Ouiput Transformerless
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audio amplifiers must often have looked askance at
the output transformer. In general it would be pos-
sible to reduce the non-linearities in an amplifier
below any desired value by the application of a suffi-
cient amount of feedback. However, as is well
known, the output transformer produces undesirable
phase shifts at the extreme ends of the audio spec-
trurn which limit the amount of feedback which can
be applied before instability sets in. These phase
shifts also decrease the effective feedback at these
extreme frequencies and this causes increased dis-
tortion in these regions. Varying core losses, hys-
teresis effects, matching variations, and incomplete
coupling between the primaries also more directly
increase the distortion, and this increase also is more
pronounced at the frequency extremes,

Modern transformer design techniques of sec-
tonalized windings, and particularly the use of
C-cores, have to a large extent overcome these dis-
advantages in practice; but this has naturally given
rise to an increase in price, and the fundamental
limitations still remain.

Increased Possibility of Class B Operation.—
Using loudspeakers of normal efficiency and impe-
dance (15-ohm) in an average living room an
accepted peak power requirement from the ampli-
fier is of the order of fifteen watts. In this case if
there is no output transformer we will obviously
require currents of the order of one ampere from
the output valves,

The problem of obtaining these currents is some-
what eased because in transformecless amplifiers
class B operation of the output valves becomes more
feasible than such operation is in an amplifier with
an output transformer. Normally in class B opera-
tion using an output transformer incomplete coup-
ling between the two half primaries produces
transients when the valves cut off. These transients
produce distressing audible distortion and are very
difficult to eradicate, though a special bifilar trans-
former with both cathode and anode feeds designed
by Mclntosh and Gow' does succeed in doing so.

In class B operation owing simply to the higher
outputs the general distortion is higher but this is
not seriously so and can, of course, be reduced by
increased feedback.

High-Impedance Loudspeakersi—Allied to the
difficulty of obtaining sufficient current from the
output valves js that of matching, without too much
distortion, the comparatively high valve impedance
!:nf the order of a few thousand ohms) to the low
impedance of the loudspeaker voice coil.

An obvious solution to both these problems is
to use loudspeakers of higher impedance, but here
the necessity of using thinner wire to keep the voice
coil weight down produces its own problems. A few
speakers of impedances in the range of 200-500 ohms
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have, however, been marketed, but there is not the
usual variety of models available, Readers will
realize the possibility that the newer electrostatic
speakers will fit more smoothly into such a system,
thmtlfih their capacitive nature increases the matching
problem.

In general by suitably paraﬂe]jn; output valves g
transformerless amplifier for high-impedance loud-
speakers can be adapted for low-impedance ones, so
that the general features of the various designs can
b:d considered without regard to the voice-coil im-
pedance,

_Straightforward Methods.—A first approach is
simply to use normal circuits with the loudspeaker
directly replacing the output transformer or load,’
bearing in mind thnti‘.til:ilkuftm be more con-
venient to connect the speaker in the cathode ot
low-voltage side of the valve,

_ Such d::nifns generally involve capacitive coup-
ling to the loudspeaker or direct current through
the voice coil. Capacitive coupling requires almost
impossibly high values of condenser for low-
frequency response and small phase shift in the
case of low impedance loudspeakers, and may pro-
duce distortion due to hysteresis in the condenser.

Direct current in the wvoice coil would move it
toward the positions of non-linearity for the sus-
pension and non-uniformity of the magnetic field
and in practice give a considerable increase in dis-
tortion. The possibility of increasing the linearity
of the suspension (and thus decreasing the distor-
tion),. while maintaining sufficient restoring force to
allow the required audio power to be dgevtluped,
has already been largely exhausted in the design of
conventional loudspeakers.

Distortion caused by a non-uniform magnetic
field could be avoided by making the voice-coil
longer than the field so that the same length is
always immersed in the field. This arrangement
is often used in bass loudspeakers where the in-
creased weight of the voice-coil is less im L
An equivalent method would be to lengthen the
magnetic field but the larger magnets required would
increase the cost. The alternative of having the
voice-coil initially asymmetrical with respect to the
magnetic field would require a change in the inital
d.ls‘:ﬂlﬂctmﬂ'lt for different amplifiers and is thus
rather impracticable,”

This simple approach also unfortunately needs a
centre-tapped voice coil for normal push-pull
operation. For “ultra-linear™ operation two more
tappings are even necessary! From the point of view
of requiring as little and as practical a change as
Eﬂﬂlble in existing loudspeaker design this approach

Sstl:n to be igfad;gjunteéd sibatelly

ome sort anced arrangement e
direct current in the voice coil is avoided would be
an improvement. A straightforward circuit alang
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this line is described by Fletcher and Cooke.® The
authors use a simple push-pull cathode follower
arrangement shown schematically in Fig. 1. In
order to obtain 12 watts of peak power in a 16-ohm
loudspeaker 16 6AS7Gs were necessary. No dis-
tortion figures were quoted, and the damping was
not very good (the output impedance was 23 ohms)
but the authors did not use any overall negative
feedback. In such cathode follower circuits low-
impedance loudspeakers have an advantage in that
the voltage requirements from the driver are not
50 serious as is usually the case.

Series Connected Output Stages.—Most other
circuits use a series connected output stage, with
either a single or push-pull inpurt to this stage. In
either case since the valve outputs in the load add
together the optimum value for this load is less than
half of that in the conventional push-pull arrange-
ment. This type of circuit thus considerably eases
the matching problem. It is also often easier to
arrange d.c. connections between earlier stages and
the output valvea which improves the low frequency
re%m_me and decreases the phase shift in this region.

sing a single input, series connected, output
stage two commercial amplifiers have been de-
veloped, by Stephens® and Philips,* both for capacity
conn high-impedance loudspeakers. Schematic
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dia s for these are shown in Figs. 2 and 3, In
both cases the signal from the lower output valve
is fed to the grid of the upper so that the input signal
varies the voltage across the output valves in oppo-
site direcdons. More complicated power supply
arrangements could have avoided the ”"“‘“‘“Zr“f
capacity oconnections to the loudspeakers. he
circuit of the Stzphens amplifier shows how d.c. con-
nections between early stages may be arranged in
this type of circuit. The resistor A provides nega-
tive feedback and serves to stabilize the bias on the
2A3s. With about 40dB of feedback 3rd harmonic
distortion is of the order of 0.4 per cent for 20 watts
r.m.s. output into the 500-chm load. Unfortunately,
in both these amplifiers the voice coil does not
provide a sole common load for the two output
valves because they also partially load each other.
Although cancelling of even harmonic distortion
products could still be obrained by arranging for
the output valves to give equal amounts of such
distortion in the voice coil, this balancing would be
difficult if not impossible, with the few wvariables
available,

Push-Pull Series Connected Qutput Stages.—The
last-mentioned disadvantage does not apply if the
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output valves are scries connected with push-pull
input. In this case the optimum output P‘hnnrcdmcu
Is one of that for normal push-pull opers-
ton. If, however, the phase splitter and output
valves are not correctly designed together it is diffi-
cult to retain equal drive in the output valves as the
loudspeaker impedance changes.

An example of this difficulty arises in an amplifier
described by Dickic and Macovski.' Omitting a
push-pull driver stage the phase splitter and output
stages are schematically as in Fig. 4. Here it will
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be seen that the voice-coil load is coupled so that it
provides feedback to the grid of the upper valve,
Thus the input to this valve has to be incressed
and the resistor R, is made greater than R.. How-
¢ver the variation of voice-coil impedance over the
frequency range (which may easily be of the order
of 5 to 1) prevents exact adjustment by this means
except over a narrow frequency band. In this
amplifier the effect of this impedance variation is
reduced by suitably shunting the wvoice coil: an
example of such a shunt being simply a .01-sF con-
denser and a 16-ohm resistor in series. This prevents
the rise in impedance at high frequencies produced
by the inductive voice coil and thus avoids instability
caused by incrcased fecdback and phase shift. The
anode loads of the push-pull driver stage could also
be adjusted 1o give berier balance.

In this amplifier there is one voltage amplifyi
stage before the phase solitter and 3 6082 valves éﬁ
volt versions of the 6AS7G) operating nearly in class
B in the output stage. With 40 dB of overall feed-
back the harmonic distortion was 0.4 per cent for 25
watts r.m.s. into a 16-ohm load.

Essentially the same balancing difficulty arises in
a variation of the circuit of Fig. 4 described by
Onder." Here instead of simply paralleling output
valves to give increased power they are arranged in
a bridee circuit (shown schematically in Fig. 5)
which increases the optimum load to four times that
for a parallel arrangement. Diagonal valves are run
in phase, suitable driving voltages being obtained
from a push-pull stage as in Fig 6, this arrange-
ment giving the necessary greater input to the upper
tubes. An ordinary *‘ concertina ” phase splitter with
suitable tappings on the loads could, of course, also
be used. Here again using a balancing poten-
tiometer as in Fig. 6, d.c. connections become
possible.

In this amplifier there is a “see-saw™ type of
phase inverter before the driver, and 2 6AS7G
valves operating in class A in the output stage, With
about 15dB overall feedback the intermodulation
i:ii*:.mrtinn was 0.7 per cent for 9 watts into a 400-chm

oad.

Equalization of Drive in the Output Valves.—If
we return now to Fig. 4 equal drive in the output
valves can be obtained very simply as described by
Futterman,” by returning the earthy end of R, to
the junction of the output valves as in Fig. 7. In
this case both output valves are acting as cathode
followers so that the voltagze requirements from the
phase splitter are large. However, the load is in the
input to this valve in the correct sense to provide
positive feedback so that a much lower voltage is
actoally reguired.

In the amplifier described in this reference (Ref. 9)
there is a pentode, high gain, voltage amplification
stage before the phase splitter. The cathode return
from this pentode is taken to the tap of a poten-
tiometer across the load so that varying amounts of
negative fecdback may be applied. There was in
fact some difficulty in obtaining sufficient gain to
give enouzh feedback to reduce the distorton suffi-
ciently, bur a phase splitter giving gain could be
used. Using 14 type 12B4 valves operating in
class B in the output stage, with 48dB of ovenll
feedback the harmonic distortion was 0.1 per cent
for 20 watts into a 16-chm load. Square wave tan
on this and the amplifier of reference 7
described give very impressive results even of
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Fig. 8. Coulter output stage.

20 ke/s, with very short rise times and no overshoot.

A more complicated way of obtaining this equal
balance, by applying extra feedback to the lower
output valve in Fig. 4 is described by Coulter'® and
illustrated in Fig. 8. Here the upper output valve
is fed directly from the imput. A suitable fraction
of this input has its phase inverted by another valve
and is then applied to the grid of the Jower cutput
valve. By taking the cathode feed for the phase
inverter from the tap of a potentiometer across
the load, negative feedback is applied to this inverter
and thus to the lower output valve, The amount
of this negative feedback is adjusted to compen-
satle for that produced by the load in the upper
valve,

A disadvantage of this arrangement is that the
distortion in the input to the lower valve is greater
than that to the upper as this input has to pass
through an extra voltage amplifying stage (the
phase inverter); and the even harmonics of this
extra distortion cannot be cancelled in the output
stage. Furthermore, the degeneration caused by
the speaker varies with its impedance, whereas the
feedback is a constant fraction of the output voltage.

This general type of output stage has been
recently applied to a transistor circuit by Cossor’s.!!
Transistors have an encouraging future in trans-
formerless amplifiers as their voltage requirements
are much lower, and a considerably higher overall
efficiency should be possible. In the Cossor circuit
equal drive in the output transistors is obtained by
an input transformer. This transformer also avoids
d.c. unbalance in these transistors but is contrary
to the general philosophy of such amplifiers.

Returning again to Fig. 4, perhaps the best way
of obtaining balanced inputs to the output valves
i#, as described by Peterson and Sinclair,'? to take
the anode supply for the phase-splitter from the
junction of the output valves as in Fig. 9. In this
case the input voltages to the output valves are
always developed between cathode and grid, so that
the load does not produce a cathode follower effect
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Fig. 9. Peterson-Sinclair output stage.

in either valve and there is no unbalance. A dis-
advantage is the negative feedback produced by
the load on the supply voltage for the phase-
splitter. 'This circuit also is susceptible to d.c.
connection.

The authors give a general discussion of this type
of amplifier using transformers solely as matching
devices. No practical details of a strict transformer-
less amplifier are given.

Extended Class A?—Another novel type of circuit
that may perhaps be of value in these amplifiers
was given the name, “extended class-A,” by the
author.'”® Here a triode and tetrode are run in
parallel with their grids and anodes directly con-
nected. The valves are biased for normal class A
operation for the triode and this usually cuts off
the tetrode, so that the arrangement acts as a triode
for small signals, When the signal becomes
sufficiently large (usually about one third of the
maximum) the tetrode starts drawing current and
increasingly controls the operation. This gives the
transfer characteristic a slight curve but this is not
serious. The circuit should combine the advantages
of the low output impedance of triodes with the
high current carrying characteristic of tetrodes. The
idling anode current also is only about one third
of the usual amount; or, in other words, for a given
valve the maximum power obtainable is greatly
increased. .

Power Supplies.—It will be noted that the
schematic diagrams in many cases envisage more
than the usual number of power supplies, especially
when those for screens and grids are worked out,
and particularly if d.c. connections are desired.
This complication is not as great as may be
imagined when voltage doubling circuits, the avoid-
ance of mains transformers, and direct series running
of the heaters are considered. Moreover, due to
the large amounts of negative feedback used, the
hum in the output is generally reduced so much
that chokes need not be used in the supplies. In
fact, such chokes are often undesirable, as the im-
pedance of the h.t. supply to the output valves must
be low compared with the load to avoid loss of
power,

Practical Choice of Output Valves,—To return to
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some earlier remarks, one of the biggest practical
ditliculties is simply that of obtaining output valves
that can pass the necessary current. Here from the
cost point of view more than one valve will almost
certuinly be required for each side of the output
stage.  Bearing i mind that certain valves can be
abtained very cheaply, it may be more economical
to use a large number of one valve rather than
fewer of another.  Valves made primarily for other
purposes, such as television line scan or current
stabilization, can also sometimes be of use. The
resultant optimum load should, of course, be made
as small as possible, though increased distortion due
to mismatch may be removable by sufficient feed-
back,
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B.B.C. Facis and Figures

OVER 207% of the 14,519 members of the B.B.C. staff
are classified as being in technical engineering.

The total staff engaged exclusively on work for the
television service is 3,700—abour 25% of the whole.

Nearly 24 of the £11M spent during the last finan-
cial year on the sound services (excluding overseas
transmissions) was devoted to engineering, Of this
sum £237.269 went to the Post Office for rental of lines,

Of the £7M expended on television, 427, (£2.95M)
was debited to enginecring,  Ower half a million pounds
was paid 1o the Post Offize for lines,

The Post Office received, in all, ncarly £1M from
the B.L.C. for the rental of lines during the year ended
last March.

During  1955-36 the gross licence income was
£25.736M, Of this sum the Treasury took £2,75M
and the Post Office retained £1.784M, leaving the
B.B.C. £21.2M.

Thirty-ning high-power, short-wave transmitters and
177 aerials are used for the B.B.C.'s external services.

Over 20,000 hours of B.B.C. recordings were trans-
mitted in 1955, and during the last five months of the
year tape accounted for 70% of the total,

These facts and figures are culled from the * B.B.C,
Handbook, 1957 ™ (B.B.C. 5s), and the “ Annual Report
and Accounts of the B.B.C., 1955-56" (H.M.5.0. &s).

Prediction for February
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THE full curves grvers here indicate the highest fre-
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might for relisble communications over four long-
distance paths [rom this country during February,
Broken-line curves give the hichest frequencies that
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Professor F. C. Williams, O.B.E, D.Sc, FR.S, is to
be the fiest recipient of the Benjamin Franklin Medal
of the Roval Society of Arts, which is being awarded
annually Vo individuals who have attained early dis-
tnction, with promise of [uiure achievement, in the
sromotion of arts, manufactures and commerce.” Dr
Nilliames, who is 45 and is professor of elecirical engi-
neering in Manchester University, receives it “ for his
contributons e electoeal engineering.”  He joined the
Bawdsey radar research stanon in 1939 and was em-
ploved throughout the war on the development of radar
circtiitey,  In 1946 he resigned [rom Government service
on being appointed 1o the Chair of electrical engineering
al Abinchester University, where he has been working
on the development of electronic digital computers.

"~

Dr. Fo G WILLIAMS BRUCE WILKINSON

Bruce Wilkinson, formerly managing dircctor of
Electronic Tubes, Lid., has joined the Plessey Company
as divisional manager of the Swindon Components
Division.  Aflter graduating as a Bachelor of Electrical
amd Mechamieal Engmeening from Sydney University
in 1929, he joined the engineering department of Amal-
gamated Wireless (Australasia), Lid. the following year.
In 1946 he resigned from AW A, where for some 1ime
he was in comrol of the Rescarch Laboratorics, and
came 1o England to take up an appointment as com-
mercial manager of EM.IL Factories, In 1949 he was
appointed director and subsequently managing director
of Electronic Tubes, an associated company of E.M.L

OBITUARY

Marchese Luigi Solari, the last survivor of the original
associates of Marconi, died in Rome on Fcbruary 61h,
aved 83, He lirst met Marconi in 1896, and was present
when in July, 1897, Marconi pave the first official
demonstration of  ship-to-shore transmission over a
distance of 18km—then thought to be considerable.
In his book * Sworia della Radie™ he throws some
interesting sidelights on early wireless experiments. In
it he describes the Solari mercury detector used by
Marconi during the transatlantic tests in 1901, during
which Selari was ar Peldhu.

Air Vice-Marshal 0. G. Lywood, CB., CB.E,, who
became a director of Automatic Telephone & Eleciric
Company on his retirement from the R.AF. in 1946,
died on February 3rd at the age of 62, Owing 1o ill-
huealth he resigned from the board in 1955 but continued
a5 chairman of ATE, (Bridgnonh), Ltd. For some
tme during the last war he was direcror of signals in
the Air Ministry.

T. W. Price, A.CGI, AMIEE., who had been on
the sl of Ldiswan for 34 years, died on January 28th
it the age of 5340 He was intimately concerned with the
developient of cathode-ray tubes, and one of his major
post-war contributions was his work on aluminizing. Ie
wis a member of the council of the Television Sociery.

liiey

IN BRIEF

In the December licence figures issucd by the Post
Ofice it is shown that the North Wes Kegion (which
covers Westmorland, Cumberland, Lancashire and west
Yorkshire) has joined the London and Midland Repirm
in having more television licences than ™ sound rat, ®
licences: London 1,405.%84 (1,232,786), Milad
1,102,760 {947,627) and North West 938,402 (923,952).
During December the number of relevision licences
throughout the UK. increased by 136,680 bringiie 11e
tatal to 6,570,097, The overall total of broadcast rec=iy-
ing licences at the end of the year was 14,434,127,

R.CE.E.A. Council.—The member firms ard in
parenthesis, their representatives forming the 1:*7 38
council of the Radioc Communication and Ele: troric
Enginecering Association are: B.T-H. (V. M. Ro%..1),
Cossor (F. ]. Dellar), Decca Radar (C. H T. Johuson),
E.M.L. (S. ]. Preston), Ferranti H N. Toothill), (5,3.2,
(M. M. Macqueen), Kelvin & Hughes (C. G. White
Mqrf.jnm's (F. 5. Mockford), Metrovick (L. H. i)
Phillips), Mullard (T. E. Goldup), Murphy (K. S.
Davics), Plessey (P. D. Canning), Redifon (A. V.-M.
E. B. Addison), and S5.T.C. (R. McVie).

Schools TV.—Television receivers especially designed
[or use in schools are announced by two manufacturers,
Ferguson have produced two sets, one a projection
receiver giving a picture 24-in by 18-in, and the other
with a 21-in be for direct viewing. Cossor's two sets
are both for direct viewing, one with a 24-in wbe and
the other a 21-in tube. Each has a built-in viewing
hood 10 reduce ambient light.

In the note on v.hi. coverage on page 54 of our last
issue the Third Programme was listed as being radiated
from Wenvoe on 92,1 Mce/s. Although this is eventu-
ally to be so, at present the West of England Home
Service is radiated on this frequency.

“ Qutput Transformerless Amplifiers.”—In Fig. 4 of
this article (February issue) the cathode of the lower
output valve should be fed from a separate negative
h.t. supply as in Fig. 7, and not from carth as shown.
In Fig. 9 the cathodes of both the phase splitter and
lower output valve should be fed from a scparate
negative h.t. supply.

National Gramophone Conference.—The bi-annual
conference of the National Federation of Gramophone
Societies will be held ar High Leigh, Hoddesdon,
Herts, from April 5th e 7th. Hugh Brittain, of G.EC,,
and Percy Wilson, of The Gramophone, are among the
speakers.  Details are obtainable from the Hon. Con-
ference Secrctary, 106, Srtreatfield Road, Kenion,
Harrow, Middlesex.

An exhibition of Airmec electronic instruments is
being held at the Napier Hall, Vincent Street, London,
S.W.1, from March 25th to 28th. Tickets are obuin-
ingb]ckfrcc on application to Airmec, Ltd,, High Wycombe,

UCKES,

A conference on physics of the solid state is being
organized by Professor L. B. Bates, F.R.5,, from April
8th 1o 10th in the Physics Department of the Universicy
of Nottingham. Details of the conference, in which
contriburors from universities and rescarch establish-
ments are participating, are obtainable from the Physical
Socicty, 1, Lowther Gardens, Prince Consort Road,
London, S.W.7. (Fee 10s)

BUSINESS NOTES
A Decca Navigator chain of mobile stations is to be

used in connection with the nuclear tests which will be
held in the Ceneeal Pacific laver this year.

A television camera, measuring undcer 3-in in qinmctﬂ
and 24-in long, has been produced by Pye [ar_mst:llla*
tion at Calder Hall. It is fired on a mechanical grab
which 15 lowered into the fuel channels of the graphite
core to remove possible obstructions.
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