it corres- 

ponds. 

w
hen 

the 
test 

diode 
is 

con- 
nected w

ith opposite polarity. 
In this case the test diode pre- 
vents the flow

 of current w
hen 

the upper alternator rail is posi- 
tive, but allow

s it to flow
 w

hen 
the upper alternator rail is neg- 
ative. T

his 
tim

e current 
flow

s 
from

 
the 

low
er 

rail 
through 

LE
D

3, the test diode, LE
D

1 and 
R

3, w
ith the 

result that 
LE

D
3 

and 
LE

D
1 

light 
up. LE

D
2 and 

LE
D

4 are extinguished. 
T

hus, 
connecting 

the 
test 

diode into circuit causes 
a red 

I.e.d. 
near 

the 
term

inal 
to 

w
hich its cathode connects to 

light up, as w
ell as a green I.e.d. 

near the term
inal to w

hich 
its 

anode 
connects. 

T
he 

colour 
red 

is 
associated w

ith 
"posi- 

tive" 
or 

"plus" 
and 

thereby 
indicates the "plus end" of the 
diode. 

G
reen 

is 
sim

ilarly, 
al- 

though 
m

ore 
loosely, 

associ- 
ated 

w
ith 

"negative". 
T

he 
I.e.d.'s 

w
hich 

light up 
are, 

in 
fact, being turned 

on 
and off 

150 tim
es 

per second 
by 

the 
555 alternator, but persistence 
of vision m

akes them
 appear to 

be steadily illum
inated. 

If the test diode is faulty and 
has 

a 
short-circuit 

all 
four 

I.e.d.'s light up. A
nd, of course, 

if the test diode is open -circuit 
the 

I.e.d.'s all 
rem

ain exting- 
uished. 

C
O

N
S

T
R

U
C

T
IO

N
 

T
he diode evaluator can 

be 
assem

bled in any sm
all plastic 

case w
hich can accom

m
odate 

the com
ponents 

and 
battery, 

and 
a 

suggested front 
panel 

layout 
is 

show
n 

in 
F

ig.3. 
T

he 
tw

o term
inals can be insulated 

types w
ith 

an open socket 
at 

the 
top 

so 
that, 

in 
m

ost 
instances, it 

is m
erely necess- 

ary 
to 

touch 
the 

test 
diode 

lead -outs 
against the 

sockets 
to obtain 

a polarity indication. 

S
hort test leads can 

be 
conn- 

ected to the term
inals to check 

diodes w
hich 

do not have con- 
veniently 

placed 
lead -outs. 

LE
D

1 
and 

LE
D

2 
are m

ounted 
close to the left-hand term

inal, 
w

hich is the upper term
inal in 

F
ig.1, and LE

D
3 and LE

D
4 are 

positioned 
close to 

the other 
term

inal. 

T
he three resistors in the cir- 

cuit 
are 

w
att 

5%
 

and 
the 

I.e.d.'s 
are 

any 
standard 

red 
and 

green types. 
T

he current 
draw

n from
 the 9 volt battery is 

approxim
ately 10m

A
 w

ith 
no 

diodes 
alight. 

T
his 

rises 
to 

about 18m
A

 w
ith tw

o I.e.d.'s lit 
up, and to som

e 26m
A

 w
ith all 

four I.e.d.'s illum
inated. A

 suit- 
able 

battery w
ill 

be 
a 

P
P

6 
or 

P
P

7. 

In addition to rectifier diodes 
the 

circuit 
w

ill 
check 

signal 
diodes. 

It can 
also 

be 
used to 

determ
ine 

the 
polarity 

of 
light -em

itting diodes! 

'M
A

N
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N
D
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C

E
' 

A
 successful exhibition of 85 selected w

orks on the 
them

e `Y
oung 

E
uropeans 

and S
pacelab', 

by 
young 

artists from
 tw

elve E
uropean countries, 

w
as held in 

P
aris from

 29th N
ovem

ber to 14th D
ecem

ber 1980. 

T
he exhibition attracted a large num

ber of visitors 

M
A

R
C

H
 

1981 

w
ho voted for the 

tw
elve prize w

inners (one 
from

 
each country), each of w

hom
 w

ill receive an invitation 
from

 the E
uropean 

S
pace A

gency to visit 
the 

K
en- 

nedy S
pace C

enter in F
lorida: 

T
he U

K
 w

inner w
as G

lenn Johnson (aged 18). 399 

www.americanradiohistory.com



N
E

W
S 

A
N

D
 

PR
O

JE
C

T
 E

N
C

O
U

R
A

G
IN

G
 U

SE
 O

F 
PR

O
G

R
A

M
M

A
B

L
E

 C
A

L
C

U
L

A
T

O
R

S 
A

 m
ajor project to encourage 

com
puter aided design of gearing. 

is 
being 

undertaken 
by 

the 
M

achine T
ool Industry R

esearch 
A

ssociation. 
U

p 
to 

about 
40 

com
panies 

w
ill 

be 
visited 

by 
M

T
IR

A
 before the close of the 

project w
hich is scheduled to run 

through to O
ctober 1981. 

T
he 

object 
of 

the 
schem

e, 
w

hich 
is 

supported 
by 

the 
D

epartm
ent 

of 
Industry, 

is 
to 

encourage 
non -specialist 

desig- 
ners of gears and gearing to take 
full advantage of the potential of 
scientific 

program
m

able 
calc- 

ulators and m
icrocom

puters. T
his 

is achieved by dem
onstrating the 

value 
of 

program
m

able 
calc- 

ulators w
ith sam

ple gear design 
program

s. 
M

T
IR

A
, w

hich has three T
exas 

Instrum
ents 

T
I -59 

calculators 
and 

print cradles in 
continuous 

use 
in 

its 
research 

and 
design 

offices, says that their experience 
so far 

is that m
any of the firm

s 
participating 

in the project 
had 

not 
fully 

appreciated just 
how

 
pow

erful the new
 breed of scien- 

tific 
program

m
able 

calculators 
such 

as 
the T

I -59 have becom
e 

and that quite sophisticated prog- 

A
 m

ajor project to encourage com
puter aided design of 

gearing is being undertaken by the M
achine T

ool Indus- 
try R

esearch A
ssociation. 

S
een 

here 
is the 

T
l -59 pro- 

gram
m

able calculator and print cradle in use by M
T

IR
A

 
em

ployees. 
ram

s can readily be im
plem

ented. 
W

henever 
applicable, 

the 
A

ssociation gives help and advice 
on 

program
m

ing 
to 

the 
part- 

icipating 
com

panies. T
his 

does 
not take the form

 of a program
- 

m
ing service because it is felt this 

w
ould 

detract from
 one 

of the 
program

m
able calculators m

ain 

advantages - 
its 

ease 
of 

pro- 
gram

m
ing. W

hat 
is offered 

is 
a 

get -you -started service. 
A

 sam
ple batch of nine com

- 
panies have participated 

in the 
initial 

trials, 
and 

so 
far 

the 
response and interest of the firm

s 
concerned 

has 
been 

very 
en- 

couraging. 
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M
A

PL
IN

 C
A

T
A

L
O

G
U

E
 1981 

T
his 

new
 

addition 
of 

the 
fam

ous 
M

aplin catalogue is com
pletely revised 

and 
uses 

a 
new

 alphabetical 
thum

b 
index to m

ake things easier to find. It is 
40 pages larger than the last edition and 
is exactly ten 

tim
es as big as the first' 

M
aplin catalogue published eight years 

ago in N
ovem

ber 1972. 
T

his new
 M

aplin catalogue w
ill give 

m
any 

hours 
of enjoyable reading 

as 
w

ell as being an extrem
ely useful refer- 

ence book. 
T

here are 5540 different item
s in the 

catalogue including 1022 new
 lines. It 

is very w
ell illustrated w

ith m
ore than 

2000 photographs and draw
ings. 

T
he price is f1.00 from

 W
. H

. Sm
ith 

&
 Son L

td., or f1.25 by post from
 M

ap - 
lin E

lectronic Supplies L
td., P.O

. B
ox 

3, R
ayleigh, E

ssex SS6 8L
R

. 

R
A

D
IO

 A
N

D
 E

L
E

C
T

R
O

N
IC

S 
C

O
N

ST
R

U
C

T
O

R
 

C
O

M
M

E
N

T
 

ST
A

N
D

A
R

D
S FO

R
 H

I-FI 
A

re you troubled by w
ow

 and flutter, rum
ble and hum

 or har- 
m

onic distortion? H
opefully, in com

m
ercially m

ade audio equip- 
m

ent, they w
ill be eased by a new

 m
ulti -part B

ritish Standard, w
hich 

lays dow
n perform

ance requirem
ents for a w

ide range of hi-fi audio 
equipm

ent available to the consum
er as 

individual units, m
usic 

centres and so on. T
hree parts of this standard have just been 

published: Part I deals w
ith general requirem

ents, including condi- 
tions for m

easurem
ent, requirem

ents for interconnections, safety 
etc. Part 2 deals w

ith record playing equipm
ent and cartridges, 

covering the drive system
 in term

s of speed deviation, 
w

ow
 apd 

flutter, signal -to -rum
ble and signal -to -hum

 ratio, etc, as w
ell as w

ith 
the perform

ance of the cartridge. 
Part 6 covers am

plifiers - fre- 
quency response, harm

onic distortion, output pow
er, therm

al and 
electrical stability and other im

portant aspects of the product. 
O

ther parts of B
S 5942 are due to be published during 1980-81 

and w
ill cover tape recording and playback equipm

ent, m
agnetic 

tape, radio tuners, loudspeakers and headphones. W
hen com

plete, 
the standard should com

prise ten parts. 
T

he address of the B
ritish Standards Institution is 2 Park Street, 

L
ondon. 

W
O

R
L

D
 R

A
D

IO
 C

L
U

B
 

It 
is rather sad to 

have to com
m

ent on the fact that the B
B

C
 

O
verseas w

eekly program
m

e, W
orld R

adio C
lub, m

ade its final 
broadcast on 31st D

ecem
ber. 

In its thirteen years existence it becam
e a great favourite w

ith 
m

any listeners, especially S.W
.L

.'s. C
om

petitions w
ere frequently 

held for w
hich pennants w

ere given as prizes, each w
eek the experi- 

enced H
enry H

atch dealt w
ith som

e technical aspect of am
ateur 

radio and m
uch useful inform

ation on the short w
aves w

as given. 
W

ell know
n radio am

ateurs w
ould from

 tim
e to tim

e m
ake guest 

appearances and reports w
ere also often given on, and from

, places 
of radio interest. L

isteners w
ould be invited to join W

orld R
adio 

C
lub and its m

em
bership exceeded 40,000 draw

n from
 m

any coun- 
tries. 

T
he final program

m
e 

took the form
 of a party w

hich enabled 
Peter B

arsby to interview
 a num

ber of those associated w
ith the 

program
m

e over the years. M
ore than one expressed the hope 

that one day the program
m

e w
ould return, a sentim

ent w
ith w

hich 
w

e heartily concur. 

Q
U

O
T

A
T

IO
N

S 
"In the decade during w

hich I have know
n broadcasting closely 

the hopes have trium
phed over the fears; and I have little doubt that 

this w
ill be true of the com

ing decade also. Independent B
road- 

casting looks forw
ard to it w

ith confidence." 
L

ady Plow
den, w

ho had been chairm
an of the IB

A
 since 1975 

(she w
as previously V

ice -C
hairm

an of the 
B

B
C

) com
pleted her 

term
 of office at the end of D

ecem
ber. (W

e understand that now
 

that L
ady Plow

den has retired from
 the chairm

anship of the IB
A

 
she intends studying for the R

adio A
m

ateurs E
xam

ination). 

"Frankly in 
m

y opinion, the rate of grow
th of the w

orldw
ide 

sem
iconductor m

arket, w
hich has been som

ething like 15%
 com

- 
pounded in the past 20 years, is going to continue up to the end of 
the century. A

s a m
atter of fact I w

ould even say that if it w
ere not 

for the shortage of engineers capable of exploiting technologies the 
grow

th rate w
ould be even higher." - Pasquale Pistorio m

anaging 
director SG

S-A
T

E
S. 

"I find television very educational. E
very tim

e it's turned on I go 
into the next room

 and read a book." - G
roucho M

arx. 

M
A

R
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N
ew

 'Slim
 Jim

' 
A

ntenna (2 m
etres) 

D
esigned by 

F. 
C

. Judd, 
this 

new
 version of the fam

ous 'Slim
 

Jim
' 

antenna 
is 

only 
42 inches 

long and so slim
 it is now

 available 
for m

obile operation as w
ell as for 

base station and ideal for portable 
use. 

B
eing 

a free -space antenna 
it 

does 
not 

rely on 
the 

"ground - 

plane" effect and can be used on 
vehicles w

ith fibre glass bodies or 
roof tops at full efficiency. T

he 
sm

all dim
ensions and extrem

ely 
high efficiency have 

been m
ade 

possible 
by 

a 
unique 

high 
`Q

' 
helical stub m

atching system
. 

O
n the base station m

odel the 
helical stub and m

ain elem
ent is 

com
pletely enclosed 

in 
a 

# 
inch 

diam
eter housing giving full pro- 

tection against all w
eathers. 

M
anufactured 

by: 
W

renpro 
System

s 
of R

eedham
, 

N
orfolk. 

U
nder 

licence 
from

: 
Z

L
 

C
om

m
unications, 

C
antley, 

N
r. 

N
orw

ich, N
orfolk, N

R
13 3R

T
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R
O

O
M

 
T

H
E

R
M

O
S

T
A

T
 

B
y 

R
. A

. P
enfold 

T
em

perature control 
from

 
10° to 30°C

. 

S
w

itches currents up 
to 8 am

ps. 

U
ncom

plicated 
robust circuitry. 

T
he 

therm
ostat 

unit 
is 

assem
bled 

in 
a 

sm
all 

m
etal case 

U
N

IT
 

T
his therm

ostat is designed to control a bar type 
electric fire, convection heater or any other type of 
electric fire w

hich does not have a built-in therm
ostat. 

M
axim

um
 loading is 1.9kW

. A
lthough the circuit of 

the 
unit 

is 
very 

sim
ple 

quite 
a 

high 
level 

of 

perform
ance 

is 
attained, 

and 
a 

tem
perature 

stabilisation 
of 

w
ithin 

plus 
or 

m
inus 

1 
degree 

C
entigrade 

is 
possible. 

T
he tem

perature 
range 

is 

slightly greater than 10 to 30 degrees C
entigrade (50 

to 86 degrees Fahrenheit) w
hich should be adequate 

for all norm
al dom

estic requirem
ents. 

T
H

E
 C

IR
C

U
IT

 
T

he com
plete 

circuit of the 
room

 
therm

ostat 
is 

given in Fig. 
1, and is based on a C

A
3140 operational 

am
plifier and a therm

istor w
hich is em

ployed as the 
tem

perature sensing elem
ent. 

Pow
er for the control circuit 

is obtained from
 

a 

sim
ple unregulated m

ains pow
er supply. A

s w
ill be 

seen later, w
ide variations in the supply voltage do not 

affect 
the 

accuracy 
of 

the 
unit 

at 
all, 

and 
an 

unregulated 
supply 

is 
perfectly 

satisfactory. 
T

he 
m

ains supply 
is coupled to the 

prim
ary w

inding of 
isolation and step-dow

n 
transform

er T
l 

by w
ay 

of 
on -off sw

itch Si. 
PL

1 
is the m

ains indicator 
neon 

lam
p, and this m

ust be a type w
hich has an integral 

series resistor. T
he centre -tapped secondary of 

T
1 

feeds the full -w
ave rectifier consisting of D

1 and D
2, 

and reservoir capacitor C
l. T

he d.c. output is a little 
over 17 volts off load, and approxim

ately 14 volts on 
load. 

IC
I is 

a C
A

3140 operational am
plifier em

ployed 
as a voltage com

parator. 
Its output is low

 w
hen its 

non -inverting input is negative of the inverting input, 
and is high w

hen the non -inverting input is positive of 
the inverting input. T

he inverting input 
is provided 

w
ith a reference voltage tapped off from

 the potential 
divider given by R

1, V
R

1 
and R

2. A
pplied 

to the 
non -inverting input is the voltage at the junction of 
R

3 and the therm
istor T

H
1. T

he resistance of the 
therm

istor decreases as its tem
perature increases. 

B
asic circuit operation takes place in the follow

ing 
m

anner. B
efore sw

itching on at Si, 
V

R
1 w

ill 
have 

previously been set up in the m
anner described at the 

end of this article. B
ecause the unit has been sw

itched 
off the relay contacts 

w
ill have been open and the 

electric fire or heater w
ill have been turned off. T

he 
room

 tem
perature, 

in consequence, 
w

ill 
be 

low
er 

than the desired level. T
H

1 w
ill have a relatively high 

resistance and the non -inverting intput of IC
1 w

ill be 

2 

4 

7 
C

A
 31407 

T
op view

 

B
C

107 
L

eod-outs 

F
ig. 1. T

he circuit of the therm
ostat unit. T

he tem
perature sensing device is 

T
H

1. T
he 

positive feedback around 
IC

1 
provided 

by 
R

6, R
5 

and 
R

4 
gives 

snap -action triggering w
ith hysteresis 

402 
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T
he therm

istor tem
perature sensing 

device is fitted outside the rear panel 
at the 

left, 
as seen 

in this view
. T

he 
3 -core 

m
ains 

output 
lead, 

w
hich 

passes through the centre grom
m

et, 
w

as 
not fitted 

w
hen 

these 
photo- 

graphs w
ere taken 

C
O

M
P

O
N

E
N

T
S

 
R

esistors 
(A

ll fixed values } w
att 5%

 unless otherw
ise stated) 

R
1 

15k12 
R

2 
15kí2 

R
3 56kí2 

R
4 

10M
í2 10%

 
R

5 
10M

ft 10%
 

R
6 

10M
í2 10%

 
V

R
1 

10kf2 potentiom
eter, linear 

C
apacitor 
C

l 220µF electrolytic, 25V
. W

kg. 

T
ransform

er 
T

1 
m

ains 
transform

er, 
secondary 

12-0-12V
 

at 
100m

A
 

S
w

itch 

S1 
d.p.s.t. rotary toggle 

Pilot L
am

p 
PL

1 panel 
m

ounting 
neon 

indicator w
ith 

integral 
series resistor 

T
he internal layout of the 

prototype 
unit. 

E
nsure 

that 
both the input and 

output 
earth 

w
ires 

are 
reliably connected to the 

m
etal case 

S
em

iconductors 

IC
1 

C
A

3140E
 or C

A
3140T

 
T

R
I 

B
C

107 
D

1 
1N

4001 
D

2 
1N

4001 
D

3 
1N

4148 

T
herm

istor 

T
H

1 V
A

1056S 

R
elay 
R

L
A

 relay (see text) 

M
iscellaneous 

M
etal instrum

ent case (see text) 
Plain perforated board, O

.lin. m
atrix 

2 control knobs 
T

railing 13A
 3 -w

ay m
ains socket 

3 -core m
ains w

ire 
N

uts, bolts, w
ire, etc. 

R
ear view

 show
ing the w

iring to the front panel com
ponents 

positive of the inverting input. T
he i.e. output is thus 

high and em
itter follow

er T
R

I causes relay R
L

A
 to 

energise. 
Its contacts close, turning 

on 
the fire or 

heater, w
hich connects to the unit by w

ay of a 3 -w
ay 

m
ains plug and socket. T

he tem
perature in the room

 
rises and this rise is sensed 

by the therm
istor, w

hose 
resistance 

decreases. 
W

hen the room
 tem

perature - 

reaches the desired level (w
hich has been pre-set by 

V
R

1) the resistance of the therm
istor falls to a value 

w
hich causes the non -inverting input to be negative of 

the inverting input and the output of IC
I goes low

, 
de -energising the relay and sw

itching off the fire or 
heater. T

he room
 cools 

until the resistance of the 
therm

istor rises sufficiently to take the non -inverting 
input of IC

1 positive of the inverting input and cause 
the relay to energise and sw

itch on the fire or heater 
once again. 

H
Y

S
T

E
R

E
S

IS
 

A
s so far described, the circuit 

is liable to sw
itch 

fairly rapidly from
 one state 

to the other w
hen the 

room
 tem

perature is at or around the desired level. 
E

rratic operation is also possible due to sm
all noise 

and 
hum

 
voltages 

at 
the 

inputs 
of 

IC
1. 

T
hese 

problem
s are overcom

e by introducing a sm
all level 

of positive 
feedback over IC

I by 
w

ay of the three 
resistors R

6, R
5 and R

4. W
hen the i.e. output is high 

these are effectively in parallel w
ith R

3, causing the 
voltage at the non -inverting input to be slightly higher 
than it w

ould otherw
ise 

be. W
hen, w

ith decreasing 
therm

istor resistance, the non -inverting input starts 
to go negative of the inverting input the 

i.c. output 
goes 

low
 

and 
puts R

6, 
R

5 
and R

4 
effectively 

in 

parallel 
w

ith 
the 

therm
istor. 

T
he 

therm
istor 

resistance 
now

 has to 
increase 

to a 
slightly higher 

level for the i.e. output to go high again. D
ue to the 

high values of R
6, R

5 and R
4, this hysteresis effect 

takes place 
over only 

a 
sm

all 
range 

of resistance 
change in the therm

istor, but the positive feedback is 
sufficient to cause rapid energising and de -energising 
of the relay, and to m

ake 
the circuit 

im
pervious to 

noise and hum
 pick-up at the 

i.e. inputs. 

V
ariations in the 

rectified supply voltage do not 
have 

any 
significant 

effect 
on 

circuit 
operation 

because fractions of that voltage are applied to both 
the inverting and non -inverting inputs 

of IC
1. A

n 

unregulated supply is therefore quite satisfactory. 
D

3 is the usual protective diode w
hich prevents the 

form
ation 

of high back-e.m
.f. 

voltages across 
the 

relay coil w
hen the relay de -energises. 

C
O

M
P

O
N

E
N

T
S

 
T

he relay em
ployed is a printed circuit pow

er type 
having 

a coil resistance of 3O
611 and 

a changeover 
contact rated at 250 volts 8 am

ps a.c. m
axim

um
 for a 

resistive 
load. 

T
his 

is 
available 

from
 

M
aplin 

E
lectronic Supplies. T

he therm
istor type V

A
1056S is 

available from
 several retail outlets including M

aplin 
E

lectronic Supplies. IC
I 

can be a C
A

3140E
 (8 pin 

d.i.l.) or a C
A

3140T
 (round package w

ith lead -outs). 
T

he socket into w
hich the electric fire or heater is 

plugged is a "trailing" 13 am
p 3 -pin socket norm

ally 
em

ployed 
at 

the 
end 

of 
a 

flexible 
3 -core 

m
ains 

extension lead. It can be obtained at good electrical 
shops. 

C
O

N
S

T
R

U
C

T
IO

N
 

A
 

suitable 
housing 

for 
the 

unit 
is 

a 
m

etal 
instrum

ent 
case 

m
easuring about 

152 
by 

114 
by 

51m
m

, 
or 

any 
sim

ilar 
m

etal 
case 

w
hich 

accom
m

odates the 
parts com

fortably. T
he 

general 
layout 

of 
the 

prototype 
can 

be 
seen 

in 
the 

photographs, and it is not particularly critical. T
he 

holes in the rear panel for the 3 -core m
ains input and 

output leads m
ust be fitted w

ith grom
m

ets. T
he leads 

m
ust 

be 
secured 

inside 
the 

case 
w

ith 
plastic 

or 

plastic -faced clam
ps. 

T
H

1 is m
ounted outside the case at the back, and 

tw
o sm

all holes about 8m
m

 apart are drilled 
in the 

rear panel of the case so that its lead -out w
ires can be 

passed through 
to 

the 
inside 

of 
the 

case. 
A

 sm
all 

grom
m

et 
is fitted 

into 
each 

hole 
to 

insulate 
the 

lead -out w
ires from

 the m
etal case. In the prototype 

the leads from
 the com

ponent board w
ere soldered to 
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the therm
istor leads just inside the grom

m
ets, and 

these held the therm
istor 

in position. C
onstructors 

desiring 
a m

ore secure form
 of m

ounting 
can fit 

a 
sm

all 2 -w
ay tagstrip inside the rear panel, and the 

therm
istor leads and the com

ponent panel leads can 
be soldered to the tags. 

T
ransform

er T
1 

is m
ounted on the 

base panel of 
the case on the left hand side using tw

o 4B
A

 or M
4 

m
ounting bolts. A

 solder tag, to provide 
a 

chassis 
connection, is secured under one of the nuts on these 
bolts. 

C
O

M
P

O
N

E
N

T
 P

A
N

E
L 

M
ost of the com

ponents are assem
bled 

on a plain 
perforated panel of O

.lin. m
atrix having 31 

by 
20 

holes. D
etails of this panel are given in 

Fig. 2. 
C

om
m

ence construction of the panel by carefully 
cutting 

out 
a 

piece 
of 

the specified 
size 

using 
a 

hacksaw
. T

he com
ponents 

are then m
ounted in the 

appropriate positions w
ith their lead -out w

ires bent 
flat against the underside of the panel, after w

hich 
they are soldered together in the m

anner show
n 

in 
Fig. 2. T

he com
ponent lead -out w

ires should be long 

0 
0 

o 
a 

o 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

o 
a 

o 
0 

0 
0 

0 

aaap 
p
o
s
o
 

o 

T
I sec 

0o 0 

C
hassis 

3 
5 

7 
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A
 

B
 

C
 

D
 

E
 

G
 

H
 

J M
 

N
 

o o R
 

s T
 

R
5 

o 

R
LA

I 

M
LA

 

15 
17 

19 
21 

23 
25 

27 
29 

31 

0 
G

 
a 

a 
a 

o 
a 

0 
U

 
0 

a 
0 

0 
C

 
G

 
U

 
a 

a 
G

 
C

 
0 

0 
0 

0 
0 

0 
V

 
a 

0 
0 

0 

F
ig. 2. M

ost of the com
ponents are assem

bled on 
a plain perforated board. 

T
he 

upper 
view

 
show

s com
ponent 

layout 
and 

the 
low

er view
 

show
s 

underside w
iring 

M
ounting 

holes 
6B

A
 clear 

R
A

D
IO

 A
N

D
 E

L
E

C
T

R
O

N
IC

S C
O

N
ST

R
U

C
T

O
R

 

T
he 

com
ponent 

panel. 
S

pacing w
ashers 

on the 
tw

o 
m

ounting 
bolts 

ensure that its underside 
is kept w

ell clear 
of the 

m
etal surface of the case 

enough to perm
it m

ost of this w
iring to be com

pleted 
but, if 

necessary, tinned copper w
ire of about 

22 

s.w
.g. can be used to bridge any gaps. 

It 
should be noted that IC

1 
has a PM

O
S input 

stage, and that the norm
al M

O
S handling precautions 

should 
be taken 

w
hen dealing w

ith this 
device. It 

should be soldered into circuit w
ith an iron having a 

reliably earthed bit. 
T

he com
pleted com

ponent panel is m
ounted on the 

base panel of the case on the right hand side using 
6B

A
 m

ounting bolts. Spacers about 12.5m
m

 long are 

used to ensure that the panel underside w
iring is held 

w
ell clear of the m

etal case. T
he com

ponent panel can 

be em
ployed as a tem

plate w
ith w

hich the positions of 

the tw
o m

ounting 
holes are located. 

C
 

B
 

A
 

V
A

I 

R
L
A
I
 

M
oins input 

lead 

C
hassis connection for 

com
ponent panel 

'W
ool 

F
ig. 3. 

W
iring 

to 
the 

front 
panel 

com
ponents. 

T
he 

"L" 
output 

from
 

F
ig. 2, 

and the "N
" and "E

" outputs 
show

n here, pass into 
a 3 -core m

ains 
lead term

inated in 
a trailing 

13 am
p 

m
ains socket. C

onfirm
 the tags of S

1 

w
ith a continuity tester before w

iring 
to this com

ponent 

'O
te C

c
v
e
G
O
^
e
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J
O
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O
C
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_
i
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T
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O
IL

 
12V

. 
D
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B
efore the panel is finally m

ounted it m
ust be w

ired 

up to the rest of the unit, and this w
iring is detailed in 

Figs. 2 and 
3. T

he latter also show
s the rem

aining 
point-to-point w

iring. T
he earth leads of the m

ains 

input and output cables m
ust be reliably connected to 

the case of the unit for reasons of safety. 
It m

ust alw
ays be borne in m

ind that som
e of the 

connections in the unit are at m
ains potential and that 

all precautions 
against 

accidental shock 
m

ust 
be 

observed. T
he m

etal case should have a cover w
hich is 

secured by tw
o or m

ore bolts and the cover should 

alw
ays be in place w

hen the unit is 
in use. 

O
n the front 

panel are m
ounted the 

neon pilot lam
p, at the left, the on -off 

sw
itch and the tem

perature control 
potentiom

eter at the right 

U
S

IN
G

 T
H

E
 U

N
IT

 

T
he positioning of the therm

ostat unit in the room
 

is not especially critical, except that it should not be 

placed w
here T

H
I w

ill directly pick up the heat from
 

the electric fire or heater. T
his w

ould result in T
H

1 

quickly heating up w
hen the fire sw

itched on, so that 

the 
fire 

w
ould 

be 
sw

itched 
off 

again 
alm

ost 

im
m

ediately and a proper regulation of the room
's 

tem
perature w

ould not be achieved. 
In order to set the desired tem

perature in the room
,. 

initially 
set 

V
R

1 
fully 

clockw
ise 

for 
m

axim
um

 

tem
perature. W

hen the room
 has reached the desired 

tem
perature, 

V
R

1 
is 

turned 
anti -clockw

ise 
just 

sufficiently to cause the fire to be sw
itched off. 

M
A

R
C

H
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T
he IN

S
tructor 

P
art 8 

(C
onclusion) 

B
y Ian S

inclair 

A
 P

R
A

C
T

IC
A

L 

IN
T

R
O

D
U

C
T

IO
N

 
T

O
 

M
IC

R
O

P
R

O
C

E
S

S
O

R
S

 

S
ense inputs, flags and interrupts 
S

o far, w
e've m

ainly used the data lines of the 
IN

S
8060 for input and output of inform

ation, w
ith 

a brief look at the serial input and output. M
any 

m
icroprocessors 

use only .the 
data 

lines, w
ith 

another i.c. (called a "port') connected to the data 
lines w

hich is then used for all inputs and outputs. 
S

uch an i.c. 
is available for the 8060. T

his is the 
IN

S
8054, but quite 

a lot can be done, particularly 
in 

sim
ple 

system
s, 

w
ithout 

it. 
O

ther 
m

icro- 
processors depend com

pletely on these "support 
chips." 

S
E

N
S

E
 IN

P
U

T
S

 

T
he "user flags" are a particular feature of the 

8060 w
hich w

e dealt w
ith in P

art 5. T
hese allow

 
the m

icroprocessor to control up to eight outputs 
(three 

lines w
hich 

can 
be 

0 or 
1 

allow
 2' 

=
 

8 
controls) sim

ply by including 
in the program

 
a 

C
A

S
 (copy accum

ulator to status) instruction, and 
m

aking use of the flag outputs. A
nother feature, 

w
hich 

is 
also found 

in various 
form

s on other 
m

icroprocessor designs, is the sense input. Let's 
start w

ith the sim
pler one, sense -B

. 
T

he circuit w
e've used has had the sense inputs 

A
 and 

B
 (on pins 

17 and 18 respectively) earthed 
perm

anently, 
but 

for 
the follow

ing 
exam

ples, 
w

e'll be m
aking use of inputs to these pins. F

or 
the m

om
ent, though, take a look at the program

 
of F

ig. 
1. 

R
un this 

one through and w
atch the 

address I.e.d.'s as you go. It should step steadily 
from

 
0001 to its end w

ith 
1001 displayed. 

408 

In the program
 as show

n, there's no reason for 
the 

address to 
jum

p. 
S

ince w
e started w

ith 
a 

reset, the status register is clear, so that the byte 
w

hich arrives in the accum
ulator at the C

S
A

 step 
is 

a byte of zeros. W
hen this is X

-O
R

'd w
ith the 

byte 00100000, the result is sim
ply 00100000, and 

this rem
ains in the accum

ulator. T
he JZ

 instruc- 
tion 

has 
no 

effect, 
because 

the 
byte 

in 
the 

accum
ulator 

is not zero. 

R
E

S
E

T
 

LD
I 

11000100 
00 

00000000 
C

S
A

 
00000110 

X
R

I 
11100100 

B
Y

T
 

00100000 
JZ

 
10011000 

03 
00000011 

N
O

P
 

00001000 

N
ote address 

N
ote address 

N
ote address 

N
ow

 try again w
ith the S

E
N

S
E

 -B
 input high; 

then earth S
E

N
S

E
 -B

 again. 

F
ig. 1. 

R
A

D
IO

 A
N

D
 E

L
E

C
T

R
O

N
IC

S C
O

N
ST

R
U

C
T

O
R

 

N
ow

 sw
itch off and rem

ove the earth connec- 
tion from

 the S
E

N
S

E
 -B

 input 
at 

line 
B

3 of the 
E

urobreadboard. 
T

o 
do this 

rem
ove 

the 
links 

from
 83 to 

B
1 and from

 B
3 to B

4, then plug in a 
new

 link from
 B

4 to earth on the Y
2 line. W

hen 
rem

oving 
a link, rem

ove the earth end last. S
im

i- 
larly, w

hen plugging in a link plug in the earth end 
first. 

T
his w

ill ensure that 
an unconnected link 

w
ire is not plugged 

in to any input. 
N

ext connect line B
3 to the 5 volt positive rail at 

line X
l, plugging the link into X

1 first. N
ow

 that 
S

E
N

S
E

 -B
 

is high, try the program
 

again. W
hat 

happens 
to 

the 
address 

after 
the 

JZ
 

dis- 

placem
ent? T

his tim
e, the logic 

1 on the S
E

N
S

E
 -B

 
input has caused bit num

ber 5 (num
bering from

 
bit 0) in the status register to be set to 1. A

t the X
R

I 

step this has filled the accum
ulator w

ith zeros so 
that the jum

p has occurred this tim
e. 

T
his action can be used as a form

 of interrupt, 
w

hich causes the m
icroprocessor to shift to a new

 

part of program
 w

henever 
a 

1 
appears on the 

S
E

N
S

E
 -B

 
input. 

It's not 
norm

ally 
used 

in 
this 

w
ay, 

how
ever, 

because the S
E

N
S

E
 -A

 input 
is 

better for the purpose, as w
e'll see. T

he im
portant 

point about the S
E

N
S

E
 -B

 input is that it can 
be 

used 
independently of any other input to 

com
- 

m
and anything w

e care to program
. F

or exam
ple, 

if w
e w

ere designing 
a 

m
usical 

door bell, the 
S

E
N

S
E

 -B
 

input m
ight 

be 
used 

to jum
p 

to 
an 

auto -indexed load address. T
his address could be 

the start of a "tune" program
. T

he next input on 
the 

S
E

N
S

E
 -B

 
line 

w
ould 

then 
index 

a 
new

 
address for a new

 tune. If the tune program
 w

ere 

long, w
e could 

use the indexing address sim
ply 

to contain 
a new

 starting address from
 the tune 

program
. 

N
ote 

incidentally, 
that 

w
e 

can't 
alter 

the 
S

E
N

S
E

 -A
 or S

E
N

S
E

 -B
 bits - they are controlled 

by the input pins and by nothing else. If for exam
- 

ple, 
w

e 
load 

the 
accum

ulator 
w

ith 
00110000 

w
hen both sense inputs are earthed, and then use 

the C
A

S
 instruction, this w

ill not set these bits to 
1, nor w

ill 
a 00000000, C

A
S

, sequence set them
 to 

0 w
hen both pin 

inputs are at 
1. 

N
ow

 w
e can take a look at the S

E
N

S
E

 -A
 input, 

but first w
e m

ust earth S
E

N
S

E
 -B

. R
em

ove the 
link from

 B
3, rem

ove its other end from
 X

1, plug 
the other end into Y

2 and return the first end to 
B

3. 
e w

ill keep S
E

N
S

E
 -A

 earthed for the m
om

ent 
and 

run through the program
 

in 
F

ig. 
2. 

T
his is 

essentially the sam
e as before, but the bit w

hich 
is 

used 
in the 

X
R

I 
step 

is 00010000 
this 

tim
e 

because it's intended to detect a 
1 on bit num

ber4 
(counting from

 zero) of the status register. W
ith 

the S
E

N
S

E
 -A

 pin earthed, there's no 
1 

present, 
so the program

 steps steadily from
 0001 to 1001. 

N
ext take S

E
N

S
E

 -A
 to logic 

1 
by linking 

line B
4 

to supply positive at X
1. F

ollow
 the sam

e sequ- 
ence 

as w
ith 

the 
S

E
N

S
E

 -B
 

input 
w

hen 
trans- 

ferring the link. T
ry the program

 again, and this 
tim

e you should see the jum
p occur because of 

the effect of the 
1 

in the status register caused by 
the positive connection to S

E
N

S
E

 -A
. 

T
his w

ay, you can see the S
E

N
S

E
 -A

 input w
ork- 

ing in the sam
e w

ay as the S
E

N
S

E
 -B

. T
hey're not 

identical, though, because the S
E

N
S

E
 -A

 can be 
used to start a sequence of steps w

hich otherw
ise 

w
ould need several program

 steps. It's called the 

interrupt sequence, and it's a m
ost im

portant fea- 
ture of any m

icroprocessor system
. 

M
A

R
C

H
 1981 

R
E

S
E

T
 

LD
I 

00 
C

S
A

 
X

R
I 

B
Y

T
 

JZ
 

03 
N

O
P

 

11000100 
00000000 
00000110 
11100100 
00010000 
10011000 
00000011 
00001000 

N
ote address 

N
ote address 

N
ote address 

N
ow

 try again w
ith the S

E
N

S
E

 -A
 input high. 

F
ig. 2. 

IN
T

E
R

R
U

P
T

 E
N

A
B

LE
 

T
he program

 of F
ig. 3 gives som

e indication of 
w

hat this does. S
tart w

ith S
E

N
S

E
 -A

 earthed, fol- 
low

ing the 
procedure 

already 
established 

for 
changing link w

ire connections. N
ow

 sw
itch on, 

reset, and program
 as show

n. T
he program

 loads 
a num

ber into the high byte of P
3, so that the A

ll 
I.e.d. w

ill light w
hen the addresses exchange, and 

then continues w
ith a few

 instructions w
hich are 

arranged to increm
ent the 

addresses norm
ally; 

w
hat they do in this case is not im

portant. 
N

ote 
the sequence of addresses. N

ext, sw
itch off, take 

S
E

N
S

E
 -A

 to the positive 
rail and try again, 

re- 

m
em

bering to 
reset. T

hings go very differently 
now

 after the 
IE

N
 step! 

IE
N

 is the m
nem

onic for IN
T

E
R

R
U

P
T

 E
N

A
B

LE
, 

and 
it 

m
eans just that - it 

arm
s the 

interrupt 
m

echanism
. Y

ou are allow
ed to carry out just one 

m
ore 

"real" 
instruction 

(but 
any 

num
ber 

of 
N

O
P

's) 
after the 

IE
N

, 
but 

at 
the 

end 
of that 

instruction, 
if 

S
E

N
S

E
 -A

 
is 

high 
the 

program
 

counter is exchanged w
ith the 

bytes in 
P

3, then 
the new

 address increm
ents before being placed 

on the address lines. T
he result w

e see is that the 
A

ll 
I.e.d. lights, 

and the 
address on the low

er 
lines 

is 
0001, 

rather than the 0000 
w

hich w
as 

present (because of the reset) in 
P

3. A
t the sam

e 
tim

e, the bit in the status register w
hich controls 

interrupts, and w
hich w

as set by the IE
N

 instruc- 
tion, is reset again, so that no m

ore interrupts are 
possible until 

after another IE
N

 instruction. 

R
E

S
E

T
 

LD
I 

11000100 

H
B

Y
T

 
00001000 

X
P

A
H

(3) 
00110111 

N
ote address 

N
O

P
 

00001000 
N

ote address 

C
S

A
 

00000110 
N

ote address 

IE
N

 
00000101 

N
ote address 

C
S

A
 

00000110 
N

ote address 

C
S

A
 

00000110 
N

ote address 

N
O

P
 

00001000 
N

ote address 

T
ry this out, first w

ith S
E

N
S

E
 -A

 earthed, then 
w

ith S
E

N
S

E
 -A

 high. F
ig. 3. 
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T
his is the fully-fledged interrupt procedure of 

the IN
S

8060. W
hen IE

N
 has been carried out the 

system
 

is ready, 
and after 

a breathing -space of 
one instruction, w

ill be arm
ed, prepared to ex- 

change 
addresses w

hen 
S

E
N

S
E

-A
 

goes high. 
T

he address w
hich 

is stored in pointer P
3 

is the 
starting address for a program

, called the inter- 
rupt 

service routine, w
hich 

has to 
be w

ritten to 
deal w

ith 
the interrupt. S

ince the designer has 
presum

ably 
w

ired 
S

E
N

S
E

-A
 

to 
som

e 
device 

w
hich causes the interrupt, he now

 has to w
rite 

the program
 to deal w

ith it! W
hen 

the interrupt 
call com

es, the addresses are exchanged, so that 
P

3 contains the address of the part of the m
ain 

program
 w

hich w
as 

being carried out w
hen the 

interrupt arrived. T
his, as w

e shall see, allow
s the 

m
icroprocessor 

to 
pick 

up 
w

here 
it 

left 
off, 

because the resum
ing address has been saved in 

P
3. A

t the sam
e tim

e, the 
IE

N
 instruction is can- 

celled. 

M
E

M
O

R
Y

 S
T

A
C

K
 

T
hat's the autom

atic part of it, but it still leaves 
a lot for the program

m
er to do. O

ne essential is to 
preserve the bytes w

hich 
m

ay be present in the 
accum

ulator, the extension register and even 
in 

the status register (such as the carry) since they 
w

ill 
have to be used again unchanged w

hen the 
m

ain program
 restarts. T

his is done by using part 
of the m

em
ory (called the stack w

hen it is used in 
this w

ay) to store these quantities w
henever an 

interrupt occurs. T
he first part of any interrupt 

service program
 m

ust therefore be to arrange for 
the storage of these bytes on the stack; 

on the 
IN

S
8060 these are conventional store -to -m

em
ory 

(usually 
using 

P
2 

as 
index) instructions; 

other 
m

icroprocessors use 
a special instruction called 

P
U

S
H

. 
T

he other im
portant point is that if the interrupt 

is to be used again another IE
N

 step is necessary, 
and w

e also need 
a m

ethod of restoring the cor- 
rect starting address in 

P
3. W

e could, of course, 
go 

through 
the 

w
hole 

re -loading 
procedure 

again, but this w
ould be very tedious, and it's 

m
uch easier to restore the correct address by 

a 

jum
p. T

w
o neat points of detail m

ake this poss- 
ible. O

ne 
is 

the fact 
an interrupt 

is 
not arm

ed 
im

m
ediately after the IE

N
 instruction but one in- 

struction later. T
he other is that an interrupt ser- 

vice routine can have X
P

P
C

(3) as its first instruc- 
tion, at the address stored in P

3, but this instruc- 
tion 

w
ill 

be skipped w
hen 

the interrupt occurs 
because of the w

ay in w
hich the program

 counter 
increm

ents after exchanging addresses. 
F

ig. 4 should help to m
ake this a bit clearer. It's 

not intended 
to 

be tried out on the 
IN

S
tructor 

board, only as 
an exam

ple 
of the 

sort of 
pro- 

gram
m

ing 
w

hich 
is 

needed 
in 

a 
full-scale 

IN
S

8060 system
. U

nusually, the exam
ple addres- 

ses have been w
ritten in decim

al, not binary, and 
only a few

 data m
nem

onics are show
n; this is a 

general exam
ple, not a particular case. 

T
he im

portant point is that the first instruction 
in the interrupt service routine 

is X
P

P
C

(3), and 
this is placed at the address w

hich is stored in P
3. 

W
hen 

the 
interrupt 

occurs, 
w

hich 
can 

be 
in 

any 
part 

of 
the 

m
ain 

program
 

after 
the 

IE
N

 instruction, the IN
S

8060 com
pletes the ins- 

truction 
it 

is w
orking 

on, 
and 

then 
exchanges 

addresses. T
he address of the instruction w

hich 
has just been com

pleted goes into 
P

3, and the 
start 

address 
of 

the 
interrupt 

routine - 
the 

X
P

P
C

(3) 
address - 

goes 
into 

the 
program

 
counter. T

he program
 counter now

 increm
ents, 

so 
that 

the 
X

P
P

C
(3) 

instruction 
is 

N
O

T
 

im
- 

plem
ented; instead, the routine starts w

ith 
the 

instruction after X
P

P
C

(3), w
hich w

ill 
usually be 

the first of a set intended to preserve the contents 
of the registers. 

T
he rest of the subroutine deals w

ith the inter- 
rupt, and then restores the contents of the regis- 
ters. T

he penultim
ate instruction is IE

N
. W

hen the 
interrupt originally occurred, rem

em
ber, 

it reset 
the bit in the status register w

hich arm
s the inter- 

rupt system
. T

his is essential, because a second 
interrupt w

ould be a disaster; it w
ould restore the 

m
ain program

 w
hile the m

icroprocessor w
as 

in 
the m

iddle of the service routine. T
he interrupt 

system
 has to be re -arm

ed by the IE
N

 instruction, 
but w

e have, rem
em

ber, a breathing -space of one 

D
on't try this one on the board - it's an 

exam
ple only 

I. 

M
A

IN
 

P
R

O
G

R
A

M
 

A
ddress 

(decim
al) 

0000 
0050 

D
ata 

S
tart ... 

IE
N

 

(various steps)_ 
(IN

T
E

R
R

U
P

T
 

O
C

C
U

R
S

) 
at 

1123 

1124 return to program
 

F
ig. 4 

A
ddress 

(decim
al) 

2050 
2051 

IN
T

E
R

R
U

P
T

 
S

E
R

V
IC

E
 

D
ata 

X
P

P
C

 (3) 

S
tart of routine - 

save registers on 

stock 

(m
ain part of subroutine) 

restore registers 

2126 

2127 

IE
N

 

JM
P

 to 2050 tpl. 
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A
D

IO
 A

N
D

 E
LE

C
T

R
O

N
IC

S
 C

O
N

S
T

R
U

C
T

O
R

 

instruction 
after that. 

T
he next instruction 

is 
a 

jum
p back to the X

P
P

C
(3) code at the start of the 

routine. T
his returns the program

 counter to the 

starting address of the interrupt service routine, 

and 
then 

causes 
the 

addresses 
to 

exchange 

again. 
T

he program
 counter w

ill now
 have the 

address 
of the last com

plete step of the 
m

ain 

program
, and the pointer P

3 w
ill have the address 

of the start of the interrupt, as it had originally. 
T

he program
 counter now

 increm
ents, so that the 

next instruction w
hch is carried out is the m

ain 

program
 step w

hich w
ould have been carried out 

if the interrupt had never occurred. 

K
E

Y
B

O
A

R
D

 R
E

A
D

IN
G

 
T

w
o odd features of all this are not noted any- 

w
here in the literature about the IN

S
8060. O

ne is 

that N
O

P
 steps follow

ing IE
N

 are not counted as 

instructions, the other is that tw
o IE

N
 steps, one 

after the other w
ill cause an interrupt. 

O
ne very com

m
on 

use of an interrupt 
of the 

type w
e've described is for a keyboard. Instead of 

having the m
icroprocessor continually scanning 

the keyboard, the keyboard is arranged 
so that 

pressing any key w
ill cause the S

E
N

S
E

-A
 line to 

go high. T
he keyboard is then read and decoded 

by 
the 

interrupt 
service 

routine 
and 

control 

returned to the m
ain program

. 
W

e've now
 com

pleted our journey through the 

action of the IN
S

8060, and w
e've used a sufficient 

sam
ple of the instructions to 

get a fair 
idea of 

w
hat program

m
ing m

ethods can be used. W
hat's 

the next step? T
hat depends very m

uch on your ow
n tastes and needs. If this series has aroused 

your interest and started you on the fatal fascin- 

ation that m
icroprocessors alw

ays seem
 to exert, 

you'll probably w
ant to start using 

a m
icropro- 

cessor w
hich has a m

em
ory system

, so that you 
can run m

ore lengthy program
s and see how

 the 

instruction set anables all sorts of problem
s to be 

solved. If you w
ould like to stick w

ith the IN
S

8060, 

then there are tw
o options open to you at the tim

e 

of w
riting. O

ne is the S
cience of C

am
bridge M

k. 

14, 
a unit w

hich 
I use m

yself to check program
s 

w
ritten for 

the 
IN

S
8060. 

T
he other 

is 
a m

ore 

"free-range" approach, using the printed circuit 

boards 
produced 

by 
K

em
itron 

and 
sold 

by 

G
reenbank E

lectronics. 
If you w

ant to 
use the 

8060 you already have, then S
. of C

. w
ill sell you 

the M
k. 14 kit (at a reduced price w

ith no IN
S

8060 

included) and, of course, the G
reenbank boards 

com
e 

w
ith 

no 
other 

com
ponents unless 

you 

order them
. 

A
nother route you 

can take is to 
use the IN

S
- 

tructor E
urobreadboard 

as 
a testbed for other 

m
icroprocessor i.c.'s. It's w

ell suited for this job, 
and it looks likely, again at the tim

e of w
riting, that 

there w
ill be a w

hole range of E
urobreadboards 

produced to cater for all sorts of m
icroprocessor 

experim
ents, including 

projects 
w

ith 
m

em
ory 

chips. T
his w

ay, all the m
icroprocessor chips that 

are obtainable 
are at your service - one very 

popular candidate is the 6502 as used in the P
E

T
.. 

W
hatever route you take - happy m

icropro- 

cessing. 
(C

oncluded) 

G
reen -w

eld 
1981 

C
atalogue 

N
ow

 
available 

is 
the 

new
 

1981 
catalogue 

of 

G
reenw

eld, 443 M
illbrook R

oad, S
outham

pton, S
O

1 

O
H

X
. F

eaturing 54 large pages m
easuring m

ore than 

111 by 
8 in. the 

catalogue lists virtually all com
po- 

nents likely to be required by the hom
e -constructor, 

ranging from
 rechargeable batteries to printed circuit 

transfers. A
lso included are tools and soldering irons, 

and 7 pages are devoted to books on electronics. 

N
ew

 additions to G
reenw

eld stocks include m
ore 

kits, r.f. connectors, 
new

 V
ero products, keyboard 

sw
itches, new

 m
ultim

eters and m
any m

ore transistors 

and integrated circuits. D
espite inflation, m

any prices 

are 
unchanged 

and 
som

e 
prices 

have 
even 

been 

reduced. P
rovided w

ith the catalogue 
is 

a first class 

reply paid envelope, an order form
 and a B

argain List 

offering 
surplus 

lines 
at 

greatly 
reduced 

prices. 

T
here are five vouchers, each w

orth 12p w
hen used 

as directed, on the 
back page of the catalogue. T

his 

1981 catalogue 
can be obtained direct from

 G
reen - 

w
eld for 50p plus 25p postage. 

"It w
asn't there at five o'clock las night!" 411 
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B
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M
. V

. H
astings 

Low
 cost circuit for 

car or boat batteries. 

T
his 

inexpensive 
battery 

voltage 
m

onitor 
is 

intended for 
use in 

a 
car or boat having 

a 
12 volt 

electrical system
, and it gives w

arning if the battery is 
not holding its charge properly 

or 
is not 

charging, 
w

hereupon the battery voltage falls to an unaccept- 
able level. T

he unit has tw
o light -em

itting diodes, one 
of w

hich turns on w
hen the battery voltage is above a 

certain 
threshold 

level. 
w

hilst the 
other lights up 

w
hen the 

voltage is below
 that level. T

he nom
inal 

threshold level is 
11 

volts. B
y changing one of the 

com
ponents the threshold can be easily altered to 10 

or 12 volts if preferred. 

C
IR

C
U

IT
 O

P
E

R
A

T
IO

N
 

T
he m

onitor em
ploys three transistors in the circuit 

show
n in Fig. 1. T

R
3 is a silicon device w

hich requires 
about 0.6 volt across its base -em

itter junction if it is to 

pass collector current, and its em
itter couples via the 

10 volt zener diode, D
3, to the negative rail. T

he base 

couples to the positive rail through R
6, w

hereupon 
T

R
3 is cut off if the supply voltage is low

er than 10.6 
volts. If the supply voltage is raised above 10.6 volts 
the transistor w

ill begin to pass collector current. In 

practice, due to the sm
all voltage drop in R

6, T
R

3 
passes 

a significant collector current only w
hen the 

B
C

I09 
B

C
I79 

Lead-outs 

F
ig. 1. T

he circuit of the battery voltage 
m

onitor. T
his connects to the battery 

w
hose 

voltage 
is 

being 
m

onitored, 
and the red 

I.e.d. lights up w
hen the 

voltage is below
 the threshold level. 

T
he green I.e.d. 

is illum
inated at vol- 

tages above the level. 

supply voltage is a little less than 11 volts. It continues 

to pass collector current for higher supply voltages. 
T

he 
collector current 

from
 

T
R

3 passes through 
current lim

iting resistor R
5 to the base -em

itter junc- 
tion of T

R
2 and causes this transistor to turn on as 

w
ell, thereby lighting 

up l.e.d. 
D

2 
in its collector 

circuit. T
hus, D

2 lights up for supply voltages of 11 

volts or m
ore and extinguishes w

ith supply voltages 
low

er than 
11 volts. 

W
hen the supply voltage is low

er than 11 volts, and 

T
R

2 is not passing a collector current, l.e.d. D
I is 

turned on by reason of the current flow
ing through 

R
1. A

t supply voltages above 11 volts T
R

2 is turned 

on, w
ith its collector coupling to the base of T

R
1 

by. 

w
ay of the potential divider form

ed by 
R

2 and R
3, 

w
hereupon T

R
I 

is also turned on and short-circuits 

D
1, w

hich then extinguishes. In consequence, D
1 

is 

only alight for supply voltages below
 

11 volts and it 

acts as a w
arning light 

to indicate that the battery 
voltage is below

 the threshold level. 
T

he circuit does not incorporate triggering to give 

rapid sw
itching from

 one l.e.d. to the other and it 
is 

possible for the battery voltage to be such that both 

l.e.d.'s are alight 
at reduced 

brilliance. T
his 

only 

occurs w
hen the voltage is at the centre of the cross- 

over range and a shift of a fraction of a volt in either 

direction causes the appropriate l.e.d. to be turned 

fully on w
ith the other l.e.d. fully extinguished. T

his 

m
ode of 

operation 
represents 

no 
shortcom

ing 
in 

perform
ance and, indeed, has the advantage of indi- 

cating w
hen the 

battery voltage is actually 
at the 

threshold level. T
here w

ould be no point in adding 

triggering to the circuit. 
T

he supply current is about 6m
A

 w
hen D

I is alight 
and increases to around 12m

A
 w

hen 
D

2 turns on. 

T
he current increases proportionately as battery vol- 

tage rises further. T
hese currents 

are insignificant 
w

hen the large 
capacity of a car or boat battery is 

considered. V
ery m

uch higher currents are draw
n by 

other com
ponents in the electrical system

. 

C
O

N
S

T
R

U
C

T
IO
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T
he circuit is assem

bled on a piece of 0.1 in. V
ero - 

board having 13 copper strips by 
11 holes, and the 

com
ponent layout is illustrated in Fig. 2. T

here are no 
breaks in the copper strips, but be careful not to om

it 
the tw

o link w
ires. T

he tw
o l.e.d.'s are m

ounted direct 

e battery voltage m
onitor is 

ass-, 
m

bled 
on 'a sm

all piece 
of 

0.1 
in. 

eroboard. N
ote how

 the I.e.d. lead- 
outs are bent 

through 90 
degrees, 

using the diodes to face horizontally 
w

ay from
 the board. 

to the V
eroboard, their lead -out w

ires being carefully 
bent through 90 degrees so that they face out aw

ay 
from

 the board. T
he board is very light and it can be 

secured in place by passing the tw
o 1.e.d.'s through 

panel -m
ounting bushes fitted 

to 
the 

panel 
behind 

w
hich the board is to be situated. 
T

he m
anner in w

hich the unit is fitted in the car or 
boat depends upon individual circum

stances. It m
ight 

be possible to m
ount the unit behind a dashboard, or 

it m
ight be necessary to fit it in a sm

all plastic case. 
T

he centres of the tw
o panel -m

ounting bushes for the 
l.e.d.'s should be spaced 1.1 in. apart. T

he w
ires from

 
the battery w

hich connect im
m

ediately to the V
ero - 

board should be fairly thin and flexible. M
ore robust 

m
ethods 

of 
m

ounting 
the 

board 
can 

be 
readily 

devised if it is likely to be subjected to a high level of 

vibration. In the car application the unit should be 

D
irection o1 strips 

F
ig. 2. C

om
ponent layout and w

iring 
on the V

eroboard panel. T
here are no 

breaks in the copper strips. 
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I 

Looking dow
n on the V

eroboard ass- 
em

bly. T
he circuit is quite sim

ple and 
only a few

 com
ponents are required. 

kept w
ell clear and insulated from

 car m
etalw

ork, 
w

hich w
ill be com

m
on w

ith one of the supply rails. 
T

he supply for the m
onitor unit can be taken after 

the ignition sw
itch. H

ow
ever, the current draw

n by 
the unit is so low

 that it is quite feasible to connect it 
directly across the battery so that it operates cont- 
inuously. 

A
s w

as m
entioned at the start of this article, the 

"K
" T

O
N

E
 G

E
N

E
R

A
T

O
R

 
W

ith 
reference 

to 
the 

above 
article, 

w
hich 

appeared in the D
ecem

ber issue, w
e are advised by 

the R
adio Society of G

reat B
ritain that the "K

" tone 
is not perm

itted by the H
om

e O
ffice for holders of the 

am
ateur licence B

. T
here exists agreem

ent w
ith the 

H
om

e O
ffice for 

the use of a "T
" tone w

ith rim
e 

duration and frequencies suggested. 
"E

L
E

C
T

R
O

N
IC

 D
O

O
R

 B
U

Z
Z

E
R

" 
In this article, 

w
hich appeared in the 

February 
issue, the ceram

ic resonator w
as incorrecctly quoted 

as being a type PB
N

-2720. T
he correct part num

ber 
for the resonator em

ployed is PB
 -2720. 

1981 C
A

T
A

L
O

G
U

E
 D

E
L

A
Y

E
D

 
M

essrs. T
. &

 J. E
lectronic C

om
ponents of 98 B

ur- 
row

 R
oad, C

higw
ell, E

ssex IG
7 4H

B
, have asked us 

to inform
 readers that ow

ing to production difficulties 
their catalogue w

ill not be available until the latter 
part of February - they regret any inconvenience this 
m

ay cause. 
through program

m
ed learning." 

C
O

M
P

O
N

E
N

T
S

 
R

esistors 
(A

ll } w
att 5%

) 
R

1 
1.8k11 

R
2 

33k11 
R

3 
33k11 

R
4 

1.8k11 
R

5 
3.3k11 

R
6 

33k11 

Sem
iconductors 

T
R

I 
B

C
109 

T
R

2 
B

C
179 

T
R

3 B
C

109 
D

1 
red I.e.d. 

D
2 green I.e.d. 

D
3 

B
Z

Y
88C

1O
V

 

M
iscellaneous 
2 1.e.d. panel -m

ounting bushes 
V

eroboard, 0.1 in. m
atrix 

W
ire, solder, etc. 

threshold voltage can be readily altered. U
sing a 9.1 

volt zener diode gives a threshold voltage of approx- 
im

ately 
10 

volts, w
hilst 

an 
11 

volt 
diode 

gives 
a 

threshold voltage of just under 12 volts. A
 12 volt 

zener diode could also be em
ployed and this w

ould 
result in a threshold voltage of slightly less than 13 
volts. 

"M
y education has been 

achieved alm
ost entirely 

I t 
1 s po 

B
A

C
K

 N
U

M
B

E
R

S
 

F
or the benefit of new

 
readers w

e w
ould draw

 attention to our back num
ber service. 

W
e retain past issues for a period of tw

o years and w
e can, occasionally, supply copies m

ore than tw
o years 

old: T
he cost is 80p, inclusive of postage and packing. 

- 

B
efore 

undertaking any constructional project described in a 
back 

issue, it m
ust be 

borne in 
m

ind that 
com

ponents readily available at the tim
e of publication m

ay no longer be so. 
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T
o be published m

id M
arch 

M
O

D
E

L T
R

A
IN

 C
O

N
T

R
O

LLE
R

 

Low
 im

pedance "C
onstant V

oltage" output 
C

ontinuously variable voltage control 
Low

 cost m
ains operation 

G
U

IT
A

R
 P

R
A

C
T

IC
E

 A
M

P
LIF

IE
R

 
S

ingle IC
 design 

3 m
ixed inputs 

Ideal for solo or group practice 

S
O

LD
E

R
IN

G
 IR

O
N

 R
E

M
IN

D
E

R
 

U
nobtrusive audible device 
F

unctions w
hen iron is 

sw
itched on 

M
E

D
IU

M
 A

N
D

 S
H

O
R

T
 W

A
V

E
 R

A
D

IO
 

M
edium

 w
aves plus 25, 39 and 49 

m
etre 

bands 
S

pecial grade ferrite 
aerial 

A
 S

E
S

S
IO

N
 O

F
 E
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C

T
R

O
N

IC
 

P
U

Z
Z

LE
S

 

In Y
our W

orkshop 

V
O

LT
A

G
E

 C
A

LIB
R

A
T

O
R

 F
O

R
 

O
S

C
ILLO

S
C

O
P

E
S

 

S
uggested C

ircuit 
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B
if 

John 
aker 

V
ariable 

com
presslon 

threshold. 

H
igh com

pression ratio w
ithout 

distortion. 

A
n 

audio com
pressor 

is 
a form

 of autom
atic 

gain control, roughly sim
ilar to the w

ell-know
n 

a.g.c. circuits w
hich 

are em
ployed 

in superhét 
radio receivers. H

ow
ever, a com

pressor operates 
purely at audio frequencies and not at interm

edi- 
ate and radio frequencies, as does an a.g.c. sys- 
tem

. P
robably the m

ost com
m

on application of a 
com

pressor 
appears 

in 
inexpensive 

cassette 
recorders having autom

atic recording 
level con- 

trol. S
uch 

a control 
reduces am

plifier gain w
ith 

high level inputs and thus prevents the recording 
head from

 being overloaded. M
any of the m

ore 
sophisticated cassette recorders and decks have 
a sim

ilar feature w
hich 

is know
n 

as 
a recording 

level lim
iter. T

his has no effect on am
plifier gain 

for input signals below
 the m

axim
um

 acceptable 
level, and 

it 
reduces the gain for input signals 

above that level. 
A

udio 
com

pressors can 
be 

used w
ith 

radio 
transm

itters 
to 

prevent 
overm

odulation. 
T

hey 
can also be em

ployed w
ith public address or hi-fi 

system
s 

to 
prevent 

output 
stage 

overloading 
w

ith its consequent clipping and high distortion. 
416 

T
he prototype com

pressor is assem
bled in a sm

all m
etal instru- 

m
ent case. 

F
ast attack, slow

er decay. 
T

he audio com
pressor described here gives 

a 

high 
level 

of 
perform

ance 
despite 

its 
relative 

sim
plicity, and 

it is suitable for use 
ag 

a record 
level lim

iter, as a m
odulation lim

iter, and forsim
i- 

lar applications. T
he level at w

hich com
pression 

com
m

ences is adjustable from
 about 25m

V
 r.m

.s. 
to approxim

ately 
1 volt r.m

.s., and the voltage 
gain of the unit w

ithout com
pression has a nom

i- 
nal value 

of unity. 
It should therefore be quite 

sim
ple to fit the com

pressor into m
ost set-ups, 

and 
it w

ill quite 
readily fit betw

een, say, 
a hi-fi 

tuner and 
a 

cassette deck. 

O
P

E
R

A
T

IO
N

 
T

he block circuit diagram
 of F

ig.1 show
s the 

various 
stages 

of 
the 

com
pressor. 

T
he 

input 
signal is applied to a unity gain am

plifier, and the 
output signal is obtained from

 the output of this 
am

plifier. A
 cadm

ium
 sulphide photocell 

is con- 
nected 

in 
the negative 

feedback circuit 
of the 

am
plifier. W

hen the photocell is in 
a dark condi- 

tion it has a very high resistance and has no effect 
on am

plifier operation. 
T

he unity gain am
plifier 

R
A

D
IO

 A
N

D
 E

L
E

C
T

R
O

N
IC

S C
O

N
ST

R
U

C
T

O
R

 

output 
is 

passed 
to 

a second 
am

plifier w
hich 

feeds a rectifier and I.e.d. driver stage. T
he I.e.d. is 

in close proxim
ity w

ith the photocell. A
t low

 input 
signal levels the I.e.d. driver output is insufficient 
to turn on the I.e.d., and the photocell m

aintains 
its very high resistance. W

hen the 
input signal 

rises 
to 

the 
level 

at 
w

hich 
com

pression 
is 

In o 

L
.
E
.
D
.
 

1 

required the I.e.d. driver stage turns on the I.e.d. 
w

hich illum
inates the photocell, causing its resis- 

tance to reduce and the gain of the am
plifier to 

becom
e 

less than unity. 
Increasing input signal 

level results 
in brighter illum

ination of the I.e.d. 
and further reduced gain 

in the am
plifier. T

hus 
the 

required stabilization of the output 
level 

is 

/7/ P
hotocell 

M
A

R
C

H
 1981 

U
nity gai 

am
plifier 

O
ut 

F
ig.1. 

B
lock diagram

 illustrating the stages of 
the com

pressor. T
he first 

am
plifier has unity gain for signals below

 the com
pression threshold, and this 

gain reduces w
ith signals above the threshold. 

A
m

plifier 
P

ec tif or 
driver 
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T
he V

eroboard assem
bly is secured to 

the bottom
 

of the case by tw
o 6B

A
 

bolts and nuts w
ith spacing w

ashers. 

achieved. W
hen the l.e.d. is fully illum

inated the 
am

plifier gain falls to about-26dB
, or 0.05 (one - 

tw
entieth) tim

es. 
T

his 
opto -isolator 

approach 
has 

tw
o 

m
ain 

advantages 
over m

ost alternative 
m

ethods of 
obtaining com

pression, such as using 
a Jfet as a 

voltage 
controlled 

resistor. 
F

irst, 
the 

circuitry 
involved has no com

plications since there are no 
direct 

connections 
betw

een the 
I.e.d. 

and 
the 

photocell. 
S

econd, 
and 

probably 
of 

greater 
im

portance, the photocell provides 
a true 

resis- 
tance w

hich is not affected by the voltage across 
it. U

nlike other m
ethods, including those em

ploy- 
ing a Jfet, the photocell introduces negligible dis- 
tortion. 

418 
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T
he 

full circuit of the com
pressor is given 

in 

F
ig.2. 
T

he input signal is applied via C
2 and R

1 to the 
inverting 

input 
of 

IC
1, w

ith 
negative feedback 

from
 

the output to the input being given 
by 

R
4 

and the photocell 
in 

parallel. A
ssum

ing 
a 

rela- 

tively 
low

 signal 
source resistance, the voltage 

gain 
of the am

plifier 
is 

equal 
to the 

feedback 
resistance divided by R

1. In the dark condition the 
photocell 

resistance 
has 

a 
m

inim
um

 
value of 

200M
S

2 and, since 
R

1 and R
4 are both 

1M
S

2, the 
am

plifier gain 
is unity. R

2 and 
R

3 bias the non - 

inverting input of IC
1 to half supply voltage, and 

C
2 and C

5 provide d.c. blocking at the input and 
output respectively. 

C
4 is the com

pensation capacitor for IC
1, and it 

has 
a m

uch larger value than w
ould norm

ally be 
necessary. T

his is because m
ost circuits require 

an operational am
plifier to have a voltage gain of 

unity 
or m

ore, 
w

hereas 
in this application 

the 
voltage 

gain can drop to w
ell 

below
 unity. T

his 
necessitates the use of a large capacitor to ensure 
good stability. 

A
s w

ell as being passed to the output socket, 
the output of 

IC
1 

is also coupled via 
C

6 to the 
com

m
on em

itter am
plifier, T

R
I. T

he resistance in 
the em

itter circuit 
is not bypassed, and the vol- 

tage gain of the transistor can be varied by adjust- 
ing V

R
1. T

he gain is roughly equal to R
6 divided 

by the em
itter resistance, w

hereupon the gain is 
approxim

ately unity w
hen V

R
1 inserts m

axim
um

 
resistance, 

and 
is about 26dB

 
(20 tim

es) w
hen 

V
R

1 inserts m
inim

um
 resistance into circuit. 

T
he 

gain 
control 

provided 
by 

V
R

1 
perm

its 
adjustm

ent of the input threshold level 
at w

hich 
com

pression com
m

ences, w
ith m

axim
um

 gain 
corresponding to m

inim
um

 threshold level. 

In 

S
K
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R
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T
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Leod-outs 

A
 

T
IL220 

) 
Lead -outs 

F
ig.2. T

he 
circuit 

of the 
high 

quality 
com

pressor. 
D

3 and 
P

C
C

1 
couple 

together optically so that increasing brightness in the I.e.d. causes reduced 
resistance in the photocell. 

R
A

D
IO

 A
N

D
 E

L
E

C
T

R
O

N
IC

S C
O

N
ST

R
U

C
T

O
R

 

C
O

M
PO

N
E

N
T

S 

R
esistors 

(A
ll 

fixed 
values 

: 
w

att 
5%

 
unless 

otherw
ise 

stated) 

R
1 

1M
f1 

R
2 

33kí2 
R

3 
33kí2 

R
4 

1M
52 

R
5 

1.8M
í2 

10%
 

R
6 

4.7kí2 
R

7 
22052 

R
8 

10052 k w
att 

V
R

1 
4.7kí2 potentiom

eter, 
linear 

C
apacitors 
C

l 
100µF

 electrolytic, 10V
. W

kg. 
C

2 
0.047µF

 polyester type C
280. 

C
3 

10µF
 electrolytic, 

10V
. W

kg. 
C

4 
1,000pF

 ceram
ic plate. 

C
5 

10µF
 electrolytic, 

10V
. W

kg. 
C

6 
0.1µF

 polyester type 
C

280. 
C

7 
1µF

 electrolytic, 10V
. W

kg. 
C

8 
2.2µF

 electrolytic, 10V
. W

kg. 

S
em

iconductors 
IC

1 
C

A
313O

T
 

T
R

1 
B

C
109C

 
T

R
2 

B
C

109C
 

D
1 

1N
4148 

D
2 

1N
4148 

D
3 

T
IL220 

P
hotocell 
P

C
C

1 
O

R
P

60 

S
w

itch 
S

i 
s.p.s.t. sub -m

iniature toggle 

S
ockets 
S

K
1 

3.5m
m

. jack socket 
S

K
2 

3.5m
m

. jack socket 

M
iscellaneous 
M

etal case (see text) 
C

ontrol 
knob 

V
eroboard, 0.1in. m

atrix 
9 volt battery type P

P
6 (see text) 

B
attery connector 

N
uts, 

bolts, w
ire, 

etc. 

D
1 and D

2 rectify the output from
 T

R
I, and the 

rectified signal is applied to the base of the I.e.d. 
driver, T

R
2. W

hen the rectified signal 
has suffi- 

cient am
plitude it turns T

R
2 

on and 
causes the 

I.e.d. to light up. If the output from
 T

R
2 increases, 

the rectified current flow
ing into T

R
2 

base rises 
and the I.e.d. brightness is m

ade greater, thereby 
producing the required com

pression effect. T
he 

cadm
ium

 
sulphide 

photocell 
responds 

fairly 
quickly to increases in illum

ination, and signific- 
antly m

ore slow
ly to 

decreases in 
illum

ination. 
B

ecause of the slow
 decay tim

e it provides integ- 
ration and, for low

 com
pression levels, the circuit 

w
ould function w

ith the I.e.d. passing the pulses 
given 

by the rectified 
audio signal. H

ow
ever, 

it 
w

as 
found 

that 
the 

integration 
given 

by 
the 

photocell w
as not sufficient to prevent distortion 

M
A

R
C

H
 1981 

w
ith sine w

ave input signals at high com
pression 

levels, 
and further integration 

is 
given 

by 
the 

inclusion of sm
oothing capacitor C

8. 
It is norm

al for com
pression units to respond 

quickly to increases 
in input level 

and to 
react 

m
ore slow

ly to decreases in input level. C
8, w

hich 
prevents w

aveform
 distortion, has little effect on 

the attack and decay tim
es, and the required tim

- 
ing 

here 
is 

autom
atically 

provided 
by 

the 
response characteristics of the photocell itself. 

S
1 

is on the on -off sw
itch and C

1 
is the supply 

bypass 
capacitor. 

T
he 

quiescent 
current 

con- 
sum

ption of the circuit is about 2m
A

 only, but this 
can rise to as m

uch as 30m
A

 or so at high com
- 

pression levels. It is therefore advisable to pow
er 

the com
pressor from

 a reasonably large battery, 
such as 

a P
P

6 size. 

s 
, 

a 
*
`
i
.
.
 

ra'3a,v 
a 

e 

r4 

C
lose-up view

 of the V
eroboard panel. 
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T
he tw

o 
low

 value electrolytic capacitors, 
C

7 

and C
8, are quoted as having a w

orking voltage of 
10 

volts 
in 

the 
C

om
ponents 

List. 
T

his 
is 

a 

m
inim

um
 figure and it w

ill be perfectly in order to 
use capacitors 

having 
a 

m
uch 

higher w
orking 

voltage, 
such 

as 
63 

volts. 
T

he 
tw

o 
10µF

 
capacitors 

can 
also 

have 
a 

w
orking 

voltage 
higher than 10 volts if they are thereby easier to 
obtain. 

T
he 

O
R

P
60 

photocell 
is available 

from
 

several 
suppliers, 

including 
M

aplin 
E

lectronic 
S

upplies. T
he T

IL220 is a red I.e.d. w
ith a diam

eter 
of0.2in. 

P
E

R
F

O
R

M
A

N
C

E
 

T
he com

pression curve provided 
by the unit 

obviously depends on the setting of V
R

1, but the 
curve show

n in F
ig.3 gives an idea of the level of 

perform
ance provided. T

he curve w
as obtained 

from
 the prototype w

ith V
R

1 adjusted for an out- 
put level of about 100m

V
 r.m

.s. A
s 

can be seen 
the gain rem

ains virtually at unity level for input 
voltages up to about 70m

V
eand there is only 

a 

sm
all drop in gain for inputs betw

een 70m
V

 and 
100m

V
. A

bove 
100m

V
 there 

is 
a 

high 
level 

of 
com

pression, w
ith a 20dB

 increase in input level 
causing a 

rise in output of only about 4dB
. 

F
ig.3. 

C
om

pression 
curve obtained from

 
the 

prototype unit. 

420 

T
his shot show

s the w
ir- 

ing 
to 

the 
front 

panel 
com

ponents. 

C
O

N
S

T
R

U
C

T
IO

N
 

T
he com

pressor can be built as an integral part 
of som

e item
 of audio equipm

ent, or 
it can 

be 
constructed 

as 
a separate unit 

having its ow
n 

case. T
he prototype is m

ade up as a separate unit 
and it is housed in a m

etal instrum
ent case having 

dim
ensions of 152 by 114 by 44m

m
. T

his is a case 
type T

P
2, available from

 
M

aplin E
lectronic S

up- 
plies. 

F
ig.4 show

s the layout of the com
pressor on 

a 

piece of 0.1 in. V
eroboard having 41 

holes by 
14 

copper strips. C
onstruction 

is quite straightfor- 
w

ard except for P
C

C
1 and 

D
3. T

hese should be 
positioned w

ith their ends facing each other and 
as close 

as possible, 
so that 

P
C

C
1 

receives the 
m

axim
um

 am
ount of light from

 D
3. P

C
C

1 m
ust, 

of course, 
be sheltered from

 am
bient light, and 

this w
ill be achieved if the V

eroboard assem
bly is 

housed in a light -proof case. H
ow

ever, it is pref- 
erable to also fit P

C
C

1 and D
3 inside a length of 

plastic sleeving, or to bind som
e p.v.c. insulating 

tape around 
them

. 
P

C
C

1 
w

ill 
then 

be shielded 
from

 am
bient light even w

hen the case is opened. 
T

he sleeving or tape w
ill also ensure that P

C
C

1 
and 

D
3 m

aintain their relative positions so that 

R
A

D
IO

 A
N

D
 E

L
E

C
T

R
O

N
IC

S C
O

N
ST

R
U

C
T

O
R

 

+
 under 

N
 

M
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K
 H
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o e A
 

B
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o E
 

G
 

H
 

M
 

N
 

5K
2 

V
R

I 
_M

- 
SK

I 

00 

o o 
C

2 

n
 

4 

C
 

o 

0000 
000000000000000000000000000 

Y
o 1af 

0 
0 

0 
0 V

R
ó 0 

o 
0 

0 
0 

0 
0 

+
 under 

o00oT
R

o5O
C

: 

R
5 C
j
 D

1 +
 

R
2 R

B
 

o 

5 
7 

9 
II 

13 
15 

17 
19 

2 
23 

25 
27 

29 
31 

33 
35 

37 
39 

o o o 
0 

0 
0 

0 0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 

C
ol 

(0) 
lo) 

(o) 
(ot 

o 
. 

. 
(0) 

00 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

o 
a 

a 
o 

0 
0 

0 
0 

0 
o 

e 
o 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

F
ig.4. A

part from
 the battery and the front panel com

ponents, all the parts 
are assem

bled on a V
eroboard panel. IC

1 should be soldered into circuit w
ith 

an iron having a reliably earthed bit. 

O
n the front panel, from

 
left to right, are S

K
1, S

1, 
V

R
1 and S

K
2. 

B
uttery 
clip 

6B
A

 
clear 

reliable and consistent results are obtained. 
T

he input and output jack sockets should both 
be open (i.e. not insulated) types. T

he m
etal case 

is then connected to the negative supply rail by 

M
A

R
C

H
 

1981 

w
ay of the m

ounting bush 
and nut of S

K
2. 

S
K

1 

takes its chassis connection from
 its ow

n m
ount- 

ing bush and nut. 
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S
H

O
R

T
 W

A
V

E
 N

E
W

S
 

F
O

R
 

D
X

 
LIS

T
E

N
E

R
S

 
B

y F
rank A

. B
aldw

in 

A
ll item

s included in this article are intended as a 
general guide for both the short w

ave listener and the 
D

xer. 
T

he 
transm

ission details published 
here are 

correct at the tim
e of w

riting. 

T
U

R
K

E
Y

 
T

R
T

 A
nkara on 15220 at 1915, local m

usic and 
songs in the T

urkish program
m

e for T
urks abroad, 

scheduled on this channel from
 0425 to 1930. 

K
U

W
A

IT
 

K
B

S K
uw

ait on 21545 at 0640, continuous pops in 
the E

nglish 
program

m
e intended 

for the A
rabian 

G
ulf, E

ast and 
South E

ast A
sia, scheduled on this 

frequency from
 0500 through to 0800. 

U
.S.A

. 
W

IN
B

 
R

ed L
ion on 

15185 at 2050, 
O

M
 w

ith 
a 

religious program
m

e in E
nglish. 

R
O

M
A

N
IA

 
B

ucharest on 9690 at 2111, Y
L

 w
ith a new

scast in 
the E

nglish program
m

e for E
urope, scheduled on this 

channel from
 2100 to 2130. 

C
O

N
G

O
 

R
T

V
 C

ongolaise, 
B

razzaville, 
on 3265 

at 
1845, 

O
M

 w
ith announcem

ents in French, songs in vernacu- 
lar. T

he schedule is from
 0400 to 0700 and from

 1700 
to 2300 but the closing tim

e is variable. T
he pow

er is 
50kW

. 

Z
IM

B
A

B
W

E
 

G
w

elo on 3396 at 1814, O
M

 w
ith a talk in E

nglish 
about the developing countries and their technologi- 
cal requirem

ents at the present tim
e. T

his is the G
en- 

eral Service w
hich is scheduled from

 0350 (Sundays 
from

 0500) to 0545 and from
 1500 to 2200 (Sundays 

until 2105) all on 100kW
. From

 0545 to 0615 the 
pow

er is 10kW
. 

L
IB

E
R

IA
 

E
L

W
A

 (E
ternal L

ove W
inning A

frica) M
onrovia 

on 4770 at 2005, O
M

 in vernacular w
ith interludes of 

A
frican m

usic, a 
good signal on 

a clear channel. 
Scheduleof the H

om
e Service in E

nglish is from
 0555 

to 0900, from
 1655 to 1800 and from

 1900 to 2300 
on w

eekdays. O
n Sunday from

 0655 to 0900, 1655 to 
1800 and from

 1900 to 2240. T
he pow

er is 10k W
 and 

program
m

es in W
est A

frican vernaculars are tim
ed 

from
 1800 to 1900 daily according to the schedule - 

w
hich 

doesn't 
agree 

w
ith 

m
y 

logging! 

G
A

B
O

N
 

L
ibreville 

on 
a 

m
easured 

4777 
at 

2011, 
O

M
 

announcer in French then local -style m
usic rendered 

on a xylophone -like instrum
ent. T

he schedule is from
 

0430 (Sundays from
 0530) to 0630 and from

 1630 to 
2400. T

he pow
er is 100kW

. 

N
A

M
IB

IA
 

W
indhoek on 4965 at 2032, 

O
M

 w
ith a talk in 

A
frikaans. T

he schedule is from
 0300 to 0615 and 

from
 

1515 
to 

2200. 
T

he 
pow

er 
is 

20kW
. 

N
IG

E
R

IA
 

L
agos on 4990 at 0535, O

M
 announcer, O

M
 ballad, 

all in E
nglish, 

a good clear signal at this tim
e. T

he 
schedule is from

 0430 to 1000 and from
 1700 to 2310 

in E
nglish and 

vernaculars 
in 

the 
N

ational Prog- 
ram

m
e. T

he pow
er is 20kW

. 

G
H

A
N

A
 

A
ccra on 4915 at 2034, O

M
 in vernacular. T

his is 
G

B
C

 1, operating from
 0530 to 0800 (Sundays until 

2300) and from
 1200 to 2305 in E

nglish and vernacu- 
lars. T

he pow
er is 10kW

. 

B
E

N
IN

 
C

otonou on 4870 at 2039, O
M

 w
ith a talk in ver- 

nacular in the H
om

e Service, scheduled from
 

0415 
(Sundays from

 0550) to 0800 (Saturdays until 1100) 
and from

 1300 to 2400. Sundays from
 0415 through 

to 2400 (variable closing tim
e). T

he pow
er is 30kW

 
and program

m
es are in French and vernaculars. 

C
A

M
E

R
O

O
N

 
B

afoussam
 on 4000 at 2046, O

M
 chanting in ver- 

nacular, A
frican -type orchestra. B

afoussam
 radiates 

both 
local 

and 
the 

N
ational 

program
m

es, 
the 

schedule being from
 0427 to 0830 and from

 1630 to 
2230 w

ith an E
nglish new

scast tim
ed from

 1830 to 
1845. T

he pow
er is 20kW

. 

M
A

U
R

IT
A

N
IA

 
N

ouakchott on 4845 at 2053, O
M

 w
ith 

a talk in 
A

rabic. T
he schedule is from

 0600 (Sundays from
 

0800) to 0900 and from
 1758 (Sundays from

 1700) to 
2400. T

he pow
er is 100kW

. 

R
W

A
N

D
A

 
R

adio R
w

anda, K
igali, 

on 3330 at 
1744, Y

L
 in 

vernacular, harp 
interval signal, 

O
M

 
w

ith "R
adio 

R
w

anda, 
K

igali" 
repeated. 

T
he 

schedule 
of 

the 
H

om
e Service is from

 0300 to 0600 (Sundays until 
0900), from

 0900 to 1200 (Saturdays and Sundays 
until 2100) and from

 
1700 to 

2100. T
he pow

er 
is 

5k W
. 

K
E

N
Y

A
 

N
airobi on 4804 at 1804, O

M
 w

ith a new
scast in 

E
nglish. A

 difficult channel, receiver in L
SB

 position 

to resolve this one, signal sandw
iched betw

een tele- 
type and 

C
W

. T
he schedule is from

 0255 to 0630 
(Sundays from

 0330) and from
 1300 to 2010 (Satur- 

days until 2110). T
he G

eneral Service in E
nglish is 

featured on this channel. T
he pow

er is just 1kW
. 

PA
K

IST
A

N
 

A
zad K

ashm
ir (Free K

ashm
ir) on 4980 at 1608, 

m
usic and songs in local -style. T

he schedule is repor- 
tedly from

 1500 to around 1800 and the transm
itter is 

located in M
uzaffarabad. T

he pow
er is unknow

n, this 
being listed as a clandestine - at least in m

y book! 

E
C

U
A

D
O

R
 

H
C

JB
 Q

uito on 11835 at 0740, O
M

 and Y
L

 w
ith 

the `H
appiness Program

m
e' in 

E
nglish to E

urope, 
scheduled from

 0700 to 0830. 
R

adio N
acional Progresso, L

oja, on a m
easured 

5062 at 0125, O
M

 w
ith a talk in Spanish about local 

affairs. L
isted on 5060, R

.N
. Progresso has a schedule 

from
 1000 to 0415 but both the opening and closing 

tim
es are variable, reportedly opening as late as 1100 

and closing at 0648. T
he pow

er is 5kW
. 

H
C

JB
 Q

uito on 9745 at 0827, O
M

 w
ith new

s of 
L

atin 
A

m
erican affairs 

in 
an 

E
nglish 

program
m

e 
directed to the South Pacific. Station identification at 
0830. 

R
adio Federacion, Sucua, on 4960 at 0319, O

M
 

w
ith a sporting com

m
entary in Spanish. T

he schedule 
of this one is from

 
1030 (Sundays 

1100) to 0300 

(Saturdays 
until 

0400, 
Sundays 

until 0100). T
he 

pow
er is 5kW

. 
R

adio Iris, E
sm

eraldas, on 
a m

easured 3381 
at 

0256, O
M

 announcem
ents and station identification 

w
ith echo -effect, N

ational A
nthem

 and off at 0259. 
T

he schedule is from
 1100 

to 0400 (Sundays until 
0300). T

he pow
er is 10kW

. 
R

adio Popular Independiente, C
uenca, on a m

eas- 
ured 4801.5 at 0359, 

O
M

 w
ith a ballad in Spanish, 

guitar m
usic. A

 w
eak but clear signal after R

adio L
ara 

signs off. T
he schedule is from

 1000 to 0530 but the 
frequency can vary from

 4800 to 4802. 

C
O

L
O

M
B

IA
 

R
adio Super, M

edellin, on 4875 at 0530, O
M

 w
ith 

station identification then into a program
m

e of L
atin 

A
m

erican pops. A
 fair signal in the clear at this tim

e. 
T

he schedule is on a 24 -hour basis and the pow
er is 

2kW
. 

R
adio G

uatapuri, V
alledupar, on 4815 at 0250, 

m
arim

ba m
usic, O

M
 song in Spanish, O

M
 announcer. 

T
he schedule is from

 0930 to 0600 and the pow
er is 

10kW
. 

H
O

N
D

U
R

A
S 

L
a V

oz E
vangelica, T

egucigalpa, on 4820 at 0301, 
O

M
 

w
ith 

station 
identification 

in 
E

nglish, 
prog- 

ram
m

e announcem
ents, tim

e and frequency details. 
Program

m
es in Spanish are scheduled from

 1100 to 
0300 and in E

nglish from
 0300 to 0500. T

he pow
er is 

5kW
: 

C
O

ST
A

 R
IC

A
 

E
m

isora R
adio R

eloj, San Jose, on 4832 at 0257, 
O

M
 w

ith 
a sporting com

m
entary in Spanish. G

reat 
sportsm

en the 
L

A
's - especially w

hen it com
es to 

futebol! 
T

he schedule is around the clock and the 
pow

er is 1kW
. 

Faro del 
C

aribe (L
ighthouse of the C

aribbean), 
San Jose, on 5055 at 0334, O

M
 w

ith a religious prog- 
ram

m
e in E

nglish, including a choir w
ith hym

ns. T
he 

schedule is from
 1030 to 0400 (variable closing tim

e) 
but from

 0300 until closing tim
e, reportedly as late as 

0430, 
the language 

used is E
nglish. T

he pow
er 

is 
5kW

. 

B
E

L
IZ

E
 

R
adio 

B
elize 

on 
3285 

at 
0442, 

O
M

 
w

ith 
announcem

ents in E
nglish, recorded local pops. T

he 
schedule is from

 1100 (Sundays from
 1200) to 0510 

and 
the 

pow
er 

is 
just 

1kW
. 

B
O

L
IV

IA
 

R
adio C

obija, C
obija, on 4855 at 0406, O

M
 w

ith a 
political speech in Spanish, full and clear station iden- 
tification at 0415 and again at 0418. Y

L
 w

ith songs at 
0420. G

one at 0500 retune. T
his one operates irregu- 

larly and w
as not reported 

at all 
in the short w

ave 
press from

 A
ugust 1978 through to N

ovem
ber 1979. 

T
he schedule, w

hen it is on the air, is from
 

1000 to 
0300 and the pow

er is 1kW
. 

D
O

M
IN

IC
A

N
 R

E
PU

B
L

IC
 

R
adio M

il, Santo D
om

ingo, on 4930 at 0500, O
M

 
w

ith 
full 

station 
identification 

in 
Spanish, 

choral 
N

ational A
nthem

 and off. T
he schedule is from

 0900 
to 0400 and the pow

er is 5kW
 but w

as obviously on 
an extended schedule w

hen logged. 

B
R

A
Z

IL
 

R
adio Inconfidencia, 

B
elo H

orizonte, on 6000 at 
2328, O

M
 song in Portuguese, O

M
 station identifica- 

tion at 2330. T
he schedule is from

 0700 to 0300 and 
the pow

er is 25kW
. 

R
adio E

xcelsior, Sao Paulo on 9585 at 2246, O
M

 
w

ith a sporting com
m

entary in Spanish. T
he schedule 

is around the clock and the pow
er is 7.5kW

. 
R

adio R
elogio, R

io de Janeiro, on 4905 at 0005, 
O

M
 in Portuguese, tim

e pips in the background. T
his 

one has a schedule from
 0800 through to 0300 w

ith 
tim

e signals over the program
m

e. T
he pow

er is 5kW
. 

V
E

N
E

Z
U

E
L

A
 

R
adio V

alera, V
alera, on 4840 at 0305, O

M
 and 

Y
L

 alternate w
ith announcem

ents of local interest. 
T

he schedule is from
 0900 to 0400, variable closing 

tim
e, and the pow

er is 1kW
. 

R
adio R

eloj C
ontinente, C

aracas, on 5030 at 0323, 
O

M
 

w
ith both 

local 
and 

w
orld 

new
s in 

Spanish, 
chim

es betw
een item

s and frequent station identifica- 
tions. T

he schedule is from
 0900 to 0500 and the 

pow
er is 10kW

. 
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T
R

A
N

S
IS

T
O

R
 

G
A

IN
 

T
E

S
T

E
R

 
. 

' 

R
. A

. P
enfold 

Indicates four current gain levels 

S
im

ple polarity sw
itching 

A
lso checks leakage and diodes 

Som
e m

eans of testing new
ly acquired transistors 

and 
suspected 

faulty 
transistors 

rem
oved 

from
 

equipm
ent being serviced can be of considerable help 

to 
the 

electronics enthusiast. 
T

he tester described 
here 

is suitable for go/no-eo testing on m
ost bipolar 

transistors and also gives a rough indication of the 
current gain of the device under test. T

he circuit is 

sim
ple and inexpensive, and is based on a bargraph 

driver i.c. 
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B
A

R
G

R
A

P
H

 I.C
. 

B
efore proceeding to 

a 
description of the 

tester 
circuit operation it w

ould be w
orth -w

hile considering 
the functioning of the bargraph i.e., w

hich is 
a very 

interesting and useful device. T
he bargraph used is a 

U
237B

 and it is capable of driving up to five l.e.d.'s. A
 

bargraph, incidentally, m
erely consists of a row

 or 
"bar" 

of I.e.d.'s, 
the num

ber 
of l.e.d.'s 

w
hich 

are 
sw

itched on depending upon the input voltage to the 

T
he com

pleted transistor tester in its plastic case w
ith w

oodgrain finish. 
R

A
D

IO
 A

N
D

 E
LE

C
T

R
O

N
C

IS
 C

O
N

S
T

R
U

C
T

O
R

 

circuit. 
In 

the 
case 

of 
the U

237B
 

the 
threshold 

voltages for turning on the five 1.e.d.'s are 0.2 volt, 0.4 
volt, 

0.6 volt, 
0.8 volt and 

1 volt. T
hus, 

an 
input 

voltage of 0.5 volt w
ould cause the first tw

o l.e.d.'s in 
the row

 to be sw
itched on. 

Fig. 1 
show

s 
the 

internal 
arrangem

ent 
of 

the 
U

237B
 

and 
its 

pin 
num

bers. 
T

he 
device 

is 

encapsulated in a standard 8 pin did. plastic package. 
D

1 to D
5 are discrete l.e.d.'s, and are not part of the 

i.e. T
he basis of the i.e. is five voltage com

parators, and 
the input signal is taken to the inverting inputs of all of 
these. T

he non -inverting inputs are fed from
 a stable 

1 volt voltage source, but only com
parator 5 is fed 

from
 direct from

 this source. T
he other four are fed 

from
 

a 
potential 

divider 
w

hich 
consists 

of 
five 

equal -value resistors, and 
w

hich therefore provides 
additional reference voltages of 0.8, 0.6, 0.4 and 0.2 
volt. 

T
hese are 

fed to 
the non -inverting inputs of 

com
parators 4, 3, 2 and 

1 respectively. 
T

he output of each com
parator is low

 (virtually at 
the 

negative supply 
rail potential) 

if the inverting 
input is positive of the non -inverting input, or high (at 
virtually 

the 
full 

positive 
supply 

potential) 
if the 

com
parative 

input 
levels 

are 
reversed. 

T
he 

com
parators are sim

ilar to operational am
plifiers, but 

differ 
slightly 

in 
that 

the 
output 

can 
only 

exist 
betw

een the high 
and low

 
states during the rapid 

transition betw
een the tw

o states due to input signal 
triggering. 

T
his 

ensures that 
each 

1.e.d. 
is either 

turned on or turned off. T
he com

parators also have a 
sm

all am
ount of hysteresis, so that w

hen the input 
voltage 

goes 
above 

the threshold 
potential for an 

1.e.d. 
indicator, 

it 
has 

to 
fall 

slightly 
below

 
that 

threshold voltage (about 10m
V

 less w
ith the U

237B
) 

before 
the 

1.e.d. 
turns 

off 
again. 

T
he 

hysteresis 
prevents flickering of an l.e.d. indicator w

hen the 
input 

voltage 
is 

hovering 
close 

to 
its 

threshold 
voltage. 

W
ith the input voltage at zero, the non -inverting 

inputs of all 
five com

parators in 
Fig. 

1 
w

ill 
be at 

higher potentials than the inverting inputs. A
ll five 

outputs therefore go high, and the transistors driven 
from

 these outputs are all turned on. T
he five l.e.d.'s 

are connected in series and fed from
 a 20m

A
 constant 

current source, but as T
R

1 is turned on it w
ill divert 

the full 20m
A

 current and prevent any of the I.e.d.'s 
from

 lighting up. 
If the input voltage is taken 

above 0.2 volt, the 

inverting input of com
parator 

1 
w

ill 
then 

be 
at 

a 

higher voltage than its non -inverting input, taking its 
output low

 and turning off T
R

1. A
 current then flow

s 

through D
1 and T

R
2 from

 the current source, and D
1 

lights up. H
ow

ever, T
R

2 diverts current aw
ay from

 
the other four l.e.d.'s, w

hich rem
ain extinguished. 

Should the input voltage be taken above 0.4 volt, 
the output of com

parator 2 goes low
 and 

turns off 
T

R
2. T

R
3 rem

ains turned on, and so a current from
 

the current source flow
s through D

1, D
2 and T

R
3, 

w
ith D

1 
and D

2 being turned on 
in consequence. 

T
R

3 effectively short-circuits D
3 to D

5, and these do 
not light up. 

T
he circuit operation should now

 be clear, and 
it 

w
ill be apparent that, as the input voltage goes above 

0.6, 0.8 and 
1 volt, T

R
3 to T

R
5 are in turn sw

itched 
off and D

3 
to D

5 are 
in consequence sw

itched on. 
T

hus, the required circuit action 
is provided. 

A
n 

interesting 
feature 

is 
that 

the 
current 

consum
ption of the circuit rem

ains virtually constant 
regardless of the num

ber of l.e.d.'s w
hich are turned 

on. T
his is due to the series operation of the l.e.d.'s 

M
A

R
C

H
 

1981 

F
ig. 1. 

T
he 

internal 
circuitry 

of 
the 

U
237B

. T
he five resistors all have the 

sam
e value. 

C
O

M
P

O
N

E
N

T
S

 

R
esistors 

(A
ll ; w

att 
5%

 unless otherw
ise stated) 

R
1 

1.2M
S

2 10%
 

R
2 

120kS
/ 

R
3 

33012 

C
apacitor 
C

l 
0.22µF polyester type C

280 

S
em

iconductors 
IC

1 
U

237B
 

D
1 

1N
4148 

D
2 

1N
4148 

D
3 

T
IL209 

D
4 

T
IL

209 

S
w

itches 
S13 -pole 

2 -w
ay 

(3 -pole 
4 -w

ay 
rotary 

w
ith 

adjustable end stop set for 
2 -w

ay) 
S2 s.p.d.t. subm

iniature toggle 
S3 

s.p.s.t. subm
iniature toggle 

M
iscellaneous 
Plastic case (see text) 
V

eroboard, O
lin m

atrix 
9 -volt battery type P

P
3 (see text) 

B
attery connector 

C
ontrol knob 

3 -w
ay D

IN
 socket 

Panel holders for D
3 and D

4 
3 -w

ay D
IN

 plug 
3 

m
iniature crocodile clips 

W
ire, solder, etc. 

425 

www.americanradiohistory.com



A
 sm

all V
eroboard panel takes the U

237B
 and four other com

ponents. 

and the fact that T
R

1 
consum

es the 20m
A

 constant 
current 

w
hen 

none of the 
l.e.d.'s 

is 
alight. M

ost 
bargraph drivers operate the l.e.d.'s in parallel, and 
an equivalent parallel bargraph circuit w

ould have a 
consum

ption of only about 2 or 3m
A

 w
ith no l.e.d.'s 

lit up, but over 100m
A

 w
ith all five turned on. S

eries 

operation therefore gives quite good supply current 
econom

y, but it does m
ean that a low

 supply voltage 
cannot be used. T

his is due to the fact that nearly 
2 

volts is developed across each l.e.d., and 
a further 2 

volts 
is dropped in the constant current 

source. A
 

supply potential 
of at 

least 
12 

volts 
is therefore 

needed if a display w
ith five l.e.d.'s is to be used. 

It is not essential to em
ploy all five l.e.d.'s, and the 

transistor tester uses only tw
o, these being D

l and D
5 

as represented in F
ig. 1. T

he l.e.d.'s w
hich 

are not 
required can sim

ply be replaced by a short-circuiting 
link, and any superfluous outputs of the U

237B
 can 

be left unconnected. 

T
E

N
 L.E

.D
. D

IS
P

LA
Y

 
A

 
ten l.e.d. 

display 
can 

be obtained by 
using 

a 

U
237B

 w
ith a U

247B
 device. T

he U
247B

 is basically 
the sam

e as the U
237B

, the only difference being that 
it provides l.e.d. threshold 

voltages of 0.1, 0.3, 0.5, 
0.7 and 0.9 volt. B

y em
ploying tw

o circuits, one based 
on a U

237B
 and the other based on 

a U
247B

, and 
connecting the tw

o inputs together, l.e.&
 

threshold 
voltages from

 
0.1 

to 
1 

volt 
in 

0.1 
volt 

steps 
are 

obtained. 
O

f course, using 
tw

o devices doubles the supply 
current as w

ell 
as the m

axim
um

 num
ber of l.e.d.'s, 

giving a typical current consum
ption of 50m

A
 instead 

of the 25m
A

 (20m
A

 constant current plus som
e 5m

A
 

operating current) consum
ed by a single device. 

T
here 

are tw
o 

other 
sim

ilar 
i.c.'s, 

nam
ely 

the 
U

257B
 and U

267B
. T

hese give 
a logarithm

ic rather 
than 

a linear scale, w
ith l.e.d. threshold voltages of 

0.1, 0.18, 0.32, 0.5, 0.71, 0.84,1.0,1.19,1.41 and 2.0 
volts. T

hey are m
ainly intended for use in l.e.d. V

U
 

m
eters, and the threshold levels can correspond to 

V
U

 levels of -20, -15, -10, -6, -3,-1.5, 0, +
 1.5, +

3 
and +

6dB
 respectively. 

A
ll 

these 
devices 

are 
available 

from
 

A
m

bit 
International. 
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T
he full circuit diagram

 of the transistor tester is 

provided in F
ig. 2. 

A
s m

entioned earlier, only tw
o 

1.e.d.'s are 
used, 

and these are D
3 and D

4. R
3 couples the input of the 

U
237B

 to the negative supply rail so that there is zero 

input voltage w
hen no test transistor is connected. 

W
e can first consider the circuit w

ith S
I sw

itched to 
the "P

.N
.P

." position and w
ith S

2 selecting R
2. T

he 
em

itter of the p.n.p. test transistor is connected to the 
positive rail and the collector to the negative rail via 
R

3. T
he base couples to the negative rail via R

1 or 
R

2, and D
1 

and D
2. A

 collector current of about 
3m

A
 m

ust flow
 through R

3 to 
m

ake the 
voltage 

across this resistor equal to 
1 volt and cause D

3 and 
D

4 to turn on. A
bout 0.6m

A
 is needed in order to 

give an input voltage to the U
237B

 of 0.2 volt and 
cause D

3 to light up on its ow
ri. 

E
 

2 

?J~
w

I 
S
p
 

R
I
 

H
igh" 2 

R
2 

B
ib 

12 

2 
l 03 

T
IL209 

. 2 
IC

I 
52375 

D
I
 

1N
4148 

1N
414 8 

A
 

T
IL 209 

Lard -outs 

`: 
2 54 =

 %
 

T
IL209- 

S
t 

positons 
I 

N
P

N
. 

2 
P

N
 

P
. 

F
ig. 2. 

T
he 

circuit 
of 

the 
transistor 

tester. 
IC

1 
is 

a 
bargraph 

driver 
connected 

to 
respond 

to tw
o 

input 
voltage levels. 

R
A

D
IO

 A
N

D
 E

LE
C

T
R

O
N

IC
S

 C
O

N
S

T
R

U
C

T
O

R
 

A
 total of about 1.8 volts is dropped in D

i, D
2 and 

the 
base -em

itter 
junction 

of 
the 

test 
transistor 

(assum
ing that this is silicon), and the rem

aining 7.2 
volts causes a base current of approxim

ately 60µA
 to 

flow
 in R

2. If the test transistor has a gain of 10 or 
m

ore D
3 w

ill light up, and if it has a gain of 50 or m
ore 

both D
3 and D

4 w
ill be turned on. If S

2 is set to select 
R

1, the base current is 6µA
 and a current gain of 100 

turns on D
3 and one of 500 causes D

3 and D
4 to light 

u P
utting S

1 to the "N
.P

.N
." position connects the 

test 
transistor collector to. the positive rail and 

its 
em

itter to R
3. T

he base couples to the positive rail via 
R

1 or R
2 according to the position of S

2. T
he test 

transistor now
 functions as an em

itter follow
er w

ith 
the 

em
itter 

current 
flow

ing 
through 

R
3 

and 

producing the input voltage for the U
237B

. D
iodes 

D
l and D

2 are not now
 needed as the voltage drops in 

R
3 and the base bias resistor give roughly the sam

e 
base currents for the test transistor. G

ain checks are 
carried out in the sam

e w
ay as w

ith a p.n.p. transistor. 
S

3 
is the 

on -off sw
itch and C

l 
the supply bypass 

capacitor. T
he current consum

ption of the tester is 
quite high, at about 25m

A
, but a 9 volt battery type 

P
P

3 can be em
ployed as the tester w

ill probably only 
be used for short periods. If, how

ever, frequent and 
prolonged 

use of the 
tester 

is envisaged 
a 

larger 
battery, such as a P

P
9, should be em

ployed instead. 

M
A

R
C

H
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T
he case used for the prototype is plastic w

ith 
a 

w
oodgrain 

finish, 
a 

push -fit lid, 
and 

approxim
ate 

dim
ensions of 145 by 72 by 50m

m
. T

his case is a type 
M

B
5 

and is available from
 A

m
bit International. A

 
larger 

case 
w

ould be 
required if 

a 
P

P
9 battery 

is 

em
ployed. 

T
he case is used upside-dow

n, as it w
ere, so that the 

lid becom
es 

a rem
ovable base panel. O

ne of the 145 
by 50m

m
 sides of the case becom

es the front panel, 
and the three controls and test socket are m

ounted on 
this, as can 

be seen from
 the photographs. T

he test 
socket is 

a 3 -w
ay D

IN
 type, and m

any sm
all -signal 

transistors 
can 

be 
connected 

to 
this 

w
ith 

little 
difficulty. A

 few
 types, m

ainly 
pow

er devices, w
ill 

not, and a set of test leads m
ust be m

ade up 
so that 

these can be connected to the tester. T
he set m

erely 
consists of three short insulated leads fitted to a 3 -w

ay 
D

IN
 plug at one end and to three m

iniature crocodile 
clips at the other. T

he leads should have different 
colours so that they can be readily identified, and the 
clips are connected to the 

appropriate term
inals of 

the 
test transistor. 

C
I, IC

1, D
1, D

2 and R
3 are m

ounted on a 0.1in 
pitch V

eroboard w
hich 

has 
15 copper strips by 

12 
holes. R

1 and R
2 are m

ounted direct betw
een the test 

T
he 

V
eroboard 

panel 
w

ired to the front 
panel 

com
ponents and ready to 

be m
ounted in place. 
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O
n the front panel, from

 left to right, 
are the test transistor socket, D

3 and 
D

4, S2, 
S1 and 

S3. 

socket and 
S2. 

Fig. 
3 

provides details of both the 
V

eroboard panel and the other w
iring of the tester. 

B
e careful not to om

it the four breaks in the copper 
strips or any of the link w

ires. T
he m

ounting holes in 
the com

ponent panel are 3.3m
m

 in diam
eter and w

ill 
accept either 6B

A
 

or M
3 

screw
s. 

T
he com

pleted 
com

ponent panel is m
ounted at any convenient place 

on the base panel of the case after all the w
iring has 

been com
pleted. 

F
ig. 3. 

W
iring 

and 
layout 

on 
the 

V
eroboard panel. A

lso show
n are the 

connections 
to 

the 
front 

panel 
com

ponents. 

U
S

IN
G

 T
H

E
 T

E
S

T
E

R
 

T
he tester is very straightforw

ard to use. W
ith the 

unit sw
itched 

on 
by m

eans of S3, 
S1 

is set to the 
appropriate m

ode for the device under test (p.n.p. or 
n.p.n.) and the em

itter and collector leads of the test 
transistor 

are 
connected 

to 
the 

tester. 
O

nly 
the 

leakage current of the device w
ill then flow

, and for 
silicon devices this should be too sm

all to cause either 
D

3 or D
4 to sw

itch on. G
erm

anium
 transistors tend 

to have rather high leakage currents and a perfectly 
satisfactory device m

ay w
ell cause D

3 to turn on. 
H

ow
ever, it is unlikely that the test device w

ill be a 
serviceable com

ponent if both D
3 and D

4 light up. It 
should be borne 

in m
ind 

that a 
rather optim

istic 
indication of a device's gain w

ill be obtained if it has a 
high leakage current, due to the fact that the leakage 
current flow

s in 
addition 

to any 
collector current 

produced by a base bias current. It is only germ
anium

 
transistors 

w
hich 

are 
liable 

to 
cause 

any 
serious 

leakage current difficulties. 
T

o test norm
al transistors for gain, S2 is set to the 

"L
ow

" position and the base lead of the test transistor 
is connected to the tester. 

D
3 then lights up if the 

device has a current gain of m
ore than 10 tim

es, and 
D

4 w
ill additionally sw

itch on if the current gain is in 
excess of 50. For high gain devices such as the B

C
109, 

B
C

169, etc., 
S2 

can 
be 

sw
itched 

to 
the 

"H
igh" 

position, and the nom
inal gain threshold levels of D

3 
and D

4 then becom
e 

100 and 500 respectively. If 
neither of the l.e.d. indicators turns on w

hen. S2 is in 
the "L

ow
" position, then the test device either has an 

extrem
ely 

low
 

gain 
or, 

m
ore 

probably, 
it 

is 
open -circuit. In either case it is unlikely to be of any 
practical value. 

In order to check a diode, this is connected betw
een 

the 
em

itter and 
collector 

test leads. 
B

oth 
I.e.d.'s 

should turn off w
ith 

S1 
in 

one position, 
and they 

should both 
turn 

on 
w

hen 
it 

is 
set to the 

other 
position. If the 

l.e.d.'s 
light 

up 
w

ith 
S1 

in 
both 

positions the test diode is short-circuit. It has gone 
open -circuit if the 1.e.d.'s fail to turn on at all. 

M
ail O

rder P
rotection S

chem
e 

T
he publishers of this m

agazine have given to 
the D

irector G
eneral of Fair T

rading an under- 
taking 

to refund 
m

oney sent 
by readers 

in 
response to m

ail order advertisem
ents placed in 

this m
agazine by m

ail order traders w
ho have 

becom
e 

the 
subject of 

liquidation 
or 

ban- 
kruptcy proceedings 

and w
ho 

fail 
to supply 

goods 
or 

refund 
m

oney. 
T

hese 
refunds 

are 
m

ade voluntarily and are subject to proof that 
paym

ent w
as m

ade to the advertiser for goods 
ordered 

through 
an 

advertisem
ent 

in 
this 

m
agazine. T

he arrangem
ent does not apply to 

any 
falure 

to 
supply 

goods advertised 
in 

a 
catalogue or direct m

ail solicitation. 

If a m
ail order trader fails, readers are advised 

to lodge a claim
 w

ith the A
dvertisem

ent M
anager 

of this m
agazine 

w
ithin 3 m

onths of the appear- 
ance of the advertisem

ent. 

For 
the 

purpose 
of 

this 
schem

e 
m

ail 
order 

advertising is defined as: 

"D
irect response advertisem

ents, display or 
postal bargains w

here cash has to be sent in 
advance of goods being delivered." 

C
lassified and catalogue m

ail order advertising 
are excluded. 

T
R

A
D

E
 N

E
W

S
 

G
O

L
D

 M
E

D
A

L
 FO

R
 B

R
IT

ISH
 C

O
M

PA
N

Y
 A

T
 

C
Z

E
C

H
O

SL
O

V
A

K
IA

N
 T

R
A

D
E
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T

he T
handar SC

110 portable oscilloscope from
 

Sinclair E
lectronics L

td., of L
ondon R

oad, St. Ives, 
H

untingdon, w
as the only B

ritish product to w
in a 

gold m
edal at the 1980 B

R
N

O
 T

rade Fair in C
zecho- 

slovakia. 
T

he B
R

N
O

 exhibition is the largest trade fair held 
in 

eastern europe, 
and from

 
the several thousand 

exhibitors, only 40 gold m
edals w

ere aw
arded. 

T
he S

C
110 is a truly portable professional oscill- 

oscope, fitting easily into a briefcase or toolkit, and 
w

eighing less than 21 lbs, w
ith a 2 in. C

.R
.T

. T
he basic 

specification of single trace, I0M
H

z bandw
idth and 

10m
V

 sensitivity com
bined w

ith attractive styling, 
low

 pow
er consum

ption; m
ains or battery operation 

m
ake the SC

110 one of the m
ost flexible pieces of test 

equipm
ent on the m

arket, equally suitable for use in 
field 

service, 
laboratory, 

technical 
education, 

hr 
am

ateur electronics. 

PR
E

ST
E

L
 M

A
D

E
 C

H
E

A
PE

R
 

A
n adaptor costing under £200 that w

ill turn an 
ordinary T

V
 set into a Prestel term

inal is being m
ar- 

keted by Z
ycor L

im
ited of 33 Fortess R

oad, L
ondon, 

N
W

5 lA
D

. 
"T

his m
eans that users can get the com

plete Prestel 
com

puter -based inform
ation service w

ith full colour 
display for about £400 less than w

ith a purpose-built 
set," claim

s K
en W

illiam
s, the com

pany's m
anaging 

director. 
H

e believes that the m
icroprocessor based adaptor, 

developed 
at a cost 

of over £100,000 exclusive 
of 

D
epartm

ent of Industry support, w
ill help open up 

the 
m

arket for Prestel. A
t 

present there 
are 

only 
6,700 U

K
 Prestel users, m

ainly business, w
ho have 

'access to 170,000 pages of inform
ation. T

he adaptor 
w

ill also reduce the cost of setting up private view
data 

system
s. 

A
n ordinary T

V
 receiver is sim

ply converted -by 
connecting the Post O

ffice approved unit to the set 
aerial socket. A

s the adaptor is portable it 
can be 

taken hom
e from

 the office at evenings and w
eekends 

for 
use 

w
ith 

an 
existing 

dom
estic 

T
V

 
receiver. 

C
onform

ing 
to Issue 

6 
Prestel 

T
erm

inal 
Specific- 

ation, it can be used w
ith any size of screen. 

T
he adaptor, designated T

eledek 2000, has also 
been designed for export. 

Inform
ation can be dis- 

played in G
erm

an and Sw
edish and it w

ill produce vhf 

signals and a range of uhf signals in addition to those 
used in the U

K
. It accepts U

K
, E

uropean, U
S and 

A
ustralasian m

ains supply voltages. 
Sockets 

are 
provided 

to connect 
the 

unit 
to 

a 

printer that w
ill reproduce both characters and graph- 

ics and to any dom
estic type tape recorder for record- 

ing and replaying displayed inform
ation. A

 socket is 
also provided to allow

 the adaptor to be connected to 
T

V
 m

onitors and the em
erging range of T

V
 receivers, 

such as the T
horn T

X
, w

hich allow
 the T

V
 tube to be 

connected directly to the adaptor. 
W

hen 
sw

itched 
on, 

T
eledek 

2000 
displays 

a 
"m

enu" of telephone num
bers. T

he user m
ay select 

any of these num
bers by pressing one button on his 

keypad and he is then autom
atically connected to the 

selected Prestel/view
data com

puter. 
T

he T
eledek 2000 cabinet has a finish sim

ilar to 
rosew

ood, designed to suit both hom
e and office en- 

vironm
ents. It can be put on top of a T

V
 set, on a desk 

or table. 

T
H

E
 "R

E
L

IA
N

C
E

" M
O

U
L

D
E

D
 PL

U
G

 L
E

A
D

 

B
IC

C
 G

eneral C
ables L

im
ited exhibited the new

 
13 am

p "R
eliance" m

oulded plug lead at the Inter- 
national D

om
estic E

lectrical 
A

ppliance T
rade Fair 

held at the N
E

C
 B

irm
ingham

 from
 13 - 15 January 

1981. 
T

he availability of m
oulded plug leads from

 B
IC

C
 

represents 
a m

ajor step forw
ard 

to both 
user and 

m
anufacturer in 

term
s 

of safety 
and convenience, 

since goods m
ay be supplied ready for m

ains conn- 
ection w

ithout risk of faulty plug fitting by the con- 
sum

er. 
In addition, B

IC
C

 show
ed a range of m

oulded plug 
leads to E

uropean, A
m

erican and A
ustralian stand- 

ards and 
an extensive range of flexible cables and 

Stretchiflex - 16 in. of flex that extends to over 5 ft. 
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yO
r 

ó 
shop, 

O
H

M
'S

 
LA

W
 

R
E

V
IS

IT
E

D
 

A
lw

ays read the sm
all print 

T
he 

M
onday m

orning 
post 

had 
arrived, and S

m
ithy w

as 
cheerfully 

w
orking 

his 
w

ay 
through the bills, invoices and 
delivery advices, 

all of w
hich 

had been safely delivered 
as a 

result of the dedicated labours 
of 

m
anual 

letter sorters, old- 
fashioned m

ail 
train staff and 

stout honest postm
en, none of 

w
hom

 
had 

any 
connection 

w
hatsoever 

w
ith 

this 
new

- 
fangled all -electronic data pro- 
cessing breakaw

ay calledeB
rit- 

ish T
elecom

m
unications. P

ut a 
first class stam

p on your letter 
and 

its 
addressee 

m
ay 

w
ell 

receive it no later than the fol- 
low

ing 
day 

(or the 
follow

ing 
w

eek, 
fortnight, 

m
onth 

or 
year). 

G
ood 

steady 
plodding 

handling and direction of cor- 
respondence, w

ith not even 
a 

thought about 
m

egabauds 
or 

m
egabits per second. 
S

m
ithy opened up tw

o very 
large envelopes and looked at 
their 

contents 
w

ith 
satisfac- 

tion. 

F
U

LL C
A

B
IN

E
T

 
"H

ere w
e are, D

ick," 
he cal- 

led 
out. 

"T
w

o 
m

ore 
service 

m
anuals! 

C
ould you put them

 
in the filing cabinet for m

e?" 
D

ick turned 
round from

 his 
bench, on w

hich rested a shiny 
m

ulti -knobbed 
stereo 

m
usic 

centre, 
"P

ut in tw
o m

ore m
anuals?" 

he repeated. "Y
ou've got to be 

joking. 
T

hat 
filing 

cabinet of 

ours is so jam
-packed w

ith ser- 
vice 

m
anuals that you need 

a 

tyre lever just to get one out!" 
"N

onsense," 
retorted 

S
m

ithy. 
"T

he 
contents 

just 
need to 

be rearranged a bit." 
"Y

ou 
can't 

rearrange 
w

hat 
has becom

e a solid m
onolithic 

m
ass 

of 
paper," 

said 
D

ick. 
"W

hy the 
heck do w

e w
ant so 

m
any m

anuals anyw
ay?" 

"S
ervice m

anuals," intoned 
S

m
ithy 

pom
pously, 

"are 
essential for the proper execu- 
tion of our servicing duties. A

 
service 

m
anual tells 

you 
the 

circuit and 
layout 

of 
the 

set 
you're 

fixing. 
F

or 
instance, 

have you 
got out the m

anual 
for that 

m
usic 

centre you're 
repairing?" 

"A
s 

it 
happens," 

adm
itted 

D
ick, "I have. A

nd 
I needed tw

o 
long -nosed pliers to pull it out 
of the tight -packed w

ad in that 
cupboard!" 

"W
ell 

then," 
said 

S
m

ithy, 
ignoring 

D
ick's 

com
m

ent, 
"that show

s that you are rely- 
ing on the m

anual to sort out 
your fault." 

S
m

ithy 
m

issed 
the 

gleam
 

that suddenly 
arose 

in 
D

ick's 
eyes 

and 
w

hich 
w

as just 
as 

quickly suppressed. 
"A

re you saying," D
ick asked 

innocently, 
"that 

w
e 

should 
rely on the service m

anual for 
all the inform

ation in the circuit 
of a particular set?" 

"I am
," confirm

ed S
m

ithy. 
"V

ery w
ell then," said D

ick, 

"com
e 

and take 
a look at the 

a.f. 
am

plifier 
and 

oùtput cir- 
cuitry for this m

usic centre." 
O

bligingly, S
m

ithy rose from
 

his stool 
and crossed over to 

his assistant's side. D
ick pulled 

the 
service 

m
anual 

for 
the 

m
usic centre to 

a clear part of 
his 

bench 
and pointed 

at the 
a.f. am

plifying 
stages for the 

right hand channel. (F
ig.1.) 

'T
hat," com

m
ented S

m
ithy, 

"looks 
nice 

and 
straightfor- 

w
ard to m

e. T
R

5 and 
T

R
6 are 

the output transistors, and they 
are preceded by T

R
3 and T

R
4. 

T
R

3 and T
R

5 are in a com
posite 

circuit 
w

ith 
100%

 
negative 

feedback 
and they 

act 
like 

a 

single em
itter follow

er having 
a 

very 
high 

level 
of 

current 
gain. 

T
R

4 and 
T

R
6 are 

in the 
sam

e sort of com
posite circuit 

but 
w

ith 
polarities 

reversed, 
and these tw

o transistors also 
act like a single, very high cur- 
rent gain, em

itter follow
er. T

he 
output 

transistors 
couple 

through the tw
o 

10 
resistors 

and 
C

11 
to 

the 
right 

hand 
speaker." 

"V
ia the phone socket." 

"V
ia 

the 
phone 

socket," 
agreed 

S
m

ithy. 
"T

he 
phone 

socket 
does rather 

a com
pli- 

cated 
bit of 

sw
itching 

w
hich 

causes both speakers to be sil- 
enced 

w
hen 

a 
stereo 

head- 
phone plug is inserted. T

he tw
o 

stereo phones then connect to 
the am

plifier outputs by w
ay of 

2700 resistors." 

"T
R

2 w
ill be the driver trans- 

istor?" 
"lt w

ill 
be, 

said S
m

ithy. "It 
acts as a com

m
on em

itter am
p- 

lifier 
and 

its 
collector 

load, 
above the tw

o bias diodes, 
D

1 
and 

D
2, consists of the 

resis- 
tors 

R
9 

and 
R

10. 
Y

ou'll 
note 

that the output of the am
plifier 

couples back to the bottom
 of 

the electrolytic 
capacitor, 

C
5. 

T
his connects into the junction 

of R
9 and R

10 and gives a boot- 
strap effect for the collector of 
T

R
2." 

N
E

G
A

T
IV

E
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E
E

D
B

A
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"T
he 

output 
also 

couples 
backto R

8," put in D
ick, "w

hich 
then 

goes 
to 

the 
em

itter 
of 

T
R

1." 
"T

rue," 
confirm

ed 
S

m
ithy. 

"T
here's 

a negative feedback 
loop there. T

R
1 

collector con- 
nects 

to 
the 

base 
of 

T
R

2. 
B

ecause of this, T
R

1 
em

itter is 
out of phase w

ith the am
plifier 

output. 
If 

T
R

1 
em

itter 
goes 

positive so also does its collec- 
tor and the base of T

R
2. S

ince 
T

R
2 is a com

m
on em

itter am
p- 

lifier, 
its 

collector 
then 

goes 
negative and causes the am

p- 
lifier output to go negative, too. 
In consequence the em

itter of 

R
I
 

390kn 

C
I 

O
 IyF

 
-
1
 

R
H

 
1/P

 

V
R

I 
. 

IO
O

kn: 
V

olum
e 

R
5 

I80n 

R
3 

Ikn 
T

R
I 

B
C

214L 

R
2 

330kn R
4 

J.S
kn 

A
 

1 voltages re olive to chossi 

token w
ith 200000/V

 m
eter 

K
ID

 

C
3 

330 
9F

 

R
6 

27kn T
R

1 
can be looked upon 

as an 
inverting input for the w

hole 
am

plifier. 
T

he 
electrolytic 

capacitor, 
C

3, 
has 

very 
low

 
im

pedance 
at audio 

frequen- 
cies and the voltage gain of the 
am

plifier is equal to R
8 divided 

by 
R

7, 
or 

1.5kO
 

divided 
by 

150." 
D

ick 
reached 

forw
ard 

and 
drew

 
a 

pocket 
calculator 

tow
ards him

. 
"Let's see now

," he frow
ned, 

as 
he 

punched 
the 

buttons. 
"T

hat's 
1,500 

divided 
by 

15. 
W

hy, it's exactly 100!" 
"O

f course it is, you blither- 
ing 

idiot," 
snorted 

S
m

ithy. 
"Y

ou don't need a calculator to 
tell you that. S

o okay then, the 
voltage gain of the w

hole am
p- 

lifier is 100 tim
es. T

he a.f. input 
from

 
the 

volum
e 

control 
is 

taken to the base of T
R

1, w
hich 

acts 
as 

a 
non -inverting input. 

S
ince 

C
3 

can 
be assum

ed 
to 

have 
a very high resistance at 

d.c., the am
plifier d.c. negative 

feedback is 
100%

." 
"W

hat does that m
ean?" 

S
m

ithy 
looked 

aw
ay 

from
 

the circuit and 
glanced 

at his 
assistant. 

"It 
m

eans," 
he 

said, 
"that 

you 
can 

set 
up 

the quiescent 

C
5 

47yF
w

m
 

C
4 

2000pF
 

R
B

 
h5kn 
N

"N
 1-2kn 

E
M

U
 

R
7
 

0
 
2
 

1
5
n
 

R
io 

2.7 kn 

R
13 

270n 

C
7 

IO
O

pF
 

144'41 

1
 

T
R
3
 

1
2
2
 0
1
 

B
C

337 
R

15 
In 

R
12 

T
R

4 
kn 

B
C

327 

T
R

2 
C

B
 

B
C

182L 

R
II 

39n 

100 
C

6 
pF

 
i
M
)
 

R
I4 

P
F

 
270n 

0
6
 T

R
6 

B
02434 

L.H
. 0/P

 

output voltage of the am
plifier 

to 
a 

m
id -supply 

voltage 
by 

applying 
a suitable voltage to 

the base of T
R

1." 
"W

ell," 
said 

D
ick 

blandly, 
"that 

seem
s 

to 
cover 

every- 
thing. D

id you notice that this 
circuit diagram

 also show
s vol- 

tages?" 
"D

oes it?" rem
arked S

m
ithy 

absent-m
indedly as he peered 

dow
n 

at 
the 

circuit 
again. 

"W
hy, so it does. T

he voltages 
are given inside little rectang- 
les at the various parts of the 
circuit, and they w

ill doubtless 
be w

ith respect to the negative 
rail. W

hich only goes to show
 

how
 very useful service m

anu- 
als can be. 

N
ot only does this 

one 
give details of the circuit 

but it also show
s you the vol- 

tages you should get in it." 
"I suppose," stated D

ick in 
a 

guileless voice, "that you 
can 

also find out the currents w
hich 

flow
 in the circuit by looking at 

these voltages." 
H

ad this 
not 

been M
onday 

m
orning 

(and, 
let's 

face 
it, 

nobody can be at their best on 
any 

M
onday 

m
orning) 

the 
w

arning bells w
ould have been 

ringing 
loud 

and 
clear 

for 
S

m
ithy 

by 
this tim

e. 
B

ut 
he 

14501 

J. 
C

10 

T
R

5 

B
D

244A
 

R
1
6
 

k
s
 

C
I 

I 

15009F
 

'0 R
I7 

lO
n 

O
 IyF

 

R
I8 

270n 

270 

R
.H

. 

L.S
. 

!
 

S
tereo 

phones 
socket 

L.H
. 

L5. 

F
ig.1. 

T
he right hand 

a.f. am
plifier and output stages of the m

usic centre 
under repair by D

ick. T
he figures in rectangles are voltage indications under 

quiescent conditions. T
his is a slightly sim

plified version of the corresponding 
stages in the U

ltra 6921 
S

tereo M
usic C

entre. 
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F
ig.2. 

T
w

o equations for 
O

hm
's Law

. 

blundered on, 
headed straight 

for D
ick's little trap. 

"Y
es," he agreed, "you can 

tell 
the 

currents 
w

hich 
flow

 
from

 the voltages. B
ut only 

if 
there is a resistance for the cur- 
rent to flow

 through. A
fter that 

it's 
straightforw

ard 
O

hm
's 

Law
." 

O
H

M
'S

 LA
W

 
"W

hich 
states," 

said 
D

ick, 
"that resistance is equal to vol- 
tage divided by current." 

"P
recisely," 

responded 
S

m
ithy, "and if you 

m
ove the 

quantities 
in 

the 
equation 

round 
a 

bit, O
hm

's Law
 also 

says 
that 

current 
is 

equal 
to 

voltage divided by resistance." 
(F

ig.2.) 
"H

ow
 about finding the col- 

lector current of T
R

4 from
 the 

voltage 
dropped 

across 
the 

2700 resistor R
14? T

he m
anual 

says that there's 0.6 volt drop- 
ped 

across 
that 

resistor." 
(F

ig.3.) 
"T

hat 
one's 

no 
good," 

replied 
S

m
ithy. 

"T
he 

base - 

em
itter junction of T

R
6 

is con- 
nected across 

R
14 and that 0.6 

volt is m
erely the forw

ard vol- 
tage dropped 

across this junc- 
tion." 

"T
hen," said D

ick, "the cur- 
rent 

flow
ing 

in 
the 

resistor 
m

ust be the current required to 
cause 0.6 volt to appear across 
it. Let's just try it for size any- 
w

ay - 0.6 divided by 270." 
D

ick pressed the buttons on 
his calculator. 

F
ig.3. 

T
he 

base -em
itter 

junction 
of 

T
R

6 
causes 

the voltage across R
14 to 

be 0.6 volt. 

R
A

D
IO

 

"W
ell, 

blow
 

m
e," 

he 
rem

arked. 
"A

nother 
sim

ple 
answ

er." 
"W

hat 
does 

the 
calculator 

say?" 
"0.0022222!" 
"F

or goodness sake," grated 
S

m
ithy, 

"just 
because 

a 
cal- 

culator has a lot of figures in its 
display 

it 
doesn't 

m
ean 

that 
you have to 

use them
 all. T

hat 
27O

í 
resistor 

w
ill 

be 
a 

5%
 

com
ponent and so an 

answ
er 

to 2 significant figures is m
ore 

than near enough. Let's say the 
current is 0.0022." 

"0.0022 w
hat?" 

"A
m

ps, 
of 

course. 
W

e're 
using volts and ohm

s and 
so 

the answ
er com

es out in am
ps. 

0.0022 am
ps 

is 
the 

sam
e 

as 
2.2m

A
, and so w

e can say that 
the current in the 2700 resistor 
has to 

be 2.2m
A

 for 0.6 volt to 
appear across 

it. 
T

his m
eans 

that the collector current of T
R

4 
has to 

be at least 
2.2m

A
. A

ny 
current above that level flow

s 
through the base -em

itter junc- 
tion of T

R
6." 

"Let's try another one," said 
D

ick. 
"Let's find 

the collector 
current of T

R
1 from

 the voltage 
dropped 

across 
R

4. T
he m

an- 
ual 

says that this is 
0.8 volt." 

(F
ig.4.) 

F
ig.4. 

T
he voltages at the 

em
itter 

of 
T

R
2 

and the 
collector of T

R
I. 

"W
e've 

got 
problem

s 
w

ith 
another 

base -em
itter junction 

here," responded S
m

ithy. "A
s 

you can see, the voltage drop- 
ped across R

11 
is 

0.2 volt, and 
the 

voltage 
across 

R
4 

is 
just 

that 
0.2 volt plus 

the 
0.6 volt 

dropped 
across 

the 
base - 

em
itter junction of T

R
2. H

ow
- 

ever, w
e can find the 

current 
w

hich 
flow

s 
in 

R
11, 

and this 
w

ill 
be 

the em
itter current of 

T
R

2. T
ry it out, D

ick, 0.2 divided 
by 39." 

"R
ighty-ho," 

said 
D

ick. 
H

e 
m

anipulated the buttons on his 
calculator. 

"T
he answ

er, to 
2 

significant figures, is 0.0051." 
"W

hich," chim
ed in S

m
ithy, 

"is 5.1 m
A

." 
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R
6 

!4s of 

F
ig.5. 

T
he 

voltage 
fig- 

ures 
here 

point 
to 

a 

potential difference of 6.3 
volts betw

een 
the em

it- 
ter of T

R
1 

and the end of 
R

3 w
hich is rem

ote from
 

T
R

1 
base. 

"T
here's 

another 
resistor," 

said D
ick in a tone of excessive 

chattiness, 
"w

hich 
doesn't 

have 
a 

base -em
itter junction 

across 
it. 

B
ut 

it 
does 

have 
a 

base -em
itter junction in series 

w
ith it." 
"W

hich 
one," 

asked 
the 

unw
itting S

m
ithy, "is that?" 

G
esturing 

w
ith 

a contrived 
carelessness, 

D
ick pointed 

to 
R

3. (F
ig.5.) 

"T
here's 

21.1 
volts 

on the 
em

itter 
of 

T
R

1," 
he 

stated, 
"and there's 

14.8 volts 
at the 

end of R
3 w

hich is rem
ote from

 
T

R
1 

base." 
H

e stabbed at the 
calculator keys once m

ore. "S
o 

there's 
a 

voltage 
difference 

betw
een those tw

o points of, 
let m

e see now
, 6.3 volts." 

"T
hat seem

s to 
be correct," 

said S
m

ithy. "W
e can next say 

that there's 0.6 volt dropped in 
the 

base -em
itter 

junction 
of 

T
R

1, w
ith 

the 
result that the 

actual voltage drop across 
R

3 
is 5.7 volts." 

D
ick succeeded 

m
anfully in 

m
aintaining 

a straight face. 
"T

he current in that resistor, 
then," he rem

arked, "m
ust be 

5.7 volts divided by 1k1-1. S
o w

e 
get 5.7 divided by 1,000 w

hich 
is, w

ait 
a m

inute now
, 0.0057 

am
p." 

"A
nd that's 

5.7m
A

," 
stated 

S
m

ithy. "Y
ou didn't need to go 

through the am
p business w

ith 
this one, 

incidentally, because 
if you divide volts 

by kilohm
s 

you 
get 

m
illiam

ps 
straighta- 

w
ay. 5.7 volts divided by 1 kO

 is 

5.7m
A

." 
"A

nd 
that's 

the 
current 

in 

R
3?" 
"O

f 
course 

it 
is," 

said 

M
A

R
C

H
 1981 

S
m

ithy, 
irritated. 

W
e've 

just 
w

orked it out, haven't w
e?" 

"U
sing 

the 
voltages 

indi- 
cated in the service 

m
anual?" 

"W
hat else? 

If they're in the 
m

anual they m
ust be correct." 

D
ick sm

iled cheerfully. 
"W

hat are you grinning at?" 
asked S

m
ithy suspiciously. 

D
ick continued to sm

ile. 
"F

or 
goodness' 

sake," 
exploded S

m
ithy. "It's like talk- 

ing 
to 

a 
C

heshire 
cat 

having 
you in front of m

e." 
"5.7 m

A
7" 

"5.7m
A

," 
repeated 

S
m

ithy 
firm

ly. 
"W

here," 
asked 

D
ick 

sw
eetly, "is that 5.7m

A
 going 

to 
com

e from
?" 

S
m

ithy looked dow
n 

at 
the 

circuit, exam
ined it closely and 

frow
ned. 

"T
here's 

som
ething 

funny 
here," he stated slow

ly. "T
hat 

5.7m
A

 is the base bias current 
for 

T
R

1 
but, 

looking 
at 

the 
value of R

1, 
it's far, far higher 

than 
the 

actual 
base 

current 
possibly could be." 

"W
e 

can 
at 

least 
find 

the 
em

itter current for T
R

I," put in 
D

ick 
quickly. 

"T
he 

am
plifier 

output voltage is 22 volts 
and 

the voltage at T
R

1 em
itter is the 

21.1 volts w
e've already seen, 

S
o 

there's 
0.9 

volt 
dropped 

across 
the 

1.5kO
 

feedback 
resistor, R

8." (F
ig.6.) 

S
m

ithy w
as m

ore than stric- 
ken by the turn of events. 

"C
heck 

it out," 
he 

ordered 
hollow

ly. 
"D

ivide 
0.9 

by 
1.5 

and 
you'll 

get 
an 

answ
er 

directly in m
illiam

ps." 
B

ut D
ick had already antici- 

pated S
m

ithy's w
ishes. 

F
ig.6. 

T
he 

em
itter 

cur- 
rent of T

R
1 

can be calcu- 
lated from

 the value of R
8 

and 
the 

voltage 
across 

this resistor. 
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"T
he answ

er," he said, pres- 
sing the 

"equals" 
key on 

his 
calculator, "is 0.6m

A
." 

"T
hen 

how
 

in 
blazes," 

queried 
S

m
ithy 

desperately, 
"can that transistor take 

a base 
current of 5.7m

A
 w

hen its em
it- 

ter current is only 0.6m
A

?" 
H

e looked closely at the ser- 
vice 

m
anual 

circuit 
diagram

. 
T

his included the identical left 
hand channel am

plifier as w
ell 

as 
the 

right 
hand 

channel 
w

hich S
m

ithy had been w
ork- 

ing w
ith. T

R
1 

appeared in 
pre- 

cisely the sam
e configuration. 

P
rinted in the left hand channel 

circuit against the em
itter w

as 
the 

num
ber 21.1, and 

printed 
against the rem

ote end of the 
base resistor w

as the num
ber 

14.8. 
S

m
ithy 

gazed unbeliev- 
ingly 

at the figures 
nested 

in 
their little rectangles. 

M
Y

S
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E
R

Y
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E
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"Is 
the 

service 
m

anual 
w

rong?" 
"It 

can't 
be," 

said 
S

m
ithy. 

T
here w

as a note of despair in 
his voice. 

"W
ell, 

you're 
the 

service 
m

anual 
buff," 

continued 
D

ick 
relentlessly. "Y

ou're 
the 

one 
w

ho 
says w

e should 
use ser- 

vice m
anuals all the tim

e." 
"D

on't 
keep 

on," 
said 

S
m

ithy. 
"Y

ou're 
m

iffed," 
accused 

D
ick. "Y

ou're 
m

iffed 
because 

that base current is all w
rong." 

"I'm
 not 

m
iffed," 

snapped 
S

m
ithy. "N

ow
 belt up w

hilst 
I 

think about 
it. T

he em
itter cur- 

rent of T
R

1 
is 0.6m

A
 and this 

747kn 

+
45V

 

R
6 

27kn 

R
I
 

390kn 

R
2
 

330 kn (
o
)
 

transistor 
is 

bound to 
have 

a 

current 
gain 

of 
around, 

say, 
200 tim

es, and so the base cur- 
rent 

w
ill 

be 
quite 

tiny, 
at 

around 3µA
. A

nd yet I've just 
w

orked it out as being 
no less 

than 5.7m
A

!" 
H

e 
scow

led 
dow

n 
at 

the 
am

plifier circuit. 
"Let's w

orkout the voltage at 
the rem

ote end of R
3," he said 

w
earily, 

"assum
ing 

that 
there's 

no 
base 

current 
to 

T
R

1." 
"H

ow
 do w

e do that?" 
"W

e 
look 

at 
the 

potential 
divider given by R

6, 
R

1 and R
2. 

T
hese 

resistors 
are 

27kí2, 
390kO

 and 330kO
. 

I don't need 
your calculator to tell 

m
e that 

this lot adds up to 747kfl. A
nd 

across ail three resistors is the 
supply voltage of 45 volts. T

he 
voltage across R

2 w
ill then be 

equal to 45 divided by 747 and 
m

ultiplied by 330. T
ry that out 

on your calculator." (F
ig.7(a).) 

O
bediently, 

D
ick carried out 

the calculation. 
"T

he answ
er," 

he said, 
"is 

just short of 20 volts." 
"W

hich 
is 

w
hat 

w
e'd 

expect," sighed S
m

ithy m
iser- 

ably. "W
hy, oh w

hy, does the 
service 

m
anual 

say 
14.8 

volts?" 
D

ick decided 
to 

let the S
er- 

vicem
an off the hook. 

"Just take a look low
er dow

n 
in the diagram

." 
T

he unhappy S
m

ithy gazed 
at 

the diagram
, 

and 
his 

eyes 
suddenly narrow

ed as he read 
the 

sentence: 
"A

ll 
voltages 

relative to chassis, taken w
ith 

20,00052/volt m
eter". 

616kn 

+
45V

 

1a76 

2kn 

R
I
 

39O
kn 

R
K
 

199kn 
96 ye I4 -5V

 

(b) 

F
ig.7(a). 

R
6, R

1 
and R

2 effectively form
 a potential 

divider across the 45 volt supply. W
ith no current 

draw
n from

 R
2, the voltage across it calculates at 

approxim
ately 20 volts. 

(b). 
In this potential divider, R

X
 is the resis- 

tance given by 330162 and 500142 in parallel. 
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"Y
e 

gods," 
he 

breathed 
softly, "of course, 

of course! 
T

hat's w
hat's causing the low

 
voltage reading printed on the 
circuit diagram

. Let's 
say that 

the chap 
taking the 

m
easure- 

m
ents 

in 
the 

m
anufacturer's 

laboratory 
had got 

his 
m

eter 
sw

itched to a 25 volt range. T
he 

m
eter w

ould 
then 

have 
put 

500kí2 across R
2." 

S
m

ithy 
grabbed D

ick's 
cal- 

culator and pushed the buttons 
furiously. 

"330kO
 and 500k12 

in paral- 
lel," he w

ent on, "give 
199kí2 

N
ow

 let's w
ork out w

hat the 
voltage w

ould be if the bottom
 

resistance 
in 

the 
potential 

divider 
w

as 
199k12 

instead 
of 

330kí2." 
4F

ig.7(b).) 
S

m
ithy continued to w

ork at 
the problem

. 
"T

he calculated voltage," he 
said, "is 

14.5 volts. 
W

hich 
is 

near enough to the figure in the 
service m

anual to m
ake sense. 

T
he low

 voltage 
indication 

in 
the m

anual w
as sim

ply due to 
the 

resistance 
of 

the 
m

eter 
w

hich 
took the voltage 

read- 
ing!" 

"S
o 

the 
service 

m
anual 

is 

correct?" 
"O

f 
course 

it's 
correct," 

replied 
S

m
ithy 

shortly. 
"Y

ou 
can 

alw
ays 

trust 
a 

service 
m

anual." 
"Y

ou 
w

ere 
beginning 

to 
have 

your 
doubts about 

this 
one, though." 

"A
ll right," adm

itted S
m

ithy. 
"I slipped 

up. 
F

ancy 
m

e 
slip- 

ping 
up 

on 
a 

basic thing 
like 

that!" 
A

 thought occurred 
to 

him
 

and 
he turned 

a 
stony eye on 

his assistant. 
"Y

ou set m
e up," 

he fum
ed. 

"Y
ou 

knew
 

about this 
all 

the 
tim

e and you just kept leading 
m

e on." 
"I'd 

never 
do 

a 
thing 

like 
that," 

protested 
D

ick. 
"B

ut 
I 

m
ust say it w

as nice to see you 
all 

steam
ed 

up over 
a 

sim
ple 

voltage 
reading. 

Y
ou 

w
ere 

really going 
up and 

dow
n the 

agony 
colum

n. 
W

hat 
m

akes 
things 

especially 
pleasant 

is 
that 

it's 
norm

ally 
you 

w
ho 

com
es 

out w
ith 

all 
the 

right 
answ

ers 
w

hilst 
it's 

m
e 

w
ho 

m
akes the m

istakes." 
"D

on't keep on about it." 
D

ick piled it on. 

"I spotted the reason for 
low

 voltage reading straig 
w

ay," 
he 

rem
arked 

patro 
ingly. "A

fter all, if you're gc 
to take voltage m

easurem
e 

you m
ust alw

ays bear in r 
the input resistance of the 

1 

m
eter." 
"A

ll right, all right." 
"A

nd 
I 

did l" 

T
H

E
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O
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D
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G
 

O
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T
hus, for once, w

e have 
unhappy experience of w

itr 
sing 

the 
discom

fiture 
of 

S
ervicem

an 
friend 

at 
hands of his usually one -dc 
assistant. B

ut w
e can still pa 

m
aintain 

the 
im

age 
beca 

D
ick w

as guilty of a lie w
hich 

say the 
least, 

w
as 

a little 
w

hite. 
H

e 
had 

in fact enco 
tered 

the 
seem

ingly 
anon 

ous 
voltage 

indication 
before he finished w

ork on 
preceding 

F
riday 

and 
I 

taken the m
usic centre 

set 
m

anual hom
e to study over 

w
eekend. A

nd it w
as only 

a 

devoting 
all 

his 
spare tim

e 
solving the 

puzzle that he 
I 

finally discovered the 
ansv 

Late on S
unday evening. 

T
R

O
P

O
 

C
H

A
N

N
E
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T
w

o of the m
ost northerly oil 

production 
platform

s 
in 

the 
B

ritish 
N

orth 
S

ea 
area 

are to 
have their 72 channel M

arconi 
tropospheric 

scatter 
com

- 
m

unications 
system

s 
uprated 

by 
M

arconi 
C

om
m

unications 
S

ystem
s Lim

ited. 
T

he 
links, 

betw
een 

the 
B

ritish 
T

elecom
 Landstation at 

S
cousburgh 

in 
the 

S
hetlands 

and 
B

N
O

C
's T

histle 
platform

, 
established 

in 
1977, 

and 
betw

een 
S

cousburgh 
and 

S
hell's 

C
orm

orant 
platform

, 
established in 1979, are now

 to 
be uprated to 

132 channels. 
T

histle 
and 

C
orm

orant 
are 

linked 
by 

a 
line -of -sight 

m
icrow

ave system
 and this 

is 
interfaced 

w
ith 

the 
tropospheric 

scatter 
system

s 
linking 

the tw
o platform

s w
ith 

S
cousburgh 

in 
a 

triangulated 
system

. N
orm

ally, 
one of the 

tropospheric 
scatter 

links 
carries 

the 
com

m
unication 

circuits 
for 

both 
platform

s, 
w

hilst the second tropospheric 
link is held in reserve. N

ot only 
does 

this 
represent 

very 
M

A
R

C
H

 
1981 

considerable 
savings 

in 
operational 

costs 
but 

it 
also 

provides 
the 

inherent 
reliability dem

anded by B
ritish 

T
elecom

 and 
the 

oil 
industry 

for com
m

unications w
ith 

the 
m

ainland. 
M

arconi 
trophospheric 

scatter 
system

s 
are 

in 
w

orld-w
ide 

use 
for 

defence, 

telecom
m

unications 
com

m
ercial 

purposes. 
In 

B
ritish 

N
orth 

S
ea 

sec 
M

arconi have provided or 
currently 

providing 
all 

tropospheric 
scatter 

li 

connecting 
product 

platform
s 

to 
the 

m
ainly 

telecom
m

unication netw
or 

"I can't understand it. T
he com

puter is throw
ing it all out.' www.americanradiohistory.com
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B
y P. R

. A
rthur 

R
un your radio at alm

ost neglig- 
ible cost. 

E
asy to build charger 

for P
P

3 size N
iC

ad batteries 

T
he front of the 

charger. T
he 

lead 
on the 

left is 
term

inated in a standard P
P

3 connector for clipping 
to the N

iC
ad battery being charged. T

he m
ains lead 

passes through the grom
m

et in the centre. T
o the 

right 
is an 

I.e.d. w
hich 

is lit 
up 

by the 
charging 

current. 

W
ith the price of 9 volt batteries soaring, the cost of 

running 
the 

fam
ily transistor 

radio w
as 

becom
ing 

excessive, and 
so the author investigated the poss- 

ibility of using a rechargeable N
iC

ad battery. Since 
the current consum

ption of the set 
w

as only 8m
A

, 
rising som

ew
hat at high volum

e levels, it w
as decided 

that 
a PP3 size 

N
iC

ad battery w
ould be suitable 

in 

place of the PP9 battery norm
ally used, and the only 

m
odification required in the radio w

ould be a change 
of battery connector. It w

as found that the 
N

iC
ad 

battery had a life of only about six days w
ith norm

al 

usage of the radio but, since it 
is rechargeable, this 

short life is of no real consequence. 
T

he N
iC

ad version of the 
PP3 battery 

is several 
tim

es the 
price of ordinary 

9 
volt batteries but the 

initial outlay 
is w

ell w
orth w

hile because the N
iC

ad 
battery should last for m

any years. 
N

iC
ad batteries 

require a special charger, and this article describes a 
sim

ple and inexpensive charging unit w
hich is specifi- 

cally intended for use w
ith a PP3 size N

iC
ad battery. 
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Fig. 
1 

show
s the circuit of the charger. T

he m
ains 

input is stepped dow
n to 

a m
ore suitable voltage by 

transform
er T

l. D
iodes D

1 and D
2 form

 a full -w
ave 

rectifier w
ith reservoir capacitor C

l 
sm

oothing the 
rectified output. 

T
R

I and T
R

2 are in a constant current generator 
circuit w

hich ensures that the correct charging current 
is provided regardless of the voltage across the bat- 
tery being charged. D

ue -to the presence of the poten- 
tial divider consisting of R

2 and R
3, T

R
I produces a 

stabilized 
voltage. 

T
his 

transistor passes 
collector 

current w
hen its base is about 0.6 volt positive of its 

em
itter, w

ith the result that the collector voltage stab- 
ilizes at about 1.8 volts. R

I is the feed resistor for the 
stabilizer circuit. 

T
he stabilized voltage of 1.8 volts is applied to the 

base of T
R

2 w
hereupon, due to the voltage drop of 

0.6 volt 
in its base -em

itter junction, about 
1.2 volt 

appears across the em
itter resistor, R

4. From
 O

hm
's 

R
A

D
IO
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N

D
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L
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C
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R
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N
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S C
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2N
2219 

Lead -outs 

A
 

T
IL220 

Lead -outs 

F
ig. 

1. 
T

he circuit of the 
N

iC
ad bat- 

tery charger. T
his is specifically inten- 

ded for charging 
P

P
3 size batteries. 

C
O

M
P

O
N

E
N

T
S

 
R

esistors 
(A

ll 
# w

att 5%
 unless otherw

ise stated) 
R

1 
6.8kí1 

R
2 

5.6kí1 
R

3 
2.7kí2 

R
4 

110ft 
w

att 2%
 

C
apacitor 
C

l 
100µF electrolytic, 25V

. W
kg. 

T
ransform

er 
T

i 
m

ains 
transform

er, secondary 
12-0-12N

 
50m

A
 

S
em

iconductors 
T

R
1 

B
C

109 
T

R
2 

2N
2219 

D
1 

1N
4001 

D
2 

1N
4001 

D
3 

T
IL

220 
M

iscellaneous 
M

etal instrum
ent case (see text) 

V
eroboard, 0.1in. m

atrix 
PP3 battery connector 
Panel -m

ounting bush (for D
3) 

2 -w
ay connector block 

3 -core m
ains lead 

N
uts, bolts, w

ire, etc' 

L
aw

 the current flow
ing in R

4 is 
1.2 volt divided by 

110ft, w
hich calculates as 0.011 am

p, or 11m
A

. T
he 

collector current of T
R

2 
is the sam

e as the em
itter 

current less the very m
uch sm

aller base current, and 
so the collector current w

ill also be.11m
A

. T
his col- 

lector current w
ill flow

 through the N
iC

ad battery 
being charged, and is the norm

al recom
m

ended m
ax- 

im
um

 charging current for a PP3 size N
iC

ad battery. 
N

ote that only the constant current of 11 m
A

 w
ill flow

 
even if the output term

inals are short-circuited. 
T

he light -em
itting diode, D

3, is also in the charging 
circuit and this lights up to confirm

 that the 
N

iC
ad 

battery is being charged. T
he l.e.d. is aT

IL
220, w

hich 
is red w

ith a diam
eter of 0.2 in. It is available from

 a 
num

ber of suppliers. 

T
he 

rectifiers 
and 

the 
constant 

current 
com

- 
ponents 

are 
assem

bled 
on a V

eroboard panel. 

M
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A
 sm

all m
etal instrum

ent case m
easuring 

12 
63.5 by 57m

m
. 

m
akes an excellent 

housing fo 
charger. T

his is a case type T
P1, available from

 
i 

lin E
lectronic Supplies. T

he layout can be seen i 
accom

panying photographs, and is not critical. 
m

ains input lead passes 
through a grom

m
et it 

centre of the front panel and should be secured it 
the case w

ith 
a plastic 

or plastic -faced 
clip. 

C
 

ection to the battery being charged is m
ade by m

 
of an ordinary PP3 battery connector, and the 

1 

for this pass through another hole, also fitted w
 

grom
m

et, in the front panel. M
ounted on the 

1 

panel 
to the 

right 
is the l.e.d., w

hich 
is fitted 

panel -m
ounting bush. 

www.americanradiohistory.com



T
here is am

ple space 
In- 

side 
the 

case 
for 

the 
m

ains 
transform

er 
and 

the V
eroboard panel. 

T
he m

ains transform
er is bolted in place w

ith tw
o 

M
3 bolts and nuts, 

a solder tag being secured under 
one of the 

nuts. T
he earth w

ire of the 
3 -core m

ains 
lead is soldered 

to this 
tag to ensure that the 

m
etal 

case and the charger circuitry is safely earthed. 
T

he 
transform

er 
used for 

T
1 

w
ill alm

ost certainly 
have 

flying leads rather than solder tags and the tw
o prim

- 
ary leads are connected to the live and neutral w

ires 
of the 

m
ains 

lead by m
eans of 

a 
2 -w

ay 
connector 

block. C
onnector blocks are usually 

sold in 
12 -w

ay 
lengths, and the 

2 -w
ay block can be cut from

 one of 
these w

ith 
a sharp knife. T

he block is secured to the 
bottom

 of the 
case near the m

ains transform
er by 

a 

nut and bolt of suitable size. T
ake great care to see 

that the m
ains w

iring is properly carried out, w
ith all 

precautions observed to ensure that there is no risk of 
accidental shock. W

hen 
the charger has been com

p- 
leted and checked out, it should alw

ays be used w
ith 

the case lid securely screw
ed in place. 

C
O

M
P

O
N

E
N

T
 B

O
A

R
D

 
M

ost of the com
ponents are assem

bled on a piece 
of O

.lin. V
eroboard 

having 
13 

copper strips by 
15 

holes. T
his is show

n in F
ig. 2. T

he tw
o m

ounting holes 
are drilled out to 

take M
3 bolts, 

and 
there 

are 
no 

breaks in the copper strips. 

T
he finished board is w

ired up to T
1, D

3 and the 
battery connector before 

it 
is finally bolted 

to 
the 

bottom
 of the case. S

pacing w
ashers are used on the 

M
3 m

ounting bolts to keep the board underside w
ell 

clear of the m
etal surface of the case. D

3 
is held in 

place by its panel m
ounting bush and it is satisfactory 

to sim
ply solder the w

ire from
 the V

eroboard and the 
positive 

battery 
lead to its lead -outs. 

C
onstructors 

desiring a m
ore secure m

eans of connection can fit 
a 

sm
all 

2 -w
ay insulated tagstrip to the back of the front 

panel just below
 

the 1.e.d., and 
the w

ires from
 

the 
board 

and the battery connector, and the l.e.d. lead- 

. -..try,. -.:2 

A
nother 

view
 

of 
the 

N
iC

ad 
charger unit. 

T
he 

use 
of 

a 
ready 

m
ade 

m
etal 

case 
sim

plifies 
construction. 

A
 

E
 

C
 

D
 

E
 

G
 

H
 

L M
 

3 
5 

9 
13 

15 

O
 

o 
M

 3 clear 

F
ig. 2. 

W
iring of the cha ger. T

he use of a V
eroboard panel perm

its 
a neat 

layout to be achieved. 

outs, 
can be soldered 

at this tagstrip. B
e careful to 

connect 
the 

I.e.d. 
correct w

ay 
round. 

A
lso, 

m
ake 

quite sure that the polarity of the connections to the 
battery connector is correct. 
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A
fter 

the 
charger 

has 
been 

com
pleted 

and 
the 

w
iring carefully checked, it 

can be tested to see that 
the output current is correct. A

pply the m
ains supply 

and m
om

entarily connect a m
ultim

eter sw
itched to a 

high current range to the battery connector term
inals. 

If the initial 
reading show

s that it 
is 

safe to do 
so, 

sw
itch the m

ultim
eter to 

a low
er current range and 

check 
the output current. T

his should 
be 

approx- 
im

ately 
11 m

A
. T

he reason for starting the check w
ith 

the m
ultim

eter sw
itched to a high current range 

is to 

protect the m
eter in 

case 
a w

iring error 
c 

excessive current to flow
. 

In 
use 

the N
iC

ad battery to be 
charged 

connected to 
the battery 

connector and tl 
supply is sw

itched 
on at 

the m
ains socket. 

w
ill 

w
ithstand 

a 
short-circuit 

across 
the 

because this w
ill only cause the constant 

et 

11m
A

 
to flow

. 
S

im
ilarly, 

no 
dam

age w
ill 

either of the battery connector term
inals she 

pen 
to com

e in contact w
ith the 

m
etal of th. 

any other 
m

etal object 
w

hich 
is 

connecte 
m

ains 
earth. 

T
his 

is 
because the 

earth 
ani 

connections are m
ade com

m
on w

ith the pos 
S

hied rail rather than the 
negative rectified 
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F
urther N

otes on 
S

om
e 

R
ecent R

eceiver articles 
B

y Sir D
ouglas H

all, B
t., K

.C
.M

.G
. 

Part 
1 

M
odifications w

hich can enhance the perform
ance of three 

recently published receivers. 
T

he 
object of these tw

o short articles is to 
give 

details of a few
 m

odifications I have m
ade to som

e of 
the receivers w

hich I have described in this m
agazine 

during the last three or four years. In each case the 
prototype has been in constant use, and sm

all changes 
have been m

ade as they suggested them
selves 

in the 
light of experience. C

om
ponent num

bers referred to 
are those used in 

the original articles. 

T
H

E
 "M

5" 
T

his sm
all m

edium
 w

ave receiver w
as described in 

the copies for A
pril and M

ay 1977. O
n pages 546 and 

547 it w
as pointed out that selectivity w

as controlled 
to som

e extent by the value of C
l, w

hich provides the 
capacitance tap for reaction. T

his capacitor is w
ired 

betw
een the m

oving vanes of the tuning capacitor and 
one of the tags on the reaction potentiom

eter. It w
as 

said that 1,000pF gave slightly greater signal strength 
w

hile very good selectivity w
as obtained w

ith 470pF, 
and 

so 
a 

com
prom

ise 
value 

of 
680pF 

w
as 

recom
m

ended. Selectivity on the m
edium

 w
ave band 

is 
now

 
m

ore 
im

portant 
than 

ever, 
and 

in 
the 

prototype 
C

l 
has 

been 
changed 

to 
470pF w

ith 
beneficial 

results. 
R

eaction 
control 

rem
ains 

satisfactory at the higher frequencies and, 
w

ith the 
great m

ajority of transistor sam
ples that m

ay be used, 
is likely 

to be 
so w

ith other receivers built 
to the 

design. 

T
H

E
 "JU

B
ILE

E
" 

C
onstruction 

of 
this 

receiver 
w

as 
described 

in 

copies of the m
agazine for July and A

ugust 1977, and 
it 

has 
been 

built 
in 

large 
num

bers. Several 
sm

all 
m

odifications can be m
ade w

ith advantage. 
First, som

e constructors w
ill have noticed that, if a 

station has been received on the long w
ave band w

ith 
reaction 

w
ell 

advanced, 
there 

is 
som

etim
es 

a 
particularly noisy form

 of audio oscillation w
hen the 

w
avechange sw

itch is turned to m
edium

 w
aves. T

his 
can be prevented by connecting a 2.2M

O
 resistor so 

that it is across the tuned circuit coil w
hen the receiver 

is sw
itched 

to 
m

edium
 

w
aves. R

eception 
on 

the 
m

edium
 w

ave band 
is virtually unaffected, and the 

audio frequency how
l 

is elim
inated. T

he resistor is 
added at the w

avechange sw
itch as show

n in Fig. 
1. 

Som
e 

readers 
m

ay 
have 

found 
that 

the tuning 
control is noisy w

hen the receiver is sw
itched to the 

f.m
. band. T

he position is im
proved by connecting a 

w
ire 

betw
een 

the 
m

oving 
vanes 

of 
the 

tuning 
capacitor and the 

bolt 
anchoring the slow

 m
otion 

drive. 
If the receiver is used near m

ains w
iring, hum

 m
ay 

som
etim

es be induced w
hen the fingers grip the knob 

on the tuning control. T
his effect can be reduced by 

using a knob w
ithout a brass bush at its centre. 

It is 
an advantage to stiffen the "chassis" since noise or 

A
dded 2.2M

n 
Iresistor 

S
ib 

T
R

, 

c 

(a) 
(b) 

F
ig. 1(a). 

In 
the 

"Jubilee" 
receiver 

an 
audio 

oscillation 
w

hich 
is 

present 
under 

som
e 

circum
stances m

ay be cleared by adding a 2.2M
0 

resistor. 

(b). T
he resistor 

is w
ired across tw

o of the 
, 

tags of the w
avechange sw

itch. 

( 

F
ig. 2(a). 

O
scillation 

at 
sw

itch -off 
w

ith 
the 

"C
ascade" portable can be prevented by adding 

the w
ire show

n here. 
(b). T

he w
ire connects betw

een the unused 
centre contact of S

1(b) and the positive battery 
rail at the speaker tag. 

m
istuning can be evident on m

edium
 or long w

aves if 
the 

receiver 
is 

being 
carried 

w
hilst 

listening. 
A

dditional 4B
A

 bolts 
m

ay be 
em

ployed, 
or short 

lengths 
of polystyrene 

rod m
ay be 

cut and glued 
betw

een the front panel and the sub -panel to w
hich 

the tuning capacitor is fitted. 
In 

som
e 

cases 
there 

m
ay 

not 
appear 

to 
be 

a 
sufficient 

drop 
in 

bass 
response 

w
hen the 

sw
itch 

show
n in Fig. 7 of the original article is operated. T

his 
is because som

e electrolytic capacitors have a m
uch 

higher capacitance than the value quoted on them
. 

T
ry changing from

 
10µF to 4.7µF 

if the problem
 

exists. 

T
H

E
 "C

A
S

C
A

D
E

" 

T
his m

edium
 and long w

ave receiver w
as d 

in the issues of the m
agazine for February an 

1978. T
he only m

odification found useful has 
add 

a 
w

ire 
betw

een the 
unused centre 

co 
S1(b) 

and the positive 
rail. 

See 
Fig.2. 

prevent a "banshee" how
l w

hen sw
itching o 

electrolytic capacitors discharging - an em
bt 

even if not a serious fault. 

(T
o be concluded) 

N
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roducts 

A
L

L
-W

E
A

T
H

E
R

 SA
FE

T
Y

 C
A

SE
 FO

R
 FR

A
G

IL
E

 
C

O
M

PO
N

E
N

T
S 

A
 

"brief 
case" 

for 
electronics engineers 

from
 

N
efab 

in steel reinforced plyw
ood protects 

fragile 
electronics 

com
ponents 

or 
instrum

ents 
from

 
all 

w
eathers and is claim

ed to be unbreakable in norm
al 

use, yet is exceptionally lightw
eight. 

T
he tough 4m

m
 surfaces 

in an attractive natural 
w

ood finish are as durable as tw
ice the thickness of 

softw
ood. T

hey are further bonded 
by self -riveting 

galvanized 
steel 

plate 
that 

gives 
four 

tim
es 

the 
strength of conventionally riveted steel. D

ouble tre- 
ated w

ith therm
oset resin, all surfaces are rust proof, 

anti -static, and 
resistant to flam

e, w
eather, alcohol 

and m
ost solvents. 

W
eighing only elbs (2.2kg), the hinge -lidded box 

has a carrying handle, tw
o catches and can be readily 

locked for greater 
security. 

M
easuring 

a 
com

pact 
17ins. 

x 
13#ins. 

x 
4ins. 

(420 x 
340 

x 95m
m

), the 
N

efab all-w
eather safety case looks equally in place 

in the office or w
orkshop. 

Price £25 
incl. V

A
T

, 
p &

 
p, from

 N
eto 

O
syth C

lose, B
rackm

ills, N
ortham

pton 
N

IA
 

R
U

B
B

E
R

 A
N

T
I -ST

A
T

IC
 M

A
T

 
R

ubber anti -static m
ats that are electrically con- 

ductive? T
hat can be touched by a hot soldering iron 

w
ithout instantly burning a hole? M

ats that w
on't 

buckle, creep or flake? 
Y

es, such m
aterials are now

 
available. C

alled "Stati -E
x" (T

M
) m

ats, they can be 
ordered in w

idths of 
1 m

etre, lengths to 10 m
etres, 

and thicknesses of either 
1 or 2m

m
. 

T
he m

ats are 
sm

ooth on one side and serrated on the other. 
H

igh -conductivity rubber m
ats are ideal for elect- 

ronic assem
bly areas w

here static charges m
ust be 

bled off before they can dam
age the product. C

M
O

S 
chips, for exam

ple, 
are 

highly sensitive 
to voltage 

spikes, and are 
best processed on the 

new
 rubber 

charge -elim
inator m

ats that also offer a gentle, cush- 
ioning w

ork surface. 
Stati -E

x 
m

ats are 
also w

ell -suited 
for 

high -pre- 
cision m

easurem
ent laboratories, w

here static build- 
up could annul the accuracy of critical readings, or 
cause false inputs on com

puter term
inals. 

Stati -E
x m

ats have an extrem
e high w

ear resistance 
and a stable conductivity level. T

heir volum
e resist- 

ivity is 105 ohm
 -cm

. U
nlike the plastic m

ats generally 
in use, the Stati -E

x rubber m
ats do not readily burn. 

A
 m

atch w
ill not ignite the m

aterial or char it, and a 
hot ball of solder can be m

elted on the m
at w

ithout 

leaving the slightest trace of dam
age. Stati 

conform
 to B

ritish Standards Institution spec 
num

ber B
S 2050 (1978). 
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