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THORDARSON |

SOUND AMPLIFIER GUIDE

‘NO. 346-B

This book is the result of comprehensive work
on the design and construction of amplifiers by
Thordarson transformer and sound engineers.
|t has been prepared to fill the fast growing need
in the sound amplifier field for practical informa-

tion on the construction and installation of
sound equipment.

 The same accuracy and conscientious work-

manship that has built for Thordarson the ‘envi-
able reputation of being the leader in the
development and manufacture of highest quality
transformers has been exerted in the preparation
of the material for this guide.

The circuits have been designed to comply
with the latest developments in tubes, trans-
formers, and sound equipment, and in the con-
struction of the amplifier every element has been

v

carefully selected to obtain the highest possible
output without overloading the circuit. Each
amplifier has been operated under practical con-
ditions to test and to prove its unfailing adapta-
bility to the purpose for which it was designed.

The amplifiers shown range up to 100 watts
output, covering practically every sound system
requirement. Complete analysis and parts list is
given with every amplifier so that the builder or
experimenter has full information on every unit.

This guide, therefore, is a practical text and

workbook for both the construction and installa-
tion of sound systems.

If you have any transformer problems, do not
hesitate to write the Thordarson engineering
department,
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AMPLIFIER CONSTRUCTION
—

Whether an amplifier is to T m—

be used for experimental
purposes or for public ad-
dress work, the following
suggestions should help
toward producing a superior
audio system:

I a foundation unit is not
available, the chassis size and
layout must be determined.
Place the compeonent parts

- is especially true of grid leads

This article contains valuable suggestions
on amplifier chassis layout, correct posi-
tioning of transformers, and general
constructional procedure that will aid the
amplifier builder in obtaining the best

which are at high impedance
and susceptible to capacitive
pickup. In some instances
shielding of these leads will
be required. Shielded leads
should always be short to
keep down the capacity ef-
ect to ground. Capacity of

results from a finished job. ong shielded leads to

ground is sure to impair the

tl"lc'lt are to bE mc:)unte:d O e I ———— high FFEQUEHCY FESPOoNse GF

of the chassis in their re-

spective positions on the work bench and decide what
size chassis is required. These parts are usually transform-
ers, chokes, condensers, and tube sockets. Allow at
least 14" space between the units. Greater spacing is
advisable between parts that generate heat, such as
power transformers, and power and rectifier tubes. Filter
condensers should have one inch or more space around
them when they are next to parts giving off heat.

|f the power supply is to be on the same chassis, extreme
care must be taken to prevent the audio transformers from
picking up the A.C. field caused by the power transformer
and first filter choke. The power transformer and choke
are usually placed at one end of the chassis and the input
or microphone and interstage transformers at the other end.
Hum pickup from the power transformer will be 60 cycles
and from the chokes 120 cycles. The input and interstage
transformers are more sensitive to A.C. magnetic fields
than driver or output transformers because of the amplifi-
cation that follows. Usually some of the audio components
sre closer to the power supply units than others. |In this
case the input transformer should be farthest away and the
output transformer closest to the power supply but still as
far from it as possible. The position of transformers is
quite as important as their location. All audio transformers
should be mounted with their cores at right angles to the
power transformer and choke. To do this easily the power
transtormer and first choke can be fairly close together
with cores in parallel. Then the sudio transformer cores
can all be in the same plane at right angles to the power
units. It is also important that input and cutput trans-
formers are not close together, inasmuch as feedback or
oscillation might occur.

t is quite important to arrange the layout so that all
leads carrying the signal will be as short as possible. This

N page three

the system. |
After a satisfactory layout is made the chassis size can
be determined. A rough sketch of the layout should be
made on paper so that the component part positions
decided upon will not be forgotten.

A non-ferrous metal is superior for amplifier chassis
material from an electrical viewpoint. However, it is
more expensive and not as strong &s steel. lf s steel chassis
is used it should be cadmium plated or enameled to pre-
vent rust, after all holes have been made.

The wiring can be started after the parts have been
mounted in their respective positions. Ususlly all filaments
or heaters are wired first. All terminals connecting to
ground should be wired together with fairly heavy wire
and grounded to the chassis at one point. The power
supply may be wired before starting the audio system.
Upon completion of the wiring, all connections should
be inspected for good contact and re-checked against the
diagram. A continuity test can also be made to eliminate
the possibility of opens or shorts anywhere in the ampli-
fier before connecting the power supply.

When satisfied that the wiring is completed and correct.
the tubes can be inserted and input and output circuits
connected. The power supply may be turned on. With
a voltmeter having the proper scale and at least 1000 ohts
per volt, measure all tube voltages. |f possible, insert
milliammeter in the plate circuit of each tube. Plate volt-
ages and plate current should not exceed the tube
manufacturer's maximum rating if normal tube life s
expected. Less than maximum plate voltage and current
tends to prolong tube life. However, power tubes are
quite often run at maximum in order to obtain the greatest
power output with minimum distortion.




The Thordarsen T-10K10 amplifier has been designed
to satisfy the need for a high quality unit capable of
delivering truly linear and distortionless audio power.
Every feature of design involved has been selected or
determined to achieve this end. High power output
was not a prime consideration and 10 walts was selected
as a value low enough to be consistent with the practical
attainment af the hisi quality standards, and high enough
to make the unit suiteble a5 a recording amplifier, speech
amplifier for broadcast station, or P. A. work, or for
sound reproduction where moderate cutput levels were
satisfactory. It consists of a three stage basic amplifier to
which may be added pre-amplifier, mixer, and fader
equipment; and a power supply to provide plate, grid,
and Flament voltages for the basic amplifier and all pre-
smplifier apparatus which may be associated with it.

Because of their desirable characteristics type 2A3
tubes have been selected for the power output stage.
Individual bias adjustment is provided for each tube,
and a plate milliammeter arranged with a switch so that
the plate current for cither tube cen be read. This
allows individua! differences in tubes to be compen-
sated for accurately.

The schematic diagram shows both the three stage
basic amplifier and o pre-amplifier, mixer, and fader
system. The basic circuit may be constructed alone or
the pre-amplifier, mixer, and fader may be incorporated,
depending on the kind of service required., YWhere a
single input, such as crystal microphone, is used, a
single high gain stage ahead of the Ffirst tube of the
basic amplifier is adequate.

A new mixer and fader system has been developed
in the Thordarson laboratories and has several advan-
rages over other types. Three input circuits are pro-
vided—one microphone, one line, and one phono.
The microphone feeds into the high gain &C& and this
stage, along with the other two circuits (line input
and phono input) feed into a combination of two fader
controls {center tapped velume controls). Each of these
fadder controls feeds a type 6C6, the outputs of which
are connected in parallel for electronic mixing. The
operation Features are as follows:

1. Individual level contrel of each input circuit.
2. Any two input circuits can be mixed together.

3. Microphone may be faded against the line circuit
with one control.

4. Microphone may be faded against the phono cir-
cuit with one control,

5. Line circuit may be faded against phono circuit
with two controls.

&, Microphone and Fh-:m-:: may be faded against one
another with the line miked in.

7. Microphone and line may be faded against one
another with the phono mixed in.

THORDARSON FOUNDATION UNIT
T-10K10Q is avaitable for this amplifier. All holes are
punched for the basic amplifier and power supply.
Knockouts are provided for additional tubes snd
controls to accommodate practically any type of
pre-amplifier and mixer system which may be desir-
able. Resistor strips and sub-assembly panels sup-
plied to accommodate the maximum parts used.

page four

This Tru-Fidelity amplifier is everything the name
implies. lts 10 Watt maximum output rating and the
use of 2A3 tubes are consistent with the attainment
of high quality, faithful reproduction in either
recording, broadcasting or P. A. work.
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Technical Data

Power Output 10 watks or +32.2 d b referred to zero
d b leve! of & milliwatts.
Gain—Basic Amplifier Circuit.
77.1d b from 100,000 chm input.
Basic Amplifier with Pre-Amplifier and Mixer.
170 d E from a crystal microphone input,
77.1 d b fram a crystal pickup input.
&66.7 d b from line input.
Hum Level~~ —5.5 db or 37.5 d b down from max.
autput or 1.4 milliwatts,
Dver-aﬂl Frequency Response— =114d b 20 to 15,000
CYCIgs.
Tubes—Rasic Circuit.
1 6C6 triede, 2 76's push-puli.
2 2A3 s output; 523 and 80 rectifiers.
Basic Circuit with Pre-Amplifier. ’
1 6C6 pentode; 2 6C6 parallel tricdes; 2 76's
nush-pulfl.
Q 9A3s autput; 5723 and 80 rectifiers.
Cutput Impedances—Series ar parallel combinations of
output transformer secondary windings to obtain
any of the following values:

Voice Coil Line
15.0 ohms 5.0 chms 500 ohms 200 ohms
10.0 ohms 3.75 ohms 333 ohms 12% chms
7.5 ohms 1.25 ohms 250 ohms 50 ohms
Two-Unit Base—Amplifier chassis size 9* deep, 164"
wide, and 314" high, with metal shield 11" high.

Power supply chassis size 5" deep, 163" wide, and
312" high, with metal shield 11" high.
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Voltage Analysis

Supply Voltage: 60 cycle, 115 vaolts.

Adl readings of D.C. taken with a 9-50-250-500 volt
(1000 ohm per volt) meter. Deviations of 109 in
specified voliages are tolerable. R.M AL standard sys-
tem of tube terminal numbers used. See THORDAR.
SON Servicing Guide #34%2 . or any R.M.A. tube chart,

All measurements from tube terminals to ground.

No Signal

1st SCH: 2, 75 volts; 3, 45 volts; 5, 2 volts.
Q Paralle] 6C6s: 2, 147 volts; 5, 5.9 volts.
Push-pull 76s: 2, 295 volts; 4, 11.9 volts.

Push-pull 2A3s: ©, 320 volts; arid return, —63 volts.,
573: 1, 339 volts.
80: 2, —77 volts.

Junction T-7551 and T-1892: 329 volts.
Output of T-1892: 310 volis,

Full Qutput

1st 6COH: 2, 74 valts; 3, 44 volts; 5, 2 volts.
9 Parallel 6Cés: 2, 126 volts; 5, 5 volts,
Push-puil 76s: 2, 265 volts; 4, 11.2 volts,

Push-pull 2A3s: 2, 300 volts; grid return, —63 volts.
573: 1, 318 volts,
80: 2, —71 volts.

Junction 1-7551 and T-1892: 303 volts.
Qutput of T-182%2: 290 volts,

D b. vs Frequency-Response Curve

20 30 S0 70 106 200 300 500 700 000 2 3M 5M TM 1OM  20M 30M
2 — +2
HiE— |- - g
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Response of Amplifier without Tone Contral.

— = o= = =— — — PResponse of Amplifier with Maximum Tone Control Action using Tuned Circuit
Tone Control as in Circuit Diagram (C-2 =.006 Mfid., CH-1 =T-8115, R-5 =50,000

Ohm Potentiometer ),

Response of Amplifier with Simple Series Tone Control Circuit using Condenser and
Resistor (C-3 =.025 Mid., R-5=50,000 Ohm Potentiometer).
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Tru-Fidelity 2A3 Amplifier

10 WAIT

us |
2 PN
3 o
= R-i8 LT3,
' ——— s00~
T3 ‘ 2A3 g 3337
- T2 § 200~
- R-7 ! IEEE::
| ° R-9| * =
R-12 x W
= - .
MIC CigRs e 3 2 X
A i 4 X
Nl 2 35~
- ‘ ZA3 ) > |25 =
SEE T-3INSTRULTION
SHEET FOR CONHECTIONS
RO = D .
PICK-UP I\ Rl " - N ~. 3 POSITION
2 EANG SWITCH
- lel
. o} — s .
o o /BOTTOM VIEW\D ¢
CH-2 v vy OF SOCKETS 5
. e ® P A R T S L | S T ® & .
i i i Number Ohms Watts Type Number Mfds. Voltage | Type
Thnrda_lfsnn Fu.unc‘latmn Unitand Accessories R-7 3,000 Wire-wound Potentiometer  C-11 8 200] Electrolytic (Coraell Dubilier
1 Amplifier chassis with 7 sockets mounted. R.B Yaxley SC3MP or equiv.) FEH-7080 or equivalent)
1 Amplifier chassis bottem plate, R.O 3,500 10 Wire-wound (Qhmite Brown  C-12 8 450  Electrolytic {Cornell Dubilier
i Sub-asse_mb’l? panel. Devil or equivslent) C-15 § *RHM-P2080 or equiv.)
1 Input shield. R-10 } 0,500 50 Wire-wound (Chmite #0408 C-16
g Eg;?;;g?'!;g&ﬂ;ﬁg t;rr:glsnals). R.1 or equivalent) .13 J 400 PdES][ 4([E;I+:rne” Dl}hilliet;
1 Power supply chassis with 4 sockets mounted. | TUBES e or cqtivalen
1 Pawer supply chassis bottom plate. 1* Type 6C6, 2 Type 76, 2 Type 2A3, 1 Type 573, RESISTORS
1 Line cord rubber grommet. 1 Type 80 Nomber Ohms  Watts Tyoe
%‘f{“ﬂ‘:’dgi'ﬂgﬁng‘ﬂﬁf ;Rg fsﬁ”ﬁg {'J‘f‘tl;”c"’“"’"“ Basic Circuit Miscellaneous Parts R-19 5 megohm 14 Carbon'(IRC ss’*’é}T*%_or equiv.)
Amplifier metal screen cover (less handles) T-10K20. 2 6 Contact 5;:I:uealt<j=ar sockets (if required) (Amphenol  R-13 2250 1 WLI:E&V?)?HS{JU?SIP;BE Wire-
or equivalen ; . .
e ot avers THOR50, 2 6 prons speaker plugs Gf required) (Amphenol or - RT4 20000 1 Wireswound (Ohmite Wire-
equivalen |
. - . 2 5 prong male pluss (Amphencl or equivalent) R15 250,000 1 Carbon (IRC T&BT-'I or equiv.)
Basic Circuit Parts List ? 6 prong male plugs (Amphenol or equivalent) R-16 100,000 1 <Carbon (IRC f,BT"I or Eq“!"’-)
THORDARSON Transformers and Chokes 1 Tuge shield R-17 Q000 1 Carben (IRC #BT-1 or equiv.)
Number 1 Grid cap R-18 } 1 megohm Fader contrels ((RC #VC539 or
T-1 1 T-9004 Tru-Fidelity interstage transformer, 1 6E5 escutcheon plate (Crowe #435 or equivalent)  R-19 equivalent)
T-2 1 T-¢00S Tru-Fidelity interstage transformer. 1% Volume contral plate (Crowe #436 or equivalent)  R-20 1,100 1 Wire-wound (Ohmite  Wire-
T-3 1 T-9013 Tru-Fidelity cutput transformer. 1 Tone control plate (Crowe #£439 or equivalent) watt or equivalent)
T-4 T 1-8785 Power transformer. 1 Switch escutcheon plate (Crowe #438 or equiv.) R-21 } 20,000 10 Wire-wound (Ohmite Wire-
CH-1 1 T-8115 Choke. 3 Knobs (Crowe #591 or equivalent) R-22 watt or equivalent)
CH-2, CH-4 2 T-1892 Chokes. 1 217 0-150 m.a. D.C. meter (Triplett #223 or eqv.)
CH-3 1 T1-7429 Choke. :1] %in%g-pglg 5iﬁ5|E=thi"GW [g?_lglfyswlitch 11996 TUBES 3 T}"pE &S
ang position  switc axley or
b M EGNDENSERS - 1 4Eequtivd|52nt) okt orley £RS.049 alend Pre-Amplifier, Mixer and Fader
umber 5. Voltage P nsion s xley #RS. ar equivalen .
C% @5 23 Electrolytic (Cornell Dubilier 1 PanEET Elé:e;rir;\g fﬂv::rr e:ten;:c:n shaft {Budqf¥532 or Miscellaneous Parts
#EH-2250 er equiv.) equivalent) 3 Shielded input sockets (Amphenel PC-3F or
C-2* 8 450  Electrolytic (Cornell Dubijier ¢  Brackets (Yaxley #RB-248 ar equivalent) equivalent)
#RHM-2080 or equiv.) 2 Extruded fibre washers (to insulate metal con- 3 Shielded input plugs (Amphenol MC-2M or
C-3 006 1000 Mica (Cornell Dubilier tainer of C-8 from chassis) equivalent)
#4.6D6 or equivalent) & ft. Connecting cable (6 wire) 1 6C6 6 contact socket (Amphencl RS-6 or equiv.)
C-4 5 400 Paper (Cornell Dubilier 35 {5 32 1la" cadmium plated screws, nuts, and lock- 7 6C6& 6 contact socket (Amphenol 5-6 or equiv.)
DT-4P5 or_equivalent) washers 2  Fader control plates {Crowe #437 or equivalent)
C-5} 8 200 Electrolytic (Cornell Dubilier 12 10-32 147 cadmium plsted screws, nuts, and lock- 1 Knob (Crowe #5%1 or equivalent)
E? #EH-7080 or equiv.) ] A»&ﬁﬁrem 4 and ol o %r&d n:ln_.':psld
- : ) AL line cord and plug 2  lute shields
C—B% 8 450 E|E#;E%?gggéc‘g:nzgu[?jﬁgﬁ; 1% ft. Shielded wire 1 Tube shield base (Amphenol or equivalent)
- *These parts should be omitted when the pre- 1 4% extension shaft (Yaxley £RS5-24%2 or equivalent)
RESISTORS amplifier s built up with the basic amplifier, as parts 1 Panel bearing for extension shaft (Bud #532 or
Number Ohms “Watts Type listed wnder “Pre-amplifier, Mixer and Fader Parts equivalent)
R- S00,000 1 Valume(;gntrg]{mc £13.133 will replace them. 12 iifﬁf’ cadmium plated screws, nuts, and lock-
Do 0950 1 wﬁ;fﬁg'{;’:&ﬂ%hmite Wire. Pre-Amplifier, Mixer and Fader Parts List ¢ 5397 cadmium Fldtﬂd screws and nuts
watt of equivalent) THORDARSON Transformers and Chokes o Eubbgr Gmrnrr]ets r 5-167 hole
R.3* 50,000 1 Carbon {IRC #BT-1 or equiv.)} Number o 1 Sh,'EIdEd wire . .
A . : A . T-2000 Tru-Fidelity Transfarmer 1 . High capacity rubber covered shielded wire
R_4 0,000 1 Wire-wound (Ohmite Wire
' watt or equivalent) CH-5 T-7430 Choke 2 ft. Low capacity rubber covered shiclded wire
R.5 50,000 Tone Contrel (IRC #13-123
or equivaleng
R-& 1,250 1 WWire-wound {(Ohmite Wire-

watt or equivalent)

CONDENSERS
NMumber MIlds, Veoltage Type
Flectrolytic (éarne1| Dukilier

C-']D} 95 25
14 #EH-2250 or equivalent)

NOTE: The brands and types specified in the parts
list were used in the original laboratory models.
Parts of equivalent quality may be substituted ex-
cept where physical limitations prohibit.
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THORDARSON I3

' 60 WATT

—— P. P. Parallel 6L6 Amplifier

The use of four of the new &L6 beam power tubes in
push-pull parallel mskes it possible to obtain 60 watts

output with simple driver requirements.
too, is improved from the standpoint of gain, frequency

response and wave distortion.

The new 6LS beam power amplifier tubes make pos-
sible the construction of a hish power amplifier with
unusually low plate voltage and a minimum of driving
power. The Thordarson T-10K&0, 60 watt 6L6E am-
plifier, uses four of these tubes in push-pull parallel,
operating under Class AB1 conditions. Since each
pair of tubes will deliver 32 watts with a total of anly
e” distortion, four will develop &4 watts of audio
power. lhere are several advantages in using four
tubes to obtain 60 watts output rather than two oper-
ating in Class ABz with fixed biss. One is that no
grid current Rows, simplifying the driver stage, and, of
more importance, resulting in improved performance
from the standpoint of gain, frequency response, and
wave distortion. Another advantage is that the change
in the plate current from no signal to full output is less,
reducing the effect of power supply regulation on
power output and quality. Tube life is also extended.

Inverse feedback may be added to this amplifier if
desired. The resistor capacity method is recommended
rather than a tertiary or tapped winding on the output
transformer, The addition of inverse feedback will
reduce the gain of this amplifier about 10 d b.

A separate chassis is used for the power supply
which incorporates a special circuit feature for biasing
the output tubes. The bias voltage is obtained by a
resistor through which only the &6L& plate current
passes. [he bias is more stable with this method inas-
much as the plate current change from no signal to full
osutput is only 14%, as compared to 219% when both
the screen and plate current pass through the self bias
resistar. {wo rectifiers are used in the power supply,
an 83 for the &L& plate and bias supply, and an 80
for the 66 screen supply and plate supply for the
balance of the amplifier.

The schematic diagram shows both the basic circuit
and a 4 circuit pre-amplifier, mixer, and fader. The
input system is similar to that used with the Thordarson
2A3 Tru-Fidelity amplifier except that an additional low
level microphone cen be accommodated. Mixing and
fading can be accomplished to satisfy almost any con-
dition.

THE THORDARSON FOURNDATION UNIT
T-10K&0 is available for this amplifer and includes
all special parts and assembly instructions for ils
construction. All holes are punched and tube
sockets supplied for the basic circuit, Knockouts
are provided for pre-amplifier tubes and controls
to satishy all input requirements.

Performance,

Voltage Analysis

Supply Vaoltage: 60 cycle, 115 Volts,

All readings of D.C. taken with a 0-50-250-500-volt
(1000-0hm per volt) meter. Deviations of 10% in speci-
fied voltages are tolerable. R.M.A. standard system of
tube terminal numbers used. See THORDARSCON
Servicing Guide £342 or any R.M.A. tube chart. All

measurements from tube terminals to ground.

No Signal

1st 6F5; 4, 125V; 8, 1.85V.

3 Parallet 6C5; 3, @8V, 5, OV; 8, 4V.

Push-pull 6C5; 3, 277V: 5, OV; 8, 10V,

Pu%h-gg}l Paratlel 6L.6; 3, 406V; 4, 310V; 5, —24V;

80; 1, 340V, 4, 340V,

83; 1, 435V; 4, 435V
Junction T-4707 and T-1892 Chokes, 313 Velts.
Junction T-1892 and 10,000 ohm resistor, 285 Volts.
Junction T-7551 and 25,000 ohm resister, 432 Volts.

Full Output (60 Watts)

1st 6F5; 4, 112V, 8, 1V,
3 Pﬂl’di“E:l 1‘5{:5; 3, BEV, 5_- DV,- E, 35."'4"’.
Push-pull 6C5; 3, 246V; 5, OV; 8, 85V,
Push-puil F'arafl
g, OV,
80; 1, 321V, 4, 321V,
83; 1, 429V, 4, 420V,
Junction 7-4707 and T-1892, 278 Volts.
Junction T-189% and 10,000 chm resistor, 259 Valts.
Junction T-7551 and 25,000 ohm resistor, 403 Volts.

el 6L6; 3, 387V, 4, 278V; 5, —29V;

Gain—DBasic Amplifier Circuit.

Technical Data

Power Qutput 60 watts or +40 d b referred to a

zero d b level of & milliwatts,

05.0 d b from 100,000 chm input.

Basic amplifier with 4 channel electronic mixed
inputs,

122.5d b from a crystal microphone at 100,000 ohms.,
87.3 d b from a crystal pickup at 100,000 ohms.
26.5d b from a 200 ohm line threugh T-2000.

Hum Level-—= —4.7 d b aor 44.7 d b down from rated
output or 3.333 milliwatts.

Ower-all Frequency Response =3 db from 30 to
10,000 c.p.s.

Tubes—Basic circuit: 1 &C5 triode, 2 6C5 push-pull
tricdes, 4 &LS push-pull parallel output tetrodes,
80 and 83 rectifiers. Amplifier with 4 channe! elec-
tronic mixed inputs: 2 &F5 tricdes, 3 6C5 parallel
mixer tricdes, € &CH push-pull triodes, 4 6LS push-
pull parallel output tetrodes, BO and B3 rectifiers.

Gut};}aut Impedances—500, 333, 250, 200, 125, 50
Chms.

Two-Unit Base—Amplifier chassis size ¥ deep, 1614"
wide, and 3147 high, with metal shield 117 high.

Power supply chassis size 57 deep, 161" wide,
and 316° high, with metal shield 11" high.

Amplifier and power supply bases furnished with
sockets for basic circuit tubes (knockouts are provided
for the addition of pre-ampliier and mixer circuit
tubes). Resistor strips and sub-assembly pamels pro-
vided to accommodate the maximum parts used.

Terminal strips for input and cutput connections are
provided, alse knockout holes for the addition of input
and cutput connector receptacles.

Db. vs Frequency-Response Curve

20 30 50 70 00 200 300 500 700 000  2M 3M 5M 7M I0M  20M M
i - +))
+;} S o / /\Hhhq;_“ — _-;”: +u5
K .f/ AT A T -5
10 - +H FogH 18
~i5 "~ - 15
.

Response of Amplifier without Tone Control Action

—_— = == == == == = Response of Amplifier with Maximum Tone Control Action using Tuned Clircult
Tene Control as in Circuit Diagram (C-3 =.006 M., CH-1=T-8115, R-5 =50,000

Ohms Potentiometer).,

Response of Amplifier with Simple Series Tone Contral Circuit of Condenser and

Resistar (C-3 =.025 MIid., R-5 =50,000 Ohms Potentiometer).
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P. P. Parallel 6L6 Amplifier ———

PHENG
}:{'.F.E E_l—-ﬂlﬂ-ﬁ-
fer—a33~
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¢
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& 13 g % ¢7 S A
2 = 3 ool \b o
= C I
AT TOM VIEW OF SOLRETS J
3y BOC. . SwWITCH
I ¢ ® P A R T S L | s 1 ® ¢ I
Thordarson Foundation Unit and Accessories  Diagram CONDENSERS
1 Amplifier chassis with 9 sockets mounted. RNgr&:nber %hgé}g W?]ttsmelahzgd .ETE{% BT-1  or Diagram Copacity Working
1 Aumplifier chassis bottem plate. ) ' equivalent) Number in Mids. Voltage Type
2 Sub-assembly panels. R_4% C-13 } A 400 Paper{Aecrovox ¢484 or
1 Input shield. R.7 90,000 1 Wire-wound (Ohmite Wire- & 16 equivalent).
¢ Terminal strips (6 terminals). P.B I watt or equivalent) -14
18 Resistor mounting strips. RS 50000 .. ToneControl (IRC #13-1930r  G-17 25. 95  Electrolytic (Aerovox
1 Power supply chassis with 4 sockets mounted. ’ equivslent) C-19 #PB25 or equivalent)
1 Power supply chassis bottem plate. _ R.& SO0 1 Wire-wound (Ohmite Wire-  &-15 : +
1 Fuse cover plate and two #6 Parker drive screws. watt or equivslent) C-18 8. 450  Electrolytic (Aerovox
C‘] LiTe -::c:ﬂrd rubber sarommeti}! p. © C-20 FPBSS or equivalent)
omplete disgrams and assembly instructions. .10 i T ite \Wire-
All above items in one T-10K80 unit. R 700 wiﬁ;’f’;ﬂﬁiﬂ;ﬁ{f Ire RESISTORS
Amplifier metal screen cover {less handles), T-10K20, R.19 Diagram
PG_‘-I-_MEE}K%l'IIppI? metal screen cover (less handles), R_qg} 1 Megohm 1 Metalized (IRC #BT-1 or Number Ohms VW atts Type
-1 . R-14 equivaient) | R-18 5 Megohm s Meulized (IRC #8T-12
Chromium plated handles, T-10K50. R-15 95000 50 Wire-wound (Qhmite #0418 R-EE} or equivalent) :
(1 pair required for each cover.) 26 000 75 § or equivdtlji:nr:)w 1 E-'l';'} 3,000 1 Wlﬁ-wnund (Ohmite
. . . - - emi-variable irg-woun 93 irewatt or equiva-
THEFRDARSg::IFrFE;r::;’L[;T::RL;ﬂ d CHOKES (?hglte $0774-8 or equiv- R-20 Ls Megoh 1 lenﬁ) d (IRC #BT-1
an alen - egohm ctalize £BT-
Diagram RA7 10,000 50 Wire-waun? (C;hmite #0414 R-E4} * 000 ; wnr equivﬂent}
NMumber of equivalent g2 20, ire-woun (Dhrpite
T-1 1 %9{194 ITru-Ftdelit TraPsFormer, or + Tvoe 65 TUBES R-?E} E:Efjewatt or ¢quiva-
5747 Interstate lransformer. Y
T-2 1 T-9005 Tru-Fidelity Transformer, or 4 Type 6LG R-26 1 Megohm . F"dﬁ," Control (IFF’.C
T-5870 Interstage Transformer. 1 Type 83 R-27 #VC-539 or equiva-
T-3 1 T-8968 Qutput Transformer. 1 Type 80 E;gg 500 ] wilfenticun 4 (Ohnite
E‘ﬁm 1 }:g‘ﬁg ET;"E; Transformer. Basic Circuit Miscellaneous Parts Wirewatt or equiva-
Ci.9 1 T.7557 Choke. 1 & Contact 8E5 Socket (Ampheno! or equivalent). lent)
CH-3 1 T-4707 Choke. 3 7 Contact speaker sockets (if required) (Amphenol E-BD} 20,000 10 Wire-wound (Ohmite
CH.2 1 T-1899 Chr::kei or equivalent). R-31 Wirewatt or equiva-
CGNbENSERS 3 7 Prong mal\i: sp;zaker plugs (if required) (Amphenol lent)
or equivaient).
: itv  Worki 2 5 Prong male plugs {(Amphena! or equivalent). TUBES
ﬁarﬁ'l:?r E‘aﬁﬁag ngglgg Type Q@ & Prong male plugs (Amphenol ar equivalent). 2 Type 6F5
% o5 95 Electrolytic (Aerovox 1 6E5 Escutcheon plate (Crowe #435 or equivalent). ? Type 6C5
iPB25 or equivalent) 1% Volume control plate (Crowe #436 or equivalent).
C.2% 8 450 Electrolytic (Acrovax 1 Tone control plate (Crowe #439 or equivalent). Pre-Amplifier, Mixer and Fader
#PBSS or EQUiVﬂIEnt) 2 Knﬂbs (CrQWE #59‘1 or EQUTVﬂIEnt). M. II" P
C-3 006 1000 Mica (Acrovox £14506r 1 Single-pole single-throw togsgle switch. iscellaneous Farts
equivalent) 1 Fuse mounting (Lligtlefuse or f:qur:.falentl 4 Shielded input sockets (Ampheno! FPC-3F or equiva-
C_4} 1 400 Paper (Aerovox #484 or 1 3 Ampere fuse (Littlefuse or equivalent). lent).
C-7 equivalent) 1 A, Line cord and plug. 4 Shielded input plugs (Amphenol #MC-3M or
.5 005 1000 Mica (Aerovox #1450 or ¢  ft. Connecting cable (6 wire). equivalent).
C-ﬂ} equivalent) 2 54" Bushings 4 hole. 4 8 Contact octal sockets {Amphenol 58 or equiva-
C.8 8 500 WWet Electrolytic (Aero- 1 24" Bushing %" hole. lent).
‘;’G-‘-ﬂ #W Q5 or equiva- 5ke dE:rz.kf.ﬁGEKj/ﬁ"' cadmium plated screws, nuts, and 3 I;:adar cantrol plates (Crowe #437 or equivalent).
t ackwashears. 2 ; ‘
C.5 g5 50) Elgintr?gwtic (Aerovax 8 1D—32:ﬁ}é’ cadmium plated screws, nuts, and lock- o Gnr?gscg(é:jwe #5971 or equivalent)
#PB50O ivalent W/asners, @ id i .
C-10 8 450 Elei%rgﬂyt?é ?:?“:li-lardu;gg % ﬁ-359h:-=_:'1 [’dcédmidum pfated screws and nuts. 14 dG; ?-%Estllejd;dmium oloted screws, nuts, and
(35 or equivalent - 2hlelded wire, lockwashears.
C-11 8-8 450 Electrolytic (ﬁgravnx H?,_:Uk‘-fp wire, e ? doz. 6-32x14" cadmium plated screws, nuts, and
C.1¢ #9G5 or equivalent) “These p:{rts all'_lﬁ Ec:tbused whﬂ the pre-ampllfllar :j (ockwashers.
incorporated with the basic amplifier since parts liste 9 R L .
Diasr RESISTORS under “‘Pre-Amplifier Mixer and Fader Parts’” will 14 dgﬁ?g:}ﬂgﬁﬂﬁgﬁﬁm >-16 hGTE}
gram replace them. ft. Shi i
Number Ohms Watts Type . . . 5 [ Shielded wire.
R-1% 500,000 Volume Control(IRC #13.133  Pre-Amplifier Mixer and Fader Parts List NOTE: The brands and types specified in the parts
or eguivalent) Diagram list were used in the original laberatory models.
R-2% 2250 1 Wire-wound (Ohmite Wire- Number Parts of equivalent quality may be substituted except

watt or eguivalent)

. page seven
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— T-7506-M 6F6 Amplifier
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The Thordarson & watt amplifier is ideal where & high
quslity, low power amplifier is required. Four input
circuits accommodate either a Crystal or High impedasnce
velocity microphone, carbon microphone, high impedance
pickup and 200 ohm pickup or line. The level of each
input circuit is corrected permitting change of input
without requiring a radical change in the volume control
setting. A switch is provided for operstion from either
microphone or phono. Should a mixer
circuit be desired in addition to the
switch change-over, the circuit and
information on page 14 may be foli-

Technical Data

Power Qutput—©& watts ar +30 d b referred to a zero d b level of & milliwatts.

Gain—106.25 d b from crystal microphone input st 100,000 ohms.
797 d b from 200-chm input (line or carbon microphane).
62.1 d b from 10,000-chm input (high impedance pickup or radio tuner).

Hum Level—down 40.8 d b from maximum level.

Owver-all Frequency Response— =2 d b from 35 to 3500 cycles; =3 d b from 32
to 5000 cycles.

Tubes—06OJ7 pentede, 647 wriede, push-pull 6F6 Class A output, type 574 rectifier.

Field Supply—10 watts., 36 M.A. at 275 volts. (Note: Built-in bleeder circuit dis-
sipates feld supply when externslly excited speakers are used.)

Micrgphﬂne Current—for double-button carbon microphone. Averases 10 mils per
uttan.

Gutput Impedance—500, 15, 8, or 4 ohms.
Single Unit Base—Size 87 deep, 15" wide, and 34" hign.

Voltage Analysis

Supply Voltage: 60 cycles, 110 to 180 volts. Tests made at 115 vaolis.

All readings of D.C. taken with a 0-50-250-500 volt (1000-ohm per volt) meter.
Deviations of 109, in specified voltages are tolerable. The R.M.A. standard system
of tube terminal numbers is used. See THORDARSOMN Servicing Guide 4342 or

any B.MUAL standard tube chart. All measurements are from paint indicated to ground.
A single 2500-chm speaker feld was included in the circuit for the valtage tests.

Tst &6J7; 3, 65V; 4, 37V, 5, 1.5V, 8, 1.5V; Grid 0.
2nd 6J7; 3, 137V, 4, 137V, 5, 137V; 8, 5V, Grid 0.
B'Dtl'l !leffJ, 3; E?OV, 4; EEEV; B,r 1?%V+

Junction, B-18 and T-5753, 310 volis.

Junction, T-5753 and T-5312, 285 volts.

Junction of T-531% and T-7430, 268 volts,

Junction of R-3 and R-4, 3.5 volts without a microphone and not less than 2 volts
with a good carbon microphone.

lowed.

the power supply circuit furnishes
10 watts for speaker field excitation
independent of the filter system.
Either one 2500 ohm field, one 5000

ohm field or two 2500 ohm fields can
be used by properly connecting to

the output speaker plug as indicated
in the disgram. The output trans-
former is designed with secondary
impedances of 4.8 and 15 ohms for
voice coil connection and 500 ohms
where the speakers are located some

distance from the power supply.

As noted by the frequency response
curve, the loss is slightly accentuated
to compensate for small spesker
baffles as used with portable equip-
ment or inelficiencies of associate
equipment. The tone control per-
mits adjustment to suit individual
installation requirements.

THORDARSON  FOUNDATION |
UNIT T-7506-M is available for this

amplifier including the chassis which is
punched and supplied with sockets for
metal tubes. Foundation Unit T-7506 is
similar to above but furnished with sock-
ets and instructions for glass tubes.

| (6C6's, 42's, 80.)

T-7506-M—Underside View
m
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THORDARSON Foundation Unit RESISTORS (Wire-wound resistors recom- Efﬂﬁi;’;”r Ohms Watts
; C}éa;iﬂ Easﬁ g ieeﬁ‘i 157 wide,hard mended for values under 25,000 ohms): R 5 000 10
4" high, with all mounting holes  Diagram )
drilled and seven sockets mounted Number COhms Wotts R-17 100 |
in place. R-1 200 g R-18 300 25
1 Sub-assembly base and 4 res. mtg. strips. R-2 10,000 1 CONDENSERS
. . i R-3 200 1 Diagram Capacity Working
1 Each, input and output terminal strips. W 500 ; Number in Mfds.  Voltage Type
Complete instructions, diagrams and assembly  p ¢ 5 000.000 1 C-1 0.1 400  Metal Case
plans. P4 ! 9’950 . C-2 25 25  Electrolytic
All above items in one T-7506-M Unit. R-7 '10{;(}00 1 C-3 25 25  Electrolytic
k-8 QSOIODQ 1 C-4 8 200 Flectrolytic
THORDARSON Transformers and Chokes 0O 90:000 1 C-5 25 25  Electrolytic
1 1-7547 Power Transformer. R-10 250,000 Volume Control C-6 0.1 400 Tubular
C-7 0.1 400 Tubular
1 T-6751 Output Transformer. R-11 2,950 1
C-8 0.003 400  Tubular
1 T-7431 Tapped Input Impedsnce. R-1¢ 50,000 1 C.0 C10 6 & 450 Electrolvis
1 T-7430 Filter Choke. R-13 950,000 Tone Control C'ﬁ ] ; 20 Ef‘: rotytic
1 T-5753 Filter Choke. R-14 900 10 1o i s EIEC:“} *’:]‘3
1 T-5319 Filter Choke. R-15 2,500 10 ] ectrotytic
TUBES
¢ lype 6J7.
6 Q lype 6F6
4 1 Type 5724
+2 - MISCELLANEOUS PARTS
o e "W‘-‘-L:_‘\ I 1 Doubie-pele double-throw toggle switch.
Yo ..______::::H:--.‘___\C:Q 1 Single-pole single-throw toggle switch.
< TN i 2147 bar knob, 14" shaft.
G 4 f N N
o | (L) =ToNE ConTROL OPEN et @) \4 1 124" bar knob, 14" shaft.
¢ = TONE CONTROL CLOSED TN 1 3" Crowe #9671 dial plate.
8 {(3) = TONE CONTROL CLOSED ~ [ 1 Crowe tone control dial.
® 208 MFD. > 5 ft. Shielded csble.
__I_L.._\DL_ 5 ft. Primary cord and soft rubber plug.
30 5O 0o 200 500 100 $000 $000 10,000 .
FREQUENCY Hookup wire, nuts, bolts, etc.
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1-7518-M 6F6 Amplifier

Technical Data

Power Output—18 watts or +34.9 d b referred to a
: zero d b level of & millivatts.

el Gain—119.11 d b from ecrystal microphone input at
e WH»: | : 100,0[]0 ﬂhmi-
LIRS et 92 db from 200-ohm input (line or carbon

W Rk

L ~ S X -
SR RELS: ¢ b i i microphone).
g . Eg HES -
ﬁ;—:j«-a:s::::f::;: ";ﬁ _j f“:e %&#-‘t-ﬁw ?4‘8 d Frﬂl'l'l 1D,M*th Input (hiﬂh iITi Ed*
-a-:--a--gi_“f;ﬁa“"“’"‘-k:--\.' %‘ Y < G . .
IS E I T TR ’ g iote:t o ance pick-up or radio tuner).
Tl .
St : =;g§§§m Hum Level— -=13.3db or 41.6db down from rated
h LR . " ¥ - H
o iige TR R cutput or 0.1 milliwatt.
- T kN f{ :‘.\.: e md?gﬁﬁi% 0 II F E iE d b [
el e aeivis ver-a requency Response— rom 35 to
iy Yo 6500 c.ps. =3 db from 32 to 8500 c.p.s.
ey o wtok T
serits ate Tubes—6J7 pentode, 6J7 triode, push-pull &CS5
fical Qg - drivers, and push-pull 6F6 Class AB output, 83 and
Ly snaaar 82 rectifiers.
ER T ) iy '
s o Field Supp‘I:I—EE watts, 70 M.A, at 350 volts, 2 2500.
5 g1 S oviien ohm hxed bleeder resistors.
iy Ribie A% 3 Microphone Current—for double-button carbon mi-
H H3 - -
i Brirrtedee crophone. Average 10 mils per button.
o .
- eisrtioieist Output Impedances—500, 15, 8, or 4 chms.
. : . - b4
b Fitsntisiie: Two-unit Base—amplifier on one; power supply on
& S AR R SN A Rk =d % h
Trriafiiis L ieet e Rt other; may be mounted on standard relaif rack. Am-
= W Rl T T I H
She BEOISEat pliier and power supply can be coupled together
- ATy - - T [N
el nabie into single unit or separately mounted to fit available
Sttt it space.
Fd R E . -
TN oiisiansniiaaian Bases furnished complete with sockets and terminal strips.
B f FHE Y e s L .
o1 30 A St
i, S : ..
b b3 LR T FEREEEYG R F S e by S S e e LR SRS e L e
ﬁﬁﬁ%ﬂ%ﬁ;;gﬁ, e Lo %Egggﬁ:; E: :?E_ﬁﬁﬁﬁm ﬁﬂﬁ%gmﬂ ﬁgﬁ St A gf‘éﬁggggz?:ﬁ&; 2 &
Mﬁﬁﬂﬁ-&'&x&ﬂ# W A Lo el B g P s on hw“wﬁ e £ S R o ’&ﬁ-ﬁ#wﬁ.ﬂ-u.@h’s b
SEmrimein b, ARl biekailiin 243436 SHMMEIIIRINGRTES 1 2o b o sbaa d L LISET LE T bt a8 4 AELSSE DIT RS i
el e SRl ey bl B L 72 P T
G Rl S E SR b A R R SR an R Rk b s O PR ey oy TEEREG R GG
ENA R H R v T _ﬁiﬁ;;ﬁﬁﬁmﬁf;fwgggﬁggj%ﬁﬂir;:; SerlifiRe e
i !
S M
§§.§§§ :ﬁﬁ%%%gﬁggwx -:-a:-:z-&w;.:f e AEEIE ? b o g s i
EEEE d [ : TR e £ 5 235 % 0 e b .
et : g e 1 ; i’ 3 FR-10 ;;;ggﬁgggg’ggggggﬁmmm;x i
. . e e * T ri ¥ . B BB I e 0000 ok s s s e B i .
The class AB operation of power triodes or 3 2. 18y O iy S et itaieet ittt s i y
.. ; . . . iy : i . W AT IRRAERE L IS HERTERLRRY w00 a0 e parehbaby e, F. R,
Lo 3 ! i, AR R R R MR et on BT T R vt SREEER MR W R o e
pentodes is becoming popular and is used iR PR ¥ st Fere Lt e N R
. " . - g . e 3 i w 8 F e e T T T RS & R R R e g %{?‘Eh
E e & i . L ! # +
extensively in public address amplifiers. Effi- & % i §.00 4 LETASL i g iy ey (ETRTEE (M
- L Fip o2 ; - . RESEEELE . w # : E
ciency approaches that of class B and high 2% g0 1 s i (RIS S | Rw e sy i, - cocoamard 1 HEEE
. * - . P # i B e eaed g R T :'- : o L By g -
quality can be maintained. . SoETlH LR : ¢ iR
st o i Go8 . HINY 0 : :
v ffa e M _i i o LY ¥ AN fif fo
The Thordarson T-7518-M amplifier employs i 7 ) 1 2EeE § o Soti ARl Y : :
6F6 d s : I A e S end N g 5 : M4 il Pt
type pentoaes operating In class B. S R R PN i BErAsHE Edd
. - = = =+ ['r Fo A b T Gadagdar i EET TR s wEME fxoa i B 4 Tkl * UL R REan
Fixed bias is provided by a separate 82 rectiier 599 SRS ages T SR e
ki ible high ith litel B EHE Hiite i R
tube making possible high output with little Lt 0y s 3 LAY TS S
. a a % ' . . B ET T
distortion.  Push-pull 6C5 drivers supply &8 /; i 54 Ve sizecl
: . . sE g i o s, o G x
adequate power and regulation to the 6F6 grids. &0 ; ; il o \
e AFHE T SRt o :
P Mt iy E A A : i 'ﬁ‘wﬁw P

Two chassis, one for the amplifier proper and i e 3 b w4 \ﬂ
. ; B o B ; : ot ot S ERE R SRR G
one for the plate, bias and flament supply has 1 &
several advantages for portability or rack and i . - ﬁ‘
pane! mounting. Also if mobile or portable  Sinitnini g s i

battery operation is required, a separate power . .
supply can be built, using & gen-e-motor for T-7518-M Underside View

B supply. Since the tubes used in the amplifier T S s R e e e T

g i &
w#-ﬁmﬂ.ﬁ_ﬁ'gg RR R G E R e g ﬂf"efaf-:b-xe:afh_?

have 6.3 volt heaters, no changes are necessary Rt N5
for battery operation, except to connect to the e T
proper power supply. Full details for 6-volt
operation of this amplifier are given on page 15,

Speaker field excitation (25 watts) may be ;

taken from the power supply and will handle Sl
one 5000, two 2500, or four 1250 ohm fields. g
The diagram inserts indicate how different fields
are connected to the output plug.

B e i i o iy " AN,
Nkt L E LT TTVRAY . : ” : . AR o
EE 2N et k : . i T . . Bk g
PR SGE L LI . ; ; ; : TR e e

The high gain of the amplifier is sufficient for Shimnntanel ety SIS SRR N SN I BRiiiteie
either crystal or high impedance velocity
microphones. Current is supplied by the
amplifier for a double button carbon microphone
eliminating the need for a separate battery.
A switch is provided for changing from micro-
phone to phono or line. The mixer described
on page 14 may be incorporated in this ampli-
hier with slight circuit alterations.

THORDARSON FOUNDATION
UNIT T-7518-M is available for this
amplifier as detailed in the parts list. If

———

” +.qa-_.ga_ ] iy =
- i #
g 4 fﬁﬁﬁjgﬁ

-
- I -
- Ao g : g Mo s
N Fog, '\7"\-'.:-__._;a K tnow, H
TR oy, ew By &
LA d o ¥ LY L .o U el S e L o ea L,

glass tubes are desirable (6C6's, 76',
49's, 82, 83) use foundation unit T-7518
instead.

ok .

s T
L henael
i ?ﬁ*wﬂﬁi*ﬁwﬂf*%

Eoih

Power Supply—Underside View
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THORDARSON Foundation Unit Diagram Diagram Capacity Working
1 Amplifier base with 9 sockets mounted. Number Ohms Watts Number in Mfds. Voltage Type
1 Power supply base with 3 sockets mounted. R-9 20,000 1 C-1 8 200  Electrolytic
1 Sub-assembly base and 4 res. mtg. strips. R-10 250,000 Volume Control 12 -8, ~<450  Electrolytic
1 Each, input and output terminal strips. R-11 2,250 1 C-13 8 450  Electrolytic
Complete instructions, diagrams, and assembly. E}g Qgg’ggg T 1C rol C-14 8 450  Electrolytic
. . , . , one Contro
All above items in one T-7518-M Unit. 214 00 ; TUBES
THORDARSON Transformers and Chokes X-1° 2,500 25 2 Type 6J7
R-16 2,500 25 2 Type 605
1 T-7428 Power Transformer. R.i7 5 000 95 Semi-Variable 9 Type 6F6
T T-7429 Power Choke. R18 1,500 25 Semi-Varisble 1 Type 83
1 T-7430 Filter Choke. RO i 950 1 1 Type 89
1 T-7431 Tapped Input Impedance. P90 EJDDD 10
1 T-743¢ Push-Pull Interstage Transformer. R.O1 E:GDD 10 MISCELLANEQUS PARTS
1 T-1892 Choke. 1 additional slider for 2-18. 1 Double-pole double-throw togale switch.
:11 .{-‘Ffjlg E:“te' 1 Single-pole single-throw togale switch,
§ oxe. 1 214" bar knob, 3£ * shaft.
1 T-7575 Output Transformer. | CONDENSERS 1 f%- E:r Enﬁb, g. chaft.
RESISTORS (Wire-wound resistors recommended for  Diagram Capacity Working 1 3% Crowe 261 dial plate.
values under 25,000 ohms): Number in Mids. WVoltage Type 1 Crowe tone control dial.
Diagram - C-1 0.1 400  Metal cased paper 5 ft. Shielded cable.
Number Ohms Watts C-2 25 25  Electrolytic Hockup wire, nuts, bolts, etc.
R-1 200 1 C-3 25 25  Electrolytic
R.2 10,000 1 C.4 8 900  Electrolytic Voltage Analysis
R-3 200 1 C-b 25 25  Electrolytic
R.4 200 1 C.& 0.1 A00 Tubular paper Supply Voltage: &0 cycle, 115 V«f}ltS.
R.5 S,GEﬂ,t}ﬂD 1 C.7 0.1 400 TUbUldl’pdpEf All I'Eddil'lﬂi of D.C. taken with a 0-50-250.500
R.6 2 950 e C.8 0.003 400  Tubuler paper volt (1000-chm per volt) meter. Deviations of 10% in
R.7 100,000 1 C.9 0.001 600  Tubular paper specified voltages are tolerable, R.M.A. standard sys-
R-8 250,000 1 C-10 8 200  Electrelytic tem of tube terminal aumbers used. See THORDARSON
‘ Servicing Guide #342 or any RM.A. tube chart. Ali
[ measurements from tube terminals to ground.
A | 1st 6J7; 3, &OV; 4, 44V, 5, 1.9V; 8, 1.9V; Grid, 0.
' ond 6J7; 3, 130V, 4, 130V, 5, 130V, 8, 5V; Grid, 0.
+2 -‘EM r Bath &C5; 3, 253V; 5, (; 8, 7.5V,
¢ B B Bt o o vl = 8 = Both 6F6; 3, 353V; 4, 264V; 5, —26V; 8, 0.
Z .2l B o o O Y W 82; 2, —60V; 3, —60V,
g A h"‘-.‘_‘ [ ] 1 B83; 1, BQ'DV; 4, 390VT 4
- ™ ] Jurction, B-17 and T-7430—adjust R-17 to 264V.
M.g @'Tﬁﬂﬁ CONTROL OPEN r"" ™ Adjost élider on R-18 connecting to T-7549 to read
o @ : TONE C%BI;EIBFLOSED @ -\\k . —38 wvolis from slider to grgund. Adijust slider con-
-8 TONE C;JHTRﬂL CLOSED h _Z necting to 7-prong power plug to read —26 volts
l @‘ 005 WMFD. > from slider to sround on 50 volt scale. Junction R-3
| L [ 11} ‘I'L_J and R-4 with no microphone plugged in, is 25 volts;
30 50 100 T 500 1000 T 5000 10006  with double-button carbon microphone in, about
FREQUENCY © yolts. Junction R-15 and R-16, 180 volts.
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— T-7530 2A3 Amplifier

il el _—

Technical Data

Power Quiput—30 watts or +36.92 d b referred to
a zero d b level of 0.005 walts.

Gain—118.4 db from crystal micrephone input at
100,000 ohms.

911 d b from 200-ohm input (line or carbon
microphone.

74.3 d b from 10,000-0hm input (high imped-
ance pickup or radio tuner).

Hum Level—47.2 d b down from maximum level.

Ower-all Frequeney Response— =214 d b from 30 to
7.000 cycles,

Tubes—6CS pentode, 6C6 triede, 2 push-pull 76
drivers, and 4 push-pull parallel 2A3 tubes.

Field Supply—30 watts, 100 M.A. at 300 volts.
3 1000-chm bleeder resistors to dissipate feld supply
when it is not needed lor speakers.

Micraphone Current—for double-button carbon micro-
phone, Awverage 10 mils per button.

Twa-unit Base—amplifier on one; power sulphplv on
other. Mounts on standard relay rack. Ampliher and-
power supply can be coupled together into & single
unit or mounted to fit available space. Chassis dimen-
stons: 15”7 wide, 314" high (8" over-all height).
Amplifier, 712" deep. Power supply, 5 deep.

Bases furnished complete with sockets and terminal

o R T

-} -4
s 0 g R e i
- L1
[

e e W R R R

MR T E P E A
P FREA T

The 30-watt undistorted output of this amplifier is
sufficient for 09 of the sound engineers’ installations.
Reproduction is excellent at any cutput level up to 30
watts as indicated by the frequency response curve.

Two unit construction is preferred for larger ampli-
fiers inasmuch as one chassis can be mounted above the
other. Hum can be kept to a minimum when the power
supply is separated from the amplifier proper.

The output stage uses four type 2A3 tubes in push
pull parallel clsss AB. Fixed bigs is provided by a
separate 8% rectifier tube. Since the 2A3 arids are not
driven positive at 30 watts output, driving power is A ¥ 33 Tk e W
unnecessary. However, push-pull 76 tubes are used B : PER: s
with a stepdown coupling transformer preventing dis- ; »Egﬁ §%§ - " )
tortion on output peaks and permitting higher peak sk nini L L g ; ok ey
power. lhe 7685 are fed from a triode connected 66
by means of & tapped grid impedance. Excellent quality
is possible with this method of coupling. High gsin is
provided by a resistance coupled 6C6 pentode stage.
The volume control follows the Fhirst stage to reduce
control noise and hum.

Either higsh impedance velocity, crystal or a double

- P g g P L L TL L O TL TP Vrve IYE FREPRERRRET™ 1 T

T-7530—Underside View

Voltage Analysis

button carbon microphone may be connected to the All readings of D.C. tﬂkﬁl‘l with a End éclﬁ, Q; 135V, 3; 135\"{, 4; '135V,

input plug. A terminal strip is provided for 200 ohm
line or pickup or high impedance pickup. The DPDT
switch permits changing from microphone to phono.
If a mixer control is desirable full instructions are
given ¢n page 4.

A THORDARSON T-7530 FOQUNDATION
UNIT is available for this amplifier, making its con-
struction simply & matter of assembly and assuring
l excellent results.

Sub-Assembly

0-50-250-500-volt (100C-ohm per volt)
meter. Deviations of 109, in specified
voltages are tolersble. RM.A. standard
system of tube terminal numbers is used. See
THORDARSON Servicing Guide No. 342
or any RM.A. tube chart. All measure-
ments from point designated to ground.
Supply Voltage: 60 cycle, 110-120 volis
A.C. 1st 6C6, 9, 45V, 3, 49V, 4, 9V, 5,
vV, Grid, 0.

5, 5V; Grid, O.

Both 76; 2, 265V; 3, 0; 4, 15V,
All 2A3;9,300V; 3, —54V; 4,8V; 1, 8V,

Junction of T-7551 and T-1892, 300V.
Junction of R-23 and T-7430, adjust R-23 to
secure 268Y. Junction R-24 and 1-7549,
adjust R-24 to secure —55V. R-3 and R-4,
with no microphone plugged in, is 25V;
with double-button carbon microphone in,
about 2V. Junction R-8 and R-9, 252V,

Power Supply—Underside View
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THORDARSON Foundation Unit Diagram CONDENSERS
1 Power supply base with 4 sockets mounted. Number Ohms Watts Diagram E:‘-"p"‘:it'f Working
1 Amplifier base with 12 sockets mounted. R-5 5,000,000 1 Number in Mids.  Voltage Type
T Sub-assembly base and 4 res. mtg. strips. R-6 2.250 1 C-1 0.1 400 Metal Cased Paper
I Each, input and output terminal strips. R.7 90,000 1 C-2 5 25  Electrolytic
Complete instructions, diagrams, and assembly plans. R.Q 100,000 1 C.3 8 200G Electrolytic
All above items in one T-7530 Unit. 0.0 950,000 1 C.4 0.1 400  Tubular
THORDARSON TI'EI"ISFGI’I"I‘!EI‘S ﬂnd Chﬂkts k10 250,000 Yolume Controd C-5 25 25 EIECtI’GI'}"tiC
1 T-7550 Power Transformer. R.11 9 950 i C-& 0.1 400  Tubular
T 1-7551 Filter Choke. R-12 50,000 1 C.7 0.005 400  Tubular
1 T-1892 Filter Choke. R-13 950,000  Tone Control C-8 0.001 400  Tubular
1 1-7430 Filter Choke. R-14 1,500 1 C.9 8 450  Electrolytic Cyl.
1 T1-5319 Choke, R-15 100 1 C-10 8 450  Electrolytic Cyl.
1 7-7549 Choke. R-16 100 1 C-11 B 450  EHlectrolytic Cyl.
1 T-7437 Tapped lnput Impedance, R.17 100 g C-12 8 200  Electrolytic
1 T-7432 Push-pull Interstage Transformer., R18 100 1 C.13 f 00 Electrolytic
1 T-6792 Qutput Transformer. R.10 1,000 oK C-14 25 25  Hectrolytic
RESISTORS R-20 1,000 25
(Wire-wound resistors recommended for values under R_O1 1.000 95 TUBES
95,000 ohms): R.OO "o 10 2 Type 6C6
Diagram . , Q@ Type 76
R-23 1,500 25 Semi-Variable
Numb h ’
R_,li'm er © JSD thts . R-24 2,500 25 Semi-Variable : iype E':g
R-2 10,000 1 R-25 5,000 10 1 T‘r’DE 23
R-3 200 1 R-96 5,000 16 vRe
R-4 200 1 R-27 1,250 1 MISCELLANEOUS PARTS
1 Double-pole double-throw toggle-switch.
™ - T 1 Single-pole single-throw toggle-switch.
A 2 Tube shields, 134" diameter.
1 2147 bar knob, 147 shaft.
+2 — 1 134" bar knob, 14 * shalt.
o et 1 3" Crowe £2671 dial plate.
'-FE___ — 1 Crowe tone control dial.
z-1 Nt 3 ft. 7-wire cable.
g. A iy, 1 3 ft. S-wire cable.
— = & 7.prong plugs,
E sl %: TONE CONTROL OPEM (:J \.\\‘K‘\@ © & prong plugs.
= TOME CONTROL CLOSED. p . 1 5-prong microphone plug.
8 ©= TﬂHéul?;Hh';;gL CLOSED. ~L \ 1 & ft. Power cord and rubber fixture plua.
0 005 WMFD, \ “-.‘ 5 doz. 147 6-32 round head machine screws.
- 1‘ 1 8 doz. 6-32 hex. nuts.
oy ™ o5 760 55 T 1550 Eﬂc:ﬂ 15000 T gross shake-proof lock washers.
FREQUENCY Hookup wire, shielded wire, solder, etc.
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— Mixer Circuit

CHANGE INGRID CIRCUIT

= 2N TUBE 1S THE ONLY
1S ' , CHANGE REQUIRED IN
Q |/~ THE AMPLIFIER CIRCUIT
Ve Mmoo — —— - ) \

- d\ 6C6 OR
== WY -
~—1 I 6J7 -
\J l L e e e -
R-10 — =

R12

FIG. 1

Due to the many requests for information
and circuit data on an additional input source
and mixing system for the T-7506, 1-7518,
and T-7530 amplifiers, the following
method is suggested. It allows for adding
another input source at the grid of the
second stage and provides for mixing this
input with the inputs already on the amplifier.

The only circuit change necessary in the
amplifier is opening the grid circuit of the
second 6C6 (or 6J7 in T-7506-M and
T-7518-M) for the connection of the new
potentiometer to the amplifier circuit. (See
Figure 1.) [tis important to note that neither
terminal of this new input is grounded; if an
input with s grounded side must be accom-
modated, as may be the case with some radio
inputs, an isolating audio transformer ahead
of the input terminals and external to the
amplifier must be used. See the suggested
methods Ffor connecting these inputs.
(Figure 2.)

The mechanical changes in the amplifier
to accommodate this new source are com-
parstively simple. A new 34" hole for the
regulsr volume control should be drilled
15" to the left of the regular hole; the dial
plate will cover the old hole. A 34" hole
A" to the right of this new hole should be
drilied for the new potentiometer. It will
be necessary to remove the name plate in
order to accommodate this control. Of
course, if the pickup or input source already
has a volume control, which can be used
conveniently, it is not essential to add the
new control. In this case the leads from
the new input terminsls will go directly to
the grid circuit of the second 6C6 (or 6J7),
one to the grid itself and the other to the
center lug of the regular volume control;
a .1 megohm or Y4 megohm resistor should
also be connected across these input
terminals at the amplifier so that the grid
return circuit will not have to be completed
through the leads of this input source. There
is ample space on the input end of the ampli-
fiers opposite the MIC sockets for mounting
either the twin binding posts {or jacks) or
installing another shielded input socket.
The former is the most convenient, as only
small holes will be required in the base.
The input socket requires a 134" hole.

The wiring procedure for this change is
very simple. After the regular volume
controf has been moved to its new position

R-}

and the new potentiometer instalted, dis-
connect the shielded grid lead from the
center lug of the regular volume control and
solder it to the center lug of the new
potentiometer; if this lead is not long enough,
it is better to use a whole new lead rather
than try to splice the old one. Connect 4
new shielded lead from the center lug of

the regular volume centrol to the zero
position lug on the new potentiometer (this
will be the lug on the left as you look at the
rear of the control with the lugs to the top).
Another new shielded lead should be con-
nected from this same lug to one of the new
input terminals. The other input terminal is
then connected, siso by a shielded lead, to
the remaining free terminal on the new
potentiometer (this will be the one on the
right as you look at the rear of the control
with the lugs at the top). Now when all
the shielding is properly grounded (by wire
connection to the input GRD lug on the
terminal strip) the amplifier is ready to
operate,

P A R T S L |

100,000 ohm Potentiometer.

3" Crowe #261 Dial Plate.

914" Bar Knob 14" shaft.

Phono type insulated twin binding posts
{or twin jacks if phone tips are to be
used). There is room fer another
shielded socket similar to the MIC
input socket if that type of plug-in
connection is desired.

3 ft. Shielded hookup wire.

1 Input matching transformer if low imped-

ance source is to be used.
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STORAGE

with T-7518 —T-7518-M

BOTTOM VIEW OF SOCKET 2

BATTERY

+

GENERATOR

.06

CH-

¢ c2 wC3 CAFE G5

— 1% o
L1

& 810/0 01010

R-2 ﬁ

Adjust B-1 to 926 volts drop with 6F6 tubes in T-7518-M amplifier or 38 volts with
49’5 in 1-7518 amplifer,

One of the reasons for choosing the 6.3 volt tubes and a high
efficiency Class AB output stage for the T-7518 and T-?S’IB-%J\
amplifiers was to make them convertible to & volt D. C. operation.
This can be accomplished by merely plugging the power cable into
a suitably wired motor-generator power supply unit, no change of
any kind being necessary on the amplifier unit proper. The two
circuits given show possible assemblies of a motor-generator unit
and associated filter for this purpose.

The Ffirst circuit shows a self-bias method for obtaining bias for the
output stage. The voltage obtained is, of course, subtracted from
the total "B’ voltage generated by the M-G unit.  For this reason
the second circuit showing “C" battery bias is recommended. In
the regular A-C power supply a fixed bias is provided for by an
extra rectifier tube. To Furnish an extra M-G unit for purposes of
bias is obviously out of the question. Therefore, one of the two
sbove methods must be used in the 6 volt power unit. The motor-
generator used in the above tests is rated st 350 volits 100 m.e.
Because voltage is at a premium, "C" battery bias is desirable. There
being no drain from this battery, frequent replacement is unnecessary.

Ordinarily there would not be so much filtering necessary with
an M-G unit as is shown in these circuits. The reason for it in this
instance is the high gain of the amplifier; the [east amount of ripple
reaching the first stage of the amplifier will result in appreciable
hum in the output. The main trouble that will be met with in this
connection is noise generated by the brushes of the motor-generator.
This seems to be carried at R. F. and to be radiated from the unit
rather than carried by the wiring. Additional filtering in the "B”
supply circuits, either audio or R. F., has little effect in eliminating
this noise. However, when the brushes of the generator are held
tightly against the commutator {manually) the noise is almost elimi-
nated. This plainly indicstes the source of the noise and definitely
predicates the necessity of keeping the commutators clean and the
brush tension good on these units. A good connection of the M-G

case to ground is essential. The amplifier and the M-G power supply
should not be too close together.

No provisions are made for obtaining field supply from the unit.

Either & volt speaker fields should be used, connected directly to
the storage battery, or new type permanent magnet dynamic units.

In wiring the speakers to the amplifier only voice coil connections
should be made. The jumper wire shown in the plug connections
of a speaker with external field supply should be omitted. Therefore,
resistors R-15 and R-16 will not be connected. If R-15 and R-16
were used as a bleeder, the M-G would be overioaded.

OPERATING CONDITIONS

Self Bias Fixed Bias
No Signal  Max. Signal No Signal  Max. Signal
Yolts at MG Prie. o0 oL 6.3 6.3 6.3 &.3
Batbery Amps. ... ... coun. .. 10.0 12.5 11 14.5
Bplus V.atM-G ... ... . 360 330 345 305
Total Bdrain. . ............ 65 m.s. 100 m.a. 80 m.a. 120 m.a.
Watts output . . .. ..., ... 12.5 20.0

MOTE: Abaove data taken with &.3 V. adjusted st M-G terminals.

® ® P A R T § E- I S T @ ®

CHOKES

CH-1 T-74¢9

CH-2 T1-1892

CH-3 T-7430

RESISTORS

Diagram

Number COhms Waltts
R-1 1000 30 Variable
R-9 5000 30 Variable

CONDENSERS

Diagram Capacity Working

Number in MFds. YVoltage Type
C-1 8. 200 Electrolytic
C-¢ 8. 450 Electrolytic
-3 8. 450 Electrolytic
C-4 8. 450 Electrolytic
C-5 8. 450 Electrolytic

1 Gen-e-motor 350 volts 100 m.a.

1 Chassis, 15" long, 5" wide, 3" high.

BOTTOM VIEW OF SOCKET ~

STORAGE

BATTERY

+1|M= - C-BAT.

MOTOR
GENERATOR

all

L]
-

CH-{

C-4 'I C5a

+ +

OO
CH-3

oY 00
Rz Thea

C battery should be 26 volts with 6F6 tubes in T-7518-M amplifier or 38 volts
with 42's in T-7518 amplifier.
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Battery Operated

i L
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A QL (= 2
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P t

HIGH- IMP
pick-up RS

The important requisite of a battery operated amplifier
is that power consumption be held at a minimum.

The circuit illustrated uses three tubes. A 6C6 pentode
provides high gain and is resistance coupled to a triode
connected 89 which is used a5 a driver. The output tube
is a 79 consisting of two high mu triodes in one envelope,
operating in Class B.  With 250 volts of B battery, the
power output is 8 watts. This is sufficient to operaste
one or two dynamic speakers at a fairly high level. [t
this much power is not required, the "B’ voltage may be
reduced. About 5 watts output is possible with a 180
volt B battery.

A 6 volt battery should be used for the heater supply.
The current drain is 1.3 amperes. Medium or heavy duty
“B" batteries will provide plate voltage and have a fairly
long life. |f desired, a genemotor may be used instead
of “B"" batteries, providing it contains an efficient filter.

Two input circuits are provided and may be mixed
together. A carbon microphone is used, since its level
is quite high. Lower level microphones, crystal micro-
phones, for example, require more gain necessitating
another tube which would draw more current from the
battery. Either a high impedance magnetic, crystal, or

radio pickup may be coupled to the other input for
music amplification.

To further conserve the batteries it is advisable to use
the new permanent magnet dynamic speakers. Their
efficiency is comparable to the electro-dynamic type which
requires a field supply. Electro-dynamic speakers for
operation from a 6 volt battery require 1 to 114 amperes,
depending upon their size and field resistance, which
usually is 4 to 6 ohms.

In wiring the amplifier it may be desirable to incorporate
two switches, ane for the & volt heater circuit, and
another for the ‘B batteries. This makes it possible to
conserve the "B batteries during intermissions by turning
off the “B”" supply, allowing the heasters to remain on
ready for immediate operation.

e o P A R T S L I S T e e

THORDARSON EQUIPMENT

T1-6573 Microphone Transformer.
T-6750 Driver Transtormer.
T1-6751 Output Transformer.

RESISTORS
Diagram
Number Ohms Watts Type
R 1,000 .. Rheostat
R-1 100,000 1 Carbon
R-9 9,950 1 Wire-wound
R-3 100,000 1 Carben
R-4 10,000 1 Wire-wound
R-5 50,000 1 Carbon
R-& 500,000 1 Carbon
R-7 1,000 10 Wire-wound
R-8 500,000 .. Volume Control
R-9 100,000 Volume Control
CONDENSERS
Diagram Capacity Working
Number in Mfds. Voltage Type
C-1 25, 25 Electrolytic
C-9 5. 450 Electrolytic
-3 8. 450 Electrolytic
C-4 25 400 Paper
C-5 e5, o5 Electrolytic
C-6 005 400 Paper
1 Chassis, 97 long, 57 wide, 27 high.
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— 40 WATT

Because of their relisbility, type 50 output tubes are
popular with a great many experimenters and sound men.
This power stage uses 50’s in a Class AB circuit delivering
sbout three times as much power as the conventional
Class A system. Approximately 40 watts of audio power
is available with negligible distortion.

A 500 ohm input transformer is used for coupling to an
existing amplifier capable of delivering at least 5 watts of
undistorted sudio. This arrangement is desirable since
high power output may be had at a reasonable cost by
using the power stage in conjunction with a low power
amplifier to provide the additional gain required. The
output transformer is tapped at 4, 8, 15 and 500 ohms
for convenient matching to a loud speaker system.

Plate, bias and filament voltages are supplied by a single
power transformer T-8382. Chcke input is used in the
filter with an 83 rectifier to provide good regulation.
s R M This s very desirable where fluctuating plate current
g exists. The potential applied to the type 50 tube plates
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Bottom View

50
T-832] f—- T-8384

® ¢ PARTS LIST o @ e 500

THORDARSON EQUIPMENT 500

1-8321 Input Transformer F
1-8384 Qutput Transformer 1

T-8382 Power Transformer

T1-7499 Filter Choke

T-1607 Filter Choke qu
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W

Diagram 82 ) T- 1607
MNumber Ohms W atks Type 83 — — R2

R-1 90,000 50 WWire-wound +c-2 +fce £
R-2 2,500 30 Wire-wound Semi-Varigble x

CONDENSERS

Diagram Capacity Working
Number in Mids, Voltage Type

C-1 Q. 1000 Paper _ : 000 A1N1102010,038

C-2 8. 450 Electrolytic - ¢ OOUTB000000Y T-8382
-9

8. 450 Electrolytic
Chassis, 1612" long, 814" wide, 314" high.
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Four type 50 power tubes are used in
50 T-8387 this high power booster amplifier. The
warte 200 unit is complete in itself with plate, bias,
and filament supply on one chassis. Driving
power is required and should be supplied
by an amplifier (preferably Class A) capable
of an undistorted output of about 10 watts.
50 Most sound men have an amplifier of this
- type with suitable input and mixer facilities,
or c:ine can be constructed specially for the
- application.
‘82 - TI? Since most amplifiers which can be used
83 = = to drive the booster stage are made to oper-
ate into a 500 ohm line in addition to speaker
5 5 voice coils, Input Transformer T-83271 was
selected. Should it be desirable to operate
directly from the plates of driver tubes, such

—
Ei %E :il Ef :i FE‘I 1 . -
R | [ E T-7551 as 2A3's, 1-8386 may be substituted with
000 » . QOO E:qu:3| results.

The 50’s are operated in Class AB, which
(GOT0U000000Y T-8385 requires fixed bias for high power output
] with minimum distortion. The high voltage
@ winding of the power transformer is

tapped to provide proper voltage for the
892 bias rectifier tube. Bias voltage is adjusted to 130
volts by means of a semi-variable bleeder resistor. Excel-
lent regulation is provided by this method. [f metal
encased filter condensers are used in the bias supply, care
should be taken to insulate them from the chassis. The
positive terminal is grounded instead of the negative, as is
customary in the "B supply.

The plate voltage applied to the 507s is 600 volts D.C.
This requires a 1000 volt paper filter condenser rather
than the electrolytic type. Class AB operation is charac-
terized by changing plate current in accordance with the
signal being amplified. The 83 rectifier and choke input
filter provide good regulation and prevent distertion,
which would result if the plste voltage Huctuated greatly.
Before operating the amplifier insert the 82 rectifier and
adjust the bias voltage to 130 volts as measured from the
center tap of the 7.5 volt filament winding to the gric
contacts of the type 50 tube sockets. With all tubes
inserted and the amplifier turned on, further adjust the bias
resistor until the power tubes draw a total of 160 m.a.,
or about 40 m.a. per tube.

R-3

BLUE ]
|2 YELLOW
GREEN

R-3 BROWN

500+

p
X
JOOOOO()

Oy ROy

RED
RED

YELLOW
YELLOW

wr ALK
-~ RED

e e e et e et e e atee e e eeme e e e wree mpe e wwan e ee e we e amee e e a e o e e s e e e e . N, . -
Pl fe e et thpE AR AR PSS A R R r e R A ++'.-'.-ﬂ-.-\..¢-\.-.-\.$-.-.-“.¢-a--i:?:ﬁ:?-\--v-ﬂs<¢u+++¢w~qu{¢¢*q+x6;x+mp@;-;dﬁwa;i#q‘ ?f\\:::\::?ﬁ?ﬁf"
B R R B kX R L R R N R D 77 S P AP A AN P A S
s s AR e ng e F e R A PR P R P e R R RN R P R R SRt R PR R NS SP e R B PR SN S F L B A i it
s a e -¥+‘H-¢¢'i+h¢hﬁﬁ#+ﬁ-€ﬁ¥ﬁ-b’§ﬁ‘§.ﬁ*&¥“”“ AR R P RN RN G PP RN A SRS S R R B r s N g E P N .
Far— \l@ﬁkﬁ.ﬂ&h{}##&#ﬁ}'%&ﬂ"ﬁ ¥ - = L L TR TR A A A et e e e e &a .
R R $ﬁ¢ﬁ§~a¢vﬁ*txta¢»¢ﬁ«ﬁ¢«»waw N R T R PR R P e DA S A S
wr e E e e A L A BRI P R R R R AR R R R AR AT B AR AT S e SR S 0 R N e e ﬂ.,m_.ﬁm__,hm_q_q,hﬁﬂq,ﬂ?“_.
F N e gt e o e B R SRR a v el Rt wh S e b bR e e p R e FAGAT R B S B IrRE b et AR e . .
P - Y

R
ﬁﬁﬁﬁﬁﬁﬁ
ﬁﬁﬁﬁﬁﬁﬁ

L A
T e e aw o
Pwlvrr e seal -k o
L I SRR P . JEAETATANE R A
HE IR A Y- . :
~ . g e
SARIOELAR: . e 3 sl yeeire 1 AR
: : ; X = ES LEEIE O
M T g . [-8391 | t Transform
. P B . W -
'ﬁ.:‘}i i CEEES - FE e A g SRR E S v e X g n u n r Er-
¢+‘::-'\:'\-x-:\-' ‘ﬂ-ﬁ:ﬁ :. ¥ ,.a:dhﬁx Rl i el ik W [N
- Py - - n " A B - b 4t G ) ! ot
wEE s fodt o R e o g i e SRR TIW i s - u U rans Drlllﬂri
Hipni o gl T ; W Aethy w & - BEESIIRY
: L B o [ R EERS RS O
Y R A . SRS o k. ok, WL, o g ol o L - |"|'I
. 3 = 2
PR N |- ot . = : A R 3 : - {} E ﬂ S {:'r E-r
ﬁ;.ﬁ-ﬁ;y:“ F 3 e - . - B ; :f? - -:\-:-:\--::-\:- _.\:.é W r r n r
o PO = PR - -, . o ERC A - - W s A o T
SRR  2hih T Ny A B I 2. [0 Ut  FRERieEE ' oke
EE N TUNRTRPRNRY :H S awen oL g k a P I LT, . BRSSPI PR A . k- L ews - I Er L4
oo ﬁi A . h 3 w a, K -. L TR L] voor e AR e Y PR, ---\..--\.--\.--:-q
o T G SR V.E BN 2 ivizes S o [-1607 Filter Choke
. ; = - E .
- - - L B T - -, T SN A A 7 :::;iﬁ = -
###### oA o H M - N X B - Lo % o
&&&&&& oy i «;-a-:-..-.--...- AR BL - TR RIEEEL TR E v sy
N . = e R ¢ T T s e R S el e M e : .
EE A U = = Tl b D I )
H 5 e R RN - v R ~ L R AT h I
ﬁﬁﬁﬁﬁﬁﬁﬁ 'g " -. AT R ] LI U N ) - .:;::::; :--\--a--..-a-.-a--a; RESIS ORS
B AR 5 E, ; E -t e
Ed Ly H = ] . . il L .
= E 2 : ] R ¥ .

L - .
++++++++++

ffffff
JJJJJ

z e R i BT B ro OO P SRR - A R e - T .
R T - ox x L o E el D
H E % . . ! " - o
»»»»»»»» oy 2 S s Sie  JEERELY iagram
g e - S T I: vvvvvv SN ~ s BRI N b oh w T E
e g - - i N N k. TR P tE lrﬂ
4 % 3 PEEREEY L | S aaraimll SN o il . LT UMmoer ms% atls %
; S 3 x:if::;:i: LT ko e o PR A R PP} E-RTACRES 5 T l
= F o o b ERER - A [ .
S BAPRAAET A & A IROESEE DEDIREAEORE ceeew PR MR it A . R'1 90;000 50 IrE- Gun
£ watwtarve N .
I WY ofty - UGS BN BN SEPTR WIESIEs S FEreEet i mi '
- ¢ PEDUBIOSE ISR BIROREIE B T G e e Ire QL “Imt didD€
e s - B L b = -
S Nyaatees . MSORMSEN SAbITesiiitl BEESE SN e ¢ SEEEE: - ; L
- : hea t P 4 by ) -l LrEE AR i T I . R Y T ady o d
- ¥iv: 3 . » ﬁ-\.:?-.-\.q-'-:-'\-ﬁq-.-tq-.-.-\.- . - {\." aaaaaaaaa r o EIE AL LA -3 R 3 100 -1 Carbﬂn
« |7 : 3 - Pt s e
S N ; ..-\.-. ; o renang e rs SR L L ::::@'; ::;:ﬁﬁ -
> - Lo = I R L AR ) 1) LTI
L e P i
.o . p - PR LR T A - [
- 1 - Tl s A L]
P B s e
A ELNER- TR - -]
"t L Y 1 '
Diagram {_apacity QArking
K e . V I T
T
IR Number in Mkds. oltage YPE
L e p
£t e e e e B
o o et e C-1 Q 1000 aper
B - L - R L R L PR A A
B T S A e w e LT I
i T L S PSS S S S SIS L RN S SIS LS 450 ectrolvtic
-‘;-’“?‘s:;:;;:-’zvi‘-ﬁ=----=--"\-'=n-ﬁ'-'-ﬂ--ﬁ-+.-++.-\.-\.-.¢-\.--\.-\.-\.-.-\.¢.-\.-\.-.-\.:.-.--\.-\...-\...\,...-\..-@.:.\,..,._.\,..,._ -
R B R R - TR TR VR A T A SR gt S A R Y - oo
RN L P AT VRN A S S A A A | t'
(-9 8 5 ectrolytic
ottom View hassis, 1614”" lo 104" wide, 315" high
tto e assis, 9 ng, 1 wide, ) gn.

ﬁﬁﬁﬁﬁﬁ

page eighteen I



e

845 Booster Amplifier ——

The 845 Class AB Booster Amplifier consists of a push-pull output
stage with its plate, filament, and fixed bias supplies. The type 8455
are operated under their 1250 volt plate supply rating, with a fixed
bias of approximately —295 volts. Under these conditions they
will develop a maximum output of approximately 100 watts with
negligible distortion. Individual bias adjustment is provided for
each tube so that differences in tube characteristics msy be compen-
sated for; and the second harmonic distortion thst would be gen-
erated as a result of these diferences is eliminated. Tweo on-and-
off switches, one to turn on the filaments of all tubes and the bias
supply for the 845s, the second to turn on the high voltage plate
supply, are provided. They are so arranged that unless the flsment
and biss supply switch is closed the plate supply switch is not
effective. A plate milliammeter is used as an indicator, both for
making bias adjustments and as a check that the tubes are operating
properly—it also provides a rough indication of volume level.

The input to the 845 stage is 500 ohms and is fed either directly
to the primary of the input transformer or through a 2 watt 500 ohm
T-pad if volume control at this unit is desired. The input transformer
is of the terminated type and will reflect the proper load to the line
whether or not the T-pad is used. A meaximum power input of 2
watts is necessary from the driving source to drive the 845s at full
output. As noted asbove, the 845s are operating under Class AB
conditions, but no grid current lows during any portion of the signal
cycle; sothat no poweristaken by the grids. The 2 watts noted above
are necessary so that the proper signal voltage will appear across
the terminating resistors on the secondary of the input transformer.
The output transformer has a 500 ohm secondary, but this could be
replaced by one with other secondary values or by a modulation
transformer it desired.

|t is suggested that this amplifier and its power supply be built up
on 4 double base, with the parts distributed on the two as the circuit
diagram indicates. The input and output transfermers, T-1 and T-2,
can be mounted on top of the main amplifier base, together with the
two type 8455, the type 80, and the bias supply condensers, (-1
and C-2. T-3, T-4, CH-1 and all resistors in this section of the unit
can be mounted beneath the panel. The plste transformer and two
large chokes (T-5, CH-2, CH-3) can be mounted on top of the
main power supply base with the two type 866 rectifiers, while the
filament transformer, T-6, and the balance of the power supply
section can be mounted underneath. A three-wire service cord and
three-pole plug on the power supply base, together with a three-
pole line receptacle mounted on the amplifier base, provide A.C.
line connections between the units. A two-wire cord with socket
type receptacles and plugs provide for the high voltage D.C.
connection between the chassis.

e & P A R T S§ LI § T e
THORDARSON EQUIPMENT

Diagram
Number

T-1 T-92312 Hiah Level Line to Push-Pull Grids.

T-2 T-6167 Qutput Transformer,
T-3 T-6042 Plate and Filament Transformer.
T-4 T-6414 Filament Transformer.
T-5 T-6411 Plate Transformer.
T-6 T-6433 Filament Transformer.
CH-1  T-1892 Choke.
CH-2 T.6315 !nput Choke.
EH-3  T.6408 Filter Choke,
RESISTORS
Diagram
Number COhms W atts
*R-1 500 o T-Pad
R-2, R.-3 95,000 10 Wire-wound
R-4, R.5 5,000 10 Wire-wound Potentiometers
R.5 5,000 Qn Wire-wound
R-7 50,000 75 Wire-wound
CONDENSERS
Diagram Capacity Werking
Mumber in Mids. Voltage Type
.1, C-2 8 450 Elecirolytic
.3, C.4 o 2000 Paper

MISCELLANEQUS PARTS

? Chassis bases—each 1614° long, 9 wide, 4 high.
SW-1 5W-2 Heavy duty line switches {6 amperes),
M-1 0-300 Milliammeter.,

*This T-Pad Controf may be eliminated if there is adequate and convenient level
control available at the driving amplifier; however, if the booster amplifier is operated
at some distance from the driving saurce, or if more than one booster amplifier is
operated from the same driving source and an individual level control is desired, then
the T-Pad is necessary.
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Clectronic mixing has become very
popular due to the simplicity and
economy of construction. The unit
described here has four separate
channels, any of which may be mixea
together.  Two low level channels
are provided with a switching ar-
rangement, permitting direct connec-
tion to the grid, as required with
crystal microphone, or through an
input transformer for 200 ohm velocity
or dynamic microphones. The third
channel has an input transformer for
low impedance pickup, condenser
microphone or line, and the fourth
channel is high impedance for crystal
oickup, radio or high impedance
magnetic pickup.

The input connectors are wired
universal so that either low impedance
or grid input is possible with one
fitting. For instance, the plug on a
crystal microphone cable is wired so
that connection is made with the
ground and grid terminals. A velocity
or other low level source has the

cable plug wired to contact the trans-
former primary and ground. Switches

SW-1 and SW-2 must be thrown to
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the proper position, depending upon
which input is in use.

As noted in the schematic diagram,
all connections ahead of the first input
tubes are well shielded.  This is
necessary because of the extremely

R

ﬁ¢ﬁ¢$$§§¢£

1
I

T A

low signal level accommodated.  Grid
resistors R-1 and R-7 are 14 watt size
to facilitate shielding. They should
first be insulated by & wrapping of
varnished cambric, or inserted into a
viece of Y4 inch spaghetti tubing
before covering with the braided
shield.

The output is coupled through a
tube to line transformer that may be
worked into Thordarson amplifiers or
any system having a low impedance
input circuit.

Metal tubes are used thrc::-ughc:aut,,
eliminating the necessity of separate
tube shields.

The power supply was constructed
separately to prevent hum pickup by
the low level input transformers. . The
units are coupled together with 3
four wire cable several feet long.

Both chassis are 15 inches long and
3 inches high; the amplifier section is
6 inches wide; the power supply 5
inches wide.
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— and Pre-A mplifier
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Di Ly C ity  Worki
TTIORDARSON EQUIPMENT DS e Wots  Towe Nooomr  (aWide, Veloae  Tyoe
Number R-7 5 Megohm 14 Carbon C-4 1. 400 Paper
T-1 T-2000 Input Transformer R-8 2,500 1 Wire-wound C-5 10. 25 Electrolytic
T-2 T-9000 Input Transformer R-9 50,000 1 Carbon C.6 .'1 400 Paper
1-3  T-9000 Input Transformer R-10 14 Megohm Volume Contro C-7 } 8- g 450 Electrolvt
T-4 1-9002 Tube to Line Transformer R-11 14 Megohm Volume Contro -8 . cetroiytic
T-5 T-7020 Power Transformer R-12 14 Megohm .. Volume Contro C-9 8. 450 Electrolytic
CH-1 T-6808 Filter Choke R-13 95,000 1 Carbon C-10£ 8 g 450 E :
CH-2 T-6808 Filter Choke R-14 10,000 10 Wire-wound C-11 o ectrolytic
RES'STORS R-15 95,000 95 WirE-WDUHd C-19§ .
Diagram R-16 25,000 1  Carbon C-13% A= 200 Paper
Number Ohms Watts Type R-17 50 Potentiometer C-14 8. 450 Electrolytic
R-1 5 Megobm 14 Carbon :
R-2 9,500 1 Wire-wound EONDENiERS_ - SWITCHES
R-3 50,000 1 Carbon Nogoer ey s Type Riosiem
R-4 14 Megohm . Vglume Control C-1 10. 25 Electrolytic  SW-1} { Single-pole, double-throw, toggle
R-5 500 1  Wire-wound C-2 1 400 Paper SVW-24 { Switch.
R-6 95,000 2 Carbon C-3 50. a5 Electrolytic  SW-3  On-OF A.C. Switch.
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R Mixer

THORDARSON

and Input Circuits —

Very often it is necessary to provide amplilying
systems with more than one input connection.
Also, it is desirable to mix the inputs so that one
source may be imposed upon another. Several
oopular methods of mixing are described on
these pages.

\2T TUBE OF

Tesi3y | MEG~  AMPLIFIER
| o A
43V. e,
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i gIEE:
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100,000
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TWO MICROPHONE MIXER

The most simple mixer circuit is the series

type operating directly into the Ffirst tube
grid. Figure 1 shows two carbon type
microphones connected in a two circuit series
mixer. Two microphone to grid transformers
snd two volume controls are required.
It is preferable to use tapered controls so that the
sound output of the system is proportional to the
control knob rotation. The 1000 ohm rheostats
control the microphone battery current. It is often
desirable to keep watch of this current so that
it is within the rating of the microphone, as
specified by the manufacturer. This may be accom-
olished by inserting a 0-50 milliammeter in series
Most double button carbon

microphones require 20 to 30 m.a. total current.

with the battery.

Figure 3 illustrates the same type of mixer except
that high impedance velocity microphones sre used.
Because this type microphone is designed to
operate directly into the grid of a tube, the input
transformers are not needed. The output of

velocity microphones is low level. This requires

extreme care in shielding of all leads and controls
up to the grid of the tube.

MICROPHONE AND PHONO MIXER

Sometimes it is desired to have a background of
music imposed upon the voice picked up by the
microphone. The circuit in Figure 2, which is
essentially the same as described above, accom-
olishes this. Only one microphone is used, the
other circuit being connected to a phonograph
Fither the high impedance

magnetic or crystal type pickup, both of which are

nickup or radio.

very popular, may be used. For radio operation

s blocking condenser could be connected from

| MEG.— |¥ TUBE OF
Testy "] AMPLIFIER
100027 d
- o
-l—-%/\-lllll 8 %
/ , 45 V. 8 NG
MICROPHONE =
| _|-2500s.
-1 1
HIGH IMPEDANCE

PICK-UP

FIG.2

the detector plate to the lower mixer control.
The grounded side of the control would be con-
nected to the ground circuit of the radio.

THREE CIRCUIT PARALLEL MIXER

In broadcasting and recording it is common
This
method is superior inasmuch as both sides of the

I HIGH IMPEDANCE
—7 VELOCITY MICROPHONE

practice to mix input at low impedance.




input line can be balanced with —‘lk;r"iﬂ:;‘?m;
respect to ground. /A minimum | - EMJ‘H AN maﬁn =ik
pickup of hum or other disturb- zaa_ﬂ: i 3 > i E
ance results.  Also, long, low im- E : i 56~ /',"" i i
pedance lines will not cause S sen S t
serious loss of signal or attenua- E'T' y ! .
tion of the high audio fre- ! 3 - __L y -
quencies. Figure 4 is a popular E i "" 56 | =
L

.
(N

paralle] mixer with three input

200~ H-PAD 56

1
1
—d

circuits.  Since each input is |
balanced to ground without in- 4,1
dividual transformers this is well

FIG. 4

r- L )

adapted to portable amplifiers.

If balanced lines are not re-
quired, T pads may be used instead of the bal- mixer. The new Thordarson amplifiers on pages

anced “‘H’' pads indicated. In this case a 112 ohm 6, 7, 8 and 9 incorporate electronic mixing and
resistor is inserted in the side above ground instead  fading by means of a special control circuit.

of the 56 ohm resistor on each side Gfghe

. . . .. T- 9010
line. The insertion loss in this mixer is o0 "I s, SO~T-PAD  200~7-pAD
HIU
approximately 8 d b. Only sources having >3 il
. 200 Il
200 ohms can be used unless matching 25 ol S
R EL Lz
transformers are provided. R LJ
FOUR CIRCUIT SERIES MIXER T 3010
' i ) ‘ | ) sw 30~T-PAD
The most popular low impedance mixer 3% Il
. . . . . . 250 +
circuit is the series type illustrated in %5 o /|l :
: . : : 125 e o
Figure 5. The insertion loss in this type IS gg e "
somewhat less than the parallel mixer, *™ {
being 5 db with four input circuits. ’r-;;m
‘e 13 : . . |} SW. 50-~T-PA
Bslanced "H' pads are not required since 500 i
i
s line to mixer transformer is used in each 259 i ,
. . . | '
circuit. These transformers all have uni- "6 ~ Q) Z
50 Hih
versal secondaries connected for 50 ohms,  oHms b
The primaries may be of any impedance to T-3010 N
h h . h. h b 500 I SW 5ﬂ T-P D
matcn the i1nput source which must be 334 i
accommodated. 2 .
IZS | . o '
OR ! Vv FIG. 5
ELECTRONIC MIXING g :

The reader is referred to pages 20 and

91, which describe an effective electronic

page twenty-three
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Audio

It is often desirable to have an easily accessible control
of the low frequency and high frequency characteristics of
an amplifier. Such a control permits adjusting the smplifier
characteristic to secure the desired type of reproduction in
any particular service.

One of the most useful applications of this system will
be where, perhaps for economical reasons, the sudio
components employed in an amplifier are of such a grade
that either the high frequency or low frequency response
or both is deficient. This circuit will provide compensa-
tion for these deficiencies, and in addition will allow for
emphasis at the resonant frequencies if the deficiencies are
not too great. Other applications of this type of com-
pensation system are: (1) Compensation of the usual
deficiencies of different types of microphones and phono-
graph pickups; (2) Compensation of response deficiencies

Db. vs Frequency—Response Curve
20 30 50 10 100 200 300 500 700 1000

M 3 5M ™ IIM

—— Compensating System

C-o
R4
o)
R5 QUTPLT
2 R6
k-7
B- B+

pentode, it should not be counted on

for gain, since under some conditions

of adjustment the gain will be neg-
ligible; therefore when the installation

of this stage is contemplated, there

should be adequate gain available
from the rest of the amplifier. This

stage should be operated at a rela-

tively low level, although it is not
recommended that it be placed at the

head end of a high gain amplifier.

The best position would be the stage
ahead of the driver stage—i.e., the

second stage ahead of the output.

This compensator is efective only

when used in the plate circuit of &
high mu tube such as 6C6 pentode,

-

"3 resistance. coupled to the following
stage. Ihe d b gain at resonance with

Curve A" —Maximum Compensating Action—Contreol Potentiometers in Maximum Position. _
Curve "B "—Intermediate Compensating Action—Control Potentiometers Advanced to Approximately 20% of

Resistance Value.

a low mu triode, such as 76, etc., will
be insufficient for most purposes.

Curve “C"—Minimum Compensating Action—Control Potentiometers at Zere Resistance Setting,

of loud speskers and losses st low frequencies due to
insufficient baffle area; (3) Altering the type of sound
reproduction to that most suitable for the particular
acoustical characteristics of a particular hall or auditorium.

The audio compensation system shown schematically
consists essentially of two parallel tuned circuits srrenged
in series with a fixed resistor, the whole combination
placed in the plate circuit of a type 6C6, pentode operated,
audio stage. One of these tuned circuits can be tuned in the
low frequency range of approximately 30 to 120 cycles;
the other in the high frequency range of approximately
2000 to 7000 cycles. The values of 60 cycle and 5000
cycle for the low and high frequency resonant points
respectively were selected for response curve purposes
s being the most representative of desirsble compensation
frequencies. The resonant frequency of either tuned
circuit may be changed within the limits mentioned above,
using the same choke units, by changing the value of the
tuning condenser. The amplitude of the compensation
action is controlled by adjustment of the shunting potentio-
meters (connected as rheostats).

Although the 6C6 is connected as a high gain audio

e © P A R T S L I $§ T e @
CHOKES
Diagram Number
CH-1 T-8115%
CH-2 T-9390
RESISTORS
Diagram
Number Ohms Watts Type
R-1 2,950 1 Wire - wound
R-9 20,000 1 Wire - wound
R-3 100,000 1 Carbon
R-4 50,000 .. Potentiometer
R-5 5,000 1 Wire -wound
R-6 50,000 . Potentiometer
CONDENSERS
Diagram Capacity Warking
Number in Mids, Voltage Type
C-1 95 o5 Electrolytic
-9 8 200 Electrolytic
.3 009 1000 Mica (for 5000 cycles resonance)
) 006 1000 Mica (for 3000 cycles resonance)
.03 600 Paper (for 60 cycles resonance)
C-4 .06 600 Paper (for 40 cycles resonance)
01 600 Paper (for 120 cycles resonance)
C-5 U 400 Psper
C-6 8 450 Electrolytic



— Cell Circuits

PHOTO CELL BOTTOM VIEW OF
MIC. SOCKET
WU v riye W y
o it

™~

Thordarson 6, 18, and 30 watt High Gain Amplifiers
have ideal characteristics when used in conjunction with
photo-cells for portable or theater sound on film repro-

duction.
. . - ' - .
A circuit is shown with a single cell as is generally used

with portable equipment. The cell voltage is controlied
by s 100,000 ohm potentiometer.

In larger installations two projectors are generally used.
A potentiometer is required for each photo-cell to provide
independent voltage control so as to have equal velume
from each projector. The more voltage supplied to the
cell, the greater is the sudio output. However, care must
be taken not to exceed the manufacturer’s rating, which
usually is 90 volts maximum with gas filled cells.

The diagrams show how connections are made to the
input socket of T-7506-M, T-7506, T-7518-M, T-7518,
and T-7530 amplifiers without altering the original
amplifier circuit whatsoever.

It the amplifier is to be used only with the photo-cell
input, the regular microphone and switching circuit may
be eliminated, connections being made directly to the

grid and ground of the first 6C6 or

JUMPER WIRE

250 YOLTS TAKEN FRCM
* B+ SUPPLYING 6C6

PROTO CELL NO1

wire shielded cable and plug, using
the same circuit as shown for the
crystal microphone.  The 250 voit
“B” plus lead will be taken out
Separate|y and connected to the

lead supplying the 6C6 or 6J7 tubes.

If quiet operation is to be expected,
care must be taken to use shielded
wire where shown. I the photo-
cell parts are not built into the
amplifier, they must be mounted in a
metal case to provide shielding.

TUBES Sound-on-film reproduction is not
always satisfactory when the amplifier has linear charac-
teristics. (On page 24 is described a tone compensation
circuit that can be incorporated and adjusted to fit almost
any requirements. High frequency accentuation is usually
desirable because of loss in film, optical system, and
auditorium acoustics.

® ® P A R T S L I S T e ®
RESISTORS
Diagram
Number Ohms Watts Type
R-1 1 Megohm 14 Carbon
R-9 500,000 14 Carbon
R-3 100,000 1 Carbon
R-4 100,000 Potentiometer
R-5 150,000 T Carbon
R-& 75,000 1 Carbon
R-7 1 Megohm 145 Carbon
R-8 100,000 T Carbon
R-9 100,000 .. Potentiometer
CONDENSERS
Diagram Capacity
MNumber in Mfds. Type
C-1 .01 Mica
C-2 1. 400 Volt Paper
C-3 01 Mica
C-4 1. 400 Volt Paper

6J7 tube. The photo-cell resistors BOTTOM VIEW
fil'“ld Cﬂﬂdﬁii:'l':}ﬂrs can +th€ﬂ bE mC‘JUﬂtEd -.______ _:::'__ ::::::__I OF MIC. SOCKET
in the amplifier chassis, and the photo- i 7t S/
cell connected to the chassis with a | | L
shielded cable and plug. This cable n-5 | |
must be low capacity and not over | ~—
|
3 or 4 feet long. :.L‘ | JUMPER WIRE
Where the amplifier will be used c-o 8
with microphones and other sources R-9 =
ﬂf input, it is IDESIZ to bUlld thE'.' Dhﬂtﬂ PHOTG CELL NO 2 re=/ +
cell equipment in a separste small R-3 {:" C_5 6 250 VOLTS TAKEN
case. [his includes all the parts ———h b __. FRS%";EL;II*S’;D
shown in the schemstic diagrams. 606 TUBES
Connections can be made to the

amplifier with a short piece of single

R-O
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T-6i26

T-6048

16N

(2]

For amplifier installations where some, or
all, of the speakers are to be located at a
distance from the amplifier, experience has
shown thst the installation of a 500 ohm
transmission line offers greatest economy of
sound energy, maximum ease of securing
accurate impedance matches, ond freedom
from asttenuation of any desired signsi fre-
QUERCIES.

Most amplifiers are provided with 500
ohm output terminals in addition to the low
impedance voice coil terminals for this
purpose.

THORDARSON engineers have devel-
oped an unusual system for setting up 500
ohm transmission lines, and a series of tube-
to-line and line-to-speaker transformers that
eliminate the guesswork which existed pre-
viously in working out complicated spesker
systems. Fig. 1 shows a typical multiple
speaker installation employing dynamic
units of varying impedances, all operated
from a single amplifier through a 500 ohm
line. In this case, a perfect impedance
match has been secured at all points, both
between line and amplifier, line and output
transformers, and between the transformers
and dynamic speaker voice coils.

Such simplified output circuits have been
made possible by the development of the
THORDARSON T-6048 Universal Line-to-
Speaker Transformer. The primary has high
inductance so that up to six transformers may
be connected in parallel across the line, and
by proper selection of terminals, a perfect
impedance match with the line can be main-
tained. Then by proper selection of sec-
ondary terminals, any dynamic spesker with
voice coil impedance from .1 to 48 ohms
may be properly matched to the 500 ohm
line.

The accompanying table shows the wide
range of dynamic speaker voice coil imped-
ances that may be matched with this trans-
former.

|6~

A common methed of proportioning the
sound energy between speakers is shown in
Fig. 9. Here is represented a typical lsrge
auditorium installation where two speakers
are to be located near the stage and oper-
ated at half power, and two more are to be
placed toward the rear of the room to be
operated at full power.

The speakers "A’ have 8 ohm voice coils
while the two marked "B are 12 ohms
cach. By using three of the THORDARSON
T-6048 Line-to-Speaker Transformers, all
transformers present the same impedance to
the line and the power will be divided
equally among the three. However, the
speakers ‘A’ divide the power from a

single transformer and, therefore, have half

the power of each of the other two speakers.
\Where there are a number of speakers

FIG. 1

necting 2, 3, 4, 5, or 6, 500 ohm speakers
in parailel. :

The circuit shows two 500 ohm speskers
connected in parallel which reflect an im-
pvedance of 950 ohms. Connections are
made to the common terminal #7 and ter-
minal #5. If three speakers are used, the
reflected impedance will be 166 ohms, in
which case the common terminsl and ter-
minal #4 are used.

THORDARSON transformer T-5381 will
couple a 500 or 250 ohm line to voice coils
having 4, 8, or 15 ohms impedance. If de-
sired, two of these transformers may be con-
nected to a 500 ohm line by using a series
connection and the 950 ohm tap. It is also
possible to connect several speaker voice
coils to one of the T-5381 transformers. |f
the voice coils have 15 ohms impedance

£

FIG. 2 ,_

SO0 LINE

el ma—

L

which already have 500 chm input trans-
formers to be connected to a 500 ohm line
a matching transformer must be used. Fig. 3
shows how a number of 500 chm speskers
connected in parallel may be matched to the
500 ohm amplifier output with T1-7674
matching autotransformer. This unit provides
five impedances in addition to the criginal
500 ohms—950, 166, 1925, 100, and 84
ohms. These values are the result of con-

cach, two of them could be connected in
parallel to the 8 ohm tsp. Four 15 ohm
voice coils can be wired in series parallel
to the 15 ohm tap or in parallel to the
4 ohm tap.

If it is impossible to make the impedances
match, it is advisable to work into a load
of a higher rather than a lesser impedance.
For instance, if 4 and 8 ohm taps are avail-
able on the output transformer and the




speaker impedance is & chms, the 4 ohm
tap should be used. This will result in only
slight loss of power, whereas if the 8 ohm
tap had been used, the peak current of the
power tubes would be excessive, and dis-
torticn would result.

The wires connecting the transformer to
the speaker coil should not be any longer
than necessary. Long voice coil leads result
in loss of power and low frequencies.
Heavy wire should be used if the transformer
is separated from the speaker more than 3
foot or so.

Where & group of speakers are operated
relatively close together it is not uncommon
to use only one voice coil transformer.
This requires that the speakers are con-
nected to properly match the transformer
secondary which usually is 4, 8, and 15
ohms impedance.

The series connection of voice coils is not
recommended unless absolutely necessary.
This is because the resonance of two speak-
ers very seldom occurs at the same frequency.
This not only allows the normal response of
the speakers to be aHfected by the resonance

Table for Connecting Dynamic Speakers of Various Impedances
in Same Qutput System

Secondary Matching Impedance T-6048 Transformer

Secondary No. of Traasformers in Parallel Across 5C0-ohm Line
Terminals 1 | % 3 4 | 5 | 6

°-4 | 06 | 1 e | 2 3 4
5.6 | . 2 4 |5 6 7
o.5 9 4 7 9 i 11 | 13
4-6 3 6 1.0 ¢ 13 | 16 19
3.6 4 7 | 11 14 | 18 9.1

9.6 6 | e 20 97 3.4 . 4.0
6-7 7 1.4 0.9 X 3.6 | 4.3
1.9 1.3 9.7 4. . 5.4 6.8 8.1
1.3 1.7 3.3 5. 6.7 84 | 10
1-4 2. | 40 6. | s 1 10 19.
3-7 0 924 | 48 | 792 | 96 | 1o 14.4
1.5 | 96 | 53 . 8 106 | 133 16.
97 | 98 | 856 | 84 1.2 | 14. 16.8
1.6 4 | 8 12. . 16 20, 04,
1.7 8. | 1e. 04. 30, 40. 48.
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of other units, but may result in voice coil
burn-out if the system is operating near
the maximum speaker capacity. |n matching
series connected specskers, the transformer
impedance should be equal to the sum of
voice coil impedances. The voice coil im-
pedance of each speaker should be slike to
have an equal distribution of power. If one
speaker is 4 ohms and the other 8 ohms, the
sum would be 12 ohms end would match a
192 ohm transformer. However, the 8 ohm
speaker will receive twice as much power
as the 4 ohm unit.

It is advisable, where possible, to connect
the voice coils of speakers or input trans-
formers in parallel for reasons described
above. If two 16 ohm voice coils are con-
nected in parallel, the net impedance will
be 8 ohms, and each will receive the same
amount of power. However, if one voice
coil is 16 ohms and the other 8 ohms, the
one of lesser impedance will receive twice
as much power as the other. Formulas for
determining the approximate net impedance
of voice coils are given below.

Voice coils in series:

Total impedance in ohms = Z1+7Zs+ 73

Two voice coils in parallel:

JAVA
Total impedance in ohms =
ZI+ZE
More than two voice coils in parallel:
T
Total impedance in ohms =
T T 1
| ]
! |
Z1 7o Zs
Voice coils in series parallel:
-r]
Total impedance in chms = 1 1
_I_
L2 Lit+Zy



page twenty-eight

il

O—MIC

gggd

Speakers at both sides of microphone

SPEAKER PLACEMENT AND
AUDIO POWER REQUIRED

Placement of speakers plays an important part in the
successful operation of public address equipment. Regard-
less of the quality of microphone, amplifier, or speakers
used, there is a possibility of acoustical feedback occurring
before a satisfactory level is reached for full distribution
of sound.

The directional characteristics of trumpet horns permit
snusually good coverage before acoustical feedback
occurs. 1his is because the sound can be directed entirely
away from the microphone. For outdoor work the 6-foot
trumpet is recommended, whereas the 314 and 414 foot
models are better indoors.

Trumpet horns are very efficient and provide maximum
sound output for a given amplifier power input. Either
the permanent magnet dynamic or electro-dynamic units
may be used. There is some advantage in the permanent
magnet type since no field exciter is required, and the
unit is considerably lighter.

The use of directional baffle, rather than Hat bsHle cone
type speakers, will often reduce feedback. The speaker
unit may be entirely enclosed where unusual conditions
exist, leaving only the cone exposed to emit sound through
the horn.

| oud speakers should be placed as far ahead of the
microphone as conditions permit, and higher. Placing
speakers higher makes it possible to direct them down
toward the audience. This not only improves audibility
but reduces feedback by means of absorption.

Best indoor results are obtained with two speakers.
The illustrations on this page show conventional methods
of placing speakers in a hall or auditorium. I non-
directional or fat baffles are used with cone speakers, it
may be necessary to locate the speakers further toward
the rear of the room.

|
) |
—_ |
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Speakers above microphone

The following data, based on experience and theory,
should prove helpful in determining what size amplifier is
required. Installations may vary somewhat due to the
difference in the efficiency of speakers used and in the
noise level which the system must over-ride.

In obtaining the information, 12-inch electro-dynamic
speakers with 15 to 20 watts of field excitstion and
cﬁrectiﬂna] bafle horns, were used. Flat or box type
haffles require approximately three times as much audio
sower. Likewise, if the noise level is high, as in dance
halls, ete., it will be necessary to use three times as much
power.

After determining the required power estimate that
zach speaker. will receive about 5 watts. Therefore, if
30 watts are required for the installation, six speakers
should be used and so placed that the sound will be
evenly distributed.

Qutdoor coverage is based on the number of square
feet of ground and it has been determined that 1 watt of
audio power will cover 1,000 square feet. For example,

if we have a park 300 ft. long and 150 ft. wide, or 45,000
square feet, 45 watts are required and 9 speakers should

be used.

Indoors it is necessary to estimate the cubic content of
the room or hall. Following is a table showing what size
rooms may be covered with a given amount of audio
power:

FLECTRICAL WATTS  VOLUME OF ROOM IN CUBIC FEET |

% 25,000
4 60,000
o 150,000
12 350,000
20 700,000
30 1,000,000
40 | 1,500,000
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1 to 7—300 volt 9 to 10 watt felds 10,000 ohms each
T to 3—300 volt 18 to 20 watt fields 5,000 ohms each
1 or 2—300 volt 30 watt fields 3,000 ohms each

Two speaker feld supplies are
shown on this page, one rated to

deliver 300 volts D.C. at 200 m.a.

or 60 watts, and the other 115 volts 1—300 volt 60 watt field 1,500 ohms
D.C. at 250 m.a. or 30 watts.
T-6749
The tables below the schematic T-6797 e

diagrams indicate the number and
rating of speaker fields that may be
accommodated with a parallel con-
nection. Many other combinations
can be worked out by using either a
series or series parallel connection.
When other fields than those indicated
in the tables are used, care should be
taken not to exceed the current rating

DF, the transfﬂrmer. This may be 1 to 6—115 volt 5 watt fields 2,500 to 3,000 ohms each
checked *f{fter F'”"il CD””EC“G‘TS are 1 to 4-~115 volt 8 watt fields 1,800 to 2,500 ohms each
made by inserting a 0-300 milliam- T to 3—115 volt 10 watt fields 1,400 to 1,800 chms each

meter in the lead wired to the power
transformer center tap.

It should be noted that the field

wattage is specilied in the tables.
This is important, inasmuch as a speaker
ield may be damaged if seriously over-

T or 2—115 volt 15 watt fields 950 to 1,400 ohms each
T—115 volt 30 watt field 450 tc 950 ohms

The Thordarson power transformers used in these supplies are fully shielded
and are universal to satisfy any mounting conditions.

oaded. Ususlly 9259 above or
below the normal operating wattage,
as rated by the speaker manufacturer,
is tolerable.

Two diagrams are shown for the
300 volt 60 watt supply. The differ-
ence is that a filter choke is incor-
porated in one, assuring an absolute
minimum of ripple or speaker hum.
This method is desirable when supply-
ing speakers installed in places having

. >3 g twenty-nine

an unusually low noise level. Noisy
installations, such as dance halls, ball
parks, etc., do not require as much
filtering of the field supply and the
choke can be eliminated. An 83-V
rectifier tube provides good efficiency
and regulation.

The 115 volt 30 watt supply is
capable of furnishing power to
speaker fields designed for operation
on 115 volts D.C. Low voltage field

supplies usually require a larger filter
than one of higher voltage. A choke
and condenser are used to insure
treedom of ripple in the direct current,
which might cause objectionable -
hum. The power transformer is
designed to have exceptionally good
regulation so the voltage will not
drop below 115 volts when the
maximum current is taken from the

supply.



Microphones

The most difficult problem in the designing
and building of amplifiers is the elimination
of hum, or its reduction to a satisfactory
value. Since the introduction of dynamic,
velocity, and crystal microphones, which
have outputs of comparatively low level,
higher gain amplifiers are necessary. An
amplifier having low level input is likely to
pick up stray magnetic fields, or amplify
ripple caused by an insufficiently filtered
plate supply, unless extreme care was taken
in its design and construction.

Hum from the plate supply is quite easily
corrected by the insertion of an additional
choke and filter condenser in the B plus
lead supplying the low level stages. |If
for any reason & choke cannot be used a
resistor may be substituted with fairly
good results. Oftentimes it is desirable to
insert a resistance filter in the plate circuit
of the first and second stages. This not only
reduces hum but eliminates common coupling
between stages which causes feedback.
The resistor values might be from 10,000 to
50,000 ohms, depending upon the sllow-
able voltage drop.

Any ripple in the plate supply will appear
across the bias resistor.  In push-pull circuits
this cancels out and is not usually audible in
the loud speaker. In the first or second
stage ripple developed in the cathode
circuit is Fully amplified by the tube. The
use of a large cathode resistor bypass con-
denser (95, mfd) will lower the impedance,

There are many types of microphones
available today that are adaptable to sound
amplifier systems. Some types are more
suitable than others for public address work.

The crystal microphone has become
popular because of its simplicity in connect-
ing to the amplifier system and also because
of its small size. Two types are available,
namely the Cell Type and Diaphragm lype.
The Cell Type has good frequency c?wara-::ter
istics but low output. The diaphragm Crystal
Microphone has higher output which com-
pensates for cable loss; however, the cable
should be as short as possible for best
operation.  Crystal microphones having
larger capacity in mfds. are less affected by
cable length. Cell types wusually have
larger capacity than the Diaphragm type, since
the Cell is directly excited by sound and
must be large to be affected. However,
cable length should be held to a minimum
because of the low output. Crystsl micro-
phone cable should have very low capacity.
Long cables do not affect the frequency
response but result in loss of power. Where
it is necessary to locate the crystsl micro-
phone some distance from the amplifier, &
transformer may be used having a 200 or
500 ohm secondary. This requires an input
transformer at the asmplifier with the same
input impedance.

Eliminating Hum '

ELIMINATING HUM

resulting in a minimum of ripple developing
at this point.

Power transformers, filament transtormers,
and filter choke coils {especially with choke
input) set up strong magnetic fields. Audio
transformers within the field will have a
voltage induced in their windings. [f there
is sufficient aemplification following the
transformer, objectionable hum will be
emitted from the loud spesker. Qutput and
driver transformers do not ususlly pick up
enough to be noticeabie. Most trouble
occurs with the input and interstage trans-
formers. For this reason it is desirable to
construct the power supply separate from
the amplifier. However, when both are
mounted on one chassis, rotating the trans-
formers to a minimum hum position will be
necessary. The new Thordarson Tru-Fidelity
units have several interesting features in-
corporated to prevent magnetic hum pickup.
Special core and coil construction cancels
the hum within its windings. The case
shields the entire unit, both statically and
magnetically.  Any residual hum may be
eliminated by rotating, which is easily done
because of single stud mounting.

Connecting cables from microphones,
pickups, etc., should be shielded and the
shield connected to the amplifier, which is
grounded. “When long cables are used,
shielding is not always eHective. [t may be
necessary to use balanced lines. This is
similar to the three wire system where the
outside wires are balanced to ground.

MICROPHONES

The dynamic or moving coil microphone is
undoubtedly one of the most satisfactory for
all-arcund pickup. Since it does not require
exciting voltage or sn associste amplifier,
the unit is small and easily handled. The
output impedance is low and the signal level
fsirly high so thet a few hundred feet of
cable may be used without serious loss of
nower or high frequencies. Close talking,
which is necessary with public address
systems, does not cause blasting or boominess.
Most models are not affected by temperature,
humidity or wind.

Velocity microphones, while ideal for
broadcasting or recording, are not designed
for close tatking such as is necessary with
public address. In broadcasting or record-
ing, the artist or announcer may stand away
from the microphone and take advantage of
its frequency characteristics. This is im-
practical in most P.A. installations due to
acoustical feedback. Close talking s
necessary and results in unnatural boominess
or a predomination of the lower frequencies.
The WVelocity is primarily a studio micro-
phone.

The condenser microphone is capable of
high quality reproduction and for many years
was considered the choice of broadcast
engineers. fts frequency response com-
pares to that of the better type dynamic

With transformer input the primary is center
tapped and grounded to the amplifier and
cable shield. A balanced line from crystal
microphones requires a two wire shielded
cable and push-pull input tubes. With this
method any disturbsnce is impressed on
both sides of the line equally and cancels
as in a balanced bridge circuit.

The wiring of high gain amplifiers is quite
important. Filament or heater leads usually
carry fairly high alternating currents and set
up strong meagnetic fields. The usual
practice is to twist the leads connecting to
tube sockets. This tends to reduce the field.
The current travels in opposite directions in
the wires and the lines of force set up around
one wire cancel those of the other wire.
The 6.3 volt tubes are more satisfactory than
9.5 volt types for high gain stages because
the hester current is only Y4 to 14 as great.

Usually the first tube of a high gain A.C.
amplifier is responsible for hum sfter all other
causes have been eliminated. The tube
selected should be of the 6.3 volt type and
have its grid connection on top. [f only low
gain is required from the first stage the tube
should be a pentode, triode connected,
rather than a triode with the grid lead out
the base. The close proximity of the grid
prong to the heater prongs of the tube base
is responsible for hum trouble, especially
where the grid of the tube is operated at a
high impedance. The grid lead connecting
to the tube grid cap should be shielded
and of low capacity.

units, but the output ievel is considerably
lower. This low output requires an associ-
ated pre-amplifier (ususlly two or three
stages) which makes the microphone bulky
and hard to handle. The battery supply
necessary for operation is also objection-

able.

Double button carbon microphones are
very sefdom used with modern sound systems.
An exciting voltage is required and the
microphone is inherently noisy. The reasons
for their use are reasonable cost and high
output. This is an advantage where a system
must be inexpensive.

OFf the above types, the crystal and
dynamic microphones are most suitable and
adaptable for public address installations.
Their use is recommended wherever pos-

sible.

Where the microphone is subject to
considerable handling while in operation
a cushion mounting should be used between
the microphone &nd microphone stand.
This feature is incorporated in the design of
some of the better type microphones, making
an additional cushion unnecessary. Noise
and disturbance, brought about by moving
the microphone or adjusting the stand, are
eliminated when @& satisfactory cushion
mounting is provided.

page thl'rt}r I



DECIBEL (db) TABLE

The decibel (d b) is accepted as the standard unit of measurement indicating
oower loss or gain. Zero db (or level) is referred to as .006 milliwatts.
When an amplifier is said to have an overall gain of 130 db and a power
output of +30 db, full output will be delivered with an input of
—100db. Ifthe input level is somewhat greater, say, —80 d b, the d b gain
of the smplifier is reduced by means of the volume control. Since all
microphones, pickups, etc., are rated in d b, it is possible for the sound
engineer to determine what gain is necessary in an amplifier for a specified
nower output by referring to the table below.

Power Pn::-:we r¥ Power ‘;\:’nl ts | F:_ow E:I r Ec}wa ¥ E"&:’w;te r !ﬁ\iﬂrg;
s e 6 Mu o db 500 Cobms . db ddb 6 Mw.=0d b 500 Ohms
—10 0.1000 0.0006000 0.5477 20 100.000 0.60000 17.3205
— 9 0.1259 0.0007553 0.6145 21 125.89 0.75535 19.434
— 8 3.1585 0.000950¢ 0.68%5 | 29 158.49 0.95093 21.805
— 7 0.1995 0.0011972 0.7737 ! 23 199.53 1.19716 91*466
— 6 0.2512 0.0015071 (0.86871 4 251.19 1.50713 27.45%
— 5 0.3162 0.0018975 0.9740 25 316.23 1.89747 30.801
— 4 0.3981 0.0023886 1.0928 26 398.11 9.38865 34.559
— 3 0.50192 0.0030071 1.2269 i Q7 501.19 3.0071 38.776
— 9 0.6310 0.0037857 1.3758 I 28 630.96 3.7857 43.507
— 1 0.7943 0.0047660 1.5437 o9 794,33 4,7660 48.816
0 1.0000 0.0060000 1.73271 30 1000.00 &.0000 54.77¢
1 1.2589 0.0075535 1.9434 31 1258.9 7.5535 61.455
2 1.5849 Q.00%5093 2.1805 I 32 1584.9 9.5093 68.954
3 1.9953 Q0.0119716 Q. 4466 I 33 -1995.3 11.9716 77.368
4 2.5110 0.0150713 ©.7451 34 2511.©9 15.0713 86.808
5 3.1623 (.0189747 3.0801 35 3162.3 18.9747 07.400
O 3.9811 0.0238865 3.4559 36 3981.1 93.8865 109,285
7 5.0119 0.030071 3.8B776 I 37 5011.¢ 30.071 192.620
8 6.3096 0.037857 4.3507 I 38 6302.6 37.857 137.589
% 7.9433 0.047660 4.8816 39 7943.3 47.660 154.369
10 10.0000 0.060000 5.477%2 40 10000.0 60,000 173.905
11 12.589 0.075535 6.1455 471 12589.2 75.535 194,34
19 15.849 0.095093 6.8954 49 15848.9 25.003 218.05
13 19.953 0.119716 7.7368 43 19952.6 119.716 244.66
14 25.119 0.150713 8.6808 44 25118.¢ 150.713 074,51
15 31.6923 0.189747 9. 7400 I 45 31622.8 18%. 747 308.07
16 39.811 0.238865 10.9285 46 39810.7 238.865 345.59
17 50.119 0.30071 19.2620 47 50118.7 300.71 387.76
18 63.096 0.37857 T13.7582 48 63095.7 378.57 435.07
1€ 79.433 0.47660 15.4369 49 79439.7 476.60 488.16
50 100000.0 600.00 547.72
|
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* Voltage Ratio is equal to the square root of the power ratio.



CATALOG NO. 500
®

Perfection in audio reproduction is now guaranteed with the
use of Tru-Fidelity transformers. Designed specifically for dis-
tortionless, high fidelity Sound requirements, they have been
widely scclaimed the finest manufactured audio transtormers on
the market. Unique case design provides maximum shielding
from external fields, single hole mounting allows rotation to
eliminate hum pickup, sub-panel terminals provide connections
for both primary and secondary windings. These_and other
important features are incorporated in the New Tru-Fidelity
Transformer. Write for your free copy of Catalogue No. 500.

TRANSFORMER CATALOG NO. 400

Thordarson transformers are designed to give unfailing
service and maximum efficiency under all conditions. Low
operating temperatures of power transformers prevent
insulation ‘breakdown, and 38% more copper and steel
insures their constant operation under the most rigorous
conditions.

There's a Thordarson transformer for every sound
application. Build your sound amplifier with Thordarson
transformers and be assured of highest quality and utmost
dependability.

The new Catalogue No. 400 contains complete listings
of Thordarson replacement, audio reactor, driver, output,
filament, modulation, plste supply, auto and tranceiver
transformers, and chokes. Write for your FREE copy.
I THORDARSON RADIO SERYICING GUIDE NO. 342 |

|  Contains valuable articies on problems that daily
canfront the Service Man.  Auto Instsllation hints,
how to build a direct reading voltmeter, how to
| make and use output indicators and align receivers, |
tube data—altogether 32 peges of tested ideas
and suggestions. Send today for your copy of the
Thordarson Servicing Guide No. 342, Price 15c.

_ I I L - -4

THORDARSON TRANSMITTER GUIDE NO. 344

Circuit diagrams, details and parts lists for trans-
mitters ranging from 25 watts to 1000 watls are
shown in this guide. Also, material on modulation,
coil table, receivers and many other subjects and
data which are indispensable to the ham amateur. l

Send today for your copy of the Thordarson Trans-
mitter Guide No. 344, Price 15c.

| COMPLETE TRANSFORMER MANUAL NO. 340 |

The Thordarson Transformer Manual is a complete book containing the Sound Amplifier Guide, Transmitter Guide, and the Radio
Servicing Guide plus Thordarson catalogs and prices. It has s three fold purpose:—one, supplies complete circuit diagrams,
| photos, and parts list for Transmitters, amplifiers and test equipment;— two, assists in construction on servicing of equipment,—three,
" forms the reader about new developments in circuits and tube applications.  Get your copy of the Complete Transformer Manual
No. 340, NOW. Price 50c.

THESE CATALOGS, GUIDES AND MANUALS ARE ALSO AVAILABLE AT YOUR PARTS SUPPLIER.

THORDARSON ELECTRIC MFG. CO.

500 W. HURON ST., CHICAGO, ILL.
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