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ATWATER KENT RADIO

INTRODUCTION

1. Purpose of Service Manual

The object of the Service Manual s 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 bhandled by
Atwater Kent dealers and distributors only, this publi-
cation should be considered confidential and except in
gpecial cases, is furnished only to regularly appointed
outlers of Arwater Kent radio merchandise,

2. Importance of Service

Service has “orme into it own” during the past few
years and its importance is continually becoming more
widely recognized.  The value of prompt and ecourteous
service by the dealer cannot be aver-cmphasized.  Serv
ice is closely linked with sales  in lact the nne depends
on the other. The radio dealer who hus forcsivht will
build for the future by mainlaining & neat and efiicient
repair department und emploving a competent service
personnel consistent with the size of his organization,
There is no better step toward building good-will for
Atrwater Kent products in hiz immediate locality.

3. Dealer Service Procedure

The dealer who has a reasonably well equipped service
shop will find that he is in a position to handle the
servicing of practically any set which comes o him for
repair, since the bulk of repairs will not be of a2 difficule
nature, ’

In the event that he is unable 1o 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 Turnish 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. i

4. Dealer’s Parts Stock

We strongly urge that every dealer carry in stock a
supply af 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 consule their dis-
tributor regarding u 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
o service will be the means of preventing much conflict
and controversy. 1t cannot be too stronaly urged that
all instructions from the distributer be caretully fol-
lowed, so that complate cocoperation will exist.  Written
instructions, such as bulleting, ete., should be kept handy
in a lonse-leal 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 invaluahle 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) can familiarize him-
gelf more completely with the correct methods of serve
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 three weeks
depending on the ability of the individual. There is
no charge for the instructions, but the dealer will nat-
urally furnish the transportation and living expenses
connected with this visit to Philadelphia. A letter of
introduction from the local distributor is required and
must be presented at the factory for identification
purposes.

2
Scanned for www.RadioMuseum.org


http://www.RadioMuseum.org/

ATWATER KENT KADIO

THEORY SECTION

Knowledge of Theory Is Essential

While the primary purpose of the Service Manual is
to mve the dealer information about testing and repair-
iny Atwazter 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 i3, of
course, essential to know what to do to correce troubles,
bat o 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 10 a set, a repatrman without a knowledge of the
rrinciples involved, can correct the trouble by “hit-or
miss” methods (mI}. The service man wha has this
fundamental knowledge can analyze the condition and
then dotermine the remedy.

The Theory Section

The theory section of this manual is not a complete
course but it 1s intended for study in conjunction with
o good radio text book.

Studying Radio

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

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

Elements In Radio Receiver

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

In arder to know how a receiver functions, it 13 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 VARIOLIS TYPES OF CURRENT

Name Action of Part on Current of:
of D.C A. C.
Part et - e
R.F. I.E. . A.F.
Small Condensers, such as phone condensers, Do not - Py Tass Do not
grid runduﬂ(‘ls, R. F. by-passes, etc. Pass ans Pass
Large Condensers, such as filter um(lqurs Do not o e .

A, F. by-passes, etc. Pass Pass Dass Pass
Resistors, Oppose Oppose®* Oppose Oppose
R.F. Chokes or primarics of R. I, lransfurmers Pass Oppose Pass Pass
I.F. Chokes or primarics of L F ‘transiormers. Trass Dass* ()ppoqg___ Pass
A F. __Chokes or prlmarrlen___(_)_t A. T, transformers. Pass Pass* Pass™ ()p_r_wp?e
Secondary of A.F. Transformers, Puss Pass® __Pass* Oppose
Parallel Tuned R. F. Circuit Opposes R. F. of frequency to

{Condenser and cm[) - Passes which it i3 resonant. Tusses Passes
JPasses otler R F. frequencies.
. Passes R.TF. of frequency to
S“"e?cflﬂ?iiff and eoi Dhaed which it is resonant. Opposes  Opposes
N i ’ ass Onnoses nlhcr trequcncrt‘q
Parallel Tuned I.F. Circuit Opposcs T F. of frequency Lo
{Condenser :;n(i coil.) ) Passes Passes which it is resonant. Passcs
) - - 7 Passes other 1. F. frequencics,
Series Tuned I.F. Circuit, Does not  Troes not P1\$i3§11 T’t I:S 1;)501:;1%?”['"@ to Does not
(Condenser and coil} Pass Puass . PPass

Opposes other [ F. frequencies.

* This is true only if the [. F, or A, . cheke has a rather large distributed capacity.

If the distributed rcapacity is small, an R. F.
condenser i3 connected scress the chole whett necessary,

hy-pass

** Tn eircnits carrying R. F. current, the cffective vulue of a resistor will be redured hy the capacitance acrass the resistor terminals and its
connecting leads, etc,

Tuve. 101 a
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CONDENSERS
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Fixep Fixep Cownensers  Fixep CONDENSERS KLECTrROLYTIC V ARIABLE VARIABLE CONDENSER
COXDENSER IN SERIES IN PARALLEL CONDENSER CoxDENSER witTH TriMMER
When condensers are counected in parallel, the 1otal capacitance The capacitance of a variable con-
is equal to the sum of the values of all the condensers. When denser is greatest when the plates are
cannected in series, the total capacitance is cqual to the reciprocal meshed and lowest when the plates
I are not meshed,
of the sum of the reciprocals or 4!
C ce

o (m

e K
QL &
[2]
AN WA
ProNE or PHONE or TrRIMMER O
Grip CoNDENSER STOPPING CoXDENSER )
CoNDENSER O
Mica Drececrric (INsurLaTion BeTwreew PLATES) By-Pass Fiurexr CoNDENSER
CONDENSER ASSEMBLY FOR VarrasLe CONDENSER
Power Unit AR DIELECTRIC
TinrorL Prates axp Parer DipLeEcTRIC The movable plates com-.

prise the rotor, and the sta-
tionary plates comprise the

CHOKES stator.

)

@

R. T, CHoke Couw ALK Chore Coies ‘I'arrep R.F. VARTOMETER ‘ WV ARIOM ETKR
OrrErs A Hicin Orrer A Hicn INpUCTANCE or CoNTINUOUSLY The movable coil is the
ETreorive RESISTAKCE Frrective RESISTANCE Vamarne TapueraNer rolor, and the stationary
ok IMpEnANCE TO or FMPEDANCE TO coil 1s the slator.
R.F. Currexr A F Currexr

TRANSFORMERS

>
>
[ =z z
> _ < E g
@ T c 4
= o z = o
a < © Q
z : E :
o @
wr
o
R.F. Vario-CourLEr ok Tunep R.F. TransrorMER R. . TRANSFORMER
TrAaNSFORMER WITHL Tarprn PrRimARY WITH VARIABLE CONDENSER
>
%
>
g Z : g : g
e =) < a o o O
= o = == 3 & 7
e [ = [ =
@ [ % o
Avnu-FREQUENCY Tnpur ALF, Qurrur A.F. Auvnio-TFreguency Saokn R F.
TRANSFORMER TRANSFORMER TRANSFORMER TRANSFORMFER TrANSFORMER
June, 1931 4
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SPEAKERS

K <

Heap Horn Cone Inpyctor-1'YPE
PHoNES SPEAKER SrEAKER SPEAKER
SWITCHES
O__
_/ wnllbem
o 177
|
SINGLE-FOLE Four-Point SixoLe-PoLk THREE-PoLy,
SinoLe-T Hrow Tar SwrrcH SINcLE-THROW Smﬁu«:—‘l_‘\s,{gow
(8. P.-3. 1) (S.P-87T) {T.P-5.T.)

S

TocGrE
SwitcH

Four-Point
Tap Swirco

ANTENNA OR
AEgrraL (Inside or
Outside Types)

(GROUND OR
LEarrH

n|i“——

Crassrg CoNNECTION
{Counection 1o metal
frame of sct)

AN

~
Thar Licur to
lluminate dial, or
Piror Tagur 1o
indicate when
current s on or off

CrysraL
LYETECTOR

CuURRENT OR
VoLrace MievEr

Fusek, used to prevent
damage that might
result [rom overload

s 105

SincLe-Pous
DoueLe-Trow
(S.P.-D.TH

VOICE COIL
FIELD
CoIL

iy
i

ELECcTRO-DYNAMIC
SPEAXER WITH
ErecTRO-MAGNET

{AFHRAGM

[7)

Si~GLE-PoLE
DounLe-THrOW
(S.P.-D.T.)

-t

VOICE cOIL
(=P =
g7 s
Z=z T
EL‘I X
f‘;\ z
& a

LLECcTRO-DYNAMIC
SPEAKER WITH
PermMANENT MAGNET

-—Oo_

._OO_

DousLi-Pore
DauBLE-THROW
(D.P.-D.T)

MISCELLANEQUS

Wires CrosskD,
No Coxsrerioy

WirES
CoNNECTED

TwisTEnd
Pamr

S HIELDED
T.ean

Direcr CurresT
Motor oR
(JEXFRATOR

A. C. Motor or
GENERATOR

SivE Wave, symbol
for alternating
current or ovele:

5

=
DousLe-Dore
Dounre-T' HROW
SwrrcH
(DP.-D. T
—_1 Reray. A relay may be

i 1]
Vv

—Aijir—
==

regarded as an electrically-
operated switch. There
are numerous varictics,

PronoorarH Picx-ur.
The pick-up generates a
weak currenl correspond-
ing to the image oi the
sound waves cut in the
arooves on a phonograph
record,

Bariery, storage or dry
types.

BarteErY 14 Series, The
total voltage equals the
sum of the voltages of
all the cells,

BATTERIES IN

=~ L

+
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ATWATER KENT RADIO

RESISTANCE AND VOLTAGE DROP

AMMETER 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
rules on this and the following page.

"

100V

100V, -
Rrrosrar Porexiro- Ritrosrar or

RESISTOR
2

Voltage (clectro-motive force or e.m.1.) METER PorExTIOMEITR
is the pressure in an electrical circuit. The ADJUSTABLE RESISTORS

-——I||||m|m

unit of pressure is the voll.

Current is rate of flow of eclectricity
through the circwit.  The unit of current is
the ampere.

m%, Resistance is the opposition a circuit offers

i + v S ¥ tothe flow of current. The unit of resistance
Bl onms> Y do the afun.
-— - R . . Fixep TuruLAR FLEXIBLE Wire-Wouw
— The refations between these vnits are given 7 7 e L Worxn
Rnstsror Resisror  Resistor Resisror

d s S 1 o0 the next page. FIXED RESISTORS

- ORMS :
T > 4 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 350 ohms
cquals 2 amperes). An example of paralle]
resistance is shown in Figure 3-A.

PorexriomETRER. The
petentiometer  or voltage
divider is usuaily o resistor
with an adjustable contact
connected as shown at the left.
I't is used to sccure any inter-
mediate voltage from zero
to maximum from a given
source. In the circuit, when

In a series circuit, the voltage across one
part may be casily determined if we know
the total resistance and the voltage in the Do

et ‘ the slider is at the holtom
circuit: First find the percentage that the of the resistor, the output
resistance of the particular part has to the voltage is zero, When the
total resistance.  The voltage across that part . slider is at the top of the
; = resistor, the output volage is maximum. ‘The
1s that same percentage of the total voltage. potentiometer may be used in D.C, A.F, T.F,,
Thus assume that in the bottom circuit of or R.F. circuits.

Figure 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 Framewr-SHuNT  Resistor

) A . I 10 £ th with centre tap. This is con-
the total resistance. In turn, 10% of the nected across A. C.-operated
total voltage is 10 volts, which is the voltage filaments and the grid-return
across the 5-ohm resistor, leads of the tubes are connected

to the centre tap.  The purpose of
the resistor is to minimize hum.

12
AMPS.

+
— n . LB o - AT
Fre. 3 (Above) Ina Scries Cirenit, — oo }'_10. 3-A. Rrsistors 1.5 Parailrer, When
the Voltage Across One Resistor s —_— ' resistors are counected in parallel across a
to the Total Volizee as the Value of pas— known voltage, the current through cach re-
PN . e "y . - __E
that Resistor is to the Total Resist- - sistor may be calculated separately (I = =)
ance. This is explained in the text The total current equals the sum of the cur-
rents through the various resistors.
June, 1551 . 6
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ATWATER KENT RADIO

Resistance and Voltage Drop (Continued)

FROM - Fi
on recTiFiER + B

VOLTS == AMPERES X OHMS -
(E =1 X% R)

FILTER CHOKE
No. 1

AMPERES = VOLTS = OHMS
(I=V --R) Y

FILTER CHOKE
OHMS  — VOLTS - AMPERES 85v.
(R=V-=1)

POWER (WATTS) == VOLTS » AMPERES BET. FILTER
(W =V X A) RESISTOR av.

ur —

POWIER (WATTS)  — AMPERES SQUARIED ¢
OHMS (W =TXIXR) DET. COUPLING v

RLSISTUR
Total value of - "*‘.‘E‘I—
resistances in series = R1 = R2 & R etc.

R F. CHOKE SLIGHT
Total value of
resistances in parallel == - e : 250v — =1

+
i i i
. . cle —
. . L .. C.
H
. DETEGTOR
RS i R3 TUBE AYAYAYAY 100V,
: o
33, B2, RI, ete,, arc b values of the sepavate resisters, !

—_ e
PETECTCR

BIAS RESISTOR BV
HE— T ¥
'
H
;
'
;

$+ BSV.
2000 2z w = ’
OHMS o <L o, [
~ ¥ i
<)
wh ]
<@ <
30V. 5" E
3000 : “
+ OHMS E ‘“_;L
T FROM CENTER TAP OF _ [5
"_—§ HIGH-VOLTAGE L
— ¥ TRANSFORMER
T | : "j
- ‘ : .
- OO0 2 Tig, 4-AL NVorrage INsTRIBUTION 1N DEMECTOR IPLATE
OHMS 51 Crraors or Mooee &),
. When making volluge tncusurements and diagnosing trouble
in case uf incorrect voltage, it is cxtremely helpfal 1o have
. woclear idea of voltape drop across resistors in & series clrenit.
* Practically all radio trouble shooting consists of simple D. C,
; voltage measuremients,
I | [t is importaut to remember that when measuring across
1000 = aioopen resistor in a series circuit, the voltmeter completes
OHMS 2 the circuit and if the normal value of the resistor and the
} | resistunce of the meter ave semewhat alike, the voltage read-
* * ing may be very nearly correct.
4 Also it is_important 1o romember that the vollmeler resist-
l anve will affect the resistance of the circuit and in general
will make the wmeasurcd voltage lower than  the norinal
Fro. 4. Vorrace Distmsurios Across A SEr1ES oFf RestsTors. opevating voltage.  'Lhus, if the 50-volt scale of a 1,000-
alun-per-volt meter {in which case the meter resistance is
The 1,000-0lun resistor is 1/13 ol the totsl circuit resistance, so the 10,400 ]nhms) s used to measure  the voltage ACTDES, A
ollase neross it i 7 3 IR rolts. rat a0 8300-clum - resistor in A scrics  cirvuit  containing  other
\Ulmg,c. wrass it s 1,_13 of the tolul \Uhdl:.L: or '20 valts Tl.l_c firs Ceristars, the offective resistunce i reduced to 23,000 obme
two tesislors, tetaling 7,000 ohms, represent 7/13 of the total resistunce, and the measured voltage will he gorrespondingly lo“c‘r than
s the voltre aoroes ther is 77103 of 280, ar 140 volts, thie actual veitage,
Ture, 1431 7
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ATWATER KENT RADIO

INDUCTANCE, CAPACITANCE, REACTANCE AND IMPEDANCE

Inductance

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

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

The unit of inductance is the henry.

The total mductance of inductors connected in series or
it 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 iusulator 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 oature of the insulation (dielectric) between the
plates.

The capacitance may be increased by increasing the aren
of the plates or by decreasing the distance hetween Lhea.
For a ;:lwn distance between the plates, 2 paper or mica
dielectric gives a higher capacitance than air.

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

The total capaciiance of condensers connected in series

cquals Cf -4~ C2, ete. Thus if two 0005 micro-farad (mfd.)

condensers are connected in series,
1R 00025 mid.

The total capecitance of condensers connccted in parallel
cquals C1 4+ C2, ete. Thus if two 0003 mid. condenscers
are connected in parallel, the total capacitance is 001 anfd.

the total capacitance

Reactance £

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

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

The capacitive 1
reactance =
in ohms.

.28 X frequency in X capacitance

cycles/sec, in farads,

The reaciance of an inductor increases as the frequency
ol the applied voltage increascs.

The inductive
reactance -

(.28 X frequency in X inductance
i ohins,

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 Pagc 7).

Impedance

Impedance is the effective resistance or opposition that
a circuit or part oflers to the {low of alternating current.
Tmpedance is calculated from the resistance and reactance
ol the circuit or part.

ELECTRO-MAGNETIC FREQUENCY SPECTRUM

Name

“Cosmic” Rays, X-Rays and Invisible
" Ultra-Violet Waves.

Approximate
Wave Length

| Approximate | Approximate
Frequency in I Number of 10-Kilocycle
Kilocycles Per Second @ “Channels” in Each Range

Extremely Short
From Violet 0,00003Y ¢,

Extremely High
769.000,000,000

Visible Wawvos, Ta Red 0.000077 cm. 77;;;87(0” 000,000 37,940,000,000
= 3 From 0.000077 cm. §84,GU(,UD0,000 '
Infra-red and TTeat Waves, To " 0,006 :m. ’ $,000,000,000 : 38,460,000,000
Long Heat Waves. " About 0.006 em. 5,000,000,000
Shortest Radio Wave Commanly Used, 5 Meters (500 cms) 60000 499,994,000
T 3 weter 60,000 o T
Short Radio Waves. o 200 inelors R0 5,850
v Fy 200 meters 1,500 P T T
Broadeast Radio Waves, ; 'l‘oom 15 :::tttei's 350 . 95
s Lo “Fro 545 meters 50
Lo [SW-Shore Sutons, e, B 87 et
5\?(1'0“ High-Powcered Tnternational  From 2,500 meters 120 11
BVES 0 Stations, ete. . To 30,000 meters 0
Audio -, ' From 30,008 meters 10 (10,000 cycles) 1
Audio Frequencies To 18,750,000 meters 016 (16 cycles) :

AUDIO.FREQUENCY RANGE OF A FEW
MUSICAL INSTRUMENTS

Name Approximate Range

g ( Piano 16 to 5,200 cydes.
Itrmg Violin 192 to 3,072 cyeles.
nstruments l Bass Vial 40 1o 240 cycles.
; Bass Tuba 44 to 340 cycles.
}Nl?d to ‘ Trumpet 160 to 960 cycles.
nstruments l Piceolo 512 1o 4,608 eycles.
! Bass 80 to 340 cycles.
-I‘-;u-mdn { Tenor 128 to 480 cveles.
olee i Soprano . Sl 1o 1152 cycles.

June, 1971

PREFIXES
Deci- = one-tenth,
Centi- B 011e'hundr;:dth,
Mil- or Milli- = one-thousandth.
Micra- —= one-millienth.
Kilo- = 1,000 tines,
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ATWATER KENT RADIO
MODULATED DIRECT CURRENT

VOLTAGE

VOLTAGE

+56--~

+4

ra

VOLTAGE+
o

S
x>
o
>

TIME

TIME

TIME 1M L

5 SECONDS

VOLTAGE
o

V.

V. +4-y
D, .

Graris o D.C., A.C. axp Moptrarter D. C.

Eull

Fre, 5-A.

June,

MopuLaree o

1931

4

TIME 1N — ND
&l SECONDS

k Prizayise DO

Witen a Toee 15 18 Nowsar OQUrRATION TIIE
VOLTAGE OX THE 3RID AND oN Tug PLate 1s

In direct current (ID. C.) circuits, the polarity or positive (=)
and negative (—) terminals remain the same at all times. ‘Thus
the carbon terminal of a dry cell is always positive with respect
to the zine (negative) terminal.

If the voltage or current of a direct-current cireuit remains at
one velie it is termed smooth direct current. I 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 curvent is present in the grid and
plajtf circuits of practically every tube in @ radio recetver, consequently
i 15 wery imporfant to undersiand the nature of this tvpe of currcit,

_The drawings on this page illustrate 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.

_ At the top is a graph of the voltage of a battery, The voltage
is 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 zeto, rises to a positive peak of 5.6 volts (the peak 1s about
1.4 times the effective value, as described on Fage 11), decreases
to zero, then inercases to & negative peak of 5.6 volts, and returns
to zero. This completes one cycle and requires ¥p of a second.

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

Thus in the fourth drawing, four-volts A, C. and six-volts . C,
are connected in scries. The battery wvoltage remains constant
but the A, C. voltage varies between +5.6 volts and —5.6 voits,
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 4 0 or
6 volts. When the A. C. voltage is at its positive peak, the total
voltage is 6 -}- 5.6 volts or 11.6 volts, When the A, C. voltage is
at its ncgative peak, the total voltage is 6 4 {— 5.8) volts of -} 4
volts. ‘I'lie voltage across the resistar therefor varies between a
minimum of 4 .4 volts and a maximum of 4 11.6 volts.

Modulated direct current may be compared to a cross section
of the ocean, The depth of the water represents the 1. C.
voltage, and the waves on top represent the A, C. voltage. If
the A. C. component (portion) is small compared to the 13, C.
companent, we say that the ID. C. voltage has an A. C. ripple.
The terms pulsation, modulation, and ripple are somctimes used
interchangeably.

In radio circuits, the A. C. component is the only useful part
of modulated D. €. Tf we want to rock a boat, we need high
waves but the depth of the water is not so impartant: 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 ‘erid or plate of a
tube, we mecan ithe 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 vollage peak of the applicd 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 increasing or decreasing the plate
current above and below its normal value, but the plate current
of a normally-operated tube ncver 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 he R I'., 1. F. or A, F. and these may be modulated by a
lower frequency as explained on the next page.
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MODULATED RADIO FREQUENCY

In alternating current (A. C.) the polarity

or positive and negative terminals reverse

periodically,.  Thus one terminal of an A. C

PR, ) generator s first positive with respect to the

other terminal, then it changes to negative,

then back to positive, and so on.  The
molarity alternates.

The term negative in reference to ALC
docs NOT mean less than nothing.,  Newa

1

R 1 —_—
ALTERNATION CYCLE

|
1
-
L
. e SECOND - tive merely means that the polarity of the
voltaae (s reversed. The newative peak has

e 1 WAVELENGTH —- —w= the same foree as the positive peak.

I 0 METERS o] The value of an alternating current i:_a con-
- timually changing. When we speak of four
volts A.C.. we mean the effective walue
which iz equal to the value of a direct cur-
rent that would produce the same heating

Fro, 60 Two Cvorss or o Lo W Cl-prg-Srcoxno Smval

e R ; T ; ——-— — effect.  Actually the peak of o sine wave of
N . - e — f— i ey - . ——— —— ae . . . 3
R T _ - L 4 el ovosoF — L alternating current is approximately 1.4 times
; [ | AUmID i HEQUENC Y i - ;
P L T e S S e w9 the effective value. The effective vahue
RS : —_ b s..,Q::, . i
PO [ S approximately 7 of the peak,
A S AN SO SN SR S N ST
] 1 W 3 ] 51 b 7 H o 10 1 [ 13 14 ke i T i3 = 20 - . . N .
TIME A cyde of A (U 15 the action in which the

cutrent stutls from zero, passes through one
peak, then through the reverse peak, and
returns Lo Zero.

| Bl LN
|

RANIQ FH‘-QU (e g

An alternation is half of a cycle.

VOLTAGE

Frequency s the number ol cycles in a

given time, usuially one sccond.  Radio fre-

quencies are generally expressed in kilocycles
(K. C) persccond. One K. C eguals 1,000
cycles,

-— — — -= 1 CYCLE OF MODULATING FHEQUENGY — —- @ - =

: ‘The speed of clectro-magnetic waves is ap-
1 CYOLE OF ; proximatcly 186,000 miles or 300,000.000
elem RADIQ FREQUENCY

meters per second.

MODULATED . N
T Ao TREGUERGY In an clectro magnetic wave of one cycle-
S 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

Enf - o will be one-hal{ second or 150,000,000 meters

S away from the end of the cycle. If there
e ERRA R I are 1,000,000 cycles-per-second, the wave:
& length s 300 meters, and so on.  Frequency

- H Y ™ oy . - ,I._.,h“ gy 1t - oA .
Fie, 6-A, Lupustearixe How a Rapo-Fregueney “Cawreew'” 18 Movuraten. may be converted to wavelength and vice
In these wraphbs, each unit of (ime represents one-bandred thousandih of o secomd

(A000t second), The andio frequency s thevefore 5,000 cycles-per-secand, and the versa as follows:
radin frequency s 130,000 cyeles per gecand,

June, 1931 10
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Modulated Radio Frequency (Continued)

Wavelength in meters —= 300,000 divided by frequency
m kiloeycles.

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

Electro-magnetic frequencies cover from less than one
cvele-per-second up to trillions of cycles-per-second. A
table of electro-magnetic frequencies will he found else-
where in this section.  The particular range of frequencies
waed in radio has been chosen because it is hest suited tor
this wark.  However, higher frequencies thin those in the
ridio range, such as invisible infra-red frequencies and
visthle lizht frequencies can and have been used for trans
nssion e carriers of voice impulses.

[f the peak voltage or amphtude of an alternating current
retiaing constant, it s usuatlly termed o continuous wave
(COW) 1 the peak voltage or amplitude of an alter-
natirg current does not remain constant, but varies up and
down from its elfective value, 1t is termed modulated alter-
nating current.

In radio we are mostly concerned with radio-frequency
eneryy modulated at an audio frequency rate.

The process of modulation is iustrated in Figure 6-A.
The seeond wraph represents unmodulated RO F. Note that
the.peak voltage of cach alternation rematns constant, In
radin telephony, the unmoduiated ROF. i3 termed the
carvier.  When the carrier is modulated, the peak voltage
chunees un 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-
sidle the range of our hearing,

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

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

In the bottom graph, Figure 6-A, the modulation is 5095,
To get 1009, modulation, the carrier would have (o 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 1s 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.

June, 1931 i 11

ANTENNA

RADIO FREQUENCY
TRANSFORMER

o 700 TOEMENTARY
Recrivizg Cireorr, Cox- /
ERISING AN INDUrerviLy
Covren R, o Traxs
rorMER wiTir Tuxen
sEcosnary CmeUIT, A
Crysral TIETECTOR  AND

CRYSTAL
BETECTOR

PHOMNES

TUNING
CONDENSER

PTean-TrnNEs,

Au elementary receiving circuit roguires an antenna
and ground civeuit o pick up energy from the passing
clectro-magnetic waves, o tuner to scleet the energy of
the desired frequency, a detector to rectify the signaul,
and o sound reproducer 1o convert the muodulation of
the rectificd signal nto souncd

The signal tmay he amplifed cither before vre after it
is reetified, or hoth.  T0 antplified before, it is « racdio-
feequency amplifier, I amphlicd after, it is an awdio-
[requency amplificr.

ANMTENNA

RAD# FREQUENCY
TRANSFORMER

CRYSTAL
DETECTOR

PHOMNES

TUNING
CONDENSER

SECONDARY

GROUND

4 |

Fio. 7-A.  Acro-Traxsroraer Tyver or Coupnise s
Uskn Arove,

ANTENNA

INCOMING
MODULATED SIGNAL

RECTIFIED SIGNAL
PHONES RFSPOND TO THE

AUDIO FREQUENCY
VARIATION

TUMER DETELTOR PHONES

GROUND

)-l{'

Y

-

. 7-B. 0 Tue Devecror Serves vo Cor O ONe Sipk
ur THE R F. ALTERNATIONS.
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ACTION OF TRANSMITTER AND RECEIVER
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ATWATER KENT RADIO

TUBE SYMBOLS AND SOCKET IDENTIFICATION

PLATE R
PLATE
TTatr-Wave Recrrrm e 583 . e 1 ‘
i Wase Mectina, Curent e Casgon (Lasss Frewen) v
C\'ckljt:&wh(';le e ]i]' o s )‘o:fmif 1Th AAAA Tyre Tuse. Detector, amplifier, and os-
N A1 THE PlAte 1i posive. e - cillator. The *#7 tube is an cxample of
current fow is only in one direction, or hia ty
e - this type,
rectified.
FILAMENT CATHOUE
ALATES Fuoo-Wave Reeririer. When  con- Trrrone (Four-ELEMEXT) SCREEX-
. e S e e PLATE " A F s ey
nected as shown in Fig, 22 on Page 24, SCREEN Grip PPoary Froaseny-T'yer T'use. This
CUTrent  passes  in t]}e same  divestion anl GRID tube 15 used for radio-irequency or mter-
trrough the tube during vach half-cycle Pt mediate-irequency amplification. It pro-
of the alternating-corrent supply,  One —a vides much  greater  amplification  than
plate fucelions during one lult cyele, and CO:;’ROL corresponding  triode tuhes. Tt is also
the other plate fuoctions during the next ' cmployed as a detectar,  Fhe 22 (ube 53
FILAMENT  Tialf-gyele. FILAMENT ol this type.

PLATE . PLATE
Triovs (THrE:-lHLesmest)  Prax- SGAEEN- Tryronr  (Four-FLEMenT)  SCREEN-
Fitasment Teee. This type of tube is GRID GRID Grip Hearter Tyee Tupn, Used as am-
ased as amplificr, detector wd oscillator, CAP plifter or detector in RUTF. or I.F. cir-
A feow cxamples of this type are the 1YY, - cuits with A. C.-filament supply, The 24
Grip  ZOL-A, T2 and 2145, CONTROL  tube is an example of this type.

p—
FILAMENT

CATHODE FILAMENT

CATHODE
GRID

SCREEN- ) .

GRID Mixtope  (Frve-Foement)  Screen-
Grip Prarn-Frrasmext Tyee Tupe, Used
as a power puiput tnhe.  Provides high

amplification and high power output.

CONTROL
. E GRID
—-—

FILAMENT

Aarrerirication Facror: A measure of the effectiveness of Power Aumpriricarion: The ratio ol the alternating-current
the grid voltage relative to that of the plate voltage i affecting power produced in the output circuit to the alternating-current
the plate current, power supplicd to the mput cirenit,

Mutean Conpucraxce: _’l‘hv. ratin of the change in plate VoLrace AMpPLIFICATION : The ratio of the alternating voliage
current 1o the change in grid potential producing i, under the produced at the output terminals of an amplifier to the alter-
condition of constaut plate voliage. aating voltage impressed at the input terniinals,

—F F —F  4F
s P G Pt P2 FoOF
o O +F P O C o o o o o C
cO or O o cQ oP o o
3 P
0 O ¢ o O O o 0O o
e —~F s G +F —F F1 F2 &
fleater-Type Fattery-Type FHeater Type Plain Filament Full-Wave Plaim Filament
(A, ) {(D.CH (A C) (A.C or D.CH Rectifler (A Coor 1.0
Sereen-Grid Screen-Grid Three-Flemeat Three-Tslement Tube Five-Llement
Fongr- [ lement - Four Element Tube Tube Pentode
Tuabe Tuhc
SOCKET CONNECTIONS FROM BOTTOM
On some sockets, the — F and —F are reversed,
The mmkings - --F and -~ T oo A Cosackefs are usad only for ddentitication purposes. wy the A, C. flaments have no fixed polarity,

\
hage, 4931 13
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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
yreater 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-
trens inside the tube, which 13 caused to flow by a lacal
source of electrical eneryy.

(a) Elements in Radio Tube

In a threc-element tube such s the 201-A, 226,
171-A, 245, 250, ete, there are three elements or elec-
trodes (sec Fig. 10):

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

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

This stream of clectrens provides a path {or current
to pass from the plate to the filament. The strength of

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 anc
plate, acts to control the number of electrons flowing
from the Blament to the plate; this control is exercisec
by the voltage on the grid with respect to its filament

When the grid voltage is made negative with respec
to the filament, the gnd repels the electrons from the
filament and therefore diminishes the flow of electron:
from filament to plate. This decreases the plate-circui
current,

When the grid voltage is made less negative witl
respect to its filament, the repelling action of the gric
on the electrons becomes less, consequently more clec
trons flow from filament to p]dte. This increases thy
plate-circuit current.

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

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

RELAY I
' TERTING g
] i et he
]
l | i 2
.
' f
i
|
LARGE
SrAFLL v A C.
!NPUIT ’ QUTPUT
\ 4
_.—"/
&
E
e
r-’,?’\_\\_SATING B
e LE
|
LARGE
SMALL A C.
A C. oUTPUT
INPUT
i ELECTRON RELAY
i 24DIC TUBE
@ ~
Axatoey Brrwesy MecHARICAn RELay axp ]\ anwy e,

rativg from o low

Iaotle fn[l\lL\' a ek :
Dt a vl tube
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%
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Radio Tubes (Continued)

The plute-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:

I. The "A™ or filament battery, which heats the
filament.

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

I The "C7 or grid-bias battery, which 1s used for
the reasons given below,

(b) Mecessity for Negative Grid Bias

If the grid voltage becomes even slightly positive with
respect (o the flument (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.

H this conditien exists in an audio-lrequency 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 charncteristics of the tube at the
eperating voltaces.

(c) 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-

PLATE

£ ; =
= A FILAMENT 2
Q o
< GRID &
o o
5 s
% e
2 5

©

A
BIAS BY-PASS

——} * I

PLATE GIRCUIT

BY-PASS
JUl

S

Towrre-Frevrsr Vacoea-Toss Clrevrt witTH
Praix FiLAMENT,

The antpt, or plate ciremit, is shown in heuvy Lines,

Wi 10,

Tume, Ll

15

portant that the filament temperature be maintained
constant, otherwise an undesired variation in the plate
circuit current will be produced.

Also, changes of voltuge 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 higch A.C. voltage to heac
the Aliment.

Therefore in A, C-filament tubes, the filament 15 de-
signed to operate at low voltages and alsa to have slow
heating gqualities.  In these tubes, the change in voltage
at any point on the filament is so small thar its cffect
on the electrom flow is very slight.

(d) Heater-Type Tubes

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

The heater-type tube has 2 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 {reely 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 main-
tains a constant temperatore pnd the same voltage all
over, even when AL QL is used o heat the filament.

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

The symbol for a heater-type three-clement vacuum:
tube is shown in Figo 11,

FLATE

CATHODE FILAMENT

A.C. FIL. SUPPLY

INPUT CIRCUIT
QUTPUT CIRCUIT

»———"————4

BIAS BY-PASS

7

BIAS RESISTOR

PLATE CIRCUIT
BY-PASS

Froo 11 Hearer Tyrn Toece-Eiraest Vacven-Toepe

Crovere,
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ATWATER KENT RADIO

Radio Tubes (Continued)

(e) Screen-Grid Tubes

The screen-grid tube is similar in construction to the
regular threc-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 contral-
grid fram the plate.

The symbol for a plain-filament type of screen-yrid
tube is shown in Pig. 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
screcn flow from the filament and pass through the
spaces between the wires of the contro! grid. Most of
these electrons pass through the spaces in the screen
wires amd, owing to the high plate voltage, go 1o 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 scrcen is
operated at its maximum rated value. The amplification
decrcases as the screen voltage s decreased. By making
the screen voltage adjustable, 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 aver the ordinury
three-element tube.

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

(1) ] (3 4
When the the clectron but the and this tends to
control-grid fow plate increase the elec-
becomes more  decreases— voltage tron {low.
negative-— lierenses—

- SCREEN £
=) (&)
GRID
& FILAMENT :
o
"

5 -

z &

z 2

- o

BIAS PLATE GLRGUIT
BY PASS SCREEN BY.PA
BY-PASS
— ¢ -
VOLUME
CONTROL  y
ililil
el Hl :\'l
C
1. 120 Fooa-ToeMmexr (SLR]uh?\'-(-RID) Vacvon-TUBE

Crreurr witet PLAN FILAMENT.

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
contral-grid is becoming less negative.)

Tn a screen-orid tube, the action is different:

(1) (2) (3} (4)
When the the electron and the but, ewing to the influ-
cotttrol-grid flow valtage on ence ol the screen, the

becomes mare llL‘CrC:lrvi‘R"-
negative—

the plate
increases—

increase of plate vaolt-
age dues wot tend to
increase the flow
of electrims.

Therelore, 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 (s in-
creased.

The action of the screen in shielding the clectron
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
hetween these two elements.

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

{f) The Pentode Tube

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

-

5 SCREEN 5
2 CATHODE 3
i &
A AG. o
= FIL. SUPPLY ,_] e
=2 =1
o o
z [
N g 3

BIAS SCREEN
BY-PASS BY PASS

%  voLUME conTROL

c. &

PLATE CIRCUIT
BY-PASS

1
1l |

B!AS RESISTOR —

- 8.1

Fro. 130 Hearee-Tyre Four-Errnext {Serprsn-Grin)
Vacues-Tuese Crrourr.
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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 lurge output power.

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

There are three points to consider:

First-—A screen-grid tube that is intended for use as
4 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
a4 tube, it is necessary to have the largest possible voltage
variation across the output circuit of the tube. In other
wordz, the variation of plate voltage (resulting from the
impressed signal) must be us 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 2350 volts down nearly to zero, then up
to almast 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 value during
one-half the cycle of the impressed signal. The screen
voltage remains constant, and if it equals the normal
platc voltage, it will be readily scen 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 clectrons [rom the
plate. When the plate voltage is less than the screen-
arid voltage, the disladged 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 clectrons towards the plate. 10
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.)

3 WATTS
ouUTPUT
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CONTROL GRID
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A C.
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-C4 - B4
Fivee ELement {Prvrtong) Power TUuse
wirit Praty FrLaMentT.
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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
emigsion and thus nullily 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-
puint of the filament.

The secondary clectrons cmitted from the plate find
themselves surrounded by the zero-potential cathode-
grid, through which they would have to pass in order
to recach the screen-grid.  As the electrons have a nega-
tive charge they are repelled from the cathode-grid and
are attracted by the positive voltuge on the plate, cven
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 passible 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
QUTPUT

i \ /

— o

Lo

Fio. 13 One PeEnvope poks rax Work o THeer Qrpivary Tunes.

Feor the sume mput voltage at E and E1, the one pentode provides as mur',h awudio amplification and power output as the combination

of vue 27 and lwo
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ATWATER KENT RADIO

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

Some idea of the action of Arwater Kent tuned-R. F. phone and amplifier, causes audio-frequency variations
soreenegrid recetvers may be wiined by studying the in the strength, or intensity, of the carrier frequency.
diagram of early Made! 55 and 55-C3 in Pig, 15-A.

) . . . This variation of the strength of the carrier frequency
We will first briefl ¥ review the nature of radio broad- is known as njodulation_ The carrier fquUEnCY 18 in-

msf:T energy, then consider thc_'. rLtccjviilg circuit, and audible. It is the effect of the audio-frequency varation
fnally the power supply system in A, C.ruperated models. of intensity of the carrer, i, e, the modulation, that

produces audible sound in the speaker after passing
A. Energy Radiated from Transmitter through the recetver. -

The clectro-magnetic energy radialed by the antenna
of a broadcast statinn has a definite normal frequency
somewhure 1n the broadcast range of radio frequencies.
The broadcast range extends from 550,000 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 kilocyeles and is equivalent to
1,000 cycles-per-second.)

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
nate that it is standard engineering practice to measure

This  normal operating frequency of a broadcast sta- the plate, screen, and grid voltages of a tube with respect

ton is known as the “carrier” or carrier frequency. to the cathode terminal in hcater'ty_pc tubes, and \m.th

) respect to the negative filament terminal (—--F)} in plain-

When the broadeast station is transmitting voice or filament type tubes, This practice is followed closcly
music, the audible sound, operating through a micro- i the service manual.)
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awl a ‘rlembleaudin™ antpmt stage. Voliome s controlled by changing the screen voltage of both R, T, tubes. An explumation of the action of this

chreuit Iy piven in the ateompanying test,
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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

[n the early type of Atwater Kent screenqygrid re
ceivers, the RO F, transformers are of the usual induc
tively-coupled type as shown in Fig. 16, Lach of these
transformers has a primary winding and a secondary
winding.

(b) Action of No. 1 R.E.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 oreater as the voltage across
the primary becomes greater.

If the transformer Iz 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 sienal {re-
quency, the woltage across both the primary and sec
ondury coils will hbe a maximum and thus the maximum
voltage will be applied to the input of the 1st-R.F. tube.

(¢) Action of the 1st-R.F. Tube
The R.T. wvoltage across the secondary of No. 1
R.F.T. is applied to the gnd and cathode of the lst-

1R No PROF. T

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

The varying grid voltage affects the electron-flow be-
tween cathode and plate, thus producing variations in
the plate-circuit current. These varintions in the plate-
circuit current are fdentical in form to the antenna-
vurrent variations, bt of much greater mtensity, owing
to the amplifying properties of the 1st-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 acress the
primary of No. 2 R, F. T., which i3 3 maximmum when
the secandary circuit is tuncd to the frequency of the
pulsations in the primary circuit.  The induced R.F.
voltage across the secomdary of No. 2 ROF. T, is like-
wize a maximum under this conditron,

(e} Action of 2Znd-R.F. Tube

The R. I voltage across the sccondary of No. 2
R.F T. causes a varmtion in the grid voltage of the
Ind-R.F. tube.  The grid-volltage variation affects the
cathode-plate clectron-floaw and produces current varia-
tirns in the plate circuit of the 2nd-RUF. tube, These
pulsations are similar to those in the 1se-R.F. plate cir-
cnit, but of much greater intensity, owing to the ampli-
fying propertics of the 2nd-R.F. screen-grid tube.

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

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

The current-variaticns or pulsations in the plate cir-
cuit of the 2nd-R. E tube set up an R.F. voltage across
the promary of Noo 3 ROFOT.

28 Mo 1R £

L

LOGAL -DISTANCE
SWITCH

piEap-

+B, R. F.

T, 168, Fresenrary Cigevrr of Ramo-Yregvoves Avenener Usinag Uwo Seeres-Ckn Toovue
witit Traxsrorsmer Courniva,
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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. ig 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.E
amplifying tube prevents {eed-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 Ne. 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. T 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 portinn of the primary of
No. 2 R.F. T. is in 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 pus-
sibility of distortion which may occur in early-type
models when, 1n order to reduce the volume, the volume
control 1s turned near minimum, thus making the screen-
voltage almost zero. However, this condition cun be
brought about only if the local-distance switch is in-
carrectly turned to the “distance” position when receiv-
ing local or powerful stations.

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

157
STAPEING

R F.C.No. 1 l

)
p

LOCAL-DISTANCE

CONDENSER MO ZR.F.T.

SWITGH CONDENSER
BLACK RUB. COVERLD

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 arc 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 1o the center-tap of the R.F. auto-trans-
tormer. 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 awvto-transformer circuit is wvery
similar to that of the ordinary R. B, transformer ciréuit.

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.

nw
STOPPING

2R cornrnsen D

+B, R. F.

Frs, 17, BiEMENTARY CirevIT oF Two-STAGE Screex-Grrn Raplo-FREQUENCY AMPLIFIER USING
Avro-T'rawgForMer CourLING,

June, 1831
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ATWATER KENT RADIO

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

The connections of the local-distance switch in the
aato-transformer coupled R, F. ampiifier are shown in
Fig. 17.

When the arm of the switch is turned clockwise to
make contact with the plate side of R.F. C. No. 1, the
plate of the 1st-R. F. tube is coupled to the grid circuit
of the 2nd-R.F. tube through the 1st stopping con-
denser.  This provides maximum amplification.

When the switch is turned anti-clockwise to the
“local” position, the only coupling between the 1st- and
2nd-R.F. tubes is that provided by the slight capacity
between the plate lead from the 1st-R. F. tube, and the

lead from the lst stopping condenser, as both of these
leads run to the switch.

The local-distance-switch condenser (formed from
two pieces of wire twisted together and covered with
soft black rubber tubing) has a capacity approximately
equal to that between the plate and screen electrodes
and leads of the Ist-R.F. tube.

The local-distance switch condenser acts as a substi-
tute for the plate-screen capacity of the 1st-R.F. tube
when the switch is turned from the “distance™ to the
“local” position. This prevents detuning of the grid
circuit of the 2nd-R. F. tube.

C. THE DETECTOR CIRCUIT

A greatly magnified reproduction of the received
broadcast energy is delivered by the R. F. amplifier to
the yrid circuit of the detector tube.

This amplified energy, as previously described, con-
sists of an R.F. alternating voltage which, of course,
has positive and negative half cycles,

Each side {positive and negative) of the alternations
is modulated, or varied in intensity, at an audio-
frequency rate.

(This audio-frequency modulativn corresponds to the
sound waves of voice or music at the transmitter.)

It is the function of the detector tube to suppress the
effects of one side of the R.F. alternations, and allow
the A.F. modulation of the remaining side to produce
A.F. current variations in the detector plate circuit.

The effects of either the negative or the positive side
of the applied R. F. alternations may be suppressed.

There are two main types of three-element vacuum-
tube detector circuits which are used to obtain the above
results:

{a) First, the “grid detection” method, using a grid
condenser and leak, as shown in Fig. 18. This method
is used in Model 61 and 67. With this circuit, the plate
current varies below normal when a signal is being re-

. F. GRID
TRANSFORMER CONDENSER
—

1

ceived, indicating that the grid voltage becomes more
negative,

The exact explanation of the action of this circuit is
rather involved. For our purposes, it is sufhicient to
know that the grid, heing isolated by the grid condenser
from direct connection to the cathode circuit (except
through the grid leak), accumulates a negative charge
when the R.F. voltage wvadations are applied to the
arid condenser. This charge leaks off, at the modulating
frequency, through the grid leak, which has a resistance
of several million ohms.

The result is that the electron flow between plate and
cathode decreases below normal at a radio-frequency
rate, and the amount of this decrease varies at an audio-
frequency rate, corresponding to the modulation of one
side of the applied R. F. voltage alternations in the grid
circuit.

The A.F. variation of plate-circuit current sets up an
A.F. voltage across the primary of No. 1 A F. T,
which has a high effective resistance {impedance, or
opposition) to A, F. current variations, The A. F. volt-
age across the primary induces an A. F. voltage across
the secondary: this A. F. voltage is fed into the audio-
frequency amplifier.

DET. PLATE
R, F. CHOKE

ALFL
TRANSFORMER

> >
T g
MODULATED R. F. £ z
T T
o n
GRID ~PHONE™
LEAK CONDBENSER
! =
-B +8, DETECTOR
Fro. 18 Crreurr o THres-Eiemest Vacuus-Tune Dereeror Usive e Guin-Coxprexsir—

Grin-1.Eax Mrriion or DEtEcriox.
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ATWATER KENT RADIO

The Detector Circuit (Continued)
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the suke ol casy cowarison with Flg, 18, A, K. timsiormer coupling 75 shown above.

(b) The second method of detection with a three-
element vacuum-tube circuit is termed “plate detection,”
and it is employed in the A. Ceoperated screen-yrid
maodels,

Ta this cireuit, Fioo 19, the grid of the tube iz main-
tadned at avelatively Lirge negadive voltuge with respect
to the cachede

Because of this negative grid voltage, the plate-circuit
current Is extremely low.

When the modulated R.F. voltage supplicd by the
K. F. amplifier is impressed on the grid buas voltage, 1t
makes the grid voltage alternately more negative and
less negative than its normal bias value,

When the orid s mere negative than its normal bias,
the plate awrrent, being already very low, cannot de-
crinse appreciably.

However, when the grid voltage is less negative than
its normal bias, it produces an increase in the plate-
circuit current.

In other words, the effect of the negative hall-cycles
of the applied R. F. voltage alternations is suppressed,
and the A. F. modulation of the positive half-cycles pro-
duces an A. F. variation in the plate-circuit current.

This A.F. current variation sets up an A.F. voltage
across the primary of No. 1 A F. T. The A F. output
of this transformer feeds the audio amplifier.

(This method of detection may also be described as
operating the detector tube on the “bottom bend™ of its
plate-current  grid-voltage characteristic, at which point
an increase of negative voltage on the grid does not
decrease the plate current, bur a decrcase of negative
voltage does increase the plate current.)

With this method of detection, the plate-circuit cur-
rent increases when a signal s received.

D. THE AUDIO-FREQUENCY AMPLIFIER

As s name dicates, the audio-frequency amplifier
is used o amplily the audio-frequency (ALTL) output
of the detector tube.

The audio amplificr must be so designed that it will
not alter the furm or shape of the audio-frequency
encray delivered to it by the detector tube.  If any such
alteration does occur, the reproduction will be distorted
from its original form.

The amplification must be the sume at all audio fre-
quencies, otherwise sume frequencies will be submerged,
“and other {requencies will be exaggerated, resulting 1n
wanatural reproduction,

All Atwater Kont sereenqgrid receivers {prior to the
introduction of the pentode tube in Model 84) have two
stages of aodio-lrequeney amplification. The 2nd, or
output slage, has two tubes, which make available more
thun twice the output powet of a single tube.

These audio amplifiers, in conjunction with the screen-

I=ee, 1]
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grid R, F. tubes, have ample reserve power, which, as in
the case of a high-powered automobile, is seldom used to
its maximum capacity.

The audio-frequency amplifier in the A. C.-operated
muodels i3 somewhat different from that used 1 Maodel
61 and 67. The latter two models are designed to have
greater amplification for each audia stage in order o
compensate Tor the necessarily lower plate voltages.

The principal difference between the two audio ampli-
fying systemas is in the method of coupling the detector
to the 1st-A.F. tuhe.

In the battery-cperated and direct-current receivers,
Mndel 61 and 67, an audio-frequency transformer is
usee] to couple the detectar and 1st-AL F. tubes.

fn the A. C-operated models, “reststance coupling™ is
uzed between the detector and 1st-A. F. tubes.

A brief explanation of the action of these two
methods of coupling s given on the next page.
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ATWATER KENT RADIO

The Audio-Frequency Amplifier {Continued)

(2) Transformer-Coupled 1st-Aundio

In Fig. 19, the A, F. voltage which is set up across
the primary of No. 1 A.F. T, as a result of A F. vari-
ations in the detector plate-circuit current, induce a
vorresponding A. F. voltage across the secondury of No.
I A F.T. The voltage across the secondary is greater
than the voltage across the primary because the trans-
tormer has a step-up ratio, that is, more turns in the
secondary than in the primary.

The A.F. valtage across the secondary of No. 1

A.F.T. is impressed un the normal grid bias voltage of
the 1st-A. F. tube,

As a result, the grid voltage becomes alternately less
negative and more negative than its normal bias value,
thus producing corresponding variations in the lst-A. F.
plate-circuit current equally above and below its normal
value,

The current variations in the lst-A F. plate circuit
are exactly similar to the A. F. current variations in the
detector plate circuit, but of much greater amplitude or
power owing to the amplification provided by No. 1
A.F.T. and the Ist-A F. tube.

DET. -1at A, F. COUPLING
CONDENSER

s

p 1A

\

15t A. £, GRID
LEAK

/.

DET. COUPLING
REEISTOA

DET. FILTER
CONDENSER

L
1

I

-B 4B, DETECTOR

Fic, 20, Tnackam SHowine Resisraxce Covrrnine Brrwrew

Dyerctor ano Ist-A, ¥, Tuses,

{b) Reststance-Coupled 1st-Audio

Fig. 20 shows resistance coupling between the detector
and Ist-A F. tubes.

In this circuit the grid of the Ist-A.F. tube is con-
nected to the negative end of a bias resistor in its
cathode circuit through a grid leak of about one-tenth
of a megohm. This leak provides a path for the grid
bias voltage to reach the grid, and it also prevents the
accumulation of a negative charge on the grid,

The A.F. current wvariations in the detector plate
cireuit set up an A F. voltage across the detector
coupling resistor. This A. F. voltage is fed to the grid
of the 1st-A. F. tube through a fixed condenser of large
capacity which has low eflective resistance to A. F. cur-
rent variations, but very high effective resistance to D. C.

The A.F. voltage which is fed through the coupling
condenser is superimposed on the normal grid bias volt-
age of the 1st-A F. tube.

June, 1981
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As a result, the grid voltage becomes alternately less
negative and more negative than its normal bias value,
thus preducing corresponding variations in the lst-A, F,
plate-circuit current equully above and below its normnal
value.

The current variations in the 1st-A.F. plate circuit
are exactly similar to the A. F. current variations in the
detector plate circuit, but of greater amplitude, owing
to the amplification provided by the 1st-A. F. tube.

(c) The “Double-Audio” Qutput Stage

Except for the method of securing grid, plate, and
hlament voltages, the action of the double-audio output
stage shown in Fig. 26 on DPuge 27 is typical of all
double-audio output stages in Atwater Kent screen-grid
receLvers.

The A. F. variations in the plate-circuit current of the
Ist-A. F. tube produce an A.F. voltage across the pri-
mary of the input A.F. transformer. This induces a
corresponding A.F, voltage across the secondary.

A tap connection is made to the center of the sec-
ondary of the input A F. transformer. This tap is
connected to the negative end of a bias voltage. The
positive end of the bias is connccted to the filament ¢ir-
cuit of the 2nd-A F. tubes, thus maintaining the grids
of both tubes at a negative voltage with respect to their
filaments.

The plate of each 2nd-A. F. tube is connected to the
primary of an output A. F. transformer. A center-tap
on this primary is connected to the positive terminal of
a high-voltage D. C. supply.

The A.F. voltage developed across each half of the
secondary of the input A.F. transformer is superim-
posed on its normal grid bias voltage.

This makes the grid voltage of each tube alternately
less negative and more negative than its normal bias
voltage, and produces corresponding variations in the
plate-ciecuit current of each tube equally above and
below its normal value,

When the grid voltage of one 2nd-A. F. tube is be-
coming more negative, the grid voltage of the other
2nd-A. F. tube is becoming less negative; consequently,
the plate-circuit current of one decreases as the plate-
circuit current of the other increases.

This produces a cocoperating A F. variation of cur-
rent through the primary of the output A F. trans
tormer.  As the primary has a hich opposition to A F.
current variations, an A. T, voltage is set up across the
primary.

This A F. voltage across the primary of the output
transformer is similar in form to the A F. voltage across
the primary of the input A. E. transformer, but of much
greater power owing to the amplification provided by
the 2nd-A. F. tubes.

The advantages of the double-audio output stage are
briefly as follows:

1. The two tubes acting together provide more
than twice the availuble undistorted output power of
one tube of the sume type.

2. The double-audio cutput tubes balance out any
varjation or ripple in their plate-voltage or grid-
voltage supply, thus reducing hum. In order to
secure this balanced condition it is necessary to use
matched tubes.
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The Audio-Frequency Amplifier (Continued)

E. The Electro-Dynamic Speaker.

The Atwater Kent electro-dynamic speaker, which is
used to convert the electrical output of the audio-
frequency amplifier into audible energy, or sound waves,
has a practically uniform response to all audio fre-
quencies.

The A F. voltage across the primary of the output
transformer induces an A, B, voltage of much smaller
value in the secondary (owing to the step-down ratio of
this transformer). This low A F. voltage is fed into
the voice coil of the speaker. The voice coil has low
resistance, consequently on a strong signal the A.T.
current in the voice coil circuit is comparatively high,
The magnetic field produced by flow of current through
the voice coil reacts against the constant powerful field
of the eclectro magnet, thus producing motion of the
voice coll.

F. A Summary of the Action of the Receiving
Circuit

We have now studied the action of the various sec-
tions of the receiving circuit, and before beginning to
study the power supply system, it may be helpful
briefly to review what we have read.

1. The R.F. amplifier selects the frequency of one
broadcast station, excludes all other stations, and ampli-
fies, without distortion, the energy received from the
desired station,

2. The detector circuit rectifies the amplified R.F.
energy and allows the modulation of this energy to
affect the audio-frequency amplifier.

3. The audio-frequency amplifier increases the power
of the audio-frequency energy delivered by the detector
tube.

4. The electro-dynamic speaker converts the electrical
output of the audio-frequency amplifier into audible
energy or sound waves.

THE POWER SUPPLY SYSTEM IN A.C.OPERATED MODELS

The power supply system must take the I10-volt A C.
(alternating-current) and from it produce high-voltage
D. C. (direct-current) for the plate and screen circuits,
low-voltage direct-current for the grid circuits, and low-
voltage alternating-current for the filament circuits.
This iz done in this way:

A, The Power Transformer

The 110-volt A, C. supply is fed into the primary of
a power transformer (see Fig. 21). There are four
secondary windings on this transformer:

(a) The 2nd-A F. filament winding provides 2.5
volts A. C. for the filaments of the Znd-A. F, tubes,

POWER TRANSFORMER

;
HIGH VOLTAGE
; WINDING
ON-OFF >
TOGGLE 2
SWITCH @
ol
—O
z Z  RECTIFIER FI
& L.
110 VOLT CABLE s ki WINDING
x
&
> PB.F.-DET.-1st A, F.
w FIL. WINDING
Y
Z dA FFIL
< WINDING

Fre. 21. Twe Powkr Trawsrormer Taxes 110 Vorrs A C.
ann TransrorMs 11 13970 ITmnoEr AND LOWER VALURY
oFf ALTERNATTNG CURRENT as INDICATED ABOVE
(Earcy MopeL 35).
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(b) The R.T.—detector—1st-A. F. filament winding
supplies 2.5 volts A.C. for the filaments of the R, F.—
detector—1st-A. F. tubes.

(c) The rectifier flament winding supplies 5 volts
A. C for the filament of the rectifier tube,

{d) The high-valtage winding provides about 350
volts A. C. to each plate of the rectifier tube (measuring
from the center tap of the high-voltage winding ta each
plate of the rectifier).

These values of secondary voltage are obtained by
designing the transformer in accordance with a funda-
mental eleetrical principle that the ratio of primary volt-
age to secondary voltage is equal to the ratio of primary
turns to secondary turns.

POWER TRANSFORMER RECTIFIEA TYBE

HIGH VOLTAGE

WINDING FILAMENT

OMN-GFF
TOGGLE +
SWITGH
PULSATING
—0 DIRECT CURRLNT

A -
L

10 VOLT CABLE RECTIFIER FiL.

WINDING
Fiue. 22 Tre Hicu-Vorrace A, C. 18 CoNverTED I1NTO

Pursating 1. (L sy A “Fro-Wave” Recrirvive
TURE, Az SHOWY ABOVE.

FEIMARY
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The Power Supply System (Continued)

B. Rectifying and Filtering the High-Voltage A. C.

The high-voltage A. C. must be converted into high-
voltage D. C. before it can be used to supply the plate,
screen, and grid circmts of the receiving tubes. Thas
conversion is accomplished by rectifying the high-
voltage A, C. (through use of a “full-wave™ rectifying
tube), as shown in Fig. 22, and feeding the resultant
pulsating . C. into a Alter circuit which delivers a
smooth high-voltage direct-current output, similar to
that provided by "B batteries.

The flter circuit, Fig. 23, contains audio-frequency
chokes and large filter condensers.

The filter chokes, which are connected in series with
the line, offer a high opposition to the alternating cur-
rent compunent of the pulsating D.C. which iz sup-
plied by the rectifier tube. The chokes therefore tend
to prevent passage of the pulsations in current, but offer
only slight resistance to the direct-current portion of
the current.

The filter condensers, connected across the supply
lines, have low effective resistance to the A. C. compo-
nent of the pulsating D. C. which is supplied by the
rectifier tube. The filter condensers therefore tend to
short-circuit the pulsations in the current, but as the
condensers have a very high oppasition to D. C., they
do not affect the D C. component of the pulsating D. C.
supply.

The result of the action of the filter circuit is that
the pulsations (in the direct-current fornished by the
rectifier tuhe) are smoothed out, and after passing
through the flter circuit, the current is practically pure
. C., and hence will not introduce anvy hum in the
receiver.  See Fig. 27 on Page 28,

(The detector and 1st-A. F. plate circuits have sep-
arate additional audio-frequency filters, comprising a
filter resistor and filter condenser, which serve to pre-
vent undesired reaction hetween the plate currents,
which reaction has a tendency to occur owing to the
coupling provided by the common supply.)

C. DISTRIBUTING THE HIGH-VOLTAGE D.C. TO MEET THE
REQUIREMENTS OF THE RECEIVING TUBES

After the high-voltage A.C. has been rectified and
filtered into pure D. C., it is distributed among the
tubes in such a way as to meet the voltage requirements
of each tube

{a) Feeding the Plate Circuits

In order to understand how the correct volages are
applied to cach tube, it is helpful to study the circuit of
early Model 55 in Fig 15-A, and note that the negative
line of the filter circuit goes through the speaker field
coil to the chassis. Also, by tracing out the plate circuit
of each tube, and the screen circuit of each R.F. tube,
it will be found that these are all fed from the positive
line of the filter circuit.

After entering the plate or screen circuit, how does
the current get back to the negative side of the filter
circuit?

The return path for each plate and screen circuit is
across the electron-stream between plate and cathode, or
screen and cathode, then through the bias resistor for
that tube and back to the negative line {chassis) of the
filter circuit.

(In the 2nd-A. F. tubes, the return path of the plate
circuit is somewhat different, as will be described later.)

(b) How Grid Bias is Obtained

The plate current of each tube, or the plate and
screen current of eachk R.F. tube, flows through the
bias resistor.

This current produces a voltage across the bias re-
sistor and, if the grid return of the tube is connected to
the negative end of the resistor, the grid will be held at
a negative voltage with respect to the cathode.

This voltage (across the bias resistor) constitutes the
grid bias for the particular tube. The value of the bias
voltage is governed by the resistance of the bias re-
sistor, and by the wvalue of the total current flowing
through the bias resistor.

This may be understood more readily by studying
Fig. 24 which shows the complete plate circuit of an
R.F. tube. Here, as indicated by arrows, the current
flows from the positive side of the ilter circuit through
the primary of the R.F. transformer, across the plate

FILTER CHOKES

PULSATING
DIRECT-CURRENT
ouTPUT FROM
RECTIFIER

FILTER CONDENSERS

e

PURE SMOOTH
DIRECT-CURRENT

M= Mi

(sP

—_—

——
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EAKER FIELD GOIL )

Fic. 23. Twe Pursarixe D, C Deuvereo By THE Recririer Cincurr 1s Fiorerenp tvro SsmoorH D.C, 3y 4 CoMBINATION OF

Avpio-Freguency Criokes axp LLarcE FiLTER CONDENSERS.

Tur Fiuter CIRCUIT 18 SEOWN ABOVE.

(Arrows indicate direction of current flow.)
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The Power Supply System (Continued)
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The plate circuit current, flowing through the bias

resistor, as indicatel by arrows, causes a voltage

drup wetoss the resislor, thus making the cathode positive with respect to the grid-relurn lead, and thereiore

making the grid negative with respect 1o the cathode.

cathode electron path, through the hins resistor, and
back to the negative side of the filter circuit.

The grid-return of the tube is through the secondary
of the left-hand R. F. T. and thence to the negative end
of the bias resistor. The voltage across the bias re-
sistor (measured with a high-resistance D. C, voltmeter
V™), which is produced by the flow of plate and
screen current, serves to make the gnid negative with
respect to the cathode.

{c) Measuring the Grid Bias
In actual measurement of the grid bias, we recon-
mend measuring from the grid of the tube to the

R.F.T.

1
T
|

FILTER CHOKES

S N et

cathode, as shown in Fig. 23, in order to check the
continuity of the grid circuit and measure the bias in
one operation. However, in doing this, if the grid
return path or the bias resistor has a high resistance
in proportion to the resistance of the voltmeter, the
measured voltage will be less than the voltage across
the bias resistor. This is true when measuring the lst-
A B and the detector grid woltages in the A C.-
operated screen-grid models. In the voltage tables for
these models we give the detector and lstA F. grid
voltages as measured from grid to cathode with the 0-50
scale of a one-thousand-ohm-per-volt meter. The actual
normal bias voltage is higher.
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The Power Supply System (Continued)

(d) Tracing the Bias Circuit

In the complete diagram of early Model 55, Fig 15-A,
it 1s not as easy to trace out the complete plate-circuit
path of each tube, as it is in Fig. 24. This is caused
by the fact that in a desire to make the complete dia-
gram (Fig. [5-A) follow the actual wiring of the set, so
1t will be most helpful in service work, we have shown
separate chassis connections for the grid cireuits, cathode
circuits, and negative end of the main filter circui,

This may be appreciated by comparing Figs. 24
and 23, which are identically the same electrically, but
appear different because in Fig. 24 there is one chassis
connection for all the circuits, while in Fig. 29 the
chassis connections are shown separately.

(e) How Grid Bias is Obtained for 2nd-A. F. Tubes

The grid bias for the 2nd-A. F. tubes could be secured
by commecting the filaments of these tubes to the nega-
tive end of the filter circuit through a suitable resistor,
and connecting the grid return {(center-tap of the sec
ondary of the 2nd-A.F. in-put transformer) to the
negative end of this resistor,

However, as the 2nd-A. F. hias voltage must be about
45 volts for the 245 tubes, and about 80 volts for the
250 tubes, it would not be economical to use this high
voltage (\Vhl(,h is subtracted from the total antadn
available for the plates of the 2nd-A. F. tubes) merely
for hiasing the 2nd-A. F. tubes.

Therefore, a different method is used, as shown in
Fig. 26. Here the speaker field coil is used as a filter
choke and is connected in the negative line of the Alter

currents of all plate and screen crcuits flow through
the negative line of the filter circuit, and therefore
through the field coil, there is a D.C. voltage across
this coil.

In Model 66, the voltage across the field coil is about
80 volts. Therefore, by connecting the filament circuit
of the 2nd-A_F. tubes to the positive side (chassis) of
the field coil, and connecting the grid return of the
2nd-A. F. tubes to the negative end of the coil, the grids
of the 2nd-A. F. tubes are maintained at 80 volts nega-
tive with respect to their filaments.

The connection to the filament circuit is made through
the center-tap of a filament-shunt resistor {or the reason
explained previously.

In the A. C.operated models which employ 245 and
171-A tubes, requiring a grid bias of about 45 volts, a
similar biasing system is used, but instead of using the
entire voltage across the field coil, a potentivmeter ar-
rangement of resistors is connected across the field coil
so that the correct portion of the total voltage is avail-
able for grid bias of the 2nd-A. F. tubes. This iz shown
in the diagram of ecarly Model 59, Fig. 15-A, and also in
Fig. 27

Because of this careful engineering Jesign, the speaker
field coil serves three purposes:

1. It acts as a filter choke, thus helping to smooth
out the plate-voltage supply.

2. The D.C. voltage across the field coil {s used in
whole or in part to bias the grids of the 2nd-A. F. tubes.

3. The total plate current of the tubes, flowing
through the field cotl, produces a strong magnetic field

circuit. The field coil has resistunce, and, as the D. C. in the circular air-gap of the speaker magnet.
Znd A. F. INPUT 2nd A, F. QUTPUT
TRANSFORMER 2A f TRANSFORMER
T
Ind A.F, FIL. 2Aa l
SHUNT RESISTOR *
e L
~ S
~a
W FILTER CHOKES
o s —~
EQUIVALENT b ;— +
RESISTANCE — »
LOAD OF QTHER B o OUTRUT
TUBES H‘: = phi
“ 7 RECTIFIER
LY p——————— FILTER CONDENSERS
. 10000 =
— ﬂl” M2 - -
Fic. 26. Toe 2np-A.F, Bias Vourace 1N MoorL 66 15 OwxraiNep BY TUE DRoP ACROSS THE
SpeakER-FIELr Coin 1N THE Necative Smz oF tae Firer Circurs.
The filament circuit of the 2nd-A, F. tubes is connected to the positive side (chassis) of the feld coil, and
the grid-return (center-tap of the secondary of the input A.F. transformer) is (:onnccted to the negative side
of thie ficld coil.  The bias vollage is mcasured with a high-resistance D. C. voltmeter *V."”
The ahove diagram does not show the grid-flter resistor and condenser which are used in Model 66,
June, 1931 27
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The Power Supply System (Continued)

(f) How the Screen-Grid Voltage is Controlled
The sensitivity of the R.F. amplifier, and conse-
guently the output volume of the set, may be controlled

by regulating the screen voltage.

When the screen voltage is adjusted to its maximum
value, the R.F. amplifier has greatest sensitivity and
Both of these factors decrease as the

amplification.
screen voltage is decreased.

the same model

varies in different madels, and also in different cypes of
The arrangement used in Model §3
and §5-C is shown in Figs. 28 and 29

(g) The Complete D. C. Distributing System

Having now reviewed the rectifying and filtering cir-
cuit, and having described how the plate, grid, and

screcn voltages are obtained, it will prove helpful to

For engingering and production reasons the eircuit study Fig. 27, which shows the complete T C. dis-
arrangcment for securing the correct screen voltage tributing system for later Model §5.
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IMPORTANT FACTS THE ATWATER KENT DEALER SHOULD KNOW

1. Replacing R.F. Transformers.

Atwater Kent dealers should keep constantly in mind
this fact:

Single R.F. transformers are not sold separately.

When a single R.T. transformer in a set becomes
burned out or damaged, it is necessary to replace the
entire R, F. transtormer group or assembly, This is Jdue
tu the fact that these coils are matched in groups at the
factory and sold from the factory in complete groups
only.

Il you do not have a replacement group in stock, re
twrn the group contuining the damaged coil or coils to
your distributor who will exchange it for a new group
and charge you only for the coil or coils needing replace-
ment.  Refer to parts list for prices of replacements on
cach type of set.

2. Replacing Coils in Magnetic Speakers.

Coils for magnetic (horn or cone} type speakers are

not sold separately.

This is due to the fact that when a new coil is in-
stalled it is necessary to remagnetize the poles which
can only be done at the factory. When you have a
speaker unit with burned out coil, return the unit to
the distributar who will replace it and charge you only
for the burned out cail plus a small labor charge.

3. Replacing Carbon-Type Volume Controls.

Parts Jor carbon-type volume controls (used in later

screen-grid sets) wre not suld separately.

Owing to the fact that special tools are required for
assembling carbon-type volume controls, parts for this
type control are not furnished separately. When one
of these controls develops trouble, return it to your
distributor for replacement at a charge for labor and
material involved,

4. Operating 25-Cycle Sets on 60-Cycle Current.

A receiver designed for 25-cycle operation will fune-
tinn sutistactorily on 23-, 40- or 60-cycle current. How-
ever, a 60-cycle set must not be operated on 25-cycle
or 40-cycle current, otherwise overheating and damage
will resudl.

5. Converting D. C. Sets to A. C. and Vice-Versa.
The dJealer may frequently be confronted with the
question as to the possibility of changing over a 1. C.
set for use on A, . or vice-versa. The cost of making
any such change would be entirely prohibitive, con-
sequently the only solution in a case of this kind (where
the current is changed or customer moves to a location
where cutrent s different) is a trade-in for a model
using the cutrent called for. If the dealer can not
handle the exchange himsell he should take the matter
up with his distributor. One exception to this may be
mentioned in the case of an A.C. set which may he
operated from a D. C. line by using a small motor gen-
erator- these can be purchased [or as low as $30.00.

6. Operating a Radio on a 32-volt D. C, Lighting System.

Probably the most economicul method of utilizing the
32-volt farm lighting system for radio is to use a stand-
ard A, C.-type receiver in connection with a small motor
generator, designed to operate on 32-volts D. C. and
deliver 110 volts A. C. There are several such gen-
erators available at reasonable prices.

Jure, 1001
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A 6-volt battery-type recelver may be operated on
32 volts by using a suitable resistor (several commercial
types are available} in series with the line, to reduce
the voltage to that required f{or the filaments of the
tubes. Resistors equipped with automatic cut-out to
prevent overload are available,

The 32-volt system cannot be utilized to supply the
plate or "B” voltage tw a battery-type set. This must
be supplied by dry “B™ batteries. Storage "B batteries
which can be recharged (in sections) from the 32-volt
system are also available.

7. Use of the Electro-Dynamic Speaker on Eatly-Type
Sets.

We do not advise attempting to use an electro-
dynamic spezker with our earlier type sets designed
primarily for the use of a magnetic speaker. The dJealer
15 advised to endeavor to sell the customer a complete
new receiver in such cases, explaining to the customer
the advantage of having an outfit in which the set and
speaker were designed by the factory, to work together
to give maximum performance.

8. Use of Screen-Grid Tubes in Early Models.

It is frequently asked if it is practical or advantageous
to use screen-grid tubes in the early type electric or
battery reccivers which were manufactured before the
screen-grid tubes were developed.

The answer to this question is that a receiver must be
especially designed in order to use screen-grid tubes;
owing to the peculiar nature of these tubes and their
extreme sensitivity, they will not give best results in an
ordinary tuned R.F. circuit of the early type. It can
therefore be readily seen that it would be impractical
to re-design an old set to permit using these tubes,
awing to the expense and complications involved.

Here again the dealer is advised to urge the customer
to trade-in his old set as part payment aon an up-to-date
model.

9. Adding Extra Speakers or Headphones to Various
Atwater Kent Receivers.

Very often it is desired to use one or more additional
speakers or headphones in other rooms, etc., the extra
speakers being connected go that they can be switched
on or off independently of the regular or original
speaker. The method used for making connections of
the additional speakers depends upon the type of set.
An outline follows:

(1) Magnetic Sets.

One or several additional magnetic or inductor-type
JB speakers or headphones may be used by simply can-
necting in parallel with the original speaker; that s,
simply run leads from the output or speaker posts of
the set to the additional speakers at their locations.

If more than two or three additional speakers are
used a series-parallel connection is advisable, Head-
phones may be used in place of speakers if a suitable
resistor is connected in series with nne lead to regulate
the volume. )

A single-pole— single-throw switch in one lead to each
extra speaker will permit it to be turned on at will.
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Important Facts (Continued)

2y Early Electro-Dynamic Sets, Model 43, 10. 47
and 53.

A small number of additional magnetic or inducter-
type JB speakers or headphones may be used by making
connection to the two terminals at the right-hand end
of the rear row of terminals on top of the power unit.
Simply solder two leads to these two terminals and bring
the leads out through cover of set to the common leads
of the additiona] speakers.

i3 Sereen-Grid Sets, Model 55, 00 or 60.

In cases where more than one additional speaker or
headphone are desired, we suggest the use of the special
tapped output transformer (No. 15930), which we
designed for this purpose. This transformer is simply
substituted for the regular output translormer in the
sce and connection of the group of additional speakers
made to whichever two of the five taps on the special
transformer give the best results.

With this arrangement Model 5§35, 60 or 66 wall
handle up to 15 or 20 additional magnetic or inductor-
type JB speukers satisfactorily.

We do not advise the use of additional electro-
dynamic speakers, owing to the expense and difficulty
of supplying direct current for the fields.

Where only one additional speaker or headphone is
desired, we sugoest an arrangement as shown in the
illustration, which consists of tapping ofl the voice
coil leads of the speaker cable, with a step-up trans-
former and connecting the extra speaker across half the

SPEAKER PLUG

secondary winding of this transformer. The use of
switches so that either the regular or extra speaker may
be cut out at will, iz shown.

(4) Model 67 Screen-Crid Bartery-Type Receiver und
Model 61 D. . Receiver,

A few extra magnetic or inductor-type JB speakers
or sets of headphones may be used with these sets by
running leads to them from the plates ol the output
tubes (171A) in the set.

(5) 1931 Medels: Type L, F and P Chassis.

The enly satisfactory method of connecting additional
magnetic or inductor-type JB speakers or headphones
to these sets is by the use of our special output trans-
former, No. 17790, which is to be substituted for the
regular transformer attached to the type N speaker.
This special transformer is provided with 5 taps to
permit best results with different numbers of speakers,
up to 15 or 20 being practical. A connection is also
provided in the transformer whereby the eclectro-
dynamic speaker on the set may be shut off if desired.

(0) 1931 Models: Type D (D.C.) and Q (battery)
Chassis.
A few extra speakers or headphones may be used
with these sets by making connection to the plates of
the output (171A) tubes.

(7} Model 84.

No provision has been made for the use of additional
speakers with this model; extra electro-dynamic speakers
for this set are not sold separately.
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SERVICE NOTES FOR SCREEN-GRID RECEIVERS

A. Replacing R.F. Transformers and Variable Con-

densers:

As in the other Atwater Kent single-dial receivers, if
one R.F, transformer is defective or damaged, the entire
group must be replaced. Likewise if one variable con-
denser is defective, all of the variable condensers must
be replaced. Single R.F. coils or variable condensers
are not furnished.

B. Replacing Eyeletted Parts:

The tube sockets, identifying plates and tube-shield
bases are fastened with eyelets to the base-plate, and
several parts are eyeletted to the main panel, but if
any of these parts requires replacement, it may be re-
moved by cutting out the eyelets, and the replacement
part may then be mounted in positicn with short 6/32
or 8/22 screws and nuts.

C. Synchronizing Condensers:

When synchronizing the condensers, connect the
oscillator pick-up lead to the Short-Antenna post, and
place the local-distance switch in the “distance™ position.

The bottom-plate should be screwed in position when
testing any of the screen-grid models for ouiput volume,
or when synchronizing the condensers. However, in
order to avold the necessity of removing and replacing
this plate a number of times, it will be found more con-
ventent to cover the top of the test bench with a sheet
of tin (about 20 gauge), which should be connected to
ground. This sheet of metal acts as a shield in place
of the bottom-plate.

Tn Model 61, the chassis must not be connected to
ground, so in this case the ground connection to the
sheet of tin should be opened. When testing both
A.C. and D. C. receivers, an on-off toggle switch may
be connected in the ground lead to the tin sheet. This
switch should be opened when testing the screen-grid
direct-current receivers.

D. Use Top Plate:

Owing to the design of the R.F. amplifying circuit
in the screen-prid recelvers, it is necessary to use a top
shielding-plate when synchronizing the variable con-
densers. In the shield for three-condenser receivers,
such as Maodel 59, it is necessacy to cut a haole in the
shield over the rotor of No. 1 condenser in order to
make this rotor accessible for adjustment. This hole
should be about 1V inches in diameter with its center
214 inches from the lelt edge of the shield and about
134 inches from the front edge. The rotor of No. 1
condenser may then be adjusted with one finger through
this hole. No. 2 condenser rotor may be adjusted by
turning the control knob, and No. 3 rotor may be
reached from the right-hand side of the chassis.

In four-condenser screen-unid receivers, such as Model
60, 2 114 inch hole should be drilled in the shield over
the rotors of No. 1, No. 3 and No. 4 condensers.

A top shield for the three-condenser type receivers,
and a top shield for the four-condenser type receivels,
with holes cut as mentioned above, should be available
at each testing bench. These specially-drilled shields
are NOT supplied from the factory.
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E. Operating-Voltage Measurements:

One of the quickest methods of testing the screen-
grid receivers is by measuring the voltage at each tube
socket as indicated in the tables for cach set. Please
note that the voltage values are approximate only. These
measurements must be made while the set is 1 opera-
ton, using either a commercial set-analyzer, with
adapters which fit into the tube sockets, or using sepa-
rate A. C. and . C, voltmeters, making connection to
the tube socket-contacts under the base plate.  All of
the sacket-contacts may be exposed by inverting the
set and removing the flat bottom-plate.

F. Continuity Testing:

Separate parts may be tested for continuity with a
voltmeter and battery in the usual way. If there is any
doubt as to whether a part is shorted, grounded, or open,
it is advisable to remove all connecting leads to that
part and test it separately,

When making contibuity tests, see that the control-
grid leads do not touch the chassis.

G. Antenna:

Two antenna posts are provided on the set, marked
“Long Antenna” and “Short Antenna.” The Long-
Antenna post gives somewhat greater selectivity.

Indoor aerfals for the screen-grid receivers should be
erected as far as possible away from grounded metal,
such as pipes, stcel beams, electric wiring, etc. A good
outside antenna is recommended in preference to an
indoor antenna,

H. Ground:

It is necessary to use a good ground connection. In
some cases, depending on the installation conditions,
the sets will work satisfactorily without a ground, but
tor best results we strongly advise the use of a good
ground connection,

L Qutput Tubes:

The two A F. output tubes (2A and 2Aa2) should
be matched on a tube tester, otherwise the set may hum.

The speaker-plug must not be removed from its
socket while the set is in operation.

I. Local-Distance Switch:

The set should be operated with the local-distance
switch in the local position when receiving necar-by
stutions,  Failure to do this may result in distortion
when receiving near-by stations.  This use of the local-
distance switch should be explained to cwners, in order
to avoid unnecessary discussion.

K. Phonograph Adaptors:

Owing to the fact that resistunce coupling is used
hetween the detector and the 1st audio stage on Model
35, 35F, 60 und 66, the usual type of phonograph
pick-up may not give satisfactory volume on these re-
ceivers.  However, some manufacturers have special
pick-ups for these maodels,
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PLANNING THE SERVICE DEPARTMENT

The Service Room
The first thought of the dealer, once he has been
“sold on the idea™ of rendering real service, will be a
suitable workshop or service room in which to carry on
this work, and also the tools and equipment he will
require to perform radio service completely and eth-
ciently,

1.

In most cases it will be necessary for the dealer to
utilize for his service room whatever location may be
available for this purpose under the conditions of his
present floor layout, but where there is a choice, or in
case of the occupying of new quarters where any de-
sired layout can be planned, it is suggested that the
service and parts stock room be arranged adjoining or
convenient to the rear of the sales and display room.
With this arranpement, customers bringing sets in for
service can be relerred promptly to the “Service De-
partment,” which will avoid unnecessary delay and in-
terference with the work of the floor salesman. The
dealer’s “outside service man” can, of course, enter the
shop by the rear entrance.

The service room need not be very lurge, but should
be well lighted. I possible to have outside light directly
on the service bench or table from one side or the rear,
it will enable the service man to work more efhciently
and consequently to produce better results,

2. The Repair Bench

The service bench or “repair table™ should be four
or five feet long and about twenty inches deep. The
height should be about thirty-six inches, so as to permit
the repairman to work at it conveniently while standing.
The top of the table should be of fairly heavy pine
wood, and the legs should be heavy enough to insure
the bench being absolutely firm and {ree from vibration.
One or two round-topped stools can be provided for
the men when working on jobs requiring considerable
time.

3. Suggestions for Service Equipment

A reasonably complete outht of meters and tools,
which will cover the making of any ordinary tests and
repairs, is suggested as an initial equipment for the
dealer's service room, and consists of the following:

Voltmeter panel (see Page 39 for description).

Multi-wave oscillator covering the broadcast range

and also 130 K. C.

Milliameter, 0-100 M. A,

A separate continuity testing meter or “ohmmeter.”

Tube testing device (any standard make).

Hydrometer.

Soldering iron and equipment.

Testing prongs with cables (zeveral pair).

Set of small open-end hex. wrenches.

Juue, 19351
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Set of small socket type hex. wrenches,

Open end wrench for toggle switch (for 34-inch hex.
nut).

Assortment of screw drivers, pliers and wire cutters.

Assortment of sprinyg type clips for quick connections.

Assortment of small fuses (1 and 2 Amp. and 100
M A)

Pair of special wrenches
speaker {(Part No. 9233

lor removing cone of E
Jig for setting volume-control contact (Part No,
15115).
Set of three shims for centering the wvoice coil in
electro-dynamic speakers (Parc No. 20171).
Three gauges for centering tap-pole-piece in clectro-
dynamic speakers. Each gauge consists of o three-
inch length of No. 54 dnll rod.

Two specially-drilled top plates for use in synchroniz-
ing condensers in screenqgrid receivers.  See Paye

31 for details.

Vv
TO 6B-VOLT RATTRERY
Fis. 33, Masxerizing Ao Screw DRIVER.

A magnetized serew driver is of great assistance In removing and
inserting sevews in pluces which are ordinarily difficull o get at, and
it is sumpested the dealer prepare oue, To magnetize a screw driver,
sunply insert the blade inside a coil about 50 turns of Na, 18 or other
insnlated wire, tlhe turminials of which are connceted o 2 6-volt Lattery
and close the circnit inr a2 moment.

4. Arranging the Equipment

All tools frequently used should be kept in a definite
place where they will be accessible without delay. A
row of hooks at one end of the work table or on the
wall can be recommended for this.

The testing equipment may be arranged as shown an
Page 38.
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Planning the Service Department (Continued)

5. Locating Repair Parts Stock and Repair
Material

The best wmethod of arranging the stock of repair
parts is to keep them in rows of small wooden bins or
in glass jars on sets of shelves on the wall. Each bin or
jar should be carefuily labeled with the part number
and name.

It will also be advisable to have an additional set of
shelves for complete sets and speakers——for example a
shelf for jobs “to be repaired,” one for sets “ready for
delivery,” and one for sets “awaiting instructions” from
the owner or waiting for parts which have been ordered.

6. Equipment for the Qutside Service Man

The amount and type of equipment provided for the
dealer’s “outside service man” will depend on the total
investment being made in service equipment, and the
ahility of the outside man in using meters, etc., to locate
and perhaps repair minor troubles in the customer’s
home.

As a rule it is preferable to make only the external
tests in the customer’s home, and if trouble is found to
be within the set or speaker they can be loaded into
the service truck and brought to the shop. This avoids
the bad psychological effect of making an actual set
repair in the presence of the owner.

There are several complete set testing outlits or “an-
alvzers” on the market made by reliable companies,
ranging in price from $70.00 to $200.00 or more (retail
price).  These include all necessary voltmelers, am-
meters, tube testers and, in some cases, an oscillator for
use in synchronizing variable condensers.

If the dealer Joes not feel able to invest in one of
these outfits, the following set of articles is suggested.
Additions can be made as found advisable:

Saoldering irou.

Screw drivers, several sizes.

Wrenches, hex., several sizes.

Combinztion pliers and wire cutters.

Hydrometer.

A.C. voltmeter, 4-8-130 volts.

0-50-230 D.C. voltmeter (1000-0hm-per-volt type).
Tubes—one or two of exch tvpe.

Headphones or speaker.

Continuity tester {(described on Page 36).

The above equipment will provide for checking all
batteries, tubes and the speaker, as well as the D.C.
voltage of any circuit of set or power unit. Any troubles
outside the set can thereby be immediately detected and
if the difhiculty is traced down to the set it can be dis-
connected and brought to the service shop for the usual
routine circuit and voltage tests, and necessary repairs,
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7. Keeping Records on Service

This feature is one which the dealer cannot afford to
neglect if a smooth-running Service Department is to be
maintained, and if the avoidance of misunderstandings
with the customer and unnecessary correspondence with
the distributor is desired.

Puds of printed forms, serially numbered and with
sufficient copies for office records and the customer,
should be used for handling repair jobs, and the date
on which a set is brought in for repuir, date repair is
made, and also delivery date with customer’s signature
obtained, should be carefully entered.

It is extremely important for the dealer to fill out the
warranty tag that accompanies each set and promptly
return the post card section to his distributor. The
dealer-record-card should be filed for reference in order
to determine whether future repair jobs are in the war-
ranty period.

If 4 repair “invoice™ is made out separately, the num-
ber of the repair tag and all other data should be placed
on the invoice.

All expenditures in the line of service should be
recorded carcfully in a suitable book, so that at the end
of the year a comparison can be made between the cost
ol maintenance of the department and the total income
from repair work done. The latter will, of conrse, be
made up of the profit in repair parts and the amount
charged for labor on repair work,

We also recommend the keeping of a careful “in-
ventory” of the stock of repair parts. A “perpetual
inventory” is the best if care is taken to keep it up to
date. A record card should be maintained for each item
kept in stock, and the quantity of this item and dJate
received from the distributor recorded, as well as the
date and repair number whenever one is used on a
repair job. By going over the stock once a month or
so, and checking the inventory, any itemsg on which the
stock is getting low can be ordered from the distributor
and thus an adequate stock of all parts may be kept on
hand at all times.

8. Service Personnel—the Psychology of
Service

In the selection of a man or men to handle the Service
Department of his store, the dealer should consider three
main factors:

1--Education and experience.
2 -Natyral ability on radio repair work.
3—Ability to meet the customer.

1t is self-evident that to perform satisfactory work as
a radio service man, cxperience along radio lines and
ability along the lines of electrical and mechanical repair
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Planning the Service Department (Continued)

work are essential. The third factor, however, is not
usually given due consideration, in fact too often it is
sadly overlooked.

The Service Department, rather than being looked
upon as a necessary evil (as it was several years ago
before the dealer had been educated to its true value),
is now congidered one of the biggest factors for building
good-will and indirectly increasing sales that the dealer
can possibly have. But this is not possible unless the
service mun takes the proper attitude toward the cus
tomers and his own work. He should always assume
the attitude that “the customer is right.” He should
listen politely to his story of his trouble and endeavor
to assure him cheerfully and convincingly that his difhi-
culty will soon be a thing of the past. Confidence in the
product and in his own ability will be a powerful factor
in the service man’s favor in this connection. He should
never argue with a customer and never make promises
he cannot fulfill. All appointments made should be kept
without fail,

All in all, a proper understanding of the psychology
of service on the part of the service man will help to
make the Service Department a great asset to the event-
ual success of the radio dealer’s business.

Fic. 4. Two ViEws or A WEeLL-LAam-Qut ServicE Roowm.
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TESTING PROCEDURE

PPoints for Inspection
The following features should be given special atten-
tion in making the general visual inspection:
[--SOLDERED JOINTS-—xamine for Airmness. A
poor physical joint means a poor electrical con-
nection. Note especiaily ground lug connections.

2. SCREWS, BOLTS AND NUTS
tight.
3 INSULATION ON WIRING—must be perfect

ated not cut or frayed through where it pusses
metal edges of tube contacts, etc,

4--TUBE SOCKET CONTACTS—shauld be clean
and tight.

5 —SWITCHES—switch blades should be clean and
make good contact. (Types other than toggle.)

6—DIAL KNOB--should operate smoothly and
quictly.

7-—~RESISTORS —note il mtact and tightly riveted
or clamped in place.

8 -R. F. TRANSFORMERS—examine for loose or
damaged coils, or poor connections at terminals.

o0 —VARJABLE CONDENSERS—check for foreign
particles between plates and note spacing between
rotary and stationary plates.

10— RHEQSTATS or VOLUME CONTROL-—-must
operate smoothly.

11 -POWER SUPPLY CABLE—note condition of
insulation on leads and condition of terminals at
power end.

POWER UNIT (Early A. C. SETS)—cable con-
nection panel must be bolted down tightly.

must be all

12 -

The set may then be tested in the following way:

{a) If there is no visible damage to the set (such as
a shorted power unit with sealing-compound run over
the edge, scratched R.F. transformers, broken tube
sockets, etc.} it should he connected for operation, with
all tubes in their sockets, and measurements should then
be made of the plate, grid, and filament voltages.
{Also check the volume control for smoothness of
operation.}

These voltage measurements will usually indicate the
exact source of trouble and the set may then be dis-
assernbled, if necessary, and repaired.

(b) Aflter being repaired, and before rcassembling
in cabinet, it is advisable to apply continuity tests to
the chassiz and power unit. The continuity tests give
a further check and minimize the possibility of delay in
assembling the set before it is fully repaired.

(¢} When repaired and assembled, the set should be
connected to the output-measuring-circuit and oscillator
and the variable condensers should be synchronized.
Also again check the operation of the volume control.
If a new power unit has been installed, the plate, grid-
bias, and filament voltuges should be mcasured. The
set may then be switched over to an outside antenna
and tested on broadcast signals.

(d) Before returning the set to the customer, a
careful inspection should be made to make certain that
all assembly screws are tight, that the tuning dial and
volume-control knob are correctly adjusted, that the
condenser-pulley set-screws are tight, that the cabinet
is in good condition, ete,

CONTINUITY TESTS

All Atwater Kent receivers and power units may be
tested for “grounds™ and continuity of circuits, coils,
resistors, etc., with a simple testing arrangement con-
sisting of a voltmeter and battery connected as shown
in Fig. 36, A 0-17 voltmeter with a 22V% wolt "B”
battery is recommended (the volimeter should NOT be
of a high-resistance type). In order to decrease the
voltage across the meter to 19 volts, a volume control
should he connected in series with the battery as shown
in the diagram. The volume contrel may be adjusted
occasionally to cut out resistance as the battery voltage
drops off, thus bringing the voltmeter pointer to the
15 volt mark when the test prongs are touched together.
Use the 18-volt tap on the battery.

Where the resistance of the circuit being tested is
low, the meter should read practically 15 wolts. In
testing through the windings of a transformer or re-
sistance unit, however, there will be a corresponding
drop in veltage, and when testing across a condenser
which is, of course, an insulater (or D. C. (direct cur-
rent) no reading should be obtained. If the results ex-
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perienced on a certain test vary from the above general
outl_mc, trouble in the circuit or unit being tested is
indicated.

In case there is any doubt as to whether a certain
part has the correct resistance, it is desirable to compare
its reading on the continuity meter with the reading
secured on a new part of the same type.

A continuity meter is included in the meter panel
described on Page 39.

L asvoor
,,z}'—\\_\ DS FOLTMETER,
i ‘\‘;‘)n EZ2 OHWS PER VQ.T.

ol L Frs. 36, Diackam  of
CoNTiNUIry TESTING
Circuir,

VDL, CONTROL,

B VLT
"B BAT TEAY

\ TEST PAONGS. '

The volume control is part
Nu, 8310,
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SYNCHRONIZING VARIABLE CONDENSERS IN
BELTED-TYPE RECEIVERS

In order 1o sccure the best sensitivity, volume, and
selectivity from a receiver of the single-dial type, it is
extremely important that all the tuned circuits be syn-
chronized at all settings of the tuning dial.

If the synchronism has been disturbed in a belted-
type receiver, the condensers may be re-synchronized
by loosening the pulley set-serews and adjusting the
rotor of each condenser separately to give peak output
on a constant-strength signal of 1000 kilocycles. The
pulley screws are then tightened, and if the condensers
and the R. F. transformers are matched, the synchronism
should be good at all points on the dial. If the syn-
chronism is not good at other points on the dial, as
evidenced by weak reception, either the condensers or
the R. F. coil group are not properly matched, In this
case a new condenser group or a new transformer group
{as necessary) should be installed and the condensers
should be re-synchronized.

When synchronizing condensers, it is necessary to
use a local osallator to provide signals and a meter to
mdicate output volume.

The local oscillator is necessary in order to sccure
constant signal strength. Signals from broadeast stations
are not suthciently constant for this work.

An output meter is required to sccure a reliable in-
dication of output volume. The car is not reliable for
this purpose.

A suitable output measuring circuit 1s Jdescribetl on
Page 41.

The oscillator feeds a weak signal into the receiver.
The signal is amplified in the receiver and produces a
reading on a meter that is connected to the output of
the set. This meter indicates the strength of the output
volume.

The reading on the output meter is greatest when all
the tuned circuits in the set are adjusted to the same
trequency as the oscillator signal. Therefore, if the
variable condensers are adjusted separately to produce
maximum output volume from the signal, each tuned
circuit will be in resonance with the signa! and in syn-
chronism with each other,

[t is necessary ‘to check the variable condensers at
three different broadcast frequencies in order to make
certamm  thut the tuned circuits are accurately syn-
chronized at all settings of the tuning dial.

The vscillator must provide modulated signals at 1000,
500 and 600 kilocycles. The pick-up control or attenuator
on the oscillatar should be calibrated so that it may be
re-set at any time to give the same output.

A No. 8112 grid condenser should be connected be-
tween the pick-up lead and the antenna post on the set.

The checking and synchronizing procedure is
fullows:

as

Lousen the pulley set-screws on all condensers except
the dial condenser.  Adjust the rotor of each condenser
separately to give peak output on the 600 K. C. signal.
Note the position of the oscillator pick-up control and
the peak reading of the output meter. Repeat this ad-
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justment at 800 K. C. and finally at 1000 K. C.

Carefully tighten the pulley set-screws when the
rotors are adjusted for peak output at 1000 K. C. The
eutput reading at 1000 K. C. should be the same after
the screws are tightened as before, otherwise the rators
have been disturbed while tightening the screws, and
the operation must be repeated.

Now tune to 800 K. C. and readjust the oscillator
pick-up to the same position it had when making the
previous test at 800 K. C. The reading now, with the
pulley screws tightened, should be at least 75% as much
as the reading previously secured at this frequency when
the rotors were adjusted separately.

The same comparison is made at 600 K, C.

If, with the pulley screws tightened, the output
reading at 800 or at 600 K. C. is less than 75% of the
reading that was secured when the rotors were adjusted
separately, it indicates that either the R.F. transformers
or the variable condensers are not matched, and a new
group should he installed.

Note that the pulley set-strews are tightened when
the rotors are adjusted for peak output at 1000 K. C.
The set-screws should not be touched after that.

i

Fic. 37. Ticorenine PULLEy St ScrEws ATFTER CONDENSERS
I ave BreExy Syncuronizen ar 1,000 Kiocveres,
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DESCRIPTION OF TESTING EQUIPMENT

Fre. 88, SCoGESTED ARRANGEMENT FOrR A TEestiNc Bexcr,

The complete equipment we suggest for enabling a
complete test of any Atwater Kent receiver, together
with equipment for measuring the output, is illustrated
above.

At the left, supported on the vertical metal stand, is
the combination voltmeter testing panel, and output
measuring circuit or equipment, Below this is pictured
a 130-K. C. oscillator used in testing our superhetero-
dyne models.

To the right is a large metal box housing the four-
wave oscillator used to generate signals on four standard
broadcast frequencies. On the top of this is shown the
inductor type Model JB speaker used to test reception
(volume and quality) of any set being tested. A solder-
ing iron for use in repairs is pictured on the extreme
right, as is also the plug Tor deriving power for the test
equipment from the local A. C. line. The two drawers
in the table are used for tubes and tools.

The four-wave oscillator and the 130-kilocycle oscil-
lator shown in this view arc especially constructed and
can not be purchased. For dealer use, we recommend
the purchase of a well-shielded battery-operated oscil-
lator that covers the broadcast range of frequencies and
also 130 kilocycles. The frequency controls should be
accurately calibrated, and it should be possible to reduce
the pick-up practically to zero or increase it to the
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equivalent of a strong local broadcast signal. The pick-
up control or attenuator should be calibrated so that it
may be re-set to give the same output at any time.

The voltmeter panel includes an A. C. voltmeter, a
D. C. voltmeter, a continuity meter, and a switch to cut
in the particular meter and voltage range that is required
for a given test. There are only two leads from this
meter circuit and these are at the left-hand end of the
panel.

An output measuring circuit is provided at the right-
hand end of the panel. This includes a thermo-coupled
milliameter, three toggle switches, a four-point rotary
switch, a special transformer, and other miscellaneous
parts. The output circuit is described on Pages 41
and 42. -

The voltmeter panel is designed to fit a Model 36
cabinet. The cabinet is mounted on a pipe with flanges
at each end, forming a very neat and sturdy mounting.

The top of the test bench should be covered with a
sheet of tin which should be grounded through a toggle
switch. The switch should be closed when testing A. C.
or battery-operated screen-grid receivers and opened
when testing D. C.-operated receivers.

The test bench should be used only for testing. A

separate bench should be provided for repair work.
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Description of Testing Equipment (Continued)
The Voltmeter Panel
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Clips for a fuse are mounted on the front of the panel, ut right side of the thermo-galvanometer.
The three meters at the left of the voltmeter panel [ Accurate 250,000-ohmn resistor for the $00-volt
are connected as shown on Page 40. These meters are range of the meter.

used In measuring the voltages and testing the continuity
of any Atwater Kent receiver.

The meter at the right of the panel (Fig. 39) is a
thermo-galvanometer used in an output measuring cir-
cuit described on Page 41.

The equipment required for the voltmeter circuit is
as follows:

1 Phenolite panel 1/16 inch by 20V4 inches by 5V4

inches.

1 High-resistance D. C. voltmeter, 0-50-250 volts.

1 Accurate 200,000-ohm resistor for the 230-volt

range of the meter.

A. C. voltmeter 0-4-8-150 volts.

1 D. C. voltmeter, 62-ohms-per-volt, 0-15 volts.

1 Part No. 9510 volume control for the continuity
circuit.

Part No. 9991 toggle switch.

Rotary switch, nine points.

221/4-volt “B” battery. Use the 18-volt tap.

Pair of testing prongs with leads.

4 Part No. 8215 binding posts.

[T ——

The above parts, except binding posts, toggle switch
and volume control, can NOT be purchased from the
factory.,
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Description of Testing Equipment (Continued)

The Voltmeter Panel
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DracraM o VoLTMETER Trstixe Circult as SgEN rroM REAR.

The high-resistance D, C. voltmeter has a scale reading of 0-50-250 volts, but utilizes external resistors for the 250 aud 300 volt ranges.
These resistors must be accurate,

The A.C. voltmeter is used for measuning line velt-
age, the filament voltage of A. C. receivers and all other
circuits where A. C. is present and a measurement is
required.

The high-resistance D. C. voltmeter is used to check
plate and grid voltage, filament voltage on D. C. sets,
hattery voltage, “B” power units, etc. In general it is
desirable to use the 250 or 500 volt scale when checking
grid or plate voltage.

The continuity meter is used for checking resistors,
trunsformers, chokes, condensers and other parts for

Jure, 1931

4()

open circuits or short circuits. The regulating resistor
{(volume control) should be adjusted to give full scale
deflection when the test points are touched together.

The condenser test using 250 volts is for use in check-
ing leakage in high-voltage paper-dielectric filter con-
densers. It should not be used in testing filament-circuit
hy-pass condensers: the latter should be tested with the
continyity meter which employs only 18 volts.

The 250-volt supply for the condenser test may be
secured from a “B7 power unit or from a Model 42
power unit,
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ATWATER KENT RAO

Description of Testing Equipment (Continued)
Output Measuring Circuit for Scts Prior to Model 84

PHONES
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——— - ‘i R2 , R3
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-EE FEEE 3¢
X z| 3| B \
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T I (L,.\ ’ N iy
0|0 ( 6) (o )
d o Lo
= | =7
For Magnetic For For F, L, D, For 46, 55, 60,
Speaker Sets P, and H 61, 66, 67,
20, 35, 37, 40, etc. Chassis Chassis ete.

CAUTION—TISE ONLY QNI OF THESE FOUIR CANBLES AT ONE TIME

Fic. 41,

An output measuring circuit is provided at the right-
hand end of the meter panel shown on Page 38. The
output meter is used in synchronizing variable conden-
scrs as explained on Page 37,

The diagrain of this output measuring circuit is shown
above. Its main advantage is that ouly une speaker, a
type )B, is required in testing any type of Atwater Kent
recetver. This climinates the nceessity of tying up four
or five clectro-dynamic speiakers. This improvement is
made possible through the use of a special output trans-
former, and a serics of resistors which take the place
of the field coil in the various types of Auwaler Kent
clectro-dynamic speakers.

(If it iz not convenient to build an output measuring
circwit of this type, we recommend the use of a multi-
range rectifier-type 4000-ohm A, C, voltmeter with a
full seale reading of about 150 volts.  This (nrms a very
satisfactory device and may be purchased {rom most
service-instrument manufacturers.  In order to use this
meter with an electro-dynamic receiver, it is necessary
to have the correct electro-dynamic speaker connected

June, 1801
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DiacraM of Qurpur Measurme Crecinr.

to the set. Follow the manufacturers instructions re-
yarding the connections for meter.)

Operation of OQutput Circuit

(A) Throw 81 to the right to test for quality on the
IB speaker.

Throw 81 to the left ta pick up oscillator signals on
the phones when synchronizing variable condensers.

(B) When testing an A, C.-operated electro-dynamic
set, mave 54 to the tap that gives the correct resistance
to tuke the plice of the field coil in the speaker for that
particulur set.

Tap 1 (lefi) takes place of F-6 field coil
Tap 2 takes place of F-4 aor N field ¢ail,
Tap 3 takes place of F-2 ficld coil.

Tap 4 takes place of F field coil.

It is NOT necessary to use a “dummy” fcld load
when testing a battery-operated or D. C-operated elec
tro-Jynamic recetver.  When testing such a recciver,
S4 may be turned to the 4th tap (right).

(Continued on next page.)
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ATWATER KENT RADIO

Description of Testing Equipment (Continued)

Output Measuring  Circuit

(C) MAGNETIC SETS. When testing a magnetic-
type set, such as Model 20, 35, 37, 40, etc., connect the
two-conductor cord to the speaker-posts on the set beinyg
tested. Close both 82 and 33 if a reading on the meter
is desired; open either 82 or 83 to open the meter
crreuit,

{D) INDUCTOR SETS. In testing a Type Q
chassis, insert the three-conductor plug in the speaker-
plug socket on the {) Chassis. Close both 82 and 53
it a reading is desired on the output meter. Open cither
52 or 83 to open the meter circuit.

(E) FIVEPRONG ELECTRO-DYNAMIC SETS.
In testing an L, P, D, F or H Chassis, insert the five-
conductor plug in the speaker-plug socket on the chassis,
and, if the chassis is A. C-operated, set 84 at the cor-
rect tap. To get a reading on the meter, close §2 and
$3; to open the meter circuit, open either 82 or 83,

(F) FOUR-PRONG ELECTRO-DYNAMIC SETS.
In testing a Model 46, 55, 60, 61, 66, 67, cte., insert the
four-conductor plug in the speaker-plug socket on the
chassis. If the chassis is A. Coperated, set S4 at the
correct tap. To get a reading on the meter, close 53
and open S2. To operate the phones or JB speuker,

close 52 and open $3. To operate both the phones and
the meter, close both $2 and 83,

List of Parts
The meter “(G” and the {use “F” are NOT supplied
{rom the factory.

(T) No. 18911 output transformer. This trans-
tormer has an extra winding which couples the speaker
or phones to the output circuit of the particular set that
is being tested,

S1—No. 13678 toggle switch.

82, 83--No. 9991 toggle switchea.

S4—No. 16430 switch.

R1-—Four No. 16988 resistors in series,

R2- -Three No. 16988 resistors in serics.
R3—Four No. 16988 resistors in series.
R4—Five Na. 16988 resistors in series.
F—14 ampere fuse.

G--115 ma, thermo-coupled galvanometer,
I—Na. 141469 double-conductor cord.
I--No. 178606 three-conductor cord-and-plug.
I No. 17556 four-conductor cord-and-plug.
I--No. 17895 five-conductor cord-and-plug.
4 -Nu. 8215 binding posts,

ABBREVIATIONS USED IN VOLTAGE TABLES

Abbreviation Meaning
LR Ist radiv frequency socket
2R 2nd radio frequency socket
3R 3rd radio freguency socket

4 Ro..o.ooL. e 4th radio frequency socket
3 Detector socket

LA lst audio frequency socket
LA 2od audio frequency socket
AL 2nd audio frequency socket
3A .o oo occ0rd audio frequency socket
4 Foo Positive filament contact
—F. Negative filament contact
G Grid contact
Pooooooooooonoo o Plate contact
A Screen-yrid contact

C(in A.Cosets)....... Cathade contact

RET ..o . Radio frequency transformer
AP T .o ... Audio {requency transformer
June, 1901

In the tables, to identify a certain contact of a certain
socket, the abbreviation of the contact is combined with
the abbreviation of the socket.

Thus the grid (G} contact of the third R, F. sacket
is relerred to as G3R. The negative filament contact of
the second A.F. sucket 1s referred to as —F2A. The
cathode of the detector socket (in A C. sets) is CD.
P2A means the plate contact of the second audio fre-
quency socket, and so on,

The use of these symbols will enable the service man
quickly to recognize the corresponding socket on the
set without having to refer to the chart or wiring dia-
gram.

In all cases where “—F” and “4F"” appear on the
diagrams and drawings of Atwater Kent A.-C.-operated
receivers, these markings are used for identification pur-
poses only, as the A. C.-operated filaments or heaters
have no fixed polarity.
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ATWATER KENT RAIO

OPERATING VOLTAGE TESTS

Fieo 420 By Mamixe Cosract 70 THE Socrer Uveoers, 1o s Possient 1o MeasukE VOLTAGES
Wirkour Restoviye tirn Crasgsts ot CasiNer,

Fro 42-A. Meastrize tuk +B Derecror Vorrask ar tHe Power-Uxit TERMINALS,
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ATWATER KENT RADIO

Operating Voltage Tests (Continued)

The table of voltages (for A.C. receivers prior to
screen-grid} on the facing page, is arranged logically
to trace defects from the source of power, and it is
advisable to follow the table as given. The sketch Fig,
42-B of the tap view of Maodel 42 type of receiver shows
clearly the identification of the various socket-contact
eyelets in all Atwater Kent receivers of this yeneral
type.  These eyelets are partly covered by the tube
bases, when the tubes are in the sockets, but contact
may be made to the eyelets through long, thin brass or
steel test prongs, sharpencd at the ends. The prongs
should be pressed down on the eyclets and twisted in
order to remove the insulating coating from the eyelets
and make good contact. In screen-grid models, the
socket-contact eyelets can not be reached from the top
of the set, so it is necessary to invert the receiver and
remove the bottom plate, thus exposing all socket-
contacts, ete. A chart showing the identification of
these contacts is yiven in the description of each screen-
grid receiver,

If it is necessary to remove the chassis or power unit
from the cabinet to make repairs, we suggest that the
regular continuity tests be applied to these parts before
reassembling in the cabinet,

"In using the accompanying voltage table (for re-
ceivers prior to screen-grid) remember that the volt-
ages listed are only approximate, being the average
values for the various models.

When testing a defective set, many service men
prefer ta locate the defective part or circuit before re-
moving the chassis or power unit from the cabinet.
This may be done by measuring the plate, grid, and
filament woltages at the power-unit terminals and at
each tube socket while the set is connected for operi-
tion, with all tubes in their sockets and the 110-volt
supply current turned on. If made systematically, the
voltage measurements provide a quick method of locat-
ing defective parts. The voltages at the terminals of
the power unit should be measured first, and then the
voltages at the tube sockets, making contact through
the eyelets that clamp the socket-contacts to the molded
base. The illustrations, Figs. 42 and 42A show how the
voltmeter leads are put in contact with the socket-
eyelets, or with the power-unit terminals, when making
measurements. In screen-grid type receivers, the set
should be inverted, with bottom plate removed, and
measurements made directly to the socket-contacts, as
outlined in the voltage table which accompanies the
description of each screen-grid receiver.

HURKET PR
RELTU L3
TUBL

J :wn\'):c;
L ey

ST AF L

S

75 SPEAKFR

g RFTUKN
" i ] ST
& d b S

+h, 24 +‘l§, RF

e

Fie. 42-B. Tor View of Mooen 42 Recutver,
The identification of socket-contact cyelels in this view may bhe applied to all Atwater Kent receivers of this general type.
The vollage of the three filament circuits are approximately as folluws:
B, F.-1st-A. ¥, fAlament supply  tevminals— 15 volls,
Detector filament supply terminals=2.0 volts.
Zod-A, Foofilament supply terminals—3.0 wvaolts,
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VOLTAGE READINGS ON A.C. SETS (Prior to Screen-Grid)
TESTS MADE WITH SET IN OPERATION, ALL TUBES IN SOCKETS

Use High-Rusistunce 1., Voltmeter (About 0-50-250) To Mcasure Plate and Grid Voltages,

MAKE TESTS IN ORDER LISTED
Voltages at Power Unit

Tse A, €. Voltmeter To Measure Filament Voltages.

' NO VOLTAGE

‘ MEASURE ACROSS | Approx. | : REMEDY
Voltage INDICATES**
2.5V Fil. Supply Terminals. -’} | o .
FILAMENT oy i sunly ferminad 13| O St winding or 001 gpacepovertrans
VOLTAGES i 5V ThlL Supply Terminals, ) 4.9 former. g ) former assembly.
i Tl to F2 (en Rect. Socket). I_ 4.9
: -y o1 @ o . g Open  high-voltage  winding,| Apply continuity
0?3 ].'a[} %;I]F‘ Supply Terminal l 150 open  Llter choke or open tests across filter
R ; R.F-1st-ALE. bins resistor, and high-voltage
winding., Repair
! 4§ necessary.
“B” One 15V Tl Supply Terminal 155 Open 1s1-AF. plate resistor, Keplace resistar,
VOLTAGES*+ ' 4T Ist-A F . | ;
One 25V Fil, Supply Terminal 45 ' Open Det. plate rosistor. i Replace resistor.
to B, Det. .
One 5V Fil. Supply Terminal 180 Open speaker-choke, open pri. | Replace defective as-
to +13, 2A. of output trans., or open 2nd- sembly,
o o . . A.T. bias resistor, ;
Ground to oue 1.5V Fil, Supply | 13 Open  R.T.-1st-ALl.  grid-bias .
- BIAS Terminal. ‘ resistor. Ruplace defective re-
VOLTAGES Ground to one 5V Fil. Supply 45% Open 2nd-AY,  grid-hlas  re-: sistor,
o | Terminal, o sistor. N s
Voltages at Tube Sockets
MEASURE ACROSS Approx, NO VOLTAGE \ REMEDY
|
SOCKET EYELETS Valtage ’ INDICATES ** :
Y o -[-Fon each R.F. Sucket 14 .
FILAMENT and on Tst-ALK, Socket, o Open fil. leads, cable or broken
VOLTAGES —L'D to 4T, 2.3 cable ennnection.
—F2A (0 +FSA, 4.8 |
| —F4R ta PR 160-180 | Open white cable  lead, r_»pcn‘
¢ (¢th R, not used in all ’ R.F. plates res. or open pri.
Models.) Nou. 4 R.F.T. Remove [Cl_mssis
—F4R 1o PIR. 160-1%0 Open  white cahle lead, open lrom cabinct
) R.F. plate res, or open pri {\1’{’]}’ qﬁz’lt?c“;;ti{
No. 4 RTFT, .o lests @ ‘
—FUR to P2R. 160-180 Open primary  cirenit No. 2 A48 Tecessary.
\ R.BLN
PLATE ~-¥IR {0 PIIR. 160-180 OT]‘QCI{“ ’]};)rimury circuit No. 1
3 . _ P A
VOLTAGES —T'D to 1. 45 Open yel, cable lead, open con-
neclion or open primary No.
1 ATT,
—F1A to 1AL 155 Open black-red-tracer cable or
apen pri, No, 2 AF.T, 1
| _F3A to D2A. w0 | |
F—F2Aa to 1P2Aa. 180 . Open conneetion or open pri-| Test output trans.
i (2Aa tube used on clectro- i mary of output transformer. and connections.
) | dynamic Hets) ) ‘
GIR o --FIR. 13 Open ant, cail {choke or sec- |
‘ ondary of antenna trans.}.
G2R to —I2R. 13 | Open sce. No. I RET. or open .
| No. 1 grid resistor.
G3R to —T3R, 13 Open sec. No. 2 R.F.T. or cpen e Cl .
No, 2 grid resistor, R j(.‘ mow Lja?‘ i'i'f:lf
GRID G4R to —F4R. ) 13 Open sec. No. 3 RET. or open x{;g;v Ln:mthiuuin;
VOLTAGES (4%& dRI.F. not wsed in all ‘ No. § grid resistor, | tests. and repair
! odels.) . as necessary.
GlA to —F1A. 13 Open sccondary No. 1 ATT,
G2A to —T2A, 45¥ Open sccondary No. ¢ AFT.
G8Aa to —T2Aq, 4% Open secondary No. @ AF.T, ‘
(2Aa tube used on  electro- :

dynamic Scts.)

T 15 vults on Model 43,
t* Low piate valtage may indicate a leaky condenser,
are lower than given in this table.

June, 1431

A shorted Alter-condewser will cause overlieuting.

45

The plate voltages in Model 38 and early 37
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