








Reservoir and smoothing condensers may he checked in the same manner
whatever the tvpe of receiver into which they are fitted. A sensitive milli-
ammeter in series with a Latiery may be applied to the condenser which
should liave one side disconnected from the recciver-cireuit in order that no
alternative current path may exist. The milliammeter should then show a
guick deflection as the condenser is brought into circuit and charges, the
veading then returning to zero. Any signs of a leakoge current means that
the condonser should be tested further, using a voltage equal to the rat_ed
working-voltage of the condenser and testing for short circuits or leaks 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 I3 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 he used as the reserveir of an A.C./D.C.
receiver, the rating being at least for 100 mAs. A.C. and preferably more.

Chokes, loudspeaker fields, dropping resistors, and the like, may all be
tested with 2n 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 shouid
be made before applving H.T, to the set to ensure that there is no short
circuit or low resistance leak across the power pack or battery. The receiver
resistance across the H.T. supply lines may be measured with an ohmmeter
with valve heaters both hot and cold.

Testing of the receiver proper may be carried out by means of voltmeter
and milliammeter readings, since a 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 aerial, whilst with the signal
tracer testing nroceeds from the aerial to the output stage, a strong signal
heing supplied to the receiver either from the local station or, preferabiy,
frem a signal generator.

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

Failing these instruments, an output metfer will be reguived when the
receiver is aligned, so that visual rather than merely aural indications of LF.
peaking are obtained, whilst for the testing and repair of amplifiers, gramo-
phone players and repreducers, 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 circuils can be built up, supplied once again from the
audio oscillator, and here, once more, the valve volimeter can be used as an
indicator ar mescuring device,
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Particular care must be taken with the power supplies of tesl-gear, which
must be arrangzd in such a way that the gear may be connected o a receiver
or amplifier in any way necessary with no chance of power lezkages or
crossing of lhe mains suoply common to both pieces of gear. With A.C.
operalion ikis is a simple matter, since the test-gear can have its own seif-
contained sunply which is isolated from the mains and other eguipment by
the mzuing fransiormer windings, but when it is nec¢ssary to run the test-gear
from D.C. every precaution against a mains short circuit must be taken.
The besi method 18 10 make the conneclion between the test-gear and the
receiver under test through a neon lamp which will lght if the mains [eads
are crossed, thus indicating the need for reversing the polarity of one of the
two mains plegs vet permitting no damage.

In some cases the test-gear is designed for portable operation and is
operated from batteries, in which case conneclions to A.C. or D.C. or
Universal recelvers or amplifiers can be made wilhout taking any more pre-
cautinns than are wsual. The service engineer should alwars guard against
the chance of eleciric shock, of course, especially if headphones are heing
used, as they are with one type of signal trzcer to he described.

Tesl-gear using Universal valves and power supplies is not shown. If the
constructor {5 forced to use this tvpe of valve and circuif he wili he able to
substitute the corvect valve for the AC, type specified and add his own
voitage dropper in the heater line, but since tiis type of operalion for
test-gear is definitely unsafe and undesirable, it has been thought better to
omit such circuifs altogether.

CHAPTER 2
TEST-GEAR USING MOVING COIl. METERS

Equipment using the moving coil meter {or, mere correctly, the moving
coil instrument) is invaluable and indisponsable to the service engineer. It
must alwavs he remetnbered that the moving ccil instrument is an ammeter
or milliammeler, no moaiter how the scale is calibrated, for the instroment
measures current. A willizmmeter or amimeter is Cirectly calibrated in terms
of high or low current, znd a voltmeter is calibvated in terms of the current
which is forced by the applied polential 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 is of little moment. Veltage can, of course, be measured by
electrostatic voltmielers where a true potential is indicated on the scale with
no current consumption, apart from a fragmenlary leak, but this type of
instrument is of little use except for television and hLigh voltage work and
has a range so restricted that ifs cost to the service engineer is not justified,

Whilst separate voltmeters and milliammeters are useful and enable two
readings to be taken on a circuit at the same time, it is by now commen
practice to use a circuit analyser or combined instrument sometimes supple-
mented by @ multi-range voltmeter. The analyser is arranged to measure
several ranges of volts and milliamps D.C. and the same voltage ranges in
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The formola by which the unknown resistance may be calculated if the
readings are not to be calibrated on the scale is

X——-—=R
where R is the internal resistance of the ohmmeter as a whole, 1. is the
full-scale current, and I. is the new current reading., The value of R is
given automatically by the battery and current range used, For example,
it a S-voll ballery is in circwit and the (ull-scale current is 1 mA., theu R,
when the rheostat is set to give full-scale deflection with the test prods
shorted out, must be 3,000 chms. Similarly, if a 3-volt battery is used and
the instrumenl is set to measure 10 mAs., then K must be 360 ohms.
diven this, the aoplication of the formula is simple. If a 1 mA. stru
ment is used 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 to an
unknown resistance, falls te a value of 0.2 mA., the unknown resistance
is given &s
3.000.1

X = e — 3,000
0.2

and X = 12,000 ohms.

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

. 300. 10
X ¢ ———— — 300

and X = 1,200 ohms.

We see, therefore, that if the same batlery is used, the milliamp shunts
act perfectly as resistance range 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 battery gives the resistance measuring ranges as

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

Thus, the I mA. shunt switch may also be 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 conneeting
a higher voltage baltery inte circuit with a suitable rheostat,

The complete analyser of Fig. 2 uses the 1 mA. instrument in all the
circuits and applications of Fig. 1 by switching. The switches employed
must be of good quality, 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 fiable to change will therefore completely upset the current
readings.
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the steiy gives sirength and good elect-ical confac:, The lid may be a push
fit or hinged and fitted with a catch, bot once adain it must be ww perfect
SORLiD with the vesi of the cnse when it is clesed down.

The peneration and medulation of an R.F. signal is a relatively simple
matter, and ibere are many circuits from whill a chelce can be made.
Standard coils and tuning condensers may be used—indeed, the use of com-
mercial cunponents is strongly recommended—and the difficultics attached
Lo generaier comstruclion really begin with the atlenuator and output cirzuit
and reach thedr peak with the calibration of the finished instrument.

The attenuntor is provided to give a vange of output signal strengths,
and it may be sald straight away that this feature of the generafor may he
omitted a5 useless, whether it is of a simple or elaborale tvpe, uniess the
gemerator screening is perfect. Dven the venlilation holes of a mains-driven
denerator must be screemed, alihough this is a sirple 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 and vel screen the
generaior.

The atfenuator may be calibrated Lo give definite steps of E.F. voltage,
in whirh case the attensator will be of the elaborate constant impedance
type arranged in several steps, or a simple ' volume confrol’ type of
attesruaticn may be employed, I may ke szid immediately that a calibrated
attenuator is difficult o set for constant output over Lhe whole range, and
in a home-consiructed generator the calibrated attenuator should have its own
buill-in vailve volimeter, The simple atfenvator is usuallv ali that is required
for field werk, amd a porizile generator using peanst valves and small
batteries Is of great value to most service men.

A good Ceal has been written on the calibration of signal generalovs by
using the carrizes of a number of radio stations, but besides bueing a weari-
some and puainstaking tesiness the methsd fnally presents the brilder with
a series of points separsted by widely varving frequencies. so thal the Yost
that can be deze is to prevare a drown calibration curve fo use againsl the
dial gradvations of the generator. A signal generator definitely needs a
calibrated dial showing, in as many arcs as there are tuning ranges, the
frequencies directly tuned, and it is new pozsible to ebtain dials with slow
motion drives which give provision for such calibration along plain arcs
prinfed on a dial card. These drives and dials are reasonably priced and are
regularly advertised in the radio periodicals.

The generator fiited with such a dial should be calibrated against a
commercial or standard signal generator whose own accuracy bhas been
checked agninst radio 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 purpese.
If this is impossible, however, a (reguency slandard can be built wing a
crystal and mulivibrator ciccuit, such a standard alwavs being of use in
the workshop, and a circuit of proven merit is shown in this chapter, Suitable
crystals are egsily obtainable at 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, unlike the standard signal generator which can
he funed in step with the generalor to be callbrated, these points are resu-
larly spaced at intervals of 100 kes, so that sub-divisions are readily made
hetween the moain calibrated points on the dial, whitst further kev points
may he obtained, if desired, from broadcast carriers.

The first generator 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 wolis, and the current drain is so low that a laver-huilt
tyvpe 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 calibrated, and output over various ranges is
not constant. This is of Titile moment, however, when it {5 necessary only
to re-nlign LF, transformers or RF, {rimmers in simple outside repairs.
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It is guite possible lo use cheanor valves of the 2-volt filament variety
in place of lhe midget pentodes although the carrying case will then have
to be increased in size. Suitable valves would be iricdes of the 30 or 1IR210
or similar types, aithough in this case it would be advisabie 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. Llype the dropping resistance would be 5 ohms with a minimum
rating of } watt.

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

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

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

In the uvsual wav the audio note for audio modulation is obtained from
a transformer-oscilialor stage. Standard values for modulation are 400
cyvcles modulating the carrier 1o & depth of 307, but in the majority of
home-built gencrators not too much attention is paid to standard require-
ments in tiis resrect, and it iz usvally <ufficient to tune the transformer
acting 2s the oscillating inductances lo a suitable note by a small condenser
across gither the secondary or primary winding., In the generator of Fig, 10
ne 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 audio modulation is introduced into Lhe grid of the R.F. oscillator
and can also be tapped off as straight audic via a switch for testing gram.
input terminals and spesker iransformers, etc.

A screened lead should be used to coupie the generator inio the receiver
under test. the screen zcting as the earth relurn. Since the generalor is
hattery-operated no precautions other than lhose asainst shock need he
taken whethe warking on A.C., D.C. or niversal receivers,
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Decibels, Watts and Volts Tables,
Volts across 500 ohms Load.

dbs, Witts. Vaolts.
—20 Q.00006 0.173
—--13 G2 316
=10 o G.0005 vin 0.550
— B .. G002 .00
O (006 =24 1.733
- 002 3.16
=10 000G 548
—-13 0.2 10.0
=20 0.6 17.3
: 25 2.0 31.62
30 6.0 54.8
+35 20,0 v 100.0
~ 40 60.0 e 1732
+ 45 e 20000 we S1A2
- 50 4 T H00.0 L4777

To find the number of declhels corvesponding te any power level with the
zero or refevence db level at 0.068 watt, divide the pewer level by 0.006
wall and multiply the logarithm of the cuntient by 10, or

dbs = 10 log, - W
where W is in watts. 0006

To find the number of decibels corresponding to any voltaze level with
the same reference level of 0.008 watt in 560 ohms, divide the sguare of
the voltage by 3 and multiply the logarithm of the quotient by 10, or

v
dbs == 10 log.. q° where Vois in volts.

CHAPTER 6
THE CATHODE RAY OSCILLOSCOPE

_It is hardly necessary to mention the many uses in radio and electronics
servicing and testing of the cathode ray oscilloscope. On the screen of the
cathode ray tube can be drawn the actual curves of voltage and current waves,
R.F. carriers, response curves of tuned circuite and the curves of valve
characteristics. Readers who require full information on the principles and
uses of the oscilloscone should refer to the Cathode Rav Oscilloscope Manual,
No. 87 on Messes. Bernards’ List—in this chapter there is room only for
a new oscilloscope circuil and details of aligning receivers by the use of an
oscilloscope and freguercy modulaied oscillator, more generally known as
a " Wobbulator." '

The oscilloscope circult is shown in Fig. 15, the tube having a screen
dinmeter of 137, which is ample for most workshop uses, reducing the first
cost of the apparatus and making the instrument readily portabl .. A wide
range of frequencies is given by the single hard valve time base, a modifica-
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tion of fhe time base type used in the author’s television receiver described in
the Television Consivuctor’s Manual. A single power pack is used for tube,
time base and amplifier, the H.T. being supplied from a purely canvenlional
transformer and rectifier. As a resuit consiruction must he carried out with
some care in the insvlalion of circuils, since the common line is the negative
rather than the positive—that is, the chassis and shielding case are connected
to the negative rather than io the positive H.T. line unlike most small
oscilloscones., This mezps that for direct connection to the X and Y plates
the posifive HT. line must be brought to an input socket maounted on the
case.

If it is desired lo use a wrgoer tube the same power pack, time base and
amplifier circuils will still be svitohle since there is a margin of output and
gain sufficient to work a 37 tube efficiently.

The time base iz so desizued that a variable sweep amplitude output is
available trom 2 potentiometer in the anode of the valve whilst the full
outputf can also be Jed out to external apparatus if desived, since output can
be drawn from the time hese with respect either to the HUT. positive or
negative lines, By connecting a potenticmeter across the Sweep Out sockets
varighle sweep amplitede rather than full amplitude s also  available
externaliy.,

When the deflzction signals te the Y plates need amplification the signals
are fed to the Y amp. sockets, bul lorge sigmals may be applied directly to
the Y plates by feeding into the Y.I). or Y Direct sockets, the input ampli-
tude then being adjusted by the control R15. It must always be remembered
when using these or the X.D., sockets that the external apparatus is then
connected to the pesitive line of the nsacilloscope, and thus will be alive to
the oscilloscope case. The external gear can he connected either directly to
the Y.D. or X.D. terminals or via & condenser. The actual arrangement will,
of course, depend on the external signal source.

Note alse that there is ne input ¢ontrel across the X.DD. terminals since
these will not often be used and may be cmitted if thought undesivable.
Control of an external signal smpiitude to the X plates can be effected hy
a potentiometer connected externally across these sockets.

R3, the synchronization conirel, shouwid never be advanced beyond an
effective working pozilion, since too great a syach. signa! resuils in distortion
of the whole Lrace on the screen.

The tayout of tiue oscilioscope components may be diclated by the
cabitet or hox in which the apparatus is built, since the circait is very stahble
and arw iaveuat may be used as leng as the wiring 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 fvbe should, however,
be observed, since any stray magnetic fields from these componenls will give
a lateral deflection to the spot on the screen if they are mounted in any
other position.

The potenliometers vsed for the voltage divider supplying the tube and
other purposes, eseccially when wirewounsd potentlomelers are wused, should
be inspected to ensure that the moving arm is insulated from the spindie
so that these components may be mounted on an earthed metal panel without
short circuits.
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1 CRT holder, 9-pin.

1 British 4-pin chassis mounting valveholder .

2 Muxda oclal chassis nioenting valveholders.

4 Double input sockets, puxolin mounted.

8 conbtrol knoos,

2 shiclded grid clips,

Chassis, metal case or cabinet. ete,

The oscilloscope van be used without other apparatus—apart from the
signal generater—io trace distortion and hum in a receiver, and inleresling
screen traces can be obtaived by fapping the Y plates, vin the amplifier,
across the LF, transfonners, LF. vaive, diode detector and amplifying and
autput stages of 2 set to which a steadily modulated signal is heing supplied.
The oscilloscope time base must be adjusted to give a complete number
of audio cycles to the trace—for example, if a 400 cycles aedio modulation
note is used in the signal gencrator the time hase cculd be set to run at
a sweep freguency of 1G0 cycles to give four audio cycles in the trace.
From the 1.F. stages will e obtained a picture of the ** Modulation enve-
lope,” the actual L.F, carvier with the audioc modulation curve on either
side, whilst from the delector and amplifying stages Lhe plain audio curve
is obtained.

By testing Lhe signal generator lo determine the actual shape of the
audio modulation signal, and then tracing the signal through the receiver,
distortion ¢an be observed. Ripple and huwm can also be seen if these are
entering the audio stages of the receiver.

One of the chief uszes of the oscilloscope, however, is in combination
with a ** Wobbulator 7 for the alignment of superhet receivers, It is well
known that the response curve of LF. transformers and similar inductances
should be adjusted so that the curve is svmmetrical zbout the central fre-
guency—abeut 465 kes. in the wsual superhet—with reasonably 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, bul wilh the oscilloscope the curve can he inspected and adjusted. Jt
is necessary, however, o use a variable oscillator which will sweep across
the whole frequency width of the response curve to give what mizht be
fermed a " scanaing 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 oscilloscope, connecled to the diode deteclor
with ity deflection proportional to the signal energy delivered from the I.F.
slage would show practically no deflection at all, since the 465 kcs. trans-
former would pass little of a 450 kes. signal. The generator, however,
sweeps in frequency towards 465 kes, so that the fransformer passes more
and more of the signal energy as the generator frequency comes towards the
central tuned frequency, and the oscilioscope deflection accordingly also
drows greater. As the generator frequency sweens through the central
double-humped portion of the response curve, the oscilloscope deflection
rises to a peak on the first hump, drops slishlly, and then rises to a peak
once again on the second huwp. The generator frequency then continues
to sweep on towards 480 kes., its vpper sweep Hmit, and the siunal thus
passed by the transformer grows less as the fregquencies diverge, the oscillo-
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scope deflection 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 (he oscilloscope time base
is set to operate at the same frequency as the speed with which the variable
oscillator sweeps across its frequency range, the voltage measurement given
by the oseilloscope will furn into a true picture of he shape of the response
curve itself. Displacement of the band-pass humps, lack of symmeiry in
the curve, and similar detecls, wili all be clearly shown, and the trans{oriner
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 al a
regular and steady pace between fixed limits, and the operation mwst be
reasonably fast in order that a continuous picture shall be produced on the
oscilloscope screen. A rotafing condenser could be used to produce the
changes of frequency, but a more usual method is to use a frequency modu-
lating valve. In am ordinary tricde an increase in the internal resistance of
the valve gives the effect of an increased input cipacitance—the Miller effect
—so that a valve operated under suitable conditions can be conmected dcross
an oscillating circuit so that changes in the grid bias or the anode load of
the controlling valve cause the frequency of the oscillating circuit to change
between limits,

Since the controlling 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 cyveles per second heing chosen.

Alternatively, a triangular wave may be generated from the mains supply
sine wave curve and fed to both the X plaies of the osciflcsiepe and the
frequency controlling valve, Using a triangular wave means inzt the fre-
quency ¢nd screen spot sweep evenly from side to side of their limits so
thal the sweep-llyback jerkiness is avoided. The exira complication of the
apparatus needed for generation of & triangtlar wave can be dispensed with,
however, and the oscilloscepe Lime base used instead.

The controlled oscillator, wiose frequency is being varied between limits
of about 30 kes,, should be maintained at a fixed central frequency, however,
for if this oscillator is tured o different central freguencies the bandwidth
of the sweep will vary considerably. Accordingly, the frequency sweep is
generated about a central freguency of approximately 700 kes, and the
required output frequency is obfained by bealing this varving frequency
centred on 700 kes. with a suifable steadv frequency ohbiained from the
ordinary signal generator.

Thus, to obtain a variable freguency cenived on 465 kes. for LF. trans.
former alignment, the signal generator is set to either 1,155 kes. or to 235
kes.. and these frequencies will beat with 700 kes. in a freguency changer
circuit to give a final sweeping frequency centred on 465 kes. in just the
same way that a broadcast signal beats with a receiver's local esdillator to
produce an LF. signal.
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