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Por measuring D.C. the meter must bave s low resistatice
© across its termjnt’lés. in paralle], .so that mogt of the ourrent will
flow through this ‘‘shunt’’ and only a_small portion through the
moving c¢oil. e proportion is given by

. R+S

S

where X is _the factor. by which the range is multiglied. R is the
resistance of the meter and is the resistance of the shunt., For

-

example, the 1 milliamp, 200 ohm meter mentioned above is required -

to-read 100 milliamps foll scale.
Therefore X=100, R =200 ohms and
200+ 8

100 =

. 200
Therefore 100S — S =200 and S = —5{)- or 2.002 ohms.

Onece again, however, 2.0002 may be read as 2 ohms, for .002 means
only an error of .2 per cent. while it has been seen that the instru-
ment .itself is probably no more correct than to plus or minus 1 per
cent,

The shunts must be made with wire which will carry the cur-
rent without heating, which .wonld %ive rise to thermo-electric effects,
and they must be o{)t,ained as precision resisfors or calibrated on a.
good bridge (Sec. 9). ¥ calibrated shunts are unobtainable, how-
ever, an instrument can still be shunted by experimental means. For
example, if it is desired to make a 1 milliamp meter, read to 10 mil-
Jiamps, connect it in a cirenit which will pass th milliamp and
give a full scale deflection, then with the current still flowing connect
a length of resistance wire across the meter terminals. -Obviously
the reading will fall, and the wire may be adjusted in length until
the reading is on tenth (.1 milliamp) of its original value. This
means that the shunted wire is giving the meter a multiplying factor
of 10. and the wire. cut to this length and properly connected, is a
10 milliamp shunt. The accuracy of this method depends on the
claritv and correct calibration of the scale, however,.and it is plain
that high factors cannot be obtained w§th a guarantee of high
accuracy.

For series resistances carbon resistors are usglgss unless of the
“eracked”’ 1 per eent. accurate type and precision wire wound
resistors should be obtained or made.

_ _Instrument rectifiers. vary, and whilst that sgown in Fig 4
is the Westinghouse 1 milliamp instrument type nf ¥ures are given

for its series resistors or ‘‘swamps.”” A high resista

ice meter such

as that shown will have a linear A.C. scale, so that individual analy-
sers are easily calibrated for A.C. volts.

. For the 10 volt A.C. range connect in the circuit a 20,000 ohmn
wire wound resistor and switch onto a known A.C. voltage—for

"example 4 volts from a good valve heater transformer. Then by

removing turns from the resistor the pointer reading can be brought
up to.the correct point for 4 volts on the scale, and the range will
be calibrated. For the 1,000 volt A.C. range a good reference point
is given by the 230 volts mains {or district voltage). In this case
2 megohms gre connected in circuit, 1.5 megohms of which may be
a carbon resistor, fixed, and .5 megohms an adjustable wire resistor
as before. Once again resistance is removed until the pointer indi-
cates the correct reading for 230 volts on the 1,000 volt scale, when
the whole range will be correct. .

For high voltage ranges switch off before making adjustments

A table of resistances for the instruments of Figs. 3 and 4
follows.

These. resistors arc correct only for the instruments shoion.

Dz'ffet;ent meters will necd different resistors, worked out as already
described.

 TABLE.
Fictre No. 3.
’7_ Volts. Series ohms. Milliamps. Shunt ohms
2 e 1 —_—
S 4,5 D 125
50 50.000 50 10.2
250 250,000 100 5
500 500,000 - 500 1
1,000 1,000,000 1,000 5
FicURe No. 4 (D.C. only).
Yolts. Series ohms Milliamps. Shunt ohms
25 e .5 —
5 9.500 b 55.56
25 49,500 50 5
250 500,000 100 2.5
5&) 1,000,000 . 500 - 5 r
1.000 2,000,000 ) 1,000 : 25
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shunting effect across the instrument.

\

he rheostat in Fig. 4 of 6,000 ohms should be wirewound.
Switches in all circuits should be of the rotary Yaxley type, except
where. on-off switching only is required. This should be performed
by Q.M.B. tumbler switches. As alrecady noted the rectifier is the
Westinghouse 1m/A type. :

OHMETERS
The ohmeter of Fig. 2 is for low resistances and measures their

the ingtrument should be set to top mark (infinity) by setting the
rheostat- to givé the full scale reading. Connecting the unknown
resistance across the ‘X'’ terminals will cause the reading to fall.

The unknown resistance is given by
Rmx I,

I, -1
L d . . l z L
where X is the unkown resistance, Rm is the resistance of the moving

coil instrument, I, is the full scale current reading and I, is the new
current reading.

The range switch gives a multiplying factor of 10.

The ohmeter -included in Fig. 4 is merely a means of measuring
resistance by measuring a current passed through it. The range
switches are set to ‘‘ohms’’- and the ‘'plus’’ and "‘minus’’ terminals
short-circuited by a wire, the rhegstat being adjusted to give a full
scale reading on the meter. The shorting ﬁnk is then removed and
the unknown resistance connected in its place, ,the meter giving

" a new reading. 'The resistance is given by

RxI,

X= -R

2

where X is the unknown resistance, I, is the full scale current and
I, the new current reading

R is the internal resistance of meter, rheostat and battery, and
may easily be found. For a 3 volt battery and a .5 milliamp meter

it would obviously be 6,000 ohms; for a 4.5 volt battery-on the same

instrument it would be 9,000 ohms.

The accenracy of the ohmeter depends on the correct battery

;oltzlx{..re being known, so that it may be applied to this calculation
or

Ranges ot ‘X’ are multiplied by switching in the milliam
shunts, the greater the current the lower the value of ‘X'’ whic

Before each reading is taken '

L 4

can be read. For example, %sing a 3 volt battery and the 50

X 4y .
milliamp range R would be = which is 60 ohms and a
5]
reading I, of 30 milliamps would indicate
60)(50 1
X=—=2__60 or 40 ohms.

30
A graph may be drawn relating resistance to scale readings using
the 500 milliamp range, then multiplying factors of 10 would corres-
pond to_50 m/A shunt, of 100 to the § m/A shunt, and 1.000
to the .5 m/A range, all values thus being taken ffom one chart.

SECTION 3.
VALYE VOLTMETERS.

The circuits of Figs. 5, 6 and 7 are no more.than an introduction
to the subject of Valve Voltmeters, and should.it be desired to make
(rinucl)] use of such jnstruments they should be studied in greater

etail. :

In brief, the Valve Voltmeter is an instrument designed to
measure practically any frequency of A.C. or oscillating voltage, the
valve acting as an almost constant characteristic rectifier of high
impedance. To retain this high impedance which is so necessary for
this type of work the instrument in Fig. 5, which is of a direct
reading circuit, must be as sensitive as possible, and a 50 micro-
ampere moving coil galvanometer is very suitable. Series resistors
are switched .into the leads to the valve which is coupled as a
diode, and - such resistors should be non-inductive, If an A.C.
analyser_ is. available it is best to calibrate the instrument to the
ranges desired with resistors to suit individual working conditions
on 30 oycle (A.C. mains) current, but if this cannot be done a
specimen - table of . resistors follows.

These values were determined at 50 ecycles usifk an HR210
(not new) with a full 2 volts on . the filanrent, but no guarantee of"
accuracy can be given as it was found that changes of valve and
even quite small changes of filament voltage gave different readings.

YVolts. Series ohms.
, 15 —
53 21,650
15 . 89,250
50 285,000
100 . 1.250,000
250

2,820,000
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againi so that the receiver is being tuned through the generator signal
as the trimmer is adjusted for maximum response and the correct
reading on the receiver dial. The long waves and short wave bands
are deplt with in the same way. - :

=g

SECTION 5.
MULTIVIBRATORS.

The Multivibrator has recently found wide application in the
commercial manufacture of Treceivers and can be made a .very useful
¥iece of equipment without great expense. Its value lies in the
act that while the Multivibrator may oscillate at a fundamental
frequency well within the audio range it has d series of harmonics
extending deeply into the radio frequencies, and the oscillations may
easily be stabilised.

.  Briefy the action depends on the time constant of charge and
discharge of a pair of condensers and leaks arranged in back coupling

between the anodes and grids of two similar valves, and the circuit is-

generally shown as designed for one fundamental frequency, but in
Fig. 10 the leaks are variable so that the constants of the circuit
may be changed to give a wide range of audio tones suitable for
testing reproducers and amplifiers as well as harmonies for use with
radio circuits.

As the output has such a large harmonic content it must of
necessity, be far from a pure waveform which in laboratory testing
might give rise to complications, but for general work this need be
no deterrent. The wavé form is slightly improved and the funda-
mental frequency “locked” or stabilised iy the injection of a small
ogcillating or sine wave voltage into either grid, anode-or cathode
circuits, and this is the function of the variable cathode {mtentio-
meter which has applied to it_the A.C. heater volts. oci)ﬁ the
circuit it is only necessary to listen to the aundio output on phones
or loudspeaker while rotating the potentiometer arm away from the
earthed connection. The sound.will suddenly change from a harsh
hote to a clear tone, which will be a harmonic of the 50 cyele supply.
and if further locking voltage is applied “dragging” will occur—the
note will drop to lower and lower harmonics of 50 cycles ag the

Tundamental locking frequency is approached.. This should generally

be avoided and the first locking position chosen.

The form in which the radio frequency output is developed is
particularly useful. Supposing that the fundamental Multivibrator
frequency is 500 cycles (locked with B0 cycles), the harmonics will
be separated by this frequency throughout their whole e:)teqt‘ 50 thaE
if the radio portion of the signal is fed into the aerial circuits o

either a straight or superhet receiver a continuous note will be heard

+all round the dial, one harmonic being tuned immediately after
another, and resulting in a 500 cycle note from the loudspeaker.

To trim a straight set, therefore, it -is necessary merely to
connect its Aerial and Earth sockets with “R.F.” output and “E"
of Fig. 10 and adjust all trimmers to give maximum volume, the
set being tuned to about 250 metres. The tuning condenser is then
run through its whole travel to make sure that no particular band -
1s giving a weak or dead spot.

. With a stri‘perhet'the Signal Generator must still be uséa é%r-
liring the IL.F.T.’s and trimming the oscillator, but the padding -
densers may be adjusted against the Multivibrator, tuning the set
as before to 500 metres and adjusting tbhe padder for maximum
volume. The trimmer and wavelength settings can then be rechecked
by the Signal Generator as usual, which may be left at its setting of -
214 metres without being touched (for the medium band), and the
balance between trimmer and padder condensers obtained by degrees,
using the Signal Generator and -Multivibrator -as necessary.

. For adfusting superhets the I.F. is cut out by a filter shown
in the circult so that there shall be no interaction or break-through,
and the audio bands are also cut out by a filter. With the instru-
ment as shown, where the fundamental frequency is variable, this
filter may consist of a good L.F. choke bypassed by a small condenser,
-of .0005 or .001 mfds., but where the fundamental frequency is to
be set at any one note the audio filter may be tuned to the same
frequency using 10

% i 2w« VLC

where f is in cycles L is in Michrohenries, and C is in Microfarads.

" The frequency of the Multivibrator is controlled by the grid-
anode condensers and leaks and is given by -

1,000
F‘

R,0, + R,C,
where F is the frequency in Kilocycles, C, and C, are the condensers
in Microfarads and R, and R, are the leaks in ohms.

SECTION 6.
AupI0 OSCILLATORS.

While the general serviceman often has no great use for the
audio ranges alone, an audio oscillator can be of value for testin
speakers apd other .reproducers, amplifiers and the L.F. portlons o

th
re?lvozs, r soppl C. dges (Sec. 9), or for phase shifts
an modulation ?epst%in gﬂtﬁ oscl osgopes. .



Fic.ll

10,000~ !
Pk hing,

| °’mo

Bowsa Pack as Fie, 9 . +
3,000

—T— _Loos |

e 7;
s
= L

50

MFO

' _ 25(-);‘0'00.

= § A50n

Aubio OsciLLATOR

(HarTLEY)

Secnou 6



50,000
FaS

§0,000
P2

50 000

[ Zurs

B
e e - —-——

- —— - -],
[l

[Rove

' MFD

0001 mro

. Galc,| L
ra =t
£ | i

-l 7a

50,000~
«Ol~Fo

Powea Pnck
AS Flh
,000

2 —H fPur

— - -

Bear Frequency Aubio GENERATOR

SecTtion 6



If the waveform of the audio generator must be purely sinusoidal
the apparatus can become very involved but for general work this
is often unnecessary so that iron cored chokes may vsed either
in an anode feedback cireuit, such as the pentode portion of Fig. 9,
"or in the Hartley oscillator circuit of Fig. 11

The frequency generated is tuned in the usual way by means
of a condenser in parallel with the inductance, and with the Hartley
circuit shown as many condensers as frequencies desired may be
switched in to give varying notes, the frequency being given by

f == 1
2+ VLC

where f is in cycles per second, L is in Henries and C is in Farads.

The less the power taken from the circuit the better will be
the waveform, so that a buffer amplifier is included in the diagram.
“"With this the voltage on the oscillator valve, and thus the current,
may be reduced to the mgnimum required for maintaining good oscilla-
tion, the rheostat in the anode circuit providing this control.

. In some cases, however, a continuously variable audio frequency
is required, and Fig. 12 shows a Beat Frequency Generator suitable
for experimental purposes. Unfortunately this is a difficult piece
of apparatus to build and operate reallg well, and it must be noted
that the circuit shown is capable of wide and varying developments,

Briefly the system is to beat or heterodyne two high frequencies

ong against the other, one being fixed and the other variable, separ-
ating out the beat note after rectification. The first circuits, there-
fore, are working on radio frequencies ind any stray coupling between
them will lead to pulling-in, particularly since they have such similar
characteristics. Jach circuit must be enclosed in its own screening
box and H.F. connections made by screened cable as shown, while
greater freedom from pulling-in may be achieved by feeding the two
signals to a push-pull detector system.

For good waveform and stability it- is sufficient to make the
fixed frequency oscillator of the desired characteristics, and different
‘frequencies may be tried as fundamentals although for experiment it
should be sufficient to commence with L, and L; of 170 microhenries,
the respective anode coils being sufficient to maintain oscillation—
say one fifth of the grid coil turns. C, and C, are more easily vari-
able than the coils and it is suggested that f‘or first trials they be
made . mid. with C;, the main control .0005 or .001 and C,, the
“zero satter” of .00005 mfd,

In both circuits resistors are best of the carbon type except for
_thg ) vg able resistor of Fig. 11, and condensers should be non-
1nductive,

Audio Oscillators are often left uncalibrated for ordinary work,
a range of notes being all that is desired, but if calibration is neces-
sary it may be carried out by comparing the signal with that
obtained from a standard calibrated oscillator, both signals being
fed into the same reproducer through buffer amplifiers and adjusted
for zero beat note. Failing this the- oscillator under test may be
compared with a standard frequency record such as those prepaged
by H.M.V. Buch records are a valuable source of audio frequencies,
being made under strict cantrol with exact frequencies and output
levels stated.

For a rough and ready check, however, the oscillator may be
compared against a piano although the notes will differ in tone due
to the instrument’s harmonics. A scale of keys with corrections for
pitch and a diagram of frequencies is given in “Direct Disc Recor-
ding,” No. 37 in Bernards’ List.

SECTION 1.
OuvtrurT METERS.

Some of the uses of an Output Meter have already been described
and as almost any A.C. instrument may be used as the mgﬁ]surlng
device—valve-voltmeter, A.C. ranges of the analyser or Thermo-
ammeter—it need not be an expensive piece of apparatus.

The circuit of Fig. 13 shows the method of using either voltage
or current measurements on a 10 ohm resistor, but if one method
is decided upon it may be advantageous to adapt the resistor value,
making it even lower for current readings or higher for voltage
indications.

In either case the actual power is obtained from
Vt
“’atts-’--'—l—{— or Watts = FR

and a table is given in Fig. 13 showing the voltages and currents
10 be expected in the 10 ohm resistor for outputs of 1 to 5 watts.

The instruments may be uncalibrated in which case it will be
possible: to usé the Meter purely for comparison checks, while cali-
brated instruments will allow actual outputs to be measured either
by simple calculations or by a new calibration direct in watts.

The important point to remember is that whatever value of
resistor Is used In the output circuit it must be matched to the



Reapincs witH 10 oHm RESISTOR.
| WATTs | CURReNT | VOLTS

! -32 awps[ 32 vours
10

\:;: :Z o 2- “4 5 amps 4.'5‘vous
3 *55 amps|-5°5 vours
___i] 4 *63 amps| 6-3 vours
(\?r.\ﬁ/.e) 5 "7| amps | 7-1 vours
Vmeler
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optimum output load as stated for the output valve being used,. this
matching being performed by a tapped output transformer as shown.
The ratio to be used is given, as before, by

Optimum Anode Load

Ratio = —
\ Inpedance of output circuit
and generally speaking the resistor will have so little self inductance
that the impedance may be taken as the resistance in ohms. For
the case in point, therefore, the ratios of a transformer to match
the 10 ohm resistor to stated loads of, say (1) 3,000 ohms; (2) 5,000
ohms; (3) 7,000 ohms and (4) 10,000 ohms, would be .

(1) 173 to
(2) 224 to
(3) 265 to
(4) - 31.6 to

[y

Such a transformer may be bought or made, but if a tapped
transformer with different ratios is already to hand a simple in-
version of the formula will give a suitable resistance, “X", to be
used with it. As the ratio is known the formula becomes

Optimum anode load _ L °
X = or X——-EE ohms

Square of the ratio

For example, if it is required to measure the output of a Pen 45,
using a 50 to 1 output transformer, the valve load being 5,200 ohms,

5,200
X = or 2 ohms nearly.

502
A resistor of 2 ohms would be included in the secondary circuit of
the -transformer and as only a small voltage would be set up across
such a resistor the current through it would be measured by a
Thermo ammeter. For an output of 4 watts the current expected
would be 4=122 or I2=2 and 1==1.414 amps.

Actual output me’asurements, of course, must be made on a
steady signal as supplied by a modulated Signal Generator or Audio
Osciliator. Speech or music will obviously give-fluctuating readings.

The calculations and examples as shown above all neglect trans-
former losses and power consumed by the internal resistances of the
fnstruments used, but these should all be small. Corrections may
easily be made if desired, meter resistances being in series with the
Joad for currents and in parallel for voltages.

?

SECTION 8.
VALVE TESTS.

Despite the great number of tests which may be applied to valves
of all types it Is quité common for both shops and servicemen to
do no more than check the continuity of heater or filament and
roughly test the emission of a suspected valve. Such tests are not
sufficient ; the emijssions of two filaments or cathodes of the sam=

_batch might vary considerably, whilst there may be no indication:,

with such a test, of shorting electrodes or such faults as heater-
cathode leakage in mains valves. If valve testing is to form an
important part of service work it is advisable to obtain a testing
panel from a recognised firm, but for ordinary service checks the two
circuits of Figs. 14 -and 10 should provide a satisfactory outfit.
They may quite sim{;ly be combined, but in the writer’s opinion it
is good practice to keep such apparatus uninvolved. The range of
vilves is se great that a most comprepensive set of holders and
panels is needed if all types are to be accommodated, and so these
circuits, fitted with crocodile clips to connect easily to any valve
in its individual holder, will:certainly be cheaper and probably more
convehnient. 4

. Fig. 14 is of a test circuit for checking mutual conductance and
Fig. 15 for checkinf the amplification of a valve, while the valve’s .
anode resistance is found by dividing the amplification factor by the
n;lutual tonductance and multiplying by 1,000, the answer being in
ohms. -, , .

TESTING THE VALVE.

Before any other tests, the valve should be checked for shorting
electrodes. Nothing more than a 100 volt battery and a suitable
neon lamp-are required, the battery and lamp being connected in
seriee, with one side of the battery taken to a valve pin and the free
side of the lam{) to any other pin, care being taken to have insulated
test prods or clamps. The insulation of each electrode to its fellows
may then be tested, the valve being very gently tapped from time to
time, special care being given to the insulation between cathode
and heater of a mains valve. Any breakdown here may. lead to bad
hum effects, while with valves of A.C./D.C. types, particularly resti-
fiers, it might lead to a complete short circuit of the mains supply.
There may also be emissionl effects between heaters and cathodes,
traceable by substituting a milliameter for the neop lamp and re-
versing the applied potential to the electrodes. If the current does
not vary.it-is a plain leakage current; an emission'current will vary.

If the leak leads to hum in the receiver the wvalve should be
changed.
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if all electrodes are properly insulated and the heater is in
ood condition (high voltage heaters may develop partial short
glrcuits; traced by a current consumption check), the valve ma
now be checked for mutual conductance. Connect it into the circuit
of Fig. 14, the catbode resistor being short-circuited by the switch,
and adjust the milliameter to full scale current by the variable
resistor across it, this being chosen to suit the instrument internal

_registance. The switch is then opened, giving a lower current
reading and the mutual conductance is obtained by
I—1, 1
Gm == ——
L xR RA

where Gm is the mutual conductance, I, is the first reading, I, the
second reading, Ra is the anode resistance of the valve and R is
the. 500 ohm cathode resistor. Generally speaking Ra will be so
i h that its reciprocal may be ignored.

The amplification factor is then measured by conuecting the
valve to the circuit of Fig. 15. The bias is made smtable according
to the valve characteristics and an audio note fed from a generator
(Sec. 6) into the cireuit, the transformer belng the audio oscillator
output matching transformer. The slider of the potentiometer is
then varied until the note audible in the headphones either fades out

or reduces to its Jowest point.

then equal the amplification factor, and it is advised that a good
potentiometer be obtained. with equally spaced wire winding of the
element so that the distance between the limits of the moving arm’s
traveél may be calibrated into, say, 100 equidistant points. This ratio
may then be read off very simply and with adequate accuracy.

The anode resistance may then be calculated as shown above,
and the valve characteristics so determined may be “compared with
catalogune figures or with standard valves. As. a general rule it
may be stated that a valve has reached the end of its useful life
when the mutual conductance falls to 60 per cent. or 70 per cent.
of the rated figure.

It must be noted in_these tests that any valves other than
triodes must have suitable voltages fed into screen grids, etc., prefer-
ably from separate batteries.

Blue glow or fluorescence in valves, particularly output and
rectifier valves, may be noticed, but whilst these effects appear similar
blue glow, generally between-cathode and plate, indicates the pres-
cence of a-slight amount of gas while fluorescence, generally on or by
the glass bulb, indicates a good vacuum. Quite a considerable amount
* of glow may be tolerated, however

a
The ratio of the resistances ——‘; will -

A microphonic valve should be easily detected, the effect being
due to mechanieal vibrations from the loudspeaker or other sources
causing movement of the electrodes and therefore changes in valve
current which will produce howls or other noises. Gently tapping
valves whilst they are in their working positions will generally suffice
to show which valve is at fault. There is no real remedy apart
from replacing the valve, although the effect of damping the offender
with wadding or rubber may be tried, a packing being wrapped round
the bulb and tightly secured. .

Other noises due to valves are hissing, crashing or crackling,
b&t generally dirty contacts or dry joints are responsible for these
effects.

If valves are to be tested while in their original circuits the
best method is to check anode and screen currents, Each lead has-
a milliameter included in circuit in turn and the voltage on the
electrode under test should be checked with a high resistance volt-
gxeter. The results obtained are checked, as usual, with the makers’

gures.

'SECTION 9.
CoMPONENT TESTING.

In many cases elaborate testing of suspected components is
unnecessary. 'The Continuity Tester if Fig. 2 and the use of an
Analyser will often be sufficient to make such tests as checking
small condensers for short circuits, testing the windings of all types
of trausformers by checking their continuity and resistance, testing
the resistance of switch contacts and tuning coils, checking resistors
and other such routine tests. Sometimes, however, more searching
checks must be applied and in these cases a number of auxiliary
pieces of equipment can be of great assistance.

Generally speaking the most adaptable and useful apparatus is
the bridge in one or more of its forms. In Figs. 16, 17 and 18 are
sho the circuits of Wheatstone's bridge, a simple condenser bridge
and Owen’s Inductance bridge, and should all these be thought neces-
sary they may quite essily be built into one circuit witb switching
devices to control the applications. -

. Wheatstone’s bridge is particularly useful, for practically any
resistance can be either checked or calibrated on it. It conmsists of
four resistance arms, three of which are controllable, the fourth,
shown as “X” being the unknown resistor. Arms “a” and “b” are
termed the rditio arms and in the diagram are shown as-tapped
resistors which allow 10, 100 or 1,000 ochms to be put into eithber

a
side. In this way the ratio ;— can be made 1:1, 1:10 or 1:100
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