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second intervals. C4 must be discharged 
before a new reading is taken, and this is 
accomplished by TR2 and TR3 which are 
biased into conduction during each of the 
brief negative output pulses from the 
astable circuit. 

In order to calibrate the unit a close 
tolerance capacitor having a value which 
is something approaching the full scale 
value of one of the ranges is required. For 
example, a 47nF capacitor has a value 

ATARI 8-CHANNEL 
ADC PARTS UST 
RESISTORS - All 0.4W I% Metal Film 
RI  1k8  1  (M1K8) 

CAPACITORS 
Cl  1nF Carbonate 
C2-6  100nF Polyester 

SEMICONDUCTORS 
IC I  7581 
IC2  74LS14 
D1-8  1N4148 
D9  BZY88C10V 

1 (WW22Y) 
5  (13X76H) 

1 (QYS6L) 
1  (YF12N) 
8 (QLBOB) 
1 (QH14Q) 

MISCELLANEOUS 
DIL Socket 28-pin  1  (BL21X) 
D Socket 9-way  3  ( MIR) 

that is close to the maximum reading on 
the SOnF range, and could be used to 
calibrate the unit while it is switched to 
this range. It is simply a matter of 
connecting the calibration component to 
SKI and SK2 and then carefully adjusting 
RV1 to obtain precisely the correct read-
ing. Provided R4 to R7 are 1% tolerance 
resistors the unit will give good accuracy 
on all four ranges. 

The unit can be used to check 

82 
9V 
PP3 

S2b 

  0  

electrolytic capacitors provided they are 
connected with the polarity indicated on 
the circuit diagram, and they are of 
reasonable quality. Components having 
high leakage levels may not give a 
reading, but would obviously be of doubt-
ful worth anyway. There should be no 
need to recalibrate the meter as its 0 to 50 
scale is quite convenient for all four 
ranges. 

CAPACITANCE METER PARTS UST 
RESISTORS - All 0.4W 1% 
RI 
R2,4 
R3 
RS 
R6,11 
R7 
R8 
R9 
R10 
RV I 

Metal Film 
2k2 
10M 
15k 
1M 
100k 
10k 
lk 
470k 
22k 
100k S-Mm Hor Preset 

CAPACITORS 
CI,2,4 100riF Polyester 
C3  330nF Polyester 

SEMICONDUCTORS 
Id  1 4001BE 

I  (M2X2) 
(MIOM) 

1  (W M) 
1  (M 1M) 
2  (M100IC) 
I  (M10K) 
1  (MIK) 
1 (M470K) 
1  (M22K) 
1 (WR61R) 

3  (BX76H) 
I  (B.X79L) 

1  (QX01B) 

IC2  LF351  I (WQ30H) 
TR1,2 BC549  2 (QQ15R) 
TR3  B559  I (QQ18U) 
DI  1N4148  1  (01,80B) 
D2  BZY88C5V6  1  (QH08j) 

MISCELLANEOUS 
Si  Rotary Sw 3-pole 4-way I  (FH44X) 
S2  DPST Rotary  1 (FH57M) 
MEI  50pA Panel Meter  1 (RW91Y) 
SKI  lmin Socket Black  1 (WL59P) 
SK2  lmm Socket Red  1 (WL60Q) 
B1,2  Battery By PP3  2  (FK62S) 

Battery Connector  2  (HF28F) 
DIL Socket 14-pin  I  (BL I8U) 

High Z Voltmeter 
DC voltage measurements made us-

ing an ordinary analogue multimeter can 
sometimes be misleadingly low. This 
problem occurs when checking low cur-
rent circuits. A normal (20k/volt) multi-
meter has a SO microamp meter move-
ment, and therefore draws a current of 
around 10 to SO microamps from the 
circuit under test. This is obviously not 
possible in a low current part of a circuit 
where perhaps a current flow of only one 
or two microamps is present, and con-
necting the multimeter to the circuit has 
the effect of greatly reducing the voltage 
at the test point. Strictly speaking the 
voltage reading on the multimeter is 
correct, but the registered voltage is only 
present while the multimeter is con-
nected to the circuit and is of little 
practical value. 
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The classic solution to this problem 
is to use a high impedance voltmeter 
when making voltage checks on low 
current circuits. A unit of this type has an 
amplifier to drive the meter and substan-
tially reduce the input current require-
ment. This high impedance voltmeter 
design, in common with most units of this 
type, has a constant input resistance of 
over 11 megohms. Three voltage ranges 
having full scale values of 0.5, 5, and 50 
volts are provided. In terms of ohms per 
volt sensitivity this gives over 22 
megohms, 2.2 megohms, and 220k re-
spectively, which is vastly superior to a 
normal analogue multimeter. 

The first stage of the unit is a three 
stage attenuator which gives the three 
measuring ranges. R5, DI, and D2 are an 
overload protection circuit which pre-
vents an excessive input voltage of either 
polarity from reaching ICla, and also 
eliminates the possibility of an excessive 

input voltage causing a severe overload 
of the meter. ICla, together with RV1 and 
D2 to D6, forms a precision full wave 
rectifier circuit which drives the meter. 
RV1 is adjusted to give the unit the 
correct level of sensitivity. The point of 
using a precision rectifier rather than a 
simple buffer stage is that it is then not 
essential to connect the input signal with 
the correct polarity. MEI will register the 
correct input voltage regardless of its 
polarity. Note that IC1 is a type having a 
JFET input stage so that it does not 
significantly load the high resistance atte-
nuator and impair the accuracy of the 
unit. C3 helps to filter out any noise 
picked up at the input, which (due to the 
fact the unit will respond to input signals 
of either polarity) could otherwise pro-
duce a strong deflection of MEI. 

One problem with this basic volt-
meter circuit is that it does not enable the 
polarity of the input signal to be deter-

mined. This is overcome by including 
voltage comparator IC1b and its associ-
ated circuitry. Under quiescent condi-
tions or with a positive input signal (i.e. 
the non-earth input positive of the earth 
input) the output of IC1b goes high and 
LED indicator D8 is switched off. Howev-
er, with a negative input signal the output 
of IC lb goes low and D8 is switched on to 
indicate that the input voltage is negative 
in polarity. 

In order to calibrate the unit a 
suitable and accurately known voltage is 
required. For example, a 4.5 volt battery 
could be used to provide the calibration 
voltage. A multirneter would be used to 
measure the precise battery voltage, the 
high impedance voltmeter would be set 
to the 5 volt range, the battery would then 
be connected to the input of the unit, and 
finally RV1 would be carefully adjusted 
for precisely the correct reading on MEI. 

DXER's 
State Variable Filter 

With a communications receiver that 
lacks sophisticated IF filtering it is often 
possible to produce a worthwhile imp-
rovement in performance using an audio 
filter or filters. Issue 7 of this magazine 
featured a highpass/lowpass filter plus 
expander, but the design featured here 
uses an alternative approach which is in 
some respects more versatile (although, 
admittedly, in other respects inferior). 
The unit featured here is a state variable 
filter. In other words, rather than provid-
ing (say) lowpass and highpass filtering, 
it can be switched to give any form of 
simple filtering (highpass, lowpass, band-
pass, and notch). In practice there would 
ideally be two or three filters connected 

in series so that several types of filtering 
could be provided simultaneously. 

The circuit is a conventional state 
variable filter using four operational 
amplifiers. RI, R2, and C2 are used to 
provide a bias equal to half the supply 
potential so that the circuit can operate 
from a single supply having a potential of 
about 9 to 18 volts. ICla acts as a mixer 
stage, while IC lb together with C4 plus 
the combined resistance of RV2a and R8 
operates as a phase shift circuit. IC2a is 
connected in an identical phase shift 
circuit. Feedback paths are used to con-
vert the phase shifts into a highpass filter 
action at the output of ICla, a bandpass 
action at the output of IC lb, and lowpass 
filtering is obtained at the output of IC2a. 

R6, RIO, and RV3 are used as a passive 
mixer which drives buffer stage IC2b. 
Mixing the highpass and lowpass outputs 
gives the notch filtering, and RV3 is a 
balance control which enables the unit to 
be adjusted for optimum attenuation. S1 is 
used to select the desired type of filter-
ing, and RV1 is the 'Q' or 'resonance' 
control, according to which terminology 
you prefer. RV2 enables the cut-off or 
centre frequency of the filter to be 
adjusted (depending on the filter mode 
selected), and a wide frequency range of 
about 100Hz to 10kHz is covered. The 
filter is a two stage type and therefore has 
a 12dB per octave roll-off rate. 

In use the unit is fed from the 
headphone socket of the receiver, and 
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The classic solution to this problem 
is to use a high impedance voltmeter 
when making voltage checks on low 
current circuits. A unit of this type has an 
amplifier to drive the meter and substan-
tially reduce the input current require-
ment. This high impedance voltmeter 
design, in common with most units of this 
type, has a constant input resistance of 
over 11 megohms. Three voltage ranges 
having full scale values of 0.5, 5, and 50 
volts are provided. In terms of ohms per 
volt sensitivity this gives over 22 
megohms, 2.2 megohms, and 220k re-
spectively, which is vastly superior to a 
normal analogue multimeter. 

The first stage of the unit is a three 
stage attenuator which gives the three 
measuring ranges. R5, DI, and D2 are an 
overload protection circuit which pre-
vents an excessive input voltage of either 
polarity from reaching ICla, and also 
eliminates the possibility of an excessive 

input voltage causing a severe overload 
of the meter. ICla, together with RV1 and 
D2 to D6, forms a precision full wave 
rectifier circuit which drives the meter. 
RV1 is adjusted to give the unit the 
correct level of sensitivity. The point of 
using a precision rectifier rather than a 
simple buffer stage is that it is then not 
essential to connect the input signal with 
the correct polarity. MEI will register the 
correct input voltage regardless of its 
polarity. Note that IC1 is a type having a 
JFET input stage so that it does not 
significantly load the high resistance atte-
nuator and impair the accuracy of the 
unit. C3 helps to filter out any noise 
picked up at the input, which (due to the 
fact the unit will respond to input signals 
of either polarity) could otherwise pro-
duce a strong deflection of MEI. 

One problem with this basic volt-
meter circuit is that it does not enable the 
polarity of the input signal to be deter-

mined. This is overcome by including 
voltage comparator IC1b and its associ-
ated circuitry. Under quiescent condi-
tions or with a positive input signal (i.e. 
the non-earth input positive of the earth 
input) the output of IC1b goes high and 
LED indicator D8 is switched off. Howev-
er, with a negative input signal the output 
of IC lb goes low and D8 is switched on to 
indicate that the input voltage is negative 
in polarity. 

In order to calibrate the unit a 
suitable and accurately known voltage is 
required. For example, a 4.5 volt battery 
could be used to provide the calibration 
voltage. A multirneter would be used to 
measure the precise battery voltage, the 
high impedance voltmeter would be set 
to the 5 volt range, the battery would then 
be connected to the input of the unit, and 
finally RV1 would be carefully adjusted 
for precisely the correct reading on MEI. 

DXER's 
State Variable Filter 

With a communications receiver that 
lacks sophisticated IF filtering it is often 
possible to produce a worthwhile imp-
rovement in performance using an audio 
filter or filters. Issue 7 of this magazine 
featured a highpass/lowpass filter plus 
expander, but the design featured here 
uses an alternative approach which is in 
some respects more versatile (although, 
admittedly, in other respects inferior). 
The unit featured here is a state variable 
filter. In other words, rather than provid-
ing (say) lowpass and highpass filtering, 
it can be switched to give any form of 
simple filtering (highpass, lowpass, band-
pass, and notch). In practice there would 
ideally be two or three filters connected 

in series so that several types of filtering 
could be provided simultaneously. 

The circuit is a conventional state 
variable filter using four operational 
amplifiers. RI, R2, and C2 are used to 
provide a bias equal to half the supply 
potential so that the circuit can operate 
from a single supply having a potential of 
about 9 to 18 volts. ICla acts as a mixer 
stage, while IC lb together with C4 plus 
the combined resistance of RV2a and R8 
operates as a phase shift circuit. IC2a is 
connected in an identical phase shift 
circuit. Feedback paths are used to con-
vert the phase shifts into a highpass filter 
action at the output of ICla, a bandpass 
action at the output of IC lb, and lowpass 
filtering is obtained at the output of IC2a. 

R6, RIO, and RV3 are used as a passive 
mixer which drives buffer stage IC2b. 
Mixing the highpass and lowpass outputs 
gives the notch filtering, and RV3 is a 
balance control which enables the unit to 
be adjusted for optimum attenuation. S1 is 
used to select the desired type of filter-
ing, and RV1 is the 'Q' or 'resonance' 
control, according to which terminology 
you prefer. RV2 enables the cut-off or 
centre frequency of the filter to be 
adjusted (depending on the filter mode 
selected), and a wide frequency range of 
about 100Hz to 10kHz is covered. The 
filter is a two stage type and therefore has 
a 12dB per octave roll-off rate. 

In use the unit is fed from the 
headphone socket of the receiver, and 
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the output will drive virtually any type of 
headphones at good volume. Lowpass 
filtering is useful for reducing adjacent 
channel interference, background 'hiss', 
and general background noise. Highpass 
filtering attenuates low frequencies, and 
can be useful in reducing low frequency 
heterodynes, mains hum, and any low 
frequency interference. With either of 
these types of filtering the tuning control 
is adjusted to minimise the interference 
without using so much filtering that the 
intelligibility of the signal is impaired, and 
it is usually quite easy to find a good 
compromise setting.  The 'Q' control 
should be set at or close to minimum (i.e. 
set at almost minimum resistance), other-

wise an unwanted peak will be produced 
in the frequency response close to the 
cut-off frequency. 

Bandpass filtering is probably most 
useful during CW (Morse Code) recep-
tion. With the 'Q' control set at maximum 
RV2 is tuned to peak the wanted signal. 
Note that the voltage gain of the filter will 
be quite high in the centre of the 
passband, and the volume control of the 
receiver will therefore need to be well 
backed off in order to prevent overload-
ing. An improvement in phone transmiss-
ions might be obtained using bandpass 
filtering with the '0' control set at 
minimum. The unit would then effectively 
provide both highpass and lowpass 

HIGH Z VOLTMETER PARTS UST 
RESISTORS - All 0.4W I% Metal Film 
R I 
R2 
R3 
R4 
RS 
R6 
R7 
RV I 

CAPACITORS 
C1,2,3 

10M 
IM 
110k 
1 k I 
12k 
10k 
1k2 
22k Hor S-Min Preset 

100nF Polyester 

SEMICONDUCTORS 
Id  1 LF353 
D1,2  BZYB8C2V7 
D3-7  1N4148 
D8  Red LED 

MISCELLANEOUS 
ME1  SOAA Panel Meter 
SI  Rotary Sw 4-pole 3-way 
52  DPST Rotary 
JK I  3.Smin Jack 
BI,2  Battery 9V PP3 

Battery Connector 

1  (MIOM) 
1  (M1M) 

(M110K) 
1  (MIKI) 
1  (M12K) 
1  (MIOK) 
1  (M1K2) 
1  (WRS9P) 

3  (BX7E1H) 

(W0311) 
2  (0H00A) 
5  (0L80B) 
1  (WL32X) 

1  (RW91Y) 
1  (FH45Y) 
1  (FH.57M) 
1  (HF82D) 

FK62S 
2  (HF28F) 

filtering, with RV2 being adjusted to give 
optimum results. 

Heterodynes can be eliminated by 
setting the '0' control at minimum and 
then adjusting RV2 and RV3 to optimise 
attenuation  of  the  unwanted  tone. 
Advancing the 'Q' control helps to narrow 
the notch and minimise losses of the 
wanted signal, but adjustment of RV2 and 
RV3 then becomes  somewhat more 
critical. There is also a danger of clipping 
occurring at certain points in the circuit, 
causing a loss of efficiency and distortion 
on the output. It is therefore advisable to 
keep RV1 well backed off when using 
notch filtering. 

MEW* STATE VARIABLE FILTER 
PARTS UST 
RESISTORS - All 0.4W 1% Metal Mini 
RI,2 
R3,4,5,7,11 
R8,10 
R8,9 
RV1 
RV2 
RV3 

CAPACITORS 
C1,2 
C3 
C4,S 
C6 

3k9 
15k 
18k 
lk 
Pot Lin 470k 
Dual Pot Lin 100k 
Lin Pot 10k 

100$.4F 35V Axial Electrolytic 
lAiF 63V Axial Electrolytic 
15a Carbonate 
22µF ZSV Axial Electrolytic 

SEMICONDUCTORS 
IC1,2  14S8C 

MISCELLANEOUS 
JK1,2  'Ain. Jack Socket 
S I  Rotary Switch 3-pole 4-way 
S2  SPST Ultra-min Toggle 

(M3K9) 
(MISK) 

2  (M18K) 
a  (MIK) 
1  (FWOTH) 

(FW88V) 
1  (FWO2C) 

2  (FB4,9D) 
1  (FB 12N) 
2  (WW3In 

(FB3OH) 

2  (0H46A) 

2  (HF91Y) 
1  (FH441() 
1  (FH97F) 

Simple Metal Locator 
This is an unusually simple and 

inexpensive metal locator design, but it is 
suitable for use as a pipe locator, treasure 
hunting, etc., and has a level of perform-
ance that is at least as good as the more 
usual BFO type detectors. Large metal 
objects can be detected at ranges of up to 
about 300 to 500 millimetres, and small 
objects such as coins can be detected at 
a range of 50 millimetres or so. The unit 
provides a clear and unambiguous in-
dication if metal is detected - it switches 
on a LED indicator light. 

The circuit is basically just an L C 
oscillator operating at about 65kHz, plus 
a voltage comparator circuit. The circuit 
makes use of the fact that a metal object 
near the search coil (which is the induc-
tive component in the L - C oscillator) 
produces a change in Q. This Q change is 
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