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Delivers MilRE Power
for PROFESSIONAL Use

These latest-of-all Carter DC to AC Con-
verters are specially engineered for pro-
fessional and commercial applications re-
quiring a high capacity source of 60 cycles
AC from a DC power supply. Operates
from storage batteries or from DC line
voltage. Three “Custom” models, deliver-
ing 300, 400, or 500 watts 115 or 220 V. AC,
Wide range of input voltage, 12, 24,-32, 64,
110 or 230 V. DC. Unequalled capacity for
operating professional recording, sound
movie equipment and large screen TV re-
ceivers. Available with or without manual
frequency control feature.

HOW LEADING NETWORKS
USE CARTER CONVERTERS

Photo shows Tommy Bartlett, star of NBC
‘“Welcome Travellers” program, aboard
N.Y.C. R.R. “Twilight Limited.” His Carter
“Custom” Converter makes recording pos-
sible on hoard the train, from regular train
current converted to 110 V. AC. Radio net-
works, stations, program producers use
Carter Converters for all sorts of on-the-
spot recording.
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W. R. AYRES*

Output Transformer
Design Considerations

UCCESSFUL DEVELOPMENT of an audio
s power amplifier depends greatly upon
output  transformer characteristics,
whether the principal equipment objective
be economy or quality. While some perti-
nent features may be specified readily in
simple numerical form, other characteris-
tics, important to high-fidelity equipment,
are of such involved nature that simul-
taneous development of circuit and trans-
former is almost essential. However, ex-
perience and analysis demonstrate several
principles upon which important choices
are based, and form a basis for judgment
applicable to either design or purchase.
Basic purposes of the output transformer
are coupling tubes to the load with d.c.
isolation, and transformation of the load
impedance to a value suitable for efficient
tube operation. To avoid adversely affect-
ing amplifier performance, the transformer
preferably would be highly efficient over
the desired band, and would not cause ob-
jectionable distortion at low frequencies.
Apparently then, refinements characterizing
high-quality output transformers simply
permit good circuit performance, rather
than cause it to be good.

Response

The frequency range over which rela-
tively uniform transformation may be had
is controlled largely by the source and ter-
minating impedances, the shunt winding
inductance, and the leakage inductance.
With fixed source and load impedances, the
ratio of these inductances sets the ratio of
limiting high and low {requencies; ratio
values range from less than 200 for lowest
cost equipment, to 10,000 or more in costly
idcalizations, Chief determining factors are
the core material, prevailing d.c. magnetiza-
tion, and the winding configuration. To the
extent that capacitances and changes in
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core permeability may be neglected, coil
turns do not influence the bandwidth in oc-
taves, since both self inductance and leakage
inductance vary as the square of the num-
ber of turns. While not affecting the re-
sponse-curve shape, the number of turns
sets the position of the curve in the fre-
quency spectrum,

Assume a certain ratio of these induc-
tances, and no other reactances of import-
ance, and let g equal the ratio of source
impedance to load impedance. The ratio of
high and low frequencies at which the re-
sponse is down 3 db is then proportional
to the factor (g+1)*/g, which has mini-
mum value when ¢ = 1. Thus, equal source
and load impedances is the least desirable
combination if wide-range response is a
principal object. Core distortion considera-
tions indicate that ¢ should be made low
rather than high; that is, the source im-
pedance would preferably be very low com-
pared with the load impedance. Most sig-
nificant reduction of g is accomplished with
negative feedback in the amplifier, which in
turn causes additional complication in the
transformer design.

Distortion

Low-frequency waveform distortion in
iron-core transformers occurs because the
shunt winding inductance is not constant
throughout the signal cycle. Relatively little
quantitative material has been published,
and there is considerable variation among
core materials of otherwise similar charac-
ter. General trends of the data have been
analyzed, however, and are reviewed briefly
here.

Let X/R equal the ratio of the open-
circuit reactance of the transformer primary
winding to the parallel combination of
source and load resistances. X may vary
widely with frequency, flux density, and
changes in d.c. magnetization. With X/R

[Continued on page 69]

This is the first of a series of short articles covering various aspects of audio

engineering on a not-so-technical level, yet with information which can be

relied upon. During the next few months, Mr. Ayres will discuss resistance-

coupled amplifier charts, the effect of feedback upon tube characteristics, feed-

back from the output transformer primary, from the secondary, and from a ter-

tiary winding. £ would welcome readers’ comments, as well as suggestions for
further subjects to be covered in the future. Ed.
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found in these two factors. At least we
are on firm ground in drawing the con-
clusion that a symphony orchestra is
not likely to be composed of one violin,
one flute, one horn, etc., each with a
public address system.

Conclusion

In summary, the following factors are
generally bearing upon high-fidelity re-
production in the home: listening level
depends primarily upon acoustic en-
vironment, concurrent activities in the
case of incidental listening, and taste;
within the home the listening level is
generally depressed and scale distortion
is therefore present; the more pro-
nounced effects of this distortion are
alterations in tonal balance and failure
of perception at the lower limits of the
dynamic range; compression of the dy-
namic range, although detrimental to
true fidelity, is a strong factor in mini-
mizing the effects of scale distortion; a
lower ambient noise level will permit
wider dynamic range under the condi-
tions of intentional scale distortion;
and tone, or loudness, controls offer the
only simple means for partially correct-
ing the adverse effects of scale distor-
tions involved in recognized high-fidel-
the recognition of a problem coupled
with failure to understand its nature

leads invariably into “high futility.” For
that reason this paper has attempted
to point out some of the basic considera-
tions involved in recognized high-fidel-
ity problems with the hope of fostering
a better understanding of some of the
non-electronic problems.

Perhaps it shall ever remain that a
ticket to the symphony or opera is the
privilege of true entertainment. In a
sense, the audience and the performers
comprise a team and under these cir-
cumstances a concert can neither be re-
hearsed nor duplicated (a playback is
an attempt at duplication). While the
technique of recorded sound is no real
match—nor competitor—for the live
performance, it is still a wonderful
scheme for broadening the base of music
appreciation and enjoyment. In the
process of capturing, holding and calling
forth at will our musical choices, some
restraint must be used. If the restraining
forces are applied intelligently and
gently the changes in dimensions which
we find upon freeing the imprisoned
sound may well leave a pattern and tex-
ture that is subjectively pleasing. If we
are to reach the goal of having the re-
created seem as the original, the listener
alone can supply that final measure of
understanding which must take over
where techniques fail.

AUDIOLOGY (from page 14)

as the independent variable,

1. Distortion at a given flux density
varies roughly inversely as X/R for
values of this ratio above about unity.

2. Distortion variation with flux density
for constant X/R is of the general
form y=a+ ba™ (a straight line on log-
log paper) in the flux density ranges of
approximately 200 to 8000 gauss for
silicon steel, and 300 to 3000 gauss for
the more common nickel alloys.

3. Distortion falls only very slowly as the
flux density is reduced below about 200
gauss.

4. Direct-current magnetization results
in even as well as odd harmonics, and
may increase the total distortion ma-
terially.

For minimum transformer distortion, the
a.c. flux density and d.c. magnetization
would be minimized, and the ratio X/R
made as large as practicably possible. But
there is no useful object in making distor-
tion due to transformer nonlinearity much
lower than that due to other causes at the
low frequency in question. .

Efficiency

Losses at mid-frequencies are usually
considered to be due to winding resistances
only. Aptly named “copper efficiency” is
easily estimated in design, and may be
tested by simple resistance measurements.
Notion of the error at low frequencies may
be gained from consideration of a trans-
former with a 2-lb. core of high-silicon
steel, operating at 10 watts output with a
flux density of 5000 gauss at 60 cps. Total
core loss would be about 0.4 watt. Were
the copper efficiency (say) 92 per cent, the
true efficiency would be more like 88 per
cent.

While heating is ordinarily not the prob-
lem in output transformers that it is in
power transformers, the cost per watt-hour

is much higher. But from the designer’s
standpoint, increased over-all value of an
equipment development through improve-
ment of output transformer efficiency is
often small compared with the increased
component cost. Almost any successful de-
sign, whether commercial or laboratory, is
a wisely chosen set of compromises, and
choice of operating efficiency is no ex-
ception.

When necessary reduction in physical
size warrants added cost, significant minia-
turization of low-level audio transformers
is possible through the use of nickel-steel
cores. But if transformer requirements dic-
tate maximum operating flux densities as
high as several thousand gauss or more at
the lowest intended frequency of operation,
nickel-steel core material is generally in-
ferior to high-silicon steel. Of the latter,
the grain oriented variety is a preferred
type, and is available in woundloops and
as punched laminations, with neither form
always having advantage over the other.
Additional output-transformer miniaturiza-
tion is possible by improved utilization of
the core window area, or by selection of a
more favorable core shape.

Assuming such improvements have al-
ready been incorporated, further size reduc-
tion (for a given specification on response
and distortion) can be had only with re-
duced efficiency. The extent to which one
may exploit this possibility depends largely
upon the associated circuit, and over-all
equipment considerations of size, cost, and
practicability of manufacture.

Particularly for wideband arrangements
in which extensive negative feedback is
employed, there are important transformer
details “not shown in the circuit diagram.”
These are complex coupling and capacitance
structures resulting from interleaving of the
various windings, and are not readily
subject to design calculation or adequate
description in simple specification form.
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Thus one frequently finds that superior
power-amplifier designs have been based
upon simultaneous development of circuit
and output transformer, with cach adapted
to accommodate the other.

Manufacture may then consist of dupli-
cating the model declared optimum for the
particular circuit, with just enough tests
along the way to assure the required close-
ness of duplication. To the manufacturer,
this is an obviously workable plan. To the
casual amplifier construction enthusiast who
wants top quality at moderate power, the
implication is that best results, for effort
expended, may probably be had by purchase
of an output transformer of published over-
all characteristics. There is often a strong
clement of buying on faith, and likelihood
of satisfaction is improved through buying
from one of the now numerous manufac-
turers who specify the circuits with or for
which their transformers were developed.
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SOUND AND RECORDING CO.

1527 CHESTNUT ST.
PHILA. 2, PA.-RI-6-8388

AMPERITE

Studio Microphones
at P.A. Prices

Ideal for
BROADBCASTING
RECORDING
PUBLIC ADDRESS

“The ultimate in micro-
phone quality,” says
Evan Rushing, sound
engineer of the Hotel
New Yorker.

® Shout right into the
new Amperite Micro-
phone—or stand 2 feet
away—reproduction is
always perfect.

e Not affected by
any climatic conditions.
o Guaranteed to with-
stand severe "knocking
around.”
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Models
RBLG—200 ohms
RBHG—Hi-imp.

List $42.00
“Kontak’ Mikes

Model SKH, list $12.00
Model KKH, list $18.00
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