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ATWATER KENT RADIO
INTRODUCTION

1. . Purpose of Service Manual

The object of the Service Manual is to assist the
retailer of Atwater Kent radio products in giving prompt
and efficient service to the consumer-owner. Since in
accordance with our Radio Service Policy, service on
Atwater Kent radio products is to be handled by
Atwater Kent dealers and distributors only, this publi-
cation should be considered confidential and except in
special cases, is furnished only to regularly appointed
outlets of Atwater Kent radio merchandise.

2. Importance of Service

Service has “come into its own™ during the past few
years and its importance is continually becoming more
widely recognized. The value of prompt and courteous
service by the dealer cannot be over-emphasized. Serv-
ice is closely linked with sales—in fact the one depends
on the other. The radio dealer who has foresight will
build for the future by maintaining a neat and efficient
repair department and employing a competent service
personnel consistent with the size of his organization.
There is no better step toward building good-will - for
Atwater Kent products in his immediate locality. -~

3. Dealer Service Procedure

The dealer who has a reasonably well equipped service
shog will find that he is in a position to handle the
servicing of practically any set which comes to him for

repair, since the bulk of repairs will not be of a difficult
nature.

In the event that he is unable to perform a certain
repair, the set or unit should be returned to his local
distributor, who maintains a complete service depart-
ment similar to that of the factory. The distributor
will furnish his dealers with complete instructions for
return of material, such as making out of return report
blanks and other routine in connection with the handling
of service matters. )

4. Dealer’s Parts Stock

We- strongly urge that every dealer carry in stock a
supply of such repair parts as may be most commonly
required for the more popular types of Atwater Kent
sets and speakers. This will eliminate the possibility of
a dissatisfied customer, resulting from the delay neces-
sarily involved in ordering a part from the distributor.

Newly appointed dealers should consult their dis-
tributor regarding a suitable initial stock to be carried.

Repair parts must be purchased from the distributor.
No parts are sold direct from factory to dealer.

5. Repair Charges—Warranty Repairs
The charge on a repair job for the consumer, on a

set beyond the warranty, may be based on the con-

sumer price of the repair parts used, plus a charge for
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the time required, at a definite rate per hour. The
time charge will cover the time consumed in testing the

set when repaired, and in calling for and delivering the

set, if this is done.

Our factory warranty on new products, involves the..

replacement of parts defective in workmanship or mate-
rial, and covers a period of 90 days from date of sale
to the consumer.

6. Service Policy

A complete printed “Service Policy,” definitely out-
lining the factory’s plan on service matters, is sent once
a year to our distributors, and such information from
this as is required by the dealer will be passed on to
him by the distributor. A definite understanding be-
tween dealer and distributor on all matters pertaining
to service will be the means of preventing much conflict
and controversy. It cannot be too strongly urged that
all instructions from the distributor be carefully fol-
lowed, so that complete co-operation will exist. Written
instructions, such as bulletins, etc., should be kept handy
in a loose-leaf note book.

-

7. Service Literature

The dealer will do well to keep readily available, ALL
literature pertaining to service which comes into his
place of business. :

There are several excellent monthly radio trade pub-
lications which are invaluable to the retail dealer, both
from a sales and service standpoint. We believe the
small price of annual subscription to several of these
magazines will be more than repaid by the excellent
information and ideas they contain. .

Two or three good text books on radio will also not
be out of place on the dealer's book shelf. An easily
understandable book on the theory of radio and a prac-
tical book on general radio service and repairing are
suggested. .

8. Factory Service Course

One of the best ways in which the recognized-Atwater
Kent dealer (or his service man) caw familiarize him-
self more completely with the correct methods of serv-
icing Atwater Kent radio products, is to spend a week
or two in our factory Service Department. We have
mapped out a course of training to be followed in this
work, which completely covers the various steps in re-
pairing, assembling, and testing all models of our sets,
speakers, and power units. _

The service course takes ‘rom one to thsee weeks
depending on the ability of~fhe individual. There is

no charge for the instructions, but the dealer will nat-

urally furnish the transportatiori and living expenses
connected with this #Asit to Philadelphia. A letter of
introduction from the local distributor is required and
must be presented at the factory for identification
purposes.
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"'Knowledge of Theory Is Essential
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While the primary purpose of the Service Manual is
to give the dealer information about testing and repair-
ing Atwater Kent receiving sets, we believe that an
understanding of the fundamental principles of radio
and a knowledge of how our sets function will enable
him to perform this work more intelligently. It is, of
course, essential to know what to do to correct troubles,
but a knowledge of the theory and functioning of the
various units of the set will enable the repairman to
locate the trouble more readily. If an unusual condition
arises in a set, a repairman without a knowledge of the
principles involved, can correct the trouble by ‘“hit-or-
miss” methods only. The service man who has this
fundamental knowledge can analyze the condition and
then determine the remedy.

The Theory Section

The theory section of this manual is not a complete
course but it is intended for study in conjunction with
a good radio text book.

ATWATER KENT RADIO

THEORY SECTION

Studying Radio

It requires continual study, observation, and actual
experimenting to acquire a real understanding of radio.
Experimenting will drive home facts that might other-
wise be difficult to learn.

There are a few text books that give an outline for a
course of radio experiments which require only simple
and inexpensive equipment. For one who wants to
learn radio, there is no better way to do it than to
follow such an experimental course and supplement it
with diligent study of a good radio text book.

Elements In Radio Receiver

In addition to tubes and speakers, there are only four
general types of parts in a radio receiver: Condensers,
transformers, chokes, and resistors.

In order to know how a receiver functions, it is neces-
sary to understand the action of these parts on various
types of current. A table covering this subject is given
below, and more detailed information is given through-
out the theory section.

ACTION OF RADIO PARTS ON VARIOUS TYPES OF CURRENT

Name Action of Part on Current of:
of A.C.
Part D.C. - — - —_—
R.F. LF. A.F. -
Small Condensers, such as phone condensers, Do not - P Pass Do not
grid condensers, R. F. by-passes, etc. Pass ass Pass
Large Condensers, such as filter condensers, Do not T
_AF by-passes, ;:tc. |  Pass Pass __gass FaES
Resistors. - ) Oppose Oppose** Oppose | Oppose
R. F. Chokes or primaries of R. F. transformers. Pass Oppose Pass = Pass
L. F. Chokes or primaries of I. F. transformers. Pass _ Pass* Oppose Pass
A.F. Chokes or primaries of A. F. transformers. _ Pass Pass* Pass* Oppose
Secondary of A.F. Transformers, Pass ) Pass* - Pass* | Oppose
N Opposes R. F. of frequency to
Paralléi '.'E‘iuned R‘I:; Cl-fcmt' Passes which it is resonant. | Passes Passes
B _i 2 en_ser 2 corly) R | Passes other R.F. frequencies. - -
. == JpE——— Passes R.F. of frequency to
Seniscg;?geegsel}' fr;dcégﬂn)t‘ Dolt):s not which it is resonant. Opposes Opposes
’ - ase Opposes other frequencies, L .
0 Opposes I.F. of frequency to
Parallél '.'E‘iuned L F. Clqcmt. Passes Passes which it is resonant. Passes
— .( — ,"“E"M __ | Passes other I F. frequencies.
Series Tuned I. F. Circuit. Does not = Does not Pi;iﬁf:h Et I:‘S rggonf;::lctluency to Does not
(Condenser and coil.) Pass Pass : Pass

Opposes other I. F. frequencies.

*This is true only if the I. F. or A. F. choke has a rather large distributed capacity.

If the distributed capacity is small, an R. F. by-pass

condenser is connected across the choke when necessary.

** ¥n circuits carrying R. F. current, the effective value of a resistor will be reduced by the capacitance across the resistor terminals and its
connecting leads, etc.
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CONDENSERS

— Y 1L X
" 4y T 0T ™

Fixep Fixep CoNDENSERS  FIXED CONDENSERS ELECTROLYTIC V ARIABLE V ARIABLE CONDENSER : oo
CONDENSER IN SERIES IN PARALLEL CONDENSER CONDENSER wITH TRIMMER ~
_ When condensers are connected in parallel, the total capacitance The capacitance of a variable con- y
is equal to the sum of the values of all the condensers. When denser is greatest when the plates are
connected in series, the total capacitance is equal to the reciprocal meshed and lowest when the plates

. 1 are not meshed.
of the sum of the reciprocals or 1
C1 T c2

2 \F @ gé :
PHONE oRr PHONE or TRIM MER D (3
Grip CONDENSER  STOPPING CONDENSER (©)

CONDENSER
Mica Dierecrric (INsuLaTioN BETWEEN PLATES) By-Pass FiLrer CoNDENSER
CONDENSER ASSEMBLY FOR V ARIABLE CONDENSER
Power Unrr AIrR DIELECTRIC

The movable plates com-
prise the rotor, and the sta-
tionary plates comprise the

CHOKES stator.

i@ g

TinroiL PLaTES AXD Parer DIELECTRIC

R.F. Croke CoiL A.F. Cuoke CoILs Tappep R.F. V ARIOMETER V ARIOMETER
Orrers A Hicn OFfFErR A HicH INDUCTANCE or CONTINUOUSLY The movable coil is the
EFFEcTIVE RESISTANCE ErrecrivE RESISTANCE V ARIABLE INDUCTANCE rotor, and the stationary
or IMPEDANCE TO oR IMPEDANCE TO coil is the stator.
R.F. Current A.F. CURRENT

TRANSFORMERS

>
> o«
o >
> = < < 3
[ 4 © o = z
< a z = [
= [=] Q o« Q
'3 z 8 a %
a 8 @
w
o
R. F. Vario-CoUPLER OR TunNep R.F. TRANSFORMER R.F. TRANSFORMER

TRANSFORMER WITH TAPPED PRIMARY WITH V ARIABLE CONDEN SER

SECONDARY

PRIMARY
—00090 —
SECONDARY
PRIMARY
SECON.DARY
l
PRIMARY
SEC,

Aubio-FreQUENCY INpuTr A.F. Qurpur A.F. Aupio-FREQUENCY Surerpep R.F.
TRANSFORMER TRANSFORMER TRANSFORMER TRANSFORMER TRANSFORMER
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SPEAKERS

PUTY

Horn CoNE INpUCTOR-TYPE
SPEAKER SPEAKER SPEAKER
SWITCHES
! (o
e ==
__o O_

i

Four-Point SINGLE-PoLE THREE-PoLE
Tap Swircu SINGLE-THROW  SINGLE-THROW

(S.P-S.T)) (T.P-S.T)

Four-Poinr
Tap SwircH

ANTENNA OR
AEr1AL (Inside or
Outside Types)

GROUND OR
EArTH

SINGLE-PoLE
DousLe-T HROW
(S.P-D.T)

CHAss1S CONNECTION

(Connection_ to metal
frame of set)

DraL LicHT to
illuminate dial, or
Prror LicHT to
indicate when
current is on or off

CRYSTAL
DEerECTOR

CURRENT OR
Vorrace MEeTER

Fusk, used to prevent

damage that might
result from overload

(N

MISCELLANEOUS

WIRES Crossep,
No ConNEcTION

WIRES
CoNNECTED

Twistep
Pamr

SHIELDED
Leap

Direcr Current
Motor or
GENERATOR

A.C. Moror or
GENERATOR

SiNE WavVE, symbol

for alternating
current or cycles

5

VOICE coiL
FIELO
colL
IE
O
3
r
o
£
(=]
U

ELECTRO-DYNAMIC
SPEAKER wITH
LECTRO- M AGNET

X

SINGLE-PoLE
DousLe-THROW
(S.P-D.T.)

DousLE-Porg
DousLE-T rrow
SwircH

VOICE COIL
=4 =
52////” ]
zw <
zZz ©

o =
-3
"E(\ <
& a

CENTER
POLE
PIECE

ELECTRO-DYNAMIC
SPEAKER WITH
PERMANENT MAGNET

—0 | O O0——

DousLe-PoLe
DousLe-T srow
(D.P.-D.T)

(D.P.-D.T.)

1

L
b

Reray. A relay may be
regarded as an electrically-
operated switch. There
are numerous varieties.

PHONOGRAPH PICK-Up.
The pick-up generates a
weak current correspond-
ing to the image of the
sound waves cut in the
grooves on a phonograph
record.

BartEry, storage or dry
types.

BATTERY IN SERIES. The
total voltage equals the
sum of the voltages of
all the cells.

BATTERIES 1N

T = =

o T T

PARALLEL. The
total voltage is
the voltage of

ol

one hranch.




: ATWATER KENT RADIO

RESISTANCE AND VOLTAGE DROP

When analyzing trouble in a radio set, it
is very helpful to have a clear idea of the
relations between current, voltage and re-
sistance in D. C. circuits. We therefore
recommend close study of the diagrams and

woov. pules on this and the following page.

AMMETER

S o

POTENTIO- RHEOSTAT OR
METER PoTENTIOMBTER

ADJUSTABLE RESISTORS

3

=3

<
RESISTOR

RHEOSTAT

Voltage (electro-motive force or e.m.f)
is the pressure in an electrical circuit. The
unit of pressure is the volt.

Current is rate of flow of electricity
through the circuit. The unit of current is
the ampere.

Resistance is the opposition a circuit offers
to the flow of current. The unit of resistance
* is the ohm.

Fixep TUBULAR FLEXIBLE Wire-WoUND
RESISTOR RESISTOR RESISTOR REsisTOR
FIXED RESISTORS

The relations between these units are given
on the next page.

If we apply the rule regarding current to
the three lower circuits shown in Figure 3,
we find that in each case the current is two
amperes (100 volts divided by 50 ohms
cquals 2 amperes). An example of parallel
resistance is shown in Figure 3-A.

PorEnTIoMETER. The
potentiometer or voltage
divider is usually a resistor
with an adjustable contact
connected as shown at the left.
It is used to secure any inter- -
mediate voltage from zero
to maximum from a given
source. In the circuit, when
__the slider is at the bottom
of the resistor, the output
voltage is zero. When the
slider is at fhe top of the
resistor, the output voltage is maximum. The
potentiometer may be used in D.C, A.F, LF,,
or R.F. circuits.

In a series circuit, the voltage across one
~ part may be easily determined if we know
the total resistance and the voltage in the
circuit: First find the percentage that the
resistance of the particular part has to the
total resistance. The voltage across that part
is that same percentage of the total voltage.
Thus assume that in the bottom circuit of
Figute 3, we want to know the voltage across
the 5 ohm resistor. We know the total re
sistance is 50 ohms. Five ohms is 10% of
the total resistance. In turn, 10% of the
> 4. total voltage is 10 volts, which is the voltage
> L across the 5-ohm resistor.

FILAMENT- SHUNT RESISTOR
with centre tap. This is con-
nected across A. C.-operated
filaments and the grid-return
leads of the tubes are connected
to the centre tap. The purpose of
the resistor is to minimize hum.

2
AMPS.

Fic. 3 (Above.) Ina Series Circuit,
the Voltage Across One Resistor is
to the Total Voltage as the Value of
that Resistor is to the Total Resist-
ance. This is explained in the text.
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Fic. 3-A. REsisTors IN PARALLEL. When
resistors are connected in parallel across a
known voltage, the current through each re-
sistor may be calculated separately (I:-% )-
The total current equals the sum of the cur-
rents through the various resistors.
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ATWATER KENT RADIO

Resistance and Voltage Drop (Continued)

FROM - F1
——pON RECTIFIER_+B

VOLTS = AMPERES X OHMS

—
(E = I X R) FILTE"RQC;‘OKE 40v.
’ AMPERES = VOLTS - OHMS i
(I=V+R) +§
. FILTER CHOKE 2BV
OHMS = VOLTS — AMPERES No. 2
+
POWER (WATTS) = VOLTS X AMPERES .
W=vx A) RESISTOR bv.
2 or —st
"} POWER (WATTS) = AMPERES SQUARED x
. OHMS (W=1Ix1I X R) DET. CouPLING A
8 -
; ‘ Total value of =1
1 resistances in series = Rl + R2 + R3, etc.
= oo 2';““;(55 SLIGHT
a Total value of 1 I
i resistances in parallel = - —=1
1 1 1 1
- —_— , @
'f?* . R1 * R2 + R3 e OeReTan 100v.
\ ) R1, R2, R3, etc., are the values of the separate resistors,
: et
DETECTOR
BIAS RESISTOR 13v,
{—3t
.
.:7 . ) I_— ?+\ o 86v.
3 ohms g ' 2o i
g 15 j\J- !

TRANSFORMER

6000
OHMS

140V, ——af

Fic. 4-A. Vorrace Distriution IN DEIECTOR PLATE
Circurr or MopeL 55,
When making voltage measurements and dia osing trouble

in case of incorrect voltage, it is extremely hg:ipful to haye
f a clear idea of voltage drop across Tesistors in a series circuit,

' 3000 3
+ L 4
- FROM CENTER TAP OF —— B
g HIGH-VOLTAGE
Mamm]
| %

Practically all radio troub e-shooting consists of simple D. C.
voltage measurements.

t is important to Temember that when measuring across

1000 S an open resistor in a series circuit, the voltmeter completes
OHMS § the circuit and if the normal value of the resistor and the
resistance of the meter are somewhat alike, the voltage read-

1 Ing may be very nearly correct.
Iso it is important to remember that the voltmeter resist-
3 2 ance will affect the resistance of the circuit and in general
;" will make tlhe mea’i‘l;lred ¥olt§ge5 low?r th?n tfhe tiormal
: operating ' vo tage. us, if the 0-volt scale o a 1,000-
’ > F1c. 4. Vorrace DistrIBUTION AcRross 4 SERIES OF RESISTORS, ogm_p"_von meter (in’ which case. St poile sesintan e o
The 1,000-0hm resistor is 1/13 of the total circuit resistance, so the 50,000 ohms) is used to measure the voltage across a
g voltage across it is 1/13 of the total voltage, or 20 volts, The first 50,000-0hm resistor in 3, Series circuit containing other

N . resistors, the effective resista e i duced to 25,000 oh
two resistors, totaling 7,000 ohms, represent 7/13 of the total resistance, 4 b Ei y d voltagsistance is reduc 2 o Shms

and the measured voltage will be correspondingly lower thap ,.
so the voltage across them is 7/13 of 260, or 140 volts: . the actual voltage,
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ATWATER KENT RADIO

INDUCTANCE, CAPACITANCE, REACTANCE AND IMPEDANCE

condensers are connected in series, the total capacitance
is .00025 mfd.
The total capacifance of condensers connected in parallel

Inductance

A coil of wire is an inductor and it provides a property
termed inductance. The inductance depends, among other
things, on the number of turns of wire, the size of the coil,
and whether the core is magnetic or non-magnetic.

A small number of turns provide a small inductance. A
large number of turns provide a large inductance. A mag-
netic core increases the inductance.

The unit of inductance is the henry.

The total inductance of inductors connected in series or
in parallel (without any couplings between them and neg-
ligible resistance) is calculated the same as for resistors (see
Page 7).

Capacitance

Two conducting plates separated by an insulator com-
prises a condenser. A condenser provides a property termed
capacitance. The capacitance depends, among other things,
on the area of the plates, the distance between the plates,
and the nature of the insulation (dielectric) between the
plates.

The capacitance may be increased by increasing the area
of the plates or by decreasing the distance between them.
For a given distance between the plates, a paper or mica
dielectric gives a higher capacitance than air.

The unit of capacitance is the farad. In radio work the
unit commonly used is the micro-farad (mfd.) which is
one-millionth of a farad.

A9 . .
The total capacitance of condensers connected in series

equals C1 4 C2, etc. Thus if two .0005 micro-farad (mfd.)

equals C1 4+ C2, etc.

Thus if two .0005 mfd. condensers

are connected in parallel, the total capacitance is .001 mfd.

Reactance

The opposition offered by a condenser or inductor to the
flow of an alternating current is termed the reactance. In
a condenser, it is capacitive reactance. In an inductor, it
is inductive reactance.

The reactance of a condenser decreases as the frequency
of the applied voltage increases.

The capacitive

reactance =
in ohms.

1

6.28 X frequency in X capacitance

cycles/sec. in farads.

The reactance of an inductor increases as the frequency
of the applied voltage increases.

The inductive
reactance = 6.28 X frequency in X inductance
in ohms.

cycles/sec. in henries.

The total reactance of inductors in parallel or series, or
the reactance of condensers in parallel or series, is calcu-
lated in the same way as for resistors (see Page 7).

Impedance

Impedance is the effective resistance or opposition that
a circuit or part offers to the flow of alternating current.
Impedance is calculated from the resistance and reactance
of the circuit or part.

ELECTRO-MAGNETIC FREQUENCY SPECTRUM

Approximate

Name Wave Length
“Cosmic” Rays, X-Rays and Invisible Qe
Ultra-Violet Waves. ) Extremely Sho“rt
. . From Violet 0.000039 cm.
Visible Waves. To Red 0.000077 cm.

|

Approximate
Frequency in

| Approximate
| Number of 10-Kilocycle

Kilocycles Per Second | “Channels” in Each Range

Extremely High

]

769,000,000,000
389,600,000,000

37,940,000,000

{ —

From 0.000077 cm. 389,600,000,000
Infra-red and Heat Waves. [ To 0.006 cm. 5,000,000,000 38,460,000,000
Long Heat Waves. I About 0.006 cm. 5,000,000,000 4
Shortest Radio Wave Commonly Used. 5 Meters (500 cms.) _ 60.000 99,994,000
o . From 5 meters 60,000 = —
Short Radio Waves. To 200 meters 1,500 - 5,850
- N | n 200 rs ] - =
Broadcast Radio Waves. B g‘gojn _§25 ;:::::: 1,2(5)8 95
En T From 545 meters - - 550 = =
Long IShip-Shore Stations, etc. | To 2,500 meters 120 f 43
léédlo High-Powered International | From 2,500 meters 120 o T
aves Stations, etc.  _To 30,000 meters i 10 1
Py . From 30,000 meters 10 (10,000 cycles)
Audio Frequencies To 18,750,000 meters 016 (16 cycles) 1
AUDIO-FREQUENCY RANGE OF A FEW
MUSICAL INSTRUMENTS PREFIXES
Name | Approximate Range Deci- — one-tenth.
o ( Piano 16 to 5,200 cycles. s — 5
?rtl?tr:gments{ Violin . 1 192 to 3,072 cycles. Centi = one-hundredth.
| Bass Viol |~ 40 to 240 cycles. Mil- or Milli- = one-thousandth.
Wind { 1[3‘ass Tuba 133 to gég cyc}es. " . 2
Trumpet to cycles. icro- — one-millionth.
Eristruments Piccolo 512 to 4,608 cycles.
Bass 80 to 340 cycles. Kilo- — 1,000 times.
I{,lg;:ean {Tenor 128 to 480 cycles. ]
Soprano 240 to 1.152 cycles.
June, 1931 8
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ATWATER KENT RADIO
MODULATED DIRECT CURRENT

If the voltage or current of a direct-current circuit remains at
one wzalue it is termed smooth direct current. If the voltage or
current does not remain constant but varies up and down, it is
termed pulsating or modulated direct current.

Some form of modulated direct current is present in the grid and
plate circusts of practically every tube in a radio receiver, consequently
it is very important to understand the nature of this type of current.

_The drawings on this page illus_trate the nature of modulated
direct current by showing how a direct current and an alternating
current (A, C.) may be combined to produce modulated direct
current,

N L]
. At the top is a graph of the voltage of a battery. The voltage
1s six, and it remains at this value during the time indicated,

In the second drawing, two six-volt batteries are connected in

series, The total voltage is twelve, and it maintains this value
for the time indicated.

The third drawing shows two cycles of a four-volt sixty-cycle
alternating-current supply. It will be seen that the voltage starts
from zero, rises to a positive peak of 5.6 volts (the peak is about
1.4 times the effective value, as described on Page 11), decreases
to zero, then increases to a negative peak of 5.6 volts, and returns
to zero. This completes one cycle and requires Yo of a second.

If a direct current and a lower-value alternating current are
combined in one circuit, the result is a modulated direct current.

Thus in the fourth drawing, four-volts A, C. and six-volts D. C.
are connected in series. The battery voltage remains constant
but the A. C. voltage varies between -+5.6 volts and —5.6 volts.
At any particular instant the total voltage is equal to the sum
of the battery voltage and the voltage of the A, C. at that par-
ticular instant.

When the A. C. voltage is zero, the total voltage is 6 + 0 or
6 volts. When the A. C. voltage is at its positive peak, the total
voltage is 6 4 5.6 volts or 11.6 volts, When the A. C. voltage is
at its negative peak, the total voltage is 6 4+ (— 5.6) volts or + 4
volts. The voltage across the resistor therefor varies between a
minimum of 4 .4 volts and a maximum of -!;11.6 volts,

Modulated direct current may be compared to a cross section
of the ocean. The depth of the water represents the D. C.
voltage, and the waves on top represent the A. C. voltage. If
the A. C. component (portion) is small compared to the D. C.
component, we say that the D. C. voltage has an A. C. ripple.
The terms pulsation, modulation, and ripple are sometimes used
interchangeably.

In radio circuits, the A. C. component is the only useful part
of modulated D. C. If we want to rock a boat, we need high
waves but the depth of the water is not so important: Waves ten
feet high in water twenty feet deep will rock a boat just as much
as waves ten feet high in water 1,000 feet deep.

When we speak of the A. C, voltage on the grid or plate of a

tube, we mean the A.C. component of the modulated D. C. volt-

age in the grid or plate circuit.

In order to keep the grid negative at all times we use a
negative “bias” voltage of slightly greater value than the highest
allowable positive voltage peak of the applied A..C. signal. Under
these conditions the grid voltage never swings positive,

In the plate circuit of a tube, the action of the applied grid
voltage is to increase and decrease the internal plate-cathode
resistance, thus correspondingly ihcreasing or decreasing the plate
current above and below its normal value, but the plate current

of a normally-operated tube never reverses,

It should be understood that the modulation does not have to
be plain A. C.; it may be an irregular pulsation. The frequency
may be R. F,, I. F. or A. F. and these may be modulated by a
lower frequency as explained on the next page.

9
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MODULATED RADIO FREQUENCY
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In alternating current (A. C.) the polarity
or positive and negative terminals reverse
periodically. Thus one terminal of an A.C.
generator is first positive with respect to the
other terminal, then it changes to negative,
then back to positive, and so on. The
polarity alternates.

The term negative in reference to A.C.
does NOT mean less than nothing. Nega-
tive merecly means that the polarity of the
voltage is reversed. The negative peak has
the same force as the positive peak.

The value of an alternating current is con-
tinually changing. When we speak of four
volts A.C, we mean the effective value
which is equal to the value of a direct cur-
rent that would produce the same heating
effect. Actually the peak of a sine wave of
alternating current is approximately 1.4 times
the effective value. The effective value is
approximately .7 of the peak. '

A cycle of A.C. is the action in which the
current starts from zero, passes through one
peak, then through the reverse peak, and
returns to zero.

An alternation is half of a cycle.

Frequency is the number of cycles in a
given time, usually one second. Radio fre-
quencies are generally expressed in kilocycles
(K. C.) per-second. One K. C. equals 1,000
cycles.

" The speed of electro-magnetic waves is ap-
proximately 186,000 miles or 300,000,000
meters per second.

In an electro-magnetic wave of one cycle-
per-second, the beginning of the cycle will
be one second or 300,000,000 meters away
from the end of the cycle so the wave length
is 300,000,000 meters. If there are two
cycles-per-second, the beginning of a cycle
will be one-half second or 150,000,000 meters
away from the end of the cycle. If there
are 1,000,000 cycles-per-second, the: wave-
length is 300 meters, and so on. Frequency
may be converted to wavelength and vice
versa as follows:
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Modulated Radio Frequency (Continued)

Wavelength in meters — 300,000 divided by frequency
in kilocycles. :

Frequency in kilocycles — 300,000 divided by wave-
length in meters.

Electro-magnetic frequencies cover from less than one
cycle-per-second up to trillions of cycles-per-second. A
table of electro-magnetic frequencies will be found else-
where in this section. The particular range of frequencies
used in radio has been chosen because it is best suited for
this work.” However, higher frequencies than those in the
radio range, such as invisible infra-red frequencies and
visible light frequencies can and have been used for trans-
mission as carriers of voice impulses.

If the peak voltage or amplitude of an alternating’ current
remains constant, it is usually termed a continuous wave
(C.W.). If the peak voltage or amplitude of an alter-
nating current does not remain constant, but varies up and
down from its effective value, it is termed modulated alter-
nating current.

In radio we are mostly concerned with radio-frequency

energy modulated at an audio frequency rate.

The process of modulation is illustrated in Figure -6-A.
The second graph represents unmodulated R. F. Note that
the peak voltage of each alternation remains constant. In
radio telephony, the unmodulated R.F. is termed the
carrier. When the carrier is modulated, the peak voltage
changes up and down from its normal value as shown in

“the bottom graph.

The R.F. carrier is inaudible; even if the loud speaker
could respond to such high frequencies, they would be out-
side the range of our hearing.

It is the audio modulation or change in amplitude (volt-
age or intensity) of the carrier that produces audible sound
in the speaker after Passing through the receiver. The
greater the percentage of modulation or change in ampli-
tude, the louder the audible response.

The percentage of modulation is the ratio of half the
difference between the maximum and minimum ampli-
tudes of a modulated wave to the average amplitude, ex-
pressed in per cent.

In the bottom graph, Figure 6-A, the modulation is 5 0%.
To get 100% modulation, the carrier would have to change
from zero up to twice its normal (unmodulated) value.

Detection
After the modulated R.F. signal has been received, it
must be rectified before it can be used to produce sound.

Rectification is accomplished by the detector which sup-
presses the effects of one side of the R. F. alternations, and
allows the audio modulation of the remaining side to affect
the phones or audio amplifier.
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ANTENNA

RADID FREQUENCY
TRANSFORMER

CRYSTAL
OETECTOR

TUNING
CONDENSER

Fic. 7. ELEMENTARY

Recevine Circurr, Com- /
PRISING AN INDUCTIVELY
CourLep - R. F. Tgans-
FORMER WITH TUNED
SECONDARY Circurr, a
CrysTAL DETECTOR AND
HEeap-PHONES.

An elementary receiving circuit requires an antenna
and ground circuit to pick-up energy from the passing
electro-magnetic waves, a tuner to select the energy of
the desired frequency, a detector to rectify the signal,
and a sound reproducer to convert the modulation of
the rectified signal into sound.

The signal may be amplified either before or after it
is rectified, or both. If amplified before, it is a radio-
frequency amplifier. Tf amplified after, it is an ‘audio-
frequency amplifier.
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TRANSFORMER
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PHONES

TUNING
CONDENSER

GROUND

Lo

F1c. 7-A.  AuTo-TRANSFORMER Tyee ofF CoupLING I1s
Usep Aove.
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MODU&%%SIE?GNAL /iECTIFIED SIG/N\AL
PHONES RESPOND TO THE

AUDIO FREQUENCY
VARIATION

TUNER OETECTOR PHONES

Frc. 7-B. THE DETECTOR SERVES T0 CuTr OFF ONE SiDE
of THE R. F. ALTERNATIONS.
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" TUBE SYMBOLS AND SOCKET IDENTIFICATION

) RLATE ) [~ PLATE
e e L > Tasgoe (Lo Eusms) Hayon
SN T Rl siti The TYPE Tuse. Detector, 'amphﬁer, and os-
ycle w sic PAtE 1S poSitive, cillator. The '27 tube is an example of
current flow is only in one direction, or — this t
rectified. i GHlo s type.
FILAMENT CATHODE FILAMENT
PLATES FuLL-Wave Recririer.  When con- TeTROPE (Four-ELEMENT) SCREEN-
nected as shown in Fig. 22, on Page 24, Grip PraiN-FiLaMeENT-TypE Tuse. This
current passes in the same direction tube is used for radio-frequency or inter-
through the tube during each half-cycle mediate-frequency amplification. It pro-
of the alternating-current supply. One vides much greater amplification than
plate functions during one-half cycle, and corresponding triode tubes. It is also
the other plate functions during the next employed as a detector. The ’22 tube is
FILAMENT  half-cycle. of this type.
PLATE
Tr1opE (THRee-ELeMeENT) PraIn- SCREEN TerropE  (Four-ELEMENT) SCREEN-
ohilh FiLament Tuse. This type of tube is GRID GRID Grip Heater-Tyee Tuse. Used as am-
used as amplifier, detector and oscillator. plifier or detector in R.F. or L. F. cir-
few examples of this type are the '199, cuits with A. C.-filament supply. The '24
— orio  '201-A, ’226 and ’'245. COMTROL  tube is an example of this type.
ENT CATHODE FILAMENT

CATHODE
GRID

SCREEN- \
GRID

CONTROL
GRID

PentTopE  (Five-ELEMENT)  SCREEN-
Grip PLAIN-F1iLaMENT Type TuBe. Used
as a power output tube. Provides high
amplification and high power output.

MENT

AMPLIFICATION Factor: A measure of the effectiveness of
the grid voltage relative to that of the plate voltage in affecting
the plate current.

Power AMPLIFICATION : The ratio of the alternating-current
power produced in the output circuit to the alternating-current
power supplied to the input circuit.

MuruaL Conpuctance: The ratio of the change in plate
current to the change in grid potential producing it, under the
condition of constant plate voltage.

VoLTAGE AMPLIFICATION : The ratio of the alternating voltage
produced at the output terminals of an amplifier to the alter-
nating voltage impressed at the input terminals.

—F  4F —F  +F " o FooF
O O +F P o 0 g cG> Po cP> O O
coO o C o cO oF o o
) s P
o) O o 0 O O O O o
s ~F s G +F - F1 F2 g
;- Heater-Type Battery-Type Heater-Type Plain Filament Full-Wave Plain Filament
3 A.C. (D.C) A.C) (A.C. or D.C) Rectifier (A.C.or D.C)
Screen-Grid Screen-Grid Three-Element Three-Element Tube Five-Element
Four-Element Four-Element Tube . Tube Pentode

Tube Tube

SOCKET CONNECTIONS FROM BOTTOM
On some sockets, the 4-F and —F are reversed.
The markings —F, and +F on A C. sockets are used only for identification purposes, as the A. C. filaments have no fixed polarity.
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RADIO TUBES

A radio tube may be thought of as an ultra-sensitive
relay that will operate from exceedingly small input
power of direct voltage, or alternating voltage of any
frequency, and release locally-supplied energy of much
greater intensity than the input power.

But even the very best mechanical relay could not
begin to duplicate the versatile and amazing properties
of a radio tube.

The radio tube has no mechanical action; the input
voltage, without loss to itself, controls a stream of elec-
trons inside the tube, which is caused to flow by a local
source of electrical energy.

(a) Elements in Radio Tube

In a three-element tube such as the 201-A, 226,
171-A, 245, 250, etc., there are three elements or elec-
trodes (see Fig. 10):

1. The filament, which is heated by a low-voltage
source of electricity, emits or gives off electrons, which
have a negative charge of eléctricity.

2. The plate, which is maintained at a high positive
voltage with respect to the filament, surrounds the fila-
ment and it attracts the negatively-charged electrons, so
that a stream of electrons flows from the filament to
the plate.

This stream of electrons provides a path for current
to pass from the plate to the filament. The strength of

* RELAY

SMALL

INPUT

RADIO TUBE

this plate-circuit current depends on the number of elec-
trons flowing from filament to plate.

Increasing the electron-flow increases the plate-circuit
current; decreasing the electron-flow decreases the plate-
circuit current.

3. The grid, which is placed between the filament and
plate, acts to control the number of electrons flowing
from the filament to the plate; this control is exercised
by the voltage on the grid with respect to its filament.

When the grid voltage is made negative with respect
to the filament, the grid repels the electrons from the
filament and therefore diminishes the flow of electrons
from filament to plate. This decreases the plate-circuit
current.

When the grid voltage is made less negative with
respect to its filament, the repelling action of the grid
on the electrons becomes less, consequently more elec-
trons flow from filament to plate. This increases the
plate-circuit current.

The grid, through the action of its voltage, acts as a
gate or valve to control the flow of electrons from fila-
ment to plate, and it thus exercises complete control on
the plate-circuit current.

There is no time-lag in this control. Even if the grid
voltage varies up and down millions of times each sec-
ond, it will produce a corresponding variation in the
plate-circuit current.

L
A.C ~J

ELECTRON RELAY/'

LARGE
A.C.
OUTPUT
. 8
GULSATING >
c
—/
~ LARGE
< A. C.
~3 OUTPUT
BaE
Se, Wy
.
<
o
a LN
-_ +

B

F16. 9. Awnarocy BerweeN MECHANICAL Reray anp Rapro Tusk.
In the top view a mechanical relay operating from a low input voltage, controls a large output by varying the value of a resistor in the output

circuit.

June, 1931

This is analogous to the action of a radio tube in which a small input voltage on the grid controls the internal plate-to-filament resistance
and thus produces a large output from the local ‘B’ supply.
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ATWATER KENT RADIO
Radio Tubes (Continued)

The plate-circuit current follows the form of the grid
voltage very closely, so that the output of the tube is a
close duplicate of the input energy. In other words,
when the tube is properly operated, there is no distor-
tion.

For battery-operated tubes, three batteries are used:

1. The “A” or filament battery, which heats the
filament.

2. The “B” or plate-circuit battery, which makes the
plate positive with respect to the filament.

3. The “C” or grid-bias battery, which is used for
the reasons given below.

(b) Necessity for Negative Grid Bias

If the grid voltage becomes even slightly positive with
respect to the filament (or cathode), electrons will flow
from filament to grid, and current will pass from grid
to filament.

This is equivalent to placing a varying resistance load
across the grid (input) circuit at such moments that the
grid is positive.

If this condition exists in an audio-frequency ampli-
fier, it produces distortion and decreased amplification.
In a radio-frequency amplifier, it produces decreased
amplification and broadened tuning.

For these reasons it is imperative in an amplifying-
tube circuit that the grid be kept negative with respect
to the filament (or cathode) at all times.

The negative bias must not be too great, otherwise
another form of distortion will occur. The correct bias
is determined from the characteristics of the tube at the
opcrating voltages.

(¢) A. C.Filament Type of Three-Element Tube

As the number of electrons emitted by the filament
depends on the temperature of the filament, it is im-

INPUT CIRCUIT
OUTPUT CIRCUIT

—|I |}?

| IL ¢ I
| N
PLATE CIRCUIT
BY-PASS

——pE A

Fic. 10. THREE-ELEMENT Vacuum-Tuse CIRCUIT WIT
PrLaiN FiLAMENT. :
The output, or plate circuit, is shown in heavy lines.
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portant that the filament temperature be maintained
constant, otherwise an undesired variation in the plate-
circuit current will be produced.

Also, changes of voltage at any point on the filament
is equivalent to changing the grid voltage with respect
to that point on the filament. This will produce an
undesired variation in the electron flow. This condition
is encountered if we use a high A.C. voltage to heat
the filament.

Therefore in A. C.-filament tubes, the filament is de-
signed to operate at low voltages and also to have slow
heating qualities. In these tubes, the change in voltage
at any point on the filament is so small that its effect
on the electron flow is very slight.

(d) Heater-Type Tubes

The heater-type tube is a considerable improvement
over the plain A. C.-filament tube in the reduction or
climination of hum.

The heater-type tube has a filament inside a porcelain
tube. A “cathode” surrounds the porcelain tube. It
consists of a cylinder of metal on which is deposited a
substance which freely emits electrons when heated.

The filament heats the cathode. The cathode, when
heated, gives off electrons. The filament and cathode
may be regarded as one element.

Owing to the construction of the cathode, it mair-
tains a constant temperature and the same voltage all
over, even when A. C. is used to heat the filament.

The electrons emitted by the cathode are attracted
to the plate, and this flow of electrons is controlled by
the grid in the manner previously described.

The symbol for a heater-type three-element vacuum-
tube is shown in Fig. 11.

PWATE

CATHODE FILAMENT

A.C, FIL. SUPPLY

INPUT CIRCUIT
OUTPUT CIRCUIT

———

BIAS BY-PASS <

7

BIAS RESISTOR

PLATE CIRCUIT
BY-PASS

Fic. 11. HeATER-TYPE THREe-ELEMENT VacuuM-TUBE
Circurr.
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Radio Tubes (Continued)

{e) Screen-Grid Tubes

The screen-grid tube is similar in construction to the
regular three-element tube, except that an additional
element, the screen, or screen-grid has been added. This
screen, in the form of a spiral of wire, is placed between
the control-grid and the plate. The screen also covers
the top and the outside of the plate, and the bottom of
the control-grid, thus completely shielding the control-
grid from the plate.

The symbol for a plain-filament type of screen-grid
tube is shown in Fig. 12.°

In this diagram it will be noted that the screen is
maintained at a positive voltage with respect to the
filament.

Electrons, attracted by the positive charge on the
screen flow from the filament and pass through the
spaces between the wires of the control grid. Most of
these electrons pass through the spaces in the screen
wires and, owing to the high plate voltage, go to the
plate.

The sensitivity or amplification of the screen-grid tube
depends, among other things, on the screen voltage.
Greatest amplification is secured when the screen is
operated at its maximum rated value. The amplification
decreases as the screen voltage is decreased. By making
the screen voltage gdjustable, the output volume of the
set may be controlled. The methods of obtaining suit-
able ranges of screen voltage are described later.

" For radio-frequency amplification the screen-grid tube
has two very important advantages over the ordinary
three-element tube.

First: In a three-element tube, at a given moment
while a signal is being received, the following action
takes place:

(1) (2) (3) (4)
When the the electron but the and this tends to
control-grid flow plate increase the elec-
becomes more decreases— voltage tron flow.
increases—

negative—

e SCREEN g
2 [%3
2 FILAMENT g
o
- 5
2 A. £
z =l
) =i ;
ae-'ii:ss soReen "“‘55-‘3'!\'22””
7}
S S N
VOLUME
CONTROL
H|ijif e fi—
C. B

Fic. 12. Four-ELEMENT (ScrREEN-GRID) VacuuMm-TUBE
Circurr wiTH PLAIN FILAMENT. :
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From this it will be seen that (2) and (4) oppose
each other, thus limiting the available amplification of
the tube. (This opposition is present also when the
control-grid is becoming less negative.)

In a screen-grid tube, the action is different:

1) 2) (3) (4)
When the the electron and the but, owing to the influ-

control-grid flow voltage on ence of the screen, the
becomes more decreases— the plate increase of plate volt-
negative— increases— age does not tend to

increase the flow
of electrons.

Therefore, in the screen-grid tube, there is negligible
opposition to the control by the grid of the electron
stream. As a result, the available amplification is in-
creased.

The action of the screen in shielding the electron
stream in the tube from voltage changes on the plate is
the main reason why the actual R.F. amplification of
the screen-grid tube is rated at about 50, compared to
about 8 for the old-style three-element tube.

Second: The high amplification of the screen-grid
tube could not be utilized in R. F. circuits if it were not
for the fact that the screen also eliminates capacity
coupling between the plate and grid electrodes within
the tube, and thus prevents the possibility of feed-back
between these two elements.

A more detailed explanation of this action is given
on Pages 7 to 14, inclusive, of a booklet (Ser. D. 59)
entitled “A Description of the New Atwater Kent
Screen-Grid Receivers.”

(f) The Pentode Tube

The pentode tube is a five-element power amplifier.
It has twice the available undistorted output and six
times greater amplification than the customary three-
element output tube.

£ SCREEN £
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Frc. 13. Hearer-Tvyre Four-ELEMENT (SCREEN-GRID)
Vacuum-Tuse Circurr,




TURTETRY

NS P

Lo

v A Ty TRROW TR

S T TR CUTE TR
J

ATWATER KENT RADIO

Radio Tubes ( Continued)

The principle of the screen-grid tube is utilized in the
pentode to secure exceedingly high audio-frequency
amplification. In addition, the pentode has one extra
element, the cathode-grid, that enables the pentode to
handle large output power.

In order to appreciate the advantage of the pentode,
it is necessary to understand an action, termed secondary
emission, that limits the available power output of an
ordinary screen-grid tube.

There are three points 1o consider:

First.—A screen-grid tube that is intended for use as
a power output tube must have a high plate current.
To accomplish this, it is necessary to use a high voltage
on the screen-grid (about as high as the plate voltage).

Second.—To secure the largest possible output from
a tube, it is necessary to have the largest possible voltage
variation across the output circuit of the tube. In other
words, the variation of plate voltage (resulting from the
impressed signal) must be as large as possible.

Thus if the normal plate voltage of a tube is 250 volts,
greatest output will be secured if the plate voltage varia-
tions run from 250 volts down nearly to zero, then up
to almost 500 volts, then back towards zero, and so on.

From this it will be seen that the plate voltage must
decrease considerably below its normal valye during
one-half the cycle of the impressed signal. The screen
voltage remains constant, and if it equals the normal
plate voltage, it will be readily seen that during one-half
the cycle of the impressed signal, the plate voltage be-
comes less than the screen voltage.

Third.—In a screen-grid tube, when electrons hit the
plate they tend to dislodge other electrons from the
plate.  When the plate voltage is less than the screen-
grid voltage, the dislodged or secondary electrons will
flow from the plate to the screen-grid. This flow of
secondary electrons away from the plate is just opposite
to the desired flow of electrons towards the plate. If
this secondary emission becomes appreciable, it makes
the tube useless as a power amplifier.

(In an R.F. screen-grid tube, the plate voltage is
always higher than the screen voltage, so the secondary

electrons fall back on the plate and cause no harm.)

-c +8
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SCREEN- GRID PLATE

ATHODE GRID
_~CATHODE G

CONTROL GRID FILAMENT
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A. C.
FIL. sUPPLY

e

Fic. 14. Five ELeMEnt (PENTODE) Power Tupg
WITH PrAIN FiLAMENT,

-C4

From these three points we can realize that in order
to get large power output from an ordinary screen-grid
tube we encounter conditions that promote secondary
emission and thus nullify our aim.

In the pentode tube, the effects of secondary emission
are eliminated by the addition of an extra element, the
cathode-grid, which is placed between the screen-grid
and the plate, and is connected internally to the centre-
point of the filament.

The secondary electrons emitted from the plate find
themselves surrounded by the zero-potential cathode-
grid, through which they would have to pass in order
to reach the screen-grid.  As the electrons have a nega-
tive charge they are repelled from the cathode-grid and
are attracted by the positive voltage on the plate, even
when the plate voltage is low, so they fall right back
onto the plate and therefore have no effect whatsoever
on the action of the tube. ¢

The addition of the cathode-grid makes it possible to
use a high screen-grid voltage, and also allows the plate-
voltage variations to decrease almost to zero, thus pro-
viding high output power without any ill-effects from
secondary emission.

PENTODE

3 WATTS

i
E

L-F

j-tz+

Fic. 15, ONE PENTODE DoES THE Work oF THREE OrpINARY TUBES.

e at E and E1, the one pentode provides as much audio amplification and power output as the combination
of one '27 and two '45s.




ATWATER KENT RADIO

AN EXPLANATION OF THE ACTION OF ATWATER KENT
TUNED-R. F. SCREEN-GRID RECEIVERS

Some idea of the action of Atwater Kent tuned-R. F.
screen-grid receivers may be gained by studying the
diagram of early Model 55 and 55-C in Fig. 15-A.

We will first briefly review the nature of radio broad-
cast energy, then consider the receiving circuit, and
finally the power supply system in A. C.-operated models.

A. Energy Radiated from Transmitter

The electro-magnetic energy radiated by the antenna
of a broadcast station has a definite normal frequency
somewhere in the broadcast range of radio frequencies.
The broadcast range extends from 5 50,000 cycles-per-
second to 1,500,000 cycles-per-second. (This may also
be expressed as 550 K. C. to 1,500 K. C., where K.C.
is the abbreviation of kilocycles and is equivalent to
1,000 cycles-per-second.)

This normal operating frequency of a broadcast sta-
tion is known as the “carrier” or carrier frequency.

When the broadcast station is transmitting voice or
music, the audible sound, operating through a micro-

phone and amplifier, causes audio-frequency variations
in the strength, or intensity, of the carrier frequency.

This variation of the strength of the carrier frequency
is known as modulation. The carrier frequency is in-
audible. It is the effect of the audio-frequency variation
of intensity of the carrier, i. e., the modulation, that
produces audible sound in the speaker after passing
through the receiver.

The audible sound from the speaker, caused by the
modulation of the carrier, is a close duplicate of the
original sound at the transmitter.

(Note.—In many of the diagrams in this section of the
Manual, we have intentionally omitted the by-pass con-
densers in order to make the diagrams clearer. Also
note that it is standard engineering practice to measure
the plate, screen, and grid voltages of a tube with respect
to the cathode terminal in heater-type tubes, and with
respect to the negative filament terminal (—F) in plain-
filament type tubes. This practice is followed c osely
in the service manual.)
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Volume is controlled by changing the screen voltage ‘of both R. F. tubes.

An explanation of the action of this
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ATWATER KENT RADIO

B. TUNED-R.F. SCREEN-GRID AMPLIFIER

A very small portion of the electro-magnetic energy
radiated by the antenna of the broadcast station is in-
tercepted in the antenna circuit of the receiver. It then
acts upon the radio-frequency amplifier in the manner
described below.

(a) Action of R.F. Amplifier with Transformer
Coupling

In the early type of Atwater Kent screen-grid re-
ceivers, the R.F. transformers are of the usual induc-
tively-coupled type as shown in Fig. 16. Each of these
transformers has a primary winding and a secondary
winding.

(b) Action of No. 1 R.F. T.

The electro-magnetic R. F. energy intercepted by the
antenna causes an R. F. voltage to be developed in the
antenna circuit which causes a current flow through
the primary of No. 1 R.F. T.

The current in the primary coil sets up a magnetic
R.F. field around the coil. This field “cuts” the turns
of the secondary coil and induces a voltage in the
secondary. This voltage is greater as the voltage across
the primary becomes greater.

If the transformer is not tuned to the frequency of
the signal, the voltage across the primary will be small
and hence also the secondary voltage will be small.

When the transformer is tuned to the signal fre-
quency, the voltage across both the primary and sec-
ondary coils will be a maximum and thus the maximum
voltage will be applied to the input of the 1st-R. F. tube.

(c) Action of the 1st-R.F. Tube
The R.F. voltage across the secondary of No. 1
R.F.T. is applied to the grid and cathode of the 1Ist-

No.1R.F.T. 1R No.2R.F.T.

R.F. tube. This causes an R.F. variation in the grid
voltage of the 1st-R. F. tube.

The varying grid voltage affects the electron-flow be-
tween cathode and plate, thus producing variations in
the plate-circuit current, These variations in the plate-
circuit current are identical in form to the antenna-
current variations, but of much greater intensity, owing
to the amplifying properties of the Ist-R. F. screen-grid
tube.

(d) Coupling Between 1st- and 2nd-R. F. Tubes

The R. F. variations or pulsations in plate-circuit cur-
rent set up a corresponding R.F. voltage across the
primary of No. 2 R.F. T., which is a maximum when
the secondary circuit is tuned to the frequency of the
pulsations in the primary circuit. The induced R.F.
voltage across the secondary of No. 2 R.F. T. is like-
wise a maximum under this condition.

(e) Action of 2nd-R.F. Tube

The R.F. voltage across the secondary of No. 2
R.F.T. causes a variation in the grid voltage of the
2nd-R. F. tube. The grid-voltage variation affects the
cathode-plate electron-flow and produces current varia-
tions in the plate circuit of the 2nd-R. F. tube. These
pulsations are similar to those in the Ist-R. F. plate cir-
cuit, but of much greater intensity, owing to the ampli-
fying properties of the 2nd-R. F. screen-grid tube.

(When a 3rd stage of radio-frequency amplification
is used, its action is similar to that of the 2nd-R. F,
stage.)

(f) Coupling Between 2nd-R. F. and Detector Tubes

The current-variations or pulsations in the plate cir-

cuit of the 2nd-R. F. tube set up an R4F. voltage across
the primary of No. 3 R F. T.
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Fic. 16. ELEMENTARY CIrRCUIT OF RADIO-FREQUENCY A MPLIFIER UsiNg Two ScreEN-Grip Tuses
wITH TRANSFORMER CoUPLING.
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ATWATER KENT RADIO

Tuned-R. F. Screen-Grid Amplifier (Continued)

The R.F. voltage across the secondary of No. 3
R.F.T. is applied to the grid and cathode of the de-
tector tube, as described later.

(g) Prevention of Feed-Back

As mentioned previously, the screen in each R.F.
amplifying tube prevents feed-back of R. F. energy from
the plate (output) circuit to the grid (input) circuit.

The use of screen-grid tubes, with their high ampli-
fication properties in R.F. circuits, combined with cor-
rect engineering design of the circuit, results in an ex-
tremely sensitive and selective R. F. amplifier.

(h) Action of the Local-Distance Switch (Fig. 16)

The primary of No. 2 R.F.T. is tapped and con-
nected to a “local-distance” switch in such a way that
either a part of the primary winding, or the entire
primary winding, may be connected in the plate circuit
of the 1st-R. F. tube.

By using only a part of the primary, the R. F. voltage
which can be built up across this section of the primary
is greatly reduced.

When receiving local stations, the switch is turned
anti-clockwise so that only a portion of the primary of
No. 2 R.F. T. is im use.

This decreases the total R.F. amplification and re-
duces the possibility of overloading the detector tube
when receiving local stations. It also reduces the pos-
sibility of distortion which may occur in early-type
models when, in order to reduce the volume, the volume
control is turned near minimum, thus making the screen-
voltage almost zero. However, this condition can be

- brought about only if the local-distance switch is in-
correctly turned to the “distance™ position when receiv-
ing local or powerful stations.

In later-type models, the screen -voltage cannot be
reduced below a certain minimum value, thereby elimi-

Ist
STOPPING
CONDENSER

T

-

No.1 R.F. T. 1R

s

LOCAL-DISTANCE
SWITCH CONDENSER
BLACK RUB. COVERED

nating the possibility of the distortion described ‘in the
paragraph above.

(i) Action of R.F. Amplifier with Auto-Transformer .
Coupling

In later-type models the R.F. tubes are coupled with
auto-transformers (No. 2 and No. 3 R.F. T.) as shown
in Fig. 17. '

Each auto-transformer has only one winding and it
serves both as the primary and secondary windings of
the ordinary two-coil transformer. This winding has a
tap at about the center.

A fixed “stopping” condenser is mounted on the out-
side of the coil form. One terminal of this condenser
is connected to the center-tap of the R.F. auto-trans-
former. The other terminal of the stopping condenser
is connected to the plate circuit of the preceding tube,
as indicated in Fig. 17.

The stopping condenser permits the R. F. currents in
the plate circuit of the tube to flow through the auto-
transformer, but it prevents short-circuiting of the
plate-voltage supply.

The B voltage is applied to the plates of the R.F.
tubes through R.F. choke coils, R.F.C. No. 1, and
R.F.C. No, 2. These chokes permit the flow of steady
plate current but prevent the passage of R.F. current-
variations, thus forcing them to flow through the auto-
transformers.

The action of the auto-transformer circuit is very
similar to that of the ordinary R. F. transformer circuit.

The local-distance switch in the auto-transformer
coupled R.F. amplifier is arranged differently in order
to secure a greater step-down in output volume when
switching from the distance to the local position. The
step-down of output volume in this case is intentionally
designed to be much greater than in the early models.

2ND
STOPPING
CONDENSER"

+B, R. F.

F1c. 17. ELEMENTARY CIrCUTF oF Two-STAGE SCREEN-GRID Rap10-FREQUENCY AMPLIFIER UsING
’ AuTo-TRANSFORMER COUPLING.
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The connections of the local-distance switch in the lead from the 1Ist

auto-transformer coupled R. F. amplifier are shown in

make contact with the plate side of R.F.C. No. 1, the soft black rubber tubing) has a ca

plate of the 1st-R.F. tube is coupled to the grid circuit equal to that between the
of the 2nd-R.F. tube throu

denser. This provides maximum amplification.

ATWATER KENT RADIO
Tuned-R. F. Screen-Grid Amplifier (Continued)

stopping condenser, as both of these

leads run to the switch,
Fig. 17. The local-distance-switch condenser (formed from
.- When the arm of the switch is turned clockwise to two pieces of wire twisted together and covered with
%

pacity approximately

glate and screen electrodes
gh the 1st stopping con- and leads of the 1st-R.F. tube.

4 The local-distance switch condenser acts as a substi-

* When the switch is turned anti-clockwise to the tute for the plate-screen capacity of the 1st-R.F. tube
“local” position, the only coupling between the 1st- and when the switch is turned from the “distance™ to the
2nd-R. F. tubes is that provided by the slight capacity “local” position. This prevents detuning of the grid
between the plate lead from the 1st-R. F. tube, and the circuit of the 2nd-R. F. tube.

C. THE DETECTOR CIRCUIT
A greatly magnified reproduction of the received ceived, indicating that the grid voltage becomes more
] broadcast energy is delivered by the R.F. amplifier to negative, _
th'erlgfld c1rcl§1f1it c?f the detector tube. ly described The exact explanation of the action of this circuit is i
, 1sf ampReF e{lergy,'as prelv1ous yh'eﬁcn fe acen- rather involved. For our purposes, it is sufficient to
. ZISts .y 4 a terpaﬂr;lglf\r o talge Wwhich, ot course, know that the grid, being isolated by the grid condenser
alsi pc})ISItl'Ze 0 pggatwg A cyees: £ the al , from direct connection to the cathode circuit (except
, E=ac 3 Sll . d(posmve a}nd negative) of the a ternatldqns through the grid leak), accumulates a negative charge
}S mocuiated, or varied in intensity, at an audio- when the R.F. voltage variations are applied to the
fequency rate. . ' grid condenser. This charge leaks off, at the modulating
(This audlo—freqpency modulation corresponds to the frequency, through the grid leak, which has a resistance
sound waves of voice or music at the transmitter.) of several million ohms,

It is the function of the detector tube o suppress the The result is that the electron flow between plate and
effects of one side of the R.F. al.te_rnatlfms, and aélow cathode decreases below normal at a radio-frequency
the A.F. modulation of the remaining side to produce rate, and the amount of this decrease varies at an audio-

: A.F. current variations in the de'tector plate Sreutt. frequency rate, corresponding to the modulation of one
. The effects of either the negative or the positive side side of the applied R. F. voltage alternations in the grid
of the applied R. F. alternations may<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>