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This instrument can be used for measuring the 
resistance of a component without the need to 

disconnect it from its circuit. This facility can 
save a lot of time in circuit checking, particularly 
when working with miniature components on circuit 
boards. It may also be used in the normal manner 
for checking unconnected components. 

Like a conventional ohmmeter, it can be used for 
discovering short-circuits and checking continuity— 
again without removing components from the board. 

Utilising a 50/rA meter, it covers five ranges with 
full scale deflections of 5000, 5kO, 50kO, SOOkO and 
5MO respectively. Scaling is linear with an 
accuracy of + 1 per cent. This means that the meter 
face does not have to be calibrated. 

Other applications include go/no-go checks for 
semiconductors and capacitors. 

HOW IT WORKS 
The action of this ohmmeter depends on a special 

property of the operational amplifier, when con¬ 
nected as shown in Fig. I. Here, the potential at the 
inverting input is automatically held at zero, with 
respect to negative potential. We sometimes say that 
the inverting input is a “virtual ground”. 

The non-inverting input (+) is at negative poten¬ 
tial simply because it is wired to the negative rail. 
But the inverting input has a current (/r) flowing to 
it. To keep the potential at zero, the amplifier 
detects this current and almost instantaneously 
adjusts its own output voltage (Ea) to cause a current 
(/x) to flow in its feedback loop. This current is just 
sufficient to keep the potential of the inverting input 
at ground, or zero. In other words, the current /x is 

equal in magnitude to /,., but opposite in sign. It 
flows away from the inverting input. Mathematically 
we can say that 

4 = - 4 
The input, or reference current, comes from a 
reference cell, of voltage Er and before reaching the 
inverting input flows through a reference resistor, 
Rr, so that 

Similarly for the current in the feedback loop: 

Since /x is equal but opposite to /r,. we can combine 
these two equations and get 

Eo_Er_ 

Rx ~ Rr 
which by rearrangement of terms gives: 

R* Er ' E° 
This is the basis of resistance measurements. by the 
ohmmeter. Rx is the unknown resistance which we 
want to measure. Rr and Er are known and are 
constant. For different values of Rx we obtain dif¬ 
ferent values of E0, and E0 is linearly though in¬ 
versely related to Rx. If we place a voltmeter 
between the output of the amplifier and the ground 
rail we can measure E0, and use this value to derive 
the value for Rx. In practice we do not have to do 
any actual calculation; we simply calibrate the meter 
scale of the voltmeter to read “Ohms” instead of 
“Volts". 
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IN-CIRCUIT OPERATION 

Fig. 2 shows Rx as part of a complex network of 
resistors. Some of the “resistors” in the diagram 
might be other components with some degree of 
electrical resistance, such as diodes, transistors, 
inductances or capacitors. To operate the ohmmeter 
in these circumstances the distant terminals of all 
resistors adjacent to Rx must be grounded. In the 
diagram, points C, D, E and F would need to be 
grounded. 

Terminal A of Rx is at ground potential owing to 
the nature of the amplifier circuit, as explained 
above. Points C and D are also grounded. Since 
both ends of R,. and Rd are at ground potential, no 
current can flow through these resistors—they might 
just as well not be there. We can ignore them. Ter¬ 
minal B has a potential E0 provided by the output of 
the amplifier. Within very wide limits of load this 
potential is constant. So current flows from ground 
through Rf and Re, but without affecting E0. In 
this way the meter reads the resistance Rx, and is 
entirely unaffected by the network around. 

The only circumstance in which this circuit will 
not ignore other resistors is when another resistor 
is wired in parallel with Rx. Then it is not possible 
to ground its distant terminal without also grounding 
either point A or B. The meter will indicate the 
parallel resistance of Rx and the second resistance, 
but not the resistance of Rx alone. If the second 
resistor should be a variable resistor there is no 
problem, for by grounding the wiper of the resistor 
we can treat it as two separate resistors. 

CIRCUIT DETAILS 
The practical circuit is shown in Fig. 3. The cur¬ 

rent /,. comes from Bl, which also powers part of 
the amplifier IC1. The Zener diode D1 gives a regu¬ 
lated 51 volts and the resistors R2 and VR1 con¬ 
nected across D1 act as a potential divider. By 
adjustment of VR1 a voltage of 01 volts can be 
obtained at the wiper. This is Er. 

Fig. 1. Basic op. amp. circuit 

Fig. 2. In-circuit measurement 

5-5M11 

Fig. 3. Circuit of the ohmn 
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To provide a number of ranges any one of the 
resistors or resistor combinations R3/VR2, R4, R5, 
R6, or R7/8 can be switched into circuit, to act as 
R, of Fig. I. The output from the amplifier is fed 
out to the resistor to be measured through a ter¬ 
minal SK2 and back through SKI to the inverting 
input of the amplifier. The voltmeter for output is a 
microammeter in series with resistor R11. So con¬ 
nected, the meter will give full-scale deflection for 
E„ = -0-5 volts. Inserting these working values of 
E, and maximum E0 in the equation, we can calcu¬ 
late that for any range the maximum resistance 
measurable is: 

R«max, = - ^ (-0 5) 

= 5Rr 

So. when R6 is in circuit, f.s.d. of meter indicates 
Rs = 5kl2; similarly, when R5 is in circuit, f.s.d. 
indicates 50ki2 and with R4, f.s.d. indicates 500kl2. 
For a f.s.d. of 50012 one might think that R7 and 
R8 should total 10012, but in practice they total only 
6412. This is because such a low resistance draws 
a heavy current from the potential divider, and the 
potential (£,.) of the wiper falls. A corresponding 
reduction of Rr from theoretical 100V to practical 
64V restores the balance of the equation, and gives 
f.s.d. at 50012. At the highest range, 5M12 at f.s.d., 
the amplifier output does not reach the theoretical 
level, so the reference current has to be increased by 
using a reference resistor less than 1M12. This is 
provided by R3, with VR2 in series for adjustment 
to the correct total value. 

CONTINUITY CHECKS 
On all ranges short-circuiting of SKI and SK2 

puts Rx at zero, so Ea falls to zero. So this instru¬ 
ment can be used for checking continuity. When the 
terminals are unconnected, Rx is infinite and Ea is 
infinite too, at least theoretically, though the 

characteristics of the amplifier limit it to about —7 
volts. Such a high voltage across a meter rated at 
0-5 volts would damage the winding so D2 and R12 
are wired in parallel to the meter to limit meter cur¬ 
rent to about 75/tA. At low potentials the diode is 
non-conducting, but with increasing potentials the 
meter exceeds f.s.d. and the diode begins to conduct 
in its forward direction so that excess current is 
shunted through it. 

The l.e.d. indicator is important for, unlike an 
ordinary ohmmeter which uses current only when 
actually connected to a resistor, this ohmmeter uses 
current as long as it is switched on. It draws about 
7mA from B1 and, with the indicator l.e.d. in the 
B2 circuit, draws about 4-5mA from B2. These are 
low requirements, so small PP3 batteries can be used. 

INTERNAL RESISTORS 
By closing S2, one of two internal resistors (R9, 

R10) can be connected across the sockets, if the 
meter is also switched to range 2 (5kO f.s.d.) or range 
5 (5MI2 f.s.d.). The purpose of these is threefold. 
They provide a simple check on battery condition 
and meter adjustment. They are used when check¬ 
ing capacitors or when measuring resistances greater 
than 5MI2. The calculation for this is given later. 

COMPONENTS.. . 

Resistors 
R1 680H 
R2 1k£2 
R3 680kO 
R4 lOOkQ 2% 
R5 10kO 2% 
R6 IkQ 2% 
R7 8222 
R8 560 
R9 4-7M22 
RIO 4'7kO 
R11 10kO 
R12 2700 
R13 2-2kO 
All 5% i W carbon unless stated otherwise 

Potentiometers 
VR1 IkO 
VR2 500k O 
VR3 100 O (optional, see text) 

Semiconductors 
D1 BZY88 Zener 400mW, 54 V 
D2 OA200 
D3 TIL209, l.e.d. 

Integrated circuit 
IC1 741C op. amp. 

Miscellaneous 
ME1 Microammeter, 50/xA f.s.d. SEW SD830 

or similar 
51 Push-switch or toggle switch, DPST 
52 Push-switch or toggle switch, SPST 
53 Rotary wave-change switch, 2-pole, 6-way 
SKI-3 Terminals, yellow, green, black 
Veroboard, 04 in matrix, 24 holesx24 strips (half 
a 5"x2i" board) 
Veropins; knob for S3, battery connectors. 
1% or 2% resistors for calibration (47022, 4-7kfJ, 
47k22, 470k22, 4-7M22.) 
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CONSTRUCTION 

This presents few problems. Details of layout of 
circuit board are given in Fig. 4, and are not critical. 

The lid of a 10-5cm X 13-5om X 4cm box was 
drilled for meter, terminals, switches and l.e.d., and 
the connections between these were completed before 
wiring to the circuit board. Fairly long leads were 
routed to these components, ready for making con¬ 
nections to the Veropins on the circuit board. For 
convenience the circuit board, with components 
ready mounted on it, was stuck to the back of the 
meter case, using contact adhesive; connections to 
the board then being made. 

Apart from marking switch positions for S3, no 
panel labelling was thought to be necessary. The 
switch positions were indicated by coloured discs 
stuck in position on the panel. In order from low to 
high range these discs were brown, red, orange, 
yellow and green. This corresponds to the resistor 
colour code, being the third colour of a resistor 
corresponding to f.s.d. on each range. Coloured self- 
adhesive spots sold as colour-slide spots were used 
for red, yellow and green, and the other discs were 
punched from coloured card. 

SETTING UP 
Make sure S2 is open, then connect a 4-7kO 

resistor across terminals SKI and SK2. If possible, 
use a 1 % or 2% resistor but, if not, try with several 
5 % resistors. Switch to the 5kfl range and switch on 
the batteries. The needle may rest anywhere on the 
scale, or even swing violently beyond 50. Adjust 
VR1 until the needle comes to 47 (corresponding 
to 4.7kfl on this range). It can now be seen why a 
precision resistor is not required for Rll. Any in¬ 
accuracy in Rll is compensated for by adjusting 
VR1. The value of Er is only nominally 0-1V and 

f.s.d. is only nominally 0-5V, but the ratio between 
them remains the same (1:5) and the equation still 
applies. 

Now check the 50kO and 500kl2 ranges, using 
47kl2 and 470kQ external resistors. These should give 
correct readings (47 on the scale in each case) with¬ 
out further adjustment of VR1. If not, check wir¬ 
ing—particularly correct connections on the rotary 
switch, and also that RIO really was out of circuit 
when you set the 5kfl range! 

Now put a 4-7Mfl resistor across the terminals and 
switch to the 5Mil range. Adjust VR2 until the 
meter reads 47. Finally switch to the 5000 range, 
with a 4700 resistor across the terminals; the needle 
should read 47. If it reads low, reduce the value of 
R8; if it reads high, increase R8. Some constructors 
may prefer to use a 1000 preset in place of R7 and 
R8 and adjust this to get the correct reading. 

Check the internal resistors by closing S2. The 
needle should read 47 on the 5kO and 5MO ranges, 
with no resistors connected externally to the 
terminals. Battery condition can also be assessed by 
this. 

USING THE METER 
Individual components are connected across SKI 

and SK2. Components in circuit are tested by first 
disconnecting any power supply from the circuit and 
discharging any capacitors. Then the device under 
test is connected to SKI and SK2. The distant 
terminals of any devices which are joined to the 
device under test are grounded by connecting them 
to SK3. A number of leads with crocodile clips will 
be found useful for this. 

When measuring resistances, be sure to have S2 
open, or there will be false readings on the 5kO and 
5MO ranges. 

The internal resistor of the 5MO range can be 
made use of for measuring resistances higher than 
5MO. The formula for such resistances in series is: 

_1_ = J_ + J_ 
R Rx 4-7 

Where R is the resistance measured as shown on the 
scale, Rx is the unknown external resistor, and all 
values are expressed in megohms. This equation can 
be rearranged to give: 

Rx 
_ 4-7 x R 

~ 4-7 - R 
So if R is measured, Rx can be calculated. If scale 
reading is 46 (normally equivalent to 4.6MO on this 
range), this would indicate a value of Rx = (4-7 X 
4-6)/(4-7 - 4-6) = 21-62/0-1 = 216MO. So by using 
the internal resistor one can estimate very high 
resistances, though with reduced accuracy, for with 
high resistances the difference between 4-7 and R is 
only a few scale-divisions, which cannot be esti¬ 
mated to a high percentage accuracy. Still, one is no 
worse off than when measuring high resistances at 
the crowded end of the scale of an ordinary 
ohmmeter. 

Diodes and transistors can be tested for shorts 
and open-circuit—often a sufficient means of con¬ 
firming that a component is useless. Switch to the 
5MU range for these tests. Terminal SKI is positive 
to SK2, and by connecting a diode first one way. 
round then the other it can soon be found if it 
passes negligible reverse current (equivalent to high 
resistance—often in excess of f.s.d.). Similarly an 
npn transistor will conduct from base to emitter and 
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from base to collector, but not in reverse or from 
collector to emitter. A pnp transistor will conduct 
only from emitter or collector to*base. When con¬ 
nected for conduction, the meter will indicate some 
resistance less than f.s.d. When otherwise connected, 
a greater resistance (usually greater than f.s.d.) will 
be shown. 

CAPACITORS 
To test capacitors, switch to either the 5kl! range 

(for capacitors of 1 pF or more) or the 5MO range 
(for capacitors less than 1 uF). Close switch S2. With¬ 
out the capacitor in place, the needle should read 47. 
When a capacitor is connected across SKI and SK2, 
the needle kicks sharply toward zero, then steadily 
returns to 47. The higher the capacitance the greater 
the. swing, and the longer time taken to return to 
47. It is important to discharge the capacitor before 
testing and re-testing. With electrolytic capacitors 
observe correct polarity (positive to SKI). Take care 
not to charge the capacitor unknowingly; if you 
touch one terminal of the capacitor with one hand, 
and have the other hand in contact with a lead from 
the instrument, a current can pass through your body 
sufficient to charge the capacitor appreciably, and 
give a false reading—possibly no kick, which would 
be taken to indicate a useless open-circuit capacitor. 

It is worth remembering this point too when 
measuring high resistances. The resistance of the 
human body from hand to hand is about 1-2MH. 
If this is shunted across a high resistor under test a 
very false reading will be obtained. 

Readers may observe that the time taken for the 
needle to fully return to its starting point (47) is 
proportional to the capacitance of the capacitor. 
This could be the basis of a simple and rough way 
of estimating capacitance. Similar capacitance test¬ 
ing can be done with an ordinary ohmmeter, but 
usually a barely perceptible kick is obtained below 
10,000pF. With this ohmmeter a useful check can 
be made on capacitors as low as 30pF. 

New Loudspeaker 
The application of modern technology to a loud¬ 

speaker concept proposed over 30 years ago has 
resulted in the development of a new loudspeaker 
construction which promises to overcome many of the 
mechanical drawbacks associated with normal cone- 
construction driver units. 

The innovator, Mr Josef K. Manger, a German 
radio retailer, has used modern materials to produce 
a so-called resistive diaphragm driver which was demon¬ 
strated to the I.E.E. and the Technical Press last month 
using pre-production models and normal disc records. 

Whilst all such demonstrations are subjective, this 
one indicated that the new units will bear close watching 
in the near future since, to the writer, they seemed 
to come closer to representing the actual sound ex¬ 
perienced when standing in, for example, an orchestra, 
than anything heard so far. 

This is perhaps an exaggerated claim but certainly the 
units are capable of reproducing a square wave as such 
which (again to the writer’s limited knowledge) no other 
equipments seem able to do. 

Currently the units are to be made in Germany in 
the near future on a commercial scale and it is under¬ 
stood that Mr Manger is looking for a possible British 
manufacturer to make here under licence. 

World’s Best Timekeeper Goes On Show 
What is claimed to be the world’s most accurate 

wristwatch will soon be on display at the Science 
Museum in London. The Omega “Marine Chronometer" 
has a guaranteed accuracy of within one second per 
month which is achieved by usjng a quartz crystal 
vibrating at 2359296Hz as the reference. 

A special feaure of this watch is that the hour and 
second hands can be set independently without affecting 
the accurate timekeeping. 

Before each watch is put on the market it is sent 
to an independent laboratory where a certificate is 
awarded confirming the watch’s performance. 

Complete with stainless steel case and bracelet the 
Marine Chronometer sells for £680. 

New Year Award For Radar Executive 
The New Year Honours List included the name of 

Dr K. Milne who has been awarded the OBE for 
outstanding work as Research Executive with Plessey 
Radar. 

A recognised authority in microwave antenna research 
and design. Dr Milne has been responsible for many 
major projects including advanced radar, satellite com¬ 
munications and navaid systems. He is an active 
member of the Electronics Research Council and of 
international committees, contributing to the recognition 
of Britain’s high status in microwave technology. 

Ipswich News 
A lecture entitled “Sound Synthesis for the Amateur” 

will be given by Douglas Shaw at The School of 
Engineering Technology, Rope Walk, Ipswich, on 
February 26 at 7 p.m. 

This lecture is part of a Hi Fi course, currently 
running at the Civic College, but P.E. readers in the 
Ipswich area who have an interest in sound synthesis 
are cordially invited to attend by the course tutor, 
P. B. Broadribb Esq. 
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