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RADIO TEST CQUIPMENT MANUAL

LCHAPTER 1
AN GUTLINE OF RADIO TESTING

Probably at no time since the inception of hroadcasting has the work of
the radio service man, bhoth amaieur and professional, been of such hnport-
ance as at the present time. Scarciiy of maierials and lal:our means that the
majority of listeners are using o!d sets and that there is Litle chonce of
replacement of these worn-out receivers: whilst, for the same rezson, there
is a scarcity of test-gear on the market and both receivers and test equipment,
when obtainable, are highly priced.

The amateur, therefore, is once again coming inte his own, both as a
constructor and service engineer, and it is felt that a Manual devoted to
amateur-constructed test-gear of modern types of equipment will fill a defnite
need.

This book deals chiefly with the equipment itself, rather than in the nse
of the equipment, aithough al] necessary notes are given. A brief résumd
of the accepted methods of testing radio receivers will not be out of place,
however.

Whatever the type of receiver under repair, the tests should always
commence with an inspection of the power pack or, if a battery set is under
consideration, with a measurement of the resistance presented by the receiver
to the battery {cads, such tests obvicusly being made with no power applied
to the receiver. A common fault in A.C. and especially Universal receivers
is a breakdown of .he reservoir condenser, and even if a fuse is fitted to
the receiver a shorting reservoir condenser more often than not means a
ruined rectifier valve and possibly a damaged transformer. If a visual inspec-
tion of the power pack reveals no ¢hvious trouble, therefore, such as 2 white
incrustation around a smoothing condenser or a darkened patch on the trans-
former windings, the rectifier valve may be removed from its socket, the set
swilched on and the output voltage of the transformer measured across each
half of the H.T. secondary with an A.C, voltmeter. The heater secondaries
may alse be checked with a lower voltage range on the A.C. voltmeter, and
the set run for ten minutes ar s¢ with the rectifier valve still out of circuit
to test for heating up of the transformer. Heated windings affer this short
run would reveal a case of shorting turns which might not be shown by a
voltage check. Where a Universal set is under test the voliage check across
the transformer may be replaced with a current check to ensure that the
valve heaters are passing the correct current. If there is any reasen to
suspect the reservoir and smoothing condensers, the H.T. supply line may bhe
disconnected from the ancde of the rectifier valve for the preliminary tests

on this type of receiver, since it is not possible to remove the tectifier valve
without breaking tim continuity of the heater circuit,

The heater current should be measured with an A.C. or D.C. ammeter
according to the mains supply, or the current may be measured indirectly
by measuring the voltage drop set up by the current across a low resistance,
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Reservoir and smoothing condensers mayv bhe checked in the same manner
whatever the type of receiver into which they are fitted. A sensitive milli.
amreeter in series with a Latlery may be applied to the condenser which
should liave one side disconnected from the receiver-citeuit in order that nao
alternative current path may exist. The milllammeter should then show a
quick deflection as the condenser is brought into circuit and charges, the
reading then returning to zero. Any signs of a leakige current means that
the condenser should be tested further, using a voltage equal to the rat.ed
working-voitage of the condenser and testing for short circuits or leakls, with
a neon lamp.  The milliammeter should not be used for this test since a
heavy current may flow.

The reservoir condensers of Universal sets are especially suspect since
there is in these components a heavy A.C. or ripple current due to the fact
that they are working in a half-wave reclifying circuit. A condenser with
adeguate ripple rating should alwavs be used as the reservoir of an A.C./D.C.
receiver. the rating being at least for 100 mAs. A.C. and preferably maore,

Chokes, loudspeaker fields, dropping resistors, and the like, may all he
tested with an ohmmeter, In the case of dropping resistances it must be
remembered that the resistance at the working temperature will be higher
than the cold resistance.

With the power pack in order an examination of the receiver should
be made before applying H.T, to the set to ensure that there is no short
circuit or low resistance leak across the power pack or battery. The receiver
resistance across the H.T. supply lines may be measured with an ohmmeter
with valve heaters both hot and cold.

Testing of the receiver proper may be carried out by means of voltmeter
and milliammeter readings, since a faunlty stage may often be indicated by
such measurements, or the testing may be made both quicker and simpler by
the use of a signal fracer. In the former method stage measurements should
be made from the output stage back to the aerial, whilst with the signal
tracer testing proceeds from lhe aerial to the output stage, a strong signai
heing supplied to the receiver either from the local station or, preferably,
from a signal generator.

It may be desired to take measurements of R.F. or L.F, voltages across
tuned circuits of the sef, in which case a valve voltmeter will be required,
and advanced gear which may be used with the signal generator is a
* Wobbulator,”” or Frequency Modulated Generator, together with a Cathode
Ray Oscilloscope, by means of which the LF. amplifier of the receiver may
be aligned in short time to as excellent a response chavacteristic as possible,

Failing these instruments, an output meter wil! be reguired when the
receiver is aligned, so that visual rather than merely aural indications of LF.
peaking are obtained, whilst for the testing and repair of amplifiers, gramo-
phone players and reproducers, P.A. gear and cinema equipment, the signal
generator must be replaced with a variable tone audio oscillator.

To test receiver components or to measure inductance and capacitance,
fairly simple bridge circuits can be built up, supplied once again from the
audio oscillator, and here, once more, the valve volimeter can be used as an
indicator ar meosiing device,
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Particular care wiust be taken with the power supplies of test-gear, which
must be arrangad in such a way that the gear may he connected to a receiver
or ampliffier in any way necessary with no chance of power leakages or
crossing of lhe mains supply common te both pieces of gear. With A.C.
operation ikis is a simple matter, since the test-gear can have its own seif-
contained susply which is isolated from the mains and other equipment by
the mzins transiormer windings, but when it is necessary to ron the test-gear
from D.C. every precaution against a mains short circeit must be taken.
The best method is 1o make the conneclion between the test-gear and the
receiver under test through a neon famp which will light if i%e mains leads
are crovsed, thus indicating the need for reversing the polarity of one of the
two mains pluds vet permitting no damage.

In some cases the test-gear is desizned for portable operation and is
eperated from batterizs, in which case connectioms to A.C. or D.C. or
Uiniversal receivers or amplifiers can be made without taking any more pre-
cautions than wre vsual. The service engineer should always guard against
the chance of eleciric shock, of course, especially if headphones are heing
used, as they are with one type of signal tracer to be described.

Tesl-gear using Universal valves and power supplies is not shawn, If the
constructor s forced to use this tvpy of valve and circui{ he il he able to
substitute the correct valve for the A.C, type specified and add his own
voltage dropper in the heater line, but since tids type of operalion for
test-gear is definitely unsafe and undesirable, it has been thought better to
omit such circuits altogether.

CHAPTER 2
TEST-GEAR USING MOVING COIL METERS

Equipment using the maoving coil meter (or, more correctly, the moving
coil instrument) is invaluable and indisponsable to the service engineer. It
must slwavs be remembered that 4e moving ccil instrument is an ammeter
or milliammealer, no moiter how the scale is calibrated, for the instrument
measures current. A willizmmeter or ammeter s Cirectly calibrated in terms
of high or low current, znd a voltmeter is calibrated in terms of the current
which is forced by the applied potential through a high rssistance. Moving
iron instruments should be avoided for radio and low power work, unless
they are used for measuring mains voltzages or heavy currents where current
consumption #s of little moment. Voltage can, of course, be measured by
electrostatic voltnielers where a true potential is indicated on the scale with
no current consumption, apart from a fragmentary leak, but this type of
instrument is of liftle use except for television and high voltage work and
has a range so restricted that its cost to the service engineer is not justified,

Whilst separate voltmeters and milliammeters are useful and enable two
readings to be taken on a circuit at the same time, it is by now commen
practice to use a circuit analyser or combined mstrument sometimes supnle-
mented by a multi-range voltmeter. The analyser is arranged to measure
several ranges of volts and milliamps D.C. and the same valtage ranges in
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A.C., whilst some models wifl also give measurements in alternating current
bitween the limits of about 0.2 to 10 amps.

The heart of an analyser is a militmunicter of as high a sensitivity as
possible. Commercial models often use a 100 microamps {nstrument, but
the amateur or constructor who desires to build an analyser will be well
advised to use a 0-1 mA. moving coil instrument,

To measure voltage with such an instrument a circuit nwust be so
arranged that the voltage across the circuit can be read off in terms of the
current through the instrument. For example, the 1 mA. instrument might
have resistance added to it until the whole resistance of the instrument was
1¢,0¢0 ohms. (The resistance of the instrument alome would be of the
order of 20 to 50 ohms.) Adding tivis high resistance would naturally not
afiect the sensitivity of the movement proper, which wouid still register
full-scaie deflection for 1 mA., but to canse 1 md. o fiow Lhrough the
10,000 ohmns circuit 10 volts would need to be applied across the circuif,
Thus, the 0.1 mA. instrument would now act as an 0-10 vollmeter,

-

E
{Remember that by Ohm's Law E = IR, or R = T or [ = " where

E is volts, R is ohms and [ is amperes. Thus, in the above example,
E = 0.001 ¥ 10,000
= 10 volts.
Note that T mA. is shown as 0.001 ampere, 10 mAs. are shown as 0.01
ampere, and 100 mAs, are, of course, shown as 0.1 ampere.)

To make the moving coil measure various ranges of volts (D.C) is there-
fore quite simple, since all that is necessary is to add resistance {o the
instrument, the reguired resistance being given by Ohm's Lavw. Remember,
however, that the instrument has resistance which muost be subfracted from
the totzl necessary resistance, the remainder being the actual resistance (o
be added. This only applies to the low voltage ranges, since the instriunent
resistance is, or should be, low, If 100,000 ohms is to be added to a2 T mA.
instrument to give a voltage range of 100 volts, there is obviously litile
point in correcting the external resistance of 100,600 cohms to compensale
for the fact that the instrument or internal resistance is, sav, 50 ohms.
50 chms is but 0.05% of the total resistance of 100,000 ohms and, con-
sidering the fact (hat the instrument will probably have an integral accuracy
of 1% of the full-scale reading, there is no need fo correct for the internal
resistance until it is O.5 or 1% of the total resistance.

To measure higher currents with a 1 mA. Instrument it is necessary to
pass only a fixed portion of the current through the movement, the rest of
the current being by-passed or shunted past the instrument. Thus, the
resistance used for this type of measurement are known as shunts, whereas
the external resistances added to the instrument to enable voltage ranges
to be measured are known as mulfipliers. It is from the multiplier that the
meter sensitivity in ohms per volt is obtzined. An 0-1 mA. instrument will,
with multipliers, give a sensitivity of 1,000 ohms per volt, since for cery
valt to be measured 1,000 ohms must appear in the full cromit resistance.

Unlike the multipliers, shunts are of low and very low resistances which
makes their installation and adjustment a less simple matter. Fortunagely,
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the adjustment can be made by a {rial and error method, and unless a really
good bridge is available this tvpe of adjustment should be used.

It is now possible Lo give the two formulze by which multiplier and shunt
values can be determined for any moving coil instrument.

Multiplier Resistances,

v

Em = —

where Rm is the required multiplier resistance, V is the required full-scale

}’nltage to be measured, and I is the full-scale current of the instrument
In amperes,

For low voltage ranges the multiplier resistance is given by
Rm - — —r
i

where r is the internal resistance of the instrument. A& good instrument
should have the value of r printed on the scale. If the value does not
appear, however, und is required, a query should be made to the manu-
Tadurers of the instrument.

Shunt Resistances.

Rs —
n—1
where Rs is the reguired shunt resistance, r is again the internal resistance
of the instrument, and n is the factor by which the normal full-scale current
reading is to be multiplied. Thus, if it is desired to read up to 160 mAs.
on a 1 mA. instrument, n becomes 100 and the formula becomes

r
Rg = ——
99

Supposing r to be a value of 20 ohms, the shunt resistance should thus
he 0.202 ohms,

ALTERNATING CURRENT AND VOLTAGE

To measure alternating current and voltage on a moving coil instrument
requires that the current he rectified, for the moving coil cannot respend to
alternations of mains frequency except to give 3 rapid and very small vibra-
tion of the instrument pointer about the zero mark. Various s;naTI rectifters
known as instrument rectifiers are readily obtainable commercially at prices
averaging on 10/ for the I mA. type. By the use of such a rectifier
glternating voltages can be measured with very fair accuracy although the
Instrument must be re-calibrated for voltages below about 100 wvolts full-
scale.  Alternating current is measured less easily, however.

. T]1e rectificr must be used only for its stated current, and has a fairly
fugh impedance of about 700 ohms for the 1 mA. type. Thus, the rectifier
is .not of great use for measuring a cerrent of even 1 mA. A.C. since the
chl_ef necessity in a current-measuring instrument is that it should have a low
resistance. To measure high currents of about 1 amp. A.C. the current must
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fiow through a special transformer whose secondary supplies a T mA. current
te the rectifier and instrument. The transformer {3 thus known as a current
or instrument transformer, and the design of such components is extremely
complicated. It is of liltle use to buy such a transformer, moreover, even if
available, since the windings must suit the actual rectifier and instrument
used. The simplest method of measuring alternating current is therefore
either Lo use a separate insirument altogether of Lhe thermo-ammeter type,
or lo measure the voltage drop caused by the alternaling current across a fow
resistance of non-inductive characleristics. This latter method is the cheaper
and gives vory good vesuits for workshop use, The radio enginezer chiedy
needs to measure valve heater current, especially in Universal sets where
a dropping resistor has to be set to the correct tapping or adjustment in
ovder that the valves are suilably supplied with current, and in this type of
application the dropped potential method is perfectly satisfactory. The
ciurrent is measured as o voltage on the lowest voltage scale of the instru-
ment, a simple mental caleutation then giving the current.

It is unforfunate that the instrument requires re-calibration for low
ranges of A.C. volis, but this is necessitaled by the changing ch:tracterist.ics
of the rectifier. Added to this there is a loss in the rectifier, as might be
expecled, so that T mA. A.C. through the rectifier results in a D.C, output
of only approximately 0.85 mA. DNC. In commercial instruments this is
offset by making the true sensitivity of the moving coil instrumenl .85 mA.,
s0 that it may be used with the rectifier direct, a high resistance shunt
reducing the D.C. sensitivity to the required 1 mA. The problem is solved
rather differently in the comprehensive amalyser of Fig. 2, however. Here
the instrument sensitivity is already 1 mA., so that a 1 mA, output from
the rectifier is needed. To obtain this an input of 1.11 mAs. must be sup-
plied to the rectifier, and so the A.C, multipliers are calculated to pass this
cwrent on each A.C, volts range.

In Fig. I a moving coil instrument is shown in a variety of circuits 1o
measure difierent currenfs and voltages both A.C. and D.C., and these
diagrams should be studied before that of the full analyser. In addilion,
the instrument is shown in a circuit for measaring resistance.

The simplest methods of measuring resistance are either to pass a known
current through the resistance and to measure the volts dropped across the
resistance, or to apply a known voltage across the resistance and to measure
the current which this potential passes through the resistance. The second
method is the one shown in Fig. 1. The battery voliage is taken as being
constant, and the test prods are pressed together to short circuit the instru-
ment-hattery-rheostat circuit. The rheostat {(R1) is then adjusted to give
full-scale deflection of the instrument pointer, the prods are separated and
then connected across the unknown resistance. Current again flows, but will
be lower in value so that a reading below the full-scale is shown. The
resistance may then be calculated from a formula or may be calibrated direct
on to the instrument scale. The range of resistances which can be measured
depends on the full-scale deflection current of the instrument and the battery
voltage employed, and in this respect the various milliamp ranges of the
analyser operate as resistance range muftipliers,
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Fie, I.—Applications of the
R' Moving Coil Instrument.



The formusla by which the unknown resistance may be calculated if the
readings are not to be calibrated on the scale is

where R is the infernal resistance of the ohmmeter as a whole, I. is the
{ull-scale current, and [. is the new current reading, The value of R is
given automatically by the bhattery and current range used, For example,
if a 3-volt battery is in circuit and the full-scale current is 1 mA,, then K,
when the rheostat is set to give full-scale deflection with the test prods
shorted out, must be 3,000 chms. Similarly, if a 3-volt battery is used and
the.instromenl is set to measure 10 mAs., then K must be 3060 ohms.

Civen this, the poplication of the formula is simple. If a 1 mA. instru-
ment is wsed with a 3-volt battery, and the reading, when the instrument
has been set to the fuil-scale mark and the prods are then applied to an
unknown resistance, falls te a value of 0.2 mA., the unknown resistance
is piven s

3.000.1
= — — 3,000
0.2

and X = 12,0000 ohms,

1f a 10 mAs, Tnstrument is uvsed, or the original inslrument is shunted
to a full-scale current of 10 mAs, and the reading falls to 2 mAs., the
unknown resistance will then be
300, 10
X -

- 300
and X = 1,200 chms.

We see, therefore, that if the same battery is used, the milliamp shunts
act perfectfy as resistance range multipliers {or ** dividers ') and, presuming
that the instrument can be read with accuracy to 0.02 mA. on the 1 mA.
rangde, using the 3-volt batfery gives the resistance measuring ranges as

1 mA. range 150,000 to 0 ohms, approx.
10 mAs. range —  I5,000 to 0 ohms, approx,
100 mAs. range —- 1,500 to O ohms.
Thus, the I mA. shunt switch may also be marked R, the 10 mAs.

shunt switch may be marked K=-10, and the 100 mAs, shunt switch may
be marked R - 100.

Higher resistances may be measurad by making provision for connecting
a higher voltage baltery into circuit with a suitable rheostot,

The complete analyser of Fig. 2 uses the 1 mA. insfrument in all the
circuits and applications of Fig. 1 by switching, The switches emploved
must be of good guality, especially where shunis are switched across the
instrument, for here the switch resistance plays an important part since it
is included in the overall low shunt resistance. A switch whose contact
resistance Is liable to change will therefore completely upset the current
readings.
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A components list is shown for the analyser, and it is possible to give
the multiplier resistances exactly, since these are independent of the instru-
menl’s internal resistance. The shunts, however, have a resistance which
is entirely dependent on the instrument's internal resistance, but since these
may be made by the trial and error system, the final resistance js of less
importance than would otherwise be the case,

BUlLDING THE ANALYSER {FI1G. 2)

The analyser should be built into 2 stout case with the switch-gear and
input terminals neatly arranged on the panel. Tt is advised that the instru-
ment he mounted horizontally—a poor-grade instrument will probably wark
better vertically mounted since harizontal mounting increases any likelihood
of ““tap ’' error, but such a mounting makes the instrument far more easy
to read. Both shunts and mullipliers must be mounted on tag hoards, so
that the wiring is neat and no strain is imposed on the resistors and their
soldered joints. The {ag hoard used for the shunts, and the soldering tags
by which the shunts are mounted, must be especially stout and robust. The
shunts are made with the whole current circuit wired up, since the switch
and wiring resistances affect the shunt resistances.

ADJUSTING THE SHUNTS

For all adjustments it is presumed that the 0-F mA. instrument specified
is being used, and that it is calibrated from 0 to 1 in ten sleps, the readings
being ¢, 0.1, 0.2, ¢tc., lo give 10 cardinol points on the scaje.

With the instrument switched to read I mA., ccnnect the analvser in
series with an external bhattery and rheostat to give a full-scale current of
1 mA. The higher the battery voltage and rheostat resistance the better,
and a 12-volt accumulator battery would be excellent, the rheostat resistance
then being 12,000 ohms. A wirewound rheostat of 20,000 ohms maximum
resistance could be used.

Bet the rheostat 1o give a full-scale current of 1 mA.

The shunts should have been prepared by soldering a piece of resistance
wirg to each tag on the shunt board, as shown in Fig. 3, these wires heing
twisted together in pairs lo complete each shumt circuit. The approximate
resistances required will be of the order of 16, 1 and 0.1 ohms for the
respeclive current ranges of 10, 100 and 1,000 mAs, Using Manganin
resistance wire, which may be obtained from any guod stockist, the 10 mAs.
shunt should consist of a iiltle over 2 yards of 30 5.W.G. Manganin, the
100 mAs. shunt of 87 of 30 S.W.G. Manganin, and the 1,000 mAs. shunt
of 27 of 25 S W.G. Manganin,

(Note that the approximate shunt resistances as given are for instry-
ments with an internal resistance of 100 ohms. Instruments with lower
internal resistances will require proportionately lower shunt resislances with
proportionate reductions in the lengths of resistance wire.)

Cut each shunt wire in half, baring the ends of each length of wire, and
thus forming the shunts wilh a variahle adjustment at their cenlres as shown
in Fig. 3. The longest shunt will, of course, be wound round: the shunt
board. The shorter shunts will not require this treatment,
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With the instrument set at 1 mA. full-scale deflection. and with the
central ends of the 10 mAs. shunt twisted together, switch the range switch
to the 10 mAs. reading. The current flowing will still he 1 mA., but since
the instrumenl is now shunted e reading will fall. By baring the cut ends
of the 10 mAs, shunt and twisting them together until the instrument reads
to ene-lenth of full-scale—i.e.. until the peinler rests at the 0.1 cardinal—the
shunt is adjusted. Thig range now reads wp to 10 mAs., and the externyl
battery and rheostat must he adjusted to pass the full 10 mAs. exactly,
With this current indicated, turn the range switch to 100 mas., and ngai'n
adjust the next shunt for a teading of one-tenth full-seale, twisting the two
halves of the shunt together, the wire being cleaned as necessary, until the
correct reading is obtained, Finally, sel the external battery and rheostat
to give & full-scale current of 100 mAs. on that tange and then switch to
the 1,600 mAs. range and adjust that shunt unti] once more a one-tenth
scale reading is obtained, With this method of calibvation there is a
possibility of a cumulative error, and where possible {he higher. current
ranges should be checked against a reliable instrument,

Fic. 3.—The Shunt Boaﬁ-rd.

Secure each shunt, where the wires are twisted together, with a touch
of solder, making sure that the tinning does not run beyond the twisted
portion of the wires, and cut off surplus wiring, The adjustimment of the
shunts will take some little time, but is worth careful and painstaking work.

The instrument is now adjusted for D.C. current,

The D.C, and AC. volis ranges are set, and nced no adjustment, but
the 10 volts A.C. range requires calibration, This may be carried out using
the circuit of Fig. 4, jwo 6-volt windings on a mains fransformer beinﬁ
eonnected in series to give a2 12 volts A.C. sOUrce. ’

_The analyser is compared against a standard 10 voits A.C. voltmeter
{w!’uch perhaps cculd be borrowed for the purpose), the two instruments
being set to the full scale reading and then, by adjustment of the 10,000

ohms potentiometer, brought step by step down the secale from 10 to 0
volts,

_ At 9, & 7, 6 volts, efc., the analyser may be calibrated in prencil
dlrec_tly on the scale, its cover being removed for this operation, or a careful
reading made of the pointer position on the scale for exch voltage.
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Fra..4.—Calibration of 10 volt A.C. Range against Standard or Comparative
Amnalvser.

With the calibration completed the new points for the 10 velts AC.
range may be printed on the scale as described below,

On voltages of 100, and above, the existing scale markings—that is,
the D.C. scale—~can be used for reading off A.C. voltages. The new calibra-
tions refer only to the 10 velts A.C, range.

To add calibrations to the insfrument scale, the imstrument musl be
removed from the box or cabinet in which it is mounted and fle cover
taken off by unscrewing the small retaining screws. The scale is then
unscrewed, using especial care if the poinler stops are held by the scale
screws, and the scale gently slipped off in a direction away from the pointer.
Do not touch the hair-springs, halance weights or pointer at any time. With
the scale removed, immediately slip the cover back on the i strument to
exclude dust. Use care, aod ensure that the zero setting ; p does not
calch in the pointer or any other part of the movement.

Securely pin down the scale on to a sheet of thick card. One method
of adding a Jow A.C. velts vrange fs shown in Fig. 5, this nicthod being
suitable when the rangs has been re-calibrated on to the scale in pencil.
If scale readings are noted, then the low A.C. volts cardinals must be pro-
duced from the original scale as shown in Fig. 6. The ohms readings can
also be printed on to the scale above the original arc.

When fresh arcs are to be printed on to the scale, the centre of the
original arc tmust first be found so that the arcs are concentric. The new
scale lines and fgures may be drawn in Indian ink, but greater distinctiveness
is obtained iIf a good red ink is used, A mistake can uwsually be crased by
careful scraping with a sharp razor blade, but since this removes the white
scale hackground material only one erasure at any spot can ke made, There
is always the chance of scraping away the white backing and exposing the
scale mefal. I the scale is found to be made of paper mounted on to metal,
corrections must be made with white body ink.

i4

¥ic. 3.—Adding an A.C, Scale for Fra. 6 —Producing ihe A.C. scale
low AC. valts, {from the Avc.

The scale must be re-assembled on to the instrument with even greater
care than that with which it was removed, and the pointer must not be
touched or snagged. When replacing the scale screws adjust the pointer
staps, if these are retained by the scale screws, to give the pointer full play
over the scale.

The bhigh current resistances across which the A.C. voltmeter is tapped
fo measure alternating current must each be mounted across its own pair
of heavy duly terminals, and the resistances are hest bought ready-made.
Non-inductive resistances must, of course, he used. Connecting the A.C. 10
volts range across the 1 ohm resistance will give readings up to 10 amps,
reading the volts scale ax amperes (if the resistance is rated te take that
current), whilst connecting the same A.C. volts scale across the 18 ohms
resistance will give readings up to a maximum of 1 amp. In each case the
maximum watts lost will be rather high, and unless it is required to measare
heavy currents the construckor is advised to use only the 10 ohms resistance,
since this will enable 0.2 and 0.3 amp voltage droppers to be adjusted, etc.

Components List for the A.C.-D.C. Analyser, Fig. 2.
M 0-1mA. Moving Coil Instrument,

Res, 1 mA. Instrument Rectifier (Westing-
house;}.

R1, R2, R3, Shunt resiskances made as described.

R4, 10,000 ohms, 13, accuracy.

R3S, 20,000 " "

R&, 400,000, + n

R7, 500,000 ,, " "

RS, 8,250 v "

R9, 2,000 . a

R10, 360,000 ., " "

R11, 450,000 , " .

R12, 5,000 ohms, wirewound, variahic.

R13, I ohm Noninductive, to carry 10 amps.

R14, 10 ohms Noninductive, to carry 1 amp,
15



All resisfors except RIZ2.R14, 1 watt type.

B, Jvolr futter
3t 2, 3, 4, 4.pule 3-way rotary switca,
85, 6, Z.pole 9-way rotary switch,

3 Control knobs,

2 Tagboards, for shunts and mullipliers.

2 Input ferminals, plus and minus.

4 Heavy duty terminals for R13 and Kis,
Test leads, prods, cabinet, etc.

TeEST RANCES
Milliamps D.C.—
Switch 51-4 to D.C.

0-1 mA. with 85, 6, in position 1.
0-10 mAs, with 83, 6, in positien 2.
0-100 mAs. with 85, 6, in position 3.
0-1,000 mAs. with 853, 6, in position 4.
Volts D.C.—
Switch $1-4 to D.C.
0-10 v, with 85, 6, in position 5.
0-100 v. with 85, 6, in position 6,
0-500 v, with 55, 6, in position 7.
0-1,000 v. with 53, 6, in position 8.
Volts A.C.—
Switch 51-4 to A.C,
0-10 v. with 55, 6, in position 5,
read on sepavate scale,
0-100 v. with 35, 6, in position 6.
0-500 v. with 85, 6, in position 7.
0-1,000 . with 55, 6, in position 8.
Amps, A.C—

Pass current through appropriate resistance R13 or R4, Switch
analyser to 10 volts A.C. Allow resistance of external circuit tfo reach
operating temperature (if valve heaters, dropping resistors, etc.} then appry
test prods across the terminals of R10 or R11. Read amps. as volts A.C.
directly for R10, or divided by 10 for R11,

Position 9 of 85, 6, is the OFF position.

Ohms—

Switch 81-4 to Ohms, and use the first 3 positions of 85, 6, tn give
R, R+ 10 and R+100.

The positions of 85, 6, may therefore be coded as

Position 1, 0-1 mA., D.C. & R
Posilion 2, (-10mAs., D.C. & R=+10.

Position 3, 0-100 mAs., D.C. & R=100.
Position 4, 0-1,000 mAs., D.C.

Position 5, 0-10 volts, D.C. & A.C,
Paosition 6, 0-100 wolts, D.C. & A.C,
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Posiiion 7, 0-500 volts, D.C. & A.C.
Position B, O-1.000 voltz, D.C, & ALC.
Position @, Lrr.
Abwoys switch the analvser 1o orr when a measuremeni has been male,
Sct to range reguired Dbefore connecting inte circuif. Never switch from
range to range with corrent fiowing,

w=

CHAPTER 3
HICH FREQI'ENCY MEASUREMENTS

Whilst the analyser as described will measure turrent and voltage on
both A.C. and D.C. circuits, it cannot be used to measure comparable
cuirents and voltages at audio and radio frequencies. An instrument rectifier
will give guite good indications on its associated instrument on audio signals,
5o that the anmalyser may be used as an output meter where COWPATison
belween readings is all that is requived, but as the freguency increases the
cfficiency and stability of calibration of the rectifier-moving coil instrument
falls, so that for all intents and purposes it is uscless at frequencies much
above HO cveles.

The valve voltineter overcomes the difficulty of measuring high frequency
voltages, and can also be used for 1).C. measurements. The advantage of
the latter application may not be obvious until it is recalled that any volt-
meter applied acrcss a circuit causes an error in the voltage indicated by
the pointer, simply because the voltmeter itself draws a current thus causing
the voltage registered to appear lower than it actually is. The valve volt-
meter overcomes this defect to a considerahle degree by veason of the fact
that it can be made to have a very high input resistance. The analyser
described in the last chapter is designed to have a resistance of 1,000 ohm:
per voli, so that the volimeter resistance to a 1,000 volt circuit is 1 megohm.
A valve voltmeter, even of the simplest type, can present a constant input
resistance of 10 megohms, and by using special design technigues the input
resistance can be advanced towards infinify,

The salient features of a good valve voltmeter, then, are that it may
be designed to measure either D.C. or A.C., incleding R.F., or both, that
the inpui resistance is very high, the instrumenl thus imposing a light load
on the measurad circut, and calibration accuracy cen he held practicaliy
constant over a wide frequency range. Against these advantages are various
disadvantages such as the need for heatler and H.T. supplies for the valve,
the fact that the calibration curve is usually not lnear, so that the instra
ment must be calibrated, and, in some cases, the fact that the indicating
instrument is affected by the emission current from the valve or one of the
valves used, so that a zero error must he allowed for.

The princinle of a valve voltmeter is for all practical purposes the prin-
ciple ¢f the valve itself. A chande of grid rolentisl cavses a chenge of anods
cgrregl vhich may be used to give an indication on a moving coil instrument.
I AC. and RF. is to ke measured, the valve is allowed o vark as o reclifier
or a Turther valve may he wsed as a combined prabe and rectifier,
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A “POCKET " VALVE VOLTMETER

A really small valve voitmeter for A.C. and R.F, test work may he made
from a diode, using only a filament battery. Practically any diode may be
used, but a 1.4-voit valve is advisable since then the filament battery consists
only of a singlz cell. If a svitable valve is to hand, such a valve voltmeter
can be constructed even more cheaply than a rectifier-moving coil instrument
A.C. voltmeter, with the added advantage that the calibration holds ower
A.C., audio and R.F.

No range resistances are used since the instrument is intended only for
operation over the low voltage range of about 0-7 wolts, taking in heater
A.C. voltages, R.F. heterodyne voltages, etc., and the circuit will also serve
to show resonance in tumed inductances and similar applications. The
henefits of a more elaborate valve voltmeter are, to a large extent, lost,
especially the high input resistance, but this midget instrument is still
capable of good work.

It is advised that the valve voltmeter be individually calibrated, evewu if
the same valve type is ased as is shown in Fig. 7. The calibration may be
made on the scale of the instrument or may again take the form of a con-
version card or graph, the volts applied on the input side being plotted
against the indicated current.

Fia. 7.—The “ Pocket ”’ Valve Voltmeter.

The conversion card of the original instrument is shown in Fig. 5, but
since the ** Pocket ' valve voltmeter is used, more often than not, as an
R.F, indicator, the instrument scale has not been calibraled in terms of volts.

Again, a 1T4 valve was used in the original, with screen and grid
strapped to the anode. It will be seen that a 2mAs. full-scale moving ¢oil
instrument is used as the indicator. A 1 ma, instrument gave full-scale
readings at too low an inpui voltage, although the more sensitive instrument
could be used with another valve—the HY113, for example. If it is desired
to use a 1 mA. instrument in such a circuit, however, it is a simple matter
to shunt the movement to read 0-2 mAs. fufl-scale.

By connecting the instrument to the negative side of the filament cell
o indication is obtained until a potential is applied to the input terminals.
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Tie. &—Calibration Card for V.¥. of Fig. 10,

Connecting the instrument to the positive side of the filament cell enhances
the sensitivity of the valve voltmeler but gives a zero current, unless the
valve voltmeter is connected into a very high resistance.

Components List for the * Pocket 7 Valve Voltmete Fig. 7,

M, 0-2 mAs. Moving coil ins -ument.
Vi, 1T4 with B7C holder.

51, S5.P.S.T. On-Off switch.

A 1.5-volt cell,

*

Terminals or prods, small cabinet, etc.

The ** Poncket ' valve voltmeter con be built into practically any small
case or tin for easy portability,

The advenced worker will, however, reguire a more comprehensive valve
voltmeter than those so far shown, and the circuit of Fig. @ is of a mains-
operzted instrument complete with a valve probe for measuring D.C., A.C.
and R.F.

Basically, a probe-valve volimeter is a D.C. measuring instrumert, the
probe being plugged into circuit when it is desired to measure A.C. and
R.F. The probe head contains a diode or douhle dinde valve, the cnief
function of which is to rectify the R.F. applied to the valve volimeter, thus
passing a D.C. petential for measurenment to the main circuit of the va re
voltineter.
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Using a straight diode in the probe head gives a zero error, howeyer,
since the valve emission causes the valve voltmeter indicator to register when
no A.C, or R.F. is appled to the probe. This emission current can be
neutralised ty & batiery, but a more useful methad is to employ a double
diode in the probe head connected in a self-biasing or “* bucking ' circuit,
and such a probe is included in the circuit of Fig. 9.

The first section of the diode rectifies the applied signal, whilst the
second diode causes an emission current to flow through the variable resist-
ance R1, thus setting up a potential across this resistance, The potential
is applied to the first diode section in opposition to the emission current
potential generated by that sectlon, thus neutralising out the zero error and
enabling the signal potential to be applied to the valve voltmeter proper
with no diode potential,

The probe head can be made very small if an American 6HS metal valve
is used, since the valve and control resistance can then he mounted into a
small square box. If 2 British valve, such as the DD41, is used, the probe
head will necessarily be larger, but by using a cylindrical can rather than
@& box the probe can still be made convenient to handle and use.

Whatever type of valve and probe head is used, the assembly must be
connected to the valve voltmeter through a shielded cable with three cores,
the cable shield acting as the common lead for connection to the signal
potential with the three cores carrying the dicde heater current and the
return or positive line of the rectified signal potenlial.

Diode probes give peak value readings on A.C. or R.F., a'though these
values may, of course, be calibrated as R.M.S, values, If the vaive voltmeter
is calibrated against a rectifier-moving coil instrument A.C. voltmeter and
an A.C. supply of good wave-form is used, {hen R.M.S. calibrations will be
autematically obtained, whilst if the valve voltmeter is calibrated against
a commercial or standard valve voltmeter giving peak readings the calibra-
tions will automatically be peak vaiue calibrations.

Generally speaking, peak value calibrations are rather more desirable,

but in any case there will he some error caused by departure from a trug -

sine wave-form if it is desired to change the peak readings to R.M.S. or
vice versa.

En any case, more than one calibration is necessary since whilst far the
higher ranges the peak values of the applied A.C. or R.F. can he read off
from calibrations made on D.C.,, below 10 volts R.M.S. the indications no
longer hold true, and the instrument should have calibration scales or charts
for 0-10 volts A.C,

The D.C. vollmeter section of Fig. 9 is a bridge circuit, two valves being
used with a sensitive moving coil instrument connected between the cathode
loads. These loads are sufficiently high to give negative: feedback to theif
respective wvalves, so that a substantially linear calibration is cbtained
enabling the scale fitied to the instrument to be used without the nred for
a re-calibration or calibration card on the D.C. ranges. The calibzation is
originally %t by the control provided and perindically checked.

It has pet beer found possible to check the aperation of this circuit when
using &-vuel valves, and accordingly the commponents values are shown as
for the G.volt 65 type valves used in the bridge circuif. There would appear
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to be no reason why 4-valt type vaives should not give equally salisfactory
results, however, and valves of the 354V or similar types might be tried.

If voltage stabilising tubes become available, it will be found advan-
tageous to stahilise the ILT. Jine to a set 130 volts into the anode circuit
of the two valves o eliminate drifl errors caused by changes or fuctuations
of the mains supply. The bridge circuil, however, has 2 stabilising effecl,
and the circuit will operate quite satisfactorily without the stabilising tuhe.
The H.T. line may be set at 150 volts by adjusting RI6 and measuring the
H.T. voltage with an analyser or high resistance voltmeter,

Whelher a 4-volt or 6-valt valve is used in the probe Liead, it should not
be used at voltages higher than 150 R.M.8. to avoid chances of overload.
although  manufacturers’ ratings are generally conservative and quick
Mmeasurements might be taken up to a limit of 309 volts R.M.S,

Besides the shielding of the probe head itself (the shield case should he
built of copper or aluminium, not iron or magnetic material), skielding should
also be used on the input grid circuit of the DLC. valve voltmefer proper Lo
avoid chance of stray pick-up, and the whole instrument should be built inlo
an aluminium case.

The grids and probe condensers, C1 and €2, should he of the mica
separation type, and may he buiit vp from smaller values if the specified
values are difficult to obtain. The figh resistances in this valve voltmeter,
as in the other circuits, must he bl up from standard value resistances,
and once again the range resistances must bear the correct relationship one
to another if the ranges are to he accurate.

Components List for the D.C.-ALC-R.F. Value Voltmeter, Fig, 9.

RI, 10.000 ohms Midget polentiometer,
R2, 20 megohms, 1 watt,
R3, 5 " i,
R4, 4.5 . i,
R5, 450,000 ohms, £
R6, 45,000 " .
R7, 5,000 " .
RB, R135, 470,000, i,
R9, R10, R12, R14, 10,000 " 1,
K11, R13, 15,000 ohms, wirewound potentiometers,
R s, 20,000 ohms, wirewound rolentiomeler,
C1, C2,C5 0.02 mid. Mica.
C3, 8 mid. 350 v.w. Electrolytic.
c4, 2 mfd. 500 v.w,
V1, 6H4E.
V2, V3, £]5.
V4, 5Y3G.
4 International octal chassis mounling valveholders,
S1, Single-pole 4-way range switch,
82, D.P.8.T. On-Off switch.
oz

T, 200-250 volt primary,
230-0-250 volt. 60 mAs.
S5v. 2a. Hv. la.

1, (100} microamps moving coil instrunient,

Control knobs, chassis with screening cover, etc.

To test and set the instrument, use on D.C. with the probe unplursed,
It is wise to shunt the movement with a very low resistance until it is known
that all wiring and connections and valves are in order. Switch on, allaw
to reach operating tempersture, and adjust the instrument to zero by adjust-
ing R11, removing the shunt when the instrument is roughly set, and finally
adjusting with full sensitivity. Adjust the H.T. line to 1350 volts.

Switch the range switch to 10 voits and apply a known D.C. input o
the test terminals, Adjust R13 uniil the reading on the instrument M corres-
ponds to the input potential—on a 0-100 scale micro-ammeter 3 volis on the
10 volt range will read as 20, 2.5 volts as 25, etc.

Test for linearity.

To test the A.C. and R.F. ranges, plug in the probe head and switch
to the 1 volt or 10 volts range. As the probe valve heals up the pointer of
the indicator will shift trom zero. Return the pointer to zero by adjusting
R1 in the probe head.

Apply the probe to a suitable voltage, and calibrate or prepare calibration
cards for the low voliage ranges against an A.C. volimeter or standard valve
voltmeter.

CHAPTER 4
THE SIGNAL GENERATOCR

Apart from the A.C.-D.C. analyser the signal generator is probably the
mest used instrument on the service engineer’s bench. A commercial model
is expensive, however, and not only the amateur but also the professional
service man oflen prefers to construct his own generator to suit the condi-
tions under which he works and the type of recciver used in his locality.

Whatever the type of signal generalor to be built, the mechanical side
of the construction must always be treated as being of the same importance
as the electrical circuit and layout. Every component must be anchored
rigidly, and every wire soldered firmly inte place, heavy gauge wiring heing
used so that no knock or vibration will locsen 2 wire or, nearly as bad,
cause it to bend out of shape with possible upsetting of the calibration. The
generator must zlways be heavily shielded—in the home-built generator this
point is often overlooked—and if the instrument is to be mains-operated
good ventilation should be provided in order that frequency drift with heat
is minimised as far as possible,

In the writer's opinion, the first step towards the construction of a
generator is the purchasing or building of a suitable case. Alnminium or,
better still, copper, should be used, and if the case is made up from stock
with jeinted corners particular attention must be paid to the bonding of the
sides in efectrical contact, The use of angle brass strip as side and corner
braces wilh the sides, ends and bottoms of the case drilled and fapped to
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the stein gives sirength and geod eleckical contact, The lid may e a push
fit or hinged and ftted with a cabeh, bot once again it must be i perfect
Soninal with the vest of the cose when it is closed down,

The peneration and medulation of an R.F. signal is a relatively simple
matter, and ihere are many circuits from which a chelee cen be made.
Standard coils and tuning condensers may be used—indeed, the uze ¢f com-
arercial cumporents is strongly recommended—and the difficultics attached
Lo generaior construction really begin with the atlenuator and output circuit
and reach their peak with the calibration of the finlshed instrument.

The altenuator is provided to give a vange of output signal strengths,
and it may be said straight away that this feature of the generator may he
omitted as wseless, whether it iz of a simple or eliborale tvpe, unless the
generztor screening is perfect. Dven the ventilation hales of a mains-driven
deneratar must be screened, alithough this s a simgle matter since it is
only necessary 10 sweal or bolt over the inside of the ventilation hale a nigce
of fine copper gauze which will give a perfect ahrflow znd vel screen the
generator.

The atfenoator may be calibrated lo give definite steps of R.F. voIta;J,e,
in which case the attensstor will be of the elaborate censtant 1mpe, lance
type arranged in several steps, or a simple “volume control” type of
attenuaticn may be employed, I may be s2id immediately that a calibrated
attenuator is difficult o set for constant output over Lhe whole range, and
in a home-consiructed generator the calibrated atienuator should have its own
buill-in valve volimeter, The simple attenuator is wsually all that is requived
for field werk, and & porizbie gencrator using peanst valves and small
batteries s of great value to most service men,

A good Ceal has been written on the calibration of signal generalovs by
using the carrizrs of a nember of radio stations, but hes’des being a weari-
some and painstaking tesiness the methad fnally presents the britder with
a series of points separated by widely varving frequencies. so thal the host
that can ke dore is to prevare a dravn calibration curve to use againsl the
dial graduations of the generator. A signal generator definitely needs a
calibrated dial showing, in as many arcs as there are tuning ranges, the
frequencies directly tuned, and it is now possible to ebtain dials with slow
motion drives which give prevision for such calibration along plain arcs
prinfed on a dial card. These drives and dials are reasonably priced and are
regularly advertised in the radio periodicals.

The generator fiited with such a dial should be calirated against a
commercial or standard signal gererator whose own accuracy bas been
checked against radio stations—a better use for the brozdeast carriers than
attempting fo calibrate the generator against them--and it is often possible
to borrow or hire a good generator to act as a standard for the purpose.
If this fs impossible, however, a (reguency slandard can be built using a
crystal and multivibrator ciecuit, such a stondard alwavs heing of uze in
the workshop, and a circuit of proven merit is shown in this chanter, Suitable
crystals are easily obtainable st the lime of writing as surplus slock, and

are priced guite cheaply. Whilst the frequency standard gives a range of
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set poinls over *he scale, unlike the standard signal generator which can
he tuned in step with the generalor to be callbrated, these points are regu-
larly spaced at intervals of 200 kes. so that subedivisions are readily made
hetween the main calibrated points on the dial, whitst further kev points
may be obtained, if desired, from broadcast carriers.

The first generalor shown, that of Fig. 10, is designed for poriability
in order thal it may be packed easily jnto the service bag. Peanut valves
of the 1T4 type are used, since these give a very good oulput with an H.T.
voltage of only 36 volis, and the current drain is so low that a laver-huilt
type of battery can Le used. In the original generator, however, four drid
bias hatterfes in series gave the ILT. current. The attenuator is of the
simpleat type and cannol be calibraled, and output over various ranges is
not constant. This is of litile moment, however, when it is necessary only
to re-nlign L¥F, fransformers or RUF, lrimmers in simple outside repairs.

It is guite possible lo use cheaner valves of the 2ovolt filarnent variety
in place of the midgei pentodes although the carrving case will then have
to be increased in size. SHuitable valves would be tricdes of the 30 or 1IR210
or similar types, aithovgh in this case it would be advisahle to use a 3-volt
filament battery with a fixed or wvariable dropping resistance to bring the
filament voltage up to the reguired 2 volts. For normal valves of the 2 volt
(3.1 amp. lype the dropping resistance would be 5 ohms with a minimum
rating of } watt.

K might also be found necessary to increase the H.T. voltage, using
battery triodes.

Commercial coils of the Wearite P range are specified, and funed by
a small 0.0005 mid, tuaing condenser.

It is found that the 1T4 pentodes wiil not oscillate at frequencies above
about 20 mcs. unless the H.U. voltage is increased. It is not often that
higher freguencies are required from this type of instrument, however, and
in any care the sccond harmonics are strong and have been used up to
30 nes. with good results.

In the usual way the aadio note for audio modulation is obfained from
a transformer-osciliator stage. Standard  values for modulation are 400
cvcles modulating the carrier Lo & depth of 307, but in the majority of
home-buiit generators not too much attention is paid to standard require-
ments in Uis rearect, and it iz usually ecfficient to tune the transformer
acting 25 the oscillating inductances lo a sditable note by a small condenser
across either the secondary or primary winding, Tn the generator of Fig. 10
ne tuning was needed, and since the amplitude of the audio osciilation Is
tow no grid blocking occurs so that no grid condenser and leak are necessary,

The andio modulation is introduced into the grid of the R.F. osaciilator
and can also he tapped off as straisht audic via a switch for testing gram.
input ferminals and spesker transformers, etc

A screened lead should ke used to couple the generator into the receiver
under fesf. the screen acting as the earth relurn. Since the generaior is
batterv-operated no precautions other than Lhose against shock need be
taken whethes warking on A.C., D.C. or Universal receivers,
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The Dattery Sigaal Generalor.

10,

JUITEN

Components List for the Battery Signal Generator, Fig. 10,

N.B.—Tuned and reaction windings, tuned windings in the grid circuit,
are denoted by a,a, bb, etc.

i, 4, Nearite PHF3, 16-47 uetres.,

b.h, Wearite PHF5, 35-100 ve

c,cC, Weartte PHFR, 95-255 '

d.d. Wearite PIiFT, 230-750 "

e e, Wearite PHF1, 700-2,000 '

C1, 3, Ch, C%, 6.1 mfd, 100 v.w. Non-inductive.

C2. C4, C8, 03003 mfd. Mica.

Cs, 00005 mfd, Variable tuner.

R1, (.0} megohms, YVolume control.

2, 47,000 ohms, § watt,

R3, R4, R5, 33,000 ohms, 1 watt,

Rs, {See text note helow.)

R.F.C.1, Screened all-wave choke,

R.F.C.2, R.¥. choke. 40 turns of 30 SW.C.
c¢ham. on 1" diam. former to 1” length,

T, 3 ¢ 1 Ionter-valve fransformer.

81, 82, Ganged 2-pole 5-way range seleclor,

sS4, D.P.S.F. On-Off svitch, ganged on R1.

S84, S.IP.D.T. R.F.-Audie switch.

Vi, Va2, 1T4 valves, with holders.

Chassis and case, slow-motion drive, control knohs, elc,

A, 1.5 volt dry cell,

G, 36 volt H.T. battery.

Note.—Rs shunts the reaction winding of the PHF7 coil since on this
range 2 rather high amplitude of oscillation is obtained, leading to a chance
af squeguing. Bsin the original instrument was a 10,000 ohms resistange.
For different valves or lavouts the value might require modification, or the
resistance could be included in series with the winding instead of in shunt,
when the resistance vajue would need to be found experimentally, the starting
value keing about 500 chms,

A mains-operated signal generator is shown in Fig. 11, a triode-heptade
frequency changer valve being used as the combined R.F.-Audic oscillator,
A modulsted or onmodulated signal is available on the R.F. side, whilst
straight audio can also be obtained for amplifier testing, Commercial coils
are again used, one advantage being that the frequency bands are covered
in a number of steps so that the high frequency ranges are not crowded zas
is so often the case where home-made coils are uzed,

Once again the highest fundamental frequency is about 20 mics., but
much higher frequencies are covered by the second, third and, if desired, the
fourth harmonics of the highest frequency coil, with but little diminution
m strength of the second harmonic as compared with the fundamental fre.
quency output. A more elaborate atienuator is incluced in the cireunit, with
coarse atienuation selected by a switch and fine sraduations of output obtain-
able through the use of a potentiometer. A low impedance load appears at
both the input and cutput sides of the attenuator,
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Fra, 11.—The Mains Operated Signal Generator.

The output may be taken directly from the altenuator or through an
artificial aerial. The attenuator and artificial aerial should have extra shield-
ing within the shielded box or cabinet containing the signal generator, whilst
all earthed points and by-pass connections should be taken to one central
earthing junction so that no R.F. currents fow through the screening,

The audio oscillator whose coils are again the windings of an inter-valve
transformer may be tuned by conmecting small capacitances experimentally
across either the primary or secondary winding until a suitable note is
obtained. A swilch is provided through which the audio cutput can be fed
to the attenuator, as well as an audie On-Off switch.

The aadio oscillator is connected te the triode section of the valve with
the R.F. oscillator connected across the grid and screen of the heptode.
This is not a uswal arrangement, but has the advantage that the hepiode
anode is left free of oscillating circuits, thus being readily available as the
output electrode, whilst rather greater output is supplied by using the heptode
as the R.F. oscillator. Grid reaction with a tuned anode winding is used,
50 that in the event of squegging on any range a fixed resistance can he
{nserted in series with the grid coil and grid condenser to reduce the ampli-
tude of oscillation, the resistance being found experimentally, using values
between 50 and 500 ohms. Such resistances were not found necessary on
the original model, but different coils or components from those specified
may make them essential. Squedging in a signal generator is immediately
obvious—instead of a clear-cut signal with a pure audio note, s band of
frequencies is transmitted, the modulation being in the form of a harsh
hissing with the audio note central in the band. Such an output can he
obtained by increasing the R.F. grid capacitance from 50 mmids. to 500
mmfds,

Companents List for the Mains-Operated Signal Generator, Fig. 11.

N.B.—Tuned and reaction windings denoted by a,a, b,b, efe.

a8, Wearite PHF3, 16-47 netres,
b,h, Wearite PHFS5, 35-100 "
¢,C, Wearite PHF6, 95-260 '
d,d, Wearite PHF?7, 250.750 '
e.e, Wearite PHF1, 700-2,000 .
L1, 60 turns 28 5,W.G. or }” Rod.
C1, 0.0004 mfd. Mica.

C2, 0.0002 mid. Mica.

C3, C6, 0.01 mfd. 350 v.w, Non-inductive.
C4, 50 mmfds. Silver Mica.

Ch, C10, 0.1 mfd. 330 v.w. Non-inductive,
CT, C9, 0.001 mfd, Mica.

C8, 0.0005 mfd, Variable tuner.

Ci1, C12, & mfd, 500 v.w, Electrolytic.

R1, 390 chms, 1 watt.

R2, R3, R4, R5,
R6, R7, RS, R,

RI14, R11, 200 ' P oo
RI1Z, 2,000 »» Variable, fine attenuator
R13, 100 " 1 watt.
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K14, 23,000 ohms, 1 watt.
15, Ris, R1Y, &¢,000 r .

RET, 330 . i,

K15, 65,000, P,

R240, 5,00 . 2,

51, 8.0, Dewav coarse attenusior selector.
32, B3, NP, S-way rarge seleclar.
S84, S.EBEILT. ATCRE, selector.
55, 8 P.anT. Modutation Dn-Gif.
a5, N E.ST, Mains Gn-Gi.

T1, 3 ¢ 1 Inter-vadve traonsformer.
Tz, 200-2530 veit primary.

230-0-Z50 volt 68 mAs.
Ay, Za. Av. Zn.

Vi, ACTH1.

Va2, UG,

1 British 7-pin c¢hassls mounting valveholder.

1 Mazda octal chassiz mounting valvehoider.

Chassis, alundnism, wilh screening box or cabinet.

Slow-molion drive, control knobs, etc., output sockets, screened cable,

rlags, ete.

The crystal-centrolled frequency standard 2gainst which generators and
other tuned apparatus including receivers may b2 calibrated is shown in
Fig. 12. A ftiiode-heptode has the heptode section connected as a crystal
oscillator, thus aulomatically Injecting a controlled signal to the triode
circnit which, togethier with an csternal triode, is a meltivibrator adjusted
to work at a freguency of 100 kes. A multivibrator, as is well known, can
ke controlled easily by an external frequency wilhin the tenth harmonic of
the fundamerntsl. and the c¢ircuit gives an extremcly high number of
harmaonics,

By omitting a smoothing condenser in the calibrator's power pack the
output s slightly hum-modulated in order that the carrier may he easily
ideniified,

A simple sttenvator is fitted, with a faivly high oulput impedance, but
a more comprehensive switchad altervztor com be fitted, although this has
not heen foundd necossary so long as the whole unit is shielded in the same
way as Is a signsl generator.

Only one adjustment s necessary to alisn the multivibrator circuit.
With the apparaius conztructed and tested, first check the operalion of the
crystal oscillator by running a line from the oulput socket to an ordinary
broadeast receiver. With the receiver and calibrator switched on, Femove
V1, the calibrator triode, thus putting the muitivibrator out of action. With
@ 1,000 kes. crystal in the heptede circuit, tune the receiver to 300 metres,
when a strong carrier will be heard. If a 100 kes. crystal is used, this test
cannot be made since the crystal will then be radizting on 3 3,000 metres
wavelength. It may he possibie to hear a harmonic of the crystal at 200
metres or at 1.500 nwetres. but a small neen lamp touched Lo the grid
of the heptode will give a positive test by lighling if the striliing voltage
of the lamp is not more than approvimately 100 volts.
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With the crystal oscillater working, repiace V1 and allow the
vibrator circuil to come inlo operation. Tune the broadeast receiver,
connected with its aerial socket to ihe cotout zocket of the cnliveaior,
two earths also being connecied, from 3G0 to 250 mefres. & series of
strong, slipidly hum-modulated caceiers will be heard.

The multivibrator can now he corrected for freguency. Adjust O3 unti!
tuning the broodeast vecoiver from 200 1o 300 metres—that is, {rom 1,500
kes, to 1,000} kes.-~brings in 6 carriers on and bebween the Lwo points
at the freguencies

1,500 ks,
1.400
1,300 ,,
1,200 ,
1,100 ,,
1,000 .,

his, of course, presumes tnat the recelver used is reasonably accurate.
No trouble should be experienced in finding the setting of €3 which gives
the 6 carriers.

The calihrator is now set with the multivibrator working at the funda-
mental frequency of OO kes. delivering a whole chain of carrier waves
spaced one from the other by 100 kes, from 109 kes. up to approximately
15 or 20 mes.

To use the ealibrator, connect it inte a broadeast recciver zlony with
the gear to be calibrated—a signal generator, for example—using the smallest
coupling capacitances possible to obiain audible signals. Switeh the audie
oscillalor of the signal gencerator out of action so thal an unmodulated R.T.
carrier is obtained. As a test point, iune the receiver to 00 metres, 1,000
kes., thus picking up one of the calibrator harmonics. Tune the generator
on the appropriate band to the same frequency, As the generator freguency
approaches 1,000 kes., a beat nole will be heard in ihe receiver, falling in
tone and then rising again as the generalor is tuned right through frequency.
Adjust the generator for zére beat note with the calibrator—that is, tune the
generator until the Dbeat note falls in frequency to inaudibility, when the
generator and calibrator ave beth on the same frequency. The dencrator
scale may then be calibrated with the 1,000 kes. mark, Ture the broadcast
receiver up to the next calibrator harmonic, which must be situated at 900
kes, Tume the generator to beat again, and then to zero beal, thus setiing
the generator frequency at Q00 kes., and add a further calibration point
to the scale. Continue at points through the whoele frequency range of the
signal gencralor.

Should it not be desired to use such a calibrator, or should closer cali-
bration points be required on some randes—for example, hetween 400 and
500 kes. for ILF. adjustment—the generator may be calibrated against a

known signal genevalor or even against a good calibrated receiver which has -

been checked against hroadcast staticn freguencies or some other standard.
The 400 to 300 kes, rande cannot, of course, be directly received on any
normal set, but the second hazrmonics should be heard clearty at points
between 800 to 1,000 kos. on Lthe medium wave vange, Tune the generator,

therefore, to the required points between 400 and 300 kes., receiving and
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calibrating bv the harmonics between 800 and 1,000 kes. The same tech-
nigue used wilh the calibrator will obviously give calibrations af S0 kes.
points as well as at T0O kes. points. {are must be taken when using
harmonics, however, Lo ensuve that the correct harmenic points are taken.
This is usually simple at the lower frequencies, and careful count will be
all that is necessary at high freguencies.

Comnponents List for the Celibrator and Frequeney Standurd,

Fig. 12,
C1, Cbh, 30 mmids. Silver Mica.
c2, €9, 0.0001 mfd., Mica,
C3, 4-50 mmids. Adjustable trimmer.
C4, 10 mmfds. Silver Mica.
Ch, 0.0 mfd. 350 v.w. Non-inductive.
C7, C8, 0.1 mfd. 350 v.w, Non-inductive.
Cio, & mids. 500 v.w. Electroivtic.
R1, 50,000 chms variable, output control.
R2, R3, R4,
R3, R8, R9, 47,000 ohms, 1 watt.
R&, 68,000 1 .,
R7, 1,000 . 1,
S1, D.P.S.T. On-Off switch.
LF.C, 1¢ or 20 Henrys, 680 mAs.
T, 200-250 volt primary.

250-0-250 volts, 60 mAs.
Ay, 23, 4v, Za.

X, 100 kes, or 1,000 kes, crystal,
V1, 354V,

V2, ACTHL.

V3, is.

1 British 5-pin chassis mounting valveholder,

1 British 7-pin chassis mounting valveholder.

1 Mazda octal chassis mounting vaiveholder.

Chassis, aluminium, with screening cover.

Control knob, oulput sockets, etc.

Since crystals have varving oscillating characteristics it may be found
necessary to make some slight alleratien in the value of C9 to obtain stable
oscillation.

CHAPTER 5
THE OQUTPUT METER

Directions for the use of signal generators, whether in text-books or
supplied with commercial instruments, gencrally advise that the alignment
of a receiver with the signal generator shall be carried out with an output
meter connected in place of the receiver's loudspezker. Ty watching the
indications given Wy the output meter the ellect of trimming the IF. trans-
formers or of trimming and padding oscillalor and selector circuits can
readily be seen, amd the indication is definite. If the receiver is aligned by
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listening to the audio wole from the lougdspoatier e ear rapidlv becomes
dulled to slight changes in the intensity of the scund and cannot retain the
idea of a " refevence level ™ such as can be chosen on the meter.

For this Lype of use the outpul meter can e valibrated in any way al
all, for so long as there are graduatiens on the scale the ultimate power
supplied te the meter is of litte moment, a comparison between output levels
is all that is required., So tomg as the outpul meter is correcliy matched to
the receiver it can be either a current or voltage measuring instrament, and
the A.C.-D.C. analyser can be used as an output meter simply by connecting
the low A.C. volts vange across a suitable resistance which is, in turn, con-
nected across the secondary of the output transformer,

It may also be desirable, however, to have a mefer which will actually
read in terms of walls, or in volts acrass a cortnin impedance or resistunce,
or in decibels, and bere the analyser is noi of great use. Since most outnut
measurements are made at a frequency of 400 cyeles, the nsbvament rectifier
does not hold to the same calibraiion as Lat obfaining at 50 cveles, so that
the anaiyser has a percentage of crror for the audio freguencies,

The valve voltmeter can, of course, be vsed, or an instrument rectifier.
moving coil instrument may be calibrated tor 400 ovcles operation, the
calibrations being made against a standard instrument or agsinst 1 valve
volimeter,

As a simple uncalibrated vutput meter a Mausic Eve tuning indfeator can
he used to give good results. The instrument may be mounted in a small
case and suppiied with power—the demand is very small—from inhe receiver
under fest. ‘This tvpe of output meler should be connected across the primary
of the output transformer rather than across the secondary.

Whatever the type of output meter vsed, and whether or not it uses
the oulput transformer in the receiver, remember that the output valve must
work with the correct load in its anode circuit, Should the voice cail of the
loudspeaker be disconnected for any reason, a similar load must be connected
across the ouiput fransformer secondary in its place—gencrally a 3-ohm load
for Lhe majority of receivers., The oulput meter may measure the relatively
figh voltage across the oulput transformer primary as with the Magic Eye
output meter, or the relatively low voltage across the resistance connecled
to the output transiovmer secondary in place of the voice coil, or a Lvermao-
electric ammeter may be used to measure the current in this low resistance,
the three methods being shown in Fig. 13,

The Magic Eve output meter is shown in Fig. 14, Fither a 4 or 6 volt
l'ye may be used to suit the heater transformer of the receiver under test.

Components List for the Magic Eye Quiput Meter, Fig. 14.

C1, C2, 0.01 mfd, 350 v.w. Non-inductive,

R1, 100,000 ohms variable, input control.
R2, 1 megohm, 2 watt.

Vi, ME41 for 4-volt operztion or Y83 for 6-volt operation.

1 Mazda octal or international octal chassis mounting valveholder,

Either this tyvpe of output meter, or the A.C. volts ranges of the analyser,
will do all that is required so far as comparative oulpu! readings for set
alignments are concerned. The low A.C. volls range should be uszed across
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the voice coil of the loudspeaker or across a low substitute resistance. T1f
the reading thus obtained is too low, the bigher A.C. volts ranges may be
used. connected across the primary of the cutput transformer *with a 0.1
mfd. condenser connected in series with the analyser to block the passage
of D.CC.

To make actual output measurements the simplest method is to use a
therme-electric ammeter in series with a suitable low resistance across the
secondary of the output transformer, or the ammeter tnay have its own

+ 250 ¥

Fro, 14 —2agic Eve Qutput Meter,

multi-tapping transformer which can be matched inlo any recciver or output
stage. Since wakts can be taken as
W =1IR

where I* is the square of the current in amperes and R {s the total resistance
of the circuit {including the ammeter resistance, which is marked on the
scale of a good thermo-electric ammeter), the scale can be re-calibrated in
ferms of watls if desired, or the watts easily calculated from the ammeter
reading, The therimo-electric ammeter, moreover, holds its calibration right
through the audio frequencies and up into the radio frequencivs, and the
readings will be substantially accurate for the average instrument between
frequency extremes o approximately 50 to 1,000,000 eveles, or higher,

The resistance used must he non-inductive, but since the total resistance
connected Lo the secondary of the output transformer will seldom bhe greater
than 10 or 15 ohms the construction of a suitable component is a simple
matter. The correct length of resistance wire should be cut off, tested for
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resistance (with the ammeter resistance deducted from the total reguired
resistance), and the wire should then be doubled and wound on a small
former as a pair of wires, The resistance will then be non-inductive.

If the meter is provided with its own transformer for matching into
various cutpu! stages, the use of a 10 ohms resistance in the secondary
cireuit will simplify calculations. Specimen outputs inte 10 ohms would
Hive

10 watts, current - 1 amp.
5 watts, current — 0.7  amp.
2 watts, caurent = 0.45 amp.
1 watf, current = L322 amp.
eic,

Therma-electric ammeters have the disadvantage of poor overicad
capacities, so that care must always be taken when using such a meter that
the instrument is not overloaded, as the heater wire would then he burnt
ouf.

To measure output in terms of volis the same tyvpe of circuit may be
used with a valve voltmeter or rectifier veltmeter connected across the low
resistance instead of in series with it. The valve voltmeter must, of course,
be calibrated for A.C. operation, whilst a rectifier instroment should be
calibrated at 400 cycles rather than at B0 cycles. Different rectifiers dive
different frequency errors, however, and it may be found that the 50 cvcle
calibration of the analyser 10 voit A.C. scale is sufficiently accurate, since
this scale can be used divectly across a low resistance without the nzed for
a series blocking condenser,

When using the volimeter, watts can be taken as

Vﬂ
W = B
where V* is the square of the indicated voltage across the low resistance.
Thus, specimen voltages across a 10-ohm resistance for various output
powers would be
10 watts, voltage — 10 volts.

5 watts, voltage - 7 volts.
2 watts, voltage = 4.47 volis.
I watt, woltage = 3.2 wvolis.

Or a reading could be taken across a voice ¢oil of known impedance; or,
better. across a subslituted resistance with non-inductive characteristics
connected across the secondary of an output transformer if a special trans-
former with a selection of tappings is not available.

Where it is desired to express a reading in decibels, as, for example,
where the overall gain of an amplifier is being measured, an A.C. voltmeter
scale can be calibrated in terms of decibels. A reference level must, of
course, be chosen, and since the standard reference level for zere decihels
is 0.006 watts in 500 ohms, this level is used in the conversion chart shown
below.,

By means of this chart any A.C. volimeter can have a decibel range
added to its scales giving decibels and power levels in 500 ohms loads
directly.
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Decibels, Watts and Volts Tables.
Volts across 500 ohms Load,

dhs, Witkts. Valts.

— 2 0.00006 0.173

—-1a G2 216

-10 O.00085 550

— = (A XTI T80
4] 0.006 1,733

- 5 0.072 3.16

=10 [UR¥ I 5.48

—13 0.2 1.0

= 20 0.6 17.3

- 25 2.0 31.62

30 £.0 D48

+35 2010 1065.0

40 60.0 173.2

- 45 e 20000 e 31R.2

- 50 . 600.0 5477

To find the number of decibels corvesponding to any power level with the

zero or reference db level abt 0.008 watt, divide the power level hy 0.0086

walt and multiply the logarithm of the cuotient by 10, or

dbs = 10 log, ums

where W is in watts, e
To find the number of decibels carresponding to any voltage level with

the same reference level of 0.006 watt in 5060 ohms, divide the square of

the voltage by 3 and multipty the logarithm of the quotient by 10, or

dbs -~ 10 lag,, ~where Vois in volts,

CHAPTER &
THE CATHODE RAY OSCILLOSCOPE

_It is hardly necessary to mention the many uses in radio and electronics
servicing and testing of the cathode ray oscilloscope. On the screen of the
cathede ray tube can be drawn the actual curves of voltage and current waves,
R.F. carriers, response curves of tuned civcuits and the curves of valve
characteristics. Readers who require full informalion on the principles and
uses of the oscilloscope should refer to the Cathade Ray Qscilloscope Manuazl,
No. 87 on Messrs. fiernards’ List—in this chapter there is room only for
a new oscilloscope circuit and details of aligning recelvers by the use of an
oscitloscope and freguency modulated oscillator, more gene’rally known as
a " Wobbulator" .

The oscilloscope circuit is shown in Fig. 15, the tube having a screen
divmeter of 13", which is ample for most workshop uses, reducing the first
cost of the apparatus and mzking the instrument readily p{}t‘t&bl{:: A wide
range of frequencies is given by the single hard valve time hase, a modifica-
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tion of the time base type used in the author’s television receiver described in
the Television Consiructor's Manual. A\ single power pack is used for tube,
time basc and amplifier, the H.T. being supplied from a purely conventional
transformer and rectifier. As a resnit consiruction must be carvied out with
some care in the insvlation of circuils, since the common line is the negative
rather than the positive—thal is, the chassis and shielding case are connected
to the negative rather than in the positive H.T. line unlike most small
oscilloscopes, This mezns that for direct connection to the X and Y plates
the positive H.T. line must be brought to an input socket meunted on the
case.

1f it is desired to vse a frger tube the same power pack, time bate and
amplifier circuils will still be svitehle since there is a margin of output and
gain sufficient to work a 3% tube efficiently.

The time base is so designed that a variable sweep amplitude output is
available trom a potentiometer in the anode of the valve whilst the fell
output can also be led out to external apparatus if desived, since output can
be drawn from the time base with respect either ta the H.T. positive or
negative fings, By connecting a potenticmeter across the Sweep Out sockets
variable sweep amplitede rather thar full amplitude iz also  available
externaliv,

When the deflzction signals to the ¥ plates need amplification the signals
are fed to the Y amp. sockets, but larde signals may be applied direcily to
the Y plates by feeding into the Y.I or Y Direct sockets, the input ampli-
tude then being adjusted by the contral R15, It must always be remembered
when using these or the X.D. sockets that ihe exiernal apparatus is then
connected Lo the positive line of the oscillescope, and thus will be alive to
the oscilloscope case. The external gear can be connected either directly to
the Y.Ih or X[ terminais or via 2 condenser. The actual arrangement will,
of course, depend on the external signal source.

MNote also that there is no input ¢ontrol across the XD, terminals since
these will not often be used and mav be cmitted if thousht undesirable.
Control of an external signz! ampiitude to the X plaies can be effected hy
a potentiomefer connected externally across these sockets.

R3, the synchronization conircl, should never be advanced bevond an
effective working position, since too greal a syach. signal results in distortion
of the whole race on the scresn.

The fayout of tie oscilicscope components may be diclated hy the
cabinet ov box in which the apparatus is buill, since the circuit is very stable
and ary lavesi may be used as leng as the wiring is neat and clcan and
good insuiation is mainiained, The usual practice of placing the mains trans-
former and c¢hoke belind the base of the cathode ray fube should, however,
he observed, since any stray magnetic fields from these components will give
a lateral deflection to the spot on the screzn if they are mounted in any
other position.

The potenliometers used for the voltage divider supplying the tube and
other purposes, escecially when wirewound potentiomelers are used, should
be inspected fo ensure that the moving arm is insulated from the spindte
s0 that these components may be mounted on an earthed metal panel without
short circuibs.
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Fre, 15, —The tl-an. Oseiloscope.

The ouiput and input sockets should be of the type mounted in pairs on
paxclin boards. The panel may Lhen be cut away and the board mounted
so that 1he sockets are spaced from earthed metal to give high insulation.

Note that two 16 mfds. electroivtic condensers are connected in series
to give a high working voltage & mfds. smoothing condenser. If desired.
these condensers may be of 8 mfds, capacitance each to give a final capaci-
tance of 4 mfds., but the fuller smouthing is recommended.

Remember that the spot intensity must always be kept very low when
no deffecting signals are applied lo the ¥ and Y plates. and that even a
stationary curve or trace can burn the screen badly if left at fuil or high
hrilliance for any length of time. The gear shoukd alwavs be operaled with
the Dbriiliance control, R2, turned to as low a point as possible.

Components List for the 137 Oscilfoscope, Fig. 15

R1, 0.5 megohm variable, Focus controk
R2, 50,000 ohms variable, Brilliance control.
R3, R4, R10, 1 megohm, § watt.
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RS,
R6

RS,
R9,

R13,
R14,
R15,
R16,

R17, R18,
ci,
Cz, C3,

C4, C5, C8. C9,

Cé,
C7,

C10,
Crl,

R7, R11, R12,

1 megchm variable, Synch. contro.

1460, 000 ghms, 2 v atis,

AT0.000 T,

0.5 megohm variaile, Time base Sweep
Awmplitude conkrcl.

2 megohms varizhle, Fine Freguency con-

trol.
100,000 ohms, I watt.
1.000 " 1

1 megohm veriable, Y Direct inputf confrol,

(0.5 mesohm wvariable, ¥ Amplifer {nput
control.

ATO,000 ohms, L wall.

2 mids, 1,000 v.w. Oil-filled.

16 mids. 500 v.w, Electrolvtic.

0.1 mid. 5300 v.w. Non-inductive.

0.001 mfd. Mica.

0.0005 mfd. Mica.

0.02 mtd. 350 v.w. MNon-inductive.

25 mfd. 25 v.w. Electrolytic,

Time base cundenser set No, 1, with $4, from leit to right,

Ci2,
C13,
C14,
C15,
Cl18,
c17,
C18,

Timte has: condenser sef No, 2,

C19,
€20,
c21,
C22,
c23,
c24,
C25,
81,
82,
53,
54, 85,

T,

LF.C,
F,

CRT,
V1,

V2, V3,

0.02 mfd. 350 v.w. Non-inductive.
0.01 mid. 350 v.w. Non-inductive.
0.005 mid. Mica.
0.001 mfd. Fica.
0.00035 mid. Mica.
0.00015 mfd. Mica.
0.00005 mid. Mica.
wilh 85, from left to right,
0.01 mfd. 350 vow, Non-inductive.
0.003 mfd. Mica.
0.003 mfd. Mica.
0.001 mfd. Mica.
0.0005 mfd. Mica.
0.00015 mid. Mica.
0.00005 mfd. Mica.
D.P.S.T. Mains On-Off switch,
S.P.D.T. X deflection internal or external.
S.P.D.T. Y deflection amplified or direct.
S.P. %-wavy [louble-Bank Yaxley type
switch. Coarse Sweep frequency control.
200-250 volt primary.
250.0-2540 volts, 6D mhs.
Ay, Z2a. Av. 2a. 4dv, 2a,
20 Henrys, 60 mAs.
100 mAs. Fuschulh, with holder.
G.E.C. Type E-4103-B-4,
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1 CRT holder, 9.pin.

1 Britizh A-pin chassis mounting valveholder.

2 Munda oclal chassis nounting valveholders.

4 Double input sockets, puxolin mounted.

2 conbro!l knoos,

2 shiclded grid clips,

Chassis, metal case or cabinet, efe,

The ascilloscope van be used without olher apparatus—apart from ths
signal denerater—io trace Clstortion and hum in a receiver. and interesling
screen traces can be obiaired by fapping the Y plates, via the amplifer,
across the LF, fransforners, LF. vaive, diede detector and amplifyving and
output stages of 2 set to which a steadily modulated signal is heing supplied.
The oscilloscope time base must be adjusted to give a complete number
of audio cycles to the trace—for example, if a 400 cycles awdio modulation
note is used in the signal gencrator the time base cculd be set to run at
a sweep frequency of 1G0 cycles to give four audio cvcles in the trace.
From the 1.F. stages will e obtained a picture of the ** Modulation enve-
lope,” the aclual I.F, carrier with the audio moduolation curve on either
side, whilst from the detector and amplifying stages Lhe plain audio curve
is oblained.

By testing Lhe signal generator to determine the actual shape of the
audis modutalion signal, and then tracing the signal Lhrough the receiver,
distortion can he observed. Ripple and hwmn can also be seen if these are
entering the acdio stages of the receiver.

One of the chief uses of the oscilloscope, howewer, is in combination
with a ** Wobbulator * for the alignment of superhet receivers, It is well
known that the response curve of LF. transformers and similar inducfances
should be adjusted so that the curve is svmmetrical about the central fre-
quency—zbout 465 kes. in the usual superhet—with reazonably sleep sides
and a slightly double-humped or bandpass top. Using a signal generator
and output meter it is difficult to estimate the shape of Lhe LF. response
curye, bul wilh the oscilloscope the curve can be inspected and adjusted. It
is mecessary, however, o use a variable oscillator which will sweep across
the whole frequency width of the response curve to give what might be
termed a * scanning 7 effect. Suppose, for example, that a 465 kes. trans-
former is under inspection. The variable generator would commence its
sweep at, say, 4530 kes,, and the osciiloscope, connecled to the diode deteclor
with its deflection proportional to the signal energy dzlivered from the L.F.
sluge would show practically no deflection at all, since the 465 kes. trans-
former would pass little of a 450 kes. signal. The generator, however,
sweeps in frequency towards 465 kes, so that the translormer passes more
and more of the signal energy as the geverator frequency comes towards the
central tuned frequency, and the oscilloscope deflection accordingly also
grows greater. As the generator freguency sweess through the central
double-humped portion of the response curve, the oscilloscope defleclion
rises to a peak on the first Tump, drops stightly, and then rises to a peak
once adain on the second humwp. The generator frequency then continues
to sweep on towards 480 kes., its upper sweep Hmit, and the sidnal thus
passed hy the transformer grows less as the frequencies diverge, the oscillo-
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scope defection falling in sympathy with the falling signal voltage delivered
to the detector,

The oscilloscope, therefore, measures the signal voltage delivered
through the transformer to the detector and, if lhe oscillogcope time base
is set to operate at the same frequency as the speed with which the vaviable
oscillator sweeps across its frequency range, the voltage measurement diven
by the oscilloscope will turn into a true picture of Lhe shape of the response
curve itself. Displacement of the band-pass humps, lack of symmetry in
the curve, and similar defecls, wili all be clearly shown, and the transformer
trimmers can he adjusted with the curve still on the screen until a response,
as perfect as possible, has been obtained.

The design of a varfable frequency signal generator, however, reguires
some consideration. Obviously the frequency variation must proceed al a
regular and steady pace between fixed limits, and the opevation must be
reasonably fast in order that a continuous picture shall be produced on the
oscilloscope screen. A rotating condenser could be used to produce the
changes of frequency, but a more usual method is to use a frequency madu-
Tating valve. In an ordinary tricde an increase in the internal resistance of
the valve gives the effect of an increased input capacitance—the Miller effect
—so that a valve operated under suitable conditions can be connected Gcross
an oscillating circuit so that changes in the grid bias or the anode load of
the controliing valve cause the frequency of the escillating circuit to change
between Jimits.

Since the controfling valve must be operated at the same rate as the
time base sweep of the osciiloscope, one method of control is to feed the
time base sween voltage to the centrolling valve, the oscillator frequency
thus being swept over its range in time with the oscilloscope sweep frequency
a sweep frequency of about 25 cycles per second being chosen.

Alternatively, a triandular wave may be generated from the mains supply
sine wave curve and fed to both the X plates of the osciiloscope and the
frequency controlling valve, Using a triangular wave means tnat the fre-
guency wnd screen spot sweep evenly from side to side of their limits so
thal the sweep-llvback jerkiness is aveided. The exira complication of the
apparatus needed for generation of 3 triangdflar wave can De dispensed with,
higwever, and the oscilloscope time base used instead.

The controlled oscillator, whnse frequency is being varied between limits
of about 30 kes., should he maintained at a fixed central frequency, however,
for if this oscillator is lured o different central freguencies the bandwidth
of the sweep will vary considevably. Accordingly, the frequency sweep is
generated about a centrai freguency of approximately 700 kes., and the
requived output frequency is obtained by beating this varving freguency
centred on 700 kes. with a switable steady frequency obtained from the
ordinary signal generator.

Thus, to obtain a variable frequency cenired on 465 kes. for LF. trans-
former alignment, the signal generator is set to either 1,755 kes. or to 235
kes.. and these freguencies will beat with 700 kes. in a freguency changer
circuit to give a final sweeping frequency centred on 4635 kes. in just the
same way that a broadcast signal beats with a receiver’s local essillator to
preduce an LF. signal.
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Umnmadulated signals are used in botl oscillators for this work.

The * Wobbulator 7 shown in TFig. 16 was designed by the writer io
work with the oscilloscope of Fig, 13, but will work with other oscilloscopes,
instruments with a fairly high time base sweep amplHude giving the bsst
results since then theve is a wider frequency swing on the controiled oscil-
lator. In the diagrem. V1 is the reactance modulator, being controlled
direclly from the oscilloscope time bhase. In the majority of cases, connecting
ihe input load of this vaive into the time base will cause a varistion in the
speed of the sweep frequency, but since the N plates of the cathode ray
tube are connected to the same source this is of little consequence. The
one effect which must he guarded against is the slowing down of the fiyback
time, The flyback is always sometining of a nuisance in this tvpe of work,
and a faint image behind the true image will usually he obtained, Slowing
of the flyback will give a strong mirror image, however, and whilst Lhe
experienced worker will be able 1o disregard the effect il is best avoided.

The reactance modulator valve acts as a variable reactance to the oacil-
lator circuit built around the triode section of the triode heptode, thuz vary-
ing the frequency of that circuil about its cenlral frequency, the amount of
varialion being under contrel through the input potentiometer to V1. Inig
the heptode section of V2 is fed a stromg signal from the sidnal generator
proper, the frequency being chosen so thal it beats with the TOO kes.
frequency generated in the triode of V2 to produce the required A
frequency.

This final frequency is funed by the tuned circuit in the heptode anode
line and supplied to an output attenuator from which i€ is fed to the receiver
under test.

Commercial coils are again specified for use in the ©* Wobbulator.”
Components List for the " Woebbulator,”” Fig. 16.

R1, 100,600 ohms, I walf,

R2, 1,000 . o

R3, a7,000 1,

R4, 1 megohm variahle, frequency variation
contrel.

R5, 4.7 megohms, 1 watt.

R&, 62,000 ohms, 1

R7, 47,000 e i,

RS, 330 " T,

R9, 470,000, o,

R10, 200 ohms variable, output zftenuator.

C1, 25 mfds. 25 v.w. Electrolvtic,

Cc2, C6, 50 mmfds, Silver Mica.

C3, C8, C%, 6.1 mid. 350 v.w, Non-inductive.

c4, (C5, 0.0:005 mid, Mica.

c7, 200 mmfds. max. variable trimmer.

C1a, ¢.0001 mfd. Mica.

C11, 0.001 mid. Mica.

c12, 0.0005 mfd. Tuner,

C13, (.01 mfd. 350 v.w. Non-inductive,
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C14, 16 mids, 500 v.w. Electrolvtic.

C15, 8 mfds. 500 v.w. Electrolvtic.

L1, Wearite PIIET.

L2, Wearite PA3, 16-47 metres.
L3, Wearite PAT, 2350-750 .
L4, Wearite PAL,  700-2,000 ”
L.F.C., 20 Henrys, 60 mAs,

T, 200-250 vyolts primary.

350-0-350 v., 60 mAs. secondary,
dv, 2a, 4y, Ja.

51, 8P, 3-way range selector swilch,
52, LP.S.T. On-Of switch,

Vi, ($ee note below.)

V2, ACTI,

V3, L6,

1 British 7-pin chassis mounting valveholder.

1 Mazda octal chassis mounting valveholder.

1 holder to suit V1 type used,

3 pairs of input sockets, paxolin mounted,

4 control knobs,

Chassis, aluminium, with screening cover.

Shielded ovtput lead, grid clips, ete.

Insulating bracket or bushes for C12.

Note.—The valve used for V1 in the original model was of the ype
SP41. It seems probable, however, that even befter resulis might be obtained
from a VP41 or VP4B or similar variable-mu pentode. Adternatively, a high
gain triode such as the ACZHL might be used, The value of R2 should suit
most valves in this position, but different bias resistances might also be
tested with different valves.

OPERATION

With the “ Wobbulator ' constructed and {ested, and .1 conmected in
circuit so that oscillations are obtained, the tuned circuit of L1, €7 must
first be brought to 700 kes, Setling the * Wobbulator ' near an ardinary
broadcast receiver will allow the carrier due to the triode oscillator to he
tuned on the receiver, and C7 should he adijusted unlil the unmodulated
carrier is heard with the receiver set at 700 kos.—that is, 428.5 metres.

Cornect the T.B. terminzls of the ** Wobbulator ¥ to the Sweep Gut
terminals or sockets of the oscilloscope of Fiu. 15, making sare, of course,
that the earthed terminal of one pair is coniected to the carthed terminal
of the ¢ther pair., With the oscilloscope Lime base in operation at a low
frequency (about 23 c.p.s.), turn up R4 on the ** Wobbulator ' to give
frequency modulation of the 700 kes. carrier, The sharply tuned un-
modulated carrier from the " Weobbulator 7’ will change {0 a broad carrier
modulated by a low, harsh note due to the time Dase frequency, i will
be tun\eable over several degrees on the receiver dial.

With the freguency modulation of the oscillator asstired, the signal
Sengrator of Fig. 71 or a similar instrument can have its output sockels
connected to the S.G. sockets of the * Wobbulator.,” Feed in a frequency
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differing from the 700 kes. oscillalor frequency by the intermediate frequency
of the set under fest—for example, 465 kes. Thus, the signal genmerator
should be tuned to F,165 or 233 kes., and tests will show whether both
lhese freguencies give equally good results—as they should—or whether the
higher or lower freguency is to he preferred.

From the 0.0. suckets of the ** Wobbulator,”" take the screened feed-in
lead to lhe grid of the LF, valve of a receiver, so that the 465 kes. frequency
is injected into the last LF. transformer. Take the ¥ Amp. sockets of the
oscilloscope to the diode detector circuit, as shown in Tig. 17, and turn up
the oscilloscope galn. According to the way in which the Y amplifier i_s
connected to the dicde detector circuit, an R.F, or Audio envelope or trace
should be obtained on Lhe oscilloscope screen, the sbape of the trace or
envelope giving the response curve of the Jast LY. transformer, The frace
may, of course, be upside down, according to the internal ascilloscope con-
nections to the Y plates, but the validity of the curve will not he affected
by this. An R.F. envelope will give both an upward and downward curve.

The tuned circuit controlled by C12 in the ' Wobtulator 7 must, of
course, he tuned for maximum output at the desircd frequency, but the
tuning condenser need not be driven through a slow-motion device. Remem-
ber, however, that this condenser must be mounted on an insulating bracket
or on igsulating bushes, since it is in the anode line of V2 and neither
the stator nor rotor is earthed directly.

Only three coils are shown in the output tuned circult of which €12
forms a parl, covering the most used shori-wave range, the medium and LF.
wave band and the long-wave band, The * Wobbulitor 7 may thus be used
for work on ordinary tuned circoits as well as LT, transformer alignment.
Should it be desired to cover a wider frequency range with the ' Wobbula-
tor.”” ferther coils and a suifable switch may be included in the output
circuit of V2,

The tuning condenser C12 may be calibrated againsb a receiver in ferms
of frequency. Set the ** Wobbulator,” as before, to 700 kes. for the tuned
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oscillator connected to the triede section of V2, and in‘ect a 900 kes, carrier
from the signal genesater. Do not connect in Lhe time base contrel voltage
to the T.B. sockets. With the ** Wobbufulor (3.0, sockels connected into
the Aerial and Earth sockets of a good receiver, tune the receiver to 200
kes, and tune CI2, with the Jons-.ave coil switched across it to bring up
the signal in the receiver to mavimuem. C12 sheuld tune (uile sharply. The
dial of Ct2 moy then be calibraled at that point 200 kes..” and the signal
generalor tuning adiusted to inject a 1,000 kes. signal to the ~'Y.ohbulator.”
Tune the receiver te 200 kes., adjust C12 for maximum signal in the
receiver, and calibrzie thal peint on the dial of C12 as " 300G ke By
carrying out this procoss round the baads, C12 can be calibrated for
frequencies and hunting for the position of C12 will thus be eliminzted,

L wiil be found in prociice that R4 shoold not e advanced much bevond
the 3 full position, since V1 wiil then overload and distertion in the trace
will result.

The oseilloscope of Tig. 18 centains its own coupling condenser in fne
Sweep Out circuit, so that these sockets may be directly connected to the
“ Waobbulator 7 T3 sockels. When ancther oscilloscope is being used,
however, a coupling condenser bstween the Sweep Qut sockets and the
* Wohbulator 7 may be necessary, and the oscilloscope circuit should be
inspected with this in view before the connections are made,

In Fig. 17 are shown Hie points at which the Y amplifer of the oscillo-
scope may be connected to the detector circuit of the receiver, If an R.F.
envelope trace is reauired, the connection shoutd be made through a small
capacitance—say, 10 Lo 50 mmfds.——whilst the connection may be direct to
the Y amplifier sockets of Fig. 15 for an AF, frace, although once again
other types of oscilipscope may require a further coupling condenser of 0.1
mfd. to be comnected hetween the detector and the oscilloscope amplifter.

The type of curve to be expected for various circuits may be seen from
the sketches shown in Fig, T8.

CHAPTER 7
SICNAL TRACING

Signal tracing as a method of receiver testing and fault-finding is rapidly
daining popularity because of the ease with which a faulty stage in a receiver
or amplifier or similar piece of apparatus can be isolated and repaired.
Broadly speaking, signal tracing consists of foliowing a signal through the
recgiver from aerial input to loudspeaker, tapping off the signal from each
stage in succession until a faulty stage is reached,

The essentials for signal tracing are first a strong signal, which may be
supplied by a local station or, preferably, by a signal generator, and secondly,
the fracer itseif.

The simolest signal tracer is a pair of headphones, although these, of
course, are efleclive only for audio frequency stages. For amplifier or PLAC
equipment tesling, however, headrhones fitted with isolaling condensers and
vohire controls are very useful. The amplifier under test should be con-
nected to an asdio sowrce. civevits for which are shown in the following
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Single Tuned Circuit. Bandpass or T.F. Tuned Circuits

R. F. Envelopes. Point &, Fig. 17,

AF, Traces with Residual RUF. Point B. Fig. 17.

AF. Traces, Point C Llig. 17.

Fic. 1%, Response Curves.

chapter, and a signal fed inlo the amplifier. The headphones are then con-
nected first across the input terminals, then across the ancde of the first
valve, on to the secoend valve's grid circuit, and se on. the signal gaining
in amplification as the tracing proceeds. A stage where distortion is iniro-
duced will speedily be found, as will a slage where a breakdown causes no
output from the amplitier’s loudspeaker or a stage where hum is introduced
possibly through a breakdown in the heater-cathode insutalion of the valve.

With the stage itseif isujated, the tracer may be used to discover whether
the fault is in the grid or anode circuit and the breakdown can then speedily
be remedied.
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Headphones, however, are of little use for signal tracing in o radic
receiver for they will only work in the detector and audio stages, and some
apparztus able to detect R.F. signals will be reguired for the tuned circuits
preceding the detector. A valve voltmeter for R, can be used, since this
will indicate the presence of a carrier, but this will not show disforlion of
the audio content or similar faults, The best type of signal tracer, therefore,
is one which will work on R.F. and audio, demodulating the R.F- carrier to
allow the audio content to he heard.

SBuch a tracer can he extremely involved. Certain commercial models
conlain their own signal generator wilh Magic Eve indicators, LF. filters and
other circuits, but 2 vselul tracer can be guite simpie in design. The chief
requirement is an input circuit which will detect or demodulate a carvier or
allow the tracer to work on an awdic circuit without switching or changing
of components, and a one-valve ' Pocket ' instrument designed by the
writer is shown in Fig. 19. In [his cirenit & 185 Peanut valve, obtainable
in surplus gear at a reasonable price is used, since this valve is a diode
pentode. The diode can be used as a detector for R F. whilst ALF. is passed
straight to the pentode for amplificalion. As might be expecied, such a
simple instrument is rather restricted in its range, and a fairly skrong R.F.
stemnal is required for the tracing operation lo he carried out swiftly, hut as
a portable tester the instrument has many uses. It may also be used in place
of the simple headphone, condenser and volume control tracer for amplifier
and T.A. work, since the measure of ampiification given by the pentode
section of the 185 is extremely uszful for work on low gain audie stages.

Components List for the Simple Signal Tracer, Fig, 19,

E1, 1 megohm volume controi,
R2, 4.7 megohms, 1 walt,

C1, 0.0003 mfd. Mica.

C2, 0.1 mid. 150 v.w. Midget.
H, 4,0G0 ohm headphones,
s1, ILP.8.T. On-Off switch,
Vi, 153,

i BTG holder.

A, 1.5 volt dry cell.

B, 45 volt layer-built battery.

Small case, input prods and leads, etc.

A more comprehensive tracer cirenit which can still be bailt ap into
portable form {s shown in Fig. 20. In this circuit, which is mains-driven,
the first valve is arranged to have a self-demodulating, self-hiasing input
circuit so that modulated RUF. is *° delected ™ by V1, the audio content
amplified and passed on to V2 for further amplification and output to the
loudspeaker. It will be seen that in this case the tracer is connected into
circuit by means of a probe containing C1, the isolating condenser, and this
probe, as well as the whole of the first stage, must be well shielded.

CT should be included in the body of the probe, which mav he made of
ebonite or paxalin tubing, the condenser being shielded by copper gauze
wrapped round the component and earthed to the tracer chassis via the
screening of the probe cable. The circuit is completed by attaching the earth
clip E to the chassis of the receiver under test.
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Fre. 19.—Simple R.F.—A.L. Signal Tracer.

With the tracer switched on, and a strong signal from a local station
or signal ~enerator fed to the receiver, the tracer probe should be first
tapped on 1o ihe acrial terminal, The signal generalor audio nete will be
heard in the tracer loudspeaker, the local station, if used, will be heard only
if the carrier is fairly strong. Connect the probe to the grid of the first
valve. The carrier should now he heard rather move strongly, after amplifi-
cation by the first tuned circsit. The probe capacitance will cause the tuned
circuits to go slightly out of tune so Lhat the receiver funing condenser
must be rocked slightly to readjust the circuits and to compensate for the
probe capacitance.

Tracing may be continued through the R.o.-1.F. portions of the receiver,
the signal strength increasing from slage to stage, until the detector or
demodulator is reached. Here the tracer probe may he connected to the
audio circuits and the s¢lf biasing first stage of the tracer will give a clear
audic note free from distortion.

Applying the probe fo the output stage amode or to the loudspeaker
connections on the output transformer will give a very loud signal from the
tracer loudspeaker, but still no distortion will be caused by overloading of
the tracer's input stage, although the volume control, R1, will require to be
reduced considevably to prevent too loud a signal.

Since the grid of the first tracer valve is isolaled from earth by 4.7
megohms the shielding of the first stage and probe head and cable must be
perfect to prevent feedhack aver the tracer itself. Any *motor-boating 7 or
howling will almest certainiyv be due to puor shielding and consequent feed-
back,

51



— o

t——-—o\“;
o T
-

PROBE

52

RZI

200, —2ains Sigpal Tracer.

Fri.

Components List for the Signal Tracer, Fig. 20.

C1, 0.0003 mid. Mica.

Cc2, Ch, 30 mmfds. Silver Mica.

3, C8, C9, & mfds. 500 v.w. Electrolytic.

C4, 0.5 mfd. 350 v.w. Non-induclive,

Co, 0.1 mfd. 3530 v.w. Non-inductive.

c7, 50 mfds, 25 v.w. Electrolytic.

R1, 1 megohm volume control,

R2, 4.7 megohms, I watt.

R3, 47,000 ohms, } watt.

R4, R7, 220,000 cohms, § watt.

RS, 1 megohm, & watt.

R#, 33,000 ohms, 3 watt,

RS, 430 ohms, 1 watt,

T1, Qutput transformer to match speaker
to 7,000 ohms anode load.

T2, 200-250 volts primary.

350-0-350 v. 60 mAs. secondary,
Sv. 2a. 6.3v. Za,

V1, EF39

VZ, 6F6.

V3, 5Y3G.

3 Internaticnal octal chassis mounting valveholders.

81, D.P.S.T. On-Off Switch, ganged with R1.
L.F.C. 200 Henrys 60 mAs.

Chassis, aluminium, shielding cover.
Valve shield for V1, shielded cable for probe, grid clip, earthing clip, etc.

CIIAPTER 8
AUDIO OSCILILATORS

Many service engineers provide themselves with adequate facilities for
R.F. ifesting with -signal generators, signal tracers and oscilloscopes, but
neglect to provide a proper audic source. For amplifier and sound stage
testing reliance Js often placed upon a turntahle, pickup and gramophone
record, and whilst tests on actual music and speech can often be of use, for
seripus testing of sound eguipment an audio source under control both as
regards frequency, volume and duration, is a necessity. The term duration
is included for the reason that so often a gramophone record plays to an end
in the middle of a test, so Lhat a pause occurs whilst the record is changed
or whilst the pickup is lfted and started again at the track commencement,
and in any case the wide variations in frequency, modulation and volume,
together with the fact that music at all frequencies is being played at once,
make the record very unsuitable for satisfactory testing, Effects in the bass
may he masked by over-riding trehle, and vice versa. The need, thevefore,
is for a simple audio source producing a variable frequency.
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Test records are procurable and bave lhe excellent fealures of calibrated
frequencies and known volume levels, but these do not overcome the fact
that each series of tests must be made in a restricted time. The final
characteristic of the audio signal, morcover, deweands on Lhe characleristics
of the pickur and needle used Lo play the records, whilst the problem of
record wear Is ever present. At the same time the audio oscillator Lias one
highly valualble wse and that is as an energising source for capacitance,
resistance and, in some cases, inductance bridges, and for this U POse
freguency records are not at all suitable.

Mwo types of andio oscillaior stand out from other circuits by reason
of thelr simplicity and, in the case of the Wien bridge oscillator, its great
frequency range. The first of lhese oscillators—which is not really an
osciflator al all—is the simple neon andio source.

The neon audio source is suitahle for bridge energisation first and fore-
most, and if a source is reguired for this work alone the neon osciilitor is
all that need be constructed. It is also very useful for feld work, for testing
amplibers, cinema equipment and similar apparatus, but by reason of ils
eostricted frequency range and stall ouiput, together with the fact that it
gives on Impuore wavelorm, it leaves much fo be desired when compared with
the Wien oscillator.

The neon audic source is shown in Fig. 21 in ils simplest form, and in
a rather hetter form in Fig. 22, where the source is isclated from the load
by a transformer,

In each circuit the working principle is the same—the capagitance shunted
across the neon lamp charges slowly through the high value limiting resist-
ance until the condenser potential is suificiently hish lo strike the neon.
The condenser immedialely discharges through the tube uniil the potential
falls below the neon lamp's extinguishing potential. The lamp ceases to
glow, the discharge is stopped and the condenser then commences to charge
up again, the cyele of operations being continued for as long as the circuit
is comected to a suitable D.C. supply at a rate giving audible current
changes.

The rate of discharge is controfled by the resistance of the limiter, the
capacilance of the shunt tondenszr and the striking and extinguishing
potentials of the neon lamp. so that variation of the resistance and capaci-
tance give corresponding variations of output freguency.

An ordinary household neon lamp may be used, although the * beehive
type is not suitable and a lamp of the disc and ring construction gives better
results, in which case the D.C. vollage source will need a potential of
approximately 3530 volts. It is preferable to use a smaller lamp, however,
and the Bulgin neon lamp N.L.1 can be worked from a 200 volt source,
the current drawn being so low that a pair of 100 volt batteries can supply
the driving voltage without strain should such batteries be to hand. Aller-
natively the neon oscillater can be connected to the power supply of the
apparatus under test or to D.C. mains, althnugh in this case the common
ling to both neon oscillator and test equipment must be found and a high
voltage coupling condenser be used unless transformer isolation is emploved.
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Final capacitance and resistance values depend on the actual energising
potential used, and if the potential is too high the lamp will strike and ?nl)
extinguish when the higher resislences are switched into circeit. ‘The
arrangements shown will give gueite a good freguency range over a fairly

wide input voltage rangs, however.
l\-[,, R3

St

i- R2 fﬁ

cl F RS
. Ii * ..___..._,.._..._____._._._{,_
AUDIO Ri 2
OUTPUT
¢ ¢ | i D.C.
INPUT
N
Fro, 22.—4 Neon Auacie Source with Tzolated Cufput,
Components List for the Neon Oscillators.  Figs, 21 and 22.
C1, 0.01 mfd, "n0 v w, Nomrinductive,
C2, 00005 mid, vanoble. See note below.
R1, Fig. 21, 47.000 ohms,  watt.
R1, Fig. 22, (.25 megohm volume confrol.
RrR2, - 2 megehms, fine frequency control.
R3, R4, R5, 1 megohm, 3 watt,
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=1, 5.1 4-way selector switch.
T, 3.1 Intervalve transformer,
N, Neon lamp, Bulgin N.L.1 or Phillips

240 volt disc and ring type.

D.C, input, 200 volls for the N.L.1 neon or 350 velts approximately

for the 240 volt neon.

Note.—There are two fine [requency controls in the circuit, R2, the
2 megohm potentiometer and the wvariable condenser C2. The freguency
range can bhe further extended by using a small double-gang condenser for
C2 with the stators conmected together as are the rotors. The maximum
capacitance of C2 will then become 0.001 mfd.

Should the neon lamp glow steadily wilh all resistances in circuit and
without giving an audio output, the D.C. energising potential is too high,
and must either be reduced or extra resistance must be included in series
with the circuit.

The Wien audio oscillator, shown in Fig. 23, is probably the simplest
and yet one of the most wseful audio sources that can be built., The circuit
operation depends on controlled feedback from the second to the first valve
through a resistance-capacitance bridge-connected network, the frequency ot
oscillation being set by the resistance and capacitance values. Commercial
Wien bridges are generally controlied as to frequency by variable condensers
of high maximum capacitances, but in the circuit of Fig. 23 the resislances
are made variable, thus reducing the cost of the apparatus znd giving a
broad frequency range wilh no range switching.

One unusual feature of the circuit is that a pair of ganged potentio-
meters is necessary. Such potentiomefers are often advertised in the
technical press however, whilst the mechanic would have little trouble in
mounting and ganging a pair of separate potenliometers. Components of
the log. taper type should be used whenever possible, nof only for the
ganged potentiometers but also for the feedback and output conbrols.

Components List for the Wien Bridge Audio Oscillator. Fig. 23,

R1, Rz, 1 megohm danged potentiometers, fre.
quency control.
R3, : 25,000 ohms variable, cutput controf.”
R4, 100,000 ghms variable, feedback control.
RS, RS, 47,000 ohms, 1 watt.
Ré, R9, 1,500 ohms, 1 watt.
R7, 1 megohm, 1 watt.
C1, 0.001 mfd. Mica.
cz2, (.003 mid. Mica.
C3, 0.05 mfd. 350 v.w. Non-inductive.
C4, 0.1 mfd. 350 v.w. Non-inductive,
C5, C86, 8 mfds. 500 v.w. Electrolytic,
L.F.C., 20 Henrys 60 mAs.
T, 200-250 volts primary,
250-0-250 v. 60 mAs. secondary.
4v, 2a. 4v. 2a,
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&1, DP.ST. On-Off Switch, danged with B3,
Vi V2, ACHI.,
V3, ura,

2 British 5-pin chassis mounting valveholders.

T Mazda octal chassis mounting valveholder,

Chassis, output sockets, control knobs, ete.

If, upon testing, the frequency variations anpear crowded to one end of
the travel of the wrms of R1, R2, this will probably be due to connection
in the wrong sense lo one of the poientiometers ond may be corrected by
reversing the leads to either of the poteniiometers in the ganged pair.

Oscillation is controlled by R4 and this control should not ke advanced
much beyond the point where oscillations commence or the output wave form
will deteriorate. At the highest frequency travel of the gunged potentio-
meters oscillation may cease, but since this effect should occuy outside of
the awdio range this will cause no trouhle.

The output should alwavs be run into a high impedance load, wherever
possible. I it is desived to calibrate the insirument for freguency the cali-
brations will hold only when the load on ihe oulput terminals is of a high
impedance, and the setting of R4 should also bhe calibrated. Calibrations
are best made against an audio frequency standard instrument or by beating
the osciilator output against a linown audio frequency on the oscilloscope
screen, when a series of Lissajous’ ficures will he tracad.

Further details of frequency determinaticn by means of Fissajous’ figures

may be oblained from the Cathode Ray Oscilloscope Manuwal, No. 87, in
Messrs. Bernards” List,

CHAPTER O
I, C AND R BRIDCES

Whilst all workers avre familiar with the Wheatskone resistance bridge,
many are ot 2o familiar with capacilance and inductince measuring bridges,
or know only of the commercial and advanced forms of these bridges. It
is quite possiblz, however, to build very simple bridges by means of which
measurements of resistance, capaciance and induciance may be made, and
whilst, of course, a simple bridge circuit with z simple indicating device
such as a pair of headphones will net give laboralary precision, measure-
ments sufficiently accurate for workshop use can he made.

To usz headphones as indicators means that the bridge must be ener-
gised from an audio source, and the neon or Wien bridge oscillators are
excellent in this respect. The freguency used should be in the region of
1,000 cycles, and the audio voltage injected should be as low as will give
good tesults, although it should be remembered that bridge sensitivity is
enhanced by stepping up the input.

The bridge should be connzcted to the audio source via a transformer.

The circuit of a very simple bridge is shown in Fig. 24, where capaci-
tance and resistance are measured. Two standards are included wlthin the
bridge circuit, a 1,000 ohms resistances and z capacitance of 0.00F mfd.
and the accuracy of the final results wiil depend to a large extent on the
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avcuracy of these components. With the Lfnknown _f.:apacitance or ;gsnstar;:ﬁ
connecied across the X lerminals the sw1t§h S‘1 is turned tqﬂt_e_ app o
priate standard and the siider of lhe potentwm‘erer nw\:'c;l acru,si Itf .arcihe
travel until a peint is reached where the audu? nole is no.t. hidu-:digrabl
headphones, or at least where the strength of t_he note I:ut Lmhsmalleﬁ
weakened., The value of the unknown mmpone.nt Is now grea ej- or t:
than the standard component hy a factor which is tns‘: ralio of Fhu. rf:ls clleC-QS
on either side of the potentiometer arm. To give direct reading, therefore,
the potentiometer most be calibrated in so_me way. ‘ - _ o

The simplest method of calibrating the putcr_mome?er“ is t_?‘tinmfmm
series of resistances or capacitances across the X .termmdls, Id.;qh_g from
either 20 to 100,000 chms, the resislance measurmg.range,lorh mmtan;io_-.
to 0.0001 mfds., the capacilance measuring range, calibrating t e ptc- L-]{ere
meter, fitted with a smalil card scale, accor_dmgw at each r}ul] ‘pfm “\,- e
the headphone signal dies away. AIternatl_vely .th?. p(atentmm‘f.tlbr mia1 ¢
calibrated against an ohmmeter, afthough since 1't is necesgar}' o Lf‘“:r'a-t.
it, by this method, not in steps of resist‘ance ?Ut in steps I(_:f‘lrat‘u;s u re%i;
ance, the process is rather long and painstaking, The 5»\13“ b:‘,tle.w.r::‘ ng
the potentiometer connections, {3 necessary t‘u allow but,_1 _r_ems ancel'a "
capacitance to be read from the one scale, since th c;p_aat‘mce readinyg
proceed in the opposite direction to the resistance ruadmgs: ' )

Resistance and capacitance measurements may be I‘r}!_'ltlplled t_:y uhm.gt
more than one resislance and capacilance stzmdan;l_. but the standards mma
be in correct ratio one to the other if the scale is to be accurate over its
range.

Cemponents List for the Resistance-Capacitance Bridge, Fig. 24.

R1 1,00 ohms, precision resistance'.
RE’r 10,000 ohms, wirewm._md potentiometer.
C'l’ 0,001 wmid. Mica. 17, accuracy.
Sf[, S.P. LT, R-C selector switch._
52’ D.P.D,T, Beale correcting switch.
H,, High Impedance Headphones.
AUDID
FRPUT
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Fr1a. 25
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An adaptation of iLe same bridge circuit 's siown in Fig. 25, where pro-
yisinn is made for measuring inductance as vieli as vesistance and capacitance,
the measurements being made in two ranges. Finding suvitable inductance
standards may be troublesome—in any event their values will depend on the
inductance ranges it is required to measure—but assuming that measure-
ments over the radio coil and smoeothing choke inductance ranges is required
al.s millihenry choke and a 15 Henry L.F. choke will give sufficient cover-
age over Lheir twe respective ranges, It must be remembered that ordinary
L.F. chokes are raled for inductance with D.C, flowing, and when Lhe indue-
tance is measured without a D.C. flow the value will be diflerent from the
rated value by a large amount.

Ongce again Lhe bridge will be most easily calibrated by calibrating it
first in terms of resistance and capacitance and then transferring these read-
ings as multiplying and dividing ratios for the inductances. For ¢xample,
using the 3100 ohms standard snd micasuring 1,300 ohms in ihe unknown
position gives a 1,000 ohms calibration point on the polentiometer scale,
the same point alse being a Standurd x 10 point on the potentiomeler scale.
Using the 1.5 millihenry c¢hoke as a standard, an unknown inductance giving

a null reading at the same point <o the bridge would be 10 times the
standard inductance, or 13 milliner. vs.

Components List s the C XL, Bridge, Fig. 5.

R1, 10,000 ohms wirewound potentiometer.
Rz, 100 ohms, precision resistance.

K3, 10,840 ohms, precision resistance.

C1, 0.01 mfd. 1% aceurac;.

(e 1.0 mfd. 1% accuracy.

L1, 1.5 millihenry choke, Eddystene 1022,
.2, 15 Hearvs LF, choke.

51, S5.P. 6 way Standard Selector Switch,
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52, D.P.D.T. Scale correcting switch.

H, High Impedance Headphones,

Is is also possible to measure inductance as a function of resistance and
capacitance rather than against a standard coil, however, two examples of
such inductance measuring sets being the Maxweil and Ilays bridges. The
cireuit of Fig. 26 shows a really comprehensive bridge controlled by switches
to make it either » Wheatstone bridge for measuring resistances between
1¢ ohms and 1 tegohm, a capacitance bridge, measuring capacitances
hetween 10 mmfds. and 100 mfds. and a Hays bridge measuring inductances
from 10 microhenrys to 100 Henrys. Al the measurements are made on a
single calibrated potentiometer, wusing headphones as a detector or, 1f
desired, a more sensitive detector. Anolher popular detector is the cathode
ray tube null detector, where one set of plates are connected to the detector
position of a bridge, the other set being connected to the bridge oscillator,
w1th the null balancing point of the bridge shown as a single horizontal line
trace.

The potentiometer R1 of Fig, 26 must be calibrated against a good
ohmmeter or Wheatstone bridge in the (ollowing manner. Measure, on the
Wheatstone’s bridge or ohmmeter, the resistance values across one end of
the potentiometer and the moving arm, calibrating the potentiometer (which
is actually used as a rheostat) at the positions shown in the tabie below,

Resistance Res. Induc. Cap.

of of of of

R.1. X X X
1000 10¢ 10,h 0.0000T mfd.
1500 150 15,k 0.000015 mfd.
2000 200 20,h 0.00002 mfd,
30002 300 30.,b 0.00003 mfd.
35003 3563 35,h 0.000035 mfd,
4000 4003 4a0,h 0.00004 mid.
4500 A5y 45,h 0.000045 mifd.
5000 500 50,h 0.00005 mid.
550 550 55,h 0.000055 mfd.
8000 600 60,h 0.00006 mfd.
6500 650 65,h 0.000065 mid.
7000 700 70,h 0.00007 mifd,
7500 750 75,h 0.000075 mfd,
8000 80¢) 80,h 0.00008 mfd.
8300) 850 85,h 0.000085 mfd,
900 00 90.U-h 0.00005 mfd,
9500} 950 95,;h 0.000095 mfd.
10000 1000 100,k 0.0001 mid.
15000 1500 150,h 0.00015 mfd.
20000 2000 200,h 0.0002 mfd.
25005} 2500 250,k 6.00025 mid.
30000 3000 300,h 0.0003 mid.
35000 3500 350,h ¢.00035 mid.
40000 4000 400,h 0.0004 mfd.
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4500
B0OG
5300
GUUO
65+
THON
TE00
Boon
2500
990G
Q300
10004

450,h
A0, h
550‘;_1}‘1
GOo0,h
35G,h
7000
750,,h
S h
S50
5005
650,h

10204

000045 mfd.

G.0005 mfd

0.06055 mid,

A6 mid,
G.000G5 mifd.
0.0007 mid.
006075 mid.,
00008 mid.
0.00085 mid.
Q.CG049 mfd.
GUOHINBS mid.
000F mfd.

These readings, of course, are oniv for the lowest ranges and must De

multiplied by the correct fnctor as applicd to the vangs svitch,

anze ranges are 10-1,030 ohms, 1,000-106,000 ohms, and .100'00&}'10
megohms, the capacity ranges ave 0.00001-0.001 mfd., 0.011-0,1 mid.,

.1-10 mfd. and 101000 mids,

The inductance ramstes ave 10.1,000

micro-henry, 1-100 wiifi-h., 100 mili-h. 1o 10 s ond 1-100 Hs.

Components List for the RL.C. Dodpe. Fig. 26.

R1,

Rz,
R3,
R4,
R5.
C1,
Cz2,
C3,

51, 2, 3, 4,

Selector switch

position.

1. Chms x 1.

3. Ohms x 100

3. Ohms x 10,000
AC INPUT.

10.000 chms wirewound varlable resistor calibrated

a3 describe

i

(L

10,080 ohms wirowound varighle resistor.
10.00548 obma precision sesistor.
1,308 chms precizsion veistor.

15 ohm pr

ien resistor.

G.GOHT arnfd. mica precision condenser,
.01 mfd. mica precision condenser,

I mid. paper precizion conderser,
Single pole 4 hank rotary selector switch,

= | valvE

= VOLTMETER

Runge.

10-1,000 ohms.
3,00¢- 100,000 ohms.
100,900 ohms-10 megds.

Fro. 27.—Tmuedance Bridge.

The resist-



4. Capacity x 1. 0.00001-0.001 mfd.

5. Capacity x 100 0.001-0.1 mfd.

6. Capacity x 10,000 0.1-10 mifd, _

7. Capacity x 100,000 10-1000 mfd.

8. Inductance x 1 10-1.000 micro.h.

Q. Inductance x 14D I-100 milli-h,
10. Inductance x 10,000 100-10,000 milli-h.
11. Inductance x 100,000 1-10 Henrys.,

The variable resistance R.2 js only in circuit on the Capacity and In-
ductance ranges and is used to balance the resistive losses in the unknown
condenser or inductance. The balance or null position is first found by
adjusting R1, and R2 is then adjusted 50 as to make this null point as
sharp as possible, The setting of R1 should then be recheckerl.

In Fig. 27 is shown a simple Impedance ** Bridge "—not a true bridge
circuit, although it is operated in a rather similar manner. When it is
required to discover the impedance of a capacitance, inductance or a com-
bination of the two, possibly including resistance, the impedance may be
measured by a simple substitution,

AL or audio power at the reguired frequency is fed to the input
terminals, a low voliage being all that is hecessary, and the unknown im-
pedance is connected across the X terminals. The switeh S may be an
ordinary 8.P.D.T. switch, although a spring loaded douhle contacting plunger
is simpler to use, and may be easily made up from ald relay contacts. The
switch is pressed and released so that the valve voltmeter is alternatively
connecled across the unknown impedance and the calibrated rheostat, the
rheostat being turned whilst the alternations of contact are made until the
reading of the valve voltmeter remains the same, no matter on which side
the switch is contacting. The impedance, in ohms, then equals the resisi-
ance in ohms of the rheostat setting,

The rheostat must, of course, be non-inductive, so thaf a good com-
position track will probably be better than a wirewound component. The

rhecstat maximum resistance must be at ieast as high as the impedances
to be handied,

The rheostat may be calibrated in ohms against 3 Wheatstone's bridge
or a good ohmmeter.
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