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HCME PRACTICAL INSTRUCTION —► ------- ----■■■ — -

LESSON N o . 9 .

The principal purpose o f th is instruction lesson is  to explain how to 
construct the f in a l modulated osc illa to r and signal tracer and to provide 
instructions on the method o f mounting them on the main s tee l panel. How
ever, before we proceed with these units there are several other in terest
ing experiments which may be carried out and which are explained below.

As usual, the f i r s t  procedure is  to carefu lly check the contents of 
your k it  and to see that everything is  present. The materials contained 
in this k it  are as follows

1 Switch, single bank 2 pole 5 position 
1 Moulded Signal Tracer Probe 
1 yd.each 3 colours, hook-up wire 
$ yds. hook-up wire 
1 Small round knob 
1 Pointer knob
1 yd. shielded wire
2 S p lit plugs fo r  test leads
2 A lliga to r  clips for test leads 
1 U7 ohm ■§■ Watt Resistor 
1 length l-|"dia. t r o l i tu l  c o il former
1 length §"dia. c o il former

1 c o il mounting bracket(small)
7 t ip  jack sockets with nuts 
7 moulded insulating bushings 
7 solder lugs with ^"dia. holes 
7 f>/8"x|"xl/l6th’1 bakelite washers
1 metal switch co lla r ,o r  washer
2 yds. i f  or 2mm.Spag.
1 rubber grommet
1 5/32 " Whit round head bolt 
1 .lmfd.200V tubular condenser 
1 .001 liOOV condenser 
1 c o il mounting bracket fo r  

three co ils  (la rge )

EXPERIMENT 1 .  GRAMOPHONE OR MICROPHONE MODULATED OSCILLATOR.

I t  is  quite a simple operation to modulate the carrier wave, produced 
by an R.F. o sc illa to r , with audio frequency signals i f  a source of audio 
frequency voltage, such as a gramophone pick-up or carbon type microphone 
is  available. This type o f equipment illu stra tes  very simply and crudely 
the principles upon which broadcasting stations operate and I f  you have a 
source o f audio frequency signals available you can transmit the modulated 
carrier wave over a distance of a few fee t and pick up the signals in  your 
receiver. I f  you do not have a gramophone pickup or carbon typ e  of micro
phone available, i t  w i l l  not be possible fo r you to carry out this experi
ment because the carrier wave alone would not produce any audible sound 
from the receiver. Consequently i f  you do not have th is equipment you 
should proceed straight on with Experiment 2.

For these who have either a gramophone pickup or carbon microphone,with
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LESSON  No,  9. 

The principal purpose of this instruction lesson is to explain how to 
construct the final modulated oscillator and signal tracer and to provide 
instructions on the method of mounting them on the main steel panel.  How-
ever, before we proceed with these units there are several other interest-
ing experiments which may be carried out and which are explained below. 

As usual, the first procedure is to carefully check the contents of 
your kit and to see that everything is present.  The materials contained 
in this kit are as follows:-

1 Switch, single bank 2 pole 5 position 
1 Moulded Signal Tracer Probe 
1 yd.each 3 colours, hook-up wire 
5 yds. hook-up wire 
1 Small round knob 
1 Pointer knob 
1 yd. shielded wire 
2 Split plugs for test leads 
2 Alligator clips for test leads 
1 47 ohm -12-Watt Resistor 
1 length 1?dia. trolitul coil former 
1 length ?cildia. coil former 

1 coil mounting bracket (small) 
7 tip jack sockets with nuts 
7 moulded insulating bushings 
7 solder lugs with 71/"dia. holes 
7 5/8"xex1/16th" bakelite washers 
1 metal switch collar,or washer 
2 yds. lû or 2mm.Spag. 
1 rubber grommet 
1 5/32" Whit round head bolt 
1 .1mfd.200V tubular condenser 
1 .001  400V condenser 
1 coil mounting bracket for 
three coils (large) 

EXPERIMENT 1.  CRAMOPHCEE OR MICROPHONE MODULATED OSCTLLATOR. 

It is quite a silDle operation to modulate the carrier wave, produced 
by an R.F. oscillator, with audio frequency signals if a source of audio 
frequency voltage, such as a gramophone pick-up or carbon type microphone 
is available.  This type of equipment illustrates very simply and crudely 
the principles upon which broadcasting stations operate and if you have a 
source of audio frequency signals avaLlable you can transmit the modulated 
carrier wave over a distance of a few feet and pick up the signals in your 
receiver.  If you do not have a gramophone pickup or carbon type of micro-
phone available, it will not be possible for you to carry out this experi-
ment because the carrier wave alone would not produce any audible sound 
from the receiver.  Consequently if you do not have this equipment you 
should proceed straight on with Experiment 2. 

For those who have either a gramophone pickup or carbon microphone,with 
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microphone transformer available, the circu it diagram of the modulated 
o sc illa to r is indicated in Figure 1. In this you w i l l  notice that we use the 
1R5 valve to produce the radio frequency ca rrier wave and also to  provide 
modulation of the carrier when an audio frequency signal is  applied to  grid 
Ho. 1.

The carrier wave is produced by osc illa tion  caused through energy 
feeding back from the plate c ircu it, through the 40 turn plate winding and 
inducing a voltage into the 90 turn winding which is tuned by a .0001 mfd, 
condenser. The carrier frequency w i l l  be determined by the resonant frequency 
of tbe 90 turn c o il and .0001 mfd. condenser and w il l  be at approximately the 
centre of the broadcast band. Voltage fed back into the tuned c ircu it, from 
the plate circu it w il l  be applied to  grid No. 3 in the 1B5 valve and w ill  
result in osc illa tion . Tbe strength of osc illa tion  can be varied by any 
voltages applied to  grid No. 1 in the valve. The audio frequency signal v o lt 
ages provided by the gramophone pickup or microphone should be applied to  the 
terminals marked "Input" and the strength of the signals can be varied by the
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microphone transformer available, the circuit diagram of the modulated 
oscillator is indicated in Figure 1.  In this you will notice that we use the 
1R5 valve to produce the radio frequency carrier wave and also to provide 
modulation of the carrier when an audio frequency signal is applied to grid 
No. 1. 

T 
1R5 

2  

90 turns of 
28 gauge 

40 turns of 
34 gauge wir 

Step-up Microphone 
transformer or telephone 
induction coil 

Carbon 
Microphone 

, g Sec. 

.001 
6 

.0001 

4 

5 
.5 
meg 

o 

Input .1 meg. 
pot. o 

A-

3 

c?sielri-b ch 

A+  4+45v. 

FIGURÀ 1. 

The carrier wave is produced by oscillation caused through energy 
feeding back from the plate circuit, through the 40 turn plate winding and 
inducing a voltage into the 90 turn winding which is tuned by a .0001 mfd. 
condenser.  The carrier frequency will be determined by the resonant frequency 
of the 90 turn coil and .0001 mfd. condenser and will be at approximately the 
centre of the broadcast band.  Voltage fed back into the tuned circuit, from 
the plate circuit will be applied to grid No. 3 in the 1R5 valve and will 
result in oscillation.  The strength of oscillation can be varied by any 
voltages applied to grid No. 1 in the valve.  The audio frequency signal volt-
ages provided by the gramophone pickup or microphone should be applied to the 
terminals marked "Input" and the strength of the signals can be varied by the 
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setting of the .1 megohm potentiometer.

CONSTRUCT ICN.

The oscilla tor indicated in Figure 1 should 'be constructed on the 
smaller of the two chassis, the valve socket being mounted in any convenient 
hole. The .1 meg. potentiometer and filament switch can be mounted in two 
of the holes on the front flange of the chassis.

The c o il  should be wound on the c o i l  former contained in K it No. 6 
and o rig in a lly  used fo r  the short-wave c o il .

Commence the 90 turn winding at the top pair of small holes, furthest 
away from the mounting screws. By winding the 90 turns of 28 gauge wire side 
by side you w i l l  find that they end fa i r l y  close to  one of the other pairs of 
holes and the lower end should be secured through those. Near the holes fo r  
the mounting bracket you should wind 40 turns of 34 gauge wire which becomes 
the plate winding. This c o il is wound in the position occupied by the 20 turn 
co il in Figure 9 o f Lesson No. 6.

TESTING.

4 On completing the wiring, check over your work ca re fu lly  to  see that
you have carried i t  out accurately. You may then connect the leads marked 
A -, A+, and B-f to  the A and B batteries and turn on the switch on the 
front panel o f the instrument. Connect the negative lead of your voltmeter 
to  the chassis and with the positive lead plugged into the 50 volt socket 
you should experience a reading of about 1-g- graduations at pin 7, no reading 
at pins 4 or 6 and a reading of fu l l  B battery voltage at pins 2 and 3« I f  
this appears to  be correct, connect the phonograph pickup to  the input term
inals, switch on both osc illa tor and receiver and place a wire from the re
ce iver 's  aeria l terminal very close to the tuning c o il on the o sc illa to r 
chassis. I f  you now rotate the tuning condenser on the receiver near the 
centre of its  trave l you should hear the music from the record coming from 
the rece iver 's  loudspeaker.

Due to the unfortunate fact that we must use the same B battery fo r  
powering the osc illa tor and receiver there may be some tendency fo r  the music 

^ from the pick-up to  be heard through the receiver 's  loudspeaker, regardless of
where the tuning condenser is se t. This is due to the fact that the voltages 
from the pick-up are producing changes in plate current in the 1R5 valve which 

«* vary the voltage of the B battery s lig h t ly  and this B battery voltage va ria t
ion is being amplified by the receiver and so being reproduced from the speaker. 
This e ffe c t is unavoidable when the one B battery is used to power both re
ceiver and osc illa to r and to  minimise the e ffec t the ,1 megohm potentiometer 
should be turned back as fa r  towards the o ff position as is necessary to make 
the sound from the receiver inaudible when the receiver tuning condenser is 
turned right away from the position where the modulated signals from the 
osc illa to r are picked up. I f  you have another radio receiver, apart from 
the one you have bu ilt in practica l k it No. 8 then i t  would be preferable to 
use this fo r  picking up signals from the osc illa to r as this w i l l  be independent
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setting of the .1 megehm potentiometer. 

CONSTRUCTION.  

The oscillator indicated in Figure 1 should be constructed on the 
smaller of the two chassis, the valve socket being mounted in any convenient 
hole.  The .1 meg. potentiometer and. filament switch can be mounted in two 
of the holes on the front flange of the chassis. 

The coil should be wound on the coil former contained in Kit No. 6 
and originally used for the short-wave coil. 

Commence the 90 turn winding at the top pair of small holes, furthest 
away from the mounting screws.  By winding the 90 turns of 28 gauge wire side 
by side you will find that they end fairly close to one of the other pairs of 
holes and the lower end should be secured through those.  Near the holes for 
the mounting bracket you should wind 40 turns of 34 gauge wire which becomes 
the plate winding.  This coil is wound in the position occupied by the 2C turn 
coil in Figure 9 of Lesson No. 6. 

TT:STING. 

On completing the wiring, check over your work carefully to see that 
you have carried it out accurately.  You may then connect the leads marked 
A-' 9 A+, and B+ to the A and B batteries and turn on the switch on the 
front panel of the instrument.  Connect the negative lead of your voltmeter 
to the chassis and with the positive lead plugged into the 50 volt socket 
you should experience a reading of about  graduations at pin 79 no reading 
at pins 4 or 6 and a reading of full B battery voltage at pins 2 and 3,  If 
this appears to be correct e connect the phonograph pickup to the input term-
inals, switch on both oscillator and receiver and place a rire from the re-
ceiver's aerial terminal very close to the tuning coil on the oscillator 
chassis.  If you now rotate the tuning condenser on the receiver near the 
centre of its travel you should hear the music from the record coming from 
the receiver's loudspeaker. 

Due to the unfortunate fact that we must use the same B battery for 
powering the oscillator and receiver there may be some tendency for the music 
from the pick-up to be heard through the receiver's loudspeaker, regardless of 
where the tuning condenser is set.  This is due to the fact that the voltages 
from the pick-up are producing changes in plate current in the 1R5 valve which 
vary the voltage of the B battery slightly and this B battery voltage variat-
ion is being amplified by the receiver and so being reproduced from the speaker. 
This effect is unavoidable when th.e one B battery is used to power both re-
ceiver and oscillator and to minimise the effect the .1 megahm potentiometer 
should be turned back as far towards the off position as is necessary to make 
the sound from the receiver inaudible when the receiver tuning condenser is 
turned right away from the position where the modulated signals from the 

oscillator are picked up.  If you have another radio receiver, apart from 
the one you have built in practical kit No. 8 then it would be preferable to 
use this for picking up signals from the oscillator as this will be independent 
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Once you have been able to  tune in signals from the modulated osc illa to r 
with the rece iver 's  aeria l wire placed very close to  the tuning c o il  of the 
osc illa tor, you may then experiment with greater amounts of separation between 
the receiver 's  aeria l and the oscilla tor to determine how fa r  the signals w il l  
trave l through space. The actual distance which can be covered w il l  depend 
mainly upon the sen s it iv ity  of the receiver and also to  a very large degree 
on whether or not a transmitting aeria l is  attached to the o sc illa to r.

The more sensitive the receiver the further you w ill  be able to  move 
the rece iver 's  aeria l wire from the osc illa to r c o il and s t i l l  have signals 
reproduced from the receiver. Naturally, the further away the aeria l is 
placed - the weaker the signals w ill become but you w i l l  probably be able to  
hear signals over a distance of several fee t i f  the receiver is tuned exactly  
to  the transmitter's frequency.

To increase the distance, it  is necessary to  provide a transmitting 
a er ia l fo r  the osc illa to r. This can consist cf about 8 or 10 fe e t of wire 
with one end attached, through a .001 mfd. condenser, to the plate of the 
valve at point "X" in Figure 1 or a lternatively, you can experiment with the 
end connected instead to point "Y ". I f  you are using the modulated osc illa tor 
in conjunction with a receiver other than the one you constructed in accord
ance with Practical lesson 8 then i t  would also be a good idea to attach an 
earth wire to the metal chassis of the osc illa to r. The other end of the 
transm itter's aeria l can be attached to  any elevated point in the room but 
on no account should i t  be connected d irec t ly  to  the aeria l terminal of a 
receiver.

The two .001 mfd. condensers shown in Figure 1 may be obtained by 
removing a ll  three .001 mfd. condensers from the plate of the 1S5 valve in 
the receiver and connecting in place of them the .01 mfd. condenser shown in 
dotted lines at the right of Figure 23 of Lesson 8. That is , one end of the 
o01 mfd. condenser should connect to  pin 5 on the 1S5 valve socket and the 
other end to  the chassis.

With about a 10 foot length of a eria l wire attached to point "X" or "Y"
you should be able to establish a transfer of signals from the osc illa to r to 
the receiver over a distance of quite a few fe e t.

Qo» no account should you attach a large outdoor a er ia l to  the o sc illa to r 
or the signals may in terfere with neighbouring receivers and this is s t r ic t ly  
contrary to  regulations which forbid the i l le g a l  operation of radio transmitt
ers without a licence.

I f  you are using a separate receiver then you w i l l  be able to  turn up 
the .1 megohm potentiometer to  a point where the signals are comparatively 
clear and distinct and not unpleasantly d istorted. Of course, i f  you are 
using the battery operated receiver described in Practical Lesson 8, as 
mentioned previously, you can only turn up the potentiometer to a point where 
the signals do not "play through" the receiver even when i t  is  not tuned to 
the osc illa to r.

of the B battery and so w il l  avoid this undesirable coupling "between the two.

ELS - 4.

of the B battery and so will avoid this undesirable coupling between the two. 

-ice you have been able to tune in signale from the modulated oscillator 
with the receiver's aerial wire placed very close to the tuning coil of the 
oscillator, you may then experiment with greater amounts of separation between 
the receiver's aerial and the oscillatar to determine how far the signals will 
travel through space.  The actual distance which can be covered will depend 
mainly upon the sensitivity of the receiver and also to a very large degree 
on whether or not a transmitting aerial is attached to the oscillator. 

The more sensitive the receiver the further you will be able to move 
the receiver's aerial wire from the oscillator coil and still have signals 
reproduced from the receiver.  Naturally, the further away the aerial is 
placed - the weaker the signals will become but you will probably be able to 
hear signals over a distance of several feet if the receiver is tuned exactly 
to the transmitter's frequency. 

To increase the distance, it is necessary to provide a transmitting 
aerial for the oscillator.  This can consist of about 8 or  feet of wire 
with one end attached, through a .001 mfd. condenser, to the plate of the 
valve at point "X" in Figure 1 or alternatively, you can exp,oriment with the 
end connected instead to point "Y". If you are using the modulated oscillator 
in conjunction with a receiver other than the one you constructed in accord-
ance with Practical lesson 8 then it would also be a good idea to attach an 
earth wire to the metal chassis of the oscillator.  The other end of the 
transmitter's aerial can be attached to any elevated point in the room but 
on no account should it be connected directly to the aerial terminal of a 
receiver. 

The two .001 mfd. condensers shown in Figure 1 may be obtained by 
removing all three .001 mfd. condensers from the plate of the 135 valve in 
the receiver and connecting in place of them the .01 mfd. condenser shown in 
dotted lines at the right of Figure 23 of Lesson 8.  That is, one end of the 
.01 mfd. condenser should connect -to pin 5 on the 1S5 valve socket and the 
other end to the chassis. 

With about a 10 foot length of aerial wire attached to point "X" or "Y" 
you should be able to establish a transfer of signals from the oscillator to 
the receiver over a distance of quite a few feet. 

Or, no account should you attach a large outdoor aerial to the oscillator 
or the signals may interfere with neig»tbouring receivers and this is strictly 
contrary to regulations which forbid the illegal operation of radio transmitt-
ers without a licence. 

If you are using a separate receiver then you will be able t turn up 
the .1 megchm potentiometer to a point where the signals are comparatively 
clear and distinct and not unpleasantly distorted.  Of course, if you are 
using the battery operated receiver described Li Practical Lesson 8, as 
mentioned previously, you can only turn up the potentiometer to a point where 
the signals do not "play through" the receiver even when it is not tuned to 
the oscillat or. 
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I f  you have a carbon microphone available, such as a telephone type 
microphone and also a step-up transformer or telephone induction c o il to 
suit i t ,  you can connect these two units together as shorn at the le f t  of 
Figure 1. The secondary winding of the transformer should connect as shown 
by the dotted line to  the input terminals and one wire from the microphone 
should connect to  the valve side of the switch cr to cne of the clips on the 
"C" battery.

When the microphone is in use i t  should not be placed near the 
rece iver ’ s loudspeaker, otherwise sounds from the loudspeaker w i l l  enter the 
microphone, modulate the osc illa to r, be transmitted through to  the receiver, 
reproduced from the rece iver 's  loudspeaker and so set up a ringing howl which 
is nearly always evident when a microphone and speaker are used in the same 
rocm as one another.

EXPERIMENT Wo. 2. 5-VALVE 5UBSBHETERQDYKE RECEIVER.

The majority of commercial radio receivers employ a superheterodyne 
circu it and consequently our practica l experiments would not be complete with
out constructing equipment to illu stra te  the superheterodyne princip le of 
reception.

In a superheterodyne receiver, signals picked up by the aeria l and earth 
system are changed, usually in the f i r s t  valve, to  a new frequency, lower than 
their orig ina l carrier frequency and the bulk of the amplification and se lect
iv it y  is carried out at this new low frequency. The new frequency is called 
the intermediate frequency and the valves amplifying th is frequency are known 
as intermediate frequency amplifiers.

(See A.R.T.C. Service Engineering Course Lessons 21, 47-50.)

The c ircu it arrangement of the superheterodyne receiver we w il l  construct 
is illu stra ted  in Figures 2 and 3. Figure 2 shows the 1R5 valve employed ao a 
frequency changer or frequency converter. This valve is used to  change the 
frequency of signals picked up from the aeria l and earth circu it and passed 
through the f i r s t  tuning c ircu it, illu stra ted  at the le f t  of Figure 2 and 
applied to grid 3 in the 1R5 valve. Grids 1 and 2 in this valve are connected 
to the osc illa to r tuning c ircu it, shown at the lower right hand side of Figure 2 
■and this section produces an unmodulated signal known as the "o s c illa to r  f r e 
quency". The two signals combine in the 1R5 valve so that, emerging from the 
plate, we have signals at the original frequency, signals at the osc illa tin g  
frequency and also the combined e ffec t of the two frequencies which is equal 
to  the value of the osc illa to r frequency and signal frequency added together 
and also a fourth signal equal to the difference between the osc illa to r and 
signal frequency. I t  is this fourth frequency we are particu larly concerned 
with and which becomes our intermediate frequency signal. Due to  the fact 
that th is intermediate frequency signal is made up out of the original signal 
frequency i t  w i l l  carry the sane programme as was present on the original 
signal.

The intermediate frequency signal is passed through the tuning c ircu it
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If you have a carbon micr cab one available, s uch as a te leph one type 
microphone and also a step-up transformer or telephone induction coil to 
suit it, you can connect these two units together as shown at the left of 
Figure 1.  The secondary winding of the transformer should connect as shown 
by the dotted line to the input terminals and ore wire from the microphone 
should connect to the valve side of the switch or to one of the clips on the 
"C" battery. 

When the microphone is in use it should not be placed near the 
receiver's loudspeaker, otherwise sounds from the loudspeaker will enter the 
microphone, modulate the oscillator, be transmitted through to the receiver, 
reproduced from the receiver's loudspeaker and so set up a ringing howl which 
is nearly always evident when a microphone and speaker are used in the same 
room as one another. 

EXPERIMENT No. 2.  5-VALVE SUPERBETEROD M RECEIVER.  

The majority of commercial radio receivers employ a superheterodyne 
circuit and consequently our practical experiments would not be complete with-
out constructing equipment to illustrate the superheterodyne principle of 
reception. 

In a superheterodyne receiver, signals picked up by the aerial and earth 
system are changed, usually in the first valve, to a new frequency, lower than 
their original carrier frequency and the bulk of the amplification and select-
ivity is carried out at this new low frequency.  The new frequency is called 
the intermediate frequency and the valves amplifying this frequency are knovm 
as intermediate  frequency amplifiers. 

(See A.R.T.C. Services Engineering Course Lessons 21, 47-50.) 

The circuit arrangement of the superheterodyne receiver we will construct 
is illustrated in Figures 2 and 3.  Figure 2 shows the 1R5 -valve emplcyed ae, a 
frequency changer or frequency converter.  This valve is used to change the 
frequency of si gnals picked up from the aerial and earth circuit and passed 
through the first tuning circuit, illustrated at the left of Figure 2 and 
applied to grid 3 in the 1R5 valve.  Grids 1 and 2 in this valve are connected. 
to the oscillator tuning circuit, shown at the lower ri ght hand side of Figure 2 
and this section produces an unmodulated signal blown as the "oscillator fre-
quency".  The two signals combine in the 1R5 valve so that, emerging from the 
plate, we have signals at the original frequency, signals at the oscillating 
frequency and. also the combined effect of the two frequencies which is equal 
to the value of the oscillator frequency and signal frequency added together 
and also a fourth signal equal to the differen.c3 between the oscillator and 
signal frequency.  It is this fourth frequency wc_. are Particularly concerned 
with and which becomes our intermediate frequency signal.  Due to the fact 
that this intermediate frequency signal is made t.p out of the original si gnal 
frequency it will carry the same programme as was present on the original 
s ignal. 

The intermediate frequency signal is passed_ through the tuning circuit 
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shown at the le f t  hand side of Figure 3 and on to  the 1T4 valve -which acts 
as the intermediate frequency am plifier. The signals from this valve are 
then fed through the second tuning circu it shown in Figure 3 and applied to 
the diode detector contained in the 1S5 valve. A fter detection the audio 
frequency programme is passed through the pentode section of the IS5 and 
through both 3S4 valves in a sim ilar fashion to  that applying to Figure 23 
in Practical Lesson 8.

Selection o f the required station is achieved by tuning in the desired 
carrier frequency by means of the aeria l tuning c ircu it shown at the le ft  of 
Figure 2 and also by arranging fo r the second section of the tuning condenser 
to  tune the osc illa to r c o il to  an appropriate o sc illa to r frequency so that 
the original carrier frequency is changed to the value of the intermediate 
frequency.

The intermediate frequency we w il l  use w i l l  be approximately 350 KC 
although the majority of comnercial receivers employ an intermediate frequency 
of 455 KC. In our case, we do not have conventional intermediate frequency 
transformers available and i t  becomes a simple matter to employ the 90 turn 
tuning coils  we have already constructed in conjunction with the .001 mfd. 
mica condensers to  act as intermediate frequency transformers. The rather 
large capacity of the .001 mfd. condensers w i l l  tune the coils to a frequency 
of approximately 350 kilocycles so that this w il l  become our intermediate 
frequency.

With an intermediate frequency of 350 KC it  w i l l  be necessary to  have 
the osc illa tor tuning circu it tuning always to  a frequency 350 KC higher than 
that of the aeria l c ircu it of Figure 2. This means that the osc illa to r tuning 
range w i l l  have to be from 550 plus 350 KC or 900 KC, -Then the tuning condenser 
plates are fu l ly  in mesh to 1500 KC plus 350 KC or 1850 KC, when the tuning 
condenser plates are fu lly  out of mesh. The higher frequency range covered 
by the osc illa to r tuning circu it is achieved by winding fewer turns on the 
osc illa te !’ toning winding and also by reducing the e ffe c t iv e  capacity of one 
section of the tuning ccndenser by inserting the two .001 mfd. tubular conden
sers, connected in series, to  provide a capacity of .0005 mfd., so that current 
osc illa tin g  around the c ircu it consisting of the tuned winding of the o s c illa t
or c o i l ,  the tuning condenser section and the two .001 mfd. condensers means 
that the .001 mfd. condensers, vfo ioh act as a "padding condenser", are in e ffec t in 
series with the tuning condenser gang ard this reduces its  maximum capacity and 
so helps to  tune the osc illa to r c ircu it to a frequency higher than that of the 
aeria l tuning c ircu it.

In order to adjust the receiver to the best possible standard of 
performance a fte r  i t  is completed, one of the trimmer condensers should be 
connected across the osc illa to r section of the tuning condenser gang and the 
other trimmer condenser w ill be connected across one of the intermediate 
frequency transformers in e ith er the position "X" or "Y" as shown in Figure 3.

CONSTRUCTION.

Due to the fact that there is insu ffic ien t room fo r  the whole of the
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shown at the left hand side of Figure 3 and on to the 1T4 valve which acts 
as the intermediate frequency amplifier.  The  signals from this valve are 
then fed through the second tuning circuit shown in Figure 3 and applied to 
the diode detector contained in the 1S5 valve.  After detection the audio 
frequency programme is passed through the pentode section of the 155 and 
through both 3S4 valves in a similar fashion to that applying to Figure 23 
in Practical Lesson 8. 

Selection of the required station is achieved by tuning in the desired 
carrier frequency by means of the aerial tuning circuit shown at the left of 
Figure 2 and also by arranging for the second section of the tuning condenser 
to tune the oscillator coil to an appropriate oscillator frequency so that 
the original carrier frequency is changed to the value of the intermediate 
frequency. 

The intermediate frequency we will use will be approximately 350 KC 
although the majority of commercial receivers employ an intermediate frequency 
of 455 KC.  In our case, we do not have conventional intermediate frequency 
transformers available and it becomes a simple matter to employ the 90 turn 
tuning coils we have already constructed in conjunction with the .001 mfd, 
mica condensers to act as intermediate frequency transformers.  The rather 
large capacity of the .001 mfd. condensers will tune the coils to a frequency 
of approximately 350 kilocycles so that this will become our intermediate 
frequency. 

With an intermediate frequency of 350 KC it will be necessary to have 
the oscillator tuning circuit tuning always to a frequency 350 KC higher than 
that of the aerial circuit of Figure 2.  This means that the oscillator tuning 
range will have to be from 550 plus 350 KC or 900 KC, when the tuning condenser 
plates are fully in mesh to 1500 KC plus 350 KC or 1850 KC, when the tuning 
condenser plates are fully out of mesh.  The higher frequency range covered 
by the oscillator tuning circuit is achieved by winding fewer turns on the 
oscillator tuning winding and also by reducing the effective capacity of one 
section of the tuning condenser by inserting the two .001 mfd. tubular conden-
sers, connected in series, to provide a capacity of .0005 mfd., so that current 
oscillating around the circuit consisting of the tuned winding cf the oscillat-
or coil > the tuning condenser section and the two .001 mfd. condensers means 
that the .001 mfd. condensers, which act as a "padding condenser", are in effect in. 
series with the tuning condenser gang ard this reduces its maximum capacity and 
so helps to tune the oscillator circuit to a frequency higher than that of the 
aerial tuning circuit. 

In order to adjust the receiver to the best possible standard of 
performance after it is completed, one of the trimmer condensers should be 
connected across the oscillator section of the tuning condenser gang and the 
other trimmer condenser will be connected across one of the intermediate 
frequency transformers in either the position "X" or "Y" as shown in Figure 3. 

CONSTRUCTION. 

Due to the fact that there is insufficient room for the whole of the 
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receiver indicated in the combination of Figures 2 and 3, to  be bu ilt on 
the one chassis we w i l l  s p lit  the receiver into two sections, building the 
frequency changer valve and tuning circu it on the small chassis and leaving 
the intermediate frequency amplifying, detector and audio amplifying stages 
on the larger chassis. In other words, the parts indicated in Figure 2 w ill  
be mounted on the small chassis and those indicated in Figure 3 w i l l  be mount
ed on the larger chassis.

You w il l  notice that i t  is necessary fo r  you to remove the tuning 
condenser gang from the larger chassis and mount i t  on the small chassis.
The location of the tuning condenser gang, aeria l and osc illa to r co ils  
and 1R5 valve on th is chassis is shown in Figure 4. I t  w i l l  be found that 
two of the holes in the tuning condenser mounting brackets w i l l  f i t  over 
two o f the holes in the small chassis near the front right hand corner and 
the tuning condenser can be secured in position by bolts passed through these 
two h<\Les.

COIL PETAIIS.

The aeria l c o il shown at the le f t  » f  Figure 2 and also at the l e f t  of 
Figure 4 consists of the aeria l c o il previously mounted on the large chassis.

I t  is necessary

Oscillator Coil
to  remove this 
c o il from the

1R5
Valve

large chassis and 
to  replace the
aeria l primary 
winding, which pre
viously consisted 
of 15 turns of 34 
gauge wire with a

Trimmer winding of 25 turns

Tuning

of the same wire. 
I t  is impossible 
to  f i t  in 25 turns

C ondens er in exactly the same
position occupied 
by the 15 turn
winding because of 
insu fficien t space 
between the small 
sets of holes in 
this c o i l  former. 
In winding the 25 
turn c o il you
should commence by 
threading one end 
of the 34 gauge
wire through the 
same small holes 
used fo r  terminat-
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receiver indicated in the combination of Figures 2 and 3, to be built on 
the one chassis we will split the receiver into two sections, building the 
frequency changer valve and tuning circuit on the small chassis and leaving 
the intermediate frequency amplifying, detector and audio amplifying stages 
on the larger chassis.  In other words, the parts indicated in Figure 2 will 
be mounted on the small chassis and those indicated in Figure 3 will be mount-
ed on the larger chassis. 

You will notice that it is necessary for you to remove the tuning 
condenser gang from the larger chassis and mount it on the small chassis. 
The location e the tuning condenser gang, aerial and oscillator coils 
and 1R5 valve on this chassis is shown in Figure 4.  It will be found that 
two of the holes in the tuning condenser mounting brackets will fit over 
two of the holes in the small chassis near the front right hand corner and 
the tuning condenser can be secured in position by bolts passed through these 
two hmles. 

COIL Dta AILS .  

The aerial coil 
Figure 4 consists of 

Oscillator Coil 

Aerial Coil 

FIGURE 4.  

shown at the left ef Figure 2 and also at the left of 
the aerial coil previously mounted on the large chassis. 

It is necessary 
to remove this 
coil from the 

1R5  large chassis and 
Valve  to replace the 

aerial primary 
winding, which pre-
viously consisted 
of 15 turns of 34 
gauge wire with a 

Trimmer  winding of 25 turns 
of the same wire. 
It is impossible 

Tuning  to fit in 25 turns 
Condenser  in exactly the same 

position occupied 
by the 15 turn 
winding because of 
insufficient space 
between the small 
sets of holes in 
this coil former. 
In winding the 25 
turn coil you 
should commence by 
threading one end 
of the 34 gauge 
wire through the 
same small holes 
used for terminat-
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ing the lower end of the 89 turn winding, in other words the 25 turn primary- 
winding commences almost immediately belcw the fin ish  of the 89 turn winding. 
There w i l l  probably he a small space of about l/32nd of an inch or l/l6th of 
an inch between these two co ils . A fter completing the 25 turns, the Icwer end 
w ill  be found to fin ish  approximately leve l with the second set of small holes 
from the bottom end o f the former and the end of the primary can be terminated 
by being passed to  and fro  through these small holes once or twice and then 
taken down inside the c o i l  former and through the large hole in the chassis,
We w il l  not bother to move the a eria l and earth terminals from the large 
chassis and consequently as no a er ia l terminal is available fo r  terminating 
th is wire i t  is  suggested that you mount one o f the tip-jack sockets, bushes 
and insulating washers in the hole near the le f t  hand end of the front flange 
of the chassis and attach the end of the aeria l c o i l  primary to  th is . You can 
then simply push the lead-in wire from your a er ia l into the hole in this t ip -  
jack socket and i t  w i l l  make a satisfactory connection with the end of the 
aeria l c o il winding.

l i len wiring up the c o il,  the upper end of the 89 turn winding can pass 
d ire c t ly  to  e ither the upper or lower lug protruding from the stator plates of 
the fron t section of the tuning condenser gang. Another wire, soldered to  the 
lower stator plate lug on the front section of the gang passes through the 
hole near the right hand end of the chassis and across to  pin Ho.6 on the 
socket o f the 1R5 valve.

I t  w i l l  be necessary to  completely wind tire o sc illa to r c o il on the larger 
co il former supplied with this k it of parts.

The plate winding consists o f 30 turns of 34 gauge wire and connects 
to grid 2 of the 1R5 valve by means of socket pin No.3c This winding should 
be commenced approximately 3/l6th of an inch from the tcp end of the former, 
away from the mounting bolts and when wound, w i l l  be found to  end about iff of 
an inch from the top edge of the former. Suitable holes w ill  be found already 
in position on the former fo r the ends of th is c o i l .  A space of approximately 
-§• of an inch separates the 30 turn winding from the tuned winding which con
sists of 69 turns of 28 gauge wire* The upper end o f the 69 turn c o il  should 
be passed through insulating tubing and soldered either to the upper or lower 
lug protruding from the stator plates of the rear section of the tuning con
denser. The other end of the 69 turn co il and both ends of the 30 turn c o il 
should be threaded through insulating tubing and passed down through the centre 
of the co il former and through the large hole, over which the c o i l  former is 
mounted, to  the respective points to  which they connect. The lower end o f the 
69 turn c o il w il l  connect to  one end o f one cf the o001 mfd, tubular condens
ers, and the lower end c f the 30 turn c o il w i l l  connect to valve socket lug No. 
3. In winding the osc illa tor c o il care should be taken to see that the 30 turn 
winding and 69 turn winding are wound in the same direction  ar or?« another.

The top end of the 30 turn winding is to be connected to  the positive 
terminal o f the B battery. To prevent the long B battery wire from snapping 
the fin e  c o il wire i t  is not satisfactory to merely solder a length of hook-up 
wire onto the end of th is c o il wire but rather to  mount another one of the 
tip -jack  sockets9insulated by means of a bushing and insulating washer in one

PL9 - 9.

ing the lower end of the 89 turn winding.  In other words the 25 turn primary 
winding commences almost immediately below the finish of the 89 turn winding. 
There will probably be a small space of about 1/32nd of an inch or 1/16th of 
an inch between these two coils.  After completing the 25 turns, the lower end 
will be found to finish approximately level with the s9cond set of small holes 
from the bottom end of the former and the end of the primary can be terminated 
by being passed to and fro through these small holes once or twice and then 
taken down ins ide the coil f ormer and through the large hole in ti e chassis , 
We will not bother to move the aerial and earth terminals from the large 
chassis and consequently as no aerial terminal f.s available for terminating 
this wire it is suggested that you mount one of the tip-jack sockets, bushes 
and insulating washers in the hole near the left hand end of the front flange 
of the chassis and attach the end of the aerial coil primary to this. You can 
then simply push the lead-in wire from your aerial into the hole in this tip-
jack socket and it will make a satisfactory connection with the end of the 
aerial coil winding. 

When wiring up the coil, the upper end of the 89 turn winding can pass 
directly to either the upper or lower lug protruding from the stator plates of 
the front section of the tuning condenser gang.  Another wire, soldered to the 
lower stator plate lug on the front section of the gang passes through the 
hole near the right hand end of the chassis and across to pin No.6 on the 
socket of the 1R5 valve. 

It will be necessary to completely wind the oscillator coil on the larger 
coil former supplied with this kit of parts. 

The plate winding  consists of 30 turns of 34 gauge wire an.. connects 
to grid 2 of the 1R5 valve by means of socket pen No.3.  This winding should 
be commenced approximately 3/16th of an inch frcm the tcp end of the former, 
away from the mounting bolts and when wound, wi:1 be found to end about ts'-- -of 
an inch from the top edge of the former.  Suitable holes will be found already 
in position on the former for the ends of this coil.  L space of app2e.nimately 
1-3- of an inch separates the 30 turn winding from the tuned winding which con-
sists of 69 turns of 28 gauge wire.  The upper end of the 69 turn coil should 
be passed through insulating tubing and soldered either to the upper or liver 
lug motruding from the stator plates of the rear section of the tuning con-
denser.  The other end. of the 69 turn coil and both ends of the 30 turn coil 
should be threaded through insulating tubing and passed down throudi the centre 
of the coil former and through the large holey over which the coil. former is 
mounted, to the respective points to which they connect. The lower end of the 
69 turn coil will connect to one end of one of the .001 mfd  tubular condens-
ers, and the lower end. cf the 30 turn coil will corenect to va:ve socke-'; lug No. 
3.  In winding the oscillator coil care shou?.d be taken to see that the 30 turn 
winding and 69 turn winding aro wound in the same fireci7ion a'  ore anMher. 

The top end of the 30 turn winding is to be connected to the positive 
terminal of the B battery.  To prevent the long B battery wire from snapping 
the fine coil wire it is not satisfactory to merely solder a length of hook-up 
wire onto the end of this coil wire but rather to mount another one of the 
tip-jack sockets „insulated by means of a bushing and insulating washer in one 
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of the holes at the rear o f the chassis and to use this as an insulated 
supporting point to  which the top end of the 30 turn winding can be soldered 
and from which a length of hook-up wire can be extended to the positive term
inal of the B battery. The fine c o il wire and hook-up wire can both be 
soldered to  one o f the solder lugs mounted under the nut of the insulated 
tip jack  socket. To prevent the socket from turning, place the metal washer 
or switch co lla r against the chassis so that the ridge on the bushing passes 
through both chassis and washer.

The .1 meg res is tor connected between socket lug No.4 and chassis w ill 
have to  be removed from the grid circu it of the 3S4 output valve on the 
larger chassis. This can be replaced on the larger chassis by the ,5 megohm 
res is tor which w i l l  complete the grid circu it of the 3S4 valve again.

The .0001 mfd. condenser can have one end d irec tly  soldered to  socket 
lug No.4 fo r  the 1R5 valve and the other end can be soldered to  a length of 
hook-up wire which w ill  pass through a hole approximately in the centre of 
the small chassis and up to the lug protruding downwards from the stator 
plates of the rear section of the tuning condenser gang.

The filament plus wire extending from socket Lug No.7 on the small 
chassis should be made long enough to  reach to  the on-off switch mounted 
on the larger chassis. It should be connected to the same lug as that which 
furnishes filament voltage fo r  the valves in the larger chassis so that when 
the switch is turned "on", filament voltage w il l  be applied not only to  the 
valves on the large chassis but also to the 1R5 as w e ll. The c o il at the 
le f t  hand side of Figure 3S which acts as the f i r s t  I .F . transformer and 
couples signals from the plate c ircu it of the 1R5 to the grid of the 1T4 is 
mounted on the large chassis beside the valve socket fo r the 1T4 va lve . This 
c o il, which has a 90 turn winding and a 40 turn winding, is the one which was 
wound fo r  the osc illa to r described in Experiment 1 in this lesson. I t  was 
wound on the former previously used fo r the short wave c o il as described in 
Practical Lesson 6. I f  you did not conduct the f i r s t  experiment described 
in this lesson then i t  w il l  be necessary fo r  you to wind the c o il at th is 
stage. The c o il coupling the plate of the l'T4 valve to  the diode detector 
in the 1S5 is not changed in any way and remains in the sans position on 
the larger chassis.

From the diode plate of the 1S5 valve to  the loudspeaker, the c ircu it 
is not changed in any way with the exception of the value of grid load re s is t
or fo r  the 3S4 output valve which should be changed to  a value of .5 megohm 
as mentioned above.

The two 90 turn windings, which become the I .F .  transformers, are 
tuned to the intermediate frequency by means of the .001 mfd. mica condensers. 
It is important that you use the mica condensers and not the tubular type in 
this position.

One of the trimmer condensers should be connected across the osc illa tor 
section of the tuning condenser gang, that is the rear section, and the second 
trimmer condenser can be tried  across each of the ,001 mfd. mica condensers 
in turn la ter, when we are testing the receiver.
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of the holes at the rear of the chassis and to use this as en insulated 
supporting point to which the top end of the 30 turn winding can be soldered 
and from which a length of hook-up wire can be extended to the positive term-
inal of the B battery.  The fine coil wire and hook-up wire can both be 
soldered to one of the solder lugs mounted under the nut of the insulated 
tipjack socket.  To prevent the socket from turning, place the metal washer  
or switch collar against the chassis so that the ridge on the bushing passes 
through both chassis and washer. 

The .1 meg resistor connected between socket lug No.4 and chassis will 
have to be removed from the grid circuit of the 3S4 output valve on the 
larger chassis. Tl-is can be replaced on the larger chassis by the -.5 megohm 
resistor which will complete the grid circuit of the 364 valve again. 

The .0001 mfd. condenser can have one end directly soldered to socket 
lug No.4 for the 1R5 valve and the other end can be soldered to a length of' 
hook-up wire which will pass through a hole approximately in the centre of 
the small chassis and up to the lug protruding downwards from the stator 
plates of the rear section of the tuning condenser gang. 

The filament plus wire extending from socket Lug No.7 on the small 
chassis should be made long enough to reach to the on-off switch mounted 
on the larger chassis.  It should be connected to the same lug as that which 
furnishes filament voltage for the valves in the larger chassis so that when 
the switch is turned "on", filament voltage will be applied not only to the 
valves on the large chassis but also to the 1R5 as well.  The coil at the 
left hand side of Figure 3, which acts as the first I.F. transformer and 
couples signals from the plate circuit of the 1R5 to the grid of the 114 is 
mounted on the large chassis beside the valve socket for the 1T4 valve.  This 
coil, which has a 90 turn winding and a 40 turn winding, is the one which was 
wound for the oscillator described in Experiment 1 in this lesson.  It was 
wound on the f ormer previous ly used f or the short wave coil as des cribed in 
Practical Lesson 6.  If you did not conduct the first experiment described 
in this lesson then it will be necessary for you to wind_ the coil at this 
stage.  The coil coupling the plate of the 114 valve to the diode detect = 
in the 165 is not changed in any way and remains in the same position on 
the larger ch assis. 

From the diode plate of the 1S5 valve to the loudspeaker, the circuit 
is not changed in any way with the exception of the value of grid load resist-
or for the 334 output valve wh ich should be changed to a value of .5 me gohm 
as ment icned above 

The two 90 turn windings, which become the IF. transformers, are 
tuned to the intermediate frequency by means of the .001 mfd. mica condensers. 
It is imp ortant that you use the mica condensers and not the tubular type in 
this position. 

One of the trimmer condensers should be ce_nnected across the oscillator 
section of the tuning condenser gang, that is the rear section, and the second 
trimmer condenser can be tried across each of the .001 mfd, mica condensers 
in turn later, when we are testing the receiver. 
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It  should not be necessary to  remind you that before making any 
alterations whatsoever, to the receiver mounted on the larger chassis, i t  
is important that you disconnect the wires from the batteries and remove 
the valves from th e ir sockets. A fter you have built up the tuning section 
on the smaller chassis and completed the alterations to the larger chassis, 
you should check the battery leads fo r  short circu its as explained previously 
and i f  no short c ircu its ex is t, the leads may be connected to the battery 
terminals. You should next check the voltages by means of the 50 vo lt range 
of your multimeter before inserting any of the valves.

Starting with the socket fo r  the 1R5 valve, and with the negative 
test lead of the multimeter clipped onto the metal chassis, you should obtain 
a reading of 1-g- graduations at pin 7, no reading at pins 6 or 4, and fu l l  B 
battery voltage at pins 3 and 2. You w il l  not obtain a reading of fu l l  
voltage at pin 2 until you have connected the output wire, emerging from the 
plate of the 1R5 at socket pin 2, to the terminal on the rear of the larger 
chassis connecting to the end of the 40 turn winding.

Ch the 4 valve sockets f i t t e d  on the larger chassis, the voltages 
should be exactly the same as those set out on page 42 of Practical Lesson 8 
and you should turn back to th is  lesson in order to check the voltages and 
see that they agree with those lis ted .

I f  a l l  the voltage readings are correct you may plug in the valves, 
being careful to  see that they are inserted in the sockebe intended fo r  them.. 
Inserting a valve in the wrong socket may possibly damage it *

T’JST ING.

With the valves inserted, an a eria l plugged into the t ip  jack socket 
on the front comer of the small chassis end the earth wire attached to any 
part of the smaller chassis, such as fo r  instance the tuning condenser frame, 
you should be in a position to  receive signals when the tuning d ia l is rotated.

I f  you can hear any signal at a l l ,  set the tuning condenser as accur
ately as possible to  give the loudest signals from this station and then try  
connecting one of the trimmer condensers f i r s t l y  across the grid circu it of 
the 1T4 valve as shown in dotted lines at ,:X" on Figure 3. Note care fu lly  
the loudness of the station before you solder the condenser on and then, 
switch o ff ,  solder the condenser in place as quickly as you can and switch 
on againo Observe whether the volume has increased or not. You should then 
experiment with d ifferen t settings of the condenser to determine whether you 
can find  a point at which the volume of signals increases to  a maximum.

- I f  adjustment o f the condenser only seems to make the signals weaker 
than before, instead of stronger or, i f  the screw on the condenser needs to 
be turned out as fa r as possible fo r  best results then you probably have the 
trimmer condenser on the tuned circu it which already has more inductance or 
capacity than the other one. In this case unsolder the trimmer condenser and 
solder i t  across the second I.F . transformer as shown at "Y:: on Figure 3,
Again, carefu lly  notice the loudness of signals before adding the trimmer and
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It should not be necessary to remind you that before making any 
alterations whatsoever, to the receiver mounted on the larger chassis, it 
is important that you disconnect the wires from the batteries and remove 
the valves from their sockets.  After you have built up the tuning section 
on the smaller chassis and completed the alterations to the larger chassis, 
you should check the battery leads for short circuits as explained previously 
and if no short circuits exist, the leads may be connected to the battery 
terminals.  You should next check the voltages by means of the 50 volt range 
of your multimeter before inserting any of the valves. 

Starting with the socket for the 1R5 valve, and with the negativo 
test lead of the multimeter clipped onto the metal chassis, you should obtain 
a reading of lî graduations at pin 7, no reading at pins 6 or 4, and full B 
battery voltage at pins 3 and 2.  You will not obtain a reading of full 
voltage at pin 2 until you have connected the output wire, emerging from the 
plate of the 1R5 at socket pin 2, to the terminal on the rear of the larger 
chassis connecting to the end of the 40 turn winding. 

Ch the 4 valve sockets fitted on the larger chassis, the voltages 
should be exactly the same as those set out on page 42 of Practical Lesson 8 
and you should turn tack to this lesson in order to check the voltages and 
see that they agree with those listed. 

If all the voltage readings are correct you may plug in the valves, 
being careful to see that they are inserted in the sockets intended for theme-
Insert ing a valve in the wrong socket may possitly damage it. 

USTING.  

With the valves inserted, an aerial plugged into the tip jack socket 
on the front corner of the small chassis and the earth wire attached to any 
part of the smaller chassis, such as for instance the tuning condenser frame, 
you should be in a position to receive signals when the tuning dial is rotated. 

If you can hear any signal at all, set the tuning condenser as accur-
ately as possible to give the loudest signals from this stati on and then try 
connecting one of the trimmer condensers firstly across the grid circuit of 
the 1T4 valve as shown in dotted lines at "X" on Figure 3.  Note carefully 
the loudness of the station before you solder the condenser on and then, 
switch off, solder the condenser ii place as quickly as you can and switch 
on again.  Observe whetter the volume has increased or not.  You should then 
experiment with different settings of the condenser to determine whether you 
can find a point at which the volume of signals increases to a maximum. 

• If adjustment of the condenser only seems to make the signals weaker 
than before, instead of stronger or, if the screw on the condenser needs to 
be turned out as far as possible for best results then you probably have the 
trimmer condenser on the tuned circuit which already has more inductance or 
capacity than the other one.  In this case unsolder the trimmer condenser and 
solder it across the second I.F. transformer as shown at "Y" on Figure 3. 
Again, carefully notice the loudness of signals before adding the trimmer and 
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a fter and again experiment with d ifferen t settings to see where the best 
results are obtained.

The trimmer can be l e f t  either at point "XM or "Y ", wherever i t  is  
most benefic ia l in  increasing the sen s itiv ity  of the receiver.

ALIGNMENT.

The operation of trying a trimmer condenser at points "X" or "Y" and 
leaving i t  in the position where i t  increases the sen s itiv ity  to the greatest 
degree, as already explained w i l l  have had the e ffe c t  of tuning the two "I.F . 
Transformers" to the same frequency as one another. We do not know exactly 
what this frequency w il l  be but i t  w i l l  be very close to 350 kc. The next 
step is  to arrange the correct relationship between the aeria l tuning c ircu it 
and osc illa to r tuning c ircu it in  figure 2 to assure that any incoming station 
is  changed to the correct frequency to receive the utmost amplification in 
passing through the " I.F . am plifier". In other words, we must arrange the 
tuning of the o sc illa to r c ircu it to be approximately 35>0 kc higher than that 
o f the aeria l c ircu it regardless of where the tuning condenser is set.

F irs t ly  turn the trimmer condenser, soldered onto the o sc illa to r 
section o f the tuning condenser, almost fu lly  out and then tune in  a station 
as near as possible to the low frequency end of the tuning range, that is  
with the tuning condenser plates turned almost fu lly  into mesh«

The only ready way of a ltering the relationship between the tuned 
circu its at the low frequency end is  by spacing out the lower turn or two on 
the 69 turn winding o f the osc illa to r c o il and spreading these turns a l i t t l e  
further away from the remaining turns. Probably 69 turns is one or two turns 
more than is  needed on the osc illa to r co il and by spacing the last turn or two 
about an eighth of an inch away from the rest of the windhg the ir e ffe c t  can 
be la rge ly  removed and this is a quicker and easier way than actually unwinding 
the two turns. Further, i f  i t  is found that the psrformance suffers when these 
turns are moved down below the rest then they can be easily  moved back again to 
their close-up position without the inconvenience o f joining on extra wire and 
rewinding an extra turn or two.

Before attempting to s lide the turns along the former notice carefu lly 
the loudness of the signals and also adjust the volume control so that the 
signals are not overloading the fin a l valves but are just a comfortable leve l 
fo r  listen ing . I f  you l iv e  very close to a powerful station i t  w i l l  probably 
be better to carry out the adjustments when using only a few fee t of wire 
attached to the aeria l terminal so that the signals provided by the aeria l 
are not too strong for the set and consequently overload any of the valves. 
Carefully notice the loudness of the signals before you make any a lteration  
and also make sure that the condenser is  accurately set in  the f i r s t  place.
Then commence by slid ing the last turn o f the 69 turn winding down about an 
eight of an inch from the rest of the turns. On doing this you w i l l  find 
that at f i r s t  the signals decrease in loudness. Before you judge'whether 
you have effected an improvement or reduced the se t 's  s e n s it iv ity ,, i t  w i l l  
be necessary to retune the condenser because you w i l l  now find that
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after and again experiment with different settings to see where the best 
results are obtained. 

The trimmer can be left either at point "X" or "Y", wherever it is 
most beneficial in increasing the sensitivity of the receiver. 

ALIGN1,M T. 

The operation of trying a trimmer condenser at points flX" or "Y" and 
leaving it in the position where it increases the sensitivity to the greatest 
degree, as already explained will have had the effect of tuning the two "I.F. 
Transformers" to the same frequency as one another.  We do not know exactly 
what this frequency will be but it will be very close to 350 kc.  The next 
step is to arrange the correct relationship between the aerial tuning circuit 
and oscillator tuning circuit in figure 2 to assure that any incoming station 
is changed to the correct frequency to receive the utmost amplification in 
passing through the "I.F. amclifier".  In other words, we must arrange the 
tuning of the oscillator circuit to be approximately 350 kc higher than that 
of the aerial circuit regardless of where the tuning condenser is set. 

Firstly turn the trimmer condenser, soldered onto the oscillator 
section of the tuning condenser, almost fully out and then tune in a station 
as near as possible to the low frequency end of the tuning range, that is 
with the tuning condenser plates turned almost fully into mesh. 

The only ready way of altering the relationship between the tuned 
circuits at the low frequency end is by spacing cut the lower turn or two on 
the 69 turn winding of the oscillator coil and spreading these turns a little 
further away from the remaining turns.  Probably 69 turns is one or two turns 
more than is needed on the oscillator coil and by spacing the last turn or two 
about an eighth of an inch away from the rest of the winthg their effect can 
be largely removed and this is a quicker and easier way than actually unwinding 
the two turns.  Further, if it is found that the pDrformance suffers when these 
turns are moved down below the rest then they can be easily moved back again to 
their close-up position without the inconvenience of joining on extra wire and 
rewinding an extra turn or two. 

Before attempting to slide the turns along the former notice carefully 
the loudness of the signals and also adjust the volume control so that the 
signals are not overloading the final valves but are just a comfortable level 
for listening.  If you live very close to a powerful station it will probably 
be better to carry out the adjustments when using only a few feet of wire 
attached to the aerial terminal so that the signals provided by the aerial 
are not too strong for the set and consequently overload any of the valves. 
Carefully notice the loudness of the signals before you make any alteration 
and also make sure that the condenser is accurately set in the first place. 
Then commence by sliding the last turn of the 69 turn winding down about an 
eight of an inch from the rest of the turns.  On doing this you will find 
that at first the signals decrease in loudness.  Before you judge'whether 
you have effected an improvement or reduced the setts sensitivity,,it will 
be necessary to retune the condenser because you will now find that 
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the signals are received with the tuning condenser plates turned a l i t t l e  
further into mesh. A fter readjusting the tuning condenser you should 
endeavour to  compare the loudness with the previous loudness and see whether 
there is any improvement. I f  the signals are getting louder then try  spac
ing the second last turn also about an eighth of an inch away from the re 
mainder, that is , move it  down adjacent to  the 69th turn. Again, you w ill  
have to  turn the tuning condenser plates s lig h t ly  further into mesh to retune 
the signal and again you. should endeavour to  judge whether the loudness is 
greater or worse than before. I f  you are continuing to make an improvement 
then carry 011 by moving an extra team or two downwards, away from the main 
body of the winding, in the same fashion.

Ch the other hand, i f  you find that moving the turns downward decreases 
the loudness in each case, then obviously the c o il needs more inductance 
instead o f less and you should push a l l  the turns back up close to one 
another again as they were in the f i r s t  place.

A fter having carried out the adjustment of the osc illa to r c o il induct
ance at the low frequency end of the tuning range, you should next tune in a 
station with the tuning condenser plates turned about three quarters of the 
way out of mesh and align the two tuned circu its at the high frequency end 
of the tuning range. This is accomplished by means of the trimmer condenser 
connected to the osc illa to r section of the tuning condenser gang. Before 
making any alteration in the trimmer setting care fu lly  note the leudness of 
signals with the receiver accurately tuned to a station. Next, t ry  screwing 
the condenser in further and retune the d ia l, by turning the tuning condenser 
plates a l i t t l e  further out of mesh until the signals again reach their loud
est point before judging whether you are a ffec tin g  an improvement or not.
Each time you a lte r  the setting of the trimmer condenser it  w il l  be necessary 
to retune the main tuning condenser before judging the results, becauseeach 
time the trimmer is  altered i t  w ill cause the station to  come in at a s ligh tly  
d ifferen t setting of the tuning condenser plates.

I f  the use o f one of the trimmer condensers at point nX" or "Y" in 
Figure 3 produced no material improvement in performance and the sen s itiv ity  
seemed as great without using the trimmer, then you can use i t  to better 
advantage by connecting it  across the aeria l c o il at the position marked "Z” 
in Figure 2. This w il l  considerably sim plify  alignment at the high frequency 
end of the tuning range. I f  the trimmer is used at "Z'1, you should screw the 
o sc illa to r trimmer about two thirds of the way in ard leave i t  at that setting. 
Carefully tune in a station with the condenser plates about three quarters 
of the way out of mesh and simply adjust the trimmer at point "Z" fo r  
loudest signals without resetting the tuning condenser.

The process of establishing the right relationship between the various 
tuned circu its is called "alignment" and is normally done in practice with 
the aid o f signals from a test o sc illa to r rather than those from a broadcast 
station which are not always available at convenient frequencies.

PL9 - 13.

the signals are received with the tuning condenser plates turned a little 
further into mesh.  After readjusting the tuning condenser you should 
endeavour to compare the loudness with the previous loudness and see whether 
there is any improvement.  If the signals are getting louder then try spac-
ing the second last turn also about an eighth of an inch away from the re-
mainder, that is, move it down adjacent to the 69th turn.  Again, you will 
have to turn the tuning condenser plates slightly further into mesh to retune 
the signal and again you should endeavour to judEp whether the loudness is 
greater or worse than before.  If you are continuing to make an improvement 
then carry on by moving an extra tcrn or two downwards, away from the main 
body of the winding, in the same fashion. 

On the other hand, if you find that moving the turns downward decreases 
the loudness in each case, then obviously the coil needs more inductance 
instead of less and you should push all the turns back up close to one 
another again as they were in the first place. 

After having carried out the adjustment of the oscillator coil induct-
ance at the low frequency end of the tuning range, you should next tune in a 
station with the tuning condenser plates turned about three quarters of the 
way out of mesh and align the two tuned circuits at the high frequency end 
of the tuning range.  This is accomplished by means of the trimmer condenser 
connected to the oscillator section of the tuning condenser gang.  Before 
making any alteration in the trimmer setting carefully note the loudness of 
signals with the receiver accurately tuned to a station.  Next, try screwing 
the condenser in further and retune the dial, by turning the tuning condenser 
plates a little further out of mesh until the signals again reach their loud-
est point before judging whether you are affecting an improvement or not. 
Each time you alter the setting of the trimmer condenser it will be necessary 
to re-tune the main tuning condenser before judging the results, becauseeach 
time the trimmer is altered it will cause the station to come in at a slightly 
different setting of the tuning condenser plates. 

If the use of one of the trimmer condensers at point "X" or "Y" in 
Figure 3 produced no material improvement in performanee and the sensitivity 
seemed as great without using the trimmer, then you can use it to better 
flivantage by connecting it across the aerial coil at the position marked "Z" 
in Figure 2.  This will considerably simplify alignment at the high frequency 
end of the tuning range.  If the trimmer is used at HZ°, you should screw the 
osoillator trimmer about two thirds of the way in and leave it at that setting. 
Carefully tune in a station with the condenser plates about three quarters 
of the way out of mesh and simply adjust the trimmer at point "Z" for 
loudest signals without resetting the tuning condenser. 

The process of establishing the right relationship between the various 
tuned circuits is called "alignment" and is normally done in practice with 
the aid of signals from a test oscillator rather than those from a broadcast 
station which are not always available at convenient frequencies. 
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LOCATING FAULTS.

I f  a l l  the voltage measurements have checked correctly  but you are 
unable to  obtain any response from the receiver, then f i r s t l y  see that the 
valves are plugged in the rig jit sockets and that they are firm ly seated. 
Secondly, with the volume control turned fa ir ly  well on, touch pin No. 6 on 
the 1S5 valve socket with your fin ger or with a piece of metal held in your 
hand. I f  a loud buzzing or humming or howling sound occurs ?/hen you do this 
it  indicates that the 1S5 and the follow ing 3S4 valves are functioning. I f  
there is no noise when you do this it  suggests that the fau lt is in the la tte r  
portion of the receiver and you should then touch pin No.3 on the f i r s t  3S4 
socket in a sim ilar fashion. Again, there should be a noise audible from the 
speaker i f  this valve and the fo llow ing one are working. I f  there is no noise 
then the fau lt is in cne of the 3S4 valve stages.

I f  everything appears to  be in order with the last three stages remove 
the aeria l from the socket on the small chassis and touch it  to pin No. 6 on 
the 1T4 valve socket. I f  you hear a c lick  each time the aeria l wire is touch
ed to  the valve socket this suggests that the wiring on the larger chassis is 
correct. You may not actually hear any stations when you touch the aeria l to  
this point but the mere presence of a c lick  each time it  is  connected suggests 
that the equipment is  working properly.

Next touch the aeria l wire to  pin No. 6 on the 1R5 valve socket. Here 
again, you should hear some sort of click  or l iv e  sound just as the aeria l 
wire touches the socket contact. I f  you heard a click  at pin 6 of the 1T4 
valve and no c lick  at pin 6 on the 1R5 then this suggests that the fau lt is 
in the parts shown in Figures 2 and 3 between the grid circu its of these 
valves and you should check over that portion of the c ircu it to  locate the 
trouble. Of course, examine to  see that the wire from the plate of the 1B5 
valve is connected on to  the terminal at the back of the chassis to which the 
40 turn winding on the f ir s t  I .F .  transformer connects.

I f  you obtain a c lick ing noise at pin 6 on the 1R5 valve socket but 
can s t i l l  tune no signals this suggests that the osc illa to r circuit is not 
functioning and this can be confirmed by disconnecting the end of the . 1  
megohm res is tor at point " F' on the diagram and inserting your multimeter 
set to the .1 milliamp range. There should be a very slight movement, of the 
pointer, of about 1  graduation when the equipment is switched on i f  the valve 
is operating. I f  there is no movement ^iiatsoever of the meter's pointer at 
position "F 1 then the fault is in the osc illa to r section and you should care
fu l ly  oheck over the connections to  the c o il,  tuning condenser etc. Also 
check to see that you have wound the 30 turn winding and 69 turn winding on 
the osc illa to r c o il in the same direction  as one another. I f  by any chance 
you find that you have wound one in a clockwise d irection  and the other in 
an anti-clockwise direction when looking from the same end of the c o il former 
then you may be able to  make the set function correctly by reversing the con
nections to  the end of the 30 turn winding,that is,connect the bottom to B+ 
and the top end to pin 3 on the 1R5 valve socket. Of course, normally, the 
bottom connects to  pin 3 on the valve socket and the top to  B+.
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LOCATING FAULTS. 

If all the voltage measurements have checked correctly but you are 
unable to obtain any response from the receiver, then firstly see that the 
valves are plugged in the right sockets end that they are firmly seated. 
Secondly, with the volume control turned fairly well on, touch pin No.6 on 
the 1S5 valve socket with your finger or with a piece of metal held in your 
hand.  If a loud buzzing or humming or howling sound occurs when you do this 
it indicates that the 155 and the following 354 valves are functioning.  If 
there is no noise when you do this it suggests that the fault is in the latter 
portion of the receiver and you should then touch pin No.3 on the first 3S4 
socket in a similar fashion.  Again, there should be a noise audible from the 
speaker if this valve and the following one are working.  If there is no noise 
then the fault is in one of the 3S4 valve stages. 

If everything appears to be in order with the last three stages remove 
the aerial from the socket on the small chassis and touch it to pin No.6 on 
the 1T4 valve socket.  If you hear a click each time the aerial wire is touch-
ed to the valve socket this suggests that the wiring on the larger chassis is 
correct.  You may not actually hear any stations when you touch the aerial to 
this point but the mere presence of a click each time it is connected suggests 
that the equipment is working properly. 

Next touch the aerial wire to pin No.6 on the 1R5 valve socket.  Here 
again, you should hear some sort of click or live sound just as the aerial 
wire touches the socket contact.  If you heard a click at pin 6 of the 124 
valve and no click at pin 6 on the 1R5 then this suggests that the fault is 
in the parts shorn in Figures 2 and 3 between the grid circuits of these 
valves and you should check over that portion of the circuit to locate the 
trouble.  Of course, examine to see that the wire from the plate of the 1R5 
valve is connected on to the terminal at the back of the chassis to which the 
40 turn winding on the first I.17 transfo rmer connects. 

If you obtain a clicking noise at pin 6 on the 1R5 valve socket but 
can still tune no signals this suggests that the oscillator circuit is not 
functioning and this can be conf irmed by disconnecting the end of the .1 
megohm resistor at point "P' on the diagram and inserting your multimeter 
set to the .1 milliamp range.  There should be a very slight move ment, of the 
pointer, of about 1 graduation when the equipment is switched on if the valve 
is operating.  If there is no movement whatsoever of the meter's pointer at 
position "P' then the fault is in the oscillator section and you should care-
fully check over the connections to the coil, tuning condenser etc.  Also 
check to see that you have round the 30 turn winding and 69 turn winding on 
the oscillator coil in the same direction as one another.  If by any chance 
you find that you have wound one in a clockwise direction and the other in 
an anti-clockwise direction when looking from the same end of the coil former 
then you may be able to make the set function correctly by reversing the con-
nections to the end of the 30 turn winding,that is,connect the bottom to B+ 
and the top end to pin 3 on the 1R5 valve socket.  Of course, normally, the 
bottom connects to pin 3 on the valve socket and the top to B+. 
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I f  the osc illa to r is functioning correctly  and provides a small movement 
of the meter's pointer when the meter is  inserted at position "P* then 
restoring the aeria l to the a eria l terminal should provide reception i f  
there are any stations operating within range at the time.

The I.F . transformers you have wound w il l  not be as e ff ic ie n t  as 
commercial I.F . transformers which have both primaries and secondaries 
tuned to the intermediate frequency and consequently the sen s itiv ity  cf 
your receiver w il l  not be as great as that of a commercial fiv e  valve set 
however.; i t  does illu stra te  the principle o f operation of superheterodyne 
receivers,

EXKRIMEIW 3, C OBSTRUCT IMG A SIGNAL TRACER.

We now come to the construction of the signal tracer which is to  be 
bu ilt on the le f t  hand end of your main s tee l panel.

The circu it arrangement of the signal tracer is shown in Figure 5«

The purpose o f a signal tracer is to  enable the speedy location of 
the fau lty  stage in a receiver which has ceased to operate or which is 
operating incorrectly . For example, i f  a fau lt exists in the detector stage 
of a radio receiver then the signals would be amplified quite ncrnally through 
the ea rly  valves, preceding the detector and would be progressively stronger 
at each point until they are applied to the dio6„e detector valve in the re
ceiver. At this point however the signals would not go on in a normal fashion 
because, of the fau lt ex isting in the detector stage and there would either 
be no signal output from this stage or else the signals would be weak, d is 
torted, accompanied by hum or defective in some other way. With the aid of 
a signal tracer, i t  is  possible to detect signals applied to  the grid of the 
f i r s t  va lve ,in  the se t-P-ad fo llow  them through progressively from the grid of 
this va lve5 to its  plate, where they should of course be much stronger, then 
to the grid  of the next valve where they may be a l i t t l e  weaker than at the 
plate of the preceding valve, then to  the plate of the second valve where they 
should be again stronger and so on to  the part in the receiver where the fau lt 

ex ists. Once th is point is reached, instead of the signals progressing in a 
normal fashion and becoming stronger at each stage, you w il l  find a point where 
there a,re no signals or where they are weak or marred in some other fashion*
The fau lt in the receiver then obviously lie s  between the last point at which 
the signals have th e ir normal strength and the f i r s t  point at which they are 
defective* The signal tracer w i l l  help you to locate th is position in a 
receiver in a matter of a few seconds and consequently it  is then a simple 
matter to  check the various parts comprising the fau lty  stage to  determine 
just what the fau lt is „

The signal tracer is able to  follow  the signals from point to point 
throughout the set by being, in e ffe c t j a small receiver in i t s e l f .  The 1T4 
valve drawn at the le f t  of Figure 5 is enclosed in. a small p lastic moulding, 
with a metal t ip  protruding from one end, so that the t ip  can be touched to 
various points in  the receiver at which i t  is desired to  determine the s ignal's  
strength. The 1T4 valve ops rates as a grid leak detector,by means of the »0001
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If the oscillator is functioning correctly and provides a small movement 
of the meter's pointer when the meter is inserted at position "P't then 
restoring the aerial to the aerial terminal should provide reception if 
there are any stations operating within range at the time. 

The I.F. transformers you have wound will not be as efficient as 
commercial 1.F. transformers which have both primaries and secondaries 
tuned to the intermediate frequency and consequently the sensitivity cf' 
your receiver will not be as great as that of a commercial five valve set 
however, it does illustrate the -principle of oreration of stroerheterody.ne 
receivers, 

EX F,R.7.7NT  3.   CO7STRUCTING A SIGNAL TRACER. 

We now come to the construction of the sigma', tracer which is to be 
built on the left hand end of your main steel panel. 

The circuit arrangement of the signal tracer is shown in Figure 5., 

The purpose of a signal tracer is to enable the speedy locatf.on of 
the faulty stage in a receiver which has ceased to operate or which is 
operating incorrectly.  For example, if a fault exists in the detector stage 
of a radio receiver then the signals would be amplified quite normally throudn 
the early valves, preceding the detector and would be progressively stronger 
at each point until they are applied to the diode detector valve in the re-
ceiver.  At this point however the signals weak. not go on in a normal fashion 
because, of the fault  cisting in the detector stage and. there would either 
be no signal output from this stage or else -the aieials would be weak, dis-
torted, accompanied by hum or defective in some other way.  With the aid of 
a signal tracer, it is possible to detect signals applied to the grid of the 
first valve,in the se,i7.-cni follow them through "Ur o gre s s ive ly from the grid of 
this valve, to its plate, where they should of course be much stronger, then 
to the grid of the next valve where they may be a little weaker than at the 
plate of the preceding valve, then to the plate of the second valve where they 
should be again stronger and so on to the part in the receiver whore the fault 
exists.  Once this point is reached, instead of the signals ir ogress ing in a 
normal fashion and becoming stronger at each stage, you will find a point where 
there are no signals or where they are weak or marred in some other fashion. 
The fault in the receiver then obviously lies between the last point at which 
the signals have their normal strength and the first point at which they are 
defe tive.  The signal tracer will 'help you to locate this position in a 
receiver in a matter of a few seconds and consequently it is thon a simple 
matter to check the various parts eomprising the faulty stage to determine 
just what the fault is. 

The signal tracer is able to follow the signals from point to point 
throughout the set by being, in effect, a small receiver in itself.  The 1T4 
valve drown at the left of Figure 5 is enclosed in a small plastic moulding, 

with a metal tip protruding from one and, so that the tip can be touched to 
various points in the receiver at which it is desired to determine the signal's 
stren . Tho 214 valve operates as a grid leak detector lby means of the .0001 
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condenser and 5 meg. res istor connected to its  grid . This means that when 
the metal t ip  is touched to parts o f a radio receiver in  which radio frequency 
or intermediate frequency signals are present, the ITU valve detects these 
signals and sends the audio frequency modulation on from its  plate c ircu it, 
through the .5  meg and .0 1  mfd. condenser and also the volume control to the 
1S5 valve and then on through the 3SU to the loudspeaker. By means of the 
amplification provided by these valves you w i l l  be able to hear any signals 
which reach the metal tip  of the housing enclosing the ITU.

When you are
A.F. Input ŜU tracing signals

through the radio 
frequency or 
intermediate fr e 
quency portion of 
a receiver, that 
is the section of 
the receiver prior 
to the detector, 
you should explore 
the receiver with 
the metal t ip  of 
the ITU probe.

I f  a fau lt in a 
receiver exists in 
the power output 
stage or loud
speaker then i t  
w i l l  be desirable 
to continue trac
ing the signal 
through the audio 
frequency ampli
fy ing stages and 
you can either 
continue using 
the ITU valve or 
better s t i l l ,p lu g  
one o f your test 
leads into the

socket marked "AF input” in  figure 5 which w i l l  apply the audio frequency s ig 
nals d irec tly  through the volume control to the 1 S5> and 3SU valves only.
Because the signals w i l l  have been amplified by the early  valves in  the receiv
er, they w il l  have su ffic ien t strength to provide loud output even though they 
pass through only the 1 S5 and the 3SU-

With the multimeter switch turned to the position marked "H.F." the 
meter is  connected to the plate c ircu it of the ITU valve and consequently gives 
and indication of the strength of radio frequency voltage applied to the ITU's 
grid . A fter you have had some experience in  testing a number o f receivers you 
w i l l  soon judge just what reading is  normally obtained from a set that is  in

O O
A+i.5 c-U .5  c+

Figure 5«
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condenser and 5 meg. resistor connected to its grid.  This means that when 
the metal tip is touched to parts of a radio receiver in which radio frequency 
or intermediate frequency signals are present, the 114 valve detects these' 
signals and sends the audio frequency modulation on from its plate circuit, 
through the .5 meg and .01 mfd. condenser and also the volume control to the 
IS5 valve and then on through the 3S14 to the loudspeaker.  By means of the 
amplification provided by these valves you will be able to hear any signals 
which reach the metal tip of the housing enclosing the 114. 

A.F. Input 

o   
114 

10 

To Multimeter 

B+45 4 
B-  A-

Figure 5.  

3514 

o 
A+1.5 c-4.5 c+ 

socket marked "AF input" in figure 5 which will 
nais directly through the volume control to the 
Because the signals will have been amplified by the early valves in the receiv-
er, they will have sufficient strength to provide loud output even though they 
pass through only the 1S5 and the 354. 

When you are 
tracing signals 
through the radio 
frequency or 
intermediate fre-
quency portion of 

N ' a receiver, that 
is the section of 
the receiver prior 
to the detector, 
you should explore 
the receiver with 
the metal tip of 
the 114 probe. 

If a fault in a 
receiver exists in 
the power output 
stage or loud-
speaker then it 
will be desirable 
to continue trac-
ing the signal 
through the audio 
frequency ampli-
fying stages and 
you can either 
continue using 
the lTà valve or 
better still,plug 
one of your test 
leads into the 

apply the audio frequency sig-
135 and 3S14 valves only. 

With the multimeter switch turned to the position marked 'U.F." the 
meter is connected to the plate circuit of the 114 valve and consequently gives 
and indication of the strength of radio frequency voltage applied to the 11114Ts 
grid.  After you have had some experience in testing a number of receivers you 
will soon judge just what reading is normally obtained from a set that is in 
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good order and consequently you w i l l  eas ily  notice abnormal readings on the 
meter, which indicate a fault in the set.

When the multimeter switch is turned to  the position marked "A.F." 
the meter is  then connected to  the grid c ircu it of the 1S5 valve and w il l  
reg ister the strength of audio frequency signals reaching this valve. In 
this way the meter can be used as an output meter to assist in aligning the 
tuned circu its of receivers.

When the faults in a receiver have been re c t if ie d  and i t  is  simply 
necessary to  align the tuned c ircu its , signals w i l l  be heard from the 
re ce ive r ’s own loudspeaker and in th is case i t  is  not necessary fo r  the 
signal tracer speaker to operate so that only the IS5 valve is required 
to  act as a r e c t i f ie r  fo r  the output meter. When the switch at the le f t  
hand side of the signal tracer panel is turned to  the centre position marked 
"Output Volts" filament voltage is applied only to  the IS5 valve so as to 
save battery current consumption by the other valves which are not in use.

From the above description i t  w il l  be seen that the 1T4 acts as a grid 
leak detector with resistance coupling to  the IS5 f ir s t  audio frequency 
am plifier which is again resistance coupled to  the 5S4 power output valve.

CONSTRUCT I  (ST.

The signal tracer is constructed on the smaller of the two metal chassis, 
the valve sockets fo r  the IS5 and the 3S4 valves being mounted in the two holes 
furthest apart near the back flange of the chassis. The chassis is attached 
to the front panel by means of the threaded bushings on the controls which 
pass through the holes in the chassis, the holes in the metal panel and through 
the holes in the label. The .1 megohm potentiometer f i t s  in the centre of the 
chassis and passes through the label at the position marked "Meter Zero". The 
1  meg potentiometer f i t s  through the chassis and label at the position marked 
"Attenuator". Do not mount the resistor panel in position until you have 
completed the earth wiring and filament wiring.

A test lead socket, passed through a red insulating bushing should be 
mounted in the hole at the right hand side o f the etched label marked "A .F." 
and a second socket should be mounted through a black bushing in the lower 
hole near the earth symbol. Of course, a bakelite washer should be used at 
the reax of the panel so that these sockets are insulated from the main panel.

When you have mounted the sockets in place test fo r  short circu its tn 
the panel by means of your ohmmeter. I f  you obtain a reading when one test 
lead from the ohmmeter is touched to one of the sockets and the other test 
lead touched to a elean spot on the rear of the metal panel this shows that 
the threaded portion of the socket is not centrally located in the holes in 
the panel and is causing a short c ircu it. In this case you must loosen o ff 
the nut and centre the bushings before tightening i t  up again.
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good order and consequently you will easily notice abnormal readings on the 
meter, which indicate a fault in the set. 

When the multimeter switch is turned to the position marked "A.F." 
the meter is then connected to the grid circuit of the 1S5 valve and will 
register the strength of audio frequency signals reaching this valve.  In 
this way the meter can be used as an output meter to assist in aligning the 
tuned circuits of receivers. 

When the faults in a receiver have been rectified and it is simply 
necessary to align the tuned circuits, signals will be heard from the 
receiver's own loudspeaker and in this case it is not necessary for the 
signal tracer speaker to operate so that only the 1S5 valve is required 
to act as a rectifier f or the output meter.  When the switch at the left 
hand side of the signal tracer panel is turned to the centre position marked 
"Output Volts" filament voltage is  applied only to the 135 valve so as to 
save battery current consumption by the other valves which are not in use. 

From the above description it will be seen that the 1T4 acts as a grid 
leak detector with resistance coupling to the 135 first audio frequency 
amplifier which is again resistance coupled to the 334 power output valve. 

CONSTRUCT ICE'.  

The signal tracer is constructed on the smaller of the two metal chassis, 
the valve sockets for the 135 and the 334 valves being mounted in the two holes 
furthest apart near the back flange of the chassis.  The chassis is attached 
to the front panel by means of the threaded bushings on the controls which 
pass througt the holes in the chassis, the holes in the metal panel and through 
the holes in the label.  The .1 megohm potentiometer fits in the centre of the 
chassis and passes through the label at the position marked "Meter Zero".  The 
1 meg potentiometer fits through the chassis and label at the position marked 
"Attenuator".  Do not mount the resistor panel in position until you have 
completed the earth wiring and filament wiring. 

A test lead socket, passed through a red insulating bushing should be 
mounted in the hole at the right hand side of the etched label marked "A.F." 
and a second socket should be mounted through a black bushing in the lower 
hole near the earth symbol.  Of course, a bakelite washer should be used at 
the rear of the panel so that these sockets are insulated from the main panel. 

When you have mounted the sockets in place test far short circuits tn 
the panel by means of your ohmmeter.  If you obtain a reading when one test 
lead from the ohmmeter is touched to one of the sockets and the other test 
lead touched to a clean spot on the rear of the metal panel this shows that 
the threaded portion of the sooket is not centrally located in the holes in 
the panel and is causing a short circuit.  In this case you must loosen off 
the nut and centre the bushings before tightening it up again. 
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WIRING

The f i r s t  step in wiring is to  use a length o f the 18 gauge bare 
tinned copper wire to  connect together the central metal sleeves on each 
valve socket and also pin No.l on the 1S5 socket and No.5 on the 3S4 socket. 
This length of wire should fo llow  the path shown in the wiring diagram of 
Figure 6 and provides a convenient point of connection fo r  a l l  the points 
shown as connecting to earth in Figure 5. One end should be connected to 
the lower of the two tip  jack sockets mounted on the front panel.

WIRING  

The first step in wiring is to use a length of the 18 gauge bare 
tinned copper wire to connect together the central metal sleeves on each 
valve socket and. also pin No.1 on the 185 socket and No.5 on the 3S4 socket. 
This length of wire should. follow the path shown in the wiring diagram of 
Figure 6 and provides a convenient point of connect in for all the points 
shown as connecting to earth in Figure 5.  One end. should be connected to 
the lower of the two tip jack sockets mounted on the front panel. 

.L.+1.5 V .   To Multimeter 11  To Mult imeter  
4 

IGUIL 6. B+4 5 

TP 1.1ultimeter 5 
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You should next connect the positive filament terminals on the valve 
sockets to the filament switch and also pass the leads from the loudspeaker 
transformer down through one of the holes in the metal chassis to pins 2 and 
k on the 3SI4. valve socket.

The various small resistors and condensers may naif be mounted on the 
length of res istor panel in the positions indicated in  Figure 6. A fter 
mounting these parts in  place, the resistor panel i t s e l f  can he attached to 
the metal chassis by means o f two o f the long 1 -|" x §" bolts ‘ supplied with 
K it No. 8 . These bolts should be passed through the chassis, through solder 
lugs to  which the earth wire can be attached, then a nut placed i- mediately 
under the solder lug. Further up on the bo lt a second nut can be placed 
then the res is tor panel can be put on the bolts and f in a lly  another nut w i l l  
be placed on the end o f each bolt so that the resistor panel is  clamped 
between two of the nuts and is spaced about Van  inch away from the metal 
chassis. In mounting the 10,000 ohm resistor, at the right hand end o f the 
res is tor panel, you should leave its  p ig ta il wires fa ir ly  long’ so that one of 
the nuts w i l l  f i t  under the res is tor, between i t  and the panel.

Once the panel is  mounted, you can complete the wiring in accordance 
with Figures £ and 6 . Although you w i l l  probably find i t  easier to place the 
wires correctly by referring to Figure 6 you should also trace each wire in  
the corresponding c ircu it diagram of Figure 5> so that you are fam iliar with 
the purpose o f the wires and the parts to which they connect. The .1 mfd, 
condenser has one end attahced to the socket marked "A .F." and the other end 
soldered d irec tly  to the right hand lug on the 1  megohm potentiometer.

The wires in  Figure 5 marked "To multimeter 11,h" should connect to 
switch contacts 11, and 5 on the multimeter switch. You should re fer to 
Figure 1; of Practica l Lesson I4. to locate these switch contacts. S im ilarly, 
the wires shown near the bottom of Figure 5 marked "To multimeter 16, h" 
should connect to the multimeter switch contacts 10  and

SIGNAL TRACER PROBE.

Before mounting the socket for the ITU va.lve onto the short end of 
the probe moulding, i t  is  necessary to attach the various connecting wires 
to i t .  The probe is  attached to the instrument by three lengths o f d i f fe r 
en tly coloured wires each about a yard long. One length of this coloured 
w ire ’ should connect to the centre cylinder of the socket and to socket lug 
N o .l. The second wire should connect to pin No.7 and the third wire should 
connect to socket pins 2 and 3 which are joined together. The 5 meg.resist
or should have one of its  p ig ta ils  cut very short and this end soldered to 
pin N o .l, The res is tor should be mounted so that i t  stands out in the same 
direction as the lugs of the socket. Its  other end, which should be about 
| of an inch long should bo soldered to pin 6. The pointed metal t ip  should 
have the hollow in the threaded end tinned by placing a l i t t l e  soldering flux  
in the hollow and then allowing some molten solder to flow down into the hole, 
When tinning this hole be careful not to allow the solder to run over the 
threaded portion of the t ip  or you w i l l  find i t  impossible to screw i t  into 
the moulding. Once you have tinned the hole you can screw the metal t ip  into
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You should next connect the positive filament terminals on the valve 
sockets to the filament switch and also pass the leads from the loudspeaker 
transformer down through one of the holes in the metal chassis to pins 2 and 
4 on the 3S4 valve socket. 

The various small resistors and condensers may now be mounted on the 
length of resistor panel in the positions indicated in Figure 6.  After 
mounting these parts in place, the resistor panel itself can he attached to 
the metal chassis by means of two of the long  x  bolts supplied with 
Kit No. S.  These bolts should be passed through the chassis, through solder 
lugs to which the earth wire can be attached, then a nut placed ieriediately 
under the solder lug.  Further up on the bolt a second nut can be placed 
then the resistor panel can be put on the bolts and finally another nut will 
be placed on the end of each bolt so that the resistor panel is clamped 
between "leo of the nuts and is spaced about ;an inch away from the metal 
chassis.  In meunting the 10,000 ohm resistor, at the right hand end of the 
resistor panel, you should leave its pigtail wires fairly long -so that one of 
the nuts will fit under the resistor, between it and the panel. 

Once the panel is mounted, you can complete the wiring in accordance 
with Figures 5 and 6.  Althoueh you will probably find it easier to place the 
wires correctly by referring to Figure 6 you should also trace each rire in 
the corresponding circuit diagram of Figure 5 so that you are familiar with 
the purpose of the wires and the parts to which they connect.  The .1 mfd. 
condenser has one end attahced to the socket marked "A.F." and the other end 
soldered directly to the right hand lug on the 1 megohm potentiometer. 

The wires in Figure 5 marked "To multimeter 11,5" should connect to 
switch contacts 11, and 5 on the multimeter switch.  You should refer to 
Figure 4 of Practical Lesspn 4 to locate these switch contacts.  Similarly, 
the wires shown near the bottom of Figure 5 marked "To multimeter 10, 4" 
should connect to the multimeter switch contacts 10 and 4. 

SIGNAL TRACER PROBE. 

Before mounting the socket for the 1T4 valve onto the short end of 
the probe moulding, it is necessary to attach the various connecting wires 
to it.  The probe is attached to the instrument by three lengths of differ-
ently coloured wires each about a yard long.  One length of this coloured 
wire -should connect to the centre cylinder of the socket and to socket lug 
U0.1.  The second wire should connect to pin No.7 and the third wire should 
connect to socket pins 2 and 3 which are joined together.  The 5 meg.resist-
or shoilld have one of its pigtails cut very short and this end soldered to 
pin No.l.  The resistor should be mounted so that it stands out in the same 
direction as the lugs of the socket.  Its other end, whice should be about 
3 -4- of an inch long should be soldered to pin 6.  The pointed metal tip should 
have the hollow in the threaded end tinned by placing a little soldering flux' 
in the hollow and then allowing some molten solder to flow down into the hole. 
When tinning this hole be careful  not to allow the solder to run over the 
threaded portion of the tip or you will find it impossible to screw it into 
the moulding.  Once you have tinned the hole you can screw the metal tip into 
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the moulding as firm ly  as i t  w il l  go. Next you should cut one of the wires 
from the .0001 mfd. condenser about half an inch long and place this con
denser in the hole in the shorter portion of the t ip  so that its  end protrudes 
down into the hole in the metal prod. The end of the condenser p ig ta il should 
be tinned with solder before placing it  into the hole in the prod. I f  you 
now make your soldering iron quite hot and touch it  to  the side of the metal 
prod, where i t  extends outside of the bakelite moulding, you w ill find that 
a fter a few seconds the metal t ip  w i l l  become hot enough to melt the solder 
in the hole and so the end of the .0001 mfd. condenser w i l l  sink into the 
hole and w ill  be securely soldered to the inner end of the metal prod.

The other end of the .0001 mfd. condenser should be cut about half an 
inch long and should be soldered also to  pin Wo. 6 on the 1T4 valve socket 
by placing the socket as close as possible against the bakelite moulding.
You should now firm ly  press the socket into position in the moulding by 
causing the p ig ta il wires of the *0001 mfd. condenser to  double up,allowing 
the socket to  seat firm ly  on the f la t  surface of the moulding and the 5 meg. 
res istor to f i t  down beside the condenser. The lengths of hookup wire fo r 
connecting the probe to the instrument pass through the grooves in the mould
ing and come up around the edges of the socket and should then be passed 
through the hole in the thin moulded cover. The socket fo r  the 1T4 is held 
in position by two 8BA screws and the coVer is held on to the thicker portion 
of the moulding by means of three 8M  screws.

Before attaching the other ends of the long three wire cable to the 
signal tracer, you should test with your ohmmeter to  determine that there are 
no short c ircu its .

When using the lew resistance range of your ohmmeter,with the ohmmeter 
test leads connected to  the two coloured wires in the cable, which connect to 
the filament negative and positive terminals of the 1T4 you should obtain a 
reading of 20  ohms which indicates that the filament is  in order and that the 
wires are connected to the correct socket lugs.

Qa checking between either of the filament wires and the third wire 
in the cable there should be no movement of the needle's pointer from the 
le ft  hand end of the scale. I f  the needle does move i t  indicates a short 
c ircu it in the probe due perhaps to  the wire from the plate of the valve 
touching one of the other pins on the socket.

In order to  keep the three strands of wire from the signal tracer probe 
tidy , they should be twisted or p la ited together and passed through the rubber 
grommet which f i t s  in the hole at the le f t  hand end of the signal tracer label. 
They may then be soldered to the points indicated in Figures 5 and 6. The 
wire from lug No.l of the 1T4 valve socket can connect to the bare 18 gauge 
tinned copper earth wire, the wire from pin 2 or 3 w ill  connect to the third 
lug free  the le f t  hand end of the res is tor panel and the wire from the f i l a 
ment positive socket pin No. 7 should connect to the f ir s t  lug at the extreme 
le f t  of the res is to r panel rather than d irec tly  to the switch. This lug is 
better able to take any pull or strain  exerted by the cable than the lugs on 
the switch i t s e l f .
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the moulding as firmly as it will go.  Next you should cut one of the wires 
from the .0001 mfd. condenser about half an inch long and place this con-
denser in the hole in the shorter portion of the tip so that its end protrudes 
down into the hole in the metal prod.  The end of the condenser pigtail should 
be tinned with solder before placing it into the hole in the prod.  If you 
now make your soldering iron quite hot and touch it to the side of' the metal 
prod, where it extends outside of the bakelite moulding, you will find that 
after a few seconds the metal tip will become hot enough to melt the solder 
in the hole and so the end of the .0001 mfd. condenser will sink into the 
hole and will be securely soldered to the inner end of the metal prod. 

The other end of the .0001 mfd. condenser should be cut about half an 
inch long and should be soldered also to pin No.6 on the 1T4 valve socket 
by placing the socket as close as possible against the bakelite moulding. 
You should now firmly press the socket into position in the moulding by 
causing the pigtail wires of the .0001 mfd. condenser to double up,allowing 
the socket to seat firmly on the flat surface of the moulding and the 5 meg. 
resistor to fit down beside the condenser.  The lengths of hookup wire for 
connecting the probe to the instrument pass through the grooves in the mould-
ing and come up around the ed ges of the socket and should then be passed 
through the hole in the thin moulded cover.  The socket for the 1T4 is held 
in position by two 8B.A. screws and the co've r is held on to the th icker port ion 
of the moulding by means of three 8BA. screws. 

Before attaching the other ends of the long three wire cable to the 
signal tracer, you should test with your ohmmeter to determine that there are 
no short circuits. 

When using the low resistance range of your ohmmeter lwith the ohmmeter 
test leads connected to the two coloured wires in the cable, which connect to 
the filament negative and positive terminals of the 1T4 you should obtain a 
reading of 20 ohms which indicates that the filament is in order and that the 
wires are connected to the correct socket lugs. 

Cn. checking between either of the filament wires and the third wire 
in the cable there should be no movement of the needle t5 pointer from the 
left hand end of the scale.  If the needle does move it indicates a short 
circuit in the probe due perhaps to the wire from the plate of the valve 
touching one of the other pins on the socket. 

In order to keep the three strands of wire from the signal tracer probe 
tidy, they should be twisted or plaited together and passed through the rubber 
grommet which fits in the hole at the left hand end of the signal tracer label. 
They may then be soldered to the points indicated in Figures 5 and 6.  The 
wire from lug No.1 of the 1T4 valve socket can connect to the bare 18 gauge 
tinned copper earth wire, the wire from pin 2 or 3 will connect to the third 
lug from the left hand end of the resistor panel and the wire from the fila-
ment positive socket pis]. No. 7 should connect to the first lug at the extreme 
left of the resistor panel rather than directly to the switch.  This lug is 
better able to take any pull or strain exerted by the cable than the lugs on 
the switch itself. 
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Mien attaching the long lengths of hook-up wire fo r  connecting to 
the batteries, make sure that the ends are securely soldered to  lugs on the 
res istor panel, or in the case of the A-, B- and C+ leads, to  the 18 gauge 
tinned copper wire at a point where i t  is also soldered to  a soldering lug 
held firm  by a bo lt. This w il l  prevent any accidental pull on these wires 
from upsetting the performance of the instrument. I t  is a good idea to  pass 
these f le x ib le  leads through one of the ■§" diameter holes in the back flange 
of the chassis as this holds them t id i l y  in place and further helps in 
res isting  the strain of any pull on the leads. The length of these leads 
should be such that the A, B and G batteries stand in the space between the 
chassis and at the rear o f the multimeter. You should be particu larly careful 
to  label the end of each of the battery leads by means o f a paper label gummed 
on:o the wire and d is tin c tly  marked A-, B+ e tc .,  to  avoid any chance of ever 
connecting the wires on to  the wrong batteries.

TESTING VOLTAGES.

Before connecting the battery leads to the batteries themselves you 
should use your ohmmeter to test fo r  short circu its between the ends of the 
wires as explained in previous lessons. With the ohmmeter set on the high 
ohms range, you should obtain no reading whatsoever between the C battery 
leads or B battery leads and none between the A ta ttery  wires when the switch 
on the front panel is turned to the positions marked "O ff" or "Output Volts".
In the position marked "Ch", there should be a reading due to the filament 
of the 1T4 valve inside the signal tracer probe. The 1S5 and 3S4 valves 
should not yet be inserted in their sockets,

With your ohmmeter test leads applied to the B+ and B- leads rotate 
the 1  meg. potentiometer marked "Meter Zero" on the panel and with the multi
meter switch turned to  the position marked "R .F." watch the meter scale to 
see that there is no movement of the pointer. I f  the pointer moves at a l l ,  
this shows that a short c ircu it exists in the wiring of the signal tracer or 
in the multimeter switch and this should be re c t if ie d  before proceeding any 
further. A fter making this te s t , return the multimeter switch to the B.C. 
pots xt ion .

I f  everything is in order you may nor; attach the three pairs of battery 
leads to  their correct battery terminals.

The next step is to test the voltages existing at the 1S5 and 3S4 
sockets before inserting the valves. With your multimeter set on the 50 vo lt 
range and the negative test lead attached to the bare earth wire of the 
signal tracer chassis, you should obtain the fo llow ing reading on the 1S5 
valve socket. On pins 1, 2, 3 and 6 no reading. Ch pin 7 a reading o f about 
kg graduations when the filament switch is turnedto the positions marked 
"Output vo lts " or "On". On pins 4 and 5 you should obtain a reading of about 
15 vo lts , that is , the needle should move nearly one-third of the way across 
the scale*

Ch the 3S4 socket, there should be no reading at lugs 5 or 6 , 1-g- grad
uations at lugs 1 and 7 when the filament switch is in the "On" pee i t  ion only
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When. attaching the long lengths of hook-up wire for connecting to 
the batteries, make sure that the ends are securely soldered to lugs on the 
resistor panel, or in the case of the A-, B- and C+ leads, to the 18 gauge 
tinned copper wire at a point where it is also soldered to a soldering lug 
held firm by a bolt.  This will prevent any accidental pull on these wires 
from upsetting the performance of the instrument.  It is a good idea to pass 
these flexible leads through one of the el diameter holes in the back flange 
of the chassis as this holds them tidily in place and further helps in 
resisting tile strain of any pull on the leads.  The length of these leads 

should be such that the A, B and C batteries stand in the space between the 
chassis ond at the rear of the multimeter.  You should be particularly careful 
to label the end of each of the battery leads by means of a paper label gummed 
onto the wire and distinctly marked A- e B+ etc., to avoid any chance of ever 
connecting the wires on to the wrong batteries. 

TL'STING VOLTAGES. 

Before connecting the battery leads to the batteries themselves you 
:7q-,•ould use your ohmmeter to test for short circuits between the ends of the 
i.'ires as explained in previous lessons.  With the ohmmeter set on the high 
ohms range, you should obtain no reading whatsoever between the C battery 
leads or B battery leads and none between the A lattery wires when the switch 
on the front panel is turned to the positions marked "Off" or "Output Volts". 
In the position marked "On", there should be a reading due to the filament 
of the 1T4 valve inside the signal tracer probe.  The 155 and 354 valves 
should not yet be inserted in their sockets. 

With your ohmmeter test 'earls applied to the B+ and B- leads rotate 
the 1 mg. potentiometer marked "Meter Zero" on the ranel and with the multi-
meter switch turned to the position marked "P.P." watch the meter scale to 
see that there is no movement of the pointer.  If the pointer moves at all, 
this shows that a short circuit exists in the rising of the signal tracer or 
in the multimeter switch and this should be rectified before proceeding any 
further.  After making this test, return the multimeter switch to the D.C. 
posit ion. 

If ever;ything is in order you may now attach the three pairs of battery 
leads to their correct battery terminals. 

The next step is to test the voltages existing at the 1S5 and 384 
sockets before inserting the valves.  With your multimeter set on the 50 volt 
range and the negative test lead attached to the bare earth wire of the 
signal tracer chassis, you should obtain the following reading on the 185 
valve socket.  Oa pins 1, 2, 3 and 6 no reading.  On pin 7 a reading of about 

grad.uation.s when the filament switch is turnedto the positions marked 
"Cr.. put, volts" or "On".  On pins 4 and 5 you should obtain a reading of about 
15 volts, that is, the needle should move nearly one-third of the way across 
be scale. 

On the 3S4 socket, there should be no reading at lue 5 or 6, 1-1- grad-
:.::.ations at lugs 1 and 7 when the filament switch is in the "On" position only 
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and a reading o f fu l l  battery voltage at pins 2 and U. On pin 3> there should 
be a very s ligh t backward movement o f the needle which may only just be 
noticeable.

I f  the voltage readings are correct, you may insert the IS5 in  the socket 
behind the switch and the 3Sli in  the socket behind the 1  megohm potentiometer.
On switching on, and touching the metal t ip  o f the signal tracer probe there 
should be a c lick  or a humming sound heard from the loudspeaker. I f  you do 
not hear any sound when the signal tracer t ip  is touched, then touch your 
fin ger to the red tipjack socket marked "A.F." I f  you hear a noise from the 
speaker when you touch this socket i t  indicates that the 1 S5 and 3^U valves 
are operating and so the fau lt must ex ist in  the ITU valve or the parts 
connecting i t  to the grid of the 1S5. I f  there is s t i l l  no sound when the 
"A.F." socket is  touched then there is  a fau lt in  either the IS5 or 3SU stages. 
The 3SU stage can be tested by momentarily disconnecting the C - wire from 
the negative terminal of the C battery and touching i t  on and o ff  the battery 
lug. I f  the 3SU is  amplifying there w i l l  be quite a loud c lick  each time 
the wire is  touched to the C battery lug. I f  no loud click  is heard then 
this proves the fau lt to be in  the 3SU stage or loudspeaker,

USING THE SIGNAL TRACER.

When using the Tracer, i t  is  necessary to use one o f your test leads or 
a sim ilar wire to connect the chassis of the receiver you are testing to the 
socket marked "Earth" on the Tracer panel.

I f  you have a radio receiver available, you should explore the radio 
frequency portion of the receiver with the probe t ip  and trace the signals 
through from the aeria l terminal, or grid of the f i r s t  valve to the detector 
stage. So that you may hear the signals from the tracer's  loudspeaker the 
rece iver 's  volume control should be turned o f f  or better s t i l l ,  the volume 
control may be turned on and the rece iver 's  loudspeaker made in e ffec tive  by

FIGURE 7.

means o f a length o f wire employed to short circu it either the voice c o il or 
the loudspeaker transformer primary winding.

When using the probe fo r tracing signals through the early  stages of a 
receiver, you should havS the multimeter switch set to the position marked 
"R.F." In this position, the meter is  connected in'such a way as to indicate 
the plate current of the ITU valve and consequently, i t  w i l l  give some ind ic
ation o f the s igna l's  strength reaching the grid  of this valve and, a fte r some
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and a reading of full battery voltage at pins 2 and 4.  On pin 3, there should 
be a very slight backward movement of the needle which may only just be 
noticeable. 

If the voltage readings are correct, you may insert the 135 in the socket 
behind the switch and the 3S4 in the socket behind the 1 megohm potentiometer. 
On switching on, and touching the metal tip of the signal tracer probe there 
should be a click or a humming sound heard from the loudspeaker.  If you do 
not hear any sound when the signal tracer tip is touched, then touch your 
finger to the red tipjack socket marked "A.F." If you hear a noise from the 
speaker when you touch this socket it indicates that the 1S5 and 334 valves 
are operating and so the fault must exist in the 1T4 valve or the parts 
connecting it to the grid of the 1S5.  If there is still no sound when the 
"A.F." socket is touched then there is a fault in either the 1S5 or 3S4 stages. 
The 334 stage can be tested by momentarily disconnecting the C - wire from 
the negative terminal of the C battery and touching it on and off the battery 
lug.  If the 3S4 is amplifying there will be quite a loud click each tire 
the wire is touched to the C battery lug.  If no loud click is heard then 
this proves the fault to be in the 3S4 stage or loudspeaker. 

USING THE SIGNAL TRACER. 

When using the Tracer, it is necessary to use one of your test leads or 
a similar wire to connect the chassis of the receiver you are testing to the 
socket marked "Earth" on the Tracer panel. 

If you have a radio receiver available, you should explore the radio 
frequency portion of the receiver with the probe tip and trace the signals 
through from the aerial terminal, or grid of the first valve to the detector 
stage.  So that you may hear the signals from the tracer's loudspeaker the 
receiver's volume control should be turned off or better still, the volume 
control may be turned on and the receiver's loudspeaker made ineffective by 

• 

Metal Tip 

5 meg. Resistor  Socket 
,Joe 

.001 mfd. Cond. 

FIGURE 7. 

\Jolt 

1T4 Valve 

means of a length of wire employed to short circuit either the voice coil or 
the loudspeaker transformer primary winding. 

-1!hen using the probe for tracing signals through the early stages of a 
receiver, you should havé the multimeter switch set to the position marked 
"R.F."  In this position, the meter is connected in-such a way as to indicate 
the plate current of the 1T4 valve and consequently, it will give some indic-
ation of the signal's strength reaching the grid of this valve and, after so me 
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experience is obtained in testing a number o f typ ical receivers, you w i l l  be 
able to  judge whether the signals are of normal strength or not by its 
ind icat ions.

When you switch on the signal tracer, the plate current of the 114 
valve w il l  cause the meter needle to  deflect across towards the right hand end 
of the scale. You can make the needle reg is ter correctly  at the right hand 
end of the scale by means of the knob on the front marked "Meter Zero". I f  
you now touch the signal tracer probe to  a point in the receiver where there 
are strong signals present, these signals w i l l  cause the plate current of the 
13?4 to reduce, as i t  is  acting as a grid leak detector and this w i l l  cause the 
meter needle to move back towards the le f t  hand end of the scale. The stronger 
the signals, the further the needle w il l  move towards the le f t  band end of 
the scale.

In modern superheterodyne receivers i t  is  not unusual to  find signals 
in the R.F. section of the receiver having a strength of up to  30 volts when

the set is  tuned 
to  a powerful near
by station . This 
w ill not reduce the 
plate current com
p lete ly  to  zero but 
you w il l  be able to 
obtain some idea of 
the relationship 
between signal 
strength and meter 
reading from Figure 
8 , which w il l  give 
you sane indication 
of the relationship 
between the neter 
indication,on the 
upper scale marked 
up to 10  at the 
right hand end,and 
the radio frequency 
signal strength 
applied t o the probe 
t ip .

In tracing s ig 
nals through an in
operative receiver

you should commence at the aeria l end and work towards the loudspeaker. I f  you 
liv e  in a d is tr ic t  where there is a powerful broadcasting station nearby you 
w il l  be able to pick up the signals from this station weakly, when your 
signal tracer probe t ip  is touched to the a er ia l terminal o f the receiver.
I t  w i l l  be necessary to rotate the tuning d ia l of the radio receiver until

FIGURE 8.
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experience is obtained in testing a number of typical receivers, you will be 
able to judge whether the signals are of normal strength or not by its 
ind icat ions. 

When you switch on the signal tracer, the plate current of the 1T4 
valve will cause the meter needle to deflect across towards the right hand G nd 
of the scale.  You can make the needle register correctly at the right hand 
end of the scale by means of the knob on the front marked "Meter Zero".  If 
you now touch the signal tracer probe to a point in the receiver where there 
are strong si gnals present, these signals will cause the plate current of the 
1T4 to reduce, as it is acting as a grid leak detector and this will cause the 
meter needle to move back towards the left hand end of the scale.  The stronger 
the signals, the further the needle will move towards the left hand end of 
the scale. 

In modern superheterodyne receivers it is not unusual to find signals 
in the R.F. section of the receiver having a strength of up to 30 volts when 

the set is tuned 
to a powerful near-
by station.  This 
will not reduce the 
plate current com-
pletely to zero but 
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FIGURE 8. 
In tracing sig-

nals through an in-
operative re ceiver 

you should commence at the aerial end and work towards the loudspeaker.  If you 
live in a district where there is a powerful broadcasting station nearby you 
will be able to pick up the signals from this station weakly, when your 
signal tracer probe tip is touched to the aerial terminal of the receiver. 
It will be necessary to rotate the tuning dial of the radio receiver until 
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the signals heard from the signal tracer are at their loudest. These signals 
w i l l  he extremely weak in strength and consequently w i l l  provide p rac tica lly  
no reduction In the indication of the meter. I f  you liv e  in a d is tr ic t  where 
you have no loca l broadcasting station available, then you w il l  probably not 
be able to  hear any signals at the aeria l terminal of the receiver you are 
testing, but w il l  perhaps hear them, when you touch the signal tracer probe 
to  the grid of the f i r s t  valve in the receiver* Again, the strength of 
signals w i l l  be determined by the setting of the tuning condenser on the 
receiver and you "J ill find  i t  necessary to  move the tuning d ia l of the rece iv 
er until the signals are at the ir loudest.

I f  the receiver you are testing is a superheterodyne, the signals 
reaching the grid of the converter valve w il l  be changed to  an intermediate 
frequency, by being mixed with an osc illa to r frequency created in the set.
On testing the osc illa to r circu its of the receiver, you w i l l  not hear any 
sound from the signal tracer 's  loudspeaker because the o sc illa to r frequency 
is unmodulated. However, the osc illa to r should normally provide a strength 
of several vo lts  and this w i l l  provide a substantial deflection  on the signal 
tracer meter when the probe t ip  is touched to  the grid or plate of the o s c i l l 
ator portion of the frequency changer valve in the receiver. This is  the 
reason fo r  providing both the meter and loudspeaker to indicate the presence 
of signals reaching the signal tracer.

At the plate of the frequency changer valve the strcngest signal present 
w il l  be the amplified osc illa to r frequency and this w ill provide quite a 
substantial movement of the meter needle at the plate of this valvQ, although 
the signals from the loudspeaker, representing the broadcasting station pro
gramme, w i l l  be rather weak. With checking at this point, you should again 
make sure that the receiver tuning d ia l is set correctly  to  bring in the s ig 
nals at th e ir  greatest strength.

The next point to  check is the grid of the f i r s t  I.F . am plifier. The 
I.F . transformer w i l l  prevent the osc illa to r frequency signals from reaching 
the grid of this valve so that the aster needle w i l l  move much further up 
towards the right hand end of the scale again, tending to indicate a weaker 
signal. What i t  does rea lly  indicate is that the strong osc illa to r voltage is 
not present at this point and the deflection  it  does give w i l l  be dependent 
upon the strength of the intermediate frequency signal alone rather than on 
the osc illa to r strength.

At the same time, the signals from the loudspeaker w i l l  probably be a 
l i t t l e  weaker at the grid of the f i r s t  I .F . am plifier than they were at the 
plate of the frequency changer because there is some loss in signal strength 
as the signals pass through the I.F . transformer.

I f  signals are reaching the grid of the I.F . am plifier, you may then 
test at the plate of the valve to see i f  the signals are being amplified by 
this va lve. I f  this valve is working normally, the signals w i l l  be very much 
stronger at its  plate and the sounds from the signal tracer 's  loudspeaker w il l  
be much louder and at the same time the meter needle w i l l  move further towards 
the le f t  hand end of the scale.
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the signals heard from the signal tracer are at their loudest.  These signals 
will be extremely weak in strength and consequently will provide practically 
no reduction in the indication of the meter.  If you live in a district where 
you have no local broadcasting station available, then you will probably not 
be able to hoar any signals at the aerial terminal of the receiver you are 
testing, but will perhaps hear them, when you touch the signal tracer probe 
to the grid of the first valve in the receiver.  Again, the strength of 
signals will be determined by the setting of the tuning condenser on the 
receiver and you will find it necessary to move the timing dial of the receiv-
er until the si gnals are at their loudest. 

If the receiver you are testing is a superheterodyne, the si gnals 
reaching the grid of the converter valve will be changed to an intermediate 
frequency, by being mixed with an oscillator frequency created in the set. 
On testing the oscillator circuits of the receiver, you will not hear any 
sound from the signal tracer's loudspeaker because the oscillator frequency 
is unmodulated.  F owever, the oscillator should normally provide a strength 
of several volts and this will provide a substantial deflection on the signal 
tracer meter when the probe tip is touched to the grid or plate of the oscill-
ator portion of the frequency changer valve in the receiver.  This is the 
reason for providing both the meter and. loudspeaker to indicate the presence 
of signals reaching the signal tracer. 

At the plate of the frequency changer valve the strcngest signal present 
will be the amplified oscillator frequency and this will provide quite a 
substantial movement of t1.-.e meter needle at the plate of this valve, although 
the signals from the loudspeaker, representing the broadcasting station pro-
gra me, will be rather weak.  With che cking at th is point, you ah ould again 
make sure that the receiver tuning dial is set correctly to bring in the sig-
nals at their greatest strength. 

The next point to check is the grid of the first I.F. amplifier.  The 
I.F. transformer will prevent the oscillator frequency signals from reaching 
the grid of this valve so that the meter needle will move much further up 
towards the rig'at hand end of the scale again, tending to indicate a weaker 
signal.  What it does really indicate is that the strong oscillator voltage is 
not present at this point and the deflection it does give will be dependent 
upon the strength of the intermediate frequency signal alone rather than on 
the oscillator strength. 

At the same time, the signals from the loudspeaker will probably be a 
little weaker at the grid of the first I.F. amplifier than they were at the 
plate of the frequency changer because there is some loss in signal strength 
as the signals pass through the I.F. transformer. 

If signals are reaching the grid of the I.F. amplifier, you may then 
test at the plate of the valve to see if the signals are being amplified by 
this valve,  if this valve is working normally, the signals will be very much 
stronger at its plate and the sounds from the signal tracer's loudspeaker will 
be much louder and at the same time the meter needle will move further towards 
the left hand end of the scale. 
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I f  the receiver has a second I .F . amplifying stage then continue to  
fo l ia r  the signals through to the grid of this valve, where one would expect 
the signals to  he a l i t t l e  so fter and the met or needle to  move a l i t t l e  further 
to  the right than at the plate of the preceding valve, due to  the losses in 
the second I.F . transformer. At the plate of the second I.F . am plifier, i f  
there is one, the signals w ill he much greater in strength again.

F ina lly , you should use the signal tracer probe to determine whether 
the signals are reaching the diode plate in the detector. In an old fashioned 
set the detector w il l  not be a diode type and in this case you should see that 
the signals reach the grid of the deteetor valve.

A fter the detector in the receiver has done its  work, the signals 
w il l  be audio frequency. The best results w il l  then be obtained by turning 
the multimeter switch to  the position narked "A.F." and by using your positive 
test lead plugged into the tipjack socket marked "A.F." on the signal tracer.
By using this test lead you can fo llow  the audio frequency signals from the 
detector, to  the grid of the f i r s t  audio am plifier, to the plate of this valve, 
then through the coupling condenser to  the grid of the second audio amplifier 
or output valve and f in a l ly  to  the loudspeaker in the receiver. When the 
receiver is working normally, the signals w i l l  continue to  get progressively 
louder and when they become so loud that they sound distorted and cause the 
signal tracer 's  speaker to  ra ttle  you should turn back the "Attenuator” on 
the signal tracer to  maintain them at a reasonable le v e l.

The attenuator is f i t t e d  with a calibrated scale so that you w i l l  
learn from experience on a number of receivers, the normal setting fo r  the 
knob at d ifferen t points throughout the audio system. Thus, a fter you have 
had some experience in testing a /ariety of types of receivers you w i l l  soon 
be able to judge, from the point to  which the attenuator knob has to be turn
ed, whether the receiver you are testing has the normal amount of am plificat
ion or not.

An input iso lating condenser is  contained in the signal tracer probe 
and also immediately behind the A.F. socket so that there w il l  be no danger of 
the positive voltage at the plate of any of the valves in the receiver you are 
testin g, a ffec tin g the signal tracer c ircu it.

When using your multimeter switch on the position marked "A.F." ana 
also, when testing the audio sections of a receiver, the sounds you w i l l  hear 
w ill  vary in loudness in accordance with the nature of the programme of the 
station to  which you are listen ing and this w il l  cause the meter needle to  
dance up and down on the scale rather than to provide a steady indication.

An altemafcivo method of tracing the signals through the A.F. section 
of the receiver is to continue using the signal tracer probe on the A.F.stages. 
You w il l  find  that the tone quality is perhaps a l i t t l e  s h r i l l  when using the 
probe but i t  is sometimes quicker and more convenient to start at the aeria l 
terminal of the receiver and trace right through to  the loudspeaker with the 
one probe, rather than use the probe fo r  the portion o f the rece iver up to the 
detector ard. then the test lead plugged in the socket marked "A.F." fo r  the 
follow ing portions of the receiver. I f  you are using the probe fo r  follow ing
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If the receiver has a second I.F. amplifying stage then continue to 
follow the si gnals through to the grid of this valve, where one would expect 
the signals to 'ce a little softer and the meter needle to move a little further 
to the right than at the plate of the preceding valve, due to the losses in 
the second I .F . transformer.  At the plate of the se cond I .F  amplifier, if 
there is one, the signals will be much greater in strength again. 

Finally, you should use the signal tracer probe to determine whether 
the signals are reaching the diode plate in the detector.  In an old fashioned 
set the detector will not be a diode type and in this case you should see that 
the signals reach the grid of the deteetor valve. 

_After the detector in the receiver has done its work, the signals 
will be audio frequency.  The best results will then be obtained by turning 
the multimeter switch to the position marked "A.F." and by using your positive 
test lead plugged into the tipjack socket narked "A.F." on the signal tracer. 
By using this test lead you can follow the audio frequency signals from the 
detector, to the grid of the f irst audio amp lif je r, to the plate of th is valve, 
then throudi the coupling condenser to the grid of the second audio amplifier 
or output valve and finally to the loudspeaker in the receiver.  When the 
receiver is working normally, the signals will continue to get progressively 
louder and when they become so loud that they sound distorted and cause the 
signal tracer's speaker to rattle you shoold turn back the "Attenuator" on 
the signal tracer to maintain them at a reasonable level. 

The attenuat or is fitted with a calibrated scale so that you will 
learn from experience on a number of receivers, the norna] setting for the 
knob at different points throughout th3 audio system.  Thus, after you have 
had some experience in testing a variety of types of receivers you will soon 
be able to judge, from the point to which the attenuator knob has to be turn-
ed, whether the receiver you are testing has the normal amount of amplificat-
ion or not. 

fin input isolating condenser is contained in the signal tracer probe 
and also inmediately behind the A.F. socket so that there will be no danger of 
the positive voltage at the plate of any of the valves in the receiver you are 
testing, affecting the signal tracer circuit. 

When using your multimeter switch on the position marked "A.F." and 
also, when testing the audio sections of a receiver, the sounds you will hear 
will vary in loudness in accordance with the nature of the programme of the 
station to which you are listening and this will cause the meter needle to 
dance up and down on the scale rather than to provide a steady indication. 

JIT1  a it ernat toe  meth od e tracing the si gnals through the A .F. section 
of the receiver is to continue using the signal tracer probe on the A.F.stages. 
You will find, that the tone quality is perhaps a little shrill when using the 
probe but it is s omet imes quicker and more convenient to start at the aerial 
terminal of the receiver and trace right through to the loudspeaker with the 
one probe, rather than use the probe for the portion of the receiver up to the 
detector and. then the test lead plugged in the socket marked "A.F." for the 
f oil ow ing port ions of the re ce iver. If you are using the probe f or following 
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signals through the audio frequency stages of the receiver you may leave the 
multimeter switch set to  the position narked "R.F." and so observe the strength 
cf the signals by means of the deflection  of the meter needle towards the le f t  
hand end of the scale just as when testing the H.F. section*

Naturally, in a receiver which is working normally, the signals w ill  
proceed to  get stronger as you fo llow  through the receiver towards the loud
speaker. I f  you find  a point at which the signals suddenly become much weaker 
than they were at a preceding point,or where there are no signals present,then 
th is indicates that the fau lt in the receiver exists between the point at which 
the signals have th e ir normal strength and the f ir s t  point at which the 
signals are very weak or en tire ly  absent»

As you use your signal tracer fo r  tes tin g  a varie ty  cf sets you w il l  
become gradually more proficient in using it  and you w il l  soon find  that you 
are very rapid ly able to  determine the fau lty  stage, or group of parts in a 
receiver which is inoperative. The more practice you have in using the signal 
tracer the more useful you w il l  find i t  and the quicker you w i l l  become at 
finding fau lts ,

MODULATED R.F. OSCILLATOR.

The f in a l unit to be constructed is a modulated R.F. o sc illa to r which 
w il l  provide a re liab le  source of signals at any of the commonly used fr e 
quencies to which radio receivers are capable cf tuning, so that you may test 
the receiver even when there are no powerful broadcasting stations operating 
or in d is tr ic ts  where there are no powerful signals available. You w il l  find  
uhis very helpfu l in testing sets in conjunction with your signal tracer.

In addition, the signals from the osc illa to r w i l l  enable you to  align 
the tuned circu its of receivers and so adjust them to  give th e ir best per- 
f  ormance„

The circu it diagram of the modulated osc illa to r is shown in Figure No*9, 
From this diagram you w il l  see that a 354 valve is  employed as a radio f r e 
quency osc illa to r in a "Reinartz" c ircu it. That is , the tuned winding of the 
osc illa tor c o il  is  connected to  the va lve 's  grid and osc illa tion  is maintained 
by a reaction, or plate winding through which the plate currents of the valve 
pass.

In order to  provide signals fcnr testin g purposes at a wide variety of 
d ifferen t frequencies, f iv e  separate tuning co ils  are provided and can be 
selected by means of the two sections of the rotary switch j One section con
nects the tuned winding to the tuning condenser and tc the grid of the valve 
through the ,001 mfd. condenser- whilst the second switch section connects 
the plate of the valve to  the appropriate plate winding on the c o il  being used.

An unmodulated carrier wave is not very satisfactory fo r  testing 
purposes because when a receiver is tuned in to the carrier wave, one would 
hear nothing from the rece iver 's  loudspeaker due to  the fact that there is no 
programme or modulation present on the carrier. In order to  produce an ident
ify in g  tone, sc that the signals can be. heard from the loudspeaker of the set
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signals through the audio frequency stages of the receiver you may leave the 
multimeter switch set to the position marked "R.F." and so observe the strength 
cf the signals by means of the deflection of the meter needle towards the left 
hand end of the scale just as 17:hen testing the R.F. section. 

Naturally, in a receiv.er which is working normally, the signals will 
proceed to get stronger as you follow through the receiver towards the loud-
speaker.  If you find a point at which the signals suddenly become much weaker 
than they were at a preceding point or where there are no signals present,then 
this indicates that the fault in the receiver exists between the point at which 
the signals have their normal strength and the first point at which the 
signals are very week or entirely absent. 

As you use your signal tracer for testing a variety of sets you will 
become gradually more proficient in uling it and you will soon find that you 
are very rapidly able to determine the faulty stage, or group of parts in a 
receiver which is inoperative.  The more practice you have in using the signal 
tracer the more useful you will find it and the quicker you will become at 
finding faults. 

LIMUL1,TED R.F. OSCILLATOR.. 

The final unit to be constructed is a modulated R.F. oscillator which 
will provide a reliable source of signals at any of the commonly used fre-
quencies to which radio receivers are capable of tuning, so that you may test 
the receiver even when there are no powerful broadcasting stations operating 
or in districts where there are no powerful signals available.  Yo'i will find 
this very helpful in testing sets in conjunction with yotx signal tracer. 

In addition, the signals from the osci llator will enable you to align 
the tuned circuits of receivers and so adjust them to give their best per-
f ormance 

The circuit diagram of the modulated oscillator is shown in Figure No,9. 
From this diagram you will see that a 3724 valve is employed as a radio fre-
quency oscillator in a "Reinartz" circuit.  That is, the tuned winding of the 
oscillator coil is connected to he valve's grid and oscillation is maintained 
by a reaction, or plate winding through which the plate currents of the valve 
pass. 

In order to provide signais for testing purnoses at a wide variety of 
different frequencies, five separate tuning coils are provided and can be 
selected by mrDans of the two secticre-,3 o the rotary switch.  One section con-
nects the tuned winding to the tuning condenser aie. tc the grid of the valve 
through the ,001 mfd. condenser ? 7..hilst the seeord switch section connects 
the plate of the valve to the approrriate plate winding on the coil being used. 

Inn Ltamodulated carrier wave is not very satisfactory for testing 
purposes because when a receiver is tuned in to the carrier wave, one would 
hear nothing from the receiver's lou.dspea'Ke-2-.. .due to the fact that there is no 
programme or modulation present on the carrier.  In order to produce an ident-
ifying tone, so -that the signals can b,e beard from the loudspeaker of the set 
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being tested, the 1R5 valve is used as an audio frequency o sc illa to r . The 
iron cored transformer is connected to the grid and plate circu its of the 1R5,

the grids 2, 3 and 4 being joined to  the plate of this valve so that it  acts 
as a triode instead of as a converter valve. This valve is made to osc illa te  
at a frequency of approximately 400 cycles per second by means of the .03 mfd. 
condenser which tunes the iron cored choke to  th is frequency. The 400 cycle 
voltage is then applied through the 15,000 chm resistor to the screen grid of 
the 3S4 valve and by varying the screen grid voltage causes the plate current 
of this valve to  fluctuate at 400 cycles per second and so the radio frequency 
voltage produced by the valve pulsates in strength at th is frequency. When 
you tune signals from the osc illa to r on a receiver, you w il l  hear the 400 cycle 
note coming from the receiver 's  loudspeaker.
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being tested, the 1R5 valve is used. as an audio frequency oscillator.  The 
iron cored transformer is connected to the grid and plate circuits of the 1R5, 
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the grids 2, 3 and 4 being joined to the plate of this valve so that it acts 
as a triode instead of as a converter valve.  This valve is made to oscillate 
at a frequency of approximately 400 cycles per second by means of the .03 mfd. 
condenser which tunes the iron cored choke to this frequency.  The 40 -) cycle 
voltage is then applied through the 15,000 ohm resistor to the screen grid of 
the 354 valve and by varying the screen grid voltage causes the plate current 
of this valve to fluctuate at 400 cycles per second and so the radio frequency 
voltage produced by the valve pulsates in strength at this frequency.  Vi)ben 
you tune signals from the oscillator on a receiver, you will hear the 400 cycle 
note coming from the rereiveris loudspeaker. 
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C (MSTRUCT ICH.

The o sc illa to r is  constructed on the larger of the two chassis, the 
tuning condenser feeing mounted up on the four long -g1' Whitworth bolts as

Eish I.F . co il

Low I  .F. 
Coil

Trimmer

explained previous
ly . The placement 
of the valve sock
ets , co ils  and other 
parts can be deter
mined from Figure 
10  which shows the 
parts mounted on 
top of the chassis 
and from Figure 11 
which shows the 
parts mounted under 
the chassis and is 
also a wiring d ia
gram.

The co ils , two 
of which stand up 
on top of the 
chas s i s , sh ould be 
mounted on last of 
a l l ,  but in carry
ing out the other 
wiring of the osc
i l la to r  be sure 
that the wires are 
kept clear of the 
position in which 
the c o il bracket 

FIGURE 10. and coils are
mounted.

A fter the parts are bolted in position, you may commence your wiring 
by using a length o f 18 gauge bare tinned copper wire to  provide a convenient 
point to which the various parts, shown in Figure 9 as connecting to  earth, 
may be attached.

You should next wire up the filament circu its of the valves and the 
filament switch. The wires from the tuning condenser section can be attached 
and passed down through the quarter inch diameter hole under the front section 
of the condenser gang. The potentiometer which acts as an attenuator and also 
the .001 mfd. condenser, 5,000 ohm resistor and 50 ohm resistor are the next 
parts to  be installed.

As usual, the t ip  jack sockets should have been tested fo r  short circu its 
to  the panel when they were being mounted and before any wires were attached 
t o them.
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CONSTRITCT ION.  

tuning condenser being 
The oscillator is constructed on the larger of the two chassis, the 

mounted up on the four long in Ihitworth bolts as 
explained previous-
ly.  The placement 
of the valve sock-
ets, coils and other 
parts can be deter-
mined from Figure 
10 which shows the 
parts mounted on 
top of the chassis 
and from Figure 11 
which shows the 
parts mounted under 
the chassis and is 
also a wiring dia-
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gram. 

The coils, two 
of which stand up 
on top of the 
chassis , should be 
mounted on last of 
all, but in carry-
ing out the other 
wiring of the osc-
illator be sure 
that the wires are 
kept clear of the 
posit ion in which 
the coil bracket 
and coils are 
mounted. 

After the parts are bolted in position, you may commence your wiring 
by using a length of 18 gauge bare tinned copper wire to provide a convenient 
point to which the various parts, shown in Figure 9 as connecting to earth s 
may be attached. 

You should next wire up the filament circuits of the valves and the 
filament switch.  The wires from the tuning condenser section can be attached 
and passed down through the quarter inch diameter hole under the front section 
of the condenser gang.  The potentiometer which acts as an attenuator and also 
the .001 mfd. condenser, 5,000 ohm resistor and 50 ohm resistor are the next 
parts to be installed. 

As usual, the tipjack sockets should have been tested for short circuits 
to the panel when they were being mounted and before any wires were attached 
to them. 
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After completing as much of the -wiring as possible and mounting 
the various resistors and condensers you may commence to  wind the co ils .

COIL WINDING.

There are f iv e  separate tuning coils to  he wound and i t  is  important 
that you employ the correct c o il former fo r  each, otherwise you w ill  find 
that there are no holes in the positions where you require them to  terminate 
the ends of the w ires.
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After completing as much of the wiring as possible and mounting 
the various resistors and condensers you may commence to wind the coils. 

COIL WINDIUG.  

There are five separate tuning coils to be wound and it is important 
that you employ the correct coil former for each, otherwise you will find 
that there are no holes in the positions where you require them to terminate 
the ends of the wires. 

PL9 - 29. 



Scae superheterodyne receivers employ re la t iv e ly  low intermediate 
frequencies extending from about 150 kilocycles upwards. In order to  provide 
signals to  enable alignment at these frequencies, the f i r s t  c o i l  has been 
designed to tune down below 150 KG. In order to  do th is , a large tuning cap
ac ity  is needed and this is  achieved by using one section of the tuning con
denser permanently connected across the secondary of this c o il and in addition, 
when the band switch is set to the position marked "Low I.F ."  the second tun
ing condenser section is also connected across the c ircu it. Thus the second
ary of th is c o il is tuned by both tuning condenser sections in para lle l, The 
large tuning capacity available helps to tune to the low band of frequencies 
required. Even so, i t  w i l l  be necessary to  wind 250 turns of the very fin e ,
34 gauge wire on the former. The former to be used is the one o rig in a lly  
supplied fo r  the winding of the broadcast c o il  in Lesson Ho. 6 and is the one 
which was used as the second I.F . transformer in your superheterodyne receiver. 
I t  is the one which has a 45 turn reaction winding near the top, a 90 turn 
secondary winding and a 40 tum primary wound over the lower part of the 
secondary. It  also had a f iv e  turn winding underneath the secondary.

In employing i t  fo r  this osc illa to r, it  w il l  be necessary to  remove 
a l l  of the orig ina l windings and to start at the uppermost pair of holes so 
as to f i t  in the 250 turns of 34 gauge wire. This winding w i l l  terminate at 
the lower set of holes and i t  w ill be necessary to wind the wire very care
fu l ly  so that the turns lie  neatly side by side in order to f i t  them in the 
space available.

A fter having wound the 250 turn c o il, place some varnished insulating 
tape over the lower end of the tuning c o il, near the mounting bracket r3nd wind 
a plate winding consisting of 50 turns of the same 34 gauge wire over the top 
of the insulating tape. I t  w il l  be necessary to  hold the ends of this winding 
in place with a drop of molten wax, shellac or cement of some sort. Each end 
of this winding can be passed through, one of the holes near the lower edge of 
the former but as there are only two available holes and two ends of the wire 
i t  w il l  not be possible to  thread the wire ends backwards and forwards through 
the holes to secure them firm ly* Instead, each end ox the winding must be 
passed through one hole aid then, a fter being threaded through insulated tub
ing, they can be passed down through, the large hole in the chassis in readi
ness fo r  attaching to  the switch and terminal. The three wires from the lower 
end of the former w i l l  need to  be le ft  about 6" long in order to reach the 
switch whereas the wire from the top end o f the former w i l l  need to  be about 
8" long. When this c o il is wound it  may be mounted on the right hand side of 
the chassis as shown in Figure 10, A ll  leads are passed down through the hole 
in the chassis. The two wires which attach to the switch are brought forward, 
towards the front of the chassis end then turned along towards the switch and 
attached to the switch as shewn in Figure 12. The lower end of the 250 tum 
winding is soldered to the earth wire and the upper end of the 50 turn winding 
should be extended back, through insulated tubing to one of the terminals, 
mounted on the back comer of the chassis and which serve as a convenient 
point fo r  the 3+ connection.
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Some superheterodyne receivers employ relatively lcw intermediate 
frequencies extending from about 150 kilocycles upwards.  In order to provide 
signals to enable alignment at the  frequencies, the first coil has been 
designed to tune down below 150 KC.  In order to do this, a large tuning cap-
acity is needed and this is achieved by using one section of the tuning con-
denser permanently connected across the secondary of this coil and in addition, 
when the bend switch is set to the position marked "Low I.F." the second tun-
ing condenser section is also connected across the circuit.  Thus the second-
ary of this coil is tuned by both tuning condenser sections in parallel,  The 
large tuning capacity available helps to tune to the low band of frequencies 
required.  Even so, it will be necessary to wind 250 turns of the very fine, 
34 gauge wire on the former.  The former to be used is the one originally 
supplied for the winding of the broadcast coil in Lesson No. 6 and is the one 
which was used as the second I.F. transf ormer in your superheterodyne receiver. 
It is the one which has a 45 turn reaction winding near the top, a 90 turn 
secondary winding and a 40 turn primary wound over the lower part of the 
secondary.  It also had a five turn winding underneath the secondary. 

In employing it for this oscillator, it will be necessary to remove 
all of the original windings and to E.:tart ai; the uppermost pair of holes so 
as to fit in the 250 turns of 34 gauge wire.  This winding will terminate at 
the lower set of holes and it will be necessary to wind the wire very care-
fully so that the turns lie neatly side by side in order to fit them in the 
space available. 

After having wound the 250 turn coil, place some varnished insulating 
tape over the lower end of the tuning coil, near the mounting bracket and wind 
a plate winding consisting of 50 turne of the same 34 gauge wire over the top 
of the ins ul at ing tape . It will be necessary to hold the ends of th is winding 
in place with a drop of molten ',77_X 9 shellac or cement of some sort.  Each end 
of this winding can be passed through one of the holes near the lower edge of 
the former but as there are only to available holes and two ends of the wire 
it will not be pcssible to thread the wire ends backwards and forwards through 
the holes to secure them firmly.  Instead, each end of the winding must be 
passed through one hole and then, after being threaded. through insulated tub-
ing, they can be passed dovm through the large hole in the chassis in readi-
ness for attaching to the s;71-tc;h and terminal.  The three wires from the lower 
end of the former will need to be loft about 6" long in order to reach the 
switch whereas the wire from the top end of the former will need to be about 
8" long.  .1'.11en this coil is wound it may be mounted on the right hand side of 
the chassis as shown in rigurs 10.  All leads ore passed down through the hole 
in the chassis.  The two wires which attach to the switch are brought forward, 
towards the front of the chassis end then tnamed along towards the switch and 
attached to the switch as shown in gure 12.  The lower end_ c-,f the 250 turn 
winding is soldered to the earth wire and the upper end of the 50 turn winding 
should be extended back, through insulated tubing to one of the terminals, 
mounted on the back corner of the chassis and. which serve as a convenient 
point for the 3+ connect ion. 
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Of course, it  should be unnecessary to mention that in winding the 
coils you should see that both grid and plate windings are wound in the same 
direction  as one another.

With the tuning condenser turned fu l ly  into mesh this c o il w i l l  cover 
frequencies of about 140 kilocycles to  about 450 k ilocyc les. It  w il l  probably 
not take in the frequencies of 455 and 475 kilocycles which are quite extens
iv e ly  used. For this reason, a second c o il is provided to cover the higher 
intermediate frequencies and w i l l  start from ah out 320 k ilocycles and cover 
up to about 900 or 920 k ilocyc les.

The second c o i l  is wound on the larger former supplied with th is kit 
and which was used fo r  the osc illa to r c o i l  in the superheterodyne receiver 
you constructed ea r lie r  in this lesson* It  o r ig in a lly  had a 30 turn winding 
near the top and a 69 turn winding near the bottom. It  w il l  be necessary to
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Of course, it should be unnecessary to mention that in winding the 
coils you should see that both grid and plate windings are wound in the same 
direction as one another. 

With the tuning condenser turned fully into mesh this coil will cover 
frequencies of about 140 kilocycles to about 450 kilocycles.  It will probably 
not take in the frequencies of 455 and 475 kilocycles which are quite extens-
ively used.  For this reason, a sscond coil is provided to cover the higher 
intermediate frequencies and will start from at out 320 kilocycles and cover 
up to about 900 or 920 kilocycles. 

The second coil is wound on the larger former supplied with this kit 
and which was used for the oscillator coil in the superheterodyne receiver 
you constructed earlier in this lesson,' it  originally had a 30 turn winding 
near the top and a 69 turn winding near the bottom.  It will be necessary to 
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remove both of these windings and, starting at the top of the former, away 
from the mounting bracket, wind on 50 turns of 34 gauge wire as a plate 
winding and then, a fter about one-eighth of an inch space, wind on the tuned 
winding which consists of 135 turns of the fin e 34 gauge wire. As this c o il 
mounts near the rear comer of the chassis i t  w il l  be necessary to leave the 
leads about 8" long in order that the upper end of the 50 turn winding and 
the lower end of the 135 turn winding may reach to the switch. The lower end 
of the 50 turn winding should be attached to the terminal being used as a 
connection fo r  B+ and the upper end o f the 135 turn winding should be con
nected to  the earth wire.

The third c o il  w i l l  cover the broadcast band from about 600 kilocycles 
to  about 1,800 k ilocycles. The broadcast band i t s e l f  actually starts at 550 KC 
but this frequency is  well covered by the second c o il and consequently, by 
starting the third c o il at about 600 kilocycles i t  is able to go well on beyond 
1,600 k ilocycles so that there w i l l  be no d if f ic u lty  in adjusting receivers at 
the extremely high frequency end of the broadcast band.

The third c o il is wound on the former o rig in a lly  supplied with lesson 6 
and used fo r  winding a shortwave c o i l .  I t  was last used as the f ir s t  I.F . 
transformer in the superheterodyne receiver and has at present 90 turns of 
28 gauge wire and 40 turns of 34 gauge wire. The 40 turns of 34 gauge wire 
w ill  be retained exactly as i t  is as a plate winding and the 90 turns of 28 
gauge wire should be reduced to 72 turns. As you unwind the 18 turns from the 
top end of the secondary, away from the mounting bracket, you w ill find that by 
the time you have reduced the to ta l number down to 72 there w ill  he another 
pair of holes exposed through which you can terminate the end o f the wire.

This c o il  is mounted on the bracket bolted underneath the chassis as 
shown in Figure 12 and its  leads need be only a l i t t l e  over 4" long. The end 
of the 72 turn c o il furthest from the bracket connects to the switch and the 
lower end o f the 40 turn co il also connects to  the switch, the upper end of 
the 40 turn co il passes through the centre of the former to the B+ terminal 
and the end of the 72 turn c o il nearest the bracket is soldered to the earth 
w ire.

The fourth c o il  is designed to  cover portion of the shortwave band 
from approximately 3.5 megacycles to about 9.2 megacycles per second. These 
correspond to wavelengths of approximately 86 to 33.25 metres.

This c o il  is wound on the former previously used as the aeria l c o i l  
in the superhet receiver that is , the one vtiich had an 89 turn winding and a 
25 turn winding on i t .

To employ i t  as a shortwave c o il former it  w i l l  be necessary to reduce 
the 25 turn winding to  15 turns by unwinding 10  turns from the end nearest to 
the c o il mounting bracket.

The 89 turns of wire should be completely removed and in th e ir place 
you should wind 12  turns of 26 gauge wire, the thickest supplied with this k it .  
Instead of winding these turns c lose ly  side by side so that they occupy only
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remove both of these windings and, starting at the top of the former, away 
from the mounting bracket, wind on 50 turns of 34 gauge wire as a plate 
winding and then, after about one-eighth of an inch space, wind on the tuned 
winding -which consists of 135 turns of the fine 34 gauge wire.  As this coil 
mounts near the rear corner of the chassis it will be necessary to leave the 
leads about 8" long in order that the upper end of the 50 turn winding and 
the lower end of the 135 turn winding may reach to the switch.  The lower end 
of the 50 turn winding should be attached to the terminal being used as a 
connection for B+ and the upper end of the 135 turn winding should be con-
nected to the earth wire. 

The third coil will cover the broa.cast band from about 600 kilocycles 
to about 1,800 kilocycles.  The broadcast band itself actually starts at 550 KC 
but this frequency is well covered by the second coil and consequently, by 
starting the third coil at about 600 kilocycles it is able to go well on beyond 
1,600 kilocycles so that there will be no difficulty in adjusting receivers at 
the extremely high frequency end of the broadcast band. 

The third coil is wound on the former originally supplied with lesson 6 
and used for winding a shortwave coil.  It was last used as the first I.F. 
transformer in the superheterodyne receiver and has at present 90 turns of 
28 gauge wire and 40 turns of 34 gauge wire.  Tbe 40 turns of 34 gauge wire 
will be retained exactly as it is as a plate winding and the 90 tirria of 28 
gauge wire should be reduced to 72 turns.  As you unwind the 1f turns from the 
top end of the secondary, away from the mounting bracket, you will find that by 
the time you have reduced the total number down to 72 there will i another 
pair of holes exposed through which you can terminate the end of the wire. 

This coil is mounted on the bracket bolted underneath the chassis as 
shown in Figure 12 and its leads need be only a little over 4" long.  The end 
of the 72 turn coil furthest from the bracket connects to the switch and the 
lower end of the 40 turn coil also connects to the switch, the upper end of 
the 40 turn coil passes through the centre of the fernier to the B+ terminal 
and the end of the 72 turn coil nearest the bracket is soldered to the earth 
wire. 

The fourth coil is designed to cover portion of the shortwave bond 
fr om approximately 3.5 megacycles to about 9.2 megacycles per second.  These 
correspond to wavelengths e approximately 86 to 33.25 metres. 

This coil is wound on the former previously used as the aerial coil 
in the superhet receiver that is, the one which had an 89 turn winding and a 
25 turn winding on it. 

To employ it as a shortwave coil former it will be necessary to reduce 
the 25 turn winding to 15 turns by unwinding 10 turns from the end nearest to 

the coil mounting bracket. 

The 89 turns of wire should be completely removed and in their place 
you should wind 12 turns of 26 gauge wire, the thickest supplied with this kit. 
Instead of winding these turns closely side by side so that they occupy only 
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about a quarter of an inch of length, they should be spread out evenly with 
almost an eighth of an inch space between each adjacent turn so that the 
12 turns occupy the fu l l  length of I 4'1 between the two pairs of terminating 
holes d r illed  in the farmer.

In winding this co il endeavour to make the spaces between the turns 
as even as possible and keep the wire taut so that i t  w il l  not s lip  about 
and allow the turns to  move out of position. I f  the spacing is not regular 
when you f ir s t  wind the c o il,  then a fter you have threaded the ends through 
the holes so that the wire w il l  not become loose again, you can then set to 
work to space the turns evenly one from the other. The ends of these wires 
w ill need to  be le f t  about 4" long and as in the case of the broadcast co il 
the end of the 12  turn winding furthest from the bracket connects to  the 
switch and also the end of the 15 turn winding closest tc  the bracket connects 
to the switch.

The f i f t h  c o il,  fo r  covering the highest frequency section of the 
shortwave band, frcm about 8.5 to  26 megacycles corresponding to wavelengths 
from 35 to about 11.5 metres is wound on the small c o il former supplied with 
this k it .  You w i l l  notice that this former has grooves in i t  to  help to  
maintain a uniform spacing of the wire turns.

Commencing at the end furthest away from the mounting hole you should 
use a length of the thickest 26 gauge wire and wind 5 turns. You w ill  find 
pairs of holes in a convenient position fo r  terminating the ends of this 
winding.

The plate winding consists of a l i t t l e  under three turns of the fin e  
34 gauge wire. You should start th is winding at the end nearest to the mount
ing hole by threading the wire up and down through the pair of holes provided 
two or three times. The end of th is wire should be brought to the outside of 
the former and le f t  about 3" long so that i t  may be passed through a hole in 
the metal bracket upon which the c o i l  is mounted, to  the switch. In winding 
the plate winding it  is  necessary to arrange fo r  the wire to  be placed in the 
centre of the spaces between the turns of the secondary winding. There is 
enough f la t  area on the c o il  foimer between each of the adjacent secondary 
turns, to  enable the fin e  wire to be wound in and to be spaced in the centre 
of the secondary turns. A fter winding almost three turns you w i l l  find another 
pair of holes provided through which this wire can >e rassed down, up and then 
down again to  the inside of the former. I t  should then be threaded through a 
piece o f insulating tubing and carried across to the B+ terminal when the 
c o il has been mounted.

The broadcast c o il and the two shortwave coils should be mounted on 
the metal bracket supplied with th is k it as shown in Figure 12. A large bolt 
with a 5/32n Whitworth thread is provided fo r  fastening the small c o il former 
in position on the bracket.

A ll wires extending from the co ils  should be covered with insulated tubing 
and care should be taken to see that the two wires from each co il connect to 
diagonally opposite contacts on the switch,exactly in accordance with Figure 12.
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about a quarter of an inch of length, they should be spread out evenly with 
almost an ei ghth of an inch space between each adjacent turn so that the 
12 turns occupy the full length of li" between the two pairs of terminating 
holes drilled in the former. 

In winding this coil endeavour to make the spaces between the turns 
as even as possible and keep the wire taut so that it will not slip about 
and allow the turns to move out of position.  If the spacing is not regular 
when you first wind the coil, then after you have threaded the ends through 
the holes so -that the wire will not become loose again, you can then set to 
work to space the turns evenly one from the other.  The ends of ti-ese wires 
will need to be left about 4" long and as in the case of the broadcast coil 
the end of the 12 turn winding furthest from the bracket connects to the 
switch and also the end. of the 15 turn winding closest to the bracket connects 
to the swit ch. 

The fifth coil, for covering the hi ghest frequency section of the 
sh ortwave band, from about 8.5 to 26 megacycles corresponding to wavelengths 
from 35 to about 11.5 metres is wound on the small coil former supplied with 
this kit.  You will notice that this former has grooves in it to help to 
maintain a uniform spacing of the wire turns. 

Commencing at the end furthest away from the mounting hole you should 
use a length of the thickest 26 gauge wire and wind 5 turns.  You will find 
pairs of holes in a convenient position for terminating the ends of this 
winding. 

The plate winding consists of a little under three turns of the fine 
34 gauge wire.  You should start this winding at the end nearest to the mount-
ing hole by threading the wire up and down through the pair of holes provided 
two or three times.  The end of this wire should be brought to ti-e outside of 
the former and left about 3" long so that it may be passed through a hole in 
the metal bracket upon which the coil is mounted, to the switch.  In winding 
the plate winding it is necessary to arrange for the wire to be placed in the 
centre of the spaces between the turns of the secondary winding.  There is 
enough flat area on the coil former between each of the adjacent secondary 
turns, to enable the fine wire to be wound in and to be spaced in the centre 
of the secondary turns.  After winding almost three turns you will find another 
pair of holes provided through which this wire can be passed down, up and then 
down again to the inside of the former.  It should then be threaded through a 
piece of insulating tubing and carried across to the 13+ terminal when the 
coil has been mounted. 

The broadcast coil and the two shortwave coils should be mounted on 
the metal bracket supplied with this kit as shown in Figure 12. A large bolt 
with a 5/32" Whitworth thread is provided for fastening the small coil former 
in position on the bracket. 

All wires extending from the coils should be covered with insulated tubing 
and care should be taken to see that the two wires from each coil connect to 
diagonally opposite contacts on the switch lexactly in accordance with Figure 12. 
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In order that you may reach some of the lower switch contacts with 
your soldering iron, i t  is a good idea to  complete the wiring to the two coils 
on top of the chassis f i r s t ly  and then, before actually bo lting  the metal 
bracket holding the broadcast and shortwave co ils  in position, complete the 
wiring fo r  these co ils  leaving the leads an inch or so longer than they need 
be. A fter you have completed the wiring you can then push the c o il  bracket 
back to  its  correct position and bolt i t  to the main chassis. Tbe wires from 
the low IoF. c o il should pass around the end of the c o il bracket in the cut
out space provided and on no account clamp the c o il bracket down on top of 
any wires which are underneath i t .

You may find i t  s t i l l  easier, to loosen the nut which holds the switch 
to  the front panel and have the switch lying with i£ connecting lugs upwards 
more in accordance with the diagram of Figure 12 v/hen carrying out the wiring. 
I f  you leave a l i t t l e  slackness in the leads you w il l  then be able to turn 
the switch back to its  correct angle and bolt i t  on to the chassis again 
before securing the c o il  bracket in  position.

The f in a l step in wiring is to attach the four leads fo r  the batteries . 
Those fo r  the A battery w ill  extend from the filament switch and the earth 
Y/ire whereas these frcm the B battery can be lengths of hook-up wire inserted 
in the terminals mounted on the rear flange o f the chassis. A ll four wires 
should be cut to such a length that they w il l  just reach the batteries ccm- 
fortaJbly v/hen the batteries are standing in the space at the rear of the 
multimeter.

TESTING VOLTAGES.

Prior to  attaching the wires to the batteries, test fo r  short circu its 
with your ohmmeter and then, employing the 50 vo lt DC range and with the 
negative multimeter lead attached to the metal chassis or earth wire you should 
experience the fo llow ing readings on the 3P4 valve sockets- no reading at 
pins 3 or 5, a reading of about 1-g- graduations at pins 1 and 7 when the switch 
on the front is  turned to the positions marked "UNMCD. 11 or "MOD." At pin 2 
you should measure fu l l  B battery voltage on a l l  f iv e  positions of the c o il 
selector switch. I f  you obtain fu l l  B battery voltage on some positions and 
not on others then the absence of B+ voltage must be due to  a wrong connection 
to one or more of the coils or a break in the plate winding of the coils con
nected to  those points on the switch.

Ch socket lug 4 you should obtain a reading cf between 30 and 35 vo lts .

At the socket fo r  the 1E5 valve there should be no reading at pins 1 ,
4 or 5, a reading of 1-g- graduations at pin 7 in the switch position marked 
"MOD.*' only and a reading of almost fu l l  B battery voltage on pins 2,3 and 6 .

I f  the voltages are normal you may insert the valves.

TESTING.

You can eas ily  test the 1R5 audio frequency osc illa to r by inserting one 
of your test leads in the socket marked "A.F." on the signal tracer panel
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In order that you may reach some of the lower switch contacts with 
your soldering iron, it is a good idea to complete the wiring to the two coils 
on top of the chassis firstly and then, before actually bolting the metal 
bracket holding the broadcast and shortwave coils in position, complete the 
wiring for these coils leaving the leads an inch or so longer than they need 
be.  After you have completed the wiring you can then push the coil bracket 
back to its correct position and bolt it to the main chassis.  The wires from 
the low I.F. coil should pass around the end of the coil bracket in the cut-
out space provided and on no account clamp the coil bracket down on top of 
any wires which are underneath it. 

You may find it still easier, to loosen the nut which holds the switch 
to the front panel and have the switch lying with it connecting lugs upwards 
more in accordance with the diagram of Figure 12 when carrying out the wiring. 
If you leave a little slackness in the leads you will then be able to turn 
the switch back to its correct angle and bolt it on to the chassis again 
before securing the coil bracket in position. 

The final step in wiring is to attach the four leads for the batteries. 
Those for the A battery will extend from the filament switch and the earth 
wire whereas those from the B battery can be lengths of hook-up wire inserted 
in the terminals mounted on the rear flange of the chassis.  All four wires 
should be cut to such a length that they will just reach the batteries com-
fortably when the batteries are standing in the space at the rear of the 
multimeter. 

TESTING VOLTAGES.  

Prior to attaching the wires to the batteries, test for short circuits 
with your ohmmeter and then, employing the 50 volt DC range and with the 
negative multimeter lead attached to the metal chase is or earth wire you sh ould 
experience the following readings on the 34 valve socket:- no reading at 
pins 3 or 5, a reading of about  graduations at pins 1 and 7 when the switch 
on the front is turned to the positions marked "IJNIVICE." or "MGM  At pin 2 
you should measure full B battery voltage on all five positions of the coil 
selector switch.  If you obtain full B battery voltage on some positions and 
not on others then the absenee of B+ voltage must be due to a wrong connection 
to one or more of the coils or a break in the plate winding of the coils con-
nected to th ose points on the switch. 

Cn socket lug 4 you should obtain a reading of between 30 and 35 volts. 

At the socket for -the 1R5 valve there should be no reading at pins 1, 
4 or 5, a reading of  graduati ons at pin 7 in the switch position marked 
itmao." only and a reading of almost full B battery voltage on pins 2,3 and 6. 

If the voltages are normal you may insert the valves. 

TESTING. 

You can easily test the 1R5 audio frequency oscillator by inserting one 
of your test leads in the socket marked "A .F ." on the sienal tracer panel 
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and touching the other end to  the sockets marked "A .F .” on the osc illa to r  panel* 
With the signal tracer switched on and the osc illa tor switch turned to  the 
position marked "MOD." you should hear a lcud howl from the loudspeaker. The 
multimeter switch should not be in the position marked "A.F." when this test 
is made. I f  you do not hear a 400 cycle note and yet you have found your 
signal tracer to be working from previous tests, then this shows that the 
audio frequency osc illa to r section is  not functioning. To confirm th is , you 
should disconnect the end of the 75,000 chm resistor from earth at the position 
marked "X" on Figure 9 and insert your multimeter on the 1 ma. range. There 
should be a reading of several graduations i f  the oscilla tor is functioning.
I f  you obtain no reading th is confirms that the osc illa tor is not working and 
you should carefu lly  check over the wiring and see that a l l  your connections 
are correct. You should also examine the enamelled wires emerging from the 
secondary of the iron cored transformer and see that they are e ffe c t iv e ly  
insulated from one another and from the back of the metal chassis. I f  necess
ary pieces of insulating tubing can be slipped over these to  insulate them.

I f  you s t i l l  cannot obtain any signals, check carefu lly  the voltages 
available from your batteries. The B battery should be capable of supplying 
at least 38 volts and the A battery at least lo25 vc lts  when the osc illa to r 
switch is turned to the position marked "MOD."

Once you have found the A.F. o sc illa to r to  be functioning, you may 
test the R.F. o sc illa to r section either by feeding its  signals into a radio 
receiver and lis ten ing fo r  the 400 cycle note from the rece iver 's  loudspeaker 
or by touching the signal tracer probe t ip  to  the osc illa to r tipjack socket 
marked "High R.F." The attenuators on both instruments should be turned 
fu l ly  on. I f  the R.F. o sc illa to r is functioning,you should hear a fa in t 400 
cycle note from the signal tracer loudspeaker and th is note should be present 
on a l l  bands although it  w i l l  be strongest on the I.F . and broadcast bands 
and weaker on the shortwave bands.

I f  you cannot detect any signal when making this test, you should 
disconnect the end of the 50,">00 ohm resistor from earth at the point marked 
"Y" in Figure 9 and connect the negative test lead from your multimeter to  
the end of the res istor whilst the positive test lead is clipped to  the metal 
chassis or earth wire. On the 1 ma. range you should obtain a reading of 
several graduations i f  the valve is osc illa tin g . You should check the strength 
of o sc illa tion , by observing the position of the needle on a l l  f iv e  bands and 
you should rotate the tuning condenser throughout its  travel on each of the 
bands to  make sure that the osc illa to r functions throughout the fu l l  range of 
each band.

I f  you cannot obtain any indication or obtain a reading on certain 
bands only then you should carefu lly  check over the wiring to see that i t  is 
correct. No indication on any band suggests a wiring fa u lt , defective valve 
or run down batteries. An indication on some bands and not on others indic
ates a fau lt in the switch connections or a mistake in winding the co ils  with 
which no indication of grid current is obtained.

The trimmer condenser which applies the radio frequency signal from
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and touching the other end to the sockets marked "A.F." on the oscillator panel., 
With the signal tracer switched on and the oscillator switch turned to the 
position marked "IVIC1D." you should hear a loud howl from the loudspeaker. The 
mult imeter switch sh ould not be in the positi on marked "A.F." when th is test 
is made.  If you do not hear a 400 cycle note and yet you have found your 
signal tracer to be working from previous tests, then this shows that the 
audio frequency oscillator section is not functioning.  Toconfirm this, you 
should disconnect the end of the 75,000 ohm resistor from earth at the position 
marked "X" on Figure 9 and insert your multimeter on the 1 ma. range. There 
should be a reading of several graduations if -',;he oscillator is functioning. 
If you obtain no reading this confirms that the oscillat or is not working and 
you should carefully check over the wiring and see that all your connections 
are correct.  You should also examine the enamelled wires emerging from the 
secondary of the iron cored transformer and see that they are effectively 
insulated from one another and from the back of the metal cl-assis. If necess-
ary pieces of insulating tubing can be slipped over these to insulate them, 

If you still cannot obtain any signals, check carefully the voltages 
available from your batteries.  The B battery should be capable of F u pp liring 
at least 38 volts and the A battery at least 1025 volts when the os'.•illat or 
switch is turned to the position marked "MOD." 

Once you have found the A.F. oscillator to be functioning, you may 
test the R.P. oscillator section either by feeding its signals into a radio 
receiver and listening for the 400 cycle note from the receiver's loudspeaker 
or by touching the signal tracer probe tip to the oscillator tipjack socket 
marked "Bien R.F."  The attenuat ors on both instruments should be turned 
fully on.  If the R.F. oscillator is functioning,you should hear a faint 400 
cycle note from the signal tracer loudspeaker and. this note should be present 
on all bends although it will be strongest on the Id?. and broadcast bands 
and weaker on the shortwave bands. 

If you cannot detect any signal when making this test, you should 
disconnect the end of the 50, -)00 ohm resistor from earth at the point marked 
"Y" in Figure 9 and connect the negative test lead from your multimeter to 
the end of the resistor whilst the positive test lead is clipped to the metal 
chassis or earth wire.  On the 1 ma. range you should obtain a reading of 
several graduations if the valve is oscillating.  You should check the strength 
of oscillation, by observing the position of the needle on all five bands and 
you should rotate the tuning condenser throughout its travel on each of the 
bands -to make sure that the oscillator functions throughout the full range of 
each band. 

If you cannot obtain any indication or obtain a reading on certain 
hands only then you should carefully check over the wiring to see that it is 
correct.  No indication on any band suggests a wiring fault e defective valve 
or run down batteries.  An indication on some bands aid not on otters indic-
ates a fault in the switch connections or a mistake in winding the coils with 
which no indication of grid current is obtained. 

The trimmer condenser which applies the radio frequency signal from 
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the tuned circu it to the attenuator potentiometer should he screwed about half 
way up and l e f t  at that position.

I f  you cannot obtain any signals or i f  you obtain osc illa tion  on some 
bands only then you may try  exchanging the two 3SU valves. Use in the o s c i l l 
ator the 3Si|. which gives the greatest indication o f grid current or which 
provides osc illa tion  throughout a l l  o f the bands. The 3SU in the signal 
tracer Is  not as c r it ic a l as the one in  the o sc illa to r so the better tube 
should be used in the o sc illa to r. A fter having determined that the o sc illa to r 
is  functioning either by means of the meter Inserted at the point "Y” or 
by detecting the signals on your signal tracer you should apply the signals 
to a radio receiver aid tune them in by setting the o sc illa to r band switch to 
the position marked "B.C." so that i t  covers the broadcast band and finding 
the signals on the taming d ia l o f the receiver.

CALIBRATION.

The only method o f accurately calibrating an o sc illa to r  is  to ind ivid
ually  check each instrument, once i t  has been completed, against a standard 
instrument o f high accuracy and then .individually mark the scale or tuning d ia l 
of the o sc illa to r to indicate the frequencies produced on each o f the bands.

However, i f  you have closely followed'the co il winding instructions 
and the calibration instructions which fo llow , you w i l l  find that they w i l l  
agree fa ir ly  c losely with the calibrations on the front panel o f your instru
ment. Check the accuracy as explained below.

I f  you find any substantial departure from the calibrated scale, which 
cannot be corrected by means o f the trimming condenser or adjustment o f the 
number of turns, then you should use this as a model and draw one o f your own 
on good quality white paper using black "Indian” ink or drawing ink fo r  the 
markings. This can then be covered by a sheet o f ce llu lo id  or transparent 
p lastic to keep i t  clean.

Once you have completed the instrument, you 'w ill have no d if f ic u lty  in 
checking its  accuracy on the broadcast band because, with the aid of a receiver, 
you can tune in stations o f known operating frequency and at the same time feed 
in signals from your osc illa to r to the rece ive r ’ s aeria l terminal. The output 
lead from the osc illa to r can be either d irec tly  connected to the receiver 's  
aeria l terminal or just clipped on to the insulation covering the receiver 's  
lead-in wire without making an actual connection to the aeria l terminal, 
depending upon which gives the best results.

On tuning in a certain broadcasting station and then rotating the 
osc illa to r tuning condenser, with the switch set on the "B.C.” position you
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the tuned circuit to the attenuator potentiometer should be screwed about half 
way up and left at that position. 

If you cannot obtain any signals or if you obtain oscillation on so me 
bands only then you may try exchanging the two 334 valves.  Use in the oscill-
ator the 3S4 which gives the greatest indication of grid current or which 
provides oscillation throughout all of the bands.  The 3S4 in 'he signal 
tracer is not as critical as the one in the oscillator so the better tube 
should be used in the oscillator.  After having determined that the oscillator 
is functioning either by means of the meter inserted at the point "Y" or 
by detecting the signals on your signal tracer you should apply the signals 
to a radio receiver and tune them in 1) setting the oscillator band switch to 
the position marked "B.C." so that it covers the broadcast band and finding 
the signals on the tuning dial of the receiver. 

CALIMUTIOU. 

The only method of accurately calibrating an oscillator is to individ-
ually check each instrument, once it has been completed, against a standard 
instrurent of high accuracy and then .individually mark the scale or tuning dial 
of the oscillator to indicate the frequencies produced on each of the bands. 

However, if you have closely followed -the coil winding instructions 
and the calibration instructions Which follow, you will find that they will 
agree fairly closely with the calibrations on the front panel of your instru-
ment.  Check the accuracy as explained below. 

If you find any substantial departure from the calibrated scale, which 
cannot be correCted by means of the trinming condenser or adjustment of the 
number of turns, then you should use this as a model and draw one of your own 
on good quality white paper using black "Indian" ink or drawing ink for the 
markings.  This can then be corered by a sheet of celluloid or transparent 
plastic to keep it clean. 

Once you have completed the instrument, you will have no difficulty in 
checking its accuracy on the broadcast band because, with the aid of a receiver, 
you can tune in stations of known operating frequency and at the same time feed 
in signals from your oscillator to the receiver's aerial terminal.  The output 
lead from the oscillator can be either directly connected to the receiver's 
aerial terminal or just clipped on to the insulation covering the receiver's 
lead-in wire without making an actual connection to the aerial terminal, 
depending upon which gives the best results. 

On tuning in a certain broadcasting station and then rotatin-, the 
oscillator tuning condenser, with the switch set on the "D.C." position you 
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shouldhear a whistle when the tuning condenser is set to approximately the pos
ition  corresponding to  the broadcast station 's frequency on the printed scale.

You w il l  probably find that there is not very much error at the low f r e 
quency end, near 600 kilocycles but that the error at the high frequency end, 
near 1,500 k ilocycles may be fa ir ly  great. To provide some adjustment on the 
calibration at this end, the second trimmer condenser is wired across the rear 
section of the tuning condenser gang and you w il l  find , i f  you a lte r  the setting 
of this trimmer that you can move the osc illa tor d ia l setting considerably fo r 
any frequency so that you w ill  probably be able to arrange fo r  the beat whistle 
to  be heard when the d ia l is pointing exactly to  the frequency corresponding to  
the station you have tuned in on your receiver, at the high frequency end of 
the band.

I f  there is very much error at the low frequency end of the band you can 
correct this by adding or subtracting turns to the 72 turn winding cn the broad
cast c o i l .  Adding more turns would have the e ffec t of needing the tuning con
denser plates turned further out of mesh to produce a certain frequency, where as 
removing turns would cause the tuning condenser plates to  be turned further into 
mesh to produce the same frequency.

A fter a ltering the number o f turns to  provide the best degree cf accuracy 
at the low frequency end you should again check the setting of the trimmer con
denser, soldered to  the top of the rear section of the tuning condenser gang and 
endeavour to make the calibration as accurate as possible once more at the high 
frequency end.

I t  is  suggested that you carry out these adjustments on the broadcast 
band because th is is the most important band on which to have a high degree of 
accuracy.

You w il l  be able to  check the accuracy of the I.F . band by employing 
"Harmonics" from the o sc illa to r . For instance, when employing the high I.F . 
band, the osc illa to r w i l l  produce not only the signal frequency indicated on 
the d ia l plate but also the second harmonic of this frequency which w i l l  be 
twice as great. This means, that i f  you can tune in a broadcasting station on 
say 800 kilocycles and set your osc illa to r to  produce a signal of about 400 
kilocycles you should obtain the usual beat w h istle. S im ilarly, i f  you can 
tune in a broadcasting station on say, 1,0 0 0  k ilocycles you should also hear a 
whistle when the osc illa to r, on the "High I .F ."  band is producing a signal of 
500 k ilocyc les . In this case, you would probably obtain s t i l l  another whistle 
when the osc illa to r is turned to produce a frequency of 333 kilocycles because 
this would be one-third o f ' 1,0 0 0  and the o sc illa to r w il l  produce harmonics not 
only at twice its  fundamental frequency but also at three times, four times, 
fiv e  times, six times etc.

The same principle of employing harmonic frequencies may be used fear 
checking the accuracy of calibration of the low I.F . band. In this case, you 
w il l  probably be employing the fourth or f i f t h  harmonic and fo r  instance i f  
you can tune in a station at 600 KC on your radio receiver .dial then you should 
obtain a whistle when, using the "Low I.F ."  o sc illa to r  band, you have the

—  .......................................
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shouldhear a whistle when the tuning condenser is set to approximately the pos-
ition corresponding to the broadcast station's frequency on the printed scale. 

You will probably find that there is not very much error at the low fre-
quency end, near 600 kilocycles but that the error at the high frequency end, 
near 1,500 kilocycles may be fairly great.  To provide some adjustment on the 
calibration at this end, the second trimmer condenser is wired across the rear 
section of the tuning condenser gang and you  ill find, if you alter the setting 
of this trimmer that you can move the oscillator dial setting considerably for 
any frequency so that you will probably be able to arrange for the beat whistle 
to be heard when the dial is pointing exactly to the frequency corresponding to 
the station you have tuned in on your receiver, at the high frequency end of 
the band. 

If there is very much error at the low frequency end of the band you can 
correct this by adding or subtracting turns to the 72 turn winding on the broad-
cast coil.  Adding more turns would have the effect of needing the tuning con-
denser plates turned further out of mesh to produce a certain frequency,whereas 
removing turns would cause the tuning condenser plates to be turned further into 
mesh to produce the same frequency. 

After altering the number of turns to provide the best degree of accuracy 
at the low frequency end you should again check the setting of the trimmer con-
denser, soldered to the top of the rear section of the tuning condenser gang and 
endeavour to make the calibration as accurate as possible once more at the high 
frequency end. 

It is suggested that you carry out these adjustments on the broadcast 
band because this is the most important band on which to have a high degree of 
accuracy. 

You will be able to check the accuracy of the I.F. band by employing 
"Harmonics" from the oscillator.  For instance, when employing the high I.F. 
band, the oscillator will produce not only the signal frequency indicated on 
the dial plate but also the second harmonic of this frequency which will iDe 
twice as great.  This means, that if you can tune in a broadcasting station on 
say 800 kilocycles and set your oscillator to produce a signal of about 40C; 
kilocycles you should obtain the usual beat whistle.  Similarly, if you can 
tune in a broadcasting station on say, 1,000 kilocycles you should also hear a 
whistle when the oscillator, on the "High I.F." band is producing a signal of 
500 kilocycles.  In this case, you would probably obtain still another whistle 
when the oscillator is turned to produce a frequency of 333 kilocycles because 
this would be one-third of-1,000 and the oscillator will produce harmonics not 
only at twice its fundamental frequency but also at tree times, four times, 
five times, six times etc. 

The same principle of employing harmonic frequencies may be tiled for 
checking the accuracy of calibration of the low I.F. band.  In this case, you 
will probably be employing the fourth or fifth harmonic and for instance if 
you can tune in a station at 600 KC on your radio receiver .dial then you should 
obtain a whistle when, using the "Low I.F." oscillator band, you have the 
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tuning d ia l set to 150 k ilo cyc les , because the fourth harmonic of 150 KC is 
600 KC. Another whistle w ill he experienced when the d ia l is  set to approx
imately 200 KC because the third harmonic of 200 KC is also 600 KC. S im ilarly, 
a further whistle w ill  be experienced with the d ia l set to approximately 300 KC 
because the second harmonic of 300 KC is also 600 KC. In th is way, the cne 
broadcasting station on 600 k ilocycles would enable the checking of the low 
I.F . band at three separate points and sim ilarly, other broadcasting stations 
would enable a number of other checking points to  be established.

I f  the I.F . co ils  are incorrect so that the signals corresponding to  a 
h a lf, a th ird , and a quarter of the operating frequency of the broadcasting 
station you happen to be using do not come at the correct position on the scale 
you can modify the number of turns on the tuned windings of these co ils  to 
make them correct. Of course, you cannot employ the trimmer condenser to  
correct errors at the high frequency end of these bands because once i t  is set 
to make the broadcast band track correctly, you should not a lte r it  to  correct 
errors on the I.F . bands. This is because of the fact that accurate calibration 
on the broadcast band is fa r  more important than that on the I.F . bands.

The same principle of heterodyne checking can be employed by tuning in 
shortwave stations on a shortwave receiver and simultaneously feeding in signals 
from the o sc illa to r . In this way you w il l  be able to  compare the frequency 
produced by the osc illa to r with that of actual broadcasting stations the 
frequencies of which you know.

In. checking the shortwave coils you w i l l  probably obtain a response at 
two d ifferen t tuning condenser settings when using a superheterodyne receiver, 
due to image e f fe c t  or double spot tuning in the receiver. As you tune the 
osc illa to r d ia l, you w i l l  probably find two responses from the receiver, sep
arated by twice the amount of the receiver 's  intermediate frequency. In most 
cases the two responses are nearly one megacycle apart. In meet receivers the 
correct response from the osc illa to r w il l  be the one with the o sc illa to r tuning 
condenser plates turned further into mesh although in some receivers the one 
where the plates are turned further out of mesh would be correct. This w il l  
depend on the receiver design to  some degree.

OSCILLATOR OUT POT 3EADS .

I f  you feed the signals from the o sc illa to r to  the receiver by means of 
the ordinary multimeter test leads you w il l  find  that -the test leads radiate 
quite a lo t of signal which may be d irec tly  picked up in the wiring of +'he 
receiver and which w il l  make it  d i f f ic u lt  to regulate the volume of the re 
ceiver you are testin g. To minimise this e ffe c t , a length o f hook-up wire 
enclosed in metal braiding is supplied. This shielded wire should bo made up 
into an output cable by cutting back the nBtal braiding fo r  a distance of 
about 1 " at each end. The insulation may then be removed from the hock--up wire 
fo r  about at each end and one end inserted into the red coloured test plug.
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tuning dial set to 150 kilocycles, because the fourth harmonic of 150 KC is 
600 KC.  Another whistle will be experienced when the dial is set to approx-
imately 200 KC because the third harmonic of 200 KC is also 600 KC. Similarly, 
a further whistle will he experienced with the dial set to approximately 300 KC 
because the second harmonic of 300 KC is also 600 KC.  In this way, the one 
broadcasting station on 600 kilocycles would enable the checking of the low 
I.F. band at three separate points and similarly, other broadcasting stations 
would enable a number of other checking points to be established. 

If the I.F. coils are incorrect so that the signals corresponding to a 
half, a third, and a quarter of the operating frequency of the broadcasting 
station you happen to be using do not come at the correct position on the scale 
you can modify the number of turns on the tuned windings of these coils to 
make them correct.  Of course, you cannot employ the trimmer condenser to 
correct errors at the high frequency end of these bands because once it is set 
to make the broadcast band track correctly, you should not alter it to correct 
errors on the LP. bands.  This is because of the fact that accurate calibration 
on the broadcast band is far more important than that on the I.F. bands. 

The same principle of heterodyne checking can be employed by tuning in 
sh ortwave stations on a sh ortwave receiver and simultaneously feeding in signals 
from the oscillator.  In this way you will be able to compare the frequency 
produced by the es cillat or with that of actual broadcasting stations the 
frequencies of which you know. 

In checking the shortwave coils you will probably obtain a response at 
two different tuning condenser settings when using a superheterodyne receiver, 
due to image effect or double spot tuning in the receiver.  As you tune the 
oscillator dial, you will probably find two responses from the receiver, sep-
arated by twice the amount of the receiver's intermediate frequency.  In most 
cases the two responses are nearly one megacycle apart.  In most re ceivers the 
correct response from the cacillator will be the one with the oscillator tuning 
condenser plates turned further into mesh althoue in some receivers the one 
where the plates are turned further out of mesh would be correct.  This will 
depend on the receiver design to some degree. 

OSCILLATOR OUTPUT IEADS.  

If you feed the signals from the oscillator to the receiver by means of 
the ordinary multimeter test leads you will find that the test leals radiate 
quite a lot of signal which may be directly picked up in the wiring of 4-.he 
receiver and which will make it difficult to regulate the volume of the re-
ceiver you are testing.  To minimise this effect, a length of hook-up wire 
enclosed in metal braiding is supplied.  This shielded wire should be made up 
into an output cable by cutting back the metal braiding for a distance of 
about 1" at each end.  The insulation may then be removed from the hock--up wire 
for about 1--" at each end and one end inserted into the red coloured test plug. 
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A length of hook-up wire about 4" long should have one end soldered on to  the 
metal braiding and the other end soldered into the second sp lit  test plug.

At the other end of the cable the bared end of the hook-up wire should 
be soldered to  one of the small a lliga to r clips and again a length of hook-up 
wire about 4" long should have one end soldered on to the metal braiding and 
the other end soldered on to  a second c lip . These clips are intended fo r  con
necting to  the aeria l and earth terminals respective ly of the receiver under 
tes t. The red coloured plug should plug in to  one of the red coloured sockets 
on the osc illa to r, depending upon whether strong or weak R.F. signal output 
voltage is required and at the receiver end, the spring c lip  attached to the 
shielded hook-up wire should connect to the rece iver 's  aeria l terminal whilst 
the c lip  connecting to the metal braiding should connect to  the receiver 's  
earth terminal.

IHSTRUMENT SHIELDING.

Even with a shielded output lead in use you w ill  fin d , especia lly  on the 
shortwave bands, that quite a lot of signals radiate d irec tly  from the o s c illa t
or to the circu its o f a receiver under test and that the osc illa to r attenuator 
has l i t t l e  e ffe c t  in regulating the loudness of sounds from the loudspeaker of 
the rece iver. The reason fo r  this w i l l  be that signals are radiating from the 
tuning co ils  and wiring of the osc illa to r and inducing voltages d irec tly  in 
the receiver without passing through the o sc illa to r 's  attenuator. To avoid 
th is i t  is desirable to completely enclose the osc illa to r chassis in a metal 
container.

The metal container, which should be a f iv e  sided box, should have 
dimensions of approximately ?ir" long by 7js?' deep by about 8" high. You may be 
able to  procure a biscuit tin  or sim ilar container or a lternative ly , make some
thing up out of tinp late, aluminium, copper, brass or any other sheet metal. A 
small hole can be cut in one side fo r  the battery leads to  pass through and 
the container should be brought up hard against the front panel so as to leave 
the least possible space or opening between the container and the panel.

I f  you use such a container be careful to  see that i t  does not short 
circu it to  the voltage t ip  jack sockets of the multimeter. The more e ffe c t iv e  
the joint you can make between the box and the panel the less leakage there 
w il l  be and the more e ffec tive  w i l l  be the operation of the osc illa tor 
attenuator.

ALIGMSM1.

The process of aligning a receiver with the aid of a modulated osc illa tor 
is covered very extensively in textbooks and in the A.R.T.C. Radio Instruction 
Course and consequently there is no point in duplicating this work herec In 
carrying out the alignment work you may find that certain frequencies are 
covered at the high frequency end of one band or at the low frequency end of 
the next band on the osc illa to r. In this pase, always choose the setting which 
involves the tuning condenser plates being turned furthest into mesh as i t  is 
more l ik e ly  to  retain accurate calibration over a long period of time than at 
a frequency which requires the osc illa to r tuning condenser plates to be set 
nearly fu l ly  out of mesh.
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A length of hook-up wire about 4" long should have one end soldered on to the 
metal braiding and the other end soldered into the second split test plug. 

At the other end of the cable the bared end of the hook-up wire should 
be soldered to one of the small alligator clips and again a length of hook-up 
wire about 4" long should have one end soldered on to the metal braiding and 
the other end soldered on to a second clip.  These clips are intended for con-
necting to the aerial and earth terminals respectively of the receiver under 
test.  The red coloured plug should plug in to one of the red coloured sockets 
on the oscillator, depending upan whether strong or weak R.F. signal output 
voltage is required and at the receiver end, the spring clip attached to the 
shielded hook-up wire should connect to the receiver's aerial terminal whilst 
the clip connecting to the metal braiding should connect to the receiver's 
earth terminal. 

INST M EET SH IELD ING .  

Even with a shielded output lead in use you will find, especially on the 
shortwave bands, that quite a lot of signals radiate directly from the nscillat-
or to the circuits of a receiver under test and that the oscillator attenuator 
has little effect in regulating the loudness of sounds from the loudspeaker of 
the receiver.  The reason for this will be that signals are radiating from the 
tuning coils and wiring of the osrillatcr and inducing voltages directly in 
the receiver without passing through the oscillator's attenuator.  To avoid 
this it is desirable to completely enclose the oscillator chassis in a metal 
container. 

The metal container, which should be a five sided box, should have 
dimensions of approximately '7.¡-" long by 7.2e deep by about 8" high.  You may be 
able to procure a biscuit tin or similar container or alternatively, make some-
thing up out of tinplate, aluminium, copper, brass or any other sheet metal. A 
small hole can be cut in one side for the batte-:'y leads to pass through and 
the container should be brought up hard against the front panel so as to leave 
the least possible space or opening between the container and the panel. 

If you use such a container be careful to see that it does not short 
circuit to the voltage tipjack sockets of the multimeter.  The more effective 
the joint you can make between the box and the panel the less leakage there 
will be and the more effe ctive will be the operation of the oscillator 
attenuator. 

ALIGNMENT.  

The process of aligning a receiver with the add of a modulated oscillator 
is covered very extensively in textbooks and in the A.R.T.C. Radio Instruction 
Course and consequently there is no point in duplicating this work here.  In 
carrying out the alignment work you may find that certain frequencies are 
covered at the high frequency end of one band or at the low  frequency end of 
the next band on the oscillator.  In this rase, always choose the setting which 
involves the tuning condenser plates being -burred furthest into mesh as it is 
more likely to retain accurate calibration over a long period of time than at 
a frequency which requires the oscillator tuning condenser plates to be set 
nearly fully out of mesh. 
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To obtain accurate alignment of the tuned circu its in a receiver i t  is 
desirable to  employ an output meter rather than to re ly  on one's ears to  judge 
the point of maximum output. I t  is fo r  this purpose that the output meter is 
provided as part o f the signal tracer and when aligning a receiver, you should 
connect the lead from the socket marked "A.F." on the signal tracer, to  the 
plate of the power output valve on the receiver you are checking and have the 
multimeter switch set to  "A .F." and the signal tracer switch set to "Output 
Volts" so that the signal strength produced by the osc illa tor w il l  be reg is t
ered on the output meter sca le .

Be careful not to  overload your neter due to excessively strong signals 
by keeping the attenuator control on the signal tracer turned w ell down when 
you are changing from one tuning frequency to  another or fo r  a l l  preliminary 
adjustments.

BATTERY LIFE.
The A battery supplied with this unit, namely the 1.5 vo lt torch c e ll ,  is 

not large enough to be able to  operate the fu l l  f iv e  valves fo r  a long period 
of time and consequently, -when you commence using your test panel regularly 
it  w i l l  be desirable fo r you to  replace the 1.5 vo lt torch c e l l  with a much 
larger type cf 1«5 vo lt c e l l .  There is available a 1.5 vo lt dry c e l l  measur
ing about 6" high by about 2^" in diameter. This type of c e l l  is id ea lly  
suited as i t  w il l  operate the f iv e  valves fo r  about 200 hours before i t  requires 
replacement. The 45 vo lt B battery is  quite large enough fo r  powering the 
valves fo r  normal usage but ultim ately o f course w il l  become discharged and 
w il l  have to  be replaced with another. Any type of 45 vo lt battery may be used. 
On no account ever use an A battery which has a voltage greater than 1.5.

The C battery w il l  probably last about 12 or 18 months before it  has to 
be replaced but this of course w il l  depend large ly  on how much use it  has had 
in the previous experiments described in the ea r lie r  lesson papers. In any 
case, you always have your multimeter available fo r  checking the voltage of 
these batteries . The voltage of the A and B battery should always be checked 
under load, that is ,  when the instrument is turned on, as a battery which is 
almost discharged w i l l  give a high voltage reading i f  i t  is tested with no 
load a fter a period of res t.

I t  is suggested that the instrument be supported and protected by being 
bu ilt into a wooden case or frame which may then be mounted at the rear of 
your workbench.

You have now assembled an extremely useful and highly e ff ic ie n t  test panel 
which w il l  enable you to speedily analyse p ractica lly  any fau lts in radio re
ceivers. You have available an osc illa to r which w ill  act as a source o f test 
signals at any time regardless of whether broadcasting stations are functioning 
or not, a signal tracer to  help you rapid ly locate the stage in a receiver in 
which a defect exists and also a multimeter to  help you analyse the fau lty  
stage to  determine just what part is causing the fa u lt . With the aid of these 
instruments and sound experience which can only be gained from a theoretica l 
background supported by actual practical experience, you have everything 
necessary to enable you to develop into a rea lly  e ff ic ie n t  service engineer.
The theoretica l train ing you need is contained in the A.R.T.C. Radio Service 
Engineering Course and the practical experience -will come with practice in 
handling various receivers.
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To obtain accurate alignment of the tuned circuits in a receiver it is 
desirable to employ an output meter rather than to rely on one is ears to judge 
the point of maximum output.  It is for this purpose that the output meter is 
provided as part of the signal tracer and when aligning a receiver, you should 
connect the lead from the socket marked "A.F." on the signal tracer, to the 
plate of the power output valve on the receiver you are checking and have the 
multimeter switch set to "A.F." and the signa/ tracer switch set to "Output 
Volts" so that the signal strength produced by the oscillator will be regist-
ered on the output meter scale. 

Be careful not to overload your meter due to excessively strong signals 
by keeping the attenuator control on the signal -tracer turned well down when 
you ere changing from one tuning frequency to another or for all preliminary 
adjustments. 

BATTERY LIFE.  

The A battery supplied with this unit, namely the 1.5 volt torch cell, is 
not large enoudi to be able to operate -the full five valves for a long period 
of time and consequently, when you commence using your test panel regularly 
it will be desirable for you to replace the 1.5 volt torch cell with a much 
larger type of 1.5 volt cell.  There  is available a 1.5 volt dry cell measur-
ing about 6" high by about 2-32--" in diameter.  This type of cell is ideally 
suited  it will operate the five valves for about 200 hours before it requires 
replacement.  The 45 volt B battery is quite large enough for powering the 
valves for normal usage but ultimately of course will become discharged and 
will have to be replaced. with another.  Any type of 45 volt battery may be used. 
On no account ever use an A battery which has a voltage greater than 1.5. 

The C battery will probably last about 12 or 18 months before it has to 
be replaced but this of course will depend largely on how much use it has had 
in the previous experiments described in the earlier lesson papers.  In any 
case, you always have your multimeter available for checking the voltage of 
these batteries.  The voltage of the A and B battery should always be checked 
under load, that is, when the instrument is turned on, as a battery which is 
almost discharged will give a high voltage reading if it is tested with no 
load after a period of rest. 

It is suggested -that the instrument he supported and protected by being 
built into a wooden case or frame which may then be mounted at the rear of 
your workbench. 

You have now assembled an extremely useful and highly efficient test panel 
which will enable you to speedily analyse practically any faults in radio re-
ceivers. You have available an oscillator which will act as a source of test 
signals at any time regardless of whether broadcasting stations are functioning 
or not, a signal tracer to help you rapidly locate the stage in a receiver in 
which a defect exists and also a multimeter to help you analyse the faulty 
stage to determine just what part is causing the fault.  With the aid of those 
instruments and sound experience which can only be gained from a theoretical 
background supported by act ual practical experience, you have everything 
necessary to enable you to develop into a really efficient service engineer. 

The theoretical training you need is contained in the A.R.T.C. Radio Service 
Engineering Course and the practical experience will come with practice in 
handling various receivers. 
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