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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. 
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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 

wigfi
Stolen 2 Line Transparent
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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. 
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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. 

... 
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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 : 

wigfi
Stolen 2 Line Transparent
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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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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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a 

C 

b 

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. 

wigfi
Stolen 2 Line Transparent
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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). . 

2J 
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11110 ITIIIIOTUlll 

• 

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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