Output Transformer Design

NORMAN H. CROWHURST*

This article not only explains the “mystic” factors in output trans-
formers, and tells how to design them, it makes important suggestions
the author considers essential to continued progress in the industry.

HE OUTPUT TRANSFORMER is one of

the more important components in

any modern amplifier as regards its
contribution both to cost and to perfor-
mance. So the primary considerations in
designing an output transformer must
resolve into various aspects of the eco-
nomic question, “How good, for how
much?” Keeping “both feet on the
ground,” we will start by considering
the various items that contribute to the
over-all cost of an output transformer.

Costs

On the material side, there are two
main groups of cost: the core and the
winding. Two classes of core material
enter the consideration: the fairly in-
expensive silicon-iron alloys that come
in stamped or punched laminations; and
the much more expensive grain-oriented
strip-wound material, ranking in the
order of ten times the cost for the cor-
responding weight.

Compared to these costs the cost of
winding material is relatively small. The
principal economic question in relation
to winding material concerns choice of
the best wire covering, which is usually
enamel, or a similar material. From the
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Fig. 1. The two types of construction
employing punched laminations. Above
each is shown, reduced in size, the lami-
nation configuration used to build it up.
At (A) the shell type, using a single coil
assembly, with Eand I, or T and U lami-
nations. At (B) the core type, using two
coil assemblies, with U and |, or L lami-
nations. In each case, the heavy dashed
line outlines the magnetic path area of
the core, while the heavy dot-and-dash
line outlines the winding window area.
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viewpoint of achieving the lowest cost,
a more expensive covering is sometimes
justified, because it enables the winding
to be accomplished more readily without
the risk of shorted turns. Associated
with wire covering is the matter of a
suitable impregnating compound, which
can finalize the winding assembly and
prevent its deteriorating due to atmos-
pheric conditions in which the trans-
former will work.

On the labor side of the question there
are again two major operations: the
winding and the complete assembly. In
determining the lowest cost for a given
performance, one has to take all of these
elements and see which one adds up to
the lowest figure. For example, concern-
ing the winding labor: it may be possible
to save material in the core and winding,
but the result of this saving will be that
a more complicated method of mixing is
necessary, which will put up the cost of
labor for winding the coil.

Similarly with the assembly part of
the story: the more expensive grain-
oriented, or C-type core, does have the
advantage that the assembly labor costs
are reduced; with the older lamination
type core, although the material is much
cheaper, assembly takes longer and hence
is more costly; the C-type core is very
quickly and easily assembled with simple
tools.

Choice of Core Type

All of these costs have to be weighed
against various performance considera-
tions that may be laid down in the trans-
former specifications. The first major
question to decide now is the kind of
core to be used: whether to employ a
C-type core or one of the laminated
varieties. So we will start by giving some
approximate comparative figures relat-
ing the two kinds of material.

Of course, these will provide only a
guide, because the final answer to the
question depends upon the precise costs
of labor and materials, which are factors
that vary widely from place to place and
over a period of time: the most economie
solution at one place and time may be
the least economic solution at some other
place or time. The purpose here is to

Fig. 2. The same two types of construc-
ticn employing prefabricated C cores
wound from grain oriented strip.

give some performance comparisons.
Then the cost figures can be put in and
the various other relevant details, to help
make the deeision.

The first thing to notice is that the
relative dimensions change between the
two kinds of core. For a good trans-
former using a built up laminated core,
the usual proportions constitute a larger
volume of core than of winding. These
Jaminations are relatively cheap and,
even if they were a little more expensive
in comparison with winding material,
the large core section would still be the
most economie proposition because it
makes for a simpler type of winding and
assembly.

Changing over to the C-type or strip-
wound ecore, the trend is towards a much
more conservative core ecross seetion and
a larger winding window. The reason for
this is the very much greater relative
cost of the C-core materials. By making
this change, the over-all cost of a trans-
former with similar performance can be
kept in the same region—it may be more
or less according to the precise features
involved and the relative cost of ma-
terials involved. However, it would be-
come exceedingly eomplicated to make
a direct comparison between cores of one
material in one kind of proportions, and
cores of a different material in different
proportions. So we shall make the com-
parison on a step-by-step basis.

At this point however, an important
point should be stressed. Recently the
author encountered a case where transi-
tion from laminations to C core had been
made, simply by removing the laminated
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Fig. 3. Section through a transformer
using a single C core, relying on electri-
cal interconnection for low leakage: each
limb of the core is virtually a separate
transformer, one for each plate circuit,
and the secondary low-impedance wind-
ings must be paralleled; to maintain high
core inductance, the winding connections
should be such that the core magnetizing
effects are in phase.

core and inserting a pair of C cores
that happened to fit conveniently over
the same bobbin. This change is mever
an economic proposition. To the un-
initiated, it would seem that the prin-
cipal difference is a relatively large air
space in the winding window of the C
core, and air does not cost anything!
Of course, there is a little more core
material, due to the increased length
necessary to “go round” the air space.
But make a quick comparison this way:

With E and I laminations, the trans-
former had been about 94 per cent effi-
cient; the change had improved the
efficiency to about 96 per cent and in-
creased the power at the low end about
three times. But had the coil been re-
designed and rewound to fill out the
same pair of C cores, the efficicney
would have jumped to almost 99 per
cent and the low-frequenecy power rating
about eight or ten times.

This improvement is probably much
more than the customer needed. So a
smaller C core could have been used for
the design. That change raised the cost
from $14 to $16. In all probability a
change tailored to suit the customer’s
needs would cost not more than the
original transformer. This brings us to
the first basis for comparison.

Power Rating and Efficiency

First we assume that the build-up of the
strip-wound C core is such as to produce
a transformer identical in dimensions
with one using a laminated core. Under
these conditions, using the same wind-
ing, that is, number of turns and wire
gauge, the working impedance of the
winding for maximum energy transfer
efficiency can be pushed up by a ratio
approximately 1.55. This is because of
the very much reduced shunt losses in
the core.

This change in working impedance
means that the losses will be reduced in
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this same ratio. If the laminated core
produced a transformer of 90 per cent
efficiency (i.e. 10 per cent losses), the
C core using identical dimensions would
produce a transformer of 93.5 per cent
efficiency (i.e. 10 per cent +1.55 losses).
However if both types work at maxi-
mum energy transfer efficiency, in all
probability, due to the change in relative
dimensions, the full advantage of this
improved efficiency will not be gained.
On the other hand, the laminated type
core often does not work at optimum
efficiency due to other econsiderations, so
it may be that the C core will gain an
even greater improvement in power
transfer efficiency.

Taking an alternative assumption—
that we will be content with the same
efficiency in the two kinds of trans-
former (of the same size and shape)—
the power rating can be pushed up at
the low-frequency end due to the re-
duction of losses and the change in
nominal impedance that can be achieved
for a given winding. Due to reduced

Fig. 4. Section through a C core trans-
former relying on distributed transformer
action for low leakage: each limb carries
half of each plate winding and half of
the secondary; as a result there is no
leakage flux potential between limbs,
and the windings may be connected in
series or in parallel to suit impedance

losses, the working impedance of a
given winding can also be reduced by a
factor of 1.5 for the same efficiency, so
the power rating can be increased by a
ratio of 1.5. Further than this, due to the
increased permissible flux density be-
fore saturation is reached, the power
rating can be increased approximately
7 times.

Thus the over-all inerease in power
rating for a given size of transformer
can be more than 10 times. This means
that, if the transformer using regular
laminations gives maximum power down
to a frequency of 60 eps, one using the
C-core construction would give ten times
the power at 60 eps, or approximately
the same amount of power down to
20 eps.

Frequency Response

The figures just given relating to
maximum power at the low-frequency
end are not directly related to the matter
of frequency response—a faet that often
does not seem to be appreciated. Maxi-
mum power at the low-frequeney end is
controlled by saturation flux density,
whereas the response at the low-fre-
quency end is controlled by the effective
inductance produced by the core below
saturation flux density, using the same
winding as a reference.

A comparison between the C-core
materials and the older lamination type
materials, shows that the effective per-
meability below saturation is increased
by an average figure of 3.5 times. This
means that the primary inductance of a
given winding, on a core of the same
proportions, would be inereased by 3.5
times. As the operating impedance of
this winding will probably be increased
also, this means that some of the benefit
will be transferred to the upper end by
reducing the leakage inductance referred
to the specific impedance used.

The exaet distribution of the im-
provement in frequency response will
depend upon the relative distribution

requirements, of other losses. The best way to express
GUANTITIES REFERRED TO 1000-TURN WINDING

SIZE OCCUPYING HALF OF AVAILABLE SPACE MAX. ROLLOFF

DESIGNATION | MATERIAL ety o T Core | mini Leckoge | Moxi Cptimum | POWER [ TOW] HIGH
Resistonce] Losses Inductonce | Inductance | Efficiency | Impedonce| 60 cps
(rotal (K)

referred) h&0 Hys. mH % chms w cps cps
El-12x 15" | gfiieh 70 20| 20 s 30 95.2 2900 75 |18 |15,000
€-12x 3" - 100 [240 | 40 70 e 95.9 4900 15 12 18,000
E-13x 2° - 28 160 | 27 47 50 97.3 2100 25 8.5 | 6,800
El-13x 4 . 39 320 | 54 94 70 97.7 3500 &0 6 | 8000
50/18/13 C-core 17 |90 | 28 70 ) 98 1800 65 7,000
50/32/13 - 21 |0 |s0| 25 " 98.4 2700|135 3.5 | 9,000

Fig. 5. Method of tabulating data to facilitate output transformer design. Optimum
impedance is that for maximum efficiency. Maximum power and the frequency
response roll-offs are based on the optimum impedance given. Power rating can be
increased, and low-frequency response extended, by using an impedance lower
than optimum (or more turns for a given impedance). In the opposite direction,
high frequency response can be extended by using an impedance higher than
optimum (or less turns for a given impedance). Where requirements conflict, high-
frequency response can alternatively be extended by sectionalizing.
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Fig. 6. How sectionalizing influences

leakage inductance. The significance of

leakage flux potential, and the relative

advantage of the arrangements shown,
are discussed in the text.

the matter is that the over-all frequency
response will cover a band width in-
creased in ratio by approximately 3.5
times, using a coil and core of the same
dimensions and proportions.

In practice, as the C-core construe-
tion employs a relatively larger window
for the size of the transformer, it is
easier to employ a greater amount of
mixing in the construction of the wind-
ing. Also as the core is more costly it is
more economic to spend a little more on
winding than to go to a larger core size
to achieve a given improvement.

The net result, then, is that change
from the old laminated core to the newer
C-type cores promises an improvement
in frequeney response band of at least
a ratio of 3.5.

Size and Weight

For some applications the big prob-
lem is size and weight : how small can we
make an amplifier to deliver a given
power? The easiest way to arrive at a
comparison on this basis is to consider
how the relevant quantities vary as size
is changed, maintaining the same shape.
Under this condition, the same number
of turns will represent the same operat-
ing impedance, for maximum energy
transfer efficiency, and both ecore losses
and winding resistance will vary directly
in inverse proportion to the linear di-
mensions.

This means that, when energy transfer
efficiency is the controlling faector and,
due to the change in material, we have
reduced the losses by a ratio of 1.55 for
the same size, we can in turn reduce the
size, to bring the losses back to the orig-

22

WINOOW CROsS-seCTioN  FACTOR|  winpow  cROSS-SECTION e
= ———

PRIMARY SECONDARY | ! PRI [ SECY. || PRMARY secy. | prmagy sy §

e (| secoonar | mi 2 | || ser fremanv| secr | mmary| secr. fem| G
— | = ——

PRu(| SECY. || PRIMARY 3 ‘m secy. || PR f secy. || e [ secy. || er |s.| 7

—— ! —_ —

= =

pruf secv. | pru |f secr. Im. 4 | [r secr | pm. [|secy. | e f[sece | pri. [secv e | 8

— — —

Fig. 7. Table of sectionalizing arrangements with the values of factor N to be
used with the chart of Fig. 9 in computing leakage inductance.

inal figure, in linear dimensions by a
factor of 1.55. This represents a reduc-
tion in weight or volume to less than
1/3 of the previous value—not muech
more than V4.

It may be that the limiting factor is
the power handling capacity at the low-
frequency end, in which case the power
handling capaecity of a given number
of turns on a particular core shape will
vary approximately as the fourth power
of the linear dimension. As for a given
size, we had an improvement of 10 times,
this means that linear dimension can be
reduced by the fourth root of 10, or the
volume and weight by the 34 power of
10. This represents a possibility in size
and weight reduction of better than
5 to 1 by using the C-core material.

As this shows a better reduction than
the one based on consideration of energy
transfer efficiency, it means that the
efficiency will be probably somewhat
reduced by using this greater reduction.

To get some kind of cost comparison
we need to have a means of considering
how change in the relative quantities of
core and winding volume will affect the
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Fig. 8. A cross section through a simple

winding arrangement where both leak-

age inductance and primary capacitance

have to be minimized. This is only likely

to be required with the higher plate
circuit impedance values.

situation. As a general principle we can
make the assumption that a constant
performance can be achieved by having
a constant product of core and winding
volume. This means that if we halve
the core volume we need to double the
winding volume to maintain a compat-
ible performanece. This is approximately
a sound foundation for comparison, but
of course there are many other factors
that must be considered in completing
out a design.

Using this as a basis of pricing both
kinds of transformer in dollars per
pound, exclusive of case, impregnation,
or filling, we find that the C-core variety
shows an increase over the old lamin-
ated type in the region of twice. This
means that if we utilize a C-core con-
struction of approximately half the
total volume of the previous laminated
core construction, we shall land up with
a transformer of approximately the
same price,

The foregoing diseussion has shown
that, whichever ecriterion is considered
as a basis for performance comparison,
a transformer of half the volume on
C-core construction should achieve bet-
ter performance than its prototype in
the laminated core construetion.

Choice of Core Size

Closely associated with deciding what
material the core should be made of,
comes the question of the size and shape.
Laminated cores are built up, from
stampings of specifie dimensions, to a
desired stack thickness as shown at Fig.
1. There are two basie shapes, one of
which may be built up with laminations
of E and I, or T and U configuration,
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Fig. 9. (left). Chart for the computation of leakage inductance. The section factor for any given arrangement of winding cross

section can be obtained from Fig. 7. Fig. 10. (right). Chart for the computation of various winding capacitances. The value of

dielectric constant k used must take into account the material used to provide interlayer or interwinding insulation, and also

the effect of impregnation if employed. The number-of-layers scale is used for finding the effective terminal capacitance due

to distributed interlayer capacitance. The section factors, obtained from the table inset, are used to find the total terminal

capacitance due to spaces between the high-impedance winding and either shields or low-impedance winding sections, as
shown in the table.



TRANSFORMER DESIGN

(from page 23)

it is advantageous to tabulate informa-
tion so that the power rating and other
data about given core sizes may be seen
at a glance, enabling suitable designs
to be considerably expedited. Such a
tabulation is illustrated at Fig. 5.

For a relatively simple and inexpen-
sive amplifier a simple design of trans-
former with a minimum of mixing be-
tween the windings will prove adequate
but for really high quality amplifiers
with wide-band frequeney response be-
tween close limits, a larger amount of
sectionalizing and mixing becomes neces-
sary. However, it is not profitable to just
keep on dividing each winding into a
greater number of sections indiserim-
inately. There are economic and un-
economie ways of seetionalizing, accord-
ing to the purpose for which the sec-
tionalizing is required.

I't should go with saying that dividing
the winding into sections will not effect
any improvement at the low-frequency
end. Primary inductance and saturation
density are purely a matter of core di-
mensions and the number of turns pro-
vided on the windings. It is immaterial
at these frequencies how the turns are
arranged, so sectionalizing is only of im-
portance at the high-frequency end.

But there are two ways in which sec-
tionalizing can affect the electrical prop-
erties of the transformer. These are to
reduce the winding capacitance and
leakage inductance respeetively. In
earlier days, when tube load impedances
tended to be much higher than the mod-
ern values, winding capacitance could
be quite a problem. It can still be a
considerable problem in drive and inter-
stage transformers, but for output
transformers it does not usually prove
to be too serious a problem.

The major purpose of sectionalizing
in an output transformer is usually to
reduce leakage inductance. The extent
to which either of these components
requires to be reduced depends some-
what on the purpose for which the am-
plifier is required. If the amplifier is
for laboratory purposes and will work
into a resistance load primarily, then
both leakage inductance and winding
capaecitance share an important rela-
tionship which must be considered in
detail.

For the more common condition where
the amplifier is intended to feed a loud-
speaker load, the leakage inductance
will usually be swamped by the voice-
coil inductance of the loudspeaker which
the amplifier feeds. However, if feed-
back is taken from the secondary of the
transformer to some earlier stage in the
amplifier, the leakage inductance comes
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Fig. 11.

Chart for determining the response shaping produced by various circuit

element combinations. Values of L/CrR are calculated from the equivalent circuit
of Fig. 13. The response shaping identified is given, normalized to the reference
frequency obtained from Fig. 12, in Fig. 14.

within the feedback loop and henee must
be considered in the over-all design.
The easiest way to consider how leak-
inductance gets reduced by different
sectionalizing arrangements is to draw

ace
age

a pattern for the leakage flux potential
distribution through the winding. For a
simple double winding arrangement this
i1s shown at (A) in Fig. 6. Dividing one
of these windings into two and disposing

the two halves on either side of the other
winding rearranges the pattern to (B).

Here it is clear that the portion of
potential area contained in each tri-
angular representing  distribu-
tion of flux through the winding,

section,
15 re-
duced to a quarter its previous value.
The leakage inductance due to each of
these sections is divided by eight. This
15 due to the fact that the leakage poten-
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identified by Fig. 11 and shown in Fig. 14.



tial produced is the product of the
leakage flux at that point into the num-
ber of turns of the winding which that
flax intersects. As each leakage flux
potential area only aets on half the
total number of turns in that winding,
the integrated leakage potential due to
leakage induectance in each section of the
winding is 14 of that due to the whole
winding in the arrangement of (A) in
Fig. 6. So the leakage inductance due
to the whole winding of (B) in Fig. 6
is one quarter of that at (A).

This is ignoring the leakage flux in
the space between the windings which
acts at a uniform leakage flux potential.
Using a section factor of two, which is
the ecomparison between (A) and (B) of
Fig. 6, the leakage-flux potential at
each of these spaces is divided by two.
But the number of turns in which this
induces a leakage potential is also
halved. This means that the components
of leakage inductance due to each space
are divided by four, but because that
there are now two spaces instead of one,
the total contributed element of leakage
mductance due to space bhetween wind-
ings is one half of that in the single
arrangement, assuming that each space
in the second method of sectionalizing is
of the same thickness as the original.

The leakage flux areas for two wind-
ings divided into three and two equal
sections respectively are shown at (C)

R L R
— M
PLATE LEAKAGE PLATE LEAKAGE
RESISTANCE INDUCTANCE RESISTANCE INDUCTANCE
VOICE COIL
INDUCTANCE
- PRIMARY .L
J CAPACITANCE T~ © REFERRED
REFERRED
LOAD :
RESISTANCE S
RESISTANCE
AND

RADIATION
(a) (8) RESISTANCE

REFERRED

Fig. 13.

Equivalent circuits for output transformer high-frequency response com-

putation. (A) is the equivalent using a resistance load, and (B) is the equivalent
using a loudspeaker load. The primary capacitance value used must include all
effective capacitance across the primary, due to winding capacitance, distributed
and lumped, tube plate-to-ground capacitance, wiring capacitance, and an addi-
tional capacitor, if used. Leakage inductance and load resistance must both be re-
ferred to the primary winding. The response predicted for (B) will be the current
delivered to the loudspeaker at high frequencies. To obtain the voltage response,

this can be combined with the impedance
ductance.

in Fig. 6. Here the succession of areas

characteristic of r and the voice-coil in-

shown in this figure for each of the

is not uniform and the leakage flux cases.
potential at different spaces between On this basis Fig. 7 shows the factors
windings also differs, so a different for the number of sections used for the

series of factors will have to be used.
Comparison of this arrangement with
that at (D) in Fig. 6 which still uses
three sections of one winding and two of
the other, shows that the latter arrange-
ment results in much better reduction in
overall leakage inductance. The relative
dimensions and the factor they play on

sectionalizing arrangements producing
a maximum reduection of leakage indue-
tance. In this schematic, the windings
are in each case shown connnected in
series. This is unimportant—the referred
leakage induetance will be of the same
magnitude to the impedance to which it
is referred, regardless of whether wind-

the over-all leakage inductance are ings are connected in series or in par-
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Fig. 14. Response shapings selected by the chart of Fig. 11. Actual frequencies can

be calculated from the reference frequency given by Fig. 12. The dotted lines indi-

cate the points of maximum slope on the curves (the outside ones) while the middle

one indicates the point of the peak, which is useful in over-all response computation,
particularly when the peak is not very high.

AUDIO e SEPTEMBER, 1956



L

" HIGH FIDELITY . ..
at budget prices!

This new 12”7 tri-axial model incorporates
the following exclusive characteristics
which are an integral part of every Racon
high fidelity loudspeaker.

FOAM SUSPENSION

Unique “HI-C” (high compliance) plastic

foam cone suspension provides inherent
pneumatic damping with no “hangover"”
or boomy effects. Large diaphragm ex-

cursion for clean low frequency response.

CONE RE-INFORCEMENT
Six low mass stiffening struts of cellular
plastic are cemented to rear surface of
cone to provide rigidity and prevent
“breakup” at high levels.

MID-RANGE
A separate cone propagator set into a
circumferential slot near the large cone
apex augments mid-range response. This
still permits piston action of the main
cone at low frequencies. Mechanical
crossover at 2000 cycles.

TWEETER
A combined compression and direct radi-
ator tweeter is installed co-axially. Re-
sponse in the upper range (5,000-18,000)
cycles is smooth and natural, without
a trace of harshness, Built in electrical
crossover at 5,000 cycles.

SPECIFICATIONS MODEL 12-HTX

RESPONSE: 35-18,000 cps.

POWER: 20 watts

IMPEDANCE: 8 chms

RESONANT FREQUENCY : 40 cps.
FLUX: 10,500 gauss

HI FREQ. DISPERSION: 100°
DIMENSIONS: 121" dia. x 7" deep
WEIGHT: 9.5 Ibs.

PRICE: $43.50 audiophile net.
Write for free literature covering the complete

high fidelity line by the oldest manufacturer in
the field of loudspcakers.

HIGH FIDELITY LOUDSPEAKERS

RACON
ELECTRIC

COMPANY, INC.
1261 Broadway, New York 1, N. Y.,

Export: Joseph Plasencia
401 Broadway, New York, N. Y.
Circle 93A
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allel. In each case both the leakage in-
ductance and the working impedance
will be multiplied by the square of the
number of sections used in transferring
from parallel to series connections.

The best construction for producing
a minimum leakage inductance uses
windings with relatively long layer
length and a few layers. To produce a
low winding capacitance the layer length
should be short and a large number of
layers employed. In this way the inter-
layer eapacitanee consists of a larger
number of smaller eapacitances in series.
But this arrangement is much less ad-
vantageous for reducing leakage induc-
tance. So the best method, where both
quantities have to be reduced, is to mod-
ify the method of winding, using a ver-
tical sectioning in addition to the hori-
zontal sectioning. A seection of a com-
plete winding suitable for this purpose
is shown at Fig. 8. Here only the high-
impedance winding employs vertical
sectioning to reduce the ecapacitance.

In designing a transformer where
both factors are important, it is best to
keep the number of horizontal sections
down, because each intermixing, al-
though it reduces leakage inductance,
also makes it more difficult to reduce
winding capacitance. The charts of Figs.
9 and 10 will prove useful in caleulating
the over-all leakage inductance of dif-
ferent winding arrangements and also
in eomputing ecapacitance effects.

Over-all Peiformance

The data so far given ean be utilized
to caleulate the eleetrical quantities of
a transformer. But its performance is
usually specified in terms of power
handling, cfficiency, frequency response,
distortion, and so on, which does not
specifically state the eleetrical quanti-
ties we have so far discussed. These de-
tails can only be successfully evaluated
on the basis of a complete amplifier de-
sign.

Power-transfer efficiency is the only
feature of a transformer which is in-
herent to the transformer at certain
operating impedaneces, regardless of the
eircuit in which it is used. The frequenecy
response and distortion characteristies
are almost entirely dependent upon the
tube circuits, and upon the feedback
arrangements, where feedback is used.

Frequency Response

To facilitate caleulation of frequency-
response charaeteristies under these con-
ditions, Figs. 11 and 12 help evaluate
the high-frequeney response in terms of
the known cireunit values: the source
resistance due to tube a.e. resistance, the
winding eapacitanee plus any primary
capacitance due to wiring and tubes,
and the leakage induectance, together
with the load resistance; (A) in Fig. 13
shows the fundamental high frequency

response circuif. on which these caleula-
tions are based.

In practice the circuit with which the
transformer is used is more likely to be
that of (B) in Fig. 13 where the load
also includes an induetance. If feedback
is employed from the seecondary of the
transformer this will be taken from the
junetion between the inductance in the
transformer due to its leakage and the
inductance which forms part of the load.

Distortion

The distortion in output stages is due
to (a) the transformer saturation at low
frequencies, and (b) the effect of re-
actances in the transformer at other
frequencies—sometimes also at low fre-
quencies. These may cause the tube load
line to open out into an ellipse, which
produces an unfavorable loading condi-
tion for the tubes, eausing an appre-
ciable degree of distortion.

Stability

The transformer elements, leakage in-
ductance, primary capacitance, and so
on, also enter into the stability eriterion
for an over-all feedback amplifier. Also
of ecourse, any reactances in the load
such as that due to voice-coil inductance,
will also contribute to the stability cri-
terion.

In designing an over-all amplifier all
these factors should be taken into ae-
count and the writer suggests that the
design department of a progressive
transformer manufaecturer should in-
clude facilities for advising amplifier
manufacturers concerning the over-all
design of equipment incorporating spe-
cific transformers; or, in reverse order,
they should be capable of producing a
transformer to suit a specified design
and at the same time be prepared to
give advice on the limitations of the
design, with regard to loading condi-
tions, ete.

This form of liaison, which for some
reason seems to be unheard of, would
result in considerable improvement in
competitive amplifier design, in fact it
would seem to be vital to further prog-
ress in this field.



