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P'i‘gmcu AMPLIFIER DI AGRAMS
INTRODUCT 10N

In this electronic age, one of the most commonly used devices is the
amplifier. It has made possible magnification of minute indications of volt-
age, current and power into levels high enough to perform many useful tasks.

It is the primary purpose of this manual to pfesent a series of ampli-
fiers designed to cover the audio frequencies, frequénéfés tﬁét'affect the
human ear and cover the entire range of sound. The average listener is most
sensitive to sound from about 100 cycles (a low pitch) to 7000 cycles (a
high pitch). 1In some instances, one can hear sound frequencies as low as 20
cycles and perhaps as high as 2,000 cycles. An audio frequency (A.F.) ampli-
fier, then, operates within this band of frequenéies, either entirely or in

~art, depending upon the pjggose for which it was designed.

- The majority of A.F,.’ ampllflers described in this manual are for pur-
poses of amplifying the usual range of recorded, broadcast and voice fre-
quencies, or from 50 to 12,000 cycles. There are a few ampiifiers described
to operate to 2,000 cycles which are designated as High-Fidelity amplifiers.
All amplifiers shown are of standard design and typical of their type. A
comprehensive listing of such A.F. amplifiers consisting of from one to
tubes each is to be found in Part I of this manual.

Of course, an amplifier will only be useful if it has something to
magnify, and so in Part II is presented a variety of radio tuners, pickups,
microphones and other detecting devices suitable as inputs for the average
amplifier. The devices shown are by ﬁo means all possible types that may be
used but 5re representative§g As to the output requirements of the ampli-

7 ers, it is usually assumg% the amplifier will operate intq a properly

matched speaker. Again, the émplifier is not necessarily restricted to sound



INTRODUCTION (CONTINUED)

applications, but may be used to operate recorders, solenoids and many other
load sources at the discretion of the user.

No attempt has been made to specify any but standard parts in the dia-
grams. These are generally procurable in a number of reputable brands from
any reliable radio supply house or radio jobber. Each schematic diagram
carries a listing of parts necessary to buildlthe amplifier so that substi-
tutions can be made if the exact part.specified cannot be obtained. 1In
substituting parts it is necessary that they be within tolerance so that the
completed amplifier will operate satisfactorily. Unless otherwise indicated
in the particular schematic, the following fairly wide electrical tolerances

are acceptable when substituting:

Capacity of electrolytic condensers - - - - - = = = - - - H0%
Capacity of paper condensers =- - - = - - = = = = - - - - 30%
Capacity of mica condensers - - - - - - ; . 10%
Resistance of fixed resistors - = = = = = = - = - - - - < 0%
Resistance of potentiometers -'= - - - — = - - - - - - & 0%
Voltage insulation of condensers - - - - Minimum specified
Wattage rating of resistors - - - - - - - Minimum specified
Current rating of transformers - - - - - Minimum specified
Wattage rating of transformers - - - - - Minimum specified

It is assumed the prospective constructor has sufficient background to
read and interpret schematic diagfams. No physical parts layout is speci-
fied for the amplifiers, but rather stress is placed upon the complete
" schematic. This was deliberately done since constructors seldom build their
equipment alike - particularly when many items of the same electrical spec;-

fications have entirely different physical shapes.

N

-



"“"INTRODUCTION (CONTINUED)

For those of you who have had little or no experience in building ampli-
fiers, it is advisable to build the more simple types of one, two or three
tube amplifiers, making certain that the completed amplifier is functioning
properly before attempting to construct a more complicated type. If trouble
does persist, it is suggested a good éervicing manual be studied for ideas.

“Theré dre a number of excellent books of this type'on the market with com-
plete data for analyzing all types of service problems. To you more ex-
perienced constructors, it is hoped the following pages will provide the

information you desire. Good luck.

- The Author -



PRACTICAL AMPLIFIER DI AGRAMS

1 Tube
2 Tube
2 Tube
2 Tube
2 Tube
2 Tube
3 Tube
3 Tube
3 Tube
3 Tube
><f3'Tﬁbé
?VJS Tube
4 Tube
4 Tube
4 Tube
4 Tube
4 Tube
4 Tube
— 4 Tube
5 Tube
5 Tube
h Tube

PX

~
TABLE OF CONTENTS
Part |
A.F. AMPLIFIER DIAGRAMS AND EXPLANATORY NOTES

Pages
1 Watt AC/DC Amplifier = - = = = = = = = = = = = - = - - - 8-9
2 Watt AC/DC Amplifier - - = = = = = = = = = = = o 0 = =~ - 8-9
4 Watt AC Booster Amplifier - e e e — o 10-11
5 Watt AC Booster Amplifier - - = = = = = = = = = = = =~ _ 10-11
Battery Intercommunication Amplifier - — = — = = = = = - - 12-1%
AC/DC Intercommunication Amplifier - = = = = = £ - = - - o 12-13
3 Watt AC Direct Coupled Amplifier = = = = = = = = = =« = = 14-15
4 Watt AC Amplifier - = = == == == = = e e e - - - 16-17
4 Watt AC "Transformerless" Amplifier - = = = = = = = = = 18-19
Guick Heating AC Paging Amplifier - = = = = = = = = = = - 20—;f~\
14 Watt AC/DC Intercommunication Amplifier - - - - - - 22—23
Hearing Aid Battery Amplifier - - = = = = = = = = = = = - 2425
5 Watt AC/DC Amplifier = = = = = = = = = 0 o 0 0 = = = = < 6-27
5 Watt AC/Battery P.A. Amplifier — = = = = = = = = = = = = 28-29
6 Watt AC High-Fidelity Amplifier = - = = = = = = = = = - 30-31
6 Watt AC Home Recording Amplifier = = = = = = = = = = - - 32-33
10 Watt AC High-Fidelity Amplifier - - = = = = = = = = - - 34-35
15 Watt AC Low Gain Amplifier - - = = = = = = = = = = = - 36-37
3-Channel Preamplifier - = = = = = = = = = = = = - - ~ - - 38~7%9
10 Watt Class-B 6-Volt DC Amplifier = = = = = = = = = =~ = 40-41
10 Watt AC Compact Amplifier = = = = = = = = - = = = = - - 42-43

12 Watt AC High-Fidelity Amplifier - -« - - = - = = - - - - 44-4§ﬁ\



TABLE OF CONTENTS (CONTINUED)

Pages

5 Tube 13 Watt AC P.A. Amplifier = = = = = = = = = 0o o o o - - - 46-47
5 Tube 15 Watt AC Quick-Heating Phonograph Amplifier - - - - - - 48~ 49
5 Tube 25 Watt AC P.A. Amplifier - - - === -- - 50-51
- 6 Tube 6 Watt AC 2-Channel Amplifier = - = = = = = = = = = = = = b2-53
6 Tube 10 Watt 6-Volt DC P.A. Amplifier - = = = = = = = = = — = — 5455
6 Tube 10 Watt AC High-Fidelity Amplifier - = = ~ = = = = = = = = 56-57
6 Tube 12 Watt AC Recording Amplifier - = = = = = = = = = = = = - 58-59
6 Tube 25 Watt AC High-Fidelity Amplifier - = = == = = = = = = - 60-61
6 Tube 45 Watt AC Fixed-Bias Amplifier - = = = = = = = = = = = = 62-63
7 Tube 14 Watt AC Recording Amplifier - = - = = = = = = = = - - - 64-65
7 Tube 20 Watt AC High-Fidelity Amplifier - - - = = = = = = = = = 66-67
7 Tube 45 Watt AC P.A, Amplifier - = = = = = = = = 0 = = = = = = 68-69
8 Tube 10 Watt AC High-Fidelity Amplifier - = = = = = = = = = = = 70-71
8 Tube 12 Watt AC Phono Expander & Compressor Amplifier - - - - - 72-73
8 Tube 25 Watt AC 4-Channel P.A. Amplifier - - — = = = = = = = - 74-75
8 Tube 50 Watt AC Transmitter Modulator - = - - = = = - - - - - - 76-77
9 Tube 45 Watt AC P.A. Amplifier - - = = = = = = = = = = = = = = 78-79
10 Tube 15 Watt AC Compact P.A. Amplifier - = = = = = = = = = = = 80-81
11 Tube 75 Watt AC P.A. Amplifier - = = = = = = = = = 0 = = = - - 82-83

Part 11
INDEX TO ASSOCIATED CIRCUITS & TESTING DATA - -~ = = = = = = = = = 84






Part |
A. F. AMPLIFIER DIAGRAMS AND EXPLANATORY NOTES

—--o———

In order to simplify and standardize the arrangement
of the diagrams, a ground symbol ( ﬁzgr ) 1s used to
show common connections. These common connections are
generally fastened “to the chassis unless otherwise
noted on the individual diagrams. Likewise, to lessen
the confusionof filament wires appearing on the diagrams,
an arrow with a letter ( —sx ) will denote continuity

between other identical symbols.
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An oscillator capable of reproducing phonograph records through any
radio receiver is shown. It is essentially a small broadcast transmitter
capable of operation within a radius of 100 feet or so. For best results
the oscillator should be built within or placed near the phonograph case,
and a single wire connected to the antenna post or around the loop aerial
of the nearby radio receiver. The circuit calls for fairly simple construc-
tion and only a few parts. Screen grid modulation is applied to the oscil-
lator portion of the 117N7GT tube, thereby providing a good quality of mod-
ulation in a simple manner. Coil L is a standard broadcast oscillator coil
having both a primary and secondary winding, and may be shielded or not. To
operate, adjust the receiver tuning control to a clear frequency around
1500 KC, set the volume control to normal, start a record playing through
the oscillator and adjust C2 for best reception through the radio receiver.
If the recording cannot be received anywhere on the d1al try reversing the
connections to either winding of coil L.

Parts lList
Cl: 50 mfd mica condenser L: Broadcast oscillator coil
C2: 100 - 400 mnfd trimmer - R1: 1 megohm 1/2 watt
condenser resistor
C3: 100 mmfd trimmer condenser R2: % megohm 1/2 watt
C4, CH, Cb: resistor
.01 mfd 400 V paper R3: 3000 ohm 2 watt resistor
condenser S: SPST switch
c7, C8: Socket: I octal
20 mfd 150 V elec.
condenser

J1: Phonograph input jack
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Presented here is a small crystal-detector type broadcast tuner es-
pecially desirable for the city dweller desiring high quality reception from
one or two local broadcast stations. It can be built into or close to a
good high-fidelity amplifier, and when connected to a good aerial will pro-
vide remarkably fine results from the more powerful stations. Tuning is
fairly broad so no condenser tracking problem should arise. Coils L1 and L2
may be alike with L2 connected in reverse of the usual direction. Coil L3
may be purchased or constructed of a few turns of wire on each winding, -and
the windings close wound on a 3/4 inch form. For best selectivity the coils
should all be shielded. Any type of germanium, silicon or galena crystal
may be substituted for the IN34 crystal shown.

L Parts List
Cl: 2-gang variable condenser, L2: Antenna broadcast coil
365 mmfd per section L3: Negative mutual
C2: 100 mmfd mica condenser coupling coil
C3: .01 mfd 200 V paper condenser R: 470K ohm 1/2 watt

L1: Antenna broadcast coil resistor
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A comparatively simple method of converting an existing A.F. amplifier
to include a radio tuner for broadcast reception is this one tube circuit.
It consists of a tuned radio frequency amplifier having a 6SK7 tube, and a
tuned detector stage having a 1N34 germanium crystal. The detector provides
limited automatic volume control voltages to the 6SK7 tube which is developed
across R4. The filament and plate voltages for the tube are supplied by the
attached amplifier, as almost any AC powered amplifier can supply the ad-
ditional 6.3 volts AC at 0.3 ampere and 100 to 250 volts DC at 5 milli-
amperes. The output of the tuner can be fed into the amplfifier at medium
level (such as the phonograph jack) when receiving local stations. Selec-
tivity and sensitivity of this tuner will depend largely upon the quality
of the coils used and the accuracy of the 2-gang condenser tracking. See
section on "Tuner Alignment" for help in initially aligning the newly
constructed tuner. Best results will be obtained if only four or five
stations are located in the immediate area, and if the gerial length is
limited to about H0O feet.

Parts List
Ci: 2-pang variable condenser, %65

mmfd per section, with trimmers

c2, C3, C4, CH, Cb:
.01 mfd 400 V paper condenser

L1: Antenna broadcast coil

L2: RF broadcast coil

R1, R4: 1 megohm 1/2 watt resistor
R2: 390 ohm 1/2 watt resistor

R%: 68K ohm 1/2 watt resistor
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A reliable and efficient broadcast tuner having very good sensitivity,
selectivity and volume is the self-powered super-heterodyne circuit shown
above. By carefully following the schematic diagram and planning the parts
layout for short lead lengths, good results may be expected both on selec-
tivity between crowded local stations and sensitivity for receiving weak
distant stations. The use of the germanium diode (1IN34 or 1N34A) as a second
detector eliminates the need of a tube for this position (watch polarity when
connecting in place). If a special two-gang superheterodyne tuning condenser
having a smaller oscillator section is obtained, condenser C3 may not be
necessary. For balancing the tuner follow the procedure under "Tuner Align-
ment ",

arts List

Ci: 2-gang variable condenser, 355 P: 6.3 V dial light
nmfd per section, with trimmers Rl: 100K ohm 1/2 w. resistor
C2, C6: .05 mfd 200 V paper condenser R2: 2X ohm 1/2 w. resistor
C3: 400 mmfd 1% padder condenser R3: 270 ohm 1/2 w. resistor
C4. % mmfd mica condenser R4: 100K ohm 1 w. resistor
Ch, C9, Ci4; R5: 390 ohm 1/2 w. resistor
.01 mfd 400 V paper condenser R6: 2.2 megohm 1/2 w. resistor
C7, C13, .01 mfd 600 V paper condenser R7: 33 ohm 1 w. resistor
C8. C10: 20 mfd 450 V elec. condenser R8: 2200 ohm 2 w. resistor
C11,C12: 100 mmfd mica condenser R3: 10K ohm 1/2 w. resistor
L1: Antenna broadcast coil, iron R10: 500K ohm volume control
core, shielded S1: SPST switch
L2: Oscillator broadcast coil, Ti: Power transformer,
tapped, iron core, shielded 300-0-300 V 50 MA,
L3: Input IF coil, 456 KC, shielded 6.3V 1.5 A

- La4: Output IF coil, 456 KC, sh'ld Sockets: 3 octals (or min. 7)
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Here is a very selective and sensitive broadcast tuner especially use-
Due to its high selectivity, the tone
quality may be lacking in the higher audio frequencies, consequently after
alignment slightly stagger the IF trimmer condensers for tone improvement.
More care than usual in locating parts is necessary because of the higher

ful in crowded metropolitan areas.

gain and greater number of tuned circuits,
provided to keep RF coupling at a minimum.
signal pickup thereby requiring no outside aerial.

Parts List

C1, C6, Ci4:

.05 mfd 200 V paper condenser
C2, C9, C15, C21:

.01 mfd 400 V paper condenser
C3: 3-gang variable condenser 365

mmfd per section with trimmer
C4, C5, C10, C11, C16, C19:

.01 mfd 600 V paper condenser
C7: 400 mmfd 1% padder condenser
C8: %0 mmfd mica condenser
C12, Ci3:

20 mfd 450 V elec. condenser
C17, Ci18, C20:

100 mnfd mica condenser
L1: Loop antenna, high-impedance

type, for broadcast coverage
L2: RF coil, iron core, shielded
L3: Oscillator broadcast coil,

tapped, iron core, shielded

L4: Input IF coil, 456 KC, sh'ld

L5:

P:

R1, R4:
R2:

However, adequate filtering is
A loop aerial is shown for

Output IF coil, 456 KC
6.3 V dial light

100K ohm 1/2 w. resistor
%90 ohm 1/2 w. resistor

R3, RH, R12, R14:

47K ohm 1/2 w. resistor

R6: 270 ohm 1/2 w. resistor
R7, R8, R13:

1000 ohm 1/2 w. resistor
R9: 470 ohm 1/2 w. resistor
R10, R16: 1 megohm 1/2 w. resistor
R11: 1500 ohm 2 w. resistor
R15: BOOK ohm volume control
S1: SPST switch
T1: Power transformer

300-0-300 V 50 MA,

6.3 V2 A
Sockets: 5§ octal (or miniature

7-pin)
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For the really ambitious constructor this frequency modulation tuner

having a range of from 88 to 108 megacycles is a good challenge.

It should

only be attempted if experience was gained by building a more simple tuner,
as many complications can arise unless extreme care is taken in the location
of parts and in the wiring operations. For example, it is advisable to
ground the mixer and oscillator stages at only one point to reduce losses.

It is also a good idea to place shields around all tubes (except the recti-
fier) to improve stability. Proper alignment is very necessary for this type
of tuner so be sure to follow the procedure under "Tuner Alignment". When

connected to a high-fidelity amplifier, the tone quality of the combination

can be truly fine.

Parts List

Ci: 2-gang variable condenser,
25 mmfd per section

C2, C3: 5 mmfd var. trimmer condenser
C4: 2 mmfd ceramic condenser
CH: 25.mnfd mica condenser

c6, C7, €8, C9, C21:

1000 mmfd ceramic condenser
c1o, C15, C17, C18, C19:

.01 mfd 400 V paper condenser
C11, Ci3:

20 mfd 450 V elec. condenser
C12, C14, C16, C20, C22:

.01 mfd 600 V paper condenser

L1: FM antenna coil, shielded
L2: FM osc. coil, tapped, shielded
L3, L4, Lb:
IF coil 10.7 mc, iron core
shielded
L6: IF discriminator coil, 10.7 mc,

iron core, shielded

NN

P: 6.3 V dial light
R1, R6, R10:

220 ohm 1/2 watt resistor
R2: 47K ohm 1/2 watt resistor
R3: 27K ohm 1/2 watt resistor
R4, R9, Rl1l: )

1000 ohm 1/2 watt resistor
R5: 4700 ohm 1 watt resistor
R7, R13:

27K ohm 1 watt resistor
R8: 1500 ohm 2 watt resistor
R12, R15, R16, R17:

100K ohm 1/2 watt resistor
R14: 100K ohm 1 watt resistor
R18: 68K ohm 1/2 watt resistor
R19: - 00K ohm volume control
S1i: SPST switch :
Ti: Power transformer, 300-0-

300 V 60 MA, 6.3 V 3 A
Sockets: 7 miniature 7-pin



TUNER ALIGNMENT

There are many methods of receiver alignment, some using elaborate
testing equipment and some the more simple varieties. In general, align-
ment accuracy will depend upon the accuracy of the equipment used; signal
generators, voltmeters, etc. However, in the absence of more elaborate test
equipment the following brief procedure can be followed in the alignment of
the tuners described.

The crystal and one tube broadcast tuners can be aligned without the aid
of any testing apparatus as follows. Tune in a station at the high frequency
end of the dial. (condenser plates open) and adjust both trimmers for best
volume and selectivity. Tracking should be fairly good over rest of the
dial.

The three and five tube broadcast tuners should use alignment equipment
consisting of a signal generator and a DC vacuum tube voltmeter (VTVM).
Follow this procedure.

1. Connect signal generator to control grid (terminal 8) of 6SA7 tube
through a .01 mfd condenser and turn modulation off. Connect VIVM
between test point P and ground (with positive lead grounded).

2. Set signal generator frequency to 456 KC and adjust all IF coil
trimmers for maximum VTVM output, holding generator output voltage
as low as possible.

3. Connect signal generator to antenna post through a 100 mmfd condenser
(if loop aerial used connect to grid of RF tube) and leave modu-
lation off. VIVM should be connected as in step 1.

4. Set signal generator frequency to 1500 KC and turn dial also to
1500 KC. Adjust oscillator trimmer to maximum VIVM output. Adjust
all RF trimmers for maximum output.

5. Reset frequency generator frequency to 600 KC and turn dial also to
600 KC. Adjust oscillator core adjustment to maximum VTVM output.
Adjust RF core adjustment for maximum output also.

6 Repeat steps 4 and 5 until good tracking is obtained over dial.

The seven tube frequency modulation tuner will require a signal gener-
ator having a top frequency range of 108 mc. :

1. Connect signal generator to control grid (terminal 1) of mixer tube
through a 100 mmfd condenser. Connect VIVM between test point P and
ground (with positive lead grounded).

2. Set signal generator frequency to 10.7 mc and adjust primary and
secondary cores of L3, L4, and L5 for maximum VIVM output.

3. Connect VIVM between terminal 1 of 6AL5 tube and ground. Adjust
the discriminator secondary core for zero VIVM output. Adjust the
discriminator primary core for maximum and equal deviation as the
signal generator frequency is varied from 10.5 to 10.9 mc.

4, Connect signal generator to antenna post through a very small
coupling condenser. Reconnect VIVM as in step 1.

5. Set signal generator frequency to 108 mc and condenser gang full
open. Adjust oscillator trimmer to maximum VTVM output. If two
indications are received choose the one on the higher dial setting.
Ad just mixer trimmer for maximum VIVM output
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1. Connect meter to output of oscillator (connection ~-1), vary
oscillator frequency over range and record at regular intervals,
including at 1000 cycles, the output voltage indicated.

2. Reconnect meter to speaker voice coil (connection -2), adjust
amplifier gain control for same output voltage at 1000 cycles as
in previous reading, and vary oscillator over same range as pre-

viously, recording the output voltages indicated.

3. Differences.in output readings between steps 1 and 2 can be trans-
lated into db's for an accurate picture of the fidelity of the

amplifier,




MI1CROPHONES

There are five types of microphones in common use today. Carbon,
Condenser, Crystal, Dynamic and Velocity microphones. The carbon, dynamic
and velocity types are essentially low impedance devices, and to connect
them to a high impedance source, a transformer is used. This transformer
is either contained in the microphone case or in the amplifier unit. Where
the transformer is external to the microphone case, long lines may be run
between the microphone and the amplifier with very little loss. If a high
impedance matching transformer is contained in the microphone case, or in
the case of the Crystal and Condenser microphones, only about 25 or 30 feet
of cable can be used without affecting the fidelity of the entire unit.

The carbon microphone is the most sensitive type of all; its voltage
output, especially at voice frequencies, is the greatest. Nevertheless
it has the disadvantage of being noisy in operation and has the poorest
frequency response curve., It also requires an external source of "button"
current to operate correctly which is not convenient for the ordinary re-
quirements of public address work.

The ve1001ty microphone is the least sensitive of all types but has
best frequency response. In using a veloc1ty microphone care must be taken
not to speak directly into it. A minimum distance of 8 1nches should be
maintained by the person speaking into it.

The crystal microphone has good frequency response, but because of its
fragility, caution must be exercised in its handling. Care must also be
taken with regard to its operation in high temperatures and high humidity..

The condenser microphone isan old type which has recently been revived
in modern dress. It is essentially an electrostatlc device with an inherent
tendency to be unstable.

The dynamic microphone is the sturdiest type of all, and if well con-
structed, has the advantage of ruggedness combined with good response. It
is probably the best all-around microphone for public address work.

Another type of microphone used specially in intercommunication systems
is the ordinary permanent-magnet type speaker (a form of dynamic microphone).
By means of switching, this speaker can be connected into the input or output
of an amplifier, making its application quite satisfactory as well as con-
venient.

In all cases, when connecting the microphone to the amplifier, it is
advisable to use low capacity shielded cable; otherwise hum may be picked
up in the line or the frequency response may be poor.



PHONOGRAPH PICKUPS
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Of the many methods of converting recorded sound on disc to correspona-
ing electrical impulses, the field seems to have narrowed to one of the three
diagrammed forms; magnetic, crystal and variable reluctance type pickups.
The magnetic pickup, if of good quality, has excellent frequency character-
istics and a low impedance output making it ideal for studio uses. Its
disadvantages are its relative expensiveness and the need of precise balanc-
ing due to its heavy magnetic head. By far the most used phonograph pickup
today is the crystal type. It is designed to develop a voltage proportional
to stylus movement, and in a high quality crystal cartridge this voltage
will average about 1/2 volt and a frequency top of about 10000 cycles. The
crystal cartridge however is very fragile, particularly in high temperature
ambients. It will not stand much mechanical abuse and will fracture in
almost every case if DC voltages are applied across its leads. The vari-
able reluctance pickup is a form of magnetic pickup without the encumber-
ing steel magnet assembly. Its output varies with the square of the fre-
quency of the stylus movement, consequently a frequency filter must be
built into its output circuit to compensate for the voltage per frequency
buildup. The output of the compensated variable reluctance pickup has
excellent frequency response, low gain and low noise level.

Going back once more to the crystal type pickup, it is advisable to
use the pickup as close as possible to the amplifier, in order not to lose
the higher frequencies. These pickups generally have a tendency to over-
accentuate the higher frequencies sometimes to the extent of reproducing
noise above the recording frequency level. It is best to put a "compen-
sating" filter usually consisting of a 100,000 ohm resistor in series with
a .001 mfd condenser across the output of the pickup in such cases.
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For proper output and fidelity matching the speakers to the output
transformer is very important. Most cone speakers are marked as to their
impedance, but if not, one can assume an 8 ohm voice coil for speakers having

a six inch diameter and larger cone, and 2 ohms for five inch and smaller
cones.

Matching is equally important if two or more equivalent speakers are -
used. For example, to parallel two 8 ohm speakers they should be matched
to a 4 ohm output transformer; in series the two 8 ohm speakers should be
matched to a 16 ohm transformer. For multiple speaker use it is important
that all units are in phase; that is, the instantaneous excursions of the
cones are all in the same direction. A simple method of phasing is to
connect a 1-1/2 volt dry cell to each voice coil in turn, noting thedirection
of cone movement at the instant of contact. With the voice coil leads
oriented so that all cones move in the same direction, the speakers then
are all in phase. '

Most of the speakers indicated for use in the amplifier diagrams are
cone type permanent-magnet speakers. These are low impedance types having
strong magnets for field supply. These speakers require only two wire leads
to connect to the voice coils. The leads need not be shielded, and for long
lines, AC type lamp cord or equal can be ideally used. Another type of cone
speaker is the dynamic speaker consisting of an electromagnet-type field
coil in place of the magnet. This field coil requires a direct current
through the coil to properly energize; the amount of “current requiread depend-
ing upon the required magnetic flux, which in turn is dependent upon the
power requirements of the speaker. This current may be furnished by the amp—
lifier if so designed. A few examples are shown in the amplifier diagrams.
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tions should prove helpful in identifying most parts and

This chart is a guide to commonly used types of elec- f
reading the schematic diagrams.

tronic components, The symbols and related illustra-
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