The Pass Band of a
Transtformer-Coupled Amplifier

J. F. SODARO*

A discussion of the transmission characteristics of an audio transformer and the param-
eters which affect it. The author reduces calculations to a minimum by the use of an abac.

the problem of rapidly determining

the pass band of a transformer-
coupled amplifier. Straightforward ap-
plication of the pertinent formulas is a
time-consuming process even with the
aid of a slide rule. It is the purpose of
this article to furnish a rapid, direct-
reading calculator for the one- and
three-decibel  attenuation frequencies.
The calculator may also be used to sclect
combinations of circuit parameters
which afford a specified band width.

To review quickly the equivalent cir-
cuits which are used for this type of
calculation, refer to Fig. 1. In these
simplified schematics for an output
transformer, primary capacitance, hys-
teresis, and eddy-current resistance are
neglected, and the turns ratio is reduced
to unity. The leakage reactance at low
frequencies and the shunt inductance at
high irequencies are disregarded. Sec-
ondary circuit parameters are referred
to the primary side by using the turns
squared factor,?

The relative gain at low and high fre-
quencies as compared with mid-fre-
quency gain depends upon the values of
the effective circuit resistance »” and +”
as compared with the corresponding
inductive reactances. Thus, at low fre-
quencies 7/, which is Rp and Ro in paral-
lel, is compared with the primary induc-
tive reactance to determine relative gain,
At high frequencies »”/, which is Fp and
Ro 1n series, is compared with the leak-
age inductive reactance.
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T1115 DESIGNER is often confronted with

Equivalent Circuit Components

Circuit component values correspond-
ing to those in Fig. 1 can be measured
casily 1f these data are not available
from the manufacturer. The required
parameters are primary and secondary
winding resistance, primary incremental
inductance, leakage inductance, and the
turns ratio. Load resistance is generally
known and plate resistance is dependent
upon tube operation. With this informa-
tion on hand the equations in Fiig. 1 can
be utilized.

Winding resistance is generally meas-
ured with a resistance bridge. Although
the a.c. resistance 1is desired, the d.c.
resistance can be substituted in the
audio-frequency range. When multiple
windings are involved care must be
taken to group properly those windings
which constitute the complete primary
or secondary.

It is important that the primary in-
ductance be measured at a suitable fre-
quency with adequate applied voltage.
By this method the measured inductance
is more representative of circuit condi-
tions in the lower cut-off region. The
usual values are 10 volts applied at 60
cps. This is minimum voltage which
will produce a core flux density rep-
resentative of normal operation for most
transiormers. The Hay inductance
bridge may be used and the transformer
secondary should be open-circuited.

If the circuit being designed is single-
ended, the d.c. magnetization current
must also flow through the primary
winding (assuming series feed) when
incremental inductance is measured. The
amount of current should be the antici-
pated plate current plus that current

ry nr,

LOW-FREQUENCY CIRCUIT

€, - INPUT VOLTAGE

o - OUTPUT VOLTAGE

T'p — PLATE (OR SOURCE) RESISTANGE

I, = LOAD RESISTANGE

ry - PRIMARY WINDING RESISTANCE
fa= SECONDARY WINDING RESISTANGE

"
=R+ R,

HIGH=FREQUENCY CIRCUIT

N - TRANSFORMER TURNS RATIO
Is - PRIMARY INDUGTANGE
ls = LEAKAGE INDUGTANGE
Rp=Tp+ Ty

2
R,=N° (1 + 1)

)
r'= RR
° "/(n,m,'

Fig. 1. Equivalent circuits of an audio transformer for low and high frequencies.
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drawn through the primary winding by
any other element such as the screen
grid of a triode-connected pentode.

Leakage inductance is determined by
the measurement of primary inductance
when the secondary is short-circuited.
An inductance bridge may be used. This
measurement can be made at any con-
venient frequency and without passing
direct current through the winding.

Finally, the turns ratio is measured
by applying an a.c. voltage from a signal
generator to the primary and measuring
the resulting secondary voltage with a
vacuum-tube voltmeter, The signal gen-
erator should be adjusted to a mid-band
frequency in order to avoid high- or low-
frequency attenuation.

Graphical Calculations

The 1- and 3-db attenuation {frequen-
cies can be determined rapidly for a
given circuit by reference to the nomo-
gram of Fig. 2. Low-Irequency cutoff
can be read on the left portion and high-
frequency cutoff on the right portion of
the chart. Thus, to determine the low-
frequency cutoff, select the value of ei-
fective resistance on the #” scale and the
value of primary inductance on the Lp
scale. Join these points with a straight
line and find the 1- and 3-db attenuation
frequencies at the intersection of this
line with the [ scale.

To determine the upper limits of the
pass band, enter with the effective re-
sistance »”. Join this point and the leak-
age inductance value on the /.« scale
with a straight line. Once more the at-
tenuation frequencies are found at the
mtersection of this line with the cor-
responding f scale.

Both of the above procedures are
reversible. In this way a specified fre-
quency can be selected, a straight-edge
can be pivoted about this point, and
combinations of inductance and resist-
ance observed which will vield the de-
sired frequency.

In the case of push-pull class A and
class AB amplifiers, the same procedure
can be used provided that the plate re-
sistance is taken as twice the value for
a single tube.

When applying this method to pen-
todes and beam power tubes the calcu-
lated upper cutbff may be high due to
the large source resistance. In these
cases the measured attenuation may be
controlled by circuit capacitance rather
than source and load resistances as
shown in Fig. 1. Another precaution
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which should be kept in mind is that the
application of negative feedback will in-
crease the pass band and decrease the
amplification of all stages within the
feed-hack loop.
Example

Consider the Triad TISM-89 trans-
former coupling push-pull KT-66's as
Class A triodes to a 16-ohm voice coil.

For this application the total plate re-
sistance is 10,000 ohms (twice the single

tube value). Primary resistance is 265
ohms and secondary resistance is 0.489
ohms. Primary inductance is approxi-
mately 233 henries and leakage induct-
ance is 357 millihenries. The turns
ratio is 23 and n® is 529,

The load resistance referred to the
primary is 529(16+0.489) or 8720
ohms. The effective resistance # is
8720 x 10,265/ (8720 +10,265) or 4720
ohms, and "/ is 8720 + 10,265 or 18,985
(use 19,000) ohms.

Construct a straight line from 4720
on the " scale to 0.0357 on the L« scale,
Read 3.2 and 6.3 on the f scale. Thus,
the lower 3-db frequency is 3.2 cps and
the 1-db frequency is 6.3 cps.

Next, draw a straight line from 19,000
on the +” scale to 0.0357 on the Ls scale.
Read 43,000 and 85,000 on the f scale.
Thus, the upper 1-db frequency is
43,000 cps and the 3-db frequency is
85,000 cps.
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Fig. 2. Nomogram for determining the 1- and 3-db attenuation frequencies of an audio transformer.
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