














?

J

-

T

O

|

UNIFORM FREQUENCY TRANSMISSION

It is apparent that for uniform frequency transmis-
sion in this circuit, |s should be constant regardless of
frequency. If all the impedances in this circuit were non-
inductive, such would be the case. In practise the impe-
dance of an inductance varies directly as frequency and
the impedance of a capacitor inversely to frequency.
It is therefore seen that as the frequency is reduced the
impedance of Lm will also be decreased and I, will be
increased. This shunting effect of the primary inductance
is the main factor controlling the low-frequency response
of a transformer. Obviously the reactance of the trans-
former primary should be high as compared to the source
impedance Zp at the lowest frequency at which it is to
function efficiently.

A curve showing the loss due to the shunting effect
of the primary of a transformer is illustrated in Fig. 4.
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As an example of the use of this curve, let us assume
source and load impedances of 500 ohms. At the fre-
quency at which the primary reactance is 325 ohms,
there would be a 2-db loss. In other words, to design a
transformer having a loss of 2-db at 20 cycles, the pri-
mary inductance would have to be such as to offer an
impedance of 325 ohms at 20 cycles

COUPLING

Examining Fig. 4 once more, it is seen that as the
frequency increases, LI increases in impedance. This
naturally throws a series loss in the secondary circuit
such that I, and the following current I; and Is are re-
duced. The leakage inductance LI is due to imperfect
flux coupling between the primary and secondary. If
the co-efficient of coupling in the above transformer
were .995, the leakage would be .5 percent. This would
be at 20 cycles .5 percent of 325 ohms, or 1.625 ohms.
At this frequency it is evident that the leakage reactance
loss is negligible. However, the impedance of LI at
20,000 cycles, varying directly with frequency, would be
1,625 ohms. Naturally in a 500 ohm circuit this would
be a very great loss.

The distributed capacity, C, is again effective only
at the higher frequencies. Similar o the primary it is
purely a shunting effect varying with frequency. Fig. 5
illustrates the loss due to distributed capacity in an audio
circuit. If source and load impedances were 100,000
ohms each, it would require only 300 mmfd. o cause a
loss of 2 db at 10,000 cycles.

Summarizing the above, we note that on the whole,
there are three major factors governing the range of
audio transformers; namely, primary inductance, distri-
buted capacitance, leakage reactance.

FACTORS GOVERNING RESPONSE OF UTC TRANS-
FORMERS

To increase primary inductance on a given core
structure, it is necessary to increase the turns in the
windings, In effect, this at the same time increases the
distributed capacitance and leakage reactance. It is
therefore apparent that in attempting to improve low
frequency response we must sacrifice highs, or vice versa.
The choice of a balance point depends solely upon the
application. However, it has also been found possible
o increase the coil inductance by improving the core
material so that it has a higher permeability at the par-
ticular flux densities involved in a specific application.
Research in this field has developed the nickel-iron and
other magnetic alloys.

One of the limiting factors to the use of nickel-iron
alloys is their general sensitive nature with reference tfo
mechanical, thermal or magnetic abuse. It was with this
in mind that UTC Hiperm alloy was developed. This
nickel-iron alloy has a very high permeability at the low
flux densities encountered in audio units and also has low
hysterisis losses. However, unlike most nickel-iron alloys,
it is not extremely sensitive to temperature or mechanical
shock and will stand reasonable amounts of DC without
excessive saturation, This magnetic stability is of para-
mount importance in assuring high fidelity performance
through years of operation.

The reduction of leakage reactance and distributed
capacitance is quite involved, Practically all UTC trans-
formers have had leakage reactance brought down to a
minimum through the use of a semi-toroidal transformer
structure in which the coils cover more than 50%, of the
magnetic circuit. This effects appreciably more coupling
than in the normal shell type transformer structure where
the coil covers only 209, of the magnetic path. In ad-
dition to this, practically all the coil structures involve
accurate and multiple interleaving of windings. The
extent to which leakage reactance has been reduced is
seen in the frequency characteristic of the standard
matching transformer illustrated in Fig. 6. The coupling
in this transformer exceeds .999.
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Characteristic curve of a lina-marcning rransformer

DISTRIBUTED CAPACITANCE

Distributed capacitance can be divided up into
three cumulative effects; turn-to-turn capacitance, layer-
to-layer capacitance, and coil-to-coil capacitance. In a
well-designed coil the layer-to-layer factor is most im-
portant. To keep this at a low value, coils can be sec-
tionalized so that the layer length is kept low. However,
this must be done very carefully so as not to increase
the leakage reactance. On fransformers in which the
distributed capacitance is of appreciable effect, such
as windings in low level grid circuits, resonant effects will
generally occur in the secondary such that an increase in
amplification is obtained at cerfain frequencies. Both
load resistance and source impedance affect this reson-
ance.
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LS-23 Input, two screen grid plates to two grids. Effective ratio [:l. LS-2 20.00

LS-24 Single plate or line to one or two grids. One primary winding will match single plate of tubes like 01A,
12A, 30, 31, 26, 27, 37, 55, 56, 85, or W.E. 262A. Another primary winding designed for a carbon or
voice coii microphone or a low impedance pickup. Secondary in two sections. Total secondary imped-

ance 60,000 ohms. LS-1 20.00
MIXING AND MATCHING TRANSFORMERS

LS-30 Mixing, carbon or moving coil microphone or low impedance pickup to a variable impedance line.
Primary and secondary windings will match 500, 333, 250, 200, 125 or 50 ohm lines. LS-V ... $15.00

LS-32 Mixing, one sr more moving coil microphones or extremely low impedance pickups to a variable imped-

ance line. Primary impedances 60, 38, 30, 22, |5, 10, 5.5, 2.5 ohms. Secordary impedances 500, 333, 250,
200, 125, 50 0hms. L el e e e e e e - 20.C6

LS-33 I5 watt audio line matching transformer. Input designed for 5C0, 333, 250, 200, 125, 50 okms. Out-
put designed for 500. 333, 250, 200, 125, 50, 30, 20, 15, 10, 7.5, 5, 2.5, 1.2 ohms. LS-2.... S 15.00

LS-34 30 watt audio line matching transformer. Input designed for 500, 333, 250, 200, {25, 50 ohms. Out-
put designed for 500, 333, 250, 200, 125, 50, 30, 20, I5, 10, 7.5, 5, 2.5, 1.2 ohms. LS-3 20.00

LS-35 60 watt audio line matching transformer. input designed for 500, 333, 250, 200, 125, 50 ohms. Out-
put designed for 500, 333, 250, 200, 125, 50, 30, 20, 15, 10, 7.5, 5, 2.5, 1.2 ohms, LS-4 e 30.00

LS-36 200 watt audio line matching transformer. Input designed for 500, 333, 250, 200, 125, 50 ohms. Out-
put designed for 5C0, 333, 250, 200, 125, 50, 30, 20, 15, 10, 7.5, 5, 2.5, 1.2 ohms. L.S-5i 50.00
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FREQUENCY IN CYCLES PER SECOND MATCHING UNITS FREQUENCY IN CYCLES PER SECOND LS-37
LS-37 Crystal microphone or pickup or high-mu triodeor diode detector to line. Primary in two sections:
overall impedarce 130,000 ohms. Secondary 500 333, 250, 200, 125, or 50 ohms. LS-1. . . __ 15.00

BRIDGING TRANSFORMERS

LS-150 Primary 4000 ohms bridging a 50 to 500 ohm line of any level up to plus 24DB. Secondary 500,
333, 250, 200, 125, 50 ohms. LS-I $ 15.00
LS-151 Primary 16,000 ohms bridging a 50 to 500 ohm line of any level up to plus 24DB  Secondary 5C0,
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333, 250, 200, 125, 50 ohms.  LS-I . $ 15.00
A PRIME AND CLASS B INPUT TRANSFORMERS

LS-4  Primary designed for 500, 333, 250, 200, 125 or 50 ohm lines to two class B 46, 59 or 210 grids oper-

ating at a maximum level of 432 DB. LS-2 $ 25.00
LS-5  Primary designed for 500, 3332, 250, 125, or 50 ohm lines to two 203 A or 838 class B grids. LS-2 ... . 30.00
LS-6  Push pull 45 or 59 triode plates to push pull 845A prime grids. [S-2 ..., 22.00
LS-7  Push pull 56, 6C5, or 6Cé triodes to 45, 42, or 6F6 tubes in AB. LS-2 22.00
LS-46 Push puli 45 or 59 plates to 2-210, 2-830, 2-800, 2-KR 18 grids in class B. 1S-2 15.00
LS-47 Push pull 2A3 plates to 2-203A or 838 grids in class B. LS-2 20.00
LS-48 Push pull 845 plates to 2-204 or 849 grids in class B. LS-4 : 35.00
+r +4
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LOW LEVEL CLASS A OUTPUT TRANSFORMERS
LS-50 From a single plate like the O1A, 12A, 30, 31, 26, 27, 37, 55, 56, 85, W.E. 262A to 500, 333, 250, 200,

125 or 50 ohm line. LS-I $15.00
LS-51 From push pull plates like the O1A, 12A, 30, 31, 26, 27, 37, 55, 56, 85, W.E. 262A to 500, 333, 250,

200, 125, or 50 ohm line. LS-I — 15.00

SPECIAL A PRIME AND CLASS B OUTPUT TRANSFORMERS

LS-65 From two class B 210 or 80! plates to high and low impedance loads. High impedance load 5000, 3500.
2500, 2100, 1250, or 600 ohms. Low impedance load 30, 20, 15, 10, 7.5, 5.5, 2.5, 1.2 ohms. Se-~
ondary windings will handle 60 watts audio power. LS-4

LS-66 Two class B 203A or 211 plates to 5000, 3500, 2500, 2100, 1250, or 600 chms. Secondary wil
will handle 200 watts audio power, LS-5
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LINEAR STANDARD CLASS A AND CLASS B OUTPUT TRANSFORMERS

Type Primary Impedance Will Match | Secondary Impedance Case & Price
|
Class A, push pull 250, push | 500, 333, 250, 200, 125, 50, 1S-2
LS-52 8000 ohms plate to plate. pull 245, single 211, 843, | 30, 20, 15, 10, 7.5, 5, 2.5, 20.00
842, 205D, 48. 1.2, :
6000, 5000, 4000, 1800, | <.
LS-63 8000 ohms plate to plate. Same tubes as LS-52. (500, 1000, 30, 20, 15, 10, 20.00
75,5 25, 1.2 :
152
LS-54 8000 ohms plate to plate. Same tubes as LS-52. ?%.20' 510 TR 2 14.00
For 5000 ohms
Self bias push pull 2A3's 500, 333 250, 200. 125, 50
push pull W.E. 275A's, single - . - , o Y LS-2
Ls.65 | 5000 ohms plate to plate and | 5y s o <ingle 59 iode. | 30, 20, 15, 10, 75, 5. 25, | 0.0
3000 ohms plate to plate. For 3000 ohms | 2. -
Fixed bias push pull 2A3's,
single W.E. 52A.
6000, 5000, 4000, 1800,
Ls.56 | 2000 ohms plate toplato and | oy poc o155, 1500, 1000, 30, 20, 15, 10, | -2
3000 ohms p[ate to plate. 75 5 25 1.2. 20.00
5000 ohms plate to plate and 30, 20, 15, 10, 7.5, 5, 2.5 LS-2
LS-57 P P Y IO T e 9 8o
3000 ohms plate to plate. | S2Me tubes as L5-55. 1.2, 14.00
For 2500 ohms
Four 2A3's in push pull paral-
LS-58 2500 ohms plate to plate or | lel self bias circuit. 580'2%33'| 525?'02070;5 |255' 25(5)' LS-4
i 1500 ohms plate to plate. For 1500 ohms | 2' oTH T e e 30.00
Four 2A3's in push pull paral- | *-*
lel fixed bias circuit.
6000, 5000, 4000, 1800,
LS.59 2500 ohms plate to plate or Same tubes as LS.58. 1500, 1000, 30, 20, 15, 10, LS-4
1500 ohms plate to plate. 75 5 25 |2 30.00
2500 ohms plate to plate or 30, 20, 15, 10, 7.5, 5, 2.5, LS-4
LS-60° | 1500 ohms plate to plate. | Same tubes as L5-58. 2. 20.00
For 10,000 ohms
Push pull 59 triodes, push pull
6B5's, push pull 71A’s, single
210, 41, 268A, 2A3, Class B aa
10,000 ohms plate to plate 49's, 535, 79's, 89's. 500, 333, 250. 200, 125, 50, LS-2
LS-61 r 6000 oh late to olat For 6000 ohms 30, 20, 15, 10, 7.5, 5, 2.5, 20.00
° onms plate to plate. | 1 Class A push pull W.E. | |2
52A's, single 31, 46, 59 pen-
tode.
In class B push pull 46's, push
pull 59's.
6000, 5000, 4000, 1800, .
1s-62 | 10000 ohms plate to plate | ¢\ o 1500, 1000, 30, 20, 15, 10, | 2
or 6000 Oth plate to plate. 75 5 25l |2 20-00
10,000 ohms plate to pfa‘:eﬁ 30, 20, 15, 10, 7.5, 5, 2.5, LS-2
L5-63 ar 6000 ohms plate te. plate. Seme tubes as LS-61. l.2. 14.00
o 500, 333, 250, 200, 125, 50
Class A push pull 845's. : ' ' : NG LS-4
- |
LS-64 8,000 ohms plate to plate. 50 Watts Maximum. 30, 20, 15, 10, 7.5, 5, 2.5, 35.00

l.2.
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to 10 degrees Centigrade. In view of this UTC Linear
Standard power components are given a dull black finish
having a high heat radiation co-efficient. Fig. 3 illus-
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Fig3

trates the effect on final temperature rise caused by
different ratios of transformer loss to transformer heat
dissipating surface.

TEMPERATURE UNDER OVERLOAD

Figure 3 is frequently useful in determining the temper-
ature rise of a transformer when operated under abnormal
or overloaded conditions. When a transformer is used
under no load condition a considerable portion of the
time, as in testing apparatus or distribution transformers,
it is customary to make the iron losses small so that a
minimum of power is wasted in the idling condition.
However, most transformers used in the communications
fields are operated at full load continuously. Under this
condition it has been found that the best proportions are
obtained when the iron and copper losses are approxi-
mately equal. To analyze overload conditions let us
call the iron loss .5 and the copper loss. 5. If the output
power is brought above normal only the copper loss will
be effected. Let us assume that we start with a trans-
former having a normal rise of 45 degrees or having ap-
proximately .3 watts loss per square inch of active sur-
face. Now let us take the case where the transformer
is overloaded 50%,: for example a 200 mil plate transform-
er operated at 300 mils. As the copper loss is propor-
tional to the square of the current we have a condition
where the new copper loss equals .5 x |.5 squared or [.13.
operated at 300 mils. As the copper loss is proportional
to the square of the current we have a condition where
the new copper loss equals .5 x 1.5 squared or [.13.
Adding this to the iron loss of .5 which has not been al-
tered we obtain a fotal loss of 1.63. Multiplying our .3
watts per square inch by this figure, a ratio of 49 watts
per square inch is obtained. An examination of the curve
shows that this will result in a final temperature rise of
52 degrees.

As one becomes accustomed to the idea of lower
temperature rise in a transformer being made possible
by better heat dissipation, one begins to question the
advantage of placing transformers in enclosing castings
or sheet metal cases which apparently reduce ventilation.
This has been eliminated in UTC tfransformers by the
use of a special insulating compound which is poured into
the case. This compound which has a large Gilsonite
content has a very high co-efficient of heat transfer with
the result that the transformer heat is quickly carried
to the outer case. As this outer case has a larger exposed
area than the transformer itself, it is found that the final

temperature with the case will be LESS than that of an
open unit.

LOSSES-EFFICIENCY

As previously stated, the main losses in a transformer are
the iron losses and the copper losses. In large trans-
formers, and particularly in transformers operating at
higher frequencies than 60 cycles some additional loss
is caused by eddy currents in the copper conductors.
The iron losses in a transformer can be kept at a proper
point by the use of low flux densities. The use of low
flux densities also decreases the magnetizing or no '-ad
current of the transformer very appreciably and _.ds
to reduce extraneous fields. This is an important point
in modern high gain amplifiers. Copper loss is naturally
kept low by the use of large conductors.

It is frequently assumed that a large transformer will
be superior from the angle of losses, efficiency, and heat-
ing as compared to a smaller unit of equivalent rating.
Care must be taken in the application of this statement.
The use of large quantities of material if coupled with
poor engineering may be a defriment. A large quantity
of steel operated at the same flux density as a small
unit will have an iron loss in direct proportion to the
bulk of the cores. In addition, the larger bulk of cop-
per made necessary may have greater losses than that
in the smaller units, UTC has spent much fime on the
development of power transformers and care has been
taken in all UTC units to obtain the optimum design
so that the greatest efficiency and safety factor is
effected.

REGULATION

The regulation of plate fransformers is becoming an ex-
ceedingly important factor in modern amplifiers using
class B or class AB tube operation, Referring to Fig. 2
it is seen that the loss in voltage sustained with an in-
crease in fransformer load current is caused by L and R,
the leakage reactance and DC resistance of the trans-
former windings. In small transformers R is by far the
larger effect. The resistance of the windings can be
kept down by the use of large wire sizes, but more im-
portant than this is the question of getting as much cop-
per in a given space as possible. The coils in UTC
transformers are wound on machines designed by UTC
with this main thought in mind. In large transformers,
particularly plate transformers which require considerable
spacing between layers and windings for insulation, the
reactance loss L becomes a more important factor than
R as respects regulation. This effect has keen reduced
to a minimum in UTC transformers through the use of
interleaved windings.

INSULATION

The insulation used in a transformer must have a high
safety factor, taking into consideration the most severe
conditions which may be encountered in service. Many
materials used for insulation purposes will deteriorate
with age or heat. Considerable care must be taken in
the use of these materials. As previously stated, tem-
perature has a decided effect upon most insulating
materials. The dieleciric strength of some materials is
cut to less than half by a change in temperature from
50 o 100 degrees Centigrade. UTC uses mica almost
exclusively at the points of high voltage stress in Linear
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(Figure 8] (Figure 9)

circuits. In the circuit of figure 8, each tube carries
current for one-third of a cycle. The circuit of figure 9 is
very commonly used for high power transmitters where
three phase power supply is available, due to the high
DC voltage which is obtainable. This circuit has an
added advantage in that the ripple frequency is high,
being six times the supply frequency, allowing easy fil-
tering.

Analyzing these rectifier circuits, we obtain the values
indicated below as the maximum operating and output
values for any of the tubes described above.

Fig. No. Transf. Volts E  DC Output Volts at  DC Output
Input to filter Current

4 .7 x peakinv. 45 x E .33 x peak plate
voltage current

5 .35 x peak inv. 9 xE .66 x peak plate
" voltage current

6 .35 x peak inv. 9 xE 1.32 x peak plate
voltage current

7 .7 x peakinv. 9 xE .66 x peak plate
voltage current

8 43 xpeakinv, I1.12xE .83 x peak plate
voltage current

9 43 xpeakinv. 225xE 1.0 x peak plate
voltage current

As an example, if we apply these figures to the 866
tube, we find that in a full wave circuit, {fig. 5), the maxi-
mum transformer voltage E each side of center tap is
.35 x 7500 or 2650 volts. This gives us a DC voltage
at the input to filter of 2650 x .9 or 2400 volts. The
maximum DC output is .66 times the peak plate current
of .6 amperes, or 400 MA. Naturally, voltages and
currents lower than these values can be used. Where a
saturated input reactor is used, the allowable DC is
reduced somewhat. However, as these saturated re-
actors are normally used in conjunction with a class B
amplifier load, the high DC and peak plate currents are.
generally of short duration reducing the tube life by an
amount which is not excessive.

PREDETERMINING DC VOLTAGE

+
-I- T/§ Rr Lr  _Ru LuRules o
LoAD = -
> T #
Rr Lt LOAL

SIMPLIFIED FORM FIGJO
(Figure 11}

Actually, in practice, the DC voltage in which we are
interested is that out of the filter. If we examine our
complete circuit closely (fig. 10), we find that it can be
reduced to the simpler form of fig, I1. Here we have
the ratio of transformation such that E volts are induced

TYPICAL PLATE SUPPLY

(Figure 10)
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in the transformer secondary. From the theoretical DC
output which is .9 x E, we must subtract all the voltage
drops, which include the drop across Rt (the transformer
resistance}, across Lt (the transformer leakage reactance),
across Y (the tube drop), across RLI and RL2 (the choke
resistances). If the transformer regulation is known, a
value of E can be obtained which already incorporates
the transformer losses. The DC output is then (.9 x E)
minus [5 (the normal voltage drop across a mercury
vapor tube), (minus IDC x (RLI plus RL2). This gives us &
definite means of predetermining our DC output voltage
from a rectifier using a choke input filter.

TYPICAL PLATE SUPPLIES

In many cases a particular transformer may be used under

Epc-435V
Ipc - 100 MA
Eac- 1100V
Iac- 71 MA
Irr1 - .6 MA

Epc-675V
Inc - 100 MA
Eac- 1100V
Jac- 103 MA
Ieri - .9 MA

Epc- 860V
Ipc - 100 MA
Eac-1100V
Iac- 96 MA
Irri- 1.1A

Epbc- 1200V
Ipc - 100 MA
Eac-1100V
% Iac - 148 MA
IprI- 1.65 A

Epc- 480V
Ipc- 100 MA
Eac- 550
Iac - 120 MA
Ipri- 9 A

Epc - 580 V
Inc - 100 MA
Eac-550V
Iac - 190 MA
IPRI-1.45 A

T Epc- 1080V
LT L | §Ipoc-100 MA
= * 2 Eac- 550V
Iac- 310 MA

cousLTa  AEeTwICR JprI- 1.55 A
(Figure 12A to G)

different circuit conditions. Figure 12A to G illustrates
some of the standard single phase rectifiers more com-
monly used with typical voltage and current conditions
obtained. Comparing A and B, it is soon that when
changing the circuit from choke input fo condenser input
an increase in DC voltage is obtained. However, exam-
ination of the primary and secondary transformer currents
indicates an increase of almost equal magnitude. If the
same power fransformer were used, this would mean
that while the DC voltage is raised, the DC current will
have to be reduced in almost the same amount to keep
the power transformer at normal rating. In other words,
the DC power will still remain practically the same.

G — voirace
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THREE PHASE PLATE TRANSFORMERS

LS-112 Primary 200, 210, 220 volts — 3 phase Delta connected: 50 to 60 cycles. Secondary designed to
deliver 3000 volts DC. on High tap, 2500 volts DC on low tap. 500 MA DC. with half wave rectifi-
cation.  Will deliver 6000 volts DC or 5000 volts DC in full wave rectification at 300 MA. .o 240.00

LS-113 Primary 200, 210, 220 volts — 3 phase Delta; 50 to 60 cycles. Secondary designed to deliver 3000 volts
DC or 2500 volts DC at | Amp. with half wave rectification. Will deliver 6000 volts DC or 5000 volts
DC in full wave rectification at 600 MA .- 340.00

LS-114 Primary 200, 210, 220 volts — 3 phase Delta; 50 to 60 cycles. Secondary designed to deliver 3000
volts DC. or 2500 volts DC. at 1.7 Amp. with half wave rectification. Will deliver 6000 volts DC. or
5000 volts DC. in full wave rectification at | Amp. -425.00

LS-115 Primary 200, 210, 220 volts -— 3 phase Delta; 50 to éo cycles. Secondary designed to deliver 6000 volts
DC. or 5000 volts DC. at .5 Amp, with half wave rectification. Will deliver 12000 volts DC or
10000 volts DC in full wave rectification at .9 Amp. .. 800.00

BIAS SUPPLY TRANSFORMERS

LS-116 This Transformer combines a full wave plate and filament winding to supply fixed bias for tubes such
as 42, 45, 2A3, 6F6, 250, 210, etc. Primary 100, 105, 110, 15, 120, 125. Secondary tapped for 50,
Zg. and 100 volts each side of center 30 MA. Filament 5 Volt CT to take care of type 82 or 80 tubes.
) 10.00
LS-79AX Primary tapped for 100, 110, 120, 220, 230, 240 volts; 50-60 cycles A.C. Secondary tapped to supply
fixed C bias for class B 203's, 830B's and class A 845's with 82 rectifiers. LS-3
LS-107 For use as fixed bias plate transformer. Primary tapped for 100, 110, 120, 220, 230, 240 volts, 50-60
cycles A.C. Secondary designed to supply fixed C bias both for Class B 849's or A prime 845's. LS-4 25.00

20.00

FILAMENT TRANSFORMERS ‘
LS-80 Filament transformer for two 866 mercury vapor rectifier tubes. Primary tapped for 100, 110, 120, 220,

230, 240 volts, 50-60 cycles A.C. Secondary: 2!/, V.C.T. 10 A. 12,000 volts insulation. LS-3 .. ... $15.00
LS-81 Filament transformer for four 866 mercury vapor rectifier tubes. Primary tapped for 100, 110, 120, 220,

230, 240 volts, 50-60 cycles A.C. Secondary: 2!/, V.C.T. 20 Amps. 12,000 volts insulation. LS-3 ... 20.00
LS-82 Filament transformer for two 872 mercury vapor rectifier tubes. Primary tapped for 100, 110, 120, 220,

230, 240 volts, 50-60 cycles A.C. Secondary: 5 V.C.T. 20 amps. 12,000 volts insulation. LS-3 ... 20.00
LS-84 Filament transformer for two 203A, 211, 17C, 845, 852, or 860 tubes. Primary tapped for 100, 110, 120,

220, 230, 240 volts, 50-60 cycles A.C. Secondary: 10 V.C.T. 7 A, 10,000 volts insulation. LS-3 ... 15.00

LS-85 Filament transformer for 866 and 50 watt power tubes. Primary tapped for 100, 110, 120, 220, 230, 240
volts, 50-60 cycles A.C. Secondaries: 2!/, V.C.T. 10 A. 2-10 V.C.T. 3 A, windings. 10,000 volts insula-

tion. LS-3 . 25.00
LS-86 Filament transformer for 2!/, volt heater tubes. Primary tapped for 105, 115, 125 volts, 50-60 cycles

A.C. Secondary 2!/, V.C.T. 6 amps. 2500 volts insulation. LS-I 7.50
LS-87 Filament transformer for 2-WE 252 A's or 1-5Z3, 83 rectifier. Primary tapped for 105, 115, 125 volts,

50-60 cycles A.C. Secondary 5 V.C.T. 3 amps. 2500 volts insulation. LS-I . 1.50
LS-88 Filament transformer for 6.3 volt heater tubes. Primary tapped for 105, 115, 125 volts, 50-60 cycles.

Secondary 6.3 V.C.T. 2 amps. 2500 volts insulation. LS-I . - 1.50
LS-89 Filament transformer for WE 262 A or 271 A tubes. Primary tapped for 105, 115, 125 volts, 50-60

cycles. Secondary 10 V.C.T. 1.5 amps. 2500 volts insulation. LS-1 ... .. 150
LS-118 Primary 100, 110, 120, 220, 230, 240 volts; 50 to 60 cycles. Secondary 1! volts 10 Amps. For 849's

or 204A's. LS-3 20.00

FILAMENT TRANSFORMERS FOR THREE PHASE AND BRIDGE RECTIFIERS
LS-119 Primary 100, 105, 110, 115, 120, 125 volts; 50 to 60 cycles. Secondaries 5 V.C.T. 3 amps., 5 V.C.T. 3

amps., 5 V.C.T. 6 amps. For bridge rectifier using 83 or similiar tubes. 5000 volt insulation. LS-3 ... 15.00
LS-120 Primary 110, 110, 120, 220, 230, 240 volts; 50 to 60 cycles. Secondaries 2!/, V.C.T. 5 amp., 2!/, V.C.T.

5 amp., 2!/, V.C.T. 10 amp. For bridge rectifier using 866 tubes. 12000 volt insulation. LS-3 ... 25.00
LSI21 Primary 100, 110, 120, 220, 230, 240 volts; 50 to 60 cycles. Secondaries 5 V.C.T. 10 amp., 5 V.C.T.

10 amp., 5 V.C.T. 20 amp. For bridge rectifier using 872 tubes. 12000 volt insulation, LS4 . 35.00
LS-122 Primary 100, 110, 120, 220, 230, 240 volts; 50 to 60 cycles. Secondary 2!/, V.C.T. 15 amps. 12000

volts insulation.  LS-3 17.50
LS-123 Primary 100, 110, 120, 220, 230, 240 volts; 50 to 60 cycles. Secondary 2!/, V.C.T. 5 amps. 12000

volts insulation. LS-2 12.00
LS-124 Primary 100, 110, 120, 220, 230, 240 volts; 50 to 60 cycles. Secondary 5 V.C.T. 10 amp. 12000 volts

insulation. LS-3 15.00

LS-125 Primary 100, 110, 120, 220, 230, 240 volts; 50 to 60 cycles. Secondary 5 V.C.T. 30 amp. 12000 volts
insulation, LS-3 24,00







HUM

After analyzing the filter requirements with reference to regula-
tion, the next point is the analysis of the actual hum suppression
desired. Since in a rectifying system the attenuation of all
frequencies is desired, a low pass filter is used which theoretically
should have a cut off point at zero frequency. However, this
theoretical condition would entail Inductance and capacitance
elements of infinite value. For practical purposes, the magnitude
of these elements are controlled by economical considerations but
in any case must be sufficiently large to attenuate the lowest
frequency present. To exactly determine the ripple at the output
of a filter, is a rather complex proposition, Fortunately in all
commercial applications the reactance of each condenser is small
compared with the reactance of the preceding inductor and the
reactance of the final condenser is small compared with ihe
resistance of the load. Under this condition, the analysis of ripple
may be simplified and can be evaluated as indicated in figures
I and 2. To simplify this calculation, the chart of figure 3 has
been prepared, from which the attenuation of hum in typical,
practical circuits can be readily obtained. In most cases, the
higher harmonics can be practically neglected as the attenuation
of this type of filter varies as the 4th power of the frequency.

RESONANT CIRCUITS

To improve the filtering efficiency, resonant or hum-bucking
circuits are sometimes used. The most practical device of this
nature is the UTC hum-bucking choke which is available in a
number of standard ratings, In typical rectifiers, the use of
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hum-bucking chokes will increase the filter efficiency 4 times as
compared to an equivalent amount of inductance and capacity in
a standard filter. Figure 4 illustrates a {ypical hum-bucking
circuit,

CAUTIONS

A number of important point must be watched in the use of
filter circuits. One important fact is that at least one of the filter
inductances should always be placed in the positive leg. If all
inductors are used in the negative leg, the distributed capacitance
of the transformer winding will by-pass the rectifier and allow
a non-filterable residual voltage to appear across the load.

Another important point is the fact that there should be a
negligable coupling between the filter inductors. |f a co-efficient
of coupling of even 19, occurs between the first and later filier
chokes, the amplitude of the higher harmonics across the load
becomes very appreciable. To prevent this UTC Linear Standard
chokes for use in high attenuation filters are housed in high per-
meability cast cases.

Choke input circuits are always used in polyphase rectifiers and
should also be used with high power single phase rectifiers because
of the high ratio of average to peak current that is obtainable
with choke input.

The first condenser in a filter circuit should be capable of
opzrating continuously with a DC voltage equal to the peak AC
voltage applied to the rectifier. This also applies to the first
filter choke. It is important in the use of the chart of figure 3
and the formulas of figures | and 2 that a knowledge of the
actual inductance and capacity values be had. Many condensers
have been found to be far poorer than their rated capacity,
particularly in the electrolytic type. The inductance of filter
chokes varies appreciably with DC and many units are not rated
with inductance at the actual value of DC used. To prevent
misrating, the actual inductance versus DC curves of UTC Linear

(Figure 4) Standard chokes are illustrated in figures 5, 6, 7, 8, 9, 10 and II.
1333 I I A T T I |
800 |
100 ~L < FORTHIS1STAGE FILTER.
600 \\ TAKE SQUARE RooT of
W N N RiPPLE 7.0"5H0WN

500

~~
\ "
400,

Y

300 ™.

8, .
L LhLs %
C

AAAAA
VW

I~
\\

/

200 B

© oo

LD
\N\ B \\

/e

/
/

-

Reap VALUES DIRECTLY
JorTuis Two STaGe FiLTER

YAV
/
//
/

W— L 2L

™.
~
N \ \\

0004 0002 001

by ° 0 3 .04 05 D6 07 08 09.1

RIPPLE %
[Figure 3)












)

@)

23

HIGH AND LOW FREQUENCY AUDIO EQUALIZERS

HC-118 Low frequency equalizer tapped for resonance at either 25, 50, or 100 cycles. Will bring up low
frequencies to compensate for losses in disc and film recording, etc. H-2
HC-119 High frequency equalizer tapped for resonance at either 4000, 6000, 8000, or 10,000 cycles. Will
bring up high trequencies to compensate for losses in disc and film recording, etc. H-2.
HC-120 Surface noise (scratch) filter for disc recording; tapped for sharp resonance and maximum loss at
2500, 3500, or 4200 cycles. H-2
HC-121  Speaker voice coil equalizing network provides gradual cutoff for low frequency speaker beyond
1300 cycles and gradual cutoff for high frequency voice coil or crystal speaker (tweeter) below 4000
cycles. Specify speaker type number and its impedance when ordering. H-2 .

c

|

PRE-AMPLIFIER POWER AND FILAMENT TRANSFORMERS

HP-122 Plate and filament supply for a portable pre-amplifier using 6 volt heater tubes. Primary 115—60
cycles AC. Secondaries 220 each side of center at 15 MA, 6.3 V.C.T. at 1.2 amps. 6.3 Volt. .4 amps
for 84 rectifier. H-2

20.00
20.00
20.00

25.00

HP-123  Plate and filament supply for a portable pre-amplifier or tuner using 6 volt heater tubes. Primary | 15—

60 cycles. Secondaries 275 each side of center at 35 MA. 6.3 V.C.T. at 2 amps. 6.3 volt 4 amps
for 84 rectifier. H-3
HF-124  Filament transformer. Primary 115—60 cycles. Secondary 6.3 V.C.T. 1.2 amps. H-1 e
HF-125 Filament transformer—primary |15—60 cycles. Secondary 2/, V.C.T. 5 amps. M-l
HF-126 Filament transformer. Primary 115—60 cycles. Secondary 10 V.C.T. 1.2 amps. For use with WE
262A tubes. H-1

7.50

Where the highest fidelity is an absolute requirement UTC Linear Standard components, which are at present

housed in kigh permeability cast iron cases, can be furnished in Hiperm Alloy cases—thereby reducing both
weight—at no additional cost.

UNIVERSAL CLASS A, CLASS B OUTPUT CHOKES

size and

These chokes are tapped so that they can be used as autotransformer couplers from the audio modulation stage
to Class C stages. A variety of impedance matching taps are brought out on each unit effecting an arrangement so

that the coupler will readily accommodate push pull RF, single end RF with the DC adding, or single end RF
DC bucking. The units are huskily constructed and air gaps are arranged fo take care of the maximum DC

with the
currents.

The Huc chokes may also be used to couple the output stage to RF pentodes like the RK 18, 20, 860 and
803 for screen plate modulation.
HUC-20 Will handle 20 watts audio power. It can be used with Class B 46's, 59's, 53, 6A6, 79 etc.; or class
A 2A3's, 250's, 210's, Class A prime 42's, 45's etc. PA-2 $ 7.00
HUC-50  Will handle 50 watts audio power. Suitable for use with class B 210's, 801's, 830's, 84l's, push
pull parallel 46's, 59's, 6Ab's, push pull parallel 45's A prime, push pull parallel 250's, 2A3's etc.
P A ettt ettt 12.50
HUC-100 Will handle 100 watts audio power. Suitable for use with class B 800's, 211E's, A prime 845's,
284A'S, B1C. PA-d et e 20.00
HUC-200 Will handle 200 watts audic power. Suitable for use with ciass B203's, 830B's HK354's, single
Eimac 150T, push pull parallel A prime 845's, 284A's, push pull parallel 800's etc. PA-5........... 32.50
HUC-500 Will handle 500 watts audio power. Suifable for class B204's, A prime 849's, Eimac 150T's, push
pull 212D's in A prime, 1. UTS Ca8€..uimrereeeen oottt ettt 80.00
Typical circuits and impedance combinations of UTC modulation output chokes.
For further information on these chokes see UTC Sheet No. 112.
S?:::fary Impedances for Plate to Plate Loads of o “"__ it
ance 1,750 3,000 8,500 5,000 6,000 7,000 4,000 10,000 .
P B P Sec. Ratlos Ohms Ohmae Ohms Uhms Obma Ohms Ohms Uhma e
6 3 1 & 2% - — 1,500 1,750 2,600 2,500 : *
6 3 T o7 .39 o 1,180 1‘560 2,000 2,350 2,750 3120 3,900 .
s 3 2 1 44 1,320 1,550 2,200 2,650 3,100 3,500 4,400 €LASS A uDD H
6 3 1 8 .36 — 1,700 1,950 2,800 3,500 3,900 4,500 5,600
s 3 2 7 695 .. 2,100 2,450 3,500 4,200 4,900 5,500 6,950 :
6 3 1 9 .76 1,350 2,300 2,650 3,800 4,550 5,300 6,100 7,600
6 3 1 10 1 1,750 3,000 3,500  5.000 6,000 7.000 8000 10,000 2eg
5 3 2 9 135 2,350 4050 4720 6,750 8,100 9,500 10,800 13,500 8% =t
6 4 3 2 1.5% 2,700 4,650 5,400 7,700 9,300 11,000 12,400 15,500 SINGLE EWDED CLASS A
5 3 2 10 1.8 3150 5400 6,300 9,000 10,800 12,600 14,500 18,000 MODULATOR = D € A0DING SINGLE ENDED CuasS &
6 4 3 10 225 3950 6,800 8,000 11,200 13,500 16,000 18,000 22,500 MOBULATOR - D € BUCKING
8 6 4 2 3.06 5,350 9,200 10,700 15,000 18,036 .
8 6 4 t 4 7,000 12,000 14,000 20,000 - —_
1w 8 6 1 625 11,000 19,000 [ -
18 8 &6 1 6.25 11,000 19,000

EXAMPLE—A Class C tube, with 1,300 volts on the plate, draws & current of 235 mills.

1,300
s Class C load is thoreforo . or 5500 ohms. The modulator tubes have a plate-to-plate
.235

foad of 10,000 chms.

Referring to the chart, select that value which is closest to 5,500 and which appears in the
column haaded by 10,000 ohms. This is 5600. The terminai connections to be used will then
be found in the first four columns &t the left end of tho lina in which the 5,600 appears. These are:

P
6

P

B Sec.

1 3
One common power supply must be used for the modulator and class C amplifier. (onas o on gy et AT

Terminal

HUC - 500
TOTAL TURNS - 10,900
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UTC TRANSMITTING COMPONENTS

Mounting Dimensions
PA-1 1-15/16x2-7/16
PA-2 2.7/16x3-7/8
PA-3 3-1/16x4-5/16
PA-4 3-3/4x5.7/32
PA-5 4.3/4x6-3/8

OVERALL DIMENSIONS

L w H
PA-1 2l 3 3
PA-2 3-1/16 4lp 3
PA-3 3% 47 4Y/4
PA-4 & 4y 4%
PA5 7 53 5V/2

The transmitting type of UTC Class B audio, filter and power components have been developed for and are
now widely used by Commercial Telephone, Telegraph, Communication and Broadcast systems. They are particularly
well adapted for use in AMATEUR TRANSMITTER applications.

All audio, filter and power units are fully shielded in symmetrically housed cases and present a thoroughly pro-
fessional appearance when grouped in finished equipment. PA type cases may be mounted with terminals on top or
below the chassis. All units are fully impregnated and then seaﬁad in their cases with a special heat dissipating

compound.
INPUT TRANSFORMERS CLASS B, A PRIME
PA-49 Push pull 45 or 59 plates to push pull 845 A prime grids. PA-Z... oo $ 7.50
PA-50 Driver plate to 19, 49, 53, 6A6, 79 or 8% grids. PA-T. ..ttt 5.50
PA-51  Driver 46 or 59 plate to 46 or 59 grids. PA-T . e 550
PA-52  Push pull 45 or 59 plates to 2-46 or 2-59 grids, or push pull 2A3 plates to 2-841 grids. PA-1 ... 6.50
PA-53  Push pull 42, 45, 50, or 59 plates to 2-242A's, 2-800's, 2-830's, 2-RK 18's or 2-210 grids. PA-I ... 7.50
PA-54  Push pull 2A3 plates to 2-203A grids.  PA-2o e e e 8.50
PA-55 500, 200 or 50 ohm line to 2-46 or 2-59 grids. PA-2 7.50
PA-56 500, 200 or 50 ohm line to 2-203A grids. PA-2 10.00
PA-57  Push pull 2A3 plates to 2-830B, 2-800, 2-RK18 cr 2-210 grids. PA-2 : 7.50
PA-58 Driver 2A5, 42 or 45 triode plate to two 2A5, 42 or 45 A prime grids. PA-l.....cciiis i 5.50
PA-59 500, 200 or 50 ohm line to 2-830B, 2-800, 2-RK 8 or 2-210 grids. PA-2 7.50
PA-238 Push pull parallel 2A3, 45, 50 plates to four 838 or 203 Class B grids. PA-3 17.50
PA-239 Four 2A3, 45, 50 or two 211, 845 plates to Class B 204 or 849 grids. PA-3 17.50
PA-501T Four 2A3, 45, 50 or two 50T, 211, 845 plates to Class B 50T grids. PA-3 17.50
PA-512 500, 200 or 50 ohm line to two 50T, 204, HF 300 or 849 grids. PA-3 20.00
FILAMENT TRANSFORMERS
Types PA-34 to PA-127 tapped at 105-115, 220, 230 Volts A.C., 50/60 cycles

PA-34 2/, V.C.T. |0 amps for 2-866's—5000 V. insulation—PA?2 $7.50
PA-120 2!/, V.C.T. 10 amps for 2-866's—10,000 V. insulation—PA-3 9.00
PA-121 5 V.C.T. 20 amps for 8-872's—10,000 V. insulation—PA-3 14.00
PA-122 7!/, V.C.T. at 6.5 amps for 2-800's, RK-8's, 825's, 210's. 5000 Volt insulation—PA-3. e 11.00
PA-123 2-71/, V.CT. 6.5 amp windings for 800's, RK-18's, 825's, 210's—5000 V. insulation—PA-3 e 14.50
PA-124 10 V.C.T. 7 amps for 2-203 A's, 242 A's, 211's, 845's, 852's, 860's, 217 C's. 10,000 V. insulation—

PA-3 12.00
PA-126 2-14 V.C.T, 125 amp windings tapped at [I or 10 volts. 5000 V. insulation—for 04 A's, 49's,

FI00 A's—PA-4 20.00
PA-127 2!/, V.CT. at 10 amps 10,000 volt insulation, 2-10 V.C.T. 3.5 amp windings. 5000 V. insulation—

PA-3 ... 15.00
PA-29  Secondaries. 2!/, V.CT.5 A, 2/, VCT.5A,5V.CT. 3 A, PA2 6.25
PA-30  Secondaries. 2!/, VCT.5 A, 71/, V.CT. 25A., 7/, V.CT. 25 A, PA-2 6.75
PA-31  Secondaries. 2!/, V.CT. 5 A., 5 V.CT. 3 A., 7/, V.CT. 2//, A. PA-2 6.75
PA-32  Secondaries. 5 V.C.T. 3 A., 5 V.CT. 3 A., 5 V.CT. 3 A. PA-2 6.75
PA-33  Secondaries. 5 V.CT.3 A, 7/, V.CT. 2/, A, 7V, V.C.T. 21/, A. PA-2 6.75

NOTE: Types PA-29, 30, 31, 32, 33 are insulated for 2000 volts. Primaries designed only for 115 volts A.C., 50/60 cycles.

SPECIAL OUTPUT TRANSFORMERS

PA-601 Primary arranged to match 838 or 203 Class B plates to 6500, 5000 or 3500 ohm RF load. PA-5 case $32.50
PA-438 Primary arranged to match push pull parallel 838 or 203 Class B plates to 6,000, 4000 or 3000 ohm

RF load. Special casting 50.00
PA-489 Primary arranged to match 204A, HF 300 or 849 Class B plates to 6500, 5000, or 3500 ohm RF load.
Special casting 125.00

PA-150T Primary arranged to match Class B 150 T's or HK 354's in A prime or Class B at various plate voltages.
Specify primary plate voltage and secondary RF load when ordering. Special casting

)
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CLASS B OUTPUT TRANSFORMERS
Type Primary Impedance Will Match Sec. Impedance Price Case
] l 10,000 ohms
10,000 ohms plate to plate. Class B 49's, 53's, 79's, 89's,
PA-20 6,000 ohms plate to plate. 6,000 ohms 5,000, 3,500 ohms. $7.00 PA2
Class B 46's, 59's.
PA-60 6,000 ohms plate to plate. Class B 203's. 3,000, 2,500 ohms. 30.00 PA-5
10,000 ohms plate to plate. Class B 8308B's. A
PA-62 6,000 ohms plate to plate. Class B 203's. 10.000, 2,500 ohms. 3250 PA-S
PA-70 8,000 ohms plate to plate. A prime 2A5's, 42's. 5,000, 3,500 chms. 700 | PA2
__PA7TI | 6,000 ohms plate to plate. Class B 46's, 59's. 14,000, 3,500 ohms. 700 PA-2
PA-80 12,500 ohms plate to plate. Class B 800's, RK18's, 825's. 5,000, 3,000 ohms. 20.00 PA-4
12,500 ohms
12,500 ohms plate to plate. Class B 800's, RK 18's, 825's. a
PA-82 8,000 ohms plate to plate. 8,000 chms 20,000. 5,000 ohms. 25.00 PAS
. Class B 242A's, 211 E's,
PA-83 8,000 ohms plate to plate. Class B 210's, 830's, 841's. 18,000, 4,500 ohms. 12.50 PA-3
6,000 ohms.
Class B 46's, 59's.
PA-201 6000 ohms plate to plate and | 70 et (oIF bias. 5,000, 3,500 ohms. 7.00 PA-2
3,500 ohms plate to plate.
3,500 ohms
A prime 45's fixed bias.
3,000 ohms
Four 46's or 59's in class B.
PA-401 3.000 ohms plate to plate and | £ 450 A Drime self bias. | 5,000, 3,500 ohms. 12 50 PA-3
1,750 ohms plate to plate.
1,750 ohms
Four 45's A prime fixed bias.
: 6,000 ohms
6,000 ohms plate to plate and Class B 203's.
PA-84 3.500 ohms plate to plate. 3.500 ohms 6,500, 5,000, 3,500 ohms. 32.50 PA-S
| A prime 845's.
CLASS B INPUT SWINGING CHOKES*
Maximum DC Ohmic
Type Swinging Action Current Range Oper. Voltage Resistance List Price Case
PA-101 5 to 25 Thenrys. I5 to 150 MA 450 15 $5.00 PA-2
PA-103 5 to 25 Thenrys. 20 to 200 MA 600 110 8.00 PA-3
PA-105 & to 30 henrys 25 to 250 MA 1300 90 12.00 PA-4
PA-107 20 to 100 henrys 25 MA to 250 MA 2600 240 20,00 PA-5
PA-109 5 to 25 henrys 75 to 500 MA 1300 60 20.00 PA-5
PA-IC 5 to 25 henrys 100 to 1000 MA 4000 50 35.00 UTS
TRAP RESONANT SMOOTHING CHOKES*
Smoothing Chokes have an off center tap for hum bucking arrangements.
Type Inductance DC Output Ohmic Resistance List Price Case
PA-100 8 henrys 150 MA 115 $5.00 PA-2
PA-102 10 henrys 200 MA 110 8.00 PA-3
PA-104 12 henrys 250 MA 90 12.00 PA-4
PA-106 35 henrys 250 MA 240 20.00 PA-5
PA-108 10 henrys 500 MA 60 20.00 PA-5
PA-1S 10 henrys 1000 MA 50 35.00 uTsS
* Test voltage is twice maximum peak voltage plus 1000 volts.
MODULATION CHOKES
Type Inductance D.C. Output Ohmic Resistance List Price Case
150 30 Henrys 125 MA 550 12.50 PA-3
151 30 Henrys 200 MA 425 20.00 PA-5
152 30 Henrys 400 MA 300 32.50 PA-5
PLATE TRANSFORMERS
Primary 105, 115, 220, 230 volts A.C. 50/60 cycles
PA-110 515 or 625 each side of center at 200 MA. PA-3 $10.00
PA-111 750 or 900 each side of center at 250 MA. PA-4 18.00
PA-112 1250 or 1400 each side of center at 400 MA. PA-6 e 35.00
PA-113 1600 or 2000 each side of center at 400 MA. PA-6 57.50
PA-114 2500 or 3000 each side of center at 500 MA. UTS case . 76.00
PA-154 3500, 4000 each side of center at 500 MA. UTS case 100.00
PA-115 C bias plate transformer for class B 203A's, 830B's, 800's or 210's using one or two 82 rectifiers.

FA-117
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The UTC Varitone is a revolutionary audio device which permits full control of the frequency response
. of any audio amplifier or receiver. Using this device, tone correction can be effected for defects in acoustic
conditions or overall audio response. |t is also possible to produce new tonal effects from phonograph rec-
ordings or radio reception and to bring back notes which would otherwise be lost completely. Due to
the high equalization obtainable with the Varitone, some loss in gain is effected. If the amplifier or receiver
does not have gain to spare, it may be necessary to add an additional stage of audio frequency amplifi-
cation. The Varitone is made in three types, as follows:

VT-1  This Varitone is incorporated with a universal audio transformer. Two primaries are provided.

One is suitable for working from a single or double button microphone, a low impedance pickup, or a line;

the other primary is designed to work out of the plats of a tube or from a high impedance pickup. The

. secondary winding is centertapped and is equally suitable for working into one or two grids. The types
of response curves possible are shown in curves A to H. List Price $8.50

VT-2 The VT-2 is a varitone control unit, incorporated with an impedance matching device so that it
can be connected directly across a 200 or 500 ohm line, or low impedance pickup or mike, or in shunt with
the plate circuit of any triode or a high impedance pickup. The circuit is not changed in any other way.
The VT-2 is solely an addition for tone correction. The original audio circuits are not disturbed. The
response curves possible arc shown in curves A to H. List Price $6.00

VT-3 The VT-3 is a complete seli-contained unit which does not use external control. The componants
. are adjusted so that 10 db. equalization is effected at 80 and 7000 cycles. This unit is connected directly

from plate to B plus of first audio triode. No other alteration is made.
List Price $5.00

VT-4 The VT-4 is a complete self contained wired unit including a variable control so arranged that
with the control at one end high fidelity performance is effected by the increase of low and high frequencies,
and with the control at the other end the high response is reduced to diminish static, line noises, and hetero-
dyne whistles. The unit is connected directly from plate to B plus of first audio triode. This unit is designed to
work in the plate circuit of low impedance tubes such as O1A, 12A, 30, 31, 26, 27, 37, 55, 56, 85, 262A,
864, 57 triode, 6Cb triode, 77 triode, ete. List Price $6.00

VT-5 The VT-5 is similar to the VT-4 except that it is designed to work out of high impedance tubes
such as all screen grid tubes, all pentodes, 2A6, 40, 75, other hi mu triodes, ete.

List Price $6.00
Overall dimensions Mounting dimensions
L w H
VT-1 21/, 3 4 1-15/16 x 2-7/16
VT-2 215 3 3 1-15/16 x 2-7/16
VT3 2V, 3 2 3- 3/16
VT-4 2 2% 2 1-%
VT-5 2 2% 2 1%
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Upon examination of the schematic layouts which follow, it will be found that a number of import-
ant and exclusive UTC circuit improvements have been incorporated.

In a large number of circuits a fixed C bias supply has been provided for the output tubes. As is
well known, the normal output of an amplifier reproducing speech or music is not a continuous uniform
value but a succession of valleys and peaks. These peak conditions will in many cases drive the grids of
the output tubes positive. Naturally when this occurs, there is a tendency both for grid current and
plate current variation. These effects tend to introduce strong harmonics into the output. In a self
biased amplifier, the plate current flows through the bias resistor and any variation of plate current
causes a variation in the bias voltage of the tube, which is further amplified by the tube itself. Fixed
bias eliminates this effect entirely, and consequently allows higher power outputs to be obtained from a
given pair of tubes. The distortion due to the flow of grid current in the input circuits is kept to a
low value in UTC transformers inasmuch as a low DC resistance is incorporated in the windings of the
input transformers.

Figure 3

The use of fixed C bias also makes possible the operation of the power tubes in an overbiased condition. If the bias is increased
about 20 percent above the normal rated tube value, it will be found that the plate current variation will be large even before positive
values of grid voltage are reached. With fixed bias, no grid distortion is effected because of this plate current variation. Also a large
increase in power output is made available. This feature is particularly valuable with 2A3 tubes, but is applicable as well to the tubes
used in the other circuits shown with fixed C bias.

Another circuit feature that will be noted is the wide use of push pull stages. The additional quality improvements resulting from
push pull readily explain this. Push pull allows the cancellation of even order harmonics, and also of plate supply and filament supply hum.

However, it is often difficult to perfectly match tubes for full cancellation. To offset this, a number of the fixed C bias circuits show
a 2 arm potentiometer as the bias voltage resistor. These arms allow individual adjustment of the tube bias so that through the use of
a plate current milliameter the tubes may be perfectly balanced.

It is essential for high quality that all circuits in an audio amplifier be properly matched. This is difficult to do in the output stage
of class B tubes working to a speaker load. The plate load of class B tubes is quite critical in value and is readily matched if working into
an RF stage which is practically non-inductive and constant in value. However, a speaker load is inductive and consequently varies in
impedance with the frequency of the signal, as for example, a speaker system which is 500 ohms at 1000 cycles might show an impedance
of 5000 ohms at 10,000 cycles. To compensate for this, an equalizing network should be used, as illustrated in Fig. 3. For 46 or 59
tubes, R= 3000 ohms and C= .08 mfd. For 19, 53, or 79 tubes R= 5000 ohms and C= .05 mfd. For 49, 89, or 203A tubes,
R= 6000 ohms and C= .04 mfd.

ATTENUATION NETWORK DATA It is often necessary to couple two sources of input, such

24 24 A A ¢ as a tuner and microphone, to an amplifier, To properly do

this and still obtain full efficiency from the amplifier gain

3 control, some attenuation should be available at one of the
A C .

e Lwi— sources. This is readily done with an attenuator based on

T norae DOUBLE TT PaD the illustrated chart. The data shown has been computed to
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(L DANCE) =500 OHMS;  J = 11513 great accuracy, and is suitable for use in making attenuators
ATTENL: NET— B thNI) =L xsmnfu) DfZ‘—N for laboratory or professlor.ml applications. - Obvnousl.y. a
wh( Tanh () group of fixed attenuator units can be made into a variable
NO. DB A B 4 D K pad. For example, a 10 DB T type network would use
1 1440 43420 2.879 86850 2 series resistors of 260 ohms each and one shunt resistor of
§ 42!»?1 21728 2123 433;8 approximately 350 ohms
. 318 1448 8.635 28 .
a 5758 10850  11.52 21710 o .
.5 7.193  8635. 14.40 17380 For a line impedance other than 500 ohms multiply all
6 8.635 7232. 17.29 14480 i i i d desired.
‘_’ o0y  e1em 2015 13420 resistor value by Z/500 where Zx is the impedance desire
.8 11.51 5421. 23.06 10870
9 12.95 4318. 25.95 9656. L$-30  FA-437
1.0 14.3% 4333, 28.85 8690 PAD
2.0 25.65 2152.  58.08 4364 2. 200 LRI
3.0 42,75 1420, 88.08 2925 @x ¥ 2o
20 5658 1049, 1193 2209 EIK W
5.0 70.03 822.4 152.0 1785 v
6.0 83.08 669.4 186.8 1505
7.0 95.65 558.0 224.0 1308. LS-30  Pa-137
8.0 107.7 473.1 264.3 1162. 50 OHM
9.0 119.1 405.9 308.0 1050. s PAD -
10.0 129.9 351.3 35586 962.5 Iw sw >
15 174.5 1836 680.8 756.3 oz 50 200 crm &
20 204.5 101.0 1233, 611.2 =l PAD 3
25 223.5 56.40 2216. 559.5 b3
30 234.7 31.65 3949 532.7 I
35 2413 1779 7027 518.0 2
40 2451  10.00 12500 510.1 8, 3
45 247.2 5.624 22230 505.7 z2 ™
50 248.5 3.163 39530 503.2 ;;‘g
55 249.2 1.775 70300 501.8 g¢
60 249.5 1.0 125000 501.0 o
65 249.8 5623 222300 500.5
70 2498 3163 3395400 500.4 LT3t PAma4d 50 OHM
75 249.9 1779 703000 500.2 > PAD
80 2499 10 1250000  500.1 53u 'En
85 2500 .05620 2223000 500.1 dex ™ 20
90 250.0 .03161 3954000 * 500.0 oz3 %
95 250.0 .01879 7027000 500.0 7 f
100 250.0 .010 12500000 500.0
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Class B 210 output power stage for voice coil or R.F. connection. If graphite or carbon plate power tubes are used, maximum power

output available is 60 watts. Fixed C bias is used with separate bias adjustment to balance plate current of output tubes.
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obtain high power output 50 W PA- 44 l
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to work with the low plate 20000
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DC line. However in the 0w
amplifier shown above, L
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fixed battery bias is used
on the output tubes and
they are driven A prime.
This amplifier will deliver
15 watts of audio normally |
and 22 watts peak power. 4
The overall gain is 88 DB. -
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The 6A6 tube lends itself very well to PA work, particularly for mobile use. The amplifier shown will deliver 12 watts of audie. It can
be either battery or A.C. operated. & Volt tubes are used throughout. The gain of approximately 100 DB makes this amplifier suitable
for use with some of the new low level microphones and pickups.
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The schematic circuit shown above covers a high gain amplifier +250
suitable for recording or broadcast station remote pickup and studio use.
The maximum power output is | watt and the overall gain is 140 DB. It
is suitable for use with dynamic, crystal, or velocity microphone input.
Special output transformers are available for glow lamp recording or for
coupling to a monitoring speaker. A complete highly filtered AC power
supply is shown, but where maximum flexibility is desired, batteries are Jooe
customarily used. A & volt storage battery is used for the fllament and - 2500 T

250 volts of B battery for the plate. This entire audio amplifier weighs AR
only 9 Ibs. and fits in a space 5 x 4l; x 9. The frequency response is ,,,_::,‘,,‘B: ]
uniform from 60 to 10,000 cycles. i
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The above schematic covers the complete circuit of o 1000 watt class B modulator power stage including plate and bias voltage supplies. A duplex bridge rectifier
for the 849 plate supply and a full wave rectifier for the 845 plate supply effects maximum economy in cost and operation. It also permits practically complets isolation of
the driver and output plate supplies; which is of considerable advantage, as the plate current swing of the 849 tubes is quite high. Potentiometers are incorporated in the
bias supply circuit to balance the plate currents of both driver and output tubes. The filter condensers used in the bias supply are 25 mfd. Though not shown, it is also advis-
able to have a 25 mfd. condenser from each 849 grid return to ground. While the balancing of plate current—the 849 plate and grid resistors—and the 849 grid condensers
complicate the circuit somewhat, the final results are well worth the trouble. The power output of 1000 watts is based on 5% harmonic distortion and the frequency discrimi-
nation is negligible from 40 to 12,000 cycles. The overall gain of this power stage is 27 DB. .
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To set up a standard of electrical energy comparison, the use of the decibel has been based on a reference level of ODB at a
power level of .006 watts.

In other words, energy levels greater than 006 watts are - DB compared to reference level and energy

levels less than .006 watts are — DB compared to reference level.

The chart above indicates power level in watts against DB as compared to .006 watts reference level.

The DB equivalent of any

specific value of audio power can be immediotely determined. This chart can also be used for determining DB gain or loss if the two
powers are known. The DB equivalent of these powers can immediately be located on the chart. Subtracting these DB equivalents {alge-

braically) we obtain the gain or loss in DB.

For example, let us consider an amplifier which requires | volt at 500 ohms input to drive the
2

E I

‘0 12 watts. The power input equals — or = .002 watts.
R

500

he DB equivalents for input and output powers are then seen to be approximately — 5 DB and -+ 33 DB respectively. The overall
then 33 — (5} or a totcl of 38 DB.

he table below is intended for the conversion of power or voltage ratios to DB. If voltage rotios are used, it is necessary that the
wpedance apply to both voltage measurements. The lesser value of power or voltage should be taken as the numerator of the ratio
the ratio itself will be less than unity. Whether the DB value obtained is a gain or loss is naturally governed by whether the output
v voltage is greater than the input or less. Current ratios are naturally the same as voltage ratios. H the loss or gain is greater
| DB, the following additional step must be taken:

‘'or voltage ratios, move the decimal point one point right for each 20 DB; in other words, if we have a ratio of .00041, move point
s to the right, making .41 and add 60 DB to the DB equivalent of .41 (7.74 DB). This gives us a total of 67.74 DB.

‘'or power ratios, the same method applies, except that the decimal point is moved one figure to the right for each 10 DB.

i P | P, | P,
DB 2 2 DB 2 2 DB 2 2
| , P1 l, P, I, P1
0 1.00 1.00 2.36 76 578 5.35 54 292
18 98 96 2.62 74 548 5.68 52 27
35 96 922 2.85 72 518 6.02 50 25
54 94 884 .10 70 49 6.94 45 203
72 92 846 3.35 .68 462 7.96 40 16
92 90 8l 3.1 b6 435 9.12 35 123
I 88 774 3.88 b4 41 10.5 30 .09
.31 86 74 4.15 .62 384 12.0 25 063
151 84 706 4.44 60 36 14.0 20 04
1.72 82 672 473 58 336 16.5 .15 023
1.94 .80 b4 5.04 56 314 20.0 1o 0l
2.16 78 608
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Two stage battery microphone or photo electric cell pre-amplifier using 864 tubes.

e

INPUT

% 78 MEG
s =

F——-

QUTPYT

d B+ 90V
e C-ayy

‘ A- B-
A+ LIV

soas
Ty

Lnnd

H
LS-90 PA-44 | |LS5-93 PA-41

T g .
PA-17 H i Y
T . v

£ L Al
T % HFFE 7

Push pull parallel 2A3 output power stage with fixed C bias and separate bias adjustment to balance plate current of output tubes. Shunt
resonant rectifier filter used for highest filtering efficiency.
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Class B 203 output stage. !f graphite or carbon plate power tubes are used the maximum power output available
bias is used with separate bias adjustment to balance plate current of output tubes.



'A-53FOR 42'S PA-80T0
A-57 PA- 82 PA-116
~ ; w PA—
5< m 115
+
i’,@ PA-100 PA-101
$d
N PA-34
299
e
\ x
L 2P (7]
[ \1500V’
=L

Class B 800, 100 watt output stage for transmitter applications. Fixed C bias is used for Class B 800's. MNote the individual bias adjust-
ment controls for each 800 tube.
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watt output stage for transmitter applications. Fixed C bias is used for Class B 203A's. Note the individual bias adjust-
ment controls for each 203A tube.
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t power stage. Fixed C bias is used with separate bias adjustment, to balance plate current of output tubes. Shunt
sed for highest filtering efficiency. If utilized to drive Class B 204 power stage, substitute LS-48 for LS-64 output unit.






use this chart, the measured value of volts or milliamperes is located at the bottom of the chart. This is extended vertically to
>n where it intersects the correct horizontal impedance line. The sloping line corresponding to this point of intersection is the
As an example, let us take a case where 8 volts is measured across 10 ohms. Extending the 8 volts line vertically to the point
intersects the |0 ohm horizontal line, we coincide with the sloping voltage line of plus 30 DB.

/mpedance in Ohms

1000

100

3 3 3 :
l--T § § § é =) "§
~ 1 ~ 1 \> = N e
P //>K /j>K 01 T 1 o=
B ” g 49 | Sk > [
I~ N~ N ™ ™
2 =
o
N N N7 5] ] ™~ 8
|1 ™~ / ™~ =
| />‘\] /51\ /J />\ 3 /é\e j /J>‘\ = N
L i : ) :/ <\/ ) [ ] :: >
. \\% N \\
> <] = >
1 < )
3
| ~N LA Pz NG N1 =
j>‘ /><\ />\ //?Q />\ //>\
]| ] T 1] it >
N 56 » AN
- g &) s P
7274
\></ \>/ \>/ \§% \>/ \>/ g_b
P = ™~ g T2 % ™~ B% ™~ §
o ol <:: g LT < )
N - N A7 N
> = = >
H ~
& @ v
Z1. O
LA ~ A I~ ~Pa N~ N AT X
/>\ />‘\ | />‘\ /gﬁ />\ />‘\ S
~ d il X >4 =
N - N <5 > N L // \\> g
e Al ks
s | m
: — a
L 11 N \/0/ é ™~ I~ T
= P V>%g P2 > >4
g o < ¥
B Nl N NN / N
=49’ k%7,
¥ AT NS/
i G/
T |1 NS Ty —1°
LA >ﬁ\j L1 > P ?Q » >\\ />ﬁ\
i 7
> <f\ i | nE N 1=
J A7 M I~ = N N
. > % ~
b C S
™~ <] L1 ™ /H\& //>\ L1 TN
iq > 3 L Tpe 1] <\
N \\ I~ \{Qf N N
2] >
Ao
T : 3
E E E g : -
[=] -
S “Impedance in Ohms






