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RBADIO TEST EQUIPMENT MANUAL

CHAPTER 1
AN GUTLINE OF RADIO TESTING

Probably at no time since the inception of broadcasting has the work of
the radio service man, hoth amateur and professional, been of such hnport-
ance as at the present time. Scarcify of maierials and lakour means that the
majority of listeners are using old sels and that there is little chance of
replacement of these worn-out receivers: whilst, for the same rezson, there
is a scarcity of test-uear on the market and both receivers and test equipment,
when obtainable, are highly priced.

The amateur, therefore, i{s once again coming inte his awn, both as a
constructer and service engineer, and it is felt that a Manuval devoted to
amateur-constructed test-gear of modern types of equipment will fill a definite
need.

This book deals chiefly with the equipment itself, rather than in the use
of the equipment, although all necessary notes are given. A brief résumd
of the accepted methods of testing radio receivers will not be out of piace,
however.

Whatever the type of receiver under repair, the tests should always
commence with an inspection of the rower 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 obviousiy being made with no power applied
to the receiver. A common fault in A.C. and especially Universal receivers
is a breakdown of .ne 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-
tien of the power pack reveals no ¢hyious trouble, therefore, such as a white
incrustation around a stmoothing condenser or a darkened patch on the trans-
former windings, the rectifier valye may be removed from its socket, the set
switched on and the output voltage of the fransformer measured across each
half of the H.T. secondary with an A.C. voltmeter. The heater secondaries
may also be checked with a lower voltage range on the A.C. voltmeter, and
the set run for ten minutes or so with the rectifier valve still out of circuit
to test for heating up of the transformer. Heated windings after this short
run would reveal a case of shorting turns which might not he 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 curreat. If there i{s any rezson to

suspect the reservoir and smoothing condensers, the H.T. supply line may be
disconnected from the anode of the reciifier valve for the preliminary tests
on this type of receiver, since it is not possible to remove the vectifier valve
without breaking tie 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 he measured indirectly
by measuring the voltage drop set up by the current across a low resistance,
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Reservoir and smoothing condensers may be checked in the same manner
whatever the type of receiver into which they are fitted. A sensitive milli-
amrreter in series with a Latiery may be applied to the condenser which
should lave one side disconnected from the recciver-cireuit in order that na
alternative current path may exist. The milllammeter should then show a
guick deflection as the condenser {s brought into circuit and charges, the
reading then returning to zero. Any signs of a leakage current means that
the condenser should be tested further, using a voltage equal to the rated
working-voitage of the condenser and testing for shost circuits or leak_s 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 rectifying circuit. A condenser with
adequate ripple rating should always be used as the reservoir of an A.C./D.C.
receiver. the rating being at least for 100 mAs. A.C. and preferably mare.

Chokes, loudspeaker fields, dropping resistors, and the like, may all be
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 veceiver proper may be carried out by means of voltmeter
and milliammeter readings, since a faulty stage may often be indicated by
such measurements, or the testing may be made both quicker and simpler by
the use of a signal tracer. In the former method stage measurements should
be made from the output stage back to the aerfal, whilst with the signal
tracer testing proceeds from the 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 LF. 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 Oscillescope, by means of which the LF. amplifier of the receiver may
be aligned in short time to as excellent a response characteristic as possible,

Failing these instruments, an output meter will be required 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, grame-
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 cirenits can be built up, supplied once again from the
audio oscillator, and here, once more, the valve voltmeter can be used as an
indicator or mensusing device,
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Particular care wust be taken with the power supplies of test-gear, which
must be arrangzad in such a way that the gear may he comnected to a receiver
or amplifier in any way necessary with no chance of power leakages or
crossing of lhe mains surply common te both pieces of gear. With A.C.
operalion ikis is a simple matter, since the test-gear can have its own self-
contained suvplv which is isolated from the mains and cother equipment by
the mzins {ransiormer windings, but when it is necessary to run the test-gear
from D.C. every precaution against a mains short circuit must be taken.
The best method is to make the conneclion between the test-gear and the
receiver under test through a neon lamp which will light if the mains leads
are crovsed, thus indicating the need for reversing the polarity of one of the
two mains plras yet permitting no damage.

In some cases the test-gear is designed for portable operation and is
operated from batteries, in which case conneclioms to A.C, or D.C. or
Universal receivers or amplifiers can be made without taking uny more pre-
cautiens than wre ousual. The service engineer should always guard against
the chance of eleclric shock, of course, especially if headphones are heing
used, as they are with one type of signal tracer to he described,

Tesl-gear vsing Universal valves and power supplies is not shawn. If the
constructor s forced to use this tvpe of valve and circult he winl be able to
substitute the correct valve for the A.C, type specified and add his own
voitage drvopner in the heater ling, but since tids type of operalion for
test-dear is definitely unsafe and undesirable, it has been thought better to
omit such circuits altogether.

CHAPTER 2
TEST-GEAR USING MOVING COII. METERS

Equipment using the moving coil meter (or, more correctly, the moving
coil instrument) iz invaluable and Indisponsable to the service engineer. It
must zlways be remembered that the moving ccil instrument is an ammeter
or milliammeler, no maiter how the scale is celibrated, for the instrument
measures cavrent. A wilizmmeter or ammeter is cirectly calibrated in terms
of high or low curvent. and a voltmeter is calibented in terms of the current
which is forced by the applied potential through a high resistance. Moving
iron instruments should be avoided for radio and low power work, unless
they are used for measuring mains voltages or heavy currents where current
consumption 5 of little moment. Vaoltage can, of course, be measured by
electrostatic voltmeters where a true potential is indicated on the scale with
no cutrent consumption, apart from a fragmentary leak, but this type of
instrument is of itle 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 mitliammeters are usetul 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 instrument sometimes supnle-
mented by a multi-range voltmeter. The analyser is arranged to messure
several ranges of volts and milliamps D.C. and the same valtage ranges in
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A.C., whilst some models witl also give measurements in alternating current
between the Jimits of about 0.2 to 10 amps.

The heart of an anaiyser is a militanicter of as high a sensitivity as
possible. Cemmercial models often use 2 100 microamps instrument, but
the amateur or constructor who desires to build an analyser will he well
advised to use a 0-1 mA. meving coil instrument,

To measure voltage with such an instrument a circuit nust 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
14,000 ohms. (The resistance of the instrument alone would be of the
order of 20 to 50 ohms.) Adding this high resistance would naturally not
afiect the sensitivity of the movement proper, which would still register
full-scale deflection for 1 mA., but to cause 1 mA. io fiow Lhrough the
10,000 cohms circuit 10 volts would need to be applied z2cross the circuit.
Thus, the 0.1 mA. instrument would now act as an 9-10 vollmeter.

E i

{Remember that by Ohm's Law E = IR, or R = —I, or I = E’ where
E is volts, R is ohms and I is amperes. Thus, in the above example,

= 0.00L ¥ 10,000

= 10 volts.
Note that T mA. is shown as 0.001 ampere, 10 maAs. 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 voits (D.C.) is there-
fore quite simple, since all that is necessary is to add resistance 1o the
instrument, the required resistance being given by Ohm's Lavw. Remember,
however, that the instrument has resistance which muvst be subtracted from
the totzl necessary resistance, the remainder being the actual resistance Lo
e added. This only applies to the low voltage ranges, since the instrument
resistance is, or should be, low, If 100,000 ohms is to be added to 2 T mA.
instrument to give a voltage range of 100 volts, there is obviously litile
point in correcting the external resistance of 100,000 chms to compensale
for the fact that the instrument or internal resistance is, sav, 50 ochms.
50 ohms is but 0.05% of the total resistance of 100,000 ohms and, con-
sidering the fact Lhat the instrument will probably have an integral accuracy
of 1Y% of the full-scale reading, there is no need to correct for the internal
resistance until it is 0.5 or 17 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 multipliers. It is from the multiplier that the
meter sensitivity in ohms per volt is obtained. An 0-1 mA. instrument wili,
with multipliers, give a sensitivity of 1,000 ohms per volt, since for c.ery
volt to be measured 1,000 ohms must appear in the full cireuit resistance.

LCnlike the multipliers, shunts are of low and very low resistances which
makes their instaliation and adjustment a less simple matter. Fortunately,
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the adjustment can be made by a trial and error method, and unless a really
good bridge is available this type of adjustment should be used.

¥ is now possible o give the two formule by which multiplier and shunt
values can be determined for any moving ¢oil instrument.

Multiplier Resistances,
v

Em = —
I

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
v

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, and is reguired, a query should be made to the manu-
fadturers of the instrument.

Shunt Resistances.
r

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

r
Rs = ——
99
Supposing r to be a value of 20 ohms, the shunt resistance should thus
be 0.202 ohms,

Rs —

ALTERNATING CURRENT AND VOLTAGE

To measure alternating current and voltage on a maving coil instrument
requires that the current he rectified, for the moving coil cannot respond to
a}temations of mains frequency except to give a rapid and verv small vibra-
tion of the instrument pointer about the zero mark. Various s;naH rectifiers
known as instrument rectifiers are readily obfainable commercially at prices
averaging on 10/- for the I mA. type. By the use of such a rectifier
§Iterllati11g voltages can be measured with very fair accuracy aithough the
instrument must be re-calibrated for voltages below about 100 volts full-
scale. Alternating current is measured less easily, however.

. The rectifier must be used only for its stated current, and has a fairly
fugh impedance of about 700 ohms for the I mA. type. Thus, the rectifier
is .not of dreat use for measuring a curcent of even 1 mA. A.C. since the
chl_ef necessity in a current-measuring instrument s 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
to the rectifier and instrument. The transformer is thus known as a current
or instrument transformer, and the design of such components is estremely
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 instrument 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 very good results for workshop use, The radio enginzer chiefy
needs to measure valve heater current, especially in Universal sets where
a dropping resistor has to be set to the correct tapping or adjusiment in
ovder that the valves are suilably supplied with current, and in this type of
application the dropped potential method is perfectly satisfactory. The
currént is measured as a voltage on the lowest voltage scale of the instru-
ment, a simple mental calculation 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 characteristics
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 resnlts in a D.C, output
of only approximately 0.85 mA. D.C. In commercial instruments this is
offset by making the true sensitivity of the moving ¢oil instrumenl ¢.85 mA.,
50 that it may be used with the rectifier direct, a high resislance shunt
reducing the D.C, sensitivity to the required 1 mA. The problem is solved
rather differently in the comprehensive analyser 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
cwrrent on each A.C. volts range.

In Fig. ¥ a moving coil instrument is shown in a variety of circuits 1o
measure difierent currenis and woltages lLoth 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 measuring 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-battery-rheostat circuit. The rheostat {R1) is ther adjusted to dive
full-scale deflection of the instrument pointer, the prods are separated and
then connected across the unknown resistance. Current again flows, hut 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 instrumént and the battery
voltage employed, and in this respect the various milliamp ranges of the
analyser operate as resistance range multipliers,
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Fia. I.—Applications of the
R' Moving Coil Instrument.



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

R 1

where R is the internal resistance of the ohmmeter as a whole, 1. is the
{ull-scale current, and L. is the new current reading. The value of R is
given automatically by the battery and current range used, For example,
if a 3-volt battery is in circuit and the full-scale current is 1 mA., then R,
when the rheostat is set to give full-scale deflection with the test prods
shorted out, must be 3,000 ohms. Similarly, if a 3-volt battery is used and
the instrumenl is set to measure 180 mAs., then R must be 300 ohms.

Given this, the application 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 full-scale mark and the prods are then applied 1o an
unknown resistance, falls to a value of 0.2 mA., the unknown resistance
is given &s

3.000 .1
X ——— — 3,000
0.2

and X = 12,000 ohms.

if a 10 mAs, instrument is used, or the original inslrument is shunted
to a full-scale current of 10 mAs, and the reading falls te 2 mAs., the
unknown resistance will then be

. 300. 1D
X+ ————— - 300

and X = 1,200 chms.

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

1 ma, range — 150,000 to 0 ohms, approx.
10 mAs. range — 15,000 to O ohms, approx.
100 mAs. range —- 1,500 to O ohms.

Thus, the ¥ mA. shunt switch may also he marked R, the 10 mAs.
shunt switch may be marked R+10, and the 100 mAs, shunt switch may
be marked R - 100.

Higher resistances may be measured by making provision for connccting
a higher voltage baltery inte circuit with a suitable rheostat,

The complete analvser 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 gquality, especially where shunts 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 is of less
importance than would otherwise be the case.

BulLbivc THE ANALYSER {T1G. 2)

The analyser should be huilt into a stout case with the switeh-gear and
input terminals neatly arranged on the panel. Tt is advised that the instru-
ment be mounted horizontally—s poor-grade instrument will probably work
better vertically mounted since harizontal mounting increases anv 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 0-1 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, etc., 1o give 10 cardinal points on the scale.

With the instrument switched to read 1 mA., ccnnect the analyser in
serfes with an external battery 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 bhe used.

Set the rheostat o give a full-scale current of 1 ma.

The shunts should have been prepared by soldering a picce of resistance
wire to each tag on the shunt bhoard, as shown in Fig. 3, these wires being
twisted together in pairs Lo complete each shunt circuit. The approximate
resistances required will be of the order of 1%, 1 and 0.1 ohms for the
respeclive current ranges of 10, 100 and 1,000 mAs, Using Manganin
resistance wire, which mav be obhtained from any gond stockist, the 10 mAs.
shunt should consist of a iittle over 2 yards of 30 8. W.G. Manganin, the
100 mAs. shunt of 8” of 30 S.W.G. Manganin, and the 1,000 mAs, shunt
of 27 of 25 8. W.G, Manganin.

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

Cut each shunt wire in half, baring the ends of each length of wire, and
thug forming the shunts wilh a variable adjustment at their cenires as shown
in Fig. 3. The longest shunt will, of course, be wound round the shunt
board. The sharter 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 swikch
to the 10 mAs. reading, The current flowing will still be 1 m; ., but since
tire instrumenl is now shunted the reading will fail. By baring the cut ends
of the 10 mAs, shunt and twisting them together until the instrument reads
to one-lenth of full-scale—i.e.. until the peinler rests at the 0.1 cardinal—the
shunt is adjusted. This range now reads up to 10 mAs., and the external
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 agai'n
adjust the next shunt for a teading of one-tenth full-scale, twisting the two
halves of the shunt together, the wire being c¢leaned as necessary, until the
correct reading is obtained, Finally. sel the external battery and rheostat
to give a full-scale current of 100 mAs. on that range and then switch to
the 1,000 mAs. range and adjust that shunt untl once more a one-tenth
scale reading s obtained. With this method of calibvation there is a
possilility of a cumulative error, and where possible {he higher. current
ranges should be checked against a reliable instrument.

Fic. 3,—The Shunt Boa'-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 adjustment of the
shunts will take some little time, but is worth careful and painstaking work.

The instrument i3 now adjusted for D.C. current.

The D.C. and A.C. 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, iwo 6-volt windings on a mains transformer heing
connected in serfes to give a 12 volts A.C. saurce, ’

The analvser is compared against a standard 10 volits A.C. volimeter
(which perhaps could be borrowed for the purpose), the two instruments
being set to the full scale rezding and then, by adjustment of the 10,000

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

At 9, 8 7, 6 volts, efc., the analyser may be calibrated in pencit
directly 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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Fia..4.—Cualibration of 10 volt A.C. Range against Standard or Comparative
Amnalvser.

With the calibration completed the new points for the 10 velts A.C.
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 volts A.C, range.

To add calibrations to the instrument scale, the imstrument musl De
removed from the box or cabinet in which it is mounted and flie 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 direclion 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 it strument to
exclude dust. Use care, and 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 low A.C. volts rangz is shown in Fig. 5, this mcthod being
suitable when the range 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 chms 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 must first be found so that the arce are concentric. The new
scale lines and Agures may be drawn in Indian ink, but greater distinctiveness
is obtained if a good red ink is used, A mistake can usually be erased by
careful scraping with a sharp razor btade, but since this removes the white
scale background material only one erasure at any spoet can ke made. There
is always the chance of scraping away the white backing and exposing the
scale metal. If the scale is found to be made of paper mounted on to metal,
corrections must be made with white body ink.
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¥ic. 5.—Adding an A.C. Scale for Fra. 6. —Producing the A.C. scale
low A.C. valts, {rom the Arc.

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 bigh current resistances across which the A.C, voltmeter is tzpped
t0 measure alternating current must each be mounted across its own pair
of heavy duty terminais, and the resistances are hest bought readyv-made.
Non-inductive resistances must, of course, be used. Connecting the A.C. 10
volts range across the 1 ohm resistance will give readings up to 10 amps,
reading the volts scale as amperes (if the resistance is rated to take that
current), whilst connecting the same A.C. volts scale across the 10 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 measure
heavy currents the constructor is advised to use only the 10 ohms resistance,
since this will enable 0.2 and 0.3 amp voltage droppers o be adjusted, etc.

Components List for the A.C.-D.C. Analyser, Fig, 2,

M, 0-1mA. Moving Coil Instrument,

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

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

R4, 10,000 ohms, 13, accuracy.

Rsr 90r000 1 [H 1

R6, 400,000, " "

R7, 500,000 » "

RS: 8'250 " 11} L]

R9, 82,000 . .

R10, 860,000, 'e -

R11, 450,000 . "

Ri2, 5,000 ohins, wirewound, variahic.

Rt3, I ohm Noninductive, to carry 10 amps.

R14, 10 ohms Noninductive, to carry 1 amo,
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All resisfors except RI2.R14, 1 watt type.

B. Jovolt butter.
3t, 2, 3, 4, 4.pule 3-way rotary switcas,
85, 6, Z-pole 9-way rotary switeh,

3 Control knobs,

2 Tagboards, for shunts and mullipliers.

2 Input terminals, plus and minus.

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

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

0-1 mA. with 85, 6, in position 1.
-10 mAs. with 83, 6, in position 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 §5, 6, in position 7.
0-1,000 v, with 83, 6, in position 8.
Volts A.C.—
Switch 51-4 to A.C,
0-10 v. with 85, 6, in position 5,
read on sepavate scale.
0-100 v. with 85, 6, in position &,
0-500 v. with 85, 6, in position 7.
0-1,000 v. with 55, 6, in position 8.
Amps, A.C—

Pass current through appropriate resistance RI3 or R4, Switch
analyser to 10 volts A.C., Allow resistance of external circuit fo 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 R1L,

Position 9 of §5, 6, is the OFF position.

Ohms—

Switch §1-4 to Ohms, and use the first 3 positions of 85, 6, tn dive
R, R+10 and R=100.

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

Position 1, 0-1 mA., D.C. & R.
Paosilion 2, ¢-10 mAs., 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. &
Position 6, 0-100 volts, D.C. &
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AC
AC.

Posiiion 7, 0-500 volts, D.C. & A.C.
Position 8B, 0-1.300 volts, D.C. & A.C.
Position 9, UEF.
Abwovs switch the analvser 1o orr when a measuremeni has been made,
Bct to range reguired before comieciing into circuif, Never switch from
range to range with coarrvent flowing,

CHAVTER 3
HIGH FREQIENCY 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 quite good indications on its associated instrument on audio signals,
s0 that the analyser may be used as on outpet meter where comparison
belween readings is all that is required, 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 B0 cycies.

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 recailed that any volt-
meter applied across a cireuit 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 considerahble degree by reason of the fact
that it can be made to have a very high input resistance. The analyser
descritred in the last chapter is designed to have a resistance of 1,000 ohms
per volf, so that the voltmeter resistance to a 1,000 volt circuit is 1 megohm.
A valve voltmeter, even of the simplest tvpe, can present a constant input
resistance of 10 megohms, and by using special design techniques the input
resistance can be advanced towards infinity.

The salient features of a good valve volimeter, then, are that it may
be designed to messure either D.C. or A.C., incleding .R.F., or both, that
the input resistance is very high, the instrumenl thus imposing a light load
on the measured circuit, and calibration accuracy cen he held practicaliy
constant over a wide frequency range. Against these advantages are various
disadvantages such as the need for healer and H.T. supplies for the valve,
the fact that the calibration curve is usually not linear, so that the instru-
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 e
valves used, so that a zero error must he allowed for.

The principle of a valve voltmeter is for all practical purroses the prin-
ciple of the valve itself. A change of erid notental cauvses a change of anods
cgrrenl which may be used to give an indication on 2 moving coil instrument.
VAL and RF. isto ke measured, the vilve is allowed to ol 25 o reclifier
or a further valve may he wsed as a combined probe and rectifier,
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A “ PocKET "' VALVE VOLTMETER

A really small valve voitmeter for A.C. and R.F. test work may be made
from a diode, using only a filament battery. Practically any diode may be
used, but a 1.4-volt valve is advisable since then the filament battery consists
only of a single cell. If a svitable valve Is {o hand, such a valve voltmeter
can be constructed even more cheaply than a rectifier-moving codl 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 rande of about 0-7 volts, taking in heater
A.C. voltages, R.F. heterodyne voltages, etc., and the circuit will also serve
to show resomance in tuned inductances and similar applications. The
benefits 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, evew 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 catd of the original instrument is shown in Fig. 8, 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 ancde. It will be seen that a 2mAs. fullscale moving coil
instrument is used as the indicator. A 1 mA, instrument gave full-scale
readings at too low an inpul 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. full-scale.

By connecting the instrument to the negative side of the filament cell
no indication is cbtained until a potential is applied to the input terminals.

18

GH-THEH FH- - b hpde gt “HH
N 1 T T -+ _—
T T !___
K ingn ! T 1 I
: it T ]
: g 1 )y A ' o .
8T == [ = 0
. T T T 4 '-‘I| T T ',—
a | _._l//,’..___. . I - [
w T 1 T
ss T —_ —IT //"__ - : :
a I F— el e : T
= __...._‘/ — o pA————t——-- 7 -
4 e L :
> A S|BE e
@3 ey I R R
= ' ik — S SE
o ; R . - : -
2H1F ! - —_—
f';‘?ﬁ T | ; A I
tELT Rl B : R
T i EynppAE AR
i v v IS M R R . L et 1

o 2 4 % ‘8, I -2 14 16 P8 2
MAS INDICATED.
TFie. 8.—Calibrativn Card for V.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.

Componenls List for the * Pocket "’ Valve Voltmete Fig. 7,

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

s1, S.P.S.T. On-Off switch.

A, 1.5-volt cell,

Terminals or preds, small cabinet, ete.

The ** Pocket ' valve voltmeter can be built into practically any small
case or fin for easy portability,

The advanced worker will, however, reguire a more comprehensive valve
voltrieter than those so far shown, and the circuit of Fig. 9 is of a mzins-
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 contwins a diode or double dinde valve, the cnief
function of which is to rectify the R.F. applied to the valve volimeter, thus
passing a D.C. potential for measurement to the main circuit of the va re
voltineter.
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Using a straisht diode in the probe head gives a zero error, however,
since the valve emission causes the valve voltmeter indicator to register when
no A.C. or R.F. is applied to the probe. This emission current can be
neutralised £y 5 batiery, but a more useful method is to employ a double
diode in the probe head connected in a self-biasing or * bucking * eircuit,
and such a probe is included jn the circuit of Fig, 9. )

The first section of the dicde 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 ihis resistance, The potential
is applied to the first diode section in opposition to the emission current
potential generaled by that section, thus neutralising out the zere 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 hox. If a2 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 he
connected to the valve voltmeter through a shielded cable with three cores,
the cable shield acting as the common lead for comnection to the signal
potential with the three cores carrying the diode heater current and the
return or positive line of the rectified signa! potenlial.

Diode probes give peak value readings on A.C. or R.F., although these
values may, of course, be calibrated as R.M.S, values, If the valve 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
avtematically 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 value calibrations.

Generally speaking, peak value calibrations are rather more desirable,

but in any case there will be some error caused by departure from a true -

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 for the
higher ranges the peak values of the applied A.C. or R.F. can be read off
from calibrations made on D.C., below 10 wvolts R.M.S. the indicaticns 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 dive negative: feedback 1o theik
respective valves, so that a substantially linear calibration is obtained
enabling the scale fitted to the instrument to be used without the need for
a re-calibration or calibration card on the D.C. ranges. The calib-ation is
originally &t by the control provided and perindically checked.

It has pet been found possible to check the aperation of this circuit when
using 4-voel valves, and accordingly the components values are shown as
for the G.volt 6]5 type valves used in the bridge circuit. There would appear
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to be no reason why 4-valt type valves should rot 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. line to a set 150 volts into the anode circuit
of the two valves o eliminate drifl errors caused by changes or Auctuations
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 R16 and measuring the
H.T. voltage with an analyser or high resistance voltmeter.

Whelher a 4-volt or 6-volt valve is used in the probe liead, it should not
be used at voltages higher than 150 RM.S. to avoid chances of overload,
although manufacturers’ ratings are generally conservative and quick
measurements might be taken up to a limit of 300 volts R.M.S,

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

The grids and probe condensers, C1 and C2, should he of the mica
separation type, and may he built vp from smaller values if the specified
values are difficult to obtain. The high resistances in this valve voltmeter,
as in the other circuits, must he buill up from standard value resistances,
and once again the range resistances must bear the correct relationship one
to another if the ranges are to be accurate.

Components List for the D.C.-AL-RF. Valve Volimeter, Fig, 9.

R1, 10.000 ohms Midget polentiometer.
R2, 20 megohms, 1 watt
R3, 5 " i,
R4, 4.5 s i,
R5, 450,000 ohms, §
R6, 45,000 ,, P
R7, 5,000 . F .
RRB, R13, 470,000, I
R9, R10, R12, R14, 10,000 " i N
R11, R13, 15,000 ohms, wirewound potentiometers,
R 16, 20,000 ohms, wirewound rotentiomeler,
C1, C2,C5 G.02 mfd. Mica.
C3, 8 mid. 350 v.w. Electrolytic,
Cca, 2 mfd, 500 v.w,
V1, 6H6.
V2, V3, 6]5.
V4, 53Y3G.
4 International octal chassis mounling valvehoiders,
S, Single-pole 4-way range switch,
S2, D.P.8.T. Gn-Off switch.
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T, 200-250 volt primary,
230-0-250 volt. 60 mAs.
S5v. 2a. 6v. Ia.

B, (-104) microamps moving coil instrutient,

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, allow
to resch 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 150 volts.

Switch the range switch to 10 voits and apply a known D.C. input to
the test terminals. Adjust R13 until 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 30, 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 voltage ranges against an A.C. volimeter or standard valve
voltmeter.

CRAPTER 4
THE SIGNAL GENERATOR

Apart from the A.C.-D.C, analyser the signal generator is probably the
most used instrument on the service engineer’s bench. A cemmetcial 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 generator to he 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 into place, heavy gauge wiring being
used so that no knock or vibration will loosen a2 wire or, nearly as bad,
cause it to bend out of shape with possible upsetting of the calibration. The
generator must always 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 possihle.

In the writer's opinion, the first step towards the conslruction 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 he paid to the bonding of the
sides in electrical contact, The use of angle brass strip as side and corner
braces wilh the sides, ends and hottoms of the case drilled and fapped to
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the siein gives sivength and good eleckical confact, The lid may e a push
fit or ninged and fitted with a catch, bot ance again it must be i perfect
with the vest of the cose when it is clesed down.

e .

The generalion and medulation of an R.F. signal is a relatively simple
matter, and ihere are many circuits from which a choeies can Be made.
Standard coils and tuning condensers may he used—indeed, the uze of com-
mercial components is strongly recommended—and the diffeultics attached
Lo generslor construction really begin with the atlenuator and output circuit
and reach their peak with the calibration of the finished instrument.

The attenuptor is provided to give a vange of outpui signal strengths,
and it may be sald straight away that this feafure of the generator may he
omitted as useless, whether it {s of a simple or elaborale tvpe, unless the
generztor screening is perfect. Tven the ventilation holes of a mains-driven
denerator must be screened, although this is a simule matter since it is
only necessary to sweat or bolt over the inside of the ventilation hole a niece
of fine copper gauze which will give a perfect airflow znd vet screen the
generaior.

The attenuator may be calibrated Lo give definite steps of R.F. voltage,
in which case the attencstor will be of the elaborate constant impedance
type arranged in several steps, or a simple " volume conirol’ type of
attenuaticn may be employed, I may be s52id immediately that a calibrated
attenuator is difficult {o set for constant output over lhe whole range, and
in a home-cansiructed generator the calibrated atienuator should have its own
buill-in vaive volimeter, The simple affenuator is ustally all that is required
for field werk, amd a porizbie genmerator using peanst valves and small
hatteries [s of great vilue to most service men,

A good deal has heen written on the calibration of signal generalovs by
using the carriers of a number of radio stations, but besides heing a weari-
some and painstaking besiness the method finally presents the britder with
a serfes of points separsted by widely varving frequencies. so thal the host
that can ke dene is to prepare a dravwn calibration curve to use againsl the
dial gradealinns of the generator. A signal generator definitely needs a
calibrated diad showing, in as many arce as there are tuning ranges, the
frequencies directly tuned, and it iz now possible to ebtain dials with slow
motion drives which give provision for such calibration along plain arcs
printed on a dial card. These drives and dials are yeasonably priced and are
regularly advertised in the radio periodicals.

The generator fitted with such a dial should be calibrated against a
commercial or standard signal gencrator whose own accuracy has been
checked against vadio stations—a better use for the breadeast carriers than
attempting to 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 Iz impossivle, however, a frequency slandard can be built wsing a
crystal and mulivibrator ciccuit, such a standard always heing of use in
the workshop, and a circuit of proven merit is shown in this chapter, Suitable
crystals are egsily obiainable 3t 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 the scale, unfike the standard signal generator which can
be funed in step with the generalor {o be calibrated, these points are regu-
larly spaced at intervals of 100 kes. so that sub-divigions are readily made
hetween the main calibrated points on the dial, whilst further key points
may he obtained, if desired, from broadeast carriers.

The first generalor shown, that of Fig. 10, is designed for poriability
in order thal it may be packed easily into 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-built
type of battery can be used. In the original generator, however, four grid
bias batteries in series gave the ILT. current. The attenuator is of the
simplest type and cannol he calibraled, and output over various ranges is
not consiant. This is of Titile moment, however, when it is necessary only
to re-nlign BF. fransformers or RUF, {rimmers in simple outside repairs.

2

It is guite possible lo use cheaner valves of the 2-volt filament variety
in place of the midgei pentodes although the carrving case will then have
to be increased in size. Suitable valves would be tricdes of the 30 or 1IR210
or similar types, aithough in this case it would be advisable to use a 3-volt
filament battery with a fixed or variahle dropping resistance to bring the
filament voltage up to the required 2 volts. For normal valves of the 2 volt
0.1 amp. lype the dropping resistance would be 5 ohms with a minimum
vating of } watt.

H might also ke found necessary to increase the H.T. voliage, using
battery triodes.

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

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

In the wsual wav the audio note for audio modulation is obfained from
a transformer-osciliator stage. Standard values for modulation are 400
cvcles produlating the carrier Lo & depth of 307, but in the majority of
home-buiit gencrators not too much attention is paid to standard require-
ments i (s cet, and it iz usually sufficient to tune the transformer
acting 2s the osciltating inductances lo a suitable note by a small condenser
across either the secondary or primary winding. Tn the generator of Fig. 10
noe tuning was needed, and since the amplitude of the audio osciilation Is
tow no grid biocking occurs so that no grid condenser and leak are necessary,

The andio modulation is introdaced into the g@rid of the R.F. oscillator
and can also be tapped off as straight audic via a switch for tesling gram.
input ferminals and spesker transformers, ete

A screened lead should be nsed to couple the generator info the receiver
under tesf. the screen acting as the earth relwrn. Since the geaeraior is
battery-operated no precautions other than Lhose against shock need be
taken whethe- warking on A.C., DG, or Universal receivers,
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The Dattery Signal Generalor.

0.

I,

G

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, b,b, etc.

@4, Nearite PHFS, 16-47 uetres.,

b.h, Wearite PHF3, 35-100 .

C,C, Wearite PHIR, 95-255 "

d,d. Wearite PIiiv7, 250-750 v

e, Wearite PHF1, 700-2,000 e

C1, €3, C5, C7, 0.1 mfd, 100 v.w. Non-inductive.

C2, C4, C8, 03903 mfd, Mica.

C8, 0.0005 mfd, Variable tuner.

R1, .01 megohms, Volume controf,

2, 47,000 ohms, § watt.

R3, R4, R5, 33,000 ohms, & watt.

Rs, {See text note helow.)

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

R.F.C.2, R.¥. choke. 40 turns of 30 $,W.G.
enam. on 27 diam. former to 1” lenath.

T, 3 1 Inter-valve transformer.

51, 82, Ganged 2-pole S5-way range seleclor,

534, DLP.ST. On-Off switch, ganged on R1,

S4, S.P.D.T. RF.-Audio switch.

Vi, v2, 1T4 walves, with holders.,

Chassis and case, slow-motion drive, confrol knobs, ele,

A, 1.5 volt dry cell,

B, 36 volt H.T. battery.

Note.—Rs shunts the reaction winding of the PHFT c¢oil since on this
range z rather high amplitude of oscillation is obtained, leading to a chance
af squegging. Rs in the original instrument was a 10,000 ohms resistance.
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 value would need to be found experimentally, the starting
value keing about 300 chms,

A mains-operated signzl generator is shown in Fig. 11, a triode-heptode
frequency changer valve being used as the combined R.F.-Audin oscillator,
A modulzted or unmodulated 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 as
is so often the case where home-made coils are uszed,

Once again the highest fundamental frequency is about 20 mcs., 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
in strength of the second harmonic as compared with the fundamental fre-
quency output. A more elaborate atienuator is included in the cirzuit, with
coarse atienuation selected by a switch and fine graduations of output obtain-
able through the use of a potentiometer. A low impedance load appears at
both the input and output sides of the attenuator.
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The output may be taken directly from the alttenuator or through an
artificial aerial, The attenuator and artificial aerial should have extra shield-
ing within the shiclded 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 flow through the screening,

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

The audio oscillator is connected to the triode section of the valve with

4 the R.F. oscillator connected across the grid and screen of the heptode.
This is not a uscal arrangement, but has the advantage that the heptode
anede 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,
s0 that in the event of squegging on any range a fixed resistance can be
inserted in series with the grid coil and grid condenser to reduce the ampli-
tude of oscillation, the resistance heing 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. Squegging in a signal generator is immediately
obvious-—instead of a clear-cut signal with a pure aodio note, a 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 frem 50 mmfds. to 500
mmfds,

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

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

T
R—

Fig, 11.—The Mains Operaled Signal Generalor.

a,a, Wearite PHF3, 16-47 metres,
b,b, Wearite PHFS, 35-100 .
¢,c, Wearite PHF6, 95-260 ”
d.d, Wearite PHF7, 250-750 o
ee, Wearite PHF1, 700-2,000 .
T . - nliais bty S L1, 60 turns 28 S.W.G. on }” Rod.
“ . : l £ C1, 0.0004 mfd. Mica.
e wD s _ 2 Cz, 0.0002 mid. Mica.
i g : : e C3, C6, 0.01 mfd. 350 v.w, Non-inductive.
VN N C4, 50 mmfds. Silver Mica.
[ R R ANl B ( C5, C10, 0.1 mfd. 350 v.w. Non-inductive.
\ ¢ o F al , C7. Co, 0.001 mfd, Mica.
*{:’)“E O J C8, 0.0005 mfd, Variable tuner.
W —a ¢ e Ci1, €12, 8 mfd. 500 v.w, Electrolytic.
3 gus 1% R1, 390  chms, % watt.
' . R2, R3, R4, R3,
¢ - R6, R7, RS, R9,
2 = . R16, R11, 200 " : o,
ES . . R12, 2,000 ,, Variable, fine attenuator
5 S g £l R13, 100 . 1 walt,
ol
28 29




K4, 33.000 ohms, 1 watt. — e

R15, Ri6, R19, 47,000 ,, 1, 2 “~ .

RIT, 330 » i — r
R18S, 68,000, r, LQ0Q0a0 s

R20, 5008, 2, = R
5 8.0 Sewav coarse attenunior selectoe. [‘""/_6-0'\ (_m
! 32, 53, L. 5-way runde seleclor.
. S84, S.P.IDLT. AT HE, selecter. i
5 S5, 8 P.LT. Modatztion On-Gif.
A 36, D.P.S.T. Mains Gn-Gil. .
i T1, 3 ;1 Inter-valve travsformer.

T2, 200.250 velt primary.
! 250-0-250 volt 60 mAs.
Ay, Za. 4dv. Za. 1

Vi, ACTH1.

V2, LUas.

1 British 7-pin chassis mounting valveholder.

1 Mazda octal chassis mounting valvebojder.

Chassis, alumtinium, wilh sereening box or cabinet.

Slow-molian drive, contrel knobs, etc., output sockets, screened cahle,

rlugs, efc.

The crystal-controled frequency standard agoinst which generators and
other tuned apparatus including receivers may bz culibrated is shown in
Fig. 12. A triode-heptode has the heptode section connected as a crystal
oscillator, thus aulomatically injecting a conitrolled signal to the triode
circuit which, together with an esternzl triode, is a meltivibrater adjusted
to work at a freguency of 100 kes. A multivibrztor, as is well known, can
he controlled easily by an external frequency willin the tenth harmonie of
the f(undamertal, and the circuit gives an extremcly high number of
harmonics,

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

A simple sttenvator is fitted, with a fairly high ocuiput impedance, but
a more comprehensive switched atteruztor con he fitted, although this has (’
not heen found necessary 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 multivibrater cireuit.
With the apparatus constructed and tesfed, first check the aperation of the “
crystal oscillator by renning a line from the oulput socket to an ordinary i
broadcast receiver. With the receiver and calibrator switched on, remove
V1, the calibralor triode, thus putting the muitivibrator out of action. With
a 1,000 kes. crystal in the heptede circuit, tune the receiver to 300 metres,
when @ strong carrier will be heard. If a 100 kes. crvstal is used, this test o
cannot be made since the crystal will then be radizting on a 3,000 metres G
wavelength. It may be possible to hear a barmonic of the crystal at 200 i —
metres or at 1.500 neefres. but a small neen lamp touched o the grid =
of the heptode will give a positive test by lighling if the siriking voltage $ 5 ¢
of the lamp is not mere than approximately 100 volts, =
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12.—The Calibrator amt 11.F. Standurd.
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With the crystal oscillater working, repiace V1 aud allow the
vibrator circuil to come inlo operstion. Tune the broadeast receiver,
connected with its aerial socket to the cutinut socket of the wrator,
two earths also briug commecied, from 3060 to 250 metres. A series of
strong, sliablly hum-modulated carriers wiil be heurd.

The mullivibrater can now he corrscted for frequency. Adfust O3 until
tuning the brozdeast veceiver fram 200 1o 300 metres—that {s, from 1,500
kos. to 1,000} kes-brings in 6 carriers on and between the Lwo points
at the fregquencies

1,500 Lcs.

1,400 ,,
1,300 ,,
1,200
1,100

1,00,

his, of course, presumes tuat the receiver uzed is reasonably accurate.
No trouble should be experienced in finding the setting of C3 which gives
the 6 carriers.

The calibrator 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 100 kes. up to approximately
13 or 20 mgs.

To wse the calibrator, connect it inte a breadcast receiver zleny with
the gear to be calibrated—a signal generctor, for example—using the smallest
coupling capacitances possible to obiain audible signals. Switeh the audio
oscillalor of the signal generator out of action so thal an anmodulated R.T.
carrier is obfained. As a test point, iune the receiver to 300 metres, 1,000
kes., thus picking up one of tie catibrator harmonics. Tune the generator
on the appropriate band to the same frequency, As the generator frequency
approaches 1,000 kes., a beat nole will he heard in the receiver, falling in
tone and then rising again as the generalor is toned right through frequency.
Adjust the generator for zere best note with the calibrator—that is, tune the
generator until the beat note falls in frequency to inaudibility, when the
generator and calibrator are beth on the same frequency. The gencrator
scale may then be calibrated with the 1,000 kcs. mark, Tune the broadcast
receiver up to the next calibrator harmonic, which must be situated at 900
kes, Tune the generator to heat again, and then to zero beat, thus setting
the generator frequency at 900 kes., and add a further calibration peint
to the scale. Continue at points through the whoele frequency range of the
signal generalor.

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

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

been checked against broadcast station freguencies or some other standard.
The 400 to 300 ks, range cannot, of course, be directly recelved on any
normal set, but the second harmonics should be heard clearty at points
between 800 to 1,000 kos, on the medium wave range. Tune the generator,

therefore, to the reguired points between 400 and 500 kes., receiving and
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calibrating by the harmonics between 800 and 1,600 kes. The same tech-
nigue used wilh the calibrator will chvicusly give calibrations ot 50 kcs.
points as well as at FOO kes. points. Care must be taken when using
barmonics, however, Lo ensure that the correct harmenic points are taken.
Thizs is usually simple at the lower frequencies, and careful count will be
all that is necessary at high frequencies.

Components List for the Celibrator and Frequeney Standerd,
Fig. ¥2.

C1, C5, 20 mmids. Silver Mica.

c2, €9, 0.0001 mfd, Mica,

C3, 4-50 mmids. Adjustable trimmer.
C4, 10 mmfds. Silver Mica.

CH, (.01 mfd. 350 v.w. Non-inductive.
C7, CB, 0.1 mfd. 350 v.w., Non-inductive.
Cio, & mfds. 500 v.w. Electroivtic.

R1, 50,000 ohms variable, output control.

R2, R3, R4,

R3, RS, R9, 47,000 ohms, 1 watt.

RS, 68,000 )
R7, 1,000 " 1.,

S1, D.P.S,T. On-Off switch.
LF.C, 1¢ or 20 Henrys, 60 mAs.
T, 200-250 volt primary.

250.0-250 volts, 60 mAs.
Ay, 2a. 4dv. 2a.

X, 100 kes. or 1,000 kes. crystal,
Vi, 354V.

V2, ACTH1.

V3 ts.

1 British 5-pin chassis mounting valveholder.

1 British 7-pin chassis mounting valveholder.

1 Mazda octal chassis mounting valveholder.

Chassis, aluminium, with screening cover.

Control knob, culput sockets, efc.

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

CHAPTER 5
THE OUTPUT METER

Dhrections for the use of signal denerators, 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. By watching the
indications given by the output meter the effect of trimming the LF. trans-
formers or of trimming and padding oscillator and selector circuits can
readily be seen, and the indication is definite. If the receiver is aligned by
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listening to the audin nole from the loudszater de ear rapidly becomes
dulled to slighi changes in the intensity of the sound and cannot retain the
idea of 2 * refevence level © such as cin he chosen on the meter.

For this lype of use the outpul meter can be calibraled in any way at
all, for so long as there are gradustions on the scale the ultimate poOwer
supplied to the meter is of little moment, a comparison between output levels
is all that is required. So ton as the outpul meter is correcliy matched to
the receiver it can be either a current ar vollage measuring instrument, and
the A.C.-D.C. analyser can be used as an output meter simply by cennecting
the Tow A.C. volis range across a suitable vesistance which i%, in Lurn, con-
nected across the secandary 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 across a cortnin impedance or resistance,
ar in decibels, and bere the analyser is not of gieat use. Since most outnut
measurements are made at a frequency of 450 cycfes, the instrument rectifier
does not hold to the same calibration as Lhat oblaining at 50 cveles, so that
the analyser has a percentage of ¢rror for the audio frequencies,

The valve voltmeter can, of course, be wsed, or an instrument rectifier-
moving coil instrument may he calibrated for 400 cvcles operalion, the
calibrations being made against a standard instrument or against a valve
volimeter,

As a simple uncalibrated oufpul meter a Magie Fye tuning infcator can
he used to give good results. The instrument may be mounted in a small
case and suppiled with power—the demand is very small—from ihe 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 med, and whether or not it uses
the oulput transformer in the recelver, remen:ber that the output valve must
work with the correct load in #s anode circuit, Should the voice coil of the
loudspeaker be disconnected for any reason, a similar load must be conmected
across the oufput fransformer secandary in its place—generally a 2-ohm load
for lhe majority of receivers, The ouiput meter may measure the relatively
tigh 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 Lhermao-
electric ammeter may be used to measure the current in this low resistance,
the three methods being shown in Fig, 13,

The Magic Eye output meter is shown in Fig. 14. Fither a 4 or 6 voit
iye may be used to suit the heater transformer of the receiver under test.

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

C1, Cz2, 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 Y63 for 6-volt operation.

1 Mazda octal or international octal chassis mounting valveholder,

Either this tvpe 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
alighments are concerned. The low A.C. volls range should be used across
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Fic. 13 —>Methots of Measuring Qutput,

35




S

the voice coil of the loudspeaker or across a low substitute resistance. T¢
the reading thus obtained is too low, the higher A.C. volts manges may be
used, connected across the primary of the cutpul transtormer ~with a 0.1
mfd. condenser connected in series with the analyser to block the passage
of D.C,

To make actuzl 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 ¢
R2
: |
INPUT °—l pou
mi‘\ Vi
RI l___ .~
o
t:z'l" l
i 40R6
I
[ o « L 2 3 —

Fro. 14, —Magic Eve Qutpnt Meter,

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

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

The resistance vsed must he non-inductive, but since the total resistance
connected o the secondary of the output transformer will seldom be 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 wcound 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 output stages, the use of a 10 ohms resistance in the secondary
circuit will simplify calculations. Specimen outputs into 10 ohms would
dive

10 watts, current - - 1 amp.
5 watts, current — 0.7 amp.
2 watts, current = 90.45 amp.
1 watf, current = L.32 amp.
efc,

Thermao-electric ammeters have the disadvantage of poor overload
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 bhe burnt
ouf.

To measure output in terms of volts the same type of circuit may be
used with a valve voltmeter or rectifier vollmeter 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 30 cycles. Different rectifiers dive
different frequency errors, however, and it may be found that the 50 cvcie
calibration of the analvser 10 volt A.C. scale is sufficiently accurate, since
this scale can be used divectly across a low resisiance without the need for
a series blocking condenser.

When using the volimeter, watts can be taken as

Vﬂ
W = R
where V? is the square of the indicated voltage across the Jow 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.
1 watf, woltage = 3.2 volis.

Or a reading could be taken across a veice coil of known impedance; or,
better. across a substituted 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 zero decibels
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 s decibel range
added to its scales giving decibels and power levels in 500 ohms loads
directly.
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Decibels, Watts and Volfs Tables.
Volts acrass 500 ohms Load,

dhbs, Wikts. Valts.
—20 0.00006 0173
—-13 G002 2146
-10 3.00085 0.5350
— = Q002 .00
] 0.006 1.733
= b .02 3.16
=14 (AR 5.48%
—13 0z 10.0
< 20 0.6 17.3
25 2.0 31.62
L30 6.0 H4.8
+35 2000 1034.0
40 G0.0 173.2
+ 45 e 20000 ... 318.2
- 50 6500.0 . . L4T.T

To find {he number of decibels corvisponding to any power level with the
zere or reference db level abt 0.008 watt, divide the power fevel hy 0.006
walt andd multiply the logarithm of the cuntient by 10, or

dbs = 10 tog, - _
o " 0.006
where W is in watts.

To find the number of decibels carresponding to any voltage level with
the same reference ievel of 0.006 watt in 550 ohms, divide the square of
the voltage by 3 and multiply the logarithm of the yuotient by 10, or

dbs ~= 10 lag.. 3 where Vois in volts.

CHAPTER 6
THE CATHODE RAY OSCILLOSCOPE

It is hardly necessary to mention the many uses in radio and efectronics
servicing and testing of the cathode ray oscilloscope. On the screen of the
cathode ray tube can be drawn the actual curves of voltage and current waves,
R.F. carriers, response curves of tuned circuits and the curves of valve
characteristics. Readers who require full information on the principles and
uses of the oscilluscope shauld refer to the Catho Ray Qscilloscope Manual,
No. 87 on Messrs. Hernards' List—in this chapter there is room only for
a new oscilloscope circuit and details of aligning receivers by the use E)f an
osciloscope and freguency modulated oscillator, more gene’rally known as
a " Wobhulator." .

The oscilloscope circuit is shown in Fig. 15. the tube having a screen
dinmeter of 1237, which is ample for most workshop uses, reducing the first
cost of the apparatus and making the instrument readily p{}t‘tiibl(:: A wide
range of frequencies is given by the single hard valve time base, 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 resw't consbruction must be carried out with
somie care in the insvlation of circuils, since the common line i{s the negative
rather than the positive—that iz, the chassis and shielding case are connected
to the negative vather than io the positive H.T. line unlike most small
oscilloscopes, This mezns that for direct connection to the X and Y plates
the positive HUT. line must be brought to an input socket mounted on the
case.

If it is desired lo use a farger tube the same power pack, time bzse and
amplifier ciccuits will stit} be suitzble since there is a margin of output and
gain sufficient to work a 37 tube efficiently.

The time base is so designed that a variable sweep amplitude output is
available trom a potentiometer in e anode of the valve whilst the full
outpuf can also be led out to external apparatus if desired, since output can
be drawn from the time hase with respect either to the H.T. positive or
negative iines, By connecting a pofentiometer across the Sweep Out sockets
varizhle sweep amplitude rather than full amplitude s also  available
externaliy,

When the deflection signals to the ¥ plates need amplification the signals
are fed to the Y amyp. sockets, but large signals may be applied directly to
the Y plates by feeding into the Y.I). or Y Direct scckets, the input ampli-
tude then being adivsted by the contral R15. It must always be remembered
when using these or the X.[. sockets that the exiernal apparatus is then
connected to the positive line of the oscillescope, and thus will be alive to
the oscilloscope case. The external gzar can be connected either directly to
the Y.T}. or X[ terminals or via a condenser. The actual arrangement will,
of course, depend en the external signal source.

Note alse that there is no input control across the X.D. terminals since
these will mot often be wsed and may be cmitied if thousht undesirable.
Control of an external signzl ampiilude to the X plaies can be effected hy
a poltentiometer connected externally across these sockets.

R3, the synchronization conired, should never be advanced hevond an
effective working position, since too greal a synch. signal resuits in distortion
of the whole Lrace en the screen.

The tayout of the oscilioscope components may be diclated hy the
cabinet ov box in which the apparatus is built, since the circuit is very stable
and ary lavoul may be used as leng as the wiving is neat and clean and
good insulation is mainiained. The usual practice of placing the mains trans-
former and choke belind the base of the cathode ray tube should, however,
be observed, since any stray magnetic fields from these components will give
a lateral detfiection to the spot on the screen if they are mounted in any
aother position.

The poienliometers used for the voltage divider sapplying the tube and
other purposes, especially when wirewound potentiomelers are used, should
be inspected to ensure that the moving arm is insulated from the spingdie
s0 that these components may be mounted on an earthed metul panel without
short circuibs.
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SwEED OUT, ¥ aMP
Frz, 18.—The tl-in. Osciloscope.

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

Note that two 16 mifds. 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 intenmsity must always he kept very low when
no deflecting signals are applied lo the ¥ and Y plates. and that even a
stationary curve or trace car burn the screen badly if left at fuil or high
hrilliance for any length of time. The gear snould always be opera'ed with
the brilliance contrel, R2, turned to as low a point as possible.

Components List for the 137 Qscilioscope, Fig. 15,

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

A0

RS,
K8,
R7, R11, R12
RS,

R9,

R13,
R14,
R15,
R18,

R17, R18,
cl1,
Cz, C3,

4, C5, C8, (€9,

Cé,
C?,

c1o,
Cll,

1 megchm variable, Synch. conbros

100,000 ohms, 2w atis,

470.000 1

0.5 medohm variable, Time base Sweep
Amplitude conticl.

2 megohms variable, Fine Preguency con-
trol.

100,000 chms, I watt.

1.000 " .

1 megohm voriable, Y Direct inpwt control,

0.5 medgohm wvarizhle, ¥ Amplifer input
control.

ATO,000 ohms, § wall.

2 mids, 1,000 v.ow. Oil-filed.

16 mids. 300 v,w. Electrolviic.,

0.1 mid. 500 v.w. Non-inductive.

0.001 mfd. Mica.

0.0005 mfd. Mica.

0.02 mfd. 350 v.w. Non-inductive.

25 mid. 25 v.w. Electrolytic,

b

TFime base condenser set No. 1, with 84, from leit to right,

C12,
C13,
C1a,
C15,
Cl186,
c17,
C18,

(.02 mfd. 359 v.w, Non-inductive.
0.01 mfd. 350 v.w. Non-inductive.
0,005 mfd. Mica.

0.001 mfd. Fica.

0.0005 mid. Mica.

0.00015 mfd. Mica.

0.00005 mid. Mica.

Tinre bas: condenser set No., 2, with 85, from left to right,

C19,
c20,
c21,
Cz22,
c23,
c24,
c25,
s1,
82,
83,
84, 85,

T,

L.F.C,
F.
CRT,
Vi,

V2, V3,

uus.
5P4l.

.01 mfd. 33 v.ow, Non-inductive.

G.003 mfd. Mica.

0.003 mfd. Mica.

0.001 mid. 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. 9-way [louble-Bank Yaxley type
switch. Coarse Sweep frequency control.

200-250 volt primary.

250-0-250 volts, 50 mAs.

Av. 2a. Av. 2a. 4v, 2a,

20 Henrys, 60 mAs.

100 mAs. Fuschulb, with holder.

G.E.C. Type E-4103-B-4.
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1 CRT holder, 9-pin.

1 British 4-pin chassis mounting valveholder.

2 Mirda oclal chassis nioenting valveholders.

4 Double input sockets, puxolin mounted.

& control knoos,

2 shiclded grid clips,

Chassis, metal case or cabinet, etc.

The ascilloscope van be used without olher apparatus—apart from the
signal generator—fo trace Ccistortion and hum in a receiver, and interesling
screen traces can be obtaived by falrpmd the Y plakes, via the ampliber,
across the LF, fransfonners, LE. e, diode detector and amplifying and
output stages of 2 set to which a stuu. iv modulated signal is being supplied.
The oscilloscope time base must be adjusted to give o complete nurmber
of audio cyvcles to the trace—for example, if a 400 cycles avdio modulation
note is used in the signal generator the time bhase ceuld be set to run at
a sweep frequency of 160 cycles to give four audio cycles in the trace.
From t'm K. stages will Ire obtained a picture of the ** Modulation enve-
lope,” the aclual 1.F. carrier with the audio moduolation curve on either
side, whilst from the detector and amplifying stages Lhe plain audio curve
is oblained.

By tesling lhe signal generator to determine the actual shape of the
audin modulalion signal, and then tracing the signal lhrough the receiver,
distortion can be observed. Ripple and hum can also be seen jf these are
entering the audio stages of the receiver.

One of the chief uses of lhe oscilloscope, however, 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 inductunces
should be adjusted so that the curve is symmetrical about the central fre-
quency—abeut 465 kcs. in the usual superhet—with reazonably sleep sides
and a slightly double-humped or band-pass top. Using a signal generator
and output meter it is difficult to estimate the shape of lhe LF. response
curve, hul wilh the oscilloscope the curve can be inspected and adjusted. It
is necessary, however, to use a variable oscillator which will sweep across
the whole freguency width of the response curve to give what might be
termed a 't scanning 7 effect. Suppose, for example, that a 465 kes. trans-
former is under inspeclion. The variable generator would commence its
sweep at, say, 450 kes,, and the ascilloscope, connecled to the diode deteclor
with its deflection proportional to the signal energy dzlivered from the LF.
slage would show practically no deflection at all, since the 465 kes. trans-
former would pass little of a 450 kes. signal. The generator, however,
sweens in frequency towards 465 kes. so ithat the transformer passes more
and more of the signal energy as the generator fregquency comes towards the
central tuned frequency, and the oscilloscope deflection accordingly also
grows greater. As the generator frequency sweeps through the central
doubie-humped portion of the response curve, the oscilloscope deflection
rises to a peak on the first hump, drops stightly, and then rises to a peak
once again on the second humwyp. The generator frequency then continues
to sweep on towards 480 kes., its upper sweep Hmit, and the signal thus
passed hy the transformer grows less as the frequencies diverge, the oscillo-
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scope detlection 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 oscilloscope time base
is set to operate at the same frequency as the speed with which the vaciatle
oscillator sweeps across its frequency range, the voltage measurement given
by the oscilloscope will turn into a true picture af Lhe shape of the response
curve itself. Displacement of the band-pass hunips, lack of symmetry in
the curve, and similar defecls, will all be clearly shown, and the transformer
trimmers can be 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 at a
regular and steady pace hetween fixed limits, and the operation 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
—sa that a valve operated under suitable conditions can be comnected Geross
an oscillating circuit so that changes in the grid bias or the anode load of
the controliing valve cause the frequency of the oscillating circuit to change
between limifs.

Sipce the controiling 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 sweep voltage to the controlling 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 triangular wave may he generated from the mains supply
sine wave curve and fed o both the X plaies of the osciilosope and the
frequency controlling valve, Using a triangular wave means tnal the fre-
guency ond screen spot sweep evenly from side to side of Ureir limits so
thal the sweep-llyback jerkiness is avelded. The extra complication of the
apparatus needed for generaiion of a triangtlar wave can be dispensed with,
hiywever, and the oscilloscope time hase used instead.

The controlled oscillator, whnse frequency is heing varied between limits
of about 30 kes., should he mainiained at a fixed cenfral (requency, however,
for if this oscillator is tured o different central frequencies the bandwidth
of the sweep will vary considevably. Accordingly, the frequency sweep Is
generated about a central freyuency of approximately 700 kes, and the
required output frequency is obtained by beating this varving frequency
centred on 700 kes. with a suitable steady freguency ohtained from the
crdinary signal generator.

Thus, to obtain a variable frequency cenired on 465 kes. for LF. trans.
former alignment, the signal generator is sef to either 1,155 kes. or to 235
kes.. and these frequencies will heat with 700 kes. in a frequency changer
circuit to give a final sweeping frequency centred on 4635 kes. in just the
same way fhat a broadcast signal beats with a receiver’s local csrillator to
produce an LF. signal.
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TERS. -

Unmodulated signals are used in hoth oscillators for this work.

The ** Wobbulator * shown in Tig. 16 was designed by the writer i
work with the oscilloscope of Fig, 13, but will work with other oscilloscopes,
instruments with o fairly high time hase sweep amplifude giving the best
results since then theve is a wider frecuency swing on the controiled oscil-
lator. In the diggrem, V1 is the reactance modulator, being controlled
direclly from the oscilluscope time base. In the majerity of cases, connecting
ihe input load of this vaive inlo the time base will cause a variation in the
speed of the sweep frequency, but since the X plates of the cathode ray
tube are connected to the same source this is of little consequence. The
onc effect which must he guarded against is the slowing down of the fivhack
time. The flvback is always something 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 whiist Lhe
experienced worker wiil be able lo disregard the effect il is best avoided.

Thre reactance modulator valve acts as a variable reactance to tite oscil-
lator circuit built around the triode section of the triode heptode, thus vary-
ing tae frequency of that circuil about its cenlral frequency, the amount of
varialion being under control through the input potentiometer to V1. Into
the heptode section of V2 is fed a strong signal from the signal generator
proper, the frequency being chosen so thab it beats with the 700 ks,
frequency generated in the triode of V2 to produce the required final
frequency,

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

Commercial coils are again specified for use in the *f Wobhulator,”
Compeonents List for the " Wobbulator,”” Fig. 16.

R1, 100,600 ohms, I wait,

R2, 1,000 . i,

R3, 47,0030 ve o,

R4, 1 megohm wvarizble, frequency variation
contrel.

R5, 4.7 megohms, i watt.

R86, 62,0000 ohms, 1 ,,

R7, 47,000 . i,

RS, 330 . o,

R9, 470,000 |, L

R10, 200 ohms variable, output attenuator.

C1, 25 mids. 25 v.w. Electrolvtic.

C2, C6, 50 mmfds. Silver Mica.

C3, C8, C9, 0.1 mid. 350 v.w. Non-inductive.

c4, C5, 0.0005 mfd, Mica.

Cc7, 200 mmfds. max. variable trimmer,

C10, 0.0001 mfd. Mica.

Cl11, 0.001 mid., Mica.

C12, 0.0005 mfd. Tuner,

€13, 0.01 mid. 350 v.w. Non-inductive,
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C14, 16 mfds, 500 v.w. FElectrolyvtic.

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

L1, Wearite PIFT.

L2, Wearite PA3, 16-47 mctres.
L3, Wearite PAT7, 230-750 "
L4, Wearilte PAY,  700-2,000 .
L.F.C., 20 Henrys, 60 mAs.

T, 200-250 volts primary.

350-0-350 v., 60 mAs. secondary,
4y, 2a. 4v. 3a.

81, 5P, 3-way range selector swilch,
52, [LP.S.T. On-Off switch,

Vi, (See note below.)

Va2, ACTII,

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 output lead, grid clips, etc.

Insulaiing bracket or hushes for C12,

Note.—The valve used for V1 in the original model was of the ype
SP41. It seems probable, however, that even better results might be obfained
from a YP41 or VP4B or similar variable-mu pentode. Aldternatively, a high
gain triode such as the ACZHL might be used, The value of B2 should suit
most valves in this position, but different bias resistances might also be
tested with different valves.,

OPERATION

With the “ Waobbhulator ' constructed and tested, and [.1 connected in
circnit so that oscillations are obtained, the tuned circuit of L1, C7 must
first be brought to 700 kes, Setling the “* Wobbulator "' near an ordinary
broadcast receiver wiil allow the carrier due to the triode oscillator to be
tuned on the receiver, and C7 should he adjusted unlil the unmoduiated
carrier is heard with the receiver set at 700 kes.—that is, 428.5 metres.

Connect the T.B. terminzls of the '* Wobbulator ' to the Sweep Cut
terminals or sockets of the oscilloscope of Fig, 15, making sure, of course,
that the earthed terminal of vne pair is comsiceted to the earthed terminal
of the other pair. With the oscilloscope lime base in operation at a low
frequency (abont 23 c.p.s.), turn wp R4 on the ** Wobbulator ” to give
frequency modulation of the 700 kcs. carrier, The sharply tuned un-
modulated carrier from the " Wobbulator ™ will change {0 a broad carrier
rmodulated by a low, harsh note due to the time hase frequency, o will
be tuneable over several degrees on the receiver dial.

With the freguency modulation of the oscillator assured, the signal
generator of Fig. 71 or a similar instrument can have its output sockels
cannected to the 5.G. sockets of the ** Webbulator.” Feed in a frequency
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differing from the 700 kes. vscillalor frequency by the interme_diate frequency
of the set under fest—for example, 465 kes. Thus, the signal generator
should be tuned to ¥,165 or 235 kes., and tests will show whether both
lhese frequencies give equally good results—as they should—or whether the
higher or lower freguency is to he preferred. .

From the 0.0. sockets of the " Wobbulator,”” take the icreencd feed-in
lead to the grid of the LF, valve of a receiver, so that tvhe 465 kes. frequency
is injected into the last LF. transformer. Take the. ¥ ;}mp._sockets of the
oscilloscope to the diode detector circuif, as shown in Tig. .lf,' and t‘urn u‘p
the oscilloscope gain. According to the way in wlnch_ the Y amplifier is
connected to the dicde detector circuit, an R.F, or Audio envelope or trace
should be ohtained on Lhe oscilloscope screen, the shape of the trace or
envelope giving the response curve of the Jast LY. tr:msforme.r. The trace
may, of course, be upside down, according to the iulema! ascilloscope con-
nections to the Y plates, but the validity of the curve will not be affected
by this. An R.F. envelope will give both an upward and downward curve.

" The tuned circuit controlled by C12 in the * Wobkulator ”* must, of
course, be tuned for maximum output at the desired frcqucfwy, but the
tuning condenser need not be driven through a slow-motion dewc?‘ Remem-
ber, however, that this condenser must be mounted on an insulating brz?cket
or on ipsulating bushes, since it is in the anode line of V2 and neither
the stator nor rotor is earthed directiy, o .

Only three coils are shown in the output funed circuit of' which C12
forms a parl, covering the most used shorl-wave range, the medium and LF.
wave band and the long-wave band, The * Wohbulator 7 may thus be used
for work on ordinary tuned circuits as well as LT, transformer alignment.
Should it be desired to cover a wider frequency range with the ** Wobbula-
tor.”” further coils and a suitable switch may be included in the output
circuit of V2, ) . ‘

The tuning condenser C12 may be calibrated against a receiver in terms
of frequency. Set the ** Wobbulator,” as before, to 700 kes. for the tuned
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oscillator connected to the triode section of V2, and in"ect a 900 kes. carrier
from the signal generater. Do not comnect in Lae fime base control voltage
to the T.B. sockets. With the ™ Wobbulalor (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 Jong-nave voil switched across it. to bring up
the signal in the receiver to maximum. C12 sheuld tune guile sharply. The
dial of C1E may then e calibraled at that point 200 kes..” and the signal
generalor tuning adjusted to inject a 1,000 kes. signal to the 'Voohbulator.”
Tune the receiver to 200 kes., adjust C12 for maximum signal in the
receiver, and calibrzfe thal peint on the dial of C12 as " 306G kes” i3y
carrying ouf this process round the bands, C12 con be caiibrated for
frequencies and hurting for the position of €12 will thus be eliminated,

I will be found in praciice that R4 should not be advanced much beyond
the 3 fubl position, since V1 wiil then overload and distortion in the lrace
will result.

The ovscilloscope of Tig. 18 contains its own coupling condenser in the
Sweep Qut circuit, 5o that these sockets may be directly connected to the
“ Wobbulator 103 sockets. When ancther oscilloscope is being used,
however, a coupling condenser between the Sweep Out sockets and the
* Wobbulator 7 mav be necessary, and the sscilloscope cireuit should be
inspected with this In view before the connections are made,

In Fig. 17 are shown the points at which the Y amplifer of the oscillo-
scope may be connected to the detector circuit of the receiver, If an RUF.
envelope trace is reguired, the connection should 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 A.F, tfrace, although once again
other types of oscilioscope may require a further coupling condenser of 0.1
mfd. to be connected between the detector and the cscilloscope amplifter.

The type of curve to be espected for various circuits may be seen from
the sketches shown in Fig, 18.

CHAPTER 7
SICNAL TRACING

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

The simolest signal tracer is a pair of headphones, although these, of
course, arz efeclive only for audio frequency stages. Vor amplifier or PLAL
equipment tesiins, however, headrbones fitted with isololing condensers and
vohire controls are very useul. The amplifier under test should be con-
nected to an asdio source. circuits for which are shown in the follpwins
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Bandpass or I.F. Tuned Circuits

Single Tuned Circuit.

R. F. Invelopes. Point A, Fig. 17,

AL, Traces with Residual RUY.

Point B. Fig. 17,

AF. Traces, Poiut C, I'ig. 17.

Fiz. 18.. Response Curves.

chapter, and a signal fed inlo the amplifier. The headphones are then con-
nected first across the input terminals, then across the anode of the first
valve, on to the second valve's grid circuit, and so on. the signal gaining
in amplification as the tracing procecds. A stage where distortion is iniro-
duced will speedily he found, as will a slage where a hreakdown causes no
output from the amphiier’s loudspeaker or a stage where humn is introduced
possibly through a breakdown in the heater-cathode insutalion of the valve.

With the stage itseif isoiated, the tracer may be used to discover whether
the fauit 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 a radic
receiver for they will enly work in the detector and audie 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.F, can be used, since this
will indicate the presence of a carrier, but this will not show distorlion af
the audio content er similar faults. The bust tvpe 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 be heard.

Such a tracer can be extremely involved. Certain commercial models
conlain their own signal generator wilh Magic Eve indicators, L.F. filters and
other circuits, but 2 useful tracer can be quite 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 acdic circuit without switching or changing
of components, and a one-valve *‘ Pocket ' iInstrument designed by the
writer is shown in Fig. 19. In lhis circuit a 183 Peanut valve, obtainable
in surpius 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 A.F. is passed
straight to the pentode for amplificalion. As might be expected, such a
simple instrument is rather restricted in its range, and a fairly strong R.F.
stgnal is required for the tracing operation Lo be carried out swiftly, but 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 P.A. work, since the measure of ampiification given by the pentode
section of the 1835 is extremely useful for work on low gain audio stages.

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

K1, 1 megohm voluime control,
R2, 4.7 megohms, + walt,

C1, 0.0003 mfd. Mica.

C2, 0.1 mid. 150 v.w. Midget,
H, 4,060 ohm headphones,
s1, ILP.S.T. On-Off switch,
Vi, 153,

i B7G holder.

A, 1.5 vyolt dry cell.

B, 45 volt layer-built battery.

Small case, input prods and leads, etc.

A more comprehensive fracer circuit which can still be huilt ap into
portable form is shown in Fig. 20. In this circuif, which is mains-driven,
the first valve is arranged to have a self-demodulating, self-Masing input
circuit so that modulated R.F. is " delected 7 Dby 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 prebe containing €1, the isolating condenser, and this
probe, as well as the whole of the first stage, must be well shielded.

C1 should he included in the body of the probe, which mav he made of
ebonite or paxolin tubing, the condenser being shielded by copper gauze
wrapped round the component and esrihed to the tracer chassis via the
screening of the prohe cable. The circuit is completed by attachings the earth
clip E to the chassis of the receiver under test,
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Fra. 19.—Simple B.F.—A L. Signal Tracer.

With the tracer switched on, and a strong signal from a lecal station
or signal ~enerator fed to the receiver, the tracer probe should be first
tapped oi lo ihe aerial terminal, The signal generator audio nete wili be
heard in the tracer loudspeaker, the local station, if used, will be heard only
if the carrier is fairlv strong. Connect the probe to the grid of the first
valve. The carrier should now be heard rather morve strongly, after amplifi-
cation by the first tuned circuit. The probe capacitance will cavse 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./.-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 self biasing first stage of the tracer will give a clear
audio note free from distorfion.

Applying the probe fo the oufput stage anode 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
megohns the shielding of the first stage and probe head and cable must be
periect to prevent feedback aver the tracer itself. Anvy *“ motor-boating 7 or
towling will almost certainiy be due to poor shielding and consequent feed-

back,
51




PROBE

52

Rz

20, —¥ains Sigpal Tracer.

Frc.

Components List for the Signal Tracer. Fig. 20.

C1, 0.0003 mfd. Mica,

C2, C5, 30 mmfds, Silver Mica.

C3, €8, C9, & mfds. 500 v.w. Electrolytic.

Ca, 0.5 mid. 350 v.w. Non-induclive,

C6, 0.1 mfd. 350 v.w. Non-inductive.

c7, 50 mfds, 25 vow. Electrolytic.

R1, 1 megohm volume control.

RZ, 4.7 megohms, § watt.

R3, 47,000 ohms, 1 watt.

R4, R7, 220,000 cohms, § watt.

RS, 1 megohm, § watt.

R#, 33,000 ohms, § watt.

RS, 430 ohms, 1 wati,

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

T2, 200-250 volts primary.

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

V1, EF39

vz, 6F6.

V3, 5Y3G,

2 International octal chassis mounting valveholders.

81, D.P.S.T. On-Off Switch, ganged with R1.
L.F.C, 20 Henrys 60 mAs.

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

CIIAPTER B
AUDIO OSCILILATORS

Many service engineers provide themselves with adequate facilities for
R.F. iesting with -signal generators, signal tracers and oscilloscopes, but
neglect to provide a proper audic source. For amplifier and sound stage
testing reliance is often placed upon a turntable, pickup and gramophone
record, and whilst tests on actual music and speech can often be of use, for
serious testing of sound eguipment an audio source under control both as
regards freguency, volume and duration, is a necessity. The term duration
is included for the reason that 50 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 Hfted 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 be masked by aver-riding trehle, and vice versa. The need, therefore,
is for a simple audio source producing a variable frequency.
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Test records are procurable and kave Lhe excellent features of calibrated
frequencies and known volume levels, but these do not overcome the fact
that each series of tests must be inade in a restricted time., The final
charzcteristic of the audio sigral, morcover, devends on lhe characleristics
of the pickup and needle vsed Lo play the records, whilst the problem of
record wear Is ever present, At the same time the audio oscillator Las one
highly wvalualle wse and that is as an energising source for capacitance,
resistance and, in some cases, inductance bridges, and for this purpose
frequency records are not at all suitable.

fwo types of audio osciilator stand out from other circuits by reason
of their simplicity and, in the case of the Wien bridge oscillator, its great
frequency range. The dfirst of lhese oscillators—which is not really an
oscillator al all—is the simple neon audio source.

The neon audio source is suitable for bridge energisation first and fore-
most, and if & source is required for this work alone the neon oscillilor is
all that need be constructed. It is also very useful for feld work, for testing
amplifiers, cinema equipment and similar apparatus, but by reason of ils
crstricted frequency range and small cuipul, together with the fact that it
gives on impure wavelorm, it leaves much fo be desired when compared with
the Wien oscillator.

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

In each circuit the working principle is the same—the capacitance shunted
across the neon lamp charges slowly through the high value limiting resist-
ance until the condenser potential is sufficiently high lo strike the neon.
The condenser immedialely dscharges through the fube until the potential
falls below the neen lamp's extinguishing potentint. 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 svitable D.C. supply at a rate giving audible current
changes.

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

An ordingry hovseho!d neon lamp may ke used, although the *° beehive ”
type is nol suitable and o lamp of the disc and ring construction gives better
resolts, in which case the D.C. vollage source will need a potential of
approximately 350 volts. [t 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 wilhouot strain should sech batteries be to hand.  Aller-
natively the neon oscillator can be connected to the rower supply of the
apparatus under test or to D.C. mains, although in this case the common
line to both neon oscillator and test equiprnent must be found and a high
voltage coupling condenser be used unless transformer isolation is employed .
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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 (:Jl"l[}
extinguish when the higher resislences are switched into civcvit. The
arrangements shown will give guite a good freguency range over a fairly

wide input voltage range, however,
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Fre, 22— Neon Aadle Source with Tsolated Cutpni,
Components List for the Neon Oscillators. Figs, 21 and 22.
C1 0.01 mfd. =00 v w, Non-inductive.
C2, 0.0005 mfd. vanuble. See note below.

R1, Fig. 21, 47.000 ohms, 3 watt.
R1, Fig. 22, (.25 megohm volume control.
R2, ' 2 megehms, fine frequengy control.

R3, R4, R5, 1 megohm, 3 watt.
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51, S.P.d-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 volis for the N.L..1 neon or 350 volts 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 frequency
range can be further extended by using a small double-gang condenser for
C2 with the stators connected 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 efther De 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 useful 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 controlled as fo frequency hy variable condensers
of high maximum capacitances, but in the circuit of Fig. 23 the resislances
are made wvariable, thus reducing the cost of the apparatus and 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 potentiometers 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, not only for the
ganged potentiometers but also for the feedback and output controls.

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

R1, R2, 1 megohm ganged potentiometers, fre.
quency control.

R3, : 25,000 ohms variable, output control.”
R4, 100,000 ohms variable, feedback control.
RS, RB, 47,000 ohms, 1 watt.
Ré, R9, 1,500 ohms, 1 watt.
R7, 1 megohm, 1 watt.
C1, 0.001 mid. Mica.
c2, (.003 mid. Mica.
C3, Q.05 mfd. 350 v.w. Non-inductive.
C4, 0.1 mfd. 350 v.w. Non-inductive,
C5, C6G, 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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s$1, D.F.S.1. On-Off Switch, ganged with R3,
Vi, V2, ACHL.
V3, UUs.

2 British 5-pin chassis mounting valveholders.

1 Mazda octal chassis mounting valveholder.

Chassis, output sockets, control knobs, ete,

I, upon testing, the frequency variations appear crowded to one end of
the travel of the arms of R1, R2, this will probably be due to connection
in the wrong sense to one of the prientiometers and may be corrected by
reversing the leads to either of the potentiometers in the ganged pair.

Oscillation is controlled by R4 wnd this control should nat be 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 occir outside of
the avdie range this will cause no trosble.

The output should always be run into a high impedance load, wherever
possible. I it i3 desived to calibrate the insirument for frequency the cali-
brations will hold only when the load on the oulput terminals is of a high
impedance, and the setting of 84 should also he calibrated. Calibrations
are best made against an audio frequency standard instrument or by beating
the woscillator output against a lrown audio frequency on the oscilloscope
screen, when a series of Lissajous’ ficures will he traced,

Further details of frequency determinaticn by means of Lissajous’ figures
may be oblained from the Cathode Ray Oscilloscope Manual, No. 87, in
Messrs. Bernards’ List.

CHAPTER 9
I, C AND R BRIDCES

Whilst all workers are familiar with the Wheatstone resistance bridge,
many are mot so familiar with capacilance and inductance measuring hridges,
or know only of the commescial and advanced forms of these bridges. It
is quite possible, however, to build very simple bridges by means of which
measurements of resistance, capaciance and inductance may be made, and
whilst, of course, a simple bridge circuit with = simple indicating device
such as a pair of headphones will net give laboralory precision, measure-
men!s sufticiently accurate for workshop use can be 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 frequency used should be in the region of
1,000 cycles, and the audio voltage injected should be as low as will give
good results, although it should be remembered that bridge sensitivity is
enhanced by stepping wp the input.

The bridge should be connected 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 1,0000 chms resistances and x capacitance of 0.001 mid.
and the accuracy of the final results will depend to a large extent on the
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avcuracy of these components. With the Lfn}mown _r:.apacitance or ;gsmtar:‘-‘:i
connected across the X terminals the SWltC:h S1 is turned t(.)“t.e_ app o
priate standard and the siider of the potentiometer mm:‘ml acru,ss‘ ltla .arcthe
travel until a point is reached where the audi'_) nole is noF. hidu-:dizrabl
headphones, or at least where the strenuth of t_he note is consi maneﬁ
weekened., The value of the unknown cnmpone.nt 35 nm't- greatef ur_st:
than the standard component by a faclor which is the ralio of Fhu. rf:ns afnceés
on either side of the potentivineter wm. To give direct reading, Lherefore,
he potentiometer must be calibrated in some way. ' ,
the l'Jrhe simplest method of calibrating the putcptiome?ez“ is t_?‘cg‘11ngfi:);
series of resistances or capacitances across the X .termnw.ls, ru.fgn.g o
gither 20 to 100,000 chms, the resislance measurmg.rangc,.orh mmta ;io_-.
to 0.0001 mfds., the capacilance measuring E'an;._{s:, calibrating t e pto L.-r]llére
meter, fitted with a small card scale, accor_dmgu,' at each r}ull ‘pfm “‘,- e
the headphone signal dies away. Alternah_vely .tha.a pctentlum‘ct.br r'nia1 e
caiibrated against an ohmmeter, afthough since 1't is neces.sary‘ i Lfdljr?-t
it, by this method, not in steps of resist‘ance ?Ut in steps I(_:f‘lrat“u;s u reqi:‘
ance, the process is rather long and painstaking, The 5\’\-1EL.I b:‘,tlt\i.r:s‘ ng
the potentiometer connections, is necessary t‘u allow but._1 ‘r_e.s;b ancer‘]s
capacitance to be read frem the one scale, since Lthe ccjzp.amt‘mce readings
proceed in the opposite direction to the resistance readmgs: ‘ ’
Resistance and capacitance measurerments may be I‘I“:L'ltlphed_t_J)' uhll‘l.%
mere than one resislance and capacilance s!zmdarq, but the standards :ﬂllh
be in correct ratio one to the other if the ccale is to be accurate over its
range.

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

R1 1,000 ohms, precision resistance'.
RZ, 10,000 ohms, wire\\'m._md potentiometer.
C'l, 0.001 mid. Mica. 17, accuracy.
Sf[’ S.P.LT, R-C selector switch._
52, D.P.D.T. Scale correcting switch.
H,’ High Impedance Headphones.
AUDIG
RPUT

6. 24—R—C Bridge.
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An adaptation of jhe same bridge circuit ‘s silown in Fig. 25, where pro-
visian is made [or measuring inductance as vieli as resistance and capacitance,
the measurements being made in two ranges. Finding suitable 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 smocthing choke inductance ranges is required
al.s millihenry choke and a 15 Henry L.F. choke will give sufficient cover-
age gver Lheir twe respective ranges, It must be remembered that ordinary
L.F. chokes are raled for inductance with D.C, flowing, and when Lhe induc-
tance is measured without a D.C. flow the value will be difierent from the
rated value by a large amouni.

Once again Lhe bridge will be most easily catibrated Dby calibrating it
first in terms of resistance and capacitance and then transferring these read-
ings as multislving and dividing ratios for the inductances. For example,
using the 100 ohms standard and micasuring 1,000 ohms in {he unknown
position gives a 1,000 ohms calibration point on the pelentiometer scale,
the same point alse being a Standard x 10 point on the potentiomeler scale.
Using the 1.5 millihenry choke 2s a standard, an unknown inductance giving

a nuil reading at the same poini <n the bridge would be 10 times the
standard inductance, or 13 milliiien. vs.

Components List Zw the CR.L. Bridge, Fig. 5.

R1, 106,000 ohms wirewound potentiometer.
Rz, 100 ohms, precision resistance.

®3, 10,660 ohms, precision resistance.

C1, 0.01 mfd, 1% accuras;.

(e 1.0 mfd. 1% accuracy.

L1, 1.5 millihenry choke, Eddystene 1022,
.2, 15 Henrvs L.F. choke.

51, 8.P. 6 way Standard Selector Switch,

1H

C—IL— LbBridge.

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 ceil, however, two examples of
such inductance measuring sets being the Maxweil and Hays bridges. The
cireuit of Fig. 26 shows a really comprehensive bridge controlled by switches
to make it either a Wheatstone bridge for measuring resistances between
10 ohms and 1 megohm, a capacitance bridge, measuring capacitances
hetween 180 mmids. 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, using headphones as a detector or, if
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,
with the null balancing point of the bridge shown as a single horizontal line
trace.

The potentiometer R1 of Fig. 26 must be calibrated adainst 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 table below.

Resistance Res. Induc. Cap.

of of of of

R.1. X X X
1000 105 10,h 0.00001 mfd.
1500 150 15,0 0.000015 mfd.
2000 200 20,h 0.00002 mid,
2500 250 25,h 0.000025 mfd.
3000 300 30,h 0.00003 mfd.
53500 350 35.h 0.000035 mfd.
4000 400 40,h 0.00004 mfd.
4500) A5() 45,h 0.000045 mfd.
500¢) 500 50,h 0.00005 mid.
5500 550 55,h 0.000055 mid.
6000 600 60,h 0.00006 mfd.
6500 65¢) 65,h 0.000065 mfd.
7000 700 70,h 0.00007 mfd,
7500 750 75,h 0.000075 mfd,
800 80¢) 80,,h 0.00008 mwmid.
8501) 850 85,h 0.000085 mid,
904 K00 90,u,h 000005 mfd,
9500 950 95,.h 0.000095 mid.
10000 1000 100,k 0.0001 mid.
15000 1500 150,h 0.00015 mid.
20000 2000 200,h 0.0002 mfd.
25000 2500 250,k G.00025 mid.
30000 3000 300,h 0.0003 mid.
35000 350 350,h 0.00035 mid.
40000 4009 400,k 0.0004 mfd.
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45000
306000
55060
G006
650010
TORGoO
75600
S0
BAGRO
G000
3000
1006000

IMPUT +POM AUGIC

100040

4500
B0G
5500
UL
6500
Te00
TE00
8000
85010
906G
95300

450,h
500 ,h
5500
GO0, h
G50,h
T00,.h
TSOI,,_h
S0 h
2500
S00,,h

0.00045 mifd.
¢.0005 mid.
00860535 mid.
LANg6 mid,
L.00DG5 mid.
000067 mid.
000075 mid,
0.0008 mid.
0.00085 mid.
0.G0G9 mid.
G095 mid.
000F mfd,
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These readings, of course, are oniv for the ‘owest ranges and must be
mualtiplied by the correct factor as arplicd to the vange switch,  The resist-
anze ranges are 10-1.680 ohms, 1,040-100,000 ohms, ant 1G0,0008-10
megohms, the capacity rances are 0.03001-0.001 mfd,, 0.611-¢.1 mid.,
. 1-14 mfd, and 10-1000 mids, The inductance ranges avc 10.1,000
micro-kenry, 1-160 wiili-h., 100 milli-h. 1o 3¢ s, ond 1-100 Hs.

Compoenents List for ihe RI.C. Deidpe. Fig. 26.
10,000 ¢hms wircwound varlable resistor calibrated

R1,
a3 described,
Rz, 10,000 ohms wirewound variskle resistor.
K3, 1006 ohms precision st
R4, 1,300 chms precision resistor.
R5, 1% ohm prezizsien resisior.
C1, .GOHT mfd. mica precision condenser,
2, (.01 mfd. mica precision condenser,

€3 3 mid. puper vrecision conderscr,
Single pole 4 bank rotary selecter switeh,

Selector switch

position. Kanga,

1. Chms x 1. 10-1,000 obms.

2, Obkms x 100 1,000-100,000 ohms.
3. Ohms < 10,000 100,900 ohms-10 megs.

AC INPUT.

R
DV YV —
e x f

YALVE
VOLTMETER

Ca

i

>

Fri. 27.—Tmuedance Bridge.




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 mfd,

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

8. Inductance x 1 10-1,000 micro.h.
Q. Inductance x 1G0 I-100 milli-h,
10. Induclance x 10,000 100-10,000 milli-h.
11. Inductance x 100,000 1-10 Henrys.

The variable resistance R.2 is 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 pesition is first found by
adjusting R1, and R2 is then adjusted 20 as to make this null point as
sharp as possible, The setting of R1 should then be rechecked.

In Fig. 27 is shown 2 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 g capacitance, inductance or a com-
bination of the two, possibly including vesistance, the impedance may be
measured by a simple substitution,

AL, or audio power at the required frequency is fed to the input
terminals, a low volitage being all that is necessary, and the unknown jm-
pedance is connected across the X terminals. The switch 8 may be an
ordinary 8.2.D. 7T, switch, alihough a soving loaded douhle centacting plunger
is simpler to use, and may be easily made up from ald relay contacts. 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 chms of the rheostat sefting,

The rheostat must, of course, heg non-inductive, so that a good com-
position track will probably be better than z wirewound component. The
rhecstat maximum resistance must he at Jeast as high as the impedances
to be handied,

The rhecstat may be calibrated in ohms against a Wheatstone’s bridge
or a good ohmmeter.
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