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Circuit PA-3
In the first of the present
series of Public Address
articles, we described in de-
tail the construction of two
five watt amplifiers suitable
for use at parties or at
other small functions. Last
month we presented a
theoretical article dealing
with loudspeaker networks
and output transformers.
Here is the third article.
This time we describe a
rather novel push-pull ampli-
fier, which can be built
economically and on a small

chassis.

OU will remember that, when
we deseribed the previous
amplifiers PA-1 and PA-2, we
used a chassis having one more
than the necessary number of
valve holes. Although one does
not like to see vacant holes in
a chassis, we had in mind fo
describe other amplifiers using
the same chassis and making
good use of the extra wvalve

socket hole.

One scheme which suggested itself
was to use the extra hole for a pre-
amplifier stage. No doubt many of eur
readers have already done this, When
space permits, we intend to describe a
five-watt amplifier complete with a
preamplifier stage and a vather novel
mixing arrangement, which we have
in mind:

PUSH-PULL AMPLIFIERS

However, we did not consider it wise
to describe another five-watt amplifier
so soon and attention was accordingly
directed to the possibility of construct-
ing, on the particular chassis. a push-
pull antplifier, which would
have a higher power output

As it turned out, the idea proved guire
practicable,

In the design of the amplifier the !avt
was borne in mind that many of our
readars may have built up the amplifier
PA-2, deseribed In the February issue
and may desire to rebuild it to the
push-pull circuit,

Accordingly, we sought (0 arrange
matters so that the new amplifier would
use a 100 milliamp power transformetr,
a bHY3-G rectifier valve, and a loud
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naturally |

Here is the completed push-pull amplifier, built up ‘on the small chassistoriginally

used for the amplifiers PA-1 and PA-2,

The microphone input terminale and volums
control are on tha extreme laft of the chassis.

MNex} comes the changeover switch,

the pick-up terminals and veolume control and finally the tone control.

speaker with a 1000 ohm fleld winding.

Owing to the fact that there was only
room on the chassis for four valves in
all, it was not possible to utilise the
usual push-pull cireuit, which requires
five valves in all. If we were to have
push=-pull output, a totally different cir-
cuit would have to be evolved.

TECHNICAL ASPECTS

However, we have said quite enough
by way of introduction and it remains
tos consider the technical aspects of
the matter. [

In any push-pull amplifier the two
output valves have to be fed with signal
voltages equal in amplitude, but opposite
in phase.

In practise, it is seldom convenient
to have the amplifier push-pull through-
outt, and it s preferable for the amplifier
to bhe capable of operating from a
“single-sided” inpul source. This obvi-
susly necessitates a speecial eircuit ar-
rangement in the ‘amplifier itself to

by W. ”
Williams

develop push-pull signal voltages for
the output valves,

One of the earliest methods of achlev-
ing this was to use a push-pull audio
transformer in the plate ecircuit of the
penultimate amplifier stage, The plate
of this amplifier is fed through the
primary winding of the transformer in
the usual manner, and equal and out-
of-phase yoltages are developed across
the split or centre-tapped secondary
winding.

When resistance coupling became
popular, special resistance coupled cir=-
cuits were eyolved, Chief among thess
were the phase-inverter and the phase-
splitter circuifs.

PHASE-INVERTER AND
PHASE-SPLITTER

The phase-inverter is simply a speeinl
additional stage, which is included fur
the express purpose of developing a1
oui-of-phase signal voltage for one «f
the push-pull valves.

~ Invthe ease of a phase-splitter, on the
WLE'I

1 r hand, a triode valve is operated
. with equal loads in the plate and cathode
"ﬁy",'il'cuits. Across these two loads equal
but out-of-phase signal veltages are de-
veloped This particular eireuit hus
been used a number of fimes in amplifiers
deseribed in “Radioc and Hobhies'
Under ordinary circumstances the
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Anciher view of the chassis. The 6J7-& vollage amplifier is located. as far as possible

frem 1he power tramslormer,

Alongside it is the 5Y3-G reclifiar,
valves are side by side at the rear of the chaidis,

The two oulput
We wora fortundle ancugh lo be

sble 1o obtain can type eleclrolytic condensars, which improved tha appaarance of
the amplifier &nd helped to avoid undus congestion benesth the chasis.

phase-splitter does not contribute mater!-
ally to the overall gain and it has to
be preceded by a high gain audio voli-
age ampllifier stage.

If you want to refresh your memory
on the details of this circuif, have a
look at the 131 watt amplifier on page
30 of the Christmas issue., Note that
the seeond B&J7-(Gi is eonnected us a
triode and has a high resistance load
both In the plate aund the calhode cir-
cuils. The first 6J7-(G operates as a
high gain pentode audio volfage am-
plifier.

A DISADYANTAGE

The disadvaniage of all lhe sehemcs
mentioned is that they necessilate the
nse of an additional major component
—either a bulky and eXpensive audlo
transformer or an exira stage,

On the small chassis in question, if
ig not a proposition to use either an

andio transformer or an edditional
sLape.
Actually, there is more to it than

simmply trying to use a cerfain small
chassis, At the moment, radic parls
are becoming mbre and more scarce,
and there is a real poinl in cconomizing
in parts, and particularly valves. Fur-
thermore, there is alwoys a call for an
amplifier with a fairly high outpul and
capahle of being built up on a small
chiassis,

A NOTHER CIRCUIT

WwWilth this thought In mind, we sef
abour to evolve a reliahle mish-pull
cirenit using the minimum numher of
valves, The idea of . using nulliple
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valves had to be discarded, becau=e
such valves are not made in Australia
and are therefore difficult to procure.
However, to continue: It isa well-known
fact that, In an ordlnary amnplifier
slage, the plate voltage is approximate-
lv 180 degrees out-of-phase with the
grid voltage. The word “approximate-
1¥" 1= used advisedly. since the effect of
any capacilance or inductance in eir-
cuit may be (o calse a cortain amonni
ol phase rotation.

It follows, therefore, Lhat, If the grid

of ane of 8 palr of push-pull output
valves 1s fed In the normal manner,
the gignel voltage for the second could
be *gined Irom the ancde clrcult of
the ffst. All that would be necessary
would be to use a suitable network o
isolate the d-¢ component and to pass
on the correct signal voltage.

Readers will remember that thig
scheme was actnally used in one of our
receivers some time agno, and Imany
readery  seut  in enthusiastic reports
about tlie results they obtained with it.

LOAD CRITICAL

However, the scheine has certain dis=-
advantages which do not make if eun-

tirely sultable for a general purpose
amplifier. Most serious of these s the
fact that the signal voltage Ior the

second valve s dependent ou the out-
put load impedance and variationg of
the latter, accidental or otherwise,
cause varietlons in the signal volage
ta the lower output valve, and cohse-
guently upset the balance of the am-
plifier.

For example, If the load itmpedance
is ever made higher than it should he,
the second or lower oulput valve will
receive more signal vollage than the
firat, and will averload before it. Il Lhe
load resistance is made too low, the
effect iz just the opposite,

Cerlainly negative leedback helps in
this respect, since it tends to keep the
output voltage constant, Lirespective of
variations in the load impedance. How-
ever, it is by ne means a curce-all for
the trotble.

PHASE ROTATION

Anolher point, about which we were
suspicicus, was the matter of phase
rotation, which might cause 1rouble
when tone eompensation was applied.

These matters were duly checked in a
praclieal set-up and the tronbles antici-
pated were actually experienced. It
was found thal the circuit worked well
under proper conditions, but, with in-
colrecet values of oulpul load resisiance
or with tone campensalion applied, the
amplificr was inclined to be unstable.

*

At the rear of the

chaxsis there is lhe
five-pin loudspeaker
wocket, the pawer
oullst  socket and
the mains plug. The
power  transformer

shown s & 100 mA.
type, A heavier
transformer  could
be usad if ane is on
hand. Even an B0
milliamp transformar
would probably
werve, although it
would be operating
under full |oad.

*
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COMPLETE SCHEMATIC CIRCUIT DIAGRAM

RADIO & HOBBIES AMPLIFIER PA-3
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The cemplete schematic circuit diagram,
of tone control utilising negahve feedback,
oblained by increasing the

This should not be construed Lo mean
that Lhe eircuit is not capable ol giving
pood resulig, It simply means that il is
not an ldeal circuit 1o use in a general-
purpose amplifier, which may oceasion-

allv have Lo operale under makoshift
conditions,

Accordingly, some other scheme was
sought, which would not be subject (o
these troubles, The best solution ap-
pears fo be fo derive the nceessary
out-of-phase voliage from the screen
circuit of the upper valve instead of

from the plate cireuit.
LOAD RESISTANCE IN
SCREEN CIRCUIT

When the polential on the grid of an
ordinary cutput valve is varied, the plale
ciirrent and the screen current vary in
the same direction. Thus, when the grid
voltage 13 swung in a positive direction.
the plate current rises and the screen
culrent also rises.

If a load resistor is conaccied in series
with the screen circuit. the variations
in screen curlent set up varistioans in
vollage aeross it. 'These are in phase
with Lthe simullaueous wvariations in
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The unususl features are the method of feeding the lower output valve amd the sysism
As the circuit slands the cutpul is aboul fen wahs but higher pawer cutput could be

voltage on the outpul valves.

plate voltage ahd conseguencly out of
phase with the sigual voliage on the
control grid.

The relalionship belween the screen
current and-or vollage and the prid

voltage |4 reasonably linear and the andia
vollages developed across the load re-

sistanee in the sercen circuit are a
replica of Lhe signal vollages fed Lo the
control grid.

|
l | Chassis, 9L x & 34,

$ | Power transformer 385y CT. 385« HT,
t al 100 mA., &3¢ at 3 amp., Bv at 3 amp.
¢ | Fiter choke, 100 mA.

i 3 B mid. electrolylic condansers,

2 25 mld, elactrolytic condensers.

| .25 mfd. tubular condenser.

2 .08 mfd. tubular condensers.

l L] mid. mica condenser.

! 002 mfd mica condenser.

Lo

|

| }.5 meg. resistor, | wall,

2 5 meg. resistors, 1 watt.

[ .25 meq. resistar, | wath,
.[ mag. rasistor, | wat,

% 02 meg resisior, | watt,

A gl ot

AMPLIFIER PARTS LIST

The ton: zontrol potentiomater is .25 megq.

If the wvalue of the secreen load re-
sistor is suitably adjusted, the audio
vollages develuped across it can be made
exaclly ecqual to the signal voltages on
the grid but, of course, 180 degrees ouk
of phase. These veollages may then be
fed o the grid of the lower oulput valve
Lhrough a suitable coupling network.

This scheme is by no means original

| 2000 ohm resistor, | watt,
| 1500 ohm resistor, W. W, é
| 200 ohm resistor, 3 wall.
1 .5 meg. petentiometers,
! .25 meg. potentiomeler,
' Zoway switch.
SOCKETS: | 5-pi, [ b-pin, 4 octal, i
YALYES: | 6J7-G, 2 6¥6-G, | 5Y3-G.
S5PEAKER: Elecire-dynamic, with 1000 ohms
field coil and plale to plate impedanca
al 10,000 chms,
SUNDRIES: 4 1erminals,
poirder  knobs, 2  indicator plates,
braided wire, hock-up wirs, nuts and
bolts. | grid clip, &e.

| valve can, thres

y e
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and we have seen !t used on other oceas-
ions. Some may be inclined o 100k upon
il &R B technlcal “wangie” but there is
no néed to apologise for b

Thie fnished amplifier performed in
erand skyle and there was not the slight-
est suggestion of instability or o! para-
sitle pscillation on peeks of signal, On
an oscillograph the oputput wave appeared
to be perfectly clean at all audio fre-
quencies,

In out amplifier the output valves 135ed
were Lype 6V6-G. It was found that,
under the particllar operation conditions,
a resistor of 1,500 ohms in the screen of
the upper valve gaye just Lhe right signal
voltage [or the lower valve. The d-¢
voltage drop across the resisior was
very small and we venture to say ihat
ta effect on the normal operalion of
the yalve would be negligible.

YALUE OF SCREEN

LOAD RESISTOR

It must be peolnted out fhat the value
of the screen load resistor specified is
only correct for type 8V6-G valves under
particular operaling conditlons, For
other operating conditiona an entlrely
different value may be necessary, al-
though we cannoi say, at the moment,
how great the variation might be.

Similarly, for other types of output
valves, different valnes of screen load
resistance wonld probably be necessary.

There docs not seem to be any epsy
way of caleulating the value without
an Intimate knowledge of the more ob-
scure characteristies of the particular
valve. In onr case the exact wvalle

RESISTOR PANEL

There are orly four resistors in sll on

the reslitor panel, The resistory shouid

be interconnected as thown and then

wired inlo ths nmpm'lsr accarding to the
letter code.

wus determined experlmentally. the indi-
catlon being pbiained by means of a
cathode ray oscillograph.

The d-¢ screen current of type 8Va-G
valves, In pommon with all other beamn
tetrodes, wvaries somewhat from valve
to valve and we were rather apprehen-
give lest thiz should result In consjder-
able variation In the audic outpnt volt-
age from the screen circuit of different
valves,

This polnt was carefnlly checked on
the oscillograph with all the valves on
our shelves, hut it was found thal the
variatlon from valve to valve Was
negligibly small,

You will note that the conmnection of
the second output valve does not inter-
fere. to any eXtent worth mentioning,
witlh the normal operation of the wvolt-
age amplifier and (he upper output

yalve. The overall gain i3 not materi-
ally affreted, and it simply means that
we gel twice gs mueh power output for
Lhe suine puwer fuput,

It you are fussy about delail. you may
conticct another 1500 ohin load vesistor
In the sereen eircnit of the lower valve
50 thaf the tweo oulput valve <¢ircults
will be exactly balaneed. - However, we
did not eonsider that such a resistor
WHES Neeesiary,

NEGATIYE FEEDBACK
AND TONE CONTROL

It was eonsidered deslreble to pro-
vide negative feedbaek, and this was
ultimalely applled to the plate circult
of the volilage amplifler from & divider
network across the upper portion of the
loudspeaker transforiner. In fact, the
cireuit. s exaelly the same as for a
single sided amplifier.

Due Lo the coupling betwesn the (wo
halves ol the output transformer prlm-
ary wlnding, the [eedback {5 effective
for both outpui valves, Thls polnt is
not difficult to check.

The next matter considcred was that
of fAtting a tone control. In the ampll-
fiers PA-1 and PA-2, and In the 1p42
Pentagrid Four recelver, the tone con-
trrol system permitted the treble re-
sponse to be either accentualed or al-
Lenuated, as desired.

In view of Lhis, we were not content-
ed at the thought of fitting an ordinary
“Lop-cut” control.

Accordingly, we tried out the same
fone control switch arrangements as
used in the previous amplifiets PA-1

»*

Yes, Sir!—Ynou certainly do save
money when yon arder complete

JONMAR

KIT-SETS

Post coupon ai right jor ports list and
prices
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@ John Martin Kitsets save you toth Hme and money. Na
misilt parte: no "extras' 4o buy; everything down to the last
lug and screw is inclided so that you can go straight ahead
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laboratory test sat. Esch pari carefully tested befors being
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Rola Speakers combine tha twe
outstanding features which placa it
in ths Jore of other 1peakers—
High Fidelity Reproduction and
wperh  mechanical  canstruction.
Rola Speakers are acknowledged by ltading radic engineers
and technicians av "The World's Finest Sound Reproducers.”
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Here is the undernaath wirirg diagram for

it. The resistor panel hes nol been drawn in bul tha various cennections to it ars letter-coded,

and PA-2. In practice, the schieme
worked very well.

It follows that, if the feedback nDek-
work i= upset, so thet the output of
the upper valve at high Irequencies is
accentuakted or attenuated, the Inpnt (o
the lower valve at these Irequencies is
changed, and its oufput must likewlse
be greater or less, ez the case may be.

AYOIDING A SWITCH

Uufortunalely, & few of nur readers
geem te have had unexpected dirticully
in obtaining = suitable tone conltrol
switch. This s rether surprising, since
g single-bank five-position switch iz &ll
that is requited. In fact, any ordinary
tepping switch could be pressed into
service, provided the arm was suitably
insulated.

However, to avoid further diffienlties
ou this score, we set gbout to evolve p
eircuit which would yield the same re-
sults but without the necessity of using
a switeh, A few minutes’ work with a
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the amplifier.

appeart on the opposite page.

penell end a scrap of paper provided
Ihe solution, Have a look at the tone
control systern shown in Lhe eircuit
diagram.

Across the negatlve feedback divider
network Is connercted another network
comprising a 002 mtd. enndenser in
sgeries with a .25 megohm polenfiometer
in series with a .01 mfd. condenser.
The moving arm of the potentiometer
1z retinned to the junction of the two
resisitors comprising the feedback divider
networlk.

RESISTOR COLOR
CODE

YaLUE BODY END DoT

1.5 meg. Brown Graen Grean
5 meg. Green Black Yellow
.25 meq. Red Green Yellow
) meg.  Brown Black Yellow
02 meg. Rad Black Crange
2000 Red Black Red

Everything is lairty clear and you should not have any difficulty in lollowing

The diagram of the pans| ittelf
[

When (he arm of the potentlometer
is rolaled (o one extreine position, the
.01 mfd. eondenszer is rendered ineffec-
tive, and the .002 mid. condenser is
shunted acrost the upper portion of the
Teedback divider network. Thls has
the effect of increasing the feedback at
high frequencles and naturally results
in high frequency attenuation.

TREBLE CUT AND BOOST

When the eontrol is rotated to the
other exitreme, the 002 mid. condenser
is rendered ineffective angd the .0l mifd,
condenser I3 connected in parvalle] with
tlie lower portion of the divider net-
work, This decreases the feedback al
the higher frequencies and resufts in
treble boost,

At intermediate settings of the con-
trol ic i5 possible to obhtain worve mod-
erate degrees of treble boost eor cut, or
te obtain a level response.

The capacitance of the respective
cohdensers determines the frequency
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range over which the tone control is
operative, and values can be chosen to
suit individual requirements, However,
the values specified should be found
suitable for most purposes.

To obtain smooth control, advantage
must be taken of the “taper” of the re-
sistance element, With ordinary poten-
tiometers, the control has to be wired so
that rotation in a clockwise direction

1 results in treble attenuation. If you find

that the control is not smooth, try the
effect of reversing the outer connec-
tions.

WIDER APPLICATION

This type of control can quite readily
be applied to conventional single-sided
amplifiers, such as the amplifiers PA-1
and PA-2. With the latter amplifiers,
it is simply a matter of substituting the
network shown for the tone control

1 switch and the associated condensers.

If the tone control potentiometer is
fitted with an off-on switch, this can
be wired so as to open circuit the con-
nection between the entire feedback
network and the plate circuit of the
output valve. However, it is recom-
mended that the feedback be left in
circuit where possible.

The remainder of the circuit is more
or less conventional. Two sets of input
terminals are provided, the desired in-
put channel being selected by a change-
over switch.

OVERALL GAIN

Mixing circuits could be incorporated,
if desired. As yet we have not been
able to cover this subject in the pres-
ent series of articles. “For general in-
formation on mixing circuits, we sug-
gest you refer to the article in the De-
cember issue under the heading “PRE-
AMPLIFIER PROS. AND PROBLEMS.”

The overall gain of the amplifier is
ample to allow full output to be ob-
tained with almost any type of gramo-
phone pickup or with a high output
carbon microphone, The gain is also
sufficient to allow the amplifier to be
used with a high output crystal micro-
phone under close talking conditions.

Under conditions of distant speaking
or with low output microphones, a sepa-
rate preamplifier stage would be neces-
sary.

The voltage amplifier is a 6J7-G,
operating as a high gain pentode and
feeding into the upper output valve in
the usual manner. The method of feed-
ing the lower output valye has already
been discussed in some detalil.

QUTPUT VALVES

As the circuit stands, the output
valves are operating under very easy
conditions, ar t should, therefore, last
quite a long tune. These days, there is
quite a point in making one’s valves
last as long as they will. Replacement
valves are becoming more and more
difficult to obtain, and the position may
become steadily worse as the war pro-
gresses.

For all that, you will find that the
amplifier will give 10 watts of output,
free from any obvious distortion. We
had no opportunity of taking precise
measurements of the performance, but
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Here is the underneath photograph, showing where all the parts fit in.

The resistor

panel is mounted in its correct position but the power choke has been removed for

the sake of clarity.
6Y6-G sockets.

The latter mounts underneath the chassis and below one of the
Care has to be taken to keep the parts clear of the space occupied

by the choke.

the output appeared to be quite ‘“clean”
of an oscillograph.

If higher output is desired, the volt-
ages on the output valves can be push-
ed up, and there should be no difficulty
in obtaining the 13 watts output claim-
ed for previous amplifiers using type
6V6-G output valves.

If the operating conditions are
changed considerably, it would be ad-
visable to check the value of the screen

VYOLTAGE and CURRENT
MEASUREMENT
Total high tension voltage .. .. 270 volts
6Y6.G screen to cathode .. .. 254 volts
6V6-5 cathode to earth 16 volis
Voltage drop across fiefld .. .. 77 volts
Tctal high tension current .. 77 mA.
To PLaTE
l >
-
] °
. Ll D o
. 3

If the volume control petentiometer R

is equipped with a built-in off-or switch,

the latter can be wired as shown to cut

out the feedback when the control is

advanced to the extreme treble boost
position,
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load resistor, if facilities are available.
Once set, the value should not need to
be changed for individual valves of the
same type.

The optimum plate-to-plate load for
the ocutput valves is 10,000 ohms, and it
is advisable to adhere to this wvalue.
Slight mis-matching might not be
noticeable, but excessive mis-matching
would result in poor performance.

POWER SUPPLY

The power supply circuit is quite con-
ventional. A standard 100 milllamp
power transformer 1is specified, but a
heavier transformer could be used if
one is on hand. At a pinch, an 80
milliamp transformer might even be
used, but it would be operating without
any margin of safety.

A two-section filter is specified, com-
prising a 100 milliamp power choke and
a 1000 ohm field coil. With this ar-
rangement, the hum was imperceptible
under ordinary circumstances. In some
cases it may be found possible to do
without the choke.

Ideally, the first two electrolytic con-
densers should be 600-volt wet types.
Unfortunately, there are few, if any,
available nowadays and it will probably
be found necessary to use semi-dry tvpes.

Can type condensers make things
easier from the point of view of space,
since they mount on top of the chassis.
If semi-dry condensers have to be used,
try and obtain 600-volt types, at least
for the two condensers nearest the
rectifier.

TORCH LAMP FUSE

As we suggested in another article,
it is often a good plan to wire g torch
lamp as a fuse in series with the centre-

CONSTRUCTION

tap connection to the high tension
secondary winding of the transformer.
In the event of one of the condensers
becoming a short circuit, this will pro-~
tect the rectifier from complete disaster.
Naturally, it is necessary to use a glohe
having a sufficiently low fusing current.

The power supply shown would be quite
capable of supplying the small additional
current drain necessary to operate a
preamplifier stage. However, the cur-
rent drain of a tuner would be rather
high and would cause undue reduction
of the high tension voltage. Under these
circumstances it would be desirable to
use a 5V4-G rectifier valve, which would
offset the additional voltage drop across
the speaker field,

ASSEMBLING THE COMPONENTS

The various photographs of the chassis
show clearly where all the parts fit in.
The only component which will call for
careful manipulation i{s the power choke,
which fits underneath the chassis, imme-
diately below one 6V6-G socket.

It is advisable to obtain a compact
choke, as otherwise some difficulty may
be experienced in getting it to fit in.
There are no holes in the chassis for the
choke and you will have to drill two
holes to suit your particular choke.

When assembling the components on
the chassis make sure to mount every-
thing firmly and tighten the trans-
former bolts properly to prevent the
laminations humming when the ampli-
fier is in operation. Solder lugs shou'd
bhe placed here and there under mount-
ing bolts to act as earth points.

WIRING

The entire input circuit to the first
valve should be shielded to guard against
electrostatic hum pick-up. The various
pieces of braiding should be bonded to-
gether and definitely earthed. Make
sure also to earth one of each pair of
input terminals.

The earthing system for the input cir-
cuit should be kept quite separate from
the earthing system to do with trans-
former. The screen and cathode bypass
condensers and the cathode resistor of
the 6J7-G should be returned to the
“input” earth system and kept well away
from the power transformer.

(Continued on Page 51)

PICK-UPS

SUPERB QUALITY.
for

Specially imported
Broadcasting  Stations.

Definitely the last procurable.

Including tax, only .. .. .. . £3/3/-
TRADE-IN RADIOS Cheap. Good valves,
modern circuits, Containing many parts
now unprocurable, «nd therefore ideal for
stripping by the set builder,

Four only.

1 A.M.CLUBB v

‘76 CLARENCE ST. SYDNEY
TELEPHONE-B3908 9
Australia’s Only Recording Specialists

PAGE FORTY.THREE



IT"S WORTH MILLIONS — IF

internal-combustion engine, the motlon

plcture, radio, the aeroplane, the linp=
type, the !nductlon motor for alierne-
ting current, electric weldimg, snd the
audion or electron tube which gave
wircless a voiee.

It is upon inveutlons of Lhls kind
that great industries are based. They
have esmrned milllons on milllons, not
only for lheir inventors, but [or the
investors who bought or leased the pa-
tent rights, and for the thousands of
inventors who have paleniled improve-
ments en the basic Inventions, to say
nothing of the millions of uninventive
folk for whom they have creaied com-
. Torts and jobs at better wages.

Meybs wour inventlon will rock the
world and change the [ace of civlliza-
tion, to0. You never can tell, George
Westinghonse didn’t think  his air-
brake amounted te much, but it made
e lgrge fortune for him and revolu-
tionised railways.

YARIOUS MOTIVES

The ideas for inventions don't always
spring Irom the altruistic motive of
benefiting the human race, or even
from a desire fo make money, The dial
telephone exchange owes its exislence to
a suspiclous American undertaker who
thought a business rival had bribed the
telephone operators to bungle his calls,
This set him to working out what he
called the *girlless exchange,”

Sheer limidity led Dr. Rene Laennec,
a French physician, to invent the stetho-
scope. The doctor was bashful about
putting his head to the bosoms of his
lady patients, One day, while on his
way [0 visit a lady whose bosom Rlled
him with trepldation, he noticed a
couple of children sending - sighals
through a board. One would scratch
his end of the board, the other would
listen at the olher end.

The thought fiashed ypon the doctor
that he milght use the same principle
to listen to the chest of his patient.
50 he shaped a piece of hardwood for.
his special needs, applied the far end
to his patient's chest, the near end to
his ear. From this crude beginning
hos developed the amazingly scnsilive
Instrument now uscd by physicinns.

LAZY INVENTOR -

The desire of Humphrey Potler to
play won for hlm undying fame as an
inventor. In the early Walt steam
engine, the sleam was aliernately ad-
mltted to the opposite ends of the cvl-
Inder through cocks turned by hand. Tt
was Pofter's job to turn the cocks. By
tying strings to the cocks so Lhat Llhe
engine would itself fturn them, he freed
himself so that he could play.

There were accidents all along the
llne in the discovery of ethyl as an
aoti-knock iopredient in petrol. After
a great deal of rescarch. Charles P.
Kettering, chief of research for General
Motors, and Thomas Midgcley, Jun.,
came to the conclusioe that the knoek
must be due to the eolor of the gaso-
line.

An asslstant was sent to the ehemienl
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storeroomsa for a coloring matter which
would completely dissolve in petrol. The
atorekeeper did not know off-hand any
such chemical, bul hizs eye fell ypon e
bottle of iodine, and he handed it out
in the hope that iodine would dissolve
in petrol and certainly would give it
cofor. The knocking disappcared in-
stanily,

COINCIDENCE

Now, out of over fen thousand bottles
of chemnicals in the storeroom, it hap-
pened that Jjust one bottle contained
material that would eliminate knock!
While thelr earller theory was found
to be wrong, iodine furnished Messrs,
Kettering and Midgeley with the know-
ledge that malerials of the bromide.
family would prevent knocking. This
clue ultlmately led to the inventlon of
tetra-ethyl lead.

Kettering figured indirecily in the
discovery of one of the more imporiant
of the reccnt Improvements in motor
engines, the sa-called “tin-plated pls-
ton," Engineers in the General Motors
laboratory were supermslng an endur-

FEATURE STORY

IT WORKS !

ahee teat Tun on a transmission unlt,
Just as word came that Hettering was
coming to inspect the test, tha plstons
of the motor began to glap under wear
and heavy load.

One of the englneers proposed, es &
temmporary measure and in order thaf
the “Boss” might sce the test In opera-
tion, that they bulld up the worn pis-
tons by coating them with (ln. The
coated pistons ware replaced. The en-
gine ran along for months, 8o long, in
fact, that the curlasity of tha engineers
finally became aroused, and it was only
then that the surprising wearing quall-
tles of the tin cc-a.tma becams appre-
ciated.

SO IT GOES ON

The untirlng effort of hundreds of
inventors have finally glvem tha lis to
the old adage that “Necessity Is the
mother of invention.” In the modern
world, necessity isa more nearly the child
of invenlion, than 14 mother. Most of
the 1nventmns that-once were regarded
as luxuries are now regarded as cope
stituting the bare neceszities of e,
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In onr amplifier you wlil tee that we
stood some of theme components on end
and connected the earthed end directly
to one of the earth terminals, The com-
ponents associated with the output valve
are not so important and can be earthed
et the mast convenlent point. }

When wining the electrolytle eondens-
ers wateh the polarity of the connections,
The polarlty of each of the electralytic
condensers is clearly marked on the cir-
cuit dingram and you will have no diffi-
culty In getting things right. The main
point is noi to forget,

For the rest, there is lttle to worry
about and it iz merely necessary to
follow the usual rules of assembly and
WIring,

A FEW HINTS

Il you are not used to building radio
fear, do not be in too great a hurry,
Mako snre that every soldered jolnt is
secure before you pass on to the next.
Resin colored solder is probably the
best solder to use, If the solder does
not flow evenly over the joint, use a
smearing of good Aux.

Never use more Aux than i absolntely
necessary. If you do, you will find that
it will run under the lugs, wheh heated,

and form 8 stlcky mess, which looks
kbad, and !s bad.
I not make the connectlng leads

longer than necessary, but run them
where they wlll “stay put.”

Mount the condensers and resistors
as firmly as possihle and in such posi-
tions that they will not eome adrift
when the chassls ls subjected to vibra-
tlon and bumping. If you eanhot man-
age it otherwise, a loop of stout thread
around the condenser and nnder some
fixture will often keep it in place.

If the leads to any of the condensers
or resislors have to be extended, use a
sma}l piece of fine bhusbar and siip a

piece of -spaghetti tublng over the ax-
tended lead. 'This method la preferable
to tacking a small pieee of hogk-up wire
to the end of the: lead, The resylt s
seldom rigid and Increases the poasibliity
of ehort-cireuiting the othar leads,

If in doubt as to where m-lead poeg
do not gness at it, but study the under-
neath wirlng dlagram and the cireult
carefully and endeavor to maks quite
EUre.

There i3 ]ltﬂle more than can be said
angd it remains to do the actual build-
ing.

When the amplifer 13 first zwliched
on, watch the rectifler carefully in case
there happens fo be short-eircult any-
where. If the rectlfler thows any slgns
of a blue glow bhetween fAtament and
plate, switeh off Immediately and
gearch for a short between B plus and
earth.

II you cannot locate anything wrong,
it may be that one of the glectrolytic
condensers is faulty. Tf no means are
available for testing the condensers,
try the eflect of dlzsconnecting them.
one by one and see |f the amplifisr then
heats up normally,

OSCILLATION

Il the amplifier should break Into un-
controllable oscillation, when switched
4n, the chanceg are that vou have the
cutput wvalve circult mixed up some-
where. Switehh the ampllfier off agaln
and see that you have the feedback
connected to the correct output valve

Another poesible cause of osclllation
iz the [ailure to earth the Jnput clreuit
or the associated shieldlng. However,
these points are Just mentioned in cage
you strlke trouble.

In actual pracllee von should have no
such  difficulties and the amplifier
should operate satlslaetorlly “from the
word go.”
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