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I n  b r i e f  
FLAG ashore l 

I The Bntrsh end of a 16,OW 8 

m11e long cable was brought 
' ashore at the Cornish villaoe - 

of Porfhcurno and there 
linked to the British domestic 
telecommunications network 
on 13 May. 

The cable - FUG for 
Fibre-optic Link Around the 
Globe - is the longest man- 
made structure in the world 
and will link three continents 
and 12 countries. 

Good for Scotland 
Amerrcan electron8cs corpo- 
ration Natlonal Semiconduc- 
tor has announced a E 33 
million expansion of its plant 
at Greenock in Strathclyde. It 
is fhe first phase of a f 180 
million Investment in the fac- 
f0ry 

Telekinesis: a first step? 
A method of usrng human 
brain waves to switch on 
electrical or eiectronic appli~ 
ances has been demon- 
strated at Sydney University 
of Technology. A screntist 
with two electrodes attached 
to his head lighted desk- 
lamps and turned a toy robot 
on and off. The electrodes 
capture the minute voltage 
pulse resulting from a switch 
between different states of 
mind. The finding may help 
develop fatlgue warning 
devices for drivers and pilots. 

New distributors 
for Stag Programmers 

Europe's largest manufactur- 
ers of silicon devrce pro- 
grammers. Slag Program- 
mers. has appointed RS 
Components *. Europe's 
leading distributor of elec- 
tronrc components and 

1 tesflrnstrumenfation a s  its 
mat" cataloque drstributor ,n 
Germany. Also. Brighton- ' 
based Amplicon Liveline has , 
been appointed distributor , 
for the UK, Ireland and the l 
Netherlands. 
.Phone 06105 40 1234!1262 
Far 0610540 126511269. 

tion of EDZl clcctrodes must 
he found if they are to he truly 
competitive with other  
machining techniques. 

B!, using plated electrodes, 
a rapid prototype model can 
he plated directly o r  a more 
suitable epoq-resin master 
pattern cloned from it. This 
master pattern is placed 
within the electroplating and a 
layer of 2-3 mm is applied. 
The  finished copper shell is 
suitahly mounted and can he 
used as an electrode. 

The process produces high- 
quality electrodes, hut is only 
suitahle for the generation of 
very large electrodes o r  very 
complicated geometries. Work 
on the plating of rapid proto- 
type patterns for use as elec- 
trodes has heen under way for 
some time at hoth the Univer- 
sity of Warwick and the Uni- 
versity of Nottingham. 

Thermal spray equipment, 
using metal sprayed elec- 
trodes, has heen available for 
some time in the following 
forms: arc  spraying, plasma- 
arc spray, transferred plasma- 
arc  spray, and high-velocity 
oxygen fuel (HVOF). In each 
process, the material is 
melted, atomized and carried 
at speed on to a suhstrate, 
where honding of the particles 
occurs. By successive deposi- 
tion, a metal shell of a few 
millimetres thickness can he 
generated in a few hhors. 

Commercial use 
It is possihle to apply a thin 
layer of copper to a thermally 
stable pattern cloned from an 
RP model. This process is fast 
(a matter of minutes), but 
unfortunatelv the copper shell 
is relatively weak owing to 
porosityioxidation and erodes 
very quickly. Recent research 
within the Warwick Manufac- 
turing Group (WMG) has 
resolved this problem. Further 
development should see the 
commerci;~l use of these tech- 
niques. 

What is particularly encou- 
raging is that the capital cost 
of arc-spray equipment is rela- 
tivelv low, potentially giving 
small companies the opportu- 
nity t o  manufacture elec- 
trodes. Electrode casting is 
advantageous in the produc- 
tion of complex electrodes. 
These are ideallv suited t o  
investment casting, which is of 
the oldest known routes for  

the ~roduct ion of metal com- 
poncnts. Investment casting 
involves the creation of a cer- 
amic shell around an RP pat- 
tern. The pattern is then 
hurnt from the shell during a 
firing process. Copper can 
then he cast in t o  the cavity 
and when the metal has solid- 
ified the shell is removed 
from the cast electrode. 

When more than one elec- 
trode is required, the RP pat- 
tern can he used to construct 
a simple resin tool into which 
wax can he poured o r  
injected. The  wax patterns 
produced from this tool can 
he used to investment-cast 
many electrodes. Work within 
the WMG has shown that cast- 
ing is a perfectly acceptahle 
route producing reliable elec- 
trodes in as little as  one  t o  
two weeks. 

Keltool Inc. in the USA 
manufactures electrodes by a 
powder metallurgy process 
(sintered electrodes). An 
over-size master model is 
required to produce an epoxy 
mould. The mould is then 
filled with a metal powder 
mix of tungsten and copper 
and closed under pressure to 
produce a green compact. 
The compact is then infil- 
trated with copper to give a 
100% dense electrode. 

Multiple electrodes 
Keltool claims the electrodes 
can he manufactured accu- 
rately and out-perform an 
equivalent machined graphite 
electrode. Because the elec- 
trodes are moulded, the 
process can be used to gener- 
ate multiple electrodes. 

The  Danish Technical 
Institute. reporting work on 
the rapid production of EDM 
electrodes. states the elec- 
trode it had manufactured 
performed satisfactorily. 

Warwick University will be 
investigating sintered elec- 
trodes in the immediate 
future, with a view to assess- 
ing their potential. The  time 
requirement for the manufac- 
ture of an electrode using this 
method is one  week from 
receipt of the master model. 

Rapid protoeping is a rel- 
atively new technique that is 
set to change the face of engi- 
neering. Some of the tech- 
niques described have not 
heen tested fully and require 
further development, but it is 

clear that there will come a 
time when they will be used 
activelv. It is unlikelv that anv 
one  technique will become a 
clear winner as each techniaue 
has specific advantages and 
limitations. 

POWER 
PROTECTORS 

At  any one  time, 2000 thun- 
derstorms of  varying severity 
are  raging throughout the 
world. And each year in the 
USA alone there are 40 million 
ground strikes by lightning. 
Their current flow frequently 
exceeds 10,000 amperes and 
the temperature at the core of 
the flash reaches 50.000 "C. 
The tremendous power 
unleashed can cause severe 
damage to trees, structures, 
communications and power 
lines. 

Against this background of 
high risk, it is clear that micro- 
processing equipment, with its 
miniscule circuits and sensitive 
software, can be severely dam- 
aged - o r  even annihilated, 
not just by a surge of immense 
power hut by power failures 
resulting from thesc storms. 

And thunderstorms are not 
the only predators stalking the 
highly-sensitive electronic sys- 
tems that now abound across 
the planet. Hurricanes and 
heavy snowfall frequently 
hring down power lines, also 
causing power failures. 

Even in the urhan environ- 
ment. human error can cause 
equally catastrophic failures. 
Abrupt switching of power cir- 
cuits o r  construction workers 
damaging cables are  typical 
daily occurrences. 
Failure of supply takes several 
forms. 'Blackouts' produce a 
total loss of power. while so- 
called 'brownouts' are a 
momentary loss in voltage that 
may cause potential failure. 
Then there are 'spikes', 
caused locally as an effect of 
lightning or  switching large 
equipment, such as  electric 
motors or  welding equipment, 
on or  off. 

'Surges' occur when de- 
mand on the mains supply sys- 
tem rises suddenly. Typical of 
this peak demand phenome- 
non is after a televised major 
sporting event uzhen millions 
of lights and electric kettles 
are turned on. Power outages 
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'-P kRi: symmetrical 
power supply 

circuits - 
-r= tnat draw ~ ~ - - SUPPLY a current 

of more 
than a 

5v few mil- 
amperes -.* hould prefer- 
ably not be powered may not d o  the circuit i t  ir 

powering much good. by a battery: most m e  present power supply is rather t o r s s e e  Figure I. f i e  output voltage 
are, therefore, paw- more sophisticated in that it uses a is calculated with the formula 

voltage regulator ic. Such a device ef- 
ered by an integral fectively suppresses the ripple on the U,,, = I .~~( I+R, /R , )  + ladi RZ, 

output voltage to a large extent, which Ower Supply Or results in a constant output. in which 1.25 represents the reference 
~rovision for connec- AISO, a regulator makes possible a voltage of the IC, and iadi is the current 

continuously variable output voltage. flowing from the 'adi(ust)' pin of the ic ion to a mains adap- In many C,,,,, however, a continuously to ground. 

for. ln fact, a mains variable output is not needed (but two The reference voltage, U ,  is 
or three fixed outputs at different lev- shown in the block diagram in Fig- 

adaptor is the most els are frequently needed). Moreover, ure 2. Here, the comparator continu- 
unless the supply unit is fitted with a ously compares part of the output volt- often used power voltmeter, the output voltage must al. age,set by resistive divider Rl/R2 with 

source. On such a ways be checked with a multimeter. the reference voltage. If U,,, is too low, 
These considerations gave rise to the output of the comparator increases 

unit all that needs to the oresent desim, in which three which makes the transistor conduct 

jone i! 
d volta 
Inr;h, +I 

3 for the 
ge level 

a1 IU pvlal I L ~  ~ r 3  be se- 
lected with a switch. 

A main5 adaptor may even be used as 
a small power supply for experimental 
purpcxes, hut t h i ~  poses a few diffi- 
culties. Many adaptors consist of noth- 
i n s  more than a small mains trans- 
former, a rectifier and a smoothing ca- 
pacitor (whose value is frequently too 
low). Moreover, iti output voltage to 
small loads is often much higher than 
the selected level, which, of course, 

L. 

output voltage levels are available: 5 V, harder. This reduces the collector-emit- 
9 V and 12 V These levels are selected ter resistance, resulting in an increase 
with a simple switch. Since many cir- of U,,,. This arrangement ensures a 
cuits contain operational amplifiers virtually constant U,,,,. 
(op amps), which require a symmetr- In practice, the value of ladi lies be- 
cal power supply, the present unit tween 50 &A and Inn @. Because of 
provides two different output volt- . 
ages. When these outputs are con- 
nected in series, a symmetrical power 1 . . -~--~.---= 

source is obtained. The duality of the 
design also makes it possible for two 
different circuits requiring dissimilar 
supply voltages to be powered simul- 
taneously 

V O L T A G E  R E G U L A T O R  
Since it must be possible to set the out- 
put voltage to three differ- ,. . .. . - - ~  
ent levels, the voltage reg- F , ~ ~ ~ ~  1. G ~ ~ ~ ~ ~ ,  
ulator used is a type ,,lew of an 
whose output can be set ~ ~ 3 1 7 .  
with a couple of resis- 
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speetively. The imndonner may, of 
= lZ2s[1+(1270+~yLso] = course, be replaced by a suitable 
= 1219 V mains adaptox It should be bome in 

mind, however, that the source s u p  
When the switcb is set to 9 \! all resis- plying the input alternating voltages 
tors R,-% are used in the cabadation must have an output that is at least 
Resistor RI then has a value 3 V  higher than the desired output 
R,+% = 280+118 = 398 C2 and voltage of the supply. Diode Dg is a 
R,, = &+h = 1270+1180 = 2450 n. 'supply on' indicator 

l&,, = lZ[l+XW3!38] =8.94V The power supply is best cunstmcted 
on tk printed&&t board shown in 

W~th the switch in oosition 5 V. R, is Nnrye 6. The ICS are all located at the 
thesumof~,and'&and&'=&. e&oftheboard,sothattheregula- 
The output voltage is then tors may be m d e d  with a heat sink 

ifnecessary. 
U,, = 1.25[1+11&73%3] = 496 V Note that the rating of the elm- 

trotyticcapacitorsishasedonaninput 

urputVdtrg.0 
n W317 can k 
x d w f t l , t h e a h  
f hvo rethtorr 

n mtlc 
#nctbnaI in- 
snls of. volt- 
we regulator. 

mnges am se- 
ded with - 
porirron 
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Figure 5. Circuii dra- 
gram of the dual I _ _ _ _ _ _ - - - - I  8160?m 14 

power supply, which 
is converted to a sym- 
metrical supply by 
linking K, 0 to K,+. 

PARTS LIST 

Resistors: 
R,, R5 = 280L2. 1% 
R2, R6 = 118 R. 1% 
R3, R, = 1.27 kC2. 1 % 
R4, R8 = 1 . l8  kn. 1% 
R, = 1.2 kC2 

Capacitors: 
C,, C, = 470 uF, 25 V 
C?. C5 CB = 100 nF, pitch 5 mm 
C3 = 100 "F. ptlch 7.5 mm 

Semiconductors: 
D,-D8 = 1 N4001 
D, = LED, red. 3 mm 

Integrated circuits: 
IC,. lCz = LM317 

Miscellaneous: 
K, = 2-way terminal block. pitch 

7.5 mm 
KZ-K, = 2-way terminal block, pitch 

5 mm 
S, = switch, make contact. 240 V 2A 
Sz. S3 = 3-posil~on change-over 

0 + 
Figure 6. Printed-cir- 
cuit board for the 
power supply. 

Figure 7. Arranging a I 
mum spacing of 6 mm 
around two solder pads. 

mini- 

some definitions 
Comparator. This is a voltage com- 
paring circuit, normalw in the shape 
of an op amp without feedback. 
When the potential at the non-in- 
verting (+) input of the op amp is 
greater than that at the inverting (-) 
input, the output voltage cannot rise 
above the positive supply line. In 
the reverse situation, the output volt- 
age cannot drop below the com- 
mon supply line. The operation of a 
comparator depends on the 
op amp amplifying the potential dif- 
ference between the two inputs by 
a very large factor. 

Reference source. This is a source 
with a very stable voltage, current 
or frequency output, which is used 
in comparator circuits for measur- 
ing, sening up or calibrating. 

Ripple voltage. A direct voltage 
obtained by rectifying an alternat- 
ing voltage and smoothing the rec- 
tified voltage with the aid of a ca- 
pacitance cannot be a pure direct 
voltage. Depending on the load, 
practice shows that there is always 
some residual alternating voltage, 
called the ripple voltage, superim- 
posed on the direct voltage. 

Voltage source. This is a circuit 
that provides a constant voltage 
which is independent of the load- 
ing of the circuit. Typical of such a 
circuit is its very low internal resis- 
tance. 

Symmetrical supply. A power sup- 
ply that provides, with reference to 
ground, a positive as well as a neg- 
ative potential, for instance, t 1 5  V. 
The total potential difference be- 
lween the +ve and -ve terminal is 
then 30 V. 
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'X. g". 

-- 

Figure 8. Completed proto- 
type board. 

Tr, = mains transformer. output 
2.12 V 3.3 VA lif used, see text) 

Heat sink for IC,, IC, (d necessary) 
Type KL90 

Enclosure, metal. 143~167r51 mm 
15' r&"ir2 in) (DXWYH). e.g. ESM 
Type EB16'05FA 

4 off insulated terminals 

altt.rn,ltingvoltage of I?  \: I f  thisvolt- 
age is higher, the rating of the capaci- 
tors must be increased accordingly 

If a PCR mains transformer is used, 
the distance between adjacent soldcr 
---- 

Figure 9. Suggested front 
panel layout. 

pads must be not less than h mm. Tlds 
'-. ". . means that in some places the copper 

pads must be removed. This is best 
done by heating them with a solder- 

the transformer board must be made 
with insulated stranded circuit wire. 

When both boards have been com- 
p l e t e d j e e  Figure S for the prototype 
supply board-they must be housed 

in a suitable metal case--see Fig- 

The output voltages are led 
out via four insulated cliassis- 

mounting terminals on the 

The mains input 
cable should be fitted 

with a strain relief. See also 
the safety guidelines else- 

where in this issue. 
sugge.;ted front panel lav- 

out is shown in Figure 9. 
The supply as shown is, of 

course, a dual version. If it is to be 
used as a symmetrical supplv, the +vr 
terminal of one must be linked to the 
-ve terminal of the other; thisjunction 

Figure 10. Completed proto- becomes the common line, while t 
type power supply unit. hvo remaining terminals become t 

positive and negative lead-outs. 1o.u 
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harmonic 
distortion meter 

(for use with an oscilloscope) . 

Most measurements 
of electrical quanti- 

ties, such as voltage, 
current, resistance, 

or frequency, can be 
carried out on a mul- 
tirneter or an oscillo- 

:ope. Unfortunately, 
measuring (har- 

monic) distortion in 
a.f. amplifiers re- 

quires rather more 
sophisticated, and 
thus more expen- 
sive, equipment. 

owever, the adap- 
tor pr ?d here 

lakes i ible for 
the harl I IUI I I ~  distor- 

to be viewed 
hl a t  ialysed on an 

oscilloscope. 

esentc 
t poss 
m--;_ 

a", 
L - 

Experimenters and constructors of a.f. 
equipment frequently need to mea- 
sure impedances, output power, sig- 
nal-to-noise ratios, sensitivity and ... 
harmonic distortion. For non-profes- 
sional constructors, the latter quantity 
is probably the most problematical. 
The problem lies not so much in the 
actual measuring as in the cost of suit- 
able instruments. Moreover, some con- 
structors, especially newcomers, do 
not quite know what is meant by har- 
monic distortion. 

The present circuit enables the dis- 
tortion of a signal to be viewed on 
even a simple oscilloscope. It does not 
show the distortion to within a few 
per cent, but it does enable a reason- 
able assessment to be made of the total 
harmonic distortion-m. 

The adaptor is also suitable for 
checking whether certain modi-fica- 
tions in, say, an a.f. amplifier increase 
or reduce the distortion. 

1 s  I T  A U D I B L E ?  
Of course, every designer of a.f. equip- 
ment strives to keep distortion as low 
as possible. The question is, however, 
whether an amplifier with, say, 0.5 per 

cent distortion provides less listening 
pleasure than one with 0.01 per cent. 

On paper, of course, the percentage 
distortion enables the quality of an 
equipment to be judged or compared 
with that of another apparatus. To be 
able to judge the importance of such 
figures, it is necessary to know what 
exactly harmonic distortion is, how it 
comes about and how it can be mea- 
sured. 

H A R M O N I C S  
To understand what distortion is, it is 
necessary to know the composition of 
audio signals. The best known a.f. sig- 
nals are undoubtedly the sine wave 
and the rectangular wave. Fourier 
showed that any signal, other than a 
pure sine wave, consists of a number 
of sinusoidal signals of different fre- 
quency. 

A rectangular signal as in Figure 1 
is shown by Fourier analysis to consist 
of a large number of sine waves. The 
frequency of the original signal is 
called the fundamental frequency, of 
which aU the othen, called har-mo~cs,  
are multiples. For instance, a l !+I2 rec- 
tangular signal consists of harmonics 
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% r r ~  slgnal, 
other than a pure si- of 3 . nusoidal one, is com- 5 H z .  .. ., 
posedofthesumofa 2 1  k H z .  
number of sine waves and so on. 
with different frequen- In the case 
cies. A rectangular of a rec- 
signal consists of a t a n g u l a r  
particularly large signal, the 
number of such sine harmonics 
waves, normally called are odd- 
harmonics. numbered 

(3, 5, 7 . . . 
and so 

on). The peak value of the harmonics 
is inversely proportional to their fre- 
quency, that is, the higher the fre- 
quency, the lower the peak value. 

The sum of the fundamental and 
third harmonic already shows an out- 
line of a square wave as illushated in 
Figure 2. 

A sine wave representation of a 
given signal as in Figure 1 is, of course, 
not very useful. It is much better to 
show it as a bar graph as in Figure 3. 
The tallest bar represents the funda- 
mental frequency, and the others, from 
left to right, in ascending order, the 
harmonics. The height of the bars is 
the peak value of the harmonic rela- 
tive to that of the fundamental. For in- 
stance, the peak value of the 5th har- 
monic is 20 per cent of that of the 
fundamental. 

M E A S U R I N G  
D l S T O R T l O N  
As stated earlier, a pure sinusoidal sig- . 
nal has no harmoniccsee Figure 4. If 
such a sienal is aoolied to an ideal am- 

&, . , 
plifier, the (amplified) output signal 
should still be a sine wave. Unfortu- 
nately, such amplifiers do not exist - all 
practical power amplifiers introduce 
some measure of distortion, that is, the 
output contains some harmonics. 
These harmonics cannot be seen on an 
oscilloscope, since they are submerged 
in the overall sienal. To make them vis- 

L, 

ible, it is necessary to remove the fun- 
damental from the signal. 

F I L T E R I N G  
The fundamental frequency is re- 
moved by a narrow-band-stop filter 
with a characteristic as shown in Fig- 
ure 5. It will be seen that the harmon- 

its are not affected by the filter. Ap- 
plying the remnant of the signal to an 
oscilloscope gives a view of the total 
harmonic content. 

A filter eminently suitable for the 
present purpose is a double-T type as 
shown in Figure 6.  Its shape explains 
its name. In theory, such a network 
can suppress a certain frequency or 
narrow band of frequencies, but in a 
practical design this suppression is not 
total. The main reason for this is the 
tolerance of the constituent compo- 
nents, although the op amp is, of 
course, also not perfect. A typical prac- 
tical pass- band characteristic of such a 
section is shown in Figure 7. The sup- 
pression is greatest at the central fre- 
quency, f,. The quality of the filter is 
reflected by the narrowness of the 
characteristic and the suppression of 
im 

It stands to reason that the design 
of a double-T filter b bound by certain 
strict rules. For instance, the various 
components must have a certain mu- 
tual relationship as shown in Figure 8. 
Also, the snurce impedance must be as 
low as feasible, which means that the 
source must be able at all times to p r e  
vide current to the section. On the 
other hand, the terminating imped- 
ance of the filter must be as high as 
feasible. 

An op amp has a low output im- 
pedance and is, therefore, eminently 
suitable for driving a double-T net- 
work. As it happens, an op amp also 
has a very high input impedance, so 
that the output of the filter can be cou- 
pled to an op amp. 

Since the filter characteristic is very 
narrow, a variation as small as 0.5 per 
cent from a component's value can 
cause the attenuation to be reduced 
from near-infinity to -25 dB. Since the 
aim is to suppress the fundamental en- 
tirely, the component values need to 
be as close to the computed theoreti- 
cal values as possible. 

C I R C U I T  
D E S C R l P T I O N  
The circuit in Figure 9 shows how any 
variations of the component values 
may be compensated: each compo- 
nent is made variable by the addition 

of a trimmer ca- 
pacitor or preset 
potentiometer. 
This has the ad- 
vantage that ex- 
pensive, high- 
tolerance com- 
ponents are not 
required. 

Enhanced fil- 
ter properties 
are obtained by 

P 1 W u . 7 2  

' Flgure 2. hddlng the 
third harmonic of a 
rectangular signal to 
the fundamental fre- 
quency results in an 
approximation of the 
original rectangular 
signal. Summing all 
harmonics and the 
fundamental repro- 
duces the original 
rectangular signal. 

-c---,u,--,r 

Figure 3. A frequency 
plaong the filter spectrum gives a 
In the feedback good idea of the har- 
loop of the monics present in a 
op amp. In this signal. 
(active) way, the 

Figure 4. Drawing the 
sDectrum of a Dure 

Q(uality) factor sine wave is simple, 
of the network is since it consists of 
determined by the fundamental fre- 
the ratio R5:G. quency only. 

The higher 
the Q-factor, the 
narrower the filter characteristic. In the 
present design, the @factor has been 
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chosen to allow multi-turn types, since single-turn ver- may be so low that measurements be- 
ter can remove even the 2nd har- sions provide too small a setting range. come difficult. Owing to the setting fa- 
fundamental fr, monic to be passed Nevertheless, the board can be used cilities of the adaptor, the signal need 
quency from th unattenuated. The with either type. not be exactly 1 Wz, but it should be 
trum so that of prototype filter, on The capacitors should preferably be stable. 
harmonics rem switch-on. eives an oolvstwene h e s .  If imetallizedl oolv- Set the trimmer ca~acitors and ore- 

le spec- 
ily the 
lain. 

Figure 6. The two F 
shaped RC networks 
explain why such a fil- 
ter is called a double- 
T filte 

double-T filter. 
central frequer 
is largely suppt 
while the harm 
are vi 
fectec 

rtually un 
l. 

The 
Icy, f, 
ressed, 
onics 
af- 

d--:-- 

lle to 
talues. 
IS a 
input 

edance 

, L. 

initial attenuation of 
100 dB at f, (which 
means that the cen- 
h e  frequency is re- 
duced by a factor of 
1051. However. after 
the' filter has'been 
on for about fifteen 
minutes, the attenu- 
ation drops to about 
70 dB (still a reduc- 
tion by a factor of 
3.2x1O9). 
For the present 

purposes, an attenu- 
rrgurr 0. m ine czesryn ation of 70 dB is 
of a doubled filter, it than enough 
is important that the (see ~i~~~ 7).   hi^ 
values of the compo- means that if the 
nents used are as spectrum of the ear- 
close as possil lier discussed square 
the computed I wave is applied to Such a filter ha 
low-impedance the filter, the funda- 
and a high-imp mental frequency is 
output. reduced to %m of its 

nominal value. The 
peak value of the 
l l th  harmonic in the 

Spectrum is % i  of that of the funda- 
mental frequency, so that the peak 
value of the suppressed fundamental 
frequency is only %I of that of the l l th  
harmonic, which is negligible for all 
practical purposes. 

Any (high-frequency) noise on the 
output of the filter is removed by low- 
pass section R+,,. 

C O N S T R U C T I O N  
The adaptor is best built on the 
printed-circuit board shown in Fig- 
ure 10. Start by laying the wire bridges 
and inserting pc6 pins at lead-in and 
lead-out points. Place the rc in a suit- 
able socket. 

The presets should preferably be 

. , ,  , r ,, , 
ester types are used, the quality of the 
filter will be degraded. 

The frequency-determining resis- 
tors must be 1% metal film types, 
which are readily available almost any- 
where. 

It is advisable to house the adaptor 
in a metal case that complies with cur- 
rent EMC regulations. 

S E T T I N G  U P  
Connect the adaptor to a suitable, 
symmetrical i-15 V power supply. 
Connect an AC voltmeter or oscillo- 
scope to the output terminals of the 
adaptor (see Figure 12). Using a sine 
wave generator, inject a 1 kHz signal 
at a peak level of 13 V into the adap- 
tor If a lower level is used, the output 

set potentiometers to the centre of 
their travel. Adjust the frequency of 
the sine wave generator for minimum 
output. Adjust first P, and Cl, then C2 
and C3, and finally PZ, for minimum 
outout. Reoeat the adiustment of all 
five components in the same order. 

As a final test, connect the adaptor 
to a low-distortion sine wave genera- 
tor, suitable power supply, and oscillo- 
scope, as shown in Figure 13. In nor- 
mal use, the amplifier hardly distorts 
the signal-see Figure 14. If, however, 
the peak value of the input signal is in- 
creased, the output signal becomes dis- 
torted, until at large input levels it be- 
gins to be clipped--see Figure 15. 

The adaptor has no facility for read- 
ing the distortion in per cent. Never- 

, 
"g;;%. hi= adaitor is based i n  a- &imdddSinnde " 

the double-T filter is located in the feedback loon of the 
op amp, design considerations are met, and an ;?xcellent 
filter is obtained. As the frequency-determining compo- 
nents are variable, the filter can be adjusted optimally. 
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- -I- -. 
Figure 10. The printed-circuit 
board is available ready-made 
(see Readers' Services). 

Parts list 

Resistors: 
R,. R5 = l o o k  
R,, R, = 147 k h ~ .  8 ,o 
R, = 73.2 k < 2 ,  1% 
R6 = 82 k<! 
R, = l k 9  
P, = 10 kQ multi-turn. veitical preset 

potentiometer (e.g. Bourns 3296Y) 
P, = 5 k l 2  multi-turn. veitical preset 

potentiometer (e.g. Bourns 3296Y) 

Capacitors: 
Cl-C, = 100 pF trimmer 
C,-C, = 1 nF polystyrene 
C8 = 47 pF polystyrene 
Cg = l pF 
C,o = 4 7 "F 
C,,. C l >  = 100 "F 

Integrated circuits: 
IC, = TL071 

. 

Some definitions 
Central frequency 
The frequency in the centre of the pass-band of a band-pass filter. 

Double-T filter 
A filter consisting of three resistors and three capacitors. These components are arranged as two %shaped RC net- 
works in parallel. The filter has the property of suppressing one particular frequency or band of frequencies and is 
therefore a band-stop filtec A may also be used as a band-pass filter by placing it in the feedback loop of an op amp. 
This type of filter is used frequently in a.f. applications, particularly in equalizers. 

Fourier, Jean Baptiste Joseph 
(1768-1830) 
A French mathematician who developed a method of arithmetical analysis that is used in many disciplines. In elec- 
tronics, the analysis shows that any signal can be reduced to the sum of a number of sine waves. 

Fundamental frequency 
Also called the first harmonic frequency. It is the sinusoidal constituent of a signal with the same frequency as that 
signal. 

Harmonic frequencies 
Normally called harmonics. Many oscillators produce, apart from the fundamental frequency, a number of harmonics 
whose freouencies are a multi~le of the fundamental freauencv. This DroDerty is used in some ai~plications, but nor- 
mally it is an undesired (spurious) effect, which is audibk andcalled har'monic distortion 

Operational amplifier 
Normally called by its abbreviated name op amp. It consists of one or more complete analogue amplifiers which are 
integrated on to one integrated circuit-!c. Typical properties of an op amp are the differential input and the very high 
amplification factor. 

Figure 11. The com- 
pleted printed-circuit 
board. % 

Figure 12. Set-up for 
adjusting the various 
trimmers and presets. 
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theless, the percentage can be esti- 
mated roughlv fmm the picture on the 
oscilloscope. If, for instance, the le\el 
of the input signal is l l' and the total 
harmonic distortion is not greater than 
1 mV (peak), the percentage distortion 

AMPLIFIER DOUBLE-T is about 0.1. 
GENERATOR If a true-~\15 meter is available. the 

percentage distortion can be deter- 
mined fairlv accuratelv hy dividing the 
output of the filter hv the input to the 
adaptor. 

,.,W?,: v 

p- 
FIgure 13. Set-up for 
determining how 
much distortion is 
caused by an op amp. 
Although a dual-chan- 
nel oscilloscope is 
shown, a simple ver- 
sion will do just as 
well, since all that is 
needed is a display of 
the total harmonic 
distortion. 

Figure 14. When the 
op amp is driven by a 
pure sine wave at not 
too large a level, the 
output shows no or 
hardly any distortion. 

P m e l  
STATffi 

m"-v 

Save 
P M L  

Recol1 

Auxlllory 
setups 

X-Y md, 
Chm 1 
.2n5 2 v 

Persistence Chm 2 
mode 2 " s  5 V 

Return D11 10.0 V AC CH1 .2  V i. - 
n CH2 .S V  & - 

T/aiv .2 ns 
936024): - 62 

P m e l  
5TATffi 

Sove 
P M L  

Recall  

Aux l l lmy  
SBtuw 

X-Y nag c m  1 
. 2 m  2 v 

PmSlSLence h 2  
node 2 " s  S v 

--v- 
-when the Ratwn m 1  10.0 v Ac CH1 .2 v - n CH2 .5 V & -  

input to the op amp is 
large, the distortion T/dlv .2 ns 

93M124X - 63 
rises appreciably. 
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Figure 10. The printed-circuit
board is available ready-made
(see Readers' Services).

Sume det=initiuns

Parts list

Resistors:
Rl• Rs = 100 kQ
R2• R3 = 147 kQ. 1%
R4 = 73.2 kQ, 1%
R6=82kQ
R7=1kQ
Pl = 10 kQ multi-turn. vertical preset
potentiometer (e.g. Bourns 3296Y)
P2 = 5 kQ multi-turn. vertical preset
potentiometer (e.g. Bourns 3296Y)

Capacitors:
Cl-C3 = 100 pF trimmer
C4-C7 = 1 nF polystyrene
Ca = 47 pF polystyrene
C9 = 1 IJF
ClO = 4.7 nF
c.; C12 = 100 nF
Integrated circuits:
ICl = TL071

Central frequeney
The frequency in the centre of the pass-band of a band-pass filter.

Double- T filter
A filter consisting of three resistors and three capacitors. These components are arranged as two T-shaped RC net-
works in parallel. The filter has the property of suppressing one particular frequency or band of frequencies and is
therefore a band-stop filter. It mayaiso be used as a band-pass filter by placing it in the feedback loop of an op amp.
This type of filter is used frequently in a.f. applications, particularly in equalizers.

Fourier, Jean Baptiste Joseph
(1768-1830)
A French mathematician who developed a method of arithmetical analysis that is used in many disciplines. In etec-
tronics, the analysis shows that any signal can be reduced to the sum of a number of sine waves.

Fundamental frequeney
Also called the first harmonic frequency. It is the sinusoidal constituent of a signal with the same frequency as that
signal.

Harmonie frequeneies
Normally called harmonics. Many oscillators produce, apart from the fundamental frequency, a number of harmonics
whose frequencies are a multiple of the fundamental frequency. This property is used in some applications, but nor-
mally it is an undesired (spurious) effect, which is audible and called harmonic distortion.

Operational amplifier
Normally called by its abbreviated name op amp. It consists of one or more complete ana/ogue amplifiers which are
integrated on to one integrated circuit-IC. Typical properties of an op amp are the differential input and the very high
amplification factor.

Figure 11. The com-
pleted printed-circuit
board.
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Figure 12. Set-up for
adjusting the various
trimmers and presets.

• I-'-<-'1~~1
. .

27~



grid dipper 
at home in everv radio shack 

Only a handful of 
components are 

needed to build an in- 
trument which is in- 
dispensable in any 
RF workshop: the 

grid dip meter or 'dip- 
oer'. The main func- 

tion of this clever 
piece of test equip- 
lent is to det ? 
the resonar 

auencv of Unn~ IUWI I 
tur vithin a 

La1 L a 1 1  I l a1 ILJ~ (here, 
1. 1 MHz). Apart 
f I is, the dipper 

doubles as an RF sig- 
nal generator and an 

5 to 8( 
rom th 

cuits v 
"...-.-m 

ermine 
Ice fre. 
I,--..... 

absorption frequency 
meter. Some ama- 

teurs even use it to 
repair radios or tune 

short-wave antennas! 

The operation of the grid dip meter is 
based on the principle of energy ab- 
sorption. An oscillator produces RF en- 
r r p  through an inductor When this 
inductor is brought in the vicinity of 
another inductor with the same reso- 
nance frequency, the latter 'draws' en- 
ergy via inductive coupling. Because 
the os~illator is equipped with an RF 
output level indicator, the energy loss 
is easily detected as a 'dip' when the in- 
strument is tuned, and hits upon the 
rewnance frequency of the unknown 
inductor. The name 'grid dipper' is his- 
toric, and a remnant of the days when 

valve grid is the gate of a FET). 
The oscillator in the grid dipper 

mav be modulated with a fixed tone to 
make its signal easily identifiable on a 
short-wave tuning scale (where chaos 
may reign). 

C O L P I T T S  O S C I L L A T O R  
The circuit diagram of the grid dipper 
is given Figure 1. The heart of the cir- 
cuit is an RF oscillator built around 
transistor T2. The oxillator is a Colpitts 
design, which is marked by a tap on 
the capacitive element in the tuned cir- 

lel with an inductor The junction of the 
two caoacitors forms the caoacitive tau. 

In the circuit of Fimre 1, the capac- 
itive part of the tunedcircuit is forked 
bv two seriewonnected halves of vari- 
able-capacitance diode ('varicap') D3, a 
KV1236Z from Toko. The inductor that 
belongs with this capacitance is not 
shown because it is one of six plug-in 
coils which you should make yourself. 
Each coil gives a different frequency 
range, and is plugged into socket KZ. 
The tuning in each range is accom- 
plished by varicap D3. 

The adiustable voltage reauired for ., . 
this instrument was built using valves cuit. 1; other words, the tuned circuit the tuningof the varicap is supplied by 
lelectricallv. the nearest euuivalent of has a caoacitive tan. Other oscillators. ootentiometer P2. So. turnine this not c, , 

for example, the Hartlev oscillator, use tunes the grid dipper across the rele- . . 
a tap on the inductive element. A ca. vant frequency range. 
padtive tap is made by connecting two The energy which is needed to 
capacitors in series, and then in paral- maintain resonance in the tuned circuit 
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formed by the varicap and the plug-in 
coil is supplied by transistor T2. Its 
emitter-collector circuit is connected to 
the top capacitor of the tuned circuit, 
and the transistor pumps a tiny 
amount of current into it just at the 
right moment. The tuned circuit, in 
turn, provides the drive signal for the 
transistor, the lower capacitive half of 
the circuit being connected to the base 
of T2. via C1 and C m .  

M E T E R  C I R C U I T  
The level of the RF voltage produced 
by the oscillator is controlled with the 
aid of potentiometer PI. In fact, it con- 
trols the direct voltage for the base as 
well as the collector circuit of 72. The 
relative level of the signal generated by 
the oscillator is indicated on a moving- 
coil meter, M1. The meter is inserted in 
the collector circuit of T3, and actually 
measures the collector current of this 
transistor. T3, in turn, is driven with 
the rectified W simal produced bv the 
oscillator, T2.   he voltage-doubling I rectifier is formed bv comuonents C6. m A 

C7, D1 and DZ. ~he'resuling rectified 
RF voltage is limited with the aid of 
Rh. and converted into a base current I KV12362 
for T3. The amount of base current is 
directly proportional to the RF voltage. 
Any change in the level of this voltage 
is therefore reflected by the meter in- 
dication. Such changes may occur as a 
result of P1 being turned, or - _ I  

energy being absorbed from Fioure 1. The d i ~  os- 
the &cillat"r coil by a res- cflator built ardund 
onating tuned circuit. transistor TZ is tuned 

by a dual varicap. The per may be used 
coils that create the as a multi-purpose 

M O D U L A T I O N  various frequency detectorfreceiver. 
The RF signal produced by ranges Of the inStrU- The RF oscillator, 
the @id dipper may be am- merit are plugged into TZ, and AF odlla- 
plitude modulated with a 1- Socket tor, T1, are 
KHz tone. This is achieved switched off in this 
by superimposing a 1-kHz mode. The coil in- 
waveform on to the varicap control serted into K2 is held close to an exter- 
voltage. The audio signal is supplied by nal RF signal source, enabling it to ab- 
a simple osdator built around T1. This sorb energy when the tuning of the 
transistor is switched on when rotary dipper 'hits upon' the signal frequency 
switch S1 is set to the 'mod' (modula- This is indicated by a quick needle 
tion) position. A double-T network con- movement on the meter. The fre- 
sisting of capacitors CB, C9, C10 and re- quency supplied by the source under 
sistors R8, R9 and R10 is connected be- test may then be read from the scale. 
tween the base and the collector of T1. A wire link in series with the mov- 
The network provides feedback from ing coil meter circuit allows a pair of 
the collector to the base, which is nec- headphones to be connected. The 
essary to make the transistor oscillate. headphonesenable you to listen to the 
For the same purpose it also causes a signal produced by the signal source 
phase shift of 180 degrees. under test. Actually, you are listening 

to the output of an AM (amplitude 
modulation) detector consisting of 

0 T  H E  R  A P P L I  C  A T  l O  N S ChIC7IDIIDZ. By purposely detuning 
Apart from applications like finding the the dipper a little, you may hear FM 
resonance frequency of unknown (frequency modulation) signals, too. 
tuned circuits, and fault-finding by sig- This method is called edge detection. 
nal injection in RF circuits, the insbu- The fourth position of the mode 
ment may also be used as an absorp- switch allows you to check the battery 
tion frequency meter. By setting S1 to condition. Some battery current is ap- 
the 'abs' (absorption) position, the d i p  plied to the meter via limiter resistor 

R7. The deflection of the meter needle 
then provides a relative indication of 
the battery condition. 

C O N S T R U C T ~ O N  
A N D  T E S T  
The track layouts and component 
mounting plan of the printed circuit 
board designed for the dipper are 
shown in Figure 2. The double-sided 
board is available ready-made 
through our Readers Services. The 
photograph in Figure3 shows the 
completed prototype. 

Stuffing the board is not difficult if 
you work neatly and stick to the parts 
list and the component mounting plan. 
Where a wire is inserted into a hole 
that has copper pads at both sides of 
the board, it has to be soldered at both 
sides to effect the through-contact. 

For a first test, connect all pots, 
switches, and the moving-coil meter to 
the board. Make an experimental plug- 
in cod from about 20 turns of 1-mm dia 
enamelled copper wire (SWGZO) on a 
former with a diameter of about 1 cm. 
Switch on the power supply. Turn P1 
and P2 to see if the moving coil meter 
shows activity If the oscillator works 
properly, the meter needle will move 
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Table 1. Plug-;n co;I w;nd;ng da ta
CoilA: 50 turns 0.2mm e.c.w. on plastic PCB spacer dia. 6mm

Coi! B: 20 turns 0.2mm e.c.w. on plastic PCB spacer dia. 6mm

Coil C: 10 turns 0.2mm e.c.w. on plastic PCB spacer dia. 6mm

CoilD: 6 turns 1mm e.c.w., no core, internal dia. Bmm

Coil E: 3 turns 1mm e.c.w., no core, internal dia. Bmm

e.c.w. = enamelled copper wire

from zero to a position dose to full-
scale deflection. If that is okay, you
may start testing the other functions of
the grid dipper. An AM receiver may

be used, for example, to check if the
modulator, Tl, works properly.

If you like, you may have the grid
dip per pick up a small signal from an

2

/134

Figure 2. Cop-
per layouts
and compo-
nent stuffing
plan (board
available
ready-made,
see Readers
Services
page).

COMPONENTS LIST

Resistors:
R1,R2 = 4kQ7
R3 = 150kQ
R4 = 2kQ2
R5 = 5kQ6
R6 = 100kQ
R7 = 15kQ
R8,R11 = 10kQ
R9,R10 = 82kQ
R12 = 1kQ8
R13,R15 = 1kQ5
R14 = 270Q
R16 = 220kQ
R17 = 1kQ
P1 = 10kQ logarithmic potentiome-
ter
P2 = 10kQ linear potentiometer

Capacitors:
C1 = 56pF
C2 = 3nF9
C3,C4,C5,C11 = 1nF
C6 = 120pF
C7 = 1nF2
C8,C9 = 2nF2
C10 = 4nF7
C12 = 10J.lF 16V radial

Semiconductors:
01,02 == BAT82
03 = KV1236Z (Toko)
T1,T3 = BC550C
T2 = 2N918

Miscellaneous:
K1 = jack receptacle, PCB mount
K2 == 2-pin OIN connector, PCB
mount
S1 = 3-pole, 4-position switch, PCB
mount
S2 = slide switch, PCB mount, an-
gled pins
M1 = 1mA moving coil meter
Bt1 = 9V battery with clip
Case: Hammond type 1590C
Printed circuit board, order code
936037
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indispensable link between 

ering the dete- I 
coien P : ! i b F 7 F i J  

max. charging current 10 A 
a.c. However, these applica- 

low internal current (1.7 mA typ.) tions are not the subject of 
parallel regulation of charging current the present article, which 
overcharging protection with charge voltage limiter concentrates on connecting 
deep discharging protection a battery to a solar panel. 
electronic fuse Wonderfully simple 

as it would be, it's not possi- 
ble to connect a battery to a 
solar panel just like that. A 
suitable charge controller is 
essential khveen thew ele- 

ed charge Con- The main components in such a ways imminent, because the current 
system are, of course, the solar panel output of a solar panel is strongly de- ike the One de- and f i e  ,129  battery. The latter acts pendent on the degree of irradiation, 

scribed here. as an energy storage device. Low-volt- or the amount of incident sunlight. 
age lighting and the like may be pow- Basically, there are two ways of con- 
ered directly from the battery, while a trolling the charging current: using a 
power inverter may be used to turn series regulator or a parallel regulator. 
the direct battery voltage into 240 V A series regulator is inserted in the link 
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between the solar panel and the bat- 
tery. The parallel (or 'shunt') regulator 
is connected in parallel with the two 
elements. The regulator described in 
this article is a parallel type. The main 
advantage of a shunt regulator is that 
it does not consume apprenable en- 
ergy unless the battery is fully 
charged. In practice, its own current 
consumption is negligible. When the 
battery is full, however, the 'surplus' 
energy is converted into heat. Partic- 
ularly in larger solar systems, that heat 
calls for a fairly 'heavy' design of the 
regulator. 

In addition to its actual function, a 
good charge controller also offers pro- 

i tection in a number of ways, including 
a deep-discharging protection for the 
battery, an electronic fuse and a reli- 
able protection against polarity rever- 
sal on the battery or the solar panel. 

Because the e n t i ~  circuit is powered 
by the battery via a polarity reversal 
protedon diode, D1, the solar-charging 
regulator retains its function when the 
solar panel does not supply current. 
The drcuit uses the uxuegulated battery 
voltage (junction D2-R4) as well as a 
highly accurate reference voltage of 
2.5 V. which is created with the aid of 
zener diode D5. The control terminal of 
this reference diode is not used. 

Because the charging regulator it- 
self works happily with a current of 
less than 2 mA, the battery is hardly 
loaded during the hours of darkness, 
or when the sky is overcast. The low 
current consumption is achieved 
through the use of power MOSFETs 
type BUZ11, T2 and T3, which are dri- 
ven with a voltage only, i.e., they work 
at virtually zero drive power. 

Returning to the voltage regulator, 

tracks the battery voltage and controls 
the degree of conduction of transistor 
T1. The higher the battery voltage, the 
greater the current through T1. Con- 
sequently, the voltage drop across R19 
increases. This voltage is the gate volt- 
age for MOSFET TZ. As the MOSFET 
conducts harder, its drain-to-source re- 
sistance drops, in other words, the ad- 
justable power resistor is set to a 
smaller value. The result of the in- 
ueased battery voltage is that the load 
on the solar panel increases also. 

Schottky diode D7 prevents dam- 
age caused by acedental r e v e ~ l  of the 
+ and - terminals of the solar panel. 
The same diode also prevents a current 
flow from the battery into the solar 
panel in case the panel voltage drops 
below the battery voltage. This func- 
tion can not be carried out by T1 be- 
cause such a current finds its way 

V O L T A G E  R E G U L A T I O N  

The circuit diagram of the solar-charg- 
ing regulator is shown in Figure 1. As 
you can see, the main components are 
two 'heavy' MOSFETs and a quadm- 
ple operational amplifier. The latter 
(ICl) has a key function in this circuit. 

Functionally, the circuit may be di- 
vided into three parts: the voltage 
regulator around ICla, the discharg- 
ing limiter around ICld and the elec- 
tronic short-circuit protection built 
around IClc. 

IC1 is the controlling element, while 
T2 is used as an adjustable power re- 
sistor which, together with R13, acts as 
a kind of active load on the output of 
the solar panel. The operation of the 
regulator is fairly basic. An adjustable 
part of the battery voltage is fed to the 
non-inverting input of control ampli- 
fier lCla via voltage divider R4-PI-R3. 
The previously mentioned 2.5-V refer- 
ence voltage is applied to the inverting 
input of the amplifier. 

The behaviour of the regulation is 
proportional. The output of ICla 

Flgure l. The voltage 
regulator proper is 
formed by ICla, T1 
and T2. The remaining 
components form part 
of the various protec- 
tion circuits incorpo- 
rated into the design. 

much easier throuch the diode which 
Ir prr<t,nt across tht.dra~n-u>urrr lunc- 
hon in the \1OSFF I. I2 A t \ w  R) \'.l?- 
50 is used in position D7 bicause this 
diode is marked by a low voltage drop 
at relatively high forward currents. 

Components lClb and D3 provide 
a visible 'battery charging' indication. 
The LED lights as soon as the battery 
voltage exceeds 13.1 V, and the battery 
is being charged. Because of the LED 
current, the current consumption of 
the charging regulator then rises from 
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Figure 2. The printed eireuit
board has a neat and eompaet
layout. Components 12. T3 and
D7 are purposelyarranged at
one side 01 fhe board, allowing
fhem to be bolted on to a eom-
mon heat-sink.

1.7 mA to about 7 mA. Although the
LED can draw this extra current from
the solar panel - saving the precious
energy stored in the battery for 'use-
ful' loads - thrifty users may none the
less think of the LED as a waste of en-
ergy. Weil, they may consider omitting
the LED, and instead mount an am-
meter with a centre indication, as used
in cars, for example.

PROTECTION CIRCUITS
The deep-discharging protection is re-
alized with the aid of opamp ICld
which is wired as a comparator, and
MOSFET T3. The battery voltage is
first scaled down to about a quarter of
the nominal value by potential divider
R8IRIO,and then compared with a ref-

erence voltage of 2.5V supplied by D5.
The comparison is performed by ICld.
The values of the resistors in the po-
tential divider are such that the output
of ICId drops low when the battery
voltage drops below a level of approx-
imately 9 V MOSFET T3 then blocks
and interrupts the ground connection
between the battery and the load. Be-
cause of the hysteresis created with
feedback resistor Rll, the comparator
does not change state until a battery
volta ge of 12 V is measured again.
Electrolytic capacitor C2 prevents the
deep-discharging protection from
being actuated by volta ge dips caused
by, for instance, the switching on of
large loads.
The short-circuit protection built

into the circuit acts as an electronic
fuse. In the event of a short-circuit, it
disconnects the load from the battery.
This is also done with the aid of T3,
only then the MOSFET has a double
function. Not only does the device act
as a circuit breaker, its drain-to-source
junction also behaves like a measuring
resistor. The voltage drop across this
resistor is scaIed down by RI2IR18 and

COMPONENTS LIST

Reslstors:
R1 '" 1kQ
R2 = 120kQ
R$,R20 == 15kQ
R4,R15,Ri9 '" 82kQ
R5", 12kO
R6 = 2k02
R7,R14,R18,R21 '" 1OOkO
R8,R9 == i50kQ
R10 = 47kQ
R11 = 270kO
R1.2,R16 == iMO
R13 = see text
Rt? = 10kO
Pi == 5kO preset
P2 '" 50kO preset

Capl.'ICitors:
C1 '" 100nF
C2 == 2ILF2 25V radial
C3 = 10ILF 16V

Semiconductors:
01,02,04 = 1N4148
03,06 = LEO red
D5 = LM336Z-2.5
07 == BYV32-50
T1 = BC547
T2,T3 = BUZ11
IC1 = TL074

Miscellaneous:
F1 = fuse 10 A (T) with PCB mount
holder

Waterproof case, e.g., Hammond
1590C

8 spade terminals for $Crew mount-
ing
Heatsink 1.25KJW (e.g. SK71-75
from Fischer, Oau Components)
Printed circuit board, order code
930096, see Readers Services
page

then applied to the inverting input of
comparator ICIc. Here, too, the accu-
rate voltage supplied by D5 is used as
a reference.
As long as the short-circuit protec-

tion is not active, the output of ICIc
supplies a 'high' level. Diode D4 then
blocks, and the output of ICId alone
determines the gate voitage of T3. A
gate voltage range of about 4 V to 6 V
is achieved with the aid of potential di-
vider RI4/P2IR15, allowing a well-de-
fined voitage drop to be set across the
drain-to-source junction of T3. When
the load current reaches its maximum
level, the voltage drop increases
rapidly until the level is reached at
which IClc toggles and pulls its out-
put low. Diode D4 then conducts,
causing the gate of T3 to be pulled to
ground. The result is that the MOSFET
blocks, interrupting the current flow.
R-C network RI2/C3 determines

the response time of the electronic
fuse. A fairly slow response is chosen
to prevent erroneous triggering of the
protection by sudden peaks in the load
current (as with the deep-discharging
protection). LED D6, incidentally, is
used as a l.6-V reference, ensuring that
C3 can not be charged beyond this
voitage. Once the short-circuit has
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been eliminated and the load discon- 
nected from the battery, C3 is slowly 
discharged across the LED (this will 
take about seven seconds). 

The fact that the electronic fuse has 
a fairly slow response does not mean 
that the load current is allowed to 
reach too high values. Before the elec- 
tronic fuse is actually actuated, the 
gate voltage of T3 causes the MOSFET 
to limit the output current to the level 
set with preset P2. Just to make sure 
nothing goes u p  in smoke, the circuit 
also includes a normal fuse, F1, which 
is connected in series with the battery, 
and offers peace of mind that a possi- 
ble malfunction in the circuit does not 
cause instant disasters. As a last pro- 
tective measure, D2 has been added to 
the circuit. This diode protects the in- 
puts of ICla and IClb against damage 
caused by a reverse-connected battery. 

L A R G E  O R  S M A L L  
The choice of a suitable solar panel is, 
of course, strongly dependent on the 
capacity of the battery you wish to use. 
The solar-charging regulator is, in prin- 
ciple, intended for solar panels with a 
nominal output voltage of 15 to 
18 volts and a power of 10 to 40 watts. 
Such panels are normally combined 
with batteries having a capacity be- 

1 hveen 36 and 100 Ah. However, be- 
cause the solar-charging regulator al- 
lows a maximum current flow of 10 A, 
solar panels with a power rating of up 
to 150 watts may be used. 

The solar-charging regulator may, 
of course, also be used in wind power 
systems and with other voltage 
sources, as long as the input voltage is 
in the 15-18 V range. 

The largest amount of heat is dis- 
sipated by the active load, TUR13. Ob- 
viously, the MOSFET must be properly 
cooled, and R13 must be capable of tol- 
erating quite high temperatures. The 
power rating of R13 should remain in 
step with the power that can be sup- 
plied by the solar panel. In the (ex- 
treme) case of a solar panel being used 
with a no-load output voltage of 21 V 
and a short-circuit current of lOA, 
then T2 and R13 dissipate a power 
which equals the voltage difference be- 
tween the battery and the solar panel 
(approx. 7 V) multiplied by the short- 
circuit current (10A). or about 
70 watts! This may actually happen 
when the battery is fully charged. 
Most power is dissipated by R13, be- 
cause the MOSFET then presents an 
extremely low resistance. The value of 
the resistor is easily calculated using 
Ohm's law: 

R13 = P/l2 = 701102 = 0.7 Q 

Such a high solar-panel power should 
be rare, though. In the prototype of 

the solar-charging regulator, a resis- 
tance of 0.25 W40 W is used which 
consists of four parallel-connected re- 
sistors of 1 nf10 W. 

The required cooling for T3 is com- 
puted in a similar u,ay Assuming that 
the maximum output current is 10 A 
(which corresponds to a voltage drop 
of a b u t  2.5 V across the drain-source 
junction), then a maximum dissipation 
of about 2 i  W should be taken into ac- 
count. To ensure sufficient cooling of 
T3 even at high ambient temperatures 
(e.g., 50 'C), the heat-sink should have 
a thermal resistance of 3.5 KIW or less. 

Components T2, T3 and D7 are 
arranged at one side of the hoard, al- 
lowing them to be mounted on to a 
common heat-sink (using isolation 
materials). The dissipation of these 
three semiconductors should, there- 
fore, be added, and you then need a 
heat-sink with a thermal specification 
of 1.5 KMI or better. The type men- 
tioned in the components list satisfies 
this requirement. 

C O N S T R U C T I O N  
The printed circuit board designed for 
the solar-charging regulator is shown 
in Figure2. Populating the board 
shoulcl not present undue difficulties 
if you follow the component overlay 
and the component List. The board is 
available ready-made through our 
Readers Services. The battery, solar 
panel and load are connected via ro- 
bust, screw-type spade terminals as 
used in car electrical systems. Power 
resistor R13 is also connected to the 
board in this way. 

The nearly finished board is shown 
in the photograph in Figure 3. The in- 
troductory photo provides a useful 
suggestion how the drcuit may be built 
into a water-proof ~. 

A D J U S T M E N T  
Fortunately, the circuit is relahvely nni- 
ple to adjust. Tlie job does, hol\.e\-er, 
require two (regulated) power sup- 
plies. One of these is set to an output 
voltage of 11.1 V, and connected to the 
battery terminals (marked 'accu') on 
the board. The other shoulcl ha\.e a 
current limiter. This supply iq set to the 
opencircuit voltage oi the solar panel 
used (for example, 21 V as in the abo\.c 
mentioned situation), and connected 
to the spade terminals marked 'cells'. 
When P1 is properly adjusted, the 
voltage will drop to 14.1 1: Ynu nrcd 
not worry about this, because the cur- 
rent limiter and D7 ensure that noth- 
ing can go wrong! 

For proper adjustment of l'? i t  is 
necessary to use a load which is 
slightly higher than the hea\,iest an- 
ticipated load. If you want to squeeze 
the most out of this system, sclect a 
load current of 1UA. That can be 
achieved by means of a load resistor of 
1 W120 W, consisting of, for example, 
ten resistors of 10 W10 W in parallcl. 
Preset P2 is initially turned to 'mari- 
mum' (wiper against RI?). Next, the 
load is connected to the terminals 
marked 'load' on the board. Carefully 
adjust P2 until you reach the point 
where T3 switches off and disconnects 
the load. 

After removing the load resistors, 
the 'load' terminals may he short-cir- 
cuited briefly to check that the elec- 
tronic fuse works properly. v ~ i t n ~ ~ l ~ i  

enclosure (we 7 

type from Ham- 
mond). The heat- 
sink is simply se- a 
cured to one side 1;; 
of the case by a " 
set of screws. The 
power semiconduc- 
tors, T2, T3 and D7, 
are then mounted on 
to the bottom panel of 
the case using isolating 
washers, bushes and 
bolts, not forgetting a 
fair amount of heat con- . . iE-i A -4 ,, . 
ducting paste. 

Although banana sock- .. ets are used in the proto- . 
?!!. 

type, you may want to feed -~p- 
(heavy-duty) input and - I Figure 3. Nearly fin- output cables directly through ished prototype of the 

grommets in the sides of the solar-charging system. 
case, connecting them straight The missing parts are 
to the spade terminals on the board. power resistor R13 

and the heat-sink. 
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combinations solve 
data-acquisition problems 

sion 
ter i~ 

d 
and r 
Th;" 

but tl 

This report examines an 
overlooked option for 

many existing AID con- 
verter (ADC) applica- 

tions: the AID conver- 
?S bet- 
with a 

iscrete I  para at or 
)/A converter (DAC). 

I I 1 1 3  substitution gener- 
ally entails a different 

measurement approach, 
i e  advantages can 
include lower cost, 
~igher speed, more 
lexibility, and lower 
3wer consumption. 

Current trends, though, are in the 
other direction-designers who must 
implement i ln  conversion usually 
specify a packaged ADC for the job. 
Most eneneers are not aware of an al- 
ternative, and the pricelperformance 
ratios for hvcs are falling all the time. 
Yet, an analogue comparator plus DAC, 
along with digital processing capabil- 
ity, form the core of a successive-ap- 
proximation ADC. 

The discrete cornparator/o~c ap- 
pruach is already common in certain 
fields. Automatic test equipment, nu- 
clear ~ulse-height discriminators, and 
automated time-domain reflectome- 
t en  often uze the technique whereby 
one comparator input is driven by the 
nzc, and the other is driven by the sig- 
nal to bc monitored. Following is a se- 
lection of general measurement p r o b  
lems and specific applications in 
which a comparator/o.%c combination 
is actually more appropriate than an 
off-the-shelf .ADC. 

TRANSIENTVOLTAGE MOhllUR: 
ADC APPROACH 

MEMMM 

SUPPLY @ 

TRANSIENTVOLTAGE MONrrOR: 
DAVCOMP APPROACH 

SUPPLY & 
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sult from too much capacitive load on 
the DAC'S output amplifier, but that 
problem is easily fixed by adding a re- 
sistor in series with the DAC output. 

The main issue for comparators is 
hysteresis. Most comparator circuits in- 
clude hysteresis to prevent noise and 
oscillation, but hysteresis should be 
used sparingly-it also causes the 
threshold value to change with output 
state. That behaviour is acceptable if 
the system can compensate for state- 
dependent hysteresis; otherwise hys- 
teresis should be avoided. 

If the comparator to be used has in- 
ternal hysteresis that cannot be dis- 
abled, you can eliminate any negative 
effect by ensuring that the DAC output 
always approaches the comparator 
threshold from the same direction. 
That action is easily established by set- 
ting the DAC to zero after each bit test; 
that is, by adding one line to the 
pseudo-code listing in the box on p.43. 

croseconds). The monitor must log the 
duration of complete failures in line 
power, so the monitor power should 
come from a battery 

The conventional solution to this 
problem is a controller and AK. As the 
converter continuallv samoles the line 
voltage, the controller compares each 
value to user-settable limits stored in 
software, and logs any out-of-spec 
condition to RAM. Because the system 
must be capable of tracking transients 
as brief as lOps, the AK sample inter- 
val must be considerably shorter-per- 
haps 2.5ps maximum as a conserva- 
tive estimate. The controller must 
therefore process the samples at 
112.5 ps = 400 kps. 

If software comparisons can be 
coded efficiently and the AK requires 
no prncessor intervention, the system 
can ooerate with as few as ten in- 
structions per sample, requiring 
processor performance in the 4 Mlrs ' 

4 5  nnotht,r option, " o ~  can ottcn ;anet.. such pertormdnce iz suhst.ln- 
t~l~minare rhr nrrd hlr hvstere.i+ bv tinl, .ind ir nor rmd~lv nun~ariblr  I \ ~ I I ~  

adding a small amount of capacitive 
feedba'k, which provides speed-up in 
the comnarator's linear-transition re- 
gion. Or, you can add an output 
bistable or latch to capture the com- 
parator's output state at a given in- 
stant of time. 

A P P L I C A T I O N S  
This section presents a number of sit- 
uations in which a D~dcomparator ap- 
nroach offers advantaees over the ADC ,, 
approach. The application circuits dis- 
cussed are neither unusual nor eso- 
teric, but address common problems 
that arise frequentlv. 

battery operation ( ~ i b r e  lj. You might 
then consider an analogue method 
that responds to the derivative of an 
input transient instead of tracking it, 
but that approach appears untenable. 

The alternate  clco comparator ap- 
proach in this case offers several sig- 
nificant advantages. It requires four 
DACS and four comparators (or a single 
MAX516), followed by a quad sewreset 
bistable. One n~dcomparatorbistable 
combination monitors high transients, 
one monitors low transients, one is for 
sags, and one is for surges (Figure 2). 
Transient voltages couple directly to 
the comparators, but the input to the 

First, consider (he need for a low- sag and ;urge comparators is first rec- 
cost method to detect and loe the saw. tified and filtered to obtain the averaee <, <, ~, 
surges, and transients, that occur on a value of line voltage. Appropriate r.m.s. 
power line. An ideal design would he adjustments can be made in software. 
a wall-cube device that detects power- The system operates by sampling 
line abnormalities and logs the time of and resetting the bistahle every T sec- 
each occurrence to RAM. (Sags and onds, where T is the time resolution 
surges can last from milliseconds to required in the transient log (perhaps 
hours; transients are as short as 10 mi- M) seconds). DACS for the high and low 

transient levels are set to the desired 
high and low threshold values. The 
sag and surge DACS are adjusted after 
each 7-second interval, using a suc- 
cessive-approximation techGque to 
eenerate hieh-line and low-line limits 
L, L, 

that track the current average value. 
Assuming a very conservative 1WO- 

instruction routine to perform this suc- 
cessive approximation and the other . . 
housekeeping chores, the average crv 
nerformance for T = M) s is 17 instruc- 
tions per second. The resulting execu- 
tion rate is 0.00(KI2 ~ ~ u i t e i u i t a b l e  
for low-mwer svstems. and far below 
the 4 M& required w/th an ADC ap- 
proach. For further power savings, the 
contmller can 'sleep' most of the time, 
waking only to process an abnormal 
line condition. The circuit thus reduces 
power, complexity, and cost, by of- 
floading the voltage comparison from 
software to analogue hardware. 

L O W - M A I N T E N A N C E  
F A U L T  D E T E C T I O N  
A N D  D I A G N O S T I C S  

Printer-head control, carriage control, 
and many other electromechanical ap- 
plications, monitor critical internal 
voltages and temperatures to deter- 
mine when to modify their operating 
mode. In extreme cases, this feedback 
enables the svstem to avoid self.de. 
struction by shutting down altogether. 
For example, a stepper-motor con- 
troller must adjust gate drive to the 
output MOSFETS when necessary to 
avoid the excessive power dissipation 
associated with linear operation. 

Again, the conventional solution to 
these monitoring problems is an ADC 
(Figure 5a). The processor directs the 
ADC to make periodic measurements 
consistent with the time constant of 
the process under control. It then 
scales the resulting digitized values 
and compares them with limits in soft- 
ware. If they go out of bounds, it can 
trigger corrective action or shut down 
the system completely 

An alternate approach uses the 
~.&c/comparator combination (Fig- 
ure 5b). The static DAC output estat- 
lishes a shutdown limit or trip value 
for the comparator. When a tempera- 
ture change causes the comparator to 
trip, the comparator sends an interrupt 
to the processor that initiates corrective 
action. If necessary, the processor can 
also determine the absolute tempera- 
ture value by initiating a software- 
based successive-approximation rou- 
tine. 

On the other hand, to support an 
ADC, the processor must poll the ADC, 
input the sample value, and compare 
it with the setuoint before iumoine to , . ., 
the shutdowi routine. Thus, a D A ~  
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comparator not only saves 
cost and offers a quicker re- G',. 
sponse then does an ADC: it 
aiso reduces the processor 
overhead. 

T I M E - D O M A I N  
R E F L E C T O M E T R Y  
Finally, the low cost and low 
power dissipation of 
o~dcomparator combinations 
(vs AKS) have made practical 
the portable timedomain re- 
flectometer (mu)--an instru- 
ment that detects cable dis- 
continuities and measures 
the intervening transmission 
length. Portable, inexpensive 
mns have become popular 
with the proliferation of net- 
work cabling. 

A TDR operates like radar: 
it sends a brief pulse along 
the line and detects any echo 
returned by an open, short, 
or other abrupt discontinuity 
in the line impedance. The 
time interval for propagation 
of the outward-bound pulse 
and its returning reflection is 
about 3.3 ns uer foot 
(10.8 ns m-'), assuming a line 
propagation of 0.6r, where c 
is the speed of light. 

The ratio of received-pulse ampli- 
tude to transmitted-pulse amplitude is 
used to compute the reflection coeffi- 
cient. Knowing the reflection coeffi- 
cient and cable impedance, you can 
compute the impedance of the dis- 
continuity, and from that information 
deduce the nature of the discontinuity. 
Coaxial cables introduce a complica- 
tion by attenuating the pulse on its re- 
turn trip, so the software must com- 
pensate for this effect by applying an 
amplitude correction based on the dis- 
tance measurement. 

An ADC in this application would 
have to convert every 5 ns (200 Msps). 
Though available, such ADCS are ex- 
pensive, power hungry, and generally 
unsuitable for portable applications. 

The analogue front end of an actual 
hand-held m u  (Figure 6 )  serves to il- 
lustrate the ideas described above. Dig- 
ital circuitry is excluded for clarity. 
Though simple and without exotic 
components, this circuit has impres- 
sive performance. It measures termi- 
nation impedance reliably and with 
5% accuracy for cable lengths to 500 H 
(165 m). For open or shorted termina- 
tions, it measures distances to 2000 ft  
(h60 m). And, best of all, the system 
(including display and digital circuitry) 
can operate for 20 hours on a 9 V al- 
kaline battery 

The comparator in Figure h (IC,) 
provides single-supply operation with 
ground sensing and a propagation 

delay of just 10 ns. The DAC (K4)  is a 
dual device in which one side helps 
with the pulse-height measurement 
and the other drives the LCD contrast 
control (as in Figure 3). Note that the 
DACS are driven backwards; the (nor- 
mal) current outputs are driven to- 
gether by a buffered reference, and the 
(normal) reference inputs serve as volt- 
age outputs (each buffered by an ex- 
ternal op amp). 

A simple glitch-monostable circuit 
(not shown) drives the base of Q,, 
which in turn drives the cable with 
positive 10 nsduration pulses. Any re- 
flections from the line are coupled to 
the comparator ~ l a  C3. 

IC5 is a bandgap reference whose 
1.2V output is buffered by op amp 

to provide a reference voltage for 
the dual D A C ~  in IC,. This reference 
voltage is also doubled by gain-of-2 
amplifier IC?, to provide a 2.5 V d.c. 
level at the comparator's non-invert- 
ing input. DAC A applies &3.8 V at the 
comparator's inverting input. Levels 
above 2.5 V enable the determination 
of positive-going pulse heights, and 
levels below 2.5 V determine the am- 
plitude of negative-going pulses. 

Each pulse entering the transmis- 
sion line also enters a variable delay 
line in the digital circuitry, which con- 
sists of a string of 20 ns delay elements 
controlled by a counter. This delayed 
pulse from the digital section jointly 
drives the D inputs of bistables IC1, 

and IClh, which in turn are clocked by 
complementary m outputs from the 
comparator Thus, time measurements 
amount to a race between the return 
pulse and pulse going through the 
delay line; if the D input arrives before 
a clock transition, the bistable output 
is high; otherwise, it is zero. 

To measure, set the DAC output to 
a low absolute level and iteratively ad- 
just the delay until the bistahle output 
remains at zero, then read the counter. 
Similarly, to measure the height of re- 
turn pulses, iteratively adjust the DAC 
output until the bistable output re- 
mains at zero, then read the DAC. Note 
that two bistables are required to cap- 
cure the conip,iralor'. Ira~i~n):  t'rl):~ f.lr 
borh oo.iti\.e and nrr,it!\,c D I I I < ~ ' > .  Thri L, 

leading edge rises for positive pulses 
and falls for negative pulses; if both 
were applied to a single bistable, the 
pulse width would become an un- 
wanted part of the delay. 

lWlMl L 
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Applied Electronic Engineering 
with Mathematica8 
By .Alfred Riddle and Samuel Dick .,. 

, , ,..... .,, , , ,  
ISBN 0201 53-177 l1 .. . - ~ 

Price f 31.99 (375 pp - hardhack) .- . . . 
Addison-Wcslcy Puhli5hing Company Inc 

.Ifurh~rnnrica. descrihed hy its puhlishcrs 
(Wolfram Re-earch Inc.) as 'A system for 
Doing Mathematics hy Computer'. is a gen- 
era1 mathematicd softw;ire sFtem with ap- 
plications in many field. It is not just a calcu- 
I;!ting progmm. for it is ahlc to operate \)m- 
holicallv asu,cll. which is one of its greatcst 
strengths. It has facilities fhr displaying its 
results as formulae. tcxt and tahlcs. hy graph- 
ic'. (including 3-D and animated figures in 
full colour) and as sound tiles. which can he 
played on computen with a sound card. 

Numerous crtunsions of the ~ t ~ ~ r l ~ ~ ' t ~ z a r i c ~ ~  
systcm have heen written for specialist appli- 
cations. including Wolfrsm's own Flerrncal 
Er,,qinrenr!q Pork. A system of special inrcrcst 
to Nckror El~rrrn,~irr readers and with wide 
scope is Nodcrl, wriltcn hy Alfrcd Riddle. Hc 
has now huen joined hy Alfrcd Dick to pm- 
duce .a h m k  which explains how to use .Mod!- 
o,toriu and Nwlrll for the analysis and dcsign 
of electronic circuits. Thc hook is supplied 
with a disk canying a demonstration version 
of Nodal and text files of all the examples 
from the hook. Although thc authors hclicve 
that Mnrhonotica and .Nmlol are the hest two 
pieces of software for electronic engineering. 
they explain the algorithms in sufficient derail 
to cnshle them to he applied to virtuallv any 
computer laneuaee. Thus. the hook can bc . - 

studied in its own right as a comprehensive 
and un-to-date euidc to circuit analvsis and 
dcsign. Having said this. there is no douht in 
my mind that the hest approach is to pur- 
chase Mnrhernnricn and the hook with disk 
and get down to learning the syntax. In this 
rcspect, the hook has a dual function. for it 
prcwidcs an ideal way to learning. not only 
the many aspects of electrnnics computing. 
hut also how to use Mnrlzemotica itseli. rllnrh- 
tmerica has hundreds of commands. many of 
which an electronics engineer would never 
use. The subset of commands applicable to 
electronics is much les5 daunting. Better still. 
Riddle and Dick provide a Toolbox note 
every time a new command is used. complete 
with a definition, explanation. and full syntax. 
This is a most useful and helpful feature of 
the hook. and one soon feels at home in the 
Nodnlenvironmcnt. 

Primarily, the hook is a guide to using 
Nodal. which has a rich cnllection of elec- 
tronics functions. These include a full range 
of components with dcfinahle characteris- 
tics. from Capacitor to MESFET, functions 
such as NodalNetwork ( to define an elec- 

Figure 1. 

Figure 2. 

Figure 3. 

tronic network) and NodalAnalyse ( to ana- 
lyse network and calculate specified para- 
meters. either numerically or  in symholic 
form), and utilities for minor calculations. 
such as ComplexToPolar. FaurierEE. and 
Interdigital (to specib a microwa\,e capaci- 
tor formed hy interdigitating copper stripe 
on a dielectric substrate). It also has IOU- 

tines for using a Smith Chan  displayed on 
the computer screen. 

As an example of the routines described 
in the hook, Figure I is an investigation of 
aliasing. The plot shows a high-frequency 

sinrtsoidal rignal samplcd ;!l one-seventh of 
its frequency. The samples are shown us 
larpe dots and it can he seen that they pro- 
duce a sinusoidal alias signal of much lower 
frequency than the true frequency. Figure 2 
sha\vs haw a network is defined and ana- 
lysed. For simplicity. we have set up the sim- 
plest posrihle RC network with sinusoidal 
voltaee source. hut Nodal can deal with net- 
work5 of much greater complexity than this. 
The netlist specifies component types. their 
node c<mncrtions and their s)?nbolic names. 
Then it is analysed to find an expression for 
the transfer function in terms of component 
valucs. r l  and c l .  Next. wc suhstiture l l q l  
for r lel .  where q, is the resonant frequency. 
Finally (Figure 3). we evaluate the function 
numerically to produce a 3-0 plot o f  
r f ( ~ . ~ / v ~ )  against m and a, the imaginary and 
real parts of the complex frequcncy vari- 
able. r. Thc edge at the front surfncc 
demonstrates the law-pass frequency re- 
sponse of the filter when a = 0 (that ir, for 
a fixed amplitude input). 

Although Nodal has no limitations on the 
numher of netlist nodes or the numher of 
graph points that may he plotted. the demo 
disk supplied with the hook limits these num- 
hers 10 4 and 10 respectively. A simple com- 
mon-emitter amplifier needs 5 or 6 nodes. so 
limiting node- to 4 is too tight a restriction. 
frustratin~ students who may not bc able to 
afford the full version of Ndol .  

The full list of topics covered hy the 
hook include5: DC circuits. small-signal cir- 
cuits, multiport analysis. component design. 
sensitivity analysis. times series. spectral ana- 
lysis, S-domain analy~is. filter design (which 
includes FIR digital f i l t e ~ ~ ) .  high-frequency 
circuits, and n o i ~ e  analysis, all copiously il- 
lustrated hy worked examples. All the algo- 
rithms and routines arc fully explained with 
great clarity. yet with an rmnomy of style. in 
a way suitcd to the husy engineer who wishes 
to get on with the job. Each chapter ends 
with a summary of topics covered and a set 
of exercises to test understanding and to 
demonstrate funher applications of the rou- 
tines. There is also a comorehensive selec- 
tion of references for each chapter. 

The authors have aimed the b o k  at un- 
dergraduate and eraduate students. instruc- 
ton. developers, and professioniil engineea. 
It fulfils its purpose admirably and I strongly 
recommend it not unlv to nersons in those . , 
categories, hut also to the dedicated ama- 
teur who is fascinated hy the mathematical 
aspects of electronin. 

Suppliers of Nodal: 
Goth. Goth and Chandleri Ltd. The Old 
Sweet Factory. Gardner Street. Hentmon- 
c e u  East Susex. England BN27 4LB 
(+44 1323 X32 683). 

Macallan Can<ulting, 1583 Pincwood Way. 
Milnitas. California 95035. USA 
( + l  408 262 3575). 

Review by Owcn Bishop 
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l l ln c 9; filis r19!% is 
?J?!s%~ Qrl ir1;9rrrlz!!i9rl r2c?il/*d 
ir9rr1 rrlzrlu%!c!ur2rs irl !?I% 212c- Waveform generator 

operates from 
A E/?;<fgr E/2cff9r,jcs Qr i(5 

cq(lsul!sr)!s, 0.1 Hz to 20 MHz 
The MAX038 is a we- 'X, 

c~sion, highifre- 1 .  ", quency function gen- 
erator that produces 

accurate sine, 
square, triangle, saw- .I U . 

tooth, and pulse 
waveforms, with a 

minimum of external 
component. 

The i 

factor 
the gf 
and F 

A ' 

nternal 2.5 V reference (plus an 
external capacitor and potentiometer) 
lets you vary the signal frequency 
from 0.1 Hz to 20 MHz. An applied 
t 2 . 3  1' control signal varies the duty 

between 104. and 90%, enabling 
meration of sawtooth waveforms 
lulse-width modulation. 

. . iecond frequency-control input- 
used primarily a5 a \,CO input in phase- 
locked-loop applications-provides 
i-70%, of fine control. This capability 
also enables the generation of fre- 
quency sweeps and frequency modu- 
lation. The frequency and duty-factor 
controls have minimal interaction with 
each other. 

All output amplitudes are 2 Vp.p 
symmetrical about pound .  The low- 
inipedance output terminal delivers as 
much as 220 mA, and a two-bit code 
applied to the TTL-compatible A, and 
h, inputs selects the sine, square, or hi- 
angle output waveform: 

X 7 siiie 
o o sauare A 

1 l l 0 I trianole 1 

ternal oscillator produces a m-com- tiplexer that lets you select the output 
~atible SYNC outout, whose dutv factor waveform accordine to the state of ad- " 
remains constant at 50% rexardless of dress lines An and A,. The output am- 
rhr d u v  f.lr111r wt inr tlic o~~ rpu l  t\.:~\,t.- pl~ludr  rcm.ilns constant at - 1 \' rr- 
form lliv 2I~!YO?X c inrrm.11 D~.I*. ~ l r -  eardlscs of w:tvr2 rhaor or frcnuencv 
tector enables such synchronization as 
well. It also enables the demodulation 
of frequency-modulated signals. 

D E T A I L S  O F  O P E R A T I O N  
By alternately charging and dhcharg- 
ing an external capacitor, the 
MAX03R'S relaxation oscillator pro- 
duces simultaneous square and trian- 
gle waves. An internal sine-shaping 
circuit converts the triangle to a low- 
distortion, constant-amplitude sine 
wave. The sine, square and triangle 
wave are applied to an internal mul- 

c, 2~ ~ ~ ~ - ,  
(Figure 1). 

See Figure 2 for the MAX03R's block 
diagram and operating circuit. Pow- 
ered from t 5  V, the device consumes 
4W mW and has a nominal output fre- 
quency set by the oscillator capacitor 
Cf. Coarse deviations from that fre- 
quency are made by varying the l,, 
current from 2 p4 to 7 5 0 4 ,  a range of 
3751. The fin-current can be derived 
from the on-board 2.5 V reference and 
an external fixed or variable resistor. 

To adjust the frequency digitally, 
connect a voltage-output DAC to f i n  via 
a series resistor as shown in Figure 3. 

x = don't care 

To synchronize MM038 operation 
with other devices in the system, the in- 
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The converter output ranges from 0 V 
at zero to 2.5 V at full scale. Current in- 
jected by the converter into li,, there- 
fore, ranges from 0 4 to 748 4 .  The 
2.5 V reference and 1.2 MQ resistor in- 
ject a constant 2 4 ,  so (by superposi- 
tion) the net current into Ii, ranges 
from 2 pA (at a code of 0OOO0000) to 
7 3 4  (at 1111 1111). The quad-DC 1C 
operates from 5 V or +5 V. As de- 
scribed later, it can also provide digital 
control offad. and Dadi. 

For fine adjustments (+70%), apply 
a conhol voltage in the range t2 .3  V 
to the frequency adjust (fadi) terminal. 
Both fadi and Ii, have wide band- 
widths that allow the output fre- 
quency to be modulated at a maxi- 
mum rate of about 2 MHz. As the 
more linear input, f in is preferred for 
open-loop frequency conhol; input 
voltage, fadi  is better suited for use in a 
phase-locked loop. For digital control 
of ,fadi. configure a DAC and external 
op amp (as in Figure 3) to produce an 
output ranging from -2.3 V (m0 0000) 
to 2.3 V (1111 1111). 

The duty factor (the percentage of 
time that the output is positive) can be 
adjusted in the range 10-90% by ap- 
plying a k2.3 V conhol signal to the 
dutyfactor-adjust terminal Dadi. This 
signal changes the ratio of charging 
current to discharge current for ca- 
pacitor Ct while maintaining a nearly- 
constant output frequency. 

The Dadi input also lets you mini- 
mize distortion in the output sine 
wave. Minimum distortion occurs at a 
duty factor of exactly 5070, but the typ- 
ical duty factor (with Vmdi = 0 V) is 
50% +2%. By applying a small control 
voltage (typically lower than 
?l00 mV) to Dadi. therefore, you can 
set the exact 50% symmetry that min- 
imizes the distortion. 

The source driving Dad must 5up- 
ply a constant 2 5 0 4  (see big. 2 ) . ~ h e  
temperature coefficient of this internal 
current sink is unimportant for 
op amps and other low-impedance 

sources, but is significant when a vari- 
able resistor is used as shown. Thus, 
variable resistors suit manual opera- 
tion only, in which the operator can 
correct errors through readjustment. 
Likefadi, Dad. has a 2 MHz bandwidth 
and a k2.3 d range. It can be digitally 
controlled with an identical circuit 
(Fig. 3). 

P H A S E - L O C K E D  
O P E R A T I O N  
The MM03R's internal phase detector 
is intended primarily for use in phase- 
locked-loop (FLL) configurations. In 
Figure 4, for instance, the phase de- 
tector in IC2 enables that device to syn- 
chronize its operation with that of IC1. 
You connect the applied reference sig- 
nal to ICYs n~ lc~os -compa t ib le  
phase-detector input (m) and connect 
the phase-detector output (FDD) to the 
input (radi) of the internal voltage-con- 
trolled oscillator. FDO is the output of 
an XOR gate-a mixer-which pro- 
duces rectangular current waveforms 
at frequencies equal to the sum and 

MrmM 
MM038 MM038 
'MASTER' .SLAVE' 

difference of the ml frequency and the 
MAX03R output frequency. These 
waveforms are integrated by Cpd to 
form a triangle-wave voltage output at 
PDO. The 10 R/ 100 pF pair at FDI limits 
that pin's rate of rise to 10 ns. 

The PDO current-pulse levels are 
0 4 and 500 pA, with a duty factor 
that approaches 50%, when PDI and the 
output are in phase quadrature. Oth- 
erwise the duty factor approaches 
100% when the phase difference ap- 
proaches 180", and 0% when the 
phase difference approaches 0". Tpd, 

and R, form a filter that deter- 
mines the PLL frequency response. 

At the sync output is a square wave 
whose rising edge coincides with the 
rising edge of an output sine or trian- 
gle wave as it passes through zero 
volts. If the output is a square wave, 
SYNC'S rising edge occurs at the mid- 
point of the positive portion, causing 
MNC to lead the output by 90" (phase 
quadrature). 

5mc lets you slave one MM038 to 
another by providing a m.-compatible 
square wave at the phase-detector 
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input (PDI), as required by the slaved 
device (IC3. On the other hand, s w c  
is not available when a MAX038 is syn- 
chronized with sine or hiangle waves 
frnm other sources. For those cases, the 
PDI input must be driven by a com- 
parator to square up  the signal and 
provide the appropriate level shifting. 

The internal phase detector can 
also demodulate frequency-modulated 
signals. 

F R E Q U E N C Y  
S Y N T H E S I Z E R  
The W 0 3 8  and four other ICS can 
form a crystal-controlled, digitally pro- 
grammed frequency synthesizer that 
produces accurate sine, square or tri- 
angle waves in 1 W z  increments over 
the range 8 kHz to 16.383 MHz (Figure 
5). Each of the 14 manual su~tches  
(when open) makes the listed contr- 
bution to the output frequency: open- 
ing only SW S, and S*, for instance, 
produces an output of 259 kHz. 

The switches generate a 14bit dig- 
ital word that is applied in parallel to 
the DAC (K2) and a xi1 circuit in IC,. 
This device also includes a crystal-con- 

trolled oscillator and a high-speed 
phase detector, which form a phase- 
locked loop with the voltage-con- 
trolled oscillator in IC5. 

The DAC and dual op  amp (IC3 
produce a S750 pA current that forces 
a coarse setting of the ICs output fre- 
quency-sufficient to bring it within 
capture range of the PLL. This loop, in 
which the phase detector in IC, com- 
pares ICis sync output with the crys- 
tal-oscillator frequency divided by n 
produces differential-phase informa- 
tion at PDV and PDR. IC3 then filters and 
converts this information to a 22.5 V 
single-ended signal, which, when 
summed with an offset and applied to 
fadv forces the signal output frequency 
to the exact value set by the switches. 

Applying coarse frequency control 
with the DAC and the I , ,  terminal of 
ICs (pin 10) gives the fine-control input 
(fadi) a reasonably fast response to 
switch changes. The 50 MHz, 50 R 
low-pass output filter passes 16 MHz 
sine, square, and triangle, waves with 
reasonable fidelity, while blocking 
high-frequency noise generated by the 
xn circuit. 

l-1 

More intormanon on the MAXO38 and 
its applications is available from 
Maxim Integrated Products (UK) Ltd 
Unit 3, Theale Technology Centre, 
Station Road, Theale, Berkshire, 
United Kingdom RG7 3YX 
Telephone 01734 303 388 
Fax 01734 305 577 
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A Bun.Bmwn Application 
If you're looking for an audio 
amplifier that produces a lot of 
power using an ahsolute mini- 
mum number of components. 
this one is for you. 

Burr-Brown's OPAS41 is a 
power opamp capable of oper- 
ation fmm power supplies up to 
M0  V and delivering continu- 
ous output currents of up to 
5 A. Internal current limit cir- 
cuitry can be user-programmed 
with a single external resistor, 
protecting the amplifier and the 
load from fault conditions. The 
OPA541 is availahle in an 11- 
pin power plastic package and 
an indushy-standard TO-; her- 
metic oackaee. The former is 
used here. L 

Although the OPA541 is 
primarily intended for applica- 
tions like motor drivers, servo 
amplifiers and programable 
power supplies (says B-B), it is 
also fine for a medium-power 
AF amplifier with reasonable 
specifications. The design 
shown here is capable of sup- 
plying about 60 watts into an 8- 
R load. This is achieved with an 
audio drive level of 1.3Vms and 
a ~ymmetrical supply voltage of 

V. The onship current lim- 
iter is set to an actuation level 
of about 8.5 A by parallel-con- 
nected resistors R6iR7. This 
level ensures that the maximum 
drive margin can also be 
achieved with a load of 4R .  
Note, however, that R6 and R7 
do not make the amplifier 
shortcircuit p m f ,  because that 
would require a current limiter 
threshold of 1.8 A, assuming 
that the IC is operated within 
its SOA (safe operating area, 
for details consult the B-B 
datasheets). The value of the 
resistor. RCI, that determines 
the current limiter actuation 
level is calculated from 

= (0.813/Ieh) - 0.02 [R] 

In practice, the positive half- 

single-chip AF power amplifier 

cycle of the output current will 
be limited somewhat earlier, at 
about 10% below the calculated 
level. The opposite is true for 
the negatlve current, wh~ch wll 
be about 10% higher than the 
calculated level. 

The amplifier is not a bad 
performer as regards distor- 

tion. The graph shows that the 
THD level remains well below 
0.5% over the full audio spec- 
trum, assuming that a gain of 
x6 is programmed (R5 ap- 
prox. 5 kR) and a supply volt- 
age of F15 V. The curve applies 
to an output power of 50 watts 
into 8 R. 

Because the IC operates at 
a quiescent current of only 
20 mA, cross-over distonion 
occurs readily. The theoretical 
bandwidth is. therefore, lim- 
ited to a b u t  22 kHz by capac- 
itor C;. Input filter R2-C2 
serves to reduce IMD (inter- 
modulation distortion), and re- 
duces the actual bandwidth to 
ahout 16.6 kHz. The low-fre- 
auencv roll-off is set to 6.6 Hz 
dy RI:CI. 

The IC must he fitted on to 
a fairly large heatsink with a 
thermal resistance of 1.2 WW 
or hcttcr. ,l su~ce\led ppc 1% 
r~whcr's SKXC\'imm. U hich 
will he just ahout sufficient for 
music into a 4-R load. 

[Wlnr, v 

iNTS LIST 
7 

COMPONE 

Resistors: 
R1 = lokr' 
R2.R4 = 1 kC1 
R3 = l2OkCl 
R5 = 18kCl 
~ 6 . ~ 7  = on15 5w 

Capacitors: 
C1 = 2pF2. MW. 5mm 
C2 = 3nF3 
C3 = 390pF 160V poly- 

styrene 
C4.C5 = 100Ol~F 63V radial 

Semiconductors: 
IC1 = OPA541AP (Burr- 

Brown) 

Miscellaneous: 
5 spade term~nais, screw 

rrI0U"t 
Heatslnk, approx. 1 - K M  
Printed circuit board, order 

code 964104-1 isee Read- - :es page) 



A Burr-Brown Application

If you're looking for an audio
amplifier that produces a lot of
power using an absolute mini-
mum number of components,
this one is for you.
Burr-Brown's OPA541 is a

power opamp capable of oper-
ation from power supplies up to
±40 V and delivering continu-
ous output currents of up to
5 A. Internal current limit cir-
cuitry can be user-programmed
with a single external resistar,
protecting the amplifier and the
load from fault conditions. The
OPA541 is available in an 11-
pin power plastic package and
an industry-standard TO-3 her-
metic package. The former is
used here.
Aithough the OPA541 is

primarily intended for applica-
tions like motor drivers, servo
amplifiers and programable
power supplies (says B-B), it is
also fine for a medium-power
AF amplifier with reasonable
specifications. The design
shown here is capable of sup-
plying about 60 watts into an 8-
o load. This is achieved with an
audio drive level of l.3V nns and
a symmetrical supply voltage of
±35 V. The on-chip current lim-
iter is set to an actuation level
of about 8.5 A by parallel-con-
nected resistors R6/R 7. This
level ensures that the maximum
drive margin can also be
achieved with a load of 4 O.
Note, however, that R6 and R7
do not make the amplifier
short-circuit proof, because that
would require a current limiter
threshold of 1.8 A, assuming
that the IC is operated within
its SOA (safe operating area,
for details consult the B-B
datasheets). The value of the
resistor, Re!> that determines
the current limiter actuation
level is calculated from

Rel = (0.813/1abs) - 0.02 [Ol

In practice, the positive half-

single-chip AF power amplifier
C3

390p
RS

+----I18k

964104·11 35V

Elektor DEFAULT2 THD+N(%) vs FREQ(Hz) 01 APR 9614:14:20

Because the IC operates at
a quiescent current of only
20 mA, eross-over distortion
occurs readily. The theoretical
bandwidth is, therefore, lirri-
ited to about 22 kHz by capac-
itor C3. Input filter R2-C2
serves to reduce IMD (inter-
modulation distortion), and re-
duces the actual bandwidth to
about 16.6 kHz. The low-fre-
quency roll-off is set to 6.6 Hz
by R1-C1.
The IC must be fitted on to

a fairiy large heatsink with a
thermal resistance of 1.2 K/W
or better, A suggested type is
Fischer's SK85SM5mm, which
will be just about sufficient for
music into a 4-0 load.

(964104) v

10

0.1

0,010

100 lk lOk 20k
964104 ·12

COMPONENTS LIST

cyde of the output current will
be limited somewhat earlier, at
about 10% below the calculated
level. The opposite is true for
the negative current, which will
be about 10% higher than the
calculated level.
The amplifier is not a bad

performer as regards distor-

tion. The graph shows that the
THD level remains weil below
0.5% over the full audio spec-
trum, assuming that a gain of
x 6 is programmed (R5 ap-
prox. 5 kO) and a supply volt-
age of ±35 V. The curve applies
to an output power of 50 watts
into 8 O.

Resistors:
R1 = 10k11
R2,R4 = 1k11
R3 = 120k11
R5 = 18k11
R6,R7 = 01115 5W

Capacitors:
C1 = 2J.lF2, MKT, 5mm
C2 = 3nF3
C3 = 390pF, 160V, poly-
styrene
C4,C5 = 1000J.lF 63V radial

Semlconductors:
IC1 = OPA541AP (Burr-
Brown)

Miscellaneous:
5 spade terminals, screw
mount
Heatsink, approx. 1°KjW
Printed circuit board, order
code 964104-1 (see Read-
ers Services page)
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continuity tester 

Most ohmmeters and 
,le testers have either 
ioving-coil meter or a 
liquid crystal display 

(LCD). The circuit de- 
scribed here presents a 

viable alternative to 
these traditional indica- 
tors. A row of six LEDs 

is used to indicate resis- 
tance values between 

10 ohm and about 
1 mega-ohm, while a 

buzzer and another LED 
are activated when a re- 
sistance value between 

nought and 2 ohm is 
measured. 

While working on simple electrical 
and electronic equipment, it is often 
far more important to know whether 
a connection is intact or not, than to 
know the exact resistance. While test- 
ing a cable, for example, all you want 
to be sure of (in most cases) is that the 
individual wires are intact, and that 
there are no short-circuits between 
them. Arguably, a meter used for this 
purpose only has to be able to detect 
the difference between a very low re- 
sistance and a very high resistance. 

The same applies when capacitors 
have to undergo a check fur internal 
short-circuits. This test really allows 
only two states: short-circuited (very 
low resistance) or okay (high resis- 
tance). 

With measurements on resistors. 
tw, it is usually sufficient to check that 
the actual value tallies roughly with 
the colour code printed on the com- 
ponent. Here, too, high accuracy is not 
required. 

The circuit described here is useful 
for all of the above mentioned appli- 
cations. An LED is turned on, .&h a 
buzzer sounds, when a resistance 
smaller than about 2 R is measured. 
Higher values are indicated by six 
LEDs, each of which represents one 

decade (a range factor of ten). The LED 
row thus indicates a logarithmic resis- 
tance scale which is divided into the 
following ranges: 

- smaller than 10 R 
-1ORto lOOR 
- 1 0 0 R t o I k R  
-1kRto1OkR 
-1OkRtolOOkR 
-1OOkR to 1 MR 

The seventh LED and the buzzer are 
intended for the (adiustable) range 
from OR to about 2R .  

The nice thing about this circuit is 
not just its original set of range indica- 
tors, but also the fact that the user is 
free to determine the practical layout 
of the circuit as regards resistance val- 
ues and ranges. So, the circuit is easily 
adapted to meet your individual re- 
quirements, while it is also possible to 
increase the accuracy. 

C O M P A R A T O R S  
In electronics, measuring resistance 
values is usually based on an indirect 
method. From Ohm's law (U=IR), it 
follows that there are a number of op- 
tions: for example, send a known cur- 
rent through the resistor under test, 
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Figure 1. Circuif dla- \, aram of the continuiw the voltage at junction RIP., - 
tester. 

A constant 
voltage of 
9  V is con- ' which consist of resis- 
nected to the , tors R12 through R18. 
extremes of Because the inverting 
the divider. potential Conse- p connected input to a different of each tap comparator on the re- is 

quently, the voltage generated across sistor ladder, each input is biased at a 
the unknown resistor is a direct mea- different voltage. All other comparator 
sure for the resistor value. inputs (that is, the non-inverting ones) 

The voltage measurement is not are interconnected, and then taken to 
performed with the aid of a moving- the unknown resistor, R,. 
coil meter, but using a series of com- 
parators contained in IC1 and IC2. T H E  R  E  S I S T A N  C  E  S C A  L E  
These are biased such that each com- Assuming that the unknown resistor is 
parator output toggles at i t s  very own temporarily replaced by a poten- 
input voltage. tiometer of 1 MC2 which is slowly ad- 

To provide an indication of the tog- justed fim 0-R to 1 MR, then the volt- 
gling, each comparator output has its age at junction RIP., will slowly in- 
own LED. LEDs D1 through D7 light crease from 4.5 V to 9  V  When the pot 
as soon as the output of the relevant is set to a low value, R, may be con- 
comparator drops low. sidered as a short-circuit, and the 

Apart from an LED, the output of lower side of R1 is effectively con- 
ICld also controls a 'beep' generator nected to the top side of R.. Junction 
consisting of opamp ICld and a.c. RliRZ created in this way then consists 
buzzer Bzl. The buzzer produces a of two equal resistors. It drops exactly 
loud beep when the measured resis- half the voltage which exists across the 
tance is very low, for instance, smaller entire voltage divider. 
than 2 R (adjustable with preset PI). At a very high value of R, (say, 'in- 
LED D1 then also lights. finite') the lower side of R1 simply has 

The individual voltage levels at the full supply voltage on it, or 9 V  
which the comparators toggle are me- With values of Rx which are com- 
ated with the aid of a voltage divider prised between nought and infinite, 

will he somewhere between 
4.5 V and 9  V, and proportional 
with the value of R,. The volt- 

age obtained in this way is measured 
and indicated with the aid of the com- 
parator and the associated LEDs. 

When the previously mentioned 1- 
MR potentiometer is slowly turned 
from 0 R to its maximum value, the di- 
rect voltage at the non-inverting in- 
puts of all comparators will increase 
from 4.5 V to 9  V, causing the com- 
parators to toggle one after another. 
The toggling takes place the instant 
the voltage at the non-inverting input 
of a comparator exceeds the voltage at 
the inverting input. This happens first 
with ICZd, whose inverting input, 
pin 13, is connected to the lowest tap 
on potential divider R12-R18 (corre- 
sponding to a low voltage at junction 
RIP.,). The last comparator to toggle 
in the series is lClb because its invert- 
ing input (pin 6 )  is held at the highest 
bias level. 

When a low voltage exists at junc- 
tion RI& (brought about by a low 
value of R,), all LEDs will light. When 
a high value of R, is measured, none 
will light, or just D1. 

T H E  L O W - R  I N D I C A T O R  
The indicator for low values, ICld/Rzl, 
has an adjustable input potential di- 
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the number 
The identification o f  a vehicle throueh its 
unique registration cade as displayed on the 
front and rear numher plates har a wide 
range o f  applications anywhere in the world. 
I t  is taken for granted when buying or selling 
a car: when driving into a rewwed car park- 
ing space: when there has hcen ;I road acci- 
dent and for many other purposes. 

However. in  the majority o f  situations 
wherc i t  is necessary to capture thc vehicle 
numher. i t  has to he done manuall!,. While 
this is satisfactory on a one-off basis, as it 
hoth costlv and timeconsumine. it cannot he 

identified. Thcn. traffic sienals could route 
the vehicle without delay to the appropriate 
loading hay. This speedy routeing is hecom- 
ing increasingly ~ignifiuanr in manufacturing 
and distribution r\,hrrc 'just in time' is of\it;d 
importance. 

For road vehicle identification. the cam- 
era is set u p  alongside the path o f  oncoming 
traffic so that its field of view will encompaw 
the front elevation of oncoming vehicles. 
The aproach o f  a vehicle is detected hy there 
heing signific;mt changes in  the image re- 
ccived hr the camera - when there is no tmf- 

done in  real time without restricting traffic fic flow. there wil l  he just a static roadway 
flow. Hence. traftic monitorine is frcquentlv imaee. Thic chanee in  view trieecrs an imaee . . 
not carried out even u,here the results could 
he uscfi~lly applied. 

Now. a qstem has been developed to ex- 
trao and read road vehicle licence plates and 
aircraft tailcodes from video camera imaeey 
which, by using readily availahle computers 
and video camera equipment, can automate 
the process. 

Processing speed is such that most vehi- 
cles can he analysed in a single lane of traf- 
fic for typical flows and spedr on main mads 
without the need for spccializcd and. therc- 
forc. expcnsivc hardware. 

Thc recognition software i\ coded in the 
C language and has hren implemented on 
Sun Sparc stations and on rcs. The images 
are captured with simple electronic fdst-shut- 
ter cameras which arc connected to the com- 
outer via a cahlc and controllcr. 

U 

field retention. 

R E T A I N E D  I M A G E  

Then, w i th in  the retained image a search 
is made for a n  area hav ing  the distrib- 
u ted grey-level pattern which is charac- 
teristic o f  a number plate. An image win-  
d o w  is placed around the most l ikely 
area. This region is then further 
processed to identify the acha l  form and 
then to  recognize the characters o f  the 
number plate. 

Numhers must stand out from their 
hackgnrunds hy being dark chanctea or vice 
versa. While the former is normal for mad 
vehicles which have to comply with nittional 
reeulations. aircraft can he deoendent on the 

Tnere are many situations whcre real-time airline's particular colour rhcmc .  
canture is reauired. For eramnle. in the area Sensitivitv thresholds are set to catcr for 
of'law enforcement. automatic identification 
would allnu, the sytematic checking o f  large 
numhers o f  repistration plates against com- 
puter records of stolen vehicles, where man- 
ual computcr entry hy police officers would 
require excessive efford o f  a tedious nature. 
Funhermore. an automated sytem ccold pm 
vide the police with answers sufficiently 
rapidly for them to take immediate action. 

I N T E L L I G E N T  
B A R R I E R  C O N T R O L  

these situations and rcsolve the imagc r a n  
into a h inay  form. That is, hawd on the 
threshold set. every part o f  the selected area 
must he treated as either hlack or white - 
one or zero. 

A connected component findcr W-ments 
the whole o f  the hinary image into a group 
o f  ohjects which are of  an apprapriarc size 
to he considered as characters, and group- 
ings o f  characters. They are then eramined 
for layout patterns which are consistent with 
those o f  numher plates or tailcodes. How- 
ever. extra carc must he taken where. for ex- 
ample, there arc numher date  fixine holts 

Commercial applications can include intclli- which can mask the clariG o f  the de<ectcd 
eent harrier control. or monitorin4 o f  areas charactea and thus need further analvsir. 
with complex movement patterns, for exam- 
ple. as part o f  eround movement control in 
airpo& wherehoth road vehicle registration C E  R  T  A l N  
and aircraft tailcodes would he useful. C H A R A C T E R I S T I C S  

Road transport authorities are fre- 
quentlv concerned with monitorine traffic . . - 
patternq (for traffic modelling, for instance). 
for which an identification capability is a 
ureful analytical tool. 

So huqes that reeularlv travel alone par- 
ticular roadc muld be idmiified automa~i&lly 
and then their preqence taken into account. 
Furthermore. buses could pass unhindered 
through an automated toll collection point. 

Similarly. this technolop could enahle a 
vehicle arriving on site to he automatically 

There are several s ~ l e s  o f  road vehicle num- 
her plates with the most common one con- 
sisting o f  a sinele row o f  characters which 
wil l  have certain characteristics dependent 
on the country o f  registration. 

For example. the vast majority o f  num- 
her plates in the ur; consist o f  one letter fol- 
lowed by three digits and. finally, threc let- 
ten. Thus. the sofware initially checkq to scc 
whether i t  is o f  that form or, if not. which o f  
the other standard forms i t  is. Then. having 

- .. 

selected an clvrrall 'numher plate.. i t  di~idc, 
i t  up into the areas which rclatc to each dis- 
crete character for identification purpore?. 

I t  is constructive to compere thr o f  
automatic plate rcco.mition with optical char- 
actcr recognition (ern). which i~ incrc;trinsly 
heing used firr dmumcnt imaec proce-sins. 
Whereas document oca start5 with good 
geometrical registration and has thc luxuy 
o f  controlled illumination. licunce platc rcad- 
ing must cope ujith dirty or incnmplctc char- 
actcrc and even the presence of plate fixing 
studs which cnuld giw rise to error,. 
In a similar manner, for tailcodc location. 
once the presence r$ an aircratt ic  dctccrcd. 
a sequence of imnps is caphzrcd until thc ?l- 

tem recoenires that the ;iircr;lft has nar~cd. 
Thi.: is detected uhen the hc~ckmuund'rcvun~ 
to what it was ~reviouslv. Cumnktc imng~.. 
from the latter part of thk sequence are a& 
sent for further proreving. 

The selected repion (or uholc imnrc in  
the case o f  aircraft) is nrocewed for lucal 
hackground removal so ihi i t  the pnsition of 
the identification numhcr can lw Ic~ated. For 
example, large areas that just c<m'i\t nf  hack- 
ground colour can hc ignored. 

I n  addition to the cxtractcd numhcn. the 
video imagc can he stored video on lane 
togetherwith time ancl dare informatinn and 
the recoenized identification numher. Thi? 
can provide a usefi!l hi\toria log fnr qecuiity 
purposes as it will show ;tddition;ll informa~ 
lion such as the y e  of vehicle. it\ colour and 
any identifying features. m 
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Low-cost alternative to quartz crystals 
Nea fro111 C&CD. the capnc- 
itor specialist. co~nes the 
range of Murilta ceramic res- 
on:ltors. As elfecti!'~ 3s quartz 
crxstals. yet up to 507 
cheaper. these devices are cur- 
rentlx the norm for frequent!. 
control applications in Japan. 

A range of frequencies 
from 1911 kHr to 5(l hlHz 
makes these resonators suil- 
able for a number of applica- 
tions. For automoti\,e uses. 
including airhng. ABS and 
motor management. special 
versions are available. Having 
been suhjectcd to a heat de- 

hueging test. t l ~ e s e  de\lce\ 
can operate in the -40 to + 125°C temperature range. 
In  addition. Murata ceramic 
resonators are ideal in com- 
munication and EDP applica- 
tions. The former include 
wired. cordless and mobile 
phones. the latter comprises 
printer and keyhoardimouse 
controller uscs. among others. 

Available taped or hulk- 
packed. tllese devices are sta- 
ble to f0 .35  of the frequency 
across the -20 to +XO0C 
temperature range. 

C&CD will have a com- 

plete listing of a11 
the correct res- 
onators to go with 
microprocessors 
from the major 
manufacturers. 

C&CD Ltd., 
Lane End Indus  
tr ia l  Park, Lane 
End. Hiah 
wycornbe HP14 
3JG. Tel. 
(01494) 882848, 
fax (01494) 
882792. 

Full-range C/R meter from Wavetek 
The new CR50 capacitance1 lead capacitance. The instru- and resistance in seven ranges f65.00. Accessories include a 
resistance meter from \+'i~veteli ment mcasilres capacitance in from ?l) R to 30 MR uith protective holster and a vinyl 
features a CAP Zero Adjust nine ranges from 2011 pF to 0.01 R resolution in the 20R carving case. The meter 
button to compensate for tcst 20 mF with 0.1 pF resolution, range. The low ?OR range. comes with a one-year war- 

unusual in most DMMs. also ranty. The CRSO i s  designed 
features a Zero Adjust hutton. to IEC 1010-1 and UL3I l l 
Accuracy i s  0.5%. standards. 

The CR50 incorporates a 
beeper for fast and convenient Wavetek Ltd., Hurricane 
continuity measurement. and Way, Norwich, Norfolk 
a diode test. The price. com- NR6 6JB. Tel. (01603) 
plcle with operator's manual. 404824, fax (01603) 
test leads and batteg. IS 483670. 

Filtered Inlets 
Combat 

EMC nroblems 
m 

As the transitional period for Inlets for special purposes 
compliance with the European include low-leakage versions @ @ , I -. EMC dircctirs ends m r n u  D r  medical applicnions i t C  
facturers mav he rushine to 950 \,ersions. inlets incorpo- .. ~... ~ ~ ~ ~ ~ 

ensure that 'their prod;cts rating surge protection an& 
comply. The problem o l  sus- an eerth line choke. and ver- 
ceotibilitv to mains-borne in- sions with m integral single or 
tekeren& can he solved sim- twin fuse holder. Con~pact 
pl!. and cost-effectively with versions with approuimatel!, 

. IEC inlet filters from Rendar. thc same dimensions as non- 
Belling Lee SF series filtered inlets can be used in 

L \ ~ ~ l l ~ ~ i m a i n q  filters come space crilical a~nlications. 

.r. ~- -~~~ ~ , , 
lion. Input connections are all Road, South ~e is ted ,  
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Surround speakers 
To convert a standard 
stereo installation into 

a surround sound 
setup, at least three 
additional speakers 

are needed, of which 
the centre one must 

be magnetically 
7hielded. The minia- 

ture speakers de- 
-cribed in this article 
have been designed 
olely for this purpose 
by the German loud- 

speaker specialist 
Visaton. 

The .. . 11sne( 
with 
Man! 
aboui 

Sil 
press, 
wlve! 
man 

surround-! . .  . sound decoder pub- 
1 last year proved very popular 
readers from all over the world. 
i of them wrote, however, to ask 
t suitable loudspeakers. 
nce many of these readers ex- 
ed a wish to build the boxes them- 
;, it was a godsend when the Ger- 
firm of Visaton offered a set of 

miniature loudspeakers for review. 
These speakers have been designed es- 
pecially for surround-sound applica- 
tions and are available as kits at very 
reasonable prices. 

The centre loudspeaker, which 
should be placed immediately under- 
neath the television set, uses magneti- 
cally shielded drive units. This is a must, 
otherr*i<e then:  sound and vision will 
be adversely affected (and how!). 
Shielded drive units for home con- 
struction are still few and far between. 

The back speakers have a novel fa- 
cility. From their own tests, Visaton 
knew that the directional sensitivity of 
these speakers had an important effect 
on the optimum location of the lis- 
tener. The pair discussed in this article 
beam upwards, which gives them a 
niore diffuse character, and this in 

S for surroa sound' 

timum surround effect. A simple, but speakers must be of hi-fi quality, since 
effective solution. thev lareelv determine the overall . X. 2 

sound quality; they are normally dri- 
C I N E M A - L I K E  S O U N D  ven by the extant a.f. amplifier. 
W I T H  L I M I T E D  The centre channel is used primar- 
R A N D W I D T H  ily for speech and its information con- 
A complete iurrnund-sound in~tall.1- s~.;ts ma~nly of ihc sum of rhr Ibft-h~nd 
lion con\iqlr of the Dower amolifier~s). .lnd rielit-hand ~ i m a l s  from which the , .. L. U 

surround-sound decoder, the standard low frequencies have been filtered 
loudspeakers for the left-hand and This is why the frequency range of this 
rieht-hand channels. a centre soeaker s~eaker  need not extend into the verv 
th'at is placed between these G o ,  and low frequencies. In other words, nei- 
hyo back speakers that provide the ther the box nor the drive units need 
spatial information. The standard to be large. 

turn enlarges the listening area of op- I 

%&re-7. CI&R 
diagram of the 
cross-over filter 
for the Center 
80. The filter has 
a cross-over fre- 
quency of about 
5 kHz. 
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ThefDeauencpangeoftkebsdt 
speakersneedstobeonlyabout 
tooHzto7kH2,sincethisisthe~nge 
of dealer otitpuk ALW, the sound 
level$omttreseapakemislela~ 
lowEwrparedwiththatfmlnthe 
other~lhismatnsthattheddve 
unitsforthesespealrencanbesmall, 
~ w i d e - b a n d h l p e s .  

Thepowerratiltgdthe~speak- 
em need nof be high eithQ pdmarity 
b - t h e y = n ~ t = + = d t o m  
d o e o b w ~ ~ A ~ o f  
mWissuf6Elent inabcetsn~ 

CENTER 80  
T h e E B n a a l ~ u s e s t w D 6 U m m  
wideband drive units Type SC8 and a 
lOmmhreeter'PypeSC5.n\eseonits 
are, W sated earlie?. mapehlly 
~ l h e a s a o d a t e d ~ ~ d r -  
ar i td iagamisshownin~l ,has  
a - f ~ m p t q d 5 W a n d d  
&ofl2dBperoeme 
& e n a P e o f t k ~ t h e ~  

may be placed m close pnxkm~~ W a 

cated in the botfom half of the endo- 
sure with the tweeter above them. In 
riany other the tweeter M 
placed between the two wideband 
wits (the s o - d a l  d'Appolito d g -  
uration), but W has the drawback 
that the radiation pattern of frsqwn- 
des around the cmss-over frequency 
varies appreciably in the vertical di- 
rection (assuming that the Ppeaker is 
upright). Normayr, this does not mat- 
ter much, but since fhe spakm in W- 
d ~ a * t i o n s i s ~ t l y  
usedlyingdown,itwouldmeanthat 
sound xqmduction variea when the 
listener mwes hivtm head slightly to 
f h e r i g h t o r M t a n d t h i s i s , o f ~ ,  
sot the idea W& the present d g -  
uration this effect is virhrally n o n e -  
istent,sothattheswndremainsb 
mogeneous outside the Wening ads. 
TheperformanceoftheCenterLXIcan 
be asarssed from the fceq~~ency char- 
acteristic m BiplllP 2. Note that the 

slight hump at 150Hz en- 
SuresthattheopeaLezin 
spite d it$ modest dimen- 
~ , p v d u m a ~  
d 
EFFEKT 80 
l h e e 8 B P t ~ i n t h e p r e  
* m P h E o n h a a b e h l  
dosinc4oocurmthebe6 
e r * * = *  
a d n & 8 ) m m & d t ~  
~ I n ~ d t h o h . ~  

asthsmalrio;lea-they 
~ i h e s o a n d n p w a r d s  

oftheslnInd,andckld&sthe 
hor~rndlenaranrseed 
wahother.sumidd 
srsbernr(AM*haW 
loeaticminamolnwherethe 
 sound^-, 
~ f t ~ r o f - ,  
kWdishibuted). 

TheFechmmXofthe 
speskaswssmeaenredina 
practicslsetup:~hequency 
r q c m e  ata distance of l m 
homeachofthEasqmM 
fiumawallate(n~h&ght,is 
shown inBgtae3.nRroBorr 
a t h @ k & p o c n d e s i s d  
bybf&€tfMoldyReedbns 
aremeawvedtfrw.The'nor- 
l n a r ~ a w e , ~ -  
suredwiththespe~lying 
down and radiating mto the 
directionofthetestmlao- 
~ i s s h a V n h ~ 4  

E N C L O S U R E S  
Theendosureaofanthree 
s ~ a r e v e l y e a s i l y c o m  
strudedEach~toofsix 
r&angt?Iarphcesormedium 
denslty chipboard, which 
maXlyDNRtailaSWmgawt0 
SiZeforyouTheboardsare 
gluedtwgfhmwiththeaidof 
suitable The constnx- 
tiondisprPnularegiveninKg- 
rm5. The drive rutits maybe 
pPoleEt.dbyesillesa- 

Apart from those of the 
apertws for the drive units, 
wintoaccountthe* 
orcoeers,thedimehsionsof 
theendoweaarenotsacm- 
Mnd 

Therearofeadlendonm 
should have holes for the W- 

Figure 4. Fmquency 
characterfstk of the 
EfhW 80 with the 
drive unit radiating in 
the dlrectlon of the 
test mkrophone. 

gure 2. Frequency 
sponse of the Cen- 
r 80. The slight 
imp at about 150 Hz 
vsures a voluminous 
wnd reproduction. 

m a m m m m I : e u ~ # m w m s n * a n a * r r  
L14DhM.Mt-PWt.1- mollt m: L'. 

bkt80wheni th  
mnglng from a wall r 
m&ighf w#D the 

srd. 



-=. . --?~--- = ,  
minds. Some constructors may find i t  ~ l g u r ~ o n s t r u c t i o n  
more convenient to cut these holes be- diagram of the enclo- 
fore the enclosure is glued together. sures for the Center 80 

Make sure to keep the cross-over and the Effekt 
filter as compact as possible, because 

-VISA TON 
Although Visaton is located in Ger- 
many, the firm is an associate 
member of the American Audio En- 
gineering Society (AES). 

The company has recently pub- 
lished a new colour catalogue, 
which is brimful of drive units and 
all sorts of accessory. All parts for 
the speakers described in this ar- 
ticle are available from them: drive 
units, all components for the cross- 
over filter (or fully constructed filter 
board), grilles and covers. Com- 
plete construction kits are also 
available, as are fully constructed 
speakers in beautifully finished en- 
closures. 
The address is 
VISATON 
Peter Schukat 
Postfach 1652 
0-42760 Haan 
Germany 
Tele~hone 0049 2129 552-0 

PARTS LIST 

CENTER 80 
Cross-over li lt 
R, = 4.7 1>. 5 W 
C, = 6.8 pF, 35 V bipolar or 

polystyrene 
C2 = 2.2 pF. 35 V bipolar or 

polystyrene 
L, = 0 3 mH air-cored inductor 
wound from 0.6 mm dia. 
enamelled copper wire 

L, = 0.8 mH air-cored inductor. 
wound from 1 mm dia. 
enamelled copper wire. 

Drive units' 
Ls,. Ls, = 8 12 magnetically shielded 

wideband unit Type SC8 (Visaton) 
Ls, = 8 11 magnetically shelded 

polycarbonate dome tweeter Type 
SC5 (Visaton) 

Chipboard 
(10 mm thlck medlum density) 

2 sheets 85.220 mm (fore and aft) 
2 sheets 200~240 mm (sides) 
2 sheets 85,200 mm (top and bot- 

tom) 
Damping material 
Front grille for Center 80 (Visaton) 
Loudspeaker termlnal 

EFFECT 80 (two required) 
Drive unit 
Ls, = 8 $ 2  tull-range driver Type 

FRS8 (Visaton) 

Chipboard 
(100 mm thick medium density) 

2 sheets 105x200 mm (sides) 
2 sheets 85x200 mm (s~des) 
2 sheets 85x85 mm (top and bot- 

tom) 
Damping material 
Front grille for Effect 80 (Visalon) 
Loudspeaker terminal 

there is not  much room in the central 
speaker box. 

A l 5  m m  hole may be cut in one of 
the sides of the back speakers. This 
hole is covered at the inside of the en- individual taste. 
closure by a small piece o f  chipboard When aU that is done, the boxes can 
glued in place. This provides a conve- be  wired up and the term~nals and 
nient way  of hanging the speakers drive units screwed into place. Each 
from a wall (wi th the drive uni t  point- enclosure should then be filled w i t h  a 
ing to the ceiling). suitable damping material, such as 

The enclosures may be finished to polyester wool. /4'tiln?/ 
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Two high-level integration cir- 
cuits, the ADhnh from Analog 
Devices and the MAX13RCPL 
from Maxim, enable an accu- 
rate, widehand voltage and 
power meter to be huilt using a 
minimum of components. The 
instrument described here of- 
fers a 3.5-digit LCD readout 
and a handwidth of 50 MHz. 
The input level range is quite 
large at -80 to +Ill dBm at a 
resolution of 0.1 dB. The innut 

arithmic linearity is typically 
within 55 dB. All scaling para- 
meters are ~rooortional to the . . 
supply voltage. 

The VLOG sienal of the 
ADhllh is fed thrkgh a level 
converter. R4-RS-R6 hefore it 
is applied to the input of the A- 
twD converter contained in the 
MAXI3RCPL. The 
MAXl3XCPL is used in its 

impedance is 50 Q. standard application circuit a? a here. \c*-/ , , can see 
The i n ~ u t  sienal is d.c. de- 3.5-dieit vnItmeterRCD driver. T h e d -;: 1I1c dtc~ts on the 

coupled h; Cl hefore it arrives The Gip is largely the same as LCD is f i t -  Ihsckpl;tnc - this will tell 
on a 50-R termination. R1-R2. the uhiauitous ICL7lllh. but ted at the C. v c i ~ t  110u to mount the compo- 
Next, the signal appears across spr ts  a; internal negative volt- track side of the ncnc on the hoard. 

the INHl and INLo inputs of age generator. The ICL7106 hoard. If you are unsure ahout Build up the board, hut do 
the ADhOh, a 50-MHz NO-dB may not be used in thi? circuit. its orientation of the LCD, re- not fit ICI and IC2 yet. Check 
Demod~~l~t ing L~pntl~rnicArn-  The instrument is con- move the protective foil from the supply voltage at a number 
plifier wirh Limiter 011rpur (says structed using the double-sided the face, and hold the unit of relevant points, this should 
Analog Devices). Thischip u e s  printed-circuit board shown under a lamp. Turn the display he about 5 V Switch off. then 
a Y-stage successive detection 

L 

technique, and provides both 
logarithmic and linear outputs. 
Because we are after a decibel 
scale, only the VLOG output is 
used in this application. The log 
output is from an on-chip 
three-pole post-demodulation 
low-pass filter, and provides a 
loadable output voltage of 
+0.1 V to +4 V. The loearith- 
mlc ~callng I\ \uch that tlic our- 
nut I \  at +05 \' for a <tnuwtdal 
input of - 75 dBm, and at 
+?.S-V at an input of +5 dBm 
(note: 0 dBm equals 1 mW into 
50 R). Over this range, the log- 

Elektor electronics 7-8/96 



COMPONENTS LIST

Resistors:
R1,R2 = 100Q
R3 = 220Q
R4,R5 = 54kQ9 1%
R6 = 1MQ 1%
R7,R8,R11,R12 = 100kQ
R9 = 220kQ
R10 = 180kQ
R13 = 270Q
R14 = 820Q
P1 = 10kQ preset 10-turn
P2 = 5kQ preset 10-turn

Capacitors:
C1,C4,C6,C8 = 100nF
C2,C3 = 220pF
C5 = 150pF
C7,C10 = 1J.lF
C9,C13 = 1J.lF63V radial
C11 = 47nF 5mm
C12 = 100nF 5mm
C15 = 10J.lF63V radial
C14 = 100J.lF 25V radial

Semiconductors:
T1 = BC547B
IC2 = MAX138CPL (Maxim,
KONING EN HARTMAN)
IC3 = LM317T
IC1 = AD606 (Analog De-
vices, TEXIM)

Miscellaneous:
LCD1 = 3.5-digit LCD,
LCD3,5 (TEXIM)
8 solder pins
Case, 112x62x30mm e.g.,
Harnmond 1590B
Printed clrcuit board, order
code 964039-1

mount the MAX138. The cur-
rent consumption should rise to
about 6 mA, and the LCD
should light up. Adjust multi-
turn preset PI for a voltage of
100 mV between pins 35 and 36
of the MAX138. Next, adjust
P2 until the voltage difference
between the inputs (pins 30 and
31 is 80 mV. The display should

This miniature circuit consists of
only three components and is
very useful to rapidly test a car
fuse without having to remove
this from its holder. It concems
two anti-parallel connected LEDS
with a common 1 kQ se ries re-
sistor. The circuit which the fuse

Elektor electronics
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then indicate a negative value.
Switch off, then mount the

AD606. The CUITentconsump-
tion should rise to about
20 mA. Apply an unmodulated
signal with a frequency between
20 and 30 MHz, and a level of
about - 35 dBm. Carefully ad-
just P2 until the correct level is
displayed on the LCD. Check
the indicated value at other
dBm levels. If necessary, make
small corrections to the sensi-
tivity by tweaking PI. It may
also be necessary to repeat the
entire adjustment procedure for
P2 and PI a number of times.
Because of it high sensitivity

and bandwidth, the entire cir-
cuit should be mounted into a
metal case. As regards the
power supply, go for a battery
as that will ensure the highest
immunity against noise. The
input socket should be a BNC
type (flange or single-hole
mounting) which is connected
to the input pins on the board
using the shortest possible
wires, or a length of thin coax
cable (e.g., RG174/U).
The (optional) limiter out-

put may be used to drive a fre-
quency meter. Be sure to keep
this instrument as far away as
possible from the dBm meter,

car fuse tester
H

Fl

E3 #
964022-11

7-8/96

protects must have its supply
(12 V) on. When the tester is
connected in parallel with the
fuse, one of the LEDS will light if
the fuse is defect. When both
LEDS remain out with the supply
voltage on, the fuse is all right.
Because of the anti-parallel

however, to reduce any likeli-
hood of digital interference. A
test pin is available on the
board to measure the VLOG
output signal of the AD606.
This may be necessary for cali-
bration or adjustment purposes.
The results of measure-

ments performed across the
available frequency range are
shown in the frequency re-
sponse graph. The vertical scale
shows the dBm level indicated
by the instrument.
The indicated test voltages

are applicable with no input sig-
nal applied to the circuit.

[H. C. Weddig . 964039]

connection of D] and Dz, the
tester is not polarized, so that it
does not matter in which way it
shunts the fuse.

[A. Riet jens • 964022] V
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about 6& and the LCD 
should &I uo. M u s t  multi- 
turn + p i  f a  of 
lM)mVbawanOinsU;ind36 
of& ~ i 8 : ~ e x t  adjust 
F2uBtllthcvol&Ees+ifkem 

tbm indicatm a aegativc wk. and bmdwidm, he entire dr- hoartvu, to to ay bkcli- 
Switcboff.tben~ttbe cuituicbebcintoa Bmdofddtalirmcrfmar.A 

~ o a a 6 . m k a a r a a r p  
tion stronld rise to about 
amkqpplym- 
&palwiplafmqwqlWswm 
243andMMHZandalevolof 
about -35dBu. CareWyad- 
jllstF2lmt8hemrrectkrnIis 
&phyedoathcLCD.Cbedr 
tbe indicnted value at oche1 
dBmlev&IfnazassIy,& 
small comx&m to tbe scnsi- 
tivity by m* PI. It may 
alsobeneesqtorepeattbe 
* - w f o l  
F2dPlammrberofthms 

Becamofit high- 

m e t e l c s s e . A s r ~ ~ t h e  
ptnasrsapply. af=abane?r 
asthatwiUanllerhe~Bighest 
irmrmRitysgpioatnoise.The 
input PQeLet shoufd be a BNC 
type (5.F 
UKnmtiQ) which is eonneded 
tohhqutpinsoathebeard 
~theshortestpdssli 
*orale#hofthiacem 
cable (e.g., RGl74iU). 

The (optimal) l i d e r  out- 
put may'& used 6 drive a h- 
qumq meter. & sore to keep 
thisinmumentagfarawayas 
pcasiblc from tk d8m meter. 

t a s r p h i i ~ w a l l s b l e t h c  
bocndrolnessarcthcVZOG 
o n t p u t ~ o f t h c A t ) 6 0 6 .  
ThismybenazassIyb* 
brati!ma plrpaseg 

Tkereroltsof- 
mcntspmfmnedaeroaothc 
a v a i l a b k ~ ~ a n  
shown in tBe fieqwshy re- 
~ g r P l d i ' I b e ~ s r a l e  
sham thc dBm 1-1 indkuted 
by&- 

~ i n a i e s t e d t e r r i v o l ~  
aresppliEablenithmirpSsi& 
nal applied to thc drcuit 

m c - - m  

car fuse tester 
Thismio ia tore~&of  ~ ~ ~ i t s m p p l y  mrmedionofD1andbthc 
ody three components md is (12V)on.Whenthe~is ~ i s n o r ~ s o t h a t f  
reryusdultompidlytestaca~ cmwztd  mpmlldmth the daPmtlsatterinwhUtnayit 
W without having to remove foskoarrofthe~aoswilliigiltif sbuebikfrrse. 
tbiafromitrBolder.Itmmms thefDseis€Me&wfbmbotb [*.W=-- v 



frequency meter 
This article shows that not all 
frequency meters need to he 
complex and expensive. With 
the aid of some standard logic 
it is possihle to determine the 
frequenq of digital signals. The 
counter makes use of two 
3-digit m muntem that have a 
multiplexed output with huffer 
memor?, and a reset input. The 
multiplexed output signal is 
converted by an integrated 
mto-7-segmentconvener and 
then applied to an LED display. 

The neces.;lry clock sigmal is 
generated by a crystal of 
4.194304 MHz and a counter 
that divides the signal hy 1'3. 

The result is a stahle di*tal sig- 
nal with a frequency of 0.5 Hr. 
The time during which the 
clock signal is high, and mea- 
surements can take place. is ex- 
actly 1 S. Owing to this arrange- 
ment, a new measuring value is 
displayed ever?, 1 S. 

If the meter is used to mea- 
sure frequency, the internal 
clock signal at pin 3 of K, must 
be linked t o p i n ?  of K,. Gate 

then operates as a lock: 
ever?, time the clock is hish the 
measurand at pin I of KI is a p  
plied to the clock input of ]CI. 
This circuit is connected in se- 
ries with ICl to form a &digit 

counter. 
At the end of the measure- 

ment, a latch pulse is generated 
at the output of IC,, with the 
aid of RIO and C3. After this 
signal has heen inverted in 
[Czh. it is applied to the latch 
input of ICI and IC,. At he 
mmmand of this sigal,  the cur- 
rent counter state is stored in 
the huffer memory. At the end 
of the latch pulse. network 
R18-C2-IC3, generates a reset 
pulse with which the counter is 
reset. 

In the circuit as  shown. the 
counter may he used for s ipals  
with frequencies from I Hz to 

1 MHz. If higher frequencies 
are envisaged, the measure- 
ment time must he adapted ac- 
cordingly. There are limits to 
this. though: with a supply volt- 
age of 5 V. the 4553 may he 
used for frequencies up to 
1.5MHz; with 7V. up to 
5 MHz; and with 15 V up to 
7 MHz. Still higher frequencies 
require the u x  of a prescaler. 

The current drawn hy the 
circuit as shown does not ex- 
ceed 50 mA. which makes a 
battery supply feasible. 

[A. K u y r r  -Wl?.?l L/ 
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Ra. Bax 1414
Simple Frequency
Meter
(July/Augusl 1996)
964023
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We extend our gratitude to Mr.
Capel 01 Goes, the Netherlands,
lor pointing out a number 01
errors and omissions in tne cir-
cuit diagram 01 the Irequency
meter described on page 68 01
tne July/August 1996 issue 01
Elektor Electronics.
Itie main error is tne missing
link between pin 7501 IG4 and
pin 3 01 connector Kl. Also,
pin 5 01IC4 has to be tied to the
+5 V rait, while pin 3 should be
connected to ground. Further-
more, pins 6 and 4 01 IC4 have
to be swapped.

Next, we have to look at IGI and
IG2. On these two ICs, the clock
and overflow lines have been
exchanged. Thisproblem is sim-
ple to solve by connecting pin 11
01lC3d to pin 1201 IC2, instead
01pin 12 01 IC 1. Next, you con-
nect pin 1401 IC2 to pin 1201
IC 1. Pin 14 01 IC 1 is then left
open. We also recommend
adding an extra 1 nF capacitor
between pins 3 and 4 oliCI, and
breaking the connection between
pin 4 01 IC 7 and pin 4 01IC2.
Finally, if you use common-cath-
ode displays, connect pins 6 of

Magnetic-Field
Meter
960100

The ellective lenglh 01 tne sol-
der pins used to make the coil
lormer is 7.5 mm. The nearest
SWG equivalent tot 0.2 mm
diameter enamelled copper wire
is no. 36.

Elektor EJectronics 4/97

IGSand IG6 to ground instead 01
to +5 V. Else, the numbers will
appear inverted on the readout.

Realising the relative comp/exi-
ty 01all these modi/ications we
thought it best to reprint tne
comp/ete circuit diagram 01 the
Irequency meter, hopelully with-
out mistakes this time' Having
made the modilications, Mr.
Capel inlorms us, his circuit
worked fiaw/essly

1-

8 •.• 15',1

+

/

New Item Tracer

Every day, a lair number 01read-
ets contact us asking when a
particular article was published.
"Did you ever do a bat detec-
tor?" "Where was that article
on tne U24-something again?"
"I want to obtam all articles cov-
ering the Centronics port, can
you give me an ovetview?"
You can easily answer tnese
questions yourself il you use tne
latest version 01our ftem Trac-
er, which is now available
through our Readers Services.
ttie Item Tracer is a Windows
program containing an electronic
contents overview 01all our arti-
cles published between 1985
and 1996. You can use search
keys tike (part 01) title, catego-
ry, pca number, article number,
software number, etc. The Item
Tracer also provides uselul rel-
erences to all published correc-
tions and updates.
The normal price 01 tne Item
Tracer 7985-1996 is El1.75
(US$19), but subscribers pay
only El0 (US$16). The order
code is 966006-1.
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joystick change-over 

COMPONENTS LIST 
K, = 15-way. right-angled sub-D connector male, for board 

mountlng 
K?. K3 = 15-way sub-D connector. female. for board mounting 
S, = B-pole change-over switch with lock, pitch 4'6 mm (ITT 

Schadow Type BOB~ANAP 
Enclosure 141.57124 mm (59116~2114~15~16 in)  (e.g. Heddic 

Type 22281 

Many people have a computer turs are invariably found at the Construction of the circuit is nately not availahle ready 
just to play S m e s  on--and why hack of the mmputer. this can he made even simpler if it is done made). ,L kmmcm . qv, . 
not? The PC is eminently suit- a tediousoperation. Moreover. on the PCH shown (unfortu- 
ahle for this type of recreation. in the long term. it does not do 

Playing games hecomes re- the connectors any good. 
ally interestins only when a joy- The present circuit replaces 
stick is used. Many lio cards and this changing over of connec- 
m d  cud? have ast,andanl p m  tors hy a simple push on a hut- 
\ision o fa  15-way mnnmion for ton. In thic way. two juysticb 
two jeticks. mav he connected to the com- 
Unfortunately, many programs puter in a simple and user- 
use the connections for only one friendly way. 
jqsticli Since often seven1 kinds Tl~e circuit is co simple that a 
of joystick are used (especially description of it is almost 
modem tlight simulators have supefluous. An R-pole 
pnnision for very advanced cpe- witch arrdnges the intcr- 
cialized juytick), it is frequently mnnectim of mntml sig- 
necessary to c h a n ~ e  over mn- nds s .and u. and fire hut- 
nectors. As the joystick connec- tun 1 and fire button?. 

i 
., . 

i 
L n 

The dual complementary pair 
of switching FETS and inverter 
contained in a Tvpe CD4007 
cuos rc enable an LED flasher 
to be made that uses very lit- 
tle energy. 

The rc is arranged as  a 
th ree - inver te r -osc i l l a to r .  
Resistors Rq and R5 in series 
with the drains of one pair of 
FETs ensure that the drive 
current for  the followine  air . . 
of r t  I, i \  tiny ' l  hc hlen.!lme 
111 thc o\cill:~lor I ,  clc!r.rminr.d 
by network R$,, and its 
low-time by R2-Cl (Dl  is then 
cut off so that R3 is inactive). 

thrifty LED flasher 

The LED is provided with of the oscillator by T,. The  
current during the high-time level of this current is deter- 

mined hy R+ 
The values of R?, R3, and 

C ,  effect an LED off-time of 
I s and a n  on-time of 1 ms. 
Since the high-efficiency 
diode draws a current of 
30 mA. its lighting will be 
clearly visible. 

A standard 9 V battery 
will give continuous operation 
for ahout three years. This 
life span can he prolonged by 
increasing the value of R6 (up 
to I kR). The diode does nut 
light so brightly then, how- 
ever. 

jA. R ' ~ , ~ n 5 ~ ~ u ]  L. 
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Many people have a computer
just to play garnes on-and why
not? The PC is eminently suit-
able for this type of recreation.
Playing games becomes re-

ally interesting only when a joy-
stick is used. Many 1/0 cards and
sound cards have a standard pro-
vision of a 15-way connection for
two joysticks.
Unfortunately, many programs
use the connections for on1yone
joystick. Since often several kinds
of joystick are used (especially
modem flight simulators have
provision for very advanced, spe-
cia1izedjoysticks), it is frequently
necessary to change over con-
nectors. As the joystick connec-

joystick change-over
tors are invariably found at the
back of the computer, this can be
a tedious operation. Moreover,
in the long term, it does not do
the connectors any good.
The present circuit replaces

this changing over of connec-
tors by a simple push on a but-
ton. In this way, two joysticks
may be connected to the com-
puter in a simple and user-
friendly way.
The circuit is so simple that a

description of it is a1most
superfluous. An 8-pole
switch arranges the inter-
connection of control sig-
na1s x and Y, and fire but-
ton 1 and fire button 2.

The dual complementary pair
of switching FETS and inverter
contained in a Type CD4007
CMOS rc enable an LED flasher
to be made that uses very lit-
tle energy.
The rc is arranged as a

th ree- in verter-oscill a tor.
Resistors R4 and Rs in se ries
with the drains of one pair of
FETS ensure that the drive
current for the following pair
of FETS is tiny. The high-time
of the oscillator is determined
by network R3-C], and its
low-time by Rz-Cr (D] is then
cut off so that R3 is inactive).

Elektor Electronic5

964038 - 11

Construction of the circuit is
made even simpler if it is done
on the PCB shown (unfortu-

nately not available ready
made). IL Lemmens - 9}:3S]

COMPONENTS LIST
K1 = 15-way, right-angled sub-D connector, male. for board

mounting
K2• K3 = 15-way sub-D connector, female. for board mounting
S1 = 8-pole change-over switch with lock. pitch 4/6 mm (ITI

Schadow Type B08-ANAP
Enclosure 141x57x24 mm (59/16x21/4x15/16 in) (e.g. Heddic

Type 222B)

51
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thrifty LED flasher

The LED is provided with
current during the high-time

7-8/96

of the oscillator by TI' The
level of this current is deter-

mined by R6.
The values of Rb R3, and

CI effect an LED off-time of
1 sand an on-time of 1 ms.
Since the high-efficiency
diode draws a current of
30 mA, its lighting will be
c1early visible.
A standard 9 V battery

will give continuous operation
for about three years. This
Iife span can be prolonged by
increasing the value of R6 (up
to 1 kQ). The diode does not
light so brightly then, how-
ever.

IA Riet jens - 964058] V
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~ i t a t a c m & t ~ t  
until the deeo dis&&m volt- 
age is reach&. The && that 
has e l a d  S& starha the 
discharljog operation the; in- 
dicates the caDacilv of the bat- 
tery under t&t. ' he  capacity 
'read-out' is an ineqemk 15- v quartz dock connected to 
K4. The c h i t  ispmredhy a 
12-V suppiy which should be 
stable because it am as a refer- 
ence for the current sink and 
the battery switch& mtrol. 

The circuit is simple to o p  
erate. Fit, the dock is set to 
1200hThehatterytobetested 
is then connected to W 
('W), and an ammeter, to 
K2 ('A'). Next, the circuit is 
started by pressiog S1. Adjust 

P1 for the desired discharplng 
current, for example, 1 A 
Don't forget to link the termi- 
nals of K2 if you do not use an 
ammeter. llx deep dkbrg& 
voltage (at which the diFcharg- 
ingprooesr~dsrop)maybe 
measured at K1 (T'), and ad- 
justed with P2. The range of 
this voltage is OV to about 
12 V, allowing '9V' PP3 style 
NiCd hatceries to be tested also 

these are 8.4-v W). 
'IhedischargingalRenthas 

arangefromafewmilliampsto 
about 15 A At the end of the 

mntac% of Rel. llx hatmy ca- 
pacity is mmputed by multiply- 
ing the time that has elapsed 
since starting the circuit by the 
discharging current 

The current source built 
around opamp 1Clh and p o ~ r  
MOSFFT T1 adiusa itself for a 
voltage drop a& the source 
resistance (R&R17) which is 
equal to the voltage at the non- 
inverting input. The value of 
the current sink resiston may 
have to be changed to your per- 
sonal requirements. Assuming 
that P1 suwlies about 0.45 V 

discharging proces$ when the when set td&travel, these re- I deep dischareioe voltane is sistors also droo 0.45 V. lfvou 
reaEhed, the ibai?ery ad the reqwe a c m d t  of 
Eaock am dkmaxd h the 1 A at th~s setting of the pot, 
Rspective load/supply by the the equ~valent value should be 

@m @.,m" 
@W-m @WIZ" 

@W iw @*,W 

@*NSW U U - I ,  



COMPONENTS LIST IC2 = 7812 

Resistors: Capacitors: 
R1 = 120kI2 C1 C 2  = 1°F 63V radial 
R2-R5 = lOOkR C3.C4 = 10°F 63V radial 
R6 = 10kII 
R7 = 2k1?2 Miscellaneous: 
RE-R17 = 3.30 (see text) Kl-K5 = 2-pln PCB terminal 
P1 = 10kI> 10-turn cermet or block, pltch 5rnrn 

single-turn potentiometer S1 = press-key, make con- 
P2 = lOOkR i0-turn cermet tact. type CTU 

or single-turn potentiometer Re1 = relay. 12V. 2x c!o. 
Siemens V23037-A0002- 

Semiconductors: A101 
D1~D4 = IN4148 Heatsink (see text) 
T1 = BUZl1 Printed circull board, order 
T2 = BC5478 code 964040-1 (see Read- 
1 ~ 1  = LM358 ers Services page) 

off the board. on a properk di- 
mensioned heatsink. and mn-  
nened with short wires. A dissi- 
pation of up to 5 watts requires 
a heatsink with a thermal resis- 
tance spec of I[IKM! while a 
2 . 5 W  m e  is needed if  the 
dissipation can he eqvected to 
rise to ahout 20 watts. Above 
that value. use the largest 
heatsink you can get and keep 
your fingers crossed or, in any 
case, away from the heatsink. 

The voltage monitor is also 
huilt around an opamp. ICa. 
When the measured hat teq 
voltage drops helow the thres- 
hold set with P?. transistor T2 is 
switched off. and the relay is 

0.-l5 I1 ( I l4 iL I , - \ ) .  In practice. cli\ch;irping currcnt you havc 111 de-energized. The non-invert- 
you then u r  tcn 4.7-Q rchi5t~ln mind. T l  may dissipate ;l con- ing input of ICI is then held 
in positions RK-R17. Depend- siderahle amount of heat. The low via the ammeter, TI and 
ing on h a t t e ~  voltage and the transistor may have to he titted RX-RI7. Because T l  then con- 

shuttle track 

ducts hard. the opamp will not 
he able to switch on the relay 
when the batten, voltage rises 
alwve the threshold again. The 
1.4-V supply voltage for the 
clock is derived from two series 
connected silicon diodes. D? 
and D3. 

It is normal for the relay to 
w m e  on when only the power 
suppfv is mnnected. The circuit 
should function as descrihed 
once a batteq is connected to 
K?. 

The current drain from the 
12-V supply amounts to ahout 
l 1  mA plus ahout 25 mA for 
the relay. The In-turn presets 
may he replaced hy ordinary 
potentiometers connected to 
the relevant PCR points with 
shon wires. I ~ . G ~ ~ ~ ~ O ~ - W L U U I I J  v 

This circuit enahles a model 4001 compared with a m m 
train toshuttle continuously be- are that sensitivity to interfer- 
tween two tracks. When the ence is smaller and the current 
train travels from left to right drain is lower. The disadvan- 
across the track in the lower tage is, however, that the out- 
part of the diagram, the lower put current is much smaller. A 
rail D is connected to the p s i -  4001 can provide at most a few 
tive supply line. After it has mA, which means that the LED 
passed diode D,, the train will must he a high-efficienq y p e  
stop. Since the locomotive and the value of Ri must he 
short-circuits the diode when it increased to 2.7 kQ. 
passes the hreak in the rail, a The relay may he any type 
shon psirive pulse k generated 
on rail section n. 

The pulse is used to set 
histahle IC,, whereupon D, 
goes out and capacitor C3 is 
heing charged. When the po- 
tential acrox~ the capacitor rises with a coil rating of 12-18 V If 
to a sufficiently high level. tran- the relay does not pull well. 
sistor T, switches on, where- measure the voltage at the col- 
upon the relay is energized. lector-emitter junction of T,.  
This causes the polarity of rails If this is higher than I V, it is 
c and D to he reversed. Diode advisable to use a darlington 
D.. is then nn. so that the train transistor. such as the RC517. ~.~ ~~ ~ - -~ 

departs in the direction of A. The inputs are fairly low 
Rail c is then connected to impedance. If l C l  is an HC or 

the positive supply rail. so that U version. the values of RI-R2 
when the train passes diode and R, may be increased to 
D,. a positive pulse is gener- 1.2 kQ and I kQ respectively. 
ated on rail section A. This If a c ~ o s - t c  is used, those val- 
pulse is used to reset the ues may be increased even fur- 
histahle, whereupon the LED ther. This reduces the sensitiv- 
lights and the relay is drenrr- ity to interference and allows 
gized. the values of C l  and C? to he 

After the relay contacts reduced accordingly (which 
have reversed the polarity of c makes the capacitors less ex- 
and D again. diode D, comes pensive). 

0 , - C on and the train deoarts aeain ,< . The current drain of the " 
in the direction of R. 

Circuit IC, mav be a CMOS 
circuit is determined primarily 
hv the relav and will he ahout 

1 5 n m ~ .  type from ihe'4006 se r~es  ~ u c h  o 
ar the 4lKll. Advantazes of the w w ~ ~ ?  [H ner\~ii WIISI 
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precision
battery capacity tester

This circuit allows you to accu-
rately measure the capacity of a
rechargeable battery by dis-
charging it at a constant current
until the deep discharging volt-
age is reached. The time that
has elapsed since starting the
discharging operation then in-
dicates the capacity of the bat-
tery under test. The capacity
'read-out' is an inexpensive 1.5-
V quartz clock connected to
K4. The circuit is powered by a
I2-V supply which should be
stable because it acts as a refer-
ence for the current sink and
the battery switch-off contro!.
The circuit is simple to op-

erate. First, the clock is set to
I2.QOh.The battery to be tested
is then connected to K3
('BATT'), and an ammeter, to
K2 ('A'). Next, the circuit is
started by pressing S1. Adjust

/172

PI for the desired discharging
current, for example, 1 A.
Don't forget to link the termi-
nals of K2 if you do not use an
ammeter. The deep discharging
voltage (at which the discharg-
ing process should stop) may be
measured at KI ('T'), and ad-
justed with P2. The range of
this voltage is 0 V to about
12 V, allowing '9V' PP3 style
NiCd batteries to be tested also
(actually, these are 8.4-V types).
The discharging current has

a range from a few milliamps to
about 1.5 A. At the end of the
discharging process, when the
deep discharging voltage is
reached, the battery and the
clock are disconnected from the
respective Ioad/supply by the

K3
4-+-J

contacts of Re1. The battery ca-
pacity is computed by multiply-
ing the time that has elapsed
since starting the circuit by the
discharging current.
The current source built

around opamp IClb and power
MOSFET Tl adjusts itself for a
voltage drop across the source
resistance (R8-R17) which is
equal to the voltage at the non-
inverting input. The value of
the current sink resistors may
have to be changed to your per-
sonal requirements. Assuming
that PI supplies about 0.45 V
when set to mid-travel, these re-
sistors also drop 0.45 V. If you
require a discharging current of
1 A at this setting of the pot,
the equivalent value should be

(?-OV9

~oV ..•OV9

@>4V 5V

(9-0V 10V

~10V5/0V

C?- DV77/0V

~OV06/12V

(91V4

Q)-14V3
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COMPONENTS LIST IC2 = 7812 

Resistors: Capacitors: 
R1 = 120kI2 C1 C 2  = 1°F 63V radial 
R2-R5 = lOOkR C3.C4 = 10°F 63V radial 
R6 = 10kII 
R7 = 2k1?2 Miscellaneous: 
RE-R17 = 3.30 (see text) Kl-K5 = 2-pln PCB terminal 
P1 = 10kI> 10-turn cermet or block, pltch 5rnrn 

single-turn potentiometer S1 = press-key, make con- 
P2 = lOOkR i0-turn cermet tact. type CTU 

or single-turn potentiometer Re1 = relay. 12V. 2x c!o. 
Siemens V23037-A0002- 

Semiconductors: A101 
D1~D4 = IN4148 Heatsink (see text) 
T1 = BUZl1 Printed circull board, order 
T2 = BC5478 code 964040-1 (see Read- 
1 ~ 1  = LM358 ers Services page) 

off the board. on a properk di- 
mensioned heatsink. and mn-  
nened with short wires. A dissi- 
pation of up to 5 watts requires 
a heatsink with a thermal resis- 
tance spec of I[IKM! while a 
2 . 5 W  m e  is needed if  the 
dissipation can he eqvected to 
rise to ahout 20 watts. Above 
that value. use the largest 
heatsink you can get and keep 
your fingers crossed or, in any 
case, away from the heatsink. 

The voltage monitor is also 
huilt around an opamp. ICa. 
When the measured hat teq 
voltage drops helow the thres- 
hold set with P?. transistor T2 is 
switched off. and the relay is 

0.-l5 I1 ( I l4 iL I , - \ ) .  In practice. cli\ch;irping currcnt you havc 111 de-energized. The non-invert- 
you then u r  tcn 4.7-Q rchi5t~ln mind. T l  may dissipate ;l con- ing input of ICI is then held 
in positions RK-R17. Depend- siderahle amount of heat. The low via the ammeter, TI and 
ing on h a t t e ~  voltage and the transistor may have to he titted RX-RI7. Because T l  then con- 

shuttle track 

ducts hard. the opamp will not 
he able to switch on the relay 
when the batten, voltage rises 
alwve the threshold again. The 
1.4-V supply voltage for the 
clock is derived from two series 
connected silicon diodes. D? 
and D3. 

It is normal for the relay to 
w m e  on when only the power 
suppfv is mnnected. The circuit 
should function as descrihed 
once a batteq is connected to 
K?. 

The current drain from the 
12-V supply amounts to ahout 
l 1  mA plus ahout 25 mA for 
the relay. The In-turn presets 
may he replaced hy ordinary 
potentiometers connected to 
the relevant PCR points with 
shon wires. I ~ . G ~ ~ ~ ~ O ~ - W L U U I I J  v 

This circuit enahles a model 4001 compared with a m m 
train toshuttle continuously be- are that sensitivity to interfer- 
tween two tracks. When the ence is smaller and the current 
train travels from left to right drain is lower. The disadvan- 
across the track in the lower tage is, however, that the out- 
part of the diagram, the lower put current is much smaller. A 
rail D is connected to the p s i -  4001 can provide at most a few 
tive supply line. After it has mA, which means that the LED 
passed diode D,, the train will must he a high-efficienq y p e  
stop. Since the locomotive and the value of Ri must he 
short-circuits the diode when it increased to 2.7 kQ. 
passes the hreak in the rail, a The relay may he any type 
shon psirive pulse k generated 
on rail section n. 

The pulse is used to set 
histahle IC,, whereupon D, 
goes out and capacitor C3 is 
heing charged. When the po- 
tential acrox~ the capacitor rises with a coil rating of 12-18 V If 
to a sufficiently high level. tran- the relay does not pull well. 
sistor T, switches on, where- measure the voltage at the col- 
upon the relay is energized. lector-emitter junction of T,.  
This causes the polarity of rails If this is higher than I V, it is 
c and D to he reversed. Diode advisable to use a darlington 
D.. is then nn. so that the train transistor. such as the RC517. ~.~ ~~ ~ - -~ 

departs in the direction of A. The inputs are fairly low 
Rail c is then connected to impedance. If l C l  is an HC or 

the positive supply rail. so that U version. the values of RI-R2 
when the train passes diode and R, may be increased to 
D,. a positive pulse is gener- 1.2 kQ and I kQ respectively. 
ated on rail section A. This If a c ~ o s - t c  is used, those val- 
pulse is used to reset the ues may be increased even fur- 
histahle, whereupon the LED ther. This reduces the sensitiv- 
lights and the relay is drenrr- ity to interference and allows 
gized. the values of C l  and C? to he 

After the relay contacts reduced accordingly (which 
have reversed the polarity of c makes the capacitors less ex- 
and D again. diode D, comes pensive). 

0 , - C on and the train deoarts aeain ,< . The current drain of the " 
in the direction of R. 

Circuit IC, mav be a CMOS 
circuit is determined primarily 
hv the relav and will he ahout 

1 5 n m ~ .  type from ihe'4006 se r~es  ~ u c h  o 
ar the 4lKll. Advantazes of the w w ~ ~ ?  [H ner\~ii WIISI 

EleMor Electronics 7-81s 



Based on a 
Linear Technology applicalion 
If you try to attenuate a video 
signal, there is a point at which 
the picture hecomes unstahle 
rather than weaker. This hap- 
pens because the sync pulse are 
attenuated also. and the moni- 
tor's internal picture timing cir- 
cuits go into free-running 
mode, being unable to detect a 
valid input signal. This prohlem 
may be solved hy applying a 
separate sync signal and atten- 
uating the video component 
only. However, separate sync is 
a feature found on pmfessional 
video mixing desks only. Here's 
a low-cost alternative. The cir- 

63V radi 

'O!? 
1 preset H 
CL Dreset H 

,, ~~ ~ ~, . 
COMPONENTS LIST 
Resistors: 
R1 .R9 = 68n 
R2.Rl3 = 22kQ 
R3,RS = 
R4.RlO.R 
R6,R7.R8 
R12 = 3? 
R14,R15 
R16 = 47 
P1 = SkC, 
P2 = 1Ok or po- 

tentiornc 

Capacito 
Cl.C3,C5.C9,C10 = 1OOnF 
C2,C4.C6.C7.C8 = 10~tF 

U m - LW, iri ",""C C V 4  
400mW 

D2,D3 = 
D4 = zen il 

400rnW 
D5-D9 = ~ u r  i ro  
IC1 = LTlZSlCN (Linear 
Technology) 

IC2 = LT1360 or AD847JN 
IC3 = 40106 
IC4 = 7815 
iC5 = 7915 

Miscellaneous: 
Printed circult board, order 

code 964076-1 (see Read- 
ers Setvices page) 

BAT82 
er diode 10' 
,h ," ."O 

video fader 

cuit shown here does an ade- 
quate job at a modest invest- 
ment, allowing you to fade a 
video siplal virtually down to 
the black level without losing 
sync on the monitor. 

The sync pulses are ex- 
tracted from the composite 
video (CVBS) signal) hy opamp 
IC7 and its surrounding com- 
ponents. Compments C?, R1 1 
and D2 form a video clamping 
circuit. Diode D3 provides a 
hias at the +input of IC2. Be- 
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cause of the rectifving action of fader IC, an LT1151. The y n c  wires if an external fade mntrol mentioned. The fader also re- 
D?, the opamp only amplifies level is set to the optimum lcvcl (slide potentiometer) is used. duces the level of the colour 
the negative part of the CVBS with the aid of preset PI. The mixed output signal is bunt .  Consequently, the pic- 
signal. The clamping circuit in The LT1251 uses a preset available at pin 8 (d.c. cou- ture may go hlack and white 
the feedback path of the (or an external potentiometer). pled). at  an impedance of just hefore the black level is 
AD847 (DJ-DR) prevents the P2, to determine the level ratio a b u t  75 R. Current consump reached. Fortunately, that will 
ooamo from mine into satura- between thc svnc channel and tion of the circuit is less than bc a minor drawhack for most , , . . 
tlt,n I h c  ;,mpl~ficd sylv \ign;~l ths t ~ d c o  clin~nel. I h c  ccmtrnl 31, m,\. I h c  ~ n d ~ i a t e d  te\t \ $ r l r -  hohh) ;~pplic:lri<~n\. i.' 
I, .lie1ti7etl h\ ;I di(dr.. l)'). ;inJ vnltarc tc>r ihc f:rler i\  Jen\crl :rrr.\ :Ire appllc.~hle u ~ t h  no I w 7 ' l  
a ~ghmitt-t&er gate. IC3d. from-a reference voltage cre- input signafapplied to the cir- 
before it is applied to the ated by zener diode DI.  Ca. cuit. 
+input of one of the hvo fast pacitor C l  suppresses noise One disadvantage of the Source- Linear Technology Chronicle. 
opamps contained in the video which may he picked up hy circuit should not be left un- ADr1J 'gg5 

economical LED bar display 
A particular difficulty with 
LED har displays is the high 
current drain. In the diagram. 
LED driver LM3914 controls a 
chain of LEDS instead of as  
usual a number of parallel- 
connected Lms.  This means 
that in principle only a single 
diode current is needed t o  
make several LEDS light. The  
cost o f  this is. of course. a 
higher supply voltage, since 
account must be taken of a 
numher of diode forward 
voltages. The economizing 
effect is strengthened if high- 
efficiency LEDS are used. In 
the diagram, the current 
drain of about 15 mA is less 
than half that of the standard 
application (32 mA). Instead 
of the suecified LM3914. the 
Type UAAIXO may also be  
used. 

The LM3914 is program- 
med for a reference voltage 
of 12 V at REFOUT. pin 7. This 
reference voltage is reduced 
hy differential amplifier ICI  
by the input potential of 
0-10 V. This means that the 
input to ICz is an inverted sig- 
nal of 2-12 V. 

The reason for an inverted 
signal is that the comparator 
chain is active low, that is, an 
output becomes high when 
the input voltage at pin 5 is 
lower than the reference 
potential. When that hap- 
pens. the LED goes out. since 
the anodes of all LEDS in the 
original application are  con- 
nected to the +ve supply line. 

In  the present circuit, 
however. the LEDS are  in 
series. The current (at a level 
of about 2 mA) is provided by 
a constant-current source. 
This current flows through 
the entire chain of LEDs. 
except those whose anode is 
linked t o  a n  active low out- 

put. There, the current flows 
into the ic. Thus, some LEDS 
light, others d o  not. This is. 
however. only possible when 
the input signal is previously 
inverted. At the lowest input 
level (0 V). the signal input of 
the ic is at I2  V. The  refer- 
ence voltage of even the most 
significant comparator is then 
exceeded. Its output (pin 10) 
is then low, so that n o  LED 
lights. At the other extreme, 
that is, input voltage o f  12 V. 
the SIGIN potential is 2 V, so 
that even the least significant 

comparator does not chanze 
state (go low). 

The current from the cur- 
rent source flows through the 
 LED^ to earth. Note. however. 
that thc LED chain has been 
split into two current paths, 
so that the overall current 
drain is ahout 2 m A  higher. 
The necessary supply voltage 
is, however. limited: depend- 
ing on their colour and type, 
ten LEDS (for mobile applica- 
tions) drop an impractical 
?S v 

Resistors R5 and R6 are 
extensions of the on-chip volt- 
age divider and hoth drop 
exactly l V. Consequently. the 
threshold of the first com- 
parator is 2 V and that of the 
last, 11 V. The reference volt- 
age must he a little higher 
than the maximum input volt- 
age. In the present circuit, 
15 V has heen found satisfac- 
tory. To calibrate. adjust P, so 
that the potential at pin 7 of 
ICz is exactly 12 V. 

v .  " C  - 1 L 
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Based on a
Linear Technology application

If you try to attenuate a video
signal, there is a point at which
the picture becomes unstable
rather than weaker. This hap-
pens because the syncpulse are
attenuated also, and the moni-
tor's internal picture timing cir-
cuits go into free-running
mode, being unable to detect a
valid input signal.This problem
may be solved by applying a
separate sync signal and atten-
uating the video component
only. However, separate sync is
a feature found on professional
video mixingdesks only.Here's
a low-cost alternative. The cir-

COMPONENTS LIST
Resistors:
Rl,A9 = 68'1
R2,A13 = 22kn
R3,R5 == 220n
R4,Al0,A11 = 10kn
R6,A7,R8 = lkQ5
R12 ::: 33kn
R14,R15 == 4kn7
R16 = 470'1
P1 = 5k'1 preset H
P2 '" 1Ok'1 preset H or po-
tentiometer

Capacltors:
C1,C3,C5,C9,C1O == 100nF
C2,C4,C6,C7,C8 == 10j.lF
63V radial

Semiconductors:
01 = zener diode 2V4
400mW
02,03 == BAT82
04 == zener diode 10V
400mW
05-09 = 1N4148
!Cl = LT1251CN (Unear
Technology)
IC2 == LT1360 or A0847JN
IC3 == 40106
IC4 = 7815
IC5 == 7915

Miscellaneous:
Printed circuit board, order
code 964076-1 (see Read-
ers Services page)

A2

11 •IFS v+ A9

·1 OUT 680

Q ·2

VFS
12

ICl
~+1 e ..I.LT1251 vc

..I. +2 IC

RC RF$ NULL V-

5 10 6

video fader
~OV3

~OV6

@>OV

~OV15

~OV14

~OV06

~OV ... 1V9

~1V9

10~
63V

cuit shown here does an ade-
quate job at a modest invest-
ment, allowing you to fade a
video signal virtually down to
the black level without losing
syncon the monitor.
The sync pulses are ex-

tracted from the composite
video (CVBS) signal)byopamp
IC2 and its surrounding com-
ponents. Components C2, RU
and D2 form a video clamping
circuit. Diode D3 provides a
bias at the +input of IC2. Be-
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cause of the rectifving action of fader IC, an LT1151. The y n c  wires if an external fade mntrol mentioned. The fader also re- 
D?, the opamp only amplifies level is set to the optimum lcvcl (slide potentiometer) is used. duces the level of the colour 
the negative part of the CVBS with the aid of preset PI. The mixed output signal is bunt .  Consequently, the pic- 
signal. The clamping circuit in The LT1251 uses a preset available at pin 8 (d.c. cou- ture may go hlack and white 
the feedback path of the (or an external potentiometer). pled). at  an impedance of just hefore the black level is 
AD847 (DJ-DR) prevents the P2, to determine the level ratio a b u t  75 R. Current consump reached. Fortunately, that will 
ooamo from mine into satura- between thc svnc channel and tion of the circuit is less than bc a minor drawhack for most , , . . 
tlt,n I h c  ;,mpl~ficd sylv \ign;~l ths t ~ d c o  clin~nel. I h c  ccmtrnl 31, m,\. I h c  ~ n d ~ i a t e d  te\t \ $ r l r -  hohh) ;~pplic:lri<~n\. i.' 
I, .lie1ti7etl h\ ;I di(dr.. l)'). ;inJ vnltarc tc>r ihc f:rler i\  Jen\crl :rrr.\ :Ire appllc.~hle u ~ t h  no I w 7 ' l  
a ~ghmitt-t&er gate. IC3d. from-a reference voltage cre- input signafapplied to the cir- 
before it is applied to the ated by zener diode DI.  Ca. cuit. 
+input of one of the hvo fast pacitor C l  suppresses noise One disadvantage of the Source- Linear Technology Chronicle. 
opamps contained in the video which may he picked up hy circuit should not be left un- ADr1J 'gg5 

economical LED bar display 
A particular difficulty with 
LED har displays is the high 
current drain. In the diagram. 
LED driver LM3914 controls a 
chain of LEDS instead of as  
usual a number of parallel- 
connected Lms.  This means 
that in principle only a single 
diode current is needed t o  
make several LEDS light. The  
cost o f  this is. of course. a 
higher supply voltage, since 
account must be taken of a 
numher of diode forward 
voltages. The economizing 
effect is strengthened if high- 
efficiency LEDS are used. In 
the diagram, the current 
drain of about 15 mA is less 
than half that of the standard 
application (32 mA). Instead 
of the suecified LM3914. the 
Type UAAIXO may also be  
used. 

The LM3914 is program- 
med for a reference voltage 
of 12 V at REFOUT. pin 7. This 
reference voltage is reduced 
hy differential amplifier ICI  
by the input potential of 
0-10 V. This means that the 
input to ICz is an inverted sig- 
nal of 2-12 V. 

The reason for an inverted 
signal is that the comparator 
chain is active low, that is, an 
output becomes high when 
the input voltage at pin 5 is 
lower than the reference 
potential. When that hap- 
pens. the LED goes out. since 
the anodes of all LEDS in the 
original application are  con- 
nected to the +ve supply line. 

In  the present circuit, 
however. the LEDS are  in 
series. The current (at a level 
of about 2 mA) is provided by 
a constant-current source. 
This current flows through 
the entire chain of LEDs. 
except those whose anode is 
linked t o  a n  active low out- 

put. There, the current flows 
into the ic. Thus, some LEDS 
light, others d o  not. This is. 
however. only possible when 
the input signal is previously 
inverted. At the lowest input 
level (0 V). the signal input of 
the ic is at I2  V. The  refer- 
ence voltage of even the most 
significant comparator is then 
exceeded. Its output (pin 10) 
is then low, so that n o  LED 
lights. At the other extreme, 
that is, input voltage o f  12 V. 
the SIGIN potential is 2 V, so 
that even the least significant 

comparator does not chanze 
state (go low). 

The current from the cur- 
rent source flows through the 
 LED^ to earth. Note. however. 
that thc LED chain has been 
split into two current paths, 
so that the overall current 
drain is ahout 2 m A  higher. 
The necessary supply voltage 
is, however. limited: depend- 
ing on their colour and type, 
ten LEDS (for mobile applica- 
tions) drop an impractical 
?S v 

Resistors R5 and R6 are 
extensions of the on-chip volt- 
age divider and hoth drop 
exactly l V. Consequently. the 
threshold of the first com- 
parator is 2 V and that of the 
last, 11 V. The reference volt- 
age must he a little higher 
than the maximum input volt- 
age. In the present circuit, 
15 V has heen found satisfac- 
tory. To calibrate. adjust P, so 
that the potential at pin 7 of 
ICz is exactly 12 V. 

v .  " C  - 1 L 
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sound-@-light unit 

Designs that produce 
sound or light ef- 
fects are always 
sure to appeal 

to a large audi- 
ence. That , is not sur- 

prising in it- 
self, be- 

-7 cause that .l 

type of circuit - - 
seems to 

negate the 'high 
brow' and sometimes 

even downright ,, ,, ,,,, 
boring image of elec- I) I.: 5 I \ 
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time. If you want such an electronic --. 
switch to be closed for the largest pos- 1 
sihle part of the each half cycle of the 
alternating voltage, then the gate 
pulses should he applied as quickly as 
possible after the zero-crossing. When 
the gate pulse occurs some time after 
the zerocrossing (in other words, dose 
to the next zero-crossing), the hiac will 
only conduct during a small part of 
each period, causing the lamp it con- 
trols to light only dimly. 

This effect is exploited in combina- 
tion with the sa\vtooth reference. 
When the music signal contains loud 
bass components, for example, the 
'low' filter supplies a relatively high 
output level. Consequently, the volt- 

8" 

0 
age at the inverting , . .. . - 
input of the relevant Flgure 1. hock dia- 
comparator will exceed gram of the sound-to- 
the level of the saw- light unit. 

V 
tmth fairly quickly after Yal l l -  11 

the zero-crossing. The 
triac is then switched on early, and the 
associated lamp lights at full intensity. lamp lights dimly. tical circuit. The disadvantages should 

By contrast, when the music sig- The advantage of the switching also be mentioned, however: for one 
nal is relatively small, the instanta- principle applied here is that a practi- thing, the circuit responds exclusively 
neous level of the sawtooth has to cal circuit is within easy reach. Nearly to the positive half-cycles of the music 
drop considerably before the com- every other properly working system signal. This disad- 
parator is enabled. The triac is then requires far more parts when i t  comes vantage is, how- =re 2. C I ~ C U I ~ ~ ~  
triggered much later, and the relevant to translating design ideas into a prac- ever, shared with gram Of the unit. Note 

the use of opto-triacs 
b. as lamp drivers. 
;--.< 
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Figure 3. peB artwork.
Note the c/ear division
on the board between
the /ow-vo/tage sec-
tion and the section in
which the mains vo/t-
age may be present.
Thi$board is availab/e
ready-made through
our Readers Services.

many other
sound-to-light
units, of which
very few have
double-phase rec-
tifiers. Also, the
system has its
limitations with
low frequencies.
When very low
bass frequencies

occur, say, at SOor 60 Hz, an un-
favourable timing relation may exist
between these signals and the saw-
tooth voltage, causing small variations
in the triac conduction instant. How-
ever, as long as the music signal has
sufficient volume, these limitations are
hardly noticed, and the sound-tc-light
unit works very weil.

CIRCUIT DESCRIPTION
The full circuit diagram of the sound-
tc-light unit appears in Figure 2. Even
a cursory look at the schematic reveals
the likeness to the block diagram. The
various blocks are easily identified.
One of the most essential differences
between the two dia grams, however,
is brought about by electrical safety re-
quirements. We're talking about the
opto-isolators in the circuit, ICI, IC3,
IC4 and ICS, which serve to keep the
dangerous mains volta ge away from
the rest of the circuit.
At the input of the circuit, the left

and right signals are summed by R3
and R9. The resulting signal is fed to
the input amplifier via coupling ca-
pacitor C2. The amplifier consists of
opamp IC2a and power stage T2/f3.
The two transistors boost the output
current supplied by the opamp. The
extra current is welcome because the

/180

filters represent a load with a relatively
low impedance. The gain of the input
amplifier may be adjusted with the aid
of preset PI, whose practical merit was
already mentioned. LED DI is useful
as an adjustment aid because it lights
when a good drive signal is available
for the rest of the circuit.
The input amplifier is followed by

the filters. All three of these contain an
UC combination. Ll/C3 is the lew-pass
filter, C4/L2 the band-pass filter, and
CS/L3 the high-pass filter. Resistors
RIO, Rll and Rl2 ensure that the fil-
ters are properly terrninated.
Because of their rather simple de-

sign, the filters are not very 'steep',
However, the roll-off frequencies are
sufficiently wide apart to ensure an ac-
ceptable separation between the three
channels.
The filtered signals are fed directly

to the three comparators, IC2b, IC2c
and IC2d. The sawtooth voltage is ap-
plied to the other (non-inverting) in-
puts of the comparators, via presets P2,
P3 and P4.
The sawtooth is genera ted by the

sub-circuit shown at the top of the cir-
cuit diagram. Itworks as folIows. The
mains volta ge arriving via connector
K2 is rectified by D4 through D7 to
give a pulsating 100-Hz voltage which
is used to drive opto-isolator ICI. Re-
sistors RI and R2 limit the current
through the LED in the opto-isolator,
The pulsating direct volta ge which
flows through the LED causes the as-
sociated phototransistor in ICI to con-
duct nearly alt the time. In fact, the
transistor is off very briefly during the
zero-crossing only. The reverse then
applies to transistor Tl. Because the
base-ernitter junction of this device is

effectively short-circuited when the
opto-isolator conducts, Tl will conduct
brieflyon each zero-crossing, charging
Cl rapidly to the supply voltage
(minus some 1.6V which drops across
LED D2). As soon as Tl is switched off
again, Cl is discharged relatively
slowly via Rl3 and the three presets,
P2, P3 and P4. The rapid charging and
slow discharging cydes create the saw-
tooth we mentioned earlier. The vari-
ous component values in this sub-cir-
cuit have been selected such that the
sawtooth drops to about half the sup-
ply volta ge in the available time. The
three presets, P2, P3 and P4, altow the
level of the sawtooth to be adjusted in-
dividualty for each channel. This cre-
ates a kind of sensitivity contro!.
That nearly completes our descrip-

tion of the circuit. The electronic
switches that control the lamps are dri-
ven directly from the comparator out-
puts. As already mentioned, the
switching is not done with ordinary
triacs, but with opto-triacs (IC3, IC4
and ICS), which guarantee a perfect
isolation between the dangerous lamp
voltage and the comparator outputs.
Here, type 5201501 modules from
Sharp are used. Be sure to purchase
the right type, by the way, because
there are also versions which switch
on the zero-crossing only (-502 and -
504).These are not suitable for the pre-
sent circuit!
The usual noise suppressor is

formed by inductor L4 and capacitor
C6. The latter must be a type with an
a.c. specification of 250 V (400 or
600VDC). If you can find one, an X2-
dass capacitor is preferred in this po-
sition. X2-dass capacitors are especially
suited to mains applications thanks to
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COMPONENTS LIST 

Resistors: 
R1.W = 68kn 
R3.R9 = 10k12 
R4.R6 = look<? 
R5.Rll.RI4-Rl7 = 470<> 
R7.R8 = lkC! 
R10.Rl2 = 4kS7 
R 1 3  = 22Ok<? 
P1 = l k i l  preset H 
P2.P3.P4 = lMS? preset H 

Capacitors: 
C1 = 100nF 
C2.C4 = 1 ,IF 63V radial 
C3 = 22vF 16V radial 
C5 = 22°F 
C6 = 1OOnF ZSOVAC, class X2 
C7.C8.C10 = 10°F 63V radial 
C9 = 470pF 10V radial 

Inductors: 
L1 .L2.L3 = lOOmH Voko) 
L4 = 4011H 3A lriac suppressor coil 

Miscellaneous: 
D1 = LED, red, low curre 
D2 = LED, red 
D3  = 1 N4002 
D4-D7 = 1 N4004 
T1 = BC559C or BC560C 
T2 = BC5578 
T3 = BC5478 
IC1 = CNY65 
IC2 = TL084 
IC3.lC4.IC5 = S201S01 (Sharp) 
IC6 = 7809 

Miscellaneous: 
K1 = mains adaptor socket 
KZ,K3.K4 = 2-pin PC8 terminal 

block 
F1 = fuse t A  (T) with PC8 mount 

holder 
Case: Telet LC85O (20Ox180x80mml 
Double-pole mains switch with onloff 

indication, e.g. Russenberger 
R1 920 

Mains appliance socket, or mains 
cord with slraln relief 

Three Euro style malns-out sockets, 
or 3 mains cords with strain relief 

Printed circuit board, order code 
950123-1 (see Readers Sewlces 
page) 

their flame-retarding properties which, 
among others, cause the capacitor to 
behave Like an open circuit rather than 
a short-circuit in the event of internal 
arc-over or electrical breakdown. 

The circuit operates from a regu- 
lated 9-V supply voltage supplied by 
an ordinary three-pin voltage regula- 
tor, IC6. The half supply voltage level 
needed by the sawtooth generator is 
simply created by a potential divider, 
R17K5. The current consumption of 
the electronics is very modest indeed, 
allowing any mains adaptor with a 
current capacity of about 100mA at 
12 V or so to be used. The adaptor is 
connected to K1 (mind the polarity). 

- - 
Figure 4. Finished ~-- ~- 

printed circuit board 
with all parts fitted. 

P R I N T E D  C I R C U I T  
R O A R D  
The artwork designed for the printed 
circuit board is shown in Figure 3. l l ie  
board holds the entire circuit shown in 
Figure2, that is, including the triac 
modules, the noise suppreswr and the 
connectors. The PCR is available ready- 
made through our Readers Senices. 

Building up the board should not 
present undue difficulties if you follow 
the component mounting plan and 
the parts list. It is recommended to 
build the circuit in steps, as detailed 
below. 

Start with the power supply 
around IC6. Connect the mains adap- 
tor to K1, and check that C8 has about 
9 V on it, and C9, 4.5 V If that is all 
right, proceed with the input stage. 
Having finished that section, connect 
the adaptor again, and apply a music 
signal to the input. If everything works 
all right so far, it should be possible to 
make LED D1 light by adjusting pre- 
set PI. Also check the current con- 
sumption at this stage. You should 
measure ahout 20 mA. 

Continue with the rest of the cir- 
cuit. Take great care to fit any compo- 
nent with the utmost care and preci- 
sion, as from now on you are building 
the section of the circuit that operates 

at dangerous voltage~. This section is, 
roughly speaking, the entire left-hand 
area on the circuit hoard. 

Having finished the solder wnrk, 
your board should look like our pro- 
totype shown in Figure 4. Okay so far? 
Then connect the mains adaptor to K1 
again, as well as the mains voltage to 
KZ, via a properly isolated mains cord. 
Froiir lrcn oil, p r c d  nrit11 tHrr rrhirosl cflrc. 
Use a multimeter to check the voltage 
across Cl. As indicated by Figure2, 
this should be approximately 5.94 V 
Those of you who have access to an 
oscilloscope should be able to measure 
a sawtooth at this point whose highest 
level is about 7.5 V. while the lowest 
level is a b u t  4.5 V Next, the rest of the 
test mints indicated in the circuit dia- 
graA may be checked. The indicated 
voltaee levels have been recorded with " 
a high-impedance digital multimeter 
set to the d.c. range. Your multimeter, 
too, will ensure that any alternating 
voltage which may be superimposed 
on the direct voltage, is levelled out. 

T H E  E N C L O S U R E  
Having verified that the circuit works 
properly, you are ready to fit it in a 
suitable enclosure. Finding one should 
not be too difficult thanks to the mod- 
est size of the printed circuit board. In 
view of elechical safety, however, it i5 
essential to use an all-metal case which 
enables the four mains sockets on the 
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rear panel to be fitted in a reliable and 
safe manner (see photograph). The 
prototype was fitted in a metal case 
type LC850 from Telet (size approx. 
200xlROxRO mm), which offers plenty 
of space inside. 

The various connections to the 
board are illustrated in Figure 5. A cou- 
ple of remark, about the connections. 
The stereo audio signals are applied 
via a pair of cinch sockets (also known 
as 'line' or 'RCA style'), which must be 
isolated with respect to the metal case, 
and connected to the board via 
screened cables. 

PCB mount terminal block KZ is 
connected to a double-pole mains 
switch with an internal odoff indica- 
tor (neon lamp). The mains switch is 
then connected to the mains socket on 
the rear panel using mains rated cable 
and isolation materials. 

A D J U S T M E N T  A N D  U S E  Figure 5. illustrating 
the connection of the 

Adjusting the circuit is a piece of cake. external elements to 
The sound-to-light unit is switched on, the printed circuit 
the lamps are connected, and a music board. 
signal isapplied to the audio inputs. If 
you haven't done so already, adjust 
preset P1 until LED D1 just lights. 
Next, adjust the filter presets, P2, P3 
and P4, until the lamps respond to the 
music as you want them to. That's all. 

Some of you may wonder why P1 
through P4 are preseb rather than po- 
tentiometers. The reason for this 
choice is that modern signal sources 
like CD players and DAT recorders 
supply signal levels which are far more 
constant than, for example, an old- 
fashioned record player. Thank, to the 
constant signal level, a continuously 
variable adjustment is not necessary. 

To close off the story, a remark 
Figure 5 also shows the connection about the maximum power of the 

of the lamm (or Iamu erouos) to K3 and lamus connected to the circuit. To re- . ~ . ,  
K4. It is recommended to mount three 
mains but' sockets on the rear panel for 
the lamp cables. These sockets are the 
same as those used on PCs for connect- 
ing the monitor. Don't forget to link all 
earth terminals on the sockets (includ- 
ing the mains-in socket), and run the 
earth wire to a tag on the metal case. 

Finally, the introductory photo- 
graph shows the built-up prototype of 
the sound-to-light unit. 

~ ~~ 

main on the safe side, we recommend 
a fuse with a rating of I A. That allows 
one 75-watt lamp to be connected to 
each channel. The PCB and the opto- 
triac are, however, capable of handling 
more power The maximum allowable 
fuse rating is 2 A, allowing lamps with 
a total power of (about) 150 W to be 
switched by each charnel. 

,wwia) \/ 
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Modern equipment fre- 
quently uses serial EEPROMS 
to store data that must not be 
lost in case of a supply failure. 
Examples are calibration set- 
tings and programming data 
in r v  channels in television 
receivers and recorders. 

Xicor produces flash 
EPRoMs which are inexpen- 
sive, require little energy, and 
are easier to program than 
serial EEPROMS. Models vary 
from a 1 ~ x 8  bit (X25F008) to 
a 1 6 ~ x 8  bit (XZSFIZR). 

With the circuit shown, i t  
is possihle to program or read 
such an IC via the Centronics 
port of a computer. Since the 
serial interface of a flash 
E P R ~ M  is identical to that of 
an EEPROM, the two devices 
can communicate with one 
another. This means that the 
present circuit can he used for 
either device. 

There are two differing 
serial protocols: there are 
types with an 1% bus (the 24 
series), and there are types 
with a 2-wire bus that consist 
of a clock. an input line and 
an output line for the data. 
Together with an earth return 

This monitor is used by the 
author to  guard the micro- 
processor in his PC. The tem- 
perature sensor is a resistor, 
Rq, with negative tempera- 
ture coefficient-YTC. As is 
known, the resistance of such 
a resistor drops when its tem- 
perature rises. 

Resistors R4 and R, are 
part o f  a resistance bridge 
whose variable branch con- 
sists of R, ,  R' and P I .  The 
metering diagonal is con- 
nected to  the inputs of com- 
parator ICY,. 

The voltage at the invert- 
ing input of IC,, is set with P1 
to a level that with normal 
temperatures is a little lower 
than that at the non-inverting 
input. When the temperature 
rises, the resistancc of R4 
falls, and this causes the 
potential at the non-inverting 
input to  drop below that at 
the inverting input. This 

flash EEPROM communicator 
there is an  '12C inter- high level is a little low, some 
face for Centronics 4.7 kn pull-up resistors may 
port' on p. 10 of our  be added between the Cen- 
February 1996 issue. tronics outputs and the posi- 

The circuit needs tive supply line (not so line). 
little comment. The tc The manner in which a 
is enahled via CS (Chip computer can control the 
Select). The command Centronia port was described 
'read' followed hy the in 'Cenrtonics interface' in 
address that needs to  our April 1996 issue. 
he read is set on to the Full information on these 

line, the latter type thus 
requires four lines. The pre- sl input. For each data hit a ~ c s  is available from Xicor in 
sent circuit is intended for leading clock edge needs to the USA: telephone 001 408 
this type only. A suitahle cir- he generated, whereupon the 943 0655; fax 001 408 954 
cuit for an I'C hus can he data appear at the sooutput. 1627 o r  via the Internet: 
found in 305 Circui1.s ('I'C The interface will work http:/iuuw.xicor.com. 
parallel printer port adaptor' correctly at most Centronics [xm. nppl.. w*u*l~l i1 
- circuit 057, p. 85). Also, ports. I f  during use the logic 

temperature monitor 
results in the comparator 
changing state (to low), which 
causes the piezo huzzer t o  
wund. 

Strictly speaking. l C l b  is 
superfluous, hut. after all, the 
LM393 is a dual u p  amp. Its 
output is permanently high, 
which, owing to  the ahsence 
of a pull-up resistor ( the  
KM393 has open-collector 
outputs), has no effect and 
cannot cause conflicts with 
ICl,. 

Care should be taken t o  
ensure that the voltage across 
the metering diagonal does 
not drop helow 3.5 V to pre- 
vent the common-mode 
dynamic range of the LM393 
heing exceeded. 

The NIC may be a 5 kn o r  
a 10 kR type. since the oper- 
ating range of P I  is suffi- 
ciently large. However. it 
must be in good thermal con- 
tact with the heat source. Pre- 

set P I  must be set to a posi- type: a 12 V type will not do. 
tion where, after the part o r  The circuit in the quiescent 
device heing monitored has state draws a current of only 
attained normal operating 2 mA hut, when the buzzer 
temperature, the buzzer just operates. this rises to  about 
does not round. 20 mA. 

The buzzer must he a 5 V l l i  ~ i r m x k ~ ~  -urn51 V 
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power buffer 
Although designed m a robust, 
wideband output driver for the 
MAX038-based Function Gen- 
erator descrihed in the June 
1995 issue of Elektor Elccrmn- 
ics. this buffer circuit may be 
used as an output booster for 
any other function generator 
which has to he extended in 
order to drive several loads. 

The heart of the circuit is a 
video distribution amplifier IC 
from Elantec, the EL2099CT 
(listed by RS Components). 
This interesting device has a 3- 
dB power bandwidth of no less 
than 6.5 MHz at a gain of x2. 
Here, it is used to drive up to 
four 50-0  loads at a maximum 
signal level in excess of 
I U  Vpak When used for video 
appl~catlons the ELZ(W0T may 
drive up to six 75-R loads. 

The gain of the amplifier is 
2 times. unity gain is not pnssi- 
hle because of instabilir). proh- 
lems. The bandwidth of the cir- 
cuit shown here is > I0 MHz, 
while the output achieves a 
drive margin of >lOVFak. Cur- 
remnt consumption will be of 
the order of 2iXl mA. 

To allow for the dissipation. 
the 5&C> matching resisvance on 

This circuit shows how a regu- 
lar 4-bit binary munter may he 
extended with an upidown 
function just by adding four 
XOR (exclusive-OR) gates. 

The principle is simple: the 
level at the commoned inputs 
of the XOR gates determines 
whether the gates invert the 
counter's QA-Q. output levels 
or not. In this way, the outputs 
of the XOR gates can be made 
to cycle from 11 11 down to 
m1 instead of WO to l Ill. 

The disadvantage of this er- 
sac circuit over a real u p l d m  
counter is the jump which oc- 
curswhen the level on the UID 
control input is changed. The 
sum of the 'old' state and the 
'new' state is alway~ 15. For ex- 
ample, if the counter is at state 
'3' in count-up mode, the state 
becomes '12' when the UID 

for function generator 

each output is formed hv four The input impedance is Resistor Rh and diodes DI 
parallel connected 2Oll-R resis- matched to 50 R is ;I similar and D2 form a protection cir- 
tors. The 1": MRSZ-series re- way hy four parallel resistors. cuit. Depending on the antici- 
sistors used here have a maxi- These may be omitted, how- pated degree of overloading, 
mum dissipation of 0.6 watt ever. if the cable between the the diodes may be replaced hy 
each. These resistors are s u p  source and the buffer is rela- higher power types. 
plied by Philips Components. tively short. ,H ihne~mp- -571 

up/down counter 
with XOR gates 
line is made logic high to initi- - - - 
ate down counting. 

[ H  Ri~neklrnp~VMIU?l " 
2 =l QA 

CLK 
1, OIVZ 

I '1 a8 
MV8 

O +  I C ~ C  ' *  m ,  a 
2 " 10 =l ac  
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phase correction for 
In some applications it may 
he desired, o r  even essential, 
that the handwidth of  the 
audio signal is limited, but 
that the phase relationship 
with the original signal is 
retained. A surround-sound 
encoder is a good example of 
this. 

The requirement can he 
met hy comhining the low- 
pass filter with an all-pass sec- 
tion and having the filtered 
signal compared with the sig- 
nal corrected hy the all-pass 
network. 

As  it happens. the phase 
transfer of a 1st order all-pass 
filter is exactly the same as 
that of a 2nd order critically 
damped network. 

The design of such a com- 
bination is shown in Figure 1. 
In this, the all-pass network is 
hased on ICI,  and the low- 
pass section o n  I C l h  The 
-6 dB cut-off point is at 
exactly 1 kHz. and the -3 d B  
roll-off is at M2 Hz. 

The critically damped fil- 
ter may, if desired, he 
replaced by a Buttenvorth 
type. The value of R I  and R: 
is then 11.25 Q that of C l  
becomes 20 nF, and that of 

The interesting point of this cir- 
cuit is that a D-type histahle is 
used as an inverter. When the 
level at the input changes from 
high to low, the histahle is reset 
and its Q-output goes hish. 
When the input becomes low, 
the reset is removed and the 
0-utput goes low. 

The delay introduced by 
network RI-Cl between the 
reset input and the clock input 
makes it possible to trigeer the 
histahle at the leading edge of 
the input signal. As an example, 
in the case of a dual D-bistahle 

low-pass filter 
C,. 10 nF. The Buttenvorth 
filter is compensated at 
exactly the -3 dB point hy the 
all-pass filter. A factor 2 o r  3 
above and below the -3 d B  
point, the phase shift is not 
more than i 10". 

With a Bessel filter, the 
shift is not more than *So. 

C1 The cut-off point of the filter 
with respect to that of the all- 
pass network must he lowered 
to 786 Hz. This requires com- P ponent values as follows: R,  
= R? = 12.74kQ; Cl = 
14.43 n F  C2 = 10.82 nE 

Figure 2 shows that a 2nd 
order high-pass section can 
he corrected in the same way. 
The only difference is that R2 
and C3 have changed place< 
The hieh-pass filter mav also 
be eith;r a ~ u t t e n v o r t h  o r  a 
Bessel m e .  

I) ~ n y . g o o d  o p  amp may he 
15V -O:OO. used. The specified TLOX2 is 

@ only an example. The current 
drawn hy thi? type is ahout 
4 m.4. 

In the practical setup take 
care to enwre that the source 
at the input is d.c. coupled, 

0 otherwise the hias setting5 of 
ICI, and IClh are wong.  

IT G c ~ k r n  - W 5 2 1  V 

D-bistable as inverter 
Type 74HCn4,  the time 
needed for a clock pulse to be 
accepted after the reset has 
heen removed is 5 ns. There- 
fore, an RC network i n d u c i n g  
a delay of 7.5 ns. gives a rea- 
sonable safety mzlrgin. 

The reduced edge gradient 
of the clock pulse does not cre- 
ate any problems since the 
maximum allowed rise time of 
the clock input is 500 ns. 

To obviate asymmetrical 
output signals. it is advisable to  
limit the input frequency to 
ahout 1 MHz with component 

values as specified. 
An alternative way of build- 

ing an inverter is the use of a 
Type 74[HC(T)]139 line de- 
coder, which does not require 
any external components. The 
input signal is applied to the 
A-input. whereupon the in- 
verted and non-inverted signals 
may he taken from the i and X 
outputs respectively. 

IA Rietjem-UMOI:] V 
74HCT138 

P6*MIZ.,I 
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subsonic filter 

The strong point of the recently 
puhlished 'surround-sound sub- 
wwfer' is that its frequency re- 
sponse is straight down to 
20 Hz. Such excellence has an- 
other side as well, however. In 
the article mentioned. it was 
achieved hy additional amplifi- 
cation of the low tones, rising to 
as much as 10 dB at 20 Hz. This 
means that there is still appre- 
ciahle amplification hclow 
20 Hz: it is only below 10 Hz 
that attenuation hegins to 
oecur. 

7his may result in the loud- 
speaker being overloaded at 
high input signals. This is not 

very likely with standard 
recorded music, where fre- 
quencies below 30 Hz are rare. 
However, with surround-sound 
recordings, frequencies d m n  to 
5 Hz (!) are no exception. If the 
suhwoofer is to handle sur- 
round sound, it is, therefore, no 
luxury to add a filter that gives 
additional attenuation below 
20 Hz. 

The present filter does just 
that. I t  is a 5th order hish-pass 
section that provides 1 dB at- 
tcnuation at 20 Hz, hut below 
that the response drops off very 
steeply. The -3 dB point is at 
17.3 HI and 13.6 Hz, the atten- 

uation is 10 dB. The response 
curve is shown in Elgure 1. 

The circuit of the filter is 
-*en in Figure 2. Note that it is 
important that C,-C5 are 
within 1 per cent of one an- 
other. Their individual toler- 
ance is not so important, since 
that merely affects the cut-off 
point. However, mutual devia- 
tions adversely affect the shape 
of the response, which should 
he a Butterworth characteristic 
as specified. 

All re5istors are 1 per cent 
types. Optimum correction is 
nhtained if R3, in the suh- 
woofer filter is replaced hv a 

wire hridge. 
The present filter draws a 

current of a b u t  2 mk 
The circuit may be im- 

proved by the use of (expen- 
sive) mlvprowlene capacitors 
f o r c i i ; .  ' . 

In principle, the filter may 
he used for other purposes as  
well. As a stereo mnst&ction, it 
may, for instance, he interjected 
between a preamplifier and 
power amplifier to safeguard 
standard loudspeakers against 
suhsonic signals. 

/TCic \hens -MI I  v 

mini audio DAC upgrade 
The upgrade consists of just a died with the upgrade was al. 
diode, hut, if the internal .system ready known at the time the 
clock is used, it gives an im- mini audio DAC was published. 
provement of some h dB in the It appeared then that the crys- 
THD+N measured over a band- tal oscillator interferes with the 
width of 30 kHz. system clock generated by an 

The prohlem that is reme- internal RC oscillator. There- - fore, an oscillator frequency of 
l6  MHz was chosen since this 
has no connection with the 
sampling frequencies. In prac- 
tice, however, it proved not suf- 
ficient. 

It h a ~ h e e n  found that there 
is only one way of preventing 

. . -  this interference and that is by 
disabling the q s t a l  oscillator at 
the moment no error occurs 
and the signals are processed 
normally. However, during 
start-up o r  interrupting the 
input signal, this clock remains 
needed. 

The solution lies in switch- 
ing the oscillator on and off 
with the aid of a diode via the 
buffer for the error LED as 
shown in Figure 1. 

When the error output of 
the YM3hZIB is hiyh, the diode 
is reverse-hiased and the oscil- 
lator functions normally. When 
the error output gm? low. how- 
ever. input XI of the oscillator 
(pin 6) is connected to a con- 
stantly high level via the diode. 
whereupon the oscillator stops. 

The upgrade is simple and 
may he carried out at the com- 
ponent side of the board. The 
diode is soldered between 

pin 12 of ICt and R, as shown 
in F i p m  2. It is advisable to fit 
the diode as close to R, as pas- 
sible, so that there is no long 
'antenna wire' added to ICz. It 
is, however, much neater to 
carry out the modification at 
the track side of the hoard. 
Then, the cathode of of the 
diode can be soldered directly 
to pin 6 of ICz. The anode ter- 
minal must he insulated hefore 
it is soldered into place. 

jrr.inhcm-rn5ol L/ 
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The proposed circuit indicates 
with the aid of two LEDS 
whether or not the input signal 
contains surround data. The cri- 
terion for this is the phase dif- 
ference hehveen the two chan- 
nels: if this is zero, there is no 
surround data. 

In the circuit diagram, if 
there is a phase difference he- 
tween the two channels. the 
output levels of comparators 
lClh  and IC1,will differ. These 
outputs are constantly com- 
pared hy XOR gate ICz, and, in 
case of a difference, the output 
o f  the gate will go high. De- 
pending on the output state, the 
red or green half of D] will he 
actuated via gate ICzd, which is 
here connected as an inverter. 
In case of a pure surround sig- 
nal, the red half will light 
brightly: in case of a mono sig- 
nal. the green half will. If the 
input is a standard stereo sipal, 
the rapid changes in the output 
of ICZ, will cause the diode to 
appear yellow-orange. 

The circuit is an improved 
version of the design published 
in our January 19'15 issue. 
There are two worthwhile im- 
pmvements. The fint is that the 
comparators are now Type 
OP470. To make sure that the 

Many camcorder enthusiasts 
use their spare battery for 
powering video lights. Many 
such lights give no indication 
when the hattery has gone 
flat, so that there is a risk of 
one o r  more of the hattery 
cells reversing polarity. When 
that happens. the battery is a 
total write-off. 

This unhappy circum- 
stance can he avoided by the 
use of the proposed protec- 
tion circuit. When this gets 
switched on,  the potential 
across Cl  is zero, so that T2 is 
cut off. the relay is inactive, 
and the indicator lamp lights. 
As long as the battery voltage 
remains above a certain level. 
T1 is on and holds the hase of 
Tz at earth potential. In this 
state. only a small current is 
drawn. 

When the battery voltage 

surround sound indicator 
comparators react satisfactorily resistor is determined by the re- 
with small input signals, the off- quirement that the outputs of 
set in the older version had to the comparators must he low 

he greater than 15 mV. With (= -7.3 V) in the ahsence of a 
the OP470, an offset of a few signal. If this does not happen 
mV is sufficient, so that R? is with 1 R. the value of R3 may 
now only I R. Thc value of this he increased hy a wuple of E12 

values. 
The sewnd improvement is 

the addition of D?. This is be- 
cause brightness of the red and 
green halves of the LED used 
here differ from one another 
when the currents through 
them are equal. This results in 
the stereo indication heing far 
too red. The additional diode 
acts as a zener for the red half 
and as a normal diode for the 
green half. The best rating for it 
appears to he 6.8 V or 8.2 V 

The circuit draws a current 
of a b u t  15 mA. 

lnductor Ll and capacitors 
C5 and C6 have heen added to 
prevent ICz affecting the oper- 
ation of the mmpardton via the 
supply lines. 

A final note. Internally, 
there is a diode limiter between 
the inputs of the comparators 
which clips input signals ahove 
about I V. If, therefore, input 
sipals higher than, say, 700 mV 
are expected, it is advisahle to 
connect a resistor of a few kilo- 
ohms in series with Cl  and C?. 

/T Cie<kfir- W M h ,  2/ 

camcorder battery protection 
is no longer higher than the 
sum of the zener voltage, the 
potential set by divider R2-PI, 
and the drop across the hase- 
emitter junction of T , ,  this 
transistor is cut off. where- 
upon C l  is charged via R?. 

When the potential across 
C ,  has risen to a value high 
enough for Tz to he switched 
on, the relay is energized. and 
its contact disconnects the 
lamp from the hattery. Since 
the current drain ( S  70 mA) 
is then determined almost 
entirely by the relay, it is 
essential to remove, or dis- 
connect, the hattery from the 
light unit. 

Capacitor Cl  has a further 
important function: at the 
moment of witch-on, it holds 
T2 cut off and short-circuits 
the brief voltage dip caused 
hy the starting current peak 

through the halogen lamp. 
This allows T I  to  hegin to 
conduct gradually. 

The switch-off voltage 
leveL set with PI. should he 
ahout 1 V per hattery cell. 

Suitahle adaptation of D,, 
R I ,  and Rel allows the circuit 
to he used with hatteries with 
different e.m.f.. such as those 

used in portable tools. 
The rating of D I  should he 

ahout 70% of the switch-off 
potential. At the switch-off 
voltage, the current through 
R I  should he ahout l mA, 
and in that condition. the 
relav must he energized. 

Ill-R Tui.h~9MMO] 
v 
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The  signal-controlled switch 
actuates or  deactuates a.f. 
equipment, including pream- 
plifiers, power amplifiers, and 
filters. It is particularly useful 
for hattery-operated equip- 
ment since. owing to the low 
current drain of l l - 1 4 ~ A .  
there is no need to switch the 
a.f. equipment off. When the 
switch has not detected any 
a.f. signal for ten seconds, it 
witches off the supply to the 
equipment. 

The circuit is hased on a 
Type TLC271 o p  amp from 
Tenas Instruments. This device 
has a BIAS SELECT connection 
(pin R )  at  which the current 
drain and the transfer ratio 
can he set. The !c draws least 
current (ahout IOpA) when it 
is used as a comparator (pin X 
at the +ve supply line). 

In the quiescent state. 
both inputs are hcld at ahout 
half the supply voltage hy 
potential divider RI-R?. 
However. owing to R? that at 
the inverting input is very 
slightly higher than that at the 
other input. This ensures that 
the output of the comparator 
is held low. If there is no volt- 

The rapid charger puhlished 
earlier this year was hased on 
thc uhiquitous TV U2402B IC. 
The charger was ahle to fully 
charge four AA hatteries in an 
hour and at the same time to 
ohserve caution as regards the 
useful life of the hatteries. 

The only thing that the 
charger really could do with is a 
display of the way the charging 
process is going on. The present 
article puts this right with a 
sample & hold (s&~)circuit  
and a moving coil meter or  a 
DVM module. 

The U2402B charges the 
hattelies with 20 s current long 
pulses, alternating with 2.56 s 
intervals. An instant after the 
interval has hegun, a IO-ms 
pulse appears at pin 9, which 
may he used for test purposes. 
In the present circuit, this pulse 
is used as a switching signal. 

signal-controlled switch I 

age at its gate. TZ remains off. 
so  that T ,  is also off. The 
divider and C? form a high- 
pass filter that prevents the 
circuit heing actuated hy low- 
frequency interferencc. such 
as mains hum. 

When a low-frequency sig- 
nal at not too high a level is 

applied to the inverting input. 
i t  will also reach the non- 
inverting input. hut via high- 
pass section R4-C+ Since this 
RC network averages the sig- 
nal. an additional voltage 
results hetwcen the two 
inputs. When the level of this 
signal exceeds ahout h5 mV. 

the potential at the non- 
inverting input is lower than 
that at the inverting input 
during negative half cycles. 
which results in the compara- 
tor changing state (output he- 
comes hieh). Capacitor Cc is 
then chareed via Rh. where- 
upon Tz is switched on, so 
that a sufficiently high I,, 
flows into T l .  which is then 
also switched on. When the 
collector current o f  T I  
reaches a value of I A. the 
U,., is some 0.8 V. 

In the ahsence of an input 
signal. the output of the com- 
parator goes low again, 
whereupon C is discharged 
via R, until its potential drops 
helow U,,, whereupon TZ is 
cut off. 

The prototype took 10 S to 
switch off the controlled 
equipment, hut this time span 
can vary widely owing to the 
hieh tolerances hetween indi- 
vidual FETS. 

If the load currents are  
regularly larger than I A, it is 
advisahle to use a higher-rat- 
ing darling transistor so as to 
keep the dissipation low. 

I<.:\ur.mald - VNIIXI 

sample & hold for U2402B 
1 After ahout one sccond. this 

signal arranges fnr the instanta- 
neous hattety voltage, Uh. to he 
applied to the meter via S&H 
circuit ICI,-C3 and buffer IC:. 
That is. the voltage is displayed 
during the intervals hetween 
two charging pulscs. 

The delay time and the wm- 
ple time are arranged hy two 
c ~ o s  switches. ICIa and IClh. 
The fourth part of the device, 

arranpes an LFn to light 
dur~ng  the measurement pe- 
r i d .  

The more important s ipals  
are shown in the timing dia- 
@am in Figure 2. In this. U, is 
the pulse prexnt at pin 0 of the 
U2402B at the onset of the in- 
terval: I ,  portrays the intermp 
tions in the charging current 
pulses; and U, is the signal a p  
plied to huffer by the sPrlt. 

The time interval hetween 

I L L  L L  L  L  I L - I 
L W1012.11 

the appearing of the pulse at 
pin 9 and the actuating of the 
S&H switch is determined by 
the time constant R 2 C I .  Thc 
measurement period is deter- 
mined by time constant Rc-CZ. 

[R. Bmetrmp- 'XdlUII 

v 
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12 V stroboscope 
There are inexpensive stroho- 
scopes on the market that can 
he screwed directly into an  
E27 socket. Such devices 
already have the circuit to  the 
right of mains transformer Trl 
in the diagram. To enahle the 
strohoscope to  he operated 
from 12 V, a 12-240 V con- 
verter needs to he fitted 
inside the housing. 

The circuit of the con- 
vertcr is simplicity itself. 
Diode D, is a polarity protec- 
tion device that may he omit- 
ted. A 555 is used a s  an  
astahle with a frequency of 
ahout 0.7 Hz. When TI is on. 
a current flows through the 
6 V winding of Trl. The volt- 
age across the 240 V winding 
must he such that D* does not 
conduct. This may he ensured 
with the aid of an oscillo- 
scope. When the collector 
voltage of T I  is nearly 0, the 
potential at the anode of D? 
must he negative. When T, 
becomes reverse-biased, its 
collector voltage rises to 
ahout 12 V and the potential 

In many countries, there is a 
legal requirement for c a n  and 
motorcycles to have lights on 
whenever the vehicle is moving. 
In even more countries, this has 
hecomc a (very sensihle) cus- 
tom. which may well hecome a 
legal requirement in the nearfu- 
ture. For these r e a m s ,  many 
vehicles havc provision for (au- 
tomatic) day m n n i n ~  lights, 
while in others. there is a third 
pmition on the lights switch for 
switching on thesc lights. Day 
running lights are neither side 
lights nor dipped headlights: 
rather. they u x  the headlights at 
reduced wwer (nomall\, 7SC+). 

~otdrcyc lec  and &irs n i t  
equipped with (automatic) day 
running lights can he so 
equipped with the present cir- 
cuit. 

The circuit is connected to 
the oil pressure indicating light. 
When the engine is not run- 
ning, the contacts of the oil 
pressure sensor in the engine 

at the anode of Dz must then ahout 300 V. This causes a sand volts. This is sufficient 
he positive, so that C4 can he potential at junction Rh-Cc of for the xenon tuhe to  strike 
charged. Check these volt- ahout 1 0 0 V  The neon lamp and at the same time dis- 
ages, hut carefully-they may then comes on. so that a gate charge Cq. From then, the 
he lethal! current flows into the thyris- operation can start again. 

Never operate the conver- tor. This comes on and clears The circuit draws a current 
tor without a load. It is. per- the way for C5 to discharge of ahout 250 mA, hut this 
haps, advisable to shunt Cq through Trz. This starting depends on the flashing rate 
with a 100 kR, 1 W. resistor. transformer produces a sec- and the type of xenon tube. v The convertor charges C4 to ondary voltage of a few thou- 11. IY W. w ~ ~ ~ ~ ~ - ~ ~ ~ h  -'m1331 

block are closed. When thc ig- 
nition is then switched on, the 
oil pressure light comes on. The 
potential a tA is then low and 
nothing happens. 

When the engine is running. 
oil pressure builds up. where- 
upon the contacts open and the 
indicator light goes out. The 
potential at A is then high, so 

that T,  comes 
on and the relay becomes ener- 
gized. The relay contact in se- 
ries with the headlights closes. 
so that the headlight is switched 
on. When the engine is 
switched off, the relay is deen- 
ergizcd and the headlights go 
out. 

Although snme dexterity is 

needed. the circuit can be built 
in fairly easily. It is powered 
from the terminals of the oil 
pressure indicator light. The 
contact of relay Re! is hest con- 
nected in parallel ulth the lights 
switch. 

[l hmun-w( l I91  J 
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This circuit is based on the well- 
kaown LM350T voltaee reeula- for handheld rigs 
tor from National ~emimn;duc- 
tor, and largely follow the stan- 
dard application circuit. This 
power supplv is useful for 'haw' 
use of all sorts of hand-held 
transceivers like CB walkie- 
talkies, 2-m VHF 'ham' rigs. etc. 

The supply has a currcnt ca- 
pacity of ahout 3 A, and sup- 
plies either 8.6 V or 13.6 V. The 
output voltace is selected with a 
douhle-pole changeover witch. 
Sla-h. The available voltages 
are standard for a lot of 

portable communication equip 
ment around these days. 

The rectifier diodes DI and 
D?, have anti-rattle hypass ca- 
pacitors, C4-C5, which serve to 
suppress noise. For extra hum 
suppression a choke is inserted 
in the input voltaee rail to the 
regllator. This inductor mnsists 
of 12 turns of ?OSWG enam- 
elled mpper wire of a 1% 
ferrite ring core. This choke 
should hax,e a current rating of 

at least 4A. Diode D3 dis- 
charges the energy stored in the 
choke the moment the rectifier 
stops conducting, hy providing 
an alternative path for the cur- 
rent flowing in the choke. 

The output voltage, U,,,. of 
the circuit is calculated from 

fairly larse tolerance (1.2 V to 
1.3 V). the actual output may 
differ a little from the calcu- 
lated voltage. 

To enable the supply to he 
kept as compact as possible, it 
is hest to use a toroid mains 
transformer. Also, for optimum 
suppression of mains noise. it is 
recommended to use a mains 
filter. 

INS. H;rknknr-  Wm] \/ 

The advantage of a touch 
witch over a traditional, me- 
chanical. witch is that its oper- 
ation is not degraded by wear 
and tear. 

Upon touching the touch- 
plates with your finger, transis- 
tor T1 (a pnp type) starts to 
conduct. The resulting pulse at 
the clock input of the 4027 has 
very slow edges (hecause of C1 
and CZ). Consequently (and 
unusually), the tint 1-K flipflop 
in the 4027 then acts as a 
Schmitt t r iger  gate which mn- 
verts the rather slow pulce at its 
invut (vin 13) into a clean die.. 

second flipflAp. h e  iecond 
fli~flor, then works accordine to 
the t&thook, supplying a real 
tonnle simal that may he used 
t o G i t c h a  relay on and off via 

touch switch with toggle 

a driver transistor, TZ. The the relay off, and up to 50 mA ing a mains apparatus, howwer, 
relay toggles any time you put with the relay on. Any relay use a relay with properly rated 
your fingcr on the touch-plate. which is more economical may contacts. 1hckep ti - ~ 3 7 1  

Currcnt consumption of the be used, a long a5 its coil volt- L 
circuit is less than 1 mA with age rating is I2 V. When witch- 

Elektor Electronics 7-8/96 



This program is the result of 
some research into decoding time decoding software 
the time signals transmitted bv 
DCF77 (in Germany) with the 
aid of a personal computer. 
The DCF77 time signal trans- 
mitter is located near Frankfurt 
and has a range of about 
15IK) km. 

Before the software can 
produce meaningful output the 
hardware has to he set up. 
Here, an inexpensive DCF77 
receiver module type 
BNh41138 from Conrad Elec- 
tronic is used. The module, 
which comprises an antenna 
and a complete receiverlde- 
modulator. is connected directly 
to the PC's Centronics part via 

D- sue masurelar 1) 
DullulE SVB neasvrepv1ss 1) 
D- SVB finder- 1) 

m m ,  l! --or 
W( goto lab1 
lab: 

findstart 

1ab1: 
8 = TaQI 
-*yApU1.c 
b = T W R  

m uran 10, 10: (d - c )  ' 10 

three wires. The Conrad mod- 
ule dram so little current that it 
can be powered from a Cen- 
tronics data line (here. DO) 
which is made logic high per- 
manently. The output of the 
module is an open-collector 
stage, hence the use of a pull- 
up resistor, RI .  The demodu- 
lated time information ir read 
by the PC as O's and l's via the 
Error input line on the Cen- 
tronin port. 

The s o b a r e  is spartan, and 
mitten in QBASIC. No at- 
tempt has been made to refine 
it with menus, bells, whistles 

m i % = o m l  
.*d.\ = .a.\ + tl(3' + il) . 2 ^ il 

i\ 
RM m 20. 20: Panrr L%, t%(l2); " "; t\(23); ' " 8  t%(24); ' "; 
t\(25), nine\ 

lrxlla 10, 30: .M=%; stds*; " : "; rinzl; line)? 
mice\ = 0: ninz* = 0: *tde% = 0: &d.\ = 0 

m m  

m finds* 

beg; 
f = -  
M I U  ((IIIPIIPT + l) urn 8)) 
c = - :  I P O - f > S m m r m o o s p r  
WBRD 

u a m  3 ,  1% + 1 - "I- 
i* = il + l 
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etc. Once started, the program 
waits for the start bit transmit- 
ted by DCF77. This bit is trans- 
mitted with the '5X' and '60' 
seconds markers every minute 
('59' is omitted). 

The program builds the 
hrmin:sec information in 
BASIC and pub this information 
on the screen, along with the 
time information supplied by the 
PC's real time clock (Non,k a 
good time toadjust it...). 

The chronometer has four 
7-segment displays which can 
show a time lapse of 000.0 s 
to 999.9 s with a resolution of 
0.1 s or  a count from 0000 up 
to 9999. 

The chronometer is based 
on the Tvpe 74CY25 counter 
IC with integrated display dri- 
ver from National Semicon- 
ductor. The device draws a 
current of ahout 40 mA from 
a +5 V supply. 

On power-up, the counter 
is set to 0000 by network 
R14-C4 or by S,. The TC can 
derive a clock from two dif- 
ferent sources: the internal 
oscillator or  an external one 
via the count input. 

The oscillator is formed by 
ICze. 1C2,, and is enabled via 
the CHRON input. The 
enabling is effected manually 
by S3 or  by inputting a given 
level. high or low, depending 
on the position of S3, into 
CHRON. Only when pin 8 is 
high is it possihle to measure 
an 8-12 H z  signal at the out- 
put of the oscillator. This fre- 
quency can be set to exactly 
10 Hz with the aid of a fre- 
quency counter, but, if this is 
not to hand, also with the aid 
of a good watch. 

Inputs CHRON and COUNT 
are identical but are sepa- 
rated electrically from one 
another and from the signal 
source by optoisolators. This 
allows input potentials of up 
to 25 V to be applied to 
either o?&em. 

As with the CHRON input. 
the level at the COUNT input 
may be either high or low and 

Elektor electronics 

In QBASIC (which should 
be supplied with any recent 
DOS package) you press the F? 
key to enter and exit subrou- 
tines that you think require 
editing. The tenth line of the 
program defines the printer 
port address. Substitute the 
printer port address in hex for 
the d s .  If you don3 know the 
address. have the computer tell 
it to you - simply run Mi- 
crowft Diagnostics (MSD) 

from the DOS prompt, and 
make a note of the printer port 
address. The address is dis- 
played by the DCF77 program 
if you press 'C after starting it. 
Pres? Control-Break to stop the 
QBASIC program. 

DCF77 transmits CET To 
make the program indicate 
GMT (CET-1) as used in the 
UK decrease the variable 
StdzS by one just hefore it is 
PRIMed. If Stdzc+ equals - l. 

then make it '23. 
The author encourages all 

readen of Elekror Elccnonirs 
who live within the range cov- 
ered by DCF77 to copy and use 
the program, provided his 
name is left in the listing. The 
author can be contacted at 
Haasemannstrasse 4, D-30449 
Hannover, Germany. Tel. 
(+J9) 51 1 457123. 

[R. Ohlcrkme - W W i  J 

is selected by Sq. 
The position of SZh deter- 

mines whether the time or 
count function is active. 
Switch section S?, inserts the 
decimal point between the 
third and fourth display digit 
when CHRON is selected. 

Whereas a simple level is below 1 V; and at high level, it 
needed to start the oscillator, must well above 2 V. More- 
the signal at the COUNT input over, if a switch is used at the 
needs more if the module is COUNT input, this must he 
to work error-free. The signal debounced adequately. 
must have steep edges; it [M. B U I C ~  - m 7  
must be free of interference: 
at low level. it must be well 
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Whereas a simple level is below 1 V; and at high level, it 
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I h e  lambda probe is pan of the 
exhaust system fitted on cars 
with a catalyser. It is fitted at a 
location between the exhaust 
manifold and the catalyser, 
where it measures the oxvgen 
level in the exhaust gases. Its 
output signal is used hy the in- 
jection mntrol to determine the 
fuellair mixture at which the 
catalwr can develop its highest 
filtering effect. 

This circuit allows experi- 
enced car electric technicians to 
check the operation of the 
lambda probe as an essential 
component in the control lcn~p 
formed by the injection system. 

Depending on the oxygen 
concentration in the exhaust 
gaws, the socalled lamhda volt- 
age has a range of 0 to 0.9 V. 
with the optimum concentra- 
tion occurring roughly a t  the 
centre of the range. A high 
lamhda voltage indicates an 
oxygen deficit ('rich' mixture. 
too much fuel), while a low 
voltage indicates a oxygen sur- 
plus ('poor' mixture, too much 
air). It should be noted that a 
lambda probe only responds to 
changes in the exhaust gay com- 
position at its nominal operat- 
ing temperature of ahout 
600 "C. The measured lamhda 
voltage indicates one of four 
conditions: 
1. Normal operation. Depend- 
ing on the response time of the 
control loop, the lambda volt- 
age shows a certain variation 
around 0.5 V Its frequency of 
hetween 1 Hz and 5 Hz indi- 
cates that the probe is working . 
properly. 
2. Prohe inactive. A steadyvolt- 
age of ahout 0.5 V indicates a 
fault in the probe or the control 
loop. It may also indicate that 
the probe has not yct rcachcd 
its operating temperature, for 
example, when the engine is 
cold, or when you drive down- 
hill for a long time with the 
throttle closed. 
3. Lambda voltage constantly 
above O..i V. The carburettor 
mixture is too rich. Either the 
engine is still cold, or the throt- 
tle valve is fully opened. and 
extra fuel is injected at full en- 
gine loading. This voltage may 
also indicate a fault in the in- 
jection system, for example, an 
engine which. although hot in 
reality, is deemed 'cold' hy the 
electronics because of a faulty 
temperature sensor. 

lambda probe monitor 

4. I.;~tiihd;~ volt;~sc constantly 
belcnv L l i  V. The c~rrhurettor mix- 
ture has a fuel deliciency (rpm 
>ISM). accelerator not p ~ w d ) .  
or the engine ha5 a fault (e.g., in- 
sufficient fuel precsore). 

The circuit indicates these four 
conditions hy means of a red 
and a green LED: 
1. Norn~al operation: no indica- 

tion, hoth LEDs off. 
2. Pr~ihe inactive (cold start): 

both LEDs light. 
3. Rich midurc (extra fuel at 

fill1 load): red LED light5 
4. Poor mixture (throttle valve 

closed): green LED lights 

The operation of the circuit is 
relatively simple. Only com- 
monly available parts are used. 

Zct~cr  C I I O C I L ,  l l i .  rc\i\~or 
R1 I ancl ci~pi\citor ( -3  pruviclc a 
stahilizcd \olt;lge of ahoot 
6.8 V. The potential dividers 
formed by presets PI and P2 
step thisvoltage dcnm to an ad- 
justahle level of ahout 0.7 V 
and 0.3 V at the - and + in- 
puts of opamps IClc and lCld 
respectively. Both opamp out- 
puts drive a delay nenvork. 
Each of these is designed such 
that capacitors C1 and C2 are 
rapidly charged via relatively 
small resistors, R2 and R4, and 
their aswiated diodes, D1 and 
D2. The same capacitors are 
however, slowly discharged via 
much higher rcsistances (R3-P3 
and R5-P?) because of the 
blocking action of the diodes. 
The delay so obtained is ad- 

justable hetween 1 and 2 sec- 
onds. The capacitor voltages 
are compared against a 0.8-V 
reference by two further 
opamps in the LM324. If they 
drop below this threshold, the 
relevant LED (D.7, D?) lights. 

Normally, the lamhda volt- 
age swings around 0.5 V, just 
tripping the upper and lower 
threshold set with P1 and P2. 
Opamps lclc and Icld there- 
fore supply a constant train of 
pulses which keep C l  and C2 
charged to a level above the 
0.8-V threshold. The result is 
that hoth LEDs remain off. 
However, when the lambda 
voltage does not reach the 
upper or lower threshold, the 
relevant capacitor is discharged, 
and the relevant LED lights. In 
this way, the two LEDs niay in- 
dicate all four engine conditions 
mentioned above. If the 
lamhda probe is not connected, 
resistor R1 keeps the inputs of 
IClc and ICld at ground level. 
The indicated test voltage of 
h0 mV is caused by the bias 
current of the two opamps, and 
applies with no lamhda probe 
connected. 

The delay times set with P3 
and P4 should he sufficiently 
long to prevent the indicators 
flickering as a result of brief 
level changes of the lambda 
voltage. Both the dclay and the 
lowihigh threshold settings will 
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COMPONENTS LIST T1,T2 = BC547B
IC1 = LM324

Resistors:
R1 = 1MO
R2,R4 = 1kO
R3,R5 = 39kO
R6,R8 = 10kO
R7 = 4700
R9 = 5600

R10 = 150kO
R11 =2k02
R12 = 100
P1,P2 = 10kO 10-turn cermet
P3,P4 = 47kO preset H

Capacltors:
C1,C2 = 10I-lF63V radial
C3 = 11-1F16V radial

C4 = 100nF
C5 = 471-1F25V radial

Semiconductors:
01,02 = 1N4148
03 = LEO,green
04 = LEO, red
05 = zener6V8 400mW
06 = 1N4001

Miscellaneous:
Printed circuit board (not avail-
able ready-made through our
Readers Services).

depend on the vehicle and fuel
injection type, and may have to
be tweaked in practice for the
best operation. In practice, the
delay presets may be set to the
centre of their travel, and have
to be re-adjusted only if there is
noticeable flicke ring of the
LEDs while driving.
The output voltage of the

lambda probe is tapped and
connected to the circuit via a
short length of screened cable.
The circuit itself may be fitted

The monitor is a handy aid in
cars and is particularly suitable
for radio amateurs who power
their equipment from a car bat-
tery.
Although straightforward,

the monitor is a very practical
means of controlling the battery
voltage. All that is needed are
four FET current sources, four
zener diodes and four LEDS.

Bridge rectifier D<rD12 ensures
that the battery cannot be con-
nected with incorrect polarity.
The zener voltage of diodes

D5-DS increases in standard
steps, so that the battery voltage
needs to be higher to cause suc-
cessive LEDS to light. In other
words, the higher the battery
voltage, the more LEDS will
light. The component values

Elektor electronics

at a suitable position in or be-
hind the dashboard. Care
should be taken to ensure the
lowest possible ground resis-
tance. The ground connection
is preferably made directly on
the engine, or on the negative
terminal of the car battery. If
you use the ground connection
of another load, the range of
the lambda voltage may be
shifted several hundred milli-
volts, requiring quite different
input threshold settings than

those mentioned above. The
positive supply is taken from a
point behind the ignition
switch, for example, at the
switch for the rear window de-
froster.
The author has successfully

used this circuit in a Fiat Uno
75i.e. with a Bosch Jetronic in-
jection system, achieving a
mileage of 125,000.

(W. Schmidt 964016)

v

battery monitor

4 x 300mW

01 = green
02 = yellow
03 = red
04 = red
(flashing LEO)

are chosen so that at a battery
voltage of 9 V-battery poor-
only D1 lights; when it is about
11 V-battery doubtful=-Dj

7-8/96
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and D2 light; when it is 13 V-
battery fine-D1, D2 and D3
light.
Diode D4 is a f1ashing LED.

Warn in g. Working on a hot and/or
running car engine is dangerous it you
do not take proper precaulions.
Warn in g. 00 not adjustthe circuit
while driving.
Warning. Gar exhaust tumes are
highly toxic. 00 notleave the engine
running in a closed room. Be sure to
use an approved exhausl extension
hose and tume extractor system.
Warning. Installing this circuit may
void the warranty on the car. Improper
conneclion may cause damage 10 the
engine, the tuel injeclion system
and/or the catalyser. For installation
and adjustment, seek the assistance ot
a qualified car mechanic.

The value of zener diode Ds is
such that the LED begins to
flash when the battery voltage
approaches 15 C, that is, an
overvoltage situation. It may in-
dicate a fault in the altemator,
the associated rectifier diodes
or the voltage regulator.
Since the drop across an

LED is dependent not only on
its colour, but also on its type, it
may prove useful to experiment
with the ratings of the zener
diodes (with the aid of a vari-
able power supply). It is always
possible that the practical rating
is slightly different from that
specified.
The circuit draws a current

of not more than 40 mA when
D1-D3Iight.

[N. Harisankar - 964008J
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I COMPONENTS LIST 

Resistors: 
R1 = 1Mo 
R2.R4 = 1 kl! 
R3R5 = 39k(l 
R6.R8 = IOk!! 
R7 = 470l! 
R9 = 5600 

R I O  = i5okn 
R1 1 = 2k<!2 
R12 = to<? 
P1 .P2 = 10k<? 10-turn cermet 
P3P4 = 47kR preset H 

Capacitors: 
C1 .C2 = IOuF 63V radial 
C3 = 1pF 16V radial 

Semiconductors: Miscellaneous: 
D1.D2 = lN4148 Prlnted clrcult board (not avall- 
D3 = LED, green able readymade through our 
D4 = LED, red Readers Services). 
D5 = zener 6V8 400mW 
D6 = 1 N4001 

depend on the vehicle and fuel 
iniection type, and may have to 
he tweaked in practice for the 
hest operation. In practice, the 
delay presets may he set to the 
centre of their travel, and have 
to he re-adjusted only if there is 
noticeahlc flickering of the 
LEDs while driving. 

The output voltage of the 
lamhda prohe is tapped and 
connected to the circuit via a 
shon length of screened cahle. 
The circuit itself may he fitted 

The monitor is a handy aid in 
cam and is ~anicularlv suitahle 
for radio amateurs who power 
their equipment fmm a car hat- . . 
tery. 

Although straightfonvard. 
the monitor is a very practical 
means of controlling the hatterv 
voltage. All that isneeded a& 
four F F ~  current sources, four 
zener diodes and four LEDs. 
Bridge rectifier DIrD17 ensures 
that the hattey cannot be con- 
nected with incorrect oolariw. 

The zener voltage "f diodes 
DrD8 increases in standard 
steps so that the hatte~voltage 
need? to he higher to cauw suc- 
cessive LEDS to light. In other 
words, the higher the battery 
voltage, the more LEDS will 
light. The component values 

at a suitahle position in or he- 
hind the dashhoard. Care 
should he taken to ensure the 
lowest possihle ground resis- 
tance. The ground connection 
is preferably made directly on 
the engine. or on the negative 
terminal of the car battery. If 
you use the ground connection 
of another load, the range of 
the lamhda voltaee mav he 

those mentioned ahove. The 
positive supply is taken from a 
point behind the ignition 
switch. for example. at the 
witch for the rear window de- 
froster. 

The author has successfully 
used this circuit in a Fiat Uno 
75i.e. with a Bosch Jetronic in- 
jection system. achieving a 
mileaee of IZi.lKK). 

shifted several hundred hilli- 
volts, requ~ring quite different 
input thre?hold cettings than 

f i 'arorng Worrilmn~ an E hot and a 
n!nnmg car eTq!oe rs dariperoos if you 
do no! lake prooer precauiions 
Warn ing .  Do not adjus! lhe circud 
whrle driving 
Warnrng.  Car exhaust fumes are 
hrghty toxic. Do not leave /he engine 
runnfng m a closed room. Be sure 10 
use an approved exhaiisl exlension 
hose and fume exrraclor syslem. 
Warn ing .  !nsral!ing ihfs circililmay 
vord the warraniy on !he car improper 
conneclion may cause damage 10 the 
enoine Me hie! in!ec!ion svsiem 

battery monitor 

khm,dt anii:or the catalyser For installalion 
and adjuslmenl, seek h e  assisiance 01 v a oualrbed car mechanic 

The value of zener diode D8 is 
such that the LFD hegins to 
flash when the hattery voltage 
approaches 15 C, that is. an 
overvoltage situation. It may in- 
dicate a fault in the alternator. 
the associated rectifier diodes 
or the voltage regulator. 

Since the drop across an 
LED is dependent not only on 
io colour, hut alsn on its type, it 
may prove useful to e . ~ r i m e n t  

D3 = red with the ratings of the zener 
D4 = red diodes (with the aid of a vari- 

ahle power supply). It is alwap 
o64008-1? possihle that the practical rating 

is slightly different from that 
specified. 

are chosen so that at a battery and DZ light: when it is 13 V- The circuit draws a current 
voltage of 9 V--battery poor- battery fine-D,. D? and D3 of not more than 40 mA when 
only Di lights: when it is about light. DI-D3 light. 
11 V-battery douhtful-D] Diode D4 is a flashing LED. [N. ~ ~ . ~ ~ k ~ - 9 ~ m 8 ]  v 
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miniature power amplifier

There are quite a few applica-
tions of an audio power ampli-
fier in which power and hi-fi
characteristics are of secondary
importance. If, for instance, an
active loudspeaker for a portable
radio receiver is needed, com-
pact dimensions arid low current
drain are far more important
considerations.
These properties are the

prime design basis for the pre-
sent mini amplifier. It continues

PARTSLIST

Reslstors:
R1 = 10 kQ
R2=33Q
R3-Rs = 560 Q
Re = 3.9 Q
Pl = 47 kQ preset

Capacitors:
C1 = 150 pF
C2=4.7nF
C3 = 390 nF
C4, c, = 1000 J1F. 16 V, ra-
dial
Ce = 15 pF

Semiconductors:
Tl = BC547B
T2 = BC557B
T3 = B0140
T4 = B0139

Integrated clrcuit:
IC1 = TLC271 CP

Miscellaneous:
81 = double-pole on/off
switch
Bt1-B4 = battery, 1.5 V

working satisfactorily with a bat-
tery voltage down to 1.5 V. Its
quiescent current drain is about
1 mA, and its efficiency is a
worthwhile 70 per cent. It pro-
vides an output power of
500 mW into 8n (or 800 mW
into 4 n), has a sensitivity of
400 mV, and its distortion is
never higher than 1.2 per cent.
The low current drain is ob-

tained through a combination of
a low-power op amp followed by

/196

a discrete Class-B stage. The
op amp is a Type TLC271 oper-
ating in its high-current mode
(pin 8 to ground). Any compli-
cations arising from the com-
mon-mode range are prevented
by using the amplifier as an in-
verting type. The voltage ampli-
fication is set with feedback re-
sistance PI'
The discrete power stage

consists of two complementary
darlingtons, each composed of a
BC and a BD transistor. Resistors
Rz-Rs limit the internal amplifi-
cation. Capacitors Cl> C2, and

Cl

amplifier is limited to not less
than 21 kHz at the maximum
amplification of x5.
With a 4 n load, the peak

output current is 700 mA. A
315 mA fuse in series with the
output is, therefore, a simple,
but effective short -circuit pro-
tection. At maximum drive with
a music signal, the average cur-
rent is only 50 mA. In practice
the drive will never be continu-
ously maximum, so that the ac-
tual current drain will be much
lower. A set offour penlight bat-
teries should last about 200

K~;T+ +UB+ "
ST1 <I

"'T'" 1V5 ii C4
--L..!!2 ::

1V5:: ~~~o~
:: 0

BT3 11

"'T'" 1VS:: es

--L..!!4 "LDV5l~ ~~8°~
-

- UB

C6, are compensation devices.
Boucherot network R6-C3

ensures amplifier stability when
the load is very low or very high.
Since the output transistors

have no emitter resistor, the
voltage is determined solely by
the knee voltage of T3 and T4'
With a load of 4--8 n, these volt-
ages are limited to 0.2--0.3V, so
that the transistors can be driven
virtually up to the supply volt-
age. This is the reason for the
atypical high efficiency of the
amplifier.
The overall bandwidth of the

hours.
The amplifier is best built on

the printed-circuit shown, which,
unfortunately, is not available
ready made.
On a final note: since the

four batteries form a symmetri-
cal supply, on-off switch SI
needs to be a double-pole type.

[T. Giesberts . 9640201 V
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Many measuring instruments 
are provided with a 7-seg- 
ment display, LED har or dis- 
crete LEDs, which are con- 
trolled directly by an ana- 
logue-to-digital converter 
(ADC). such as the ICL7107, 
or an LED chain driver, such 
as the LM3914. 

To huild in such an instru- 
ment an interface for a micro- 
processor system is not so 
simple, since the data are nor- 
mally not available in binary 
form. However, the present 
circuit offers a solution to this 
difficulty. 

The 16 inputs at K, and 
K? are linked to the LEDs or  
segments (with common 
anode)to be read. The micro- 
processor system controls the 
four switching inputs. A-D 
(pins 10-14) of the ih-to-l 
demultiplexer. ICz, via K3 
and IC3h-ICle and selects 
one of the l 6  inputs, which is 
then linked to the x-output. 

The potential at the x-out- 
put is compared with a refer- 
ence voltage, which is preset 
with PI. The output of com- 
parator ICI is high or  low, 
depending on whether the 
segment or LED is actuated or 
not not respectively. 

The output level of IC, is 

display-toy P interface 

read by the microprocessor 
system and reconverted into a 
number, after all relevant 
inputs of KI and K2 have 
been scanned. The relevant 
software must be adapted to 
the relevant types of con- 
troller and display. 

Since usually several sup- 
ply voltages are used in dis- 
play circuits-7-segment dis- 
plays often need more than 
+ 5  V- conversion of the 
+5 V supply (from the micro- 
processor) to the level 

required by the display is 
needed. This is provided by 
the open-collector outputs 
and pull-up resistors of 
huffers [C1,-IC,, The supply 
for IC* may he 3-18 V At the 
output of the microprocessor, 
the level ensured hy D1 is 
lowered again to 5 V. 

Jumper JP I  determines 
whether the 40h7 is always 
switched on or  only when a 
signal at interface line D is 
enabled. This is particularly 
useful when several circuits 

overheating alarm 
6...12V 

This little circuit may help to 
prevent costly disasters caused 
hy overheating of semimnduc- 
ton fined on heatsinks, to men- 
tion but one application. It is 
built from low-cost and gener- 
ally available components only. 

A reverse-biased germa- 
nium diode, or the base-emitter 
junction of a germanium tran- 
sistor. acts as a temoerature 
senso;. ~t room temberature 8.~119: 
(approx. 25 "C), the resistance . . . . . . . . . AA218 
of this sensor is relatively high, - , - , l  
so that transistor T1 conducts 
and holds the reset pin (termi- 
nal 41 of the 555 timer 1C at a around the 555 is disabled. about 80°C. the resistance of 
low level. Consequently, the When the temperature the germanium semiconductor 
free-running oscillator built measured hy the sensor exceed5 junction hecomes low enough 

are to he driven in parallel. 
In case of multiplexed dis- 

plays, the software hecomes a 
little more complicated since 
ever more measurements 
must be taken to ensure that 
the display lights or not. 

The circuit as shown draws 
a current of Ill-20 mA from 
the +5 V line and not more 
than 5 mA from the VCr2 line. 

for T1 to stop conducting he- 
cause of the low bias voltage at 
its base terminal. Next, the os- 
cillator is enabled via pin 4 of 
the 555, and the loud~peaker 
sounds. 

The temperature at which 
the alarm is activated may he 
adjusted with pre5et PI. The 
circuit can work from any s u p  
ply voltage hetween h and 12 V 
d.c. It$ current consumption in 
the non-activated state is be- 
tween l and 2 mG which is 
probably a little too high for the 
unit to he permanently pow- 
ered from a small h V or 9 V 
battery. ( ~ l d t ~ p o  WIII) V 
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watchdog for PCs 
The watchdog is intended to  
monitor a microprocessor 
and determine whether this 
functions correctly o r  not. It 
and its software are suitable 
for use in the background 
with any PC that runs under 
DOS o r  Windows. The hard- 
ware is linked to  the serial 

lar signal a t  pin 20, which 
results in C2 being charged 
and T2 conducting. Pin 4 is 
made high, so that the com- 
puter cannot receive a reset 
signal. This condition is stable 
as long as the program runs. 

If the computer fails 
(crashes), the rectangular sig- 

interface, which is then con- 
trolled by the software 

After the computer has 
been switched on, the data 
connections at the serial 
interface are low. The watch- 
dog software is started at the 
same time as the selected 
application program. It pro- 
vides a permanent rectangu- 

Many designers nowadays al- 
most automatically include one 
of the ~ o ~ u l a r  3-vin voltage . . 
regulators in power supply de- 
sims. It is almost as if thev have 
f&otten that there are-other 
ways of regulating as well. The 
present circuit, for instance, 
shows a simple regulator which 
is useful if the requirements on 
the power supply are not too 
stringent. The circuit is very 
simple and inexpensive to huild. 
Moreover, it has the advantage 
that the output voltage can he 

grated shunt regulator IC,, 
used here as variable zener 
diode. In conjunction with T1, 
the IC forms a simple voltage 
regulator. Since. unlike a zener 
diode, the device has three ter- 
minals, its output voltage can 

Watchdog-Test 
#include 
#include 
#include 

void rnain(void) 

< 
int i; 

{ 
while(1) 

{ 
outp((corn2+4),3); PIN 4 and PIN 20 high 
delay(2); 
if(bioskey(1)) RESET test at switch push 

return 0; 
outp((corn2+4),2); er" 4 high, prlr 20 low 
delay(2); 
if(bioskey(1)) msm test at switch push 

1; 

) 

nal falls out and C2 is dis- 
charged via RI .  This causes 
T I  to he switched off, where- 
upon the base of Tz goes 
high. This transistor is then 
on and pulls the reset line of 
the computer to ground. The 
computer then restarts. 

Note that the circuit works 
only if a computer reset also 

causes the serial interface to 
be reset, since that is essential 
for the high level at pin 4 to  
be removed. It is only when 
this pin is at ground level that 
the reset pulse is terminated 
and the computer can reboot. 

The C + +  program is a 
test for the hardware: the real 
program is easily adapted for 

15 V power supply 

be determined within certain 
limits with variahle potential di- 
vider R3-PI-R+ Parallel-con- 
nected resiston R, and Rz en- 
sure a sufficient current 
through lCt and TI. The cath- 
ode current of ICl must be at 
least 0.4 m.4. 

The maximum output cur- 
rent depends on the mains 
transformer. The current 
drawn by the circuit itself de- 
pends on the applied altemat- 
ing voltage: in the prototype, 
which ha? a supply of 15 V. the 
current drain is 16.5 mA. Pro- 

the particular use. 
The reset connection of 

the processor is normally not 
difficult to find: follow the 
cable from the reset switch. 

The watchdog draws a cur- 
rent of about 5 mA from the 
computer. N 

Il. *h3 - qMOL<] 

viding an output current of 
400 mA, the prototype pro- 
vided a r i v ~ l e  s u ~ ~ r e s s i o n  fac- . . . . 
tor of 25. 

If the circuit is to be used as 
the basis for a symmetrical s u p  
plv, i t  is hest to use a mains 
iransformer with isolated wind- 
ines and huild an identical cir- 
cuit for the negative supply line. 
Connect the + 15 V output of 
this line to the earth return of 
the positive supply line. This re- 
turn will then serve as the re- 
turn line of the entire Fymmet- 
rical supply. A real negative 
venion with a pn-D transistor is 
not readily possible because the 
2.5 V reference of IC, is with 
respect to the lowest iotential 
(here, the anode). 

rTG1emern-YMNdI b 

Elektor electronics 7-8/96 



d t o b l i n e o ; l t i k l t d  

puw tw@fk. Its ootput 
~rg&cmankyw4th&& 
O o t # W t o ~ & t h e  
~tomeaul iosatsm.  

Tbcciratitisfairly~k. 
A t i t s i s p U ~ t h e a u d i o ~  
i r ~ t o a s m a l l ~  
&W bynge- ICl, la the qummn state, the 
potsstislBatneentheinputs 
is 12mV The output offhe 
mmpator is higb so that 
time delay capodtor C3 cm 
b6ehu)p0dslm1yviakigh- 

Whenthe potential 
hnacecdalevel 

dd &Jut halP fhe 8upply volt- 
agft the stooad mmparator, 
ICw &qea state ( p 6  
&&L whioh esupa the relav 

& audb sigd is spplied &a& fairly q i & y , m  that with the power-on indieator JinL for I Q  is only necded if 
bitgct& to the wn-lwnting fhe he1 at the u~n-inverting of ttre sugia equipment, while input voltages 6f Z M V are 
ispit, But its level at the input of IClb cannot reach 4 iodicates whether a suff- replady mmmtered. 

1 
iiwmbg i~put is 8e19 11019, hrK the supply voltage. This ciently ssaong audio signal is W--pums) 
w@toQt$atformsavir- mmpsatorthensaoetcsthe pr*rat. 
tual Q h o r t - b i t  to earth. ntey, wBaaL  COB^^^ Power for the circuit is 

two-IC medium-wave 
r --'--t r-"0 

t eUt0~ -&m-  
tiens Rrrauti's M416 inte- 
grated c h i t  antaim a 
WmpkUeradioreceiPwwitb 
AMdemodolator..An~Ileed 
todoisstrewae~cpleofde- 
eosplinB Ics around the IC, 
oemoectmautematotheld 
eoadRF@ut@imld8), 
sodapirdbesdphonestothe 
Mos$ut@inS). 

'Ibe sdeaaa is m inductor,, 
Ll,cdnrirtiagof~60tunl 
of O h  iSWG36) mamekd 
coppm W& (ecw.)m a tmitc 
rod with a diameter of U mm 

Tl inductor is tun4 with a 
*F foil diehnic variable 

~ h ; t 3 u & p b s n r e ,  
aTDA705LSisonIyrequiPedif 
g o u a o a t t o a e e a d b u d -  
bpepteritlsteadof,ormaddi- 

'Ihe 
adda 

thehnmryofadnmemotlol 
totheIseiser. 

~ r m i w r I C ~ a l  
15VonIyfmm.cmeoftwo~ 

h a t t e & 5 * ~ 3 V t o  
the m m .  Curreat Eon- 
sumpthisofthearderof 
8mk -0.- 1/ 



- - w s n d  
~ 1 U Y L ' I h e ~ a t ~ -  
e v e r ~ t i o n ~  >30kH~. 
l l l e ~ ~ d o e a R 0 t ~ -  
eeed7rsk 

l l l e i o p d a i p a l i p ~  
b~rc;,=ldW%@i@dto=- 
p w  IC&. The amplrficabon . . 
ofthissagedependsonbow 
feedbuck teskms R& an 
switched into circuit bv IG. 

i t  A snd R 'k7rntCr38 
l a t i o n ~ t h e ~ t h e  

After the outpltt signsl of 
IC, has pamd thm@ tbe 
multiplexer, k is applied to 
xlWl amplifier ICld -* 
I C , T h e o v e r a U ~  
issetwithlogickvekathpm 
AandBassboammtbcmMe. 

The ampWieatid. of the 
firststageh;lsbeen*bw 
purposely to easytL tgat tfie 
value of the fed&& &m 
does not h to be kt&wWi 
makes the effect ofthe 
rurrentofthemMphvz~ 
ligiak. 

programmable amplifier 

32 kHz oscillator 

dmtip*aer via t& semd mul. ';! 
tjdam. .2 

T h c ~ t 0 f t h c ~ ~ i s  *; 
s e t m r e r o w i t h P 1 ~ t h e  
io&bAelatbahiapkSbi6b. 

WfmlmthAaodBareM I 

open,R3@R4anaagcfor ; 
thedrmittobactauton*9ti- l 
e a l l y t ~ a n ~ t a a o f  i 
XlWLl. I l i . ~ - s s a 2 * 1  . 

5 

- ~~ 

'Ibc &m W R2 enables 180°. Circuit IC; is M inverter thc ic, ~ ; k  mea?ay to sa'ihc 5 V sup&. 1 
theosciuatorm&wellism whichakocsl~lesaphaacshift iopddthcdevicctodmthsll puy18-9brmld 



pdt)-(m Ah) &be cahdsled 
T h e ~ - h m o v e s  - 

m the &mkm of this inhoe- 
=hbodgd)~principleby 
u s i s g a ~ r e l a y t o s t o p  
t k d b d u & s u ~ ~ u  

dcep&&&w: 
Tbc anthot hss some cells 

EsnceismRct,mcrrkywJIbc 
~ a t t b e a b o v e m e o -  
tamd minimm a U  voltage. 
~timrecordcdbythedock 

aboutl~anewe~avii&& 
dlainbavctobemadewahfewa 
hlraqaod~tbictcrwire .  
'Ihcuseofacqrpawinw 
table is ruannnended for the 
resistance cal- aftm 
whichanrmbgd  ' % 
sbouldbccarriedouttomskc 
sure that the value of 12 C2 and 
thedcsinddpaauatanvoltssc 
mresebed.Als€J,thearmstlr7e 
oftberelsysbadabeaEfasible 
toenablethemntactstobe 
dosed by manual presauc. In 
maacaseathptmeaas*a 
*W**-, 
tbafisootaproMembeeau%e 
themlaycsnbesenmdtoa 
bmIyhddsrtoform~a.3- 
senmh,. sealed~amaro- 
ouslynot*forthigappli- 
eation, lldes3 yw remove the 
h. (rJUNd-pmml 

F inexpensive emergency L.,..t 
sborrt6VThk-isuaed whichtbR9viaRlaadfMAt * ~ t n D e d r o g , ~  
t o a m ~ ~ k w s e -  t l r a ~ a 2 A h ( ~ )  M revem bbw the base- 
-Mabanaier NiCdbmIyEaaksndDpl c d f m p n c r i o a & p n p ~  
a i i l l l a ~ o f X i t e l M m q  d r a r g e d f f ~ a e m k e ~  priolTl. the 

tnarrirtor and 
*'=P col- 
mordoeorggbt. 

W h e n a m s i D l ~ o p  

~ g p e ~ o l L k ( Q o n  

n 
tbs 
via 



Fenanti's ZN426-8 is an %bit 
monolithic digital to analogue 
wnverter containing an RRR 
ladder network with precision 
bipolar switches and a 25-V 
precision voltage referenoe. 
The circuit shown here is wn- 
n d  to the Pc's parallel 
printer port, and provides a 
simple means of wmmunica- 
tion wim tk analogue world It 
is capable of generating as well 
as reading voltages between 0 
and 2.55 V in steps of 10 mV. 
l k  ZN428 also as an A-D 
wnverter with the help of a 
comparator. The circuit is p 

ered by an external 5-V source, 
andwn~edbyasmaUF%xal 
Program. 

The PC's printer data lines 
are wnnected direaly to the 
digital inputs of the ZN428. 
The Iheit value sent to the chip 
is translated into a wrmponcC 
ing analogue voltage (0 to 
2.55 V), which is buffered by 
opamps IC2a and IClb before 
it is available to the analogue 
output, KZ. An electronic 
switch, I a a ,  in inserted be- 
tween the opamps. It is closed 
by the strobe signal supplied by 
the computer. 

bagcd on succcssire appmha- 
lion. Thc anakmc in~ut volt- 
s g e t o b e d ( & o t o  
W V )  is to input 
aockctKl.Theprinterportis 
propmid  to sup* a series 
o f ~ ~ e a c h o f w h i c h  
isconrper*Bnithtkanalogue 
input W- by mmpiuator 
IQb. Tfi. output of IC2b dri- 
w t h e B I J S Y ~ w h i d ! i s i n -  
terrogatedbyk~rogramto 
chedr if the DAC output volt- 
sge is hi& or bwer than the 
vdIageatKl.DlningtheAt0- 
D m n v e ~  switch IC3a is 
opened During that @nef) pe 
riod ca~acitor C? and opamr, 



A D D A  converter is available files. A Pascal unit called AD- the parallel port to which the voltages respectively. The pro- 
on diskette through our Read- DAConv provides the mutines converter is connected (LFT1. gram ADDATest demonstrates 
ers Services under order code which are necessary to control 2. or 3). The procedures 'get- the application of this Pascal 
966009-1. This disk also con- the circuit. An object 'ADDAC' Voltage' and 'setvoltage' serve ohject. 
veins all relevant source code is initialised with the number of to  read and supply analogue 1s. n~imett - m] V 

general purpose text display 
The circuit can store a maxi- 
mum of 128 texts each of two 
lines and l 6  characters and 
present one of them on a 
standard display. 

The texts are stored in an  
EPROM and may be exported 
upon a relevant address at the 
seven n L  compatible inputs 
of KZ. 

Oscillatorlcounter IC? not 
only generates the enable sig- 
nal for the display. but also 
arranges for the six lower 
address lines of the EEPROM 
to  he scanned, so that the 
texts are sent constantly to 
the Lcn. Thus, a new text is 
displayed after only a short 
delay when a different line at 
K2 is addressed. 

The display drive is not 
straightforward, because 
there is no actual initializa- 
tion, so that the mode of 
operation depends on a 
power reset of the display 
controller, hut in practice it 
works well. 

Text programming 
The programming of the 
EPROM will he clarified hy an 
example. For instance. the 
text 

regulations are 
for guidance 

will be output when pin 5 of 
Kz is high and all other 
address lines are low. Pin 5 
controls address bit 10. so 
that from address 400,,, 
before each text, four control 
bytes are programmed as fol- 
lows: 

088, -8-hit communication, 
two rows: 

08C, - display on, no cursor; 
086, - addressing mode; 
082, - cursor home. 

Then follow5 the text of the 
first line followed by 24 blank 
$paces and the second line. A 
text entry always consists of 
60 bytes. 

Elektor Electronics 

Communication with the 
display is straightforward. 
Since the R/W line is at earth 
potential. it can only receive 
data. The busy flag is not 
strohed, so i t  cannot he ascer- 
tained whether the next byte 
can be sent. Fortunately, the 
data transfer is so slow 
(enable is clocked at about 
160 Hz, which is equivalent to 
a time lapse of some 6 ms) 
that the LCD module has more 
than enough time to display 
the received character before 
the next byte arrives. 

The EPROM content is 
composed in a simple manner 
by the short BASIC program 
TEXTDISP.BAS in the box. This 
is more convenient than each 
and every HEX editor. The 
program provides a file 
TEXTDISP.BI*I, which can be 
called upon for programming. 

[U. lla"Cg-?Mn26] 
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rem constant MaxMessage = no of display texts 
const MaxMessage = 3 
open "textdisp.bin" for output as X1 
for Message = 1 to MaxMessage 

c1s 
print#l, chr$(&hbE): chrS(6hEc): 

chr$(&h86): chrS(6h82) 
print "Display text no"; Message 
print "Input line l" 
input mess15 
print "Input line 2" 
input mess2$ 
print #l, messlS 
for j = 1 to 40 - len(messl$) 

print #l, " "; 
next j 
print $1, mess25 
for j = 1 to 20 - len(mess2S) 

print Xi, " ": 
next j 

next Message 
close X1 
end 



Ferranti's ZN426-8 is an 8-bit
monolithic digital to analogue
converter containing an R/2R
ladder network with precision
bipolar switches and a 2.5-V
precision voltage reference.
The circuit shown here is con-
nected to the PC's parallel
printer port, and provides a
simple means of communica-
tion with the analogue world. It
is capable of generating as weil
as reading voltages between 0
and 2.55 V in steps of 10 mV
The ZN428 also acts as an A-D
converter with the help of a
comparator. The circuit is pow-

inexpensive AD/DA eonverter
ered by an external 5-V source,
and controlled by a small Pascal
program.
The PC's printer data lines

are connected directly to the
digital inputs of the ZN428.
The 8-bit value sent to the chip
is translated into a correspond-
ing analogue voltage (0 to
2.55 V), which is buffe red by
opamps IC2a and IC2b before
it is available to the analogue
output, K2. An electronic
switch, IC3a, in inserted be-
tween the opamps. It is closed
by the strobe signal supplied by
the computer.

5V+~~----------------------~

STROBE

K3

C4

~t

BUSY

R1

~
14

ICl

ZN426
-8
ANOUT 4

964092 - 11
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COMPONENTS LIST

Resistors:
Rl = 390n
R2,R3 = 100kn
R4 = 10kn
R5::; 1kn
R6 = 3kn3

Capacitors:
Cl = lflF l6V
C2 = 10nF
C3,C4,C5 = tOOnF
C6 = 100flF 25V radial

Semiconductors:
01 = 1N4148
ICl = ZN426-8 (Ferranti)
IC2 = LM324
IC3 = 4066

Miscellaneous:
K3 = 26-way flatcable 10C
plug.

Software on diskette, order
code 966009-1.
Printed circuit board not
available ready-made.

The A-to-D conversion is
based on successive approxima-
tion. The analogue input volt-
age to be measured (range: 0 to
2.55 V) is applied to input
socket Klo The printer port is
programmed to supply aseries
of voltage levels, each of which
is compared with the analogue
input voltage by comparator
IC2b. The output of IC2b dri-
ves the BUSY line, which is in-
terrogated by the program to
check if the DAC output volt-
age is high er or lower than the
voltage at Klo During the A-to-
D conversion, switch IC3a is
opened. During that (brief) pe-
riod, capacitor C2 and opamp
IC2d hold the analogue voltage
at K2.
The control software for the
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A D D A  converter is available files. A Pascal unit called AD- the parallel port to which the voltages respectively. The pro- 
on diskette through our Read- DAConv provides the mutines converter is connected (LFT1. gram ADDATest demonstrates 
ers Services under order code which are necessary to control 2. or 3). The procedures 'get- the application of this Pascal 
966009-1. This disk also con- the circuit. An object 'ADDAC' Voltage' and 'setvoltage' serve ohject. 
veins all relevant source code is initialised with the number of to  read and supply analogue 1s. n~imett - m] V 

general purpose text display 
The circuit can store a maxi- 
mum of 128 texts each of two 
lines and l 6  characters and 
present one of them on a 
standard display. 

The texts are stored in an  
EPROM and may be exported 
upon a relevant address at the 
seven n L  compatible inputs 
of KZ. 

Oscillatorlcounter IC? not 
only generates the enable sig- 
nal for the display. but also 
arranges for the six lower 
address lines of the EEPROM 
to  he scanned, so that the 
texts are sent constantly to 
the Lcn. Thus, a new text is 
displayed after only a short 
delay when a different line at 
K2 is addressed. 

The display drive is not 
straightforward, because 
there is no actual initializa- 
tion, so that the mode of 
operation depends on a 
power reset of the display 
controller, hut in practice it 
works well. 

Text programming 
The programming of the 
EPROM will he clarified hy an 
example. For instance. the 
text 

regulations are 
for guidance 

will be output when pin 5 of 
Kz is high and all other 
address lines are low. Pin 5 
controls address bit 10. so 
that from address 400,,, 
before each text, four control 
bytes are programmed as fol- 
lows: 

088, -8-hit communication, 
two rows: 

08C, - display on, no cursor; 
086, - addressing mode; 
082, - cursor home. 

Then follow5 the text of the 
first line followed by 24 blank 
$paces and the second line. A 
text entry always consists of 
60 bytes. 

Elektor Electronics 

Communication with the 
display is straightforward. 
Since the R/W line is at earth 
potential. it can only receive 
data. The busy flag is not 
strohed, so i t  cannot he ascer- 
tained whether the next byte 
can be sent. Fortunately, the 
data transfer is so slow 
(enable is clocked at about 
160 Hz, which is equivalent to 
a time lapse of some 6 ms) 
that the LCD module has more 
than enough time to display 
the received character before 
the next byte arrives. 

The EPROM content is 
composed in a simple manner 
by the short BASIC program 
TEXTDISP.BAS in the box. This 
is more convenient than each 
and every HEX editor. The 
program provides a file 
TEXTDISP.BI*I, which can be 
called upon for programming. 

[U. lla"Cg-?Mn26] 

U 
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rem constant MaxMessage = no of display texts 
const MaxMessage = 3 
open "textdisp.bin" for output as X1 
for Message = 1 to MaxMessage 

c1s 
print#l, chr$(&hbE): chrS(6hEc): 

chr$(&h86): chrS(6h82) 
print "Display text no"; Message 
print "Input line l" 
input mess15 
print "Input line 2" 
input mess2$ 
print #l, messlS 
for j = 1 to 40 - len(messl$) 

print #l, " "; 
next j 
print $1, mess25 
for j = 1 to 20 - len(mess2S) 

print Xi, " ": 
next j 

next Message 
close X1 
end 



DVM as phase meter 
The present circuit makes it D,, so that the input voltage two are not equal. Conse- twosignals. 
possihle for the phase differ- drops by h dB when the quently, the duty factor of the The remaining gates of 
ence between two sinusoidal diodes are off). output signal of IC?, is 1C2 are connected in parallel 
voltages to he measured with Exclusive-OR stage IC?, directly proportional to the and used as buffer to make 
an inexpensive DVM (digital functions as digital compara- phase difference hetween the the output impedance as low 
voltmeter) or multimeter. 

The circuit consists of four 
distinct parts: analogue corn- U 
parator. digital comparator. , , 
low-pass filter. and  power 
supply. 

The input signals are 
applied to comparators ICI, 
and IClp via KI and K?. Their 
level is l~mited hy anti-parallel 
connected diodes DI-D4. 

The comparators convert 
the sinusoidal signals into rec- 
tangular ones. Resistors 
RI-R2 and Rz-R4 ensure that 
the diodes do not affcct the 
input impedance unduly. 
When the diodes are off, the 
input impedance is 500 kn, 
when they conduct, it is 
I MR. 

The resistors also provide 
the non-inverting inputs of 

the compara- 

PARTS LIST C,. C,, =10pF. 16 V. radial 

Semiconductors: 
D1-D4 = lN4148 

R,. RIO = 10 k l l  Integrated circuits: 
RE. R9 = 100 kll  IC, = TLC3702 

IC2 = 74HC86 
P, = 20 k l l  preset, see text IC3. IC4 = TLC271 
P? = 10 k < l  preset, see texf IC5 = 78L05 

rent. The present Capacitors. Miscellaneous: 
arrangement guarantees that C,&, = 1 pF MKT (metallized K,. K, = BNC socket for 
the sensitivity of the compara- tor. I t  1 polyester) board mounting 
tors is maintained when the likens thc rcc- CS. C,. Cl, = 100 nF high M, = DVM 
diodes are off (in many other tangular waveform outputs of  stabtlity Et, = 9 V battery 
circuits, R I  is in parallel with ICI, and lClh and produces a CB = 10 PF 

logic I at its output when the 
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as possible. 
The phase-dependent duty 

factor is converted by low- 
pass filter 1C3 into a direct 
voltage that can he read by 
the DV%. The active 
2nd-order filter removes the 
a.c. component from the sig- 
nal so that only the direct 
voltage remains. Preset P: is 
adjusted such that the DVM 
shows the correct phase shift. 

So as not to  make the cir- 

cuit too complex. some facili- 
ties have purposely heen 
omitted. For instance, in 
expensive phase meters the 
signal from the analogue 
input comparator is halved to 
enhance the symmetr)., hut 
this is not really essential. 
Also, in the digital section 
there is no detection of  lead- 
ing o r  lagging of the signal. 
which means that this has to 
he ascertained from viewing 

the oscilloscope. 
The circuit is powered hy a 

9 V alkaline battery. which 
feeds ICz directly. A stable 
S V supply for ICt and IC? is 
provided hy regulator ]C5. 
The +5 V supply is halved by 
IC, to provide the +?.S V 
supply for the input section. 

The PCB has heen designed 
to  cater for standard as well 
as multiturn presets in the P, 
and P: positions. The latter 

constant-phase 
W \ ~ n c  r n \ ~ n c  filter ha\ ,C\.. sine/cosine filter 
era1 ao~lications in audio . . 
equipment thanks to its virtu- 
ally cvnstant phase shift. As an 
ex;lmple, the design shown here 
is tailored for use in a sur- 
round-sound encoder, in which 
the surround information is 
shifted 90" and then added to 
the stereo channels. For a 
proper effect, the bandwidth 
has to he limited to 100 Hz to 
7 kHz with the aid of a filter. 
Unformnatek. that filter causes 
further phase shifts. The alter- 
native solution to this problem 
is phaw correction for high and 
low-pass filters described else- 
where in this publication. 

The left (L) and right (R) 
channels are each sent through 
a filter section X, while the sur- 
round-sound signal is sent 
through the lowtlr circuit, 'B'. 
The encoding operation then 
consists of adding B' to X(L). 
and the inverted R' signal to 
A'(R). The centre channel may 
he added directlv to XfL) and , , 
R'(R). 

This filter allows a s i m ~ l e  
encoder to he used. On the 
down side, the signals in the L 
and R channels arc affected by 

propagation delays. 
In section X. the 
propagation delay is 
hetween 2 ms at 
20 Hz, and 9 vs at 
?(l kHz. Similarly 
section 'B' intro- 
duces a delay he- 
tween 6.5 ms and 
3.6 vs. Section 'X is 
therefore the hest 
choice for the L and 
R signals hecause it 
has the smallest ef- 
fect. Both channels 
then 'suffer' from 
the same delay 
(causing heavy dis- 
tortion of square 
wave signals, as you 
can t y  out for your- 
self) hut that is not 
a prohlem hecause 
the stereo effect is 
hardly degraded 
(the filter has unity 
gain across the 
range 20 Hz to 
10 M). 

Current con- 
sumption of the fil- 

types are, of course, pre- 
ferred. 

A known reference signal 
or a reliahle phase meter for 
calibrating P: is indispensable. 

The offset of lCi is com- 
pensated with P,. Contrary to 
the usual way. here this needs 
to he done with an input sig- 
nal applied (not a t  O V), 
hecausc of the asymmetric 
supply of the o p  amp. 

[ H  &mrkamp-UhUI3:j L/ 

- - IC1. ICZ = m 7 4  
T T T  I 

ter sections is about 16 mA. If 
vou are after better aualitv, we . . 
recommend using dual opampr 
hecause thev often have hetter 
specificatiom (we're not talking 
of the m 7 2  class. though). 

The measured phase re- 
sponse is shown hy the graph. 
Note that the maximum phase 
ripple is limited to about 5" he- 
tween I(K) Hz and 7 kHz. In 
theory. that would he 1.5". Take 
into account however, that ( l )  
the accuracy of the measure- 

ment is ahout 1%: (2) the near- 
est available 'real' values are 
used for RI, R4. R7, RIO and 
Rlh: and (3) the capacitors 
used are 5% tolerance types. 
The ahsolute error of about S" 
is then not a had figure at all. 
Finally, to complete the story, 
the theoretical values of the 
above mentioned resistors: 
RI =4,795 R. R4=4,319 R. 
R7=4,7h0 R, R10=4.23 Q, 
R13=4,5Mn. R16=4.IXOn. 

IT Fleshenv WUI 
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The present circuit makes it
possible for the phase differ-
ence between two sinusoidal
voltages to be measured with
an inexpensive DVM (digital
voltmeter) or multimeter.
The circuit consists of fOUT

distinct parts: analogue com-
parator, digital comparator,
low-pass filter, and power
supply.
The input signals are

applied to comparators ICla
and ic., via KI and K2. Their
level is limi ted by anti-parallel
connected diodes °1-°4.
The comparators convert

the sinusoidal signals into rec-
tangular ones. Resistors
Rj-R2 and RTR4 ensure that
the diodes do not affect the
input impedance unduly.
When the diodes are off, the
input impedance is 500 kQ,
when they conduct, it is
IMQ.
The resistors also provide

the non-inverting inputs of
the compara-

tor s

with the
required bias cur-
rent. The present
arrangement guarantees that
the sensitivity of the compara-
tors is maintained when the
diodes are off (in many other
circuits, RI is in parallel with

DVM as phase meter
Ob so that the input voltage
drops by 6 dB when the
diodes are off).
Exclusive-oa stage IC2a

functions as digital compara-

C?- 2V5
C!> OV9

tor. It
likens the rec-
tangular waveform outputs of
ICla and IClb and produces a
logic 1 at its output when the

"""L-r

/1 104

two are not equal. Conse-
quently, the duty factor of the
output signal of IC2a is
directly proportional to the
phase difference between the

JCl = TLC3702
JC2 = 74HC86

two signals.
The remaining gates of

IC2 are connected in parallel
and used as buffer to make
the output impedance as low

M1

_ DVM

PARTSLIST c, ClO = 10 pF, 16 V, radial
Resistors:
R1-R4 = 1 MO
R5, Ra = 470 kO
R
"
RlO = 10 kO

Ra, R9 = 100 kQ
R11 = 100
P1 = 20 kO preset, see text
P2 = 10 kO preset, see text

Capacitors:
C1-C5 = 1 JiF MKT (metallized
polyester)

Ca, Cl> C11 = 100 nF high
stability
Ca = 10 pF

Semlconductors:
01-04 = 1N4148

Integrated circuits:
ICl = TLC3702
IC2 = 74HC86
IC3, IC4 = TLC271
IC5 = 78L05

Miscellaneous:
K1, K2 = BNC socket for
board mounting
Ml = DVM
Bil = 9 V battery
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as possible. 
The phase-dependent duty 

factor is converted by low- 
pass filter 1C3 into a direct 
voltage that can he read by 
the DV%. The active 
2nd-order filter removes the 
a.c. component from the sig- 
nal so that only the direct 
voltage remains. Preset P: is 
adjusted such that the DVM 
shows the correct phase shift. 

So as not to  make the cir- 

cuit too complex. some facili- 
ties have purposely heen 
omitted. For instance, in 
expensive phase meters the 
signal from the analogue 
input comparator is halved to 
enhance the symmetr)., hut 
this is not really essential. 
Also, in the digital section 
there is no detection of  lead- 
ing o r  lagging of the signal. 
which means that this has to 
he ascertained from viewing 

the oscilloscope. 
The circuit is powered hy a 

9 V alkaline battery. which 
feeds ICz directly. A stable 
S V supply for ICt and IC? is 
provided hy regulator ]C5. 
The +5 V supply is halved by 
IC, to provide the +?.S V 
supply for the input section. 

The PCB has heen designed 
to  cater for standard as well 
as multiturn presets in the P, 
and P: positions. The latter 

constant-phase 
W \ ~ n c  r n \ ~ n c  filter ha\ ,C\.. sine/cosine filter 
era1 ao~lications in audio . . 
equipment thanks to its virtu- 
ally cvnstant phase shift. As an 
ex;lmple, the design shown here 
is tailored for use in a sur- 
round-sound encoder, in which 
the surround information is 
shifted 90" and then added to 
the stereo channels. For a 
proper effect, the bandwidth 
has to he limited to 100 Hz to 
7 kHz with the aid of a filter. 
Unformnatek. that filter causes 
further phase shifts. The alter- 
native solution to this problem 
is phaw correction for high and 
low-pass filters described else- 
where in this publication. 

The left (L) and right (R) 
channels are each sent through 
a filter section X, while the sur- 
round-sound signal is sent 
through the lowtlr circuit, 'B'. 
The encoding operation then 
consists of adding B' to X(L). 
and the inverted R' signal to 
A'(R). The centre channel may 
he added directlv to XfL) and , , 
R'(R). 

This filter allows a s i m ~ l e  
encoder to he used. On the 
down side, the signals in the L 
and R channels arc affected by 

propagation delays. 
In section X. the 
propagation delay is 
hetween 2 ms at 
20 Hz, and 9 vs at 
?(l kHz. Similarly 
section 'B' intro- 
duces a delay he- 
tween 6.5 ms and 
3.6 vs. Section 'X is 
therefore the hest 
choice for the L and 
R signals hecause it 
has the smallest ef- 
fect. Both channels 
then 'suffer' from 
the same delay 
(causing heavy dis- 
tortion of square 
wave signals, as you 
can t y  out for your- 
self) hut that is not 
a prohlem hecause 
the stereo effect is 
hardly degraded 
(the filter has unity 
gain across the 
range 20 Hz to 
10 M). 

Current con- 
sumption of the fil- 

types are, of course, pre- 
ferred. 

A known reference signal 
or a reliahle phase meter for 
calibrating P: is indispensable. 

The offset of lCi is com- 
pensated with P,. Contrary to 
the usual way. here this needs 
to he done with an input sig- 
nal applied (not a t  O V), 
hecausc of the asymmetric 
supply of the o p  amp. 

[ H  &mrkamp-UhUI3:j L/ 
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ter sections is about 16 mA. If 
vou are after better aualitv, we . . 
recommend using dual opampr 
hecause thev often have hetter 
specificatiom (we're not talking 
of the m 7 2  class. though). 

The measured phase re- 
sponse is shown hy the graph. 
Note that the maximum phase 
ripple is limited to about 5" he- 
tween I(K) Hz and 7 kHz. In 
theory. that would he 1.5". Take 
into account however, that ( l )  
the accuracy of the measure- 

ment is ahout 1%: (2) the near- 
est available 'real' values are 
used for RI, R4. R7, RIO and 
Rlh: and (3) the capacitors 
used are 5% tolerance types. 
The ahsolute error of about S" 
is then not a had figure at all. 
Finally, to complete the story, 
the theoretical values of the 
above mentioned resistors: 
RI =4,795 R. R4=4,319 R. 
R7=4,7h0 R, R10=4.23 Q, 
R13=4,5Mn. R16=4.IXOn. 

IT Fleshenv WUI 
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interface convertor 
The circuit converts the volt- 
age levels at an RS232 inter- 
face into current signals. In 
the quiescent state, send sig- 
nal TXD, which has a level 
between -15 V and -5 V. is 
converted into a quiescent 
current of about 20 mA. In 
operation, the level becomes 
between +5 V and + l 5  V, 
depending on the set bit. At 
this level, the current loop 
must be interrupted. At the 
other end, in the quiescent 
state, the PLC sends a current 
of about 20 mA which is con- 
verted into a voltage between 
-15 V and -5 V. 

If the PLC interrupts the 
current loop during the trans- 
fer of the bits, the convertor 
must provide a voltage 
between +5 V ands + l 5  V. 
To this end, signal TXD con- 
trols transistor TI .  In the qui- 
escent state, the signal is neg- 
ative and T1 is cut off. Tran- 
sistor T? is fullv on via R, and 
causes a current of 
about 20 mA: diodes DI. D!, transistor is cut off. Diode D? 
in conjunction with Rd. form lights when current flows and 
the relevant current source. this indicates a correct link 

When in operation TXD between computer and PLC. 
becomes positive. T t  comes The send section of the 
on, which removes the base PLC switches on its transistor 
current from TZ, so that this in the quiescent state, so that 

transistor, which causes the 
level to rise to about + l 2  V. 

The circuit uses readily 
available components, so that 
its construction should not 
present supply problems. 

The circuit is connected to 
the computer by a 9-way 
sub-D socket (AT COM wnnec- 
tion), which is expanded to 
25-way by a conventional 
adaptor. At the sps end, a 
suitable 2-way socket is used. 
The LEDS must be fitted so 
that they can be viewed from 
outside: they indicate whether 
the supply is on and whether 
the link to the PLC is all right. 

The circuit may he sup- 
plied by a mains adaptor unit, 
which is modified hy solder- 
ing two lengths of insulated 
circuit wire to the secondary 
of the transformer before the 
rectifier. These wires are then 
linked to D5 and D6 as shown 
in the diagram. 

If the mains adantor has 
no transformer, which is often 

a current flows through D4 the case, a symmetrical 
which consequently lights. 212 V power supply must he 
The base of T3 is at emitter used. 
level, so that the transistor is The circuit draws a current 
cut off and the level of the of ahout 30 mA. 
RXD line is -12 V. in opera- pv b n e n  - w l r ]  
tion, the SPS switches on the 

polarity corrector 
C1 R, 

The corrector has the task to the voltage source. 
always connect a load to a If the connections to the 
direct-voltage source with voltage source are reversed. 
correct polarity. It thus func- Rel remains unenergized and 
tions in the same way as a its contact links the lower - +  

polarity protection diode, but input line (which is then con- 
does not lower the voltage by nected to the +ve pin of the 
0.4 V (in case of a Schottky voltage source) to the upper 
diode) or 0.7 V (in case of a output line. At the same 
silicon diode). Its slightly time, Re: is energized, and its 
higher cost is, therefore, justi- contact links the upper input 
fied in cases where millivolts line to the lower output line. 
count. In this way, correct polarity of 

If the +ve pin of the volt- the voltage source is guaran- 
age source is connected to the teed at all times. 
upper terminal in the circuit The circuit may be 
and S, is closed. D I  conducts switched on with a switch at 
and a current flows through the input, otherwise, there is 
Re,. The relay contact then always a relay on and this 
connects the upper input line uses energy. The fuse is 
to the upper output line. At optional. 
the same time, D2 is cut off, The RC networks across 
so that Re2 remains unener- the relay coils are essential switching action of the relays. course, on the application 
gized. The lower line is then since they smooth out any The rating of the various and must be determined hy 
connected to the -ve pin of current peaks caused by the components depends, of theuser. [A. ~ i ~ , ~ ~ ~  9 ~ 0 1 4 1  
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Dear Ed~tor-With reference 
to  the letter from J. v w e n  in 
Elekror Electroriics May 1996: 
if the  VCR has an AUDIO DUB 
facility. then this can be used 
t o  record audio signals on  
video tape as follows: 
' record television pro- 

grammes on  full length of 
video tape; 
rewind; 
a s  if editing, use AUDIO 
DUB t o  overwrite with new 
audio signal the audio 
track on  the  video tape; 
AUDIO DUB leaves intact 
the  previously recorded 
sync track 

F. Sugden 
Northwich 

Thank you for this information, 
which we ourselves and, no 
doubt, many readers will find 
very useful. /Editor/ 

D e a r  Editor-l read with 
interest R. Williams' letter,  
which appeared in the  April 
issue, concerning his diffi- 
culty in obtaining software 
for  the  6 8 H C l l  processor 
board. Recently, I wrote  a 
Windows-based software sys- 
tem, which enables a user to  
write. assemble and down- 
load program code t o  the  
processor's RAM o r  EEPROM, 
and also t o  receive dat back 
and store it in a file. The sys- 
tem also allows the  user t o  
configure the  serial port for  
any communication protocol, 
and to  diagnose conimunica- 
l ions problems. I would b e  
happy t o  make this program 
available t o  the  readers of  
Elektor Electronics free o f  
charge, perhaps through the 
Readers' Services. 
Patrick A. Gaydecki 
University of Manchester 

Mr W~llrams has been adv~seo of 
your offer an0 he fldl no aoubr, 
D? ~n touch personally Further- 
more, v/e thank you on benall of 
other readers who may wish to 
take advantage of your generous 
offec [Editor] 

Dear  Editor-I am writing t o  
make  a request that you ask 
of authors  of constructional 
articles t o  publish the  
address of  the  supplier of 
components  thev used for  
their original design in their 
articles: particularly where  
they a r e  using PCB mounted 

components. and they have 
designed a PCB layout to  fit 
those components. 

I am in the  process of 
building a design for an elec- 
tronic exposure timer that 
was published in your March 
1991 issue. I have been 
unable to  locate suppliers for 
some of the  PCB mounted 
components that fit the 
author's design. It is not clear 
what nationality the  author is, 
and therefore impossible to  
say where he would have got 
his components from. 

In your February edition 
this year, you published a 
design for a s tereo FM 
receiver using surface 
mounted components. 
Again, I have been unable to  
find a supplier of the  FM ICS 
used in the design. 
Peter Bann 
Dover, Kent 

As far as a large part of the 
world is concerned, most 
passive components are 
made hv a nrrmher of manrr- 
factrirers to the same sprcifi- 
cation. I t  is. therefore, 
imporsihle to say where strch 
components may he 
obtained, except, of course, if 
i t  is a special one, srrch as 
certain sensors or thermis- 
tors. 

U~ifonirnately our design- 
err are of many nationalities 
and often ohrain components 
as 'samples'from manufac- 
trrrers o r  imporrers, particir- 
l a r h  i n  the case of rcs and 
semicond~dctors. Bu t  here 
again, many of these devices 
are made by a handful of 
nianufact~rrers to near-iden- 
t ical specification. Most of 
these originate from tlie USA. 
hrrt a fair nlrmher come from 
Japan. Gernrany or  France. 
For instance, the TDA dei'ices 
you mention are man~rfac- 
tured by Pliilips (the Nether- 
lands). Sieriiens (Germany). 
SGS 77iomson (France). Sig- 
nerics ( L ~ . s A ) ,  and orl7ers. If 
yoe have contacted the many 
retailers who adl,mi.ve in  the 
UK magazines and thev do  
nor stock what yorr need. 
then t l~ere  is a problem. But 
even then, our  Dorchester 
office can often ad~dse wliom 
to contact in  the EU. For 
instance, tlie T D . ~  ICS you 
mention may be had readily 
from C - I  Electronics (see 
page 112). 

/Editor1 

- - - - - - - - - - - -m- - - - - - - - - - ,  

' C O N S T R U C T I O N   GUIDELINE^ I 
I 
I Elektor Electronics (Publishing) does not pmnde parts and components othel 
I than PCBS, fomt panel foils and software on diskette or lc (not neces5arily fol 
I all projects). Components are usually available form a number of retailers - 
I see the adverts in the magazine. 

I Large and small values of components are indicated by means of one of thc I following prefixes : 
I 

I 
In some circuit diagrams, to avoid confusion. hut contraty to IEC and ss recom- 

I mandations. the value of components is given by suhst~tuting the relevant pre- 
I fix for the decimal point. For example. 
I L 9  = 3.9 kn 4 ~ 7  = 4.7 )IF 

I Unless otherwise indicated. the tolerance of resistors is + 5 %  and their rating 
1 is 'n-l4 wall. The working voltage of capacitors is 2 50 V, 
I 

I The value of a resistor is indicated by a colour code as follows. 

I calor 1st digit 2nd digit mult. factor tolerance 1 I 
I 1 hlsck - n . l 

preen 5 
blue 6 
\1,31e1 7 
ere) S 
white 9 
gold . 
siller - 

"""C . 
-~ --p 

~ ~~ ~~~ I and tcs should be dn'ne l~c t .  

I Soldering. Use a 15-30 W soldering iron with a fine tip and tin with a resin 
I core (60.40) lnsen the terminals of cnmponenls in the hoard. bend them slight- 
I ly. cul them short. and solder: wall I-? seconds for the tin to flow smoolhl!. 

and rentox the iron. Do not overheat. particularly when soldering tcs and emi- 
I conductor<. Unsoldenng i5 besl done with a wction iron or special unsoldrr- 
I tnp b r a d  
I 

Faultfinding. If the circuit does not work. carefully compare the populated 
I hoard uitli the published component layout and pans 11~1. Are all the compo- 
I nents in the correct position'! Has correct polarlt! been observed'! Hare The 
I powerlines been reversed'.! Are all solder joints sound? Have any wire bndges 
I been foreotten'.' 

I f  voltage levels have been given on the circuit diagram. do those 
I measured on the board match them - note that deviations up to ?IO% from 
I the soecilied values are acceolable. 
I Poscihle corrections to published projects are published from time to time in 
I this nlagarine. Also. the readers letters column often contains useful com- 
I mentsiadditions to the published projects. 
L------------------------ 
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Safety requirements refer malnly to 
the 240 V mains voltage, but also to 
the temperature at touchable parts 
and fire protection. Mast problems 
connected with a mains power supply 
can be prevented by the use of 
approved and correctly rated mains 
adaptors. As regards mains-operated 
equlpment. there are two classes of 
insulatlon: Class I: single insulation. 
wh~ch always requires a three-core 
supply cable with earth. and Class 11: 
double insulatlon, whlch requires no 
earth and only a two-core supply 
cable. Thus, the requirement is always 
for double rrratection. With the enclo- 

3 An on on swftcn is not requreu l 
the power consumption of the eouip- 
ment is l l 0  W or 81 the equipment is 
intended for cont,nuous use, such as 
an antenna amplifier 
Equipment not meeting these three 
Conditions must have a double-pole 
0"i"R switch - - 

F.SCS no~ctors CapaCrtOlS and res S- 
tnr5 for ilerterence smoress an neeo 
not oe S A  tcnpo OF 1 S aur san e 
though not mandatory. to precede the 
switch by a fuse. 
Never solder mains carrying wires 
directly to a printed-circuit board: use 
solder taos. The use of crimrr-on taos 

sure shut. all touchable. conducting 
parts must be at earth patenhal. 
Class I 
Class I requires insulation between the 
malns voltage and each and every 
touchable part that withstands a 
flashover voltage of 2120 V. To prevent 
flash-over, the distance between 
mains voltage carrying parts and 
touchable parts must be 2 3 mm. All 
touchable, conducting parts must be 
properly earthed. 
Class I1 
The requirements of Class 11 are Iden- 
tical to those of Class I except that the 
test voltage is 4240 V and the 
flashover distance is 2 6 mm. 
Praetlcal conslderatlons 
A safe rule of thumb is to keep the dis- 
tance between mains carrvino oarts , - .  
anc otncr parts as a'ge as poss o e 
DLI nerer e55 tnan re4- re0 Tr)  10 
male IR m8 ns car* no oan as corn- . " ,  
pact as passible. Use an approved 
mains entry with integrated fuseholder 
and onlow switch. Note that the manu- 
facturer's statement 'suitable for 
250 V' does not mean that insulation 
of the switch is approved, merely that 
it does not break down at 250 V. 
If you do not use an integrated entry. 
use a straln rslief an the malns cable 
at paint of entry. 
1. A single-pole mains onioff switch is 
allowed on equipment that is powered 
by transformers with isolated primary 
and secondary windings. 
2. An onioff switch not in the mains 
Circuit is allowed if the transformer has 
isolated primary and secondary wind- 
nqs ana t'le paner cons-m01 on n 

the 011 POS~I on S not r o l e  tnan 
10 W Tnere m-st oe a v s 0 e noca 
tan tnat me eq- pmenl s D .cgeo nta 
the mains. 

is also go& practice. 
The mains earth must be connected to 
Other parts that need to be grounded 
by a yellowigreen wlre Pay particular 
attentton to the metal spindles of 
S W I ~ C ~ B S  and potentlometers: if touch- 
able, these need to be earthed as 
well. 
Close to each and every fuse, even if 
fined on a ~ c s ,  must be a label stating 
its rating and type. 
One of the side panels, or the rear 
panel, must have a label stating the 
identity of the equipment, far lostance. 
EE power supply from no. 213, the 
mains voltage, and mains frequency. If 
operation from a c ,  only is possible. 
the label must carry the symbol -. In 
case of a fa$lure, there should not be 
an" danoer to the user  he temperature of touchable parts 
must not be so hlgh as to cause injury 
or create a fire risk. 
All rlsks can be eliminated by the use 
of correct fuses, a SuRciently firm con- 
struction, correct choice and use of 
insulating materials and adequate 
cooling through heat sinks and by 
extractor fans The rating of a slow 
fuse should be not greater than 1.25 
times the normal Operating current. 
whereas that of a fast fuss should be 
equal to the normal operating current. 
Fast fuses are used, for instance, in 
case of several secondary windings. 
but if there 8s an electrolytic capacitor 
behind the secondary. a slow fuse 
must be used to allow far surges in 
the charging current. 
Tne ?q.omeni m-st oe sluray 
repeatco , arapg ng I onto a haro IL'. 
lace tram a nc gr l  of 50 mm m'.s: not 
cause oamase Greaser mpacts mJsl 
not :ooseq 'ne mans transformer 
e ectro yt C carrac 101s =PO otner 

Flgure 2. tt 1s advisable, and also practical, to build equlpment to Class 
tl. Important aspects are: 
l .  Use a mains cable wtth moulded-on plug. 
2. Use a strain relief on the mains cable. 
3. Attach a label near the fuse holder rtatlng the malnr voltage and 

frequency, and the value of the fuse. 
4. Use an amroved mains onioff swltch: this should not have a . . 

metal ever slnce that Is normally not lnrulatedproperly. 
5. Push Wlre6 through the eyelets and solder. 
6. Use lnsulatlng sleeves for extra protection. 
7. The distance between transformer terminals and core and other 

p a m  must be r 6 mm. 
8. Use wire with an inrulatlon of 2 4  mm and a core dlameter of 

0.75 mm. 
9. There are no speelal raqulremenk for the board and elrcuit other 

than that it must be secured firmly. 
10. The earth of the cinult may be touched beeavsa the malnr trans- 

former is double inrutated. 
11. Although the enclosure may be a metal one, slnce the trans- 

former is double insulated, a plastlc one Is preferred. 

important components. 
DO not use dubious or flammable 
materials that may emit poisonous 
gases. 
Shone" screws that come too cloreto 
other components. 
Keep mains-carrying parts and wires 
well away from ventilation holes, so 
that an intruding screwdriver or inward 
falling metal object cannot touch such 
parts. 
Transformers 
Flgure 1 shows haw a transformer 
should be connected in lhne with 
safety requirements. Although double- 
pole oniofi switches are shown, these 

CLASS I 

may be single-pole since in both 
Cases the transformer is a double- 
insulated type. It 8s as-sumed that the 
transformers are short-circuit-proof, 
whence the absence of primary fuses. 
If the assumption is not true, a primary 
fuse must be used. The figures @and 
CZ ~ndicate. respectively, whether sin- 
gle or double insulation is required. 

Working In sststy 
As soon as you open an equipment, 
there are many more potential dan- 
gers Most of these can be eliminated 
by unplugging the equipment from the 
mains before the unit is opened. But. 
Since testing requires that it is plugged 
in again, it is goad practice (and safe) 
to f ~ t  an earth leakaoe sw~tch rated at 
not more than 30 %A to the malns 
System (this may be tined inside the 
Outlet box or multiple socket). Earth 
leakage swltches more sensitive than 
30 mA need to be used only if the 
leakage current is expected to remain 
below 30 mA. which e rarely the case. 

These guidelines are drawn up with 
great care by the editorial stall 01 lhls 
magazine However the publishers do 
not assume, and hereby d!sclaim, any 
habilily 10 any par+ for any loss or dam- 
age, direct or consequential, caused by 
errors or omissrons io these guidelines. 
whether such errors or omrssions rerun 
from negligence, accident or any other 
cause. 

Flgure 7. At the left a Class t equlpment powered by a double-insulated transformer. Afl touchable, 
conducthg parts must be properly earthed: outputs need not. At the rlght a Class 11 equlpment 

also powered by a double-insulated malnr transformer. 
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