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H OME PRACT IC AL INSTRUCT I  OS.

L3SS0N No. 8 .

In performing Radio Service work or fo r  adjusting new receivers when 
completed, two instruments are essential to  enable adjustments to be carried 
out e f f ic ie n t ly .  Che of these is a Multimeter which we have already constructed 
and the second is an Oscillator.

Oscillators take a va rie ty  of forms and generally speaking may he defined 
as an instrument fo r  generating a signal suitable fo r  application to  a receiver 
or am plifier to  be tested. Oscillators in most common use are those which gen­
erate a radio frequency carrier wave which is modulated with a steady audio 
frequency tone so that the signal from the osc illa to r is ea s ily  recognised and 
is of steady strength at a l l  times, to  fa c i l ita te  testing. You w il l  thus see 
that a test o sc illa to r usually consists of two sections, one section is an 
osc illa to r fo r  generating a r^dio frequency carrier wave and the other section 
is an osc illa to r or source of alternating voltage at audio frequency which can 
be used fo r  modulating the radio frequency carrier wave.

In addition, fo r  testing the audio frequency amplifying stages of a 
receiver, or audio amplifiers in general, i t  is  desirable to  have available an 
audio frequency o sc illa to r. This may be one portion of the modulated radio 
frequency o sc illa to r, as described above, or may be a second instrument.

A large number of d ifferen t circu it arrangements have been devised both 
fo r the generation of audio and radio frequency signals and we w il l  examine 
some of these osc illa to r circu its in the ea r lie r  part of th is lesson. Having 
constructed a suitable o sc illa to r we w il l  proceed to use i t  fo r  making tests 
of audio frequency amplifying stages and la ter on we w il l  experiment with a 
modulated RP osc illa tor and f in a lly  apply some further modifications to the 
receiver you constructed in ea r lie r  lesson papers.

The fo llow ing materials are contained in Kit No. 8 and you should care­
fu lly  check this l i s t  to see that everything is present.

1 1R5 va lve . 1 .OS mfd. tubular condenser.
1 - 3S4 va lve . 4 - I 44' x -g" Whit Bolts.
1 - Switch, 2 pole, 3 position. 12 - 15" Whit Nuts
2 - Bantam 7 pin valve socket. 1 - Metal switch co lla r.
1 - Small pointer knob. 1 .01 mfd. tubular condenser.
1 . 1  meg.-jr watt res is to r . 2 .001 " tubular condensers
1 5 lug res is to r panel. 6 - s" x 8BA bolts and nuts.

Immediately upon unpacking the parts examine the two valves to  see that the 
glass is not broken and also test the filament o f each by applying the test leads 
from your ohmmeter to  pins 1 and 7 in the case of the 1R5 and f i r s t l y  to pins 1
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LESSON No. 8. 

In performing Radio Service work or for adjusting new receivers when 
completed, two instruments are essential to enable adjustments to be carried 
out efficiently.  C-ie of these is a Multimeter which we have already constructed 
and the second is an Oscillator. 

Oscillators take a variety of forms and generally speaking may be defined 
as an instrument for generating a signal suitable for application to a receiver 
or amplifier to be tested.  Oscillators in most common use are those which gen-
erate a radio frequency carrier wave which is modulated with a steady audio 
frequency tone so that the signal from the oscillator is easily recognised and 
is of steady strength at all times, to facilitate testing.  You will thus see 
that a test oscillator usually consists of two sections, one section is an 
oscillator, for generating a radio frequency carrier wave and the other section 
is an oscillator or source of alternating voltage at audio frequency which can 
be used for modulating the radio frequency carrier wave. 

In addition, for testing the audio frequency amplifying stages of a 
receiver, or audio amplifiers in general, it is desirable to have available an 
audio frequency oscillator.  This may be one portion of the modulated radio 
frequency oscillator, as described above, or may be a second instrument. 

A large number of different circuit arrangements have been devised both 
for the generation of audio and radio frequency signals and we will examine 
some of these oscillator circuits in the earlier part of this lesson.  Having 
constructed a suitable oscillator we will proceed to use it for making tests 
of audio frequ.ency amplifying stages and later on we will experiment with a 
modulated BF oscillator and finally apply some further modifications to the 
receiver you constructed in earlier lesson papers. 

The following materials are contained in Kit No. 8 and you should care-
fully check this list to see that everything is present. 

1 - 1R5 valve.  1 
1 - 384 valve.  4 
1 - Switch, 2 pole, 3 position.  12 
2 - Bantam 7 pin valve socket.  1 
1 - Small pointer knob.  1 
1 - .1 meg.-1--- watt resistor.  2 
1 - 5 lug resistor panel.  6 

- .00 mfd. tubular condenser. 
- 171" x in Whit Bolts. 

-11." \Yhit Nuts 
- Metal switch collar. 
- .01 mfd. tubular condenser. 
- .001 "  tubular condensers. 
_ x 8BA bolts and nuts. 

Immediately upon unpacking the parts examine the two valves to see that the 
glass is not broken and also test the filament of each by applying the test leads 
from your ohmmeter to pins 1 and 7 in the case of' the 1R5 and firstly to pins 1 
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and 5 and then to pins 5 and 7 in the esse of* the 3S4« The two teats are 
necessary fa r  the 3--4 ceoau.se its  filament consxsts of two sections. The 
chrome te r  leads should be plugged -into the sockets narked ” low ohms" on your 
multiaeter. The aeter should indicate a resistance of approximately 20 ohms 
in the case of the 1H4 and 20 ohms fo r  each section of the 334. Both valves 
have 'been care fu lly  tested--immediately before being- packed fo r  despatch to  you 
so should arrive in perfect condition

EXFKRTMEM: Nqc 1 iuF» CBOILLaTCR.

k large number cf experiments m  w i l l  perform with this k it  of parts 
w i l l  consist of making tests cn audio frequency amplifiers and consequently 
we w il l  need a source of audio frequency signals or in other words, an AcF ■ 
oscillator.- We have already seen one type of A :F, osc illa to r in lessens 5 and 
7 but in this case we w ill  construct an en tire ly  d ifferen t type to  illu stra te  
not only an alternative principle fo r  generating audio frequency signals bat 
also a principle which is widely used in superheterodyne receivers bo enable 
frequency changing to be accomplished* This type of A*?* osc illa to r is knoan 
as a ’’beat frequency oscillator*’ and consists of generabing audio frequency 
signals by mixing together in a valve-, two separate radio frequency vo ltages<
The principle involved is that i f  one frequency say 100 kilocycles per second 
is nixed with another frequency of say 99 k ilocycles per second in an amplify­
ing valve,. coming out of the valve there w i l l  be the two original frequencies 
of 100 and 99 kc also a third frequency equal to  the sum of the two which w il l  
be 199 kc and a fourth frequency which is equal to  the difference between the 
two, or 100 minus 99 kc, which 8 qua Is 1 kc This 1 kc signa l which you w il l  
rea lise , is within the audio frequency range* car be used as an audio frequency 
test voltage. By a ltering the lifference between the two orig ina l radio frequen­
cies , the frequency or pitch of the audio frequency signal w i l l  be altered...

(See AsEtToC. Service Engineering Course lessens Hoe „ 21, 55 and 47..}

Figure 1 shows the circu it diagram of the beat frequency osc illa to r* in 
Figure 1. the IS5 valve is  made to  act as a radio frequency osc illa to r in exactly 
the same fashion as was the valve in the audio frequency osc illa to r described mi 
Lessens 5 and ?* In Figure 1 of Lessen 5, oscilla tion  is produced by passing 
plate current through one h a lf of the centra tapped transformer. This induces 
a voltage in the other half of the transformer which is applied to  the grid of 
the valve* In the IS5 valve* instead of using a centre-tapped transformer we 
employ a c o il wound on one of the c o il formers supplied to  you.. Current in 
passing through the plate winding generates a voltage in the secondary winding 
which 3s applied to the grid of the valve.. So that the valve w ill  generate cne 
particular and defin ite  value of radio frequency signal, the secondary winding of 
the coil is tuned by means of a .001 rafd, condenser and also one section of your 
tuning condenser gang, Ih this way, its  frequency range w i l l  cower from approx­
imately 350 kc, wren the tuning condenser plates are fu lly  out of mesh, tc  a value 
of approximately 338 kc when the tuning condenser plates are turned fu l ly  into meshu

In addition to  the plate and grid windings, there is also a 5 tum c o il 
which takes acme of the voltage ficci the IS5 valve and applies i t  to one cf the 
grids in the 155 where i t  is mixed with another radio frequency signal*

The second radio frequency signal is generated in the triode portion cf the 
IBS valve.

and 5 and then to pins 5 and 7 in the case of the 3,54.  The two teats are 
necessary f or the 354 because its f ilamerrt cone:lute of two sections.  The 
ohmmeter -  suds should be plugged int o the s ocke. 'IS marked "low ohms" on your 
ult:imet er.  The meter should iadleat c a :re G lot an ce of approximately 20 Ohm 
in the case of the :1R4 end 20 óhne for each section of the 3,54 . Both valves 
have been carefully tested- immediate ly before being packed f CT despatch to you 
so should arrive in perfect c und it ion 

EXPE.R  N o ï A .  (1.30T 1.,Là1 

A large number cf experiments -,7e will perf am with this kit of parts 
will consist of making tests an audio free uency ampi. if iers arid consequently 
we will need a b cur ()a of audio frequency s iDeals er in other 1Crdi3, an 1..17, 
oscil I at c  71c h ave already seen one type of Á.P. cseiliatcr in lessons 5 and 
7 but in this case we will contruot an entirely different type to illustrate 
not ,./nly an alternative princ 1c le for gene rat ing audio f re quency s ignals but 
also a Principle Vih 'Oh is widely !..72ed  n ue rheterodyne re ceivers  o enable 
frequency rhan ing  o )̀e: accompl e  . This t y D9 of 2, ,F  ociiiator is kn can 
as a "beat  re q ue cy  c 1 at or. and Con: tate of p.:e ne re, t ing addl.c frequency 
signala by troier.e.ng toeth re in a valve. toc: separate radio fre quency .volt ages 
The princ ipIe involved is th e, if ano f c..-,ency say :co kilocyc lee per sec ond 
is ra.liced ïiih another frequency of e ay 9'D ki3.zxyc1eo 'per second. in an amplify-
ing y al-ve cord -lug °et of tI3 valve 1:;1-) o re will, be the t. 7,,!o original frecj.den.cies 
of .100 and t.L.'9 kc a•-:  t  ±r3  t o the  UZI Of tie. tell:, which will 
be 199 ko and a foc -. If re que ye. J. ch , a I 4' e the difference be twe en the 
two, or 1.:)0 rein us -Wh , e Th .1 icc signal ".7b :curl you rill 
realise  can be used es an audio frequency. 
test voUege„  -the  tween the two original radio frequen-
cies  the frequency or pit CD. o7i'. 4,;11(--  0  signal  .11 he altered.. 

(See  1.:ervice rngnocr.tng r2eerse less ens  21, '.:55 and 47. 

Figure 2 Sh 079 the  ircut :1 ao37. uf the beat frequency cc:0 ill at or.,  hi 
Figure 1... the '155 valve is made te aci. as e, radio f re quen cy  el 1 lot or in exactly 
-the same fashion as was the valve in eh e cud o frequency oscri.11at or described in 
reS S one 5 azid 7.  Figure .1 of Lees on 5, es eeillat en is pr cdueed by pass ing 
plate current thron e one half of the centre  transformer.  This ind uzes 
a voltage in the othar half of the tra 3former h  is applied t o the grid of 
-Idle valve  fr th 155 1-ee  ins 1.: e ad. ef en in  e t -t apped t ransf ormer we 
employ a co-il wound on one of the eo n f ornfere  to you..  Current in 
pas t-3 ing. thr DUC.,t1 the pi ate winding gene rates a volt age ir the secondary winding 
which is ap pa re d to the grid of the valve  So that the valve will generate me 
particular and definite Nee.? ue of radio frequency s ignal, the secondary winding of 
the coil in twit: d byIfre ans of a .001 red  condenser and also crie section of your 
timing c ondeaser gang... Ln this way., its frequency range will over from appr ox-
imate ly 35C) kc  rben the tuning condenser plates are fully out or mesh,  o a value 
of approximate ly 338 ice Wieen the tuning condenser plateo are turned fully into mesh e 

additi  o the plate end grid winding's, there is also a 5 t uni coil 
-whiCh takes some of the volt ae-e fi -.r. the 155 yalere and appries it t o me of the 
grids in the lab where it is mixed 1:,,rith soother radio frequency s 

The eecend radio fre quency eir. l in generated in the  ricde portion of the 
1R5 
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The LR5 valve is a type normally used as a frequency changer in super­
heterodyne receivers and in e ffe c t consists cf two separate sets of elements 
inside the one glass envelope, for compactness and cheapness. The filament

of the valve, the f i r s t  grid and the second grid act as the filament grid and 
plate of a tricde valve. The second grid has a positive voltage applied to  i t  
which draws electrons out through the f i r s t  grid and so these elements are able 
to amplify or act as an osc illa to r in the same way as any other tricde valve.
Che difference between the osc illa to r c ircu it used fo r  the triode section of the 
1R5 and that used fo r  the 1S5 is the fac t that in the IS5 the plate current is 
passed through a c o il cf wire connected between the plate and B plus. In the 
case of the 1E5 the plate should be connected d irec tly  to  B plus, so as not to 
Interfere with the action of the remaining elements in the valve and consequently 
in th is case the electrons in the plate circu it pass through the 15 turn co il on 
the ir way bade from the B battery through this co il to  the filament of the valve. 
This c o il is thus v irtu a lly  in the plate c ircu it although i t  is actually connect­
ed between B minus and the filament, and the plate current, in flow ing through i t ,  
generates voltages in the secondary winding which is tuned by a .001 mfd. con­
denser and also two small trimmer condensers. The signal voltages from this wind­
ing are then applied to grid Ho.l in the va lve. Wo variable condenser is used fo r 
tuning this o sc illa to r because i t  is intended cnly to  produce one frequency at 
a l l  times.

The signal voltages generated in the osc illa to r section of the valve control 
the number of electrons passing through to the outer elements. Thus the electrons 
fin a lly  arriving at the plate vary in strength in accordance with the signal v o lt ­
ages from grid fTo.l. Simultaneously, the signal voltages from the 1S5 osc illa to r, 
acting on grid Wo.3 also influence the electrons passing through the 1R5 valve so 
that the plate current carries the combined e ffects  of the two voltages. This 
causes the combination e ffe c t mentioned ea r lie r , so that in the plate circu it of 
the valve, in addition to the two original frequencies, we have the sum frequency 
and also a frequency equal to  the difference between the two which is the "beat" 
frequency and which can be an audio frequency.

PL8 - 3.

The 1R5 valve is a tyre normally used as a frequency changer in super-
heterodyne receivers and in effect consists of two separate sets of elements 
inside the one glass envelope, for compactness and cheapness.  The filament 
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FIGURE 1. 
of the valve, the first grid and the second grid act as the filament grid and 
plate of a triode valve.  The second grid has a -positive voltage applied to it 
which draws electrons out through the first grid and so these elements are able 
to amplify or act as an oscillator in the same way as any other triode valve. 
Cne difference between the oscillator circuit used for the triode section of the 
1R5 and that used for the 155 is the fact that in the 1S5 the plate current is 
passed through a coil e wire connected between the plate and B plus.  In the 
case of the 1R5 the plate should be connected directly to B plus, so as not to 
interfere with the action of the remaining elements in the valve and consequently 
in this case the electrons in the plate circuit pass through the 15 turn coil on 
their way back from the B battery through this coil to the filament of the valve. 
This coil is thus virtually in the plate circuit although it is actogn  ly connect-
ed between B minus and the filament, and the plate current, in flowing through it, 
generates voltages in the secondary winding which is tuned by a .001 mfd. con-
denser and also two small trimmer condensers.  The signal voltages from this wind-
ing are then applied to grid No.1 in the valve.  No variable condenser is used for 
tuning this oscillator because it is intended only to produce one frequency at 
all times. 

B+45 

A 

The signal voltages generated in the oscillator section of the valve control 
the number of electrons passing through to the outer elements.  Thus the electrons 
finally arriving at the plate vary in strength in accordance with the signal volt-
ages from grid No.l.  Simultaneously, the signal voltages from the 1S5 oscillator, 
acting on grid No.3 also influence the electrons sassing tbrouen the 1R5 valve so 
that the plate current carriec the combined effects of the two voltages.  This 
causes the combination effect mentioned earlier, so that in the plate circuit of 
the valve, in addition to the two original frequencies, we have the sum frequency 
and also a frequency equal to the difference between the two which is the "beat" 
frequency and which can be an audio frequency. 
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The radio frequency signals in the plate c ircu it of the 1R5 are bypassed 
to  the metal chassis by means of a .0 1  mfd. condenser connected from the plate 
to chassis. This condenser however has too high a reactance to  bypass the audio 
frequencies and consequently the audio frequency signals present in this valve 
plate circu it are passed through 1 the 5,000 dim res is to r and .1 megohm potentio­
meter and generate a voltage drop across these, ’then the arm on the potentio­
meter is moved to the bottom end there w ill be no output from the terminals at 
the rigjrt hand side of the diagram but as i t  is moved upwards, the output v o lt ­
age w ill increase to  a value cf approximately .25 vo lts .

ASSEMBLING THE OSCIIMTOR.

It  is most important that the two radio frequency oscilla tors be isolated 
from one another as e ffe c t iv e ly  as possible. I f  they are not, they w ill  tend 
to  operate always at the same frequency as one another and consequently there 
w ill be no d ifference frequency to  produce any output. They can be most e ffe c t ­
ive ly  isolated by moving the two co ils  to new positions on the chassis as fa r 
apart as possible. That is , they should be moved to diagonally opposite corners 
of the chassis as shown in Figure 2. The c o il mounted near the front le f t  hand 
comer of the chassis in Figure 2 , is the co il which was previously the aeria l 
co il in our receiver and the valve placed near i t ,  on the le f t  of Figure 2 is 
the 1R5.

The co il near the right 
hand comer cf the chassis was 
the co il previously used to  
couple the RF am plifier to the 
detector in our receiver and the 
valve partly hidden behind i t ,  
in Figure 2 is the 1S5.

You w ill be able to 
determine the correct positions 
fo r  the small parts and fo r  the 
wiring from the wiring diagram 
which is dram in Figure 3.

The wires extending from 
the c o il connected to the 1R5 
valve, w ill have to be brou^it 
around the edge of the chassis 
to  reach the underneath of the 
socket and the trimmer conden­
sers which are also mounted 
under the chassis. S im ilarly, 
the wire from socket contacts
5 and 6 oh the IS5 valve to  the 
c o il connecting to th is valve 
can be brought around the other 
edge of the chassis.

Due to the fact that the 
FIGURE 2. filament cf the 1R5 valve is not

d irectly  connected to the chassis 
bui/instead, is connected to  the chassis through the 15 turn winding on the co il,
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FIGURii 2.  

The radio frequency signals in the plate circuit of the 1R5 are bypassed 
to the metal chassis by means of a .01 mfd. condenser connected from the plate 
to chassis.  This condenser h owever has too high a reactance to bypass the audio 
frequencies and consequently the audio frequency signals present in this valve 
plate circuit are passed through..the 5,000 ohm resistor and .1 megohm potentio-
meter and generate a voltage drop across these.  Tihen the arm on the potentio-
meter is moved to the bottom end there will be no output from the terminals at 
the ri ght hand side of the diagram but as it is moved upwards, the output volt-
age will increase to a value of approximately .25 volts. 

ASSEID3LINGTHE OSCILLATOR.  

It is most important that the two radio frequency oscillators be isolated 
from one an other as effectively as pcssible.  If they are not , they will tend 
to ope rate always at the same frequency as one another and consequently there 
will be no difference frequency to produce any output.  They can be most effect-
ively isolated by moving the two coils to new positions on the chassis as far 
apart as possible.  That is, they should be moved to diagonally opposite corners 
of the chassis as shown in Figure 2.  The coil mounted near the front left hand 
corner of the chassis in Figure 29 is the coil which was previously the aerial 
coil in our receiver and the valve placed near it, on the left of Figure 2 is 
the 1R5. 

The coil near the right 
hand co mer of the chassis was 
the coil previously used to 
couple the RI' amplifier to the 
detector in our receiver and the 
valve partly hidden behind it, 
in Figure 2 is the 1S5. 

You will be able to 
determine the correct positions 
for the small parts and for the 
wiring from the wiring diagram 
which is drawn in Figure 3. 

The wires extending from 
the coil connected to the 1R5 
valve, will have to be brought 
around the edge of the chassis 
to reach the underneath of the 
socket and the trimmer conden-
sers which are also mounted 
under the chassis.  Similarly, 
the wire from socket contacts 
5 and 6 on the 155 valve to the 
coil connecting to this valve 
can be brought around the other 
edge of the chassis. 

Due to the fact that the 
filament of the 1R5 valve is not 
directly connected to the chassis 

bu-Vinstead, is connected to the chassis throu gh the 15 turn winding on the coil, 
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i t  is  not possible to use the one A battery to heat the filaments of both valves. 
This means that you should use a 1.5 vo lt c e ll  fo r  the filament of the 1R5 valve 
and the other 1.5 vo lt c e l l ,  borrowed from your ohmmeter a fter testing as explained 
below, fo r  heating the filament of the 1S5 valve.

The osc illa to r tuning c o il fo r the IS5 w i l l  require one alteration  before 
you secure i t  on the chassis. As used in the receivers described in Lesson 7 i t  
has a L.5 turn tick le r  c o il,  a 90 turn secondary winding, a 5 turn winding at the 
bottom and an overwound primary o f 30 turns. The alteration is  that you w i l l  need 
to increase the turns on the overwound primary from 30 to l£) turns. You can do this 
by unwinding the 30 turns and winding on a complete new c o il of hO turns or else 
you can do i t  by soldering another length o f 3h gauge wire to ths upper end of 
the 30 turn winding and merely adding on the extra 10. I f  by any chance you 
are short of wire fo r winding this c o il then you could unwind the U5 turn tick le r  
c o il and use this wire fo r  winding the [i.0 turn primary.

In connecting the c o il to the 1S5, i t  is  more important that the upper end 
o f the 90 turn winding connect to the .0001 mfd. condenser and that the lower end 
of the U0 turn prina ry winding connect to the plate of the IS5 valve. I f  you 
reverse the connections to the If) turn windings so that the plate connects to the 
top instead of the bottom of i t  the valve w i l l  not o sc illa te .

(See A.R.T.C.Service Engineering Course Lesson No.35»)

The 90 turn winding is tuned by a .001 mfd. fixed condenser and also one 
section cf the variable condenser which has a .0001 mfd. condenser in series with 
i t ,  the two being connected in pa ra lle l with the .001 mfd. unit, When the tuning 
condenser plates are fu lly  out o f mesh, the .001 mfd. condenser w i l l  tune the c o il 
to a frequency of approximately 350 kc. When the plates are turned fu l ly  into mesh 
the frequency w il l  decrease to a value of approximately 338 kc. due to the increased 
capacity.

(Sea A.R.T.C. Service Engineering Course Lesson No.l5 .)

The 89 turn winding on the c o il connected to the triode portion of the 1R5 
valve is  tuned also by a .001 mfd. condenser and in addition, there are two trimmer 
condensers connected in  para lle l with this .001 mfd. unit. This valve w i l l  o s c i l l ­
ate always at a frequency of approximately 350 kc ., the exact value being deter­
mined by the settings of the trimmer condensers.

The trimmer condensers are provided because o f the fact that even with the 
variable condenser gang plates fu lly  out of rresh, the variable condenser w i l l  s t i l l  
have some' capacity and where we require the two oscilla torsto  operate at the same 
frequency, the minimum capacity of the variable condenser has to be equalled by the 
capacity of the two trimmer condensers connected to the c o il o f the fixed  frequency 
osc illa to r.

TESTING.
A fter having wired the instrument, and before plugging in  the valves, apply 

your ohmmeter leads to the three sets of battery wires shown near bottom of 
Figure 1 and make sure that no short c ircu its ex ist which would damage the .batt­
eries. I f  your ohmmeter shows that there are no short c ircu its present you can 
connect up the two A batteries and the B battery. You should then proceed to
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it is not possible to use the one A battery to heat the filaments of both valves 
This means that you should use a 1.5 volt cell for the filament of the 1R5 valve 
and the other 1.5 volt cell, borrowed from your ohmmeter after testing as explained 
below, for heating the filament cf the 1S5 valve. 

The oscillator tuning coil for the 1S5 will require one alteration before 
you secure it on the chassis.  As used in the receivers described in Lesson 7 it 
has a 45 turn tickler coil, a 90 turn secondary winding, a 5 turn winding at the 
bottom and an overwound primary of 30 turns.  The alteration is that you will need 
to increase the turns on the overwound primary from 30 to 4D turns.  You can do this 
by unwinding the 30 turns and winding on a complete new coil of 40 turns or else 
you can do it by soldering another length of 34 gauge wire to the upper end of 
the 30 turn winding and merely adding on the extra 10.  If by any chance you 
are short of wire for winding this coil then you could unwind the 45 turn tickler 
coil and use this wire for winding the 40 turn primary. 

In connecting the coil to the 1S5, it is more important that the upper end 
of the 90 turn winding connect to the .0001 ml d. condenser and that the lower end 
of the 40 turn primary winding connect to the plate of the 1S5 valve.  If you 
reverse the connections to the 4D turn windings so that the plate connects to the 
top instead of the bottom of it the valve will not oscillate. 

(See A.R.T.C.Service Engineering Course Lesson No.35.) 

The 90 turn winding is tuned by a .001 nfd. fixed condenser and also one 
section of the variable condenser which has a .0001 mfd. condenser in series with 
it, the two being connected in parallel with the .001 mfd. unit.  When the tuning 
condenser plates are fully out of mesh, the .001 nfd. condenser will tune the coil 
to a frequency of approximately 350 kc.  When the plates are turned fully into mesh 
the frequency will decrease to a value of approximately 338 kc. eue to the increased 
capacity. 

(See A.R.T.C. Service Engineering Course Lesson No.15.) 

The 89 turn winding on the coil connected to the triode portion of the 1R5 
valve is tuned also by a .001 mfd, condenser and in addition, there are two tri mmer 
condensers connected in parallel with this .001 mfd. unit.  This valve will oscill-
ate always at a frequency of approximately 350 kc., the exact value being deter-
mined by the settings of the trimmer condensers. 

The trimmer condensers are provided because of the fact that even with the 
variable condenser gang plates fully out of mesh, the variable condenser will still 
have some  and where we require the two oscillatorsto operate at the sane 
frequency, the minimum capacity of the variable condenser has to be equalled by the 
capacity of the two trimmer condensers connected to the coil of the fixed frequency 
oscillator. 

TESTING. 

After having wired the instrument, and before plugging in the valves, apply 
your ohmmeter leads to the three sets of battery wires shown near bottom of 
Figure 1 and make sure that no short circuits exist which would damage the :batt-
eries.  If your ohmmeter shows that there are no short circuits present you can 
connect up the two A batteries and the D battery.  You should then proceed to 
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test the voltages ex isting  at the various pins of the valve sockets. C lip the 
negative test lead of your voltmeter cn to  the chassis of the receiver and have 
the positive test lead inserted in the "plus 50 socket".

Touch the positive test lead to the various pins of the 1S5 valve socket.
Ch pins 4 and 5 you should obtain a reading of approximately 45 vo lts on 1, 3 
and 6 no reading at a l l ,  and cn pin 7 a movement of approximately ltjr graduations 
on the meter scale.

In applying the positive test lead to  the 1R5 valve socket you should 
obtain a reading of approximately 45 volts on pin 3, a reading of approximately 
40 vo lts on pin 2, no reading on pins 1, 4 or 6, and a reading of about lg- 
graduations cn pin 7. Of course, the readings cn pins 7 on both valve sockets 
w il l  only be obtained with the filament switch turned "on".

I f  the voltages are correct, insert the valves, being sure to  plug the 
valves in th e ir right socket only. I f  by any chance you plug the valves into 
the wrong sockets you w i l l  damage both valves. The correct positions are sham 
in Figure 2. When the valves are osc illa tin g , the output voltage at the termin­
al at the rear of the chassis w i l l  only be about .25 volts and this is not su ff­
icien t to produce an audible sound from the loudspeaker so that we are not yet 
in a position to test the osc illa to r until we have bu ilt an audio frequency amp­
l i f i e r  so that the signals from the osc illa to r can be sent through this amplifier 
and w i l l  then become strong enough to  drive the loudspeaker.

EXPERIMENT Ho. 2 TRMSFQRIER COUPIED A.F. AMPLIFIER.

On the second chassis supplied to you, you should mount three valve sockets 
in the pee it  ions shorn in Figure 4. The c ircu it diagram of the amplifier is shown

in the lefthand port­
ion of Figure 5. In 
this case we use the 
1T4 valve as a f i r s t  
audio frequency amp­
lify in g  stage and the 
signals from this 
valve are coupled to 
the 3S4 pcwer output 
valve by means of the 
iron cored transformer. 
Signals emerging from 
the 3S4 valve w i l l  be 
heard from the loud­
speaker and in addit­
ion, so that we may be 
able to learn some­
thing of the perform­
ance of the amplifier 
the output signals from 
the plate of the 334 
valve are also applied 
through the . 1  mfd. 
condenser to  a second

FIGURE 4.
B- B+45
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test the voltages existing at the various pins of the valve sockets.  Clip the 
negative test lead. of your voltmeter an to the chassis of the receiver and have 
the positive test lead inserted in the "plus 50 socket". 

Touch the positive test lead to the various pins of the 185 valve socket. 
On pins 4 and 5 you should obtain a reading of approximately 45 volts on 1, 3 
and 6 no reading at all, and on pin 7 a movement of approximately l graduations 
on the meter scale. 

In applying the positive test lead to the 1R5 valve socket you should 
obtain a reading of approximately 45 volts on pin 3, a reading of approximately 
40 volts on pin 2, no reading on pins 1, 4 or 6, and a reading of about 
graduations on pin 7.  Of course, the readings on pins 7 on both valve sockets 
will only be obtained with the filament switch turned "on". 

If the voltages are correct 9 insert the valves 9 being sure to plug the 
valves in their right socket only.  If by any chance you plug the valves into 
the wrong sockets you will damage both valves.  The correct positions are shown 
in Figure 2.  When the valves are oscillating, the output voltage at the termin-
al at the rear of the chassis will only be about .25 volts and this is not suff-
icient to produce an audible sound from the loudspeaker so that we are not yet 
in a position to test the oscillator until we have built an audio frequency amp-
lifier so that the signals from the oscillator can be sent through this amplifier 
and will then become strong enough to drive the loudspeaker. 

EXPERIMENT No. 2 TRANSPORTER COUPIED A.F. AMPLIFIER.  

(II the second chassis supplied to you, you should mount three valve sockets 
in the positions shown in Figure 4.  The circuit diagram of the amplifier is shown 

in the lefthand port-
ion of Figure 5. In 
this case we use the 
1T4 valve as a first 
audio frequency amp-
lifying stage and the 

2  signals from this 

11-ri valve are coupled to 
the 384 power output 
valve by means of the 
iron cored transformer. 
Signals emerging from 
the 334 valve will be 
heard from the loud-
speaker and in addit-

.;+ 

k•--; 

To  

-45.V 

— ..... •  
0   2   L 12 ion, so that we may be 

U   
,ra PUT el 

T o A  3 

1T4  able to learn s ome-
thing of the perf orm-

41 ance of the amplifier 
0  r O I  6  the output signals from 
To 3  — the plate of the 384 

'valve are also applied 
through the .1 mfd. 
condenser to a second 

ATJD I0 TRANSIT. 

T 0 1:111112 EvIETE P. I 

13 

384 

B-  3+45 
FIGURE 4. PL8 - 7. 



334 valve which acts as a diode r e c t i f ie r ,  as explained in Figure 20 of practical 
instruction lessen No. 4.

FIC-UEE 5.

This valve is wired in a s ligh tly  d ifferen t fashion from that illustrated  
in Figure 20 of Lesson 4 to  enable filament pin No. 1 to  he connected to  the 
chassis, so that i t  may be operated from the same 1.5 vo lt battery which applies 
filament voltage to the filament of the 1S5 and also to the valves in the am plifier.

The 3S4 shown at the right hand side of Figure 5 w ill not amplify or 
strengthen the signals in any way but w ill merely re c t ify  the signals reaching i t  
through tbe . 1  irfd. condenser, converting the alternating signal voltages to  d ir ­
ect voltage which can be registered cn your multimeter.

In connecting up the transformer, the two rather thick enamel covered wires 
emerging from the transformer and normally intended fo r connecting to a voice 
co il cf a speaker are connected, one to the plate of the 1T4 and one to  the 
positive terminal of the B battery. The grid of the 3S4 valve is connected to  cne 
of the outer wires moulded in the p lastic  former and the negative terminal of the 
B battery is connected to  the otber outer terminal. The centre tap of the second­
ary winding cn the transformer is not used.

A fter completing the wiring, connect wires marked "A,!and "B" in Fig-5 to  points 
marked "A"and "B"an the osc illa to r c ircu it of Figure 1. Wire marked "B+45” on F ig .5 
can connect to  the positive terminal of the B battery. You should nestt connect the neg 
ative test lead cf your Multimeter to  chassis cf the amplifier and with the positive 
test lead plugged into socket marked "+5 Ov" touch the test prod to the pitas of the valve

PL8 - 8.

334 valve which acts as a diode rectifier, as explained in Figure 20 of practical 
instruction lessen No. 4. 
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This valve is wired in a slightly different fashion from that illustrated 
in Figure 20 of Lesson 4 to enable filament pin No. 1 to be connected to the 
chassis, so that it may be operated from the same 1.5 volt battery which applies 
filament voltage to the filament of the 135 and also to the valves in the amplifier. 

The '334 shown at the right hand side of Figure 5 will not amplify or 
strengthen the signals in any way but will merel:!- rectify the signals reaching it 
through the .1 red. condenser, converting the alternating si gnal voltages to dir-
ect voltage which can he registered al your multineter. 

In connecting up the transformer, the two rather th 
emerging from the transformer and normally intended for 
coil of a speaker are connected, one to the plate of the 
positive terminal of the B battery.  The grid of the 334 
of the outer wires moulded. in the plastic former and the 
B battery is connected to the other outer terminal.  The 
ary winding al the transformer is not used. 

ick ena ml c overrel. wires 
connecting to a voice 
1T4 and one to the 
valve is connected to crie 
negative terminal of the 
centre tap of the sec ond-

After completing the wiring, connect wires marked "Cand "B" in Fig.5 to points 
marked "Anand "B"on the oscillator circuit of Figure 1. Wire marked "B±45" on Fig.5 
can connect to the positive terminal of the B battery.. You should next connect the neE 
at ive test lead of your .Multimeter to chassis of the ampl ifier and with the positive 
test lead plugged into socket marked"+50v"touch the test prod to the p ins  of the valve 



socket, when touching the prod to  the socket fo r  the 1T4 valve you should obtain 
a reading cf approximately 1-g graduations at pin 7, when the switch on the o s c il l­
ator is turned cn.

In the case of the 3S4 in the am plifier, you should obtain a reading of 
approximately 45 volts at pins 2 and 4 and a reading of about 1-jji- graduations at 
pins 1 and 7 by reversing the test leads so that the positive lead is touched 
to  the chassis and the negative lead touched to pin. 3 you should obtain a reading 
of approximately 4 graduations at pin 3.

3h the case of the 3S4 diode valve there should be no readings cn any pins 
with the exception of a movement of about 1-g- graduaticn.s on pins 1 and 7.

I f  a l l  these readings are correct you may insert the valves in the ir 
sockets, again being careful to  see that the 1T4 is not plugged into the socket 
intended fo r  the 3S4 va lve.

In order to  employ the 3S4 valve, at the righ t cf figure 5S as an output 
meter, i t  w ill be necessary to  make one additional connection in your multimeter. 
This consists of jo in ing together switch contacts 12 and 8 shorn cn figures 4 
and 5 of practical instruction lesson No.4. Also, in. place of the negative test 
lead, you should use a length of hook-up wire, one end of which is soldered to 
switch contact 2 and the other end to pin No.l on the 3S4 socket, as shown at the 
right of figure 5 in th is lesson. The numbers near the meter symbol in figure 5 
are the multimeter switch contact numbers shown in figures 4 and 5 of lesson 4.
The positive lead, may be plugged into either the 10 or 50 vo lt socket depending 
upon which voltage range is to be employed, when the lead is  plugged in to the 
10 vo lt socket, readings should be made on the I  ewer scale of the instrument 
face. Mien plugged into the 50 vo lt socket, readings should be made on the middle 
scale on the instrument face. The switch on the multimeter should be turned to 
the position marked "A.C.11. The prod end of the posiive test lead should be 
clipped cn to  socket pin 2, 3 or 4 on the 3S4 valve socket shown at the right 
hand side of figure 5.

When an alternating signal voltage from the plate of the amplifying 3S4, 
is applied through the .1 mfd. condenser to  the 3S4 rec tify in g  valve, this 
positive pulsation of signal w il l  cause electrons to  leave the filament of the 
3S4 and to  be attracted across to  the grid, screen grid and plate. Prom this 
point they cannot pass through the .1 mfd. condenser and so must pass through 
the positive test lead, the voltage multiplying res is tor in the multimeter to  
switch contacts 12 and 8 on the multimeter, then to the negative terminal of the 
meter i t s e l f  and out from the positive meter terminal, through switch contact 1 
to  2 and from 2 to the negative filament terminal cn the 3S4 valve socket.

TESTING THE AHFIJFER.

Once you have followed the procedure explained so fa r , and have a l l  the 
valves inserted in the ir sockets; - i f  the switch is  turned on and the potentio­
meter on. the osc illa to r rotated,you should hear some sort of audio frequency 
note from the loudspeaker and obtain an indication cf its  strength on the meter 
scale. The pitch of the note w ill be determined by the setting of the tuning 
condenser gang plates. When the plates are turned fu lly  out of mesh, the pitch 
should be very low and w ill represent a bass note whereas, as the plates are 
turned further into mesh, the pitch w il l  become higher and higher representing

socket.  hen touch ing the prod to the socket for the 1T4 valve you sh ould obtain 
a reading of approximately  graduations at pin 7, when the switch on the oscill-
ator is turned on. 

In the case of the 384 in the amplifier, you should obtain a reading of 
approximately 45 volts at pins 2 and. 4 and a reading of about  graduations at 
pins 1 and 7 by reversing the test leads so that the positive lead. is touched 
to the chassis and the negative lead touched to pin 3 you should obtain a reading 
of approximately 4 graduations at pin 3. 

In the case of the 384 diode valve there should be no readings on any pins 
with the exception of a movement of about  graduations on pins 1 and 7. 

If all these readings are correct you may insert the valves in their 
sockets, again being careful to see that the 1T4 is not plugged into the socket 
intended for the 384 valve. 

In order to employ the 384 valve, at the right e figure 5, as an output 
meter, it will be necessary to make one additional connection in your multimeter. 
This consists of joining together switch contacts 12 and 8 shown ai figures 4 
and 5 of practical instruction lesson No.4.  Also, in place of the negative test 
lead, you should use a length of hook-up wire, one end of which is soldered to 
switch contact 2 and the other end to pin No.1 on the 384 socket, as shown at the 
right of figure 5 in this lesson.  The numbers near the meter symbol in figure 5 
are the multimeter switch contact numbers shown in figures 4 and 5 of lesson 4. 
The positive lead may be plugged into either the 10 or 50 volt socket depending 
upon which voltage range is to be employed.  When the lead is plugged into the 
10 volt socket, readings should be made on the lower scale of the instrument 
face.  1,7hen plugged into the 50 volt socket, readings should be made on the middle 
scale on the instrument face.  The switch on the multimeter should be turned to 
the position marked "A.C.".  The prod end of the positve test lead should be 
clipped on to socket pin 2, 3 or 4 on the 384 valve socket shown at the right 
hand. side of figure 5. 

When an alternating signal voltage from the plate of the amplifying 364, 
is applied through the .1 mfd. condenser to the 384 rectifying valve, this 
positive pulsation of signal will cause electrons to leave the filament of the 
364 and to be attracted across to the grid, screen grid and plate.  From this 
point they cannot pass through the .1 mfd. condenser and so must pass through 
the positive test lead, the voltage multiplying resistor in the multimeter to 
switch contacts 12 and 8 on the multimeter, then to the negative terminal of the 
meter itself and out from the positive meter terminal, through switch contact 1 
to 2 and from 2 to the negative filament terminal on the 3S4 valve socket. 

TESTING THE AiCLIF ZR. 

Once you have followed the procedure explained so far, and have all the 
valves inserted in their sockets; - if the switch is turned on and the potentio-
meter on the oscillator rotated,you should hear some sort of audio frequency 
note from the loudspeaker and obtain an indication of its strength on the meter 
scale.  The pitch of the note will be determined by the setting of the tuning 
condenser gang plates.  When the plates are turned fully out of mesh, the pitch 
should be very low and will represent a bass note whereas, as the plates are 
turned further into mesh, the pitch will become higher and higher representing 
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s h r il l  treble notes. I f  the tuning condenser plates are turned fu lly  into mesh 
the difference between the two radio frequency signals w il l  produce a beat f r e ­
quency which w il l  be about 10,000 cycles per second and w il l  be so hifh in pitch 
that you may not hear them, as many people's ears w i l l  not detect sounds higher 
than 10,000 cycles in frequency.

I f  you have followed the instructions carefu lly and have made no mistakes 
in your wiring, the equipment should operate when f i r s t  turned on and tried  
however, i f  you f a i l  to  obtain an audio frequency note i t  w il l  be necessary to  
use your multimeter fo r  testing to  determine whether each osc illa to r valve is 
functioning.

To do this turn the switch cn the face of the multimeter back to the pos­
ition  marked "B.C." and insert the test leads in the negative socket and in the 
socket marked "plus 1 MA” . These leads may now be used to connect the multi­
meter in, series with the 75,000 ohms grid leak fo r the IS5 valve at the point 
marked X cn Figure 1, by disconnecting the earth end of the 75,000 chm res is tor 
from the chassis and connecting the end to  the negative lead from the multimeter 
instead. The positive multimeter test lead should be clipped on to  the chassis.

In a sim ilar fashion, you may test and see whether the triode section of 
the 1R5 valve is osc illa tin g  by reconnecting the 75,000 ohm res is tor in the 
normal fashion and instead disconnecting the earth end of the 50,000 ohm res is tor 
from the chassis and inserting the multimeter at the point marked "Y " in Figure 1.
In both cases, i f  the valve is  o sc illa tin g , there should be a movement of approx­
imately 1 graduation an the meter scale whereas, i f  the valves are not osc illa tin g  
the meter needle w ill rest at zero or w il l  move only about a % of a graduation 
across the scale.

I f  you do not obtain an indication of approximately one or more graduations 
on the meter scale and i f  this does not vary somewhat as the tuning condenser 
plates are rotated, i t  suggests that the valve in whose grid circu it i t  is connected 
is  not o sc illa tin g . I f  you obtain a satisfactory indication at each of these 
points and s t i l l  no signals are heard from the loudspeaker, then th is suggests a 
fau lt in the plate c ircu it of trie 1R5 valve or that you have fa iled  to  connect 
the output terminals of the osc illa to r to  the input terminals of the am plifier.
The output terminal marked "Cu should connect to the am plifier input terminal 
marked "C" 5 in Figure 5 and s im ilarly , the output terminal ’'D:i should connect to 
the input terminal "D" in Figure 5.

Aga in ,if there is no result although these connections are correct, there 
may be a fau lt in the audio am plifier and this should be carefu lly  checked to see 
that it  is wired correctly.

Che quick way of te ll in g  whether fa ilu re  to operate is  caused by a fau lt in 
the osc illa to r or am plifier is to disconnect the wire which joins terminal "C" on 
the osc illa to r to  terminal "C'! on the amplifier and touch point "C" on the am plifier 
with your fin ger or with a piece of metal held in your hand. As you touch the 
terminal, or as you touch a piece of metal to  the terminal, there should be a 
d istinct c lick  or possibly a hum or squealing noise from the loudspeaker. I f  
there is  no sound whatsoever when you touch point !,C" cn the amplifier then this 
indics.tes that a fau lt almost certain ly exists in the am plifier. On the other 
hand, i f  you do hear a noise when you touch point "C’,: then this suggests that the
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shrill treble notes.  If the tuning condenser plates are turned fully into mesh 
the difference between the two radio frequency signals will produce a beat fre-
quency which will be about 10,000 cycles per second and will be so hie in pitch 
that you may not hear them, as many people's ears will not detect sounds hi gher 
than 10,000 cycles in frequency. 

If you have followed the instructi ons carefully and have made no mistakes 
in your wiring, the equipment should operate when first turned on and tried 
however, if you fail -to obtain an audio frequency note it will be necessary to 
use your multimeter for testing to determine whether each oscillator valve is 
functi on ing. 

To do this turn the switch on the face of the multimeter back to the pos-
ition marked "D.C." and insert the test leads in the negative socket and in the 
socket marked "plus 1 liA".  These leads may now be used to connect the multi-
meter in series with the 75 9000 ohms grid leak for the 1S5 valve at the point 
marked X on Figure 1, by disconnecting the earth end of the 75,000 ohm resistor 
from the chassis and connecting the end to the negative lead from the multimeter 
instead.  The positive multimeter test lead should be clipped on to the chassis. 

In a similar fashion, you may test and see whether the triode section of 
the 1R5 valve is oscillating by reconnecting the 75,000 ohm resistor in the 
normal fashion and instead disconnecting the earth end of the 50,000 ohm resistor 
from the chassis and inserting the multimeter at the point marked "Y" in Figure 1. 
In both cases, if the valve is cecillating, there should be a movement of approx-
imately 1 graduation on the meter scale whereas, if the valves are not oscillating 
the meter needle will rest at zero or will move only about a  of a graduation 
across the scale. 

If you do not obtain an indication of approximately one or more graduations 
on the meter scale and if this does not vary somewhat as the tuning condenser 
plates are rotated, it suggests that -the valve in whose grid circuit it is connected 
is not oscillating.  If you obtain a satisfactory indication at each of these 
points and  till no signals are heard from the loudspeaker, then this suggests a 
fault in the plate circuit of the 1R5 valve or that you have failed to connect 
the output terminals of the oscillator to the input terminals of the amplifier. 
The output terminal marked "C" should connect to the amplifier input terminal 
marked "C", in Figure 5 and similarly, the output terminal "D" should connect to 
the input terminal "D" in Figure 5. 

Again. lif there is no result although these connections are correct, there 
may be a fault in the audio amplifier and this should be carefully checked to see 
that it is wired correctly. 

One quick way of telling whether failure to operate is caused by a fault in 
the oscillator or amplifier is to disconnect the wire which joins terminal "C" on 
the oscillator to terminal "C" on -the amplifier and touch point "C" on the amplifier 
with your finger or with a piece of metal held in your hand.  As you touch the 
terminal, or as you touch a piece of metal to the terminal, there should be a 
distinct click or possibly a hum or squealing noise from the loudspeaker.  If 
there is no sound whatsoever when you touch point "C" on the amplifier then this 
indicates that a fault almost certainly exists in the amplifier.  On the other 
hand, if you do bear a noise when you touch point "C" then this suggests that the 
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am plifier is capable cf responding to signals applied to this point and should 
function i f  the osc illa to r is working.

ANALYSING OSCILLATOR FAULTS.

I f  no result can he obtained, the next test to  apply is to use your multi™ 
meter as an ordinary DC voltmeter to  measure the voltage of the B battery 
and the voltage of the two A batteries under their actual working load.
The voltages we checked previously, at the valve sockets, were measured 
before the valves were inserted and although these may have been correct 
without any load, the insertion of the valves in the sockets would cause a 
drain of current on the batteries and this would cause their voltage to  
decrease someisfoat. I f  the batteries are approaching the end of their 
l i f e  then their voltages mi^it decrease to  such a degree that they are 
incapable of supplying enough current to cause the valves to  osc illa te . Cn 
measuring the E battery voltage before the valves are inserted, the instru­
ment should give an indication of at least 35 vo lts , When the valves are 
inserted in the ir sockets this reading should not drop below 32 vo lts .

S im ilarly, the 1.5 vo lt A battery should provide a reading of at 
least 1.4 volts before the valves are inserted arid should provide at least 
1.1 vo lt Tshen the valves are plugged in and the equipment switched on. I f  
either voltage is lower than those suggested above, i t  w il l  be necessary fo r 
you to  procure new batteries before you proceed.

I f  the battery voltages are satis factory, then a fault may exist in 
cne of the valves. I f  you suspect th is, i t  would be advisable to  test the 
valve as explained in experiment 8 of practical lessen Ho,7. An emission 
test only w il l  be necessary as this w ill reveal i f  there is any material 
change in the valve characteristics. Instructions fo r testin g  the type 
1S5, 1T4 and 3S4 valves are contained in practical lesson 7. In testing 
the 1R5, the procedure w il l  be very sim ilar to that indicated in figure 14 
of practical lesson 7. The A battery w ill be applied between pins 1 and 7 
and the negative lead from the meter should be connected to  pins 2, 3, 4 and
6 which are a l l  joined to one another. The correct size of resistance to  
use is 2,000 ohms.

I f  the valves appear to  be in good order then check carefu lly the 
connection to  the c o ils . As previously mentioned, i t  is most important that 
the top of the tuned windings connect through the small condensers to  the 
grids of the valves at socket contact 6 fo r  the 1S5 and 4 fo r  the 1R5 and 
also, that the lower end of the 40 turn winding connect to  the plate of the 
IS5 valve and the lower end of the 15 turn winding connect to earth in the 
case of the 1R5 va lve. It  is also important to check and see that both 
windings on each co il are wound in the same direction as one another. I f  
by any chance you have accidentally wound one co il in a clockwise direction 
and the other co il in an anticlockwise direction, on the same former, then 
you may be able to  make the equipment oscilla te by switching over the leads 
to the 40 turn c o il or 15 turn c o il.  That is , in the case of the 40 turn 
co il the top end would connect to pin 5 on the valve socket and the bottom 
end to the positive terminal of the 45 vo lt battery. S im ilarly, in the case 
of the 15 turn co il the top end would be earthed and the bottom end con­
nected to  valve socket pin Uo.l on the 1R5 valve. Of course, i f  both
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amplifier is capable of responding to signals applied to this point and should 
function if the oscillator is working. 

ANALYSING CSCILLATOR FAUISTS.  

If no result can be obtained, the next test to apply is to use your multi-
meter as an ordinary DC voltmeter to measure the voltage of the B battery 
and the voltage of the two A batteries under their actual working load. 
The voltages we checked previously, at the valve sockets, were measured 
before the valves were inserted and although these may have been correct 
without any load, the insertion of the valves in the sockets would cause a 
drain of current on the batteries and this would cause their voltage to 
decrease somewhat.  If the batteries are approaching the end of their 
life then their voltages mi ght decrease to such a degree that they are 
incapable of supplying enough current to cause the valves to oscillate.  On 
measuring the B battery voltage before the valves are inserted, the instru-
ment sh ould give an indic at ion of at le ast 35 volts . he n the valves are 
inserted in the ir sockets this reading should not drop below 32 volts. 

Similarly, the 1.5 volt A battery should provide a reading of at 
least 1.4 volts before the valves are inserted and should provide at least 
1.1 volt when the valves are plugged in and the equipment switched on.  If 
either voltage is lower than those suggested above, it will be necessary for 
you to procure new batteries before you proceed. 

If the battery voltages are satisfactory, then a fault may exist in 
one of the vrLl-es.  If you suspect this, it would be advisable to test the 
valve as explained in experiment 8 of practical lesson No.7.  An emission 
test only will be necessary as this will reveal if there is any material 
change in the valve characteristics.  Instructions for testing the type 
155, 1T4 and 354 valves are contained in practical lesson 7.  In testing 
the 1R5, the procedure will be very similar to that indicated in figure 14 
of practical lesson 7.  The A battery will be applied between pins 1 and 7 
and the negative lead from the meter should be connected to pins 2, 3, 4 and 
6 which are all joined -to one another.  The correct size of resistance to 
use is 2,000 ohms. 

If the valves appear to be in good arder then check carefully the 
connection to the coils.  As previously mentioned, it is most important that 
the top of the tuned windings connect through the small condensers to the 
grids of the valves at socket contact 6 for the 155 and 4 for the 1R5 and 
ais o, that the lower end of the 40 t urn winding connect t o the plate of the 
155 valve and the lower end of the 15 turn winding connect to earth in the 
case of the 1R5 valve.  It is also important to check and see that both 
windings on each coil are wound in the same direction as one another.  If 
by any chance you have accidentally wound one coil in a clockwise direction 
and the other coil in an anticlockwise direction, on the same former, then 
you may be able to make the equipment oscillate by switching over the leads 
to the 40 tu rn coil or 15 turn coil. That is, in the case of the 40 turn 
coil the top end would connect to pin 5 on the valve socket and the bat-tom 
end to the positive terminal of the 45 volt battery.  Similarly, in the case 
of the 15 turn coil the top end would be earthed. and the bottom end con-
nected to valve socket pin No.1 on the 1R5 valve.  Of course, if both 
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windings on each c o il former are wound in the same direction as one another 
this reversal w i l l  not be necessary.

I f  a l l  these checks have fa iled  to reveal why the osc illa to r w i l l  not 
function, then the only remaining procedure is to add additional turns to 
the UO turn co il i f  you cannot obtain a satisfactory indication o f current 
when the meter is inserted at point "X" on Figure 1, and th is number can be 
increased up to 50 or even 60 in  an attempt to make the valve o s c il la te .
Again, i f  you cannot obtain any satisfactory movement of the pointer at pos­
ition  "Y " , you could add additional turns to the l£  turn co il and increase 
here up to 20, 25 or even 30 .

The analysis above covers almost completely, possible reasons fo r  f a i l ­
ure of the equipment to operate and i f  you have checked the various points out­
lined one by one, then I  fe e l sure that you w i l l  have discovered any possible 
troubles and have re c tified  them. We are now in a position to proceed further 
with our adjustments.

OSCILLATOR FREQUENCY RMGE.

When f i r s t  turned on, i t  is  unlikely that the audio frequency notes 
produced by the osc illa to r w i l l  cover from a deep bass note, when the tuning 
condenser plates are turned fu lly  out of mesh, to a s h r ill treble note when 
they are turned fu lly  into mesh.

The purpose of the trimmer condensers indicated in Figure 1 is  to adjust 
the frequency of the fixed  frequency osc illa to r so that i t  is equal to that 
o f the variable frequency osc illa to r when the tuning condenser plates are 
turned fu lly  out of mesh. Consequently, you should rotate the tuning con­
denser u n til its  plates are fu lly  out and then adjust, by means of a screw­
driver, either one or both of the trimmer condensers u n til the pitch of the 
note decrc-ases to its  lowest value. You w il l  then find that rotating the 
tuning condenser plate inward causes the pitch to increase to a s h r il l  whistle 
when the tuning condenser plates are turned fu lly  in .

Due to imperfect shielding and incomplete iso la tion  between the two 
osc illa to r  c ircu its , i t  w i l l  not be possible fo r  your o sc illa to r to operate so 
that i t  produces audio frequencies right down to very deep bass notes 
approaching zero frequency. You w i l l  probably find that the pitch of the note 
decreases down to a certain value and then suddenly stops. At the point where 
the pitch of the note suddenly stops the frequency w i l l  probably be w ell below 
b00 cycles per second and we w i l l  use this as our lowest test frequency. With 
the tuning condenser plates turned approximately half way in , the pitch of the 
frequency should be somewhere about 3*000 cycles per second and with the tun­
ing condenser plates turned fu lly  in , the Ditch should be 10,000 cycles per 
second.

In beat frequency oscilla tors produced commercially fo r use as re liab le  
tost instruments, a great deal of care is taken to see that the strength of 
audiofrequency signals provided by the osc illa to r is constant throughout its  
range of operation. This moans that regardless o f whether the instrument is  
producing bass notes or treble notes the output voltage should be constant. In 
our case, i t  is  impossible to f i t  a l l  the necessary refinements to assure this 
and consequently you w i l l  find that the osc illa to r w i l l  produce far stronger

windings on each coil former are wound in the same direction as one another 
this reversal will not be necessary. 

If all these checks have failed to reveal why the oscillator will not 
function, then the only remaining procedure is to add additional turns to 
the 40 turn coil if you cannot obtain a satisfactory indication of current 
when the meter is inserted at point "X" on Figure 1, and this number can be 
increased up to 50 or even 60 in an attempt to make the valve oscillate. 
Again, if you cannot obtain any satisfactory movement of the pointer at pos-
ition "Y", you could add additional turns to the 15 turn coil and increase 
here up to 20, 25 or even 30. 

The analysis above covers almost completely, possible reasons for fail-
ure of the equipment to operate and if you have checked the various points out-
lined one by one, then I feel sure that you will have discovered any possible 
troubles and have rectified them.  We are now in a position to proceed further 
with our adjustments. 

OSCILLATOR FREQUENCY RANGE. 

When first turned on, it is unlikely that the audio frequency notes 
produced by the oscillator will cover from a deep bass note, when the tuning 
condenser plates are turned fully out of mesh, to a shrill treble note when 
they are turned fully into mesh. 

The purpose of the trimmer condensers indicated in Figure 1 is to adjust 
the frequency of the fixed frequency oscillator so that it is equal to that 
of the variable frequency oscillator when the tuning condenser plates are 
turned fully out of mesh.  Consequently, you should rotate the tuning con-
denser until its plates are fully out and then adjust, by means of a screw-
driver, either one or both of the trimmer condensers until the pitch of the 
note decreases to its lowest value.  You will then find that rotating the 
tuning condenser plate inward causes the pitch to increase to a shrill whistle 
when the tuning condenser plates are turned fully in. 

Due to imperfect shielding and incomplete isolation between the two 
oscillator circuits, it will not be possible for your oscillator to operate so 
that it produces audio frequencies right down to very deep bass notes 
approaching zero frequency.  You will probably find that the pitch of the note 
decreases down to a certain value and then suddenly stops.  At the point where 
the pitch of the note sudderaerstops the frequency will probably be well below 
400 cycles per second and we will use this as our lowest test frequency.  With 
the tuning condenser plates turned approximately half way in, the pitch of the 
frequency should be somewhere about 3,000 cycles per second and with the tun-
ing condenser plates turned fully in, the pitch should be 100000 cycles per 
second. 

In boat frequency oscillators produced commercially for use as reliable 
test instruments, a great deal of care is taken to see that the strength of 
audio frequency signals provided by the oscillator is constant throughout its 
range of operation.  This means that regardless of whether the instrument is 
producing bass notes or treble notes the output voltage should be constant.  In 
our case, it ià impossible to fit all the necessary refinements to assure this 
and consequently you will find that the oscillator will produce far stronger 
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signals at 400 cycles per second than i t  w il l  at the higher frequencies. You 
w ill  he able to  obtain some idea of the way in which the strength of the signals 
from the osc illa tor varies by temporarily disconnecting the input lead of your 
3S4 r e c t i f ie r  valve from the plate of the 3S4 amplifier and instead touching 
the lead from the .1 mfd. condenser to  the osc illa to r output terminal "C". When 
the osc illa to r is functioning, the output meter should give an indication of 
about h a lf a graduation v/hen the positive test lead is inserted in the 10  vo lt  
socket. This output w ill be obtained at about 400 cycles per second and you 
w ill notice that although the reading is very small the needle w il l  drcp o ff 
towards zero as the plates are turned further into mesh to  produce higher fr e -  
quencies.

Now restore the connection from the . 1  mfd. condenser to  the plate of 
the 3S4 valve and we w ill be in a position to  check the output voltages 
a fte r they have been amplified.

For this tes t, you should have the positive tes t lead plugged into the 
50 vo lt range on your multimeter. At 400 cycles you w ill probably obtain an 
output reading of about 4 graduations on the meter face. At 3,000 cycles the 
meter needle should rise a l i t t l e  to about 6 graduations and with the condenser 
plates turned fu lly  into mesh the reading should f a l l  again to  about 1  gradua­
tion . The actual readings you obtain may d if fe r  quite appreciably from those 
just mentioned because there is so much p oss ib ility  cf variations in the indiv­
idual valves, transformers and other parts involved that i t  is improbable that 
any two amplifiers and oscillators w ill perform exactly the same as one another. 
Although these figures have been obtained at the C o llege ,it does not necessarily 
fo llow  that you w il l  obtain exactly the same readings but you should notice 
that the output from the amplifier is moderately strong on bass notes, rises 
on middle pitch notes fa l ls  o ff again on treble notes. This is due to  the 
characteristics of audio frequency transformers. These transformers have a re­
actance which decreases at low frequencies, causing the drop in bass notes. The 
capacity between the turns and also losses in the iron core causes a decrease 
in e ffic ien cy  at the extremely s h r il l  notes and consequently a transformer 
causes the greatest amplification cf middle pitched notes. The bass notes w il l  
rea lly  be much weaker than they ?;ould appear from this experiment because you 
must remember that your osc illa to r is providing bass notes which are much strang­
er than middle pitched notes, consequently one would expect the bass notes to  
s t i l l  be stronger than the middle pitched notes a fte r  passing through the ampli­
f ie r .  Due to the small inductance cf the transformer primary however, the bass 
notes w ill not be amplified to the same degree as the higher pitched notes.

(See A.R.T.C. Service Engineering Course - lesson 27)

The transformer supplied to you and which you are using fo r  this experi­
ment is not rea lly  designed to  couple the plate c ircu it of one valve to the grid 
of the next. A good quality inter-stage audio frequency transformer would pro­
vide a greater degree of amplification- and more even results than the trans­
former you are using. However, the principles are illu stra ted  quite well by 
this equipment.

EXPERIMENT 5. KESIoTArTCE COD'PIED TRIQDE AMPLIFIER.

I t  is interesting now to substitute resistance coupling fo r  the trans­
former and to check the performance of the resistance coupling unit in com­
parison with that of the transformer.
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signals at 400 cycles per second than it will at the higher frequencies.  You 
will be able to obtain some idea of the way in which the strength of the signals 
from the oscillator varies by temporarily disconnecting the  input lead of your 
384 rectifier valve from the plate of the 3S4 amplifier and instead touching 
the lead from the .1 ed. condenser to the oscillator output terminal "C". when 
the oscillator is functioning, the output meter should give an indication of 
about half a graduation when the positive test lead is inserted in the 10 volt 
socket.  This output wi ll be obtained at about 40C cycles per second and you 
will notice that although the reading is very smnil the needle will drop off 
towards zero as the plates are turned further into mesh to produce higher fre-
quencies. 

Now restore the connection from the .1 mfd. condenser to the plate of 
the 3S4 valve and we will be in a position to check the output voltages 
after th ey have been ampl ified. 

For this test, you should have the positive test lead plugged into the 
50 volt range on your multimeter.  At 400 cycles you will probably obtain an 
output reading of about 4 graduations on the meter face.  At 3,000 cycles the 
meter needle should rise a little to about 6 graduations and with the condenser 
plates turned fully into mesh the reading should fall again to about 1 gradua-
tion.  The actual readings you obtain may differ quite appreciably from those 
just mentioned because there is so much possibility of variations in the indiv-
idual valves, transformers and other parts involved that it is improbable that 
any two amplifiers and oscillators will perform exactly the same as one another. 
Although these figures have been obtained at the College,it (ices not necessarily 
follow that you will obtain exactly the same readings but you should notioe 
that the output from the amplifier is moderately strong on bass notes, rises 
on middle pitch notes falls off again on treble notes.  This is due to the 
characteristics of audio frequency transformers.  These transformers have a re-
actance which decreases at low frequencies, causing the drop in bass notes.  The 
capacity between the turns and also losses in the iron core causes a decrease 
in efficiency at the extremely shrill notes and consequently a transformer 
causes the greatest amplification of middle pitched notes.  The bass notes will 
really be much weaker than they would appear from this experiment because you 
must remember that your oscillator is providing bass notes which are much strong-
er than middle pitched notes, consequently one would expect the bass notes to 
still be stronger than the middle pitched notes after passing through the ampli-
fier.  Due to the small inductance of the transformer primary however, the bass 
notes will not be amplified to the same degree as the higher pitched notes. 

(See A.R.T.C. Service Engineering Course - Lesson 27) 

The transformer supplied to you and which you are using for this experi-
ment is not really designed to couple the plate circuit of one valve to the grid 
of the next.  A geed quality inter-stage audio freauency transformer would pro-
vide a greater degree of amplification and more even results than the trans-
former you are using.  However, the principles are illustrated quite well by 
th is equipment. 

EX PER IMETAT 3. RES D UNCE C OUPLED TRIODE AMPL IF MR  

It is interesting now to substitute resistance coupling for the trans-
former and to check the performance of the resistance coupling unit in com-
parison with that of the transformer. 
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F irs tly  we w i l l  set up the ITU valve as a triode as shown in Figure 6.
There is nothing at a l l  unusual about this arrangement and consequently you 
should be able to substitute the resistance coupling unit fo r  the transformer

from the information contained

1TL 3SU

in Figure 6 without any further 
instruction. I t  is  most import­
ant o f course, to disconnect the 
B battery before you make any 
alterations to avoid any chance 
o f your soldering iron or stray 
pieces of w ire,short c ircu iting 
the positive terminal of the 
B battery to the filaments of 
the valves and thereby burning 
them out. As the alterations 
are few i t  is  not necessary to 
disconnect the A batteries and 
these may be l e f t  connected 
although o f course the switch 
on the oscilla.tcr should be 
turned o f f .

A fter completing your 
connections,check them very 
carefu lly before reconnecting 
the B battery and switching 
on again.

I f  you now repeat the measurements at the three frequencies you used 
previously, you w i l l  probably find that the strength of bass notes is  many times 
stronger than i t  was. You w i l l  probably obtain a reading o f about 26 volts 
output at HOO cycles, a reading of about k volts at 3,000 cycles and a reading 
of about  ̂ volts at 10,000 cycles. In order to make possible a satisfactory 
comparison of results with the previous results, i t  is desirable fo r  you to set 
the tuning condenser plates to the same position on each of these tests and 
therefore you should f i t  a piece o f paper or cardboard behind the tuning con­
denser d ia l, rriarking the various positions on i t  fo r the three test frequencies. 
A lternatively, i t  is possible to make a pencil line d irectly  on the tuning 
condenser plates. I f  you do th is , you w i l l  be able to reset the condensers to 
the same position each time you make tests on a new amplifier c ircu it.

The considerable increase in  the strength of bass notes does not mean 
that a resistance coupled amplifier tends to over-emphasise the bass notes at the 
expense of the higher frequencies but simply indicates that your beat frequency 
osc illa to r is providing a greater signal output at the bass frequency. The strength 
of middle pitched and very high pitched notes w i l l  be much the same, as a resistance 
coupled am plifier provides an almost uniform degree of amplification throughout the 
audio frequency range.

On comparing the results from the resistance coupled amplifier with that from the 
transformer, you w i l l  realise how in e ffic ien t the transformer is  in  handling bass 
notes and &lsc the way in which its  response fa l ls  o ff at very high pitched notes 
such as 10,000 cycles per second.

(See A.R.T.C. Service Engineering Course - Lessons 27 and 28.)
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Firstly we will set up the 1T4 valve as a triode as shown in Figure 6. 
There is nothing at all unusual about this arrangement and consequently you 
should be able to substitute the resistance coupling unit for the transformer 

from the information contained 
in Figure 6 without any further 

1T4 instruction. It is most import-
ant354  of course, to disconnect the 

L,  B battery before you make any 
2   cD1,  alterations to avoid any chance 
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FIGURE 6. 

After completing your 
connections,check them very 
carefully before reconnecting 
the B battery and switching 
on again. 

If  you  new repeat  the  measurements at the three  frequencies  you  used 
previously, you will probably find that the strength of bass notes is many times 
stronger than it was.  You will probably obtain a reading of about 26 volts 
output at 400 cycles, a reading of about 4 volts at 3,000 cycles and a reading 
of about 5 volts at 10,000 cycles.  In order to make possible a satisfactory 
comparison of results with the previous results, it is desirable for you to set 
the tuning condenser plates to the sane position on each of these tests and 
therefore you should fit a piece of paper or cardboard behind the tuning con-
denser dial, marking the various positions on it for the three test frequencies. 
Alternatively, it is possible to make a pencil line directly on the tuning 
condenser plates.  If you do this, you will be able to reset the condensers to 
the same position each time you make tests on a new amplifier circuit. 

The  conejiderable  increase  in  the  strength  of  bass  notes  does  not  mean 
that a resistance coupled amplifier tends to over-emphasise the bass notes at the 
expense of the higher frequencies but simply indicates that your beat frequency 
oscillator is providing a greater signal output at the bass frequency.  The strength 
of middle pitched and very high pitched notes will be much the same, as a resistance 
coupled amplifier provides an almost uniform degree of amplification throughout the 
audio frequency range. 

On comparing the results from the resistance coupled amplifier with that from the 
transformer, you will realise how inefficient the transformer is in handling bass 
notes and álso the way in which its response falls off at very high pitched notes 
such as 10,000 cycles per second. 

(See A.R.T.C. Service Engineering Course - Lessons 27 and 28.) 
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EXPERIMENT 4. RESISTANCE COJPIED PENTODE AMPLIFIER.

Li the last experiment, illustrated  by figure 6, the 1T4 valve is used as 
a tricde and under these conditions its  amplification factor w ill be 10  but in 
practice you w ill  realise a l i t t l e  less than th is. We w ill now a lte r  the connect­
ions to  the 1T4 valve socket so that it  acts as a pentode valve and we w ill deter­
mine the actual increase in amplification achieved by th is . Figure 7 shows the

altered connection. You w il l  observe that the 
only alterations necessary are to disconnect 

1 T4 3S4 "the screen grid , connecting to  pin No.3 on
the 1T4 valve socket from the plate, and con­
nect i t  instead to  a .5 meg. resistor and 
.02 mfd. condenser.

Once you have made these alterations you 
should repeat the tests at the three d i f fe r ­
ent audio frequencies and again observe the 
output strengths. You w il l  find that at low 
frequencies the output should be somewhere 
about 37 vo lts , at 3,000 cycles approximately 
10  vo lts and at 10,000 cycles approximately 
12 vo lts . You w ill notice, at the middle and 
high frequencies the increase cf amplificat­
ion is  about twice that obtained when the 
valve is acting as a tricde. Under more ideal 
conditions, with a h it le r  value of plate v o lt ­
age, an even greater increase in amplification 
can be obtained by using a valve such as the 

B+45 ^T,̂ TTTT,-, 1T4 as a -pentode instead of as a triode.

The increase of amplification at bass frequencies is not double as great 
as that when the valve was used as a triode because the valve is overloaded with 
signals under these conditions. I f  the signals were weaker,you would find that 
the amplification at bass frequencies would be greater. This can be checked by 
turning down the output ccntrol an the osc illa to r so that the osc illa to r furn­
ishes a weaker signal fo r  the am plifier. I f  you turn down this control while 
the osc illa to r is producing a 3,000 cycle signal until the output meter reading 
is  just h a lf of what i t  was during your f i r s t  test,then check the results of 
the other two frequencies, you w ill find that the signals at 10,000 cycles w ill 
also be about h a lf as strong as before but the bass notes w illbe more than half 
as strong as before, indicating that the valve was being overloaded in the f i r s t  
case.

The change from tricde to pentode w ill  not materially a lte r  the frequency 
response, that is , w il l  not a lter the way in which the am plifier handles the 
various audio frequencies, i f  the signals are kept weak enough to prevent over­
loading.

EXPERIMENT 5. INVERSE FEEDBACK.

In experiment 2 of practical lesson 7, you learned something of the use 
of inverse feedback to provide a method cf tone control. Even Then a tone 
control system is not required, inverse feedback is frequently used to  improve 
the uniformity of amplificaticn of amplifiers over a wide frequency range.

By feeding back signals from the plate circuit of a valve to  its  own
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EXPERIMENT 4. RES IST.00E C OU PLED PENT ODE AMPLD'IER.  

In the last experiment, illustrated by figure 6, the 1T4 valve is used as 
a triode and under these conditions its amplificaticn factor will be 10 but in 
practice you will realise a little less than this.  We will now alter the connect-
ions to the 1T4 valve socket so that it acts as a pentode valve and we will deter-
mine the actual increase in amplificati on achieved by this.  Figure 7 shows the 

altered connection.  You will observe that the 
only alterations necessary are to disconnect 

1T4.  3S4  the screen grid, connecting to pin No.3 on 
the 1T4 valve socket from the plate, and con-
nect it instead to a .5 meg. resistor and 
.02 nfd. condenser. 
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Once you have made these alterations you 
should repeat the tests at the three differ-
ent audio frequencies and again observe the 
output strengths.  You will find, that at low 
frequencies the output ah ould be some where 
about 37 volts, at 3,000 cycles approximately 
10 volts and at 10,000 cycles approximately 
12 volts.  You will notice, at the middle and 
higa frequencies the increase at' amplificat-
ion is about twice that obtained when the 
valve is acting as a triode. Under more ideal 
c and it ions  with a higher value of plate volt-
age,an even greater increase in amplification 
can be obtained by using a valve such as the 
1T4 as a pentode instead of as a triode. 

The increase of amplification at bass frequencies is not double as great 
as that when the valve was used as a triode because the valve is overloaded with 
signals under these conditions.  If the signals were weaker,you would find that 
the amplification at bass frequencies would be greater.  This can be checked by 
turning down the output control on the oscillator so that the oscillator furn-
ishes a weaker signal for the amplifier.  If you turn down this control while 
the oscillator is producing a 3,000 cycle signal until the output meter reading 
is just half cf what it was during your first test,then check the results of 
the other two frequencies, you will find that the signals at 10,000 cycles will 
also be about half as str ong as before but the bass notes willbe more than half 
as strong as before, indicating that the valve was being overloaded in the first 
case. 

The change from triode to pentode will not materially alter the frequency 
resp onse, th at is, will not alter the ray in which the ampl ifier handles the 
various audio frequencies, if' the signals are kept weak enough to prevent over-
loading. 

EXPERIMENT 5.  INVERSE FEEDBACK.  

In experiment 2 of practical lesson 7, you learned something of' the use 
of inverse feedback to provide a method of tone control.  Even when a tone 
control system is not required, inverse feedback is frequently used to improve 
the uniformity of ampl ification of amplifiers over a wide frequency range. 

By feeding back signals from the plate circuit of a valve to its own 
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grid circu it. to an ea rlie r point in the system, so that the signals fed hack
tend to  weaken or cancel the original signal, the amplification of an amplifier i 
somewhat reduced hut the distortion is also reduced and uniformity of am plific­
ation is improved. As a resu lt, many high quality amplifiers now use a system 
such as th is . A very simple method of obtaining inverse feedback is indicated 
in Figure 8. It  w il l  be seen that a 2 megohm res is tor is simply connected from 
the plate of the 3S4 valve to  the plate of the 1T4 so that signals passing back

through i t  are again applied to  
the grid of the 3S4 through the 
.01 mfd. condenser.

If' you now repeat your check 
at the three frequencies when this 
resistor is in place, you w ill find 
that there is  a reduction in output 
voltage. With the fu l l  output of 
the audio osc illa tor applied you 
w il l  s t i l l  obtain about 37 vo lts  at 
400 cycles but you w ill obtain only 
about 8 volts at 3000 cycles and 
about 8 volts at 10,000 cycle s. The 
reduction in output is due to the 
presence of the inverse feedback 
circuito I f  you repeat the tests 
also, with weaker signals, you w ill 
find that the bass notes are reduced 
in the same proportion as the higher 
pitched notes as you then avoid 
overloading the 3S4 output valve.

You w ill not notice any particular improvement in uniformity of amplification 
when you use the inverse feedback because the output strength of signals from 
the osc illa to r varies so much that i t  is d if f ic u lt  to  judge whether the use of 
inverse feedback provides any more uniform degree of amplification or not, in 
this type of experiment, when high quality tes t instruments and carefu lly designed 
amplifiers are used however, an inverse feedback system makes a worthwhile improve­
ment in frequency response and reduction of d istortion .

(See A.RoT.C. Service Engineering Coarse - Lessen 28).

EXPERIMENT 6. AUTO-TRMS FORMER COUPLING.

Although transformer coupling and resistance coupling are the two most 
commonly used methods fo r  applying signals from the plate of one valve to the grid 
of the next there are various other coupling methods also in use. S t i l l  another 
method is indicated in Figure 9. This type of coupling is known as auto-transformer 
coupling because the transformer used need have only one winding, provided that 
th is winding has a, tapping on i t ,  instead cf the two separate windings we used 
previously. You w ill notice, in Figure 9, the secondary winding of the transformer, 
that is  the thick wire, is not used. For this experiment the screen grid of the 
1T4 is connected to the plate once again so that the valve acts as a tricde. The 
plate current of the valve flows from the 33 battery through the lower h a lf cnly 
of the transformer winding to  the plate. This lower half of the transformer
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FIGUEE 8. 

grid circuit, or to an earlier point in the system, so that the signals fed back 

tend to weaken or cancel the original signal, the amplification of an amplifier is 
somewhat reduced but the distortion is also reduced and uniformity of amplific-
ation is improved.  As a result, many high quality amplifiers now use a system 
such as this.  A very simple method of obtaining inverse feedback is indicated 
in Figure 8.  It will be seen that a 2 megohm resistor is simply connected from 
the plate of the 354 valve to the plate of the 1T4 so that signals passing back 

through it are again applied to 
the grid of the 334 through the 
.01 mfd. condenser. 

If you now repeat your check 
at the three frequencies when th is 
resistor is in place, you will find. 
that there is a reduction in output 
voltage.  With the full output of 
the audio oscillator applied you 
will still obtain about 37 volts at 
400 cycles but you will obtain only 
about 8 volts at 3000 cycles and 
about 8 volts at 10,000 cycles.The 
reduction in output is due to the 
presence of the inverse feedback 
circuit.  If you repeat the tests 
also, with weaker signals, you will 
find that the bass notes are reduced 
in the same proportion as the higher 
pitched notes as you then avoid 
overloading the 334 output valve. 

You will not notice any particular improvement in uniformity of amplification 
when you use the inverse feedback because the output strength of signals from 
the oscillator varies so much that it is difficult to judge whether the use of 
inverse feedback provides any more uniform degree of amplification or not, in 
this type of experiment.  When high quality test instruments and carefully desi gned 
amplif iers are used houever, an inverse feedback system makes a worthwhile improve-
ment in frequency response and reduction of distortion. 

(See A.R.T.C. Service Engineering Course - Lesson 28). 

EX PER DENT 6.  AUTO-TRII.T.TSFORNER COUPLING. 

Although transformer coupling and resistance coupling are the two most 
commonly used meth ads f or applying signals from the plate e one valve to the grid 
of the next there are various other coupling methods also in use.  Still another 
method is indicated in Figure 9.  This -type of coupl ing is known as auto-transformer 
coupling because the transformer used need have only one winding, provided that 
this winding has a tapping on it, instead of the two separate windings we used. 
previously.  You will notice, in Figure 9, the secondary winding at' the transformer, 
that is the thick wise, is not used.  For this experiment the screen grid of the 
1T4 is connected to the plate once again so that the valve acts as a triode.  The 
plate current of the valve flows from the D battery through the lower half only 
of the transformer winding to the plate.  This lower half of the transformer 
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therefore acts as the primary winding of a transformer. 3h passing through these 
turns the current fluctuation, due to  the signals acting cn the .grid cf the 1T4 
induces a voltage in the other h a lf of the transformer winding and the voltage at 
the top of this winding is equal to  the voltages of the two halves added together 
In other words the signal voltage at the top of the transformer w il l  be equal to

IT 4

B+45
FIGURE 9.

t\7ice the signal voltage 
present at the plate of the 
1T4 because the transformer 
is  tapped at the centre and 
so the two voltages are 
equal and when added provide 
a to ta l twice that present 
at the 1T4 plate. This 
strong voltage is then app­
lied  through the .01 mfd. 
condenser to  the grid of the 
3S4 and cn repeating your 
tests as made previously,you 
w il l  note that although the 
tube is  new operating as a 
triode again,the output vo lt  
age w ill  be as strong as, or 
probably stronger than,that 
obtained v/hen the 1T4 was 
used as a pentode with re­
sistance couplingo You can 
expect an output of about

40 vo lts at 400 cycles, about 12 vo lts  at 3,000 cycles and about 13 volts at 
10,000 cycles.

When making any alteration to  the am plifier in changing from cne experi­
ment to  the other, do not forget to disconnect the B battery every time, before 
you make any alteration  and examine the wiring very carefu lly to see that i t  is 
done correctly , before reconnecting the B battery.

EXPERIMENT 7.

An other method of using 
the step up of 2 to 1  pro­
vided by an auto transform­
er is to  connect i t  in the 
grid c ircu it of the 3S4 
valve. This is indicated 
in Figure 10» 3h this case, 
current fo r  the 1T4 valve 
is applied to  the plate 
and screen grid by means of 
a . 1  megohm resistor as in 
Experiment 3.

Ch making your tests,you 
can exnect an output of 
about 12 vo lts  at 400 cycles 
about 4 volts at 3,000 
cycles and about 2 or 3 
volts at 10,000 cycles.
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therefore acts as the primary winding of a transformer.  In pass ing thr ough these 
turns the current fluctuation, due to the signals acting on the grid of the 1T4 
induces a voltage in the other half of the transformer winding and the voltage at 
the top of this winding is equal to the voltages of the two halves added together. 
In other words the signal voltage at the top of the transformer will be equal to 
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expect an output of about 
40 volts at 400 cycles, about 12 volts at 3,000 cycles and about 13 volts at 
10,000 cycles. 

When making any alteration to the amplifier in changing from one experi-
ment to the other, do not forget to disconnect the B battery every time, before 
you make any alteration and examine the wiring very carefully to see that it is 
done correctly, before reconnecting the B battery. 
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EXPERIMENT 7. 

Another method of using 
the step up of 2 to 1 pro-
vided by an auto transform-
er is to connect it in the 
grid circuit of the 3S4 
valve.  This is indicated 
in Figure 10.  In this case, 
current for the 1T4 valve 
is applied to the plate 
and screen grid by moans of 
a .1 megohm resistor as in 
Experiment 3. 
Cu. making your tests lyou 

can expect an output of 
about 12 volts at 400 cycles, 
about 4 volts at 3,000 
cycles and about 2 or 3 
volts at 10,000 cycles. 
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The reason why the amplificaticn in this experiment is not as high as 
in the last experiment is due to the fac t that the plate voltage of the 1T4 valve 
is not reduced appreciably by the auto-transformer, when used as shown in Figure 9, 
because the transformer winding has very l i t t l e  resistance and consequently the 1T4 
receives almost the fu l l  45 volts and operates fa ir ly  e f f ic ie n t ly  under these 
conditions.

lien  we switch the transformer ever into the grid circu it of the 3S4 and place 
a .1 negchm res istor in the plate c ircu it of the 1T4 th is resistance causes an 
appreciable drop of vo ltage, when the lT4's plate current passes through i t ,  so 
that the 1T4 valve has a plate voltage of only about 20 volts le f t  and under these 
conditions i t  does not amplify as w ell. This drop in plate voltage fo r  the 1T4 
valve causes its  e ffic ien cy  to  drop to such a degree that no real advantage is ob­
tained by using the auto-transformer in the grid circu it cf the 3S4 and results are 
much the same as those obtained with a less expensive res istor as shown in Figure S.

(A mare complete explanation of the actions of these various circuits is 
contained in A.R.T.C. Service Engineering Course - Lessen Ho. 28.)

EX PER BEIT 8 . CATE ODE FOLLOWERS.

The general characteristics of cathode fo llow er amplifiers is explained in 
A.R.T.C. Service Engineering Course - Lesson Sc. 28. In this lesson you read that a 
valve operated with a ll of the plate load contained in the cathode c ircu it, between 
the cathode o f a valve and B minus, is capable of a very fa ith fu l reproduction of 
signals applied to the grid c ircu it. Unfortunately however, when a ll  of the plate 
load resistance is pla_ced in the cathode circu it of the valve the voltage drops 
across the cathode res is tor, representing the signal changes, counteract the signals 
applied to  the grid so that the output voltage is  always s ligh tly  less than the 
signal voltage applied to  the grid c ircu it of the valve. This means that the va lve 's 
amplification is a l i t t l e  less than one and in practice, is generally .9 or .95 
times. In this way, the output signal is a l i t t l e  weaker than the input signal so 
the advantages of the cathode fo llower are not always apparent. Its principal 
advantage is that it  offers a very high impedance to  the source cf signals applied 
to its  grid but yet o ffers a low impedance to the follow ing c ircu its . In this way 
it  acts in very much the same way as a step down transformer but without the reduct­
ion in voltage which occurs when a step down transformer is employed.

It  is  possible to set up the 1T4 valve in your am plifier, as a cathode 
fo llow er, in order to study its  behaviour. A c ircu it diagram showing th is arrange­
ment is illu stra ted  in Figure 11. In this diagram you w ill see that the plate of 
the valve is joined d irec tly  to  the screen grid so that the valve acts as a triode 
and these parts are connected d irectly  to  the positive terminal of the B battery. 
However, the complete plate c ircu it must be continued through the B battery until 
the electrons return to the negative filament terminal and you w ill notice that an 
the path back from B minus, electrons must pass upwards through the .1 megohm 
res is tor in order to flow  back to  the cathode and to be emitted once more to  the 
plate. Thus, the ..1 megohm res is to r is rea lly  the plate load of the valve although 
i t  is connected bet\7een the filament negative terminal and chassis.

Because the filament of the 1T4 valve w ill be several vo lts positive compared 
with the chassis, due to the voltage drop across the . 1  megohm res is tor, i t  w il l  
be necessary to  use a, separate filament battery fo r  this valve. In AC
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The reason why the amplification in this experiment is not as high as 
in the last experiment is due to the fact that the plate voltage af the 1T4 valve 
is not reduced appreciably by t1-.1.è auto-transformer, 17hen used as shown in Figure 9, 
because the transformer winding has very little resistance and consequently the 1T4 
receives almost the full 45 volts and operates fairly efficiently under these 
conditi ons. 

When we switch the transformer over into the grid circuit of the 384 and place 
a .1 megchm resistor in the plate circuit of the 1T4 this resistance causes an 
appreciable drop of voltage, when the 1T4's plate current passes through it, so 
that the 1T4 valve has a plate voltage of only about 20 volts left and under these 
conditions it does not amplify as well.  This drop in plate voltage for the 1T4 
valve causes its efficiency to drop to such a degree that no real advantage is ob-
tained by using the auto-transformer in the grid circuit of the 384 and results are 
much the same as those obtained with a less expensive resistor as shown in Figure 6. 

(A more complete explanation of the actions of these various circuits is 
contained in A.R.T.C. Service Engineering Course - Lesson No. 28.) 

EXPERIMENT 8.  CAMCIDE FOLLOVIERS.  

The general characteristics of cath ode f °homer amplifiers is explained in 
A.R.T.C. Service Engineering Course - Lesson No. 28.  In this lesson you read that a 
valve operated with all of the plate load contained in the cathode circuit, between 
the cathode of a valve and D minus, is capable of a very faithful reproduction of 
signals applied to the grid circuit. Unfortunately however, when all of the plate 
load resistance is placed. in the cathode circuit at' the valve the voltage drops 
across the cathode resistor, representing the signal changes, counteract the signals 
applied to the grid so that the output voltage is always slightly less than the 
signal voltage applied, to the grid circuit of the valve.  This means that the valve ts 
amplification is a little less than one and in practice, is generally .9 or .95 
times.  In this way, the output signal is a little weaker than the input signal so 
the advantages of the cathode f ollower are not always apparent.  Its principal 
advantage is that it offers a very high impedance to the s curse of signals applied 
to its grid but yet offers a low impedance to the following circuits. In this way 
it acts in very much the same way as a step down transformer but without the reduct-
ion in voltage which occurs when a step down transformer is employed. 

It is possible to set up the 1T4 valve in your amplifier, as a cath ode 
follower, in order to study its behaviour.  A circuit diagram showing this arrange-
ment is illustrated in Figure 11.  In this diagram you will see that the plate of 
the valve is joined directly to the screen grid so that the valve acts as a triode 
and these parts are connected directly to the positive terminal of the B battery. 
However, the complete plate circuit must be cont inued through the B battery until 
the electrons return to the negative filament terminal and you will notice that on 
the path back from D minus, electrons must pass upwards through the .1 megohm 
resistor in order to flow back to the cathode and. to be emitted once more to the 
plate.  Thus, the .1 megohm resist or is really the plate 1 oad of the valve alth ough 
it is connected between the filament negative terminal and chassis. 

Because the filament of the 1T4 valve will be several volts positive compared 
with the chassis, due to the voltage drop across the .1 megohm resistor, it will 
be necessary to use a i3e-parate filament battery for this valve.  In AC 
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operated equipment, where the cathode of the valve is isolated from the filament
ITU 3Sh 3SU

.lmfd,
or heater circuitya separ­
ate source of heater voltage 
is not required. However, 
with battery valves,where 
no indirectly heated cathode 
is available,we must use a 
separate A battery.

You are already employ- 
ing one of your 1,5 volt 
cells for heating the f i l a ­
ment of the 1R.5 valve in the 
oscilla tor. The second 1*5 
volt c e ll was used for heat­
ing the IS5 valve and the 
amplifier valve. I t  w ill be 
necessary instead to use 
this ce ll fo r heating the 
filament of the ITU valve,
The heating current for the 
3SU output valve, the 3SU 
rectifying valve,and the 1S5~ 
valve in the oscillator can 
be provided by one section 
of the U f'volt C battery3 
Of course, i f  you happen to 
have an extra 1,5 volt ce ll

available, you could use the extra c e ll for heating the filament of the ITU without 
disturbing the wiring of the oscillator and amplifier but unless you have this extra 
ce ll you should wire the U.5 volt battery as shown in Figure 11.- I f  you follow the 
wiring of this battery you w ill observe that the ce ll connecting between the pos­
itiv e  terminal and the terminal marked minus 1.5, furnishes filament current for 
the 3SU valve in the amplifier and also applies voltage back to terminals "A" and 
"B" which in turn, w ill  carry current through terminals "A" and !,B'! cn the o s c ill­
ator to the IS5 valve.

FIGURE 11.

The remaining cells in the U.5 vo lt battery w ill  furnish negative grid bias 
through the 1 megohm resistor to the grid of the 3SU. As the negative filament 
terminal of the 3SU is connected to the minus 1,5 volt terminal and the grid is 
connected to the minus U«5 volt terminal, the difference in voltage between these 
points is only 3 volts and so the valve w ill be operating with 3 volts biasc How­
ever, this w ill  be quite su fficient to enable the valve to perform satisfactorily.

After having made the alterations indicated in Figure 11, reconnect the 
batteries, and before- re-inserting the ITU and 3SU valves in their sockets measure 
the voltages existing between the pins.

With your multimeter switch turned to the "D.C." position and the test leads 
inserted in the negative socket and the socket marked n-:-50 vo lts ” , touch the 
negative test lead to pin No. 1 and the positive test lead in turn to the other 
pins. On pin 7 you should obtain a reading of !■§ graduations indicating the f i l a ­
ment voltage, On pin 6 there should be no reading and on pins 2 and 3 there should
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isolated from the filament 
or heater circuit ea separ-
ate source of heater voltage 
is not reouired. However, 

4  with battery valves, where 

5 

no indirectly heated cathode 
is available„we must use a 
separate A battery. 

You are already employ-
ing one of your 1,5 volt 
cells for heating the fila-
rent of the 1R5 valve in the 
oscillator. The second 1.5 
volt cell was used for heat-
ing the 1S5 valve and the 
amplifier valve.  It will be 
necessary instead to use 
this cell for heating the 
filament of the 1T4 valve. 
The heating current for the 
3S4 output valve, the 3S4 

Q Q rectifying valve,and the 1S5_ 
_  valve in the oscillator can 

4.5 3-1.5  be provided by one section 
of the 14,7 volt C battery. 

FIGURE 11.  Of course  if you I-A-peen to 

have an extra 1,5 volt cell 
extra cell for heating the filament of the 1T4 without 
oscillator and amplifier but unless you have this extra 
volt battery as shown in Figure 11,  If you follow the 

available, you could use the 
disturbing the wiring of the 
cell you should wire the 4.5 
wiring of this battery you will observe that the cell connecting between the pos-
itive terminal and the terminal marked minus 1.5, furnishes filament current for 
the 3S4 valve in the amplifier and also applies voltage back to terminals "A" and 
"B" which in turn, will carry current through terminals "A" and "B" on the oscill-
ator to the 1S5 valve. 

The remaining cells in the 4.5 volt battery will furnish negative grid bias 
through the 1 negohm resistor to the grid of the 3511-  As the negative filament 
terminal cf the 3S4 is connected to the minus 1.5 volt terminal and the grid is 

connected to the minus 4.5 volt terminal, the difference in voltage between these 
points is only 3 volts and so the valve will be operating with 3 volts bias. How-
ever, this will be quite sufficient to enable the valve to perform satisfactorily. 

After having made the alterations indicated in Figure 11, reconnect the 
batteries, and before re-inserting the 114 and 3S4 valves in their sockets measure 
the voltages existing between the pins. 

with your multimeter switch turned to the "D.C." position and the test leaas 
inserted in the negative socket and the socket marked TÇ50 volts", touch the 
negative test lead to pin :To. 1 and the positive test lead in turn to the °the:-
Dins.  On pin 7 you should obtain 2 reading of 113, graduations indicating the 'il':-
ment voltage.  On pin 6 there should be no reading and on Dins 2 and 3 there she l,i 
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"be a reading of approximately 15 vo lts . This reading is  obtained because of the 
presence of the . 1  megohm res istor in the c ircu it, through which current must flow 
cn its  way back to the B battery, when the meter is connected.

In the case of the 3S4 amplifying valve, with the negative test lead touched 
to  the metal chassis and the positive lead applied to  the socket contacts in turn, 
there should be a reading of ijs  graduations at pins 1  and 7, a reading cf almost 
the fu l l  45 vo lts  at pins 2 and 4 and a very slight backward movement cf the needle 
below zero when the prod is touched to  pin 3.

I f  these voltage readings are obtained sa tis fa c to r ily , carefu lly insert the 
1T4 and 3S4 in their correct sockets. The filament switch on the osc illa tor must 
be turned "on" to  apply filament voltage to the 1R5 valve, although cf course 
filament current w i l l  reach the 1S5 a l l  cf the time from the 4.5 vo lt battery. For 
this reason, whenever you are not using the equipment make sure that you disconnect 
the wire from the positive terminal of the 4.5 volt battery in order to switch o ff 
the equipment as well as turning o ff the switch on the osc illa to r. Otherwise, the 
valve filaments w il l  always be heated from the 4.5 vo lt  battery and this battery 
w il l  be run down, very quickly.

When the equipment is opera/ting, you w i l l  find that the loudness of signals 
from the loudspeaker is much weaker than with the previous tests because, as 
explained ea r lie r , the IT4 valve instead of strengthening the signals w il l  very 
s ligh tly  weaken them and the signals leaving the top end cf the . 1  megohm resistor 
and passing through the .01 mfd. condenser to  the grid cf the 3S4 valve w i l l  be 
s ligh tly  weaker than those applied to  pin 6 of the 1T4. In order to  observe the 
strength cf signals, switch your multimeter to  the position marked "AG” then insert 
the positive tes t lead in the "10 v o lt1' socket. You can expect an output of approx­
imately lc.4 volts at the low frequency end of the osc illa to r tuning condenser se tt­
ing, a reading of approximately .3 vo lts  at about 3,000 cycles and a reading of 
approximately .25 vo lts at the high frequency end. In this case, the signals from 
the osc illa to r although being very s ligh tly  weakened by the 1T4 are s t i l l  being 
amplified by the 3S4 but the to ta l amplification is of course nowhere near as great 
as that experienced in experiments 3, 4, 5, 6 and 7.

Whilst the equipment is working, you should also switch your multimeter back 
to  the position marked "DC51 and with the positive test lead inserted in the 
"+50 vo lt"  socket, observe the voltage at the plate of the 1T4 and at the f i l a ­
ment of the 1T4. With the negative test lead connected on to the chassis of the 
am plifier you should obtain, a reading at the plate cf the 1T4- equal to the fu l l  
B battery vo ltage.

When measuring the voltage at the negative filament terminal cf the valve 
you w ill  probably obtain a reading of about 15 vo lts  due to  the plate current of 
the 1T4 passing through the .1 meg. res is to r and instrument. Although the neg­
ative filament terminal of the 1T4 is about 15 volts positive compared with the 
chassis, the valve filament w il l  not be damaged in any way because the voltage 
difference, between Tjins 1 and 7 on the valve socket, is only 1.5 volts and i t  is 
this voltage d ifference which determines the heat of the filament.

I f  you touch the positive test lead of your instrument to pin Ho. 6 you 
w i l l  find  that there is a s ligh t positive voltage recorded. The movement of the 
needle w ill be very small due to  the presence of the 2 megohm resistor in the
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be a reading of app. oximately 15 volts.  This reading is obtained because of the 
presence of the .1 megohm resistor in the circuit, through which current must flow 
on its way back to the B battery, when the meter is connected. 

In the case of the 334 amplifying valve, with the negative test lead touched 
to the metal chassis and the positive lead applied to the socket contacts in turn, 
there should be a reading of 13. graduations at pins 1 and 7, a reading of almost 
the full 45 volts at pins 2 and 4 and a very slight backward movement of the needle 
below zero when the prod is touched to pin 3. 

If these voltage readings are obtained satisfactorily, carefully insert the 
1T4 and 384 in their correct sockets.  The filament switch on the oscillator must 
be turned "on" to apply filament voltage to the 1R5 valve, although of course 
filarient current will reach the 1S5 all of the time from the 4.5 volt battery.  For 
this reason, whenever you are not using the equipment make sure that you disconnect 
the wire from the positive terminal of the 4.5 volt battery in order to switch off 
the equipment as well as turning off the switch on the oscillator.  Otherwise, the 
valve filaments will always be heated from the 4.5 volt battery and this battery 
will be run down very quickly. 

When the equipment is operating, you will find that the loudness e signals 
from the loudspeaker is much weaker than with the previous tests because, as 
explained earlier, the 1T4 valve instead of strengthening the signals will very 
sli ghtly weaken them and the signals leaving the top end or the .1 megohm resistor 
and passing through the .01 mfd. condenser to the grid or the 334 valve will be 
slightly weaker than these applied to pin 6 of the 1T4.  In order to observe the 
strength of signals, switch your multimeter to the position marked "AC" then insert 
the positive test lead in the "10 volt" socket.  You can expect an output of approx-
imately le4 volts at the low frequency end of the oscillator tuning condenser sett-
ing, a reading of approximately .3 volts at about 3,000 cycles and a reailing of 
approximately .25 volts at the hie frequency end.  In this case, the signals from 
the oscillator although being very slightly weakened by the 1T4 are still being 
amplified by the 334 but the total amplification is of course nowhere near as great 
as that experienced in experiments 3, 4, 5, 6 and 7. 

Whilst the equipment is working, you sh ould ais o switch your mult imeter back 
to the position marked "DC" and with the positive test lead inserted in the 
"+50 volt" socket, observe the voltage at the plate of the 1T4 and at the fila-
ment of the 1T4.  With the negative test lead connected on to the chassis of the 
amplifier you should obtain a reading at the plate e the 1T4 equal to the full 
B battery voltage. 

nen measuring the voltage at the negative filament terminal of the valve 
you will probably obtain a reading of about 15 volts due to the plate current of 
the 1T4 passing through the .1 meg. resistor and instrument.  Although the neg-
ative filament terminal or the 1T4 is about 15 volts positive compared with the 
chassis, the valve filament will not be damn ed in any way because the voltage 
difference, between pins 1 and 7 on the valve socket, is only 1.5 volts and it is 
this voltage difference which determines the heat of the filament. 

If you touch the positive test lead of your instrument to pin No. 6 you 
will find that there is a slight positive voltage recorded.  The movement of the 
needle will be very small due to the presence of the 2 megohm resistor in the 
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grid circu it of the valve. The indication of a positive voltage at pin 6 does not 
mean that the valve is operating with a positive grid bias, because the grid w il l  
be at a voltage s lig h t ly  below that cf pin No.l and consequently the grid w ill be 
negative compared with the filament of the valve. This means the valve w ill 
actually have a negative grid bias and w il l  perform normally.

EXPERTI/ENT 9. Bi'ASE SPLITTER AMD FUSE-FULL AMPLIFIER.

The advantage of push-pull operation of output valves has been explained 
thoroughly in A.R.T.C. Service Engineering Lessen No. 27 so that it  w ill now be 
interesting to  build up an am plifier employing output valves operating in push- 
pull to  gain some practical experience of this type of am plifier.

Figure 12 shows the circu it diagram and i t  w il l  be seen that the output 
stage consists of the two 3S4 valves. The use of the 3S4s which was previously 
associated with the multimeter to enable i t  to operate as an output meter w ill

mean that we w i l l  not be able to measure the strength of the audio frequency 
signals during this and the follow ing two or three experiments and so we w ill have 
to  judge the results so le ly  by ear.

You w il l  notice from Figure 12 that the output transformer has three conn­
ections to its  primary. In other words, the primary must be centre tapped and 
as the transformer orig ina lly  supplied with the speaker has only two connections 
i t  w ill be necessary to  use the separate centre tapped transformer to  operate the 
speaker. The method of disconnecting the original transformer from the speaker 
voice c o il was explained on page 59 of Practical Instruction Lesson No. 7. The 
centre tapped transformer can be bolted on to  the am plifier chassis or bolted to  
the loudspeaker frame, whichever you prefer. You w ill probably find i t  easier to  
bolt i t  to  the am plifier chassis and extend the enamel covered secondary wires 
with pieces of hook-up wire so that they are lcng enough to reach to the small 
eyelet to which the voice co il winding of the loudspeaker connects.
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grid circuit of the valve.  The indication of a pcsitive voltage at pin 6 does not 
mean that the valve is operating with a positive grid bias, because the geld will 
be at a voltage sligatly below that of pin No.1 and consequently the grid will be 
negative compared with the filament of the valve.  This means the valve will 
actually have a negative grid bias and will perform normally. 

EXPERIMENT 9.  PILLSE SPLITTER AND PUSH-PULL AleLIFICR-

The advantage of push-pull operati on of output valves has been explained 
thoroughly in A.R.T.C. Service Engineering Less on No. 27 so that it will noii be 
interesting to build up an amplifier employing output valves operating in push-
pull to gain some practical experience of this type of amplifier. 

Figure 12 shows the circuit diagram and it will be seen that the output 
stage consists of the two 354 valves.  The use of the 3S4, which was previously 
associated with the raultimeter to enable it to operate as an output meter will 
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mean that we will not be able to measure the strength of the audio frequency 
signals during this and the following two or three experiments and so we will have 
to judge the results solely by ear. 

You will notice from Figure 12 that the output transformer has three conn-
ections to its primary.  In other words, the pr imary must be centre tapped and 
as the transformer originally supplied with the speaker has only two connections 
it will be necessary to use the separate centre tapped transformer to operate the 
speaker.  The method of disconnecting the original transformer from the speaker 
voice coil was explained on page 59 of Practical Instructi on Lesson No. 7.  The 
centre tapped transformer can be bolted on to the amplifier chassis or bolted to 
the loudspeaker frame, whichever you prefer.  You will probably find it easier to 
bolt it to the amplifier chass is and extend the enamel covered sec on dary wires 
with pieces of hook-up wire so that they are long enough to reach to the small 
eyelet to which the voice coil winding of the loudspeaker connects. 
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A fter soldering the pieces of hook-up wire to  the enamel- covered secondary winding 
of the transformer, you should cover the soldered joints with small pieces of 
insulation tape and then t ie  the hook-up wire through a hole in the "back cf the 
chassis and around one end, so that any pull on the wire w ill  not break the 
enamel covered wire away frcrn the transformer.

Che of the problems with a push-pull amplifier is to provide two equal 
signal voltages 180° out of phase fo r  the grids cf the output tubes. Che method 
of doing this is by means of a centre tapped transformer but as we only have one 
centre tapped transformer and it  is used fo r coupling the plates of the output 
tubes to the loudspeaker, we cannot build th is .

One of the most popular methods of providing the equal and out of phase 
signals is  by means of a "phase s p lit te r " .  In. its  most common form, this consists 
of a triode valve with h a lf cf the plate load in the normal position, between the 
plate and B+ and the other h a lf of the plate load between the cathode or f i l a ­
ment negative terminal and B-. In Figure 12, you w i l l  see that the to ta l plate 
load fo r  the 1T4 is .2 megohms and is divided into two halves so that a .1 megohm 
resistor is in the plate c ircu it and a . 1  meg res istor also in the path between 
filament minus and B minus. In an ind irectly  heated tube this resistor would be 
in the cathcde load.

The electrons comprising the plate current, are emitted from the filament, 
pass across to  the plate, from the plate through the .1 meg res is tor to B+, 
then back through the battery to  B minus, to  the chassis of the am plifier and 
then up through the . 1  meg resistor to  filament minus again. When signal voltages 
are applied to  the control grid of the tube the fluctuations in plate current 
representing the signal must pass through both resistors and because the resistors 
are equal in value the signal voltage drop across each w il l  be equal. A rise in 
plate current w ill cause the voltage at the plate of the 1T4 to drop, representing 
a negative signal impulse, while the same rise in plate current w il l  cause the 
voltage at the negative filament terminal of the 1T4 to rise , representing a 
positive signal impulse. Thus, the signals applied throu^n the two .01 mfd. 
condensers to  the grids of the 3S4 valves w il l  be 180° out of phase.

You w ill notice also that the fac t that part of the plate load is in the 
cathcde c ircu it causes the 1T4 valve to act in a fashion very sim ilar to  the 
cathcde fo llow er illu strated  in Figure 11. This valve again requires a separate 
filament battery, due to  the fact that i t  is a d irec tly  heated valve and once 
again the 3S4 valves must be operated from one section of the 4.5 vo lt battery.
The filament arrangement is thus sim ilar to  the last experiment.

In this case, because only h a lf of the load is in the cathcde circu it the 
valve can amplify the signals d igh tly . I f  a 1 volt signal is applied between 
the input terminals "C" and i r " ,  there w il l  be a signal output of a l i t t l e  less 
than 1 vo lt at the filament of the 1T4 and also a signal of a l i t t l e  less than 1 
vo lt at the plate of the 1T4. The to ta l output voltage would be about the same as 
in Experiment 8 . The signals actually w i l l  be a l i t t l e  louder because the two 2S4s 
w il l  both be feeding signals through the centre tapped transformer to the loud­
speaker.

One 3-S4 valve alone, operating with 45 vo lts from the B battery can pro­
vide approximately 60 m illiwatts of power output and the two valves, beca-use they
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After soldering the pieces of hook-up wire to the enamel covered secondary winding 
of the transf ormer, you should cover the soldered joints with small pieces of 
insulation tape and then -tie the hook-up wire through a hole in the back e the 
chassis and around one end, so that any pull on the wire will not break the 
enamel covered wire away from the transformer. 

ene of the problems with a push-pull amplifier is to provide two equal 
signal voltages 180° out of phase for the grids cf the output tubes.  One method 
of doing this is by means of a centre tapped transformer but as we only have one 
centre tapped transformer and it is used for coupling the plates of the output 
tubes to the loudspeaker, we cannot build this. 

One of the most popular methods of providing the equal and out of phase 
signals is by means of a "phase splitter".  In its mast common form, this consists 
of a triode valve with half of the plate load in the normal position, between the 
plate and B+ and the other half of the plate load between the cathode or fila-
ment negative terminal and B-.  In Figure 12, you will see that the total plate 
load for the 1T4 is .2 megchms and is divided into two halves so that a .1 megohm 
resistor is in the plate circuit and a .1 meg resistor also in the path between 
filament minus and B minus.  In an indirectly heated tube this resistor would be 
in the cathode load. 

The electrons comprising the plate current, are emitted from the filament, 
pass across to the plate, from the plate through the .1 meg resistor to B+, 
then back through the battery to B minus, to the chassis of the amplifier and 
then up through the .1 meg resistor to filament minus again.  When signal voltages 
are applied to the control grid of the tube the fluctuations in plate current 
representing the signal must pass through both resistors and because the resistors 
are equal in value the signal voltage drop across each will be equal.  A rise in 
plate current will cause the voltage at the plate of the 1T4 to drop, representing 
a negative signal impulse, while the same rise in plate current will cause the 
voltage at the negative filament terminal of the 1T4 to rise, representing a 
positive signal impulse.  Thus, the si gnals applied through the two .01 mfd. 
condensers to the grids of the 354 valves will be 180° out of phase. 

You will notice also that the fact that part of the plate load is in the 
cathode circuit causes the 1T4 valve to act in a fashion very- similar to the 
cathode follower illustrated in Figure 11.  This valve again requires a separate 

-  filament battery, due to the fact that it is a directly heated valve and once 
again the 354 valves must be operated from one section of the 4.5 volt battery. 
The filament arrangement is thus similar to the last experiment. 

In this case, because only half of the load is in the cathode circuit the 
valve can amplify the signals aightly.  If a 1 volt signal is applied between 
the input terminals "C" and  there will be a signal output of a little less 
than 1 volt at the filament of the 1T4 and also a signal of a little less than 1 
volt at the plate of the 1T4.  The total output voltage would be about the same ,as 
in Experiment 8.  The signals acteally will be a little louder because the two 3S4s 
will both be feeding signals through the centre tapped transformer to the loud-
speaker. 

One 354 valve alone, operating with 45 volts from the B battery can pro-
vide approximately 60 milliwatts of power output and the two valves, because they 
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are operating in a push-pvll c ircu it could supply a l i t t l e  more than 120  m illiwatts, 
However, in our case, duo to the fact that the 1T4 is providing an amplification 
of only about 1.8 or l c9 times, we cannot furnish a strong enough signal fo r  the 
grids of the 334!s to  produce this fu l l  amount of output.

/ifter wiring up the equipment in accordance with Figure 12, reconnect the
4.5 vo lt battery and B battery and check the voltages applied to  the valve sockets 
with your multimeter. The meter should be set with the switch pointing to  "D»C.:! 
The negative test lead should, be in the negative socket and the positive test lead 
in the socket marked i!+50 Volts” «

With the negative terminal of the meter connected to  the chassis and the 
positive test lead touched to the prongs of the 1T4 socket you should obtain a 
reading cf approximately 15 volts at pins 2 and 3 end before the valve is plugged 
in, there should be no reading at terminals 1 and 6. A very slight movement of 
the pointer may be noticed at pin 7.

3h the case of the 3S4's, there should be a reading of i-g- graduations at 
pins 1 and 7, no reading at pin 5, a s ligh t backward movement cf the needle at 
pin. 3 and a reading of fu l l  13 battery voltage at pins 6 and 4, I f  these voltages 
prove to  be correct, carefu lly insert the valves in th e ir  sockets and again check 
the voltages at pin 1 on the 1T4 socket. You should now obtain, a reading of 
between 5 and 10 volts at this point.

Due to  the low amplification provided by the 1T4, the signals from the 
loudspeaker w il l  not be very loud but you w ill he able to  determine whether the 
two output valves are working properly and aiding me another in producing the out­
put, by removing f i r s t ly  me 334 valve from its  socket and noting that the signal 
drops a l i t t l e  in loudness. I f  th is f i r s t  3S4 is then replaced and the second me 
withdrawn, there should again be a sim ilar and exactly equal drop in loudness.

Removing me of the 334 valves w ill decrease the power output to  h a lf of 
what i t  is with both valves working. Tho signals w ill  not appear to  be h a lf as 
loud to your ears because of the pecu liarity  of the ear in being very insensitive 
to increases or decreases in loudness„ You w ill  in fa c t , hardly notice the 

.decrease in loudness when you remove me of the valves and may thus form the 
opinion that the additional, cost of a push-pull circu it is not warranted. How­
ever, the advantages of push-pull are not only in providing louder signals but 
also in. elim inating distortion and in A.C. operated equipment-hum. These advant­
ages are set out c learly  in A.R.T.C. Service Engineering Course - Lessen Ho. 27.

When the 3S4 valves are operated with e ither 3 or 4.5 vo lt negative grid 
bias they are employing the normal amount of negative grid bias ihich means that 
they are working und.eri!Class Auconditim s.

Class B and. Class C amplification cannot be used with a single output 
valve, as used, in a l l  previous experiments but class B amplification could be used, 
with push-rjull output valves. However, we are unable to carry out any experiments 
with this sjafcem of amplification due to  the fact that we do not have su ffic ien t 
negative grid bias available to reduce the plate current an the 334 valves almost 
to zero, nor do we have a suitable transformer fo r  applying signals to  the grids 
of the valves. To operate these 3S4 valves under Class B conditions with a 
B battery of 45 vo lts  would require approximately 9 vo lts negative grid bias.
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are operating in a push-pull circuit could supply a little more than 120 milliwatts. 
However, in our case, due to the fact that the 1T4 is providing an ampl ificati on 
of only about 1.8 or 1c9 times, we cannot furnish a strong enough signal for the 
grids of the 334 's to produce this full amount of output. 

After wiring up the equipment in accordance with Figure 12, reconne,ct the 
4.5 volt battery and D battery and check the voltages applied to the valve sockets 
with your multimeter.  The meter should be set with the switch pointing to "D.C." 
The negative test lead should be in the negative socket and the positive test lead 
in the socket marked '1+50 Volts". 

With the negative terminal of the meter connected to the chassis and. the 
pcsitive test lead touched to the prongs of the 1T4 socket you should obtain a 
reading of approximately 15 volts at pins 2 and 3 and before the valve is plugged 
in, there should be no reading at terminals 1 and. 6.  A very slight movement of 
the pointer may be noticed at pin 7. 

In the case of the 3S4 15,  there should be a reading of  graduations at 
pins 1 and 7, no reading at pin 5, a slight backward movement e the needle at 
pin 3 and a reading of full B battery voltage .at pins 6 and 4.  If these voltages 
prove to be correct, carefully insert the valves in the ir sockets and again check 
the voltages at pin 1 on .the 1T4 socket.  You should now obtain a reading of 
between 5 and 10 volts at this point. 

Due to the low smplifica.tion pr ovided by the 1T4, the si eals from the 
loudspeaker will not be very loud but you will be able to determine whether the 
two output valves are working properly and aiding one another in producing the out-
put, by removing firstly one 3S4 valve from its socket and noting that the signal 
drops a little in loudness.  If this first 3S4 is thon replaced and. the second cmie 
withdrawn, there should again be a similar and exactly equal drop in loudness. 

Removing one of the 334 valves will decrease the power output to half of 
what it is with both valves working.  The signals will not appear t o be half as 
loud to your ears because of the peculiarity of the ear in being very insensitive 
to increases or decreases in loudness.  You will in fact, hardly notice the 
.decrease in loudness rhen you remove one of the valves and may thus form the 
opinion that the additional cost of a push-pull circuit is not warranted.  How-
ever, the advantages of push-pull are not only in providing louder siplals but 
also in eliminating distortion and in A.C. operated equipment-hum.  These advant-
ages are set out clearly in A.R.T.C. Service Engineering Course - Lesson No. 27. 

When the 334 valves are operated with either 3 or 4.5 volt negative grid 
bias they are employing the nor ml amount of negative grid bias vhich means that 
they are working under"Class Cconditions. 

Class 33 and Class C amplification cannot be used with a single output 
v -v-e, as used in all previous experiments but class D amplification could be used 
with push-pull output valves. However, we are unable to carry out any experiments 
with th is s:5 n tern of amplificati on due to the fact that we do not 1-, eve oui..fficient 
negative grid bias available to reduce the plate current d the 3S4 valves almost 
to zero, nor do we have a suitable transformer frz applying si e.als to the grids 
of the valves.  To operate these 3S4 valves under Class B conditions with a 
B battery of 45 volts would. require approximately 9 volts negative grid bias. 
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Class C anrplifioaticsn is only used in radio transmitters and would consist of 
applying even more negative grid "bias to the valve. Class C amplification is not 
normally used fo r  radio receiver work.

EXPERIMENT 10. BEL:.SE INVERTER WITH PJSE-PU1L AMPLIFIER.

The phase s p lit te r  illu strated  at the le f t  of Figure 12 is  not the only method 
of providing equal signals 180° out of phase fo r  the output va lve 's grids.

Figure 15 illu stra tes the 1T4 valve providing the out cf phase signals, by 
a d ifferen t method. The signal from the osc illa to r is applied d irec tly  through 
input connection "C;i to  the grid cf one 3S4 valve. Oar problem now is to  pro- 

- vide an exactly equal but out of phase signal fo r  the grid of the other 3S4 valve. 
I f  we take portion of the signal fo r  the f i r s t  334 and pass it  through the 1T4 
valve this w il l  have the e ffe c t  cf providing, from the plate of the 1T4, a 
signal which is 180° out of phase with that applied to its  grid , whenever 
signals pass through a resistance coupled am plifier they are changed in phase 
by 18 0W. In other words, a positive impulse of signal applied to  the grid of a 
valve produces a negative signal impulse from its  plate c ircu it.

I f  the fu l l  signal voltages applied to the f i r s t  3S4 were a lso applied 
to  the grid of the 1T4 the signals from its  plate c ircu it would be fa r  stronger 
than those applied to  the f i r s t  valve' and so the two push-pull valves would not 
receive equal signal strength. For this reason, i t  is necessary to  apply cnly a 
small portion of the signal reaching the f i r s t  output valve 's grid to the grid 
of the 1T4. This reduction in signal strength is obtained by using the 1 meg­
ohm potentiometer as the grid leak fo r the f i r s t  3S4 valve. The 1T4 valve, 
operated as a resistance coupled triode valve w ill provide an amplification of 
approximately 8 times and, therefore, i f  the signal at its  plate c ircu it is to 
be equal to  that at pin 3 cn the f i r s t  334 valve, I t  w il l  be necessary to  reduce 
the signal reaching the grid of this 1T4 valve to  about ij of the strength of that 
present at the grid  of the 334. We must thus adjust the 1 megohm potentiometer
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Class C amplification is only used in radio transmitters and would consist of 
applying even more negative grid bias to the valve.  Class C amplification is not 
normally used for radio receiver work. 

EXPERDENT 10.  IIL.SE niVE.MbR WITH PUSE-PULL   

The phase splitter illustrated at the left aC Figure 12 is not the only method 
of providing equal signals 180° out of phase for the output valve's grids. 

Figure 13 illustrates the 1T4 valve providing the out of phase signals, by 
a different method.  The signal from the oscillator is applied directly through 
input connecti on "C" to the grid at' one 384 valve.  Our problem how is to pro-
vide an exactly equal but out of phase signal for the grid of the other 3S4 valve. 
If we take portion of the si gnal for the first 384 and pass it through the 1T4 
valve this will have the effect cf providing, from the plate of the 1T4, a 
signal which is 180° out of phase with that applied to its grid.  Whenever 
signals pass through a resistance coupled amplifier they are changed in phase 
by 180°. In other words, a positive impulse of signalapplied to the grid of a 
valve produces a negative signal impulse from its plate circuit. 
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If the full si gnal voltages applied to the first 384 were also applied 
to the grid of the 1T4 the signals from its plate circuit would be far stronger 
than those applied to the first valve and. so the two push-pull valves would not 
receive equal si gnal strength.  For this reason, it is necessary to apply only a 
small portion of the signal reaching the first output valve 's grid to the grid 
of the 1T4.  This reduction in signal strength is obtained by using the 1 meg-
ohm potentiometer as the grid leak for the first 384 valve.  The 1T4 valve, 
operated as a resistance coupled triode valve will provide an amplification of 
approximately 8 times and, therefore, if the si gnal at its plate circuit is to 
be equal to that at pin 3 on the first 384 valve, it will be necessary to reduce 
the si gnal reaching the grid of this 1T4 valve to about  of the strength of that 
present at the grid of the 384.  We must thus adjust the 1 megohm potentiometer 
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until the signals leaving the moving arm of i t  are only -g- as strong as those 
applied to its  upper end -

In actual practice, i t  is common to  use two fixed  resistors, rather than 
a potentiometer to reduce the voltage in this way. I f  two separate resistors 
were used the upper cne would have a resistance value about seven times as great 
as the lower one so that the voltage at the ir junction would he -§■ of the to ta l 
input voltage. Y/hen this weak voltage is applied to  the grid of the 1T4, i t  w il l  
he amplified and the signals available at the plate of this valve w il l  be equal 
to  those reaching the grid of the f ir s t  3S4, This means that our output valves 
w il l  have signals of equal strength and 180° out of phase.

A fter completing the wiring and reconnecting the batteries, the voltage 
readings fo r  the 3S4 valves should be the same as in the last experiment whereas 
the positive test lead from the multimeter, applied to the 1T4 socket should give 
a reading of plus 1-g- volts at pin 7. no reading at 6, and a reading of approximate­
ly  15 vo lts at pins 2 and 3. You w ill  notice that in this case, the 1T4 valve 
does not require a separate filament battery and so the second 1.5 vo lt c e ll can 
again be connected between the switch and earth, in the osc illa to r circu it of 
Figure 1, so that the 1T4 and two 3S4s receive th e ir filament current through 
terminals "A" and "E” from the oscillator.. The fu l l  4.5 vo lts negative bias can 
now be applied to the .grid circuits of the 5S4s once more.

I f  the voltages are in order, you can insert the valves in their sockets 
and you w il l  notice that the signals appear to be much the same as in the case of 
the last experiment. Although the 1T4 is capable of providing a greater degree 
of amplification in i t s e l f ,  the fact that the signals are reduced to-^- of the ir 
strength by means of the 1  megohm potentiometer means that no real amplification 
is  obtained from the 1T4 stage. This method of providing the change of phase, 
results in performance almost exactly the same with that of Figure 12, as you 
w i l l  be able to  judge by the loudness of signals from the loudspeaker. To set 
the potentiometer at the right position, you should start o ff with i t  turned fu lly  
o ff, and cn removing f i r s t ly  cne 3S4 and then the other you w il l  notice that with 
the upper valve operating the signals have a certain loudness and with the upper 
valve removed there w i l l  be no output.

You should now turn cn the 1 megohm potentiometer a l i t t l e  at a time, as 
you continue to remove f i r s t  cne 3S4 valve and then another. The correct position 
of the potentiometer is when the signals are of uniform loudness regardless of 
which 3S4 valve is in its  socket. I f  you turn up the potentiometer too fa r , a 
loud howling noise may result due to  oscilla tion  occurringo

There are a few other methods of obtaining the necessary phase change to  
enable output valves to  operate in push-pull but the two methods illu strated  in 
Figures 12 and 13. together with transformer coupling are by fa r  the most 
commonly used methods of achieving th is .

EXIEKIMEKT U . .PABALIE.L OUTPUT .

A signal power output twice as great as that available from one output 
valve can be produced by operating two output valves in p a ra lle l instead cf push- 
pu ll. Operation of output valves in para lle l however, dees not prcvide the 
cancellation of d istortion , hum, and other advantages associated with push-pull 
amplification. However, when the two tubes are operated in para lle l i t  is
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until the signals leaving the moving arm of it are only * as strong as those 
applied to its upper end. 

In actual practice, it is common to use two fixed resistors, rather than 
a potentiometer to reduce the voltage in this way.  If two separate resistors 
were used the upper one would have a resistance value about seven times as great 
as the lower one so that the voltage at their junction would be * of the total 
input voltage.  When this weak voltage is applied to the grid of the 1T4, it will 
be amplified and the signals available at the plate of this valve will be equal 
to th ose reaching the grid of the first 3S4.  This means that our output valves 
will have signals of equal strength and 180° out of phase. 

After completing the wiring and reconnecting the batteries, the voltage 
readings f or the 334 valves oh ould be the same as in the last experiment whereas 
the positive -test lead from the multimetez, applied to the 1T4 socket should give 
a reading of plus  volts at pin 7, no reading at 6, and a reading of approximate-
ly 15 volts at pins 2 and 3.  You will notice that in this case, the 1T4 valve 
does not require a separate -filament battery and so the second 1.5 volt cell can 
again be connected between the switch and earth, in the oscillator circuit of 
Figure 1, so that the 1T4 and two 334s receive their filament current through 
terminals "A" and "B" from the ascillator.  The full 4.5 volts negative bias can 
now be applied to the grid circuits of the 3S4s once more. 

If the voltages are in order, you can insert the valves in their sockets 
and you will notice that the signals appear to be much the same as in the case of 
the last experiment.  Although the 1T4 is capable of providing a greater degree 
of amplification in itself, the fact that the signals are reduced to * of their 
strength by means of the 1 megohm potentiometer means that no real amplification 
is obtained from the 1T4 stage.  This method of providing the change of phase, 
results in performance almost exactly the same with that of Figure 12, as you 
will be able to judge by the loudness of signals from the loudspeaker.  To set 
the p at ont i ome ter at the right pos iti on  you sho uld start off with it t armed fully 
off, and on removing firstly one '334 and then the other you will notice that with 
the upper valve operating the signals have a certain loudness and with the upper 
valve removed there will be no output. 

You should now turn on the 1 Pngohm Potentiometer a little at a time, as 
you continue to remove first one 3S4 valve and then an other.  The correct positi on 
of the potentiometer is when the signals are of uniform loudness regardless of 
which 334 valve is in its socket.  If you turn up the potentiometer too far, a 
loud howling noise nay result due to oscillation occurring. 

There are a few other methods of obtaining the necessary phase change to 
enable output valves to operate in push-pull but the two methods illustrated in 
Figures 12 and 13, together with transformer coupling are by far the most 
commonly used I'm thods of achieving this. 

EXPERIIENT 11.  .PARALIEL OUTPUT.  

A si gnal power output twice as great as that available from one output 
valve can be produced by operating two output valves in parallel instead of push-
pull.  Operation of output valves in parallel however, does not previd_e the 
cancellation of distortion, hum, and other advantages ass ociated with push-pull 
amplification.  Eorever, when the two tubes are operated in parallel it is 
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not necessary to  employ a valve as a phase s p lit te r  or phase inverter as the two 
valves can be operated by an ordinary signal voltage and do not need equal signal 
voltages out of phase with cne another.

In Figure 14 you w ill  observe that the 1T4 valve is operating in the normal 
fashion as a resistance coupled triode amplifier. The output valves have a ll 
the ir elements connected in p ara lle l with one another. That is , the filaments 
are connected in parallel,, the grid cf each valve is connected to cne another, 
sim ilarly, the two plates are joined to  one another and the two screen grids are 
joined.

FIGURE 14.

A fter wiring up the 
arrangement as illu s tra t­
ed in Figure 14, you should 
measure the voltages 
present at the valve 
sockets a fte r the batteries 
have be en re ccnno ct ed.
With the valves removed 
from their sockets you 
should obtain a reading 
cf approximately 15 volts at 
pin 2 of the 1T4, the same 
reading at pin 3, no move- 

A  ment at pin 6, and a move- 
| ment of 1-g graduations at 
pin 7. In the case of the 
3S4 sockets, you should 
obtain a reading equal 
to  the fu l l  battery 
voltage at pins 2 and 4 
on each socket and a 
s ligh t backward movement 
of the needle at pin 3 
at each socket. You should 
obtain a reading of plus 1-g- 
volts at pins 1  and 7 on 
each socket*

Ch inserting the valves, you w ill  notice that the signals are very much 
louder than in the case of experiments 9 and 10, th is being due to  the fact 
that the 1T4 valve is now capable of providing a rea lly  worthwhile amount of amp­
li f ic a t io n . This valve w ill now provide an amplification of about 8 times, so the 
signals w i l l  appsar very much louder from the loudspeaker. Chce again, you can 
judge the way in which each 3S4 valve contributes to  the power output by removing 
f i r s t ly  cne and then the other from its  valve socket. As you remove cne valve you 
w ill find that the power output drops by h a lf but although there w i l l  be a s l i^ i t  
decrease in loudness from the speaker i t  w il l  not appear to  be cnly h a lf as loud 
to  your ear. However, this is normal as explained ea r lie r .

EXEERBEKT 12. B.C. OSCILLATOR

In a ll  our tests up to  date we have been employing the beat frequency 
osc illa to r as a source cf signals,

There are several other methods which can be employed fo r  -producing
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not necessary to employ a valve as a phase splitter or phase inverter as the two 
valves can be operated by an ordinary signal voltage and do not need equal si gnal 
voltages out of phase with one another. 

In Figure 14 you will observe that the 1T4 valve is operating in the normal 
fashion as a resistance coupled triode amplifier.  The output valves have all 
their elements connected in parallel with one another.  That is, the filaments 
are connected in parallel, the grid of each valve is connected to one another, 
similarly, the two plates are joined to one another and the two screen grids are 
joined. 

B +45 

FIGURE 14.  

After wiring up the 
arrangement as illustrat-
ed in Figure 14, you should 
measure the voltages 
present at the valve 
sockets after the batteries 
have been reconnected. 
With the valves removed 
from their sockets you 
should obtain a reading 
of a,pproximately 15 volts at 
pin 2 of the 1T4, the same 
reading at pin 3, no move-
ment at pin 6, and a move-
ment of  graduati ons at 
pin 7.  In the case of the 
384 sockets, you sh ould 
obtain a reading equal 
to the full battery 
voltage at pins 2 and 4 
on each socket and a 
slight backward movement 
of the needle at pin 3 
at each socket. You should 
obtain a reading of plus 1-1-
volts at pins 1 and 7 on 
each s ocket 

Ch inserting the valves, you VI ill n ot ice that the s igials are very much 
louder than in the case of experiments 9 and 10, this being due to the fact 
that the 1T4 valve is now capable of providing a really worthwhile amount of amp-
lification.  This valve will now provide an amplification of about 8 times, so the 
signals will appear very much louder from the loudspeaker.  Once again, you can 
judge the way in which each 354. valve contributes to the power output by removing 
firstly one and then the other from its valve socket.  As you remove one valve you 
will find that the power output drops by half but althougn there will be a slight 
decrease in loudness from the speaker it will not appear to be only half as loud 
to your ear.  rowever, this is normal as explained earlier. 

EXEERIMENT 12.  R.C. CSCILLiLTOR  

In all our tests up -to date we have been employing the beat frequency 
oscillator as a source of signals, 

There are several other methods which can be employed for producing 
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audio frequency signals and an alternative form o f audio frequency osc illa to r is  
indicated in Figure 15. The two tubes at the left-hand side of the diagram act 
as the osc illa to r and the 3Slt at the right is  merely an amplifying valve to make 
the signals from the o sc illa to r loud enough to operate your loudspeaker.

This princip le, of using two equal resistors, marked "P" and "Q” on the 
diagram and two equal condensers marked, "R" and "S", fo r providing a change in 
the phase o f signals passing back from the plate of the 3SU valve, through the 
.1 mfd. condenser to the grid of the 1R5 is  known as a resistance-capacity net­
work and is  quite often used in test instruments and other applications. Many 
good quality audio frequency oscilla tors  employ this princip le. As the two equal 
condensers, "R" and "SM in Figure l£  are portions of the variable tuning condenser 
i t  w il l  be possible to a lte r  the pitch of the audio frequency note over a range 
o f about 10  to 1  as the tuning condenser d ia l is  rotated.

As you have now finished with the beat frequency o sc illa to r , you can 
build up the equipment illu stra ted  in Figure 15 on the chassis you previously 
used fo r  i t .  You w il l  notice in Figure l£ , that the rotor plates of the tuning 
condenser, illu stra ted  by curved arrows on Figure V~>} are no longer connected to 
the metal chassis. Instead, the rotor plates of the condensers connect to grid 
No.l o f the 1R5 valve and this means that the tuning condenser must be unbolted 
from the chassis and insulated from i t .  I f  you simply remove the condenser from 
the four long bolts you were previously using to hold i t  on the chassis and place 
i t  cn top o f a piece o f cardboard or other insulating material such as several 
thicknesses of paper, i t  w i l l  operate sa tis fa c to r ily  without being bolted down,
On no account try  to secure i t  in  place by passing a bolt through the condenser 
mounting brackets and on through the chassis as this bolt w i l l  connect the rotor 
plates to the chassis and prevent the osc illa to r from operating.

For your f i r s t  experiment with this o sc illa to r, you should employ the two 
.1 megohm resistors in the positions marked "P" and "Q,!.

The TR5> valve may be l e f t  in  the position on the chassis in which
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audio frequency signals and an alternative form of audio frequency oscillator is 
indicated in Figure 15.  The two tubes at the left-hand side of the diagram act 
as the oscillator and the 3Sh at the right is merely an amplifying valve to make 
the signals from the oscillator loud enough to operate your loudspeaker. 

This principle, of using two equal resistors, marked "P" and "Q" on the 
diagram and two equal condensers marked, "R" and "S", for providing a change in 
the phase of signals passing back from the plate of the 3S4 valve, through the 
.1  ifd. condenser to the grid cf the 1R5 is known as a resistance-capacity net-
work and is quite often used in test instruments and other applications.  Many 
good quality audio frequency oscillators employ this principle.  As the two equal 
condensers, "R" and "S" in Figure 15 are portions of the variable tuning condenser 
it will be possible to alter the pitch of the audio frequency note over a range 
of about 10 to 1 as the tuning condenser dial is rotated. 

.1meg.   
11--- r 
.02 
d  3Sh,  

As you have now finished with the beat frequency oscillator, you can 
build up the equipment illustrated in Figure 15 on the chassis you previously 
used for it.  You will notice in Fi ure 15, that the .rotor plates of the tuning 

condenser, illustrated by curved arrows on Figure 15, are no longer connected to 
the metal chassis.  Instead, the rotor plates of the condensers connect to grid 
Yo.1 of the 1R5 valve and this means that the tuning condenser must be unbolted 
from the chassis and insulated from it.  If you simply remove the condenser from 
the four long bolts you were previously using to hold it on the chassis and place 
it on top of a piece of cardboard or other insulating material such as several 
thicknesses of paper, it will operate satisfactorily without being;, bolted down. 
On no account try to secure it in place by passing a bolt through the condenser 

mounting brackets and on through the chassis as this bolt will connect the rotor 
Plates to the chassis and prevent the oscillator from operating. 

For your first experiment with this oscillator, you should employ the two 
.1 megohm resistors in the positions marked "P" and "Q". 

The 1R5 valve may be left in the position on the chassis in which 
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i t  has "been used up to  the present. Although the two co ils  w ill not be required, 
in this csc illa to r, they may be le f t  bolted in position but of course, the co il 
wires must be disconnected from the valve sockets. Che 3S4 valve can f i t  in the 
socket previously used, fo r  tne lS5 and a socket fo r  the second 3S4 valve can be 
f it te d  in the hole immediately behind the tuning condenser gang. The- 3S4 valve 
illu stra ted  in the centre of Figure 15 should be f i t t e d  in this socket.

Ch completing the wiring cf the osc illa tor in aocordance with Figure 15, 
you should f i r s t  of a l l  test fo r  short c ircu its  between the end of the wires 
provided fo r  battery connections so that the batteries w ill not be damaged i f  a 
wrong connection ex is ts . I f  you obtain no indication of a c ircu it when you meas­
ure between the wires marked "3+ and B-" and also between the wires fo r  "A+ and 
A-" you may sa fe ly  connect the batteries. You should then use your multimeter 
on the 50 vo lt range, with the negative tes t load, clipped to the chassis, to 
check the voltage ex is tin g  at the various valve sockets, when touching the posit- 

'  ive prod to the pins cf the 1R5 valve socket you should obtain no reading at
points 1, 4 and 5, you should obtain a reading of Tg- graduations at pin 7, a s ligh t 
backward reading at pin 6, a reading of approximately 18 volts at pin 3, and a 
reading of about 18 vo lts  at pin 2. On both 334 sockets you should obtain no 
reading at pin 5, a reading of 1§- graduations at pins 1 and 7, a slight backward 
reading at pin 3, fu l l  B battery voltage at pin 4 and almost fu l l  B battery 
voltage at pin 6,

I f  these voltages a l l  appear to be in order, you may sa fe ly  insert the 
valves in th e ir  sockets, bur be careful to f i t  the valves in the sockets intended 
fo r  them and not in the incorrect sockets, Ch turning cn the filament switch and 
rotating the . 1  megohm potentiometer to a position about h a lf way on, you should 
find that as you vary the setting of the tuning condenser, you hear an audio 
frequency note which varies :'n pitch from an extremely s h r il l  treble note, which 
may even be above aud ib ility  when the tuning condenser plates are turned fu lly  
out, down to  a much lower pitch. Once you have obtained an audio frequency signal 
from the equipment you should reduce the resistance cf the . 1  meg potentiometer 
to a valus which .just allows the osc illa to r to function without stopping. I f  
too low a resistance is employed the osc illa to r w ill cease to operate and i f  too 
high a resistance is  used, the note, instead of being a pure pleasant sound, w ill 
become harsh and buzzing in nature indicating the presence cf harmonic d istortion .

*
The range of aud.io frequencies can be- extended down to s t i l l  lower values by 

using higher values of resistance in the positions marked ”P' and "Q" on Figure 
15. The next tes t is to substitute a 1 meg dim res istor fo r each of the ,1 meg 
resistors and to note the e ffe c t . The 1 meg. 1 watt res is tor you have can be 
substituted at position MP' and in position "Q" you may use the 1  megohm pot­
entiometer by connecting only to the two outer lugs and disregarding the centre 
connection. Y/ith these 1  megdim resistors in place, you w il l  find that the pitch 
cf the notes produced is much lower than in the previous example.

I f  we had available a pair cf s t i l l  higher valued resistors i t  would be possible 
to  make the osc illa to r produce s t i l l  lower pitched notes, ri/£it down to deep 
bass notes and i t  is the a b il ity  of this c l cuss of o sc illa to r to  produce vory 
deep bass notes with extremely pure wave-form, that makes i t  popular fo r  
audio frequency testing purposes.

I f  by any chance you are unable to obtain a squealing sound from the
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it has been used up to the present.  Although the two coils will not be required 
in this oscillator, they may be left bolted in position but of course, the coil 
wires must be disconnected from the valve sockets.  Cne 384 valve can fit in the 
socket previously used for tee 185 and a socket for the second 384 valve can be 
fitted in the hole immediately behind the tuning condenser gang.  The 384 valve 
illustrated in the centre of Figurr, 15 should be fitted in this socket. 

On. completing the wiring of the oscillator in accordance with Figure 15, 
you sh ould first of all test for sh art circuits between the end of the wires 
provided for battery connections so that the batteries will not be damaged if a 
wrong connection exists.  If you obtain no indication of a circuit when you meas-
ure between the wires marked "B+ and B-11 and also between the wires for "A+ end 
A-" you may safely connect the batteries.  You should then use your multimoter 
on the 50 volt range, with the negative test lead clipped to the chassis, to 
check the voltage existing at the various valve sockets. When touching the posit-
ive prod to the pins of the 1R5 valve socket you should obtain no reading at 
points 1, 4 and 5, you should obtain a reading of  graduations at pin 7, a slight 
backward reading at pin 6, a reading of approximately 18 volts at pin 3, and a 
reading of about 18 volts at pin 2.  On both 384 sockets you should obtain no 
reading at pin 59 a reading of  graduations at pins 1 and 7, a slight backward 
reading at pin 3, full B battery voltage at pin 4 and almost full B battery 
voltage at pin 6, 

If these voltages all appear to be in order, you may safely insert the 
valves in their sockets, but «!7,e careful to fit the valves in the sockets intended 
for them and not in the inc errect sockets , On turning on the filament switch and 
rotating the .1 megohm potention-oter to a position about half way on, you should 
find that as you vary the setting of the tuning condenser, you hear an audio 
frequency note which varies in pitch from an extremely shrill treble note, which 
may even be above audibility when the tuning condenser plates are turned fully 
out, down to a much lower pitch.  Once you have obtained an audio frequency signal 
from the equipment you should reduce the resistance of the .1 meg potentiometer 
to a valuo which just allows 'Ole oscillator to function without stopping.  If 
too low a resistance is employed the oscillator will cease to operate and if too 
high a resistance is used the note, instead of being a pure pleasant sound, will 
become harsh and buzzing in nature indicating the presence of harmonic distortion. 

The range of audio frequencies can be extended down to still lower values by 
using higher values of resistance in the positions marked "P" and "Q," on Figure 
15.  The next test is to substitute a 1 me.gchm resistor for each of the .1 meg 
resistors and to note the effect.  The 1 meg. 1 watt resistor you have can be 
substituted at positien "P" end in position "Q" you may use the 1 megehm pot-
entiometer by connecting ,enly to the two outer lugs and disregarding the centre 
connection,  'tlith these 1 Inc:gel-1m resistors in place, you will find that the pitch 
of the notes produced is much lower than in the previous example. 

If we had available a pair of still higher valued resistors it would be possible 
to make the oscillator produce still lower pitched notes, right down to deep 
bass notes an.d it is the ability of this class of oscillator to produce very 
deep bass notes with extremely pure rave-form, that makes it popular for 
audio frequency testing purposes. 

If by any chance you are unable to obtain a squealing sound from the 
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osc illa to r when i t  is  turned on, this w il l  indicate that signals are not finding 
the ir way back from the plate of the f i r s t  3SI4. valve back to grid No,l on the 1R5> 
valve. Failure fo r  the signals to pass back in this fashion may be due to the 
fact that the tuning condenser frame is touching the metal chassis end you should 
examine carefu lly  to see that there is  no connection between the tuning condenser 
frame and the chassis.

By using s t i l l  smaller values o f resistors in  the positions "P" and 
"Q" the osc illa to r could be used to produce frequencies above audio frequency 
range and this type o f o sc illa to r is  often used up to about 200 kilocycles per 
second. However, there is l i t t l e  point in conducting any experiments with lower 
values of resistors because the signals would exceed the frequencies which your 
ears could detect from the loudspeaker.

EXPERIMENT 13. BLOCKING R.F.OSCILLATOR.

The next series of experiments w i l l  consist of measurements to determine 
the re la tive  sen s itiv ity  o f various types o f detectors. In order to provide a 
source of modulated radio frequency signals, so that the various detector circu its 
may be tested, i t  is  f i r s t  necessary to construct a modulated R„F. osc illa to r.

There are a large number o f possible ways o f connecting a. radio valve 
to act as a radio frequency osc illa to r but in  this lesson we w i l l  use one of the 
simplest possible types of c ircu its which w il l  furnish a radio frequency carrier 
wave, modulated by an audio frequency tone, so that signals from the osc illa to r 
w i l l  be audible from the loudspeaker. In the follow ing lesson you w i l l  see other 
methods of achieving th is .

The c ircu it diagram fo r  the "Blocking R.F. o sc illa to r", or, as i t  is  
sometimes called a "Squegging R.F. osc illa to r" is shown in Figure No. 16.

The 3SI4. valve is  made to o sc illa te , and produce a radio frequency signal 
by feeding energy from its  plate c ircu it back to its  grid c ircu it by means of 
a reaction winding sim ilar to that used with the detector tube used in  your 
experiments in Kits 6 and 7 . The energy sent back from the U5 turn c o il in 
the plate c ircu it o f the 3SI1 generates a voltage in the 90 turn winding end this 
winding is  tuned by a „0001 mfd. condenser. An alternating voltage is  developed 
in this c ircu it at the frequency at which the .0001 mfd. condenser makes the 
90 turn winding resonant and this voltage acts through the two .001 mfd. condensers 
to the grid of the 3SI4. . As the result of the repeated feeding back of energy 
from the plate circu its to the grid c ircu it, the valve w i l l  generate a radio f r e ­
quency voltage in the 90 turn winding and the lines of force from this winding w il l  
induce a small voltage in  the 5 turn winding which we can use as our radio frequency 
output» The strength of the radio frequency voltage can be regulated by means of 
the 2,000 ohm potentiometer and the required signal strength applied, by means of 
terminal "C" in Figure 16, to the c ircu it being tested.

You w i l l  notice that the grid leak fo r the 3Sl| valve has an unusually 
high value, being £ megohms. Also, the condenser feeding signals from the 90 turn 
c o il to the grid of the 3SU has an actual capacity of „0005> mfd. due to the fact 
that the two .001 mfd. condensers are connected in  series. This combination o f a 
large capacity with a large grid leak resistance causes the o sc illa to r  to
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oscillator when it is turned on, this will indicate that signals are not finding 
their way back from the plate of the first 3S4 valve back to grid No.1 on the IR.5 
valve.  Failure for the signals to pass back in this fashion may be due to the 
fact that the tuning condenser frame is touching the metal chassis and you should 
examine carefully to see that there is no connection between the tuning condenser 
frame and the chassis. 

By using still smaller values of resistors in the positions "P" and 
"Q" the oscillator could be used to produce frequencies above audio frequency 
range and this type of oscillator is often used up to about 200 kilocycles per 
second.  However, there is little point in conducting any experiments with lower 
values of resistors because the signals would exceed the frequencies which your 
ears could detect from the loudspeaker. 

EXPERIMENT 13.  BLOCKING R.F.OSCILLATOR. 

The next series of experiments will consist of measurements to determine 
the relative sensitivity of various types of detectors.  In order to provide a 
source of modulated radio frequency signals, so that the various detector circuits 
may be tested, it is first necessary to construct a modulated R.F. oscillator. 

There are a large number of possible ways .of connecting a radio valve 
to act as a radio frequency oscillator but in this lesson we will use one of the 
simplest possible types of circuits which will furnish a radio frequency carrier 
wave, modulated by an audio frequency tone, so that signals from the oscillator 
will be audible from the loudspeaker.  In the following lesson you will see other 
methods of achieving this. 

The circuit diagram for the "Blocking R.F. oscillator", or, as it is 
sometimes called a "Squegging R.F. oscillator" is shown in Figure No. 16. 

The 3S4 valve is made to oscillate, and produce a radio frequency signal 
by feeding energy from its plate circuit back to its grid circuit by means of 
a reaction winding similar to that used with the detector tube used in your 
experiments in Kits 6 and 7. The energy sent back from the 45 turn coil in 
the plate circuit of the 3S4 generates a voltage in the 90 turn winding and this 
winding is tuned by a .0001 mid, condenser.  An alternating voltage is developed 
in this circuit at the frequency at which the .0001 mfd. condenser makes the 
90 turn winding resonant and this voltage acts through the two .001 nfd, condensers 
to the grid of the 3S4 . As the result of the repeated feeding back of energy 
from the plate circuits to the grid circuit, the valve will generate a radio fre-
quency voltage in the 90 turn winding and the lines of force from this winding will 
induce a small voltage in the 5 turn winding which we can use as our radio frequency 
output.  The strength of the radio frequency voltage can be regulated by means of 
the 2,000 ohm potentiometer and the required signal strength applied, by means of 
terminal "C" in Figure 16, to the circuit being tested. 

You will notice that the grid leak for the 3S4 valve has an unusually 
high value, being 5 megohms.  Also, the condenser feeding signals from the 90 turn 
coil to the grid of the 3S4 has an actual capacity of .0005 mfd, due to the fact 
that the two .001 mfd, condensers are connected in series.  This combination of a 
large capacity with a large grid leak resistance causes the oscillator to 
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period ica lly  block, due to the development of a high negative voltage at the grid 
of the 3SU, so that in e ffe c t , the o sc illa to r stops and starts osc illa tin g  at an 
audio frequency rate. When you, hear the signals from this osc illa to r through the

equipment to be des­
cribed in the next 
experiment or through 
a receiverjyou w i l l  be 
able to hear this audio 
frequency sound as a 
high pitched buzzing 
sound. I t  is  due to the 
periodical blocking of 
the plate current of 
the 3SI4. and then the 
discharging of the 
voltage from the right 
hand plate of the 
.0005 mfd. grid con­
denser that the name 
"blocking osc illa to r" 
is  derived.

The blocking os­
c il la to r  should be 
b u ilt on the smaller 
of the two chassis 
supplied to you.There 

FIGURE 16. are four valve socket
holes available in

this chassis and i t  does not matter which of these holes you employ fo r  the 3SU 
valve socket. The c o il with the U5 turn reaction winding and 5 turn winding at the 
bottom can also be mounted on this chassis over any one of the other valve socket 
holes. The wiring and placement o f parts is  not at a l l  c r it ic a l so you should 
experience no d iff ic u lty  in making the circu it operate.

A fter completing the wiring, use your multimeter to test fo r short c ircu its  
between the "A" battery and "B" battery wires and i f  there are no short c ircu its , 
connect the wires to the A and B batteries. Next, before you insert the valve in 
the socket, use your multimeter, on its  J) vo lt range, fo r  measuring the voltages 
present at the socket pins, With the negative test lead clipped to'the metal 
chassis there should be a reading o f 1̂ - graduations at pins 1 and 7j no movement 
at pins 5 or 3 and fu l l  "B" battery voltage at pins 6 and 1|. I t  is  preferable 
to use pin 6 fo r  the plate connection as i t  is easier to solder to this pin than 
pin 2.

I f  you have a radio receiver available, you can test the osc illa to r before 
proceeding to  construct the equipment outlined in the next experiment. The .0001 
mfd. condenser w il l  tune the o sc illa to r to a frequency of approximately 1,300 kc.
I f  you connect point "C" on Figure 16, to the aeria l terminal of your receiver and 
connect the chassis or point "B" to the chassis of the receiver, -switch on the osc­
i l la to r  and tune your receiver to approximately 1300 kc., you should hear the pecul­
ia r buzzing note from the oscillator,through the rece iver 's  loudspeaker. I f  you do 
not hear any sound at a l l  when the tuning dial of the receiver Is moved to various 
frequencies around about 1300 kc., this indicates that the osc illa to r is  not 
functioning and you should carefu lly check the c ircu it arrangement once more and
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periodically block, due to the development of a high negative voltage at the grid 
of the 334, so that in effect, the oscillator stops and starts oscillating at an 
audio frequency rate.  Uhen you, hear the signals from this oscillator through the 

equipment to be des-
cribed in the next 
experiment or through 
a receiver,you will be 

3S4  able to hear this audio 

45  ( -  frequency sound as a 
Turns high pitched buzzing 

.001  001  sound.  It is due to the 

!I  11  periodical blocking of 
4 

5  1 
the plate current of 

7  the 3S4 and then the 
meg  discharging of the 

40    _o A  voltage from the right 

Turns < hand plate of the 
  (DB  .0005 mfd. grid con-

denser that the name 
"blocking oscillator" 

90 
Turns 

Turns 
2,000 

is derived. 

The blocking os-
B+ 

I I 45  dilator should be 
built on the smaller 

1.5V.  45V  of the two chassis 

supplied to you.There 
are four valve socket 
holes available in 

this chassis and it does not matter which of these holes you employ for the 3S4 
valve socket.  The coil with the 45 turn reaction winding and 5 turn winding at the 
bottom can also be mounted on this chassis over any one of the other valve socket 
holes.  The wiring and placement of parts is not at all critical so you should 
experience no difficulty in making the circuit operate. 

After completing the wiring, use your multimeter to test for short circuits 
between the "A" battery and "B" battery wires and if there are no short circuits, 
connect the wires to the A and B batteries.  Next, before you insert the valve in 
the socket, use your multimeter, on its 5J volt range, for measuring the voltages 
present at the socket pins.  ith the negative test lead clipped to -the metal 
chassis there should be a reading of 1-1 graduations at pins 1 and 7, no movement 
at pins 5 or 3 and full "B" battery voltage at pins 6 and 4. It is preferable 
to use pin 6 for the plate connection as it is easier to solder to this pin than 
pin 2. 

If you have a radio receiver available, you can test the oscillator before 
proceeding to construct the equipment outlined in the next experiment.  The .0001 
mfd, condenser will tune the oscillator to a frequency of approximately 1,300 kc. 
If you connect point "C" on Figure 16, to the aerial terminal of your receiver and 
connect the chassis or point "B" to the chassis of the receiver, -switch on the osc-
illator and tune your receiver to approximately 1300 kc., you should hear the pecul-
iar buzzing note from the oscillator,through the receiver's loudspeaker. If you do 
not hear any sound at all when the tuning dial of the receiver is moved to various 
frequencies around about 1300 kc., this indicates that the oscillator is not 
functioning and you should carefully check the circuit arrangement once more and 
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FIGURE 16.  

  C 



also see that the lower end of the 45 turn c o il is connected to  the plate of the 
3S4 at pin 6, and the upper end of the 90 turn c o il is  ccnnected through the two 
.001 mfd. condensers to  the grid of the 3S4.

EXPERIMENT 14. KSCEIVF-R T7TTE GRID LEAK DETECTOR.

Figure 17 shows a c ircu it diagram of a three valve receiver employing a grid 
leak detector, which w i l l  be the f i r s t  type cf detector to be tested. You w ill  
notice that the c ircu it diagram of Figure 17 is almost identical with that of 
Figure 1 of Practical Instruction Lesson No. 7, with the exception that the IS5 
valve is not f i t t e d  with a system cf regeneration in this lessen, as regeneration 
would cause a variation in amplification of the valve, dependent upon the settin g  
cf the 2,000 ohm potentiometer, and so would give us results which would vary

You already have a co il with a 15 turn and 89 turn winding on i t  so that 
you may use this for feeding signals to the grid of the IS5 valve.

The receiver should be bu ilt on the larger chassis and the loeatien of 
parts may be determined by reference to  Figures 2 and 3 of Practical Instruction 
Lesson 7. The "A" battery switch and the 2,000 dam potentiometer are, in this case, 
mounted cn the osc illa to r chassis so that they w ill not be f it te d  cn the front 
flange of the receiver chassis. In addition, apart from the fact that there is 
no reaction provided in the circu it of Figure 17, there are one or two other 
minor alterations| so cn no account should you attempt to  wire the equipment from 
Figure 3 of Lesson 7. Instead you must wire i t  from the c ircu it diagram of Figure
17. Figures 2 and 3 of Lesson 7 w ill be valuable however, in suggesting where to 
place the parts.

On completing the wiring cf Figure 17, and checking the voltages cn the
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also see that the lower end of the 45 tu rn coil is connected to the plate of the 
3S4 at pin 6, and the upper end of the 90 turn coil iè connected through the two 
.001 red. condensers to the grid of the 3S4. 

13+45 

EXPERDENT 14.  RECEIVER WITH GRID LEAK DETECTOR.  

Figure 17 shows a circuit diagram of a three valve receiver employing a grid 
leak detector, which will be the first type of detector to be tested.  You will 
notice that the circuit diagram of Figure 17 is almost identical with that of 
Figure 1 of Practical Instruction Lesson No. 7, with the exception that the 1S5 
valve is not fitted with a system e regeneration in this lesson, as regenerati on 
would cause a variation in amplification of the valve, dependent upon the setting 
e the 2,000 ohm potentiometer, and so would give us results which would vary 
accerding to the amount of 

.001 
1S5 

regeneration 

1T4 

used. 

3S4 
.1 

FIGURE 17.  

You already have a coil with a 15 turn and 89 turn winding on it so that 
you may use this for feeding signals to the grid of the 1S5 valve. 

The re ce iver eh ould be bu ilt on the larger chas s is and. the location of 
parts may be determined by reference to Figures 2 and 3 of Practical Instruction 
Lesson 7.  The "A" battery switch and the 2,000 chm potentiometer are, in this case, 
mounted on the oscillator chassis so that they will not be fitted on the front 
flange of the receiver chassis.  In addition, apart from the fact that there is 
no reaction provided in the circuit of Figure 17, there are one or two other 
minor alterations;  so on no account should. you attempt to wire the equipment from 
Figure 3 of Lesson 7.  Instead you must wire it from the circuit diagram of Figure 
17.  Figures 2 and 3 of Lesson 7 will be valuable however, in suggesting where to 
place the parts. 

On completing the wiring of Figure 17, and checking the voltages on the 
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50 volt range of your multimeter, you should obtain approximately the following 
figures. In the case of the 1S5,socket, l|- graduations at pin 7* no reading at 
pins 1, 3? or 6, fu ll B battery voltage at pin U and almost fu ll  voltage at pin 5*
In the case'of the ITli socket a reading of 1-| graduations at pin 7; no reading at 
pins 1 or a very slight backward reading at pin 6, although this may not even 
be noticeable as i t  w ill  be so small, and a reading of approximately 15 volts at 
pins 2 and 3.

In the case of the 3SU socket, there should be a reading of I s -  graduations 
at pins 1 and 7* ho reading at pin 5> a very slight backward movement at pin 3 and 
fu ll "B" battery voltage at pins 1± and o.

In the case of the 1R5 valve socket there should be a reading of i t  grad­
uations at pin 7, and no reading at any of the other pins.

I f  the voltages a ll check correctly, insert the valves and rotate the 
tuning condenser so that the signal from the oscilla tor is heard from the loudspeaker*

I f  you do not hear any sound from the speaker, thismay Indicate a fau lt in 
the receiver you have just constructed or, i f  you have not already tested your 
R.F. oscilla tor by trying it on an ordinary radio receiver, i t  may indicate that the 
oscilla tor is not functioning.

You w il l  be ab le 'to  obtain a fa ir ly  good idea of whether your receiver is  
in working order or not, by touching your finger to pin 6 of the IS 5 valve socket. 
When you touch your finger on this point you should hear a d istinct c lick , hum or 
squeal from the loudspeaker. Perhaps an even better method is  to hold a short 
piece of bare wire or a bare screwdriver in your hand and touch this to pin 6 on 
the IS5 socket. There should be quite a 'd is tin ct sound from the loudspeaker when 
you do this and i f  you do hear the c lick , i t  indicates that signals reaching the 
grid of the 1S5 w i l l  be able to pass on through to the loudspeaker. I f  you hear no 
sound at a l l  i t  indicates a fau lt in the receiver which must be located before you 
proceed further.

I f  you cannot obtain any results when touching the grid of the IS 5 then i t  
w i l l  be necessary to carefu lly  recheck the wiring of the c ircu it arrangement and 

* also recheck the voltages mentioned above and see that they are correct.

When the equipment is working satisfactorily , you w ill find that you are 
able to vary the strength of signals from the loudspeaker by rotating the 2,000 ohia 
potentiometer fitted  to the oscilla tor. As the signals vary in loudness the output 
meter w ill  record the variations in strength. You should operate your output meter 
with the switch turned to the "A.C." position and the positive test lead inserted 
in the 50 volt socket, the negative meter connection being by means of a length of 
wire joining lug 2 on the switch, to pin 1 on the 1P.5 valve socket as explained in 
connection with Figure 5 of this lesson. In order to establish a'basis for com­
parison of the other detector circuitswith the grid leak detector, you should 
adjust the 2,000 ohm potentiometer until the strength of signals from the loudspeaker 
results In a reading of 20 volts. Of course, when using your meter as an output 
meter i t  is measuring alternating voltages and you should observe the reading on 
the row of graduations marked "50V.A.C. and up".

EXPERIMENT 15. RECEIVER WITH BIASED DETECTOR.
To convert the circuit from a grid leak detector to a biased detector
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50 volt range of your multimeter, you should obtain approximately the following 
figureS.  In the case of the 1S5,socket, l graduations at pin 7, no reading at 
pins 1, 3, or 6, full B battery voltage at pin 4 and almost full voltage at pin 5. 
In the case'of the 114 socket a reading of 1-7y graduations at pin 7, no reading at 
pins 1 or 5, a very slight backward reading at pin 6, although this may not even 
be noticeable as it will be so small, and a reading of approximately 15 volts at 
pins 2 and 3. 

In the case of the 3Si4 socket; there should be a reading of  graduations 
at pins 1 and 7, ho reading at pin 5, a very slight backward movement at pin 3 and 
full "B" battery voltage at pins 4 and 6. 

In the case of the 1R5 valve socket there should be a reading of .175- grad-
uations at pin 7, and no reading at any of the other pins. 

If the voltages all check correctly, insert the valves and rotate the 
tuning condenser so that the signal from the oscillator is heard from the loudspeaker 

If you do not hear any sound from the speaker, thismay indicate a fault in 
the receiver you have just constructed or, if you have not already tested your 
R.F. oscillator by trying t on an ordinary radio receiver, it may indicate that the 
oscillator is not functioning. 

You will be able -to obtain a fairly good idea of whether your receiver is 
in working order or not, by touching your finger to pin 6 of the 1S5 valve socket. 
When you touch your finger on this point you should hear a distinct click, hum or 
squeal from the loudspeaker.  Perhaps an even better method is to hold a short 
piece of bare wire or a bare screwdriver in your hand and touch this to pin 6 on 
the 135 socket.  There should be quite a-distinct sound from the loudspeaker when 
you do this and if you do hear the click, it indicates that signals reaching the 
grid of the 1S5 will be able to pass on through to the loudspeaker.  If you hear no 
sound at all it indicates a fault in the receiver which must be located before you 
proceed further. 

If you cannot obtain any results when touching the grid of the 135 then it 
will be necessary to carefully recheck the wiring of the circuit arrangement and 

, also recheck the voltages mentioned above and see that they are correct. 

When the equipment is working satisfactorily, you will find that you are 
able to vary the strength of signals from the loudspeaker by rotating the 2,000 ohm 
potentiometer fitted to the oscillator.  As the signals vary in loudness the output 
meter will record the variations in strength.  You should operate your output meter 
with the switch turned to the "A.C.n position and the positive test lead inserted 
in the 50 volt socket, the negative meter connection being by means of a length of 
wire joining lug 2 on the switch, to pin 1 on the 165 valve socket as explained in 
connection with Figure 5 of this lesson.  In order to establish a'basis for com-
parison of the other detector circuitswith the grid leak detector, you should 
adjust the 2,000 ohm potentiometer until the strength of signals from the loudspeaker 
results in a reading of 20 volts.  Of course, when using your meter as an output 
meter it is measuring alternating voltages and you should observe the reading on 
the row of graduations marked "50V.A.C. and up". 

EXPERIMENT 15.  RECEIVER WITH BIASED DETECTOR. 

To convert the circuit from a grid leak detector to a biased detector 

PL. 8. - 32. 



not necessary to remove a l l  
but i t  is

involves alterations only to the IS5 valve. These alterations are indicated in 
Figure 18. In place o f the grid leak and condenser in the grid c ircu it o f the 
1S5, a .01 mfd. condenser is  included in  the tuning c ircu it and a connection taken 
from the lower end of the 89 turn co il to the 3 vo lt tapping on the "C" battery.
In this way, the valve receives a large amount of negative bias so that i t  amplifies 
the positive half cycles o f signal voltage reaching i t  and suppresses the negative 
half cycles. This causes i t  to act as a detector but you w i l l  find that i t  does not 
give quite as great a degree of amplification as did the grid leak detector.

Before making any alterations to the wiring of the IS5 valve^be sure 
to disconnect the "B” battery wires and turn o f f  the switch on the o sc illa to r . I t  Is

tubes
advisable to remove the 

1S5. A fter making the alterations, 
switch your multimeter to "D.C.", 
plug the negative test lead in the 
minus socket and clip  this to the 
chassis of the receiver .With the 
positive test lead, measure the 
voltages at the pins of the lSf>.
At pin 7 there should be a reading 
o f 1.5 volts when the switch on the 
osc illa to r  is  turned on. At pins 
U and 5 there should be fu l l  B 
battery voltage and at pin 6 the 
needle ±t ould move backward. To 
measure this voltage, c lip  the 
positive test lead to the metal 
chassis and touch pin 6 on the 
socket with the negative test lead. 
The meter should indicate a value 
of 3 volts by the needle moving 
three graduations across the scale.

I f  these voltages check
correctly, you should remove the 

negative test lead from the multimeter, switch i t  back to "A .C .", c lip  the positive 
test lead back to one o f the pins on the UL$ valve socket, such as pin 2, plug in 
the IS5 valve and observe the output signal strength. On no account should you 
a lter the setting of the 2,000 ohm potentiometer on the o sc illa to r, otherwise you 
w i l l  not be able to compare the output voltage obtained in this and the succeeding 
experiment with that obtained in experiment lii. When you switch on the equipment, 
you w i l l  probably hear the signals from the osc illa to r coming through weakly but 
i t  w i l l  be necessary to readjust the tuning condenser on the receiver, to tune the 
signals to the ir maximum strength once more, before you judge the strength of output 
obtained. The presence o f the .01 mfd. condenser in the tuning circu it w il l  s ligh tly  
a lter the position at which the signals w i l l  be received with maximum strength. In 
moving the tuning knob you w il l  notice that the signals from the o sc illa to r do not 
spread over as broad an area of tuning condenser rotation as in the case of the 
grid leak detector. This indicates that biased detectors do not Impose such a load 
on the tuning c ircu it as grid leak detectors and consequently result in a greater 
degree of s e le c t iv ity .

(See A.R.T.C. Service Engineering Course - Lesson No.32.)
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involves alterations only to the 135 valve.  These alterations are indicated in 
Figure 18.  In place of the grid leak and condenser in the grid circuit of the 
1S5, a .01 mfd. condenser is included in the tuning circuit and a connection taken 
from the lower end of the 89 turn coil to the 3 volt tapping on the "C" battery. 
In this way, the valve receives a large amount of negative bias so that it amplifies 
the positive half cycles of signal voltage reaching it and suppresses the negative 
half cycles.  This causes it to act as a detector but you will find that it does not 
give cuite as great a degree of amplification as did the grid leak detector. 

Before making any alterations to the wiring of the 135 valve,be sure 
to disconnect 

B  45v 

the "B" battery wires and turn off the switch on the oscillator. It is 
.01  not necessary to remove all tubes 

To 
1T4 Grid 

  but it is advisable to remove the 
155.  After making the alterations, 
switch your multimeter to "D.C.", 
plug the negative test lead in the 
minus socket and clip this to the 
chassis of the receiver.With the 
positive test lead, measure the 
voltages at the pins of the 185. 
At pin 7 there should be a reading 
of 1.5 volts when the switch on the 
oscillator is turned on.  At pins 

4 and. 5 there should be full B 
battery voltage and at pin 6 the 
needle àlould move backward.  To 
measure this voltage, clip the 
positive test lead to the metal 
chassis and touch pin 6 on the 
socket with the negative test lead. 
The meter should indicate a value 
of 3 volts by the needle moving 
three graduations across the scale. 

FIGURE  18.  If these voltages check 
correctly, you should remove the 

negative test lead from the multimeter, switch it back to °A.O.H, clip the positive 
test lead back to one of the pins on the 15.5 valve socket, such as pin 2, plug in 
the 135 valve and observe the output signal strength.  On no account should you 
alter the setting of the 2,000 ohm potentiometer on the oscillator, otherwise you 
will not be able to compare the output voltage obtained in this and the succeeding 
experiment with that obtained in experiment 14.  When you switch on the equipment, 
you will probably hear the signals from the oscillator coming through weakly but 
it will be necessary to readjust the tuning condenser on the receiver, to tune the 
signals to their maximum strength once more, before you judge the strength of output 
obtained.  The presence of the .01 mfd. condenser in the tuning circuit will slightly 
alter the position at which the signals will be received with maximum strength. In 
moving the tuning knob you will notice that the signals from the oscillator do not 
spread over as broad an area of tuning condenser rotation as in the case of the 
grid leak detector.  This indicates that biased detectors do not impose such a load 
on the tuning circuit as grid leak detectors and consequently result in a greater 
degree of selectivity. 

(See A.R.T.C. Service Engineering Course - Lesson No.32.) 
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When you have tuned the signals to maximum strength, you w ill probably 
obtain a reading of about 17 volts output on the 50 vo lt  A.C. range of your 
multimeter.

As a point cf in terest, you should experiment by touching the lead from 
the lower end of the 89 turn co il to  various other tappings on the "C" battery. 
You may pcssibly find that you obtain, s ligh tly  better results by using the 1.5volt 
tapping, but xhen connecting to  the positive terminal, or to  the minus 4.5 vo lt 
terminal, the results w i l l  not be as good.

EXIERIEEKP 16. RECEIVER V/ITE DIODE DETECTOR,

This experiment consists cf rewiring the 1S5 valve so that the dicde 
detector element is used.

Prom Figure 19 you w ill  observe that signals are applied to  the dicde 
plate by means of the .0001 mfd. condenser and that the two outer terminals of 
the 1  megohm potentiometer are used to connect it  between the diode plate and 
pin 1 cn the valve socket so that i t  acts as a dicde load. There should be no 
connection to  the centre lug on the potentiometer. Another alteration  is to  
substitute the 2 megohm res is to r fo r the .5 meg res is to r previously connecting 
to  pin 6 cn the 1T4 valve socket, as sham in Figure 17, so that the .5 meg. 
res is tor becomes available to use as a radio frequency f i l t e r ,  in conjunction 
with the .001 mfd. condenser drawn near the top cf Figure 19.

The action of this circu it is 
that the modulated R.F. signals 
applied to  the diode plate are de­
tected and an audio frequency v o lt ­
age, together with the radio f r e ­
quency signal vo ltage,is  available 
at pin 3 cn the 1S5 socket. We do 
not wish the radio frequency vo lt­
age to  pass on to the audio ampli­
fy in g  stages and although both s ig ­
nals are applied through the . QLmfd. 
condenser and .5meg res istor, the 
reactance of the .001 nfa.condensor 
fo llow ing this resistance, is so low 
that the R.F. signals are bypassed 
through it  to chassis, where they 
have no e ffe c t . The audio frequency 
signals experience a high reactance 
in the condenser,due to  their lower 
frequency, and consequently cannot 
pass through it  but instead are 
applied to the grid of the 1T4 and 
eventually reach the loudspeaker.
To carry out the a lterations, you 
should turn c ff  the switch cn the 

osc illa to r, disconnect the wires from the B battery and disconnect any wires from 
pins 6 and 4 on the 1S5 valve socket. It  does not matter i f  the wire from pin 5 
on this socket is l e f t  connected to  the .001 mfd. condenser and ircn cored trans­
former as these parts w ill not influence the performance of the diode detector in
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#01 .5 me g .

B + 45v 
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When you have tuned the signals to maximum strength, you will probably 
obtain a reading of about 17 volts output on the 50 volt A.C. range of your 
malt imeter. 

As a point e interest, you should experiment by touching the lead from 
the lower end of the 89 turn coil to various other tappings on the "C" battery. 
You may possibly find. that you obtain slightly better results by using the 1.5volt 
tapping, but vben connecting to the positive terminal, or to the minus 4.5 volt 
terminal, th a results will not be as good. 

EXPERIVErT 16.  RECEIVER VTITH DIODE DETECTOR.,  

This experiment consists e rewiring the 1S5 valve so that the di ode 
detector element is used. 

From Figure 19 you will observe that signals are applied to the diode 
plate by means of the .0001 mfd. condenser and -that the two outer terminals of 
the 1 megohm potentiometer are used to connect it between the diode plate and 
pin 1 on the valve socket so that it acts as a diode load.  There should be no 
connection to the centre lug on the potentiometer.  Another alteration is to 
substitute the 2 megohm resistor for the .5 meg resistor previously connecting 
to pin 6 on the 1T4 valve socket, as shown in Figure 17, so that the .5 meg. 
resistor becomes available to use as a radio frequency filter, in conjunction 
with the .001 mfd. condenser drawn near the top of Figure 19. 

MITRE 19.  

6 

.01  .5 meg. 

. 001 
135  - - - 

4  ; 

1T4 

1 

meg. 

- 1.5v. 

_411   

+ 45v 

The action of this circuit is 
that the modulated R.F. signals 
applied -to the diode plate are de-
tected and an audio frequency volt-
age,together with the radio fre-
quency s igual voltage, is available 
at pin 3 on the 1S5 socket. We do 
not wish the radio frequency volt-
age to pass on to the audio ampli-
fying stages and although both sig-
nals are applied through the .01mfd. 
condenser and .5meg resist , the 
reactance of the .001 mfd.condenser 
following this resistance lis soles/ 
that the R.F. signals are bypassed 
through it to chassis, where they 
have no effect. The audio frequency 
signals experience a high reactance 
in the condenser,due to their lower 
frequency, and consequently cannot 
pass through it but instead are 
applied to the grid of the 1T4 and 
eventually reach the loudspeaker. 
To carry out the alterati ons, you 
should turn off the switch on the 

oscillator, disconnect the wires from -the B battery and disconnect any wires from 
pins 6 and 4 on the 1S5 valve socket.  It does not matter if the wire from pin 5 
an this socket is left connected to the .001 mfd. condenser and ir ai cored trans-
former as these parts will not influence the performance of the diode detector in 
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any way. For this reason, they are shown in  dotted lines in  Figure 19 .

On completing the alterations, you may connect the B battery and turn 
on the switch. On measuring the vo ltages ,' you should obtain a reading of i j  
graduations at pin 7> no reading at pins 1, 6 or 1|, but there w i l l  of course 
s t i l l  be a voltage at pin 5, obtained through the choke.

I f  the voltages are correct, plug in the IS5 valve and again carefu lly  
readjust the tuning condenser fo r  loudest signals before judging their strength 
on the scale of your output meter. Due to the fact that a diode detector does 
not provide any amplification of the signals, the signals w i l l  be much weaker 
than in the previous experiments and you can expect an output voltage o f only 
about 1 vo lt on your output meter scale. As this voltage is  so small the needle 
w i l l  not move fa r , but do not plug the positive test lead into the 10 vo lt socket 
instead of the 5>0 vo lt socket fo r  this w i l l  a lter the load imposed by the meter on 
the 3SU output valve and w i l l  not provide a fa ir  comparison between the results.

(See A.R.T.C. Service Engineering Course - Lesson No. 32.)

EXPERIMENT 17. RECEIVER T/ITH DIODE DETECTOR AND A.F. AMPLIFIER.

In order to compensate fo r  the fact that a diode detector w i l l  not amplify 
signals, i t  is  customary practice to have diode detectors bu ilt into the same glass 
envelope as a triode or pentode am plifier. The re la t iv e ly  weak signal output from 
the diode detector can be amplified by the pentode section o f the IS5 before being 
applied to the ITU and 3SU. Figure 20 shews how the 1S< should be wired to accomp­
lish  th is . You w i l l  notice that the signals emerging from the .5 meg res istor and 
.001 mfd. condenser, instead of being applied d irec tly  to the grid of the ITU, are noi 
applied to the grid of the IS5 at pin No.6. This valve w i l l  then amplify the s ig ­
nals and they w i l l  emerge from the plate of the 1S5 to be applied to the grid of 
the ITU.

Observe the usual precaution of disconnecting the B battery wires and a fter 
making the a lterations, check the voltages at the pins of the IS5 socket. There 
should, be no reading at pins 1, 3 or $ and there should be fu l l  "B" battery voltage 
at pin U and almost fu l l  voltage at pin

Reset your multimeter as an output meter, plug in the IS5 and once again 
readjust the ’ tuning condenser d ia l to  bring the signals to th e ir 'g rea test strength.
In this case, you mn expect an output o f approximately 11 vo lts , indicating that 
the pentode section of the IS5 has amplified the signals about 11 times.

I f  the valve were operated under more ideal conditions, with a higher B 
battery voltage and a high resistance in  the plate circu it as a plate load, the 
amplification achieved would be much greater than 11 times and in actual practice 
i t  is  customary to obtain just as strong a signal output from a diode and A.F. 
amplifier stage as is  available from a grid leak detector.

EXPERIMENT 18. INFINITE IMPEDANCE DETECTOR.

A type of detector which is  occasionally found in receivers designed fo r  
high quality reproduction is  known as the " in fin ite  impedance detector" and works 
along the lines of a cathode fo llow er am plifier. The audio frequency load resistor 
is  placed in  the cathode or B minus c ircu it instead of being connected d irec t ly  in
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any way.  For this reason, they are shown in dotted lines in Figure 19. 

On completing the alterations, you may connect the B battery and turn 
on the switch.  On measuring the voltages, you should obtain a reading of 1.1--
graduations at pin 7, no reading nt pins 1, 3, 6 or 4, but there will of course 
still be a voltage at pin 5, obtained through the choke. 

If the voltages are correct, plug in the 1S5 valve and again carefully 
readjust the tuning condenser for loudest signals before judging their strength 
on the scale of your output meter.  Due to the fact that a diode detector does 
not provide any amplification of the signals, the signals will be much weaker 
than in the previous experiments and you can expect an output voltage of only 
about 1 volt on your output meter scale.  As this voltage is so small the needle 
will not move far, but do not plug the positive test lead into the 10 volt socket 
instead of the 50 volt socket for this will alter the load imposed by the meter on 
the 354 output valve and will not provide a fair comparison between the results. 

(See A.R.T.C. Service Engineering Course - Lesson No. 32.) 

UPERIMENT 17.  RECEIVER UTTU DIODE DETECTOR AND A.F. AMPLII,'IER. 

In order to compensate for the fact that a diode detector will not amplify 
signals, it is customary practice to have diode detectors built into the same glass 
envelope as a triode or pentode amplifier.  The relatively weak signal output from 
the diode detector can be amplified by the pentode section of the 1S5 before being 
applied to the 1T4 and 354.  Figure 20 shows how the 1S5 should be wired to accomp-
lish this.  You will notice that the signals emerging from the .5 meg resistor and 
.001 mfd. condenser, instead of being applied directly to the grid of the 1T4, are noi 
applied to the grid of the 1S5 at pin No.6.  This valve will then amplify the sig-
nals and they will emerge from the plate of the 1S5 to be applied to the grid of 
the 114. 

Observe the usual precaution of disconnecting the B battery wires and after 
making the alterations, check the voltages nt the pins of the 1S5 socket.  There 
should be no reading at pins 1, 3 or 6 and there should be full "B" battery voltage 
at pin 4 end almost full voltage at pin 5. 

Reset your multimeter as an output meter, plug in the 155 and once again 
readjust the tuning condenser dial to bring the signals to their 'greatest strength. 
In this case, you r.m expect an output of approximately 11 volts, indicating that 
the pentode section of the 1S5 has amplified the signals about 11 times. 

If the valve were operated under more ideal conditions, with a higher B 
battery voltage and a high resistance in the plate circuit as a plate load, the 
amplification achieved would be much greater than 11 times and in actual practice 
it is customary to obtain just as strong a signal output from a diode and A.F. 
amplifier stage as is available from a grid leak detector. 

EXŒRIMENT 18.  INFINITE IMPEDANCE DETECTOR.  

A type of detector which is occasionally found in receivers designed for 
high quality reproduction is known as the "infinite impedance detector" and works 
along the lines of a cathode follower amplifier.  Tie audio frequency load resistor 
is placed in the cathode or B minus circuit instead of being connected directly in 
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the plate c ircu it. Figure 2 1  shows how the 1S5 pentode section may be wired to  
operate in this fashion, Chce' again, i t  w i l l  be necessary to  employ the 1.5 volt 
c e l l ,  normally used fo r  the ohms ranges of your multimeter, fo r  furnishing "A" 
battery current fo r  the 1S5.

The valve rea lly  acts in a way as a biased detector, the bias being provided 
by the voltage drop due to  plate current passing through the .5 meg. res is tor con­
nected between the valve filament and chassis.

On making the a lterations, and checking voltages, there should be no read­
ing on pins 1, 7, 3 or 6 but a reading of fu l l  battery voltage at pins 4 and 5. I f

these readings are correct, 
plug in the valve and again 
measure the voltage at pins 
1  and 7. in th is case you 
w i l l  obtain a reading of a 
feu volts due to the voltage 
drop across the .5 meg. re­
s is to r  when the tube's plate 
current passes through i t .

With the osc illa to r 
switched on, retune to  pro­
duce maximum output and in 
this case you w il l  find a 
reading much the same as 
that obtained with a diode 
detector. You w ill  probably 
get a reading of about .95 
vo lts , indicating that a l­
though we are using the pen­
tode section of the tube i t  
provides no audio frequency 
amplification due to  the fact 
that a l l  of the load re s is t­
ance is in the cathode c ir ­

cuit and so, lik e  a cathode fo llow er A.F. am plifier,the valve w il l  not amplify s ig ­
nals at a l l .  Because of th is lack of amplification, the c ircu it arrangement is not 
often used but i t  is capable of providing better detection, with greater freedom 
from d istortion  than can be obtained even with a diode detector.

EXERg.TEM1 19. IvlUIT I-VIBRAT OR.

The A.F. and R.F. oscilla tors we have constructed up to  date have ■all been 
designed to  produce signals at one particular frequency. However, i t  is possible to 
set up a pair of valves in what is called a "m ulti-vibrator c ircu it" which w il l  pro­
vide signals over an enormous range of frequencies simultaneously. The frequency 
range covers not only the audio frequency band but also the radio frequency band.
A circuit diagram fo r  achieving this is shown in Figure 22. The purpose of a multi­
vibrator is  to  sim plify the adjustment of padding condensers in superheterodyne 
receivers. The normal method of a lign ing the padding condenser with an ordinary test 
o sc illa to r is somewhat tedious and is explained in A .R.T .C .Service Engineering Course 
Lesson 49. A quicker way is  to  use a multi-vibrator as a source of signals and 
simply to adjust the padding condenser until the strongest sounds are heard from the
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the plate circuit.  Figure 21 shows how the 135 pentode section may be wired to 
operate in this fashion.  Once .again, it will be necessary to employ the 1.5 volt 
cell, normally used for the ohms ranges of your multimeter, for furnishing "A" 
battery current for the 1S5. 

The valve really acts in a way as a biased detector, the bias being provided 
by the voltage drop due to plate current passing through the .5 meg. resistor con-
nected between the valve filament and chassis. 

On making the alterations, 
ing  on pins 1, 7, 3 

o  

.5 
meg 

o  
A 

.001  - 

-47  5  T 

and checking voltages, there should be no read-
or 6 but a reading of full battery voltage at pins 4 and 5. If 

these readings are correct, 
,~̂ AA    .01  plug in the valve and again  

B-145V 

1T4 

6 

C-1.5V 

FIGURS: 20.  

measure the voltage at pins 
1 and 7.  In this case you 
will obtain a reading of a 
few volts due to the voltage 
drop across the .5 meg. re-
sistor when the tube's plate 
current passes through it. 

7ith the oscillator 
switched on, retune to pro-
duce maximum output and in 
this case you will find a 
reading much the same as 
that obtained with a diode 
detector. You will probably 
get a reading af about .95 
volts, indicating that al-
though we are using the pen-
tode section of the tube it 
provides no audio frequency 
amplification due to the fact 
that all of the load resist-
ance is in the cathode cir-

cuit and so  like a cathode follower A.F. amplifier ethe valve will not amplify sig-
nais at all.  Because of this lack of amplification, the circuit arrangement is not 
often used but it is capable of providing better detection, with greater freedom 
from distorti on than can be obtained even with a diode detector. 

EX MR L'.7,11T 19.  IIMIT I-VIBRAT OR  

The A.F. and R.F. oscillators re have constructed up to date have all been 
designed to produce signals at one particular frequency. licuever, it is possible to 
set up a pair of valves in what is called a "multi-vibrator circuit" which will pro-
vide signals over an enormous range of frequencies simultaneously.  The frequency 
range covers not only the audio frequency band but also the radio frequency band. 
A circuit diagram for achieving this is shown in Figure 22.  The purpose of a multi-
vibrator is to simplify the adjustment of padding condensers in superheterodyne 
receivers. The normal method of aligning the padding condenser with an ordinary test 
oscillator is somewhat tedious and is explained in A.R.T.C.Service Engineering Course 
Lesson 49.  A quicker way is to use a multi-vibrator as a source of signals and 
simply to adjust the padding condenser until the strongest sounds are heard from the 
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receiver 's  loudspeaker. Although we have not constructed a superheterodyne receiv­
er to employ the multi-vibrator with, i t  is interesting to build i t  to hear the 
type o f sound which emerges from i t  and to confirm the fact that its  signals spread 
throughout the fu l l  tuning range o f an ordinary receiver.

You have now completed your tests with the blocking o sc illa to r  and so the 
multi-vibrator may be bu ilt on the small chassis. You w il l  not require the r e c t i fy ­

ing tube fo r  the output meter range 
o f your multimeter fo r  any further 
experiments in this lesson, so you 
can use the two valve sockets on the 
small chassis fo r  the two tubes in ­
dicated in Figure 22.

A fter wiring up the equipment, 
connect the batteries and before 
inserting the valves measure the 
voltages. On the 1 socket the 
readings should be 1 , 5  vo lt at pin 7, 
no readings at pins U and 6, approx­
imately 17 vo lts at pins 2 and 3. In 
the case of the 3SU there should be
1 . 5  volts at pins 1  and 7* no read­
ing at pin 3) and approximately 
15 volts at pins U and 6.

I f  you have an ordinary radio 
receiver available, you may test the 
output o f the multi-vibrator by con­
necting the point marked "C" on 
Figure 22 to the aeria l terminal of 
the receiver. I f  the receiver Is 
switched on, you w i l l  find that you 
can rotate its  tuning condenser from 
one end of the range to the other and 

that you w i l l  hear the signals with approximately equal loudness throughout this 
range. This indicates that the multi-vibrator is  providing signals at a l l  frequen­
cies throughout the broadcast band. The 1 meg potentiemeter can be adjusted to a 
position which allows the greatest output signal strength from the unit.

I f  you do not have an ordinary radio receiver you can test the output of 
the multi-vibrator by applying the signals from terminal "C" on Figure 22 to point 
"C" on the receiver consisting of the in fin ite  impedance detector in Figure 21 and 
the follow ing two stages o f audio amplification, you have just been using.One a lte r­
ation you w i l l  have to make in  this case is  to wire the 5 megohm resistor to the 
grid c ircu it o f the ITU valve in  place of the 2 meg res istor, as the 2 meg resistor 
is  required in the m ulti-vibrator.

I f  the signals are not very loud when using the in fin ite  impedance detector 
as shown in Figure 2 1 , you can increase their loudness considerably by a ltering the 
detector c ircu it o f the receiver back again to a biased detector as shown in Figure
18. Once again, you should notice that the signals o f the multi-vibrator are heard 
at approximately constant loudness regardless of the setting of the tuning condenser.
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receiver s loudspeaker.  Although we have not constructed a superheterodyne receiv-
er to employ the multi-vibrator with, it is interesting to build it to hear the 
type of sound which emerges from it and to confirm the fact that its signals spread 
throughout the full tuning range of an ordinary receiver. 

You have now completed your tests with the blocking oscillator and so the 
multi-vibrator may be built on the small chassis.  You will not recuire the rectify-

ing tube for the output meter range 
of your multimeter for any further 
experiments in this lesson, so you 

1S5 174  can use the two valve sockets on the 
small chassis for the two tubes in-
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receiver available, you may test the 
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switched on, you will find that you 
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After wiring up the equipment, 
connect the batteries and before 
inserting the valves measure the 
voltages.  On the 1R5 socket the 
readings should be 1.5 volt at pin 7, 
no readings at pins L. and 6, approx-
imately 17 volts at pins 2 and 3.  In 
the case of the 3S4 there should be 
1.5 volts at pins 1 and 7, no read-
ing at pin 3, and approximately 
15 volts at pins I. and 6. 

one end of the range to the other and 
that you will hear the signals with approximately equal loudness throughout this 
range.  This indicates that the multi-vibrator is providing signals at all frequen-
cies throughout the broadcast band.  The 1 meg potentiometer can be adjusted to a 
position which allows the greatest output signal strength from the unit. 

If you do not have an ordinary radio receiver you can test the output of 
the multi-vibrator by applying the signals from terminal "C" on Figure 22 to point 
"C" on the receiver consisting of the infinite impedance detector in Figure 21 and 
the following two stages of audio amplification, you have just been using.One alter-
ation you will have to make in this case is to wire the 5 megohm resistor to the 
grid circuit of the 1/4 valve in place of the 2 meg resistor, as the 2 meg resistor 
is required in the multi-vibrator. 

If the signals are not very loud when using the infinite impedance detector 
as shown in Figure 21, you can increase their loudness considerably by alteripg the 
detector circuit of the receiver back again to a biased detector as shown in Figure 
18. Once again, you -should notice that the signals of the multi-vibrator are heard 
at ap,.proximately constant loudness regardless of the setting of the tuning condenser. 
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EXPERIMENT 20. FOUR -VALVE RECEIVER.

Our fin a l experiment in this lesson is  to construct a U-valve receiver 
of the tuned radio frequency type which should enable reception 6f signals from 
broadcasting stations operating on frequencies between 550 and 1,E>00 k ilocyc les, 
provided the stations are not more than about $0 mile s away in daytime or more 
than 200 or 300 miles distant at night.

The c ircu it arrangement of the receiver is  indicated in  Figure 23. You 
w i l l  notice that the ITU valve is  used as a tuned RF am plifier, to amplify signals 
received from the aeria l and earth system before these are applied to the diode 
detector element contained in the 13 f>. A fter the diode plate has detected the 
signals, the audio frequency voltages are fed through the 1 megohm volume control 
to the grid of the 1S£ which acts as an audio frequency am plifier. This tube 
strengthens the signals which are then passed, by resistance coupling, to the grid 
of a 3SU and this tube in turn is  choke coupled to the grid of the fin a l 3SU which 
passes the signals into the loudspeaker.

Automatic Volume Control is  used, employing a c ircu it sim ilar to that 
indicated in Figure 13 of Practical Lesson 7. In fa c t, the c ircu it o f the ITU 
and detector portion of the lSf> is iden tica l with Figure 13 of Practical Lesson 7*

In laying out the parts fo r the receiver, you w i l l  be able to obtain 
quite a lo t  of guidance from Figure 3 of Practical Lesson 7• The socket fo r  the 
IS5 and fo r  the 3SU second audio amplifying stage w i l l  be mounted in  the'positions 
marked on Figure 3 of Lesson 7 wTh ile  the socket fo r  the 3SU output valve, 
feeding the loudspeaker, w i l l  be mounted in the position where the ITU valve socket 
is shown on Figure 3. The choke and A battery switch should be mounted in the 
position illu stra ted  and the 1 megohm potentiometer w i l l  be f it t e d  in the position 
occupied by the 2,000 ohm potentiometer on Figure 3*
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EXPERIMENT 20.  FOUR-VALVE RECEIVER.  

Our final experiment in this lesson is to construct a 4-valve receiver 
of the tuned radio frequency type which should enable reception Of signals from 
broadcasting stations operating on frequencies between 550 and 1,500 kilocycles, 
provided the stations are not more than about 50 miles away in daytime or more 
than 200 or 30e) miles distant at night. 
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FIGURE 22.  
B-1-145V 

The circuit arrangement of the receiver is indicated in Figure 23.  You 
will notice that the 1T4 valve is used as a tuned RF amplifier, to amplify signals 
received from the aerial and earth system before these are applied to the diode 
detector element contained in the 135.  After the diode plate has detected the 
signals, the audio frequency voltages are fed through the 1 megohm volume control 
to the grid of the 155 which acts as an audio frequency amplifier.  This tube 
strengthens the signals which are then passed, by resistance coupling, to the grid 
of a 3S4 and this tube in turn is choke coupled to the grid of the final 334 which 
passes the signals into the loudspeaker. 

Automatic Volume Control is used, employing a circuit similar to that 
indicated in Figure 13 of Practical Lesson 7.  In fact, the circuit of the 1T4 
and detector portion of the 135 is identical with Figure 13 of Practical Lesson 7. 

In laying out the parts for the receiver, you will be able to obtain 
quite a lot of guidance from Figure 3 of Practical Lesson 7. The socket for the 
135 and for the 3S4 second audio amplifying stage will be mounted in the -positions 
marked on Figure 3 of Lesson 7 while the socket for the 354 output valve, 
feeding the loudspeaker, will be mounted in the position where the 1T4 valve socket 
is shown on Figure 3.  The choke and A battery switch should be mounted in the 
position illustrated and the 1 megohm potentiometer will be fitted in the position 
occupied by the 2,000 ohm potentiometer on Figure 3. 
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The aeria l c o i l ,  consisting o f the l£  turn and 89 turn windings, w i l l  
remain in the position indicated in Figure 2 of this lesson, that is ,  near the 
front corner of the chassis but the other c o il,  consisting of the UO turn, 93 turn 
and Up turn windings w i l l  be moved from the position shown in Figure 2 to the other 
front corner of the chassis, being mounted in position by means c f a bolt passing 
down'through the hole in the chassis near the 1S£ valve socket. In mounting the 
c o il,  be careful to rotate i t  so that the upper end o f the 90 turn winding is  not

jammed against the metal frame of the tuning condenser gang. I f  the frame o f the 
gang presses firm ly against the wire i t  may damage the enamel insulation and short 
c ircu it this c o il to the chassis. This would prevent the receiver operating. You 
w i l l  be able to rotate the c o il s lig h t ly  so that i t  is moved over as close as 
possible against the IS5 valve and in this way i t  w i l l  just clear the metal frame 
o f the tuning condenser. I f  there is  any chance of the condenser pressing against 
the top of the c c il you should place a piece of the varnished insulating tape or a 
piece of cardboard between the c o il and the condenser.

The bolt which holds the aeria l c o il in position near the ITU valve 
socket should be removed and replaced by one o f the 1^" long bolts supplied with 
this k it .  This long bolt is  required to support the piece of 5 lug resistor panel, 
which w i l l  be needed to hold the ends c f some of the resistors so that they are 
firm ly supported and cannot move about tc cause accidental short circu its which 
might damage valves or batteries.

You should complete the wiring o f the ITU and IS5 valve sockets before 
mounting the resistor panel in position, otherwise you w i l l  find  i t  d if f ic u lt  to 
pass the wires to and fro  underneath the re s is to r  panel.
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The aerial coil, consisting of the 15 turn and 89 turn windings; will 
remain in the position indicated in Figure 2 of this lesson, that is, near the 
front corner of the chassis but the other coil, consisting of the 40 turn, 9) turn 
and 45 turn windings will be moved from the position shown in Figure 2 to the other 
front corner of the chassis, being mounted in position by means of a bolt passing 
down'through the hole in the chassis near the 1S5 valve socket.  In mounting the 
coil, be careful to rotate it so that the upper end of the 90 turn winding is not 

jammed against the retal frame of the tuning condenser gang.  If the frame of the 
gang presses firmly against the wire it may damage the enamel insulation and short 
circuit this coil to the chassis.  This would prevent the receiver operating.  You 
will be able to rotate the coil slightly so that it is moved over as close as 
possible against the 1S5 valve and in this way it will just clear the metal frame 
of the tuning condenser.  If there is any chance of the condenser pressing against 
the top of the coil you should place a piece of the varnished insulating tape or a 
piece of cardboard between the coil and the condenser. 

The bolt which holds the aerial coil in position near the 1T4 valve 
socket should be removed and replaced by one of the le long bolts supplied with 
this kit.  This long bolt is required to support the piece of 5 lug resistor panel, 
which will be needed to hold the ends of some of the resistors so that they are 
firmly supported and cannot move about to cause accidental short circuits which 
might damage valves or batteries. 

You should complete the wiring of the 1m and 1S5 valve sockets before 
mounting the resistor panel in position, otherwise you will find it difficult to 
pass the wires to and fro underneath the resistor panel. 
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WIRING.

When you have mounted the various parts in position, you should commence 
the wiring by completing the connections to the ITU valve socket f ir s t  of a ll.  To 
avoid annoying whistles whenever the receiver is tuned to a station, i t  is most 
important to keep the diode circuit of the 1S£ valve and plate circuit of the ITU 
as far away as possible from the grid wire of the ITU. To provide the greatest poss­
ible separation between the two, the grid lead for the ITU should extend from pin 6 
around the end of the chassis to the top and then pass across in front of the aerial 
co il to the long lug protruding down from the front section of the tuning condenser 
gang. This long lug is re la tive ly  close to the R.F. co il, connected to the diode 
of the IS5 and consequently, to provide as much separation as possible'between this 
lug and the co il the lug should be gently bent towards the aerial co il, thus short­
ening the grid wire from the ITU by half an inch or S3 and at the same time providing 
the maximum possible separation between this point and the R.F. co il. The upper end 
o f the 89 turn tuned winding on the aerial co il should be passed d irectly from the 
top of the co il former to the lug on the tuning condenser making this lead as short 
and direct as possible.

The upper end of the UO tern winding on the R.F. co il should be passed down 
around the front corner of the chassis, hear the 1 megohm potentiometer, and con­
tinued across under the chassis to the plate contact, No.2, on the ITU valve 
socket.

The other connections to the ITU valve socket are not c r it ica l but do not 
forget to see that the centre metal sleeve of the socket is connected to pin No.l 
and then on to the earth wire which is used to link up a ll the points shown with an 
earth symbol on Figure 23.

The wires connecting to the diode plate of the 1S$, that is pin No.3 should 
be kept as short as possible. The .0001 mfd. condenser should be mounted in the 
position indicated in Figure 3 of Practical Lesson 7, the lead from one end passing 
up through the hole in the chassis to the long lug protruding downward from the 
rear section of the tuning condenser. The upper end of the 90 turn winding should 
pass straight across from the top end of the co il to this same tuning condenser 
iug in such a fashion that i t  is as far removed as possible from the other lug 
protruding down from the front section of the gang and connecting to the grid of 
the ITU.

The lower end of the 90 turn co il may be passed down through the hole 
immediately under the centre of the front section of the condenser gang, and can 
be soldered on to the bare 18 gauge copper earth wire passing near this point on 
the chassis. The lower end of the Ip turn co il can be threaded through insulating 
tubing and either passed around the edge of the chassis or through the hole under 
the centre of the front section of the condenser to pin No.U on the 1S5 valve socket. 
This pin is  connected to the positive terminal of the B battery and so plate voltage 
fo r the ITU can be derived through the UO turn co il from this point.

The uppe r end of the 15> turn aerial primary winding oan be passed around 
the edge of the chassis to the aerial terminal which is mounted in the position 
shown in Figure 3 of Lesson 7 and the lower end of this co il can be passed around 
the edge of the chassis and connected to the bare 18 gauge wire at any convenient 
point.
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Uhen you have mounted the various parts in position, you should commence 
the wiring by completing the connections to the 1T4 valve socket first of all.  To 
avoid annoying whistles whenever the receiver is tuned to a station, it is most 
important to keep the diode circuit of the 1S5 valve and plate circuit of the 1m 
as far away as possible from thé grid wire of the 1T4.  To provide the greatest poss-
ible separation between the two, the grid lead for the 1T4 should extend from pin 6 
around the end of the chassis to the top and then pass across in front of the aerial 
coil to the long lug protruding do wn from the front section of the tuning condenser 
gang.  This long lug is relatively close to the R.F. coil, connected to the diode 
of the 1S5 and consequently, to provide as much separation as possiblelbetween this 
lug and the coil the lug should be gently bent towards the aerial coil, thus short-
ening the grid wire from the 1m by half an inch or SD  and at the same time providing 
the maximum possible separation between this point and the R.F. coil.  The upper end 
of the 89 turn tuned winding on the aerial coil should be passed directly from the 
top of the coil former to the lug on the tuning condenser making this lead as short 
and direct as possible. 

The upper end of the 40 turn winding on the R.F. coil should be passed down 
around the front corner of the chassis, hear the 1 megohm potentiometer, and con-
tinued across under the chassis to the plate contact, No.2, on the 1T4 valve 
socket. 

The other connections to the 1m valve socket are not critical but do not 
forget to see that the centre metal sleeve of the socket is connected to pin No.1 
and then on to the earth wire which is used to link up all the points shown with an 
earth symbol on Figure 23. 

The wires connecting to the diode plate of the 185, that is pin No.3 should 
be kept as short as possible.  The .0001 mfd, condenser should be mounted in the 
position indicated in Figure 3 of Practical Lesson 7, the lead from one end passing 
up through the hole in the chassis to the long lug protruding downward from the 
rear section of the tuning condenser.  The upper end of the 90 turn winding should 
pass straight across from the tep end of the coil to this same tuning condenser 
lug in such a fashion that it is as far removed as possible from the other lug 
protruding down from the front section of the gang and connecting to the grid of 
the 1T4. 

The lower end of the 90 turn coil may be passed down through the hole 
immediately under the centre of the front section of the condenser gang, and can 
be soldered on to the bare 18 gauge copper earth wire passing near this point on 
the chassis.  The lower end of the 4) turn coil can be threaded through insulating 
tubing and either passed around the edge of the chassis or through the hole under 
the centre of the front section of the condenser to pin Mo.4 on the 1S5 valve socket. 
This pin is connected to the positive terminal of the B battery and so plate voltage 
for the lT4 can be derived through the 40 turn coil from this point. 

The upnar end of the 15 turn aerial primary winding oan be passed around 
the edge of the chassis to the aerial terminal which is mounted in the position 
shown in Figure 3 of Lesson 7 and the lower end of this coil can be passed around 
the edge of the chassis and connected to the bare 18 gauge wire at any convenient 
point. 
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Once the wiring has been completed up to this stage, you should mount the 
5 lug resistor strip in position under the chassis, on the end of the long I f "  
bolt protruding downward from the aerial co il. The bolt should be passed through 
a nut, then one cf the holes in the strip  near one end, then another nut and the 
strip should extend along, parallel to the front flange of the chassis, toward the 
155 valve socket.

I t  w ill be necessary to bend up the two lugs on the resistor panel nearest 
to the battery switch to prevent these lugs from short circuiting to the battery 
switch contacts. One of these bent up lugs can be used for terminating the wire 
from the bottom end of the 89 turn tuned winding on the aerial co il. This wire 
should be passed through insulated sleeving and brought around the front corner of 
the chassis to reach one of the bent up lugs. The .02 mfd. condenser can be con­
nected with one end to this lug and the other end connected to the earth wire. In 
most tubular condensers one end is marked "outside fo i l"  or has a heavy black line 
marked around i t .  This is  the end which should connect to the earth wire.

One end of the 5 rneg resistor should be soldered d irectly to pin No,3 on the 
155 valve socket and its  other end can be extended, by means of a piece of 
hook-up wire or bare wire covered with insulating tubing, to reach the point where 
the lead from the lower end of the 89 turn co il connects to the resistor panel. It 
Is important to place the 5 rneg resistor as close as possible to pin 3 on the 1S5 
valve socket. The .01 mfd. condenser coupling audio frequency signals from pin 3 
on the 155 socket to the 1 megohm potentiometer should have one end d irectly sold­
ered to lug 3 on the valve socket and the end marked "outside fo i l "  soldered to 
one of the outer lugs on the 1 megohm potentiometer. The lug used should be the one 
in the position corresponding to the unused lug on the 2,000 ohm potentiometer 
illustrated in Figure 3 of Lesson 7- That is , the le f t  hand lug.

The location of the other parts, associated with the plate of the 155 and 
the two 35U valves, is not at a ll  important and the parts may be fitted  in in 
the most convenient positions.

The 1 meg and .1 megohm resistors connecting to the control grids of the 
3SU valves should have one end d irectly  soldered on to the valve sockets at lug 3 
and the other ends, which are to be connected to the bj, vo lt negative terminal of 
The C battery can be soldered to two of the lugs on the resistor panel to support 
the resistors securely. A length of hook-up wire can then be extended from the 
resistor panel to the C battery so that any pull on this wire w ill  not dislodge the 
resistors,

I t  w ill  be noticed that three ,001 mfd, condensers are connected from the 
plate of the 1S5 to the chassis. These condensers are necessary to bypass any 
radio frequency signals which may reach the plate of this valve as the f i l t e r  in 
the grid c ircu it, consisting of the 75*000 ohm resistor and ,0001 mfd. condenser 
w ill  not be completely e ffective in removing carrier voltage from the grid of the
155.

■/hen f ir s t  wiring the receiver, do not Include the 5*000 ohm resistor shown 
at the extreme le f t  of Figure 23 nor the ,01 mfd. condenser shown In dotted lines 
at the extreme right.

Once you have completed the wiring, check i t  through very carefully again
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Once the wiring has been completed up to this stage, you should mount the 
5 lug resistor strip in position under the chassis, on the end of the long le 
bolt protruding downward from the aerial coil.  The bolt should be passed through 
a nut, then one cf the holes in the strip near one end, then another nut and the 
strip should extend along, parallel to the front flange of the chassis, toward the 
135 Valve socket. 

It will be necessary to bend up the two lugs on the resistor panel nearest 
to the battery switch to prevent these lugs from short circuiting to the battery 
switch contacts.  One of these bent up lugs can be used for terminating the wire 
from the bottom end of the 89 turn tuned winding on the aerial coil.  This wire 
should be passed through insulated sleeving and brought around the front corner of 
the chassis to reach one of the bent up lugs.  The .02 mfd. condenser can be con-
nected with one end to this lug and the other end connected to the earth wire.  In 
most tubular condensers one end is marked "outside foil" or has a heavy black line 
marked around it.  This is the end which should connect to the earth wire. 

One end of the 5 meg resistor should be soldered directly to pin No.3 on the 
135 valve socket and its other end can be extended, by means of a piece of 
hook-up wire or bare wire covered with insulating tubing, to reach the point where 
the lead from the lower end of the 89 turn coil connects to the resistor panel.  It 
is important to place the 5 meg resistor as close as possible to pin 3 on the 1S5 
valve socket.  The .01 mfd. condenser coupling audio frequency signals from pin 3 
on the 135 socket to the 1 megohm potentiometer should have one end directly sold-
ered to lug 3 on the valve socket and the end marked "outside foil" soldered to 
one of the outer lugs on the 1 me ohm potentiometer.  The lug used should be the one 
in the position corresnonding to the unused lug on the 2,000 ohm potentiometer 
illustrated in Figure 3 of Lesson 7. That is, the left hand lug. 

The location of the other parts, associated with the plate of the 135 and 
the two 3.34 valves, is not at all important and the parts may be fitted in in 
the most convenient positions. 

The 1 meg and .1 negohm resistors connecting to the control grids of the 
334 valves should have one end directly soldered on to the valve sockets at lug 3 
and the other ends, which are to be connected to the 4-?t volt negative terminal of 
The C battery can be soldered to two of the lugs on the resistor panel to support 
the resistors securely.  A length of hook-up wire can then be extended from the 
resistor panel to the C battery so that any pull on this wire will not dislodge the 

resistors. 

It will be noticed that three .001 mfd. condensers are connected from the 
plate of the 135 to the chassis.  These condensers are necessary to bypass any 
radio frequency signals which may reach the plate of this valve as the filter in 
the grid circuit, consisting of the 75,000 ohm resistor and .0001 nfd, condenser 
will not be completely effective in removing carrier voltage from the grid of the 

135. 

Uhen first wiring the receiver, do not include the 5,000 ohm resistor shown 
at the extreme left of Figure 23 nor the .01 mfd. condenser shown in dotted lines 
at the extreme right. 

Once you have completed the wiring, check it through very carefully again 
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in conjunction with Figure 23, to see that i t  is  carried out correctly and that a ll 
wires are included. It  is  quite, a good idea to put a pencil mark on each part 
shown in Figure 23 and on each wire as you proceed with the wiring. In this way, 
in checking over, i f  you find any parts or wires on the circuit which are not 
marked, this w ill  indicate that you may have forgotten to include them in the 
receiver.

CHECKING.

Before using your multimeter fo r checking the circu it, restore i t  to its  
original condition by removing the piece of wire joining lugs 8 and 12 cn the multi­
meter switch and also remove any wire which ijiay be connected to lug No. 2 on this 
switch. Also, you should connect one of your 1.5 vo lt cells back into the ohmmeter 
circuit of your multimeter.

Before connecting the batteries or inserting the valves, plug your test 
leads in the sockets on the multimeter marked "High Ohms" and adjust the ohmmeter 
needle to zero by touching the leads together. Next clip one of the leads to the 
metal chassis of the receiver or to the bare earth wire so that i t  makes a good 
connection. Touch the other ohmmeter lead to the lengths of hook-up wire you have 
brought out for connection to the batteries. This lead when touched to the wire 
for the positive terminal of the B battery, the positive terminal of the A battery 
or the negative terminals o f the C battery should give no reading. I f  there is a 
reading obtained at any of these points, i t  indicates a short circuit in your 
wiring which must be corrected before you connect the batteries.

I f  no short circuits are indicated, you may connect the batteries to the 
leads and measure the voltages at the various pins on the valve sockets.

I f  your wiring is  correct, you should obtain the following readings when the 
multimeter switch is turned to the position marked "+50 vo lts ".

ITU. Pins 1, 5, U and 6 no reading. Pin 7j 1*5 vo lts . Pins 2 and 3, U5> volts.

IS5. Pins 1, 2, 3 no reading. Pin U, U5 volts. Pin 5> approximately 1% volts.
Pin 6, no movement or a very slight backward movement which w ill  alter sligh tly  in 
value as the 1 megohm potentiometer is rotated.

3SU. pin 5, no reading. Pins 1 and J} Ig- volts. Pin 3, a very slight backward 
movement of the needle. Pin 6, 1 or 2 volts less than fu ll B battery voltage.
Pin U, fu ll  B battery voltage. The readings obtained when checking the voltages 
on the socket fo r the second 3SU valve should be the same as those for the f ir s t  
33U with the exception that the backward movement of the needle at lug 3 should 
be s ligh tly  greater.

I f  you obtain an indication which does not agree with the figures listed  above, 
carefully check through the wiring associated with the particular valve socket 
contact at which the wrong reading is obtained, to locate where the fault ex ists .

After you have obtained readings similar to those mentioned, above, you may 
safely insert the valves but make sure that you only place the valves In the 
sockets intended for them. Inserting a valve in the wrong socket could possibly
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in conjunction with Figure 23, to see that it is carried out correctly and that all 
wires are included.  It is quite, a good idea to put a pencil mark on each part 
shown in Figure 23 and on each wire as you proceed with the wiring.  In this way, 
in checking over, if you find any parts or wires on the circuit which are not 
marked, this will indicate that you may have forgotten to include them in the 
receiver. 

CHECKING. 

Before using your multimeter for checking the circuit, restore it to its 
original condition by removing the piece of wire joining lugs 8 and 12 on the multi-
meter switch and also remove any wire which pay be connected to lug Yo. 2 on this 
switch.  Also, you should connect one of your 1.5 volt cells back into the ohmmeter 
circuit of your multimeter. 

Before connecting the batteries or inserting the valves, plug your test 
leads in the sockets on the multineter marked "High Ohms" and adjust the ohmmeter 
needle to zero by touching the leads together.  Next clip one of the leads to the 
metal chassis of the receiver or to the bare earth wire so that it makes a good 
connection.  Touch the other ohmmeter lead to the lengths of hook-up wire you have 
brou7ht out for connection to the batteries.  This lead when touched to the wire 
for the positive terminal of the D battery, the positive terminal of the A battery 
or the negative terminals of the C battery should give no readinu.  If there is a 
reading obtained at any of these points, it indicates a short circuit in your 
wiring which must be corrected before you connect the batteries. 

If no short circuits are indicated, you may connect the batteries to the 
leads and measure the voltages at the various pins on the valve sockets. 

If your wiring is correct, you should obtain the following readings when the 
multimeter switch is turned to the position marked "+50 volts". 

1Th. Pins 1, 5, 4 and 6 no reading.  Pin 7, 1.5 volts. Pins 2 and 3, h5 volts. 

1S5. Pins 1, 2, 3 no reading.  Pin 4, 45 volts.  Pin 5 approximately 15 volts. 
Pin 6, no movement or a very slight backward movement which will alter slightly in 
value as the 1 megohm potentiometer is rotated. 

Pin 5, no reading.  Pins 1 and 7,  volts. Pin 3, a very slight backward 
movement of the needle.  Pin 6, 1 or 2 volts less than full B battery voltage. 
Pin he full B battery voltage.  The readings obtained when checking the voltages 
on the socket for the second 3Sh valve should be the sane as those for the first 
3014 with the exception that the backward movement of the needle at lug 3 should 
be slightly greater. 

If you obtain an indication which does not agree with the figures listed above, 
carefully check through the wiring associated with the particular valve socket 
contact at which the wrong reading is obtained, to locate where the fault exists. 

After you have obtained readings similar to those mentioned above, you may 
safely insert the valves but make sure that you only place the valves in the 
sockets intended for them.  Inserting a valve in the wrong socket could possibly 
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damage the va lve .

On connecting an aeria l and earth to the receiver, i t  should be capable of 
reproducing signals from any broadcasting station within a distance o f about UO 
or $0 miles in daylight, although this range w il l  be considerably increased at 
night time due to  the fact that signals from broadcasting stations are not atten­
uated as rapidly at night as in the daytime and consequently cover greater distances.

I f  you obtain a squeal or whistle as you tune into each broadcasting station, 
you should f i r s t ly  check to see that the irstal sleeve in the centre of each valve 
socket is  connected to the earth wire and also to see that the grid wire o f the 
ITU valve is  separated as much as possible'from the plate wire o f this valve or 
the diode load of the 1S5>. Connecting a 5*000 ohm resistor between the aeria l and 
earth terminals, as indicated by dotted lines at the le f t  of Figure 23, may prove 
e ffe c t iv e  in preventing osc illa tion  without substantially weakening signal strength. 
I f  the presence of this resistor does not eliminate the whistle then i t  w i l l  be 
necessary fo r  you to connect the 50,000 ohm'resistor from pin 6 on the ITU valve 
socket to the lower end of the 89 turn c o il,  where this is soldered onto the re s is t­
or panel. In other words, you connect the 50,000 ohm resistor in p ara lle l with the
89 turn winding on the aeria l c o il.  The presence o f this resistor w i l l  reduce the 
c o il 's  e ffic ien cy  so that the s e le c t iv ity  of the receiver w i l l  not be as great but 
i t  w i l l  almost certain ly eliminate any whistles.

As an a lternative, the 5:0,000 ohm resistor could be connected across the
90 turn winding by soldering one end on to the centre top lug protruding from the 
top of the rear section of the tuning condenser and the other end o f the resistor 
to the frame of the condenser. In this p o s it ion ,,it  w i l l  not decrease the se lec t­
iv i t y  quite as much as when connected across the 89 turn c o il nor w il l  i t  be quite 
as e ffe c t iv e  in eliminating whistles. I f  i t  is  necessary to use th is 50,000 ohm 
resistor i t  should be tried  in both positions to determine where i t  is most e f fe c t ­
ive without reducing the receiver 's  s e le c t iv ity  to an unnecessarily great degree.

ALIGMEMT.

I f  your receiver is  capable of picking up signals from a number o f stations, 
you should choose a station which can be received with the tuning condenser plates 
turned as fa r as possible out of mesh. You should then adjust the trimmer 
condensers mounted on top of the tuning'condenser gang, as explained In connection 
with experiment 3 of Practical Lesson J, un til the signals are received as loudly 
as possible. I f  either o f the trimmer condensers has to be screwed fu l ly  up, you 
should move the main tuning condenser plates a l i t t l e  further into mesh and then 
readjust both trimmers. S im ilarly, i f  either of the trimmer condensers needs to 
be fu lly  unscrewed, you should turn the tuning condenser plates a l i t t l e  further 
out of mesh and then readjust both trimmers.

TIhon the receiver is  operating, you should tune in the signals from a broad­
casting station and connect the .01 mfd. condenser, shown in dotted lines at 
the right hand side o f Figure 23, from pin 6 on the output 3SU to chassis. When 
you connect the condenser you w i l l  find that the treble notes are reduced some­
what in loudness but the tone quality may be more pleasing under these conditions 
than with the condenser omitted. You may then please yourself whether you 
solder in the .01 mfd. condenser or not.
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damage the valve. 

On connecting an aerial and earth to the receiver, it should be capable of 
reproducing signals from any broadcasting station within a distance of about 40 
or 50 miles in daylight, although this range will be considerably increased at 
night time due to the fact that signals from broadcasting stations are not atten-
uated as rapidly at night as in the daytime and consequently cover greater distances. 

If you obtain a squeal or whistle as you tune into each broadcasting station, 
you should firstly check to see that the metal sleeve in the centre of each valve 
socket is connected to the earth wire and also to see that the grid wire of the 
1T4 valve is separated as much as possible -from the plate wire of this valve or 
the diode load of the 1S5.  Connecting a 5,000 ohm resistor between the aerial and 
earth terminals, as indicated by dotted lines at the left of Figure 23, may prove 
effective in preventing oscillation without substantially weakening signal strength. 
If the presence of this resistor does not eliminate the whistle then it will be 
necessary for you to connect the 50,000 ohm -resistor from pin 6 on the 1T4 valve 
socket to the lower end of the 89 turn coil, where this is soldered onto the resist-
or panel.  In other words, you connect the 50,000 ohm resistor in parallel with the 
89 turn winding on the aerial coil.  The presence of this resistor will reduce the 
coil's efficiency so that the selectivity of the receiver will not be as great but 
it will almost certainly eliminate any whistles. 

As an alternative, the 50,000 ohm resistor could be connected across the 
90 turn winding by soldering one end on to the centre top lug protruding from the 
top of the rear section of the tuning condenser and the other end of the resistor 
to the frame of the condenser.  In this position„it will not decrease the select-
ivity quite as much as when connected across the 89 turn coil nor will it be quite 
as effective in eliminating whistles.  If it is necessary to use this 50,000 ohm 
resistor it should be tried in both positions to determine where it is most effect-
ive without reducing the receiver's selectivity to an unnecessarily great degree. 

ALIGNMENT. 

If your receiver is capable of picking up signals from a number of stations, 
you should choose a station which can be received with the tuning condenser plates 
turned as far as possible out of mesh.  You should then adjust the trimmer 
condensers mounted on top of the tuning condenser gang, as explained in connection 
with experiment 3 of Practical Lesson 7, until the signals are received as loudly 
as possible.  If either of the trimmer condensers has to be screwed fully up, you 
should move the main tuning condenser plates a little further into mesh and then 
readjust both trimmers.  Similarly, if either of the trimmer condensers needs to 
be fully unscrewed, you should turn the tuning condenser plates a little further 
out of mesh and then readjust both trimmers. 

7.111cn the receiver is operating, you should tune in the signals from a broad-
casting station and connect the .01 mfd. condenser, shown in dotted lines at 
the right hand side of Figure 23, from pin 6 on the output 3S4 to chassis.  When 
you connect the condenser you will find that the treble notes are reduced some-
what in loudness but the tone quality may be more pleasing under these conditions 
than with the condenser omitted.  You may then please yourself whether you 
solder in the .01 mfd. condenser or not. 
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Although only a U5 vo lt B battery is  furnished with your course, you can 
considerably increase the loudness of sounds from the receiver by operating the 
set with a 67^ vo lt supply. This can be achieved by either purchasing a 22i 
vo lt battery or a 67% vo lt battery to replace the vo lt unit. I f  the B 
battery voltage is  increased to 67!  v o lts , i t  w i l l  also be necessary to increase 
the C battery voltage applied to the grids of the 3SI4 valves, from hk volts to
7.5 vo lts . This w i l l  necessitate purchasing a 9 vo lt C battery as w e ll.

I f  you have wound the co ils  carefu lly  and followed the instructions in 
this lesson accurately, your receiver should perform quite w ell and compare 
with any other I4. - valve TRF type o f receiver. However, the sen s itiv ity  w il l  
net be quite as great as that obtained with commercial h - valve superheterodyne 
receivers.
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Although only a 45 volt B battery is furnished with your course, you can 
considerably increase the loueness of sounds from the receiver by operating the 
set with a 67  volt supply.  This can be achieved by either purchasing a 221. 
volt battery or a 6'P-7- volt battery to replace the 45 volt unit.  If the B 
battery voltage is increased to 67-,15- volts, it will also be necessary to increase 
the C battery voltage applied to the grids of the 354 valves, from L volts to 
7.5 volts.  This will necessitate purchasing a 9 volt C battery as well. 

If you have wound the coils carefully and followed the instructions in 
this lesson accurately, your receiver should perform quite well and compare 
with any other 4 - valve TRY type of receiver.  However, the sensitivity will 
nct be quite as great as that obtained with commercial 4 - valve superheterodyne 
receivers. 
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