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“ Building Modern Amplifiers

By JEROME H. KLEKER

Chief Sales Engineer, Thordarson Electric Manufacturing Company

HE development of amplifiers is

steadily progressing. Today the aver-
age builder can turn out a unit capable
of results which a few years back could be
obtained only in the laboratory. Improve-
ments in tubes, transformers, and circuits
make it possible to obtain higher power
output from a comparatively small ampli-
fier. Good frequency response is easily
obtained and harmonic distortion can be
held to the point where it is negligible. -

The modern amplifier for Public Address
must be entirely self contained. The gain
must be high to accommodate low level
microphones, and the hum level should be
low especially where speakers with good
low frequency response are used. The
power output rating must be actual un-
distorted watts at all frequencies, and not
just nominal or the tube manufacturers
maximum output rating of the tubes used.
The amplifiers described in this booklet
are modern in these respects and incor-
porate numerous other improvements.

Thordarson engineers produced these
amplifiers strictly for the Sound man and
amplifier builder, taking into considera-
tion the high standard of results which
are always expected of custom built
apparatus. Frequency response, power
output, and distortion measurements were
made periodically throughout their de-
velopment on expensive laboratory equip-
ment, thus insuring the most out of each
amplifier complement. The final con-
struction of the amplifier is reached only
when each part is aiding in the superior
performance of the unit.

Inverse feedback is used in most of the
amplifiers because of the numerous ad-
vantages it offers. Distortion is reduced
to minimum, frequency response is made
more linear and the overall stability of
the amplifier is improved. The con-
structor is urged to read each and every

article. The suggestions offered in the
different models will aid in building any
amplifier.

In order to facilitate construction, stan-
dard sized chassis are used wherever
possible. These are nationally available
from parts suppliers. Complete mechan-
ical drawings showing socket and mount-
ing holes make cut and try layout un-
necessary and save considerable time in
building an amplifier. If drills and punches
are not available your local parts supplier
may be able to do the necessary work
for you.

Full size chassis templates for any ampli-
fier are available from the factory for 15¢
postpaid. By using a full size drawing the
chassis can be marked directly without
measurement.

All parts listed are nationally advertised
brands and are readily available. Sub-
stitution is recommended only when they
are of equal quality and the electrical
and physical characteristics are the same.
Small hardware, etc., is not listed inasmuch
as the builder usually has this material
on hand.

Assembly of the amplifier is usually
started by mounting tube sockets, con-
trols, transformers, and chokes on the
chassis. The bottom view photos are
marked to indicate the placement of the
more important parts used in the ampli-
fier. Small bakelite strips with solder
lugs were used in some cases to support
small resistors and condensers. If the
strips are not available, these parts may
be self supported by their leads. The
use of the strips, however, tend to make a
neater and more rigid wiring job and are
recommended.

Proceed to wire the amplifier by start-
ing with the filament or heater circuits.
No. 18 stranded pushback wire is suitable.
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Wire the power supply next and finally
the small resistors, condensers, and con-
trols. It is quite important to use shielded
wire as indicated in the circuit diagrams
since hum and feedback is liable to result
otherwise. Where the schematic diagrams
show shielded resistors and condensers
this is accomplished by first inserting the
part in a piece of spaghetti tubing or
wrapping with insulating material such as
varnished cambric and then covering with
shielding braid. The shielding of the
parts so indicated is important in the re-
duction of hum.

After the assembly and wiring is com-
pleted recheck carefully before installing
tubes and applying power. When certain
that the wiring is correct the power can
be applied and voltages checked carefully.
It is advisable to measure all voltages and
power output before the amplifier is placed
in service. This will prevent overloading
of tubes or parts due to improper adjust-
ments, bad connections or oscillation.

Due to the high power sensitivity of
beam power tubes they sometimes oscil-
late at a high inaudible frequency if
placement of leads is not correct or shield-
ing and grounds are insufficient. Oscilla-
tion can also be caused by improper
phasing of the inverse feedback circuit.
Reversal of the leads, connecting the
feedback winding of the output trans-
former to the grid returns of the input
transformer, will change the phase re-
lationship of the feedback voltage. The
use of an oscilloscope is recommended in
determining when these conditions take
place and in correcting same. The article
on page 31 will be helpful in the proper
testing of an amplifier with the oscillo-
scope.

Correspondence is invited to aid in the
solution of your amplifier problems.
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ADVANTAGES OF INVERSE FEEDBACK i’IORDAESBN

A beam power amplifier to be truly
modern should incorporate inverse feed-
back. It is a commonly recognized fact
that low plate resistance tubes such as the
2A3 are superior from the standpoint of
low distortion and good quality. With in-
verse feedback the high plate resistance
beam power tube may be made to take on
the characteristics of the low-mu triode,
yet retain most of its high power sensi-
tivity. The important advantages ob-
tained by the use of inverse feedback are
fourfold: first, reduction of wave form dis-
tortion; second, improvement of frequency
response; third, reduction of hum; and
fourth, reduction of “hangover’” effect.
The only disadvantage of inverse feedback
lies in the fact that the gain is considerably
reduced.

EXPLANATION OF INVERSE
FEEDBACK

In the circuit of Fig. 1, a certain amount
of the voltage developed in the plate cir-
cuit is fed back out of phase with the signal
in the grid circuit. If without inverse feed-
back a certain voltage E, is developed
across the output circuit with an input
voltage E; the gain of the stage is E,
divided by E;. If now a certain percent-
age N of the voltage E, is fed back to the
grid circuit in such'a way that the voltage
is out of phase with the input voltage E,
the total input voltage to obtain an out-
put voltage of E, is (N E, + E;,) and

E,

(N E,+E)

ratio N is the percentage of the output
voltage which is fed back to the input cir-
cuit. It may be readily seen that if N is
large the gain of the stage depends more
upon N than upon the circuit constants.
The ratio reduction in gain by the addi-
tion of inverse feedback may be readily
determined by dividing the gain without
feedback by the gain with feedback.

the gain of the stage is The

REDUCTION OF DISTORTION

As was pointed out in the above para-
graph, an inverse feedback circuit feeds
back a certain portion of the output vol-
tage to the grid circuit. If distortion is
introduced in the amplifier stage a certain
amount of the distorted voltage will be fed
back into the grid circuit and this will
tend to cancel out the distortion developed
in the amplifier stage. If in the circuit of
Fig. 1 a certain amount of distortion volt-
age B is present in the output circuit the
distortion voltage fed into the grid circuit

A £

N
| FIG.-1

will be N x B and this quantity multiplied
by the gain of the stage will give the cancel-
ling effect of the inverse feedback. The
total distortion present in the output is
then equal to the sum of the distortion
without inverse feedback and the distor-
tion cancelled by the inverse feedback.
In other words, if b is the distortion with-
out inverse feedback, the total distortion,
B, with inverse feedback is equal to
(b 4+ B)x Nx A, where A is the gain of the
stage. Evaluating B gives the quantity
b
————. In other words the distortion
14+ NA

is reduced by the ratio of

t FIG. 2

Fig. 2 shows the ordinary method of ob-
taining inverse feedback with the resistor-
condenser method. The amount of inverse

R,
feedback is equal to
R; + Ry

that the reactance of the condenser C, is
negligible over the operating frequencies.
However, this assumption is not neces-
sarily true especially at the lower frequen-
cies and the circuit of Fig. 3 is much more
efficient from this standpoint. In Fig. 3
the feedback voltage is obtained from a
tertiary winding on the output trans-
former. This method also provides a much
better overload characteristic since the re-
sistance in the grid circuit is negligible and
it is quite possible to operate the tubes in
the grid current region.

assuming

FIG.3

C_

REDUCTION OF PLATE
RESISTANCE

In addition to the reduction in distor-
tion obtained by inverse feedback, there is
also a reduction in the plate resistance of
the tubes. A high plate resistance is a

definite disadvantage in the case of a power
tube which operates into a speaker load
which is more or less variable depending
upon the impedance of the voice coil. In
the circuit of Fig. 4, it may be easily seen
that the voltage E developed across the
load depends a great deal upon the actual
value of R, which is the reflected imped-
ance of the voice coil. This is due to the
fact that the signal current depends almost
entirely upon the high plate resistance of
the tube. Since the load resistance is low
in comparison to the plate resistance, the
voltage developed across the load is almost
directly proportional to the impedance of
the load which varies appreciably with
change in frequency. In Fig. 5 it may be
seen that the voltage across the load does
not vary so much since the signal current
depends both upon the load and upon the
plate resistance of the tube. If the voice
coil has an appreciable amount of reac-
tance the impedance rises with the fre-
quency causing distortion and giving an
unnatural amount of “highs.” The high
plate resistance is unsuitable from another
view point, that of the amount of low
frequency distortion which may be toler-
ated. This low frequency distortion is not
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due to the characteristics of the tubes
which remain unchanged regardless of the
frequency, but depends upon the magne-
tizing current in the output transformer.
The magnetizing current is a distorted non-
sinusoidal wave and this current, on flow-
ing through the high plate resistance of
the tube, develops a nonsinusoidal vol-
tage drop across the tube which, when sub-
tracted from the input signal, results in a
distorted wave across the output. Unfortu-
nately, most amplifiers today are measured
for distortion at 400 c.p.s. where the mag-
netizing current is practically negligible.
It is not uncommon to find beam power
amplifiers without inverse feedback which
have only 25 per cent of the rated power
at 40 or 50 cycles. This low frequency dis-
tortion is particularly objectionable since
all harmonics fall within the audible range.
Inverse feedback effectively reduces the
plate resistance so that the distorted vol-
tage drop caused by the magnetizing current
is exceedingly small with the result that
there is very little distortion across the
output circuit. With a poor output trans-
former it is quite possible for the distortion
to be as high as 30 per cent at 40 cycles
without inverse feedback.

“HANGOVER” EFFECT

‘““Hangover effects,’ or transients caused
by the loud speaker cone vibrating at its
natural period when shock excited, are
greatly reduced by the use of inverse feed-
back. The lower plate resistance provides
a considerable amount of damping so that
the oscillations or transients are reduced.
With regular beam power tubes the shunt-

(Continued on page 27)




TOP VIEW

THIS small amplifier is useful in many everyday applications
especially for voice amplification. Political meetings, Ballyhoo,
etc., usually can be handled successfully with a small amplifier
system capable of delivering about 8 watts of audio power.

Three high gain resistance coupled stages will accommodate
even the lowest level high impedance microphones. The phono
pick-up signal is mixed into the second stage through a resistance
network, providing independent control of microphone and phono
without one affecting the other. A good selection of output im-
pedances make it easy to match any P.M. or electro-dynamic loud
speaker. The amplifier supplies 6 watts of field power which is
sufficient for an 8 or 10 inch loud speaker (5000 ochm field). One
or more additional P.M. speakers may be connected if desired.

The construction of the amplifier 1s comparatively simple,
especially since the chassis layout is shown. A full size drawing
is also available making it possible to spot the hole centers on
the chassis with a punch if this method of construction is pre-
ferred. After all holes have been drilled or punched, mount all
the parts, starting with tube sockets, controls and transformers.

Wire the tube heaters first and then proceed with common
ground connections. After wiring the “B” supply, install and
wire the small resistors, condensers, etc. Use shielded wire as
indicated in the diagram and shield resistors R-1, R-6 and R-8
by inserting in spaghetti tubing and covering with a shielded
braid. This shielding aids in eliminating annoying hum and cross
talk, ordinarily encountered in high gain amplifiers.

The wiring of the speaker socket is such that either an electro
dynamic or P.M. speaker may be used without altering con-
nections in the amplifier. This is accomplish-
ed by properly wiring the speaker plug. If
a 5000 ohm field is used, connect the field
to the plug prongs corresponding to socket
contacts “G” and “A”. If a P.M. speaker
is used a jumper wire must be connected in
the plug to prongs “G” and “B”. Do not
operate the amplifier unless a 5000 ohm
speaker field is connected or the plug in-
serted with the jumper wire.

Make voice coil connections to contacts
“G” (common) and either 2, 4, 8 or 500
whichever matches the speaker impedance.
The output terminals marked 500 ohms
facilitate connecting to a line in portable
set-ups. However, be sure a jumper plug
from “G” to “B” is inserted when this is
used,

It is recommended that the tubes be in-
serted and speaker and other accessories
connected before the amplifier is turned on.
Voltages are given on the schematic diagram.
All voltages should be checked with a good
volt-meter before the amplifier is allowed
to operate for any length of time. 10%
tolerance is permissible in voltage measure-
ments,

TECHNICAL DATA

Power Output: 8 watts or 4 31.25 db.

Coverage: 100,000 to 200,000 cu. ft. indoors; 6,000 to 10,000 sq. ft.
outdoors (depending on speaker efficiency and noise level).

Input Circuits: One 5 megohm channel for high impedance
crystal, dynamic, or velocity microphone, and one channel
for high impedance crystal or magnetic pick-up. The two
channels may be mixed.

Field Supply: 6 watts available for 5000 ohm speaker field.
Output Impedances: 2, 4, 8, and 500 ohms.
Frequency Response: Within = 1 db from 45 c.p.s. to 6000 c.p.s.

Tone Control: Maximum position attenuates 1000 c.p.s. 5 db,
5000 c.p.s. 17 db, and 10,000 c.p.s. 23 db.

Gain: Microphone input 111 db; phono input 66 db (based on
100,000 ohms input impedance).

Hum: 61.5 db below maximum output.

Tubes: 1-6]7, 1-6F5, 1-6L6G, 1-80.

Power Consumption: 85 watts, 115 volts, 50-60 cycles.
Dimensions: 10" long, 5" deep, 9” high.
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PARTS LIST

THORDARSON TRANSFORMERS AND CHOKES

T-1 T-75R47 Power Transformer
T-2 T-17S10 Qutput Transformer
CH-1 T-57C54 Choke
RESISTORS
Diagram
No. ms Watts Type
R1  5MEG. % 1RC BT-34
R-2 5,000 1 IRC BT-1
R3 3MEG. 1 IRC BT-1
R-4 500,000 1 IRC BT-1
R-5 250,000 Volume Control Yaxley type “M"
R-6 500,000 t{ BT-24
R-7 1 MEG. olume Control  Yaxley type “0O"
R-8 500,000 IRC BT-}4
R-9 3,000 1 IRC BT-1
R-10 100,000 1 IRC BT-1 .
R-11 500,000 Tone Control Yaxley type *“M" with
switch
R-12 5,000 1 1IRC BT-1
R-13 150 25 Ohmite—Wire wound
R-14 50,000 1 IRC BT-1
R-15  3.500 25 Ohmite—Wire wound
R-16 5,000 25 Ohmite—Wire wound
CONDENSERS
Diagram
o. fd. Yoltage Type
C-1 10 25V Elect. Aerovox PR25
c2 , .04 400V Paper Aerovox 484
C3 A 400V Paper Aerovox 484
C-4 10 25V Eleet, Aerovox PR25
C-5 1 400V Paper Aerovox 484
C-8 005 400V Paper Aerovox 484
C-7,C-10 8-8 450 W.V. Elect. Aerovox PBS450
C8,C9 88 450 W.V, Elect. Aerovox PBS450
MISCELLANEOUS PARTS
1 5x10x3° Chassis & Cover — Par-Metal AF-510
1 5x10” Chassis bottom plate — Par-Metal BP-4508:
3 Octal sockets — Amphenol S8
1 4-Contact socket — Amphenol S4
1 7-Contact socket — Ampheno! 57
1 7 Prong speaker plug — Amphenol PM7
1 Mic. Connector — Amphenol PCIM
1 Mie. Connector ~— Amphenol MCIF
2 Two serew terminal boards
1 Line cord and plug -~ Belden No, 1725
3 Control knobs
2 Metal tube grid caps
2 Metal grid cap shields
1 “MIC" Control dia! plate
1 “PHHONO" Control dial plate
1 “TONE" Control dial plate

Tubes, 1-6J7, 1-6F5, 1-6L.6G, 1-80

NOTE: The brands and types specified in the parts list
were used in the original laboratory models, Parta of equiva-
lent quality may be substituted except where physical
limitationa prohibit.

VOLTAGES INDICATED MEASURED FROM
GROUND WITH 115 VOLT LINE AND CONTROLS
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15 WATT AMPLIFIER

TOP VIEW

THE output power of this amplifier is sufficient to satisfy the

requirements of a large number of installations. This is
especially true since the distortion present at full output is low,
being less than 5% total. This percentage is generally accepted
as undistorted and permits operating at full output with high
quality reproduction.

Thordarson CHT transformers are used in this model and are
recommended for best results, appearance, etc. Regular types
may be substituted as indicated in the parts list but it will be
necessary to locate the mounting holes when drilling the chassis
since the drawing is based on the use of CHT units. An added
advantage is the better selection of output impedances avail-
able with the CHT output transformer.

Beam power 6V6-G output tubes are operated in a class Al
circuit employing inverse feedback. The output transformer con-
tains a separate feedback winding which produces a voltage 10%
of that developed in the primary. The voltage is fed out of phase
into the grid returns of the input transformer secondary. This
method of feedback is superior to the resistor-capacity method
inasmuch as there is no frequency discrimination, and any dis-
tortion that might develop in the output is corrected. It should
be noted that the input transformer has a split secondary wind-
ing which is essential when this method of feedback is used:

A high impedance microphone and high impedance phono
channel with independent controls accommodate any type of
microphone and crystal or magnetic pick-up. Amplifier gain is
sufficient to obtain full output from microphone and pick-up
under normal operating conditions.

The circuit diagram shows two speaker
sockets which are used for making speaker
voice-coil and field connections. If electro-

Terminal board marked POL. V. is provided to supply a polar-
izing voltage for static types of microphones or a photo el
cell. When the static microphone is used connect a jumper wire
to terminals 1 and 2 which completes the circuit. Under no con-
dition should this jumper be left in place when a crystal, dynamic,
or velocity microphone is connected to the amplifier,

Photo electric cells of the gas filled type usually require 90 volts
operating voltage. Since the normal voltage applied to the input
plug is approximately 270 volts, this should be reduced to 90
volts by connecting a 5 megohm 1 watt resistor from the junction
of C-1 and R-2 to ground. In the event that a static microphone
or photo electric cell is never to be used R-1, R-2, and C-1 may
be eliminated.

It is important to employ the shielding of wires and parts
as shown in the diagram if hum, noise, and oscillation are to
be eliminated. Enclose R-1, R-3, and C-2 in a metal container for
minimum hum. The constructor is advised to read the article on
page 31 if any difficulty is experienced in ad justing the amplifier.
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dynamic speakers are used, ten watts of
field excitation is available for one 5,000
ohm, or one or two 2,500 ohm fields. The
table below indicates how the connections
are made to the speaker sockets. Note that
a jumper wire is used on the speaker field
terminal board for some condition of
operation.

Connect to
Jumper Prongs
1-5000 ohm field remove 1-5
1-2500 ohm field C-2 2-5

2-2500 ohm fields remove B-E and 2-5
Field Supply not used 1-C

Speaker voice coil or line connections
are made at 3, 4, and C, D of the speaker
sockets or the output terminal board. The
CHT output transformer, T-2, incorpo-
rates a terminal board with jacks and a

plug for selecting the proper output im-
pedance.

BOTTOM VIEW




15 WATT AMPLIFIER
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TECHNICAL DATA

Power Output: 15 watts undistorted or
+ 34 db (less than 5% distortion).

Coverage: 200,000 to 500,000 cu. ft. in-
doors; 10,000 to 20,000 sq. ft. outdoors
(depending on speaker efficiency and
noise level).

Input Circuits: One 5 megohm channel
for high impedance crystal, dynamic, or
velocity microphone, and one channel
for high impedance crystal, or magnetic
pick-up. The two channels may be
mixed. Polarizing voltage is provided for
static microphone or photo electric cell.

Field Supply: 10 watts available for one
5000 ohm field, or one or two 2500 ohm
fields.

Output Impedances: 2, 3, 4, 6, 8, 16,
125, 250, or 500 ohms with CHT output
transformer, or 4, 8, 15, 250, or 500 ohms
with regular output transformer.

Frequency Response: Within + 1 db
from 40 c.p.s. to 15,000 c.p.s. with bass
boost of 3.5 db below 100 c.p.s.

Tone Control: Maximum position attenu-
ates 10,000 c.p.s. 28 db.

Gain: Microphone input 113 db; phono
input 72 db (based on 100,000 ohms in-
put impedance).

Hum: 74 db below maximum output.

Tubes: 2-6J7, 1-6C5, 2-6V6G, 1-5Z3.

Power Consumption: 112 Watts, 115
volts, 50-60 cycles.

Dimensions: 17" long, 10” deep, 9" high.

NOTEw
VOLTAGES INDICATED MEASURED FROM
GROUND WITH 115 VOLT LINE AND CONTROLS
IN" OFF * POSITION.

o
THORDARSON TRANSFORMERS AND CHOKES CONDENSERS
Diagram Dlil.o'"m Mid Yolta 0
No. CHT REG. ' ; £ L
T TA5A74  T-15A74  lnput Transformer o ol o
T2 T158%  T-A781  Output Tramsformer o T e S e
T3  T-15R08  T-70R62  Power Transformer o SR8 ol pek ekl 41
CH-1  T-15C54*  T-57C54  First Choke (o3 10 25VElect.  Cornell-Dubilier BR-102
CH-2 T-67C46 T-67C46 Second Choke C-6 1 400V Paper Aerovox §484
*Windings in parallel. C-7 03 400V Paper  Aerovox §#484
(o] 10 25V Elect. Cornell-Dubilier BR-102
RESISTORS Cc9 3l 400V Paper Aerovox §484
Diagram C-10,C-118-8 450 W. V. Elect. Aerovox PBS450
No.  Ohms Watts Type C12 8 600V Elect.  Aerovox GL600
R1  10MEG. Y4 IRC BT-}4 c1i |, 8 600V Elect.  Aerovox GL600
R-2 10MEG. ¥ IRCBT-}4
R3 5 MEG. X IRCBT-}4 MISCELLANEOUS PARTS
R4 3 MEG. 1 IRCBT-1 ; .
R-5 500,000 1 IRC BT 10x17x3° chassis and cover—Par-Metal AF 1017
R6 1 MEG. Volume Control Yaxley type “0" 10x17” chassis bottom plnlte—|Par-Metal BP 4526
R7 500000 34 IRC BT-1§ it =4} 4
R-8 1 MEG. Volume Control Yaxiey type “0" Octal sockets — Amphenol 58
R9 500,000 1% IRC BT-34§ 5-contact sockets — Amphenol 85
R-10 5,000 1 IRCBT-1 S-Prong speaker plugs — Amphenol PM5
R11 100,000 1 IRC BT-1 Mfc. connector — Amphenol PC1M
R-12 500,000  Tone Control Yaxley type “M” Mic. connector — Amphenol MC1F
R-13 1,000 1 1RC BT-1 Pilot hght s?cket and jewel — Yaxley #310R
R-14 20,000 1 IRC BT-1 6.3V Pilot hgl.:t ~— Mazda #40
R15 20000 1 IRCBT-1 Metal tube grid caps

R-18 2,500 25
R-17 1,500 25
R-18 125 25

Ohmite, Wirewound
Ohmite, Wirewound
Ohmite, Wirewound,
Tolerance 4 10%, —0%

R-19 2,500 25 Ohmite, Wirewound

TUBES
2 8J7
1 6C5
2 6V6-G
1 523

For complete mechanical drawing of chassis see page 28.
Full size tempinte of chassis available from Thordarson
15¢ net, postpaid.

Metal grid cap shields
“*Microphone™ control plate
*Phono" control plate

*Tone" control plate

Control knoba

AC line cord & plug

Mallory bias cell — 1.5 V. — §F7
Mallory bias cell holder — §GB-1A
SPST switch — Arrow H & H #20992
Two screw terminal boards

Three screw terminal board

O e e e O3 M s s RO B = b e RO RO O e

NOTE: The brands and types specified in the parts list

were used in the original laboratory models. Parta of equiva-

lent quality may be substituted except where physical
limitations prohibit.




THE use of inverse feedback makes it possible to
obtain 25 watts of undistorted output from this
amplifier with only 300 volts applied to the plates and
screens of the power tubes. These low voltages in-
crease tube and condenser life considerably which is a
decided advantage. The output tubes are operated in
a class ABI circuit, under which condition no driving
power is required; a single 6C5 tube supplies sufficient
grid excitation through a C.H.T. input transformer.
The windings of this transformer are balanced so that
there is a cancelling effect for any hum that might be
picked up. Degeneration or inverse feedback is ob-
tained by coupling the tertiary winding of the output
transformer to the secondary of the input transformer.

The input circuits are arranged to handle two high
impedance microphones and a phono pick-up. Mixing
takes place in the second stage in a resistor network
that is more simple and economical than electronic
mixing. Control action is smocoth, and the changing
of one control setting does not affect another. It is
important, however, to shield resistors R-11, R-12, and
R-13, and the leads as shown in the diagram. The
impedance of these circuits is high, making them sus-
ceptible to hum pick-up and cross-talk unless ade-
quately isolated.

Frequency response is adjusted
with two tone contrcls — one for
bass and one for treble. With the
tone controls in the normal po-
sition, the response of the amplifier
is decidedly flat—from 30 to 15,000
cycles per second. There is approxi-
mately 3 db accentuation at 60
c.p.s. which is purposely brought
about by resonating the primary of
the input transformer with con-
denser C-13. This boost is desir-
able in radio and record reproduc-
tion and can be eliminated with the
bass tone control for voice work
if necessary. The adjustment of
both controls helps eliminate feed-
back when bad acoustical condi-
tions exist.

To insure good quality, loud
speakers with a diameter of at least
12 inches are recommended. They

dling 15 watts of audio power each if the full 25 watt
output of the amplifier is to be utilized. Either PM or
electro-dynamic speakers are suitable since the ampli-
fier will supply 18 watts for field excitation. This is
adequate for one large speaker with a 5000 ohm field,
or one or two smaller speakers with 2500 fields. A
three-screw terminal board is provided for connecting
a jumper wire in the event that P M speakers are used.
Use table below in wiring the speaker plugs.

Jumper Connect to Prongs
1-5000 ohm field none 1-5
1-2500 ohm field C-2 2-5

2-2500 ohm field none

Field supply not used 1-C

A polarizing voltage may be applied to the input

connectors by connecting jumper wires on terminal

board marked “POL. V.”” Refer to the 15 watt ampli-

fier for further details on polarizing voltage for static
microphones and photo electric cells.

B-E and 2-5
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TECHNICAL DATA

Power Output: 25 watts undistorted or
+ 36.2 db (less than 5% distortion).

Coverage: 500,000 to 1,000,000 cu. ft. in-
doors; 20,000 to 30,000 sq. ft. outdoors
(depending on speaker efficiency and
noise level).

Input Circuits: Two 5 megohm channels
for high impedance crystal, dynamic, or
velocity microphones, and one channel
for high impedance crystal or magnetic
pick-up. All channels can be mixed.
Polarizing voltage is available for static
microphone or photo electric cell.

Field Supply: 18 watts for one 5000 ohm
field, or one or two 2500 ohm fields.

Output Impedances: 2, 3, 4, 6, 8, 16,
125, 250, or 500 ohms with CHT output
transformer or 4, 8, 15, 250, or 500 ochms
with regular output transformer.

Frequency Response: Within + 1 db
from 35 c.p.s. to 15,000 c.p.s. with bass
boost of 3.5 db below 100 c.p.s.

Tone Controls: Two: bass control attenu-
ates 12 db at 60 c.p.s.; treble control
attenuates 27 db at 10,000 c.p.s.

Gain: Microphone input, 113 db; phono
input 72 db (based on 100,000 ohms in-
put impedance).

Hum: 74.5 db below maximum output.
Tubes: 3-6]7, 1-6C5, 2-6L6G, 1-5Z3.

Power Consumption: 180 watts, 115
volts, 50-60 cycles.

Dimensions: 17" long, 10" deep, 9" high.

( NOTE«
VOLTAGES INDICATED MEASURED FROM
GROUND WITH 115 VOLT LINE AND CONTROLS
‘ IN°OFF " POSITION.

THORDARSON TRANSFORMERS AND CHOKES CONDENSERS
Diagram Diagram
No. CHT REG. No. Mid. Voltage Type
T-1 T-15A74 T-15A74 Input Transformer C1 1 400V Paper Cornell-Dubilier DT-4P1
T-2 T-15501 T-17812 Output Transformer C-2 03 400V Paper Cornell-Dubitier DT-483
T3 T-15R07  T-17R30  Power Transformer C(,j ol ol Dl DL
S R T ko G5 04 400V Paper  Comell Dubilier DT-434
CH-2  T-67C46  T-67C46  Becond Choke C-8 1 400V Paper  Cornell-Dubilir DT4P1
*Windings in series. C-7 1 400V Paper Cornell-Dubilier DT-4P1
c8 10 25 V Elect. Cornell-Dubilier BR-102
Clo 03 400V Paser  GormellDubiir DT-45
0! 4 'aper rnell-Dubilier -
c1n 001 600V Paper Cornell-Dubilier DT-6D1
RESISTORS C-12 10 25V Elect. Cornell-Dubilier BR-102
Diagram c13 400V Paper  Cornell-Dubilier DT-4P1
No.  Ohms Watts Type 8_-14 88 450 WV Elect. CorE%n.lguggEr
R1 10MEG. Y% IRCBT-% 15 -980.
R2 10MEG. 14 IRC BT-14 C16 8 600V Elect.  Aerovox GL600
R3 10MEG. 34 IRC BT-34 C17 8 600V Elect.  Aerovox GL600
R4 3 MEG. 1 IRC BT-1
R-5 3 MEG. 1 IRC BT-1
R8 500,000 1 IRC BT-1
R7 500000 1 IRC BT-1 ! 0 m";'SCELL.“NiOUS P“RITCSA -
0, Vol x| M 3 * Chassis and cover —
S R S kel 1 10117 Chassis bottom plate — ICA #4067
R9 1 MEG. Volume Control Yaxley type 'O H Ootal sockets — Amphonal S8
R10 1 MEG. Volume Control Yaxley type "0” i Esot.c o ey ks mbendl (54
R-11 500,000 IRC BT-}4 2 5-contact sockets — Amphenol 85
R-12 500,000 14 IRCBT-}4 2 5-prong speaker plugs — Amphenol PM35
R-13 500,000 14 IRC BT-}4 2 Mic. input connectors — Amphenol PCIM
R-14 5,000 1 IRCBTA 2 Mic. input connectors — Amphenol MC1F
R-15 100,000 1 IRCBT-1 2 T et e
K 2 screw terminal s
R-16 500,000 Tone Control Yaxley UC.513 1 Pi‘l’é)t lighvtvaocket and jewel — Yaxley 310R
R-17 9 MEG. Tone Control Yaxley UC-508 1 6. 3V Pilot light bulb — Mazda #40
R-18 250,000 % IRC BT-}3 1 SPST toggle switch — Arrow H&H $20992
R-19 1,000 1 IRC BT-1 5 Control knobs
R20 20,000 1 IRCBT-1 3 Meg{ ‘".‘:; grid o,
el Bt L el 3 AC lne cord and plug — Belden #1725
R-22 2,500 25 Ohm‘,” W!re Wound 2 Bias cells, 1.5 volta — Mallory §F7
R-23 2,500 25 Ohmite Wire Wound 2 Bias cell holders — Mallory §GB-1A
R-24 100 25 Obmite Wire Wound, 'i’ “X}t,{hio" controtl p‘lat.lesw
Tol 109, -0 “"Phono” control pla
R25 5 MEG. 4 ole}?cng'r-!—% %= 0% 2 *Tone" control plates (bass and treble)
R-26 5 MEG. % IRC BT-}4
NOTE: The brands and types specified in the parts list
were used in the original laboratory models. Parta of equiva-
lent quality may be substituted except where physical
TUBES limitations prohibit.
3 Type 6J7
1 Type 6C5 For complete mechanical drawing of chassia see page 29,
2 Type 6L6-G Full size tcmpl;tc of chassis available from Thordarson.
1 Type 523 150 net, postpaid.




THE characteristics of 6L6 beam power tubes are such that
they may be used in the construction of amplifiers ranging
from 5 to 60 watts output. Their power output depends on the
class of operation employed, such as A;,, AB,, AB,. This is
determined by the applied plate, screen and grid voltages, the
plate load and driving power.

This 40 watt amplifier uses two 6L6-G tukes operating in
class AB, with approximately 400 volts on the plates and 250
volts on the screens. Adequate driving power is supplied by a
triode connected 6F6 tube through a CHT driver transformer.
The use of inverse feedback and ample driving power make it
possible to obtain 40 watts output without using fixed bias. This
simplifies the construction of the amplifier considerably.

Two microphones and two phono pick-ups may be connected
to the amplifier at one time. The two phono channels are espe-
cially desirable where dual turn-tables are employed for continu-
ous record reproduction. Also a suitable radio tuner can be con-
nected to one of the phono channels for broadcast reception in
conjunction with one phono pick-up. Complete mixing makes
possible the selection of one or more input channels for reproduc-
tion at the same time.

A dual tone control circuit recently developed in Thordarson’s
laboratory operates in the cathode circuit of the 6C5 tube. One
control affects only the low or bass frequencies, and the other
controls the high or treble frequencies. Operation is such that
with the controls in the center or vertical position the frequency
response is normal, as illustrated by the frequency response curve.
Turning the bass control to the left in-
creases the bass response and to the right re-
duces it. The treble control functions in the
same manner. More detailed description of
this type of control and its effect on the ampli-
fier frequency response is given on page 24.

Two 5Z3 rectifier tubes connected in a paral-
lel circuit provide excellent power supply
regulation. The additional tube also allows
higher total current which is desirable for
speaker field excitation. The amplifier sup-
plies 25 watts for speaker fields, (250 volts at
100 MA) which is adequate for one large audi-
torium speaker or for two to four smaller
speakers. The following table indicates how
speaker field connections are made to the
speaker sockets and the proper position of the
field supply jumper wire.

Connect to

Jumper prongs
1 - 2500 ohm field 1-C 1-2
2 - 1250 ohm field 1.C 2-5 and A-E
2 - 5000 ohm field 1-C 1-2 and A-B
4 - 2500 ohm field 1-C 2-5 and A-E*

Field supply not used C-2
*Connect two fields in parallel to each plug.

Make speaker voice-coil or line connections to contacts 3-4 and
C-D of the speaker sockets or to the output terminal board. Im-
pedance matching is accomplished by inserting the plug into
the proper jack on the CHT output transformer terminal board.

. TECHNICAL DATA

Power Output: 40 watts undistorted or +38.25 db (Less than
5% distortion).

Coverage: 1,000,000 to 2,000,000 cu. ft. indoors; 30,000 to 50,000
sq. ft. outdoors (depending on speaker efficiency and noise
level).

Input Circuits: Two high impedance channels for crystal, dy-
namic, or velocity microphones, and two high impedance
phono channels for crystal or magnetic pick-ups. All four
channels may be mixed.

Field Supply: 25 watts are available for one 2500 ohm, two
1250 ohm, two 5000 ohm, or four 2500 ohm fields.

Output Impedances: 2, 3, 4, 6, 8, 16, 125, 250 or 500 ohms with
CHT output transformer or 4, 8, 15, 250 or 500 ohms with
regular output transformer. .

Frequency Response: Within + 2 db, 30 to 15,000 c.p.s.
(Tone controls in normal position).

Tone Controls: Two; Bass control varies response from + 12db
to —35 db at 40 c.p.s. and treble control varies response
from <+ 8 db to —35 db at 7,000 c.p.s. from normal. It is
possible to obtain practically any desired frequency response.

Gain: Microphone inputs, 118.5 db; phono inputs, 74 db (based
on 100,000 ohms input impedance).

Hum: 75 db below maximum output.
Tubes: 2-6]7, 1-6F5, 1-6C5, 1-6F6, 2-6L6G, 2-5Z3.
Power Consumption: 220 watts, 115 volts, 50-60 cycles.

Dimensions: 17" long, 10" deep, 9" high.

BOTTOM VIEW
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THORDARSON TRANSFORMERS AND CHOKES RESISTORS TUBES
Diagram Diagram 2 Type8J7
No. CHT REG. Type No. Ohms Watts Type 1 Type 6F5
T-1 T-15R08 T-17R31 Power Transformer R-1 500,000 Volume Control Centralab N-103 1 Type 6CS
T2 TasS2  TA9814  Output Transformer o 5o4000  yojume Control Centralab N-103 1 Type6F6
T3 T-15D85 T-15D85 Driver Transformer R3 500000 Ceatralab §310 2 Type8L6-G
CH1  T16C56* T-75C51  First Choke : i iy 2 Types73
CH2 T-18C92  T-18092  Second Choke L S Centralab #310
CH-3 T-87C46 T-87C46 Third Choke R-5 5 Megohms 14 Centralab #310 MISCELLANEOUS PARTS
CH-4 T-14C70 T-14C70 Tone Control Choke R-6 5 Megohms 34 Centralab #310 1 10x17x3" Chassis and cover — ICA #3875
* Windings in series. R-7 3 Megohms 14 Centralab #310 1 10x17° Chassis bottom plate — ICA #4067
CONDENSERS RS 3 Mecgohms 14 Centralab $310 2 5-Contact sockets — Amphenol 85
Diagram RS 500,000 % Centralab #310 2 4-Contact sockets — Amphenol S4
No, Mid. Yoltage Type R0 500,000 Centralab §310 7 Octal sockets — Amphenol S8
C1 .03 400V Paper Aerovox §484 * e Sotzaab]s 2 5-Prong speaker plugs — Amphenol PM5
c2 03 400V Paper Aerovox $484 R-11 1 Megohm Volume Control Centralab N-104 3 Metal tube grid caps
Cc3 .04 400V Paper Aerovox 484 R-12 1 Megohm  Volume Control Centralab N-104 3 Metal tube grid cap shields
C4 04 400V Paper Aerovox #484 R-13 500,000 % Centralab $310 1 Pilot light socket and jewel — Yaxley #310R
C5 1 400V Paper Aerovox #484 R-14 500,000 % Centralab $310 1 6.3V Pilot light bulb — Mazda #40
C-6 B 400V Paper Aerovox #484 R-15 5,000 1 Centralab $314 1 SPST toggle switch — Arrow H&I $20092
C-7 10 25V Elect. Aerovox PR25 R-16 250,000 14 Centralab §310 2 Mic. ?nput connectors — Amphenol §PCIM
(oX ] a1 400V Paper Aerovox #484 R17 20,000 1% Centralab #310 2 Mic. input connectors — Amphenol §MCI1F
C9 10 25V Elect. Aerovox PR25 8 ! ) 1 Primary line cord and plug — Belden #1725
C10 5 400V Paper  Aerovor 484 WEE BRY ok Centralab #310 2 Bias cells, 1.5 volts — Matlory $F7
cn 01 400V Paper  Aerovox 484 R-19 1,000 1 Centralab #314 2 Bias ce!l holders — Mallory #GB-1A
C12 01 400V Paper Aerovox $484 R-20 Special Dual Tone Control  Thordarson R-1068 2 “Mio.” control plates
C-13 .003 400V Paper Aerovox §484 R-21 Special Dual Tone Control Thordarson R-1068 2 “Phono™ control plates
C14 1 400V Paper Aerovox #484 R-22 20,000 1 Centralab #314 2 “Tone” control plates
C15 10 25VvElect. Aerovox PR25 R-23 900 10 Ohmite, Wirewound [ Volume con.trol knol')s
C-16,C-17 88 450V Elect. Aerovox PBS450 R-24 10,000 1% Centralab $310 1 Fuse mounting — Littlefuse #1075
C-18, 8 450V Elect. Aerovox PBS450 R25 10,000 Centralab #31 1 Fuse, 5 amp.
C19 8§ 600V Elect.  Aerovox PBS600 2y % E D310 1 2Sorew terminal board, output
C-20 8 600V Eleot. Aerovox PBS800 R-26 20,000 1 Centralab #314 2  2-Screw terminal boards, phono input
c-21 8 800V Elect Aerovox GL600 R-27 2,500 25 Ohmite, Wirewound 1 3-Screw terminal board, field supply
C-22 8 600V Elect. Aerovox GL600 R-28 80 50 Ohmite, Wirewound . 3
o NOTE: The brands and types specified in the parta list
C-23 8 800V Eleot. Aerovox GL600 R-29 1,800 50 Ohmite, Wirewound were used in the original laboratory models. Parta of equiva-
C-24 8 600V Elect. Aerovox GL80O R-30 2,500 50 Ohmite, Wirewound lent quality may be substituted except where physical

limitations prohibit.
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TOP VIEW

THIS 60 watt amplifier has sufficient undistorted power out-

put for practically any loud speaker installation. Four type
6L6-G output tubes operate in a push-pull parallel class AB1
circuit. Under these conditions no driving power is required
making it possible to use a single 6C5 tube for excitation of
the power stage. Distortion in the power stage is reduced to a
minimum by the use of inverse feedback. Laboratory tests of
amplifiers without inverse feedback indicate that distortion at
full output may be less than 5% at 400 c.p.s., however it may
increase to as much as 30 to 40% at bass and treble frequencies.
This peculiarity of pentode and tetrode power tubes is quite
easily corrected by the use of inverse feedback. The output of
this amplifier has less than 6% distortion at all frequencies be-
tween 30 and 10,000 c.p.s.

In wiring the amplifier, shield all leads in the grid and plate
circuits of the output tubes. The schematic dia: arg indicates
clearly where shielding is necessary. This should not be over-
looked since shielding is important in modern amplifiers employ-
ing tubes with high power sensitivity. Connect the colored leads
of the output transformer to the numbered terminals of T-3 as
indicated in the diagram. If the leads of the tertiary winding
are reversed oscillation is sure to result in the output stage.

Two rectifier tubes are used; one for the plate and bias voltages
of the output stage; the other for the screens of the output tubes
and the balance of the amplifier. The effect of this circuit is
similar to fixed bias and also provides excellent screen voltage
regulation which is essential for maximum undistorted output.
Interstage coupling through the B supply is also eliminated,
since the plate circuit of the 6L6-G tubes is supplied from a
separate rectifier,

The amplifier as illustrated is construc-
ted with regular Thordarson transformers
and chokes except T-15A74. This is @
Thordarson CHT input transformer which
incorporates hum balancing construction,
and a split secondary winding. The use of
this transformer is essential since hum
pick-up must be held to a minimum, and a
split secondary is required for the inverse
feedback connection. A CHT output trans-
former is also available as given in the parts
list. In addition to having a better selec-
tion of secondary impedances the CHT
output transformer is more efficient and
has better frequency characteristics. Both
the CHT and the regular output trans-
former have the 10% feedback winding.

A dual tone control circuit is used in the
cathode circuit of the 6C5 tube. Since the
control of frequencies is accomplished by
means of degeneration, this stage provides
very little gain. This stage therefore is
strictly for tone control purposes. Refer to
page 24 for more detailed information on
this circuit and sketch showing connections
to the special tone controls. o

Both microphone circuits are susceptible
to hum pick-up and *“‘eross-talk’ unless

properly shielded. A box may be formed from thin metal and
placed as illustrated in the bottom view. Mount the bias cells,
C-1, C-2, R-5, and R-6 on the inside wall of the chassis before
fastening the metal box in place. Resistors R-3, R4, R-13 and
R-14 must also be shielded individually, as shown in the schematic
drawing, to prevent hum and “cross-talk’” from developing at
this point.

TECHNICAL DATA

Power Output: 60 watts undistorted or 4-40 db (less than 6%
distortion).

Coverage: 2,000,000 to 3,000,000 cu. ft. indoors, 50,000 to 75,000
sq. ft. outdoors, (depending on speaker efficiency and noise
level).

Input Circuits: Two high impedance channels for crystal, dy-
namic, or velocity microphones, and two high impedance phono
channels for crystal, or magnetic pick-ups. All channels may
be mixed.

Output Impedances: 4, 8, 15, 250, or 500 ohms with regular
output transformer as shown or 2, 3, 4, 6, 8, 16, 125, 250, or
500 ohms with CHT output transformer.

Frequency Response: Within + 2 db from 40 to 15,000 c.p.s.
(tone controls in normal position).

Tone Controls: Two; bass control varies response from 4 8 db
at 70 c.p.s. to — 30 db at 40 c.p.s., and treble control varies
response from + 9 db to — 27 db at 7000 c.p.s. from normal.
Practically any desired frequency response may be obtained.

Gain: Microphone inputs, 112 db; phono inputs, 73 db (based on
100,000 ohms input impedance).

Hum: 75 db below maximum output.
Tubes: 3-6]7, 2-6C5, 4-6L6-G, 1-80, 1-83.
Power Consumption: 225 watts, 115 volts, 50-60 cycles.

Dimensions: 17" long, 10” deep, 9” high.

BOTTOM VIEW
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THORDARSON TRANSFORMERS AND CHOKES RESISTORS TUBES
Diagram Diagram g %ﬁ: g&
No. No. Ohms Watts Type 4 T 16-G
T-1  T-89R28 Power Transf g s
-1 -89 ower 'ranstormer R-1 1MEG. Volume Control Centralab N-104 1 Type 80
T-2  T-17515 or T-15503 Qutput Transformer R2 1MEG. Volume Control Centralab N-104 1 Type 83
T3 T-15A74 Input Transformer R-3 500,000 Centralab #310
gg—; Hggg; gggt: R4 500,000 ﬁ Centralab $310
CH3 T-67C46 Choke B e o 5 e MISCELLANEOUS PARTS
CH-4  T-14C70 Tone Control Choke R-7 3MEG. 1 Centralab #314 1 10x17x3’ Chassis and cover — Bud $1127
ONDENSERS R-8 3MEG. 1 Centralab #314 1 10x17* Chassis bottom plate — Bud $689
. CONDEN RO 500000 34 Centralab £310 9 Octal sockets — Amphenol S8
Diagram v R-10 500,000 4 Centralab #310 2 4-Contact sockets — Amphenol 54
No, Mid. oltage Type R11 1MEG. Volume Control Centralab N-104 2 Mio. input connectors — Amphenol PC1M
C-1 .03 400V Paper Cornell-Dubilier # DT-483 R-12 1MEG. Volume Control Centralab N-104 2 Mic. input connectors — Amphenol MC1F
C2 .03 400V Paper Cornell-Dubilier §DT-483 R-13 500,000 14 Centralab #310 1 6-Screw output terminal board
C-3 .04 400V Paper Cornell-Dubilier #DT-434 R-14 500,000 14 Centralab #310 1 Fuge mounting — Littlefuse #1075
C4 .04 400V Paper Cornell-Dubilier #DT-454 R-15 1,000 1 Centralab #314 1 Fuse, 5 amp.
C-5 B 400V Paper Cornell-Dubilier #DT-4P1 R-16 100,000 1 Centralab $314 1 AC line cord and plug — Belden #1725
C-6 .1 400V Paper Cornell-Dubilier §DT-4P1 R-17 20,000 1 Centralab #314 2 2-Screw terminal boards
C-7 10 25V Elect. Cornell-Dubilier §BR-102 R-18 250,000 14 Centralab #310 1 Pilot light socket and jewel — Yaxley $310R
C-8 A 400V Paper Cornell-Dubitier §DT-4P1 R-19 2,000 1 Centraiab #314 1 Pilot light, 6.3 volts — Mazda $40
€9 10 25V Elect. Cornell-Dubilier #BR-102 R-20 Dual Tone Control Thordarson R-1068 1 SPST toggle switch — Arrow H&H $20992
C10 5 400V Paper Cornell-Dubilier §DT-4P5 R-21  Dual Tone Control Thordarson R-1068 3 Metal tube grid caps
C11 .04 400V Paper Cornell-Dubilier §DT-434 R-22 20,000 1 Centralab £314 3 Metal tube grid cap shields
C-12 003 600V Paper Cornell-Dubilier fDT-6D3 R-23 1,000 1 Centralab §314 2 “"Mic" control plates
C-13  .001 600V Paper Cornell-Dubilier §DT-6D1 R-24 50,000 1 Centralab #314 2 ‘"‘Phono” control plates
C14 1 400V Paper Cornell-Dubilier #DT-4P1 R-25 20,000 1 Centralab #314 2 ““Tone™ control plates
C-156 10 25V Elect. Cornell-Dubilier BR-102 R-26 200 1 Centralab $314 6 Control knobs
g% _tli .1 400V Paper Cornell-Dubilier §DT-4P1 %;gg 338 } gzntra{ag #g}: g gias ecﬂsil ll.g volts ﬁ ll\l{allory('; iF7
ntralab # ias cell holders — Mallory §GB-1A
& 8} 88 450V Elect.  Aerovox PBS 450 LA ! el
C19 8 450V Elect. Aerovox PBS 450 R-30 20,000 1 Centralab #314
C20 8 600V Elect. Aerovox GL600 R31 125 50 Ohmite, Wirewound, NOTE: The brands and types specifiel in the parts list
C21 8 450V Elect. Aerovox GLS450 +10%, —0% were in the original laboratory models. Partsa of
C22 8 450V Elect. Aerovox GLS450 R-32 40,000 50 Ohmite, Wirewoung equivalent quality may be substituted except where physical
€23 8 450V Elect. Acrovox PBS 450 R-33 10,000 25 Ohmite, Wirewound limitations prohibit.
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For complete mechanical drawing of chassis see
page 30. Full size template of chassis available
from THORDARSON 15c net, postpaid.
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TOP VIEW

HE power output of this amplifier is adequate for the

largest installations either indoors or out. The input cir-
cuit is arranged to operate from a pre-amplifier such as those
described on pages 20 and 22. These pre-amplifiers have low
impedance output transformers, making it possible to operate
them several hundred feet from the 120 watt unit. A 500 ohm
resistor (R-1) is connected across the input circuit of the 120
watt amplifier to match the 500 ohm output impedance of the
pre-amplifier. This method is satisfactory since the 6J7 input
tube provides approximately the same voltage gain as would
be obtained from a line to grid transformer. Should it be de-
sired to operate from a single high impedance pick-up without a
pre-amplifier, resistor R-1 can be disconnected from the circuit.
Under these conditions the amplifier gain is 90 db which is
sufficient for full power output.

The second stage is the tone control and contributes very
little to the overall gain of the amplifier. An article
describing this tone control circuit may be found
on page 24. If the tone control is not required, the
6C5 stage and associate parts can be eliminated
without seriously affecting the gain of the amplifier.

A dotted line “A...... A’ is shown on the cir-
cuit diagram just before the 6F6 driver tube grids.
If the unit is to be used only as a booster amplifier,
eliminate all those parts ahead of the dotted line.
For connection to a 500 ohm line use a line to P-P
grid transformer such as T-15A67 instead of
T-15A74 as shown. The overall gain of the booster
with this transformer is about 43 db. Therefore,
full output will be obtained when a 0 db signal is
fed to the unit (1.73 volts across 500 ohms.)

Four type 6L6-G tubes operate in a push-pull
parallel class AB2 circuit with inverse feedback.
With this set-up it is possible to obtain maximum
undistorted power output from beam power tubes.
The driver stage consists of two 6F6 tubes connected
as triodes. These provide excellent regulation which
is essential when the output tube grids are driven
positive.

It is necessary to shield the entire wiring of the
final stage. This is easily done by using single
shielded wire similar to that used for antenna lead
in. Take care that the shielding dces not come in
contact with the tube socket contacts and other
terminals. Ground all shielding carefully. If the
amplifier oscillates interchange the leads connect-
ing to terminals 7 and 6 on driver transformer T-4.
This reverses the phase relationship of the feedback
voltage with respect to the input voltage.

Two power supplies, entirely independent of one
another, make it possible to obtain excellent regula-
tion of the bias and screen voltages. The plate

supply of the output stage uses two type 83 rectifier tubes. An
80 is used to supply fixed bias and screen voltage to the output
stage as well as plate voltage for the balance of the amplifier.
A separate filter system for each supply isolates the output
stage and insures stability. Resistors in series with the 83 tube
plates help distribute the current evenly. These resistors are
necessary when mercury vapor rectifier tubes are wired parallel.

Before operating the amplifier insert all tubes except the 83’s
and adjust R-26 until 24.5 volts are measured at the 6L6 grids.
After the 83’s are placed in the sockets turn the amplifier on
and measure the bias voltage again. If any change is noted
correct by_adjusting R-26.

TECHNICAL DATA

Power Output: 120 watts or -+ 43 db (less than 8 % distortion).

Coverage: Up to 5,000,000 cu. ft. indoors; 100,000 to 150,000 sq.
ft. outdoors (depending on speaker efficiency and noise level).

Input Circuit: Single channel; may be adapted to low or high
impedance.

Output Impedances: 84, 100, 125, 166, 250 or 500 ohms; select-
ed by plug and jacks on terminal board of CHT output
transformer.

Frequency Response: Within =1 db from 40 to 15,000 c.p.s.
(tone controls in normal position).

Tone Controls: Two; bass control varies response from 4 7 db
at 60 c.p.s. to —20 db at 30 c.p.s., and treble control varies
response from 4-7.5 db to—20 db at 10,000 c.p.s. from normal.
Practically any desired frequency response may be obtained.

Gain: 90 db with high impedance input resistor (based on
100,000 ohms input impedance); 72.5 db with 500 ohm input
resistor. (If line to grid transformer is used, gain is approxi-
mately 90 db.)

Hum: 73 db below maximum output.

Tubes: 1-6]7, 2-6C5, 2-6F6, 4-6L.6-G, 1-80, 2-83.

Power Consumption: 570 watts with no signal; 720 watts at
maximum output.

Dimensions: 17" long, 15" deep, 9” high.

BOTTOM VIEW
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PARTS LIST
THORDARSON TRANSFORMERS AND CHOKES Diagram RESISTORS TUBES: 1-6J7, 2-6C5, 2-6F86, 4-6L6G, 1-80, 2-83
l[“)iugnm go. Ohms Watts o T]y%e
Be -1 500 1 entr 314
;-; %-}g}l{gt‘i }}:ower %\’amgormer R-2 1 MEG. Volume Control Cemr:l:b %-104 MISCELLANEOUS PARTS
- 5 ower Transformer R-3 5,000 1 Centralab §314 v A A
T3 T-15594 Output Transformer R4 50,000 1 Contralab ‘314 : 17x1523" Chassia with bottom plate
T-4 T-15D86 Driver Transformer R-5 250,000 1% Centralab §310 “Gam“ control plate
T-5 T-15A74 Input Transformer R-6 20,000 i Centralab #314 2 Tone" control plates
CH-1 T-16C56 Choke* R-7 1,000 1 Centralab 314 3 Volume control knobs
Sg‘_g ;:gggg 8{:311:: R-8 Dual Tone Control Thordarson R-1068 1 AC line °°"d. and plgg — Belden #1725
CH-4 T-14C70 Tone Control Choke R-9 Dual Tone Control Thordarson R-1068 1 Fuse mounting — Littlefuse #1075
*Winding in Serica R10 20,000 1 Centralab #314 J Fuse, 10 ampere
g - i : 9 Octal Sockets — Amphenol 88
CONDENSERS R-11 1,000 1 Centralab #314
Diagram R-12 50,000 1 Centralab #314 3 4-Contact sockets — Amphenol S4
o. Mid. Voltage Type R13 20,000 1 Centralab #314 4 5-Contact sockets — Amphenol 85
C1 10 25V.Elect.  Cor.-Dub. §BR-102 R-14 200 1 Centralab #314 4 5-Prong speaker plugs — Amphenol PM5
Cc-2 .1 400 V. Paper  Cor.-Dub. §DT-4P1 R-15 200 1 Centralab #314 1 Input conneetor — Amphenol PC3F
Cc3 10 25 V. Elect.  Cor.-Dub. BR-102 R-16 200 1 Centralab #314 1 Input connector — Amphenol MC3M
& '84 338 g g:g:: %%:'_-II))?}[)) I”I;%iléi R17 200 1 Centralab $314 1 ﬁlot I.ight socket and jewel — Yaxley §310R
C-6 1 400 V.Paper  Cor.~Dub. #DT-4P1 R-18 25 10 Obmite, Wirewound 1 Pilot light bulb, 6.3 volts — Mazda #40
c7 1 400V.Paper  Cor.-Dub. §DT-4P1 R-19 25 10 Ohmite, Wirewound 1 Metal tube grid cap
o} 10 25 V. Elect.  Cor.-Dub. #BR-102 R20 10000 50 Obmite, Wirewound 1 Metal tube grid cap shield
C-9 1 400V.Paper  Cor.-Dub. #DT-4P1 R21 10000 50 Ohmite, Wirewound 1 SPST toggle switch — Arrow H&H #20992
C-10,C-11 88 450 V.Elect. .Cor.-Dub. §JR-588 R22 0 10 Ol e pee
g}g 18 ﬁgg \6 Eect. gor.-Dub. éi’é@%‘“ R.23 0 10 Chmite s Wirewaind
B N t‘ X & 2] . o . -
C14 § G0V Hlet Aerovos JGLAO e By Obmite, Wirewound o o e el Parteof aauivas
" . ginal laboratory models. Parts of equiva-
C-15 8 600 V. Elect.  Aerovox §GL600 R-25 50 10 Obmite, Wirewound lent quality may be substituted except where physical
C-16 8 450 V.Elect.  Cor.-Dub. fJR-508 R-26 30 25 Obmite, Semi-Var. fimitations prohibit.
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For complete mechanical drawing of chassis see page 30. Full size template of chassis available from

THORDARSON, 15c net, postpaid.
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2A3 PHONO AMPLIFIER

THIS 10-watt Tru-Fidelity audio ampli-
fier, with volume expansion and dual
tone control, will meet the requirements of
the most discriminating listener. It is an im-
proved version of the Thordarson 10-watt
Tru-Fidelity unit, specially adapted to meet
phonograph and radio tuner requirements.
The amplifier features an unusually flexible
tone control and volume expansion, making it
possible to reproduce recordings with a high
degree of naturalness. The volume expander
is especially useful in restoring the range of
symphonic renditions. No pre-ampiifier
stages are included as they are not needed
and would materially increase the cost of
construction.

With the bass and treble tone controls in
“normal’’ position, the frequency response is
flat. Through the use of the dual tone con-
trols the bass may be boosted 7 db between
50 and 200 cycles or dropped 30 db from nor-
mal at 30 cycles. The treble may be boosted
9 db at 7000 or dropped 30 db at 10,000
cycles. These controls are independent, so
any acoustical condition may be satisfied.

At the rated output of 10 watts, the dis-
tortion is but 3.7% and at 16 watts only
4.8%, which is still within high fidelity speci-
fications.

The amplifier counsists of five stages giving
a gain of 70 db from either phono input (mea-
sured across a 100,000 ohm input). This
gain is with the voiume expansion off. When
the expander is at maximum the volume level
may be increased 11 db making a total overall
gain of 81 db available. This is more than
sufficient for any phono or tuner application.

Two phono inputs are mixed and fed into
a 6C5 stage with a gain of 10. The output of
this stage is fed into a 6L7, the gain of which
varies according to the expansion voltage fed
into it by the action of the 6C5-6H6 volume
expansion stage. The energy for the expander
stage is taken from the grid of the fourth
stage 6CS5. .

The output of the 6L7 is fed into a 6C5
tone control tube which has a gain of 1.4
with the controls in “normal” position. This
in turn is fed into another 6C5 and then,
through a T-90A04 Tru-Fidelity transformer,
to two 2A3’s or 6A3’s in push pull. (The power

20

transformer has filament voltage available for either type tubes.)
A Tru-Fidelity output transformer, T-90S13, makes voice coil
or line impedances of 1.25, 3.75, 5, 7.5, 10, 15, 50, 125, 200, 250,
333 or 500 ohms available.

A form of degeneration is used in a new way to provide the
unusually flexible tone compensating circuit shown. This circuit
is so important and interesting that it is described in detail on
page 24.

On the front panel are the two gain controls, near the input
jacks; the expander control; a pilot light; the meter, with a
switch at the far end of the chassis to measure the plate current
of either or both output tubes; the on-off switch; the two tone
controls and the plate current switch just mentioned.

In the photograph is shown the special shielding around the
two small resistors from the gain controls. The circuit used
results in a minimum of cross-talk, shielding them as shown
removes the last possibility of it. Cover the resistors with cam-
bric sleeving, then enclose them in a braid shield.
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BOTTOM VIEW

For complete mechanical drawing of chassis see page 28, also,
full size template available from Thordarson 15c¢ net postpaid.
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VOICE CoIL

NOTE+

VOLTAGES INDICATED MEASURED FROM
GROUND WITH 115 VOLT LINE AND CONTROLS

IN"OFF " POSITIDN.

TECHNICAL DATA

Power Output: 10 watts or + 32.2 db with
3.7% distortion; 16 watts or -+ 34.1 db
with 4.8% distoriton.

Input Circuits: Two high impedance phono
channels for crystal or magnetic pick-up
or radio tuner. Individual controls for
mixing or fading.

Output Impedances: 1.25, 3.75,5,7.5, 10,
15, 50, 125, 200, 250, 333 or 500 ohms —
selected by connecting output terminals to
desired impedance of transformer.

Frequency Response: Within + 1 db from
30 to 15,000 c.p.s. (tone controls in normal
position).

Tone Controls: Two: bass control varies
response from -+ 7 db at 70 c.p.s. to —30 db
at 30 c.p.s.; treble control varies response
from 4+ 9 db to —30 db at 7,000 c.p.s.

Gain: 70 db with volume expander “OFF”;
81 db with volume expander “ON”’.

Hum: 64 db below maximum output.

Tubes: 4-6C5, 1-6L7, 1-6H6, 2-2A3 or 6A3,
1-80, 1-5Z3.

Power Consumption: 140 watts, 115 volts,
50-60 cycles.

Dimensions: 17" long, 10" deep, 9" high.
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Diagram ’
N

T-1  T-15R05 Power Transformer
T-80A04 Audio Transformer
T-3 T-90813 Output Transformer

CH-1 T-15C54* First Choke
CH-2 T-74C30 Second Choke
CH-3 T-67C46 Third Choke
CH-4 T-18C92 Bias Choke
CH-5 T-14C70 Tone Control Choke
*Winding in parallcl.
RESISTORS
Diagram Ohms Watts
No.

R-1 1 MEG. Volume Control
R-2 1 MEG. Volume Contro
R-3 500,000 ;2
R4 500,000

2,000 1
R-6 20,000 1
R-7 20,000 1
R-8 1MEG, Y4
R-9 500,000 14
R-10 100,000 1
R-11 1 MEG. Volume Control
R-12 10,000 16
R-13 100,000 14
R-14 250,000 14
R-15 100,000 1
R-18 10,000 10
R-17 10,000 10
R-18 800 1
R-19 200 1
R-20 250,000 14
R-21 20,000 1
R-22 1,000 1

R-23 Dual Tone Control

R-24 Dual Tone Control

R-25 20,600 1

R-26 3,500 10

R-27 50,000 1

R-28 1,000 1

R-29 50,000 1

R-30 3,000  Potentiometer

R-31 3,000 Potentiometer
TUBES

4 Type 6C5

1 Type 6L7

1 Type 6H8

2  Type 2A3 or 6A3

1 Type 80

1  Type 523

Sw 1

PARTS LIST

THORDARSON TRANSFORMERS AND CHOKES

Type

Centralab N-104
Centralab N-104
Centralab #310
Centralab #310
Centralab #314
Centralab #314
Centralab #314
Centralab £310
Centralab #310
Centralab #314
Centralab N-104
Centralab #310
Centralab #310
Centralab #310
Centralab 314
Ohmite Brown Devil
Ohmite Brown Devil
Centralab #314
Centralab #314
Centralab #310
Centralab #314
Centralab #314
Thordarson R1068
Thordarson R1068
Centralab #314
Ohmite Brown Devil
Centralab #314
Centralab #314
Ceatralab #314
Yaxley §C3IMP
Yaxley §C3MP

Diagram

No. Mid.
C-1 10
C-2 J
C3,C-7 8-8
C-4 5
C5 Al
C-6 5
C8 .1
C-9 10
C-10 .03
C-11 .03
C-12 .002
C-13 5
C-14,C-15 88
C-18 J
C-17 10
C-18 25
C-19,C-24 838
C-20 8

Cc-21 8
C-22,C-23 88
C-25 5

CONDENSERS

Voltage
25 V Elect.
400 V Paper

450 WV Elect.

400 V Paper
400 V Paper
400 V Paper
400 V Paper

25 V Elect.
400 V Paper
400 V Paper
400 V Paper
400 V Paper

450 WV Elect.

400V Papﬂ:

450 WV Elect.

450 V Elect.
450 V Elect.

450 WV Elect.

400 V Paper

Type
Cor.-Dub. §BR-102
Aerovox $484
Aerovox PBS 450
Aerovox #484
Aerovox #484
Aerovox §#484
Aerovox $484
Cor.-Dub. #BR-102
Aerovox #484
Aerovox §484
Aerovox §484
Aerovox #484
Aerovox PBS 450
Aerovox §#484
Cor.-Dub. #BR-102
Aerovox #484
Aerovox PBS 450
Acrovox G 450
Acrovox G 450
Aerovox PBS 450
Aerovox §484

MISCELLANEOUS PARTS

Two gan,

D st 1 1 D DD O3+ ek DD D e i O ek bt 1k bt

10x17x3" Chas. and screen cover—Par-Metal #AF1017
10x17* Chas. bottom plate—Par-
0-150 MA DC meter — Triplett $223

SPST toggle switch — Arrow H&H $20992

three position switeh — Yaxley $3223-J
Octal sockets — Amphenol S8
4-Contact sockets — Amphenol S¢
Metal tube grid cap

Metal tube grid cap shield
*“Volume" control plates
“Tone” control plates
“Expansion control plate
Three position meter switch plate

Control knobs

Mic. connectors — Ampheno! PCIM

Mic. connectors — Amphenol MC1F

AC line cord and plug — Belden #1725
Pilot light socket and jewel — Yaxley 310R
Pilot light bulb, 6.3 volts — Mazda 40
Brackets—Yaxley RB #248

Metal §BP4526

NOTE: The brands and types specified in the parts list

were used in the original laboratory models. Parta of equiva-
lent quality maI\; be substituted except where physical
limitations prohibit.
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Ty 6 Volt DC - 115 Volt AC AMPLIFIER

TOP VIEW

The combination 6 volt D.C., 115 volt A.C. amplifier has be-
come very popular, especially in mobile public address work.
Its flexibility permits operation almost anywhere that a 6 volt
storage battery can be placed, such as rural gatherings, picnics,
beach parties, motor boats, barn dances, etc. It is the ideal unit
for portable and rental work since the undistorted power output
of 20 watts is sufficient for most installations. Results are alike
on both battery and 115 volt A.C. supplies with no sacrifice in
the quality of reproduction.

The amplifier is similar to the 25 watt unit described on page 8;
two 6L6-G’s operate in a class AB, circuit with approximately
300 volts applied to the plates and screens. Inverse feedback
reduces the distortion which is lower than ordinarily encountered
in 6 volt amplifiers of this type. Two input channels accommo-
date a low level high impedance microphone and high impedance
phono pick-up. The gain of the amplifier is more than adequate
for full output with either “Mic” or ‘Phono”.

Operation from 6 volts D.C. is made possible by incorporating
a heavy duty vibrator to convert the D.C. into alternating
current. Dual operation is accomp-
lished by having both a 6 voltvibra-
tor primary and a 115 volt primary
on one and the same transformer.

battery, turn the main heavy duty switch “On” first and wait
a minute or so for the tube heaters to warm up before turning
on the vibrator switch. The vibrator switch controls the “B”
supply and when turned “On” the battery drain increases from
4.5 amperes (which is the heater current) to about 19 amperes.
This switch is a desirable feature since the battery can be
conserved without waiting for the heaters to warm up when
operation is desired.

All converters, whether rotary or the vibrator type, develop
a certain amount of high frequency hash. This disturbance
is easily picked up in the amplifier circuit unless proper isolation
and shielding is employed. Therefore, it is advisable to con-
struct the amplifier as closely as possible to the illustrations and
diagram. All shielding should be incorporated where shown. A
small metal box is formed and fastened in place by the Amphenol
connector PC1M. One side of the box is left open to tighten the
connector and insert C1, R1, and the bias cell and holder. Pass
a shielded lead through the small hole for the 6J7 grid connection.
Wire the lead and parts and test the amplifier before soldering
the box side in place.

TECHNICAL DATA

Power Output: 20 watts undistorted or 35.5 db (less than 5%
distortion).

Coverage: 500,000 to 1,000,000 cu. ft. indoors; 15,000 to 25,000
sq. ft. outdoors (depending on speaker efficiency and noise
level).

Input Circuits: One 5 megohm channel for high impedance
crystal, dynamic or velocity microphone, and one channel for
high impedance crystal or magnetic pick-up. Channels may
be mixed and faded.

Output Impedances: 4, 8, 15, 250, or 500 ochms with regular
transformer, or 2, 3, 4, 6, 8, 16, 125, 250, or 500 ohms with
CHT output transformer.

Frequency Response: Within + 2 db from 50 to 8,000 c.p.s.
with bass boost of 5 db at 70 c.p.s.

Gain: Microphone input, 114 db; phono input, 75 db (based on
100,000 ohms input impedance).

Hum: 70 db below maximum output.
Tubes: 2-6J7, 1-6C5, 2-6L6-G, 2-6W5-G.

Power Consumption: 100 watts at 115 volts, 50-60 cycles, or
19 amps. at 6V. D.C. (4.5 amperes on standby position).

Dimensions: 17" long, 10" deep, 9” high.

Two 6W5-G tubes rectify the high
voltage for both battery and A.C.
operation. A 6.3 volt secondary on
the transformer supplies the heater
current for A.C. operation only. The
heaters are switched to the battery
automatically for 6 volt operation
by inserting the proper power sup-
ply plug. Two plugs are used, one
being wired for 115 volt and the
other for 6 volt operation. These
plugs are wired as indicated on the
schematic diagram.

Three switches are required. Two
are used for 6 volt cperation, one
being a heavy duty type which con-
trols the total 6 volt supply and the
other is connected in the vibrator
circuit and provides standby oper-
ation. The third is the “On” and

4

RGP

*Off”’ switch for operation from 115
volts A.C.

When operating from a 6 volt

BOTTOM VIEW
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6 Volt DC-115 Volt AC AMPLIFIER [0 tsl)

CABLE AND PLUG
FOR A.C.

10 8 6 4 2
qalp Ea e

N5 VOITS AC.
60C. LT

 THORDARSON TRANSFORMERS AND CHOKES

Diagram

No.

T-1  T-14R40 Power Transformer

T-2 T-15A74 Input Transformer

T3 T-17812 or T-15591 OQutput Transformer
CH-1 T-17C00-B First Choke

CH-2 T-37C38 Second Choke

Disgram RESISTORS

No. hms  Watts Type

R-1 5MEG. Y% Centralab #310
R-2 3MEG. Y4 Centralab #310
R-3 500,000 14 Centralab #310
R4 MEG, Volume Control Centralab §N-104
R5 1MEG. Volume Control Centralab #N-104
R-6 500,000 Centralab #310
R-7 500,000 Centralab #310
R-8 5,000 1 Centralab #314
R-9 100,000 14 Centralab #310
R-10 500,000 Tcne Control Centralab §N-103
R-11 1500 1 Centralab $314
R-12 20,000 1 Centralab #314
R-13 20,000 1 Centralab #314
R-14 200 1 Centralab §314
R-15 25,000 25 Ohmite Wire Wound
R-16 300 25 Ohmite Semi-Variable
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Diqnm‘d Vol CONDENSERS MISCELLANEOUS PARTS (Continued)

. M oltage ype 1 AC line cord and plug

1 .03 400V Paper Aerovox #484 1 Jewel and Bracket — Yaxley #310R
8'§ 04 400V Paper Aerovox $484 1 63 wolt pilot light — Maada MO on

2 i = 20992
GO} 88 450V Dual Hlect.  Acrovos 42GL450 1 DPST Tossionmich— ov 20 ame ! Ol 53244
C4 1 400V Paper Aerovox §484 2 Metal tube grid caps
C5 10 25V Elect. Cornell-Dubilier BR-102 2 Metal tube grid shields
C-6 400V Paper Aerovox §484 3 Control knobs
C-7 01 400V Paper Aerovox I48'4. 3 Control plates
C8 10 25V Elect. Cornell-Dubilier BR-102 2 10-contact power plugs — H. B. Jones $S-310-FHT
g%'l) 1 400V Paper Aerovox £484 1 1Q§0n?act power plug — H. B. Jones #P-310-CB
13} 88 450V Dusl Elest.  Acrovos 261450 D B i O ey JF7
C13 5 400V Paper Aerovor #1484 1 Bias cell holder — Mallory §GB-1A
C14 5 200V Paper Aerovox §284 1 pe. tinned copper — 6x5x.010°
1 30 amp fuse
MISCELLANEOUS PARTS 1 Fuse holder for 30 amp fuse

1 10x17x3* Chassis and cover — ICA #3875 2 Battery clips 50 amp capacity
1 10x17* Chassis bottom plate — ICA #4067 Battery Cable: #10 stranded wire, rubber covered.
7 Octal sockets — Amphenol S8 Tube Complement: 2-6J7, 1-6C5, 2-6L6-G, 2-8W5-G
2 6-contact socket — Amphenol S6
1 Mic. input connector — Amphenol PC1M NOTE: The brands and types specified in the parts list
1 Mic. input connector — Amphenol MC1F were used in the original laboratory models. Parts of equiva~
1 Six screw output terminal board lent quality may be substituted except where physical
1 Two serew phono input terminal board limitations prohibit.

FOR MECHANICAL DRAWING OF CHASSIS SEE PAGE 27
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[0S SINGLE CHANNEL PRE-AMPLIFIER

TOP VIEW

ALTHOUGH pre-amplifiers are not as popular
as they were some years back, there are cases
where their use is recommended or necessary. The
sound installation which requires that the microphone
be located several hundred feet or more from the
main power amplifier, can make good use of a pre-
amplifier of the type shown on these pages. The
gain is about 60 db, which will raise the level of the
average low level microphone to approximately 0 db.
Its output impedances are 500, 333, 250, 200, 125
or 50 ohms. The 500 or 200 ohm impedances are
most commonly used. When a line operates under
these conditions, any hum or disturbance which is
picked up is so far below the signal level that it is
not objectionable in the output of the loud speakers.
High impedance microphones, such as the crystal,
velocity and dynamic, should not be used at distances
greater than 50 to 100 feet without such a pre-ampli-
fier. When this distance is exceeded, losses occur
either in signal level or frequency response.

This single channel amplifier is entirely self-con-
tained, and operates from 115 volts 60 cycle current. It
can be used in conjunction with the 120 watt ampli-
fier described on page 14 or any of the amplifiers
described in the Amplifier Guide, if
the proper input impedance is built
into the amplifier. Best results are
obtained when a high quality hum
balancing transformer having a 200
or 500 ohm primary is placed in the
phono circuit of the amplifier. Thor-
darson T-90A00 or T-15A66 is suit-
able for this purpose. Best results are
obtained when the gain control on
the pre-amplifier is almost all the way
on and that on the main amplifier cut
down to control the output of the
system.

The assembly and wiring of the
pre-amplifier is quite simple; how-
ever, care should be taken in place-
ing and wiring those parts enclosed
in the dotted line on the schematic

diagram. Condenser C-1 and resistors R-1 and R-2
may require shielding if hum is to be cut to a mini-
mum. It is recommended that the chassis be pro-
vided with a base to fully enclose the bottom of the
pre-amplifier. Where no base is used, it may be nec-
essary to shield all those parts included in the above
mentioned dotted line.

The output transformer T-2 is shown connected to
a five-contact socket. The connections indicated pro-
vide coupling to either a 200 or 500 ohm line. The
additional impedances are obtainable by properly
connecting the secondary of the transformer. Full
instructions are supplied with each transformer for
obtaining these other impedances.

TECHNICAL DATA

Output Level: 0 db or .006 watts (less than 19,
distortion).

Gain: 59.9db (based on 100,000 chminput impedance).

Frequency Response: Within + 1 db from 30 to
15,000 c.p.s.

Input: 5 megohms for one high impedance crystal,
dynamic, or velocity microphone.

Output: Low impedance line — 500, 333, 250, 200,
125, or 50 ohms.

Tubes: 1-6F5, 1-6J7, 1-6X5.

Power Consumption: 17.5 watts, 115 volts, 50-60
cycles.

Dimensions: 914" long, 5” deep, 6” high — with
cover 814" high.
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PARTS LIST

THORDARSON TRANSFORMERS AND CHOKES
Diagram
No.
T-1 T-15R04 Plate and Filament Transformer
T-2 T-15A71 Tube to Line Transformer
CH-1 T-13C26 Choke
CH-2 T-13C28 Choke
Diagram RESISTORS
No. Ohms Watts Type
R-1 5 MEG. 14 IRC BT-}4
R-2 5 MEG. %4 IRC BT-}4
R-3 100,000 1 IRC BT-1
R-4 250,000 Volume Control Yaxleg type "'M"
R-5 2,000 1 IRC BT-1
R-8 50,000 1 IRC BT-1
R-7 20,000 1 IRC BT-1
R-8 50,000 10 Ohmite Brown Devil
Diagram CONDENSERS
No. Mid. Voltage Type
C1 1 400 V Paper Cornell-Dubilier #DT-4P1
c2 1 400 V Paper Cornell-Dubilier §DT-4P1
C3 5 400 V Paper Cornell-Dubilier #DT-4P5
C4 10 25 V Elect. Cornell-Dubilier §ED-2100
Cs 8 450 V Eleot. Cornell-Dubilier #JR-508
c6 8 450 V Elect. Cornell-Dubilier fKR-508
C-7 8 450 V Elect. Cornell-Dubilier §KR-508
c8 8 450 V Elect. Cornell-Dubilier §KR-508
1 Typa 6F5 TUBES
1 Type 6J7
1 Type 6X5

MISCELLANEOUS PARTS

1 5x814x214° Chassis and cover — Bud No. 699
1 5x8149° Chassis bottom plate — Bud No. 680
3 Octal sockets — Amphenol 58
1 Qutput socket — Amphenol S5
1 Qutput plug — Amphenol PM5
1 Mie. input ¢onnector — Amphenol MC1F
1 Mie. input connector — Amphenol PCIM
2 Metal tube grid caps
2 Metal tube grid cap shields
1 AC line cord & plug — Belden No. 1725
1 T awitch — Arrow H&H No. 20992
1 Volume contro} knob, black
1 Volume control dial plate
1 Pilot light bracket and jewel — Yaxley No. 310R
1 Bias cell, 1.5 Volta — Mallory No. F7
1 Bias cell holder — Mallory No. GB-1A
1 Pilot light bulb, 6.3 volts — Masda No. 40

NOTE: The brands and types specified in the parts list
were used in the original laboratory models, Parts of equiva-
lent quality may be substituted except where physical
limitations prohibit.
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THORDARSON

FOUR CHANNEL PRE-AMPLIFIER

TOP VIEW

HE multiple channel pre-amplifier and mixer

is useful where more input circuits must be
accommodated than the regular amplifier will handle.
Most main amplifiers accommodate only one or two
microphones. Like the single channel pre-amplifier
on the previous page, this unit may be operated several
hundred feet from the main amplifier if necessary
without serious loss of volume level or frequency
response. The main amplifier should be equipped
with a 200 ohm or 500 ohm input transformer to
match the output impedance of the pre-amplifier.
Thordarson transformers T-90A00 or T-15A66 are
suitable for this use. The 120 watt amplifier on
page 14 is designed to operate with a pre-amplifier
and mixer of this type.

The circuit diagram as shown will accommodate
four low level high impedance microphones. If it is
preferable to handle only three low level microphones
and a phono pick-up, one of the
6F 5 pre-amplifier tubes and asso-
ciated parts can be eliminated.
The phono pick-up will then op-
erate directly into volume controt
R-16. Likewise, two pre-ampli-
fier tubes can be eliminated if
two phono pick-up channels are
more desirable.

Dotted lines are shown on the
circuit diagram indicating that
portion of the circuit which is
susceptible to hum and noise
pick-up. In the laboratory
model, it was necessary to shield
resistors R-17, R-18, R-19, and
R-20 and all the leads connecting

to them as well as the grid leads to the 6F5 tubes. Addi-
tional shielding should not be necessary if the chassis is
fully enclosed with a chassis bottom plate. Bias cells
provide bias for the 6F5 input tubes, thus eliminat-
ing any disturbance that might develop in the
cathode circuit of these tubes.

TECHNICAL DATA

Output Level: 0 db or .006 watts (less than 1%
distortion).

Gain: 55 db (based on 100,000 ohm input impedance).

Frequency Response: Within + 2 db from 20 to
15,000 c.p.s.

Input Circuits: Four 5 megohm channels for high
impedance crystal, dynamic or velocity microphones.

Output: Low impedance line — 500, 333, 250, 200,
166, 125, or 50 ohms.

Tubes: 4-6F5, 1-6J7, 1-6X5.

Power Consumption: 25 watts, 115 volts, 50-60
cycles.

Dimensions: 134" long, 5" deep, 6” high — with
cover 814" high.
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PARTS LIST

THORDARSON TRANSFORMERS AND CHOKES

T-1 T-15R04 Power Transformer

T-2 T-15A71 Tube to Line Output Transformer
CH-1 T-13C26 Choke

CH-2 T-13C26 Choke

-

115V. 60C.

RESISTORS
Diagram
No. Ohms Watts Type
R-1 5 MEG. Y4 IRC BT-}4
R-2 5 MEG. 34 IRC BT-14
R-3 5 MEG. 34 IRC BT-}4
R4 5 MEG. é IRC BT-14
R-5 5 MEG. IRC BT-14
R-6 5 MEG. 34 IRC BT-14
R-7 5§ MEG. 14 IRC BT-}4
R-8 5MEG. ¥4 IRC BT-14
R-9 100,000 1 IRC BT-1
R-10 100,000 1 IRC BT-1
R-11 100,000 1 IRC BT-1
R-12 100,000 1 IRC BT-1
R-13 500,000 Volume Control  Yaxley type "N
R-14 500,000 Volume Control  Yaxley type "N
R-15 500,000 Volume Control  Yaxley type “N"
R-18 500,000 Volume Control Ynxleg type “N"
R-17 500,000 34 IRC BT-34
R-18 500,000 34 IRC BT-ﬁ
R-19 500,000 34 IRC BT-
R-20 500,000 14 IRC BT-4
R-21 2000 1 IRC BT-1
R-22 50,000 1 IRC BT-1
R-23 20,000 1 IRC BT-1
R-24 50,000 10 Ohmite Brown Devil
CONDENSERS
Diagram
No. Mid. Voltage Type
C1 1 400 V Paper Aerovox $484
C-2 d 400 V Paper Aerovox §484
C3 A 400 V Paper Aerovox §484
C-4 1 400 V Paper Aerovox §484
C-5 a1 400 V Paper Aerovox §484
C-6 1 400 V Paper Aerovox §484
C-7 A 400 V Paper Aerovox #484
C8 1 400 V Paper Aerovox #484
C9 10 25 V Elect. Cor.-Dub. #BR-102
C-10 15) 400 V Paper Cor.-Dub. DT-4P5
C-1 8 450 V Elect. Aerovox §PBS5
C-12 8 450 V Elect. Aerovox §GLS450
C-13 8 450 V Elect. Aerovox #GLS450
C-14 8 450 V Elect. Aerovox §GLS450
TUBES

4 Type 6F5
1 Type 6J7
1 Type 6X5

MISCELLANEOUS PARTS
1 5x1316x214” Chassis and screen cover—Bud No, 1125
1 5x1314* Chassis bottom cover — Bud No. 685
6 Octal sockets — Amphenol S8
1 b-contact socket — Amphenol S5
1 8-prong output plug — Amphenol PM$§
4 Mio. connectors — Amphenol PC1M
4 Mic. connectore — Amphenol MC1F
5 Metal tube grid caps
5 Metal grid cap shields
1 AC line oord and plug — Belden No, 1725
1 SPST Toggle Switch — Arrow H & H No. 20992
4 Control knobe
4 “Volume'’ control plates
1 Pilot light bracket and jewel — Yaxley No. 310R
4 Bias cella 1.5 volts — Mallory No. F7
4 Biaa cell holders — Mallory No. GB-1A
1 6.3V Pilot light — Mazda No. 40

NOTE: The brands and types specified
in the parts list were used in the original
laboratory models. Parts of equivalent
quality may be substituted except where
physical limitations prohibit.

Chassis drawing of Four Channel Pre-
Amplifier. Full size template of
chassis for drilling, showing all me-
chanical dimensions available from

THORDARSON, 15¢ net postpaid.

GROUND WITH 115 VOLT LINE AND CONTROLS

VOLTAGES INDICATED MEASURED FROM
IN” OFF ~ POSITION.

NOTEw

—_— i

e

T
ol
:Lx.

4

X

o

LAY
1%
Lo

on |
RS S— A
—+ —

-

e g

e
—

2

B

{

a0——
+;.
Yz uones T oI

— gy — gy

o
s wowes Eou—|

s——¢ -t

‘4

8-

4 HOLES % DIA -
3%

I
i

e

1

<

2

$

1
3
|

-—o

1

SOOKET HILE 1ZDIA < 4-HOLES 3 OIA

5

4

] 5 voues Jom

T
&

A

bt 23— 2%

B

SMALL HOLES NOTDIM

ALL SOCKET HOLES
ARE #5 DIA

ARE 14 DIA

NOTE




DUAL TONE CONTROL

TOP VIEW
DUAL TONE CONTROL

Thordarson’s development of this ‘“Dual
Tone Control” was prompted by the many
requests of sound men for an effective tone
compensating system to boost or attenuate
the bass or treble frequencies independently
of each other. Examination of the sche-
matic diagram will show that the final
circuit is simple and not at all complicated
to construct. The unit described here is
identical in circuit details to the tone com-
pensation employed in the amplifiers shown
elsewhere in this ‘“Amplifier Guide.” It is
constructed on a small chassis, making it
adaptable to practically any existing am-
plifier.

Operation is based on degeneration in the
cathode circuit of a 6C5 or equivalent tube.
If resistance is introduced in the cathode
circuit, any signal developed by the tube
will also appear across the resistance. This
signal voltage is opposite in phase and in
series with the voltage impressed on the
grid and cathode of the tube. Degener-
ation takes place and the amplification of
the tube is reduced. In this application the
plate loading resistor R-6 is made small
and the cathode resistor R-3 large so that a
greater part of the voltage developed by the
tube appears in the cathode circuit.

Since the circuit is resistive there is little
or no frequency discrimination at audio fre-
quencies, and all frequencies are degener-
ated an equal amount. If the cathode
resistance is shunted with an inductance
(of the proper value) the resistance at low
frequencies is practically shorted out due
to the low impedance of the choke at low
frequencies. Therefore degeneration of the
low frequencies is eliminated and the
greater part of the signal developed by the
tube appears across the load resistor R-6.
The result is an increase in the low fre-
quency response of the circuit. Likewise

if a condenser (of the proper value) is
shunted across the cathode resistor, the low
impedance of the condenser at high fre-
quencies reduces the impedance of the cir-
cuit and degeneration of the higher fre-
quencies is reduced. The high frequency
response of the circuit is thus increased.

Attenuation of the low frequencies can
be accomplished by shunting the grid cir-
cuit of the following stage with a choke or
inductance. It so happens that the value
of the choke (described above) used in the
bass boost circuit also has the correct value
for an attenuation circuit. The high fre-
quencies can be attenuated by shunting the
same grid circuit with a suitable condenser.

The function of control R-5 is to intro-
duce the choke CH-1 into either the cath-
ode circuit for bass boost or the grid circuit
for bass decrease. Control R-4 applies
condenser C-2 to the cathode circuit for
treble increase, or C-3 to the grid circuit for

CATHODE CONDENSER C-4 D O

HIGH BOOST~_

HIGH OFF == ), TONE CONTROL
CHOKE

treble decrease. The controls are coupled
to the cathode through condenser C-4 and
to the following grid by a shielded lead.
The small pictorial drawing illustrates
clearly how connections are made to the
controls.

To install the tone control unit into an
existing amplifier, locate the coupling con-
denser in a resistance coupled stage (prefer-
ably the plate circuit of the second stage of
the amplifier). Remove the condenser from
the circuit and connect the shielded lead of
condenser C-1 and the shielded lead of C-5
in its place. Make sure that the lead from
C-1 connects to the plate of the tube pre-
ceding the tone control unit. Ground the
shields of these leads to the amplifier to
complete the ground circuit. Connect the
unshielded lead to a well filtered point of
the amplifier B supply circuit. A pair of
twisted wires not over 3 feet long may be
used for the filament supply. No difficulty
should be experienced with hum or other
disturbance since the unit can be placed
several feet from the amplifier. It is also
possible to build the tone control into an
amplifier if there is adequate room and care
is taken not to mount the choke and
controls near the power transformer.

PARTS LIST FOR THE DUAL
TONE CONTROL

Diagram THORDARSON
0.
CH-1 Tone Control Choke, T-14C70
R4 Dual Tone Control, Thordarson R-1068
R-5 Dual Tone Control, Thordarson R-1068
RESISTORS
Ohms Watts Type
R-1 250,000 14 Centralab #310
R-2 1,000 1 Centralab #314
R-3 20,000 1 Centralab §#314
R-6 20,000 1 Centralab #314
CONDENSERS
Mid. Yoltage Type
C1 a1 400 Cornell-Dubilier §DT-4P1
c-2 04 400 Cornell-Dubilier #DT-484
Cc3 01 400 Cornell-Dubitier §DT-451
C-4 10 200 Aerovox #PR-200
C5 1 400 Cornell-Dubilier § CT-4P1
TUBE
1 Type 6C5

MISCELLANEOUS PARTS

Chassis 68° long, 314* wide, 3” high
Chassis bottom plate

5-lug resistor mtg. strips

2-lug resgistor mtg. strips

2-screw terminal board

Octal socket Amphenol] S8
Control knobs

*“Tone" control plates

0 0D = e RO B e e

NOTE: ,The brands and types specified in the parts list

were used in the original laboratory models. Parts of equiva-

ent quality may be substituted except where physical
limitations prohibit.

Curves are shown on opposite page illus-
trating tone controls in various positions.
Full size template of the chassis drawing
also shown on opposite page available from
THORDARSON, 15c net, postpaid.

BOTTOM VIEW
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DUAL TONE CONTROL
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MATCHING SPEAKER LOADS

500 OHM QUTPUT

AMPLIFIER

T-60548 T-60548

Fig. 1

It is frequently necessary to match a
number of speakers to a 500 ohm line in
such a way that the speakers take unequal
power. It is an easy matter to connect a
number of speakers to a 500 ohm line so
that each speaker takes the same amount
of power and it is also an easy matter to
determine the correct impedance ratio of
each line to speaker transformer. In Fig. 1,
if each of the speakers has a voice coil
impedance of 10 ohms, the impedance ratio
of the transformers should be 1500:10 so
that the three 1500 ohm impedances in
parallel will give an impedance of 500 ohms,
which is the correct value for the 500 ohm
line. In this case, if the total power sup-
plied to the 500 ohm line is 30 watts, each
speaker will take one-third of this or ten
watts. If this power is to be divided so one
speaker receives 15 watts, one 10 watts and
one 5 watts, one must make a change in
the ratio of the three transformers.

The voltage developed acrozss the 500

E

T 60548

ohm line is 122 volts. (W = —; W = 30,
R

R = 500, E= vy 15,000 or 122 volts). Given
the voltage across the 500 ohm line and the
voltage required across each voice coil for
the desired amount of power, it is an easy
matter to determine the turns ratio and
the impedance ratio necessary in the vari-
ous transformers.

For the first speaker, requiring 15 watts
of audio, the voltage a;ross the voice coil

E

is 12.25 volts; (W= —; W=15,R =10,
R

E = +10x15 = 12.25 volts). Similarly, the

voltage across the 'speaker requiring 10

watts is 10 volts and the voltage across the

speaker requiring 5 watts is 7 volts. The

turns ratio of the various transformers is
122 122

or 10:1. Also -— or 12.2:1, and also
10

12.25
122
—— or 17.5:1. The impedance ratio of the
7
transformer is the turns ratio squared and
the actual primary impedance is equal to
the turns ratio squared, multiplied by the
voice coil impedance of 10 ohms. The re-
flected primary impedances are all differ-
ent. However, when the three are paral-
leled, they result in an impedance of 500
ohms, which is the correct value for the
500 ohm line. In this case, the power de-
livered to each of the speakers is entirely
different from the condition under Fig. 1.
It must be remembered when using this
method of calculation the total power in
the individual voice coils must total the
power in the primary from which the value
of primary voltage was computed.
Frequently it is not possible to match
the impedance of the speaker exactly.
Whenever this is not possible an