NEW HIDELITY AMPLIFIER DESIGN

RADIOTRON_HIGH -FIDELITY AMPLIFIER AS515,
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The latest issue of “'Radiotronics'” contains details of a most interesting

amplifier. The Yalve Company report on the circuit says: This amplifier

is by far the best we have ever tested. It not only gives extraordinary

linearity and lack of harmonic or intermodulation distortion, but is

comparatively simple and involves no special problems except the
choice of output transformer.

JF it is desived to reducc distor-
ton (o the absolnle minimum,
there appear to be two possible ap-
proaehes. The lirst is the application
of push-pull pentodes (or bewm
power valves) with a high degree of
negative feedback, Although cap~
able of providing extremcly good
resulls. the design is complicated by
the, high degree of feedbuck and Lhe
precautions  which require to  be
taken to avoid instabilily.

The second approach is through
the application of push-pull triodes
with negative feedback. In this case
the initial distortion is considerably

less, and the degree of feedback
necessary to provide (he required
i:delity is not so greal as 1o requi
abnormal precautions in the Ived-
bacle Joep.
ORIGINAL DESIGN

We wore interested [0 vead an

article by D. T. N. Williuson, “De-
sign of a lligh Quality Amplifier” in
the “Wireless World” April and
May, 1947, using push-pull triodes
wilh negative fecdback. We there-
fore adapted it to suil own own valve
1ypes and then caTied out tests 1o see
wicther the claimed low distortion
limit of less than 0.1 per cent. loal
could be reproduced.

The original “amplifier used one
iriode valve as a resistance coupled
amplifier with its plate directly
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coupled to the grid of a second triode
a phase splitter and cath-
Joads. The plate and catbode of
ihe second valve were capuacilance
coupled to the grids of the push-pull
triodes, which in lurn were capaci-
lance coupled lo the grids of the
powee valves.

TRIODE CONNECTED 807's

The latter were the English Lype
KTH6 which is somewhat close in
characteristics 10 types L6 and 807,
‘The KTE6's were operated will plate
(o cathode voltages of about 400 volts
whicit were in excess of the maxi-
mum Iviode ratings for cither type
6L6 or 807.

T order to altempt to duplicate
the results obtained in the English
amplifier, tests were carricd outl on
Iype 807 fo see whelher it could be
used with the higher screen voltage
in (riodc operation. During these
tests we had no valve failures and
subsequently arranged for a number
o 807 valves 1o be placed on life lest
with triode conneclion and a com-
bined plate and screen voltuge of
400 volts o cathode.

The resulls of these tesls will not
be known for some months, but in
the meantime there does nul seem to
he uny reason why the valves should
not be used under these conditions
for individual amplifiers at the risk
of the user, since the risk appears
to be quite snall,

The screen_dissipation s consid-
erably below its maximum value and
the only possible breakdown is
through the increased screen volt-
age causing electrolysis or break-
down in the stem-press between
adjacent leads, It would, of course,
be possible for the output valves to
be used within their maximum rat-
ings by reducing the voltage from
400 to 300 but the power output
would then be considerably smaller.

The valves used in the original
voltage amplifier stages were type
L63. which has characteristics
sembling those of type GJ5¢GT or
one half of type 8SN7-GT. It was
therefore decided to use two 6SN7-
GT valves, one iu place of each pair
of L63 valves. This gave a valve
complement of two type 8SN7-GT,
two-type 807 and one type 5R-GY
rectifier.

PHASE SHIFT

Special atlention was given in the
original design to the avoidance of
phase shift. The direct eoupling from
the plate of the first valve to the
grid of the second valve eliminated
one possible cause of phase shift at
low frequencies, while the calhode
return eircut was purely resistive.
All the calliode resisiors are unby-
passed so as to avoid any phase shift
at low frequencies, leaving only the
coupling condensers lo the third and
fourth slages, and the output trans-
former.

The laiter was required to have
a primary induetance of at least 100
henrys, iweasured al 3Ucs, with five
volts rms on the primury, leakage
inductaoce of not more than 30mH
measured at 1000cs. and a primary
resistance of the order of 250 ohms.
In order to avoid the delay in hav-
ing a special transformer made for
1be job, we substituted various trans-
formers which were on hand. It
was found thal the transformer sup-
plicd with the Goodmans 12in. loud
spealcer would give quile satislactory
an

results, this  was therefore
adopted for the initial tests. An
order has been placed for a tral

former specially designed for this
amplifier. which should be available
al a later dale.

STATIC FIGURES

The amplifier was then wired up
in accordance with the cireuit dia-
gram given herewith (A515),

The stalic plate currents in the
final stage were balanced, and (he
drive to cach valve was adjusted to
give equal culputs at Lhe plates when
the valves were supplied with d-c.
through separate chokes with in—
dividual loads of 5000 ohms each.
The cathode bias resistors on the
final slage were adjusted o kecp
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the total plate dissi n less than
25 walls per valve. Without feed-
back, the amplifier was perfectly
lincar up on an oulput of 7.3 watts
on a resistive load. With feedback,
the amplifier was perfectly linear up
to an output of 1112 watts and it
gave a smooth overload so that an
output of 15 or vatts could be
achieved without serious distortion.

The harmooic distortion for a
power oulput of 11 walts was 0.01
2nd harmonic,
3rd harmonic, 001 per cent.
4th harmenic and 0.015 per cent,
Sth harmonic. Even with an out-

t of 17 watts as for an overload
condition the distortion only reached

ihe values of 0.46 per cenl 2rmd
h.«rmuni(, 0 31 per cent. 3rd har-
monic, per cent. 4th harmonic

and 125 pcr cent. 5th harmonie.

SPEAKER LOAD
Whoen tested on a speaker load
it was found that for fairly large
. owputs al low frequencies a _high
trequency oseillation (about 60kcs.)
would commeuce and be accom-
panied by a pulsed output of some

STATIC MEASUREMENTS
iwith Avo model T)
o 5w,
output  output
Graund to cufhode N

ol V5 an 300V 208V
Cathode (u pl.xles

of V5 and Vi 400.0v 4250V
Screen. dissipation

wf V5 and V6 215w 13w
Plate dissipation of

V5 and V6 174y 364w
Total B+  yoltage 3100V a32.0v
Towal B+ corcent 142.0mA 1120mA
Ground 1o Blament

of 565,0V
tnput mna e o Vi

p & 155V
ll‘pu( Volla!& (rms)

14V
mmu mmge (s}

\gndvh—g a) . 8BV
Quiput resistance | 04
Damping “fatlor

50
Himoutpal
{across 15 chms) 0.34mV at
5005
0.08mV al
L00c:
other frequency. Doth these ir-
cipient oscillations were cured by

the addition of a 0.0005uF capacitor
from lo the screen of the BOT
valve which tends to provide posi-
tive feedback to the cathode of the
input stage. It was found that the
by-pass was slightly mare effective
when connected to (he screen than
to the plate.

The following lests were carried
out with this addilion. 11 was found
practicable to apply suffi
back from the el to
catbode of the input stage o pro-
vide 20db reduction in owiput with
complete stability under all condi-
tions.  The phase shift belween the
input and output was quite small
over u frequency range of 20cs. 10
13kes.

The frequency response on a re-
sistive load was constant from 20
w 10,000cs. and rose only 0.42db

o

(Conlinued on Puge 55)
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Miustrated Is the
complete chassis
of the Aegls
Rural Four.

for country
enthusiasts

Specially deslgned for easy and accessible construc-
on by country hobbyists, the Aegis Rural Four
couples high performance with |ruuble free operation,

EGIS

RURAL FOUR

Iltustrated below Is
the modern attraci-
ive cabinet f e
Acyis Rurat Four.

Every Aegls Rural Four kit

detalls,
now while stocks last.

Fezlures of the Rural

A(luntlve motiled Bakel-

\mlv for

® “Acgis”
iy
sikned for

P epeenly de-
opthmum’

|)orlanl l'ox nm.exv Sets
a1

bmckeu c.ummmmma
wilch  Potenlio-

AVAILABLE FROM:

Brishane, Toowoant-
ba. Warwlck, Bunda.
berg, Rockhampton,
Towhsvllie, Cairns,

160 Post Offlce Place,
Melbourne.

6118
Sydney.
Jonmar Sydney.

Clurence
Telegrams . .
JIENTY

Street,
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to right, then flicks it quickly back
to the starling point to begin a new
excursion. The output from the
oscillator must be consistent at all
setlings but variable in frequency
from a few cycles to a frequency
comparable with the highest signal
frequency likely to be exaniined.

The conventional time base cir-
cuit has used a gaseous triode valve,
which operates very well over the
whole audio spectrum and usefully
inlo (he supersonic range. There-
afier, the waveform departs notice-
ably from the required saw-toolh
effecl an other circuit arrangements
become necess

Various hard valve time bases have
been featured in technical publica-
tions, sotie with excellent perforni-
Lul nearly all more compli-
the simple gas triode
uit—hence the popularity of the
latter.

OSCILLATOR CIRCUIT
a comparalively
5 been evolved u:

1
The mesative fan
perty between screen and suppres-
sor grids,

Although somewhat more compli-
cated than the gas iriode arrange-
ment, the cireuit is distinetly inter-
esting and will probably be di
cussed al length later in this series
of ariicles.

The {ime base circuit involves a
number of panel controls which are
falrly standardised in (heir fune:
tion. 1t is usual (o have a
and o “fine” frequency control,
and anolber which allows the oper-
alion of the oscillalor to be syn-
chronised 1o the frequency of the
observed signal, ar to some mul-
tiple of il In praclice, the time
base Irequency is brought as near
correct as possible with the direct

frequency confrols, {hen locked by
advancing the “Sync.” conirol.

Tt is usual also to wrrange a
switching or terminal svstem Lo
allow the sweep oscillutor to be
Jocked in wilh an exlernal signal

to lransfer the hori-
wrid from the lime
an external signal

or. yet again
zontal amplifier
base oulput io
sowrce.

OUR CIRCUIT

A practical illusiration of all these
poivls is given in the photographs
and circuif of & 3" oscillograph,
which has heen im use in our own
laboratory for many years. Though
designed expressly for the American
906 type tube, thie general civeuit i
applicable lo all tubes with lrom 2”
10 3" screens. In facl, the Nigh en-
sion voltage is nearer the mark lor
2" {vhes thun for the latest 37 types

In the light of the foregoing dis-
cussion, the purpose of the panel
controls will not be difficult Lo fol-
Tow.

‘The potentiometer in (he upper
lefl hand corner, looking on the
front panei, is for vertical spot shift,
allowing the initinl position of the
spot to+be moved up or down as
necessa Benealin that is the in-

tensily control and below (hat again

the gain control for the vertical
amplifier.

There are five terminals in line
in the lower left corner. The top

terminal is simply connected to a
filanent winding and provides a
ready source of 50 cycle a-c. This
can be fed to the vertical amplifier
for checking purposes or to the sweep
gsellator for 50 eyele synchronisa-

The second terminal connects dir-
ectly to one vertical deflecior plate,
s0 lhat either high voltage a-c or
d-c ean be led to iL for observlion

Or nieasurement  purpos Then
comes the verlical amplifier output
teemipnl, the vertical amplifier in-
put, and carth at the bottom. In
the normal way, (he veriical amphi-
tier outpul ferninal is hridged
across 1o the vertical deflector plale

by u shorting link. Removing the
1 vailahle the amplificr
slase lor sepurute use,

Down the vight hand side of the
pancl s the horizontal spol shift, the
focus control and the horizontal gain
control.  The topmost terminal is
for (he insertion of an external volt-
age for sweep oscillator synchronisa-
tion. The olher terminals correspond
to those on the left of the panc),
cxcept thal they relale lo the horil
zontal amplifier and deflector plate,

SYNCHRONISING

The potentiometer immediately be-
low (he lube face is the synchronisa-
tion control, under that the fine
sweep frequency potenliomeler, with
the coarse frequency switch below it,

The toggle switch on the left,
switches the sweep oscillator from
internal to external sweep, while the
one on the right switches the hori-
zootal amplitier grid from the sweep
cirenit to the amplifier input ter
minal.

This
coutrols
ory for

general arrangement of the
has proved very satistact-
laboratory work and (here

appears to be little poini in depart-
ing from it for any comparable in-
strument.

The remainder of the circuit and
layout should be clear enough for
enthusiasls likely to build this type
of instrument. The whole job is
built into a case measuring 12 x
87 x 164", of crackle finished mild
steel sheet. The chassis itself, is 167
long, 73" wide and 3” deep, while
the panel is just over 12" x 8", with
a lip which turns back and fits over
the outside of the case.

The vertical amplifier is on the
right hand side of the chassis, with
the gas (rinde behind il and the low
vollage rectifier.  The horizontal
amplificr is at the other side, with
the high voltage rectifier in ihe rear
socket.

FII TERING

Two small chokes are included in
the low voltage supply, hut a single
choke with higher induclance would
do just as well. It is wise {0 use
600 volt electrolytics in both fil-
ters to give a margin of safe

Shielding against magnetic fields
is provided by a sheet metal bracket
and tube, which hides a length of
hevy water pipe, fitting around the
neck of the CR fube. With this
arrangemen!, spot definition is as
good as can be expected from the
particular type of tube and ihe Limit-
ed supply vollage. Something
nearer the maximum ratings for a 3"
tube would be preferable, but the
ralings and the supply position has
undergone much change since the
original instrument was built.

However, it does s very good job
and will doubtless continue to do
so for many years to come.

Next month we hope to present
complete design details for anocther
oscillograph, this time using a 5"
(ube and a hard valve time base.

A HIGH FIDELITY AMPLIFIER

(Cnntinued fro;

On a speaker load the
practically constant from
using & Goodmans
12in. speaker, although (he speaker
was  showing signs of freguency
doubling with an input of 20cs. as
would be expected. As a malter of
interest the resonant frequency of
the_spealker, when used in a venicd
baffle, was 43¢

1 was found that harmonic di
torlion on the speaker load was very

at 13.000
output was
20 {o 13,000cs.

sim on a resislive Inad
r“(cepl al low frequencies. The di
tartion is extremely low, however

down {o a frequency of dfcs.

At the time when these tests
were carried out it was not possivle
o perform iniermodulation ~distor-
tion (ests, bul these will be carried
out and published at the earliest
opportunity. It is obvious thal (he
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total intermodulation distortion will
¢ very low, and the lests are oniv
intended tn form @ basis of conpari-
son with olher nmpllﬁe‘r

This amplifier is by far the hest
which we have ever lested and we
wish to give full credit to the

winal designer. It not only gives
extranrdinary linearity and lack of
harinonic of intermodulation distor-
tion but is comparatively simple
and involves no special problems ex-
the choice of output trans-
r. Unless the lalter is spocie
ally designed for this circuil, or is
one having extraordinarily low loak-
inductance and _exceplionally

I nductance {(such as
The Goodmans lransfarmers 1ererrog
to in the article), the best resubs
cannot be achieved.
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