
Marine Direction 
Finders 

Transistor Theory 

Industrial TV 

Philco TV Receivers 
for 1957 

Voltage Amplifiers 
in Hi-Fi 



The first 

low priced 

tube te•ter 

to provide 

DUAL SENSITIVITY 

SHORT TEST 

Triplett Model 

3413-B Tube Tester 

$79.50 

EDITORIAL STAFF 

Sanford R. Cowan 

Samuel L. Marshall 

Oscar Fisch 

Robert T. Ducan 

David Flsh 

1,..1111 Tepper 

Charles W. Gardner, Jr. 

San D'ArcJ 

Paul Coldber1 

Elbert Robberson 

Lawrence Fleldln1 

• 

Publisher 

Editor 

Assocbte Editor 

Technical Ed itor 

Edllorial Assistant 

Editorial AsslstJnt 

Production Manaier 

Contrlbutln1 Editor 

Contrlbulln1 Editor 

Marine Communications Editor 

Hl·FI & PA Ed itor 

BUSINE-SS STAFF 

New York 

ond 

Eost 

Chicago 

and 

Midwest 

West 
Coo st 

David Saltman 

Harold Weisner 

Carol J. Blnderman 

Madeleine Sturmer 

Admtlstnc Sale.s 

• 

Richard A Cowan 

Jock N. Schneider 

300 Wt»t .t3rd Street 
N!!W York 36, N . Y. 

JUd1on 2-4"60 

Jim Summers 

Suite 55 C 

Pure Oil Building 

35 £. Wodter Drive 

Chicago I , Ill. 
ANdover 3-1154 

Ted E. Schell 

2700 West 3rd Street 

Los Angelu 57, Calif 

OUnkirlc 2-4889 

Charle• W . Hoefer 

1664 Emerson S1ree1 

Palo Alto, Calif. 
DAvenp.ri 4-2661 

Business Mir • 

CIRCULATION 

Clrculatlon Manacer 

Ass't Circulation Mer. 

Circulatlon Procuslnc 

ELECTRONIC SERVICING (form~rl11 Raa:10-TV Ser11ice 
OetrlN I rs published mont.hly by Cowan Publlahing Corp., 
30-0 w..,.t 48rd Street. N"w York 36. New York. JUdson 
:?-~460. Sub8trlptlo11 Prkt-: $3.00 Ol1C! year. S~.on i-wo 7Hra 
in th~ Unlll!d Stal<'9. U. S. p..,.~ion., Canada and l'ite!xlco. 
Elsewher<' $1.00 f"'r )'t-ar additioruU. Single C.>Jliet 5(\c. Set-· 
nnd Clua Mail prh·il~eo autbor:hed at ~ew Y•>rk. ~ Y 

POSTMASTER: SEND FORM 3579 lO ELECTRONIC SER· 
VICI NG, 300 WEST 43rd STREET, NEW YORK 36, H. Y. 



VOL 18, NO. 7 Member 

i=ii/;1 

FEATURE ARTICLES 

1957 Philco TV Receivers, Part 1, by H. S . King . .. . .. 
New features, service and odiustmenr procedures. 

Introduction to Transistor Theory, by George Browne 
The semiconductor 01 o rectifier. 

JULY, 1957 

4 

6 

Radio Direction Finders In Marine Electronics, Part 3, by Elbert Robberson 
Orienta1ion and calibration of diredion linden. 

10 

Industrial TV, by Allon Lytel 
Rapidly growing use of industrial TV, ond opplicotioM. 

Voltage Amplifiers In Hi-Fi, by Lawrence Fielding 
Circuitry, feedback loops, and •ervicing. 

Power Amplifiers In Hi-Fi, Part 2 , by Lawrence Fielding 
MeOJurements of damping factor ond intermodulation distortion. 

CIRCUIT AND SERVICE FORUM · 

Complete Manufacturer's Schematics- TV 
R.C.A. 17-S-7090, -7090U 

14UY 38-C·O 

Video Speed Servicing Systems 
Admiral 20AX5 
C.8.S. 3000 series 

DEPARTMENTS · 

S. R. Cowan Ad libs 

Trade Flashes 

2 

24 

Advertisers' Index 

THIS MONTH'S FRONT COVER 

The photograph illustrates one of the delica1e s1eps in 
1he fabrication of o modern tranJlstor. Shown here ls 
the pro~ of spot welding the base lob lo the Iron· 
sistor header. 

Entire Conlenls, Copyright 1957, Cowan Puh/~hrng Corp. 

12 

14 

26 

. 15-22 

29-32 

Cover Ill 

COWAN PUBLISHING CORP .. 300 West 43rd Street. New York 36. N. Y. 

ELECTRONIC SERVIC ING e JULY, 1957 

P••••nts the 

dramatic new 

a rugged controlled magnetic microphone 

that provides unusual versatility 

and e1cellent performance . • . 

for Public Address and Home Recording 

This striking. streamlined unit gives you fine 

voice and music reproduction in a multiplicity 

of public address and home recording appli

cations. Whether you use it indoors or 

out, in the hand or on a desk or floor stand. 

you'll be delighted by its fine response. high output 

and beauty of design. The Commando offers you 

such important features as dual impedance, on-otf 

switch. and cable connector. 

The Commando ls sturd)''Blld rugged. Of patented controUed 

magnetj construction, it is unaffected by extremes. o[ temperatdre:- ~ 

and humidit}t~ and it can be depended on to maintain it.~ high Itel 

of quality through tough. sustained usage, year after year. 

i1 available in three models: 

D•LUXE Model ..... 0 .. 

A dual-impedance unit with A25 swivel 
adapter, on-off switch, cable connector 
UST PRICE $38.50 

LAVA LI Ell Model "420 .. 

A dual-impedance unit with lavolier cord 
and dip asse mbly UST PRICE $30.00 

STANDARD Model ... , ... 

A high impedance unit with A25 swivel 
adopter LIST PRICE $27.50 

1N ILI CYRONICS :irMCI 'Pa5 • SHUii£ IROYHHS, INC. • 222 HARTREY AYE.• f VANSTON, ILL. 



RCA 

2 

for Servicing in "Quick Time" ... 

ALWAYS USE 
RCA SERVICE PARTS 

Fact is, it's not only quirkcr, but mr>re projiJablc when you use RCA 
Service 11arts for servicing RCA Victor 'lT, Radios and Phonographs! 

Makes sense, too, "'hen you realize Lhat e,~ery one of Lhe thousands 
of R CA Sen;ce Parts have been designed and produred for one 
purpose ... to rl'place onginal parts used in RCA Victor instruments. 
Each is an identical mechanical and electrical duplicate, factory-tailored 
to fit without time-consuming filing, drilling. or sawing. Out with 
the old, in with the new ... it's as simple as that! 

On your next t rip to your local distributor, stock up on fit-right, 
i nslalJ-fast R C A Service Parts-and keep your .~aricing 
on flte go-profitably! 

• RADIO CORPORATION of AMERICA 
COM PONENTS DIVISION CAMDEN, N . J. 

PRODUCTS AND RCA SERVICE PARTS-mode For e ach other 

by S. R. COWAN 

Al li/Jf 
Low TV Prices and Low Morale 

D r. Allen B. Du Mont, when intro
ducing his firm's 1958 line of T V re
ceivers recently, reviewed the hJ.Story 
oI TV, show10g bow picture cube sizes 
became increasingly large, growing 
&om 7" to 24" with 21" tubes becom
ing most popular. Now with the in
troc.lucnon of portable TV models, tube 
sizes have gone down and down. The 
14" portable seems to be most popular. 
List price levels and profit margins
anc.I even quality of TV ~cs have been 
squeezed in the bitterly compecitive bac
tle for mass quamicy production and 
volume sales. • \ccordi11g to D r . D u 
Mont, ar present m.1ther manufacturers, 
dmributors, dealers, nor servicemen are 
making money nor are they satisfied 
with their earning status. 

B; ridioh prices c.lown and down, 
~ome of the big producers have un
doubted!} forced some compemors out 
o[ business, but till y Lhcmsclves .ire 
not real1Z1ng the profits thev h.1d hoped 
lo come U}, .i~ moq portable TV seLS 
are sold on an extremely narrow profit 
margin. In focr. some manufacturers 
are operatin~ at senous los5es because 
their portable \'Olume has supplanted 
their \landard ,jzc models m sales vol
ume. One \'Cf}' important TV executive: 
told me n~.:ently thJt "the entire TV 
manufacruring field seems demoralized 
bur no nnc h:1~ had ~cnse enough co 
pull his hand out of the fire that is 
hurnin,g him." 

All of 1hi~ "-'q11eezing" ar rhe manu
facturing :rnd sdlin{! le,·els has had irs 
effect on all radio 'TV servicemen A 
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man paying $179.00 for a console TV set 
docs not consider ;:i $30 service bill cx
cessi ve ::ifter using his seL one year. That 
same man. 1£ he paid $79 for a portable 
'Cl, would probably consider $20 coo 
steep a bill for servicing after a year of 
use. The a\'erag1:. man. for no logical 
reason, bclie\'eS there should be a par
allel relation between original cost and 
snbsequem rn::iintcnance cost. 

,\ cLUally, .i scr\'iceman might enjo} 
a normal profiL by charging $20 to fix 
an older type ea~y-to-get-at chassis, and 
finJ himself losing money when he 
ch<trgc~ $30 w fix some of the poorly 
designed, hard-to-work-on, cheaply sold 
portables appearing on the market. 
Meanwhile, the public is nor aware of 
the diificuhy in servicing these hard-to
gcc-at receivers and "takes it OUl", so 
to speak. on the servicem:in. 

In conmlSl. for Lhe past 10 years. 
automobile m.rnufacLUrers have :idded 
imprMements to their newer models 
and although they :ire more compact 
and more. complex, manufacrurers have 
r:ti!>c:d their selling prices accorcling
k Compare t.hi.; practice with TY 
set makers who have continuouslv 
added impro\'ements but at the sam~ 
time have dropped selling prices and 
profic markups in a prime desire. it 
would ~cem, to ou1sell in volume all 
of their compeucors. Today\ automo
bile mechanic gets paid much more for 
:iny given repair job compared to what 
he got fo r thar same job ten years a~o 
mJinl} because tocb" 's cnrs ::ind rc
pLlcemenr componenr~ sell for higher 
prices than they did formerlv. Car 
0\\'ners recognize Lhis fact. \ radio TIY 
serviceman-in absolute contr:m--docs 
no: get anywhere near what he should 
.!Cl for repairinl! the prC!ient-day vin
tage T V set because 1 he~ were priced 
too low to begin with; and in addition, 
repbn·mcnc tube .incl parts price~ have 
!!One down ~;c,1clilv. 

So. T\' set man~facturers. whv not 
ncrc;1-;e the quality of your line~up 

their ~llin,:: prices-up your profit 
margins. This will henefit vou. and at 
rhe ~amc time mcreasc the possibility of 
your sen·ice dctler~ and ~crviccmen of 
hcing :tblc to m:ikc profits and enjoy 
norm.ii growth. It's not too late to get 
out of the: price-dropping doldrums 
we've hec. n in fo r 100 Ion~ a time. •• 
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Mr. Independent Service Dealer . .. 
IF YOU'RE FEELING THE SQUEEZE of 
Rising Costs • National Service Cornpany Conipetition • Lack of Manpow(Jfr 

Better look into the 

BONDED ELECTRONIC TECHNICIAN PROGRAM 
Today, more than ever before, qual
ifying as a Raytheon Bo nded Elec
tronic Technician will help )OU in 
many ways : 

First, vour service work is backed 
by a Bond issued throug h one of 
America's largesr insurance com
panies. This bond means you can 
charge and ger a proper price for 
your work because the bond crcaies 
cusromer confidence i n your shop. 

Second. you get Lhe services of 
Western U nion " Opecaror 25," 
who. in answer to requestS, is send
ing customers co Raytheon Bonded 
Dealers from coast ro coast. 

Third. you gee ihe backing of na
tional adverrising which sells your 
homitd service as the customers' 
best buy: 

fourth, you become a member of a 
national group of service dealers 
who can fearure the national sym-

bol o f superior TV-radio serv
ice . . . 1he Ray1beon Bonded 
Decal. Yet 1 011 r t l a i11 j ONr own 
i'1dt ptmlt11ce. 

Fifth, you 'll find technicians pre
fer 10 work for Raytheon Bonded 
Dealer organizations because these 
companies have earned the respect 
of their cus1omers. 

Y o ur Raytheon Sponsoring 
Bonded Tube Distributor will be 
glad 10 e~plain Lhe program ro you. 

TV-Radio service is your business • •• serving you is ours 

RAYTHEON MANUFACTURING COMPANY (-R~ce1v1ng and Cathode Roy Tube Operolion1 

Newton, Mau. • Chicago, Ill . • Atlanto, Ga. • Loi Angele•, Calif. 

Aaythoon mak•• J Receiving and Picture Tubes, Reliable Subminiotur"' end M iniature Tube-,, 
all the ta \ S•miconduclor Diodes ond Tron1isrors, Nvcleonic Tubc-s, Microwovt TubtH 
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PIN 12 
[AL 

1957 Philco TV Receivers 

rail 1921 

__,.. 
-=---~-- PIN7 .... 

A2 

Fig. !-Checking filament continuity is facilitated 
by the use of test points shown above. 

PHILCO Corporation's 1957 televi
sion line feamres O\•er om. hundre<l 

and twenty models includmg portables. 
table models and consoles, with three 
b<tsic chassis series. All chassis are ver
ticalJy mounted. 

Serviceability 
The following service femures arc 

true of all models. 
l- The picture tUbe safety glass is 

removable from the from of the cabinet 
for cleaning purposes. 

2-All cubes and fuses are easily ac
cessible w1Lh lhe removal of the cabi
net back. 

3--T uner oscillator adjustments can 
be accomplished from the front wiLh 
removal of the channel seleccor knob. 

4--All service controls are accessible 
Crom the front or through openings in 
the rear of the cabinet. 
5-:~ • .fost of the circuitry is contained 

on three of four prinLed-wire panels 
permitting the replacement of many 
components without removing the 
chas~lS. 

6-Ser\"lc1ng the printed-wire panels 
is facilitated by the inclusion of com
posite views of each panel in the serv
ice manuals showrng signal waveform' 
and voltages to be found at Lhe vari
ous ric lugs and test points on the 
panels. 

4 

Portable Models-Chassis 7E10, 7E11, 
and 7H20 

Selenium recufiers (one in the 
7El0 and 7Ell , lWO in Lhc 7H10) arc 
mounted wilh spring dips while the 
\vires •tre auachcd wilh pin conneclOr~ 
making replacement a snnple oper:i
tion. A looped flexible resisror-Iuse 1s 
mounted directly over the selemum rcc
ufier. with pm connectors. 

Chassis of Lhe 7£10 series conlain 
three primed-wire panels. The verti
cal oscillator, vertical oULpuc and hon
.l(Jntal oscill ator stages arc on Cll1t 

panel: anoLhcr panel contains the / f 
swges and video delector and the third 
pand contains the video .1mplifier. au
dio amplifier. sound if, limiter and de
rector. audio output and s~ oc separacor 
stages. The third panel 1s moumed 111 
the oLhcr side:. of the chasStS in back of 
the if panel. The rube~. however, pro
ject to the rear through openings in che 
chassis and are therefore accessible with 
removal of the c;1binet back. 

Filament Circuit Service Procedure 

The. lil:unrnts of all tubes induding 
che CRT, in portable models. arc in 
i.eries .1cross tht.: 117 volt, CiO cycle power 
source. ro view of the problem that 
che scno. fil.1mcnt string can present 
Lo Lhc service technician, :n locating 

by H. S. King 

Supervisor, E/eclronic Training Dept. 
Philco Corporation 

.1 burnecl ouc rube • .i means has been 
provided to facilitaLc locating such dc
tccuve tubes. A ~cries of test points 
art provided which make possible a 
unple trouble-shooting procedure. 

The localion of these rest points on 
rhe chassis is illustrated rn Fig. 1. The 
mnio test point is indicated by the star 
.ln<l is pin 1 on the CRT ~ocket. The 
remaining test points arc alon~ the fila
ment smng so thu erTectively the entire 
Mring is divided by the test points into 
~roups of from 2 to 4 sragcs. In Fig. 2 
.111 of the stages are illustrated in block 
d1Jgram form in relation lO the series 
til.imenc connections and the various 
IC.\l points. 

.\ ssumc that a tube on the oscillator 
p.md (vertical or horizontal) is burned 

~o----vvv...J 

°1-
7AU7 6CS7 

out. To locate the panicular tube, first 
connect an ohmmeter bet\veen chassis 
s:tround :incl pin 1 of the CRT ~ocke1. 
the st~u test point. T his test would de
termine me cont.inuity of all filaments 
between the CRT and ground. Re
cei\'er power, of course, should be 
turned off during this test. Since the 
defective tube is on the oscillator panel, 
the ohmmeter would give no rea<lmg. 
T he next test point is Bl on the oscilla
tor panel. At this test point the meter 
would still give no reading indicatLng 
Lhat the defective tube is between that 
pin and the remaining tubes ro ground 
which would include the tubes on the 
oscilJator panel and those of the tuner. 
• \n ohmmeter check at the next test 
point. B2, would give a meter reading 

5T8 68Y8 6AW8A 12CA5 

2AF4A-7EIOU ONLY 

Fig. 2 Block diagram illustrating the position of various test points along the 
series filament line. These are the same points shown in Fig. 1. 

ElECTllONIC SERVICING • JULY 1957 



A description of new fea

tures in the 1957 Philco 
line. Servicing and adjust
ment procedures are also 
treated. 

inJk.1Lin~ lh.ll one of the rubes on t.he 
o~.:ill.1tor p.md L~ ddeclive. Since only 
2 mb~ are on tht:. panel it is relauvely 
casv to d1eck those tubes for :ln open 
Jil.1 mem. 

Fig. 3- Two position metal strap 

for focusing adjustment. 

lf the original meter check at the star 
test poim (CRT pm no. 1) had shown 
conrinull\, the procedure would have 
been LO work back through the other 
leg of the filament circuit, through test 
prns Al and A2. 

Focusing Procedure 
The picture wbe is an electrostaric 

focus t} pc. On the base of the C RT. 
a metal strap connects pins 2 and 6 
(Fig. 3). Pin 6 is the focus anckk .m<l 
pin 2 1s the conrrol grid which is near 
~round potential. Thus the focus .mode 
is near ground potential. In some in
stances, better focus can be achieved 
with .1 higher voltage on the focus 
anode. This is .1ccomplisbed by remov-

[ Continued on page 34] 
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. how long would it take Y!rn 
to solve this service problem? 

SYMPTOl\11: 

S meared Picture 
(showing black 
streaks trailing 
from blacks) 

Let's take a look at this problem: A 
smeared picture sucb as illustrated above 
is caused by excessive low-frequency re
sponse coupled with poor high-frequency 
response. Look for the following possible 
causes: 

fBeMd on an actual c.aa.e n1ator)' taken from lh• Ho"Nard W S•m• boo\ .. TV Servlclno Gu1de0) 

1. Defective video amplifier, video output, or Picture tube 
2. Low value of coupling capacitor C51 or C53 

3. Low value of grid resistor R46 or R52 

4. Open cathode bypass capacitor CSO or C52 

S. Open series-peaking coil L23 or L21 

6. High value of plate resistor R44, R48 or R49 

With the applicable PROTOFACT Folder at your fingertips, 
you trouble- hoot and solve this problem in just seconds. 

Here·~ how: 

Check che Video Detector (V7) and the Video Amplifier (V8). 
J ust refer to the T ube Placement Chart (you"ll find ii in every 
PllOTOFACT T V Folder) ror quick location of these tubes. 

Tubes okay?-then: Check the waveform at pin 7 of V7. 
The correct waveform is shown right on the PllOTOFACT 
Standard Notation Schematic. Waveform correct ?-then: 
Check lhe voltages in the Video amplifier and Video out
put stages to determine which part is defective. T he cor
rect volwges appear r ight o n the exclusive Standard Nota
tion Schematic, along with resistances (shown in easy-to
read chart form). Exclusi'e PHOTOFACT chassis photos 
with ··call-outs·• keyed to the schematic help you locate 
the raully parts in just minutes. 

Whalc\er the trouble. you·11 locate it faster and easier 
with a PHOTOFACT Folder by your side. Be sure to use the 
complete Replacement Pans List to select the proper 
replacement for the repair. 

Use the servicing method you prefer-checking of waveform, voltage or resistan ce
you'll find all the information you need at your finger-tips in PHOTOFACT. 

For only *2 Y2¢ per model, PHOTOFACT helps you solve your service 
p roblems in just minutes-helps you service more sets and eorn more daily! 

•i!iised on tho a>erage numb« ol modtls co•tred In a aln;lt stl ol PHOTOFACT Foldtr• • 

• HOWARD W. SAMS & CO., INC. .,,._. 
aww11.111.£. I Howard W. Sams & Ca., Inc. (t 

: 2209 E. 461h 51., Indianapolis 5, Ind, MONEY BACK 
GUARANTEE! 

Got a tough repair? Try lhis-at Howard W. Sams' 
own risk: see your Parts Dlslrlbutor and buy the 
proper PHOTOFACT Folder Sot covering tho re
COIVCr. Then use II on the actual repair. If PHOTO
FACT doesn't save you lime, doesn't make the 1ob 
eas•er and more profitable for you, Howard W. 
Sams wants you to return the complete Folder Set 
dtrect to him and he'll retund your purchase price 
promptly. GET THE PROOF FOR YOURSELF
TRY PHOTOFACT NOWI 

FOR SERVICE 
TECHNICIANS ONLY 

Fill o u t a nd m o il coupon 
loday for f ree s ubsc.ri p lian 
lo l he Soms P holofoct Ind ex 
-your u p -lo-dote g ui d e t o 
virtually any receiv er model 
e ver to come inro your shop. 
Send coupon now. 

I O Put me on your mailing ltsl to receive lhe Sams Photo
: fact Index and Supplements. My (letterhead) (business 
1 card) is attached. 
1 

0 I'm a Service Technician: 0 lull time; 0 part llme 

My Dlslrlbutor is_·------------
Shop Name 

Attn:·------~ 
Address: _____ _ 

City___ one-Stal"-----
--------- ----------------------~ 

s 



,...... 

HOLE MOTION 
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fLECTRON MOTION 
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Fig . 5- H.:1le motion sets up an 
equivalent electron flow in the 

opposite direction. 

A "pure" crystal of germanium is 
one in which no impurity atoms 

arc present. At a temperature of .1h 
solute zero (-273-C) a pure crystal o( 

gcrm:rnium conmms no free electrons 01 
holes. and therefore 1s a non-conduct0r. 
.\t room temperature (approximat'-h 
300°C above zero) t.he heat imparted 
11 chc· ..:ryst.tl liberates some electron' 
from their eleClro11·pJ1r bonds lca\'1111;! 
holes in the \'acated ,1toms. Thus, as an 
dcccron is Creed a hole is geoerared, g i,'
ing rise to "electro11-/Jole pairs." 

Intrinsic Conductivity 
T he number of electrons .md holes 

freed in this manner 1s obvwu~h equ.11. 
These free charges, sometime~ called 
"carriers," mo,·e abour with randnm 
mouons. except when subjected to an 
e.\tema) electric field. Such .1 fiel<l may 
be set up by connecting a batkr\' acro~s 
the opposite ends of the crysr:il. C'udcr 
these condnions the hole motion m till' 

semiconductor is toward the negative 

MAJORITY CARRIERS-ELECTRONS 
MINORITY CARRIERS- HOLES 

(:f) 

® 

® 
+ 

® 

- ® 

+ 
+ 8 

(:f) 

® 

(A } N-TYPE 
(±) DONOR ATOMS 
8 ACCEPTOR ATOMS 

Introduction to Transistor Theory 
Part 2 by George Browne 

This second installment analyzes the mechanism 

of the semiconductor as a rectifier. 

termi n<tl and the electron mouon to· 

ward the positive termmal. 
Tht: presence of dectron ancl hole 

earners enables the semiconductor co 
conduct eleclricity. The conducliv1ly in 
a pure semiconductor acquired as a 
resull of heat energy (or any other dis
rurh:mce that frees electrons and gen
erates holes) . 1s called "in.rtrins1c con
t!uct11•1l>." It should Ix emphasized .it 

this point that the intrinsic holes and 
declrons present in the semiconductor 
.ire separate and d 1stu1ct Crom the holes 
and electrons generated hy impun~· 

. ttoms. 

Current Produced by Holes and 
Electrons 

The manner in which holes :tml clec
trom produce a current Aow in an ex 
ternal circuit of a sem1conducmr con 
nectcd across a b:mery is shO'-''tl in F1;,.. 
5. :\ little reflection will rev~1I that 
hole flo\\ is cqlll\ alent 10 conventional 
electron Aow in the opposile direction. 

MAJORITY CARRIERS-HOLES 
MINORITY CARRIERS-ELECTRONS 

8 + + e + + e I 

+ 8 + - 8 + I 

8 + + e + + 8 I 
( 8) P-TYPE 

+ HOLES 
- ELECTRONS 

Thus. in Fig. 5, we slJrl wii.h atom No. 
I in w hicb we assume chat a hole (hole 
1) has been generau:d by heat or somt 
01 her form o( encrg). This hole no" 
'1cals clccLron e:? from atom 2 leaving 
hole 2 111 .uom 2. :-\ow hole 2 steals an 
electron c:. irom atom 3 leaving hole 3 
in atom >. Notice that in this process 
the hole motion is &om right to left. 
whereas the eleccron motion 1s from left 
lO righL. Thus, hole motion 1n one cl1-

rccuon 1s equivalenc to electron flow in 
the opposice direction. 

Majority and Minority Carriers 
In the pre"ious installment it wa~ 

C:\tablishecl that N-t) pe semiconductors 
.ire those in which the addition of im
purity moms results in the production 
oE a small number of &cc or unbound 
electron~. S1mibrly. P-type semiconduc
tors :ire those in which the ;uJclition of 
impurit} .1loms produces a small num
hcr of hole~. 
H ole~ ;rnd elccrro11s in sem1coadur 

ELECTRON FLOW 

1ors, comribmed by impurity .1toms, ad<l 
ro the number of electrons and holes in
crinsicall} prescm in the rnalerial. The 
total number of carriers present is the 
sum of the carriers contributed b} both 
the impunn atoms and the intrinsic 
electron-hole pairs. 

It follows then, that in a P-type semi
con<luctor there will be many more holes 
t.han intrinsic electrons. Similarly, in an 
!\'-type semic.onductor there will be 
many more electrons than intrinsic holes . 
The declrons 111 an N-typc sem iconduc
tor and I.be holes in a P-rype arc ollcd 
"mu1ority curners." On the olher h::i nd . 
electrons in P-type semiconductors, :ind 
holes m N-type semiconductors are 
c;1llc<l "minority carriers." 

Thus, when donor acorns are added to 

.1 .semiconductor the number of free 
electrons (majority carriers) increases 
but the number of holes {minority car
riers) remains the same. On the other 
hand, when acceptor atoms arc aclded lo 
<l semiconductor the number of holes 

ELECTRON Fl.OW 

I 
iA =is 

Cf> Cf> EB - - I EB EB ® 
I - - - - -

+ + + 
I 

I 
- - - -- EB 

I 
_- -_ + -_ Cf) 

Cf)- i @ = ~ - I e e - e 

(A) iA (B) is 

- 11 + 
+ •I -

Fig. 6-How N- ond P-type semiconductors are shown pictorially. Fig. ?- Direction of electron flow for different battery polarities. 
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( majonty carriers) increases buL ilic: 
number of electrons (minoriLy carriers) 
remains che same. It is ev1dent, Lhere
fore. from the above, chat P-type semi
conductors will always contain a certain 
number of free electrons in addition to 
holes, and N-type semiconuuctors a cer
tarn number of holes in addition to free 
elecLrons. 

Effect of Battery Polarity Across N
and P-Type Semiconductors 

~ - and P-rype semicondut.tors are 
convenuonally illusLrated in the manner 
shown in Figs. 6A and 6B respectively. 

In Fig. 6A we observe that the ma
jont) carriers are distributed at random 
throughout che germanium crystal. 
Here and there we show a bole m order 
to depict the few minonn earners 
pr~cnt. The electrons are inclic.:lled bv 
mi nm ~1gns, the holes by plus signs, and 
che donor atoms by plus signs \\ iLh 
c!rclcs drawn around them. 

lt \\ 111 be recalled Lhat a donor arom is 
an 1mpunty atom which replaces a ger
m.inium :itom, nod in thi~ process frees 
an cleCLron. The impurity atom remains 
with a net positive charge as shown m 
this figure. 

In Fig. 6B we show a similar condi
tion for the charges present in a P type 
semiconductor except that in this ca~e 
rht• ma1ority carriers are holes instead 
o( electrons. The holes and electrons are 
symliulized as in Fig. 6.1., and the ncga-
1ivcl\' charged atoms are idenLified by 
mmus signs with circles drawn arouml 
them. H ere and there we show an 
elcc1ron LO depicc a few mrnoritv car
riers present. 

\\'hen a batter} is connected acro~s an 
r-. l) pc semiconductor as shown in Fig. 
i.1 the electron !low in the semiconduc
tor is from left to right. If the b.merv 
1s revt.:rsed as in Fig. 7 8, the electron 
flow i~ from nght to left. We previous!}' 
<lcinonstratcd (Fig. 5) that hole flow 
\Vas ,to equivalent dectron Bow in the 
opposite dir~ction. Therefore, the net 
current in the ammeter includ~ the 
electron tlow which comprises the ma
jority carriers, and the hole flow which 
comprises the minority carriers. The 
currents in Figs. 7A and 7B are equal, 
the battery reversal merely causing a 
current reversal. A semiconductor, by 
itself, does ooc favor current flow in any 
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PRACTICAL AID m 
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1nst11!1t1011, adjustment, and 
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• Sans time 111 lacabzinf 
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• Sturdily bound m lie !lat, 
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FREE OF EXTRA CHARGE WHEN YOU BUY RCA TOP-QUALITY RECEIVING TUBES! 

Here's pradical information on Color TV. Clearly written by 
John R. Meagher, RCA's nationally recogniz:ed authority on TV 
servicing and originator of the famous RCA Pict-0-Guide 
for black-and-white TV. It' s profusely illustrated with full-color 
photos taken from an operating color-TV receiver. 
Step-by-step instructions and diagrams provide many labor
and time-saving short-cuts for profitable color-TV servicing. 
Build up your share of the dynamic color-TV service market 
with the new PICT-0-GUIDE. Get your copy from your 
RCA tube distributor ... today! 

~RECEIVING TUBES 
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Getthe most out of your test equipment budget by u:ilizing HEATHKIT 
instr, 1rr ~nts in your laboratory or on your production line. Get h1'Jh 
qualitv equirirnent, without paying the usual premium price, by dealing 
direc I, Nilh the manufacturer, and by letting engineers or technicians 
assemble Healhklts between rush periods. Comprehensive instructions 
Insure minimum construction timi You'll get more equipment for the 
same 1nveslmenl, and be able lo fill your needs by choosing from the 
more than 100 dif.erent electronic kits by Heath. These are the most 
popular "do-it-yourself" kits In the world. so why not investigate their 
possi 1ilities In your partlcular area of acllvily! Write for lhe free 
Heathkit catalog now! 

--e i ---------------------
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I 

~ FREE catalog 
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Con ta ns detailed d~scrintlor:. 
of Healhkll mO'Jc Is avalLlble, 
Including VTVM's. ~copes, 
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POwer sur.Plics. etc. 

Also describes H'!athkif ham 
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e>rofitable "do-it-yourself'" 
projects! 
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given direction; that is, iL conduct~ 
equally in both directions. 

P-type semiconductors behave m the 
same manner except that the holes. 
whic.h are now majomy earners, give 
rise to an equ1valenc dectron flow, 
wluch, when combined with the few 
mmm1c mmonty carriers (free dec
Lrons), constitutes the total current flow 
in the circuit. 

N-P Junctions 

\Ve are now reacly to study the action 
of semiconductors as rectifiers. In Fig. S 
we show a diagram of an :'\-type semi
conductor joined mtimately along one 
of its surfaces with a P-type semicon
ductor. The surface along which both 
semiconductors are joined 1s called a 
";unction.'' 

Electrical measurements indicate that 
the ratio of charged atoms to carrier~ 
:ilong .1 1unct1on 1s ccimparativdy high. 
This condition may be explamed in the 
following way. To begin w1th, the N
t ype m;uerial po~sesses no net charge, 
since the number of intrinsic holes and 
electrons are equal, and the negative 
charges on the free electrons are bal 
Jncccl by the positive charges on donor 
atom cores. By similar reasoning, it can 
be seen that the P-cype material is also 
without any net charge. When the rwo 
are brought together, however, to form 
a junction, there is an inilial flow of 
electrons from the N- to rhe P-type 
rn:uerial, and a flow of holes from the 
P- to the N-rype m:i.Lerial. As a result of 
this iniual flow, the :'\-type. matenal ac
quires a net posill\'C charge and the P
type a net negative charge. A field is set 
up in the process which rends to oppose 
further flow. Th1s action continues until 
a condicion of d}n:unic equilibrium is 
attained between the strength of this 
fid<l a ncl the £low of carriers due to 
thermal and other possible sources of 
energy. The field thus created repels 
the electrons in the N-type material 
away from the junction and similar!> 
repels the boles in the P-t) pe material. 
Io this manner, the area in the imme
diate 'icinity and on each side of the 
junclion is conspicuous by a preponder
ance of charged at0m cores, and a scarc
ity of electrons and holes. Thus, in the 
donor region of an )J.p unit a positive!} 
charged :trea comprising donor atoms is 

It 
E-

Iq 

EL£C1"RON FLOW HOLE FLOW 

,...---EQU/VALOO 
+ ~ PommAL 

N-TYPf ~I--. P-TYPf 
(DONOR} I ! (ACCEPTOR) 

- @ - @.tt' e e + e + + 
- + EfJ 6 - + + 
_+:.-:._ m + - e + ++ + a:. _w@e -+ 
- W- -+ - + - -- - Et!Et> ee+- ++e 
- - -Et>- - <I> e + +e + + + 

I 

JUNCTION 

Fig. 8- N-P junction charge distribution. 
Equivalent battery depicts polority of 
charges on atom cores along junction. 

fouuJ concemrated along the junction. 
Similarity, in the accepror poruon of 
this unil a negatively charged area com
prising acceptor atoms is found con
centrated along the junction. 

These charged areas at the 1unction 
oppose Lhe flow of majority carriers 
across the 1unction. Thus, the positive!} 
charged atoms in the donor material 
oppo~ the free Ao\\' of holes from the 
acceptor material into the dono1 maLe
rial. and the negatively charged atoms 
in the acceptor matenal oppose the free 
£low of the electrons from the donor 
material into the acceptor material. For 
Lhis reason the area in the immediate 
\•icimty of the junction aces like a 
charged capacitor, \\·ith a polanty as 
indicated by the cqUJva1em battery 
drawn in the figure. T his battery is 
shown connected acros:; the junction in 
clashed lines. 

Forward and Reverse Current 

'.'Jot wnhstanding the oppo,1uon 
off creel by the charged atoms .1t the 
junction there is sufficient energy con 
rained in some of the majority carrier.~ 
to overcome chis retarding field poten
tial so that some of 1 he electrons u1 the 
N-type material manage to diliuse into 
the P region and some of the holes in 

the P region manage to diffuse imo th .. 
N region. This majority carrier diffu
~ion i~ referred to as "f orrvard c11"ent" 
and is usually 1nd"'-.atcd by the svmhol lr 
;\s shown at the top of the figure. 

As far as the effect of this field on the 
minority carriers is concerned, we find 
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( 8) REVERSE BIAS 

Fig. 9- Bottery connections for forward and reverse bias. 

thar a different situation exists. 111 chis 
case the minority carriers arc the few 
electrons present Ul the acceptor material 
and the few holes in the donor material. 
Mi.norn Y electrons in the acceptor ma
terial may easLly cWfusc inro Lhc donor 
material because the pasitive charge layer 
of the donor acorns at the junction is 
always a source of attraction to these 
dectrom. The same reasoning applies 
Lo holes in the donor material. The 
junction layer of negatively charged ac
ceptor atoms is a source of attraction to 
the holes on the other side, and results 
in a diffusion of these holes inco the 
acceptor material. 

This minority carrier diffusion is re
ferred as "r~erse current' and 1s sym
bolizeJ by I:. It must be kept in mand 
that the total number of minority car
riers is Yery small so that only a few 
opposicclv charged atoms are required 
to atcrad all of them. The resulting 
"satur.Hion'' current is also small and 
independent of the magnitude of the 
retardrn~ .fidd potential. 
. . \ s a final consideration on this topic 
It m1ghL be pointed out that with no 
external field applied, the N-P junction 
is in a state of thermal equilibriu.m. that 
is, equal and opposite thermal forces 
exist in all directions. Because of this 
the forward and reverse currents Jre 
equal, that is, the electron and hole flm•• 
for forward and reverse currents are 
c:qual, or It as cqu.tl lO li; as ~hown in 
Fig. S. The net current Row throuah 
the P-1' 1unction is therefore zero. This 
must be the case, othcnvise we would 
bave to conceive of a siLUauon where 
electrons or holes arc being constancl~ 
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emitted out of the material into the 
outside space. 

Forward and Reverse Biasing 

1t is obvious that removal of the field 
created by the charged atoms along the 
junction will promote the flow of holes 
from the P-type into the N-type mate
rial, and &ee electrons from the N-type 
mco the P-type mJterial. This con
stitutes an increase Ill I,, chc forward 
current, and ma)' be accomplished by 
connecting an external battery to the 
open ends of the N-P junction in the 
manner shown in Fig. 9A. T he battery 
connected as shown is said to provide 
a "forward b1al' to the N-P 1unction. 
Under these condmons the previous bal
ance between It and ls no longer exists, 
and a net forward current Ir minus Ii: 
will flow in the circuir. 

It should be kept in mind that even 
with the reduced field resulting &om 
forward bias, the total number of minor
ity carriers present in the material will 
dilTuse across the junccion. Thus, the re
verse current is independent of applied 
voltage, represenung, as before, sarura
t ion .• \ c first it may seem stranoe that . ~ 
saturation reverse current should persist 
m spite of the reduced attractive force on 
the flow o( reverse carriers. H owever, if 
we will recall chat the small number of 
reverse carriers which exist requires a 
very small force of attraction to set them 
in motion. the reason for the saturation 
reserve current will become obvious. 

If. inscead of connecting the external 
battery as in Fig. 9A, we were to connect 

[Continued on page 35] 

(A series u/ sn"Vice hints gh>at1ed 
from the uoteboo~·s (JI Mallory 
desig11 and opplicatiou e11gineers) 

Onc.e in a while, on some special senice job, 
you ~e apl to need a non-polariwd capacitor. 
H eres a way lo make temporary repairs until 
you can get down to your distributor's for a 
~1allory replacement. 
Use. a com~on negative dual capacitor, each 
se~t.1on having ~he sa1!1e voltage rating and 
l1ctrc the capac1ty ratrng as lhe unit being 
replaced. Use the ~o posilive leads onZ11-
don'l .conn_ecl ~he negative lead (or the can) to 
anythmg. JUSt insulate them well! 
As:;uming sufficient. physical space lhe same 
thing can b_e done with lwo single dapacitors
~Y co~ecting the negative leads together and 
msulaling t;h~m , and the cans, carefully. Use 
lhe two pos1t1\"e leads. 
Of C<?urse, for an exact replacement Or temporary 
repairs such as above, you ought. to use Mallory 
FP Capacitors. They're tougher longer lived 
and plenty dependable-but, v-ou probably k.no\~ 
that from experi~nce. See yotir Mallory Distrib
utor today-la,:. in a working replacement srock. 
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Radio Direction Finding 
• 

'" Marine Electronics 
Part 3 

The orientation a nd calibration of direction finding 
equipment are treated in this installment. Sources of 
error and possible remedies are also dealt with. 

Fig. 1- A cardboard arrow pasted along the null line for visual bearings. 
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by Elbert Robberson 

T HE radio direction finder is ac-
tually a navigational instrument; 

consequently, greac care should also be 
caken in orienting ic so that the bearing
observation mechanism is e..'i>actly 
squared up with the keel of the vessel. 
Ordinarily, chart tables and oilier pos
sible resting places for the direClion 
finder are fairly well "squared up" with 
Lhe keel line, and equipment can be 
aligned by mounting it squarely on the 
surface. However, it is obvious that il 
the table or shelf is at a slight angle, a 
const::int error of this magoirudc will 
automatically exist in all bearings taken. 

Orienting Procedure 
In an irregularly shaped position of 

support. avoid gross errors in equip
ment orientation as follows. Lay ouL :i 

point on che boat forward or aft of the 

10 

clirection finder, as far away as possible, 
but at rhe same height and the same 
ilistance from the center line of die keel 
as is the center of the direction-finder 
bearing circle and pointer. Then sight 
through the zero line o( I.be direction
Ii nder bearing scale and align the direc
tion-finder cabinet so this point is ex
actly on the nose. The direcuou-1inder 
cabinet will then be lined up with the 
keel. 

For a number of reasons, the best spot 
for che direction finder is over the center 
line of the boat. H owever, if a location 
ts not available on the center line, a 
direction finder can perform saLisfac
torily in any other location aboard. 

Calibration 
O n a wooden boac with no mast, wire 

rigging, or other elevated wires or metal, 
a radio direction finder should provide 
accurate bearings without any deviation 
error whatever. H owever, it is not a 
good idea to make this bold assumption 
without performing some kind oI test 
to back it up. A rough check may 
be made, without recourse to special 
transm.iuers or elaborate proc.ed11res, 
which will, at the lease, adYise you 
whether some unforseen circumst:ince 
is affecting the bearing accuracy. 

Ordinarily, calibration checks on 

radio-direction-finding equipment re
quire precise knowledge ot the location 
of both the vessel and the radio trans· 
mitcing stat.ion, and require either 
swinging the ship in the vicinity of the 
station, or using a portable transmitter 
in a boat which can be kept in sight on 
a circular course around the vessel. 
H owever, here is a system which per
mits checks co be made with a mini
mum of preparation and trouble. This 
check can be performed while the boat 
is lying alongside a dock. In fact, while 
the test is being made, the boac m use re
main in the same locacion and ar rhe 
same heading. 

With your location as a center, meas
ure the angle between several radio 
stations within range with a course 
protractor. Stations should be chosen 
which lie at fairly large angles co one 
another, and which also have frequen
cies in the same approximare portion o( 
I.be spectrum. For example, airway 
range stations and marine beacons 
should be used together; broadcast 
stations bdow 1000 kc. could be used 
cogcther; or stations above 1000 kc. 
could be used as a group for checking. 
For best results do not attempt LO use 
stations having more than a few-hun
dred kilocycles separation. 

The location of the rransmitung 

towers of marine and airways beacons 
are noted on marine and airways uavi· 
gational charts. Some broadcast su1oons 
m<l wwers are marked on Hydro
graphic Office charrs, but iI yours are 
not, their locarion may be found by con
t:tcting the broadcasting station pub]jcity 
director, or dsc the local Civil Aero
na.urics Aurhoriry offices, who keep such 
informaLion on file. :\ow, knowing the 
angle between the various radio sta
tions, take a sec of radio bearings on 
Lhem to see if che angles between ob
served radio bearings result in the same 
figures. Using three or more stanons. 
located at widdy spaced angles, an error 
oi only one or two-degrees between the 
dlfTerent stations indicates a fair and 
usable accuracy. A very great difference 
in any of the radio angles versus the 
chart angles shows that Lhe mscallation 
suffers from deviation, and indicates 
tl1c o.ecessit y for an accurate calibration 
of the direction-finding equipment. 

A full- dress radio -direction - finder 
calibratton is nm a di1licult oper:i.cion 
and should be in the rcperro1re of any 
agency installing direction-finding 
equipment. This 1s an operation which 
cm usually be conducted using c.'i>isting 
radio £aciliries. To do the job, personnel 
co man cbe boat should be aboard, as 
\vell as at lease one observer to assist in 
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measuring the bearing errors. 
The equipment should be calibrated 

\\ hen localed in its permanent spot on 
the boat, and after being calibrated, ir 
should not be moved. Wire halyards and 
mhcr ngging nearby should be scrapped 
in t.he position which the)' will ordinarily 
have while the direct.ion finder is being 
used, and everything metallic which 
could possibly affect bearings should be 
111 a location to which it can be re
turned when accurate bearings are de
sired. 

J\cLUall}, all direction-finder calibr J-

1 ion runoums to is determination of the 
1Llfference between a lin~-of-sight bear
mg :m<l a radio bearing at a g1 ven in
:.tam. Beouse of the fore-and-aft and 
athwartship alignment of the rigging. 
Lhc error is usuall) the least on bearing:. 
[rom stations located directly ahead and 
directly astern and directly abeam on 
each side. On the various quarters, there 
mJy be a Jifference of from one or two
dcgrees up to very many. 

If the location of the direction finder 
permits sighting over its bearing circle, 
1hcre is a very simple method of de
termining this error. Paste :i sighting ar
row along the null line oo the loop itsd.f, 
over which visual bearings can be taken, 
using the direction-finder rose co obrain 
the degree reading. See Fig. 1. 1f the 
direction finder is located so that visual 
bearings over it :ire nor possible, lt will 
be. necessary lo use a pelorus by which 
accurate visual bearings may be taken. 
This is illustrated in Fig. 2. 

[ Cofltinued Ofl page 33] 

Fig. 2- Accurate visual bearings 
may be made with a pelorus. 
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You can save • time and trouble 

by standardizing on BUSS fuses. 
The BUSS fuse line Is 

most complete 

You'll 6nd the right. fuse every time, 
when you tum to BUSS. There are 
BUSS fuses of all types and si7.es for 
the prot.eclion of 1:elevisio n, radio, in
struments. controls. avionics and other 
electronic and electrical equipment. A 
companion line of fuse blocks, clips and 
holders is mosL complete. 

.Baying fuses from one source saves 
you time, trouble and simplifies your 
~lo<:k handling records. 

Safe guard y o ur r e putation 
for quality and service 

BUSS fuses 11re lesled in a sensitive 
eleclronic device Lhat automatically 
rejecLs any faulty fu.c;e. As a resulL, 
there are never any "kicks' or complaints 
from your customers about BUSS 
fuses failing to protect or faulty fuses 
causing needless shuldowns. 

Why sell.le for anylhing less than 
BUSS quality in fuses'! Standardize on 
BUSS fuses and be sure of dependable 
electrical protection. 

Capitalize on the 
BUSS Trade mark 

The universal acceptance of BUSS 
fuses is based on the millions upon 
millions of BUSS fuses used in homes, 
oa forms and in industry over the past 
42 years. Handling quality products, 
like BUSS fuses, helps you maintain 
your reputation for quality and service. 

For more informal.ion on BUSS and 
FUSETRON Small Dimension fuses 
and fuseholders ... Write for bul
lei.in SFB. Bussmann Mfg. Division 
(McGraw-Edison Co.) University at 
Jefferson, St.. Louis 7, Mo. 

Ailt'lfl;f , 1 :~ Makers of a complete 
-· ••-•• ••- lint of fu\l!'i fer hom..e-. 
nunwo.,,,,.,. ,....,.., ,,, farm, commercial, 
IUCU ICA.l ,..01TCUOH e.lecttonk. o-utomotive. 

B C S ju.ses are rnacle to protect - not to blow, n eedlessly 
m ~:IJ11'' and lnduttrlol un. 
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Fig. 1-G.E. " Intra Tel" reading 
data from a plotting table. 

? . . 
T ELEns10N is actually only beginning 

to show ics \·asc potentialities for 
industrial uses. 1n telemcrcring for re
mote installations, such as isolated 
pumping stations on a cross-country 
pipe-line, various conditions such as 
line pressure. fuel level for the power 
equipment, or outside temperatures are 
monirored amomacically. T he readings 
are sent by TV so Lhat the operator c:m 
see the actual operating conditions as 
they exist: at the remote location. 

Television is used to observe indus
trial operations noel provide a \•isual 
presentation in a different loc:irion. A 
TV monitor can watch a railroad yard. 
a sted furnace, or protect an area 
against intruders. This use of nr has 
grown very fast and several organiza
tions make specinlized equipment for 
this use. 

Ao example of data transmission is 
shown in Figs. 1 and 2. T est data from 
the pen recorder (at the Jet-Engine 
Development Center of General Elec
tric, in Cincinnati, Ohio) are sent to 
r he engineer more than 200 feet a way. 

Schools are also prime users of tele
vision. Fig. 3 shows dental techniques 
and actual work on patients being 
transmitted, at rbe ~ew York Univers
ity Dental College. Large groups of 
students, Fig 4, can see the techniques 
while they are acrually being used. 1n 
some cases, projection receive.rs pr~ 

duce large pictures for a foll lheatre 
audience. 

Commercial broadcast TV is related 
ro ITV and many of the techniques and 
mechods for ITV have evolved direcr
ly from broadcast experience. ITV is 
much simpler primarily because the 
signal is directed to only a few Ie
ceivers which are relatively close to 
the transminer. 
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Fig. 2- Engineer viewing the dota 
received from the " Intra Tel." 

Fig. 8-Live shells are taken apart 
with camera looking on. 

Television in Industry 
A description of some of the ever increasing 

§ applications of television in industry. 

f ig. 9-Disassembly being ob
served by operator al monitor. 

by Allen lytel 

Supervisor-Technical Information Unit 
General E/edric Co. 
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Basic Units 
Figurt: 5 illusu:ates, in block-diagram 

form, che stages required for ITV. 
Since only horizontal pulses, vertical 
pulses, and video are needed and low 
power output is required, the equip
ment is less complex than that at a 

broadcast transmitter. The camera tube 
can be a Vid.icon, an Iconoscope, or an 
Im.age D issector which is provided with 
the required power and pulses from the 
sync and sweep block. Amplilicatioo of 
the camera output in che video ampli
fier is the third block. 

CAMERA VIEWER -----------------, r----------------, 
1 w1R< - LINK 1 1 

I 
I 
I 
I 

I 
I 
I 

CAMERA 

Tl/BE 

VIDEO 

AMPLIFIERS 

SYNC 8 
SWEEP 

I/' I ! I V/0£0 I I PICTURE I I " - - -
AMP!.IFIERS 

I l 
I I 
I I 
I I 
I I 
I I 

I I 
I I 

Ti/BE 

SYNC 
SWEEP 

8 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

L __ _ ______ _ _J L-------- __ _J 

FROM 'A ?AS WERS 

fig. 5-Block diagram showing basic units used in dosed circuit applications. 

CAMERA A RF. OSC. A 

CAMERA 8 R.F. OSC. 8 

OTHER CAMERAS 

T 
RECEIVER 

R 

TO OTHERS 

fig. 7-A more eloboro1e system using microwave transmission to the receivers. 

A wired link, in this case, carries che 
signal to the viewer-receiver. A single 
coax can carry the pulses and video or 
several cables can be used, in which 
case the video and pulses are not mixed. 

.\.gain only a simplified receiver is 
needed; the rf and if amplifiers are 
not required. A special receiver, built 
for wired ITV will need only a video 
amplifier, a picture tube, and the sync 
and sweep blocks, in addition to a 
power suppl). A monitor for ITV needs 
only these blocks but a normal broad
cast receiver can be used by bringing 
the video input directly to the video 
amplifier input. 

Several viewers or m onitors can share 
a single camera to allow viewing at 

several locations. By remote switching, 
several ca meras can also be used to 
YJCW differem parts of an industrial 

Fig. 3-0ental operation being tele
vised for viewing by class. 
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Fig. 6- Arrangement for pick-up 
by standard TV receivers. 

operation. T his 1s not the same as 
channel switching (no r/ is being used 
ht:re) but a selector switch al each 
viewer permits the choice of any of 
several camera outpms by actually 
swilching Lhe inpuL lines to the in
dividual viewers. 

Another t)'pe o( flexibility is shown 
io Fig. 6 where the camera is used LO 
modulate <l low-powereJ r/ oscillator.• 
If the osc1Uator is on one of the com
mercial chanoel<;, which 1s unused in 
lhe local area, a slan<lar<l TV receJ\cer 
can be used as Lhe \. icwer withoul im
pairing: the use o( Lhc receiver on ex.isl
ing local n ' broadcast channels. This 
procedure 1s a simple and direct use of 
TTY at the lowest possible cost because 
of the use of c.x1st1ng receiver~ wiLhout 
modification. 

Elahoratc syMems c.rn be made, as in 
Fig 7. by using a number of units such 
as those in Fig. 2 plus a microwave 
Lransmi11er, T. Several cameras (A, B, 
.tnd other<;) c;tn each modulate an rf 
oscillator on one o( the standard chan
nl'b. These moc.lulatec.l \1~m1ls are then 
used Lo mo<lul.11e a sinI?le microwave 
cr.rnsmittcr . .'\ t the receiving end, the 
receiver, R. heterodyncs c.ich 0£ the 
~mgle cb.mnds bac.k to tht ongmal rf 
• Snbjert tu FCC ttsulatlona. 

[ Contmued on page 2i] 

Fig. 4-Visual presentation to a 
large class in dentistry. 
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LAST month we analyzed clie block 
diagram of a ''Power Amplifier" 

and saw that Lhe first circuit element 
was the voltage amplification stage, or 
stages. This sccuon of an amplifier, 
while not e:isily divorced from the rest 
of the circuit, has certain Functions and 
design similarities which make 1L worthy 
or separarc m::iunem, both from ii 

theoretical and servicing viewpoint. The 
f uncuons of the voltage amplifying sec
uon are to pro' ide: 

I. Additional amplification of rhe 
signal, prior to apphcacion to the phase 
mvener and power output stages. 

2. A convenient point for the applica
tion of overall distoruon-reducing nega
uve feedback. 

3. A high impedance input, to wluch 
signals may be: applied co the amplifier 
from low impedance sources such as 
cathode followers. 

-l. The correct impedance and output 
level for convenient application of the 
signal to the phase-inverter srage, which 
will be discussed in the next arucle o( 
this senes. 

Smee there are lnerally as many cir
cuit configurations for the voltage am
plifier stages as there are commc:mn l 
.1mplifiers on the marker, che best meth
od of analysts would be Lo invesugate 
in det:iil sevt'ral of these circuits, keep
ing in mind the elemems common Lo 
e.ich as well as the differences bcrn een 
them. 

The Fairchild Model 2SSA Power 
Amplifier 

This "power package" is shown pic
wnally in Fig. I. The unit 11as a power 
r<1ting o[ 30 wans which It delivers at 
less than 1 % harmonic distortion. The 
.1mplifier requires I volt of signal rnput 
to produce full rated power output. The 
voltage amphfymg sewoo is shown 1n 
Fig. 2 and consim of a 6AB4, low no1~c. 
triode input stage, followed by l , a of J 
12AU7, dual triode. Cl, the input 
c.1pacitor. serves no other purpose than 
lO block any possible de which might 
he presenc .u the output of the prcam
pl ifier uml LO drive this unit. Jo J\l 
likdihood. the pre<tmp wilJ h::ivc.: ,, 
similar capaciror in its output circuit. 
hut since the m:rnufacmrer cannot kno\\ 
which preamplir1er will be used to drive 
hi~ uojl, he mu~t protect the first grid of 

14 
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Hi-Fi 
by Lawrence Fielding 

_ Circuit operation, configuration and typi- _ 
~ cal service problems in Hi Fi voltage ampli- ~ I fiers are dealt with in this installment. I 
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the unit from any possibility of po~itivc; 
de \'Oll.ige. On the other hand. he must 
make the capacitance of CJ, quite large. 
~orm<ilh. a .1 m/ capacitor would be 
large enough w provide full frequency 
response down to 20 cycles. H owever, 
the nunufacturer must comider the pm
s ~ bilily r.h;u this cap.1citor will ha,·e 
.mother capacitor in series w11h it. from 
the output of rhc pre:HnpWier. 1£ such 
were the case. and if this seconJ capaci
tor were also .25 m/ rn value, the: net 
c.1p:ic1tance m series with Rl would be 
only .12 m/. E\'en this lowered value 
would ~uu pass all frequencies wirhin 
rhe audible range. 

Application of feedback 
The cadwde of \"L is med as the poin t 

of applic:mon of feedbJck from the our-

Fig . 1- Foirchild Model 255A 30 
wol1 power amplifier. 

put transformer, through Ri .incl CH. 
This method of feedback application 1s 
fairly s1andard even though ir 1s pos
sible. 10 ;1pply feedback lO the grid, 
through a suitable network. Ii the latter 
design were employed. a problem woulJ 
JTise c\'ery ume the level control R 1 was 
\ aried. With changes in the gnd-to
lifOUnd impedance. the amoum of feed 
back applied would vary gre:idy aml 
could not be controlled easily. The 
..:athodc circuit, on the other h.md, pro
\ ides a comtant impedance to ground 
.md so the amount of over.111 feedback 
1s cas1lv deterIIllOc.:d. 

Signal levels arc S) mbolizccl by a small 
sme \\ '3\'c next to the rigure :md you will 
note that the 11ppure111 gain of this first 

., , ... ,, 
~----------!>-~Z6tJff 

lt7 

"" 
T0$CCOllJJ.,lllt' 

"OrOUrl*UT 
T/l~llSFOll#Cll 

ltS 
-.u 

Fig. 2- Schemotic of Fairchild 
Model 255A voltage amplifier. 

srage 1s only slightly more than three 
(from .9 \Olts input to 3.2 \airs output). 
Actually. the gain is mnny tunes gre:itt.r. 
bur r he addmon of feedback tn th\: 
c.uhode circull reduce~ It consider.ibly. 
This j, the only pouH in an .implilicr 
circuit where this condition can be \ ten 
.1n<l mc.1sured. for al other stages w1t/1111 

the feedback loop. the gain will appear 
w he normal (Js, for example. 111 tht· 
next st.1ge, where .1n input of 3.2 volt~ 
produces .in output signal of 29 volt!>
•• g.itn o( near!} 10). 

Disregarding CH, C/5, R20 and R21 
for the moment, let us follow the mJin 
s1gn3l path. The .1mpl1fied s1gn:il 1s 
coupltcl through Cl to the grid of \.'2.\. 
'-ouce 1h.1t ag<l.ln .1 l.1irly large \aluc.: ol 

.:C1upling capacitor i\ used, but this time 
for a <liffcrem re<t~n. Each wnc: the 
signal ts passed through a capaoLOr and 
rc51stor comb111auon, ,IL very lo" in·· 
quencies, a sm.Ul ph<1se shift occurs. 
That is. the: capa..:itivc react.ance of th e 
couphng capacitor, 1f .1ppreciable com
pared LO the succeeding gnd res1swr. 
causes a phase c.hspttcemenr bet ween 
1 npuc and output ol ~t \'cral degrees. ln 
.in amplifier \\ ithout feedback, th i~ 
would be. unimportant, since the ear 1s 
not sensitive to phase differences. \i\'ith 
fct:tlh.ick, however, tt is important that 
the output be exactly l '!O degrees out 
of phase with the mput sign..U, for 
proper application or feedback in the 
negative direction. '\Jow, suppose that 
~It some low frC<J uency. say ren cycle~. 
each coupLng cap.1c1mr and restswr 
causes a phase shift of 36 degrees. Sup 
pose further that there are five suc.:1 
~tagcs in the amplifier. Theo the tor.11 
ph.1se shift will be 180 degrees mun: 
th.111 the planned ph::ise reversal. or right 
hack to )(,()degrees. In other words. Ill · 

\lead (J( negau,·e f cedback, at this p.ir· 
1icular frequency of lO cycles, pofitin: 

frc<lba.:k would result and so would low 
frequency regeneration or "motor-boat-
. " mg. 

V2A is a convcnuonal triode amplt
licr, except that the cathode resistor R5 
i ~ unbypa~ed. which is another mc.rn' 
of achie\'1ng degener.ition (and lower 
di~Lonion of high ,!!ml-signal swings.) 

Phase Correction 

J u~t as the designer must insure ;!0011 

[ Co111mued 011 pag~ 23] 
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Warning 
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2 EE· 139 178- I 
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5UPPLY 

cmCUIT SCHEMATIC DIAGRAM 5378 CHASSIS 

THE CHASSIS OF THESE RECEIVERS ARE CONNECTED TO ONE SIDE OF THE AC SUPPLY. SERVICE 
SHOULD NOT BE ATTEMPTED BY ANYONE NOT THOROUGHLY FAMILIAR WITH THE PRECAUTIONS 
NECESSABY WHEN WOUJNG ON THIS TYPE EQtJIPMENT. 

l. AN ISOLATION TRANSFORMER SHOULD BE INSERTED IN THE POWER LINE BETWEEN THE 
RECEIVER AND THE AC SUPPLY, BEFORE ANY SERVICE IS PERFORMED ON THE RECEIVER, INCLUD
ING TUBE REPLACEMENT. 

2. THE ON-OFF, BRIGHTNESS. CONTRAST AND VOLUME CONTROL KNOBS ARE HELD CAPTIVE 
TO THE CABINET. DO NOT FAIL TO REPLACE THE ICNOB BETJUNERS AS FAILURE TO DO SO WILL 
ALLOW ACCESS TO THE CHASSIS THROUGH THE KNOB OPENINGS IF THE KNOBS ARE REMOVED. 

3. REPLACEMENT OF THE ANTENNA LEAD(SJ, BETWEEN THE TONEB(S) AND THE ANTENNA 

TERMINALS, MUST NOT BE MADE WITHOUT REPLACING THE ISOLATING RESISTORS AND CAPACITORS 
IN SERIES WITH THE LEAD(S). REFER TO SCHEMATIC DIAGRAMS ON PAGES 10 & 12. 

4. THE TWO INSULATING BOARDS - ONE BETWEEN THE LOWER CHASSIS AND THE PRINTED 
CIRCUIT. THE OTHER FASTENED TO THE BOTTOM OF THE CABINET BACK - MUST BE REPLACED 
IF REMOVED FOR ANY REASON. 

5. IT IS RECOMMENDED THAT THE RECEIVER POWER PLUG BE INSERTED IN THE PROPER 
DIRECTION, TO CONNECT THE CHASSIS TO THE GROUND SIDE OF THE AC SUPPLY. CHECK WITH 
AN AC VOLTMETER BETWEEN THE CHASSIS AND THE POWER OUTLET PLATE, OR THE MOUNTING 
SCREWS IF THE PLATE IS NOT METAL. NO READING SHOULD BE OBTAINED, IF A READING IS 
OBTAINED, RE"lERSE THE POWER PLUG AND RECHECK FOR ZERO METER READING. 

6. A FINAL CHECK SHOULD BE MADE WHEN SERVICING THE RECEIVER, TO INSURE THAT NO 
LOOSE METAL OBJECT IS SHORTING BETWEEN THE RECEIVER CHASSIS AND THE CABINET • 
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PRINTED BOARD UNIT LAYOUT 

The asaembly represented above is viewed from 
the component side of the board and ia oriented <Ill 

it will usually be viewed on the chauia. 

The printed wiring, on the reverse aide of the 
board, is presented in a "phantom" view super-

imposed on the component layout. 

Component replacement, when neceuary, should 
be made following the techniques outlined in 
Printed Circuit Board Service Data 1955 No. T13 
dated 11 /15 / 55. 
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phase response at the low frequenn 
end, so must he make cenain that the 
phase snuauon al high and supersonic 
frequ1:nc1es does not .. take a turn'· to
wanh u'c1llauon. ln lhi' case the prub
lcm i) infinite!) more complex, for the 
outpur rransforrntr enrtr\ Ullo the pu:
ture. Every high-ft<lel11} outpul tr:m~
formc:r wall, at \Orne lrct1ucncy. become 
resonant. That 1s, lhe imluct.1nc:c of the 
windin~s reson~nes with the distributed 
c.1pac11.111cc of thu!>c !>.1me windings. Ln 
J gooJ unit, this will occur well oucside 
the audible rJnge l>uL 1t must still be 
controlled .1n<l prevented from causing 
oscill.u1on!> which, thm1gh 111.tuclible. 
might e~1sily burn uut an expensive 
"r~ecter." The presence of C/J ucross 
the fcedb:t,k rcmLOr R7 .1, well .ts the 
1 \\'U net works cons ming o( CH and 
RW .rnd C/5 and R21 .ill combine w 
correct the hi~h frequcni:y resonance 
.ind pha!>e sh1fr cffccu;. E.tch ut the 
networks has one thmg in common 
w11h the others: they all reduce super
smlic frequcm.} respon e. CIJ docs so 
h~ reducing the effccll\'e 1mped.tnce of 
the weal feedback network. This in
creases wtal feedback and thereb\ re
duce; overall gam. Cl 5 and . R'.!1 
compnse a secondary b1gh frequency 
lc!edhJck loop around V2A anJ act~ 
simi!Jrl> (though 11 1s <lesignccl ro he 
effc::cu,·e at a ~omewhat lower fre
quency) :rn<l CJ.I .ind R20 comprise a 
shunung 1mptd.1nce across R4, which., 
.tt high frequencies acts to atteiuuate 
possible '·bumps" in the response curve 
.1n<l {unher correct the phJse of Llic 
entire system, from mput to output. The 
presence of such networks. far from 
10d1cating haphazard design, uidicates 
th:n the design engineer knew what he 
was about and carefully introduced a~ 
many corrective networks as were nece)
sa.r' to insure utmost amplifier sL1bility 
under even the most difficult conditions 
of speaker loading. 

The Dynakit Voltage Amplifier Circuit 

.\ \'try popular power amplifier with 
)Cf\ icemen is the. 50 watl D ynakit, 
manufactured by the Dyna Compan). 
Thi~ unit, sold in kit form, has been 
wired by many servicemen entenng L he 
high-liJelity m.irket. The unit is very 
easily ~ ired (it ieatures a fully wired 
printed circuit board which "pops" 
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Fig. 3-Schemotic of voltage ampli
fier stage in Dynokit. 

right into the chassis) .ind afTords a 
means of additionJl profit for rhe serv
ice dealer interested in this work. A p:ir
ti.tl schematic ul the \·ok1gc; .1mpLiyillg 
section is shown tn Fig. 3. H erc the 
peotode sect ion oi ,1 (1;\ '.':~. penw<lc:
triode. 1s ille<l tu amplify the incoming 
!Ugrul sufficiently to p.1ss :t on t 1 the 
phase in \'erter. 

The principles embodied in this circuit 
are essenuaJly Lhc: s.1me .ts chose our 

lined above. with certatn imponam t:X

ceptions. The O\'erall feedback net'' ork 
consistmg of R6 and CJ! 1s so chosen 
as co pro\•ide the proper amount of feed
b:ick when :ipplied to a c.1ppecJ-down 
point (the junction of R2 :ind /?>) 10 
the cathode circui(. One of the 111herem 
advantages in this melhod hes an thl 
fact iliac the elements or Lhe f ccdba::k 
network will necessarily be lower in 
impedance (note 1000 ohms For R6 as 
opposed to 39K in 1 he previous a mpl1 
fier discussed) and therefore lead dress 
will not be as crmcal. This 1s partic
ularly impon.i.m in the design of a kit. 
where uniformiry of wiring is not to be 
expected. The screen gnd circuit is con
vennonal ill design and is b) passed ro 
the cathode by means ot Cl. The place 
circuit, however, has a novel fc;Hure 
\Yh1ch you arc apt co encounter in man) 
amplifier designs. It is de coupled to 
the following stage. The absence oi .1 
coupling capacitor insures che ullimatc: 
in low frequency response and vinuall> 
zero phase shift in this part o( the cir
cuit. This type of arrangement is onl> 
possible when used with a particular 
type of phase inverter, which will bt 
discussed in greater detail in the next 111-

~rallment. C2 comprises a form of ph.1se 

'"' TO 
sr'SF"'8" 

°"""' TllAllV 

Fig. 4-JFirst stage of Pilot amplifier 
not in feed back loop. 

correetion in the form of high rreq ucnq 
ieec.lback urigin:rnng from the screen 
1.1rcuit of Lhe ourput stage having the 
pmper phase rdJLionship with the input 
to .tl1ect this t~pe oi com:ct.lon. Sinl.c 
.i pcnwde ha) much hi~hcr g.iin th. n 
a Lriode. the sign:.il derived from this 
slilgle stage 1s of suific1enc amplirude to 

be fed lO the phase rnvener d1rect.l}'· 

Pilot AA-410A Voltage Ampl ifier 
Section 

.\ nother common configur.1tiuu of 
voltage amplifier cucu1cry 1s illustrated 
b} the partal schcmauc of Fig. 4. Tbts 
unit is a product o1: the P1lo;: R.icltu 
Corporation. H ere. rwo triode. section' 
.ue used. The first is a 6C4 single 
triode tube while the second is ,0 of ;1 

11AU7 dual rriodc. While substanuall> 
the same as previously cl1scusscJ de
\1gns. the d111crence Lies in the foct tha~ 
no overall feedback 1s applied to the 
nm stage. Since one volt is ,1Ll that is 
needed to prod uce full outpul from this 
l went> watt basic amplifier, it was rela
t i,·ely sunple to design a t.riode stage 
'' hich would have 'inually non-mea~
ur.1ble clistonion for 1 volt input even 
w11hout including that stage in the 
overall feedback loop. By reducing the 
number of stages encompassed by the 
f eedhack system, the phase correction 
problems are greatly simplified. This is 
immec.liatd} apparent by the L1ct th.lt 
no roll-off capacitor was found neces
s:i ry across rhe feedback resistor R7. 
• \ctually, the 6C4 stage has its Otllfl dis
tortion reducing feedback in the form ol 
cathode degeneration (R2 is not by
p.issed) which perm.its adequ:1tc.: sign:il 
swrng uu tbe grid without a trace of 

cl1pp111g or saturauon. While the gain 
uf Lhe st.1ge is Lh.ereb) limJted to only 
9.5, the second stage easily makes up 
the needed difference. even with feed
back .1pplie<l. C2 provide!> a srnJll 
.tmount of gradu.il anenuation at super 
sonic frc:qucnc1cs :ind is the onl\' cor
recu ve net work needed tn the 

0

emire 
.tmplifier circ•1it. 

Servicing Voltage Amplifiers 

From the servicemen·s point cif \'ic\\., 

the volt.1ge amplifier section of a high 
fiJelll} :tmpltficr IS functionmg properly 
1f: 

I. 1l i~ providing' thf gJan 1t should 
1. lt is doing so withoui. introducing 

Jiswn1on :ind M spurious signals such 
.ts oscilluuom or hum Jnd noise.. 

As for the first critenon, many manu
t.11.:ture.rs n;\VC: seen fit lO publish g:un 
figures l rom Mage to swge right on the 
schc:mJtic, \\ hich is most hdpfol. When 
tT} 111!-(' tu mea~ure the auJ10 signal m 

pl.ice circuits. be sure to use only a high
imped.incc meter or a low capacitance 
osc1llo cope. ln general, the oscillo
scope method lS more reliable and 
f .1ster. Remember that scope de.ffeccioa 
1~ linear '' hereas decibels are logarith
mic. Thu~. if gain is giveo in decibels 
(and It often is), il will be necessary to 
convert from one to the other .• \ couple 
ot good numbers to commie to memory 
.ire 6 db is a voltage gain of 2; 10 db is a 
voltage gnin of 3; and 20 db is a voltage 
g.uu u( 10. 

In analyzmg waveforms of .1 ,·oh.age 
.unphfier, 1t 1s often helpfo1 LO discon
nect the overall feedback cucuit. V cry 
of ten. an osci!Jation or other defect is 
picked up at the voltage amplilier when 
a kiter stage 1s at fault. T ba.t is because 
the feedback circuit ties the two scc
uons together, making 1c ch6cult to 
isolate the trouble. Rcmo\•al of all feed
back makes ~ibnal tracing c:iud1 easier 
and makes each stage pretty much in
dependent of the previous or following 
one. One word of caution in thb con
necuon. Removal of the feedback will, 
of course. greatly increase 1he gain nf 
rhe amplifier. An amplifier ba\.i.ng 
twenty db of loop feedback ancl requir
ing l volt LO clnve 1r to full outpuc will 
require only 0.1 volt for full power 
outptH when the f eeJback is removed. 

[Continued 011 page 28] 

23 



FORA 
' -

r1 er 

Rely on the tube that hos always been speci
fied by leading inde pendent set makers. 

/JJkm ~?PQDDt~ 
TUNG-SOL® 

Magic Mirror Aluminized 

PICTURE TUBES 
TUNG-SOL ELECTRIC INC, Newark 4, N J. Soles Offic~ : Atlonto, 
Go.; Columbus, Ohlo1Culver City, Calif.; Dallas, Tex.; Denver, Colo.; 
De troit, Mich.; Irvington, N. J.; Melrose Pork, Ul.1 Noworlc, N. J.; 
Seattle, W olh. 
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Robert 1. Mendels has been elected president 
of Electronic Det•ices, foe., Brookiy111 N. Y., '11J.a1lll· 

facturers of a complete line of rectifiers for auto· 
malic co11trols1 busi11ess machi.nes, comp1ders1 

radio-TV receit:ers and tra11smitters. The compan;• 
also holds the pattmt rights lo the unique JI entisel 
seleni11111 rectifier. 

• • • 
The phonograph ret:ord indu.str), i.hrough self-prv· 

pulsion. 1:. gr.iJu.iUy ~:.urning a major rok in tht: Amcr
i~:Ul economy. Thi:. assertion was maJc br Gc:orge R. 
Marek. Vice-President and General l\fan.igc:r of the: 
RCA Victor Record D1\'ls1on. "Tut: rccorJ mdu.stf). 
whu.:h dawdled m the doldrums of economic 1etharJ!) 
during part of the 30 s and to), ha:. r<...., 1tilized itsdf, 
he said. " The rt::.ul~ speak for themselve:.. Jn 1956. 
inJustry s,iJes totaled $300,000.000-thc g rearcsr tn 

h1Story. 

• • • 
Announcemeoc of Charles P . Culberc as repre· 

searacive for H arman-Kardon high-lidelicy coo· 
soles in California, Arizona and Nevada marks chis 
compan} 's emry as a cooreoder for packaged h.igh· 
fidelity sales. Harman-Kardon plans co accivel) 
merchandise console saJes through rhe CuJberr 
O rganization. 

• • • 
The Gwa.1/ Elet"lru Comp1m) dJJdoud 1ht11 pro

dt1c11011 Of a tlt'll' /im of 1tlico11 lranmtou u be111g 
Jtepped 11p lo meet i11cmui11g militar)' 11ml 111rl11J/ri,1' 

.lt!ma11J. Tht 11e11• high fretjlltJI(). high Jempe:rt1ltlft 

r,11uij/Orj u .re dez·eloped 1111der co11/r,ut 1d1h the 
Unifed Staft ·s Arr Force. The;• are d1:11g11ed /M 
we in milu.iry elenromc eq111pme111 111.•t g111tled miJ· 

1ile comp111en and co11tro/I, 1111/omalic pilots. bomb-
1igh1tng ro111p111ers1 and 1111/il.ir) l'01111111111it111io11 re' 

i'ell i:rs T he 11e11• 1ilirt111 transiston art: .1/ Jr find mg 

,1ppf1C;l/1011 in ind1111rial eq11ipme111 ro111ml c1rw1ts for 

1111r/e,ir re<1ctor1, steel mil/J, a11d r.1rio111 urr·omah. 
1111i.rm.I. 

• • • 
111tematio11al Resistance Company. Philadelphir1. 

m11w1mces Jbe recent appointment of Mr. Gregory 
Peters to Controller of IRC's s11bsidiarJ, Circuit 
Jnstrume111s Inc., St . Petersburg. Flotida. 

trade 
Cumulalite TV 011tp111 d11ri11g the first four 

months of this J ear amo1111ted to 1,835,975 1•efieh•ers 
compared with 239./.264 made during the like 1956 
period. C1111111lative teledsion sales to1aled 2,020,8-6 
compared with 2.036,ROB sold during tbe first /01rr 
molllhs of last )ear, the RETillA co111p111t1tio11 
showed. S11les and prod11ctio11 of radio sets increase'l 
s11hstantially oi·er the first four months of 1956. Ctt· 
11111/tftive radio 011tp11t d11ri11g the first four months 
of this year totaled 5.0-5,180 compared tdth -l,525.-
125 radios made during tbe corresponding months 
of 1956. C1111111/11tive radio sales during the first four 
months fJf this year totaled 2,362,068 compared w-itb 
tbe J .98-1.915 radios sold d11ri11g the correspo11dillg 
1956 period. Cumulatfre receiving tube sales for 
the first four months of this J'etrr totaled I 53,0JI .UOO 
tubes worJb SJ30,192.000 compared with 155,60./,-
000 tubes lt'Ortb $125,535,000 sold d11ri11g the cor
respo11di11g period last year. Cumulathe TV picture 
tube sales d11ri11g the first four 111011ths of this )ear 
totaled 1 .951.318 tubes worth 552.9"1./,l93 compared 
111itb 3.-169.-105 tubes worth $651008.911 sold during 
the corresponding period of last year. 

• • • 
Transistor ~Jlc:s during the first four months of thi:. 

yi:.tr \vere considerably over the com.-sponJing period 

of 1956. RETMA annowlCcd. Over four million more. 
1>( the ~emu.:onductor denccs have been sold thus far 
this ye.tr compared with sa.I~ 1.ist year. Cumul.iu,·e sale~ 
of such semiconductor dt:\i,cs durin~ the fir:.r four 
months of this year totakd 6,899.300 units wit11 a 
JoJL.r \Jlut of 519.492,000 compared with 2,730.000 
transistors with a dollar 'aluc of $7,884,000 !>Old durmt? 
the corresponding fou.r-mooth period of la.st year. 

• • • 
A full-scale plan of action co combar the rising 

ride of receiving rube counterfeiting. wh ich already 
has reached che estimated 'SlOO million mark, is 
under consideration by RET..M.A, ic was announced. 
The proposed program is the dfrecc ourgrowth of 
the recent joint meetings of che RETMA Receiving 
Tube Section, Tube Division, and irs Tube Councer
feicing Comminee. Spearheaded by a bard-hitting 
motion piccure dramaciziog the evils of rube coun
cerfeiting, the action plan would be backed up by 
p ublic relations and advertising campaigns based on 
the theme, "You never gee something for nothing." 
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Oren Harris, H ouse l11tentate Chairman, ques

tioned the FCC's tentative decision to authorize 
subscription television 011. an experime11Jal basis. 
Harris based the delay on remarks made at the re
cent NARTB convention, ·when panelists agreed 
they did 1Jot know the status of T V. " It is trot quite 
a common carrier," one speaker said, ' 'yet it has 
many attributes of a public utility . Help tvill have 
to be found f rom Co1igress." 

• • • 
Several hundred visitors from staffs of Multi-Tron 

distributors, attended an open house at their cathode-ray 
tube manufacturing plant. Nicholas Glyptis, presidenl 
and research director, demonstrated the Multi-Tron 
"Pure Signal" picture tub~ in a television set from which 
the video amplifier circuits had been removed. Glyptis 
stated lhat he expected to see it utllized by several 
manufacturers in fall models. 

• • • 
Roberc G. Walcucr, President of Elecrrovox Co., 

Inc., manufacrurer of Walco phonograph needles, 
announced che appointment of H erbert A. Bodkin 
to position of Sales Manager. In his new post, Mr. 
Bodkin will supervise and develop sales for rhe 
entire line of Walco diamond, jewel and precious 
meraJ ripped phonograph needles. 

• • • 
Nine California Gra)' If/hales were s11aessf11lly st11rk 

with harpoom aJlarhed to a 49-.rtrand speriaily made 
stainless steel cable. 01Jer this rable, made by Seve11-
strand Tarkle Company, 11si11g Allegheny L11dl11m Steel 
Corporation's stainless steel, whale heartbeats ivere taken. 
The pro1ect was under the direction of the famed Bos/011 
heaYt speriaJist, Dr. Pai1/ Dudley White, who hoped 
Jo gain f11rther basic m1derstanding of human heart 
action by studying animal pulse rates. The harpoom 
had elertronic pick-11ps. The heaYtbeat impulses were 
directed to jkJating shortwave Jrmmnitters, which in 
t11m sent the Jignals Jo shore and ship based receifJers. 
The delicate impulses were transcribed onto cardiograph 
tape for later st11dy. 

• • • 
The appoint'lnent of K. E. l f7eilzel, Schenectady, 

N. Y., as regional commercial engineer in Chicago 
for the General Electric Receiving Tube Depart-
111em has been announced by G. E. Burns. 

EU:CTaONIC SElVICING • J ULY, 1957 

T he Electronics division of Elgin National \Xlatd1 

Comp:ln}' announces the appointment of Albert .Binash 
as sales supervisor in charge of its American .Micro
phone product line. E. C. Carlson, division sales man
ager, said lhe appaintment completes re-organization 
in the American line after manufacturing operations 
were recently transferred from Pasadena, Calif .. to Elgin. 

• • • 
The Magnetic Recording Industry Association at 

its annual meecing named Irving R ossman, of Pen
cron Corporation, Chicago, as President; Arnold 
Hultgren, American Molded Pr oduces Co., Chicago, 
Vice President; Charles L. Dwyer, Webster-Chicago 
Corp., Chicago, Treasurer, and reelected Herman 
Kornbrodt, Audio Devices, Inc., New York as Re
cording Secretary. Joseph F. Hards, of Magne-Tron
ics, Inc., New York, retiring President, and Victor 
Machin of Shure Brothers, Inc., Chicago, were 
named co the Board of Direcrors . 

• • • 
A plant e11imaJed to be rapable of meeting the re

rording demands of the mtire world for the next 10 
years-o!Jirially was p11t i11Jo 24 hollf-a-day prod11rtio11 
this momh by l\'linneso/a i\Iining a11d i\Ja1111far/11ring 
Co. (3M), St. Paul, Minn. Lt is a factory built and mai11-
tained almost like a hospital in order Jo arhieve near
sterile ronditions required to prod11ce "essentially 
perfed' 111ag11etir tapes necessar) for S11rh rritiral ap
plicatio11s as video tape rerording, electronic romputers 
and imtmmentation rerording. The fact that the 3M 
Company was able Jo prod11ce special video 1·erording 
tape for the Ampex rerorders which enabled the nation's 
television networks to switrh to magnetic tape by the 
1957 daylight saving deadline "ran be attrib11ted, al 
least 111 part, to the facilities profJided by the new plant.'' 
the firm said. 

• • • 
Annormcement of the entry of R CA Victor i 11Jo 

the growing nn1Jorted radio market was made with 
the u1weiling of two new AM-FM Shortwave 
models, a table model and a comole, 1111111uf act11red 
in. Europe to Radio Corporation of America speci
fication. ]am~es M. Toney, Vice-Persident and Gen
eral Manager of the Comparsy's Radio and "Vic
trola" Division revealed that the radios would be 
marketed under a ~w label, RCA International. 
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Rely on the tube that has always been a 
favorite w ith leading independent service 
dealers. 

/i]Jm~~Q~ 
TUNG-SOL® 

RECEIVING TUBES 
TUNG-SOL mckes All-Glcu Sealed Beam lamps. Miniature lcmps, 
Signal Flashen, Picture Tubes, Rcd io, TV and Special Purpose 
Electron Tubes end Semiconduclcr Products. 
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The 99 SM 

••• For 99% 

Of Your 

Service Calls 
Count 'em •.. 2l items In this convenient 
nirw kit .•. all selected from your mast-used, 
most-wanhod XCELITE NutdrlverJ, Screwdrivers, 
Plirrs, Reomers and Dnachable Ha ndles. The 
99 SM Service Master Kit feotures tools tram 
the famous XCELITE " 99 Lino"-the complete 
line that's most in demand by prafesS1onal 
Radio, TV and Electronics Servicomen. Included 
is the popular 99 X-10 Extension Blad<> for nut
driven and screwdrivers. Snap this in for an 

XCELITE, I NCORPORATED 

Dept. R 
ORCHARD PARK, N. Y. 

In Canada-Charles W. Painton, lid. , 
6 Alcina Ave., Toronto, Ont. 

HERE'S XCELJTE'S 

NEW II All-IN-ONE" KIT! 

99 SM Service Master Kit 

Immediate 6" addltionctl length . 
You c·on build your own "custom" kit of " 99'"' 
lools, if you lib. Simply select just the items 
you want, and fil l your 99 SM Kit with the 
uact tools you nroed lo fill your own service 
needs. All the XCELITE tools In the 99 SM 
Kit are highly-polished nickel chrome finish. 
The attractin roll ki t won' t mark or scratch 
any surfoce it's placed on. Order From Your 
04'0ler Today! 

.. 

a full calendar of fun 
Brilliant festivals and glittering 
events ... cocktail hours ... 
delicious dinners and break
fasts ... sports, all sorts ... 
6 acres of fabulous tropic 
gardens ... olympic pool and 
3 blocks of private beach. 

TV in every room 
l 00% Air Condilioned 

Ample Porking 

Write fQl' : 
FREE COLOR BROCHURE 

a nd RATES o r 

(7 A cres on the O cean ) COLLINS AVE .• AT 23rd ST. MI AMI HACH 

POWER AMPLIFIERS 
In Hi-Fi 

By Lawrence Fie ld ing 

Intermodulation Distortion 

Originally, the only measurements oi 
distortion made on an amplifier were 0£ 
harmonic distortion, or in other words, 
the eCf ective depanure in shape from a 
true si ne wave expressed as a percentage. 
l t w:is later found that another. perhaps 
more meaningfuJ type of measurement 
was possible if two sine waves of dif
ferent amplirude and frequency were 
applied to an amplifier simultaneously. 
Any non-linearity of any circuit in the 
chain will ca use a "beating" effect be
tween the two signals which will pro
duce spurious sum and difference &e
quencies, in much the same way as does 
the hererodrning process used in super
heteroclyne receivers. These frequencies, 
not present in the original input signaJ, 
are expressed a~ a percentage and chis 
figure is known as the intermodulation 
distortion. Inasmuch as different in
strumcms h;:ive a different procedure for 
making this measurement it would be 
impossible to describe the routine for 
every case. 1111 measurements give a 
quick evaluation of an amplifier's dis
tortion. Ir should be noted that the IM 
distonion of a given amplifier will gen
erally be about three to four times the 
figure given for harmonic distortion, 
so be careful in reading manufacturers 
specifications to notice whether har
monic or I Al distortion limits are being 
specified. 

Frequency Response 

The frequency response rest is con
ducted in the same manner as the power 
response tesc, except that the level of 
output should be kept low-about l 
watt for an amplifier rated at 10 or more 
wam. Since the wattage level is not 
critical, many servicemen find it con
venient ro use the "O db" setting on the 
1 volt or three volt scale since it is easier 
to interpolate points above and below 
that mark on most meter scales. 

Part 2 

Damping Factor Measurements 

The <lamping factor of Jn audio am
plifier is a measure of its ability to 
"damp out" or restrict any overshoot or 
self-reverberauon that the mechanically 
suspended speaker cone might exhibit 
i£ left on its own. Since a loudspeaker 
tn this instance, acts as somewhat of a 
voltage generator and a back e.m.f. is 
developed, the more nC1rly we can place 
a short circuit across the spc:iker ter
minals, the more perfectly will we 
"damp out" these secondary, non
musical reverberations. T he impedance 
that a loudspeaker "sees" as it looks 
back into the amplifier is considerably 
lower than the so-called "nominal" 
impedance (8 ohms, 16 ohms etc.) be
cause of negative voltage feedback em
ployed in most present day amplifiers. 
This "source impedance .. di,·ided into 
the nominal loudspeaker impedance is 
called the damping factor. A simple 
way of calculating this factor (and thus 
determining if a given speaker has the 
recommended amount of electrical 
<lamping by virtue of the .1mplifier) is 
to first feed a signal into the amplifier 
so as to produce a very low output vo1t
age as read by the ac VTVM with no 
load whatsoever placed across the out
put terminals other than the VTVM it
~clf. Suppose this voltage is .1 volts. 
Proceed co place as many 5 ohm, ~ 

I STEP1 I 
OJ Volt, 

H 
1r•¥1 l?I 

Fig. 3- Block diagram of set-up for 
damping factor measurement. 
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wan resistors as necessary across the 
oULpm terminals to reduce this reading 
by 11:? or .05 volts. Solder all the resistors 
to each ocher in parallel, as even a frac
tion of an ohm of contact resistance 
makes a considerable difference in the 
calculated results. When a reading of 
.05 volts is obtained, count the number 
of parallel resistors used and divide into 
5. This will give the source impedance 
of the amplifier in question. Now 
divide this figure into the speaker im
pedance to obtain the damping factor 
of the system. See Fig. J • • 

INDUSTRIAL T. V. 
[from page 13] 

which may now be tuned in by any 
of the several standard receivers. This 
method is used for longer bops than 
are possible with a single rf oscillator. 
Remote links use this method. 

Industrial Applications 
.-\pplications of ITV are growing 

,·ety quickly and are still rather new. 
U. S. Steel uses ITV to monitor steel 

furnaces and production lines of tin 
place at their Gary. Indiana plant. Com
bin::uion stores and repair shops use 
ITV to watch the store counter while 
the technicians are busy in the shop. 

Plant protection uses several cameras 
to watch fences for intruders. A single 
operator can watch the fence-line for a 
large industrial plant, thus saving man
power. Badges can be checked at sev
eral points as workers enter or leave a 
plane. 

Traffic Control in large cities can be 
augmented by 1TV. A view of the 
most important intersections can help 
direct traffic and prevent traffic-jams. 

Banks use ITV to view records scot 
from a cemral location to many di1Ier
ent monitors so balances and signatures 
may be verified. 

Some of the many uses for ITV are: 
Materials H andling 
Assembly Aid-Large Parts 
Assembly Aid- mall Parts 
Observing . \ucomacic Processes 
Hazardous Observation in Steel 

Plants or Arsenals 
Boiler l gnfrioo. Inspection 
Microscope Projection 
Quality Control Checks 

ElECfRONIC SERVICING • JUl Y, 1 :~7 

Reputation Builder ~I: it pays .tO get along With everybody 

TY 
RE.PAIR 

0 

• Only 133 of your customers chose 

you because you were nearby 

0---· 

• 

••••• • • 
• 

• But ... more than 403 picked you because 

they liked you •.. or knew someone else who did 

it pays to replace with Sprague Black Beauty Telecaps 

• 

don't be vague ... insist on 

• Another way to build and hold a reputation is 
to insist on 1op quality replacement parts. Callbacks 
due to replacement failures not only cost you money 
... they also cost you customers! Replace with less 
than 1he best and you place your reputation at stake. 
Jn capacitors, the best is Sprague. 

• Take the Telecap molded tubular, for example. 
Jt's the most imitated capacitor Sprague ever 
introduced. But you get Sprague pe1forma11ce only 
when you insist on Sprague Telecaps. They're the first 
choice of rep111atio11-co11scious manufacturers and 
servicemen ... yet they cost no more. 

• Get your copy of Sprague·s latest radio and TV 
service catalog, C-455. Write Sprague Products Co.*, 
Distributors' Division of Sprague Electric Company, 
71 Marshall Screec, North Adams, Mass. 

2.7 
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COMBINATION• PEAK' 
& FLAT ROOF MOUNT 

MOO EL 
l'FM-39 

(Fits Masts 
cip to •VJ•) 

Fe.alum: the p•tcntcd South a inr 
"W.alk-Up" - " Orop·Loclt" mast 
ooc:kct lot UJ'f iftstall•lion on citllct 
Puk, f l•l or Pitched roofs. HHY'f 
94uqc p ipe m,nt socket h.. two 
heawy dul'f screws and locknvb 
to secure m .. 1. F•cto"f •sscmblcd 
and supplied in .a hu•llf plated N i l 
ruistant finish. U.S. PAT. # V34708 

Send For Our Hew 1957 Catalog 

ADJUST
ABLE 

3rd ARM 
FOR HOLDING 

CHASSIS IN 
POSITION ON 
WORK BENCH 

$5 .so 
each 

SUPPORTS VERTICAL CHASSES. 
PREVENTS BREAKAGE OF 
PRINTED CIRCUITS AND 
OTHER COMPONENTS 

Send checks or money orders only 

TRE-SCOPIC PRODUCTS, INC. 
262 Sullivan l'I., • Bklyn 25, N. Y. 

M O V I NG? 
Please send new address 

six weeks prior to change 

of address to 

ELECTRONIC SERVICING 
300 W. 43 St., New York 36, N.Y. 

1\rornic Assembly 
Traffic Control 

a) Automobile 
b) Railroad 
c) Airplanes 
d) Pedestrians 

Patient Observation in Hospitals 
Reading Gauges 
Checking Burner Flames and Stacks 
Fire Detection in Factories 
Observing Wind-Tunnel T ests 
Remote Time and Motion Study 
Inspecting and Identifying Railroad 

Cars 
Loading Scrap in Railroad Cars 
Locating Spaces in Parking Lots 
Detecting Forest Fi.res 
Guard Service 
Factory Area Observation 
Military Reconnaisance 
Watching Children 
Watching Toll Booths 
Dental T raining 
On-the-job Training 
Medical Training 
Promotion of Store Displays 
Remote Viewing of Meetings 
Transfer of: 

Blue-print information 
Production information 
Signature verification 
Passenger and freight 
Elevator scheduling 

ITV has perhaps its greatest useful
ness in dangerous areas and difficult 
viewing proberns. Dangerous locations 

Lead Dress 

Wh ile the signal level at Lhe input to 
an amplifier is usually large enough to 
be beyond ithe hum problem normal ly 
encountered in preamp lifiers, it is still 
possible to introduce hum by improper 
techniques. :-Jormally accepted wiring 
rcchniques are still very much in order. 
~ew chassi.\ grounds are to be avoided 
when making ,1 pans replacement. 
Man~ amplifiers employ a single 
ground bus which is rerurned to chasm 
only at one point in the vicinity of th~ 
input. Still others use groundin~ sys
tems which may appear strange, :i;: firs •. 
bur which can usually be justified after 
careful study. For example, the ground 
normally associated with the speaker 

in industry where radio-acciviry, heat, 
the possibility o( explosion, or exposure 
to chemical fu mes limit actual exposure 
are naturals for ITV. The viewer can 
see the process and yet be perfectly safe 
at a different and protected location. 

Another area of great usefulness is 
in locations where human observers just 
cannot physically be located. ITV 
cameras in smoke stacks, under-water, 
or other difficult locations provide clear 
TV picrnres to remote viewers. 

Dangerous Operations 

The Seneca Ordnance D epot, Romu
lus, New York, is using closed circuit 
TV to observe and control a highly 
dangerous operation-the disassembly 
of "live" but obsolete bombs, ranging 
in size from 155-millimeter artillery 
shells, to 2000-pound aerial blockbust· 
ers. Fig. 8 shows a bomb being placed 
in position. Since tremendous, heat
producing pressure must be exerted 
when removing the boosters &om the 
bombs, this most hnardous step in the 
salvage operation is closely observed 
by the camera which transmits the in
formation to a rnoniror as in Fig. 9, 
located 300 feet away in a bunker with 
concrete walls three feet thick. Here 
the munitions handlers can view the 
operation and at the first sign of exces
sive pressure. a cell-tale wisp of smoke. 
the disassembly machine can be idled 

HI Fl VOLTAGE AMPLIFIERS 
[from page 23] 

ou1 ru1 1erminal strip is very often not 
grounded at that point on ~he chassis, 
hut returned, by means of a separate 
lead. all the way to the triode or pentode 
C::lthode where overall feedback is ap
plied. This is done ~o prevenr the set-
1 tng up of a "ground hum loop" 
1hrough rhe feedback circuitry ::nd can 
of ten mean a difference in hum of 10 or 
more decibels. In general. try to restore 
the ex:1ct lead dress and rouring orig
inally built in by the manufacturer. 
Thi~ practice will prevent the appear
ince of high frequency oscillations. 
which can complicate an otherwise sim
ple repair job. Use quality replacement 
components throughout. Crackling and 
hissing in an otherwise perfect ampli
fier is often traced to an infer!or noisy 

by remote control while water pours 
on the projectile. 

More than thiny bombs a clay are 
disassembled under the watchful eye 
of this system and, as one munitions 
handler st..1tes, "we haven't lost a bomb 
or a TV camera yet." 

Alignment of Heavy Equipment 

Closed circuit T elevision is presently 
in use in conjunction with a jig align
ment telescope, tO correcdy and ac
curatdy position four and five-too gas 
turbine sections at the General Electric 
Gas Turbine Department in Schenec
tady. New York. 

lo this application of TV, when 
turbine shells are being aligned, the 
camera is bolted, leveled and centered 
on the first, or master, shdl. Wheo 
another shell is to be attached, a target 
is centered in the new shell and the 
camera lens focused to the known dis
tance from the target. Then, by watch
ing the monitor, located some fifteen 
feet from the camera, the operator notes 
where che target lies in relation to the 
camera lens and is able to carefully 
adjust the shell-conncCLing bolts and 
align the new shell. 

T his technique replaces the old 
method of aligning turbine shells by 
stretching a taut wire through the tur
bine and estimating when the shells 
were in position. •• 

resistor in a low level, high gain voltage 
amplifier stage and cai1 be found only 
by substiLUtion. 

Microphonics 
As in preamplifiers, the first stage oi 

a power amplifier must be free from 
microphonics. Very often, a new mbe 
which was Cree from this defect can 
develop the trouble after momh:. of 
aging. It should be replaced and the 
new LUbe should be capped gently to 
make certai n that it is Cree o( this fauJr. 

>:c.'\t month we shall follow the signal 
into the phase inverter, and discuss the 
many ways in which an audio signal is 
split into two signals, opposite in pha~e. 
for ultimate use in push-pull power 
amplifier stages. 
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~SHAV-PAK 
,NEW, LOW PRICEI 

""II' l"t~ 6 63 

~'. 

OF YOUR CAR, 
Boat or Plane! 

s,ecially Des i&ned fer 
o,eritin& standa~ A.C. 

ClgoNtte lighter DEALER 
9-ph>d e o" Oo1h PIHi. i:. 

El1c tric Shurs in 
Aa11 .. biles, 8us1s, 
Truch, Bu ts, ant 
Plms. 

LIST PR ICE U .95 
lllPll l ..C. lllM DEALER JTP[ LC. HTPVT 1mm PRICE YOUS '4CtCUS 

WI I 115 n its 15 U3 
U.$111 IZ 115 15 8.63 

.... -~· _.,~-'}. ·-- T 

~MIGHTY MIDGEli 

I
~ ~eu lNVERTER 

WITH GREATER OUTPUT 

;.· DICTATE REPORTS ACCURATELY·PROMPnYI 

~make :v.:our car, boat or plane 
, ·· , a "rolling office" 

willi A TR INVERTERS 

Pl"ll' i"lo 
ClgoNll• light•r 

Rettp!ode on Do•h 

for changing ycwr 
slorog e boltery 
current lo A. C. 

~~ 
ELECTRICITY 

/I~ 
!!!..,Y,our own cort 

$1330 AND UP ~ J }. 
DEALER X ...-'°! ·~.I 
PRICE I , I 

LIST PRICE $1!.9~ ......... 

ATR INVERTERS •• • 
especially designed for operoting 
s1ondord 110 voll A. C. • • 

o DICTATING MACHINES • TAPE RECORDER 
• ELECTRIC RAZORS o WIRE RECORDEllS 

ln¥1<1•n nall1bl1 101 b. ll. 20. J2, 110 & 
220 D.C. lnp•I Opuallon ,,,, - ,.,,.. .. --..... a lo• Ul#pka (#~ .• 

AMERICAN TELEVISION & RADIO Co • . ••• 
::i..u., ,,_,.,,. s.- ,,,, 

UllO 'AUL 1. MINNUOf.t.-U. S.. A. 

Videos~ s~ s~ c DATA SHEETS ADMIRAL 

l\Ur: Admiral Ch assis No. ~OAX5 

Card No : A20AX5-1 

Section AJfected: Raster 

Symptoms: No vertical deflection. 

Cause: Sllorted C410 

What To Do : 
Replace C4!0, 20mf 475 volts. 

Also: change R440 (l.2K l watt) to 3.3K 2 
watts. This change lowers the voltage on 
C410. (Chassis so modified are coded Run 
4. ) 

)fir: Admiral Chassis No. 20AX5 

Card No : A20AX5-2 

Section Affected : Raster 

Symptoms: Laclc of v:idth. 

Reason For Change: Circuit improvement. 

What To Do: 
Add: C426 (47 mmf, 3000 volts, N150 Temp. 

Coeff.) (This change has been incorporated 
in some models.) 

;\Ifr : Admiral Chassis No. 20AX5 

Card No: A20AX5·3 

Section A1Tected : Sync. 

Symptoms : Poor horizontal sync. 

Reason For Change: Circuit imp.rovement. 

W11at To Do : 
Change: R417 (27K 5%) to 39K V2 watt. 

Also: R444 (2.7 meg) to 3.3 meg. 

V402 
6S4 9 

T40 4 
HOR.OUTPUT 

TRANSFORMER 

II 
3 
C426 -

V40/B 
l/2 12AU7 
SYNC SEP 

II 

II 
R440 -

T402 
VERT. OUTPUT 
TRANSFORMEIT 

TO YOKE 

TOB+ 

V407 
6AX4 

DAMPER 

0/)Jf 
r-~~~~~~~--____..(~~--11•~ 

R4/7 -
3 

R444 -
/50K 

B + 
265V 
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ADMIRAL Video S~ S · · S · DATA SHEETS 

30 

6C86 
V305 

VIDEO AMP ~ ' ' _. TO CRT 
51 ' 

V204 
6AS5 

SOUND OUTPUr 
7 ,r--

V4 0 5 
6806 

HORIZ. OUTPUT 

60JJFO 

'fOJ(FO! 

I 
047). 

~· 
f!j,li 

9.,. 

FIG.A 

T404 
HORIZ OUTPUT 

TRANS. 

R319 -
SPEAKER 
SOCKET 

M201 

-ADD 

V406 
H.V.RECTIFIER 

183 

T02NO 
ANODE 

OF 
PICT I/RE 

Tl/BE 
I 

~ 

CORONA SHIELD 

FIG.8 

:\-Iir: Admiral Chassis No. 20AX5 

Card No: A20AX5-4 

Section Affected: Pix 

Symptoms: Flashing and streaks in picture. 

CaDse: Intermittent video plate load resistor. 

What To Do: 
Replace R319 (5.6K 1 watt) witlh a 5.6K 

2 watt. 

l\1fr: Admiral Chassis No. 20AX5 

Card No: A20AX5-5 

Section Affected: Raster and Pix. 

Symptoms: Interaction between audio and 
video signals. 

Reason For Change: Circuit modification lo re
duce interaction between pix and sound. 

What To Do: 
Remove: R319 (5.GK 2W) from pin 6 of V204 

and reconnect to pin 3 of M201 socket. (This 
change has been incorporated in some 
models.) 

Mfr: Admiral Chassis No. 20AX5 

Card No: A20AX5-6 

Section Affected: Raster 

Symptoms: Lack of width. 

Reason For Change: Circuit improvement 

What To Do: 
Change: R439 (18K 2W) to l5K, 2W (Fig. A). 
Also: R44I (4.7 ohms) to 3.3 ohms (Fig. B). 
Add: R445 (180K JhW) between pin 7 of 

V406 and the second anode of the CRT 
(Fig . B). (This change has been incorpo
rated in some models). 

I 
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I 

; 
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i 
i 
i 
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•• • from Aermotor Com
ny- since 1818 lecid

" In the monufodure 
I ·Of s1 .. 1 Windmill Tow· .,.. 
Check these features -
they' re found in all 
Ae rmotor Towers. 

SELF SUPPORTING - no 
cumbersome guy wires. 
HEAVILY GALVANIZED 
AFTER FABRICATION
completely protected 
against rust . 
. EASILY ASSEMBLED 
STRONG-towers safely 
sustain loads of 1500lbs. 
- safe in winds to85MPH. 

i 

f:iJf sll l1 

TYPE Ml-98 
For TV Antenna up 
lo 6 square feet or 
p r ojected a rea. 
H eights to 100'. 

.. TYPE MP-5 
For Amateur Beams 
up to 20 square feet 
of projected a rea 
Heights to 97'3 ... 

TYPE MP-9 
(Nol illustrated) 

Meets "RETMA ., 
Standard TR-116 
Specifications. 
H eights to 123'5#. 

W rite today for 
complete informa
tio n on Aermotor 
Steel Antenna Tow
ers and on Ae rmotor 
Fran chise in your 
territory. .. 2 

AERMOTOR COMPANY 
2500 W. Rooseveh Rood Chicago 8, Illinois 

Dept. C:S-7 
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T here was an old woman 
Who lived in a shoe 
Had so many children __ O 
She knew not what to do ~~ 
Th hild J/, ' r. 

e c ren were naughty '-:-::r 
And so filled her with dread 
That the little old woman 
Wished she were dead 

A simple solution 
Which brought happiness 
Was the prompt installation 
of Norelco ... F.R.S. 

,-;\~ 
These wonderful speakersµJi \ii~ , , ' \' 
(Twin-coned and true) 
Produced marvelous music 
Throughout the shoe 

The effect ... tranquilizin~~ 
The children ... asleep t-' 

1 
. 

Now the little old woman r~, 
Good order can keep ''~ I 

For the full throated music 
Resounds through the shoe 
The children are spellbound 
As you will be too 

So go to your dealer 
Do it today 
And find out how "Hi-Fi" 
Your victrola can play 

/lore/co ~~e{ Speake1·s a1·e avail
able in 5 .. , SN or 12" sizes in standard 
irr,peda11ces. Priced from $6.'75 t o 
$59.!JB. B/t,eprints ai·e available for 
the do-it-yourself enclosure builder. 
Nore/co E 11clos1tres are availab~ in 
th,·ee sizes, priced f rnm $33.75 to 
$119.95. 

ADD TO ... and improve any sound system 

w ith ~reko ® •full RESPONSE SPEAKUS 

Write today to Dept. E7 for brochure 
ana prices of lhese unique speakers 

• NORTH AMERICAN PHILIPS CO., INC. 

High Fidelity Produ<h Dlvhlon 
230 Dully Avo . Hickn1lle, l . I. , N. Y. 

Vide.a s~ s~ s~ c DATA SHEETS CBS 

Mfr: CBS Chassis No. 3000 Serie;: 

Card No: CBS 3000-1 

Section Affected: Pix 

Symptoms: Black and white bars when channel 
selector is placed in UHF position. 

Cause: Regeneration in if due to poor contact of 
ground strip in the 41 me feed through tuner 
strip. 

What To Do: 
Clean contact area and increase spring 
pressure. 

Mfr: CBS 

Card No: CBS 3000-2 

Chassis No. 3000 Series 
with Robot Tuning 

Section Affected: Sound and Pix 

Symptoms: F ine tuning control does not f unc
tion. 

Cause: Poor contact in fine tuning cry$lal 
holder. 

What To Do: 
Cleen contacts o.f crystal holder and i:eat 
firmly. 

Mfr: CBS Chassis No. 3000 Series 

Card No: CBS 3000- 3 

Section Affected: Pix 

Symptoms: No pix, raster and sound o. k 

Cause: CS-I Shorted . 

What To Do: 
Replace C5-1 with a .1 mf 400 V condcn~er. 

41MC IF STRIP 

I I I 
,-a_,----------, 
Lt __ 1' LJLld 

6 

II 

"""CLEAN AND INCREASE 
_ PRESSURE 

I 

IN60 -

C5-J.. -

V5 
6A05 

V258 
l/26AT8 

2 OSC. 

2ND VIDEO AMP. 

6 
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CBS 

2.2MEG 

VTB 
6AN8 
A.G.C. 

l/5V 

FIG A 

V2 -
6CB6 ,-

2NO IFAMP 

I 
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V22 
2/ALP4A 

Video S~ S · · S < DATA SHEETS 

FIG B 

+115V 

V6 
/2AX7 

R6-5 

B+ 
260 

Mfr: CBS Chassis No. 3000 Series 

Card No: CBS 3000-4 

Section Affected: Sync. 

Symptoms: Horizontal pull on strong signals. 

Reason For Change: Circuit improvemenl. 

Reason For Change: Circuit improvement. 

What To Do: 
Add: 2.2 meg 1h watt resistor Fig. A. 
Change: R6-5 {2.2 meg.) to 4.7 Meg. Fig. B. 

l\1fr: CBS Chassis No. 3000 Series 

Card No: CBS 3000-5 

Section Affected: Pix 

Symptoms: Low sensitivity on very weak signal. 

Cause: Parasitic oscillation 10 the second if 
stage developing negative grid bias. 

What To Do: 
Replace 6CB6-V2 second if amplifier. 

l\'Ifr: CBS Chassis No. 3000 Series 

Card No: CBS 3000-6 

Section A1Iected:Raster 

Symptoms: Limited brightness control. 

Cause: Defective resistor. 

What To Do: 
Change R22-2 a 150K 1r~ watt resistor. 

------_, 

-

FOR SOUND 

SATISFACTION 

,,, ~ 

RCA 
GOLD LABEL 
SPEAKERS! 

-:::: ·-· ..,...._'°"" . .,li!fb-. e ' "t?xti -

.....-=,..,, .. -----

-~ ... -·-·---
~>1 . • 

R eplace dead speakers with 
lire RCA Gold Label 
Spea!..ers. They're short on 
installation time ... long on 
customer satisfaction. All 
types built to RETMA size 
standa rds R EC 148 ... 
mounting hardware is 
inc luded on most smaller 
sizes ... For all your 
speaker requirements ... play 
it smart and safe! Be sure 
you ask for RCA Gold Label 
Speakers ... at your local 
distributor. 

~ 
~ 

RADIO CORPORA 110N 
ol AMERICA 

COMPONENTS DIVISION CAMDEN, N. 1. 



MARINE ELECTRONICS 
[from page 11] 
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Fig. 3-The chart shows the number of degrees a reading must be corrected 
to insure accurote bearings when the visual and radio readings differ. 

Regardless of how the visual bearings 
are determined, however, the procedure 
is the same. 

A radio beacon, sucb as that on a 
lightship, makes an excellent signal 
source for calibration. In many LllStaaces 
I have found it possible to sail up to 
such a station and hail the people on 
board with a request that they turn on 
the radio beacon for calibrating purposes 
or I have made this request over the 
radiotelephone, using the Coast Guar<l 
or IncernatiooaJ Calling Frequency. If 
this syscem is employed, be sure to 
advise sration personnel when the cali
bration is completed in order that they 
may shut down the transmitter. 

Now, Jltgn the radio-direction finder 
scale and the visual pelorus so that zero 
degrees is dead ahead. T ake the boat 
off a mile or so from the beacon station, 
then head tt directly for the transmitting 
antenna. When in exact alignment, a 
bearing should be taken by ra<lio a nd by 
the visual means, and a recorder should 
wrire down the exacc number of degrees 
for both observations. Then. the boaL 
should be slowly swung around and 
settled down on course at separations 
of ccn-<legrees "around Lhe clock." A t 
each of these points, a radio and a 
visual bearing should be Lakcn. It i' 
usually found that a graphic plot of the 
difference belween radio and visual bear
ings will result in a sine curve. Such a 
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graph can be posted with the radio direc
tion finder for the correction of observed 
to true relative bearings; or else the in
formation may be posted in tabular 
form, similar to the list of differences 
made at the time of calibration. The 
curve, or graph, will then show Lhe 
number o( degrees, plus or minus, to 
apply to a radio bearing lo obtain a 
correct re<lding. Such a graph is shown 
m Fig. 3. 

1n localities lacking a convenient 
marine-beacon transmiucr, you can use 
broadcasling or airway-beacon towers 
near the water for calibration. H ow
ever, it should be noted that figures 
obwined on widely differing frequencies 
from Lhose on which navigational bear
ings .ue goi ng to be obtained should be 

Fig. 4-Suspended installation is 
always physically level. 
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used only for temporary guidance until 
the boat is in an area where .i station is 
available for more accurate calibration. 
By showing the skipper rhe procedure, 
this bler calibracion may be performed 
by the boat's O\vn personnel. 

lL may m:cas1onally be found Lhat a 
very great deviation is experienced due 
to the closeness of lifelines, rigging, or 
other top hamper. Deviarion in excess 
o( ten degrees or so is serious enough to 

make accurate observations very dilE
cu lt. ln such cases, the be.st procedure 
is to .malyze tbe rigging and wmng 

around the direction finder, rhen t0 

move or break up with insul :nors any 
spans which form closed loops or which 
appear ro have resonant effects at the 
frequencies being used. By this means 
it ~hould be possible to get bearing de
viation down to a cckram:e ot one or 
l wo-<legrees. 

I n the actual operalion of the direc
tiou finclcr. other unavoidable errors 
may be experienced. One possible 
source is "night e!Iect;' when reflected 
signals .. mush up" or distort the null. 
In such c:ise, radio be::irings cannot he 
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crusted, and the operator must wail un
til satisfaotory nulls are again obtained 
before placing reliance on his observa
tions. 

Be:trings Lakeu over distances greater 
th:in 50 miles arc subjecL to plotting 
error due to the distortion of Mercator 
Projection charts. Accordingly, a cor
rection must be applied to the radio 
bearing before laying OUL the line on 
the chan. This procedure is described 
in navigational books and tables under 
informalion on laying out a great-circle 
line on Mercator charts. 

Sailing vessels are also subject to 

heel ing error. T his must be taken inw 

:tccount, and can be corrected mathe
m::u icall y. It may also be corrected 
physically by levelling the ci1 rection 
finder while taking bearings, by chang
ing course or slacking off the sheets 
momenlarily to right the boat, or by the 
special installation shown in Fig. 4. 

But all of these tricks are actually in 
the n:ivigator's province, and not rhe 
radio technician's. D o a careful job of 
installing and making the initial calibra
tion, and the navigator can do the rest. 
This suggcsLs a sideline for sail-water 
servicemen; become a radio-navigacion 
expert. This is a 6eld in which l have 
never seen any crowding! • • 

1957 PHILCO 
[from page 5] 

ing t11e plug from the CRT socket and 
changing the strap to pins 6 and 10. 
Pin 10 is approximately 200 volts posi
cive. D ue to the manner in which t he 
pins on rhe CRT base arc locared these 
are the only 2 positions of the strap, 
eliminating any possible error. Focus 
is also affected to some degree by the 
adjustment o( the ion trap and/ or ad
justment of the centering assembly 
which has 2 metal tabs direcrly in 
back of the yoke. 

UHf-VHF Tuner 
The vhf cuncr on those chassis 

:.icbp1able for a uhf tuner is an incre
mental type with a modified wafer 
switch. The rf nnd oscillaLor coils are 
mounted on djscs which arc attached 10 
the rotor shaft. The rf stage is a cas
cade amplifier. The output of the tun
er. as in all v/1f tuners employed in 
Philco models, is a 45.75 me signal. 

The uh/ portion of the toner consists 
of a small sub chasis which plugs into 
the front of the vhf tuner and is acti
vated when the v/1f tuner's channel se
leclor is placed in ulzf position. The t1hf 
twicr rnnes through all u/i/ channels. 

On those chassis not adaptable to 
uh/, the vhf tuner is physically sim 
ilar to rhe one previously described but 
does not have the switching arrange
mcn1 ror tthf and is not interchange
able with the combinarion tuner. 

Sound Section-Dynamic limiter 
Sound is separated at the output of 

the video amplifier by means of a trans
fom1er. the primary of which serves as 
;.t 4.5 me trap. T he 4.5 me incercarrier 
sound system incorporates a dynamic 
limiLer employed for the first time in 
the 1957 Philco models. The rema inder 
of Lhe audio system is conventional and 
contains discriminator, audio amplifier 
<tnd audio output stages. 

Since the dynamic limiter is relatively 
new a description of its operation is in
cluded here. The dynamic limiter pro
vides reduction to both upward and 
downward amplitude modulation (or 
noise) of a particular signal carrier while 
at the same time it's operaring thresh
old (bias) is self adjusted with the par
ticular carrier level. The dynamic limit
er may be either single or double sided 
and employ one or two diode tubes re
spectively. The single sided limiter is 
employed in Philco receivers. 

The single-sided limiter employs a 
single d iode which in conjunction with 
Lhe associated tuned circuit provides the 
necessary limiting of the positive and 
negative signal excursions. The circuit 
of the dynamic limiter and associated 
stages is illustrated in Fig. 4. 

The values of resistance and capaci
tance in the cathode circuit of Lhe diode 
are chosen for a relatively long time 
constant compared to modulation 
(noise) that might appear on Lhe rf car
rier signal. Thus the bias developed 
across the RC cathode circuit is estab
lished by the circuit values and the car-
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Fig. 4-Partial schematic showing the " single sided" limiter circuit. 

rier level. An increase or decrease in 
carrier level affects rhe bias proportion
ately and in turn the resultant output 
signal. 

ModulaLion which appears OD the pos
itive side of the carrier is leveled by the 
diode in what might be described as an 
action of loading and UDloadi.ug the 
tuned circuit. Positive modularioD above 
the carrier level (diode bias) is reduced 
since the diode conducts and appears as 
a load shunted across the tuned circui• 
a t this time. Modulation that goes below 
the carrier level causes a decrease in di
ode current. The effecl is oDe of UD!oad
ing the tuned circuil, resulLing in a level
ing of modulation below carrier level. 

On rhe negative side of lhe carrier, 
reduction of amplitude modulation is 
associated with the Q of the resonant or 
lllned circuit. li Lhe tuned circuit has a 
low Q, the impedance would be relative
ly the same for the fundamental carrier 
frequency and all signilicaor harmonics. 
In this instance. diode conduction would 
limit posi1ive modulation but negative 

modulation would be unaffet:ted. If the 
Q of the cuned circuit were infinite 
( very sharply tuned), the negative sig
nal modulation would be limited by 
fi ltering action to the same degree that 
the modulation in the positive region 
was limited by diode conduction. This 
is brought about by the ringing action 
of [he high Q Lu ned circuit which re
distributes the modulation about zero 
so that some of the negative modulation 
appears on the positive side to be leveled 
by the cliode action. T his action occurs 
in a rapidly decreasing fashion (almost 
instantaneous) until the negative modu
lation is leveled. T he circuit Q must be 
above a certain value (critical value) be
fore the tuned circuit becomes effective 
in reducing negative amplitude modula
tion. The output signal, a relatively un
distoned sine-wave signal, is applied to 

the discriminator for detection of the 
audio intelligence. The discriminator 
employs crystal diodes in place of diode 
tubes. 

[To be Continued] 

TRANSISTOR THEORY 
[from page 9] 

it as in Fig. 9 B, we would increase the 
opposition to the Row of fonvard cu r
rent without affecting the reverse cur
rent, which remains at saturation. In 
effect we would be reduci ng the flow of 
majority eleCLroru and holes across the 
junction because we would be supple
menting rhe number of opposing 
charges ar the junction. T his method 
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of connection is called "reverse bias." 
Increasing or decre:ising ilie forward 

bias increases or decreases the forward 
current. T he reverse current, however. 
remains the same, saturation having al
re:.i cly been effected. 

In this figure we show the relative for
ward and reverse currents for forward 
:rn<l reverse bias. Notice that the reverse 
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Fig . 10-1, is constant for all values of 
bia s. 11 varies with bias. Total current 

equals: Ir -Ir or Ir -Ir. 

current 111 remains the same: for forward 
and reverse bias. 

Figure 10 summarizes the relative 
values of Ir and lg for the various biases 
discussed. H ere we show that for aU 
values o( bias, including zero, the re
verse current Jg remains at a constant 
value representing saturation. O n the 
other hand the forward current, 1r. 
varies with the amount and polariry of 
the bias connected across the junction. 

Rule for Forward and Reverse 
Biasing 

From the foregoing discussion a rule: 
may be advanced which dclcrrnines bow 
a battery should be connected across an 

-P junction to increase or decrease the 
forward current. This rule is as follows: 

"If it is desired to promote the for
ward flo,v of current through an N-P 
junction, the battery should be con
nected for forward bias, so that it 
neutralizes the charged layer along 
the junction. If it is desired to reduce 
the fo rward Row of current the bat
tery should be connected for reverse 
bias so that it adds to the charge 
along the junction." 

N-P Junction Rectification 
Characteristics 

The m:tnner in which current varie~ 
with voltage for conditions of forward 
and reverse bias is shown for a partic
ular sample of germanium in Fig. 11. 
.\t the outset it should be poiored out 
that conventionally the volrage is 
plotted along the horizontal axis and 
the current along the vertical axis. How
ever, when plotting transistor charac
teristics we most often find lhe opposite 
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Fig. 11- Rectificotion characteristics of 
typical germanium unit. 

to be the case. T bis is an offshoot of the 
manner of presentation preferred by 
physicists, and with increasing familiar
ity should be easily followed. T he por
tion of the curve lo the right of the zero 
current line represents the manner in 
whicb the total current varies with 
voltage when the battery is connected 
for forwa rd bias. The portion of I.be 
curve to the left of the zero current line 
represents that variation of the total cur
reor with applied voltage when the bat
tery is connected for reverse bias. ~orice 
that in this portion of the curve a con

stant saturation curreoc exists for a wide 
range of applied voltages. This Ponion 
corresponds to the: constant reverse cur
reoc Aow due to the intrinsic carriers 
present in the material. Notice th~n the 
forward current is given in amperes and 
the reverse current in milliamperes, 
which indicates the high forward to 

reverse curreoc ratio existing in ~-P 

juncLions. 
It is obvious that if instead of using 

a biasing battery, a sou rce of ac were 
connecled across the junction the re
sulting carrier Bow would be high for 
one hal( Lhe cycle and low for the other 
h;ilf. Thus, an N-P junction is, in effect, 
a recLifier, just as a diode vacuum tube. 
In contrast to vacuum tube action, which 
perm;ts only unidirectional electron 
Row from cathode to anode, and in 
which no reverse current Bows, in semi
conductors there is always a certain 
amount of reverse current Aow due to 
rhe intrinsic carriers present. Naturally, 
in normal rectification applications the 
ratio of forward to reverse current 1$ 

kept as high :is possible. 

[To be continued] 
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