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LESSON NO.

° EARLY TRANSMITTERS -

IN ONE OF THE FIRST LESSONS WHICH YOU STUDIED AND WHICH I8 TITLED
YRADIO COMMUNICATION", YOU LEARNED IN A GENERAL WAY WHAT RADIO TRANSM|TT=
ERS ARE EXPECTEC TO ‘ACCOMPLISH. YOU WERE ALSO AT THAT TIME INTRODUCED TO
THE DIFFERENT SECTIONS WHICH ARE INCORPORATED IN THE TYPJCAL TRANSMITTER

AND THEIR RESPECTIVE DUTIES,

- ALL OF THESE UNITS, A8 WELL AS MANY MORE, ARE NOW GOING TO BEEXPLA|IN=-
ED TO YOU IN DETAJL IN THE PRESENT SERIES OF LESSONS,

CLASSIFICATION OF TRANSMITTERS

WE CAN CLASSBIFY RADIO TRANSM{TTERS |N=
TO TWO GENERAL GROUPS, NAMELY, THOSE WHICH
ARE USED TO BSEND MESBSAGES BY MEANS OF THE
TELEGRAPHIC CODE AND THOSBE WHICH ARE USED
FOk THE TRANSMISSION OF VOICE AND MUS I CAL
PROGRAMS ¢

THE CODE TYPE TRANSMITTER WAS THE
FIRST FORM OF SUCCESSFUL TRANSMITTER AND I8
8TILL BEING MOST EXTENSIVELY USED IN THE

HANDL ING OF COMMERCIAL TRAFFIC, BY AMATEURS,
ETc. CODE S1GNALS CAN BE RECEIVED SUCCESS-
FULLY OVER GREATER DISTANCES THAN CAN VOIJCE
OR PHONE TRANSMISS ION BUT EACH TYPE OF TRANS
MIBSION, OF COURSBE, HAS ITS8 PARTICULAR AD~
VANTAGES,

CODE TRANSMITTERS ARE SIMPLER THAN
PHONE TRANSM|TTERS FROM THE STANOPOINT OF
BOTH DESIGN AND CONSTRUCTION AND THEREFORE
WE SHALL STUDY CODE TRANSMITTERS F|RST.Many
OF THE COMPONENTS AND PRINCIPLES, HOWEVER,

ARE THE SAME IN BOTH TYPES OF TRANSMITTERS
80 THAT WHAT YOU LEARN BY A STUDY OF ONE CAN

Fia. 1
A Typical Transmi#er.
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BE APPLIED EQUALLY WELL TO THE OTHER,

ALL MODERN TRANSM|TTERS,WHETHER OF THE CODE OR PHONE TYPE, EMPLOY
VACUUM TUBE OSCILLATORS BUT SINCE THE FIRST TRANSMITTERS DEPENDED UPON
"sPARK 0sCILLATORS", "ARC 08CILLATORS" ETC., IT WILL BE WELL FOR US TO CoN
81DER THESE TYPES BRIEFLY BEFORE ENTERING THE STUDY OF THE MORE MODERN
8YSTEMS. THIS WILL GIVE YOU A BETTER IDEA OF THE DEVELOPMENT AND ADVANCE=
MENT MADE IN THE FIELD OF TRANSM{SS|ON.

THE BPARK TRANSMITTER

IN F1@. 2 YOU ARE SHOWN THE CIRCUIT DIAGRAM OF A BIMPLE FORM OF COMM=
ERCIAL TYPE SPARK YTRANSMITTER,

HERE WE HAVE FIRST AN A.C, GENERATOR WHICN PRODUGCES A VOLTAGE SOURCE
HAVING A FREQUENCY OF APPROXIMATELY 500 cvcLes. THIS GQENERATOR 18 GENER~ -
ALLY DRIVEN BY AN ELECTRIC MOTOR WHOSE ARMATURE SHAFT 18 COUPLED TO THE

ARMATURE SHAFT oF

A THE GENERATOR 80 AS

G " "“"2%7 TO FORM A MOTOR=GEN-
¢|1¢f'0 or

ERATOR SET SIMILAR N
APPEARANCE TO TMOSE
ABOUT WHICH YOU 8TUD
1ED IN YOUR LESEONS
PERTAINING TO BATT=
ERY CHARGING EQUIP=~

Sﬁiflﬁb
‘aﬁ -
Z

Taned

MENT,
Steplup ‘ﬁmmg R.F, / Ground A TYPicaL KEY,
Tm"sf Cond. Transf. == | As useED wiTH coDE
TRANSM| TTERS, 18 I LLU§
TRATED FOR YOU IN
Fla.2 Fige 3. THESE «xEV-
A 5/n7,o/e Fortm of S/Jarlc TransmiHer ARE GENERALLY KNOWN

AS "TELEGRAPH KEVYS"
OR "WiRELESS KEYS™ AND THEY CONSIST ESSENTIALLY OF A PAIR OF CONTACT _
POINTS WHICH ARE NORMALLY HELD IN AN OPEN POSIT{ON BY SPRING TENSION. BY
PRESSING DOWNWARD ON THE KNOR, WHICH |8 MOUNTED ON THE END OF THE ARM,
THE CONTACT POINTS8 ARE FORCED CLOSED IN ORDER TO COMPLETE THE CIRCUIT.

LATER ON YvOU WILL BE GIVEN MORE COMPLETE [INFORMATION REGARDING THE
DIFFERENT TYPES OF KEYS AND THE TECHMNIQUE OF USING THEM CORRECTLY.FOR THE
PRESENT, LET US CONF{NE OUR ATTENTJON TO THE OPERATION OF TME CIRCUIT NOW
UNDER CCNSIDERATION.

ReTurnNING TO Fia, 2, WE FINC THAT WHEN THE KEY 18 IN THE CLOSED POS =
TION, THME GENERATOR CIRCUIT THROUGH THE PRIMARY W{NDING OF THE STEP=UP TRAN
SFORMER I8 COMPLETE 80 THAT A 500 CYCLE ALTERNATING CURRENT WILL FLOW THRU
THIS WIMDING,

By INDUCTION, A MUCH HIGHER VOLTAGE WilLlL APPEAR ACROSS THE SECONDARY
WINDING OF THE BTEP=UP TRANBFORMER, IN THIS MANNER, A HIGQH VOLTAGE (8 APP
LIED ACRO88 THE TUNED DS8CILLATOR CIRCUIT WHICH CONSIBTS OF THE PRIMARY
WINDING OF THE R.F, TRANSFORMER, THE TUNM{NG CONDEMBER AND THE SPARK QAP,
Tuese COMPONENTS OF THE TUNED R.F, CIRCUIT ARE ALL CONNECTED IN GERIRS
WITH EACMNOTHER,
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Now THEN, NOT[CE PARTICULARLY THAT THE SPARK GAP BERWLS TO INTRQDUCE
AN OPEN CIRCUIT IN THE TUNED OSCILLATING CIRCUIT 80 THAT NO OSCILLATING
CURRENT WITH WHICH TO GENERATE RADIO FREQUENCY ENERGY FLOWS THROUGH THIS
CIRCUIT AT THE TIME THE A,C, VOLTAGE BEGINS TO RISE TOWARDS (T8 PEAK VAL~
VE.

THE DISTANCE BETWEEN THE ELEC-
TRODES OF THE 8PARK GAP IS S0  AD-
JUBTED THAT WHEN THE A.C.  voLTage | ,
REACHES A CRITICAL VALUE, THE CHARGE
WHICH HAS BEEN BUILT UP ACROSS THE
ELECTRODES OF THE SPARK GAP,AS WELL
AS ACROSS THE TUNING CONDENSERPLAT—

SPr'mg adjustment Clearance
ﬁ adjustment

Contact.

2 e

£8, BECOMES SUFFICIENTLY GREAT TO
OVERCOME THE RESISTANCE OF THE AIR Centaring adjustments
GAP AND IT THEREFORE DJSCHARGES A=
CROSS THE AIR GAP IN THE FORM OF A FIG.>
sParRK, WeE TH Y
o EN BAY THAT THE SPARK 4 Te/egraph Kef/-

GaP "BREAKS DOWN",
THI8 ACTION RESULTS IN A HIGH FREQUENCY OR

OBCILLATING CURRENT BEING SET=UP IN THE TUNED HIGH FREQUENCY CIRCUIT  OF
THE TRANSMITTER. THIS CURRENT CONTINUES TO FLOW UNTIL THE VOLTAGE DROPS TO
A VALUE LOW ENOUGH SO AS TO PERMIT THE REBISTANCE ACROSS THE SPARK GAP TO
PREVENT ANY FURTHER FLOW OF CURRENT, THE VOLTAGE THEN COMMENCES TO BUILD
UP AGAIN UNT L ANOTHER SPARKING DISCHARGE OCCURS WITH iTS RESULT (NG FLOW
OF RADIO FREQUENCY CURRENT THROUGH THE TUNED CIRCUIT AND AGAIN THIS RADIO
FREQUENCY CURRENT DIES DOWN A8 THME VOLTAGE DROPS IN VALUE. THIS CYCLE OF
EVENTS CONT INUES IN TH|S MANNER AS LONG AS THE KEY |8 HELD CLOSEDs

THE FREQUENCY OF OSCILLATION AS OCCURRING IN THIS CIRCUIT I8 QOVER=-
NED LARGELY BY THE TUNING CONSTANTS OF THIS SAME CIRCUIT AS DETERMINED BY
THE CAPACITY OFFERED BY THE TUNING CONDENSER IN CONJUNCTION WITH THE [IN=
DUCTANCE VALUE oF THE R.F. TRANSFORMER'S PRIMARY WINDING. SO AS TO PRO=-
VIDE THE DESIRED TUNING RANGE, THE CONDENSER 18 OF THE VAR!ABLE TYPE,WHILE
THE PRIMARY WINDING OF THE R.F,TRA
NSFORMER 18 GENERALLY SPACE-WOUND
WITH LARGE DIAMETER BARE COPPER
WIRE OR ELSE COPPER TUBING 80O THAT
THE CO|L BECOMES SELF=SUPPORTING
AND REQUIRES NO WIMDING FORM,
SPRING CLIPS ARE THEN USED AS fLL~
USTRATED IN F1Ga. 4 80 THAT THE CON
NECTIONE TO THE COIL CAN BE VARIED
IN A CONVENIENT MAMNER 80 THAT AS
MANY TURNS OF THE COIL ASNECESSARY
CAN BE [INCLUDED IN YHE TUNED ClR=
CUIT IN ORDER TO OBTAIN THEDESIRED
INDUCTANCE VALUE,

, Fla. 4 _
A Variable - Inductance Coil.
SINCE THE SECONDARY WINDING

OF THIS SAME R.F, TRANSFORMER IS INCLUDED IN THE ANTENNA CIRCUIT OF THE
TRANSMITTER, WHILE AT THE SAME TIME BEING INDUCTIVELY COUFLED TO THE PRi=
MARY WINDING, IT I8 CLEAR THAT THE ELECTRICAL OSCILLATIONE WHICHORIGINATE
IN THE TUNED CIRCUIT WILL BE TRANSFERRED BY INDUCTION TO THE SECONDARY
WINDINGe WITH THE OSCILLATING OR RADIO FREQUENCY CURRENT NOW FLOWING IN
THE ANTENNA SYSTEM, IT WILL PRODUCE RADIO FREQUENCY WAVES WHICH ARE RADI=-
ATED OUT INTO BPACE.
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SPARK GAPS

TRANSMITTER

IN THE VRANSMITTER CIRCUIT OF Fila, 2 OF THIS LESSON,WE DEALT W)TH

A SIMPLE SPARK GAP CONSISTING OF TWO METAL BA
AB TH{IS BECOMES QUITE HOT AFTER BEING N CONT

LLS SEPARATED BY AIR. A GAP
INUOUS OPERATION FOR  SOME

TIME AND THUS HAS A TENDENCY TO ARG. THIS ARCING EFFECT CAUBES THE AIR

Brass Rotor Spark_dischaa MAIN A
Sector points PERMIT
TO 17s
CONDEN

TENT (A
STEAD

PREVEN

3

AND 80
NALS C

F1G.5 TYPES
Akm-Sgnchronous Cﬁbcﬁafgéfi In F:G

BETWEEN THE S8PARK CONTACTS TO RE=

CONDUCTOR AND THI8 WILLNOT
THE CONDENSER TO BE CHARQED
FULL CAPACITY.THAT 18, THE

SER WiLL DISCHARGE AT A PO~

L LOWER THAN DESIRED AND IN

OF THE OSCJLLATIONS IN THE

CLOSED CIRCUIT BEING STOPPEDAFTER
THE AERIAL CIRCUIT HAS STARTED RA=
DIATING 1TS WAVES,WE FIND THAT
Spurk Motor THIS CONTINUAL ARCING ACROSS THE
‘2?:?21 8PARK GAP ADDS8 EXTRA WAVES  UPON

THE OR{IGINAL WAVE FORM, THEREBY

TING TRANSM[SS |ION OF "CLEAN

cur" waves,

To PREVENT THIS ILL EFFECT
THAT MORE INTELL{GIBLES|G=
AN BE TRANSMITTED, VARIOUS
OF SPARK GAPS WEREDEVELOPED.
« b YOU wiLL SEE ASPARK DI§

CHARGER,WHICH IS KMOWN AS A "Non=SvNcCHRONOUS DiSCHARGER. "IN THIS CASE, A

ROTOR ARM I8 FIRMLY FASTEMNED AT THE CENTER TO
ZLECTRIC MOTOR, 80 THAT IT MUST ROTATE A8 THE
sOuLVES,

A spPARX DISCHARGE POINT 18 FASTENED TO
FOURTEEN OTHER SPARK DISCHARGE POINTS ARE FAS
BRASS SBECTORS.

THE OBCILLATION CIRCUIT OF THE TRANSMIT
DiBCHARGER AS SHOWN AND WHEN THE ROTOR LINES
ELECTRODES AS SHOWN N Fie., 5, THEN THE SPARK
THE TWO SPARK GAPS IN ORDER TO COMPLETE TS C

AS THE ROTOR REVOLVES, IT WiLL CONT jNU~
ALLY BE CHANGING POSITIONS WITH RESPECT TO
1AE STAT IONARY ELECTRODES,PERMITTING THE
B8Ha7K TO DISCHARGE THROUGH A DIFFERENT PAIR
AS THE ROTOR REVOLVES, THIS PREVENTS OVER ~
HEATING OF THE CONTACT POINTS FOR ONE THING
AU IN ADOITION,WE FIND THAT A MUSICAL PITCH
IS PRODUCED AND THIS HELPS A GREAT DEAL N
"READINGY THE COOE AT A RECEIVER,DUE TO T8
CLEARER AND MORE PRONOUNCED §1GNALS.

THE DRIVING MOTORS FOR SUCH L | SCHARGERS
GVENRERALLY RUN AT A SPEED OF FROM 1700 To 3000
REVOLUTIONS PER MINUTE. THE REASON FOR CALL~
ing Trts UNIT A "NON-SYNCHRONOUS" D1B5CHARGER

THE ARMATURE S8HAFT OF AN
MOTOR!S ARMATURE SHAFT RE=

EACH END OF THIS ROTOR AND
TENED TO TWO STATJONARY

TER 18 CONNECTED ACROSS THE
UP WITH A PAIR OF STAT IONARY
CAN DISCHARGE ITSELFACROSS
IRCUIT,

Adjusting
T Sscrew

Electrodes

FiGa. e
Synchronous Retary Discharger:
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18 THAT THE SPEED OF THE MOTOR BEARS8 NO RELATION TO THE . 'ENCY OF THE
CONDENSER CHARGING CURRENT. IN TRANSMITTERS USING A CURRENT 7 60 cvycLEs
IN THEIR HIGH VOLTAGE TRANSFORMER, THE ROTOR |8 GENERALLY ORIVEN AT A

SPEED WHICH WILL DELIVER FROM ABOUT 200 To 300 sSPARK DISCHARGES PERBECOND.

THE MOST POPULAR SPARK DISCHARGER 18
sHOWN IN F1Ge 6 AND THIS 18 KNOWN A8 A "SyN-
CHRONOUS ™ ROTARY SPARK DiSCHARGER. | T CONSISTS
OF A METAL DISC,WHICH 8 FIRMLY KEYED AND
LOCKED TO THE SHAFT OF THE ALTERNATOR. On
THE OUTER EDGE OF THIS DISC,YOU WILL FIND A
NUMBER OF POINTED COPPER SPARK ELECTRODES BUT
THE NUMBER OF THESE DISC ELECTRODES WILL Al
WAYS BE EQUAL TO THE NUMBER OF FIELD POLES,
WHICH ARE USED IN THE ALTERNATOR.

i

Electric

Qixn

BECAUSE OF THE DISC BEING DRIVEN Di- —
RECTLY BY THE ALTERNATOR, AS WELL A8 HAVING Fia.7
SPARK ELECTRODES OF A NUMBER EQUAL TO THE N  Quenched Spark Discharger-.
MBER OF FJELD POLES WITHIN THE ALTERNATOR,WE
FIND THAT THE DISCHARGE OF THE TRANSM{TTER CONDENSER WiLL BE  ACCURATELY
TIMED WITH THE ALTERNATIONS OF THE CHARGING CURRENT. IT (8 FOR THIS REASON
THAT THIS TYPE OF BPARK DISCHARGER |8 REFFERED TO A8 A "sYNCHRONOUS™ D13~
CHARGER. THAT 18, ANY TWO THINGS, WHICH ARE PERFECTLY TIMED TO EACHOTHER,
ARE SPOKEN OF AS BEING SYNCHRONIZED AND THIS OF COURSE jB THE CASE WITH
THIS TYPE OF DISCHARGER, )

Two STATIONARY ELECTRODES ARE USED, AS SHOWN IN Fia. 6,AND THE oOSC-
ILLATING CIRCUIT OF THE TRANSMITTER IS CONNECTED ACROSS THESE TWQ STAT|ON=
ARY ELECTRODES. BY REGULATING THE ADJUSTING SCREW, LABELED IN Fia.6, THE
MUFFLING DRUM CAN BE SHIFTED ON (T8 AXI8 AND IN THIS WAY CAUSE THE STAT-
JIONARY CONTACTS TO ALTER THEIR POSITION SOMEWHAT IN RELATION TO THEDRIVEN
D18C. THIS ADJUSTMENT PERMITS THE MOST FAVORABLE SPARKING POINT TO BE LO=-
CATED AND RESULTS IN SYNCHRONOUS DISCHARGES, GIVING A CLEAR, MUS|CAL SPARK
NOTE.

BegsiuESs THIS ADJUSTMENT FOR PITCH, IT I8 ALSO NECEESARY TO HAVE THE
BPARK QGAPS ADJUSTED SO AS TO GIVE THE SHORTEST POSSIBLE DISCHARGE QAP
WITHOUT PERMITTING THE ELECTRODES TO TOUCH. THE MINIMUM DISTANCE BETWEEN
THE STAT IONARY AND REVOLVING PDINTS SHOULD BE ABOUT 005", THis wiLL QIvE
A CLEAR S8PARK DISCHARGE AND WILL NOT SUBJECT THE TRANSMITTER CONDENSER TO

bt — L pagn — ]

l | |
‘/\/\f\ /\m\! '/\/\n ala ala afn An!-
V\[V VVV VVV v VUV}

I
|

K¢g Cjoszd - —

‘Fra, 8
Wave Radiation From Spark Transmitter .
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AN ABNORMAL STRAIN.

SHOULD THE CIRCUIT OSCILLATION AT ANY ONE INSTANT BE S8UCH AS TO FLOW
INTO STATIONARY CONTACT ™A™, THEN THE S8PARK WILL JUMP FROM THE CONTACT AT
THE BOTTOM OF "A¥ OVER TO CONTACT #] ON THE DISC. THENCE THROUGM THE DISC
OVER TO ELECTRODE #2 AND ACROSS THE GAP TO S8TAT IONARY CONTACT "8" Anp N
THI8 WAY RETURNING TO ITS8 ORIGIN. THE SYNCHRONOUE DISCHARGER §8 CAPABLE
OF HANDLING A LARGE AMOUNT OF POWER AND THEY HAVE BEEN SUCCESSFULLY OPER-
ATED AT 500 KW,

IN SOME TRANSMITTERS, A "QUENCHED SPARK GAP" |S USED AND AP|GTURE OF
THiS TYPE GAP 18 SHOWN IN FiGs 7. THIS DISCHARGER IS MAINLY USED IN THE
LOWER POWER SPARK TRANSMITTERS, WHEREAS THE SYNCHRONOUS DISC DISCHARGER IS
USED FOR THE S8PARK TRANSMITTERS OF HIGHER POWER RATING.

THIS QUENCHED SPARK DISCHARGER CONSISTS OF A NUMBER OF COPPER oiscs
SEZPARATED FROM EACHOTHER BY SOME SUCH INSULATING MATERIAL AS F|BRE,MCAN~-
ITE ETC. THESE COPPER AND INSULATING DISCS ARE PLACED IN AN |RON RACK AND
AND COMPRESSED BY MEANS OF A PRESSURE BOLT. THE THICKNESS OF THE WASHERS
OR INSULATING DISCS 1S SUCH THAT THE SPACE BETWEEN THE COPPER SPARK ING
SURFACES OF A SINGLE SET OF COPPER Dl=
8C8 DOES NOT EXCEED .0l INCH.

Continuous wave
/—\ /ﬂ\ The INSULATYING DISC8 ARE ALSO SPEC

TALLY TREATED AND INSTALLED 80 THAT THE

\\J/ \\’/ \\J/ \ a DISCHARGE SURFACE 158 AIRTIGHT AND THIS
MAKES A NOISLESS DISCHARGE PO8SIBLE, AT

THE SAME TIME A[DING IN THE WORK OF QUEN

Damped wave CHING OUT THE OSCILLATIONS IN THE 08C-
ILLATING CIRCUIT,

/'\/'\/\/\QQc
\/ \/ \/ \v4 A MOTOR=DRIVEN FAN OR BLOWER PRO=~

VIDES A DRAFT OF AIR OVER COOLING FLAN=-
GES OF THE SPARK D!SCHARGER AND IN THIS
WAY COOLS THE GAP.

FI1G.9
Continuous and damped waves .

WiTH VERY LOOSE COUPLING BETWEEN
THE COILS OF THE OSCILLATION OR R.F.
TRANSFORMER, PRACTICALLY ANY TYPE OF 8PARK GAP WILL PERMIT BAT I SFACTORY
QUENCHING OF OSCILLATIONS, WHICH TEND TO CONTINUE IN THE OSCILLATOR C}R=
CUIT DURING THE RADIATION OF THE WAVE BUT THE QUENCHED SPARK D ISCHARGER
BHOWN IN F1Gs 7 GIVES A BATISFACTORY QUENCHING RESULT, EVEN WHEN THE ANT=-
ENNA CIRCUIT IS CLOSELY COUPLED TO THE OSCILLATOR CIRCUIT AND THIS OF
COURSE MAKES A GREATER ENERQGY TRANSFER POSS|BLE WITH LESS POWER LOSS.

Dueg To THIS ADVANTAGE OF THE QUENCHED GAP, THE ANTENNA OSCILLATES AT
BUT A BINGLE FUNDAMENTAL FREQUENCY AND WiLL THEREFORE RADIATE A SINGLE
NAVE, WITH NO ADDITJIONAL WAYES SUPERIMPOSED UPON [T, BUT WHICH WOULD OTH=
FRWISE OCCUR WITH THE SIMPLE FORM OF B8PARK GAPs

THE RADIATED WAVE

NOW LET US CONSIDER THE NATURE OF THE S1GNAL WAVE WHICH 1S RADIATED
8Y THE ORDINARY TYPE OF SPARK TRANSMITTER, SBUCH AS SHOWN IN Fia. 2. A
TYPICAL EXAMPLE OF SUCH WAVE RADIATIONS APPEAR IN F1@. 8.
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STARTING AT THE LEFT OF THIS DRAW(ING, WE FIND THAT WHEN THE KEY {8
HELD CLOSED FOR A SHORT DURATION OF TIME, A SERIES OF HIGHMLY DAMPED WAVE
GROUPS COMMENCE LEAVING THE ANTENNA., THE LONGER THAT THE KEY |6 HELD cLog
ED, THE GREATER WILL BE THE NUMBER OF THESE WAVE GROUPS WHICH LEAVE THE
ANTENNA DURING ONE DEPRESSION OF THE KEVY.

THE NUMBER OF PEAKS WHICH APPEAR IN EACH GROUP OF A WAVE TRAIN IS DE
TERMINED BY THE FREQUENCY OF OSCILLATION OCCURRING IN THE TRANSMITTERC jR=
CUIT, WHEREAS THE SEPARATION BETWEEN EACH OF THESE WAYE GROUPS IN ANY ONE
WAVE TRAIN 1S GOVERNED BY THE FREQUENCY OF THE A.C. inPUT. THAT 135, IF A
500 cvcLe A.C. GENERATOR 1S WORKING INTO THE PRIMARY WINDING OF THE TRANS
MITTERS ' 8TEP=-UP TRANSFORMER, THEN TWICE THI8 AMOUNT OR 1000 wave aRouss
PER SECOND W|LL BE RADIATED BY THE ANTENNA¢

THE FREQUENCY OF EACH OF THE HIGHLY DAMPED WAVE GROUPS |8 OF RADIO
FREQUENCY AND ARE THEREFORE INAUDIBLE AND THE NUMBER OF WAVE GROUPS RADI|=-
ATED PER SECOND DETERMINE THE AUDISLE FREQUENCY. EACH WAVE TRAIN VIBRATES
THE HEADPHONE DIAPHRAGM AT THE RECEIVER ONCE 80 THAT THE LISTENER HEARS A
MUSCIAL NOTE., THAT 18 TO 8AY, IF |000 WAVE GROUPS PER SECOND ARE BEING RA
DIATED, THEN THE BOUND PRODUCED IN THE RECEIVER HEADPHONES WILL BE EQU iV~
ALENT 70 A |000 CYCLE MUSICAL NOTE.

WHEN THE KEY 1S IN THE OPEN POSITION,NO WAVES ARE RADIATED AND THEPRE
FORE NO SOUNDS8 ARE HEARD AT THE RECEIVER, WITH THE KEY CLOSED FOR A VERY
SHORT INTERVAL OF TIME, THE "DOT" OF THE TELEGRAPHIC CODE 1S FORMED AND I8
HEARD IN THE RECE|VERHEAQ
PHONES AS THE SHORTABRUPT ‘Dot
8ounD "piTH%, By cLO8ING . 1

120 o7 T {sacon T VWW /\ AAAN /L
T 5 o i OeaD) : \/VVU | TRVRVATRTATAY,

Dash —

WE PRODUCE THE "pasw" oF
THE CODE WHICH 18 HEARD

|
IN THE HEADPNONES A8 THE r—Key ——-—I Open !————- KQJJ Closed —=
MORE DRAWN-OUT SOUND Cbsed
“oaH®., A PROPER COMS INA=
ATI1ON OF DOTS AND DASHES Fl1G. 16
ARE USED TO FORM THE LE~ C. W. Code Transmission.

TTERS OF THE ALPHABET e
THESE ARE COMBINED TO S8PELL WORDS AND THUS THE DESIRED MESSAGE IS RADIATED

INTO 8S8PACE.

SPARK TRANSMITTERS RADIATE A VERY HIGHLY DAMPED FORM OF WAVE AND
SPREAD OUT OVER SUCH A W]DE FREQUENCY BAND S0 THAT THEY CAN BE HEARD ALL
OVER THE DIAL AT THE RECEIVING END. FURTHERMORE, THEY ARE VERY INEFFICIENT
AS REGARDS THE INPUT POWER REQUIRED AND THE ACTUAL OUTPUT OR RADIAT iGN
POWER OBTAINED. CONSEQUENTLY, SPARK TRANSMITTERS HAVE BEEN REPLACED Wi(TH
THE MORE DESIRABLE TYPE OF TRANSMITTER WHICH RADIATES A CONT INUQUS WAVE,

CONTINUOUS WAVES

CONTINOUS WAVES, YOU WiLL RECALL FROM EARLIER STUDIES,MAINTAIN A
CONSTANT AMPLITUDE AS ILLUSTRATED IN THE UPPER PORTION OF F1Ge 9,WHILE THE
PAMPED WAVES START WITH A MAX|MUM AMPLITUDE WHICH RAPIDLY DIMINISHES TO A
ZERO VALUE AS SHOWN [N THE LOWER PART OF F1@. 9¢ IT 1S THE COMMONPRACTICE
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TO REFER TO CONTINUOUS WAVES SIMPLY AS C.W, waves.

CoNTINUOUS WAVES CAN BE USED FOR THE TRANSMISSION OF MUSICAL BROAD-
CAST PROGRAMS OR VOIJCE, A8 WELL AS FOR COOE LAMMUNCATION. ONE METHOD OF
usiING THESE C.W, WAVES FOR CODE TRANSMISSION 1S JILLUSTRATED IN Fia. 10.

IN THIS CASE, THE KEY 1S OPERATED SO AS TO START AND STOP THE  WAVE
PROPOGATION TO FORM THE "ooTs" AnD "DASHES™ OF THE CODEe. ALTHOUGH RAD|A-
TION CEASES WHENEVER THE KEY IS OPEN YET THERE 1§ NO DAMPING EFFECT INTHE
WAVE FORM,

THESE OSCILLATIONS ARE OF RADIO FREQUENCY AND THEREFORE FAR ABOVEAUD
181LITY, FOR THIS REASON, THEY CANNOT UNDER ORDINARY CONDIT|ONS BE HEARD
AT THE RECEIVER. HOWEVER, TO MAKE THEM AUDIBLE, IT IS GENERALLY THE PRAC~
TICE TO USE A SPECIAL OSCILLATOR AT THE RECEIVER AND WHICH 1S KNOWN AS A
BEAT OSCILLATOR,

THI8 BEAT OSCILLATOR GENERATES RADIO FREQUENCY ENERGY AT CONTROLLED
FREQUENCIES, THE SAME AS DOES THE OSCILLATOR OF A SUPERHETERODYNERECEIVER,
As THE C.W, SI1GNALS ARE PICKED UP AND AMPLIFIED BY THE RECEIVER,THE R,F,
ENERGY GENERATED BY THE BEAT OSCILLATOR 18 MADE TO HETERODYNE WITH THE
INCOMING S1GNAL FREQUEN=

C.w. Wave i | &audé | CY TO PRODUCE THE INTER=

] | | MEDIATE FREQUENCY, ONLY

A /\ /\J‘\ /\ /\ /\ | | THAT IN THE CASE OF THE
] ' RECEPTION OF C.W, cooe

V V \/ \/ v \/ﬁ [ \/ \/ Vl S1GNALS, THE BEAT FREQUEN
l | CY 18 IN THE AUDI| BLE
Ka Closed L-K Closedd RANGE., THIS SUBJECTWILL

| BE EXPLAIJNED MORE THOR=
”| OUGHLY IN A LATERLESSON,

V U Uu A STILL DIFFERENT
[ 4}
C.

il /\/1 AR /\(\'
(VU TRVARVATARTA'

|

f

|
|l Interrupted __,_,,' L_

kgyrup ted TYPE OF CONTINUOUS WAVE

V) W, Wave A 1S THAT KNOWN A8 THE

c e INTERRUPTED CONT INUOUS

Fila. 1l WAVE AND WHICH 18 ABREV=

The Interrupted C W. Wave. 1ATED A8 "1,C.W," IN

THIS CASE,THE WAVE I8
STILL OF THE CONTINUOUS TYPE BUT S INTERRUPTED AT DEFINITE INTERVALS A8
S8HOWN IN THE LOWER PORTION OF Fi1ges |le IN OTHER WORDS, DURING THE TIMETHE
KEY 18 HELD CLOSED, A SERIES OF WAVES ARE RADIATED SOMEWHAT SIMILAR TO THE
WAVE RADIATION FROM THE SBPARK TRANSMITTER, ONLY THAT THE INDIVIDUAL WAVE
GROUPS OF THE INTERRUPTED CoW. RADIATION ARE NOT DAMPED BUT OF CONSTANT AM
PLITUDE.

WHILE THE KEY 18 HELD CLOSED, THE CONTINUOUS WAVE 1S INTERRUPTED AT A
RATE CORRESPONDING TO AN AUDIBLE FREQUENCY,S8AY FOR INSTANCE 500 To 1000
TIMES PER SECOND. THE SIGNAL PRODUCED AT THE RECEIVER HEADPHONES,WHILE THE
TRANSMITTER KEY 1S HELD CLOSED, 18 THEREFORE AUDIBLE. THEN BY CONTROLLING
THE LENGTH OF TIME AT WHICH THE TRANSMITTER KEY 18 HELD CLOSED, THE DOTS8
AND DASHES OF THE CODE ARE FORMED.,

NOW THAT YOU ARE FAMILIAR WITH THE DIFFERENT WAVE FORMS A8 RADIATED
8Y THE COOE TYPE TRANSMITTERS, LET US NEXT SEE HOW CONTINUQUS WAVES WERE
PRODUCED BY THE EARLY TRANSMITTERS.
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HIGH FREQUENCY GENERATORS

ONE OF THE METHODS WHICH HAS BEEN EMPLOYED FOR PRODUCING A CONT INU-
OUS OR INTERRUPTED CONTINUOUS WAVE FROM EARLY TRANSMITTERS WAS TOUSE WHAT
ARE kKNOwWN Ag HIGH FREQUENCY GENERATORS,

A FUNDAMENTAL TYPE OF ALTERNATOR USED FOR THIS PURPOSE IS KNUWN A3
THE "iNoucTOoR TyPE". HERE THE ROTATING PART OF THE GEMERATOR or" ynpuUCTOR"
CARRIES NO WINDINGS8~~|INSTEAD, THE SURFACE OF THE IRON ROTOR I8 S8LOTTED SO
AS TO FORM TEETH., A8 THE ROTOR 1S CAUSED TO REVOLVE, THE PASSAGE OF THE IN
DUCTOR TEETH ACROSS MAGNET IC POLES GENERATES AN ALTERNATING CURRENT, THIS
PRINCIPLE WAS EMPLOYED IN THE ALEXANDERSON HIGH FREQUENCY ALTERNATORS
WHICH WERE USED QUITE EXTENSIVELY BEFORE VACUUM TUBE TRAMSMITTERS CAME IN
TO PROMINENCE,

ALEXANDERSON ALTERNATORS WERE CONSTRUCTED TO GEMERATE FREQUENCIES AS
HIGH As 200 Ke.

STiLL OTHER TYPES OF HIGH FREQUENCY ALTERNATORS WHICH WERE USEDO WERE
CONSTRUCTED MORE ALONG THE LINE OF THE COMMERCIAL ALTERNATORS.THAT 18,
THEY CONSISTED OF A STAT|ONARY WINDING OR "STATOR"AND A REVOLVING WINDING
OR ROTORe HOWEVER, THE TWO WINDINGS ARE MADE PARTS OF TUNED OSCJILLATORY
CIRCUITS, DIFFERENT FREQUENCIES ARE GENERATED IN THE TWO WINDINGS AND
THESE FREQUENCIES REACT WITH EACHOTHER TO PRODUCE BEAT FREQUENC1IES OF
TWICE, THREE TIMES AND FOUR TIMES THE ORIGINAL FREQUENCY. THE HIGHER FRE=-
QUENCIES CAN THEN BE USED FOR RADIATION PURPOSES.

IN Fige 12 YOU WILL SEEA TYP-
1CAL METHOD OF HOW A HIGH FREQUEN—

<

‘17 H{qh Frequency
CY GENERATOR CAN BE CONNECTED TO ‘ for
THE TRANSMITTER FOR CODE TRANSM |33~ enera
tON. HERE YOU WiLL SEE THAT THE

OUTPUT OF THE HIGH-~FREQUENCY GEN-
ERATOR 15 APPLIED ACROSS A CIRCUIT
WHICH IS TUNED TO THE OUTPUT FRE-
QUENCY OF THE GENERATOReTHIS CIR-
CUIT I8 COUPLED TO THE TUNED ANT=~
ENNA CIRCUIT SO THAT A CONTINUNUS
WAVE OF CORRESPONDING FREQUENCY CaN
BE RADIATEDe THE TRANSMITTER KEY 1§
CONNECTED IN THE FIELD CIRCUIT OF
THE ALTERNATOR WHERE THE CURRENT Fla.12

VALUE 1S RATHER SMALL. Transmitter Circuit With High-
THE ARC TRANSMITTER Frequency Generator,

15N

Key in
Generator field

A SIMPLE ARC TRANSMITTER CIRCUIT 18 !LLUSTRATED FOR You IN Fila. 3.
THE SOURCE OF ELECTRICAL ENERGY (N THIS SYSTEM 18 A DIRECT CURRENT GENER-
ATOR WHICH FURNISHES AN E.M,F, oF 200 To 1200 voLTs, DEPENDING UPON  ITS
S1ZE,

THE DIRECT CURRENT AS FURNI|SHED 8Y THE GENERATOR FLOWS FROM THE POS-
ITIVE TERMINAL THROUGH THE CHOKE, WHOSE PURPOSE IS TO MAINTAIN THE CURRENT
OF UNJFORM VALUE, THE CURRENT THEN FLOWS THROUGH THE ARC JUST AS IN AN
ORD INARY ARC LAMP AND RETURNS TO THE NEGATIVE GENERATOR TERMINAL. A TUNED
CIRCUIT CONSISTING OF AN INDUCTANCE L‘ AND THE CONOENSER Cl ARE ALSO CON~
NECTED ACROSS THE ELECTRODES OF THE ARCe
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DUE TO THE PRESENCE OF THE CHOKE IN THE GENERATOR CIRCUIT, THE TOTAL
CURRENT FURNISHED TO BOYH THE ARC AND THE TUNED CIRCUIT REMA INS CONSTANT
IN VALUE, AT THE TIME THE CIRCUIT COMMENCES TO OPERATE, CONDENSER C' 18
NOT CHARGED AND THEREFORE A LARGE PORTION OF THE GENERATOR CURRENT FLOWS
INTO THE CONDENSER PLATES, CHARQING THEM, THEREFORE, LESS CURRENT WtLL NOW

FLOW THROUGH THE ARC BECAUSE THE GENERATOR CURRENT TENDS TO MAINTAIN A
CONSTANT VALUE,.

TH1S DECREASE IN CURRENT THROUGH THE ARC CAUSES THE VOLTAGE ACROSS IT,
" AS WELL AS ACROSS THE TUNED CIRCUIT,
TO RISE UNTIL THE CONDENSER Cl 18
FULLY CHARGED.

As SOON As THE CONDENSER  C,
+ 1S FULLY CHARGED, THE CURRENT THROUGH
THE ARC INCREASES TO ITS NORMAL VAL~
UE AND THEREFORE THE VOLTAGE ACROSS
THE ARC WILL OROP. HOWEVER, S INCE
e CONDENSER C| 18 STILL FULLY CHARQGED;
Qenerakor ITS VOLTAGE VALUE WILL BEHIGHER THAN
THAT OF THE ARC AND IT THEREFOREDIS=
CHARGES ACROSS THE ARC., A CHARGE THEN
FlG.\% COMMENCES TO BUILD UP  AGAIN ON CON
Simple Arc Transmitter. DENSER C| PREPARATORY FOR ANOTHER
DISCHARGE AND THIS CYCLE OF EVENTS

REPEATE ITSELF As LONG As THE D.C. voLTAGE I8 APPLIED.

SINCE THE DISCHARGE OCCURS THROUGH A TUNED OSCILLATORY CIRCUIT CON=
sisTING OF Cy; anD L THE OSCILLATIONS PRODUCED OCCUR AT A FREQUENCY DE=
TERMINED BY THE mouc’rlvs VALUE OF L| IN CONJUNCTION WITH THE CAPACITIVE
VALUE oF C.

THesE OSCILLATIONS ARE THEN TRANSFERRED TO THE TUNED ANTENNA CIRCUIT
BY MEANS OF ELECTROMAGNET IC INDUCTION AND ARE THUS RADIATED INTO SPACE.

. S

OF TH18 TYPE, THE METHOD Circuit —
ILLUSTRATED IN Fire. 14 ‘ ——L
CAN BE EMPLOYED, Here
YOU WILL SEE THAT THE :
KEY 1S CONNECTED IN SER - . O |
1EE WITH THE SOLENOID :
WINDING OF THE BACK=
SHUNT RELAY AND A  LOW
voLTAaGe D.C. suppLY, AT
THE TIME THE KEY 18HELD
CLOSED, THE RESULT ING CUR
RENT FLOW THROUGH THE
SOLENOID WINDING OF THE <
RELAY WiLL ATTRACT THE Low Voltage
CONTACT BLADE TOWARDS = | D.C Supply 1 Back- Shunt
THE LEFT 80 THAT IT WiLL B L— —_‘l Relay
TOucH coNTAcT #l. THis
WiLL SERVE TO CONNECT EiG, 14
THE ARC CIRCUIT TO THE T4 75 e
TUNED ANTENNA CIRCUIT SO e Arc Transmitter,

To KEY TRANSMITTERS Ant. CD'C Generator Absorption

Variometer

(

<)
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THAT 1TS OSCILLATIONS MAY RADIATE A CONTINUOUS WAVE FROM THE ANTENNA.

WHEN THE KEY 18 RELEASED, THE SOLENOID LOSES8 IT8 ATTRAC)ION 80 THAT
THE CONTACT BLADE OF THE RELAY I8 OVERCOME BY TME SPRING TENSION AND THERE
FORE CLOBES THE CIRCUIT THROUGH CONTACT '2. THIS WILL DISCONNECT THE ANT=
ENNA CIRCUIT FROM THE S8YSTEM AND AT THE SAME T IME W{LL CONNECT THE ABSORP
TION CIRCUIT ACROSS THE ARC. THE ABSORPTION CIRCUIT 8 ALSO A KESONANCE
CIRCUIT AND PERMITS8 CONTINUED OSCILLATION TO OCCUR IN THE TRANSMITTER BUT
PREVENTS RADIATION. THUS BY PROPERLY OPERAT ING THE KEY, THE DESIRED I N~
TERRUPTIONS CAN BE PRODUCED IN THE TRANSMITTED CONTINUOUB WAVE TO FORM
THE LETTERS OF THE CODE,

ALTHOUGH ALL MODERN TRANSBM] TTERS EMPLOY VACUUM TUBE CIRCUITS RATHER
THAN THE BYSTEM8 DESCRIBED IN THIS LEBBON, YET THIS8 LESSON SHOULD HAVE
S8ERVED T8 PURPOSE OF FAMILIARIZING YOU WITH THESE EARLIER CIRCUITS SUFF=
ICIENTLY 80 THAT YOU WILL AT LEAST HAVE SOME IDEA AS TO THEIR CONSTRUCT |ON
AND OPERAT ION IN THE EVENT THAT YOU S8HOULD AT SOME TIME OR OTHER HEAR A=
BOUT THEM,

THERE 18 NO NEED TO DESCRIBE THESE EARLIER TRANSBMITTERS IN FURTHER
DETAtL AND 80 IN THE NEXT LESSON, WE WILL START RIGHT N W|TH THE MODERN
VACUUM TUBE TRANSMITTER CIRCUITS. YOU WILL FIND THE STUDIES TO FOLLOW TO
BE UP TO DATE aND COMPLETE IN EVERY RESPECT.
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\ LESSON NO. T—|

It is well for a man to respect
his own vocation whatever it isa,
and to think himself bound to up-
hold it, and to claim for it the
respect it deserves.

lo = DRAW A DIAGRAM OF A SIMPLE SPARK TRANSMITTER AND EXPLAIN

20-

HOW IT OPERATES.

Descriee A “QUENCHED sPARK GAP" AND EXPLA IN THE REABSON

FOR USING T,

3. = MAKE A SIMPLE DRAWING OF A SYNCHRONOUS DISCHARGER AND EX

4.-

6.—

9."

|00-

PLAIN HOW )T OPERATES,

WHAT 1S THE DIFFERENCE BETWEEN AN INTERRUPTED CONTINUOUS
WAVE AND THE TYPE OF WAVE RADIATED BY A SIMPLE SPARK TRAN

SMITTER WHEN SENDING CODE siaNALs?

BY WHAT METHODS MAY CONTINUOUS WAVES BE GENERATED?

Draw A DIAGRAM OF A SIMPLE ARC TRANSMITTER CIRCUIT AND EX

PLAIN HOW 1T OPERATES.

FOR WHAT TYPE OF RADIO COMMUNJCATION ARE CONT INOUS WAVES

apapteo?

WHAT 18 THE DIFFERENCE BETWEEN A "SYNCHRONOUS DISCHARGER"
AND A "NON—BYNCHRONOUS DISCHAFGERM AS USED IN A SPARK TRANg

MITTER?

How DOES A TELEGRAFM KEY ENABLE THE "o(v8" AND DASHES™ OF
THE CODE TO BE FORMED WHEN OPERATING A TRANSM|TTER WHICH

RADIATES AN INTERRUPTED CONTINUOUS WAVET

WHY 12 A BEAT NOTE OGS CILLATOR USED IN CONJUNCTION WITH A
RECEIVER WHEN LISTENING TO C.W, cooe sienaLs?

NOTICEs~ Be SURE TO NUMBER ALL OF YOUR EXAMINAT JON PAPERS
FOR THE ADVANCED LESSON QROUPS TO CORRESPOND WITH THE
LESSON NUMBER APPEARING AT THE TOP OF THE EXAMINAT IONPAGE

IN EACH OF THESE LESSONS. FOR EXAMPLE, THE NUMBER OF

LessoN 18 T=l, THI8 18 IMPORTANT.
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LESSON NO. 2

« VACUUM TUBE OSCILLATORS -

You HAVE ALREADY BEEN TOLD THAT MODERN TRANSMITTERS EMPLOY VACUUM
TUBE OSCILLATORS IN ORDER TO GENERATE THE RAD|O FREQUENCY ENERGY WHICH I8
TO BE USED FOR RADIATING CONTINUOUS WAVES AND IN THIS LES8SON, YOU ARE GO~
ING TO BE BHOWN HOW SUCH OSCILLATORS FUNCTION AND THE METHODS OF USING
THEM IN TRANSMITTER CIRCU|TS,

PRODUC ING OSCILLAT IONS

OUR FIRST STEP WiLL BE TO S8EE HOW ELECTRICAL OSCILLATIONS CAN BEPRQ

DUCED IN A VACUUM TUBE CIRCUIT AND 1IN FIGURE 2 YOU ARE SHOWN THE FUNDA™
MENTAL CIRCUIT OF AN INDUCTIVE FEED—BACK TYPE OSCILLATOR, HE’RE, You wWiLL

NOTICE, THAT WE HAVE A SMALL PLATE COIL CONNECTED IN S8ERIES WITH THEPLATE

CIRCUIT OF THE TUBE AND AT THE S8AME TIME CLOSELY COUPLED TQ THE GRID COIL
OF THE S8AME TUBE 80 THAT

Printed in U. S. A,

THERE 18 MUTUAL INDUCTANCE
BETWEEN THESE TwO coiLs,.

WHEN 1T 13 DEBIREDTO
SET THIS S8YSTEM INOPERATION,
THE FIRST STEP TAKEN IS TO
CLOSE THE FILAMENT ° CIRCUIT
80 THAT THE CURRENT FURNISH
g0 sy THE "AY guppLY CAN
HEAT UP THE FILAMENT, THE
RESULTING ELECTRON EMISSION
W(iLL PERMIT PLATE CURRENT TO
FLOW THROUGH THE CIRCUIT,

THiIS PLATE CURRENT
MUST ALL FLOW THROUGH THE _
PLATE COIL AND IN DOING 80, Fla. 1
A MAGNETIC FIELD 18 ESTAB~ Engl'nee'r at Work Adjuséfng

LISHED AROUND IT, HOWEVER,

r ] -~
IT 18 IMPORTANT TO NOTE THAT a Trarnsmitter
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BEFORE THI8 PLATE CURRENT REACHES I1T8 PEAK VALUE, A CERTAIN LENGTH oF
TIME 18 REQUIRED AND DURING WHICH PERIOD THE RESBULTING MAGNETIC FI1ELD
PRODUCED BY THE PLATE COIL 18 UNDERGO ING AN EXPANDING IMPULSE, -

SINCE THE PLATE AND GRID COILS ARE INDUCTIVELY COUPLED, THE EXPAND—
ING FIELD OF THE PLATE COIL WILL CUT THROUGH THE TURNS OF THE GRID coiu
AND IN 80 DOING INDUCE AN E.M,F., IN THE GRID COIL. |F CONDITIONS ARE SUCH
THAT THE UPPER END OF THE GRID WINDING AT THIS PARTICULAR INSTANT BECOMES
POSITIVE WHILE 1T8 LOWER END BECOMES NEGATIVE, THEN THE GRID OF THE TUBE
WILL HAVE A POSITIVE CHARGE IMPRES8SED UPON IT. THIS IN TURN WILL CAUSE THE
FLOW OF PLATE CURRENT TO INCREASE.,

THIS INCREASING PLATE CURRENT CAUSES A STILL GREATER EXPANSION OF
THE MAGNETIC FIELD AROUND THE PLATE COjL, WHICH RESULTS IN A 8T ILLGREATER
INDUCTION IN THE GRID

Plate Coil R.F Chok? COIL AND THEAPPLICATION
OF A 8TILL HIGHER POS—

L W ITIVE POTENTJAL UPON THE

% RF. By-Pass GRID OF THE TUuBE. THIS
-'I/COVKL CAUSES8 A FURTHER IN—
= CREASE IN THE PLATE CUR
z [ RENT AND THEAPPLICATION

2 OF STILL HIGHERPOSITIVE
4 POTENTIALS UPON THEGRID.
= I'|'I'I'IL THIS BUILDING=UP PROCESS
CONT INUES IN THIS  WAY
. . “B” UP TO A CERTAIN POINT
Grid coi AW AND WHICH IS DEPENDENT
- e UPON THECHARACTERISTICS
OF THE TUBE AS WELL AS
Fila.z THE RESISTANCE OF THE

A Fundarmiertal Oscillator Circurt. CIRCUIT,

FINALLY, THE PLATE
CURRENT WILL STOP INCREASING AND HEREFORE THE MAGNETIC FIELD OF THE
PLATE COJL NO LONGER CONTINUES TO EXPAND. AT THIS TIME, NO VOLTAGE  CAN
BE INDUCED IN THE GRID WINDING AND THE VOLTAGE AT THE QGRID THUS DROP3 TO
ZERO. THIS BRINGS ABOUT A REDUCTION IN THE PLATE CURRENT. AND A COLLAPSE
OF THE MAGNETIC FIELDs SINCE THE LINES OF FORCE ARE NOW MOVING IN A ODj=-
RECT ION OPPOSITE TO THEIR FORMER DIRECTION OF TRAVEL, THE POLARITY OF THE
GRID COIL WILL AT THI8 TIME BE REVERSED, THAT I8, I1TS UPPER END WiLL NOW
BE NEGATIVE AND IT8 LOWER END POSITIVE. THIS MEANS THAT A NEGATIVE VOL=
TAGE WILL NOW BE APPLIED TO THE GRID AND THEREBY REDUCE THE FLOW OF PLATE
CURRENT 8TILL MORE,

THE pPLATE CURRENT WILL CONTINUE TO DECREASE IN TH1S MANNER, DROPP ING
BELOW 1TS NORMAL VALUE UNTIL A POINT I8 FINALLY REACHED AT WHICH NO FUR
THER DECREASE TAKES PLACE AND THE GRID POTENTIAL REMA NS CONSTANT FOR
AN INSTANT, THE CURRENT THEN COMMENCES TO INCREASE AGAIN AND THE CYCLEAS
JUST DESCRIBED WiLL REPEAT ITSELF, CONTINUING IN THIS MANNER INDEFINITELY
AS LONG THE OPERATING VOLTAQES ARE APPLIED TO THE TUBE.

ALTHOuGH THE "BY gupPLY FURNISHES A DIRECT CURRENT,YET WHEN THE TUBE
18 IN A STATE OF OSCILLATION, THE PLATE CURRENT RISES AND FALLS WITH RE=
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SPECT TO THE NORMAL PLATE CURRENT (THE NORMAL PLATE CURRENT IS THAT PLATE
CURRENT VALUE WHICH FLOWS WHEN NG "s1GNAL" VOLTAGE 18 APPLIED TO THE GRID).
THIS NORMAL PLATE CURRENT VALUE THEREFORE 1S EQUIVALENT TC THE ZERO LINE
OR LEVEL IN THE WAVE FORM OF A TRUE ALTERNATING CURRENT. IT 18 CUSTOMARY
TO REFER TO THE RISEBAND FALLS IN PLATE CURRENT AS THE A,C. OOMPONENT oF
THE PLATE CURRENT AND IT I8 OBVIOUS THAT IF A CURRENT OF THIS TYPE PASSES
THROUGH THE PRIMARY WINDING OF A TRANSFORMER, A,C., VOLTAGES WILL THROUGH
INDUCTION APPEAR ACROSS THE SECONDARY TERMINALS., THE A,C, COMPONENT OF AN
0SCILLATOR'S PLATE CURRENT CAN THEREFORE PRODUCE THE SAME RESULTS AS A
CONVENTIONAL ALTERNATING CURRENT.

IN Fi1Ge 3 YOU ARE SHOWN A GROUP OF CURVES WHICH ILLUSTRATE CLEARLY
HOW AN ALTERNATING E.M,F, WHEN APPLIED TO THE GRID OF THE OSCILLATOR TUBE
CAN PRODUCE AN A.C., COMPONENT OF S8TILL GREATER MAGN|TUDE IN THE PLATE
CIRCUIT AND T IS IMPORTANT TO -REMEMBER THAT THE A.C. GRIO VOLTAGE A8 APP
LIED TO THE GRID OF THE OSCILLATOR TUBE 18 OBTAINED FROM THE TRANSFER OF
PLATE ENERGY TO THE GRID CIRCUIT.

IT 1s REALLY THE ABILITY OF A VACUUM TUBE TO AMPLIFY WHICH ENABLES
IT TO FUNCTION A8 AN OSCILLATOR. IN OTHER WORDS, SINCE THE POWER REQUIRED
BY THE INPUT OF AN AMPLIFIER 1S MUCH LESS THAN THE AMFLIFIED OUTPUT, THE
AMPLEFIER TUBE CAN BE MADE TO SUPPLY (TS OWN INPUT, [T 1S ALSO TRUE THAT
AT THE TIME THE CIRCUIT GOES INTO OSCILLATION, THE R.F. ENERGY AS FURNISH=
ED BY THE PLATE CIRCUIT TO THE GRID CIRCUIT IS GREAT ENOUGH SO A8 TO RE-
DUCE THE QRID CIRCUIT LOSSES TO ZERO, )

SHOWS OSCILLATIONS BUILDING UP SHOWS RISE AND FALL
QUICKLY DUE TO FEED-BACK ACTION. I,’IN PLATE CURRENT
(
1

A
1

T

NORMAL /
PLATE CURRENT

PLATE CURRENT CHANGES

GRID YOLTAGE CHANGES

-_———————
%«—---smm ALTERNATING E. M.F. APPLIED
% TO OSCILLATOR GRID OBTAINED FROM
—_— THE TRANSFER OF PLATE ENERGY
—— TO THE GRID CIRCUIT.
e S —

FIG.3

Curves .S—how/n_g Hocw ,L//_'y/,'—Frzque/—rcy A.C. 1s
Genewrated by the Oscitlator Crrcuwrt,
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OsservE IN F1G. 3 THAT THE OSCILLATIONS BUILD UP QUITE RAPIDLY UN-
TIL THE FINAL AMPLITUDE 1S REACHED AND THAT WHEN ONCE IN OPERAT|ON, THE
WAVE FORM |8 CONTINUOUS AND OF CONSTANT AMPLITUDE AND IT I8 THI8 FEATURE
WHICH PERMITS THE VACUUM TUBE OSCILLATOR TO PRODUCE A CONTINUOUS WAVE,THE
FREQUENCY OF OSCILLATION, OR THE FREQUENCY AT WHICH THE PLATE CURRENT RI-
S8E8 AND FALLS IS GOVERNED 8Y THE CAPACITIVE AND [INDUCTIVE VALUES A8 USBED
iN THE TUNED CIRCUIT (THE GRID CIRCUIT IN THE CASE OF F1G6.2).

IN PRACTICE, SEVERAL FUNDAMENTAL OSCILLATOR CIRCU|T8 ARE  EMPLOYED
AND THESE SHALL NOW BE EXPLAINED IN THEIR PROPER ORDER.

THE HARTLEY OSCILLATOR

In Fige 4 YOU ARE SHOWN WHAT 18 KNOWN A8 A "sHunT—reep® HARTLEYOSC—~
ILLATOR, By STUDYING
THI8 DIAGRAM CAREFULLY, Ry
YOU WILL OBSERVE  THAT
WE HAVE FIRST A colL
OR INDUCTANCE L anD A
VARIABLE CONDENSER c
WHICH TOGETHER FORM THE
TUNING CIRCUIT, THE uPp
ER END OF coliL L 18 con
NECTED TO THE GRID OF
THE TUBE AND THE LOWER
END OF THIS BAME COIL
18 CONNECTED TO THE
PLATE OF THE TUBE THRU {||||h
THE COUPLING CONDENSER -

Cz. THE FILAMENT CIRCUIT
AND B= ARE CONNECTED TO Filg. 4

coiL L AT A POINT BE~ Shunt- Feed Hartley Oscillator
TWEEN ITS END  CONNEC~

TIONS AND THIS RESULTS IN THE UPPER SECTION OF COJL L BEING INCLUDED N
THE GRID CIRCUIT AND THE LOWER SECTION OF L BEING INCLUDED IN THE PLATE
CIRCUIT OF THE SAME TUBE. THEN SINCE THESE TWO SECT IONS8 ARE PART8 OF THE
SAME WINDING, WE HAVE THE GRID AND PLATE CIRCUITS OF THIS TUBE 80 COUPLED
THAT OSCILLATIONS CAN BE PRODUCED A8 ALREADY EXPLAINED RELATIVE TO Fia. 2.

R.F Chokc.,?

M
>
x®

+

THE CONNECTIONS AT COIL L WHICH ARE INDICATED BY MEANS OF THE ARROW
HEADS INDICATE THAT THESE CONNECTIONS ARE SUBJECT TO CHANGE AT THE TIME
THE OSCILLATOR IS BEING ADJUSTED FOR OPERATION. |T 18 CUSTOMARY TO  WIND
cotL L wiTH COPPER TUBING 80 THAT A S8PACE-WOUND, SELF=8UPPORTING COIL 18
OBTAINED AND TO USE CLIP CONNECT {ONS AT THOSE POINTS WHICH ARE INDICATED
BY THE ARROW HEADS IN Fic, 4.

THe R.F. CHOKE PROVIDES A HIGH IMPEDANCE TO RADIO FREQUENCY CURRENTS
IN THE "B" CIRCUIT OF THIS TUBE AND THEREBY FORCES THE R.F. ENERGY THRU
CONDENSER C,z INTO THE LOWER SECTION OF COIL ke

THE PURPOSE OF THE CONDENSER C‘AND THE LEAK RESI1STOR R,As UBED N
THIS CIRCUIT I8 TO KEEP THE AVERAGE POTENTIAL OF THE GRID NEGATIVE WITH
RESPECT TO THE FILAMENT. CONDENSER C; OFFERS PRACTICALLY NO OPPOSITION TO
THE HIGH FREQUENCY CURRENTS 80 THAT R.F. VOLTAGES CAN BE APPLIED THRU T
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AND IMPRESSED UPON THE GRID OF THE TUBE. EACH TIME THAT THE INSTANTANEOUS
GRID POTENTIAL 18 POSITIVE, ELECTRONS ARE ATTRACTED TO THE GRID AND PER-
MITTED TO FLOW THROUGH THE GRID CIRCUIT BY BEING SHUNTED AROUND C) THRU
RESISTOR Ry, BINCE THI8 GRID CURRENT FLOW THROUGH R|18 ALWAYS IN THESAME
DIRECTION, THE RESULTING VOLT DROP ACROS8 R, CAN BE USED A8 A BIABVOLTAGE
FOR THE TUBE = THE GRID BEING NEGATIVE W)TH RESPECT TO THE FILAMENT,

THE SERIES-FEED HARTLEY OSCILLATOR

THE "8ER)E8~FEED" HARTLEY 0SCILLATOR 18 (LLUSTRATED IN F1a.6. THis
CIRCUIT IN GENERAL 18 QUITE SIMILAR TO THE HARTLEY CIRCUIT OF Fira. 4 suTt
IT DIFFERS IN THAT IN THE BERIES—FEED SYS8TEM, THE LOWER S8ECTION OF COIL
L 18 USED TO COMPLETE THE CONNECTION BETWEEN B~ AND A~. IN OTHER WORDS,
IN THE SERIE®~FEED S8YSTEM, THE LOWER SECTION OF colL L 18 IN SBERIES WITH
THE "B circuit. THiE

BEING TRUE,WE HAVE
HERE ANOTHER CASE
WHERE THE GRID AND g

PLATE CIRCUITS ARECLQ
8ELY COUPLED 80 THAT
OSCILLAT|ON CAN BEPRQ
DUCED., THE PURPOSE OF
CONDENSER Cq18 TO PRQ
VIDE A SHUNTING PATH
AROUND THE "B" guppLY
80 THAT NONE OF THE
RADIO FREQUENCY ENERGY
WiLL BE COMPELLED TO

.
|+
Pl
1l

" FLOW THROUGH THE ¥B" HWeo
SUPPLY,
THE COLPITTS CIRCUIT Fi1G. 5

, Series— Feed Hartley Oscillator.

IN THE 08CILLAT—
ORS AS 80 FAR DESCRIBED, FEED~BACK WAS ACCOMPLISHED THROUGH INDUCTIVE
COUPLING SETWEEN THE PLATE AND GR|D CIRCUITS OF THE OSCILLATOR TUBE. I[N
ADDITION TO THIS8 METHOD, IT IS ALSO POSSIBLE TO OBTAIN THI§ FEEO~BACK BY
uTiL1ZING CAPACITY COUPLING BETWEEN THE PLATE AND GRID CIRCUITS OF THE
TUBE., A CIRCUIT OF THI8 TYPE 18 SHOWN YOU IN Fia., 6 AND §T 18 KNOWN A8
THE COLPITTS SYSTEM,

By sTuoYiNGg F138.,6 CAREFULLY, YOU WiLL OBBERVE THAT THE TWO SERIES
CONNECTED CONDENSBERS C‘AND ngns TOGETHER CONNECTED ACRO88 COIL Lo Ir
IS ALS8O TRUE THAT CONDENSER8 C,AND C,ARE EFFECTIVELY CONNECTED IN BERIES
AND TOGETHER SHUNTED ACROSS THE "B" guppLY. THE GRID CONDENSER C4 AND LEAK
RESISTOR R FUNCT 1ON IN THE SAME MANNER AS ALREADY EXPLAINED RELATIVE TO THE
PRECEDING CIRCU(ITS,

WiTH THESE POINT-S IN MIND, LET US NOW SEE HOW THIS BYSTEM OPERATES?

AT THE TIME THE FILAMENT CIRCUIT 18 COMPLETED, ELECTRON EMISSION
TAKES PLACE AND PLATE CURRENT COMMENCES TO FLOW, THE R.F, cHMOkE IN  THE
PLATE CIRCUIT OPPOSES ANY FLOW OF RADIO FREQUENCY CURRENT THROUGH IT AND
PORCES THE R.F, ENERGY THROUGH CONDENSERS CBAND‘C1WHi0H ARE CONNECTED N
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SHUNT WITH THE "B" C1RTUIT AND THEREFORE VOLTAGE DROPS8 OF CORRESPONDING
VARIAT ION APPEAR ACRO88 THE PLATES OF CONDENSER C,. THE METHOD OF CONNEC~
TION BETWEEN Cl-ciﬁND L ARE S8UCH THAT IF A VOLTAGE DROP OR DIFFERENCE OF
POTENT IAL 18 ESTABLISHED ACROSS THE PLATES OF CQ, A VOLTAQE DROP OR DIFE
ERENCE OF POTENTJAL MUST ALSO APPEAR ACROSS CONDENSER C‘AND WHICH wWiLL
RESULT IN A VOLTAGE DIFFERENCE BETWEEN THE FILAMENT AND GRID ACROSSWHICH
IT 1S CONNECTED. THIS CHANGE IN THE VOLTAGE OIFFERENCE BETWEEN THE FiL~
AMENT AND GRID WILL PRODUCE A CORRESPONDING CHANGE IN THE PLATE CURRENT
AND WHICH IN TURN WILL BRING ABOUT A FURTHER CHANGE IN GRID POTENT AL DUE
TO THE CORRESPONDING VOLTAGE CHANGES WHICH APPEAR ACROsSSs C AND c ON ACO~-
OUNT OF THE FEED—BACK. SINCE THE A.C. COMPONENT OF THE PLATE ClRCUlT 18
BEING UTILIZED FOR FEED-BACK, ALTERNAT|NG=POTENTI|AL VARIATIONS ARE BEING
APPLIED TO THE GRID AND THE PHASE RELATION IN THE CIRCUITS 18 8UCH THAT
SELF—=8USTAINED OSCILLATIONS RESULT,

Ca R.F Chok THE FEED—BACK E—
‘ ihoke | preer 18 INFLUENCED BY
4' J/ | THE capaciTy oF conpEn~
_é c, R, AL < sers C,anD C,AND THEFRE
7 —E-:, QUENCY OF OSCILLATION
18 DETERMINED 8Y THE
“A ' INDUCTANCE VALUE OF COJL
L IN CONJUNCTION WITH
THE CAPACITIVE VALUES
OF CONDENSERS C| AND C?_

C
N\

THE TUNED~PLATE,
__"||,| | I,l ,|i_. TUNED~GRID OSCILLATOR

IN Fiaa7v0oU ARE
sHown A TUNED- PLATE,
Fla, & TUNED=-GR1D OSCILLATOR

The Co/,oi#s Oscillator. AND WHICH ALSO  MAKES

USE OF A CAPACITIVE

FEED—BACK 8YSTEM. IN THIS CASE, ONE TUNED CIRCUIT CONSISTING OF L,AND ¢,

IS CONNECTED ACROSS THE GRID CIRCUIT AND ANOTHER TUNED CIRCUIT CONSIS8T—
ING OF L,LAND C,Lls CONNECTED IN THE PLATE CIRCUIT,.

WHEN THESE TWO CIRCUITS ARE TUNED TO RESONANCE WITH EACHOTHER, R.F.
ENERGY OF THIS8 SAME FREQUENCY I8 REJECTED BY THE TUNED PLATE CIRCUIT AND
SOME |F |T 18 FORCED THROUGH THE TUBE'S GRID=PLATE CAPACITY AND THUS APP
LIED TO THE GRID., VOLTAGE CHANGES THUS IMPRESSED UPON THE TUBE'S GQRID AT
RADIO FREQUENCIES WILL CAUSE CORRESPONDING VARJATIONS IN PLATE CURRENT
AND SINCE THE OUTPUT POWER OF THE TUSBE 18 MUCH GREATER THAN THE INPUT
POWER REQUIRED TO PRODUCE 1T, CONTINUOUS OBCILLATIONS CAN BE GENERATED
THE SAME AS ALREADY EXPLAINED RELATIVE TO THE SYSTEMS PREVIOUSLYODESCR) S~
EDe

THE R.F. CHOKE AND CONDENSER C4ARE USED IN THE CIRCUIT oF Fi1a.7 so
THAT THERE WiLL BE NO TENDENCY FOR R,F, ENERGY TO PASS8 THROUGH THE "Bf
sUPPLY. THE GRID CONDENSER C§AND THE LEAK RES|ISTOR R’ruucnon IN THESAME
MANNER AS ALREADY EXPLAINED FOR THESE SAME UN|TS EARLIER IN THIS LESSON.

THE MEISSNER CIRCUIT
IN THE MEISSBNER CIRCUIT WHICH IS JLLUSTRATED IN F1Q@.8 WE HAVE THREE
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COIL8 INDUCTIVELY COUPLED. CoivL L‘IB INCLUDED IN THE GRID CIRCUIT AND
INDUCTIVELY COUPLED TO THE ANTENNA COIL, WHILE COIL L2}8 INCLUDED IN THE
PLATE CIRCUIT AND ALS® INDUCTIVELY COUPLED TO THE ANTENNA COlL. NeITHER
LlNOR qus TUNED = THE FREQUENCY OF OSCILLAT|ON IN THis CIRCUIT BEING
CONTROLLED BY TUNING THE ANTENNA CIRCUIT, .

IN THIS CIRCUIT RADIO FREQUENCY ENERGY IN THE PLATE CIRCUIT 18 IN-
DUCED FROM CO1IL LaJNTO THE ANTENNA COIL WIiTH WHICH |T 18 COUPLED AND THE
ANTENNA COIL IN TURN |NDUCES VOLTAGES OF CORRESPONDING FIEQUENCY INTO
THE GQRID COIL L‘WITH WHICH IT I8 COUPLED. IN THIS MANNER REGENERAT |ON AND
OSCILLATION )8 PRODUCED,

Ri w4 Tubes grid-plate

THE ®TNT® CIRCUIT il capacity

- -y

THE CIRCUITSAS 80
FAR DESCRIBED ARE THE
FUNDAMENTAL OSCILLATOR
CIRCUITS BUT IN PRACTICE
YOU WILL FIND THAT  IN
ADDITION TO THESE, A
NUMBER OF MODIFJCATIONS
OF THESE FUNDAMENTALCIR -
CUITS ARE EMPLOYED. IN —1
Fi1a. 9, FOR INSTANCE,WE
HAVE WHAT 18 KNOWN AS
THE "T.N.T.® circusT.

L .,

Ca

||
fﬂ
N

¢
Bv sTupyineg F16.9
CAREFULLY, YOU WiLL 0B~

S8ERVE THAT THE  TUNING Fla.

CIRCUIT 18 HERE INCLUDED Tuned- Plate, Turned- Grid Oscillator.

IN THE PLATE CIRCUIT OF .

THE TUBE AND CONSISTS OF THE cOIL L AND THE CONODENBER C;. THE GRID COIL
L,l8 80 CONSTRUCTED THAT 1IT8 INDUCTANCE TOGETHER WITH 1T3 DISTRIBUTED CA=
PACITY ANO THE ADDITIONAL CAPACITY INTRODUCED BY THE GRID CIRCUIT WIRING
PERMITS IT TO RESONATE BROADLY AT THE OPERATING FREQUENCYe THEGRID=PLATE
CAPACITY OF THE TUBE PROVIDES THE NECESSARY FEED—BACK THE SAME AS INTHE
TUNED=GRID, TUNED~PLATE OSCILLATOR —— THE ONLY DIFFERENCE BEING THAT THE
GRID COIL 18 NOT TUNED BY A CONDENSERs

THE' ELECTRON-COUPLED OSCILLATOR

F1g. |0 sHOWS YOU HOW A SCREEN GRID TUBE OF THE HEATER TYPE IS8 US™
ED IN AN ELECTRON=COUPLED OSCILLATOR CIRCUITs THE S8CREEN GRID, CATHODEAND
CONTROL GRID ARE CONNECTED IN A HARTLEY CIRCUIT 80 AS TO QENERATE THE
OSCILLATIONS. THE AMPLIF1ED R.F, ENERGY 18 TAKEN FROM THE TUNING CIRCUIT
WHICH IS CONNECTED IN SERIES WITH THE PLATE. IN OTHER WORDS, THI8 ARRANGE
MENT SERVES AS AN OSCILLATOR AS WELL AS AN R,F, AMPLIFIER 80 THAT THE
RcF. ENERGY IN ADDITION TO BEING GENERATED CAN ALSO BE AMPLIFIED BY THE
S8AME TUBE,

ALTHOUGH BATTERIES ARE S8HOWN A8 BUPPLYING THE "B" voLTAGES,AND ALSO
THE "A® VOLTAGE IN THESE DIFFERENT OSCILLATOR CIRCUITS, YET YOU MUST BEAR
IN MIND THAT THE OSCILLATOR CIRCUIT ARRANGEMENT REMAINS THE BAME REGARD—
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LESS OF THE TYPE OF POWER SBUPPLY BEING USEDe THE DIFFERENT POWERSUPPLIES
A8 USED WITH TRANSMITTERS AND ALBO COMPLETE TRANSMITTER CIRCUIT DIAGRAMS
TOGETHER WITH THEIR PROPER POWER SBUPPLIES WILL ALL BE BROUGHT TO YOUR
ATTENTION AT THE PROPER TIME IN THE COURSE.

TWO-TUBE OSCILLATORS

SOMETIMES, IT 18 DESIRED TO OBTAIN A GREATER POWER OUTPUT FROM AN
OSCILLATOR THAN CAN BE BUPPLIED FROM A S8INGLE TUBE OF THE TYPE AVAILABLE.
IN sucH CASES, IT I8 THEREFORE THE PRACTICE TO USBE TWO TUBES TO FUNCTION
8 IMULTANEOUSLY A8 OSCILLATORE AND IN THIS WAY FURNI|SH APPROX IMATELY TWI|CE
THE POWER OUTPUT OF A SINGLE TUBE. QNE METHOD 18 TO CONNECT THE TwWOo osC—
ILLATOR TUBES IN PARALLEL, THAT 18, USING THE SAME FUNDAMENTALOSCILLATOR
CIRCUIT A8 WITH A SINGLE TUBE BUT TO CONNEOT TOGEIH%R THE QRIDS, THE
PLATES AND THE FjiL—

Ant AMENTS OF TWO 8IM[L—
—~AAA— AR TUBES.

_“_ A PARALLELOBO~

< ILLATOR CONNECTION,
| HOWEVER, |8 NOT ALTO—~
g . GETHER DESIRABLE IN
THAT THI8 ARRANGEMENT
ALSO PLACES THEGR|D—
PLATE CAPACITIES OF
_";I||||+_ THE TWO TUBES IN PAR
1 ALLEL AND IN THIS
"B ! WAY INCREASES  THE
:'I'l'l"'l"'l-" _ FEED~BACK. WHEN Two
TUBES ARE TOGETHER I
VOLVED IN THIS  WAY
THE FEED—BACK 18 NOT
EASILY CONTROLLED.

Tuning
Cond.

Fla. &

: . . IF Two osciLL~
¢ 27
The Meissner Crrcuit. ATOR TUBES AREWANTED,

THEN IT I8 BETTER TO CONNECT THEM IN A PUSH~PULL ARRANGEMENT. THE PUSH-
PULL CIRCUIT IN THIS8 CASE WILL HAVE THE SAME CHARACTERISTICS AS A PUSH-
PULL TUBE CONNECTION IN AUDIO AMPLIFJERS. IN OTHER WORDS, THE PUSH=PULL
OSCILLATOR CONNECTION ALSO PROVIDES US W{TH ABQUT TWICE THE POWER OUTPUT
OF A SINGLE TUBE AND IN ADDITION PLACES THE GRID~PLATE CAPACITJIES OF THE
TWO TUBES EFFECTIVELY IN BERIES.

IN THIS MANNER, WE ARE THEREFORE ABLE TO REALIZE A GREATER POWER
OUTPUT AND AT THE SAME TIME REDUCE THE GRID~PLATE CAPACITY 80 THAT FEED~
BACK CAN BE READILY CONTROLLED. IT 18 FOR THESE REASONS THAT THE PUSH~
PULL CONNECTION 18 MOST USED WHERE DUAL OSCILLATOR TUBES ARE EMPLOYED.

THE PUSH=PULL OSCILLATOR

A SIMPLE FORM OF PUSH~PULL OSCILLATOR 18 SHOWN YOU IN Fila.l] AND
WHICH YOU WILL NO DOUBT READILY RECOGNIZE AZ BEINGQ BASED ON THE T.N.T.
CIRCUIT,
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CotL L,oF THE
PLATE TUNED CIRCUIT IS
CENTER—TAPPED AND CON
NECTED TO B+,wHILE I1T8
EXTREMETIES ARE EACH
CONNECTED TO ONE  OF
THE OSCILLATOR  TUBE
PLATES, THE R,F.cHOKE
LoWHICH I8 CONNECTED A

CROS8 THE GQRIDS oF
THE TwOo TUBES 1S ALSO
CENTER—TAPPED, THE

CENTER TAP BEING CON—
NECTED To B= AND THE
ELECTRICAL CENTER OF
THE FILAMENT CIRCUIT
THROUGH THE BLOCK ING
CONDENSBER CgoAND  THE
LEAk RESISTOR Rj. THE
PURPOSE OF THE CONDEN—
8ER 05l8 TO SERVE AS
A HIGH FREQUENCY BY—
PASS AROUND THE B su-
PPLYe

From WHAT YOU HAVE ALREADY LEARNED

R
1
S|
L2 _77%‘ Ly
Sirs
Ji
B H
s | ] i
- Fia. 9
The " T.N.T." Circuit,

IN TH18 LESSON CONCERNINQ AN

0BCILLATOR CIRCUIT OF THIS TYPE WHEN USING A SINGLE TUBE IN CONJUNCTION
WITH WHAT YOU ALREADY KNOW ABOUT PUSH=PULL OPERATION, YOU SHOULD HAVE NO
INTELLIGENT UNDERSTANDING OF THE CIR

DIFFICULTY WHATEVER IN ACQUIRING AN

CUIT PRESENTED IN F G,

THE TUNED-PLATE, TUNED-GRID,PUSH-PULL OSCILLATOR

Ry .,
' s}c '
3
L, :;éc' e
&4
=
——=t|)i I'i'l =
F__d.

Fta.10

The Electron-Coupled Oscilla tor.

IN Fre.t2 You
WiLL SEE HOW TWO TUBES
CAN BE OPERATED IN A
PUSH=PULL ARRANGEMENT
BY USING THE TUNED=
PLATE, TUNED=GRID 08C—
ILLATOR PRINCIPLEJHERE,
THE GrRID coiL Ly 1s CEN
TER TAPPED AND TUNED 8Y
CONDENSER C) — THE CEN
TER TAP 18 CONNECTED
TO B~ AND THE ELECT-
RICAL SENTER OF THEFIL
AMENT SIRCUIT THROUGH
THE BLOCKING CONDENSBER
C3AND THE LEAK RESISTOR
R,. THE PLATE cott. Lo
18 ALSD CENTER TAPPED
AND TUNED BY CONDENSER
C g — THE CENTER TAPBE
ING CONNECTED TO B+,
THE OTHER CONNECTIONS
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Fla. 11
The

Push-Pull Oscillator

COMPONENTS ARE SELF—EXPLANATORY BY THIS TIME,

WHEN PUSH=PULL OSCILL~

ATOR TUBES ARE USED, THE TeNeT,
AND TUNED—=PLATE, TUNED~GRID AR
RANGEMENTS ARE MOST GENERALLY
EMPLO YED, HOWEVER, THE HARTLEY

AND COLPITTS SYSTEM CAN ALSO

BE APPLIED IN A PUSH-PULLCIR
CUIT.

THE PUSH-PULL HARTLEY

CIRCUIT
For vour INFORMAT | ON
YOU ARE SHOWN IN FiGg. 13 A

HARTLEY OSCILLATOR  CIRCUIT
IN WHICH TWO TUBES ARE USED
IN PUSH=PULL. HERE THE BAS)C
PUSH=PULL ARRANGEMENT |SUSED
AND [N ADDITION THE COUPLING
CONDENSERS G, AND C;ARE cONN~
ECTED BETWEEN THE GRID8 OF
THE TUBES AND OPPOSITE ENDS
OF THE PLATE COIL L|. THesE

CONDENSERS ARE USED TO PERMIT FEED~BACK AND THEIR POINT OF CONNECTION TO
L|IS VARIABLE 80 THAT MORE OR LESS OF COIL L|CAN BE INCLUDED IN THE FEEO—
BACK CIRCUIT FOR BOTH TUBES. DUE TO THE MANY CONNECTIONS WHICH ARE NEC~

ESSARY AT COIL LIWHEN USING THI8 CIRCUIT,THE COIL IN THIS CASE

QUITE CUMBERSOME AND AWKWARD TQ HANDLE,

OTHER THAN THE  FEED~
BACK CONNECTIONS AT THE COilL
L.THE CIRCUIT IN GENERAL D~
FFERS VERY LITTLE FROM THE
OTHER PUSH=PULL CIRCU|TS
SHOWN YOU [N THIS LESSON,

THE PUSH-PULL COLPITTS
CIRCUIT

THE push~PULL BGoLPITTS
CIRCUIT 1S SHOWN You N Fjg,.
l4. Here THE conpensers C,
AND C,WHICH TOGETHER TUNE
THE CIRCUIT MUST BE  EJTHER
INDIVIDUAL CONDENSERS ORELSE
A SPLIT STATOR CONDENSER. THE
VARIABLE GRID CONDENSERS 03
AND C,ARE USED TO FURNISH A
CONTROL OF GRID EXITAT ION.

THE REMAINING FEATURES
OF THIS CIRCUIT FOLLOW THE

i

BECOMES

na
0

L=y

4

“B"
=l ——

The Tuned- Plate,
Push- Pull Oscrllator

FlGg,12
Turned Grid
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Fla. 13 Fla. |4
The Push-Pull Hartley Circuit. The Push-Pull Colpitts Circuit.

SAME DESIGN PRINCIPLES AS THE OTHERS 80 FAR DESCRIBED IN THIS LESSON AND
THERE 18 THEREFORE NO NEED FOR REPEATING THIS8 INFORMATION AT THE PRESENT
T IME,

IN THIS LESSON YOU HAVE HAD THE OPPORTUNITY OF BECOMING ACQUA INTED
WITH THE BASIC OSCILLATOR CIRCUITS AS USED ,IN TRANSMITTERS FOR BOTH CODE
AND PHONE TRANSMISS ION. IN THE FOLLDWING LESSON YOU ARE QOING TO CONTIN-
UE YOUR TRANSM|TTER STUDIES BY APPLYING THESE FUNDAMENTAL OSCILLATORCIR™
CUITS TO LOW=-POWER CODE TRANSMITTERS AND WHERE YOU WILL ALSO BE GIVEN COM
PLETE CONSTRUCTIONAL DATA A8 WELL AS THE ELECTRICAL VALUES OF THE PARTS
UBED AND CORRECT PROCEDURE FOR OPERATING S8UCH TRANSMITTERS. You W)LLTHEN
AOVANCE IN LOGICAL STEPS THROUGH YOUR CODE STUDIES, THE APPLICATION oF
R.F. AMPLIFICATION TO TRANSM|TTERS, MODULATION SYSTEMSE ETC. 80 THAT 8Y
THE TIME YOU COMPLETE THIS BERIES OF LESSONS TREATING WITH TRANSMITTERS ,
YOU WiLL HAVE A MOST THOROUGH KNOWLEDGE OF THIS DIVISION OF THE Rap10

FIELDe

~\F 74
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LESSON NO. T-2

Study and understudy. After you
have really mastered your job and
know more about it than anyone else,
study the job of the man ahead. Be
an understudy. Be prepared for opp-
ortuni ty

DRAW A DIAGRAM OF A FUNDAMENTAL VACUUM TUBE OSCILLATOR
CIRCUIT AND EXPLAIN HOW OSCILLATION 'S PRODUCED.

DRAW A DIAGRAM OF A SHUNT=FEED HARTLEY OSCILLATOR AND
EXPLA IN HOW ] T OPERATES.

Oraw A D1AGRAM OF THE COLPITTS OBCILLATOR AND EXPLAIN
HOW T OPERATES,

ORAW A DIAGRAM OF A TUNED—=PLATE, TUNED=GRID OSCJILLATOR
AND EXPLAIN HOW T OPERATES,

Draw A pD1aGrRAM OF THE T.NeT. OSCILLATOR CIRCUIT AND EX
PLAIN HOW T OPERATES,

WHAT ADVANTAGES ARE OBTAINED BY EMPLOYING TWG TUBES IN
A PUSH=PULL OSCILLATOR CIRCUIT AND WHY I8 THIS ARRANGE
MENT PREFERABLE TO PARALLEL CONNECTED OSCILLATOR tTuses?

DRAW A DIAGRAM OF A TUNED—~PLATE, TUNED=GRID PUSH=PULL
OSCILLATOR AND EXPLAIN HOW |IT OPERATES.

WHAT 1S THE DIFFERENCE BETWEEN THE SERIES—FEED HARTLEY
OSCILLATOR AND THE SHUNT—FEED HARTLEY 08CILLATOR?

WHY IN OSCILLATOR CIRCUITS 18 IT CUSTOMARY TO CONNECT A
BY—PASS CONDENSER ACROSS THE B POWER SUPPLY CIRCUIT?

Draw A D1AGRAM OF THE MEISSNER OSCILLATOR CIRCUIT AND EX
PLAIN HOW |T OPERATES.

S
3
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Gransmitters

LESSON NO. 3
o LOW- POWER TRANSM|TTERS®

WiITH WHAT YOU HAVE LEARNED IN THE PREVIOUS LESSCN ABOUT VACUUM
TUBE OSCILLATORS, YOU ARE NOW (N A POSITION TO 8TUDY ABOUT LOW=POWER TRA
NSMITTERS IN THEIR COMPLETE FORM AND THE CORRECT METHOD OF OPERATING
THEM, {T 18 NO MORE BUT LOGICAL THAT WE START THIS 8TUDY WITH THE GIME
_LER CIRCUITS INVOLVING AN OSCILLATOR STAGE ONLY AND THEN GRADUALLY AD~
VANCE THROUGH THE MORE COMPLEX SYSTEMS IN WHICH A QREATER NUMBER oFTuD~
ES8 ARE EMPLOYED.

You wiLlL ALSO FIND THAT
FOR THE PRESENT,ONLY CODE-
TRANBMITTERS ARE BEING CON—
SIDERED IN THAT THESE TRANS—
MITTERS MAKE USE OF MORE BI=
MPLE CIRCUIT DESIGNS THAN DO
THE PHONE TRANSMITTERS WHICH
ARE DESCRIBED IN LATER LES—
BONS,

WE WANT YOU TO  UNDER~
STAND CLEARLY, THAT THE CON—
S8TRUCT JONAL. DATA A8 FURNISH—
ED §IN THESE LESSONS (SOFFER~
ED SOLELY FOR INSTRUCT IONAL
PURPOSES AND THAT IT 18 UN—
LAWFUL TO OPERATE ANY OF THIS
TRANSMITTING EQUIPMENT WITH—
OUT FIRST HAVING PASSED THE
REQUIRED EXAMINAT|ON AND RE-

CEIVED A LICENSE FROM THEFEQ Fia.1l
eraL CommuNiICATIONS Commis— An Attractive Llow-Fower
810N ( FORMERLY KNOWN AS THE ﬁaﬂsmiz‘fef'-

FEoerAL RADIC Commpssion) To
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OPERATE AN AMATEUR STATiON,

LATER IN THIS COURBE, YOU WILL RECEJVE MORE SPECIFIC DATA AS T0
THE REQUIREMENTS FOR QUALIFYING FOR SUCH A LICENSE,

A ONE-TUBE TRANSMITTER

IN F1@e2 YOU ARE S8HOWN THE CONSTRUCT |ONAL FEATURES AND GENERAL LAY
OUT OF A LOW-COST, LOW-POWER TRANSMITTER, THIS TRANSMITTER, YOU WilLLOB—
8ERVE, REQUIRES BUT A SINGLE TUBE, OPERATING A8 AN OSC{LLATOR. IN THE PAR
TICULAR ILLURTRATION HERE SHOWN A TYPE ~45 TuBE 18 BEING USED. THISTUBE
WILL FUNCTION SPLENDIDLY WHEN FILAMENT AND "B" VOLTAGES ARE SUPPLIED BY
THE POWER PACK WHICH 18 DESCRIBED LATER IN THIS LESSON,

Key ForR BATTERY OP—
Term.] ERATION, A TyPEe X0
TUBE CAN BE USED WITH
90 vOLTS ON THE PLATE
OR ELSBE A TYPE ~~TIA
OrR aN =OIlA wiTH 180
VOLTS ON THME PLATE.
For A 8TILL GREATER -
POWER OUTPUT AND WHEN
A suiTasLE A,C, POWER
PACK 18 AVAILABLE,
THEN A TYPE —=|0 TuBE
CAN BE USED WiTH 500 .
VOLTS APPLIED TO THE

Plate
Coil Ly

Power Pack Cable
prs

S PLATE,
: s, “
i

. Cond Grid ¢oll THE CIRCUITDIA=
Tuning Cond. b GRAM OF THIS PARTICU~
LARTRANSMITTER APPEARS

Fig.2 IN F1G.3 AND 18 HERE

7-/7' One Tiube SHOWN USING A TYPE=45
€ m ) TusBe, By INSPECT ING

Transmitter. THIS DIAGRAM CLOSELY,

YOU W{LL READILY REA=
LIZE HOW IT RESEMBLES THE BABIC OSCILLATOR CIRCUITS WHICH WERE 8HOWN
YOU IN THE PREVIOUS LESSON,

THE TUNING CIRCUIT OF THIS TRANSMITTER CONSISTS OF THE PLATE COIL
LiACROSS WHICH A CONVENT IONAL RECEIVER TYPE VARJABLE CONDENSER OF, 00035
MFDe. RATING I8 CONNECTED.

CoiL Ly1s wouND OF 1/4" DIAMETER S8OFT COPPER TUBING,A PIPE OR DRY
CELL APPROXIMATELY 2 3/8" IN DIAMETER BEING USED AS THE WINDING  FORM..
AFTER THE WINDING HAS BEEN COMPLETED, THE FORM I8 REMOVED AND THE ENOS
OF THE COIL ARE FLATTENED AND DRILLED SO AS TO FIT OVER THE MACH INE
B8CREWS IN THE STAND=OFF INSULATORS A8 S8HOWN IN Fleo e

ALL PARTS oOF THI8 TRANBMITTER ARE MOUNTED ON A WOODEN BOARD AND

CAN BE LOCATED QUITE EASILY DIRECT FROM Fia, 2, THE STAND=OFF JINSULAT—
OR8 FOR SUPPORTING COIL L’ARE MOUNTED DIRECTLY BEMIND THE TUNING CONDE}N
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S8ER AND THE DISTANCE BETWEEN THE TWO INSULATORS 18 5" A8 MEASURED BE—
TWEEN CENTERS.

SO THAT THIS TRANSMITTER CAN BE OPERATED IN EITHER THE 203 40 oOR
80 METER BANDS IN WHICH AMATEURS MAY CONDUCT CODE COMMUN ICAT ION, THREE
DIFFERENT COILS ARE USED FOR Ll' THE SPECIFICATIONS FOR THIS8 SET OF
THREE PLATE COILS ARE A8 FOLLOWSS

80 MeTeER BAND 14 TurNS

40 MgTER BAND 6 TURNS

20 MeTER BAND 4 TUuRNS
. THE GRID coitL R
218 ALSO WOUND A8 A IT7
SET OF THREE TO COVER -45 '
THE 203 40 anD 80 mz— |
TER BANDS — EACHBEING E |

00035
WOUND ON A S8TANDARD B soo0on Mfd |
FOUR=PRONG PLUG=INCOIL L2 = W) 1 |
ForM OF |2" OIAMETER. W > —~
THE S8PECIFICATIONS FOR 150 1 7 N,
THE GRID COIL FOLLOWS —“_ ﬁ"’"—
.00915,/<:__r\_, '
80 METER 8AND,50 TURNS M3
40 METER BAND, |5 TURNS —T -t
20 MeTer BanD, 6 TURNS __“___”__ Z oo Mfd
ALL OF THEBEGRID Lo 2 R.F.

COILE ARE WOUND WITH gl
$30 B&S pousLE COTTON Pl Power Supsly
COVERED MAGNETIC WJRE. “" (Top View)
GrID cotL L,is INSERTED Key PNt
IN THE FOUR~HOLE SOCK— o—
ET WHiCH I8 MOUNT ED " Connection for Milliammaeter
DIRECTLY TO THE RIGHT
OF THE Tuse IN FiG. 2. FIG.%

NoTicE IN F'°.3 C:;rCLJ;t [7ﬁ7gfﬂffl<wr £A63'77u/75fﬂ/*+6f:

THAT A |50 OKRM CENTER~

TAPPED FILAMENT RESISTOR |8 CONNECTED ACROSS8 THE FILAMENT CIRCUIT  AND
THAT 1TS CENTER TAP SERVES A8 THE B= CONNECTION. YOU W)LL ALSO OBSERVE
IN THIS SAME DIAGRAM THAT THE TERMINALS FOR THE KEY ARE 80 PLACED THAT
THE KEY WILL BE CONNECTED IN SERIES WITH THE NEGATIVE SIDE OF THE "B"
CIRCUIT AND IN THIS WAY PROVIOE A MEANS WHEREBY THE PLATE CIRCUIT  CAN
BE COMPLETED OR INTERRUPTED TO FORM THE 0OTS AND DASHES OF THE CODE.

THE VARIOUS BY—PASS CONDENSERS WHICH ARE USED MAY BE OF THE TYPE
BUITABLE FOR RECEJVERS BUT SHOULD HAVE A MJCA DIELECTRIC, THE PURPOSEOF
THE TWO SERJES CONNECTED o002 MFD, CONDENBERS WH{CH ARE CONNECTEDACROSS
THE FILAMENT CIRCUIT 18 TO PROVIDE A HIGH FREQUENCY PATH FROM THE FiIL—
AMENT TO B= g0 THAT THE HIGH FREQUENCY CYURRENTS WON'T HAVE TO PASS THRU
THE FiLAMBNT RESBJSTOR OR KEYe

A STANDARD SHORT~WAVE R.F, CHOKE MAY BE USED IN THIS CIRCUIT BUT
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IT 18 IMPORTANT THAT IT BE CAPABLE OF PAssiING 100 MILLIAMPERES,

THe CIRCUITE ARE ALL WIRED W|TH HEAVY BUS BAR AND THE LEADS ARE
MADE A8 SHORT AS POSSIELE S0 THAT THE RESISTANCE OF THE VARIOUSCIRCUITS
WiLL BE REDUCED TO A MINIMUM,

THE POWER PACK

THIS TRANSMITTER 1S CONNECTED TO ITS POWER PACK BY MEANS OF A
FOUR—WIRE CABLE AND THROUGH A PLUG AND SOCKET CONNECTION =— THE SOCKET
BEING MOUNTED ON THE TRANSMITTER AND THE CABLE WITH PLUG TO THE  POWER
PACKs THE CORRESPONDING

Filter C°"d¢1:9r$ Rectifier Tube POWER PACK 1 sHOWN IN Fyg,
4 AND ITS CIRCUIT DIAGRAM
Resistor in Fra. 5.

You wiLL IMMEDIATELY
REALIZE THAT THIS POWER
PACK FOLLOWS THE SAME CQN
VENT JONAL DESIGN A8 USED IN
A.C. RECEIVERS AND THERE I8
THEREFORE NO PART ICULAR
NEED FOR OFFERING ANY ADD—-
ITIONAL EXPLANATIONS RE-
GARDING 1T,

THE ANTENNA

IN A LATER LESSON YOU
WILL BE GIVEN COMPLETE 1y
8TRUCT JONS REGARD ING TRANS™
MITTER ANTENNA SYSTEMS BUT
IN ORDER THAT THE  TRANS—
MITTER WHICH 18 NOW BE|NG
DESCRIBED WILL NOT BE IN—
COMPLETE, THE ANTENNA DA~
TA RELATED THEREYTO gHALL
The Power Pack. NOW BE GIVEN,

THE ANTENNA WHICH 18 TO BE USED WITR THIS TRANSMITTER 18 OF THE
MOST SIMPLE TYPE AND 80 THAT THE TRANSMITTER MAY BE OPERATED ON EITHER
THE 20; 40 orR 80 METER BANDS, ITS DIMENS |ONS SHOULD CORRESPOND W|TH THE
DIAGRAM WHICH HAL BEEN PREPARED FOR YOU IN Fig. 6. HERE You wiLL oe~
SERVE THAT THE TOTAL LENGTH OF THE ANTENNA FROM INSULATOR TO JNSULATOR
AMOUNTS TO 133 FT, AND THE WIRE USED FOR THIS PURPOSE 18 A #14 B&S soL~
10, ENAMELED W]RE,

THE "Feeper" WHICH CORRESPONDS TO THE LEAD—IN ON A RECEIVING TYPE
ANTENNA 18 TAKEN OFF FROM A POINT I8 FT = 7 INCHES FROM THE CENTER OF
THE ELEVATED WIRE OR FLAT=TOP. A HEAVY RUBBER=COVERED COPPER W{RE MAY BE
UBED A8 THE FEEDER AND TS LENGTM 18 NOT CRITICAL, IT S8HOULD, HOWEVER,
RUN AT RIGHT ANGLES TO THE FLAT TOP FOR AT LEAST THE FIRST 30% OF 1T
LENGTH,

No erounp NG B8YSTEM 18 USED [N CONJUNCTION WITH THIS TRANSM] TTER
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AND )T8 ANTENNA.

80 MUCH FOR THE
CONSTRUCT JONAL FEATUR~
ES OF THE TRANSMITTER.
YOUR NEXT S8TEP WILL BE
TO LEARN HOW THIS TRAN
SMITTER I8 TG BE TUNED
AND ADJUSTED 80 THATIT
WiILL OPERATE CORRECTLY
AND IN THE PROPER FRE=-
QUENCY BAND. FOR THis
WORK, MOST AMATEUR OP—
ERATORE USE A UNIT
WHICH 18 KNOWN AS A
MONITOR ano so THIS
WiLL BE DESCRIBED TO
YOU NEXT, AFTER WHICH
YOU WILL BE SHOWN HOW * \ B30 H —
IT 18 USED IN ORDER TO 1oy, Switch 150 Ma
ADJUST THE TRANSMITTER. Ac.

10,0004,
(sow)

THE MONITOR
Fla. s
AN EXTERNAL V IEW Dragram of the Power [ack.
OF A TYPICAL MONITOR
18 SHOWN YOU IN F1G, 7, WHILE THE INTERNAL CONSTRUCTION OF THIS  SAME
UNIT 18 sHOWN IN Fia. 8.

THE MONITOR IS IN REALLITY A SMALL ONE=TUBE, TOTALLY SH{ELDED RE-
GENERATIVE RECEIVER. T|HE PART ICULAR MONJTOR HERE SHOWN USES A TYPE 30
TUBE AND THE TWO BERIES CONNECTED DRY CELLS FOR THE MA® BATTERY,AS WELL
AS THE 8MALL 812E 45 voLT "B" BATTERY, ARE ALL CONTAINED DIRECTLY IN
THE SHIELD CAN TOGETHER WITH THE COIL, TUNING CONDENSER AND THE OTHER
M]SCELLANEOUS PARTS,

THE CIRCUIT DIAGRAM OF THI8 MONITOR IS PRESENTED TO YOU N Frla. 9
AND BY STUDYING THIS DIAURAM YOU WILL BEE MHOW SIMPLE IN CONSTRUCTION IT
REALLY IBe

_‘L’nsr/e;'éor Tasvlator S0  THAT

. =133 fL — f THIS MONITORMAY
|

ALSO COVER THE

- odl®— | 20-40 ano 80 ME
| oo | TER BANDS IN
‘?———471‘“11% '8'—7" ;_ bb - '1_-——--*‘; WHICH THIS TRAN

SMITTER I8 TOBE

‘j/,{ L | fed OPERATED, IT I8
2Center of cleva ALSO  PROVIDED
Feeder » wire WITH THREE SETS
OF COILS == ONE
Fla., 6 FOR EACH BAND.

The Antenna Dimerisions. THE PLATE.
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AND GRID COIL FOR EACH CO|IL SET ARE BOTH WOUND TOGETHER ON A CONVENT|ON=-
AL PLUG—{IN TYPE COIL FORM = THE WINDINGS
BEING ARRANGED AS ILLUSTRATED IN Fi&. 10,
BoTH WINDINGS FCR ALL THREE WAVE BANDS ARE
WOUND WITH $#30 B&S DOUBLE COTTON= COVERED
WIRE AND THE WINDING SPECIFICATIONS FOLL~
oW}

Wave Banop Grio Coit PrLate CoilL
80 MeTer 43 TURNG—— 20 TURNS
40 MeTeR 15 Turng—— 10 TURNS
20 MeTeR 7 TurRNg—— T TURNS

IN ALL CASES, NO SPACING 18 TO BE
ALLOWED BETWEEN THE GRIOC AND PLATE WIND—

INGS,
Fla.7
Front View of the THE MONITOR POSSESSES TWO |MPORTANT
Moriitor. CHARACTERISTIC8, NaMELY, (1) |T OFFERS A

MEANS OF LISTENING TCO THE STATION TRANS=
MITTER'S SIGNAL AT LOW VOLUME AND OF THE sAME TONE AND CHARACTERISTIC AS
WILL THESE SAME GIGNALS BE HEARD AT A DISTANT RECEIVING STATION.(2) THE
MONITOR ALSO FUNCTIONS AS A MINIATURE TRANSMITTER 80 THAT ITS S|GNAL CAN
BE PICKED UP BY THE STATION RECE|VER.

CALIBRATING THE MONITOR

THE NEXT STEP 18 TO CALIBRATE THE
MONITOR AND THI8 18 ACCOMPLISHED IN THEMAN
NER AS WILL NOW BE OEBCRIBED.

FIRS8T, A @GOOD SHORT—WAVE RECEIVER
S8HOULD BE AVAILABLE. AFTER THE RECEIVERHAS
BEEN OPERATED FOR SOME TIME, ONE WJLL 8E
FAMILIAR WITH THE LOCATION OF THED ! FFERENT
AMATEUR BANDS WITH RESPECT TO THERECEIVER'S
OlAL SETTINGS, HAVING LOCATED ONE OF THESE
AMATEUR BANDS IN THI8 WAY, THE NEXT STEP I8
TO TUNE IN SEVERAL COMMERCIAL AND GOVERN=~
MENT STATIONS WHICH OPERATE CLOSEST ToO
BOTH ENDS OF THE PARTICULAR AMATEUR  BAND
IN QUESBTIONe. THE FREQUENCY OF THESE 8TA—
TION8 CAN BE DETERMINED BY CONSULT ING A
RaD10 CaLL BOoOk IN WHICH ALL COMMERCIALSTA
TIONS ARE LISTED TOGETHER WITH THEIR FRE-
QUENCY ASS I GNMENTS,

THESE B8TATIONS ARE GENERALLY REFERR—

E0 TO As "MARKER 8TATioNs" sY AMATEURS .

WiTH ONE OF THESE MARKER STATIONS LOCATED, Fla. e

THE MONITOR 8 PLACED NEAR THE RECEIVER lnternal View
AND PUT INTO OPERAT|ON, USING TME  PROPER of the

COIL FOR THE BAND IN QUESTION. THE MONITOR Moriitor. z

18 THEN TUNED 80 THAT TS SIGNAL I8 AVD=
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IBLE AT THE RECEIVER AND AT A FREQUENCY REASONABLY CLOSE TC THAT AT
WHICH THE FIRST MARKER STATION WAS TUNED INe TiHiS DONE, THE MARKER 8TA—
TION 18 TUNED INACCUR=
ATELY ON THE RECEIVER
AND THE MONITOR DIAL
18 THEN ROTATED CARE=- % .00%2
FULLY 80 THAT THE MON— Mfd _l_ J:
ITOR SI1GNAL. FREGUENEY 30 == 2z
WilLL BE ADJUSTED TO D Switch

ZERO BEAT WITH THE 81g

NAL COMING FROM  THE _é 7
MARKER B8TATIONs  THE T coous oo
DIAL SETTING OF THE Mfd _1’

&

Plate Coil

1v,

3V

MONITOR 18 THEN CARE~ + 1 =
FULLY NOTED AND THEN ( "‘:
Grid Coil A

PLOTTED ON GRAPH PAPER
WHICH I8 RULED OFF [N
TERMS OF DIAL SETTINGS ‘“
AND KILOCYCLES AS SHOWN Fi1G. ©

iNn Fraelle Circurt Dragram of the Monstor.

THis SAME PROCEDURE SBMOULD BE REPEATED FOR EACH AVAILABLE MARKER
BTATION AND WHEN ALL THE CORRESPOND ING MONITOR DIJAL SETTINGS HAVE THUS
BEEN PLOTTED ON THE GRAPH, A CONTINUOUS LINE 18 DRAWN THROUGH THESE
POINTS AND THI8 ReEsULTs IN THE CALIBRATION CURVE rForR THE MONITORe FROM
THIS OURVE THE CORRESPONDING FREQUENCY FOR EACH DJAL SETTING OF THE MON
JTOR CAN BE DETERMINED WITH A REASONABLE AMOUNT OF ACCURACY. ONE  8UCH
CURVE MUST B8E PLOTTED FOR EACH OF THE MONITOR COILS WHICH ARE USED, A
SIMILAR SET OF CALIBRATION CURVES CAN AT THE SAME TIME BE PLOTTED FOR
THE RECEIVER,

- "‘"‘i IT 18 TO BE UNDERSTCOD THAT THE
MONITOR SIGNAL 18 PICKED UP BY THE
] RECEIVER THROUGH RADIATION WHEN  THE
1 Grid MONITOR 18 PLACED REASONABLY CLOSE TO
- Coil THE RECEIVER AND THAT NO WIRED CONNEG
)
TIONS ARE USED BETWEEN THESBE TWO UNITS,.

/ SHOULD THE SHIELDING OF THE  MONJTOR
BE TOO NEAR PERFECT, THEN SOMET IMES
HOLES ARE DRILLED THROUGH THE SHIELD—~
b=\ /1 Plote ING 80 THAT THE PROPER SIGNAL PJCK—US
! $Coil CAN BE OBTAINED.

(3}

NN ' TUNING THE TRANSMITTER

s WHEN TUNING THE TRANSMITTERPRE-

PARATORY TO GOING@ ON THE AIR,THEFIRST
STEP 18 TO INSTALL THE PROPER S8ET OF
G

COILS FOR THE BAND TO BE USED AND THE
F, P TRANSMITTER |8 FOR THE TIME BEING DIg
CONNECTED FROM THE AMTENNA FEEDER.Now
TUNE IN THE BAND WITH THE RECEIVERAND

FiG. 10 LOCATE A POINT WELL WITHIN THE  BAND
The Monitor Coil. WHICH 18 COMPARATIVELY CLEAR, THE MON
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ITOR 1S NOW ADJUSTED FOR THIS SAME FREQUENCY BY REFERENCE TO |T8 CALj)—
BRATJON CURVE.

A MLLLIAMMETER HAVING A RANGE FRoOM O To 100 MA. 18 CONNECTED 1]
SERIES WITH THE TRANSMITTER'S PLATE LEAD AT THE POINT MARKED WITH ANY"XW
IN F1as 3. THE OPERATING MONITOR 18 PLACED WITHIN A REASONABLE DJSTANCE
FROM THE TRANSMITTER AND ITS DIAL SETTING LEFT AT THE SAME POSITION
WHICH HAS JUST PREV]JOUSLY BEEN DETERMINED, THE NEXT STEP 18 TO TURN THE
TRANSMITTER DIAL UNTIL THE NEEDLE OF THE MJLLJAMMETER DROP8 TO A MIN|—
MUM POSITION,

SOMEWHERE IN THAT PORTION OF THE DIAL WHERE A MINIMUM READING 18
OBTAINED, A WH|ISTLE SHOULD BE HEARD IN THE EARPHONES WH|CH ARE CONNECTED
TO THE MONITOR. THE NUMBER OF TURNS USED ON THE GRID COIL S8HOULD BE SUCH
THAT THE MILLIAMMETER WiLL READ MINIMUM AT THE LOW FREQUENCY END OF THE
DAL = IF IT DOESN'T,TURNS CAN BE ADDED TO

0o oF OR TAKEN OFF THIS COlL.
a WEM
4f' WiTH THE GRID COILS PROPERLY AD—
&0 A HE JUSTED, RETUNE THE TRANSMITTER FOR ZERO
o ‘/ BEAT WITH THE MONJTOR AND CLIP THE AN—
TENNA UNTO THE PLATE COIL, AT A POINT
., & CORRESPONDING TO ONE TURN FOR THE 20,
$ TWO TURNS FOR THE 40 AND FIVE TURNS
S 7 FOR THE 80 METER COIL AS COUNTED FROM
S 4 / THE "coLo™ OR PLATE BLOCKING CONDENSER
f g END OF THIS COILs ANY FINAL ADJUSTMENT
§ 3 IN TUNING CAN THEN BE MADE 80 THAT THE
2 oz TRANSMITTER FREQUENCY WILL BE THE BAME
,{ AS THAT FOR WHICH THE MONITOR 18 TUNED.
101 HEN THE ANTENNA CAN BE CLIPPED ONTO THE
PLATE AS NEAR THE HOT END AS POSSIBLE
6%00 6900 7000 TI00 7200 1300 7400 1500 BUT WHICH 8TILL PERMITS SENDING A GOOD
FREQUENCY "CLEAN NOTE,
Fle. 11 FOR THE PARTICULAR ANTENNA BPEC—
A Calibratrion Curve., IFICATIONS WHICH WERE GIVEN FOR THIS

TRANSM)TTER, THE TRANSMITTER W]LL OPER~

ATE AT PEAK EFFICIENCY AT 3575 Kc. IN
THE B0 METER BAND AND ALSO AT THE HARMON)IC 7150 KC.IN THE 40 METER BAND
AND AT 14,300 Kco IN THE 20 METER BAND,

AFTER THE TRANSMITTER 1S OPERATING PROPERLY AT THE CORRECT FRE=
QUENCY, THE MONITOR CAN BE USED WITH THE HEADPHONES SO THAT THEOPERATOR
CAN AT ALL TIMES "LISTEN=IN" AND CHECK UP ON THE QUALITY OF HIS TRANS—
MISS 10N,

A PUSH-PULL TRANSMITTER

THE SAME BASIC DESIGN AS JUST DESCRIBED RELATIVE TO THE ONE=TUBE
TRANSMITTER CAN ALSO BE APPLIED TO A LOW=POWER PUSH=PULL TRANSMITTER.
The CONSTRUCTIONAL FEATURES OF THIS PUSH=PULL TRANSMITTER ARE SHOWN ([N
F'Go '2, WHERE YOU WILL SEE THE TRANSMITTER ITSELF, AS WELL AS THE POW~
ER PACKe

THE OJRCU'T DIAGRAM OF THE PUSH~PULL TRANSMJTTER APPEARS IN F1Ge
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13.,AND BY STUDYING BOTH Flas 12 anD |3 vou WiLL NOT §CE THAT A PAIR OF
TYyPe=45 RECEIVER TUBES ARE EMPLOYED.

FROM WHAT YOU HAVE ALREADY LEARNED ABOUT TRANSMITTERS OF 8IMILAR
TYPE, THIS CIRCUIT IS BELF=EXPLANATORY. THE PLATE CO{L TOGETHER WITH THE
«0005 MFD. VARIABLE CONDENSER CONSTITUTES THE TUNING CIRCUIT AND THE SPE
CIFICATIONS FOR WINDING THIS COIL FOR THE 803 40 AnD 20 METER ARMATEUR
BANDS FOLLOWS!

ALL THREE COIL8 ARE WOUND OF |/4" DJAMETER SOFT COPPER TUBING AND
ARE 2 3/8" IN DIAMETER. THE NUMBER OF TURNS USED ARE |2 FOR THE BOMETER
BAND, 6 FOR THE 40 METER BAND AND 4 FOR THE 20 MEVER BANDe THEACENTER
TAP CONNECTION TO THESE COILS CAN BE MADE BY MEANS OF A CLiPe

THE @RID
COoIL8 ARE ALL P[ate Coﬂu} =
WOUND ON BAKE-
LITE TUBING OF
M D IAMETER
AND W ]THOUT ANY
SPAC ING BETWEEN
Turns, EacH oF
THESE GRID COILS
1S FITTED WITH
THREE PRONGS
WHICH FIT INTO
CORRESPOND ING
JACK=HOLES
WHICH AREMOUNT
ED IN A BTRIP
oF BAKELITE
avo pLaceo on | | T il
THE 8 R s - . - :
o: THESE:Z:N:- Transmitter J
MITTER. THis

GRID COIL CON— Fla. 1z
S8TRUCTION I8 The Push-Pull Transmiitter and
CLEARLY fLLug~ Power Supply.

TRATED IN Fia. 14,

EACH OF THESE GRID COILS 16 WOUND IN TWO SECTIONS WITH A SPACE OF
9/ 16" BETWEEN SECTIONS. THE DATA FOR THESE COILS8 TO COVER THE THREE BANDS
USED ARE A8 FOLLOWS?

Bano No. ofF Turns S1ze oF Wire
80 MeTeR 78 36 D.S.C.
40 MeTer 42 26 D,S.C.
20 METER 16 26 D.S.C,

THE SAME ANTENNA SYSTEM IS USED WITH THIS PUSH=PULL TRANSMITTER
AS HAS BEEN RECOMMENDED FOR THE ONE™TUBE TRANSMITTER EARLJER |N THIS
LESSON, ONLY THAT THE FEEDER {S CONNEZCTED TO THE PLATE JOIL THROUQH A
+00| MFD. MICA~DIELECTRIC FIXED CONDENSER,

THE POWER PACK FOR THIS TRANSMITTER IS DESIGNED TO FURNISH A "gw
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VOLTAGE OF 400 VOLTS AND A TYPE =83 TUBE 18 USED A8 THE RECTIFIER, THE
DIAGRAM FOR THIS POWER PACK APPEARS IN Fi1q.15,

To PREPARETHIS

Anterna TRANSMITTER FOR OP=
-45 4 i ERATION, THE SAME
GENERAL PROCEDURE

1S FOLLOWED AS HAB

ALREADY BEENEXPLAjN=

ED RELATIVE TO THE

ﬂ—l ONE=TUBE TRANSMITTER

L.OOI EARLIER IN THIS LES™
Mfd. B8ON,

50,000 £ (sw) \

ANOTHER PUSH-PULL

45
5. TRANSMITTER

A ¥4
W

In F1a.18 vyou
2o .
0005 Mfd, ARE SHOWN THE  COM~
u/ PLETE CIRCUIT DIAGRAM
P OF A TRANSBMITTER
WHICH EMPLOYS A PAIR
L A oF TyrgE =10 TuBES IN
_ iV A PUSH=PULL, TUNED-
B (&H’ \Filament ) B+ 4oov PLATE, TUNED=GRID CIR
CUITs THIS TRANSMIT—~
TER CAN ALSO BE CON—
Fla. 13 STRUGCTED ON A WOODEN
Crreurt of the Push-Pull Transmitrer; BASEBOARD THE  SAME
AS. THE OTHERS ALREADY

DESCRIBED IN THI8 LESSON,

THE POWER PACK FOR THIS TRANSBMITTER USEZ A PA{R OF TYPE =8| TuBes
A8 RECTIFIERS AND DUE TO THE HIGH VOLTAGE BEING HANDLED, GREAT CARE SHOULD
BE TAKEN IN SELECTING FILTER CONDENSERS FOR THIS POWER PACKe THE FIRST
FILTER CONDENSER AT THE INPUT END OF THE FILTER, FOR EXAMPLE BHOULD BE
RATED AT 1000 voLts D.C, OR HIGHER, AS S8HOULD ALSO THE CENTER F|LTER CON

DENSER, A RATING OF APPROXIMATELY 750 voLTs D.C. 18 REQUIRED FOR THE
FILTER CONDENSER WHICH IS PLACED AT THE OUTPUT END OF THE FILTER. THE
FILTER CHOKES SHOULD EACH BE CAPABLE oF

CARRYING 150 MILLIAMPERES AS SHOULD ALSO = 3* »

" THE SHORT-WAVE R.F, cHoxke (R.F.C.). THE |
POWER TRANSFORMER 18 TO BE EQUIPPED WITH |

A PRIMARY WINDING DESIGNED FOR THE LINE 3

VOLTAGE BEING USED, TWO T3 VOLT SECONDARIES DIA.

anD A 1100 VOLT CENTER-TAPPED SECONDARY., I

3
CoiLs LlAND L’_os- THE TRANSMITTER CIR— i '
CUIT ARE IDENTICAL FOR EACH WAVE BAND AND ! . |
fe— 14— 14"
THE SAME WINDING SPECIFICATIONS CAN BE U=
ED AS ALREADY BPECIFIED FOR THE PLATE COJL
LlAs USED IN THE TRANSM]TTER WHOSE CIRCUIT FIG. 14

DIAGRAM APPEARS N F OF TH LESSON . . .
T I 170 THtsS 880Ns  Details of the Grid Co/l.
JHE CENTER TAP CONNECTION AT EACH OF THESE
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coliLs CAN BE MADE BY MEANS OF GOOD CLIPS8 HAVENG STRONG BPRINGS.

The AN- 30 Henry (lﬁo Ma)
TENNA 8YSTEM éw_ ‘r 2 AR
WHICH I8 jLLUS—
TRATED TOGETHER Switch e e
e o — 30,000
WITH THE TRANS- T 2 Mfd. [ 3=
MITTER CIRCUIT | each
In Fia.l8 I8
KNOWN As A ZEPP— \ —0 B

ELIN ANTENNA anD

ITS DIMENS JONS \
8HOULD BE A8 l
FoLLows: LeEngTH ttov.
OF FLAT TOP BE-
TWEEN INSULATORS =

= |33 .FT.:LENGTH o Fla. 15 - H-

OF FEEDERS = 45 ower Pack For the Push-PRull Trarnsmifter.

FTe THE TWO FEEDER WIRES S8HOULD BE SEPARATED ABoUT |0 INGHES WITH GOOD
LIGHTWE|GHT S8PREADERS WHICH HAVE BEEN PREVIOUSLY BOILED IN PARAFFINE.
THE Two ANTENNA coiLs "L" SHOULD EACH BE WOUND W{TH THE SAME 81ZECOPPER
TUBING AS UBED FOR COILS L AND Lo APPROXIMATELY 5 TURNS WOUND IN A 2%
DIAMETER COIL WILLBE SATISFACTORY FOR EACHOF THE ANTENNA COIL8e ONE  OF
THESE ARE MOUNTED AT EACH END OF L, AND PROVISBIONS MADE 80 THAT THE COY
PLING AT THESE POINTS CAN BE VARJEDe

To ADUUST THIsS TRANSMITTER FOR OPERATIONyALL THAT (8 NECESSARY {8

TO ADJUST THE TWO TUNING CONDENSERS C aND C,FOR THE PROPER FREQUENCY
INSULATORS |NsuLAmR2v!
A WO00D

SPREADERS

00035 Mfd. '10
b

'FEEDERS l‘ /

C1L
8,

,0003§

MFd, A B
» - Lt

c
a
hJ

RFEC. —7

L.

MILLIAMMETER
0- 200 MA.

110V, A.C. M
~»

Filg, le
A Push-Pull Ture -Plate / Turned- Grid Transmitter.
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A8 CHECKED WITH THE MONITOR == THE MILLJAMMETER WILL AT THIS TIME SHOW
A LOW READING OF AROUND 40 To B0 MILLIAMPERES, THEN W|TH THE ANTENNA CON

NECTED UP, THE ANTENNA CONDENSER 18 ADJUSTED UNTIL THE READING ON THE
MILLIAMMETER 1S MAXIMUM,

IN THE NEXT LESSON YOU ARE GOING TO RECEIVE CODE INSTRUCTION AND
BUGGESTIONS REGARDING THE CORRECT MANNER OF OPERATING THE TRANSMITTER
KEYs You wiLL THEN PROGRESS IN LOGICAL STEPS, LEARNING ABOUT CRYSTAL™
CONTROLLED OSCILLATORS, AMPLIFYING 8YSTEM8 FOR TRANSM I TTERS,MORE ELAB~
ORATE METHODS OF ADJUSTING TRANSMITTERS ETC.

. o

- AN Examingtion Questions

LESSON NO. T=3

le = Draw a CIRCUIT DIAGRAM OF A COMPLETE LOW=POWER TRANS—
MITTER TOGETHER WITH TS POWER=PACK,

2. = ExpraIn THE OPERATION OF THE SYSTEM WHICH YOU HAVE DRAWN
IN ANSWER TO THE PRECEDING QUEST ION,

3¢ = DRAW A CIRCUIT DJAGRAM OF A MONITOR AND EXPLAIN )TSOPER-
ATING PRINCIPLES,

4, — EXPLAIN HOW yoU WOULD PROCEED IN ORDER TO CALIBRATE A MON
ITOR WHICH HAS JUST BEEN CONSTRUCTED?

5, =~ EXPLAIN HOW YOU WOULD ADJUST THE TRANSM I TTER JLLUSTRATED

IN Flas., 2 anD 3 oF THIS LESSON PREPARATORY TO GOJNG ON
THE AR,

6e = How ARE THE TUNED WINDINGS OF THESE LOW=POWER TRANSMIT T
ER8 GENERALLY CONSTRUCTED?

Te = Draw A COMPLETE CIRCUIT DJIAGRAM OF A TRANSMITTER Us ING
PUSH=PULL OSCILLATOR TUBES AND A TUNEO—~PLATE, TUNED=GRID
CIRCUIT,

8. = ExPLAIN HOW YOUWwoOULD ADJUSBT FOR OPERAT)ON THE TRANSMITTER
WHOSE CIRCUIT DIAGRAM YOU HAVE DRAWN IN ANSWER TO QUES—
TION #7 OF THIS EXAMINAT ION,

8¢ = WHart ARE SOME OF THE MOST IMPORTANT THINGS TO CONS I DER

IN SELECTING THE PARTS8 WHICH ARE TO BE USED IN A TRANG—
MITTER?

0= IN WHAT PART OF A LOW=POWER TRANSMITTER CIRCUIT I8 JT
CUSTOMARY TO CONNECT THE KEY!

PRINTED N U¢8.A
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LESSON NO, 4

MASTERING THE CODE

PART I

IN THE PRECEDING LESSON, YOU WERE TOLO ABOUT THE CONSTRUCTIONAL FEA
TURES AND METHOD OF SBETTING UP SCME SIMPLE TRANSMITTERS PREPARATORY TO

OPERAT|ONs SINCE THESE TRANSMITTERS ARE ALL DESIGNED TO RADIATE

THEIR

MESSAQES BY MEANS OF THE TELEGRAPHIC CODE, IT I8 NATURALLY NECESSARY THAT

THE OPERATOR OF SUCH A TRANSMITJER BE THOROUGHLY FAMILIAR WITH THIS CODE,

THIS THEN WILL BE YOUR NEXT STEP. .

FURTHERMORE, SHOULD IT BE
YOUR DESIRE TO QUALIFY EJTHERAS
AN AMATEUR OPERATOR, AS A COM-
MERCJIAL OPERATOR, OR AS AN UN—
LIMITED BROADCAST OPERATOR, THEN
-YOU WILL BE REQUIRED TO PASS A
CODE EXAMINATION IN THEPRESENCE
OF AN EXAMINER WHO 18 AUTHOR]|ZE®
8y THE FepErRAL COMMUNICATIONS
Comm|8S 10N,

IT 18 ADVISABLE THAT YOU
QUALIFY FOR AN AMATEUR!S LICENSE
FIRST SINCE THIS DOESs NOT CALL

FOR S8UCH A HIGH CODE SPEED OoR

AS DO THE REQUIREMENTS FOR LI-
CENSE HOLDERS OF HIGHER  RANK,
IN ADDITION, THE EXPERIENCEWHICH

FiIg.1
A8 COMPLETE TECHNICAL KNOWLEDGE A Group of Naktio nal! Studerits

Learn/ng the Code.

YOU WiLL ACQUIRE AS AN AMATEUR OPERATOR WILL BE OF A TREMENDOUS HELP IN

PREPARING YOU TOWARDS BECOMING A COMMERCJAL DPERATOR LATER ON.

APPLICANTS FOR AN AMATEUR'S LICENSE ARE EXPECTED TO TRANSMIT  AND
RECEIVE AT LEAST |0 worDg PER MINUTE IN THE CONTINENTAL CODE == F|VECHAR

ACTERS8 TO THE WORD, THIS, THEREFORE, SHOULD BE YOUR FIRST GQOAL

MASTERING THE CODE.

TOWARDS

.

W

-

[ Sy

il prmt -



PAGE 2 TRANSM ] TTERSG

THE COMPLETE INTERNATIONAL Morst Cooe (ConT INENTAL CODE),As  WELL
AS THE CONVENTIONAL S13NALS, ARE ALL LISTED FOR vou IN TABLE T sn A
HANDY REFERENCE FORM. STUDY THIS TABLE CAREFULLY SO AS TO HAVE A 800D
IDEA OF 1T8 CONTENTS BUT FOR THE PRESENT DON'T ATTEMPT TO MEMORIZE  THE
CODE,ESPECIALLY IN THE FORM IN WHICH IT 1S PRESENTED HERE. THIS TABLE IS
TO SERVE CHIEFLY AS A REFERENCE FOR FUTURE USE.

TABLE I

INTERNATIONAL MORSE CODE AND CONVENTIONAL SIGNALS
To be used for all general public service radio communication

1. A dash is equal to three dots. 3. The space between two letters is equal
2. The space between parts of the same to three dots.

letter is equal to one dot. 4., The space between two words is equal

to five dots.

A.—
B uwmsooo §295 006! 50000000000000000000000000000ac Y OO OO
Commomme SeIMICOION tuvureereenreanroscronceoece ™0 O MM 0 mme
Doemmoo
E o Comma ...oeovevnenn ceessseesss st s ¢ mm o mm o wm
F oomme
G mmn mmm o Colon .....cvivevennnnnnnn et esssseces WD mE W e 0 o
Heooo Interrogation ................ Cietecic 0 o mmmmoe e
I e o
J o omm mm Exclamation point ............ seseces. W BER 00 mm wum
K wmo mm
Loommeooe Apostrophe ..........cc0000nnn ceesecse, O W TER amm wms o
Moo = Hyphen ................... ttetetses.. mm O 000 mm
N-wsm o
O v eum esm Bar indicating fraction ......... cesese, =S O mm e
P o vmommoe
® = — 0 — Parenthesis ............. Crectcaasesan, M O Fun Bam o mm
R

o m=— Inverted COMMAS ...vcvvevsnvoscosnee. . Mmoo mmeo
S ee e
T o= Underline ........cciiveiiieienoerocss® o mm mmo mm

Ueeomm

Voeoeo mmm Double dash....c.ceivieieececcssecc-commeoo o am

W om o= DiStress Call......ciieeeervrsnnnsenneao o0 mmmm wmoos
x—.._
Y om0 Separation signal............. ciieiiec O pmO O mm
Z wma omm o o
= General inquiry call...... tessessessee., MmO S NS mm o mm
A (German)

e From (de).....covviueiinennenns teii.ommoo0 @

A or A (Spanish-Scandinavian)

CH (German-Spanish)

Invitation to transmit (go ahead)...... wm ¢ =m

, T m——— Warning—high power........... tetsee. UNE EER 0 0 N W

E(F;"e.“cl) .o Question (please repeat after ......)—

¥ (Spanish) interrupting long messages........c.. oo mm mm o o
IR GEER 6O GEER NN

0 (German) Wait ... titetscssoEm OO0
- IR

U (German) Break (Bk.) (double dash).......cc....ume o o @»
® 6 WNm W

1 o mum cmm s w= Understand ................ teessecrica 000 mmeo

Hoocatoe=s 2} ) tetesrii 00000000

3 00 0o umum

4 o060 ¢ mm Received (O.K.) ................ cacess e WM O

560000 Position report (to precede position

6 wm o000 MeSSAZES) ..t iuiniiraninann Cerisess . mmm o mmme

7 oom enm o 0 0

8 oS00 End of each message (cross)...........o =m o umn »

9 mm omm e wm e Transmission finished (end of work)

| ——— (conclusion of correspondence).......e ¢ ¢ wm ¢ =m
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By aLANCING THROuGH TABLE T, vou WILL NOTE THAT THE LETTERS OF THE
ALPHABET, NUMBERS, PUNCTUATION, AND MISCELLANEOUS CONVENTJONAL SIGNALS
ALL CONS|ST OF DOTS8 AND DASHES ARRANGED IN A DEFINITE MANNER. |T 18 NOT
ADVISABLE TO THINK OF THESE LETTERS OR CODE GROUPS IN TERMS OF DOTS AND
DASHES BUT RATHER IN TERMS OF THEIR EQUIVALENT sounos. FOR EXAMPLE, YOU
SHOULD THINK OF A DOT AS THE sounD "DIT'" AND OF A DAsH AS THE sounD "pamu®,
THUS THE LETTER A SHOULD REGISTER IN YOUR MIND AS THE SoUNDS "oIT pDAH"Ra
THER THAN DOT DASH, THE LETTER B as "oan 01T 01T DIT" In8TEAD OF DASH
DOT DOT DOT ETC.

THE LOGICAL METHOD OF LEARNING THE CODE 13 TO LEARN THE ALPHABET
FIRS8T, FOR THE TIME BEING FORGETTING ALL ABOUT THE NUMBERS, PUNCTUAT ION
ETCe FURTHERMORE, IT 18 ALSO ADVISABLE THAT YOU START LEARNING THE CODE
BY ACTUAL USE OF THE KEY RIGHT FROM THE START, [N THIS WAY, YOU WILL AT
THE VERY BEGINNING BECOME ACCUSTOMED TO THINKING OF THE ALPHABETICAL LET
TERS IN TERMS OF THEJR EQUIVALENT SOUNDS AND WHICH Is OF UTMOST I MPOR—=
TANCES,

BUZZER., BEFORE DESCRIBING TO YOU
' THE ROUTINE TO FOLLOW [N ORDER
TO MASTER THE COOE IN THE EAS—~
IEST AND QUICKEST POSSIBLE MAN—
NER, SOME SUGGESTIONS WILLFIRST
BE GIVEN 80 THAT YOU CAN  CON—
STRUCT SUITABLE CODE-PRACTICE
EQUIPMENT,

A BUZZER-TYPE CODE
PRACT ICE SET

Fla., 2
The Buzzer Fractice Szt IN F13.2 YOU ARE SHOWN THE
CONSTRUCTIONAL FEATURES OF A
BUZZER—=TYPE CODE PRACTICE BET. THIS ASSEMBLY, YOU WiLL OBSERVE, CONSISTS
OF A REGULAR TELEGRAPH KEY (AS USED WITH RADIO TRANSMITTERS)  CONNECTED
IN SERIES WITH TWO #6 SERJES—CONNECTED DRY CELLS AND AN CRODINARY BUZZER
AS USED FOR CALL SYSTEMSe

EACH TIME THE KEY I8 DEPRESSED, THE BUZZER WiILL 8MIT 1 TS CHARACTER™
ISTIC SOUND AND THUS BY PROPER MANI|IPULATION OF THE KEY, THE BUZZERSOUNDS
CAN BE PRODUCED A8 THE DIT DAH'S OF THE CODE.

THE AUDIO=OSCILLATOR CODE PRACTICE SET

THE AUDIO O0SCILLATOR CODE PRACTICE SET WHOSE DIAGRAM APPEARS IN
FiGe 3 1S BY FAR PREFERABLE TO THE BUZZER PRACTICE SET, THIS ARRANGEMENT
16 NOTHING MORE THAN A SIMPLE AUDIO OSCILLATOR, CONSISTING ESSENT|ALLYOF
A TYPE =30 TUBE, AN OLD A,F, TRANSFORMER, A 20 OHM RHEOSTAT, AN "A" sgu-
PPLY OF TWO SERIES—CONNECTED #6 DRY CELLS AND A 225 voLr "B" BaTTERY. A
SET OF HEADPHONES AND A KEY ARE CONNECTED IN SERJES WITH THE PLATE CIR™
CUIT AS HERE SHOWN SO THAT EACH TIME THAT THE KEY 1S DEPRESSED, A SIGNAL
WILL BE HEARD I[N THE HEADPHONES WHICH GREATLY RESEMBILES THAT AS HEARD
FROM A RECEIVER WHEN A SI1GNAL IS TUNED IN.

BomET 1mMeS, THE "B" BATTERY CAN BE ELIMINATED AND THE PLATE CIRCUIT
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CONNECTED DIRECTLY TO THE "A® pLUS TERMINAL, THE SJGNAL WiLL UNDER THESE
CONDIT JONS NATURALLY BE WEAKER BUT FREQUENTLY ST!LL STRONG ENOUGH FOR
TH15 USEe. |F YOU WISH, YOU CAN TRY TH18 LATTER CONNECTION BEFORE INVEST—
ING IN A 223 voLT "B" eaTTERY.

THE PRACTICE SET AS ILLUSTRATED IN F1G.3 18 QUITE INEXPENSIVE,
NEVERTHELESS IT WILL SERVE 1TS PURPOSE MOST ADMIRABLYe THE VARIOUS PARTS
CAN ALL BE MOUNTED ON A WOODEN BASE—BOARD, FAHNESTOCK CLIPS BEING USED
FOR THE EXTERNAL CONNECTJONS TO THE HEADPHONES ETC.

ALTHOUGH MORE ELABORATE CODE-=PRACTICE SETS8 CAN BE CONSTRUCTED THAN
THOSE HERE DESCRIBED, YET THE FEW ADDITIONAL FEATURES OBTAINED THEREFROM
HARDLY WARRANTS A GREATER EXPENSE SINCE AFTER ALL _THI18 ARRANGEMENT 18

ONLY GOING TO BE USED  FOR J
A LIMITED TIME, IT 18 AD— :
VIBABLE TO PURCHASE A REAS~ AF. Transf -
ONABLY GOOD KEY FOR THE 5 47 P
CODE PRACTICE SET 80 THAT IT - TS .
WikL ALSO BE SUITABLE FOR Secondary Primary
THE TRANSMITTER LATER  ONe winding 7. SISV winding
THE REMAINING PARTS WILL AL— :
80 BE USEFUL AGAIN LATER ON, G B+
EITHER IN THE SHORT—=WAVE RE-= -
CEIVER OF THE STATION OR IN 3 H'3““4F>‘"="‘¢s
THE MONITOR ETCe ~
S0 MUCH FOR THE CON-— Ky,
STRUCT 1ONAL FEATURES OF THE 700
CODE~PRACTICE SET. NOW LET A ;INV" “B"
zi :zzc;::.wnn THEHANDLING Switck/Ll"IF_‘ 'I'I'I' +
MOUNT ING THE KEY
THE CONVENTIONAL KEYS
- ARE PROVIDED WITH A BASE Fla. %
OFFERING PROVISIONS FORFAST The Audio-Oscillator Code
ENING THE KEY DOWN  FJRMLY Practice Set.

UPON THE TOP OF A TABLEWITH

WOOD SCREWS, THIS 18 IMPORTANT 80 THAT THE KEY WiLL NOT JUMP AROUNDWHILE
IT 1S BEING OPERATED., |F NO TABLE 18 AVAILABLE UPON WHICH THE KEY CAN BE
MOUNTED, THEN THE NEXT BEST THING 18 TO FASTEN THE KEY UPON A LARGE FLAT
BOARD WHICH CAN BE PLACED ON TOP OF A TABLE AND STILL NOT PERMIT THE KEY
TO SHIFT ITS POSITION WHILE IT 1S BEING OPERATED.

THE CORRECT POSITION FOR THE KEY IS APPROXIMATELY EIQHTEEN JNCHES
FROM THE EDQE OF TABLE WHICH FACES THE OPERATOR AND APPROXIMATELY [INLINE
Wi{TH THE OPERATOR'S RIGHT SHOULDERe. THI1S POSITION OF THE KEY W{LL PERMIT

THE OPERATOR'S ELBOW TO REST ON THE TABLE AND WH{CH {8 IMPORTANT TOWARDS
GOOD KEY MANIPULATION,

ADJUSTING THE KEY

THE BEGINNER 1S URGED TO USE A CONVENTIONAL KEY IN PREFERENCE T0.
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THE HIGH=BPEED "V1BROPLEX"™ AND "DOUBLE-ACTION™ KEYS WHICH ARE  INTENDED
PRIMARILY FOR THE EXPERIENCED OPERATORe THE CONSTRUCT{ONAL DETAILS OF THE
CONVENT JONAL OR STANDARD KEY ARE CLEARLY [LLUSTRATED IN F1G.4 AND HERE

YOU WILL NOTICE THAT THREE SET8 OF ADJUBTMENTS ARE PROVIDED. THESEADJUST
MENTS ARE A8 FoLtows! (1) A S8CREW AND LOCKING NUT FOR ADJUSTING THE
SPRING TENSIONe. (2) A SCREW AND LOCKING NUT FOR ADJUSTING THE CLEARANCE

BETWEEN THE CONTACT PO INTS OF THE KEY WHEN IN ITS NORMAL POSITION. (3)
THE TWO SCREWS AND LOCKS, THE ADJUSTMENT OF WHICH PERMITS CENTERING THE
ARM CONTACT OVER THE STATIONARY CONTACT, AS WELL AS SIDE—PLAY OF THE ARM,

WiTH THE CONTACT POINTS PROPERLY LINED UP, THE SPRING TENSION
8HOULD BE ADJUSTEDe THE CORRECT TENSION VARIES WITH DIFFERENT OPERATORS,
BUT FOR THE BEGINNER A FAIRLY HEAVY SPRING ADJUSTMENT 1S MOST  DESIRED.
THE CLEARANCE ADJUSTMENT SHOULD BE 80 REGULATED THAT A VERTICAL MOVEMENT
OF THE KNOB EQUIVALENT TO APPROXIMATELY |/18" 18 NECESSARY IN ORDER  TO
CLOBE THE CONTACT POINTS
OR A CLEARANCE BETWEEN
Spring adjustment Clearance THE POINTS OF ABOUT

; adjustment 1/32" oR SLIGHTLY MORE,
THE ADJUSTMENTS ASHERE
GIVEN ARE ONLY AVERAGE
AND CAN BE VARIED TO
BEST SUIT THE INDIVID=
UAL OPERATOR 80 AS TO
PERMIT HIM TO SEND THE
CLEAREST 81GNALS POSS~
I1BLE.

f - MANIPULAT ING THE KEY
Fia., 4

Details of the /(et/. THE CORRECT ME-

THOD OF GRASPING  THE

KEY 18 JLLUSTRATED FOR YOU IN Ftae 5o NOTE THAT THE KEY I8 NOT HELDT|GHT

LY AND THAT THE HAND 18 PERMITTED TO REST LIGHTLY ON THE KEYe THE THUMB

SHOULD BE HELDO AGAINST THE LEFT S8IDE OF THE KEY, WHEREAS THE FIRST  AND

SECOND FINGERS SHOULD BE BENT S8LIGHTLY AND SHOULD HOLD THE MIDDLE AND

RIGHT S8IDES OF THE KNOS RESPECTIVELY. OBSERVE IN FiGe 5 THAT THESE THREE

FINGERS ARE PARTLY ON TOP OF THE KNOB WHILE THE REMAINING TWO FINGERS ARE
ENT IRELY FREE OF THE KEYe

WHEN OPERATING THE KEY, THE ELBOW SHOULD BE RESTED ON THE TABLE AND
A WRIST MOT ION USED TO WORK THE KEYe. 0O NOT USE FINGER MOTION NOR THE
WHOLE ARM. THE WRIST SHOULD AT ALL TIMES BE HELD ABOVE THE TABLE AND THE
FINGERS WHICH GRASP THE KEY SHOULD NEVER LEAVE THE KEY WHILE SENDING.

SINCE THE CODE 18 MADE UP OF D§FFERENT COMBINATIONS OF DOTS AND
DASHES, IT I8 IMPORTANT THAT THE INDIVIDUAL DOTS AND DASHES BE OF THE
CORRECT LENGTH AND THAT THE PROPER TIME INTERVAL OR S8PACING BE ALLOWED BE
TWEEN PARTS OF THE SAME LETTER, BETWEEN LETTERS OF THE SAME WORD ETC. IF
THIS 18 NOT DONE, THEN UTTER CONFUS JON WOULD RESBULT ON THE PART OF THEPERSON
WHO I8 RECEIVING YOUR S§GNALSe

HERE ARE THE RULES WHICH YOU MUST FOLLOW

(') A DABH IS EQUAL IN LENGTH TO THREE DOTSe
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(2) THE SPACE BETWEEN PARTS OF THE SAME LETTER 1S EQUAL TOONE DOT,
(3) THE SPACE BETWEEN TWO LETTERS 1S EQUAL TO THREE DOTS.
(4) THE SPACE BETWEEN TWO WORDS IS EQUAL TO FIVE DOTS.

MEMORIZ ING GROUPS

Now FOR THE ACTUAL MEMOR|ZING OF THE CODE. AS HAS BEEN STATED BE-
FORE, WE START WITH THE ALPHAB‘ET BUT IT ISN'T ADVISABLE TO LEARN THE LET
TERS IN THE SAME ORDER IN WHICH THEY APPEAR IN THE ALPHABET. SUCH A PRO™
CEDURE WOULD COMPLICATE THINGS CONS IDERABLY AND MAKE YOUR LEARNING OF THE
CODE QUITE DIFFJCULT,

A BETTER PLAN 15 TO DIVIDE THE ALPHABET INTO GROUPS, 80 THAT  YoOU
START WITH THE
S IMPLERLETTERS
AND THEN GRAD—
UALLY ADVANCE
THROUGH THE
MORE D IFF{CULT
ONES. By aLan-
CING THROUGH
THE  ALPHABET
IN TaBLE i S
YOU WILL FIND
THAT THE LETT-
eErg T-M ano 0O
ARE ALL DASH
LETTERS, WHERE—
AS THE LETTERS
E=1~S anD HarE
Fla 5 ALL DOT LETTERS,

’ . . T T
Two Views Showinng the Correct Position HEREFORE, |

. 1S NO MORE BUT
of Hand, Wrist arnd E/bow When Serding.- LOGICAL TO MEM

ORIZE THESE 8}
MPLER LETTERS FIRST. THE VAR|IOUS CODE GROUPS ARE ALL ARRANGED FOR YOU IN

TaLE TT IN THEIR ORDER OF SIMPLICITY AND WHICH IS THE SAME ORDER N WH)CH
YOU SHOULD MEMORIZE THEM. )

START WITH MEMORIZING GROUP #| FIRST, . PRACTICE THE SENDINGOF THE
LETTERS T,M AND O DILIGENTLY UNTIL YOU ARE ABLE TO SEND ANY ONE OF THESE
SMOCTHLY AND WITHOUT ANY EFFORT AND 80 THAT THERE WILL BE NO HESITATION
ON YOUR PART |IN SENDING EITHER OF THESE THREE LETTERS REGARDLESS OF THE
ORDER IN WHICH YOU SEND THEM.

PRACTICE EXERCISE ¢

AFTER YOU HAVE MASTERED THESE THREE LETTERS, YOUR NEXT TASK WiILL
BE TC SEND THEM [N THE CODE GROUPS AS PRESENTED TO YOU IN THI8 PRACTICE
EXERCISE. NOTICE THAT THE FOLLOWING CODE GROUPS ARE MADE UP OF VARIOUS
COMBINATIONS OF THE DASH LETTERs T, M ano O, IN ADDITION TO SENDING
THESE LETTERS CORRECTLY, IT I8 ALSO IMPORTANT THAT YOU WATCH YOUR SPAO—
ING IN THE FOLLOWING GROUPS, BOTH BETWEEN LETTERS AND BETWEEN GROUPS.
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TABLE IT
MEMORIZ ING GROUPS
Grour #I Grour #6
T DAH v OIT DIT DAH
M DAH DAH \) DIT DIT DIT DAH
0 DAH DAH DAH K —— DAH DIT DAH
Grour #2 Group #7
E oIt C DAH DJT DAH DIT
| DIT DIT G OAH DAH DIT
§ ~~————— oIT OIT OIT Q DAH DAH DIT DAH
H DIT DIT DIT DIT
Grour #8
Group #3 Y DAH DIT DAH DAH
A OIT DAH 2 ODAH DAH DIT DIT
N OAH DIT P 01T DAH DAH OIT
D e paAH DIT DIT X DAH DIT DIT DaH
Grour #9
|——— DiT DAH DAH DAH DAH
Grour #4 2 —— DIT DIT DAH DAH DAH
W e———— 01T 0aH DaH 3 ——— DIT DIT DIT DAH DAH
J =———— 0IT DAH DAH DAH 4 DIT DIT DIT DIT DAH
B ———— paH 01T DIT DIT 5 —— 01T 0IT DIT DIT OIT
Grour #10
6 DAH DIT DIT DIT DIT
Grour #5 7 = DAH DAH DIT DIT OIT
R OIT DAH OIT 8 ——— DAH DAH DAH DIT OIT
F OIT OIT DAH OIT 9 ~—— DAH DAH DAH DAH DIT
L ———— 017 oaH DIT DIT 0 = DAH DAH DAM DAH DAH
Grour #I1
PeEr10D DIT OIT ©OIJIT DIT DOIT OJT
INTERROGATION OIT DIT DAH DAH OIT DIT

Break orR DousLe DagH

ErRrOR

(=) DAH DIT DIT DIT DAH
DIT OIT DIT DIT DIT OIT DIT OIT

Warr
Enp oF MEssaae
Eno oF TransMiesion

Grour #12

OIT DAH DIT DIT DIT
DIT DAH DIT DAH DIT
OIT DOIT DIT DAH DIT DAH
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TWO-LETTER CODE GROUPS

TT MW 6O MO OM TT MM MT MO T TO MO T OT MI OM ™ TO
OT TV OM MT OT MT OM OT MT OM TM MM TT MO OM 00 MM TT

THREE~-LETTER CODE GROUPS
TOM MOO 0T0 TCM oMO MOO TTM om0 MT MMT OT™
™0 TOO MTM MOM TOM TMO MM MOT T™T TOO ooM
TMT TOT OoMm 00T NTO TOM  MOM TOM MTM 00T MTO
FOUR-LETTER CODE GROUPS
TOMO TMTM  OTOT  MMOT  MOTO MTMT  MOMO  TMTO MOTT  OTOM  MOTO
MTTM MTOC TMOT TOTO OMTO MTOM  0OTT OMTM  TOOM OMOT  TOTO
OMOT TOOM MOOT OTTO OMOT TOTO MTOM MOTM  MOOT  TMOO  MTOM

FIVE-LETTER CODE GROUPS

TOTOM MTMOT TOTTO OTTOM MOTMT MMOOT MTOMT TOMOT OTOMO TMOTO TOMMT
OOMTT TMOTM MOTTM OMOTT OMOTO MTOMT TOMOT TOTOO MOTOO MMTOT 0oTTOM
MOTOT OMMOT TOMOT TMOTO MTOMT TMOTM OTMOT MOTOT MOTTM TOMTO MOTOM

WHILE FERFORMING THESE PRACTICE EXERCISES, SEND SLOWLY AT FIRST. IT
IS MORE |NPORTANT THAT YOUR SENDING BE CLEAN—CUT AND ACCURATELY SPACED
THAN 1T 1S TO ACQUIRE SPEED. You WILL DEVELOPE GREATER SENDING SPEEDAUT—
OMAT ICALLY WITH CONTINUED PRACTICE AND EXPERIJENCE,

AT FIRST YOU MIGHT FIND THIS WORK TO S8E SOMEWHAT OF A STRA I[N, CAUS—
{NG YOU TO BECOME MENTALLY FATIGUED IN A RELATIVELY SHORT TiIME. For THIS
REASON, IT I8 NOT ADVISABLE THAT YOU STUDY THE CODE FOR A LONGER PERIOD
THAN 20 MINUTES AT ONE SITTING SO AS NOT TO BECOME OVER™TIRED. THEN AFTER
A SUITABLE PERJOD OF RELAXAT{ON, YOU CAN CONTJNUE YOUR STUDIES AGAIN AS
YOU SEE FITe

NOW THAT YOU ARE THOROUGHLY FAMILIAR WITH THE STRAIGHT DASH LETTERS
YOU CAN COMMENCE MEMORIZING THE STRAIGHT DOT LETTERs E, 1, S ano H AS
THEY APPEAR IN GROUP #2 oF TaBLE II BUT BY ALL MEANS DON'T EVEN ATTEMPT
TO LEARN GROUP #2 UNTIL YOU ARE ABSOLUTELY CERTAIN OF Group #l. OsservE
CAREFULLY IN GROUP #2 THAT E 15 017, | 18 DIT DIT, S 18 DIT DIT DIT AND
H 1S 01T DIT OIT DIT. WHEN YOU HAVE LEARNED THESE FOUR LETTERS THOR=
OUGHLY, YOU CAN CONTINUE wiTH PracTice Exercise #2.

PRACTICE EXERCISE #2
THIS SECOND PRACT ICE EXERCISE CONSIS8TS OF VARIOUS GROUPINGS OF THE

LeTTers E, |, 8, anDo H. HERE TOO YOU MUST BE VERY CAREFUL OF YOURSPACING
BETWEEN LETTERS AS WELL AS THE SPACING BETWEEN GROUPS.

TWO-LETTER GROUPS

El EH SH Si iH S8 H HI HS EH ES IS
SE IE HH EE HE El ES IE HE SH IS 8E
HH EE Hi IE IH §s EH HE Sl ES SH IE
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THREE-LETTER GROUPS

Sis SIE 181 ESH HIH ESE EIE ESE 18H HIS
HEN IEl 181 EIE SIH HEH ISE 1K1 SHE ESI
ISE EHS 1K1 ESI HEH HIS EIE IE1 NEH HEN

FOUR-LETTER GROUPS

SISE  IS8IS HSEI ISHE EHIS SISE ESHE SHEE HIHI  SEIS
HESE HISI EJEl SIES ISHE SHIS SHIE HEHE ISHI  ESEH
ESIS ESEH HISE EHSI SIHE ESHI SHEE HISH EISH HIHI

FIVE~-LETTER GROUPS

ESEES ESHIE SISSE ESSES HISII HESHE SHIHI ESHIS |HESI SHISE
ISHIE HHIHE HEESE SESHE IHIHE [|IEE] SHEIE |ISHIE SHHSE HISES
EHIES SHEH| HIHIE |ESEH |IHIH ESEH| SESSE ESEEH |SEHS SEESE

UpoN coMPLETION OF PracTice Exercise #2, YOU ARE READY TO SEND COOE
GROUPS WHICH CONTA{N LETTERS FROM BOTH MEMORIZING GRours #| ano #2 useo
IN VARIOUS COMBINATIONS. NOW YOU WiLL HAVE TO WATCH YOURSELF  PARTICU-
LARLY IN YOUR SPACING BETWEEN THE LETTERS OF A GROUP AND BETWEEN GROUPS,
OTHERWISE THE CHARACTERS OF THE DIFFERENT LETTERS WILL HAVE A TENDENCY
TO RUN TOGETHER AND IN TH1S8 WAY BECOME CONFUSING TO THE LISTENER.

IT 1S ALSO ADVISABLE THAT YOU DEVELOPE THE HABIT NOW OF MAKING THE
ERROR S1GN EACH TIME THAT YOU MAKE A MISTAKE IN KEYING AND THEN §MMEO IATE
LY SEND THE SIGNAL AGAIN CORRECTLY.

PRACTICE EXERCISE #3

THIS THIRD PRACT ICE EXERCISE INCLUDES CODE GROUPS CONTAINING LETT=
ERS OF THE STRAIGHT DASH AND THE STRA1GHT DOT TYPE AS EXTRACTED FROM MEM
or1zING GROuPs #l anp #2 ofF Tasre L.

TETES TEHOS ESOTI EMHIT EOHS | HISME EMITO IHEME
ISTEM THIOM OMITH HOHOE HOSEM OEIST TIHVE 1SOIM
STEITH EHOIM SETO! HOSME TSEMO M1SSI MSETH OoMSIT

PRACTICE EXERCISE #4

By THE TIME YOU HAVE REACHED THI8 POINT OF THE LESSON, YOU HAVELEAR
NED SEVEN LETTERS OF THE ALPHABET WELL AND W)TH THESE SEVEN LETTERS YOU
CAN ALREADY COMMENCE SPELLING OUT SIMPLE WORDS. THi1S WILL MAKE YOUR CODE
STUDIES STILL MORE INTERESTING, THE WORDS WHICH YOU ARE NOW TO SPELL FOL
Low?

1T S8ET HOT TOO HiA MEET TOTEM MITES ITEMS MET
HE MET NET THE SIT MESS TO88 MEMO THEME MEMO
ME TEE s 80T HIS MOST HO 13T oTTO SOME HEM

MEMOR 1ZING GROUP #3

THE NEXT THREE LETTERS WHICH YOU ARE TO ADD TO YOUR CODE LIST ARE
THE "A", THE "N" AnDo THE "D", By REFERRING TO MEMORIZING GROUP #3 IN
TaeLe I You WILL NOTE THAT THESE ARE YOUR FIRST LETTERS WHICH ARE A
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COMBINATION OF THE DOT AND THE DASH.
IS DAH DIT anp D" 43 pan oiT DIT,

IN OTHER
THE THING

worps, "A"
T2 DO NOW

1S DIT DAM, BN
18 TO LEARN THELE

THREE LETTERS THOROUGHLY SO THAT YOU CAN SEND

EITHER ONE OF THEM WiTHOUY

HES ITAT {ON. WHEN YOU ARE SURE OF THESE THREE LETTERS THEN YOU CAN P RO
ceep WITH PracTice ExercisE #5.

PRACTICE E©XERCISE #65

THIS FIFTH PRACTICE EXERCISE CONS181: OF CODE GROUPS CONTAINING THE
LETTERS T=i=O=F— | =G=H—A~=N=D WHICH YOU HAVE 30 FAR LEARNED,PRACTICE sSEND-
{NG ALL OF THESE WITH ACCURACY AND AS SMOOTHLY AS POSS IBLE.

FIVE-LETTER CODE GROUPS

A|SHD DANAS NINES D1S0M SMITE JOSNT ANOM ¢
SAMES DODOS MISAD NATID DITES MED N OTDIN
D10AN ONSET SNADS TADAN SEONI INISE NADAT
MIDAS MANDA HOTAN ADANE NTVOA NEADS AlIDiS
OTESA DiDSN ENTAK NEATS NANED MADIN HEOAD
ANDAD ADNAD ODONA OSTEA SANDS {MONA ESINI
TWO AND THREE~-LETTER WORDS
T0 THE ODE MAD ATE SIN TAN DIN SOT
) AND 00D TEE TIT TEN SET AlD DIE
AS TOT NED SAT EAT TEA NAT DEN TAT
SIMPLE FOUR~LETTER WORDS
THEM TEND SODA ITEM MOTE NINE MOTH NAME
DATE NAME SOME EAST INTO |OEA MOAN TEST
HOME IDES EASE EDEN SAND MATE EDIT TIDE
SIMPLE FIVE-LETTER WORDS
D1D0S MAIDS TEEMS MEANS HINTS NAMES TEAMS
DINES STINT DATES SMASH DEANS SODAS AIDES
STAND ASHES DANES MITES SAINT DOMES MA INS
THE NEXT THREE LETTERS FOR YOU TO LEARN ARE THE W = J AND THE 8

WHICH ARE INCLUDED In GRour #4 oF TasLe TI. THe LETTER W, YOU MUST REMEM
BER, 18 DIT DAH DAH, J 1S DIT DAH DAH DAH AND B 18 DAH DIT DIT DIT. STAY

WiTH THESE THREE LETTERS UNTIL YOU LEARN THEM THOROUGHLY AND THEN GO
AHEAD WITH PracTice Exercise #6.

PRACTICE EXERCISE #8686

THE FIRST PART OF THIS EXERCISE CONSIST OF CODE GROUPS CONTA INING
{N VARIOUS COMBINATIONS ALL OF THE LETTERS WHICH YOU HAVE LEARNED SO FAR,
INCLUDING THE LAST THREE LETTERS WeJ—-B, THE SECOND PART OF THIS EXER=
CISE SUGGEST SIVPLE BUT COMPLETE SENTENCES WHICH YOU CAN SEND BY VUSING
THE LETTERS WHICH YOU KNOW AT THIS TIME. IT 18 IMPORTANT THAT YOU GQGIVE
THIS PARTICULAR EXERCISE YOUR FULLEST ATTENTION,.
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CODE GROUPS

IWAWE JABEW DIJOW TWIBE ESIBN JASBI TOWID
SHEJD SEJOW oBJS| EWABD DBEBI | SHWJ 0BIOJ
NTOJW OWESJ JANDB ANJEB MINAD BADIJ ATJJS
BIJEW EJMWD JASWB SWEBT WA 1BJ BOSWE WISDJ

SIVPLE SENTENCES

THis J0B 18 TO BE DONE BY THE BEST MAN,

JAMES 18 TO MEET SAM BETWEEN TEN AND NOON.
THE SAME MAN WAS TO BE SENT AT THIS TIME,
JOHN AND SAM WENT DOWN TOWN AT NINE AM,

Tom WAITED TO SEE THAT THE BAT WAS SENT HOME,
JOE SAID HE WAS NOT A BAD MAN,

JIM BOASTED THAT HE DiID NOT oweE Dan,

WE JOINED BOTH ENDS AND WAITED,

MEMOR|ZING GROUP #5

THE NEXT THREE LETTERS WHICH YOU ARE TO LEARN ARE THE R, THE F anD
THE L As GIVEN IN MEMORIZING GRoup #5 ofF TasLe Il. Notice THAT R 1s OIT
DAH 01T, F 18 OIT DIT DAH DIT, AND L 18 DIT DAH DIT DIT.LEARN THESETHREE
LETTERS THOROUGHLY AND THEN PROCEED WITH PRacTice Exercise #7.

PRACTICE EXERCISE #¢7

THIS PRACT ICE EXERCISE CONSITS OF CODE GROUPS CONTAINJAG ALL OF THE LET—
TERS WHICH YOU HAVE LEARNED 80 FAR AND INCLUDING THE LETTERs R,F, ano L.
IN ADDITION, YOU ARE ALSC AT THIS TIME GIVEN SOME MORE FRACT|CESENTENCES
EMPLOYING THESE NEW LETTERS.

THE CODE GROUPS

RARIR DAFIN LFRWE FELW] TLOFR |RERT
LELIL SBLJW JBARL DWETW RIRAR SLOWE
RFWLB NwJ 0B NRWJT TRIRE JOLIB RFLWJ
TRFLE BSJWD RASIR LJWBL BRFLW LFRHM
| TEMS FEFOS REF IL WJBER FRWJB 1JWFS

SIMPLE SENTENCES

THE WATER 1S FINE,

THE OWNER OF THE HORSE SAW T STOLEN.

THERE WiLL BE A ROW WHEN JImM FINDS WE ARE LATE,
ATTEND TO THE JOINT BETWEEN THE WINDOWS,

| SEE THAT THE FLOW IS FROM BOTH EAST AND WEST.
THAT INDIAN 1S NOT A BAD MAN,

THE BEST THREE ARE TO BE SENT WITH JOHN,

HE WILL HAVE ONE HORSE AND WE WILL WANT TWO.
BETWEEN THE TWO OF THEM IT WILL BE FINE,
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SOME SPEC|AL SUGGESTIONS

ALTHOUGH IT 18 PREFERABLE THAT YOU .8TART YOUR CODE STUDIES BY ACT—
UALLY USING A KEY, YET THIS DOES NOT MEAN THAT YOU SHOULD NEGLECT  YOUR
CODE STUDIES JUST BECAUSE YOU DON'T AT PRESENT HAVE A CODE PRACTICE SET
AVAILABLE. |F S8UCH BE THE CASE, YOU CAN START LEARNING THE CODE BY GOING
THROUGH ALL THE EXERCISES PRESCRIBED IN THIS LES8SON BY PRODUCING THE CODE
CHARACTERS W|TH YOUR MOUTH. FOR EXAMPLE, FOR THE LETTER "A" givpPLY UTTER
THE SOUNDS DIT DAH, FOR THE LETTER "§" UTTER THE SOUNDS DIT DIT DIT JUST
AS YOU WOULD MAKE THEM IF YOU HAD A CODE PRACTICE S8ET, EVEN THISROUTINE,
WiLL HELP YOU TREMENDOUSLY IN THE TASK OF LEARNING CODE AND THEREBY EN—
ABLE YOU TO BE JUST THAT FAR AHEAD WHEN YOU HAVE ACCESS TO A CODE PRAC—
T ICE 8ET AND THUS MAKE YOUR PROGRESS THROUGH THIS WORK JUST THAT MUCH MORE
RAPID.

IT 18 ALSO GOOD PRACTICE TO HAVE SOME OTHER PERSON SEND THE DIFFER
ENT LETTERS OR CODE GROUPS TO YOU S0 THAT YOU CAN ADAPT YOURBELF TO THE
RECEPTION OF CODE. IHESE "SIGNALS"™ CAN BE SENT TO YOU EITHER BY WORD OF
MOUTH OR ELSE BY SOME OTHER PARTY SENDING THEM TO YOU WITH THE KEY WHILE
YOU LISTEN=~IN ON THE HEADPHONES OF YOUR CODE PRACTICE SET. YOU WiLL CON—=
TINUE YOUR CODE WORK IN THE NEXT LESSON.
P e

Examination Questions

v\ LESSON NO. T—4
A

le = How MUCH TIME HAVE YOU SPENT SO FAR [N THE STUDY OF THE
cooe?

2. = ARE YOU USING A CODE PRACTICE SET WITH WHICH TO LEARN
THE cooeg?

3¢ = AT THE PRESENT TIME, HOW MANY CODE LETTERS CAN YOU TRANg
MIT WITHOUT REFERRING TO YOUR TEXT?

4, — DRAW A CIRCUIT DIAGRAM OF A CODE PRACTICE SET EMPLOYINGA
VACUUM TUBE AND EXPLAIN HOW JT |8 USED,

5. = WHAT 15 THE MEANING OF o emme ?

6. — How WOULD YOU MAKE THE LETTER B BY MEANS OF THE CoDE! IN

’ DICATE THIS ON YOUR PAPER BY THE PROPER ARRANGEMENT  OF
DOTS AND DASHES,

7« = WHAT 18 THE CORRECT RELATION BETWEEN THE LENGTHOF A DOT AND
THE LENGTH OF A DASHe

8. = TRANSCRIBE THE FOLLOWING SENTENCE INTC CODE BY PLACING \
THE PROPER ARRANGEMENT OF DOTS AND DASHES ON YOUR PAPER,
BEING BURE TO INDICATE THE CORRECT SPACING BETWEEN THE
LETTERS OF ANY ONE WORD AND BETWEEN WORDS., HERE §8 THE
SENTENCE?! THE WATER 1S FINE. »

9. = WHAT 18 THE CORRECT SPACING BETWEEN THE LETTERS OF A
WORD AND BETWEEN WORDS OF A SENTENCE?

10e= TRANSCRIBE INTO CODE THE FOLLOWING SENTENCE! THE OWNER
OF THE HORSE SAW T STOLEN,

PRINTED IN Ue8eA,
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LESSON NO. 5

i

MASTERING THE CODE
PART II

GUIDED BY THE PRECEDING LESSON, YOU SHOULD BY THIS TIME BE CAPABLE
OF BOTH SENDING AND RECEIVING WELL ALL THOSE LETTERS OF THE ALPHABET WHI|GH
ARE INCLUDED IN THE FIRST FIVE MEMORIZING GROUPS IN TaBLE II OF THE PRE~
VIOUS LESSONs SINCE YOU WILL AGAIN HAVE NEED FOR THIS BAME TABLE IN THE
PRESENT LESSON, |T 18 ADVISABLE THAT YOU OPEN THE PREVIOUS LESSON AT THE
PAGE UPON WHICH TABLE LI APPEARS AND IN THIS WAY HAVE [T HANDY FOR REFER—
ENCE AS YOU CONTINUE YOUR CODE STUDIES AGCCORDING TO THE INSTRUCTIONSWHICH
WILL NOW BE GIVEN.

You ARE AT THE PRESENT
TIME PREPARED TO LEARN THOSE
LETTERS WHIOH ARE |NCLUDED IN
MEMOR 1ZING GROUP 6, NAMELY,
U~V ano Ko THE U, You wiLL
OBSERVE, 18 DIT DIT DAH; THE
V 18 DIT DIT DIT DAH AND THE
K. 18 DAH DIT DAH,

WHEN YOU HAVE  LEARNED
THESE THREE NEW LETTERS THOR—
OUGHLY, PROOEED BY DILIGENTLY
PRAOT ICING THE FOLLOW{NG CODE
GROUPS,

DonN'T BE CONTENT BY GO~
ING THROUGH THE FOLLOW |NG GODEK
GROUPS. ONLY ONCE BUT PRACT ICE Flg. 1
THEM REPEATEDLY SEVERAL TIMES
80 THAT ALL OF THE LETTERS
WILL REQISTER IN YOUR M IND )
WITHOUT ANY HESITAT ION. Trained Man.

Commercial Operating Offers
Many Opportunities to the
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RURUF RFLWV KIULR IUSVH SEARU IRULU
VIVOR FLOSD KERIF FAVOR ULRUL EK KU
NIFAO SLHUT K INKS MUV 1K VMKOR DOVES

SUFLU KESIK ERIFS FELTU KIKOR VEVIR
UFRKU LHUTV IVMKO VISOR VEVFS URV IK
FOLEL THISF KESTI | TBEK FSIHT LELDF

MEMOR |ZING GROUP #7

Memor1ZING GROUP #7 CONTAINS THE THREE LETTERs C, @ anD Q.As vou
WILL HAVE NOTICED BY THI8 TIME, THE LETTERS WHICH YOU ARE NOW LEARNING
ARE OF A MORE COMPLEX STRUCTURE THAN THOS8E WHICH YOU LEARNED FIRS8T  AND
IT WiLL THEREFORE REQUIRE A LITTLE MORE TIME AND PRACTICE IN ORDER FOR
YOU TO MASTER THEM.

THE FIVE~LETTER CODE GROUPS8 WHICH FOLLOW, OFFER YOU SPLENDIDPRAC—
TICE IN SENDING AND RECEIVING THE LETTERs C, G AND Q As WELL AS SOME OF
THE OTHERS WHICH ARE INCLUDED IN THE MORE ADVANCED MEMORIZING GROUPS.

Cucko FLRQG LOGOQ CRUFL GURQE * GVGWK
QURFQ RFVUL LQFGC CEGIQ QUQUE CGQRU
GVQLR QURCG CVKLC QUOGO QUACK GKVUG
VOTES QUART GUGGO LFULG RUCFL KGIQC
GFRKG QFCKL RGFQV KLGCV CFLGR FLUGF
KICKS CLGQF GKLFR GRUCQ FLUGF RVQCF
LUCGQ FORKE QGFLC TCMQG GQMCT EKROF

WHEN SENDING WORDS OR CODE GROUPS WHICH CONTAIN THE LETTERs C,Q,V,
L AND J YOU MUST BE PARTICULARLY CAREFUL WITH THE SPACING WITHIN THE LET—
TERs FOR EXAMPLE, THE LETTER C CAN BE INCORRECTLY SENT 80 A8 TO S8OUND AL~
MOST THE saME As TR, as NN, or A8 KE. 8IMILAR CONFUSION CAN ALSO RESULT
BY INCORRECT SPACING WITHIN OTHER LETTERS., THEREFORE, |F YOU FIND YOUR=-
SELF HAVING ACQUIRED ANY SUCH UNDESIRABLE HABITS8 OF S8ENDING, IT I8 OF UL

MOST IMPORTANCE THAT YOU CORRECT THIS CONDITION NOW BEFORE THESE HABITS

BECOME TOO STRONG AND INCREASINGLY DIFFJCULT TO CORRECT.
MEMOR {ZING GROUP 8

THE FINAL GROUP OF LETTERS WHICH YOU ARE TO LEARN ARE INCLUDED [N
MEMORIZING GROUP #8 AND THESE ARE Y, Z, P aND X, THESE LETTERS AREFORM~
ED IN THE FOLLOWING MANNER: Y I8 DAH DIT DAH DAH}; Z 18 DAH DAH DIT DIT}
P 1s DIT DAH DAH DIT AND X |8 DAH DIT DIT DAHe A NUMBER OF PRACT]CE CODE
GROUPS WHICH CONTAIN THE LETTERS Y, Z, P AND X, A8 WELL A8 OTHERS FOLLOWS

YOYOQY YACHT XADNQ 8GQEH JAWZX ZLFRZ
CXZQG . YE8BTZ ZONIC BJXEZ XUXZC PAPPA
ZiINCS WAX |W 1Z8GL PAYER YUSTX FZQRV
BYZER Z|L0z FETQX FLUXZ Y1Zi1Z CEXIG
BUZIX ZEZ1Z GIRLS GAGIC PLAXR SHZXY
XUXVK BJKRV ZINCQ YCZCX XEXQR GWJBX
XTXEX TOX1G JAX1dJ DALYP GIXOT XBJWG

A GENERAL REVIEW

AFTER YOU HAVE LEARNED THE LETTERS OF MEMORIJIZING GROUP #GTHOROUOHLY
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IT 18 ADVISABLE THAT YOU CONDUCT A CAREFUL REV|EW OF EVERYTHING WHICH YoOU
HAVE 80 FAR LEARNED ABOUT THE CODE., WHEN YOU HAVE DONE THIS, THEN PRAC—
TICE SENDING AND RECE|VING THE MORE DIFF{CULT TYPES OF WORDS WHICH APPEAR
IN THE FOLLOWING LI8T: GvnECOLOGY, MissSi8s8iPPI, NECESSI|TATE,NECESS|ITOUS,
LEQUM INOUS, GYROSCOPE, GLAGITIOUSNESS, CONSC|ENT|OUSNESS, AMB | QUOUSLY,
ABERRATION, ENFRANCHISEMENT, GRADILOQUENTLY, HERBINOROUS, |808CELES, JUV—
ENESCENCE, KALE|DOSCOP|C, LOXODROMICS, MUTINOUBNES8S, MYTHOLOGICALLY, OR-—
CHIDAGCEOUS, PARALLELOPIPED, RECRIMINATORY, RHAPSODI|CALLY, 8|LHOUETTE,8OL—
IDUNGALATE, TERRAQUEOUS, VENTUROUSNESS, XYLOPHONE, XYLOPYROGRAPHY,ZYMURGY,

QuUITE OFTEN, LONG WORDS WHICH CONTAIN COMBINATIONS OF LETTERS WHICH
ARE NOT USED FREQUENTLY HAVE A TENDENCY TO CAUSK HESITATION AND INACCURACY.
WHEN SENDING SBUCH A WORD AND YOU MAKE A MIBTAKE, THEN TRY YOUR BEST T0
REMAIN CALM RATHER THAN BECOME CONFUSED — S8IMPLY MAKE THE ERROR 8IGN AND
PROCEED TO SEND THE WORD AGAIN CORRECTLY,

ON THE OTHER HAND, IF YOU ARE RECEIVING A CODE GROUP, WORD,ORMESSAGE
AND YOU FIND THAT YOU CANNOT IMMEDIATELY RECOGN|ZE A GJVEN LETTER, THEN DO
NOT WASTE VALUABLE TIME BY VAINLY TRYING TO RECALL THAT LETTER BUT 8[IMPLY
8KIP THAT LETTER AND BE READY TO CATCH THE NEXT ONEe. |F YOU S8HOULD PAUSE
FOR TOO QREAT A LENGTH OF TIME ON A S8INGLE LETTER, S8EVERAL OTHER LETTERS
MAY ALREADY BE B8ENT TO YOU WHILE YOU ARE ST|LL CONTEMPLATING UPON THE
FIRST, THE RESULT 18 THAT YOU MAY MIS8 AN ENTIRE WORD AND THE TRUE MEAN~
ING OF A MESSAGE ALL ON ACCOUNT OF ONE LETTER. |T 18 MUCH MORE PREFERABLE
TO MI88 A LETTER AND BATIS8FAGTCRILY RECEIVE THE REMA INDER OF THE MEBSAGE
CORRECTLYe

IN THE FOLLOWING PRACTICE SENTENCES YOU WILL FIND A LARGE VARJETY
OF LETTERS UBED IN MANY DIFFERENT COMBINATIONS8e PRACTICKE S8ENDING THESE
BENTENCES SEVERAL TIMES.

PRACT |CE SENTENCES

lo = MANY OF THE COUNTRY TOWNS ARE INSTALLING NEW OR ADDITIONAL
PLANTS TO REPLACE OBBOLETE AND INEFFICIENT S8ET8 WH]CH HAVE BEEN
IN USE FOR MANY YEARS PAST THEIR EFFECTIVE LIFE OWING TO THE
RECENT S8TRINGENT CONDITJONS,

2. =~ HE REPORTS TO A SUPERIOR AND THE DEFENDANT 18 TRIED BY A GOURT
COMPOSED OF THE SBUPERINTENDENT AND TWO DISINTERESTED PARTI]ES,

3. = THE INSPECTOR DOES NOT HAVE A REGULAR S8CHEDULE 80 NO ONE KNOWS
WHEN TO EXPECT HiMe

4, —~ THI8 WILL TAKE GARE OF BOTH DUST AND MOIBTURE THAT ARE HIDING
TO DO DAMAGE LATER,

5. — MARKING 18 BY MEANS OF HOLES IN WHICH S8TEEL ®INS ARE F|TTED.
6e — NOW THAT THE ITINERARY OF A WORN OUT ENGINE HAS BEEN TRACED

THROUGH IT8 REJUVINATION PROCESS AND BAOK TO WORK AGAIN WE CAN
@0 ON TO THE OTHER UN|T8.
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7. = THE LIGHT BEAM 18 ADJUSTED 80 THAT (T PASSES THROUGH THE NEGA—
TIVE AND FALLS ON THE PLATE OF THE PHOTO ELECTRIC CELL,

8. = AspPriING SUSPENS|ON IS EMPLOYED AT ONE END OF EACH STRIP TO KEEP THE
STRIP TAUT,.

9, — THE FIRST IMPORTANT POINT FOR CONSIDERATION |8 THAT OF BOND jNG
BETWEEN THE VARIOU8 METALLIC MEMBERS OF AN AUTOMOBILE EQUIPPED
WITH A RADIO SET,

0.~ To SECURE THE MOST PERFECT REPRODUCTION AT ALL TIMES IT I8 NEC
ESSARY THAT THE RECEIVER BE CAPABLE OF HANDLING EVERY LOUD
PASSAGE OR PEAK THAT COMES [N W|THOUT OVERLOADING OR DISTORTING.

You WILL DERIVE EXCELLENT PRACTICE BY SENDING PARAGRAPH8 WHICH ARE
PRINTED [N NEWSPAPERS, MAQAZINES ETC., AND {F POSS|BLE HAVE SOME OTHERPAR—
TY 8END YOU THESE MESSAGES BY CODE 80 THAT YOU CAN PRACTICE RECEIVING AS
WELL., AN EXCELLENT METHOD OF OBTAINING RECEIVING PRACTICE I8 TO LIBTEN
TO AMATEUR OR COMMERC|AL TRAFF|IC WHERE CODE 18 BEING .EMPLOYED, You caN AL
WAYS FIND SOME STATION IN THI8 WAY WHICH I8 TRANSMITTING CODE AT A MODER—
ATE SPEED SU|ITABLE FOR A BEGINNERe AT FIRST, YOU MAY ONLY BE ABLE TO PIOK
QUT A FEW LETTERS BUT WITH CONTINUED PRACTICE YOU WILL FIND YOURSELF RE-
CEJIVING MORE LETTERS AND GRADUALLY SHORT WORD8 AND FINALLY COMPLETE SEN—
TENCES. IT 18 REALLY SURPRISING HOW MANY PERSONS HAVE LEARNED THE CODE

WITH NO HELP OTHER THAN [NSTRUCTIONS AS THESE, A CODE PRACT|CE B8ET AND A
S8HORT—WAVE RECEI|VER,

NUMERALS

Up TO THIB TIME YOUR CODE S8TUD|E8 HAVE BEEN DEVOTED 8OLELY TO THE
LETTERS OF THE ALPHABET USED IN VARIOUS ARRANGEMENTS8., YOUR NEXT STEP WILL
BE TO LEARN THE NUMERALS BUT BY ALL MEANS DON'T EVEN ATTEMPT TO LEARN THE
NUMERALS UNTIL YOU FEEL ABSOLUTELY CERTAIN OF YOUR ABILITY TO HANDLE THE
ALPHABET SATISFACTORI[LY.

COMMENCE YOUR 8TUDY OF THE NUMERALS WITH MEMORIZING GROUP #O AND
WHICH CONSISTS OF THE NUMBERS | TO 5 INCLUSIVE, NOTE IN PARTICULAR THAT
ALL OF THE NUMBERS CONTAIN FIVE CHARACTERS AND THAT A VERY DEFINITE ARR-
ANGEMENT |8 USEC, FOR INSTANCE, THE NUMBER | I8 MADE UP OF ONE OIT FOLL~—
OWED BY FOUR DAHB; THE NUMBER TWO I8 MADE UP OF TWO D|TS8 FOLLOWED BY THREE
DAH's ETC. IN OTHER WORDS, THE NUMBER OF DITS8 USED IN SUCOESSION OF EACH
OF THE FIRST FIVE NUMBERS (8 |NDICATIVE OF THE NUMBER. THIS IS A 8IMPLE
RELATION, WHICH WHEN NOTED, WILL HELP YOU TO REMEMBER THESE NUMERALS.,

WHEN YOU HAVE BOTH 8ENT AND RECEIVED THE FIRST FIVE NUMERALS 80 THAT

YOU CAN BEND THEM IN ANY ORDER W|THOUT HESITATIONy, THEN CONTINUE W|TH THE
FOLLOWING EXERCISE,

13121 24351 42432 14246 24214 23325
52513 52134 13413 456621 31452 23453
45132 34162 46321 - 12346 32245 11234
23246 34512 13412 42324 32452 32341
52321 34262 51234 51423 34145 21234
32462 41434 16162 43212 51426 _ BB321

11452 35421 B2113 3245 | 22133 16243
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NUMBER AND LETTER GROUPS

THE NEXT BTEP |8 TO PRACTICE THE FOLLOWING GROUPS WHICH CONTAINCOM
BINATIONS OF THE FIRST FIVE NUMERALS AND THE LETTERs T, M, O, E, |, S,an0o
H., WHEN COPYING CODE GROUPS OF THIS NATURE QREAT CARE MUST BE EXERCISED
80 A8 NOT To MISBTAKE A | FOrR AN I or AN O FOR zERo, FOR THIS REASON, IT
I8 CUSTOMARY TO PLACE A DOT IN THE MIDDLE OF A ZERO WHEN COPYING CODE 80
THAT IT WILL NOT LATER BE READ A8 THE LETTER O. |IN THE CASE OF THELETTER
1 EITHER BE S8URE TO PLACE CROSS BARS AT EACH OF ITS EXTREMETIES OR ELSE
WRITE |T IN THE 8CRIPT FORM "3 80 A8 NOT TO LATER READ IT A8 THE NUMBER
le HERE 18 THE PRACTICE EXERCISE!

81324 H21TO 04163 1432H 52661 20163
T4245 SIE45 E5532 E1342 42T35 4E32|
45234 T4H5T 42138 33451 E2451 T3421
T3H21 52423 43151 32T14 41328 38142
5134M 1034M 5H134 16534M E32]5 H4232

MEMORIZING GROUP #10

THE NUMBERS 6 TO O ARE CONTAINED IN MEMOR|ZING GROUP $#10., THESE NUM—
BERS FOLLOW A SEQUENCE WHICH I8 REVERSED TO THAT OF THE NUMBERS | TO BIN
THAT THE DAH8 COME FIRS8T AND ARE FOLLOWED BY THE DITS8 WHILE ZERO CONSISTS
OF FIVE DAH8 PRODUCED ONE AFTER THE OTHER., A PRACTICE EXERCISECONTAINING
THE NUMBERS 6 TO O IN VARIOUS COMBINAT|ONS FOLLOWS:

67890 60097 98680 80997 87979 78786
67897 66078 79680 89679 88776 77896
66867 97860 77889 88769 98760 86908
69798 79680. 86668 86908 69798 79680
687789 78608 67780 78676 78907 99870
0876 60708 89760 69886 876086 98076

THE FOLLOWING EXERCISE WILL FURNISH YOU WITH EXCELLENT PRACTICE IN—
VOLVING ALL TEN OF THE NUMBERS., APPLY YOURSELF CONSCIENTJOUSLY TO THIS
WORK AND DO NOT RUSH THROUGH ITe ’

33220 32603 67513 48965 . 42823 39824
72823 85788 31764 44693 97680 79608

oisol 44693 97680 79606 84725 68410
84736 97438 78261 78696 72654 87671
37601 87427 92121 43295 42690 48743
48821 63891 87462 12814 42391 84765
098756 45121 58798 96864 32165 51232
90001 70663 37680 798056 02370 35506
52438 89706 50362 44651 87294 75613
46789 32176 42638 23678 77654 46803

A REV|EW EXERC|SE

A @Q0OD REVIEW EXERCISE FOLLOWS, By PERFORMING THI8 EXERGISE You
WILL HAVE AN OPPORTUNITY TO USE ALL OF THE LETTERS [N THE ALPHABET ASWELL
A8 ALL TEN NUMERALS.




PAGE © TRANSM| TTERS

3HOWS 6G14dJ V3LuJ 483XA Q0837 42900
YB4UT 3K403 F390G WBFMO TMOHS 56NQR
52RNL PQBHT KOH4 | P78BC 8NOR5 T8ANY
109tV 103AX TOM59 Y23Zu BE752 2280K

WHEN You HAVE REACHED THIS STAGE OF YOUR CODE 8TUDIES, YOU SHOULD BE
ABLE TO SEND ANY FORM OF LETTER, WORD OR NUMBER COMBINATION W|TH EASE AND
ACCURACY, HOWEVER, IT TAKES A GREAT DEAL OF PATIENT PRACT|ICE AND EARNEST
STUDY IN ORDER TO BE ABLE TO DO THIS.

HAVING MASTERED THIS PART OF THE WORK, YOU ARE NOW READY TO LEARN

THE MOST USED PUNCTUATION MARKS AND SPECIAL ABREVIAT|ONS WHICH APPEAR [N
MEMORIZING GROUPs #| | anD #12, THESE CONSIST OF THE PERIOD; THE INTERROG
ATION OR QUESTION MARK} THE BREAK OR DOUBLE DASH] THE ERROR S|GNWHICH YOU
SHOULD ALREADY HAVE BEEN USING A8 PER PREVIOUS INSTRUCTIONS; THE WAITS|GN;
THE END OF MESSAGE AND THE END OF TRANSMISSION SI1GNS. IN ADDITION,  YOU
CAN ALSO AT THIS TIME LEARN THE siGNs FOR "Recelvep O.K." (piT DAH DIT) AND
"INVITATION To TRANSMIT (GO AHEAD) " WHICH APPEARS AS DAH DIT DAH IN YOUR
coMPLETE copbe TABLE T IN THE PREVIOUS LESSON.

IN ORDER TO QUALIFY FOR AN AMATEUR's LICENSE THIS COMPLETES YOUR
CODE KNOWLEDGE A8 FAR As TABLE 1 oF THE PREVIOUS LESSON IS8 CONCERNED. To
BECOME THOROUGHLY QUALIFIED AS A COMMERCIAL OPERATOR, HOWEVER, YOU SHOULD
ALSO LEARN THE REMAINING PORTIONS OF TH|s same TABLE T suT THIS cAN BE
DONE GRADUALLY OVER A PERIOD OF TIME AND AS YOU BECOME MORE EXPER]ENCED IN
THIS LINE OF WORK. '

THE "Q" CODE

Now IN ADDITION TO THE Morse CoDE, WE ALSO HAVE WHAT I8 KNOWN AS
THE "Q" cope. THis "Q" CODE IS NOTHING MORE THAN A SERIES OF ABREVIAT|ONS
WHICH HAS BEEN DEVISED FOR USE IN INTERNAT JONAL RADIO COMMUN|CATIONS.THIS
"Q" cope appEARs IN TABLE I oF THIS LESSON AND AS YOU WILL OBSERVE, EACH
OF THE ABREV|ATIONS STARTS WITH THE LETTER @ AND FROM WHICH IT DERIVES THE
SIGNIFICANT NAME "Q-cope",

THESE VARIOUS ABREVIATIONS HAVE THE MEAN|NGS AS SPECIFIED IN THE
"ANSWER" corLumn oF TABLE T. WHENEVER ANY OF THESE ABREVJATIONS 18 FOLLOW—
ED BY A QUESTION MARK, THEN ITS MEAN NG BECOMES A8 SPECIFIED IN THE"QUEs—
Tion coLumn' oF TABLE I, For EXAMPLE, IF YOU SUSPECT THAT THE SI1GNALS BE
TWEEN YOU AND THE PARTY WITH WHOM YOU ARE COMMUN JCATING ARE BE|NGSUBJEGCT—
ED TO INTERFERENCE, THEN YOU WOULD SEND THE SIGNAL QRM. |F sUcH SE  THE
CASE, THEN THE OTHER PARTY CAN ANSWER YOUR QUESTION BY 8IMPLY SEND{NG THE
ABBREVIATION QRM, WHICH MEANS THAT HE 18 BEING INTERFERED W|THe

You wiLL ALsO 0BSERVE IN TABLE I THAT THE DIFFERENT TYPES OF WAVE
FORMS ARE REFERRED TO AS WAVES oF TvyrpeE Al, A2, AZanp B, THESE PARTICULAR
ABREV IATIONS HAVE THE FOLLOWING MEANING!

TyreE AtWAVES ARE UNMODULATED CONT INUOUS WAVES WHICH ARE VARIED BY
TELEGRAPHiC KEYING; TYPE A2WAVES ARE CONTINUOUS WAVES WHICH ARE MODULATED
AT AUDIBLE FREQUENCY AND WITH WHICH IS COMBINED TELEGRAPHIC KEYING‘; TYPE
A3 wavEs ARE CONTINUOUS WAVES WHICH ARE MODULATED BY SPEECH OR BY MuUs | C;

TYyPE B WAVES ARE DAMPED WAVES,
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LESBSON NO. 5
TABLE 1
THE Q CODE
tﬁgﬁ’; Question Answer

QRA What is the name of your station? The name of my stationis ........

QRB At what approximate distance are you The approximate distance between our
from my station? stations i8 ...... nautical miles (or

...... kilometers).

QRC By what private company (or govern- The accounts for charges of my station
ment administration) are the ac- are liquidated by the ........ private
counts for charges of your station company (or by the government ad-
liquidated? ministration of ... ..... ).

QRD Where are you going? Iam going to ......

QRE What is the nationality of your station? The nationality of my stationis ........

QRF Where do you come from? I come from ........

QRG Will you indicate to me my exact wave Your exact wave length is ...... meters
length in meters (or elrequency in (or ............ kilocycles).
kilecycles)?

QRH What i8 your exact wave length in My exact wave lengthis ........ meters
meters (frequency in kilocycles)? (frequency ........ kilocycles).

QRI Is my tone bad? Your tone is bad.

QRJ Are you receiving me badly? Are my 1 can not receive you. Your signals are
signals weak? too weak.

QRK Are you receiving me well? Are my I receive you well. Your signals are good.
signals good?

QRL Are you bhusy? I am busy. Or, (I am busy with ... ... ).

Please do not interfere.

QRM Are you being interfered with? [ am being interfered with.

QRN Are you troubled by atmospherics? I am troubled by atmospherics.

QRO Must I increase power? Increase power.

QRP Must I decrease power? Decrease power.

QRQ Must I send faster? Send faster (...... words per minute).

QRS Must ] send more slowly? Send more slowly (........ words per

minute).

QRT Must I stop sending? Stop sending.

QRU Have you anything for me? I have nothing for you.

QRV Must I send a series of V's? Send a series of V's.

QRW Must I advise ........ that you are Please advise ........ that I am calling
calling him? im.

QRX Must I wait? When will you call me Wait until [ have finished communicating
again? with ........ I will call you immedi-

ately (orat ........ o’'dock).

QRY Which is my turn? Your turn is No. ........ (or according

to any other indication).

QRZ By whom am I being called? You are being called by ........

QSA What is the strength of my signals (1 The strength of your signalsis ........
to 5)7 (1 to 5).

QSB Does the strength of my signals vary? The strength of your signals varies.

QSC Do my signals disappear entirely at Your signalsdisappear entirely at intervals.
intervals?

QSD Is iy keying bad? "Your keying is bad. Your signals are un-

readable.

QSE Are my signals distinct? Your signals run together.

QSF Is my automatic transmission good? Your automatic transmission fades out.

QSG Must I transmit the telegrams by a Transmit the telegrams by a series of 5,
series of 5, 10 (or according to any 10 (or according to any other indication).
other mdlcamon) ?

QSH Must I send one telegram at a time, Transmit one telegram at a time, repeating
repeating it twice? it twice.

« QSI Must I send the telegrams in alternate Send the telegrams in alternate order with-
order without repetition? out repetition.

QSJ What is the charge to be collected per lhe charge to be collected per word for
word for ........ including your | - ........ is........ francs, including
internal telegraph charge? my internal telegraph charge.

QSK Must I suspend traffic? At what time Suspend traffic. I will call you again at
will you call me again® | ... (o’clock).

QSL Can you?glve me acknowledgment of I give you acknowledgment of receipt.
receipt?

QSM Have you received my acknowledgment I have not received your acknowledgment
of receipt? of receipt.

QSN Can you receive me now? Must I con- I can not receive you now. Continue to
tinue to listen? listen.

QSO Can you communicate with ........ I can communicate with .. ...... directly
directly (or through the intermedi- (or through the intermediary of ... ... ).

aryof ........ )?
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TRANSM|)TTERS
|
Abbre- Question Answer
riaton

QsP Will you relay to ........ free of Iwillrelayto........ free of charge.
charge?

Q=Q Must I send each word or group once Send each word or group once only.
only?

QSR Has }the distress call received from The distress call received from ........
........ been attended to? has been attended toby ........

QSU Must I send on .... meters (or .... Send on .... meters (or on .... kilo-
kilocycles) waves of type Al, A2, cycles), waves of Type A1, A2, A3 or B.
A3, orB? I am listening for you.

Q8Y Must I shift to the wave of ........ Shift towaveof ........ meters (orof ...
meters (or of kilocycles), for kilocycles) for the balance of our com-
the balance of our communications, munications and continue after having
and continue after having sent several sent several V’s.

V's?

QSW Will you send on .... meters (or on I will send on .... meters (or .... kilo-
. iilocycles) waves of Type Al, A2, cycles) waves of Type Al, A2, A3 or B.
A3 or B? ontinue to listen.

QSN Does my wave length (frequency) vary? Your wave length (frequency) varies.

QRY Must I send on the wave of .... me- Send on the wave of .... meters (or.....
ters (or kilocycles) without kilocycles) without changing the type
changing the type of wave? of wave.

Q87 Must I send eaci’) word or group twice. Send each word or group twice.

QTA Must I cancel telegram No. .... as if Cancel telegram No. .... a8 if it had not
it had not been sent? been sent.

QTB Do you agree with my word count? I do not agree with your word count; I
shall repeat the first letter of each word
and the first figure of each number.

QTC How many telegrams have you to send? I have .... telegrams for you or for ....

QTD Is the word-count which I am confirm- The word count which you confirm to me
ing to you accepted? is accepted.

QTE What is my true bearing? Your true bearing is . ... degrees
(or) (or)

What is my true bearing relative to? Your true bearing relative to ....is ....
degrees at .. .. (o’clock).

QTF Will you give me the position of my The position of your station based on the
station based on the bearings taken bearings taken by the radiocompass
by the radiocompass stations which stations which I control is . ... latitude

ou control? ] ... longitude.

QTG Will you transmit your call signal for I am sending my call signal for one minute
one minute on a wave length of .. .. on the wave length of .... meters (or
meters (or .... kilocycles) in order .... kiloeycles) in order that you may
that I may take your radiocompass take my radiocompass bearing.
bearing? .

QTH | What is your position in latitude and My positionis ........ latitude ........

| longitude (or by any other way of longitude (or by any other way of
showing it)? showing it). N

QTI | What is your true course? My true courseis ........ degrees.

QTJ What is your speed? Mi.speed is ... knots (or ........

| ilometres) per hour.

,QTM ‘ Send radioelectric signals and subma- I will send radioelectric signals and sub-
rine sound signals to enable me to fix marine sound signals to epable you to fix
my bearing and my distance. your bearing and your distance.

QTO | Have you left dock (or port)? I have just left dock (or port).

QTP Are you going to enter dock (or port)? 1 am going to enter dock (or port).

QTQ Can you communicate with my station I am going to communicate with your sta-
by means of the International Code of tion by means of the International Code
Signals? . of Signals. ’

QTR What is the exact time? The exact timeis ........

QTC What are the hours during which your My station is open from ........ to

A station isopen? 1 ...
QUA Have younewsof ... ... .. (call sign of Here is news of ........ (call sign of the
i the mobile station)? mobile station).

QUB Can you give me in this order, informa- Hereis the information requested ........
tion concerning: visibility, height of
clouds, ground wind for ........

i (place of observation)?

QUC What is the last message received by you The last message received by me from

from ...... .. (call sign of the mobile |  ........ (call sign of the mobile sta-
. station)? tion) is ........

QUD Have you received the urgency signal I have received the urgency signal sent by

sent by ........ (call sign of themo- |  ........ (eall sign of the mobile station)
i bile station)? at ........ (time).

QUF Have you received the distress signal I have received the distress signal sent by
sent by ..... ... (call sign of the |  ........ (call sign of the mobile sta-
mobile station)? tion) at ........ (time).
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Abbre- Question Answer

vialion

QUG Are you being forced to alight in the sea 1 am foreed to alight (or lard) at .. ......
(or to land)? (place). )

QUH Will you indicate the present baro- The present barometric pressure at sea
metric pressure at sea level? levelis ........ {units).

QuUJ Will you indicate the true course for me The true course.for you te follow, with no
to follow, with no wind, to make for wind, to make for me i3 ........ de-~
you? grees at .. ... .. (time).

TASLE I1
ABBREV |ATIONS MORE ESPECIALLY USED
IN AIRCRAFT RADI0 SERVICE
Abbre- .
vialion Question Angwer
At what ?time do you expect to arrive at | Texpecttoarriveat......8%...... (0'clock).
Areyou ‘en route to...... Hoo0000000000000 Tamenrouteto ......
Goto...... &5
Are you returning t0..... . 2000t I am returningto ..... 0
Return to.... of

QAD..............| At what time did youleave ...... ? (place | I left ...... (place of departure) at ......
of departure). (o’clock).

QAE.......vuu0e Have you news of ...... (call signal of the | I have nonews of ...... {call signal of the
aircraft station)? aircraft station).

13 5 0000000000 At what time did you pass...... Poooooooas I passed ...... at ...... {o’clock).
AH..............| What is your height?. .. ................ vy height 1s ., ..., meters (or according to
. X any other indication).

QAI..... veverssn..| Has any aircraft signaled in my neighbor- Nt'iv1 ai&craft has signaled in your neighbor-

ood.

QAJ..... <esessssss| Must Ilook for another aircraft in my neigh- | Look for another aircraft in your neighbor-
borhood? hood (or

Look for ...... (call sigral of the aircraft
station) which was flying near ...... (or
in the direction of ...... ) at ......
{o'clock).

QAK......... 000 On what wave are you going to send the | I am going to send the meteorological warn-
meteorological warning messages? ing messages on wave lengthof ...... me-

i ters (or ...... kilocycles).
QAL........ 000000 Are you going to land at ...... [ S, I am going to land at ..... .
: or

. R Land ......

QAM....... 000 Can you give me the latest meteorological | Hzre is the latest meteorological message
message concerning weather for ...... concerning weather for ...... (place of
(place of observation)? observation).

QAN......ovvvnnnn Can you give me the latest meterological | Here is the latest meteorological message
message concerning surface wind for concerning surface wind for ...... (place
.+.... (place of observation)? of observation). .

QAQ.......v......| Can you give me the latest meteorological | Here is the latest meteorological message
message concerning upper wind for concerning upper wind tor ...... (place of
...... (place of observation)? observation).

QAP......e000e...] Must I continue to listen for you (or for | Continue to lister. for me (or for ...... on
RS X+ RN meters (O ...... kilo- { ...... meters {or ...... kilocycles).
cycles?

QAQ.....oe0evee..| Will you hasten the reply to message No. | I hasten the reply to message No. ...... (or
...... (or in accordance with any other in accordance with any other indication).
indication)?

AR..... e Must I reply to ...... for you?.......... Reply to ...... for me.
AS. . iiiieiianeans Must I send message No. ...... . (or in ac- | Send message No, ....... (or in accordance
oordan%e with any other indication) to with any other indication) to ......

QAT.....00uun Mast I'continue tosend. .... coveunnn. ..| Listen before semding; you are interfering;

or
Listen before sending; you are sending at the
. same time as ..... 20

QAU.....0c0e.....| What is the last message received by you | The last- message received by me from ......
Tom . ..... is ...

QAV....oovevern. ) Are youcalling me?..o.veeeiienrnennnonnn I am calling you

or or
Are youcalling ...... tcall signal of the air- | I am calling ...... (call signal of the aircraft
craft station? . station).
AW.....oev.e0...] MustI cease listening until ...... (o'clock)?.| Cease listening until ...... (o’clock).
AX.......0e.....| Have youreceived the urgent signal sent by | I received the urgent savanal sent by ......
...... (call signal of the aircraft station;? call lsiglz‘xfl of the aircralt station) at .......
(o’clock). o

QAY.......0......] Have youreceived the distress signal sent by | I received the distress signal sent by ......
v..... (call signal of the aircraft station)? wéc.:sl} sli‘l)‘.al of the aircraft station) at ......

o'clock).

QAZ.......c0.....| Can you receive in spite of the storm? .....| I can no longer receive. I am going off

watch because of the storm.
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TRABSM} TTERS
TABLE 111
Miscellancous Abbreviations
Abbre- Veani
vialion eanng
C Yes.
N No.
P Indicator of private telegram in the mobile service (to be used as a prefix).
w Word or words.
AA All after ........ (to be used after a note of interrogation to ask for a repetition).
AB All before ........ (to be used after a note of interrogation to ask for a repetition).
Al All that has just been sent (to be used after a note of interrogation to ask for a repetition).
BN All between ........ (to be used after a note of interrogation to ask for a repetition).
BQ A reply to an RQ
CL I am closing my station.
CS Call sign (to be used to ask for a call sign or to have one repeated).
DB { cannot give you a bearing, you are not in the ealibrated sector of this station.
DC The minimum of your signal is suitable for'the bearing.
DF Your bearing at .. ...... (time) was ........ degrees, in the doubtful sector of this sta-
tion, with a possible error of two degrees.
DG Please advise me if you note an error in the bearing given.
DI Bearing doubtful in consequence of the bad quality of your signal.
DJ Bearing doubtful because of interference.
DL Your bearing at ........ (time) was ........ degrees in the doubtful sector of this
station.
DO Bearing doubtful. Ask for another bearing later, or at, .. .. .. .. (time).
DP Bevond 50 miles, the possible error of bearing may amount to two degrees.
DS Adjust your transmitter, the minimum of your signal is too broad.
DT 1 cannot furnish you with a bearing; the minimum of your signal is too broad.
DY This station is two-way, what is your approximate direction in degrees in relation to this
station?
DZ Your bearing is reciprocal (to be used only by the control station of a group of direction-
finding stations when it is addressing other stations of the samc group).
ER Here ........ (to be used before the name of the mobile station in the sending of route
indications).
GA Resume sending (to be used ‘more specially -in the fixed service).
JM If I may transmit, send a series of dashes. To stop my trarnsmission, send a series of dots
[not to be used on 500 ke/s (600 m)].
MN Minute or minutes (to be used to indicate the duration of a wait).
NwW 1 resume transmission (to be used more especially in the fixed service).
OK Agreed.
RQ Designation of a request.
SA Indicator preceding the name of an aircraft station (to be used in the sending of particulars
of flight).
SF Indicator preceding the name of an aeronautical station.
SN Indicator preceding the name of a coast station.
SS Indicator preceding the name of a ship station (to be used in sending particulars of voyage).
TR Indicator used in sending particulars cgncerning a mobile station.
UA Are we agreed? .
WA Word after ........ (to be used after a note of interrogation to request a repetition).
WB Word before ........ (to be used after a note of interrogation to request a repetition).
X8 Atmespherics.
YS Your service message.
ABV Repeat (or I repeat) the figures in abbreviated form.
ADR Address (to be used after a note of interrogation to request a repetition).
CFM Confirm (or I confirm).
COL Collate (or I collate).
ITP Stops (punctuation) count.
MSG Telegram concerning the service of the ship (to be used as a prefix).
NIL 1 have nothing for you (to be used after an abbreviation of the Q code to mean that the
answer to the question put is negative).
PBL Preamble (to be used after a note of interrogation to request a repetition).
REF Referring to ........ (or Referto ........ ).
RPT Repeat (or I repeat) (to be used to ask for or to give repetition of all or part of the traffic
t%e relative particulars being sent after the abbreviation).
SIG Signature (to be used after a note of interrogation to request a repetition).
SVC Indicator of service telegram concerning private traffic (to be used as a prefix).
| TFC Traffic.
| TXT Text (to be used after a note of interrogation to request a repetition).
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TasLe II, vou WILL NOTICE, IS8 ALSO A Q CODE BUT APPLIED PART|CU~
LARLY TO AJRCRAFT RADIO SERVICE.

MISCELLANEOUS ABBREV IAT IONS

THE MISCELLANEOUS ABBREVIATIONS WHICH APPEAR IN TABLE IIT HAVE BEEN
ADOPTED BY UNJVERSAL AGREEMENT AND SHOULD THEREFORE NOT BE EMPLOYED IN
OTHER THAN THE MEANING8 SPECIFIED NOR SHOULD OTHER THAN THE SPECIFIED AP~
BREVIATION BE EMPLOYED TO CONVEY ANY MEANING LISTED IN TH!S TABLE.

THE AUDIBILITY SCALE

By agaIN REFERRING TO TABLE I oF THiI8 LESSON AND '"LookINe=UP" THE
MEANING FOR THE ABREVIATION Q8A, YOU WILL FIND THIS ABBREVIATION TO BE
USED TO SPECIFY SIGNAL STRENGTH IN TERM8 OF NUMBERS EXTENDING FRoM | To
5. THIsS NUMBERING SYSTEM HAS THE FOLLOWING MEAN |NG:

QSA| HARDLY PERCEPTIBLE, UNREADABLE

QSA2 = Weak, READABLE NOW AND THEN

QSA3 = FAIRLY @OOD, READABLE BUT W{|TH!DIFFICULTY
QSA4 = Goop, READABLE

QSAE = VERY @00D, PERFECTLY READABLE.

H

IN AMATEUR WORK, THE "R" gvsTEM OF INDICATING AUDIBILITY I8 ALSBO
NOW BEING USED EXTENBIVELY. THE "R svsTem" rFcLLoOws!®

Rl = FAINT 81GNALS, JUST AUDIBLE

R2 = Weak @iaNALS, BARELY AUDIBLE

R3 = Weak sianALs, copiABLE (IN ABSENCE OF ANY DIFFICULTY)

R4 = FAIR 81GNALS, READABLE

R5 = MODERATELY STRONG 81GNALS

R6 = 8TRONG s1GNALS

R7 = Goop 8TRONG 81aNALS (BUCH AS COPIABLE THROUGH INTERFERENCE)
R8 = VERY 8TRONG 8I1GNALS; CAN BE HEARD SEVERAL FEET FROM PHONES

R9 = EXTREMELY S8TRONG SIGNALS.

IN THIS LESSON YOU HAVE BEEN GIVEN A QREAT DEAL OF INFORMATION
REGARDING THE CODE AND [INFORMATION OF THE TYPE WHICH WILL REQUIRE 8TUDY
OVER A CONS|DERABLE PER|OD OF TIME |N ORDER FOR YOU TO LEARN IT. Do noT
EXPECT TO LEARN THI8 ALL AT ONCE BUT LEARN A FEW OF THE ABBREVIATIONS AT
A TIME, STARTING W|TH THOSE WHICH OBSERVATION AND LISTENING EXPERIENCE
WILL SHOW YOU TO BE THE MOST |MPORTANT AND MOST USED. IN DUE TIME, YOU
WILL FIND YOURSELF TO REMEMBER QUITE A NUMBER OF THEM,

So THAT YOUR LESSONS MAY BE KEPT AS INTERESTING A8 POSS|BLE, YOUARE
GOING TO HAVE A COMPLETE CHANGE OF BUBJECT MATTER IN YOUR NEXT LESSON.
THIS FOLLOWING LESSON |8 GOING TO TELL YOU ALL ABOUT CRYSTAL CONTROLLED
OSCILLATORS AS USED IN TRANSMITTERS AND AFTER WHICH YOU WILL LEARN ABOUT
AMPLIFYING S8TAGES AS USED IN TRANSBMITTERS, POWER SUPPLIES, SPECIAL KEY
CIRCUITS, ANTENNA SBYSTEMS ETC.

THIS TECHNICAL [NSTRUCTION WILL THEN BE FOLLOWED BY A COMPLETE EX—
PLANAT ION REGARDINQ THE TECHNIQUE OF CONDUCTING RADIO COMMUNIJCAT ION 8Y
MEANg8 OF THE CODE, THE CORRECT PROCEDURE FOR HANDL NG MESSAGES ETC.
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Examination Ouestions

LESSON NO. T-5

Men may learn Irom past experience
but bemoaning lost yesterdays is
worse than futile when the calender
is filled with priceless tomorrows,

AT THE TIME OF ANSWERING THIS EXAMINATION, HOW MANY CODE
LETTERS CAN YOU TRANSMIT WITHOUT REFERRING TO YOUR™ TEXT?

WHAT PARTICULAR PRECAUT|ONS SHOULD BE EXERCISED WHEN SEND
ING THE LETTERS C, Q, V, L anp J?

‘WHEN COPYING CODE, WHY IS |IT ADVISABLE TO SKIP A LETTER

IF YOU CAN'T REMEMBER IT AT THE TIME?
How 1s THE NUMBER 9 PRODUCED BY MEANS OF THE CODE?

WHEN copviINg CODE, WHAT PRECAUTIONS ARE TAKEN SO THAT A
ZERO 18 NOT READ FROM THE WRITTEN COPY AS THE LETTER O?

WHEN COPYING CODE, WHAT PRECAUTIONS ARE TAKEN S0 THAT THE
LETTER 1 1S NOT MISTAKEN FOR THE NUMERAL |7

WHAT IS THE MEANING OF THE ABBREVIATION QRX?

SHOW BY MEANE OF THE PROPER ARRANGEMENT OF DOTS AND DASH—
ES HOW YOU WOULD MAKE THE QUESTION MARK BY MEANS OF THE
CODE.

IF You SHOULD SEND SOMEONE THE SI1GNAL ABBREVIATION QSA
FOLLOWED BY A QUESTION MARK AND THEY SENT YOU AN ANSWER
oF Q8AD, WHAT WOULD THIS ANSWER IND|CATE?

EXPLAIN WHAT TYPES OF WAVES ARE INDJCATED BY THE FOLLOW—
ING ABBREVIATIONS: TYPE Al, A2, A3 anD B.

%_.
3
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ransmitters
LESSON N O B

CRYSTAL—-CONTROLLED OSC/ILLATORS

AS YOU WILL RECALL FROM YOUR PREVIOUS STUDIES CONCERNING VACUUM TUBE
OSCILLATOR CIRCUITS OF THESIM
PLE TYPE, IT IS OF UTMOST [M—
PORTANCE THAT SUCH CIRCUITS BE
CAREFULLY TUNED SO THAT THE
TRANSM[TTER WILL OPERATE  ON
THE CORRECT FREQUENCY. How—
EVER, IN SPITE OF THE FACT
THAT SUCH AN OSCILLATOR CIR™
CUIT 1S PROPERLY ADJUSTED FOR
A GIVEN FREQUENCY,YET CONDI=
TIONS ARISE IN PRACTICE WHICH
MAY CAUSE THE OSCILLATOR  TO
CHANGE |TS FREQUENCY ON ITs
OWN AcCOR2. WHENEVER ANY SUCH
FREQUENCY VARIATION OCCURS DUR
ING THE COURSE OF OPERATION
WE SAY THAT THE OSCILLATOR 1S
UNSTABLE or THAT THE TRANS—
MITTER 1S SUBJECT TO "FREQUEN—
cYy INsTABILITY",

THE REASON WHY SIMPLE
OR SELF—CONTROLLEDOSC)LLATORS
ARE SUBJECT TO FREQUENCY IN—
STABILITY CAN BE EXPLAINED IN
THE FOLLOW|NG MANNER? THE
FREQUENCY TO WHICH AN 0OSCiLL-
ATOR CIRCUIT 1S TUNED 1S GOV~

ERNED CHJEFLY BY THE INDUCT— Fi1G. 1

ANCE VALUE OF THE COIL AND Students Conducting Tests On
THE CAPACITIVE VALUE OF  THE One of Nationals Crystal/-
CONDENSER WHICH ARE USED I[N Comtvolled Transmitters .
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THE TUNING CIRCUITS, IN THE CASE OF THE TUNED GRID CIRCUIT, THE CAPAC—
ITANCE OF THIS CIRCUIT S ALSO SHUNTED BY THE INPUT CAPACITY OF THE TUBE
AND THIS INPUT CAPACITY 1S A FUNCTION OF THE PLATE LOAD AND THE GRID—
PLATE CAPACITY OF THE TUBE. EXPRESSED AS A FORMULA THIS WOULD BE:

Al Ro
= C + C —_—
5f 5/’ Ro+RP
WHERE Ci: INPUT CAPACITY; Cifz GRID—=FILAMENT CAPACITY; C’p= GRID—PLATE

CAPACITY; 4L = AMPLIFICATION FACTOR OF THE TUBE; Ro = OUTPUT LOAD RES|)S—
TANCE AND Rp = THE TUBE'S PLATE RES ISTANCE.,

C: +1

By STUDYING THIS FORMULA CAREFULLY, YOU WILL NOTICE THAT ANY CHANGE
IN THE PLATE RESISTANCE, IN THE GRID-PLATE CAPACITY, OR THE OUTPUT LOAD
WILL PRODUCE A CHANGE IN THE GRID—F]LAMENT CAPACITY AND WHICH IN TURN [S
CAPABLE OF DETERMINING THE FREQUENCY AT WHICH THE CIRCUIT OSCILLATES. |IT
IS ALSO TRUE THAT CHANGES IN FILAMENT TEMPERATURE, IN C BIAS, OR INPLATE
VOLTAGE WILL AFFECT THE PLATE RESISTANCE OF THE TUBE AND THEREBY CHANGE
ITS RELATION TO Thi LOAD RES|STANCE. CHANGES OF THIS NATURE WILL  ALSO
AFFECT THE FREQUENCY OF THE OSCILLATOR'S ouTPUT. |IT 1S INTERESTING TO
NOTE THAT THE SMALLER THE PLATE LOAD, THE LARGER WILL BE THE GRID— PLATE

CAPACITY; AND THE
GREATER THE PLATE RE—~
Crystal R.F. Choke SISTANCE OF THE TUBE,

THE MORE WILL THE GEN—

;7 ERATED FREQUENCY DEPEND
I UPON THESE FACTORS.
= / c
g IMPROV ING STABILITY
R ONE METHOD OF
' MAK ING THE OSCILLATOR
¢ FREQUENCY MORE INDE—
1% PENDENT FROM THE TUBE
B~

N
r

|
Il CHARACTERISTICS IS TO

USE A RATHER LARGEFIX—

R+ ED INPUT CAPACITY TO

THE NORMAL GR|D—F|LA—

FiG, 2 MENT CAPACITY SO THAT
Application of the Crystal. CHANGES IN THE LATTER
ARE UNIMPORTANT,. In

THIS WAY, BY SHUNTING A FAIRLY LARGE CAPACITY ACROSS THE GRID AND FlLA—
MENT, THE TOTAL EFFECTIVE INPUT CAPACITY WILL BE INCREASED TO SUCH AN
EXTENT THAT SMALL CHANGES IN THE INTERNAL CAPACITY OF THE TUBE WILL HAVE
RATHER LITTLE EFFECT UPON THE TUNING.

A STILL DIFFERENT METHOD WHICH 18 COMMONLY USED TO IMPROVE THE FRE
QUENCY STABILITY OF AN OSCILLATOR IS TO USE A TUNING CONDENSER OF RATHER
LARGE CAPACITY AND A COIL OF PROPORTIONATELY LOWER INDUCTANCE ~=— |NOTHER
WORDS, A HIGH CAPACITY — LOW INDUCTANCE TUNING CIRCUIT.

IN THE SMALLER TRANSMITTERS WHERE THE OSCILLATOR 1S COUPLEDD|IRECT—~
LY TO THE ANTENNA SYSTEM WITHOUT ANY STAGE OF AMPLIFI1CATION BETWEEN THE
OSCILLATOR AND THE ANTENNA, IT 1S ALSO A COMMON OCCURRENCE FOR ANY CHANQE
IN THE CAPACITY OF THE ANTENNA AS CAUSED BY SWAY ING IN THE WIND ETC. TO
REACT BACK UPON THE OSCILLATOR CIRCUIT AND IN THIS WAY ALTER THE FREQUEN—
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QUENCY WHICH IS BEING GENERATED BY THE OSCILLATOR.
THE CRYSTAL OSCILLATOR

IN MODERN TRANSMITTERS WHICH ARE REQUIRED TO POSSESS EXCELLENT FRE-
QUENCY STABILITY, THE USUAL RESONANT CIRCUIT IN THE OSCILLATOR TuBe's GRID
CIRCU!IT 19 REPLACED WITH A QUARTZ CRYSTAL AND WHOSE CHARACTERISTICS ARE
SUCH THAT THE VARIATIONS IN FREQUENCY ARE PRACTICALLY NEGLIGIBLE  EVEN
WHEN SOME OF THE OTHER CIRCUIT CONS8TANTS ARE VARIED APPRECIABLY.OsciLLA—
TORS WHICH EMPLOY SUCH A CRYSTAL IN ORDER TO INSURE FREQUENCY STABILITY
ARE KNOWN As CRYSTAL CONTROLLED OSCILLATORS.

IN Fige 2 YOU ARE SHOWN A CIAGRAM OF AN OSCILLATOR CIRCUIT INWHICH
A CRYSTAL IS EMPLOYEO. HERE YOU WiLL OBSERVE THAT WE HAVE A TRIODE 0SC—
ILLATOR TUBE HAVING A TUNING CIRCU|T CONSIST— - =

iNg oF Cyanp L’INSTALLED IN ITS PLATE CIR- . X
CUIT. THE CRYSTAL, ON THE OTHER HAND I1s Y z ///
CONNECTED ACROSS8 THE GRID CIRCUIT OF THIS | 4(

TUBE AND 18 SHUNTED BY THE LEAK RESI8TOR R‘ :7

AND THE R.F, CHOKE WHICH ARE CONNECTED  TO— ] *\ Y

GETHER IN SERJES.

AN
YWY
N\
\\

THE CRYSTAL 1S SO CONSTRUCTED THAT IT X wan
WILL PERMIT THE CIRCUIT TO OSCILLATE AT ONLY =+ //Z
ONE PARTICULAR FREQUENCY. BY PROPER ADJUST— The

crgstai

W

MENT OF THE PLATE CIRCUIT, THE FEED=BACK EN— v /
ERGY WiLL BE IMPRESSED UPON THE GRID CIRCUIT 7 /
THROUGH THE GRID—PLATE CAPACITY OF THE TUBE

AND THEREBY CAUSE THE CIRCUIT TO OSCILLATE,

W\

AN
NN
=

WHEN TUNING AN OSCILLATOR OF THI8 TYPE,
THE PROCEDURE 18 AS FOLLOWS: THE . ANTENNA
(LOAD) 1S DISCONNECTED AND WITH AMILLIAMMET— /
ER CONNECTED IN SERIES WITH THE PLATECIRCUIT
OF THE OSCILLATOR, CONDENSER Cy1s  ADJUSTED ,
UNTIL THE MILLIAMMETER READING DROPS SUDDENLY
AND WHICH SHOWS THAT OSCILLATION HAS COMMEN— z
cep. Conpenser Cji1s THEN FURTHER ADJUSTED Fle.3
UNTIL THE MILLIAMMETER OFFERS A MINIMUMREAD= v Crysfq///he' Shocture.
ING AND WHICH SHOWS THAT THE PLATE CIRCUIT IS
NOW TUNED TO RESONANCE WITH THE CRYSTAL=CON-—
TROLLED GRID CIRCUIT. HOWEVER, IF THE OSCILLATOR I8 PERMITTED TO OPERATE
IN THIS CONDITION, ANY SLIGHT CHANGE IN THE CIRCUIT CONSTANTS MAY CAUSE
THE CRYSTAL TO STOP OSCILLATING. FOR TH1S REASON, CONDENSER C,18ADJUSTED
FOR A FREQUENCY WHICH IS A TRIFLE HIGHER THAN THE SETTING WHICH HAS JUST
BEEN DETERMINED —— THE CRYSTAL NEVERTHELESS CONT INUES TO OSCILLATE AT
ITS NATURAL FREQUENCY IN SPITE OF TH!S SLIGHT ALTERATION IN PLATECIRCUIT
TUNING. IN FACT, FOR SEVERAL DEGREES OF THE PLATE TUNING CONDENSER, THE
OSCILLATOR'S OUTPUT FREQUENCY IS THAT OF THE CRYSTAL AND IN THI8 MANNER
CHANGES IN THE PLATE RESISTANCE OF THE TUBE, POWER BUPPLY VOLTAGES ETC.,
WILL HAVE RELATIVELY SMALL EFFECT ON CONTROLLING THE FREQUENCY AT WHICH
THE CIRCUIT OSCILLATES,:

Now THAT YOU ARE IN A GENERAL WAY FAMILJAR W[THTHE MANNER IN WHICH |
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THE CRYSTAL IS USED IN AN OSCILLATOR CIRCUIT, YOU WILL NO DOUBT BE INTER—~
ESTED IN LEARNING MORE ABOUT THE CONSTRUCT JONAL FEATURES OF THE CRYSTAL
AND THE PROPERT{ES WHICH IT POSSESSES THAT ENABLES IT TO CONTROL THE FRE—
QUENCY OF THE OSCILLATOR, THIS THEN WILL BE OUR NEXT STEPe

PIEZO-ELECTRIC PROPERT|ES

"ALL CRYSTALS WHICH ARE SUITABLE FOR CONTROLLING THE FREQUENGCY OF AN
OSCILLATOR POSSESS WHAT ARE KNOWN As P|EZ0 — ELECTRIC proPeErTIES. QUITE
A NUMBER OF CRYSTALLINE SUBSTANCES HAVE PlEZO—~ELECTRIC PROPERTIES AND A—
MONG THESE WE FIND QUARTZ, TOURMALINE, ROCHELLE SALTS AND SEVERAL OTHERS
BUT OF ALL THESE QUARTZ S USED EXCLUSIVELY |N CRYSTAL CONTROLLED OSC|L~
LATORS. THE EXTENSIVE USE OF QUARTZ IS PRIMARILY DUE TO ITS COMPARATIVELY
LOW COST, MECHAN|CAL RUGGEDNESS, AND LOW TEMPERATURE COEFF KCIENT

IN FIG. 3 YOU ARE SHOWN THE GENERAL SHAPE OF A NATURAL QUARTZ CRY-
STAL. NOTICE, THAT ITs

CROSS—SECTION I8 A
HEXAGON OR S IX=S|IDED

FIGURE AND THAT IT HAS
THREE MAJOR AXES,NAME—
Ly, THE X axys, THE Y
AX]18 AND THE Z  AXIS.

X The crystal o

slab /\

THE X AXIS PRO—
JECTS THROUGH OPPOSITE
CORNERS 0F THE HEXAGON
; CROSS—SECTION AND |T IS

End view \( 5
of slab KNOWN AS THE ELECT—
. ' rRicaL axis"e With A
HEXAGON FIGURE, IT I8

- ﬁJG' 4 ”" OF COURSE APPARENT THAT
" -
T/le X Cut or CU/’/@"CUf CFySfﬂ/. THREE SUCH X AXES EXISTe

THE Y AXIS PROJECTS THROUGH THE CENTER OF THE CROSS—SECTION AND I8
PERPEND ICULAR TO OPPOSITE SIDES OF THE FIGURE, THE Y AXIS IS KNOWN AS
THE "MECHANICAL Ax1s" AND FOR THE ONE GRYSTALLINE STRUCTURE, THERE  ARE
THREE sucH Y AXEs.

THE Z AXIs 18 KNOWN AS THE "opTicaL Axis" AND IT PROJECTS LONG |TUD
INALLY THROUGH THE CENTER OF THE STRUCTURES,

THE 1LLUSTRATION IN Fla. 3, vou wiLL RECALL, 18 THE NATURAL SHAPE
OF THE QUARTZ CRYSTAL BUT FOR USE IN THE TRANSMITTER, THE CRYSTALS ARE
GENERALLY CUT FROM THE ORIGINAL STRUCTURE SO THAT THE FINISHED UNIT I8 A
SQUARE—SHAPED SLAB.

THERE ARE TWO METHODS OF CUTTING A FLAT SECTION OR SLAB FOR TRANS—
MITTER USE FROM THE ORIGINAL CRYSTAL STRUCTURE. ONE OF THESE METHODS RE
BULTS IN WHAT |5 KNOWN As AN "X=CUT" or "Curie~cuT" CRYSTAL WHILE THE
OTHER METHOD OF CUTTING RESULTS IN WHAT IS KNOWN As A "Y=gut" or "30° -
cut" crysTAL.

THE "X-CUT" CRYSTAL

Fia. 4 sHows You How AN "X—~cuT" OR "CURIE~CUT" CRYSTAL |S OBTAINEDs
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AT THE LEFT OF F[G. 4 YOU ARE LOOKING AT THE CROSS—SECTION OF THEORIGIN~
AL CRYSTAL A8 S8EEN FROM ABOVE, AND HERE THE EDGE OF THE SLAB FACES UPWARD
AND 18 INDICATED BY THE SHADED AREA IN THIS8 ILLUSTRATION. THE FLAT SIDES
OF THE CRYSTAL SLAB WILL THEREFORE IN THIS INSTANCE BE PARALLEL TO THE Y
AXIS AND PERPENDICULAR TO THE X AX18. AFTER THE FINAL CRYSTAL HAS BEEN
CUT FROM THE ORIGINAL STRUCTURE [N THIS8 MANNER, IT WILL APPEAR AS [LLUS—
TRATED AT THE RIGHT OF Fla. 4 AND HERE AGAIN ITS8 AXIS8 HAVE BEEN INDICAT—
ED FOR YOUR CONVENIENCE,

IN THE X—cuT CRYSTAL, WE FIND THAT ANY MECHANICAL STRESESES WHICH
ARE APPLIED ALONG THE Y OR MECHANICAL AXIS WILL PRODUCE ELECTRICAL CHAR-—
GES ON THE FLAT 8IDES OF THE SLAB. FURTHERMORE, }F THE D}RECTION OF THESE
STRESSES I8 CHANGED FROM TENSION TO COMPRESSION OR VICE VERSA, THEN THE
POLARITY OF THE CHARGES ON THE FLAT SIDES8 OF THE CRYSTAL I8 REVERSED.

THE REVERSE OF THIS PROCESS IS ALSO TRUEe. THAT 18, IF  ELECTRICAL
CHARGES ARE PLACED ON THE FLAT SIDES OF THE CRYSTAL BY APPLYING AVOLTAGE
ACROSS THESE FACES, THEN A MECHANI[CAL STRES8 W|LL BE PRODUCED IN THE DI—
RECTION OF THEY—AXIS.
THIS CHARACTERISTIC End View dTS\ab
BY MEANS OF WHICH THE
ELECTRICAL ANDMECHAN—
I1CAL PROPERTIES ARE RE
LATED IN A CRYSTAL I8

"KNOWN As THE PIEZO-
ELECTRIC eFFECT ANDIT
18 A NATURAL CHARACT—
ERISTIC OF THE suB—
STANCEe

THE "Y—CUT" CRYSTAL

Fia. 5 SHOWS
vyou How A "Y—cut" oOR
"30°%cuTt" crYsTAL IS ElG. 5 ,
OBTAINED FROM THE OR— The'Y Cut” or“30°.Cu£//Crysi'a/.
IGINAL CRYSTALLINE

STRUCTURE. HERE YOU ARE AGAIN SHOWN A TOP VIEW OF THE ORIGINAL CRYsTaL's
S8TRUCTURE AT THE LEFT AND WITH THE EDGE OF THE FINAL SLAB INDICATED  BY
THE SHADED AREA. THE Y—=CUT CRYSTAL YOU WILL HERE OBSERVE HAS ITS FLAT
S8IDES PARALLEL WITH THE X AXI8 AND PERPENDICULAR TO THE Y AxI1s. THE FIN—
ISHED Y—CUT CRYSTAL SLAB IS SHOWN AT THE RIGHT oF Fig. 5 WITH ITs  AXIS
INDICATED FOR YOUR CONVEN |ENCE,

WiTH THE Y—cUT CRYSTAL, WE FIND THAT WHEN MECHANICAL STRESSBES ARE
APPLIED ACROSS ITS FACES, THEN ELECTRICAL CHARGES WILL BE ESTABLISHED A—
LONG 1Ts X AXIS AND VICE VERSA.

EFFECT OF THE CRYSTAL'S RESONANT FREQUENCY

CONTINUING OUR INVESTIGATION OF THE PIEZO~ELECTRIC PROPERTIES OF
QUARTZ CRYSTALS WE NEXT COME TO THE POINT WHERE WE CONSIDER THE BEHAVIOR
OF THE CRYS8TAL WHEN suBJEcTED To A,C. voLTagEs.
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WHENEVER AN A.C. VOLTAGE IS APPLIED ACROSS A QUARTZ CRYSTAL [NSUCH
A DIRECTION THAT THERE )8 A COMPONENT OF ELECTRICAL STRESS IN THE DIREC—
TION OF AN ELECTRICAL AXI1S, THEN ALTERNATING MECHAN |CAL STRESSES WILL BE
PRODUCED IN THE DIRECTION OF THE Y Axis. THESE S8TRESSES WILL CAUSE THE

* CRYSTAL TO VIBRATE AND IF THE FREQUENCY OF THE aPPLIED A.C. VOLTAGE I8

NEAR THE NATURAL MECHANICAL VIBRATING FREQUENCY OF THE CRYSTAL, THEN A
CONDITION OF MECHANICAL RESONANCE WILL EXIST IN THE CRYSTAL AND THE AMP—
LITUDE OF THE VIBRATIONS WILL THEREFORE BE RELATIVELY LARGE. IT I8 ALSO
INTERESTING TO NOTE THAT THE CURRENT WHICH IS DRAWN AT THE RESONANT FRE—
QUENCY BY THE CRYSTAL DUE TO THE VIBRATIONS IS EQUAL TO THE SAME  VALUE
OF CURRENT WHICH IS DRAWN BY A CIRCUIT CONSISTING OF RESISTANCE, [NDUC~
TANCE, AND CAPACITY.

FREQUENCY OF CRYSTALS

IN PRACTICE, BOTH X AND Y=CUT CRYSTALS ARE USED —— EACH HAVING ITS
INDIVIDUAL CHARACTERISTICS

To -filament To grid AND THEREFORE BEST ADAPTED
[ _—Capper wire FOR DIFFERENT USES., For

s - i, A GIVEN FREQUENCY, AN X~

2 L 7 ] CUT PLATE S THICKER THAN A

§1§ ,(, / - i \ Y—CUT PLATE; THE X—CUT PLATE
(’iﬂ\ — = :%\SQ HAS BUT ONE MAJOR FREQUENCY

X 74 i 7K OF OSCILLATION WHICH I8 DE~

7
Bakelite j Brass Top Plate TERMINED BY ITS THICKNESS,
WHEREAS A Y—CUT PLATE SOME—

Crystal TIMES HAS TWO = AKILOCYCLE
Brass bottom plai:e OR TWO APART; AS A GENERAL

RULE, THE Y=CUT PLATE 0SCIL

Fla. : LATES MORE READILY,ALTHOUGH

A Typical Crystal Holder. WHEN PROPERLY GROUND AND

MOUNTED, CRYSTALS OF EITHER
CUT WILL OSCILLATE PROPERLY IN A WELL~DES!GNED CIRCUIT.

As HAS ALREADY BEEN STATED, THE THICKNESS OF THE CRYSTALDETERMINES
AT WHICH FREQUENCY THE OSCILLATOR WILL OSCILLATE. THE APPROXIMATE FORM—
ULAS WHICH EXPRESS THE RELATION BETWEEN THE THICKNESS AND FREQUENCY OF A
CRYSTAL SLAB ARE A® FOLLOWS?

For AN X—=cuT CRYSTAL fxt= 112,86 WHEREAS FOR THE Y=CUT PLATE THE
FORMULA BECOMES fX¢t = 77.0. IN BOTH OF THESE FORMULAS, # = THE FREQUENCY
EXPRESSED IN KILOCYCLES, ¢ = THICKNESS OF THE PLATE EXPRESSED [N INCHES
AND THE VALUEs- | 12,8 AND 77.0 ARE CONSTANTS IN THE RESPECTIVE FORMULAS.
EITHER OF THESE TWO FORMULAS CAN BE TRANSPOSED ALGEBRAICALLY SO THAT Ef—
THER THE FREQUENCY OR THICKNESS OF THE CRYSTAL CAN BE DETERMINED |N TERMS
OF THE OTHER FACTOR. THAT I8 TO SAY FOR THE X~CUT CRYSTAL f= <-LL%-5—DR

»

t = .|_|_‘2f.._6_ WHEREAS FOR THE Y—CUT CRYSTAL ¥ = .'Zt..'l orR = _EL

SINCE THE THICKNESS OF A CRYSTAL IS INVERSELY PROPORTIONAL TO ITS
FREQUENCY, IT 18 OBVIOUS THAT THE CRYSTAL SLABS BECOME VERY THIN AND FRA
GIL WHEN GROUND FOR THE HIGHER FREQUENCIES (3600 Kc. OR HIGHER). IT I8
FOR TH18 REASON THAT FOR TRANSMITTERS OPERATING AT FREQUENCIES HIGHER THAN
3500 Kc., IT IS GENERALLY ALTHOUGH NOT ALWAYS THE PRACTICE TO EMPLOY AN
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OSCILLATOR CIRCUIT WHOSE FREQUENCY OF OSCILLATION 18 ONLY ONE=~HALF THAT
OF THE CARRIER WAVE WHICH 1S RADIATED. THE CARRIER OF HIGHER FREQUENCY IN
SUCH A CASE 18 OBTAINED BY INCLUDING A SPECIAL CIRCUIT KNOWN AS A "FrRE—
QUENCY DOUBLER" BETWEEN THE OSCILLATOR AND THE ANTENNA SYSTEM. THESE FRE
QUENCY DOUBLERS ARE EXPLAINED IN DETAIL IN A LATER LESSON.

CRYSTAL MOUNTINGS

THE MAJORITY OF TRANSMITTER CRYSTALS ARE APPROXIMATELY |" gQuARE,
PERFECTLY FLAT AND THE TWO MAJOR SURFACES ARE PARALLEL. WHEN IN USE,THE
CRYSTAL 18 ENCASED IN A HOLDER AND OF WHICH THERE ARE A NUMBER OF D|FFER~
ENT TYPES.

A SIMPLE FORM OF CRYSTAL HOLDER IS SHOWN vou IN F1a.6, HERE THE
CRYSTAL I8 LAID FLAT BETWEEN TWO BRASS PLATES WHICH ARE APPROXIMATELY
I/16" THick. THE SURFACE AREA OF THE TOP PLATE |8 FREQUENTLY MADE THE
SAME AS THAT OF THE CRYSTAL,
ALTHOUGH IT IS ALSO A COMMON
PRACTICE TO MAKE THE UPFER
PLATE CIRCULAR |N SHAPE AND

SOMEWHAT SMALLER INDJAMETER
THAN THE CRYS8TALs THE BOTTOM
PLATE 18 GENERALLY MADE
LARGE ENOUGH 80 A8 TO SERVE
A8 A BASE FOR THE ENTIRE CRY
STAL ASSEMBLY,

Housing containing cryskal

THE CRYSTAL I8 EN~

CLOSED IN A BOX MADE OF Cornecting - Prongs s ad

S8OME SUCH INSULATINGMATER— :

JAL A8 BAKELITE AND TERM— Fig. 7

INALS ARE PROVIDED WHEREBY Two Popular Crysta/ Holders.
THE BRASS PLATES OF THE

ASSEMBLY CAN BE CONNECTED TO THE TRANSMITTER CIRCUIT. A LIGHT LEAF oF

SPRING BRASS OR A SMALL B8PIRAL OF FINE COPPER'WIRE 18 GENERALLY EMPLOYED
FOR COMPLETING THE ELECTR|CAL CONNECTION TO THE TOP PLATE OF THE CRYSBTAL
ASSEMBLY,.

Two POPULAR CRYSTAL HOLDERS OF THE COMMERCIAL TYPE ARE [|LLUSTRATED
IN Fl1ae 7. ONE OF THESE CONBISTS OF A BOX—SHAPED CRYSTAL CONTAINERWHILE
THE OTHER I8 ROUND., BoTH UNITS, HOWEVER, ARE FITTED WITH A PAIR OF PRONGS
WHEREBY THE CRYSTAL CAN BE CONNECTED IN THE OSCILLATOR CIRCUIT BY SIMPLY
INSERTING THE CRYSTAL HOLDER INTO A SUITABLE SOCKETe

IN SOME CRYSTAL UNITS YOU WILL ALBO FIND THAT THE TOP BRASS PLATE
OF THE AS8SEMBLY DOES NOT LIE FLAT UPON THE UPPER SURFACE OF THE CRYSTAL
BUT THAT THERE 18 AN A|R GAP OF APPROXIMATELY ONE=~THOUSANDTH OF AN [NCH
BETWEEN THE TOP PLATE AND THE UPPER SURFACE OF THE CRYSTAL. THi8 AlIR
S8PACE PERMITS A SLIGHT ADJUSTMENT OF THE FREQUENCY SINCE A SLJGHT CHANGE
IN THIS SPACING WILL AFFECT THE FREQUENCY.

TEMPERATURE CONTROL

THE FREQUENCY OF A CRYSTAL |8 AL80 AFFECTED MATERIALLY BY THE TEMP
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ERATURE OF THE CRYSTAL AND THEREFORE {F THE FREQUENCY STABILITY OF THE

FI1Gg. 8
The Crystal Oven.

OSCILLATOR IS TO BE AT ITS BEST, IT I8 NE
CESSARY THAT THE TEMPERATURE OF THE CRY—
STAL BE MAINTAINED AT A CONSTANT VALUE.
THis 18 known Aas TEMPERATURE CONTROL anp
SINCE THIS FEATURE MAKES THE TRANSMITTER
MORE EXPENSIVE TO BUILD, IT IS EMPLOYED
ONLY IN TRANSMITTERS OF HIGHER QUALITY.

THE TEMPERATURE COEFFICIENT OF AN
X—=CUT CRYSTAL I8 NEGATIVE,WHICH MEANS
THAT THE FREQUENCY GOES DOWN W|TH A Rlg—
ING TEMPERATURE. THE TEMPERATURE COEFF.OF
Y=CUT CRYSTAL 18 POSITIVE AND WH|CHMEANS
THAT THE FREQUENCY [NCREASES WITH A R|g—
ING TEMPERATURE. IN EITHER CASE, THE FRE
QUENCY OF THE 08CILLATOR WiLL "creep" r

THE TEMPERATURE OF THE CRYSTAL CHANGES DURING OPERATION,

SO AS TO MAINTAIN THE TEMPERATURE OF THE CRYSTAL AT A CONSTANTVAL—
UE, THE CRYSTAL Is PLACED IN A CRYSTAL OVEN. AN EXTERNAL VIEW OF A Tvyp—
ICAL CRYSTAL OVEN IS SHOWN YOU IN Fia. 8, WHILE THE .INTERNAL CONSTRUO—

TION OF THE SAME UNIT 18 SHOWN

IN Fra., 9.

THE PARTICULAR CRYSTAL OVEN HERE SHOWN IS DES|GNED TO ACCOMMODATE
TWO CRYSTALs. Bv sTubving Fic. 9 CAREFULLY, YOU WILL NOTE THAT WE  HAVE

HERE FIRST A BOTTOM
PIECE WHICH IS MOLDED
OF A HEAT—~RESISTING MA—
TERIAL KNOWN As Durez.
WITHIN THE cHAMBER oF
THIS BOTTOM PIECE ARE
CONTAINED TWO W|REHEAT—
ER ELEMENTS AND A THER—
MOSTAT., THESE HEATER
ELEMENTS ARE CONNECTED
ACROSS A VOLTAGE BOURCE
oF 10 To |2 voLTs,. A
SET OF THERMOSTAT ICALLY
OPERATED POINTS ARE CON
NECTED IN THIS HEATER
CIRCUIT AND IN THIS
MANNER THE TEMPERATURE
WITHIN THE CHAMBER Is
KEPT CONSTANT. THE THERM—
OSTAT OF THIS  PARTIC—~
ULAR UNIT I8 ADJUSTABLE
AND MAY BE SET FORTEMp—
ERATURES BETWEEN 35 AND
50 peGrReEEs CENTIGRADE
(95 anp 122 DEGREES
FAHRENHEIT).

A HEAVY COPPER
PLATE 18 PLACED OVER

Thermos,ka{:

Heater element

Crystal compartments

e

FlG. ©
Detajls of the Crysta/ Oven,
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THIS HEATING CHAMBER AND AT THE SAME TIME SERVES A8 THE BOTTOM PLATE FOR
THE CRYSTAL HOLDER. THE HEAT DISTRIBUTION OVER THIS ENTIRE PLATE I8 UN—
IFORM BECAUSE OF THE HIGH THERMAL CONDUCTIVITY OF COPPER AND THE THICk—
NESS OF THE PLATE.

THE TOP PIECE OF THIS OVEN HAS COMPARTMENTS FOR TWO CRYSTALS. THE
TWO DISCS WHICH ARE SHOWN I[N FIG. 9 ARE THE TOP PLATES FOR THE CRYSTAL
HOLDER AND ARE MADE OF MONEL METAL. CONNECTIONS TO THE HEATER ARE MADE
BY MEANS OF TWO PLUGS ON THE BOTTOM PLATE OF THE HOLDERS AND CONNECTION
TO THE TOP PLATES IS MADE BY SLJPPING A GRID CLIP OVER THE CAP sTUDS
WHICH PROJECT FROM THE TOP OF THE CASEe.

SOME OF THE CRYSTAL OVENS ARE EVEN MORE ELABORATE IN DESIGN THAN
THE ONE ILLUSTRATED IN Filas. 8 AND 3. FOR INSTANCE, IM SOME CASES, THE
CRYSTAL |8 HOUSED WITHIN A HEATED CHAMBER WHICH 18 HEAT—INSULATED FROMAN
OUTER CABING AND WHICH SERVES AS AN ENCLOSURE FOR THE ENTJRE ASSMEBLY,
QUITE OFTEN, A THERMOMETER |8 ALSO USED A8 A PART OF THE CRYSTAL OVEN
EQUIPMENT WHEREBY THE
OPERATOR CAN AT ALL
TIMES ASCERTAIN  THE R.F. Cheke
TEMPERATURE AT WHICH //;

- 47

THE CRYSTAL I8 OPER™

AT ING. Crystal .

<>__ G =18

APPLICATIONS OF THE = =
CRYSTAL

30,0000

30,000 L
Wl\l‘v‘)

THERE ARE A NUM— il
BER OF METHODS IN
WHICH A CRYSTAL  CAN .
BE APPLJED IN AN 0S0O— .ol mfd.”
ILLATOR CIRCUIT. In
F1a.2, FOR  EXAMPLE, :
YOU WERE SHOWN HOW +350v.
A CRYSTAL CAN BE EM—
PLOYED IN A CIRCUIT
IN WHICH A TRIODE 18 Fla. 10
EMPLOYED, Pentode Crystal/ Controlled Oscillator

ST\

nw

7T\

Fia. |0 sHOwWs YOU A CIRCUIT IN WHICH A PENTODE TUBE IS USED A8
THE OSCILLATOR, TOGETHER WITH CRYSTAL CONTROL FEATURES. THE TUBE HERE
SHOWN IS A TYPE 47.

IN Frae !l YOU WILL SEE HOW A CRYSTAL MAY BE EMELOYED WHEN TWO
OSCILLATOR TUBES ARE CONNECTED IN PUSH=PULL. THE TUBES USED IN THISPART—
ICULAR ILLUSTRATION ARE ALSO BOTH OF THE PENTODE TYPEs

THE POWER WH]CH CAN BE OBTAINED FROM A CRYSTAL OSCILLATOR WILL DE—
PEND UPON THE TYPE OF OSCILLATOR TUBE USED, THE PLATE VOLTAGE AND THE AM
PLITUDE OF THE R,F, VOLTAGE WHICH 18 DEVELOPED AS A RESULT OF THE  CRY-
sTAL'S MECHANIGAL VIBRATION. |N THE EVENT THAT THE FEED—~BACK VOLTAGE 18
TOO GREAT, THE MECHANICAL STRAIN IMPOSED UPON THE CRYSTAL A8 A RESULT OF
THE VIBRATION WJLL CAUSE THE CRYSTAL TO HEAT CONSIDERABLY AND MAY IN DUE




PAGE 10

TRANSMITTERS

TIME CAUSE THE CRYSTAL TO CRACK AND THEREBY BECOME RU INED,

ONE oF THE ADVANTAGES OF USING A PENTODE AS AN OSCILLATOR IN CRY-—
STAL CONTROLLED TRANSMITTERS IS THAT THIS TYPE OF TUBE HAS A RELATIVELY

LOW GRID~PLATE CAPAC—

ITY AND THEREFORE HAS

25000 0.

{\)
|
¢~ R.F. Choke -

c

A TENDENCY TO REDUCE
THE FEED~BACK  S8OME—
WHAT. IN ADDITION,PEN
TODES ARE CAPABLE OF

¢ DELIVERING FA |RLY
ooz mid. A= L, LARGE POWER  OUTPUTS
_ﬂﬁ__l ' WITH A SMALL EXITING
GRID VOLTAGE,

IT 18 INTEREST—
ING TO NOTE THAT FOR
A GIVEN APPLIED PLATE
VOLTAGE, HEATING OF

B+l Screen

B

B+ Plate

THE CRYSTAL WILL BE

Fig. 11

The Push- Pull Crystal Oscillator.

LESS WITH A PENTODE
THAN WITH A TRIODE AS
THE OSCILLATOR TUBE,
THIs BEING THE CASE,
IT 18 EQUALLY TRUE

THAT FOR THE SAME AMPL|TUDE OF CRYSTAL VIBRATION, HIGHER PLATE VOLTAGES

CAN BE USED WITH THE PENTODE WITH

ITS RESULTING INCREASED POWER OUTPUT,

Fig. 12 sHOws vYou HOW A' 2A5 HEATER TYPE TUBE MAY BE USED IN A CRY-
STAL CONTROLLED OSCILLATUR CIRCUIT AND AS YOU WiLL OBSERVE THE BASIC DE-
S81GN OF THIS CIRCUIT IS SIMILAR TO OTHERS WHICH APPEAR IN THIS LESSONON=

LY THAT THE CATHODE CIRCUIT SERVES TO COMPLETE THE B= circuIT,

c GRINDING CRYSTALS

ALTHOUGH CRYSTALS
CAN BE PURCHASED WHICH
ARE ALREADY ACCURATELY
GROUND FOR THE FREQUENCY
DESIRED, YET ONE CAN Al
S0 PURCHASE BLANK CRYS—
TALS WHICH ARE CUT TO
S1ZE BUT NOT SUBJECTED
TO THE FINAL GRINDING
PROCESS WH]CHDETERM|NES
THEIR RESONANT FREQUENCY.
No DOUBT YOU WILL BE jnN—
TERESTED IN KNOWING HOW
BLANK CRYSTALS ARE GROUND

AND SO THIS WILL NOW BE

Crystal

TAY

!

é Ly

50,0000

R.F.
choke
—_—

T

Millfammeief&'

B- B+ @ 300V,

EXPLAINED,

To BEGIN WITH, THE
APPROXIMATE THICKNESS

FIG. 12

A Heater- Type Pentode Crystal

Oscillator.
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OF THE CRYSTAL FOR THE FREQUENCY DESIRED CAN BE DETERMINED FROM THE
FORMULAS WHICH WERE GIVEN EARLIER IN THIS LESSON, Ag THE GRINDINGPROCESS
PROCEEDS, THIS THICKNESS CAN BE CHECKED WITH AN ACCURATE M|CROMETER CAL™
IPERe THIS SAME INSTRUMENT CAN ALSO BE EMPLOYED A8 A MEANS FOR CHECKING
THE THICKNESS FOR UNIFORMITY AND [N THIS WAY AVOID GRINDING BUMPS AND
HOLLOW AREAS IN THE SURFACES OF THE CRYS8TALe

THE GRINDING PROCESS 18 GENERALLY ACCOMPLISHED BY ROTATING THE
FLAT SURFACES OF THE CRYSTAL IN |IRREQULAR SPIRALS ON A PJ{ECE OF PLATE
GLASS AND ON WHOSE SURFACE HAS8 BEEN BMEARED A MIXTURE OF #|O2OARBORUNDUM
AND WATER OR KEROSENE,

S0 THAT THE CRYSTAL BURFACES WILL BE GROUND ABSOLUTELY FLAT,IT 18
ESSENT IAL THAT AN EVEN PRESSBURE BE APPLIED OVER THE WHOLE AREA OF THE
CRYSTAL. THIS CAN BEST BE ACCOMPLISHED BY STICKING THE CRYSTAL TO A PER—
FECTLY FLAT PIECE OF THIN BRASS OR A TO A GLASS MICROSCOPE SLIDE, WHICH
SERVES A8 A PRESSURE PLATE. BY MOISTENING THE CRYSTAL SURFACE WITH KER—
OSENE 1T CAN BE MADE TO ADHERE TO THE BRASS OR GLASS SLIDE SUFFICIENTLY
WELL FOR THIS PURPOSE. THIS WILL PERMIT ONE TO APPLY THE PRESSURE OF THE
FINGERS TO THE PRESSURE PLATE AS THE EXPOSED SURFACE OF THE CRYSTAL I8
MOVED OVER THE GRINDING COMPOUND.,

As THE GRINDING PROCESS PROGRESSES, THE CRYS8TAL S§HOULD BE CHECKED
FOR [T8 FREQUENCY OF OSCILLATION BY CONNECTING IT N A TEST O8SCILLATOR
CIRCUIT AND LISTENING TO THE 8IGNAL IN A RECEIVER WHOSE DIAL HAS BEEN
ACCURATELY CALIBRATED. I[N THE EVENT THAT THE CRYSTAL SHOULD S8TOP OSCjLL—
ATING DURING THE GRINDING PROCESS THEN T8 EDGES SHOULD BE GROUND CARE-
FULLY UNTJL OS8CILLATION RESUMES.

As THE FREQUENCY COMES WITHIN A FEW KILOCYCLES OF THE DESIRED VAL~
UE, ANY FURTHER GRINDING MUBT BE DONE WITH EXTREME CARE, USING A  FINER
GRADE OF CARBORUNDUM POWDER BUCH As GRADESB. FF aAnD FFF FOR THE FINAL GRJL
NDING,

80 FAR, ALL OF THE TRANSMITTER CIRCUIT8 WHICH WERE EXPLAINED TO
YOU EMPLOYED NOTHING MORE THAN AN OSCILLATOR STAGE IN THE TRANSMITTERPRQ
PERe IN THE FOLLOWING LES8SON, HOWEVER, YOU ARE GOING TO BE SHOWN HOW THE
OUTPUT OF THE OSCILLATOR CAN BE AMPLIFIED BY ADDING SOME AMPLIFYING STA—
GES TO THE CIRCUIT AND IN THIS WAY MAKE QREATER POWER OUTPUTS POSSIBLE.

\
3\ =
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Examination Questions

LESSON NO. T-6

Setbacks never whip a fighter, they
only sharpen his faculties.The more
he fights the better he becomes. So
roll up your sleaves and give Life
the greatest battle it ever had.

WHAT 1S THE REASON FOR USING A QUARTZ CRYSTAL IN THE
OSCILLATOR CIRCUIT OF A TRANSMITTER?

ExpLAIN THE PlEZzo—ELECTRIC EFFECT.
DeEscRIBE IN DETAIL AN X—CUT CRYSTAL.
DeEscrIBE N DETAIL A Y—CUT CRYSTAL.

WHAT FACTORS DETERMINE AT WHAT FREQUENCY A QUARTZ CRY—
STAL WILL RESONATET

DescrRIBE HOW A CRYSTAL MAY BE MOUNTED IN A TRANSMITTER.

DeESCRIBE A TYPICAL CRYSTAL OVEN AND EXPLAIN .THE REASON
FOR |ITS USE.

DRAW A CIRCUIT DIAGRAM OF A CRYSTAL CONTROLLED OSCI{LLA—
TORe

ExPLAIN HOW YOU WOULD ADJUST THE OSCILLATOR WHOSE CIR—
CUIT YOU HAVE DRAWN [N ANSWER TO QUESTJON #8 AND ALSO
EXPLAJIN N DETAIL HOW THIS CIRCUIT FUNCTIONS,

WHAT PRECAUTIONS MUST BE TAKEN IN THE DESIGN OF A CRYS™
TAL CONTROLLED OSCILLATOR AS REGARDS THE FEED~BACK VOL—
Tage?

= :
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LESSON NO. T-7

OSCILLATOR ~AMPLIFIER TRANSMITTERS

IN THE PREV]0US LESSON YOU WERE TOLD THAT IF AN OSCILLATOR WITHOUT
CRYSTAL CONTROL FEATURES 1S COUPLED DIRECTLY TO THE ANTENNA SYSTEM, THE
0SCILLATOR MAY NOT ONLY BE SUBJECT TO CHANGING |TS FREQUENCY BECAUSE OF
CHANG ING CONDITIONS WHICH ORIGINATE IN ITS OWN CIRCUIT BUT THAT CHANGES
IN THE RESONANT FREQUENCY OF THE ANTENNA CIRCUIT CAUSED BY SWINGINGWIRES
ETC. MAY ALSO CAUSE THE OSCILLATOR TO UNDERGO A SHIFT IN FREQUENCY. THIS
LAST MENT]ONED CONDITION CAN BE ELIMINATED, HOWEVER, BY PLACING A STAGE
OF RADIO FREQUENCY AMPLIFICATION BETWEEN THE OSCILLATOR AND THE ANTENNA
CIRCUIT AND WHEN USED FOR THIS PURPOSE, THIS R.F. STAGE 18 GENERALLYCALL
ED A BUFFER. BEesiDES SERVING AS A BUFFER, THIs R.,F. STAGE PROVIDES AN~
OTHER ADVANTAGE AND THAT 18 THAT IT AMPLIFIES THE OSCILLATOR'S OUTPUT SO
THAT GREATER RAD|O FREQUENCY ENERGY CAN BE SUPPLIED TO THE ANTENNA SYSTEM.

THE CRYSTAL CONTROLLED GSCILLATOR ON THE OTHER HAND, HAS SUCH EX—
CELLENT FREQUENCY 8TA—
BILITY SO THAT IF ITBE
COUPLED DIRECTLY TO
THE ANTENNA SYSTEM, ITS
FREQUENCY WJLL REMAIN
CONSTANT EVEN THOUGH
THE CHARACTERISTICS OF
THE ANTENNA CIRCUIT MAY
VARY SOMEWHAT  DURING
OPERATION. THE CRYSTAL
08CILLATOR, HOWEVER, 18
A LOW~POWER DEVICE AND
THEREFORE IT 18 DESIR-
ABLE TO BUILD UP iTs
OUTPUT POWER TO A HIGH
ER LEVEL BY MEANS OF
ONE OR MORE STAGES OF
RAD]O FREQUENCY AMPL |-

FICATION WHICH AREPLAG Fra. |
ED BETWEEN THE OSClLL—~ SPARK TRANSMITTER INSTALLED
ATOR AND THE ANTENNA, AT NAT IONAL
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THUS YOU WILL SEE THAT REGARDLESS OF WHETHER THE OSCILLATOR BE SELF—TUN—
ING OR HAS IT8 FREQUENCY CONTROLLED BY MEANS OF A CRYSTAL, A RADIO FRE~
QUENCY AMPLIFYING SYSTEM BETWEEN THE OSCILLATOR AND THE ANTENNA [|SDES|IR—
ABLE.

EFFECT OF ANTENNA UPON OSCILLATOR
BEFORE WE GO [INTO DETAILS CONCERNING THE R.F., STAGES THEMSELVES AS-
EMPLOYED [N TRANSMITTERS, LET US F[RST ‘SEE JUST HOW [T I8 THAT THE AN~

TENNA MAY [INFLUENCE THE TUNING OF A SIMPLE OSCILLATOR,

A GLANCE AT THE TYPICAL SINGLE—TUBE TRANSM|TTER DIAGRAM IN Fa.2
WILL SHOW THAT THE ANTENNA [S ENERGIZED BY THE SECONDARY OF AN R,F,TrRANng

FORMER, THE PRIMARY BEING IN THE PLATE CIRCUIT OF THE TUBE, THE |NDUO—
TANCE OF THE ANTENNA SYSTEM |8 TUNED BY THE VARJABLE CONDENSER WHICH 18
CONNECTED ACROSS THE SECONDARY COIfL. You WILL ALSO OBSERVE THAT THE

DISTRIBUTED CAPACITANCE OF THE FEEDERS MAY BE CONSIDERED As BEING IN PAR
ALLEL WITH THIS CAPACITANCE,

JusT As ANY
Feedars to
Antenna CHANGE IN THE DIJELEC™
r“Nq TRIC SPACING BETWEEN
i LN THE PLATES OF A  CON~—

DENSER CAUSES A CHANQGE
IN CAPACITANCE,80 ANY
CHANGE [N SPACING BE=

7 : | \ TWEEN THE TWO  FEEDER
A R.F. Transf: WIRES DUE TO WIND, FOR

| ~} EXAMFLE, WILL CAUSE A

i ' CHANGE IN CAPACITANCE

B~ B+ WHICH WILL CHANGE THE

RESONANT FREQUENGCY OF

Fla. 2 THE SYSTEM. SINCE A

A Single Tube Hart/ley Transemiter. RESONAN ERDIVTEN BN
A SECONDARY COIlL 1s

"REFLECTED" BACK INTO THE PRIMARY CIRCUIT, THIS SWING IN ANTENNA RESO—~
NANCE MAY CAUSE THE OSCILLATOR TO VARY IN FREQUENCY,

So vou see aN R.F., AMPLIFIER IN THIS CASE REALLY SERVES A DUALPUR—
POSE,NAMELY, TO BOOST THE OUTPUT AND AT THE SAME TIME TENDING TO STABI[L~
IZE FREQUENCY.

R.F. AMPLIFIER DESIGN PRACTICE

THERE ARE SEVERAL METHODS OF COUPLING THE OSCILLATOR TUBE TO THE
BUFFER STAGE AND WHICH DIFFERS FROM THE INTER~STAGE CIRCUITS USED IN RE-
CEIVING S8ETS ONLY [N THE TYPE OF EQUIPMENT USED AND fN MINOR DETAILS8,. THE
OBJECTIVES OF THE ENGINEER [N DESIGNING ANY VACUUM TUBE AMPLIF |ER, WHETH—

ER IT BE FOR A RECEIVER, A SPEECH AMPLIFIER, OR FOR A RADIO TRANSMITTER
ARE:

le To PLACE N THE PLATE CIRCUIT OF THE TUBE A SUITABLE IMPEDANCE
80 THAT THE ALTERNATE RISE AND FALL OF PLATE CURRENT WILL CAUSE
AN ALTERNATE RISE AND FALL IN THE I'TIMES Z VOLTAGE DROP, THUS
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PROVIDING AN ALTERNAT NG OUTPUT VOLTAGE.

2. To PROVIDE SOME MEANS OF APPLYING THIS SIGNAL VOLTAGE TO THE

GR|D OF THE NEXT TUBE AND AT THE SAME TIME BLOCKING FROM THIS

GRID THE HIGH POSITIVE PLATE POTENTIAL.

3. To CONNECT THE GRID TO A POINT OF THE CORRECT HJAS POTENTIJAL
THROUGH A RESISTOR OR [INDUCTOR OF SUFFJCIENT |MPEDANCEs AN ADD—
ITIONAL OBJECTIVE, |F THE AMPLIFIER IS TO BE OF THE TUNED RADIO
FREQUENCY TYPE IS¢

4-. TO CONTROL FREQUENCY BY PLACING A RESONANT CIRCUIT IN GRID CIR~
CUIT, PLATE CIRCUIT, OR BOTH. SuUCH A TUNED CIRCUIT IN A TRANS-
MITTER IS USUALLY CALLED A “TANK ClRCUITc"

IT Is INTERESTING TO NOTE

IN THE FOLLOWING REPRESENTATIVE INTER=

Bu‘ﬁ.afAmpl.

Coupling JlCond.)‘
|| Pr—

-
L Ch L ©
H Bl

Constant

T::nsp:r':::turt R R
Heater Crgs{al oven

and

Thermostat C—

NMES Valtage dividin
:_I: I f\g‘zgistance ¢

= - = = =

FI1Ga. 3
Oscillator and Buffer Amplifier Circult.

S8TAGE COWUPLING CIRCUITS HOW THE ABOVE OBJECTIVES8 ARE ATTAINED.

APPLICATION OF THE BUFFER AMPLIFIER

Fia. 3, FOR INSTANCE, SHOWS THE OSCILLATOR AND BUFFER STAGE8 OF A
WIDELY USED 20~40 KW COMMERCIAL CODE TRANSMITTERe THE PARALLEL—RESONANT
TANK CIRCUIT OF THE OSCILLATOR PROVIDES8 ADEQUATE PLATE CIRCUIT IMPEDANGE
AND AIDS IN TUNING THE 8YSTEM, WHILE CAPACITANCE COUPLING LEADS THERADI]O
FREQUENCY POWER TO THE GRID OF THE AMPLIFIER TUBE. THE COUPL[NG CONDENSER
SHOULD BE A HIGH QUALITY MICA CONDENSER WITH A VOLTAGE RATING AT LEAST 2
orR 3 TiMEs THE DC VOLTAGE APPEARING ACROSS IT. THIS VOLTAGE, YOU WILL

NOTE, 18 THE SUM OF THE OSCILLATOR PLATE VOLTAGE AND THE AMPLJFIER GRID
B1AS BECAUSE THE PLATE 1S MORE POS|TIVE THAN GROUND WHILE THE GRID 18
MORE NEGATIVE THAN GROUND. THE D.C. BIAS VOLTAGE |8 APPLIED TO THE GRID
OF THE AMPLIFIER TUBE THROUGH AN R.F., CHOKE WHICH EFFECTIVELY PREVENTS

THE HIGH FREQUENCY SIGNALS FROM PASSING TO GROUND THROUGH THE BlAS SUPP—
LY.
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YOU WILL ALSO OBSERVE I[N FIG. 3 THAT A VARIABLE TAP CONNECTION ON
THE TANK COIL 1S USED TO PASS THE ENERGY ON TO THE AMPLIFIER sTAGE. By
MEANS OF THIS TAP THE
ENERGY WHJCH IS DE—
Ampl, LIVERED TO THE  GRID
CIRCUIT OF THE  AMP—
LIFIER FROM THE 0sSC—
ILLATOR CAN BE  CON=
TROLLED AND THUS PRE-
VENT OVERLOADING THE
AMPLIFIER TUBE, THe
NEARER THIS TAP IS TO
THE PLATE END, THE
GREATER WILL BE THE
EXITJNG VOLTAGE  DE-
LIVERED TO THE AMPLI=—
F1ER.

Fila. 4
Untuned Plate ~Tuned Grid Circurt.
THE BLOCKING RE
s1STORS MARKED "R" AND THE Bv=—PAgS CONDENsSERs "C!" PREVENT ANY UNDES | R—
ABLE COUPLING BETWEEN THE TWO TUBES THROUGH THE POWER SUPPLY, IN SPITE
OF THE FACT THAT IN THIS COMPLETE TRANSMITTER NINE HEAVY DUTY TUBES FOL—
LOW THE TWO TUBES SHOWN, THE FREQUENCY GENERATED BY THE CRYSTAL OSCiLLA—
TOR WILL NOT VARY FROM A GIVEN VALUE 8Y MORE THAN | PART In 4000.FacTORs
CONTRIBUT NG TO THIS EXCELLENT FREQUENCY STABIL|TY ARE:

l. LOCATION OF THE CRYSTAL {N AN OVEN WHERE TEMPERATURE 18 KEPT
AT 45 DEGREEs, C. TO AN AcCCURACY OF 0.25 DpeGREE,C.(CENTIGRADE)

2. USE OF A BUFFER AMPLIFIERs
3, USE OF A SEPARATE POWER SUPPLY FOR OSCILLATOR AND BUFFER TUBES,
4, CAREFUL SHIELDING.

COUPLING UNTUNED PLATE TO TUNED GRID CIRCUIT

THE sysTeEMOF FlaGe
4 ts SIMILAR IN OPER—
ATING CHARACTERISTICS Osc.
To THAT ofF Fi1ec.3. THE
R.F. CHOKE colL INTHIS
CASE ACTS AS THE PLATE
CIRCUIT IMPEDANCE AND
THE COUPLING CONDENSER
CARRIES THE SIGNAL FROM
PLATE TO GRID CIRCUIT, jr-
WHILE A TUNED GRID CIR 1
CUIT CONNECTS THE
GRID TO THE PROPER NEG
AT IVE POTENTIAL, In
THIS CIRCUIT,THE GRID Fla. 5

OF THE AMPLIFIER TUBE  pictiib ted Capacitance Tunes Variable Inductance.
IS CONNECTED TO A TAP

Ampl.

—i
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ON THE TUNED GRID WINDING SO THAT THE SIGNAL VOLTAGE MAY BE REDUCED IF
THE TUBE IS OVERLOADED.

NO TUNING CONDENSER USED

IN goME  casES,
ESPECIALLY AT HIGH LEY

ELs oF R.F, VOLTAGE Ose. , Ampl.
WHICH TEND TO BREAK '

DOWN THE CONDENSER D |=— 3 =é

ELECTRIC, TUNED CIR- /|

CUITS EMPLOY ONLY THE

CAPACITIES SUPPLIED BY
TUBES, LEADS AND THE
COIL ITSELF AND ARE AD
JUSTED BY VARYING THE
CIRCUIT INDUCTANCE. AN _L

EXAMPLE OF THIS I8 ILL == V( IC'
USTRATED IN F 1G5 WHERE )
YOU ARE SHOWN THE [N~-
TERSTAGE COUPLING IN A
5O WATT SHORT-WAVE TEL Fig.o

EPHONE TRANSMITTER DE—~ Inductive Cou,o/fng.
81GNED FOR A]RCRAFT USE.

Variable
Coupling

TRANSFORMER COUPLING

TRANSFORMER COUPLING BETWEEN STAGES HAS THE ADVANTAGE THAT, |F COUP—~
LING 18 SUFFICIENTLY LOOSE, IT 18 SOMEWHAT MORE EFFICIENT AT THE HIGHER
FREQUENCIES THAN 18 CAPACITY COUPLING. MAXIMUM EFFICIENCY IS8 OBTAINED BY
USING DIRECT INDUCTIVE COUPLING A8 IN F1Ge 6 AND VARYING THE COUPLING UN
TIL OPTIMUM RESULTS ARE OBTAINED, OR BY USING AN UNTUNED TRANSM|SE JON
LINE, INDUCTIVELY COUPLED TO THE TANK COILS AT BOTH ENDS A8 SHOWN IN Fia.
7« |IN PRACTICE, THE NUMBER OF TURNS ON THE SMALLER COILS I8 VARIED UN—
TIL THE PROPER COUPLING 18 REACHED. THIS SYSTEM, WHICH 1S ALS8O KNOWN A8
"LINK couPLING", 18 ADVANTAGEOUS WHEN THE TWO TUBES ARE TO BE MOUNTED AT

8OME DISTANCE FROM
EACH OTHERs FOR FRE~

Osc. Ampl, QUENCIES ABOVE 1600

: KCe, TWO TO FIVETURNS
ARE USED ON EACH OF
THE TRANSM[SSION LINE
COiIL8 AND THE TRANS—
MI8SION LINE MAY BE

Untuned

Vine —

) J A TWISTED PA|RSEVERAL

Coupling ' FEET LONG.
}_— _‘ PusH—pPULL CIR—
1 LB+ o 1 CUITS ARE ESPECIALLY
= = 8UITABLE FOR R.F, amp
LIFIERS, WHEN IN THE
1.7 STAGE FOLLOWING  THE

OSCILLATORY OR IN
SUCCEEDING S8TAGES OF

Link Coupling.
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THE TRANSMITTER. WHEN DRIVEN BY A SINGLE TUBE, EITHER TRANSFORMER OR GCA
PACITY COUPLING CAN BE EMPLOYED AS SHOWN IN THE CIRCUITS oF Fias., 8 AND
9. INn Frae. B, WHERE TRANSFORMER COUPLING IS USED, YOU WILL OBSERVE A
MARKED RESEMBLANCE TO
THE AUDIO  FREQUENCY
CIRCUITS ABOUT WHI{CH
YOU STUDIED IN  PRE—
Vi0Us LESSONS. THE
THEORY OF OPERATION |8
I THE SAME, THE DIFFER—
ENCE BEING THAT IN
THIS CASE RADIO FRE—
QUENCY TRANSFORMERS
k‘ ARE USED W[ TH BOTH
PRIMARY AND SECONDARY
COILS TUNED BY VARI|—
Fig. 8 ABLE CONDENSERS,WH|LE

Single Driver Push-Pull Ampl. IN THE CASE OF AUDI0
SYSTEMS, WE WERE WORK—

Variable coupling Ampl.

Osc.

ING WITH IRON~CORE A.F. TRANSFORMERSS

IN Fi1ce 9 IS SHOWN CAPACITY COUPLING. THE PLATE COIL IS TAPPED AT
THE CENTER POINT, THUS BECCMING AN AUTO~TRANSFORMER WI[TH THE HALF NEXT TO
THE PLATE ACTING AS THE PRIMARY AND THE OTHER HALF ACTING AS THE S8ECOND—
ARY, THE R,F, VOLTAGES AT THE LOWER END OF THE COIL WILL BE EQUAL TO,
BUT OPPOSITE IN st1aN (POLARITY) To THE R.F. VOLTAGES AT THE PLATE AND
CAN THEREFORE BE USED TO ENERGIZE THE GRID OF THE LOWER PUSH—=PULL TUBE.
THIS COUPLING METHOD IS THE SAME AS THAT EMPLOYED IN THE CIRCUIT oF Fia.
3 IN THIS LESSON ONLY THAT IT 18 ADAPTED TO THE PUSH=PULL SYSTEM,

Fra. |0 sHOWs Two METHODS OF COUPLING WHICH ARE SATISFACTORY FOR
APPLICATION WHEN BOTH DRIVER AND DRIVEN STAGES ARE BALANCED CIRCUITS.
THE TWO CAPACITORS SHOWN [N EACH PLATE TANK OF THESE TWO CIRCUITS ARE A
SINGLE "sPLIT sTATOR" VARIABLE CONDENSER.

OCCASIONALLY IT IS NECESSARY TO COUPLE A PUSH-PULL STAGE TO A
TIME THAT WHEN AN UNTUN—
ED TRANSMISSION LINE Is

SINGLE TUBE WHICH FoOLL—~
USED, THEN THE COILS OF @

OWS ITe IN SUCH a CASE
THIS LINE SHOULD BESPAC— B+ I
C__

INDUCT IVE COUPLING 1S AD
VISABLE AND E|THER oF
THE TWO CIRCUITS  SHOWN
IN Flgel| WILL BE FOUND

SAT1SFACTORYs IT 1§ ALsO

WELL TO MENTION AT THIS

ED AS FAR AS POSSIBLE

FROM THAT PART OF THETHE

TANK COIL WHICH IS CON-

NECTED TO THE GRID OR Flg. ©

PLATE. [N THIS  WANNER,  (apacitance Coupling Betweern Single Driver
UNDESIRABLE CAPACITY artd Push- Puf) 4”7/0/,'/(,"2,«-_
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EFFECT8 ARE AVOIDED.

NEUTRALIZING R.F. AMPLIF|ERS

As HAS ALREADY BEEN OUTLINED, A VACUUM TUBE WILL ACT AS AN OSCILL-
ATOR WHENEVER A PART OF THE POWER [N THE PLATE CIRCUIT [S FED BACK INTO
THE GRID CIRCUIT IN SB8UCH A WAY AS TO MAKE THE TUBE SELF—EXCITINGs A PRO—
BLEM WHICH ALWAYS8 ENTERS THE PICTURE WHEN A THREE ELEMENT TUBE I8  USED
AS A RADIO FREQUENCY AMPLIFIER |8 FEED~BACK THROUGH THE GRID—PLATE CAPAC
ITYs IN A TETRODE OR PENTODE THE SCREEN GRID ACTS8 A8 AN  ELECTROSTATIC
SHIELD WHICH EFFEGT IVELY PREVENTS OSCILLATION, BUT IN A TRIODE AMPLIFIER,
IT 1S NECESSARY TO NULLIFY THE FEED~BACK THROUGH THE |NTER~ELECTRODE CA—
PACITANCE BY FEEDING BACK A NEUTRALIZING VOLTAGE WHJCH I8 EQUAL TO, BUT
180 DEGREES OUT OF PHASE W|TH THE VOLTAGE CAUSING THE TUBE TO OSCILLATE.
THE TWO 8YSTEMS MOST COMMONLY USED ARE sHOWN IN Fra.12. In circuit "A"
oF F1G.12 THE A,C. COMPONENT OF PLATE CURRENT FLOWING THROUGH SECTION
X" |NDUCES B8Y MUTUAL [NDUCTION A NEUTRALIZING VOLTAGE IN SECTION iy

Uhkgned

line

Céoke

FiG.10
Interstage Coupling Between Push- Pull ArmpliFier

WHICH I8 LED TO THE GRID THROUGH THE SMALL CONDENSER "C", TO NEUTRALIZE
THE VOLTAGE WH|CH APPEARS ACRO88 THE GRID AND PLATE,

In "B" oF Fla. 12 A S8PLIT=STATOR TUNING CONDENSER |8 USED WITH IT8
ROTOR GROUNDED AND CONNECTED TO THE FILAMENT. THE NEUTRALIZING VOLTAGE
I8 OBTAINED A8 A VOLTAGE DROP ACROS88 THE LOWER SECTION OF THE CONDENSER
AND 18 FED TO THE GRID THROUGH THE NEUTRALIZING CONDENsEr "C',

PusH=PULL S8TAGES, A8 WELL A8 S8INGLE AMPLIFIERS8, REQUIRE NEUTRAL]2Z-
INGe Fla. 13A, FOR EXAMPLE, USEs THE PRINCIPLE OF Fi1a. 12-A ADAPTED TO
THE BALANCED CIRCUIT, WHILE Fig. 13-B 18 sIMILAR IN PRINCIPLE TO Fig.l2=
B. THE USE OF THE SPLIT—~S8TATOR CONDENSER IN Flas. [2-B anp |3~B RENDERs
GREATER FREQUENCY STABILITY AT VERY H{GH FREQUENCIES THAN DOES THE USEOF
THE TAPPED COIL AND IT |8 THEREFORE MORE POPULAR |N SHORT WAVE WORKe

Ag A GENERAL RULE, THE TAP ON THE TANK COIL SHOULD BE AT THE CENT=-
ERe CORRECT NEUTRALIZATION WILL THEN BE OBTAINED WHEN THE NEUTRALIZING
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CONDENSER HAS A CAPACITY ABOUT EQUAL TO THE GRID—~PLATE CAPACITY OF THE
TuBe. IT 1Is EVIDENT, THEN, THAT THE VALUE OF THIS CAPACITANCE DEPENDS U
PON THAT OF THE TUBE USED.

AL L BY—-PASS CONDENSERS AND SUNDRY PARTS NOT ACTIVELY TAKING PART
IN THE PROCESS OF NEUTRAL|ZATION ARE OF THE UBUAL VALUES.

THE PROCEDURE TO BE FOLLOWED IN NEUTRALIZING AN R.Fe STAGE IS NOT
ESPECIALLY DIFFICULT, IT 18 THE SAME REGARDLESS OF THE TYPE OF CIRCUIT
EMPLOYED AND [S CARRIED OUT IN THE FOLLOWING STEPS?

le DISCONNECT PLATE VOLTAGE FROM TUBE,

2. WITH THE FI1LAMENT LIGHTED, FEED THE GRID IN THE NORMAL WAY FROM
THE OUTPUT OF THE PRECEDJING TUBE.

3. CoUPLE A RESONANCE INDICATOR (8eE vour Lesson No.51.) inoucTive—
LY To THE PLATE TANK COlL.

Coupling
cotls

) . FlaG. 11
Single Tubes Oriven By Push-Pull Stages.

4, SET THE RESONANCE INDICATOR AT THE FREQUENCY ON WHICH THE TRANS=
MITTER 1S TO OPERATE, AND TUNE THE PLATE CIRCUIT TO RESONANCE,

5. Now ADJUUSBT THE NEUTRALIZING CONDENSER TO THAT POSITION WHICH
CAUSES MINIMUM R.F, PLATE CURRENT AS |NDICATED BY THE RESONANCE
INDICATOR, THIS IND[CATION SHOULD BE VIRTUALLY ZERO.

8. THE LAST STEP HAS PROBABLY DETUNED THE DRIVER TANK, 80 GO BACK
AND RETUNE THIS STAGE,

7. Now COME BACK TO THE STAGE BEING NEUTRALIZED, TUNE [TS TANK TO
RESONANCE, AND NEUTRALIZE ONCE MORE, THIS WORKING BACK AND
FORTH BETWEEN THESE TWO STAGéS IS NECESSARY BECAUSE ANY CHANGE
IN ONE CIRCUIT HAS A TENDENCY TO UPSET THE OTHER.

8. WHEN THE RESONANCE INDICATOR GIVES NO INDICATION WITH THE PLATE
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TANK TUNED TO THE RESONANT FREQUENCY, WE KNOW THAT THE 81 GNAL
CARRIED THROUGH THE NEUTRALIZING CONDENSER I8 EQUAL, ANDOPPOSITE
IN PHASE, TO THE S8IGNAL CARRIED THROUGH THE GRID=PLATE CAPACITY
OF THE TUBE, AND THE STAGE I8 NEUTRALIZED.

9. Now RESTORE PLATE VOLTAGE TO THE TUBE AND THE S8TAGE I8 READY TO
OPERATE,

SCREEN=GR ID AMPL|F |ERS

IN F1ge 14 YOU ARE SHOWN THE BASIC AMPLIFIER CIRCUIT FOR A TRANS™
MITTER WHEN SCREEN—GRID TUBES ARE USED., THE CIRCUIT AT THE LEFT OF FlGo
|4 gHOWS YOU HOW A TETRODE 18 USED FOR THI8 PURPOSE, WHILE THE  CIRCUIT
AT THE RIGHT OF THI8 SAME ILLUSTRATION SHOWS YOU HOW THE PENTODE 18 EmM—
PLOYED. THE EXACT VOLTAGES WHICH ARE TO BE APPLIED TO THE ELEMENTS OF
THESE TUBES NATURALLY DEPEND UPON THE OPERATING CHARACTERISTICS OF THE

R.F. Choke

;

S.F./Chqkz ®

FIlG. 12 .
TJwo Methods of Neutralizing -

TUBES IN QUESTION, IN A LATER LESSON, YOU WILL BE FURN ISHED WITH comM—
PLETE DATA OF THIS NATURE PERTAINING TO TRANSMITTER TUBES.

SINCE THE TETRODE AND PENTODE TUBES BOTH HAVE INTERNAL S8HIELDS, NO
REGENERAT |VE FEED~BACK CAN BE PASSED THROUGH THESE TUBES WHEN THEY ARE
USED PROPERLY AND FOR THI1S8 REASON NO NEUTRALIZING PROVISIONS8 NEED BEMADE,
HOWEVER, IT I8 IMPORTANT THAT THE [NPUT AND OUTPUT CIRCUIT8S OF THE TUBE
BE SUFFICIENTLY ISOLATED SO THAT S8TRAY MAGNETIC OR CAPACITIVE COUPLING
CANNOT TAKE PLAGE BETWEEN THEM, For THIS SAME REASON, IT I8 FREQUENTLY
THE PRACTICE IN DESIGNING CIRCUITS OF THI8 TYPE TO SHIELD THE [INPUT AND
OUTPUT CIRCUIT8 OF THE TUBE,

TRANSM|TT ING CONDENSERS

YoU ARE 8Y THIS TIME ALREADY QUITE FAMILIAR WITH THE GENERAL CON—
STRUCT IONAL FEATURES OF THE R,F. TRANSFORMERS AND CO L8 USED IN THE TUN—
ING CIRCUITS OF TRANSMITTERS —— THAT 18, THAT THESE WINDINGS8 ARE GENER™
ALLY MADE OF COPPER TUBING OR LARGE—S|ZE COPPER WIRE 80 THAT LOSSES CAN
BE REDUCED TO A MINIMUM, YoUu WERE ALSO SHOWN WHAT PRECAUTIONS ARE TAKEN
SO THAT THESE WINDINGS ARE WELL—INSULATED FROM ALL SURROUNDING BODIES BY
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USING LARGE HIGH=QUALITY |NSULATORS AS SUPPORTS. HQWEVER, LITTLE HAS
AS YET BEEN MENTIONED .ABOUT THE TUNJING CONDENSERS AS USED INTRANSMITTERS
AND SO IT WILL BE WELL TO CONSIDER THIS POINT NEXT,

In Fig.l5 vou ARE SHOWN TWO TYP|CAL VARJAELE CONDENSERS AS USED
IN HIGH=POWER TRANSM|TTERS FOR TUNING PURPOSES, FUNDAMENTALLY,THESE CON=—
DENSERS ARE THE SAME AS THOSE USED [N RECEIVERS, IN THAT THEY ALSO CON—
S1ST OF A STATOR PLATE GROUP AND A ROTOR PLATE GROUP — IN FACTy FOR LOW
POWER TRANSMITTERS GOOD RECEIVER TYPE TUNI[ING CONDENSERS CAN BE USED SAT—
ISFACTORILY, IN THE CASE OF HIGH—=POWER TRANSM|TTERS, HOWEVER, SOME REg—
FINEMENTS ARE MADE IN THE CONSTRUCTION OF THE TUNING CONDENSERS AS W]LL
BE APPARANT FROM AN [NSPECTION OF Fia. I5.

To BeGIN WITH, REGULAR TRANSMITTING CONDENSERS ARE CONSTRUCTEDWITH
GREATER PRECISION THAN ARE THE CONVENTIONAL RECE{VER TYPE COMNDENSERS, You
WILL ALSO OBSERVE IN Filg. |5 THAT GREATER SPACING IS ALLOWED BETWEEN THE

)

W/
A4

= Bt

F1G. 13
Neutralization of Push-Pul Stages.

PLATES OF THE UNIT = THIS IS DONE SO THAT THERE WILL BE NO POSSIBILITY
OF THE HIGH VvOLTAGES ENCOUNTERED [N TRANSMITTERS FROM CAUSING ARCING BE—~
TWEEN THE PLATES.

THE FRAMES, AS WELL AS ALL PARTS OF THE TRANSMITT ING CONDENSER, ARE
CONSTRUCTED OF HEAVY MATERJAL 80 THAT THE ENTIRE UNIT WILL BE ASSURED OF
GREATER RIGIDITY AND FREEDOM FROM VIBRAT [ON = ALL OF WHICH PLAY AN M=
PORTANT PART IN MAKI[NG A STEADY S|GNAL POSSIBLE, THE BEST OF INBULAT | ON,
SUCH AS ISOLANTITE, IS ALSO GENERALLY USED SO THAT THE UNIT MAY OPERATEAT
UTMOST EFFICIENCY,

THE CONDENSER WHICH IS SHOWN IN THE UPPER PORTION OF FiGge. |5 s oF
THE SPLIT=STATOR TYPE, SUCH AS USED [N SEVERAL OF THE CIRCUITS WHICH ARE
ILLUSTRATED IN THIS LESSON. IN CONDENSERS OF THIS TYPE A SINGLE SHAFT
HAS ALL OF THE ROTOR PLATES OF THE ENTIRE UNIT ATTACHED TO {Te THE STAT—
OR PLATES, HOWEVER, ARE CONNECTED TOGETHER IN SUCH A MANNER AS TO FORM
TWO SEPARATE GROUPS == EACH GROUP HAVING ITS OWN TERMINAL CONNECTION. IN
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EFFECT, THIS ARRANGEMENT WOULD BE THE SAME A8 TWO SECTIONS8 OF A RECEIVER

——‘ Tetrode Pentode

-~
AW
Il
L |
, % v
b J
C- 4
8 Bl Bt

Fla, 14
Application of Screen Grnd Amplifiers.

TYPE GANQ CONDENSER CONNECTED IN SERI|ES.

By USING A SPLIT STATOR CONDENSER [N A TRANSMITTER, THE ROTOR  AND
CONTROL SHAFT CAN AT ALL TIMES BE MAINTAINED AT GROUND POTENT}AL EVEN
WHEN THE CONDENSER IS EMPLOYED IN THE PLATE CIRCUIT OF A TUBE. THIS Is
GLEARLY |LLUSTRATED IN Fi1a. |0 oF THIS LESSON,WHERE YOU WILL FIND THE RQ
TOR PLATES OF THE S8PLIT—=STATOR
Rotor Plates Control CONDENSER CONNECTED TO THE EL—

shaft ECTRICAL CENTER OF THE F|LAMENT
CIRCUIT, THIS ARRANGEMENT ALSO
ELIMINATES THE PROBABILITY OF
R.F. BURNS THROUGH THE OONDEN—
3ER HANDLE AND AT THE SAME T|ME
QREATLY REDUCES HAND—CAPACITY
EFFECTS.

IN THE NEXT LESSON  YOU
ARE GOING TO CONTINUE YOUR 8TU
DiEs oF R,F. AMPLIFIERS AS USED
IN TRANSMITTERS BY LEARNING
THE PROPER PROCEDURE, FORTUNING
8UCH AMPLIFJERS. YOU WILL ALSO
FIND THIS NEXT LESSON TO FURN—
ISH YOU WITH COMPLETE |NSTRUO~
TIONS REQARDING FREQUENCY MUL~
TIPLIERS, POWER AMPLIFIERS, ETC,

GRADUALLY, YOU ARE LEARN—=

ING MORE AND MORE ABOUT TRANS—
MITTERS AND WHEN YOU HAVE COM—
Fia.15 PLETED THIS SERIES OF LESSONS,

Typical Transmitter Tuning YOU WILL HAVE A MOST THOROUGH

Cana/eﬂ sers. KNOWLEDQE OF THIS SUBJECT,
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EXAMINATION QUESTIONS

LESSON NO, T -7

ExXPLA N HOW THE SWINGING OF A TRANSM{TTER ANMTENNA MAY
AFFECT AN OSCILLATOR NOT EMPLOYING CRYSTAL CONTROLAND
WHICH IS COUPLED DIRECTLY TO THE ANTENNA SYSTEM, How
MAY THIS TROUBLE BE REMED]ED?T

WHAT 1s A "surFFer ampPLIFIER"

WHY IN THE CIRCUIT OF Fi1Ge 3 18 A "TaP connecTiON"
USED BETWEEN THE PLATE CiRCUIT OF THE OSCILLATOR AND
THE GRID CIRCUIT OF THE BUFFER AMPL |FI1ERY

DrRAW A CIRCUIT DIAGRAM WHICH ILLUSTRATES HOW LINK COUP
LING MAY BE USED BETWEEN TWO STAGES OF A TRANSMITTER.

DrRAW A CIRCUIT DIAGRAM SHOW|NG HOW A SPLIT—STATOR TUN—
ING CONDENSER MAY BE USED IN A TRANSMITTER CIRCUIT,.

DESCRIBE THE CONSTRUCTIONAL FEATURES OF A SPLIT—STATOR
CONDENSER AND EXPLAIN WHAT ADVANTAGES ARE OBTAINED THRU
ITS USE,

DRAW A CIRCUIT DIAGRAM WHICH ILLUSTRATES THE NEUTRALIZ
ING BYSTEM OF A TRANSMITTER!s R.F. AMPLIFIER AND IN
WHICH A SINGLE TRIODE IS EMPLOYED,

ExXPLAIN IN DETAIL HOW YOU WOULD GO ABOUT THE TASK OoF
NEUTRALIZING AN R,F. STAGE OF A TRANSMITTER.

DrAW A CIRCUIT DIAGRAM OF A PUSH-PULL R.F. STAGE FOR A
TRANSMITTER USING A PAJR OF TRIODES AND ALSO SHOW THE
NEUTRALIZING CIRCUIT WHICH MAY BE EMPLOYED IN TH]IS CASE.

EXPLAIN N DETAIL THE OPERATION OF THE CIRCUIT WHICH IS
JLLUSTRATED IN FI1Ge 9 OF THIS LESSON,
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TUNING AMPLIFIERS — APPLICATION
OF FREQUENCY MULTIPLIERS

lN PREVIOUS LESSONS YOU WERE TOLD HOW TO QO ABOUT THE TASK OF TUN=—
ING THE OSCILLATOR OF A TRANSMITTER WHETHER |T BE OF THE SIMPLESELF-TUN-=
ING TYPE OR CRYSTAL CONTROLLED AND NOW  THAT
YOU ARE FAMILIAR WITH THE APPLICATIONS OF R,F.
AMPLIFIERS IN TRANSMITTERS, OUR NEXT STEP WILL
BE TO GO INTO THE DETAILS GONCERNING THE PRO~
CEDURE WHICH S8HOULD BE FOLLOWED [N ORDER TO
TUNE SUCH AMPL|F|ERS CORRECTLY,

TUNING THE AMPLIF|ER

BEFORE COMMENCING TO TUNE THE R.F. ampP—
LIFIER, IT 18 NECESSARY THAT IT BE  PROPERLY
NEUTRAL|ZED,ASSUMING THAT TRIODES ARE BEING
USEDs SHOULD THE AMPLIFIER IN QUESTION EMPLOY
TUBES OF THE SCREEN—GRID TYPE, THEN IT 18 OF
COURSE NECES8SARY THAT THE CIRCUIT ARRANGEMENT
BE S8UCH THAT THERE |8 NO POSS8IBILITY OF FEED—
BACK BETWEEN IT8 OUTPUT AND INPUT  CIRCUITS.
WITH THESE CONDITIONS TAKEN CARE OF, WE PRO~
CEED TO TUNE THE AMPLIF{ER A8 SHALL NOW BE EX
PLA INEDs

FIRST DISCONNECT THE PLATE VOLTAGE FROM
THE AMPLlFIER, SET THE OSCILLATOR INTO OPER=-
ATION AND CAREFULLY ADJUST IT TO THEFREQUENCY
AT WHICH THE TRANSMITTER [8 TO OPERATE. THE
CORRECT METHOD FOR ADJUSTING THE  OSCILLATOR
HAS ALREADY BEEN EXPLAINED IN PREV|OUS LESSONS.

" WITH THE OSCILLATOR ADJUSTED FOR THEPRQ
PER FREQUENCY, THE NEXT STEP I8 TO MAKE FUR— Fie.1 _
THER ADJUSTMENTS 80 THAT MAXIMUM ENERGY WILL 4 /00-watt Transmitter:
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BE TRANSFERRED FROM THE OSCILLATOR'S OUTPUT TO THE GRID CIRCUIT OF THE
AMPLIFIER WHICH IT 18 DRIVING, ONE METHOD OF DETERMINING THE EXITATION
POWER WHICH IS BEING DELIVERED BY THE OSCILLATOR To THE R.F. gTage, oOR
FROM ANY DRIVER S8TAGE TO THE FOLLOWING S8TAGE FOR THAT MATTER, I8 TO CON=
NECT A D.C. MILLIAMMETER IN SERIES WITH THE GRID RETURN CIRCUIT OF THE
AMPLIFIER STAGE WHICH I8 RECEIVING THIS EXITING ENERGY. WHEN EMPLOYING
THIS METHOD, WE FIND THAT THE GREATER THE EXITATION ENERQY BEINGRECEIVED
BY THIS CIRCUIT, THE GREATER W|LL BE"THE RECTIFIED GRID CURRENT WHICH |8
INDICATED BY THE METER. ’

THE EXACT MANNER IN WHICH S8UCH A M{LLJAMMETER I8 TO SE CONNECTED IN

THE GRID CIRCUIT OF THE AMPLIFIER WILL NATURALLY DEPEND UPON THE GIRCUIT
ARRANGEMENT OF THE PARTICULAR AMPLIFIER IN QUESTION., IN Fias. 2, 3 an04
YOU ARE SHOWN SOME TYPICAL CIRCUITS IN WHICH THE MJLLIAMMETER CONNECT |ONS
ARE ILLUSTRATED IN ORDER TO MEASURE THE RECTIFIED QRID CURRENT [N THE
AMPLIFIER STAGE. BY FAMILIARIZING YOURSELF THOROUGHLY W|TH THESE CONNEC—
TIONS IN PARTICULAR, YOU SHOULD HAVE NO DIFFICULTY IN APPLYING THE SAME
METHOD TO ANY OTHER 8 |M—
ILAR CIRCUIT WHICH MAY
DIFFER IN CERTAIN RE—~
8PECTS. THE DRIVER STAGE
IN ANY OF THESE GIRCUITS
MAY BE E|THER AN 08CILL~
ATOR OR ANOTHER BTAGE OF
R.F. aMPLIFICATION PRE~
CEDING THE R,F, 8TAQE
i+ IN WHICH THE ADJUSTMENTS

ARE AT THE TIME BEING
Py - mMaDeE. NOoTicE ALso IN
(1)

MilllammetePT%

Driver Ampl.,;

Vg N

Figse 2, 3 aND 4 THAT
THE POLARITY OF THE MILL
IAMMETER |8 INDICATED AND
THE CJRCUIT CONNECT|ONS
8HOULD BE MADE ACCORD—
INGLY,.

B+

Fila. 2
Millrammeter Connection .

WiTH THE MILLjAM=~
METER PROPERLY CONNECTED IN THE CIRCUIT, THE DRIVER STAGE TUNING CIRCUIT

S8HOULD BE ADJUSTED FOR MAXIMUM QR{D CURRENT, THE COUPLING BETWEEN THE
DRIVER STAGE AND THE AMPLIF{ER SHOULD THEN ALSO BE ADJUSTED FOR MAXIMUM
GRID CURRENT. IN THE EVENT THAT TRANSFORMER COUPLING I8 EMPLOYED, THE

COUPL ING BETWEEN THE TWO STAGES CAN BE ADJUSTED BY VARYING THE DISTANGCE

AND ANGLE OF COUPLING OR BOTH BETWEEN THE PRIMARY AND SECONDARY WINDINGS
OF THE TRANSFORMER,

IF THE CIRCUIT ARRANGEMENT |8 8UCH THAT A TAP CONNECTION I8 USED
EETWEEN THE OUTPUT OF THE DRIVER TUBE AND THE INPUT OF THE AMPLIFIER AS
IN F1gss 2 AND 3, THEN THE POSITION OF THE TAP CONNECTION ON IT8 colL
SHOULD BE ALTERED UNTIL MAXIMUM GRID OURRENT IS8 INDICATED IN THE AMPL|P—
IER CIRCUIT, BHOULD 8S8UCH A TAP CONNECTION BE USED [N A PUSH=PULL ARRANGE™
MENT, THEN BOTH TAP8 SHOULD BE CHANGED 8IMULTANEOUSLY AND IN SUGCH A MAN=

NER 80 THAT EACH TAP WILL SBE THE SAME NUMBER OF TURNS FROM THE CENTER OF
THE COIlL.

WHEN LNk COUPLING IS8 USED, THE DEGREE OF COUPLING CAN BE CHANGED




LESSON NO.8 PAGE 3

BY MOVING THE TRANSMISS|ON LINE COUPLING COIL8 CLOSER TO TiHE TANK coilLs
WITH WHICH THEY ARE COUPLED OR ELS8E TO CHANGE THE NUMBER OF TURNS USED ON
THE COUPLING COILS8e

WHENEVER, THE COUPLING 18 CHANGED, REQARDLESS OF THE TYPE UPED,
THE DRIVER CIRCUIT SHOULD BE RETUNED TO RESONANCE BECAUSE ANY CHANGE IN
THE DEGREE OF COUPLING 18 LIKELY TO DETUNE THE PLATE TANK CIRCUIT OF THE
DRIVER STAGE. IN THE EVENT THAT A TANK CIRCUIT (TUNING GIRCUIT) I8 AL8O
USED IN THE GRID CIRCUIT OF THE AMPLIFIER STAGE WHICH 18 BEING ADJUSTED,
as 18 THE cASE IN Fi1a. 4, FOR INSBTANCE, THEN TH|8 CIRCUIT S8HOULD ALSO BE
RETUNED WHENEVER ANY CHANGES' ARE MADE [N COUPLING 80 THAT MAXIMUM  8RID
CURRENT WILL BE INDICATED BY THE MILLIAMMETER,

WITH THESE ADJUSTMENTS COMPLETED, THE PLATE TANK GIRCUIT OF THE AME
LIFIER S8HOULD BE SET APPROX IMATELY AT RESONANCE AND WITH THE EXITINGVOL™=
TAGE A8 SUPPLIED BY THE
OUTPUT OF THE O8CILLATOR
OR PRECEDING AMPLIF|ER Driver " ‘ Arplh
8TAGE BEING APPLIED TO I
THE GRID CIRCUIT OF THE
R.F, STAGE WHICH 19 BE~
ING ADJUSTED, YOU  CAN
PROCEED TO CONNECT THE

PLATE VOLTAGE TO THE
R.F. TuBE AND TUNE IT8 4 - ;
PLATE TANK CIRCUIT TO | ammeter

RESONANCE., A CONDITION ;7 o
0. RESONANCE WILL o€ TN
INDICATED BY A PRONOUN-— B+ l'MT
CED D|P OF THE NEEDLEOF
A D,Cs MILLIAMMETER

WHICH |8 CONNECTED IN Fla.3

S8ERIES W|TH THE PLATE, M[Uiamme_tcr Conﬂad:/"on Wﬁeh
CIRCU|T OF THEAMPLIFIER Using Tuned-Grid Circuit.
BEING ADJUSTED. THI8

TUNING ADJUSTMENT FOR MINIMUM PLATE CURRENT SHOULD BE MADE QUICKLY BE—
CAUSE IF THIB8 PLATE TANK CIRCUIT {8 PERMITTED TO REMAIN FAR REMOVED FROM
RESONANCE FOR AN APPRECIABLE LENGTH OF TIME WHILE THE PLATE CIRCUIT I8
COMPLETE, THE RESULTING HIGH PLATE CURRENT MAY DAMAGE THE TUBE.

AFTER THIS8 TANK CIRCUIT HAS8 BEEN TUNED FOR MINIMUM PLATE CURRENT’
THE OUTPUT LOAD CIRCUIT MAY BE GONNECTED TO THE AMPLIFIER, THis OUTRPUT
LOAD MAY BE THE GRID CIRCUIT OF A FOLLOWING SBTAGE OF R.Fe AMPLIFICATION
OR ELSE THE ANTENNA C|RCUIT, DEPENDING UPON THE PART ICULAR TRANSMITTER
CIRCUIT IN QUESTION. UPON CONNECTING THE LOAD, THE PLATE CURRENT READ NG
OF THE AMPLIFIER W]LL [NCREASE SOMEWHAT AND S8INCE 1T8 TANK CIRCUIT MAY
BE DETUNED SOMEWHAT AT THE TIME THE LOAD |8 APPLIED, [T SHOULD BE AGA IN
CAREFULLY ADJUSTED FOR MINIMUM PLATE CURRENT, THE MINIMUM PLATE CURRENT
AT THI8 TIME,. HOWEVER, WILL NOT BE A8 LOW AS THAT WHICH WAS OBTA[NED BE~
FORE THE LOAD WAB GONNECTED, THE COUPLING AT THE QUTPUT END OF THIS
AMPL|FIER STAGE S8HOULD BE ADJUSTED 80 THAT THE PLATE CURRENT DRAWN BY THE
AMPLIFIER TUBE W|LL BE NEAR THE NORMAL PLATE CURRENT VALUE FOR WHICH THE
TUBE 18 RATED,
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IF ANOTHER AMPLIFIER STAGE FOLLOWS, {T8 TIRCUIT SHOULD BE ADJUSTED
IN THE SAME MANNER AS HAS JUST BEEN EXPLAINED. ON THE OTHER HAND, IF THE
ANTENNA CIRCUIT 18 FED BY THI8 AMPLIFIER, THEN THE ANTENNA CIRCUIT S8HOULD
BE ADJUSTED A8
DESCRIBED IN THE
" Driver Ampl. NEXT LESSON, You
) ' WiLL ALSO BE
BHOWN  LATER IN
THI8 LESSON HOW
DUMMY ANTENNAS ARE
ARE SOMET IMES Us—
ED FOR THE PRE~
LIMINARY TUNING
OF AMPLJ FIERS,

FREQUENCY
MULT IPLIERS

IN BROAD—
CAST TRANSM| TTERS,
THE OPERATING FRE
QUENCY 18 BUFF—
ICIENTLY LOW 80
THAT THE CRYSTAL A8 USED IN ITS8 OSCILLATOR CIRCUIT GAN BE MADE THICK E~
NOUGH TO POSBEBS THE REQUIRED MECHANICAL STRENGTH TO INSURE LONG LIFE.
IN 8UCH A cABE, IT 18 PRACTICAL To DESIGN ALL OF THE R.F, 8TAaEs,As WELL
AS THE ANTENNA CIRCUIT, TO RESONATE AT THE SAME FREQUENCY AS THAT  FOR
WHICH THE O8CILLATOR 18 TUNED AND WHICH IN TURN I8 GOVERNED BY THE FRE-
QUENCY FOR WHICH THE CRYSTAL HA8 BEEN QROUND. HOWEVER, IN THOSE SHORT—
WAVE TRANSMITTERS WHICH RADIATE THEIR ENERGY AT VERY HIGH FREQUENC | ES
(APPROXIMATELY 7 MEGACYCLES OR OVER), IT HAB BEGOME THE COMMON PRAGCT|CE
TO OPERATE THE OSCILLATOR AT A RELATIVELY LOW FREQUENCY AND WITH WHICH A
CRYSTAL OF BUFFICIENT THICKNESS TO |NSURE S8TRENGTH CAN BE USED. THis
FUNDAMENTAL FREQUENCY A8 GENERATED BY THE OSCILLATOR |8 THEN DOUBLED

Fig. 4
Milligmmeter Connections In Push- Pull
Cireuwit.

Osallator- Cx Frequency Multiplier
- - F44 )
1%
J R J
W
\| o W La
"‘;' P ) ["]
& .
(V]
8-y B+ ]C‘- B

Fla. § .
Application of the Frequancy Multiplier.
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OR TRIPLED BY MEANS OF SPECIAL CIRCUITS WHICH ARE KNOWN ag FREQUENCY MUL
TIPLIERS or "HaRMONIC GENERATORS",

Fice 5 sHOWS YOU A TYPICAL EXAMPLE OF HOW A FREQUENCY MULT{PLJER
18 USED IN CONJUNGT|ON WITH A CRYSBTAL CONTROLLED 08CILLATOR, FOR THE
S8AKE OF EXPLANATION, LET US ASSUME THAT THE CRYSTAL |8 GROUND FOR A FRE™
QUENCY OF 3500 Kc, THE PLATE TANK CIRCUIT OF THIS CSCILLATOR,CONSISTING
oF C anp L‘, WILL IN THIS CABE ALSBO BE TUNED TO RESBCNANCE AT 3600 Kc.
THI8 08CILLATOR FREQUENCY OF 3500 Kce WILL BE APPLIED ACROSS THE QRID
CIRCUIT OF THE FREQUENCY MULTIPLIER TUBE THROUGH COUPL|NG CONDENSER 03.

THE CIRCUITS EMPLOYED IN THE FREQUENCY MULTIPLIER 8TAGE ARE EXAQGT
LY THE S8AME A8 THOSE OF A CONVENTIONAL AMPLIFIER AND THE ONLY REAL DiIFF—
ERENCE |8 THAT THE TUBE (18 BEING OPERATED AT A HIGQHER NEGATIVE GRID BIAS
VOLTAGE THAN ORDINARILYs UNDER THESE CONDITIONS, A RELATIVELY 9TRONG
HARMONJC OUTPUT WILL APPEAR IN THE PLATE CIRCUIT OF THE FREQUENCY MUL~
TIPLIER TUBE, THE SECOND HARMONIC WILL BE MOST PROMINENT AND IN OUR PART
i CULAR EXAMPLE
THIS WOULD BE &=
QUAL TO A FRE=

QUENCY OF TW{lCE Crystal  R.F.Choke | 59 |

4

3500 Ke. or 7000
Kce THE PLATE TANK
CIRCUIT OF THIS8
FREQUENCY MULT (=
PLIER STAQE Is
THEREFORE TUNED
TO A FREQUENGY OF
7000 Kc. 80 THAT
IT WILL RESONATE
AT THE S8ECOND
HARMONIC AND THERE
BY BE CAPABLE OF
TRANSFERRING MAX—
IMUM ENERGQY AT
THI8 HARMONIC FRE Fla.e

QUENCY TO THEFOLL The Tri-Tet Circuit.

OWING CIRQUITe

S8INCE THE ORIQINAL FREQUENCY HAB IN THIS PARTICULAR CASE BEEN DOUBLED,
THE FREQUENCY MULT|PLIER IN THI8 INSTANCE WOULD &E LOG|CALLY CALLED A
FREQUENCY DOUBLER,

L2

+100V. Jt350Y.

ALTHOUGH IT 18 TRUE THAT A FREQUENCY MULTIPLIER CAN BE DES IGNED
TO DELIVER A HARMON|GC WHICH I8 HIGHER THAN THE SBECOND HARMONI|C OF THE FRE
QUENCY APPLIED AGROS8 IT8 INPUT CIRCUIT, YET IT 18 EQUALLY TRUE THAT THE
PLATE EFFICIENCY OF A FREQUENCY MULTIPLIER |8 APPRECIABLY LESS8 THAN THAT
OF A 8TRAIGHT AMPLIFIER AND DECREABES RAPIDLY A8 THE PLATE CIRCUIT I8
TUNED TO A HARMON|C HIGHER THAN THE SECOND. |T I8 FOR THIS REASON THAT
MOST FREQUENCY MULTIPLIERS ARE DESIGNED To FUNCTION as DOUBLERS, Some~
T IMES, HOWEVER, ANOTHER OOUBLER FOLLOWS THE FIRST 80 THAT THE FREQUENCY
CAN BE DOUBLED ONCE MORE AND THUS BECOME FOUR TIMES THAT OF THE ORIGINAL
08CILLATOR OR FUNDAMENTAL FREQUENCY.

GRID Bl|AB FOR AMPLIFIERS
IN ORDER TO REALIZE GOOO PLATE EFFICIENCY FROM A POWER  AMPL|FI|ER
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TUBE, IT IS NECESSARY THAT THE GRID BIAS VOLTAGE UNDER OPERATING COND |-
TION8 BE GREATER THAN THAT WHICH I8 ACTUALLY REQUIRED IN ORDER To McuT—
OFF" THE PLATE CURRENT WHEN THE AMPLIFIER |8 NOT RECEIVING ANY EXIT ING
R.F. ENERGYs A STRAIGHT AMPLIFIER TUBE SHOULD BE OPERATED WITH A BIAS

VOLTAGE WHICH IS EQUAL TO APPROXIMATELY TWiCE THE "cuT—orr!" Bias FOR
THE TUBE BEING USED. THE CUT—OFF BIAS FOR A GIVEN TUBE I8 GENERALLY G|VEN
IN THE SPECIFICATIONS WHICH ARE |SSUED BY THE TUBE MANUFACTURER BUT [N

THE CABE OF TRIODES I8 APPROX|IMATELY EQUAL TO THE PLATE VOLTAGE AT WHICH
THE TUBE 18 BEING OPERATED DIVIDED BY |T8S AMPLIF|CATION FACTORe IN THE
CASE OF A FREQUENCY MULTIPLIER, THI8 TUBE SHOULD BE OPERATED W|TH A GRIJD
BI1AS VOLTAGE CONSIDERABLY ABOVE DOUBLE CUT—=OFF AND EX|TED WITH A CORRES-—
POND INGLY GREATER R.F, VOLTAGE — [N FACT,THE DRIV ING POWER REQUIRED FOR
GOOD DOUBLING EFFICIENCY .18 ABOUT TWO OR THREE TIMES8 THAT WHICH |8 NEC—
ESSARY FOR EFFICIENT STRAIGHT AMPLIFICATION,

THERE ARE SBEVERAL METHODS WHEREBY THE BIAS VOLTAGE MAY BE 2BTAINED
FOR THE R,F. AMPLIFIER IN A TRANSMITTER, ONE METHOD I8 TO USE BATTERIES
As A "C" guppLY AND IN SUCH CASEs A BANK OF REGULAR "B" BATTERIES ARE
UBEDZONLY THAT THEY ARE EMPLOYED IN THE CIRcUIT as "C" saTTERIES, AL—
THOUGH BATTERIES PROVIDE A RELATIVELY CONSTANT BIAS VOLTAGE REGARDLESS OF
WHETHER THE AMPLIFIER IS BEING EXITED OR NOT, YET THE GRID CURRENT WH]|CH
FLOWS WHEN THE TRANSMITTER I8 IN OPERATION HAS8 A CHARGING EFFECT AND [N
THIS MANNER TENDS TO INCREASE THE BATTERY VOLTAGE., THI8 EFFECT IS MORE
NOT JCEABLE AS THE BATTERIES AGE AND THEIR INTERNAL RESISTANCE INCREASES,

ANOTHER METHOD OF OBTAINING A GRID BIAS VOLTAGE {8 TO USE THE GRID
LEAK METHOD A8 HAS ALREADY BEEN EXPLA INED RELATIVE TO O8CILLATORS, THIS
METHOD 18 BOTH ECONOMICAL A8 REGARDS THE SAVING IN COST OF BATTERIES AND
IN ADDITION OFFERS THE DESIRABLE FEATURE OF REQULATING THE Bl1A8 VOLTAGE
IN ACCORDANCE WITH THE AMOUNT OF EX|TING ENERGY AVA|LABLE AND IN THI8
WAY MOST EFFICIENT AMPLIFIER OPERATION |8 REALIZED UNDER VARYING COND |~
TIONS OF OPERATION., THI8 SBAME METHOD ALSO OFFER8 A D|SADVANTAGE,HOWEVER,
IN THAT IN CASE EXITATION S8HOULD CEASE FOR SOME REASON OR OTHERy,NO BIAS

VOLTAGE WILL BE PRODUCED AND THE RESULTING INCREASE IN PLATE CURRENT MAY
DAMAGE THE TUBE,

QuiITE OFTEN, A COMBINATION OF GRID LEAK AND BATTERY BlAS I8 UBED
AND IN WHICH CASE SUFFICJENT BATTERY VOLTAGE |8 EMPLOYED TO SAFEGQUARD
THE TUBE IN CABE OF A LACK OF EXITATION AND THE ADDITIONAL BJA8 VOLTAGE
18 FURNISHED BY THE LEAK., UNDER sucCH CONDIT{ION8, THE BATTERY VOLTAGE AND
THE VOLTAGE DROP PRODUCED ACROSS THE LEAK RESISTOR BY THE FLOW OF GRID
CURRENT ARE EFFECTIVELY CONNECTED I[N S8ERIES, THEREFORE, THE ACTUAL OR

EFFECTIVE BIA8 VOLTAGE W|LL BE EQUAL TO THE 8UM OF THE BATTERY VOLTAQGE
~LU8 THE VOLT DROP ACROS8S THE LEAK RE8 |STOR,

THE BiIAS VOLTAGE MAY AL80O BE OBTAINED FROM THE TRANSMITTER'S POWER
TACK OR ELSE FROM A BJAS8 RESISTOR WH|CH 18 |NCLUDED IN THE CATHODE CIR=
CJU)T OF THE TUBE THE SAME A8 IN RECEIVERS, CircuiT DIAGRAMS WHI]CH ARE

YET TO BE SHOWN YOU WJLL ILLUSTRATE THESE DIFFERENT BIASING METHODS CLEAR
LYs

TUNING FREQUENCY MULT |PLIERS

IN THE TUNING OF FREQUENCY MULTIPLIERS, THE GENERAL PROCEDURE is
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MUCH THE SAME A8 THAT OF TUNING STRAIGHT AMPLIFIERS AND I8 DONE I[N THE
FOLLOWING MANNER:?

FIRST THE PLATE VOLTAGE SOURCE I8 DISCONNECTED FROM THE FREQUENCY
MULT IPLIER TUBE AND THE GRID CIRCUIT 18 THEN ADJUSTED FOR. MAX IMUM GRID
CURRENT IN THE SAME WAY AS ALREADY DES8CRIBED RELATI|VE TO STRAIGHT AMPL |=
FIERS8, THE PLATE VOLTAGE I8 THEN APPLIED TO THIS TUBE AND THEPLATE TANK
CIRCUIT I8 ADJUSTED 80 A8 TO RESONATE AT THE SECOND HARMON] C FREQUENCY
AND WHICH I8 [NDICATED BY THE DIP |N PLATE CURRENT THE SAME A8 WHEN TUN=
ING A 8TRAIGHT AMPLIFIER TO RESONANCE WITH THE FUNDAMENTAL. IN THE GCASE
OF THE FREQUENCY MULTIPLIER, HOWEVER, THI8 DIP |8 NOT QUITE 80 PRONOUNGCED
A8 WHEN TUNING A STRAIGHT AMPLIFJ|ER,

WiTH THESE ADJUSTMENTS PROPERLY MADE, THE LOAD MAY - CONNEGCTED
AND THE  GUTPUT f

COUPLINQG AND LOAD
CIRCUITS ADJUST—
ED FOR  MAX|MUM
OUTPUT, IN KEEP~
ING WITH THE
PLATE CURRENT RAT
ING OF THE TUBE.
GENERALLY, IT I8
ADVISABLE  THAT
THIS PLATE CUR—
RENT BE SLIGHTLY
LOWER THAN THAT
FOR WHICH THE
TUBE 18 RATED,Eg
PECIALLY IF THE
PLATE OF THETUBE
HAS8 A  TENDENCY

DOUBLER

0049

TO BECOME RED —= FlGg, 7
THIS 18 DUE TO Low-Power Three-Tube
THE INEFFICIENCY Transmitter.

AT WHICH A FRE-

QUENCY MULTIPLIER TUBE OPERATES. WITH ALL OF THESE ADJUSTMENTS TAKEN CARE
OFy; A LITTLE EXPERIMENT ING CAN BE DONE A8 REGARDS VARYING THE B|AS VOL=
TAGE OF THE FREQUENCY MULTIPLJER TUBE UNTIL MAXIMUM OUTPUT |8 OBTAINED,

THE TRI-TET PRINCIPLE

IN Fla, 8 YOU ARE SHOWN A CIRCUIT DIAGRAM WHICH |8 80 ARRANGED THAT
A SINGLE TUBE CAN FUNCT|ON 8IMULTANEOUSLY A8 A CRYSTAL CONTROLLED 08CILjk
ATOR AND AS A STRA|GHT AMPLIFIER OR A FREQUENCY MULTIPLIER, As 8UCH, THE
TRANSMITTER CAN BE OPERATED AT TWO DIFFERENT FREQUENCIES EVEN THOUGHONLY
A SINGLE CRYSTAL |8 EMPLOYED. THE TUBE USED IN THIS PARTICULAR CASE is
A TYPE 68 RECEIVER POWER TUBE, HOWEVER, THE BAME PRINCIPLE CAN ALSO BE
EMPLOYED WITH S8OME REGULAR TRANSM|TTING TYPE TUBES 80 THAT GREATER POWER
OUTPUTS GCAN BE REAL|ZED,

Here THE CcrvsTAL, R.F. CHOKE, AND LEAK RESISTOR R{ARE CONNECTED A-—
CROS8 THE GRID CIRCUIT OF THE TUBE WHILE THE TUNING CIRCUIT  CON8ISTING
oF L.AND C,ARE CONNECTED IN THE CATHODE CIRCUIT OF THE SAME TUBE. THE
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vaLues oF L,aNp C{ARE 80 CHOSEN THAT THIS CIRCUIT WILL RESONATE AT  THE
FREQUENCY OF THE CRYSTAL.

THE TUNING CIRCUIT CONSISTING OF LzAND c.zls INSTALLED IN THE PLATE
CIRCUIT OF THE SAME TUBE AND |IT8 VALUES ARE 80 CHOSEN THAT THIS8 CIRCUIT
WILL ALSO BE TUNED TO RESONANCE WI|TH THE CRYSTAL FREQUENCY. UNDER THESE
CONDITIONS, THI8 PORTION OF THE CIRCUIT WILL FUNCTION A8 A STRA|GHT AMP—
LIFIER,

IN ORDER TO FURNISH AN OUTPUT FREQUENCY OF TWICE THAT OF THE CRY-
8TAL, IT 18 ONLY NECESSARY TO CHANGE THE VALUES OF LyaND C;80 THAT THIs
TUNING CIRCUIT WILL RESONATE AT THE S8ECOND HARMONIC OF THE FUNDAMENTAL.
THE TRANSMITTER WILL THEREFORE FUNCTION A8 A '"Tri=Tet",

COMPLETE TRANSMITTER CIRCUITS

So FAR, WE HAVE ONLY CONSIDERED THE INDIVIDUAL SECTIONS OF MULT |—

TUBE TRANSMITTERS, THEREFORE, THE NEXT STEP FOR US TO TAKE I8 TO LOOK
AT SOME TYPICAL TRANSMITTER CIRCUITS A8 A WHOLE AND IN WHICH THESE DIFFER~
ENT S8ECTIONS HAVE ALL BEEN
(e AMP. COMBINED TO FORM A  COMPLETE
/Eﬁ\ TRANSMITTER UNIT, THE POWER
. . PACKS AND KEY CIRCUITB ARENOT
BEING CONSIDERED AT THE PRES—

] (<
‘lggl g: ENT TIME, S8INCE THEY AREFULLY
=

1L
!

Cn EXPLAINED |IN LATER LESSONS.

RFC. I
4 sloerRkis he IN F1a.7, FOR INSTANCE,

= YOU ARE S8HOWN THE CIRCUIT D]~
Fla. & AGRAM OF A TRANSMITTER IN

Fansmitl’er W/'f'/] pUSh" pU// WHICH THREE TUBES ARE EMPLOY-

- - EDs THIS 18 A TRANSMITTER OF
Power Amplifier. O
owe r COMPARAT [VELY LOW POWER OUT—

PUT AND CALL8 FOR A POWER PACK WHICH OFFERS A MAXIMum "B" voLTAGE oFonLY
500 voL.s. THE TUBES USED IN THIS TRANSMITTER, YOU WILL OBSERVE, ARE A
TYPE 47 A8 A CRYSTAL CONTROLLED OSCILLATOR, A 46 A8 A FREQUENCY DOUBLER
AND BUFFER AND A TvPE |0 As THE FINAL AMPLI|FIERs.

WHEN WORK ING "8TRAIGHT", THE TUNING CIRCUITS OF ALL THREE TUBESARE
TUNED TO THE S8AME FREQUENCY, THAT I8, TO THE FREQUENCY OF THE CRYSTAL.
WHen"pousLING", THE TUNING CIRCUIT OF THE OSCILLATOR 8 8TiLL TUNED  TO
RESONANCE WITH THE CRYS8TAL FREQUENCY BUT THE TUNING CIRCUITS OF THEDOUB~
LER AND AMPLIFIER ARE BOTH TUNED TO RESONANCE WITH THE SECOND HARMONIC
OF THE OSCILLATOR FREQUENCY.

A 8TILL DIFFERENT CIRCUIT DESIGN APPEARS IN F1G. 8. HERE A TYPE 59
TUBE I8 USED IN A TRI=TET OSCILLATOR CIRCUIT AND WHICH |8 FOLLOWED BY A
BUFFER OR DOUBLER STAGE IN WHICH A TYPE |0 TUBE 18 EMPLOYED. THE POWER
AMPLIFIER CONTAINS TWO TUBES CONNECTED IN PUSH=PULL AND WHICH MAY BE OF
THE TyPE 800,825,830 or RK|8 TRANSMITTER TUBES. EACH OF THESE FOUR TUBE
TYPES8 HA8 A POWER OUTPUT RATING OF 50 WATT8 AND THEREFORE AN ARRANGEMENT
AS THIS WILL PROVIDE A TRANSMITTER OF HIQHER POWER OUTPUT THAN WILL THE
CIRCUIT OF Fiag. 7.

WHEN THE TRANSMITTER OoF Fla. 8 Is oPERATED "eTRAIGHT!, ALL TUNING
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CIRCUITS ARE TUNED TO RESONANCE WITH THE CRYSBTAL FREQUENSY BUT WHEN"DOQQ
LING", THE PLATE CIRCUIT OF THE OSCILLATOR, DOUBLER TUBE AND FINAL AMP~
LIFIER STAGE ARE ALL TUNED TO THE SECOND HARMONIC OF THE CRYSTAL FREQUEN=

CY.

In Flae 9 YOU ARE +

8HOWN THE CIRCUIT DIAGRAM ' osc. | BUFFER OR DOUBLER
g 800, 826

| 830 R

OF A TRANSMITTER [N  WHICH
A 47 TUBE (8 USED IN THE
GRYSTAL CONTROLLED O8ClLL— |

ATOR CIRCUIT, A BO waTT 800,

S.6.AMPR

C3

ER OR DOUBLER S8TAGE AND A $Rs
{00 waTT 860 TUBE IN THEFIN

|
! I
826,830 or RKIB8 IN THE BUFF- s i l
l
I

+400

LLLL

=150 *+250

AL STAGEs THIS TRANSMITTER s L

CAN BE OPERATED ON
DIFFERENT FREQUENCLES

+7150
000

THREE .
AND FiIG. ©

USING BUT A SINGLE CRYSTAL
8Y CARRYIN@ OUT THE FOLLOW-
ING PLAN?

Application of Screen Grid
Tube as Final Amplifier.

WHEN OPERATED S8TRAIGHT, ALL TUNING CIRCUITS ARE TUNED TO THE FRE=
QUENCY OF THE CRYSTAL, FOR THE SECOND BAND, THE FiRST AMPLIFIER S8TAGE CAN
BE OPERATED A8 A DOUBLER BY BEING TUNED TO THE SECOND HARMONIC AND IN
WHIGCH CABE THE FINAL STAQE WOULD ALS8O BE TUNED TO THE SECOND  HA
FOR OPERATING ON THE THIRD BAND, THE FINAL AMPLIFIER STAGE (8 ALSO OPER~
ATED A8 A DOUBLER 80 THAT IT WILL AMPLIFY THE S8ECOND HARMONIC AS APPLIED
TO 1T8 INPUT CIRCUIT FROM THE PRECEDING DOUBLER STAGE, :

RMON 1 G

THE VALUES FOR THE DIFFERENT PARTS WHICH ARE USED IN THE CIRCUITS
ILLUSTRATED (N F1G8.7,8 AND O ARE LISTED For You IN TABLE | .

TABLE |

C, = ,000256 MFD, VARIABLE CONDENGER
C, = 4000l MFD. VARIABLE CONDENSER

Cy = 4000| MFD. FIXED MICA GONDENSER

C4 = 1002 MFD. FIXED MICA CONDENSBER

Cy = ,00006 MFD. FIXED MICA CONDENSER

Cg = +00035 MFD. VARIABLE CONDENBER

C.. = 000! MFD., SPLIT-STATOR GCONDENSER {BOTH
q

SECTIONS IN SERIES).

On'a NEUTRAL 1ZING CONDENSER WHOSK CAPACITY AT
MID=POS ITION I8 APPROXIMATELY EQUAL
TO THE QRID=PLATE OCAPAGITY OF THE
TUBE WITH WHICH IT {8 BEING USED.

Ry = 20 orms, CENTER~TAPPED.
Re = 10,000 oHms

Ry, = 50,000 o+Hms

Ry = 100,000 onms

R;-: 5000 OHMs,

DETAILED SPECIFICATIONS REGARDING THE TUNED COILS APPEAR IN ALATER

LESSON,
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DUMMY ANTENNAS

WHILE PRELIMINARY ADJUSTMENTS ARE BEING MADE ON A TRANSM|TTER, IT
1S ADVisSABLE To Use A DUMMY ANTENNA |NSTEAD OF THE REGULAR RADIAT ING AN—
TENNA. [N THIS wWAY, THE TRANSMITTER WILL NOT PRODUCE ANY INTERFERENCE
WHILE JT 18 BEING ADJUSTED,

A VARIETY OF DUMMY ANTENNA CIRCUITS ARE AVAILABLE AND IN Fia. |0 vou
ARE SHOWN THREE OF THEMs FOR INBTANCE, AT "A" or Fia.!0 vou ARE sHOWN A
DUMMY ANTENNA CIRCUIT WHICH GONSI8T8 OF THE COIL L AND THE VARIABLE CON=
DENSER C WHICH ARE CONNECTED IN SERIES WITH A RESISTOR AND A RADIO FRE-
QUENCY AMMETER, THIS CONST|TUTES A TUNING CIRCUIT AND WHOSE GONSTANTS ARE
80 CHOSEN THAT THI8 CIRGUIT OAN BE TUNED TO THE SAME FREQUENCY A8 FUR=~
NISHED BY THE OUTPUT OF THE TRANSM|TTER, THEREFGRE, |F THI8 DUMMY ANTENNA
CIRCGUIT I8 COUPLED TQ THE OUTPUT TANK CIRCUIT OF THE TRANSMITTER, IT WILL

Transmitter A Lt "B
T?‘n_k Resistor Tra::km' er
: Lam
. / J
7 7 -
< \»Cu .
\Lamp
FilGg. 10

Typical Dumemy Antenrna Circuwits.

S8ERVE A3 A LOAD IN WHICH THE OUTPUT ENERGY OF THE TRANSMITTER GAN BE DIg
SIPATED JUST A8 THOUGH A REGULAR ANTENNA WERE USED ONLY THAT NO APPREC—
IABLE RADIATION OF THI8 ENERQY WiLL OCCUR. THE VALUE OF THIS REBISTOR [8
80 CHOSEN THAT THE POWER WHICH IS DISSIPATED BY IT i8 APPROX IMATELY EQUIY
ALENT TO THEOUTPUT POWEROF THE TRANSMITTER IN QUEBTION,

IlF THE RES|STOR THUS USED I8 OF THE NON=INDUCTIVE TYPE AND ITS RE~

SISTANCE VALUE KNOWN, THEN 8Y OBSERVING THE CURRENT FLOW [NDICATED BY
THE RADIO FREQUENCY AMMETER, THE APPROXIMATE POWER OUTPUT OAN BE DETER~
MINED BY APPLYING THE FORMULA W = [XR, HOWEVER, AT HIQH FREQUENCES, THE

SKIN=EFFECT BECOMES A MOS8T NOT|CEABLE FACTOR AND FOR THIS8 REASON THE QUT™
PUT POWER WHEN MEABURED IN THI8 MANNER |8 NOT ALTOQETHER AOCURATE,

INCANDESCENT LAMPS ARE ALSO USED CONSIDERABLY IN DUMMY ANTENNA 8Y§
TEM8, AND ILLUSTRATIONS "B" anp "C" oF Fyae 10 ILLUSTRATE THI8  METHOD.
WHEN USING LAMPS [N THIS MANNER, A LAMP B8HOULD BE CHOSEN WHOSE WATT RAT-
ING 18 APPROXIMATELY THE SAME AS THE POWER OUTPUT OF THE TRANSMITTER, FOR

IN THIS WAY THE LAMP WILL BE PERMITTED TO OPERATE AT ABOUT [T8 NORMAL
BRILLIANCY WHEN THE S8YSTEM 18 [N OPERATION,.
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A PAIR OF LEADS ARE USED WITH WHICH TO CONNECT THE LAMP EITHER
TO THE TUNED ABSORPTION CIRCUIT A8 AT "™B" ofF Fig. |10 OR DIRECTLY TO THE
TRANBMITTER TANK A8 AT "C", THE NUMBER OF COIL TURNS ACROSS WHICH THE
LAMP |8 TO BE CONNECTED SHOULD BE VARIED, A8 SHOULD ALSO THE TUNING OF
THE DUMMY ANTENNA CIRCUIT AND ITS COUPLING W{TH THE TRANSMITTER, UNTJL
THE GREATEST OUTPUT I8 OBTAINED FOR A QIVEN PLATE INPUT. THIS GREATEST
OUTPUT I8 INDICATED BY THE MAXIMUM BRILLIANCE AT WHIGH THE LAMP LIGHTS,

IN THE NEXT LESSON, YOU ARE GOING TO BE TOLD ABOUT THE DIFFERENT
TYPES OF ANTENNA B8YS8TEMS WHICH ARE BEING USED N CONJUNCTION W|TH MODERN
TRANSBM|TTERS, YOU WILL ALSO HAVE THE OPPORTUN|TY AT THIS TIME OF BECOM=
ING ACQUAINTED WITH THE FORMULAS FOR DESIGNING SUCH ANTENNA S8YBTEMS, THE
VAR|OUS METHODS OF COUPLING THE ANTENNA SYSTEMS8 TO TRANSM|TTERS AND THE
CORRECT PRQCEDURE FOR ADJUSTING THESE CIRCU|ITS 80 THAT THE MAXIMUM 8|G—
NAL ENERQY A8 SUPPLIED AT THE OUTPUT OF THE TRANSMI!TTER CAN BE RADIATED
INTO SPACE,

No DouBT YOU REALIZE BY THIS TIME THAT THE SAME SYSTEMATIC METHOD
I8 BEING EMPLOYED IN PRESENTING THE SUBJECT OF TRANSMITTERS TO YOU AS
HA8 BEEN USED THROUGHOUT THE ENTIRE PERIOD OF YOUR TRAINING UP TO THE
PRESENT TIME. TH!S PREVENTS EVEN THE SLIGHTEST DETAILS FROM PASSING YOU
BY UNOTICED AND MAKES YOUR STUDIES8 MOST COMPLETE AS WELL AS UNDERSTAND~
ABLE,

By ACQUIRING A THOROUGH KNOWLEDGE OF ALL THE BASIC TRANBMITTER 8Y§
TEMS8 A8 THEY ARE NOW BEING BROUGHT TO YOU, YOU W|LL FIND THE MORE COom~
PLEX TRANSBMITTER CIRCUITS A8 INCLUDED |N THE MORE ADVANCED LESSONS' OF
THIS S8ERIES TO BE READILY MASTERED, ALSO REMEMBER THAT EVEN THOUGH NO~
THING A8 YET HAS BEEN MENTIONED REGARDING RAD|O—~TELEPHONE OR BROADCAST
TRANSMITTERS, YET ALL OF THE INFORMAT|ON WHICH |8 BEING GIVEN YOU Now
APPLIES EQUALLY WELL TO EVERY TYPE OF TRANSMITTER IN USEe .
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no matter who he be,stands on a high-
er level than the wobbler,

|
\y
E Ever;” man who believes in himself,

EXPLAIN IN DETAIL HOW YOU WOULD PROCEED TO TUNE AN R, F,
AMPLIFIER STAGE OF A TRANSMITTFER.

MAKE A DIAGRAM WHICH ILLUSTRATES HOW YOU CAN DETERMINE
B8Y MEANS OF A D,C. MILLIAMMETER THE DEQREE OF EX|TATION
WHICH IS BEING DELIVERED TO THE GQRID CIRCUIT OF aN R,F,
AMPLIFIER [N A TRANBMITTER,

DescriBE THE DIFFERENT METHODS WHEREBY THE COUPLING BB~
TWEEN THE DIFFERENT S8TAGES OF A TRANSMITTER MAY BE VAR
1ED.

—--Why Is 17T s0 IMPORTANT THAT THE PLATE TANK CIRCUIT OF

AN AMPLIFIER IN A TRANSMITTER BE TUNED APPROX IMATELY TO
RESONANCE BEFORE APPLYING THE PLATE VOLTAGE TO THE TUBE
WHICH 1S USED IN THI8 BTAGET

~ WHAT s A FREQUENCY MULTIPLIER OR HARMON|C GENERATOR A8

USED IN TRANSM|TTERS?

EXPLAIN IN DETAIL HOW YOU WOULD PROCEED TO TUNE A FRE~
QUENCY-DOUBLER BTAGE IN A TRANSMITTER,ASSUMING THAT THE
INPUT FREQUENCY FOR THI|8 S8AME 8TAGE I8 4000 Kc.

~ DEsCcrRIBE THE DIFFERENT METHODS WHICH MAY BE USED TO FUR

NISH THE GRID BIAS VOLTAGE FOR THE R.F, AMPLIFJER TUBES
OF A TRANSM|TTER,

WHAT ARE THE ESBENTIAL DIFFERENCES IN THE DESIGN OF A
8TRAIGHT R,F, AMPLIFIER AND A FREQUENCY MULT PLIER?

Draw A DIAGRAM OF A "TRI=TET" CIRCUIT AND EXPLAIN  HOW
IT OPERATES AND ALSO HOW YOU WOULD ADJUST IT SO THAT TS
OUTPUT FREQUENCY WILL BE TWICE THE FREQUENCY FOR WH|GCH
THE CRYSTAL IS GROUND.

[0e= DRAW A CIRCUIT DIAGRAM OF A PRACTICAL DUMMY ANTENNAS EX=

PLAIN THE REASON FOR [T8 USE AND ALSO THE METHOD OF UsING

IT IN ACTUAL PRACTICE.

T —
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TRANSMITTING ANTENNAS

THE ANTENNA IS A MOST IMPORTANT PART OF THE TRANSMITTING EQUIPMENT
AND MUST BE CORRECTLY DES|GNED AND CONSTRUCTED IN ORDER FOR THE TRANS™

MITTER TO PERFORM AT |T8 BEST, Ir 18 THERE™
FORE ESSENTIAL THAT YOU BE THOROUGHLY IN"
FORMED OF ALL THE DIFFERENT ANTENNA S8YSTEMS
OF STANDARD DESIGN WHICH ARE UBED IN PRACT
TICE AND THE METHOD OF CORRECTLY ADJUST ING
THEM FOR MAX|MUM EFFICIENCY.,

THERE ARE TWO BASIC TYPES OF ANTENNAS
WHICH ARE USED WITH TRANSMITTERS AND  THEY
ARE KNOWN A8 THE MARCON| ANTENNA ano THE
HERTZ ANTENNA. THOSE ANTENNAS WHICH EMPLOY
THE GROUND A8 A PART OF THE SYSTEM ARECLASS
IFIED A8 MARCON| ANTENNA8, WHEREAS THOSE AN=—
TENNAS WHICH OPERATE ENTIRELY INDEPENDENTLY
OF THE GROUND ARE CLASSIFIED A8 HERTZ ANT—
ENNAS,

MARCON| ANTENNA 8YSTEMS

IN F13.2 YOU ARE SHOWN THE THREE FUND—
AMENTAL FORMS [N WHICH THE MARCONI ANTENNA
8YBTEMS ARE CONSTRUCTED. AT THE LEFT OoF
F1@.2, FOR INSTANCE, YOU ARE SHOWN THE
VERTICAL TYPE MARCONI ANTENNA AND IN WHICH
CASE THE RADIATING PORTION OF THE  ANTENNA
WIRE 18 SBUSPENDED VERTICALLY —— ONE OF 1T8
ENDS BEINQG INSULATED AND THE OTHER END BE—
ING GROUNDED THROUGH THE ANTENNA CIRCUIT OF
THE TRANSMITTER. AN INVERTED "L" TRANSMITT—
ER ANTENNA APPEARS AT THE CENTER OF FlGg, 2
AND THIS BYSTEM YOU WILL READ|LY OBSERVE I8
THE SAME A8 THE RECEIVING TYPE INVERTED "L,

]

] 7k pga
5 2T x 53 oiF
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AN\ e
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ST

FiG. 1
Antenna of a High-Power
Short- Wave Station.
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* ONLY THAT THE TRANSMITTER I8 INSERTED [N THE FEEDER-WIRE RATHER THAN THE
RECEIVER. FINALLY AT THE RIGHT OF F1G.2 vou WILL sEE AN INVERTED "L" an—
TENNA WITH WHICH A COUNTERPOISE I8 USED INSTEAD OF THE GROUND CONNECT |ON
AND IN THIS CASE THE TRANSMITTER |8 CONNECTED TO THE FEEDER BETWEEN THE
HORIZONTAL OR FLAT-=TOP PORTION OF THE ANTENNA AND THE COUNTERPO|SE. [N
ADDITION TO THESBE BASIC DESIGNS OF THE MARCONI SYSTEM, YOU WILL ALSO FIND
MODIFICATIONS USED SUCH A8 THE "T" TypE ANTENNA ETC..BUT WHICH HAVE THE
SAME GENERAL APPEARANCE A8 ANTENNAS OF CORRESPOND ING DESIGN A8 USED W{|TH
RECEIVERS AND WHICH WERE ALREADY DESCRIBED TO YOU IN PREVIOUS LESSONS.|T
I8 EQUALLY TRUE THAT INSTEAD OF USING ONLY A SINGLE FLAT=TOP CONDUCTOR,
YOU WILL ALSO FIND CASBES WHERE S8EVERAL S8UCH WIRES ARE RUN PARALLEL TO
EACHOTHER AND TOGETHER CONNECTED TO THE FEEDER OF THE 8YSTEM.

HERTZ ANTENNA SYSTEMS

IN Flae 3 YOU ARE SHOWN THREE FUNOAMENTAL FORMS8 OF HERTZ ANTENNAS

Insulator
/ é \ s Insulator —
‘; 1 ted ] tt!ﬂL“ Ant
- rte (4 .
V::ai:ln /‘L?vq;\nt- » »:‘\'vtel: counhzrpo?se
Transmitter  Transmitter _ :
Counterpoise
Yo & Ui
14552;5 J;é/// ] /?A/ég
+ + 2
rour

FlG. 2
Three Fundamental Forms of Marconi Type Antennas.

WHICH ARE COMMONLY USED. FOR EXAMPLE, AT THE LEFT OF F1Ge3 WE AGAIN HAVE
THE VERTICAL ANTENNA ONLY THAT IN THIS CASE IT I8 COMPLETELY  INSULATED
FROM GROUND AND THE TRANSMITTER FEEDS INTO THE 8YSTEM A8 HERE SHOWN. AT .
THE CENTER OF Flas, 3 ONE FORM OF HORIZONTAL ANTENNA 18 SHOWN AND WITH
WHICH NO GROUND CONNECTION |8 USEDe THE UNGROUNDED ANTENNA AT THE RIGHT
oF F1Ge3 18 ALSO OF THE HORIZONTAL TYPE AND IN GENERAL APPEARANCE RESEMB—
LES THE DOUBLET ANTENNA A8 USED WITH SHORT-WAVE RECEIVERS,

You wiLL aLso FIND VARIOUS MODIFICATIONS USED A8 REGARDS THE HERTZ
ANTENNA S8YSTEMS 8UT BY HAVING THESE FUNDAMENTAL PRINCIPLES IN MIND, - YOU"-
ARE NOW PREPARED TO ENTER A MORE DETAJLED s8TUDY OF THESE DIFFERENT 8Yg™
Tems. OUR FIRBT sTEP IN THiS DIRECTION WILL BE TO INVESTJ|GATE THETHEORY
OF RADIATION A LITTLE MORE THOROUGHLY.

RAD[ATION
TRANBMITTING ANTENNA SYSTEMS FORM AN OSCILLATORY CIRCUIT [N THE

S8AME MANNER A8 HAB ALREADY BEEN PREVIOUSLY EXPLA INED RELATJVE TORECEJVER
ANTENNAS AND THEREFORE BY PROPERLY COUPLING THE ANTENNA SYSTEM TO THE
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OUTPUT OF A TRANBMITTER,; THE HIGH FREQUENCY ENERGY WHICH I8 GENERATED AND
AMPLIFIED BY THE TRANSMITTER CAN CAUSE CURRENTS8 OF RADIO FREQUENCY ‘TO
FLOW [N THE ANTENNA CIRCUIT,

FROM YOUR PREVIOUS S8TUDIES, YOU WILL RECALL THAT WHENEVER AN ELECIRI
RIC OURRENT FLOWS THROUGH A CONDUCTOR, ELECTROMAGNET|C LINES OF FORCE
WILL ENCIRCLE THE CONDUCTOR AND THIS8 I8 ALBO THE CABE [N OUR ANTENNA 8YS—
TEM A8 ILLUSTRATED AT THE LEFT OF F1Ge4s THEN SINCE THIS ANTENNA CURRENT
18 CHANGING [T8 DIRECTION OF FLOW AT A VERY HIGH FREQUENCY, THE RESULTING
MAGNET 0 FIELD WiLL BUILD UP AND COLLAPSE AT A TREMENDOUS SPEED.

WHENEVER A CONDUCTOR 18 CARRYING A CURRENT AT A RATHER LOWFREQUEN—
CY sUCH A8 A B0 OYCLE CURRENT, FOR EXAMPLE, THEN ALL OF THE ENERGY WHJCH
I8 STORED IN THE MAGNET)C FIELD AROUND THE CONDUCTOR |8 RETURNED TO THE
‘CONDUCTOR A8 THE FIELD COLLAPSES. HOWEVER, WHEN A CONDUCTOR 18 CARRY ING
A CURRENT OF VERY HIGQH FREQUENCY THEN THIS CONDITION I8 NO LONGER TRUE
FOR UNDER S8UCH CIRCUMBTANGES NOT ALL OF THE ENERGY STORED IN THEMAGNETIC
FIELD I8 RETURNED TO THE CONDUCTOR. INSTEAD, SOME OF [T ESBCAPES IN THE

e/ Insulator —

QO ~—_ | nsulato
<0000 J‘//,,. h 1 r,‘\\‘

/Antuma m—.ma__a

‘ansnﬁtéfr}j Transmitter

o L
/ w

VERTICAL TYPE HORIZONYAL /4
: TYPE ~
' SPLIT—
: HORITONTAL
TYPE
*“~Insulator
FiG.3

Three Fundamental Types of Hertz Antenns.

FORM OF MAGNETIC WAVES AND WE THEN S8AY THAT ENERGY HAs BEeN '"maDiaTeo".

"IN ADDITION TO THE FORMATION OF ELECTROMAGNETIC LINES OF FORCE

AROUND AN ANTENNA SYSTEM, IT I8 EQUALLY TRUE THAT ELECTROSTATIC LINES
OF FORCE ARE ALSO PRODUCED A8 ILLUSTRATED AT THE RIGHT OF F1ge4s . THys

COAN BE BETTER VISUALIZED BY CONSIDERING THE HORIZONTAL FLAT=TOP A8  ONE
PLATE OF A CONDENSER AND THE GROUND A8 THE OTHER PLATE. THE AIR SPACE BE
TWEEN THEM SERVES A8 THE DIELECTRIC OF THE CONDENSER. BY CONSIDERING

THIS ARRANGEMENT IN THIS8 MANNER, IT CAN READILY BE SEEN THAT THE HIGH FRE
QUENOY VOLTAGE OUTPUT OF THE TRANSMITTER WILL CONTINUALLY MAINTAIN A
POTENT AL DIFFERENCE BETWEEN THE AERJAL AND GROUND. THAT I8, SOMETIMES
THE VOLTAGE OF THE AERJAL WILL BE GREATER THAN THAT OF GROUND AND SOME—
TIMES IT WILL-BE LESSs |IN EFFECT,WE HAVE A CONDENSBER WHICH I8 BEING
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CHARGED FIRST JN ONE DIRECTION AND THEN IN ANOTHER.

WHENEVER A CONDENSER 18 CHARGED, ELECTROSTATIC LINES OF FORCE WILL
EXTEND THROUGH THE DJELECTRIC FROM ONE PLATE TO THE OTHER AND THUS FORM
AN ELECTROSTIC FIELD, IN THis SBAME MANNER, AN ELECTROSTATIC FIELD I8
PRODUCED IN THE ANTENNA SYSTEM A8 PICTURED AT THE RIGHT OF F1Ge4 AND IT
18 CONTINUALLY VARYING IN INTENSITY AND POLARITY IN ACCORDANCE WITH THE
RADI0 FREQUENCY ENERGY WHICH 18 FED TO THE ANTENNA FROM THE TRANSMITTER.
THUS YOU WILL NOW S8EE THAT BOTH AN ELECTROMAGNETIC FIELD AND AN ELEGCTRO—
STATIC FIELD ARE ESTABLISHED AROUND THE ANTENNA, |T 18 CUSTOMARY TO 8PEAK
OF THE ELECTROMAGNETIC FIELD S8IMPLY A8 THE "™AGNETIC FIELD" AND THEELEQT
ROSTATIC FIELD As THE "eLecTric FiELD", THESBE TWO FIELDS TOGETHER OON—
8TITUTE THE ELECTROMAGNET|C WAVES.

VOLTAGE AND CURRENT DISTRIBUTION OF ANTENNAS

AN ANTENNA- WHICH HA® NO "LumPep" INDUCTANCE OR CAPACITY BUT DEPENDS

Aerial Aerial
N Pan VA and
'\_’ t .
) <« Electromagnetic
Ny lines of force Electrostatic
AP “lines of force

ansmittesr
/ // k_/ 7 ‘ . ‘r A
O
7 W
7777 %r:Zunz_ _ i / Ghound- i

Fla. 4
Establishing Electromagnetic and Electrostatic Fields.

RATHER ON ITS DISTRIBUTED INDUCTANCE AND CAPACITY 18 GENERALLY S8POKEN OF
A8 A "LINEAR 08CILLATORY CIRCUIT", A PECULIARITY OF SUCH A LINEAR CIR-
CUIT 18 THAT WHEN IT 18 EXITED AT IT8 RESONANT FREQUENCY, THE CURRENT OR
VOLTAGE A8 MEASURED THROUGHOUT 178 LENGTH WILL HAVE DIFFERENT VALUEB AT
DIFFERENT PO INTS8. FOR EXAMPLE, IF THE WIRE HAPPENS TO BE SUSPENDED IN
FREE SPAGE BETWEEN INSULATORS AND WITH BOTH ENDS OPEN CIRCUITED A8 IN THE
HERTZ, THEN WHEN IT 18 EXITED AT 1T8 RESONANT FREQUENCY,THE CURRENT WILL
BE MAXIMUM AT THE CENTER AND ZERO AT THE ENDS A8 ILLUSTRATED BY THE CUR-~
RENT GURVE IN F1@.5. |IT 18 ALSO OF INTEREST TO NOTE AT THIS TIME  THAT
AN ANTENNA .OF THIS TYPE HAS A NATURAL TENDENOY TO RADIATE WAVES WHOSE -
WAVELENGTH 18 EQUAL TO TWICE THAT OF THE LENGTH OF THE ANTENNA AND  THE
ANTENNA 18 THEREFORE LOGICALLY NAMED A "HALP-WAVE.ANTENNA',

THE VOLTAGE DISTRIBUTION IN THIS SAME ANTENNA OF F1G.5 18 JUST OP—
POSITE TO THAT OF THE CURRENT DISTRIBUTION. [N OTHER WORDS,THE VOLTAGE
WILL BE MAXIMUM AT THE ENDS AND ZERO AT THE CENTER A8 SHOWN BY THE VoL-—
7AGE CURVE IN F1Ge 5o THE POINTS AT WHICH THE CURRENT OR VOLTAGE REACHES
A MAXIMUM VALUE ARE CALLED ANT|-NODES or LOOPS WHEREAS THE POINTS OF ZERO
CURRENT ARE oALLED NODES,

THE REASON WHY THE CURRENT AND VOLTAGE VALUES DISTRIBUTE THEMSBELVES
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.ACCORDING TO F1Gs5 18 DUE TO THE FACT THAT THE TRAVELLING WAVES ON  THE
WIRE ARE REFLEQTED WHEN THEY REACH AN ENDe THE WAVES WHICH ARE REFLECTED
FROM AN END ARE KNOWN As THE REFLECTED WAVES, wHEREAS THOSE  TRAVELLING
TOWARDS8 THE BAME END

ARE KNOwN AS THE INCl- Maximum Point of

DENT WAVES. IT 18 THus _ VO\taga? : Mav.'imuag'\ urrent curve
OBVIOUS THAT A8  8UOC— Current) /C
CEEDING WAVES  TRAVEL —I e I

TOWARDS THE SAME _ END N

OF THE WIRE,THE INCI= | Ant. and

DENT WAVES MEET THE RE ’ 3ero |¢v¢|7
FLECTED WAVES AND DUE {

TO THI8 MEETING, THE \

OURRENTS ADD UP AT THE

CENTER AND THEVOLTAGES ! Voltage Curve N :

CANCEL OUT AT THE CENTER. : ’ /< ~ ~

A8 THE OPERATION oF A 7
THE S8YSTEM  CONT INUES . z

WITH 1T8. REPEATED RE— E1G. 5

ACT |ON BETWEEN THE IN- Voltage and Current Distribution.

CIDENT AND REFLECTED
WAVES, THE EFFECT OF A "s‘rmoma wave' 18 PRODUCED IN THE 8YSTEMs

HARMONIC OPERATION OF ANTENNAS

THE VOLTAGE AND CURRENT DISTRIBUTION: AS PICTURED IN F1as5 AssumEs
THAT THE ANTENNA 1S8. BEING OPERATED AT ITS FUNDAMENTAL FREQUENCY. How-
EVER, IT 18 ALSO POSSIBLE FOR AN ANTENNA TO OPERATE AT HARMONICS OF THE
FUNDAMENTAL. IN F1G.6, FOR EXAMPLE, WE HAVE THE SAME ANTENNA SYSTEM A8
WAS USED RELATIVE TO Fle.s ONLY THAT T I8 NOW BEING OPERATED AT 1T8
SECOND HARMONIC INSTEAD OF AT ITS FUNDAMENTAL. WE THUS FIND THAT WHILE
THERE WAS ONLY ONE POINT OF MAXIMUM CURRENT WI|TH FUNDAMENTAL OPERAT [ON,
THERE ARE TWQ SUCH PO INT8 WHEN OPERATING AT THE SECOND HARMON]Ge

"IN F1ae7 YOU ARE SHOWN THE CONDITIONS A8 THEY EXIS8T WHEN OPERATING
THE SAME ANTENNA AT THE THIRD HARMONIC. AT THI8 TIME THERE ARE THREE
POINTS OF MAXIMUM CURRENT. |T 18 THUs CLEAR THAT THE NUMBER OF POINTS OF
MAX IMUM CURRENT AND MAX|MUM VOLTAGE ARE [N ACCORDANCE WITH THE ORDER OF
THE HARMONIC AT WHICH THE SYSTEM |8 BEING OPERATED. '

IT 18 INTERESTING, AS
Current " WELL A8 IMPORTANT, TO NOTE THAT
Curve A HERTZ ANTENNA -MAY BE OPERA™
TED AT THE FUNDAMENTAL  FRE=
QUENCY OR A HARMON § C FREQUENCY
WHICH 18 EITHER ODD OR EVEN.

THE MARCONT ANTENNA,ON THE
N OTHER HAND, CAN BE OPERATED
| Veltage A~ — _ | ONLY AT ITS FUNDAMENTAL  OR

HARMON)JC8 THAT ARE oDD MUL™
TIPLES OF THE FUNDAMENTAL FRE-
QUENCYe

Curve

FlG. & .
Operation st Second Hsrmonic. HAVING ADDED TH1SAMOUNT
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OF INFORMATION TO YOUR INCREASING KNOWLEDGE OF TRANSMITTER ANTENNAS, You
ARE NOW PREPARED TO LEARN SOMETHING ABOUT "RADIATION RESISTANCE"™ AND THE
PROCEDURE TO BE FOLLOWED IN THE DESIGN OF ANTENNA S8YSTEMS.

RADIATION RES|STANCE

ALTHOUGH RADIATION WILL OCCUR FROM ANY CONDUCTOR THROUGH WHICH A
HIGH=FREQUENCY CURRENT 18 FLOWING, YET THE RADIATION 18 GREATEST WHEN
THE ANTENNA |8 RESONATED TO THE FREQUENCY OF THE CURRENTe  THE ENERGY
WHICH 18 ACTUALLY RADIATED 8Y AN ANTENNA I8 EQUIVALENT TO THE ENERGY DI§,
S8IPATED WHEN CURRENT FLOWS THROUGH A REBISTANCE AND IN THE CABE OF AN
TENNAS, THIS EQUIVALENT RESISTANCE I8 KNOWN AS THE RADIATION RESISTANCE,
IN REALLITY, THE RADIATION RESISTANCE |8 A FICTITIOUS QUANTITY IN  THAT
IT IS EQUAL IN_VALUE TO AN IMAGINARY RESISTANCE WHICH WHEN INGERTED  IN
SERJES WITH THE ANTENNA WILL CONSUME THE BAME AMOUNT OF POWER A8 I8 ACT-
UALLY RADIATED, ‘ ’

THE AVERAGE RADIATION RES|STANCE OF A HERTZ ANTENNA WHEN OPERAT ING
AT 1T FUNDAMENTAL FREQUENCY IS APPROXIMATELY 70 OHMS AND FOR A MARCONI
ANTENNA WHEN OPERATING AT T8 FUNDAMENTAL FREQUENCY IT 18 APPROXIMATELY
35 oHMa,

Current :
curve THE APPROXIMATE ANTENNA
POWER IN WATTS CAN BE CALGCU~

><,’——-\\\\ ’//—_-\;)</’—‘~\\\§y LATED BY MULTIPLYING ITS Ag—
/ . SUMED RADIATION RESISTANCE EX—
*C :><:\§_—”/// < PRESSED IN OHMS BY THE SQUARE
~_ _ OF THE MAXIMUM CURRENT (THAT
7 18, THE CURRENT AT THE OENTER
Yoltage Curve OF A FUNDAMENTAL HERTZANTENNA

AND THI8 GURRENT VALUE SHOULD
F1G.7  BE EXPRESSED IN AMPERES.)

Operation at Third Harmonric.

] 80 MUCH FOR THE THEORY
REGARDING ANTENNAS. NOW LET uUs PROCEED WITH THE CONSTRUCT|ONAL DETAILS
CONCERN ING THESE SYSTEMS.

CALCULAT ING LENGTH OF HERTZ ANTENNAS

THEORET ICALLY, THE NATURAL WAVELENGTH OF A FREELY SUSPENDED WIREAS
USED BY THE HERTZ BYSTEM |8 EQUAL TO TWICE THE ACTUAL LENGTH OF THE W{RE,
IN ACTUAL PRACTICE, HOWEVER, THE NATURAL WAVELENGTH OF THE WIRE WILL BE
SOMEWHAT GREATER THAN IT8 PHYSJCAL LENGTHe THIS I8 PRIMARILY DUE TO THE
FACT THAT THE WIRE 18 NOT ACTUALLY ISOLATED IN SPACE BUT 18 IN PROXIMITY
TO OTHER BODIES SUCH. A8 INSULATORS, ANTENNA MASTS, GUY WIRES ETC. ANDALL
OF WHICH TEND TO INCREASE THE DISTRIBUTED CAPACITY TOGETHER WITH A  RE-
SULT ING INCREASE IN THE WAVELENGTH OF THE S8YSTEM. :

FOR THE AVERAGE WELL CONSTRUCTED 8YSTEM, THE NATURAL WAVELENGTH
wiLL BE BETWEEN 2,07 AND 2,1 TIMEES THE PHYSICAL LENGTH OF THE WIRE., SOME
HANDY FORMULAS FOR CALCULATING THE LENGTH OF THE RADIATING ponrlon OF A
HERTZ ANTENNA FOR ANV FREQUENCY DEBIRED FOLLOW.

LeNGTH [IN FEET = |,56 X DESIRED NATURAL WAVELENGTH EXPRESSED iN

METERS.
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LenaTH IN METERS = 0.476 X DESIRED NATURAL WAVELENGTH EXPRESSED
IN METERS.
468,000
Frequenoy IN Ke.

LENGTH IN FEET

LENGTH IN METERS = 142,600
FrREQUENCY IN Kco

THE REQUIRED LENGTH OF WIRE REQUIRED SHOULD BE MEASURED ACCURATELY
AND PREFERABLY WITH A QOOD SBTEEL TAPE, YARD S8TICK,; OR METER 8T{CK.

IT sHOULD ALSO BE REMEMBERED THAT THE HERTZ ANTENNA DOES NOT NEC—
ESSARILY HAVE TO BE CUT TO A LENGTH WHICH |8 EQUAL TO HALF THEWAVELENGTH
DESIRED., |IT |8 ALSO PERMISSIBLE TO HAVE THE ANTENNA LENGTH 80 THAT T
WILL BE EQUAL TO A HALF WAVELENGTH MULTIPLIED BY ANY WHOLE NUMBER, How=
EVER, IT I8 IMPORTANT TO NOTE THAT THE LENGQTH OF THE ANTENNA ALWAYS MUST
BE SUOH THAT IT WiLL AGCOMMODATE .

A DEFINITE NUMBER OF HALF~WAVES. Cé"':f:k
No LESSER PORTION OF A WAVESHOULD n
BE LEFT OVER, '
THE FACT THAT THE  ANTENNA :
CAN BE MADE TO OPERATE AT HARMON— p————— H K —t

ICSOF | T8 FUNDAMENTAL I8 QUITE
ADVANTAGEOUS IN THAT THI8 FEATURE
MAKES IT POSSIBLE TO EFFICIENTLY
OPERATE A GIVEN TRANSBMITTER  AND -
ANTENNA COMBINATION AT MORE THAN
ONE FREQUENCY,

&rranh Curve

FEEDERS FOR THE HERTZ ANTENNA

HAVING DETERMINED THE LENGTH k.QJBi

OF ANTENNA WIRE WHICH 18 .TO BE -

’ upiin o
BUSPENDED HORIZONTALLY IN S8PACE, Coupling ko _*
OUR NEXT PROBLEM WILL BE TO TRANg

Transmitter Output

FER THE S81GNAL ENERGY FROM  THE - -
TRANSMITTER TO THE RADIATING PART Fla. 8

OF THE ANTENNA AND FOR THIS PUR~ - A Quarter- Wave Feeder.
POSE, WE USE A SYSTEM OF  WJRES

WHICH ARE KNOWN As FEEDERS or TRANSMISSION LINES, Two GENERAL TYPES OF
TRANSMISS |ON LINES ARE USED IN CONJUNCTION WITH HERTZ TYPE ANTENNAS AND
THEY ARE CLASSIFIED As TUNED or RESONANCE LINES ano as UNTUNED orAPER|[0Q
IC LINES."

THE TUNED TYPE OF TRANSMISS |ON LINE S8HALL BE EXPLAINED FIRET.
TUNED TRANSMISSION LINES
THE THEORY OF A TUNED TRANSMISSION LINE FOR A HALF~WAVE ANTENNA 18
ILLUSTRATED IN FiG.8. |IN THE UPPER PORTION OF THIS ILLUSTRATION THE

HALFP=WAVE ANTENNA |8 SHOWN TOGETHER WITH [T8 GORRESPONDING CURRENT GURVE
WHEN OPERATING AT THE FUNDAMENTAL., NOW IF WE 8HOULD TAKE A S8IMILAR WIRK
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AND FOLD IT IN HALF 80 THAT EACH HALF WOULD BE % WAVE LENGTH LONG A8
SHOWN IN THE LOWER JLLUSTRATION OF F1Qe8 WE WOULD HAVE A QUARTER~WAVE
TRANSMISEION LINE. UNDER THESBE CONDITIONS, THE CURRENTS FLOWING IN EACH
SIDE OF THE TWO~WIRE LINE WILL OPPOSE EACHOTHER AND THEREBY RESULTING IN
" A CANCELLATION OF THE FIELDS AROUND THE WIRES8. FOR THI8 REASON THETRAN§
MISSION LINE WILL TAKE NO PART {N RADIATION AND SERVES ONLY TO CARRY THE
ENERGY FROM THE TRANSMI|TTER TO THE RADJATING PORTION OF THE ANTENNA,

THE COUPLING COIL AND VARIABLE GONDENSER, WHICH SERVE BOTH A8 A
MEANS FOR TUNING THE SYSTEM A8 WELL AS COUPLING THE ANTENNA TO THE TRANS—
MITTER, ARE CONNECTED AT THE POINT WHERE THE HALFP~WAVE WIRE HAS BEEN FOLD
£0. FURTHERMORE, SINCE THE TRANSM|TTER ENERGY 18 FED INTO THE TRANSMISS—
ION LINE AT A POINT WHERE THE LINE Has BEEN "rOLDED' AND WHICH  CORREs-

- PONDS TO THE POINT OF MAX|MUM CURRENT, THIS PARTICULAR LINE I8 S8AID TO BE
CURRENT FED,

WHEN CURRENT FEEDING I8 USED IN THIS MANNER,SERIES TUNING  SBHOULD
8E USED FOR THE TRANSMISSION LINE AND THIS 18 ILLUSTRATED IN F1a.8 aND
'ALSO IN THE ILLUSTRATION AT
To line _ " THE LEFT OF F16.9. IT Is THE

To line MORE COMMON PRACTICE TO EM=
PLOY TWO TUNING CONDENSERS IN
THE - SERIES '|ARRANGEMENT AS
sHown IN F1e.9. SERIESTUNING
OF THE TRANSMISSION LINE HAS
/4r/ NO EFFECT ON THE CURRENT DIg
L TRIBUTION [N THE SYSTEM.

IN THE ANTENNA  WHICH
Saries Parallel 18 SHOWN IN THE UPPERPORT |ON
oF F1@. |0 THREE HALF=~WAVES ARE
FiGa, 9 -~ |MPOSED UPON IT AND UPON FOLD
Saries and Parallel Feeder Taning.  ING THIS ANTENNA AT IT8 MID—
POINT TO FORM A FEEDER OR
TRANSMISSION LINE,WE HAVE AN ARRANGEMENT A8 PICTURED IN THE LOWERSECTION
oF F16.10s HERE WE FIND THAT UPON FOLDING THE WIRE AT T8 MIDPOINT, THE
TWO OUTER HALP-WAVES ARE SIMPLY FOLDED BACK = ONE HALF~WAVE REMAINING
FOR EACH OF THE FEEDER WI|RES. THE THIRD HALP-WAVE WHICH APPEARS BETWEEN
THE OUTER TWO AT THE TOP OF F1G. 10 I8 REPLACED WITH A PARALLEL TUNING CIR
CUIT WHICH 18 TUNED TO THE FUNDAMENTAL OF ONE OF THESE HALP-WAVELENGTHS.
THUS THE THREE HWALP=WAVELENGTHS8 ARE STILL ACCOUNTED FOR IN THE TRANG™
MI8BION LINE.

BY EMPLOYING THE PARALLEL TUNING CIRCUIT IN A TRANSMISSION LINE OF
THIS TYPE, IT ACTE8 AS A PHASE REVERSER, THEREBY BRINGING THE CURRENT8 IN
THE TWO WIRES INTO PHASE~OPPOSITION 80 THAT NO RADIATION CAN RESULT THRU=
OUT THE LENGTH OF THIS TRANSMISSION LINE. FROM A FURTHER §TUDY OF  THE
TRANSMISS1ON LINE AS PICTURED IN THE LOWER S8ECTION OF FiQ.10,You WiLL NQ
TICE THAT IF THE COIL OF THI8 TUNING CIRCUIT I8 COUPLED TO THE  OUTPUT
TANK OF A TRANSMITTER, THE R.F, ENERGY WILL BE FED INTO THE TRANSMISSION
LINE AT A POINT OF ZERO CURRENT BUT WHICH AT THE SAME TIME CORRESPONDS TO
A POINT OF MAXIMUM VOLTAGE A8 YQU LEARNED FRoM Fia.5, CoNDITiONS BEING |
SUCH, WE THEN SAY THAT HERE 18 ‘A GABE WHERE WE Have VOLTAGE FEED To ThHE
TRANSMISS ION LINE,
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A HANDY RULE TO REMEMBER |8 THAT IN OPEN—ENDED TRANSMI|S8SION LINES
WHERE THE LENGTH OF EACH TRANSMISSION WIRE |8 AN ODD NUMBER OF QUARTER—
WAVES LONG, CURRENT FEED I8 REQUIRED IN CONJUNCTION WITH SERIES TUNI[ING.
ON THE OTHER HAND, IF THE LENGTH OF EACH WIRE OF THE TRANSMISS8ION LINE
I8 AN EVEN NUMBER OF QUARTER~WAVES LONG, THEN VOLTAGE FEED TOGETHER W]|TH
PARALLEL TUNING 8 REQUIRED,

. THE TWo WIRES OF THE TRANSMISSION LINE SHOULD BOTH BE EQUAL IN
LENGTH AND S8HOULD BE RUN PARALLEL TO EACHOTHER THROUGHOUT THEIR  LENGTH
AND WITH A S8EPARATION oF 3" To [2" BETWEEN THEM. [T 18 ALSO DES|RABLE
THAT THE LENGTH OF THE TRANSBMISSION LINE BE AN EXACT MULTIPLE OF A QUAR=
TER WAVELENGTH, HOWEVER, EVEN IF THIS I8N'T EXACT, THE TUNING CIRCUIT IN
THE LINE OFFERS A MEANS OF LOADING THE FEEDERS 80 A8 TO COMPENSATE  FOR

DIFFERENCES BETWEEN A QUARTER WAVELENGTH AND THE ACTUAL LENGTH OF THE
WIRES,
HAVING CONSIDERED THEMETHOD Current Curve —7
OF COUPLING THE ANTENNA TRANE—
‘MIBSION LINE TO THE TRANSMITTER, -
OUR NEXT STEP WILL BE TO CONNECT . 1//’H_ﬁh\\L

THE OTHER END OF TH{|8 TRANSMI88ION ‘\\5__’//’
LINE TO THE ANTENNA. I , 3L A —
THE ZEPPELIN ANTENNA _

IN F1a. Il YOu ARE sHOWN THE Stz EHRD
CONSTRUCTIONAL FEATUREB OF ONE -—T——
FORM OF HERTZ ANTENNA WHICH 18
KNOWN As A ZEPPEL N ANTENNA OR <

B

sIMPLY A8 A "ZEPPM" ANTENNA. THE
CONSTRUCTIONAL DATA A8 HERE FURN=

3

ISHED WILL SET THE FUNDAMENTAL FRE r
QUENCY OF THE ANTENNA AT 3b60 Kc.

BUT WITH THE AID OF THE TUNING C\_QM/)
ARRANGEMENT WHICH 18 ALSO PROV |DED,

THI8 S8YSTEM CAN BE ADJUSTED FOR
A FUNDAMENTAL FREQUENCY ANYWHERES
BETWEEN 3500 ano 3800 Kc.IN aDD~ FlG. 10

ITION THIS BAME ANTENNA CAN BE OP _ Voltage - Feed Line.

ERATED AT T8 HARMONICS OF 7000

AND 14000 Kee AND 18 THEREFORE SUITABLE FOR AMATEUR: USE. THETRANSBMISS |ON
LINE OF THIS ANTENNA |8 BOTH SERIES TUNED AND PARALLEL TUNED == PARALLEL
TUNING BEING MOST EFFECTIVE FOR 3500 Kc. AND BERIE8 TUNING FOR THE 7000
AND 14,000 Kc. Banos. THE conpensers G ano-C,mavy Be OF ,00035 MFD.RATING.
MORE DETAILS REGARDING THE ANTENNA=TRANSM|TTER COUPLING METHODS AREGIVEN
IN A LATER LESSON,

SINCE THE ZEPPELIN ANTENNA |8 OF THE HALP-WAVE TYPE, THERE 8 AL—
WAYS A VOLTAGE LOOP AT |T8 END AND SINCE THE TRANBMISSION LINE [8CONNECT
ED TO THE ANTENNA AT THIS POINT, THE ANTENNA I8 sAlD To Be VOLTAGE FED,
THE ANTENNA MAY BE ANY NUMBER OF HALF WAVES LONG AND THE LENGTH OF  THC
FEEDER |8 USUALLY AN ODD MULTIPLE OF A QUARTER WAVELENGTH. SERIES TUNING
18 RECOMMENDED WHEN THE FEEDERS HAVE A LENGTH BETWEEN ONE-QUARTER  AND
THREE=~E|GHT8 OF A WAVELENGTH WHEREAS FOR FEEDERS MUCH LESS THAN A QUARTER
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WAVELENGTH LONG OR FOR LENGTHS FROM APPROXIMATELY THREE-EIGHTB UPTO ONE
HALF WAVELENGTH, PARALLEL TUNING I8 DES IRED,

A CENTER-FEED ANTENNA

THE ZEPPELIN ANTENNA, YOU WILL RECALL (8 VOLTAGE FED,80 NOW LET U8
GEE HOW A "CURRENT FEED" ARRANGEMENT WOULD LOOK. ONE S8UCH ARRANGEMENT I8
{LLUSTRATED IN Fia. 12

HERE THE ANTENNA |8 ONE~HALF WAVELENGTH LONG AND THEREFORE THE CUR
RENT D'BTR'BUT'ON WILL B8E A8 HERE SHOWN,THAT |8,W|TH A CURRENT LOOP AT
THE CENTER. THUS IF THIS ANTENNA 18 TO BE CURRENT FED IT CAN BE CUT AT
THE CENTER AND A FEEDER W|RE CONNECTED TO EACH aFr THE RESULTING ANTENNA
WIRES,

IN A BYSTEM OF THIS TYPE IT 18 ALSO NECESSARY THAT THE LENGTH OF
THE FEEDER WIRES
Insulator BE SUGCH THAT A
= I'4 sq )4/ 33 ft - 'l ' CURRENT LOOP WILL
~maaEJ09 —ffp»] ALSO OCCUR AT
/ THEIR INPUT ENDS
R°P" 80 THAT THE PHASE
RELATION THROUGH~
OUT THE SYSTEMMAY
BE GCORRECT. FOR

THIS REASON, EACH
WIRE OF THE FEED~
ER I8 MADE ONE-

o HALF WAVELENGTH
R.FE : LoNae THI8  ALSO
Ammﬂ—{'—ﬂ‘ PERMITS SERIES
TUNING, WHEREAS IF
THE FEEDERS SHOULD
ONLY BEONB=QUART—
ER WAVELENGTH LONG
~T}3“5"“*k¢r IT WOULD BE NEO—
La Tank ESSARY TO INSTALL
: A PHASE - REVERBER
L _ IN THE FORM OF A
PARALLEL TUNING
Cy CIRCUIT AT THEIR

| iNPUT END.

Ropz‘

un%

S r¢adzrs
P ¢" long

45 ft
\

Fla. 11 : .

The Zeppelin Antenna. IN Fla. 13

YOU ARE GHOWN HOW

THIS PRINCIPLE MAY BE EMPLOVED IN PRACTICE. THE PART|CULAR DESIGN  HERE -

ILLUSTRATED 18 INTENDED FCR AMATEUR UBE AND HA8 A FUNDAMENTAL FREQUENGCY

oF 7100 Kc. T MAY ALSBO BE OPERATED AT [T8 SECOND HARMONIC OR 14, 200

KGe AND AT THE FOURTH HARMONIC OR 28,400 BOTH OF WHICH ARE [N AN AMATEUR

BAND. A COMBINAT|ON OF SERIES AND PARALLEL TUNING I8 BEING USED’ IN THIB8

EXAMPLE, PARALLEL TUNING BEING EMPLOYED FOR THE 7100 Kce. ano 28,400 Ko.

BANDS AND S8ERIES TUNING FOR THE 4,200 Kc, BAND. |T MAY AL8O BE OPERATED
ON THE 3500 KC. BAND WITH PARALLEL TUNING. '

ALTHOUGH THE ANTENNA IN F1G. |3 18 A CENTER~FEED S8YBTEM, YET THIS
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-DOES NOT NECESSARILY MEAN THAT IT |8 CURRENT~FED. FOR INSTANCE,AT 7100

KOs WHERE THE ANTENNA |8 A HALF~WAVE LONQ, IT {8 CURRENT FED BUTWHEN OP~

ATING AT 4,200 Kc. AND HIGHER EVEN HARMONICS, IT I8 VOLTAGE FED. IN THIS

LATTER CASE THIS8 ANTENNA IN REALLITY BECOMES TWO ZEPPELIN ANTENNAS PLACED

END TO END AND WHEN OPERATING AT 3500 KCey ONLY ONE HALF OF THE ANTENNA 18
ACTUALLY UBED,

TUNING THE ANTENNA S8YSTEM

HAVING 80 FAR CONSIDERED THE CONSTRUGCTIONAL DETAILS OF TUNED TRANS—
MISSION LINES A8 USED WITH ANTENNA S8YS8TEMS, OUR NEXT STEP WILL BE TO IN-
VEST IGATE THE PROPER PROCEDURE OF TUNING THE ANTENNA WHEN PUTTING THE
TRANSMITTER ON THE AJR. THE 8YBTEMS ILLUSTRATED IN Firase || anD 12 8HALL
BE USED AS AN EXAMPLE,

THE FIRST STEP 18 TO PLACE THE TRANSMITTER N OPERATION AND TO AD~
JUST |T THROUGHOUT FOR OPERAT|ON AT THE DESIRED FREQUENGV. ASGUMINO THAT
SERIES TUNING 18 TO BE EM~ 3
PLOYED, 8ET THE ANTENNA'8PAR~ | o ront Z K
ALLEL TUNING CONDENSER AT IT8 | Curve
POSITION OF MINIMUM CAPACITY
AND THE SERIES CONDENSERS AT
THEIR POSITION OF MAXIMUM CA
PACITY,

CourLE THE :ANTENNA coup
LING COIL TO THE TANK COIL
IN THE OUTPUT CIRCUIT OF THE
TRANSMITTER AND 8 IMULTAN~
EOUSLY TURN BOTH SBERIES CON=
DENSERS OUT OF MESH VERYSLOW
LY, GAREFULLY WATCHING THE AN
TENNA AMMETERS AS YOU DO 80,
CONT INUE THIS ADJUSTMENT UN—
TIL THESE AMMETERS INDICATE |} ka;l
MAX IMUM CURRENT AND AT WHICH
TIME THE ANTENNA SYSTEM WILL .
BE TUNED TO RESONANGCE  WITH - : FlGg. 12
THE FREQUENCY FOR WHIGH THE . A current - Fed Antenna. .
"TRANSBMITTER 18 ADJUSTEDs |F :
TWO POINTS OF MAXIMUM CURRENT ARE |NDICATED BY THE AMMETERS,LOOSEN THEK
COUPLING 8LIGHTLY BETWEEN THE ANTENNA COUPLING CO{L AND THE TRANSMITTER
TANK COIlL. ' :

.

"IN THE EVENT THAT PARALLEL TUNING OF THE ANTENNA'S TRANSMISS8ION
LINE 18 BEING EMPLOYED, THEN. SKT THE SERIES TUNING CONDENSERS,AS WELL AS
THME PARALLEL TUN/NG CONDENSER AT THEIR POSITION OF MAXIMUM CAPACITY,
THEN SLOWLY DECREASE THE CAPACITY OF THE PARALLEL CONDENSER UNTIL THE
ANTENNA AMMETERS OFFER A MAXIMUM READING. g

As AN. ADDITIONAL CHECK WHEN TUNING THE ANTENNA,YOU WiLL FIND THAT
THE PLATE CURRENT OF THE FINAL TUBK WILL |NCREASE A8 THE ANTENNA GIRGUIT
18 TUNED NEARER TO RESONANGE. :
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UNTUNED TRANSMISSION LINES

IN ADDITION TO THE TUNED TRANSMISSION LINES A8 80 FAR DESCRIBED,
TRANSM 188 1ON LINES OF THE UNTUNED TYPE ARE ALSO USED. THE UNTUNED LINE
OFFERS THE ADVANTAGE THAT NO STANDING WAVES APPEAR UPON IT AND IT, CAN
THEREFORE BE MADE ANY LENGTH. HOWEVER, THE DESIGN AND CONSTRUCTION OF THE °
UNTUNED LINE {8 MUCH MORE CRITICAL THAN [8 THAT OF THE TUNED LINE.

THE MAIN THING TO BE TAKEN INTO CONSIDERATION WITH RESPECT TO THE
UNTUNED TRANSMISSION LINE 18 THAT IF IT 8 TERMINATED IN AN  IMPEDANCE
WHICH 18 EQUAL TO THE CHARACTERISTIC IMPEDANCE OF THE LINE OR O THE
SURGE 'IMPEDANCE A8
Insulators IT I8  SOMETIMES
CALLED,THEN  NO

,‘————3’5& \_._..| l ,4___331:}, — REFLECTION  WILL
L ) ) M OCCUR AND NO

)
\ Repe .
v Ropz =R ON THE LINE.UNDER
/
NF—””~,// THESE CONDITIONS,

THE TRANSM[S8S |ON

BTANDING  WAVES -
WILL BE PRESENT

__C_ LINE CAN BE MADE
ANY LENGTH,NO RA—
7'5[amaders DIATION WiLLOGCUR
4 FROM THE  TRANG=
MISSION LINE AND
PRACTICALLY  ALL
RE ) oF THE R.F. power
WHICH |8 FED INTO
THE LINE WILL BE
DELIVERED TO THE
ANTENNA,

4% f‘t_. .

1[

Amm¢‘&:el’$ :

L}
T;'ansmlﬂer' THE SURGE

Tank OR CHARAGTERISTIC
IMPEDANCE OF  ~ A

e e
MISB8ION LINE 18
EXPRESSED BY THE

FOLLOWING FORMULA!
. FIG. 3 _ Z= g78 l.oe B
A Typrcal Center—Feed Antenna Syster. - A
WHERE Z = CHAR~
ACTERISTIC IMPEDANCE; 276 18 A CONSTANT; B = BPACING BETWEEN THE W]IRES
IN INCHES AND A = THE RADIUS OF THE TRANSMISS1ON LINE WIRE EXPRESSED IN
INCHES. A CHARACTERISTIC IMPEDANCE OF 600 OHMES HAS THROUGH EXPER IMENT
BEEN FOUND TO BE MOST PRACTICAL FOR THIS8 PURPOSE.

IN F1G. 14 vou ARE SHOWN HOW A BO0 OHMM UNTUNED TRANSMISSION LINE |8
USED WITH A TWO~WIRE,MATCHED= IMPEDANCE ANTENNA SYSTEM. [N THIS8 ARRANGE-=
MENT THE TRANSMISSION LINE [TSELF MAY BE OF ANY LENGTH BUT THEDIMENSIONS
L-A~B AND C ARE OF UTMOST IMPORTANCE. ALSO 0BsS&RVE IN Fi1a. |4 THAT THE
TRANGMIBSION LINE SPREADS APART OR I8 YeannNED™ AT 1TS UPPER END THis
I8 DONE WITH THE INTENTION OF HAVING A' GRADUALLY INOREASING IMPEDANCE AT




SPECIAL NOTICE

DURING THE PROCESS OF PRINTING TRANSMITTER LESsoN #J AN OMISSiON
OCCURRED ON PAGE 13.

Fovrdwing THe ForMuLa A(METERS)=150.00 x Kk on THIs PAGE THE TEXT
ﬂ
HERE GIVEN WAS OMITTED: .

IN THESE FORMULAS -ALSO, THE FREQUENCY F (S EXPRESSED IN KILOCYCLES
AND THE VALUE FOR K 1S A CONSTANT WHICH VARIES WITH THE FREQUENCY IN THE
FOLLOWING MANNER: FOR FREQUENCIES BELOW 3000 Kc., K:0.25; FOR FREQUENCIES
BETWEEN 3000 AND 28,000 Kc., K=0.24% anp For Freauencies asove 28,000 Kc.,
k=0.23. _

THE DIMENSION "B" OF THE ANTENNA SYSTEM |S DETERMINED BY APPLYING
EITHER ONE OF THE FOLLOWING FORMULAS:

B (reet) nlﬁllm: 600 - .

IN Kc.

B Azmqmmmvn: 00 :
F in Kc.
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THI8 END OF THE LINE 80 THAT 1T8 (MPEDANCE AT THE ANTENNA END W(ILL BE
EQUAL TO THE IMPEDANCE OF ECTION "A" OF THE ANTENNA.

PROVIDED THAT THE OHARACTERISTIC IMPEDANCE OF THE TRANSM 188 10y LINE
18 FIXED AT 600 OHMS, WE PROCEED TO WORK OUT THE DESIGN FOR THI8 ANTENNA
S8YSBTEM IN THE MANNER AS SHALL NOW BE EXPLAINED!

FIRST WE DETERMINE THE LENGTH OF THE ANTENNA 8Y APPLYING THE FOLL~
OWING FORMULA:Z

L (Feer) = —593;@-4 Kar L(METERS) = J-E-QFQQQ—x K,

IN THI8 FORMULA F = FUNDAMENTAL FREQUENCY OF THE ANTENNA S8YSTEM EX=
PRESSED IN KILOCY-
OLEs AND K 18 A coN~ ‘"5“‘3"-&'
B8TANT WHICH |8 De~ r
PENDENT UPON THE
FREQUENBY IN-  THE
FOLLOWING ORDERSFOR .
FREQUENCIES  BELOW Rope
3000 Kc., K = 0096;
FOR FREQUENCIES BE-
TWEEN 3000 Kc. AND
28,0(” KCO’K = 0596
AND FOR FREQUENCIES
ABOVE. 28,000 Ko.,
K = 00940

'lnsulabor'

: L
— 2 —] ) m{ _

Rope

Center line

THE NEXT sTEP
18 TO DETERMINE THE
DIMENSION "AY oF
F1a. 14 ano FOR THIS,
EJTHER OF THE FOLL~
OWING TWO FORMULAS
CAN BE APPLIED?

Mreem)= 4820 | (g —H— | e
" Stage
A(METERS) = liQ"_;-QQQ-X Ki °fg

Trans-
mikter

THE FINALSTEP
I8 TO DETERMINE
THE DIMENSION  HC"
OF THE 8YSTEM, THAT Fl&. \4
18, THE 8PACING  TO Two- Wire Matched- /m/.‘vea’ance' Antenna.
BE ALLOWED BETWEEN : '
THE FEEDER WIRES AND FOR THI8 WE USE THE FORMULA C = 7B« D,WHERE C = THE
DISTANCE BETWEEN THE WiRES; D = THE DIAMETER OF THE WIRE AND THE NUMBER
76 18 A CONSTANT. |F "p" g zxpaxsezn IN INCHES, THEN C WiLL ALS80 BE &EX~
PRESSBED IN INCHES, WHEREAS IF"DY18 EXPRESSED IN MILLIMETERS,THEN C wiLL
ALS8O BE EXPRESSED IN MILLIMETERS. IN THIS 8YSTEM, IT 18 ESPECIALLY NEC=
ESBARY THAT THE S8PACING BETWEEN THE TWO WIRES OF THE TRANBMISSION LINE
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BE KEPT CONSTANT THROUGHOUT THEIR ENTIRE LENGTH AND THAT THEY ALSO BE
KEPT TAUT. IT 18 ALSO IMPORTANT THAT SECTION "B" oF THE LINE BE  RUN
S8TRAIGHT AWAY FROM THE ANTENNA AND THE TWO HALVES OF DIMENsioN "A"gHouLo
BE EQUIDISTANT FROM THE EXACT CENTER OF THE ANTENNA'S8 FLAT TOP,

Fja. |4 ALs80 sHOWS YOU HOW THE UNTUNED TRANSMISSION LINE MAY BE
COUPLED TO THE TRANSMITTER!S PLATE CIRCUIT TANK THROUGH THE F IXED CONDEN-
8er8 C;o THESE TWO CONDENSERS CyMAY EACH HAVE A VALUE OF .002 MFDs  AND -
THE TWO WIRES OF THE LINE SHOULD BE CLIPPED ON THE TRANSMITTER TANK GOIL
* AN EQUAL NUMBER OF TURNS FROM EACH SIDE OF I1T8 CENTER. STARTING FROM THE
CENTER OF THE COIL, THESE CLIPS CAN TOGETHER BE MOVED OUTWARD ONE  TURN
. =t AT A TIME UNTIL THE TUBES ARE DRAWINGTHEIR
To Ant, NORMAL PLATE CURRENT,

|F ONLY A BINGLE TUBE 18 USED IN THE
FINAL ST OF THE TRANSMITTER, THEN IT CAN
00000000 B UL OF Ul e iiers !

BE COUPLED TO THE TRANSMISSION LINE AS JLL

L

AFd W 8INGLE-WIRE FEED
! _
IN F1ge. 16 YOU ARE SHOWN A SINGLE=
B+ - WIRE ANTENNA FEED AND IN WHICH CASE . THE:
- TRANSMISSION LINE CONSISTS8 OF ONLY ASINGLE:
-
- WIRE INSTEAD OF TWO WIRES. IN A gYSTEM AS

THIS, THE LENGTH OF THE ANTENNA |8 DETER=
MINED AS ALREADY PREVIOUSLY DESCRBED, THAT
Py 18, BY EMPLOYING THE FoRMuLA L(FEET)=
Untuned /ine Coup/ed to F b5 b
Si = £. . ’
ngle-Tobe Outpu THE DIMENSION "D" OR THE DISTANCE FROM
THE CENTER OF THE ANTENNA TO THE POINT AT WHICH THE FEEDER 18 TAPPED TO
IT I8 FOUND BY MULTIPLYING THE LenaTH L By O. 14,

|N AN ANTENNA OF THIS TYPE THE FEEDER MUBT RUN AT RIQHT ANGLES TO
THE ANTENNA FOR A DISTANCE WHICH IB AT LEAST EQUAL TO '/3 THE LENGTH OF
THE ANTENNA AND SHARP-EENDS SHODLD!BE AVQIDED IN THE FEEDER THROUGHOUT
IT8 LENGTH, '

INVERTED "L" ANTENNA

To DETERMINE THE LENGTH OF AN INVERTED "L" ANTENNA FOR ATRANBMITT(R
IS A RATHER S8IMPLE PROCEDURE IN THAT THE NATURAL WAVELENGTH OF THIS8 TYPE
OF ANTENNA 18 APPROXIMATELY 4,2 TIMES 1T8 ACTUAL LENGTHe THE LENGTH CON=
SIDERED IN THIS CASE IS8 THE TOTAL LENGTH FROM THE OPEN END OF THE ANTENNA
'TO THE GROUND CONNECT|ON OR COUNTERPO1S8E., FOR EXAMPLE, IF THE FREQUENCY
OF A TRANSMITTER 18 1250 Kc. AND WHICH I8 EQUIVALENT To 240 METERS; THEN
THE TOTAL LENGTH OF THE ANTENNA 8YSTEM SHOULD BE 240 = 57. 14 M:T:Rs; Ex—

4,2

PRESSED IN FEET, THIS LENGTH I8 EQUAL TO 57.14 x 3.28 = 187.42 FT.APPROX—
lMATELY.

SINCE IT 18 CUSTOMARY TO INCLUDE A TUNING CIRCUIT IN SERIES - WITH
THIS TYPE OF ANTENNA A8 |LLUSTRATED IN YOUR FIRST LESSON OF THE TRANSMITT-
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FR SER|ES, THE LENQTH OF THE TOTAL ANTENNA NEED NOT BE CALCULATED TO AN
'FXTREME_AOCURAOY. THIS TUNING CIRCUIT WILL PERMIT ANY NECESSARY ADJUSTMENT
FOR TUNING-THE ANTENNA CIRCUIT TO RESONANCE IN THE EVENT THAT THE LENGTH
ITSELF DOES NOT RESONATE TO THE FREQUENCY,

BUGGESTIONS FOR- CONSTRUCT ION

ALL ANTENNA ERECTION JOBS S8HOULD BE 80 PLANNED THAT THE ELECTRICAL
JOINTS .IN THE SYSTEM WILL BE KEPT DOWN TO A MINIMUM, THE SAME PRECAUTIONS
GHOULD BE EXERCISED IN S8USPENDING THE ANTENNA WIREK IN A8 CLEAR A SPACEAS
POSSIBLE A8 HAVE ALREADY BEEN EXPLAINED RELATIVE TO RECEIVER TYPE AN=
TENNAS AND BOTH ENDS OF THE ANTENNA WIRE SHOULD BE ANCHORED IN S8UCH A
MANNER THAT IT WILL BE PREVENTED 'FROM SWAYING [N THE WINDe IN THIS CABE
ALSO, A PULLEY AND WEIGHT ARRANGEMENT ARE FREQUENTLY USED TO TAKE UP ANY
BLACK IN THE 8YSTEM. A #IZ B&S @AUGE HARD-DRAWN ENAMELLED COPPER W{RE FOR
'BOTH THE ANTENNA AND TRANBMIBSION LINES WILL MEET MoST INBTALLATIONB OF
THE AVERAQE TYPE,

WHENEVER ANY JOINTS8 ARE NECESSARY, THEY S8HOULD BE MECHAN ICALLY T 1GHT
~AND THOROUGHLY BOLDERED..lN THE CABE OF TWOﬂNIRE TRANSM(SSION LINES, THE
SPREADERS MAY CONSIST OF WOODEN OOWELS WH ICH HAVE BEEN BOILED IN PARAFFIN
AND THEY CAN BE ATTACHED TO THE WIRES BY DRILLING SMALL HOLES THRU ~ THE
ENDS OF THE DOWELS AND THEN BINDING THEM TO THE WIRES OF THE LINE.

ONLY THE BEST IN—=
SULATORS SHOULD BEUSED, Center line \”! : Insulator

PYREX ELECTRICAL=RESIS— la_———— (L
TANT QLASS INSULATORS BE |

"ING PREFERRED, ALTHOUGH GR»— T I Q00

|

QLAZED PORCELAIN INSULA— l./j ¢ 'ﬂ
TORS GAN ALS8O BE USED. nsulator +D ctlo
THESE INSULATORS ARE 8 IM - AL Transmitter

ILAR IN APPEARANGE TO ' l Tank
THOSE USED W|TH RECEIV— _{ ' )

-~ ING ANTENNAS ONLY THAT" — :
THEY ARE LARGER. TRANS— _ \ é

> |
MITTER INSULATOR F
I INBU 8 o 1002 MFd, 7
—-

12" LENQTH ARE FREQUEN=
TLY USED FOR TRANSMITT-
ERS OF MODERATE POWER,
WHEREAS STATIONS OF LESS EFl1G.16

ER POWER USE SMALLER IN— - -

SULATORS AND SOMET IMES Single-Wire Antenna Feed.
TWO SMALL INSULATORS CONNECTED IN SERIES.

FOR HIGH FREQUENCY TRANSMITTERS, HERTZ ANTENNAS ARE USED MOST  EX=
TENSIVELY ALTHOUGH MARCON| ANTENNAS ARE ALSO UBED TO A CERTAIN EXTENT IN
WORK OF THI8 TYPE, LATER IN THE COURSBE YOU W|LL RECEIVE STILL MORE IN-
8TRUCT IONS REGARDING ANTENNAS OF SPECIAL TYPESe
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14" Examination Questions

LESSON NO. T—9

A business may be ever so success—
ful, but 1t is never so sure—never se
cure, until it holds its old friendsby
Service and increases its circleof New
Friends on the basis of Satisfaction,

WHAT 18 THE ESSENT IAL DIFFERENCE BETWEEN THE HERTZ  TVvPE
ANTENNA AND THE MARCONI TYPE ANTENNAT '

EXPLAIN THE CURRENT AND VOLTAGE DISTRIBUTION ON A HERrTZ

ANTENNA WHILE [T 18 BEING OPERATED AT T8 FUNDAMENTAL FRE=
QUENCY,.

+ WHAT 18 MEANT 8y "RaDIATION RES|STANCE"?

IF vyou INTEND To DESiGN AN INVERTED L (Marconi ANTENNA_)
FOR A TRANSMITTER WHOSE OPERATING FREQUENCY I8 |B00 Ke.,
WHAT SHOULD BE THE TOTAL LENGTH OF THE ANTENNAY

8HOULD YOU BE CALLED UPON TO GONSTRUCT A HERTZ ANTENNA FOR
A TRANSMITTER OPERATING AT 6000 Kc., HOW LONG WOULD  YOU
MAKE THE FLAT—TOP OF THE ANTENNA, THAT 18, THE RADJATING
PART OF THE ANTENNA?

WHAT EFFECT DOES A PARALLEL TUNING CIRCUIT IN AN ANTENNA
FEEDER HAVE UPON THE CURRENT DISTRIBUTION IN THE sysTeEm?

WHAT 18 MEANT BY A "CURRENT~FED" ANTENNA TRANSMISS |ON
LINEY?

WHAT 18 MEANT BY A "voLTAGE~FED" ANTENNAT

-EXPLAIN IN DETAIL HOW YoOU wWouLD PhOCEED TO TUNE AN ANTENNA

S8YSTEM IN WHICH A TWO~W|RE TRANSM]8SION LINE |8 USED IN
CONJUNCT ION WITH SERIES TUNING.

WHAT FacTs ARE TO BE CONS IDERED IN WORKING OUT THE DESIGN

FOR AN UNTUNED, TWO—~W|RE TRANSMISSION LINE FOR A HERTZ AN—
TENNAT

N
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LESSON NO. 10

POWER .SUPPLY FOR TRANSMITTERS

IN ONE OF THE EARLY LESSONS OF THIS COURSE YOU WERE [NSTRUCTED IN
THE PRINCIPLES [NVOLVED IN THE POWER SUPPLY CIRCUIT OF THE RECEIVING SET.
THE SAME GENERAL PLAN I8 USED IN LAYING OUT THE POWER SUPPLY SECTION OF
THE TRANSMITTER, THE CHIEF DIFFERENCES BEING DUE TO THE LARGER  CURRENT
AND HIGHER VOLTAGE REQUIREMENTS -OF THE LATTER. WHILE THE APPARATUS USED
18 NOT ATALL COMPLICATED,STILL THE OPERATION OF THE WHOLE TRANSMITTER DE-
PENDS UPON THE CARE AND PRECISION WITH
WHICH THIS UNIT I8 DESIGNED AND |NSTALL
ED. NO TRANSMITTER CAN BE ANY BETTER
THAN [TS POWER SUPPLY,

POWER SUPPLY FROM A.C. SOURCE

WE SHALL FIRST CONSIDER THOSE 8YS
TEMS IN WHICH THE SOURCE OF ENERGY I8
AN ALTERNATING CURRENT LINE, EJTHER
BINGLE PHASE, TWO PHASE, OR THREE PHASE.
THERE ARE, IN EACH OF THESE 8YSTEMS,
FIVE MAJOR PARTS, NAMELY?

l. THE POWER TRANSFORMER WH I CH
STEPS THE LINE VOLTAGE UP TO A
HIGHER VALUE,

2. THE FILAMENT TRANSFORMERS wH jcH
S8TEP THE LINE VOLTAGE DOWN
TO THE PROPER VALUE. |N TRANS—
MITTERS, THE FILAMENT TRANSFOR—
MERS ARE SELDOM COMBINED WI]TH
THE H{GH VOLTAGE  TRANSFORMER
AS IN THE RECEIVING 8ET,. Fla. 1

Section of National’s Power Loorn.

3. THE RECTIFIER WHICH CHANGES THE
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HieH AC voLTAGE TOo A puLgATiING DC,

4. THe FILTER wHicH CHANGES THE PULSATING DC OUTPUT OF THE REGT]~

FIER TO A conNsTAaNT DC,

» 5o THE VOLTAGE DIV IDER WHICH PROVIDES VOLTAGES AS NEEDED BELOW THE
HieH DC oUTPUT OF THE FILTER SYSTEM.

YoUR LEssoN #59 PRESENTED IN DETAIL THE DES|GN AND CONSTRUCTION OF
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Fla. 2

Single - Phase Rectifier C Freuits. -

POWER TRANSFORMERS SUCH
AS ARE USED [N CONJUNC—
TION WITH  THERMIONIC
RECTIFIER TUBES TO PRO
DUCE THE HigH DCPoTEN-
TIAL WHICH,AFTER BEING
FILTERED, ENERGIZES THE
PLATE AND OTHER "Bfig|r
CUITS OF THE TRANSM[~
TTER.

8 INGLE-PHASE RECTIF|ER
CIRCUITS

THE cIRCUITS OF
Fiae 2 IN THE PRESENT
LESSON SHOWS YOU A
NUMBER OF TYPICAL RECT
IFVING SYSTEMS FOR A
S8 INQLE~PHASE LINE. THE
FirsT circulT (A) Is
NOT OFTEN USED [N COMM
ERCJAL TRANSM]TTERS BE
CAUSE OF THE DIFFICUL—~
TY OF FILTERING THE
HALF~WAVE OUTPUT, How-
EVER, IT DOES HAVE |TS
APPLICATION IN THE AMA
TEUR TRANSMITTER WHERE
COST 18 A LJMITING FACT
OR., THE FAMILIAR CIR—
cuIT oF Fiece 2B |susED
EXTENSIVELY IN SUPPLY-
ING THE SPEECH = [NPUT
AMPLIFIERS OF THE BROAD
CAST TRANSMITTER, BUT
IS LIMITED TO THI8 SER
VICE BECAUSE THE FULL~
WAVE RECTIFIER TUBES
COMMERCIALLY AVA|LABLE
ARE NOT CAPABLE OFMEET
ING THE HIGH  CURRENT
AND VOLTAGE REQU|RE~
MENTS OF THE OTHER SEC—
TIONS OF THE TRANSM|TT—
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eErR, (OF COURSBE THIS LAYOUT CAN BE, AND OFTEN I8, USED IN LOW POWEREDAM=
ATEUR RIGS.)

THE HIGH VOLTAGE TUBES ARE ALL HALF~WAVE RECT|FIERS8. TWO ARE CONN-=
ECTED A8 IN Fia. 2C WHEN THE FULL~WAVE CENTER=TAP CIRCUIT IS TO BE USED
~WITH AN AC vOLTAGE PER PLATE OF OVER 500 voLTs, EFFECTIVE VALUE, WHICH
I8 THE MAXIMUM RATING OF THE TYPE 83 FULL—WAVE RECTI|FIER,

FOUR RECTIFIER TUBES ARE REQUIRED IN THE BRIDGE CIRCUIT oF F1G.20,
AND THREE SEPARATE F|LAMENT TRANSFORMERS MUST BE PROVIDED. 10 OFFSET-THIS,
HOWEVER, TWICE AS MUCH VOLTAGE CAN BE OBTAINED FROM THE BRIDGE CIRCUITAS
FROM THE CENTER~TAP SYSTEM W|THOUT EXCEEDING THE PEAK=|NVERSE~VOLTAQE RAT
ING OF THE TUSES. A CAREFUL INSPECTION OF THIS CIRCUIT WlLL SHOW THAT IT
I8 THE FAMILIAR BRIDGE CIRCUIT OF Fla.7, Lesson No.l3, ano FiG.6, oF
LessoN Noe5O, WITH THE OXIDE RECTIFIERS REPLACED BY VACUUM TUBES.

VOLTAGE DOUBLER

WHEN A HIGH VOLTAGE I8 ﬂ
NEEDED AND THE CURRENT DRAIN FA
Is TO BE RATHER SMALL, A |To
HALF=WAVE VOLTAGE DOUBLER e 7

o f
To
]
ECTIFIER CAN BE UBED TO AD~ = ilter
VANTAGE. Flas 3 gHOWs  THIS : 1 and
» : i C load

—
—t

i

Vo N

SYSTEM,
l

A D.C. OUTPUT VOLTAGE DS jr- | +
NEARLY TWICE THE R.M.8, or
EFFECTIVE VOLTAGE OF THE .
TRANSFORMER |8 PRODUCED  BY _ t:i:]+~"
ALTERNATELY CHARGING THE Unfilbered Outpat
Two conpensers Cl anp C2 710
THE FULL VOLTAQE OF THE TRANS Fla. 3
FORMER. SINCE THESE TWO CON— Voltage Doubler.

DENSERS8 ARE [N SERIES 80 FAR
AS THE OUTPUT CIRCUIT I8 CONCERNED, THE TOTAL VOLTAGE I8 TWICE THE VOl~
TAGE ACROSS EITHER ONE. (8ee Fia. |2 oF Lesson #29.)

POLYPHASE SYSTEMS

Because MOST OF THE ALTERNATING CURRENT DISTRIBUT|ON SYSTEMS IN
COMMON USE ARE TWO AND THREE PHASE SYSTEMS8, TWO AND THREE PHASE RECT |~
FIER CIRCUITS ARE OFTEN USED IN SUPPLYING THE TRANSMITTER WITH IT8 PLATE
CURRENT,

THE TWO-PHABE 8SYSTEM

A TWO~PHASE SYSTEM |8 AN ALTERNATING=CURRENT S8YSTEM ENERGIZED B8Y
TWO SEPARATE E.M,F.'s WHICH ARE EQUAL IN VALUE BUT WHIGCH DIFFER [N PHASE
BY NINETY ELECTRICAL DEGREES. A SINGLE ALTERNAT ING=CURRENT GENERATOR HAV-~
ING TWO SEPARATE WINDINGS I8 USED TO ENERGIZE S8UGCH A BYSTEM, | RANSFORMERS
IN BUGH A DISTRIBUTION SYSTEM MUST HAVE TWO WINDING8 ON BOTH PRIMARY AND
SECONDARY WITH A SEPARATE MAGNETIC CIRCUIT FOR EACH "PHASE", AS THE
E.M.F.!'S ARE CALLED, OR ELSE TWO TRANSFORMERS MUST BE USED. THE GrReEEK
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LETTER @(PHI) IS FREQUENTLY USED To DESIGNATE PHASE.

TWo—PHASE MOTORS ARE PROVIDED WITH TWO SETS OF COILS JUST A8  ARE
THE GENERATORS, AND WHEN A LAMP LOAD |8 CARRIED BY A TWO—PHASE SYSTEM,
THE LAMPS ARE DIVIDED INTO TWO "PHASE GROUPS", ONE BEING CONNECTED TO ONE

PHASE AND THE OTHER GROUP BEING CONNECTED TO THE OTHER PHASE A8 SHOWN N
Filae 4.

WHEN THE TWO PHASES ARE INTERCONNECTED AS SHOWN |N Flae5, A  Two=
PHASE, THREE=WIRE SYSTEM RESULTS. NOTE THAT THE VOLTAGE BETWEEN THE"oUT—
stoe" wiRes 15 l.4] (OR THE SQUARE~ROOT OF TWO) TIMES THE PHASE=VOLTAGE.
THIS 1S THE RESULTANT VOLTAGE OBTAINED BY ADDING THE TWO PHASE=VOLTAGES
AT A PHASE~DISPLACEMENT OF 90°. THE GCURRENT IN THE COMMON ORNEUTRAL W|RE
WiLL BE |.4] TIMES THE "LINE CURRENT" IN EITHER OUTSIDE WIRE.

safe utilization

|
é ®OOE

, High Yoltage for ,L_,__Low Voltage for o
Economical Transmission | —

©

1
¢ e :
thsz CP C@l@ @ - 2¢ Mo\'or‘j
2$ Generator 24 Transformer Bank

FlG. 4
A Two —,0/7352, Four —Wire S'ysfem.

Two METHODS OF REPRESENTING THE TWO PHASE SYSTEM GRAPHICALLY  ARE
8HOWN IN F1ae 6. THE DOTTED LINE OF THE VECTOR DIAGRAM SHOWS THE VOLTAGE
BETWEEN THE OUTSIDE WIRES OF THE TWO—~PHASE, THREE—WIRE SYSTEM AS THE
VECTORIAL SUM OF THE TWO PHASBE—~VOLTAGES.

THE THREE-PHASE SYSTEM

A THREE~PHASE sYSTEM IS ENERGIZED BY THREE SEPARATE E.M.F.'s, EQUAL
IN VOLTAGE BUT DIFFERING IN PHASE 8Y ONE~HUNDRED~TWENTY ELECTRICAL DE—
GREESs THIS 1S GRAPHICALLY JLLUSTRATED IN Fige 7.

THREE WIRES ONLY ARE REQUIRED TO CARRY THREE=PHASE ENERGY. THE
PHASE WINDINGS OF THE GENERATOR ARE CONNECTED TO THE LINE W{RES E|THER |N
8TAR as IN Fia. 8A, or IN DELTA as IN Fia. 88. IN THE STAR~CONNECTED CIR
CUIT THE LINE VOLTAGE E ¢ s 1,73 (OR THE SQUARE ROOT OF THREE) TIMES
THE PHASE VOLTAGE Epy « WHEN A DELTA CONNECTION 18 EMPLOYED,THE  LINE
VOLTAGE EQUALS THE PHASE VOLTAGE.

THREE=PHASE SYSTEM8 ARE FAR MORE COMMON THAN SINGLE—~OR TWO=-PHASE
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S8YSTEMS8 FOR THE FOLLOW{NG REASONS! THE COS8T OF COPPER FOR THE THREE=
PHASE D{STRIBUTION 8YSTEM Is LEss; AN A,C, GENERATOR TAPPED FOR THREE~
PHASE OUTPUT DELIVERS 50% MORE POWER THAN THE SAME GENERATOR TAPPED FOR
S INGLE-PHASE OUTPUT, AND 6% MORE POWER THAN WHEN TAPPED FOR TWO‘PHASE:

AND [N ADDITION THREE=PHASE MOTORS ARE BELF=~STARTING AND MORE ECONOM]CAL

THAN 8INGLE-PHASE MOTORSs [N THE CAS8E OF THE RECTIF]ER, THE OUTPUT oF
IL-loamP
_T E =141x é é § Q)
E,= lllOv :-ISSW & 7
T ‘,[N =1AXT, Lamps ‘
=14 | meng
esiec TR G @ TN
4 ; Motor
Generator ' L= 103mp,
FlGg.5

Two-Phase, Three-Wire Systerm.

THE THREE=PHASE RECTIF|ER REQUIRES MUCH LESS FILTERING THAN EITHBRSINGLE
OR TWO—PHASE,

ANY PHASE OF A POLYPHASBE LINE CAN BE USED TO ENERGIZF A SINGLE—
PHASE LOAD,

THREE~PHASE CURRENT DISTRIBUT{ON

THE CURRENT DISTRISUTION IN THE THREE—PHASE SYSTEM |8 ESPEGJALLY
INTERESTING. TO BEGIN WITH WE FIND THAT [N THE S8TAR CONNECTION, THE
CURRENT |IN EACH LINE WIRE IS THE SAME A8 THE CURRENT IN EACH PHASBE COll.,
THIS {8 0OBVIOUSLY TRUE BECAUSE EACH LJINE IS CONNECTED TO A SINGLE COIlL,
IN THE DELTA CONNECTION, HOWEVER, BECAUSE EACH LINE IS FED BY TWO PHASE-
COIL8, THE LINE CURRENT [8 THE VECTORIAL SUM OF THE TWO PHASE CURRENTS
OR |+73 TIMES THE PHASE CURRENT OF ONE CO(Le

= ne wave
+Volts,, (3) Two phasz S

2ol A4 B4
150 e
100
50 -
)
50 4
100 -
150 1 L >
7'°°j (b) Vector diagram
—Volts of twe-phase voltages

Fla. &
Graphical Representation of Two @ Systems.
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ThE FOUR TRANSFORMER CONNECTIONS [N GENERAL USE ON THREE PHASE
LINEs ARe: THe DELTA-DELTA (Fia. 9a), THE DELTA-STAR (Fa.98) THE 8TAR-
STAR (Fic.9c), aND THE STAR-DELTA (Fja.90).

USUALLY THREE SEPARATE SINGLE PHASE TRANSFORMERS ARE EMPLOYED, 8UT
IN RECTIFIER CIRCUITS IT IS QUITE COMMON TO USE A S8PECIALLY CONSTRUCTED
THREE~PHASE TRANSFORMER., THE VOLTAGE TRANSFORMAT|ON OBTA INED DEPENDSUPON
THE CONNECTION USED, FOR EXAMPLE, IF Ep 13 PRIMARY VOLTAGE, Eg 18 Seconp—
ARY VoLTAGE, AND N 18 Turng RAT10 THENS

IN DELTA=DELTA Es EQuaLs Ep TimMes N

In DELTA=STAR Eg EQuUALS Ep TiMes N Times 1.73

IN STAR=STAR Eg EquALs EP Times N

IN STAR-DELTA Eg EquaLs Ep Tives N pivipep sy 1,73,

THUS WE HAVE A SIMPLE AND CONVEN[IENT MEANS FOR OBTAINING D|FFERENT
OUTPUT VOLTAGES.

TYP|CAL TWO~PHASE
CIRCUITS

+ Volts

ALTHOUGH Two—
PHASE CIRCUITS ARE
SELDOM ENCOUNTERED,
NEVERTHELESS, WE SHOW
IN F1a. 10 soME RECT—
IFIER HOOK=UPS WH|CH
ARE ENERGIZEDBY THIS
TYPE OF SYSTEM,

—Volts
THREE~PHASE
Fla,J RECTIFIERS
Three - Phase Sine Wave. THE THREE=PHAS E

RECTIFYING CIRCUITS
A8 USUALLY EMPLOYED USE A DELTA—STAR TRANSFORMER CONNECT|ON FOR OBTA [N—
ING THE HIGH VOLTAGE SUPPLY, AS SHOWN IN FiG.ll. THIS I8 DONE PRIMARILY
SBECAUSE THE CENTER OF THE STAR~CONNECTED SECONDARY FORMS A CONVEN|ENT NEQ
ATIVE LOAD TERMINAL. A PRIMARY DELTA CONNECTION IS USED BECAUSE BY SO DO—
ING THE VOLTAGE TRANSFORMATION IS INCREASED BY |.73. THE THREE-PHASE,
HALF—~WAVE CIRCUIT, YOU WILL SEE BY REFERRING BACK To Fia. 2A, 1S EBSEN—
TIALLY THREE SINGLE~PHASE, HALF-WAVE RECTIFIERS WITH EACH LEG OF THE STAR
SECONDARY FORMING ONE PHASE. NOTE THAT THE WAVE—-FORM OF THE  UNFILTERED
OUTPUT MORE NEARLY APPROACHES A CONSTANT D.C, THAN THE OUTPUT OF ANY OF
THE SINGLE~PHASE RECTIF|ERS,.

BY USING TWO THREE‘PHASE,HALP—WAVE RECTIFIERS CONNECTED IN PARALLEL .
As sHOWN IN Fia. 12a, IT 18 POSSIBLE TO OBTAIN AN OUTPUT WAVE WITH A
VERY SMALL RIPPLE, THIS 18 ACOOMPLISHED BY ARRANQING THE POLARITIES oF
THE TWO STAR SECONDARIES SO THAT WHEN THE OUTPUT VOLTAGE OF ONE THREEP—
PHASE UNIT IS AT A MINJMUM, THE OUTPUT OF THE OTHER I8 AT A MAX IMUM. THE
INTERPHASE REACTOR, WHOSE CENTER TAP IS CONNECTED TO THE NEGATIVE OUTPUT
TERMINAL, ACTS8 AS A BALANCE COIL WHIGH ENABLES EACH THREE=-PHASE UNIT TO
OPERATE [INDEPENDENTLY, THE THREE-PHABE, FULL—=WAVE RECTI!FJER CIRCUIT OF
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Fige 12B HAS THE ADVANTAGE THAT ONLY ONE THREE~PHASE B8ECONDARY [8REQUIR—
ED, AND THE INTERPHASE REACTOR CAN BE DISPENSED WITH, JO PARTIALLYOFFSET

THIS, FOUR SEPARATE F|LAMENT SECONDARIES ARE REQUIRED. THE OUTPUT WAVE

HAS THE SAME FORM A8 THAT OF CIRCUIT |2a. : I

IN ALL OF THE PRECEDING CIRCUITS, IF MERCURY=VAPOR RECTIFIER TUBES {
ARE USED, SWITCHES S8HOULD BE 80 INSTALLED THAT THE FILAMENT TRANSFORMERS
CAN BE CONNECTED TO THE LINE FROM 40 SECONDS TO ONE MINUTE BEFORE THE ‘
HIGH-VOLTAGE TRANSFORMERE ARE TURNED ONe THE FILAMENT SHOULD ALWAYS  BE
ALLOWED TO COME UP TO FULL OPERATING TEMPERATURE BEFORE THE PLATE VOLTAGE
18 APPLIED, .

A COMPARISON BETWEEN THESE RECTIFIER CIRCUITS8,AS GIVEN BY TasLe |
18 INTERESTING.

TABLE |
FIGURE | MAX.PERM]SSIBLE INPUT | D.C.OUTPUT |GNORING | MAX.PERM|SSIBLE
VOLTS (Ei) EFFECTIVE DROP [N TUBE AND D.C. OUTPUT
VALUE FILTER CURRENT
28 e 353 M.P. 1.V, .85 EI .66 M.P.P.C.
AND
2c
2o T M.P.loV. .85 E; ,66 M.P.P.C.
3 '.I4 M-Pol-Vo l.7 E/L .33 M.P.P.C.
1 o4l M.P.leVe .17 EX «84 M.P.P.C.
| 2A o4l MePoloVe 1. 17 EL 2,00 M.P.P.C.
l28 .4' MOPO IOVO 2.34 EL I.OO M.PQP.CC
NoTE: M.P.l.V. = MAXIMUM PEAK INVERSE VOLTAGE AT RECTIFJER TUBE,
M.P.P.C., = MaximMum PERMI88IBLE PLATE CURRENT OF RECTIF|ER
TUBE,

VOLTAGE REGULATION

ALTHOUGH THE EXPRESS|ON TvOLTAGE REGULAT 10N I8 ALSO QUITE OFTEN
USED |N CONNECTION WITH THE POWER PACK OF RECEIVERS YET IT |8 8TJILL MORE
EQUENTLY EMPLOYED RELATIVE TO THE POWER S8UPPLY OF TRANSM|TTERS. THIé-\\ |
TERM 18 USED TO INDICATE THE CHANGQE |N TERMINAL VOLTARE OF A PLATE-~SUPP~
LY SYSBTEM W|TH DIFFERENT LOAD CURRENTS.

THE wiNDINGS OF TRANSFORMERS, FILTER CHOKES8 ETCe. A3 USED [N POWER
SUPPLY 8YSTEMS8 ALL HAVE A CERTAIN AMOUNT OF RES8JSTANCE AND THEREFORE AS
THE LOAD CURRENT THROUGH THESE WINDINGS INCREASES, THE VOLTAGE DROP ACROSS
THEM W]LL ALSO INCREASE AND CONSEQUENTLY THE OUTPUT TERMINAL VOLTAGE
WILL DECREASBE WITH ANY APPRECIABLE |NCREASE |N LOAD CURRENT.
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Besioes THE OHMIC RESISTANCE OF THESE WINDINGS, OTHER FACTORS SUCH
AS THE GENERAL BEHAVIOR OF THE FILTER UNDER OPERAT NG CONDIT IONS AL8O
AFFECT THE VOLTAGE REGULATION OF THE POWER SUPPLY SYSTEM, OBVIOUSLY, THE
LESS VARIATION WHICH OCCURS WITH CHANGES IN LOAD CURRENT, THE BETTER WILL
B8E THE VOLTAGE REGULATION OF THE S8YSTEM.

IT 1s cusTOMARY TO EXPRESS THE VOLTAGE REGULATION OF A POWERSUPPLY

|
l
Ev !
|
|

= .

/

!
A. star-connection and Vector Diagram of Voltages. | o

BECAUSE THERE ARE TWO PHABE COILS IN
BERIES SETWEEN ANY TWO LINEWIRES, THE P ~

LINE VOLTAGE .18 THE VECTORIAL QUM OF

THE TWO PHABE-VOLTAGES. THESE Two & EL=E¢x 173
PHABE~VOLTAGES CANNOT BE ADDED ARITH In Eé= B

MET ICALLY BECAUSE THEY ARE NOT N 13
BTEP, THAT. 18, THEIR MAXIMUM VALUES

ARE REACHED 47 D}FFERENT MOMENTS.

'

B. Delta-Connection € Vector Dfagram of Yoltages 7 —=\_

= E
HERE EACH PHABE COIL I8 CONNECTED /4 [20° Ee - I
DIRECTLY BETWEEN A PAIR OF LINK
WIRES, HENCE LINE-VOLTAGE EQUALS
PHASE—VOLTAGE.

Fla. 9
Three- Phase, Three-Wire Systems.

SYSTEM AS A PERCENTAGEs GOOD PLATE VOLTAGE SUPPLIES WILL HAVE A REGULA—
TioN oF 0% OR LESs AND THIS FACTOR 1S DETERMINED IN THE FOLLOWING MANN-
ER: FIRST THE OUTPUT VOLTAGE OF THE PLATE POWER SUPPLY 18 MEASURED AT
NO LOAD, THAT 18, WITH NONE OF THE TRANSMITTER TUBES DRAWING ANY ugH
CURRENT. THIS DONE, THE OUTPUT VOLTAGE OF THE PLATE POWER SUPPLY I8 MEAS
URED AT NORMAL LOAD, THAT IS, WiTH THE TRANSMITTER DRAWING ITS NORMAL
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AMOUNT ofF "B" currenT. WE THEN sUBTRAGT THE "NoRMAL LoAD" VOLTAGE FROM
THE "NO LOADY VOLTAGE AND DIVIDE TH1S DIFFERENCE BY THE NO LOAD VOLTAGE,
THIS REBULTING QUOTIENT WILL BE THE VOLTAGE REGULAT]|OW EXPRESSED A8 A

DECIMAL FRACTION,

To MORE CLEARLY ILLUSTRATE THIS MATTER LET U8 CONSIDER THE FOLLOW=
ING EXAMPLE! WE SHALL ASSUME THAT THE OUTPUT TERMINAL VOLTAGE OF A CER—
TAIN PLATE POWER sUPPLY 18 2000 vOLTs AT NO LoAD AND |800 voLTE8 AT NORM—
AL LOAD, THE CORRESBPONDING VOLTAGE REGULATION OF THIS SYSTEM WILL THEN BE
2000 = 1800

2000 =l = IO%.

THE VOLTAGE REGULATION OF A TRANSMITTER'S POWER SUPPLY 18 A  VERY
IMPORTANT ITEM AND THIS IS PARTICULARLY TRUE OF RAD|O—TELEGRAPH  TRANS—
MITTERS WHERE THE "B" CURRENT WHICH IS DRAWN IS BEING CONTINUALLY VARIED
IN INTENSITY DURINQ THE PROCESS OF KEYING. WERE POOR REGULATION TO EXI8T,
THE "B" VOLTAGES AT THE TUBES WOULD BE SUBJECT TO CONS|DERABLE VARJATION

WHEN KEYING,
FILTERS

THE FILTER CIRCUITS A8 USED IN THE PLATE SUPPLY SYSTEM FOR TRANS™

H!_ é Pri, Sec. Pri.
15 3‘ 3
b hor 4ol

-

A. Delta - Deltn Schematic B Delta-Star
Risaias = Schematic
Diagram
Pri. See, ~ C O Pri. Sec.
K 7 s
; 123
Ep js Sec Ep
3 - P
I N Es
e =
1 " »
E 30N -
Pri *
Schematic
F D. Siar-Delta Diagram

C. Star— Star Schematic

Diagram

FlGa. 9
Three- Phase W’ansﬁarmer Connections.
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MITTERS FOLLOW THE SAME GENERAL DES8]GN PRINCJPLES AS THOSE ALREADY . DE-
8CRIBED TO YOU RELATI{VE TO RECEIVERS, [HE ESSENTIAL DiFFERENCE BETWEEN
THE RECEJVER AND TRANSMITTER FILTER LIES IN THE FACT THAT IN THE TRANgG—
MITTER THE CONSTRUCTION OF THE F{LTER MUST BE SUCH THAT THE SYSTEM CAN
CARRY THE LARQER CURRENTS AND HANDLE THE HIGHER VOLTAGES SATISFACTORILY.

THE FILTER CONDENSERS AS USED WITH TRANSMITTERS MAY BE OF THE WET
ELECTROLYTIC, DRY ELECTROLYTIC, PAPER, OR O|L IMPREGNATED PAPER TYPE.THE
ELECTROLYTIC CONDENSERS OF BOTH TYPES HAVE A DISADVANTAGE IN THAT  THEY
ARE SELDOM CAPABLE OF WITHSTANDING D.C. vOLTAGES HIGHER THAN 500 voLTs
PEAK VALUE, HOWEVER, IT 1S POSSIBLE TO CONNECT TWO OR MORE OF THESE CON=
DENSERS IN S8ERIES SO THAT THE SERIES COMBINATION MAY TAKE THE PLACE OF
A SINGLE CONDENSER |N A CIRCUIT OF RATHER HIGH VOLTAGE. |T 18 OF COURSE
TO BE UNDERSTOOD THAT A SERIES CONDENSER ARRANGEMENT A8 THIS W]LL REDUCE

+

Line %

- =) Lk ‘ e Yes 4 4
| | iy
| [ “’?“’

REE IO -

T S N4 EL[[L‘

(o HEIPECOG To 24 B, Full-wave
Line —
Fla, 10

Two~ Phase Rectiffer Circurt.

THE OVER—ALL CAPACITY OF THE ARRANGEMENT ACCORDINGLYs

In Fige |3 YOU ARE SHOWN A TYP[CAL PAPER D]ELECTRIC TYPE TRANSM|TT=
ING CONDENSER WHICH 1S RATED FOR A CAPACITY OF 2 MFD. AND A D,C, WORKING
voLTAGE oF 2000 voLTs. NOTICE HOW THE TERMINALS ARE SUPPORTED ON SPECIAL
STAND—OFF [NSULATORS 80 THAT THE HIGH VOLTAQES CAN BE HANDLED PROPERLVY.e
CONDENSERS ASTHIS CAN BE OBTAINED To WITHSTAND D.C. VOLTAGES A8 HIGH AS
4000 voLTSe

OIL IMPREGNATED PAPER DIELECTRIC CONDENSERS WILL STAND VOLTAGES
STILL HIGHER THAN WILL THOSE OF THE PLAIN PAPER TYPE, [HE OIL FREQUENTLY
USED FOR THIS PURPOSE 18 KNOWN AS PYRANOL AND [T HAS A HIGH DIELECTRIC
STRENGTH A8 WELL AS OTHER DES8IRABLE PROPERTIES8 WHICH PERMIT THE CONSTRU=
CTION OF EFFICIENT CONDENSERS,

RIPPLE VOLTAGE

As YOU WiLL RECALL FROM YOUR PREV|OUs STUDIES CONCERN ING FILTERS,
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THE OUTPUT OF THE CONVENTIONAL FILTER 18 NOT ABSOLUTELY UNJFORM IN VALUE
BUT STILL HAS IMPOSED UPON IT A CERTAIN AMOUNT OF A,C. VOLTAGE AND WHICH
IS GENERALLY REFERRED TO As RIPPLE VOLTAGE. THE EXTENT OF RIPPLE WHICH I8
PRESENT IN THE OUTPUT OF A FILTER IS GENERALLY EXPRESSED AS A PERCENTAGE
AND WHICH [8 EQUAL IN VALUE TO THE EFFECT IVE VALUE OF THE RIPPLE VOLTAGE
DIVIDED BY THE D,C. VOLTAGE. THIS PERCENTAGE OF RIPPLE OFFERS APRACTICAL
MEANS OF COMPARING THE PERFCRMANCE OF VARIOUS FILTER CIRCUITS . EXPERIENCE
HAS8 SHOWN THAT A RIPPLE OF 5% OR LESS 18 SATISFACTORY AND I% 18 DESIRABLE
FOR A C.W. TRANSM|ITTER WHEREAS FOR RADIOTELEPHONY THE RJIPPLE SHOULD NOT
EXCEED 0.25% S0 THAT THE HUM LEVEL WiLL NOT BE OBJECTIONABLE,.

OBVIOUSLV, THE PERCENT RIPPLE IS AFFECTED BY THE INDUCTANCE AND CAP
ACITIVE VALUES WHICH ARE USED IN THE FILTER CIRCUIT, FOR A SIMPLE SINGLE
SECTION FILTER SUCH AS 1LLUSTRATED AT "A" N F1G.|5 AND WHICH I8 GENER-

m
——
( |

E [

To one phase

of & line wav:dfoampouf;-unﬁltw

To 3¢ Line

Fig, 1l
Three-Phase, Half-Wave Rectifrer:

ALLY SUFFICIENT IF A RIPPLE OF 5% CAN BE TOLERATED,THE FOLLOWING RELATJON
HOLDS GOOD?

% riPPLE =-—{Q%— wHERE L 18 EXPRESSED IN HENRYs AND C IN  MFDS.

By TransPOSITION, WE HAVE LC = arJEKL__. AND FROM WHICH THE LC FacTor
RIPPLE

CAN BE OSTAINED. THIS DONE, WE CAN SELECT A PRACTICAL CONDENSER RAT ING
AND DETERMINE THE CORRESPONDING INDUCTANCE RATING FOR THE CHOKE OR VICE
VERSA, o

FOrR A-TWO SECTION FILTER SUCH A8 THAT WHICH 18 ILLUSTRATED aT "B

oF Fige |5 THE RELATION BECOMES A8 FOLLOWS: % RIPPLE = 650
L,L(C,+ CH™
IN THIS CABE ALSO, A 8UITABLE CoMBINATION OF L3 Lz: C, anD CZCAN BE OF=
TERMINED TO SATISFY. THE FORMULA,
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IT 1s ALSO WELL TO POINT OUT THIS TIME THAT FOR FILTER SYSTEMS8
WHICH OPERATE AT H]GH VOLTAGE A CHOKE [NPUT FILTER IS PREFERABLE TO A
CONDENSER |NPUT FILTER, A CHOKE INPUT FILTER OFFERS AS IT8 CHIEF CHAR=
ACTERISTICS GOOD VOLTAGE REGULATJON AND A COMPARATIVELY LOW RECTIFIER
TUBE PEAK CURRENT,

THE OPTIMUM VALUE FOR THE INPUT CHOKE INDUCTANCE OF THE FILTER IS

One chlz
|1_'_’ of Ei
\
C ) Ej Ei
Sor D)) ) Y star .
cc,
*3 TITY- nkarphase IO S#f; Wave form of un-

Frlkend Qutpuk
o{: Fig 12A & B

Y -
Filter Transf — OI{-V ut te

: load ¢, Filter
: +

A. Halfr wave,Double Star

Delta
Pri.

5

3
\V
A

\ = —

r Output
ko loud
and
Filter

%

B. Full-wave

Filament

=——‘,.ir'r =._ﬁr = lTransformers

ECY)
B—

o
b——]
=\

Yo 3dLine

Fia. 12
Three- Phase /Qech'ﬁ'er- Crircuits.
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FOUND BY USING THE FOLLOWING FORMULAS H*F= FULL LOAD RESJSTANCE WHERE
’ 500

L = INDUCTANCE OF CHOKE EXPRESSED IN HENRYS; THE
FULL LOAD HES|STANCE [N OHM8 S EQUAL TO THE oUT
PUT VOLTAGE DIVIDED BY THE TOTAL LOAD CURRENT IN
AMPERES AND 500 8 A CONSTANT,

T —
MORR (L

THE CRITICAL VALUE FOR.THIS BAME INPUT CONDENSER

428

CHOKE |INDUCTANCE 18 FOUND BY USING THE FORMULA

L = RES |STANCE OF BLEEDER [N OHMS,
crit, 1000

By INSPECTING THESE TWwO FORMULAS, YOUWILL
NOTE THAT TWO DIFFERENT CHOKE VALUES W|LL BE OB~
TAINED, NAMELY THE OPT|IMUM AND THE CRITICAL VAL~

Fi1GQ,
UES. ALTHOUGH A CHOKE HAVING THE CRITICAL INDUC- G 1?
TANCE CAN BE USED FOR THI8 PURPOSE, YET IT WOULD 4 Transmitter
BE STILL MORE PREFERABLE TO USE-A "swiNGINGCHOKE" Condenser:

WHOSE INDUCTANCE VALUE VARIES FROM NO LOAD TO
FULL LOAD BETWEEN THE LIMITS ESTABLISHED BY THE OPTIMUM AND CRITICAL [N—
DUCTANCE VALUES.

IN THE "B" POWER SUPPLY A BLEEDER RESISTOR IS8 DESIRABLE THE SAME
AS IN RECEIVERS. |IT 18 A COMMON PRACTICE TO SELECT A BLEEDER RESISTANCE
OF BUCH VALUE THAT IT WILL PASS A CURRENT ofF aBouT 0% or LEss oF THE
FULL LOAD CURRENT,

GENERATORS

80 FAR IN THIS LESSON YOU WERE ONLY SHOWN HOW AN EXISTiING A.C.pow-
ER SUPPLY CAN BE UTILIZED FOR OPERATING TRANSMITTERS BUT IN ADDITION TO
THIS METHOD YOU WILL ALSO FIND GENERATORS
AND MOTOR-GENERATORS USED EXTENS [VELY. [N
Lesson #39 OF YOUR FOUNDATIONAL TRAINING
YOU WERE ALREADY TOLD ABOUT THE OPERATING
PRINCIPLES OF THE A.C. GENERATOR AND 80
IF NECESSARY, IT |8 ADVISABLE THAT YOU RE-
view Lesson #39 AT THIS TIME BEFORE CON-—
TINUING WITH THE PRESENT LESSON REGARDING
D.C. GENERATORS,MOTOR=GENERATOR SETS,CON=
VERTERS ETC.

THE D.C. GENERATOR

By TakiIng THE sIMPLE A.C. GENERATOR
WHICH WAS B8HOWN You IN Lesson #39 anDmak=—
ING S8OME MINOR CHANGES,A D.C. GENERATOR
CAN BE PRODUCED. FOR EXAMPLE, BY LOOKING
AT Fia. 18 OF THE PRESENT LES8SON YOU WILL
SEE A LOOP PLACED IN A MAGNETIC FIELD BUT
INSTEAD OF USING TWO COLLECTOR RINGS, WE

O/./ F.]/ed ARE ONLY USING ONE AND EVEN THI8 IS8 CUT IN
C d ! HALF, 80 THAT ITS ENDS8 ARE SEPARATED FROM
Il G SIS EACHOTHER., WE DON'T REFER TO THIS A8 A
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COLLECTOR RING NOW BUT WZ CALL IT A COMMUTATOR AND EACH HALF oOR SECTION
OF THE COMMUTATOR IN Fig, |8 Is REFERRED To Aas A COMMUTATOR SEGMENT,

SEGMENT A OF THIS
L COMMUTATOR |8 CONNECTED

4—%\ +—> TO THE END OF THE  LOOP

T ON sIDE E AND segMENT B

o I\ - To IS CONNECTED TO THE LOOP
Rectifier = END oN  81DE F, Now THEN,
WITH THE LOOP BEING RO—
> TATED IN THE DIREGCTION AS
INDICATED, BY SOMEMECHAN~
1, Lo ICAL FORCE, sIDE F wiLLBE
CUTTING LINES OF FORCE IN
A DOWNWARD bpirecTioN AND
To .’ - g3 To | stoE EwiLL e cutTIng
Rectifier —Eu _Ez load | THEM IN AN UPWARD pireEC-

TION, AND AS A RESULT,

—- > THE INDUCED OR QENERATED
CURRENT WITHIN THE LOOP
WILL FLOW FROM S|DE F
Fla. 15 TOWARDS AND [NTO COMMUT—

. . T - ATOR SEGMENT B, BrusH
Typical Frlter Circuits., D Is AT THIS TIME MAKING

CONTACT WITH SEGMENT 8
AND 8O THIS GENERATED CURRENT FLOWS THROUGH BRUSH D AND OVER THE EXTERNAL
CIRCUIT. THIS SAME CURRENT THEN FLOWS FROM THE EXTERNAL CIRCUIT INTO
BRUSH C, THROUGH WHICH IT ENTERS COMMUTATOR SEGMENT A AND s8IDE E oF THE
LOOP. S0 HERE AGAIN WE HAVE A COMPLETE CIRGUIT WITH THE GENERATED CURR=
ENT FLOWING OoVER THE EXTERNAL circuIT From BRUsSH D To BRUSH C, anD BrusH
D 1s AT THIs TIME THE (+) Brush AND C 1s THE (=) BRUSH. WITHIN THE Loop,
THE CURRENT I8 FLOWING FROM SEGMENT A TOWARD SEGMENT B.

MNn
o

of
o

‘V

ACTION TAKING PLACE AFTER ROTATING THE D.C. GENERATOR LOOP 180°

AFTER THE LOOP HAS

BEEN ROTATED A HALF REVOLU-
Tion or 180°, THE LooP wiLL
COME TO THE POSITION ASP]O=
TURED IN F1@. |7 AND HERE YoOU
WILL SEE THAT THE COMMUTATOR
SEGMENTS, TOGETHER WJTH THE
LOOP, HAVE CHANGED THE|R PO=
siTions WiTH RESPECT TO THE
BRUSHES. TwaT 1s,sEGmENT A
IS MAKING CONTACT WITH BRUSH
D, uusT THE OPPOSITE To THE
POSITIONS occurleED IN Fig.
18,

Now IN F1a.17,s10E E FlG. (o
OF THE LOOP WILL BE CUTTING }
LINES OF FORCE IN A DOWNWARD The Simple D.C. Genergtor.
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DIRECTION,WHILE SIDE F 18 CUTTING THEM [N AN UPWARD DIRECTION AND A8 A
RESULT, THE GENERATED CURRENT
ON S8IDE E WILL FLOW TOWARD
AND INTO COMMUTATOR SEGMENT
A, THENCE THROUGH BRUSH D
OVER THE EXTERNAL CIRCUITAND
THROUGH BRUSH C INTO commu—
TATOR SEGMENT B AND THUS BACK
INTO SIDE F OF THE COJL.

A DIRECT CURRENT SENT OVER
THE EXTERNAL CIRCUIT

NOTICE ESPECIALLY IN
F1a., |7 HOW THE QENERATED CUR :
RENT FLows OVER THE EXTERNAL EXTERNALCIRCUIT
CIRCUIT FROM BRUsH D To BrRUsH
C AND THIS,YOU WILL  NOTICE,
s THE SAME DIRECTION THATIT F1G. 17
FLOWED IN F1g.18. Now TAKEA Current Flow over External Circuit
LOOK AT THE LOOP ITSELF [N
Fiae 17 anp vou wiLL see THAT WITHIN THE LOOP, THE GENERATED CURRENT 18
FLOWING FROM SEGMENT B TOWARD SEGMENT A AND THIS FLOW IS [N THE OPPOSITE
DIRECTION TO WHICH THE CURRENT WAS FLOWING WITHIN THE LooP IN Fia. 16,
THIS SHOWS YOU THAT ALTHouagH aN ALTERNATING CURRENT 1s ACTUALLY GENERATED
IN THE Loop, YET THE COMMUTATOR ARRANGEMENT MAKES IT POSSIBLE TO S8END A
DIRECT CURRENT over THE EXTERNAL circuiT. THUS BRUSH D 158 A POSITIVE AND
BRUSH C |8 A NEGATIVE BRUSH IN BOTH OF THESE JLLUSTRATIONS AND THEIR POL
AR|TY NEVER REVERSES BUT REMAINS THE SAMEs

By USING BUT A SINGLE LOOP OR INDUCTOR IN EITHER A D.C. or A.C.gen
ERATOR, IT I8 EVIDENT THAT THE DELIVERED CURRENT WILL BE VERY JRREGULAR
IN ITS FLOW, FOR THERE ARE PERIODS WHEN THE LOOP IS IN A STRAIGHT UP.AND
DOWN POSITION, AT WHICH INSTANT NO CURRENT 18 GENERATED AT ALL. THEREFORE,
TO OBTAIN A MORE UNIFORM AND USEABLE CURRENT OUTPUT FOR PRACTICAL  PUR—
POSES,WE USE MANY INDUCTORS OR LOOPS, ARRANGING THEM ON AN IRON FORM OR
CORE AND WE CALL THI8 ENTIRE REVOLVING UNIT OF THE GENERATOR, THEARMATURE.
THEN IN ORDER TO GENERATE HIGHER VOLTAGES, WE USE COJLS "MADE UP OF SEVER—
AL TURNS OF WIRE INSTEAD OF THE LOOPS OF A
‘8 INGLE TURNe

ELECTRIC MOTORE

WHILE YOU HAVE THESE GENERATOR PRINCI—
PLES WELL IN MIND LET US NEXT BECOME BETTER
ACQUAINTED WITH ANOTHER JMPORTANT UNIT, WHOSE
OPERATING PRINCIPLES ARE CLOSELY RELATED TO
THE ELECTRICAL GENERATCRe. THIS OTHER UNIT I8
THe ELECTRIC MOTOR ano A D.Ce MOTOR 18 SHOWN
IN SIMPLIFIED FORM BOTH IN FiGures [8 anp (9.
THE MOTOR'S PURPOSE I8 TO CONVERT ELECTRICAL
FiGg. 1% ENERQY OR POWER INTO MEOCHAN JCAL POWER,

Mo /‘or‘ De/a/'/s .

IN Files. 18 AND |9 WE HAVE TWO MAGNETS,
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WITH AN ARMATURE SUPPORTED BETWEEN THEM, THIS ARMATURE CONS1STS OF A LAM—
INATED |JRON CORE, HAVING FOUR SLOTS CUT ALONG ITS8 LENGTH AND THE INDUCT=-
ORS OR WIRE LOOPS ARE FIRMLY HELD IN THESE sLOTS8., THE ENDS OF THE LOOPS
ARE CONNECTED TO THE SEGMENTS OF THE COMMUTATOR A8 SHOWN, TWO BRUSHES ARE
INSTALLED, SO AS TO MAKE CONTACT WITH TWO OPPOSITE COMMUTATOR SEGMENTS
AND IN THIS WAY, THEY WJLL CONNECT THE ENDs oF ONE OF THE ARMATURE LOOPS
ACROSS THE EXTERNAL CIRCUIT OR POWER SUPPLY, WHICH IN THIS CASE HAPPENS
TO BE A BATTERY,

WITH THE ARMATURE IN THE POSITION SHOWN [N F1@. 19, THE FLOW OF BATT
ERY CURRENT THROUGH THIS LOOP OR COIL  WILL
CAUSE IT TO ACT AS AN ELECTROMAGNET,WITH THE
UPPER PORTION OF THE ARMATURE BECOMING A
NORTH POLE AND THE LOWER PORT|ON A SOUTHPOLE,
JUST AS SHOWN IN F1g. 19, THE VERTICAL LoOOP
IN F1Gg. 19 1Is DEAD AT THIS TIME,AS NO CURRENT
IS FLOWING THROUGH [Te

DUE TO THIS POLARIZATION OF THE ARMA—
TURE, THE "8" FIELD MAGNET OF THE MOTOR WILL
EXERT AN ATTRACTIVE FORCE UPON THE "N! gge—~
|} TION OF THE ARMATURE,WHILE AT THIS SBAME TIME,
+ THE "N" FIELD MAGNET WILL EXERT AN ATTRAC~
) FIG. 19 TIVE FORCE UPON THE "8" gECTION OF THE ARMA—
Simple D.C. Motor TUREe FURTHERMORE,THE "N" FiELD MAGNET AND
THE "N" SECTION OF THE ARMATURE TEND TO REPEL
EACHOTHER AND THE SAME IS TRUE |N RESPECT TO
wotab/o, THE "8" POLARITIES. |T THUS BECOMES o0BVIOUS
THAT THIS MAGNETIC REACTION WILL CAUSE THE
ARMATURE TO ROTATE IN A CLOCKWISE DIRECT|ON

A

t AS INDICATED BY THE ARROW IN Fi1g. !9,
// WERE 1T NOT FOR THE COMMUTATOR,WE WOULD
/&Q} FIND THAT AFTER THE ARMATURE HAS ROTATED ONE

QUARTER REVOLUTION FROM THE POSITIONP|CTURED
{ IN F16.19, THE NORTH SECTION OF THE ARMATURE
WOULD COME DIRECTLY UNDER THE [NFLUENCE OF
THE "S" FlELD MAGNET AND THE SOUTH SECTION
Fi@. zo OF THE ARMATURE WOULD COME DIRECTLY NEXT TO
Commutator Action. THE "N" F1ELD MAGNET. THE MAGNETIC ATTRACTION
WOULD NOW BE SO STRONG AS TO HOLD THE ARMATURE STAT]ONARY.

=lllle;

To PREVENT THIS UNDESIRABLE CONDITION,WE MAKE USE OF THE COMMUTATOR
AND THE BRUBHES ARE PLACED IN SUCH A POSITION SO AS TO MAKE CONTACT WITH
A DIFFERENT PA|R OF COMMUTATOR SEGMENTS BEFORE THE ARMATURE HAS COMPLETED
ITS QUARTER REVOLUTIONy FROM THE POSITION SHOWN IN F1Gg.19. THIS IsCLEARLY
sHOWN IN Fig, 20, WHERE YOU WILL NOTICE THAT THE COMMUTATOR SEGMENTS OF
THE ARMATURE COIL BEGIN TO COME [N CONTACT WITH THE BRUSHES SOON ENOUGH,
80 THAT THE NORTH AND SOUTH SECTIONS OF THE ARMATURE ARE STILL NEAR THE
POLE PIECES AT THE INSTANT THAT THIS PARTICULAR ARMATURE COIL SBETS up
ITS MAGNETIC FIELDs THIS MEANS THAT THE LIKE MAGNETIC POLES WilLL EXERT
A VIOLENT REPELLING FORCE TOWARD ONE ANOTHER AND BEFORE THE ARMATURE
POLES COME DIRECTLY UNDER THE FACE OF THE F|ELD MAGNETS OF OPPOS|TE POL=~
ARITY, THE COMMUTATOR WILL ALREADY HAVE CAUSED CURRENT TO STOP FLOWING
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THROUGH THE COfL IN QUESTION AND TO HAVE PERMITTED THE CURRENT TO NOW
FLOW THROUGH THE ARMATURE COIL WHICH WAS FORMERLY DEAD.

THE NEW COJL WILL NOW BECOME THE WORKING COIL AND THUS ANOTHER RQ-
TATIVE JMPULSE |8 FURNISHED THE ARMATURE AND JUST BEFORE THESE NEW ARM™
ATURE POLES COME DIRECTLY UNDER THE INFLUENCE OF FJELD MAGNETS OF oPPO—
SITE POLARITY, THE BRUSHES WILL AGAIN SEND CURRENT THROUGH ANOTHER PAIR
OF COMMUTATOR SEGMENTS8., THIS ACTION CONTINUES ON IN THIS WAY AND THE
ARMATURE KEEPS ON REVOLVING CONSTANTLY AS LONG AS IT 18 FURNISBHED WITH
AN ELECTRIC CURRENT,

THE ROTAT ION, AS PRODUCED BY ONLY TWO ARMATURE LOOPS,WILL NOT BE
UNIFORM BUT THIS CONDITION CAN BE OVERCOME BY USING A GREATER NUMBER OF
ARMATURE COILS AND COMMUTATOR SEGMENTS AND THI8 YOU WIiLL FIND TO BE THE
CASE IN COMMERC|AL ELECTRIC MOTORS.

MOTOR AND GENERATOR CONSTRUCTION

IN F1G¢2l, YOU WILL SEE A PHOTOGRAPH OF A D.C. MOTOR, WITH A SEC—
TION OF THE HOUSING CUT AWAY SO YHAT |TS INNER PARTS ARE. EXPOSED TO 'VIEW,
NOTICE CAREFULLY IN THIS ILLUSTRATION HOW THE PARTS, WHICH WE HAVE BEEN .
DISCUSSING, APPEAR ON THE ACTUAL UNIT AND THAT THE FIELD MAGNETS ORPOLES
ARE ELECTROMAGNETS PROVIDED WITH A WINDING.

Poles

Housing

Armature

For
lubrication

Terminal outlet

F1G6. 2]
" A Direct Current Motcor
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8HOULD YOU OPEN UP A DIRECT CURRENT GENERATOR,YOU WOULD FIND | |TS
INTERNAL CONSTRUCTION TO BE PRACTICALLY THE SAME A8 THAT OF THE MOTOR
SHOWN IN Fia. 2l. IN FACT, BY PASSING A DIRECT CURRENT FROM SOME OUTS |DE
BOURCE THROUGH A D.C. GENERATOR,YOU WOULD FIND THAT THE GENERATOR ARMA—
TURE WOULD REVOLVE THE
Yo load BAME A8 THAT OF A MOTOR.
i THEN AGAIN,8HOULD  YOU
{1 TH DRIVE THE ARMATURE OF A
Eimm MOTOR BY SOMEMECHAN|CAL
MEANS YOU WOULD FIND
THAT IT WOULD TO A CER—
. TAIN EXTENT ACT AS A
5 - GENERATOR OF ELECTRIC
; f\'haoﬂ-ak GURRENT.

Ammater—)  5itch

L+ " i R e Ty,

Generator

THE MOTOR,HOWEVER,

Fila, 22 CAN QENERATE BUT LITTLE

Ep/.ca/ Generator Comtrol Unit. CURRENT WHILE ON THE

OTHER HAND A PLAIN GEN—

ERATOR WHEN OPERATED AS A MOTOR DOES NOT PRODUCE THE REQUIRED MECHAN |OAL

POWER IN ORDER TO HANDLE HEAVY LOADS AS DOES THE MOTOR. EACH, THEREFORE,
IS ESPECIALLY DESIGNED TO FULFILL A DEFINITE PURPOSE,

THERE ARE OF COURSE MANY TYPES OF ELECTRIC MOTORS AND  GENERATORS
AND TO MASTER ALL OF THE MORE COMPLICATED TYPES,REQUIRE SPECIAL 8TUDY.
You ARE BEING TRAINED as A RAD|O SPECIALIST AND NOT AS A MOTOR OR GEN=
ERATOR EXPERT. CONSEQUENTLY, THERE IS NO NEED FOR YOU TO 8TUDY MOTORS,
GENERATORS ETCs IN TOO GREAT DETAIL BUT YOoU sHouLD BE FAMILIAR wiTH THIS
TYPE OF EQUIPMENT, WHICH YOU MAY BE CALLED UPON TO USE [N YOUR RAD|O WORK.

OPERAT ING GENERATORS

THE CORRECT METHOD OF OPERATING GENERATORS AND MOTORS [8 AN [MPOR—
TANT MATTER AND ONE WHICH YOU CANNOT AFFORD TO OVERLOOK., A TYPICAL CON-
TROL CIRCUIT FOR A GENERATOR I8 SHOWN IN F1G.22 AND THE GENERATOR SHOULD
BE OPERATED ACCORDING TO THE METHODS OUTLINED [N THE FOLLOW]NGPHARAGRAPHS .

To START THE GENERATOR, BE SURE THAT THE LINE sWITCH |8 OPEN anD
THAT THE RHEOSTAT CONTROL SWITCH IS TURNED TO THAT POSITION,WHICH OFFERS

MAX IMUM RES ISTANCEe. THIS POINT 1S MARKED ON THE RHEOSTAT IN A SELF=EX=
PLAINING MANNER,

Now START THEGEN
ERATOR ARMATURE [N MO— \
TION BY PUTTING 1Ts
DRIVING UNIT INTOOPER—
ATION. THIS DRIVINGUNIT
MAY BE AN ELECTRIC MO— g
TOR, A GASOLINE ENGINE, 5
ETC. A3 SOON As THE
GENERATOR ARMATURE HAS
COME UP TO TS FULL Fiag, 23%

RUNNING SPEED, GRAD— Ty/o/'ca/ Motor Contro/
UALLY TURN THERHEOSTAT

p— —

Qi g
45
L%

p q
~

- od B¢
¥ A+l 5
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CONTROL KNOB |N THE DIRECTION INDJCATED THEREON, UNT|L THE VOLTAGE OF THE
GENERATOR COMES UP TO |T8 NORMAL VALUE. THIS DONE, CLOSE THE LINESWITCH,
CAREFULLY WATCHING THE VOLTMETER AND AMMETER DURING THIS8 PROCESS AND
MAKE A FURTHER ADJUSTMENT OF THE RHEOSTAT {|F NECESSARY, IN ORDER TO BRING
THE GENERATOR TO THE REQUIRED OUTPUT,

IN A GREAT DEAL OF THE MODERN GENERATING EQU IPMENT,NO HAND OPERATED
LINE SW|TCH |8 USED BETWEEN THE QENERATOR AND 1T8 LOAD., IN SUCH A CASE,
THIS LINE 8WITCH WILL BE REPLACED WITH AN AUTOMAT ICALLY OPERATINGCIRCUIT
BREAKER, WH{I{CH AUTOMATI|CALLY CONNECTS THE GENERATOR TO THE LOAD A8 SOON
A8 THE GENERATOR VOLTAGE COMES UP TO THE REQUIRED POINT,

IN ORDER TO 8HUT DOWN THIS GENERATOR, COMMENCE BY TURNING THE RHEO—
STAT CONTROL KNOB 80 A8 TO REDUCE
THE GENERATOR OUTPUT., |F AN AUTO— M°+9r Coupling
MATIC CIRCUIT BREAKER |8 UsED, LA !
IT WILL DISCONNECT THE GENERATOR
FROM THE LOAD AT THE PROPER TIME
BUT IF NONE I8 USED, THEN YOU WlLL
HAVE TO INTERRUPT THE CIRCUIT WITH
THE HAND OPERATED SWITCH BUT NOT
UNTIL THE GENERATOR VOLTAGE Is
QUITE LOW, ANY OTHER GENERATOR
SWITCH, WHICH MIGHT BE USED, CAN
NOW BE OPENED AND THE DRIVING MA—
CHINE CAN THEN BE SHUT DOWN,

~—~Generator

Filg. 14
OPERATING MOTORS A Moter Generator Set

ON MANY OF THE SMALLER ElL=
ECTRIC MOTORS, ALL THAT MUST BE DONE, IN ORDER TO START THEM, IS TO TURN
"on" A swiTcHe MANY OF THE LARGER MOTORS, HOWEVER, ARE EQUIPPED WITH A
STARTING 8WJTCH OR CONTROL, WHICH ENABLES FTHE MOTOR TO PICK UP IT8 LOAD
WITHOUT DRAWING AN EXCESSIVE AND INJURIOUS STARTING CURRENT, A8 WELL A8
OFFERING A MEANS WHEREBY THE SPEED OF THE MOTOR CAN BE CONTROLLED.

A COMMONLY USED MOTOR CONTROL CIRCUIT 8 SHOWN IN Fia. 23. To 8TART
UP S8UCH A MOTOR, FIRST SEE TO IT THAT THE CONTROL OF THE STARTING RHEO—
STAT I8 IN THE "orr" POBITION AND THEN CLOSE THE MAIN OR LINE 8W}TCH.Now
GRADUALLY TURN THE RHEOSTAT CONTROL TOWARD THE HIGH OR RUNNING POSITJON,
PAUSING AT EACH CONTACT FOR A FEW SECONDS AND WAITING FOR THE MOTOR ARM=
ATURE TO PICK UP SPEED OR ACCELERATE UNTIL THE HANDLE REACHES [T8 LIMIT
OF TRAVEL.

IN ORDER TO 8TOP THE MOTOR, ALL THAT |8 NECESS8ARY I8 TO OPEN THE
LINE SWITCHe MOST OF THE STARTING RHEOSTATS ARE 80 MADE AS TO CAUSE THE
CONTROL ARM TO RETURN To IT8 "orr" PosiTiON AUTOMATICALLY. No  ATTEMPT
SHOULD BE MADE TO FORCE THE OPERATING ARM OF aN AUTOMATIC gTARTING RHEO—~
8TAT Back To ITS "oFF" PosiITION,

THE MOTOR-~-GENERATOR

80 FAR, WE HAVE CONSIDERED THE MOTOR AND QENERATOR A8 TWO S8PEARATE
UNITS BUT IN RAD|O TRANSMITTING PRACTICE, YOU WILL GENERALLY FIND THE TWO
USED TOGETHER IN A COMBINATION, WH|CH WE REFER TO as A MOTOR-GENERATOR,A
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TYPICAL MOTOR-GENERATOR SET 18 SHOWN IN F1G.24 AND AS YoU WILL OBSERVE,
IT CONSISTS OF A SEPARATE MOTOR AND GENERATOR MOUNTED ON THE SAME  BASE,
WHILE THEIR ARMATURE SHAFTS ARE COUPLED TOGETHER BY SOME 8EMI=FLEX I1BLE
TYPE COUPLING DEVICE.

ALTHOUGH MOUNTED SO AS TO FORM A §INGLE UNIT, YET FROM AN ELECTRI|—
CAL STANDPOINT, THEY ARE ENTIRELY |NDEPENDENT FROM EACHOTHER. THE  MOST
COMMON PRACTICE Is To USE AN A.C. MOTOR, WHICH f& CONNEGTED To THE A,C,
POWER LINES AND THIS MOTOR IN TURN SERVES AS THE DRIV ING FORCE TO ROTATE
THE GENERATOR ARMATURE. THE GENERATOR 18 GENERALLY OF THE D0.C. TvPE aND
IN TH1s way, A D.C. suppLY FOR THE TRANSMITTER CAN BE GENERATED READILY,
EVEN THOUGH THE TRANSMITTER BE LOCATED [N A DISTRICT, WHOSE ONLY  POWER
SUPPLY 1Is oF THE A,C. VARIETY.

IT 1s OF COURSE NOT  ALWAYS
ESSENT1AL To Use THIs A,C.=D,C, com
BINATION AS JUST MENT|ONED AND THiS
SET WOULD STILL BE CLASSIFIED AS A
MOTOR~GENERATOR, EVEN THOUGH THEMOT
OR WERE OF THE A,C. TYPE DRIVING
AN A.C. GENERATOR. THEN ToO, You
WILL FIND CASES WHERE A SINGLE A.C,
MOTOR IS8 DRIVING TWO OR THREE D.C.
QENERATORS, ALL OF WH|CH AREMOUNTED
ON A COMMON BASE AND W{TH THE ARM~—
ATURE SHAFTS ALL CONNECTED END TO
END WITH FLEXIBLE COUPLINGS. Com—
POUND UNITS AS THIS WOULD ST{LL BE
CLASSIFIED AS MOTOR~GENERATORS,

As FAR AS THE CONTROLMETHODS
FOR OPERATING MOTOR~QENERATORS ARE
CONCERNED, THEY ARE PRACTICALLY THE
SAME A8 THOSE OUTLINED FOR THE
MOTORS AND GENERATORS SEPARATELY.
THAT 18, THE MOTOR PORTION OF THE
MOTOR GENERATOR SET IS TREATED AS THOUGH IT WERE AN [NDEPENDENT MOTOR
AND THE GENERATOR OR GENERATORS,WHICH ARE DR|VEN BY IT, ARE TREATED AS
THOUGH THEY WERE INDEPENDENT =~— |N FACT, THEY ARE.

Fla, 2%
Sana’/'ny the Commutator

CARE OF MOTORS AND GENERATORS

ALTHOUGH THESE VARIOUS MOTORS AND GENERATORS MAY APPEAR TO You
AS BEING RUGGED UNITS OF BRUTE STRENGTH WHEN COMPARED TO GENERAL  RADJO
EQUIPMENT, YET DON'T BY ANV MEANS OVERLOOK THE FACT THAT THESE MOTORS AND
GENERATORs DEMAND AND SHOULD HAVE THE SAME CAREFUL ATTENTION AS THAT QLY
EN TO ANY OTHER [MPORTANT PART OF THE TRANSMITTER. A FAILURE OF THEIR
OPERAT|ON MEANS THE FAILURE OF THE WHOLE TRANSM]TTER,

SINCE MOTORS AND GENERATORS ARE S0 MUCH ALIKE N THEIR CONSTRUC—
TION, MANY OF THE MINOR TROUBLES WJLL BE FOUND TO BE COMMON [N BOTHTHESE
CLOSELY ASSOCIATED UNITS,

PERIODIC LUBRICATION I50F UTMOST IMPORIANCE IN ALL TYPES OF MACH |NERY




LESSON NO, |0 PaGE 2]

AND MOTORS AND GENERATORS ARE NO EXCEPTIONS. OSPECIAL OIL CHAMBERS OR
WELLS ARE PROVIDED [N THE BEARING END8 OF THE UNIT8 HOUEING AND IT 18
ADVISABLE TO SEE THAT THESE ARE ADEQUATELY SUPPLIED WIiTH THE TYPE OF

LUBRICANT RECOMMENDED BY THE MANUFACTURES, EACH TIME BEFORE THE UNIT- 18
PUT INTO OPERATION,

ANy OIL, WHICH MAY OVERFLOW FROM THE BEARINGS, SHOULD BE WIPED AWAY
IMMEDIATELY AND NO DJRT OR DUST SHOULD BE PERMITTED TO ACCUMULATE ANY=
WHERES UPON THE UN|JT, COMPRESSED AIR OFFERS THE BEST MEANS WI|TH WHICH TO
BLOW OUT DUST OR DIRT FROM A MOTOR OR GENERATOR,

AFTER MOTORS OR GENERATORS HAVE BEEN IN OPERAT|ON FOR S8OME  TIME,
THE COMMUTATOR GENERALLY BECOMES SOMEWHAT ROUGH AND BURNT—LOOK ING AND
CONT INUOUS SPARKING WILL BE NOTICED BETWEEN THE BRUSHES8 AND THE COMMUTA—
TOrR. TO REMEDY THIS CONDITION, HOLD THE ROUGH S8IDE OF A PJECEOF $00 8AND
PAPER AGAINST THE
COMMUTATOR  WHILE | The A.C. end with The D.C. end uwith
THE ARMATURE I8 Collector rings commutator
REVOLV ING, AS S8HOWN
IN F1@.25,AND THIS
WILL SMOOTH DOWN
SLIGHTLY ROUGH SUR
FACES. EMERY CLOTH
OR EMERY PAPER
sHouLo NEVER BE
USED FOR THIS PUR-
POSE,

IN EXTREME
CASES OF  COMMUT—
ATOR WEAR, SANDING
WILL S8E FOUND TO BE
INSUFFICIENT AND IN

S8UCH A CASE, T

BECOMES NECESSARY

TO DISMANTEL THE Fla. 26

UNIT AND "macHINE- A Synchronous Converter,
pown" THE  commu~ Showirig the Ac. and O.C. Ends.

TATOR IN A LATHE,

BRUSHES IN EITHER A MOTOR OR QENERATOR SHOULD FIT WELL N THEIR
HOLDERBes THIS FIT SHOULD NOT BE LOOSE ENOUGH 80 AS TO PERMIT THE  BRUSH
TO BE JARRED ABOUT AND YET NOT TIGHT ENOUGH SO AS TO PREVENT THE BRUSH
SPRINGS FROM EXERTING THEIR FULL FORCE TOWARD PRESS ING THE BRUSHES A=
QA INST THE COMMUTATOR, THE EDGE OF THE BRUBHES,WHI|CH RIDEB ON THE COMMU—
TATOR, SHOULD BE SMOOTH AND MAKING CONTACT ACROSS |T8 ENTIRE SURFACE
AGAINST THE COMMUTATOR, IN THE CASE OF STICKING BRUSHES, THIS MAY BE FOUND
TO BE DUE TO GREASE AND DIRT HAVING ACCUMULATED BETWEEN THE BRUSH AND
BRUSH HOLDER AND SHOULD THIS8 BE TRUE, THESE FORE|GN MATERIALS CAN BE RE-
MOVED BY WABHING THE BRUSBH AND HOLDER WITH aasoLinE WHILE THE MACHINE |8
AT REST — pON'T USE KEROSENE,

IN ouE TIME, THE BRUSHES W|LL DECREASE [N LENGTH BECAUSBE OF WEAR
AND |IF THE BRUSHES ARE MATER|ALLY S8HORTENED BY THI8 CAUBE, THEY 8HOULD




PAGE 22 TRANSM | TTERS

BE REPLACED WITH NEwW ones OF THE SAME SI1ZE AND TYPE as THosE ORIGINALLY
USED IN THE MACHINE AT THE TIME OF T8 CONSTRUCT|ON.

A GENERAL CHECK=UP SHOULD BE MADE NOW AND THEN, [N ORDER TO [NSURE
THAT ALL ELECTRICAL CONNECT IONS ARE SECURE AND IN FIRST CLASS CONDITION,

CONVERTERS

Now ANOTHER POWER UNIT, WHICH IS USED IN RADIO WORK, I8 THe ROTARY
CONVERTER — gOMET IMES cALLED THE SYNCHRONOUS CONVERTER. THis UNIT con—
SI18T8 OF A SINGLE ARMATURE, HAVING A.C. COLLECTOR RINGE AT ONE END AND A
D.C. COMMUTATOR AT THE OTHER ENO AND THE SAME ARMATURE WINDING 18 USED
FOR BOTH ENDSe

ITS PURPOSE 1S TO MAKE USE OF AN ALTERNATING CURRENT POWER SUPPLY
WHICH 18 CONNECTED To THE A.C. END OF THE UNIT AND THUS DRIVES THE ARM~
ATURE As AN A.C. MOTOR, THIS REVOLV ING OF THE ARMATURE AT THE SAME TIME
GENERATES AN ELECTRIC CURRENT AND BY MEANS OF THE COMMUTATOR AT THE OTHER
END OF THE UNIT,A DIRECT CURRENT WILL BE DELIVERED FROM IT. IN OTHER
WORDS, THE ROTARY CONVERTER I8 MADE TO USE AN A.C. SUPPLY, IN ORDER TO
PRoDUCE A D,C, ouTtpPuT,

|N THIsS RESPECT, THE ROTARY CONVERTER S8ERVES THE SAME PURPOSE AS A
MOTOR~QENERATOR SET BUT FOR RADI!O PURPOSES,THE MOTOR-=GENERATOR SET I8
MOST COMMONLY USED BECAUSE IT DOESN'T INTRODUCE THE A.C. LINE VOLTAGE VAR
YING CHARACTERISTICS INTO THE D.C. OUTPUT, AS Is THE casEt WITH A ROTARY
CONVERTER,

INSTEAD OF SUPPLYING THE CONVERTER W{TH AN A,C, sUPPLY IN ORDER TO
PRODUCE A D.C. oUTPUT, IT I8 EQUALLY TRUE THAT WE CAN HAVE A CONVERTER |N
WHICH WE PROVIDE A D.C. supPLY AND RECEIVE aN A.C. OUTPUT IN RETURN, THE
UNIT THEN BECOMES WHAT 1S CORRECTLY CALLED an |NVERTED ROTARY OR SYNCH-=
RONOUS CONVERTER AND ONE SUGCH UNIT 8 SHOWN You IN Fie.28.

IN GENERAL APPEARANCE AND CONSTRUCTION, THE ROTARY CONVERTER AND
THE INVERTED ROTARY CONVERTER ARE THE SAME AND THE ONLY D]FFERENCE is
THAT THEIR OUTPUT AND INPUT CHARACTERISTICS ARE REVERSED. F1Q.26  sHows
YOU CLEARLY HOwW THE A.C, COLLECTOR RINGS ARE MOUNTED ON ONE END OF THE
ARMATURE, WHILE THE D.C. COMMUTATOR 18 MOUNTED ON THE OTHER END.

THE INVERTED ROTARY CONVERTER 18 ESPECIALLY ADAPTABLE IN SUCH Lo~

CALITIES wHERE A D.C. POWER sUPPLY 1S PROVIDED BUT WHERE A,C. RADI0O
EQUIPMENT HA8 TO BE OPERATED. IN FACT, INVERTED ROTARY CONVERTERS ARE
NOW BEING MARKETED AT A REASONABLE PRICE, WHICH W|LL OPERATE AT 32, 11565

OR 230 voLTs D.C., IN ORDER TO PRODUCE AN OUTPUT OF |10 voLTs—=60  cYCLE
A.C., WITH WHICH TO OPERATE RADIO EQUIPMENT.

THE QENERAL CARE, OPERATION AND INSPECTION OF CONVERTERS |8 MUCH
THE SAME AS OUTLINED FOR YOU IN OUR DI1SCUSSION OF MOTORS AND GENERATORS,

THE DYNAMOTOR

STILL ANOTHER POWER UNIT IS KNOWN As THE DYNAMOTOR, THis pevice 18
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SIMILAR TO THE CONVERTER IN THAT IT USES A SINGLE ARMATURE, WITH A COMM=
UTATOR AT ONE END AND COLLECTOR RINGS AT THE OTHER END. THE A,Cs,anp D.C.
PORTION OF THE UNIT MAKE USE OF THE SAME FIELD WINDING, THE SBAME A8 IN
THE CONVERTER BUT THE B1G DIFFERENCE BETWEEN THE DYNAMOTOR AND CONVERTER
IS THAT THE DYNAMOTOR HAas TWO SETS oF ARMATURE WINDINGSs

THESE TWO |NDEPENDENT ARMATURE WINDINGS, HOWEVER, ARE WOUND  ToO—
GETHER IN THE SAME SLOTS BUT ARE THOROUGHLY [NSULATED FROM EACHOTHERJONE
OF THE WINDINGS 18 CONNECTED TO THE COLLECTOR RINGS, WHEREAS THE  OTHER
1S CONNECTED TO THE COMMUTATOR. DUE TO THE USE OF SEPARATE WINDINGS THERE
1s LESS NEED FOR FILTERING THE D.C, ouTpuT BECAUSE THE A.Ce LINE CHAR=
ACTERISTICS ARE NOT CARRIED OVER INTO THE D.C. ouTPUT, A8 MUCH AS IS THE
CASE WHERE THE SAME ARMATURE WINDING 18 COMMON TO EOTH THE A,C, anp D,C.
PARTS OF THE UNIT, AS FOUND IN THE CONVERTER. LESS INTERFERENCE 18 ALSO
EXPER]ENCED WJTH THE DYNAMOTOR THAN WITH THE CONVERTER.

THIS 1S A VERY IMPORTANT LESSON AND A GREAT DEAL OF WORK HAS BEEN
COVERED HEREIN. |T 1S THEREFORE NECESSARY THAT YOU MASTER THIS LESSONTHOR
OUGHLY AND |F NECESSARY TO STUDY IT EVEN A SECOND OR THIRD T IME.

THE DETAILS CONCERNING THE CONSTRUCTION AND OPERATINQ CHARACTER]S—
TICS OF TRANSMITTER TYPE RECTIFIER TUBES, A8 WELL AS THE PRACT ICAL OPER™
ATION OF POWER MACHINERY RELATING TO TRANSMITTERS8,W|LL BE THOROUGHLY EX=
PLAINED IN LATER LESSONS OF THIS TRANSMITTER SER|ES,

In THE LESSON IMMED IATELY FOLLOWING, YOU ARE GO ING TO HAVE THE OPPOR
TUN|TY OF STUDYING ABOUT THE CONSTRUCTIONAL FEATURES AND CORRECT METHNDS
OF OPERATING RADJIO=TELEGRAPH TRANSMITTERS [N THE!R COMPLETE FORM,

THIS COMING LESSON WlLL ANSWER FOR YOU THE MANY QUESTIONS WHICH
WOULD PERHAPS ARISE IN YOUR MIND IF YOU WERE PLACED BEFORE A RADIO— TELE=
GQRAPH TRANSMITTER AND TOLD TOOPERATE iIT.THISBEING THE CASE, YOU CAN READ-
ILY SEE THAT THIS COMING LESSON I8 NOT GOING TO BE ESPECIALLY INTEREST ING
BUT ALSO OF GREAT TECHNICAL VALUE,.
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N Examination Questions

LESSON NOe T=jO
({( "Its the easiest thing in the “ra

world for & man to deceive himself.”

NAME THE VAR[OUS COMPONENTS WHICH CONSTITUTE THE POWER
SUPPLY OF THE CONVENTIONAL TRANSMITTER AND EXPLAIN HOW
THESE VARIOUS UNITS DIFFER FROM THE CORRESPONDING UNITS
AS USED [N RADIO RECEIVERS.

DrRAW A CIRCUIT DIAGRAM OF A TWO—~PHASE, THREE=WIRE ELEC-—
TRICAL SYSTEM AND DESCRIBE ITS ELECTRICAL CHARACTER|8TICS,
THAT S, THE VOLTAGE AND CURRENT DISTRIBUTION ETGC.

WHAT 1S AN OUTSTANDING ADVANTAGE OF USING A THREE—PHASE
RECTIFIER SYSTEM FOR A TRANSMITTERT

EXPLAIN WHAT 18 MEANT BY THE VOLTAGE REGULATION OF A POW—
ER SUPPLY AND DESCRIBE HOW IT MAY BE DETERMINED."

How MAY THE PERCENT OF RIPPLE OF A POWER SUPPLY BE DETER~—
mMiNED?

Draw A CIRCUIT DIAGRAM OF A RECTIFYING SYSTEM EMPLOYING A
THREE=PHASE, FULL~WAVE ARRANGEMENT,

ILLUSTRATE BY MEANS OF SCHEMAT|C DJAGRAMS THE FOLLOW|NG
THREE~PHASE TRANSFORMER CONNECT | ONS?

(1) STar-STaRr connecTiONs (2) DELTA=STAR CONNECT [ON}
(3) DeLTA~DELTA CONNECT 10N} (4) STAR-DELTA CONNECT 1ON.

EXPLAIN THE OPERATING PRINCIPLES OF A D.C. GENERATOR
AND ILLUSTRATE YOUR EXPLANAT|ON 8Y MEANS OF A DIAGRAM,

DraW A CIRCUIT DIAGRAM OF A MOTOR CONTROL CIRCUIT AND EX—
PLAIN HOW YOU WOULD OPERATE THIS SYSTEM,

DrRAW A CIRCUIT DIAGRAM OF A GENERATOR CONTROL CIRCUIT AND
EXPLAIN HOW YOU WOULD OPERATE THIS SYSTEM.

PRINTED IN U,S.A,.
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RADIO TELEGRAPH TRANSMITTERS

UP TO THIS TIME IN YOUR TRANSMITTER STUDIES,YOU HAVE CENTERED YOUR
ENTIRE ATTENTION UPON SPECIFIC SECTiONS OF RADIO TELEGRAPH TRANSMITTERS
AND NOW THAT YOU ARE WELL ACQUAINTED WITH THESE VARIOUS PARTS, THE NEXT
LOGICAL STEP WILL BE TO STUDY TRANSMITTERS OF THIS TYFE AS A WHOLE. We
SHALL NATURALLY START WITH THE

GRADUALLY ADVANCE THROUGH
THE MORE COMPLEX EQUIPMENT,

A BATTERY OPERATED
TRANSMITTER

IN Fie. 2 vyou ARe
SHOWN A FRONT AND REAR VIEW
OF AN EFFICIENT LOW-POWER
BATTERY-OPERATED TRANSMITT-
ER AND THE CIRCUIT DIAGRAM
OF THIS SAME UNIT APPEARS
IN Ficg.3. THIS TRANSMITTER,
YOU WILL OBSERVE, CONSISTS
OF A PUSH-PULL, TUNED-GRID,
TUNED-PLATE OSCILLATOR STAGE
IN WHICH A PAIR OF TYpPe 30
TUBES ARE EMPLOYED. THE POW
ER AMPLIFIER IS ALSO OF
PUSH-PULL DESIGN AND USES A
PAIR OF TYPE -33 TUBES.

Coit L, AcTs As AN
AUTO-TRANSFORMER AND FUR-
NISHES SUFFICIENT STEP-UP
OF R,F.VOLTAGE TO SWING THE
PENTODE GRIDS FOR MAXIMUM
EXCITATION.AT THE SAME TIME
IT SERVES AS A COUPLING

MORE SIMPLE MULTI-TUBE TRANSMITTERS AND

Fig, |
TuNiING NATIONAL'S TRANSMITTER,
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BETWEEN THE OSCILLATOR AND AMPLIFIER AND ALSO SERVES AS A PART OF THE TUN
ING SYSTEM IN THE PLATE CIRCUIT OF THE OSCILLATOR,

THE NEUTRALIZING CAPAC—~
1Ties C,anD CgiIN THE POWER
AMPLIFIER CIRCUIT ARE MADE BY
ATTACHING 4" LENGTHS OF RUBBER
COVERED HOOK=UP WIRE TO EACH
GRID AND PLATE SOCKET TERM|N=
AL. EACH GRID WIRE I8 TW|STED
WITH THE PLATE WIRE OF THE OP
POSITE TUBE AND WHEN SUFF|O—
IENT CAPACITY FOR NEUTRAL|ZA~
TION HAS BEEN OBTAINED IN THIS
MANNER, THE REMAINING WIRE I8
CUT—=0FF. |T 18 IMPORTANT THAT
THE OPEN ENDS OF THESE WI|RES
DO NOT MAKE CONTACT A8  THIS
WOULD SHORT CIRCUIT THE  "B"
aND "C" BATTERIES.

ALL OTHER CONSTRUCT IONAL
FEATURES OF THIS TRANSBMITTER
Front and Back Views of @ WILL BE OBV]OUS UPON STUDYING
Batery-Qoerated Fansmitter: Fias. 2 AND 3 CAREFULLY. DATA
CONCERNING THE ELECTRICAL VAL~

UES OF THE VAR]OUS PARTS USED IN THIS CIRCUIT FOLLOWS?

Flag.z

01-01—03—04 350 MMFD. VARIABLE CONDENSERS.
Cs~C,~Cy—C,s 200 MMFD. FIXED CONDENSERS.
1 10,000 OHM CARBON RESISTOR,
Ra 2 OHM RHEOSTAT
RFC SHORT=WAVE TRANSMITTING TYPE R.F.
CHOKES.,-
K TELEGRAPH KEY.
SW SwiTcH
TABLE I
COIL SPECIFICATIONS
BanD Ly Lo X L+ L
TurNs TurN T T T
8 URNS URNS URNS
1715 Ke 26 40 26 40 B
3500 Ke 14 30 14 20 10
7000 Ke 8 18 8 18 9
14000 Ke 4 10 4 10 7

CoiLs L,anD L,ARE BOTH WOUND ON TYPE R=39 NATIONAL COIL FORMS. L
IS CENTER~TAPPED AND L,IN ADDITION TO BEING CENTER TAPPED AL8O HAS  TWO
ADDITIONAL TAPS A8 SPECIFIED IN TABLE |, THE AMPLIFIER PLATE coiL Li anD
THE ANTENNA COUPLING COILS LéfRE WOUND ON THE SAME BAKELITE FORM WHICH I8
5" LONG AND WHOSE INSIDE DIAMETER I8 SUCH A8 TO FIT SNUGLY OVER A TUBE
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BASE TO WHICH IT 18 CEMENTED. ALL OF THE COIL8 ARE WOUND WITH f20 B&S
ENAMELED W|REs THE COILS FOR -
THE 7000 anp 14,000 KceBaNDS
ARE SINGLE SPACED WHILE ALL
OTHERS ARE CLOSE=WOUND,

AMP.
'33 Cy

THE COUPLING BETWEEN
coiLs Lyanp LgsHouLo BE
VARJED UNTIL THE BEST RE™
SULTS ARE OBTAINED BY EXPER~

IMENT o G
F RFC.
[
A MEDIUM POWER TRANSMITTER 1 "’i';j —
+A -AB+C - 2244V +195V.
c

THE COMPLETE CIRCUIT
DIAGRAM FOR AN A,C.— OPERA—
TED OSCILLATOR=  AMPLIFIER Diagram of Battery- Operated Transmitter:
TRANSBMITTER APPEARS IN F1Ge
4, THIS TRANSMITTER I8 EQUIPPED WITH A TYPE BS TUBE OPERATING A8 A TRI=
TET 0SCILLATOR FEATURING CRYSBTAL CONTROL, AND A TYPE 210 TUBE I8 USED IN
THE POWER AMPLIFIER STAGE. SEPARATE POWER PACKS ARE USED FOR THE 08CILL~
ATOR AND AMPLIFJER STAGE.

Fla. 3

THE POWER PACK FOR THE OSCILLATOR NEEDS ONLY TO FURNIsH A "BY gue—
PLY OF ABOUT |B MA. AND THEREFORE FOR THI8 PURPOSE AN ORDINARY RECE[|VER
TYPE POWER SUPPLY CAN BE USED. THIS8 USE OF A SEPARATE POWER SUPPLY  FOR
THE OSCILLATOR PERM|TS8 THE OSCILLATOR TO OPERATE ABSOLUTELY S8TEADY IN
THAT IT 18 ENTIRELY UNAFFECTED BY KEYING OF THE AMFLIFIER. THE "B" voiL~
TAGES AT THE OUTPUT OF THIS POWER PACK ARE ADJUSTED FOR THE VOLTAGES DE§
IGNATED ON THE DIAGRAM BY MEANS OF THE SLIDING TAPS ON THE VOLTAGE DIVIDR
ERe

THE POWER PACK FOR THE AMPLIF]ER HERE USED MUST BE CAPABLE OF FUR™
NIsHING A "B
suppLyY oF 100
MA, AT 450
VOLTSs TO MEET
THIS DEMAND.

THI8 POWER TRAN
SFORMER SHOULD
DEVELOP 800
VOLTS  ACROSS
EACH S8IDE oF
THE CENTER TAP
AND TWO TYPE~
81 TuBES OR A
SINGLE B Z 3
MAY BE USED AS
THE RECTIF]ER,
A BEPARATE TRAN
SFORMER |8 UBED
Fla. 4 FOR FURNISHING
THE FI1LAMENT

SUPPLY - FOR THE

OSCILLATOR — AMPLIFIER

15 H
l/ -2 Tz
f

| 35-200 TRUYOLT DHIDER

HO. B-250 g
OSC POWER SUPPLY TAUYOLT DiviBER | AMP POWER SUPPELY
wITH 2 TAPS i "

140 VAC

The A.c. Operm‘-ed Transmitter:
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THE 210 TUBE. SwiTCH S.,|s FPROVIDED 80 THAT THE B—= CIRCUITS CAN BE INTERR
UPTED DURING PER]ODS8 OF RECEPTION. IN THIS WAY THE TUBE FILAMENTS ARE
PERMITTED TO REMAIN HOT AND THUS PERMIT THE TRANSM|TTER TO COME INTO [N—
8TANT OPERATION AS SOON AS THE "B" GIRCUIT IS COMPLETED.

THE PARTS VALUES FOR THE CIRCUIT OF F1Ge4 ARE GIVEN TO You [NTABLE

II.
TABLE IT
C,~C,~C_~ {40 MMFD VARIABLE CONDENSERS.
1YYy
Cqs 500 MwFD,. " "
Cs 220 wmvFD. 7, "
Ce B0 MMFD DOUBLE SPACED NEUTRAL|ZING CONDENSER

Cy=Ce—~Cy—~C,c =C,;s005 MFD. 1000 VOLT MICA CONDENSERS

oy +005 mMFD. 2500 vOLT MicA CONDENSER
Cy_—  .00025 mMrFp. 1000 VOLT MICA CONDENSER
Ry 50,000 oHM 2 WATT
R, — 10,000 oHm NoN—INDUCTIVE |00 WATT
Ry B0 OMM W|IRE~WOUND AND CENTER TAPPED
Ry — 25,000 OHM DIVIDER WITH TWO SLIDER TAPS
Ry 20,00C oHM DIVIDER WITH TWO SLIDER TAPS
RF, = RF, 8 MH. CHOKES
RF 5 5 MH, HEAVY DUTY CHOKES

Jdy=Jz ___ SINGLE CLOSED CIRCUIT JACKS W|TH ONE PHONE PLUG
0~-100 ma _______ 0—~100 MILLIAMMETER
XTAL CRYSTAL FOR FREQUENCIES BEING USED

THE cOIL DATA FOR THI8 SAME TRANSMITTER FOLLOWS:

FOR 40 METERS:

Ly, __ 16 Turns #20 D.C.C.
La _ |19 Turns #20 D.C.C. TAPRED AT |4TH TURN
Ly 14 Turns $#14 Bare

FOR 80 METERS:

Lz 30 Turns #20 D.C.C. TaPPED AT 20TH TURN
L 25 Turns #14 Bare

For BoTH BANDS L,AND L,MAY BE WOUND ON 4 PRONG PLUG~IN FORMS OF
| 3/4" DjaMETER, WHEREAS FORMS OF 23" DIAMETER AND WHICH ARE  SUPPORTED
BY STAND=OFF INSULATORS ARE TO BE USED FOR L aND L, . THE TURNS ARE 8PACED

EQUAL TO THE DIAMETER OF THE WIRE, quHOULD CONs 18T OF 25 TURNS OF #[4
BARE COPPER W[RE,

IN THE PARTICULAR TRANSMITTER WHICH I8 ILLUSTRATED IN Fia.4, THE
OSCILLATOR AND AMPLIFIER ARE BUILT A8 ONE UNIT, THE ANTENNA TUNING ARR—
ANGEMENT AS ANOTHER AND EACH OF THE POWER SUPPLIES I8 AN INDIVIDUALUNIT
AND WIRED TO THE TRANSMITTER PROPERe THE JACK ARRANGEMENT PERMITS THE
USE OF A SINGLE MILLIAMMETER FOR MEASURING THE PLATE CURRENT OF E|THER
THE OSCILLATOR OR THE AMPLIF|ER,
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TUNING THE TRANSMITTER

THE TUNING OF THIS TRANSMITTER I8 CARRIED OUT IN THE FOLLOW{NGMAN—

NERS

— |p I -
For oPERATIONON v 1

THE CRYSTAL FREQUENCY,

USE THE CORRESPONDING R.F. Choke ~
COIL COMBINATION,
S8HORT OUT THE L sock— Grid Tedk <
ET, CONNECT THE MiLL=
IAMMETER TO JACK d,, H
TURN ON BOTH POWER \

PACKS, LEAV ING THE Keg

TRANSM|TTER KEY INTHE
OPEN POSITION 80 THAT
NO CURRENT [8 APPLIED B- Filamentt B+
TO THE PLATE OF THE 50”’9

POWER AMPLIFIER.

S RE Choke’

o

FiGg.5

Turn Ceanp CyTo Grid-/eak Keying.
zero, TUNE C,FOR MIN-
IMUM PLATE CURRENT —= A CRITICAL S8POT WILL BE FOUND BUT THE CONDENSER
SHOULD BE S8ET FOR A LITTLE LOWER CAPACITY THAN THE MINIMUM REQUIRES. TOUCH
A NEON TUBE TO THE TOP OF L,AND TUNE C,,FQR MAX IMUM GLow, Now Turn IN Cg
sLOwLY (MAKING A SL1GHT READJUSTMENT ON C,TO KEEP THE OSCILLATOR 8TABLE)
AND ROCK C;BACK AND FORTH UNTIL THE GLOW DISAPPEARS AKND CANNOT BEOBTAIN-
ED WITH ANY BETTING OF C,. THE AMPLIFIER TUBE 18 THEN NEUTRALIZED,

BWITCH THE MILLIAMMETER TO Jy, PRESS THE KEV (WITH THE AERIAL OFF)
AND TUNE CyBHARPLY FOR MINIMUM PLATE CURRENT,

IN orDER TO "DOUBLE" THE CRYSBTAL FREQUENCY,USE THE 40 METER OOIL
COMBINATION AND TUNE C
AND C,FOR MINIMUM PLATE CUR

- ,{L g' »
! % ' RENT A8 INDICATED WHEN

- THE MILLIAMMETER (8 INSERT™
R Choke & U ED IN JAck J; o TUNE C3 FOR
MINIMUM PLATE CURRENT A8
INDICATED WHEN THE MILLJA~
MMETER |8 [NSERTED IN JA®K

HH Jze

N | - To ADJUST THE ANTENNA
Key r" b COUPLING CIRCUIT MAKE THE
f CLIP GONNECTION TO Ly Ex—

PERIMENTALY AND  THE TAP
‘\MMMI»—“ CONNECT ION AT L*BHOULD BE
B- 2 R, B+ MADE 80 THAT APPROX IMATELY
ONE=~HALF OF THI8 WINDING

Fla.e WILL BE USED,UPON ROTATING
Blocking Grid With CqraPIDLY, WITH C5  AsOUT
) HALF IN, A DIP SHOULD BE
Bias Voltage. NOTICED IN THE PLATE CURR=~

Py
VA

ah A
Bk

P

<
<
<
<
o
<
L
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ENT OF THE POWER AMPLIFIER TUBE., CONTINUE BY ADJUUsTING Cg,uUQGLING 1T
AGAINST C4UNTIL THE AMPLIFIER TUBE 1S SAFELY LOADED AND AN ANTENNA AMM—
ETER OR FLASHLIGHT LAMR SHOWS A MAXIMUM INDICATIONe. A 2,5 VvOLT PILOT
LIGHT FURNIJISHES A GOOD BREILLJIANT [INDJCATION WITH THE PLATE LOAD ABOUT
65 Ma, AT 450 voLTs,.

\ METHODS OF KEYING
L i c R BEFORE WE GO INTO DETAILS CONCERNING
| VA THE MORE POWERFUL COMMERCIAL TRANSM | TTERS
THERE ARE S8OME IMPORTANT FACTS WHICH WE
MUST CONSIDER REGARDING SPECIAL TYPES OF KEY
3 ING CIRCUITS WHICH ARE EMPLOYED IN CODE TRAN
kgg SMITTERS OF MORE ELABORATE DES]GNe

AS YOU WILL HAVE NOT ICED FROM THE TRAN
SMITTER CIRCUITS WHICH WERE SHOWN YOU S0 FAR,
IT HAS BECOME THE GENERAL PRACTICE TO INCLUDE
THE KEY IN THE TRANSMITTER CIRCUIT IN SUCH A
MANNER THAT THE "B" CIRCUIT OF A TUBE I8 SUCCESSIVELY COMPLETED AND [N—
TERRUPTED IN ORDER TO FORM THE CHARACTERS OF THE CODE. SINCE YOU HAVE
ALREADY HAD THE OPPORTUNITY OF INSPECTING MANY CIRCUITS OF THIS TYPE WE
SHALL NOT SPEND ANY MORE TIME UPON THEM NOW,

Fla., 7
A Key Filter.

GRID=LEAK KEYING

A GOMEWHAT DIFFERENT KEYING METHOD |8 ILLUSTRATED IN Flag., 5. THis
METHOD PERMITS THE PLATE CIRCUIT OF THE TUBE TO BE COMPLETE AT ALL TIMES,
AND THE KEY sIMPLY BREAkS THE D,C. GRID RETURN CIRCUIT.

WHEN THE KEeY I8 IN THE OPEN POSITION THE GRID RETURN CIRCUIT I8AL~
80 OPEN AND THIS CONDITION WILL CAUSE ELECTRONS TO ACCUMULATE ON THEGRID
TO SUCH AN EXTENT THAT THE NEGATIVE CHARGE WILL BECOME GREAT ENOUGH TO
BLOCK THE TUBE AND THEREBY PREVENT ANY FURTHER PASSAGE OF PLATE CURRENT
THROUGH T, WHEN USED, THIS METHOD |8 MORE
S8UCCESSFUL WHEN KEYING THE GRID LEAK CIR™

CUIT OF A TUBE WHICH HAS A HIGH AMPLIF|CA— Ca 1
TION RATHER THAN ONE HAVING A LOW AMPL|F |~ | [
CATION FACTOR, THE REASON FOR THIS 1S THAT
A LOWER BLOCKING VOLTAGQE |8 REQUIRED FOR A :
HIGH=MU TUBE THAN FOR A LOW-MU TUBE. T I8 L& '*f:]__
ALSO IMPERATIVE THAT GOOD INSULATION BE US C R —
ED IN THE KEY WHEN EMPLOYING THIS SYSTEM, L——{kdvvwh- =
OTHERWISE SOME OF THE ELECTRON CHARGE MAY :
LEAK OFF THE GRID AND THEREBY PERM|T SOME
PLATE CURRENT TO FLOW EVEN THOUGH THE KEY
BE OPEN., ANY BUCH RESULTING RADIATIONWHICH 3
OCCUR8 DURING SPACES |N KEYING |8 CALLED A ‘ *""‘
"sack—WAVE" AND |8 OF COURSE UNDESIRABLE, !<eg
ANOTHER BLOCKED—GRID KEYING METHOD
Fla.8
IN F1as 6 YOU ARE 8HOWN A CIRCUIT Another Key Filter.

WHICH AL80 HAS THE KEY INS8TALLED |N THE
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GRID RETURN CIRCUIT BUT INSTEAD OF DEPENDING UPON THE TUBE TO BLOCK  ON
ACCOUNT OF AN EXCESSIVE ELECTRON ACCUMULATION WHEN THE QRID RETURN CIR™
CUIT 18 INTERRUPTED, THE CIRCUIT OF F1@. 6 ACTUALLYAPPLIES A DEFINITE
SBURPLUS BIAS VOLTAGE TO THE TUBE'S GRID 80 THAT THE TUBE I8  ABSOLUTELY
ASBURED OF BLOCK INGe

Bv sTubvINg F1G.6 CLOSBELY, YOU WILL OBSERVE THAT THE BLOCKING BIAS
IS OBTAINED FROM THE PLATE S8UPPLY THROUGH A VOLTAGE DIVIDER. THE CENTER-
TAP OF THE TUBE'S8 FILAMENT 18 CONNECTED TO THE JUNCTION OF RjAND R4 aND
THE GRID RETURN 18 CONNECTED TO THE NEGATIVE 8IDE OF THE POWER  SUPPLY,
THEREFORE, WHEN THE KEY |8 OPEN, THE VOLTAGE DROP ACROSS R, I8 APPLIED AS
BIAS TO THE GRID OF THE TUBE, THIS8 BERVES AS ADDITIONAL BIAS, CAUS ING
THE TUBE TO BLOCK WHEN THE KEY I8 OPEN.

UPON CLOSING THE KEY, R, 18 BHORT-CIRCUITED, THERESBY REDUCING THE
BIAS VOLTAGE THE PRO=
PER AMOUNT 80  THAT .
THE TUBE CAN OPERATE Keymg tube Qsc. or Amp.
NORMALLY, ReEsisTOR
R, MAY BE THE REG—
ULAR BLEEDER RES|8~ 8]
TOR FOR THE POWER B-
SUPPLY AND R, can IN
THE MAJORITY OF CASES R TC ’/y
HAVE A VALUE OF ABOUT | I \ Filament

ONE~HALF THAT OF Rj. Key | Transf

IN MULTI=8TAGE
TRANSM ITTERS EMPLOY-

ING AMPLIFIERS  OF

HIGH POWER  OUTPUT,

IT I8 GENERALLY THE FlG. 9

PRACTICE TO INSTALL The Vacuuin Tube Keying Method.

THE KEY IN ONE OF THE

LOW~POWER AMPLIFIER S8TAGES PRECEDING THE FINAL S8TAGE. IN 8UCH A  CA8E,
EVEN THOUGH THE FINAL POWER AMPLIFIER 18 AT ALL TIMES OPERATING,YET  IT

RECEIVES NO EX|TATION NOR DELIVERS ANY POWER OUTPUT EXCEPT WHEN THE KEY
I8 DEPRESSED IN THE INTERMED|ATE S8TAGE. HOWEVER, WHEN USING THI8 METHOD,
IT 18 IMPORTANT THAT ALL TUBES FOLLOWING THE KEYED STAGE S8HOULD BE FURN—
PSHED WITH A SUFFICIENT BIAS VOLTAGE 80 A8 TO CUT OFF THE PLATE CURRENT
THROUGH THESE TUBES WHEN NO EXITATION 18 PRESENT. |F THI8 18 NOT DONE, EX
CESS|IVE PLATE CURRENT FLOWING THROUGH THE FINAL TUBES MAY DAMAGE THEM.

Ag A RULE [N MULTI—STAGE TRANSMITTERS,THE KEY 18 NOT INSTALLED IN
THE OSCILLATOR CIRCUIT 80 THAT THE OSCILLATOR MAY REMAIN IN OPERAT |ON
CONT INUDUSLY DURING THE KEYING PROCESS.

WHEN KEYING IN AN INTERMEDIATE STAGE, THERE 1S ALSO LESSPOSS8IBILITY
FOR BACK—WAVES BE[NG EMITTED AND ALSO"KEY oLIcks" BECOME LESS BOTHERSOME.

KEY ING TROUBLES

IN THE ELEMENTARY TYPE OF KEYING CIRCUITS WITH WH|CH YOU ARE NOwW
FAMILIAR, A CERTAIN FORM OF INTERFERENCE |8 SOMET IMEB PRODUCED AND WHICH
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MAKES |TS PRESENCE KNOWN A8 CLICKING OR THUMPING SOUNDS [N NEARBY RE—
CEIVERS EVEN THOUGH THESE RECEIVERS BE TUNED TO FREQUENCIES FAR REMOVED
FROM THE OPERATING FREQUENCY OF THE TRANSMITTER IN QUESTIONe THIs Difs—
TURBANCE IS KNOWN As "Kev cLicks".

THESE KEY CLICKS ARE GENERALLY CAUSED BY STRAY OSCILLATIONS OF
8HORT DURATION THAT ARE PRODUCED BY THE RAPID STARTING AND 8TOPPING  OF
POWER OUTPUT DURING THE PROCESS OF KEYINGe THESE S8TRAY OSCILLATIONS OR
"TRANS IENT 08CILLATIONS", AS THEY ARE FREQUENTLY CALLED,DO NOT HAVE A
DEFINITE FREQUENCY AND SPREAD OVER A CONSIDERABLE PORTION OF THE FRE=
QUENCY SPECTRUMe FORTUNATELY,THESE INTERFERRING RADIATIONS DO NOT TRAVEL
FAR FROM THE TRANSMITTER BUT NEVERTHELESS THEY ARE EXTREMELY ANNOY[NG TO
THE OPERATORS OF NEARBY RECE|VERS.

THESE TRANSIENT OSCILLATJION8 CAN BE PREVENTED BY SLOWING UP THE

RATE AT WHICH THE POWER |8 APPLIED TO THE TRANSMITTER BUT CARE MUST BE

EXERCISED 80 THATTHIS

é SLOWING UP I8 NOT
\

CARRIED OUT TO AN EX—
inz?‘:fam’ TREME DEGREE, OTHER-
R.F Chokes WISE THE KEYING WILL

\\ NOT BE CLEAR,

i

To oscillatory
Cireuit

v
R.E.Choke Master
oscillator

APPLICATION OF
X KEY FILTER

Pawer

D.C. Gerterator Ampl

ONE METHOD OF

s 4 PREVENTING KEY CLICKS

: - ?ﬂt’j J ™ I8 TO RETARD THE OTH-
°§ - . To Ac. ERW|SE SUDDEN APPLI=

i< " ey key it U™ | cation oF Power ToTHE

Keglstor -

Mcﬂ?ﬁ;‘?&aniﬁ

AR RAAAAL

TRANSMITTER AND THIS
CAN BE ACCOMPLISHED BY
THE FILTER 8YSTEM
FiG. 10 WHICH IS ILLUSTRATED
Application of the ;Qe/ag Key . IN F1ae7. THISBFILTER,
YOU WILL OBSERVE, CON-
818TS OF AN |INDUCTANCE CONNECTED [N SERIES WITH THE KEY CIRCUIT, AN I N
DUCTANCE, YOU WILL RECALL, HA8 A NATURAL TENDENCY OF OPPOS|NG ANY SUDDEN
CHANGE |IN CURRENT FLOW WHICH PASSES THROUGH [Te

¥ Yo O V. D.C.

THE INTRODUCTION OF THE INDUCTANCE IN THE KEY CIRCUIT, HOWEVER, Is
LIKELY TO CAUSE SPARK NG AT THE KEY CONTACTS AND TO PREVENT THIS A CON—~
DENSER C AND RES1S8TOR R ARE CONNECTED ACRO88 THE KEY A8 ALSO SHOWN IN
Fia. 7. QuiTe OFTEN, THE RESISTANCE HERE USED I8 OF THE VARIABLE TYPE 80
A8 TO PERMIT ADJUSTMENT,

THE VALUE OF THE INDUCTANCE ORDINARILY NEEDS BE ONLY OF A RELAT |V~
ELY SMALL VALUE, RANGING FROM A LARGE R.F, CHOKE OF AROUND |0 MILLJHENRYS
UP TO AN IRON CORE CHOKE OF A FEW HENRYS INDUCTANCE. THIS VALUE CAN BE
DETERMINED BY EXPERIMENT =— THE |NDUCTANCE SHOULD JUST BE SUFF|CIENT TO
PREVENT CLICKS8 AND NO MORE, THE CONDENSER AS USED HERE SHOULD ORDINARJLY
HAVE A CAPACITY OF FROM 0,25 TO | MFD. AND IF VARIABLE, A MAX|MUM RES |8~
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TANGCE oF 50 To 100 owMs,

IT ALS0 FREQUENTLY HAPPENS THAT OSCJLLATIONS ORJGINATE IN THE KEY
CIRCUIT AND TRAVEL OVER THE POWER LINES, SUCH OSCILLATIONS CAN BE PRE-
VENTED FROM BECOMING BOTHERBOME BY USING THE ARRANGEMENT S8HOWN IN F1G.8.
HERE YOU W|LL OBBERVE THAT THE INDUCTANCE, CONDENSER, AND RESISTOR COM-
BINATION 18 STILL RETAINED AND THAT AN ADDITIONAL GCONDENSER Cq 18 ALsO
CONNECTED ACRO88 THE LINES LEADING TO THE KEYe THE VALUE FOR G, 18 app~
ROX IMATELY 0. | mFD,

THAT 8IDE OF THE LINE WHICH |8 CONNECTED TO THE LOW POTENTIAL SIDE
OF THE TRANSMITTER (GENERALLY B~) |8 INDICATED IN FiG. 8 BY THE  GROUND
8YMBOLe, TO USE THESE FILTER CIRCUITS TO THE BEST ADVANTAGE THE FILTER
SHOULD BE INSTALLED A8
CLOSE AS POSSIBLE TO
THE KEYe

%
[

A;'Ch'tumh"" "

-

®

lT I8 ALS80O DE—- . Transmifting
% Choka R.F. Choke «-Tube

SIRABLE TO INBTALL AN

INTERFERENCE ELIMINAT= Neaative —

ING FILTER BETWEEN THE Plate lead | 23 T AC

POWER SUPPLY OF THE 'ﬁ'—'_‘“h“ _‘l' % Supply

TRANSMITTER AND THE | em—l4 ] : \

= "~ Relay ke

POWER LINE FROM WH|CH w_ elay key Flament Transf

IT 18 OPERATED.FILTERS Yoy

OF THIS TYPE WERE Al~ ‘"°"' o.c. __a—] current limiting resistor

READY DESCRIBED TO YOU

IN AN EARLIER LESSON

TREATING WITH  RADJO UG &5

INTERFERENCE, Another A/D,O/I'c'aflan of the Pe/ay /(’ey.

THE VACUUM TUBE KEYING METHOD

IN F1ge 9 YOU ARE SHOWN AN ARRANGEMENT [N WHICH A VACUUM TUBE 18
UBED TO REPLACE THE INDUCTANCE=~CAPACITY FILTER IN THE KEY(NG CIRCUIT.
HERE YOU WILL OBSERVE THAT A SPECIAL TUBE KNOWN A8 THE "kEVINnG Tusc"
18 SO PLACED IN THE CIRCUIT THAT ALL "B" CURRENT FLOWING THROUGH THE
TUBE TO BE KEYED MUST ALSO FLOW THROUGH THE KEYING TUBE I[N ORDER TO REACH
THE LOW POTENTIAL B8IDE OF THE CIRCUIT OR B,

THE KEY 18 INSTALLED [N THE GRID CIRCUIT OF THE KEYING TUBE [NSUCH
A MANNER THAT WHEN THE KEY (8 IN THE OPEN POSIT ION, THE FLOW OF PLATE CUR—
RENT THROUGH R w(iLL CAUSE A VOLTAGE DROP OF SUFF|CIENT MAGNITUDE ACROSS
IT AND WHICH WHEN APPLIJED A8 A GRID BJAS TO THE KEYING TUBRE WILL CAUSE
THI8 TUBE TO BLOCK AND THEREBY PREVENT ANY FURTHER PABSAGE OF PLATE CURR
ENT THROUGH EITHER THE KEYING TUBE OR THE ACTUAL TRANSMITTER TUBE WHICH
18 BEING KEVYED,

WHEN THE KEY 18 CLOSED, RESISTOR R WiLL BE S8HORT GIRGCUITED AND THUS
REMOVE THE BIAS VOLTAGE FROM THE KEYING TUBE. THI8 TUBE THEN ACT8  LIKE
A RESISTANCE CF LOW VALUE AND THUS PERMITS THE PLATE QURRENT OF THE TUBE
WHICH I8 BEING KEYED TO FLOW THROUGH IT. WHEN LARGER CURRENTS ARE BEING
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HANDLED, SEVERAL KEYING TUBES ARE FREQUENTLY CONNECTED IN PARALLEL. THIs
METHOD OF KEYING ALSO ASSISTS N THE SUPPRESS|ON OF ANY TRANSIENT RAD[—
ATION WHICH ORIGINATES FROM THE KEYING PROCESS.

THE RELAY KEY

IN TRANSBMITTERS OF HIGHER POWER RATING THE KEY ITSELF I8 NOT GEN—
ERALLY INCLUDED IN THE CIRCUIT IN WHICH THE ACTUAL KEYING 1S DONEes [IN=
STEAD, A SPECIAL RELAY KEY |8 USED AND THE CIRCUIT IN Fila. |0 gHows vou
ONE TYPJCAL METHOD IN WHICH THIS IS DONE.

By sTupving Fig. |0 CLOSELY, YOU WILL OBSERVE THAT THE KEY RELAY
CONSJISTS OF AN JRON CORE AROUND WHICH IS PLACED A WINDING, THIS WINDING
IS CONNECTED IN SERIES W{TH THE REGULAR KEY AND A SEPARATE VOLTAGE SOURCE
AND WHICH IN THE cast oF Fia. 10 18 A |i0 voLT D.C. supPLYs A RESISTOR
LIMITS THE FLOW OF CURRENT THROUGH THE RELAY COIL.

TH1S8 RELAY KEY I8 ALSO PROVIDED WITH AN ARMATURE OR PIVOTED ARM

AND ON WHOSE EXTREMETY 18 ATTACHED A CONTACT POINT. ANOTHER CONTACTPOINT
REMA INS STAT IONARY.

A SPRING NORMALLY HOLDS THE ARMATURE OF THE RELAY KEY IN THE POS|—
TION sHOWN IN F1Gg. |0 AND AT WHICH TIME THE CONTACT POINTS ARE SEPARATED.

3 .
e m - ——-Exciter Unit--- S ,tf—,’ lo Power Amplifier
v | e Eirs+ . ﬁecond . :hird prci+er £ )1
. fe armonic armonic i owe
§ porystel Qucliator Amplifier_Generoior _ Generafor  Generetor __Ampiifier.
8 E_ = i .
g £
li I !
X _ Hete | Hem |
|
Eg l|£ ;n Grid | i { it
YY) 5 leak !
SO (Y Ald & | |
13 sl
/}’ b -~ !' 3 s S ~
”;anf:,-, (55 S S oy ey 2 g _.T_L_--__-,. = __I 1 — = -
- - ~
thermastar P ) S - '
- M e el > o N Neutralizing condenser
Voltage” -+ A Suppt Keying Tubes it N N N \ o
dr'w:'d‘,mg ————— for Crystal | o \ velels
res/stance Oscillator . r“:‘:[: =
:,r,: Fz.{:fer —1 t= Voltage gropping resistance
iTiers
® ol B — || Veltage aividing resistance
o + -
Msower Supply Tor Rarmonic Generartors o o =
and Excitin r Amplifie Grid bias
De "Y_'-_'zﬂﬂ ¥ voltage
el &
gﬁ 9 SQ] [
é + 3,000V
2 #1,500¥.
§
= o
€ i '

Fla.12

Crrcuit Oragram of a Zo-40 kW R.CA. Short-Wave
Code Transmitter.
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WHEN THE HAND KKY I8 CLOSED, DURING SENDING, THE CIRCUIT THROUGH THE RE~

LAY COiL I8 COMPLETED AND THE RESULTING MAGNETIC FIELD THEREBY ESTABLIGSH

ED CAUSES THE RELAY ARMATURE TO BE PULLED TOWARDS8 THE IRON OORQPEOIOTING
THE S8PRING TENB)JON AND IN THI8 WAY CLOBES THE CONTACT POINTS OF THERELAY.,
THESE RELAY CONTACT POINTS AT THIS TIME COMPLETE THE KEYING CIRCUIT OF

THE TRANSMITTER.

UPON OPENING THE HAND KEY, THE MAGNET|C FIELD OF THE RELAY KE¥
COLLAPSES AND @PRING TENS|ON CAUSBES THE CONTACTS OF THE RELAY KEY TO SEE
ARATE, THUS BY OPERATING THE HAND KEY IN THE CONVENTIONAL MANNER,THE RE=
LAY KEY AUTOMATICALLY TAKES CARE OF KEYING THE TRANSMITTER CIRCUIT,

THE ARRANGEMENT IN Fla., |0 18 S8UCH THAT WHEN THE KEY 18 OPEN, THE
VOLTAGE DROP APPEARING ACROSS RE8ISTOR SECTION G~F 18 APPLIED AS A BlAS

VOLTAGE TO THE TRANSMITTER TUBES HERE 8HOWN, THE BIAS VOLTAGE AT THIS
TIME |8 QREAT ENOUGH TO BLOCK THE TUBES, UPON CLOSING THE HWAND KEY, THE
CLOSING OF THE RELAY CONTACTS 8HORT CIRCUITS THE BJASING RESIBTOR AND

PERMITS THE TUBES TO FUNCTJON NORMALLY,

ANOTHER APPL|CATION OF THE RELAY KEY I8 SHOWN You IN Fla.ll. HERE
THE RELAY CONTACTS CONTROL THE COMPLET JON AND INTERRUPTJON OF BOTH  THE
NEGAT [VE LEAD OF THE PLATE CIRCUIT AND THE TUBE'S GRID RETURN  CIRGUIT,
THE HAND KEY CONTROLS THE OPERATION OF THE RELAY KEY IN THE SAME MANNER,
AS HAS ALREADY BEEN DESCRIBED.

A HIGH-POWER SHORT-WAVE COMMERCIAL CODE TRANSMITTER

IN Fla. |2 YOU ARE SHOWN THE CIRCUJT DJAGRAM OF A HIGH~POWER SHORT
WAVE COMMERCIAL CODE TRANSMITTER WHICH |8 DESIGNED TO OPERATE WITHIN A
FREQUENCY RANGE OF 6670 Ke. To 21,500 Ko. AT 1Ts LOWER FREQUENCY LIMIT
IT 18 CAPABLE OF FURNISHING AN OUTPUT OF 50 KWe. AND AT T8 HIGHEST FRE-
QUENCY SETTING AN OUTPUT OF 23 Kw.

THI8 TRANSMITTER 18 DIVIDED INTO TWO DISTINGT PARTSB, NAMELY, AN
EXITER UNIT WHICH CONTAINS THE CRYSTAL OSCILLATOR, BUFFER AMPLIF|ER,FRE-
QUENGY MULTIPLIERS (HAnmoNlc GENERATORS) AND A POWER AMPLIFIER WHICH FUR
NISHEB A POWER ouTPUT OF | Kw. THE BECOND UNIT CONSISBTS OF THE FINAL
POWER AMPLIFIER AND IT |8 CONNECTED TO THE OUTPUT OF THE EXITER UNIT
BY A SHORT TRANSBMIBSION LINE,

By USING THIS TWO=UNEIT TYPE OF CONSTRUCTION, THE SHIELDING BETWEEN
THE FINAL POWER AMPLIFIER AND THE CIRCUITS OF LOWER POWER LEVELS [8GREAT
LY S8IMPLIFIED.

A 7§ WATP.-PRIODE I8 USED IN THE CRYS8TAL-~GONTROLLED OB8CILLATOR CIR~
CUIT. THIS 18 FOLLOWED BY A 7B WATT SCREEN—GRID BUFFER AMPLIF|ER ANDTHEN
IN TURN BY A 75 WATT SCREENe~GRID FREQUENCY DOUBLER, A 75 WATT SOREEN
GRID FREQUENGY DOUBLER (THE SECOND DOUBLER), A BOO WATT SOREEN—GRID TUBE
WHICH IS USED A8 A THIRD HARMONIC QENERATOR [F THE OUTPUT FREQUENCY 18 IN
excess oF 12,000 KC. AND OTHERWISE AS A POWER AMPLIFIER AND FINALLY TWo
EOO WATT SOREEN-GRID TUBES IN A PUSH-PULL ARRANGEMENT AT THE OUTPUT OF
THE EXITER UNQT.

For FREQUENCIES eElLOow [2,000 Kcs THE CRYSTAL |8 GROUND 80 THAT THE
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OSCILLATOR FREQUENCY W|LL BE ONE=FOURTH THAT OF THE FREQUENCY TO BE
TRANSMITTED AND -IWo DOUBLERS ARE USED. FOR FREQUENCIES ABove [2,000 Kc.
THE CRYSTAL WILL PERMIT THE OSCILLATOR TO QPERATE AT ONE~EIGHTH THE FRE-
QUENCY TO BE TRANSMITTED AND THREE DOUBLERS ARE AT THI8 TIME USED.

NOTICE CAREFULLY IN THE CIRCUIT oF Fia, |2 THAT THE VARIOUSSECTIONS
OF THE TRANSMITTER PROPER FOLLOW THE SAME GENERAL DESIGNS8 AS WERE DE—
SCRIBED TO YOU IN DETAIL IN PREVIOUS LESSONS, ALSO OBSERVE HOW EACH OF
THE VARIOUS STAGES ARE FULLY SHIELDED FROM EACHOTHER AS [INDICATED 8Y THE
DOTTED LINESe

THREE SEPARATE
"BY pOWER SUPPLIES ARE §'E)§’ Tiﬁbzlzlx?h l Y j;mw ; “é‘%’ i
USED WITH THIS  TRANS= 3 & 7 ek oy 1 ‘«:E@Tm‘:e voiisd
MITTER AND TWO OF WHICH « 3 Y 0n T T R 3 TR
ARE SHOWN [N THE CIRCUIT 43 3 R RN 4§
oF F1Gel2. THE CRYSTAL §§ . 33 n{%@ § B Geiyis
OSCILLATOR AND  BUFFER e E O e P 5 SEiffe
AMPLIFIER RECEIVE THEIR EE3 gg_‘;‘ﬁ 5 N e d |
"B guppLY FROM A 8INGLE T EE‘"JF{:\* ST TE_
PHASE CENTER-TAPPED RECT 352 =8 ? RETTT 3 ?
IFIER USING TYPE 866 BEZ ggﬂ[[ £ =i
MERCURY—VAPOR RECT IF | ER gz= 855 rLE i¥ | , |
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THIS RECTIFIER ISEQUIPP 3F T £ EEEE 3
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TAGE DIVIDING S8YSTEM, ST 3§ 3
§ Sl 38

THE REMAINDER OF r— - 7 e 3
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"B" supPLY FROM A THREE 22k ‘| ﬁfwgy‘mqw_«__ l,z;w Eﬁf -~ xp8 -
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AND DIVIDER sysTeM  so | £33 SO & 88 gusds
THAT VOLTAGEs oF 3000; SEE wd o = RSeds
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PPLY FURNISHED BY A SBEPARATE SUPPLY NOT SHOWN IN Fi@. |2 BUT WHICH con—~
818T8 OF A THREE~PHASE FULL-WAVE RECTIFIER USING TYPE 869 MEROCURY-=VAPOR
TUBES AND DELIVERING A D|RECT CURRENT OUTPUT OF 8 AMPs, AT 12,000 woLTs,
TWELVE RECTIFIER TUBES ARE EMPLOYED, BEING OPERATED |N PARALLEL PA[RS.
You WILL RECEIVE TRANSM|TTER TUBE DATA IN A LATER LESSONe

THE METHOD OF KEYING THI8 TRANSMITTER |8 RATHER INTEREST |ING,. By
REFERRING To Fig. [2 AGAIN, YOU WjLL OBSERVE THAT THE KEYING I[N THIS CASE
I8 DONE N THE FIRST DOUBLER STAGE B8Y REDUCINQ THE PLATE VOLTAQE SUPPLIED
TO THE DOUBLER TUBE TO THE PCINT WHERE THE OUTPUT IS INBUFFICiENT TO BRING

THE INSTANTANEOUS GRID POTENTIAL OF THE S8UCCEEDING TUBE ABOVE CUT-
OFFe

THE KEVING UNIT CONB18TS OF TWO SO~WATT TUBES IN PARALLEL AND THE
PLATES OF WHICH ARE FED [N PARA—
LLEL WITH THE PLATE OF THE FIR8T
DOUBLER TUBE THROUGH A COMMON RPE=
8I18TANCE FROM THE 3000 vOLT POWER
suPPLY, WHEN THE KEY I8 CLOSED, A
NEGATIVE BIAS EXCEEDING THE CUT—
OFF VALUE 18 PLACED ON THE GRIDS
OF THE KEYING TUBES 80 THAT THE
KEYING UNIT DRAWS NO CURRENT AND
ALLOWS NORMAL VOLTAGE TO BE APP—
LIED TO THE PLATE OF THE DOUBLER
TUBE,.

154t
-ﬂmmm¢g+--

pASL Amplifier

WHEN THE KEY I8 OPEN, A

SLIGHTLY POSITIVE VOLTAGE {8 APP— : 2355?3?

LIED TO THE GRIDS8 OF THE KEYING Charging Panel
TUBES, CAUS ING THESE TUBES TO DRAW FlG. 14

A LARGE PLATE CURRENT THROUGH THE The Peceiver Diagram.

SER[|ES8 REB|STANCE AND THUS REDUCES .
TO A VERY LOW VALUE THE POTENTIAL WHICH |8 APPLIED TO THE PLATE OF THE
DOUBLER TUBE,

A COMPLETE MARINE TRANSMITTER

IN F1ae |3 YOU ARE @HOWN THE GOMPLETE CIRCUIT DIAGRAM OF A TRANS=
MITTER WHICH WAS DESIGNED FOR MARINE USEe THE CIRCUIT DIAGRAM OF THE RE-
CEIVER WHICH |8 USED WITH THIS SAME TRANBMITTER APPEARS IN Fla. |4,

THE TRANSMITTER 18 OF THE MASTER-08C ILLATOR~POWER=AMPLIF|ER TYPE
AND |8 DEBIGNED FOR A POWER OUTPUT OF BO0 WATT8 AND AFFOorps 80TH CW anD
ICW TRANSMISSION. |T I8 DEBIGNED TO OPERATE ON TWO—WAVELENGTH RANGES, ONE
WHICH EXTENDS FroM 1250 To 2500 METERS ANC THE OTHER FROM 600 AND 1260
METERS .

THE POWER SUPPLY

THE AUXILIARY POWER BUPPLY DONSISBTS8 OF TWO 60 VOLT STORAGE BATTER—
IES WITH A SWITCHING ARRANGEMENT WHEREBY THEY CAN BE CONNECTED [N PARALL~
EL OR SERI|E8 FOR E|THER CHARGING OR D|S8CHARQING PURPOSELS, OVERLOAD AND
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UNDERLOAD CIRCUIT BREAKERS ARE ALSO SUPPLIED SO AS TO PROTECT THE BATTER™
IES IN CASE A SHORT CIRCUIT OCCURS OR ELSE IF THE CHARGING VOLTAGE DE-
CREASES BEYOND A CERTAIN POINT.

UPON PLACING THE 8 P.D.T. CHARGING 8WITCH IN THE "pown  PosiTioN"
AND THE POLARITY REVERSING SWITCH IN THE PROPER POSITION,CURRENT A8 FUR—
NISHED B8Y THE sHIP's D.Ce GENERATOR WILL FLOW THROUGH THE UNDERLOAD CIR-
CUIT BREAKER, OVERLOAD CIRCUIT BREAKER, MAIN CHARGING RESISTANCES, THRU
THE BATTERY BanKs "A" ano '"BYW, THROUGH THE AMPERE—=HOUR METER AND BACK TO
THE NEGATIVE SIDE OF THE LINEe THE BATTERIES ARE CONNECTED IN PARALLEL
DURING THIS TIMEs

As THE CHARGE PROGRESS8ES THE AMPERE=HOUR METER READS IN A COUNTER-
CLOCKWISE DIRECTION UNTIL ITS HAND REACHES A VERTICAL POBITION‘AND AT
WHICH TIME |T CLOSES A SMALL CONTACT AND SHORT—=CIRCUITS THE HOLDING COIL
OF THE UNDERLOAD CIRCUIT BREAKERy OPENING THE CHARGING CIRCUIT.

WHEN THE BATTERIES ARE FULLY CHARGED, THE OVERLOAD CIRCUIT BREAK=
ER CAN BE OPENED 80 AS TO DISCONNECT THE MA[N CHARGING RESISTANCES. By
LEAVING THE B P,D.T. SWITCH IN THE CHARGING POSITION AT THI8 TIME, THE
BATTERIES CAN STILL BE SUPPLIED WITH A SMALL TRICKLE CHARGE THROUGH TWO
SMALL LAMPSs THIS KEEPS THE BATTERIES IN A GOOD CONDITION WHEN NOT IN
USE.

Tue 4 P.D.T. SWITCH WHICH 18 LOCATED AT THE RIGHT oF THE 6 P.D.T,
CHARGING SW{[TCH PERMITS EITHER ONE OF THE Two "A!" BATTERIES FOR THE
RECEJVER TO BE CHARGED WHILE THE OTHER 1S IN USE,

WiTH THE 8 P.D.T. SWITCH PLACED IN THE UPWARD POSITION,THE ENTIRE
CHARGING SYSTEM IS DISCONNECTED AND THE Two B0 VOLT BANKS ARE CONNECTED
IN SERIES SO As TO sUPPLY AN E.M.F., oF 120 voLTss THIS VOLTAGE MAY BE
APPLIED TO THE MOTOR STARTER AND GENERATOR BY CLOSING THE D.Pe8.T. LINE
SWITCH AT THE TOP.

By PLACING THE 6 P.D.T. SWITCH IN THE DOWNWARD POSITION THE sHIP's

GENERATOR CAN BE USED TO OPERATE THE MOTOR STARTER AND GENERATOR,AT THE
SAME TIME CHARGING THE BATTERIJES,.

THE MOTOR STARTER AND MOTOR GENERATOR

BY CLOSING THE MOTOR STARTING SWITCH, THE VOLTAGE FROM THE 8HIP's
D.C. LINE OR ELSE FROM THE BATTERIES }S APPLJED TO THE MOTOR AND GENERA—
TOR UNITS. CURRENT WILL THEN FLOW THROUGH THE MOTOR ARMATURE, START ING
RESISTANCES AND MOTOR F{ELD. NO CURRENT W|LL FLOW THROUGH THE GENERATOR
FIELD UNTIL THE GENERATOR F|ELD S8WITCH IS5 CLOSED,

THE CURRENT WHICH IS NOW FLOWING THROUGH THE MOTOR ARMATURE AND
START ING RESISTANCES ALSC FLOWS THROUGH THE FIRST PLUNGQER COIL OF THEAUL
OMATIC STARTER. AFTER A FEW SECbNDS TH18 PLUNGER R|SES AND SHORT CIRCUITS
THE FIRST RESISTANCE WHICH ALLOWS MORE CURRENT TO FLOW [INTO THE ARMATUKE.
THE SECOND PLUNGER COJL THEN BECOMES ENERGIZED AND AFTER A FEW SECONDS
IT ALSO RISES AND SHORT=CIRCUITS THE SECOND RES|ISTANCE, ALLOWING MORE
CURRENT TO FLOW INTO THE ARMATURE., THE THIRD PLUNGER COlL THEN BECOMES
ENERG|ZED AND AFTER A FEW SECONDS SHORT—CIRCUITS THE THIRD AND FINAL RE~
SISTANCE WHICH ALLOWS THE FULL CURRENT TO FLOW THRU THE MOTOR ARMATURE.
THE THIRD PLUNGER |8 ALS8O PROVIDED W[TH A SHUNT HOLDING COIL WHICH KEEPS
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THE PLUNGER IN AN UPWARD POSITION DURING THE TIME THAT THE MOTOR I8 OPER
AT ING,.

WITH THE MOTOR FIELD AND ARMATURE NOW FULLY EXITED AND RUNNING AT
FULL SPEED, THE GENERATOR F|ELD SWI|TCH MAY BE GLOSED TO EXITE THE GENER—
ATOR FIELD. THE DIRECT—DURRENT GENERATOR WILL GENERATE AN E.M.F, oF |,000
VOLTS AND WH|CH MAY BE REGULATED BY VARYINGTHE QENERATOR FIELD RHEDSTAT
UNTIL THE DESIRED VOLTAGE |8 OBTAINEDe THIS GENERATOR F|ELD 8W|TCH S8HOULD
NOT BE CLOSED UNTIL THE TUBE FILAMENTS ARE LIGHTED. A FILTER I8 INSTALLED
AT THE OUTPUT OF TH1S GENERATOR 80 As TO FURNIg@H A D,C. SUPPLY FREE. FROM
RIPPLE,

THE TRANSMITTER

UpON CLOSING THE FILAMENT 8WITCH, A D.C. 8UPPLY I8 FURNISHED  THE
ROTARY CONVERTER AND THIS UNIT IN TURN CAUSES AN ALTERNATING CURRENT TO
FLOW THROUGH THE PRIMARY WINDING OF THE FILAMENT TRANSFORMER, A  gTEP—
DOWN RATIO I8 OFFERED BY THIS TRANSFORMER SO THAT A FILAMENT VOLTAGE OF
10 VOLTS WILL BE APPLIED TO THE FILAMENTS OF THE TRANSMITTER TUBES. THIS
VOLTAGE |8 CONTROLLED BY THE FJLAMENT RHEOSTAT.

UPON OPERATING THE HAND KEYy THE RELAY KEY CONTROLS THE TRANSMITT™=
ERe WITH THE KEY IN THE OPEN POSITIONgA HIGH NEGAT IVE BIA8 VOLTAGE, FUR-
NISHED BY THE RESISTOR WHICH [S CONNECTED ACR0O88 THE c.C. QENERATOR,
CAUSEB THE TRANSMITTER TUBES TO BLOCK AND RADJATION CEASESe

By cLosING THE KEY,THE "B" CIRCUIT OF THE TRANSMITTER AND THE AN=
TENNA CIRCUIT TO THE TRANSMITTER ARE COMPLETED AND AT THE SAME TIME, THE
EXCE8S8 B|AS VOLTAGE |8 REMOVED FROM THE TUBES AND THE RECEIVER I8 ol8—
CONNECTED FROM THE RECEIVERe

WiTH THE CW=ICW swiTcH in THE CN POSITION AND THE AUDIO—OSCILLATOR
NOT OPERATJNG4CONT INUOUS WAVE (CW) si1aNALS wiLL BE RADIATED. For ICWsiG-
NALLING,THE CW—|CW swiTcH 18 cLosED To THE ICW posiTION. THiIs cLOSEs THE
AUD|O0=—08CILLATOR STARTING S8W[TCH CAUSING THE AUDIO OSCILLATOR TO OPERATE.
THE OUTPUT OF THIS8 AUDIO OSCILLATOR MODULATES THE CONTINUOUS WAVES QEN—
ERATED BY THE R.Fe OSCILLATOR AND THIS RESULTS IN THE EMIGSION OF AN |N—
TERRUPTED CONT INUous WAVE (ICW), A gTANDARD MARCONI ANTENNA 18 USED WITH
THIS TRANSMITTER.

OPERAT ING PROCEDURE

To PREPARE TH18 TRANSMITTER FOR OPERATION, THE PROCEJURE 1§ AS FOLL
ows: TURN THE FIELD AND F|LAMENT RHEOSTATS TO THEIR LOWEET VOLTAGE POg—
1TION. CLOSE THE MAIN LINE SW)TCH AND PRESS THE "START" BUTTON AND PER-
M1T THE MOTOR GENERATOR TO COME UP TO S8PEEDe ADJUSBT FILAMENT VOLTAGE FOR
A FILAMENT EM.F. oF |0 voLT8., WHEN TUBE FILAMENTS ARE HOT, ADJUBT GEN—-
ERATOR—~F |ELD RHEOSTAT FOR A PLATE VOLTAGE oF |,000 voLTs.

NEXT THROW THE WAVE—~RANGE TRANSFER SWITCH TO THE POSITION FOR THE
WAVE~RANGE DES|REDe THEN S8ET THE "EXITER TUNING" anD "RaNGE swiTCcH" TO
THE WAVELENGTH DESIRED. SET THE CW=[CW gwiTcH To THE CW mogiTION,

Now ADJUST THE ANTENNA INDUCTANCE SWITCHES TO RANGE DESIRED  AND
ADJUBT THE PROPER "ANTENNA TUNING KNOB" FOR A MAXIMUM READING ON THE

JE U S -
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RADIATION METER WHILE PRESSING THE "TEST" PUSH BUTTON. THE SET IS Now
TUNED AND THE TELEGRAPH KEY MAY BE OPERATED FOR THE TRANSMISSION OF SiG-
NALS,

To SHUT DOWN THE TRANSMITTER, PRESS THE "sSTop" BUTTON.

THE RECEIVER AS USED WITH THIS TRANSMITTER EMPLOYS DESIGN PRINCI=
PLES WITH WHICH YOU ARE ALREADY FAMILIAR AND FOR THIS REASON IT IS NOT
NECES%@RY TO OFFER A DESCRIPTIVE EXPLANATION REGARDING IT,

s

&

a EXAMINATION QUESTIONS

<
L . T-II
NC?A ESSON NO

l. - DRAW A COMPLETE CIRCUIT DIAGRAM OF AN OSCILLATOR - AMP-
LiIFIER C.W, TRANSMITTER TOGETHER WITH ITS POWER SUPPLY,

2. - EXPLAIN IN DETAIL HOW YOU WOULD ADJUST FOR OPERAT |ON
THE TRANSMITTER WHOSE DIAGRAM YOU HAVE DRAWN IN ANSWER
To QuesTion #lI.

3. - DRAW A CIRCUIT DIAGRAM OF A KEYING CIRCUIT WHOSE OPERA
TION IS BASED UPON BLOCKING WITH BIAS VOLTAGE THE GRID
OF THE TUBE WHICH 1S BEING KEYED AND EXPLAIN HOW THIS
SYSTEM FUNCTIONS,

h. - DRAW A CIRCUIT DIAGRAM OF A KEY FILTERFEXPLAIN THE REA
SON FOR USING IT.

5. - DRAW A CIRCUIT DIAGRAM WHICH SHOWS HOW A KEYING TUBE
MAY BE USED IN THE TRANSMITTER AND EXPLAIN HOW THIS Sy
STEM OPERATES,

6. - WHAT ARE THE ADVANTAGES OF USING A RELAY KEY IN TRANS-
MITTERS OF HIGHER POWER RATING?

7. - DRAW A CIRCUIT DIAGRAM WHICH ILLUSTRATES HOW A RELAY
KEY MAY BE USED IN A TRANSMITTER CIRCUIT AND EXPLAIN
HOW THiIS PARTICULAR SYSTEM OPERATES.,

8. - DESCRIBE SOME OF THE MORE IMPORTANT FEATURES WHICH MAY
BE FOUND IN A COMMERCIAL TRANSMITTER DESIGNED FOR MAR-
INE USE,

9. - WHAT 1S THE GENERAL PROCEDURE FOR OPERATING A TRANSMIT
TER SUCH AS YOU HAVE DESCRIBED IN ANSWER TO QUESTION 8?

10s~ WHAT 1S THE ADVANTAGE OF USING A SEPARATE POWER SUPPLY
FOR THE OSCILLATOR OF AN OSCILLATOR=-AMPLIFIER TRANSMIT
TER?
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LESSON NGC. I2

MESSAGE HANDLING AND
OPERATING REGULATIONS

HAVING BY TH1S TIME FAMILIARIZED YOURSELF WITH THE CONSTRUCT JON AND
OPERAT |ON OF CODE TRANSMITTERS, AS WELL AS WITH THE CODE |ITS8ELF, YOU ARE
NOW PREPARED TO LEARN ABOUT THE PX0OCEDURE WHICH |8 USED IN THE HANDLING
OF MESSAGES WITH THIS METHOD.

To BEGIN W{TH, CLEAR AND DISTINCT SENDING AT A MODERATE SPEED (S
MUCH PREFERRED OVER ERRAT}C SENDING AT AN EXCESS |[VE SPEED.

CALLING A STATION

THE PROCEDURE

FOR CALLING A STA—
TION 18 AS FOLLOWS?
FirsT, DETERMINE
WHETHER OR NOT THE
STATION TO BE CALL—
ED 18 ALREADY COMM—
UNICATING W[TH SOME
OTHER STATION.THIS
IS DETERMINED BY
" i1sTeEniNG IN" FORA
8HORT PERIOD OoN

THE FREQUENCY AT

WHICH THE STATION
TO BE CALLED OPER-—
ATESe BY DOINGTHIS,
UNNECESSARY INTER=
FERENCE S AVOIDED.

IF THE TRANSMITTING Fla.1
FREQUENCY OF  THE Opportunities and Adventure
STATION TO BECALL™ Awart the Commiercial O/bzraz‘:or'.

ED IS NOT ALREADY
KNOWN, THEN [T CAN
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BE DETERMINED FROM A "CaLL Book" IN WHICH ALL S8TATIONS ARE LISTED.

HAVING THUS DETERMINED THAT THE STAT!ON TO BE CALLED I8 NOT ALREAOY
COMMUN ICAT ING, THE NEXT STEP 18 TO SEND THREE TIMES IN S8UCCESS ION THE
CALL LETTERS OF THE STATION YOU ARE CALLINGe THIS S8HOULD BE FOLLOWED B8Y
THE s1GNAL "OE" (FROM OR —— o ¢ +) TRANSMITTED ONGE AND THEN S8END THREE
TlME? IN SUCCESSION THE CALL LETTERS OF YOUR STATION (THE CALLING STA—
TION)}

FOR EXAMPLE, LET U8 S8UPPOSE THAT YOU ARE THE OPERATOR OF S8TATION
WXOH AND DESIRE TO COMMUNICATE WITH 8TATION WONR, THis BEING THE  CABE
YOU WOULD TRANSM|T AS FOLLOWS!

WCNR WCNR WCNR DE WXOH WXOH WXOH

IT 18 OF COURSBE IMPORTANT THAT THE STATJON MAKING THE CALL TRANS~
MIT ON THE FREQUENCY AT WHICH THE STATION BEING CALLED KEEPS WATCH,

IT THE 8TATION BEING cALLED (sTATion WCNR N OUR CASE) DOES NOT
ANSWER THE FIRST CALL, THEN TWO MINUTES MUST ELAPSE BEFORE CALLING AQGA |Ne
IF THE SECOND CALL 18 NOT ANGWERED, THEN TWO MINUTES MUST ELAPSE BEFORE
THE THIRD CALL I8 MADE. |F NO RESPONSE |8 RECEIVED FROM THE THIRD GALL,
THEN FIFTEEN MINUTES SHOULD ELAPSE BEFORE CALLING |8 RESUMED. IT I8 OF
UTMOST |MPORTANCE THAT THE CALLING OPERATOR DOES NOT INTERFERE W|THCOMM
UNICATIONS BEING EXCHANGED BETWEEN OTHER STAT IONS.

ANSWERING A CALL

IN ANSWERING A CALL, THE STATION BEING CALLED SHOULD REPLY ey
TRANSMITT ING NOT MORE THAN THREE TIMES THE CALL S|GNAL OF THE CALLING
STATION, FOLLOWED BY THE worD "DE" (FROM) AND THEN |TS OWN GCALL  SIGNAL
AND THE LETTER K WHICH IS THE SIGNAL TO GO AHEAD. FOR EXAMPLE,  STATION
WCNR wouLD ANSWER sTATION WXOH IN THE FOLLOWING MANNER: WXOH WXOH WXOH
pe WCNR K,

To ACKNOWLEDGE THE ANSWER, THE CALLING s8TATioN (WXOH) w~ow CALLS
sTaTioN WCNR again as rFoLLowa: WCNR pe WXOH AND PROCEEDS WITH THE
MESSAGE,

3

IF FOR SOME REASON OR OTHER, THE STATION BEING CALLED 18 UNABLE TO
RECEIVE THE MESSAGE, PTHEN AT THE TIME OF ACKNOWLEDGING THE CALL,THE WAIT
S1GNAL SHOULD BE QIVEN IN PLACE OF THE LETTER K AND THIS S8HOULD BE FOLL~
OWED BY A NUMBER |INDICATING IN MINUTES THE PROBABLE DURAT|ON OF THE WAIT
OR ANY FURTHER EXPLANATION [F NECESSARY,

TRANSMITTING A RAD|OGRAM

IN F1Ge 2 YOU ARE SHOWN A TYPICAL EXAMPLE OF A RADIOGRAM A8 IT I8
PREPARED ON SHIPBOARD PREPARATORY TO TRANSMISSIONe A MESSAGE AS TH|S CAN
BE DJVIDED INTO FOUR DISTINCT PARTS OR SECTIONS, NAMELY, AS THE PREAMBLE,

ADDRESS,; TEXT, AND 8IGNATURE., IN F1G. 3 YOU ARE SHOWN HOW THIS DIVISION I8
MADE.

WHEN SENDING A MESSAGE OF THIS TYPE THE BREAK B81GNAL (= ses ~) I8




LESSON N0, |2 PAGE 3

TRANSMITTED TO BEPARATE THE ADDRESS FROM THE TEXT AND THE TEXT FROM
THE 81GNATURE. THE MESSAGE (8 TERMINATED WITH THE BIGNAL « = &« = o AFTER
WHICH THE CALLING STATION QIVES HI8 LETTER8 AND ASKS THE STATION BEING
CALLED TO ACKNOWLEDGE RECEIPT OF THE MESSAQGE,

THE COMPLETE TRANSMISSION OF THIS8 PARTICULAR MESSAGE WOULD PROGRESS
AS FOLLOWS —— ASBUMING THAT 8TATION WXOH 8 caLLing WCNR:

WCNR WCNR WCNR pe WXOH WXOH WXOH
(8TaTion WCNR ANSWERING.) WXOH WXOH WXOH pe WCNR K
WCNR pe WXOH
P 2 R 16 Rapio 88 8anTa Barmara  10.35 A.M,
Tot CeHe Tavior 33 8BoutH Ave Denver (COLO) = o o o =
ExPecT To ARRIVE PIER |3 NeEwYomrKk B8ATURDAY
LOVE = ¢ ¢ o =
) CLARA.-.—. WXOH"'Q-

IF THE RECEIVING SBTATION DOES NOT ACKNOWLEDGE RECEIPT OF THE MESS~
AGE, THE MESSAGE I8 NOT CONSIDERED A8 BEING SENT AT AlLL, THEREFORE, UPON
RECEJVING THE MESSAGE JUBT DESCRIBED, 8TATION WCNR WOULD ACKNOWLEDGE THE
FACT IN THE FOLLOW|NG MANNER!?

WCNR peE WXOMH No 2 . =~ , - =

NOTICE THAT IN THIS ACKNOWLEDGEMENT THE RADIOGRAM |8 ACKNOWLEDGED
BY 178 NUMBER (NO.2); THE SIGNAL « = ¢ MEANS THAT THE MESSAGE WAS RE—
CEIVED O.,K.; AND THE FINAL K OR = , = MEANS FOR THE CALLING S8TATION TO
Q0 AHEADs THE CALL -
iINnG sTATION WXOH

orner v 5 (| RAD 0G R A M

WXOH...-.— | (oyo——e |
(Transmission Fin :_"—’—g '“?"fe“ﬁ":' il s
ISHED OR conoLU~ | J[~—8 = )
810N oF CORRESPON |[|“ViaRCA™ RADIOMARINE CORPORATION OF AMERICA

DENCE) .

Offiee of
Constel Station Vi NawYork WNY

THE EXPRESS
1IoN P 2 R |8WHICH | o
APPEARS [N THE
PREAMBLE OF THIS C. H. Taylor 33 South Ave Denver Colec
MESSAQE INDICATES
THAT THI8 I8 THE
SECOND RADJOGQRAM
OF THE ORD INARY Clars
PAID TYPE SENT
AND THAT IT CON— -
sisTs oF |6 worDs
ACCORDING TO THE
CABLE = COUNT 8Y§ READ THE CONOITIONS PRINTED ON THE BACK OF TMIS PORM
TEM. SOMET IMES THE Fla. 2
LeTTER W 18  uUseDd - - .
TO INDICATE "NUm= A Radiogram Originating on Shipboard.

BER OF WORDGY —em ¢

HEET UrDON REGEIFT, WHICH MUST B2 PRODUCED WITH ANY COMPLAINT REIARDING THIS RADIOSRAM

Expect to arrive pler 13
Sewyork Saturday love
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THUs W 16,

CerRTAIN CLASSES OF RADIOGRAMS ARE INDICATED BY THE FOLLOWING CON=
VENTIONAL SIGNS WHICH AKE TRANSMITTED IN THE PREAMBLE AND AGAIN A8 THE
FIRST ITEM OF THE ADDRESS. SUCH S]GN8 ARE COUNTED AND CHARGED FOR IN THE
ADDRESS AS ONE WORD. THESE SIGNS ARE AS FOLLOWS:

RP, AND THE AMOUNT PREPAID

RADIOGRAMS WITH PREPAID REPLY.

PosT RADIOGRAMS TO BE DELIVERED BY MA{L,
TC CoLLATED Rap10GRAMS (FOR VERIFICATION PURPOSES ONLY).
PR RADIOGRAMS TO BE POSTED AS REGISTERED LETTERS.

EXPRESS ———— RADIOGRAMB FOR SPECJAL DELJVERY WHEN THE COST OF DELIVERY {8
TO BE COLLECTED FROM THE ADDRESSEE.

XP RADIOGRAMS FOR SPECIAL DELIVERY IN THE COUNTRY OF THE COAST
STATION THROUGH WHICH THE MESSAGE I8 BENT, WHEN THE COSTOF
THE SPECIAL DELIVERY 18 PREPAID.

JOUR RADIOGRAMS NOT TO BE DELIVERED DURING THE NIGHT TJME.

NUIT RADI0GRAMS TO BE DELIVERED AT NIGHT TIME |F RECEIVED THEN,

TR RADIOGRAMS TO BE CALLED FOR AT A TELEGRAPH OFF|CEe

GP RADIOGRAMS TO BE CALLED FOR AT A POST OFFICEe

™ , AND THE FIGURE REPRESENTING THE NUMBER OF ADDRESSES
WITH MULTIPLE ADDRESSES,

RAD 0GRAMS

PC — RADIOGRAMS WITH ACKNOWLEDGEMENT OF RECE|PT BY TELEGRAPH.

PCP RADIOGRAMS WITH ACKNOWLEDGEMENT OF RECEIPT BY POSTe

CR RADI0GRAMS OF ACKNOWLEDGEMENT OF "PC" or "PCP" RADIOGRAMS.

D =——————— RADIOGRAMS TO BE GIVEN PRIORITY OVER THE LAND TELEGRAPH
SYSTEM, THAT 18, URGENT MESSAGES.

8T ——————— PAID SERVICE ADVICES.

oL OCEAN LETTERS,

GOVT

Rabploarams oN UNITED STATES GOVERNMENT BUS INESS.
PRESSE —~—— RADIOGRAMS CONTAINING PRESS NEWS.

PREAMBLE: - P 2 R 16 Rapio 88 8BanTa BarBara 10,35 AM,
Aopbress: = Tos C.,He Tavior 33 SoutH Ave Denver (Coro)
TexT: — EXPECT TO ARRIVE PIER }3 NEWYORK

SATURDAY LOVE

S1GNATURE: = CLARA

Fla. %
Components of the Message.

IN Firage 4 YOU ARE SHOWN AN EXAMPLE OF A TYPIcaL "RepLY PREPA|D"
RAD | 0OGRAM,

THE CABLE—~COUNT SYSTEM

IN COUNTING THE WORDS CONTAINED IN A RADIOGRAM AND FOR WH]CH A
CHARGE 1S MADE, THE CABLE=COUNT SYSTEM |8 USEDs THi18 SYSTEM PROVIDES THAT

AlL.LL WORDS IN THE ADDRESS, TEXT, AND SIGNATURE MUST BE COUNTED AND CHARGED
FORe
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IN THIS SYSTEM, MESSAGES ARE DIVIDED INTO THREE DISTINCT  CLASSES
as rFoLtows: (1) PLaAIN tanauage; (2) CODE LANGUAGE; AND (3) CipHER
LANGUAGE,

IN THE CASE OF PLA|N—-LANGUAGE, THE MESSAGES MUBT BE WRITTEN  EN-
TIRELY [N PLAIN LANGUAGE AND THE WORDS ARE COUNTED ON THE BABI8 OF 15
CHARAGCTERS TO THE WORD., ANY FRACTIONAL PART OF |B CHARACTERS I8 ALS8O
COUNTED A8 | womrDe NUMBERS UP TO 5 IN A GROUP ARE COUNTED A8 ONE  WORD
AND NUMBERS OVER D IN A GROUP ARE COUNTED AS TWO WORDS.

ExamPLES? BUILDING | woRrD
PARENTHES 18 —— | WORD
UNCONSTITUT IONAL——2 WORDS
6,742 —————— | WORD
358 | worD
247, 966~——————— 2 WORDS

Cope LANG—~

UAGE CONB[I8T8 OF
PRONOUNCEABLE
— p

WORDS BUT WHICH

HAVE NO  DIRECT | |[~a—e2 @‘::g snore (R
j R S E— SHORE SHIP
MEAN ING AND WH | CH !

Do NOT EXCEED 10 —— = b=y
e e — . YiaRCA RADIOMARINE CORPORATION OF AMERICA  “ViaRCA

8SHI
TO
SHIr

g T AT
PO MO\ L

LENGTH. ExampLES O o Tamo fied_11:20 A, M Defed_ May 15, 1929
OF CODE LANGUAGE Cosstal Stative Ve Tuskerton NAC
ARE AS FOLLOWS} LMET UGt MECEIFT, WHICH MUST BX PROOUCKD WITH ANY COMPLAINT RESARDING THIS RADIOSRAS

NRTOSU = | worp; | T

¥=RAY = 2 WORDSe RP $2.10 Walter Barker

Waldorf Astoria Hotel Newyork

lF THE CODE Moot me at pjer tomorrow morning
WORDS ARE NON—
PRONOUNCEABLE OR Ads

ELSE PRONOUNOEA-—
BLE BUT  EXCEED
IO CHARACTERS IN
LENGTH THEN THEY
ARE COUNTED ACO—~

AEAD THE CONDITIONS PRINTED ON THE BACK OF THIS FOAM

ORDING TO THE
CIPHER RATE.CIPH . Fla. a4
ER LANGUAGE I8 A ‘Reply Prepaid” Radiogram.

COUNTED AT  THE

RATE OF B LETTERS TO THE WORD AND MAY BE MADE UP OF ANY COMBINATION  OF
LETTERS OR F|GURES SUCH As: ARSQD = | worp; PNOSJR = 2 worpsy H 4T3 =
4 WORDS.

WHEN SENDING RADIOGRAMS, THE WORD STREET, ROAD, PARK, OR SQUARE IS
ALWAYS COUNTED AS ONE WORD ASIDE FROM ITS DESIGNATOR IN THE ADDRESS. Hv—
PHENATED OR COMPOUND WORDS ARE COUNTED AS SO MANY SEPARATE WORDS, DEPEND—
ING ON THE NUMBER OF PARTS.

Names oF PLACES sucH AS New York, New LONDON ETCe. ARE COUNTED ASONE
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WORD' IN THE ADDRESS AND TWO WORDS IN THE TEXT.

IF NEW YORk 18 WRITTEN aAs NEwyork or New LonDon IS WRITTEN AsS
NEWLONDON ETCe THEN THEY ARE COUNTED AS ONE WORD IN THE TEXTe SUCH  NAMES,
HOWEVER, S8HOULD BE WRITTEN AS TWO SEPARATE WORDS IN THE ADDREBS,

RAD|O COMPAS8 BEARINGS

OPERATORS OF MOBILE STATIONS ARE OFTEN REQUIRED TO OBTAIN A RADIO
COMPASS BEARINGs THE UNITED STATES GOVERNMENT HAS DRAWN UP THE FOLLOW|NG
REGULATIONS REGARDING RADIO COMPASS BEARINGS: ALL RADIO COMPASS GCOMMUN~
ICATIONS ARE TO BE HANDLED ON THE 800 METER WAVELENGTHe SHIPS ARE NOW
EQUIPPED WITH THIS ADDITIONAL OPERAT ING WAVELENGTH FOR RADIO OOMPASS EX—
CLUSIVELYs, WHEN A COMPASS BEARING I8 DESIRED, THE RADIO OPERATOR OF THE
8HIP CALLS THE NEAREST COMPASS BEARING CONTROL BTATION ON 800 METERS AND
senDs THE "Q" copE siaNAL QTE FOLLOWED 8Y THE QUESTION MARK (o o = = o o)
AND WHICH 8IGNIFIE8B THAT HI8 S8HIP DESIRES A COMPASS BEARING.

FOR EXAMPLE, IF YOU WERE THE OPERATOR ON THE S5 SANTA BARBARA WHOSE
CALL s8iGNAL I8 WXOH aND THE CAPTAIN OF THE VESSEL REQUESBTED YOU TO OBTAIN
A COMPASS BEAR|NG FROM THE CAPE JUNE COMPASBS BEARING STATION WHOSE CALL
81GNAL 18 RNO, THEN YOUR PROCEDURE WOULD BE AS FOLLOWS:

RNO RND RNO pE WXOH WXOH WXOH =~ T B QTE e ® e o

. ¢« = . = o = (THis wouLD BE INTERPRETED A8 WXOH caLLING RNO s BrREAK S
WHAT 18 My TRUE @EARINGY] END OF MESSAGE; GO AHEAD.)

STaTion RNO wouLD THEN RESPOND A8 FOLLOWSS

WXOH oz RNO « , = S8rarion WXOH woULD THEN CONT INUE AS FOLLOWSS
RNO pE WXOH =, ., , = QTE . o« == ., WXOH MO WXOH MO WXOH MO
(THi8 ALTERNATION oF WXOH aND MO SHOULD BE SENT FOR A PERIOD OF NOT MORE
THAN BO 8ECONDS, SENDING SLOWLY AND PROLONGING THE DASHES.) THEN PROCEED
WITH ¢ = , =, =~ o« = RNO WiLL THEN PROGEED TO TRANSMIT THE BEARING
IN THE FOLLON ING MANNERY WXOH pe RNO -, , . = QrE Care June 120
Cape New HaLL 115 Seal BeacH 095 AT 0127 o = o = & - o = (THESE
BEARINGS OF COURSE WILL DEPEND UPON THE PART|CULAR POSITION OF THEMOB|LE
STATION AT THE TIME IN QUESTION).

AFTER THE BEARING HAS BEEN TRANSMITTED BY THE COMPASS BEARING S8TA—
TION, THE MOBILE STATION REPEATS THE FIQURES TO THE BEAR|NG STATION FOR
VERIFICATION AND THI8 18 DONE A8 FOLLOWS:

RNO DE WXOH = ¢ o o = 130 |15 095 0127 ¢ o ™ = - had
e = RNO THEN rEsPonDs: WXOH pe RNO , =

STANDARD T IME

ANOTHER [MPORTANT SBUBJECT WITH WHICH THE RADIO OPERATOR S8HOULD BE
FAMILIAR IS THAT TREATING WITH THE DIFFERENT TIME SYSTEMS WHICH AREUSED.
THE THREE S8YSTEMS WHICH ARE USED FOR THIS8 PURPOSE ARE EASTERN  STANDARD
Time (EST), Paciric Tive (PT) anp GreenwicH Mean Time (GQWT),
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THERE 18 A DIFFERENCE OF FIVE HOURS BETWEEN GREENWICH MEAN TIME AND
EAsTERN STANDARD TIME, AND A DIFFERENCE OF EIGHT HOURS BETWEEN GREENWICH
Mean Time anp PaciFic Stanparp Time., THAT 18 TO sAY, WHEN IT I8 2 A.M,

GreEnWIcH Mean Time,
cIFiIc Stanparp TIME,

1T 18 9 P.M. EasTERN STANDARD TimME aND 8 P.M, Pa—

IN Flae 5 YOU ARE sHOWN A BTANDARD TIME CHART WHICH YOU S8HOULD FIND
TO BE BOTH INTERESTING AND HELPFUL. [T 18 OF INTEREST TO NOTE THAT TIME
CHANGES | HOUR WITH EACH |5 DEGREES DIFFERENCE IN LONGITUDE. FOREXAMPLE,

WHEN IT 18 2 A.M.

in LoNDON

(GMT), 1T 18 9 P.Ms In New York (EST)  anD

6 P.M, IN San Francisco (P8T).

TWENTY=—FOUR-HOUR TIME SYSTEM

RADIOTELEGRAMS ARE FILED ON THE BASIS OF THE 24~HQUR S8YSTEMa IN
THIS BYSTEM THE HOURS FOR THE ENTIRE CALENDER DAY ARE CCUNTED FRoM O ToO
23 STARTING AT MIDNIGHT. THIS8 PERMITS THE ABREVIATIONS AM. anD P.M. TO
BE ELIMINATED AND INCREASES THE ACCURACY. THE MINUTEs Ol To B9 are IN—
DICATED AFTER THE HOURS, THUs 2: 16 P.M, wouLp Be [415; 5:37 A.M, wouLbpBE

0637;

THEDISTRESS
s1GNAL", A8 vouwiLL
RECALL FROM PREV—
Ious INBTRUCTIONS,
i1s 808 or e o o
SO 6 6 G AND
WH § CH MEANS THAT THE
MOBILE STATION IN
QUESTION 18 THREA—
TENED BY QRAVE AND
IMMENENT DANGER
AND REQUESTS [|Mw—
EDJATE A8S8 IS8TANCE.

THE INTERNA—
TIONAL CALLING AND
DISTRESS FREQUENCY
1s 500 KCey, WHILE
§IN THE GREAT LaAkEs
REGION OF THE UN)—
TED STATES A FRE~
QUENCY oF 4[0 Kc.
i18 USED FOR THIS
PURPOSE.

THE OPERATOR
I8 NOT PERMITTED
TO GIVE THE Ojs—
TRESS @}GNAL EXCEPT
BY AUTHOR|TY OF THE

11:68 P,M, wouLD BE 2369 ETC,

THE DISTRESS SIGNAL

Shanghaj

\m\mv

SIBERIA

N
o ¥ LIl .
[N W ’ R -
. E ’
CHINA vj:?
¥
v
N 7 Honolulu™
o

OCEAN

UojBupySEM

:,f"'ai PACIFIC

@l

Samoa ’
s, g0t - Tanitd
Foi ¢

v
& New Zealand

Rarantonga

Wellington

Fla. 5
Standard Time Chart.
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MASTER OR PERSON IN CHARGE OF THE 8HIP, AIRCRAFT, OR MOBILE STATION,

IN GiviING THE DISTRESS SIGNAL, THE PROCEDURE 18 AS FOLLOWS: TRANG~
MIT THE DISTRESS S]GNAL THREE TIMES IN SUCCESS|JON, FOLLOWED BY THE WORD
DE AnND THEN THE CALL S1GNAL OF THE MOBILE STATION |N DISTRESS ALSO SENT
THREE TIMES.

TH1S8 CALL SHOULD NOT BE ADDRESSED TO ANY PART|CULAR STATION AND IT
IS REQURED THAT ALL LAND OR MOBILE STAT|ONS CEASE ALL TRANSMISSION CAP—
ABLE OF INTERFERING WITH THE DISTRESS CALLS OR MESSAGES AND THEY MusT
LISTEN ON THE WAVE USED FOR THE DISTRESS CALLe THE DISTRESS CALL HAS AB—
SOLUTE PRIORITY OVER ALL OTHER TRANSMISS]ONSe

THE DISTRESS MESSAGE FOLLOWING THE DISTRESS CALL SHOULD INCLUDE THE
NAME OF THE SHIP OR OTHER MOBILE UNIT IN DISTRESS, INFORMAT|ON CONCERN]ING
IT8 POSITION AND THE NATURE OF THE DISTRESS AND THE KIND OF ASS ISTANCEDE
SIRED,

THE DISTRESS CALL AND MESSAGE SHOULD BE REPEATED AT INTERVALS UN-—
TIL AN ANSWER 1S RECEIVEDe. THESE INTERVALS, HOWEVER, SHOULD BE OF SUFFJ]O—~
IENT LENGTH SO AS TO PERMIT STATIONS ANSWERING THE CALL TO PLACE THEIR
TRANSMITTER IN OPERATION.

IF THE STATION IN DISTRESS RECEIVES NO ANSWER TO THE DISTRESS CALL
WHEN TRANSMITTING IT AT 500 KCes, THEN THE CALL AND MESSAGE MAY BE REPEAT—
ED ON ANY OTHER AVA|LABLE WAVE ON WHICH ATTENTION MIGHT BE ATTRACTED.

STATIONS WHICH RECEIVE A DISTRESS MESSAGE FROM A MOBILE STATION [N
THEIR IMMEDIATE VICINITY MUST AT ONCE ACKNOWLEDGE RECEIPT THEREOF AND EX
ERCISE SPECIAL PRECAUTIONS SO AS NOT TO INTERFERE W|TH THE TRANSMI[SSION
OF THE ACKNOWLEDGEMENTS OF RECEIPT OF THE SAME MESSAGE SENT BY OTHER
8TATIONSs |F THERE |s GOOD REASON THAT SOME OTHER STATION 18 LOCATEDSTILL
NEARER TO THE STATION IN DISTRESS, THEN PREFERENCE SHOULD BE QIVEN TO THE
NEARER STATION FOR ANSWER|NG THE CALL BUT YET TO BE READY TO SEND AN ACK
NOWLEDGEMENT [|F OTHERS FAIL TO DO SO0,

TO ACKNOWLEDGE RECEIPT OF A DISTRESS MESSAGE THE PROCEDURE IS AS
FoLLows: TRANSMIT THREE TIMES THE CALL SIGNAL OF THE STATION INDISTRESS,
FOLLOWED BY THE WORD DE, THE CALL SIGNAL OF THE STATION ACKNOWLEDGING
RECEIPT (THREE TIMES), GROUP R R R, DISTRESS SIGNALs |F THE ACKNOWLEDG~
ING STATION IS ALSO MOBILE, THEN |T SHOULD ALSO INCLUDE |TS NAME AND PO—
SITION AS A PART OF |ITS ACKNOWLEDQEMENT,

A SHIP WHICH RECEIVES A DISTRESS MESSAGE MAY TRANSMIT THE MESSAQGE
IF THE SHIP IN DISTRESS I8 NOT ITSELF IN A POS|ITION TO DO 80 OR |{F THE
MASTER OF THE VESSEL JUDGES THAT FURTHER HELP |8 NECESSARY. ALL COMMUN~
ICATIONS RELATING TO D{STRES8S MESSAGES MUST BE DELIVERED IMMEDJATELY TO
THE WIASTER OF THE SHIFe

THE RADIOTELPHONE DISTRESS SIGNAL IS THE SPOKEN EXPRESSION MAYDAY,
THIS 18 SPOKEN THREE TIMES FOLLOWED BY THE NAME OF THE STATION SPOKEN
THREE T IMESe
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THE AUTOMATIC ALARM S|GNAL

THE AUTOMATIC ALARM SIGNAL IS USED TO ANNOUNCE THAT A DISTRESS CALL
WILL FOLLOW JMMEDIATELY. THE ALARM S8IGNAL |8 COMPOSED OF A SERIES OF 12
DASHES SENT IN ONE MINUTE, THE DURATION OF EACH DASH BEING 4 SECONDS AND
THE DURATION OF THE INTERVAL BETWEEN TWO DASHES, | SECOND.

»

THE URGENT SIGNAL

THE URGENT siaNAL 18 X X X S8ENT S8EVERAL TIMES BEFORE THE CALLLETT—
ERS. IT 18 USED TO INDICATE THAT THE CALLING STATION HAS A VERY URGENT
MESSAGE CONCERNING THE SAFETY OF THE SHIP OR ANOTHER 8HIP, OR THE SAFETY
OF ANY PERSON ON BOARD THE SHIP OR IN 8I1GHT OF THE SHI|Pe THIs S1GNAL
SHALL BE TRANSM|TTED ONLY W{TH THE AUTHOR|ZATION OF THE MASTER OR PERSON
RESBPONSIBLE FOR THE 8HIP.

THE SAFETY SIGNAL

THE S8AFETY SIGNAL CONSIST8 OF THE GROUP T T T WHICH 18 TRANBM|TTED
WITH THE LETTERS WELL SEPARATED, FOLLOWED BY THE worD "DE'" AND BY THECALL
SIGNAL OF THE STATION SENDING |Te THIS S}IGNAL INDICATES THAT THE S8TATION
SENDING IT 18 ABOUT TO TRANSMIT A MESSAGE CONCERNING THE SAFETY OF NAVIG—
ATION OR GIVING OTHER [MPORTANT INFORMAT|ON RELATIVE TO METEOROLOGICAL
WARNING MESBAGES,

THE SAFETY SIGNAL AND THE SAFETY MESSAGE SHALL BE SeNT AT 500 Kec.
AND IF NECESSARY, ON THE NORMAL LISTENING WAVE OF S8HIP AND A|RCRAFT 8TA—
TIONS. |T SHALL 8E SENT ONCE DURING THE FIRST S8ILENT PERIOD AND NEAR THE
END OF THAT PERJODe ALL STATIONS HEARING IT MUST CONTINUE TO LISTEN  ON
THE NORMAL SHIP CALLING WAVE OR ON THE AUTHORIZED A}RCRAFT STATION WAVE
UNTIL THE MESSAGE PRECEDED BY THE SAFETY SIGNAL SHALL HAVE ENDED. THE
TRANSMISS8ION OF THIS MESSAGE SHALL BEGIN IMMEDIATELY AFTER THE END OF THE
SILENT PERIOD

THE CQ SIGNAL

THE si1aNAL CQ 18 THE S8IGNAL OF INQUIRYe STATIONS8 DESIRING TO ENTER
INTO COMMUNIJCATION WITH MOBILE STATIONS WITHOUT, HOWEVER, KNOW ING THE
NAMES OF MOBILE BTATIONS WHICH ARE WITHIN THEIR RANGE OF ACTION, MAY USE
THE S]GNAL OF THE STATION CALLED IN THE CALLING FORMULA, THIS FORMULA
BEING FOLLOWED BY THE LETTER Ko

IN REGIONS WHERE TRAFFIC 1S HEAVY, THE USE OF THE cALL CQ FOLLOWED
BY THE LETTER K 18 FORBIDDEN EXCEPT IN COMBINATION WITH URGENT S IGNALSe.
THE caLL CQ NOT FOLLOWED BY THE LETTER K S8HALL BE EMPLOYED FOR RADIOTEL-
EGRAMS8 OF GENERAL JINFORMATION, TIME 81GNALS; REGULAR METEOROLOGICAL IN—
FORMA&ION, GENERAL SAFETY NOTICES, AND INFORMAT |ON OF ALL KINDS8 INTENDED
TO BE READ BY ANYONE WHO CAN RECEIVE THEM.

VAR|OUS REGULAT IONS

THE FOLLOWING ARE REGULATIONS OF VARIOUS TYPES ANC WITH WHICH THE
COMMERC 1AL OPERATOR SHOULD BE FAMILIARS
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le = TasLE I SPECIFIES THE TIME PERIODS DURING WHICH A RADIO WATCH
MUST BE MAINTAINED ON ALL SHIP8 WITHIN THE ZONES INDICATED. THESE ARE
KNOWN As "zoNES oF WATCH" AND IN TABLE | THE FiGURES INDICATE TIME ON THE
24~HOUR TIME S8YSTEMw THE INTERNAT|ONAL Law ALSO REQUIRES THAT ALL 8TA—
TIONS IN MOBILE MARITIME SERVICE MUST LISTEN=|N ON THE D|STRESS WAVE FOR
THREE MINUTES TWICE EACH HOUR, BEGINNING AT THE |5TH MINUTE AND AT  THE

45TH MINUTE AFTER EACH HOUR, AND ALSO DURING THE TIME OF DISTRESS comw~
UNICAT IONS.

2¢ = TWo INTERNATIONAL S8ILENT PER|IODS ARE TO BE OBSERVED PER HOUR,
EACH OF THESE SILENT PERIODS SHOULD BE THREE MINUTES LONG, BEGINNING AT
THE |5TH MINUTE AND AT THE 45TH MINUTE AFTER EACH HOUR GREENW)CH Mean
TIME. DURING THESE PER}ODS THE TRANSMITTER SHALL NOT BE USEDe

3« — DURING TRANSMIBS|ONS "TO ALL 8TATIONS" OF TIME S8I1GNALS AND oF
METEOROLOGICAL MESSAGES INTENDED FOR STATIONS OF THE MOBILE SBERVICE, ALL
STATIONS IN THAT SERVICE AND THE TRANSM|8SIONS OF WHICH M|GHT [NTERFERE
WITH THE RECEPTION OF THE SIGNAL AND MESSAGES IN QUEST ION, MUST KEEP 8=

LENT IN ORDER TO PERMIT ALL STATIONS 80 DESIRING TO RECEIVE THEBE S |[GNALS
AND MESSAGES,

4., = No PersoON RECEIVING OR ASSISTING IN RECEIVING ANY RAD[O COMM=
UNICATION SHALL DIVULGE OR PUBL|SH ITS CONTENTS OR ANY PART OF |T TO ANY

TABLE NO. T PERSON OTHER THAN
THE ADDRESSEE, HI8
ZONES OF WATCH 8S8CHEDULE AGENT, OR ATTORNEY,
Duration of hours of service OR MASTER OF THESHIP
Greenwich Mean Time ON WHICH THE MESSAQGE
Zopes I8 BENT OR RECE|VED,
One operator Two operator OR [N RESPONSE TO A
ships ships SUBPOENA [8SUED BY A
- b COURT OF COMPETENT
A Eastern Atlantic Ocean,| From 8 to 10h | From Oto 6
’ : UR TION R
Mediterranean, North 12 to 14h 8 to 14h | CERUERIG RN, © IN
Sea, Baltic 16 to 18h 16 to 18h || DOEMAND OF OTHER LAW-
20 to 22h 20 to 22h FUL AUTHORITY. For
B........ Indian Ocean, eastern Are-| From 4to 6h | From Oto 2h VIOLATING THIS LAW
tic Ocean 1220 122 1; :0 ::2: THE VIOLATOR MAY BE
0 )
16 to 18h 16 to 18h PUNISHED BY A FINE
20 to 24h OF NOT MORE THAN
C........ China Sea, western Pacific | From 0to 2h | From Oto 6h $500 FOR EACH AND Ev—
Ocean 4 to 6h 8 to 10h ERY OFFENSE,
8 to 10h 12 to 14h
12 to 14h 16 to 22h .
D....... Central Pacific Ocean From Oto 2h | From Oto 2h 5. THESHIP's
4to 6h 4to 6h MASTER HAS THE R[GMT
8 to 10h 8 to 10h TO CENSURE ANY MES9—
20 to 22h 12 to 18h AGES RECE|VED AND
E East Pacific O F Oto 2h | F 28 :O 2;; VLOLEIIATES) (A7 THE
........ astern Pacific Ocean rom rom 0
410 6h 4to 6h RADIO STATION ON
16 to 18h 8to 14h | SHIPBOARD,
20 to 22h 16 to 22h
Foo...... Western Atlantic Ocecan| I'rom Oto 2h | From Oto 2h 6. — VESSELS
and Gulf of Mexico 1(23:0 };ﬁ 1;:0 i(s): PLYING 200 MILES OR
0> o 0
20 to 22h 20 to 22h | MORE BETWEEN PORTS
AND LICENBED TO CARRY,
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OR CARRYING, FIFTY OR MORE PASSENGERS OR CREW SHALL BE EQUIPPED WITH RA—
DIO APPARATUS AND BE IN CHARGE OF TWO OR MORE OPERATORS AND MAINTAIN A
CONT INUOUS WATGCHe EMERGENCY EQUIPMENT, INDEPENDENT OF THE BHIP'S MAIN
S8OURCE OF POWER SUPPLY, CAPABLE OF TRANSMITTING AND RECE(|VING MESSAGES
OVER A DI{STANCE OF |00 MILES DAY OR N|GQHT FOR A PER|OD OF AT LEAST FOUR
HOURS, MUST BE PROVIDED.

7. = MAXIMUM POWER SHALL BE USED IN TRANSMITTING DISTRESS MESSAQES
OR MESSAGES RELATED HERETO. IN ALL OTHER CLASSBES OF RADIO CORRESBPONDENCE
ONLY THAT AMOUNT OF POWER NECESS8ARY TO INSURE RELIABLE COMMUN|CATION
SHALL BE USEDe WHEN WITHIN B NAUTICAL MILES OF NAVAL OR MILITARY sTA—
TIONS THE TRANSFORMER INPUT SHALL NOT EXCEED % KW AND WHEN WITHIN 16
MILES OF SUCH STATIONS THE TRANSFORMER |NPUT SHALL NOT EXCEED | Kw,

8, —~ SUPERFLUOUS 8|GNALS ARE THOBE WHICH ARE UNNECESSARY [N CARRY=
ING OUT EFFICIENT RADIO CORRESPONDENCE. TNEY ARE FORB|DDEN,

9, = No PERSON, FIRM, COMPANY OR CORPCRATION WITHIN THE JURISDIO~
TION OF THE UNITED STATES SHALL KNOWINGLY UTTER OR TRANSBMITK OR CAUSE TO
BE UTTERED OR TRANSMITTED, ANY FALSE OR FRAUDULENT SIGNAL OF DISTRESS OR
COMMUN |CAT ION RELATING THERETO.

]0e= THE PRIORITY OF VARIOUS CLASSES OF RADIO COMMUN ] CAT |ONS FOLLOW
THE ORDER AS HERE GIVEN.

(A) DisTRESS CALLS, DISTRESS MESSAGESB,AND DISTRESS TRAFFIC.
(8) COMMUNICATIONS PRECEDED BY AN URGENT 81GNALe

(¢) COMMUNICATIONS PRECEDED BY THE SBAFETY SIGNAL.

(o) COMMUNICATIONS RELATIVE TO RADIO COMPASS BEARINGS.

(E) ALL OTHER COMMUNICATIONS.

{]e = ALL STATIONS ARE BOUND TO EXCHANGE RADIO COMMUN ICAT IONS OR
SIGNALS WITH OTHER STAT|ON8 REGARDLESS OF THE RADIO S8YSTEM USEDe

12, = |F IT I8 NECESS8ARY TO COMMUNICATE WITH A FORE|GN VESSEL WHOSE
CREW CANNOT UNDERSTAND ENGLISH,THEN THE COMMUNICATION SHOULD BE CONDUC—
TED BY MEANS OF THE INTERNATIONAL StaenaL CopEAND THE INTERNATIONAL RADjO—
TELEGRAPH ABREV IAT |ONSe

13, — IN TasLe IT You ARE GIVEN A HANDY REFERENCE TABLE OF ALLWAVE
LENGTH ALLOCAT|ONS FOR VAR|OUS PURPOSESs

{4, = THE VIOLATIONS AND THEIR PENALTIES TO WHICH AN OPERATOR I8
SUBJECT UNDER THE RADIO AcT oF 1927 ARE AB FOLLOWS!:

AN OPERATOR'S LICENSE MAY BE SUSPENDED FOR A PERIOD NOT EXCEEDING
two vEARs FOR! (A) FAILURE TO CARRY OUT THE LAWFUL ORDERS OF THE MASTER
OF THE VESSBEL ON WHICH HE I8 EMPLOYED, (8) WILLFULLY DAMAGING ORPERMITT™
ING RADIO APPARATUS TO BE DAMAGED, (cS TRANSMITTING SUPERFLUOUS RADIO TOM
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TABLE NO. II

WAVE=LENGTH ALLOCATIONS
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MUNICATIONS OR S{GNALS OR RADIO COMMUN |CATIONS CONTAINING PROFANE OR 08—
SCENE WORDS OR LANGUAGE, (D) WILLFULLY OR MALIGIOUSLY INTERFERING WITH
ANY RAD|O GCOMMUNIGATIONS OR 81GNAL8, (E) ANY |MPROPER ALTERATION OF THE
SERVICE RECORD ON THE LIGCENSE, OR THE FORQERY OF MASTERS' OR EMPLOYERS'
81GNATURES THEREON OoR (F) VIOLATION OF ANY PROVISION OF ANY ACT OR TREATY
BINDING ON THE UNITED STATES WHIGH THE BECRETARY oF COMMERCH OR THE COMM
ISSION I8 AUTHORIZED BY THE RaDI10 AcT ofF 1927 To ADMINISTER, OR OF  ANY
REGULATION MADE BY THE COMMISSION OR THE BECRETARY OF COMMERCE UNDER ANY
BUCH ACT OR TREATY.

ANY OPERATOR FAILING OR REFUBING TO OBSERVE OR VIOLATING ANY RULE,
REGULATION, RESTRICTION, OR COND|T|ON MADE OR IMPOSED BY THE  LICENSING
AUTHORITY UNDER THE AUTHORITY OF THE RaD10 AcT oF 1827 OR OF ANY INTER-
NATIONAL RaDIO CONVENTION OR TREATY RATIFIED OR ADHERED TG BY THE UNITED
8TATES, IN ADDITION TO ANY OTHER PENALT|ES PROVIDED BY LAW, UPON GONVIC—
TION THEREOF BY A COURT OF GOMPETENT JURISDIGTION, SHALL EE PUNISHED BYA
FINE OF NOT MORE THAN $500 FOR EACH AND EVERY OFFENSEs

ANY OPERATOR WHO S8HALL VIOLATE ANY PROVISION OF THE Rabio Act oOF
1927, OR SHALL KNOWINGLY MAKE ANY FALBE OATH OR AFFIRMATION [N ANY AFFI=
DAVIT REQUIRED OR AUTHORIZED BY THE RADIO AcT oF 1927, OR SHALL KNOW|NG—
LY SBWEAR FALSELY TO A MATERLAL MATTER [N ANY HEARING AUTHOR|ZED BY  THE
ACT, UPON THE CONVICT ION THEREOF IN ANY COURT OF COMPETENT JURISDICTION
SBHALL BE PUNISHED BY A FINE OF NOT MORE THAN $5000 OR BY I|MPRIBONMENT FOR
A TERM OF NOT MORE THAN FIVE YEAR8, OR BOTH, FOR EACH AND EVERY SUCHOFF-
ENSE,

|By = EVERY sHIP STATION WHOSE RADJO 8ERVICE |8 ON THE VERGE oF
BEING CLOSBED BY REASON OF [T8 ARRIVAL IN PORT MUST NOTJFY THE NEAREST
LAND S8TATIONe A CONSBTANT RADIO WATCH SHALL BE MAINTAINED WHEN ENTERING
ANY PORT OF CALL, BEQINNING EIGHT HOURS BEFORE ARRIVAL.

|8, ~ BROADCASTING TRANSMITTERS ARE PERMITTED BY LAW TO HAVE A FRE
QUENCY DEVIATION NOT IN ExXCEss oF BO cycLEs, PLUS OR MINUS.

|7. - WHEN IT 18 NECES8SARY TO MAKE TEST 8IGNALS IN ORDER TO ADJUST
THE APPARATUS BEFORE PROCEEDING W|TH A CALL OR TRANSBM|SS8JON, THEN THESIG
NALS MUST NOT BE MADE FOR MORE THAN ABOUT |0 SsECONDS AND THEY MUST BE
COMPOSED OF A S8ERI|IES8 OF Vs FOLLOWED BY THE CALL S8IGNAL OF THE SENDING
S8TAT ION

IF A STATION S8ENDS TEST 8IGNALS AT THE REQUEST OF ANOTHER S8TATION
TO PERMIT THE LATTER TO ADJUST IT8 RECEIVING APPARATUS, THESE 8 IGNALS
MUST LIKEWISE BE COMPOSBED OF A S8ERIES OF Vis N WHICH THE CALL BIGNAL OF
THE TRANSMITTING S8TATION SHALL APPEAR SEVERAL TIMES.

TeEsTs AND ADJUSTMENTS [N ANY STATION MUST BE CONDUCTED 80 A8 NOT TO
INTERFERE W|TH THE SERVICE OF OTHER STATIONS ENGAGED [N AUTHOR|ZED CORR~
ESPONDENCE. THE TEST AND ADJUSTMENT 8IGNALS MUST BE CHOSEN 80 THAT NO
CONFUS |ON CAN BE PRODUCED WITH A SIGNAL, ABBREVIATI|ON ETC. OF BPECI|AL
MEAN ING DEFINED BY THE REGULATIONS,

ANY STATION TRANSMITTING FOR TES8TS, ADJUSTMENTS, OR EXPERIMENTS,
MUST DURING THE COURBE OF THESE TRANSM|S8SIONS S8END |TS CALL BIGNALS AT
FREQUENT INTERVALS.
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AMATEUR RULES AND REGULAT |ONS

FOR THOSE WHO ARE INTERESTED [N OPERATING AN AMATEUR 8TATION, THE
FOLLOWING RULES AND REGULATIONS ARE POINTED OUTs |T I8 TO BE NOTED THAT
THOSE RULES HERE GIVEN APPLY PART{CULARLY TO AMATEUR OPERATION AND WERE
THEREFORE NOT GIVEN EARLJER IN THI8 LESBON WHERE COMMERCIAL OPERAT INGWAS
OF PRIMARY CONSIDERATIONe IT 18, HOWEVER, ADVISABLE THAT EVEN THEAMATEUR
OPERATOR BE FAMILIAR WITH ALL OF THE RULES AND REQULATIONS WHICH HAVE BEEN
PRESENTED [N THIS LESSON,

le = THE TERM "AMATEUR" WHEN USED WITHOUT FURTHER DESCRIPT |VEWORDS
MEANS A PERSON |NTERESTED IN RADIO TECHN|QUE SOLELY WITH A PERSONAL AIM
AND WITHOUT ACCEPTINGQ PAYMENT FOR HANDLING MESSAGES OF ANY K [INDe

2o = THE VARIOUS BANDS WHICH ARE SET AS|DE FOR AMATEUR USE ARE DES=—
IGNATED AS sUCH IN TaBLE TII OF THIS LESSON.

3¢ = IN THE UNITED STATES NONE OTHER THAN CITIZENB OF THIS COUNTRY
MAY OBTAIN AN AMATEUR STATION LICENSE AND NO STATION MAY BE OPERATED ON
PREMISBES WHICH ARE CONTROLLED BY AN AL{EN,

4, = ALL AMATEUR OPERATORS ARE REQUIRED TO KEEP AN AGCURATE "Log"
(RECORD) OF ALL COMMUNICATIONS IN WHICH THEY ENGAGE AND ARE OBLPGED TO
MAKE IT AVAILABLE TO AUTHORIZED GOVERNMENT REPRESENTATIVES UPON DEMAND,
THIS LOG MUST SPECIFY THE DATE AND TIME OF ALL TRANSMISSIONS] THE  NAME
OF THE PERSON OPERATING THE TRANSMITTER AT THAT TIME; THE 8TAT |ON CALLED!
NATURE OF TRANSBMISSION; THE FREQUENCY BAND USED} THE LOCAT|ON OF THE
TRANSMITTER AT EACH TRANSMISSION IF |T |8 OF THE PORTABLE TYPE; AND THE
INPUT POWER TO THE FINAL AMPLIFIER STAGE.

Be = THE MAXIMUM INPUT POWER ALLOWED FOR AN AMATEUR STATION |8

| KWe THis MEANS A MAXIMUM OF | KWe TO THE PLATE CIRCUIT OF THE FINALAMP
LIFIER,

Bs = AN AMATEUR S8TATION MAY NOT BROADCAST ANY FORM OF ENTERTA IN—
MENT,

Te = |F AN AMATEUR STATION CAUSES INTERFERENCE WITH BROADCAST RE—
CEPTION ON RECEIVERS OF MODERN DESIGN, THE STATION |8 REQUIRED TU OBSERVE
A SILENT PERIOD (CALLED "QUIET Hours') FrROM 8:0C P.M. To 10:30 P.M.LOCAL

TIME AND ON SUNDAYS DURING AN ADDITIONAL PERIOD EXTENDING FrROM 10230 A.M,
UNTIL | PJM,

8. — AMATEURS IN DIFFERENT COUNTRIES MUST CONFINE THEIR EXCHANGE
TO COMMUNICATIONS HAVING TO DO WITH THEIR EXPERIMENTS AND/OR TO REMARKS
OF SUCH A NATURE THAT THEY WOULD NOT BE S8UFFICIENTLY IMPORTANT TO  SEND
BY PUBLIC TELEGRAPH OR CABLE SERVICE., UNLESS S8PECIAL ARRANGEMENTS HAVE
BEEN MADE BETWEEN GOVERNMENTS OF THE TWO COUNTRIES CONCERNED, TH|RD=PARTY
MEsSAGES (THAT 18, MESSAQGES ADDRESSED TO OR FROM SOME PERSON OTHER THAN
EITHER OF THE AMATEURS CONCERNED IN THE CONTACT) MAY NOT SE HANDLED.

9 = IN THE EVENT THAT THE OPERATOR OF AN AMATEUR STAT[ON SHOULD
HERE A DISTRESS S8IGNAL BEING TRANSMITTED FROM A 8HIP OR AIRCRAFT, THEN

I
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HE SHOULD CEASE ALL TRANSMISSION CAPABLE OF INTERFERING WITH THE 8|GNALS
OF THE DISTRESSED 8HIP, OR STATIONS8 OOMMUN ICATING WITH [ITs THE OPERATOR
8HOULD CONTINUE TO LISTEN UNTIL IT 18 APPARENT THAT THE 8HIP |8 RECEIVING
ASS[8TANCK,

|F NO ONE BEEM8 TO ANSWER THE 8HIP, FULL PART|CULAR3 S8HOULD IMMED™
JATELY BE CONVEYED BY LAND LINE TO THE NEAREST GOVERNMENT OR COMMERCIAL
STATION. EVERYTHING POSSIBLE SHOULD BE DONE TO S8RING ASSISTANCE TO THE
DISTRESSED S8HIP WITHOUT RISKING RADIO INTERFERENCE TO THOSE IN APOSITION
TO AID.

IF YOU INTEND TO ENGAGE IN COMMERCIAL OPERATING OR TO BECOMEACTIVE
IN THE FIELD OF BROADCASTING, THEN YOU S8HOULD 8TUDY THIS LESSON W] TH
SPECIAL CARE BECAUSE QUESTIONS CONCERNING THE S8UBJECT MATTER CONTAINED
HEREIN ARE ASKED IN THE GOVERNMENT EXAMINATIONS WHICH QUALIFY YOU FOR
AN OPERATOR'S LICENSE. EVEN THOUGH YOU DO NOT SELECT ANY OF THESE PAR-~
TICULAR FIELDS FOR SPECIAL|ZATION, IT |8 MOST ADVISABLE THAT YOU HAVE A
CLEAR KNOWLEDQE OF THI8 MATTER, FOR YOU NEVER CAN TELL BUT THAT YOU
MIGHT HAVE NEED FOR |T S8OME TIME IN THE FUTURE, EVEN THOUGH YOU MAY NOT
REALIZE IT NOW,

WITHOUT A DOUBT, YOU ARE GOING TO FIND THE FOLLOWING LESSON TO BE
OF S8PECJAL INTFREST IN THAT YOU WILL AT THAT TIME COMMENCE YOUR 8TUDY OF
RaDIO TELEPHONE TRANSBMITTERS, WHICH PERMIT THE TRANSMISSION OF VOJICE BY
MEANS OF RADI0s HOWEVER, BEFORE CONTINUING WITH THE NEXT LESSON,FIRST
MAKE SURE THAT YOU HAVE A PERFECT UNDERSTANDING OF EVERYTHING WHICH HAS
BEEN COVERED UP UNTIL NOW REGARDING CODE TRANSMITTERS BECAUSE THEMAJOR-
ITY OF THESE BAME PRINCIPLES ARE AGAIN GO|NG@ TO BE EMPLOYED IN YOUR
PHONE TRANSMITTER STUDIES WHICH ARE NOW TO COME. SINCE IT WILL BEASSUM—
ED THAT YOU ARE ALREADY WELL INFORMED CONCERNING THE SUBJECTS OF  PRE-
VIOUS LESSONS, NONE OF THESE SHALL BE REPEATED IN THE FOLLOWING LESSONS.
THEREFORE, 1F THERE [8 ANY DOUBT WHATEVER IN YOUR MIND REGARDING ANY ONE
OF THESE SUBJECTS, IT I8 ADVISABLE BEFORE CONTINUING WITH YOUR ADVANCED
WORK THAT YOU REVIEW YOUR PREVIOUS TRANSMITTER LESBSONS VERY CAREFULLY
— ESPECIALLY THOSE WHICH TREAT WITH OSCILLATORS, AMPLIFIERS,  ANTENNA
S8YSTEMS, AND POWER SUPPLIES.
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Examination Questions

LESSON NO. T=|2

A business may be ever so success-
ful,but it is never so sure -~ never
secure, until it holds itsold friends
by Service and increases its circle
of New Friends on the basis of Satis-

faction.

‘WHAT 1S THE GENERAL ROUTINE WHICH 1S TO BE FOLLOWEDWHEN
CALLING A sTATIONT

|F YOU WERE AN OPERATOR ABOARD SHIP, HOW WOULD YOU 08—
TAIN A RADIO COMPASS BEARINGT

How WOULD YOU ANSWER A CALL FROM ANOTHER STATION PREV™
joUs TO THE TRANSMISSION OF THE ACTUAL MESSAGET

EXPLA IN THE RELATION BETWEEN EASTERN STANDARD TIME, Pa=~
ciFic STANDARD TIME, AND GREENWICH Mean TiImE.

EXPLA IN IN DETAIL HOW A RAD]OGRAM SHOULD BE TRANSMITTED.

IF YOU WERE AN OPERATOR ABOARD SHIP, HOW WOULD YOU SEND
THE DISTRESS sIGNAL?

EXPLAIN IN DETAIL THE TWENTY—FOUR—~HOUR TIME SYSTEM.
WHAT 1S MEANT BY THE EXPREsSS|ON "ZONEs OF wATCHM"T

WHAT 1s THE LAW REGARDING THE SECRECY OF MESSAGES WHICH
ARE HANDLED BY RADIO COMMUNICATION?

STATE THE ORDER OF PRIORITY OF VARIOUS CLASSES OF RADIJO
COMMUN | CAT 10N,

PRINTED IN Ue8sA.
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Transmitteis

LESSON NO. I3

RADIO ~ TELEGRAPH * TRANSMITTERS

YOUR TRANSMITTER STUDIES UP TO THE PRESENT TIME HAVE TREATED EX-
CLUSIVELY WITH CODE TRANSMITTERS, BUT COMMENCING WITH THIS LESSON YOU ARE
GOING TO BE TOLD A GREAT DEAL ABOUT TRANSMITTERS WHICH ARE SUITABLE FOR
THE TRANSMISSION OF BOTH VOICE AND MUSIC. TRANSMITTERS OF THIS TYPE ARE
GENERALLY CLASSIFIED AS RADIO TELEPHONE TRANSMITTERS AND FREQUENTLY FOR
THE SAKE OF CONVENIENCE REFERRED TO SiIMPLY AS "PHONE TRANSMITTERS"

Fl1G@.1
A Section of Nstional's Transmitter Room.
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IT 1s IMPORTANT THAT YOU BEAR IN MINC THAT THE RADIO FREQUENCY SEC—~
TION OF PHONE TRANSMITTERS 18 FUNDAMENTALLY THE SAME AS THAT OF A CODE
TRANSMITTER, [N BOTH CASES, THIS SECTION OF THE TRANSM{TTER GENERATES AND
AMPLIFIES RADIO FREQUENCY ENERGY SO THAT THE NECESSARY ELECTROMAGNETIC
WAVES MAY BE RADJATED IN ORDER TO CARRY THE MESSAGE OR PROGRAM THROUGH
SPACE., THIS MEANS THAT EVERYTHING WHICH YOU HAVE LEARNED SO FAR CONCERN~—
ING TRANSMITTERS |s GOING TO BE OF GREAT VALUE TO YOU IN THE STUDIES
WHICH ARE NOW TO COME.

THERE ARE OF COURSE SOME RAD{CAL DIFFERENCES BETWEEN CODE ANDPHONE
TRANSMITTERS BUT THESE SHALL ALL BE POINTED OUT TQ YOU AS WE ADVANCE THRU
THIS MOST INTERESTING PART OF YOUR TRANSMITTER STUDIJIES,

MODULAT |ON

IN Flge 2 YOU ARE SHOWN A BLOCK DIAGRAM OF A TYPICAL RADIO TELE-
PHONE TRANSMITTER. AS YOU WILL OBSERVE, THE OSCILLATOR, R.F. AMPLIFIER,
POWER AMPLIFIER AND THE ANTENNA ARE PLACED [N THIS SYSTEM IN THE SAME
MANNER AS YOU  FOUND
THEM IN CODE  TRANS—

Oscillator R.F AmP’? Powar Ampl. MITTERS. THIS SECT{ON
:7 OF THE PHONE  TRANS—
/’ MITTER IS SO  CON-

STRUCTED THAT WHEN NO
SOUNDS ARE BE{INGP[CKk~—
ED UP BY THE  M|CRO~
Microphone A.F. Amplifier TJOSA:{E':':B PHONE, A  CONTINUOUS

4 TYPE WAVE WILL BE RA—
DIATED BY THE ANTENNA
SYSTEMs THIS IS KNOWN
as THE CARRI|ER WAVE,

*,\v-}‘" D
E g

Modulator WHENEVER sounD

WAVES ACT UPON THE

Fla. 2 M ICROPHONE, THEN THESE

Block Diagram of a Typical Padio ARE CONVERTED TO El~
Telephone Jransmiter. ECTRICAL |MPULSES IN

THE USUAL WAY AND ARE
AMPLIFIED BY THE A,F, AMPLIFIER., THE TASK OF THE MODULATOR IS TO UT{ILIZE
THE AMPLIFIED A.F. SIGNALS IN SUCH A MANNER THAT THE R.F. wavE=FORM AT
THE OUTPUT OF THE TRANSMITTER WILL HAVE EITHER |TS FREQUENCY OR AMPL|TUDE
VARIED IN ACCORDANCE WITH THE AUDIO WAVE—~FORM AS FURN|SHED BY THE A.F,
AMPLIFI1ER. THIS PROCESS OF VARYING THE R.F, WAVE=FORM OF THE TRANSM]TTER

EITHER IN FREQUENCY OR AMPLITUDE AT AN AUDIO FREQUENCY RATE 18 KNOWN A8
MODULATION.

ALTHOUGH MODULATION CAN BE ACCOMPL]SHED BY VARYING EITHER THE FRE-
QUENCY OR AMPLITUDE OF THE R.F, WAVE AT AN AUDIO FREQUENGCY RATE, YET COM
MERCIALLY ONLY "AMPLITUDE MODULATION" |s USED IN MODERN RADIO TELEPHONE
EQU IPMENT.

THE MODULATED WAVE

IN Frge2 YOU ARE SHOWN WHAT HAPPENS TO THE CARRIER WAVE WHEN AMP—
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LITUDE MODULAT|ON TAKES PLACE. NOT|CE AT THE RIGHT OF Flge. 3 HOW THE
CARRIER FREQUENCY I8 OF THE PURE C.W. (CONTINUOUS) TYPE AND OF CONSTANT
AMPLITUDE AT THAT TIME WHEN NO MODULATIJON OCCURS,.

WHEN MODULATION OCCURS, THE CARRIER FREQUENCY STILL REMAINS CON—~
S8TANT BUT THE AMPLITUDE OF THIS WAVE=FORM [INCREASES AND DECREASES IN ACC
ORDANCE WITH THE AUDIO FREQUENCY VARIAT|ONS, WE THEN HAVE A CONDITION
AS PICTURED [N THAT PORTION OF FlGe 3 WHERE MODULATION 18 S8HOWN AS TAKING
PLACE,

THE EXTENT OR AMOUNT THAT THE CARRIER WAVE 18 CHANGED DURING THE
PROCESS OF MODULATION |8 EXPRESSB8ED A8 A PERCENTAGE AND |S COMMONLY RE=
FERRED To As THE PERCENTAGE OF MODULAT ION,

THE CARRIER WAVE NORMALLY HAS A CERTAIN VALUE OR AMPLITUDE ANDWHEN
"FuLL MODULATION" OR 100% MODULATION OCCURS, WE HAVE A CONDITION A8 PJC—
TUurep AT "A" or Fra. 4. IN THIS CASE, WE FIND THAT WHEN THE POSITIVE
PEAK OF THE AUDIO WAVE REACHES T8 MAX[IMUM VALUE, THE PEAKS OF THE CARR~

Carrier Continuous wave modulated Non- modulaked
F"‘q“““c‘i‘w by speech or B or Straight C.W.
i 5 /

¥

1
i e
\

qu_uencg Variakions of the C.W. output or Carrvier frequency
carrier frequency amplitude of the transmitrer when micro~
when microphone 7s used, phone is not Tn use.

Fla.3

Modula ting the Carrier f';equenc_//.

IER WAVE BECOME DOUBLE THE VALUE REACHED WHEN NO MODULATION |8 OQOCCURING.
ALSO, WHEN THE OTHER HALF OF THE AUDIO WAVE REACHES A MAXIMUM VALUE IN
A NEGATIVE DIRECTION, THE CARRIER~WAVE PEAKS ARE REDUCED TO ZFROe

THE CONDITION OF |00% MODULATION [S IDEAL AND I8 STRIVED FOR INALL
HIGH QUALITY TRANSBM|TTERS. ’

WHENEVER THE CARR|ER-WAVE |8 LE88 THAN [00% MODULATED, THEN WE HAVE
A CONDITION SOMEWHAT A8 THAT [LLUSTRATED AT "B" oF Fia«.4. HERE YOU wiILL
OBSERVE THAT THE PEAKS OF THE CARRIER~-WAVE NO LONGER BECOME EQUAL TQ
TWICE THEIR UN=MODULATED AMPLITUDE WHEN THE A,F. WAVE 18 AT T8 POSITIVE
MAX IMUM VALUE, NOR 18 THE CARRIER WAVE REDUCED TO ZERO WHEN THE A.F.
WAVE (8 AT IT8 NEGATIVE MAXIMUM VALUE,

THE REPRODUCTION OF THE S8OUNDS AT THE RECEIVER 18 GREATLY AFFECTED
BY THE EXTENT TO WHICH THE CARR]ER-WAVE 18 MODULATED. FOR INSTANCE, A8
FAR _AS THE RECEIVER |8 CONGERNED, A |O~WATT CARRIER MODULATED 100% s
Pg;cTIOALLY A8 EFFECTIVE A8 A 40~WATT CARRIER WHIGH |8 MODULATED ONLY
B50%.
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AT "C" oF Flase 4 YOU ARE SHOWN WHAT OCGURS WHEN "VE==MODULATICON™
vAKES PLACE. WHEN THIs HAPPENS, WE FIND THAT WHEN THE POSITIVE PEAK OF
THE AUDIO WAVE REACHES ITS MAXIMUM VALUE, THE PEAKS GF THE CARRJER WAVE

ZECOME MORE THAN DOUBLE THE VALUE REACHED WHEN NO MODULATIGN OCCURS,
FURTHERMORE, WHEN THE OTHER HALF OF THE AUDIO WAVE REACKHES A MAX [tnUM
VALUE IN A NEGAT]VE DIRECT 10!, THE NEGATIVE PEAK OF THE ENVELOPE Is CuT
OFF ENTIRELYe THIS THE": IS A CASE OF UNSYMMETR|CAL MODULATION [N THAT

THE AVERAGE AMPLITUDE IS NG LOMNGER THE SAME AS THE UNMODULATED AMPL{TUDE
AND DISTORTJON RESULTS EVE'! THOUGH THE MODULATING SIGMAL BE A PURE TONE,
OVER‘MODULATION, THEREF "E, 1S UNDESIRABLE,

, THE PERCENTAGE OF MoDULAT1on(M)
A - 1009, Modulate!
CAN BE CALCULATED WITH THE AID OF THE
Peak modujated
Amplicude FOLLOWING FORMULAS

Carrier Zero + f:2%car
Arettude )] At T M = L MODULATED ~ T cARRIER X 100
Il Mﬂmmh [l || S 1 caARRIER
Uuw”umulr ” oo | where "T mMoouLATED" IS THE PEAK=CURR-
Ul = S ENT VALUE AT THE MAXIMUM AMPLITUDE OF

THE MODULATED WAVE anD "I carrier" s
s THE PEAK=CURRENT VALUE OF THE CARRI{ER

~_:Ejﬁ;__?¥ﬂﬁﬁﬁ;;f_‘A_ — | AMPLITUDE.
| ! iII|. e
MMNH[ 'Ew}wm& THE ExPrEssIon MODULAT|ON FACTOR
—_——— . IS ALSO FREQUENTLY USED, THIS VALUE IS
T EQUAL TO THE PERCENTAGE OF MODULAT]ON
C- Over modulated DIVIDED BY |00 ~— THAT 1S, SIMPLYW{TH
prdver 100, THE PERCENT S!GN REMOVED AND THE DEO—

IMAL POINT MOVED TWO PLACES TOWARDS
THE LEFT. IN OTHER WORDS, AMODULAT]ON
PERCENTAGE OF lOO% IS EQUIVALENT TO A
MODULAT{ON FACTOR OF | A MODULAT JON
PERCENTAGE OF 50% 1S EQUIVALENT TO A
MODULATION FACTOR OF 0.5 eTC,

FlGc. 4
Various Degrees of Modulation. SIDE BANDS

WHEN DEAL ING W{TH MODULATEDWAVE—
FORMS, WE MUST IN ADDITION TO THE CARRIJER FREQUENCY ALSO CONSIDER THE
s ipe~eAND FREQUEnCIES". FoOR EXAMPLE, STANDARD BROADCAST TRANSMITTERS ARE
CAPABLE OF HANDLING AUDIO FREQUEMNCIES UP To 5000 CYCLES PER SECOND. AL—
THOUGH IT IS TRUE THAT FOR HIGH FIDELITY RECEPTION, A.F. S)1GNALS OFSTILL
H}IGHER FREQUENCY WOULD B3t REQUIRED, YET THESE HIGHER FREQUENCIES ARE NOT
ABSOLUTELY ESSENTIAL FOR SATISFACTORY RESULTS.

AT ANY RATE, ASSUMING THAT AN AUDIO FREQUENCY oF 5000 CYCLES 1S BE=
ING HANDLED BY A CERTAIN TRANSMITTER, THIS WOULD MEAN THAT IN ADDIT]ON TO
THE CARRIER FREQUENCY, OUR MODULATED WAVE—FORM WOULD ALSO CONSI|STS OF TWO
SIDE=BAND COMPONENTS EXTENDING 5000 CYCLES ON EACH SIDE OF THE CARRIER
FREQUENCY,

IN F1ge 5, FOR INSTANCE, WE HAVE ONE CURVE JLLUSTRATING AN AUDIO
FREQUENCY oF 5000 cYCLES BESIDE ANOTHER CURVE WH{|CH REPRESENTS ASTATioON'S

CARRIER FREQUEMCY OF 800 Kc. or 800,000 cycLES. THE LOWER S]DE—3AND FRE—
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QUENCY WOULD THEN BE EQUAL To 800,000 minus 5,000 or 795,000 cvcLeEs. THE
HIGHER S |DE=BAND FREQUENCY IN TH!S SAME [INSTANCE WOULD BE EQUAL TO 800,
0d0 pLUS 5,000 or 805,000 cvcLES.

THE INTERACTION BETWEEN THESE THREE DISTINCT FREQUENCIES PRODUCES THE

RESULTANT AMPLITUDE CHANGE IN THE OUTPUT WAVE—FORM, CHANGING IT TO THE
SHAPE DESIGNATED A8 THE "RESULTANT MODULATED waveE—=ForRMM™ N Fig. 5. TH18
RESULTANT WAVE SHAPE AT EACH POINT REPRESENTS THE INSTANTANEOUS SUM OF

THE CARRJER, LOWER Si{DE-BAND, AND HJGHER SIDE BAND FREQUENCIES.

ALTHOUGH IT 1S TRUE THAT THE BAND WIDTH OCCUPIED B8Y THE SIDE BANDS
IN THIS PART]CULAR CASE AMOUNTs To 5,000 epLus 5,000 or 10,000 cvycLeEs, YET
THE ACTUAL RESULTANT FREQUENCY DUE TO THE INTERACTIONS JUST EXPLAINED I8
5,000 cYcLES AND THE RECEIVER!'S SPEAKER UNIT WJLL THEREFORE RESPOND TO
TH1s 5000 cYCLE FREQUENCY AND REPRODUCE THE CORRESPONDING TONE.

THE MODULATION FACTOR CAN ALSO BE DETERMINED |N TERMS OF THE SiDE=
BAND AND CARRJER FREQUENCJIES BY APPLYING THE FOLLOWING FORMULAZ

MODULATION FACTOR = _IL_%_LE_
C

WHERE ] = PEAK—CURRENT VALUE OF THE LOWER SIDE-BAND FREQUENCY; T,= PEAK—
CURRENT VALUE OF THE UPPER S|IDE=BAND FREQUENCY; AND IC= PEAK=CURRENT VAL~
OF THE CARRIER FREQUENCYe

METHODS OF MODULATION

Now THAT YOU ARE FAMILI}AR WITH THE GENERAL THEORY PERTAIN|ING TO THE
MODULATED WAVE=FORM, YOU WILL NEXT BE [NTERESTED IN LEARNING JUST EXACTLY
HOW MODULATION IS ACCOMPLISHEDe

JAWAWA!
VUV

Lower side-band f'requzncg = 795,000 cycles
T \/ VRVAVAY
A.F. Signal frequency =

Carrier ‘Fraqu ency = 800,000 cgclcs

5000 cycles.

Resultant modulated

wave

Higher side-band frequency = 805,000 cycles

Fta.5
The Carrier snd Side-Band Freguercy Kelatior .
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THERE ARE TWO GENERAL TYPES OF MODULATION SYSTEMS WH|CH ARE USED,
NAMELY, PLATE MODULATION anp GRID MODULATION, PrLaTe MODULATION WAS JN=
VENTED BY R.A, HelsINGg AND THEREFORE THIS METHOD S ALSO KNOWN AS THE
"Hets ne MoouLaTjon SysTem". THE HelsIng sysTEM SHALL BE EXPLAINED TO
YOU FIRST.

THE HEISING MODULAT ING SYSTEM

IN Flge 8 vou are SHOWN THE BAsIC HEISING MODULATING SYSTEM, By
STUDYING THIS CIRCUIT CAREFULLY YOU WILL NOTE THAT AN [RON CORE CHOKE
COIL, CALLED THE "pLATE REACTOR", 1S CONNECTED BETWEEN B+ AND THE PLATE
OF BOTH THE R.F. AMPLIFIER AND THE MODULATOR TUBE. THEREFORE, THE PLATE
CURRENT WHICH ]S DRAWN
BY BOTH OF THESE TUBES

o MUST FLOW THROUGH TH |8
( SAME REACTOR.,
To
R.E lnput Ant.
From previous
stages

AT THE TIME THAT
THE MODULATOR TUBE |g
NOT IN USE,THE PLATE
CURRENT FLOWING THRU
THE R, F, AMPLIFJER
WILL VARY ABOVE  AND
BELOW [TS NORMAL VAL~
UE AT A RADIO FREQUEN—
iﬁ;L == = CY RATE IN ACCORDANCE
v WITH THE FREQUENCY
WHICH IS GENERATED BY
THE TRANSMITTER'sS O0sC—
ILLATOR, THE GRID C|R—
Fig. 6 CUIT OF THE MODULATOR
The Basic f/e,'s;ﬂg Moaa//a;‘/}yy Sys%gm, TUBE, ON THE OTHER
HAND, 1S EXITED AT AN
AUDIO FREQUENCY RATE IN ACCORDANGCE WITH THE AMPLIFIED SI1GNAL ENERGY AS
FURNTSHED BY THE MICROPHONE AND A, F, AMPLIFIERs THEREFORE, THE PLATE
CURRENT WHICH FLOWS THROUGH TH|s TUBE WILL VARY ABOVE AND BELOW ITS
NORMAL VALUE AT THE AUD]O FREQUENCY RATE ALREADY MENT]ONED,

Due 1o THE HIGH SELF—=INDUCTANCE OF THE PLATE REACTOR, IT TENDS TO
MAINTAIN THE TOTAL CURRENT WHICH FLOWS THROUGH IT AT A PRACT ICALLY CON—
STANT VALUE. [N OTHER WORDS, WHENEVER, THE CURRENT FLOWING THRU THIs
REACTOR TENDS TO INCREASE, ADD|TIONAL LINES OF FORCE WILL SPREAD ouT
AROUND 1T aAaND WjLL CUT THROUGH THE TURNS OF THE WINDING, PRODUCING
A COUNTER—ELECTROMOTIVE FORCE WHICH AUTOMAT|CALLY RETARDS THE FLOW OF
CURRENT., SHouLD THE CURRENT FLOW THROUGH THE REACTOR TEND TO DECREASE
WITH RESPECT TO !1TS NORMAL VALUE, THEN THE COLLA#SING EFFECT oF THE
LINES OF FORCE WOULD INDUCE A REACTANCE VOLTAGE ACROSS THIs COlLy TEND—
ING TO INCREASE THE FLOW OF CURRENT. IN THIS8 MANNER, THE CURRENT WH | CH
18 PASSED BY THE REACTOR REMA NS VERY NEARLY CONSTANT IN VALUE,

To FURTHER |LLUSTRATE THIS POINT, LET US LOOK AT Fige7. HErRE You
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ARE SHOWN IN A MORE SIMPLIF{ED FORM THE RELATION BETWEEN THE R.F. AMP—
LIFJER AND MODULATOR TUBE, AS WELL AS THEIR CONNECTION To THE "B" CIR
CUIT,.

As A PRACTICAL EXAMPLE, LET US ASSUME THAT THE NORMAL PLATE CURR
ENT PASSING THROUGH THE REACTOR AMOUNTs To 100 MA. AND THAT THIS CURR-—
ENT DIVIDES EQUALLY BETWEEN .THE PLATE CIRCUITS OF THE AMPLIFIER ANDMOD
ULATOR TUBES, 50 Mma. FLOWING THROUGH EACH TUBE.

Now LET Us SUPPOSE THAT AN AUDIO SIGNAL CAUSES A POSITIVE CHARGE
TO BE APPLJED TO THE GRID OF THE MODULATOR TUBE AT ONE PARTJCULAR IN—
STANT AND THAT THIS CHARGE [S SUFFICIENT TO CAUSE, THE PLATE CURRENT
THROUGH THIS TUBE TO INCREASE FROM 50 To 60 MA. SINCE THE REACTOR
TENDS TO MAINTAIN THE ToTAaL "B" cURRenT AT |00 MA.,, THE INCREASE IN
CURRENT THROUGH THE MODULATOR TUBE WILL BRING ABOUT A CORRESPONDINGDE—
CREASE IN THE CURRENT
FLOWING THROUGH THE
AMPLIF|ER TUBE, In =

40 m
OTHER WORDS, ONLY e RE 80 ma,
Am l. Ampl,
100 minus 60 or 40 p o
MAes WILL AT TH}S TIME
BE AVAILABLE FOR THE
AMPLIF1ER TUBE. e

AT THE NEXT IN—

STANT, LET US ASSUME Modulator Modulator

THAT THE AUDIO SIG— Tube N\ goma. |t Tabe )

NAL CAUSES A NEGA— 1% 2o ma.

TIVE CHARGE TO BE 5 )

APPLIED TO THE GRID Reactor
-

OF THE MODULATOR TUBE,
AND THAT THIS CHARGE
18 SUFFICIENT TO
CAUSE THE PLATE CURR
ENT THROUGH THIS

i 4 FJ ] _IIPP—J
TUBE TO DROP DOWN I U 5 +

T0 20 MA., THEREACTOR

ioo ma

TS N
{oo ma.

‘L

IN THIS CASE =~ WiILL

STILL TEND TO  MAIN— ElG. 7

TAIN A TOTAL CURRENT D/agrammaé/c Explaration of the
FLow oF 100 ma. AND "Constant Currers’ Princip/e.

so |00 minus 20 OR
80 MAe WILL AT THIS TIME FLOW THROUGH THE ReF. AMPLIFIER TUBE,

By FOLLOWING THIS SAME TREND OF THOUGHT, 1T CAN BE S8EEN THAT  BY
APPLYING A FLUCTUATING VOLTAGE OF AUDIO FREQUENCY TO THE GRID OF  THE
MODULATOR TUBE, THE PLATE CURRENT THROUGH THE R.Fe AMPLIFIER TUBE WILL
VARY CORRESPONDINGLYe AT THE SAME TIME, HOWEVER, THE R.F. AMPLJFIER 18
HAV NG ITS PLATE CURRENT VARIJED AT A RADI0O FREQUENCY RATE DUE TO THE
EXITING VOLTAGE WHICH IS BEING APPLIED ACROSS IT8 GRID CIRCUIT. THE
NET RESULT 1S THAT THE AMPLITUDE OF THE CARRIER WAVE 18 INCREASED AND
DECREASED W]TH RESPECT TO ITS NORMAL VALUE IN ACCORDANCE WITH THE A.F.
S1GNAL WHICH I8 HANDLED BY THE MODULATOR TUBE, THEMODULATOR TUBE, YOU
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WiLL NOTICE, OPERATES UPON THE SAME PRINCIPLE AS A POWER TUBE oF ANA.F,
AMPLIF JER,

THE HElsING SYSTEM oOF MODULAT JON, AS JUST EXPLAINED, 1S ALSO FRE-
QUENTLY REFERRED TO AS THE " CONSTANT—~CURRENT sYSTEM" oF MobuLAT jON AND
FROM WHAT YOU HAVE ALREADY LEARNED ABOUT THJs METHOD, YOU CAN READ|LY
SEE HOW THIS CLASS|FICATION ALSO APPLIES TO THIS METHOD OF MODULAT[ON,

A TRANSFORMER=COUPLED MODULATOR

IN Fla. 8 vou are SHOWN A SOMEWHAT DIFFERENT CIRCUIT IN ORDER TO
OBTAIN PLATE MODULAT jON, THIS CirCUIT |8 ESSENTIALLY THE SAME AS THAT
OF F1a@.8 wiTH THE
EXCEPTION THAT  THE
PLATE REACTOR Is
REPLACED WITH A MoD-
To Ant ULATION TRANSFORMER,
THE PRIMARY WINDING
OF THI8 TRANSFORMER
IS CONNECTED |N SER=—
5 1ES WITH THE pLATE
CIRCUIT OF THE MOD~
ULATOR TUBE,WHILE THE
SECONDARY WINDING OF
THIS SAME TRANSFORMER
I8 CONNECTED N SER~
IES WITH THE PLATE
CIRCUIT oF THE R,F,
AMPLIFIER TUBE,

R.F. Ampl,
o

{
R.F Input

rom previous
stages

T i IN THIS MANNER,

¢ A.F. sianAL voLTaaes
—=ii CAN BE INDUCED |NTO
- 8y THE SECONDARY W [ND=-
ING THROUGH WH|CHTHE
ReFe AMPLIFIER TUBE
Ela. % I8 DRAWING [TS8 PLATE

Application of the Moduu/at/or Jransformer CURRENT. AT  T|MEs,
THE A.F, 81GNAL vOL=

VOLTAGE AS APPLIED TO THE R.F. TuBE AND THEREBY CAUSE ITS PLATE CURR—
ENT TO INCREASE CORRESPOND INGLYe. AT OTHER TIMES, THE A.F, sjanAL voL~—
TAGE APPEARING ACROSS THE BECONDARY WINDING OF THE MODULATION  TRANS=
FORMER WILL BE OF oppogjTE 8IGN TO THAT OF THE APPLIED PLATE VOLTAGE
AND IN THIS WAY REDUCE THE FLow OF PLATE CURRENT THROUGH THE R.F, AMP—
LIFIER TUBE,

So HErRE AGA IN, WE HAVE A SUBTRACTION FROM AND AN ADDING TO THE
RADIO FREQUENCY CURRENT VARIAT]ONS THROUGH THE PLATE CIRCUIT OF THE
R.F. AMPLIFIER, SO THAT THIS OCCURS AT AN AUDIO FREQUENCY RATE AND FUR
N1sSHEs us WITH A MODULATED WAVE—~FORM,
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A PUSH-PULL MODULATOR

QUITE OFTEN, INSTEAD OF USING ONLY A SINGLE MODULATOR TUBE AS SO
FAR §HOWN, A PAIR OF MODULATOR TUBES ARE CONNECTED IN A PARALLEL,PUSH-
PULL, OR A CrLass "B" ARRANGEMENT, WHEN THIS 1S DONE, THE MODULATIONCIR
CUIT, HOWEVER, REMAINS TRUE TO FORM A8 A STUDY OF THE PUSH—~PULL MODU-—
LATOR IN F1GeS9 WiLL SOON DISCLOSE,

GRID MODULAT ION

IN Fi'ae 10 YOU ARE SHOWN THE CI®CUIT DIAGRAM OF A SYSTEM WHCH s —
KNOWN ag GRID BIAS MODULATION or simpLY as GRID MODULAT ION,

BY STUDYING THIS DIAGRAM CAREFULLY, YOU WILL OBSERVE THAT THECIR—
CUIT FOR THE MODWLATOR TUBE |8 THE SAME AS THAT EMPLOYED [N THE OTHER
CIRCUITS 80 FAR BHOWN YOU, HOWEVER, THE S8ECONDARY WINDJING OF THE MOD—

ULATION TRANSFORMER |S CONNECTED [N SBERJES WITH THE GRID BIAS CIRCUIT
OF THE R.F, AMPLIFIER,

WHeEN No AJF. SIGNAL VOLTAGES ARE BEING HANDLED BY THE  MODULATOR
TUBE, A STEADY BJAS
VOLTAQE I8 APPLIED

TO THE QRID CIRCUIT
OF THE R.F,  awmpL] °
FIER AND THEREFORE

THI8 TUBE W]LL AMPL =

R.E.Ampl.

e el
-1

FY THE CARRJER FRE~ R.F tnput
QUENCY IN THE CUST— from

meaus =
OMARY MANNERe Stages

AT THE TIME THAT
THE MODULATOR TUBE
18 HKANDLING A.F.sj6—
NALS, VOLTAGEE OF CORR
ESPONDING FREQUENCY
WILL BE JNDUCED INTO
THE SECONDARY WIND=
ING OF THEMODULATION
TRANSFORMER, THESE
SECONDARY VOLTAGE VAR
IATIONS WILL ALTER-
NATELY BE ADDED TO

o ‘44|h

ll‘

-

Modulation

AND SUBTRACTED FROM Transformer
THE BlAS VOLTAGE
WHICH (8 NORMALLY

APPLIED TO THE R.F,

, : |
AMPLIFIER TUBE —— Modulator Tube Bo
DEPENDING UPON  THE l“:*hlq'“
POLARITY OF THE
INDUCED VOLTAGQE AT
ANY PART ICULAR  IN—
T
STANT. Flg: 9
Application of Push-RPull Modulator Tubes
THUS IT 18 CLEAR PP f 7 ’
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THAT THE BlAS VOLTAGE OF THE R.F. AMPLIFIER WJLL VARY AT AN AUDIO FRE~
QUENCY RATE AND IN ACCORDANCE WITH THE OUTPUT OF THE MODULATOR  TUBE,
THEREFORE, A CORRESPONDING VARIJATION [N THE PLATE CURRENT THROUGH THE
R.Fe AMPLIFIER WILL ALSO OCCUR AND THE NET RESULT IS THAT THE R.Fe.CURR
ENT VARJATIONS WHICH ARE ALSO HANDLED BY THE R.F. AMPLIFIER WILL HAVE
THEIR AMPLITUDE ( INTENSITY) VARIED AT AN AUDIO FREQUENCY RATE, THus
MODULAT|ON HAS TAKEN PLACE AND A MODULATED WAVE OF CORRESPONDING PATT~
ERN WILL BE RADJATED BY THE ANTENNA SYSTEM,

LOW LEVEL AND HIGH LEVEL MODULATION

IN ALL OF THE MODULATION SYSTEMS WHICH WERE SHOWN YOU SO FAR 1IN
THIS LESSON, THE FINAL R,F. STAGE OF THE TRANSMITTER WAS MODULATED.,
WHEN SUCH Is THE CASE, THE SYSTEM |S GENERALLY REFERRED TO AS EMPLOY—
INg HIGH LEVEL MODULATION, WHEN THIS 18 DONE, ALL R.F. sTAGEs PRE—~
CEDING THE STAGE IN WHICH MODULATION OCCURS MAY BE STRAIGHT R.F. ampL}
FIERS OF RATHER HIGH GAIN AND NEED NOT NECESSARILY BE LINEAR |N THEIR
OPERAT ING CHARACTERISTICSs FOR HIGH LEVEL MODULATION, PLATE MODULATION
1S MOST EXTENSIVELY USED.

IN SUCH CIRCUIT ARRANGEMENTS WHERE AN R.F. STAGE PREVIOUS TO THE
FINAL STAGE OF THE TRANSMITTER 1S MODULATED, THEN THE SYSTEM IS SAID TO
s oF THE LOW LEVEL MODULATION Tvpe, WHEN SUCH IS THE CASE,EITHER
PLATE OR GRID MODULATION CAN BE USED, TH}S ARRANGEMENT ALSO PERMI TS
THE USE OF AN AUDIO AMPLIFIER OF LESS POWER OUTPUT THAN DOES HIGH LEV—
EL MODULATION BUT IT IS EQUALLY TRUE THAT WHEN LOW LEVEL MODULATION 18
EMPLOYED, ALL STAGES OF
THE TRANSMITTER FOLLOW
ING THAT IN WHICH MOD
ULATION OCCURS MUST
BE LINEAR AMPLIF JERS SO
THAT THE MODULATED CARR
IER FREQUENCY CAN  BE
AMPLJFIED SATISFACTOR—
LY.

RF. Ampl,

CLASSES OF MODULATORS
AND AMPLIF [ERS

As vou HAVE AL—~
READY BEEN SHOWN, THE
MODULATOR IS ESSEN—
TIALLY AN AUDJO—~ FRE—
Modulation QUENCY AMPLIFIER  AND
Transf. THEREFORE 1TS BASICDE-
S1GN FOLLOWS CONS}DER—
ABLY THAT OF THE CON-
VENTIONAL A,F, ampLI~
FIERSWITH WH]CH YOU ARE
ALREADY FAMILJAR, Sim—
Fla. 10 1 LARLY, MODULATORS MAY

; N ALSO BE OF EJTHER ONE
Grid Modulation, l
OF TWO BASIC TYPES THAT
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1s, A cLass A OR cLASS8 B TYPE, THE SAME A8 REQULAR A.F, AMPLIFIERS,
WITH THIS RESPECT THERE ARE ALSO CERTAIN MODIFICATIONS, THE SAME A8 WE
FIND THEM [N QENERAL A,F, AMPLIFIER PRACTICE,

IN TRANSMITTER PRACTICE, WE ALSO DEAL WITH A THIRD DISTINCTIVE
cLass, NAMELY cLass C, AND WHICH 18 CONFINED TO THE R,F, SECTION OF THE
EQUIPMENT, S0 THAT YOU WILL HAVE A CLEAR MENTAL CONCEPTION CONCERNING
THE DIFFERENCES BETWEEN THESE THREE DISTINCT CLASSES OF AMPLIFIERS, IT
WILL BE WELL THAT WE COMPARE THEIR CHARACTER|STICS BRIEFLY AT THIS TIME,

CLAS8 "A" AMPLFIERS

A CLass "A" aMPLIFIER, YOU WILL RECALL, 18 DESIGNED IN SUCH AMANN
ER THAT THE PLATE OUTPUT WAVE SHAPES ARE EBSENTIALLY THE SAME AS THOSE
OF THE  EXJTING

GRID VOLTAGE. |Ts

NEGATIVE GRIDB|— JV

AS VOLTAGE I8 80 552 = c. q

CHOSEN THAT THE

PLATE CURRENT I8

THE SAME WITH

AND WITHOUT QRID

EXITATIONs ALSO Em“ e l

THE ALTERNATING R? I

GRID EXITATION

VOLTAGE AND THE

LOAD RESISTANCE

ARE SUCH Ag TO

MAKE |TS DYNAMIC i
3 FiL. TRANS,

CHARACTERISTICS ?wéf

ESSENTIALLY LIN—- {0 v

FARe Fla, 11,

A I5-WatH Phone Trarnsrmitter.
By DEFIN(|—

TION THE TERM "LINEAR" REFERS TO A RELATION BETWEEN ELECTRICAL  QUAN=
TITIES WHICH IS SUCH THAT A CHANGE [N ONE |8 ACCOMPAN|ED BY AN EXACTLY
PROPORTIONAL CHANGE |N ANOTHER, "LINEAR AMPLIFICATION", ON THE OTHER
HAND, 18 AMPLIFICATION OF S8UCH A NATURE THAT THE SIGNAL OUTPUT VOLTAGE
AT ANY FREQUENCY AND ANY VALUE I8 DIRECTLY PROPQRTIONAL TO THE  INPUT
voLTAgEs A Crass "A" AMPLIFIER OPERATES ON THE STRAIGHT PORTION OF THE
PLATE CURRENT=GR|D VOLTAGE CHARACTER|STIC CURVE,

NoT onLY ARE CrLass "A" aAMPLIFIERS RESTRICTED TO A.Fe AMPL{FIERS
AND MODULATORS BUT THEY MAY BE USED A8 R.F. AMPLIFIERS A8 WELL,

CLASS "B" AMPLIFIERS

In CLass "B" AMPLIFIERS A PUSH=~PUSH ARRANGEMENT OF TUBES I8 GEN—
ERALLY EMPLOYED AND THIS SYSTEM OPERATES AT THE LOWER PORTION OF  THE
PLATE CURRENT—=GQRID VOLTAQE CHARACTERISBTIC CURVE AND WITH SBUFFICIENT Bl
A8 VOLTAGE APPLIED 80 THAT A VERY SMALL PLATE CURRENT FLOWS AT THE
TIME NO S1GNAL VOLTAGE EXITES THE GQRID CIRCUITe ALTHOUGH THIS  SYSTEM
WILL NOT FUNCTION SATISFACTORILY A8 AN A,F, AMPLIFIERWHEN ONLY A SINGLE
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TUCE IS USED, YET IN A RADIO FREQUENCY AMPLIFIER,EITHER A SINGLE OR A
TWO—TUBE ARRANGEMENT MAY BE OPERATED UNDER Crass "B" cHARACTERISTICS,
ALTHOUGH A TWO—~TUBE CIRCUIT IS PREFERABLE IN EITHER CASEs

WHEN A TUBE 1Is OPERATING AS A CLAss B AMPLIFIER, THE OUTPUT POWER
IS PROPORTIONAL TO THE SQUARE OF THE GRID—EXITATION VOLTAGE AND  CON—
SEQUENTLY CAUSES THE OUTPUT TO RESEMBLE A LINEAR CHARACTERISTIC. CLass
"B AMPLIFIERS ARE THEREFORE ALSO FREQUENTLY CLASSIFIED AS LINEAR AMP—
LIFIERSs THE PLATE EFFICIENCY OF THE CLass B AMPLIFIER 18 HIGHER THAN
THE PLATE EFFICIENCY OF A CrLass A amMpLIFIER BEcAUSE No D.Ce PLATE CURR
ENT FLOWS WHEN THE GRID EXITING VOLTAGE 1S REMOVEDe. IT 1S FOR THIS
REASON THAT A CLASS B AMPLIFIER 1S ALWAYS USED IN THE AMPLIFICATION OF
MODULATED WAVES WHEMN PLATE EFFICIENCY 1S OF IMPORTANCE,

CLASS "C" AMPLIF IERS

A Crass C AMPLIFIER IS PRACTICALLY THE sAME As A CLass B ampPLIF I~
ER WITH THE EXCEPTION THAT IN THE CASE oF THE CLass C AMPLIFIER, THE
BIAS VOLTAGE IS ADJUSTED TO A POINT FAR BEYOND THE CUT—OFF ON THEPLATE
CURRENT—GRID VOLTAGE CHARACTERIST!IC CURVE., GENERALLY, THE NEGATIVE BIAS
USED 1S BETWEEN ONE AND ONE—~HALF TO TWICE THE CUT—~OFF BlAS VOLTAGE.

THE Crass C AMPLIFIERS MUST RECEIVE A CONS|DERABLE GREATER GRID
EXITATION JN ORDER TO OVERGCOME THE HEAVY NEGATIVE BlAS |F SUITABLE
PLATE~CURRENT PEAKS ARE TO BE PRODUCED IN THE OUTPUT CIRCUIT. FOR THIS
REASON, CLAss C AMPLIFIERS ARE USED ONLY IN TRANSMITTING CIRCUITS BE—
CAUSE OF THE RELATIVELY HIGHER GRID VOLTAGES THAT MAY BE PRODUCED IN
THESE CIRCUITSe ALSO THE USeE oF A CLass C AMPLIFIER PROVIDES A HIGH
EFFICIENCY IN THE CONVERS|ION OF D{RECT=CURRENT PLATE=SUPPLY POWER  TO
ALTERNAT ING—=CURRENT ENERGY BUT RESULTS IN A NON—LINEAR RELAT|ON BETWEEN
THE APPLIED VOLTAGE AND THE POWER OUTPUTe THE oUTPUT OF THE CLass C am
PLIFIER VARIES ESSENTIALLY AS THE SQUARE OF THE PLATE VOLTAGE W{THIN
LIMITS

Now THAT YOU ARE FAMILIAR WI{TH THE VAR|OUS SECTIONS OF Rabto TEL=
EPHONE TRANSMITTERS AND THE MANNER IN WHI]CH THEY OPERATE, YOU W]LL NEXT
BE INTERESTED IN STUDYING CIRCUITS OF THIS TYPE A8 A WHOLE RATHER THAN
IN PART,. For THIs REASON, THE COMPLETE CIRCUITS OF TYPICAL TRANSMITTERS
OF THIS TYPE ARE |LLUSTRATED AND EXPLAINED TO YOU IN THE FOLLOWI[NG
PAGES

A |5=WATT PHONE TRANSMITTER

IN Fi1ge || YOU ARE SHOWN THE COMPLETE CIRCUJT DIAGRAM OF A PHONE
TRANSMITTER WHICH FURNISHES A |5—WATT CARRIER. THIS TRANSMITTER You
WILL OBSERVE, CONSISTS OF A 47 CRYSTAL CONTROLLED 08C]LLATOR, FOLLOWED
BY A FINAL AMPLIFIER IN WHICH A TYPE 45 TUBE 18 USED,

THEe A.F. CHANNEL CONSISTS OF THE MICROPHONE CJRCUIT FEEDING INTO
A B7 TUBE OPERATING AS AN A.F. AMPLIFIER AND WHICH 1S FOLLOWED BY A
PAIR OF 250's CONNECTED I[N PARALLELe. PLATE MODULATION 18 EMPLOYED.

THE ELECTRICAL VALUES FOR THE VARIOUS PARTS USED IN THIS  TRANS™
MITTER ARE As FoLLows: GC,= ,006 mrp; C_ = 100 mmFD.; C,= 25 MMFD.;
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C4= 25 mMFD; Cg= 40 MMFD. SPLIT~8TATOR VARIABLE; Ce3= 350 mmrD; Cr= |
mMFD; Cya= .01 MFD3Cyh= | MFD3R,= 30,000 oHms,5 waTT R,= 30,000 oHms, 2
WATT;Ry= 50,000 oHms,5 WATT;R4 AND Rg= I/4 MEG;Rs= 500,000 oHms; Rg=
25,000 oHms;R,= 400 oHms; |0 wATT; T, = MJCRORHONE MATCHING INPUT TRANS—
FORMER; T, = 2 | STEP—UP TRANSFORMER OF FAIRLY HEAVY CONSTRUCTION;CH =
30 HENRY FILTER CHOKES RATED AT 100 ma,

THIS TRANSMITTER 1S TUNED AND NEUTRAL|ZED [N THE SAME MANNER A8
HAS ALREADY BEEN &XPLAINED IN PREVIOUS LESSONS8 AND BEFORE TURNING ON
THE POWER FOR THE MODULATOR,

A BO-WATT GRID-MODULATED PHONE TRANSMITTER

THE CIRCUIT DIAGRAM WHICH APPEARS IN FiGg. 12 18 THAT oF A 50—~WaATT,
GRID~MODULATED PHONE TRANSMITTER, HERE WE HAVE A 47 CRYSTAL OSCILLATOR,
FOLLOWED BY A 46 BUFFER AND A PAIR OF PARALLEL CONNECTED 21| E's INTHE
FINAL STAGE. IN THE A.F. SECTION, A 56 TUBE 1S USED AT THE INPUT,FOLL=~
OWED BY ANOTHER 56 IN THE INTERMEDIATE S8TAGE, AND A PAIR OF 45's conn—
ECTED IN PUSH~PULL OPERATING AS MODULATORS,

FilGg. 12 -
The 50 Wa# Phone Transmitter.

THE ELECTRICAL VALUES FOR THE PARTS8 USED [N THIS CIRCUITARE LIST—
ED IN TaBLE |,

THE CHIEF PURPOSE OF Rx IN THIS CIRCUIT |8 TO STABILIZE THE LOAD
ON THE BUFFER STAGE WHILE R | SERVES THE SAME PURPOSE FOR THEMODULATORS.
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TRANSMITTERS
A |000-WaTT TRANSMITTER
THE CIRCUIT DIAGRAM FOR A 1000 WATT Rapto TELEPHONE TRANSMITTER
TABLE | APPEARS [N Fi1g. |3, IN THI8 cASE A B9 TUBE
I8 UBED IN A TRI=THY¥ O8CILLATOR CIRCUIT
LIST OF PARTS AND FOLLOWED IN TURN BY A 59 BUFFER, A
L s BN CALE, 210 BUFFER, aN HK 354 BUFFER-DRIVER STAGE
gg;;:gbiggg.o:m C0 s SIS :&;D3g4f INAL POWER STAGE WITH A PAIR oF
R6—2500 ohms. - 8e
Ro—1000 ohmer
e oy THeE A.F. S8YSTEM I8 RATHER CONVEN—
gﬂ:ﬁ%%ﬂiﬁf’ YIONAL IN DESIGN AND PLATE MODULATION IS
i onara, oM USED.
g?i:l%%sull‘lff?l variable.
g;:;gou:l;g’i-v::ir:;rel.e- TH 18 SAME TRANSMITTER |8 ALSO 80
Ce—100 uufd. variable. ARRANGED THAT CW CODE TRANSMISSION CAN BE
€5—100 uufd. variable. EMPLOYED. FOR THIS PURPOSE,THE KEYING RE-
€10—350 uufd. varisble. LAY SHORTS OUT THE COUPLING LINK BETWEEN
C12—.006 ufd. THE DRIVER STAGE AND THE FINAL AMPLIF|ER,
Cl4—1 ufd. SINCE THE FINAL AMPLIFIER USES GRID—~LEAK
’g}m?lfeug.zrid transformer. BJAS FOR REASONS8 OF ECONOMY AND FLEXIBlL~
o Triode Dlate 10 Tb preformer: ITY, IT I8 NECESSARY TO PROVIDE A _MEANS
T Class B ot ransformer, 2 to 1 of | 5r PREVENT ING EXCESS IVE PLATE CURRENTWITH

THE KEY UPe THIS I8 ACCOMPLISHED W|TH THE
AID OF A SECOND RELAY WHICH IS8 ACTUATED BY THE RECTIFIED GRID CURRENT
THROUGH THE GRID LEAK AND WHICH cUTs IN THE |B00 OHMS OF CATHODE  BIAS
WHENEVER THE EXCITATION FAILS,

THE ELECTRICAL VALUES FOR THE VAR|OUS PARTS USED IN THI8 TRANSMITT—
ER ARE GIVEN [N TaBLE [|e

Cu

HK
354 = Ly

HK 354

F1G. 13
The 1000-Wat Transmitter
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ALSO NOTICE IN THE CIRCUIT OF F1@.13 THAT A CONDENSER M|CROPHONE
18 USED AND THAT ALL AMPLIFICATION WHICH 1S NECESSARY FOR ITSSATISFACT=
ORY OPERATION 18 INCLUDED IN THE A,F. CHANNEL. ALSO OBSERVE HOW THEMOD~
ULATION CHOKE 1S CENTER TAPPED AND CON—

NECTED TO THE PLATES OF THE MODULATOR TABLE TI
TUBES IN THE SAME MANNER AS THE PRIMARY

WINDING OF AN OUTPUT PUSH—PULL TRANS™— L)ST OF PARTS
FORMER.

C1—140 mmf. Hammarlund Conderser.

€2—.01 mfd. C3-—50 mmf. Hammarlund.
£4—.00025. C5—0001. C6—50 mmf. Hammarlund.
HAvV ING COMPLETED THIS LESSON, YOU €7—.00025. C8—22 mmf. Neutralizing.

€9—-100 mmf. split stator. CL0—.00025.
SHOULD NOW HAVE A QOOD UNDERSTANDINGOF | 1115 mmf. neutralizing. C12—100 mmf. split stator.

S €13—100 mmf. split stator. Cl4—15 mmf. neutralizing.
THE CONSTRUCTIONAL FEATURES ANDOPERAT 15-—100 mmt. split stator. C16.001.

ING PRINCIPLES OoF RADIO TELEPHONE TRAN— | C17—250 mmf.  C18—250 mmf.  C19—.001.
C20—1 mfd. C21—.01 mfd. C22—8mfd.
SMITTERS, THIS HAS SUPPLIED YOU WITH THE R1, R2, R3, R5, R17, R19—50,000 chms.
R4—10C00 ohms. R6, R7—15,000 ohms.

BAS|C KNOWLEDGE CONCERNJNG THESE CIR— RE—25.000 ohms. R9——1500 ohms.

BETTER BLE R10—10 megohms. A11-—-5 megohms.
CUITS SO THAT YOU WJLL BE A ety et A3 72 mesechm.

TO UNDERSTAND E R -R14-—750 ohms. R15—14 megohm.
o DERSTA THE VARJOUS TRANBMITTER e Ry e

DES]IGN PROBLEMS W wiLL RESENT R20—2500 chms. R21—20,000 chms.
! S R0k : BEP SENTED R22—14 me:ohm. 23—2500 ohms.

R
TO YOU IN A LESSON SOON TO COME, R24—1 megohm. R25—750 ohms.
R26—10,000 ohms.
T1—Triode Plate to Grid.
T2——Push-Pull Input. T3—Class B fnput, 1:1 for

IN THE LESSON IMMEDIATELYTO FOL—~ 354%; 2:1 for 357"s. .
LOW, YOU WILL BE GIVEN THE OPERATING B
CHARACTERISTICS AND OTHER ENGINEERING
DATA PERTAINING TO THE MORE COMMON TRANSMITTER TUBES AND WHICH YOU WILL

FIND TO BE OF GREAT VALUE.




EXAMINATION QUESTIONS

LESSON NO. I3

In all your self-development,have
a definite purpose in view. What is
the good of a wonderful character if
it does not accomplish something be-
sides its own development?

EXPLAIN N DETAIL WHAT IS MEANT BY THE EXPRESSION "AMP-
LITUDE MODULATION",

MAKE A DIAGRAMMAT IC ILLUSTRATION OF A WAYE-FORM WHICH IS
MODULATED |00% AND EXPLAIN IN DETAIL THE FULL MEANING OF
THE DRAWING.,

WHAT IS MEANT BY THE EXPRESSION "MODULATION FACTOR"?
DESCRIBE IN DETAIL THE SIDE-BAND FREQUENCIES WHICH EXIST
IN THE WAVE-FORM WHICH IS RADIATED BY A BROADCAST TRANS-
MITTER.

How CAN THE PERCENTAGE OF MODULAT (ON BE DETERMINED?

DRAW A CIRCUIT DIAGRAM OF A HEISING MODULATION SYSTEM
USING A PLATE REACTOR AND EXPLAIN IN DETAIL HOW THIS SY-

STEM OPERATES.

DRAW A CIRCUIT DIAGRAM OF A GRID MODULATION SYSTEM AND
EXPLAIN IN DETAIL HOW THI!S SYSTEM OPERATES,

DESCRIBE FULLY THE OPERATING CHARACTERISTICS OF A CLASS
"C" AMPLIFIER.

WHAT IS THE EFFECT OF OVER-MODULATION UPON RECEPTION?
DRAW A COMPLETE CIRCUIT DIAGRAM OF A RADIO-TELE PHONE

TRANSMITTER AND EXPLAIN THE OPERATION OF THE VAR IOUS
UNITS OR SECTIONS WHICH ARE INCLUDED IN T,
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LESSON NO. 4

* TRANSMITTER TUBES -

IN FUNDAMENTAL DESIGN, TRANSMITTING TUBES ARE THE SAME AS RECE]VER
TUBES, THAT 1S, TRANSM|TTING TUBES OF THE TRJODE TYPE ALSO CONSIST OF A
FILAMENT, PLATE AND GRID} TRANSMITTING TUBES OF THE TETRODE TYPE ALSO
CONSIST OF A FILAMENT, CONTROL GRld, PLATE, AND SCREEN GRID THE SAME AS

THE CORRESPONDING RECEIVER TUBE ETC. IN FACT, AS YOU HAVE ALREADY LEARNED,

IF THE POWER HANDLING REQUIREMENTS ARE NOT TOO HJGH, RECEIVING TYPETUBES
CAN BE MADE TO SERVE AS TRANSMITTER TUBES AND THIS PRACTICE IS BEINGUSED
SATISFACTOR{ILY IN THOUSANDS OF AMATEUR TRANSMITTERS.

IN BPITE OF THIS SIMILAR—
ITY, THERE 1S ALSO A RADICAL
DIFFERENCE BETWEEN THE RECEJVER
AND TRANSMITTER TUBES BUT THIS
DIFFERENCE EX1STS LARGELY |N CON
STRUCT JONAL DETAILS SO AS TO EN
ABLE THE TRANSMITTER TUBES TO
HANDLE LARGER POWERS,

OUR FIRST STEP IN THIS
LESSON WILL BE TO POINT OUT THE
MORE IMPORTANT CONSTRUCT JONAL
FEATURES OF THE VARIOUS DISTIN—
CTIVE TYPES OF TRANSMITTER TUBES
AND TH|S WILL BE FOLLOWED BY DA:
TA CONCERNING THE OPERATING CHAR
ACTER|STICS OF SOME OF THE TRANS
MITTER TUBES WHICH ARE MOST COMM
ONLY USED IN PRACTICEs

FiGa. 1
CONSTRUCT |ONAL FEATURES
Bank of Qza‘/ﬁ’er Tubes
IN F1Ge2 YOU ARE SHOWN THE I 3 Short—Wave Broadcast
TyrPE 800 TuBe. THI8 TUBE Is A Station.

Sl e il e M B _ . o . -

Tl i o

22 L B,
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TRIODE OF RATHER LOW POWER RATING BUT DESIGNED PRIMARILY FOR OPERATION IN
HIGH FREQUENCY CIRCUITS. THE MOST INTEREST—

Plate Grid ING FEATURE OF THIS TUBE I8 THAT THE GRID
AND PLATE GONNECT IONS8 ARE MADE AT TWO METAL
CAPS WHICH ARE PLACED ON THE CREST OF THE
GLASS BULB. THIS FORM OF CONSTRUCT ION RE~

DUCES THE GRID—PLATE CAPACITY OF THE TUBEAND
ITS CONNECTING CIRCUITS AND WHICH |8 OFVITAL
IMPORTANCE IN CIRCUITS OPERATING AT HIGH FRE=
QUENCIES. AT THE S8AME TIME, GOOD INSULAT IVE
PROPERTIES ARE ALSO INTRODUCED BY THIS ARR—
ANGEMENT,

A FOUR~PRONG BASE I8 USED [N THIS CASE,
THE TWO LARGER ONES TAKING CARE OF THE FILA—
MENT CONNECT IONS WHILE THE TWO S8MALLER ONES
ARE BLANK. THE OVER—ALL HEIGHT OF THIS8 TUBE
1s 6 3/8" WHILE THE MAXIMUM DIAMETER OF T8
aLass BuLe Is 2 IlI/18",

50 WATT TUBES

THE CONSTRUCTIONAL FEATURES OF A TVYP—

IcaL 50 WATT TUBE ARE SHOWN IN F1@.3, WHERE
Fla.Z THE 203-A |s USED A8 THE EXAMPLE. THI8 TUBE

The Z;pe 8oo Jube. IS ALSO A TRIODE AND FITTED WITH FOUR  BASE
PRONGS OF THE SHORT TYPE. [N THI8 CA8SE, ALL

OF THE ELEMENTS ARE CONNECTED TO THE BASE PRONGS IN THE USUAL WAY, THE
OVERALL HEIGHT OF THI8 TUBE 18 7 7/8" AND (TS MAXIMUM D|AMETER I35 2 5/I6"

A STILL DIFFERENT FORM OF TUBE CONSTRUCTION |8 SHOWN IN FlaG.4,

WHERE A 50 WATT TUBE APPEARS AT THE LEFT AND A |B0 WATT TUBE AT THERIGHT,.
HERE THE GLASS BULB |8 OF MAXIMUM DJAMETER AT THE APPROX
IMATE CENTER AND REDUCED AT EACH ENDe BOoTH OFTHESE TUBES
ARE OF THE TRIODE TYPE AND HAVE THEIR FILAMENT CONNEC—
TIONS MADE AT THE BASE PRONGS,WHILE THE GRID CONNECT ION
IS MADE AT A CAP AT THE UPPERMOST END OF THE TUBE AND
THE PLATE CONNECTION AT THE METAL CAP WHICH 18 PROVIDED
AT THE SIDE OF THE LOWER PORTION OF THE GLASS BULB. THIS
FORM OF CONSTRUCTION ALSO PERMITS WIDE SEPARAT |ON BETWEEN
THE GRID AND PLATE CIREGUIT WIRING A8 WELL AS GOOD |N8UL-
ATIVE PROPERTIESe THE APPROXIMATE OVERALL HE|IGHT OF A
TUBE OF THIs TYPE Is 8 3/4" AND IT8 MAXIMUM BULBD|AMETER
1s 4 1/4",

=
e

THE 204-A

IN Flae B YOU ARE SHOWN THE CONSTRUCT IONAL FEATURES
OF THE 204~A, WHICH |8 RATED AT 250 wATTs. THI8 TUBE 18
FITTED WITH A THREE=PRONG BASE AND A METAL CAP CONNECTION
AT THE OPPOSITE END, THE TWO OUTER AND LARGER BASEPRONGS
ARE FOR THE FILAMENT CONNECTIONS WHILE THE CENTER PRONG
OF THIS QROUP |8 FOR THE GRID CONNECTIONe THE PLATE CONN
ECTION |18 MADE AT THE METALLIC CAPe
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THis TUBE Is TO BE FITTED IN SPECIAL END MOUNTINGS AND WHICH ARE

ALSO SHOWN IN F1a.5.
EITHER IN A VERTICAL POSITION WITH THE
IN A HORJZONTAL PO~
SITION WITH THE PLATE IN A
PLANE (ON EDGE)e YOU WILL ACQUIRE
IDEA AS TO THE SIZE OF THI8 TUBE
ITS DIMENS|ONS8 AND WHICH ARE AS FOLLOWSS
OVERALL HEIGHT = 43"

FILAMENT END UP OR

= 4I/16 "o

| KW. TUBES

A pICTURE OF THE 206 AFPPEARS IN
Fige 6 AND WHICH YOU WILL NOTE |8MOUNT=
ED SOMEWHAT THE SAME A8 THE 204~A, WITH
THE EXCEPTION THAT THE GRID
IS BROUGHT OUT AT THE SIDE OF THE GLASS

ENCLOSURE,

AnoTHER 1000
1s sHOWN IN Fi1Q.7,
THE TWO LARGE BABE
LOCATED ONE I8 FOR

IT MAY BE MOUNTED

VERTICAL
SOME
FROM

$ MAXIMUMD | AMETER

| !
CONNECT ION { t-Filament B

\/

Fla. 4
Another Forrm of Tube Constructon.

WATT TUsBeg, THE 851,
THI8 ALSO HAS A THREE PRONG BASE AND A CAP CONNECTIONe
PRONG8 ARE FOR THE F{JLAMENT AND THE SMALLER CENTRALLY
THE GRIDe THE PLATE CONNECTION 18 MADE AT THE

METAL

CAP AT THE OPPOS|TE END OF THE TUBE. THIS TUBE IS MOUNTED 8IMILARLY  TO
THAT METHOD WHICH 18 ILLUSTRATED FOR THE 204~-A aND THE 206 TUBES. THE

GRID

FILAMENT

~
FILAMENT

OVERALL LENGTH oF THE 851 Is 173" AND ITs MAXIMUM
DIAMETER I8 68",

THE EXPLANATJONS A8 80 FAR GIVEN S8HOULD HAVE
SERVED TO GIVE YOU SOMEWHAT OF AN IDEA REGARDING
THE GENERAL SHAPE AND APPEARANCE OF TRANSMITTER
TUBES, JO ILLUSTRATE EVERY SINGLE TYPE OF TRANSG™
MITTER TUBE WOULD NOT ONLY BE UNNECESSARY BUT ALSO
A WASTE OF TIME, THE ONES SHOWN ARE TYPICAL OF
THOBE WHICH YOU WILL FIND IN THE JNDUSTRY, A8 IN
APPEARANCE THEY NEARLY ALL FOLLOW THE SAME SHAPEAS
THOSE WHICH HAVE BEEN |LLUSTRATEDs

OUR NEXT STEP W|LL BE TO CONSIDER S8OME OF THE
DESIGN FEATURES8 OF TRANSMJTTER TUBES.

DETA{LS OF DESIGN

TRANSMITTER TUBES OF HIQHER POWER RATINGMUST
BE DESIGNED AND CONSTRUCTED WITH UTMOST CARE AND
PREC I8 IONe

THE ELECTRON EMITTER IN TUBES8 OF THIS TYPE IS
NEARLY ALWAYS A TUNGETEN FJLAMENT. OX 1DE=COATED AND
THORIATED~TUNGSTEN FILAMENTS ARE CONFINED PRACTIO—
ALLY EXCLUSIVELY TO TUBES OF SMALLER 81ZEe

THE REASON FOR UZING TUNGSTEN F[LAMENTS 18
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THAT WHEN THE ELECTRONS TRAVEL FROM THE EMITTER TO THE PLATE OF THE TUBE,
THEY COLLIDE WITH ANY REMAINING TRACES OF~ GAS MOLECULES, BREAKING THEMUP
INTO SMALL POSITIVE PARTICLES KNOWN AS POSITIVE [ONS AND SMALL NEGATIVE
PARTICLES KNOWN AS NEGATIVE 10NS. WHEN HIGH PLATE VOLTAGES ARE USED, THE
POSITIVE |ONS TRAVEL TOWARDS THE EMITTER W|TH SUCH TERR|FIC SPEED THAT
THE IMPACT UPON STRIKING THE EMITTER §S SUFFICIENT TO STRIP THE THORIUM
LAYER OFF THE EMITTERs

THE FILAMENT CURRENT AS DRAWN BY THE LARGER TRANSMITTER TUBES I8
GENERALLY QUITE HIGH SO THAT ADEQUATE ELECTRON EMISS|ON MAY BE OBTAINED.
WHEN USING SOME OF THE LARGER TUBES, IT IS CUSTOMARY TO PLACE A RES I &=
TANCE IN SERIES WITH THE FILAMENT WHEN THE FJLAMENT CIRCUIT 18 FIRST CLOS
ED, SO AS TO LIMIT THE RUSH OF CURRENT THAT WOULD OTHERW|3E FLOW BECAUSE
OF THE LOW RES|ISTANCE OF THE COLD FILAMENT, SHOULD THIS STARTING RES|S—
TANCE NOT BE EMPLOYED, THE [IN|TIAL FILAMENT CURRENT IN THE LARGER TUBES
WOULD BURN OUT FUSES OR PERHAPS DAMAGE THE TUBE ITSELF,

To PREVENT TRACES OF GAS WITHIN TRANSMITTER TUBES |S ONE OF THE
MOST DIFFICULT PROBLEMS ENCOUNTERED IN THEJR MANUFACTURE,. ALTHOUGH IT
18 TRUE THAT THE AIR AND TRACES OF GAS CAN BE REMOVED QUITE READ]LY FROM
THE GLASS ENVELOPE, YET THE EXHAUSTING OF GAS STILL INCLUDED IN THE ME—
TALLIC PARTS AND OTHER GLASS SUPPORTING MEMBERS |5 EXTREMELY DIFFICULT.

THE GAS 18 DRIVEN OUT OF THE METAL STRUCTURE WITHIN THE TUBE BY
HEATING THE METAL TO A HIGH TEMPERATURE BEFORE PLACING IT IN THE TUBEAND
THE PUMP NG 18 CARRIJED ouT

Fﬂament WITH THE ENTIRE TUBE [N AN

OVEN THAT IS HEATED TO A TEM—
PERATURE JUST BELOW THE 8OF=
TENING POINT OF THE GLASs.Fi—
NALLY, WHILE THE PUMP ISSTILL
IN OPERATION, THE METAL PARTS
ARE BROUGHT UP TO TEMPERATURES
ABOVE THOSE WHICH WOULD OCCUR
DURING THE NORMAL  OPERAT]JON
OF THE TUBE. SOME OF THE
LARGER TUBES REQUIRE A8 LONG
As 24 HOURS OF CONT INUOUS
PUMP ING IN ORDER TO REMOVE THE
GASES WHJCH WOULD ORDINARILY
BE HELD BY THE VAR|OUS PARTS
WHJCH ARE ENCLOSED IN THE
GLASS ENVELOPE,

THE MATERIALS WHICH ARE
SELECTED FOR THE GRIDS AND
PLATES MUST BE SELECTED W]|TH
SPECIAL CARE DUE TO THE HIGH
TEMPERATURES AT WHICH  THESE
ELEMENTS FREQUENTLY  OPERATE

Fla.6 El16.7 WHEN IN UsEs THE GRIDS ARE
) ﬁ GENERALLY MADE OF TUNGSTENAL—
The 206 The 851 THOUGH MOLYBDENUM 1S ALSO USED.

THE PLATES IN AIR—COOLED TUBES
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ARE GENERALLY MADE OF MOLYBDENUM BUT TAN
TALUM S ALSO USED.

WHEN TRANSMITTER TUBES ARE [N OP—
ERAT |ON, THEY GENERATE CONSIDERABLE HEAT,
THIS HEAT ORIGINATES PRIMARILY AT THE
FILAMENT AND PLATE, THE PLATESFREQUENT—
LY BECOMING RED HOT, ALTHOUGH THI!S Is
ALSO TRUE OF THE GRIDS IN S8OME  CASESe
80 AS TO PERMIT ADEQUATE RADIATION OF

THIS HEAT TO THE SURROUNDING AIR AND
THEREBY PREVENT TUBE HEAT|ING OF AN I N—
JURJOUS MAGNITUDE, IT 1S CUSTOMARY TO

SUPPLY THE TUBE W|TH A GLASS ENVELOPEOF
CONS|DERABLE S1ZE. THE GREATER THE AREA
OF THE GLASS N CONTACT WITH THE SURR—
OUNDING A|Ry, THE MORE EFFICIENT WILL BE
THE COOLING.

To FASCILITATE COOLING CF THE TUB—~
ES THEY SHOULD BE INSTALLED IN SUCH A
MANNER THAT THEY WILL BE EXPOSED FREELY

TO THE SURROUNDING AIR RATHER THAN BE—
ING CRAMPED I[N CLOSE QUARTERS. AN EX—
AMPLE OF SUCH A TUBE INSTALLATI{ON 18
SHOWN IN F1Ge8. ALSO NOTICE IN THIS ILL
USTRAT |ON THAT BEAD INSULATION 18 USED

¢ ~Frkrment leads\\

Glass stem

forgrid lead
N

cilament =
eqds =2 —

Grid lead],

\G/ass
bulb

Supporting
S wires

\ .
Clarrmp supportin
- \\ gri e

{ \
Copper 1o/ N
g/gés sear/ S
|\Ll-=7Filament
/ C wires
Copper anode %%LEErE
Without water
Jacket ,
: ~Supporting rod
FILAMENT
STRUCTURE

Flg. ©
A Water- Cocled Tube.

F1a.38
A 7’9/:;/-55/ /-//'?/7 Power Tube
Ihstallation.

ON THE HlIGH VOL=—
TAGE CONDUCTORS
LEADING TO THE
TUBES.

QUITE OFTEN
TO PROVIDE STILL
BETTER TUBE COOL~
ING, A DRAFT OF
AIR 18 CIRCULATED
AROUND THEM. THIS
CAN BE ACCOMPLISH
ED WITH THE  AID
OF LARGE FANS OR
BLOWERS WH]CH
FORCE A DRAFT OF
AIR AROUND THE
TUBES WHILE THEY
ARE IN OPERAT|IONe

WATER-COOLED TUBES

For mMoOST OF
THE TUBES OF VERY
HI1GH POWER RATING,
AS USED [N BROAD—
CAST STATIONS,AIR
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COOLING IS NOT SUFFICIENT TO KEEP THE TUBE TEM—
PERATURES AT A SAFE VALUE. IN SUCH CASES, WATER
IS USED AS THE COOLING MEDIUMe. TO USE WATER FOR
TH1S PURPOSE, THE TUBE MUST BE SPECJALLYDESIGNED
AND AN EXAMPLE OF SUCH A WATER—COOLED TUBE Is
SHOWN You IN F1a.9.

HERE THE TUBE IS SHOWN AT THE LEFT IN AN
ASSEMBLED CONDITION, WHEREAS THE GRID STRUCTURE
IS SHOWN IN DETAIL AT THE CENTER AND THE FJLA—
MENT STRUCTURE AT THE RIJGHT.

THiIs TUBE USES A HOLLOW, TUBULAR SHAPED,
PLATE (ANODE) WHICH IS CLOSED AT ITS LOWER END.
THE F1LAMENT STRUCTURE IS INSERTED IN THE SPACE
WITHIN THE CENTER OF THE GRID STRUCTURE AND
THESE TWO STRUCTURES ARE TOGETHER jNSERTED § N—
TO THE HOLLOW PLATE, THE UPPER PORTION OF  THE
TUBE IS SEALED IN A GLASS ENVELOPE.

WHEN IN USE, THE PLATE END OF THE TUBE I8

INSERTED INTO A SPECIAL JACKET THROUGH WH | CH
COOLING WATER 18 CIRCULATED,AND WHICH AT  THE
SAME TIME SERVES AS THE TUBE HOLDER. THIS s

JLLUSTRATED IN Fige. 10,

SUFFICIENT SPACE 1S PROVIDED BETWEEN THE
INSIDE OF THE JACKET AND THE COPPER PLATE SO AS

50 Aw.
Amplifier
5 Kw ,::£3f=cr;::::1
Amplifier ~Seal Air

u - Radiator
S || g farter Switch

4

Cénncc;‘/'on
to Thermometer

/e
Dra/'n’ﬁ WL r iy

) S—

Valve

= |

To Water. WL
Supply |l
g " Note: The End's of
/ these Pipes must be

1 1L | below Water Leve), .

) ll :ij:? in Tank Starter Switch

0 |) — | =
=2 /N

Storage Tank Circulating
Pump
Power and Control Wiring
for Cooling System
FlG.11

A4 Typ/'ca/ water— Cao/fng 5y57‘em .

FiGg.10

Water-(ooled Tube
Mounted in Jacket.

TO PERMIT A COL—
UMN OF WATER TO
CIRCULATE FREELY
AROUND THE PLATE
FOR THE EXTRAC—
TION OF HEAT GEN—
ERATED AT THIS
POINTs HOSE conn
ECTIONS LEAD THE
WATER INTO  AND
OUT OF THE JACK—
ET AND A SPECJAL
GASKET BETWEEN
THE TUBE AND THE
JACKET PREVENTS
LEAKAGE,

A TVYPICAL
WATER=COOL ING SYS§
TEM AS USED WITH
A 50 KwBROADCAST
TRANSM]TTER I1s
SHOWN IN Flae Ile
As vou wiLL oB—
SERVE, TH {8 SYSTEM
CONS1ISsTs OF A
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STORAGE TANK FROM WHICH THE COOLING WATER IS DRAWN AND FORCED BY THE
PRESSURE OF A PUMP THROUGH A RADIATOR, THROUGH THE TUBE JACKETS, AND BACK
TO THE STORAGE TANK,

THE RADJIATOR IS SIMILAR IN CONSTRUCTION TO AN AUTOMOBILE RADIATOR
ONLY THAT IT IS LARGER IN S1ZE. A FAN WHICH I8 DRIVEN BY AN ELECTRIC MO—
TOR FORCES A{R THROUGH THE RADIATOR SO AS TO COOL THE WATER BEFORE CIR—
CULATING |IT AROUND THE TUBESe. A BANK OF COOLING FANS OF THIS TYPE ARE
SHOWN YOU IN Fiae |2, HERE THE AIR IS TAKEN {N FROM OUTSIDE THE BUILDING
THROUGH LOUVRES AND FORCED BY THE FANS8 THROUGH THE RADJATORS WHICH  ARE
LOCATED DJRECTLY IN FRONT OF THEMe

IN THE sYsTEM OF FiGge. || ADDITIONAL ELECTRICALLY DRIVEN AR BLOWERS
ALSO FORCE. A DRAFT OF AR AROUND THE TUBES OF THE 50 KW, AMPLIFIER TO
STILL FURTHER AID IN THE PROCESS
OF COOLINGe

IN THE LARGE TUBES, ABOUT
TWO OR THREE GALLONS OF WATER
PER MINUTE I8 PUMPED PAST THE
PLATE (ANODE)s A CIRCUIT BREAKER
IS FREQUENTLY INSTALLED BETWEEN
THE WATER CIRCULATING SYSTEM AND
THE ELECTRICAL CIRCUITS AND IS
SET TO OPEN IN CASE THE WATER
SUPPLY S8HOULD FAIL FOR ANY REASON,

THE TEMPERATURE OF THE WA—
TER 1S USUALLY MEASURED AFTER IT
HAS8 PASSED THE HOT ANODE AND AT

_ THIS POINT IS SELDOM PERMITTED TO FlG.12
exceep 70° CenTicraDe (158°Fan— =
Cooling Fans and
RENHE|T)s BECAUSE OF THE HIGH Padrator System

PLATE POTENTJAL REQUIRED BY SUCH

TUBES, THE PLATE IS CAREFULLY INSULATED FROM THE WATER TANK AND THEMETAL
TUBING WHJCH 18 NORMALLY GROUNDEDe By USING A FA[IRLY LONG RUBBER HOSE TO
CONNECT THE WATER JACKET TO THE WATER SOURCE AND AL8S8O BY USING PUREWATER
IN THE C| ZULATORY SYSTEM, THE INSULATI]ON RESISTANCE IS BUILT UP TO THE
ORDER OF SEVERAL HUNDREDS OF THOUSANDS OF OHMS, THIS RESISTANCE 18 BE~
TWEEN THE HIGH POTENT JAL ANODE WHICH I8 IN DIRECT CONTACT WITH THE WATER,
AND THE COOLING SYSTEM, AND IN TURN, THE GROUNDe

ANOTHER "TRICK" WHICH 1S RESORTED TO IN ORDER TO FASCILITATE  THE
COOLING OF TRANSMITTER TUBES |8 TO BLACKEN THE PLATE 80 AS TO  INCREASE
THE RATE OF HEAT RADIATIONe ALSO [N BOME OF THE TRANSMITTER TUBESSPECIAL
BUILT—IN FEATURES SUCH A8 R.F. CHOKES WILL BE FOUND AND WHICH HAVE BEEN
PLACED THEREIN W[TH THE INTENTION OF REDUCING PARASITIC OSCILLATI|ONS.

TUBE OPERAT ING CHARACTERISTICS

Now THAT YoU ARE FAMILIAR W]TH THE CONSTRUCTIONAL FEATURES OF THE
DIFFERENT DISTINCTIVE TYPES OF TRANSMITTER TUBES, YOU WJLL NEXT BE | N—
TERESTED |N LEARNING HOW THE OPERAT ING CHARACTERI}ISTICS OF THESE TUBES
COMPARE W|TH THOSE AS USED IN RECEJVERS.
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TRANSMITTING TUBES
TRIODES
Interelectrode Capaci-
Nomi- Fil. Fil. Max. Max. Neg. Max. Grid Safe Amp. tances (uufd.) Grid
Type nal Volts | Amps. | Plate Plate Grid Grid Driv- | Plate |Faetor | | Leak
R.F. (Ef) n Volts? Ma. Blas Ma. ing Dissi- (») (ohms)
Output N (Eb) (Ip) Volts? (Ie) Power | pation ‘Grid Grid Plate
(watts)! (Ee) (watta)| (watts)| to to t0
Fil. Plate Fil.
13 10 2.5 1.50 400 50 180 2.0 10 3.5 5.0 8.0 3.0 50,000
16 10 2.5 1.75 400 50 18G4 2.0 10 5.8 50,000
226 30.0 1,000
59 10 2.58 2.0 400 50 1358 3.0 8.0 25,000
227 2.0 10 30.0 1,000
843 10 2.5¢ 2.5 425 40 90 7.5 15 .7 5.0 6.0 5.0 10,000
IlO 15 7.5 1.25 500 60 135 15 3.0 15 8.0 4.0 7.0 3.0 10,000
|841 15 7.5 1.25 500 60 30 .20 2.0 15 30.0 5.0 8. 3.0 5,000
I801‘ 25 7.5 1.25 600 65 150 15 4.5 20 8 4.5 ] 1.5 10,000
ISOO‘ 50 7.5 3.25 | 1000 75 135 25 5.0 35 15.0 2.8 2.5 1.0 10,000
|S‘25‘ 50 7.5 3.25 | 1000 75 180 5.0 40 10.0 2.0 3.0 1.0 10,000
“I830 50 10.0 2.15 750 110 180 18 5.0 40 8.0 4.9 9.9 2.2 10,000
RK-18% 50 7.5 2.5 1000 85 135 15 4.0 40 18.0 3.8 5.0 2.0 10,000
304-A* 85 7.5 3.25.| 1250 100 200 20 8 50 11 2 2.5 0.7 10,000
203-A 100 10.0 3.25 | 1250 175 100 60 14.0 100 -25.0 6.5 14.5 5.5 10,000
211 100 10.0 3.25 | 1250 175 200 50 14.0 100 12.0 8.0 15.0 7.0 15,000
242-A 100 10.0 3.25 | 1250 150 150 50 14.0 100 12.6 8.5 13.0 4.0 15,000
852% 100 10.0 3.25 | 3000 100 350 40 20.0 100 12.0 2.0 3.0 1.0 10,000
354% 150 5 7.75 | 3000 175 275 40 15.0 150 11.0 9.0 3.7 0.4 10,000
150T* 200 10.0 3000 200 300 25 15.0 150 12.0 10,000
F-108-A*| 200 10.0 11.0 3000 200 350 50 25.0 175 12.0 3.0 7.0 2.0 15,000
2041A 350 11.0 3.85 | 2500 275 250 80 60.0 250 25.0 | 18.0 17.0 3.0 10,000
849 450 11.0 5.0 250C 350 300 125 75.0 300 19.0 | 17.0 33.5 3.0 10,000
831* * 500 71.0 10.0 3000 350 300 100 75.0 400 14.5 3.8 4.0 1.5 |10,000
F-100* _500 11.0 25.0 2000 500 300 75.0 500 14.0 4.0 10.0 2.0 10,000
TETRODES AND PENTODES
Interelectrode Capacl-
Nomi- Fil. Fil. Max, Max. Neg. Max. Max. Grid Safe Safe tances (uutd.)
nal Volts | Amps. [ Plate | Screen | Grid Plate Grid Driv- | Screen | Plate
Type R.F. (Erf) (647 Voltsz | Volts Blas Ma.l: Ma. ing Dissi- | Dissl-
Output (E) (E) Volits (Ip) (Ie) Power ation ation
{watts)! (E) (watts)| (watts)| (watts)| Grid to| Grid to|Plate to
Cath- | Plate | Cath-
ode ode
41 5 | 6.33| 0.4 | 300 100 22 40 1.0
42 10 6.3 0.7 400 100 45 50 2.0
47 10 2. 1.75 400 100 45 50 2.0 8.6 1.2 13.0
2A5 10 2.5¢ 1.75 400 100 45 50 2.0
89 10 6.3 0.4 400 100 45 40 2.0
59 10 2.5¢ | 2.0 400 100 43 50 ‘2.0
844 5 2.5% 2.5 500 150 10 30 5 1.0 3 15 10.0 0.07 8.5
86 5% 15 7.5 2.0 750 150 75 60 15 2.5 3 15 10.0 0.05 7.5
254-A% 20 5.0 3.25 750 175 90 60 3.0 5 20 4.6 0.1 9.4
254-B* 25 7.5 3.25 750 150 135 75 3.0 5 25 11.2 0.085 5.4
282-A% 50 10.0 3.0 1000 250 150 100 5.0 5 70 12.2 0.2 6.8
RK-20% 50 7.5 3. 1000 300 75 -85 3.0 10 40 11.0 0.01 9.5
850 100 10.0 3.25 | 1250 150. 150 175 40 10.0 10 100 17.0 0.2 26.0
I860‘ 100 10.0 3.25 | 3000 250 200 100 40 15.0 10 100 8.5 0.05 9.0
I861+ 540 11.0 10.0 3500 500 200 350 100 50.0 35 400 17.0 0.1 13.0

§ with
S Grids

to the tube plate.

ed values, unmodulated d.c. Witb modulation, d.c. plate voltage should be 25 to 30 per cent lowar.
3 Recommended value for operation as oscillator or Class-C power amplifier.
4 With outer grid connected to plate.
rids connected together.

o8. 2 and 3 connected to plate.
7 Grids Nos. 1 and 2 connected together; grid No. 3 connected to plate.
$ Indirectly-heated cathode.

"1 Conservative rating based on normal plate input and operating conditions. The actual output will depend upon the efiiciency
and the power suppli 5 5

2 Maximum recommend

* Especlally designed for very high-frequency use.
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IN TABLE |, FOR EXAMPLE, YOU ARE GIVEN THE OPERATING CHARACTER|S~
TICS OF THE TRIODES, TETRODES AND PENTODES WHICH ARE MCST EXTENSVELY
USED FOR AMATEUR AND MEDJUM POWER COMMERC|AL TRANSM|TTERS., THESE TRIODES
ARE SUITABLE AS OSCILLATORS AND POWER AMPLIFIERS. THE TETRODES AND PEN—
TODES WHICH ARE DESIGNED PARTICULARLY FOR TRANSMITTERS ARE INTENDED TO
BE USED PRIMARILY AS OSCILLATORS AND RADIO FREQUENCY POWER AMPLIF | ERS AND
CAN BE USED WITHOUT NEUTRALIZATION, THE OPERAT ING CHARACTERI|ST ICS OF THE
MORE POPULAR RECTIFIER TUBES APPEAR IN TasLE |1,

A PAJR OF THE LARGER RECTIFIER TUBES ARE SHOWN YOU IN F Q.3 WHERE

THE 2)7=C APPEARS AT THE LEFT AND THE 218 AT THE RIGHT. BOTH OF THESE
TUBES ARE OF THE HALP—~WAVE TYPE. THE OPERATING CHARACTERIST|C8 OF THE
217-C ArRe As rFoLLows?: FILAMENT VOLTAGE = l0: FILAMENT CURRENT = 3.25

AMPS; PEAK INVERSE VOLTAGEj= 7500 vOLTS MAXIMUM; PEAK PLATE GURRENT =0,8
AMP, MAX [MUM. THE OPERAT ING CHARACTERISTICS OF THE 2|8 ARE As  FOLLOWS!S
FILAMENT VOLTAGE = |l FILAMENT CURRENT = [4.75 AMPS; PEAK INVERSEVOLTS
= 50,000 MAXIMUM; PEAK PLATE CURRENT = 0.75 AMP. MAXIMUM,

THE RECTIFIER TUBES OF LARGER S}ZE CAN ALSO BE OF THE A|R—COOLEDOR
WATER—COOLED TYPE THE SAME AS ALREADY EXPLAINED FOR TRANSMITTER TUBES IN
GENERAL

TUBES OF HIGHER RATING

Now THAT TasLE | HAS FAMILIARIZED YOU WITH THE OPERATING CHARACTER~
ISTICS OF TRANSMITTER TUBES OF MODERATE SIZE, LET U3 NEXT TAKE A GLANCE
AT THE SPECIFICATIONS OF THE LARGER, WATER—COOLED TUBES. AS AN EXAMPLE,
LET Us USE THE 848,

w "
WHEN OPERATING A8 A PLATE=MODULATED cLass C R,F. POWER AMPLIFIER,

TABLE II

RECTIFIER TUBES
. " Max. Volta X. Max. D.C. Max.
Rl | W | | G |reCie | T
1 6.3% 0.3 350 1000 50 " 400 Half-wave M.V,
1-v 6.3* 0.3 350 50 Half-wave H.V.
84 6.3+ 0.5 225 50 Full-wave H.V'.
T 1ez3 12.6% 0.3 250 60 Half-wave H.V,
2525 25.0% 03 125 100 H.V. Voltage-
Doubler!
80 5.0 2.0 350 N 125 Full-wave .V
100 110
5501 135
T 2.5 3.0 500 1400 125 400 Full-wave M.V,
523 5.0 30 500 250 Full-wave H.\.
8 | 5.0 3.0 500 1400 250 800 Full-wave M.V,
81 75 1.25 700 85 Hulf-wave H.\".
RK19 |  7.5% 25 1250 3500 B 600 Full-wave H.\V.
T 866 25 | 50 7500 T 600 Half-wave M.\,
866-A 25 | 50 10,000 600 Half-wave M.\,
T a2 Y 10.0 7500 2500 Half-wave M.V,
H.V. — High Vacuum. M.V. — Mercury Vapor. ! Two independent rectifiers in one bulb.
* Indirectly-heated cathode. 2 Only with input choke of at least 20 henrys to filter.
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THE 848 HAS THE FOLLOWING CHARACTERISTICS;] FILAMENT VOLTAGE = 22 VOLTS
A.C. or D.C.: FILAMENT CURRENT=52 ampsg; D.C. PLATE voLTAGE = 8000 voLTs;
GRID VOLTAGE = —4000 voLTs (APPROXIMATELY); POWER OUTPUT = 6000 WATTS
(APPROXIMATELY) .

WHEN WORKING W|TH HIGH POWER TUBES OF THIS KIND, THEIR APPLICATION
TO THE TRANSMITTER CIRCUIT FROM AN ELECTRICAL STANDPOINT 18 PRACTICALLY
THE SAME AS ALREADY DESCRIBED TO YOU IN PREVIOUS LESSONS RELATIVE TO
TRANSMITTER TUBES OF MEDJUM POWER RATING. THE ONLY ESSENT(AL DI!FFERENCES
ENCOUNTERED WHEN USING THE HIGHER POWER TUBES S THE COOLING MED UM USED,
THE USE OF A POWER S8UPPLY OF HIGHER OUTPUT ABILITY, THE EXERCISING OF
GREATER PRECAUTIONS IN THE ARRANGEMENT AND DESIGN OF THE CIRCUIT SO THAT
THE VERY H!GH VOLTAGES AND POWERS CAN BE HANDLED WITH SAFETY.YOU WILL BE
TOLD MORE ABOUT THE USE
OF THESE TUBES OF HIGH
POWER RATING IN YOURSTUD
IES WHICH TREAT WITH
BROADCAST TRANSMITTERS.

ANOTHER IMPORTANT
POINT WHICH IT WILL BE
WELL TO REMEMBER REGARD—
{NG TRANSMJTTER TUBES 18
THAT THEIR POWER OUTPUT
RATING A8 SPECIFIED BY
THE MANUFACTURERS 18 A
MORE OR LESS8 AVERAGE VAL
UE AND THAT THE POWER
OUTPUT REALJZED IN ACT-
UAL PRACTICE 1S GOVERNED
LARGELY BY THE DES8IGN OF
THE PARTICULAR CIRCUIT IN
WHICH THE TUBE 18 USED,

TUBE DATA FOR MODULATORS

In TasLes |11 aND
IV oF TH1S8 LESSON, You
ARE FURNISHED WITH ADDI—
TIONAL TUBE DATA  WHICH
Fi1a.13 SPECIFIES THE CHARACTER=
Typical Rectifier Tubes ISTIC8 FOR OPERAT ING SOME
OF THE MORE POPULARTUBES

As CLASS A AMPLIFIERS AND MODULATORS, As WELL A8 CLass B MODULATORS.

Uv-217-C

HAVING COMPLETED THIS8 LESSON, YOU SHOULD NOW HAVE A GOOD GENERAL
KNOWLEDGE OF THE CONSTRUCTJON AND OPERATING CHARACTERISTICS OF TYPICAL
TRANSM | TTER TUBES., PERHAPS YOU MAY STILL BE WONDERING JUST EXACTLY HOW
ALL OF THE TUBE DATA AS PRESENTED IN TH{8 LESSON 18 APPLIED TO THE ACT—
UAL DESIGN OF TRANSMITTER EQUIPMENT. THESE DETAIL8, HOWEVER, WILL ALL
BE TAKEN CARE OF IN LESSONS WHICH YOU WJLL RECEIVE A LITTLE LATER ON.

BEFORE WE GO (NTO THE VARIOUS TRANSMITTER DESIGN CALCULATIONS, HOW—
EVER, THERE I8 8TILL ONE MORE IMPORTANT MATTER FOR U8 TO CONSIDER AND
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TABLE III
~TYPICAL CLASS-A AMPLIFIER AND MODULATOR OPERATING DATA
Type Fil. Plate Plate N? Grid Load Audio
Tube Volts, Volts, Ma., olts,! Imp. 2 Output?
Ey Es Is Es Ohma Watts
50 7.5 500 50 100 7500 5.6
2A3 (P.P.)¢ 2.5 300 80 62 3000 15.0
211,
242A, 10.0 1000 85 52 7000 10.0
276A
845 10.0 1000 75 150 7520 23.0
284A 10.0 1250 60 228 10,000 41.5
849 11.0 2000 128 75 12,000 42.5
2500 110 104 12,000 81.0
3000 100 132 20,000 100.0

With exception noted, ratings are for a single tube. For tubes in'parallel multiply Js and Output Watts by number used,
and divide Load Impedance by number used. For 2 tubes in push-pull, multiply s, Load Im: nce and Output Watta by
2, taking peak audio grid voltage twice bias value. .

1 Peak audio egr}d voltage equal to bias value for single tube or"tubes in parallel.

t,3 To be used in determining Class-C amplifier operating conditions,

¢Two tubes in push-pull. Peak audio grid voltage twice bias value,

TABLE IV

~TYPICAL CLASS-B MODULATOR OPERATING DATA

Claes-B Fdd. Plate Plate Neg. Grid Load Tube |Input Trans.| Driver Driver
Tubes Volts, Volts, |Ma. (Maz.),| Volts, Imp., Output, | Turne Ratio | Tubes Plate
(2) E, Ey I E, Ohmas } Watts (Pri.:Sec.) (P.P.) Volts
46 2.5 00 | 108 | o 7000 25 31 45 225
59 2.5 400 124 0 6000 28 31 45 225
841 7.5 500 108 | 13.5 | 8000 29 51 | 45 250
Ta0r | 7.5 600 153 | 67 | 800 | 57.5| 161 45 250
0 | 7.5 1000 | 164 | 55 | 12500 | 100 11 243 250
" RK18 7.5 1000 164 | 45 | 12000 | 100 21 | 45 250
830-B* | 10.0 1000 280 | 33 ‘ 10000 | 190 | 114 2A3 200
203-A* | 100 | 1000 366—‘ a0 | 5800 | 240 161 | 2438 | 250

g.atingii are fx:);d 2 téubeu. Clam-B.

te o types. s . 5

1 ggts-to-pl.su. Use this load impedauoce and Output Watts for detarmining Class-C stage soupling and operating
oonditions

THAT I8 THE CONSTRUCTIONAL FEATURES AND OPERAT|ON OF RECEIVERS WHICH ARE
PART ICULARLY SUITABLE FOR COMMUNICATION STAT|ONS, THIB,THEREFORE,IS THE
SUBJECT MATTER TO BE DISCUSSED W|TH YOU IN THE NEXT LEgsoN. AT THIS TIME
YOU WIiLL ALSO HAVE THE OPPORTUNITY OF LEARNING ABOUT CRYSTAL FILTERS A8
USED IN RECEJVERS, ABOUT BEAT=NOTE OSCILLATORS FOR C.W. cooe RECEPTION
AND OTHER [INTERESTING FEATURES OF COMMERCIAL STATJON EQUIPMENT,

THIS AMOUNT OF ADDITIONAL INFORMAT |ON WILL GIVE YOU THE BACK—~QROUND
WHICH IT 18 NECESSARY FOR YOU TO HAVE IN ORDER TO DERIVE THE FULLEST VAL
UE FROM THE LESSONS WH|CH ARE TO FOLLOW.

You WILL ALSO NO DOUBT BE INTERESTED IN KNOWING AT THIS TIME THAT
AFTER YOU HAVE COMPLETED YOUR STUDIES8-PERTAINING TO THE DESIGNING FACTORS
AS APPLIED TO TRANSBMITTER CIRCUITS, VOUWILL ENGAGE IN AN EXTENSIVE 8TUDY OF
BROADCAST TRANSMITTERS AND ALL OF THE S8TUDIO AND CONTROL ROOM EQU IPMENT
WHICH I8 ASSOCIATED WITH THESE HIGQHLY INTERESTINQ 8YSTEMS.

'\ﬁ"
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LESSON NO. T-i4

"The man who watches the clock us-
ually remains one of the hands."

WHAT ARE THE CHJEF CONSTRUCTIONAL DIFFERENCE8 BETWEEN
THE CONVENTIONAL RECEIVER AND TRANSMITTER TUBeEs?

WHAT 1S THE OBJECT OF KEEPING THE GRID AND PLATE TERM™
INALS W]DELY SEPARATED ON SOME OF THE TRANSMITTERTUBES?

How DOES THE SIZE OF A TUBE'S GLASS ENVELOPE AFFECT THE
OPERATION OF THE TUBE?

{LLUSTRATE BY MEANS OF A SKETCH AND DESCRIBE FULLY THE
CONSTRUCTIONAL FEATURES OF A TYPICAL WATER—COOLED TRANS
MITTER TUBE.

DrRAW A DIAGRAM OF A TYPICAL TUBE—COOLING SYSTEM WHICH
iS SUITABLE FOR A BROADCAST TRANSMITTER AND EXPLAIN IN
DETAIL HOW |T OPERATES.

WHAT ARE THE OPERATING CHARACTERISTICSOF THE TYPE 204—A
TUBe?

WHAT SPECIAL FEATURE 18 SOMETIMES INCORPORATED IN THE
FILAMENT CIRCUIT OF HIGH POWER TRANSMITTER TUBES IN
ORDER TO PREVENT TOO MUCH F{LAMENT CURRENT BEING DRAWN
BEFORE THE FILAMENT TEMPERATURE COMES UP TO NORMALT

WHAT MATERIAL 1S GENERALLY USED FOR THE CONSTRUCTIONOF
THE FJLAMENT IN THE LARGER TRANSMITTER TUBES AND WHY

I8 THIS PARTICULAR MATERI]AL geLEcTED?

DescrIBE SOME OF THE MOST COMMONLY USED METHODS OF MOUNT—
ING OR SUPPORTING TRANSMITTER TUBES.

How MAY AIR—=COOLING OF TRANSMITTERTUBES BE ACCOMPL I SHED?

=

PRINTED IN UeSeAs
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LESSON NO. | 6

COMMUNICATION RECEIVERS AND SPEC/AL SYSTEMS

YoUu HAVE ALREADY LEARNED A GREAT DEAL ABOUT STANDARD™WAVE BROAD—
CAST, SHORT—WAVE, AND ALL—WAVE RECE]VERS AS USED BY THE AVERAGE RAD IO
LISTENER AND EXPERJIMENTERe. THERE ARE, HOWEVER, A NUMBER OF FEATURES IN
CORPORATED IN COMMUNICATION TYPE RECEIVERS AS USED BY COMMERCJAL OPERA=
TORS AND ABOUT WHJCH YOU HAVE AS YET NOT BEEN TOLD. THESE ADDITIONAL RE—
CEIVER FEATURES CONS|IST OF BEAT—NOTE O8CILLATORS, CRYSTAL FILTERS ETC,
THESE, THEREFORE, ARE ALL EXPLAINED N THIS LESSON,

IN FiGge | YOU ARE SHOWN A FRONT VIEW OF A TYPJCAL  COMMUNICATION
TYPE RECEJIVER, WHILE A BIRD'S9—=EYE=VIEW OF THE SAME UNIT, WHEN  REMOVED
FROM THE METAL CABINET, Is SHOWN You IN FilGge 2, LATER IN TH{S LESSON YOU
WiLL HAVE THE OPPORTUNITY OF STUDYING THE CIRCUITS OF THIS RECEIVER BUT
FIRST IT IS NECESSARY THAT YOU BECOME FAMJLIAR WITH THE OPERATJON  AND
USE OF THE BEAT—NOTE OSCILLATOR.

BEAT-NOTE RECEPTION
FroM WHAT YOU HAVE ALREADY LEARNED ABOUT RADIO TRANSMISSION  AND

RECEPT |ON, YOU REALIZE THAT
IF A TRANSM|ITTER WERE TO RA=
DIATE AN UNMODULATED CONT IN™
UoUs WAVE, NO RESULTINGSIG—
NAL WOULD BE HEARD [N THE
ORDINARY RECEJVER EVEN THOUGH
THE RECEJVER BE ACCURATELY
TUNED TO THE TRANSMITTERFRE
QUENCY ., THE REASON FOR THIS
IS THAT THE TRANSMITTED WAVE
1S BEYOND THE FREQUENCY OF
AUDIBILITY.

THE ONLY METHOD WHERE—
BY THE CONTINUOUS WAVE CAN 4
ORDINARILY TRANSMIT A 8lG—

{
NAL WHICH 1S AUDIBLE IS TO The Nati “F C% L ; _
MODULATE THE CARRJER  FRE— e National HRO C‘or'nmun/catlons
quency (C.W,) AT AN AuDIO Type Recerger.

Printed in U. S. A.

. et



PAGE 2

TRANSMITTERS

FREQUENCY RATE, T 1S WILL ENABLE THE DETECTOR OF THE RECEIVER TO SEPAR™

ATE THE AUDIO COM—
PONENT FROM THECAR™
RI{ER WAVE FORM SO
THAT THE DESIREDSIG
NAL CAN BE HEARD,

IN THE CASE OF
CODE COMMUNICATION,
HOWEVER, THE TRANS—
MISSION OF AN UNMOD—
ULATED CONT INUOUS
WAVE 1S USED EXTEN—
SIVELYe WHENTHIS IS
DONE, THE WAVE RADI[—
ATION WILL BE 8IM
{LAR TO THAT ILLUS—
TRATED IN Filge 3o
HERE YOU wWiLL OB~
SERVE THAT THE DOT
OF THE CODE IS FORM—=
ED BY HOLDING THE
KEY CLOSED FOR A
SHORT DURATION,WHILE

Fia. 2
The National Receiver Kermoved
From the Cabirnef

CEASES ALTOGETHER,

By sTupvinGg FlGe 3 CLOSELY, YOU WILL NOTE THAT THE FREQUENCY

THE WAVE FORM [N EACH GROUP

WOULD ORDINARILY BE INAUDIBLE.

UPON CARRYING OUR
WE NEXT COME TO THE POINT WHICH IS
USTRAT ING AT THE CENTER

THE DASH IS FORMED
BY HOLDING THE KEY
CLOSED FOR ASLIGHT—

LY LONGER PERIOD.
WHEN THE KEY 1SOPEN,
THE WAVE RADIATION

OF

IS OF RADJO FREQUENCY AND OF CONSTANTAMPLI™
TUDE AND FOR THIS REASON S|GNALS WHICH ARE TRANSM]TTED

IN THIES MANNER

INVESTIGATION OF THIS PRINCIPLE A LITTLE FARTHER,
ILLUSTRATED IN FlGe4. HERE WEARE ILL

A CONT I{NUQUS SIGNAL WAVE
HAVING A FREQUENCY OF
7,205 Kc. (7,205,000 cw-
CLES PER SECOND)AND WH | CH

r»—DOE.—.1

A

DCZSH -———+1

M/\/\/\/\/\

YOU WILL |MMEDIATELY RE-~
ALJIZE AS BEING INAUD~ l v VVlA
IBLE,

DIRECTLY ABOVE THIS

7,205 KCe S8IGNAL WAVE- Closed

r_KeLj —_—l Opm !<~—~‘ qu C{ose;d -

[VVV Y

FORM, WE HAVE ]LLUSTRA—
TED ANOTHER WAVE FORM #‘ G. 3
WHICH 1S GENERATED BY AN C. W, Code 7';_0”5,77/.55/.0,1

OSCILLATOR WHICH IS5 LO—
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CATED AT THE RECEIVER. TH|S PARTICULAR OS8CILLATOR ALSO PRODUCES A CON—
TINUOUS WAVE FORM BUT [TS FREQUENCY IN THE PART |CULAR CASE [|LLUSTRATED
I1s 7,200 Kc. or 7,200,000 cvycLEs PER
S8ECOND.,

LOCAL OSCILLATOR

Now IF WE WERE TO TUNE IN ON THE FREGUENY = [ 200,000 Cyches
RECEIVER THE 7,205 Kc sIGNAL AND COUPLE e
TO THIS SAME RECEIVER CIRCUIT THEOUTPUT
OF THE LOCAL OSCILLATOR WHOSBE FREQUENCY

INCONING SIGNAL

I1s 7,200 Kc., THEN THROUGH HEATERODYNE | & ’:f::‘“"”""”"‘""&

ACTION, A BEAT—FREQUENCY WOULD BE PRO— g

DUCED [N THE SAME MANNER AS IN A S8UPER— 3

HETERODYNE RECEIVER. THE BEAT=FREQUENCY m:,:p [‘\ —y

IN THIS PRESENT CASE, HOWEVER, WILL BE | | ,,:":‘"(‘,3,’.,"3’:,-2’75,?‘2’;“

EQUAL TO THE ARITHMETICAL DIFFERENCE BE~ U U i o

TWEEN 7,205 Kc. anp 7,200 or 7,205 MiINUS ooty

7,200 = BKce. or 5000 cYCLES PER SECOND. o fooo sec —— Rergncs s ebe.

IN THI8 INSTANCE, YOU WILL NOTE THAT THE

BEAT FREQUENCY I8 OF AN AUDIO FREQUENCY ElG.4

WHILE THE BEAT OR INTERMED|ATEFREQUENCY -

AS PRODUCED IN THE SAME MANNER [N AN OR= Producing a Peat-Note

DINARY SUPERHETERODYNE RECEIVER I8 TO0O 5_4/ Means Of the

HIGH TO BE AUDIBLE, //e)‘erod{/ne pr/hc:/;o/e.
FROM THE EXPLANATION AS SO FAR GIVEN, IT WILL BE APPARENT THAT

C.W. coODE TRANSMISSION CAN BE ATTAINED IF THE SIGNAL |S USED AT THE RE~
CEIVER IN SUCH A MANNER S0 As TO PRODUCE A BEAT NOTE OF AUDI|BLEFREQUEN=
CYe.

C.W. RECEPTION W|TH REGENERATIVE RECEIVER

AMATEUR RADJO OPERATORS USE REGENERATIVE RECEIVERS QUITE EXT EN—~
sIveLy For C.W. CODE RECEPTION, A CIRCUIT OF SUCH DESIGN BEING | LLUSTRA—
TED IN Fi@e5s TO ACCOMPLISH THIS, THE REGENERATJON CONTROL OF THE RE™
CEIVER |8 ADVANCED FAR ENOUGH SO THAT THE DETECTOR CIRCUIT I8 ADJUSTED
TO THE POINT OF SELF—0SCILLATIONe WHEN THIS 18 DONE, THE FREQUENCYWHICH
I8 DUE TO THIS Lo—
CAL SOURCE OF 08—

Q7/‘m TICKLER AFC. OEARER
omp 78 or > oi- 3708 oL~ o0 CILLATION WILL HE=
[4-118 55, [YLY 56 NF) B
. / / ' ; TERODYNE WITH THE
Ll - l MES INCOMING 81GNAL FRE
g Tie ¥z s 3 3 $Ng = QUENCY 80 THAT A
=~ ) E . N2 2
\ L 4'% K go:[ el T3 IR, BEAT FREQUENCYWILL
o | ol2 X CORA e |l APPEAR IN THEPLATE
ikt T (P L L CIRCUIT OF THE DE-
[ o, 3000 [ ' TECTORe FOR EXAMPLE,
o LS IF THE INCOMINGSIQ
L3 S, . [——,m.\ NAL FREQUENGCY 18
2N J L y 1 6V, FOR AUTO TUBES 3000 Kc. AND THE
20,000 R, 50,000 - 2.5V.FOR AL TVBES -~
- oo o Cot oS g ndumasy s+morzsov] gEl F=8USTA [NED 08—

CILLATION IN THE
DETECTOR  CIRCUIT
A Four-Tube Regenerative Receiver. - HAS A FREQUENGY OF
3001 Kce,THEN THE

Fla. 5
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' BEAT FREQUENCY APPEARING IN THE PLATE CIRCUIT OF THE DETECTOR WJLL HAVE
A FREQUENCY OF |Kce OR 1000 CYCLES PER SECOND AND WHICH WHEN REPRODUCED
BY THE HEADPHONES OR SPEAKER WILL BE AN AUD]BLE NOTE.

SINCE THE OSCILLATIONS IN THE RECEIVER ARE CONTINUOUS AND WITHOUT
INTERRUPTION, WHILE THE CONTINUOUS WAVE OF THE [INCOMING SIGNAL ENTERS
IN THE FORM OF SUCCESSIVE TRAINS WITH INTERRUPT IONS BETWEEN THEM, THE
RATE AT WHICH THE BEAT NOTE OCCURS, A8 WELL AS THE LENGTH OF EACH BEAT
NOTE, WILL BE DEPENDANT UPON THE TIME INTERVAL BETWEEN THE VAR]OUS WAVE
GROUPS WHICH ARE RADIATED BY THE TRANSMITTER AND THE LENGTH OF EACH WAVE
GROUP WITH RESPECT TO TIME. THUS THE CHARACTERS OF THE CODE ARE HEARD AS
THE FAMILIAR D] T=DAH
B8OUNDS,.

LE To 24 Dat. WHEN A DETECTOR
OF A RECEIVEROPERATES
BOTH A8 A DETECTORAND
AN OSCILLATOR AS JUST
DESCRIBED, THE METHOD
I8 GENERALLY REFERRED

N
N
o)

To. AV.C. | B+ —1 B+ To As THE AUTODYNE me—
E_ R THOD OF BEAT RECERT | ONe
r I
R R THE BEAT OSCILLATOR

I

' MosT commun|ca—
| TION TYPE RECEIVERS
| ARE OF SUPERHETERODYNE
DESIGN AND 80 A8 TO
| Oselistep ]l = = I - | MAKE THE RECEPTION OF
AL Switeh » To B+ C.W. cope siaNALs POs~
SIBLE IN THIS CASE, A
SECOND OSCILLATOR |8
INCORPORATED INTO THE
RECEIVERs THIS SECOND
OSCILLATOR IS THEN
Fila. & COUPLED TO THE ClR~
App//'caé/'o/z 0}‘ the feat- Quacillztor. CUITS OF THE RECEIVER
IN SOME SUCH MANNERAS
ILLUSTRATED IN F1G.6. AN OSCILLATOR WHICH 18 USED FOR THIS PURPOSE Is

KNOWN As A BEAT OSCILLATOR or a C.W. OSCILLATOR.

A C.W. 0SCILLATOR, A8 THIS, 18 CONSTRUCTED THE SAME AS A CONVEN—
TIONAL OSCILLATOR SUCH AS USED IN SUPERHETERODYNE RECEIVERS [N ORDER TO
AID IN PRODUCING THE |.F. FREQUENCYs THE C.W, 0SCILLATOR DIFFERS FROM
THE REGULAR OSCILLATOR OF THE S8UPERHETERODYNE, HOWEVER, IN THAT |T8 TUN—
ING CIRCUIT 18 DESIGNED S0 THAT THE FREQUENCY AS GENERATED BY THE C.W.
OSCILLATOR WILL BE FROM ONE TO TWO KILOCYCLES HIGHER OR LOWER THAN THE
FREQUENCY TO WHICH THE |«F. AMPLIFIER OF THE RECEIVER I8 TUNED,

By REFERRING TO F1@.B8, YOU WILL NOTE THAT THE C.W, O8CILLATOR 1|8
FULLY SHIELDED FROM THE REST OF THE RECEIVER CIRCUITS AND ITS OUTPUT IS
LOOSELY COUPLED THROUGH A 2 MMFDs CONDENSER TO THE CONTROL GRID CIRCUIT
OF THE |,F. TUBE WHICH PRECEDES THE SECOND DETECTOR OF THE RECEIVERs A
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SWITCH I8 INCLUDED IN THE PLATE CIRCUIT OF THE BEAT OSCILLATOR 80 AS TO
PREVENT THIS UNIT FROM OPERATING AT ALL TIMES EXCEPT DURING THE RECEP—
TioN oF C.,W, siaNALS.

QuITE oFTEN, THE C.W. 0SCILLATOR 18 COUPLED TO THE SECONDDETECTOR
OF THE RECEIVER IN SOME SUCH MANNER As ILLUSTRATED IN F1a@.7.

OPERAT [ON OF THE SYSTEM

Assuming THAT C.W, 8IGNALS ARE BEJNG RECEIVED AT A FREQUENCY  OF
7000 Kco WHEN USING SUCH A SYSTEM AND THE SUPERHETERODYNE IN QUESTION
HAS AN INTERMEDIATE FREQUENCY OF 465 Kce, THEN THE OPERATION OF THE COM=
PLETE 8YSTEM WOULD BE
A8 FoLLOWS:

THE INPUT R,F, znd Dat. 7A€
AND FIRST DETECTOR CIR 44%% / )V ”
CUITS WOULD BE TUNED 13 ) == E%
To 7000 Kce THE REGU— \

LAR OSCILLATOR OF THE
RECEIVER WOULD AT THE
SAME T[ME BE TUNED TO
A FREQUENCY OF 7000
pPLUs 465 or 7,465 Kc.

B+

i—i

i

‘Sgsh_m
THE RESULTING HETER— —— Beat Oscillator

ODYNE ACTION PRODUCES

A BEAT FREQUENCY OF E;
465 Kc WHICH 1SAMPLI= i
FIED BY THE |oFe AMP— =L
LIFIER.ASSUMING THATA /]
1000 cvcLe (IKc.)sia—

NAL NOTE IS TO BEPRO— ._ﬂﬂk_“_J;;E:
puceo, THE C.W.0s8CILL~
ATOR WOULD BE TUNED TO

A FREQUENCY OF 485

PLus | or 466 Kc. THE FlG. 7

RESULT ING HETERODYNE [eat Oselllator Coupled to
ACTION BETWEEN THE4B5 Second Detector

AND THE 466 Kc. FRE-
QUENCY WILL CAUSE A BEAT FREQUENCY OF | Kce OrR |,000 cvyCLES TO APPEAR IN
THE OUTPUT CIRCUIT OF THE TUBE AT WHOSE INPUT THE TWO FREQUENCIES ARE
S IMULTANEOUSLY APPLIEDe. THE 1,000 CYCLE BEAT IS OF AUDIO FREQUENCY AND
I8 THEN FURTHER AMPLIFIED AND REPRODUCED As THE EQUIVALENT SOUND BY THE
BPEAKER OR HEADPHONES.

EVEN THOUGH THE ouTPuT oF THE C.W. 0OsCILLATOR BE APPLIED TO  THE
INPUT OF THE FINAL |.Fe TUBE OF A SUPERHETERODYNE, THE FOLLOWING 8INGLE
l.Fe TRANSFORMER |8 SUFFICIENTLY BROAD TUNING 80 A8 TO PERMIT THE 1000
Kce SIGNAL TO PASS THROUGH SATISFACTORILY.

Besi1DEs MAKING CoW, CODE RECEPTION POss|BLE, THE C.W. 08CILLATOR
ALSO ASSISTS IN LOCATING THE MODULATED SI1GNALS FROM DISTANT  STATIONS.
THIs 1S ACCOMPLISHED BY THE HETERODYNING ACTION BETWEEN THE S8IGNAL FRE™=
QUENCY AND THAT oF THE CeW. 08CILLATORe THUS WITH A BEAT NOTEBEING AUD—
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IBLE, IT 1S AN INDICATION THAT A STATION 1S BEING TUNED INe THE C.W,08—
CILLATOR CAN THEN BE SWITCHED OFF AND THE RECEJVER VERY SLOWLY AND CARE—
FULLY TUNED SO THAT THE STATION SIGNALS WILL COME THROUGH IN THE  BEST
MANNER POSS|BLE,

SINGLE~S|GNAL RECEIVERS

ANOTHER INTEREST ING FEATURE WHICH YOU WILL FIND INSOME OF THE MORE
ELABORATE COMMUN|ICATION TYPE RECEIVERS I8 A QUARTZ CRYSTAL WHICH S IN—=
CLUDED IN THE l+F. AMPLIFIER,

ALTHOUGH IT 1S TRUE THAT THE SUPERHETERODYNE TYPE OF RECE|VERAFF=
ORDS8 EXCELLENT S8ELECTIVITY AS FAR AS THE RECEPT|ION OF BROADCAST PROGRAMS
ARE CONCERNED,YET FOR THE RECEPT|ON OF C.W. CODE SJGNALS, ESPECJALLY IN
THE HIGHER FREQUENCY BANDS WHICH ARE RATHER CROWDED, THE CONVENT IONAL
SUPERHETERODYNE |S NOT AS SELECTIVE AS WOULD BE DES|RED,

THE cusTOMARY |.F, AMPLIFIER OF THE AVERAGE SUPERHETERODYNE WILL
PASS A BAND OF FREQUENCIES WHICH I8 FROM 5 To |0 Kce. WIDE.

A VARIETY OF COMBINATIONS OF SIGNAL FREQUENCIES WITH WH|CH THE
ReFe OSCILLATOR OF THE RECEIVER MAY BEAT, MAY BE BUCH THAT SIGNALS VARY—
ING BY 2 Kce ABOVE AND BELOW THE RESONANT FREQUENCY OF THE {eFe AMPL{—
FIER MAY FIND THEIR WAY THROUGH THE |<F. AMPLIFIER AND THEREBY CAUSE |N—
TERFERENCE UNLEss THE |.F. AMPLIFIER BE TUNED VERY SHARP. ANY ONE oF
THESE FREQUENCIES WHICH FIND THEIR WAY THROUGH THE l+Fe AMPLIFIER MAY
HETERODYNE WITH THE FREQUENCY GENERATED BY THE C,W., OSCILLATOR AND THERE
BY CAUSE A MOST DISTURBING INTERFERENCEe 1O PREVENT THIS8, A QUARTZ CRY-
STAL IS USED TO MAKE THE CIRCUIT VERY S8HARP TUNING AND PERMIT ONLY THE
DESIRED FREQUENCY TO PASS THROUGH THE |e.Fe AMPLJFIER

A QUARTZ CRYSTAL, YOU WILL RECALL, POSSESSESS PIEZO~ELECTR]C CHAR~
ACTERISTICS AND BECAUSE OF THIS FACT PERMITS ONLY CURRENTS8 TO FLOW THRU

{3t LF Tube

LoAnA o
.
-H—’

o

FlGg. %
ﬂp/z[[aaf[on o/ the Qu.au‘; C"Qyiz‘a/ LF Filter.
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IT WHOSE FREQUENCY 18 IDENTICAL TO THAT FOR WHICH THE CRYSTAL |8 GROUND,
THIS8 BEING THE CASE, IT CAN BE READILY S8EEN THAT A CRYSTAL OF THI8 TYPE
WOULD SERVE ADMIRABLY A3 A VERY SELECTIVE FILTER IN A RECEIVER CIRCUIT,
WHEN useD FOR THIS PURPOSE, THE CRYS8TAL |8 INSTALLED [N THE RECEIVERCIR
CUIT IN A MANNER SOMEWHAT A8 ILLUSTRATED IN F1a.8.

IN THIS CIRCUIT, THE TUNED CIRCUIT CONSISTING OF Lyano C, 18 IN
REALLITY THE PRIMARY HALF OF THE FIRST |.F. TRANSFORMER, WHILE THE TUNED
CIRCUIT CON8ISTING OF Lcanp C, 18 IN REALLITY THE SECONDARY HALF OF THE
FIRST |oF. TRANSFORMER. HOWEVER, INSTEAD OF THESE TWO HALVES OF THE TRAN
SFORMER BEING PLACED TOGETHER [N THE SAME SHIELD CAN [N THE USUAL WAY,
THEY ARE PLACED IN S8EPARATE SHIELD CANS AND COUPLING BETWEEN THEM |8 AC—
COMPLISHED THROUGH THE VARIOUS COUPLING COIL8 IN CONJUNCTION WITH  THE
CRYSTAL FILTER., THE CRYSTAL |8 GROUND FOR THE FREQUENCY FOR WHICH  THE
leF. AMPLIFIER 18 DEBSIGNED.

THE sPLIT WiNDINGS L, AnD L3 ARE INDUCTIVELY COUPLED To L AND
THEREBY PROVIDE AN INPUT CIRCUIT TO THE CRYSBTAL FILTER. THE OUTPUT OF
THE CRYSTAL FILTER I8 IN TURN COUPLED TO GOIL Ls THRouagH Cx AND L 4.

AT REsONANCE, L1 anD Lz , anD Lgano L5 ARE MATCHED  |MPEDANCES.,
THE PURPOSE OF coIL L= AND CONDENSER C4 18 TO NEUTRALIZE THE CAPACITY
OF THE CRYSTAL HOLDER PLATES.,

CoiLs Lz AND L3 HAVE INDUCED IN THEM E.M.F's wHicH arRE 180°0uT oF
PHASE. THEREFORE, WHEN C4 EQUALS THE CAPACITY OF THE CRYSTAL HOLDER
PLATES, ANY CURRENTS WHICH THESE PLATES M]GHT BYPASS THROUGH THEIR CA—
PACITY ARE CANCELLED OUT BY CURRENTS [N OPPOSITE PHASE FED THROUGH C 4 .,
CoNSEQUENTLY, ONLY THE siaNAL E.M.F.'s ARE PASSED BY THE CRYSTAL FREETO
REACH THE [NPUT CIRCUIT OF THE |.Fs AMPLIFIER,

SINCE THE CONDENSER C4 AFFECTS THE CIRCUIT A8 JUST EXPLA INED, IT

< ers{al
ok po—q VD p——— phie
| LT =
' ' e l l : '
l l 3%‘ ' I
. [ o =) { ﬂc3| |
— |- —— Switch —— -
= :-L:- Y — J—F’ fc— i :__[

FIG.©o
Anothasr &711‘41 -Filter Erlnewlt.
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CAN READILY BE SEEN THAT THE SETTING OF THIS CONDENSER GOVERNS THE S8SE=
LECTIVITY OF THE CRYSTAL AND BY THIS METHOD THE BAND PASSED THROUGH THE
CRYSTAL CAN BE WIDENED SLJIGHTLY.

|N SUPERHETERODYNE RECEJIVERS N WHJCH A CRYSTAL FILTER 1S EMPLOYED,
THE VOLTAGE GAIN OF AN INTERFERRING 51 GNAL MAY BE REDUCED AS MUCH A897%
WHEN THE CIRCUIT IS ADJUSTED APPROXIMATELY |000 cYCLES OFF THE RESONANT
FREQUENCY,WHEREAS IN A SUPERHETERODYNE RECEJVER NOT EQUIPPED WITH A CRY—
STAL FILTER, THE INTERFERING SI1GNAL MAY BE REDUCED ONLY AS MUCH AS 5%
UNDER THE SAME CONDITJON OF OPERATION.

THE SHARP TUNING CHARACTERISTIC OF THE CRYSTAL FILTER MAKES 1 T8
USE DES|RABLE FOR THE RECEPTION OF C.W, CODE sl1anALS BUT THIS SAME FEAT—
URE WHEN USED FOR THE RECEPTION OF BROADCAST PROGRAMS W]LL MAKE THEFAI—
THFUL REPRODUCT ION OF THE MUSICAL SCALE IMPOSSIBLE. BY THE ADJUSTMENT OF
C4 IN THE CIRCUIT OF F1G.8, HOWEVER, THE WIDTH OF BAND PASSED BY THE CRY
STAL FILTER CAN BE INCREASED TO THE POINT NECESSARY TO PASS THE
SPEECH FREQUENCIES SATISFACTORILYe A SWITCH IS ALSO GENERALLY ALWAYS FUR
NISHED WHEREBY THE CRYSTAL CAN BE SHORT—CIRCUITED AT WILL AND ITS SHARP
TUNING CHARACTERISTICS THEREBY BE REMOVED FROM THE CIRCUIT,

ANOTHER BASIC CRYSTAL FILTER CIRCUIT IS SHOWN IN F1a.8. HERE THE
SECONDARY CIRCUIT OF THE INPUT TRANSFORMER SUPPLIES A VARIABLE PARALLEL
IMPEDANCE AND IS IN SERIES WITH THE CRYSTAL. THIS VARIABLE PARALLEL IM=
PEDANCE EFFECTS VARIATION IN THE EFFECTIVE RESISTANCE IN THECRYS8TAL CIR
CUIT, THEREBY VARYING THE S8ELECTIVITY IN ACCORDANCE WITH THE PRINCIPLES
OF RESONANT CIRCUITS.

THE APPLIED VOLTAGE 1S PROPORTIONAL TO THE PARALLEL IMPEDANCE, IN—
CREASING AS THE EFFECTIVE RESISTANCE INCREASES, 80 THAT THE EFFECTIVE
SENSITIVITYOF THERECEIVER FOR A SINGLE—~FREQUENCY S§GNAL IS BUT LITTLE
AFFECTED OVER A CONS|DERABLE BAND WJ|DTH.

MINIMUM S8ELECTIVITY OCCURS WITH THE PARALLEL CIRCUIT TUNED TO RES—
ONANCE, AT WHICH TIME 1T I8 PURELY. RESISTIVE, AND MAXIMUM S8ELECTIVITYOC
CURS WHEN THE PARALLEL CJRCUIT 18 TUNED 80 AS TO BE CONS IDERABLY REACT-
{VE, THE CRYSTAL 18 CONNECTED IN A BRJDGE CIRCUIT THROUGH AN ADJUSTABLE
CONDENSER 80 AS TO PROVIDE COUNTER-VOLTAGE OF CONTROLLABLE PHASE AND SO
A8 TO MOD|FY THE RESONANCE CURVE AND SHIFT THE ANT |—=RESONANT FREQUENCY
OF THE CRYSTAL, THEREBY GIVING PARTICULAR REJECTION FOR AN UNWANTED 8IG
NAL, IN ADDITION TO THE SHARPLY PEAKED RESPONSE GIVEN FOR THE DESIRED
S IGNAL.

IN THE CIRCUIT OF F1Ge9 THE OUTPUT TRANSFORMER OF THE FILTER CON—
81ST8 OF THE TUNED CIRCUIT L4 ~C 4 WHICH 1S CLOSBELY COUPLED TO THEUNTUN—
ED COIL Lx THE NUMBER OF TURNS USED ON COIL L; ARE CONSIDERABLE LESS
THAN THAT USED ON cOIL L4« THE REASON FOR THI8 IS THAT THIS TURNS™RAT—
10 AFFORDS THE PROPER [MPEDANCE MATCH BETWEEN THE CRYSTAL FILTER AND THE
INPUT CIRCUIT To THE 18T l.F. TuBE,

Now THAT YOU ARE FAMILIAR W{TH THE OPERATJON AND APPLICATION OF
C.W. 0SCILLATORS AND CRYSTAL FILTERS, LET U8 NEXT LOOK AT THE COMPLETE
CIRCUIT OF COMMUNICATION OR PROFESS|ONAL TYPES OF RECEIVERS WHICH MAKE
USE OF THESE FEATURES.
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A SEVEN-TUBE SUPERHETERODYNE
IN F1@e 10 YOU ARE SHOWN THE CIRCUIT DIAGRAM OF A SEVEN=TUBE S8UPER=~
HETERODYNE WHICH BY MEANS OF A BAND—~SW|TCH PROVIDES THE THREE FOLLOW|NG
FREQUENCY RanaEs: (1) From 540 To 1700 Ke.; (2) From 1650 To 4300 Kees
AND (3) From 5.5 To |8 MEGACYCLES. IN OTHER WORDS, THIS WOULD BE CLAgS—
IFIED AS AN ALL—~WAVE RECE|VER.

THE TUBES USED ARE A 78 IN THE TUNED R.F. PRE=SELECTOR B8TAGE} A
6A7 AS THE FIRST DETECTOR AND OSCILLATOR; A 78 As AN |.F. AMPLIFIER; A
75 A8 A COMBINATION SECOND DETECTOR, TRIODE A.F. AMPL{FIER AND A.V.C,
TUBE; A 42 AS THE POWER OUTPUT TUBE; AN 80 As THE RECTIFIER; AND A 78
A8 AN ELECTRON cOUPLED C.W. OR BEAT OSCILLATOR.

OTHER INTEREST ING FEATURES OF THI8 SAME RECEIVER [INCLUDE A SWI)TCH
WHICH PERMITS AUTOMATIC VOLUME CONTROL TO BE USED OR NOT AT THE WILL OF
THE OPERATORs A "gTAND=BY" SWITCH 1S ALSO FURNIGHED ANDWHICH WHEN CLOSED
To THE "RECEIVE POSITION" PERMITS NORMAL RECEPTION, WHEREAS WHEN OPEN OR
IN THE "SEND POSITION", THE PLATE 8UPPLY TO THE R.F. SBECTION OF THE RE=
CEIVER 18 CUT—OFF AND THEREBY PREVENTS OPERATION OF THE RECEIVER WHILE
THE LOCAL TRANSMITTER |8 ON THE AIR BUT YET DOES NOT PERM|T THE  F|LA=—
MENTS OF THE RECEIVER'S TUBES TO COOL S0 THAT THE SET CAN COME INTO |N-
STANT USE WHEN RECEPTION |8 TO BE RESUMED,

A SPECIAL UACK 18 PROVIDED [N THE OUTPUT CIRCUJT WHICH PERM|TS THE
INSERT [ON OF HEADPHONES IN THE C{RCUIT AND AT THE SAME TIME CUTS OUT THE
SPEAKER THE INS8TANT THAT THE PHONES ARE PUT INTO USE. A SWITCH 18 ALSO
PROVIDED FOR TURNING "oN" AND "OFF!" THE BEAT OSCILLATOR.

THE POTENT JOMETER WHICH I8 INCLUDED IN THE CATHCDE CIRCUIT OF THE
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R.F. TUBE SERVES AS A SENSITIVITY CONTROL, AND WHICH I8 USED AS A VOL—
UME CONTROL WHEN THE A.V.C. SYSTEM 1S NOT BEING USEDe I|HE REGULAR VOL=—
UME CONTROL |S INCORPCRATED IN THE A.Fe CIRCUIT OF THE 75 TUBE.

THE NATIONAL "HROM"™ CIRCUIT

IN Fige |l YOU ARE SHOWN THE COMPLETE CIRCUIT DIAGRAM OF THE Na—
TionaL "HRO"GOMMUNIGCATION TYPE RECE|VER
AND WHOSE PICTURE APPEARS IN Fl1a.] AanND

(o)
KER
|

_

EEE 2 OF THIS LEssON.By sTuDvINnGg Fia. 11
: i EV - CAREFULLY,YOU WILL OBSERVE THAT THISRE
8 N CEIVER EmPLOYs B80TH A C.W, osciLLATOR
s g g ¢ 48 AND A CRYSTAL FILTER,AS WELL A8  MANY
L OTHER INTERESTING FEATURES.,
L2
B . e THE POWER PACK FOR THIS RECEIVER
: ~%”%§ IS AN INDEPENDENT UNIT, HOUSED SEPARATELY
o —l T g FROM THE RECEIVER AND IS CONNECTED TO
/ gl Al b THE RECEIVER THROUGH THE HEATERAND "B"
g g0 4| B etony—° TERMINALS WHICH APPEAR INTHE LOWER LEFT
¥ % 8 3| 5% umadae HAND CORNER OF Fiaells
8

THE SWITCH WHICH APPEARS IN THE
B+ Leap In Figell 15 al'stano—By"swiTcH
AND SERVES THE SAME PURPOSE AS THE EQU |V—
ALENT SWITCH IN THE CIRCUIT OF F1as 0.
A SWITCH IS ALSO HERE PROVIDED SO THAT
THE A.V.C. ACTION CAN BE USED OR NOT
AS DESIRED, A SENSITIVITY OR R.F. GAIN
CONTROL IS SUPPLIED IN THE FORM OF A
10,000 oHM RHEOSTAT WHICH 1S CONNECTED
IN SERIES W|TH THE CATHODE CIRCUITS OF
8OME OF THE R.F., TuBES AND B—,WHILE THE
REGULAR VOLUME CONTROL S [N THE FORM
OF A +5 MEGe POTENTIOMETER IN THE A,F,
CIRCUIT OF THE 2B7 or 6B7 TuBE, Pro—
VISIONS ARE ALBO MADE FOR THE USE  OF
EITHER A LOUD SPEAKER OR HEADPHONES,

)
-l

0,000

oHMS

100,000

OHMS
1

i0.0C0
OHMS
R.F. GAIN

A SHUNTING SWITCH FORTHE CRYSTAL
IS ALSO FURN{SHED AND WH{CH PERM|TS THE
CRYSTAL TO BE EXCLUDED FROM THECIRCUIT
WHEN TH!S SWITCH I8 CLOSED AND THUS
MAKE BROADCAST RECEPTJON POSSIBLE,

THE PHASING CONDENSER WHICH 18 AL

gt i1 80 INCLUDED IN THE CRYSTAL CIRCUIT OFF—
o %2 | Pt ] ERSE A MEANS OF WI|DEN]NG SOMEWHAT  THE
MR LR Ly CR FREQUENCY BAND PASSED SO THAT SPEECH CAN
hibisrai S BE RECEIVED SATISFACTORILY EVEN  WHEN
Fl&. 11 THE CRYSTAL |8 BEING USED,

Loncuit D[ag'zam the
Nati / " po” - NINE TUBES ARE USED IN THIS RE-
ationa eceLver. CEIVER AND THEY MAY BE EJTHER OF  THE
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2.5 OR 6,3 VOLT sSerIES, TwWo STAGES OF TUNED RADIO FREQUENCY AMPLIF{CATION
ACT AS A PRE=~SELECTOR AHEAD OF THE FIRST DETECTOR.

2A6 ru <
I
I&
X X /
ch B
cio
¢
)
Riz
RI3
CRYSTAL
2AT s
i HF
ci8 % ur b 7 swe
s
80 M ; J i C“
(.51
C|9-L (X}
Swa
T CRYSTAL FILTER
‘ f CIRCUIT
ceo
X I
gx

FlG.1Z

An 8 -Tube Communications Type Receiver.

A SET OF FOUR PLUG~IN COILS ARE USED TO AFFORD FULL BAND

COVERAGE

AND THEY ARE CONTAINED N A HANDY DRAWER WHICH CAN BE WITHDRAWN FROM THE
CABINET AS SHOWN IN F1@.2 OF THIS LESSON,

THE "S" METER 1S USED AS A MEANS FOR INDJCATING THE STRENGTH OF THE

TABLE I

1—Gen-Ral Coil Kit No. 34 consisting of:
1—miulti-wave unit—18 to 1.5 megacycles.
1—LCX 200D-V-M 507 kc."series wound i.f.

nit, input—top grid.
1—LCX200D-V-M 5B7 ke. series s wound if.
unit, output~bottom grid.

l—Heterodynf Oscillator—507 kc.

1—Reliance: 140 mmfd. band-spread condenser,
type 2K140.

C4, C6, C7, C27—.05 mid., 200 voit.

Cs, C8, C10, C11—.01 mid., 200 volt.

C9—.000! mfd. mica condensers.

C12, C17—1. mfd. 400 volt.

€135, ‘mfd. 25 volt.

C14, C16—.01 mfd. 400 volt.

C15-10. mfd. 25 volt,

C18, C19, C20—8 mfd. 450 volt. Screw type
mounting -

C25—.1 mid 200 volt.

€26—.00025 mfd. mica condenser.

C28, C29—.10 mfd., 400 volt,

C30—.2 mfd., 200 volt.

C31—.001 mfd. mica condcnscrs

R1—25,000 chm volume control with taper,

R2—150 ohm 1 watt carbon resistor.

R3—40,000 ohm 1 watt carbon resistor.

R4, R8, R14—250,000 ohm 1/3 watt carbon re-
sistor,

R5—13,000 ohm 2 watt carbon resistor,

R6—200 ohm 1/3 watt carbon resistor.

R7—25,000 ohm 1/3 watt carbon resistor.

R9—1,000,000 chm 1/3 watt carbon resistor.

R10—200 000 ohm 1/3 watt carbon resistor.

R11—500,000 ohm pot. type volume control,

R12-—5,000 ohm 1/3 watt ‘carbon resistor. .

R13, R17 R21 R22—50,000 ohm 1/3 watt car-

sisto:

R15, R18—500 000 ohm 1/3 watt carbon re-
sistor,

R16—3,000 ohm 1/3 watt carbon resistor.

R19—500 ohm 1 watt carbon resistor.

R20—20,000 ohm 1 watt carbon resistor.

SIGNAL WHICH IS BEING RECEJVED.

AN 8-TUBE RECEIVER

IN F1G. 12 YCU ARE SHOWN THE ClR-—
CUIT DIAGRAM OF AN EJGHT=TUBE RECEJIVER
WHICH FEATURES A COIL SWITCHING ARRANG—
EMENT FOR COVERING THE DJFFERENT WAVE—
BANDS, A TUNED R.F. INPUT USING A TYPE
—~58 TuBE, A 2A7 OFERATING AS THE FIRST
DETECTOR AND R.F. OSCILLATOR,AND A 58
TUBE OPERATING A8 THE BEAT=NOTE 0SCJLL—
ATOR, fOR C.W, cODE RECEPTION.

THE CRYSTAL FILTER,WHICH I8 OP—
TIONAL WITH THIS CIRCUIT, I8 SHOWN INTHE
LOWER RIGHT HWAND CORNER OF THE D]AGRAM,
THE ELECTRICAL VALUES FOR THE  VAR}OUS
PARTS AS USED [N THIS CIRCUIT ARELISTED
FOR YOU IN TABLE | OF THIS LESSON,

SwiTcH SW, OFFERS A MEANS OF CUTT—
ING IN AND OUT THE BEAT—OSCILLATOR, SW3
PERMJTS THE USE OR REJECTION oF A.V.C,
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ACTION, SW4 Is THE STAND=BY 8W|TCH, SWg PERMITS THE USE OF HEADPHONES
WHEN IN THE POSIT|ON HERE [LLUSTRATED AND THE HEADPHONES ARE CONNECTED A—
CROSS THE TERMINALs AT '[N,

A spPECIAL TYPE OF TUNING CONDENSER IS USED WITH THIS CIRCUIT SO AS
TO OBTAIN CONTINUOUS BAND=SPREAD FEATURES, TH1S CONDENSER CONSIST8 OF A
THREE—GANG CONDENSER HAVING A CAPACITY RATING OF |40 MMFD., PER SECTION
MOUNTED ON THIS SAME CONDENSER FRAME |S ANOTHER THREE=GANG CONDENSER OF
33 MMFDe PE& SECTION AND OPERATED BY A COMMON SHAFT. THE- MAIN CONDENSER
CONTRO L &S>HANDLED IN THE USUAL WAY AND THE SMALLER CONDENSBER GANG AD—~
dUSTED“ﬁOR THE DESIRED BAND—SPREAD EFFECT.
W
P SN

N Examination Questions

LESSON NO. T—I5

le — WHAT ARE SOME OF THE MORE IMPORTANT FEATURES WHICH ARE FOUND IN COM—
MUN ICATION TYPE RECEJVERS AND WHICH ARE NOT FOUND IN THE CONVENTION—
AL TYPE OF ALL—=WAVE RECEIVER?

2. — EXPLAIN IN DETAIL HOW THE RECEPTION OF C.W, CODE S1GNALS MAY BE ACC
OMPL | SHED,

3. — How 1s 1T PpossiBLE To ReEcelveE C.W. CODE siGNALS WITH A REGENERAT|VE
TYPE RECEIVER?

4, = DRAW A CIRCUIT DIAGRAM WHICH [LLUSTRATES HOW A BEAT—OSCILLATOR MAY
BE APPLJED TO A SUPERHETERODYNE RECEJVER FOR THE RECEPTION OF C.W,
CODE SiGNALS, EXPLAIN IN DETAJL HOW THIS SYSTEM OPERATES,

5. = DRAW A CIRCUIT DIAGRAM WHICH JLLUSTRATES THE USE OF A CRYSTALFILTER
CIRCUIT IN A SUPERHETERODYNE RECEIVER AND EXPLAIN FULLY HOW THIS
SYSTEM OPERATES.

B6s — DrRAW A COMPLETE CIRCUIT DIAGRAM OF A COMMUN{CATIONS TYPE RECEIJVER
AND POINT OUT THE MORE IMPORTANT FEATURES WHICH IT OFFERS,

7. — WHAT IS THE OBJECT OF INCORPORATING A "sTAaND—8BY swiTcH" IN THE CIR—
CUIT OF A COMMUNI]CATION TYPE RECEJVERT?

8, — FOR WHAT OTHER PURPOSE MAY A BEAT—OSCILLATOR BE USED OTHER THAN FOR
THE rReEcepTion oF C.W, cope stanaLs? EXPLAIN.

9. = WHAT 18 THE CHIEF ADVANTAGE WHICH IS OBTAINED THROUGH THE USE OF A
CRYSTAL FILTER N A COMMUNICATION TYPE RECEIVER?

10e= WHAT WOULD BE THE DISADVANTAGE OF USING A CRYSTAL FILTER CIRCUIT IN
A SUPERHETERODYNE RECEJVER OF THE BROADCAST TYPE?

4o
I
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Jransmitters
LESSON N O. 1 6

TRANSMITTER DESIGN PROBLEMS.

MANY OF THE PROBLEMS WHICH ARE ASSOCI|ATED WITH THE DESIGN OF TRANS=—
MITTERS ARE HANDLED [N THE SAME MANNER AS HAS ALREADY BEEN DESCRIBEZD TO
YOU IN PREVIOUS LESSON8 TREATING W|TH RECEIVERS AND AMPLIFIERS.FOR  Ex—
AMPLE, THE DESIGNING OF TUNED CIRCUITS, VOLTAGE DISTRIBUTION SYSTEMS IN
THE FORM OF RESISTANCE NET-WORKS8, A.F, AMPLIFIERS, ETC., WOULD BE CARRJED
OUT ACCORDING TO THE SAME ROUTINE OF CALCULAT|ON REGARDLESS |F THESYSTEM
OR CIRCUIT IN QUESTION BE EMPLOYED IN A RADIO RECEIVER,A PUBLIC— ADDRESS
AMPLIF|ER, OR IN A TRANSMITTER. THIS BEING THE CASE,WE BHALL NOT  TREAT
DES8IGN PROBLEMS OF THIS NATURE IN THIS LESSON.

THE FIRST TYPE OF PROBLEM WHICH WE SHALL NOW CONSIDER 18 THAT OF
CALCULAT JNQ THE OUTPUT IMPEDANCE OF A MODULATING AMPLIFIER,

CALCULAT ING QUTPUT [MPEDANCE
OF MODULATING AMPLIFIER

IN F1Ge 2 WE HAVE THE FUNDAMENTAL OUTPUT
CIRCUIT OF A MODULATING AMPL|FJER AND WH{ICH YOU
WILL NoTE consteTs ofF C),L,, ano R;. WHEN THIs
CIRCUIT I8 TUNED TO RESONANCE WITH THE OPERAT—
ING FREQUENCY, THE INDUCTIVE AND CAPACITIVE RE~
ACTANCE IN THE CIRCUIT WILL PRACTICALLY CANCEL
EACHOTHER,

WHEN SERIES RESONANCE HAS THUS BEEN ES—
TABLISBHED,WE FIND THAT W|TH RESPECT TO THE As™—
SOCJATED CIRCU|ITS, MAX{MUM |MPEDANCE W|LLOCCUR
IN THE PLATE CIRCUIT AND ACROS88 WHICH THE Sj]@~
NAL VOLTAQE Is OEVELOPED,AND AT THE SAME TIME

MINIMUM PLATE OURRENT WiLL FLOW THROUGH THE

TUBE, Fia.1
UNDER THE CONDITIONS HERE DESCRIBED, THE Adjusting a

OUTPUT IMPEDANCE OF THE CIRCUIT WITH RESPECT TO Transmitfer.

THE TUBE CAN BE DETERMINED APPROX{MATELY BY APP—
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R

AT THE FREQUENCY BEING HANDLED AND R THE TOTAL RESISTANCE OF THE TIR-
CUITe

2 .
LYING THE FORMULA Z = Xi WHERE X, 18 THE INDUCTIVE REACTANCE OF coiL L

FOR EXAMPLE, ASSUMING THAT THE CIRCUIT WILL NORMALLY OPERATE AT A
FREQUENCY OF |000 Kcs,THAT THE INDUCTANCE VALUE OF Ly= 160 MICROHENRIES,
THAT Ry = 30 OHMS AND THAT THE TUNING CONDENSER 1S SET FOR A CAPACITY OF
0.000158 MFDs WHEN TUNED TO RESONANCE, THEN THE IMPEDANCE OF TH|8 CJRCUIT
WILL WORK OUT N THE FOLLOWING MANNERS

X, = 21Tf1. = 2x3. 14 x 1,000,000 x 0.000160 =
. 2 1004.8 onms (aPPROX IMATELY)
THen 5. Xt _ {004,8™_ 1,009,623,04

R 30 30

Z = 33,654 onms (APPROXIMATELY)

IN ORDER TO REALIZE THE MAXIMUM OF L INEAR AMPLIFICATION FROM THE
MODULATING STAGE, THE OUTPUT IM—
PEDANCE OF THIs TUBE'S CIRCUIT AT
R, THE FREQUENCY OF OPERAT|ON SHOULD
BE EQUAL TO THE PLATE IMPEDANCEOF
THE TUBE OR 80ME VALUE GREATER THAN
_é THI8 AMOUNT UP TO AS MUCH AS TWICE
7(:' Ly THE PLATE (MPEDANCE OF THE TUBE.

AFTER WORKING OUT THE OUTRUT
IMPEDANCE OF THE TUBE A8 JUST EX—

B+ PLAINED AND T 18 FOUND THAT  THE

IMPEDANCE 18 TOO LOW W|TH RESPECT

Flgq.2 TO THE PLATE [MPEDANCE, THEN THEOUT

The Fundamental Circuit. PUT IMPEDANCE CAN BE |NCREASED AS

NECESSARY BY ADDING MQRE TURNS TO
THE COIL, OR ELSE BY WORKING OUT THE DESIGN S0 THAT THE RE8{|STANCE OF THE

-CIRCUIT 1S REDUCED WITHOUT A REDUCTION [N THE INDUCTIVE REACTANCE. On

THE OTHER HAND, IF THE OUTPUT |MPEDANCE VALUE TURNS OUT TO BE TOO H1GH,
THEN THE NUMBER OF TURNS ON THE COIL CAN BE REDUCED OR ELSE THE RES 19—~
TANCE OF THE CIRCU4T INCREASED, IN OTHER WORDS, THE CONSTANT8 OF THECI|R—~
CUIT8 CAN BE VARIED UNTIL THE PROPER COMBINATION |8 ARRIVED AT 80O THAT
THE OUTPUT IMPEDANCE WILL PROPERLY MATCH THE PLATE IMPEDANCE OF THE TUBE
FPOR BEST OPERATION AT THE FREQUENCY WHICH }8 TO BE WANDLED.

REFLECTED RESISTANCE

IN THE ACTUAL TRANSMITTER, THE LOAD IS NOT QUITE 80 §IMPLYARRANGED
AS THAT WHICH 18 |LLUSTRATED N F1G. 2 BECAUSE THE OUTPUT CIRCUIT OF THE
TUBE 18 GENERALLY COUPLED TO ANOTHER CIRCUIT IN SOME SUCH MANNER AS |LL=~
USTRATED IN F1@s3, WHERE WE HAVE AN INDUCTIVELY GOUPLED CIRGUIT,

By sTUDYING F1Ge3 CLOSELY, YOU WILL OBSERVE THAT WERE WE HAVE THE
PRIMARY COIL Ly INDUCTIVELY COUPLED TO THE SECONDARY COIL L2 AND WITHTHE
MUTUAL INDUCTANCE BETWEEN THEM REPRESENTED BY Ms CoiL L; 1s TUNED BY con
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DENSER C,WHILE COIL La18 TUNED BY CONDENSER Cze INTHE SECONDARY CIRCUIT Ry

REPRESENTS THE LOAD RESISTANCE |N WH]CH THE RAD |0 FREQUENCY POWER IS TO BE
D188 IPATED,

WHEN BOTH OF THESE CIRCUITS8 ARE TUNED TO RESONANCE, THE ENT|IRE SEC—~
ONDARY CIRCUIT IN F1Ge3 MAY BE REDUCED TO THE EQUIVALENT CIRCUIT WHICH I8
PICTURED IN F1@.2 AND IN WHICH CASE, THE SECONDARY CIRCUIT WITH IT8 RE-
8ISTANCE Rlls REPLACED 8Y L( AND AN EQUIVALENT RES|STANCE R‘ e THIB PRO~
CEDURE 18 KNOWN A8 "REFLECTING" THE RESISTANCE INTO THE PRIMARY CIRCUIT
AND IT S8IMPLIFIES CONSIDERABLY THE IMPEDANCE CALCULATIONS.

THE REASON AS TO WHY THIS LOAD RESISTANCE CAN BE REFLECTED BACK IN—
TO THE PRIMARY CIRCUIT CAN BE EXPLAINED As FOLLOWS: DUE TO THE ACTIONOF
THE TRANSFORMER, THE CURRENT WHICH FLOWS THROUGH R2 |8 OF SUCH A VALUE
A8 TO [NDUCE BACK INTO THE PRIMARY CIRCUIT A VOLTAGE OF SUCH VALUE AND
PHASE ANGLE THAT THIB8 REINDUCED VOLTAGE 18 EQUIVALENT TO THE VOLTAGE DROP
WHICH WOULD OCCUR [N A RES|S8TANCE OF THE PROPER VALUE IF IT WERE REALLY
THERE,

THE NUMERICAL VALUE
OF THE REFLECTEDRES |STANCE
R, CAN BE DETERMINED N THE
FOLLOWING MANNERIR,= X'j |

. R'l.
WHERE X\ 4= THE MUTUAL RE-
ACTANCE OF THE PRIMARY AND
S8ECONDARY OF THE TRANSFORM-~
ER AND R, = THE LOADRESIgS—
TANCE,

IN ORDER TO CALCULATE Fla. 3
THE IMPEDANCE OF THE EQUIV— /nc/u‘céz'ye/y Coupled Load.
ALENT CIRCUIT, THE SAME FORM
ULAS AND PROCEDURES ARE UBED A8 ALREADY EXPLAINED RELATIVE TO THE FUNDA—
MENTAL CIRCUIT IN F1@.2. THE ONLY DIFFERENCE 18 THAT R [N THE FORMULA
z= g(_;t WILL NOW BE EQUAL TO THE REFLECTED RESBISTANCE PLUB THE RES|STANCE

oF coiL Ly

DETERMINING GRID EX|TATION POWER

IN ORDER TO DERIVE THE GREATEST POS8SIBLE POWER OUTPUT FROM AN AMP—
LIFIER TUBE, T 18 NECESSARY THAT THE PROPER EX|TATION BE APPLIED TO ITS
GRIDs IN PRACTICE, IT WORKS OUT THAT THE POWER REQUIRED TO PROPERLY OP—
ERATE THE GRID OF AN AMPLIFIER TUBE BE APPROX|MATELY EQUAL TO ONE=TENTH
THE POWER OUTPUT OF THE SAME TUBE. THAT 18 TQ 8AY, IF THE POWER OUTRPUT OF
A CERTAIN TUBE 18 RATED AT |00 WATTS, THEN APPROXIMATELY 10 WATTS OF POW~
ER SHOULD BE AVAILABLE TO EXITE IT8 GRID. THIS THEN MEANS THAT THEDRIVER
TUBE MUST BE CAPABLE OF FURNIBHINQ THE REQUIRED |0 WATTS OF POWER TO THE
QRID CIRCUIT OF THE TUBE WHJOH IT 18 DRIVING AND THE TYPE OF DRIVER TUBE
AND T8 OPERATION IN THE.CIROUIT MUBT THEREFCRE BE SELECTED ACGCORD INGLY,

DETERMINING GQRID EXITATICN VOLTAGE

A PRACTICAL METHOD OF DETERMINING THE GRID EXITATION AVAILABLE I8
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ILLUSTRATED FOR YoU IN Fi1g.4. HERE TWO RAD|O—FREQUENCY AMMETERS ARE CONN=
ECTED IN THE CIRCUIT AS SHOWN. WHEN THESE TWO METERS INDICATE INDENTICAL
VALUES, THEN THE GRID EXITATION VOLTAGE AVAILABLE (EQ) 1s DETERMINEDWITH
THE AID OF THE FOLLOWING FORMULA 3 Ea = IX,

IN THE EVENT THAT THE
CIRCUIT ARRANGEMENT IS SUGCH
l}_ Q AS SHOWN IN F1G.5AND INWHICH

' L THE GRID EXITATION VOLTAGE IS
EQUAL TO THE VOLTAGE DEVEL—~
OPED ACROSS THE CONDENSER C
THEN WITH THE RADIO—~FREQUEN—
CY AMMETER INSTALLED IN THE
CIRCUIT AS SHOWNAND THE CIR-
CUIT TUNED TO RESONANCE, THE

= GRID EXITATION VOLTAQE WILL

B+ ) BE FOUND FROM THE RELAT ION
Eqa = ];Xc WHERE I = THE CURR—
FIlG.4 ENT INDICATED BY THE  METER

Det.‘er‘m/'ning Grid Exitation %/fagc. AND X< = THE CAPACITIVE REAC
TANCE OF CONDENSER Cp AT THE

:7

)

Q00000

g

i

RESONANT FREQUENCY,

APPLICATION OF GRAPHS

THE STATIC AND DYNAMIC CHARACTERISTICS OF A VACUUM TUBE CAN ALSO
BE USED TO GOOD ADVANTAGE [N WORKING OUT THE DESJGN OF A TRANSMITTER's AM—
PLIFIER WITH RESPECT TO THE GRID EXITATION., THIS METHOD SHALL NOW BE EX—
PLAJNED AS IT WOULD BE APPLIED TO THE CIRCUIT WHICH 18 ILLUSTRATED INFIG.
Be

THIS PART ICULAR CIRCUIT I8 A BALANCED PUSH—=PULL LINEAR AMPL|IFIER
AND THE POWER TUBES WHICH ARE USED ARE A PAIR OF WESTERN ELECTRIC TYPE
W.E. 27SA AND EACH OF WHICH HAS A RATED POWER OUTPUT oF | Kw.(1000WaTTs).
ALTHOUGH THE RATING OF THESE PART[CULAR TUBES IS |KW YET THEY ARECAPABLE
OF HANDLING A PEAK
LOAD OF 2 Kwe W[THOUT
OVERLOADI|ING.

WHEN ARRANGED IN

A BALANCED PUSH=PULL %
CIRCUIT AS HERE ILL-
USTRATED, EACH TUBE
WILL HANDLE ONE—HALF
OF THE TOTAL POWER
OUTPUT. INOTHER WORDS,
IF THE CIRCUIT  CON—
STANTS8 AND DES|JGN ARE
sUCH THAT |000 WATTs B+
IS TO BE HANDLED  BY
THE POWER STAGE, THEN
EACH OF THESE  TUBES Fla.s

WILL D1SSIPATE APPROX— Another Method of Determining
IMATELY 500 WATTS 1IN Grid Exitation Voltage.
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THIS CIRCUIT, THAT I8 To sAY, |00O0 wATT8 OF CARRIER OR UNMODULATED POWERS,
However, AT |00 PER CENT MODULAT|ON, THE MODULATED PEAK POWER W|LL BE
FOUR TIMES THE CARRIER POWER OR 4 X [000 = 4000 WATTS AND FOR THIS REA—
SON IT |8 NECESSARY THAT THESE TUBES BE CAPABLE OF HANDLING THESE SW|NGB

W] THOUT O'VERLOADING. THI8 THEY ARE CAPABLE OF DOING ACCORDING TO THEMAN—
UFACTURERS SPECIFICATIONS.

THE NEXT S8TEP WILL BE TO REFER TO THE STATIC CHARACTERISTIC CURVE
oF THE WE.279A Tuse WHICH APPEARS IN F1Ge7s THIS YOU WILL RECOGNIZE A8
BEING THE PLATE CURRENT=~GRID VOLTAGE CURVE WHEN OPERATING AT ITS NORMAL
PLATE POTENTIAL OF 3,000 voLTs AND A GRID BlA8 OF 275 VOLTS ACCORDING TO
THE MANUFACTURER'S SPECIFICATIONS.

THE DYNAMIC CHARACTERISTIC cuUrveEs ofF Two W,E, 279A TUBES WHEN OPER—
ATING IN PUSH~PULL IS SHOWN YOU IN F1@.8. THE CHARACTERISTIC8 OF THE

Power '
R.F. Ampl. oy AmRL N * L

.|||_'

e

R.I;. 3 8
-\1}5.(2/—:

FlG. 6
A Push- Pull Linear Amplifier.

TUBES ARE HERE.. |LLUSTRATED WHEN OPERATING |NTO A LOAD IMPEDANCE OF APP—
ROX IMATELY 3,500 oHMS,

THE UPPER DOTTED CURVE [N THE GRAPH OF F1G¢8 REPREBENT8 THE APPROX—
IMATE EFFICIENCY OF THE TUBES WITH RELATION TO THE EXITATION VOLTAGE AND

THE LOWER DOTTED CURVE REPRESENTS THE VALUE OF THE TANK POWER |N THE LOAD
CIRCUIT Cx L3 oF F1a.6.

By APPLYING A NEQATIVE GRID BIAS OF APPROX IMATELY 275 vOLT8 AND A
PLATE POTENTIAL OF S8LIGHTLY OVER 3000 VOLTS TO THESE TUBES,WE FIND THAT
THE TUBES W|LL BE BJASED ALMOST TO THE POINT OF PLATE CURRENT CUT=OFF
(cLass B) AND IN THE PLATE LOAD CIRCUIT WILL APPEAR A POWER OUTPUT EQUAL
TO THE SQUARE OF THE [INPUT GRID VOLTAGEe

IF 100% MODULATION 18 UBED, THEN THE PEAK OUTPUT WILL BE FOUR T IMES
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GREATER THAN THE UNMODULATED C‘ARRI'ER POWER,

As WAS STATED PREVIOUSLY,EACH OF THESE POWER TUBES 18 EXPECTED TO
DELIVER AN UNMODULATED CARRIER OUTPUT OF 500 waTTs orR |000 wWATTs FOR THE
TWO TUBES TOGETHERe. FOR THIS REASON THE GRID EXITATION POWER MUST BE APP—
ROXIMATELY |/10 OF THE OUTPUT POWER OR 50 WATTS PER TUBE AND 100 WATTS A=
CRO88 THE GRIDS OF BOTH TUBES. THIS8 TOTAL GRID EXITATION OF |00 WATTS MUST
BE DISSIPATED BY RESISTOR R OF THE CIRCUIT IN F1Q.6B.

SINCE THE POWER TUBES OF THIS SAME CIRCUIT ARE BIABED AT 275voLTs,
A GRID EXJTATION VOLTAGE OF APPROXIMATELY 265 VOLTS MUST BE APPLIED TO
EACH OF THEM [N ORDER TO REALIZE THEIR FULL RATED OUTPUTe. THI8 MEANS A
TOTAL EXITATION VOLTAGE OF 2 TIMES
800 : 7J 265 or 530 voLTS FOR THE TWO  TUBES
A AND WH|CH MUST BE DEVELOPED ACROS8
THE EXTREMITIES OF REgISTOR R,
L]
'/E L AgsumiNg THAT THE TOTAL RES|&—
600 : L - TANCE oF R s 2400 OHMS,WE CAN  DE-
/ TERMINE THE WATTAGE WHICH |8 DIssIl—
/ | PATED ACROSS IT BY INSBERTING A RAD[O—
500 / 3 FREQUENCY AMMETER IN SERIES WITH IT
AS INDICATED BY Az IN Fia.Bs. THE RA=
DI 0—~FREQUENCY DRIVE OR [NPUT TO THIS
CIRCUIT I8 THEN VARIED UNTIL THE AMM
ETER A 2 OFFERS A READING WH|CH WHEN
300 SQUARED AND MULTIPLIED BY THE RES|S—
/ TANCE OF R orR 2400 oHMS WILL BE EQUAL
To APPROXIMATELY |00 waTTs, ForR &%
/ AMPLE, WHEN THI8 AMMETER OFFERS A
/ READING OF 0,21 amp.,, THEN TI®R =
100 : 0.21x0.21x2400= 105,84 waTTB. THERE-
/_ ] FORE, WHEN AMMETER Ag READS 0.2] AMP,
. THE PROPER GRID EXITATIONEX|8T8s THE
-500 -400 -300 -200 © -100 0 CORRESPOND ING GRID EX|TATION VOLTAGE
. D.C.Grid Volts (Bias) IN THIS CASE WILL BE E = I X R =
Fla.7 0.21 x 2400 = 504 voLT8, AND WHICH
Static Characteristic Curve CHECKS CLOSE ENOUGH TO OUR  DES |RED
o/ the W.E. 279 A. VALUES FOR FRACT|CAL PURPOSES,

100

400

\\‘

Plate Current, miiliamperes

200

IT 18 TO BE UNDERSTOOD THAT THE VARIOUS VALUES A8 80 FARDETERMINED
WILL NOT MAKE BATISFACTORY OPERAT|ON POSS8IBLE, UNLESS THE LOAD [|MPEDANCE
Cy Ls INFla,6 BE OF THE CORRECT IMPEDANCE TO MATCH THE OUTPUT TUBES. IN
OTHER WORDS, THE GRAPHS AND DATA WHICH WE HAVE USED IN MAKING THE CALQU~
LATIONS FOR THE CIRCUIT OF F1a.6, HAVE AssuMED Ly C3 As PROVIDING A LOAD
IMPEDANCE OF APPROX |MATELY l4,000 onms (4 TIMES 3500 14,000) AT THE
OPERATING FREQUENCY OF 1000 Kc.

8HOULD THI8 CIRCUIT BE OPERATED W|TH TOO LOW A LOAD IMPEDANCE, THEN
THE EXCESSIVE POWER WHICH |8 DEVELOPED WiLL BE CISSIPATED IN THE TUBE RA-
THER THAN IN THE LOAD AND THEREBY CAUSE THE TUBE TO OVERHEAT A8 WELL AS8
" TO BECOME OVERLOADED. AT THE SAME TIME, THE LOW~LOAD IMPEDANCE MAY CAUSE
THE MODULATION PERCENTAGE TO BECOME TOO Hla@H AND THUS CAUSE AUD|O~ FRE~
QUENCY DISTORT {ONs
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ON THE OTHER HAND, |F THE LOAD IMPEDANCE I8 TOO HIGH THEN THE IN—
SUFFICIENT POWER WHICH WILL BE CEVELOPED ACROS8S [T WILL CAUSE THE MODULA—~
TION PERCENTAGE TO BE TOO LOW,

CALCULATING LOAD IMPEDANCE FOR POWER AMPLIF IERS

ALTHOUGH FOR QENERAL CONDITIONS, THE LOAD IMPEDANOE FOR POWER AMPL |=—
FIERS 18 SB8ET AT A VALUE EQUAL TO TWICE THE PLATE IMPEDANCE OF THE TUBEAT
THE FREQUENCY BEING HANDLED, YET THIS8 FACTOR CAN BE DETERMINED WITHSTILL
GREATER ACCURACY BY APPLYING THE CALCULATIONS AS WILL NOW BE EXPLAINEDe

IN F1ge 9, FOR INSTANCE, YOU ARE BHOWN A FAMILY OF CHARACTERISTIC
CURVES FOR THE TYPE =0 TUBE, EACH FOR A DIFFERENT GRID BIAS VALUE. THE
NORMAL BIA8 VOLTAGE FOR THI8 TUBE 18 =30 VOLT8s THE PROPER GRIDSWING FOR
THIS TUBE WILL THEN BE PLUS OR MINUS 30 VOLTS WITH RESPECT TO THE NORMAL
BIAS OR A TOTAL GRID S8WING OF TWICE THE BlA8 VOLTAGE oF 30 or 60 voLTs.

1]

THE EXTENT OF THE PLATE VOLTAGE SWING A8 EXPERIENCED IN THIS ' CASE

CAN BE DETERMINED BY DRAWING A 8TRAIGHT LINE THROUGH THE NORMAL OPERATING

POINT IN THE
GrAPH OF Fja, 0 50 5 , T = 1.0
9 AND EXTEND— 9 P ~NET 2
ING THIS LINE o] % =
8 4 4 3 Az 08—
80 THATIT wiLL | 2 .\gy e 8
INTERSECT THE |£7, % . 54 M 72 Pl g 3
: . 2 . V1 3& { 2
CURVE Eg= 0OV Eg 83 = / o/ 0.6 <
L X 7
AT sOME ARB~ | 5" §7 & 157 d‘}( =
- 3
ITRARY POINT, |253% & % /;7 09 =
THis saMELINE |34 820 32 ,/ 121 y - 4043
18 ALSO EXTEN~ |2 & § — P ,/ ‘,(6“(55\,/ ?g
DED TO THE |3 e A 4/// ' @wﬂggv/ -
CURVE Ez -60V. z 01 Z // x},(/ &
I, 2
VERTICAL LINES 1 - o
: * ] e B
ARE THEN RULED o 0 0 T . - L 0 &
' 0 100 200  300. 400 _ 500 600 100 800
Ul Ul Grid Volts per Tube (Peaks)
POINTS OF IN—
TERSECTION ON Filg.d
THE E.= OV anD Dynamic Characteristic Curves of Tewo WE.
THE Ec ==60V. 279 A Tubes Operating in Push-Pull.

CURVES. UpPON

DOING THIS, IT WILL BE NOTED THAT THESE POINTS CORRESPOND TO PLATE VOL~
Tages (Ep ) oF 230 AND 548 vOLTS RESPECTIVELY, THESE SAME POINTS ALSO
CORRESPOND TO PLATE CURRENT VALUES OF 36 MA. AND 8 MA. RESPECTIVELY,

BY THUS KNOWING THE TOTAL PLATE VOLTAGE swina Eg As BEING 548MIN-
us 230 or 318 vOLTS, THE MAXIMUM PLATE CURRENT A8 BEING 36 MA. AND THE
MINIMUM PLATE CURRENT A8 BEING 6 MA,, THEN LOAD IMPEDANCE MAY BE CALCULA—
TED BY APPLYING THE FORMULAS 7, _ Es WHERE Eg = TOTALPLATE

Ip max—Ip MiNe
VOLTAGE 8WING; JPMAX = MAXIMUM PLATE CURRENT EXPRESSED 'IN AMPERES AND
Tepmin= MINIMUM PLATE CURRENT EXPRESSED IN AMPERES,

By 8UBSTITUTING- INTO THIS FORMULA THE VALUES WHIGCH WE HAVE 80 FAR -
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DETERMINED, WE HAVE Z, =OF£;3]-:%E6 = 0_3% = 10,600 oHms,
s

NOTICE PARTICULARY IN THIS CAS8E THAT THE LOAD |MPEDANCE WHEN WORKED
OUT IN THIS MANNER CHECKS FAVORABLY WITH THE LCAD IMPEDANCE WHEN ASSUMING
THE LOAD |MPEDANCE TO BE EQUAL TO TWICE THE PLATE IMPEDANCE OF THE TUBES.
THAT 18 TO saY, THE TYPE —l0 TUBE AT A PLATE VOLTAGE OF 400 veLTS AND A
GRID BlAs OF —30 VOLTS HA8 A PLATE IMPEDANCE OF APPROXIMATELY 5000 oHMms
AND TWIcE 5000 onms = 10,000 oHMs AS THE RECOMMENDED LOAD IMPEDANCE,

HAVING DETERMINED THE LOAD IMPEDANCE AS JUST EXPLAINED, WE CAN AL~

80 PROCEED TO DETERMINE THE POWER OUTPUT OF THE SAME TUBE UNDER THESE

SAME CONDITIONS OF OPERATION BY APPLYING THE FORMULA?Z PO IN WATTS =

(Emax = Emin) X (Imax = Imin) ., WHence Po = (548-230) X (0.036~0,006) =
8 8

le 192 WATTS,

THE PERCENT DISTORTION CAN ALSO BE DETERMINED FROM THE FACTS WHICH
ARE NOW AVAILABLE BY APPLYING THE FORMULAZ

;i__(I—I_I_Q_)_—_I.__
% DisTORTION = MAXe + IMIN NORMAL 100

(2np Harmongc, ) Imax—=IMInN
THUS IN OUR PARTICULAR EXAMPLE, DISTORTION = -2(0:036+0,006)=0,018 X
0.036~0.006
- 2(0.042)—0.018 = 0.021=0.0 = Q.
too R X 100 e X100 9——8—8% X 100 = 10% .

Now LET Us SEE
50 TS ] I WHAT WOULD HAPPEN
45 ,vg/‘_\ @ ._@*{ : IF OUR  ARBITRARY
40 YA _,//[_,,’ ___S- N . LoAD LINE IN Fig.9
- fgggfl (AN g& &y /Zijf § S8HOULD HAVE OcCCU~
8> I .\;( / .@c/ Q)(/L IR PIED ANOTHER POS |-
% 30 ANV (S TION,8UCH A8 INDI—
e 1/ INY A, Ly CATED B8Y THEDOTTED
% 2 1/ N\ o, /1] D 4 LINE, FOR EXAMPLE,
< / Y l,"om / Z / THE POINTS WHERE
15 /}I / / > / / THI8 DOTTED  LINE
10 / L, AN A INTERSECTS THE
51, ,/ )% / / N j Ec=0V anp THE Ec=
AN AUAA T XD —60V. CURVES CORR—
0 50 100 150 200 [250 300 350 400 450 500550 600 650 100 150 600 850 ESPONDS RESPECT IVE~
Ep,volts  pygkce-- Eg=280 V. == -o- g Epvolts LY TO THE FOLLOWING
ke = —Eg= 318V~ ——>| PLATE VOLTAGE AND
Fla. o CURRENT VALUES:H525
Load- /i Imped. Determirnats VERDE o7 LRof A0
WG i XA AN o 245 VoLTs AT 41 Mma.

UPON CALCULATING THE LOAD IMPEDANCE IN THIS CAg8E, WE HAVE?

- Es _ _525-248 0
Zo = Temax=TpmMIN —  0,041=0.004 ~ _O% = 7,600 oHMs.DETERMIN=

ING THE POWER FROM Po = KEMAX"'EM[N) X (IMAx--TMlN),_(52,5_:245))((0.%!&.@5)
8 8
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= 1e3 waTTs (APPROX.)

1 -
Secnnp Harmoni1c DiISTORTION = 2(Ivax + Twm,) = T NorwaL X 100 =
Ivax = ImiIn,

3(0.04| + 0,004) = 0,0i8 0.0045
0,041 ~ 0,004 X 100 = §%0z7 X 100 =

By COMPARING THESE TWO LOAD LINES IN Fi1Ge S TOGETHER WITH THEIRCOR
RESPONDING CALCULAT|ONS WE NOTE THAT WITH THE DOTTED LINE, THE POWEROUT—
PUT |S SOMEWHAT GREATER A8 |S ALSO THE PERCENTAGE OF HARMONICDISTORTION,
UPON DRAWING A NUMBER OF LOAD LINES ON THE GRAPH OF F1@.,59 AND WORK INGOUT
THE CALCULAT|ONS AS JUST EXPLAINMED THE MOST DES|RED COMBINATION BETWEEN
THE LOAD IMPEDANCE AND PERCENTAGE OF SECOND HARMONIC DISTORT|ON CAN  BE
ARRIVED AT,

|2% APRROX.

THIS METHOD OF CALCULATING THE PROPER LOAD IMPEDANCE CAN BEAPPLIED
TO BOLVE PROBLEMS8 OF THJ8 NATURE IN ALL TYPES OF AUDIO, RADI]O—~FREQUENCY,
OR POWER—AMPLIFIER 8YSTEMS,

DETERMINING OPERATING CONDITIONS FOR PLATE MODULATION

IN Fi1GgelO YOU ARE SHOWN THE SKELETON D|AGRAM OF A CLAss—AMODULATOR
"CHOKE=~COUPLEDY TO THE  PLATE
CIRCUIT oF A CLagss C AMPLIFIER
ACCORDING TO THE HEISING 8YSTEM
OF MODULAT ION. ' — Class C Ampl.

7

To

IN ORDER THAT {00 % MoDULA= : Ant.

TION MAY BE OBTAINED IN THIS : . .

case, THE CLags C AMPLIFIER'S
D.C. INPUT POWER SHOULD BE TWICE /A
THE MODULATOR'S RATED MAXIMUM =
UNDISTORTED POWER OUTPUT. THIS ‘e

D.C. INPUT I8 EQUALTO THECLASS [
C ampLIFIER' s MEAN{AVERAGE) D,
C. PLATE VOLTAGE ANDPLATE CUR~
RENT., IT 18 ALSO TRUE THAT THE
MEAN PLATE VOLTAGE DIVIDED BY Modulator R
THE PLATE CURRENT WILL RESULT h

IN THE MODULATING |MPEDANCE AND %' :

+o

AAA _f'o-

AAdd &

L

WHICH IN THIS CASE SHOULD EQUAL
THE MODULATOR'S RATED LOAD IM—

PEDANCE,
C—- o Ma.

THE FOLLOW|NG RELATIONS
ALSO APPLY IN CIRCUITSOF THIS8 B-e C+ B+
TYPES IB= aND Ea = _Po
Rp Is
wHere Is = mean D.C, CURRENT
To R.F. AMPLIFIER PLATE EXPRESg Fla. 10
ED IN AMPERES] PO =UNMODULATED The Modulation Circuit.

D.C. rpower INPUT TOo R.F. STAGE , .
AND WHICH I8 EQUAL TO TWICE THE MODULATOR POWER OUTPUT EXPRESSED IN WATTS}

Rp = OPTIMUM LOAD RESISTANCE FOR MODULATOR EXPRESSED IN ONMS AND EB=MEAN
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D.Ce PLATE vOLTAGE OF R.F. AMPLIFIER,

As A PRACTICAL EXAMPLE, LET US CONSIDER A TYPE 845 TUBE OPERATING
AS A CLASS A MODULATOR WITH A PLATE suppPLY OF |000 voLTs AT 75 ma, We
SHALL FURTHER ASSUME THAT THE POWER OUTPUT OF THIS TUBE |8 23 WATT8 FOR
A LOAD RES[STANCE OF 7500 oHMs, THE MEAN PLATE GCURRENT FOR THE CrLass C
ReFe AIPLIFIER IS THEN DETERMINED AS FOLLOWS?

T [P0 =\2X83 = 0.078 amp, = 78 ma. THE MEaN D.C. PLATE voOL-
B VR, V7500
TAGE FOR THE CLASS C AMPLIFIER Is SOLVED Ast E, = P9 _ 2x23 _ ggg

87 T, 0.078
VOLTS.

THE PLATE VOLTAGE DROP FOR THE CLAgs C AMPLIFIER 18 THEREFORE |000
MINUS 530 = 4|0 voLTS AND WHICH MUST BE DEVELOPED ACROSS RES|STOR R IN

F16.10. THE VALUE OF RESISTOR R g DETERMINED BY APPLYING OHM!s Law IN

THE FORM R = = = 5256 oHM8s THE WATTAGE WHICH THISSAME RE
1 0.078

SISTOR MUST DISSIPATE 1S EQUAL TO E x | = 4]0 X 0,078 = 32 waTTs, As A

MATTER OF SAFETY, THE RESISTOR USED SHOULD NCT BE RATED AT LEss THAN 50
WATTS.

FROM THESE CALCULATIONS, |T HAS BEEN DETERMINED THAT THE CrLass C
AMPLIFIER TUBE SHOULD BE SELECTED FROM THE STANDPOINT OF BEING CAPABLEOF
OPERAT ING SATISFACTORILY WITH A PLATE INPUT OF APPROXIMATELY 78 Mma, AT
APPROXIMATELY 530 or 800 voLTs.

IN THE EVENT THAT TRANSFORMER COUPLING |8 USED BETWEEN THEMODULAT-—
oR AND THE CLAss C AMPLIFIER, THEN THE TURNS RATIO OF THE MODULAT |ON TRAN
SFORMER MUST BE CALCULATED 80 A8 TO MATCH THE MODULATING IMPEDANCEOF THE
Ciass C AMPLIFIER TO THE REQUIRED LOAD IMPEDANCE OF THE MODULATOR. THIS
1S ACCOMPLISHED IN THE FOLLOW|NG MANNER?

A cerTAIN CLAss B MODULATOR HAS A POWER OUTPUT OF [00 WATTs  WITH
1000 vOoLTS APPLIED TO THE PLATES OF THE TWO TUSBES AND OPERATES [NTO A
SUITABLE LOAD IMPEDANCE OF (4,000 oHms, Two 8IMILAR TUBES ARE USED IN THE
Ctags C AMPLIFIER, ALSO BEING OPERATED AT A PLATEVOLTAGE oF |000 VOLT8 AND
WiTH AN AVERAGE D.C. POWER INPUT OF TW|CE THE MODULATOR'g RATED MAXIMUM
OUTPUT OR 2 X |00 = 200 WATTS.

THE PLATE CURRENT FOR THE CLass C AMPLIFIER I8 THEN SOLVED FOR I[N
THE FOLLOWING MANNER?

I,= Po_ - _2x 100 - 0,2 amp. = 200 ma.

Ep {000
THE MODULATING IMPEDANCE OF THE CLASS C AMPLIFIER I8 Z) = _%! =
8
000 = 5000 onms.

0.2

THIS MEANS THAT THE MODULAT |ON TRANSFORMER MUST PROPERLY MATCH THE
MODULATOR' g LOAD IMPEDANCE OF [4,000 oHmg To THE Crass C AMPLIFIER! sMOD~
ULATING IMPEDANCE OF 5000 oHMs., THE CORRESPONDING TRANSFORMER TURNS RAT 1O
WILL BE EQUAL TO THE 3QUARE ROOT OF THE PRIMARY—SECONDARY IMPEDANCE RATIO
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orR TurNg RaTlo = V14,000 =4Y2,8 = 1.6 70 | or | To 0.82,
5000
THIS BAME METHOD OF CALCULATION |5 EMPLOYED WHETHER THE MODULATOR
8E OF THE CLAss A oR CLass B TvPe, IT 18 ALSO IMPORTANT IN THi8 CASE THAT
THE TRANSFORMER WINDINGS BE CAPAELE OF CARRYING THE NEGESSARY CURRENT
WITHOUT BATURATING THE CORE,

CHECKING THE MODULATION

A SIMPLE METHOD OF CHECK ING THE MODULAT ION OF A TRANSMITTER 8 TO
APPLY A CONSTANT MODULATING FREQUENCY TO THE CARRIER AND NOTE THE |NCREASE
IN ANTENNA CURRENT. |F THE CARRIER 18 MODULATED IOO%, THE ANTENNA CURR—
ENT WILL RISE TO APPROXIMATELY |.23 TIMES THE CARRIER VALUE, '

THE CIRCUIT DIAGRAM OF A MODULOMETER APPEARS IN Fig.lls THISDEVICE
I8 USED FOR DETER—

MINING THE PERCENTAGE #".0001 mmfd.
OF MQDULATION [N THE %(
FOLLOWING MANNERS

CorL L3 18 coupLEDTO L R,
THE OUTPUT CIRCUITOF !

THE TRANSM|TTER. THE
ReFe CURRENT WHICH
PASSES THROUGH THIs
CIRCUIT CAUSES A VOL Lx
TAGE DROP ACROSS RE-—
818TOR R‘ AND WHICH
IS DIRECTLY PROPOR—

TIONAL TO THE CURRENT Fla. 11
THROUGH THE RES18TOR. Circuit of the Modulometer.
VARIATIONS IN THE AMPLITUDE oF THE R.F. GCURRENT WiLL THEREFORE

CAUSE PROPORTIONATE VARIATIONS IN THE R.F, VOLTAGE ACROSS RES8TOR R,
AND THE POSITIVE HALF CYCLES OF THIS VOLTAGE |8 MEASURED BY THEPEAK VOLT
METER (VACUUM TUBE VOLTMETER) WHICH )8 INCORPORATED [N THE MODULOMETER.

DURING THE TIME OF CONDUCTING THIS TEST, THE TRANSMITTING ANTENNA I8
REPLACED W|TH A DUMMY ANTENNA AND THE COUPLING 18 8¢ ADJUSTED THAT  THE
MODULATED AMPL ITUDE OF THE VOLTAGE ACROSS Ry 18.5 orR 6 voLTs, THE a@AiIN
CONTROL OF THE SPEECH AMPLIFJER 18 THEN S8ET AT ZERO 80 THAT THE OARRIER

18 UNMODULATED ‘AND A SECOND MEASUREMENT 18 MADE. THE PERCENEAGE OF MODU~
LATION 18 THEN DETERMINED FROM THE RELAT|oN M = E.MOD, = E QAR, x |00

E CAR,
WHERE M |18 THE PERCENTAGE OF MODULAT[ON, EMOD. |8 THE VOLTAGE W|TH MODU~
LATION AND ECAR 18 THE VOLTAGE OF THE UNMODULATED CARR{ER.

THE cotL L) AND CONDENSER C, ARE SO CHOSEN THAT THIS CIRCUIT  CaN
BE TUNED TO THE CARRIER FREQUENCY OF THE TRANSMITTER. THE GOUPLING OR
PICK=UP COIL L4 MAY CONSIST OF TWO OR THREE TURNS OF LAMP GCORD OF ANY CON

VENIENT 8IZEe

L —
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: ﬂ’ Cxamination Questions

w LESSON NO. T—16

Men are so inclined to content
themselves with what is most common,
that it is necessary to continually
study and nourish in his mind the '
thingswhioch are beautifuland perfect, '

WHAT APPROXIMATE RELATION EXI8TS BETWEEN THE OUTPUT POW—
ER OF AN AMPLIFIER TUBE AND THE GRID EX|TATION POWER FOR
THE SAME TUBE? /

Ko

WHAT PROCEDURE CAN BE USED IN ORDER TO DETERMINE THEAP—
PROXIMATE GRID EXITING VOLTAGE NECESSARY IN ORDER THAT
A CERTAIN AMPLIFIER TUBE MAY DELIVER IT8 RATED OUTPUT
POWER?

How woULD YOU GO ABOUT THE .TASK OF DETERMINING THE OUT—
PUT IMPEDANCE OF A MODULATING AMPL]F[ER?

WHAT 1s MEANT BY "REFLECTED RESISTANCEN? -~

EXPLAIN IN DETAIL HOW THE PROPER LOAD IMPEDANCE FOR A
POWER AMPLIFJ]ER MAY BE DETERMINED WITH THE AID OF A FAM~
JLY OF CHARACTERISTIC CURVES CORRESPONDING TO THE S8AME
TUBE. '

EXPLAIN HOW THE PERCENTAGE OF S8ECOND HARMONI|CDISTORTION
"AT THE OUTPUT OF AN AMPLIFIER MAY BE DETERMINED,

IN ORDER TO REAL1ZE |00% MODULATION WHEN USING THEHEIs—
ING 8YSTEM OF MODULAT|ON,WHAT RELATION S8HOULD EX|ST BE—
TWEEN THE CrLags C AaMPLIF1ER's D.C. INPUT POWER AND THE
MODULATOR'S RATED MAXIMUM UNDISTORTED POWER OUTPUT?

WHAT METHOD MAY BE EMPLOYED IN ORDER TO DETERMINE THE
PERCENTAGE OF MODULATION REALIZED WITH A CERTAIN TRANS™
MITTER?

IF THE HEIS8ING S8YBTEM OF MODULATION I8 TO BE EMPLOYEDBY
USING A MODULATION TRANSFORMER,WHAT 9TEPS SHOULD BE TAK—
EN IN ORDER TO DETERMINE THE CORRECT TURNS RATIO FOR
THI8 TRANSFORMERT

IF THE LOAD IMPEDANCE OF A TRANSM{|TTER'S POWERAMPLIFIER
IS OF TOO LOW A VALUE FOR THE.TUBES USED, HOW W{lLL THIS8
AFFECT THE OPERATION OF THE TRANSMITTER? How wiLL THE
OPERATION OF THE SAME TRANSMITTER BE AFFECTED IN THE
EVENT THAT THE LOAD IMPEDANCE |8 OF TOO HIGH A VALUE?

PRINTED N UsBeAse
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LESSON NO 17

- STUDIO AND CONTROL -ROOM EQUIPMENT -

WITH TH]S LESSON YOU ARE GOING TO COMMENCE YOUR STUDY OF BROADCAST
TRANSM|TTERS AND ASSOCJATED STATION EQUIPMENT, THE STUDIO END OF THE SYs—
TEM SHALL BE CONSIDERED FIRST.

Flge 2 SHOWS YOU IN A SIMPLIFIED FORM HOW THE STUCIO 1S RELATED TO
THE OTHER MAJOR UNITS OF THE BROADCAST TRANSMITTER. HERE YOU WILL OBSERVE
THAT A NUMBER OF STUDIO MICROPHONES FEED INTO A MIXER AND FROM HERE THE
SOUND ENERGY IS DELIVERED TO THE A,F. AMPLIFYING EQUIPMENT WHICH 18 LOCA—
TED IN THE CONTROL ROOM. IN THE TRANSMITTER ROOM THIs A.F. ENERGY ISSTILL
FURTHER AMPLIJFIED TO THE VALUE NECESSARY FOR PROPER MODULAT ION AND FROM
THE TRANSMITTER THE MODULATED R.F. ENERGY 15 FED INTO THE ANTENNA,

NUMEROUS MOD JFICATIONS OF THIS TYPICAL ARRANGEMENT ARE USED BYDIFF—
ERENT STATIONS., FOREX—
AMPLE, IN MANY ‘CASES YOU
WILL FIND THE MICRO—~
PHONES OPERATING DI-—
RECTLY INTO A PRE—AMP—
LIFIER AND THE A.F,
SIGNALS DELIVERED FROM
THESE SMALL AMPLIFIERS
TO THE MIXER WHICH 18
IN SUCH INSTANCES LO—
CATED IN THE CONTROL
ROOM,

IN F1G.2 YOU ARE
ALSO SHOWN HOW PROGRAMS
ARE HANDLED BY REMOTE
CONTROLs THIS, YOU WILL
NOTE, 18 ACCOMPL|SHED BY
PLACING THE NECESSARY
MICROPHONES AND MIXER
AT THE POINT WHERE THE Fi1a. 1

PROGRAM ORIGINATES —— Main Studio of a Broadcast Station.
AN AUDITORIUM IN THIS
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PART ICULAR CASE. THE A.F., ENERGY IS THEN AMPLIFIED AT THIS SAME LOCATION
AND THE OUTPUT TERMINALS OF TH{S AMPLIFIER CARRY THE AMPLIFIED A.F, sSiG—
NALS TO THE CONTROL ROOM OF THE STATION OVER SPECIAL TELEPHONE LINES.THESE
SIGNALS ARE THEN PASSED THROUGH THE EQUAL|ZER AND FROM HERE ONy THE PROGRAM
1S HANDLED IN THE SAME MANNER AS ALREADY EXPLAINED.

ALsSO OBSERVE IN F1G.2 THAT A SEPARATE TELEPHONE SYSTEM IS INCLUDED
BETWEEN THE STATION AND THE DISTANT ORIGIN OF THE PROGRAM SO THAT THE OP—
ERATORS AT BOTH POINTS CAN MAINTAIN PRIVATE COMMUNICATION BETWEEN THEM—
SELVES REGARDING THE HANDLING OF THE PROGRAM,

From THIS BRIEF EXPLANAT JON, YOU SHOULD NOW HAVE A GENERAL IDEA OF
THE ENTIRE BROADCAST SYSTEM. [N THE INSTRUCTION WHICH 1S TO FOLLOW YOUWILL
HAVE THE OPPORTUNITY OF STUDYING EACH UNIT I[N DETAIL, AS WELL As ALL aAcC—
ESSORY EQUIPMENT SUCH AS THE RELAYS, VOLUME INDICATORS, MONITORINGDEV|CES

ETCe WHICH FOR THE SAKE OF CLARITY AND SIMPLICITY HAVE BEEN OMITTED FROM
Fige 2.

STUD 10 ARRANGEMENT

IN F1Ge3 YOU ARE SHOWN AN ARTIST'S CUT—AWAY SkETCH OF THE NAT|ONAL
BROADCASTING STUDIOS AND WHICH IS PART OF THE TRAINING EQUIPMENT IN  OUR
8CHoOL. THIS STUDIO ARRANGEMENT IS8 TYPICAL OF THAT USED BY THE BETTER
BROADCASTING STATIONS OF THIS COUNTRY AND CONSEQUENTLY OUR STUDENTS HAVE

THE OPPORTUNITY OF WORKING UNDER THE SAME CONDITJONS AS WOULD EXIST IN ANY
OF THE LARGER STATIONS.

You WILL NO DOUBT BE INTERESTED [N KNOWING THAT NATIONAL SCHOOLS aL—
so conpbucT THE NAT |ONAL SCHOOL OF.BROADCASTING ANDp WHICH 1S DEVOTED

EX—
Mixer Table Studio lines An+enn57
ceh oo o onan o Socc PO e o o e o e Semmmas = P S Sy .
: Ml'crophone—) J ,  Equalizer AF Power L_'

!
| g Switch panel  Ampl,,
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|

1
e

!
|
|
|
[
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1
|
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!
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and Monitor

|
lelephone 1ON g :
gg::@\_ . TRANSMISSION
s L_-_______________-___-T_________________r_4 -
| e T e |
i Telephomz lines | PoweR RooM .
I i !
4+ Telephone (5220 @ :
! I
[ f
Amplifier ! ;
: 3
! '

_ _’J_,Hza dphones

AUDITORIUM

Fia. 2
Typical Arrangement of a Broadcast Station.
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CLUSIVELY TO THE TRAJINING OF ART|STS AND OTHER TALENTED PERSONS 80 THAT
THEY MAY DEVELOP FOR RAD|O USE THEIR TALENT8 IN THE FIELD OF S8INQING,DRA
MAT IC8, ANNOUNCING, CONTINUITY WRITING, ETC. VARIED TYPES OF PROGRAMS WH | CH
ORIGINATE [N OUR STUDIOS8 ARE RELEASED ON REGULAR SCHEDULE BY ONE THE MA=
JOR BROADCASTING 8TATIONS OF Los ANQELES.

WHILE THE STUDENTS OF OUR BROADCASTING S8CHOOL USE OUR 8TUDIOS TO
THEIR PARTICULAR ADVANTAGE,YET THIS I8 OF MUTUAL BENEFIT TO THE RADI0O
STUDENTS8 OF OUR TECHNICAL SCHOOL WHO ARE PRIVELEDGED TO ACT A8 STUDIO TEC™
HNICIANS, MON|TORING MEN, AND STAT|ON TECHNJCIANS, IN ADDITION TO GAINING
THE MOST VALUABLE EXPERIENCE OF SERVICING ALL THIS EQUIPMENT.

By AGAIN REFERRING TO F1G»,3 YOU WILL NOTE THAT THE 8TUDIOS CONSIST
OF S8EVERAL DEPARTMENTS AND WHICH I8 TRUE IN THE MAJOR|TY OF BTATION8es THE
MAIN 8TUDIO, FOR INSTANCE, I8 LOCATED AT "Al — TH|g 18 A LARGE 8TUDIO IN
WHICH ORIGINATE ALL MAJOR PROGRAMS INVOLV|NG A NUMBER OF PERSONS.

AT "B"%, “C" ano "D" WE HAVE THREE SMALLER 8TUQRIO8 WHICH ARE USED FOR
THE BROADCASTING OF PROGRAMS INVOLVING A MINIMUM OF 8TUDIO EQUIPMENT AND

T
)
J

Fra. 3
The National Broadcasting Studios.
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IN WHICH ONLY A LIMITED NUMBER OF PERSONS PARTICIPATE. THE SMALLER STU-
DIOS As THIS ARE BEST ADAPTED FOR VOICE AND |NSTRUMENTALSOL0|ST,SPEAKERS,
ETCe :

THE TELEVISION STUDIO 1s LOCATED AT "E" AND CONTROL ROOMS ARE LO—
CATED AT BOTH "F" anp "G". SPECIALLY DESIGNED WINDOWS, WHICH ARE INSTALL—~
ED IN THE WALLS OF THE CONTROL ROOMS, ENABLE THE CONTROL ROOM OPERATORS
TO OBTAIN A FULL VIEW OF THE ACTIVITIES IN ALL OF THE STUDIOS.

AN AUDITION ROOM Is LOCATED AT "H", THE DIRECTOR's OFFICE AT "|"
AND THE RECEPTION ROOM. AT "J", WiNDOWS ARE PROVIDED SO THAT THE AUDIENCE
IN RoOM "J" cAN WATCH THE ACTIVITIES IN sTuoios "A" anp "B" anD AT  THE
BAME T IME HEAR THE PROGRAMS THROUGH SPEAKERS WHICH ARE [NSTALLED IN THE
RECEPT [ON ROOM.

STUDID ACQOUSTICS

IN. THE DESIGN OF BROADCAST 8TUD 108,THE
- ACOUSTIC CONDIT]ONS ARE OF THE GREATEST M~
ST PORTANCE, FROM WHAT YOU HAVE ALREADY LEAR—
NED IN A PREVIOUS 8TUDY OF ACOUSTICS, You
WILL RECALL THAT SOME WALL SURFACES REFLECT
SOUND WAVES READILY WHJLE OTHERS HARDLY RE-
SouND FLECT *SOUND WAVES AT ALL, THOSE SURFACES
e WHICH REFLECT SOUND WAVES READILY ARE GEN—
PANELS ERALLY REFERRED TO As "Live" SURFACES WHILE
THOSE WHICH DO NOT REFLECT SOUND WAVES READ—
ILY ARE REFERRED TO As "peap" surraces.

ADMIVVNNN,
R TLILLINLLIINSTIII I

ADNRINNNRNN
QRN NN

.
SN
VIIDEINITISS s R ITIII IS

ALL OF THE INSTRUCTION WHICH HAS BEEN
GIVEN YOU IN THE LEsSoN TITLED"AcousTicsor
THE LESSON SERIES TREATING WITH AMPL[FYING
SYSTEMS APPLIES TO STUDIO TECHNIQUE EQUALLY

e e Rl Ll 2l LA Y27 A

MICROPHONE

ALl

[ A B2
m& RN I ANNANAN £ NNNNNNNN

Fla. 4 AS WELL AS IT DOES TO ACOUSTIC CONDITIONS [N
A “Live and Desd end”  GENERAL, THEREFORE, |F NECESSARY, IT I|8ADV|o~
:5* e ABLE THAT YOU REV{EW YOUR LESSON ON Acous—

udio.

TICS AT THIS TIME,.

In 8TUDIO PRACTICE WE FIND THAT |IF THE WALL SURFACES SURROUND NG THE
MICROPHONE ARE TOO LIVE, THEN EXCESS|VE REVERBERAT|ON WILL BRING ABOUT UN,
DESIRABLE ECHOING CONDITIONS AND CAUSE THE SOUND REPRODUCT [ON TO APPEAR
A8 THOUGH THE PROGRAM ORIGINATED [N A LARGE AND EMPTY HALL, ON THE OTHER
HAND, IF THE WALL SURFACES ARE TOO DEAD, THEN THE REPRODUCTJON OF MUS|CAL
SELECTIONS INVOLVING A LARGE VARIETY OF FREQUENCIES WILL LOOSE SOME oF

ITS S8PARKLING EFFECT OR BRILLIANCE AND THUS BECOME DULLER THAN IS ADVI9—
ABLE,

SO A8 TO MEET ALL OF THESE EXTREME CONOITIONS 8ATISFACTORILY, MOST
OF THE LARGER 8TUDIOS ARE OF THE LIVE END=DEAD END TYPE. AN EXAMPLE  OF
S8UCH A DESIGN IS ILLUSTRATED [N FlGe4.

IN 8TUDIOS OF THE LIVE END=DEAD END TYPE;,ONE END OF THE STUDJ|O HAS
ITS WALLS FINISHED W|TH A HARD, SOUND—REFLECT INQG SURFACE, WHILE THE DEAD
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END OF THE STUDIO HAS 1TS WALLS FINISHED WITH A SOUND—~ABSORBINQMATERIAL,.
IN sOME CASES, THE NECESSARY S8OUND REFLECTION I8 OBTAINED BY USINGA HARD
PLASTER FINISH ON THE WALLS
AND CEILING, WHEREAS THE NEO—
ESSARY SOUND ABSORBING CHAR™
ACTER|STICS CAN BE OBTAINED

=
.
s
»

BY FINISHING THE WALLS AT i "

THE OPPOS|TE END OF THE sTu~ = ' : qj

DIO WITH ROCK WOOL ANDMONK'S S - g
CLOTH, : i  p

IT I1s ALSO THEPRACTICE
IN SOME INSTANCES TO FURNISH
THIS SOUND ABSORPTION W|TH A
TAPERING CHARACTERISTICe THAT
I8, THE HARDEST AND BEST RE-
FLECT }NG SURFACE 18 PLACED
AT ONE END OF THE STUDIO AND
THE WALL SURFACES ARE  THEN
APPLIED 80 THAT THEIR DEGREE
OF ABSORPTION I8 GQRADUALLY
INCREASED AS THE  OPPOSITE
END OF THE STUDIO |8 APPROA—

CHED —— THE DEAD END OFFER— IrtorF =UE6 G 4h
ING THE MAX|MUM AMOUNT OF AB— nterior of one OZC =
SORPT | ONe Smaller Studios.

FOR DIFFERENT TYPES OF PROGRAMS8, A VARY|NG AMOUNT OF SOUND REFLEO—
TION AND ABSORPT|ON I8 DESIRED AND TO SATISFY THESE CONDITIONS8,D|FFERENT
POSJTIONS N THE STUDIOS FOR THE M|CROPHONES AND APT|8TS ARE TRIED UNTIL
THE DESIRED EFFECT 1S OBTAINED.

IT 18 ALSO A COMMON PRACTICE TO FURNISH THE LARGER 8TUD108S WITH
SLIDING PANELS OR SCREENS MADE OF SOUND ABSORBING OR S8OUND REFLECTINGMA—
TERJAL IN THE MANNER SHOWN IN Fla.
4, WiTH THIS ARRANGEMENT,THE AC—
Records OUSTIC CONDITIONS OF THE  8TUDJO
Reproducer| CAN SE ALTERED CONVENIENTLY 80 AS

TO BE BEST ADAPTED TO ANY PART|C~
Table ULAR TYPE OF PROGRAM AND  STUDIO
SET=UP,

Control
MjCROPHONE PLACEMENT

Speed
Regulator ANOTHER IMPORTANT  PROBLEM

) WITH WHICH THE STUDIO TECHNICIAN

\ Switch "

. st MUST COPE IS "MICROPHONE PLACE—
op MENT", THIS cONB18TS8 OF PLACING

THE MJCROPHONE OR GROUP OF MJCRO—
Fla. & PHONES IN THE MOST ADVANTAQEOUS PO

SITION FOR THE DESIRED P]CK=UP,
il 7'&rn7"ab/e Set.

IN THE CASE OF M| CROPHONE
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PLACEMENT, WE HAVE SOUND REFLECTIQN TO CONTEND WITH THE SAME AS ALREADY
DESCRIBED RELATIVE TO SPEAKERS AS USED WITH SOUND AMPLIFYING EQUIPMENT.
PROVIDED THAT THE SOUNDS ARE NOT COMPARABLE IN INTENSITY,THE TIME LAG BE—
TWEEN THE ORJGINAL AND REFLECTED SOUNDS |8 OF NO GREAT IMPORTANCE. How—
EVER, |F THE ORIGINAL ANDREFLEC—
Phenograph TED SOUND INTENSITIES ARE COMPAR—

Pick-up Control Arm ABLE,THEN IT 18 ADVISABLETO MAIN
(:\ / TAIN A SHORT TIME LAG.

P

THE MORE LIVE THE SURROUND-

INGS ABOUT THE MJCROPHONE, THE

S8HORTER WILL BE THE TIME LAG AND

THIS WILL CAUSE THE REPRODUCT ION

TO APPEAR AS TINNYe SHOULD THE

(?” ' TIME LAG BE TOO LONGy THEN THE

Phortegraph Pick-up REPRODUCTION WlLL TAKE ON AHOLL—

OW SOUND EFFECTe WHEN A LIVE AND

Fia.7 DEAD END STUDIO 18 EMPLOYED FOR

The Pick-up Fader Circuit- THE PRODUCTION OF A LARGE PROGRAM

IT IS CUSTOMARY TO PLACE THE M|—

CROPHONE OR M[CROPHONES IN THE DEAD END OF THE 8TUDIO AND THE ORCHESTRA
IN THE LIVE END OF THE S8TUDIO AS POINTED OUT IN Fi1Ge4.

SINCE sTUD10O SET—=UPS OF THI1S NATURE [NVOLVE INSTRUMENTS8 OR VOICES
OF DIFFERING QUALITY AND FREQUENCY RANGE, IT 1S IMPORTANT THAT THE VAR~
IOUS [IND]VIDUALS BE ARRANGED AROUND THE MJCROPHONE OR M|CROPHONES N SUCH
A MANNER THAT THE SOUND REPRODUCTJON AS EMITTED FROM THE LOUD SPEAKER BE
WELL BALANCED AND NATURAL [N EFFECT. FOR EXAMPLE, THE WAVES OF CERTAINFRE
QUENCIES ARE REFLECTED MORE READILY THAN THOSE OF OTHER FREQUENCIES AND
80 THAT CERTAIN SOUNDS DO NOT OVER—~POWER OTHERS, THE MORE INTENSIVE SOUND
PRODUCERS ARE PLACED FARTHER AWAY FROM THE MICROPHONE,

ANOTHEREFF
ECT THAT SOME=

T IMES CAUSES TROU o1MEd sea M gea

BLE IS THAT WHEN

SEVERAL  MICRO— ¢ .

PHONES ARE USED s 8 § g

TO PICK UP THE ag do g3 o §
u

8AME PROGRAM, THE Condenser
S8OUNDS WHICH ARE Head

PRIMARILY [|NTEN—
DED FOR ONE Mi=
CROPHONE ALSO ACT
UPON SOME OF THE -
OTHERM|] CROPHONES SPz:;zﬂ mike plug/
AT SLIQHTLYDIFP—
ERENT TIME I N— —
TERVALS AND VOL~
UMES. WHEN suUcHA
oy e -e s
ING SENSAT 10N APE The Microphone Head Amplifier.

i
|
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EARS AT THE LOUDSPEAKER,SIMILAR TO THAT EXPERIENCED WHEN THE MICROPHONE
IS PLACED IN HIGHLY REFLECTING SURROUNDINGSe

PROPER MICROPHONE PLACEMENT AND THE ADJUSTMENT OF ACOUSTICAL CON—
DITIONS FOR LARGE STUDIO PRESENTATIONS 8 AN ART REQUIRING A SKILL WH|CH
CAN ONLY BE OBTAINED THROUGH EXTENSIVE EXPERIENCE N THIS WORK. THIS JOB
IS GENERALLY HANDLED BY WHAT ARE KNOWN Ags 'ProbDucTioN MEN" AND WHO  ARE
HIGHLY SPECIALIZED IN THIS WORKe SINCE THIS I8 NOT ALTOGETHER THE  WORK
OF THE ENGINEER,WE SHALL NOW LEAVE THIS8 SUBJECT AND TURN OUR ATTENTION TO
THE MORE TECHNICAL DETAILS OF THE BROADCAST STAT IONe

M1CROPHONES

THE MICROPHONES AS USED IN BROADCAST STATIONS ARE OF THE  HIGHEST
QUALITY AND MAY BE OF THE CARBON,CONDENSER,RIBBON,DYNAMIC,ORCRYSTAL‘TYPE.
ALL OF THESE VARIOUS M|CROPHONES WERE ALREADY DESCRIBED TO YOU IN A PRE-
VIOUS LESSON OF THE SER|ES TREATING WITH AMPLIFYING SySTEMS AND IT Is
THEREFORE NOT NECESSARY TO REPEAT THIS INFORMATION AT THE PRESENT T IME,
We MIGHT POINT OUT, HOWEVER, THAT OF ALL THE M|CROPHONE TYPES AVAIlLABLE,
THE CONDENSER AND RIBBON TYPES ARE AT THE PRESENT TIME MOST EXTENSIVELY
USED FOR BROADCAST PURPOSES, ALTHOUGH THE DYNAMIC AND CRYSTAL TYPES ARE
GAINING IN POPULARITY.

ELECTRICAL EQUIPMENT

N
"
p

BeESIDES THE M|=—

CROPHONE EQU IPMENT, Mike £1 Relay
PROVISIONS ARE ALSO Mike Jack ™ Mixer Jack 27
MADE |N MOST BROADCAST J
STATIONS FOR RELEAS— Z
ING ELECTRICAL TRANS— Ve Relay - =
CRIPT ION PROGRAMS OVER ! _
THE AIRe AN ELECTRICAL ke Jacke 2 © i by soa i .
TRANSCRIPT JON |S A RE™ ‘ }‘J X 20002
CORDED COMMERC |AL PRO— Relay 2 Jine
GRAM AND 18 EQUIVALENT Phono. Phono, < J;
TO A PHONOGRAPH RECORD Studio A 2 A & Jack 0 'K,Z""
OF HIGH QUALTIY, Iy Fﬁf
i aElY

IN ORDER TO RE- NS Relay é v
PRODUCE THESE RECORD— vike Jaei” € Miver Jack®?
INGS, THE STATIONEQUIP
MENT MUST [INCLUDE A 50n
S8ET OF TURN TABLES AND Relay JJE 50.n.
PICK—~UP DEVICES AND AN Mike #2
EXAMPLE OF WH|CH APP—

Mike Jack

jﬂueqliég, C

EARS IN Fla.B8s THIS
EQU IPMENT |8 GENBRALLY
USED IN PAIRS 80 THAT
A8 THE PROGRAM  PRO—
GRESSES AND ONE RECORD
I8 FINISHED, THE FOLL~ Fla. 9 )

OWING RECORD CAN BE The 7’%0/?:3/ Mixer Cireuif:
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STARTED AND BLENDED INTO THE PRECEDING ONE W]THOUT ANY NOTICEABLE [NTER—
RUPTIONe A FADER IS MGUNTED BETWEEN THESE TWO TABLES TO PERMIT THE PRO=
PER SWITCHING OF RECORDS AND THIS CONTROL IS ILLUSTRATED IN F1Ge7. THE
OPERAT JION OF THIS FADER CIRCUIT HAS ALREADY BEEN EXPLAINED TO YOU IN A
PREVIOUS LESSON TREATING WITH AMPLIFYING SYSTEMSe

TRANSCRIPT |ON RECORDINGS ARE MADE AT ONE OF TWO SPEEDS, NAMELY 33
R.P.M.s AND 78 R.P.M, THE 78 R.P.M. RECORDS ARE GENERALLY |2" IN DIAMETER
AND CAPABLE OF PLAYING FOR 5 MINUTESe THE 33 R.P.M. RECORDINGS ARE |8"
IN DIAMETER AND ARE CAPABLE OF PLAYING CONTINUOUSLY FOR 15 MINUTES.

ELECTRICAL TRANSCRIPTION PROGRAMS ARE USUALLY OF SHORT DURATION, AT
THE MOST LASTING FOR |5 MINUTEs. THIS BEING THE CASE, A sINGLE 33 R. P M.

RECORD WILL HANDLE THE ENTIRE PROGRAM W]THOUT THE NEED OF CHANGING REC—
ORDSo

WHEN THE STATION 1S EQUIPPED W|TH APPARATUS FOR THE REPRODUCT ION OF
ELECTRICAL TRANSCRIPTIONS, THIS SAME EQUIPMENT CAN ALSO BE USED FOR THERE
PRODUCTION OF ORDINARY PHONOGRAPH RECORDINGS FOR TRANSMISSION PURPOSES,

AT THE PRESENT TIME WE SHALL NOT GO INTO CETAILS REGARDING THE PRO—
CESSES INVOLVED IN MAKJNG THESE RECORDINGS [N THAT THIS 18 FULLY COVERED
IN LESSONS TREATING WITH SoUND PICTURES. THIS ALSO APPLIES TO THE REF INED
TYPES OF PICK—UP HEADS.

Fta. 1O
Nationals Broadcsst Control Roorr.
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ASSUMING THAT CONDENSER MICROPHONES ARE BEING USED IN THE S§TuD1O,

EACH OF THESE MICROPHONES WILL BE FITTED WITH A HEAD OR PRE—~AMPL|FIERS |—
MILAR TO THAT WHICH IS ILLUSTRATED IN F1ae8. EACH OF THESE PRE=AMPL |F |ERS
IS FITTED WITH AN QUTPUT TRANSFORMER WHICH MATCHES THE INPUT IMPEDAN CE
OF THE MIXER AND THE HEAD AMPLIFIER OUTPUT OF EACH M|CROPHONE IS CONNEO-
TED TO THE MIXER THROUGH A SEPARATE CABLE AND CONDU|T WIRING SYSTEM. THE
BATTERY LEADS FOR THE VARIOUS HEAD AMPLIFIERS ARE ALSO FREQUENTLY |NCOR—
PORATED INTO THE SAME MICROPHONE CABLE TOGETHER W|TH THE A.F. LINE,

FOR THE HEAD AMPLIFIER WHICH Is ILLUSTRATED [N F1GeB AND WHJCH g
USED IN OUR 8TUDIOS, A 6 VOLT STORAGE BATTERY |8 USED FOR THE "AM SUPPLY
AND THREE SERIES CONNECTED 45 voLT "B" BATTERIES FOR THE B 8UPPLYs THE
WIRING FROM THE CONTROL ROOM TO THE STUDIOS IS CARRIED IN CONDUJT AND THE
CONNECTION BETWEEN THE VARIOUS M|CROPHONE CABLES AND THE CONTROL ROOM
CIRCUITS ARE COMPLETED THROUGH SPECIAL PLUG AND SOCKETS, THE ARRANGEMENT
OF WHICH COINCIDES WITH THAT |LLUSTRATED IN F1Ge8.

THE OUTPUTS OF THESE VAR(|OUS HEAD~AMPLIFIERS AND THE OUTPUT OF THE
PHONOGRAPH PICK—=UP CIRCU|T ARE THEN ALL CONNECTED TO THE MIXER IN SOME
SUCH ARRANGEMENT AS ILLUSTRATED IN F1aG.S, IT 18 oF course ESSENTIAL THAT
ALL OF THESE COUPLING DEVICES,AS WELL AS THE M[IXER CONTROLS,ALL BE PRO-
PERLY MATCHED WITH RESPECT TO IMPEDANCE AS HAS ALREADY BEEN ADEQUATELY EX
PLAINED TO YOU IN PREV]IOUS LESSONS,

You WILL ACQUIRE A STILL CLEARER CONCEPTION OF THE ACTUAL APPEAR~
ANCE OF THE CONTROL ROOM
EQUIPMENT BY REFERRING TO
Fice I0.HERE YOU ARE gHOWN
A SECTION OF THE CONTROL
ROOM [N OUR SCHOOL BROAD—
CASTING STATION.THEM|XER
DESK APPEARS AT THE CEN—
TER,WITH THE OPERATOR
S8EATED IN FRONT OF |TAND
IN SUCH A POS[ITION THAT
HE MAY THRU SPECIALLY DE
SIGNED WINDOWS OBTAIN A
FULL VIEW OF THE PERFORM—
ERS [N FRONT OF THE 8TU—~
DIO MICROPHONES, THE AMP—
LIFYING EQU IPMENT S SHOWN
AT THE RIGHT,BE{NGATTEN—
DED BY A TECHNICJAN,

IN“Fiee Il You ARE
SHOWN THE MIXER PANEL RE—~
MOVED FROM | T8 MOUNT ING
AS TESTS8 ARE BEING CON=
DUCTED BY A STUDENT.THIS
WILL SERVE TOFAMILIARIZE
YOU WITH THE GENERAL APP

la. 11
EARANCE OF THE [NTERNAL Testin %/:é Mixer in #+he
CONSTRUCT ION AND WJRING g j £ Contro/
OF THIS ASSEMBLY. reagcass Contro/ Koo
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By AGAIN REFERRING TO F1a.9 vou wiLL NOTE THAT THE 50 OHM LINE FRoOM
EACH OF THE MICROPHONES AND THE PHONOGRAPH P|CK=UP UNJTS FEED THROUGH A
SYSTEM OF JACKS AND RELAYS TO THE INPUTS OF THE VARIOUS L=pPaD VO LUME CON~
TROLSe THESE VARIOUS JACKS, RELAYS, AND VOLUME CONTROLS CONSTITUTE A PART
OF THE MIXER PANEL,

THE LOW~LEVEL AMPL|F|ER

THE OUTPUT OF THE MIXER FEEDS INTO THE INPUT OF THE LOW LEVEL AMP—
LIFIER THROUGH A 200 OHM LINE, A CIRCUJT DIAGRAM OF THE LOW LEVEL AMPL|—
FIER 18 SHOWN IN F1G.12¢ THIS LOW LEVEL AMPLIFIER CONSISTS OF THREE STA—
GES EMPLOYING TYPE ||2A TuBES. IN THE GRID CIRCUIT OF THE SECOND STAGEOF
THIS LOW LEVEL AMPLIFIER IS LOCATED A GAJN OR VOLUME CONTROL BY MEANS OF
WHICH THE OVER—~ALL GAIN OF THIS AMPLIFIER CAN BE CONTROLLED, Low LeveL
OR LOW GAIN AMPLIFIERS AS THIS MAKE IT POSS|BLE TO AMPLIFY THE AUDI|O FRE~
QUENCY ENERGY IN A MOST STABLE MANNERe THAT 18 TO SAY,THIS SYSTEM IS NOT
'NEARLY SO SUSCEPTIBLE To FEED=BACK TROUBLES AND OSCILLATION A8 AREAMPLj—
FIERS OF HIGH GAIN PER STA3E. YOU WILL ALSO OBSERVE IN F1Ge 2 THAT uacks
ARE FURNISHED SO THAT THE PLATE AND F|LAMENT CURRENT IN THE VARIOUS STAG—~
ES OF THIs AMPLIFIER CAN BE MEASURED WITH A MINIMUM OF EFFORT.

THE Fi1LAMENT CIRCUIT OF THE LOW LEVEL AMPLIFIER 1S CONNECTED ACROSS
A 6 voLT STORAGE BATTERY,WHILE THE B suppLY FOR THIS SAME AMPLIFIER Is
OBTAINED FROM THE SAME B POWER SUPPLY AS THAT USED FOR THE HIGH LEVEL AM—
PLIFIERs THE USE OF A BATTERY F|LAMENT SUPPLY IN ALL OF THESE LOW LEVEL
STAGES REDUCES THE POSSIBILITY OF HUM PICK=UP TO A MINIMUM. THi1g is M=
PORTANT IN THAT ANY HUM OR OTHER EXTRANEOUS NOJSE WHICH ORIGINATES IN THE
LOW LEVEL AMPLIFJIER, OR OTHER [INPUT EQUIPMENT,WILL BE GREATLY MAGNIFJED
BY THE TIME IT IS PASSED THROUGH THE FOLLOWING SECT ION8 OF THE EQU IPMENT

.25 Mfd,
/5Fd

x
[
1

150000 50,000

eI %[ <o

1
| 1.8 Ma.ﬁl 18 Ma,
250 Ma. | 250 Ma, z50Ma \ BL
[
Ax B-
[ [‘?V» AofA  GV. A—
e Grd.
Fla. 12

The Low-level A mpliFrer.
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IT 1S ALSO A COMMON PRACTICE TO MOUNT THE TUBES OF THE LOW LEVEL
AMPLIFIER 'N RUBBER CUSHIONED SOCKETS AND FREQUENTLY TO PROVIDE A COVER=—

ING OVER THESE TUBES SO AS TO GUARD AGAINST ANY POSSIBLE CONDITION OFMI—
CROPHON | SMe

THE HIGH-LEVEL AMPLIF IER

THE OUTPUT OF THE LOW LEVEL AMPLIFIER IN FiG.12 IS SO ARRANGED THAT
1T MAY BE CONNECTED THROUGH A 500 OHM TRANSMISSION LINE TO THE |NPUT OF
THE A.Fe AMPLIFYING EQUIPMENT WHICH IS LOCATED UPSTAIRS IN THE TRANSMITT—
ER ROOMs THIS SAME OUTPUT IS ALSO SO ARRANGED THAT |T CAN BE FED [NTOTHE
SPECJAL TELEPHONE LINE LEADING TO ONE OF THE MAJOR BROADCASTING STAT]ONS
oF Los ANGELES FOR THE RELEASE OF SPECIAL PROGRAMS. THE THIRDPOSSIBILITY

uao0l 4
22U}

o 00§

-duy
1242| Mo}

x
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- . e A —
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Fla. 13
The High- level Amplifier.
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IS TO CONNECT THE OUTPUT OF THE LOW LEVEL AMPLIFIER TO THE INPUT OF THE
HIGH LEVEL AMPLIFIER WHICH 1S ALSO INCLUDED IN THE STUDIO CONTROL ROOMse
THIS INTER—AMPLIFJER CONNECTION IS MADE THROUGH A 500 OHM LINEe

THE CIRCUIT DIAGRAM OF THE HIGH LEVEL AMPLIFIER IS SHOWN IN F1GeI[3

AND THIS UNIT, YOU WILL OBSERVE, CONSIS8TS OF ONE STAGE EMPLOYING A 27
TUBE AND WHICH IS FOLLOWED BY A PUSH—PULL STAGE IN WHICH A PAIR OF 45's
ARE EMPLOYEDe THE INPUT OF THIS HIGH LEVEL AMPLIFIER IS ALSO EQU IPPED

WITH A MASTER GAIN CONTROL. THE AUD{O TRANSFORMERS WHICH ARE HERE USED
ARE OF THE BEST QUALITY TO INSURE GOOD PERFORMANCE,

ALsO NOTICE IN F1Ge|3 THE EXTENSIVE USE OF JACKS FOR THE INSERTON
OF A MILLIAMMETER FOR TAKING CURRENT READINGSe YOU WILL ALSO OBSERVE I[N
THIS SAME [LLUSTRATION THAT PROVISIONS ARE MADE FOR CONNECTING THE VO[CE
COILS OF FIVE DIFFERENT DYNAM|C SPEAKERS TO THE OUTPUT OF THE H|GH LEVEL
AMPLIFIERe THE MONJTOR SPEAKER |S MOUNTED IN THE CONTROL ROOM 80 As TO
OFFER A MEANS OF CHECKING UP ON THE REPRODUCTION OF THE PROGRAM. ANOTHER
SPEAKER 18 PLACED IN
THE RECEPTION ROOM AND
ONE SPEAKER [N EACH OF
THE THREE SMALLER STU—
DI10Se ALL OF THESE SPEA
KERS ARE CONNECTED IN
SER|ES,

Mixer Volume

To Mike

yiﬁf

ac

=~ ¢

Pilot light q, N THE |0 OHMRES IS~
— A Holding Switch TORS WHICH ARE CONNEC—

Mixer Jack

{2y
Batt.

TED ACROSS EACH OF THE
BPEAKER JACKS ARE CON~
. T d/‘rzihnhbldzsknmkz NECTED IN SERIES WHEN
- “ THE SPEAKERS ARE NOT IN
Ccmﬁﬁi;&“k USE BUT EACH OF THEM
Announcer's desk U9 COUUSTINEE? P
3"_—__—__“(3L/// make CONNECTED FROM THE CIR
CUIT AT THE TIME THE
SPEAKER |8 PLUGGED [IN~
Fla. 14 TO THE SAME JACK, THIS
ARRANGEMENT PERMITS THE
i S8PEAKER CIRCUITTO MAIN
TAIN A PRACTICALLY CONSTANT IMPEDANCE VALUE REGARDLESS OF THE NUMBER OF
SPEAKERS USED AT ANY ONE TIME. THE SPEAKER F|ELDS ARE ENERGIZED BY A [2
VOLT STORAGE BATTERY.

Announcer’s
desk break

Details of Microphone Control Circuit

ALTHOUGH THE OUTPUT OF THIS HIGH LEVEL AMPLIFIER ISN!T OF ANY VERY
GREAT VALUE, YET IT. 1S SUFFICIENT FORTHE USE TO WHICH IT I8 BEING SUBJECTED.
FURTHERMORE, IT 1S TO BE REMEMBERED THAT THE GREATER AMOUNT OF AUD]O FRE—
QUENCY AMPLIFICATION OCCURS IN THE MORE POWERFUL AUDIO AMPLIFYING SYSTEM
WHICH 1S LOCATED IN THE TRANSM|TTER ROOM. ALL OF THE AMPLIFYING EQUIPMENT
THROUGHOUT |8 BUILT ACCORDING TO A RACK AND PANEL DESIGN A8 W|LL BE APP—
ARENT FROM AN INSPECTION OF F1G, 10, AND WHICH I8 THE STANDARD PRACTICE IN
ALL BROADCASTING STATIONS.

NATURALLY, YOU WILL NOT FIND THE SAME AMPLIFIER CIRCUITS A8 THOSE
ILLUSTRATED IN THIS LESSON TO BE USED IN THE CONTROL ROOM OF EVERY STA—~
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TIONe THESE CIRCUITS, YOU W|LL REALIZE, MAY VARY CONS|DERABLY AND FOLLOW
ANY OF THE VARIETY OF AUDIO AMPLIFJER CIRCUITS WHICH WERE EXPLAINED TO
YOU IN PREVIOUS LESSONS, NEVERTHELESS, THE CIRCUITS WHICH ARE PRESENTED
TO YOU [N THIS LESSON ARE TYPJCAL OF THIS EQUIPMENT,

A BATTERY CHARGER OF THE TUNGAR BULB TYPE 18 ALSO USED A8 A PART
OF THIS CONTROL ROOM EQU IPMENT AND A SWITCH Ié PROVIDED IN THE STORAGE
BATTERY CIRCUIT 80 THAT THES8E BATTERIES CAN BE CONVEN[IENTLY CONNECTED TO
THE CHARGER WHENEVER NECESSARY.

THE RELAY SYSTEM

IN Fra. 14 vyou ARE sHOWN IN A MORE DETAILED FORM THE MICROPHONE CON=
TROL CIRCUIT AND IN WHICH THE APPLICATION OF THE RELAY SYSTEM (8 MORE
CLEARLY [|LLUSTRATEDs

As YOU WILL OBSERVE IN THIS DIAGRAM, THE M| CROPHONE CIRCUIT THROUGH
THE MIKE JACK, RELAY CONTACTS, MIXER JACK, AND MIXER VOLUME CONTROL CORR=
ESPONDS TO THIS SB8AME SECTION OF THE CIRCUIT IN THE COMPLETE MIXER SYSTEM
WHICH APPEARS [N FiGe 9 OF THIS LESSON,

IN ADDITION, YOU  WILL
SEE IN FlGel4 HOW THE wWIND~
ING OF THE RELAY I8 CONNECTED

E—

IN S8ERIES WITH A |2=vOLT 8TOR Ei ~

AGE BATTERY THROUGH A SERIES Milliam- [

OF SWITCHES 80 THAT THE MI— —> E0e. § (I)
CROPHONE CAN BE CUT [N OROUT Bias control Scale

OF THE CIRCUIT BY OPERATING
SWITCHES WHICH ARE  LOCATED .
EITHER AT THE CONTROL DESK OR 1<
AT THE ANNOUNCER'S DEsk. A '
SMALL PILOT LIGHT,MOUNTED BE
HIND A RED QLAS8 BULLs'—= EYE ol Fite. 15

ON THE PANEL OF THE CONTROL Application of the V.T7. l./o’,"’””"‘zr &
DESK, LIGHTS UP WHENEVER THIS Volume -Indicator.

MICROPHONE |8 IN USE AND IN SOME INSTANCES A SIMILAR SIGNAL LIGHT I8 LO—
CATED AT THE ANNOUNCER'S DESK.

VOLUME [NDICATORS

IN ORDER 80 THAT THE CONTROL ROOM OPERATOR MAY KNOW AT ALL T IMES
THE EXACT PROGRAM LEVEL,A METER CALIBRATED |N DECIBELS |8 MOUNTED ON THE
CONTROL DESBK DIRECTLY IN FRONT OF THE OPERATOR, THERE ARE VARIOUS WAYS IN
WHICH THIS PROGRAM LEVEL CAN BE ASCERTAINED AND ONE METHOD 18 [LLUSTRATED
IN F1a,156. By REFERRING TO F1G. |5 YOU WILL OBSERVE HOW THE PRINCIPLESOF
A VACUUM TUBE VOLTMETER CAN BE USED FOR THI8 PURPOSE, WITH THE EXCEPTION
THAT THE CUSTOMARY MILLJAMMETER SCALE IN THIS8 CASE I8 REFLACED WITH A
BCALE WHICH 18 CALIBRATED IN DECJBELS, FROM WHAT YOU HAVE ALREADY LEAR—
NED ABOUT VACUUM TUBE VOLTMETERS, YOU ARE FAMILIAR WITH THEIR PRINCIPLE
OF OPERATION AND ALSO REALIZE THAT VERY LITTLE ENERQY |8 TAKEN FROM THE
CIRCUIT UNDER TEST [N ORDER TO ACTUATE THE INDICATOR.

A POPULAR METHOD OF CONNECTING SUCH A DBe METER TO THE EQUIPMENT |8
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1S TO CONNECT IT ACROSS ?HE'SOO OHM' LINE BETWEEN THE HIGH AND LOW LEVEL

AMPLIFIER. THE INPUT TRANSFORMER OF THE UNIT ILLUSTRATED IN F1G6.15 Is
TAPPED AND PROVIDED WITH A SWITCH SO THAT THE INSTRUMENT CAN BE MADE TO
READ DIFFERENT INPUT LEVELS. THE ARM POSITIONS ARE IN THIS CASE ALSO

MARKED IN DECIBELS AND THE ACTUAL DB. LEVEL IS EQUAL TO THE ALGEBRAIC
SUM OF THE DB. INDICATION ON THE SWITCH AND THE 0OB. READING ON THE ME-
TER.

THE POINT OF ZERO DB. ON THE METER SCALE IS SOMEWHERES NEAR THE
CENTER OF THE SCALE AND THE POINTS IMMEDIATELY BELOW AND ABOVE IT ARE
MARKED IN POSITIVE AND NEGATIVE VALUES.

A STILL DIFFERENT TYPE OF DB. VOLUME INDICATOR CONSISTS OF A MILL
IAMMETER MOVEMENT WHICH IS FITTED WITH A COPPER-OXIDE RECTIFIER SO AS
TO BE SUITABLE FOR TAKING A.C. MEASUREMENTS. THIS LATTER TYPE OF VoL~
UME INDICATOR IS USED A GREAT DEAL SINCE IT IS NOT AS EXPENSIVE AS THE
V.T. VOLTMETER TYPE,REQUIRES NO AUXILIARY EQUIPMENT’AND CAN THEREFORE
BE CONSTRUCTED IN A MORE COMPACT FORM AND AT THE SAME TIME IS CONVEN=-
IENT TO USE.

WHEN USING THE COPP-.
ER OXIDE TYPE METER4MULTI-
line PLIER'S ARE GENERALLY CON
NECTED IN SERIES WITH THE
METER AND THE AMPL I FIER
LINE ACROSS WHICH THE ME-
TER IS CONNECTED. THE IN-
STRUMENT THEN FUNCTIONS AS
A PEAK-READING VOLTMETER,
ONLY THAT THE SCALE IS CAL
IBRATED IN DECIBELS. WITH

Amplifier

Multif:liczr

Decibel Meter

«_ THIS ARRANGEMENT,THE IMPE~
DANCE OF THE METER CIRCUIT

IS SUFFICIENTLY HIGH S0

Fla 16 THAT WHEN CONNECTED ACROSS
Application of the DB. Meter, THE A.F. LINE,IT DOES NOT

NOTICEABLY AFFECT THE PRO-
GRAM LEVEL.

ALTHOUGH 1T IS A RATHER COMMON PRACTICE TO CONNECT THE VOLUME
INDICATOR DIRECTLY ACROSS THE A.F. LINE WITH ADEQUATE RESISTANCE IN SER
EIS SO AS TO PREVENT THE INSTRUMENT FROM ABSORBING A PROHIBITIVE AMOUNT
OF ENERGY, YET THIS METHOD OFFERS A DISADVANTAGE IN THAT THE METER READ
ING 1S AFFECTED BY CHANGES IN THE FREQUENCY HANDLED BY THE LINE.

To OVERCOME THIS, THE VOLUME INDICATOR IS FREQUENTLY CONNECTED A-
CROSS THE OUTPUT END OF A PAD WHICH 1S INSTALLED BETWEEN THE OUTPUT OF
THE AMPLIFIER AND THE LINE AS ILLUSTRATED IN FIG.16. IN THIS MANNER,
THE IMPEDANCE ACROSS THE METER CIRCUIT IS KEPT PRACTICALLY CONSTANT AT
ALL FREQUENCIES AND THEREFORE RESULTS IN A MORE ACCURATE INDICATION.

IT IS ALSO POSSIBLE TO CONNECT THE VOLUME INDICATOR ACROSS THE
INPUT END OF THE PAD BUT WHEN THIS IS DONE, THE METER READING WiLL BE
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HIGHER THAN THE ACTUAL LINE LEVEL BY THE VALUE OF THE PAD.
DUPLICATE EQUIPMENT

IN ORDER TO PREVENT A LENGTHY INTERRUPTION IN A BROADCAST PRO-
GRAM IN CASE OF THE FAILURE OF ONE OF THE UNITS, IT HAS BECOME THE PRAC-
TICE TO DUPLICATE STATION EQUIPMENT. FOR EXAMPLE, IN Fiac. 17 vYou ARE
SHOWN IN DIAGRAM FORM A SERIES OF STUDIO AMPLIFIERS WHICH ARE CONNECTED
TOGETHER THROUGH JACKS. THUS |IT BECOMES OBVIOUS THAT IF  AMPLIFIER #2
2H0ULD SUDDENLY BECOME INOPERATIVE WHILE A PROGRAM IS IN PROGRESS, IT IS
ONLY NECESSARY TO CONNECT AMPLIFIER #1 TO AMPLIFIER #3 DIRECT BY MEANS
OF PATCH CORDS AND THUS ELIMINATE AMPLIFIER #1 ENTIRELY. THE GAIN OF THE

Ampﬁﬁcr
#1

Fla. 17
Jack Connection of Amplifiers .

AMPLIFIERS IN USE CANTHEN BE TURNED UP TO A HIGHER LEVEL TO MAKE UP FOR
THE LOSS OF AMPLIFIER #2. (A PATCH CORD 1S NOTHING MORE THAN A FLEXIBLE
INSULATED WIRE WITH A JACK PLUG ATTACHED TO EACH OF ITS ENDS).

FROM THIS LESSON YOU WiLL HAVE OBTAINED A GOOD UNDERSTANDING OF
THE EQUIPMENT WHICH 1S RELATED TO THE BROADCAST STUDIO. IN THE NEXT LESS
ON, YOU WILL CONTINUE YOUR STUDY OF BROADCAST STATIONS BY LEARNING ABOUT
ALL OF THAT EQUIPMENT WHICH 1S LOCATED BETWEEN THE CCNTROL ROOM APPARA-
TUS AND THE ANTENNA SYSTEM. THIS WILL INCLUDE EQUAL I ZERS ,BROADCAST TRANS
MITTERS, SPEECH INPUT EQUIPMENT AND ALL OTHER APPARATUS WHICH IS DIREC~-
TLY RELATED TO THE TRANSMITTER SECTION OF THE BROADCAST STATION.
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N
Cooperetion is the foundetion
K cﬂ upon which every successful business
\J

1. -

10.-

is built. To SUCCEED - COOPERATE!

WHAT EQUIPMENT 1S GENERALLY INCLUDED IN A TYPICAL STUDIO
CONTROL ROOM?

DRAW A FLOOR PLAN OF THE STUD!OS AND CONTROL ROOM OF A
L .

TYPICAL BROADCAST STATION AND LABEL CLEARLY THE VARIOUS

SECTIONS OF THE SYSTEM.

WHAT IS MEANT BY A LIVE END-DEAD END sTubnlo?

WHAT ARE SOME OF THE MORE IMPORTANT THINGS TO BE CONSID-
ERED WITH RESPECT TO MICROPHONE PLACEMENT IN A BROADCAST
STUD10?

DESCRIBE A MIXER AS USED WITH RADIO BROADCASTING?

DESCRIBE A LOW-LEVEL AMPLIFIER AND MENTION SOME OF THE
MORE IMPORTANT REASONS FOR ITS USE IN CONNECTION WITH
RAD!1O BROADCASTING.

NAME SOME OF THE VARIOUS MATERIALS WHICH ARE USED FORTHE
THE ACOUSTIC TREATMENT OF BROADCAST STUDIOS.

DESCRIBE A TYPICAL VOLUME INDICATOR AND EXPLAIN HOW IT
MAY BE USED [N RADIO BROADCASTING.

WHAT 1S MEANT BY AN ELECTRICAL TRANSCRIPTION AND WHAT
EQUIPMENT IS REQUIRED IN THE BROADCAST STATION IN ORDER
TO PRESENT PROGRAMS OF THIS TYPE?

DRAW A COMPLETE CIRCUIT DIAGRAM OF ALL THE EQUIPMENT
USED IN THE STUDIOS AND CONTROL ROOM OF A TYPICAL BROAD-
CAST STATION AND ALSO SHOW HOW THESE VARJOUS JNITS ARE
ALL CONNECTED TOGETHER FROM THE MICROPHONES UP TO THE L1
NES LEADING TO THE TRANSMITTER ROOM.
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M LESSON NO. 138

« BROADCAST TQANSM/TTEQS -

IN THE PREVIOUS LESSON YOU LEARNED ABOUT THE CONTROL ROOM EQUIP-
MENT AS USED IN THE TYPICAL BROADCAST STATION,AND SHOULD NOW BE THOR-
OUGHLY FAMILIAR WITH THE MANNER IN WHICH THE AUDIBLE SIGNALS ARE HAND-
LED FROM THE TIME THEY ORIGINATE IN THE MICROPHONE CIRCUIT UNTIL THEY
FINALLY REACH THE CIRCUIT WHICH LEADS FROM THE CONTROL ROOM TO THE TRAN
SMITTER. THE NEXT LOGICAL STEP, THEREFORE, IS TO LEARN HOW THESE SaAME
SIGNALS ARE PASSED THROUGH THE TRANSMITTER CIRCUITS PREPARATORY TO THE
RADIATION OF THE MODULATED CARRIER WAVE.

AS YOU HAVE ALREADY LEARNED,THE OUTPUT OF THE STUDIO CONTROL ROOM
AMPLIFIER IS GENERALLY CONNECTED TO THE INPUT END OF THE TRANSMITTER €&-
QUIPMENT THROUGH A TRANSMISSION LINE AS ILLUSTRATED (N Fig.1.A TELEPHONE
LINE IS ALSO CONNECTED BETWEEN THESE TWO LOCATIONS SO THAT THE OPERATORS
CAN COMMUNICATE WITH EACHOTHER WHENEVER NECESSARY. THE LENGTH OF THIS
TRANSMISSION LINE WILL NATURALLY VARY ACCORDING TO THE LAYOUT OF THE STA
TION IN QUESTION =~ IN SOME OF THE SMALLER STATIONS THE LENGTH OF THIS
LINE MAY ONLY AMOUNT TO A FEW FEET WHILE IN THE CASE OF REMOTE STUDIOS,
TH1S TRANSMISSION LINE MAY BE SEVERAL MILES IN LENGTH.

Studio S eech An{‘.
%:::\7 A.Fl,-i‘j"ra'ansmissfon A‘Pﬂ'\P“Ff"-"? -ﬁ'ansmiﬁ¢:'7 <;
e ( zrminating &Swd'chmg Ground ~ske*
Talephone Line-” ¥ Equipment roan
Fic.1

Arrangement of Brosdcast Transmitter Equipment:
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EQUAL I ZERS

LONG TRANSMISSION LINES HAVE A NATURAL CHARACTERISTIC OF PRODUCING
A LOSS OF THE HIGHER FREQUENCIES DUE TO THE CAPACITY EFFECT BETWEEN THE
CONDUCTORS OF SUCH LINES. |F SUCH A CONDITION WERE PERMITTED TO  EXIST,
THE LOWER AUDIO FREQUENCIES WOULD BE TOO STRONG IN PROPORTION TO THE
HIGHER FREQUENCIES AND THEREBY RESULT IN THE REPRODUCTION OF A  PROGRAM
WHICH IS NOT IDENTICAL IN QUALITY TO THE ORIGINAL SOUNDS AS PRODUCED |N
THE STUDIO. TO OVERCOME THIS DIFFICULTY, EQUALIZERS ARE INSERTED IN THE
TRANSMISSION LINE.

IN F16.2 YOU ARE SHOWN HOW A PARALLEL-RESONANCE EQUAL | ZER MAY BE
INSTALLED IN A TRANSMISSION LINE. THIS EQUALIZER CONSISTS OF A CONDENSER
C CONNECTED ACROSS THE ENDS OF AN INDUCTANCE L TO FORM A RESONANT CIR-
CUIT. THIS RESONANT CIRCUIT IS THEN CONNECTED ACROSS THE TRANSMISSION
LINE WITH A VARIABLE RESISTANCE R IN SERIES. AS YOU WILL READILY REA-
LIZE WE HAVE HERE A PARALLEL-RESONANCE CIRCUIT.

To BETTER ILLUSTRATE THE EFFECT OF THIS EQUALIZER, LET US ASSUME
THAT THE NATURAL CHARACTERISTIC OF
A CERTAIN TRANSMISSION LINE 1S
SUCH THAT MOST OF THE FREQUENCIES
ABOVE 6000 CYCLES ARE  ATTENUATED
DUE TO THE DISTRIBUTED CAPACITY BE
TWEEN THE WIRES OF THE LINES. Now
{F THE PARALLEL-RESONANCE EQUALIZ-
ER OF F1G.2 WERE ADJUSTED TO RES-
ONATE AT 6000 CYCLES AND CONNECTED
ACROSS -THE LINE AS SHOWN IN FiG. 2,
IT WILL OFFER A MAXIMUM IMPEDANCE
TO ENERGY OF THIS FREQUENCY AND
Fla.2 CONSEQUENTLY VERY LITTLE ENERGY AT
A Parallel =Resonsnce THE HIGHER FREQUENCIES WILL BE
Equa/fzer‘. LOST THROUGH THIS CIRCUIT.IN OTHER
WORDS, THE FEEBLE ENERGY ORDINAR-
ILY DEVELOPED ACROSS IT AT THE 6000 CYCLE FREQUENCY WILL BE INCREASED BY
THE E.M.F. DEVELOPED ACROSS THIS HIGH IMPEDANCE.

nsmission

L

ne

Tea

FREQUENCIES BELOW THE RESONANT FREQUENCY OF THIS EQUALIZER WILL BE
BY-PASSED THROUGH THIS CIRCUIT AND THUS SHUNTED ACROSS THE LINE. THE FAR
THER THAT THE FREQUENCY IN QUESTION IS REMOVED FROM THE RESONANT FREQUEN
cy, THE GREATER WILL BE THE SHUNTING EFFECT AND THIS CAN TO A CERTAIN EX
TENT BE CONTROLLED BY THE VALUE OF THE RESISTANCE USED AT R IN Fi16.2.

THUS 1T CAN BE SEEN THAT BY INCREASING THE TRANSMISSION OF ENERGY
AT THE HIGHER FREQUENCIES AND REDUCING IT AT THE LOWER FREQUENCIES, THE
OVERALL FREQUENCY CHARACTERISTIC OF THE LINE WILL BECOME MORE UNIFORM,

A SERIES-RESONANCE EQUALIZER IS ILLUSTRATED IN F16.3. HERE A CON-
DENSER, INDUCTANCE, AND RESISTANCE ARE ALL CONNECTED IN SERIES AND  TO-
GETHER CONNECTED ACROSS THE TRANSMISSION LINE. THE SERIES-RESONANCE  E-
QUALIZER FUNCTIONS IN JUST THE REVERSE MANNER AS THE PARALLEL- RESONANCE
UNIT IN THAT IT OFFERS A MINIMUM IMPEDANCE TO THE FREQUENCY AT WHICH 1T
RESONATES. THIS BEING TRUE, IT CAN BE SEEN THAT THE SERIES-RESONANCE E-
QUAL I ZER OPERATES AS A LOW IMPEDANCE OR ATTENUATING DEVICE.
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THE CHARACTERISTICS OF THE SERIES-RESONANCE EQUAL I ZER BEST ADAPT
IT AS A MEANS FOR ATTENUATING SOME LOWER FREQUENCY WHIGH IS TO0O STRONG
IN RELATION TO ALL OF THE OTHER FREQUENCIES BEING HANDLED AND THEREFORE
PREDOMINATES TO AN OBJECTIONABLE EXTENT. THUS THE SERIES-RESONANCE EQUAL
IZER ALSO MAKES THE FREQUENCY CHARACTERISTIC OF THE TRANSMISSION LINE
MORE UNIFORM.

ALTHOUGH IT IS POSSIBLE TO PLACE THE EQUALIZER AT ANY POINT OF THE
TRANSMISSION LINE, YET IT IS PERFERABLE TO PLACE IT AT THE OUTPUT END,
THAT 1S, THE END OF THE LINE WHICH IS CONNECTED TO THE TRANSMITTER EQUIP
MENT. THI'S LOCATION OF THE EQUALIZER PERMITS THE NECESSARY ADJUSTMENT TO
BE MADE AT THAT POINT OF THE SYSTEM WHERE THE QUALITY OF TRANSMISSION IS
MOST IMPORTANT AND WHERE IT IS ACTUALLY JUDGED. THIS SAME ARRANGEMENT IS
ALSO MORE EFFECTIVE IN ATTENUATING ANY NOISE WHICH MAY BE PICKED UP 8Y
THE LINE.

" THE FREQUENCY RUN

IN ORDER TO DETERMINE THE FREQUENCY CHARACTERISTIC OF A TRANSM|SS~-
1ON LINE, A TEST IS MADE AND WHICH IS
COMMONLY CALLED A FREQUENCY RUN. A
TYPICAL SET-UP FOR A TRANSMI|SS|ON
LINEMFREQUENCY RUN IS ILLUSTRATED IN c
Fic.4.

smission

Input L Ou+Fu+

ine

By sTubYINe Fic.4 carRerFuLLY vou
WILL NOTE THAT AT THE INPUT END OF
THE LINE WE HAVE EITHER A PHONOGRAPH
PICK=UP OR ELSE AN AUDIO  OSCILLATOR
WORKING INTO AN AMPLIFIER AND THIS : >
AMPLIFIER 1S IN TURN CONNECTED TO THE
TRANSMISSION LINE THROUGH A PAD. IN
THE EVENT THAT A PHONOGRAPH INPUT IS _ Fla.3
USED FOR THIS TEST, SPECIAL "FREQUEN- A Series=£gsonance Equa//’zer
CY RECORDS" ARE EMPLOYED. RECORDS OF .-
THIS TYPE ARE MADE SPECIFICALLY FOR TESTING PURPOSES AND WILL FURNISH A
VARIETY OF KNOWN TONES OR FREQUENCIES. THE AUDIO OSCILLATOR YOU ARE AL-
READY FAMILIAR WITH.

5

j?an

By APPLYING A KNOWN FREQUENCY TO THIS END OF THE LINE, THE VOLUME
IS ADJUSTED SO THAT A CONVENIENT READING APPEARS ON THE VOLUME INDICATOR
#1 AT THIS LOCATION.

THE OTHER END OF THE TRANSMISSION LINE FEEDS INTO THE  EQUALIZER,
WHICH IS FOLLOWED BY AN AMPLIFIER AND ACROSS WHOSE OUTPUT ANOTHER VOLUME
INODICATOR (#2) 1S CONNECTED. WITH A CERTAIN FREQUENCY APPLIED TO THE IN
PUT END OF THE TRANSMISSION LINE, AS ALREADY EXPLAINED,THE READING of
VOLUME INDICATOR #2 IS NOTED.

A SIGNAL OF A DIFFERENT FREQUENCY 1S THEN APPLIED TO THE LINE AND
THE EQUIPMENT AT THIS END OF THE LINE 1S ADJUSTED SO THAT VOLUME INDICA-
TOR #1 OFFERS THE SAME READING AS BEFORE. THE READING OF VOLUME INDICA-
TOR #2 1S THEN NOTED. THE SAME TEST IS REPEATED FOR AS MANY DIFFERENT
FREQUENCIES AS DESIRED -- IT IS COMMON TO MAKE THIS TEST aT 100; 1,000;
3,000; aNp 5,000 cycLES, ALTHOUGH A MUCH GREATER VARIETY OF FREQUENCIES
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CAN BE EMPLOYED IF ONE SO

FROM THE DATA WHICH
CcY RESPONSE CURVE SIMILAR
EQUAL I ZER VALUES CAN THEN
FLATTEN OR STRAIGHTEN OUT
CY CHARACTERISTICS CAN BE

TRANSMITTERS

CHOOSES.

'S OBTAINED FROM THIS FREQUENCY RUN,A FREQUEN-
t0 THAT SHOWN IN F1G.5 CAN BE PLOTTED. THE
BE ADJUSTED AS FOUND NECESSARY IN ORDER TO
THIS CURVE SO THAT REASONABLY UN|FORM FREQUEN-
ATTAINED FROM THE LINE.

THE SET UP FOR MAKING THE FREQUENCY RUN 1S NOT ALWAYS EXACTLY LIKE

THAT WHICH IS ILLUSTRATED
EQUAL!ZED, {S CONNECTE

N Fic.4. SOMETIMES, THE LINE OUTPUT,AFTER BE
D TO A SUITABLE L INE-TERMINATING COIL ANO THE

~yT OF WHICH 1S PASSED THROUGH A PAD. THE LEVEL AT THE OUTPUT OF THE

CAN THEN BE MEASURED

WITH A SENSITIVE THERMOCOUPLE TYPE D.B. METER.

WHENEVER A TRANSM1SSION LINE AS THIS 1S OF EXCESSIVE LENGTH,BOOST-
ER AMPL I FI1ERS ARE INSERTED AT INTERVALS. SUCH B00STERS,WHEN USED, ARE us-
UALLY INSERTED EVERY 10 oR 20 MILES AND THEY SERVE NOT ONLY TO MAINTAIN

Volume. Indicator #3

Ampﬁﬁzr_/,\)

Equalizer. Amplifier
7 4

Phonoqrap\'\ pick-up
oe Audio Oscillator

£ "3

”ﬁansmission line

Volume Indicater #7 "

Fla. 4

Set-up far a ﬁansm/’ssrbn Line Frequency Rur.

THE PROGRAM LEVEL AT A DESIRED POINT Wl TH RESPECT T0 ATTENUATION DUE TO
LONG L INES BUT ALSO PERMIT MAINTAINING THE PROGRAM LEVEL WELL ABOVE THE

LINE NOISE.

REMOTE CONTROL EQUI PMENT

THE EQUIPMENT USED FOR REMOTE CONTROL BROADCASTS 1S QUITE SIMILAR
TO THAT EMPLOYED 1IN THE STUDIO AND STUDIO CONTROL ROOM, WITH THE EXCEP-
TION THAT IT IS USUALLY OF PORTABLE DESIGN. THIS APPARATUS CONSISTS ESS-

ENTIALLY OF AN AMPL I FIER,

MIXER, VOLUME INDICATOR, AND A BATTERY " POWER

SUPPLY . CARBON MICROPHONES ARE USED CONSIDERABLY FOR THIS PURPOSE ‘DUE
7O THEIR PORTABILITY AND HIGH OUTPUT, ALTHOUGH WHERE CONDITIONS PERMIT,
APPARATUS OF STILL MORE ELABORATE DESIGN 1S USED.

IN CERTAIN INSTANCES, SUCH AS WHERE A DANCE ORCHESTRA

BROADCASTS

REGULARLY, NO MIXER OR VOLUME INDICATOR 1S USED AND THE ANNOUNCER HIM=

SELF PLACES THE EQUIPMENT

IN OPERATION AT THE TIME THE PROGRAM GOES ON
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THE AIR, UNDER THESE CONDITIONS, NO STATION OPERATOR NEED BE SENT
TO THE ORIGIN OF THE REMOTE BROADCAST.

IN THIS LAST MENTIONED CASE, IT IS ALSO THE USUAL PRACTICE TO FEED
A CONS|DERABLE OUTPUT FROM THE AMPLIFIER INTO THE SPEC!{AL PROGRAM TELE-
PHONE LINE LEADING TO THE STATION SO AS TO SATISFACTORILY COVER UP THE
NORMAL LINE NOISE.

BROADCAST TRANSMITTERS

BROADCASTING STATIONS OF SMALL AND MODERATE SIZE USUALLY HAVE
THEIR STUDIOS AND ALL TRANSMITTING EQUIPMENT LOCATED ON THE SAME PREMIS-
ES AND WHICH SIMPLIFIES THE SYSTEM CONSIDERABLY. MANY OF THE MORE POW-
ERFUL STATIONS, HOWEVER, HAVE THEIR STUDIOS LOCATED IN A METROPOLITAN
CITY SO AS TO BE CONVENIENT FOR THE ARTISTS, EXECUTIVES,PUBLICITY STAFF
ETC. WHO ARE ASSOCIATED WITH THE STATION. SINCE NEARBY BJILDINGS AND OTH
ER STEEL STRUCTURES HAVE A TENDENCY TO REDUCE THE EFFICIENCY OF RADIA-
TION, THE TRANSMITTERS OF SUCH STATIONS ARE USUALLY LOCATED AT SOME DIS~
TANCE OUTSIDE OF THE CONGESTED SECTION OF THE CITY AND THE PROGRAMS ARE

CARRIED FROM THE STu-
DIO TO THE TRANSMITTER

BUILDING OVER SPECIAL /

TELEPHONE L INES. IN Db.

FACT, SEVERAL OF SUCH @ty

TRANSMISSION LINES ARE (’J A~ Py

GENERALLY SUPPLIED BE- ‘// N

TWEEN THE STUDIO  AND Average N
TRANSMITTER TO FASCIL- A7 éb | ‘\\
ITATE THE HANDLING OF AHngkon

PROGRAMS,AS WELL AS TO

INSURE  UNINTERRUPTED 100 j0%° %000 5000
SERVICE IF ONE OF THE

LINES SHOULD DEVELOPE FREQUENCY (N CYCcLES PER SEC.
TROUBLE. IN ADDITION

TO THE PROGRAM LINES, ElG. 5.
PRIVATE TELEPHONE LIi-
NES ARE ALSO INCLUDED
BETWEEN THE STUDIO AND THE TRANSMITTING QUARTERS SO THAT THE OPERATING
PERSONNEL AT BOTH POINTS CAN MAINTAIN CONTINUAL COMMUNICATION BETWEEN
EACHOTHER.

A Freguency Resporise Curve

THE FIRST PIECE OF EQUIPMENT WHICH 1S IMMEDIATELY ASSOCIATED WITH
THE TRANSMITTER IS THE SWITCHING EQUIPMENT AS POINTED OUT IN Fig.1 OF
THIS LESSON. SINCE MOST STATIONS ARE EQUIPPED TO FEED THE MICROPHONES
FROM SEVERAL STUDIOS INTO THE TRANSMITTER EQUIPMENT, AS WELL AS HAVING
PROGRAM LINES LEADING TO VARIOUS SOURCES FOR REMOTE CONTROL AND CHAIN
HOOK-UPS, THE SWITCHING EQUIPMENT AT THE STATION OFFERS A CONVENIENT
MEANS OF CONNECTING THE DESIRED LINE TO THE APPARATUS FOR ANY PARTICULAR
PROGRAM. THIS SWITCHING EQUIPMENT IS SIMILAR IN APPEARANCE AND OPERATION
TO A SWITCHBOARD AS USED FOR TELEPHONE SERVICE. |MPEDANCE MATCHING DE-
VICES,EQUALIZERS AND ASSOCIATED LINE TERMINATING EQUIPMENT IS ALSO IN=-
STALLED AT THIS POINT.

FOLLOWING THIS PART OF THE TRANSMITTER EQUIPMENT WE HAVE THE SPEECH
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AMPLIFIER AND THE PURPQSE OF WHICH 1S TO ACCFPT THE COMPARATIVELY FEEBLE
A.F. ENERGY COMING OVER THE LINE ANDAMPLIFY IT TOTHE EXTENT NECESSARY IN
ORDER TO PROPERLY MODULATE THE TRANSMITTER. AFTER THE SPEECH AMPL I FIER
COMES THE TRANSMITTER |ITSELF.

SO THAT YOU MAY OBTAIN A PERFECTLY CLEAR PICTURE OF THE ENTIRE
BROADCAST STATION EQUIPMENT COMPLETE FROM THE MICROPHONE TO THE ANTENNA,
WE SHALL USE A WESTERN ELECTRIC 1 Kw. BROADCAST TRANSMIYTTER AS A® PRAC-
TICAL EXAMPLE.

SPEECH INPUT EQUIPMENT

THE SPEECH INPUT EQUIPMENT FOR THIS TRANSMITTER APPEARS IN Fia. 6.
THIS APPARATUS, YOU WIiLL OBSERVE, CONSISTS OF A DYNAMIC MICROPHONE FEED-
ING INTO A LOW-LEVEL SPEECH AMPLIFIER.

TRANSFORMER COUPL ING 1S USED THROUGHOUT THIS LOW-LEVEL SPEECH AMP-
LIFIER AND SO AS TO PREVENT SATURATING THE CORE OF THESE  TRANSFORMERS,
THE PLATE CURRENT FOR THE TWO TUBES USED IN THIS AMPLIFIER IS CARRIED BY
PLATE LOAD RESISTORS Rp AND ONLY THE ALTERNATING OR SIGNAL VOLTAGES CAN
REACT THROUGH THE CONDENSERS Cp AND THUS BECOME EFFECTIVE AT THE PRIMARY
WINDING OF THE FOLLOWING A.F. TRANSFORMER. THE CORES OF HIGH-GRADE TRANS
FORMERS SATURATE VERY READILY AND THEREFORE THE CIRCUIT ARRANGEMENT  AS
HERE USED 1S NECESSARY.

THE OUTPUT OF THE LOW-LEVEL SPEECH AMPLIFIER IS FED INTO THE INPUT
OF THE HIGH-LEVEL SPEECH AMPLIFIER THROUGH AN ATTENUATING DEVICE 'N THE
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FORM OF A MASTER GAIN CONTROL. THIS GAIN CONTROL IS IN REALLITY A DB.
VOLUME CONTROL €QUIPPED WITH 18 sTeps anD 2 DB. PER STEP. THE VOLUME IN
DICATOR MAKES IT POSSIBLE FOR THE OPERATOR TO KNOW AT WHAT -POSITION TO
PLACE THE MASTER GAIN CONTROL FOR ANY GIVEN OCCASSION.

THE PUSH-PULL POWER STAGE OF THE HIGH-LEVEL SPEECH AMPLIFIER BY
MEANS OF AN OUTPUT TRANSFORMER 1S CONNECTED TO A 5 DB. ATTENUATION NET-
WORK OF THE H-PAD TYPE AND WHICH IN TURN HAS ITS OUTPUT CONNECTED TO A
500 OHM LINE LEADING TO THE TRANSMITTER. A VOLUME INDICATOR OF THE COPP-
ER-OX10DE RECTIFIER TYPE IS CONNECTED THROUGH A MULTIPLIER RESISTANCE A=
CROSS THE OUTPUT OF THE ATTENUATION NET-WORK.

ALSO NOTE 1IN FIG.6 THAT THIS SPEECH AMPLIFYING EQUIPMENT HAS ITS
INDIVIDUAL PLATE AND FILAMENT POWER SUPPLY APART FROM THE POWER SUPPLY
OF -THE TRANSMITTER.

THE TRANSMITTER

IN F16.7 YOU ARE SHOWN THE CIRCUIT DIAGRAM OF THE 1 Kw.WeESTERN EL-
ECTRIC BROADCAST TRANSMITTER INTO WHICH THE SPEECH AMPLIFYING EQUIPMENT
ofF F16.6 oPERATES. BY STUDYING THE DIAGRAM IN F1G6.7 CLOSELY, YOoUu  WILL
NOTE THAT THE LINE FROM THE SPEECH AMPLIFYING EQUIFMENT IS CONNECTED A-
CROSS THE PRIMARY WINDING OF TRANSFORMER Tt4 AND WHOSE SECONDARY WINDING
IS CONNECTED IN THE GRID CIRCUIT OF THE TRANSMITTER'S THIRD AMPL IFIER
sectioNn (THE MoouLATED R.F. AMPLIFIER). THIS CIRCUIT CONNECTION wiLL
IMMEDIATELY INFORM YOU OF THE FACT THAT GRID-MODULATION 1S USED IN THIS
PARTICULAR TRANSMITTER.

THIS TRANSMITTER IS CONSTRUCTED IN TWO DISTINCT SECTIONS, INDEPEN-
DENT OF EACHOTHER. ONE SECTION INCLUDES ALL THAT EQUIPMENT FROM THE OSC-
ILLATOR UP TO THE MODULATED R.F. STAGE IN WHICH THE Two 270-A TUBES ARE
USED. THE OUTPUT OF THIS AMPLIFIER IS 100 WATTS AND IT MAY THEREFORE AC-
TUALLY BE OPERATED AS A 100 WATT TRANSMITTER BY CONNECTING ITS OUTPUT TO
AN ANTENNA SYSTEM. THE 1000 WATT MAIN POWER AMPLIFIER IS AN ENTIRELY SEP
ARATE UNIT.

POWER CONTROL AND PROTECTION CIRCUITS

FROM WHAT YOU HAVE ALREADY LEARNED IN PREVIOUS LESSONS ABOUT TRANS
MITTERS, YOU WILL. BE FAMILIAR WITH THE OPERATION OF THE VARIOUS  SEC-
TIONS OF THE ASSEMBLY ILLUSTRATED IN F1G6.7. THE SYSTEM OF RELAYS,HOWEVER,
WHICH 1S USED IN THIS INSTALLATION, IS SOMEWHAT DIFFERENT THAN ANY OF
THOSE WHICH HAVE BEEN SHOWN YOU UP TO THIS TIME AND FOR THIS REASON WiLL
NOW BE EXPLAINED IN DETAIL.

THE OPERATION OF THE POWER-CONTROL AND PROTECTION CIRCUITS OF THIS
TRANSMITTER 1S AS FOLLOWS?

THE MAIN SWITCH SWj CONNECTS A THREE-PHASE 220-voLT 60-CYCLE SOUR-
CE TO THE VARIOUS CIRCUITS OF THE TRANSMITTER AND IS CLOSED WHEN THE
TRANSMITTER IS IN OPERATION. THESE CIRCUITS, WITH THE EXCEPTION OF  THE
TRANSFORMER T), WiILL, HOWEVER, NOT BE ENERGIZED BY THE CLOSING OF  THIS
SWITCH. THE TRANSFORMER T, MUST BE CONSTANTLY ENERGIZED IN ORDER TO OPER-
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ATE THE TEMPERATURE-CONTROL CHAMBER OF THE CRYSTAL BOX TO MAINTAIN A CON
STANT-OPERATING FREQUENCY. THE PRIMARY WINDING 1S, THEREFORE,PERMANENTLY
CONNECTED ACROSS THE ALTERNATING-CURRENT LINE. IF THIS SWITCH IS LEFT op
EN FOR A CONSIDERABLE TIME THE TEMPERATURE IN THE CRYSTAL CHAMBER wiLL
BE ALTERED, AND A FREQUENCY DEVIATION OF SEVERAL HUNDRED CYCLES MAY RE-
SULT. THiIS TRANSFORMER SUPPLIES THE FILAMENT, PLATE, AND BIAS VOLTAGES
FOR THE ARGON REGULATOR TUBE V(.

THE NEXT SWITCH TO BE CLOSED 1S Sw,. THIS SUPPLIES AN ALTERNATING-
CURRENT VOLTAGE ACROSS AN AUTOTRANSFORMER Tp. A TAPPED PORTION OF THIS
TRANSFORMER CONNECTS TO A ROTARY SWITCH FOR THE PURPOSE OF SELECTING THE
PROPER ALTERNATING-CURRENT VOLTAGE TO BE DELIVERED TO THE OPERATING CIR-
cUITS., THIS PROVIDES THE PROPER FLEXIBILITY NECESSARY TO MAINTAIN THE
DESIRED VOLTAGE TO THE LOAD CIRCUITS TO COMPENSATE FOR LINE-VOLTAGE CHAN
GES. THIS VOLTAGE MUST BE MAINTAINED AT 220 VOLTS AS INDICATED BY THE AL
TERNATING-CURRENT LINE VOLTMETER Mj. ANY VARIATION IN THE SUPPLY-L INE
VOLTAGE MAY THEN BE REGULATED BY THE ROTARY SWITCH TO THE REQUIRED VALUE.

THE AUTOTRANSFORMER VOLTAGE EXCITES THE PRIMARY WINDINGS OF THE
FILAMENT-LIGHTING TRANSFORMERS Ts, T4, AND T5AND THE MASTER-CONTROL RE-
LAY A WHICH CLOSES AND EXCITES THE PRIMARY WINDINGS OF THE FILAMENT TRAN
SFORMERS Tg AND T7FOR THE POWER AMPLIFIER AND RECTIFIER TUBES,RESPECTIV-
ELY.

CONNECTED ACROSS THE SECONDARY WINDING OF THE FILAMENT TRANSFORMER
T4!S A RESISTANCE UNIT WHICH BECOMES HEATED WHEN THE WINDING IS ENERGI-
ZED. TH1IS UNIT (AND 1TS ASSOCIATED CONTACTS) IS KNOWN AS A THERMAL  OR
HEATER-ELEMENT TIME-DELAY RELAY,(RELAY D. THIS RESISTANCE IS LOCATED
VERY CLOSE TO AN ALLOY STRIP (THERMAL ELEMENT) WHICH, WHEN HEATED,BEGINS
TO EXPAND OWING TO THE EFFECT OF HEAT ON THE METAL. AS THIS METAL STRIP
EXPANDS SUFFICIENTLY IT FINALLY MAKES CONTACT WITH THE TERMINAL 1 ON THE
UNIT AND ENERGIZES ANOTHER RELAY COIL WINDING WyOF RELAY 2. THE  MAGNE-
TIZED WINDING OF THIS COIL ATTRACTS TWO METAL CONTACT STRIPS WHICH, WHEN
CLOSED, OPEN UP THE CONNECTION TO THE HEATER UNIT OF RELAY 1 AND  CLOSE
THE CIRCUIT LEADING TO THE PRIMARY WINDING OF THE TRANSFORMER Tg.  THIS
TRANSFORMER SUPPLIES THE PLATE VOLTAGE TO THE OSCILLATOR AND BUFFER-AMP-
LIFIER STAGES ONLY AND ALSO SUPPLIES THE NEGATIVE BI1AS TO THE GRIDS  OF
THE FIRST AMPLIFIER AND MODULATING RADIO-FREQUENCY AMPLIFIER STAGES. IT
IS IMPORTANT TO NOTE, HOWEVER, THAT RELAY 2 CANNOT BE ACTUATED UNLESS RE
LAY 3 1S ALSO CLOSED. THE LATTER CAN ONLY BE OPERATED WHEN ALL DOOR
SWITCHES ARE CLOSED BY TIGHTLY LBCKING ALL COMPARTMENT DOORS.

SINCE THE HEATING RESISTANCE UNIT OF RELAY | IS GPEN-CIRCUITED,THE
HEATING EFFECT UPON THE METAL STRIP WiLL BE DECREASED AND CONSEQUENTLY
WILL CAUSE THE STRIP TO RETURN BACK TO 1ITS NORMAL POSITION. THIS CLOSES
THE BACK CONTACTS 2 AND COMPLETES THE CIRCUIT THROUGH THE RELAY h, WIND-
ING Wg. THIS CLOSES THE CONTACT 3 ON THIS RELAY AND EXCITES THE PRIMARY
WINDING OF THE PLATE-VOLTAGE TRANSFORMER Tg IT IS ASSUMED, OF COURSE,
THAT THE PLATE-SUPPLY SWITCH 5w7 AND THE DOOR-SWITCH RELAY 3 HAVE BEEN
PREVIOUSLY CLOSED.

THE OVERLOAD RELAY 5 OF THE TRANSMITTER CONSISTS OF TWO COILS,NAM-
€LY, THE OVERLOAD-COAL WINDING W4 AND THE OPERATING WINDING W5 .THE OVER
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LOAD COIL IS CONNECTED .IN SERIES WITH THE CENTER TAPPED FILAMENT RETURN
LEAD TO GROUND WHICH COMPLETES THE PLATE-CURRENT CIRCUIT FOR THE MODULA-
TED RADIO-FREQUENCY AMPLIFIER TUBES. |F AN ABNORMAL FLOW OF PLATE CURR-
ENT SHOULD RESULT IN THESE TUBES DUE TO EXCESSIVE MODULATION PEAKS OR
LINE-VOLTAGE SURGES, THE WINDING W4 OF RELAY 5 WILL BE ENERG!ZED SUFFIC-
IENTLY TO DRAW OVER THE CONTACTORS AND CLOSE THE CIRCUITS 4 aND 5. THis
ACTION WiLL SHORT-CIRCUIT THE WINDING OF RELAY 4 THEREBY DEMAGNET!ZING
)T AND RELEASING THE CONTACTS 3 ON THE RELAY 4. THUS THE PRIMARY WIND-
ING OF THE PLATE-SUPPLY TRANSFORMER Tg WILL BE OPENED AND THE HIGH VOL-
TAGE TO THE MODULATED AMPLIFIER TUBES WILL BE DISCONNECTED.

A SMALL OVERLOAD RESET PUSH-BUTTON {NOT SHOWN) IS PROVIDED TO OPEN
THE WINDING Wg SO THAT THE SHORT CIRCUIT WILL BE REMOVED FROM THE WIND-
ING W,ON RELAY 4 AND THEREBY REESTABLISH THE PLATE VOLTAGE TO THE MODU-
LATED AMPLIFIER TUBES.

WHEN THE MASTER CONTROL RELAY A IS CLOSED, THE PRIMARY WINDING OF
THE FILAMENT TRANSFORMERS T¢ AND Tg ARE EXCITED AS STATED BEFORE.AT THE
SAME TIME, HOWEVER, ANOTHER THERMAL TIME-DELAY RELAY 6 IS HEATED, SINCE
IT IS CONNECTED ACROSS THE PRIMARY WINDINGS OF THE TWO FILAMENT  TRANS-
FORMERS Tg AND Ty. THIS RESULTS IN THE EXPANSION OF THE THERMAL ELEMENT
AND THE CLOSING OF CONTACTS & AND 7; AND THIS ALLOWS CURRENT TO FLOW
THROUGH THE WINDING Wg WHICH ENERGIZES RELAY 7. WHEN THIS RELAY IS ENER-
GIZED, THE CONTACT 7| IS OPENED AND, THE HEATER WINDING OF RELAY 6 Is BRO
KEN, THUS ALLOWING THE THERMAL ELEMENT TO CONTRACT AND REESTABLISH CONN-
ECTIONS 5 AND 6 ON RELAY 6. AT THE SAME TIME, HOWEVER, THE CONTACT 8 Is
CLOSED WHICH ALLOWS A CURRENT TO FLOW THROUGH THE WINDING Wq. THIS MAG-
NETIZES RELAY 8 AND CLOSES THE CONTACTS 9 aNo 10. THE CLOSING OF THESE
CONTACTS ALLOWS AN ALTERNATING CURRENT TO FLOW THROUGH THE PRIMARY WIND-
ING OF THE TRANSFORMER T;o AND ESTABLISH A VOLTAGE BETWEEN THE TWO PLATES
OF THE ASSOCIATED MERCURY-VAPOR RECTIFIER TUBES. THIS RESULTS IN A CURR-
ENT FLOW THROUGH THE RESISTANCE Ry WHICH DEVELOPS A VOLTAGE DROP ACROSS
IT. THIS DROP IS USED TO SUPPLY THE BIAS OF -275 VOLTS TO THE GRIDS  OF
THE TWO POWER-AMPLIFIER TUBES V9AND Vg. THIS 1S, OF COURSE,PROVIDED THAT
THE RELAY 9 IS ALSO CLOSED BY HAVING ALL DOOR SWITCHES LOCKED. OTHERWISE
CONTACT 11 WILL BE OPEN AND NO CURRENT WILL PASS THROUGH Tio

AS SOON AS THE GRID-BIAS VOLTAGE IS DEVELOPED ACROSS THE RES|S-
TANCE Ry, A CURRENT WILL PASS THROUGH THE GRID-BIAS RELAY 10 BECAUSE (T
IS CONNECTED DIRECTLY ACROSS THE RESISTOR THROUGH CONTACTS 13.THIS  ac-
TUATES THE RELAY WINDING WgBY MAGNETIZING THE IRON CORE AND CLOSING THE
contacTs 14 ano 15. IN SERIES WITH THESE CONTACTS IS A LARGE  SOLENOID
CONTACTOR, RELAY 11, WHICH BECOMES ENERGIZED AND DRAWS OVER THREE CONTAC
TORS TO CLOSE THE THREE-PHASE ALTERNATING-CURRENT SUPPLY TO THE HIGH-VOL
TAGE TRANSFORMER Tyy. THIS ACTION SUPPLIES THE ALTERNATING-CURRENT  HIGH
VOLTAGE TO THE PLATES OF THE MAIN POWER-AMPLIFIER,MERCURY~VAPOR RECTI-
FIER TUBES, WHERE IT IS THEN RECTIFIED TO THE DESIRED DIRECT-CURRENT PO
TENTIAL OF 3,000 voLTS FOR THE PLATE SUPPLY. '

ALL CIRCUITS SHOULD NOW BE EXCITED AND THE PROPER PLATE,BIAS, AND
FILAMENT VOLTAGES SHOULD BE APPLIED. THESE VOLTAGES MAY NOW BE PROPERLY
CHECKED BY THE FILAMENT VOLTMETER M7 AND THE DIRECT-CURRENT VOLTMETERS
M')' AND Mb' ALL PLATE AND RADIO-FREQUENCY CURRENTS MAY ALSO THEN BE CHECK
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ED BY THE VARIOUS PLATE MILLIAMMETERS MA, AND BY THE RADIO-FREQUENCY AMM
ETERS RFA, IN THE RESPECTIVE CIRCUITS.

IN THE W.E. INSTALLATION ONLY ONE MILLIAMMETER IS USED TO  OBTAIN
THE PLATE AND GRID-CURRENT READINGS FOR SEVERAL OF THE LOW-POWER STAGES
IN THE 100-wATT UNIT. THIS IS ACCOMPLISHED BY A NUMBER OF RESISTANCE
SHUNTS AND A ROTARY-SELECTOR SWITCH WHICH TRANSFERS THE METER INTO  THE
DESIRED CIRCUIT, IN F1G. 7 THIS SWITCH AND THE ASSOCIATED SHUNTS ARE OM-
ITTED, BUT INDIVIDUAL METERS ARE INSERTED IN THELR PROPER PLACES TO SIM-
PLIFY CIRCUIT ANALYSIS.

ALL PLATE AND POWER-SUPFLY CIRCUITS ARE SUITABLY PROTECTED BY FU-
SES AND OVERLOAD CIRCUIT BREAKERS AS ILLUSTRATED IN THE DIAGRAM. TwO OV-
ERLOAD RELAYS 5 AND 12 ARE PROVIDED IN THE 100-WATT AND POWER AMPLIFIER
UNITS TO ENABLE THE OPERATOR QUICKLY TO REESTABLISH TRANSMITTER  OPERA-
TION IN THE EVENT OF A CIRCUIT BREAKER. "TRIPPING" OWING TO EXCESSIVE MOD
ULATION PEAKS, LINE-VOLTAGE SURGES, OR TEMPORARY CONDENSER FLASHOVERS
DUE TO DUST ACCUMULATION.

THE OVERLOAD-COIL WINDING WgOF RELAY 12 IS  CONNECTED IN SERIES
WITH THE NEGATIVE TERMINAL OF THE 3,000-voLT RECTIFIER AND GROUND. IF
AN EXCESSIVE VALUE OF CURRENT FLOWS THROUGH THIS COIL THE CORE IS MAGNE-
TIZED SUFFICIENTLY TO PULL THE RELAY ARM OVER AND BREAK THE CONTACTS 13.
THIS OPENS THE WINDING WgON RELAY 10 AND RELEASES THE CONTACT ARM OF
THE RELAY, WHICH BREAKS CONTACTS 14 ano 15 aND oPENS RELAY 11. THIS DIs-
CONNECTS THE THREE-PHASE SUPPLY TO THE POWER TRANSFORMERS AND CUTS  OFF
THE HIGH-VOLTAGE SUPPLY TO THE POWER-AMPLIFIER TUBES. THE WINDING Wjo ON
THE OVERLOAD RELAY 12 SERVES TO HOLD THE ARM IN THIS PGSITION UNTIL IT
IS DESIRED TO REESTABLISH THE PLATE VOLTAGE.

A PUSH-BUTTON RESET SWITCH (NOT SHOWN) 1S CONNECTED IN SERIES WITH
WINDING W;qTO BREAK THIS CIRCUIT WHEN IT IS DESIRED TO RELEASE THE ARM
BACK TO ITS NORMAL POSITION, THEREBY REESTABLISHING CONTACTS 13,14, ano
15 AND AGAIN ENERGIZING WINDING WgoF RELAY 10.

OPERATING THE TRANSMITTER

FromM PREVIOUS LESSONS TREATING WITH TRANSMITTERS,YOU ALREADY LEARN
ED THE GENERAL PROCEDURE FOR ADJUSTING A TRANSMITTER PREPARATORY TO OPEE
ATION. NEVERTHELESS, YOU SHOULD FIND THE.FOLLOWING SPECIFIC INFORMATIO;
REGARDING THE OPERATION AND ADJUSTING OF THE WESTERN ELECTRIC TRANSMITT-
ER ILLUSTRATED IN FIG.7 TO BE BOTH INTERESTING AND HIGHLY INSTRUCTIVE .
THE PROCEDURE IN THIS PARTICULAR CASE IS AS FOLLOWS:

ALL PLATE,FILAMENT, AND BIAS VOLTAGES MUST BE CAREFULLY ADJUSTED
TO THEIR REQUIRED VALUES IN ACCORDANCE WITH THEIR CLASS OF OPERATION.

THE CRYSTAL OSCILLATOR USES A TYPE 271-A TUBE ANC OPERATES WITH A
PLATE POTENTIAL OF 130 VOLTS AT A PLATE CURRENT OF 7 MA. AND A GRID CURR
ENT OF 0.3 MA. THE FIRST AMPLIFIER USES A TYPE 271-A TUBE AND OPERATES
WITH A PLATE POTENTIAL OF 300 VOLTS AND DRAWS A PLATE GCURRENT OF & MA.

THE SECOND AMPLIFIER STAGE CONSISTS OF Two 271-A CATHODE-HEATER
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TUBES, IN SERIES OR PARALLEL. THESE TUBES OPERATE AT A PLATE POTENTIAL
OF 350 VOLTS, A PLATE CURRENT OF ]2 MA.,AND A GRID B1AS OF -75  voLTs.
THE THIRD AMPLIFIER OR MODULATING RAD!O FREQUENCY STAGE USES Two 270-A
TUBES (350 wATTS EACH) OPERATING AS A CLASS C AMPLIFIER AT A PLATE PO-
TENTIAL OoF 5,000 vOLTS, A TOTAL PLATE CURRENT OF 125 MA.,AND A GRID B)-
AS OF -250 voLTs. THESE TUBES ARE ADJUSTED To A 100-wATT ouTpuT.

THE FINAL, OR POWER AMPLIFIER, STAGE USES TWO TYPE 279-A Tuses(ra-
TED AT 1,200 WATTS EACH) OPERATING AS A CLASS B AMPLIFIER WITH A PLATE
POTENTIAL oF 3,000 voLTS, A TOTAL PLATE CURRENT OF 0.25 aMP., aND A
GRID BIAS OF -275 voLTs.

THE FILAMENTS OF THE ENTIRE TRANSMITTER ARE ALTERNATING CURRENT op
ERATED THROUGH THE MEDIUM OF SINGLE PHASE POWER TRANSFORMERS. THE FiLA-
MENT OPERATING VOLTAGE OF THE 271-A TUBES IS 5 VOLTS; AND THE 270-A aND
279-A TUBES ARE ALL OPERATED AT 10 VOLTS.

THE HIGH VOLTAGE RECTIFIER TUBES ARE W.E. Tvee 258—A HAVING A MAX-
IMUM INVERSE-PEAK POTENTIAL OF 6,500 voLTs. THe aRiD BIAS RECTIFIER TuB
ES ARE W.E. TYPE 253-A HAVING A MAXIMUM INVERSE-PEAK POTENTIAL OF 3,500
VOLTS. ALL RECTIFIERS ARE OF THE MERCURY VAPOR TYPe. TyPe 25%-A TuBES
ARE USED IN THIS TRANSMITTER IN THE RECTIFIER UNIT, AND TYPE 258-A tus-
ES ARE USED IN THE PLATE SUPPLY RECTIFIER UNITS. THE FILAMENT  VOLTAGE

OF BOTH TYPES 1S 2.5 voLTS. THE PEAK CURRENT OF TYrPe 253-A 1s 500 MA.oF
TYPe 258-A 1.1 amep.

USE THE CRYSTAL-OXCILLATOR BOX CORRESPONDING TO THE NEWLY ASSIGNED
FREQUENCY. THIS BOX IS ADJUSTED TO WITHIN 25 CYCLES OF THE ASSIGNED FRE
QUENCY BY THE WESTERN ELECTRIC COMPANY. CARE MUST BE TAKEN THAT THE MER
CURY COLUMN IN THE BOX IS FREE TO RISE. THIS MAY . BE ASSURED BY SLIGHTLY
TAPPING THE REAR EDGE OF THE BOX ON A TABLE.

INSERT A NEW ARGON HEATER REGULATOR TUBE BUT LEAVE THE PLATE VOL-
TAGE FOR THIS UNIT DISCONNECTED UNTIL TS FILAMENT HAS BEEN HEATED FOR
SEVERAL MINUTES. THEN CLOSE THE PLATE VOLTAGE SUPPLY SWITCH. A PiLoT
LIGHT WILL SHOW THAT THE HEATER UNIT IN THE CRYSTAL BOX 1S BEING PROP-
ERLY HEATED. |IT WILL TAKE AT LEAST 2 HOURS 'BEFORE THE BOX TEMPERATURE
IS CORRECT AND THE PILOT LIGHT GOES ourT.

CONNECT colLs, CbNOENSERS, AND LINKS TO CORRESPONO TO THE ©DESIRED
FREQUENCY,

CLOSE ALL poOOR SWITCHES BY CLOSING DOORS, AND PLACE THE MASTER
SWITCH IN STARTING POSITION. VAR OUS TIME DELAY RELAYS WILL CLOSE IN
GRADUAL SUCCESSION BUT ONLY AFTER THE BIAS RECTIFIER TUBES ARE IN OPER-
ATION. THiIS PREVENTS ANY POSSIBILITY OF THE PLATE VOLTAGE BEING APPLIED
BEFORE THE BIASING CIRCUIT IS COMPLETED.

THE FIRST AMPLIFIER, OR BUFFER STAGE, REQUIRES NO TUNING  ADJUST-
MENTS OR NEUTRALIZATION BECAUSE OF ITS APERIOD|CALLY TUNED PLATE  CIR-
CUIT TRANSFORMER. THIS TRANSFORMER EFFECTIVELY COVERS THE BROADCAST FRE
QUENCIES OF FROM 500 To 1,200 KiLocvcLes. A VARIABLE RESISTANCE  CON-
TROLS THE BIAS VOLTAGE ON THE GRID OF THIS TUBE AND ALSO IS THE MAIN RA
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RADIO FREQUENCY ORIVE CONTROL FOR THE SUCCEEDING AMPLIF!ER TUBES.

PREPARE THE SECOND RADIO FREQUENCY AMPLIFIER FOR NEUTRALIZING BY
OPENING THE THIRD AMPLIFIER PLATE SUPPLY SWITCH AND CLOSING THE SECOND
AMPLIFIER PLATE SUPPLY SWITCH.

CLOSE THE HIGH VOLTAGE SUPPLY SWITCH ON THE 100 WATT SECTION OF
THE TRANSMITTER PANEL AND NOTE THE PLATE CURRENT READING OF THE MILLIA-
MMETER. ADJUST THE TUNING CONDENSERS WHICH ARE CONNECTED ACROSS L4 UNTIL
THE PLATE MILLIAMMETER SHOWS A MAXIMUM DROP. THIS 1S A PRELIMINARY TUN-
ING ADJUSTMENT BEFORE NEUTRALIZING AND, SHOULD DIFFICULTY BE ENCOUNTER-
ED IN THE ADJUSTMENT, THE NEUTRALIZING CONDENSER SHOULD BE SHIFTED SLI-
GHTLY. |IT WAS ASSUMED THAT THE NEUTRALIZING CONDENSER WAS APPROXIMATELY
ONE FOURTH ENGAGED.

THE SECOND STAGE IS NOW READY FOR NEUTRALIZING,BUT IT IS ADVISABLE
TO PROCEED FIRST WITH THE NEUTRALIZATION OF THE THIRD AMPLIFIER TO SiM-
PLIFY MATTERS.

To NEUTRALIZE THE THIRD AMPLIFIER OPEN THE HIGH VOLTAGE SUPPLY SWI
TCH AND OPEN DOORS. SET THE NEUTRALIZING CONDENSERS ON THE THIRD AMPLI-
FIER STAGE SO THAT THEY ARE A LITTLE LESS THAN ONE HALF ENGAGED. INSERT
A THERMOGALVANOMETER AND THERMO-COUPLE INTO THE PLATE MESH CIRCUIT Cyle.
CLOSE THE PANEL DOORS AND ADJUST THE RADIO FREQUENCY DRIVE TO A MINIMUM
POSITION AND LOOSEN THE MAGNETIC COUPLING OF Lgl7. CLOSE THE HIGH VvoL-
TAGE SUPPLY SWITCH AND BEGIN TO VARY THE THIRD AMPLIFIER TUNING CONDEN-
SERS ACROSS LgUNTIL THE RADIO FREQUENCY AMMETER IN THIS MESH CIRCUIT
READS MAXIMUM. |F NO READING 1S OBTAINED, INCREASE THE RADIO-FREQUENCY
ORIVE. ALSO VARY THE MESH TUNING CONDENSERS. AN EXCESSIYE READING WILL
REQUIRE AN INCREASE IN THE CAPACITY OF THE NEUTRALIZING CONDENSERS UN-
TIL THE READING DROPS TO A LOW VALUE. CONTINUE TO iINCREASE THE  RADIO
FREQUENCY DRIVE BUT KEEP ADJUSTING THE NEUTRALIZING CONDENSERS SO THAT
THE MESH CURRENT DOES NOT EXCEED 3/4 amp.

BOTH THE SECOND AND THIRD AMPLIFIER TUNING CONDENSERS MUST THEN BE
VARIED UNTIL A MAXIMUM CURRENT 1S INDICATED IN THE RADIO FREQUENCY MESH
CIRCUIT AMMETER. THEN VARY THE THIRD AMPLIFIER NEUTRALIZING CONDENSERS
UNTIL THE RADIO FREQUENCY AMMETER IN THE MESH CIRCUIT READS ZERO.

THE SECOND AMPL IFIER MAY NOW BE NEUTRALIZED BY OPENING THE HIGH
VOLTAGE SUPPLY SWITCH AND REDUCING THE RADIO FREQUENCY DRIVE TO A MINI-
MUM. OPEN THE PLATE SUPPLY SWITCH TO THE SECOND AMPLIFIER AND CLOSE
THE PLATE SWITCH TO THE THIRD AMPLIFIER. CLOSE THE HIGH-VOLTAGE SUPPLY
SWITCH AND VARY THE RADIO FREQUENCY DRIVE TOGETHER WITH THE NEUTRAL 12
ING CONDENSER UNTIL THE RADIO FREQUENCY AMMETER IN THE THIRD AMPLIFIE;
MESH CIRCUIT READS ABOUT S/h AMP. ADJUST THE SECOND AND THIRD AMPLIFIER
TUNING CONDENSERS UNTIL THE THIRD AMPL IFIER RADIO FREQUENCY MESH METER
M&READS A MAXIMUM. THEN VARY THE SECOND AMPLIFIER NEUTRALIZING CONDEN-
SER UNTIL THIS METER READS MINIMUM.

THE RADIO FREQUENCY ORIVE SHOULD THEN BE INCREASED TO A MAX 1 MUM
AND THE SECOND AMPLIFIER NEUTRALIZING CONDENSER ADJUSTED UNTIL NO READ-
ING IS OBTAINED AT THE RADIO FREQUENCY METER [N THE THIRD AMPLIFIER
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MESH CIRCUIT.

THE POWER AMPLIFIER STAGE MAY NOW BE NEUTRALIZED BY OPENING ITS
PLATE SUPPLY CIRCUIT AND REDUCING THE MAGNETIC COUPLING BETWEEN Lg¢ AND
Lg AND INCREASING THE CAPACITY OF THE POWER STAGE NEUTRALIZING CONDEN-
SERS TO ABOUT ONE FOURTH CAPACITY. APPLY THE PLATE VOLTAGE BY CLOSING
THE HIGH VOLTAGE SWITCH ON THE 100 wWATT UNIT. INCREASE «THE RADIO FRE-
QUENCY DRIVE AND VARY THE POWER AMPLIFIER TUNING CONDENSER ACROSS Lg
UNTIL THE RADIO FREQUENCY AMMETER M} IN THE PLATE MESH CTLGREADS ABOUT
12 TO 2 AMP. INCREASE THE CAPACITY OF THE NEUTRALIZING CONDENSERS UNTIL
THE READING OF THE POWER AMPL IFIER RADIO FREQUENCY AMMETER IN THE CT La
MESH READS AT, OR VERY NEARLY, ZERO.

THE ENTIRE TRANSMITTER MAY NOW BE TUNED FOR MAXIMUM EFFICIENCY BY
ADJUSTING THE VARICUS AMPLIFIER STAGES TO THE PROPER LOAD AND RESONANT

CONDITICNS. ALL STAGES WITH THE EXCEPTION OF THE FIRST AMPLIFIER AND
ANTENNA CIRCUITS INDICATE A RESONANT CONDITION WHEN A MINIMUM PLATE CUR
RENT 1S OBTAINED IN THE TUBE WHOSE TUNED CIRCUIT IS BEING ADJUSTED.

GREAT CARE SHOULD BE TAKEN IN TUNING THE SECOND AND THIRD AMPLIFIER SO
THAT THEY WILL NOT BE RESONANT TO THE SECOND HARMONIC FREQUENCY.OF THE
CARRIER.

NO TUNING ADJUSTMENTS ARE NECESSARY IN THE FIRST AMPLIFIER CIR-
CUITS, SINCE ALL CONDENSERS AND COILS ARE OF THE FIXED OR UNTUNED VAR-
IETY. THE SECOND AMPLIFIER CIRCUIT ‘IS TUNED FOR A MAXIMUM DIP IN THE
PLATE CURRENT BY VARYING THE CONDENSERS.CTACROSS L4. THE THIRD AMPLIFI-
ER OUTPUT CIRCUIT 1S THEN ADJUSTED FOR THE DESIRED INPUT TO THE POWER
AMPLIFIER TUBES.

OPEN THE PLATE SUPPLY VOLTAGE OF THE 1000 WwATT UNIT (POWER AMPLI-
FIER STAGE), AND INSERT THE FULL POWER INPUT RESISTANCE ACROSS THE
GRIDS OF THE POWER AMPLIFIER TUBES. CLOSE THE PLATE SUPPLY VOLTAGE OF
THE 100 WATT UNIT AND TUNE CONDENSERS CyACROSS Lg UNTIL THE RADIO FRE-
QUENCY AMMETER IN THIS MESH READS A MAXIMUM VALUE. ADJUST THE RADIO FRE
QUENCY DRIVE SO THAT THIS METER DOES NOT EXCEED 1.5 AMP. VARY THE coupP-
LING OF Lglq, AND ADJUST THE POWER AMPLIFIER INPUT CONTROL CONDENSER Cy
ACROSS LsUNTIL THE RADIO FREQUENCY AMMETER IN THE CyL CIRCUIT READS A
MINIMUM. [NCREASE THE COUPLINGS OF LgLyAND THE RADIO FREQUENCY DRIVE
UNTIL THE RADIO FREQUENCY AMMETER IN THE CTL7CIRCUIT READS ABOUT 1 AMP,
AND THE RADIO FREQUENCY AMMETER IN THE C;LgCIRCUIT DROPS BETWEEN 0.8
AND 1.3 aMp. THE PLATE CURRENT OF THE THIRD AMPLIFIER STAGE AT THIS
POINT SHOULD READ BETWEEN 125 AND 165 MA. THEN ADJUST C;+ACROSS L FOR A
MINIMUM PLATE '‘CURRENT READING IN THIS STAGE.

BEFORE PROCEEDING WITH THE OUTPUT TUNING OF THE POWER AMPLIFIER
STAGE, IT WILL BE NECESSARY TO ADJUST THE RADIO FREQUENCY DRIVE SO THAT
THE GRIDS OF THE POWER AMPLIFIER TUBES RECEIVE THE PROPER EXCITATION.
THIS 1S ACCOMPLISHED BY INSERTING A RADIO FREQUENCY AMMETER IN  SERIES
WITH THE RESISTANCES (2,400 OHMS) WHICH ARE ACROSS THE POWER AMPLIFIER
GR1DS. ASSUMING 100 WATT EXCITATION, THE RADIO FREQUENCY DRIVE IS IN-
CREASED UNTIL THE RADIO FREQUENCY AMMETER IN THE RESISTANCE CIRCUIT
READS A LITTLE LESS THAN 0.22 amp. THUS,VJ:IzR OR " APPROX IMATELY 100
WATTS. ACCURATE POWER AMPLIFIER GRID EXCITATION MAY THUS BE OBTAINED
FOR ANY POWER UP TO 1,000 WATTS IN THIS TRANSMITTER.
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THE OUTPUT CIRCUIT OF THE POWER AMPLIFIER MAY THEN BE TUNED AS FOL
LOWS. ADJUST THE HARMONIC SUPPRESSION COIL TO THE REACTANCE VALUE WHICH
WILL OFFER A MINIMUM IMPEDANCE TO THE DESIRED CARRIER FREQUENCY AND A
MAX IMUM IMPEDANCE TO THE SECOND HARMONIC FREQUENCY. THIS VALUE iS 0B-
TAINED BY REFERRING TO THE CALIBRATION CHART ACCOMPANYING THE TRANSMITT
ER. CLOSE THE POWER AMPLIFIER PLATE SUPPLY CIRCUIT. THE PLATE CURRENT
IN THIS CIRCUIT SHOULD READ VERY NEARLY 0.3 aMP.

VARY THE RADIO FREQUENCY ORIVE UNTIL THE RADIO FREQUENCY - AMMETER
IN THE CTLBMESH READS APPROXIMATELY 2 AMP. AT THIS POINT RECHECK THE
THIRD AMPLIFIER PLATE CURRENT BY VARYING CTACROSS L6UNTIL THE PLATE CUR
RENT IN THIS STAGE 1S OF MINIMUM VALUE.

VARY CyACROSS LgFOR MAXIMUM CURRENT IN THE CyLgl RADIO FREQUENCY
MESH. |NCREASE THE OUTPUT COUPLING SLIGHTLY, AND VARY THE ANTENNA TUN-
ING CONDENSER IN SERIES WITH THE HARMONIC SUPPRESSION COIL UNTIL THE
RADIO FREQUENCY AMMETER IN THE PLATE MESH READS A MINIMUM.

INCREASE THE COUPLING Lan, AND VARY THE RADIO FREQUENCY DRIVE UN-
TIL ALL METER READINGS IN THE POWER AMPLIFIER OUTPUT CIRCUIT CORRESPOND
WITH THE REQUIRED MANUFACTURER'S RATINGS FOR A" GIVEN POWER OUTPUT.

WHEN THE TRANSMITTER HAS BEEN PROPERLY TUNED AND NEUTRALIZED AS DE
SCRIBED, THE PROPER MONITORING LEVEL MAY BE DETERMINED FOR THE AMOUNT
OF POWER TO BE USED.

THE COMPLETE ADJUSTMENT OF THE RADIO AND AUDIO FREQUENCY CIRCUITS
ARE CARRIED ON INTO A DUMMY ANTENNA LOAD HAVING A RESISTANCE OF APPROX~-
IMATELY THE SAME VALUE AS THAT OF THE ANTENNA. THIS PERMITS THE THOR-
OUGH TESTING OF ALL THE CIRCUITS TO INSURE THEIR COMPLIANCE WITH THE
RIGID REQUIREMENTS OF THE LICENSING AUTHORITY BEFORE CONNECTING THE
TRANSMITTER TO THE ANTENNA OR RADIATING SYSTEM, THEREBY GREATLY REDUC-
ING INTERFERENCE DURING THE TEST HOUR PERIODS.

SLIGHT RETUNING OF THE OUTPUT COUPLING CIRCUITS MUST AGAIN BE MADE
WHEN THE ANTENNA CIRCUIT IS CONNECTED FOR PROGRAM RADIATION.

ALTHOUGH THE TANK CIRCUITS ARE TUNED TO RESONANCE WHEN ADJUSTED
FOR A MAXIMUM DIP IN THE PLATE CURRENT READING AS INDICATED BY THE ©DI-
RECT CURRENT MILLIAMMETER, THE FULL POWER OUTPUT CANNOT BE SECURED UN-
LESS THE TUNING ADJUSTMENTS ARE SLIGHTLY ALTERED. IN REALITY THE CIR~-
CUIT IS NOT DETUNED BUT MERELY CHANGED FROM A MAXIMUM [IMPEDANCE TO A
UNITY POWER FACTOR CONDITION. THIS IS PARTICULARLY [IMPORTANT IF THE CIR
CUIT IS ADJUSTED BY THE INDUCTIVE REACTANCE X_SINCE THE RESISTIVE COM-
PONENT OF THE INDUCTANCE L PREVENTS AN ABSOLUTE ADJUSTMENT TO THESE CON
DITIONS. IF, HOWEVER, THE TANK CIRCUIT IS TUNED BY A CONDENSER, AS N
Fia. 7, THE CAPACITIVE REACTANCE MAY BE MORE EASILY ADJUSTED SO THAT
THE COMBINED REACTANCES ARE EQUAL, THEREBY RESULTING IN A UNITY POWER
FACTOR CONDITION. THIS ADJUSTMENT GIVES A GREATER TRANSFER OF POWER BE-
CAUSE THE LOAD CIRCUIT RESISTANCE WILL DECREASE, THEREBY REDUCING THE
POWER DISSIPATION, DUE TO THE RESISTANCE, AND GIVING MORE USEFUL POWER
QUTPUT. MODULATION AND FREQUENCY |MEASUREMENTS MUST THEN BE MADE TO IN-
SURE THE PROPER PERCENTAGE OF MODULATION AND FREQUENCY STABILIZATION IN
ACCORDANCE WITH THE REQUIREMENTS OF THE FEDERAL LICENSING AUTHOR!TY.
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i capacit;
0000365 mf. «.
W:!.»- plate.

y-pass condenser, 0.01 mf,, 2,000-volt

rating.

Plate feed-back resistance, 1,000 obm,
3 watts.

Crystal heater resistances, 500 ohms.
Heater control relay.

Mercury thermo-regulstor.

Relay “ocondenser, 0.2 ml.,, 300-volt
rating.

Filament transformer, 50 or 60 cycles.
By-pass condenser, 0.01 mf., 2, volt

rating.

Heater control resiatance, 500 ohms,
80 watta.

Oacill grid leak i 1 meg-

ohm, 1 watt.

Heater indicator lamp.

Frequency vernier capacity, 0.00007 mf,
Buffer amplifier grid resiaiance, 100,000
ohms, 1 watt.

Coupling capacity, 0.00004 mf., 5,000-
volt rating.

By-pass condenser, 0.01 mf., 2,000-volt
rating.

Bereen ﬂmn resistance, buffer amplifier,
50,000 ohms, 44 watta.

mvro stator tank circuit capacity,
0.00048 mf. each section.

Plate choke coil.

Plate resistance, 15,000 ohms, 100 watts.

Plate inductance.
Blocki: ds . 0.001 mf., 5,000
volt rati

Neutrslising condenser, 0.000034 mf.
Grid resistance, 2,000 ohms, 5 watts.
By-pear condanser, 001 mf . 2,000-volt
rating.
Biasing resistance, 100 ohms, 5 watta.
Filament transformer,
By-pass condenser, 0.01 mf., 2,000 volt
mting.
R.F. choke coil.
Plate inductence.
Monc_E noM&aE.

- condenser.
W&Nﬂﬂoro coil.
Power amplifier grid leak resistance,
20,000 ohma, 75 watts.
Spare ..HH-«L unit. Same as 5.
Tank circuit by-pass condenser.
M&Er circuit tuning condenser, 0.00022
‘Thermocouple, 0 to § amp.
R.F. ammeter, 0 to 5 amp.
R.F. transformer.
Antenna coupling coil.
Loading inductance.
Antenna series capacity, 0.001 mf.
Antenna radio-frequency ammeter,
Th ie for rf. s
W.op shown).
M

F. choke coil.

ater v_w.«.i-u condenser, 0.01 mf.
D-c. millismmeter, 0 to 150 ma.
Meter by-pass condenser, 0.01 mf.

@ o =
D-c. millismmeter, 0 to 500 ma.

Meter ewitch.

Modulstion indication meter, 0 to
1.3 ma.

Modulstion indication meter Rectox
rectifier units.

Loud-speaker volume-control potenti-
ometer, 500 nhms. 50 watta.

onitor resi "_w\o ohms, 20 watts.

loud

utralizing condenser, 0.000086 mf.
Bleeder resistance, 25 ohma, 26 watta.
Condenser for buffer amplifier tank.

Dy-pass condeuser, 0.01 mi., 2,000-volt

T

ance, 10,000 ohms, 76 watts.
Filament transformer.
Loud-speaker input transformer,

Grid resistance, 100 ohma, 5 watta.
By-pass condenser, 0.01 mi., 2,000-volt
rating.

A.F, amplifier and modulstor (ot sepa-
ratoly pumbered on diagram).
Andio-nput transformer.

Audio-input load resistance, 9,000 obms,

watt.
ling tranaformer.
oad resistance, 15,000 ohms, 3 watta,
d 1 trans-

resist-

ormer,

Blocking condenser, 2 mf., 2000 volt
rating. °
Amplifier feed resistance.

Medulator resactor.

Shunt reactor resistance,

Power changing switch.

P plifier plate resi 2,500
ohma with 10 tape, 200 watts.

Biasing resistance, 750 ohms, 100 watts.
Variable.

Plate faed resintance.

By-pass condenser, 4 mf., 1,000-volt
d-c. rating.

Grid resistance, 100,000 ohms, 3 watta.
Power equipment, (not separately num-
bered on diagram).

Cartridge-type fuses, 6 amp., 280 volts.
D-c. voltmeter, 0 to 500 voits.

Meter by-pass condenser, 0.01 mf,
Potentiometer, 3,600 ohms, 50 watta.
Filter condenser, 18 mf,, 1,000-volt
rating. i

Filter choke coil.

Ractox rectifier unit.

Rectifier transformer.

Filter choke coil.

Rectox rectifier units.

Rectifier transformer.

Filter condenser, electrolytic type.

Voltage divider resistance section,

Autotrans{ormer.

Cartridge-type fuses, 30 amp., 250 volts.
Line awitch.

Cartridge-type fuses, 10 amp., 250 volts,
Section of regulating resistance, 10 ohma,
100 watta.

Filament voltmeter. 150 volts, A.c.
Time-delay relsy. Dash-pot type.

121

Plate contactor,

D-c. overload relay, dash-pot type.
Door switches.

Cartridge-type fuses, 20 amp., 250 volta.
Plate-supply power transformers.
Filament transformer.

122-124 Filter choke coil.

128
128
127

128
120

Filter condenser, 2 mf., 1,500-volt d-¢.
rating.
Filter condenser, 10 mf., 1,000-volt d-c.
Tating. -
ww..v-l condenser, 0.01 mf.
Plate voltmeter, 0 to 1,500 volta,
Elactrolytic condenser, 200 mf., 50-volt
rating.
Plate-voltage switch.
Filament contactor, .
Transmitter starting switch,
Rectox regulator resistance.
Regulator resistance for T103 and T108.
Crystal-heater switch.
Biasing potentiometer, 5,000 ohms,
50 watta. .
Plate-voltage indieator light,
8pare-crystal indicator light.

lumeni rheusiat, 10 ohma, 78 watts.

Meter panel lights.

Line-voltage awitch.

Voltmeter multiplier for 0 to 1,500-volt
meter.

Voltmeter multiplier for 0 to 500-volt
meter.

Filter resistance, 500,000 ohms, 3 watts.
R.F. choke coil.

Grid resistance, 2,000 ohms, 60 watts.
D.c. smmeter, 0 to 300 ma,

By-pass condenser, .01 mf,

wwm.,vl- condenser, 0.01 mf.

R.F. ammeter, 0 to 8 amp.

External thermocouple for 0- to 8-amp.
meter. R
P lifier tank sireuit
Phantom antenna resistance, twelve
220-ohm units in series.

Phantom antenns ammeter, 0 to 1 amp.
Variable condenser, 0.00011 mf.
By-pase condenser, 0.01 mf., 2,000-volt
Fi

Jho.:. and bisa rectifior ‘ransformer.
By-pasa condenser, 0.01 mf.
Power-amplifier plate ammeter, 0 to 1
amp,
wmhmun resistance, 150 ohma, 200 watta.
<ww..-c_o tank-circuit capacity, 0.00022
mi.

R.F. tranaformer.

Harmonic suppression inductance.
Antenna-coupling condenser.
Antenna ammeter thermocouple.
Antenna loading inductance.
Antenas condenser.

R.F. choke coil.

Potentiometer, 100,000 ohma.
Potentiometer, 350,000 ohms.
Separating resiatance.
Cathode-ray sweep-circuit coils
Grid tuning condenser.

Grid tuning condenser.
Phantom sntenna switch.

4

Neutralising condenser, 0.0001 mf.
Monitor blocking condenser, 28 mf.,
1,000-volt d-c. rating.

Potentiometer, 2,300 ohms.
Ksaaq.-!m.hv.

Er WY q

By-pass condenser, 0.01 mf,

Coupling coil for cathode-ray modulator
indisator,

By-pass condenser, 0.001 mf., 5,00C-volt
rating.

By-pass condenser, 0.01 mwf., 2,000-volt
rating.

By-pass condenser, 0.01 mi., 2,000-voit
rating.
Power-supply_filter condenser, 10 mf.,
Wcooie—« ~_mwm=u. .

100 ohms, 5 watta.
Modul (not

grid

f d oo
disgram).

Secondary stabilising resistances.
Filament transformer. L

Plate ammeter, 0 to 300 ms.

wwrv!i condenser, 0.01 mf.

Blovking ccndenser, 8 mf, 2,000-volt

output
Modulation reactor.

Plate-feed resistances.
Modulation plate resi 100 obma,
30 watts.

Secondary shunt condenser.

Secondary by-pase condenser.

Primary by-pssa condenser,

Power equipment (not separately
numbered on diagram).

Voltmeter and multiplier, 0 to 5,000
volts, d.c.

By-pass condenser, 0.01 mf. .
Filter condenser, two 3.5-mf. unita,

Filament transformer.

Plate power transformers, 3.75-kvs.

q-:uﬁ. . )

_.mvnw-aa oad relays, oil dashpot, time-delay
Y.

Plate contactor.

Door interlocking switches.

Plate ox switch.

Time-delay relsy, oil-dashpot type.

Fuses, 8 amp., 250 volts.

Filament contscter.

Fuses, 6 amp., 250 volt.

Filament switch.

Autotransformer.

Line voltmeter, 0 to 250 volts a.c.

Bias potentiometer, 125 ohms.

Bias resistance, 200 ohms, 200 watts.
Bias filter condenser, 200 mf., 200 volta,
electrolytic type.

Line switch, three-pole single-throw
variety.

Indicator lamp.

Bias filter condenser.

Panel lights.

TABLE I
Parts of RC.A. Victor Broadcast Jransmitter.
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R.C.A. VICTOR BROADCAST TRANSMITTERS

IN Fic 8 YOU ARE SHOWN THE CIRCUIT DIAGRAM OF AN R.C.A. VicTor
BROADCAST TRANSMITTER WHICH IS RATED AT | Kw. AND A REFERENCE INDEX FOR
THE VARIOUS PARTS OF THIS TRANSMITTER APPEARS IN TaABLE 1.

THIS TRANSMITTER CONSISTS OF TWO SELF-CONTAINED UNITS,NAMELY, A
100 WATT TRANSMITTER UNIT AND A 1000 WATT AMPLIFIER UNIT. |F SO DESIRED,
THE ANTENNA SYSTEM CAN BE CONNECTED AS INDICATED BY THE DOTTED LINES AND
THE UNIT THUS OPERATED AS A 100 WATT TRANSMITTER AND WITHOUT THE USE OF
THE POWER AMPLIFIER UNIT.

FROM WHAT YOU HAVE ALREADY LEARNED ABOUT TRANSMITTERS, AND AIDED
BY TABLE 1, YOU SHOULD BE ABLE TO ANALYZE FOR YOURSELF THE VARIOUS DE-
TAILS OF THIS CIRCUIT. |T WILL BE WELL TO MENTION AT THIS POINT, HOW-
EVER, THAT THE R.C.A. QO4 TUBE WHICH IS USED WITH THIS EQUIPMENT IS A
CATHODE-RAY TUBE ACTING AS A MODULATION INDICATOR. FOR THE PRESENT,DON'T
WORRY ABOUT THE OPERATION OF THIS TYPE OF MODULATION INDICATOR,AS  YOU
WILL RECEIVE COMPLETE INSTRUCTIONS REGARDING CATHODE-RAY TUBES AND ALL
OF THEIR VARIOUS APPLICATIONS IN LATER LESSONS WHICH ARE INCLUDED |INTHE

"ELECTRONICS SERIES".

OPERATING POWER
THE DETERMINATION OF THE OPERATING POWER OR OUTPUT POWER 1S A
PROBLEM WHICH ARISES FREQUENTLY WITH RESPECT TO TRANSMITTER EQUIPMENT.
TO ASCERTAIN THIS VALUE, THE FOLLOWING FORMULA CAN BE USED: OUTPUT POW-
ER IN WATTS= PLATE VOLTS X PLATE CURRENT EXPRESSED IN AMPERES X F.
THE FACTOR F 1S A CONSTANT AND HAS THE FOLLOWING VALUE:

FOR TRANSMITTERS USING HIGH-LEVEL MODULATION

MAXIMUM RATED CARRIER POWER Factor "F"
OF TRANSMITTER (waTTS)

100 0.50
250-1,000 0.60
2,500-50, 000 0.65

FOR TRANSMI TTERS USING LOW-LEVEL MODULATION

MAX1MUM PERCENTAGE OF Factor "F"
MODULATI| ON
g2-85 » . 0.40
-100 0.33

FOR TRANSMITTERS USING GRID-BIAS MODULATION IN
LAST RADIO STAGE

MAXIMUM PERCENTAGE OF MODULATION Factor "F"

o — o2
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To ILLUSTRATE THE USE OF THIS DATA, LET US CONSIBER A PRACTICAL
PROBLEM: A CERTAIN TRANSMITTER EMPLOYS LOW-LEVEL MODULATION AND MODU-
LATES THE CARRIER FREQUENCY AT 80%. THE PLATE VOLTAGE OF THE FINAL R.F
AMPLIFYING TUBE IS 2500 VOLTS AND DRAWS A PLATE CURRENT OF 275 MA. THE
FACTOR F IN THIS CASE WOULD BE APPROXIMATELY 0.40O aND BY  suBsTITuTING
VALUES IN THE OUTPUT POWER FORMULA WE HAVE:

OUTPUT POWER IN WATTS= 2500 X .275 X 0.40%275 watts.

HAVING COMPLETED THIS LESSON,YOU SHOULD NOW BE THOROUGHLY FAMILIAR
WITH BROADCAST TRANSMITTERS AND THEIR RELATED EQUIPMENT.

You MusT REMEMBER, OF COURSE, THAT NOT ALL BROADCAST STATIONS ARE
DESIGNED EXACTLY ALIKE BUT THOSE INSTALLATIONS, WHICH WERE EXPLAINED TO
YOU IN THESE LESSONS, ARE TYPICAL EXAMPLES. THEREFORE, BY HAVING A GOOD
UNDERSTANDING OF THESE PARTICULAR ONES AND AIDED BY ALL OF THE ADDITION
AL KNOWLEDGE WHICH YOU NOW HAVE ABOUT TRANSMITTERS IN GENERAL, IT SHOULD
BE A SIMPLE MATTER FOR YOU TO FULLY ACQUAINT YOURSELF WITH THE EQUIP-
MENT USED IN ANY CONVENTIONAL STATION.

AGAIN LET US REMIND YOU THAT EVEN IF YOU DO NOT INTEND TO SPEC-
IALIZE IN ANY ONE OF THE MANY FIELDS WHICH INVOLVE TRANSMITTERS,YOU OWE
IT TO YOURSELF TO GET AS MUCH OUT OF THIS SERIES OF LESSONS AS YOU POSS

IBLY CAN.

NATIONAL HAS TRIED ESPECIALLY HARD TO MAKE THIS COURSE AS €0OM~
PLETE AS POSSIBLE SO THAT EACH AND EVERY STUDENT WILL HAVE AN EQUAL OPP
ORTUNITY TO SUCCEED IN THIS GREAT INDUSTRY. TO BE SUCCESSFUL IN THI S,

DAY AND AGE A MAN MUST HAVE A GOOD GENERAL KNOWLEDGE OF THE ENTIRE FIELD
IN WHICH HE 1S ACTIVE, AND IN ADDITION, HE MUST HAVE A MOST THOROUGH UN
DERSTANDING OF THE SUBJECT WHICH HE SELECTS AS HIS PARTICULAR BRANCH OF
SPECIALIZATION. FROM BEGINNING TO END, THIS COURSE HAS BEEN CAREFULLY
PLANNED TO MEET THIS CONDITION AND WE URGE YOU TO MAKE THE MOST OF THE
OPPORTUNITIES WHICH NATIONAL IS SO EAGER TO EXTEND TO YOU.
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2 Examination Questions
N

LESSON NO. T-18

Education is the practical prepar-
ation of the individual in order to
face and [dominate the obstacleson the
road to success.

(A) MAKE A SIMPLE DIAGRAM WHICH ILLUSTRATES THE RELATION
BETWEEN THE VARIOUS UNITS OR SECTIONS WHICH TOGETHER CON
STITUTE A TYPICAL BROADCAST STATION. (B) EXPLAIN THE PUR
POSE OF EACH OF THESE UNITS.

DRAW A CIRCUIT DLAGRAM OF A SERIES-RESONANCE EQUALIZER.
DESCRIBE HOW IT 1S USED, AND EXPLAIN HOW IT OPERATES.

DRAW A CIRCUIT D{AGRAM OF A PARALLEL-RESONANCE EQUALIZER.
DESCRIBE HOW IT IS USED, AND .EXPLAIN HOW IT OPERATES.

EXPLAIN HOW REMOTE-CONTROL BROADCASTS ARE GENERALLY HAND
LED.

MAKE A DRAWING OF THE TYPICAL SET-UP FOR MAKING A FRE=~
QUENCY RUN ON AN A.F. TRANSMISSION LINE.

DESCRIBE THE PROCESSES WHICH ARE INVOLVED WHEN MAKING
SUCH A FREQUENCY RUN.

WHAT DOES A FREQUENCY RESPONSE CURVE INDICATE?

WHAT ARE SOME OF THE MORE IMPORTANT PROTECTIVE DEVICES
WHICH ARE USED IN THE LARGER BROADCAST TRANSMITTERS?

IN WHAT WAYS DOES THE CONVENTIONAL BROADCAST TRANSMITTER
DIFFER FROM THE ORDINARY PHONE-TYPE COMMERCIAL TRANSMITT
ER?

EXPLAIN IN DETAIL HOW THE OPERATING POWER OF A BROADCAST
TRANSMITTER CAN BE DETERMINED.

PRINTED IN U.S.A.
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SPECIAL EXAMINATION #9

DeEAR STUDENT:

HAVING BY THIS TIME COMPLETED EIGHTEEN LESSONS TREATING WITH RAD1O
TRANSMITTERS, YOU SHOULD NOW HAVE A GOOD UNDERSTANDING CF THIS SUBJECT.

SINCE ANSWERING YOUR LAST SPEC!AL EXAMINATION, YOU HAVE LEARNED A
GREAT DEAL CONCERNING THE POWER SUPPLY FOR TRANSMITTERS,CONSTRUCTIONAL
FEATURES AND OPERATION OF RADIO=-TELEGRAPH TRANSMITTERS, HANDLING RADIO
MESSAGES, TRANSMITTER TUBES, COMMUNICATION RECEIVERS, AND BROADCAST
TRANSMITTERS .

DUuE TO THE OUTSTANDING IMPORTANCE OF THESE SUBJECTS, AS WELL AS
THOSE WHICH WERE DISCUSSED WITH YOU DURING THE FIRST NINE LESSONS OF THE
TRANSMITTER SERIES, IT 1S ADVISABLE THAT YOU REVIEW THIS ENTIRE SERIES
OF TRANSMITTER LESSONS WITH SPECIAL CARE.

UPON THE COMPLETION OF TH!S INTENSIVE REVIEW, ANSWER FULLY THE FOL
LOWING QUESTIONS WHICH ARE BASED UPON ALL OF THE TRANSMITTER LESSONS
WHICH YOU HAVE STUDIED THUS FAR., AND SEND THEM TO US FOR CORRECTION.

You WILL FIND THIS SET OF EXAMINATION QUESTIONS TO SERVE AS A GOOD
GUIDE FOR CONDUCTING YOUR REVIEW AND | AM CONFIDENT THAT YOU WiLL DO
YOUR UTMOST TO RECEIVE A SPLENDID GRADE ON THIS EXAMINATION.

SINCERELY YOURS,

PRESIDENT

EXAMINATION QUESTIONS
|]. - DRAW A COMPLETE CIRCUIT DIAGRAM OF A COMMERCIAL TYPE RADIO=-TELE=~
GRAPH TRANSMITTER.

2. = EXPLAIN THE PROCEDURE FOR OPERATING THE TRANSMITTER WHOSE DI AGRAM
YOU HAVE DRAWN IN ANSWER TO QUESTION #l.

3. = WHAT GREENWICH MEAN TiME CORRESPONDS TO AN EASTERN STANDARD TIME OF
I pom.?

(ovER)
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DRAW A COMPLETE CIRCUIT DIAGRAM OF A THREE-PHASE, HALF-WAVE RECTI-
FIER THAT IS SUITABLE FOR A TRANSMITTER'S "B" suppPLY. '

DRAW A DIAGRAM OF A CRYSTAL FILTER CIRCUIT AS USED IN A RECEIVER
AND EXPLAIN 1TS OPERATION IN DETAIL.

DRAW A CIRCUIT DIAGRAM SHOWING HOW A BEAT OSCILLATOR MAY BE COUPLED
TO THE SECOND DETECTOR OF A SUPERHETERODYNE RECEIVER AND EXPLAIN IN
DETAIL HOW THE COMPLETE SYSTEM OPERATES.

WHAT IS THE OBJECT OF PROVIDING A SHORT=CIRCUITING SWITCH FOR THE
CRYSTAL FILTER OF A RECEIVER?

WHAT ARE THE OPERATING CHARACTERISTICS OF A TYype 204A TRANSMITTER
TuBe?

WHAT ARE THE OPERATING CHARACTERISTICS OF A TYPE 866 TuBE?
DRAW A COMPLETE CIRCUIT DIAGRAM OF THE EQUIPMENT WHICH YOU WOULD
EXPECT TO FIND IN THE STUDIOS AND CONTROL ROOM OF A TYPICAL BROAD-

CAST STATION.

DESCRIBE THE EQUIPMENT AND CIRCUITS WHIiCH YOU WOULD EXPECT TO FIND
IN THE TRANSMITTER ROOM OF A TYPICAL BROADCAST STATION.

WHAT IMPORTANT FACTS SHOULD BE CONSIDERED IN LAYING OUT THE DESIGN
OF A PHONE TRANSMITTER?

DRAW A COMPLETE CIRCUIT DIAGRAM OF A PHONE TRANSM!ITTER EMPLOYING
THE HEtSING SYSTEM OF MODULATION.

EXPLAIN IN DETAIL THE OPERATION OF THE CIRCUIT WHOSE DIAGRAM YOU
HAVE DRAWN IN ANSWER TO QUESTION #l3.

DRAW A CIRCUIT DIAGRAM OF A PHONE TRANSMITTER EMPLOYING GRID BiAS
MODULATION.

EXPLAIN IN DETAIL THE OPERATION OF THE CIRCUIT WHOSE DIAGRAM YOU
HAVE DRAWN IN ANSWER TO QUESTION #l5.

EXPLAIN WHAT IS MEANT BY "MODULATION PERCENTAGE' AND ALSO EXPLAIN
HOW THIS VALUE CAN BE DETERMINED.

WHAT IS THE GENERAL PROCEDURE FOR TUNING A TRANSMITTER WHICH DOES
NOT EMPLOY ANY FREQUENCY=-MULTIPLIER STAGES?

WHAT 1S THE GENERAL PROCEDURE FOR TUNING A TRANSMITTER WHICH DOES
EMPLOY ONE OR MORE FREQUENCY=MULTIPLIER STAGES?

WHAT ARE SOME OF THE MORE IMPORTANT PRECAUTIONS WHICH SHOULD BE EX-
ERCISED WHEN OPERATING ANY RADIO TRANSMITTER?

@®
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SPECIAL EXAMINATION #8

DEAR STUDENT:

You ARE AT THE PRESENT TIiME ENGAGED IN AN INTENSIVE STUDY OF RAap1o
TRANSMITTERS WHEREIN MANY NEW AND |MPORTANT PRINCIPLES ARE BEING EXPLAIN
ED. THE KNOWLEDGE OF TRANSMITTERS WHICH YOU ARE NOW ACQUIRING IS GOING
YO BE ESPECIALLY VALUABLE TO YOU (F YOU INTEND TO ULTIMATELY SPECIALIZE
IN RADJO BROADCASTING, IN ANY OF THE MANY APPLICATIONS OF COMMERC | AL
OPERATING, OR IN TELEVISION.

EVEN IF YOU DO NOT PLAN TO SPECIALIZE IN ANY FIELD OF RADIO WHICH
INVOLVES TRANSMITTERS,YOU SHOULD NOT DENY YOURSELF THIS ADDITIONAL TRAIN
ING. A THOROUGH STUDY OF THIS SUBJECT W!LL BROADEN YOUR KNOWLEDGE OF
RADIO IN GENERAL AND WIiLL ALSO FAMILIARIZE YOU WITH MANY FACTS WHICH MAY
BE OF TREMENDOUS VALUE TO YOU AT SOME LATER TIME EVEN THOUGH YOU MAY NOT
REALIZE |IT NOW.

THE QUESTIONS IN THIS EXAMINATION ARE BASED ON THE FIRST NINE LES~-
SONS OF THE TRANSMITTER SERIES. | THEREFORE SUGGEST THAT YOU REVIEW
THESE NINE LESSONS CAREFULLY, AND THEN ANSWER THE FOLLOWING QUESTIONS TO
THE BEST OF YOUR ABILITY.

SINCERELY YOURS,

PRESIDENT

EXAMINATION QUEST IONS

|l. = DRAW A CIRCUIT DIAGRAM OF A SPARK TRANSMITTER AND EXPLAIN HOW IT
OPERATES.

2, - WHAT IS THE DIFFERENCE BETWEEN A Y-CUT CRYSTAL AND AN X-CUT CRYSTAL?

3. - How wWouLD YOU DESIGNATE THE COMPLETION OF A TRANSMITTED MESSAGE BY
MEANS OF CODE?

4, - WHAT 1S THE DIFFERENCE BETWEEN A SERIES-FEED OSCILLATOR AND A SHUNT
FEED OSCILLATOR?

5. - DRAW A COMPLETE CIRCUIT DIAGRAM OF A RADIO-TELEGRAPH TRANSMITTER
CONSISTING OF A PUSH=PULL OSCILLATOR STAGE ONLY, U3ING TWO TYPE 10
TUBES. THE CIRCUIT OF THE POWER PACK FOR A~C OPERATION 1S ALSO TO
BE INCLUDED IN THIS DIAGRAM.

(over)
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17.

20.

DRAW A CIRCUIT DIAGRAM OF A HARTLEY OSCILLATOR AND EXPLAIN HOW 1T
OPERATES.

DRAW A CIRCUIT DIAGRAM OF A MONITOR WHIGCH IS SUITABLE FOR AMATEUR
USE. EXPLAIN HOW YOU WOULD CALIBRATE IT AND HOW YOU WOULD USE IT
FOR ADJUSTING AN AMATEUR TRANSMITTER.

WHAT 1S THE MEANING OF THE SIGNAL ABBREVIATION "QSO"?

DRAW A CIRCUIT DIAGRAM OF A CRYSTAL=-CONTROLLED OSCILLATOR AND EX=-
PLAIN HOW 1T OPERATES.

DRAW A CIRCUIT DIAGRAM OF A COMPLETE CODE~-TRANSMITTER COMPRISING

A TRI=TET OSCILLATOR, FOLLOWED BY ONE DOUBLER STAGE AND A FINAL POW
ER STAGE.

DESCRIBE IN DETAIL HOW YOU WOULD ADJUST FOR OPERATION THE TRANS=
MITTER WHOSE DIAGRAM YOU HAVE DRAWN IN ANSWER TO QUESTION #IO.

DESCRIBE THE DIFFERENT TYPES OF COUPLING WHICH ARE PRACTICAL IN
THE R=F STAGES OF A TRANSMITTER.

UPON WHAT FACTORS DOES THE RESONANT FREQUENCY OF A QUARTZ CRYSTAL
DEPEND?

DESCRIBE THE CONSTRUCTIONAL FEATURES OF A SPLIT=-STATOR TUNING CON-
DENSER AND MENTION THE ADVANTAGES OF USING SUCH A UNIT IN A TRANS~
MITTER.

EXPLAIN IN DETAIL HOW YOU WOULD WORK OUT THE DESIGN FOR A HERTZ
ANTENNA .

EXPLAIN HOW A FREQUENCY MULTIPLIER OF A TRANSMITTER OPERATES.
MAKE A SKETCH OF A ZEPPELIN ANTENNA AND EXPLAIN FULLY HOW YOU WOULD
ADJUST SUCH AN ANTENNA SYSTEM TO RESONANCE WITH THE FREQUENCY AT

WHICH THE TRANSMITTER iS OPERATING?

WHAT 1S THE ADVANTAGE OF USING FREQUENCY MULTIPLIER STAGES IN A
TRANSMITTER?

EXPLAIN HOW YOU WOULD PROCEED TO DESIGN AN UNTUNED TRANSMISSION
LINE FOR A TRANSMITTER ANTENNA SYSTEM.

DRAW A CIRCUIT DIAGRAM OF AN ELECTRON=COUPLED OSC!{LLATOR AND EX=
PLAIN HOW |T OPERATES.
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