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A.C,DAYTON CO. A
i XL-205 XL=25, XL-30 =c-ecccmeaaaa. - 77
“XLFGI; AC=B6 we~cmcmcmec e, 78
hc-s:s, X R e UTRSS /-
J‘IL-S; Navigator, navigator Power P, - 80
—ACHE ELECTRIC CO.
}‘.del S.G. 88’ A c ? ------------ 81
f {{ALL AMERICAN MOHAWK CORP.
i|6 and 8 tube A.C.™" Power Pack ==--- 82
ii Lyric models 80, 61, 62, 65 and 66 -- 82
‘ Lyric models 80, 83, 84, 85, 86, 88 - 82
70, 73, and 75 eec-wceccacmncaa oo 83
L No. 90 chassis, 80 cycle e-weueeec.w-- 83
| No. 90 chassis, 25 cycls «----- T 84
_§No. 96 chassis, 60 oycle ee-eccceeoas 84
" Mohawk one dial battery and A.C.
i 226 = 227 evcceme- 85

il AMERICAN BOSCH MAGNETO CORP.

|15 Amborola; 27 Amborada; 46 The Little
!ﬂ Six; 67 and 87
EiCruiser, Royal Cruiser, and Imperial
i

86

Cruiser model 35 battery sets «------ 87
‘Models 66, 76, and 76L the Cruiser;
mModels 66AC, 96, 116, 136 feor A.C.;
Model 107 for A.C.; Models 126, 148,
186, 176, 46A.C, e~cccmmmmccmaccncna=
Model 96 D.C., 110 V., Cruiser; Model
156 Cruiser; Model 28; Model 825
Super Dynamic Power Pack
Models 48 and 49; i1ype BAN edition 2
Nobattery; lype sAN edition 3 and 4

| Nobattery; rypes sAN edition 5 and 6
Hobattery B e R
Model 54 receiver, nosch Motor Car
receiver e —-w— S

C T Y T T X

90

91

T S T T S T ST ST

AMERICAN TRANSFORMER CO.

i PF 260 Power Amplifier e--ceceeceo...
ABc Hi Power BOX eewececccccccccmeea - 28
Z-AP amplifier and 21-D Hi power box- 342

TR s

TR

AMRAD CORPORATION
Neutrodyne A.C.=-5; Model D.C.-6;
il Wodel A.C.=6 Concerto NOCtUrNe ee---- 92

T I T TI I I

M It B e et

Model D.0.=7; Model A.Coe7 wmmmcmeae 93
Model 80, 82, and 83, No. 7100;
No. 8-522 -------------------------- 94
3500-2; 3500-1; S=733; 7191 power
unit; No. 3590 ecocmmm e - 95
Amrad model 81 (Bel Canto Series) -- 96
H APEX RADIO CoO.
i| See U.S.Radio and Television Co.
i
i ARGUS RADIO CORP.
Ty M TR R R 326

| B 195;

INDEX TO COMMERCIAL WIRING DIAGRAMS

kkkkk S

ATWATER KENT MANUFACTURING CO

Model 10; Model 10B; Model 20 com- |
pact; Model 12; wmedel 19; Model 20 -97 |
Model 21 dry cell; Model 32; Model 36 ]
with condenser volume control; model

36 with resistance volume oontrol == 98
Models 30, 33, 35, 48 and 49 —-veee-- 99
Model 37; Model 38; and power unit =100
Models 40, 42 and 52; Model 44; and
power unit e----- B Er Ty, === 101
Medel 41; Model 43
Model 50; 2nd. type power unit for
model 41; 3rd. type power unit for
model 41; 2nd. type power unit for
model 44

D D e D e = o D - P > W - D - o

Model 55 and 550 —wcwwaceccecicmoa. - 104
3rd. type Model 80-C--vcccccnncaccca 328 .
AUTOMATIC RADIO AND MFG. CO.

"tom Thumb" Portable =ce-e--- e - 340

B

BALKITE PRODUCTS COMPANY

Model C; Model F ewcecacaac .
Models A-3, A=5 and Ae7 eccccencnan-
BREMER-TULLY MFG. CO.
B.T.Counterphase 8; Counterphase 8;
6-40 power 0ONVerter e-eeeeeeeoea_.- -
6-40 circuit diagram; 8-20A -—=w_-.-_
7-70 and 7-71 B e P = r - S o 00

BROWNIKG DRAKE CORP,

Model 34, 36 and 38 ececccemccceccamew - 350
BRUNSWICK BALKE COLLENDER CO.

MOdQlS 14’ 21 and 31 s.PoU. -y - - o - 109
Model 31 combination radio and

Panatrope e-eecccccccaccccaaa.. wem-= 110
RPA=l; RPA=4 eveccmcccccciccuccnaaa. 265
Models 3 and 10 eecccccrcmccacceccaa 267
BUCKINGEAM RADIO CORP

Model 80 eececwcmmmcnciancncin e e 348
BUSHE AND IANE PIANO CO.

No. 10 Deluxe: No, 12 5,6, ~=veec~aa 111
CAPEEART CORP.

See Webster Elec. C0. Pag€eceececucn.a 350 |
CLEARTONE RAD10O CORP,

Goldcrest Model 60; Model 80 —weua-- 112
Clearodyne Model 70; Cleartone

Series 100 maceomccce e 113
Model 110 campact; Model 112 ——————— 114
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COLONIAL RADIO CORP,

Model 31 A,Cy eocmecemmaeaee o e - 115
31 and 32 D,y wecmecccacccnrcaan——- 116
i 32 A0y evmcmccemccmeccc e 117
i 33 & 34 A.C. Remote control w------- 330

CULUMBIA PHONOGRAPH CO. (see Kolster)
6 tube A.C, set; 7 tube A.C. 36t ~---- 118

Columbie C-5 and Kolster X-24;

d C-5 Substitute e-cccccccccmcecaaan 119
| models 930 - 300; Model 931 ----v---- 120
Model 802; Type 950 radio and phono-
graph combination «=e--- ccemmmecmea=— 121
Models 900 - 901; Model 961 «--v-w-== 122
Power prack for model 980; 6 tube D.U
set C6 « C7 =-ue-a- B 123

1ype 980 radio and phonograph comb. - 124

Soreen Grid - 8 w-c-accccecccnmaaaeaa 125
CONTINENTAL RADIO CORP.
Models Ten 29-A and B with 171-L
Power Unit; Model 9 ----c-c--o-=oc-=- 126
i Slagel 29-C; Slagel 29-A and B ----=- 127
i gem 29-D and C with 250-L power unit- 128
| A1l M0delS =cmmmmmmeoe-=mmc—e—smme——— 129
CROSLEY RADIO CORP.
AC=7 and AC=7C ==---= SN B — -- 130
| Model 3B and 3C; Trirdyn 3R3; 5-38;
! Type V; Model 61; 2-stage A.F. amp-
! lifier for type V; Model XI ~---==--- 131
| Model 4-29; Models 30S, 31S, 335,
| 343; Models 40S, 418, 425, 825 ----- 132
| Models 40S, 41S, 425, 82S, arranged
| for M type speaker; Model 401;
| Medel 608 c---cmmmomm-co-m-ammseocoos 133
| Models 60S, 618, 623, 6383
il Jewelbax 7T04-A -=cm=e--=—-=c=-em-=-c-= 134
Model 601 e--ce-meccm—commeeo~ccoeo== 135
i Jewelbox 704-B; Showbax 706 =---xewe 136
| Jewelbox 704; Gembox, Gemchest
| 610 - 609 A.C.; 804 A.C,--=========== 137
{ Jewelbox 705; Models 20,21,22;
| Model RFL-90 -—-—c-emeeemcco-cca—e=a=- - 138

| Models 41-A and 42-AC; 6-60 and §-85- 139
il Bandbox Jr. 401-A; 602 Bandbox;
il Buddy and Chum «=-cecc-coc-we=== remee-= 140

|| DAY-FAX ELECTRIC CO.
il see General Motors Redio Corp.

EARL RADIO CORP.
See Chas, Freshman, Inc.

THOMAS A. EDISON, INC.
| R-4, R-6 and C~4 —-e-e-- . -- 141
i R-1, R-2 and C-2 Chassis Jr and Jeo;
i Model C-1 chassis SC

Snm g s s s pim e,
e T
R et o o e b

Rt-1l, R-2 and C-2 ehassis Jr and
Cr (25 cycle)
(Also see Splitdorf)

| )
F.A.D.ANDREA, INC.
Fada 10, 11, 30 and 31 - 60 cycle;
10z, 11z, 30Z and 31Z - 25 cycle;
16, 17 and 32 - 80 cycle;
16z, and 32Z - 25 cycle
Fada 18 D.C,; Fada 22 battery
Fada 20 A.C. - 60 cycle; 20Z A.C,
25 oycle; 25 A.C. - 60 cycle;
252 A.C. - 25 cycle ;
25 and 252 with M-250 and M-250Z
Eleotric units; 35 A.C. - 60 cycle;
352 A.C. - 25 cycle
Fada 40 A,.C. 60 cycle using P-250
Elec. Unit and 7-A speaker; Fada
- 50, 70, 71 and 72
E-420 Electric ynit; E-180 klectric
Unit; 192-A receiver, 192-S and :
192-BS Units 149 |
7" A.Ce; 75 and 77 A.C. 60 cycle --- 150 |;
Special model 265-A and yada "7%
model 475-A P - o . - - - - n 151
460-A receiver and R-60 unit;
R-80-A unit, 480-A and SF 50/80-A --- 152
"Special™ A.C. receiver 265UA er CA
and RP-85-UA or CA; 262-UA or CA and
RP-62-UA or CA; 480-5 and SF 50/80-B-163
"ABC" 6 volt supply types 66-Q and
62-R; "ABC" 6 volt supply types 86-V
and 82-W; type J unit; Type "C® unit
used with "Special™ and 7 AC

SRR e PRSP w . w o P -

- o

- e . T an s wd W D - W =

e D D - D D WD D W W = D - - -

FEDERAL RADIO CORP.

Ortho-Sonis type D; Series Filament

type D} cecccememmccmc e 155
H0del X w-eeccccccenccccccccenn cem——= 156
Series Filament type F; Ortho-

Senic type H e-ccecmcecmcnccccceoacan 157
Series Filament type E; Type M ==--- 158

FREED-EISEMANN RADIO CORP.

Model NR-8; Model NR-7; Model i
NR-9 - 9A 159 |
Model 10; Model NR1l; Model NR12 ---- 160 [
Model FE-15; FE-18; NR-20; NR-60 .=--- 161 !
Models 30 and 40; Models 30N, 4ON and 1

48N; M0del 50 —ccococmcmmmcemmeaaeee 162
Model 130; Model NR-215, NR-400; :
English long and short wave set ----- 163

Model 457 Powsr Unit; Model NR-80DC - 164 1
Model 90S AC; Model NR-95 AC; 470 --- 1865
Model NR-85; Model 53; Model 800 ---- 166

CHAS. FRESHMAN CO., INC.

Earl models 21 and 22; Earl models
31 and 32
QD-168; Model N




OFFICIAL RADIO SERVICE MANUAL

P = i == 31 = 3 e <o — S St T o e
= e e = SR Fon i T
A SIS B LR TR RS T e e ey T ey
e e e e G e e e e e e gt e
it

e oo e o g cr SR T C e T o

Model G; Model G.power pack; Model

it

G with G60-S .powsr Supply e-w------== 169
Earl model 4l1; yreshman model M with
~60~S Power Supply =--~---cocce=--- - 170
New and Improved masterpiecs;
EqQuaphase; Model Hel ~ecc-cecwcrcvcea 171
i Combination K and X-60-S; QD-18S;=--- 172
il Q-15 and Q-16; 2N and 2N-60=S e=--== 173
] 21AC and 22AC; 2Q-15 and 3Q-16 ------ 174
| Model 121; uodel 21 D.C.; Earl models
ié 33. 31 and 24 m - - D D D =T e - Py oy e W 175
! 31 and 32 AC; 31-SAC and 32-SAC and
% Earl 33<SAC; 41AC ecve-ceccecemc-c-== 176
i
i G
li GENERAL MOTORS RADIO CORP.
% Day Fan OEM-11; CEM-7; OEM-7 super
| selective; 5-tube 1925 model ---cce-- 177
" Day Fan kive "5044" accemecmeeimnone- 178
| Day Fan Five rwenty Seven 5-tubs;
| Six - 6-tube; Seven - 7-tube ------- - 179
{ pay Fan 6-61 - 6-tube; 6B - G-tube;
i 6 Junior 6-tube; 6AC - 6-tube ------ 180
% SAC - 5-tube; Model 35 T-tube; 6AC
i power Set; 6 Junior AC Power Set;
*§ 110 volt D.C. 6-tube; Motor Gen-
[l erator Set =------=-cem-ccmmco—ecens 181
E %2 volt D.C. set 6-tube; Motor Gen-
E'erator and Filter; Power Supply for
| 5-tube AC set; Power Supply for
E 6-tube AC set; s and C Power Supply;
| 8 Power Supply for #6524 and #5525--- 182
i{ 8-tube Model 5077; 8-AC Power Set;
Hl g-tube Model 5080; 8-AC Power Set --- 183
Ll gemeral Motors Model "A" chassis;
!l Delco Autamotive Radio -------=---=-= 184
| GILFILLAN BROS., INC.
| A.C. Model 60; A.C. Model 100 -----=- 186
| GRKYBAR ELECIRIC CO.
I Model 311 ----rnmmmsmmmmmsm=omosomos - 338
ri A.H.GREBE & CO. o
1* R.F. Amplifier type RORN; "13" Regen-
é erative Receiver; Short Wave type
i| CR-18; Short Wave type CR=6 -=------- 186
Il synchrophase type MU-1; Broadcast
| Receiver e---------=----c amwoo-ooeoes 187
| Super Synchrophase type SK-4;
| Synchrophase T-AC ----=-=-=====-==="" 188
| synchrophase 7 =----=-=c-----oomTTTITE 189
| GRIGSBY-GRUNOW CO.
| uajestic Models 60-70-80; 7BP5 Power I
| gnit; 7BP6 Power Unit —-----==77 - 7~
! Model 90; 9P3 Power Unit; 9P6 Power :
! gnit; Model 70B ohassis in 72 Set --- igz
Il Model 100; 90=B =-----====""""""""""" Ted
§ 1odel 100-B; 180 and 181 «---c---=="%

e

I i e

7P6 and 7P3 Power Unit (old wiring);
7P6 and 7P3 Power Unit
8P6 and 8P3 Power Unit; P.U.System

in 130-A Super Soreen Grid chassis--- 196 j

Super Screen Grid chassis in model

130-A; in Model 230-A ececececcmmua= 198
GULBRANSEN CUMPANY.
9 in ILine, old and new models ae-c-w- 197

INSULINE CORP. Or AMERICA

C. Short Wave Set e--c-meccocce--w-- 340

K

KELLOGG SWITCHBCARD AND SUPPLY CO.
6 Tube Set; A.C. 7-tube set induc-

tance tuneédevee—cmrcaccacercmrcenccns 198
Power Unit K-50 for sets #524, 525,
527, 528; Chassis "B" —c---- ceeooe 199

623 and 526 with power unit #245 ---- 200 |
Wave Master; RFL 7-tube Cascade =---- 201 |

COLIN B. KENNEDY CORP.
Model 281; 110; 220 202
Model 6 type 420; 430 and 431se----= 203

7 Cornet D.C.; type 436; Model 20 type

440; Model 521 and 526 ~-cec---eco--e-- 204
Model 10; Model 1l er-cemcne—cccrcoo== 206
KING MANUFACTURING CORP.

Model 10K1 Neutrodyne; 26 Neutrodyne;

71 Neutrodyne; 3C T.R.F.; 61 T.RsF.;

62 T RoFo =mmcwommcmm—=- ————— P 206

207
208

Model E; Model 80; Model 8l crccvcan==
Model F; Model 82 and power pack e-ene
¥odel J; Model H =--eecmmmme-oscooo=s
Model 97; Model 98; King Monarch w-we-
Model G; Power pack wiring King Royal,
Imperial, and Monarch ------=-c-==--- -

210

211

KOLSTER RAD1O CORP.
Columbia type 930; Kolster 6K wenmmm=
Kolster 6-tube receiver; 7-tube

212

A.C. set (Brandes) =---=-------=seooo 213
Kolster S8A-BC; 6H; 7A and 7B wwcen= .= 214
K-A44; KAdsaamaacon- [P 2 215
KeA5 emcemmcmm-cmss=mmosmo-sSooooSSToT 216

217

prandes B10; B16; Bl6 -==--ce====="=0"
tuning chassis for 7-tube sets used in
K-21, K-23, K-24 and K-28; 4-tube
chassis used in K-20, K-22, K-25 and
K-27; Power supply snd amplifier unit

in K-24 ———————————————————————————— - -

L

ngeven Seas" console - 33!

214

COROIEUTZ. INC'
Trans-Oceanic;
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McMILLAN RADIO CO.

Series 900; B8-AC Power Set wcceeceea- - 219
NATEANIEL BALDWIN CO.
Screen Grid Model 80 woccuccccraccan- 324

i RATIONAL CARBON CO., INC.
“.veready models 1, 2 and 3; Series 50- 220

{ Eveready series 30, 30-C and 40 «----- 221
| P
| PHILADELPHIA STORAGE BATTERY CO.
| Philco Model 40; Model 41 =e-eeeemccam 222
| Model 65; M0del 76 eccceeanccaceccccea 223
| Models 77 & 7TA; 86 & 82 weeceeememee 224
| Model 87 cucccmcce i cem e e cc—acea 225
| 96 & 96-A; 296 & 296-A —m-cimmommmoa- 226
Models 511, 5§12, 513, 514, 515, 531,
561, 571; Model 95 cceemceomeammanooa 227
PIERCE AIRO, INC.
ACe24elf cnee i crercaciceacae 352
PILOY RADIO AND YUHBE CORP.
PE6; K-113 power amplifier; Pilotone
Electric 6-tube; Super Wasp —-ceceec-a 228

Pilot Automotive Radio; Grimes
110-vVolt D.C. New Yorker; Twin S.G.8-- 229
K-106; K=108; S.G.-105 wcreceaue-- cee- 230

R

RCA - VICTOR CO. (Victor Division)
Alhembra I (7-1); Electrola Cramwell;
Borgia IT
Electrola 9-25; Electrols 940 mcco..
Electrola Byperion; Alhambra IT and
Florenza; Radiola 25 Catacomb for
Alhambre IT 9(7-2) and Florenza (9-1)- 233
Models 7-3, 7-30 and R-20; Electrola
Radiola 7-26; Victor Radiola 16
10-70; AP-777¢; Catacomb, Radiola 28;
12-165 1226 oo ________l________ "7

AP-952 and AP-997; Victor Radiola 18;

AP-974-A; 951-p and 997-A; 12-15 ---. 23g
Victor Radiola 17 (in model 7-25);

9218 e e 237
AP-736; AP-997C; Model 9«56 eeweoee____ 238

Electrola Radiola 9-54; Automatie
Electrola 10-69; and power wiring --.. 239
R-32, R-42, RE-45, RE=75; 10-69;

106 ol 240
AP-947(RPA-1A); AP-952 and AP-997

(RPA-5 and RPA-§ special);

'lectrola Radiola 9-18 241
'«26; Radiola 9-54; Electrola 10=70--- 242

RADIOLA DIVISION
Fadiola Senior; Radiola RS; Radiola
ITII; Radiola AC; Radiola AR; Balanced
Amplifier, Radiola VII
Radiola V; VII; II; IV =emcecccevcceas
Radiola IIIA; IX; Superheterodyne;
Radiola Grand
Rediole 16; AP-937; VIIB
Radiola 20; Radiola 30
67 wcemecorcomnar e ccrrccccrann—caa
Super VIII (AR-810), "semi-portable"”
(AR-812), 24 and 26
Radiola 25

46 D.C.; 33
Radiola 17;
33 D.C. :
28 (battery operated); Loudspeaker
104 RPA unit e . ra e ce e ow - e—— o
Radiole 64; AP-961; AP-935
Radiola 41; Sterling SPU; Receptor
SPU; Loudspeaker 1056 wccecccececcacean
Radiole 67 eecemmaocccccaaae.
Radiola 47
Radiola §0; 51
41 p.C.; 51 D.C.
18 p.C.; 82 r
Radiols 66 eemeceecam ool 263 ||
30-A 25 cycle; 21 & 22; 30A RPA Unite- 264 |i
Brunswick RPA-4 with Panatrope and :
panel connections (8-tube panel); i
RPA-]1 with Panatrope and panel conn.-- 265 |
Radiocla 44 chassis; 32 RPA unit 266 |
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INTRODUCTION

HIS book has been campiled in an attempt to give the radio Service Man as complete‘

and concise a compendium of practiocal data and inastruction concerning radio i

installation, maintenance and repair as could be selected from the hosts of mater= |
ial already written on the subject., It is evident that a book of this type, to be 5
gentirely complete, would cover virtuaslly all phases of radio and include complete dia-
{grams and specifications of every radio set that has ever been built -~ an enctucus
undertaking which would give the book a stupendous size, While such a volume would be
of value for reference, it would be too olumsy to be handled by the busy radio Service
I Man who wants practical information, suggestions, and data in few words at his finger
K tips, with diagrams and specifications of the more popular types of sets in active ;
i":tn'vicse that daily require his attention. Therefore, only the salient features of radio |i
il servioing are given, and information on the servicing of battery sets, which are daily ‘|
:}becuming obsolete, is coversd mors in general than in detail, In all instances where j
L possible, speoifications are given in conneotion with the diagrams, which were obtained |
;;through the kind assistance of the various manufacturers, More up-to-date information |}
iion later sets oan be supplied from time to time as the material becames available, for
i
|

ey a s o @ i gt s o s
R e

which purpose the loose-leaf form of this book has been adopted., In connection with ;

RADIO-CRAFT Magazine (which supplies the latest important news on the subjest in propsr |
-/ page size to fit in this book) the bock can be kept alive and up-to-date and be of -
inestimable value to the active Service Man.

£

I

! No attempt is made to delve into the theory of radio, since this is not within
Ithe scope of a book of this type., There are many technical books covering the theory
iand practice of radio, fram which the would-be Service Man can get a good elementary
H
i

dgrounding on the subject. Therefors, it is here assumed that the reader has an adequate %
H teshnical knowledge of the subject, although technicalities are avoided as much as :

ST T gy

possible and simple language is used throughout, covering meinly the practioal rather [
’than the theoretical aspect of the subject. For, after all, the Service Man is practioc- E
dal, Be must go out in the field, diagnose the troubles in radio sets from the symptoms, |
and in a few minutest tixe oorrect the defects. A man of theoretiocal knowlsdge only is |
; at sea when up against a set, apparently in perfect order, but which does not work; and !!
Hall his theory is of no avail without some background of practice. All the booka in the |
iiworld cannot give as much knowledge in this line of work as can be obtained by install-
fling, servioing, and repairing a hundred sets of different types, Highly-trained engin-
,Jeers have been known to labor for hours on & set that would not work, only to find out
-§later that the antenns was disconnected; a condition which would be inatantly notioced
;by a lesstechnical but practically-trained Service Man, He who can give the quickest I}
nand best service will have the greatest number of satisfied ocustomers and will build up [
Lithe greatest reputation and monetary income. He who bluffs his way through and makes
,;only temporary repairs in hopes of obtaining future work on the same sets, will soon
£ find that his best customers have left him. A thorough knowledge of the work, backed
Liby a few months' practice, together with a data bock of this type containing informe-
!étion one ocannot reliably oarry in his head, should be the foundation of a successful
i serviocing business, provided it is oonduoted in an honest manner. We hope that the read=
uers will £ind this book as valuable as we are trying to make it,

i Aside from his theoretical and practical knowledge of radio, the Service Man, like
‘la practicing doctor, should be somewhat of a psychologist. Not that his psyohology will
ii!have any effect upon the subjeot on whioh he 1s working, as in the case of the dootor,

fibut he will come in contaot with all kinds of people, the vast army of radio set owners
ﬂaane of whom will look upon him with suspicion and presume that they are being swindled,
F’n° matter how fairly he treats them. He will be called upon to explain in detail every-
;?thing connected with the work, and must not only repair the set, but give the highly-
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' ' i
iopinionated set owner a still higher opinion of his kEnowledge of radio. Of course, such ﬁ
icases should be handled tactfully, but just how is beyond the scope of this book, whish g

makes no attempt to teach psychology. This can be learned better out in the field than
i from books, "Trouble-&lootgng" in radio has many interesting and peculiar aspects.,

! The first seotion of this book is devoted to pointing out the weak spots in all _
ilkinds of radio sets and showing where trouble is likely to ocour, how it can be loocated, !
j{1solated and repaired, Of course, the first and groatest symptom of a faulty radio set |
flmanifests itself in the loud speaker, which does not speak very pleasantly, or refuses
lito talk at all, This symptom is noticed by the set owner, who immediately telephones
lifor the Service Man, From the owner's report of the set'!s behavior, the experienced ,
§ Service Man can usually point hia finger to the cause, sinoe there is a cause for every |
effect, From this, he can select the necessary tools for msking repairs, if any are
{required, and also any tubes, batteries, eto., which may be needed, and the job is i
(shortly completed. The inexperienced Service Man, however, not being so keen at diagnos-||
{ing fram the meagre symptoms, must necessarily carry all his tools, testing apparatus,
fland spare parts, and make a longsr Job of it at greater expenss to the owner. By mking
l/the tests systematically, the beginner can effect repairs quicker and soon acquire that |
japparently psychic insight into radio sets that the expert enjoys. The more proficisnt |
i/he becames, the fewer tools he requires and the fewer tests he has to make, Therefore,
liwe have endeavored to present, in a concise manner, a desoription of the various test-
i}ing devices and tools that are indispensable to the beginner, as well as of great aid
i;g'to the expert, and show how they are used in diagnosing set troubles, While many write
jiings on trouble shooting trace cause to effect, we have attempted to trace effect to
iHeause, which is the necessary procedure of the Service Man out on the job. As a oon-
tiorete example, it is a simple matter to tell sameone through the medium of a book that
‘Fo.n open audio-tranaformer winding will stop the set from functioning, but it is an !
fjentirely different matter to trace the cause of a defective set back to the open trans- |

'_-g_ifomar winding, when there are many other reasons why a set might stop funotioning,

s messmemre.,

We believe that the vast colleovion of diagrams, forming the main bulk of the book, |
Fwill be of help to all radio Service Men, and consequently we have made it as complete |
gas possible without including diagrams known to be of little walue. In modern manu-

ngaotured radio receivers of samewhat inaccessible nature, an authentis diagram is al-

! most indispensable in making tests, such as voltage and ourront readings and resistance

measurements, for the difference in internal connections of various receivers is not
! apparent from the outside, and without the diagram mistakes are likely to be made,

; |
{i We shall be pleased to receive suggestions and oriticisms from those who are out
Hin the field, and at the same time we wish to extend our thanks for the many suggest- |
Hlions submitted to RADIO-CRAFT by so many practionl Service Men, which have been of grost |

‘ ald in preparing this book, and also to the manufacturers who have generously submitted
i data and diagrams conocerning their products,

: THE EDITORS
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SERVICE EQUIPMENT

Service Man and the tools and testing equipment at his command; the greater the

skill, the less equipment required, and vice versa, Practice will strike for each
his own balance between akill and equipment, and he oan be judged accordingly. Good
| testing equipment will instil oconfidence into the customer and help largely to allev-
! iate dissatisfaction. The nsture of the work and type of set also dictates to some
oxtent the equipment required, If a car is used, one can naturally carry a well-nigh ;
aomplete set of tools and testing apparatus, but without the oar, only the most necess-jj
ary paraphernalia should be ocarried, the rest remalning at the shop for work too com- = ||
plex to be done at the oustomer's hame. The list below gives the tools, supplies and ‘
instruments that every Service Man should have available:

S PEED and accuracy in set installation and servicing depend upon the skill of the

(2) Tools:
One pair diagonal pliers

" pair long-nose pliers _
pair side-cutting wire nippers or pliers
Jaokimife
sooket-wrench set
pair test prods
combination neutralizing and aligning tool
automatic blow torch
soldering iron
oan flux
short, heavy screwdriver
long thin sorewdriver
roll friction tape
hand drill with assorted drills

reamer

coarse file

sheet emery cloth
fine file

flashlight

large piece of cloth

3 3 3 33 333 38 3 3 3 33 3 3 3 8
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This 11lustration shows the radio Service Man's ideal tool and testing
equipment. Note the convenience of the carrying case, Photo courtesy
The Grenpark Co.
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Fig. 1. ~ The Supreme Diagnometer is one of the most completely
equipped testing apparatus available to the Service Man.

il (3) Miscellaneous Parts: Assorted grid suppressors; center-tapped filament resistors;
| by-pass and fLlter condensers; variable high resistors; grid leaks; replacement A.F.

; transformsr; phonograph pick-up adapter; rheostats; hook-up wire; a roll of bell wire;
g milenite tacks; insulated staples; replacement sockets; tube shield; trimming conden-
glsers; neutralizing condensers; tube adapters; R.F. choke; R.F, transformer; open and
it closed circuit jacks; filament switohes; S.P,D.T. switches; phone Plug; binding posts;
§3aoldering lugs; lock washers; assorted screws; aerial insulators; lead-in screweyes,
hooks and insulators; lead anchors; filament ballasts; pilot lights; ground clamps;

il lead-in strips; lightning arrester; phone cord; 6 or 7T-wire battery cable; battery

if clips, large and small; small knobs; cone apexes; complete set of various tubes; dummy
' neutralizing tubes; 45-volt "B" batteries; "¢" battery,

(4) Instruments: One radio set analyzer, one hydrometer, one speaker unit, one head-
set or single receiver, one audio-modulated R.F, oscillator, one resonance indisator.

5

i
3

8
il

§

3

1 i
! (6) The Radio Set Analyzer, This is one instrument that evory Service Man should have, jj
}as it will pernit the complete analysis of any type of radio set. There are several set |
{ analyzers or testers on the market, among which we find the Jewell, Hickok and Weston,
and the Supreme Radio Diagnometer. Complete instructions on the operation and use of
these instruments are furnished by the manufacturers and therefore we will describe
their use here briefly,

i
L
o

i

! (6) Each of these analyzers is in the form of a portable carrying case, as illustrated !
lin Fig. 1, with a small compartment for carrying tools and miscellaneous parts for mak- i
g!ing minor repairs. They are more or less complete, having measuring instruments with L
#multiple scales whereby, through switohing arrangements, a rapid diagnosis of a radio
il set oan be made. The analyzer ocan be used for measuring plate current of each individ-
{ual tube, plate voltage, grid voltage, filament voltage, screen-grid voltage, power

| supply voltage, approximate resistance values, approximate capacity values, continuity
tests,

(7) These measurements can be made with the tube in or out of the circuit. For exam-
pPle, by removing a partisular tube from the set and placing it in the socket of the.
%ganalyzer, and placing the plug comnection of the analyzer in the empty socket of the
Li-set, measurements of actual operation conditions can be made while the set is im oper-
ation. Such a test on each tube of the set will soon reveal any defect,

T ST oo s e 1 i e i 8 e o 1m0 i 0 1 0150
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(8) The Supreme Diagnometer. In addition R RADIO SET ANAZYSE =
to the above, TALs instrument contains a nerJobn, Sreulb —— e Aot 520
modulated radio-frequency oscillator for st orser_Aciead Lade] 81 -
use in balanoing R.F, amplifier cirouits " e e E
and also a resonance indicator, In effect, i Al - B O B B e e ==
#it is virtually a complete portable radio | = “"Lﬁ;iﬁ;lfiﬂl+§ N RS TRE ]
laboratory. This instrument was fully des- P, 1 EﬁWii:ZiiEEJ§1S‘ :At%!jii§ff5'
. st 227 |IdAE (232 | 140 225 100 ! 10.5 fd 4 3 £a 13 —
BADTocORAPTe | 1900 Reene ot SRR E R RS oS
<= S S — ==
(9) Charts. Charts are furnished by the T L o G o S S e et |
makers of the various instruments on which | oe b canal polentiameine bl e Jurned fo ghound side —
complete readings can be recorded and anal- '

|yzed as a whole, after which corrective
imeasures can be made if necessary. A copy
of the chart should be left with the ocus- Fig. 2 - Typical Service Man's Chart.
tomer and the original filed for future
reference, Fig., 2 shows a typical chart, giving readings taken on an Amrad Model 81
Receiver with a Jewsll No. 199 analyzer,

(10) Continuity Tests. One of the most common tests is the continuity test, for deter-
mining the comdition of cirouits or instruments., This test is usually made with a 43-
volt "C" battery connected in series with one of the voltmeters of the analyzer, with §
long flexible leads for connecting to the instrument or circuit under test. If the ocira E
jouit is open, the meter reading will be zero; if closed, the reading will be full soaleJ
i
l

or partially full, depending upon the resistance of the cirouit - the scale reading
Lglving a measure of the resistance of the circuit. Thus open cirocuits or short cirocuits

“you if & by-pass condenser is shorted, or a resistance or coil is open. With the aid of |
the wiring diagram of the set being analyzed trouble oan quickly be located and the :
‘defective part repaired or replaced. We will have occasion to refer to continuity tests
quite often in subsequent chapters, Fig. 3 shows a simple cirocuit for a continuity test.|

(11) Capacity Tests. large condensers having capacities from0.1 mf. up are measured by
connecting them in series with the 110-volt 60-cycle line and measuring the ocurrent,
The current flow through the condenser is proportional to its capacity, Charts giving
the capacity values for different current readings are usually furnished with the anal-
yzers, This test is very useful for testing "B" eliminator, filter and by-pass
condensers,

(12) Modulated Oscillator. A modulated oscillator (which is simply a miniature radio
transmitting station; s useful in balancing or neutralizing sets, While a strong looal
broadcast station may serve the purpose of balancing, when no oscillator is availsable,
the oscillator is more reliable and should be part of every Service Man's equipment.

A simple modulated oscillator can be constructed by following the diagram. Fig. 4. This [

is a Hartley oscillator, which is self-modulated by the grid condenser and grid leak;

the oondenser building up & i

Meter—Jewell 0-3 voltmeter D-C. Type 54.
Battery—3 Volt C Battery.

charge and discharging thr-
ough the leak at audio
frequency. The parts ocan be
mounted in a suitable ocase

— Il 4+ with the coil so placed
|”l ) that it can be closely
ocoupled to the first grid
TEST SV. BATTERY oircuit coil of the set

being adjusted.
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(13) Rescnance Indicator. While the fineness of tuning and balancing can be fairly well
determined by esr, & more accurate method is to employ a resonance indicator. Such a
device is indicated diagremmatically in Fig. 5. It oonsists of a low-renge D.C, millia=
mmeter for measuring the reotified output of the radioc set, The output of the set is
rectified by means of a type '99 tube with the grid and plate tied together, as shown,
A variable resistor is shunted acroes the input tc protect the meter from excessive

il currents, likely to be encountered when testing receivers that do not employ & dynamic
il spesker, The input should be equipped with a two-conductor telephone cord with clips

il for conneoting to the set output.

1 (14) Dummy Tubes. Balencing a set requires the use of a dummy tube or balancing tube,
|¥bick sEould Be of the same type as those used in the set, in good condition and per- :
i| feotly normal, except that one of the filament prongs is cut off and the internal fila- ;
iment wire resoldered to the shortened prong. This allows the tube to be inserted into '
|the set without lighting its filament. An assortment of dummics for all types of tubes
il should be part of the Service Marn's equipment, the most ccmmon being types '0lA, 126,

Eand '27. It is important that the elements inside are not jarred out of their normal
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Fige. 4 - Socket=-Powered Audio-Modulated Oscillator.
iposition, or the internal capacity of the tube will change and 4ts usefulness in bal-
encing will be impaired, The tubes should be distinctly marked, to avoid mistakes.
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1 (16) Balancing & Set. The receiver to be balanced should be connected up in normal
i operating condition, and either headphones or a resonance indicator used; either of
Hwhich can be connected toc the set output at the speaker or set chassis, The receiver
i should then be tuned to about 300 meters, or in between interfering stations if they i
dare on the air. The oscillator is now put in operation, and its tuning condenser varied i
gauntil it is in resonance with the set, as indicated by a reading of the resonance
ilindicator or By sound in the headphones, The oscillator should be placed a distance
?%from the receiver, so that the intensity is ebout equal to that of normal reception,
iend the set tunes sharply, The filament rheostat of the resonance indicator should be
liadjusted, together with changes in the distance between the receiver and the oscillator,
ggso that the meter reads about two-thirds scale deflection. Meximum deflection, while
fituning the oscillator, indicates maximum resonance between oseillator and receiver,
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lEE(16) The dummy tube is now placed in the last R.F, stage of the set, near the detector,
jiin place of the tube formerly in that socket, and the neutralizing condensers are
adjusted until there is no deflection on the resonance indicator, or no sound in the
phones, This operation is then repested with each R,F. stage, and when it is completed
the set is balenced., Note that the trimming condensers should be adjusted for maximum .
i response and the neutralizing ocondensers for minimum response.

1(17) 1t is well to balance the set at three or more points on the tuning dial, to

“insure a fine degree of balancing. To test the degree of balancing, replace the regular
tube in the set and tune to & very low wavelength, then try forcing the set to oscil- :
lete by rocking the antenna trimming oondenmser or the volume control, If the set is well|

balenced, it will not oscillate.
Cx ~ 299

(18) Condition of Set. The o O
condition of the radio set { <
should always be taken into <>
account when loocking for >

S

trouble, as many commercial
isets have been tampered with i
by the set owner or by Ser- % VARIABLE

"
JACK FOR
PHONES

|
|
|
;| 25-500.-+"" V50 !

e

fvice Men who have worked on

flit previously. We cannot

always assume that the set

is exactly in accordance Fig. 5 - Resonance Indicator, Fleming Valve Type.
iwith the specifications and
Feircuit disgram given. Defective parts may have been repleced with others of incorreot
ivalues., A visual examination will usually reveal any discrepancies and they should be
|oompared with the diagrsm and corrected before relying on test measurements. This is
aanother important reason why an accurate history of service calls should be kept,

Testing & Circuit for Continuity. Note the use of the
Test Prods. The Set shown is an Atwater Kent Model.
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GENERAL SERVICE PROCEDURE

:

:
HETHER installing or servicing, it is of utmost importance to please the custaomer, |

and all complaints should be attended to immediately., At the first camplaint of |
‘trouble, inquiry should be mede of the customer as to the type of set, the nature i

of the trouble, the behavior of the set before and after the trouble started, the age
of the tubes, batteries and set, the condition and type of aerial used, and any furtherl:

S R S

FImTT

i questions that the answers to the:e questions might involve. This information, together

TR

iwith the shop records of other service calls if any have been made on the same set, may
Ireveal the cause of the trouble and enable a quick and immediate repair. The importance
lof this phase of the work ocannot be too strongly stressed, since it mey save muoch time
and many unnecessary trips,

prmt

i e

(2) Type of Set. Tracing trouble is always performed, oonsciously or unconsciously, by
a classifying process, and the most general classification is in the type of set, thers
iibeing four general types, namely:

TR P AT G S e e i 1 e e i e

S CeeTmE s e ey g

Battery sets with eliminators,
D.C. Electrio sets, g
A.C, Electric sets, i

T I e e s g g
RN B TR

‘
|
% Battery sets,
|

(3) Contrary to general opinion, electric sets are usually much simpler to servioce
than battery sets, because they are inherently more compact and consequently of sturde
ier construction, and less wvulnerable to mechanisal injury. Battery sets, on the other
hend, because of corrosion of battery connections, discharged "A" batteries, old "B"

i batteries, and frequent alterations and replacing of batteries by the inexperienced

"B’
t 2211045V,

Fig. 6 = Typio2l 5-Tube Tuned R,F. Battery Receliver.

be describved, in a general way, and we will take for our example a standard S5-tube
i tuned R.F, set, The cirocuit of Pig. 6 is typical of this type of set, Let us assume
i that the owner of this set claims that it will not work, and that is all the informaw
tion that we have; we will proceed systematiocally to trace the source of the trouble.

(4) General Survey. The experienced man can often tell, by the nature of the sounds
emanating from the speaker, the cause of the trouble and make repairs immediately;
but we will assume that there is no sound 4n the speaker. The first thing to do is
make & general survey of the layout, and look for simple things first, Things so
simple that they are overlooked have caused much trouble and unnecessary labor on the
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' AERIAL BATTERY OPEN OR
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LEAD-IN | P oNE

MECHANICAL "A" BATT. ELECTRICAL

DAMAGED| |DAMAGED
PARTS | [WIRING

i
5%%‘%3455 OPEN OR OPENAFT.

CONTROLS SHORT CHARGER SH. COND.

Fige 7 « Troubls Chart for Battery Type Sets.

‘| mors camplex parts of the set, For example, in one case a man worked nearly an hour on

1 a set that failed to receive any stations, only to find later than an "S,0.S." eall ;
was on the air. Sometimes a tube loose in a socket, or in a dirty corroded socket, will |
causs trouble, The most common simple fault encountered is a disconnectsd or loose ;
wire in some part of the battery, aerial, or speaker circuits, which may produce a
dead, noisy, or wesk set,

(5) Main Sources of Trouble. Further classification reveals that there are seven
main sources where trouple may exist in the battery set. These are represented graph-
it ioally in the ehart of Fig. 7. Listing them in order of their importance, they are:

"A" battery or circuit,
"B" battery or eircuit,
Tubes,
Speaker or circuit.
Electrical system,
Mochanical system,

g) Aerial system,

| tion, but the first procedure is to localize the trouble in one, or possibly more, of
{i these main branches, after which it may be traced down to one or more of the sub-

i

% branches. This is usually done by a process of elimination.

H

! (6) MA" Battery or Circuit. A glance at the tubes will show whether they light up

{ brightly, or not, after the set is turned on. If they light brightly, the "A" battery
| conneotions should be examined to see that they are not reversed, for & reversed "A"
;.bettery will produce a very weak set, If the connections are correct, end the tubes

il 1ight, we can eliminate branch (a) of our chart. If the tubes fail to light or are very
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dim, we must examine this branch and test the "A" battery with a hydrometer or quicke
ly short the "A" battery and note if a powerful spark is produced. If the battery
tests fully charged, examine the battery clips, whish may be corroded; also the fila-
ment switch, rheostats, and ballast resistors (if any are in the cirouit.) If the
battery is discharged, examine the battery charger, See that it is not reversed and
that it is charging properly and well connected to the lighting line. Note the amount

1 of electrolyte and add distilled water if necessary, If the charger is in good condi-

i

|

|

| tion, examine the "A" battery cirouit tor shorts, or failure to turn complstely "off"
i! by the filament switeh or rheestats., The age and care of the battery will also give

1 some indication of its condition. If beyond salvation, replace it, If branch (a) is
found in good condition, examine branch (b).

STt et e e e

AT

(7) The "B" Battery or Circuit. A quick check of the "B" battery is to disconnect i
the high-voitage lead and Iisten for a loud click in the speaker when it is re-connectef
ed with the set turned on. A strong click indicates a good "B" battery, and vice versa |
- assuming the speaker is in good condition, The age of the "B" battery will indicate iff;
4 1t peeds replacing or not, but if it is fairly new, measure the voltage with the set ’
| turned on. If the voltage is low, examine the set before installing a new set of

il batteries, for a shorted by-pass condenser in the set has ruined many & new set of

"B" batteries,

o st g o 8 e g o ——
St et un b e e

; Usually the battery nearest the negative or filament side of the cirouit runs ;
il down first, because of the greater drain placed on it by the detector tube. Temporary |

operation can somotimes be obtained by exchanging it with the last one. A large by- E
;i pass condenser, about 2 mf, connected across the "B" battery, alao helps, :

]
With the "B" batteries in good condition and all the connections examined and l
tested to make sure that the voltage is applied to the tubes, we can pass on to !
branch (e).

i
it
£

:
i
)
£
i

(8) Tubes. Tubes often cause troubls, but the trouble is easy to rectify, If they are |
{i burned out from old age or damaged by mechanical jar, they must be replaced with new |
ones, Otherwise, the circuit should be examined before inserting new tubes, as the i
fault may be in the connections. The sockefs should be cleaned by forcing the tubes :
in and out. Sometimes the tubes light normilly but the filaments have lost their
ability to emit sufficient elsctrons, or are "deactivated," A couple of good spare
tubes should be used for comparing them by trying them in one socket after another,
88 it is seldom that all tubes in a set betome weak at the same time, and the one or
more weak tubes can be found. Of course, a set analyzer will instantly indicate the
condition of a tube; if the plate current is low with the proper plate, grid, and
filament voltages applied, the tube should be discarded, or reactivated, if possible,
in a tube reactivator., Study Chapter IV for further information on tube analysis and
tests,

i

i

|

j (9) Speaker or Cirsuit. Disconnecting and connecting the "B" battery lead (as

% desoribed in connection with the "B" batteiy or circuit) should give a click in the
|

speaker if the speaker is in good condition., Otherwise, disconnect the speaker and
test it for continuity, or quickly touch i#s terminals across a portion of the "B"
battery and listen for a click, If the speaker is found impaired in any way, test it
in accordance with the directions given in Chapter V. Otherwise, eliminate this
branch of the system and examine the next one, Tapping the detector tube with the
finger should give a clear ringing sound in the speaker, if the audio amplifier and
speaker are in good condition, Comparing tHe speaker with one known to be good will
also reveal its condition,

(10) The Electrical System’. The electriocal system of the set comprises the radio=
frequency amplifier, the detector, and the audio-frequency amplifier; the most common
source of trouble being an open winding in one of the audio-frequency transformers
(usually caused by soldering flux employed in their manufa ture, which eats away the

T e s e e e oo s sy e e
S e e et foE i o e e e e e ot bt et
e o A 8 0 o S A i LR BTk 5 o R G A B R G PR 0 B BB
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fine wire) a burnt-out resistor, or a short-circuited by-pass condenser, The last-
named may ruin the "B" batteries, as mentioned before under the "B" battery heading.
Continuity tests across all the transformer windings, chokes and condensers, will
instantly reveal any trouble from these sources, Defective parts should be replaced
with new ones. A headset connected in the plate circuit of the detector, will show
that the radio-frequency amplifier and detector are in good condition if stations are
i heard, and thereby looalize the trouble in the audio amplifier.

If stations are not heard in the phones, and tapping the detector tube produses

il & ringing sound, in the speaker, the trouble will probably be found in the radio-

i frequency amplifier or aerial system, Continuity tests should then be made on the R.F.
| transformers for opens, and the tuning condensers examined and oleaned if necessary.

i If trouble is found in this brauch, a detailed analysis can be made in accordanos with

the instructions given in Chapters VI and VII,

: (11) The Meechanioal System. This part of the set receives all ths mechuniocal wear and

il somstimes gets out d?iorder. The trouble being of a mechanical nature, rather than an
| electrical one, is easily serrected, Under this heading we have the tuning condensers,
i dials, volume control, rheostats, filament switch, loud=-speaker cord, and any other

part that undergoes mechanical wear. A visual examination will usually reveal trouble
smar from these sources. Elec-

e trical oontinuity teste of
N CZQ CZE the manually-operated
e At L A=A instruments will also

{%@ reveal defects., It is
s e, e better practice to re-
' = place defective instru-
ments of this nature than

to try to repair them.

(12) The Aerial System.,
While we analyze this

i I - ' ' branch of the system last,
T e T e Lj{j* ' a hasty examination of the
H-Lo SwTan Rty aerial and its assoclated
+=4AME = IME components should be made
before thoroughly going
=1 . over the entire set, At
Gt least one can tell whether
FPig.8 - Filament Cirouits of a 110V. D.C. Set, the aerial is down or not,

without making elaborate
tests, Having eliminated the other branches of the system, and traced the trouble to

| the input or serial and ground connections, we can make a detailed analysis of this

branch by following the instructions given in Chapter VI under aserisls,

(12) Battery Sets with Eliminators. The same general procedure for testing battery
sets employing 'A" or "B battery eliminators, or both, should be followed as just
described in connection with battery sets, In fact, the same chart of Fig. 7 may be
used. If trouble is loocated in branch (a) comprising the "A" battery or circuit, test-
ing methods described in Chapter III should be followed, Likewise, if trouble is
located in brench (b), covering the "B" battery system, instruotions on "B" battery
eliminators should be studied., Since this information is fully covered in separate
chapters, we will not go into it in detail here,

(12) D.C. Electric Receivers. These receivors differ from the battery type mainly in
the manner by which the plate and filament supply voltages are obtained, and conse-

i quently the same testing prccedure ocan be followed as with the battery type. In these

receivers, the filaments are connected in series and supplied directly from the D.C.

| lighting line through a suitable resistor. Singe the maximum voltage obtained from the ]

'33"'—',5.,

v s e i e e e S s e
e e e e e e
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i
|

ine is from 115 to 125 volts, a number of| ocutput tubes connected in push-pull or
arallel are usually employed in the amplifier to get sufficient undistorted output.

I
i (14) Filament Wiring. As an illustrative efample, Fig. & shows the filement wiring of
i the Stromberg-Cerlscn "No. 638" Art Conscljf receiver for D,C, operastion, In this
i receiver the first, second, end third R,F.[lamplifier tubes, the detector and first
audio amplifier tubes, are of the 'ClA typp and connected in series with the pilet
light and resistance; the whole being connflcted to the line through a filter system,
The output stage consists of four type '7l) tubes with filaments connected in parallel

is obvious that ii one of the series filampnt tubes of the 'ClA type in the disgream,

ij Pig, 8, burns out, the oircuit will be opejl and the others will go out; replacing the

il burnt-out tube will cause all the others t' light, It is well to test the line volt-

i age at the filament terminals to meke sure|/that the series resistcrs, ochoke and pilet

il since they are all fed

% lamp are in good condition, Voltages at thli set sockets can be measured with a set

é gram, should be opened, thus placing an adj}itional 10-ohms in series with the set with

il ccnsequent voltage recustion.

| (18) Power Tube Filaments. 2
i The four *71A power tube @ - - I=Ta (ji?zp

i £ilaments in this set are N | e
il connected in parallel and, jgé @éé @A@ 5[*11“

i through one series resist- : i _ | Z:fﬁﬁ;j
il or, if one of these tubes e
i burns out or is removed

i from the socket, the volt-

il age across the others will

© rise to a dangerous value

| and burn out all the others
| unless the set is immediate-
i ly turncd off. Therefore,

il it is very important to

| turn the set off before

| removing any of these tubes; Plate Cirouits of a 110V. D,C, Set.

i furthermore, do not turn the '

il set on again until good tubes huve been pl#ced back in the empty sockets, Chapter IIIX
it glves further information of value in this| connection.

L g
10000%

il (17) Plate Supply. Fig. S shows a schematijp diagram of the plate circuits of this set.
i Note TYat all tuces are fed by the max 'line voltage (neglecting the slight volt-
age reduction caused by the filter choke,){/A simple voltage test at the socket will
indicate whether there is feilure in the pllate supply. If so, continuity tests across
‘the choke, series resistor and switch, witlh the line-plug out, will probably locate

{i the cause, A shorted filter condenser may [pause a fuse to blow, The condensers should

'E be tested and replaced if necessary befor lreplacing the fuse, Further information
| may be found in Chapter III under D.C. "B |eliminators.

i (18) A.C. Electric Sets. These sets diffelt from those previously described mainly in
B the type of tubes employed and the method pf heating their filaments. The filaments
1'in these sets are heated by means of a stepp-down transformer connected to the A.C.

1 line, and it is consequently a simple mattipr to trace fallure of any part of the fila-
i ment cirouits, Two methods are employed; ilh one; the filaments are heated by the

| alternating current and the grid returns fiind their way back to the electrical center
i 5d resistor placed across the filament, or
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by & oenter tap on the filament transformer winding, If the tap is not at the exact
electrioal center, hum will be introduced., The type 26 A.C, tube is used in this
manner for both radio- and audio-frequency amplifiers, The various power tubes for
the output stages in the radio amplifier are also connected in this way.

In the other method, a heating element is used to heat a cathode which is not
| in eleotrical contact with the heater, but is brought by the heater to a sufficient
5 temperature to cause electrons to be emitted from it; the cathode serves as a filaw=
ment and is considered as such in the various cirouit diagrams. This type of tube,
the 127, is used for the detector in virtually all A.C, sets, and in many cases also
used for the radio- and audio-frequency amplifiers, The reader is referred to the
special Chapter IV on tubes for more detailed information.

(19) Plate Supply. The plate supply of A.C. sets is obtained by the same basic
method &8 In vatcery sets employing "B" eliminators; the main difference being that,
in the A.C., set, the "eliminator™ is usually an integral part of the set and cannot
as easily be isolated, removed and repaired.

(20) A.C. Power Supply. A typical example of the power supply system for an A.C. set
{ 15 11Tustrated in the schematic diagram of Fig. 10, which shows the power supply of
the Stromberg-Carlson "Noa. 635 and 636" receivers, If the initisal tests reveal a
failure in the power supply, as indicated by absence of plate voltage, the trouble
may be caused by & defective rectifier tube, burnt-out filter choke, punctured filter
condensers, or open voltage divider. This latter device, indicated as a group of
resistanoces at the extreme lower right of the diagram (Fig. 10) may cause excessive
plate voltage on some of the tubes, should the lower or negative end of it be open.
This is a frequent oocurrence and, if the resittance values and current carrying ocap-
gcities of the voltage divider are known (as indicated on the diagram of the specifie
set) a new resistor of the same value should be inserted. Further reference to power
supply equipment will be found in Chapter III.

(21) 26- and 60-Cycle Sets. It is well to check the frequenocy of the power supply,
especially when meking inscallations, and make sure that the set is designed to
operate on the frequency available. While 60-cycle supply is the most common, in some i
localities (especially near Buffalo, K.Y., and in many parts of Canada) 25-cyole
and sometimes 40-cycle current is in general use, It is ruinous to attempt to
operate a 60-cycle set on a 25- or 40-cycle line, but a 25- or 40-cycle set may be
safely operated on a 80-cycle line. The 25-cycle set may be opersted on a 40-cycle
line, but not vice versa. '

= e R S ——— —
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CHAPTER III

POYER-SUPPLY SYSTEMS

power~-supply systems - both filament "A" supply, plate "B" supply and "C" supply

units « a5 indiceted by the various dlagrems in this book, While the circults
differ widely, snd the apparatus employed end combinations alsc differ, trouble shoot-
ing in each systen is essentially the sams, end cen be boiled down to a few simple
"tests of the varicus parts, Sets employing batteries for the "A", "B" and "C" supply
it were sufficiently covered in the second chapter of this book, and will not be included
1 in this chapter; only power-supply systems in connection with the house-lighting line,
{j both A,C. and D.C., will be included. These may be divided into :

I N the course of time the service man will encounter a wide variety of socket-

() Eliminators for battery sets,
110 voir (b) PowereSupply Systems for A.C. Electric Sets.

D C.MAINS
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ige 12 = (left) Charging a 6-volt battery from a 110V. D.C. line using a variable
resistance.

+

I3 -4
i

F
Fig. 13 - (center) Charging a 6-volt battery using a lamp bank resistance,.
Fig. 14 « (right) Testing the polarity of the D.C. line with salt water.

The first group will include battery chargers as well as eliminators, both A.C, and

ﬁ D.C. types, for use with battery sets. The second group will include power packs and
| power supply systems for A.C, electric sets. Both groups will be subdivided as we 8
il proceed with the discussion, A voltage measurcment on any of these devices will reveal |
4 an abnormal condition, Current cutput measurement will show whether the fault is in ;
| the set or in the power-supply device, In this chapter we

will assume the defect, if any, to be in the power-supply

device.,

Fige 15 = (left) Tungar charger.
Fig. 16 - (center) Vibrating reed charger.
Fig. 18 = (right) Dry disc charger,
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| Fig. 17 - (left) Electrolytic charger. i
!l Fig. 21 - (center) Diagram of electrolytic and dry-disc chargers smums o CONATTS
if Fig. 20 « (right) Diagram of half-wave vibrating reed charger.

¢ (2) 110V. D.C, Battery Chargers. This typer of charger consists merely of a resistance

i in series with the DattTery under oharge; the wole being connected to the 110-volt D.C.

:| line, See Figs. 12 and 13, Tracing trouble, therefore, consists merely of checking

| the oontinuity of the circuit and its polarity. Triokle chargers usually have an am-

i| meter which indicates the polarity and amount of cherge., Trouble is usually found in

ii the connections to the battery, which become corroded in time, and introduce resist-

il ance into the cirouit, In some sets, automatic relays are employed to disconnect the

i charger from the line when the set is turned on, Through wear and sparking, the con-
tacts in the relays fail to close and the charger circuit remains open., In lieu of a

L polarized meter, the line polarity can be determined by dipping the two terminels in

| water containing a few grains of salt; violent bubbling will take place around the

| negative wire, See Fig, 1l4.

vibreting-reed type, vhe electrolytioc rectifier type or the dry-disc rectifier type;
the latter two being used mainly for trickle chargers., The illustrations of Figs. 15,
16, 17 and 18 show these types of chargers, Figs. 19, 20 and 21 show the connections,
respectively, In addition to the causes of troublos mentioned in conneotion with D.C.
battery chargers, we have a likely source of trouble in the rectifying device. In the
tungar type, the filament may burn out, or a defective tube mey be encountered. The
life of this type of tube is unocertain, even though its filament may be intact. This
is true also of dry-disc rectifiers and vibrating rectifiers, which in time require
new contact points, Failure in charging may also be due to an open transformer wind-
ing, or a dirty or loose tube socket., Some chargers have comnections for charging
storage "B" batteries, with oconsequent troubles fram corroded connections to the

i battery.

U
= T i

S

i

(3) 110V. A.C, Battery Chargers. These chargers may be of the tungar-tube type, the
|
i

T L e R Rl

(4) 110V, D.C. "A" Eliminators, These consist 110V.D.C.
merely of & network of resistors designed to Q

- give the required voltage drop, together with ! {4 FUSE
a choke coil and condensers for filtering pur- é) =
poses, a8 indicated in Fig. 22. In some cases
the tubes are wired in series, as was illus= h‘-va&AﬁV«
trated in Fig. 8. In this case, the ocurrent
drain fram the line is muoh less than when
lighting the tubes in perallel, In the latter
oase (Fig. 22) an output voltage of 6-volts
is usually desired; but the voltage remains

i at this value only when the set is turned on

% and all tubes 1it; because the least change Pig. 22 - Circuit of 110V. D.C.

| "A" battery eliminator.
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| Fig. 19 - Diagram of Tungar Charger.
! Fige 23 « Diagram of Philco Socket Power "A" supply.
i Fige 24 = Diagram of Balkite socket Power "A" supply. Fi1G.19 e

“ in current drain charges the resultant voltage drop, causing the output terminal volt-
i age to fluctuate widely, and endanger the tubes, For this reason, no tubes should be
] removed from the set without first turning off the switch, and the switeh should not i
1 be turned on again until all good tubes are in the set, However, the variable resistors|
| give a wide range of voltage control, and should be carefully adjusted. Simple contin- |
1 uity tests will indicate the condition of this device. If a fuse blows, because of a
i short in the eliminator, test the filter condensers for continuity before connecting
' the outfit in servioce again.

(6) 110V. A.C, "A" Eliminators. Such a device is naturally more complex than the D.C.
# type, Since it comprises & power transformer, a rectifier, a filter system and, in

i (8) Serics-Filament "A" Sapply. If type 69 tubes are used and cornected in series,

é tery eliminator, but is merely a combined storage bettery and trickle charger., Fig. 23
i1 shows the diagram of the Philco Socket Power "A", which is representative of this
i| type in which no filter system 1s emplcyed, the storage battery serving for this pur-

il "A" Socket Power Unit, which is typical of this. Both of these employ eleotreolytio
| rectifiers, We shall describe each in detail,

il If the rectifier electrolytic has evaporated, more should be added. Loose binding
| posts and connecting cables are also a source of trouble. The control resistor also
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some cases, a storage battery, The last arrangement cannot be considered a real bat-

pose, In the other types, no battery is used. Fig. 24 shows the diagram of the Balkite

(6) "A"™ Power Units With Battery. Troubles in this unit are similar to those ocourr- i
ing in reguiar batterics and chargers, In these, & comparatively smaller battery is
used (about 40-empere-hour) , and it is continually being charged while the set is in
operation., Hum may be produced if the battery is operated near or in a discharged
condition; in which case the condition of the battery and rectifier should be examined

may became loose, dirty, or worn, and require cleaning or replacing. Electrolytio‘or
dry-disc rectifiers are usually emplecyed in these units. These need replacing in time,
depending upon the length of time they have been in service.

(7) ™A™ Power Units Without Battery. As shown in Fig. 24, these units comprise a
step-down transiormer, control resistance, rectifier, choke coil and filter candenser.,
Since the output voltage is low (about 6 volts) and the current high, the condenser
may be designed for low voltage, but it should have an enormous capacity to produce
any appreciable filtering effect. The output voltage in these units may vary because
of a defective rectifier or leaky filter condenser, The resistance-control allows for
adjustment over wide limits, however, and a slight readjustment is usually sufficient,

& current Of B0 milliamperes is sufficient to light them, and this may be obtained
from the "B" supply. If 'OlA tubes are used in series, a current of % ampere is



24 OFFICIAL RADIO SERVICE MANUAL

P
IEIEIENRININIEIE 3

L,

required, which is too great to be taken

from the usual "B" supply, so a separate i 30 nenry f -
rectifier is necessary, These systems are % -
ij not in gemeral use (except for 110V D.C. I P oy %@ E
?; systems) and need not be described in . 5 o0t 1
ii detail, Trouble shooting resolves itself ¢ Z i {;
;imerely into testing the rectifier and == i
% oontinuity of the circuits, remembering : E
i!that "C" voltages are obtained by return-
i
H points of the filament cirocuit; each point, Fig. 25 - "B" Power Supply using half-
of oourse, being at a different potential, wave filament type rectifier,

1 (9) "B" Battery Eliminators, We shall limit this discussion to "B" battery elimin-
:ators operating irom the A,U, line, as the D.C., type were covered sufficiently in

| Chapter II, So far we have talked about rectifiers, but mede no distinoction between

| half-wave and full-wave ones, In the former, every other half-cycle of the alternat-
ing current wave is used, resulting in a D.C. output with a 60-cycle puisation, which

I smfa | Cs |
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l fiers operating alternately or "out of phase") each half-cycle is used; every other one|
_;being in effect reversed, giving a 120-cycle pulsation in the D.C. output, The 120- :
H c¢ycle pulsation is easier to filter than the 60-cycle pulsation and a smaller filter i
| system may be used; however, the sound reproducer is more sensitive to the 120-cycle ;
" tone than to the 60-cycle one, and the amount of hum produced is about the same in i
| each case, Filament-type, gas-type, and dry-disc type rectifiers are most gensrally
used.

full-wave I1lament rectiliers, the latter consisting of two half-wave rectifiers so
oonnected as to obtain full-wave rectification., The type '81 tube is a typical halfe
| wave rectifier, Fig. 27 shows a full-wave rectifier circuit employing a full-wave

| rectifier, such as the type-'80 tube, A comparison of these three circuits will give ,
a fundamental idea of the basic principles involved, as they are all fundamentally the |
same and subject to the same defects, Like defects or troubles produce like symptoms
in all,

(10) Filament-Type Rectifiers, Figs. 25 and 26 show typical circuits of half-wave and %

et et e

R L £ t s
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(11) Gas Rectifiers. These are more generally used for commercial "B" eliminators.
The Raytheon "B' and "BH" tubes are typical examples, Fig. 28 shows circuits of the
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‘Fige. 26 = "B" Power Supply using two Balf-Wave Filament Type Rectifiers for Full-Wave

Rectification.
Fig. 27 = (right) Full-Wave Rectifier Circuit for "B" Supply using Filament Type
of Tube. )
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Majestic "B" eliminators employing a full-wave gas-type rectifier, Analysing these,
we find them composed of input transformer, buffer condensers, rectifier, filter
condensers and chokes, and voltage-control resistors. A condenser, connected between
one side of the 110=-volt line and ground, is slso indicated. The two buffer conden-
sers, connected across each half of the transformer seccndary, have a capacity of
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Fige. 28 - Diagram of Majestie "B" Eliminators,
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0.l-mf each, They are used to absorb or prevent any high-frequency parasitic oscilla-
tions across the rectifier tube and are used only with gas-type rectifiers,

(12) Dry-Disc Rectifiers. These can be obtained to plug into the regular socket of
the commercial "B° eliminator, without any changes in the internmal wiring, Therefore,
special circuits will not be given showirg their use.

! (13) "B" Eliminator Troubles. The most common cause of trouble in a "B" eliminator
that Talls to work is a shorted filter condenser., Therefore the first thing to do is
to turn off the current, open the case, and test each condenser for shorts, The
shorted condenser can be clipped out of the circuit and the eliminator put back in
g service again for temporary use, with only a possible slight increase in hum. It is
i important, however, to replace the condenser with a new one as scon as possible, The
| next source of trouble iz usually found in the control resistors, If the detector

| voltage is high, the resistor connecting the detector tap to the negative side of the
1 eircuit is open. By measuring the ocutput voltages with a high-resistance voltmeter,
|

i
|
|
|
|

2 oo s
He e

» defective resistor can easily be located, Continuity tests will indicate the con-
| dition of the choke coils and transformer windings, Slow starting, irregular opers-
tion or low voltage output, indicates a defective rectifier tube, The Raytheon should
give about 4000 hours servics,
after which the voltage output
will gradually drop off. By

AT TACHNEN T

A — L readjustment of the resistors,
i il A YR the voltage can be brought back

e e - o~ and the tube used a consider-
. e able length of time before dis-

{ ) G -—‘37—?'0”"’”: carding it. "Hum" indicates a

P E o= g__::’:r shorted filter coil or buffer

raansommte ® T T T T m’_ condenser,
— — ¢ ~ ———o0 &
Stz - (14) Motorboating. Motorboat-
| Pige 29 - Philco AB Socket Power ing is a common occurrence

Types AB-656 and AB-652. when using "B" eliminators,




26 OFFICIAL RADIO SERVICE MANUAL

e e e T eI Re s e g

C68 RECTIFIER
nd is important enough to be con-
idered separately. It produces a
put=put-put” sound in the speaker, .
imilar to that of a small gas engine,

from which it gets its title., It is
in reality a low-frequency oscilla-

ii tion caused by the combined cirocuits

| of the eliminator and set, A differ-

ii ent type of eliminator may prevent

il 4t, or the use of a separate 45-volt —I—

battery for the detector, connected

between the negative side of the
eliminator and the detector terminal
of the set; in which case the
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"Detector" terminal of the elimin- & ——r AT
ator is not used. Sometimes it may be o\ = (el -

stopped by reversing one of the trans- B =

former windings in the audio-frequency T oA+

amplifier, In resistance~coupled ampli- Fig., 30 - Balkite AB Power Unit 6=180 Form X. i
| fiers, it is best to remove the first k
stage and insert in its stead an audioc transformer., Sometimes s large by-pass conden-
ser added to the eliminator output (especially the detestor output) will prevent it,
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(15) Combined "A" and "B" Eliminators. A combined "A" and "B" eliminator is merely the
combination of the subjeots we have just discussed, and a detailed analysis need not

| be given, Circuit diagrams, Figs. 29 and 30, showing the Philco and Balkite "AB"
socket-power units, are given, however; the illustrations being self.explanatory,

e e

(16) Power Packs. Power packs are made in many forms to suit different set conditions, |
but they are ali fundamentally the same and have the same inherent characteristics,

| The power pack is a combination of parts designed to furnish the set with plate, grid,
| and filament voltages for A.C, tubes and is built in a unit separats from the set, It

§ is thus distinguished from electric sets in which the power-supply system is an integ-
il ral part of the set. We might appropriately call them heavy-duty "B" eliminators. In

| addition to furnishing plate, grid and filament voltsges for A.C. tubes, some powsr

| packs also contain a stage of audio-frequency amplification - the output stage - of

l
i
i

T

w2 SPEAKER Note: If output is to be fed direct to moving
9 gl coil of ordinary dynamic speaker, use output
5£§ No. 200°instead of No. 152.
e 1
£

DET PL. L8

g A

gﬁ(‘; STwisr ST -::’
of = rwisT
,i v[j g WHERE LINES CROSS NG CONNECTION IS INTENDED UNLESS A DOT APPEARS.

Fiz., 31 - Amertran ABC Hi Power Box.
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Fig. 32 - Atwater Kent Model 43 Set and Power Unit.

 type '71, 110, '45 or '50, singly or in push-pull, A power pack of this type may be
connected to the output from the first audio stage of any broedcast receivsr and
deliver a high-quality output of sufficient power to operate a dynamis speaker,’Since
servicing of power packs is identical with servicing power-supply systems in A.C. sets
we will describe this phase of the subject collectively at the end of this chapter.
Fig. 31 shows the connections of the Amertran "ABC Hi-Power Box." Note that two audio
stages are included, allowing the pack to be connected to the detector ocutput of the
receiver, A half-wave, type '8l rectifier tube is usad. Note the connection between
the two filter chokes to obtain the high-voltage plate supply for the two type '10
push-pull tubes,

(17) "Glow" Tube, It seems fitting to briefly describe the type '74 glow tube employed
in many power packs to maintain a constant voltage output of 90 volts for the tubes

of the set requiring this voltage. This tube will remedy much trouble from unstable
A.C, supply, It is connected between the "B" negative and intermediate (90-volt)

{ terminals, usually in series with a ballast resistor to maintain a constant current

i flow of 60 milliamperes through it. Characteristics of this tube are given in the tube
chart, elsswhere in this book,

| (18) Power Supply Systems. There are slight differences in the methods of obtaining
plate and grid-bias voltages in the sets whose diagrams are included in this book.
These differences, or rather methods, should be understood when making measursments,

| especially voltmeter readings, in order to be sure that the desired voltage supply
leads will be found. Fundamentally, these power-supply systems are the same as those
employed in "B" eliminators and power packs described previously. However, we shall
point out a2 few of the variations in them, as designed by different set manufacturers.

(19) Plate-Supply Power. The main differences in plate supply appear in the voltage
divider, or resistance network system. For example, Fig. 32 shows the diagram of the
Atwater Kent "Model 43" set and power unit, Note that separate resistors (Rl, R2 and
R3) are used to obtain plate voltages for the first audio, detector, and R.F.amplifier
tubes respectively. The resistances are by-passed by the condensers Cl, C2 and C3,
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With this arrangement, the only drain on the plate supply system is that due to the
current consumption of the tubes, Thit method has certain advantages; if one resist-
or burns out it will not greatly affect the others, In this set, the field coil of
the dynamic speaker serves as a filter choke; this is clearly indicated in the dia- W
grsm, Serles-resistance voltage dividers are more generally used, as indicated in the
various diagrams of "B" eliminators and power packs; Fig. 33 shows the Steinite "Model
40" power pack which is representative of this method., In this case the voltage
divider may be considered as one resistance, with taps taken off at the required
voltage points, In this case the dynamic speaker?s field winding is also used as a
filter choke, The arrangement of chokes and condensers in the filter also wvaries in
different sets - another reason why the dlagram of the set should be studied before
making measurements, :

BRI ST KL b oA ST LT 0 PO et

- (20) Grid-Bias Voltage. The method of obtaining grid-bias voltage for the various
tubes is Tundamentally the same in all electric sets., Use is made of the vcltage urop
caused by the plate current of the tube flowing through a resistance. Knowing the
plate current of the particular tube, the resistance can be calculated to give the

i desired drop, The_"C" bias resistor is connected between the tube filament (or the

| center-tapped resistance connected across the filament, in the case;, of the 126 tube

| or power tubes; or the cathode in heater-type tubes) and the extreme negative end

of the power-supply system. This is shown in the simplified diagram of Fig. 34. In
the diagram of Fig. 32 the bias voltage for. the power tubes is obtained by the drop ;
across the grid resistance Gl: that for the first audio and the R.F, stages 1s obtain. |:
i ed by means of the resistance GZ, In the diagram of Fig. 33 the 1190-ohm resistance
furnishes the grid bias for the !71A power stage, These bias resistorsare sometimes
in the power pack and sometimes in the set (or in both) and they should be located
before taking grid voltage measurements; although the bias vocltage may be obtained by
connecting the voltmeter between the grid terminal of the set and the center-tap in
the filement circuit of the same tube, or the cathode in heater-type tubes. An
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interesting departure is
illustrated in Fig. 35; this
simplified circuit shows how
; the second A.F, biaa voltage
T | in the Atwater Kent"Model 66"
A is obtained from the drop
s N across the speakerts field
e coil, in the negative side :
y of the filter cirouit, It is‘\
b = imperstive that the grid-bias)\
‘I . B resistance is by-passed by a
S~ ‘ ‘ suitable condenser to pre-
o iisron vent feed-back, howling and
l' ) -hun. o

o] [ e (21) Filament Voltage.

» & Regardless ol the type of

i - tubes used, the filament

il Fig. 34 - Circuit showing how Grid Bias Voltages supply system is very simple;

i are obtained in the Atwater Xent Model €0, raw alternating current be-
ing used on all filaments,

The correct voltage and current outputs are taken from secondary windings on the main

power transformer or, in some cases, from a separate filament transformer. Connect-

ions are made to the electrical centers of the filament windings by means of center

taps on the windings or center-tapped resistors connected across the windings. In

many cases, hum is caused by not having the correct center tap; this center-tapped

| resistor or potentiometer should be carefully adjusted until mirimum hum is heard in

| the loud speaker,

(22) Power-Supply Troubles. Troubles ir power-supply systems are not very difficult
to locate 1f we proceed in a systematic manner. Knowing the main sources of troubles
end their corresponding symptoms, we can trace back and find the detailed faults
prebably in less time than it takes to read this paragraph. Therefore a complete de=-
tailed analysis is deemed unnecessary and we limit ourselves to generalizations only.
Favlts in power-supply systems manifest themselves in produeing either:.

(2) A.C. Hum,
(b) Wrong Supply Voltage,

il or both; one usuvally accompanying the other.
il Meny things can happen to the system that

i1 will produce the above effects., By testing

| each part of the appsratus in turn, the

i fault is soon located,.

(23) A.C.Eum It is taken for granted that
previcus tests on the set show that the
trouble exists somewhere in the eliminator.
If the hum is slight, it may be caused by

EQUIVALENT
CE

pocr shieldirg, or proximity of the power ke o7 Srven :
transformer to the set, or induction from Y — e
some part of the A.C. line into the set. =
Sometimes reversing the A.C. line plug will
i reduce hum slightly. A general cause of hum
#1 1= found in wrong "C" bias voltages, poor

i adjustment of the center-tapped filament

i potenticmeters, or open or shorted by-pass -across the speaker field coil gives the

condensers across these resistors, In the grid bias voltage of the 2nd A.F. tube,
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types 126 tube used for radio and audio amplifiers, an accurste center tap on the filaa
ii ment cirouit is important. An open filter condenser or a shorted choke coil will alao
Li oause poor filtering with a resultant hum. A poor rectifier tube will produce hum,

Mechanical hum may be produced by vibration of the transformer core, Continuity tests

i on the coils and condensers, and voltmeter readings of the different output voltages,
il will loocate the troubls,

# (24) Wrong Supply Voltage. In this cass, the line-voltage should be checked, adjusted
if necessary by The line ballast resistance or taps on the transformer primary. After
this is ascurtained, the trouble may be found in an open resistor in the voltage
! divider, This is a common occurrence, The next most likely place is in the filter
condensers; the one conneoted directly across the rectifier output usually punctures
first, as it is under the influence of the hightest voltage. Of course a wrong load *
| on the system will upset the various voltages; since we are assuming that the set is
all right, this may be caused by a short cirouit. In making voltage readings, it is
important to use a high-resistancs meter, otherwise the load placed on the system by
the current consumed by the meter will upset the system and give erroneous values, A
shorted filter coil, or an open coil, will cause too much voltage or give no output at
‘all, Continuity tests will indicste the condition of the various parts, It is always
well to compare the rectifier tube with a rew one; as these tubes have a limited life.
The resistance, condenser, and choke values should be compared with those specified
by the manufacturer, to make certain that someone hasn't inserted wrong parts.

i means of MOLOr generators or rotary converters, which change the 110-volt direct cure
i| rent to 110-volt, 60-oycle A,C, form, Aside from the additional cost and noise incurr-
@ ed by the use of the machine, the results obtained are superior to those obtained
| from D.C. sets., The rotary converter type, although véry quiet in operation, should :
be installed in a closet or some distant place where it cannot be heard. Thess machines |
ars furnished with a filter for eliminating commutator or line noises, the final re- i
sult being quister operation than is usually obtained on the normal 110-volt A.C, line.|
' Both input and output sides of the motor generator or converter should be filtered, :
as shown in the illustration, Pig. 36, Troubles in these machines are those inherent

to any motor or generator, Barring abuse, they should last a long time with only an
occasional oiling of the bearings.

il (26) Motor Generators. A.C, sleotric sets are sometimes operated on D.C. lines by

i The brushes also need repair and replacing occasionally, In one ‘instance, @

ﬁ Service Man reported trouble from brushes which wers completely worn down to the brush
"holders - and these caused excessive grooves in the commutator, The commutator had to

F be removed and turned down on a lathe before the machine could be placed in service

]

again,

Fig. 36 - At the left is
shown the "ESCO" motor
generator. The illustra-
tion at the right is that
of the "JANETTE" rotary
converter., Note the size
of the filters used in
connection with these
machines, These instruments
supply 110 volts A.C. from

MOTOR GENERATOR WITH FILTER the 110 volt D.C, linse,
FOR RADIO RECEIVERS
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CHAPTER IV

VACUUM TUBES

HE vacuum tube is the heart of the radio set, and one must understand vacuum
tubes to understand radio. Since the beginning of radio broadcasting, improve-
H ments in sets hawvs followed improvements in tubes. The theorctical analysis of L
il vacuum tubes is beyond the scope of this book, which aims maialy to give the practical |
| side only; one can measure tubs voltages and characteristics without a profound under- |
standing of the theory. A deeper insight into vacuum-tube action should be sought,
howevsr; but this should be obtained from a book devotad to the subjeot. Not oniy is
4 the vacuum tube a source of many set failures, as well as successss, but it offars a :
| means of diagnosing virtually all set troubles, The first procedure of the experienced ?
| Service Man is to measurs quickly the currents and voltages of the diffsrent tubes in
the set with a set analyzer and record ‘he values, Any great discrspancy from normal
walues, as given by the manufacturer of the set, is instantly detected and in almost
all cases as easily cured: whether it is caused by the tube or some other part of the
set.

(2) Types of Vacuum Tubes. We are ziving herewith a chart, Fig. 38, showing the aver- |
age characteristics of the various types of wvacuum tubes used in receiving sets, the
ratings given being those recommended by the tubs manufacturer. Tubes of different
makes may vary slightly from these, but this list is representative of the majority.
This chart is very helpful as a guide, but it should not be adhered to too closely,
for many set manufacturers operate tubes at voltages differing widely from these
specified in this 1list, For example, the Majestic "Modsl 90" receiver, employing
power detection, operates the type '27 detector om a plate voltage of 270 volts, with
| & grid bias of 30 volts - values much higher than those given for this type of tube
-f in the ohart, In the following paragraphs, only the more pppular types of tubes of
| widely different characteristics will be described in detail, whish should sufficient-
ly cover the entire field for all practical purposes.
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Fig. 39 « Static Characteristic ourves of 3-element vacuum tube.
Fige. 40 (right) The type '0lA veouunm tubae. J

SRR

(3), Basic Principles, The basic principles of vacuum-tube action should be undere
stood, at Izast In an elementary way, in order to facilitate set diagnosis, For exame
Pls, in the three-element tube comprising filament, grid and plate, an understanding
of the interdependence of one on the other should be known while taking measurements,
i Although the plate current will give much information regarding the set's condition,
i we must not forget that the plate current in a normal tube depends upon the platse
voltage, the grid voltage and the filarment current - the latter in turn depending upon i
the fi&ament'voltage. The graph of Fig. 39 shows the dependence of plate current on '
ii grid voltage, using a fixed plate voltages of 221, 45 and 90 volts. With different

B 2 5 e e e e s 3 8. i e ¢ e e 140
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fixed plate voltages, different curves result, as shown, For undistorted reception in
audio amplifiers the tube can be operated only on the straight portion of the curvs,
which portica is longer with higher plate voltages, thereby affording greater undis-
torted output. The grid voltage should be held normally at a definite average value
indicated by the center of the straight portion of the curve. This allows the plate

| current to swing equally above and below this point, and cover the entire straight

portion, Since the curve is different with different plate voltages, the normal grid
voltage or bias will likewise be different; the higher the plate voltage, the greater
the negative grid bias voltage required, In other words, within practical limits, a
tube may be operated at any plate voltage, provided the corresponding proper grid
voltugze is employed, For example, the correct grid bias voltages for use with the
plate voltages shown in Fig. 39 are indicated at the bottom of the graph; they are,
approximately, plus 1, minus %, and minus 24, for the 223, 45 and 90 volt curves,
respectively,

(4) Battery-Operated Tubes. The type 'OlA tube is widely used in battery and D.C.
elecfric sets and may be considered in this slementary discussion as typicul of all
three-element battery operated tubas, the difference being mainly in the ratings, This ||
tube is used for detector, radio, and audio-fresquency amplifiers, From our chart we I
find that this particular tube opsrates from a 6-volt storage battery and has a term-
inal voltage of 5; one volt being lost in the filament-control rheostat and counect-
ing leads. At this voltage the filament current is O.25-ampere. Plate voltages of 45,
90 or 135 may be smployed depending upon the circuit in which it is used; correspond-
ing grid-bias voltages are given in the chart, Fig. 40 shows the internal construct-
ion of this type of tube, Defects are usually traced to the filament which, through

age or abuse becomes impotent and loses its power to emit electrons., Such a defect is
accompanied by general weakness of the set and lack of sensitivity, It has almost

human qualities, Very low plate current, with proper applied voltages, is another
sympton of low elsctronic emission, It is best to replace such tubes with new ones,

In any event, it is advisabls to check the filament voltage, especially in D.C,
elzctric sets, as this is one wvalue which should remain normal and constant, Exossce
ive filament voltage will shorten the 1life of the tube; less than normal filament ]
voltage will give the tube longer life, as a general rule; but for over-all efficiency |
the rated filament voltages should be adhered to. :

(6) Battery-Operated Power Tubes. The types '12A and '71A tubes are commonly used

in the ouiput stages of battery sets, and differ mainly from the '0lA type in that

they allow a much greater undistorted output; the same general information given in
regard to the *0lA tube may be applied to them.

(8) A.C. Tubes., The type '26 tube is extensively employed in A.C. sets for both
radio- and audio-frequency amplifiers; it is not suited for detection purposes, on
account of the excessive A,C, hum produced, This tube is similar to the '01A type,
except that its filament is designed for a much lower voltage and higher current;
namely, 1.5 volts and 1,05 amperes, The reason for this is to give the filament
sufficient mass to hold the heat longsr and not rise and fall in temperature with the
rise and fall in each half-cycle of alternating current; thereby reducing hum, It has
a four-prong base and connections simllar to those of the '0lA type. In an amplifier
stage employing this tube, the grid return leads connect to a center-tapped resistor i
oonnected across the filament, If excessive hum is produced in the set, these resist-
ors should be examined and adjusted for minimum hum, This tube is not suited for the
output stage on account of its limited output; for this purpose, the typs 171, *10,
t45, or '50 rower tubes are employed, connected singly, in parallel or push-pull,
with filaments lit by A.C. and having center-tapped resistors for the grid returns,
Sometimes center-tapped resistances are eliminated by connecting the grid returns

to & center tap on the secondary winding of the filament transformer,

(7) The A.C,Heater Tube. The type '27 A.C. heater tube is used as a detector in
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Fige 41 - Vacuum tubes most generally used in modern receivers.

'é 8ll A.C, elsctric sets; and also as radio-frequency and first-stage audio-frequency

il amplifiers in many sets, The filament of this tube draws 1,75 amperes at 2.5 volts:

i it consists of a fine tungsten wire threaded through two holes in a porcelain-like

! tube. Around this tube is an oxide-coated metal cylinder, the cathode, which emits

il electrons when heated to redness. Its heat is obtained by its proximity to the white-
i hot tungsten filament. Since the cathode is elsotriocally insulated from the A.C.fila-
| ment, no A,C, hum is introduced into the radio circuits. It takes an appreciable time
il for the heater filament to heat the cathode to redness, from 15 to 45 seconds elapse
il before the set gets into action, Some of the early makes of these tubes are known as
; "blinkers;" a poor weld at the heater causes the cirouit to open after the heater

4l becomes hot, and close again after it cools down, making the reception rise and fall
| in volume. In the cirsuits fn which heater type tubes are used, the tungsten filament
i is maintained at a positive potential with respect to the cathode, thereby prevent-

| ing any emission of electrons from the A.C. filament into the cathode with a conseg-
{ uent introduction of hum. These tubos employ & five-prong or "UY" base; having two

% prongs for the filament or heater, one for the cathode, one for the grid and one for
| the plate,

g A RN S A AR R AL

TR ra AT 3 AL

SRR o

(8) Soreen-Grid Tubes. In addition to the regular filament, grid, and plate elements
of the ordinary tube, the screen-grid tube employs a fourth element, which is a metale
lic network interposed between the grid and plate, and used mainly as an elsctrostatic
| shield for shielding the plate from the grid and preventing elsctrostatic feed-back.

i This allows much greater amplification in radic-frequency amplifiers without oscilla-
il tion., Neutralization is therefore unnecessary. A positive potential of from 70 to 90

; volts is applied to the soreen, Although this type of tube is used mainly in radio-

| frequency amplifiers, it may be employed as a detector or a resistance- or impedance-
coupled audio emplifier; or as s "space-charge"” tube in an audio amplifier, In this
case the inner grid is connected to a positive potential of about 22% volts, to
neutralize the space charge within the tube. The screen is employed as the control-
grid. In radio-frequency amplifiers, the value of the positive voltage applied to the
| screen, determines the amplification, and this effect is made use of as a volume &
| control. The screen-grid tube is made in the heater type, the type '24, in which a i
| standard 5-prong base is used and the control grid is connected to a terminal at the U
| top of the tube, as illustrated in Fig. 41. The type '22 is also a soreen-grid tube, it
il but is not the heater type.
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i (9) Gas Rectifier Tubes. The gas-rectifier tube i3 largely employed in "B" elimin-
| ators, of whnich the Baytheon type "BH", illustrated in Fig. 42, is a typical example.

i These rectifiers depend upon fonization of gas for their action and take advantage of
i the difference in size of thelr electrodes for "unilateral”™ (one-way) conductivity.

i In the one illustrated, the two small electrodes connect to the 350=volt output termine
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Tals of a transformer secondary having & centar tap, A direct-current output of 125
imilliamperes may be drawn from the hat-shaped electrods and the center tap, Failure in
i thess reotifiers is usually due to age or internal breakdown, in which case sparking

. oan be observed. Chapier III gives further infermation in connection with this tube,

“ as used in a "B" eliminator.

4 (10) The Pentode. A new tube to muke its appearance on the market is known as the

i five-oiement pentode, While not in general use, it is fasb becoming popular, and a
 brief description may not be amiss, It is somewhat similar to the four-element screen-
" grid tube described above, but with the addition of a "space-charge” grid surrounding
! the cathode; the connection to this extra grid being brought out to a terminal on the
sids of the tube base, The remaining terminals are similar to those of the 124 type

1 scresn-grid tube, A very high amplification factor is claimed, one stage being suffic-
| ient in the audio amplifier, An amplification factor as high as 750 may be obtained

! with a plate voltage of 250, soreen-grid voltage of 135 (positive) and space-charger-
! grid voltage of 20 (positive). The heater filament is similar to that of the '24 type.
4 An jllustration of this tube is also shown in Fig. 42.

i1 (11) Filament Rectifier Tubes, The half-wave 181 and full-wave '80 rectifiers are

| largely empioyed in A.C. recoivers, and in some cases to supplying field current for
; dyramic speaker. Characteristics of these tubes are given in the chart. Fallure is 1
1 usually due to internal breakdown, manifesting itself in the form of a blue glow withinl
! the tube., When this takes place, the tude may be operated successfully at a lower :
il voltage, but it is usually best *to replace it, Circuit connsetions arc shewn in

il Chapter TII as well as in many of the diagrams of this book,

(12) vacuum-Tube Tests. Vacuum-tube tests on any radio set should be conducted system-
aticaily. Suppose we arrange our tests in the following order: '

(a) Plate-current tests,
{b) Plate-voltage tests,
(e) Grid-voltage tests,
(d) Filsment-vcltage tests.

A knovledge of these four functions will give a
fairly conplete indication of the condition of the
tubes and assceciated sircuits,

(13) Plate-Current Tests. The milliampere reading
of the plate current of each tube in the set tells
us & very ccmplete story, but we cannot rely on it
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too much, since the plate current of different tubes in the different sets varies
widely and the figures given in the tube chart cannot be rigidly adhered to. Only whe
the readings deviate very far frar those given should we look for real trouble, It is
i best to follow the ratings given by the set manufacturer, wherever possible, Causes of
| excessive plate current and of insufficient plate current are given below, which caus- i
i es should be further checked to find the guilty ones, after which they can be correct- F
ed,

(14) Excessive Plate Current may be due to :

(a) Excessive plate voltage,

(b) Insuffioient or incorrect gric voltage,

{c) Excessive filament voltage,

(d) Defective tubes,

(e) Leaky ccndenser, or poor insulation of circuit,

(15) Insufficient Plate Current may be due to :

(2) Insufficient plate voltage,
(b) Excessive negative grid bisas,
(¢) Low filament voltage,

(d) Defective tube,

:i (16) Plate Voltage Tests. If the foregoing measurements indicate that the trouble
i lies 1n excessive or Tnsufficient plate voltage, the causes of an erratic plate volt-
i age may be traced to the following:

(17) Excessive plate voltage may be due to:

(a) Open in the negative end of voltage
divider in the power-supply system,

(b) Excessive negative grid bias,

(¢) Low filament voltage,

(d) Defective tube.

(18) Insufficient plate voltage may be due to:

(a) Feilure in power-supply system,

(b) Low negative or even & positive grid bias,
(c¢) Excessive filament voltage,

(d) Defective tube.

| (19) Grid-Voltage tests. Should the erratio plate voltage or plate current readings
| be traced to high, Low or reversed grid bias, we may look for the following defects:

llcl'

(a) Shorted by-pass condenser across
battery or grid-bias resistor,

(v) Open "C" battery or grid-bias resistor,

(¢) Leakage in insulation or blocking condenser
between grid and plate-supply circuit,

(d) Open transformer winding in grid circuit,

(e) Defective tube socket,

(20) Filament-Voltage Tests, If our erratic plate current and voltgge readings gre
traced to wrong rilament-supply voltage, we have but to trace the .filament-supply
circuit and find the cause, In battery sets the filamemnt voltage may be too low,

| because of poor connections or a weak battery. If san "A" eliminator is used, its

i adjustment should be checked, In A.C., electric sets, the filament transformer may be

Ay
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overlcaded by a partial short across the filament cireuit, The line-vcltage should
be checked also.

(21) psfective Tube. A defective tube may cause erratic readings due to a deactivat-
ed fiTament, 1cs8 of vacuum (causirg the tube to emit a blue glow); or & short cir-
cuit between the elements within the tube. In this latter case, the grid may touch
the plate or filament, thereby upsetting its bias potential and killing the normal
tube acticn, Some tubes have a very detrimental microphonic effect producing a loud
howl in the speaker; the detector tube is the worst offernder. It should be replaced

| or exchanged with one of the other tubes,

: RCA Radiotron 230 - - - = - RCA Radiotron 232 - - - - -
¢ . .. may be used either as detector or am- o - . is particularly recommended for use as
i plifier. Its characteristics are : a radio frequency amplifier in circuits de-

. Filament Voltage W 5 5 2.0 Volts N d iallv for it. Its ch teristi
Filament Current . " . 0.06 Amperes signed especially for it. lts characteristics

Plate Voltage, Max. . . 5 90 Volts are :

Grid Voltage (C-Bias) . . . 4.5 Volts Filament Voltage § 3 . 2.0 Volts
H Plate Current . . . . 2,0 Ma. Filament Current . 8 " 0.06 Amperes
Plate Resistance . B H 12,500 Ohms Plate Voltage, Max. . , . 135 Volts
Amplification Factor £ . . 88 Grid Voltage (C-Bias) . . . -3 Volts
Mutual Conductance . o 700 Mictomhos Screen Voltage, Max. " . 67.5 Volits
Effective Grid-Plate Capacitance . 6 Mmf, Plate Current ] . n . 1.5 Ma.
Screen Current . Not over 1/3 of plate current

RCA Radiotron 231 - - - — -
... has been designed for volume output
from battery operated receivers where
economy of plate current is important. It is
for use in last audio stage. lts character-

Plate Resistance . 800,000 Ohms
Anmplification Factor . k) . = 440
Mutual Conductance . 5 550 Micromhos
Effective Grid-Plate Capacitance 0.02 Mmf. Max.

istics are: i 43 - Average charucter-
Filament Voltage s 5 5 2.0 Volts 1.? g' 3 A g

‘l;'illame\;t Funen;d. . i 0.1501?5m|\>levleé isties of three types of

ate Voltage, Max. . IS 8 o v .
gsl.id \c/ollug: (C-Bras s @ gz.ssval;s 2-volt tubes are given in 3
te Current . . . = . b . P 3

Plate Redistance, . . . 4000 Ohms this illustration. f
3 Amplification Factor . g . . 3.5 - RCA 231
& Mutual Conductance . . 875 Micromhos RCA 230
11 RCA 232 Undistorted Power Output 3 170 Milliwatts
i Effective Grid-Plate Capacitance o 6 Mmé.

s

'=(22) Tube Reactivation. When a tube has lost its electron-emitting ability and passes
a very small plate cutrent, it can often be restored by reactivation. This is true of
thoriated filaments such as are in nearly all tubes now in use. ‘The coating of thor-
jium or the surface gradually gives out and the tube loses its sensitivity. By react-
piivating the thorium inside of the filament is brought to the surface, thus permitting
#4the tube to function normally again. One simple method to restore tubes that are only
slightly weak is to burn them for 2 to 13 hours with the plate supply disconnected,
This "boils"™ out the thorium from the inside of che filament and provides a new layer
on the surface. tubes that are very weak can often be restored by "fleshing" the fil-
ements from 10 to 20 seconds at a filament voltage of approwimately three times the
normal filament voltage. After this process, the filament must be burned for about 30 H
;1minutes at a filament voltage about 25% above normal, The plate supply should be dis-

#lconnected while this is being done. While reactivation is not always possible, and
iéthere is a1§o dangef of burning out the tube filament, the process may come in handy

iito the Service Man in cases of emergency or for temporary set operation to plesse a
fldissatisfied customer. Of course, reactivation of heater type A,C. tubes is impracticeal,}

E?especially "flash" method. Holding & tube over a gas flame will sometimes reactivate it
!'E'i
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CHAPTER V

THE LOUD SPEAKER y

HE loud speaker or sound reproducer forms a very important part of every radio

set; for, with a poor reproducer, good results cannot be expected, no matter how

: . good the set may be, Since the reproducer is partly mechanical and it is in con=
tinuous use during reception, it is subject to wear and disintegration due to the

il excessive continuous vibration., Furthermore, it receives the grestest eleotrical

il strains of any part of the set, being connected to the extreme output and subjected to

il the total amplified cutput of the set. The importance of good speaker operstion, as

| regards satisfied customers, cannot be too strongly urged.

£} (2) Speaker Tests. The nature of the sound coming from the speaker usually tells

.| exactly the condition of the speaker; but we are not endowed with ears subtle enough
| to completely diagnose the trouble by sound alone. Only by much experience can we

| approach this skiil, A dead, weak, noisy, or distorted set may be the effect of trou-
i ble either in the set or in the spesker system; and it oan easily be localized in

il either by ocnnecting a speaker kncwn to te in good condition tc the set output termin-
il als in place of the questionable speaker, and comparing the two, We will assume, in

il the following parsgraphs of this section, that the set output is of excellent quality
and that trouble lurks in the spesker or its associated circuits, There are a variety
of speekers in operation, each with its own group of inherent weeknesses, if we may
use this term, where trouble may brew, We will describe them in the order of the

|| following classification; (a) Electrodynamic cone speakers,
(b) Magnetic cone speakers,

{¢) Born<type speakers,

(d) Electrostatic speakers,

CORRUGATED
FELT RING MOISTURE_PRCOF
PAPER CONE

HEAVY COPPER TERMINALS
“HUM RING™, OF MOVING

CORRUGATED
PAPER
_~~ CONE

CONE
L MOUNTING
_- FRAME

SUPPORTING SIS
FRAME
FIELD SUPPLY
~TTTT COROD

CONE CENTERING ) . MOUNTING
SCREW - )

FLEXIBLE CONE
CENTERING SOFT LEATHER
SUPPORT CONE RIM SUPPORT

| ¥ige 44 = Front and rear views of the Stromberg Carlscn P-1887C dynamic speakers

(3) Electrodynamic cone speskers. Nearly all the more recent sets employ this form
il of reprocucer. A typica. exampie 18 shown in Fig. 44, The diagrammatic illustration,
'? Fig. 45, shows that it is composed of a powerful electromagnet and a moving coil or
i "voice coil,” which is attached to the apex of a cone and arranged for free movement
.? within the magnetic gap of the:electromegnet, In eddition to these, the ,speaker

i system comprises the source of direct-current supply for enmergizing the electro-
megnetic field coil, and the output choke, filter or transformer adapting the voice
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| bass notes indicates failure of the field

il volce coil, should be strongly attracted

il when the fielc current is turned om, If no
i magnetism exists there is an open somewhere
il in theline, end a continuity test across the
i! field winding should be made, after discone
il neoting it from the set. In many sets, the

i field coil serves as a filter choke in the _—
il power supply, in which case it is merely Fige 45 - Dynanic speaker diagram,

il plugged into & jack in the rear of the set

| chassis, In such installations, the field coil has & resistance of several thousand
| ohms, which should be indicated by the continuity tester. The vcltage supply to the

OFFICIAL RADIC SERVICE MANUAL

coil to the set output, Trouble may arise in
ny of these places, but we will first con-
{der the min elements of the speaker shown
in the illustration of Fig. 45,

Spac_jng Ring
. .Neutralizing Coil

(4) The Field Coil, Very weak, raspy, re-)
production with almost complete absence of / Ay

Felt
1! Insulation
!

supply., It is best to remove the speaker
from the cabinet before making tests; after
which a clean knife blade or other iron tool,
held near the center magnetic pole of the

[\

. ;m%ﬁ,
. % 'Z
é‘\\\

ccil sheuld be measured at the field-coil jack, with the speaker in circuit and the =~ I
set turned on, to make sure that there is nc failure from that source, In some speak- |
ers, supplied with low-voltage direct-current obtained from the A,.C., line by the use
of dry rectifiers, a low-resistance field winding is emplcyed, and this should be
noted when making continuity tests in the field,

(5) The Voice Coil. The veice coils of different makes of dynamic speakers vary
widely in number of turns and, consequently, in resistance, The rusistances are too
low to be accurately indicated on.a continuity tester, making it difficult to detect :
a shorted turn, Often a loss of bass in the reproduction is caused by a shorted portionj
of the voice coil, duc to rubbing on the iron field, This is best determined by remov- |
ing the cone and coil and examining it., While an open circuit will kill reception,
sometimes a high-resistance connection to the wvoice-coil terminals will cause much ;
trouble, In one particular instance, & customer was well pleased with the radio recep- |
tion, but the results from the phonograph pickup were not much to brag about, and the é
customer threatened to return the set after several attempts to rectify the trouble i
failed, It was later found, however, that this particular speaker employed a single- 5
turn voice -coil of heavy copper ribbon connected to a similar copper strip forming E
the secondary of the output transformer. The coil was obviously of wery low ohmic - l§

”

resistance, and it was found that the resistance of one of the connections to the coil,|
although low, was appreciable when campared with the coil's resistunce, This connection I
was thoroughly eleaned with steel wool and soldered. This not only brought the guality
of the phonograph reproduction up to normal, but also improved the radio recsptionm, i
|
i

B
i
5
i

and the customer was well pleased. The radio reception previously had been sufficient-
ly powerful to give fairly good quality,

I

H
H
H
E
H
H
2

(6) The Magnetic Gap. This part of the speaker is more important than it appears, as
it has a very bad hadit of picking up bits of -iron filings and helding them in the
path of the moving coil, causing a raspy sound, In bad cases it will be necessary to
disconnect the field, dismantle the speaker and wipe the gap with a piece of clean k
cloth, Sometimes bits of iron may be removed with a sharp-pointed iron tool; the mag- |
netized iron particles will cling to the iron tool and are easily removed.

i
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(7) Cone. The paper or composition cone sometimes becomes damaged by 11l tréatment,

i and sometimes it is shattered or broken near the apex by excessive volume. In either
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Ei case, it is best to replace it with a new one. It is important to center the cone
ascurately so that the coil does not touch the iron field and causs chattering. Loose
parts on any part of the speaker or cabinet im which it is mounted are likely to cause
rattling or extraneous vibration, and should be corrected.

(8) Field Supply. Field current for dynsmics, in addition to the method previously
descrIbed, In which the field coil forms part of the fiitor system of the set, is
sometimes contained separately by rectified alternating-ourrent or from the 11l0-volt
D.C, line in D.C. installations, or from a storage battery, It is obvicus that the

| rectifier-A.C. method is likely to cause the most troutle. In scome cases the current
4 is rectified by means of a vecuum tube such as the '80, giving s comparatively high

§ voltage, and sometimes by means of dry-disc rectifiers, giving a low voltage. These

i two methods are shown in Figs. 46 and 47, Of the two methods, the vacuum-tute type of
rectifier usually ceauses the least trouble, Sometimes the field is connected across

| the voltage divider of the set's power supply, as in the Atwater Kent "Model 58" set,
il as shown in Fig. 48. A filter is required in either case to reduce A.C, hum. Fig. 49
ii shows a typical speaker installation.

(9) Vacuum-Tube Reotifier. Failure in field supply on speakers using this type of

| rectiTier may be due to & poor rectifier tube, & punctured filter condenser, an open
£t transformer winding or line connection, Contiruity tests will soon locate the trouble,
| As shown in the illustration, Fig. 46, a 2-mfd, ccndenser is sufficient for filtering
| purposes,

(10) Dry Rectifiers. A dymemio speaker with a 6-volt field conneccted to the rectified |
outpuT of & trickle charger forms the basis of this type of A,C, dynamio speaker,

| except that the whole is assembled as one unit, The schematic diagram, Fig. 47, shows
| the usual connections. Fige. 50 shows the Radiole 41 A.C. speaker, Failure of field

| current is usually caused by the dry-disc rectifiers reaching the end of their use-

| ful life, especially if A.C, vcltage is found across the secondary of the step-down

| transformer. Should this be the case, the rectifiers must be replaced. Excessive hum,
caused by the pulsating direct current delivered to the field, may be reduced by con=-
neoting & low-voltage high-capacity condenser across the field, A condenser of 1000
to 2500 mf. rating is usually employed for this purpose. Short ecircuits often occur
in this type of condenser, making it another source of trouble for the service man.

CRte Tt Tt PR D Ry e R T e PR R (o frerey

(11) Bum. Hum in dynamic speekers is sometimes reduced by means of & short-circuited
Il Ping around the center pole, which produces a bucking effect on any magnetic chenges
l in the field and holds the flux steady. (see Fig. 44). In some speskers, part of the
| pulsating field current is fed into the voice-coil circuit through & variable resist-
| ance in order to balance out any hum. In these speakers the hum is under control and
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Figs, 46 and 47, showing £1lament rectifier field current supply and dry-dise
rectifier field supply. Illustrations courtesy of Stromberg Carlson.
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! the control resistor should be carefully adjusted. A stationary bucking coil on the
| center field pole, connected in series with the voice coil and shunted by a variable :
| resistance, is also employed in some speakers, as in Fig. 47, F

e
L

i| (12) Speech-Input Tranaformer. This transformer may be part of the set or part of the E
g speaker, bui in any case its purpose is to match the output impedance of the power F
/| tube or tubes to the impedance of the voice coil of the spesker, The secondary of this |
E!tranlformer conneots directly to the voice coil, as shown in Fig. 47 and its primary

il to the set output; sometimes through an output choke and by-pass condenser, In push-

il pull amplifiers, the primary may have a center connection to the high-voltage plate

| supply, the two ends connecting to the tube plates. An open specch-transformer wind-

| ing will cause failure in the speaker, The connections to the transformer should be

il removed and continuity tests made on all the windings, Also, test betweon the windings
end core to see that they are not grounded,
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,g{(ls) Audio Pllters, Same sets employ a combination of chokes and condensers to filter
| the audio output by makirg s definite predetermined frequency cut-off and an improved
[l quality of reproduction., Fig. 51 shows the type of filter used in the Federal "Model X"
i receiver. It is obvious that an open choke or shorted condenser will interrupt recep-
ition, and the components of the filter should be tested separstely.
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Fig. 45 - Rear view of #846
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? (15) Troubles in Magnetio Speakers.
! Weak, tinny sounds may be caused Dy &
| damaged or crushed cone near the apex,

il chattering sounds are the result of

| the armature striking the pole tips,

| and the unit then requires adjust-

ment, See Figs. 53, 54 and -55. Raspy

sounds may be due to iron filings

| or dirt in the narrow magnetic gaps;

| these may be removed with pieces of
stiff paper forced between the
armature and pole tips, Rattling
sounde denote looseness in some

| part of the driving system; either
a lcose drive pin or a loose cone

%;attachment; lack of volume may be

| due to a weak magnet, or poor
4nsulation in the connecting cord,

| or open coil winding.

i
i

i

(16) Types of Magnetic Speakers.
The iTlustretions, rigs. o6 and 57,
i show two megnetic units of different

LOUD
SPEAKER
CORD

| DYNAMIC
SPEAKER
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(14) Magnetic Cone Speskers. The test-j
ing of magnetic cone speekers is simil-i{l
ar to that of dynamic speskers, the E
main difference being that the magnet-
ic instruments employ permanent mag-

B ivcer Dets and have no field supply, making

roreack the localizing of trouble easier,

o, Since these speakers employ a high-
impedance coil wound in a smll spece
with many turns of fine wire, open

colls are a frequent occurrence, A
ocontinuity test at the coil terminals
will reveal the condition of the coil,
It is best to disconnect the flexible
connecting cord, as thig may be short-
ed from dampness or open circuited.

The cord should then be tested separa-
tely. Speech-input transformers are
sometimes employed with these speakers, |
but- usually there are an output choke i
and condenser, arranged to prevent the
D.C, component of the plate current

from flowing through the spesker unit |
winding and destroying it or unbalsnc- |
ing the unit or weakening the perman-
ent magnet., Tests on this apparatus
are described in connection with dynem- i
io speakers, Flg. 52 shows the coils,
armeture and driving mechanism of the
R.C.A. Model 100 A spesker,
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MoriNg casi
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types; the latter called the
Induoctor Dynamic, in action

and sound resembles the dy- I8 FOWER LT gm = 1
namic speaker, The armature i —_——

and cone are free to move a A ;.ols'/if.ﬁ
n comparetively great distance : =) TR
ii without hitting the pole tips, e

| (17) Horn-Type Speskers., Fige 51 = An Audio Filter for improved quality.

‘| These speakers exist with both

dynamic and magnetio units, the former being used largely in talking-picture houses in
which a large exponential horn is employed. The latter type was used extensively in
radio reception a few years ago but is fast becoming obsolete, Diagnosing trouble in
these speakers is similar to that just described and need not be repeated here.

(18) Electrostatic Speakers. These speakers are not in general use as yet, although
"the Peerless Kylectron employs one, They
' consist essentially of a condenser, one
plate of which is free to vitrate under :
the influence of electrostatic attraction |
end repulsion., A high positive biasing
ARMATURE potential is employed across them, being
taken from the power supply of the set
DRIVE PIN or from a separate rectifier tube. Since :
only the current leakage need be supplied.|
by the biasing potential, little current
is used; thereby eliminating any trouble
from hum. The main trouble may arise due :
to excessive vibration, together with the |
high voltage accompanyirg it, causing a -}
short circuit, or intermittent sparking |
across plate., This either kills reception [
or produces annoying rattling sounds, :

MAGNET COILS SILVER SOLDER

(19) Microphonic Hum. When a microphonic
detector tube 1s In the set, a hum or
ringing sound will be produced in the ;
speaker whenever the tube is Jarred, It isf
evident, therefore, that if the sound :
from the speaker causes the set and microa|
SOFT SOLDER phonic tube to 'V'ibl’ate, a continuous hum .
(MAKE ADJUSTMENTS will be produced, which will reinforoe

WITH SOLDERING IRON) | 1itself as soon as it sets up its owm
vibrations in the speaker. The result will}
; _ be a continuous howl, It is entirely an |
| Fige 52 - Speaker- driving mechanism. acoustical effect, Holding the detector
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L tube tightly in most cases will prevent it. A "howl arrester” placed over the detector
ggtube also may be used. In bad cases, it may be necessary to change the location of the
gispenker, or insulate it from the cabinet with felt. Resonance within the cabinet may

il set up an excessive vibratiom, which will reinforce this effect and mar the tonal

i quality, Moving the cabiret away from the wall, or cutting openings in the cabinet,

il or padding it with felt, may remedy the trouble.

Fig. 56, at the left, shows the Wright-DeCoster Hy-Flux magnetic come
speaker. Note the audio filter mounted neaxr the unit for improved tone
quality. '

Fig.57, at the right, shows a cross-sectional view of the Farrand In-
ductor Dynamic speaker. In this unit the armature is attracted in be-
tween the pole tips, thus allowing a large movement without chattering.
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? than servieing; but, in either case, care should be taken to see that the aerial is
[i well constructed to insure permanent operation., See the illustrations of Fig. 60, It

ij et right angles as possible to other wires, and placed neither under or over high-

Ii voltage lines, which is not only dangerous in case of breakage of a wire but is likely
il to produce a 60-cycle hum in the set. With a good soldered ccnnection between the

i lead-in and the aerial (scraping each strand of the aerial wire separately if it is

.3 from the weather,
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CHAPTER VI

THE ANTENNA SYSTEM

HE antenna system comprises the aerial and lead-in, with its lightning arrester,
and the ground connection, While a good sensitive modern receiver will operate
after a fashion on any kind of a haphazard aerial system if the location is fair,

| remember that a well-constructed antenna system is imperative for permenent set opera-

tion and satisfied customers,

(2) Types of Aerials. The busy Service Man will encounter various types of aerials,

but the general Iorm comprises a single stranded wire, bare or enameled, about 100

feet long, suspended between insulators from 20 to 50 feet above ground or higher !
when installed on the roof of a tall building., Attached to this iz the lead-in connecte|
ing it to the set, with an attachment to a lightning arrester which is connected to
ground, There are special types of aerials, such as lamp-socket aerials, indoor

Screw Eyes

Porcelain or Glass
4 Insulators

Fig. 60 « Typical Aerial Installations.

§ aerials, underground aerials, multiple aerials and loop aerials, but these will be

discussed subsequently under their proper headimgs. Trouble shooting in the wvarious

§ types is basiecally the same procedure, We will concern ourselves mainly with the genw

eral type of single-wire aerial first mentioned. F;

(3) Aerial Installation. The subject of aerials comes more under set installation

should be erected as far from other aerials or wires as possible, strung as nearly

enamelled) little trouble should be experienced with it from thereafter. Many install- |
ers don't take the trouble to solder the lead-in conneetion to the aerial, and in time
corrosion takes place, causing an imperfect connection which is swayed by the wind and

produces "static" in the set. In cases when it is temporarily impossible to form a
good soldered connection, the joint should be tightly bound with tape to protect it

(4) Aerial Location. The location of the aerial depends largely upon enviromment,
and one phase of enviromment usually overlooked and likely to cause trouble is that

of the so-called "dead spots,™ more noticeable in the vieinity of large steel build-
ings than elsewhere. In such installations, when the set fails to function properly
and stations are very weak, changing the direction of the aerial (say 90 degrees or
at right angles to its former position) will rectify the trouble, Sometimes it will be

JTEr

T —
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é necessary to shift the aerial considerably, and if possible support its free end on
ﬁ some near-by building. Sometimes better results are obtained by eliminating the aerial
! entirely and making oonneotion to the steel window framework of the building instead.

; Troubles of this nature are encountered mainly in large clities.

. The inverted "L" type of aerial, as this type is called, is slightly directional,
| and will receive better from a direction nearest the lead-in, This effect may be tak-
| en advantage of, especially when long aerials are used, either to improve reception

3 from a certain direction, or to reduse reception from certain near-by powerful inter-
|| fering statlons,

| (5) Aerial Tests. A reliable aerial test can be made by disconnecting the aerial

i from The set and conneoting, in place of 1%, = wire 30 or 40 feet long strung along

| the room or outside of the window. A comparison of the two will usually indicate if

| the regular aerial is defective, This test is not always possible, but the efficiency

i of an aerial can usually be detected by simply disconnecting it from the set. If the

| set is noisy when it is known that there is no excessive natural statioc, and the noise

| ceases with the aerial disconnected, the trouble will probably be found in a loose

£l connection in the aerial or in a near-by aerial in inductive relation with it. Possib-
| 1y some wire has fallen in contact with the aerial and is rubbing against it; the

| aerial system should be thoroughly examined. A continuity test between aerial and

| ground terminals will indicats whether the aerial is grounded or not. A grounded aer-

| 1al will sometimes work, especially if the ground is at the further emd of the wire;

i in which case it may act as a large closed-loop antenna. If no defeots can be ocbserv-

i ed in the aerial, yet it appears to be noisy, examine the lightning arrester.

(6) Lightning Arrester. The lightning arrester, Fig. 61, may be grounded or partial-
ly grounded, by internal defects, and cause a noisy set or kill reception entirely.
[ Try disconnecting the arrester. If the trouble ceases, replace the arrester with a

: (7) Length of Aerial, The selectivity of many sets depends largely upon the aerial

: lengtl, and in many cases where complaints of poor selectivity are received it will

| be found necessary to shorten the aerial and thersby reduce its fundamental period of

" olectrical vibration to a point below the broadcast band. This shortening also reduces

il the input to the set and givea the effect of greater selectivity, Ususally the same

E results can be obtained by connecting a condenser of about .00025 mf. in series with
the aerial,

: Some unstable sets may oscillate furiously with a short aerial and cease to

| oscillate on a long one, by reason of the greater radiation resistance of the long

i one, which absorbes more energy from the set. Aerial resistance likewise causes broad-
fl ness of tuning and poor selectivity. Bare coppsr wire, which has been exposed to the

! weather and is corroded, has a greater high-frequency resistance than enamelled wire.
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Broadness of tuning on a near-by local station may be reducad by the use of a wave-
trap, tuned to the interfering station, and connected as shown in the illustrations

Figs. 62 and 63.

(8) Lead-In Strip., The lead-in from the aerial is usually connected outside the win-
dow to a lsad-in strip. This is a flexible-copper, insulated strip with spring-olip
connections on each end, The window is jJaummed down against this strip, forming a cone
venient entry to the inside whers connection is made to the set. The connections to
the strip should be soldered or thoroughly taped to prevent corrosion, See Pigs. 54
and 65, If the set loses sensitivity during rainy weather, this strip should be exam-
ined, as well as other outside aerial or lead-in supports, such as the lightning
arrester and aerial insulators, Leskage through wet insulation may csuse a grounded
aerial, especially if the wet lead-in-strip enters through a steel window casement.

i This is a frequent trouble in many set installations.

i
Y
ik

o

(9) Aerial length. The length of the aerial to be installed depends largely upon
the location, A8 a general rule, the shorter the aerial employed, if it gets the de-
§ sired stations, the better the results obtained from the set. Many sets have two or
more aerial connections, for short aerial, medium aerial, or long rerial. A 30-foot
wire may be considered a short aerial; a 60-foot one a medium merial, and a 100~ to
200-~foot one a long aerial, In congested distriots, a short aerial is recommended.
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(10) Counterpoise, Where it is impossible to obtain a good ground connection, & count=
erpoiSe may be used, This consists of a wire similar to the aerial and suspended be- '
! neath the aerial or in its viecinity, and insulated fram the ground, It proves very
4 effective in many installations. In some cases it rsduces hum,
i
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| (11) The Ground Connection. In many installations the ground connection is made to the
| radiator pipe, This 18 usually the most convenient, and often serves very well, But
1 an additional connection to a cold-water pipe is recommended, especially when the

g A

installation is made in one of the upper floors of an apartment house or hotel con-
taining neisy elevators and ice machines, This will not only improve signal strength
but reduce interference from noisy motors as well;for these motors are also grounded
and the long path to earth from both radio and motor ground connections causes induce
tion between the two. It is important that the pipe be thoroughly cleaned with a file
before attaching the ground clamp.

o 2 o omare:
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(12) Tefting The Ground Connection. A continuity test between the ground wire and a
§ metal pipe in the bullding will indicuts the condition of the ground connection. In

i
1 ;
i ] s s .
ji some D.C. installations, an insulating condenser is placed in the ground lead, and carel:
i 3 T
i should be taken to @ake.the test from the ground side of the condenser to the pipe,
E otherwise a short circuit is likely to occur, as in Fig., 66, If set noises cease after
il
] o - e
iﬁ =" = —
ki ey 7 (
i Window Z
3 =R =) P
i
| i
f A Notched 1
] e Il
; i |
B Clip Contacts <
F) Corrode and - Unbroken Lead
,,‘ st To Set ™
H It ?
i ] G
l’% Insulator ][‘ I
i Fastenngf |4 —
-
b
IE] A common form of lead-in installation, which If the insulated lead:in wire is brought inside
£ is very good wuntil ‘the exposed conmections and a good conmection made, it will last
F! corrode. : ’
i

Direct-cu‘rrcnt house supplies are a sowrce of

much grief in these days of alternating.current

standards, Particularly when the tyro starts ex-

perimenting is there apt to be trouble—cven the
simple one of polarity.
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disconnecting the ground wire, examine the ground connection thoroughly, or run an
extra temporary ground wire to some other pipe in the building.

i (13) lamp-Socket Aerial. In some congested districts permission for the erection of
an outdocr aerial cannot be obtained and some alternative method must be employed., The
electric-light lines are sometimes used, by means of a lamp-socket aerial plug. This
£ contains isolating condensers to prevent the lighting current from entering the set.
£l Good results are sometimes obtained, but sometimes noises are introduced, which are
£ difficult to filter out without reducing the signal intensity, It is dangerous to

b employ this aerial on some electric sets, as a dangerous short circuit is likely to
i occur,

i

| (14) Indoor Aerials. A wire strung around the room behind the picture molding, or in
p| some other concealed place, serves as an efficient aerial in many locations, but in
i steel buildings poor results may be expected. It may be used ir combination with a

.| lamp-socket aerial,

i (15) Underground Aerials. In outlying districts, where space
; permits, underground aerials may be employed for the reduct-
il ion of various kinds of interference. While no exact data as
| to the efficiency of this type of aerial cean be given at

i this time, we have received many satisfactory reports from iitaron
Ll various experimenters. wmnmj

2 7O STEEL FRAME
() woen of BurLOING

GAL. PIPE &
FITTINGS

1 (18) Multiple Aerials. The tangled maze of unsightly copper
| wires, strung in all directions on the roofs of some apart-
! ment houses, should inspire all Service Men to recommend

| some form of multiple aerial to the owner of the building.
| The illustration, Fig. 67, shows how neat this arrangement
;i can be made{ Amy, Aceves and King, Inc,) One well-erected

| aerial feeds all sets in the building through special

| coupling devices, thereby simplifying set installation and
s insuring satisfactory set operation with virtually no

| trouble from this source. A defective coupling unit will

i seldom ocour, and in th}s case, it can easily be replaced, v"’ R bk
i :

il (17) Centralized Radio System. This apparatus, made by : = o
E R.C.A%, will be found in many hotels and apartment build- ; ?;gz—ﬂ
% ings. Fig. 68 shows the circuit diagram, It couples a single v ¢ N T
il aerial to as many as 80 receiving sets, without mutual inter : =

il ference, and comprises an RFC unit shown at the left in P o -

TR

Figs. 68 and 69, which is mounted on the roof or near the
i gerial, This unit feeds as many as 8 RFX units (shown at
the right of the above $1lustrationd by means of a twisted
three-wire radio-frequency transmission line, Each RFX
unit will feed up to 10 radio sets. The amplification
gained in these units compensates for any transmission

losses.

T
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In other systems one aerial feeds one master radio set
usually located in the basement of the building. this set
feeds audio power to the variocus room outlets, Each room,
therefore, has only a loud speaker and volume control, with
a switoh that will select any one of about four stations.

(18) Loop Aerials. The superheterodyne receiver is the most Fig. 67 = One aerial
§! common type Tt employs & loop aerial, Lsck of sensitiyity supplies many ?
in the set may be traced to poor location in the room; 1in sets. g
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a steel building, moving the

set a few feet sometimes 05— -
makes considerable difference. [ e =S

If it is located near a steel I B s Rl
column, the directional ; i u L K

effect of the loop is usually | E g 3 ) 54
impeired , the loop receiv- T Eg; i e T E
ing its energy directly from { T4 £ 4 - Re %06 3
the column by induction effect. | c- i / P e | i
= RFC = i H RFX GND

In home-made receivers 16w tORFL o lew RFO.

- v ¥

employing an external loop one >
sometimes finds a neat-looking

flexible telephone cord con-

necting the loop to the set. Fig. 68 - Diagram of the R.C.A. centralized radio Systemy
The electrostatic capacity of ‘
this cord is so great that it is virtually impossible to tune the loop and tuning
appears broad. To remedy, connect the loop to the set with two short separate wires,

the most trouble, and one should first make sure

Often the simplest things cause
ted to the set before making elaborate tests on

that the aerial and ground are connec
the latter.

- RFR

_OUTPUT
= RF TRANS.
- Lt
_—'.——-——: e FILAMENT LINE TERMINAL
TRANS UNIT(RFT)

*2.6

OUTPUT
R.FTRANS

L2

880 |
~F{L. TRANS.

| .&; { ¥

‘ E{‘neﬂ—:—-‘—s——“ «CONNECTOR

PANEL

E'F‘:'Lg. 69 - at the left is shown the "RFC," or first unit of the system which supplies

| plate current also for the coupling units.

- at the right is shown the "RFX" or outlet un
receivers, The "RFT" unit shown in the diagram of Fig. 68, appea

in the last "RFX" on the line.

it which feeds the individual
rs only
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CHAPTER VII

RADI O-F REQUENCY AMPLIFIERS

ed as consisting of the tuning dial and the volume control and he will detect the
; least fault in either, The Service Man, however, must know the insides of the

£ particular set in order to localize the trouble and make repairs. The various cammer-
1 cial set diagrems in this book display the almost unlimited forms in which the above
two constituents may exist, Each manufacturer, testing the methods of the others,
changes or adds to them in attempted improvements, and a new breed of sets finds its
way into the homes of the lay public, Otherwise all sets would be alike, Basically
they are alike, but vary in details, These details are important, however, and to

| point out some of the more salient ones, we shall classify the different types of sets
; and, in turn, the different elements of which the radio-frequency amplifiers in them

| are composed. We can first classify sets into those -

F ROM the viewpoint of the set owner, the radio-frequency amplifier may be oonsiden-%:

T B AL

i

meaiema s
"0

i

BoERRE e

(a) without sereen-grid tubes,
(b) with sorecen-grid tubes,

'§ and mske a further classification of those using -

(c) conventional tuned circuits,
(d) band sclector circuits,

| In addition we have superheterodyne circuits. The different methods of volume control,
i both manually-operated and automatic, will also be included in this chapter,

(2) Conventional Tuned Cirecuits. In the ordinary tuned-R.F. amplifier illustrated

in Fig. § of Chapter 1Y, Three tuned oircuits are employed; the first couples the
aerial circuit to the first tube, the second couples the first and second tubes, and
the third couples the second tube to the detector. When all three cirouits are in :
resonunce, amplification takes place; this means that the three tuning condensers must |
be accurately adjusted. In modern sets the three condensers are all mounted on one

shaft and tuned collectively. For maximum efficiency, the circuits and condensers

must be identical; otherwise one circuit will be out of resonance and the over-all g
amplification will be reduced, Slight mechanical wariations in manufactured condensers
do exist, however, so "trimmer" condensers (or aligning condensers, as they are some-
times called) are connected in parallel with the main tuning oondensers, as illus-
trated in the diagram mentioned above. These condensers are of small size and small
capacity, They are adjusted for resonance at two or three points on the dial and left

in the best average position, This adjustment can be done by ear through tuning in
stations and adjusting the trimmer condensers for maximum volume; but the method

described in Chapter I, Paragraphls, for balancing , in which a resonance indicator
is employed, is more accurate.

(3) RFeutralizing., Tt is evident that, in a radio-frequency amplifier, the output
circuits contaln radio-frequency currents identical with those in the input circuits,
but of a much greater wvalue; therefors, if the slightest degree of coupling exists
between the output and input circuits, the amplifier will be thrown into violent
oscillation, resulting in decreased emplification and whistling, squealing, and howl-
ing everytime a station is tuned in. To reduce this disastrous coupling, the coils
and condensers are enclosed in metal shield-ocans, But even then coupling exists with-
in the tube itself in the form of electrostatic coupling between the grid, which is
part of the input cireuit, and the plate, which is part of the output cirocuit, var-
ious ciroult arrangements have been devised to "neutralize" this oapacity coupling

within the tube. All these circuits depend upon some form of "“Wheatstone bridge"”
arrangement, whereby an equal amount of capacitative coupling ol opposite sign io
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Fige 70 - Hammarlund "Hi-Q 30"A.C. Receiver.

s introduced between the input and output circuits, thus nullifying the effect of the

| tube-capacity coupling. These various arrangements will not be described in detail

| here, as the diagrams of the verious sets show them, The Service Man is interested

| only in the neutralizing condenser employed to obtain this balancing effect and how

i it should be adjusted. These condensers are clearly indicated in the diagram of Fig.6,
| and the method of adjusting them is descrided in Chapter I, Paragraph 15. Without

| instruments, a fair degree of adjustment can be obtained by tuning in a station, insert|
| ing a dummy tube in one socket after the other, and adjusting the neutralizing conden- '
| ser in each case for minimum or zero sound; at the same time adjusting the trimmer

| condensers for maximum sound. When correctly adjusted, it should be impossible to make
il the set oscillate at any point on the dial, with any volume-control adjustment.

g BT L G e p A AT

rpem et iy

! (4) The Sereen-Grid Tube. Having just described the cause and cure of oscillation
§i in the ordinary tuned R.F. circuits employing three-electrode tubes, it seems fitting

| at this place to point out the effect which the advent of the four-electrode or screen-j;
grid tube has had on cirocuit design, The use of metal shields to prevent coupling

I between the output and input circuits has been deseribed; in seoreen-grid circuits, the
E shielding is extended until it exists within the tube itself, in the form of a metal

I network, entirely encompassing the plate, which is called the screen-grid, This fourth
é electrode is grounded but maintained at a proper positive-bias voltage, so that it

# does not interfere with normal tube action. It is evident, therefore, that the input
and output circuits are entirely shielded, and feed-back coupling cannot exist, The |
circuit will not oscillate, and neutralizing is not necessary. In practice, the entire
L tube or the most vulnerable part of it, is enclosed in a metal shield. A very high

il degree of amplification is obtained, but the characteristics of the tube are different.
i It has a much higher impedance, requiring special design of the R.F. transformers.
These tubes are made in the ordinary battery type (122) and A.C. heater type ('24.)

See Fig. 41 in Chapter IV,

4 (5) Band=Seleoctor cigpﬁits._sand-selector circuits are becoming more and more popular,
i especially since the advent of the screen-grid tube with which they are mainly used,
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Fig. 7L - The 10,000-0hm resistance is the Fig. 72 - Two resistances control the vol-g
volume control, ume simultaneously in this set. |

The band selector, or band-pass filter as it is also called, consists essentially of
two or more tuned cirocuits loosely coupled together., This gives a flat-topped reson-
ance curve which, by proper design, can be made to have a flat top 10-kilooycles wide
thereby accepting the entire program, sidebands and all, giving a high degree of sele
ectivity without distortion. The band-selector ocirocuits may be found ahead of the
R.F. amplifier, at the input side; they may be part of the amplifier circuit, or may
be placed between the amplifier and the detector. Various combinations are possible,
In many sets, as in the Sparton "Model 49," (a diagram of which will be found in the
o back of this book) the band selector will be found between the aerial and the R. F.

i amplifier, and an untuned or aperiodic R.F. amplifier is employed, That is, the R. F.
= transformers are of special design to cover the entire broadoast band without tuning.
' Incidentally, three-electrode tubes are employed in this set. In the Hammarlund "Hi-Q
30 A.C." receiver, a diagram of which is reproduced in Fig. 70, band-selector tuning
is employed between the aerial and the amplifier, as well as tuned stages in the am-
plifier, giving six tuned circuits in all, The six tuning ocondensers, illustrated in i
the upper left side of the diagram, are controlled simultaneously by one dial, The six [
trimmer condensers are also shown, Note the R.F. chokes in the plate-supply leads of
the screen-grid tubes; these leads, as well as the grid return leads and screen-grids,
are by-passed to the filement through large condensers, '

(6) Grid-Biss Volume Control. Various methods of controlling the volume in different
circuits are employed. In the old tuned-R.F, sets, it was customary to control the
volume by changing the bias voltage on the grids of the tubss, This was effected by
the use of a potentiometer connected aoross the filament cirocuit; the variable tap
connecting to the grid return leads. Thus a bias voltage from zero (at the negative
side of the filament) to plus 6 volts (at the positive side) could be obtained. This
positive bias on the grids caused excessive plate current, resulting in short-lived

tubes and batteries. Also, tuning was broadened because of the R.F, oirouit drain
from the tuned circuits,

(7) Filament-Current Volume Control. Another simple method of controlling volume
was by means of the Iilament rheostats of the R.F. amplifier tubes. While this is
effective, it is not very satisfactory.

(8) Plate-Current Volume Control. A high variable resistor in the R.F. plate léads
is commonly empioyed to comtrol the volume, by controlling the plate ourrent. These
resistors are, of course, by-passed by large condensers, This method lengthens the

tube and battery life and is quite satisfactory; it is used in the Sparton No. 49
above mentioned.

(9) Absorption Methods of Volume Control. Variable resistors are sometimes inserted [
in the R.F., oiroul¥s %o eccomtroi volume, Crid-suppressor resistors, connected in series |
with the grids, are also used to prevent oscillation in unstable sets; about 800 ohms
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is sufficient. A variable resistor in the input circuit is also common. An example is

illustrated in the diagrem of Fig. 71, showing the method employed in the Majestic :
n70" or "70B" sets. Sometimes two variable resistors are employed; Fig. 72 shows how |
this is done in the Stromberg Carlson No. 638 D.C. receiver. Here two 10,000-ohm i
resistors, mounted on one shaft, are used; one to control the input to the R.F. ampli- |
fier, and the other to control the input to the detector. F

i

§ (10) Screen-Grid Control. Controlling the positive bias vcltage on screen-grid tubes 3
iimakea & very eflicient volume ccntrol in sets employing these tubes. This is the method ||
i1 employed in the Hammarlund receiver shown in Fig. 70, It is indicated at V, fi
£ ]

(11) Automatic Volume Control. Moderrn sets are so semsitive, and capable of giving
such great volume, thet 1t is amnoylng to tune for a weak stetion and suddenly have a
| powerful local rear in, To avoid this, some sets employ sutomatic volume controls,
which limit the volume automatically, Fig. 73 shows the circuit used in the Stromberg
Carlson "No. 846" receiver, which employs a type '27 tube, the grid circuit of which
il is coupled through a ,00025-mf' . condenser to the output of the R.F, amplifier. A 2-

Il megohm grid leak is used to prevent blocking of the tube and to hold the grid bias at
il the proper velue., The plate is connccted to ground through two 100,000=-0hm resistors;

[l but, since the cathode is at & lower potential than ground, plate current will pass
[l through these resistors, The drop across both of them serves to bias the grid of the
ﬁ}first R.F. stage, and the drop across one to bies the second E.F. stage. Thus, when
githe received R.F. signal reaches a certain intensity, current through the resistors
bl decreases; resulting in less negstive bias on the amplifier tubes and reducing the

% amplification. An equilibrium is soon established, in which the volume is meintained
;lat a oconstsnt limited value. It seems needless to add that all resistors are thorough-
%ily by-pessed to prevent any radio-frequency feed-back; only the voltage drop aoross
Elthe two 100,000-ohm resistors, resulting from the average signal-intensity value, is :
| instantaneously and automatically fed back to the R.,F. amplifier grids, Many other sets |l
é use similar controls, such as the Kellogg 523 and 526 shown in the diagrem section of g

i thiy book,
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(12) Redio~Frequency Amplifier Trouble. Trouble in R.F, amplifiers resolves itself
into: '

H

e e

K

4

1 (2) lack of semnsitivity,
!

(v) broad tuning, -§§E
(c) oscillation, -
(d) noise, fy
(e) lack of control, lagl

St

5

T3

;

211 of these symptoms may be due to poor tubes mw"i
or wrong supply voltages; but, since we he.ve :

|
% described voltage tests and tube tests in !
ichapters 111 and IV, we will limit this chapter _—
|

to searching for trouble within the remaining - 10 8,
parts of the system. e . e

£l

&
i
Ht
.
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il buted To: poor allgnment of the tuning ccnden- I.‘ wmwmcwm}a
| sers, an open circuit im the input or some  E LA

part of the system, shorted coils, an open

or shorted by-pess condenser. In fact, any

i default in the circuit may contribute to

| decrease sensitivity or kill reception entire-
ly. It is probably simpler to test the coils Figs. 73 - Automatic volume
and condensers than to read about all the control circuit.
things that might happen. Even damp weather

""" . VOLUME CONTROL
uy-227

[ - =
(13) Lack of Sensitivity. This may be attri- -j;é@ i itrp] 100000 100000~ |
D)
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i is detrimental, as shown in Fig. 74. This shows the results of en actual test, A usual i
| fault in R.F. emplifiers is an open coil winding. The windings should be tested for 5
; contimuity; a full reading indicates either good coil or a shorted coil, The latter i
i 1s difficult to detect but, fortunately, is not a common occurrence. A visual examina- i

i tion will usually reveal any demaged conditiomn. Lack of pPlate voltage at the tube socc- |
| kets may indiocate an open primary winding, or an open choke-coil winding in some sets |
| in which the plate current does not pass through the R.F.T. primary (such as the :

Stewart Warner "Series 900" receivers,) It may be difficult to solder an open~cirouitedf
| winding together; the best method is to rewind the coil, making note of the nmumber of {j
i turns, size of wire, directions of winding, and external connections. So far as the

; tuning condensers are concerned, a visual examination is usually sufficient; they

| should be thoroughly cleaned and the pig-tail conneotions examined, The method of

| aligning them for maximum resonance has already been explained in Chapter I.

(14) Broed Tuning, lack of sensitivity and broad tuning usually go hand in hand, The
troubles Just desoribed in the preceding paragraph apply here also., Unless some preve
El 1ous Service Man has left a soldering iron or screwdriver inside of one of the shield
cans, we may find the cause of broad tuning in the aerial system, to which a separate
chapter has been devoted; or in an incorrect "g" voltage on the tubes, or in some
i defeot in the circuit or volume control. The usual complaint from this trouble is
found to be due to the closeness to some
000000 __ broadcast station; the fault is not in
IRF.voLtAGE AMPLIFICATION OF the set then, and the Service Man is not
N FSTAGE SCREEN-GRIDSET expeoted to improve the set far beyond |
its original abilities. Extreme sensitiv-
ity, like a powerful telescope, has the
effect of bringing the stations nearer,

DRY WEATHER

and also results in complaints of broad
\\‘\ tuning. In these cases a shorter aserial

is recommended or a wavetrap my be
required, as described in Chapter VI.
Danmp weather causes broad tuning in many
sets, due to moisture impregnating the
insulation of the coils, If complaints
spring up during the damp season, it is
well to bear this in mind. See Fig., 74.

100
200 250 300 350 400 450 500 550 (15) Oscillation., Either the shielding is
WAVELENGTH poor, the connecting leads are lying in
the wrong positions, or the set is not
Fig. 74 - The effect of damp weather neutralized. In some sets a defective
on R.F, amplifiers. volume control may cause oseillation. :
This trouble manifests itself by penetrat-|
[ ing squealing, howling and whistling :
|| sounds while tuning in a station. There is feed-back coupling somewhere in the set to
| cause osoillation. Perhaps the antenna lead is too near the detector output region,
Check the tubes, tube shields and supply voltages,

& (16) Nolse. ¥Xoise is invariably caused by loose connections, either within the cir-

f| oult or near to it; as in the case of loose shield-oan Joints that reflect noises into
| the circuit, due to their absorbing of energy from it. Loose socket contacts are a

| common occurrence; also, loose soldered connections to the coils and loose pigtail
connections to the condensers, Rubbing contacts on the condensers are also noisy,

il Condenser plates which touch cause nolse, as well as fine metal burrs on the plates,

| or dirt between them, The volume control is a frequent source of noise; it should be

l cleaned with alsohol and oiled with Nujol. (This applies to filament rheostats also.)
i Sometimes a soft lead penecil rubbed on the resistance wire will give sufficient lub.

i rication, due to the graphite, without interfering with the contact.
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'% appear in the diagram section of this book, No matter how complicated the set, if we

i (19) Servicing Supers. Since there are a variety of superheterodyne circuits in use -
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(17) leck of Control. lack of control of the set indicates a defective volume control,
In virtually all cases the volume control is a variable resistor of some sort, and it
is apt to be worn out from mechanical usage rather than electrically destroyed. Know-
ing its approximate resistance from the circuit diagram, it may be intelligently test- |
ed with a continuity tester, and preferably replaced rather than repaired, if defect-
jve. If the set Ias an automatic volume control, the tube may be at fault and should
be tested. By-pess condensers may be shorted, or resistors open; with a continuity
tester, almost all faults can be found., Hum may be introduced into the R.F. amplifier,
due to electrostatic induction from some nearby high-voltage A.C, line.

(18) Superheterodyne Receivers. A whole volume could be written on the servicing of
superheterodynes; but we only have space for the high spots, and let the reader!'s
imagination dip into the valleys wherever it is indicated that he should do this, Ow=-
ing to the comparative complexity of the superheterodyne, many things can happen to
interrupt its service; but, if we segregate it into its main components and test each
separately, we may find that the servicing of one superheterodyne is like servicing
two ordinary sets. In the superheterodyne we have:

(a) oscillator,

(b) radio-frequency amplifier (in some sets),
(¢) first detector,

(d) intermediate-frequency amplifier,

(e) second detector,

(f) audio-frequency amplifier.

Parts e and f are considered in chapters VIII and IX. Various superheterodyne cirouits

test one thing at & time we can't help but find the fault if it exists. With all parts j
of the proper values and properly comnected, the set will work, because it did work H
before the trouble started, Knowing the circuit diagram.and the values of the parts,
it won't take long to make the tests and make repairs or substitute new parts.

the greatest variety being the home-built ones assembled from "kits" - it is virtually §
impossible to list all the causes and cures of troubles that may occur ir them. Of the |
commercial ‘supers, the Radiola is probably the most numerous, and a detailed analysis
of the "Radiola 25" Superheterodyne appears in the Radio Data Service Sheet in the
diagram section of this book.
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CHAPTER VIIX

DETECTORS

&)

é HE detector plays a very important part in every radio receiver - it is the pivot
i I on which the radio-frequency amplifier and the audio-frequency amplifier hinge.

i Linking the two amplifiers, it could well be described in connection with either,
but, since it plays such an important part in radio reception, we will devote a sep-
arate chapter to it,

i T T

S Tt Lk P B

(2) Function of Detector. The function of the detector in the ordinary broadcast

| receiver 18 1o convert the form of the energy delivered to it by the radio-frequency

" fil amplifier to a form suitable for amplification by the audio-frequency amplifier and

il for sound reproduction by the loud speaker., In other words, in the input or grid-

fl cirocuit side of the detector we have modulated radio-frequency currents and in the out-
4 put or plate side, audio-frequency currents., Both forms of current may exist in both

| input and output circuits, in which case trouble results in some sets, while in others
fi employing regeneration, this phenomenon is utilized to advantage. In the superheter-

i odyne receiver, two detectors are used, but their basic action is the same. One links
i the radio with the intermediate-frequency amplifier and the other links the inter-

| mediate with the audio-frequency amplifier. In the first case, the highest frequency

il 1s wiped out, leaving the intermediate frequency; in the second case the intermediate
| frequency is wiped out, leaving the audio frequency. Since the detector converts the

i radio energy into audio energy, it should do this work without distorting the audio-

Fi frequency wave shape or discriminating between high and low audio frequencies; it

| should effect this conversion without great loss of energy, and should introduce no

| extraneous noises in the set.

GRID CONDENSER C
pd
= | . % U
B o "

@ g BATTERY

e +
A BY-PASS  |i|ofo}y|—
GRID LEAK- CONBEREER j"““!

Fige 77 = (left) Grid Leak and Condenser Method of Detection.
;| Fig. 78 - Power Detection using a “g" Battery.

(3) simple Detector Cirocuit. A simple detector circuit employing a three-element

tube {such as the 0IL) 1s shown in Fig. 77. In this cirouit, the modulated R.F,

il current is impressed on the grid of the tube through a grid condenser, The rectify-

§ ing action of the grid and filament portions of the tube will allow the positive half

i oycles to pass through to the filament or return side of the input circuit; but the

| negative halves will be trapped and will accumulate on the grid. The intensity of this

!l accumulation varies in accordance with the intensity of the input, which, we know,

B varies at audio frequencies; resulting in e similar audio plate-current variation, The

# grid leak resistance of several megohms allows the acounilating negative charge to
leak off slowly. This Lolds the mean grid potential at & constant velue and prevents

| an excessive accumulation which would block the tube action, It is evident, therefore,

i that the wvalues of the grid condenser, grid leak and the plate voltage are important

| factors in determining detector efficiency,

! (4) Grid-Bies Detector. This method is called "plate detection" and makes use of the
! "™pend™ in the lower portion of the "characteristic curve" of the tube for its effect.
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R GRID DET. PLATE AF See Fig. 39 on page 31. To

TRANSFOR| R. F. CHOK ¢ a 3
CONDENSER € TRANSFORMER operate the tube on this

[___{Ff;_ D s ,// bend, & negative grid-bias

. F.
MER
\\ voltage i3 necessary, This
L &

may be obtained from a "C" i
battery or from the voltage |
drop scross a resistance. |
No grid condenser or leak
is used , as shown in

Fig. 78. Such a detector
works by virtue of the fact
that one side of the R.F.
alternations is suppressed,
allowing the A.F. modula-
-8’ DETECTOR tions of the other side

5 only to produce A,F, curr-
il Fig. 79 - The '27 type tube detector using a ent variations in the plate
: condenser and lesk. circuit, As a rule, this

i method is not as sensitive
| as grid-leak detection, but the audio quality output is considered better, It is

§ important that a very acourate adjustment of the grid-bias voltage and plate voltage

! be maintained. The grid-bias resistance or "C" battery must be by-pessed by a conden-
H ser of at least O.5-mf. capacity,

B
{ = |
PRIMARY
1
PRIMARY

GRID *PHONE"”
T - LEAK CONDENSER

ki (5) The A.C.Detector. Both the detector methods just described were used in battery
B sets, But the same methods are used with the heater-type tubes in A,C. sets. Fig. 79
4 shows the grid condenser-and-leak method used with the type 127 tube, and Fig. 80 the
| grid-bias method, or plate detection. A "C" battery is seldom used in an A,C. set, as
d grid voltages are easily obtained from drops across resistors through which the plate
H current flows, Note the by-pass condenser across the bias resistor in Fig. 80.

i (6) Power Detection. The sensitivity of a detector to weak signals depends upon the
values of Lhe plate voltage, the grid condenser and the leak, or grid-bias,voltage.

1 Usually 22% to 45 volts is sufficient for the plate., A detector designed for weak sig-

fl nals would be unsatisfactory for operation where comparatively large amounts of radio-

il frequency energy is encountered - as in some of the modern high-powered sets. In these, [

power detection is used., The basic action is the seme, as shown in the schematic cir-

cuit of the power detector used in the Stromberg-Carlson "No. 846" receiver illustratedy

| in Fig. 81. The main difference is that a plate voltage of 250 volts is employed with

! a grid-bias voltage of about 28 volts. Where these detectors are used it is seldom

| that more than one stage of

R. F. DET. PLATE A F.

4 audio=-frequency amplification TRANSFORMER R. F. CHOKE TRANSFORMER
| is required; the detector , D
{| feeds directly into the push. _ .

§-pu11 power stage, resulting
il in very quiet operation with
| excellent quality. The values
i of the parts are given in the
§ illustration,

PRIMARY
PRIMARY

/i

“PHONE"
CONDENSER

(7) Regenerative Detectors,

e
: Regenerative detectors are ///JTQ
/

2

DEY. GRID
BIAS RESISTOR

| seldom used in modern multi-

tube radio sets, and we will DETECTOR BIAS %

not describe them in detail, S -8 +8, DETECTOR
It is sufficient to state Fig. 80 « The '27 type tube using power
that the circuits are similar detection and grid-bias resistor.

to those given, except that

e L
R R e S

(it



DETECTOR "B SUPPLY 0-50,000 OHMS

1st AUDIO
TRANSFORMER

= 3RD. RF. AMP,

———
TO+BDET POWER
- SUPPLY ON"B"BATT
/T OR ELIMINATOR,

e

TO AUDIO
AMPLIFIER

10 B, T0'8, 10 B,

; Fig. 81 - Linear Power Detector.
: inates audio regeneration.

| part of the audio-frequency energy existing in the plate circuit is transferred back
| to the grid circuit by means of a "tickler" coil connected directly in the plate lead.
1 This reinforoes the grid current and builds up the signal strength.

4 (8) Miorophonic Howl, Microphonic howl is one common source of trouble in detectors,
- especially those employing battery-type tubes. The heater-type A.C. tubes give pract-
? ically no trouble from this source, In extreme cases, it is necessary to exchange the

Fig. 82, Since the detector is connected to the input side of the audio-frequency
amplifier, it is extremely susceptible to audio vibrations or
| ourrent variations, which explains the excessive tendency to CAPYO Loa6-The TubeS
microphonic howl in this particular tube. The grid-bias or A
plate-detection type is less susceptible; as far as audio-
frequency currents are concerned, the grid may be consider-
ed as connected directly to the filament or cathode, there-
by preventing the detector from acting &8s an audio-frequency
amplifier, which it is when a grid condenser and leak are
' used,
(9) Audio-Frequency Oscillation. This is partially due to
the audio-irequency amplifier, but may be eliminated in meny
cases by correcting the detector. Audio oscillation mani-
fests itself usually in & high-pitched squeal, caused by
feed-back coupling in the "B" battery or supply circuit,
from the output of the audio amplifier fo the detector
input, A 2-mf, by-pess condenser connected-between the
detector "B plus" lead and the filament will usually pre-
vent it. An audio choke or high variable resistor connect-
ed between the power-supply lead and the ocondenser also Fig. 82 - Howl Arrestor,
helps and proves very beneficial in many cases, See Fig. 83,
Changing from grid condenser - leak detection to grid-bias detection also helps in
extreme cases,

v
TUBE PRONGS

(10) Sensitivity. Lack of sensitivity in the detector is usually due to a poor tube,
or to wrong plate or filament voltages., An open grid leak or condenser is a contri-
buting cause.

(11) Noise. In addition to microphonic howl, noise is caused by & poor or loose
grid-leak resistor or dirty socket connections,

(12) Bum., Hum is usually caused by induction from neat-by A.C. cirouits, due to poor
shieldIng or lack of proper by-pass condensers in the grid and plate circuits.

L e ety gz
) e

Fig. 83 = A resistor and condenser elime|

tube in order to eliminate the howl, or use a cushioned socket or "howl arrestor." See §
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(13) Overloading. In modern powerful sets using power detection, the detector is
sometimes overloaded, oausing distortion or "dead spots" on the tuning dial, The

latter produces the effect of double resonance, The station may be slowly tuned in,
approsching & maximum of volume as the set approaches resonance, until the detector

is overloaded, causing a decrease in volume with the set tuned to resonance. Tuning
beyond resonance removes the overload from the detector and the volume increases agein.|
One may be deceived by this and think that the tuning system is out of order, when in :
fact the detector is at fault. In this case, the plate voltage should be adjusted to
suit the particular location of the set, depending upon its proximity to broadcast
stations and the particular stations that the customer desires, The grid leak or "C"
bias voltage should be correspondingly changed.

(14). Filter Circuits. The radio-frequency energy that passes through the detector
would cause Tavoo In the audio-frequenoy amplifier if it were not filtered; noisy,
choked, distorting sounds would result. Usually & single ,0005-mf. by-pass condenser,
connected between the plate and filament of the detector, or across the primary of the |
first stage audio transformer (or the plate resistor in a resistance coupled amplifier);
will suffice. A better filter is illustrated in the circuit of Fig. 8l. Here two con-
densers of .0005-mf. each and a 10-mh. choke, connected as shown, are used. A filter

of this kind could with advantage be easily added to a set having the above trouble,

It will not interfere with the normal audio quality.

.......
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Fig. 84 - Diagram of the Silver-Marshall 720 A.C. screen grid receiver is
shown above. This set employs a screen grid power detector, S4, with a 60,000
ohm grid bias resistor, a "B" voltage of 170 volts, and a plate resistor of
300,00C ohms; the first audio stage being resistance coupled, The curves at

the left show the comparison of the screen grid power detector with the type
127 tube detector circuit. Excellent audio quality at high volume is reported
by users of this set. :
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AUDIO=-FREQUENCY AMPLIFIERS

things being normal, it is important that this part of the set be kept in the ut-
_ most of condition and that the tubes, transformers or other coupling devices and |
parts, as well as the supply voltages, be maintained in accordance with the specifi-
cations supplied by the manufacturer of the set. Good tone quality pleeses the set
owner. Poor tone quality pains him and breeds trouble for the Service Man - or may we
call it pleasure, if he enjoys his work?

S INCE the audio-frequency amplifier determines the tone quality of the set, other

(2) Types of Audio Amplifiers. Audio amplifiers vary in the forms of interstage
coupling and the types o tubes employed. There are many varieties in the thousands
of sets in everyday use. The most common employs transformer coupling between stages.
Others employ impedance coupling. Then there are the troublesome resistance-coupled

| ones, quite popular a few years ago and now not so common, yet again coming to the

| foreground in the form of direct-coupled amplifiers; to wit, the Loftin-White ampli-
fier, With these three main groups, and from one to three stages in each amplifier,
together with a wide variety of tubes, it is evident that many combinations can be
produced, and such is the case, Yet trouble shooting is comparatively easy if we
centralize our efforts on the coupling devices, tubes, connections and the supply

i voltages; the latter are assumed to be correct since we have already attended to them
in Chapter III; and tubes we have tested and corrected in Chapter IV, leaving our
present work limited to the coupling device and connections. Therefore, with the
connections and coupling device correct, the emplifier will work. Of course, improve=-
ments may be made in the general tone quality and volume of many sets by changing the
form of the audio amplifier, but the Service Man is not usually called upon to do this |
work, i

+ OUTPUT TRANS. +B
B \:25 , (3) Transformer-Coupled

EmpIliTier. A two-

% g stage transformer coupled
amplifier is most general- |

ég _ =;§§ - e ly used and, in many

: > - cases, the second stage
'Ei:kﬁﬁ%““<:\ is of the push-pull type
m| FIL.SUPPLY (illustrated in Fig. 88,

ESTEI. as compared with the ordin ;
\"b'.r.y T )@’w / ary type of Figo 85.) B

.

| "C"BIAS ggq\"c" BIAS Push-pull arrangement.
== RESISTOR .. RESISTOR gives greater output -
= - which is demanded by elec-

trodynamic speakers. Paral
lel tubes Gunnected in
the last stage give great-
er output than a single
tube, but two tubes in
parallel are not equal to
two in push-pull, In al-~
most all cases, an output
transformer or output
choke coil-and-condenser
is emplcyed as shown, to
couple the amplifier to
the speaker; matching
their electrical characterd:
istiocs and eliminating the |
D.C. plate current from i
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FPig. 85 = above, Standard 2.stage audio amplifier.
Fig. 86 = below. A push-pull audio amplifier circuit.
Both circuits are for use on A.C. electric sets,
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El with one of the same type. Tests should also be made between the primary and secondary
i windings and between the windings and the core; in these tests the readings should be

! circuit open somewhere in the comnections, A continuity test on the transformer wind-
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Fig. 88 - Thordarson '50 push-pull amplifier. A single and two push-pull stages are
employed. The power supply is at the top. Note the output transformer in
the lower left,

the speaker windings. In sets not employing power tubes, the speaker may be connected
directly in the plate circuit without the use of an output coupling deviece, but in
all push-pull amplifiers the coupling device is necessary, because of the circuit
arrangement, unless the speaker winding hes & center tap (which few have) or two
speakers are used, Further reference to speaker coupling devices will be found in
Chapter V. Some modern sets employ only one stage of audio amplification; the output
from the power detector feeding directly into the push-pull audio power stage., See
Chapter VIII. Tone quality with a minimum of hum is thereby obtained, at the expense
of sensitivity, which must be compensated for in the radio=frequency amplifier.

(4) Trensformer Tests. lack of plate voltage at the tube socket indicates an open
transTormer primary winding, or a plate circuit open somewhere in the connections,
leck of grid-bias voltage indicates an open transformer secondary.winding, or a grid

b T T R

ings will reveal their condition, If the meter of the continuity tester reads full,
the winding is short circuited; if the reading is zero, the winding is open or burnt
out, The latter is a common occurrence in transformer primaries, which carry the plate
current. If only e partial reading is obtained, the winding is intact. These windings
have a rather high resistance which is indicated by the partial reading of the con-
tinuity met When a damaged trensformer is located in a set, it should be replaced
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zero. A full reading indicates a short, and the transformer should be replaced, After
the trensformer has becn disconnected from the set, the wiring in the set should be

tested as the short may be in the external wiring to the transformer, Noise in trans-
formers is comron, and is due to a poor or loose conneotion within the instrument. To

i test, connect a 4z-volt "C" battery, in series with a headset, to the winding under

test and listen for noise, No sound except the initial click will be heard if the
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‘transformer is in good condition,

i

(5) Special Circuits. Some transformers employ & core of special alloy which is more ]
susceptible to magnetic influences than iron. When continually subjected to the magnet-fi
izing effect of the plate current of the tube, the core loses its qualities and the
resultant tone quality of the set is impaired; bass notes are lacking. When other
faults cannot be found in the amplifier, it is well to repluce the transformers.
| Special circuits have been developed to prevent this trouble., In the circuit of Fig.31
(shown on page 26), methods knovm as "series plate feed" and "parallel plate feed" are
| employed. The former is shown in the connections of the first-stage transformer, A
| series resistor, Rl, by-passed by the l-mf. condenser, limits the plate current to a
safe value, The parallel plate feed method is represented in the second or push-pull
:| stage connections; here the D.C. plate current passes through a choke coil, the audio=-
'| frequency component of the current passing through the l-mf. coupling condenser to the
| primary of the input transformer. Note the 50,000-ohm resistors R2 in the grid return
circuit “of the input push-pull transformer. These are to suppress any cross.current

"parasitic" oscillations that might develop in the push-pull tube cirouit and introducelt
8 distortion and noise,

A L
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| (6) Resistance-Coupled Amplifiers, Ordinary resistance coupling does not give as much i
§ ampliTication per stage as can be obtained from transformer-coupled amplifiers, conseq-g
| uently when it was first irtroduced, three stages were used, With present receivers,

| having more efficient radio-frequency amplifiers, more than two stages are seldom

4 employed, with a consequent reduction in sources of troubles, Usually a combimation of
| transformer and resistance coupling is encountered, as in the Atwater Kent ™Model 55"
el and "55C" receivers; here the first stage is resistance coupled and the second stage
| push-pull transformer coupled, Fig. 48, page 41, shows the first (resistance) stage

il in this set, The detector and first audio tubes are indicated, together with the "(¢"-
il bias resistors and detector-plate filter system., The coupling unit comprises a plate

i resistor, a blocking condenser and a grid-leak resistor, The audi o=frequency current
passing through the plate resistor causes voltage variations adross it;, which are

f| applied to the grid of the following tube by means of the condenser. The purpose of

il the blocking condenser is to prevent the positive potential of the plate circuit from
i| direct contact with.the following grid, which would place a positive bias on it and

| kill the tube action. Resistor and condenser walucs vary, in accordance with the

| requirements of the tubes used.

(7) Troubles in Resistance-Coupled Amplifiers. Many things can happen to a resistanc

il coupled amplifier to throw it out of kilter; the most common faults are wrong plate

% voltages and wrong resistance values, Some resistors change with age, Power supply

[l leads to the plate circuits should be thoroughly by-passed, to prevent motorboating,

§ a5 indicuted by the "detector filter condenser" of Fig, 48. A leaky blocking condenser
f is disastrous, resulting in excessive plate current in the following tube, On the

f| other hand, an open or disconnected blocking condenser will prevent the transfer of

| voltage variations (signals) from one tube to the next, but will not effect voltage
 and current readings at the tube sockets, Since the condensers are seldom over O.l-mf.
| in capacity, a continuity test or crude capacity measurement will not reveal the open.
| A quick check is to connect another condenser in parallel with the questionable one
and note the results, Aside from checking the resistors and all condensers in the

| cirouit, as well as the supply voltages, there is little to do in the resistance~

il coupled amplifier, It is well to remember that special "High-Mu" tubes (such as the

| type '40) have been developed especially for resistance- and impedance-coupled ampli-
i fiers and should not be used in transformer-coupled stages. Therefore, check all tubes,
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L (8) Impedance-Coupled Amplifiers. The oircuit arrangements of these are identioal

| to those of res.stance-coupied amplifiers, choke coils being used instead of resistors.
[l This makes possible the use of lower plate voltages, as we do not havé the excessive

fl voltage drop inevitable with resistors. Combinations of chokes and resistors are also
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!! Fig. 89 - The Electrad-Loftin White direct-coupled amplifier.
i Fige 90 « (right) Shows the wiring on the bottom of the instrument.

possible, such as a plate resistor and grid-leak choke, or vice-versa, In either .case,
il & coupling or blocking condenser is required. Tapped chokes or impedances are some-
times used, giving the device an auto-transformer action, Testing impedance-coupled
amplifiers will not be considered separately, as it involves only testing the coils
4 and condensers in a manner similar to that described in.connection with transformers,

(9) Direct-Coupled Amplifiers. The eliminaticn of the coupling or blocking condenser
® in a resistance-coupied amplifier gives us what is called a direct-coupled amplifier,
% but certain precautions must be taken before this cen be effected. Some means must be
! employed to maintain the grid-bias voltages et the proper wvalues. This has been well

| accomplished in & practical manner in the Loftin-White amplifier, the circuit of which
is given in Fig. 91.

This circuit was designed specifically for use as a phone amplifier, the phono-
graph pick-up being connected directly to the input terminals. However, with the
addition of a suitable coupling device
many interesting combinations of this
system with various R.F. tuners can
te obtained., A simple receiver can
be constructed by coupling the in-
put terminals to an antenna and ground
through a conventional tuning coil i
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and condenser, In the diagrem of

Fig. 91, P is 2 200 ohm potentio- X
‘meter; Rl a tapped divider resist- = ic 1
il ‘ence; R5, 25000 ohm metallic resist- _
or; R3, 50,000 ohm metallic resist- B P o)
or; R6, 100,000 ohm metallic resist-  O- ¥ ——

or; RC, 500,000 ohm resistor; the

tubes used ‘9. type 1860 rectifier, 1 “’"é

a 145 ampli r, and a 124 screen ‘

grid tube for the first stage. The
resistances and connections are ’ ae0doo0. ™ - oo

such that the correct bias veltages e ————
| are obtained only when using the
correct tubes. Fig.91 - Diagram of direct-coupled amplifier.

=

(10) Generzl Audio Troubles. (scillation, resulting in a high-pitched squeal, is

e e e e o
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i prevalent in many poor audio amplifiers, especially transformer-coupled ones, Some

{ times placing the fingers across the secondary terminals of the first- or second-stage
transformer will eliminate this, showing that a high resistor of from 10,000 to 60,000

" ohms will do the same thing., This reduces volume, however, and should not be resorted
to unless absolutely necessary, A condenser of about .0005-mf'. capacity will also be a

o relief; but this method is likely to absorb high notes and produce distortion and a

| muffled tone, By-passing the plate-supply power leads or "B" batteries will also help.

{ A condenser across the first primary, or an equivalent filter system in the detector

| plate circuit, is essential, For resistance-coupled amplifiers, a supply of resistors

| should be on hand, so that these can be interchanged.

| (11) Audio Amplifier Comparisons. Transformer-coupled amplifiers have limited frequencyj
" characteristics; that is, they do not respond equally to all musical frequencies, ‘
| especially at the extreme high and low ends of the scale, where they are less efficient|t
§ than in the middle, Also, the magnetic qualities of the core distort the wave shape, f
Tl introducing foreign frequencies into the tone. But modern transformers are. good enough
for all ordinary requirements, and are very reliable and practical. Resistance-coupled
| amplifiers have possibilities of giving extremely wide undistorted frequency-character-}
istics, resulting in better quality; but, generally speaking, they are less reliable
and practicel than transformer-coupled amplifiers, Impedance coupling may be placed
| somewhere between the two in merit. Therefore, in sets employing two or more resiste
| ance stages, it is sometimes advisable to substitute a transformer of modern make for
one of the resistance stages, This will give more constant, reliable, dependable,
prectical, operation; with ultimate satisfaction on the part of the set owner. In mak-
! ing the change, it is usually necessary to change to the proper tube, and plate volt-
l age, for transformer operation.
|
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Fige. 92. = A typical resistance-capacity coupled amplifier
is shown above., In amplifiers of this type absolute constant
operating conditions are necessary. Changes in voltages or
resistance values impair the quality and destroy the ampli=-
ficatiop factor. At the right are shown resistors of small
size and high capacity suitable for cirouits of this type. The illustrations are

full size. The upper one has a rating of two watts and the lower one % watt, They
are furnished in various resistance values., Illustrations courtesy International
Resistance Co. As regards constancy in voltage control, Amperites; tomatic
voltage controls) are indicated in the filament circuits of the vari tubes.,

The illustration at the lower left shows a full size
amperite, As the current which passes through it in-
creases, the resistance wire in it becomes heated and |
its resistance increases -- thus tending to reduce the il
currént or hold it at a constant value. Devices of i
this kind are also furnished to maintain a constant
input voltage for electric sets.
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CHAPTER X

EXTRANEOUS NOLSES AND THEIR ORIGIN

above heading as sounds coming from the speaker that interfere with the program
: we desire to hear, This covers a broad field, However, we can group these pests ¢
g into those originating outside the receiver, and those originating within the receiver, |
When the customer says, "My set is noisy; come and fix it," only the experienced g
Service Man knows the full significance of that simple senteﬁce. His first procedure
is to turn on the set and listen to the noise; if his ears have been trained by long

§ experience, he knows exactly where to find the origin of the moise, Knowing the source,
hcwever, does not solve the problem, The difficulty lies in eliminating the noise; and
. this difficulty has prevented the sale of many electric sets,

C OMMONLY known as "interference," we may classify everything that cames under the

(2) External sounds. Suppose we let this cover all sounds originating from electrical
disturbances external to the set. We can tell whether the set or lighting line is noisy|
: by disconnecting the aerial; if everything is quiet, we know that the interference

g comes through the aerial, If the aerial is examined and tested and found to be in gqod
{| shape, we know that the interference is received in the f'orm of radio waves originat-
#l ing at some external place, We can classify this form of interference into:

(2) Interference caused by broadcast stationms,

(b) Interference from some oscillating receiving set,
(c¢) "Man made" statiec,

(d) Natural statiec,

Of the four types, "d" is probably the most annoying from the Service Man's viewpoint.
(3) Interference from Broadcast Stations. This form of interference in one case

| manifésts itsell in actual reception of the program of the interfering station, in
| which case the trouble is in the receiving set, It tunes too broadly aznd should be

4 corrected, as desoribed in Chapters VI and VII. In the other case, this interference
| manifests itself in a continuous squeal, due to the heterodyne effect of the interfer-
1 ing waves, Sometimes the squeal, is "scrambled" by the audio program, giving rise to
il & very peculiar mess of squealing sounds; irn this case the trouble is caused by the i
| trensmitting station, which is not using its allocated wave. This is more noticeable i
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i among the low wave length stations. Since the Service Man's field of action is limited
f to the receiving set, he cant't correct troubles in the broadcast stations and the set
| owner will have to be content

i with what he gets until other
| corrective measures are taken.

| (4) Interference from Oscill-

i ating Receiving Sets. A re-

| Fenerative set in the state of
oscillation will radiate waves,
just like a broadcast station,
i though not so erful. These

| waves heterodjie with those of
| the broadcast station being
tuned in, setting up whistl-
ing and squealing sounds which
run up beyond and down below
the audible musical scale,
creating disturbance in all
other sets within a half-mile Fig. 96 = The Flechtheim condensers are ideal for
i raedius. Oné has a desire to filtering line noises,

FLECHTHEIM
SUPERIOR
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i clip the offendert's aerial,

g if it can be located, For- H
£ tunately, this form of inters
% ference is not as common &8s j
%3 it used to be, as few modern %

sets oscillate.

b s

(5) "Man-Made" Static.
This Torm of interference :
can usually be distinguished}
from natural static, in that
it has & more orderly arran-ji
gment of disordered, caco- i
phonous, annoying, noises.
To tabulate the various
forms of man-made static

- secems unnecessary., Just keep
| in mind that every electrical device, from the simple electric light up to electric

d railways and down to door bells - in fact, the whole gamut of electrical appliances -

! gives birth to disturbances that affect the sensitive rcceiving set. These disturbanc-
fl es travel over three routes, and we can explain all of them by describing the origin

| of the simple click heard in a radio set when a light is turned off,

Ty

o SR

I

Fig. - 98, These line-noise

eliminators connect between

| the set and the power supply
1 I1lustrations courtesy of

B The Insuline Corporation.

(a) We have the low-frequency surge, or impulse, due to interrupting the
current when the light is turned off, This upsets the equilibrium of
the line voltage, giving rise to an impulse that finds its way into
all sets connected to the line,

(b) There is the radio-frequency wave, generaced by virtue of the electro-
static capacity and inductance of the line in the immediate vicinity
of the circuit interruption where sparking occurs, This exists, though
the sparking is ever so slight, This wave travels over the line in the
form of "wired wireless"; finding its way into the input or radio-
frequency amplifier side of all sets connected to the line,

(¢) The radio-frequency wave, generated as described above, radiates from
the light-circuit wires, as waves radiate from a broadcast serial,
These waves find their way into all sets in the vicinity, whether
connected or disconnected from the line.

Tt is evident that any electrical device that interrupts the current causes interfer-
ence, In addition, we have devices, such as arc lights and mercury-arc battery charg-
ers, that give what we may call "continuous interruption" and produce very annoying
noises, The nature of the noise may indicate the source, Low sputtering sounds like

ﬁ CUTOUTS s .
g! - Li, L,

X

“1OV.LINE

—Lgemee LU0 —0"] |- RECHOKE
e i L1- AFCHOKE

A

CUTOUT MANOLE

HERRHRRICHIRHITTERE G SF T BRI

e AT

£ & © ¢ -.006 MF.
£ = Ci1-1TO4 MF.
Fig. 93 = A common source of Fige 94 - To completely filter line noises both audio %
"static." and radio-frequency filters should be used. [
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: Fig. 95 = Various forms of filter arrangements. Both
audio- and radio-frequency coils should be tried. ;
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TO MOTOR CAUSING
INTERFERENCE

a rush order of bacon and eggs, indicate 60-cycle sparking,
which may be due to a loose street lamp, or leakage in wet
power lines, or loose transformer cutouts, See Fig. 93. Continuous clicking or buzz-
ing may be due to ringing door bells or electric vibrators, or a radio station send-
ing out code signals, Continuous semi-musical noises, that rise and fall in pitch,

are caused by commutator-type motors that speed up and slow down, as in a trolley car,
Short-wave sets ssem to enjoy picking up the spark-plug noises from motor cars,
"Super-Hets" have this habit also, as those who have operated them in motor boats know.j

(6) Eliminating Men-Made Static. Various methods have been devised to eliminate man-
made STatic; &ll use some form of filter system. For example, we can connect radio-
frequency chokes in the line circuit supplying our set., As the name implies, these
will choks out the radio-frequency currents existing in the line in the form of "wired
wireless," Then we can connect condensers across the line or between each side of the !
line and ground, to absorb radio-frequency currents, In addition, we must connect
large iron-core chokes and large condensers in a similar fashion to the line to filter |
out all audio- or low-frequency impulses or surges. A camplete filter of this type :
is illustrated in Fig. 94. Fig. 95 shows various types of filters, If the origin of :
the noise is definitely located, a filter should be connected there also, as indicated j
by the 'various illustrations of Fige 97. This will block all three routes over which H
interference travels, Just a single l-mf. condenser will help a lot,

A good grade of condenser should be used - one that will stand the terminal volt- £
ages of the machines being filtered. Fig. 96 shows two types, mainly employed in "B"
supply systems, but suitable for filter systems also. Note that the larger one shown
has a 2-mf. 5000 V. D.C, rating. The smaller one, measuring 1 1/8" square by 2"
high, has a capacity of l-mf, and will stand a working voltage of 1000 D.C. The un-
usually small size of this instrument explains why it is favored by meny Service Men,

Various filter devices now on the market are available to the Service Man and will
facilitate his work in this line, The "Filtervolt" line noise eliminators, two forms
of which aréshown in Fig. 98, can quickly be applied to any set,

(7) Locating Disturbances. A noisy street light, or other outside interference, may
be located by the use of & simple portable regenerative set and a loop aerial, A good
way is to ride around in a car with the set until the disturbance is found. The loop
is directional, and will point to the direction of the disturbence. This is clearly i
illustrated in Fig. 99. The neighbors may think that you are looking for a lost radio §
program, but you will find that the search will be well worth the trouble. il

e T e e e
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B i
g (8) Ratural Static. Natural static cannot as yet be eliminated or effectively reduc-%
i ed in any way, but the Service Man should recognize it, not to waste time trying to i
find trouble elsewhere when static exists, The most common source of static is the
fi 1lightning discharge, and since there are some two hundred lightning discharges per
i minute taking place within the receiving area of a sensitive radio set, and more in
i the tropical regions, we hear a continuous grinding roer when we adjust our set to :
| extreme sensitivity while tuning in a distant station. This is called "the noise levellf
| If we could eliminate it, our receiving range would encircle the globe. Static, or
"stmospherics,™ as it is also called, is more prevalent in the summer months, especiala-fi
ly during local thunderstorms. ﬂ

o
=
i

i
3
i

(9) Noises Orig}nating Within the Set. The most likely sources of noise within the
set are loose or poor connections in the circuit; such noise sounds for all the world
like static. In addition, there are noises from microphonic tubes, weak batteries,

| oscillating cirouits and mechanical vibration caused by the speakeér or loose parts

| adjoining it or within its acoustical range. In the latter case there are instances

| when a picture on the opposite side of the room was set into vibration and chattered

| against the wall, Perhaps the best way to diagnose troubles from the resultant sound

| would be to list all the various sounds and give all the possible sources of trouble

| that could produce such sounds. The futility of doing this completely mekes one hesit-
ate to start., In the first place, we cannot spell all the various discordant sounds

| with the 26 letters awailable, and even if we could we couldn't pronounce them. In the
il second place, after investigating all the reasons given, the practical Service Man \
| may find that the real trouble is due to a drop of solder spilled into the set by some [
| previous Service Man - a condition that we could not possibly predict in advance. If

one understands the function of each part in the set, as well as the electrical coord-
ination of the whole ensemble, he can make a complete test of the set in the time it
takes to read a printed diagnosis, Therefore, we will limit the following to the most
outstanding symptoms.,
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Fige. 99 - above. Showing how
a loop aerial is employed to
locate the source of man made
static, The greatest response
is heard when the loop points
in the direction of the
interference, as shown in
the upper illustratione The
illustrations at the right
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trouble, and how they were CoNDENSER Fig. 100 - abovc. This '§
subdued by means of = v fllustration shows an E
condenser type of filter circuits. Sign flashers, as electrolytic condenser, s
shown above, always produce noises. Worn out or old .. Its small size and large |
commutator type motors, are also noisy. capacity make it ideal i

for all kinds of filters. f
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Dead set, no sound at

all, No tube noise when

Jarring set, or back-

ground static hiss,

Low volune.

Poor selectivity,

Poor tone quality.

Sharp cracking sounds.

Scueals and howls.

Gradually inersasing

ringing sounds.

Intermittent squesaks,

11%e sound of wagon

wheel or cold, squesaky

STIOW o

A.C, Hum,

(19) Pading.

(20) Rattling sounds.

Probably due to a broken circuit or poor tubes,
Examine the aerial circuit, battery or power
connections and loud speaker,

If the volume gradually decreases when the set is
turned on, examine the batteries and tubes, If
the volume is unsteady, test the line-voltage .
Examine the aerial for swaying and "leaks" in
wet weathsr,

Note the set's location with respect to loeal
stations, Try shorter aerial, wavetrap or
rebalunce set in the shop.

Check supply voltages, Look for trouble in the
speaker, or wrong "C" - bias voltages on the tubes.
Examine grid leak on detector,

Probably static, or outside line interference.
If followed by set going dead, look for loose
connection, Examine all soldered joints,

If not very loud, probably due to neighboring
set, If very loud and varying in pitch while
tuning, due to oscillations in set, Test by-pass
condensers and adjust trimming and neutralizing
condensers, Examine by-pass condensers on audio
transformers.

b3

Due to microphonic tube - probably in detector
socket., Try new tube or howl arrester,

In battery set, look for run-down storage battery
or corroded connections,

Cn A.C. sets, try reversing line plug. Try
connecting one side of line to set chassis
through a 2- to 4-mf. condenser. Examine
rectifier supplying dynamic field current,
Examine filter system and A.C, wiring or leads
near set, Test "C" bias resistors and voltage
divider. On D.C. sets, lock for open grid
circuit.

This may be due to a natural atmospheric
condition or poor aerial installation, or
nearness to some other receiving set, Check
line voltage for variations.

Probably mechanical vibrations, Tighten all parts
near speaker and cabinet. Examine speaker and
re-center voice coil if necessary.
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(21) Fuses "blow" when
turning on set,

(22)

Examine filter condensers on A.C. input and in

power supply. Test rectifiers supplying dynamic
field current,

In describing sounds indicating radio interference, we cannot improve

on those given in "Filterette,™ a booklet published by the
Tobe Deutschmann Corporation,

(23) whirring, crackling,
buzzing, humming,
droning, WhinRinge

(24) Rattles, Buzzes,
Machine-gun fire.

(25) Violent heavy buzzing
or rushing Sounde.

(26) Crackling, sputtering,
snapping, short buzzes
or scraping.

(27) Clicking.

(28) Heavy violent,

buzzing, usually short.

(29) steady humming.

Indicate interference caused by electric motor;
sometimes, when the motor starts and stops, the
sound will start low and rise in pitch until the
motor reaches full speed; when the whine will
remain at a steady pitch, usually rather high.
Especially true of commutator motors,

Sounds of this sort generally indicate inter-

ference caused by telephone dialing, buzzers,

or door bells, It is not generally steady, but
stops and starts.

Sounds of this sort generally indicate inter-
ference caused by high-frequency apparatus. Such
noises will usually be heard over a large area,
a whole town, even; and often are so loud that
they drown out the radio program completely.

Sounds of this sort generally indicate inter-
ference which is being caused by one or more
loose connections in the set, or electrical
wiring in the vicinity. Sometimes the sounds
are especially noticeable when the room is
jarred or shaken by footsteps, street cars or
traffic,

Sounds of this sort generally indicate inter-
ference which is being caused by some sort of
make-and-break connection, such as a thermostat;
especially if it comes at fairly steady interwvals.

Sounds of this sort generally indicate radio
interference which is being caused by arcing
of a spark across a gap., This may occur as a
short noise or a steady one.

Sounds of this sort generally indicate inter-
ference which is-being caused by improperly
filtered alternating current, Such humming

is often a fault of your set or eliminator,
Look for dynamic speakers improperly filtered;
faulty construction of set or eliminator;
filter condensers blown or shorted; ground on
set poor; improper wiring;poor tubes; wiring
parallel with power line,
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RADI O-PHONOGRAPH COMBINATIONS,
SEORT -WAVE ORTS,
AUTOMOTIVE INSTALIATIONS.

the Service Man 1s oiten called to make repairs on them. These phonograph combin- :
ations employ some kind of elsctromagnetic pickup device, censisting of parts
similar to those in a magnetic speaker unit, except that the armature has an attach-
& ment for a phonograph needls, This rides in the groove .of the record, causing the arma
J ture to vibrate, thereby inducing corresponding electrioal vibrations in a coil surr-
il ounding the armature. The armature, of course, is mounted between the poles of a small
| permanent magnet, All that remains to do is to amplify these currents induced in the !
; armature coil; various methods are employed, Part or all of the audio-frequency ampli- [i
i fier of the radio set is used to amplify these currents, the sound being reproduced by !
the regular loud speaker, The phonograph attachment is usually connected to the set
by a plug connection; a switch on the set connects either radio or phonograph to the
ampllfler.

RADIO-Phonograph Combinations. Many radio sets have phonograph combinations, and

(2) Phono-Pickup Circuits. Connections of the phono-pickup cirouits are included in
the regular diagrams in tThe back of this book on the sets employlng phonograph combing i
tions., But a few words describing some of the circuits may not be amiss here, Flg. 102
i shows a typical method as employed in the Stromberg Carlson "No. 654" A,C. receiver, ¢
this set the phonograph motor is operated by the A.C. line and drives the turntable |
a rate of 78 revolutions per minute; the output of the magnetic pickup is connected |
a potentiorieter volume control which, in turn, connects to the input transformer ;
shown, The secondary of the input transformer is led by means of a plug connection |
o the set, to the grid and filament of the detector tube, thus employing the detector [
a stage of audio-frequency amplification, Arrangement for obtaining the proper "C"
bias on the detector is included, In many other sets, the pickup connects to the
primary winding of the first audio-frequency transformer, as shown in the diagrams of
the Brunswick-Balke-Collendsr sets.

® O P o
m o B

«

(3) Phonograph Motorse. Special electric motors are employed for driving the turn-

table, In the Sonors sets a slow-speed series-~wound commutator type is used; the motor

armature revolves at the same speed as the turntable, A centrifugal-ball governor and

brake disc maintein constant speed, It is operated by the 110V. 60.cycle line. Noises

which the motor might produce in the radio set are filtered out as shown in the diagram

of Fig. 103, Other types of motors run at high speed and have gear-reducing devices, ;
INPUT TRANSFORMER -
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PICK.UP Youuwe Fig. 102 -
ypical cir-
e A%ﬂ%ﬂya A, cuit of =a
l ‘ phonograph
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shown at the i
upper part of E
the drawing.
It feeds into
the detector
zgrid circuit.
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SLRIES RESISTNCE WHEN :ly

P

J Fige 103 - This shows the |
connections of a slow speed
phonograph motor. Note the
filter circuit connected
Wf- ‘ to the motor line to filter
out cahmutator noises which |
otherwise would be heard in |
J L moroa suremr the radio set.

[~ CASE GROUNPED TO MOTOR FRAME

P
A

; TYPE 2m NMoror
| (4) Automatic Stops. Arrangsments are provided to automatically stop the phonograph

| motors at the end ol the record, by an arm projecting underneath the motor board
§ carried by the pickup arm, This arm opens the motor circuit, at the same time apply-
§_ing a brake, so that the motor stops within 8 to 10 revolutions.

il (5) Troubles in Radio Phonograph Combinations. One of the simplest tests of a "dead"
il radio 18 to try the phonograph combination, 1i this works, it shows that the audio-

| frequency amplifier and speaker are in good condition, and that the trouble is in the
il radio-frequency smplifier or aerial system. So far as electrical trouble is concerned,
i in the pickup device, this cen easily be tested by a continuity test, as well as all

| the associated parts. Mechanically, the pickup should be examined and the armature

| adjusted and cleaned if necessary, Loose parts and dirt will cause rattles., If it is

| "dead," examine the plug connections to the set. Test the volume control for opens and
il noise, and clean if necessary. Use new steel needles only for each rendition, or

| Tungstone needles,

(6) Motor Troubles. The speed should be measured and adjusted by timing with a watch., |
| The turntable Should turn 39 times in 30 seconds. In case of a stalled motor, test all |
| the electrical circuits for continuity, and also remove the turntable and try turning
the shaft with the fingers to see if it binds; this test is applicable to slow speed
motors that run at the same speed as the turntable, Low torque may be due to a shorted
§ portion of some of the motor windings, or binding in the mechanical system. Examine

i the governor. Shorted windings also cause a loud A.C. hum and commutator sparking. Openf
| windings also cause excessive commutator sparking. Clean the commutator with fine :
carborundum paper. Fluctuations in speed are probably due to the governor, or to an

| open or loose connection, which should be corrected, 0il all parts indicated, with a
| good grade of sewing-machine oil. In cases of real difficulty, it is best to take the
| complete phonograph equipment to the shop for & thorough overhauling, taking care to
ii follow the explicit instructions given by the manufacturer of the apparatus,

Fig. 101 - At the left is shown the magnetic
and electric circuits of the Audak "tuned"
phonograph pick-up. The right illustration
shows the pick-up being tested for magnetic
balance by tepping the needle with the finger.
It can-be balanced centrally by means of the
thumb screw adjustment. An unbalanced condition
means distorted reproduction,
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point out, In the first place, the short-wave receiver employs plug-ln coils, so that

"the set and see that it is in working order, and trust to the elements whether Holland,|

SHORT -WAVE RECEIVERS.

The same general methods of testing broadcast receivers apply to short-wave
receivers, There are outstanding differences in design, however, which we will briefly i

the entire range may be covered; secondly, regeneration is used, the statlon usually
being tuned in by the heterodyne whistle, after which the set is left on the verge of |
oscillating, for phone reception., Regeneration is controlled by a rotating tickler :
coil, a variable condenser, or a variable high resistor. A typical short-wave circuit §
of wide popularity is that of the Pilot "Super Wasp," illustrated in Fig. 108, This is r
an A.C, receiver, which required special design, as will be pointed out later, The :
battery-type short-wave set is more common and of Simpler design., The Service Man can- §
not account for or explain all the vagaries of short.wave reception, but he can test ﬁ

Australia, or the next-door neighbor is tuned in. '5

(2) Troubles in Short-Wave Sets. In addition to many of the troubles encountered in
broadcast sets, the short-

The receiver circuit shows plainly the precautions taken, to make possib_le wave set has, troubles all
high-quality veproduction of short-wave broadcasts—the newest idea 1n radio. its own. Perha.ps the most

gommon complaint is due to
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{ lor'ser n—(m globe. Foreign stations roa

in at certain times and ;

\ET - locals fade away, All we canj

\ svozrs suggest is f:he use of three |
P ‘ zsmm : c,j or four aerials of dlj.f‘i‘er'-
iﬂ/si |. /”om A-B-C_POER FACK ' HC Super-—Wasp” ent lengths and .locations,

. and switching arrangements
whereby any one, or any :
Fig. 104 - The Pilot A.C., Super Wasp, combination, can quickly be §
connected for operation, :
(3) A.C,Hum. In the short-wave A,C, set shown in Fig. 104, hum was successfully elim |
ineted by special methods. Two classes of hum were encountered; one existed with the |
tuning dials at any position; the other seemed to be "tuned in," like a radio station.
The former was found to be due to the tube construction; the A.C, magnetic field about
the filament reacted on the electron flow and hence the plate current, causing it to
vibrate in unison, A special Pilot type 127 tube was subseguently developed, in which
the heater filament doubled back on itself, like & hairpin, thus neutralizing its own
magnetic field and eliminating this source of hum, The second type of hum was very
prominent in regions between 14 and 50 meters and was found to be caused by parasitic
oscillations existing in the heater-cathode combination and center-tapped resistor
across the filament of the detector. These were modulated by the 60-cycle filament
current, producing the hum. A .006-mf, condenser, connected across one side of this
resistor, as shown, wiped them out and eliminated the hum. Other forms of troubles are
similar to those in broadcast sets and need not be repeated again,
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SERVICING AUTCOMOTIVE RADIO

‘ The popularity of this type of radio set mekes a few words describing it necessary
EgWhile the set proper is similar to that of hundreds of other broadcast sets, certain :
precautions had to be taken in the design of it, to make it adaptable to the car, For
i example, the size of aerial and "counterpoise" (ground) is limited. The aerial must be
small enough to be contained within the car; the ground is a counterpoise consisting
of the metal framework of
the car. With this small .
pick-up system, an extreme-§
ly sensitive set is requir-f
ed, And a sensitive set of
this nature is difficult :
to operate properly within
a few feet of a noisy,
sparky, high-tension, ign~
ition system, Add to this
the excessive mechanical
vibrations acting on the
tubes and connections and §
loosening them, and we havelj
a vague idea of the troubl-fi
es that had to be overcome
to make sutomotive radio
successful,

o

e

(2) Auto Installations.

The “Transitone” installation: 1, acrial; 2, veproducer; 3, car floor; 5, output filter; 7, aerial lead; Ul ?us illustrations

9, interference filter condensers; 12, “ground”; 13, distributor; 14 ignition coil; 15, generator. See show typlcal examples of

i LRI e car installations, Fig.1l05 f
| Fig. 105 - A typical auto installation. shows the general layout

: of the "Transitone”

system; the set is installed under the instrument panel, the tubes being inverted.
Flexible control shafts extend from the set to the control dials on the instrument
board. The aerial consists of wire netting in the top of the car. The regular 6-volt

§ car storage battery supplies the filaments, and the "B" batteries installed under the

| front seat supply the plate current, In limousines the magnetioc reproducer is mounted

i above the windshield, and in open cars, below the instrument panel. The layout of the
"Bosch" equipment is illustrated in Fig, 106, But the Service Man is more interested

d in the electrical problems

than the mechanical layout, _

! (3) 1Interference Problems, 1
i A 25,000-ohm resistor 18 i i
| placed in series with each B
spark-plug lead to suppress
high-frequency oscillations,
See Fig. 107, A similar re- 7
| sistor is pleaced in the high-.
il tension lead between the coil
and the distributor, These

i have negligible effect on the
!l action of the ignition system.
§ In all types of ignition coils
i a certain amount of "kick-

i back™ voltege is impressed

i on the primary winding by the .
high-tension side, This finds Fig. 107 - Resistors on spark plugs to reduce noise.

D
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its way back to the svorage
battery and thence to the
receiver, and is therefore
filtered out by means of a
l-mf, condenser connected
between the battery terminal
i of the coil and ground, If
i the ignition coil is mounted
d on the instrument board, it
is necessary to shield the
high-tension, and the leads
il going to the breaker points, "B'BATTERY RECEIVER
| at the point where they pass
through the engine partition.
Remember, in some cars the
positive terminal of the
storage battery is grounded,
end in others, the negative
side is grounded.

(4) Type of Circuit.

=

| In the Transifone "Model
i TR106 set,™ a schematic

diagrem of which is shown in Fige. 10 above., A typical auto installation, The

battery connections are clearly shown.

Seeosem ooy P

il Fig., 108, three stages of

LU R2 R3

tuned R.F, amplification are ”
| employed, using type 'OlA .
!l tubes, with grid-suppressor 1-

resistances to stabilize the =5 b [ {
circuit, Two tuning-control = - —
dials are used, A "soft" XN TN

L (type '00) detector tube is
employed’ and a tWO‘Stage The schematic circuit of the receiver illustrated above  The switch is S, the R.F. rheostat is a pamcl
audio-frequenCy amplifier; control for wvolume. The .gn'd suppressors, R1-2-3, are 500, 3,000 and 100 ohms, respectively.
the last or output tube being Fig. 108 - Diagram of the set shown in Fig. 106.

a type '12A., Trouble shoot-
ing in the set, therefore, can be in accordance with the instruetions outlined else-
§ where in this book.

(5) Fig. 109 shows the schematic circuit of the "NR109" set developed by the Auto-
mobilé Radio Corp. The receiver and detector is in one unit (NR107) and the audio
amplifier in another unit (NR108). A single-control dial is used, and the volume-

| control knob is mounted on the center of the dial. The output tube is a type 'T1A.
i This set is used on all Chrysler cars which are radio equipred at the factory,

S \ T1 ‘01A % "
| d 2¢
E3 g 3¢
40—
50
CrH1
- “Model NR. 107" tuning unit, left; “Model
-Z;W. RiO L&%«» 5 NR. 108” amplifier above. Either R7 or RS,
sw or both, may be wused. Observe resistance-
capacity filters in grid and plate leads. Part

values are not given.

Fig. 109 - This is a later type of circuit used in the auto installation.
The circuit is neutralized and is thereby made more sensitive.
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* STANDARD RADIO SYMBOLS *
In the various diagrams the parts of the sets which they represent are shown by
means of aymbols. While there is no standardized set of symbols in rigid use, they are

i
L‘J AERIAL TAPPED BEREEN> q] LIGHTNING D.C. b
INDUCTOR A.C.TUBE SRRESIORY || GENERATOR ;.
! COIL (LOOP) i
I ] AERIAL AUDIO HALF -WAVE E;i?,’fﬁ};l'c l
FREQUENCY RECTIFIER ALTERNATOR i
== crounp INDUCTOR ELEE | f~
= (USUALAF CHOXE) | FILAMENT THPE @—- YOLTMETER
+ OUNTER FULL-WAVE TRANSMITTING i
77777777 TRANSFORMER TUBE -@— AMMETER =
“ VARIABLE FILAMENT TVPE
| "™  CONDENSER
VARIABLE
CONDENSER FREQUENCY Thvee | o= _ PIEZO-

Rounc o TRANSFORMER

ANDICATED)
MULTIPLE

ny
fT\ VARIABLE
CONDENSER
Ll

SEPARA VARIABLE
VAR} AB{EE é‘] RESISTOR

ARC

PUSH-PULL | FULL-WAVE +. CRYST

AUDIO- @REC‘\'IFIER DETECTYOR @ LAMP
R
X

TWO-ELEMENT CRYSTAL
FIXED -@ VOLTAGE - AL
RESISTOR

REGULATOR TUBE FULLWAVE
THREE-ELEMENT “i"'a” } DRy

scmewhat similar. Therefore, in this list are given only the ones more in general use,
Since the diagrams in nearly all cases are reproduced exactly as they appear in the
service manuals furnished by the manufacturers, the publishers cannot be held respon-
sible for any damage resulting from the use of the information contained in them.

ek ok ok ok ok ok ok o sk sk ok o o ok & ok ok ok ok ok ok ok ok ok ok sk ik

i
|
VOLTAGE ELECTROLYTIC %\
t <§> !. BUZZER
REGULATOR: \Fi
{ H.H.CONDENSERS ‘ GULATORTUBE RECTIFIER
] OPERATED VOLTAGE PHOTO TELEPHONE
! TOGETHER (;:EVI OER @ ELECTRIC RECE\WVER l i THERMO -
; NTIOMETER) CELL ELEMENT |
] BALLAST GLOW TUBE | ELECTRO-DYNAMIC MAGNETIC [
! SPEAKER TYPE
THREE —4- connecTion i
} RE INDUCTOR ELEMENT | | BETWEEN BATTERY WLA%EUSC?CKET
VACUUM - WIRES —'llllll— (POLARITY ;
(MAY BE TUBE 110 VOLY TYPE ¢
CHOKE) NO INDICATED) . i
THREE -—>— NECE @9_
CONTINUOUS ELEMENT i —a "\~ FUSE 3?,%?}‘*%'5%
g VARIABLE VAC.TUBE = s ‘ :
i INDUCTOR A.C.HEATED~ £ prone = HEAVY DOTTEDf
i VAR‘OMETER) CATHODE TYPE . gA o—y JACKS . T BINDING ; | LINES TO ;
- SCREEN —n POST h INDICATE |
- — o= GROUNDED |
éR F. INDUCTORS GRIO . -~ o MICROPHONE & o SHIELDING f!
COUPLED TuBE swiTcH | () S c fi
i (m: TRANSFORMER) - TRANSMITTER | G, SOCKET POWER !1
]
i
1
i
|
|

FORMULAS FOR DETERMINING RESISTANCE VA TYPES
‘ = . Sw—a o These formulas are fur+
VoLTAGE IN VOLTS CURrRENT IN MA ESISTANCE IN OHmMs OWER I v hy the INTER-
1000 X Volts Volts x MA  |NATIONAL RESISTANCE COgi
KNOWN KNOWN MA 0000 To use, find the hori- [}
zontal line in which
Volts X Vol
KNOWN 1000 X Yolte KNOWN S owm . |the two known values |
| e appear and the formula I
KNOWN Eﬂ;ﬁqﬂﬁs Vd“{‘%s KNOWN for either of the two
e - remaining values will #
MA X Ohms KNOWN KNOWN I‘@LIWES be found in the proper ji
» 1000 y column. These equasionq*’
: 1000 X Watts 1,000,000 X Watts I — include correction facdi
MA KNOWN MA X MA KN tors where necessary aq;;
i e that the current values!
il vV Ohms X Waus e KNOWN KNOWN may be subatituted in
i s . milliamperes

R oo

g
|
|
[
i
1
il
i
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ALL AMERlCAN MOHAWK CORP

The diagrams on this page are taken fram the Wurlitzer Service Manuasl in which the
circuit diegrams are identically the same with the exception that the power pack ia
split into two parts instead of ome complete unit as used in the Lyric Models,
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Radio Service Data Sheet

ALL-AMERICAN “MOHAWK” ONE-DIAL RECEIVERS
BATTERY AND A.C. 226-227

73 { !!
Veg; !

3 WIeut

c4 R2 ¢S,
} T v4 T2 AL
¢ %QL" R4
$
) " Rl R3 3
—VY 3
6 YOLUME CONTROL. WS
= Reo | GREEN] - =k FBLACK FBLWE SBRowN
‘At B-" S - T 1 ¥V, T8¥90-138V.
Above. Battery model of the ‘“Mohawk’” Omne-Déal recciver.

retained, special connections must be employed, as described in the tcxt.

At right:

If the original switching system for cutting V6 into the circuit is to be
Modifications in later models: this standard arrange-

ment of the oxtput stage provides for the use of a power tube at V6.

There are two principal variations in the
battery-model Mohawk receiver. The first cir-
cuit, shown above does not make provisions for
a power tube at V'6; six type '01\ tubes are
required. A S-wire cable is used. An odd
arrangement of the A.F. output circuit, to select
two or three stages of AF., by means of tip-
jacks and a plug, necessitates placing the addi-
tional battery required for power-tube operation
on the plate side of the A.F. output, at the point
marked X2 (otherwise, this supplementary po-
tential would be added to the plate supply of
V5). The corresponding ‘“C” potential is added
at X1

In later models, provisions were made for a
power tuhe; and the usual connections are shown
at the right of the main diagram. The color
code of the (7-wire) cable is then as follows:
Green, “A—"; red, “A+”; white (connected to
red), &B—’; sTate, “B4" 2214 or 45 volts;

< blue;~“B4"-671; or 90 volts; pink, “B4" 90,

-+ 135 or.180 velts;<black, “C—"""4%4 volts; brown,
“C—" 4%, 9, 22% or 45 volts; yellow (con-
nected to green), “C+".

The available constants for this receiver are
as follows: L1, L2, L3, shielded R.F. trans-
formers; volume control Rl is a 500,000-ohm
variable resistor which turns off the set by
operating switch SW when Rl is turned to
extreme left; R2, 2 megs.; R3, 1%-amp. fila-
ment ballast; R4, 1-ohm resistor; €4, .00025-mf.;
C5, .002-mf.; C6, 0.5-mf. In some sets, R3 is
a 10-ohm rheostat.

In later production a selectivity control was
incorporated. This was in effect a single-pole,
single-throw switch arranged to select either all,
or half, the primary of L1.

The circuit of this receiver will oscillate;
but is controlled by R1. Trimming plates are

provided on the condenser gang.

The tube layout shown ‘is the same for A.C.
and hattery models.

oy A6 S 5

O gt ©
@ "lﬂuﬁﬂ"" @
ot ©

Layout of parts in reccivers of the All-
American “Mohawk” line.

The A.C. model requires four ’26s for V1,
V2, V4, \'5; a '27 for V3; and a '71\ for V6.

The constants of the A.C., model are as fol-
lows: C4, .00025-mf.; CS, .002-mf.; C6, C7,
C8, C15, 0.5-mf.; C9, .003-mf.; C10, C11, 1.0-
mf.; C12, 6-mfs; C13, 3-mf.; C14, 2-mf.; R1, 650
ohms; R2, 850 ohms; R3, 2 to 3 megs.; R4,
R7, R8, 20 ohms; RS, R9, 1,000 to 1,200 ohms;
R6, 0.5-obm; R10, 2,000 ohms.

The heater of V3 is held at 45 volts positive.
If this positive tap open-gircuits, there will be
a noticeable increase in hum.

Resistor R6 varies the heater current to V1
and V2. It has a value from 0.5- to 0.75-ohm.
Lack of volume control may be due to a short'
in this unit; while a ground will ‘'result in hum.

Transformers T1, T2, F3 have a ratio of
33% to 1; T4, 1 to 1.

Uncontrollable circuit oscillation will result

if R1 or R2 becomes shorted, and may be the
result if R1' and R2 are interchanged.

If the

[ Tt v W ® |

set cannot be made to oscillate on medium to
high wavelengths, try changing the R.F. tubes;
though this may be due to C15 being open. A
particularly high noise level may be an indica-
tion' of C9 heing open.

The “Mohawk™ receivers carry further desig-
nating names, such as ‘“Navajo,” *‘Iroquois,”
“Cortes,” ‘‘Hiawatha,” “‘Seminole.” Some of
these are table models, others consoles with or
without speakers. One of the early models was
designed to use Kellogg tubes, with their side
connections for the heater leads.

The voltage divider of the current-supply unit
used in. the electric model calls for these re-
sistor values: R11 (“B—"’ to “‘B+4” 45) 6,500
ohms; RI12 (“B4-"45 to “B4"110) 6,000 ohms;
R13 (“B+47110 to “B+"220) 1,600 ohms.

Attention is called to the fact that, although
some of the circuit sheets which have been is-
sued do not show a ground, there is a return
circuit to ground for the power unit, as shown
in the diagram at the bottom of this page.

The color-code of the Jones cable used in this
receiver to couple the receiver to the power
pack is as follows: Pink (2), 1%-volt filament
supply for R.F. tubes V1 and V2 (the output
of secondary S3); yellow (2), 1%-volt filament
supply for A.F. tubes V4 and VS5 (the output
of secondary "S5);. black (2), S5-voit filament
winding for power tube V6 (the output of sec-
ondary S6); purple and gray leads, “the 215-
volt supply leads (from secondary S4) for the
filament of detector tube V4; green, “B4”
45 volts; white, “B4’" 110 to 150 volts; red,
“B+" 220 to 250 volts; brown, the “B—" lead,
is to be grounded.

Most receivers require a good ground con-
nection; but this is particularly true of the
‘“Mohawks,” if him is to be held at a minimum
lével.

VOLUME CONTROL’

s

| a+" ‘8", B+
8- Loa |ASVE tiov: -, |220v.
‘vAvAv‘\'v‘v Wv‘vAv AAVAR - Y,
RY4 Ri2 R {3 CH1 | CH2 | aRea
== = | - SET
Tcao it €12 TE:; cia SW.

==

Schematic ciresiit of the A.C. design of the A!I-American “Mohawk” radio sct. The -color codes of its Jones cable and the voltage divider
do not appear in the regular. manual, but are given in the text of this shect.
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BOSCH “CRUISER,” “ROYAL CRUISER,” AND “IMPERIAL

CRUISER” MODEL 35 BATTERY SETS

An unusual method of obtaining neutraliza- This receiver *is balanced like a regular neu- The “Type BAN” (Edition 3) ‘“Nobattry”
tion is observed in these popular “Cruisers.”  trodyne receiver, a “dummy” or open-filament eliminator is usually used with this model of
Windings (A) in coils L2 and L3 are in the tube (or similar expedient) being used in place  the _‘“‘Cruiser” line.  (Other models of the

negative filament leads of V1 and V2, for this
purpose, and function in conjunction with con-
densers C7 and C8.

Resistor R1 is a master control to maintain
the filament potential at five volts. \olume is
further controlled through R2 (marked *‘Am-
plifier”) which, at its position of highest re-
sistance, operates switch SW1. Selectivity is
governed by SW2 (marked “Clarifier”) and
C10. A nine-wire cable connects the current
supply to the set.

As this model of the' Bosch receiver is not
provided with an output transformer, or choke
coil and condenser, trouble may be experienced
from de-polarized magnets in magnetic-type re-
producers, if the leads of the reproducer have
been accidentally reversed.

The location of the main rheostat, R1, is in-
dicated in the top and bottom views of this
receiver. The slot in the top of the control
will be parallel with the front of the set for
the five-volt setting.

Four '01A tubes and a "I2ZA or ’71\ tube

are recommended for this set.

JANCNEN

C3 R3 ¥v3 RI

~c8

Top view of parts layout of Bosch “Cruis-
ers.”  The coupling devices for C2, C3 are
clearly shown.

Nearest to the panel is the knob that controls
C2 and C3, the settings of which are indicated
on the upper or “Main Tuning Scale.” The
other knob controls the antenna for tuning
condenser Cl1, with its position indicated on
the lower or ‘“Antenna Tuning Scale.” The
reading on the lower scale depends, in part,
on the length of the antenna.

of the regular tube; first, in place of V2, and
then as a substitute for \'1. Adjustments of
C7 and C8 are made for minimum signal.
Condenser C9 resonates the detector circuit for
maximum signal.

8§

7]
oT.
Schematic circuit of “Type BAN (Edition
3) Nobattry™ climinator.

DOUBLE
CHOXE

If either of the ahove adjustments cannot
be made, check the R.I. circuit for faults.
Remove the shields from C1, -CZ and C3, and
note whether, at the zero setting of the dial,
all the condenser rotors align perfectly straight
at the tapered ends of the stators. Adjustment
of the stators is accomplished through the holts
which join two end plates (if it is desired to
change the spacing between interleaved rotor and
stator plates); and the proper spacing here, for
minimum setting, is easily obtained by adjust-

the correct positions. Condenser C2 may be
shifted for proper alignment after removing the
coil assemblies.

With all condensers set at maximum capacity,
the dial should indicate 100. Xf this reading
is not obtained, compensation may bhe secured
by adjustment of two stop screws provided for
this purpose.

A six-ohm rheostat may he used as replace-
ment for RI; R2 has a resistance of about
30 ohms; R3 is the usual 2-meg. leak; CI, C2,
C3 are the tuning condensers; C4 is .00025 mf.;
Cs, C6, 1.0 mf. each; C7, C8, C9, 100 mmf.,
maximum (approx.); C10 125 mmf. (approx.);
C11 .006 mf.

“Cruiser” embodying somewhat the same general
features but varying in details are the *Model
96DC, 110 volts”; “Model 156,” (for direct
current); “Models 66, 76, 76L’ (hattery-oper-
ated); “Models 66AC. 96, 116, 136” (for A.C.
operation).

Constants for the above “Nobattry” unit are
as follows: C12, C13 0.1-mf.; C14, 3 mf.; Cl5.
2 mf.; C16, C17, 2 mf.; R4, 4,000 ohms (or
a variable 5,000-ohm unit); R5, 15,000 ohms;
R6, 25,000 ohms. V6 is a gaseous rectifier;
SW3 the power switch. The principal choke
unit in the filter system is a ‘‘double” choke.

Although the circuit diagram does not indi-
cate that there is a mechanical connection be-
tween C2, C3, and antenna condenser Cl1, there
is a slip coupling which permits C1 to turn
readily when the other two tuning condensers

~

3

C5 €6\ Cit V3} R3, (4, C9 C7\ 3.€10, 241
\[ ﬁﬁég g

O, |v4
VZ’- Y ment of the screws on the condenser-shaft T 7
@ b ‘;' T2 couplings. RZ = SW1 (8 FRONT
L = If the condenser shafts lose their alignment,
\ & |vs the condensers may be loosened and reset to Underside appearance of “Model 35" ye-

Units R1, C7, C8, C9, shown here,
adjust from above.

ceivers.

are adjusted or to be operated independently of
these two. More complete control of, the dial
reading designated “Antenna Tuning Scale” wiil
be secured hy making CI10 one of the compact
adjustable units now available. Then, by vary-
ing C10 and SW2, it will be possible to obtain
fiearly identical readings on both scales for any
average antenna conditions,

If it is found that circuit oscillation cannot
be stopped, test windings A for reversed con-
nections; checking L3 first and L2 last,

Famanmmamimasecnasasa -
i 3 cio L Vi L2 E V2 L3 | C4 l R} V3 C41, T4 V4 T2 \Z]
/ t g E .L 5
7, et ‘e J‘% s c3”Tes WIS
w2 : ? k
: " ] ‘
£ J fl
| p < € € - 14
1 € € - i
I R 3o cHi cH2 l i CHASS® if
g cs | ] Cé *;
H 3 5 € g
i 4 R2 3 BLUE~] ) ,ﬁ]
:’ BLACK 5;.ALC°KWW;ITI'L ~ SW1 | RED l§§
e L R.
gﬁi WHITE  »| | YELLON A
i BLACK WITH BROWN | 4.
it GREEN TR, f NES {J
i = 13
{ < o J)
| “A-" “c+” TAY BT ‘0 e $ oy :
- + = - . - .
; P o3¢ TCov B+'135v.
Schematic circuit of the “Cruiscr,” “Royal Cruiser,” and “Imperial Cruiser,” desigus of the Bosch “Model 35 battery sets. The arrange-

ment of the ncutralizing circuit is such that the respective grids are comnected to the arounded “A—"" lead if the neutralizing condensers short
. - . v
without aflecting any of the batterics in the set.

et eaman e
ST T A
HEHEHL S




P 113 0018 mts B ¥ rath 0 14 0 8 o e
Rt R e e b b e e e s oy
REHHH I S SRR P S S R

am.mr%
MOTTIA ﬁWle

O
nwymﬁo " o =i ||
D) & 1 P v
Npowg O

79-0

(uopesado DY) DV ‘OLT ‘99T ‘9T ‘921 SIPPO

ﬁﬁﬁ

e S T T I T T e T T e TR e gt eeb et o S vt oy e Pt e fi e L

(uoysa

]

FEC B TE TR R SR RIS SR

ado )y 103) J9AI09Y 0T [°POWN

me.
: P AF ;uu a$
RORNp wwoug \xoF10  AOTIRA o

' +el@

2
=

[ |

-

m o’

=

£

[*

fal}

170 ]

(@]

et

3

(]

-

-

[&]

-

.

anre
w NIZID
NII>D ?‘g‘/ v&.v“ﬂ.' MOTITA wow e (2P)
| F+ OB+ Gb+ £~

—=£P0000

Y3AI303Y OV

(uonesado Dy J0}) sIOA13Y 9ET 9T ‘96 DVI9 SIPPO

(C: 1 2

5

d3IAIFI3Y O’V

(JOBMID),, 9G] —810A1000Y T, PUS ‘9L

okl + 06+ Sre -8 Y+

@+

V-

3+ ‘o-

3

5e

P

‘99 S[9PON

©

w2

B

'AMERICAN BOSCH MAGNETO CORP.

b
<J

ol

q]

9@%@

Wm

® o6

mm\/_MUMd >N_m._.._.4m

g
g yis

Bl

LOp

@t
oNy

t



OFFICIAL

ICA

M

o d
uUx-226

S S

BOSCH MAGNETO CORP.

3%PRF DET. 1TAF PUSH-PULL. STAGE
UXx-226 ux-226 TWO UX-226

RADIO SERVICE MANUAL

UxX-226
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DIAL LIGHT
DIAL J
SLIGHTS S & p
+A WHITE YELLOW +45 +90 +100
RED BsLLE BROWN GRECN

Model 96DC 110 Volt “Cruiser”

Model 156 Receiver “Cruiser”

8
Ei fl
EI
: Model 28 Receiver (Model 38 for 25 Cycle Operation)
' For Details See Instructions, Form 1302
i
f 25—Grid Leak 3 megohms
}3 26—Grid Condenser .00025 mfd.
5 27—Plate Resistor 50,000 ohms
f 32—External Cond. .00015 mfd.
i 36—By-Pass Condensers .5 mfd.
.;! 37—By-Pass Condenser 1. mfd.

AR AN

RReRT i A

i E B R S

P ki s sttt i memmemen
TR S e T TR TR T R R B B
e

T A Rn T AnOE
1B vk uad ot o mt s

Model 825 Super Dynamic Power Pack. Used with Model 28
Chassis only to form Model 29 Receiver.

Sttt T

|
i
]
i
i

SIS

38—By-Pass Condenser 1. mfd.
43— By-Pass Condenser .002 mfd.

87—Volume Control 500,000 ohms
102—Filter Condenser 2 mfd.
103—Filter Condenser 4 mfd.
107—Bias Resistor 1500 chms
110—Bias Resistor 300 ohms
111—*B” Resistor 5000 ohms

MODEL 825 POWER PACK

149—Filter Condenser 4 mid.
150—Filter Condenser 2 mfd.
154—Bias Resistor 500 ochms
155—Bias Resistor 2000 ohms
156—Plate Resistor 10,000 ohms
157—P1late Resistor 10,000 ohms
161—By-Pass Condenser 1. mfd.
162—Buffer Condensers
163—Filter
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AMERICAN BOSCH MAGNETO CORP.

MODEL 48 RECEIVER (MODEL 49 FOR 25~~)

Li—Vagiomerer

1.2—20d RF Coil
1.3—-3rd RF Coil
LA—Derector Coil
L5—Detector Plate Choke
L6-~Small Filter Choke
L7-—Large Filter Choke

$1—O# and On Switch
$2—Voltage Tap Switch

€C7—Antenna Tuning Condenser

U8—Antenns Condenver 001 mid.

C9—1st RF Cathode By-Pass Condenses .5 mfd.
C10--2nd RF Cathode By-Paxs Condenser .5 mfd.
C11—=3rd RF Cathode By-Pas Condenser .S mid.
C)2—Detector Cathode By-Pass Condenser | mid.
€13—1st RF Screen By-Pass Condenser .S mifd.
C14—2nd RF Screen By-Pass Condenser .S mid.
C15—31d RF Screen By-Pats Candenser .5 mid.
C16—Detector Plate By-Pass Condenser .001 mfd.

T'l—Aude Input Transformer
T2—Audio Qutput Transformer
T3—Power Transformer

RI—Volume Contrul ;:g%f ohms  Antenna)

|

R2—Volume Control %5‘;‘%‘ .
R3—1= R Screen Resistor 25,000 chime

R4—2nd RF Grid Resistor

r 500 ohms.

-

C17—1st and 2nd RF Plate By-Pass Caoduner S mfd.
C18—3rd RF Plate By-Pams Condenser .5

C19—Filtcr Condenser | mfd.

C20—Filter Condenser 2 mfd.

R5—3:d RF Grid Resistor 500 b
R6— st RF Bias Resistor 1500 chens
R7—2nd RF Bias Resistor 1500 ohems
n&_su RF Bias Resistor 1 500 oheas

C1—2nd RF Tuning Condenser
C2—3rd RF Tuning Condenser

7 I 4
FOLLOW THIS PORTION OF °3—Detector Tuning Condenser

DIAGRAM FOR SETS USING VOLUME
CONTROL KAVING RESISTANCES
OF 10000 AND 000 OHMS.

G

C4-—2nd RF Alignment Condenser

C5—3rd RF Alignment Condenser

C6—Detector Alignment Condenser

C2t—Filter Condenser 4 ng

E d.
.
C23—Detector Plate By-Pass Condenser .001 mid.

'9—Detector Bias Resistor 15.000 ohens
xna-nfanurr., Registor
Ri1—Voltage Divider Resator
R12—Audio Center Tap Resistor

PLUG SWITCH ‘A’ CHOKE COILS

= 'RECTIFIER]

AMP
&

SECTION

CHOKE COiL

B.
DET.
TERMINAL OR POTENTIOMETER

SYSTEM
SYSTEM

p———— 7Y
TWO
8.

BAT.

FILTER SYSTEM FILTER SYSTEM

SWITCH D
w0 VOLT{AO TO 60 CYCLE

TERMINAL OR POTENTIOMETER

40 7O 60 CYCLE A.C.SUPRY P

lA C SUPPLY P

GROUNDED

rmusfm

10 VOLT
Type BAN Edition 3 Nobattry
Type BAN Edition 4 Nobattry (fur 25 eyeles)

Type BAN Edition Z Nobattry Type BAN Edition 4 Model 565 Nobettry

i
r !
) :
1
y
'
'

- |( [w[t‘
z

Sararrum e e,

E"

"Type BAN Edition 5 Nobattry—Models 561, 502, 503

Type BAN RBdition.6 Nobattry—Modols 584 and 586
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3RDRF DET. 15T AF
B
R L4 LS .:E; @—
i «
i b od
. cat
== R1Y

2ND AF
R
Speaker
Movihg Coil

N
N
P
N

L 1—Variometer

L 2—2nd R. F. coil

L 3—3rd R. F. coil

L 4—Detector coil

L 5—Detector choke coil
1. 6—Detector filter choke
1. 7—Main filter choke

1. 8—Line filter choke

I. 9—Line fiter choke

(" I—Ground condenser .005

C 2—Antenna condenser .001

C 3—Trimming condenser

C 4—Antenna condenser .00025 mfd.
C 5—2nd R. F. tuning condenser

C 6—3rd R. F. Tuning condenser
C 7—Detector tuning condenser

C 82nd R. F. alignment condenser
C 9—3rd R. F. alignment condenser
C10—Detector alignment condenser

ed :
i
T LE = | 5 :
i 7. il Z Al Ri e 1
T Fc20 3 co4 25
1 3 e = »
I 59@, l ») Ei RIT
4 ‘i 3
l_ Ri2 ';' -
MODEL 54 RECEIVER @= a
b7 72 , W// I 175 7 9,

Cli—Ist R. F. cathode by-pass condenser .5 mfd.

R.6—3rd R. F. grid resistor 250 ohms
R 7—2nd R. F. bias resistor 1500 ohms
R 8—3rd R. F. bias resistor 1500 ohms
R 9—Detector bias resistor 40,000 ohms
R10—1st A. F. bias resistor 1500 ohms
Ril—Ist A. F. grid resistor I megohm
R12—Dial light resistor .75 ohms
R13—Voltage divider resistor 25000 ohms
Ri14—voltage divider resistor 15000 ohms
R15—2nd A. F. filament resistor 5§ ohms
R16—Filament resistor 20 ohms
R17—Filament resistor 20 ohms
R18—Filament resistor 20 ohms
R19—2nd A. F. filament resistor 22 ohms

TP —Terminal plate
S I—Main switch

T 1—Audio input transformer
T 2—Audio output transformer

Cl12—2nd R. F. cathode by-pass condenser .5 mfd.
C13—3rd R. F. cathode by-pass condenser .5 mfd.
C14—Detector cathode by-pass condenser 1. mfd.
C15—Ist A. F. cathode by-pass condenser 1. mfd.
Cl6—1st R. F. screen bhy-pass condenser .5 mfd.
C17—2nd R. F. screen by-pass condenser .5 mfd.
C18—3rd R. F. screen by-pass condenser .§ mfd.
C19—Plate by-pass condenser .5 mfd.

C20—Plate by-pass condenser .5 mfdl.
C21—Detector plate by-pass condenser .001 mfd.
(22—Detector plate by-pass condenser .001 mfd.
C23—1st A. F. coupling condenser .005 mfd.
C24—Filter condenser 4. mfd.

C25—Filter condenser 4. mfd.

R 1—Volume control 5000 ohms

R 2—Volume control 5000 ohms

R 3—Screen resistor 500 ohms

R 4—Screen resistor 25000 ohms

R 5—2nd R. F. grid resistor 250 ohms

cé

c5

[T )

CABLE CONNECTOR r
PLUG

\

c7

—te 8
GND. _.
= BUACK =6
HIG!—.O\’ /

FRAME

o
PuLoT T3

The schematic circuit of the Bosch Motor Car Radio receiver, made by the American Bosch Magneto
Corp.; it includes four tuned-input, battery-operated, 24-type screen grid tubes, as R.F. ond detector
stages, and a single audio output twbe, operating the built-on magnetic speaker.
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The Schematic Wiring Diagram of The Amrad Neutrodyne Receiver AC-5 Type and Power Unit
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SHOWING INTERNAL WIRING OF DETECTOR 2 STAGE AMPLIFIER 26 3d ANG
BRORDECRST 7UNER 3730 A5 YIEWED FROM FOONT OF INVSIRUMENTS

3500-2

—0 O

TSHOWING INTERNRL WIRING OF DETECTOR R STRGE AMPLI F1ER 2654
& BROADCAST TUNER 3475 AS VIEWED FROM FEONT OF IMSTRUMENT

s e ety e e B | Sw

cg Q_ O O Q—] 05%9 O+ O— -'
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C+-.002 MF K-750 R-&60Q,
C-.00025 MF U- 1MF

SPKR FIELD.

- O——
MOV.SPRR.COIL

p

NOT MOUNTED ON

POWER UNIT BASE
| IO
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T0110AC
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(

Schematic Circuit of the Amrad Type 7191 Power Unit designed for the Model 7100 receiver
Model 7100 receiver is designed to operate without an oursi

¢

E
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the light line being sufficient in most localities to bring in
and M1 are Mershon electrolytic condensers.

e acrial, the radio frequency pick-up of
the signals of distant stations.

The
Units M

RECEIVER N2 3590.
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The tubes required for this rece.ver are as
follows: V1, V2, V3, "24s; V4, V5, '27s; V6,
V7, '45s; V8, ’80; V9, 2.5-volt bulb.

R1 is the volume control and varies the volt-
age applied to the screen-grids of V1, V2, V3.

Further constants for this receiver may be
obtained from the following list. C1, C2, C3,
C4 constitute the four-gang tuning condenser;
C5 has a capacity of .00025-mf. Cé6, C7, C9,
C11, C12, are contained in “by-pass block con-
denser No. 8113” (which may have ecither lug
or wire terminals, connected as shown in the
accompanying illusirations), and the values are:
cé, C7, C12, 1.0 mf.,, C9, Cl1, 0.5-mf. C8
has a capacity of 1.0 mf.; C10, .082-mf.; C13,
0.25-mf. The four units of the electrolytic
condenser have the following' ratings (the four
terminals are the positive leads and the copper
case is the common, grounded, negative side
of the circuit): M1, 18 mf., M2, 8 mf., M3,
18 mf., M4, 8 mf.

The resistors have the following values: RI,
50,000 ohms; R2, 21,000 ohms; R3, 1.5 megs.;
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R4, 12,500 ohms; RS, 100,000 ohms; R6, 2,250
ohms; R7, 20 ohms; RS, 200,000 ohms; R9,
5,000 ohms; R10, 60 ohms; R11, 31 ohms; R12,
860 ohms; R13, 1,500 ohms. The resistor car-
tridges are colored as follows: R2, green; R4,
black; RS5, yellow; R6, orange; R9, brown;
R13, purple.

The Model 81 chassis is fused at three am-
peres. The “antenna compensating control” is
the 10-plate variable condenser marked ClA;

A view looking down on the “81” chassis.

while the remaining trimming condensers are
adjustable, through the shield can, with a screw-
driver. Binding posts at the rear of the chassis
permit selection of the correct tap on the an-
tenna input inductance L1, for the required
degree of selectivity and sensitivity. When the
tube is renewed at V4, it will probably be neces-
sary to readjust the setting of R& If circuit
oscillation should appear in the receiver, it may
usually be traced to a defective 24 tube, which
should he replaced.

The cord which operates the tuning dial is
kept in tension by an adjustment which com-
pensates for stretching: this is regulated hy
putting a screwdriver through a hole cut in the
edge of the dial drum.

Each of the R.F. transformer primaries (L1,
as well as P in L2, L3 and L4) consists of a
vinding of about 200 turns on a bobbin at the
grid end of the secondary; it has a direct-cur-
rent resistance of about 80 ehms. Chl has a
resistance of ahout 100 ohms.

The D).C. resistance values of T1, between
ground and the three higher-potential ends, are
as follows: to phono tap, 20 ohms; to detector
tap, 2,000 ohms; to grid lead, 12,000 ohms. The
primary of T2 has a D.C. resistance of 1,690
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ohms; the secondary has an over-all resistance
value of 10,600 ohms, divided into 4,800 and
5,800 ohms for the grid circuits of V6 and
V7. Transformer T3 has a primary D.C. re-
sistance of 190 ohms on one side of the tap, and
220 ohms in the other; the secondary has a
D.C. resistance of 0.8-ohm (approx.) to match
the voice coil of an RCA “Type 106" dynmamic

reproducer. The field coil of this instrument
has a D.C. resistance of 7000 ohms. As most
_Service Men know, the voice coil is easily

centered by first loosening the center machine
screw that clamps the cone-spider to the iron
core. (The voice-coil leads of the “106” are
marked “B” and the
tered “C.”).

Correct operating conditions for the ‘‘Model
81” Amrad are as follows: V1, V2 and V3,
plate voltage 180, control-grid bias 1.5, plate
current 4 ma.; V4, plate voltage 30 (with tube
out of socket, 140 volts), grid bias 0.0, plate
current 1.5 ma.; VS5, plate voltage 160, plate
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current 4.1 ma., grid bias 10.5; V6, plate volt-
age 250, plate current 28 ma., grid voltage 50,
filament voltage 2.25; V7, same; V'8, plate out-
put 110 ma., filament voltage 4.65. (Al the
other tubes have a filament voltage of 2.25;
at the socket with the tube out, 2:32.) These
values were obtained with the set adjusted for
a 120-volt line supply, and the volume control
full “on.” The *“‘C" bias figure of 10.5 volts
for V5 will not be obtained unless the hum
control R7 is turned to the ground side.

field-coil leads are let- -
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The Atwater Kent “Model 10B,”” o very early “breadboard’ recesver, The circuit is
quite simple, and the controls wumcrous. It is designed for storage-battery tubes, and has potemtiometer
R.F, control. It may be readily altered 1o use a power tube.
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Schematic arrangement of the Arwater Kent Model 12 receiver; this set is popularly referred to as the “‘breadboard’’ type of construction,
" to prevent circuit oscillation. The most usual complaint by

owners of this receiver is that the rubes will not light. A check-up would indicate that one of the rheostars had burned out; because someone in the
family had connected one side of the storage bawery to ground. This put the full storage-battery current across the rheostac controlling the first two
‘ R J

The Model 12 set was onc of the very first ones to incorporate '‘grid suppressors
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oo ATWATER KENT MODELS 30, 33, 35, 48 AND 49

These receivers are six-tube sets of the single-
dial, battery-operated type. They are often re-
ferred to by their factory catalog numbers, to
wit: Model 30, No. 8000; Model 35, No. 8100;

screws holding the dial-condenser to chassis are
tight, and that the three screws in each of -the
other variable condensers are slightly loosened.
Note that the holes through which these latter

green lead, L2 has one yellow lead, and L3 has
one blue lead.

To reduce inter-stage coupling to a minimum,
the three R F. inductances L1, L2 and L3 in

Model 48, No. 9840; Model 33, No. 8930; screws pass are slotted, allowing the condenser the 30, 35 and 48 are so arranged that the
Model 49, No. 9860, to be moved horizontally a fraction of an inch  ,xis of each is at right angles to that of the
The models 33 and 49 have a tuned input toward or away from the dial condenser. Two - gthers, (The R.F. choke Ch is only about -

(four tuned circuits); the models 30, 35 and 48
have an untuned input (three tuned circuits).
Models 48 and Models 49 are code numbers
showing that a gold-finished panel is wused.
Models 33 and 49 are so wired that R3 limits
the current to V'S5 and V6 only while V4 is
controlled by the additional variable resistor
Rx. R in the first stage of these two circuits
has the same value as equivalent resistors Rl
and R2. C is the regular tuning condenser, in
shunt to which is the circuit-balancing variable
condenser Ca,

The purpose of the untuned antenna input
of the 30, 35 and 48, shown in the larger dia-
gram, is to eliminate the detuning eflects of
aerials of different constants.

If it becomes necessary to change a variable-
condeniser bank, make certain that the pulleys
turn easily on the shafts; if they do not be-
cause of a damaged condenser shaft, replace
the entire condenser group.

Each belt must be arranged with the eyelets,
which clamp the two ends together, at the hottom
of the belt loop. Each belt has two small holes;
one to fit over a pin on the dial-condenser pul-
ley and the other to fit over the pin on the pul-
ley which is controlled by that Delt.

Loosen screws in the outer condensers and
move them toward the dial-condenser, so that
the belts will fit easily over the pulleys. In
moving condensers, hold them by the heavy frame
of the stator plates, as this avoids strain on
the different parts of the condenser assembly.

To arrange the belts on the 30, 35 and 48,
first put on the bhelt which fits over the inner
of the two pins on the dial-condenser pulley,
and over the pulley of the third (right) con-
denser. Then, put on the belt that fits over
the outer of the two pins on the dial-condenser
pulley, and over the pulley of the first (left)
condenser.

A bit different procedure must be followed in
arranging the belts on the 33 and 49. Put on
the belt that fits over the inncr of the two
pins on the dial-condenser pulley, and over the
third pulley, as the first step. Then, put on
the belt that fits over the inncr of the two pins
on dial-condenser pulley (this will bring it on
top of the first belt) and continue on over the
pulley of the fourth right condenser. The last
step is to put on the belt that fits over the

pins projecting from the front of the condenser
fit into two horizontal slots and serve to keep
the condenser properly aligned. It is important
to see that the pins of the condenser are not
jammed outside but are in the slots. The frame
of the metal-frame variahle condensers will be
found to partly cover a hole (on the side of
the condenser nearest to the dial-condenser) that
is provided in the front of the chassis and at
the edge of each condenser for the purpose of
tightening the Dbelts. DBy inserting the blade
of a screwdriver in this hole and twisting the
blade, the condenser may be moved away from
the dial-condenser; this motion tightens one belt.
A little dexterity is required when the correct
Lelt tension has been obtained; for the next
step is to keep the condenser in the correct posi-
tion while, with the right hand, a second screw-
driver is used to tighten the three screws that
pull the condenser to the chassis. Screws must
be pulled up tight as soon as the tension is
such that the variable condensers all move at
the same instant, forward or hackward, when
the dial is adjusted, without any slack in the
belts,

Following are a few details that relate specifi-
cally to the 30, 35 and 48. Adjust right-hand
belt first; insert the blade of a screwdriver in
the chassis hole at the left-hand edge of the
third condenser and twist the blade, slowly.
This will force the third condenser toward the
right and increase the tension on the belt. When
it seems to he at about the right tension, as
judged by pressing the belt, tighten the three
screws with a second screwdriver.

Special” notes in connection with the 33 and
49 are as follows: the dial-condenser and third
condenser belt should be adjusted first. Follow-
ing this is the adjustment of the belt passing
over the pulleys of the dial-condenser and
fourth condenser. (Tension is tested by press-
ing down the ‘belt between’ the third and fourth
puileys.) The left-hand belt is the last to
adjust.

As it is-necessary, in making certaln replace-
ments, to know the.general classification of the
R.F. inductance group of each model as regards
its serial number, these data are included here-
with. The identifying washer is found under
the nut on the second R.F. transformer mount-
ing; the colors of the washers are as follows:

in. long and ‘has ‘a negligible field); however,
the 33 and 49 incorporate four tunmed circuits
and, to reduce interstage coupling, the coil de-
sign was entirely changed to “binocular’” or
“‘astatic” (nonm-inductive) windings. If, after
carefully balancing the variable condensers, it
is found that the variable condensers cannot be
kept in tuning alignment throughout the tuning
range, it is probable that one or more of the
R.F. inductances is out of balance; it is then
advisable to replace the entire set with a new
unit.

The A.F. output of any of these sets may be
fed to a Weston “Model 424" thermocouple
galvanometer, through an additional, or third,
stage of A.F. amplification, to determine the
alignment of variable condensers when the A.F.
modulated output of an R.F. escillator is picked
up by the set. The oscillator should be coupled
to the set to a degree which results.in an ap-
proximate réading of 50 on the galvanometer, at
about 50 on the tuning dial (as each stage is
brought into resonance the meter reading will
rise, and the oscillator coupling should be re-
duced to compensate for this.) First, resonate
all the circuits for maximum deflection at about
40 on the dial; repeat performance at 80; then
drop to 20 on the dial. After the condensers
have been locked in position, the meter readings
at 20 and 80 should not drop more than 3D%
below the reading at 40; a lower reading shows
either a defective condenser gang or defective
R.F. inductance hank. Inspection of both should
then enable a decision to be made.

These sets are wired for a power tube in the
last A.F. socket except for early types of the
30. To change the wiring of these, determine
by continuity test the grid return lead of T2
which connects to the blue lead in the cable.
Break this grid return lead, and attach a length
of wire sufficient to reach the “C" battery.
Then, connect the positive lead of the speaker
(black and red, for Atwater Kent models) to
the highest "B+" instead of the connction post
on the set.

The A.F. transformers have the following
color code for the leads: green to plate; yellow
to “B" plus; black to grid; blue to “A—" o
“C—". T1 has a ratio of 4:1; T2, 2%:1

Approximate values for the parts uscd in
these radio sets are as follows: C4, 0.5-mf.; CS,
0.80025-mf.; C6, .006.-mf.; R1, R2, R3, R, 800

outer one of the two pins on the dial condenser  Model 30, 635,001 to 644,351, black; above ohms; R4, 20 ohms; RS, 4 ohms; R6, 30 ohms,
pulley and over the pulley of the first or left 644,351, red. Model 35, below 900,000, no center-tapped; Rx, 20 ohms.
condenser, washer; 900,001 to 955,700, yellow or anmer; In the earlier diagrams “A+4” is connected

After the belts are in position the next step
is to adjust the belt tension. .See that the three

above 955,701, gray. Model 33, Unit No. 9220:

antenna coil has five leads (one red), L1 has one

to “B—""; in later models, “A—" to “B—."
This is purely external, however,
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WiriNG D1acraM oF Mober 37. (A 2nd AF. filament shunt resistance is used before Serial No. 1,385,000, in which case
speaker post No. 2 connects to the centre-tap of this resistance, and the green-yellow tracer lead is not used. The R.F. plate
circuit resistance is used after Serial No. 1,385,000. Note that the red and the black cable leads feed the
RF. ﬁlaments as well as the 1st A.F. filament.)
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A 2nd A. F. filament shunt resistance is used before Serial No. 1,752,000 and the green-yellow tracer cable lead is not used. Connections
for this resistance are shown in dotted lines in the dlagran on page 71. Note that the black and the red cable leads feed the R. F. filaments as
well as the 1st A. F, filament. A schematic diagram of the volume control is shown in Fig. 60.
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The diagram of the power unit in Models 40, 42, 44 and 52 is similar to that shown above with the following exceptions: A regulating risist;:}ce
is -connected in series with the primary circuit in Models 42, 44 and 52. A filter condenser is connected be?wce.u F1 .and g}'ound. T_he Iit‘mctxon
point of the bias resistance is connected to the lower instead of the upper ground eyelet. The color scheme is different’ and is shown in Fig. 77.
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WiriNG DracraM oF MopeLs 40, 42 aND 52

antenna and black-green tracer for ‘ground.
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¥
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IGH VOLTAGE

110 VOLT CABLE,
Hi
SECONDARY,

<O =RECT. FIL. WINDING.

e

SCHEMATIC DIAGRAM OF  POWER UNIT =
SOME  EARLY.UNITS OF THIS TYPE HAVE COLOR SCHEME SIMILAR TO UNIT IN MODEL 38 S€T.
NOTE THAT COLORS AS NOW STANDARDIZED CORRESPOND WITH THE COLORS OF SET—CABLE LEADS.
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5 ATWATER KENT MODEL 55 AND 55 C Csro

The Model 55 receiver is 2 6-tube (and rectifier) The ‘‘Local-Distance’’ switch controls the number correct method required for good results cvery time.
A.C. outfit representing a distinct departure in de- of turns in the plate circuit of V1. In later Model Whenever a tubular resistor of this type is re-
Sls_;l_hfrosm Prev{%usnn;Odelz. ; b 55 receivers, the tubular resistors are made with placed, the soldered connections should be tested for

e screen-gri .F. tubes furnish a high degree mechanical strength by endeavoring to push the
of amplification, and s the various unics, including bbdbbbdddbbbbdb bbb bbb bbb o away from the contace lugs. . For con.

he 2 R.F. circuits are shielded, the selec- inui i E
tivity and sensitivity are excellent. The resistance VOLTAGE REQUIREMENTS ;:suel‘;y btycs t:::ge'n?ilg oiheth:etso‘a:l;? i:z:?\fit;gm:ge b;l:t:.
coupled audio stage assures that signals are passed Filament Approx. Separate parts may be tested for continuity with
g‘_m the pusl;‘-pull audio output stage with minimum Voltage 3 voluneter and battery in the usual way. [f there
v;ist.tl;)‘:onh: cmﬁddl,'q 3K°m urther greacly amplified —F to +F contacts on V1, V2, V3 and V4 2.4 (2) is any doubt as to whether a part is- shorted, {f
ke axuf“t‘;:is elity. Among the Q)e!her distinct ad- —F t +F contacts on V5 and V6 2.4 (2) grounded, or -open, it is advisable to remove all
followgriez T Tl'hYPC recerver may ; thmenuoned the  Filament contacts on V7 4.9 (2) connecting leads to that part and test it separacely. [i
are mouﬁ.ted in se;ar::“;x‘::tallm::t:nginer: ps(i)x:eii ia:k Plate Sl bregy e LR
replacement.  (2) An illuminared dial 'radugt iﬁ Cathode to plate, V1 (m) 175 (b)  oscillator pxcdk-u;lv lezgn [? d;ed.Shon-Amgmlllz_bn:g; i
kilocycles makes for easier operation for the customer. Ditto, V2 (m) 175 (c) !r'rdg_ s(:("'an 0! ion. xd.oca }ﬁsmgfu;:"z nt‘r?)l t©
(3) e volume control operates by regulating the Dito, V3 105 (d) ive about k. smon.l Hing or :h %

il voltage on the “‘screen grid’’ in the R.F. tubes, this Ditto, V4 70 (¢) give about half scale zeading on the ourpur meter,

Sie. g A L ’ Filament to plate, VS and V6 235 (f) and then leave the control in this average position.

voltage “being continuously variable from zero to the (RS Owing to the design of the R.F. amplifying cir-
maximum of about 75 volts. This gives quieter and Control Grid 8 o

| smoother operation than previous designs which had Cathode (o control grid, V1 (m) 3 () e rnihionising the varsble condensers, |
the control in the antenna circuit. (4) The Model Ditto, V2 (m) 3 (h)  nd in order to make the rotor of No. 1 condenser i
-4 electro-dynamic speaker which can be used with Dirto, V3 12 () ccessible for adjuscment it is necessary to cut or file |i
| Model 55 receiver uses for its field supply cthe Ditto, V4 . 22.5 () 3 hole in the top-shield over the rotor of Ne. 1
entire “'B"’ current SU%PIY. same as furnished to plates  Filament to grid, V5 and V6, 42 (k) condenser. This hole should be about 1% inches in
all tbes. (5) Tube socket contacts, resistors, Screen Grid diameter, with its center 2Y, inches from the left
and’ ofl parts are of new, more rugged and ef-

. : - Cathode to screen grid, V1 and V2 "(m) 85 (1) edge of the shield and about 134 inches from the
e R F sges, Decectar ot ety e mbes o Additional Test Information o g, e oo o Mo e Y e
the method of'connccting the speaker field coil re- Use high resistance D.C. volumeter (aboutr 0-50-250) be addyusred with one ﬁ“g:f ‘dr'ougd [b‘s oie. oih
duces the A.C. hum o a minimum. There is '© measure plate and grid voltages; and an A.C. CODCenser L°‘°' dmI:Iy 2Hs ¢ bg mrguégf o
practically no "hum. As in the other Atwater Kent voltmeter to measure filament potentials.  Tests ‘k‘l’““?l ‘L° . d“‘. B °f' Ehw“k’l’ may, :'Elllc t:e :m
single dial receivers, if one R.F. transformer is de. mMmade with set in operation, all tubes and speaker ‘Ce right-han S’d: otyeac) ¢ “ss'.s's a:na : be f;um:l
fective, the entire gx"oup must be replaced. Likewise plugged in sockets. Tests made in order [listed. bonnecno?s ‘hto le ““f:s Fl-m“ R p-il- black to
if one variable condenser is defective, all three con. , Plite or grid voltages may indicate a partially g O oh lde cg or_ A of é;s,i mountin bolts)
densers must be replaced. It is necessary o remove/ Shorted bypass or filter condenser; V3 plate voltage 2&”5‘5 (he of <1 .°§l°- éoon b e een o short.
:{ the R.F. stages, detector and fitst audio stage, and will be low, and V3 grid voltage high, if cither e ‘o smo: ore:lmn; cl'o .mgenn",g ost; second
transformers. Care must be taken to avoid scratch- | Of the double “'phonc™ condensers are shorte ﬁni?egrna b‘iOZk' to chassis (nlfeld under pone' of coil-
ing or otherwise injuring the coils when replacing \ (M) denotes volume control set at maximum. N e baolu) blue (with lug) to stator of vari-
the shields. Also note that a lead from the sec- DING indicates: (a) open filament windinig or mb(ium:;ogden er. green to 1“5 of Vi1, red-white
ondary of each R.F. transformer to the bottom sta- connection; (b) open high voltage winding, open 2 < nd.ss P gswigch bhre (without l::g) to dis-
tor-terminal on each variable condenser should pass speaker magnet coil, open filter choke, open primary ACCr ;g,i“'h‘.mdﬁ,d R.B.T., black to chassis (held
under a slot at the base of the shield and must not Of 2nd R.E.T., or RS open; (c) open primary of taﬂde one of coil mounting bolts), blue (with lug) |

be caught berween the shield and the metal base- 3rd R.F.T.; (d) open V3 filter resistor (black) BAcer OF of votiable £ e (T LA place of
i place. To aid the installer it is pointed out that the R6, coupling resistor (black) R1, R.F. choke CH, or V2, blue lead (without lug) to 'gn&?eoi L e

odel 55 is very sensitive and does nmot require a V3 bias resistor (blue) R7; (¢) open V4 filter re- transformer assembly—rectifier fil. winding, thin leads |
large antenna. Two antenna posts are provided on sistor (gray) R9, primary of TR1, or V4 bias re- wia:h black slmihyo_ rimary winding thick brown [
the set, marked '‘Long Antenna’” and “'Short Ap- sistor R8 (mounted under maroon and yellow, bias leads : VS and V6 gﬁi eviuding—thin leads with black
tenna.’” The Long-Antepna post will give greater Tfesistors R10 and R1T; (f) open TR2 primary; (2) sleeving ; fil. winding leads to V1, V2, V3 and V4
selectivity and should be used if the aerial is 30 open secondary of 1st R.F.T.; (h) 0}”0 secondary - thiscﬂ leads wih black sleeviag, Push-pull input
feec or more in length. The Short-Antenna post of 2nd R.F.T.; (i) open secondary of 3rd R.E.T.; and ourput AF.T. assembly, {inpyt pzi.-b?acl: with
should be used if a very short (inside) antenna is (i) open V4 resistor (blue) R2; (k) open V5-V6 d uac?r amid. other lesdilis] secondary Center
employed. If exweme selectivity is desired use a _bias 'ﬁ'mﬂeﬂrgkk--°' open  secondary ~°fC§:,Js,hlxk while cone grid lead “is blue and other {i
short antenna connected to the Long-Antenna post. 1 (if bias resistor R10 is oiaen V3 grid potential %p red, the Gutput primary, center tap is black with [¢
Indoor aerials for Model 55 should be erccteg as will be approximately 85 volc): (1) open con- B S8 J00 C AN, Y iwo plate fields are both brown, |
far as possible away from grounded metal,'such as nection to ’Ed" of volume coatrol R3, open R3, of thelscconda leads which connect to the voice coil are |
ipes, electric wiring, erc. Ground connection muss open bleeder resistor (purple) R4. Make all voltage both  vell qwith black tracer; Looking down into :
gﬂ used with Model 55. This ser will also mot tests firsc to get a gegeral idea of the wouble, chen d?e %G%:L the -parts -1ayoni-is as follows: Rear left
operate (as some A.C. sets do) with either antenna disconnect the set and test the suspected parts for ot L loNT anp!enna" ¢; to the right, ‘‘short
post conpected to the ground. The two A.F. out- opens, shors and grounds. A condenser, not shown OMAct, 8 & 5°-’ : : i

i i i i -gri antenpa’’ ; mext, oun: The four prong re- |§‘
put tubes used in the audio stage should be march- 1o schematic, by-passes the screen-grids. bt b e s b for e i

ed on a tbe tester, otherwise the set may hum. ggggdodededodddddibddibdddddddddt  dynamic reproducer; in front of that is the recti:

- i i it in front lef
3231(:? [Wi:lsle Ma:dyel oﬁt?crm::oﬁlc &i)e‘}txm:: F-4C. cast metal caps or contacts, which have a compara- cﬁg:n::ccigufh & ﬁge]{f“y&m%gzd s‘;lc‘ll:!etmfofr °V1 &
Do not remove speake; plug from socket when set tively low melting temperature. Accordingly it is L Lt foilowed Fiystisocond R.F.T.
is in operation. The ser should be operated with necessary in replacing these units to exercise com-  (oh oy, AT o "Wer® UV (front right corner)
the "Local-Distance’’ switch in the local position siderable care when soldering in order not to melt Vs (hoee I AR N A
i o e sm‘ifons' Apailum [% 40 hm£ e len dr%nclap’longn;;oz;ll:k;nigmlmn aﬂ;%‘:)lg ell:cuhiila‘} right corner). Going left along rear we find: the
2 f etector tube, whi in place y cerical X 3 ! :

siﬁ ﬁsueliig:ng:gﬂg;d;n%e?reat?: of output volume at cbn%cc:ion berween the cap and the lug to which it CARE. T, _.assembly ; ﬁfm' condenser assembly; filter

' i i i i i d ground |i
3 ing dial, cell as a2 is to be fastened. A few experiences in soldering "gbgkg_‘_;wbly. and, n .antenna an E
iﬂeghrfs?';;;‘;dp?'y%i °:f ‘gfs(:rlg:)‘:,g o,;" s:r?)sng“ stations. these new tubular resistors will quickly show the posts, pa_v._-wfum\er assembly. ; =~ E

' " . *QUALITY" H

| ANT. DOUBLE "PHONE" COND. s . VS CONDENSER :
\4Al ve V4 | TR TR2 :

:

£

e mrsmmn
TnuERLe

B

T e

o LT M L BT
0 &
u"

Y
Lr
gsv [
zZr -
3%
I+
am
o S
E pe]
2 Es
r-\r‘v—*
N
‘.4|‘] ¥,
X
-~
Y
Pgr—
SRV R
o
r
»
(2]
=
HE
0
©0

i e vt e i e e 08 € = P e R g e v o

GND
=
= 4 il
3
i = = FILTER 3
i i g N T RO e L 1% —— MAGNET (FIELD) COIL
piLOT® WA i = 1
i LGHT @, (gios) cs* a-p ;
1A =
3] f c3 ~ » A=
3 PILOT LIGHT =
ol {ggp [V %= $ - A
3 RESISTOR A
N L. . . BT DIAPHRAG
Rit (BIAS) /{’ MAROOM! (FLOATING) COIL.




OFFICIAL RADIO SERVICE MANUAL

TE

C-9
C-10
C-11

AT,

H

T

Tuning Condenser
Neutralizing Condenser
R. F. Grid Bias Condenser

R. F. Plate By-Pass Con-
denser 25 MF

Antenna Condenser .00025 MF
Primary By-Pass Condenser .00025 MF
Grid Bias Condenser 1.0 MF
1st Audio Coupling Con-

denser .1
002
25

25 MF

MF
MF
MF
MF

Detector Plate Condenser
By-Pass Condenser
Filter Condenser 2

MODEL-C
Figure 1

Filter Condenser

Filter Condenser

Filter Condenser

Phonograph Jack

Filter Choke

Filter Choke

Speaker Field

Detector Grid Bias Resist-
ance

1st Audio Grid Bias Re-
sistance

1st Audio Coupling Resist-
ance

Mid-Tap Resistance:

25,000 Ohms
1,750 Ohms

.1 Megohn
20 Ohms

R. F. Grid Bias Resistance 2,000 Ohms
Volume Control 15,000 Ohms
Hum Control 20 Ohms
Loss Current Resistance 3,600 Ohms
245 Grid Bias Resistance 770 Ohms
R. F. Plate Rsistance

1st Audio Grid Resistance
Antenna Transformer

R. F. Interstage Transformer
Input Push-Pull Transformer-
Power Transformer

HI-LO S.P.D.T. Toggle Switch
S.P.S.T. Toggle Switch

Dial Lamp

.5 Megohn

?
Cio

Tuning Condenser.

Neutralizing Condenser.

R.F. Grid Bias Condenser .25 MF.
R.F. Plate By-Pass Condenser .25 MF.
Antenna Condenser .00025 MF.

Det. Padding Condenser.

Det. Screen Grid Bias Condenser .25 MF.

* Det. Control Grid Condenser .0001 MF.
Det. Plate Condenser .0005 MF.
1st Audio Coupling Condenser 0.1 MF.

Cu
Ca
Ly
L.
]
D
R,
R:

MODEL-F

Figure 1

1st Audio-Grid Condenser 0.5 MF.
Filter Condensers 8.0 MF Each
Filter Choke.

Speaker Field 2500 Ohms.
Phonograph Jack.

Dial Lamp.

Volume Control 15,000 Ohms.

R.F. Grid Bias Resistance 620 Ohms.

Det. Control Grid Resistance .5 Megohm.
Det. Screen Grid Resistance .5 Megohm.
1st Audio Coupling Resistance .1 Megohm.

B

R,
R;
Rs
R,
Ry
T,
T,
Ts
o
B
B,

Ist Audio Grid Resistance .5 Megohm.
1st Audio Grid Bias Resistance 1750 Ohms.
Hum Control 20 Ohms.

Loss Current Resistance 4500 Ohms.
245 Grid Bias Resistance 630 Ohms.
Antenna Transformer.

R.F. Inter stage Transformer.

Input Audio Transformer.

Tower Transformer.

Ei-Lo S.P.D.T. Toggle Switch.
S.P.S.T. Toggle Switch.
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OFFICIAL RADIO SERVICE MANUAL

Radio Service Data Sheef

RPN A

; This receiver includes three stages of tuned
tlradio-frequency ‘amplification, mneutralized in the
E|'*Counterphase” manner. To test this part of the
ircuit, a continuity tester is used to check the
scounections which include, (in the circuit VI,
1or example), L2N, C5, and a few turns at the
slgrid end of L1S. The “micro-mikes” or neutra-
lizing condensers C5, C6 and C7 are located at the
Eright of the respective tube sockets. The procedure
fof balancing a receiver using the Counterphase
snieutralizing method will be described. Usually it
flis convenient to use a vacuum tube with one of the
i/filament prongs shortened so that the filament cir-
;cuft is open when the grid, plate and one side of
ithe filament are making contact. Now, tune in a
loud signal, adjusting all tuning controls very
fcarefully for exact resanance. Replacc V3 with the
ispecial . tube. (Always start with the R.F. stage
snext to the detector). Retune all controls until
f maximum volume is obtained. The “micro-mikes”
iare now adjusted. The best tool for this purpose
iis a piece of bakelite rod which has been shaped
ito a screw-driver edge. The correct position for
dthe ‘“inicro-mike” of any stage is baticecn the poiut
Iwhere the signal disappears and that where it is
gain heard. Now, replacc the dummy tube by
"3, retune set carcfully, and proceed to the next
tage; workiug toward the aerial. “Micro-mikes’’
:C5, C6 and C7 are located underneath the chassis,
Edirectly beneath the loles in the aluminum plates:
ror shields, Condensers C1A and C8 are circuit
tbalancers; C8 is another ‘‘micro-mike” adjusted
i (for maximum volume) with the insulated screw-
idriver. ClA is opcrated from the panel as- a
E¢*sensitivity” control,

o

O Q
Y5 v7
Tube layout of
the B-T “7-70”
and *'7.71.”

This receiver is designed to operate at a lie
potential of 115 volts, and the résulting tube vol-
;tages at this line value are given in a table below.
-If the line potential is below 100 volts, the power
“puck  will not function properly and hum will
result; the plate reading of V1, V2 and V3 will
he about 135 volts.

The electrical values of the units in this ‘receiver
@re listed below:

Resistors R2 and R3, 40 ohms; R4, 8 ohms; Rs,
770 ohms; R6, 4,000 ohms; R7, 1,700 ohms; RS,
34,100 ohms; R9, 1,125 ohms; R10, 3 meg.; RI11,

NT.
_,_/l- 1
BL L

BREMER-TULLY MODEL 7-70 AND 7.71

1,540 ohms. Condenscr C9, 0.25-mf.; C10, 0.25-mf.;
C11, 0.5-mf.; C12, .006-mf.; C13, 0.5-mf.; Cl4,
-00025-mf.; C15, .003-mf.; C16, .01mf.; C17,
-00025-mf.; C18, 1 mf, (400 V.); C19, 2 mf.,
(400 V.); C20, 2 mf., (400 V.); C21, 1 mf.,
(160 V.); C22 1 wmf, (400 V.); C23, 1 mf.,
(400 V.); C24, 1 mf., (400V.); C25, .00025-mf.
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A special design is followed in the construction of
AFT1; the primary is tapped, the smaller portiois:
having the corrcct. impedance for the phonograph?

Terminals for the reproducer -are indicated in
the schematic circuit as LS,
AFT1, AFT2, AFT3 and Cl16 are housed in ag
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=
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CONNECTIONS IN A, TRANSFORMER SHIELD CAN

C9, C10 and C11 in one case and C13 in another
(C9 and C10 have blue leads and C11 has brown
leads, and C13 has a yellow lead), are mounted
on AFT shield can, above lugs 9, 10 and 11,

The “resistance network” of the “Power Con-
verter,” as the current supply unit is called, has
its return circuit to “B—" completed through the
internal resistance -of the tubes, instead of through
an external resistor.

If a magnetic reproducer or separately-excited-
field dynamic is used, “jumper” connects posts A
and B. in power pack; when a high-resistance-field
dynamic reproducer is used its field coil may be
energized by connection to posts A and B, “jumper”
then shorting CH2 by being connected to posts A

and
The Color Code
1—Greew, V1, V2 and V3 filament supply, 1.5 volts;
2—Green, same as above;
3—Red, Filament supply for V4, V5 and V9;
+—Red, same as above;
S5—Yellow, filament of V6 and vz
6—Yellow, same as above;
7—White,. “B4.” power;
8—Green, “B+ - for Vs5;
9—Brown, “B+" for V1, V2 and V3;
10—Blue, “B+” for V4 (detector) ;
11—Yellow, “B—" and chassis ground,

Typical Voltage Readings

T}}xbc :{:ube Volgges s Plate Currcent (Ma.) SWITCH LEAD s

0. Type “A» “B” “C” Normal (Grid Test CONNECTOR .

Ve 1 = ! ” ) ANEC K FIELD-COIL” CONNECTOR BLOCK

V2 :26 1.4 150 9 5 12 !
2,72 ’gg 14 150 9 5 12 purpose of which is to eliminate oscillation of thef:
b 3-1 60 0 2 2 push-pull circuit -due to variations in tubes whenl}
= E 7 2.1 156 8 5 8. purchased or during the life of the power tubes,

% '71A 49 150 30 18 41 R10 and R11 are tubular resistors connected a
V7 71A 49 150 30 18 41 the tube.sockets.

A
i

single shield can, the connections being brought to|
soldering lugs. They are represented in these
columns by the numerals one to fourteen in small
ciréles. i

The panel switch marked “Tone Control” func-fg]
tious by shunting the secondary of AFT1 with C15if]
and the primary of AFT2 with Ci6. Normally, |§
there is.a shunt capacity of .00025-mf. connected tofd
the secondary of AFTI; it is Cl4. One side ofg
the secondary of AFT2 is shunted by C17, the

— RESISTANCE
NETWORK
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BRUNSWICK BALKE COLLENDER CO.

The Brunswick Models 14, 21 and 31 employ identically the same R.F. chassis and
essentially the same socket power umit. In the Model 31 S.P.U. the pickup jack has been
replaced with a radio-record switch, cable and input transformer. The input transformer is
necessary in order that the low impedance pickup as used on this model may be matched
with the relatively high input impedance existing in the primary of the first audio frequency
transformer. Commercially available pickups such as can be purchased for use with
Models 14 and 21 are of the high impedance type and therefore do not require the use of
this extra input transformer.

PHONOSRAPH JACK
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70 CONE
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™3
l IMFD.
10 FIELD
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/ /
_i475mFD. o=
T
ouTaee
PEAULRTOR
TUBE
SCHEMATIC CIRCUIT OF SOCKET POWER UMT
(Useo on *1¢ & %21 PROIOS) %
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or more R.F. stages oscillating; (2) low-emission
tube, particularly a 45 or the ’80; (3) open filter
or hy-pass condenser; (4) open grid lead in R.F.
or audio amplifier; (5) center arms of R9 or R10
not grounded or poorly grounded.

Abnormal hum, which appears usually on a strong
local or nearhy station and cannot be balanced out
with R9 or R10, may he due to condition (1),
ahove, and must be remedied before further adjust-
ment of R9 or R10. At the factory, these receivers
are neutralized for standard tubes, and the neutraliz-
ing screws then sealed with collodion to maintain
adjustment. Before attempting to re-neutralize the
receiver, it ‘is advisable to test the tubes or try
others; as an abnormal one may be the cause of
circuit oscillation.

Additional checks on the possibility of R.F. cir-
cuit oscillators are these indications: Distorted re-
ception of any or all stations—usually on the lower
wavelengths; a whistle or squeal preceding the sta.
tion being tuned in and ot due to a two-station
carrier heterodyne; motor-boating on all portions of
the broadcast band.

Standard practice in neutralizing this receiver is
as follows: Adjust an audio-modulated oscillator
for 1400 kec. and couple it to the “long antenna®
post of the receiver with a five-foot wire, one -end
of which should be wrapped two or three times
about the oscillator coil. Tune in the oscillator
signal on the radio to maximum volume, using both
the tandem-condenser control and C5.

Then allow the receiver and oscillator to operate
for about a minute (in order that the tubes may
become thoroughly warmed up and “‘stable”) and
replace the first R.F. tube with a tube of average
characteristics which is known not to cause oscilla-

neutralized; this tube must have an open
filament circuit. A fault into which some
service men fall is to neutralize with one
make of tube and then, after neutralizing,
insert a different make—the circuit may then
oscillaté more than before.

Adjust C6 (see parts layout) for minimum
signal. The signal intensity will be so
great that an entirely silent point cannot
be found.

Replace the neutralizing tube with the
standard tube, and repeat performance for
tubes V2 and V3; in each instance allowing

———spy. _CS5 _ar -
_% TC3  TC2 1
=

4 ic3

2 [a

]
g
£

GND SA LA
RADI) RECORD

Sw.2
{80TTo% viEw),

about a minute for the oscillator and re-
ceiver tubes to become stabilized.

If any difficulty is experienced in the
neutralizing process, check supply potentials

INATION RADIO AND PANATROPE i
BRUNSWICK MODEL 31 COMB :
i i i F. feed-back to the [
In this receiver a radio-record switch, Sw2, cable dens.cr may allow su(flc.len.t R. . e
and input transformer, T4, are used, in order that O RED Ispor previous stage to mzllce it |rr:ipossxblet:obeﬁlltcil’a:: %c::: ;
the low-impedance of the pick-up may be matched =} . signal minimum. s0, a dummy . e i
with the relatively high input impedance existing [BLacK fau m not have quite the necessary constants may 3
in the primary of TI. —f— difficult to balan'ce the circuits. . . .
- Rtefecr?'ing t: the parts layout sketch, uhits TCl, “ Ce The normal line-current ’(H,am of this r;ccwer_ls
re trimmer cc’mdcnsers in approximatcly 115 watts, e average voltages in-
’srlﬁlzn’t };)CJthean:mirf;(gyc;ldcnsers but not shown in {GREEN ] v Cu dicated at the termultals of the tubes are given in
the schematic circuit. 7 o an accompanying table,
This receiver is  in three sections: The R.F. Erh T = =
chassis, the “SPU” (socket-power-unit) chassis and ha Tube 'ljype e elggh:(?" “Na: ala’;
the dynamic reproducer. Field current for the Rﬁ €20 H No. 'l’ubc 3 o Y osnsl
latter is supplied by the SPU. Note that opera- s 9] Vi ’27 b : i 5.5
tion of the receiver should not be attempted. unless ~A- ~B- V2 ’27 2. 150 A 5.5
either the field coil of a dynamic or a 600-ohm V3 ’27 2.5 150 1 3.4
resistor is connected across the terminals for the V4 ’27 2.5 45 g ¥
two ‘“field” leads; this resistor must be capable W?_b] V5 ,27 2.5 145 b
of carrying 100 ma. 123 11y LS 16 V6 ’45 2.4 240 27 30.0
To_facilitate service, the R.F. chassis and SPU - v7 45 2.4 240 27 30.0
chassis are bolted to a single mounting board which, 0] KB V8 80 5.0 &5
in turn, may be removed from the cabinet by re- p-& . . .
i ini i O The values of the parts in this receiver are as
Lnol;‘;:;g retaining bolts at the rear of the mounting - D e ) hRI, ]215,0020 ohni;; RZ,RSSO(;S %l:)r(u)-ns;hRS,
For hum control, two filament shunt resistors, “D D 35,000 ohms; R4, megohms; R d ohms;
-t R9, R10, with variable center taps, are provided D o R6, 100,000 9hms; R7, 3,500 ohms; RS, 100,000
) on the SPU chassis. R9 is adjusted first and ohms; RS9, 23. ohms; R}O, 25 0’."’}15: R11, 4,000
thén R10. If R10 appears unresponsive, try other —0 @, ohms; R12, 70 ohms. The capacities used are as
27s at V4 and V5. Abnormal hum may be due I ff)llows: C9, .00015-mf.; C10, 0.2-mf.; C11, 0.2-mf_;
to one or more of the following causes: (1) One C12, 0.02-mf.; C13, .002-mf.; Cl4, 1.5-mf.; C15,

1-mf.; C16, 0.25-mf.; C17, 0.5-mf.; C18, .00025-mf.;
C19, 1.75-mf.; C20, 1.0-mf. The positions of L1,
L2, L3, L4, L5, L6, L7, L8 and L9 are obvious.

Trouble with the Panatrope portion of the re-
ceiver may usualiy be classed as: (1) Mag