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GENERAL SERVICE INFORMATION 

SAFETY NOTICE 

WARNING 

VOLTAGES USED FOR THE OP
ERATION OF THIS EQUIPMENT 
ARE DANGEROUS TO HUMAN 
LIFE. 

This instruction manual is written for 
the general guidance of maintenance and ser
vice personnel who are familiar. with and 
aware of the dangers of handling electric 
and electronic circuits. It does not purport 
to inclu<le a complete statement of the safety 
precautions which should be observed in 
servicing this or other electronic equip
ment. The servicing of this equipment by 
inadequately trained or inexperienced per
sonnel involves risks to such personnel and 
to the equipment for which the manufacturer 
can not accept responsibility.,.Personnel ser
vicing this equipment should familiarize 
themselves with first-aid treatment for elec
trical burns and electrical shock. 

PRODUCT ION CHANGES 

From time to time it becomes necessary 
to make changes in the equipment described 
in this book. Such changes are made to im
prove performance or meet component short
ages and are identified by a revision letter 
following the model number stamped on the 
nameplate. The changes in the equipment as 
they affect the instruction book are listed 

on a Production Change Sheet included in 
the book. If no Production Change Sheet is 
included, no changes have been made. The 
revision letter appearing on the title page 
indicates the equipment revision to which 
the book corresponds. 

This information is provided as a servic
ing aid; it should not be used to modify 
earlier equipments to incorporate later re
visions except under specific instructions. 
Please mention the revision letter in any 
correspondence. 

REPLACEMENT PARTS 

The parts list contained in this book in
cludes all principal replacement parts-. The 
symbol numbers are the same as those ap
pearing on elementary and other drawings. 
Whenever possible, replacement parts should 
be obtained from a local electronics supply 
dealer. If it is necessary to order a part 
(other than a tube) from the General Electric 
Company, please include the symbol number, 
description, and drawing number of the part 
and model number of the unit. Orders may 
be sent to the nearest Electronics Division 
office appearing on the list at the end of this 
book or the General Electric Company, 
Technical Products Department, Electronics 
Park, Syracuse, N. Y. 

REPLACEMENT TUBES 

In all cases replacement tubes must be 
ordered from a local tube distributor. * 

These instructions do not purport to cover all details or variations in equipment nor to provide for every 
possible contingency to be met in connection with installation, operation, or maintenance. Should further 
information be desired or should particular problems arise which are not covered sufficiently for the pur
chaser's purposes, the matter should be referred to the General Electric Company. 

EBl-17B 8/ &8 (5M) 
12/ 58 (5M) 
4/59 ($M) 

INDUSTRIAL ELECTRONICS DIVISION 

GENERAL . ELECTRIC 
ELECTRONICS PARK, SYRACUSE, N. Y. 
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WARRANTY • 
The General Electric Company (herein

after called the Company) warrants to the 
Purchaser that the equipment will be free 
from defects in material, workmanship, and 
title, and will be of the kind and quality 
designated or described in the contract. The 
foregoing warranty is exclusive of all other 
warranties whether written, oral, or implied 
(including any warranty of merchantability 
or fitness for purpose). If it appears within 
one year from the date of shipment by the 
Company that the equipment described in 
this instruction book does not meet the war
ranties specified above and the Purchaser 
notifies the Company promptly, the Company 
shall thereupon correct any defect, including 
non-conformance with the specifications, at 
its option, either by repairing any defective 
part or parts or by making available at the 
Company's plant, a repaired or replacement 
part. In lieu of the foregoing, the standard 
published tube warrranties in effect on the 
date hereof shall apply to new electronic 
tubes. If the equipment is installed, or its 
installation supervised, by the Company. 
said one year shall run from the completion 
of installation provided same is not unreason
ably delayed the Purchaser. The conditions 
of any test shall be mutually agreed upon 

and the Company shall be notified of and 
may be represented at all tests that may be 
made. The liability of the Company to the 
Purchaser (except as to title) arising out of 
the supplying of the said equipment, or its 
use, whether on warranty, contract or neg
ligence, shall not in any case exceed the 
cost of correcting defects in the equipment 
as herein provided and upon the expiration 
of said one year, all such liability shall A 
terminate. The foregoing warranty does not W 
apply to any used equipment supplied under 
contract or any equipment supplied under 
contract which bears a trademark of a 
manufacturer other than that of the Company. 
Because of the more restrictive warranties 
expressed by other manufacturers, the Com-
pany under contract can only make avail-
able to the Purchaser the warranty of the 
manufacturer on all such equipment. The 
Company will secure for the Purchaser at 
his request copies of the manufacturer's 
standard published warranty applicable to 
all such equipment. Used equipment is sold 
as is without warranty unless otherwise 
specifically provided in writing in the sales -
contract. The foregoing shall constitute the 
sole remedy of the Purchaser and the sole 
liability of the Company. 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

.. 
SAFETY TO HUMAN LIFE 

Since the use of high voltages which arc dangerous to human life is necessary 

to the successful operation of the f-m broadcast transmitting equipment covered 

by these instructions, certain reasonable precautionary measures must be carefully 

observed by the operating personnel during the preliminary test and the operation 

of the equipment. 

Major portions of the equipment are within shielded enclosures or framework, 

provided where necessary with access doors or gates which arc generally fitted 

with safety interlock switches serving to shut off dangerous voltages within the 

enclosures when the access door or gate is opened. 

Antenna tuning houses, substations, and switch enclosures which arc nonintcr

lockcd and normally unattended should be kept locked and Rules 1 and 2, below, 

should apply particularly to these portions of ~he equipment. 

While every practicable safety precaution has been incorporated in this equip

ment, the following rules must be strictly observed: 

1, KEEP AWAY ••OM LIVI CI.CUITS -Undcr no circumstances should 

any person be permitted to reach within or in any manner gain access to the 

enclosure with interlocked gates or doors closed (or with power supply line switches 
to the equipment closed); or to approach or handle any portion of the equipment 

which is supplied with power; or to connect any apparatus external to the enclosure 

to circuits within the equipment; or to apply voltages to the equipment for testing 
purposes while any nonintcrlockcd portion of the shielding or enclosure is removed 

or opened. 

2 . DON'T SIIVICI 01 ADJUST ALONI-Under no -circumstancess hould 

any person reach within or enter the enclosure for the purpose of servicing or 

adjusting the equipment without the immediate presence or assistance of another 

person capable of rendering aid. 

3 . DON'T TAMPD WITH INTULOCKS- Undcr no circumstances 

should any access gate, door or safety interlock switch be removed, short--circuitcd, 

or tampered with in any way, nor should reliance be placed upon the interlock 

switches for removing voltages from the equipment. 

Ill 
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250-WAff FM BROADCAST TRANSMlffER 

G-1 TYPE ■T•l•A 

GENERAL 

T HF. 250-watt Frequency-modulation Transmitter, 
General Electric Type BT- I-.~. embodies the latest 

in circuit and tube developments. Direct crystal con
trol, plus "straight-through" operation with frequency 
multipliers onl):, is obtained by use of a modulation 
system based on a new tube called the "Phasitron." 
This revolutionary method of modulation permits the 
full realization of all the advantages of frequency
modulation broadcasting. 

The use of the phas1tron modulation system com
pletely segregates the two basic functions of frequency 
control and modulation. There is no more accurate 
method of controlling frequency than by the use of 
a stable temperature-controlled quartz crystal oscil
lator. The separation of the modulation process from 

frequency control leads to refinements in frequency
modulation broadcasting equivalent to those obtained 
in standard AM broadcasting when the functions of 

frequency control and modulatJOn were d ivorced an 

that field. The General Electric Type BT-1- -\ Trans

mitter is unique in this respect. 

Conservative rating of all components means long 

and trouble-free service with a minimum of maintenance. 

This Transmitter has been designed for broadcast 

installations where a large primary service area 1s not 
essential. Where more extensive coverage is required 

the Type BT-1-A Transmitter serves as an exciter for 

a General Electric I-kilowatt or J-kilowatt frequcncv 

modulation amplifier. 

IQUIPIIINT FURNIINID 

The following units rnmprisc a standard equipment: 

One Model -lBTIA Transmitter (Type BT-I-A). 

Two sets of vacuum tubes, each set consisting of: 

(I ) 6SL7 (1v1) (I ) GL-829-B 
(I ) 6SN, (111i:) l2) Gl-5 D24 or 4-250.-\ 

(1 ) GL-2H21 (1 -J°!l) (I) 6H6 

(8) 6Sji (2) SR-lGY 
(I ) 6\'6 ,~d) <,AH, (?..) /,ftS1j~e,o 
(1 ) GL-815 (I) OCJ VRI05 

(2) Gl~866-A 866 

Two crystal thermocells, G-E drawing M--478021., 

:\cc~rics (G-Edrawing K--11631JG2),consistmgof: 

One can of blue lacquer 

One can grcr lacquer 

One can -chinner. 

:\ kit of parts is available on separate order for rhang
ing the Transmitter to I 50..ohm audio input. 

:\ cabinet heater, G-F. Model 4FHl:\I, 1s available 
on separate order for use when the Transmitter is 
situated in humid locations. 

IUCTIIICAL INClflCAnONI 

Carrier Power Output- 250 watts. 

Carrier- frequency lange-88 to 108 me s. 

Carrier- frequency Stablllty- Within ± lOOOcyclcs 
over normal rcx.m-tcmperature range. 

PM Carrler-NolH- Level-65 db below ± 75 kc 
swing, unweighted. 

AM Carrier-Nol•• Level-50 db below 100 per cei,t 
amplitude modulation, unweighted. 

1-f LoCNI Charect.rl•tk•- ·l~e r-f output coupling 
circuit is designed to operate into a load whose electrical 
characteristics are those ci a coaxial transmission line 
of 51.5 ohms surge impedance, in which the voltage 

standing-wave ratio is not more than I. 75 to I at any 
one carrier frequency in the FM broadcast band. Pro
visions arc made for the use of a single 1 il-i nch coaxial 
transmission line having a surge impedance of 51 .5 ohms. 

Modulatton Capa~lllty- ± 100 kc carrier swing, 50 
to 15,000 cycles with less than 3 per cent RMS C 
tortion. 

A- P Input Level- 10 dbm ± 2 dh required for 100 
per cent modulation at iOO cycles; input impedance, 
600 ohms (150 ohms provisional) . 

A-P letpOMe- Within ± I db of FCC pre-cmphasis
1 

standard from 50 to 15,000 cycles. 
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A- P Hormonk D11tortlon- l~ss than 1.5 per cent 
rms for any single modulating frequency from 50 to 

] ,,(X)(J nclcs and less than I per cent rms from 100 to ,,oo cycles at a earner swing up to ± i5 kc. 

Power Supply-208 2.30 volts, 50 W cycles, singlc
phal>c. -\ continuously variable input voltage control 
make,; 1t possible to operate with any power supply 

voltage in the range of 195 2-45 volts. In ac.ldttion, a 

very small amount of power 1s re4u1red from the station 

lighting supply at 115 volts for the crystal thermocell 

heater. 

Power lnpvt- :\pproximatcly I.J kw at 90 per cen~ 

power factor . 

CONITIIUfflON 

T HF. G-F. T~ pc BT-I :\ Transmitter (Fig. I ) is com
pletely self-contained in a modern, blue-lacquered 

steel cabinet fin ished with stainless steel trim. The 
cabinet provides radio-frequency shielding as well as 
htgh-,,oltage protection to Statton personnel. Access to 
the interior of the cabinet ts gained through full -length 
doors at both front and rear. 

The front door 1s not interlocked and may be opened 
anytime during operation, thus making available any 
normally-needed tuning controls. The entire panel 
front, including controls, ts "dead." 

The rear door has two interlocks, plus an automatic 
high-voltage grounding switch. The interlocks remove 

power from the primaries of the two high-voltage plate 
transformers. 

All tuning controls requiring fine adjustment arc 
driven hy vernier dials. 

F i\'c instruments arc mounted on the top front of the 
Transmitter cabinet (Fig. 2). Progressing from left to 
right they arc: INPUT VOLTAGE, P:\ PLA-rE \'ot.TACE, 
P.-\ Gilio CcllHNT, P:\ PLATE Cuur.NT, Aso RF 
OuTPt T. The last instrument indicates relative r-f 
transmission line voltage. In addition, five other in
struments arc mounted on the front panels for tun
ing ease. 

Shield covers can be rcmond easily and quickly for 
inspection and maintenance of shielded parts. 

INSTALLATION 

UPON receiving and unpacking the Transmitter 
give 1t a thorough inspection for possible shipping 

damage. 

Requirements and information for installation arc 
given on the included installation drawing, F,g. 32. 
The actual power requirements arc given under the 
"Electrical Specifications" section of this book. 

A ktt of parts is available on separate order to make 
a change to 150..ohm audio input, tf desired. 

If this change 1s made, pre-emphasis resistors I RS 
and I Ri must be readjusted for proper pre-emphasis 
character1st1c. The procedure 1s outlined under "Main
tenance". 

After the Transmitter is located and ready for opera
tion (except for the actual appl1cat1on of power), install 
a complete set of tubes and one crystal. .~11 tubes arc 
installed from the front except the following: ~ 

2 

One Type GL-829-B intermediate power amplifier, 
p-a chassis. 

Two Type GL-5 D24 or 4-250.-\ power amplifiers, p-a 
chassis. 

Two Type GL-866--A 866 high-voltage rect ifier tubes 
on cabmct floor. 

One Type 6H6 r f voltmeter diode located just below 
the p-a chassis on the left side of the cabmct, from 
the rear. 

IMPORTANT 
Ti..,,.,. lllw .. ....._. le ••---4..., t,0-cytle 

• .......... .... 10-C,,tl• ........... ............. ... 

tw•r•••••• .. ••....__teftt,etNNl.-....n 
1,a_,, • ..._..,...._,........,,-,ua .... ,... 

It .. ......_. 4 . naa 1e "'• .. lttW ....... ....._ .. 

..._..,...,._.__. .. tlwe•s.c.te••• tttei.w..- ...... 

.w. ............................. ,_ . 
2 , ._ ........ i,.ir ......... , .. ,, ..... .w.. ......... 

.._.....,..,.._.. .. .._,..., .._. .... , ra2-1 ... 
,.....__ ,.,.2-2. 1Ta2 II....._. - tile'-' ...................................... ........ .... ........ 

Ti.. ,,. sner u ....... S. ......... fw 600 ..... 
.......... ,_,.o-.a. ....................... . 
... ruu-■-----~ ,. ........... ,.. ... ......_ ._ .. _,, ............... _ ............... ....... 
, . o. ,,,. ,_,, .... .._ ....._ ..- 2 .. a,_,. .._ 

~wtre .... 2tea. C--1tel, ea42te4. 

a ........ 1C1 -4 1C1 (0.01 _..., wt1t1 0 ,04__... ......... ,. 
4. •- 111 eM H 2 (aG0 ..... ) -4 , ........... 

...... 1, ...... , ....... 
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Se,·ure the plate connectors for the power amplifiers, 
l\'1R and l\' 29, h~ r1ghren1ng the \\.1 in, h :\lien-heat! 
set srrcws with one of the wrenches fu rnished These 
will he found at the cop rt"ar center of rlw p,1 r hass1s. 

l n~tall the front -of-panel tuhes in al',ord:rnce with 
the t~JlC railed for by the sot·ket lahcl . T o install the 
Type (;L-2H21, merel y pull off the shield, insert the 
tuhe in the Socket, and replace the shield O\CT the tube 
and modulation coil. 

Before appl ying power to the Transmitter, throw 

the Pmn.R switch on the Transmitter control panel to 

"OFF". l 'pcm application of the I 15-volt crystal heater 

power, ohserve that the green indicator light at the 

lower left corner of the modulator panel glows. After 

a short warm-up time the light should cycle off and 

on, indicating that the thermocell has reached operat
ing temperature. 

OPERATION 

T HE following descrihes the proper method of plac
ing the Transmitter in operation the first t ime after 

installation. The procedure is based on the assumption 
that the Transmitter modulator has been tuned com
pletely at the factory, to the proper frequency. ( If the 
Transmitter auJio input has been modified for 150-
ohm operation, a readjustment of pre-emphasis re
sistors 1 R S and 1 R'i is required. The procedure is out
lined under "Maintenance." The Transmitter must 
be in full r-f operation for audio pre-emphasis adjust
ment. Therefore, proceed as outlined until the trans
mitter is ready for modulation.) Because dial tuning 
controls prohably will not be in the proper position, 
their tuning is included. .~djustment of certain other 
controls is also covered, bec-ause the secting of these 
controls may be affected by installation of tubes other 
than those used dunng test. 

In no case should any controls be adjusted which are 
not mentioned specifically in this section. The adjust
ment of such controls is covered in a later section of this 
book under "Maintenance". 

Remove the wire from terminal 3 of transformer 
IT 46. This is the p-a plate transformer located at the 
bottom right of the Transmitter, from the rear. Also 
remove the i-p-a tube, Type GL-829-B. 

1. ftrellmlnary Adluttmentl 

PHASITA.ON FILAMENT \ 'ot.TACF..-Remove the shield 
from the rear of the modulator panel and connect 
across pins JO and 11 of I X3 (phasitron socket) a d-c 
voltmeter which will accurately measure the 6.3-volt 
d-c filament potential. Throw on the PowER switch 
located on the control panel. Note that the cooling 
blower runs and that the filaments of the various tubes 
light. Adju!-t the input \'Oltage to 200 volts with the 
INPl'T \ 'ot.TACE adjusting control located on the control 
panel, then unlock and adjust lR96, on the modulator 
panel, until the tesc voltmeter indicates 6.3 volts. 
Relock I R96, remove the voltmeter, and replace the 
shield. The \"oLTAC: E INDICATOR meter reading when 
the SEl.ECTOR Sw1TcH is in position Jo is proportional 
ro this voltage and may he used to indicate any change 
from the correct value. Replace the modulator shield. 

CAUTION 
le ewe the ,...._.,. fff4' i. ,._.,,., "'- te ral...t i 

. , 1T46. 

HEC:l'LAn:o St:PPLY VoLTACE.-Approximately 30 
seconds after applying power the green PLAT£ ON push 
button should light, provided the rear door interlocks 
arc closed. 

Connect a test voltmeter to measure 250 volts d-c 
between test jack I J 6 and ground. 1 J 6 is located on the 
low-voltage power supply panel, second panel from the 
bottom. Push the green PLATE ON button. 

The red PLATE OFF button should light and the 
plate contartor should close. Primary voltage is now 
applied to the low-voltage supply plate transformer, 
lT4I. The rnltmeter reading should be 250±2 volts. 
If no t, adjust I R180 (a screwdriver control on the low
voltage supply panel) until a reading of 250 volts is 
obtained. The VOLTAGE lsorcATOR meter reading 
when the SELECTOR SWITCH is in position 15 is propor
tional to this voltage and may be used to indicate any 
change from the correct value. 

NOTI 
hri ... .......... , If .... ,_,e4, .... ...... , .,.. 

8 l-12 9-I ♦-- aey ~_,~-er Nlte4' ,.... 
................................ ,..." . .... ..... 4. 

Tlle,etwe, lb ~ • - .._ "- • "'941 ll"•vte.ly. 

Remove the voltmeter. 

2. Tuning- During the following tuning procedure 
keep the INPUT \ ' oLTACE at 200 volts. 

Adjust the 81 5 PLATE TUNING control for minimum 
81 5 CATHODE current. Then push the red PLATE Orr 
button. Open the rear door and reinstall the Type 
GL-829-8 rube. Close the door and push the PLATE 
Os button. 

Immediately adjust IPA Ga10 TuNINC for maximum 
IP.~ G1t10 current and adjust I PA PLATE TUNING for 
minimum I PA CATHODE current. Retune 815 PLATE 
TUNING for maximum IPA Ga10 current. Proceed to 
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P -\ GRm 1'1 s1sc and adjust for maximum P.-\ G RID 

current. \\"hen this current reaches approximate!~· 6 to 8 

mill amperes a distinl' t cl ick "ill he heard a,; rein 1 K~ 

energ11es and closes surge-resistor-shorting relay 1 K, 

\\1th the panel scre\\ driver Col rt.1:-.G control adJU~t 

the coupling between i-p-a plate and p-a grid for 

appro~imarely 11 m1lliampcrcs1 p-a grid current Re 

tune IP.-\ PtATf. Tl•, 1sc; for minimum IP.-\ CA1H0Dr 

rnrrent and P.-\ Gam Tl'SINC for maximum P-\ GRID 

current . Then vary PA PLAT£ T t ,1sc, from one end 

of its range to the other, if necessary, until a point is 

rc:a~hc<l \\ here a defi ni te reaction 1s produced in the 

I'.-\ (;a10 current. 

This reaction indicates undesirable coupling through 

the p-a tubes hetwccn the plate and griJ d rcuits. This 

coupling may be eliminated or " neutral11ed" by proper 

adjustment of the PA ScuEs ADJ control. Such 

adjustmen t is made as follows: 

l 'sing the panel screwdriver control tune P:\ SCREEN 

ADJ until the reaction on the PA GRI D current from 

PA P LATE T c NtNG is a minimum. The effect cannot be 

eliminated entirely, but ought to be no more than a 

di vision or two. The PA Suu:s :\DJ control is some

what crit ical and the adjustment should be made 

methodically in small intervals. -\fter arriving at a 

point of minimum reaction, readjust PA G-.10 Tuw1No 

for maximum PA GRID current If an appreciable 

change has occurred in the tuning point, the P:\ Sc-.u:w 

ADJ will require slight retuning for restoration of mini

mum reaction on PA Ga10 with PA P LATE T uwtNC. 

Finally, leave PA PLATE T t: NINC at the point where 

i t produces grid current reaction since this is the point 

..o of plate tcsonance. Adjust Coul'LtNC for 11 milli

amperes p-a grid current ; touch up IPA PLATE TuNINO 

and PA Guo TuNtNc. 

Push the PLATE OFF control, open t he rear door, and 

connect the primary wire, which had previously been 

removed from terminal 3 of JT 46, to terminal S. T his 

is the SO.per cent tap and yields about one-half normal 

p-a plate voltage, or approximately 1100 volti. (This is 

a temporary connection; merely slip the terminal over 

the stud.) Close the ru r door. 

Observe through the p-a panel window and set OUT

PUT CouPLINO to minimum, which occurs when the loop 

axis is in • plane approximately horiiontal with the loop 

mounting shaft, with the loop out toward the p-a tubes. 

Push the Pun ON control. Adjust PA PLAT! Tuw-

1No for minimum PA PLATE CuauNT of about SO to 75 

milliamperes. Then gradually increue OUTPUT Coup. 

11t ..... M .................. Ch•• If--~ 
- , .. h r ._ .. '- .. ef 1 I IM ..a .. ~ 
............... MW41 .. r 111 I I wn , ... 
_._ ...... ....... ,.l'Uft _......, ... .... 
t11e ...... ~ ... __._ It .. pnll lit, ....... .. ,, .... ,,. ,,__ ___ ,_.., ,, 

LINC, keeping the p-a plate in tune, until the p-a is 

loaded to about 100 milliamperes Bad detuning of the 

p-a plate with increase in coupling ,nd,cates a load that 

reflects appreciable reactance into the p-a plate circuit. 

..,_ow make a check of correspnndence between maxi

mum P:\ GR1 1> Ct RR F.ST and minimum PA Pt.ATE 

Cl RRt..Nr h} var ~ing PA P1u t T1· s1 sG t hrough reso

nan..:e. If grid curren t maximum docs not occur at 

plate current minimum adjust slight!~ P-\ Sea us .-\OJ 

until these conlittions occur si multancoush- The direc

tion of adjustment must be detcrmrned by trial; kec:p 

the increments of adjustment !\mall . 

After being satisfied that the p,a i!\ properly "neu

tralized", push the P t.An OFF control, t1p<:n the rear 

door, and move the primar)" wire to terminal J of 

1T46. (Terminal 2 is a 110-pcr cent, and terminal 4 

is a 90-pcr cent ta?; terminal 1 is common to all taps.) 

Close the door, push the PtATF. 0 ~ control and adjust 

PA PLATE. T t: SI NC for mini mum P.-\ PLATE Ct RRE''ff. 

The p-a should now be loaded some\\ here around 2<X) 

milliamperes. 

3. ft-• Lo■~lntl Calculate the " transmission line 

input power required" as follows: 

Eff ECTIVF. RAl>IATE0 POWE-. 

ANTENNA l'0Wt..RCAIN X TRASSMll>~I0'I Ll'it; UFIC1t:scY 

Then calculate the " p-a plate input power required" 

as follows: 

TllANSMISSION LINE INPUT l'OWf.R •tQl' lllt.D 

P-A PLATE t:rtlCIENCY 

The " p-a plate efficiency" is obtained from the curve, 

Fig. 3, for the particular carrier frequency. 

- to " '--- ........... 
I"---' --

eo 
U to ti M M N I00 ,oz 104 ~ J0e 

"ICOU(NGY MC/ S 

.... •. 
Pe•H•-,...._ lffkle•ty Cene Cl•O•wett ... , .. , 

..,. ...... .... 1). 

Load the power amplifier by adjusting OUTPUT Cou

PUNO uatil: 

s 
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rA r1A11 \011Ha 1k\) X P-A 1•1.A1 L<:1 1ut,1 (ma) 
equal~ thl· "p-a plate input po.,.tr required." 

Thl' I'., 1 .. a.tinl! Tl'<1'1 ,1l'ml'nt m,1\ hl· ,umm.1r-1<:d 
into a '\inl!lt- inrmul.1 a, lull,,,,,: 

I ' \ 1'1 HI ti RRl'I 1ma) • 
•. 111\. 11\' ► l\ll1.\111> l'll \\lR 

I' \ I II . X 1 R \ , , \11, ~Io S I.I , t t I I . X \ ' II ' ' \ 
I'll\\ IR 1: '" X ,,, l'I.\ 11 \'Ill I \1,1 (k\ ) 

. -\iter eal h change in Ch rr1 1 (. 01 t'l.1 "; adjust 1>.\ 
P LAI I T1·,1,c: ior minimum P-\ P1 ,n C. 1 RR1. ,T. 

J'he PA GRW Ct U f'T ,hould finally he ~t to 
apprnximatch- 1, m1ll1ampercs hy adjustin!l the C:oc -
r1.1,·,. control . Thi!I ....-ill ,l,ghtly affect pa load·ng,"' th 
con,cquc:n t required adjustment of 01 rrt:T (OI 1'1.1,c:, 
"'hich in t urn .. ill cause a slight change tn P-\ Garn 
Ct 1111.t ST. Therefore seHral minor readj ustments will 
have to be made. 

4. R-f Ovtput Meter Adfustntent- This meter 
reading is adjusted by means of IC I J I , whose 'lcrcw
driver control 1s available from t he rear of the Trans
mitter in the small box secured Just at the transmis
sion-line input. By t rial aftd error adJUSt IC 13 I until 
RF O1•T1•1· r indicates 100. Slight effects on p-a loading 

must he cumpcnsau:J for by O1.:rPL"T Co1.' PL1sc; ,.J. 
ju~tment. 

S. Monttorlng Adtustments - If the ~tation monitor 
(the: l· \t <.:;ta!I ,n \l,,nitor, ( ;. i-: 1 \pc: R~l - 1-.-\, ,~ rcrnm. 
men,le--: , · 1 •perat111n It shoul ,1 he 1nd 1catmg carrier 
frequcnr~ dl•v1a110n. Hy mean-. uf ICIO, lorarc:d Ill thc.-
111'-"er left of the m11,\ulat11r panel, from the: front, 
rompen~ate the cry<eal lr<"q11c:nly (usin~ an in:.ulatrd 
scrt'wJri\'cr) until the station-monitor 1nJ1l·ates the 
l·arnc:r frequenry to he "'ell "' ithin the FCC tolerancr . 

If the: r-f input level to the monitor requires aJjust
ment, hcnd the monitor pick-up loop, 11.1 5, forwarJ c,r 
hackwarJ as re1.juirrd. " Forward" increues the level 
and " hackward" d«reases 1t . !LIS is lo<:atcd near the 
p-a plate tank. 

6, Modul~- The Transmitter is now rcadr for 
moJulation . The monitor should indicate 100-pcr cent 
modulation with an audio input level to the Transmitter 
between 8 and 12 dbm, at 400 cycles per second, pure 
sine v.avc. The input level required at 15,000 cycles, 
sine wave, is I i db less than that rcquirrd at 400 cycles.' 

7. Dettt- For future reference, record all dial set
tings and meter readings, including positions / to /6 of 
the St I.ECTOR Sw1TCH on t he VOLTAOE I,.,·01cATO~ meter 
located on t he modulator panel. 

IIAINTINANCI 
1. TrouWe Preventloft - 1 tis important to consider 

maintenance from a preventive standpoint rather than 
from the angle of trouble-shooting. " An ounce of pre
vention is worth a pound of cure"-and the ''ounce" 
can he done at your choosing wh,lc the " pound" may 
need to be done at an inopportune and expensive time. 

From this standpoint, routine maintenance involves 
periodic inspection with immediate repair where needed 
for avoidance of future trouble. If there is not time for 
such preventive repair when its need is found, record 
the work to be done and get at it as soon as possible. 

During inspection notice the "condition" of various 
parts and sections of the Transmitter, especially as to 
cleanliness. Clean where needed. Malr.c routine inspec
tions of all relay contacts and of the carbon brush on 
the variable transformer, IDS. 

Chcclt (Of' 1009C components and lootc connections at 
terminal boards. 

On a regular schedule remove and test all tubes in 
a reliable tube checker. Replace any mqinal tuba. 
Some tubes, such u the Type Gl-2H2l, GWlS, 
GL-829-B, Gl-5D24 or 4-250A, and OCJ/ VRJOS can
not be checked in a tube tester. 

Note the readinp o( all meters, indudinc the 16 
re&dinp of the VoLTA01 IN01cATOa, daily, and compare 
to previous radinp A certain amount of day-to-4ay 

6 

variation can be expected but any " trend" is cau,c for 
susp1c1on. For instance, if the p-a plate current should 
drop slightly day by day, chances arc one or both p-a 
tubes arc losing emission. 

Since the tubes operate in a chain, a trend in one 
meter reading may correspond to a similar trend further 
up or down the chain. Any difficulty then probably 
lies in the tube or circuit lowest in the chaUl, 

2. ,,......, Sheetln9 Despite th~ most thorough 
maintenance procedure, trouble sometimes may occur 
suddenly at inconvenient times. Should this happen, 
remain calm, for methodical methods and clear thought 
will solve the problem quickest. 

First of all observe the meter readings. Remember 
the chain idea. The fault most likely lies in the tube, 
or circuit, lowest in the chain, having an abnormal 
meter reading. • 
· The 17 ~tion rcadinp of the VoLTAOl IN01cAToa. 
mctCT are identified here by SiuCToa Sw1TCH poaition 
number. 

/-Cathode voltage, first section of first audio tube, rz'0 
JVJ, Type 6.5L7-GT. \.;;f./ 

1-Cathode volu,c, 1CCOnd section of first audio tube, @2, 
lVl, Type 6.5L7-GT. 

J-Cathode \OOI~, ICcond audio tube, JVl, Type ~ 
6.5N7-GT. ~ 
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.~ 

Alignment of Exciter 

Resistor- Loading Procedure 

Equipment Needed 

1- 39,000 1/2 Watt Resistor 

1- 10 mmf cap. 

2- Short Clip Leads 

PROCEDURE 

IT9 

1- Short IT9-4 to IT9-6 Shorts Primary Out 

2- Couple Signal From IT4-3 to IT9-3 through a l0mmf Cond. Connect Cond. Direct 

3-

4-

5-

6-

7-

1110 

to IT9-3 

Set Selector Swith to 19 

Tune Upper of IT9 for Maximum Indication on 19 (Should run to 30) 
If not enough signal tune IT3 for greater signal . 

Remove Short From IT9-4 to IT9-6 and Place it to IT3- l to IT3-3 

Tune Lower Control of IT9 for MINIMUM on #9 ---Should be about 20 

Remove Short From IT3- l to IT3-3. To Obtain Drive for Tuning the Rest of the 
Transformers Either the Output of the Phasitron may be used or the Signal may be 
coupled around the Phasitron as in Step 2 If the Latter Method is e171p,loyed 
the Short should be Replaced on Betwee;;- IT9-4 and IT9-6. 

1- Connect resistor across IT 10-4 and 1110-6 

2- Set Selector to *10 

3- Tune Primary (Lower) and Secondary (Upper) for MAXIMUM Indication 
Remove Resistor. 

wigfi
Stolen Red
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• 

IT 11 

l . Connect residor across ITI 1-4 and ITl 1-6. 

2. Set Selector to 11 . 

3 . Tune Primary (lower) and Secondory (Upper) for MAXIMUM Indication. 

Remove Resistor. 

IT 12 

l. Connect Resistor Across IT 12-4 and 1Tl2-6. 

2. Set Selector to 12. 

3. Tune Primary (lower) and Secondary (Upper) for MAXIMUM Indication. 

Remove Resistor. 

IT 13 

l . Connect Resistor across IT I 3-4 and ITl 3-6. 

2. Set Selector to 13 

3. Tune Primary (Lower) and Secondory (Upper) for MAXIMUM Indication. 

Remove Resistor. 

IT 14 

l . Set Selector to 14 

2. Tune Primary (lower) and Secondary (Upper) for MAXIMUM Indication . 

Occasionally Two apparent tuning points are found for the Secondary (Upper). 

If the Wrong One is used Primary (Lower) Tuning will not increase Output. 

Usually the Correct Secondory (Upper) Tuning Point is the one giving the 

Least Output. The Output then will greatly increase (to 30 or more) with 

Primary (lower) Tuning. 

3. Connect Resistor across IT14-4 and IT14-6. 
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IT 14 - Continued 

4. Slightly Re-tune Primary (lower) and Secondary (Upper) for MAXIMUM 
Voltage. Remove Resistor. 

IT 15 

l. Tune Primary (lower) and Secondary (Upper) for MAXIMUM 815 Grid Current 

REPLACING A PHASITRON 

Place Selector to I 10 

Adjust 1st Focus for MAXIMUM indication 

Lower-LOW Frequency distortion could be obtained by Readjustment of 113 and IT4 
, ~J~ 

and 2nd Focus Neutral Plane and Deflector to Vol '#!S Other Than Standard. The 

Phasing Adjustments of IT3 and IT 4 is Set to o Standard in Factory Test as are Settings 

of 2nd Focus, Neutral Plane and Deflector. The Last Three can always be Returned to 

Standard. However the Reodj ustment of IT3 and IT 4 to Standard requires special 

equipment. 

IT3 and IT4 con be adjusted with Distortion Measuring Equipment, but Tube Inter

changeability requires Standard Adjustment of IT3 and IT4. 

The Standard Voltages for Neutral Plane is 30V, 2nd Focus is 50V, and 

Deflector is 60V. 

Connect Meter to l X3-2 and Adjust Neutral Plane for 30V. 

Connect Meter to l X3-7 and Adjust 2nd Focus to 50V. 

Connect Meter to 1 X3-3 and Adjust Def I ector for 60V. 
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4--Grid voltage, crystal amplifier, 1 VS, Type 6SJ7 - j 5 ELECTOR Sw1TcH in the similarly-numbered position. 
Indicates dnve from previous stage (crystal oscil- or example, consider position JO. The number JO 
lator, 1Y4, Type 6SJ7). also appears on !TIO, which is the coupling trans-

5-Neutral-plane voltage, phasitron, I VJ, Typ~ former from the first doubler, 1\'9, to the second 
GL-2H2I. \.V doubler, 1 VIO. Tuning of this transformer affects the 

6-First-focus voltage phasitron l\'3 Tvpe GL-2H2 t.f-]\ drive, and hence the grid voltage, of the second doubler, 

7 S d f l
• h' . • · 

1 
\ ' " 1. \.._:) t\'10. This grid voltage is indicated in position JO. 

- econ - ocus vo tage, p asitron, ..,, ypei 
GL-2H21. '3 3 . lepleclng • l'hetltron, Type GL-2H21-The 

8-Deflector voltage, phasitron, 1 \'3, Type GL-2H21 IS low-frequency distortion of the system 1s inherentlv a 

9-Cathode voltage, first doubler, IV9, Type 6SJ7. 20 function of the phasitron, for low audio frequencies 
JO-Grid voltage, second doubler, l\'10, Type 6Sj7. Cj<;~equi~e the greatest phase s~tft. The phasitron d1stor-" 

Indicates drive from previous stage (first doubler 'C..'_;.,t'ion is dependent upon all its electrode voltages and 
I \'9, Type 6SJi). ' upon the tuning of phase-splitting tran~formers tT3 

J/-Grid voltage, third doubler, IVll, Type 6SJ7.@ n~ ~T-l. . 
Indicates drive from previous stage (second dou- . failure. of a phasmon may be anticipated by obscrJ-
bler, IVIO, Type 6Sji'). ing the \ OLTAGE INDICATOR reading at position J{} of 

2-G 'd I fi • 1 l\'li T 6Sjl I d' ~Vhe SELECTOR SwncH. The tube should be replaced 
J n v: ~ag\ rSl tnp ~r, • Y(~' d d. ~ 1~ f this reading falls to 80 per cent of 1ts original value. 

~~;~ ;
1ve :soj;), previous stage t tr ou er, Th~ replacem~n~ may then be made during a normal 

• ype @ aintenance period. 
/3-Grid voltage, second tripler, IY13, Type 6SJ7 ....\ ll l ' 1 th h · · 1. _ . . f . . pon rep acing e p asttron, tt mav uc necessary 

Indicates dnve rom previous stage (first tnpler, t k d. t , · f . 1 

1
y

12 
T 

65 7 
? ma e some rea JUS ment ,or a m1nim~m o u1stor-

. • ype J ). , ~ ion. (If replacement was necessary during opuating 
/.1-Gn~ voltage, fourth do~bler, 1 \ 14, Type ~J7~ ours, such readjustment may be left until the day's 

Indicates drive from previous stage (second tripler, schedule is completed.) 

JV13, Type 6SJ7), ~ . The following is a _discussion of the procedure, pred-
J 5-Regulated voltage supply. ~ 1cated on the assumption that the rest of the modulator 
/6-Filament voltage, phasitron, 1V3, Type GL-2H211/?<J is functioning properly. 

/7-0ff. ~ A practically distortionless source of sine-wave 
After isolating the troublesome tubt or circuit by audio voltage at a level of about 10 dbm is required. 

means of meter observations, replace the tube whose It is recommended that the source distortion not exceed 
operation is monitored by this indication. Should the 0.2 percent. Also needed is a distortion analyier, ca-
same condition remain, a bad connection or component pable ofoperating from the station-monitor audioourput. 
may be at fault. Refer to the schematic diagram, First set SELECTOll Sw1TCH to position /0 and adjust 
Fig. 33. Check continuity to the various socket termi- the controls labeled NEUTRAL PLANE, ls-r Focus, 2su 
nals or voltages on the panel sockets. Check the resis- Focus, and DEFLECTOll for maximum indication on the 
tors associated with the stage, and finally replace, VOLTAGE IN01cATOR. This corresponds to maximum 
capacitors if necessary. GL-2H21. output. Then adjust phase-splitting trans

formers 1T3 and IT4 (using an insulated screwdriver) 
for a minimum of distortion with 100 per cent modula
tion at 100 cycles. 

In cases where operation seems normal despite an 
unusua.l meter reading, check the meter. 

CAUTION ............ -)' ..................... ._ 
_._. ......... ,.,.., ..... ,. tM 11111 1181n "T ..... 

... •••••••.., .,..,., ... C• 1 I I , , ..... ,_., .. 

A comment is in order here on the small black--0n-\ 
white numbers located variously on the modulator panel 
and on the low-voltage power supply panel. These 
numbers correspond to the voltage indicator SELECTOlt. 
Sw1TCH positions. They arc located at the controls 
that affect the VOLTAGE lNDICATOlt. reading with the 

Then with 100 per cent modulation at SO cycles 
adjust the electrode voltages (mentioned above) for a 
minimum of distortion, followed by adjustment of the 
phase-splitting transformers for a new minimum. It 
should be possrble to obtain a distortion reading well 
below l.S per cent rms during this procedure. 

Return to 100-cycle, 100 per cent modulation. If the 
distortion is 1 per ·cent or below, adjustment can be 
considered satisfactory. If not, readjust the phase
splitters and electrode voltages for a minimum. By 
readjusting alternately at 100 cycles and SO cycles 1t 
should be possible to obtain appreciable less than l .S 
per cent rms distortion at 50 cycles and less than t 
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per cent rms distortion at 100 cwlcs. The distortion at 
all frequencies above JOO cycles v.ill remain below 1 
per cent, provided the modulator coupling transformers 
arc properly aligned. 

4. Reploclng Other Tubes- :-\II rccci \'ing-typc tubes 
including those in the modula tor, may he replaced 
"'ithout any circuit adjustment required. The same 
is true for replacement o ( any rectifier-type tu bes. 

Should the T)pc OC.3 \ ' RI 05 tube he replaced, the 
regulated voltage may change and a readjustment of 
IR I 80 may be required. 

Replaci ng the T ype G l..-81 5, Gl..-829-B, or GL-5D24 
(or 4-250A) tube may require slight retuning of the 
grid and plate circuits. 

S. Reploclng the Cry1t11I-I n case of crystal failure, 
the spare crystal may be inserted immediately, even 
though "cold." The carrier frequency will be within 
FCC tolerance within three minutes or loss. 

When the crystal heater pilot light cycles on and off, 
indicating operation of the thcrmoccll, the crystal is at 
operating temperature. The carrier frequency should 
then be adjusted (using an insulated screwdriver) by 
means of compensating capacitor lClO. 

6. lept.cln9 • Cabinet Meter- Access to the ca bi net 
meters is gained by removal of the protective shield 
located below the meters slightly above the top of the 
front door opening. This shield 1s prevented from being 
pushed up by a stop screw at the rear and by a horiron
taJ groove at the front. 

The stop screw is removable from the rear of the 
cabinet. It 1s located just above the upper lip of the 
p-a panel, about in the center. Remove it with a 
screwdriver. 

Push up the rear edge of the protective screen until 
the front cage leaves the groove. The shield now can 
be dropped down and out. 

The meters arc secured by four screws, one in each 
corner, which clear through holes in the cabinet and 
tap into brass inserts in the meter case. Remove the 
screws with a short screwdriver after disconnecting the 
meter leads. 

The PA PLATE CuutNT meter actually is mounted 
behind the cabinet front, with a dummy meter front 
outside the cabinet. This mounting is used for safety 
reasons, since the plate current meter runs at p-a plate 
voltage (about 22<X> volts) above ground. The meter 
case itself has clearance holes, and the studs extend 
through these, through cabinet clearance holes, and 
into the dummy front. 

7. Input Yeltae••Adlw""9 ,,......,_., lrwh
Pcriodic inspection should be made of this brush. If 
dirt or burning is indicated, dean the brush with fine 
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sandpaper, never emery paper. Replace the brush if 
necessary. 

I. llower Motor- Routine maintenance of this. 
motor calli- for annual dismantling with thorough clean
ing o ( the hearings and hou~ings. The bearings should 
then he repacked '4 ith (j .. f-: hall-bearing grease, a\':til
ablc in tubes. 

In repacking the bearing~, fill the space between the 
inner and outer races I 3 full. Be careful not to over
greasc. \\'hen assembling the bearing in the housing, 
fill the space back of the housing about b full of grease, 
as a reserve supplr. 

9. Cleonlng the Air FIiters- The intake air filters, 
located at the rear door bottom, should be cleaned 
whenever inspection shows appreciable dust. 

Remove them for cleaning by removing the clamping 
strips, which arc held by screws. Be careful of the felt 
seal. Oiled metal is used as the filter medium. Clean 
by dipping in gasoline or cleaning ftuid, then dip in 
light lubricating oil and drain face (smooth side) down
ward. 

10. Avtllo Pre~• ......... A4ilwt1Mm- Pre-cm
phasis resistors I RS and l Ri have been adjusted proper
ly at the factory for 600-ohm audio input impedance. If 
the Transmitter has been altered for 150-ohm impe
dance, as outlined under " ] nstallation," pre-emphasis 
readjustment will be required. The procedure outlined 
below is suitable for readjustment anytime required, 
evln for 600 ohms. Vu meters calibrated for the proper 
impedance must be used. 

It is assumed that 1 R5 and 1 R i arc completely out 
of adjustment. Initially set each at its mechanical 
center, estimated as closely as possible. Check balance 
with an ohmmeter. 

Modulate the Transmitter 100 per cent at i500 cycles. 
Note the Transmitter input dbm (or vu) reading. De
crease the modulati"I frequency to ~ cycles and set 
the level to the Transmitter exactly 11.2 db higha
than the value required for 100 per cent modularioD 
at 7500 cycles. 

Adjust IRS and JR7 together (maintain balance) 
until the monitor indicates 100 per cent modulation. 

Recheck that the level required for 100 per cent 
modulation at 7500 cycles is 11 .2 db (or vu) lower than 
that required for JOO per cent modulation at~ cycles. 
The final 100 per cent modulation level required at 
~ cycles should fall between 8 and 12 dbm. 

11. CaTter AM"- Alillu1lm111t The Transmit
ter has been adjusted for minimum AM hum at the 
factory. The procedure is given here for completeneu. 

... 

wigfi
Stolen 2 Line Transparent
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Carrier .-\'.\1 hum 1s measured at rhe cathode of the 
r- f voltmeter Type 6H6 J ioJc . I r.r. Wrap the center 
co nduc tor of a s hielded " ire around pin 8 of the Type 
6H6 tube and reinstall the tube. The lead may be 
brought do" n to and <1ut th rough the hotto m of the 
Transmitter. The shield ma, he useJ as the ground 
wire but should he insulated fro m the metal cahinet. 
The sh1dd should be grounded at a d iode hox mounting 

screw. 

CAUTION 
Tie 4-w11 th• leetl et venev, ~ 111 th• ceM11et •• fttet It 

•• lief c- 111 celttect wtth e11y h•h•v•lt••• ter•11el1. 

'.\t easure the hum voltage between <:enter conduc tor 
and shield with a h1gh-impedame (preferahh· vacuum 
tube) vo ltmeter. The hum le,·cl 1s ahout O.OJ volt rms, 
with the RF Ol Tl'l'T meter reading around 11.Xl. :\Jjust 
the hum level to a minimum by mo ving the center tap 
on resistor IR 163. This resistor 1s located under the p--a 
filament trans former, 1TH. This adjustment must be 
made by repeated trials, c;ince the rear door must be 
opened for access to the resistor, "-Ith r-f carrier con
sequently off. 

If the ratio o f hum to carrier 1s desired, also measure 
the d-c voltage (about 40 volts) with a '.!0,000-ohms volt 

meter. The ratio 1s: 

Hl' M LE\' f 1., RMS , '( I A ---
o-c \'OLT.~GF, ( Rt.C-rltlt.O C'-'RRII-. R) 

The ratio, if multiplcd hy 100, 1s percentage .-\'.\t 
modulatio n of the carrier, and has a normal magnitude 
of about 0 . 1 per t ent or -60 db. The maximum per
missible 1s approximately o ne third of one per cent. 

• 12. Tuning th• Modulotor lntentoge Coupling 
Tron1former1. 

CAUTION 
UH - lfl ... etl ta"ew .. var whell ......... •111 ef tile tr-• ,_ .. 

The modulator is completely aligned at the factory 
and normally no tuning is required. In rare cases, 
however, it may be necC'ssar)' to replace or retune an 
interstage coupling transformer. This transformer must 
be tuned to produce a flat response S) mmctrical about 
a center frequency. Proper tuning canno t be done by 
tuning for maximum indication on the \'01. rAC,E l r-DI
CATOR. The transformers arc overcoupled and peak 
indication docs not occur at flat response. If improperly 
· i;usted, distortion of high audio frequencies would 

• from the cnsuine r r linear phase characteristic. 
0. ·asc of ext"'me emergency should a transformer 
be tuned for maximum VOLTAGE I NDICATOk reading. 
Proper tuning should be made at the first opportunity. 

The general pn>eellure 1s the same for any of the 
transformers except tT9, and is somewhat similar to 
aligning receiver I f transformers. The signal normally 
1s injected at the grid of the previous stage to drive the 
transformer, and the inLiu:ator (oscilloscope) is con
nected ac ross the griJ resisto r of the succeeding stage, 
which 1s used as a gmi detecto r. 

An additio nal fac tor exists here in that each o f the 
stages , except I \ 'J, is a frequenc y multiplier. That 1s, 
the griJ l·ircuit is tuned to a submultiple of the plate 
circuit. Thus 1f a signal at plate frequency is injected 
at the grid, the grid circuit would act as an etfcclive 
short-circuit on the signal generator. 
· Therefore, it hecomcs necessary cit her to: (I) dis
connen the grid connt'nion at the transformer, or ( 2) 
emplo y a specially mod ified Type 6Sj7 tube, called the 
" signal-in jcctor tube" for signal tn jcct1on (Fig. 4) . 
.-\n adapting socket cannot he used as the additional 
capacitance is sufficient to result in improper tuning. 
Method 2 is preferable and is detailed 1n the following 
paragraphs. 

6S J 7 

TO SWEEP GEN --
....... 

S.11• llljectar Twe (K•7HI026). 

Transformer 11'9 cannot be driven through the phasi
tron, 1V3, because transformers IT3 and IT-l which 
produce the three-phase deflector voltages (sec section 
on "Theory and Circuit Analysis") arc narrow-band 
and would introduce an additional frequency response 
factor. Yet the transformer IT9 must be driven from 
a high-impedance source, necessitating the use of a 
separate amplifier which essentially replaces the Type 
GL-2H21 tube. Since this frequency is always in the 
neighborhood of 200 kilocycles, let the amplifier be 
called the "200-kc amplifier." An applicable schematic 
diagram is sh~wn in Fig. 5. 

Another basic problem is that the center frequencies 
of the transformer response curves must be accurately 
determined. Fortunately, this can be done by using 
harmonics of the crystal to produce "marker" signals. 
T his will be discussed further. 

R ECOMMENDED Paoci;DURE- The recommended pro
cedure is that known as "visual alignment." This name 
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~tl' lll~ frnm the u~c o f an oi.,1lloslnpt·, 1n , onjunntnn 
\1 11 h a ~weep signal generator , to ind11:a te Vt!-uall y the 
t muit fn:quenc~· respo nse curve. Such a generator has 
a ronstant a1·erage frequency, hu t has an instantane-
1111s frequem·y " hich is a linear funct ion of t ime within 
certain posi tive and negative excursion limits ahout 
the average frequency. This t ime fun r tion generally 
approaches a triangular wa1·e. The theory heh ind this 
method is discussed further in paragraph IJ, " Theory 
of the \ ' isual .\ lignment Procedure." \ s representa t ive 
cases the tuning of IT9 and IT1 2 will be considered. 

~-------o~ TO I X3· 5 

APPROX " _l KEEP 
O !, MMFO,: ,.:: CAPACITY LOW 

AS 8E l WEEN , , ( 3 ,..Fo.-.x I 
TWO SHORT P1ECESI 
~ WIRE 8 1------,1+-.,.T!'::O IX3· 9 

WEEP TO GENERATOR --
lie 
0 
0 

001 
MFO 

"•· .. 

TO 1113· 8 

.... _':_-:_-:_-:_-:_-:.===::~ TO 10· 11 TO 1113· 10 

200-ltc A"'pHer, lche_. D6eer- (IC•7tHOt7), 

( I ) Transformer I T IJ. Remo ve· tubes I\" H , T ype 
6\ "6, and l\' 15, T ype ( jL-8 15. Hernove phasi tron 
I \'3, T ype GL-2H 21. Connel't t he "200-kc amplihcr," 
previously discussed, to the phasi tron surket, I X.3, 
keeping the leads very short . Connect an oscilloscope 
u-, 11'9- I. Short out the cathode resistor, 1R52, of 
I \ '9. Adjust the center frequency of the sweep genera
tor approximately to the crystal frequency, and adjust 
the Jeviatton of the genera tor to approximately ± 50 
kc s. Synchronize the 'scope sweep and adjust the 
gain. .\ response curve and its " image" should be 
v1sihle on the 'scope. 

The small capacitor shown dotted in Fig. 5 couples a 
small amount of crystal frequency energy into IT9 and 
produces on the oscilloscope a " marker" which appears 
as a center of the "blurb" on thr 'scope trace, on both 
the response cu rve and its im age. The center of this 
' ' blurb" becomes the required center frequency for the 
response of IT9. 

Carefully shift the mean frequency of the signal 
generator unt il the two "markers" lie over one another. 
Then tune the primary and secondary of I T 9 until a 
fl at curve having the marker at its center is obtained. 

CAUTION 
lteep tile ...... le•el i..a.w ..... .......... L.cll et 'M ... 

.._. ................ ...................... ..... _____ ....., 

T ht: followmg t'urvcs, a, h, <, d, r, nnd / of Fig. 6, 
illustrate at~ pical case. 

@ 
Cll't'STOW.. MAIIIC(fl ,, 

5-..7 . ""-1' 
IICSl'OOISC lltl&o\ 
~OIIM(II 1140l.Y OUT•Of • 
TUN( ,O[ll[IIATOII CCIIT[II 
flWIU[NCY I LIOII TLY on 

@ C IIYSTAL •&IIK[IIS 

11►.z:''/~oc 
nt&IIVOlltfl[II 1&01.Y OUT• Of • 
NIii! , O[ll(IIATOfl C[NT(II 
fll(OU[NCY AOa USTCO 

-Ofl•P Sl. llllTLY 
OUT• OP • TUN( 

@ 

TIIANSfOlllll(II - TUN[ 

TIIANlfOll lll[II IN TUii( GCIICIIATOII 
C[NT[II fR[OU[NCY Slll f T[ O SO 
TIIAT ll[ Sl'OIIS( ANO IIIAOC 00 
NOT OYt:IIUY 

·-U.JJ~ 
...... 

l,UI( &S e Ue<,T 
O( N[IIATOII C[ IITtll fll(OU[IIC'Y 
IHtfl'[O OTll(II WAY 

Ty,.._I ••..-• Cw,,e1 (lt0 1HIOU), 

Essent ially a flat-top response will be obtained. A 
a 

ra tio of b of I 20 or less, F ig. 7, is permissi ble. 

b 
j j__ 

- , -
Q 

.... 7. 

.... ,. .. f1Mttet1 Llatt (1(•7911029), 

:\ftc r completing the tuning of IT9 restore condi
tions to normal, including the reinsta llation of 1 VJ , 
T ype GL-2H 21. 

(2) Transformer ITl2.- Rcmove tubes IV14, T ype 
6V6, and !VI S, T ype GL-81 5. Remove tube l\!11 
and insert the signal injector. Set the signal generator 
center frequency to approximately eight t imes the 
crystal frequency. Connect an oscilloscope to IT1 2-1. 
Then proceed as outlined under IT9 tuning. The 
" marker" signal is now produced by the eighth multi
p le of the crystal frequency. The fourth multiple 
cou ples capaci t ively through the socket of the signal
injec t ion tu be and is doubled in IT1 2, assumi ng that 
all s tages up to I VI I arc functioning properly. 

T uning of all the other transformers is basically the 
same. Care mus t be exercised to set the signal generator 
frequency at the proper multiple of the crystal fre
quency. The following table will serve as a summarized 
guide : 
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~n I O..,llol<ope 
P~ . Appma 

Tnn•• ln,e<tor T,.,,... Gt-n Orv 
fortMr R~la~n Cry1tal KC I __:o.nnt< 110n R, mark• - --ITI0 l\' 11 2 u,o ITHl-1 
ITII 1\'10 4 ± :10 1Tll•I 
ITl2 !VII ~ :t 100 1T12-I 
ITl3 1v12 24 :t 300 IT13·1 • 
ITl4 l\' IS 72 .H.00 IT14-1 •• 

• Tu obt.atn auffict,rnt CT)"1tal-markrr a"'phtudc- 10.,.rt Ji two-,n.d\ (approa l 
lfentith ,,1 ,n ""ulatNI ,..,, 1nt1> num~r 4 <>f o,,ck,t IX I 2 Th,n ,n.,,t 
the 11.cnal ~ Mn tor 1n)N. l nr u1ht• 1nto •J("'lctt t X l2 ._,th thf' lf'atl ,urphu 
runnma nut from unt1t.r thf'I tube- h~w C"onn«t thf' tnnductc,r ol tht ,~..,J to 
th.t ,uncttt•n <rl the- M--mmt C'&pM'ltor "'tth pin ◄ nl th<" 11cnah1n,«tor tube 
(1'111 4) 

•• Sn,Lall thf' Typr nVf\ tu~ B, ,_,.. ._,c1ct-t ttrm1ut I to -,round •nth• m~• 
ca pat1tor r,f ~vffa1 thuu"'-nrl nntn,n,1" rnf~rM1' . ~h11n n-ut \: &thod~ tt• 
,,,t11r I R7,t To ,,brain '"affi, tf'nt c(',tal-marlrtt amphtw1r 1nwtt 1. t w•~•m.h 
<•r•r•n•• ) lfl\at h ,,( •22 '"~uht.-.l vnn mto numb•r -4 ,.{ wK. kt't 1 X 1 ·c 
Tht-n ,n,u·t tht> "-UC:,, .. t -<tr.tta, .. , in,.-. t,,r tut!(' ,nto <VM lct:t IX 1, .. uh 1ht 
lta,J '\ur,>lu\ runn•f'I out (rum un•trr 1hf" tut,,. t....at- C'nnnttl t hf' tont1ucu.r 
of tt,rr l•tMt tn th~ lUftcl..-,n (,{ tht ~tT',mf capiautl'>t' •.ath pin -t of thf" '-'1(1'.Al• 
1n1n.1..r tuhe (P11. 4) 

T ransformer IT I 5 is tuned to produte maximum 
G L-815 grid cutrent. The primary and secondary arc 
alternately tuned until detuning either produces a re
duction in grid curr<"nt. 

Po1:H-Bv-Po1s r PROCLOl'H. :\ny of the coupling 
transformers can he tuned by the point hy-point 
method, although this 1s slow and t<"<lious. Herc a 
fixed frequency signal g<"nerator 1s used, and its fre
quency is changed hy small amounts at ~ time. .-\t 
ea\"h frequency the \'oLTA<,t. I NOICATO~ meter rc:aJing 
is recorded. The calibration of the signal generator 
may be checked against the crystal and its harmonic 
fr<"quencies. 

Signal injection should be done as outlined under the 
visual alignment procedure. 

:\ set of \'oLTACE l so1cATO~ m<"ter readings versus 
frequency is then plotted and a smooth curve drawn 
through the points. Suppose, as a t ypical example, this 
comes out as shown below in F ig. 8. 

IAJ 
{/) 

z 
0 
Q. 
{/) 

IAJ 
a: 

FREQ • .... .. 
.,.,.._. ,.._ t,y,..... 1..-Cll-7tll0ao,. 

Note the frequencies f, and fs. Adjust the frequency 
of the signal generator first to one and then to the other 
frequency , carefully adjusting the tuning until the 
response at each is equal. Then plot a new curve, which 
should look like that of Fig. 9. 

Note frequency f •. If it docs not agree with the table 
previously given, addiuonal tuning must be done until 

FREQ . ...... 
, .... "Y ....... a..-..._, ..... Cll-7t1Nal). 

t he same typ<' curve is obtained about the correct center 
frequency. The curve can be shifted, without apprc
ciahlr altering its shape, by making the same s11UJI 
increments of capacitance change in both the primary 
and secondary. This may not hold accurately since the 
primary and secondary may have .unlike character
istics, but it is a fair approximation. 

Generally the correct tuning will be arrived at soonest 
by making small, methodical tuning adjustments and 
plo tting, a rough response curve each t ime. 

13. Theory of Vlsual Allp,nent Proc...,..- The· 
following is a brief analysis of the visual procedure 
basis. A thorough understanding will a,d materially in 
anal yzi ng the meaning of a particular pattern on the 
'scope. 

1°HE RESPONSt. ASO TH£ IMAOE.- First assume the 
circuit under study responds to frequencies between 
f, and fs, anywhere in the frequency spectrum, as indi
cated on the vertical line of Fig. IO. 

It is possible with the use of a signal generator, wh<>K 
fr<"quency can be set where desired, and an indicator, 
to plot the response curve. If no tuning adjustments 
were required, such a method would be desirable. With 

-, 

0 
...., .. ....... , ........ , .... ~ ........... .,. -···-

••7HN H ). 
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tuning, however, this point-by-point method allows the 
change occurring in the response at only the frequcn~y 
of the signal generator to be seen. Simultaneous re
sponse changes occumna at other frequencies cannot 
be obetrved. 

12 

However, if the signal frequency 1s made to sweep 
between f: and f ,, a complete re~ponsc curve will be 
obtained. :\II that 1s needed is an indicator that will 
" record" thl! urve. For practical purposes this is the 
osc1lloscopc. 

Basically, the signal frequency might he ~wept from 
f, to f, and back from f, to f, hr hand. If the omllo~l'Opc 
sweep started before or when the signal v.as at f1 nnd 
finished when or after the 'o1gnal returned to f,, tv.o 
response curves would be traced on the •-.rnpe screen. 
To J1stingu1sh between the two, let the one produl'ed on 
increasing frequency, f, to f, , be , allcd the " response" 
curve, al'ld the o ne on decreasing frctjuCnn, f: w f1, he 
called the "image" curve. 

Provided the frequency increa,;eJ and denea~d at 
the same rate when the " ruponsc" anJ "image" were 
produced, the " image" appears like the reflection of the 
"response" in a mirror; hence, the name. 

By varying the signal frequency elel tronically, U!iU· 
ally at a 60-<.·ycle rate, and sym·hronizing the 'scope 
with the generator sweep, a "stead,·" true of the circuit 
response and image can be obtained. This ,s illustrated 
in Fig. 1 t. 

As before, the response 1s from f I to f, and the image 
from f, to f, . The 'scope here makes one trace for each 
cycle of signal sweep. Note that 1f the triangular sweep 
wave is moved up or down on the frequency scale, the 
response and image move apart or come together, re
spccuvcly. 

Now if the 'acopc trace is made to sweep at a rate 
twice that of the signal sweep, the image section dc'b'a' 
will overlay the response section abed. By properly 
adjusung the average frequency of the signal gcntrator 
(moving the triangular wave up or down), points a and 
d, b and c', c and b', and d and a' can be made to cor
respond. See fig. 12. 

THt FatQ.UENCY M.u1tu.-As mentioned in the 
visual alignment procedure, a frequency "marker" can 
be produced by injecting a small amount of single-frc
quency energy into the circuit being swept. A smalh 
"blurb" is produced whenever the generator frequency 
is near or equals the marking frequency. 

This results bccautc (I) the signal and marking fre
quencies intermodulate and yield diff'ettncc and sum 
frequencies, and (2) the audio bandwidth of the detector 
is narrow and putcs only a small portion of tbac fre
quencies. 

As a typical example. the audio bandwidtb of the 
detector migliat be u shown in Fag. 13. 

With a 60-cycle sweep r-f pultct of energy are applied 
to the detector 120 tima per tee0nd. To reproduce the 
envelope of the r-f put. an audio ~width of approxi
mately the aiu pictured ia needed. 
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Intermodulation frequencies lying only in this small 

frequency band produce addit ional amplitude variation 

on the 'scope trace. Frequencies in this band arc pro

duced only when the swttp signal frequency is practi

cally the same as the marking frequency. Hence, the 

sweep signal frequency is " marked" accurately at a 

frequency eq ual to the marking frequency. 

:\ t ypical idealized marker, as it appears on a re

sponse, is shown in Fig. 14. 

The marking-frequency voltage fed into the system 

should always be small, just enough to produce a read

able marker. 

14. ~onent ,.__, en4 Syn1ltol1 

Syn,bo/ Pant/ Namt 

JR89 NtUTII.AL PLA NE 

1R90 lsT Focus 

1R91 21m Focus 

1R92 DtrLECTOa 

JCI04 815 PLAT£ T UNINC 

IMS 815 Gato 

!Mi 815 CATHODE 

JM9 VoLTACE hio1CATOa 

1S5 Snr.c-roa Sw1TCH 

1S3 Powu 

11S1 Pun ON 

11S2 PLAT£ Orr 

1T35 INPUT VoLTAOt {lNCaEAS£) 

1Cl06 IPA Ga10 TuN1Nc 

lClll IP.~ Pun: TUNINC 

Jlll CouPLINO 

JC112 PA Gaao TuN1Nc 

1Cl2-t PA Scu:sN .~DJ 

1L16 PA Pun TUNING 

1Ll8 OUTPUT COUPLING 

1M6 JP.-\ Gaio 

IMS JP.~ CATHOOS 

lMl0 JH,,:-r VoLTAGI'. 

JM3 P.~ Pun VoLTAGt 

lM-t P.\ Ga.10 C1:aa&NT 

1M2 PAPunCuu1n 

IMJ RF Q\.,-,"-"f 

• 

.... 14. 

~ ,., ... -4 Pr■ .. , .. ,._._ CII-T9HOM). 

1 S. Appr••--te Meter ■• .... anti OW 
S.tttnp 

Frtq"tn<y , m</s 

88 98 108 

1 21 21 21 
2 22 22 22 
3 22 22 22 
4 - 15 -15 -15 
5 "' 5 "' 5 "' 5 
6 

0 
i ~ 7 ~ 7 :z: I-

u < < < 
t: 7 u 33 u 33 () 33 
t 8 

0 
15 

0 
15 

Q 
15 

"' 
z z z - -"' 9 Ill 20 Ill 20 Ill ~ 

t 10 ~ -15 ~ -15 ~ -15 
I- ~ -23 !;; _23 Ill 11 ~ -23 .a 

w 0 0 

"' 12 > -18 > -18 > -18 
13 -18 -18 -18 
14 -30 -JO -JO 
15 25 25 25 
16- 31.5 31.5 Jl.S 

815 CATNODE 55 ma 55 ma 55 ma 

815 Gato 1.7 ma 1.7 ma 1.7 ma 

815 Pun TuNINC JO l,O 90 
IP:\ GaJO TUNING 30 60 80 
IPA Pun TuN:. 20 50 70 

INC 
PA Ga10 Tu,11Nc JO . 50 85 
PA Pun TuN1No 10 20 30 
IPA Gaao 1.5 ma 1.5 ma 1.5 ma 

IP:\ CATHOOS 140 ma • 1-40 ma 140 ma 

bPt:T VoLTAGa 100 volts 100 volts 100 volts 

P.~ PLAn Vo&..- 2.2 kv 2.2 kv 2.2 kv 

TAO£ 
PA Gaao Cuaaan 15 ma 15 ma 15 ma 

PA Pun Cua- 115111a 115 ma 185 ma 

asNT 
~F°'1TPUT 100 100 100 . 

I 
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IKB 

11\9 
ITB4 

('S2' 
154 / 

IRl88 

IR167 
IR18E> 

111.185 

I K 5 

ITJ4 

IT4 5 

IP5 

IJ7 

14 

, ... ,,. 
250- Wett fre~11ency -111e4.,..tlon llr•••••lf TreftNOMtter, 

Generel llee"trk Ty~• IIT- I - A. leer • few, 4••• •~•n, ~ • 

14entffle4 (194443). 
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IT4 4 

(' Rl64 A) 
IRl64 B 

153 

tT32 
IT31 

IK3 

IK4 
ITB3 

, ... 

I T36 
I FI-I F2 

ITJJ 
IT4 7 

IC161 

ICl62 

IV39 

I V40 

IT46 

IL26 
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TNIORY AND CIRCUIT ANALYIII 

D EFER to the block diagram, Fig. 22, control sche
ft matic diagram, Fig. 23, and main schematic 
diagram, F ig. 33. 

1. Power and Control-Main power (208 230 
volts, 50 60 cycles) is supplied to the transmitter 
through magnetic overload circuit breaker switch I S3. 
Capaciwrs ICl61 and 1Cl62 are r-f hy-pass capacitors. 

Closing ISJ energizes the cabinet cooling hlower 
IBM I, the control isolating transformer, 1 Tj], all 
filament transformers 11'6, 11'36, ll'J'i , 1TH, 11'45, 
and IT4-, variable transformer 1T35, and bucking 
transformer I T34. 

The primaries of all filament and plate transformers 
are designed for operation at 200 volts. :\djustment to 
200 volts is made with 1T35, controlled frnm rhe panel 
front. The voltage between terminals 3 and 5 of 1 T35 
is applied to the primary of IT34, whose secondarr is 
connected in series with the main line. This secondary 
voltage subtracts or adds to the line voltage. \\'hen the 
arm of I T35 is between terminals 4 and 5, the secondary 
voltage if l T34 bucks the line voltage; when the arm 
of 1T35 is to the right of terminal 5, the secondary 
voltage of IT34 boosts the line voltage. By this method 
an input voltage of from 195-245 volts can be accomo
dated. That is, up to 45 volts buck and 5 volts boost 
can be obtained. The transmitter operating voltage is 
indicated on voltmeter IM 10. Variable transformer 
1T35 is located on the output side of the line control 
system to insure that operation is always we11 within 
rating. 

The schematic diagrams, Figs. 23 and 33, are drawn 
with connections shown for 60-cycle operation. For 
SO-cycle operation two reconnections are required. One 
is the terminal change from 5 to 4 on lTJJ. This rcdures 
the operating voltage on the various control relars from 
1 I 5 volts to 96 volts (5 6 of 115 volts). Thus, the relay 
rms operating current is held approximately the same 
at the two power-line frequencies. The other change is 
from line voltage to 200-volt operation of 1 BM I to 
prevent possible overheating of the motor at 50 cycles 
This is done by reconnection from TB2- 1 to TB2-2. 
TB2 is located several inches from the blower on the 
cabinet roof. 

The entire control circuit operates from the secondary 
of 1T33, energized upon closing 1S3. Assume 1S3 to be 
closed. Motor-driven timing relay l KI is energized 
through a normally-closed contact of I K9 and begins 
operation. After 30 seconds (normal setting) I K 1 times 
out and its contact closes. llpon this closing, relay 
l K9 is energized. The normally-0pen contact of l K9 
then shunts across the timed contact of l K 1. The other 

contact of I K9 removes power from I K 1, 1 KI resets, 
and the contact of I KI falls out. The motor inertia of 
I KI holds its contact\closed long enough to allow 1 K9 
to lock itself in. Power is removed from 1 Kl to insure 
long motor life. 

Transformer I T3 I, for the green indicating light 
11S1, now is energized through the normally-closed 
contact of 1 K2, provided rear door interlocks IS I and 
I S2 are closed. The green light indicates that the trans
mitter is ready for application of plate voltage. The 
timing relay, I Kl, prevents application of plate voltage 
before tube filaments are warm. 

Plate voltage is applied by pressing momentary 
switch 11S1. This energizes relay IK3, closing its 'nor 
malty-open contact. Relay I K2 is now energi1ed 
through the closed contact of I K3, the normally-do~ed 
contact of I K4, and the normally-closed contacts of 
overload ·relays 1 K7 and I K 8. As I K 2 closes, power 1s 
removed from green light llSl and applied to red light 
J IS2; power is applied to the low- and high-voltage 
rcctitier plate transformers, IT41 and IT46; a shunt 1s 
placed across the contact of 1 K3 which locks I K2 in, and 
1 K3 may be de-energized by release of 11S1; the plate 
contactor interlock between the 250-watt set and an 
additional power amplifier (i f used) closes (TBI 1-6 
and TBJ 1-7). 

1 IS2 is a momentary contact switch that serves to 
remove plate voltage. ·Depressing 11S2 energizes I K.J, 
whose normally-closed contact opens and de-energizes 
I Kl, which falls out, and whose normally-open contact 
closes and removes plate voltage from an additional 
amplifier (if used). 

One set of normally-dosed contac:s of low-voltage 
overload relay 1 K7 and high-voltage overload relay I KR 
is in series with I K2. Another set of contacts 1s extended 
for use in con junction with a higher-powered amplifier. 
A set of normally-open contacts is extended to a super
visory light circuit, if used. Hence, an overload in the 
low- or high- \oltage supply will cause I K2 to drop out, 
will cause an amplifier plate contactor to drop out, and 
will cause a supnvisory light circuit to operate and 
indicate in which circuit the overload occurred. The 
supervisory lights must be operated by auxiliary relays 
which will lock themselves in when the normall)·-0pen 
contacts of 1 K7 or I K8 close for an instant. As soon 
as l K2 falls out 1 K7 or I K8 will return to the unener
gized position. 

Relay 1 K5, when energized, shorts out surge-lin:iiting • 
resistor l RI 85. This resistor limits the peak current 
passed by the high-voltage rectifier tubes to a safe value 
when plate voltage is applied. 

wigfi
Stolen 2 Line Transparent
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Hda, I ),i.' 1s t·nerL'lled throul!h .a contact of J t>.f, 

airer I J-..6 .,. enc:rgi,eJ. Rd.1y I Kt, do"'e" "hen the f a 

grid l urrent c:Xlec:ds appro\1m,ttdy 8 m1ll ampert:-s. 

l're\·1m1, to th1i. a norm.ill~ d o~eJ ront.l.:t of I ).i. f, ,horrs 

the p,a ~lreens to ground, thu s prntectin~ the tUll<:"

from exres,i\·e Ji.,.~ipation hcfore the ~nJ ex<.:itJ.tion is 

suffii:it'nt t11 produce ~afe ~r :J l11as. lh the t ime the p,a 

grid nirrc:nt builds up to 8 m1ll1.1mpc:rc:~ and do~s 

I K6, the: hi~h-voltage ren1tic:r ta pal 11or., are nlmoi.t 

fulh lh.1r~ed The subsequent enc-rg111ng of I ).i. 5 and 

,;horrmg of IRIS, then re.-.ult,; in neglig1hlc: ,urge lUr• 

rent through the high H>ltage reltitier tullCs. 

J.c:;td<; ma, be e"<tended in shunt "llh lbl from 

!Till 1- 1 and n HI 1-! for an nrernal plate "on" l on-

11111, .rnd m ,hunt "1th ll~!frum ITHl!-San,I ITBI!,,; 

(or ,tn o,ternal plate "otf" l<>ntrul. External indil·atin!( 

lights (6 . .3 rnlts) ma\' l>t" "ired arnm ITR12-4 and 

ground (green) and across I TH 12 J and l(ruunJ (reJ). 

The rabinet heater, ,f U'<'J, has a rela,• coil 1.:onnccted 

t11 ITRll -12 and ground. The norm~lly dosed con

taos carry p<>~er to the heata "hen power 1s removed 

from the Transmitter. 

:\n automatic power f:11lure recloscr may be em

ployed. It must he of a nature to place a shunt across 

ITBll-10 and ITBII II, and al..o a shunt across 

I TH 11-1 and I TH 11 -2 in ta"<' of a lmef power failure. 

These terminal~ arc c:xtc:ndc:d to the three kilowatt 

ampldicr (when u,;ed), which wnta1ns an automatic 

pnwer fo1lure rcclo~r. 

2. D-c Power SuppllH 

Lo.,.. . \ ·01r\1,t -o,u R1<,lLArtD 5ll'l'L\' The low-

\11ltage reltitier ,., a n ,nventmnal full wave rectifier 

cmpli,~ 1ng a pair of T'lx , R-4 GY tube<;. The plates 

are cro!'-<, ,parallded to l;\u~ an e\:en d1v1s1un of current 

hct.,..een the tv.o tubc'I. A two-sccuon L-C filter IS 

i:mplo\·cd to give about -o dccil>els of ripple attcnua-

1ion The uutput from the filter supplies the Type 

(;1,.!!29 8 1-p,a 5tage and the automatic voltage regu

lator l'he J c return 1s made through overload relay 

I ~ - , "ho~ funrnon has been discus,ed prcviouilY. 

I he \t>lt.,gc regulator 1~ a conventional degenerative 

t~pe empl11\lng a TypcOC3 \ ' RIOS tube for bias of the 

T~ pe 6~r control amplifier Three Type 684-G tubes 

in parallel arc used to carry the load current. 

The plate voltage to the Type 6SF tube, I V37, is 

addmonally filtered by means of IRl-0 and IC143. 

This voltage is applied dir«th to the regulator series 

tube grids, and the additional filtering results in added 

hum reduc1ion in the regulated voltage. 

Re,1s te>r IR IR! Ii mils the current through gas

dmhargc tul,c I \ "JR to apprmcimatelr 11 milliamperes. 

The 1?n-d1scharge 1uhe hultl~ the voltage across I Rl8J 

and IR 18-l constant. The catho<lc of the Type 6SJ7 

~ontrol tuhc, I \ ' .3-, I!> tapped Jo"n at the j uncuon o l 

IR I SJ and IR I 8-4 Th ~ prevents any of the cathode 

current o f I \ 'J ; frc,m tlow1ng through the ga~-distharge 

tu he, I \ 'JS. 

Potentiometer IR I RO, a panel ~rewtlriver ('nntrol, 1s 

uscJ to ad_ju~t for the proper rcgul.tte I volra~c. 1A.h1c h 

ma\' he measurt"J at panel monitoring 1ad .. JJf,, 

The unregulated !iupph· furn1c;he~ approximate-Iv I Ro 

n~illiampues at ~50 -.olts: the n:gulated ,;uppl~: fur 

01shc<1 ISO mill1ampercc; at 2,0 -.olt~ Th<' iormer ~up• 

plie!. the plate and Sl.rccn 1,f the I )Ile C;t •. lC!IJ.R 1-p a ; 

the latter, ,tll tubes on the modulator panel. T:tps 2 and 

-l on n -41 arc 105 per cent and 'J, per cent ~rnndan 

voltage taps, respect1velr, tap J ,.,. the: norm,1I IOJ per 

cent up 

H1(,H \ 01TAC,f StPrLL- Thi!- <.uppl\ 1s a l <>n\·en 

tmnal reniticr, using a pair of Type (;(.,.. IV,f. \ 81,/i 

tuhc,; ~11h a two.section L <.. tilter. To protect thc

tul,c~ from exccssi\'c surge currents "hen plate volt~c 

i,; applied, a rc-~iswr, IR18 ~, is connclted in ~riec; wJth 

the filter capal'itor'I, I<.. I ,J and I(. I '4, to l1m1t the 

charging current. Thi, re,;1stor ,~ \horted out when 

I K' 1s energized, as explained previously. 

Rc,;1s tors IR I 86, IR I 8"', and IR I 88 ~r\'e as a h1~h

voltagc bleeder and also d1viJe the voltage for the p-a 

screen grids. 

The d-c return 1s made through 1 K8, which acts as 

overload protection. Switch IS~ automaucally grounds 

the high.voltage bus when the rear aness door 1s 

opened. 

The high-voltage supply normally furnishe~ the p-a 

plates with approximately 200 m1l11ampere~ at 22fX) 

volts, and the p-a srrecns v.1th about JO m1ll1ampercs 

at 150 volts. 

Plate transformer 1T46 is supplied with four taps. 

Taps 2. J, 4, and 5 give, respectively, 110., )OJ., 90-, 

and SO.per cent of normal secondary voltage. Tap 5, 

the 50 per cent tap, 1s used during initial tuning of 

the p-a. 

PHASITaow FtLAWENT SUl'l'LV.- A bridge-t~JX· ~lcn -

1um rectificT, 1CR1, is used to supply the l\pc 

GL-2H21 phu1tron filament through a capacitance in

put L-C filter. Re.iator 1 R9i loads doYt>n the rectifier 

and ~vents the d-< voltage from exceeding the rating 

of the filter capacitors 1f the Tn,c GL-2H21 tube.' is 

removed. 

Rheostat I R96 with a ,crcwdrivcr panel adjustment 

is used to adjust the voltage at the phasitron filament 

to 6.3 volts. 

The phaaitron is supplied with d-c for the filament in 

order that the hum level of the modulator output may 

be kept adequately low. 
17 
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ltlO 111110 

ICIH ITJ7 

IC14S 111170 

ILH '"'7l 
ltl 4 1 lll17J 

111174 

1"1u 
111171 

111171 

111177 

11117' 111184 
ILU 

111112 
111175 

1TH 
11117' 
1111, 1 

IC14 1 1141 

IJt 

.... 20. 

Lew-v ..... • •~ ,_e&. left- view, ,- , • .....__. 
(lt4441). 

3 . Crystal Heater- Power for the cn·stal heater is 
supplied at I 15 volts, 50 60 crcles, u~uall y from the 
station lighting supply. Connc:u1on 1s made: at 1TB 12-9 
and JTR12- IO, v, 1rh fuse prntc:ction furn ,~hed hy 3-
ampere fuses l Fl and l F:!. Tran~former I T'.'6 steps 
the: voltage <lov, n from 115 to 11 \ olt!>. Tht' parallel 
t0ml>1narion o f I R'.'5, I R36, and 111 absorbs 4.-;" vc,lts, 
leaving 6 .'.\ volt'I across the crystal heater resistor . The 
flo w of current in this circuit 1s rontrolleJ autom:Hl
cally hy a thermwnat lo, atc:d in the tr}'ltal housing. 
The: temperature of the ny5tal 1s maintained at f-JJ 
degrees Centigrade ( 140 degrees Fahrt'nheit). 

4. 1-f flltera- All the power supplies to the modula
tor panel arc indmdually filtered with low-pass p i 
filters. 1(146, ll21, and ICHi filter the 250-volt regu
lated supply; IC151, IL22, and JCJ 52 filter the filament 
supply; 1(60, IL20, and JC61 filter the cr)!ttal heater 
supply. Thc:se filters arc all housed in a common shield. 

Such filtering insures low modulator noise level hr 
eliminat ing r-f coupling through intcrun1t w1nng. 

S. Modulator 
Al..010 SrsTF.M.-Balancc:d audio voltage enters the 

transmitter at JTBIO, and the modulator at ITBl 5. 
A level of 10 dhm ± 2 db is required for 100 per cent 
modulation at -400 cycles. The input is 6(X) ohms as 
normally furn ished. Modifications for 150-ohm oper
ation are described in the "Installation" section of 
this book. 

Resistors l RI and I R2 terminate the input line. 
Balanced attenuators consisting of I RS, I R6, IC I, and 
!Ri, IRS, !C2 produce the required pre-emphasis 
characteristic. The attenuation o f these networks, 
when operating into 6(X)-ohm transformer IT I, is a 
compleic inverse function of frequency, with an attenua-

wm at ~Xl cycles of 16.9 denocls greatc:r than that at 
15,000 cycles. 

Transformer I Tl drives balanced amplifier 1 ,. I, 
Type 6SL-GT, which dm·es balanced amplifier I\':!, 
a Type 6SN-GT tube. The latter operates into trans
former ITZ, v,hose se,ondarr 1s loaded with the mo<lu-
1:ltlon coil, I I. 1. 

Negative voltage feedback from the sernnd to the 
first audio stage 1s fed through networks I H. l-t-1 C1, 
and IRIS-JC-I. 

'"" 
IC60 ICIV 

IL20 1(147 

IC61 llU 

ICl~I UI 

IC14' 
ITU 

.... 21. 
\ ...... .,. •• .....,.,~ ..... ,-..-.~<•" .. ,. 
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X · T AL 6SJ7 

A F INPUT 

6SJ 
AMP. 

6SL 7 
AF AMP. 

6SN7 
AF AMP. 

PHASI· 

TRON 

CRYSTAL, 't 175 CPS 

r--- -- --- - - ------ - .- ------ - 7 . 
1 
I 
I 
I 
I 
I 
I 

815 
)(3 

6V6 
X2 

6SJ7 
)(3 

6SJ7 
)( 3 

6SJ7 
X2 

MU L TIPLIER X432 

6SJ7 
X2 

1 
I 

6SJ7 : 
X2 I 

I 
I 

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

8 2 96 

IPA 

GL-502 4 
1--.-.-12 OR 

4 - 250-A 

RF 
-----~ OUTPUT I 

! 75 KC 

"9. 22. 
:UO•Wett Pr-.,.11q1 .,_...._,. INetlceat fre11.....,.,., 

e e......e •ctrtc Type lf• l•A, ..._ !Meer- CIC•7117l20, In. l). 

The final audio voltage output is about 3 volts for 
100 per cent modulation. The overall audio voltage 
gain is approximately O db, from input :o output, at 
4<X) cycles. 

R-r SYSTEM.-The r-f signal originates in a crystal 
oscillator at a frequency I 432 of the carrier frequency. 

- The screen, control grid, and cathode of IY-t, Type 
6SJi, serve as a triode in Colpitts connection with the 
crystal. R. f ground is established at the screen. IC! I 
and !Cl2 are the capacity voltage dividers. ICIO, 
adjustable from the panel, is used to compensate for 
small frequency errors in the crystal, in order that the 
carrier frequency may be adjusted. The voltage across 
this screen ." triode" section is electron-coupled to the 
plate circuit of I\' 4, and a portion of the voltage ap
pears across load choke ll.3. This is coupled by I CH 

~ to the grid of amplifier IVS, Type 6SJ7. 

The plate load of IVS consists of 1T3 and 1T4, 
which together change the single-phase crystal voltage 

20 

to three-phase. (:\ separate discussion of this phase
splitting circuit is given near the end of this section.) 
These three-phase voltages are applied to the deflectors 
of the phasitron, J\'J, Type GL-2H21, terminals J, 
-l, and 5, through shielded leads. The shielding pre
vents' pick-up of fixed-phase voltages which would dis
tort the three-phase system. 

The static potentials on the phasitron clements are 
adjusted by IR89, JR90, IR91, and IR92, all variable 
by means of front-of-panel screwdriver controls. 

(:\ separate analysis of the phasitron is given near 
the end of this section.) 

The phasitron output voltage is developed across the 
tuned primary circuit of 1T9. The secondary of IT9 
is overcoupled to the primary and loaded to give IT9 
a flat bandwidth of approximately 31 kilocycles. The 
secondary voltage of I T9 is applied to the grid of 1 V9, 
Type 6Sji. lTIO is tuned to twice the frequency of 
I T9, and I \'9 serves as a doubler. 
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E1b = Eac1 go• 

E,o = E,b/3 

3 PHASE = Eoa, Eoo 1 Eoc 
.... 24. 

SceN c-11ect1e11 <••7•••oi7l. 
The secllndary oi ITIO 1s o,errnuplcJ to the primary 

and loaJcd to give !TIO a Aat bandwiJth of about JI 
kilocycles. The secondary voltage 1s applied to the 
grid of I\' 10, Type 6SF, "hich also serves as a doubler, 
with JTI I tuned to twice the frequcnc~ of !TIO. 

The secondary of )Tl 1 is O\'crcouplcd to the primary 
and loaded to g1 \'C I Tl I a flat bandwidth of 31.5 kilo
cycles. The secondary \'oltagc 1s applied to the grid of 
J\' 11, Type 6Sr , "hu:h alw acts as a doubler, with 
!TL! tuneJ to t\\1Ce the frequency of !Tl I. 

Transformer I Tl~ has its sccondarv o,·ercoupled to 
the primary and 1s loaded to give I Tl 2 a Rat bandwidth 
of .33 kilocycles. 

22 

,n-1 

IT5·4 

ITS--, 

IT4 ·10 ~~,_0 ,r,-t 

.... ,.. 
,.._ • ...,_, ._,■■tic ....,_ Cll•7tHOH), 

At this point note that resistors IR48 across IT9, 
IR59 across )TIO, JR57 across JTII, and IR64 across 
!Tl 2 have the connections shown dotted. These four 
resistors arc used only with carrier frequencies below 
approximately 100 megaq·cles per second. 

The grid of 1\' 12, Type 6SJ7, is driven hy the second
ary voltage of ITJ2. J\'1 2 acts as a tripler, for lTl.3 
is tuned to three times the frequency of 11'12. The 
secondary of ITl.3 is ovcrcoupled to 1ts primary and 
loaded to give ITl.3 a Aat bandwidth of 38.5 k1locycles. 

Tube l\'13, Type 6Sji, driven by the secondary 
voltage of JTl.3, has its plate circuit, ITl4, tuned to 
three times the frequem.:y of ITIJ and therefore serves 
as a tripler. The primary-to-secondary coupling of 
1 Tl4 is close to the critical value, and I Tl4 has a 
banJwidth of 55 kilocycles. 

If the bandwidth of the lower frequency multiplier 
stages is not sufficient or if the "top" 1s not sufficiently 
flat, phase distortion at the higher modulating fre
quencies will be produced. This results because of side
band clipping and nonlinear phase charactcri~tics. 

T he secondary voltage of IT14 1s applied to the grid 
of JV14, Type 6\'6, which acts as a doul,ler, with !TIS 
tuned to twice the frequency of ITl4. !TIS is undcr
coupled . Herc the frequency is high enough taht suffi
cient bandwidth is obtained easily. The bandwitdh ,s 
approximatcl)' ~ kilocycles. 

The last stage on the modulator panel is the Type 
GL-815 push-pull tripler, 1\'1 5. Grid current of i\'15 
is measured by 1 M8, the cathode current is measured 
by IM7. 

A loop, I L6, is coupled to the plate tank of I \ ' 15 to 
pick up power for d riving the i-p-a. The 1-p-a and p-a 
will be discussed later. 

Voltage indicating meter I M9 measures relative 
cathode, grid, and other pertinent voltages of various 
stages in the modulator, as selected by switch 1S5. 
A list of actual voltages measured is given in the 
"Maintenance" section of this book. 

PHASE-SP LITTJ;llS ITJ ANO 1T4.-Familiarity with 
the Scott two-to-three-phase connection, used in power 
work, will be assumed. A sketch reviewing the connec
tion is shown in F ig. 24. 

Transformers IT3 and 1T4 arc shown in somewhat 
the same fashion, Fig. 25. 

The vector diagram shows the voltage relations in 
the circuit. • 

The three-phase voltages occur from 1 T4-2 to 1 T3..J, 
1T4-2 to ITJ-1, and 1T4-2 to IT<l-1; that is, a wye 
system with grounded neutral results. These voltages 
arc applied to the phasitron deflectors. 
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The CR network cannot of itsel f shift the \'oltage at 
IT4-I 90 degrees. However, note that tank LC 1C, is 
dfectivcl)' across R, and normally is tuned so that R is 
shunted v. ith inductance. This produces additio nal 
phase shift, and the phase at IT4- l can he swung back 
and forth by the tuning of L. Variation of this phase is 
the main function of 1.,, in the range of normal operat
ing adj\.stmcnt. 

Capacitor C is made variable, in order that the phase 
and amplitude at IT4- 1 ma)' be adjusted quite closely 
Y> ithuut the nece.;sity of severe detuning of the series 
tank. In the range of normal operating adjustment C 
funnions mainlr to change the amplitude uf the volt 
age at IT4-1. 

Capacitors C 1 and C: act as voltage dividers to make 
IT4- I to ground ha\·e twice the voltage of ITJ-2 to 
ground. The capacitance of C 1 1s twice that of C,. 

THr. PHASI rRoi-.- The operation of the tuhe can 
hest he studied hy reference to its construction. J;igure 
26 shows the t>ntire struc ture of the tuhe; Figure 27 is 
an enlarged cut-awa} view of the tuhe elements with 
each of the ~rts lahdled. 

Anodes No. I and No. 2 are at positive d-c potential 
and draw electrons from the cathode. The two focus 
electrodes form the electron stream into a tapered thin. 
edge disk. This disk with the cathode as its axis lies 
between the neutral plane and the deflector structure, 
and extends out to anoJc No. I. 

The dettcctors consist of 36 separate v.1rcs, the acti\·e 
portions of which run radially out from the cathode. 
These wires arc labeled A, B, anti C in Fig. r . :\II the 
A v.ires are connected together, all of the B wires are 
connected together, and all of the C wires arc conncncd 
together. These three combinations of A, B, and C 
v.1res arc brought out to the base of the tube and con
stitute the three deflectors ( No. I, 2, and 3). T he neu
tral plane is conncneJ to a pin on the hase of the tul>c 
and constitutes the ddlector No. 4. Figure 28 shows 
a de\·cloped \.'1cw of this grid structure and the neutral 
plane. 

Three-phase, crystal-controllcJ, radio-freq ucnc y 
\·oltage is applied to the deflectors. Phases :\ , B, ar•1 C 
are each connected to the s1m1larly-marked deflector 
wires; and the neutral of the three-phase wye system is 
by-passed to ground. The deflecting action of these 
three-phase voltages on the disk of electrons passing 
between the neutral plane and the deflector grids can 
now be seen; at instant 1 the grid wires :\ arc positive 
with respect to the neutral plane while grid wires B 
and C arc negative. T his results in deflection of t! .: 
electron disk as shown a t instant l in fig. 28 and as 
shown in perspective in hg. 29. :\ t instant 2, one-third 
of a cycle later, deflector -.·ire B is positive, and ;\ and 
C arc negati\'c. The resulting c1fect would be · hat 

... H . 
C.,.._•Y View ef ,.._ __ (H44SO). 

shown. The undulate disk edge of Fig. 29 would then 
appear to have moveJ the space of one grid wire during 
the time interval hetwcen instant I and instant 2. 

from this explanation, it can be seen that with the 
three-phac;e mirage applied, the undulate electron disk 
edge rotates at a rate determined by the applied fre
quency and the numl>cr o f Jeflcctor wires. The electrons 
themselves do not ro tate, only the field that produces 
the undulations <loes. The path of the electrons moves 

CATHODE 

FOCUS ELECTRODE •I 

NEUTRAL PLANE 

ANODE •I 

ANODE•• 

.... 27. 
.......... ..__ (J(. J .. IOH). . 
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• 

Ple-21. 

De.,.lepe4 View ef 9M ltNctwe elMI N•"'"" ,._"• 
(lt•HH040). 

up and down, axially, as the elect rons move radially 

from the cathode to the anode. 

:\ developed view of a portion o f anode No. l is 

shown in Fig. JO. This anode has I 2 holes punched 

above the undd~ected electron disk and 12 punched 

~low. The rotat ing undulate edge of the electron disk 

therefore impinges o n this series of holes .. ~t an instant 

when the disk edge is lined up as shown by the 50lid 

line, most of the electrons pass on through the holes 

to anode No. 2. One-half cycle later the edge of the disk 

has moved on to the posi t ion shown by the dotted line. 

:\t this instant few, if any, electrons get through to 

anode No. 2. Thus, the current flowing to anode No. 2 

varies sinusoidally at the crystal frequency. 

The t ime occurring between peaks of the anode No. 2 

current depends on the spacing between the holes and 

the :rngular velocity at which the undulate edge of the 

.... H . 

.............. View ................... a,.._. y ...... ........... , ....... ,. 

,..ao. 
D,.,.&epM View ef P..-tlett ef A-4e.,M•. 1 (lt•7tH041). 

electron disk is travelling. Since the spacing bet ween 

holes is fi xed, the t ime between current maxima depends 

only upon the angular velocity. As long as this rate is 

constant, the anode No. 2 current maxima occur at 
constant t ime intervals. 

Any phenomenon that changes the time interval 

occurring between peaks of an y sine wave produces 

angular modulation o f that wave. Phase and frequency 

modulation arc onl y special forms of angular modu

lation. 

Now suppose the electron disk in the phasit ron is 

itself given an angular velocity. This velocit y effect ively 

superposes on the constant angular velocity of the 

undulate field . Therefore the time interval occurring 

between peaks of the anode No. 2 current is changed, 

and angular modulation is produced in this current. 

The phasitron functions in such a way that the dis

placcmcn~ of the anode No. 2 current peaks, compared 

to the original peaks, is directly proportional to the 

angular displacement produced tn the electron disk. 

That is, a proportional phase-displacement results in 

the anode No. 2 current. Hence, the phasitron is 

basically a phase-displacing or phase-sh if ting device. 

If the electron disk is angularly displaced at an audio 

rate, with the moimum displacement held constant, 

the anode ~o. 2 current is phuc-modulated at the 

audio frequency. 

Phase modulation when performed at a sinusoidal rate 

is always accompanied ~y frequency modulation which 

bears the following relationship to the phase displace

ment : 

f, - • f. 
f, • ~aximum frequency deviation in cycles. 
♦ • maximum phue displacement in radians 
f. • audio modulating frequency. 

From this expression it is eccn that if frequency 

modulation is to be produced in the anode No. 2 cur

rent, the maximum anplar displacement that is given 

the electron disk must be invenely proportional to audio 

frequency . 
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The electron disk can be angularly displaced by 
applying an axial magnetic field to the tube. This is 
accomplished by surrounding the tube with a magnetic 
coil, or solenoid, as shown in Fig. 31. 

If audio frequency currents arc made to flow in this 
coil, the electron disk will he angularly displaced at 

audio frequency rates. 

The maximum displacement produced in the disk, 
and hence the maximum phase displacement in the 
anode No. 2 current, is "d irectly proportional to the 
maximum current in the coil. Since the coil is essen
tially a pure inductan~c, this maximum current is 
inversely proportional to audio frc4uency, if constant 
\'oltagc is applied. 

Hence, by applying constant audio frequency voltage 
to the coil, the phase-displacement of the anode No. 2 
current is inversely proportional to the audio frequency 
and the desired frequency modulation results. 

6. Power- omplffler- The power-amplifier chassis 
contains a push-pull T r pe GL-829-B i-p-a tube, and a 
pair of Type GL-5O24 or 4-250:\ tubes as a push-pull 
final amplifier. 

Energy picked up from the final tnpler, l \' I 5, located 
in the modulator, is carried by a section of RG-8 l ' 
cable to the p-a chassis. Herc the cable is terminated 
in a loop, )Li, which is inductively coupled to the 
i-p-a grid tank coil, 1L8. Capacitor tCI06 tunes JL8 
to resonance. 

Resistors tR145, tRl-46, 1Rt53, and IRIH arc 
parasitic suppressors and stabilize the operation of the 
1-p-a. 

The i-p-a grid current is measured by 1 l\16, the 
cathode current by l M5. 

The output of the i-p-a is link-coupled by means of 
tLll to the p-a grid tank coil, 1Ll3. The p-a grid cur
rent is used to energize relay 1 K6, whose function has 

. been discussed (paragraph I). This grid current is 
· measured by JM-4. 

Ad just able resistor 1 R 163 establishes the p-a filament 
ground. The effective ground point is made adjustable 
to p~ovide means fo, setting the carrier AM hum to a 
minimum. 

Although the p-a tubes arc tetrodes, "stable" opera
tion will not be obtained unless the screens have no 
r-f potential relative to the cathode. This means that 
a low-impedance path for the r-f screen current must 
be provi dcd. The impedance offered by the screen 
lead inductance is large enough to result in unstable 
operation. This difficulty is overcome by series-resona
ting the screen inductance. 

Capacitor 1Cl2-l performs this function. 1L2J is a 
center-tapped choke used to feed d-c to the screens. 
1 L24 provides additional r-f attenuation. 

.... ,,. 

MODULATION 
COIL 

M p:1tk C.-~ ~ ,.___ CK-7'11041). 

The external p-a plate circuit consists only of 1 Ll6, • 
which resonates with the internal tube capacity. In 
this way the tank circulating current is kept at a mini
mum, with resultant decrease in the circuit power loss. 

The inductance of I ll6 is varied by moving sho"
circuitcd slugs into the field of the coil. The currents 
induced in the slugs produce fields whioeh react with 
the magnetic field to alter the impedance of I L16. The 
further the slugs arc moved into the field, the lower 
the effective inductance of l LI 6 and the higher the 
resonant frequency. 

The p-a plate current is measured by 1M2. Meter 
I M3, with multipliers IR 164-A and 1 Rl64-B, meuures 
the p-a plate voltage. , 

Power is coup_led into the transmission line by mean, 
of loop 1L18, whose coupling to 1 L16 is controllable 
from the panel. 

7. a:f Vottmeter-The r-f voltmeter gives a rela
tive indication of transmission line r-f input voltage . 
This indication is affected by standing waves on the 
line. Therefore, it is not necessarily a direct measure 
of power output, but will serve to show any change 
from a predetermined level during operation. 

Capacitor JC131 , in conjuction with a short length of 
RG-8, U cable capacity and the diode input capacity, 
acts as a voltage divider. 

The diode is a peak rectifier, with capacitor 1C133 
and resistor 1Rl65 as the load. The average load cur
rent is measured by l M 1, which requires 1 milliampere 
for full -scale deflection. The scale is calibrated in arbi
trary units. Adjustment of 1 C 131 affects the r-f voltage 
across the diode and hence the rectified current. 

1 
Capacitors 1Cl34 and 1C135 bypass the input fila

ment leads to prevent stray r-f fields from affecting 
the meter reading. 

25 
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I . Monitor Coupllntl Loop 1Ll5 is inductively
coupled to the p-a plate tank coil, 1Lt6. A length of 

A G-8 U cable carries the coupled power to an external 
--ronncctor in the bottom of the cabinet. The loop is 

located so that about 8 volts rms is produced across 50 
ohms when the Transmitter is loaded to 250 watts. 
This voltage is used to feed the station modulation 
and frequency monitor. 

9 . AttPrexaete 1-f Clrcvlt OpeNltlfta ~ ......... 

Cim,.ut Rance 
T,m .. 

Crynal 
l'ttq 

Swiq Bandwidth 

Carnu • .1-107 9 me • 432 1 7& Ire aoo'"' cl\anoel 

p .. plate 1&-IOI me m t 75 Ire >IOO loc 

P•srid •11J1 me 412 ±75 Ir< > IOO kc 

l •c>-& plate -.101 me 432 t 75 Ire > 3DO kc 

1.,,.. rnd •101 me 432 t75 kc >300 kc 

Pi.aw Triplet • 101 me 
plate 

432 175 Ire > 300 kc 

ITl5 29.J..38mc 144 t241&(: IO Ire 

ITl4 14 7-18 me 72 t 12.6 Ire Mire 

JTl3 4 Mmc ,. H 2 1rc •a1oc 
!TIS Ur2mc • t 1.4 kc like 
ITII 0.U-1 1DC • ±700 cyelea au 1oc 

!TIO 406-&001rc 2 :il&O eyelee II kc 

IT9 20ll-250 Ire l .i 176 eye• ... loc 
IT4 2QI.UOl,c I Nooe ... ...... .... 
IT3 --~Ire 1 N- ... .......... 
Crystal 20S-250 kc ... Noc,e ····· ··· ····· 

.,. 
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IUCftONICS DIPAITMINT 

GENERAL-ELBCTBIC 
Q...2H21 Phasitro,, Deso ...... and llating 

GENERAL DESCRIPTION 

Pro...:11)&1 4,ol 1c•t 10fl : Phu••-ut•tor tuM for u•• •t freo....,clH Mio- !IOO Iii locrctn 

C"•'•cte, 1st lea 

C.thoct•·l•Olrectt, "••teo 
HHter Vol t•Ot 
Ht•t• r Cur,ent 

6 . 3 Vol ts 0-C 
0.3 A-rt 

O, rect I ftt er, lect roct, 
C• pacitanc,1. 4ppr01 1Nte 

0.flectora to Plate I 
Pl att t to Pl a te 2 

f r eoutftCJ for•••..,• Rat onos 
lk>unt O • o Pot I t OC>fl•A•y 

o.m_, 
1.0 _, 
!IOO 111 toc,ctn 

,.,YS I CAL O IMf'IIS I OIIS ; TERlollNAl COIIN£CTIOIIS: 

MAXIMUM RATINGS 

rtate IIO. I Vottao
Plate IIO . 2 Voltao-
0.flector• NO. I .2 aao 3 Volt ... 

---LL ••~ II• 
.... 1AM 

300 Vol ti 
300 Vol t a 
100 Volta 

CH~CTERISTICS AMO TYPICAL OPERATION 

" ..,., .. ..,.,u ••tor • 
l'I ate IIO. I ¥el ta .. 
Plate IIO . 2 Volt .. , 
Oeflectora llo. 1,2 '" 3 Veit ... 
Oaf I actor llo. 4 Volt .. , 
Gr If IIO . I Volta .. 
,, t, IIO. 2 Vol la .. 
CaOOlle C..rr•t 
tt•lo-fr-J OrlW lfll Voltlfl, .,._ to -tra l 
•• I- a..1o-11o,1111t l111 ,._, for 11111• ,..._ $11111 
R• lo•fr._..ey Ollt,-t Volt ... 
01,tortlCN1 at at80' ,.._. aut 

• c111Ce1f ,-o • NrPH 

0.ftector IIO. 4 Volta1• 
Grl cl IIO. I Voltate 
Grlo llo . 2 Volt• .. 
C.t~OH Curraftt 

200 ¥0\.TS 
2'0 VOLTS 

811 YOlTS 
30 VOlTS 
10 VOlTS 
2& VOi.TS 

4 •H ll AIIPUlS 
:» VOUl -
50 IIIUIIATIS 

4 VOlTS • 
t.2 ,rt CflfT 

Pin I - I ftt••··· COllft•ct IC>fl 
Pin 2 - 0.f lector IIO. 4 
Pon 3 • 0.f lector 110. I 
P1• 4 • 0.llector IIO . 2 
P,n ~ • 0.ftector llo . 3 
P,n & • (iricl IIO. I 
Pon 7 - Grtcl llo. 2 
1',n 8 • rtate llo. I 
Pin 9 • Plate IIO. 2 
Pi • 10• t;e•ter 
P, n I I• Heater I C.tllofe 

100 Volta 
25 Vol ta 

150 Volte 
& 1111111_,.., 
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INSTRUCTIONS 

3-KILOWATT FM 

BROADCAST AMPLIFIER . 

TYPE BF-2-A 

(MODEL 4BF2A 1) 

. . 

.. 

ILICTRONICI DEPARTMINT 

GENERAL . ELECTRIC 
. 

ILICTRONICS PARK IYRACUII I, N.Y. 

( In Canada, Canadian General Electric Company, Ltd , Toro/Ila, Ont. 

Outside the US A ., and Canada, by, International G•nerol flec1ric 

Company, Inc., Electroniu Dept , S& enectody, New York, U S.A ) 

CEl-230091. 

• 
0 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

FOREWORD 

The· instructions for your 3-K\V Fn•quL•ncy Modulation Transmittc:r, (;-E Type• BT-3-A or -B (Figs. 1, 2 

and 3 . arc wnttc n 1n accordance \\1th the block systc m jn thl same rnanm r as your transmitter is constructed 

Th combining the instructions for your Cc•1wral Electric 250-\\'att F:\1 Exciter and thc•st• instructions for your 

:i 1-: \r F'.\I .\rnplific·r, C-E T, pc• BF-2-A. vou h;n-e compk·tc· instructions for ,our 3-K\V FM Transmitter, G-E 

T~ pt• BT-3-A or -B. lnstru<' t1ons n·lating to the• com:lation of your Exciter (250-\\'att Transmitter) and your 

Amplifh r arc 111dud1·d 111 this ,\mplificr Instruction Book. 

Tim; amplt- si,:c• hmder 1s clc•s1gncd to c·nclosc both sets of instructions. You may discard tilt' cover on your 

2.-,0-\\'att Transrnittt-r rnstruct1on hook. 

The• information contaim·d in these instructions SUJ)t-rscdc•s that contained in the PRELlMl:SAR\' 3-KW FM 

BkOAm .\ST A~11•uftl'k lnstnictian Book (GEI-23009). 

• 

I, 

II 

wigfi
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3-KILOWATT FM 
BROADCAST AMPLIFIER 

TYPE BF-2-A 

(MODEL 4BF2A 1) 

INTRODUCTION 

The General Electric 3-Kilowatt Frequency Modu
lation Amplifier combines with the General Electric 
250-Watt Exciter to make one of broadcasting's most. 
modern station units (Figs. I. 2 and 3). 

General Electric has pioneered in the- Frequency 
Modulation fiC'ld and has designed and built many 
Frequency Modulation Broadcast Transmitters. This 
exµericnce, combined with the experience of the num
erous broadcasters using General Electric equipm<'nt, 
has formed the basis for the design of this new, 
improved equipment. 

This Amplifier is dC"sig1wd to be used for broadcast 

installations wher<' a laq~er primary scn·icc area is 
desired than that obtainable when using the 250-Watt 
or I-Kilowatt Transmitter, and is an ideal foundation 
for future station expansion to 10 and 50 kilowatts. 

l'se of the- nc-wly den•lo(X'd air-cooled type GL-7D21 
screen-grid tubes in the power-amplifier stage insures 
stable and efficient operation. Consen·ative operation 
of tubes and components is the foundation of satis
factory performance. 

It is hopl'd that the following sections of this book 
will familiarize you with your Amplifier and enable 
you to receive maximum Yaluc from your inYestment. 

ELECTRICAl SPECIFICATIONS 

Nominal Carrier l'oll'er Output 

3000 watts. 

Radio-frequency Rrrnyc 
88 to 108 me. 

Carrier-frequency Stability 

Within ± 1000 cycles over normal room tem
perature range.'. 

FJ.W rarrier-nnise LeN>/ 

G5 db below ± 75 kc swing, unwl'ighted. 

A.M Carrier-noise Level 

50 db below 100 per cent amplitudl' modulation, 
unweighted. 

RF Output Coupling Cfrcuit 
The r-f output coupling circuit is designed to 
operate into an untthlanccd load, the electrical 
cha'racteristics of which arc those of a coaxial
tmnsmissic;in line of fil .5-ohms surge impedance, 
in which the ,·oJtagc-stancling wave ratio is not 
more than. 1.75 to I at the carric•r frequency. 
Provisions arc made for the use of a single l ¾ 
inch coaxial-transmission line ha,·ing a surge im
pcdane(• of 51 .5 ohms. The output-transmission 
line may be pressurized. 

AF I nput Level 
10 <lbn1 ± 2 <lb required for lQO per cent modula
tion at -!00 cycles; input impedance., 600 ohms. 

A.F Response 
\\'ithin ± I db of FCC pre-emphasis standard 
from 50 to 15,000 cycles. 

1 
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3-KW FM TRANSMITTER 

AF Harmonic Distortion 

,L<:ss than 1.5 p<:r C't·nl rms for any si11KI<· modu
lating frl'qUl'n()' from ;;o lo 15,000 l ,·C'll'S and 
less than I p<·r ct•nt rms from 100 to 7t)()0 cycles 
at a carrier swing up to ± 7,5 kc. 

,\fodulatiu11 Capability 

Pou•cr Supply 
20S 2:30 , ohs. ,'>0 Ii() c~ ~ks, t hrl'<' phase ± 5 per 
<'< nl hm ,·oltag<• tok•rann·. In addition, a ,·rry 
small 'lmount of po\\<'r is r<·qum:d from the 
stat1011 lighting supply at 115 volts for the crystal 
Therm°'<·ll heater. 

Pou-rr lnp1.il 
8.0 kw at 90 per cent power factor. 

~ 100 kc carrllr swing. 50 to l,"j,000 cycle~ with ~h-thods and c-onditions of measurement confom1 
less th,1n 3 per C<'nt rms distortion. • ·with'RMA proposccl standards . 

• 

~ Fig. 2 Front Vi- with Doors Open (SY1167A) 

2 
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3-KW FM TRANSMITTER 

DESCRIPTION 

1. EQUIPMENT FURNISHED 

A Standard equipment consists of the following 
units: 

A. 1 G-E T ype BF-2..A Amp)ificr (3-KW) 

B. 2 sets of Vacuum Tuhcs, each set consisting of: 
13-GL-8008 1-6H6 
2-GL-7D21 2-GL-8<J6--A/ 86ti 

C. Accessories: 

Descr i ptio11 G-E Dwr,. Ref. Qua11tily 

I Dnrk blue i our h-up pamt :\ILK-7126433(;2 1"l pint c-an 
2 Gray tou<'h-up pa int il 1r, Gray, I pint t·nn 

National Paitit 
products or 
equivnlc:nt 

:I Thmnerfor tou<'h-up ptunt G-E fir,()() I pint ,·an 
4 Transmission line (exc iter K_-7 118,~IP l l 

to amplifier) 
5 Phillips hinder heact screw R,x-es.'le<I F70C IA X 

1 ~-20 x I mc-h 
6 Wosher F70C I B ¼' inch X 
7 Lockwasher K-7867352P5 X 
R lnter-ronnecting wire MLK-7 ll6973G2 l 
0 Hex nut F70C1B 11'-20 R 

Note: Items 5, 6, 7 and 9 nre p.'lckec!'in clo th ba~: 

2. GENERAL CONSTRUCTION 

The 3-Kilowatt Amplifier is completely self-con
tained in two steel cabinets finished in smooth blue 
lacquer with chromium t rim; sec Figs, 1, 2 and 3. The 
smaller cabinet, mounted between the exciter and 
amplifier cabinets, contains the plate-power supply for 
the Amplifier and enhances the modernistic styling of 
t he 3-KW Transmitter as a unit. The cabinets provide 
radio-frequency shielding as well as high-voltage pro
tection to the station personnel. 

Air used for cooling the tubes a nd other components 
is fi ltered before it is circutatcd throµgh the cabinets. 

The fron t door permits access to the operating con-

trols only (See Fig. 4 l; no voltages are exposed . The 
rear doors are equipped with interlock switches and 
grounding switches which automatically open the 
high-voltage transformer primaries and ground the 
high-~•oltage plate circuit before the doors can be 
opened. Opening a rear door of either the Exciter or 
the Amplifier shut'S off both units. 

A toe kick-port is provided under the front door and 
a six-inch high composition panel protects the other 
sides of the cabinets from shoe marks along the bottom 
edge. 

,AlJ turung controls requiring fine adjustments are 
driven with smooth-acting vernier dials. All controls 
necessary to the -adjustment of the Transmitter while 
it is in operation .arc :xcccssible from the front of the 
cabinet. · 

The five instruments mounted above the door on 
t he front of the unit arc, reading from left. to right: 
F t L VOLTAGE, PA PLATE VOLTAGE, PA GRID CcR

RENT, PA P LATE Ct: RRENT, RF OuTPt'T. Sec Fig. 4 . 
The last instrument indicates relative r -f transmist1ion
line voltage in the output-transmiSiion line feeding 
the antenna.• 

In addition to the above mentioned in~truments, 
four others arc mounted on the control panel and arc 
visible when the front foor is open. The two meters 
at the top of the panel indicate the PA CATHODE 

Ct'RRENT of each p-a tube individually. The other two 
meters indicate the SnrnEN \ "ot,TACE and the SCREEN 

Cl.'RRENT. 

3. AUXILIARY EQUIPMENT 

A. A cabinet heater, G-E Type F H-1-A, is available 
on separate order for use when the Transmitter is 
situated in a humid location. 

8. An FM Station Monitor, G-E Type BM-I-A, is 
available on separate order for use in monitoring the 
Amplifier output. 

INSTALLATION 

Upon receiving and unitacking the Amplifier give it 
a thorough inspection for possible shipping damage. 
Make careful insµection of all relays and contacts to 

make sure none have been jammed during shipment. 
Report any damage or shortages to the transportation 
company at once. 

3 
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3-KW. FM TRANSMITTER 

1. SPECIFIC INSTALLATION 
REQUIREMENTS 

' Requ1rc>mcnts and information for installation arc 
given on the I nstallalion Requirements Diagram, 
Fig. 15. Fig. H shows a typical installation. T he 
actual power requirements a re given under the 
ELECTR ICA L SPEl'lf'lCATJONs section of this book. 
• External wires other than inter-unit wiring are 

furnished by the customer The c>xternal wire rei;om
mendcd on Fig. 15 may bt· sccurc>d on separate order 
from the General Electric Comp'\ny. 

lMPORTANT 
The Amplifler, as shipped, is connected for 60-cycle 

operation. for 50-cyde operation, make the following 
internal reconnection to the Amplifler: Remove the 
brown wire from terminal 6 on 3T1 which is connected 
to the relays and place it on terminal 5. leave the 
red-white-blue wire which is connected to the selenium 
rectifier, 3CR1 , on terminals 6 . 3Tl is mounted on the 
floor of the amplifler cabinet, and is the transformer 
farthest ta the right, looking from the rear. 

The Amplifier, os shipped, is connected for 230-volt 
input operation. For line voltage 5 per cent less than 
230 volh, change leads on terminal 7, 12, and 17 of 
3T7 to terminals 6, 11, and 16; for line voltage 5 per 
cent higher than 230 volts, change to terminals 8 , 1 3, 
and 18. for 208-volt, ±5 per cent input operation 
make the following internal changes to the Amplifier: 

A. On 3T8, 3T9, 3T1 0, 3T11, 3T12, 3TI 3, 3T14, 
JTl 5, c .,d 3T16 move the lead from the number 2 
terminal of each transformer to the number 3 terminal 
of e ach transformer. 

8. On 3T 4 move the lead from the number 3 ter
minal to the number 2 terminal. 

C. On 3T1 move the leads from the number 3 
terminal to the number 2 terminal. 

D. On 3T6 reverse leads on terminals 3 and 4. 
E. On 3T5 reverse' leads on terminals 1 and 4 . 
F. On 3T7 change leads from 7 , 1 2, and 17, to 5, 

10, ond 15, respectively. If line voltage is 5 per cent 
less than 208 volts, change the leads to 4, 9 , and 14; 
for line voltage 5 per cent higher than 208 volts, 
change the leads ta 6 , 11 , ond 1 6. 

2. INST ALLA Tl ON OF TU BES 
Aftt•r the Tra11smitkr is locatc>d and ready for 

opc>rat ion (except for thl· act u.il application of power ) 
install a compkt<: set of tub<.•s, consisting of the 
following: 

Two Type 7 D21, powl·r amplifiers (3\' 10 and 3\ ' 11 ) 
mounted on the p-a chassis. Sl·c Fig. 8. 

One Type (i}-[(i, r-f voltmt•tt•r diode (3\'9), located 
nl'ar the roof of the cabinet, on the ldt side as viewed 
from the rear. &e Fig. 9. 

Six Type GL-8008 high-voltagt· rectifier tubcs 
(3\'3-3\'8) mounkd in the platt·-r>0wt' r supply cabinet. 
Sec Fig. 10. 

Two Tyµc GL-8£i0 rect ifier tubes (3Vl and 3\'2) 
mounted on screen power-supply shelf. Sec Fig. 11. 

I nstall each type GL--7D21 tube as follows (refer 
to Fig. 5 ). 

CAUTION 
Great care should be exercised in handling a type 

Gl-7021 tube. Since the mass of the anode radiating 
surface is quite large, it is easy ta jar the thoriated 
tungsten fllaments excess~ely whet1 placing the tube 
on a hard surface. 

A Loosen the clamp on the stationary section of 
the plate line and slide t he mo\'able sect ion of the 
plat e line downward . 

B. Loosen the clamp on t he movable sect ion. 
C. Holding the GL-7O21 tube by the anode radi

ator, mscrt it into the mo\'able section, as illustrated 
in F ig. 5. 

0. Carefully slide the muvable section and the 
tube up as far as ther will go ensuring good contact 
bctwecn the tube contact surfaces and the fi ngers of 
t he tube sock<'t ; then tighten the clamp on the 
stationary section to hold the movable sect ion and 
the tube in :his raised position. 

E. Tigh ten the clamp on the movable section and • 
the installation is complete 

Use the following proced ure to rcmo,·c a type 
GL-7O21 tube: 

A Holding the tubt• by the radiator anode loosen 
the clamp on the stationar y section and carefully slide 
the movable section and the tube down . 

CAUTION 
To eliminate the possibility of the tube's slipping 

and falling, be sure that the damp on the movable 
section is tight during this first operation. • 

B. Loosen the clamp on the movable section 
C. Holding the tub<' hy the radiator anode, lift it 

up and out of the movable section. 
A warm-up pC'riod of I 5 minutes with filament power 

ON, but no plate power, 1s rccomm<•nded for the 
GL-8008 mercury rectifier lubes, when lh<!y arc first 
installed . After the first warm-up period, the normal 
tim1.: dc>lay-rclay period will be sufficient 

NOTE 
Remove the Type 6H6 r-f diode whose socket is 

located just below the p -a chassis on the left side of 
the exciter cabinet, looking from the rear. Its use iJ 
unnecessary in the operation of the G-E Type BT-3-A 
Transmitter. 
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3. INSTALLATION OF EQUIPMENT 
NAMEPLATE 

If this Amplifier, G-E 'fype BF-2-A, ill used as a 
final Amplifier, an envelope will be packed with the 

equipment containing the equipment nameplate. This 

3-KW FM TRANSMITTER 

4 . PRELIMINARY CHECKS 
A. Air Flow: If a duct is used to carry exhaust air 

from the transmitter-blower outlet, care must be taken 
to prevent any back pressur e in the duct. T he blower 
system of the Transmitter is designed to exhaust at 
atmospheric pressure, so that external resistance to 

Fig . 3 . Rear View with Doors Open ( SY3029A) 

nameplate should uc mounted l>clow the final Ampli
fier Unit nameplate with the screws provided. The 
cquiprhcnt typ<.• number on this :1ameplatc must agree 
with the type numl.>l-r filed with the Federal Com
munications Commission. 

exhaust air flow will reriucc cooling efficiency of t he 
blowPr. 

B. Power Switches: Before applying power to the 
Amplifier, throw all PowER switches (FIL, M AIN, and 
ScREEN) on the front panel to the OPF position. 

5 
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3-KW FM TRANSMITTER 

. 
THEORY OF OPERATION 

1. EXPLANATION OF CONTROL CIRCUITS 

A. The control circuits may be analyzed by re
ferring to the Elementary Diagram of Control Cir
cuits, Fig. 7a or 7b. These drawings show the control 
circuits in both the 260-watt Exciter, G-E Type 
BT-I-A or -B, and the 3-KW Amplifier, G-E Type 
BF-2-A, with the necessary inter-connecting wiring. 

Either the G-E Type BT-1-A or BT-1-B 250-Watt 
Transmitter may be used as an exciter with the 3-KW 
Amplifier. Therefore, two Control Diagrams, Figs. 7a 
and 7 b arc included in this book. (Fig. 7a applies when 
the Type BT-1-A Exciter is used, and Fig. 7b applies 
when the Type BT-J-B Exciter is used). Since the 
customer is concerned only with the drawing which 

3MIO 3M3 3M9 3M2 3M4 

3MB 

3M7 

3Rl8 3C24 

3M6 

3M5 3C32 

31SI 31S2 
3SI 

3S12 3S3 

3S2 
3T5 
3LII 

3Tl7 3K9 
3K2 3Kl4 
3Kl6 3Kl7 
3K8 3KII 

• 3K5 3Kl2 
3Kl5 3K7 

Fig. 4 . Front View, Door Open, Components Identified 
(SY5270A) 

G 

applies to his particular equipment, he may discard 
the diagram which dO<.'s not apply. 

The control circuits for the 250-watt Exciter are 
analyzed in the 250-watt Ttansmitter Instruction 
Book and therefore need not be described again. How
ever, where the control circuit of the exciter and 
amplifier arc interlocked or effect one another, the 
circuits will be analyzed in this book . 

B. Ll·t us start with the power input terminals of 
the amplifier (lower right corner of Fig. 7a or 7b) and 
analyze the circuits of the switches and relays which 

· will start the amplifier, protect its operation, and 
shut it off. 

First, note that all relays on this diagram are 
drawn with the contacts in thcir normal position when 
the relay is ,iot energi:ed. Further, relay cont.acts with 
small arrows on them indicate that the action is not 
i'nstantancous, but that some period of time is required 
for action to take place in the direction of the arrow 
(time delay relay) . 

(1) The 208 230 volt, 50/ 60 cycle, three-phase 
power is switched on by means of the main power 
breaker 3S1. 3S1 is a magnetically-operated circuit
breaker type switch with inverse time characteristic. 
This type switch is used to eliminate fuses in the 
power lines. I ts breaker action affords protection to 
the power circuits and rectifier circuits up lo the 
rectifier filter output. Beyond this point, d-c overload 
protection is provided. 

The control circuits, filament transformer cir
cuits, and blower motor operate single phase and are 
connected to the three-phase supply in such a way 
that the load is approximately equally distr ibuted. 

(2) The powC'r to the filament transformers and 
control circuits is controlled by circuit br<'akcr 3S2. 

(3) The primaries of the filament transformers 
arc designed for operation al 208 or 230 volts. When 
the transmitter input voltage is 208, the filament 
transformers are all connected for 230-volt operation, 
the combination of variable t ransformer 3T5 and 
buck-boost transformer 3T6 providing the necessary 
boost voltage from 208 to 230 volts. Manipulation of 
variable transformer 3T5 (FIL VOLTAGE-INCREASE) on 
the input panel varies the boost voltage to compensate 
for moderate changes of the transmitter input voltage 
and thus makes it possible to maintain all filaments at 
their proper operating voltage (6.3 volts as indicated 
by 3M 10, Fu. VOLTAGE meter). 

Likewise, when the transmitter input volt.age is 
230 volts, the filament transformers arc all operated at 
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208 volts and the combination of 3T5 and 3T6 pro
vide the necessary buck voJtagc. 

The Control· Diagram, Fig. ia or 7b is drawn 
showing conl)ection for a transmitter input voltage of 
230 volts. Under this condition it is possible to adjust• 
3T5 for correct filament voltage with a transmitter 
input voltage in the range 218 to 245 volts. 

Por 20S-volt input Op<'ra, io11 of the amplifier 
the following changes arc necessary in the filament 
supply circuits: 

(a) On 3T8, 3T9, 3T10, 3Tll, 3Tl2, 3Tl 3, 
3Tl4, 3T15, and 3Tl6 move the lead from the number 
2 terminal of each transformer to the number 3 term
inal of each transformer. In all cases, terminal 2 is the 
208-volt tap and terminal 3 is the 230-volt tap. 

(b) On 3T6 reverse leads on terminals 3 and 4. 
This enables the secondary voltage of ~T6 to boost the 
line voltage instead of l:$uck it. 

(cL On 3T5 reverse the leads on terminals 1 
and 4. This is necessary if the filament voltage is to 
increase when the F11, VOLT*CE control is turned in 
the INCREASE direction. 

With the amplifier t-hus connected for 208-
volt input operation, the voltage to the filament 
transformers can be maintained at the proper value 
for input voltages from l 95 to 230. 

(4) The power to the three-phase rectifier trans
former is controlled by a DELTA-WYE switch, 3S12, 
which connects the transformer primary either in 
delta (for full plate voltage) or in wyc (approximately 
58 per cent plate ,·oltage). ,Auxiliary contacts on 
3S12 perform two other functions as follows: 

(a) When the switch is operated, contact BA 
opens first, causing power to be removed from the 
plate transformer. Con~cts BU and BT then operate 
as required to reconnect the transformer. Finally as 
the switching operation is completed, contact BA 
again closes, preparatory to re-application of plate 
power. 

(b) Contact BP provides an interlock ·for 
higher-powered transmitters. 

(5) The power to the screen grid power supply is 
controlled by circuit breakCT 3S3 and is so connected 
to the DELTA-WYE switch, 3S12, that the screen 
voltage is also reduced to 58 per cent when this switch 
is in the WYE position. 

(6) A centrifugal safrty switch, 3S10. has been 
provided on blower motor 3BM I. This switch opens 
the circuit to the primary of the filament transformer 
when the blower is not running and thus prevents the 
filaments from being energized when the blower motor 
is not operating. 

(7 ) An additional switch, 3S11, mounted on the 
rear of the p-a shelf, makes it possible to turn off the 

3-KW FM TRANSMITTER 

tube filaments without turning off the blower (con
tacts BR). This permits the blower to operate and 
cool the tubes, thus facilitating quick changing of hot 
tubes. A second set of• contacts on 3S11 opens the 
plate voltage inte{lock circuit while the filaments are 
shut off. This prevents application of plate voltage 
until 3S11 has been returned to the "ON" position. 

~8) Control transformer 3Tl reduces the voltage 
from the 20g/ 230-volt supply to 115 volts on the 

Fig. 5. 

• 

Type GL-7D21 Amp/mer Tube Being lnitoll«I 
in Soclcet (SY2062A) 

60-cycle tap (terminal 6) and 96 volts on the 50-cycle 
t_slp (terminal 5). The purpose of this transformer is 
threefold: first, it permits the use of standard 115-volt 
relays on either 50 or 60 cycles; second, it reduces the 
exposed potentials on all the control circuits which 
temain energized when the rear door is opene,d.; and 
third, it allows one side of the control circuit to be 
grounded. As shown on the Control Diagram, Fig. 7a 
or 7b, 3Tl is connected for 230-volt input operation. 
For 208-volt input operation, the lead on terminal 
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number 3 should be mo,·ed to terminal number 2 

(U) In analyzing th<.• control circuits of the 
amplifit·r section, assume that 3SI I 1s in the "ON" 
position. door interlocks 3S-l, 3S5, 3SG. and 3S7 arc 
cloSC'd, power switches 3SI, 3S2. and 3S3 have lx'en 
switched on, the Exciter l'nit is in operation with 
plate power apphcd, and th<' filament ,·oltage as 
indicated by 3MJ0 has lx'<'n adjusted to Ii 3 Yolts hy 
means of \'ariablc transformers 3T5. With the exciter 
couplt•d into the amplifier, grid current relay 3Klfi 
will be energized, closing contaN BH. 

l.Jndcr these conditions current is flowing from 
the SC'condary of 3Tl through 3 circuits as follows: 

(a) Through tim1.· dl'lay-relay 3KI. 

(b) Through relay 3K2. 

(c) Through S<.•k·nium rt•ct1fic·r 3CR I. 

Let us now examine each of these circuits. 

( JO) Filament lime delay-relay 3Kl requires 
about 30 seconds to close. This gi,·cs the filaments 
time to warm up tx·fore plate voltage can be applied. 
When 3K I has tim'-'d oui. it performs the following 
operations: 

(a) It closes contact BM wluch compli.:ks the 
circuit through normally ~loscd contact· A Y and 
energizes lamp transformer 3T2. Thus, the green light. 
31S1. in the PLATE Os button is illuminat<'d, indicat
ing that the filaments ha,·e had time to warm up and 
that plate pom'r may now he applied. A lead is 
extended to 3TB4-0 for external mdicating lights 

(b) It OJX'ns contact BQ which dc-(.•nergizes 
the time-delay motor wliich is part of 3Kl This prc
,·ents the motor from remaining energized in the 
stalled position. 

(11 ) When door rl'iay 3K2 is energized it closes 
contact B D and opens contact BC. Contact 8 D is in 
scncs with the plate power contactor circuit in the 
Exciter Unit This interlocking system prevents the 
applicatio.1 of plate power to the Exciter Unit if 
Amplifier t; nit filament and control power are not 
turned on, or if either rear door of the Amplifier Units 
is open. Contact BC is in series with a circuit which is 
brought out to 3TB2-4 and 2-5 for door interlock 
supervisory light, if used . (Part of higher-powered 
transmitter.) 

(12) Selenium rectifier 3CR I is permanently con
nl'Cted to the 60-cycle tap, terminal 6, of 3TI. The 
purpose of this fixed connection is to maintain the 
same output voltage from 3CR1 (the SO-cycle tap is 
necessary to reduce the a-c voltage on the relays to 
96 volts when operating at 50 cyclcs). 

Current from 3CR l flows through two paths as 
follows: 

(a) It flows through normally closed contact 

8 

AD and relay 3K 12 Whc-n 3K 12 is thus energized it 
oix·ns contact AB Step-start relay 3Kl3 originally is 
energized as the c-ontrol power is switched on, hut falls 
out almost immcdiatC'ly as relay 3Kl2 is energized 
and Opl'ns contact AB. 

(h) It also Rows through resistor 3R3. normally 
clos<'d contact AH and relay 3Kl I. Resistor 3R3 has 
very high resistance so that the current which flows 
through it 1s not suffici<'nt to pull in 3K 11. The 
operation of 3Kl I 1s exp~'lin<'d under "Plate Power 
Rcclosure Circuit Operation." 

(13) PLATE Os button 31S1 is pushed to energize 
rl'lay 3K8. 3K8 can also be enl'rgized externally 
through 3TB3-8 and 3-9. When 3K8 is energized it 
closes contacts AL and BN 

Contact AL is connected to shunt the PLATE 
0:-: switch in the Exciter Unit, and turn on the exciter 
plat<' power if it is not already on. 

Contact BN is in series with the coil of plate 
contactor auxiliary r('lay 3J{3. 

(1-l) Relay 3K3 is now energized since current 
may now Row through contacts 3S7, 3SG, 3S5. 3S4, 
BM. BN, 3S11, BK. J. I, H, BH, BG, and BJ. Contact 
J in the exciter is closl-d when plate power is appli<'d 
to the exciter, and contacts I and Hare closed provid
ing th(•re arc no overloads in the exciter. This inter
locking system prohibits amplifier plate power being 
applied or maintained if exciter plate power is not 
applil•d, or if an ovC'rload occurs in the exciter. 

(15) \\'hen rday 3K3 closes, it performs two 
operations: 

(a) It clos<'s contact AZ. which energizes plate 
contactor 3K-l. 

(h) lt switches contact A Y, de-energizing 
transformer 3T2 and energizing 3T3 Thus the green 
light in the PLATE Os hutton is turned off, and the 
red light in the P1,ATE OFF button is turned on. This 
indicates to the 01x·rator that piatc power is applied. 

( I lj) \\·hen plate contactor 3K-l is energized it 
performs six functions: 

(a) I t closes contacts BS, tht'rcbr supplying 
power to the primary of the high-voltage plate 
t ransformer 

(b) It cloS<'s contact BO which 1s in parallel 
with contact BN Therefore, relay 3K3 1s sealed· in, 
i e , will remain cn1.•rgizcd after the PLATE Os button 
is released and relay 3K8 drops out 

(c) lt opens contact AD thus opening the 
circuit through relay 3Kl2. Note that the contact arm 
AB of relay 3K 12 has an arrow on it which denotes 
that time is required for it to close. Th~s is a slow action 
relay by virtue of a heavy copper ring around the coil 
forming a shorted turn. The collapse of magnetic flux 
in the core of the relay is therefore delayed~ because 
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the circulating current induct•d in the shorte,;1 turns 
pre,·ents any sudden chaniw in the Oux linking it. 
Con&-quently, it is a short tune after the circuit to 
3K)2 is opmed before the contact An in sc-ries with 
3Kl3 closes The delay is sufficit·nt to properly operate 
the step-starting rda~, 3K 13. The function of the st<:fp
start relay is idrntical to that described in connection 
with the- stc-p-start nwchanism of the Extiter Unit. 
Relay 3K 13 clost'S contact AC and then•by shorts out 
step-start rrsistor 3R-I 

(d ) It opens contact AH in sc-ries with plate 
reclosure relay 3K 11. Thtts capacitor 3C2 is allowed 
to charge- up through high resistance 3R3. As stated 
before, the resistance of 3R3 is sufficiently high that 
3Kl I has not been closed c,·en though it has had some 
currl'nt Oowing through it. 

(l') 1t opt•ns contact AA. Its purpose is cx
plnim•cl undcr "Plate Powc·r Rc-closure Current 
Operations." 

(f) It cloSC's contact Al", which allows current 
to flow through 3TB-1-3, 3TB-t-2, 3TB 1-1. 3T8-l-fi, 
contact AU, 3TBt-5, 3TI3.t--1, ancl thl' coil of relay 
3K(;. The purpose of 3Kfi is ci-:plainc-J under "Power 
Pailun• Reclosurc Circuit Opt•ration." 

(17) Pushing Pt.ATE OFF s.,.,·itch 31S2 l'ncrgizcs 
relay 3K9. Relay 3K9 may also be energizc•d externally 
through 3TB3-i anti 3-8. Whrn 3K9 picks up it pe-r
forms three operations: 

(a) It opens contact BK. Rday 3K3 is de
energized and plate contactor 3K-l is consequently 
de-energized, removing ,,iatc voltage. 

(h) It closes cont:1.c t AI, which permits capaci
tor 3C2 to dischargt• through current limhing resistor 
3R2. This pn·n-nt s the µlate power roclosure circuit 
from operating. (Ol'lails of the plate power reclosure 
circuit arc t•xplu,nNl,in µaragraph 18) 

(c) It closes contact AM. This prevents the 
momentary surge of srre<'n current. occurring at the 
instant the Pt.ATE OFF button is pushc<l, from tripping 
the scn'C'n overload rday, 3Kl-1. thereby turning off 
the 250-\\'att Exciter plak power. When relay 3K3 
and plate tontactor 3K-1 are <k·l' nt'q~ized, the trans
mitter rtn•rts to the saml' stage of ope-ration which 
existerl he-fore plate• powc·r was applic•d {paragraph 13) 
with one cxcc•ption-the power failure reclosure circuit 
remains activc. 

.l\ote that the plate power for both the 250-
Watt Excit<-r and the 3-K\\' Amplifier may be turned 
on by press111g the amplifier PLATF. O;,; button (31S I) 
and that the plate powt•r for both the exciter and 
amplifier may be turm•d ofT by pressing the exciter 
PLATE OPP button ( 11S2). 

(18) The Plate Power Rcdosurc Circuit is de
signed to automatically reapply plate power to the 
transmitter after an overload has turned the plate 

.. 3-KW FM TRANSMITTER 

•JJOWl'r ofT An overload caused by a condition such as 
arcing w1thin q power tube may clear itself as soon as 
the plate power is turned off by the overload relay. 
The reclosure circuit is designed to automatically 
turn the plate power back Qn so quickly that there is 
no objcctionabk interruption in the program. If the 
overload is such that it will not cle:1r itself when plate 
power is remowd, the reclosure circui~ will make 
approximately two attempts to put the equipment 
back pn the air. If these attempts fail, the plate power 
stays off. It is tht.•n necessary to repair the fault and 
apply the plate power manually by use of the PLATE 
ON switch. 

The action of the plate power reclosure circuit is 
as folows: 

When plate power is applied, plate contactor relay 
3K4 opens contact AH. Capacitor 3C2 is then able to 
charge up to the average potential of rectifier 3CR1 
through high resistance 3R3. It requires 7 or 8 seconds 
for 3C2 to become fully charged. 

If a d-c overload occurs in either the Exciter Unit or 
the Amplifier Unit, plate contactor 3K-l is de-energized 
by overload relay operation. Contact AH is closed 
connecting relay 3Kl I across capacitor 3C2. 3K 11 is 
energized by the discharge from capacitor 3C2 and 
closes contact AF. Current then flows from the exciter 
control voltage supply through contacts 0, 1 S2, 1 S1, 
L, K, P, l TB I 1-8 and in the amplifier through con
tacts 3TB1-5, BI, BF, BD, the. coil of relay 3KJ7, 
3TB3-2, 3T83-l, and contact AA. Thus 3K17 is 
energized, closing contacts AG and AE. 

Contact AG is connected by external wiring in 
paralld with the PLATE Os button 31S1. Therefore, 
the plate power is turned back on in the same manner 
as if the PLATE Os button had been pushed. Contact 
AE seals in relay 3K I 7 until the plate contactor relay 
3K4 closes and opens contact AA. 

If the o,·crload is still present, the reclosurc circuit 
will make approximately one more attempt to re-apply 
plate power, an<l if that is unsuccessful the plate power 
will remain off. 

The plate power reclosurc circuit is limited to 
approximately two reclosure attempts because of the 
limitl'd capacity of. 3C2. The current which pulls in 
relay 3Kl 1 depends primarily upon the storage capac
ity of 3C2 since resistor 3R3 is sufficiently high that 1t 
will not pass enough current to pull in 3K 11. The 
charge on 3C2 is of such value that it is exhausted, 
after approximately two successive reclosure attempts. 

When plate power is turned off by pushing the 
Pt.ATE 0FP button 31S2, relay 3K9 closes contact AI, 
discharging 3C2 almost immediately through the 
current limiting resistor 3R2. In this way the reclosure 
circ"uit is prevented from operating. 

( 19) The Power Failure Reclosure Circuit is 
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designed to re-appl)' plate µowe( aulomalically to the 
transmitter after a momentary failure of supply power 
has caused the control circuit to be de-energized. The 
rcclosurc circuit will eliminate the filament time delay 
in both the exciter and. amplifier control circuits and 
attempt to re-apply plate power if the power-failure is 
kss than 2 seconds duration. If power is not restored 
within that time, the reclosur<.> circuit becomes inoper
ative-. Thtrdore, if power is off for more than approxi
mately 2 seconds before it is restored, it is necessary 
to wait for the 30-second filament time delay and 
re-apply plate power manually by use of the PLATE 
Os button. 

The action of the power failure reclosure 
circuit is as follows: 

3VII 

.3U2 

3VIO 

3C40 

3C39 
3C32 
3Cl8 

3KIO 

3K6 

3LII 

3L9 

3C33 3LIO 3TB6 

average potential of rectifier 3CR I through resistance 
3Rl. 

If a power failure occurs, relay 3Kl0 is de
cnergized, so contact AT is opened and contact AS 

• is closed. Thus relay 3KS is energized by the dis-
charging of capacitor 3Cl and closes contacts AR 
and AP. Contact AR is connected in parallel with the 
PLATE ON button 3IS1. 

If power is restored before the charge of 3Cl 
is exhausted to the extent that 3K5 drops out (ap
proximately 2 seconds) current will flow through 
contact AP and energize relay 3K7. Thus contacts 
BL. AX, AV. and AO will be closed. Contacts BL 
and AX parallel the filament time delay relay con· 
tacts in the Amplifier Unit and Exciter Unit, respcc-

3RI 

3511 

3512 
3M5 
3Cl7 
3ISI 3152 
3T3 

3T2 
3K3 
3$3 

352 

3S1 

3KI 

3Tl7 

3T5 
3$8 & 358 

3CRI 

~R2 

3R9A 3P.98 3R9C 

F,g. 8. Rear View, Components in Center Section (Plate Tank and Control Circuits) Identified (SY2067A) 

Wht-n plate ]lOW<.•r is appliNl, platt• c-ontactor 
3K-t closes contact AL', c-nc-rgizing rrlay 3Kti. Rl'iay 
3K(i closes contacts A;-.; and AQ. Contact A:'\ seals in 
rC'!ay 3KG so that <'Ven if the plate· contactor falls 
out and op1:ns contact Al', rl'lay 3Kti will remain 
closed. \\'hl'n contact AQ is closed. rday 3K 10 is t•n<.·r
gizc-d. whi<'h closl's contact AT and opc:ns contact AS 

Capacilbr 3C I is now abll' to charge up to the 

12 

tiwly. Contact A\" is wired to 3TBl-9 and 1-10 for 
use with a higlwr-powcr amplifier and contact AO 
&'als in relay 3K7 

Thercfort', plate.· power will be turned back on 
in the same manner as if the PLATE ON button had 
bct·n pushed. 

(20) On·rloac.l protection is provided through the 
operation of plate overload relay 3K15 and screen 
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o,·t,rload relay 3KH. Each is connected in the ground 
lead of its respective supply. 

Whcn 3K l 5 is energized, it performs three 
operations: 

(a) It opens contact BG, th<:rcby de-energizing 
relay 3K3 which de-cne_rgizcs the prate contactor 3K4. 

(b) It opens contact BF, which is in serics with 
tht' plall' contactor relay mil, IK2, of the ExcitC'T Unil. 

(c) It closes contact BE which is wired to 
3TB2-3 and 2-4 for connl'ction lo supervisory lights. 

When 3K l4 is energized it also {X'rforms three 
similar operations: 

(a) It opens con tact BJ, thereby dc-cncrgizi ng 
relay 3K3. 

(b) I t opens contact BI, thereby de-energizing 
plate contactor. I K2 of the Ex~itcr Unit. 

(c) It closes contact BB which is wired to 
3TB2- l and 2-2 for connection to supervisory lights. 

(21 ) Grid Current Relay, 3 K 16, controls nor• 
mally O{X'n contact BH in series with the coil of relay 
3K3 Thus, plate powl'r cannot be applied or main
tained in the Amplifier Unit unless the Exciter Unit 
is supplying sufficient grid excitation. 

(22) Control for Cabinet Heaters, if used, may 
be obtained by connecting between l TB ll-12 and 
ground in the Exciter Unit and between 3TB.J-10 and 
ground in the Amplifier trnit . 

C\1,-,,,;,...,,._CIOa, 
uuuo~«r:cr:> ,_., ,_., ,_., ,_.,,...,,...,,...,,..., 

3-KW FM TRANSMITTER 

2. HIGH VOLTAGE POWER SUPPLY 
The high-voltage rcct ifier usrs Ii Typr G L-8008 hot 

cathode mercury vapor tubes in a conventional three
phase full-wave circuit. Refer lo the Elementary 
Diagram, Fig. 16. 

By means of the DELTA-W YE switch, 3S12, which 
is controlled from the front panel, the primary of the 
plate · rectifier transformer, 3T7, may be instantly 
switched from wye connection to delta connection 
and vice versa . When thr primary of the transformer 
is connected in wyc, the plate voltage supplied by the 
rectifier is reduced to 58 per cent of its ,·alue when 
the primary is connected in delta. Thus by means 
of the DELTA-WYE switch it is possible to reduce the 
power of the amplifier at any t ime. 

The primary of the rectifier transformer is also 
provided with taps to pennit compensation for local 
line voltage <lifTercnces. I nformation regar<ling the 
rating and use of these taps is included in ihe JN. 
STAt.t.ATto:- section of this book. 

The single sc<'tion L-C filter consists of capacitors 
3C5, :lCG, and 3C7 in paralkl, and inductor 3L3. 
Step start resistor 3R4 is connected in series with 
filter capacitors, 3C5, 3C6 and 3C7, to limit the charg
ing current when plate voltage is applied. This rl'sistor 
is shorted out when st<i) start relay 3K13 is cnergitcd 
as discussed in "Explanation of Control Circuits." . 

Resistors 3R5 and 3R6 arc connected across the 

3M8 3C21 3M7 3C20 3L7 . 3Rl7 

Fig 9 . Rear View, Components in Upper Section Identified ( S Y 52 5 2A ) 

13 
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high voltagt• supply to st·n·c as blccdt. rs. 

To pro\'ldC on·rloacl protC'ct1on for tlw cquipml'nt 
the cl-c currl'nt flows through O\'crload rday 3K I 5. 
If an O\'C'rload occurs in the- high voltage-· circuit. 
relay 3K 15 will he cnc-rgizcd and through the action 
of its contacts in the control circuits, as cxplain<."d 
pn.•,·iously. powt.·r will he- disconnectc-d from the- pri
maries of the plate and scrcc-n n.•ctifkr transformers. 

As t'xplaincd prcYiously. po\\'t'r to tht' primar~ of 
the- plate transformc-r. 3T7. cannot IIC' appli<·d or main
taim•<l if the n•ar doors of any of thc cabinets arc' opc-n. 
As a furtht·r protc-ction lo p<.•rsonnc-1. shorting switchc-s 
3S8 and 3S!l art• pro,·i1h-d Switch 3S8 automatically 
grounds tht· high-voltage supµly when thc- rear accc-ss 
door of the amplifit•r cabinet is opt·n and switch 3SH 
automatically grounds tht• high voltage if the rear 
access door of tht po,,Tr supply cabinet is open. 

3. SCREEN VOLTAGE POWER SUPPLY 
Scn·en \'Oltagc- 1s supplit·d by a St'parate rectifa·r 

using a p;1ir of GL-81ili-A 8Hli tubes in a singlc-phast• 
full-wan• circuit Sinct' the scrt'en ,·oltage re-quired is 
kss than 500 volts, consitk•rnhlt• powc·r would ht.• 
wasted if the screen ,·o\4ag<.· were obtained from a 
resistance' di \'ider connc-ctcd across the pla tc \'OI lage 
supply. 

Power for the screen ,·oltagc rt'ctifil'r is obtaim•d 
from one phase of thr thrrc•-pha.sc- supply to the 
pr imary of the µbte transfornwr r<'ctifit:r. Thr con
nection is madr in such a way that whl'n thr plate 
t ransformer primary is.switched from cklta con,wction 
to wyc corint·ction. th<' s<'rc-en ,·oltagt· ,s rl·duCl'd simul
taneously with t hl' plall' ,·oltag(' to 58 IX' r Cl'rtl of its 
fornwr ,·alue. Th(' po1,·c•r to the primary of thl· scn'C'n 
voltag(• rl'ct,fit>r transformer is controllt•d by a circuit
hrrakl•r-typl' switch, 3S3, and in addition hy a ,·ariahle 
transformtr, 3T Ii,\\ hich 1wrmits continuous ,·ariat ion 
of screen ,·oltagC'. 

To pro\'idc- O\'erloa~ proh'ct iun. scrl't·n currc•nt flows 
through owrload relay 3K 1-t Exct•ss1w tl-c currl'nl 
through th<· scrt'l'n Yoltagt· power supply will l·ncrgize 
rl.'!ay 3Kl➔, and through thl' n<'tion of its contacts in 
the control circuit, po,,·t•r will ht• rcn10,·c-d frnm both 
the plate and scn·t·n ,·oltagc· supplic-s. 

Thl' two sc-ction L-C filtl'r consists of 3L I, 3L2. ;K'3 
and 3C -1 Resistor :~R 12 st·rws as a bkerkr. 

To providl· protl'Cl1on to pcrsonnl'I, switch 3S8 
grountls the• screen \'Oltagl' supply wlwn the rear 
accc-ss door of tht• amplifiu cabinet is upl'n. 

4. POWER AMPLIFIER 
Two Type GL-7021 tubc•s arc.• usNl 111 a push-pull 

circuit in the final amplifit·r. Rdt·r t<> Figs ua or lib 
and lli. The typt~ G L-i02 I tube is ,1 1ww air-cook•<l 

J! 

tl'lrodc- employing C'Xt(' rnal a node• construction For 
further information rrgarding th{' Type GL-7021 
tuh<.\ refer to the Tube 13ulktin at the back of the 
book.) 

Both the grid and plate tank circuits are of the 
quarter-wave shorlcd-transmisslon-linc tyµe. An ad
justable shorting bar 1s providt·d on both the grid 
and pbt.c tanks for aµproximatc frequency setting, 
and a Yariablt.• capacitor is connected across each tank 
near the high r-f \'Oltagc- end for fi1w tuning ndjust
mc-nt. Doth grid and plate tank fim.• tuning capacitors 
arc adjusted 1,y vcrnit·r dials on the front panel. 

The grid line\ 3L8. is construett·d of close-spaced 
rectangular conductors. Sec- rigs !} and 12. Excitation 
is coupkcl into the grid tank by means of an unhal
:meed hairpin loop, 3L7. A Far:i.day shic-l<l is .placed 
bctwec-n the- loop and the grid hnc to prewnt un
balancl'd ck·ctro-static coupling aml consc-qucnl 
unbalanced grid drivt· 

Tlw plate tank. 3L!l. consists of a pair of vertically 
mounted hollow cylinders :3 1

4 inclws in <lianwtrr, 
spaced one inch apart. & 't' Fig. 8. At the top of each 
cylinder is a telescopic insc·rt. ThC' anode of the Type 
GL-7D21 tubt.> clamps into this tl'kscopic insl'rt, and 
th<.• insert with tht· amplifier tube installed may thrn 
be lifted to cngagt• tht• tuh(.• contact surfaces with the 
fingers of the tube sockl'l. The contact surfaces of 
tht• tube socket consist of properly spaced rings with 
spring finger c9ntacts. 

Each ,·cr tical cylinck•r of thl· plate tank also st·r,·es 
as an air duct to carry cooling air to tlw anode of the 
amplific-r tube. A low pn·sstm• typt• hlO\\<'r, 3B".\ll , 
mounted bclO\\t the plate tank (st·r Fig. 11 ), supplies 
filtt'rl'd air with a minimum of air rush noise. 

Although the final tulws are ktrotks ha,·ing ,·cry 
littk• coupling from plate- to grid, impro,·t·<l operation 
results from the :1ddition of a , t.·ry small amount of 
cross-nl'utralizing capacitance. Fredback through 
3C-l0 from only on<' of the anodt•s to the opposite 
grid is cmployc·d. Tht• feedback cap,1citancc is not 
critical and normally net'ds no adjustmc-nt o,·cr the 
frequency rang<'. The- S<.·tting of 3C 10 is not aficctcd 

, by tuht• change. 

Power is couplc-d from the platt• wnk circuit into 
the 51.,'J ohm, 15 8 inch output transmission line by a 
serit•s tunc-d loop, 3LI I. Sec Fig. 8. The- iunin~ capaci
tor, :3C30. for this loop usually rc-quircs no change in 
sl'lting owr the entire F~1 band. An adjustable 
shorting bar is pro,·idc•d for decreasing the size of the 
coupling loop for the higher frequencies. In gl•ncral, t 

this shorting bar is Sl'l at the saml' \'C:rtical len•l as 
the shorting bar on the plate tank circuit. Changing 
both the position of this shorting bar on the coupling 
loop and the capacity setting of 3C:30 provides a me-ans 
of coupling into badly mis-matched loads as -◊Cea-
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sionally <'ncounh'rt·d in intl·rim or <:ml•rgl·ncy opt•ra
tion. The shorting bar nnd capacitor should he 
adjustNI so that full loncling is achiC'\'cd with as loose• 
a coupling as possible Coupling hetwt'l'n the output 
coupling loop and thl' plate tank is controlled from 
the front panel. 

5. RF OUTPUT METER 

The r-f ,·oltmeter, 3M-I, gives a rt'lativc intlication 
of the transmission li1w r-f input \'Oltagc. This inclica
tion is affected by standing wan•s in thl' line and 
therdore is not necl'ssarily a dirl'Ct mt'asure of JX>W<'r 
output; howcn•r it will scn·c to show any changl' in 
prcdC'tC'rmined level. 

A small amount of r-f energy is coupkd from the 
output transmission line by 3C31 and rcctified by 
diodl' 3\'9. The diode is a peak rectifier with capacitor 

3-KW FM TRANSMITTER 

3C 13 and resistors 3R 7 .md 3R8 sC'r\'ing as th<' load. 
The a,·crage Jond current is measured hy 3M-I, the. 
RF Ol Tl't'T nwtt·r which n•quirc•s I milliampcrc for 
full scale ckflcction . ThC' scale on the· RP Ot"TPt'T 

mctl'r 1s calibrated in arbitrary units. By adjusting 
n·sistor 3R7 the meter may be made lo read some 
value which may be used as a reference. 

6. MONITOR COUPLING 
Loop 3L12 is incluctin•ly coupled to the amplifiC'r 

p-a plate tank coil. The loop is so lO<'a kd that about· 
8 \'Oils Rl\1S i!-. procluc-ed across 50 ohms when the 
transmittt-r is adjusted to 3-kw output. This voltage 
is used to fred the station modukition monitor. The 
loop may be adjusted to provide the proper value of 
voltage to the monitor hy bending it to change its 
coupling to the p-a plate tank coil. 

RECOMMENDED OPERATING PROCEDURE 

1. GENERAL 

The following describes the proper method of plac
ing thC' O\'er-all Transmitter (250-W Transmittc.'r used 
as the Exciter and the 3-KW AmplifiC'r) in opcration 
for the first tirm· after in~tallation. The procedure is 
bascd on the assumption that the transmitter i;nodu
lator has been t1,1ned compktcly to the proper fre
qut'ncy at the factory. Ilccaus<' dial tuning controls 
probably will nqt be in the propcr position, thC"ir 
tuning is incluclcd . Adjustment of certain othC'r con
trols is also co,·cred, bccausc the Sl'tting of these 
controls may be affected by the installation of tubes 
other than those used during test. 

The procedure to hc used for putting thc exciter 
in operation is. gfren in thc 250-Watt Transmitter 
Instruction Book; therefore it will not be repeatc•d in 
these 'instructions. The loading procedurr for the 
250-\Vatt Transmitter will bt slightly different whl'n 
the transmitter is US('d as an exciter; th<'rcfore the 
new loading procedure is included in these instructions. 

2. PRELIMINARY ADIUSTMENTS 

A. In the Exciter t:nit: Change the lead on 
termmal 3 of IT In to terminal -1. (This is the 90 per 
cent tap of the plate transformer. Full out.put is not 
required to drive the 3-K\V AmplifiC'r.) 

8. In ti1c Amplifier Cnit: 

( 1) First be sure that all Pow ER circuit-breaker 
switches (~1A1:-: PowFR, Fir. PowER and ScREt,N 

PowER ) arc switched tu their OFF positions. 

(2) Switch the t-.1A1N PowER breaker to its 0:
position. The blower should start immediately. 

(3) Turn Fir. \'or.TACE control as far as it will go 
in DECREASE direct.ion. 

(4) Switch F11. PowER to 0:,.1 position, and adjust 
Fu .. Vo1.TAGE control until Fu. \'01.TAGE meter reads 
G.3 ,·oils (lo red line on meter scale}. 

(5) Approximately 30 seconds after switching on 
P'1r. PowER, the green PL.ATE Os push button should 
light, provided the rear door interlocks ar<' closed. 

3 . PRELIMINARY TUNING OF THE 
AMPLIFIER 

A. Positioning Grid Coupling Loop and Grid 
Tank Shorting Bari: The distanc<' J)('twN·n tht• grid
coupling loop and tht' Faraday screl'n should he ap
proximately 'll'l-inch. Check this spacing and adjust 
it if nc·c-ess.iry. The line clamp which positions the 
grid-coupling loop may be loosened slightly to facili
tate making the adjustment. 

Shorting hars ar(' provided on the grid-tank circuit 
and grid-coupling loop. These shorting bars shoul<l be 
kept in approximately the same relative positions on 
their loops and should be clamped somewht'r<' between 
one inch and six inches from the shorted t·nd of thl' 
grid line; O('Ur<'r to the one-inch position for the low
frequency end of the band; nearer lo the six-inch 
position for the high-frequency rnd of the band. 

· The shorting bar on the grid-coupling loop must 
not toul'h the Faraday screen. The location of this 
shorting bar is not critical, anc.l therefore it can always 
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be clamped midway bet wt•cn two of tht• Faraday 
scrl'l'n fingers . l111porfu11/: Cfo mp the sl/(/rti11g bars 
scrurely aflt'r earl, 11dj11slmr1ll. 

Turn on thC' Exciter arid appry platl' power. 13y 
increasing t_hc cxcilc-r Ot'TPl"T Col'PLJI\C:, apply a 
small amount of amplifier-grid excitation (readable 
amount on PA GRJO Ct'RRE:ST meter). 

CAUTION 

Screen grid current may flow even though screen 
voltage hos not been applied. Be sure at all times that 
the SCREEN CURRENT does not exceed 200 mo. The 
SCREEN CURRENT may be reduced by increasing the 
omplifler OUTPUT COUPLING (turning control in diredion 
of increasing numbers). 

Tune the amplifier gricl capacitor \GRw Tn:ING) 
through its full rangl', noting if a maximu111 grid meter 
reading is passed through within the range of the 
capacitor. If the grid mckr lends to maximize at 
the minimum capacitance l'ncl (near "100" on the 
GRm Tc Nt:-.G dial), move the grid-tank shorting bar 
and grid-coupling-loop shorting bar toward the tubes. 
Com't'rs<'ly, if the grid mctc-r reading tends to maxi
mize al the maximum capacitance point, move the 
shorting bars toward the shorted end of the grid line. 
By the aho,·e pron'durc. find the position of the short
ing bars that gi\'e a maximum on the grid meter at 
about the mid-position of the grid tuning mpacitor. 
This position may changl' some" hat with subsequent 
adjustmt•nls, and the shorting bars may have to be 
tllO\'ccl slightly to center them up when the remainder 
of tht' amplifier is in tune. Lc·avl' the grid tuning 
capacitor in tlw position \\'hich indicalt'S a maximum 
on the grict mrtl'r. 

Adjuo;t the t•,-cit,·r Ot'Tl'l'T C'0t·i>1.1:-..r. to gi\·c 
about 100 to l!l<) ma of amplifi,•r PA CRll> Ct'RRENT 
Readjust the c·xcikr P:\ PLATE Tt·:--l'G for minimum 
t•xcit<'r PA PLAT!> Cl' RRE:--T. 

8. Positioning Ptak-Tank and Output Coupling 
Loop Shorting Bars. 

:'\ot1..• that a \·,•rr small indication is obtained on 
till' ampiifil'r PA P1,ATF. Ct RRE:-;T meter. The plate-

•tank shorting har ancl output-coupling loop shorting 
bar (s<'c Fig. 8 ) should now bt· adjust<'cl in a manner 
similar to that usl'<l for atljm,ting tlw grid-tank 
shorting bar and grid-coupling loop shorting bar. In 
this cao;c, thc indication will b(' a slight dip in the 
amphlicr PA Pt.ATE Ct'RRE!\T as the Pt ATE Tt·x,sc 
capacitor is tun<'tl 1through n•sonancc•. For the low
frcqut'ncy end of thl' F:\1 band, the plate-tank shorting 
bar will lw an inch or t \\'O from tht• hot tom of the plate 
line. For tll(' high-frl•qut•ncy end. it \\'ill he approxi
matdy SC\'t•n inches up from the bottPm. Set the • 
position of the· bar so that thl' platc•-currnll rl'action 
occurs at about the mid-position of tlw I' : , rr Tt :-1:-- c 

Hi 

capacitor. 
~l the output-coupling loop shorting bar al the 

same vertical lc\'l'I as the plate-tank shorting bar. 
lmporla,u: Clamp the shorting bars serurrly after earh 
adjllstmml. 

4. APPLYING PLATE POWER 
Switch t.hc PLATE TRANSFORMER switch to the WYE 

position. Push the amplifier PLATE ON button lo 
apply plate voltage and quickly tune the amplifier 
PLATE TUNING capacitor to give minimum PA PLATE 
Ct'RRENT indication. 

3R6 

3R.5 

3V3 

3V6 

3V4 

359 & 3S4 
3C6 

3C7 

3T14 

3TIO 
3TII 

3T87 

3R4 

3Kl3 

3V.5 

3L3 

3V7 

3V8 

3C.5 

3Tl3 

3Tl2 

3T9 

3T7 

F,g. 10. Reor View, Components of Power Supply 
Cubicle Identified (SY1170A) 
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5. APPLYING SCREEN POWER 

Turn ScRr-:1rn VoLTAGE control as far as it will go 
in Dr-:nrnASE direction. Switch SrRfrn"l PowER circuit 
brcakt•r to 0:-; position Adjust the ScR-1rn:-. ,·oLTAGE 
control until SrREE.'- \'oLTAGE meter reads approxi
mately 50 volts. 

Tune GRm Tnm,G capacitor for maximum PA 
GRto CURRE:>;T, nnd readjust the t'xciter OrTPUT 
Cot·rLING, if nccC'ssary, to give 150 ma amplifier 
PA GRID Ct'RRENT. 

CAUTION 

Be sure that the SCREEN CURRENT does not u.ceed 
200 ma. The SCREEN CURRENT may be reduced by 
increasing the amplifier OUTPUT COUPLING (turning 
control in direction of increasing numbers). 

6 . LOADING TRANSMITTER 

Push red PLATE OFF hulton to turn oil plate power. 
Turn PLATE TRANSFORMF.R switch to DELTA position. 
Push PLATE O:,; hutton to reapply plate power. 

Check PA PLATE \'oLTA<a,. It is assumed that the 
primary terminals of plat<.' transformer 3Ti have been 
connected for your particular line• voltage as described 
in the IssTALLATIO:>r section of these instructions 
under btPORTANT. The PA Pt.AT!, VOLTAGE should 
therefore be approximately 3750 Yolts. 

Calculate the following: 

and 

Transmitter Output = 
Power Required 

Licensed EfTcctin' Radi
ated Powl'r 

Tra nsmissionLli1~ --Etli
c i ency X Antenna 
Power Gain 

Transmitter Output 
P_?wcr Required 

PA PLATE \'OLTAGE X 
PA Plate Efliciency 

PA plate eRiciency is found by intt·qX>lating on 
Fig 13 for your particular "Frequency'' and 
"Transmitter Output Power Rt·quirccl." 

For Example: 
If operating conditions arc as follows: 
Licenst•d EfT<l'ti,·e Radiatl·<l Power = 9 kw 
Transmission Linc Eflicicncy = \)() per cent, 
Antenna Power Gain = 3.li 
Frequenry = 100 megacycles 
PA PLATE \'oLTAGE = 3750 Yolts 

then 
Transmitll'rOutput 9 

Power Required = = 2.i8 kw 
.90 X 3.ti 

PA Pt.ATE Eflici(·ncy from Fig 1:l is, hy inH•rpola
tion, 68.8 per Cl·nt 

3-KW FM TRANSMITTER 

3VI 3LI lT4 3L2 

3V2 

JTII 

3$10 

31(4 • 

3T811 

3T81 

3113 

3TI 
3TI 

3C2 

3Tll2 

Fig. 11. Rear View, Components in Lower Section 
(Blower and low-Voltage Power Supply) Identified 

(SY1165A) 

therefwc 
PA PLATE Ct'RRE:\T = 2780 - - - = LI amps 

3i50 X .G88 
If thc Transmitter Output Po\\'er Rcquin•J is 2.5 

kw or less. proecl•d lo thl• next step. If the Output 
Power Required is more• than 2 5 k\\', as in the ahon• 
example, adjust thl• 1.-ttcikr Ot'Tf>t'T Cot PLING to give 
175 ma amplifier PA (;Rill Ct'RREST. After cac~ 
change in excil<'r OcTPt'T Cot· P1.1:,.;G, adjust C'xcit<'r 
PA PLATt; Tt·:--r'IG for minimum excitC'r PA PLATf> 
CVRRE~T. 

Turn ScREIDI \"oLTAC:E control gradually in 1:-.
rH.EASE direction and simultant•ously adjust the 
Ot·TPl'T Cot·p1.1:-:c control so that tlw &·REEN Ct·R· 
RE-.;T met<•r indicates 185 ma As the Ot·Trt'T Cot·P1..1~c 
control is changed during this loading procedun'. kePp 
the plate tank in resonanC(' by adjusting the P1.ATF. 
Tc:-.1NC eontrol to give minimum PA Pt.ATt:: Ct•RRE1'T 
indication. Note that maximum ScREEN Ct'RRE:-;T is 
coinci<lc-nt with minimum PA PLATE Ct'RRl''iT. Since 
the SrRF.P.N Cl'RRENT peak is the more sens,tin· 
indication it may be used advantageously in adjusting 
the PLATE Tt:NrNG control. 

Continue the above loading procedure- until tht• 
rcquired PA PLATE Ct'RRENT is obtained. The Sc R1;~:s 
VOLTAGE with new tuhes should be within the range 
indicated on Fig. 13 for your particular frequency and 
transmitter output power. As tubes age, iL may be 
m•c(•ssary to increase' the ScH.EEN \'oLTACE abo,·c this 
range in order to maintain proper SCREEN Ct'RRE~T 
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( 185 ma) ~OTE: In general tlw output c-oupling loop 
shorting harm:\\ n•main at the same \'l'rtic-al ln·c•l as 
the plate tank shnrting bar. If you desire• to c-oupk 
into a hacll\' m1s-matchl'd load during a 1wriod of 
intl'rim or l'lllC'rgency opl·ration, it may Ix· m•c<.•ss:iry 
to change th<.· position of thl' shorting har and the 
•;c-tting of capacitor :JC':l!l Tht· output coupling loop 
3Ll I and capacitor 3C3!l constitull' a srrirs tunrd 
loop. The shorting har and capacitor should br ad
justed so that full loading is ac-hic·wd with as httk 
coupling IIO\\'('St numhc·r on Ol'TPt T C'ot' Pl.t'\G con-
trol dial) as JlO•isihlc. .. 

7. CHECKING NEUTRALIZATION 

On!~· a small amount of capac-itancr is n(·cdt•d to 
ncutrali1.r this 3-KW a\mplifi~r and tht· adjustment 
1s not \'C•ry cnt1c-al In tlw majority of c-;_1sc•s th<' 
adJustnwnt mack in thl· fac-tory ,,111 lw satisfactor). 
but ~h<• following proC'l'dun• 1s giwn for C<Hnpll-tl·twss. 

First bt• sun· that thl· G1m> Tn.t:-.G c-apac-1tor 1s 
adjusted for ma>.imum PA CRIU Ct'RRE:ST indication, 

3C4'0 3C35 3C24' 3C29 3L5 

3C37 3C31 3C25 3C26 3C38 

and that th<.· Pt.An: Tt :--1,~ control is adjusted for 
minimum PA PLATH Ct'RRP:'l:T. 

\'ary thl' Pt.ATE Tt·;\'t:-.'G control through rrsonancc. 
If th<.' amplifil'r is prop<:rly nt·utrali;wd, the• PA P1 ATE 

Ct RRE'sT miniruum will occur at the sanw tim<.• ,1s the 
PA GRID Ct'RkE:ST ma~imum. If this test indicates 
that the Amplifil'r i.s not m·utrali1.ed. adjust the 
neutralizing capacitor 

Th,• ncutrali1.ing capacitor 3C 10, actu:illy consists 
of two capacitors in st•rit·s Sec Figs. 8 and 12~ One 
section consists of a platl' mounted undl•r the p-a shelf 
about one-half inch from thl' plate of the front tube. 
This st•ction _is conm•ctt•d in sc·ril'S with the• S<'COnd 
S<.·ction \\'hich is rnounll'd onethl' top of the p-a shelf 
an<l which consists of a small platr mounted ahout 
thn·c-c•ighths of an inch from thl' rc•ar of thl• opcn end 
of thl' grid li1w Adjust this plalc adjaC'('nt to the grid 
l11w. :;lighth, to c-hang<' the spacing and th<·rdon.• its 
c-apa!·itanct· An adjustml·nt can l'asily bC' made so 
that nl'ulralizat1on is corrrct, it·. the PA PuTta: 
Ct·R1u,-.;T minimu"m corresponds to thl' PA CRH> 
Ct RRt:.:-.T niaximum whcn thl• Pu.TE Tt·:s1:sc control 
is \'aricd. 

3C36 3C30 3L8 3C4'1 3Rl7 3L6 
I 

3C27 3S11 3CI 

F,g. 12 Grid Tonic Shell, Top V,ew Components ldent,fled (SY2441A) 
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8. ADJUSTING RF OUTPUT METER 

This meter 1s to he used as a relatin' powt•r-oulput 
monitoring metl'r. When the Transmitter has Ix-en 
tuned to gi\"<: required output, sc.•t the reading of the 
meter to indicate 100 by adjusting potcntiomctcr3R7. 
Sec Fig. 9. This potentiometer is located in a small box 
attached to the output-transmission lint- in the top 
rear section of the cab11wt. The screwdri\"cr adjust
ment for 3R 7 is accessible from outside the box. 

9. BALANCING POWER AMPLIFIER 

C'ompar<' the readings of the FRo:--T and REAR 
CATHODE Cl"RRf::--T meters. They should be of ap
proximately the same ,·aluc when the amplifier is 
loaded and operating properly. If not, adjust BALANCE' 
potentiometer 3Rl8, on the front panel. Adjustment 
of this potentiom<'ter inct<'ascs the cathode resistance 
of one tube and simultaneously lowers the cathode 
rc.•sistancc of the other tube. Due to the fact that tube 

I 

1'J --~ ~ - Z.5,c II -~ . 

' IC --L lt'W "r- . 
~ 
. 
► 
~ 
z 
1M 

e.o 
, . .. --~ la 
I.. 
161 

-

3-KW FM TRANSMITTER 

charackristics may ,·ary slightly, a n<'w setting of this 
control will probably be required whenc,·cr tubes arc 
changed. 

The tube charactC'ristics can \'ary slightly, and a 
check may he made by rC'\'C'rsing the tubes in their 
sockets. If the unbalanc<' changes with change of 
tubes, it is due to slightly different tube characl<'ristics. 

After balancing, a slight adjuslmcnt of Ot.:TPt"T 
Cot"rLtNC may b<' required. 

10. ADJUSTING MONITOR COUPLING 
If the r-f input level to the monitor requires adjust

ment, bend the monitor pick-up loop, 3Ll2, forward 
or backward as re-quired; forward incrC'ascs the level 
and backward dccrcasc-s it. 3L12 is located near the 
amplifier p-a platC' tank. See Fig. 8. 

11. RECORDING DATA 
For future reference, record all dial settings and 

meter readings. 

I ~5 Af 
"' -

5oa.. ~ L• l~ - ,I ,:,,. 
.11 ... - - IC~ __, --• 2 - ~ - ..it_ ... 

15na.. 
Q....(r__ - h!>• 

~ • :ii .... 

" --- .... 
• 

·- -
~ - a 200 
~ . 250 V. -.;;;;::.:::, ....._ 

,_ 

90 100 

FREQUENCY, MC/S 

105 II 0 

Eps3750V. 
HQ =185MO 

Fig. 13. Efficiency Curve, for 3 -KW FM AmpliRer (K-7988096, Rev. 3) 
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NOTES 

1,0 CFM AIII 01ST ~ 4• l<OL( IN TOP OF [XCI T[II 
a 4 30 CrM &111 OUT OF ll[C TANGULAII 0 "(N '1G 
TOP 0, A M"LIFIEII 

TIIANSM ,TT[II 
N£T W[IGHT 

UCITEII 76'~ 
&MP\.lrt[R - 71$ UIS 
R[CT.rltll-'5'~95 

POW[II $UPl'\.Y ZOI I Z)O von. ,0,1() C'ICL[,} 'MAS[ , ::~? .. ·t: ~~ 1Js:L ..rc":J:,.10 WATTS AT HS VOLTS 
WHEN WIIIING TRENCH 15 NOT USED ALL Wlllts &NO<Jt.D 
8[ IIU" IN CONOUIT #ITH AUDIO WIRU IN SC,,,.IIAft 
CONOu•T Wt<[N w,11,NG Tll[ .. CH IS usto , ONLY AUOIO 
w ,11(5 SHO\A.D II[ IIUN N COND<M 
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TlP( F'S • l • A 

. . 

SCAU. J: ' ro· 
t 

Fig. 14 Typicol lnstollotion Drawing (P-7770605, Rev. l) 
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MAINTENANCE 

1. PREVENTATIVE MAINTENANCE 
It is important to consider maintenance from a 

preventivt. standpoint rather than that of trouble 
shooting. 

Routine maintenance requirc·s periodic inspection 
with immediate repair, where needed, to avoid future 
trouble. If there is not time for such preventive repair 
when its need is found, record the work to be done 
and do it as soon as possible. 

A Routine Inspection and Cleaning: During in
SJ)('Ctions notice the condition of various parts and 
sections of the Transmittc·r, especially as to cleanli
ness. Clean where needed. Make routine inspections 
of all rC'lay contacts, and adjust and clean them if 
n~essary. Tighten any loose components or loose 
connections at terminal boards. 

CAUTION 
Do not change odjustmuts on overload or time

delay relays wi thout following with on operational 
check 

B. Voltage-adjusting Transformer Brushes: Pe
riodic inspection should be made of these brushes. If 
dirt or buTQing is evident, clean the brush with fine 
sandpaper; never emery paper. Replace the brush if 
necessary. 

C. Blower Motor Lubrication: Routine main, 
tenance of the motor calls for annual dismantling and 
thorough cleaning of bearings and housings. The 
bearings should then be repackC'd with G-E ball
bearing grease, which may be obtained in bulk or in 
tubes from G-E Distributors. 

rn repacking the bearings, fill the space between 
the inner and outC'r races one-third full. Be careful not 
to o,·er-grcasc. When asscmblint the lx•aring in the 
housing, fi11 the space in back of the housing one-third 
full of grease, as a rcserv.c supply. 

D. Ckaning the Air Filters: The intake air filters, 
located at the bottom o[ -the rear door, should be 
cleaned whc-ncver inspection shows appreciahlc dust. 
To remove them for cleaning, remove the clamping 
strips which arc held by screws. Be careful of the felt 
seal. Oiled metal is used as the filter medium. Clean 
by dipping in gasoline or clc•aoing fluid, then dip in 
light lubricating oil and drain face (smooth side) 
downward. 

2. CHECKING METER READINGS 
Note the rl•adings of all meters, daily, and compare 

to prcYious readings A certain amount of day-to-day 

variation can be expected but any tr<'nd is cause for 
suspicion For instanre, if the p-a plate current should 
drop slightly day by day, chances are one or both p-a 
tubes arc losing emission. 

TYPICAL METER READINGS AT 3-KW OUTPUT 

FREQL'ENC\' M<:/ s 

FIL VOLTAGE . . ......•. 

CATHODE Ct'RRENT 

(FRONT) . .. . .... . .. . 

CATHODE ,Ct•RRENT 

(BACK) . . ........• 

PA GRID Ct'RREl\T ..... 

PA PLATE Ct' RRENT .. 

PA SCREEN Ct'RRENT . 

PA &REEN VOLTAGE. . 

PA PLATE VOLT ACE . . . 

88 
6.3 

0.78 

0.82 
175 

1.23 
185 
-110 

3750 

98 
6.3 

o.sp 

0.8J 
li5 

1.25 
185 
420 

3750 

3. CHECKING SPARE TUBES AND 
CRYSTALS 

108 
6.3 

0.80 

0.80 
175 

1.28 
185 
-130 

3750 

It is reco111mcndcd 'that all spare tubes and crystals 
be chc-ckcd for proper operation periodically to i'1sure 
that dependable spares arc a\'ailablc at a11 times. 

4. TESTING TYPE Gl-8008 RECTIFIER 
TUBES 

Good vi!jibility of the T\'pe GL-8008 Rectifier Tuhcs 
in operation is proYided to h<'lp the transmittt r engi
neer identiC'r faulty tubt•s. In operation, a clear hluc 
glow is characteristic of a good tube- a greenish 
yellow color is usually indicati,·c of a faulty one. 

. Some engineers· may d<.'sirc to tape thermometers to 
the metal part of the tube haSl', The normal base 
temperature, which is cssc·ntially the condensed m<.'r
cury temperature. is -10 to 00 C, depending on tube 
age and ambient. Temperatures substantially above 
this range indicate that lubes ~re nearing tht'ir life-end 
point. 

Loss of program time due to rectifier arc-backs can 
be minimized by making a monthly check of each 
rectifier tube and recording the results. A tuht> which 
is becoming faulty will require progressi\'cly higher 
voltage for breakdown and will fire later in its con
ducting half cycle. A simple testing circuit can tw set 
up to permit checking each rectifier tube in its socket. 
Two of the methods used are as follows: 

A An isolation transformer with I 15-volt 60-cycle 
output and a 50-ohm current limiting resistor arc 
needed. Rcmo,·c regular rcctific.-r plate connection and 
apply filament power. Connect the transformer sec-

21 
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ondary, tht· n•sistor, and tht• tube in &·ries. Connect 
the vcrtical dl•Acction plah'S of an oscilloscope directly 
across the lull<'. The pattern of the tul'x' \·oltage on 
the conducting half cycTc \,iJI show a peak at its start. 
The amplitude of this peak is a mcasun• of the initial 
breakdown \·oltage. 

8. An isolation transformer and a ,·ariablc auto 
transformer, \\'hich \\'ill gin• an isolation winding 
output adjustable from O to i5 \'Olts, arc ncedc-d. 
Connc-ct a \'Oltrn'ett•r across this output winding. In 
series with this winding, connt·et a 50-ohm current
limiting resistor, a 50-milliampcre d-c metc-r, and the 
tube to bc- tc-sted. To tc-st thc- tultc, slowly increase 
the applied voltage from zero to the point "'here d-c 
currc-nt just begins to flow. Thc- peak ,·alut' of the 
RMS voltage read by the voltmeter at this point is 
thc- initial brcakdown voltage. 

Using either mC'lhod, the peal< brl'ak<lown voltage 
for a good tube will average 10 to 15 ,·alts. When the 
peak break-down voltage reaches 30 \"Oils the tube 
should be tested at more frequent intcn·als ; a value 
of 50 volts will generally indicate that it should be 
replaced. 

5. REPLACING COMPONENTS 
A. Replacing Type iD2I Tube: R<'eommcndcd 

procedure for rcmo\'ing and installing· Type iD21 
tubes is giv<.'n in the 1:--sTALLATro:- section of this 
book under I nstallation of Tubes 

When a Tyµc iO21 tube is rcplacc.-d, the filament 
voltage should be checked and .adjusted if it is not 
COTTC'Ct. 

8. Replacing a Cabinet ~ktc.-r: Access to the 
cabinet meters is gained by removal of the protl'ctivc 
shield located below the mctC'rs s!tghtly ahoYe the top 
of the front door opt·ning. This shield is prevented 
from bt·ing pushed up by two slop screws at the rear 
and by a horizontal groo\·e at the front. 

The stop screws arc rcmo\·ablc from the rear of 
the cabinet. They arc located just above the upper 
hp of the p~a panel, near c-ach edge. Rl'mo,·c them 
,~ith a scrcwdrin•r. 

Push up the rear edge of the protecti,•e screen 

22 

until the front t•dgc leav~s the groovt' The shield now 
can be droppt'Cl down and out. 

The mC'lers arc secured by four screws, one in 
each corner, which clear through holes in the cabinet 
and lap into brass inserts in the _meter case Remove 
the sere\rs.with ;1 short screwdriver after disconnecting 
the meter lcaqs. 

6. TROUBLE SHOOTING TIPS ' 
First, check the mc-ter readings, and compare with 

previous rradings. R<>placc the tube whose meter 
readings indicate improper operation. Should the ~me 
condition remain, a bad connection or component may 
be at fault. Refer to the Elementary Diagram, Fig. 16. 
Check continuity to the various socket terminals or 
voltages. Check th~ resistors associated with the stage, 
and finally r<.'placc capacitors if necessary. 

In cases where operation seems normal despite an 
unusual meter reading, check the meter. 

7. NAMES AND SYMBOLS OF OPERA. 
TING CONTROLS AND METERS ON 
FRONT PANEL 

3S1 M AIN POWER 
3S2 FIL POWER 
3S3 SCREEN POWER 
3S12 P LATE TRANSFORMER (DELTA-WYE) 
3IS1 PLATE ON 
31S2 P LA"TE OFF 
3T5 FIL VOLTAGE (INCREASE) 
3Tl 7 SCREEN VOLTAGE (INCREASE) 
3LI 1 OuTPl'T Cot'PLING 
3C24 GRrn TnaNG 
3C32 PLATE Tt'NlNG 
3:v15 SCREEN VOLTAGE 
3MG SCREE:- Ct"RREI\T 
:3M7 CATHODE Ct'RREST (FRONT) 
3M8 CATHODE Ct:RRENT (BACK) 
3MI0 FIL VOLTAGE 
3M3 PA PLATE VOLTAGE 
3~19 PA GRID CURRENT 
3M2 PA P LATE CURRENT 
3M4 R F Ot:TPt'T 
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A1nperex® ... Tomorrow'8 Thinking in Today'a Producta® 

CONVERSION OF 3 KW G.E. FM BROADCAST AMPLIFIER TYPE BF- 2A 

TO 6076A TUBES 

Amperex® Eleclronlc Corporation 
A NORTH AMERICAN PHILIPS COMPANY 

HICKSVILLE DIVISION 
230 Duffy Avenue Hicksville, LI., N. Y. 11802 
Telephone: 516/ 931-6200 TWX: 516/ "33-9045 
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CONVERSION OF 3 KW G.E. FM BROADCAST AMPLIFIER TYPE BF-2A 

TO 6076A TUBES 

This modification involves the replacement of the type 7D21 tube used in the BF-2A FM amplifier 
with the AMPEREX6076Atype tube. These instructions represent a composite of recommendations from 
AMPEREX and the experience of the American Broadcasting Company. 

REASON FOR MODIFICATION 

The type 6076A is a modern tube with higher allowable dissipation, longer life and lower cost. Some 
characteristics of the two tubes are compared in the following table. 

Plate Dissipation 
Screen Dissipation 
Driving Power Required 

FCC REQUIREMENTS 

TYPE 6076A 

3 KW max. 
100 watts max. 
30 watts 

TYPE 7D21 

1.2KW max. 
60 watts max. 
60 watts 

Authorization must be obtained from the FCC before making this change. 

CONVERSION PROCEDURE (Estimated time: 2 men, 10 hours) 

Note: List of parts furnished with SD513 Kit is shown on 
-- page 4. 

1. Remove grill on top of transmitter compartment for access to work space beneath. 

2, Remove all tube socket superstructure down to main chassis. 

3. Remove all bypass capacitors around tube sockets. 

4. Drill out rivets holding screen bypass. (Save screen bypass mica.) 

5. Mount screen grid connectors $3706 on mica insulator. 

6. 'Enlarge holes through chassis deck to allow 3/ 8 inch clearance around screen connectors 
and mounting screws (square hole recommended). 

7. l\emount insulating plate with screen grid connectors strapped together on chassis using 
3/ 4 inch copper strips. 

8. Cut approximately 1/ 2 inch from insulating strips on which previous filament connectors were 
mounted. This leaves enough material to mount grid tuning capacitor and pr.ovidu bette 
access to filament and grid connectors. (See Figure 1.) 

9. Mount four double stacks of CENTRALAB TV-20 door-knob capacitors adjacent to four outside 
corners of screen connectors. Each lower capacitor is connected by a strap to the screen con
nector, while upper capacitors are connected by a strap to their respective filament terminals. 
(See Figure 2.) 

10. Replace resistor 3R16 with Ohmite 1362B (set tap at 1300 ohms). Relay 3K16 can be left 
unchanged. 

11. The curvature of the plate tuning capacitors must be changed slightly to accommodate the 
larger plate line. This can be accomplished by tapping carefully with a hammer. It may be 
necessary to shorten the insulators which hold the capacitors to their lever. Birnbach 440A, or 
equivalent may be used. (See Figure 3.) 

12. Jnstall6076Atubes and apply filament voltage of precisely 6.3 volts measured on the tube fila
ment terminals. In installing, it ls important that the tubes be inserted carefully so that the 
tube screen ring does not go beyond the "fingers" of the socket screen connector • 

Note: Damage to the "fingers" may result if the tube screen 
ring passes beyond and ls then pulled back. 

1 
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13. Cold-tune plate line to resonance and perform final amplifier neutralizing and recheck neutral
ization of driver stage. It will be necessary to increase the size of the neutralizing capacitor 
on the plate side under the chassis (see Figure 3) by 10% to increase spacing and eliminate the 
possibility of arcing. (If excessive unbalance between tubes cannot be eliminated, the instal
lation of balanced cross neutralizing is recommended. (See Figure 4.) 

14. Apply plate voltage with low screen voltage and adjust for best dynamic neutralization. Slowly 
increase voltage to licensed plate current or power output. 

Typical Operating Parameters 

Filament Voltage 
Plate Voltage 
Grid Current 
Plate Current 
Screen Voltage 
Screen Current 
Cathode Current, Rear 
Cathode Current, Front 

6.3 Volts 
3700 Volts 

85-100 Milliamperes 
1.2 Amperes 
460 Volts 
90 Milliamperes 

550 Milliamperes 
650 Milliamperes 

Figure 1. Grid Tuning Capacitor 
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Figure 2. Insulating strip (Cut 1/ 2 inch) 

Figure 3. Straps 
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NOTE: 

GRID CAPACITOR 

SHELF 

i---- SEE NOTE 

3" 

THIS LENGTH MADE TO SUIT MOUNTING DIMENSIONS. 

FORM THIS PART TO ALLOW FREE PASSAGE PAST 

PLATE LINE AND OTHER NEUTRALIZING CAPACITOR. 

Figure 4. strap 

SD513 KIT OF PARTS FOR BF-2A FM TRANSMITTER CONVERSION 

QUANTITY ITEM DESCRIPTION MANUFACTURER 

4' 
-2 
~ 

3, 
/4 

✓4 

~ 
Vi 

/4 
NOTE: 

6076A"'l'ubes (includes required-sparer 

Plate Line Adapters, $27259 

Screen Grid Connectors, 83706 
Filament and Grid Connectors, 83707 
Type TV-20 500 MMID. 20 KV DCW Ceramic Capacitors 

Type 445C 3/ 4 inch round, 1 inch long stand-off lnsulatol'S 
tapped for 10/ 32 thread 

Type 440A 1/ 2 inch round, 3/ 4 inch long stand-off insulators 
tapped for 8/ 32 thread 

Type 445 1/ 2 inch round, 1 inch long insulators tapped for 
6/ 32 thread 

Dlvidohm resistor type 1362B 1500 ohm, 200 watt. (Set tap 
at 1300 ohms) 

0.006 inch Phosphor Bronze or copper strips 3/ 4 inch side • 

AM-PEREX 

AMPEREX 

AMPEREX 
AMPEREX 

CtNTRALAB 

BJRNBACH 

BIRNBACH 

BIRNBACH 

OHMITE 

The two plate line adapte·rs and the strip connectors shpuld be silver-plated. Electronic standard 
plating (0.0003 to 0.0005 inch thickness} ls recommended. 

4 

wigfi
Stolen 2 Line Transparent

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

I 
I 
I 
I 
I 
I 

• 
I 
I 
I 

11 
I 
I 
I 
·(' 
I 

Amperex® Electronic Corporation 
TUBE DIVISION 

230 Duffy Avenue 
Telephone: 516/931-6200 

Hicksvil le, L.I., N.Y. 11802 
TWX: 516/433-9045. 

The 6076A is a ceramic and metal version of the 6076. It is an external anode 
tetrode for R. F. power amplifier service. 

The 6076A is particularly suited for use in broadcast transmitters including VHF 
television. 

The external anode of this tube is capable of dissipating 3.0 kW. The maximum 
frequency rating is 220 MHz. 

GENERAL CHARACTERISTICS 

MECHANICAL 

Dimensions 
Mounting Position 
Control Grid Connection 
Air Cooling Data 

Plate Height Above 
Dissipation Sea Level 

(kw) (feet) 

1 0 
1 0 
1 5,000 
1 10,000 

2.5 0 
2.5 0 
2.5 5,000 
2.5 10,000 

3 0 

Maximum Bulb Temperature 
Maximum Seal Temperature2 

Accessories 
Grid No. 2 Connector 

Inlet Air 
Temp. 
(OC) 

35 
45 
35 
25 
35 
45 
35 
25 
35 

Min. Air 
Flow 

(cu.ft. / min.) 

65 
80 
80 
80 

160 
190 
190 
205 
200 

6076 
2Wc 
180°C 

Filament Connector & Grid No. 1 Connector 
Air Flow Chamber 

Net Weight (approx.) 

ELECTRICAL 

Filament Voltage · 
Filament Current 
Filament Cold Resistance 
Amplification Factor (G2 - Gt Mu) 
Transconductance (lb = 2 amps) 
Direct Interelectrode Capacitances 

Input 
Output 
Plate to Control Grid 

Peak Cathode Current (max.;' 

6076 
°2r 

7 
0.2 

see outline drawings 
vertical anode up or dOWn 
see note 1 

Inlet Pressure 
(inches of 

water) 

0.4 
0.6 
0.5 
0.5 
2.4 
3.4 
2.9 
3.0 
3.8 

6076A 
250°c 
250°C 

Amperex #S-3706 
Amperex #S-3707 
Amperex #S-11882 

5 lbs. 

6.3 volts 
32.5 amps 
0.02 ohm 

8.5 
19,000 µmhos 

6076A 
22pf 

8 pf 
0.24 pf 

7 amps 

1 Both pins must be used to make connection to the control grid at frequencies 
above 30 MHz. 

a To keep the temperature of the seals below this value, it may be necessary to 
direct an air flow of sufficient velocity to the seals. 

3 Represents maximum usable cathode current for any condition of operation. 

Amperex· ... Tomorrow'• Tldnldng in Todai/• Prod1"u• 

TUBE TYPES 

6076 
6076A 

Ampe .. x 

Rev. March 1968 
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6076A 

I 

Plate and Screen Grid Modulated, RF Power 
Amplifier - Class C Telephony 

Carrier conditions per tube for use with a maximum modulation factor of 1.0 

DC Plate Voltage 
DC Grid No. 2 Voltage 
DC Grid No. 1 Voltage 
DC Plate Current 
Plate Input 
Plate Dissipation 
Grid No. 2 Dissipation• 
Grid No. 1 Dissipation 

DC Plate Voltage 
DC Grid No. 2 Voltage 
DC Grid No. 1 Voltage 
Peak RF Grid No. 1 Voltage 
DC Plate Current 
DC Grid No. 2 Current 
DC Grid No. 1 Current 
Driving Power 
Power Output 

Maximum Ratings, Absolute Values 
(Frequencies up to 110 MHz) 

Typical Operation 
(Screen grid supply via a choke of 60 henrys) 

RF Power Amplifier 
Class C Telegraphy 

Key-down conditions per tube without amplitude modulation5 

Maximum Ratings, Absolute Values 
(Frequencies up to 110 MHz) 

DC Plate Voltage6 

DC Grid No. 2 Voltage 
DC Grid No. 1 Voltage 
DC Plate Current 
Plate Input 
Plate Dissipation 
Grid No. 2 Dissipation 
Grld No. 1 Dissipation 

Frequency 
DC Plate Voltage 
DC Grid No. 2 Voltage 
DC Grid No. 1 Voltage 
DC Plate Current 
DC Grid No. 2 Current 
DC Grid No. 1 Current 
Peak RF Grid No. 1 Voltage 
Driving Power 
Power Output 

Typical Operation 

ccs 
75 

4000 
800 

-250 
1.1 
120 
80 

500 
36 

3. 15 

ccs ccs 
75 110 

5000 5000 
800 800 

-250 -250 
1.1 1.1 
100 100 
70 70 

480 480 
30 30 

4.1 3. 9 

• For all other modulation methods the grid No. 2 dissipation is 65 watts maximum. 

ccs 
4000 volts 

800 volts 
-500 volts 

0.9 amp 
3.7 kW 

2kW 
100 watts 
30 watts 

ccs 
4000 volts 

800 volts 
-375 volts 
625 volts 
0.9 amp 
120 mA 
85 mA 
48 watts 

2.7 kW 

ccs 
5000 volts 
800 volts 

-500 volts 
1.1 amps 
5.5 kW 

3kW 
100 watts 
30 watts 

ccs 
220 MHz 

4000 volts 
800 volts 

-250 volts 
1.1 amps 
120 mA 
80 mA 

500 volts 
36 watts 

2.9 kW 

5 Modulation essentially negative may be used if the positive peak of the envelope does not exceed 115 per 
cent of the carrier conditions. 

6 
At 220 MHz the DC plate voltage = 4000 volts max. For other frequencies see derating curve. 
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D. C. Plate Voltage 1 

D. C. Grid No. 2 Voltage 
D. C. Grid No. 1 Voltage 
D. C. Plate Current (sync.) 
Plate Input (sync.) 
Plate Dissipation (sync. ) 
Grid No. 2 Dissipation (sync.) 
Grid No. 1 Dissipation (sync.) 

Frequency 
0. C. Plate Voltage 
D. C. Grid No. 2 Voltage 
D. C. Grid No. 1 Voltage 

Synchronization level 
Pedestal level 
White level 

R. F. Grid No. 1 Voltage 
peak to peak 

0. C. Plate Current 
Synchronization level 
Pedestal level 

D.C. Grid No. 2 Current 
Synchronization level 
Pedestal level 

R. F. Power Amplifier, Grid Modulated 
Class C Television Service 

Negative Modulation, Positive Synchronization 

Maximum Ratings, Absolute Values 
(Frequencies up to 220 MHz) 

Typical Operation 
Two tubes, Push-Pull 

ccs8, '0 CCS9• ,o 

170-220 170-220 
4000 4000 

800 800 

-150 -150 
-230 -260 
-450 -450 

850 850 

2. 75 2. 75 
2. 1 1.5 

110 250 
50 65 

100 80 
50 20 

4000 volts 
800 volts 

- 500 volts 
1.5 amps 

6kW 
3kW 

100 watts 
30 watts 

ccs1, e 
88 MHz 

5000 volts 
800 volts 

-150 volts 
- 260 volts 
-450 volts 

900volts1 1 

2. 7 amps 
1. 75 amps 

145 mA 
40mA 

82 mA 
35 mA 

6076 
6076A 

D.C. Grid No. 1 Current 
Synchronization level 
Pedestal level 

Driving Power at 
Synchronization level 

Power Output 
Synchronization level 
Pedestal level 

300-400 200-300 200-300 watts 1 
a 

7 Up to 88 MHz, a D. C. Plate Voltage of 5000 volts is allowed. 
8 Wide band; 6.5 MHz bandwidth at - 1.5 db or 12 MHz at -3 db. 
0 Narrow band; 7.5 MHz bandwidth at -3 db. 

5 
2.8 

5.9 
3.3 

1 0 The values of bandwidth are based on measurements on a circuit with a single LC-section. 
11 Measured by slide back method. 

8kW 
4.5 kW 

12 Driving Power is accounted for largely by circuit losses. The indicated driving power is required to take 
care of losses in damping resistors, cirouit losses and tube driving power. 

Rev. 3/68 3 
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6076 
6076A 

Class AB2 Grounded Grid Linear R. F. Amplifier 
Single Sideband Suppressed Carrier Operation 

DC Plate Voltage 
DC Grid No. 2 Voltage 
DC Grid No. 1 Voltage 
DC Plate Current 
Plate Input 
Plate Dissipation 
Grid No. 2 Dissipation 
Grid No. 1 Dissipation 

Maximum Ratings, Absolute Values 
(Frequencies up to 110 MHz) 

Typical Operation 
Single Tone and/or Two Tone Modulation 

DC Plate Voltage 
DC Grid No. 2 Voltage 
DC Grid No. 1 Voltage 
Zero Signal DC Plate Current 
Zero Signal DC Grid No. 2 

Current 
Effective RF Load Resistance 

Ma:ll' Signal DC Plate Current 
Max Signal DC Grid No. 2 

Current 
Ma:ll' Signal DC Grid No. 1 

Current 
Max Signal Peak RF Cathode 

Voltage 
Max Signal Driving Power Output 
Max Signal Plate Power 
Max Signal Driver Feedthru 

Power 
Cathode Impedance 

Average DC Plate Current 
Average DC Grid No. 2 Current 
Average DC Grid No. 1 Current 
Max Resultant Peak RF Cathode Voltage 
Average Plate Power Output 
Peak Envelope Plate Power Output 
Average Driver Feeclthru Power 
Peak Envelope Feedthru Power 
3rd Order Intermodulation Distortion 

4 

ccs ccs ccs 

5000 4500 4000 
600 600 600 
- 50 -50 -50 
350 330 310 

2 2 2 
1600 1600 1300 

Single Tone Modulation 

1.63 1.43 1.45 

110 95 95 

95 71 76 

275 250 240 
475 374 365 

5350+428 4100+340 3500+320 

428 340 320 
80 82 83 

Two Tone Modulation 

1110 990 1000 
42 37 30 
44 34 32 

275 250 240 
2675+214 2050+170 1750+160 
5350+428 4100+340 3500+320 

214 170 160 
428 340 320 
-37 -38 -40 

ccs 

3500 
600 
-50 
300 

3 
1400 

1.25 

93 

57 

220 
298 

2700+260 

260 
85 

830 
29 
24 

220 
1350+130 
2700+260 

130 
260 
-40 

ccs 
8 

5000 volts 
600 volts 

- 500 volts 
1.8 amps 
8.2kW 

3kW 
100 watts 

30 watts 

ccs 

3000 volts 
600 volts 
-50 volts 
280mA 

3mA 
1500 ohms 

1.06 amps 

103 mA 

41 mA 

190 volts 
211 watts 

1975+186 watts 

186 watts 
88 ohms 

710 mA 
29mA 
19 mA 

190 volts 
988+93 watts 

1975+186 watts 
93 watts 

186 watts 
- 40 db 

Rev. 3/68 
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R. F. Power Amplifier 
Class B - Television Service u 

Maximum Ratings, Absolute Values 
(Frequencies up to 220 MHz) 

D. C. Plate Voltage 7 

D. C. Grid No. 2 Voltage 
D. C. Plate Current (sync.) 
Plate Input (sync.) 
Plate Dissipation (sync. ) 
Grid No. 2 Dissipation (sync.) 
Grid No. 1 Dissipation (sync.) 

Frequency 
D. C. Plate Voltage 
D. C. Grid No. 2 Voltage 
D. C. Grid No. 1 Voltage 
R. F. Grid No. 1 Voltage 

peak to peak 
Synchronization level 14 

Pedestal level 14 

D. C. Plate Current 
Synchronization level 
Pedestal level 

D. C. Gr id No. 2 Current 
Synchronization level 
Pedestal level 

D. C. Grid No. 1 Current 
Synchronization level 
Pedestal level 

Driving Power at 
Synchronization level 1 a 

Power Output 
Synchronization level 
Pedestal level 

Typical Operation 
Two Tubes Push-Pull 

13 Bandwidth; 6.5 MHz at -1.5 db or 12 MHz at -3 db. 
14 Measured by increasing fi,ced bias until no grid current flows. 

ccs 

4000 volts 
800 volts 
1.5 amps 

6 kW 
3 kW 

100 watts 
30 watts 

ccs 

170-220 MHz 
4000 volts 
800 volts 

-150 volts 

850 volts 
700 volts 

2.75 amps 
2.1 amps 

U0mA 
50mA 

100 mA 
50 mA 

300-400 watts 

5kW 
2.8 kW 

6076 
6076A 

5 
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6076 
6076A 
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• 
EIMAC 

A Division of Varian Associates 
SAN CAR,t)S CALIFORNIA 

The Eimac 8438/ 4--400A is a compact, ru9gedly constructed power tetrode having • mnlmum pl•I• dissip•
fion ratin9 of <IOO wath. It is intended for use as •n amplifier, osc illator or modulator. The low 9rid-plete 
c•pacitance of this tetrode coupled with its low d d vin9-power requirement allows consid1r1bt1 simplification of 
the assodation circuit and driver stage. 

The 8◄38/4--400A is cooled by radiation from the plate and by circ ulation of forc ed-air throu9h tho b•s•. 
around tht envelope, and over the plate stal. Coolln9 can bo 9rutly simplified by usin9 an Eimac SK--400 Air. 
System Socket •nd its •ccompanying glau chimney, This socket is designed to maintain the correct bal•nce 
of coolin9 air btlwHn the component parts of lht tube.f 

GENERAL CHARACTERISTICS 
ELECTRICAL 

filament: Thoriate d tungsten 

Voltage 
Current 

Grid-Screen Amplification Factor (Average) 
Direct lnterelectrode Capacitances (Average) 

Grid-Plate 
Input 

Output 

Transconductance (I• = IOOma., E. =2500V., Ec1 =500V.) 
frequency for Muimum Ratings 

MECHANICAL 
Base 

Basing 
Mounting Position • 
Cooling 

Recommended Heat Dissipating Plate Connector 
Recommended Socket 
Maximum Over-all Dimensions 

Length 

5.0 volts 
14.5 amperes 

5.1 

0.12 µ.µfd 

12.5 µ.µfd 

4.7 µ.p.fd 

4,000 µ.mhos 

110 Mc. 

See drawing 
See drawing 

Vertical, base down or up 
Radiation and forced air 

8438 
4-400A 

RADIAL-BEAM 
POWER TETRODE 

• 
MODULATOR 
OSCILLATOR 
AMPLIFIER 

Eimac HR-6 
Eimac SK-400 Air System Soclet 

6.38 inches 
Diameter 3.56 inches 

Net Weight 9 ounces 
Shipping Weight 2.5 pounds 

If an Air-System Socket is used, mounted on a 1/4 inch d eek, the over-all dimensions of the system including chimney end 
HR,6 Heat Dissipating Plate Connector are: 

Length 

Diameter 
8.0 inches 

5.5 inches 

Nolt: Typical operation dat• ••• based on conditions of 1diustin9 tho , . f 9rid drive to a specified pl•I• current, maint1inin9 fixed conditions 
of 9rld bias and screen volt•9•. It will bt found that if this procedure is followed, th••• will be little vari•lion in power output bet-,ween 
tubes even thou9h there may be some variation in qrid and 1cr11n currents. Where qrid bias is obtained princip•lly by means of a qrid ,,. 
sistor, to control plate current it is. neceu,ry to make the resistor adjustable. 

RADIO FREQUENCY POWER AMPLIFIER ANO OSCILLATOR 
Class-C Telegraphy or FM Telephony 

MAXIMUM RATINGS (Key-down conditions, per tube to 110 Mc. ) 

D-C PLATE VOLTAGE 
D-C SCREEN VOLTAGE 
D-C PLATE CURRENT 
PLATE DISSIPATION 
SCREEN DISSIPATION 
GRID DISSIPATION 

TYPICAL O PERATION ( Frequencies below 75 Mc., one tube) 
o.C Platt Volt•9• • 2500 3000 4000 ~olh 
D·C Screen Voll•9• S00 S00 SOO volts 
0 -C Grid Volta91 - 200 - 220 - 220 volts 
0 -C Platt Current 3S0 3SO 350 m• 
D-C Screen Current 46 46 40 mo 
0 -C Grid Current It 19 18 m• 
Screen Dissipation 23 23 20 watts 
Grid Dissipation • 1.8 1.9 1.8 watts 
Ptak R-F Grid Input Voll•9• 300 320 320 volts 
Driving Power• 5.4 6. 1 S.8 watts 
Plate Power Input 875 IOSO 1400 watts 
Plate Dissipation . 235 2SO 300 w4tts 
Pl•I• Power Output 640 800 1100 watts 
• Driving Powe r ,ncreosu os l,equency ,s increased. At 7S Mc. the 
driv,ng pow ~ t required is oppro ,cimot~ly 12 woth. 

fGuuant11 applies only when the ◄-◄OOA is uHd as specified 'W'ith 
adequate a ir in ttN SK-400 Air-System Soc~1t or equiva lent. 

4000 MAX. VOLTS 
600 MAX. VOLTS 
350 MAX. MA 
400 MAX. WATTS 

35 MAX. WATTS 
10 MAX. WATTS 

TYPICAL O PERATION ( 110 Mc., two tubes) 

0 -C Pl•I• Voltage 3500 4000 

D-C Scrt•n Volla9e soo soo 
0 -C Grid Voll•9• -170 -170 

0 -C Pl•le Current soo S40 

o .C Scr••n Current 34 31 

0 -C Grid Current 20 20 

Orivin9 Po.,er (approx. ) 20 20 

Pia It Power Output (appro1. ) 1300 1600 

Useful Power Output 1160 1440 

volts 

volts 

volts 

m• 
ma 

ma ..... 
w1tt1 

w•tts 

(Effective 9-1-65) © 1955-1963 by Varian Associates 
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-0 4-400A:.--------------------------
Pl.ATE MODULATED RADIO FREQUENCY 
AMPLIFIER 

Clus-C Telephony ( Carrier conditions unless otherwise specified. One 

MAXIMUM RATINGS (Frequencies below 75 Mc. Continuous 
Service) 

D-C Pl.ATE VOLTAGE 

D-C SCREEN VOLTAGE 

D-C GRID VOLTAGE 

D-C PLATE CURRENT 

PLATE DISSIPATION • 

SCREEN DISSIPATION 

GRID DISSIPATION • 

3200 MAX. VOL TS 

600 MAX. VOLTS 

-500 MAX. VOLTS 

275 MAX. MA 

270 MAX. WATTS 

35 MAX. WATTS 

10 MAX. WATTS 

MAXIMUM RATINGS (Frequencies b e low 30 Mc., Intermittent 
Service) 

D-C Pl•♦• Volt•9• 

D-C ScrHn Vol♦•9• 

D-C Grid Volt•9• 

D-C Plate Current 

Plate Dissipation 

ScrHn Dissipation 

Grid Dissipation 

4000 MAX. VOL TS 

600 MAX. VOL TS 

-500 MAX. VOLTS 

275 MAX. MA 

270 MAX. WATTS 

35 MAX. WATTS 

10 MAX. WATTS 

AUDIO FREQUENCY POWER AMPLIFIER 

AND MODULATOR-CLASS AB 

MAXIMUM RATINGS (PER TUBE) 

D-C PLATE VOLTAGE 
D-C SCREEN VOLTAGE 
MAX-SIGNAL D-C PLATE CURRENT 
PLATE DISSIPATION 
SCREEN DISSIPATION 
GRID DISSIPATION • 

TYPICAL OPERATION CLASS AB, 
(Sinusoidal w"'•• two tube, union othorwi•• 1pocifiod) 
O,C Ploto Yolta9e 2500 3000 3500 
0-C ScrHn Volt19e 7SO 7SO 750 
0-C Grid Volt•9• (•pproa. )• -130 -137 -1◄5 
Zoro-Si9nol 0 -C Plot• Current 190 160 140 
Mo1-Si9nol 0 -C Plot• Currin! 635 635 610 
Zuo-Sl9nol 0-C Screen Current 0 0 0 
MH-Si9nal 0 -C ScrHn Current 28 2' 32 
Effoctl•• lood, P11♦e-♦o-PI•♦• "°° 8900 11,500 
,uk A-F Grid Input Volta9e 

(per lube) 130 ll7 1 ◄5 
Dri¥ina Power . . . 0 0 0 
M•1aSi9n•I Pl•t• Diu ip•tion 

(te r tube ) • • • 370 ◄00 ◄00 
MH• 19'1•1 Plot• Power Output 850 1110 1330 

◄000 volts 
750 volh 

-150 volh 
120 ,.,. 
SIS ,,,. 

0 mo 
40 ,,,. 

l ◄,500 ohms 

150 volts 
0 ••th 

◄00 ••tt• 
15◄0 w•tts 

•Adjust to 9 ive stoted tero-si9nol plote current. The D-C resistonce in 
series with the control 9rid of each tube should not exceed 250.000 ohms. 

tube) 

TYPICAL O PERATION (Frequencies below 75 Mc. Continuous 
Service) 

0 -C "•'• Volt•9• 2000 2500 3000 volts 
0 -C Str .. n Voll• 9• 500 500 500 volh 
0-C Grid Voll•9• -220 -220 -220 volts 
0 -C Pl•I• Current 275 275 275 m• 
0-C Screen Current lO 28 26 m• 
0-C Grid Current 12 12 12 m• 
Screen Oiulpalion 15 I◄ 13 watts 
Grid Diui pation I.I I. I I.I watts 
PHk A-f Screen Yolta9• 

( 100'/. modul•tion) 350 350 350 •olh 
Peek fl.f Grid Input Volt•9• 2'0 2'0 2'0 ,oln 
Driving Power 3.5 3.5 3.5 watts ,..,. Power Input 550 "' 125 watts 
Plote Oissip•tion 170 178 l,S watts 
Plot• Power Output 380 510 ,30 watt, 

TYPICAL OPERATION (Frequencies below 30 Mc., Intermittent 
Service) 

0 -C Plate Vollo9e 2000 2500 3000 USO 
500 500 soo 500 0-C Sc,... Volt•9• 

0 -C Grid Voll•9• -220 -220 -220 -225 
0 -C Plate Curre nt 
0 -C Sc, .. n Current 
0 -C Grid Current 
Screen, Oinip•tlon 
Grid 0inlp•lion . 
Puk A•f Screen Yolt19e 

( I 00~ modulotion) 
Puk . f Grid Input Yoll19e 
Driving Power 
Plot• Power Input 
Plote Olnip•tlon ,..,. Power Output 

27S 275 275 
30 21 2, 
12 12 12 
15 I ◄ 13 

I.I I.I I.I 

350 350 350 
2'0 2'0 290 
3.5 3.5 3.5 
S50 "' 125 
170 171 l,S 
380 510 ,10 

4000 MAX. VOLTS 
800 MAX. VOLTS 
350 MAX. MA. 
400 MAX. WATTS 

35 MAX. WATTS 
10 MAX. WATTS 

TYPICAL OPERATION CLASS AB, 
(Sinusoidel wave, two tubes unleu o therwise 1peCifi1d) 
D-C Pl•t• Volt19e • 2500 3000 3500 
0-C Screen Volt19e • SOO 500 500 
D-C Grid Voll•9• (1pproa.)• -75 -80 -85 
Zero-Si9nal 0-C Plate Current 190 160 1 ◄0 
MH-Si9nol 0-C Plot• Current 700 700 700 
Zero-Sl9nol 0 -C Ser••• Current O O 0 
M•••Si9nal 0 -C ScrHn Current SO ◄O 38 

275 
23 
13 
12 

1.2 

350 
315 
◄.O 

1000 
235 
7'5 

◄000 
500 

- 90 
120 
638 

0 
32 

lillecti•• loodd Plate-♦o•Pl•t• 7200 9100 10.800 l◄,000 
Puk A-F Grl Input Volto9e 

lf•r t ubel • • • 133 140 14S l ◄O 
MH· l9n•I Puk OrMno Power u ,.o 10.2 7.0 
Ma1-Si9nal Nomin•I Driving Power 4,3 ◄.S S. I 3.5 
M•••Si9nol Plote Oiulpotion 

(per tube) 320 363 ◄00 ◄00 
Mu-Si9nol Plato Power Output • 1110 1375 1650 1750 
• Adjust for stoted zero•si9nol plote current . 

•olh 
YOltS 
•olh 
m• 
m• ,.,. 
watts 
watts 

volts: 
•olh 
watt, 
watts 
wath 
watts 

volh 
volts 
voln 
mo 
mo 
mo ,,,. 
ohms 

vofts 
••th 
••th 

wt1th 
watts 

Pulse Service- For i nformation on Pulse Service Rotin9s, " Application Bulleti n No. 3. Pul,e Service N o tes", will be ru,nished free on request . 

IF IT IS DESIRED TD OPERATE THIS TUBE UNDER CONDITIONS WIDELY DIFFERENT FROM THOSE GIVEN UNDER "TYPICAL OPERATION," POSSIBLY EXCEEDING 
THE MAXIMUM RATINGS GIVEN FOR CW SERVICE, WRITE EIMAC, DIVISION OF VARIAN ASSOCIATES, FOR INFORMATION ANO RECOMMENDATIONS 

APPLICATION 
MECHANICAL 

Mounting-The 4-400A must be mounted vertically, 
base up or base down. The socket must be constructed 
so as to allow an unimpeded flow of air through the 
holes in the base of the tube and must also provide 
clearance for the glass tip-off which extends from the 
center of the base. The metal tube-base shell should 
be grounded by means of suitable spring fingers. The 
above requirements are met by the Eimac SK-400 
Air-System Socket. A flexible connecting strap should 
be provided between the Eimac HR-6 cooler on the 
plate terminal and the external plate circuit. The tube 
must be protected from severe vibration and shock. 

Cooling-Adequate forced-air cooling must be provided 
to maintain the base seals at a temperature below 
200°C., and the plate seal at a temperature below 
225•c. 

When the Eimac SK-400 Air-System Socket is used, 
a minimum air flow of 14 cubic feet per minute at a 
static pressure of 0.25 inches of water, as measured 
in the socket at sea level, is required to provide ade
quate cooling under all conditions of operation. Seal 
temperature limitations may require that cooling air 
be supplied to the tube even when the filament alone 
is on during standby periods. 

In the event an Air-System Socket is not used, pro-

--
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vision must be made to supply equivalent cooling of 
the base, the envelope, and the plate lead. 

Tube temperatures may be measured with the aid of 
"Tempilaq", a temperature-sensitive lacquer manufac
tured by the Tempil Corporation, 132 West 22nd 
Street, New York 11, N. Y. 

ELECTRICAL 
Filament Voltage--For maximum tube life the filament 
voltage, as measured directly at the filament pins, 
should be the rated voltage of 5.0 volts. Variations in 
filament voltage must be kept within the range from 
4.75 to 5.25 volts. 
Bias Volta,e-The d-c bias voltage for the 4-400A 
should not exceed 500 volts. If grid leak bias is used, 
suitable means must be provided to prevent excessive 
plate or screen dissipation in the event of loss of excita
tion, and the grid-leak resistor should be made adjust
able to facilitate maintaining the bias voltage and plate 
current at the desired values from tube to tube. In 
operation above SO Mc., it is advisable to keep the bias 
voltage as low as is practicable. 
Screen Voltage-The d-c screen voltage for the 4-400A 
should not exceed 600 volts in r-f applications. In 
audio applications a maximum d-c screen voltage of 
800 volts may be used. The screen voltages shown 
under ''Typical Operation" are representative voltages 
for the type of operation involved. 
Plate Voltage-The plate-supply voltage for the 4-400A 
should not exceed 4000 volts in CW and audio applica
tions. In plate-modulated telephony se.rvice the d-c 
plate-supply voltage should not exceed 3200 volts, ex-

cept below 30 Mc., intermittent service, where 4000 volts 
may be used. 
Grid Dissipation-Grid dissipation for the 4-400A should 
not he allowed to exceed 10 watts. Grid dissipation may 
be calculated from the following expression, 

P,- e,m,I, 
where P, - Grid Dissipation 

e, ... - Peak positive grid to cathode voltage, and 
I, - D-c grid current 

e,... may be measured by means of a suitable peak 
voltmeter connected between filament and grid. (For 
suitable peak v.t.v.m. circuits see Eimac Application 
Bulletin Number 6, "Vacuum Tube Ratings." This 
bulletin is available on request.) 
Screen Dissipation-The power dissipated by the screen 
of the 4-400A must not exceed 35 watts. Screen dissipa
tion is likely to rise to excessive values when the plate 
voltage, bias voltage or plate load are removed with 
filament and screen voltages applied. Suitable protective 
means must be provided to limit screen dissipation to 
35 watts in event of circuit failure. 
Plate Dissipation-Under normal operating conditions, 
the plate dissipation of the 4-400A should not be al
lowed to exceed 400 watts. 

In plate modulated amplifier applications, the maxi
mum allowable carrier-condition plate dissipation is 270 
watts. The plate dissipation will rise to 400 watts under 
100% sinusoidal modulation. 

Plate dissipation in excess of the maximum rating is 
permissible for short periods of time, such as during 
tuning procedures. 

GENERAL INFORMATION PERTAINING TO THE OPERATION OF THE ◄.-400A MAY IE FOUND IN APPLICATION IULLETIN NO. a. " THE 
CARE AND FEEDING OF POWER TETRODES."0 THIS BULLETIN IS AVAILABLE UPON REQUEST. 

i-1 111N. 
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