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EA2LY T12ANSMITTE2S
IN ONE OF THE FIRST LESSONS WHICH YOU STUDIED AND WHICH IS TITLED

"RADIO COMMUNICATION", YOU LEARNED IN A GENERAL WAY WHAT RADIO TRANSMITT-
ERS ARE EXPECTED TO ACCOMPLISH. You WERE ALSO AT THAT TIME INTRODUCED TO

THE DIFFERENT SECTIONS WHICH ARE INCORPORATED IN THE TYPICAL TRANSMITTER
AND THEIR RESPECTIVE DUTIES.

ALL OF THESE UNITS,AS WELL AS MANY MORE,ARE NOW
ED TO YOU IN DETAIL IN THE PRESENT SERIES OF LESSONS.

CLASSIFICATION OF TRANSMITTERS

WE CAN CLASSIFY RADIO TRANsmITTERsIN-
TO TWO GENERAL GROUPS,NAMELY,THOSE WHICH
ARE USED TO SEND MESSAGES BY MEANS OF THE
TELEGRAPHIC CODE AND THOSE WHICH ARE USED
FOk THE TRANSMISSION OF VOICE AND MUSICAL
PROGRAMS.

THE CODE TYPE TRANSMITTER WAS THE
FIRST FORM OF SUCCESSFUL TRANSMITTER AND IS
STILL BEING MOST EXTENSIVELY USED IN THE
HANDLING OF COMMERCIAL TRAFFICIBY AMATEURS,
ETC. CODE SIGNALS CAN BE RECEIVED SUCCESS-
FULLY OVER GREATER DISTANCES THAN CAN VOICE
OR PHONE TRANSMISSION BUT EACH TYPE OFTRANI
MISSION, OF COURSE, HAS ITS PARTICULAR AD-
VANTAGES.

CODE TRANSMITTERS ARE SIMPLER THAN
PHONE TRANSMITTERS FROM THE STANDPOINT OF
BOTH DESIGN AND CONSTRUCTION AND THEREFORE
WE SHALL STUDY CODE TRANSMITTERS FIRST.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

GOING TO BEEXPLAiN-

FIG.I

A Typical Tran51-76:-.
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BE APPLIED EQUALLY WELL TO THE OTHER.

ALL MODERN TRANSMITTERS,WHETHER OF THE CODE OR PHONE TYPE, EMPLOY
VACUUM TUBE OSCILLATORS BUT SINCE THE FIRST TRANSMITTERS DEPENDED UPON
"SPARK OSCILLATORSISNARC OSCILLATORS ETC., IT WILL BE WELL FOR US TO 0.0M
SIDER THESE TYPES BRIEFLY BEFORE ENTERING THE STUDY OF THE MORE MODERN
SYSTEMS. THIS WILL GIVE YOU A BETTER IDEA OF THE DEVELOPMENT AND ADVANCE-
MENT MADE IN THE FIELD OF TRANSMISSION.

THE SPARK TRANSMITTER

IN FIG. 2 YOU ARE SHOWN THE CIRCUIT DIAGRAM OF A SIMPLE FORM orcomml-
ERCIAL TYPE SPARK TRANSMITTER.

HERE WE HAVE FIRST AN A.C. GENERATOR WHICH
HAVING A FREQUENCY OF APPROXIMATELY 500 CYCLES.
ALLY DRIVEN BY AN ELECTRIC

PRODUCES A VOLTAGE SOURCE
THIS GENERATOR IS GENER...

MOTOR WHOSE ARMATURE SHAFT IS COUPLED TO THE
ARMATURE SHAFT OF
THE GENERATOR 80 AS
TO FORM A MOTOR -GEN-
ERATOR SET SIMILAR IN
APPEARANCE TO THOSE
ABOUT WHICH YOU STU2
IED IN YOUR LESSONS
PERTAINING TO BATT-
ERY CHARGING EQUIP...

MI ENT 

<1 Form of Spark Trrnsmi11-et-.
OR "WIRELESS KEYS" AND THEY CONSIST ESSENTIALLY OF A
POINTS WHICH ARE NORMALLY HELD IN AN OPEN POSITION BY SPRING TENSION. BY
PRESSING DOWNWARD ON THE MOP, WHICH IS MOUNTED ON THE END OF THE ARMS
THE CONTACT POINTS ARE FORCED CLOSED IN ORDER TO COMPLETE THE CIRCUIT*

A TYPICAL KEY,
AS USED WITH CODE
TRANSMITTERS, ISILLUI
TRATED FOR YOU IN

FIG. 3. THESE KEY'

ARE GENERALLY KNOWN
AS "TELEGRAPH KEYS"
PAIR OF CONTACT

LATER ON YOU WILL BE GIVEN MORE COMPLETE INFORMATION REGARDING THE
DIFFERENT TYPES OF KEYS AND THE TECHNIQUE OF USING THEM CORRECTLY.FOR THE
PRESENT, LET US CONFINE OUR ATTENTION TO THE OPERATION OF THE CIRCUIT NOW
UNDER CONSIDERATION.

RETURNING TO FIG* 2, WE FIND THAT WHEN THE KEY IS IN THE CLOSEDPOSI-
TION" THE GENERATOR CIRCUIT THROUGH THE PRIMARY WINDING OF THE STEP....UPTRAM
SFORMER IS COMPLETE SO THAT A 500 CYCLE ALTERNATING CURRENT WILL FLOW TNRU
THIS WINDING.

BY INDUCTION, A MUCH HIGHER VOLTAGE WILL APPEAR ACROSS THE SECONDARY
WINDING OF THE STEP-UP TRANSFORMER. IN THIS MANNER, A HIGH VOLTAGE IS Ape
LIED ACROSS THE TUNED OSCILLATOR CIRCUIT WHICH CONSISTS OF THE PRIMARY
WINDING OF THE R.F. TRANSFORMER,THE TUNING CONDEMNER AND THE SPARK GAP.
THESE COMPONENTS OF THE TUNED R.F. CIRCUIT ARE ALL CONNECTED IN SERIES
WITH EACHOTNERID
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NOW THEN, NOTICE PARTICULARLY THAT THE SPARK GAP SERy-6 TO INTRODUCE
AN OPEN CIRCUIT IN THE TUNED OSCILLATING CIRCUIT SO THAT NO ,JSCILLATING
CURRENT WITH WHICH TO GENERATE RADIO FREQUENCY ENERGY FLOWS THROUGH THIS
CIRCUIT AT THE TIME THE A.C. VOLTAGE BEGINS TO RISE TOWARDS ITS PEAK VAL
UE.

THE DISTANCE BETWEEN THE ELM.'"
TRODES OF THE SPARK GAP IS SO AD-Spr4-09 adjustment Clearance

JUSTED THAT WHEN THE A.C. VOLTAGE
REACHES A CRITICAL VALUES THE CHARGE

k1 o6/2

e
Cotact

l7

WHICH HAS BEEN BUILT UP ACROSS THE
ponints

.61r

ELECTRODES OF THE SPARK GAP, AS WELL
AS ACROSS THE TUNING CONDENSERPLAT
ES,BECOMES SUFFICIENTLY GREAT TO
OVERCOME THE RESISTANCE OF THE AIR
GAP AND IT THEREFORE DISCHARGES )..'

CROSS THE AIR GAP IN THE FORM OF A

SPARK. WE THEN SAY THAT THE SPARK
GAP *BREAKS DOWN.

THIS ACTION RESULTS IN A HIGH FREQUENCY OR
OSCILLATINn 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 RESISTANCE ACROSS THE SPARK GAP TO
PREVENT ANY FURTHER FLOW OF CURRENT. THE VOLTAGE THEN COMMENCES TO BUILD
UP AGAIN UNTIL ANOTHER SPARKING DISCHARGE OCCURS WITH ITS RESULTING FLOW
OF RADIO FREQUENCY CURRENT THROUGH THE TUNED CIRCUIT AND AGAIN THIS RADIO
FREQUENCY CURRENT DIES DOWN AS THE VOLTAGE DROPS IN VALUE. THIS CYCLE OF
EVENTS CONTINUES IN THIS MANNER AS LONG AS THE KEY IS HELD CLOSED.

THE FREQUENCY OF OSCILLATION AS OCCURRING IN THIS CIRCUIT IS GOVER-
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 IS OF THE VARIABLE TYPE,WHILE

THE PRIMARY WINDING OF THE R.F.TRA
NSFORMER IS GENERALLY SPACE-WOUND
WITH LARGE DIAMETER BARE COPPER
WIRE OR ELSE COPPER TUBING 80 THAT
THE COIL BECOMES SELF-SUPPORTING
AND REQUIRES NO WINDING FORM.
SPRING CLIPS ARE THEN USED AS 111.1r
USTRATED IN FIG. 4 SO THAT THE CON
NECTIONS TO THE COIL CAN BE VARIED
IN A CONVENIENT MANNER SO THAT AS
MANY TURNS OF THE COIL AS NECESSARY
CAN BE INCLUDED IN THE TUNED CIR-
CUIT IN ORDER TO OBTAIN THE DESIRED
INDUCTANCE VALUE.FIG.

A Variable- inducbarice Coil.

adjustment

Ceniermg adjustments 7

FIG. 3
Telegraph Key.

?ASC.

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 COUPLED TO THE PRI-
MARY WINDING, IT IS CLEAR THAT THE ELECTRICAL OSCILLATIONS WHICH ORIGINATE
IN THE TUNED CIRCUIT WILL BE TRANSFERRED BY INDUCTION TO THE SECONDARY
WINDING. WITH THE OSCILLATING OR RADIO FREQUENCY CURRENT NOW FLOWING IN
THE ANTENNA SYSTEM, IT WILL PRODUCE RADIO FREQUENCY WAVES WHICH SIRE RADI-

ATED OUT INTO SPACE.
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SPARK GAPS

IN THE TRANSMITTER CIRCUIT OF FIG. 2 OF THIS LESSON,WE DEALT WITH
A SIMPLE SPARK GAP CONSISTING OF TWO METAL BALLS SEPARATED BY AIR. A GAP
AS THIS BECOMES QUITE HOT AFTER BEING IN CONTINUOUS OPERATION FOR SOME
TIME AND THUS HAS A TENDENCY TO ARC. THIS ARCING EFFECT CAUSES THE AIR

BETWEEN THE SPARK CONTACTS TO RE-
MAIN A CONDUCTOR ANO THIS WILL NOT
PERMIT THE CONDENSER TO BECHARGEO
TO ITS FULL CAPACITY.THAT IS, THE
CONDENSER WILL DISCHARGE AT A P0-
TENTIAL LOWER THAN DESIRED AND Ul
STEAD OF THE OSCILLATIONS IN THE
CLOSED CIRCUIT BEING STOPPED AFTER
THE AERIAL CIRCUIT HAS STARTEDRA-
DIATING ITS WAVES,WE FIND THAT
THIS CONTINUAL ARCING ACROSS THE
SPARK GAP ADDS EXTRA WAVES UPON
THE ORIGINAL WAVE FORM, THEREBY
PREVENTING TRANSMISSION OF "CLEAN
CUT" WAVES.

FIG.5
Non -Synchronous Dischat-g,Ir.

CHARGER'WHICH IS KNOWN AS A
ROTOR ARM IS FIRMLY FASTENED AT THE CENTER TO THE ARMATURE SHAFT OF AN
ELECIRIC MOTOR'S° THAT IT MUST ROTATE AS THE MOTOR'S ARMATURE SHAFT RE...

uOLVES.

TO PREVENT THIS ILL EFFECT
AND SO THAT WORE INTELLIGISLESIG
NALS CAN BE TRANSMITTED, VARIOUS
TYPES OF SPARK GAPS WERE DEVELOPED.
IN FIG. 5 YOU WILL SEE A SPARK DIA

"NOW'SYNCHRONOUS DISCHARGER."IN THIS CASE, A

A SPARK DISCHARGE POINT IS FASTENED TO EACH END OF THIS ROTOR AND
FODRTEEN OTHER SPARK DISCHARGE POINTS ARE FASTENED TO TWO STATIONARY
BRASS SECTORS.

THE OSCILLATION CIRCUIT OF THE TRANSMITTER IS CONNECTED ACROSS THE
DISCHARGER AS SHOWN ANO WHEN THE ROTOR LINES UP WITH A PAIR OF STATIONARY
ELECTRODES AS SHOWN IN FIG. 5, THEN THE SPARK CAN DISCHARGE ITSELFACROSS
THE TWO SPARK GAPS IN ORDER TO COMPLETE ITS CIRCUIT.

AS THE ROTOR REVOLVES, IT WILL CONTINU-
ALLY BE CHANGING POSITIONS WITH RESPECT TO
THE STATIONARY ELECTRODES,PERMITTING THE
SPARK TO DISCHARGE THROUGH A DIFFERENT PAIR
AS THE ROTOR REVOLVES. THIS PREVENTS OVER -..
HEATING OF THE CONTACT POINTS FOR ONE THING
AL) IN ADOSTION,WE FIND THAT A MUSICAL PITCH
IS PRODUCED AND THIS HELPS A GREAT DEAL IN

"READING" THE CODE AT A RECEIVER,DUE TO ITS
CLEARER ANO MORE PRONOUNCED SIGNALS.

THE DRIVING MOTORS FOR SUCH LiISCHARGERS
SEHERALLY RUN AT A SPEED OF FROM 1700 TO 3000
REVOLUTIONS PER MINUTE. THE REASON FOR CALL
imQ TritS UNIT A "NON -SYNCHRONOUS" DISCHARGER

FIG. 6

Synchronous Potai3( Dischororc
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18 THAT THE SPEED OF THE MOTOR BEARS NO RELATION TO THE ,, .i:NCY OF THE

CONDENSER CHARGING CURRENT. IN TRANSMITTERS USING A CURRENT 7 60 CYCLES

IN THEIR HIGH VOLTAGE TRANSFORMER, THE ROTOR IS GENERALL' DRIVEN AT A

SPEED WHICH WILL DELIVER FROM ABOUT 200 TO 300 SPARK DISCHARGES PER SECOND.

THE MOST POPULAR SPARK DISCHARGER 18

SHOWN IN FIG, 6 AND THIS 18 KNOWN AS A "SYN '

CHRONOUS" ROTARY SPARK DISCHARGERITCONSISTS
OF A METAL DISC,WHICH IS 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.

BECAUSE OF THE DISC BEING DRIVEN DI-
RECTLY BY THE ALTERNATOR, AS WELL AS HAVING
SPARK ELECTRODES OF A NUMBER EQUAL TO THE Ng
MBER OF FIELD POLES WITHIN THE ALTERNATORIRE
FIND THAT THE DISCHARGE OF THE TRANSMITTER CONDENSER WILL BE ACCURATELY

TIMED WITH THE ALTERNATIONS OF THE CHARGING CURRENT. IT IS FOR THIS REASON
THAT THIS TYPE OF SPARK DISCHARGER IS REFFERED TO AS A "SYNCHRONOUS" DIS-
CHARGER. THAT 18, ANY TWO THINGS, WHICH ARE PERFECTLY TIMED TO EACHOTHER,
ARE SPOKEN OF AS BEING SYNCHRONIZED AND THIS OF COURSE JS THE CASE WITH

THIS TYPE OF DISCHARGER.

PIG.7

Quenched Spark Discherger.

Two STATIONARY ELECTRODES ARE USED, AS SHOWN IN FIG4 6,AND THE OSC-

ILLATING CIRCUIT OF THE TRANSMITTER IS CONNECTED ACROSS THESE TWPSTATION-
ARY ELECTRODES. BY REGULATING THE ADJUSTING SCREW,LABELEO IN FIG.6, THE

MUFFLING DRUM CAN BE SHIFTED ON ITS AXIS AND IN THIS WAY CAUSE THE STAT-

IONARY CONTACTS TO ALTER THEIR POSITION SOMEWHAT IN RELATION TO TIIE DRIVEN
DISC. THIS ADJUSTMENT PERMITS THE MOST FAVORABLE SPARKING POINT TO BE LO-
CATED AND RESULTS IN SYNCHRONOUS DISCHARGES, GIVING A CLEAR, MUSICALSPARK
NOTE.

BESluES THIS ADJUSTMENT FOR PITCH, IT 18 ALSO NECESSARY TO HAVE THE

SPARK GAPS ADJUSTED SO AS TO GIVE THE SHORTEST POSSIBLE DISCHARGE GAP

WITHOUT PERMITTING THE ELECTRODES TO TOUCH. THE MINIMUM DISTANCE BETWEEN

THE STATIONARY AND REVOLVING POINTS SHOULD BE ABOUT 600E". THIS WILL GIVE
A CLEAR SPARK DISCHARGE AND WILL NOT SUBJECT THE TRANSMITTER CONDENSER TO-

1

MAI liiir 1

I

/\1\i Iv Al ivvki AliA"-
I

kay Closad ---..k
O .kczy,1I

)69 C 1 0 se cl
per,

Dash

8
Wave Radiation From Spark
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AN ABNORMAL STRAIN.

SHOULD THE CIRCUIT OSCILLATION AT ANY ONE INSTANT BE SUCH AS TO FLOW
70 STATIONARY CONTACT "A", THEN THE SPARK WILL JUMP FROM THE CONTACT AT

THE BOTTOM OF 'A' OVER TO CONTACT #1 ON THE DISC. THENCE THROUGH THE DISC
OVER TO ELECTRODE #2 AND ACROSS THE GAP TO STATIONARY CONTACT "B' AND IN
THIS WAY RETURNING TO ITS ORIGIN. THE SYNCHRONOUS DISCHARGER IS 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* IS USED ANO APICTURE OF
THIS TYPE GAP IS SHOWN IN FIG, 7. THIS DISCHARGER IS MAINLY USED IN THE
LOWER POWER SPARK TRANSMITTERS, WHEREAS THE SYNCHRONOUS DISC DISCHARGER IS
USED FOR THE SPARK TRANSMITTERS OF HIGHER POWER RATING.

THIS QUENCHED SPARK DISCHARGER CONSISTS OF A NUMBER OF COPPER DISCS
..PARATED FROM EACHOTHER BY SOME SUCH INSULATING MATERIAL AS FIBRE,MICAN
ITE ETC. THESE COPPER AND INSULATING DISCS ARE PLACED IN AN IRON RACK AND
AND COMPRESSED BY MEANS OF A PRESSURE BOLT. THE THICKNESS OF THE WASHERS
OR INSULATING DISCS IS SUCH THAT T'HE SPACE BETWEEN THE COPPER SPARKING

SURFACES OF A SINGLE SET OF COPPER DI-
SCS DOES NOT EXCEED .01 INCH.

Fl G . 9

Continuous and damped waves.

THE INSULATING DISCS ARE ALsosegg
SALLY TREATED AND INSTALLED SO THAT THE
DISCHARGE SURFACE IS AIRTIGHT AND THIS
MAKES A NOISLESS DISCHARGE POSSIBLE, AT
THE SAME TIME AIDING IN THE WOW OFQUEU
CHING OUT THE OSCILLATIONS IN THE OSC-
ILLATING CIRCUIT.

A MOTOR --DRIVEN FAN OR BLOWER PRO-
VIDES A DRAFT OF AIR OVER COOLING FLAN-
GES OF THE SPARK DISCHARGER AND IN THIS
WAY COOLS THE GA?.

WITH VERY LOOSE COUPLING BETWEEN
THE COILS OF THE OSCILLATION OR R.F.

TRANSFORMER, PRACTICALLY ANY TYPE OF SPARK GAP WILL PERMIT SATISFACTORY
QUENCHING OF OSCILLATIONS, WHICH TEND TO CONTINUE IN THE OSCILLATOR CIR..
,.LOIT DURING THE RADIATION OF THE WAVE BUT THE QUENCHED SPARK DISCHARGER
SHOWN IN FIG, 7 GIVES A SATISFACTORY QUENCHING RESULT, EVEN WHEN THE ANT-
ENNA CIRCUIT 13 CLOSELY COUPLED TO THE OSCILLATOR CIRCUIT AND THIS OF
COURSE MAKES A GREATER ENERGY TRANSFER POSSIBLE WITH LESS POWER LOSS.

DUE TO THIS ADVANTAGE OF THE QUENCHED GAP, THE ANTENNA OSCILLATES AT
BUT A SINGLE FUNDAMENTAL FREQUENCY AND WILL THEREFORE RADIATE A SINGLE
*AVE, WITH NO ADDITIONAL WAVES SUPERIMPOSED UPON IT, BUT WHICH WOULD OTH..
FRWISE OCCUR WITH THE SIMPLE FORM OF SPARK GAP.

THE RADIATED WAVE

NOW LET US CONSIDER THE NATURE OF THE SIGNAL WAVE WHICH IS RADIATED
BY THE ORDINARY TYPE OF SPARK TRANSMITTER, SUCH AS SHOWN IN FIG. 2. A
TYPICAL EXAMPLE OF SUCH WAVE RADIATIONS APPEAR IN FIG. 8.



LESSON NO1 PAGE 7

STARTING AT THE LEFT OF THIS DRAWING, WE FIND THAT WHEN THE KEY IS
HELD CLOSED FOR A SHORT DURATION OF TIME, A SERIES OF HIGHLY DAMPED WAVE
GROUPS COMMENCE LEAVING THE ANTENNA. THE LONGER THAT THE KEY IS HELD cual
ED, THE GREATER WILL BE THE NUMBER OF THESE WAVE GROUPS WHICH LEAVE THE
ANTENNA DURING ONE DEPRESSION OF THE KEY.

THE NUMBER OF PEAKS WHICH APPEAR IN EACH GROUP OF A WAVE TRAIN IS DE
TERMINED BY THE FREQUENCY OF OSCILLATION OCCURRING IN THE TRANSMITTERCIR+
CUIT, WHEREAS THE SEPARATION BETWEEN EACH OF THESE WAVE GROUPS IN ANY ONE
WAVE TRAIN IS GOVERNED BY THE FREQUENCY OF THE A.C. INPUT. THAT IS, IF A

500 CYCLE A.C. GENERATOR IS WORKING INTO THE PRIMARY WINDPNG OF THE TPANr,
MITTERSI STEP-UP TRANSFORMER, THEN TWICE THIS AMOUNT OR 1000 WAVE GRel!r'S

PER SECOND WILL BE RADIATED BY THE ANTENNAE

THE FREQUENCY OF EACH OF THE HIGHLY DAMPED WAVE GROUPS IS OF RADIO
FREQUENCY AND ARE THEREFORE INAUDIBLE AND THE NUMBER OF WAVE GROUPS RADI-
ATED PER SECOND DETERMINE THE AUDIBLE FREQUENCY. EACH WAVE TRAIN VIBRATES
THE HEADPHONE DIAPHRAGM AT THE RECEIVER ONCE SO THAT THE LISTENER HEARS A
MUSCIAL NOTE. THAT IS TO SAY, IF 1000 WAVE GROUPS PER SECOND ARE BEING R.
DIATED, THEN THE SOUND PRODUCED IN THE RECEIVER HEADPHONES WILL BE rcovv-
ALENT TO A 1000 CYCLE MUSICAL NOTE.

WHEN THE KEY IS IN THE
FORE NO SOUNDS ARE HEARD AT
SHORT INTERVAL OF TIME, THE
HEARD IN THE RECEIVERHEAll
PHONES AS THE SHORTABRUPT
SOUND NDITue BY CLOSING
THE KEY FOR A LONGERPER...
OD OF TIME (ABOUT THOM(
TIMES AS LONG AS THAT
USED TO FORM THE "DOT")
WE PRODUCE THE NDASHN OF
THE CODE WHICH IS HEARD
IN THE HEADPHONES AS THE
MORE DRAWN-OUT SOUND
"DAMN. A PROPERCOMBINA...
ATION OF DOTS AND DASHES
ARE USED TO FORM THE LE-
TTERS OF THE ALPHABET
THESE ARE COMBINED TO SPELL
INTO SPACE.

OPEN POSITION,NO WAVES ARE RADIATED AND THErl
THE RECEIVER. WITH THE KEY CLOSED FOR A VEiW
NDOT° OF THE TELEGRAPHIC CODE IS FORMED ANOIS

r'--KQL1 ----I Open !
Closed

bask - _

Key Closed

Fl G.10
C. W Code Transmission,

WORDS AND THUS THE DESIRED MESSAGE IS RADIATED

SPARK TRANSMITTERS RADIATE A VERY HIGHLY DAMPED FORM OF WAVE AND
SPREAD OUT OVER SUCH A WIDE FREQUENCY BAND SO THAT THEY CAN BE HEARD ALL
OVER THE DIAL AT THE RECEIVING END. FURTHERMORE, THEY ARE VERYINEFF!'1CNT
AS REGARDS THE INPUT POWER REQUIRED AND THE ACTUAL OUTPUT OR
POWER OBTAINED. CONSEQUENTLY, SPARK TRANSMITTERS HAVE BEEN, REPLACED
THE MORE DESIRABLE TYPE OF TRANSMITTER WHICH RADIATES A CONTINUOUS '"ViL4

CONTINUOUS WAVES

CONTINOUS WAVES, YOU WILL RECALL FROM EARLIER STUDIESIMAINTAIN A

CONSTANT AMPLITUDE AS ILLUSTRATED IN THE UPPER PORTION OF FIG. 9,WHILETHE
liOAMPED WAVES START WITH A MAXIMUM AMPLITUDE WHICH RAPIDLY DIMINISHES 16 A
ZERO VALUE AS SHOWN IN THE LOWER PART OF FIG. 9. IT IS THE COMMONPRACTY!E
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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 VOICE, AS WELL AS FOR CODE -CrIMMUNICATION ONE METHOD OF

USING THESE C.W. WAVES FOR CODE TRANSMISSION IS ILLUSTRATED IN FIG. 10.

IN THIS CASE, THE KEY IS OPERATED SO AS TO START AND STOP THE WAVE

PROPOGATION TO FORM THE "DOTti" AND "DASHES" OF THE CODE. ALTHOUGH RADIA-

TION CEASES WHENEVER THE KEY IS OPEN YET THERE IS NO DAMPING EFFECT IN THE
WAVE FORM.

THESE OSCILLATIONS ARE OF RADIO FREQUENCY AND THEREFORE FAR ABOVE AUSI
IBILITY. FOR THIS REASON, THEY CANNOT UNDER ORDINARY CONDITIONS BE HEARD
AT THE RECEIVER. HOWEVER, TO MAKE THEM AUDIBLE, IT 18 GENERALLY THE PRAC-

TICE TO USE A SPECIAL OSCILLATOR AT THE RECEIVER AND WHICH IS KNOWN AS A

BEAT OSCILLATOR.

THIS BEAT OSCILLATOR GENERATES RADIO FREQUENCY ENERGY AT CONTROLLED

FREQUENCIES, THE SAME AS DOES THE OSCILLATOR OF A SUPERHETERODYNERECEIVER.
As THE C.W. SIGNALS ARE PICKED UP AND AMPLIFIED BY THE RECEIVER,THE R.F.

ENERGY GENERATED BY THE BEAT OSCILLATOR IS MADE TO HETERODYNE WITH THE

INCOMING SIGNALFREQUEN-
CY TO PRODUCE THE1NTER
MEDIATE FREQUENCY, ONLY
THAT IN THE CASE OF THE
RECEPTION OF C.W. CODE
SIGNALS, THE BEAT FREQUE

CY 18 IN THE AUDIBLE
RANGE. THIS SUBJECTWILL
BE EXPLAINED MORE THOR-
OUGHLY IN A LATER LESSON.

FIG. II
The Interrupted C. 1.4i, Wae.

A STILL DIFFERENT
TYPE OF CONTINUOUS WAVE
IS THAT KNOWN AS THE

INTERRUPTED CONTINUOUS
WAVE AND WHICH 18ABREIP.*

SATED AS I,C.W.n IN

THIS CASE,THE WAVE 18

STILL OF THE CONTINUOUS TYPE BUT IS INTERRUPTED AT DEFINITE INTERVALS AS

SHOWN IN THE LOWER PORTION OF FIG. II. IN OTHER WORDS, DURING THE TIME THE

KEY IS HELD CLOSED, A SERIES OF WAVES ARE RADIATED SOMEWHAT SIMILAR TO THE
WAVE RADIATION FROM THE SPARK TRANSMITTER, ONLY THAT THE INDIVIDUAL WAVE

GROUPS OF THE INTERRUPTED C.W. RADIATION ARE NOT DAMPED BUT OF CONSTANT/M
PLITUDE.

WHILE THE KEY IS HELD CLOSED,THE CONTINUOUS WAVE IS INTERRUPTED AT A
RATE CORRESPONDING TO AN AUDIBLE FREQUENCY,SAY FOR INSTANCE 500 TO 1000
TIMES PER SECOND. THE SIGNAL PRODUCED AT THE RECEIVER HEADPHONES,WHILETHE
TRANSMITTER KEY IS HELD CLOSED, IS THEREFORE AUDIBLE. THEN BY CONTROLLING
THE LENGTH OF TIME AT WHICH THE TRANSMITTER KEY 18 HELD CLOSED,THE DOTS

AND DASHES OF THE CODE ARE FORMED.

NOW THAT YOU ARE FAMILIAR WITH THE DIFFERENT WAVE FORMS AS RADIATED

BY THE CODE TYPE TRANSMITTERS, LET US NEXT SEE HOW CONTINUOUS 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 CONTINU-
OUS OR INTERRUPTED CONTINUOUS WAVE FROM EARLY TRANSMITTERS WAS TO USE WHAT
ARE KNOWN AS HIGH FREQUENCY GENERATORS.

A FUNDAMENTAL TYPE OF ALTERNATOR USED FOR THIS PURPOSE IS KNU4N Al

THE "INDUCTOR TYPE". HERE THE ROTATING PART OF THE GENERATOR OR"INDUCTOR4
CARRIES NO WINDINGS --INSTEAD, THE SURFACE OF THE IRON ROTOR 16 SLOTTED SO
AS TO FORM TEETH. As THE ROTOR IS CAUSED TO REVOLVE,THE PASSAGE OF THE IN
DOCTOR TEETH ACROSS MAGNETIC POLES GENERATES AN ALTERNATING CURRENT. THIS
PRINCIPLE WAS EMPLOYED IN THE ALEXANDERSON HIGH FREQUENCY ALTERNATORS
WHICH WERE USED QUITE EXTENSIVELY BEFORE VACUUM TUBE TRANSMITTERS CAME IN
TO PROMINENCE.

ALEXANDERSON ALTERNATORS WERE CONSTRUCTED TO GENERATE FREQUENCIES AS
HIGH AS 200 Kc.

STILL OTHER TYPES OF HIGH FREQUENCY ALTERNATORS WHICH WERE USED WERE
CONSTRUCTED MORE ALONG THE LINE OF THE COMMERCIAL ALTERNATORS.THAT IS,
THEY CONSISTED OF A STATIONARY WINDING OR "STATORNAND A REVOLVING WINDING
OR ROTOR. HOWEVER, THE TWO WINDINGS ARE MADE PARTS OF TUNED OSCILLATORY
CIRCUITS. DIFFERENT FREQUENCIES ARE GENERATED IN THE TWO WINDINGS AND

THESE FREQUENCIES REACT WITH EACHOTHER TO PRODUCE BEAT FREQUENCIES OF

TWICE, THREE TIMES AND FOUR TIMES THE ORIGINAL FREQUENCY. THE HIGHER FRE-
QUENCIES CAN THEN BE USED FOR RADIATION PURPOSES.

IN FIG. 12 YOU WILL SEE -ATYP-
ICAL METHOD OF HOW A HIGH FREQUEN-
CY GENERATOR CAN BE CONNECTED TO
THE TRANSMITTER FOR CODETRANSM1SS*
ION. HERE YOU WILL SEE THAT THE
OUTPUT OF THE HIGH -FREQUENCY GEN-
ERATOR IS APPLIED ACROSS A CIRCUIT
WHICH IS TUNED TO THE OUTPUT FRE-
QUENCY OF THE GENERATOR.THIS CIR-
CUIT IS COUPLED TO THE TUNED ANT-
ENNA CIRCUIT SO THAT A CONTINUOUS
WAVE OF CORRESPONDING FREQUENCY CAN
BE RADIATED. THE TRANSMITTER KEY IS
CONNECTED IN THE FIELD CIRCUIT OF
THE ALTERNATOR WHERE THE CURRENT
VALUE IS RATHER SMALL*

THE ARC TRANSMITTER
Transeni)Lier Circuit Witk R4.4 -

Frequency Generator,

A SIMPLE ARC TRANSMITTER CIRCUIT IS ILLUSTRATED FOR YOU IN FIG. 13.

THE SOURCE OF ELECTRICAL ENERGY IN THIS SYSTEM IS A DIRECT CURRENT GENER-
ATOR WHICH FURNISHES AN E.M.F. OF 200 TO 1200 VOLTS, DEPENDING UPON ITS

SIZE.

THE DIRECT CURRENT AS FURNISHED BY THE GENERATOR FLOWS FROM THE POS-
ITIVE TERMINAL THROUGH THE CHOKE, WHOSE PURPOSE IS TO MAINTAIN THE CURRENT
OF UNIFORM VALUE. THE CURRENT THEN FLOWS THROUGH THE ARC .JUST AS IN AN

ORDINARY ARC LAMP AND RETURNS TO THE NEGATIVE GENERATOR TERMINAL. A TUNED
CIRCUIT CONSISTING OF AN INDUCTANCE Li AND THE CONDENSER CI ARE ALSO CON-
NECTED ACROSS THE ELECTRODES OF THE ARC.
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DUE TO THE PRESENCE OF THE CHOKE IN THE GENERATOR CIRCU1T,THE TOTAL
CURRENT FURNISHED TO BOTH THE ARC AND THE TUNED CIRCUIT REMAINS CONSTANT
IN VALUE. AT THE TIME THE CIRCUIT COMMENCES TO OPERATE,CONDENSER CI IS

NOT CHARGED AND THEREFORE A LARGE PORTION OF THE GENERATOR CURRENT FLOWS
INTO THE CONDENSER PLATES,CHARGING THEM. THEREFORE, LESS CURRENT WILL NOW
FLOW THROUGH THE ARC BECAUSE THE GENERATOR CURRENT TENDS TO MAINTAIN A
CONSTANT VALUE.

THIS DECREASE IN CURRENT THROUGH THE ARC CAUSES THE VOLTAGE ACROSSIT,
AS WELL AS ACROSS THE TUNED CIRCUIT,
TO RISE UNTIL THE CONDENSER CI IS

FULLY CHARGED.

r t ei . 13

Simple Arc Tran sfrrliHer-,

REPEATS ITSELF AS LONG AS THE D.C.

AS SOON AS THE CONDENSER CI

IS FULLY CHARGED,THE CURRENT THROUGH
THE ARC INCREASES TO ITS NORMAL VAL-
UE AND THEREFORE THE VOLTAGE ACROSS
THE ARC WILL DROP. HOWEVER, SINCE
CONDENSER CI IS STILL FULLY CHARGED,
ITS VOLTAGE VALUE WILL BE HIGHER THAN
THAT OF THE ARC AND IT THEREFOREDIS-
CHARGES ACROSS THE ARC. A CHARGE THEN
COMMENCES TO BUILD UP AGAIN ON CON
DENSER CI PREPARATORY FOR ANOTHER
DISCHARGE AND THIS CYCLE OF EVENTS

VOLTAGE IS APPLIED.

SINCE THE DISCHARGE OCCURS THROUGH A TUNED OSCILLATORY CIRCUIT CON-
SISTING OF CI AND LI, THE OSCILLATIONS PRODUCED OCCUR AT A FREQUENCY DE-
TERMINED BY THE INDUCTIVE VALUE OF LI IN CONJUNCTION WITH THE CAPACITIVE
VALUE OF CI,

THESE OSCILLATIONS ARE THEN TRANSFERRED TO THE TUNED ANTENNA CIRCUIT
BY MEANS OF ELECTROMAGNETIC INDUCTION AND ARE THUS RADIATED INTO SPACE.

TO KEY TRANSMITTERS

OF THIS TYPE,THE METHOD
ILLUSTRATED IN FIG. 14

CAN BE EMPLOYED. HERE
YOU WILL SEE THAT THE
KEY IS CONNECTED IN SEa
IES WITH THE SOLENOID
WINDING OF THE BACK-
SHUNT RELAY AND A LOW
VOLTAGE D.C. SUPPLY. AT
THE TIME THE KEY IS HELD
CLOSED,THE RESULTING CUE
RENT FLOW THROUGH THE
SOLENOID WINDING OF THE
RELAY WILL ATTRACT THE
CONTACT BLADE TOWARDS
THE LEFT SO THAT IT WILL
TOUCH CONTACT #I. THIS
WILL SERVE TO CONNECT
THE ARC CIRCUIT TO THE
TUNED ANTENNA CIRCUIT 80

Amt. D.C. Generator

Vorionieter

Ar4emna
Loading
coil

Key)

Low Volict9e ....

D.C. Supply

Absorption
Circuit -

SIG, 14
Ilse .arc 7-,---anstril fie r.
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THAT ITS OSCILLATIONS MAY RADIATE A CONTINUOUS WAVE FROM THE ANTENNA.

WHEN THE KEY IS RELEASED, THE SOLENOID LOSES ITS ATTRACTION 80 THAT
THE CONTACT BLADE OF THE RELAY 16 OVERCOME BY THE SPRING TENSION AND THERE
FORE CLOSES THE CIRCUIT THROUGH CONTACT #2. THIS WILL DISCONNECT THE ANT-
ENNA CIRCUIT FROM THE SYSTEM AND AT THE SAME TIME WILL CONNECT THE ABSORE
TION CIRCUIT ACROSS THE ARC. THE ABSORPTION CIRCUIT 18 ALSO A kESONANCE
CIRCUIT AND PERMITS CONTINUED OSCILLATION TO OCCUR IN THE TRANSMITTER BUT
PREVENTS RADIATION. THUS BY PROPERLY OPERATING THE KEY, THE DESIRED IN-
TERRUPTIONS CAN BE PRODUCED IN THE TRANSMITTED CONTINUOUS WAVE TO FORM
THE LETTERS OF THE CODE.

ALTHOUGH ALL MODERN TRANSMITTERS EMPLOY VACUUM TUBE CIRCUITS RATHER
THAN THE SYSTEMS DESCRIBED IN THIS LESSON, YET THIS LESSON SHOULD HAVE
SERVED ITS PURPOSE OF FAMILIARIZING YOU WITH THESE EARLIER CIRCUITS SUFF-
ICIENTLY 80 THAT YOU WILL AT LEAST HAVE SOME IDEA AS TO THEIR CONSTRUCTION
AND OPERATION IN THE EVENT THAT YOU SHOULD AT SOME TIME DR OTHER HEAR A-
BOUT THEM.

THERE IS NO NEED TO DESCRIBE THESE EARLIER TRANSMITTERS IN FURTHER
DETAIL AND 80 IN THE NEXT LESSON, WE WILL START RIGHT IN WITH 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-1

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

1 DRAW A DIAGRAM OF A SIMPLE SPARK TRANSMITTER AND EXPLAIN
HOW IT OPERATES.

2. - DESCRIBE A "QUENCHED SPARK GAP" AND EXPLAIN THE REASON
FOR USING IT.

3. - MAKE A SIMPLE DRAWING OF A SYNCHRONOUS DISCHARGER AND gX
PLAIN HOW IT OPERATES,

4. - WHAT IS THE DIFFERENCE BETWEEN AN INTERRUPTED CONTINUOUS
WAVE AND THE TYPE OF WAVE RADIATED BY A SIMPLE SPARK TRAt
SMITTER WHEN SENDING CODE SIGNALS?

5. - BY WHAT METHODS MAY CONTINUOUS WAVES BE GENERATED?

6. - DRAW A DIAGRAM OF A SIMPLE ARC TRANSMITTER CIRCUIT AND E
PLAIN HOW IT OPERATES.

7. - FOR WHAT TYPE OF RADIO COMMUNICATION ARE CONTINOUS WAVES
ADAPTED?

8. - WHAT IS THE DIFFERENCE BETWEEN A "SYNCHRONOUS DISCHARGER"
AND A "NON-SYNCHRONOUS DISCHARGER" AC USED IN A SPARK TRANS,
MITTER?

9. - How DOES A TELEGRAPH KEY ENABLE THE "DCTS" AND DASHES" OF
THE CODE TO BE FORMED WHEN OPERATING A TRANSMITTER WHICH
RADIATES AN INTERRUPTED CONTINUOUS WAVE?

10.- WHY vs A BEAT NOTE 403CILLATOR USED IN CONJUNCTION WITH A
RECEIVER WHEN LISTENING TO C.W. CODE SIGNALS?

NOTICEI... BE SURE TO NUMBER ALL OF YOUR EXAMINATION PAPERS
FOR THE ADVANCED LESSON GROUPS TO CORRESPOND WITH THE
LESSON NUMBER APPEARING AT THE TOP OF THE EXAMINATION PAGE
IN EACH OF THESE LESSONS. FOR EXAMPLEITHE NUMBER OF THIS
LESSON IS THIS IS IMPORTANT.

PRINTED IN U.S.A



RADIO TELEVISION
Practical

°
Los Angeles,

Copyright 1937 by
NATIONAL SCHOOLS

J. A . ROSENKRANZ Pres. 

AL SC
Established 1905

1.11,

121

1 11-1/1 I t fiLAI
`),IL

Training

HO°Ls
California

anatilmitters
LESSON NO. 2

 VACUUM TUBE 05C/ L L ATORS

Printed in U. S. A.

You HAVE ALREADY BEEN TOLD THAT MODERN TRANSMITTERS EMPLOY VACUUM

TUBE OSCILLATORS IN ORDER TO GENERATE THE RADIO FREQUENCY ENERGY WHICH 18
TO BE USED FOR RADIATING CONTINUOUS WAVES AND 3N THIS LESSON, YOU ARE GO.'
ING TO BE SHOWN HOW SUCH OSCILLATORS FUNCTION AND THE METHODS OF USING

THEM IN TRANSMITTER CIRCUITS.

PRODUCING OSCILLATIONS

OUR FIRST STEP WILL BE TO SEE HOW ELECTRICAL OSCILLATIONS CAN BEPRI
DUCED IN A VACUUM TUBE CIRCUIT AND IN FIGURE 2 YOU ARE SHOWN THE FUNDA-

MENTAL CIRCUIT OF AN INDUCTIVE FEED-BACK TYPE OSCILLATOR. HERE,YOU WILL

NOTICE, THAT WE HAVE A SMALL PLATE COIL CONNECTED IN SERIES
CIRCUIT OF THE TUBE AND AT THE SAME TIME CLOSELY COUPLED TO
OF THE SAME TUBE 60 THAT
THERE IS MUTUAL INDUCTANCE
BETWEEN THESE TWO COILS.

WHEN IT IS DESIRED TO
SET THIS SYSTEM IN OPERATION,
THE FIRST STEP TAKEN IS TO
CLOSE THE FILAMENT' CIRCUIT
60 THAT THE CURRENT FURNISh
ED BY THE "A" SUPPLY CAN
HEAT UP THE FILAMENT. THE
RESULTING ELECTRON EMISSION
WILL PERMIT PLATE CURRENT TO
FLOW THROUGH THE CIRCUIT.

THIS PLATE CURRENT
MUST ALL FLOW THROUGH THE
PLATE COIL AND IN DOING 80,
A MAGNETIC FIELD IS ESTAB-
LISHED AROUND IT. HOWEVER,
IT IS IMPORTANT TO NOTE THAT

WITH THEPLATE
THE GRID COIL

G. 1

Engineer at Work Adjusting
a Manstriliter-.
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BEFORE THIS PLATE CURRENT REACHES ITS PEAK VALUE, A CERTAIN LENGTH OF
TIME IS REQUIRED AND DURING WHICH PERIOD THE RESULTING MAGNETIC FIELD
PRODUCED BY THE PLATE COIL IS UNDERGOING 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 COIL
AND IN SO DOING INDUCE AN E.M.F. IN THE GRID COIL. IF CONDITIONS ARE SUCH
THAT THE UPPER END OF THE GRID WINDING AT THIS PARTICULAR INSTANT BECOMES
POSITIVE WHILE ITS LOWER END BECOMES NEGATIVE, THEN THE GRID OF THE TUBE
WILL HAVE A POSITIVE CHARGE IMPRESSED UPON IT. THIS IN TURN WILL CAUSETHE
FLOW OF PLATE CURRENT TO INCREASE.

THE
THIS INCREASING PLATE CURRENT CAUSES A STILL GREATER EXPANSION OF

MAGNETIC FIELD AROUND THE PLATE COIL, WHICH RESULTS IN A STILLGREATER
INDUCTION IN THE GRID
COIL AND THEAPPLICATION
OF A STILL HIGHER POS-
ITIVE POTENTIAL UPON THE
GRID OF THE TUBE. THIS
CAUSES A FURTHER IN-

CREASE IN THE PLATE CUR
RENT AND THEAPPLICATION
OF STILL HIGHERPOSITIVE
POTENTIALS UPON THEGRID.
THIS BUILDING-UPPROCESS
CONTINUES IN THIS WAY
UP TO A CERTAIN POINT
AND WHICH IS DEPENDENT
UPON THECHARACTERISTICS
OF THE TUBE AS WELL AS
THE RESISTANCE OF THE
CIRCUIT.A Fariciarrionka/ CircuiL

FINALLY,THE PLATE
CURRENT WILL STOP INCREASING AND HEREFORE THE MAGNETIC FIELD OF THE
PLATE COIL NO LONGER CONTINUES TO EXPAND. AT THIS TIME, NO VOLTAGE CAN

BE INDUCED IN THE GRID WINDING AND THE VOLTAGE AT THE GRID THUS DROPS TO
ZERO. THIS BRINGS ABOUT A REDUCTION IN THE PLATE CURRENT AND A COLLAPSE
OF THE MAGNETIC FIELD. SINCE THE LINES OF FORCE ARE NOW MOVING IN A DI-
RECTION OPPOSITE TO THEIR FORMER DIRECTION OF TRAVEL, THE POLARITY OF THE
GRID COIL WILL AT THIS TIME BE REVERSED, THAT IS, ITS UPPER END WILL NOW
BE NEGATIVE AND ITS LOWER END POSITIVE. THIS MEANS THAT A NEGATIVE VOL-
TAGE WILL NOW BE APPLIED TO THE GRID AND THEREBY REDUCE THE FLOW OFPLATE
CURRENT STILL MORE.

THE PLATE CURRENT WILL CONTINUE TO DECREASE IN THIS MANNER,DROPPING
BELOW ITS NORMAL VALUE UNTIL A POINT IS FINALLY REACHED AT WHICH NO FUR
THER DECREASE TAKES PLACE AND THE GRID POTENTIAL REMAINS CONSTANT FOR
AN INSTANT. THE CURRENT THEN COMMENCES TO INCREASE AGAIN AND THE CYCLE AS
JUST DESCRIBED WILL REPEAT ITSELF, CONTINUING IN THIS MANNER INDEFINITELY
AS LONG THE OPERATING VOLTAGES ARE APPLIED TO THE TUBE.

ALTHOUGH THE "8' SUPPLY FURNISHES A DIRECT CURRENT,YET WHEN THETUBE
IS 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 NO flSIGNALII VOLTAGE IS APPLIED TO THE GRID).
THIS NORMAL PLATE CURRENT VALUE THEREFORE IS EQUIVALENT TC THE ZERO LINE
OR LEVEL IN THE WAVE FORm OF A TRUE ALTERNATING CURRENT. IT 18 CUSTOMARY
TO REFER TO THE RISES AND FALLS IN PLATE CURRENT AS THE A.C. OOMPONENT OF
THE PLATE CURRENT AND IT IS 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
OSCILLATOR'S PLATE CURRENT CAN THEREFORE PRODUCE THE SAME RESULTS AS A

CONVENTIONAL ALTERNATING CURRENT.

IN FIG. 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 STILL GREATER MAGNITUDE IN THE PLATE
CIRCUIT AND IT IS IMPORTANT TO REMEMBER THAT THE A.C. GRID VOLTAGE AS APP
LIED TO THE GRID OF THE OSCILLATOR TUBE IS OBTAINED FROM THE TRANSFER OF
PLATE ENERGY TO THE GRID CIRCUIT.

IT IS REALLY THE ABILITY OF A VACUUM TUBE TO AMPLIFY WHICH ENABLES

IT TO FUNCTION AS AN OSCILLATOR. IN OTHER WORDS, SINCE THE POWER REQUIRED
BY THE INPUT OF AN AMPLIFIER IS MUCH LESS THAN THE AMPLIFIED OUTPUT, THE
AMPLIFIER TUBE CAN BE MADE TO SUPPLY ITS OWN INPUT. IT IS 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 AS TO RE-

DUCE THE GRID CIRCUIT LOSSES TO ZERO

SHOWS OSCILLATIONS BUILDING UP
QUICKLY DUE TO FEED -BACK ACTION.

SHOWS RISE AND FALL
;IN PLATE CURRENT

NORMAL
PLATE CURRENT

GRID VOLTAGE CHANGES

SHOWS ALTERNATING E. M. F. APPLIED
TO OSCILLATOR GRID OBTAINED FROM

THE TRANSFER OF PLATE ENERGY
TO THE GRID CIRCUIT.

FIG ,3
Curves Showing 1-10,-.0 /5.

Gerefr-a-ed by Ciscillaor Circuit,
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OBSERVE IN FIG. 3 THAT THE OSCILLATIONS BUILD UP QUITE RAPIDLY UN-

TIL THE FINAL AMPLITUDE IS REACHED AND THAT WHEN ONCE IN OPERATION,THE
WAVE FORM IS CONTINUOUS AND OF CONSTANT AMPLITUDE AND IT IS THIS 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-
SES AND FALLS IS GOVERNED BY THE CAPACITIVE AND INDUCTIVE VALUES AS USED
IN THE TUNED CIRCUIT (THE GRID CIRCUIT IN THE CASE OF FIG.2).

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

IN FIG. 4 YOU ARE
ILLATOR. By STUDYING
THIS DIAGRAM CAREFULLY,
YOU WILL OBSERVE THAT
WE HAVE FIRST A COIL
OR INDUCTANCE L AND A

VARIABLE CONDENSER
WHICH TOGETHER FORM THE
TUNING CIRCUIT.. THE URE
ER END OF COIL L IS CON
NECTED TO THE GRID OF
THE TUBE AND THE LOWER
END OF THIS SAME COIL
IS CONNECTED TO THE
PLATE OF THE TUBE THRU
THE COUPLING CONDENSER
C/.. THE FILAMENT CIRCUIT
AND B- ARE CONNECTED TO
COIL L AT A POINT BE-
TWEEN ITS END CONNEC-
TIONS AND THIS RESULTS IN

THE HARTLEY OSCILLATOR

SHOWN WHAT IS KNOWN AS A SHUNT -FEED" HARTLEYOSG-

Q.F. choke

_11111111

F I c,. 4

-517L///t- Feed

THE UPPER SECTION OF COIL L BEING INCLUDED IN

THE GRID CIRCUIT AND THE LOWER SECTION OF L BEING INCLUDED IN THE PLATE

CIRCUIT OF THE SAME TUBE. THEN SINCE THESE TWO SECTIONS ARE PARTS OF THE

SAME WINDING, WE HAVE THE GRID AND PLATE CIRCUITS OF THIS TUBE SO COUPLED
THAT OSCILLATIONS CAN BE PRODUCED AS ALREADY EXPLAINED RELATIVE TO FIG. 2.

Oscii/aZ-or-

THE CONNECTIONS AT COIL L WHICH ARE INDICATED BY MEANS OF THE ARROW
HEADS INDICATE THAT THESE CONNECTIONS ARE BUBJECT TO CHANGE AT THE TIME

THE OSCILLATOR IS BEING ADJUSTED FOR OPERATION. IT IS CUSTOMARY TO WIND

COIL L WITH COPPER TUBING 80 THAT A SPACE -WOUND, SELF' -SUPPORTING COIL IS

OBTAINED AND TO USE CLIP CONNECTIONS AT THOSE POINTS WHICH ARE INDICATED

BY THE ARROW HEADS IN FIG. 4.

THE R.F. CHOKE PROVIDES A HIGH IMPEDANCE TO RADIO FREQUENCYCURRENTS
IN THE "B" CIRCUIT OF THIS TUBE AND THEREBY FORCES THE R.F. ENERGY THRU
CONDENSER Ce INTO THE LOWER SECTION OF COIL L.

THE PURPOSE OF THE CONDENSER C1 AND THE LEAK RESISTOR RIA8 USED IN

THIS CIRCUIT IS TO KEEP THE AVERAGE POTENTIAL OF THE GRID NEGATIVE WITH
RESPECT TO THE FILAMENT. CONDENSER CI OFFERS PRACTICALLY NO OPPOSITION TO
THE HIGH FREQUENCY CURRENTS SO THAT R.F. VOLTAGES CAN BE APPLIED THRU IT
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AND IMPRESSED UPON THE GRID OF THE TUBE. EACH TIME THAT THEINSTANTANEOU6
GRID POTENTIAL IS POSITIVE, ELECTRONS ARE ATTRACTED TO THE GRID AND PER-
MITTED TO FLOW THROUGH THE GRID CIRCUIT SY BEING SHUNTED AROUND THRU

RESISTOR RI. SINCE THIS GRID CURRENT FLOW THROUGH RIIS ALWAYS IN THESAME
DIRECTION, THE RESULTING VOLT DROP ACROSS RICAN BE USED AS A BIASVOLTAGE
FOR THE TUBE THE GRID BEING NEGATIVE WITH RESPECT TO THE FILAMENT.

THE SERIES -FEED HARTLEY OSCILLATOR

THE ISERIE8FEEDU HARTLEY OSCILLATOR IS ILLUSTRATED IN FIG.S.
CIRCUIT IN GENERAL IS QUITE SIMILAS TO THE HARTLEY CIRCUIT OF FIG.

IT DIFFERS IN THAT IN THE SERIES -FEED SYSTEM, THE LOWER SECTION OF
L 18 USED TO COMPLETE THE CONNECTION BETWEEN B-
IN THE SERIES -FEED SYSTEM, THE LOWER SECTION OF
THE "Bm CIRCUIT. THIS
BEING TRUE,WE HAVE
HERE ANOTHER CASE
WHERE THE GRID AND
PLATE CIRCUITS ARECI4
SELY COUPLED 80 THAT
OSCILLATION CAN OE M%
DUCED. THE PURPOSE OF
CONDENSER COS TO PR2
VIDE A SHUNTING PATH
AROUND THE "B" SUPPLY
80 THAT NONE OF THE
RADIO FREQUENCY ENERGY
WILL SE COMPELLED TO

FLOW THROUGH THE "B"

SUPPLY.

THE COLPITTS CIRCUIT

IN THE OSCILLAT-
ORS AS SO FAR DESCRIBED, FEEDBACK WAS ACCOMPLISHED THROUGH INDUCTIVE

COUPLING BETWEEN THE PLATE AND GRID CIRCUITS OF THE OSCILLATOR TUBE. IN

ADDITION TO THIS METHOD, IT IS ALSO POSSIBLE TO OBTAIN THIS FEED -BACK BY
UTILIZING CAPACITY COUPLING BETWEEN THE PLATE AND GRID CIRCUITS OF THE

TUBE. A CIRCUIT OF THIS TYPE IS SHOWN YOU IN FIG. 6 AND IT IS KNOWN AS

THE COLPITTS SYSTEM.

FIG

THIS

4 BUT
COIL

AND A-. IN OTHER WORDS,

COIL L IS IN SERIES WITH

5
Series- Feedgari ley Oscifiato,-.

BY STUDYING FIG.E CAREFULLY, YOU WILL OBSERVE THAT THE TWO SERIES

CONNECTED CONDENSERS C1AND C ARE TOGETHER CONNECTED ACROSS COIL L. IT

IS ALSO TRUE THAT CONDENSERS UTAND C3ARE EFFECTIVELY CONNECTED IN SERIES
AND TOGETHER SHUNTED ACROSS THE "B" SUPPLY. THE GRID CONDENSER CONDLEAK

RESISTOR RIFUNCTION IN THESAME MANNER AS ALREADY EXPLAINED RELATIVE TOTHE

PRECEDING CIRCUITS.

WITH THESE POINTS IN MIND, LET US NOW SEE HOW THIS SYSTEM OPERATES:

AT THE TIME THE FILAMENT CIRCUIT IS COMPLETED, ELECTRON EMISSION
TAKES PLACE AND PLATE CURRENT COMMENCES TO FLOW. THE R.F. CHOKE IN THE

PLATE CIRCUIT OPPOSES ANY FLOW OF RADIO FREQUENCY CURRENT THROUGH IT AND
FARCES THE R.F. ENERGY THROUGH CONDENSERS C3AND CZWHICH APE CONNECTED IN
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SHUNT WITH THE "6" CIRCUIT AND THEREFORE VOLTAGE DROPS OF CORRESPONDING
VARIATION APPEAR ACROSS THE PLATES OF CONDENSER C. THE METHOD OFCONNEC-
TION BETWEEN CI-CIANo L ARE SUCH THAT IF A VOLTAGE DROP OR DIFFERENCE OF
POTENTIAL 18 ESTABLISHED ACROSS THE PLATES OF CI, A VOLTAGE DROP OR DIFE
ERENCE OF POTENTIAL MUST ALSO APPEAR ACROSS CONDENSER C.AND WHICH WILL
RESULT IN A VOLTAGE DIFFERENCE BETWEEN THE FILAMENT AND GRID ACROSBWHICH
IT IS CONNECTED. THIS CHANGE IN THE VOLTAGE DIFFERENCE 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 POTENTIAL DUE
TO THE CORRESPONDING VOLTAGE CHANGES WHICH APPEAR ACROSS C'7_ AND C,ON ACO-
OUNT OF THE FEED -BACK. SINCE THE A.C. COMPONENT OF THE PLATE CIRCUIT IS

BEING UTILIZED FOR FEED -BACK, ALTERNATING -POTENTIAL VARIATIONS ARE BEING
APPLIED TO THE GRID AND THE PHASE RELATION IN THE CIRCUITS IS SUCH THAT
SELF -SUSTAINED OSCILLATIONS RESULT.

40
4P.

41W

4P
4W
4P

4W

4P

"A"

R.F. Choke

C3 -I

r I G.

The Colpi11.5

FEED -BACK SYSTEM. IN THIS CASE, ONE TUNED CIRCUIT
IS CONNECTED ACROSS THE GRID CIRCUIT AND ANOTHER
ING OF LAND Cis CONNECTED IN THE PLATE CIRCUIT.

THE FEED -BACK e-

FFECT IS INFLUENCED BY
THE CAPACITY OFCONDEN-
SERs C4AND C,eND THE FRL
QUENCY OF OSCILLATION
IS DETERMINED SY THE
INDUCTANCE VALUE OF COIL
L IN CONJUNCTtON WITH
THE CAPACITIVE VALUES
OF CONDENSERS CI AND C2.

THE TUNED -PLATE,

TUNED -GRID OSCILLATOR

IN FIG.7YOU ARE
sHowN A TUNED- PLATE,
TUNED -GRID OSCILLATOR
AND WHICH ALSO MAKES
OBE OF A CAPACITIVE
CONSISTING OF L1AND C

TUNED CIRCUIT CONSIST"

WHEN THESE TWO CIRCUITS ARE TUNED TO RESONANCE WITH EACHOTHER, R.F.
ENERGY OF THIS SAME FREQUENCY 18 REJECTED BY THE TUNED PLATE CIRCUIT AND
SOME IF IT IS FORCED THROUGH THE TUBE'S GRID -PLATE CAPACITY AND THUS ARE
LIED TO THE GRID. VOLTAGE CHANGES THUS IMPRESSED UPON THE TUBE'S GRID AT
RADIO FREQUENCIES WILL CAUSE CORRESPONDING VARIATIONS IN PLATE CURRENT
AND SINCE THE OUTPUT POWER OF THE TUBE IS MUCH GREATER THAN THE INPUT
POWER REQUIRED TO PRODUCE IT, CONTINUOUS OSCILLATIONS CAN BE GENERATED
THE SAME AS ALREADY EXPLAINED RELATIVE TO THE SYSTEMS PREVIOUSLYDESCRIS-
ED.

THE R.F. CHOKE AND CONDENSER C4ARE USED IN THE CIRCUIT OF FIG.7 SO

THAT THERE WILL BE NO TENDENCY FOR R.F. ENERGY TO PASS THROUGH THE "SR

SUPPLY. THE GRID CONDENSER C3AND THE LEAK RESISTOR R FUNCTION IN THESAME
MANNER AS ALREADY EXPLAINED FOR THESE SAME UNITS EARLIER IN THIS LESSON.

THE MEISSNER CIRCUIT

IN THE MEISSNER CIRCUIT WHICH IS ILLUSTRATED IN Flo.6 WE HAVE THREE
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COILS INDUCTIVELY COUPLED. COIL LII8 INCLUDED IN THE GRID CIRCUIT AND

INDUCTIVELY COUPLED TO THE ANTENNA COIL, WHILE COIL LzIS INCLUDED IN THE

PLATE CIRCUIT AND ALSO INDUCTIVELY COUPLED TO THE ANTENNA COIL. NEITHER

LINOR LtIS TUNED -- THE FREQUENCY OF OSCILLATION IN THIS CIRCUIT BEING

CONTROLLED BY TUNING THE ANTENNA CIRCUIT.

IN THIS CIRCUIT RADIO FREQUENCY ENERGY IN THE PLATE CIRCUIT 18 IN-

DUCED FROM COIL 1-1INTO THE ANTENNA COIL WITH WHICH IT 18 COUPLED AND THE

ANTENNA COIL IN TURN INDUCES VOLTAGES OF CORRESPONDI4G FREQUENCY INTO

THE GRID COIL LIWITH WHICH IT IS COUPLED. IN THIS MANNER REGENERATION AND

OSCILLATION IS PRODUCED.

THE "TNT" CIRCUIT

THE CIRCUITS AS SO

FAR DESCRIBED ARE THE
FUNDAMENTAL OSCILLATOR
CIRCUITS BUT IN PRACTICE
YOU WILL FIND THAT IN

ADDITION TO THESE, A

NUMBER OF MODIFICATIONS
OF THESE FUNDAMENTAL CIE
CUITS ARE EMPLOYED. IN

FIG. 9, FOR INBTANCE,WE
HAVE WHAT IS KNOWN AS
THE "T.N.T." CIRCUIT.

BY STUDYING FIG.9

CAREFULLY, YOU WILL OB-
SERVE THAT THE TUNING
CIRCUIT IS HERE INCLUDED
IN THE PLATE CIRCUIT OF

F -I G . 7

Turgid -Plake,Tuned- Grid Oscifia60,-.

THE TUBE AND CONSISTS OF THE COIL LAND THE CONDENSER CI. THE GRID COIL

L 2I8 SO CONSTRUCTED THAT ITS INDUCTANCE TOGETHER WITH ITS DISTRIBUTED CA-
PACITY AND THE ADDITIONAL CAPACITY INTRODUCED BY THE GRID CIRCUIT WIRING
PERMITS IT TO RESONATE BROADLY AT THE OPERATING FREQUENCY. THE GRID -PLATE

CAPACITY OF THE TUBE PROVIDES THE NECESSARY FEED -BACK THE SAME AS IN THE

TUNED -GRID, TUNED -PLATE OSCILLATOR -- THE ONLY DIFFERENCE BEING THAT THE
GRID COIL IS NOT TUNED BY A CONDENSER.

THE'ELECTRON-COUPLED OSCILLATOR

FIG. 10 SHOWS YOU HOW A SCREEN GRID TUBE OF THE HEATER TYPE IS US-

ED IN AN ELECTRON -COUPLED OSCILLATOR CIRCUIT. THE SCREEN GR1D,CATHODEAND
CONTROL GRID ARE CONNECTED IN A HARTLEY CIRCUIT 80 AS TO GENERATE THE

OSCILLATIONS. THE AMPLIFIED R.F. ENERGY IS TAKEN FROM THE TUNING CIRCUIT

WHICH IS CONNECTED IN SERIES WITH THE PLATE. IN OTHER WORDS,THIS ARRANGL
MENT SERVES AS AN OSCILLATOR AS WELL AS AN R.F. AMPLIFIER 80 THAT THE

R.F. ENERGY IN ADDITION TO BEING GENERATED CAN ALSO BE AMPLIFIED BY THE

SAME TUBE.

ALTHOUGH BATTERIES ARE SHOWN AS SUPPLYING 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 SAME REGARD-



PAGE 8 TRANSMITTERS

LESS OF THE TYPE OF POWER SUPPLY BEING USED. THE OIFFERENT POWER SUPPLIES
AS USED WITH TRANSMITTERS AND ALSO COMPLETE TRANSMITTER CIRCUIT DIAGRAMS
TOGETHER WITH THEIR PROPER POWER SUPPLIES 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 SU0PLIED FROM A SINGLE TUBE OF THE TYPE AVAILABLE.
IN SUCH CASES, IT 18 THEREFORE THE PRACTICE TO USE TWO TUBES TO FUNCTION
SIMULTANEOUSLY AS OSCILLATORS AND IN THIS WAY FURNISH APPROXIMATELY TWICE
THE POWER OUTPUT OF A SINGLE TUBE. ONE METHOD IS TO CONNECT THE TWO 080-
ILLATOR TUBES IN PARALLEL, THAT IS, USING THE SAME FUNDAMENTALOSCILLATOR
CIRCUIT AS WITH A SINGLE TUBE BUT TO CONNECT TOGETHER THE GRIDS, THE

PLATES AND THE FIL-
AMENTS OF TWO SIMIL-
AR TUBES.

F I G. 8

Tke Meissner C7,--cui1-.

THEN IT IS BETTER TO CONNECT THEM IN A PUSH
PULL CIRCUIT IN THIS CASE WILL HAVE THE SAME
PULL TUBE CONNECTION IN AUDIO AMPLIFIERS. IN
OSCILLATOR CONNECTION ALSO PROVIDES US WITH
OF A SINGLE TUBE AND IN ADDITION PLACES THE
TWO TUBES EFFECTIVELY IN SERIES.

A PARALLELOSO
ILLATOR CONNECTION,
HOWEVER, IS NOT ALTO-
GETHER DESIRABLE IN

THAT THIS ARRANGEMENT
ALSO PLACES THEGRID-
PLATE CAPACITIES OF
THE TWO TUBES IN PAS
ALLEL AND IN THIS
WAY INCREASES THE
FEEDBACK. WHEN TWO
TUBES ARE TOGETHERth
VOLVED IN THIS WAY
THE FEED -BACK 18 NOT
EASILY CONTROLLED.

IF TWO OSCILL-*

ATOR TUBES ARE WANTED
PULL ARRANGEMENT. THE PUSH --

CHARACTERISTICS AS A PUSH -

OTHER WORDS,THE PUSH-PULL
ABOUT TWICE THE POWER OUTPUT
GRID -PLATE CAPACITIES OF THE

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 16 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 IS SHOWN YOU IN FIG.II AND
WHICH YOU WILL NO DOUBT READILY RECOGNIZE AS BEING BASED ON THE T.N.T.
CIRCUIT,
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COIL L,or THE

PLATE TUNED CIRCUIT IS
CENTER -TAPPED AND COQ{
NECTED TO 24.,WHILEITS
EXTREMETIES ARE EACH
CONNECTED TO ONE OF

THE OSCILLATOR TUBE
PLATES. THE R.F.CHOKE
L3WHICHIS CONNECTEDA
CROSS THE GRIDS or
THE TWO TUBES IS ALSO
CENTER -TAPPED, THE

CENTER TAP BEING CON-
NECTED TO B- AND THE
ELECTRICAL CENTER OF

THE FILAMENT CIRCUIT
THROUGH THE BLOCKING
CONDENSER C/yAND THE
LEAK RESISTOR RI. THE
PURPOSE OF THECONDEN-
SER C318 TO SERVE AS

A HIGH FREQUENCY BY-
PASS AROUND THE B SU-
PPLY.

L7_

"A"

-.11111111=t-

Li
OI

FIG. 9

T h e C r -cLi I ,

FROM WHAT YOU HAVE ALREADY LEARNED IN THIS LESSON CONCERNING AN

OSCILLATOR CIRCUIT OF THIS TYPE WHEN USING A SINGLE TUBE IN CONJUNCTION

WITH WHAT YOU ALREADY KNOW ABOUT PUSH-PULL OPERATION, YOU SHOULD HAVE NO

DIFFICULTY WHATEVER IN ACQUIRING AN INTELLIGENT UNDERSTANDING OF THE CLE

CU1T PRESENTED IN FIG.

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

C4

IF

L

FIG. 10

Th e Elec&on-Couicileci Osci//o far.

N F10.12 YOU
WILL SEE HOW TWO TUBES
CAN BE OPERATED IN A

PUSH-PULL ARRANGEMENT
BY USING THE TUNED -

PLATE, TUNED -GRID OSC-

ILLATOR PRINCIPLE.HERE,
THE GRID COIL LI1S cqu
TER TAPPED AND TUNED BY
CONDENSER CI - THE ccu
TER TAP 18 CONNECTED
TO B- AND THE ELECT-
RICAL CENTER OF THEFII
AMENT CIRCUIT THROUGH
THE BLOCKING CONDENSER
C3AND THE LEAK RESISTOR
RI. THE PLATE COIL L2
18 ALSO CENTER TAPPED
AND TUNED BY CONDENSER
OE- THE CENTER TAP B5
ING CONNECTED TO
THE OTHER CONNECTIONS
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AND CIRCUIT COMPONENTS ARE SELPEXPLANATORY BY THIS TIME.

F1G.11

The Push- Pull Oscillator.

WHEN PUSH-PULL OSCILL''
ATOR TUBES ARE USED,THET.N.T.
AND TUNEIPLATE,TUNED"GRIDMI
RANGEMENTS ARE MOST GENERALLY
EMPLOYED,HOWEVER,THE HARTLEY
AND DOLPITTS SYSTEM CAN ALSO
BE APPLIED IN A PUS1+**PULLCLB
CU IT.

THE PUSH-PULL HARTLEY
CIRCUIT

FOR YOUR INFORMATION
YOU ARE SHOWN IN FIG.13 A

HARTLEY OSCILLATOR CIRCUIT
IN WHICH TWO TUBES ARE USED
IN PUSH-PULL. HERE THE BASIC
PUSH-PULL ARRANGEMENT ISUSED
AND IN ADDITION THE COUPLING
CONDENSERS OTAND C3ARE CONN-
ECTED BETWEEN THE GRIDS OF
THE TUBES AND OPPOSITE ENDS
OF THE PLATE COIL LI. THESE

CONDENSERS ARE USED TO PERMIT FEEDBACK AND THEIR POINT OF CONNECTION TO
LIIS VARIABLE SO THAT MORE OR LESS OF COIL LICAN BE INCLUDED IN THEFEED
BACK CIRCUIT FOR BOTH TUBES. DUE TO THE MANY CONNECTIONS WHICH ARE NEC-
ESSARY AT COIL LIWHEN USING THIS CIRCUIT,THE COIL IN THIS CASE BECOMES
QUITE CUMBERSOME AND AWKWARD TO HANDLE.

OTHER THAN THE FEED-
BACK CONNECTIONS AT THE COIL
LITHE CIRCUIT IN GENERAL DI-
FFERS VERY LITTLE FROM THE
OTHER PUSH-PULL CIRCUITS
SHOWN YOU IN THIS LESSON.

THE PUSH-PULL COLPITTS
CIRCUIT

THE PUSH-PULL OOLPITTS
CIRCUIT IS SHOWN YOU IN FIG.
14. HERE THE CONDENSERS CI
AND CaWHICH TOGETHER TUNE
THE CIRCUIT MUST BE EITHER
INDIVIDUAL CONDENSERS OR ELSE
A SPLIT STATOR OONDENSER.THE
VARIABLE GRID CONDENSERS C3
AND C4ARE USED TO FURNISH A

CONTROL OF GRID EXITATION.

THE REMAINING FEATURES
OF THIS CIRCUIT FOLLOW THE

FIG, 12

The Tuned- Plate, Tuned Grid
Push- Pu/I Oscillator.
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FIG. 13

The Push -Pull Na.-tley Circuit.
FIG. I4

The Push -Pull ColpiHs

SAME DESIGN PRINCIPLES AS THE OTHERS 80 FAR DESCRIBED IN THIS LESSON AND

THERE IS THEREFORE NO NEED FOR REPEATING THIS INFORMATION AT THE PRESENT

T IME.

IN THIS LESSON YOU HAVE HAD THE OPPORTUNITY OF BECOMING ACQUAINTED
WITH THE BASIC OSCILLATOR CIRCUITS AS USED AN TRANSMITTERS FOR BOTH CODE

AND PHONE TRANSMISSION. IN THE FOLLOWING LESSON YOU ARE GOING TO CONTIN-

UE YOUR TRANSMITTER STUDIES BY APPLYING THESE FUNDAMENTA%. OSCILLATORCIR

CUITS TO LOW -POWER CODE TRANSMITTERS AND WHERE YOU WILL ALSO BE alvENcom

PLETE CONSTRUCTIONAL DATA AS WELL AS THE ELECTRICAL VALUES OF THE PARTS

USED AND CORRECT PROCEDURE FOR OPERATING SUCH TRANSMITTE18. You WILLTHEN

ADVANCE IN LOGICAL STEPS THROUG-I YOUR CODE STUDIES,THE APPLICATION OF

R.F. AMPLIFICATION TO TRANSMITTERS, MODULATION SYSTEMS ETC. 80 THAT BY

THE TIME YOU COMPLETE THIS SERIES OF LESSONS TREATING WITH TRANSMITTERS,

YOU WILL HAVE A MOST THOROUGH KNOWLEDGE OF THIS DIVISION OF THE RADIO

FIELD.



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

I. - DRAW A DIAGRAM OF A FUNDAMENTAL VACUUM TUBE OSCILLATOR
CIRCUIT AND EXPLAIN HOW OSCILLATION IS PRODUCED.

2. - DRAW A DIAGRAM OF A SHUNT -FEED HARTLEY OSCILLATOR AND
EXPLAIN HOW IT OPERATES.

3. - DRAW A DIAGRAM OF THE COLPITTS OSCILLATOR AND EXPLAIN
HOW IT OPERATES.

4. - DRAW A DIAGRAM OF A TUNED -PLATE, TUNED -"GRID OSCILLATOR
AND EXPLAIN HOW IT OPERATES.

5. - DRAW A DIAGRAM OF THE T.N.T. OSCILLATOR CIRCUIT AND ps,
PLAIN HOW IT OPERATES.

6. - WHAT ADVANTAGES ARE OBTAINED BY EMPLOYING TWO TUBES IN
A PUSH-PULL OSCILLATOR CIRCUIT AND WHY IS THIS ARRANGL
MENT PREFERABLE TO PARALLEL CONNECTED OSCILLATOR TUBES?

7. - DRAW A DIAGRAM OF A TUNED -PLATE, TUNED -GRID PUSH-PULL
OSCILLATOR AND EXPLAIN HOW IT OPERATES.

8. - WHAT IS THE DIFFERENCE BETWEEN THE SERIES -FEED HARTLEY
OSCILLATOR AND THE SHUNT -FEED HARTLEY OSCILLATOR?

9. - WHY IN OSCILLATOR CIRCUITS IS IT CUSTOMARY TO CONNECT A
BY-PASS CONDENSER ACROSS THE B POWER SUPPLY CIRCUIT?

10.- DRAW A DIAGRAM OF THE MEISSNER OSCILLATOR CIRCUIT AND
PLAIN HOW IT OPERATES.
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LOW- POWER. TRAN5M/TTES°

WITH WHAT YOU HAVE LEARNED IN THE PREVIOUS LESSON ABOUT VACUUM

TUBE OSCILLATORS, YOU ARE NOW IN A POSITION TO STUDY ABOUT LOWPOWeRTRA
NBMITTERS IN THEIR COMPLETE FORM AND THE CORRECT METHOD OF OPERATING

THEM. IT IS NO MORE BUT LOGICAL THAT WE START THIS STUDY WITH THE owe
LER CIRCUITS INVOLVING AN OSCILLATOR STAGE ONLY AND THEN GRADUALLY AD"'

VANCE THROUGH THE MORE COMPLEX SYSTEMS IN WHICH A GREATER NUMBER OFTU&
ES ARE EMPLOYED.

You WILL ALSO FIND THAT
FOR THE PRESENT,ONLY cope -

TRANSMITTERS 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-

SONS.

WE WANT YOU TO UNDER-
STAND CLEARLY,THAT THE CON-
STRUCTIONAL DATA AS FURNISH-
ED IN THESE LESSONS IS OFFER-
ED SOLELY FOR INSTRUCTIONAL
PURPOSES AND THAT IT IS UN-
LAWFUL TO OPERATE ANY OF THIS
TRANSMITTING EQUIPMENT WITH-
OUT FIRST HAVING PASSED THE
REQUIRED EXAMINATION AND RE-
CEIVED A LICENSE FROM THEFEQ
ERAL COMMUNICATIONS COMMIS-
SION (FORMERLY KNOWN AS THE
FEDERAL RADIG COMMISSION) TO

FIG. 1

An Attrac4ive Low -Power
Transtriiier.
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OPERATE AN AMATEUR STATION.

LATER IN THIS COURSE, YOU WILL RECEIVE MORE SPECIFIC DATA AS TO
THE REQUIREMENTS FOR QUALIFYING FOR SUCH A LICENSE.

A ONE-TUBE TRANSMITTER

IN FIG.2 YOU ARE SHOWN THE CONSTRUCTIONAL FEATURES AND GENERAL LAY
OUT OF A LOWOOST, LOW'"POWER TRANSMITTER. THIS TRANSMITTER, YOU WILLOB
SERVE, REQUIRES BUT A SINGLE TUBE, OPERATING AS AN OSCILLATOR. IN THEPAB
TICULAR ILLUSTRATION 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.

Plate
Coil LI Jy Power Pack Cable

R,F. Choke.

Tuning Cortd.

Kzy
Term.

eat?

F--1 2.
Tke One Tube
Tran 5 mil-1-er.

LIZE HOW IT RESEMBLES THE BASIC OSCILLATOR
YOU IN THE PREVIOUS LESSON*

FOR BATTERY
ERATION, A TYPE 30
TUBE CAN BE USED WITH
90 VOLTS ON THE PLATE
OR ELSE A TYPE -.7IA
OR AN WITH ISO

VOLTS ON THE PLATE.
FOR A STILL GREATER
POWER OUTPUT AND WHEN
A SUITABLE A.C. POWER
PACK IS AVAILABLE,
THEN A TYPE "'I0 TUBE
CAN BE USED WITH 500
VOLTS APPLIED TO THE
PLATE.

THE CIRCUIT DIAL
GRAM OF THIS PARTICU
LARTRANSMITTER APPEARS
IN FIG,3 AND IS HERE
SHOWN USING A TYPE` -4S
TUBE. BY INSPECTING
THIS DIAGRAM CLOSELY/
YOU WILL READILY READ

CIRCUITS WHICH WERE SHOWN

THE TUNING CIRCUIT OF THIS TRANSMITTER CONSISTS OF THE PLATE COIL
LIACROSS WHICH A CONVENTIONAL RECEIVER TYPE VARIABLE CONDENSER 0E1..00035
MFD. RATING IS CONNECTED.

BOIL LOS WOUND OF I/4" DIAMETER SOFT 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 IS REMOVED AND THE ENDS
OF THE COIL ARE FLATTENED AND DRILLED 80 AS TO FIT OVER THE MACHINE
SCREWS IN THE STAND-OFF INSULATORS AS SHOWN IN FIG. 2.

ALL PARTS OF THIS TRANSMITTER ARE MOUNTED ON A WOODEN BOARD AND
CAN BE LOCATED QUITE EASILY DIRECT FROM FIG. 2. THE STANDOFF INSULAT-
ORS FOR SUPPORTING COIL LIARE MOUNTED DIRECTLY BEHIND THE TUNING CONDEU
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SER AND THE DISTANCE BETWEEN THE TWO INSULATORS IS 5" AS MEASURED SE"
TWEEN CENTERS.

So THAT THIS TRANSMITTER CAN BE OPERATED IN EITHER THE 20; 40 OR
80 METER SANDS IN WHICH AMATEURS MAY CONDUCT CODE COMMUNICATION, THREE
DIFFERENT COILS ARE USED FOR L. THE SPECIFICATIONS FOR THIS SET OF
THREE PLATE COILS ARE AS FOLLOWS:

THE GRIO COIL
LtIS ALSO WOUND AS A

SET OF THREE TO COVER
THE 20; 40 AND 80 ME'
TER BANDS EACH BEING
WOUND ON A STANDARD
FOUR-PRONG PLUG-IN COIL
FORM OF DIAMETER.
THE SPECIFICATIONS FOR
THE GRID COIL FOLLOW:

80 METER
40 METER
20 METER

BAND,50 TURNS
SAND,15 TURNS
SAND, 6 TURNS

ALL OF THESEGRIO
COILS ARE WOUND WITH
#30 B&8 DOUBLE COTTON
COVERED MAGNETIC WIRE.
GRID COIL LEISINSERTED
IN THE FOUR-HOLE SOCK-
ET WHICH 18 MOUNTED
DIRECTLY TO THE RIGHT
OF THE TUBE IN FIG. 2.

NOTICE IN FIG.3
THAT A 150 OHM CENTER-
TAPPED FILAMENT RESISTOR 18 CONNECTED ACROSS THE FILAMENT CIRCUIT AND
THAT ITS CENTER TAP SERVES AS THE B- CONNECTION. YOU WILL 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 186

CIRCUIT AND IN THIS WAY PROVIDE A MEANS WHEREBY THE PLATE CIRCUIT CAN
BE COMPLETED OR INTERRUPTED TO FORM THE DOTS AND DASHES OF THE CODE.

80 METER BAND
40 METER BAND
20 METER BAND

ffIIMilea.),famIlIIIIIMIIIIIII.101.100.14110

L p
>

O
.0002.5

Mfd.

Key

14 TJRNS
6 TURNS
4 TURNS

so,coo
V310

-45

Power Supply
-Socket
(Sop View)

(Do
R.F,

Chokc

Connection {or Milliarornaker

F1G.3
Circuit Diagram ofElie Iran /7? i711" e r,

THE VARIOUS BY-PASS CONDENSERS WHICH ARE USED MAY BE OF THE TYPE

SUITABLE FOR RECEIVERS BUT SHOULD HAVE A MICA DIELECTRIC. THE PURPOSE OF
THE TWO SERIES CONNECTED .002 MFD. CONDENSERS WHICH ARE CONNECTED ACROSS
THE FILAMENT CIRCUIT IS TO PROVIDE A HIGH FREQUENCY PATH FROM THE FIL"'

ANENT TO B- 80 THAT THE HIGH FREQUENCY CURRENTS WON'T HAVE TO PASS THRU
THE FILAMENT RESISTOR OR KEY.

A STANDARD SHORTWAVE R.F. CHOKE MAY SE USED IN THIS CIRCUIT BUT
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IT IS IMPORTANT THAT IT BE CAPABLE OF PASSING 100 MILLIAMPERES.

THE CIRCUITS ARE ALL WIRED WITH HEAVY BUS BAR AND THE LEADS ARE
MADE AS SHORT AS POSSIELE SO THAT THE RESISTANCE OF THE VARIOUS CIRCUITS
WILL BE REDUCED TO A MINIMUM.

THE POWER PAM

THIS TRANSMITTER IS 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 PLUQ TO THE POWER

PACK. THE CORRESPONDING
POWER PACK IS SHOWN IN FIG.
4 AND ITS CIRCUIT DIAGRAM
IN FIG. 5.

IG.4
The Power Pa c%.

YOU WILL IMMEDIATELY
REALIZE THAT THIS POWER
PACK FOLLOWS THE SAME COj
VENTIONAL DESIGN AS USED IN
A.G. RECEIVERS AND THERE IS
THEREFORE NO PARTICULAR
NEED FOR OFFERING ANY ADD-
ITIONAL EXPLANATIONS Re-
GARD1NG IT.

THE ANTENNA

IN A LATER LESSON YOU
WILL BE GIVEN COMPLETE IJ

STRUCTIONS REGARDINGTRANS-
MITTER ANTENNA SYSTEMS BUT
IN ORDER THAT THE TRANS-
MITTER WHICH IS NOW BEING
DESCRIBED WILL NOT BE IN-
COMPLETE, THE ANTENNA DA-
TA RELATED THERETO SHALL
NOW BE GIVEN.

THE ANTENNA WHICH IS TO BE USED WITH THIS TRANSMITTER IS OF THE
MOST SIMPLE TYPE AND SO THAT THE TRANSMITTER MAY BE OPERATED ON EITHER
THE 20; 40 OR 80 METER BANDS, ITS DIMENSIONS SHOULD CORRESPOND WITH THE
DIAGRAM WHICH HAL BEEN PREPARED FOR YOU IN FIG. 6. HERE YOU WILL 08 -
SERVE THAT THE TOTAL LENGTH OF THE ANTENNA FROM INSULATOR TO INSULATOR
AMOUNTS TO 133 FT. AND THE WIRE USED FOR THIS PURPOSE IS A #I4 88,8 SOL-
ID, ENAMELED WIRE.

THE "FEEDER" WHICH CORRESPONDS TO THE LEAD-IN ON A RECEIVING TYPE
ANTENNA IS TAKEN OFF FROM A POINT 18 FT -- 7 INCHES FROM THE CENTER OF
THE ELEVATED WIRE OR FLAT-TOP. A HEAVY RUBBER -COVERED COPPER WIRE MAYBE
USED AS THE FEEDER AND ITS LENGTH IS NOT CRITICAL. IT SHOULD, HOWEVER,
RUN AT RIGHT ANGLES TO THE FLAT TOP FOR AT LEAST THE FIRST 30% OF ITS
LENGTH.

No GROUNDING SYSTEM IS USED IN CONJUNCTION WITH THIS TRANSMITTER
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AND ITS ANTENNA.

SO MUCH FOR THE
CONSTRUCTIONAL FEATURE
ES OF THE TRANSMITTER.
YOUR NEXT STEP WILL BE
TO LEARN HOW TK1S TRH
EMITTER IS TO BE TUNED
AND ADJUSTED 80 THAT IT
WILL OPERATE CORRECTLY
AND IN THE PROPER FRE-
QUENCY BAND. FOR THIS
WORK, MOST AMATEUR OP"'"
ERATORS USE A UNIT
WHICH 18 KNOWN A8 A

MONITOR AND so THIS
WILL BE DESCRIBED TO

YOU NEXT, AFTER WHICH
YOU WILL BE SHOWN HOW
IT IS USED IN ORDER TO
ADJUST THE TRANSMITTER.

THE MONITOR

AN EXTERNAL VIEW
OF A TYPICAL MONITOR
IS SHOWN YOU IN FIG. 7, WHILE THE INTERNAL CONSTRUCTION OF THIS SAME
UNIT IS SHOWN IN FIG. 8.

F I G . 5

Diagram or Elie Power- Pacic.

THE MONITOR IS IN REALLITY A SMALL ONE -TUBE, TOTALLY SHIELDED Re
GENERATIVE RECEIVER. THE PARTICULAR MONITOR HERE SHOWN USES A TYPE 30
TUBE AND THE TWO SERIES CONNECTED DRY CELLS FOR THE "A" BATTERY,AS WELL
AS THE SMALL SIZE 45 VOLT "8" BATTERY, ARE ALL CONTAINED DIRECTLY IN
THE SHIELD CAN TOGETHER WITH THE COIL, TUNING CONDENSER AND THE OTHER
MISCELLANEOUS PARTS.

THE CIRCUIT DIAGRAM OF THIS MONITOR IS PRESENTED 10 YOU IN FIG. 9
AND BY STUDYING THIS DIAGRAM YOU WILL SEE HOW SIMPLE IN CONSTRUCTION IT
REALLY IS.

sn6rk;i0,-
FI.

Feeder

illy

"18-7 ."

"#7--Ceraer of elevated
w i re"

FIG. 6

The Aribetina Ditnensicils.

SO THAT
THIS MONITOR MAY
ALSO COVER THE
'0-40 AND 80 RE
TER BANDS IN

WHICH THIS TRIG
8!-TF2 YO BS

i TED tY 46

ALSO PROVtOkD
WITH THREE SETS
OF COILS -- ONE
FOR EACH BAND.

THE PLATE
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AND GRID COIL FOR EACH COIL

FIG. 7
Front View of the

Moth

SET ARE BOTH WOUND TOGETHER ON ACONVENTION-
AL PLUG -11N TYPE COIL FORM -- THE WINDINGS

BEING ARRANGED AS ILLUSTRATED IN FIG. 1041

BOTH WINDINGS FOR ALL THREE WAVE BANDS ARE
WOUND WITH #30 841,8 DOUBLE COTTON- COVERED
WIRE AND THE WINDING SPECIFICATIONS POLL" -
OW:

WAVE BAND
80 METER
40 METER
2O METER

GRID COIL PLATE COIL
43 TURN9---- 20 TURNS
15 TURNS---- IC TURNS
7 TURNS---- 7 TURNS

IN ALL CASES, NO SPACING 18 TO BE
ALLOWED BETWEEN THE GRID AND PLATE WIND-
INGS.

THE MONITOR POSSESSES TWO IMPORTANT
CHARACTERISTIC8,NAMELY, (I) IT OFFERS A

MEANS OF LISTENING TO THE STATION TRANS
MITTER'S SIGNAL AT LOW VOLUME AND OF THE bAME TONE AND CHARACTERISTIC AS
WILL THESE SAME SIGNALS BE HEARD AT A DISTANT RECEIVING STATION.(2) THE
MONITOR ALSO FUNCTIONS AS A MINIATURE TRANSMITTER 80 THAT ITS SIGNAL CAN
BE PICKED UP BY THE STATION RECEIVER.

CALIBRATING THE MONITOR

THE NEXT STEP 18 TO CALIBRATE THE
MONITOR AND THIS 18 ACCOMPLISHED IN THE MALI
NER AS WILL NOW BE DESCRIBED.

FIRST, A GOOD SHORT-WAVE RECEIVER
SHOULD BE AVAILABLE. AFTER THE RECEIVER HAS
BEEN OPERATED FOR SOME TIME,ONE WILL BE
FAMILIAR WITH THE LOCATION OF THEDIFFERENT
AMATEUR BANDS WITH RESPECT TO THERECEIVER16
DIAL SETTINGS. HAVING LOCATED ONE OF THESE
AMATEUR BANDS IN THIS WAY,THE NEXT STEP 18
TO TUNE IN SEVERAL COMMERCIAL AND GOVERN
MENT STATIONS WHICH OPERATE CLOSEST TO
BOTH ENDS OF THE PARTICULAR AMATEUR BAND
IN QUESTION. THE FREQUENCY OF THESE STA-
TIONS CAN BE DETERMINED BY CONSULTING A

RADIO CALL BOOK IN WHICH ALL COMMERCIALSTA
TIONS ARE LISTED TOGETHER WITH THEIR FRE-
QUENCY ASSIGNMENTS.

THESE STATIONS ARE GENERALLY REFERR-
ED TO AS "MARKER STATIONS" BY AMATEURS.
WITH ONE OF THESE MARKER STATIONS LOCATED,
THE MONITOR 18 PLACED NEAR THE RECEIVER
AND PUT INTO OPERATION, USING THE PROPER
COIL FOR THE BAND IN QUESTION. THE MONITOR
IS THEN TUNED 80 THAT ITS SIGNAL 18 AUD'-

FIG.6
Inter-tia/ Vie( -0

of the
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IBLE AT THE RECEIVER AND AT A FREQUENCY REASONABLY CLOSE TO THAT AT

WHICH THE FIRST MARKER STATION WAS TUNED IN. T4:#:-.; DONE,THE MARKER STA-

TION 18 TUNED INACCUP-.
ATELY ON THE RECEIVER
AND THE MONITOR DIAL
IS THEN ROTATED CAR E-
FULLY 80 THAT THE MON-

Pl,ae, Coil

ITOR SAGNAI, FREQUENCY +

WILL BE ADJUSTED TO
ZERO BEAT WITH THE SU ue

NAL COMING FROM THE
MARKER STATION. THE
DIM. SETTING OF THE

MONITOR 18 THEN CARE- jack

FULLY NOTED AND THEN -111

PLOTTED ON GRAPH PAPER Grid Coll
II

WHICH IS RULED OFF IN

TERMS OF DIAL SETTINGS
AND KILOCYCLES AS SHOWN

IN FIG.II.

F1 G. 9

C rcu Diagram of Me Mon: tor.
THIS SAME PROCEDURE SHOULD BE REPEATED FOR EACH AVAILABLE MARKER

STATION AND WHEN ALL THE CORRESPONDING MONITOR DIAL SETTINGS HAVE THUS

BEEN PLOTTED ON THE GRAPH, A CONTINUOUS LINE IS DRAWN THROUGH THESE

POINTS AND THIS RESULTS IN THE CALIBRATION CURVE FOR THE MONITOR. FROM

THIS CURVE THE CORRESPONDING FREQUENCY FOR EACH DIAL SETTING OF THE MCA
ITOR CAN BE DETERMINED WITH A REASONABLE AMOUNT OF ACCURACY. ONE SUCH

CURVE MUST BE 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.

TI
iks

X

1

Grid
Cott

2
PL0Ea

"Coil

FIG. 10

The Monitor Coil.

IT IS TO BE UNDERSTOOD
MONITOR SIGNAL IS PICKED UP BY
RECEIVER THROUGH RADIATION WHEN THE

MONITOR 18 PLACED REASONABLY CLOSE TO
THE RECEIVER AND THAT NO WIRED CONNU
TIONS ARE USED BETWEEN THESE TWO UNITE.
SHOULD THE SHIELDING OF THE MONITOR
BE TOO NEAR PERFECT,TAEN SOMETIMES
HOLES ARE DRILLED THROUGH THE SHIELD-
ING 80 THAT THE PROPER SIGNAL PICK -U -
CAN BE OBTAINED.

TUNING THE TRANSMITTER

WHEN TUNING THE TRANSMITTERPRE-
PARATORY TO GOING ON THE AIR,THEFIRST
STEP IS TO INSTALL THE PROPER SET OF

COILS FOR THE BAND TO BE USED AND THE
TRANSMITTER IS FOR THE TIME BEING Diji
CONNECTED FROM THE ANTENNA FEEDER.NOW
TUNE IN THE BAND WITH THE RECEIVER AND
LOCATE A POINT WELL WITHIN THE BAND
WHICH IS COMPARATIVELY CLEAR. THE mqs
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ITOR IS NOW ADJUSTED FOR THIS SAME FREQUENCY BY REFERENCE TO ITS CALI-
BRATION CURVE.

A MILLIAMMETER HAVING A RANGE FROM 0 TO 100 MA. IS CONNECTED IN

SERIES WITH THE TRANSMITTERS PLATE LEAD AT THE POINT MARKED WITH AN"X"
IN FIG. 3. THE OPERATING MONITOR IS PLACED WITHIN A REASONABLE DISTANCE
FROM THE TRANSMITTER AND ITS DIAL SETTING LEFT AT THE SAME POSITION
WHICH HAS JUST PREVIOUSLY BEEN DETERMINED. THE NEXT STEP 18 TO TURN THE
TRANSMITTER DIAL UNTIL THE NEEDLE OF THE MILLIAMMETER DROPS TO A MINI-
MUM POSITION.

SOMEWHERE IN THAT PORTION OF THE DIAL WHERE A MINIMUM READING IS

OBTAINED, A WHISTLE SHOULD
TO THE MONITOR. THE NUMBER
THAT THE MILLIAMMETER WILL

BE HEARD IN THE EARPHONES WHICH ARECONNECTED
OF TURNS USED ON THE GRID COIL SHOULD BE SUCH
READ MINIMUM AT THE LOW FREQUENCY END OF THE

D I AL " I F I T DO ESN T,TURNS CAN BE ADDED TO

OR TAKEN OFF THIS COIL.100

90

80

70

60

50

44 40

":zi 30
O

20

I0

0
6800 6900 7000 7100 7200 1300 7400 7500

FREQUENCY

CFA

WEM

HE

WE

IZ
B

DIZ

K EN

FIG, 11

A Ca i bra L-1'0,-7 Cu rv e

THE 80 METER BAND AND ALSO A
AND AT 14,300 Kc. IN THE 20

AFTER THE TRANSMITTER

WITH THE GRID COILS PROPERLY AD"
JUSTED, RETUNE THE TRANSMITTERFOR ZERO
BEAT WITH THE MONITOR 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
FOR THE 80 METER COIL AS COUNTED FROM
THE "COLO" OR PLATE BLOCKING CONDENSER
END OF THIS COIL. ANY FINAL ADJUSTMENT
IN TUNING CAN THEN BE MADE SO THAT THE
TRANSMITTER FREQUENCY WILL BE THE SAME
AS THAT FOR WHICH THE MONITOR IS TUNED.
THE ANTENNA CAN BE CLIPPED ONTO THE
PLATE AS NEAR THE HOT END AS POSSIBLE
BUT WHICH STILL PERMITS SENDING A GOOD
CLEAN NOTE.

FOR THE PARTICULAR ANTENNA SPEC"
IFICATIONS WHICH WERE GIVEN FOR THIS
TRANSMITTER, THE TRANSMITTER WILL OPER-
ATE AT PEAK EFFICIENCY AT 3575 Kc. IN

I THE HARMONIC 7150 KC.IN THE 40 METER BAND
METER BAND.
IS OPERATING PROPERLY AT THE CORRECT FRED

QUENCY, THE MONITOR CAN BE USED WITH THE HEADPHONES SO THAT THE OPERATOR
CAN AT ALL TIMES "LISTEN-IN" AND CHECK UP ON THE QUALITY OF HIS TRANS-
MISS ION.

A PUSH-PULL TRANSMITTER

THE SAME BASIC DESIGN AS JUST DESCRIBED RELATIVE TO THE ONeTUBE
TRANSMITTER CAN ALSO BE APPLIED TO A LOWPOWER PUSH-PULL TRANSMITTER.
THE CONSTRUCTIONAL FEATURES OF THIS PUSHPULL TRANSMITTER ARE SHOWN IN
FIG. 12, WHERE YOU WILL SEE THE TRANSMITTER ITSELF, AS WELL AS THE POW...
ER PACK.

THE CIRCLPT DIAGRAM OF THE PUSH-PULL TRANSMITTER APPEARS IN FIG.
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MAND BY STUDYING BOTH FIGS 12 AND 13 YOU WILL NOTICE THAT A PAIR OF

TYPE46 RECEIVER TUBES ARE EMPLOYED.

FROM WHAT YOU HAVE ALREADY LEARNED ABOUT TRANSMITTERS OF SIMILAR
TYPE, THIS CIRCUIT IS SELF"EXPLANATORY.THE PLATE COIL TOGETHER WITH THE
.0005 MFD. VARIABLE CONDENSER CONSTITUTES THE TUNING CIRCUIT AND THESPI
CIFICATIONS FOR WINDING THIS COIL FOR THE 80; 40 AND 20 METER ARMATEUR
BANDS FOLLOWS:

ALL THREE COILS ARE WOUND OF 1/4" DIAMETER SOFT COPPER TUBING AND
ARE 2 3/8" IN DIAMETER. THE NUMBER OF TURNS USED ARE 12 FOR THE 8O METER
BAND, 6 FOR THE 40 METER BAND AND 4 FOR THE 20 METER BAND. THENCENTER
TAP CONNECTION TO THESE COILS CAN BE MADE BY MEANS OF A CLIP.

THE GRID
COILS ARE ALL
WOUND ON BAKE
LITE TUBING OF
IN DIAMETER
AND WITHOUT ANY
SPACING BETWEEN
TURNS. EACH OF
THESE GRID COILS
IS FITTED WITH
THREE PRONGS
WHICH FIT INTO
CORRESPONDING
JACK-HOLES
WHICH AREMOUNI
ED IN A STRIP
OF BAKELITE
AND PLACED ON
THE BASEBOARD
OF THE TRANS"
MITTER. THIS
GRID COIL CON
STRUCTION IS

CLEARLY ILLUil
TRATED IN FIG.

Power $uprkii

Tvansrniii-er

14.

FIG, 17-
-The Push- Pull Trans/7711/er- avid

Poi-ver-

EACH OF THESE GRID COILS IS WOUND IN TWO SECTIONS WITH A SPACE OF
9/16" BETWEEN SECTIONS. THE DATA FOR THESE COILS TO COVER THE THREESANDS
USED ARE AS FOLLOWS:

BAND No. OF TURNS SIZE 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""TUSE TRANSMITTER EARLIER IN THIS
LESSON, ONLY THAT THE FEEDER IS CONNECTED TO THE PLATE 001L THROUGH A

.001 MFD. MICA^431ELECTRIC FIXED CONDENSER.

THE POWER PACK FOR THIS TRANSMITTER IS DESIGNED TD FURNISH A WS.
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VOLTAGE OF 400 VOLTS AND A TYPE -83 TUBE IS USED AS THE RECTIFIER, THE

DIAGRAM FOR THIS POWER PACK APPEARS IN FIG015.

FIG, 13
or ehe Push -Pull Transmilker;

DESCRIBED IN THIS LESSON.

TO PREPARETHIS
TRANSMITTER FOR 012"."

ERATION,THE SAME
GENERAL PROCEDURE
IS FOLLOWED AS HAS
ALREADY BEENEXPLAIN.."
ED RELATIVE TO THE
ONE"TUBE TRANSMITTER
EARLIER IN THIS LES""

SON,

ANOTHER PUSH-PULL
TRANSMITTER

IN F:o.16 you

ARE SHOWN THE COM.
PLETE CIRCUIT DIAGRAM
OF A TRANSMITTER
WHICH EMPLOYS A PAIR
OF TYPE CIO TUBES IN
A PUSH"PULL, TUNED"'

PLATE,TUNED"GRID CIE
CUIT, THIS TRANSMIT."
TER CAN ALSO BE CON"
STRUCTED ON A WOODEN
BASEBOARD THE SAME
AS. THE OTHERS ALREADY

THE POWER PACK FOR THIS TRANSMITTER USES A PAIR OF TYPE -81 TUBLS
AS RECTIFIERS AND DUE TO THE HIGH VOLTAGE BEING HANDLED,GREATCARE SHOULD
BE TAKEN IN SELECTING FILTER CONDENSERS FOR THIS POWER PACK, THE FIRST
FILTER CONDENSER AT THE INPUT END OF THE FILTER, FOR EXAMPLEJBHOULD BE
RATED AT 1000 VOLTS D.C. OR HIGHER, AS SHOULD ALSO THE CENTER FILTERCOA
DENSER, A RATING OF APPROXIMATELY 750 VOLTS D.C. IS REQUIRED FOR THE
FILTER CONDENSER WHICH IS PLACED AT THE OUTPUT ENO OF THE FILTER, THE
FILTER CHOKES SHOULD EACH BE CAPABLE OF
CARRYING 150 MILLIAMPERES AS SHOULD ALSO
THE SHORTWAVE R.F. CHOKE (F4F.C*), THE
POWER TRANSFORMER IS TO BE EQUIPPED WITH
A PRIMARY WINDING DESIGNED FOR THE LINE
VOLTAGE BEING USED,TSD 7i VOLT SECONDARIES)
AND A 1100 VOLT CENTER -TAPPED SECONDARY.

COILS LAND LOF THE TRANSMITTER CM".
CUIT ARE IDENTICAL FOR EACH WAVE BAND AND
THE SAME WINDING SPECIFICATIONS CAN BE C9".
ED AS ALREADY SPECIFIED FOR THE PLATE COIL
L AS USED IN THE TRANSMITTER WHOSE CIRCUIT
DIAGRAM APPEARS IN F/G*3 OF THIS LESSON.
THE CENTER TAP CONNECTION AT EACH OF THESE

FIG.14

-Dei-a 1 s of eke Grid Coll
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COILS CAN BE MADE BY MEANS OF GOOD CLIPS HAVING STRONG SPRINGS.

THE AN-
TENNA SYSTEM
WHICH 18 ILLUS-
TRATED TOGETHER
WITH THE TRANS-
MITTER CIRCUIT
IN FID.16 18

KNOWN AS A ZEPP-
ELIN ANTENNA AND

iTs a IMENS IONS
SHOULD BE AS
FOLLOWS: LENGTH
OF FLAT TOP BE-
TWEEN INSULATORS
= 133 FT.; LENGTH
OF FEEDERS = 45
FT. THE TWO FEEDER

FIG. 15
Power Pack For- -Ole Push- Pull ranstniffer-
WIRES SHOULD BE SEPARATED ABOUT 10 INCHES WITH G000

LIGHTWEIGHT SPREADERS WHICH HAVE BEEN PREVIOUSLY BOILED IN PARAFF I NE
THE TWO ANTENNA COILS "L" SHOULD EACH BE WOUND WITH THE SAME SIZECOPPER
TUBING AS USED FOR COILS LI ANO Lz. APPROXIMATELY 5 TURNS WOUND IN A 2i"
DIAMETER COI L WILL BE SAT IS FACTORY FOR EACH OF THE ANTENNA COILS. ONE OF
THESE ARE MOUNTED AT EACH END OF Li AND PROVISIONS MADE SO THAT THE COAL
PL 1 NG AT THESE POINTS CAN BE VARIED.

TO ADJUST THIS TRANSMITTER FOR OPERAT ION, ALL THAT IS NECESSARY IS
TO ADJUST THE TWO TUNING CONDENSERS CI AND ;TOR THE PROPER FREQUENCY

INSULATORS

FEEDERS

,o0o3S
Mid,

p
C

- WOOD
SPREADERS

001 -
R. F. C. - cs

MILLIAMMETER
0- 200 MA.

.0°015

C6

R2 13 9

O

INSULATOR

'81

7.5V.

KEY
110V, A.C. Syc<___

F. 1 G. 16

A Push -Pall Tune -P/ate -Tuned-Grid Transmil-ier..
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AS CHECKED WITH THE MONITOR THE MILLIAMMETER WILL AT THIS TIME SHOWA LOW READING OF AROUND 40 TO 60 MILLIAMPERES. THEN WITH THE ANTENNACOU
NECTED UP, THE ANTENNA CONDENSER IS ADJUSTED UNTIL THE READING ON THEMILLIAMMETER IS MAXIMUM.

IN THE NEXT LESSON YOU ARE GOING TO RECEIVE CODE INSTRUCTION AND
SUGGESTIONS REGARDING THE CORRECT MANNER OF OPERATING THE TRANSMITTERKEY. You WILL THEN PROGRESS IN LOGICAL STEPS, LEARNING ABOUT CRYSTAL-'
CONTROLLED OSCILLATORS, AMPLIFYING SYSTEMS FOR TRANSMITTERS,MORE ELAB-ORATE METHODS OF ADJUSTING TRANSMITTERS ETC.

/A)

examintition Quotiono
LESSON NO. T-3

I. - DRAW A CIRCUIT DIAGRAM OF A COMPLETE LOW -POWER TRANS-
MITTER TOGETHER WITH ITS POWER -PACK.

2. - EXPLAIN THE OPERATION OF THE SYSTEM WHICH YOU HAVE DRAWN
IN ANSWER TO THE PRECEDING QUESTION.

3. - DRAW A CIRCUIT DIAGRAM OF A MONITOR AND EXPLAIN ITSOPER-
ATING PRINCIPLES.

4. - EXPLAIN HOW YOU WOULD PROCEED IN ORDER TO CALIBRATE AMON
ITOR WHICH HAS JUST BEEN CONSTRUCTED?

5. - EXPLAIN HOW YOU WOULD ADJUST THE TRANSMITTER ILLUSTRATED
IN FIGS. 2 AND 3 OF THIS LESSON PREPARATORY TO GOING ON
THE AIR.

6. W. HOW ARE THE TUNED WINDINGS OF THESE LOW-POWER TRANSMITT-
ERS GENERALLY CONSTRUCTED?

7. - DRAW A COMPLETE CIRCUIT DIAGRAM OF A TRANSMITTER USING
PUSH-PULL OSCILLATOR TUBES AND A TUNED -PLATE, TUNED-GR1D
CIRCUIT.

8. - EXPLAIN HOW YOU WOULD ADJUST FOR OPERATION THE TRANSMITTER
WHOSE CIRCUIT DIAGRAM YOU HAVE DRAWN IN ANSWER TO QUES-
TION #7 OF THIS EXAMINATION.

9. - WHAT ARE SOME OF THE MOST IMPORTANT THINGS TO CONSIDER
IN SELECTING THE PARTS WHICH ARE TO BE USED IN A TRANS-
MITTER'

10.- IN WHAT PART OF A LOW -POWER TRANSMITTER CIRCUIT IS IT
CUSTOMARY TO CONNECT THE KEY?

PRINTED IN U.S.A
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LESSON No. 4

MASTERING THE CODE
PART I

IN THE PRECEDING LESSON, YOU WERE TOLD ABOUT THE CONSTRUCTIONAL FEA
TURES AND METHOD OF SETTING UP SOME SIMPLE TRANSMITTERS PREPARATORY TO
OPERATION. SINCE THESE TRANSMITTERS ARE ALL DESIGNED TO RADIATE THEIR
MESSAGES BY MEANS OF THE TELEGRAPHIC CODE, IT IS NATURALLY NECESSARY THAT
THE OPERATOR OF SUCH A TRANSMIT) ER BE THOROUGHLY FAMILIAR WITH THIS CODE.
THIS THEN WILL BE YOUR NEXT STEP.

FURTHERMORE,SHOULD IT BE

YOUR DESIRE TO QUALIFY EITHER AS
AN AMATEUR OPERATOR, AS A COM-
MERCIAL OPERATOR, OR AS AN UN"
LIMITED BROADCAST OPERATOR,THEN
-YOU WILL BE REQUIRED TO PASS A

CODE EXAMINATION IN THEPRESENCE
OF AN EXAMINER WHO IS AUTHORIZED
BY THE FEDERAL COMMUNICATIONS
COMMISSION.

IT IS ADVISABLE THAT YOU
QUALIFY FOR AN AMATEUR'S LICENSE
FIRST SINCE THIS DOES NOT CALL
FOR SUCH A HIGH CODE SPEED OR
AS COMPLETE TECHNICAL KNOWLEDGE
AS DO THE REQUIREMENTS FOR LI-
CENSE HOLDERS OF HIGHER RANK.
IN ADDITION,THE EXPERIENCEWHICH
YOU WILL ACQUIRE AS AN AMATEUR OPERATOR WILL BE OF A TREMENDOUS HELP IN

PREPARING YOU TOWARDS BECOMING A COMMERCIAL OPERATOR LATER ON.

FIG
A Group of Nafiono/ Shicienbs

Learning the Code.

APPLICANTS FOR AN AMATEUR'S LICENSE ARE EXPECTED TO TRANSMIT AND

RECEIVE AT LEAST 10 WORD q PER MINUTE IN THE CONTINENTAL CODE "'"'' FIVE CHAR
ACTERS TO THE WORD. THIS, THEREFORE, SHOULD BE YOUR FIRST GOAL TOWARDS

MASTERING THE CODE.
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THE COMPLETE INTERNATIONAL
AS THE CONVENTIONAL S I GNALS, ARE
HANDY REFERENCE FORM. STUDY THIS
IDEA OF ITS CONTENTS BUT FOR THE
COOE ESPECIALLY IN THE FORM IN WHICH IT IS

TO SERVE CHIEFLY AS A REFERENCE FOR FUTURE

TABLE I

MORSE CODE (CONTINENTAL CODE), AS WELL
ALL LISTED FOR YOU IN TABLE I IN A

TABLE CAREFULLY SO AS TO HAVE A GOOD

PRESENT DONI T ATTEMPT TO MEMORIZE THE
THIS TABLE ISPRESENTED

USE.

HERE.

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 spare between two words is equal
to five dots.

A  ...
B nom   
c ......  . 

Period    
Semicolon .    . 

I)  
E Comma  .  .  .
F  .in 

G m.o..= Colon .. .   
H   
i  Interrogation   . ..  
J  - - Exclamation point -    ..
K i. ..

L  Apostrophe  - - - 11=111 

NI NEM Hyphen .     .
N

o - - Bar indicating fraction .   . P . NEIN 

Q moo imm.  Imo Parenthesis - IM - 
It =M 
s  Inverted commas   . 
T Underline   - .  m.U   -
v Double dash .  .  -
w . Distress Call    MEI 11  .
X IMIM   MI
Y

z 2. .  .
Separation signal  m   ..
General inquiry call - . ....  - - .-

A (German)
 mu.

, . From (de) ..  
A or A (Spanish -Scandinavian)

 II IN Invitation to transmit (go ahead) . MB
CH (German -Spanish)

.. um. Warning-high power ...mg  MD IMI
E (French)  Question (please repeat after )-
1,; (Spanish) interrupting long messages   .. -  . .  . 
ö (German) Wait .. . -   .. 
U (German) Break (Bk.) (double dash) ..   NM 

1
Understand    - 

2 .=. .. Error
3

4 Received (O. K.)  - .
Position report (to precede position

6    messages) -  1. 
7 ...   
S ..,.   End of each message (cross)  -  - 
9 - - - Transmission finished (end of work)
o (conclusion of correspondence)      am
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BY GLANCING THROUGH TABLE 3; YOU WILL NOTE THAT THE LETTERS OF THE
ALPHABET, NUMBERS, PUNCTUATION, AND MISCELLANEOUS CONVENTIONAL SIGNALS
ALL CONSIST OF DOTS AND DASHES ARRANGED IN A DEFINITE MANNER. IT IS NOT

ADVISABLE TO THINK OF THESE LETTERS OR CODE GROUPS IN TERMS OF DOTS AND

DASHES BUT RATHER IN TERMS OF THEIR EQUIVALENT SOUNDS. FOR EXAMPLE, YOU

SHOULD THINK OF A DOT AS THE SOUND "DIT" AND OF A DASH AS THE SOUND "DAN"'

THUS THE LETTER A SHOULD REGISTER IN YOUR MIND AS THE SOUNDS "DIT DAH"Ra,.
THER THAN DOT DASH, THE LETTER B AS "DAH DIT DIT DIT" INSTEAD OF DASH

DOT DOT DOT ETC.

THE LOGICAL METHOD OF LEARNING THE CODE IS TO LEARN THE ALPHABET

FIRST, FOR THE TIME BEING FORGETTING ALL ABOUT THE NUMBERS, PUNCTUATION

ETC. FURTHERMORE, IT IS ALSO ADVISABLE THAT YOU START LEARNING THE CODE
BY ACTUAL USE OF THE KEY RIGHT FROM THE START. IN THIS WAY, YOU WILL AT

THE VERY BEGINNING BECOME ACCUSTOMED TO THINKING OF THE ALPHABETICAL LEI
TERS IN TERMS OF THEIR EQUIVALENT SOUNDS AND WHICH IS OF UTMOST IMPOP"

TANCE

FIG.
The 13u55er Practice 5ek.

BEFORE DESCRIBING TO YOU
THE ROUTINE TO FOLLOW IN ORDER
TO MASTER THE CODE IN THE EAS-
IEST AND QUICKEST POSSIBLE MAN -
NERD SOME SUGGESTIONS WILL FIRST
BE GIVEN SO THAT YOU CAN CON-

STRUCT SUITABLE CODEPRACTICE
EQUIPMENT*

A BUZZER-TYPE CODE
PRACTICE SET

IN FIG.2 YOU ARE SHOWN THE
CONSTRUCTIONAL FEATURES OF A

BUZZER -TYPE CODE PRACTICE SET. THIS ASSEMBLY, YOU WILL OBSERVE, CONSISTS
OF A REGULAR TELEGRAPH KEY (AS USED WITH RADIO TRANSMITTERS) CONNECTED

IN SERIES WITH TWO #6 SERIES -CONNECTED DRY CELLS AND AN ORDINARY BUZZER

AS USED FOR CALL SYSTEMS.

EACH TIME THE KEY IS DEPRESSED, THE BUZZER WILL EMIT ITSCHARACTER
ISTIC SOUND AND THUS BY PROPER MANIPULATION OF THE KEY, THE BUZZERSOUNDS
CAN BE PRODUCED AS THE BIT DAHtS OF THE CODE.

THE AUDIO -OSCILLATOR CODE PRACTICE SET

THE AUDIO OSCILLATOR CODE PRACTICE SET WHOSE DIAGRAM APPEARS IN

FIG. 3 is BY FAR PREFERABLE TO THE BUZZER PRACTICE SET. THIS ARRANGEMENT
IS NOTHING MORE THAN A SIMPLE AUDIO OSCILLATOR, CONSISTING ESSENTIALLY OF
A TYPE '''.3401 TUBE, AN OLD A.F. TRANSFORMER, A 20 OHM RHEOSTAT, AN "A" SU-

PPLY OF TWO SERIES -CONNECTED #6 DRY CELLS AND A 22i VOLT "B" BATTERY. A

SET OF HEADPHONES AND A KEY ARE CONNECTED IN SERIES WITH THE PLATE CIR-

CUIT AS HERE SHOWN SO THAT EACH TIME THAT ThE KEY IS DEPRESSED, A SIGNAL
WILL BE HEARD IN THE HEADPHONES WHICH GREATLY RESEMBLES THAT AS HEARD

FROM A RECEIVER WHEN A SIGNAL IS TUNED IN.

SOMETIMES, THE "B" BATTERY CAN BE ELIMINATED AND THE PLATE CIRCUIT
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CONNECTED DIRECTLY TO THE "A" PLUS TERMINAL. THE SIGNAL WILL UNDER THESE
CONDITIONS NATURALLY BE WEAKER BUT FREQUENTLY STILL STRONG ENOUGH FOR

THIS USE. IF YOU WISH, YOU CAN TRY THIS LATTER CONNECTION BEFORE INVEST-

ING IN A 22i VOLT "B" BATTERY.

THE PRACTICE SET AS ILLUSTRATED IN FIG.3 IS QUITE INEXPENSIVE,
NEVERTHELESS IT WILL SERVE ITS PURPOSE MOST ADMIRABLY. THE VARIOUS PARTS

CAN ALL BE MOUNTED ON A WOODEN BASE -BOARD, FAHNESTOCK CLIPS BEING USED

FOR THE EXTERNAL CONNECTIONS TO THE HEADPHONES ETC.

ALTHOUGH MORE ELABORATE CODE*PRACTICE SETS CAN BE CONSTRUCTED THAN
THOSE HERE DESCRIBEDIYET THE FEW ADDITIONAL FEATURES OBTAINED THEREFROM

HARDLY WARRANTS A GREATER EXPENSE SINCE AFTER ALL THIS ARRANGEMENT IS

ONLY GOING TO BE USED FOR

A LIMITED TIME. IT IS AD-

VISABLE TO PURCHASE A REAS*
ONABLY GOOD KEY FOR THE

CODE PRACTICE SET SO THAT IT
WILL ALSO BE SUITABLE FOR
THE TRANSMITTER LATER ON.

THE REMAINING PARTS WILL AL*
SO BE USEFUL AGAIN LATER ON,
EITHER IN THE SHORT-WAVE RE*
CEIVER OF THE STATION OR IN
THE MONITOR ETC.

SO MUCH FOR THE CON-
STRUCTIONAL FEATURES OF THE
CODE -PRACTICE SET. Now LET

US PROCEED WITH THEHANDLING
OF THE KEY.

MOUNTING THE KEY

THE CONVENTIONAL KEYS
ARE PROVIDED WITH A BASE
OFFERING PROVISIONS FOR FAST
ENING THE KEY DOWN FIRMLY
UPON THE TOP OF A TABLEWITH
WOOD SCREWS. THIS IS IMPORTANT SO THAT THE KEY WILL NOT JUMP AROUND WHILE

IT IS BEING OPERATED. IF NO TABLE IS AVAILABLE UPON WHICH THE KEY CAN BE
MOUNTED, THEN THE NEXT BEST THING IS 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 IS BEING OPERATED.

FIG.

The Audio-Osci11,4tor- Code
Practice

THE CORRECT POSITION FOR THE KEY IS APPROXIMATELY EIGHTEEN INCHES

FROM THE EDGE OF TABLE WHICH FACES THE OPERATOR AND APPROXIMATELY IN LINE
WITH THE OPERATOR'S RIGHT SHOULDER. THIS POSITION OF THE KEY WILL PERMIT
THE OPERATOR'S ELBOW TO REST ON THE TABLE AND WHICH IS IMPORTANT TOWARDS
GOOD KEY MANIPULATION.

ADJUSTING THE KEY

THE BEGINNER IS URGED TO USE A CONVENTIONAL KEY IN PREFERENCE TO
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THE HIGH-SPEED "VIBROPLEX AND DOUBLEACTION KEYS WHICH ARE INTENDED
PRIMARILY FOR THE EXPERIENCED OPERATOR. THE CONSTRUCTIONAL DETAILS OF THE
CONVENTIONAL OR STANDARD KEY ARE CLEARLY ILLUSTRATED IN FIG.4 AND HERE
YOU WILL NOTICE THAT THREE SETS OF ADJUSTMENTS ARE PROVIDED. THESEADJUSI
MENTS ARE AS FOLLOWS: (I) A SCREW AND LOCKING NUT FOR ADJUSTING THE

SPRING TENSION. (2) A SCREW AND LOCKING NUT FOR ADJUSTING THE CLEARANCE
BETWEEN THE CONTACT POINTS 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 SIOE"'PLAY OF THE ARM.

WITH THE CONTACT POINTS PROPERLY LINED UP, THE SPRING TENSION
SHOULD BE ADJUSTED. THE CORRECT TENSION VARIES WITH DIFFERENT OPERATORS,
BUT FOR THE BEGINNER A FAIRLY HEAVY SPRING ADJUSTMENT IS MOST DESIRED.

THE CLEARANCE ADJUSTMENT SHOULD BE 80 REGULATED THAT A VERTICAL MOVEMENT
OF THE KNOB EQUIVALENT TO APPROXIMATELY 6" 18 NECESSARY IN ORDER TO

Vtiob

Spring adjustment

Contact.
Points

Clearance
adjustment

Centering adjustments s base

F1 G.4
Dat.a115 of fhe kat/ -

CLOSETHE CONTACT POINTS
OR A CLEARANCE BETWEEN
THE POINTS OF ABOUT
1/32" OR SLIGHTLY MORE.
THE ADJJSTMENTS ASHERE
GIVEN ARE ONLY AVERAGE
AND CAN BE VARIED TO

BEST SUIT THE INDIVID-'
UAL OPERATOR SO AS TO

PERMIT HIM TO SEND THE
CLEAREST SIGNALS POSS
I BLE*

MANIPULATING THE KEY

THE CORRECT MEN
THOD OF GRASPING THE

KEY IS ILLUSTRATED FOR YOU IN PM, 5. NOTE THAT THE KEY IS NOT HELD TIGHT
LY AND THAT THE HAND 18 PERMITTED TO REST LIGHTLY ON THE KEY. THE THUMB

SHOULD BE HELD AGAINST THE LEFT SIDE OF THE KEY, WHEREAS THE FIRST AND

SECOND FINGERS SHOULD BE BENT SLIGHTLY AND SHOULD HOLD THE MIDDLE AND
RIGHT SIDES OF THE KNOB RESPECTIVELY. OBSERVE IN FIG. 5 THAT THESE THREE
FINGERS ARE PARTLY ON TOP OF THE KNOB WHILE THE REMAINING TWO FINGERS ARE
ENTIRELY FREE OF THE KEY.

WHEN OPERATING THE KEY, THE ELBOW SHOULD BE RESTED ON THE TABLE AND
A WRIST MOTION USED TO WORK THE KEY. Do 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 IS MADE UP OF DIFFERENT COMBINATIONS OF DOTS AND

DASHES, IT IS IMPORTANT THAT THE INDIVIDUAL DOTS AND DASHES BE OF THE

CORRECT LENGTH AND THAT THE PROPER TIME INTERVAL OR SPACING BE ALLOWED BL
TWEEN PARTS OF THE SAME LETTER, BETWEEN LETTERS OF THE SAME WORD ETC. IF

THIS IS NOT DONE, THEN UTTER CONFUSION WOULD RESULT ON THE PART OF THE PERSON
WHO IS RECEIVING YOUR SIGNALS.

HERE ARE THE RULES WHICH YOU MUST FOLLOW:

(I) A DASH IS EQUAL IN LENGTH TO THREE DOTS.
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THE SPACE BETWEEN PARTS OF THE SAME LETTER IS EQUAL TO ONE DOT,

THE SPACE BETWEEN TWO LETTERS IS EQUAL TO THREE DOTS.

THE SPACE BETWEEN TWO WORDS IS EQUAL TO FIVE DOTS.

MEMORIZING GROUPS

Now FOR THE ACTUAL MEMORIZING OF THE CODE. AS HAS BEEN STATED BE-
FORE, WE START WITH THE ALPHABET BUT IT !SNIT ADVISABLE TO LEARN THE LEI
TERS IN THE SAME ORDER IN WHICH THEY APPEAR IN THE ALPHABET. SUCH A PRO-
CEDURE WOULD COMPLICATE THINGS CONSIDERABLY ANC MAKE YOUR LEARNING OFTHE
CODE QUITE DIFFICULT.

P I Li. 5
Two 17/e u.'s 5/701-4.1iti 9fhe Correci Positio /-7

of !/and, Wrist- arid Elbow When Sending-

mpLER LETTERS FIRST. THE VARIOUS CODE
TABLE TI IN THEIR ORDER OF SIMPLICITY AND WHICH IS THE SAME ORDER IN WHICH
YOU SHOULD MEMORIZE THEM.

A BETTER PLAN IS TO DIVIDE THE ALPHABET INTO GROUPS, SO THAT YOU

START WITH THE
SIMPLER LETTERS
AND THEN GRAD-
UALLY ADVANCE
THROUGH THE
MORE DIFFICULT
ONES. BY GLAN-
CING THROUGH
THE ALPHABET
IN TABLE 171

YOU WILL FIND
THAT THE LETT-
ERS T-M AND 0

ARE ALL DASH
LETTERS,WHERE-
AS THE LETTERS
E-I-S AND HARE
ALL DOT LETTERS.
THEREFORE, IT

IS NO MORE BUT
LOGICAL TO MEIN

ORIZE THESE Sj
GROUPS ARE ALL ARRANGED FOR YOU IN

START WITH MEMORIZING GROUP #1 FIRST,. PRACTICE THE SENDING OF THE
LETTERS T,M AND 0 DILIGENTLY UNTIL YOU ARE ABLE TO SEND ANY ONE OF THESE
SMOOTHLY AND WITHOUT ANY EFFORT AND SO THAT THERE WILL BE NO HESITATION
ON YOUR PART IN SENDING EITHER OF THESE THREE LETTERS REGARDLESS OF THE
ORDEF1 IN WHICH YOU SEND THEM.

PRACT ICE EXERC ISE # 1

AFTER YOU HAVE MASTERED THESE THREE LETTERS, YOUR NEXT TASK WILL
BE TO SEND THEM IN THE CODE GROUPS AS PRESENTED TO YOU IN THIS PRACTICE
EXERCISE. NOTICE THAT THE FOLLOWING CODE GROUPS ARE MADE UP OF VARIOUS
COMBINATIONS OF THE DASH LETTERS T, M AND 0. IN ADDITION TO SENDING
THESE LETTERS CORRECTLY, IT IS ALSO IMPORTANT THAT YOU WATCH YOUR SPAD-
ING IN THE FOLLOWING GROUPS, BOTH BETWEEN LETTERS AND BETWEEN GROUPS.
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TABLE II

MEMORIZING GROUPS

GROUP #1
T DAH U

V

K

GROUP #6
DIT

DIT

DIT

DAM

DIT
DAH

DAH
M DAH DAH

OUT

O DAH DAH DAH
DIT

DAH

GROUP #2
E

C

G

CI

GROUP #7
DIT

DAM

DAH

DAH
DIT
DIT

OUT

DAH

I

DIT DAH

S

DIT DIT
DIT DIT DIT

DAH

H DIT OUT DIT DIT
DAH

Y

Z

P

X

GROUP #8
DIT

DAH

DAH
DIT

DAH
DIT
DAH
DIT

DAH
OUT

DIT
DAH

GROUP #3
A D1T OAH

DAH

11 DAH
DAH

0
DIT

DAM DIT
DIT

DIT DAH

I

GROUP #9
DAH
DAH

DIT

DIT
DIT

DAH
DAH
DAH

DIT

DIT

DAH
DAH

DAH

DAH

DIT

GROUP #4
W

2

3

4
5

DIT OAH
---- DIT DIT

J
DIT DAH DAH ---- DIT DIT

B
DIT DAH DAH DAH DIT DIT
DAH OIT DIT DIT ---- DIT DIT

6

7

8

9

0

GROUP #10
DIT

DIT
DAH
DAH
DAH

OUT

DIT

DIT

DAH
DAH

DIT
DIT
DIT

DIT

DAH

GROUP #6
R

---- OAH DIT
---- DAH DAH

F
DIT DAH DIT

DAH DAH

L
DIT DIT DAH DIT

DAH DAH
DIT DAM OUT DIT

DAH DAH

GROUP #11
PERIOD DIT DIT

DIT DIT

(=)

OUT DIT

DIT DIT DIT
DAH DAH DIT DIT

DAH OUT OUT DIT
DIT DIT DIT DIT

DIT

DAH

OUT DIT

INTERROGATION
BREAK DOUBLE DASHOR
ERROR

GROUP #12
WAIT DAN

DAH

DIT

OUT DIT DIT
DIT DAH OUT
DIT DAH OUT OAH

DIT
END MESSAGEOF DIT
END TRANSMISSIONOF DIT
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TWO -LETTER CODE GROUPS

TT MA 00 MO OM TT MM MT MO TM TO MO TM OT MT OM PA TO

OT TM OM MT OT MT OM OT MT OM TM MM TT MO OA 00 MM TT

THREE -LETTER CODE GROUPS

TOM MOO OTO TOM OMO MOO TTM OMO MMT MMT OTM

TMO TOO MTM MOM TOM TMO MTM MOT TMT TOO OOM

TMT TOT OOM OOT NTO TOM MOM TOM MTM OOT MTO

FOUR-LETTER CODE GROUPS

TOMO TMTM OTOT MMOT MOTO MTMT MOMO TMTO MOTT OTOM MOTO

MTTM MTOC TMOT TOTO OMTO MTOM 09TT OMTM TOOM OMOT TOTO

OMOT TOOM MOOT OTTO OMOT TOTO MTOM MOTM MOOT WOO 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 MATOT OTTOM

MOTOT OMMOT TOMOT TMOTO MTOMT TMOTM OTMOT MOTOT MOTTM TOMTO MOTOM

WHILE PERFORMING THESE PRACTICE EXERCISES, SEND SLOWLY AT FIRST.IT
IS MORE IMPORTANT THAT YOUR SENDING BE CLEAN-CUT AND ACCURATELY SPACED

THAN IT IS TO ACQUIRE SPEED. YOU WILL DEVELOPE GREATER SENDING SPEED AUT-

OMATICALLY WITH CONTINUED PRACTICE AND EXPERIENCE.

AT FIRST YOU MIGHT FIND THIS WORK TO BE SOMEWHAT OF A STRAIN,CAU8-
ING YOU TO BECOME MENTALLY FATIGUED IN A RELATIVELY SHORT TIME. FOR THIS

REASON, IT IS NOT ADVISABLE THAT YOU STUDY THE CODE FOR A LONGER PERIOD
THAN 20 MINUTES AT ONE SITTING SO AS NOT TO BECOME OVERTIRED. THEN AFTER

A SUITABLE PERIOD OF RELAXATION, YOU CAN CONTINUE YOUR STUDIES AGAIN AS

YOU SEE FIT.

NOW THAT YOU ARE THOROUGHLY FAMILIAR WITH THE STRAIGHT DASH LETTERS
YOU CAN COMMENCE MEMORIZING THE STRAIGHT DOT LETTERS E, I, S AND H AS

THEY APPEAR IN GROUP #2 OF TABLE BUT BY ALL MEANS DON'T EVEN ATTEMPT
TO LEARN GROUP #2 UNTIL YOU ARE ABSOLUTELY CERTAIN OF GROUP #1. OBSERVE

CAREFULLY IN GROUP #2 THAT E IS DIT, I IS DIT DIT, S 18 DIT DIT DIT AND

H IS DIT DIT DIT DIT. WHEN YOU HAVE LEARNED THESE FOUR LETTERS THOR-

OUGHLY, YOU CAN CONTINUE WITH PRACTICE EXERCISE #2.

PRACTICE EXERCISE # 2

THIS SECOND PRACTICE EXERCISE CONSISTS OF VARIOUS GROUPINGS OF THE

LETTERS E, I, S, AND 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 SS II HI HS EH ES IS

SE IE HH EE HE El ES IE HE SH IS SE

HH EE HI IE IH SS EH HE SI ES SH IE
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THREE -LETTER GROUPS

SIS SIE ISI ESH HIH ESE EIE ESE ISH HIS

HEN IEI ISI EIE SIH HEH ISE IHI SHE ESI

ISE EHS IHI ESI HEH HIS EIE IEI NEH HEN

FOUR-LETTER GROUPS

SISE ISIS HSEI ISHE EHIS SISE ESHE SHEE HIHI SEIS

HESE HISI EIEI 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 IHESI SHISE

ISHIE HHIHE HEESE SESHE !HINE IIEEI SHEIE ISHIE SHHSE HISES

EHIES SHEHI HIHIE IESEH IIHIH ESEHI SESSE ESEEH ISEHS SEESE

UPON COMPLETION OF PRACTICE EXERCISE #2, YOU ARE READY TO SEND CODE

GROUPS WHICH CONTAIN LETTERS FROM BOTH MEMORIZING GROUPS #1 AND #2 USED

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 THIS WAY BECOME CONFUSING TO THE LISTENER.

IT IS ALSO ADVISABLE THAT YOU DEVELOPE THE HABIT NOW OF MAKING THE

ERROR SIGN EACH TIME THAT YOU MAKE A MISTAKE IN KEYING AND THENIMMEDIATL

LY SEND THE SIGNAL AGAIN CORRECTLY.

PRACT ICE EXERCISE #3
THIS THIRD PRACTICE EXERCISE INCLUDES CODE GROUPS CONTAINING LETT-

ERS OF THE STRAIGHT DASH AND THE STRAIGHT DOT TYPE AS EXTRACTED FROM MEM

ORIZING GROUPS #1 AND #2 OF TABLE a.

TETES TEHOS ESOTI EMHIT EOHSI HISME EMITO IHEME

ISTEM THIOM OMITH HOHOE HOSEM OEIST TIHME ISOIM

STEITH EHOIM SET01 HOSME TSEMO MISSI MSETH OMSIT

PRACTICE EXERCISE # 4

By THE TIME YOU HAVE REACHED THIS POINT OF THE LESSON,YOU HAVELEAR
NED SEVEN LETTERS OF THE ALPHABET WELL AND WITH THESE SEVEN LETTERS YOU

CAN ALREADY COIAMENCE SPELLING OUT SIMPLE WORDS. THIS WILL MAKE YOUR CODE
STUDIES STILL MORE INTERESTING. THE WORDS WHICH YOU ARE NOW TO SPELL Fo6
LOW:

IT SET HOT TOO HIM MEET TOTEM MITES ITEMS MET

HE MET NET THE SIT MESS TOSS MEMO THEME MEMO

ME TEE 81M SOT HIS MOST HOIST OTTO SOME HEM

MEMORIZING GROUP #3

THE NEXT THREE LETTERS WHICH YOU ARE TO ADD TO YOUR CODE LIST ARE

THE "A", THE "N" AND THE "Dn. BY REFERRING TO MEMORIZING GROUP #3 IN

TABLE ja YOU WILL NOTE THAT THESE ARE YOUR FIRST LETTERS WHICH ARE A
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COMBINATION OF THE DOT AND THE DASH. IN OTHER WORDS, "A" IS DIT 0.04; "N°

IS DAH DIT AND "D" 13 DAH DIT DIT. THE THING TO DO NOW IS TO LEARNTHT:,r
THREE LETTERS THOROUGHLY SO THAT YOU CAN SEND EITHER ONE OF THEM WITHOUT

HESITATION. WHEN YOU ARE SURE OF THESE THREE LETTERS THEN YOU CAN PRO-

CEED WITH PRACTICE EXERCISE #5.

PRACT ICE XERCISESE #5
THIS FIFTH PRACTICE EXERCISE CON:31S1,. OF CODE GROUPS CONTAINING THE

LETTERS T -M -0 -E -1 -S -H -A -N-0 WHICH YOU HAVE SO FAR LEARNED.PRACTICE SEND-

t,iG ALL OF THESE WITH ACCURACY AND AS SMOOTHLY AS POSSISLE.

FIVE -LETTER CODE GROUPS

AISHD DANAS NINES DISOM SMITE IDSNT ANOMI

SAMES DODOS MISAD NATID DITES MEDIN OTDIN

DIDAN ONSET SNADS TADAN SEDNI INISE NADAT

MIDAS MANDA HDTAN ADANE NTMOA NEADS AIDIS

OTESA DIDSN ENTAH NEATS NANED MADIN HEOAD

ANDAD ADNAD ODONA OSTEA SANDS IMONA ESINI

TWO AND THREE -LETTER WORDS

TO THE ODE MAD ATE SIN TAN DIN SOT

IT AND ODD TEE TIT TEN SET AID 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 IDEA MOAN TEST

HOME IDES EASE EDEN SAND MATE EDIT TIDE

SIMPLE FIVE -LETTER WORDS

DIDOS MAIDS TEEMS MEANS HINTS NAMES TEAMS

DINES STINT DATES SMASH DEANS SODAS AIDES

STAND ASHES DANES MITES SAINT DOMES MAINS

THE NEXT THREE LETTERS FOR YOU TO LEARN ARE THE W J AND THE B

WHICH ARE INCLUDED IN GROUP #4 OF TABLE II. THE LETTER W, YOU MUST REM
BERG Is DIT DAH DAH, J IS DIT DAH DAM DAH AND B IS DAH DIT DIT DIT. STAY
WITH THESE THREE LETTERS UNTIL YOU LEARN THEM THOROUGHLY AND THEN GO

AHEAD WITH PRACTICE EXERCISE #0.

PRACTICE EXERCISE # 6

THE FIRST PART OF THIS EXERCISE CONSIST OF CODE GROUPS CONTAINING
IN VARIOUS COMBINATIONS ALL OF THE LETTERS WHICH YOU HAVE LEARNED SO FAR,

INCLUDING THE LAST THREE LETTERS THE SECOND PART OF THIS EXER-

CISE SUGGEST SIMPLE BUT COMPLETE SENTENCES WHICH YOU CAN SEND BY USING

THE LETTERS WHICH YOU KNOW AT THIS TIME. IT IS IMPORTANT THAT YOU GIVE

THIS PARTICULAR EXERCISE YOUR FULLEST ATTENTION.
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CODE GROUPS

IWAWE JABEW DIJOW TWIBE ESIBN JASBI TOWID

SHEJD SEJOW OBJSI DASD DBEBI ISHWJ DBIDJ

NTOJW OWESJ JANDB ANJEB MIWAD BADIJ ATJJS

BIJEW EJMWD JASWB SWEBT WAIBJ BOSWE WISDJ

SIVPLE SENTENCES

THIS JOB IS TO BE DONE BY THE BEST MAN.

JAMES is 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 A.M.
TOM WAITED TO SEE THAT THE BAT WAS SENT HOME.
JOE SAID HE WAS NOT A BAD MAN,
JIM BOASTED THAT HE DID NOT OWE DAN.
WE JOINED BOTH ENDS AND WAITED.

MEMORIZING 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 OF TABLE NOTICE THAT R is DIT

DAH DIT, F Is DIT DIT DAH DIT, AND L IS DIT OAR DIT DITeLEARN THESETHREE

LETTERS THOROUGHLY AND THEN PROCEED WITH PRACTICE EXERCISE #7,

PRACTICE EXERCISE # 7

THISPRACTICE EXERCISECONSITS OFCODE GROUPS CONTA INING ALLOF THELIT-

TERS WHICH YOU HAVE LEARNED 80 FAR AND INCLUDING THE LETTERS R,F, AND L.

IN ADDITION, YOU ARE ALSO AT THIS TIME GIVEN SOME MORE PRACTICESENTENCES
EMPLOYING THESE NEW LETTERS.

THE CODE GROUPS

RARIR DAFIN LFRWE FELWI TLOFR IRERT

LELIL SBLJW JBARL DWETW RIRAR SLOWE

RFWLB NWJDB NRWJT TRIRE JOLIB RFLWJ

TRFLE BSJWD RASIR LJWBL BRFLW LFRHM

ITEMS FEFOS REFIL WJBER FRWJB IJWFS

SIMPLE SENTENCES

THE WATER IS FINE.
THE OWNER OF THE HORSE SAW IT STOLEN.
THERE WILL BE A ROW WHEN JIM FINDS WE ARE LATE.
ATTEND TO THE JOINT BETWEEN THE WINDOWS,

I
SEE THAT THE FLOW ,IS FROM BOTH EAST AND WEST.

THAT INDIAN IS NOT A BAD MAN,
THE BEST THREE ARE TO BE SENT WITH J01 -.N.
HE WILL HAVE ONE HORSE AND WE WILL WANT TWO.
BETWEEN THE TWO OF THEM IT WILL BE FINE.
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SOME SPECIAL SUGGESTIONS

ALTHOUGH IT IS PREFERABLE THAT YOU .START 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. IF SUCH BE THE CASE, YOU CAN START LEARNING THE CODE BY GOING
THROUGH ALL THE EXERCISES PRESCRIBED IN THIS LESSON BY PRODUCING THE CODE
CHARACTERS WITH YOUR MOUTH. FOR EXAMPLE, FOR THE LETTER "All SIMPLY UTTER

THE SOUNDS DIT DAH, FOR THE LETTER "E" UTTER THE SOUNDS DIT DIT DIT JUST
AS YOU WOULD MAKE THEM IF YOU HAD A CODE PRACTICE SET. EVEN THIS ROUTINE
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 SET AND THUS MAKE YOUR PROGRESS THROUGH THIS WORK JUST THAT MUCH MORE

RAPID.

IT IS ALSO GOOD PRACTICE TO HAVE SOME OTHER PERSON SEND THE DIFFER
ENT LETTERS OR CODE GROUPS TO YOU SO THAT YOU CAN ADAPT YOURSELF TO THE

RECEPTION OF CODE. THESE "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 TIN ON THE HEADPHONES OF YOUR CODE PRACTICE SET, You WILL CON"'

TINUE YOUR CODE WORK IN THE NEXT LESSON.

I. -

2. -

3. -

4. -

(Examination autstion$

LESSON NO. T-4

How MUCH TIME HAVE YOU SPENT SO FAR
CODE?
ARE YOU USING A CODE PRACTICE SET WITH WHICH TO LEARN
THE CODE?
AT THE PRESENT TIME, HOW MANY CODE LETTERS CAN YOU TRANS
MIT WITHOUT REFERRING TO YOUR TEXT?
DRAW A CIRCUIT DIAGRAM OF A CODE PRACTICE
VACUUM TUBE AND EXPLAIN HOW IT IS USED.

5. - WHAT IS THE MEANING OF ?

How WOULD YOU MAKE THE LETTER B BY MEANS OF THE CODE?
DICATE THIS ON YOUR PAPER BY THE PROPER ARRANGEMENT
DOTS AND DASHES.

7. - WHAT IS THE CORRECT RELATION
LENGTH OF A DASH.

THE FOLLOWING SENTENCE INTO CODE BY PLACING
ARRANGEMENT OF DOTS AND DASHES ON YOUR PAPER,
TO INDICATE THE CORRECT SPACING BETWEEN THE

ANY ONE WORD AND BETWEEN WORDS. HERE
THE WATER IS FINE.

6. -

THE
8. - TRANSCRIBE

THE PROPER
BEING SURE
LETTERS OF
SENTENCE:

IN THE STUDY OF THE

SET EMPLOYINGA

OF

BETWEEN THE LENGTH OF A DOT AND

IS THE

9. - WHAT IS THE CORRECT SPACING BETWEEN THE LETTERS OF A

WORD AND BETWEEN WORDS OF A SENTENCE?
IC.- TRANSCRIBE INTO CODE THE FOLLOWING SENTENCE: THE OWNER

OF THE HORSE SAW IT STOLEN,

PRINTED IN U.B.A.
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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 WHICH
ARE INCLUDED IN THE FIRST FIVE MEMORIZING GROUPS IN TABLE II OF THE PRE-

VIOUS LESSON. SINCE YOU WILL AGAIN HAVE NEED FOR THIS SAME TABLE IN THE

PRESENT LESSON, IT IS ADVISABLE THAT YOU OPEN THE PREVIOUS LESSON AT THE

PAGE UPON WHICH TABLE 11 APPEARS AND IN THIS WAY HAVE IT HANDY FOR REFER-
ENCE AS YOU CONTINUE YOUR CODE STUDIES ACCORDING TO THE INSTRUCTIONS WHICH
WILL NOW BE GIVEN.

YOU ARE AT THE PRESENT
TIME PREPARED TO LEARN THOSE
LETTERS WHICH ARE INCLUDED IN
MEMORIZING GROUP 46, NAMELY,
U -V AND K. THE U, YOU WILL
OBSERVE, IS DIT DIT DAH; THE
V IS DIT DIT DIT DAH AND THE
K IS DAH DIT DAH.

WHEN YOU HAVE LEARNED
THESE THREE NEW LETTERS THOR-,
OUOHLY, PROCEED BY DILIGENTLY
PRACTICING THE FOLLOWING CODE
GROUPS.

DON'T BE CONTENT BY GO-
ING THROUGH THE FOLLOWINOCOOE
GROUPS ONLY ONCE BUT PRACTICE
THEM REPEATEDLY SEVERAL TIMES
SO THAT ALL OF THE LETTERS
WILL REGISTER IN YOUR MIND
WITHOUT ANY HESITATION.

a,

FIG. 1
Commercial 0,o 021-47 Z.711 g Offers
Rang Oppori-ut i .:fie 5 Lo e

*rained Man.
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RURUF RFLUV KIULR IUSVH SEARU IRULU
VIVOR FLOSD KERIF FAVOR ULRUL EKIKU
NIFAO SLHUT KINKS MUVIK VMKOR DOVES
SUFLU KESIK ERIFS FELTU KIKOR VEVIR
UFRKU LHUTV IVMKO VISOR VEVFS UEVIK
FDLEL THISF KESTI ITSEK FSIHT LELDF

MEMORIZING GROUP #7

MEMORIZING GROUP #7 CONTAINS THE THREE LETTERS C, G AND Q.As YOU
WILL HAVE NOTICED BY THIS TIME, THE LETTERS WHICH YOU ARE NOW LEARNING
ARE OF A MORE COMPLEX STRUCTURE THAN THOSE WHICH YOU LEARNED FIRST AND
IT WILL THEREFORE REQUIRE A LITTLE MORE TIME AND PRACTICE IN ORDER FOR
YOU TO MASTER THEM.

THE FIVE-LETTER CODE GROUPS 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 GVGUK
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 TOMQG GQMOT 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 THELET""
TER. FOR EXAMPLE, THE LETTER C CAN BE INCORRECTLY SENT 80 AS TO SOUNDALF"
MOST THE SAME AS TR, AS NN, OR AS KE. SIMILAR CONFUSION CAN ALSO RESULT
BY INCORRECT SPACING WITHIN OTHER LETTERS. THEREFORE, IF YOU FIND YOUR-
SELF HAVING ACQUIRED ANY SUCH UNDESIRABLE HABITS OF SENDING, IT IS OF
MOST IMPORTANCE THAT YOU CORRECT THIS CONDITION NOW BEFORE THESE HABITS
BECOME TOO STRONG AND INCREASINGLY DIFFICULT TO CORRECT.

MEMORIZING GROUP #8

THE FINAL GROUP OF LETTERS WHICH YOU ARE TO LEARN ARE INCLUDED IN
MEMORIZING GROUP #8 AND THESE ARE Y; Z, P AND X. THESE LETTERS AREFORM-.
ED IN THE FOLLOWING MANNER: V IS DAH DIT DAH DAH; Z IS DAH DAH DIT DIT;
P IS DIT DAH DAH DIT AND X IS DAH DIT DIT DAH. A NUMBER OF PRACTICE CODE
GROUPS WHICH CONTAIN THE LETTERS Y, Z, P AND X, AS WELL AS OTHERS FOLLOW:

XADNQYOYOY YACHT ZLFRZ
CXZQG YESTZ ZONIC

SGQEH
BJXEZ

JAWZX
XUXZC PAPPA

ZINCS WAXIW IZSGL PAYER YUSTX FZQRV
BYZER ZILOZ FETQX FLUXZ YTZIZ CEXIG
BUZIX ZEZIZ GIRLS GAGIC PLAXR SHZXY
XUXVK BJKRV ZINCQ YCZCX XEXQR GWJBX
XTXEX TOXIG JAXIJ DALYP GIXOT XBJWG

A GENERAL REVIEW

AFTER YOU HAVE LEARNED THE LETTERS OF MEMORIZING GROUP #B THOROUGHLY
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IT IS ADVISABLE THAT YOU CONDUCT A CAREFUL REVIEW OF EVERYTHING WHICH YOU
HAVE SO FAR LEARNED ABOUT THE CODE. WHEN YOU HAVE DONE THIS, THEN PRAC-

TICE SENDING AND RECEIVING THE MORE DIFFICULT TYPES OF WORDS WHICH APPEAR
IN THE FOLLOWING LIST: GYNECOLOGY, MISSISSIPPI, NECESSI-ATE,NECESSITOUS,
LEGUMINOUS, GYROSCOPE, GLAGITIOUSNESS, CONSCIENTIOUSNESS, AMBIGUOUSLY,
ABERRATION, ENFRANCHISEMENT, GRADILOQUENTLY, HERBINOROUSI ISOSCELES, JUV-
ENESCENCE, KALEIDOSCOPIC, LOXODROMICS, MUTINOUSNESS, MYTHOLOGICALLY, OR..-

CHIDACEOUS, PARALLELOPIPED, RECRIMINATORY, RHAPSODICALLY, SILHOUETTE,SOL
IDUNGALATE, TERRAQUEOUS, VENTUROUSNESS, XYLOPHONE, XYLOPYROGRAPHY,ZYMURGY.

QUITE OFTEN, LONG WORDS WHICH CONTAIN COMBINATIONS OF LETTERS WHICH
ARE NOT USED FREQUENTLY HAVE A TENDENCY TO CAUSE HESITATION AND INACCURACY.
WHEN SENDING SUCH A WORD AND YOU MAKE A MISTAKE, THEN TRY YOUR BEST TO
REMAIN CALM RATHER THAN BECOME CONFUSED SIMPLY MAKE THE ERROR SIGN AND
PROCEED TO SEND THE WORD AGAIN CORRECTLY.

ON THE OTHER RAND, IF YOU ARE RECEIVING A CODE GROUP,WORD,ORMESSAGE
AND YOU FIND THAT YOU CANNOT IMMEDIATELY RECOGNIZE A GIVEN LETTER,THEN DO
NOT WASTE VALUABLE TIME BY VAINLY TRYING TO RECALL THAT LETTER BUT SIMPLY
SKIP THAT LETTER AND BE READY TO CATCH THE NEXT ONE. IF YOU SHOULD PAUSE
FOR TOO GREAT A LENGTH OF TIME ON A SINGLE LETTER, SEVERAL OTHER LETTERS
MAY ALREADY BE SENT TO YOU WHILE YOU ARE STILL CONTEMPLATING UPON THE
FIRST. THE RESULT 18 THAT YOU MAY MISS AN ENTIRE WORD AND THE TRUE MEAN-
ING OF A MESSAGE ALL ON ACCOUNT OF ONE LETTER. IT IS MUCH MORE PREFERABLE
TO miss A LETTER AND SATISFACTORILY RECEIVE THE REMAINDER OF THE MESSAGE
CORRECTLY.

IN THE FOLLOWING PRACTICE SENTENCES YOU WILL FIND A LARGE VARIETY
OF LETTERS USED IN MANY DIFFERENT COMBINATIONS. PRACTICE SENDING THESE
SENTENCES SEVERAL TIMES.

PRACTICE SENTENCES

I. MANY OF THE COUNTRY TOWNS ARE INSTALLING NEW OR ADDITIONAL
PLANTS TO REPLACE OBSOLETE AND INEFFICIENT SETS WHICH HAVE BEEN
IN USE FOR MANY YEARS PAST THEIR EFFECTIVE LIFE OWING TO THE
RECENT STRINGENT CONDITIONS.

2. - HE REPORTS TO A SUPERIOR AND THE DEFENDANT IS TRIED BY A COURT
COMPOSED OF THE SUPERINTENDENT AND TWO DISINTERESTED PARTIES.

3. - THE INSPECTOR DOES NOT HAVE A REGULAR SCHEDUli-E SO NO ONE KNOWS
WHEN TO EXPECT HIM.

4. - THIS WILL TAKE CARE OF BOTH DUST AND MOISTURE THAT ARE HIDING
TO DO DAMAGE LATER.

5. - MARKING 18 BY MEANS OF HOLES IN WHICH STEEL aINS ARE FITTED.

6. - Now THAT THE ITINERARY OF A WORN OUT ENGINE HAS BEEN TRACED
THROUGH ITS REJUVINATION PROCESS AND BACK TO WORK AGAIN WE CAN
GO ON TO THE OTHER UNITS.
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7, - THE LIGHT BEAM IS ADJUSTED 80 THAT IT PASSES THROUGH THE NEGA-
TIVE AND FALLS. ON THE PLATE OF THE PHOTO ELECTRIC CELL.

8. - A sPR I NG SUSPENSION IS EMPLOYED AT ONE END OF EACH STRIP TO KEEP THE
STRIP TAUT.

9. - THE FIRST IMPORTANT POINT FOR CONSIDERATION IS THAT OF BONDING
BETWEEN THE VARIOUS METALLIC MEMBERS OF AN AUTOMOBILE EQUIPPED
WITH A RADIO SET.

10.- TO SECURE THE MOST PERFECT REPRODUCTION AT ALL TIMES IT IS NEQ
ESSARY THAT THE RECEIVER BE CAPABLE OF HANDLING EVERY LOUD
PASSAGE OR PEAK THAT COMES IN WITHOUT OVERLOADING OR DISTORTING.

YOU WILL DERIVE EXCELLENT PRACTICE BY SENDING PARAGRAPHS WHICH ARE
PRINTED IN NEWSPAPERS, MAGAZINES ETC. AND IF POSSIBLE HAVE SOME OTHERPAR-
TY SEND YOU THESE MESSAGES BY CODE SO THAT YOU CAN PRACTICE RECEIVING AS
WELL. AN EXCELLENT METHOD OF OBTAINING RECEIVING PRACTICE IS TO LISTEN
TO AMATEUR OR COMMERCIAL TRAFFIC WHERE CODE 18 BEING EMPLOYED. You CAN AL
WAYS FIND SOME STATION IN THIS WAY WHICH 18 TRANSMITTING CODE AT A MODER-
ATE SPEED SUITABLE FOR A BEGINNER. AT FIRST, YOU MAY ONLY BE ABLE TO PICK
OUT A FEW LETTERS BUT WITH CONTINUED PRACTICE YOU WILL FIND YOURSELF RE-
CEIVING MORE LETTERS AND GRADUALLY SHORT WORDS AND FINALLY COMPLETE SEN-
TENCES. IT IS REALLY SURPRISING HOW MANY PERSONS HAVE LEARNED THE CODE
WITH NO HELP OTHER THAN INSTRUCTIONS AS THESE, A CODE PRACTICE SET AND A
SHORT-WAVE RECEIVER.

NUMERALS

Up TO THIS TIME YOUR CODE STUDIES HAVE BEEN DEVOTED SOLELY TO THE
LETTERS OF THE ALPHABET USED IN VARIOUS ARRANGEMENTS. 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 SATISFACTORILY.

COMMENCE YOUR STUDY OF THE NUMERALS WITH MEMORIZING GROUP #9 AND
WHICH CONSISTS OF THE NUMBERS I TO 5 INCLUSIVE. NOTE IN PARTICULAR THAT
ALL OF THE NUMBERS CONTAIN FIVE CHARACTERS AND THAT A VERY DEFINITE ARR-
ANGEMENT IS USED. FOR INSTANCE, THE NUMBER I IS MADE UP OF ONE DIT FOLL-
OWED BY FOUR DAHB; THE NUMBER TWO IS MADE UP OF TWO DITS FOLLOWED BY THREE
DAH'S ETC. IN OTHER WORDS, THE NUMBER OF DITS USED IN SUCCESSION OF EACH
OF THE FIRST FIVE NUMBERS IS INDICATIVE OF THE NUMBER. THIS IS A SIMPLE
RELATION, WHICH WHEN NOTED, WILL HELP YOU TO REMEMBER THESE NUMERALS.

WHEN YOU HAVE BOTH SENT AND RECEIVED THE FIRST FIVE NUMERALS SO THAT
YOU CAN SEND THEM IN ANY ORDER WITHOUT HESITATION, THEN CONTINUE WITH THE
FOLLOWING EXERCISE.

13121 24351 42432 14245 24214 23325
52513 62134 13413 45521 31452 23453
45132 34152 45321 12345 32245 11234
23246 34512 13412 42324 32432 32341
52321 34252 51234 51423 34146 21234
32452 41434 15152 43212 51425 55321
11452 35421 62113 32451 22133 15243
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NUMBER AND LETTER GROUPS

THE NEXT STEP IS TO PRACTICE THE FOLLOWING GROUPS WHICH CONTAIN COM
BINATIONS OF THE FIRST FIVE NUMERALS AND THE LETTERS T, M, 0, E, I, SAND
H. WHEN COPYING CODE GROUPS OF THIS NATURE GREAT CARE MUST BE EXERCISED
80 AS NOT TO MISTAKE A I FOR AN I OR AN 0 FOR ZERO. FOR THIS REASON, IT

18 CUSTOMARY TO PLACE A DOT IN THE MIDDLE OF A ZERO WHEN COPYING CODE 80
THAT IT WILL NOT LATER BE READ AS THE LETTER O. IN THE CASE OF THE LETTER
I EITHER BE SURE TO PLACE CROSS BARS AT EACH OF ITS EXTREMETIES OR ELSE
WRITE IT IN THE SCRIPT FORM 411 80 AS NOT TO LATER READ IT AS THE NUMBER
I. HERE IS THE PRACTICE EXERCISE:

81324 H2ITO 04153 I432H 52551 20153
74245 SIE45 E5532 E1342 42135 4E321
45234 T4H5T 42138 33451 E2451 T342I
13H21 52423 43151 32TI4 4I32S 38142
5134M I034M 5HI34 I534M E3215 H4232

MEMORIZING GROUP #I0

THE NUMBERS 6 TO 0 ARE CONTAINED IN MEMORIZING GROUP +10. THESENUM-
BERS FOLLOW A SEQUENCE WHICH 18 REVERSED TO THAT OF THE NUMBERS I TO 5IN
THAT THE OAHE; COME FIRST AND ARE FOLLOWED BY THE DITS WHILE ZERO CONSISTS
OF FIVE DAH8 PRODUCED ONE AFTER THE OTHER. A PRACTICE EXERCISECONTAININQ
THE NUMBERS 6 TO 0 IN VARIOUS COMBINATIONS FOLLOWS:

67890 60097 99680 80997 87979 78786
67897 66078 79680 89679 88776 77896
66867 97860 77889 88769 98760 86908
69798 79680 86668 86908 69798 79680
67789 78608 67780 78676 78907 99870
09876 60708 89760 69886 87606 98076

THE FOLLOWING EXERCISE WILL
VOLVING ALL TEN OF THE NUMBERS.
WORK AND DO NOT RUSH THROUGH IT.

FURNISH YOU WITH EXCEL -LENT PRACTICE IN-
APPLY YOURSELF CONSCIENTIOUSLY TO THIS

33220 32603 67513 48965 42823 39824
72823 85789 31764 44693 97680 79606
01801 44693 97680 79606 84725 68410
84736 97439 78261 78696 72654 67671
37601 87427 92121 43295 42690 46743
46821 63891 87462 12814 42391 84765
09875 45121 58798 95864 32165 51232
90001 70663 37680 79805 02370 35506
52436 89706 50362 44551 87294 75613
46789 32176 42638 23578 77654 46803

A REVIEW EXERCISE

A GOOD REVIEW EXERCISE FOLLOWS. BY PERFORMING THIS EXERCISE YOU
WILL HAVE AN OPPORTUNITY TO USE ALL OF THE LETTERS IN THE'ALPHABET AS WELL
AS ALL TEN NUMERALS.
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SHOWS 6GI4J V3LUJ 4S3XA Q0S37 429D0
Y64UT 3K403 F390G W6FM0 7MOHS 56NQR
52RNL PQ6HT K0H4I P78BC 8N0R5 78ANY
ID9EV IO3AX T0M59 Y23ZU BE752 2280K

WHEN YOU HAVE REACHED THIS STAGE OF YOUR CODE STUDIES,YOU SHOULD BE
ABLE TO SEND ANY FORM OF LETTER, WORD OR NUMBER COMBINATION WITH EASE AND
ACCURACY. HOWEVER, IT TAKES A GREAT DEAL OF PATIENT PRACTICE 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 ABREVIATIONS WHICH APPEAR IN

MEMORIZING GROUPS #II AND #12. THESE CONSIST OF THE PERIOD; THE INTERROa.
ATION OR QUESTION MARK; THE BREAK OR DOUBLE DASH; THE ERROR SIGN WHICH YOU
SHOULD ALREADY HAVE BEEN USING AS PER PREVIOUS INSTRUCTIONS; THE WAITSIGN;
THE END OF MESSAGE AND THE END OF TRANSMISSION SIGNS. IN ADDITION, YOU
CAN ALSO AT THIS TIME LEARN THE SIGNS FOR RECEIVED O.K." (DIT DAH DIT) AND
'INVITATION TO TRANSMIT (GO AHEAD)" WHICH APPEARS AS DAH DIT DAH IN YOUR
COMPLETE CODE TABLE I IN THE PREVIOUS LESSON.

IN ORDER TO QUALIFY FOR AN AMATEURS LICENSE THIS COMPLETES YOUR
CODE KNOWLEDGE AS FAR AS TABLE I OF THE PREVIOUS LESSON IS CONCERNED. To

BECOME THOROUGHLY QUALIFIED AS A COMMERCIAL OPERATOR, HOWEVER, YOU SHOULD
ALSO LEARN THE REMAINING PORTIONS OF THIS SAME TABLE I BUT THIS CAN BE
DONE GRADUALLY OVER A PERIOD OF TIME AND AS YOU BECOME MORE EXPERIENCED IN
THIS LINE OF WORK.

THE "Q" CODE

Now IN ADDITION TO THE MORSE CODE, WE ALSO HAVE WHAT IS KNOWN AS
THE !InnA CODE. THIS 11Q11 CODE IS NOTHING MORE THAN A SERIES OFABREVIATION8
WHICH HAS BEEN DEVISED FOR USE IN INTERNATIONAL RADIO COMMUNICATIONS.THIS
"Q" CODE APPEARS IN TABLE I OF THIS LESSON AND AS YOU WILL OBSERVE, EACH
OF THE ABREVIATIONS STARTS WITH THE LETTER Q AND FROM WHICH IT DERIVES THE
SIGNIFICANT NAME "Q -CODE".

THESE VARIOUS ABREVIATIONS HAVE THE MEANINGS AS SPECIFIED IN THE
"ANSWER" COLUMN OF TABLE I. WHENEVER ANY OF THESE ABREVIATIONS IS FOLLOW-
ED BY A QUESTION MARK, THEN ITS MEANING BECOMES AS SPECIFIED IN THE"QUES-
TION COLUMN" OF TABLE I. FOR EXAMPLE, IF YOU SUSPECT THAT THE SIGNALS el
TWEEN YOU AND THE PARTY WITH WHOM YOU ARE COMMUNICATING ARE BEINGSUBJECT-
ED TO INTERFERENCE, THEN YOU WOULD SEND THE SIGNAL QRM. IF SUCH BE THE
CASE, THEN THE OTHER PARTY CAN ANSWER YOUR QUESTION BY SIMPLY SENDING THE
ABBREVIATION QRM, WHICH MEANS THAT HE IS BEING INTERFERED WITH.

YOU WILL ALSO OBSERVE IN TABLE I THAT THE DIFFERENT TYPES OF WAVE
FORMS ARE REFERRED TO AS WAVES OF TYPE AI, A2, A3AND B. THESE PARTICULAR
ABREVIATIONS HAVE THE FOLLOWING MEANING:

TYPE AI WAVES ARE UNMODULATED CONTINUOUS WAVES WHICH ARE VARIED BY

TELEGRAPHIC KEYING; TYPE AlWAVES 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 MUSIC;

TYPE B WAVES ARE DAMPED WAVES.
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TABLE I

THE Q CODE

Abbre-
viation Question Answer

QRA
QRB

QRC

QRD
QRE
QRF
QRG

QRH

QRI
QRJ

QRK

QR L

QItM
QRN
QRO
QRP
QRQ
QRS

QRT
QRU
QRV
QRW

QRX

QRY

QRZ
QSA

QSB
QSC

QSD

QSE
QSF
QSG

QSH

QSI

QSJ

QSK

QSL

QSM

QSN

QSO

What is the name of your station?
At what approximate distance are you

from my station?

By what private company (or govern-
ment administration) are the ac-
counts for charges of your station
liquidated?

Where are you going?
What is the nationality of your station?
Where do you come from?
Will you indicate to me my exact wave

length in meters (or frequency in
kilocycles)?

What is your exact wave length in
meters (frequency in kilocycles)?

Is my tone bad?
Are you receiving me badly? Are my

signals weak?
Are you receiving me well? Are my

signals good?
Are you busy?

Are you being interfered with?
Are you troubled by atmospherics?
Must I increase power?
Must I decrease power?
Must I send faster?
Must I send more slowly?

Must I stop sending?
Have you anything for me?
Must I send a series of V's?
Must I advise that you are

calling him?
Must I wait? When will you call me

again?

Which is my turn?

By whom am I being called?
What is the strength of my signals (1

to 5)?
Does the strength of my signals vary?
Do my signals disappear entirely at

intervals?
Is my keying bad?

Are my signals distinct?
Is my automatic transmission good?
Must I transmit the telegrams by a

series of 5, 10 (or according to any
other indication)?

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

Must I send the telegrams in alternate
order without repetition?

What is the charge to be collected per
word for including your
internal telegraph charge?

Must I suspend traffic? At what time
will you call me again?

Can you give me acknowledgment of
receipt?

Have you received my acknowledgment
of receipt?

Can you receive me now? Must I con-
tinue to listen?

Can you communicate with
directly (or through the intermedi-
ary of )?

The name of my station is
The approximate distance between our

stations is nautical miles (or
kilometers).

The accounts for charges of my station
are liquidated by the private
company (or by the government ad-
ministration of ..... ).

I am going to
The nationality of my station is
I come from
Your exact wave length is meters

(or kilocycles).

My exact wave length is meters
(frequency kilocycles).

Your tone is bad.
I can not receive you. Your signals are

too weak.
I receive you well. Your signals are good.

I am busy. Or, (I am busy with ).
Please do not interfere.

I am being interfered with.
I am troubled by atmospherics.
Increase power.
Decrease power.
Send faster ( words per minute).
Send more slowly ( words per

minute).
Stop sending.
I have nothing for you.
Send a series of V's.
Please advise that I am calling

him.
Wait until I have finished communicating

with I will call you immedi-
ately (or at o'clock).

Your turn is No. (or according
to any other indication)

You are being called by
The strength of your signals is

(1 to 5).
The strength of your signals varies.
Your signals disappear entirely at intervals.

-Your keying is bad. Your signals are un-
readable.

Your signals run together.
Your automatic transmission fades out.
Transmit the telegrams by a series of 5,

10 (or according to any other indication).

Transmit one telegram at a time, repeating
it twice.

Send the telegrams in alternate order with-
out repetition.

The charge to be collected per word for
is francs, including

my internal telegraph charge.
Suspend traffic. I will call you again at

(o'clock).
I give you acknowledgment of receipt.

I have not received your acknowledgment
of receipt.

I can not receive you now. Continue to
listen.

I can communicate with directly
(or through the intermediary of ).
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A bbreLiation- Question Answer

QSY

QSQ

QSR

QSU

QSV

QSV

QSX
QSY

QSZ
QTA

QTB

QTC
QTD

QTE

QTF

QTG

QTH

QTI
QTJ

, QTM

QTO
QTP
QTQ

QTR
QTC

QUA

QUB

QUC

QUD

QUF

Will you relay to free of
charge?

Must I send each word or group once
only?

Has the distress call received from
been attended to?

Must I send on .. . . meters (or ....
kilocycles) waves of type Al, A2,
A3, or B?

Must I shift to the wave of
meters (or of .... kilocycles), for
the balance of our communications,
and continue after having sent several
V's?

Will you send on .... meters (or on
kilocycles) waves of Type Al, A2,

A3 or B?
Does my wave length (frequency) vary?
Must I send on the wave of .... me-

ters (or .... kilocycles) without
changing the type of wave?

Must I send each word or group twice.
Must I cancel telegram No. .... as if

it had not been sent?
Do you agree with my word count?

How many telegrams have you to send?
Is the word -count which I am confirm-

ing to you accepted?
What is my true bearing?

(or)
What is my true bearing relative to?

Will you give me the position of my
station based on the bearings taken
by the radiocompass stations which
you control?

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

What is your position in latitude and
longitude (or by any other way of
showing it)?

What is your true course?
What is your speed?

Send radioelectric signals and subma-
rine sound signals to enable me to fix
my bearing and my distance.

Have you left dock (or port)?
Are you going to enter dock (or port)?
Can you communicate with my station

by means of the International Code of
Signals?

What is the exact time?
What are the hours during which your

station is open?
Have you news of (call sign of

the mobile station)?
Can you give me in this order, informa-

tion concerning: visibility, height of
clouds, ground wind for
(place of observation)?

What is the last message received by you
from (call sign of the mobile
station)?

Have you received the urgency signal
sent by (call sign of the mo-
bile station)?

Have you received the distress signal
sent by (call sign of the
mobile station)?

I will relay to free of charge.

Send each word or group once only.

The distress call received from
has been attended to by

Send on .... meters (or on .... kilo-
cycles), waves of Type Al, A2, A3 or B.
I am listening for you.

Shift to wave of meters (or of .. .

kilocycles) for the balance of our com-
munications and continue after having
sent several V's.

I will send on .... meters (or .... kilo-
cycles) waves of Type Al, A2, A3 or B.
Continue to listen.

Your wave length (frequency) varies.
Send on the wave of .... meters (or ....

kilocycles) without changing the type
of wave.

Send each word or group twice.
Cancel telegram No..... as if it had not

been sent.
I do not agree with your word count; I

shall repeat the first letter of each word
and the first figure of each number.

I have telegrams for you or for ....
The word count which you confirm to me

is accepted.
Your true bearing is .. . . degrees

(or)
Your true bearing relative to .... is ....

degrees at .... (o'clock).
The position of your station based on the

bearings taken by the radiocompass
stations which I control is .... latitude

longitude.
I am sending my call signal for one minute

on the wave length of .... meters (or
.... kilocycles) in order that you may
take my radiocompass bearing.

My position is latitude
longitude (or by any other way of
showing it).

My true course is degrees.
My speed is knots (or

kilometres) per hour.
I will send radioelectric signals and sub-

marine sound signals to enable you to fix
your bearing and your distance.

I have just left dock (or port).

I am going to enter dock (or port).
I am going to communicate with your sta-

tion by means of the International Code
of Signals.

The exact time is
My station is open from to

Here is news of (call sign of the
mobile station).

Here is the information requested

The last message received by me from
(call sign of the mobile sta-

tion) is
I have received the urgency signal sent by

(call sign of the mobile station)
at (time).

I have received the distress signal sent by
(call sign of the mobile sta-

tion) at (time).
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Abbre-
viation

Question Answer

QUG Are you being forced to alight in the sea I am forced to alight (or bird) at
(or to land)? (place).

QUH Will you indicate the present barn- The present barometric pressure at sea
metric pressure at sea level? level is (units).

QUJ Will you indicate the true course for me The true course for you to follow, with no
to follow, with no wind, to make for wind, to make for me is de -
you? green at . (time).

TABLE II

ABBREV I AT IONS MORE ESPEC IALLY USED

IN AIRCRAFT RADIO SERVICE

Abbre-
viation

Question Answer

OAA At what time do you expect to arrive at I expect to arrive at aZ (o'clock). i

? -

QAB Are you en route to ? I am en route to !

Go to or

QAC Are you returning to ? I am returning to
Return to.... or

QAD At what time did you leave ?(place
of departure).

I left (place of departure) at
(o'clock).

QAB Have you news of (call signal of the
aircraft station)?

I have no news of (call signal of the
aircraft station).

QAF At what time did you pass ? I passed at {o'clock).
QAH What is your height? My height is meters (or according to

any other indication).
QAI Has any aircraft signaled in my neighbor-

hood?
No aircraft has signaled in your neighbor-

hood.
QAJ Must I look for another aircraft in my neigh-

borhood?
Look for another aircraft in your neighbor-

hood (or)
Look for (call signal of the aircraft

station) which was flying near (or
in the direction of ) at -

(o'clock).

QAK On what wave are you going to send the' meteorological warning messages?
I am going to send the meteorological warn.

ing messages on wave length of me-
ters (or kilocycles).

QAL Are you going to land at ? I am going to land at .... ..
or

Land
QAM Can you give me the latest meteorological

message concerning weather for
(place of observation)?

Here is the latest meteorological message
concerning weather fos (place of
observation).

QAN Can you give me the latest meterological
message concerning surface wind for

(place of observation)?

Here is the latest meteorological message
concerning surface wind for (place
of observation).

QAO Can you give me the latest meteorological
message concerning upper wind for

(place of observation)?

Here, is the latest meteorological message
concerning upper wind for (place of
observation).

QAP Must I continue to listen for you (or for
) on meters (or kilo-

cycles?

Continue to listen for me (or for ) on
meters (or kilocycles).

QAQ Will you hasten the reply to message No.
(or in accordance with any other

indication)?

I hasten the reply to message No. (or
in accordance with any other indication).

OAR Must I reply to for you? Reply to for me.
QAS Must I send message No. (or in ac-

cordance with any other indication) to
Send message No. . .. : .. (or in accordance

with any other indication) to

QAT Must I continue to send Listen before sending; you are interfering;
Or

Listen before sending; you are sending at the
same time as

QAU What is the last message received by you
from ?

The last message received by me from
is

QAV Are you calling me?
or

I am calling you
Or

Are you calling teen signal of the air-
craft station?

I am calling (call signal of the aircraft
station).

OAW Must I cease listening until (o'clock) ? . Cease listening until (o'clock).
QAX Have you received the urgent signal sent by

(call signal of the aircraft station)?
I received the urgent signal sent by

call signal of the aircraft station) at
(o'clock).

QAY Have you received the distress signal sent by
(call signal of the aircraft station)?

I received the distress signal sent by
--(call signal of the aircraft station) at
(o'clock).

QAZ 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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TABLE III

Miscellaneous Abbreviations

Abbre-
viation

Meaning

C
N
P

AA
AB
AL
BN
BQ
CL
CS
DB
DC
DF

DG
DI
DJ
DL

DO
DP
DS
DT
DY

DZ

ER

GA
JM

MN
NW
OK
RQ
SA

SF
SN
SS
TR
UA
WA
WB
XS
YS
ABV
ADR
CFM
COL
ITP
MSG
NIL

PBL
REF
RPT

SIG
SVC
TFC
TXT

Yes.
No.
Indicator of private telegram in the mobile service (to be used as a prefix).
Word or words.
All after (to be used after a note of interrogation to ask for a repetition).
All before (to be used after a note of interrogation to ask for a repetition).
All that has just been sent (to be used after a note of interrogation to ask for a repetition).
All between (to be used after a note of interrogation to ask for a repetition).
A reply to an RQ
I am closing my station.
Call sign (to be used to ask for a call sign or to have one repeated).
I cannot give you a bearing, you are not in the calibrated sector of this. station,
The minimum of your signal is suitable forlhe bearing.
Your bearing at (time) was degrees, in the doubtful sector of this sta-

tion, with a possible error of two degrees.
Please advise me if you note an error in the bearing given.
Bearing doubtful in consequence of the bad quality of your signal.
Bearing doubtful because of interference.
Your bearing at (time) was degrees in the doubtful sector of this

station.
Bearing doubtful. Ask for another bearing later, or at (time).
Beyond 50 miles, the possible error of bearing may amount to two degrees.
Adjust your transmitter, the minimum of your signal is too broad.
I cannot furnish you with a bearing; the minimum of your signal is too broad.
This station is two-way, what is your approximate direction in degrees in relation to this

station?
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 same group).
Here (to be used before the name of the mobile station in the sending of route

indications)
Resume sending (to be used_-more specially the fixed service).
If I may transmit, send a series of dashes. To stop my transmission, send a series of dots

[not to be used on 500 kc/s (600 m)].
Minute or minutes (to be used to indicate the duration of a wait).
I resume transmission (to be used more especially in the fixed service):
Agreed.
Designation of a request.
Indicator preceding the name of an aircraft station (to be used in the sending of particulars

of flight).
Indicator preceding the name of an aeronautical station.
Indicator preceding the name of a coast station.
Indicator preceding the name of a ship station (to be used in sending particulars of voyage).
Indicator used in sending particulars cgricerning a mobile station.
Are we agreed?
Word after (to be used after a note of interrogation to request a repetition).
Word before (to be used after a note of interrogation to request a repetition).
Atmospherics.
Your service message.
Repeat (or I repeat) the figures in abbreviated form.
Address (to be used after a note of interrogation to request a repetition).
Confirm (or I confirm).
Collate (or I collate).
Stops (punctuation) count.
Telegram concerning the service of the ship (to be used as a prefix).
I 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).
Preamble (to be used after a note of interrogation to request a repetition).
Referring to (or Refer to ).
Repeat (or I repeat) (to be used to ask for or to give repetition of all or part of the traffic

the relative particulars being sent after the abbreviation).
Signature (to be used after a note of interrogation to request a repetition).
Indicator of service telegram concerning private traffic (to be used as a prefix).
Traffic.
Text (to be used after a note of interrogation to request a repetition).
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TABLE II, YOU WILL NOTICE, IS ALSO A Q CODE BUT APPLIED PART ICU-'

LARLY TO AIRCRAFT RADIO SERVICE.

MISCELLANEOUS ABBREVIATIONS

THE MISCELLANEOUS ABBREVIATIONS WHICH APPEAR IN TABLE =I HAVE BEEN
ADOPTED BY UNIVERSAL AGREEMENT AND SHOULD THEREFORE NOT BE EMPLOYED IN

OTHER THAN THE MEANINGS SPECIFIED NOR SHOULD OTHER THAN THE SPECIFIED AB"'
BREVIATION BE EMPLOYED TO CONVEY ANY MEANING LISTED IN TH'S TABLE.

THE AUDIBILITY SCALE

BY AGAIN REFERRING TO TABLE I OF THIS LESSON AND "LOOKINOUP" THE
MEANING FOR THE ABREVIATION QSA, YOU WILL FIND THIS ABBREVIATION TO BE

USED TO SPECIFY SIGNAL STRENGTH IN TERMS OF NUMBERS EXTENDING FROM I TO

5. THIS NUMBERING SYSTEM HAS THE FOLLOWING MEANING:

QSAI = HARDLY PERCEPTIBLE, UNREADABLE
QSA2 = WEAK, READABLE NOW AND THEN
QSA3 = FAIRLY GOOD, READABLE BUT WITHID1FFICULTY
QSA4 = GOOD, READABLE
QSA5 = VERY GOOD, PERFECTLY READABLE.

IN AMATEUR WORK, THE "R" SYSTEM OF INDICATING AUDIBILITY IS ALSO
NOW BEING USED EXTENSIVELY. THE "R SYSTEM" FOLLOWS:

RI = FAINT SIGNALS, JUST AUDIBLE
R2 = WEAK SIGNALS, BARELY AUDIBLE
R3 = WEAK SIGNALS, COPIABLE (IN ABSENCE OF ANY DIFFICULTY)
R4 = FAIR SIGNALS, READABLE
R5 = MODERATELY STRONG SIGNALS
R6 = STRONG SIGNALS
R7 = GOOD STRONG SIGNALS (SUCH AS COPIABLE THROUGH INTERFERENCE)
R2 = VERY STRONG SIGNALS; CAN BE HEARD SEVERAL FEET FROM PHONES
R9 = EXTREMELY STRONG SIGNALS.

IN THIS LESSON YOU HAVE BEEN GIVEN A GREAT DEAL OF INFORMATION
REGARDING THE CODE AND INFORMATION OF THE TYPE WHICH WILL REQUIRE STUDY
OVER A CONSIDERABLE PERIOD OF TIME IN ORDER FOR YOU TO LEARN IT. DO NOT

EXPECT TO LEARN THIS ALL AT ONCE BUT LEARN A FEW OF THE ABBREVIATIONS AT
A TIME, STARTING WITH THOSE WHICH OBSERVATION AND LISTENING EXPERIENCE
WILL SHOW YOU TO BE THE MOST IMPORTANT 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 AS POSSIBLE, YOU ARE
GOING TO HAVE A COMPLETE CHANGE OF SUBJECT MATTER IN YOUR NEXT LESSON.
THIS FOLLOWING LESSON 18 GOING TO TELL YOU ALL ABOUT CRYSTAL CONTROLLED
OSCILLATORS AS USED IN TRANSMITTERS AND AFTER WHICH YOU WILL LEARN ABOUT
AMPLIFYING STAGES AS USED IN TRANSMITTERS, POWER SUPPLIES, SPECIAL KEY

CIRCUITS, ANTENNA SYSTEMS ETC.

THIS TECHNICAL INSTRUCTION WILL THEN BE FOLLOWED BY A COMPLETE EX-

PLANATION REGARDING THE TECHNIQUE OF CONDUCTING RADIO COMMUNICATION BY

MEANS OF THE CODE, THE CORRECT PROCEDURE FOR HANDLING MESSAGES ETC.



Examination Outotiono

LESSON NO. T-5

Men may learn 2rom pest experience
but bemoaniag lost yesterdays is
worse than futile when the calendar
is filled with priceless tomorrows.

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

2. - WHAT PARTICULAR PRECAUTIONS SHOULD BE EXERCISED WHENSEND
ING THE LETTERS C, Q, V, L AND J?

3. - WHEN COPYING CODE, WHY IS IT ADVISABLE TO SKIP A LETTER
IF YOU CANT REMEMBER IT AT THE TIME?

4. - HOW IS THE NUMBER 9 PRODUCED BY MEANS OF THE CODE?

5. - WHEN COPYING CODE, WHAT PRECAUTIONS ARE TAKEN SO THAT A

ZERO IS NOT READ FROM THE WRITTEN COPY AS THE LETTER 0?

6. - WHEN COPYING CODE, WHAT PRECAUTIONS ARE TAKEN SO THAT THE
LETTER I IS NOT MISTAKEN FOR THE NUMERAL I?

7. - WHAT IS THE MEANING OF THE ABBREVIATION QRX?

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

9. - IF YOU SHOULD SEND SOMEONE THE SIGNAL ABBREVIATION QSA
FOLLOWED BY A QUESTION MARK AND THEY SENT YOU AN ANSWER
OF QSA5, WHAT WOULD THIS ANSWER INDICATE?

10.- EXPLAIN WHAT TYPES OF WAVES ARE INDICATED BY THE FOLLOW-.
ING ABBREVIATIONS: TYPE AI, A2, A3 AND B.

PRINTED IN N.S.A.
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CRYSTAL -CONTROLLED OSC/L L A T 0i23

AS YOU WILL RECALL FROM YOUR PREVIOUS STUDIES
OSCILLATOR CIRCUITS OF THESIM
PLE TYPE, IT IS OF UTMOST IM-
PORTANCE THAT SUCH CIRCUITS BE
CAREFULLY TUNED SO THAT THE

TRANSMITTER WILL OPERATE ON

THE CORRECT FREQUENCY. How -

EVER, IN SPITE OF THE FACT

THAT SUCH AN OSCILLATOR CIR-

CUIT IS PROPERLY ADJUSTED FOR
A GIVEN FREQUENCY,YET CONDI-

TIONS ARISE IN PRACTICE WHICH
MAY CAUSE THE OSCILLATOR TO

CHANGE ITS FREQUENCY ON ITS

OWN ACCORD. WHENEVER ANY SUCH
FREQUENCY VARIATION OCCURSDUR
ING THE COURSE OF OPERATION
WE SAY THAT THE OSCILLATOR IS
UNSTABLE OR THAT THE TRANS-MITTER!,IS SUBJECT TO FREQUEN-

CY INSTABILITY".

THE REASON WHY SIMPLE

OR SELF-CONTROLLEDOSCILLATORS
ARE SUBJECT TO FREQUENCY IN-

STABILITY CAN BE EXPLAINED IN
THE FOLLOWING MANNER: THE

FREQUENCY TO WHICH AN OSCILL-
ATOR CIRCUIT IS TUNED IS GOV-,
ERNED CHIEFLY BY THE INDUCT-

ANCE VALUE OF THE COIL AND

THE CAPACITIVE VALUE OF THE

CONDENSER WHICH ARE USED IN

Printed in U. S. A.

CONCERNING VACUUM TUBE

FIG. 1

Students Conducting Tests On
One of Nationals- Crysta/ -
Co ti Z -v0 72-a, s rn ifier s



WHERE C2=
CAPACITY;

TANCE AND
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THE TUNING CIRCUITS. IN THE CASE OF THE TUNED GRID CIRCUIT,THE CAPAC-
ITANCE OF THIS CIRCUIT IS ALSO SHUNTED BY THE INPUT CAPACITY OF THE TUBE
AND THIS INPUT CAPACITY IS A FUNCTION OF THE PLATE LOAD AND THE GRID -
PLATE CAPACITY OF THE TUBE. EXPRESSED AS A FORMULA THIS WOULD BE:

R 0
C" = C C

gf gp Ro+Rp

INPUT CAPACITY; Cpc= GRID -FILAMENT CAPACITY; Cfp= GRID -PLATE
= AMPLIFICATION FACTOR OF THE TUBE; Ro = OUTPUT LOAD RESIe-

Rp = THE TUBE'S PLATE RESISTANCE.

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 -FILAMENT CAPACITY AND WHICH IN TURN IS
CAPABLE OF DETERMINING THE FREQUENCY AT WHICH THE CIRCUIT OSCILLATES. IT

IS ALSO TRUE THAT CHANGES IN FILAMENT TEMPERATURE, IN C BIAS, OR IN PLATE
VOLTAGE WILL AFFECT THE PLATE RESISTANCE OF THE TUBE AND THEREBY CHANGE
ITS RELATION TO THE LOAD RESISTANCE. CHANGES OF THIS NATURE WILL ALSO
AFFECT THE FREQUENCY OF THE OSCILLATOR'S OUTPUT. IT IS INTERESTING TO
NOTE THAT THE SMALLER THE PLATE LOAD, THE LARGER

THIS WAY,
MENT, THE
EXTENT
RATHER

WILL BE THE GRID -PLATE
CAPACITY; AND THE
GREATER THE PLATE RE-
SISTANCE OF THE TUBE,
THE MORE WILL THE GEN-
ERATED FREQUENCY DEPEND
UPON THESE FACTORS.

IMPROVING STABILITY

ONE METHOD OF
MAKINA THE OSCILLATOR
FREQUENCY MORE INDE-
PENDENT FROM THE TUBE
CHARACTERISTICS IS TO

USE A RATHER LARGEFIX-
ED INPUT CAPACITY TO

THE NORMAL GRID -FILA-
MENT CAPACITY SO THAT
CHANGES IN THE LATTER
ARE UNIMPORTANT. IN

BY SHUNTING A FAIRLY LARGE CAPACITY ACROSS THE GRID AND FILA-
TOTAL EFFECTIVE INPUT CAPACITY WILL BE INCREASED TO SUCH AN

THAT SMALL CHANGES IN THE INTERNAL CAPACITY OF THE TUBE WILL HAVE
LITTLE EFFECT UPON THE TUNING.

FIG. 2
App/,-caion of the Crys&a/.

A STILL DIFFERENT METHOD WHICH IS 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-- IN OTHER
WORDS, A HIGH CAPACITY -- LOW INDUCTANCE TUNING CIRCUIT.

IN THE SMALLER TRANSMITTERS WHERE THE OSCILLATOR IS COUPLED DIRECT-
LY TO THE ANTENNA SYSTEM WITHOUT ANY STAGE OF AMPLIFICATION BETWEEN THE
OSCILLATOR AND THE ANTENNA, IT IS ALSO A COMMON OCCURRENCE FOR ANY CHANGE
IN THE CAPACITY OF THE ANTENNA AS CAUSED BY SWAYING 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 TUBEISGRID

CIRCUIT IS 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 CONSTANTS ARE VARIED APPRECIABLYOSCILLA"
TORS WHICH EMPLOY SUCH A CRYSTAL IN ORDER TO INSURE FREQUENCY STABILITY

ARE KNOWN AS CRYSTAL CONTROLLED OSCILLATORS.

IN FIG. 2 YOU ARE SHOWN A DIAGRAM OF AN
A CRYSTAL IS EMPLOYED. HERE YOU WILL OBSERVE
ILLATOR TUBE HAVING A TUNING CIRCUIT CONSIST-
ING OF CI AND L+ INSTALLEDIN ITS PLATE CIR"

CUIT. THE CRYSTAL, ON THE OTHER HAND IS

CONNECTED ACROSS THE GRID CIRCUIT OF THIS

TUBE AND IS SHUNTED BY THE LEAK RESISTOR R1

AND THE R.F. CHOKE WHICH ARE CONNECTED TO-

GETHER IN SERIES.

THE CRYSTAL IS SO CONSTRUCTED THAT IT

WILL PERMIT THE CIRCUIT TO OSCILLATE AT ONLY
ONE PARTICULAR FREQUENCY. BY PROPER ADJUST-
MENT OF THE PLATE CIRCUIT, THE FEEDBACK EN-
ERGY WILL BE IMPRESSED UPON THE GRID CIRCUIT
THROUGH THE GRID -PLATE CAPACITY OF THE TUBE

AND THEREBY CAUSE THE CIRCUIT TO OSCILLATE.

WHEN TUNING AN OSCILLATOR OF THISTYPE,
THE PROCEDURE IS AS FOLLOWS: THE ANTENNA
(LOAD) IS DISCONNECTED AND WITH AMILLIAMMET^
ER CONNECTED IN SERIES WITH THE PLATECIRCUIT
OF THE OSCILLATOR, CONDENSER COS ADJUSTED
UNTIL THE MILLIAMMETER READING DROPS SUDDENLY
AND WHICH SHOWS THAT OSCILLATION HAS COMMEN-
CED. CONDENSER CIIS THEN FURTHER ADJUSTED
UNTIL THE MILLIAMMETER OFFERS A MINIMUMREAD^
ING AND WHICH SHOWS THAT THE PLATE CIRCUIT IS
NOW TUNED TO RESONANCE WITH THE CRYSTAL -CON-
TROLLED GRID CIRCUIT. HOWEVER, IF THE OSCILLATOR

OSCILLATOR CIRCUIT IN WHICH
THAT WE HAVE A TRIODE OSC"

The Crysiath;le 51ruciure.

IS PERMITTED TO OPERATE

IN THIS CONDITION, ANY SLIGHT CHANGE IN THE CIRCUIT CONSTANTS MAY CAUSE

THE CRYSTAL TO STOP OSCILLATING. FOR THIS REASON, CONDENSER COS ADJUSTED

FOR A FREQUENCY WHICH IS A TRIFLE HIGHER THAN THE SETTING WHICH HAS JUST
BEEN DETERMINED ^^ THE CRYSTAL NEVERTHELESS CONTINUES TO OSCILLATE AT

ITS NATURAL FREQUENCY IN SPITE OF THIS SLIGHT ALTERATION IN PLATECIRCUIT
TUNING. IN FACT, FOR SEVERAL DEGREES OF THE PLATE TUNING CONDENSER, THE
OSCILLATORS OUTPUT FREQUENCY IS THAT OF THE CRYSTAL AND IN THIS MANNER

CHANGES IN THE PLATE RESISTANCE OF THE TUBE, POWER SUPPLY VOLTAGES ETC.,
WILL HAVE RELATIVELY SMALL EFFECT ON CONTROLLING THE FREQUENCY AT WHICH
THE CIRCUIT OSCILLATES.

NOW THAT YOU ARE IN A GENERAL WAY FAMILIAR WITH THE MANNER IN WHICHI
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THE CRYSTAL IS USED IN AN OSCILLATOR CIRCUIT, YOU WILL NO DOUBT BEINTER-
ESTED IN LEARNING MORE ABOUT THE CONSTRUCTIONAL FEATURES OF THE CRYSTAL
AND THE PROPERTIES WHICH IT POSSESSES THAT ENABLES IT TO CONTROL THE FRE-
QUENCY OF THE OSCILLATOR. THIS THEN WILL BE OUR. NEXT STEP.

PIEZOELECTRIC PROPERTIES

ALL CRYSTALS WHICH ARE SUITABLE FOR CONTROLLING THE FREQUENCY OF AN
OSCILLATOR POSSESS WHAT ARE KNOWN AS PIEZO - ELECTRIC PROPERTIES. QUITE
A NUMBER OF CRYSTALLINE SUBSTANCES HAVE PIEZOELECTRIC PROPERTIES AND A-
MONG THESE WE FIND QUARTZ, TOURMALINE, ROCHELLE SALTS AND SEVERAL OTHERS
BUT OF ALL THESE QUARTZ IS USED EXCLUSIVELY IN CRYSTAL CONTROLLED OSCIL-
LATORS. THE EXTENSIVE USE OF QUARTZ IS PRIMARILY DUE TO ITS COMPARATIVELY
LOW COST, MECHANICAL RUGGEDNESS, AND LOW TEMPERATURE COEFFICIENT.

IN FIG. 3 YOU ARE SHOWN THP GENERAL SHAPE OF A NATURAL QUARTZ CRY-
STAL. NOTICE,THAT ITS
CROSS-SECTION IS A

HEXAGON OR SIX -SIDED
FIGURE AND THAT IT HAS
THREE MAJOR AXES,NAMe-
LY, THE X AXIS, THE Y

AXIS AND THE Z AXIS.

FIG. 4
The 'X Cut or "Curi-e-Ciitil Crysta/

THE X AXIS PRO-
JECTS THROUGH OPPOSITE
CORNERS 0- THE HEXAGON
CROSS-SECTION AND IT IS
KNOWN AS THE "ELECT"
RICAL AXIS". WITH A

HEXAGON FIGURE, IT IS

OF COURSE APPARENT THAT
THREE SUCH X AXES EXIST.

THE Y AXIS PROJECTS THROUGH THE CENTER OF THE CROSS-SECTION AND IS
PERPENDICULAR TO OPPOSITE SIDES OF THE FIGURE. THE Y AXIS IS KNOWN AS
THE "MECHANICAL AXIS" AND FOR THE ONE CRYSTALLINE STRUCTURE, THERE ARE
THREE SUCH Y AXES.

THE Z AXIS IS KNOWN AS THE "OPTICAL AXIS" AND IT PROJECTS LONGITUD
INALLY THROUGH THE CENTER OF THE STRUCTURE.

THE ILLUSTRATION IN FIG. 3, YOU WILL RECALL, IS 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 IS 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
SULTS IN WHAT IS KNOWN AS AN "X -CUT" OR "CURIE -CUT" CRYSTAL WHILE THE
OTHER METHOD OF CUTTING RESULTS IN WHAT IS KNOWN AS A "Y^CUT" OR "300 -
CUT" CRYSTAL.

THE "X -CUT" CRYSTAL

FIG. 4 SHOWS YOU HOW AN "X -.CUT" OR "CURIE -CUT" CRYSTAL IS OBTAINED.
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AT THE LEFT OF FIG. 4 YOU ARE LOOKING AT THE CROSS-SECTION OF THEORIGIN-
AL CRYSTAL AS SEEN FROM ABOVE, AND HERE THE EDGE OF THE SLAB FACES UPWARD
AND IS INDICATED BY THE SHADED AREA IN THIS ILLUSTRATION. THE FLAT SIDES
OF THE CRYSTAL SLAB WILL THEREFORE IN THIS INSTANCE BE PARALLEL TO THE Y
AXIS AND PERPENDICULAR TO THE X AXIS. AFTER THE FINAL CRYSTAL HAS BEEN

CUT FROM THE ORIGINAL STRUCTURE IN THIS MANNER, IT WILL APPEAR AS ILLUS-

TRATED AT THE RIGHT OF FIG. 4 AND HERE AGAIN ITS AXIS HAVE BEEN INDICAT-
ED FOR YOUR CONVENIENCE.

IN THE X -CUT CRYSTAL, WE FIND THAT ANY MECHANICAL STRESSES WHICH

ARE APPLIED ALONG THE -Y OR MECHANICAL AXIS WILL PRODUCE ELECTRICAL CHAR-
GES ON THE FLAT SIDES OF THE SLAB. FURTHERMORE, IF THE DIRECTION OFTHESE
STRESSES IS CHANGED FROM TENSION TO COMPRESSION OR VICE VERSA, THEN THE

POLARITY OF THE CHARGES ON THE FLAT SIDES OF THE CRYSTAL IS REVERSED.

THE REVERSE OF THIS PROCESS IS ALSO TRUE. THAT IS, IF ELECTRICAL

CHARGES ARE PLACED ON THE FLAT SIDES OF THE CRYSTAL BY APPLYING AVOLTAGE
ACROSS THESE FACES, THEN A MECHANICAL STRESS WILL BE PRODUCED IN THE DI-
RECTION OF THEY -AXIS.
THIS CHARACTERISTIC
BY MEANS OF WHICH THE
ELECTRICAL AND MECHAN-
ICAL PROPERTIES ARE RR
LATED IN A CRYSTAL IS
KNOWN AS THE PIEZO-
ELECTRIC EFFECT AND IT
18 A NATURAL CHARACT-
ERISTIC OF THE SUB-
STANCE.

THE "Y -CUT" CRYSTAL

FIG. 5 SHOWS
YOU HOW A "Y -CUT" OR
113042 -CUT" CRYSTAL IS

OBTAINED FROM THE OR-
IGINAL CRYSTALLINE
STRUCTURE. HERE YOU ARE

FIG. 5 y

Th Ycar" 30 -cutC%-y 5 /.

AGAIN SHOWN A TOP VIEW OF THE ORIGINAL CRYSTAL'S

STRUCTURE 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

SIDES PARALLEL WITH THE X AXIS AND PERPENDICULAR TO THE Y AXIS. THE FIN-

ISHED Y-CUT CRYSTAL SLAB IS SHOWN AT THE RIGHT OF FIG. 5 WITH ITS AXIS

INDICATED FOR YOUR CONVENIENCE.

WITH THE Y-CUT CRYSTAL, WE FIND THAT WHEN MECHANICAL STRESSES ARE

APPLIED ACROSS ITS FACES, THEN ELECTRICAL CHARGES WILL BE ESTABLISHED A
LONG ITS 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 CRYSTAL WHEN SUBJECTED TO A.C. VOLTAGES.
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WHENEVER AN A.C. VOLTAGE IS APPLIED ACROSS A QUARTZ CRYSTAL INSUCH
A DIRECTION THAT THERE IS A COMPONENT OF ELECTRICAL STRESS IN THE DIREC-
TION OF AN ELECTRICAL AXIS, THEN ALTERNATING MECHANICAL STRESSES WILL BE
PRODUCED IN THE DIRECTION OF THE Y AXIS. THESE STRESSES WILL CAUSE THE
CRYSTAL TO VIBRATE AND IF THE FREQUENCY OF THE APPLIED A.C. VOLTAGE IS
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 IS 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, INDUC-
TANCE, AND CAPACITY.

IN PRACTICE,

FREQUENCY OF CRYSTALS

BOTH X AND Y -CUT CRYSTALS

To flarlemi' To grid
--Capper w'ira

etezezr Aw7Are

Bakelite
Cndstal

/Yr

grass Top Plate

Brass 604-4-orri plcAe

FIG. 6
A 7kp ica/ Crysto/

CUT WILL OSCILLATE PROPERLY IN

ARE USED -- EACH HAVING ITS
INDIVIDUAL CHARACTERISTICS
AND THEREFORE BEST ADAPTED
FOR DIFFERENT USES. FOR
A GIVEN FREQUENCY, AN X -

CUT PLATE IS THICKER THAN A
Y -CUT PLATE; THE X -CUT PLATE

HAS BUT ONE MAJOR FREQUENCY
OF OSCILLATION WHICH IS DE-
TERMINED BY ITS THICKNESS,
WHEREAS A Y -CUT PLATE some-
TIMES HAS TWO -- AKILOCYCLE
OR TWO APART; AS A GENERAL
RULE, THE Y -CUT PLATE OSCI1
LATES MORE READILY,ALTHOUGH
WHEN PROPERLY GROUND AND
MOUNTED, CRYSTALS OF EITHER

A WELL -DESIGNED 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 AU FOLLOWS;

FOR AN X -CUT CRYSTALIXt= 112.6 WHEREAS FCR THE Y -CUT PLATE THE
FORMULA BECOMES)rXt = 77.0. IN SOTP OF THESE FORMULAS,J = THE FREQUENCY
EXPRESSED IN KILOCYCLES,t= THICKNESS OF THE PLATE EXPRESSED IN INCHES
AND THE VALUES 112.6 AND 77.0 ARE CONSTANTS IN THE RESPECTIVE FORMULAS.
EITHER OF THESE TWO FORMULAS CAN BE TRANSPOSED ALGEBRAICALLY SO THAT EI-
THER THE FREQUENCY OR THICKNESS OF THE CRYSTAL CAN BE DETERMINED IN TERMS
OF THE OTHER FACTOR. THAT IS TO SAY FOR THE X -CUT CRYSTAL

t = 112.1_ WHEREAS FOR THE Y -CUT CRYSTAL/ = 11 OR t- 77

SINCE THE THICKNESS OF A CRYSTAL IS INVERSELY PROPORTIONAL TO ITS
FREQUENCY, IT IS OBVIOUS THAT THE CRYSTAL SLABS BECOME VERY THIN AND FRA
GIL WHEN GROUND FOR THE HIGHER FREQUENCIES (3500 Kc. OR HIGHER). IT IS

FOR THIS 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 IS ONLY ONE-HALF THAT
OF THE CARRIER WAVE WHICH IS RADIATED. THE CARRIER OF HIGHER FREQUENCY IN
SUCH A CASE IS OBTAINED BY INCLUDING A SPECIAL CIRCUIT KNOWN AS A "FRE-
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 1" SQUARE,

PERFECTLY FLAT AND THE TWO MAJOR SURFACES ARE PARALLEL. WHEN IN USE,THE
CRYSTAL IS ENCASED IN A HOLDER AND OF WHICH THERE ARE A NUMBER OFDIFFER-
ENT TYPES.

A SIMPLE FORM OF CRYSTAL HOLDER IS SHOWN YOU IN Fia.6. HERE THE
CRYSTAL IS LAID FLAT BETWEEN TWO BRASS PLATES WHICH ARE APPROXIMATELY
1/16" THICK. THE SURFACE AREA OF THE TOP PLATE IS FREQUENTLY MADE THE

SAME AS THAT OF THE CRYSTAL,
ALTHOUGH IT IS ALSO ACOMMON
PRACTICE TO MAKE THE UPPER
PLATE CIRCULAR IN SHAPE AND

SOMEWHAT SMALLER IN DIAMETER
THAN THE CRYSTAL. THE BOTTOM
PLATE IS GENERALLY MADE
LARGE ENOUGH SO AS TO SERVE
AS A BASE FOR THE ENTIRECRI
STAL ASSEMBLY.

THE CRYSTAL IS EN-

CLOSED IN A BOX MADE OF
SOME SUCH INSULATINGMATER-
IAL AS BAKELITE AND TERM-
INALS ARE PROVIDED WHEREBY
THE BRASS PLATES OF THE
ASSEMBLY CAN BE CONNECTED TO

FIG. 7

Two Popu la r- Crysea/ 1-/o/der-s.

THE TRANSMITTER CIRCUIT. A LIGHT LEAF OF

SPRING BRASS OR A SMALL SPIRAL OF FINE COPPER WIRE IS GENERALLY EMPLOYED
FOR COMPLETING THE ELECTRICAL CONNECTION TO THE TOP PLATE OF THE CRYSTAL
ASSEMBLY.

TWO POPULAR CRYSTAL HOLDERS OF THE COMMERCIAL TYPE ARE ILLUSTRATED
IN FIG. 7. ONE OF THESE CONSISTS OF A BOX -SHAPED CRYSTAL CONTAINER WHILE
THE OTHER IS ROUND. BOTH UNITS, HOWEVER, ARE FITTED. WITH A PAIR OFPRONGS
WHEREBY THE CRYSTAL CAN BE CONNECTED IN THE OSCILLATOR CIRCUIT BY SIMPLY
INSERTING THE CRYSTAL HOLDER INTO A SUITABLE SOCKET.

IN SOME CRYSTAL UNITS YOU WILL ALSO FIND THAT THE TOP BRASS PLATE

OF THE ASSEMBLY DOES NOT LIE FLAT UPON THE UPPER SURFACE OF THE CRYSTAL

BUT THAT THERE IS AN AIR GAP OF APPROXIMATELY ONE' -THOUSANDTH OF AN INCH

BETWEEN THE TOP PLATE AND THE UPPER SURFACE OF THE CRYSTAL. THUS AIR

SPACE PERMITS A SLIGHT ADJUSTMENT OF THE FREQUENCY SINCE A SLIGHT CHANGE
IN THIS SPACING WILL AFFECT THE FREQUENCY.

TEMPERATURE CONTROL

THE FREQUENCY OF A CRYSTAL IS ALSO AFFECTED MATERIALLY BY THE TENT.
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ERATURE OF THE CRYSTAL .AND THEREFORE IF THE FREQUENCY STABILITY OF THE

OSCILLATOR IS TO BE AT ITS BEST, IT IS Ng
CESSARY THAT THE TEMPERATURE OF THE CRY-
STAL BE MAINTAINED AT A CONSTANT VALUE.
THIS IS KNOWN AS TEMPERATURE CONTROL AND
SINCE THIS FEATURE MAKES THE TRANSMITTER
MORE EXPENSIVE TO BUILD,IT IS EMPLOYED
ONLY IN TRANSMITTERS OF HIGHER QUALITY.

FIG.
The Crysea/ Oven.

THE TEMPERATURE OF THE CRYSTAL

THE TEMPERATURE COEFFICIENT OF AN
X -CUT CRYSTAL IS NEGATIVE,WHICH MEANS
THAT THE FREQUENCY GOES DOWN WITH A RIS-
ING TEMPERATURE. THE TEMPERATURE COEFF.OF
Y -CUT CRYSTAL 16 POSITIVE AND WHICH MEANS
THAT THE FREQUENCY INCREASES WITH A RIS-
ING TEMPERATURE. IN EITHER CASE, THE FRE
QUENCY OF THE OSCILLATOR WILL "CREEP" IF
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 TYP-
ICAL CRYSTAL OVEN IS SHOWN YOU IN FIG. 81 WHILE THE INTERNAL CONSTRUO-
TION OF THE SAME UNIT IS SHOWN IN FIG. 9.

THE PARTICULAR CRYSTAL OVEN HERE SHOWN IS DESIGNED TO ACCOMMODATE
TWO CRYSTALS. BY STUDYING FIG.
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 WIRE HEAT-
ER ELEMENTS AND A THER-
MOSTAT. THESE HEATER
ELEMENTS ARE CONNECTED
ACROSS A VOLTAGE SOURCE
OF 10 TO 12 VOLTS. A
SET OF THERMOSTATICALLY
OPERATED POINTS ARE CON
NECTED IN THIS HEATER
CIRCUIT AND IN THIS
MANNER THE TEMPERATURE
WITHIN THE CHAMBER IS

KEPT CONSTANT.THETHERM-
OSTAT OF THIS PARTIC-
ULAR UNIT IS ADJUSTABLE
AND MAY BE SET FORTEMP-
ERATURES BETWEEN 35 AND
50 DEGREES CENTIGRADE
(95 AND 122 DEGREES
FAHRENHEIT).

A HEAVY COPPER
PLATE IS PLACED OVER

9 CAREFULLY, YOU WILL NOTE THAT WE HAVE

FIG. 9

Details of the Crysal Oven.
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THIS HEATING CHAMBER AND AT THE SAME TIME SERVES AS THE BOTTOM PLATE FOR
THE CRYSTAL HOLDER. THE HEAT DISTRIBUTION OVER THIS ENTIRE PLATE IS 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 IN 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 SLIPPING A GRID CLIP CVER THE CAP STUDS

WHICH PROJECT FROM THE TOP OF THE CASE.

SOME OF THE CRYSTAL OVENS ARE EVEN MORE ELABCRATE IN DESIGN THAN

THE ONE ILLUSTRATED IN FIGS. 8 AND 9. FOR INSTANCE, IN SOME CASES, THE

CRYSTAL IS HOUSED WITHIN A HEATED CHAMBER WHICH IS HEAT-INSULATED FROM AN
OUTER CASING AND WHICH SERVES AS AN ENCLOSURE FOR THE ENTIRE ASSMEBLY.
QUITE OFTEN, A THERMOMETER 18 ALSO USED AS A PART OF THE CRYSTAL OVEN

EQUIPMENT WHEREBY THE
OPERATOR CAN AT ALL
TIMES ASCERTAIN THE
TEMPERATURE AT WHICH
THE CRYSTAL IS OPER-
ATING.

APPLICATIONS OF THE
CRYSTAL

THERE ARE ANUm-
BER OF METHODS IN

WHICH A CRYSTAL CAN

BE APPLIED IN AN 080-
ILLAToR CIRCUIT. IN

FIG.2, FOR EXAMPLE,
YOU WERE SHOWN HOW
A CRYSTAL CAN BE EM-

PLOYED IN A CIRCUIT
IN WHICH A TRIODE IS

EMPLOYED.
FIG. 10

Pentode Cry s i-o/ Can i-,-olleci Osci ila

FIG. 10 SHOWS 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 FIG. II YOU WILL SEE HOW A CRYSTAL MAY BE EMPLOYED WHEN TWO

OSCILLATOR TUBES ARE CONNECTED IN PUSH' -PULL. THE TUBES USED IN THIspART-
ICULAR ILLUSTRATION ARE ALSO BOTH OF THE PENTODE TYPE.

THE POWER WHICH CAN BE OBTAINED FROM A CRYSTAL CSCILLATOR WILL DE-
PEND UPON THE TYPE OF OSCILLATOR TUBE USED, THE PLATE VOLTAGE AND THE AM

PLITUDE OF THE R.F. VOLTAGE WHICH IS DEVELOPED AS A RESULT OF THE CRY-

STALIS MECHANICAL VIBRATION. IN THE EVENT THAT THE FEED-BACK VOLTAGE IS

TOO r-REAT, THE MECHANICAL STRAIN IMPOSED UPON THE CRYSTAL AS A RESULT OF

THE VIBRATION WILL CAUSE THE CRYSTAL TO HEAT CONSIDERABLY AND MAY IN DUE
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TIME CAUSE THE CRYSTAL ,TO CRACK AND THEREBY BECOME RUINED.

ONE OF THE ADVANTAGES OF USING A PENTODE AS
STAL CONTROLLED TRANSMITTERS IS THAT THIS TYPE OF

THAT
CAN

AN OSCILLATOR IN CRY -

TUBE HAS A RELATIVELY
LOW GRID -PLATE CAPAC-

ITY AND THEREFORE HAS
A TENDENCY TO REDUCE
THE FEED -BACK SOME-
WHAT. IN ADDITION,PEN
TODES ARE CAPABLE OF
DELIVERING FAIRLY
LARGE POWER OUTPUTS
WITH A SMALL EXITING
GRID VOLTAGE.

IT IS INTEREST-
ING TO NOTE THAT FOR
A GIVEN APPLIED PLATE
VOLTAGE, HEATING OF
THE CRYSTAL WILL BE
LESS WITH A PENTODE
THAN WITH A TRIODE AS
THE OSCILLATOR TUBE.
THIS BEING THE CASE,
IT IS EQUALLY TRUE

FOR THE SAME AMPLITUDE OF CRYSTAL VIBRATION, HIGHER PLATE VOLTAGES
BE USED WITH THE PENTODE WITH ITS RESULTING INCREASED POWER OUTPUT.

FIG. II

The Push -Pull Crystal Oscilla6or.

FIG.12 SHOWS YOU HOW A 2A5 HEATER TYPE TUBE MAY BE USED IN A CRY-
STAL CONTROLLED OSCILLATOR CIRCUIT AND AS YOU WILL OBSERVE THE BASIC DE, -
SIGN OF THIS CIRCUIT IS SIMILAR TO OTHERS WHICH APPEAR IN THIS LESSONON-
LY THAT THE CATHODE CIRCUIT SERVES TO COMPLETE THE B- CIRCUIT.

GRINDING CRYSTALS

ALTHOUGH CRYSTALS
CAN BE PURCHASED WHICH
ARE ALREADY ACCURATELY
GROUND FOR THE FREQUENCY
DESIRED, YET ONE CAN A.
SO PURCHASE BLANK CRYS-
TALS WHICH ARE CUT TO
SIZE BUT NOT SUBJECTED
TO THE FINAL GRINDING
PROCESS WHICH DETERMINES
THEIR RESONANT FREQUENCY.
No DOUBT YOU WILL BEIN-
TERESTED IN KNOWING HOW
BLANK CRYSTALS ARE GROUND
AND SO THIS WILL NOW BE
EXPLAINED.

To BEGIN WITH,THE
APPROXIMATE THICKNESS

CrysLal
`ZA5

Milliamrrietere_.

b- 13* 300v.

FIG. 12

A klecier-Type Peniode Crysfal
Osci/laor.
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OF THE CRYSTAL FOR THE FREQUENCY DESIRED CAN BE DETERMINED FROM THE

FORMULAS WHICH WERE GIVEN EARLIER IN THIS LESSON. A8 THE GRINDING PROCESS
PROCEEDS, THIS THICKNESS CAN BE CHECKED WITH AN ACCURATE MICROMETER CAL
IPER. THIS SAME INSTRUMENT CAN ALSO BE EMPLOYED AS A MEANS FOR CHECKING
THE THICKNESS FOR UNIFORMITY AND IN THIS WAY AVOID GRINDING BUMPS AND

HOLLOW AREAS IN THE SURFACES OF THE CRYSTAL.

THE GRINDING PROCESS IS GENERALLY ACCOMPLISHED BY ROTATING THE

FLAT SURFACES OF THE CRYSTAL IN IRREGULAR SPIRALS ON A RiECE OF PLATE

GLASS AND ON WHOSE SURFACE HAS BEEN SMEARED A MIXTURE OF #IO2CARBORUNDUM
AND WATER OR KEROSENE.

SO THAT THE CRYSTAL SURFACES WILL BE GROUND ABSOLUTELY FLAT,IT IS

ESSENTIAL THAT AN EVEN PRESSURE 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 AS A PRESSURE PLATE. BY MOISTENING THE CRYSTAL SURFACE WITH KER-
OSENE IT 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 IS

MOVED OVER THE GRINDING COMPOUND.

AS THE GRINDING PROCESS PROGRESSES, THE CRYSTAL SHOULD BE CHECKED

FOR ITS FREQUENCY OF OSCILLATION BY CONNECTING IT IN A TEST OSCILLATOR
CIRCUIT AND LISTENING TO THE SIGNAL IN A RECEIVER WHOSE DIAL HAS BEEN

ACCURATELY CALIBRATED. IN THE EVENT THAT THE CRYSTAL SHOULD STOP OSCILL
ATING DURING THE GRINDING PROCESS THEN ITS EDGES SHOULD BE GROUND CARE-

FULLY UNTIL OSCILLATION RESUMES.

As THE FREQUENCY COMES WITHIN A FEW KILOCYCLES OF THE DESIRED VA L'-
UE, ANY FURTHER GRINDING MUST BE DONE WITH EXTREME CARE, USING A FINER

GRADE OF CARBORUNDUM POWDER SUCH AS GRADES.FF AND FFF FOR THE FINAL GU
NDING.

SO FAR, ALL OF THE TRANSMITTER CIRCUITS WHICH WERE EXPLAINED TO

YOU EMPLOYED NOTHING MORE THAN AN OSCILLATOR STAGE IN THE TRANSMITTERPR2
PER. IN THE FOLLOWING LESSON, 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 GREATER POWER OUTPUTS POSSIBLE.
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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 sleeves and give Life
the greatest battle it ever had.

I. - WHAT IS THE REASON FOR USING A QUARTZ CRYSTAL IN THE

OSCILLATOR CIRCUIT OF A TRANSMITTER?

c. - EXPLAIN THE P t Ezo-ELEcTR C EFFECT.

3. DESCRIBE IN DETAIL AN X --CUT CRYSTAL.

4. - DESCRIBE IN DETAIL A Y-CUT CRYSTAL.

5. - WHAT FACTORS DETERMINE AT WHAT FREQUENCY A QUARTZ CRY'
STAL WILL RESONATE?

6. - DESCRIBE HOW A CRYSTAL MAY BE MOUNTED IN A TRANSMITTER.

7. - DESCRIBE A TYPICAL CRYSTAL OVEN AND EXPLAIN THE REASON
FOR ITS USE.

8. - DRAW A CIRCUIT DIAGRAM OF A CRYSTAL CONTROLLED OSCILLA-
TOR.

9. - EXPLAIN HOW YOU WOULD ADJUST THE OSCILLATOR WHOSE CIR-
CUIT YOU HAVE DRAWN IN ANSWER TO QUESTION /48 AND ALSO
EXPLAIN IN DETAIL HOW THIS CIRCUIT FUNCTIONS.

10.-' WHAT PRECAUTIONS MUST BE TAKEN IN THE DESIGN OF A CRYS-"
TAL CONTROLLED OSCILLATOR AS REGARDS THE FEED-BACK VOL-
TAGE?

c-1
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OSCILLATOR -AMPLIFIER, TRANSMITTERS

IN THE PREVIOUS LESSON YOU WERE TOLD THAT IF AN OSCILLATOR WITHOUT
CRYSTAL CONTROL FEATURES IS COUPLED DIRECTLY TO THE ANTENNA SYSTEM, THE

OSCILLATOR MAY NOT ONLY BE SUBJECT TO CHANGING ITS FREQUENCY BECAUSE OF

CHANGING 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 MENTIONED 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 IS GENERALLY CALL

ED A BUFFER. BESIDES SERVING AS A BUFFER, THIS R.F. STAGE PROVIDES AN-

OTHER ADVANTAGE AND THAT IS THAT IT AMPLIFIES THE OSCILLATOR'S OUTPUT SO

THAT GREATER RADIO FREQUENCY ENERGY CAN BE SUPPLIED TO THE ANTENNASYSTEM.

THE CRYSTAL CONTROLLED
CELLENT FREQUENCY STA-
BILITY SO THAT IF IT BE
COUPLED DIRECTLY TO

THE ANTENNA SYSTEMS ITS
FREQUENCY WILL REMAIN
CONSTANT EVEN THOUGH
THE CHARACTERISTICS OF
THE ANTENNA CIRCUIT MAY
VARY SOMEWHAT DURING
OPERATION. THE CRYSTAL
OSCILLATOR,HOWEVER, IS

A LOW -POWER DEVICE AND
THEREFORE IT IS DESIR-
ABLE TO BUILD UP ITS

OUTPUT POWER TO A HIGH
ER LEVEL BY MEANS OF
ONE OR MORE STAGES OF

RADIO FREQUENCY AMPLI-
FICATION WHICH AREPLA_Q.
ED BETWEEN THE OSCILL-
ATOR AND THE ANTENNA.

OSCILLATOR ON THE OTHER HAND, HAS SUCH EX -

FIG. I

SPARK TRANSMITTER INSTALLED
AT NATIONAL
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THUS YOU WILL SEE THAT REGARDLESS OF WHETHER THE OSCILLATOR BE SELF -TUN-
ING OR HAS ITS FREQUENCY CONTROLLED BY MEANS OF A CRYSTAL, A RADIO FRE-

QUENCY AMPLIFYING SYSTEM BETWEEN THE OSCILLATOR AND THE ANTENNA ISDESIR-
ABLE.

EFFECT OF ANTENNA UPON OSCILLATOR

BEFORE WE GO INTO DETAILS CONCERNING THE R.F. STAGES THEMSELVES AS -
EMPLOYED IN TRANSMITTERS, LET US FIRST SEE JUST HOW IT IS THAT THE AN-

TENNA MAY INFLUENCE THE TUNING OF A SIMPLE OSCILLATOR.

A GLANCE AT THE TYPICAL SINGLE -TUBE TRANSMITTER DIAGRAM IN FIG.2
WILL SHOW THAT THE ANTENNA IS ENERGIZED BY THE SECONDARY OF AN R.F.TRANa
FORMER, THE PRIMARY BEING IN THE PLATE CIRCUIT OF THE TUBE. THE INDUO-

TANCE OF THE ANTENNA SYSTEM IS TUNED BY THE VAREABLE CONDENSER WHICH IS

CONNECTED ACROSS THE SECONDARY COIL. YOU WILL ALSO OBSERVE THAT THE

DISTRIBUTED CAPACITANCE OF THE FEEDERS MAY BE CONSIDERED AS BEING IN PAR
ALLEL WITH THIS CAPACITANCE.

Ft G. 2
A Single Tube liarL4/ey n s/ni 71- er-.

nREFLECTEDII BACK

JUST AS ANY
CHANGE IN THE DIELEC-
TRIC SPACING BETWEEN
THE PLATES OF A CON-
DENSER CAUSES A CHANGE
IN CAPACITANCE,80 ANY
CHANGE IN SPACING BE-

TWEEN THE TWO FEEDER
WIRES DUE TO WIND, FOR
EXAMPLE, WILL CAUSE A

CHANGE IN CAPACITANCE
WHICH WILL CHANGE THE
RESONANT FREQUENCY OF
THE SYSTEM. SINCE A

RESONANT CONDITION IN

A SECONDARY COIL IS

INTO THE PRIMARY CIRCUIT, THIS SWING IN ANTENNA RESO-

NANCE MAY CAUSE THE OSCILLATOR TO VARY IN FREQUENCY.

SO YOU SEE AN R.F. AMPLIFIER IN THIS CASE REALLY SERVES A DUALPUR-
POSE1NAMELY, TO BOOST THE OUTPUT AND AT THE SAME TIME TENDING TO STABIL-
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 SETS ONLY IN THE TYPE OF EQUIPMENT USED AND IN MINOR DETAILS.THE
OBJECTIVES OF THE ENGINEER IN DESIGNING ANY VACUUM TUBE AMPLIFIER,WHETH-
ER IT BE FOR A RECEIVER, A SPEECH AMPLIFIER, OR FOR A RADIO TRANSMITTER
ARE:

I. TO PLACE IN THE PLATE CIRCUIT OF THE TUBE A SUITABLE IMPEDANCE
SO 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 ALTERNATING OUTPUT VOLTAGE.

2. To PROVIDE SOME MEANS OF APPLYING THIS SIGNAL VOLTAGE TO THE
GRID 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 BIAS POTENTIAL
THROUGH A RESISTOR OR INDUCTOR OF SUFFICIENT IMPEDANCE. ANADD-
ITIONAL OBJECTIVE, IF 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. SUCH A TUNED CIRCUIT IN A TRANS-
MITTER IS USUALLY CALLED A TANK CIRCUIT."

IT IS INTERESTING TO NOTE IN TKE FOLLOWING REPRESENTATIVE INTER -

Heater
and

Thermostat

Crystal Osc.

Temperature
Crystal oven

Coupling Cond. BIliffirArrtpl.

dividing

T-

QesisEance

Fie'. 3

OscillaZot- and Buffer Arnphli-er

STAGE COUPLING CIRCUITS HOW THE ABOVE OBJECTIVES ARE ATTAINED.

APPLICATION OF THE BUFFER AMPLIFIER

FIG. 3, FOR INSTANCE, SHOWS THE OSCILLATOR AND BUFFER STAGES OF A

WIDELY USED 20-40 KW COMMERCIAL CODE TRANSMITTER. THE PARALLEL -RESONANT
TANK CIRCUIT OF THE OSCILLATOR PROVIDES ADEQUATE PLATE CIRCUIT IMPEDANCE
AND AIDS IN TUNING THE SYSTEM, WHILE CAPACITANCE COUPLING LEADS THE RADIO
FREQUENCY POWER TO THE GRID OF THE AMPLIFIER TUBE. THE COUPLINGCONDENSER
SHOULD BE A HIGH QUALITY MICA CONDENSER WITH A VOLTAGE RATING AT LEAST 2
OR 3 TIMES THE DC VOLTAGE APPEARING ACROSS IT. THIS VOLTAGE, YOU WILL
NOTE, IS THE SUM OF THE OSCILLATOR PLATE VOLTAGE AND THE AMPLIFIER GRID
BIAS BECAUSE THE PLATE IS MORE POSITIVE THAN GROUND WHILE THE GRID IS

MORE NEGATIVE THAN GROUND. THE D.C. BIAS VOLTAGE IS APPLIED TO THE GRID

OF THE AMPLIFIER TUBE THROUGH AN P.F. CHOKE WHICH EFFECTIVELY PREVENTS
THE HIGH FREQUENCY SIGNALS FROM PASSING TO GROUND THROUGH THE BIAS SUPP-
LY.
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THE

You WILL ALSO OBSERVE IN FIG. 3 THAT A VARIABLE TAP CONNECTION ON

TANK COIL IS USED TO PASS THE ENERGY ON TO THE AMPLIFIER STAGE. BY

MEANS OF THIS TAP THE
ENERGY WHICH IS DE-

LIVERED TO THE GRID

CIRCUIT OF THE AMP-

LIFIER FROM THE OSO'"

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

EXITING VOLTAGE DE-

LIVERED TO THE AMPLI-
FIER.F G. 4

Unt-uned Plate -Tuned Grid Grcu/b.
THE BLOCKING RE

SISTORS MARKED "R" AND THE BY-PASS CONDENSERS "C" PREVENT ANY UNDESIR-

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 BY MORE THAN I PART IN 4000.FACTORS

CONTRIBUTING TO THIS EXCELLENT FREQUENCY STABILITY ARE:

I. LOCATION OF THE CRYSTAL IN AN OVEN WHERE TEMPERATURE IS KEPT
AT 45 DEGREES, C. TO AN ACCURACY OF 0.25 DEGREE,C.(CENTIGRADE)

2. USE OF A BUFFER AMPLIFIER.

3. USE OF A SEPARATE POWER SUPPLY FOR OSCILLATOR AND BUFFER TUBES.

4. CAREFUL SHIELDING.

COUPLING UNTUNED PLATE TO TUNED GRID CIRCUIT

THE SYSTEM OF FIG.

4 IS SIMILAR IN OPER-

ATING CHARACTERISTICS
TO THAT OF FIG.3. THE
R.F. CHOKE COIL IN THIS
CASE ACTS AS THE PLATE
CIRCUIT IMPEDANCE AND

THE COUPLING CONDENSER
CARRIES THE SIGNALFROM
PLATE TO GRID CIRCUIT,
WHILE A TUNED GRID CIR
CUIT CONNECTS THE
GRID TO THE PROPER NEC
ATIVE POTENTIAL. IN

THIS CIRCUIT,THE GRID
OF THE AMPLIFIER TUBE
IS CONNECTED TO A TAP

G. 5

Distributed Capacitance Ines Variable Induclance.
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ON THE TUNED GRID WINDING 90 THAT THE SIGNAL VOLTAGE MAY BE REDUCED IF

THE TUBE IS OVERLOADED.

IN SOME CASES,
ESPECIALLY AT HIGH LEy.
ELS OF R.F. VOLTAGE
WHICH TEND TO BREAK
DOWN THE CONDENSER DI-
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
EXAMPLE OF THIS IS ILL

USTRATED IN FIG.5WHERE
YOU ARE SHOWN THE IN-

TERSTAGE COUPLING IN A
50 WATT SHORT-WAVE TEL
EPHONE TRANSMITTER DE-
SIGNED FOR AIRCRAFT USE.

NO TUNING CONDENSER USED

FIG. 6

inducilve Coupling.

TRANSFORMER COUPLING

TRANSFORMER COUPLING BETWEEN STAGES HAS THE ADVANTAGE THAT,IFCOUP-
LING IS SUFFICIENTLY LOOSE, IT IS SOMEWHAT MORE EFFICIENT AT THE HIGHER

FREQUENCIES THAN IS CAPACITY COUPLING. MAXIMUM EFFICIENCY IS OBTAINED BY
USING DIRECT INDUCTIVE COUPLING AS IN FIG. 6 AND VARYING THE COUPLING UN
TIL OPTIMUM RESULTS ARE OBTAINED, OR BY USING AN UNTUNED TRANSMISSION
LINE, INDUCTIVELY COUPLED TO THE TANK COILS AT BOTH ENDS AS SHOWN IN FIG.
7. IN PRACTICE, THE NUMBER OF TURNS ON THE SMALLER COILS IS VARIED UN-

TIL THE PROPER COUPLING IS REACHED. THIS SYSTEM, WHICH IS ALSO KNOWN AS
IfLINK COUPLING", IS ADVANTAGEOUS WHEN THE TWO TUBES ARE TO BE MOUNTED AT

SOME DISTANCE FROM

EACH OTHER. FOR FRE-
QUENCIES ABOVE 1500

KC., TWO TO FIVETURNS
ARE USED ON EACH OF
THE TRANSMISSION LINE
COILS AND THE TRANS-
MISSION LINE MAY BE

A TWISTED PAIRSEVERAL
FEET LANG.

FIG.7
Link Coupling .

PUSH-PULL CIR-

CUITS ARE ESPECIALLY
SUITABLE FOR R.F. AWE
LIFIERS, WHEN IN THE

STAGE FOLLOWING THE
OSCILLATOR,/ OR IN

SUCCEEDING STAGES OF
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THE TRANSMITTER. WHEN DRIVEN BY A SINGLE TUBE, EITHER TRANSFORMER OR CA
PACITY COUPLING CAN BE EMPLOYED AS SHOWN IN THE CIRCUITS OF FIGS. 8 AND
9. IN FIG. 8, WHERE TRANSFORMER COUPLING IS USED,

F I G . 8

Sir791e, Driver Push -Pull /Imp!.

ING WITH IRON -CORE A.F. TRANSFORMERS.

YOU WILL OBSERVE A

MARKED RESEMBLANCE TO
THE AUDIO FREQUENCY

CIRCUITS ABOUT WHICH
YOU STUDIED IN PRE-
VIOUS LESSONS. THE
THEORY OF OPERATION IS
THE SAME,THE DIFFER-
ENCE BEING THAT IN

THIS CASE RADIO FRE-

QUENCY TRANSFORMERS
ARE USED WITH BOTH
PRIMARY AND SECONDARY
COILS TUNED BY VARI-
ABLE CONDENSERS,WHILE
IN THE CASE OF AUDIO
SYSTEMS, WE WERE WORK-

IN FIG. 9 IS SHOWN CAPACITY COUPLING. THE PLATE COIL IS TAPPED AT

THE CENTER POINT, THUS BECOMING AN AUTO -TRANSFORMER WITH THE HALF NEXT TO
THE PLATE ACTING AS THE PRIMARY AND THE OTHER HALF ACTING AS THE SECOND-
ARY. THE R.F. VOLTAGES AT THE LOWER END OF THE COIL WILL BE EQUAL TO,

BUT OPPOSITE IN SIGN (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 FIG.
3 IN THIS LESSON ONLY THAT IT IS ADAPTED TO THE PUSH-PULL SYSTEM.

FIG. 10 SHOWS TWO METHODS OF COUPLING WHICH ARE SATISFACTORY FOR

APPLICATION WHEN BOTH DRIVER AND DRIVEN STAGES ARE BALANCED CIRCUITS.
THE TWO CAPACITORS SHOWN IN 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
SINGLE TUBE WHICH FOLL-
OWS IT. IN SUCH A CASE
INDUCTIVE COUPLING IS AD
VISABLE AND EITHER OF
THE TWO CIRCUITS SHOWN
IN FIG.II WILL BE FOUND
SATISFACTORY. IT IS ALSO
WELL TO MENTION AT THIS
TIME THAT WHEN AN UNTUN-
ED TRANSMISSION LINE IS

USED,THEN THE COILS OF
THIS LINE SHOULD BESPAC-
ED AS FAR AS POSSIBLE
FROM THAT PART OF THETHE
TANK COIL WHICH IS CON-
NECTED TO THE GRID OR
PLATE. IN THIS MANNER,
UNDESIRABLE CAPACITY

A

FIG. 9
Capacifance Coupling Bei-wee/7 Single Driver

and Push- Ampl/fer.
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EFFECTS ARE AVOIDED.

NEUTRALIZING R.F. AMPLIFIERS

AS HAS ALREADY BEEN OUTLINED, A VACUUM TUBE WILL ACT AS AN OSCILL-
ATOR WHENEVER A PART OF THE POWER IN THE PLATE CIRCUIT IS FED BACK INTO

THE GRID CIRCUIT IN SUCH A WAY AS TO MAKE THE TUBE SELF -EXCITING. A PRO-

BLEM WHICH ALWAYS ENTERS THE PICTURE WHEN A THREE ELEMENT TUBE 18 USED

AS A RADIO FREQUENCY AMPLIFIER IS FEED -BACK THROUGH THE GRID -PLATE CAPA.Q

ITY. IN A TETRODE OR PENTODE THE SCREEN GRID ACTS AS AN ELECTROSTATIC

SHIELD WHICH EFFECTIVELY PREVENTS OSCILLATION, BUT IN A TRIODE AMPLIFIER,

IT IS NECESSARY TO NULLIFY THE FEED -BACK THROUGH THE INTER -ELECTRODE CA-
PACITANCE BY FEEDING BACK A NEUTRALIZING VOLTAGE WHJCH IS EQUAL TO, BUT

180 DEGREES OUT OF PHASE WITH THE VOLTAGE CAUSING THE TUBE TO OSCILLATE.
THE TWO SYSTEMS MOST COMMONLY USED ARE SHOWN IN FIG. 12. IN CIRCUIT "A"

OF F10.12 THE A.C. COMPONENT OF PLATE CURRENT FLOWING THROUGH SECTION

"X" INDUCES BY MUTUAL INDUCTION A NEUTRALIZING VOLTAGE IN SECTION !hen

FIG.10
biLerStage Coupling Beiweeti Push- Pull Amp/trier-.

WHICH IS LED TO THE GRID THROUGH THE SMALL CONDENSER "C", TO NEUTRALIZE
THE VOLTAGE WHICH APPEARS ACROSS THE GRID AND PLATE.

IN "B" OF FIG. 12 A SPLIT -STATOR TUNING CONDENSER IS USED WITH ITS
ROTOR GROUNDED AND CONNECTED TO THE FILAMENT. THE NEUTRALIZING VOLTAGE
IS OBTAINED AS A VOLTAGE DROP ACROSS THE LOWER SECTION OF THE CONDENSER

AND 18 FED TO THE GRID THROUGH THE NEUTRALIZING CONDENSER "Clio

PUSH-PULL STAGES, AS WELL AS SINGLE AMPLIFIERS, REQUIRE NEUTRALIZ-

ING. FIG. 13-A, FOR EXAMPLE, USES THE PRINCIPLE OF FIG. I2 -A ADAPTED TO

THE BALANCED CIRCUIT, WHILE FIG. 13-6 IS SIMILAR IN PRINCIPLE TO FIG.12-.

B. THE USE OF THE SPLIT -STATOR CONDENSER IN FIGS. 12-8 AND I3 -B RENDERS

GREATER FREQUENCY STABILITY AT VERY HIGH FREQUENCIES THAN DOES THE USE OF
THE TAPPED COIL AND IT IS THEREFORE MORE POPULAR IN SHORT WAVE WORK.

AS A GENERAL RULE, THE TAP ON THE TANK COIL SHOULD BE AT THE CENT-
ER. CORRECT NEUTRALIZATION WILL THEN BE OBTAINED WHEN THE NEUTRALIZING



PAGE 8 TRANSMITTERS

CONDENSER HAS A CAPACITY ABOUT EQUAL TO THE GRID -PLATE CAPACITY OF THE

TUBE. IT IS EVIDENT, THEN, THAT THE VALUE OF THIS CAPACITANCE DEPENDS U-

PON THAT OF THE TUBE USED.

ALL BYPASS CONDENSERS AND SUNDRY PARTS NOT ACTIVELY TAKING PART

IN THE PROCESS OF NEUTRALIZATION ARE OF THE USUAL VALUES.

THE PROCEDURE TO BE FOLLOWED IN NEUTRALIZING AN R.F. STAGE IS NOT

ESPECIALLY DIFFICULT. IT IS THE SAME REGARDLESS OF THE TYPE OF CIRCUIT

EMPLOYED AND IS CARRIED OUT IN THE FOLLOWING STEPS:

I. DISCONNECT PLATE VOLTAGE FROM TUBE.

2. WITH THE FILAMENT LIGHTED, FEED THE GRID IN THE NORMAL WAY FROM
THE OUTPUT OF THE PRECEDING TUBE.

3. COUPLE A RESONANCE INDICATOR (SEE YOUR LESSON NO.5I.)INDUCTIVE'
LY TO THE PLATE TANK COIL.

FIG. Ii
Single Tubes Driven By Push -Pull Si -ages.

4. SET THE RESONANCE INDICATOR AT THE FREQUENCY ON WHICH THETRAN&'.
MITTER IS TO OPERATE, AND TUNE THE PLATE CIRCUIT TO RESONANCE.

5. NOW ADJUST THE NEUTRALIZING CONDENSER TO THAT POSITION WHICH
CAUSES MINIMUM R.F. PLATE CURRENT AS INDICATED BY THE RESONANCE
INDICATOR. THIS INDICATION SHOULD BE VIRTUALLY ZERO.

6. THE LAST STEP HAS PROBABLY DETUNED THE DRIVER TANK, SO GO BACK

AND RETUNE THIS STAGE.

7. NOW COME BACK TO THE STAGE BEING NEUTRALIZED, TUNE ITS TANK TO

RESONANCE, AND NEUTRALIZE ONCE MORE. THIS WORKING BACK AND

FORTH BETWEEN THESE TWO STAGES 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 SIGNAL

CARRIED THROUGH THE NEUTRALIZING CONDENSER IS EQUAL,ANDOPPOSITE
IN PHASE, TO THE SIGNAL CARRIED THROUGH THE GRID`IPLATE CAPACITY

OF THE TUBE, AND THE STAGE 18 NEUTRALIZED.

9. Now RESTORE PLATE VOLTAGE TO THE TUBE AND THE STAGE IS READY TO

OPERATE.

SCREEN -GRID AMPLIFIERS

IN FIG. 14 YOU ARE SHOWN THE BASIC AMPLIFIER CIRCUIT FOR A TRANS-

MITTER WHEN SCREEN -GRID TUBES ARE USED. THE CIRCUIT AT THE LEFT OF FIG.

14 SHOWS YOU HOW A TETRODE IS USED FOR THIS PURPOSE, WHILE THE CIRCUIT

AT THE RIGHT OF THIS SAME ILLUSTRATION SHOWS YOU HOW THE PENTODE IS EM-

PLOYED. THE EXACT VOLTAGES WHICH ARE TO BE APPLIED TO THE ELEMENTS OF

THESE TUBES NATURALLY DEPEND UPON THE OPERATING CHARACTERISTICS OF THE

TUBBS
PLETE

PI G. 12.

Two MQ fir od s of Neu

IN QUESTION. IN A LATER LESSON, YOU WILL BE FURNISHED WITH COM-

DATA OF THIS NATURE PERTAINING TO TRANSMITTER TUBES.

SINCE THE TETRODE AND PENTODE TUBES BOTH HAVE INTERNAL SHIELDS, NO

REGENERATIVE FEED -BACK CAN BE PASSED THROUGH THESE TUBES WHEN THEY ARE

USED PROPERLY AND FOR THIS REASON NO NEUTRALIZING PROVISIONS NEED BE MADE.

HOWEVER, IT IS IMPORTANT THAT THE INPUT AND OUTPUT CIRCUITS OF THE TUBE

BE SUFFICIENTLY ISOLATED SO THAT STRAY MAGNETIC OR CAPACITIVE COUPLING

CANNOT TAKE PLATE BETWEEN THEM. FOR THIS SAME REASON, IT IS FREQUENTLY

THE PRACTICE IN DESIGNING CIRCUITS OF THIS TYPE TO SHIELD THE INPUT AND

OUTPUT CIRCUITS OF THE TUBE.

TRANSMITTING CONDENSERS

YOU ARE BY THIS TIME ALREAnY QUITE r--AMILIAR WITH THE GENERAL CON-

STRUCTIONAL FEATURES OF THE R.F. TRANSFORMERS AND COILS USED IN THE TUN-

ING CIRCUITS OF TRANSMITTERS -- THAT 18, THAT THESE WINDINGS ARE GENER-

ALLY MADE OF COPPER TUBING OR LARGO -SIZE COPPER WIRE SO THAT LOSSES CAN

BE REDUCED TO A MINIMUM. YOU 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 INSULATORS AS SUPPORTS. HOWEVER, LITTLE HAS
AS YET BEEN MENTIONED ABOUT THE TUNING CONDENSERS AS USED IN TRANSMITTERS
AND SO IT WILL BE WELL TO CONSIDER THIS POINT NEXT.

IN FIG.I5 YOU ARE SHOWN TWO TYPICAL VARIABLE CONDENSERS AS USED
IN HIGH -POWER TRANSMITTERS FOR TUNING PURPOSES. FUNDAMENTALLY,THESE CON-
DENSERS ARE THE SAME AS THOSE USED IN RECEIVERS, IN THAT THEY ALSO CON-
SIST OF A STATOR PLATE GROUP AND A ROTOR PLATE GROUP -- IN FACT,FOR LOW
POWER TRANSMITTERS GOOD RECEIVER TYPE TUNING CONDENSERS CAN BE USED SAT-
ISFACTORILY. IN THE CASE OF HIGH -POWER TRANSMITTERS, HOWEVER, SOME RE-
FINEMENTS ARE MADE IN THE CONSTRUCTION OF THE TUNING CONDENSERS AS WILL
BE APPARANT FROM AN INSPECTION OF FIG. 15.

To BEGIN WITH, REGULAR TRANSMITTING CONDENSERS ARE CONSTRUCTED WITH
GREATER PRECISION THAN ARE THE CONVENTIONAL RECEIVER TYPE CONDENSERS. YOU
WILL ALSO OBSERVE IN FIG. 15 THAT GREATER SPACING IS ALLOWED BETWEEN THE

F1G. 13
/Vac, ra tio .7 of Push- 54age5

PLATES OF THE UNIT - THIS IS DONE SO THAT THERE WILL BE NO POSSIBILITY
OF THE HIGH VOLTAGES ENCOUNTERED IN TRANSMITTERS FROM CAUSING ARCING BE-
TWEEN THE PLATES.

THE FRAMES, AS WELL AS ALL PARTS OF THE TRANSMITTING CONDENSER,ARE
CONSTRUCTED OF HEAVY MATERIAL 80 THAT THE ENTIRE UNIT WILL BE ASSURED OF
GREATER RIGIDITY AND FREEDOM FROM VIBRATION -- ALL OF WHICH PLAY AN Im-
PORTANT PART IN MAKING A STEADY SIGNAL POSSIBLE. THE BEST OF INSULATION,
SUCH AS ISOLANTITE,IS ALSO GENERALLY USED SO THAT THE UNIT MAY OPERATEAT
UTMOST EFFICIENCY.

THE CONDENSER WHICH IS SHORN IN THE UPPER PORTION OF FIG.I5 IS OF
THE SPLIT -STATOR TYRE, SUCH AS USED IN 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 IT. 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 AS TWO SECTIONS OF A RECEIVER

FIG, 14
Application of Screen Grid Amplifiers

TYPE GANG CONDENSER CONNECTED IN SERIES.

BY USING A SPLIT STATOR CONDENSER IN A TRANSMITTER,THE ROTOR AND

CONTROL SHAFT CAN AT ALL TIMES
WHEN THE CONDENSER IS EMPLOYED
CLEARLY ILLUSTRATED IN FIG. 10

BE

IN

OF

MAINTAINED AT GROUND POTENTIAL EVEN

THE PLATE CIRCUIT OF A TUBE. THIS IS

THIS LESSON,WHERE YOU WILL FIND THE Ra
TOR PLATES OF THE SPLIT -,STATOR
CONDENSER CONNECTED TO THE EL-
ECTRICAL CENTER OF THE FILAMENT
CIRCUIT. THIS ARRANGEMENT ALSO
ELIMINATES THE PROBABILITY OF

R.F. BURNS THROUGH THE OONDEN-
SER HANDLE AND AT THE SAME TIME
GREATLY REDUCES HAND -CAPACITY
EFFECTS.

.15

Tqpica/ Tr-twist-nil/1er Tuning
Con dew serS.

IN THE NEXT LESSON YOU

ARE GOING TO CONTINUE YOUR STU
DIES OF R.F. AMPLIFIERS ABUSED
IN TRANSMITTERS BY LEARNING

THE PROPER PROCEDURE,FOR TUNING
SUCH AMPLIFIERS. YOU WILL ALSO
FIND THIS NEXT LESSON TO FURN-
ISH YOU WITH COMPLETE INSTRUO-
TIONS REGARDING FREQUENCY MUL-
TIPLIERS,POWER AMPLIFIERS,ETC.

GRADUA-LY, YOU ARE LEARN-
ING MORE AND MORE ABOUT TRANS-
MITTERS AND WHEN YOU HAVE COM-
PLETED THIS SERIES OF LESSONS,
YOU WILL HAVE A MOST THOROUGH
KNOWLEDGE OF THIS SUBJECT.



EXAMINATION QUESTIONS

LESSON NO. T- 7

I. - EXPLAIN HOW THE SWINGING OF A TRANSMITTER ANTENNA MAY
AFFECT AN OSCILLATOR NOT EMPLOYING CRYSTAL CONTROLAND
WHICH IS COUPLED DIRECTLY TO THE ANTENNA SYSTEM. How

MAY THIS TROUBLE BE REMEDIED?

2. - WHAT IS A "BUFFER AMPLIFIER"?

3. - WHY IN THE CIRCUIT OF FIG. 3 IS A "TAP CONNECTION"
USED BETWEEN THE PLATE CIRCUIT OF THE OSCILLATOR AND
THE GRID CIRCUIT OF THE BUFFER AMPLIFIER?

4. - DRAW A CIRCUIT DIAGRAM WHICH ILLUSTRATES HOW LINK COUL
LING MAY BE USED BETWEEN TWO STAGES OF A TRANSMITTER.

5. - DRAW A CIRCUIT DIAGRAM SHOWING HOW A S=LIT -STATOR TUN-
ING CONDENSER MAY BE USED IN A TRANSMITTER CIRCUIT.

6. - DESCRIBE THE CONSTRUCTIONAL FEATURES OF A SPLIT -STATOR
CONDENSER AND EXPLAIN WHAT ADVANTAGES ARE OBTAINED THRU
ITS USE.

7. - DRAW A CIRCUIT DIAGRAM WHICH ILLUSTRATES THE NEUTRALIZ
ING SYSTEM OF A TRANSMITTER'S R.F. AMPLIFIER AND IN
WHICH A SINGLE TRIODE IS EMPLOYED.

8. - EXPLAIN IN DETAIL HOW YOU WOULD GO ABOUT THE TASK OF

NEUTRALIZING AN R.F. STAGE OF A TRANSMITTER.

9. - DRAW A CIRCUIT DIAGRAM OF A PUSH-PULL R.F. STAGE FOR A
TRANSMITTER USING A PAIR OF TRIODES AND ALSO SHOW THE

NEUTRALIZING CIRCUIT WHICH MAY BE EMPLOYED IN THISCASE.

10.- EXPLAIN IN DETAIL THE OPERATION OF THE CIRCUIT WHICH IS
ILLUSTRATED IN FIG. 9 OF THIS LESSON.
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TUNING AMPLIFIERS- APPLICATION
OF FREQUENCY MULTIPLIEQS

IN PREVIOUS LESSONS YOU WERE TOLD HOW TO
ING THE OSCILLATOR OF A TRANSMITTER WHETHER IT
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 CONCERN ING THE PRO"
CEDURE WHICH SHOULD BE FOLLOWED IN ORDER TO

TUNE SUCH AMPLIFIERS CORRECTLY.

TUNING THE AMPLIFIER

BEFORE COMMENCING TO TUNE THE R.F. AMP-
LIFIER, IT IS NECESSARY THAT IT BE PROPERLY

NEUTRAL I ZED, ASSUM ING THAT TRIODES ARE BEING

USED. SHOULD THE AMPLIFIER IN QUEST ION EMPLOY
TUBES OF THE SCREEN -GRID TYPE, THEN IT IS OF

COURSE NECESSARY THAT THE CIRCUIT ARRANGEMENT
BE SUCH THAT THERE IS NO POSSIBILITY OF FEED-
BACK BETWEEN ITS OUTPUT AND INPUT CIRCUITS.

WITH ThESE COND IT IONS TAKEN CARE OF, WE PRO-
CEED TO TUNE THE AMPLIFIER AS SHALL NOW BE EA
P LA !NED.

FIRST DISCONNECT THE PLATE VOLTAGE FROM
THE AMPLIFIER, SET THE OSCILLATOR INTO OPER-

ATION AND CAREFULLY ADJUST IT TO THE FREQUENCY
AT WHICH THE TRANSMITTER IS TO OPERATE. THE

CORRECT METHOD FOR ADJUSTING THE OSCILLATOR

HAS ALREADY BEEN EXPLAINED IN PREVIOUS LESSONS.

WITH THE OSCILLATOR ADJUSTED FOR THE PRa
PER FREQUENCY, THE NEXT STEP IS TO MAKE FUR-

THER ADJUSTMENTS 80 THAT MAXIMUM ENERGY WILL

00 ABOUT THE TASK OF TUN -
BE OF THE S MP LE SELF -TUN -e

A 100-Wal4 Transmitter:
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BE TRANSFERRED FROM THE OSCILLATOR'S OUTPUT TO THE GRID CIRCUIT OF THE
AMPLIFIER WHICH IT IS DRIVING. ONE METHOD OF CETERMINING THE EXITATION
POWER WHICH IS BEING DELIVERED BY THE OSCILLATOR TO THE R.F. STAGE, OR
FROM ANY DRIVER STAGE TO THE FOLLOWING STAGE FOR THAT MATTER, IS TO CON-.
NECT A D.C. MILLIAMMETER IN SERIES WITH THE GRID RETURN CIRCUIT OF THE
AMPLIFIER STAGE WHICH 18 RECEIVING THIS EXITING ENERGY. WHEN EMPLOYING
THIS METHOD, WE FIND THAT THE GREATER THE EXITATION ENERGY BEING RECEIVED
BY THIS CIRCUIT, THE GREATER WILL BE'THE RECTIFIED GRID CURRENT WHICH IS
INDICATED BY THE METER.

THE EXACT MANNER IN WHICH SUCH A MILLIAMMETER IS TO BE CONNECTED IN
THE GRID CIRCUIT OF THE AMPLIFIER WILL NATURALLY DEPEND UPON THE CIRCUIT
ARRANGEMENT OF THE PARTICULAR AMPLIFIER IN QUESTION. IN FIGS. 2, 3 AND4
YOU ARE SHOWN SOME TYPICAL CIRCUITS IN WHICH THE MILLIAMMETER CONNECTIONS
ARE ILLUSTRATED IN ORDER TO MEASURE THE RECTIFIED GRID CURRENT IN THE
AMPLIFIER STAGE. BY FAMILIARIZING YOURSELF THOROUGHLY WITH THESECONNEC-'
TIONS IN PARTICULAR, YOU SHOULD HAVE NO DIFFICULTY IN APPLYING THE SAME

METHOD TO ANY OTHER SIM-
ILAR CIRCUIT WHICH MAY
DIFFER IN CERTAIN RE-
SPECTS. THE DRIVER STAGE
IN ANY OF THESE CIRCUITS
MAY BE EITHER AN OSCILL-.
ATOR OR ANOTHER STAGE OF
R.F. AMPLIFICATION PRE-
CEDING THE R.F. STAGE
IN WHICH THE ADJUSTMENTS
ARE AT THE TIME BEING
MADE. NOTICE ALSO IN

FIGS. 2, 3 AND 4 THAT
THE POLARITY OF THE MILL
!AMMETER 18 INDICATED AND
THE CIRCUIT CONNECTIONS
SHOULD BE MADE ACCORD-
INGLY.

Fl G.2

Milliarnmeter Connection.
WITH THE MILLIAM-

METER PROPERLY CONNECTED IN THE CIRCUIT, THE DRIVER STAGE TUNING CIRCUIT
SHOULD BE ADJUSTED FOR MAXIMUM GRID CURRENT. THE COUPLING BETWEEN THE
DRIVER STAGE AND THE AMPLIFIER SHOULD THEN ALSO BE ADJUSTED FOR MAXIMUM
GRID CURRENT. IN THE EVENT THAT TRANSFORMER COUPLING 18 EMPLOYED, THE
COUPLING BETWEEN THE TWO STAGES CAN BE ADJUSTED BY VARYING THE DISTANCE
AND ANGLE OF COUPLING OR BOTH BETWEEN THE PRIMARY AND SECONDARY WINDINGS
OF THE TRANSFORMER.

IF THE CIRCUIT ARRANGEMENT 18 SUCH THAT A TAP CONNECTION IS USED
CETWEEN THE OUTPUT OF THE DRIVER TUBE AND THE INPUT OF THE AMPLIFIER AS
IN FIGS. 2 AND 3, THEN THE POSITION OF THE TAP CONNECTION ON, ITS COIL
SHOULD BE ALTERED UNTIL MAXIMUM GRID CURRENT IS INDICATED IN THE AMPLIF-
IER CIRCUIT, SHOULD SUCH A TAP CONNECTION BE USED IN A PUSHIBULLARRANGE
MENT, THEN BOTH TAPS SHOULD BE CHANGED SIMULTANEOUSLY AND IN SUCH A MA'
NER SO THAT EACH TAP WILL BE THE SAME NUMBER OF TURNS FROM THE CENTER OF
THE COIL.

WHEN LINK COUPLING IS USED, THE DEGREE OF COUPLING CAN BE CHANGED
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BY MOVING THE TRANSMISSION LINE COUPLINa COILS CLOSER TO TAE TANK COILS

WITH WHICH THEY ARE COUPLED OR ELSE TO CHANGE THE NUMBER OF TURNS USED ON
THE COUPLING COILS.

WHENEVER, THE COUPLING IS CHANGED, REGARDLESS OF THE TYPE USED,

THCORIVER CIRCUIT SHOULD SE RETUNED TO RESONANCE BECAUSE ANY CHANGE IN

THE DEGREE OF COUPLING IS LIKELY TO DETUNE THE PLATE TANK CIRCUIT OF THE
DRIVER STAGE. IN THE EVENT THAT A TANK CIRCUIT (TUNING CIRCUIT) IS ALSO

USED IN THE GRID CIRCUIT OF THE AMPLIFIER STAGE WHICH IS BEING ADJUSTED,
AS IS THE CASE IN FIG. 4, FOR INSTANCE, THEN THIS CIRCUIT SHOULD ALSO BE
RETUNED WHENEVER ANY CHANGES ARE MADE IN COUPLING 80 THAT MAXIMUM ARID

CURRENT WILL BE INDICATED BY THE MILLIAMMETER.

WITH THESE ADJUSTMENTS COMPLETED, THE PLATE TANK CIRCUIT OF THE AMP,
LIFIER SHOULD BE SET APPROXIMATELY AT RESONANCE AND WITH THE EXITING VOL
TAGE AS SUPPLIED BY THE
OUTPUT OF THE OSCILLATOR
OR PRECEDING AMPLIFIER
STAGE BEING APPLIED TO

THE GRID CIRCUIT OF THE
R.F. STAGE WHICH IS BE-
ING ADJUSTED, YOU CAN

PROCEED TO CONNECT THE
PLATE VOLTAGE TO THE
R.F. TUBE AND TUNE ITS
PLATE TANK CIRCUIT TO

RESONANCE. A CONDITION
Oo RESONANCE WILL SE

INDICATED BY A PRONOUN."'

CED DIP OF THE NEEDLE OF
A D.C. MILLIAMMETER
WHICH IS CONNECTED IN

SERIES WITH THE. PLATE
CIRCUIT OF THEAMPLIFIER
BEING ADJUSTED* THIS
TUNING ADJUSTMENT FOR MINIMUM PLATE CURRENT SHOULD BE MADE QUICKLY BE-

CAUSE IF THIS PLATE TANK CIRCUIT IS PERMITTED TO REMAIN FAR REMOVED FROM

RESONANCE FOR AN APPRECIABLE LENGTH OF TIME WHILE THE PLATE CIRCUIT IS

COMPLETE, THE RESULTING HIGH PLATE CURRENT MAY DAMAGE THE TUBE.

FIG.3
Milliarnirieter Connection When

Using 'Timed- Grid Circuit

AFTER THIS TANK CIRCUIT HAS BEEN TUNED FOR MINIMUM PLATE CURRENT,

THE OUTPUT LOAD CIRCUIT MAY BE CONNECTED TO THE AMPLIFIER. THIS OUTPUT

LOAD MAY BE THE GRID CIRCUIT OF A FOLLOWING STAGE OF R.F. AMPLIFICATION

OR ELSE THE ANTENNA CIRCUIT, DEPENDING UPON THE PARTICULAR TRANSMITTER

CIRCUIT IN QUESTION. UPON CONNECTING THE LOAD, THE PLATE CURRENT READING

OF THE AMPLIFIER WILL INCREASE SOMEWHAT AND SINCE ITS TANK CIRCUIT MAY

BE DETUNED SOMEWHAT AT THE TIME THE LOAD IS APPLIED, IT SHOULD BE AGAIN

CAREFULLY ADJUSTED FOR MINIMUM PLATE CURRENT. THE MINIMUM PLATE CURRENT

AT THIS TIME,. HOWEVER, WILL NOT BE AS LOW AS THAT WHICH WAS OBTAINED BE

FORE THE LOAD WAS CONNECTED. THE COUPLING AT THE OUTPUT END OF THIS

AMPLIFIER STAGE SHOULD BE ADJUSTED SO THAT THE PLATE CURRENT DRAWN BY THE

AMPLIFIER TUBE WILL BE NEAR THE NORMAL PLATE CURRENT VALUE FOR WHICH THE

TUBE IS RATED.
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IF ANOTHER AMPLIFIER STAGE FOLLOWS, ITS CIRCUIT SHOULD BE ADJUSTED
IN THE SAME MANNER AS HAS JUST BEEN EXPLAINED. ON THE OTHER HAND, IF THE
ANTENNA CIRCUIT IS FED BY THIS AMPLIFIER, THEN THE

Millionimeter

THAT
NOUGH TO POSSESS

ANTENNA CIRCUIT SHOULD
BE ADJUSTED AS
DESCRIBED IN THE
NEXT LESSON. You
WILL ALSO BE
SHOWN LATER IN
THIS LESSON HOW
DUMMY ANTENNAS ARE
ARE SOMETIMES U8-'
ED FOR THE PRE"'

LIMINARY TUNING
OF AMPLIFIERS.

FREQUENCY
MULTIPLIERS

IN BROAD
CASTTRANSMITTERS,
THE OPERATING FRZ
QUENCY IS SUFF-
ICIENTLY LOW 80

THE CRYSTAL AS USED IN ITS OSCILLATOR CIRCUIT CAN BE MADE THICK
THE REQUIRED MECHANICAL STRENGTH TO INSURE LONG LIFE.

FIG. 4
Corinections

Circuit .

Push- Pull

IN SUCH A CASE, IT IS PRACTICAL TO DESIGN ALL OF THE R.F STAGESIAS WELL
AS THE ANTENNA CIRCUIT, 1.9 RESONATE AT THE GAME FREQUENCY AS THAT FOR
WHICH THE OSCILLATOR IS TUNED AND WHICH IN TURN IS GOVERNED BY THE FRE-
QUENCY FOR WHICH THE CRYSTAL HAS BEEN GROUND. HOWEVER, IN THOSE SHOWN.
WAVE TRANSMITTERS WHICH RADIATE THEIR ENERGY AT VERY HIGH FREQUENCIES
(APPROXIMATELY 7 MEGACYCLES OR OVER), IT HAS BECOME THE COMMON PRACTICE
TO OPERATE THE OSCILLATOR AT A RELATIVELY LOW FREQUENCY AND WITH WHICH A
CRYSTAL OF SUFFICIENT THICKNESS TO INSURE STRENGTH CAN BE USED. THIS
FUNDAMENTAL FREQUENCY AS GENERATED BY THE OSCILLATOR IS THEN DOUBLED

FIG. 5
Application of the Frequancy
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OR TRIPLED BY MEANS OF SPECIAL CIRCUITS WHICH ARE KNOWN AS FREQUENCY MUL
TIPLIERS OR "HARMONIC GENERATORS.

FIG. 5 SHOWS YOU A TYPICAL EXAMPLE OF HOW A FREQUENCY MULTIPLIER
IS USED IN CONJUNCTION WITH A CRYSTAL CONTROLLED OSCILLATOR. FOR THE
SAKE OF EXPLANATION, LET US ASSUME THAT THE CRYSTAL 18 GROUND FOR A FRE-
QUENCY OF 3500 Kc. THE PLATE TANK CIRCUIT OF THIS OSCILLATORICONSISTING
OF C AND L WILL INI CASE ALSO BE TUNED TO RESONANCE AT

I 1

THIS 3500 Kc.
THIS OSCILLATOR FREQUENCY OF 3500 Kc. WILL BE APPLIED ACROSS THE GRID
CIRCUIT OF THE FREQUENCY MULTIPLIER TUBE THROUGH COUPLING CONDENSER Cr

THE CIRCUITS EMPLOYED IN THE FREQUENCY MULTIPLIER STAGE ARE EXAC,I
LY THE SAME AS THOSE OF A CONVENTIONAL AMPLIFIER AND THE ONLY REAL DIM"'
ERENCE IS THAT THE TUBE 18 BEING OPERATED AT A HIGHER NEGATIVE GRID BIAS
VOLTAGE THAN ORDINARILY, UNDER THESE CONDITIONS, A RELATIVELY STRONG
HARMONIC OUTPUT WILL APPEAR IN THE PLATE CIRCUIT OF THE FREQUENCY MUL"'

TIPLIER TUBE. THE SECOND HARMONIC WILL BE MOST PROMINENT AND IN OUR PAR"
ICULAR EXAMPLE
THIS WOULD BE E-

QUAL TO A FRE-
QUENCY OF TWICE
3500 Kc. OR 7000
Kc. THE PLATE TANK
CIRCUIT OF THIS
FREQUENCY MULTI."

PLIER STAGE IS

THEREFORE TUNED
TO A FREQUENCY OF
7000 Kc. 80 THAT
IT WILL RESONATE
AT THE SECOND
HARMONIC ANOTHERL
BY BE CAPABLE OF
TRANSFERRING MAX-
IMUM ENERGY AT
THIS HARMONIC FFIg
QUENCY TO THE FOL
OWING CIRCUIT.

FIG.G
The Tri-Te& Cir-cuii-.

SINCE THE ORIGINAL FREQUENCY HAS IN THIS PARTICULAR CASE SEEN DOUBLED,
THE FREQUENCY MULTIPLIER IN THIS INSTANCE WOULD RE LOGICALLY CALLED A

FREQUENCY DOUBLER.

ALTHOUGH IT 18 TRUE THAT A FREQUENCY MULTIPLIER CAN BE DESIGNED
TO DELIVER A HARMONIC WHICH IS HIGHER THAN THE SECOND HARMONIC OF THE FRS
QUENCY APPLIED ACROSS ITS INPUT CIRCUIT, YET IT IS EQUALLY TRUE THAT THE
PLATE EFFICIENCY OF A FREQUENCY MULTIPLIER IS APPRECIABLY LESS THAN THAT
OF A STRAIGHT AMPLIFIER AND DECREASES RAPIDLY AS THE PLATE CIRCUIT IS

TUNED TO A HARMONIC HIGHER THAN THE SECOND. IT 18 FOR THIS REASON THAT
MOST FREQUENCY MULTIPLIERS ARE DESIGNED TO FUNCTION AS DOUBLERS. Some -

TIMES, HOWEVER, ANOTHER DOUBLER FOLLOWS THE FIRST SO THAT THE FREQUENCY
CAN BE DOUBLED ONCE MORE AND THUS BECOME FOUR TIMES THAT OF THE ORIGINAL
OSCILLATOR OR FUNDAMENTAL FREQUENCY.

GRID BIAS FOR AMPLIFIERS

IN ORDER TO REALIZE GOOD PLATE EFFICIENCY FROM A POWER AMPLIFIER
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TUBE, IT IS NECESSARY THAT THE GRID BIAS VOLTAGE UNDER OPERATING CONDI-
TIONS BE GREATER THAN THAT WHICH IS ACTUALLY REQUIRED IN ORDER TO "CUT-
OFF1S THE PLATE CURRENT WHEN THE AMPLIFIER IS NOT RECEIVING ANY EXITING
P.F. ENERGY. A STRAIGHT AMPLIFIER TUBE SHOULD BE OPERATED WITH A BIAS
VOLTAGE WHICH IS EQUAL TO APPROXIMATELY TWICE THE "CUT-OFF" BIAS FOR
THE TUBE BEING USED. THE CUT-OFF BIAS FOR A GIVEN TUBE IS GENERALLY GIVEN
IN THE SPECIFICATIONS WHICH ARE ISSUED BY THE TUBE MANUFACTURER BUT IN

THE CASE OF TRIODES IS APPROXIMATELY EQUAL TO THE PLATE VOLTAGE AT WHICH
THE TUBE IS BEING OPERATED DIVIDED BY ITS AMPLIFICATION FACTOR. IN THE
CASE OF A FREQUENCY MULTIPLIER, THIS TUBE SHOULD BE OPERATED WITH A GRID
BIAS VOLTAGE CONSIDERABL't ABOVE DOUBLE CUT-OFF AND EXITED WITH A CORRES-
PONDINGLY GREATER R.F. VOLTAGE - IN FACT,THE DRIVING POWER REQUIRED FOR
GOOD DOUBLING EFFICIENCY IS ABOUT TWO OR THREE TIMES THAT WHICH IS NEC-
ESSARY FOR EFFICIENT STRAIGHT AMPLIFICATION.

THERE ARE SEVERAL METHODS WHEREBY THE BIAS VOLTAGE MAY BE OBTAINED
FOR THE P.F. AMPLIFIER IN A TRANSMITTER. ONE METHOD IS TO USE BATTERIES
AS A DC" SUPPLY AND IN SUCH CASES A BANK OF REGULAR "B" BATTERIES ARE
USEDIONLY THAT THEY ARE EMPLOYED IN THE CIRCUIT AS "C" BATTERIES, AL-
THOUGH BATTERIES PROVIDE A RELATIVELY CONSTANT BIAS VOLTAGE REGARDLESS OF
WHETHER THE AMPLIFIER IS BEING EXITED OR NOT, YET THE GRID CURRENT WHICH
FLOWS WHEN THE TRANSMITTER IS IN OPERATION HAS A CHARGING EFFECT AND IN

THIS MANNER TENDS TO INCREASE THE BATTERY VOLTAGE. THIS EFFECT IS MORE
NOTICEABLE AS THE BATTERIES AGE AND THEIR INTERNAL RESISTANCE INCREASES.

ANOTHER METHOD OF OBTAINING A GRID BIAS VOLTAGE IS TO USE THE GRID
LEAK METHOD AS HAS ALREADY BEEN EXPLAINED RELATIVE TO OSCILLATORS. THIS
METHOD IS BOTH ECONOMICAL AS REGARDS THE SAVING IN COST OF BATTERIES AND
IN ADDITION OFFERS THE DESIRABLE FEATURE OF REGULATING THE BIAS VOLTAGE
IN ACCORDANCE WITH THE AMOUNT OF EXITING ENERGY AVAILABLE AND IN THIS
WAY MOST EFFICIENT AMPLIFIER OPERATION 18 REALIZED UNDER VARYING CONDI-
TIONS OF OPERATION. THIS SAME METHOD ALSO OFFERS A DISADVANTAGE,HOWEVER,
IN THAT IN CASE EXITATION SHOULD CEASE FOR SOME REASON OR OTHERINO BIAS
VOLTAGE WILL BE PRODUCED AND THE RESULTING INCREASE IN PLATE CURRENT MAY
DAMAGE THE TUBE.

QUITE OFTEN, A COMBINATION OF GRID LEAK AND BATTERY BIAS IS USED
AND IN WHICH CASE SUFFICJENT BATTERY VOLTAGE IS EMPLOYED TO SAFEGUARD
THE TUBE IN CASE OF A LACK OF EXITATION AND THE ADDITIONAL BIAS VOLTAGE
IS FURNISHED BY THE LEAK. UNDER SUCH CONDITIONS, THE BATTERY VOLTAGE AND
THE VOLTAGE DROP PRODUCED ACROSS THE LEAK RESISTOR BY THE FLOW OF GRID
CURRENT ARE EFFECTIVELY CONNECTED IN SERIES, THEREFORE, THE ACTUAL OR
EFFECTIVE BIAS VOLTAGE WILL BE EQUAL TO THE SUM OF THE BATTERY VOLTAGE
"LUS THE VOLT DROP ACROSS THE LEAK RESISTOR.

THE BIAS VOLTAGE MAY ALSO BE OBTAINED FROM THE TRANSMITTER'S POWER
nACK OR ELSE FROM A BIAS RESISTOR WHICH IS INCLUDED IN THE CATHODE CIR.+
CU,IT OF THE TUBE THE SAME A8 IN RECEIVERS. CIRCUIT DIAGRAMS WHICH ARE
YET TO BE SHOWN YOU WILL ILLUSTRATE THESE DIFFERENT BIASING METHODSCLEkE
LY.

TUNING FREQUENCY MULTIPLIERS

IN THE TUNING OF FREQUENCY MULTIPLIERS, THE GENERAL PROCEDURE IS
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MUCH THE SAME AS THAT OF TUNING STRAIGHT AMPLIFIERS AND 18 DONE IN THE
FOLLOWING MANNER:

FIRST THE PLATE VOLTAGE SOURCE IS DISCONNECTED FROM THE FREQUENCY
MULTIPLIER TUBE AND THE GRID CIRCUIT IS THEN ADJUSTED FOR MAXIMUM GRID
CURRENT IN THE SAME WAY AS ALREADY DESCRIBED RELATIVE TO STRAIGHT AMPLI-
FIERS. THE PLATE VOLTAGE IS THEN APPLIED TO THIS TUBE AND THEPLATE TANK
CIRCUIT IS ADJUSTED 80 AS TO RESONATE AT THE SECOND HARMONIC FREQUENCY
AND WHICH 18 INDICATED BV THE DIP IN PLATE CURRENT THE SAME AS WHEN TUN-
ING A STRAIGHT AMPLIFIER TO RESONANCE WITH THE FUNDAMENTAL. IN THE CASE
OF THE FREQUENCY MULTIPLIER, HOWEVER, THIS DIP IS NOT QUITE BO PRONOUNCED
AS WHEN TUNING A STRAIGHT AMPLIFIER.

WITH THESE ADJUSTMENTS PROPERLY MADE, THE LOAD MAY BE
AND THE OUTPUT
COUPLING AND LOAD
CIRCUITS ADJUST-
ED FOR MAXIMUM
OUTPUT,IN KEEP-
ING WITH THE
PLATE CURRENT RAI
ING OF THE TUBE.
GENERALLY, IT 18

ADVISABLE THAT
THIS PLATE CUR-
RENT BE SLIGHTLY
LOWER THAN THAT
FOR WHICH THE
TUBE IS RATED, E1
PECIALLY IF THE
PLATE OF THETUBE
HAS A TENDENCY
TO BECOME RED --
THIS IS DUE TO
THE INEFFICIENCY
AT WHICH A FRE-

QUENCY MULTIPLIER TUBE OPERATES. WITH ALL OF THESE ADJUSTMENTSTAKEN
OF, A LITTLE EXPERIMENTING CAN BE DONE AS REGARDS VARYING THE BIAS
TAGE OF THE FREQUENCY MULTIPLIER TUBE UNTIL MAXIMUM OUTPUT IS OBTAINED.

F 1G, 7
Lo,...) -Power -Thriee-Tube

Transtniier-,

THE TRI-TET PRINCIPLE

CONNECTED

CARE
VOL.,

IN FIG. 6 YOU ARE SHOWN A CIRCUIT DIAGRAM WHICH IS 80 ARRANGED THAT
A SINGLE TUBE CAN FUNCTION SIMULTANEOUSLY AS A CRYSTAL CONTROLLED 08C11,6
ATOR AND AS A STRAIGHT AMPLIFIER OR A FREQUENCY MULTIPLIER. As SUCH, THE
TRANSMITTER CAN BE OPERATED AT TWO DIFFERENT FREQUENCIES EVEN THOUGH ONLY
A SINGLE CRYSTAL IS EMPLOYED. THE TUBE USED IN THIS PARTICULAR CASE IS

A TYPE 59 RECEIVER POWER TUBE, HOWEVER, THE SAME PRINCIPLE CAN ALSO BE
EMPLOYED WITH SOME REGULAR TRANSMITTING TYPE TUBES 80 THAT GREATER POWER
OUTPUTS CAN BE REALIZED.

HERE THE CRYSTAL, R.F. CHOKE, AND LEAK RESISTOR ROPE CONNECTED A-
CROSS THE GRID CIRCUIT OF THE TUBE WHILE THE TUNING CIRCUIT CONSISTING
OF LI AND C1 ARE CONNECTED IN THE CATHODE CIRCUIT OF THE SAME TUBE. THE
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VALUES OF L1AND CIARE SO CHOSEN THAT THIS CIRCUIT WILL RESONATE AT THE
FREQUENCY OF THE CRYSTAL.

THE TUNING CIRCUIT CONSISTING OF LAND 02.18 INSTALLED IN THE PLATE
CIRCUIT OF THE SAME TUBE AND ITS VALUES ARE 80 CHOSEN THAT THIS CIRCUIT
WILL ALSO BE TUNED TO RESONANCE WITH THE CRYSTAL FREQUENCY. UNDER THESE
CONDITIONS, THIS PORTION OF THE CIRCUIT WILL FUNCTION AS A STRAIGHT AMP."
LIFIER.

IN ORDER TO FURNISH AN OUTPUT FREQUENCY OF TWICE THAT OF THE CRY"'

STAL, IT 18 ONLY NECESSARY TO CHANGE THE VALUES OF LAND 02.80 THAT THIS
TUNING CIRCUIT WILL RESONATE AT THE SECOND HARMONIC OF THE FUNDAMENTAL.
THE TRANSMITTER WILL THEREFORE FUNCTION AS A "TRPJET".

COMPLETE TRANSMITTER CIRCUITS

SO FAR, WE HAVE ONLY CONSIDERED THE INDIVIDUAL SECTIONS OF MULTI"
TUBE TRANSMITTERS, THEREFORE, THE NEXT STEP FOR US TO TAKE 18 TO LOOK
AT SOME TYPICAL TRANSMITTER CIRCUITSASA

Fie. a

Transmitter Wit", Push-. Pu/I
Power A Api 10,11

PUT AND CALLS FOR A POWER PACK WHICH

WHOLE AND IN WHICH THESE DIFFER".
ENT SECTIONS HAVg ALL BEEN
COMBINED TO FORM A COMPLETE
TRANSMITTER UNIT. THE POWER
PACKS AND KEY CIRCUITS ARE NOT
BEING CONSIDERED AT THE PRES-
ENT TIME, SINCE THEY ARE FULLY
EXPLAINED IN LATER LESSONS*

IN FIG.7, FOR INSTANCE,
YOU ARE SHOWN THE CIRCUIT DP"
AGRAM OF A TRANSMITTER IN

WHICH THREE TUBES ARE EMPLOY-
ED. THIS IS A TRANSMITTER OF
COMPARATIVELY LOW POWER OUT."

OFFERS A MAXIMUM "B" VOLTAGE OFONLY
500 VOL.S THE TUBES USED IN THIS TRANSMITTER, you WILL OBSERVE, ARE A

TYPE 47 AS A CRYSTAL CONTROLLED OSCILLATOR, A 46 AS A FREQUENCY DOUBLER
AND BUFFER AND A TYPE JO AS THE FINAL AMPLIFIER.

WHEN WORKING "STRAIGHT", THE TUNING CIRCUITS OF ALL THREE TUBESARE
TUNED TO THE SAME FREQUENCY, THAT IS, TO THE FREQUENCY OF THE CRYSTAL*
WHEN"DOUBLING", THE TUNING CIRCUIT OF THE OSCILLATOR 18 STILL TUNED TO

RESONANCE WITH THE CRYSTAL FREQUENCY BUT THE TUNING CIRCUITS OF THEDOUB-
LER AND AMPLIFIER ARE BOTH TUNED TO RESONANCE WITH THE SECOND HARMONIC
OF THE OSCILLATOR FREQUENCY.

A STILL DIFFERENT CIRCUIT DESIGN APPEARS IN FIG, 8. HERE A TYPE 59
TUBE IS USED IN A TRI-TET OSCILLATOR CIRCUIT AND WHICH IS FOLLOWED BY A

BUFFER OR DOUBLER STAGE IN WHICH A TYPE 10 TUBE IS EMPLOYED. THE POWER
AMPLIFIER CONTAINS TWO TUBES CONNECTED IN PUSH -'PULL AND WHICH MAY BE OF
THE TYPE 800,825,830 OR RKI8 TRANSMITTER TUBES. EACH OF THESE FOUR TUBE
TYPES HAS A POWER OUTPUT RATING OF 50 WATTS AND THEREFORE AN ARRANGEMENT
AS THIS WILL PROVIDE A TRANSMITTER OF HIGHER POWER OUTPUT THAN WILL THE
CIRCUIT OF FIG. 7.

WHEN THE TRANSMITTER OF FIG. 8 18 OPERATED "STRAIGHT", ALL TUNING
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CIRCUITS ARE TUNED TO RESONANCE WITH THE CRYSTAL FREQUEN3Y BUT WHENHDOUS

LING, THE PLATE CIRCUIT OF THE OSCILLATOR, DOUBLER TUBE AND FINAL AMP

LIFIER STAGE ARE ALL TUNED TO THE SECOND HARMONIC OF THE CRYSTALFREQUEN"..

CY*

IN FIG* YOU ARE
SHOWN THE CIRCUIT DIAGRAM
OF A TRANSMITTER IN WHICH

A 47 TUBE IS USED IN THE

CRYSTAL CONTROLLED 08CILL.r.

ATOR CIRCUIT, A 50 WATT 800,
825,830 nR RK18 IN THESUFP""'
ER OR DOUBLER STAGE AND A

MD WATT 860 TUBE IN THEFIB
AL STAGE. THIS TRANSMITTER
CAN BE OPERATED ON THREE

DIFFERENT FREQUENCIES AND

USING BUT A SINGLE CRYSTAL
BY CARRYING OUT THE roLLow-
ING PLAN:

F I G 9

Application of Screen Grid
Tiibc as Final A fr-npli er.

WHEN OPERATED STRAIGHT, ALL TUNING CIRCUITS ARE TUNED TO THE FRE-

QUENCY OF THE CRYSTAL. FOR THE SECOND BAND, THE FIRST AMPLIFIER STAGE CAN

BE OPERATED AS A DOUBLER BY BEING TUNED TO THE SECOND HARMONIC AND IN

WHICH CASE THE FINAL STAGE WOULD ALSO BE TUNED TO THE SECOND HARMONIC.

FOR OPERATING ON THE THIRD BAND, THE FINAL AMPLIFIER STAGE IS ALSO OPER'''.
ATED AS A DOUBLER SO THAT IT WILL AMPLIFY THE SECOND HARMONIC AS APPLIED

TO ITS INPUT CIRCUIT FROM THE PRECEDING DOUBLER STAGE.

THE VALUES FOR THE DIFFERENT PARTS WHICH ARE USED IN THE CIRCUITS

ILLUSTRATED IN FIGB.7,8 AND 9 ARE LISTED FOR YOU IN TABLE I .

TABLE I

CI = .00025 MFD. VARIABLE CONDENSER
Cy = *DM MFD* VARIABLE CONDENSER
C3 = .0001 MFD* FIXED MICA CONDENSER

= ,002 MFD* FIXED MICA CONDENSER
Cr= .00005 MFD. FIXED MICA CONDENSER

= 000038 MFD* VARIABLE CONDEgAER
C7 m *DM MFD. SPLIT''STATOR CONDENSER (song

SECTIONS IN SERIES).
On = NEUTRALIZING CONDENSER WHOSE CAPACITY AT

MID -'POSITION IS APPROXIMATELY EQUAL
TO THE ARID -PLATE CAPACITY OF THE
TUBE WITH WHICH IT IS BEING USED.

RI = 20 OHMS, cENTEm-TAPPED.
= 10,000 oms

R3, = 50,000 OHMS

Ftw = 100,000 OHMS
R5- = 6000 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 TRANSMITTER, IT

IS ADVISABLE TO USE A DUMMY ANTENNA INSTEAD OF THE REGULAR RADIATING AN-
TENNA. IN THIS WAY, THE TRANSMITTER WILL NOT PRODUCE ANY INTERFERENCE
WHILE IT IS BEING ADJUSTED.

A VARIETY OF DUMMY ANTENNA CIRCUITS ARE AVAILABLE AND IN FIG. IOYOU
ARE SHOWN THREE OF THEM. FOR INSTANCE, AT "A" OF Fia.10 YOU ARE SHOWN A

DUMMY ANTENNA CIRCUIT WHICH CONSISTS OF THE COIL L AND THE VARIABLE COM..
DENSER C WHICH ARE CONNECTED IN SERIES WITH A RESISTOR AND A RADIO FRED"

QUENCY AMMETER. THIS CONSTITUTES A TUNING CIRCUIT AND WHOSE OONSTANTSARE
SO CHOSEN THAT THIS CIRCUIT CAN BE TUNED TO THE SAME FREQUENCY AS FUR-
NISHED BY THE OUTPUT OF THE TRANSMITTER. THEREFORE, IF THIS DUMMY ANTENNA
CIRCUIT IS COUPLED TO THF OUTPUT TANK CIRCUIT OF THE TRANSMITTERIIT WILL

FIG. 10
Typical Dummy Antenna

SERVE AS A LOAD IN WHICH THE OUTPUT ENERGY OF THE TRANSMITTER CAN SE Oka
SIPATED JUST AS THOUGH A REGULAR ANTENNA WERE USED ONLY THAT NO APPREO"
!ABLE RADIATION OF THIS ENERGY WILL OCCUR. THE VALUE OF THIS RESISTOR 18
80 CHOSEN THAT THE POWER WHICH IS DISSIPATED BY IT IS APPROXIMATELY EQUIP[
ALE:NT TO THE OUTPUT POWER OF THE TRANSM I T TER I N QUESTION.

IF THE RESISTOR THUS USED IS OF THE NON (INDUCTIVE TYPE AND ITS RC"
SISTANCE VALUE KNOWN, THEN BY OBSERVING THE CURRENT FLOW INDICATED BY
THE RADIO FREQUENCY AMMETER, THE APtROXIMATE POWER OUTPUT CAN BE DETER-
MINED BY APPLYING THE FORMULA W = Me HOWEVER, AT HIGH FREQUENCIES,THE
3KIN"EFFECT BECOMES A MOST NOTICEABLE FACTOR AND FOR THIS REASON THE OUT"
PUT POWER WHEN MEASURED IN THIS MANNER IS NOT ALTOGETHER ACCURATE.

INCANDESCENT LAMPS ARE ALSO USED CONSIDERABLY IN DUMMY ANTENNA SY1
TEMS, AND ILLUSTRATIONS "Be AND "0" OF FIG. 10 ILLUSTRATE THIS METHOD.
WHEN USING LAMPS IN THIS MANNER, A LAMP SHOULD SE CHOSEN WHOSE WATT RAT"
ING 18 APPROXIMATELY THE SAME AS THE POWER OUTPUT OF THE TRANSMITTER,POR
IN THIS WAY THE LAMP WILL BE PERMITTED TO OPERATE AT ABOUT ITS NORMAL
BRILLIANCY WHEN THE SYSTEM 18 IN OPERATION.
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A PAIR OF LEADS ARE USED WITH WHICH TO CONNECT THE LAMP EITHER
TO THE TUNED ABSORPTION CIRCUIT AS AT "B" OF FIG. 10 OR DIRECTLY TO THE
TRANSMITTER TANK A8 AT "C". THE NUMBER OF COIL TURNS ACROSS WHICH THE
LAMP IS TO BE CONNECTED SHOULD BE VARIED, AS SHOULD ALSO THE TUNING OF
THE DUMMY ANTENNA CIRCUIT AND ITS COUPLING WITH THE TRANSMITTER, UNTIL
THE GREATEST OUTPUT 18 OBTAINED FOR A GIVEN PLATE INPUT. THIS GREATEST
OUTPUT 18 INDICATED BY THE MAXIMUM BRILLIANCE AT WHICH THE LAMP LIGHTS.

IN THE NEXT LESSON, YOU ARE GOING TO BE TOLD ABOUT THE DIFFERENT
TYPES OF ANTENNA SYSTEMS WHICH ARE BEING USED IN CONJUNCTION WITH MODERN
TRANSMITTERS. You WILL ALSO HAVE THE OPPORTUNITY AT THIS TIME OF BECOM-
ING ACQUAINTED WITH THE FORMULAS FOR DESIGNING SUCH ANTENNA SYSTEMS, THE
VARIOUS METHODS OF COUPLING THE ANTENNA SYSTEMS TO TRANSMITTERS AND THE
CORRECT PROCEDURE FOR ADJUSTING THESE CIRCUITS SO THAT THE MAXIMUM SIG-'

NAL ENERGY AS SUPPLIED AT THE OUTPUT OF THE TRANSMITTER CAN BE RADIATED
INTO SPACE.

No DOUBT YOU REALIZE BY THIS TIME THAT THE SAME SYSTEMATIC METHOD
IS BEING EMPLOYED IN PRESENTING THE SUBJECT OF TRANSMITTERS TO YOU A8

HAS BEEN USED THROUGHOUT THE ENTIRE PERIOD OF YOUR TRAINING UP TO THE
PRESENT TIME. THIS PREVENTS EVEN THE SLIGHTEST DETAILS FROM PASSING YOU
BY UNOTICED AND MAKES YOUR STUDIES MOST COMPLETE AS WELL AS UNDERSTAND-
ABLE.

BY ACQUIRING A THOROUGH KNOWLEDGE OF ALL THE BASIC TRANSMITTER GNI.
TEMS AS THEY ARE NOW BEING BROUGHT TO YOU, YOU WILL FIND THE MORE COM-
PLEX TRANSMITTER CIRCUITS AS INCLUDED IN THE MORE ADVANCED LESSONS OF
THIS SERIES TO BE READILY MASTERED. ALSO REMEMBER THAT EVEN THOUGH NO^
THING AS YET HAS BEEN MENTIONED REGARDING RADIO-TELEPHONE OR BROADCAAIT
TRANSMITTERS, YET ALL OF THE INFORMATION WHICH IS BEING GIVEN YOU NOW
APPLIES EQUALLY WEL.t. TO EVERY TYPE OF TRANSMITTER IN USE.
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LESSON NO. T - 8

Ever:' man who believes in himself,
no matter -who he besstands on a high-
er level than the wobbler.

I. EXPLAIN IN DETAIL HOW YOU WOULD PROCEED TO TUNE AN R.F.
AMPLIFIER STAGE OF A TRANSMITTER.

2. - MAKE A DIAGRAM WHICH ILLUSTRATES HOW YOU CAN DETERMINE
BY MEANS OF A D.C. MILLIAMMETER THE DEGREE OF EXITATION
WHICH IS BEING DELIVERED TO THE GRID CIRCUIT OF AN R.F.
AMPLIFIER IN A TRANSMITTER.

3. - DESCRIBE THE DIFFERENT METHODS WHEREBY THE COUPLING se-
TWEEN THE DIFFERENT STAGES OF A TRANSMITTER MAY BE VAR-
IED.

4. - WHY 13 IT SO IMPORTANT THAT THE PLATE TANK CIRCUIT OF
AN AMPLIFIER IN A TRANSMITTER BE TUNED APPROXIMATELY TO
RESONANCE BEFORE APPLYING THE PLATE VOLTAGE TO THE TUBE
WHICH IS USED IN THIS STAGE?

5. - WHAT IS A FREQUENCY MULTIPLIER OR HARMONIC GENERATOR AS
USED IN TRANSMITTERS?

6. - EXPLAIN IN DETAIL HOW YOU WOULD PROCEED TO TUNE A FRe-
QUENCN4-DOUBLER STAGE IN A TRANSMITTER,ASSUMING THAT THE
INPUT FREQUENCY FOR THIS SAME STAGE IS 4000 KC.

7. - DESCRIBE THE DIFFERENT METHODS WHICH MAY BE USED TO rua
NISH THE GRID BIAS VOLTAGE FOR THE R.F. AMPLIFIER TUBES
OF A TRANSMITTER.

8. - WHAT ARE THE ESSENTIAL DIFFERENCES IN THE DESIGN OF A
STRAIGHT R.F. AMPLIFIER AND A FREQUENCY MULTIPLIER?

9. - DRAW A DIAGRAM OF A "TRP-TET" CIRCUIT AND EXPLAIN HOW
IT OPERATES AND ALSO HOW YOU WOULD ADJUST IT SO THAT ITS
OUTPUT FREQUENCY WILL BE TWICE THE FREQUENCY FOR WHICH
THE CRYSTAL IS GROUND.

10.- DRAW A CIRCUIT DIAGRAM OF A PRACTICAL DUMMY ANTENNA;EX.-
PLAIN THE REASON FOR ITS USE AND ALSO THE METHOD OF USING
IT IN ACTUAL PRACTICE.

PRINTED IN U.B.A.
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LESSON NO. 9

TRANSMITTING ANTENNAS

THE ANTENNA IS A MOST IMPORTANT PART OF THE TRANSMITTING EQUIPMENT
AND MUST BE CORRECTLY DESIGNED AND CONSTRUCTED IN ORDER FOR THE TRANS-
MITTER TO PERFORM AT ITS BEST. IT ISTHERE-
FORE ESSENTIAL THAT YOU BE THOROUGHLY IN-

FORMED OF ALL THE DIFFERENT ANTENNA SYSTEMS
OF STANDARD DESIGN WHICH ARE USED IN PRAC-
TICE AND THE METHOD OF CORRECTLY ADJUSTING
THEM FOR MAXIMUM EFFICIENCY.

THERE ARE TWO BASIC TYPES OF ANTENNAS
WHICH ARE USED WITH TRANSMITTERS AND THEY
ARE KNOWN AS THE MARCONI ANTENNA AND THE
HERTZ ANTENNA. THOSE ANTENNAS WHICH EMPLOY
THE GROUND AS A PART OF THE SYSTEM ARECLAS
IFIED AS MARCONI ANTENNAS,WHEREAS THOSE AN-
TENNAS WHICH OPERATE ENTIRELY INDEPENDENTLY
OF THE GROUND ARE CLASSIFIED AS HERTZ ANT-
ENNAS.

MARCONI ANTENNA SYSTEMS

IN FIG.2 YOU ARE SHOWN THE THREEFUND-
AMENTAL FORMS IN WHICH THE MARCONI ANTENNA
SYSTEMS ARE CONSTRUCTED. AT THE LEFT OF
Fia.2, FOR INSTANCE, YOU ARE SHOWN THE
VERTICAL TYPE MARCONI ANTENNA AND IN WHICH
CASE THE RADIATING PORTION OF THE ANTENNA
WIRE 18 SUSPENDED VERTICALLY -- ONE OF ITS

ENDS BEING 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 FIG. 2

AND THIS SYSTEM YOU WILL READILY OBSERVE IS
THE SAME AS THE RECEIVING TYPE INVERTED "L",

FIG. 1
Ankertna of a 1 -660 -Power

Short- Wave Siation.
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ONLY THAT THE TRANSMITTER IS INSERTED IN THE FEEDER-WIRE RATHER THAN THE
RECEIVER. FINALLY AT THE RIGHT OF FIG.2 YOU WILL SEE AN INVERTED "L" AN-
TENNA WITH WHICH A COUNTERPOISE IS USED INSTEAD OF THE GROUND CONNECTION
AND IN THIS CASE THE TRANSMITTER IS CONNECTED TO THE FEEDER BETWEEN THE
HORIZONTAL OR FLAT-TOP PORTION OF THE ANTENNA AND THE COUNTERPOISE. IN

ADDITION TO THESE BASIC DESIGNS OF THE MARCONI SYSTEM,YOU WILL ALSO FIND
MODIFICATIONS USED SUCH AS THE "T" TYPE ANTENNA ETC. BUT WHICH HAVE THE
SAME GENERAL APPEARANCE AS ANTENNAS OF CORRESPONDING DESIGN AS USED WITH
RECEIVERS AND WHICH WERE ALREADY DESCRIBED TO YOU IN PREVIOUS LESSONS. IT
IS EQUALLY TRUE THAT INSTEAD OF USING ONLY A SINGLE FLATTOP CONDUCTOR,
YOU WILL ALSO FIND CASES WHERE SEVERAL SUCH WIRES ARE RUN PARALLEL TO
EACHOTHER AND TOGETHER CONNECTED TO THE FEEDER OF THE SYSTEM.

HERTZ ANTENNA SYSTEMS

IN FIG. 3 YOU ARE SHOWN THREE FUNDAMENTAL FORMS OF HERTZ ANTENNAS

Vertical
Antenna

InsulaEor

L>1141

InverEecl
/7.1.: Amt.

Transmilier Transmitter

insulator
III 11

Inverted 'L" A.
with counterpoise

Counterpoise

rou n
FIG.2

Three Fundamenial Forms of Marconi Type An4e)-7 r7 as.

WHICH ARE COMMONLY USED. FOR EXAMPLE, AT THE LEFT OF FIG.3 WE AGAIN HAVE
THE VERTICAL ANTENNA ONLY THAT IN THIS CASE IT IS COMPLETELY INSULATED
FROM GROUND AND THE TRANSMITTER FEEDS INTO THE SYSTEM AS HERE SHOWN. AT
THE CENTER OF FIG. 3 ONE FORM OF HORIZONTAL ANTENNA IS SHOWN AND WITH
WHICH NO GROUND CONNECTION IS USED. THE UNGROUNDED ANTENNA AT THE RIGHT
OF FIG.3 IS ALSO OF THE HORIZONTAL TYPE AND IN GENERAL APPEARANCERESEMD
LES THE DOUBLET ANTENNA AS USED WITH SHORT-WAVE RECEIVERS.

YOU WILL ALSO FIND VARIOUS MODIFICATIONS USED AS REGARDS THE HERTZ
ANTENNA SYSTEMS BUT BY HAVING THESE FUNDAMENTAL PRINCIPLES IN MIND, YOU -

ARE NOW PREPARED TO ENTER A MORE DETAILED STUDY OF THESE DIFFERENT SYS-
TEMS. OUR FIRST STEP IN THIS DIRECTION WILL BE TO INVESTIGATE THETHEORY
OF RADIATION A LITTLE MORE THOROUGHLY.

RADIATION

TRANSMITTING ANTENNA SYSTEMS FORM AN OSCILLATORY CIRCUIT IN THE
SAME MANNER AS HAG ALREADY BEEN PREVIOUSLY EXPLAINED RELATIVE TO RECEIVER
ANTENNAS AND THEREFORE BY PROPERLY COUPLING THE ANTENNA SYSTEM TO THE
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OUTPUT OF A TRANSMITTER, THE HIGH FREQUENCY ENERGY WHICH IS GENERATED AND
AMPLIFIED BY THE TRANSMITTER CAN CAUSE CURRENTS OF RADIO FREQUENCY TO
FLOW IN THE ANTENNA CIRCUIT.

FROM YOUR PREVIOUS STUDIES, YOU WILL RECALL THAT WHENEVER AN ELEuRI
RIC CURRENT FLOWS THROUGH A CONDUCTOR, ELECTROMAGNETIC LINES OF FORCE
WILL ENCIRCLE THE CONDUCTOR AND THIS IS ALSO THE CASE IN OUR ANTENNASYS-
TEM A8 ILLUSTRATED AT THE LEFT OF FIG.4. THEN SINCE THIS ANTENNA CURRENT
IS CHANGING ITS DIRECTION OF FLOW AT A VERY HIGH FREQUENCY,THE RESULTING
MAGNETIC FIELD WILL BUILD UP AND COLLAPSE AT A TREMENDOUS SPEED

WHENEVER A CONDUCTOR Is CARRYING A CURRENT AT A RATHER LOWFREQUEN-
CY SUCH AS A 60 CYCLE CURRENT, FOR EXAMPLE, THEN ALL OF 7HE ENERGY WHICH
18 STORED IN THE MAGNETIC FIELD AROUND THE CONDUCTOR IS RETURNED TO THE
CONDUCTOR A8 THE FIELD COLLAPSES. HOWEVER, WHEN A CONDUCTOR 18 CARRYING
A CURRENT OF VERY HIGH FREQUENCY THEN THIS CONDITION IS NO LONGER TRUE
FOR UNDER SUCH CIRCUMSTANCES NOT ALL OF THE ENERGY STORED IN THEMAGNETIC
FIELD IS RETURNED TO THE CONDUCTOR. INSTEAD, SOME OF IT ESCAPES IN THE

- Insulator

//Anternia

Transnlitier

VERTICAL TYPE

Insulator

}-olailooNTAL

TYPE

SPLIT-
l-loRiz.oNTAL
TYPE

FIG. 3

-Three Fiinclarneni-ol Types of Neriz. Antenna.
FORM OF MAGNETIC WAVES AND WE THEN SAY THAT ENERGY HAS BEEN "RADIATED".

IN ADDITION TO THE FORMATION OF ELECTRCMAGNETIC LINES OF FORCE
AROUND AN ANTENNA SYSTEM, IT 18 EQUALLY TRUE THAT ELECTROSTATIC LINES
OF FORCE ARE ALSO PRODUCED AS ILLUSTRATED AT THE RIGHT.OF F1G.4. THIS
CAN BE BETTER VISUALIZED BY CONSIDERING THE HORIZONTAL FLAT -TOP AS ONE
PLATE OF A CONDENSER AND THE GROUND AS THE OTHER PLATE. THE AIR SPACE B
TWEEN THEM SERVES AS THE DIELECTRIC OF THE CONDENSER. BY CONSIDERING
THIS ARRANGEMENT IN THIS MANNER, IT CAN READILY BE SEEN THAT THE HIGH FRE
QUENCY VOLTAGE OUTPUT OF THE TRANSMITTER WILL CONTINUALLY MAINTAIN A

POTENTIAL DIFFERENCE BETWEEN THE AERIAL AND GROUND. THAT IS, SOMETIMES
THE VOLTAGE OF THE AERIAL WILL BE GREATER THAN THAT OF GROUND AND SOME" -

TIMES IT WILL -BE LESS. IN EFFECT,WE HAVE A CONDENSER WHICH 18 BEING
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CHARGED FIRST IN ONE DIRECTION AND THEN IN ANOTHER.

WHENEVER A CONDENSER IS CHARGED, ELECTROSTATIC LINES OF FORCE WILL
EXTEND THROUGH THE DIELECTRIC FROM ONE PLATE TO THE OTHER AND, THUS FORM

AN ELECTROSTIC FIELD. IN THIS SAME MANNER, AN ELECTROSTATIC FIELD IS

PRODUCED IN THE ANTENNA SYSTEM AS PICTURED AT THE RIGHT OF Flo.4 AND IT

IS CONTINUALLY VARYING IN INTENSITY AND POLARITY IN ACCORDANCE WITH THE

RADIO FREQUENCY ENERGY WHICH IS FED TO THE ANTENNA FROM THE TRANSMITTER.

THUS YOU WILL NOW SEE THAT BOTH AN ELECTROMAGNETIC FIELD AND AN ELECTRON
STATIC FIELD ARE ESTABLISHED AROUND THE ANTENNA. IT IS CUSTOMARY TO SPEAK

OF THE ELECTROMAGNETIC FIELD SIMPLY AS THE "MAGNETIC FIELD" AND THEELEcI

ROSTATIC FIELD AS THE "ELECTRIC FIELD". THESE TWO FIELDS TOGETHER CON-

STITUTE THE ELECTROMAGNETIC WAVES.

VOLTAGE AND CURRENT DISTRIBUTION OF ANTENNAS

AN ANTENNA WHICH HAW NO "LUMPED" INDUCTANCE OR CAPACITY BUT DEPENDS

FIG. 4
Es-ablishing electramagt7eb-c and Electrostatic fields.

RATHER ON ITS DISTRIBUTED INDUCTANCE AND CAPACITY IS GENERALLY SPOKEN OF

AS A "LINEAR OSCILLATORY CIRCUIT". A PECULIARITY OF SUCH A LINEAR CIR-

CUIT IS THAT WHEN IT IS EXITED AT ITS RESONANT FREQUENCY,THE CURRENT OR

VOLTAGE AS MEASURED THROUGHOUT ITS LENGTH WILL HAVE DIFFERENT VALUES AT

DIFFERENT POINTS. FOR EXAMPLE, IF THE WIRE HAPPENS TO BE SUSPENDED IN

FREE SPACE BETWEEN INSULATORS AND WITH BOTH ENDS OPEN CIRCUITED AS IN THE

HERTZ, THEN WHEN IT IS EXITED AT ITS RESONANT FREQUENCY,THE CURRENT WILL

BE MAXIMUM AT THE CENTER AND ZERO AT THE ENDS AS ILLUSTRATED BY THE CUR-

RENT CURVE IN FIGe5e IT IS ALSO OF INTEREST TO NOTE AT THIS TIME THAT

AN ANTENNA OF THIS TYPE HAS A NATURAL TENDENCY TO RADIATE WAVES WHOSE -

WAVELENGTH IS EQUAL TO TWICE THAT OF THE LENGTH OF THE ANTENNA AND THE

ANTENNA IS THEREFORE LOGICALLY NAMED A "HALP^.WAVE.ANTENNA",

THE VOLTAGE DISTRIBUTION IN THIS SAME ANTENNA OF FIG.5 IS JUST OP-

pos 1TE TO THAT OF THE CURRENT DISTRIBUTION. IN OTHER WORDS, THE VOLTAGE

WILL BE MAXIMUM AT THE ENDS AND ZERO AT THE CENTER AS SHOWN BY THE VOL'''

TAGE CURVE IN FIG. 5. THE POINTS AT WHICH THE CURRENT OR VOLTAGE REACHES

A MAXIMUM VALUE ARE CALLED ANTI-NODES OR LOOPS WHEREAS THE POINTS OF ZERO

CURRENT ARE CALLED NODES.

THE REASON WHY THE CURRENT AND VOLTAGE VALUES DISTRIBUTETHEMBELVES
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FROM AN END ARE KNOWN AS THE
TOWARDS THE SAME END
ARE KNOWN AS THE INCI-
DENT WAVES. IT IS THUS

OBVIOUS THAT AS SUC"

DEEDING WAVES TRAVEL
TOWARDS THE SAME END

OF THE WIRE,THE INCI-
DENT WAVES MEET THE RE
FLECTED WAVES AND DUE

TO THIS MEETING, THE
CURRENTS ADD UP AT THE
CENTER AND THE VOLTAGES
CANCEL OUT AT THE CENTER.

AS THE OPERATION OF

THE SYSTEM CONTINUES
WITH ITS REPEATED RE-

ACTION BETWEEN THE IN"
CIDENT AND REFLECTED
WAVES,THE EFFECT OF A "STANDING

ACCORDING TO FIG05 IS DUE TO THE FACT THAT THE TRAVELLING WAVES ON THE

WIRE ARE REFLECTED WHEN THEY REACH AN END. THE WAVES WHICH ARE REFLECTED
REFLECTED WAVES, WHEREAS THOSE TRAVELLING

FIG. 5

Vol age and Curren Di-sir-162'6am

WAVEfl IS PRODUCED IN THE SYSTEM.

HARMONIC OPERATION OF ANTENNAS

THE VOLTAGE AND CURRENT DISTRIBUTION AS PICTURED IN FIG.5 ASSUMES

THAT THE ANTENNA IS BEING OPERATED AT ITS FUNDAMENTAL FREQUENCY. Hew-

EVER, IT IS ALSO POSSIBLE FOR AN ANTENNA TO OPERATE AT HARMONICS OF THE

FUNDAMENTAL. IN Fica.6, FOR EXAMPLE, WE HAVE THE SAME ANTENNA SYSTEM AS

WAS USED RELATIVE TO F IG.6 ONLY THAT IT IS NOW BEING OPERATED AT ITS

SECOND HARMONIC INSTEAD OF AT ITS FUNDAMENTAL. WE THUS FIND THAT WHILE

THERE WAS ONLY ONE POINT OF MAXIMUM CURRENT WITH FUNDAMENTAL OPERATION,
THERE ARE TWO SUCH POINTS WHEN OPERATING AT THE SECOND HARMONIC.

IN FIG.7 YOU ARE SHOWN THE CONDITIONS AS THEY EXIST WHEN OPERATING
THE SAME ANTENNA AT THE THIRD HARMONIC. AT THIS TIME THERE ARE THREE

POINTS OF MAXIMUM' CURRENT. IT IS THUS CLEAR THAT THE NUMBER OF POINTS OF
MAXIMUM CURRENT AND MAXIMUM VOLTAGE ARE IN ACCORDANCE WITH THE ORDER OF

THE HARMONIC AT WHICH THE SYSTEM IS BEING OPERATED.

F I G. G

Opera frion a Second liarrnonic.

IT IS INTERESTING, AS

WELL AS IMPORTANT,TO NOTETHAT
A HERTZ ANTENNA MAY BE OPERAS
TED AT THE FUNDAMENTAL FRE-

QUENCY OR A HARMONIC FREQUENCY
WHICH IS EITHER ODD OR EVEN.

THE MARCONI ANTENNA,ON THE

OTHER HANOI CAN BE OPERATED
ONLY AT ITS FUNDAMENTAL OR

HARMONICS THAT ARE ODD MUL-

TIPLES OF THE FUNDAMENTALFRE`
QU EN CY.

HAVING ADDED THIS AMOUNT
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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 FOLLOWE6 IN THE DESIGN OF ANTENNA SYSTEMS.

RADIATION RESISTANCE

ALTHOUGH RADIATION WILL OCCUR FROM ANY CONDUCTOR THROUGH WHICH A

HIGH. -..FREQUENCY CURRENT IS FLOWING, YET THE RADIATION IS GREATEST WHEN

THE ANTENNA IS RESONATED TO THE FREQUENCY OF THE CURRENT. THE ENERGY
WHICH IS ACTUALLY RADIATED BY AN ANTENNA IS EQUIVALENT TO THE ENERGY DIA.
SIPATED WHEN CURRENT FLOWS THROUGH A RESISTANCE AND IN THE CASE OF AN".

TENNAS, THIS EQUIVALENT RESISTANCE IS KNOWN AS THE RADIATION RESISTANCE,

IN REALLITY, THE RADIATION RESISTANCE IS A FICTITIOUS QUANTITY IN THAT

IT IS EQUAL IN, VALUE TO AN IMAGINARY RESISTANCE WHICH WHEN INSERTED IN

SERIES WITH THE ANTENNA WILL CONSUME THE SAME AMOUNT OF POWER AS IS ACT-

UALLY RADIATED.

THE AVERAGE RADIATION RESISTANCE OF A HERTZ ANTENNA WHEN OPERATING
AT ITS FUNDAMENTAL FREQUENCY 18 APPROXIMATELY 70 OHMS AND FOR A MARCONI

ANTENNA WHEN OPERATING AT ITS FUNDAMENTAL FREQUENCY IT IS APPROXIMATELY

36 OHMS.

F G.7
0 perailorl of Third Nartronic.

REGARDING ANTENNAS. Now LET US PROCEED
CONCERNING THESE SYSTEMS.

THE APPROXIMATE ANTENNA
POWER IN WATTS CAN BE CALCU"
LATED BY MULTIPLYING ITS A9"
SUMED RADIATION RESISTANCEEX
PRESSED IN OHMS BY THE SQUARE
OF THE MAXIMUM CURRENT (THAT
IS,THE CURRENT AT THE CENTER
OF A FUNDAMENTAL HERTZANTENNA
AND THIS CURRENT VALUE SHOULD
BE EXPRESSED IN AMPERES.)

SO MUCH FOR THE THEORY
WITH THE CONSTRUCTIONAL DETAILS

CALCULATING LENGTH OF HERTZ ANTENNAS

THEORETICALLY, THE NATURAL WAVELENGTH OF A FREELY SUSPENDED WIREAS
USED BY THE HERTZ SYSTEM IS EQUAL TO TWICE THE ACTUAL LENGTH OF THE WIRE.
IN ACTUAL PRACTICE,. HOWEVER, THE NATURAL WAVELENGTH OF THE WIRE WILL BE

SOMEWHAT GREATER THAN ITS PHYSICAL LENGTH. THIS IS PRIMARILY DUE TO THE
FACT THAT THE WIRE IS NOT ACTUALLY ISOLATED IN SPACE BUT IS IN PROXIMITY
TO OTHER BODIES SUCH AS INSULATORS, ANTENNA MASTS, GUY WIRES ETC. AND ALL
OF WHICH TEND TO INCREASE THE DISTRIBUTED CAPACITY TOGETHER WITH A RE-

SULTING INCREASE IN THE WAVELENGTH OF THE SYSTEM.

FOR THE AVERAGE WELL CONSTRUCTED SYSTEM, THE NATURAL WAVELENGTH
WILL BE BETWEEN 2.07 AND 2.1 TIMES THE PHYSICAL LENGTH OF THE WIRE. SOME
HANDY FORMULAS FOR CALCULATING THE LENGTH OF THE RADIATING PORTION OF A

HERTZ ANTENNA FOR ANY FREQUENCY DESIRED FOLLOW:

LENGTH IN FEET = 1.56 X DESIRED NATURAL WAVELENGTH EXPRESSED
METERS.
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LENGTH IN METERS = 0.475 X DESIRED NATURAL WAVELENGTH EXPRESSED

IN METERS.

LENGTH IN FEET 468,000_
FREQUENCY IN KC.

LENGTH IN METERS = 142.500
FREQUENCY IN Kc.

THE REQUIRED LENGTH OF WIRE REQUIRED SHOULD BE MEASURED ACCURATELY
AND PREFERABLY WITH A GOOD STEEL TAPE, YARD STICK, OR METER STICK.

IT SHOULD ALSO BE REMEMBERED THAT THE HERTZ ANTENNA DOES NOT NEC^
ESSARILY HAVE TO BE CUT TO A LENGTH WHICH IS EQUAL TO HALF THE WAVELENGTH
DESIRED. IT IS ALSO PERMISSIBLE TO HAVE THE ANTENNA LENGTH 80 THAT IT

WILL BE EQUAL TO A HALF WAVELENGTH MULTIPLIED BY ANY WHOLE NUMBER. How-
EVER, IT IS IMPORTANT TO NOTE THAT THE LENGTH OF THE ANTENNA ALWAYS MUST
BE SUCH THAT IT WILL ACCOMMODATE
A DEFINITE NUMBER OF HALP"WAVES.
NO LESSER PORTION OF A WAVE SHOULD
BE LEFT OVER.

THE FACT THAT THE ANTENNA
CAN BE MADE TO OPERATE AT HARMON^
ICSOF ITS FUNDAMENTAL IS QUITE
ADVANTAGEOUS IN THAT THIS FEATURE
MAKES IT POSSIBLE TO EFFICIENTLY
OPERATE A GIVEN TRANSMITTER AND
ANTENNA COMBINATION AT MORE THAN
ONE FREQUENCY.

FEEDERS FOR THE HERTZ ANTENNA

HAVING DETERMINED THE LENGTH
OF ANTENNA WIRE WHICH IS TO BE

SUSPENDED HORIZONTALLY IN SPACE,
OUR NEXT PROBLEM WILL BE TO TRANS
FER THE SIGNAL ENERGY FROM THE
TRANSMITTER TO THE RADIATING PART
OF THE ANTENNA AND FOR THIS PURE
POSE, WE USE A SYSTEM OF WIRES
WHICH ARE KNOWN AS FEEDERS OR TRANSMISSION LINES. Two GENERAL TYPES OF

TRANSMISSION LINES ARE USED IN CONJUNCTION WITH HERTZ TYPE ANTENNAS AND

THEY ARE CLASSIFIED AS TUNED OR RESONANCE LINES AND AS UNTUNED oRAPERIOR
IC LINES.'

F G. 8

A Ovat-ber- Waite Feeder-.

THE TUNED TYPE OF TRANSMISSION LINE SHALL BE EXPLAINED FIRST.

TUNED TRANSMISSION LINES

THE THEORY OF A TUNED TRANSMISSION LINE FOR A HALr^WAVE ANTENNA IS
ILLUSTRATED IN FIG.8. IN THE UPPER PORTION OF THIS ILLUSTRATION THE
HALF-WAVE ANTENNA 18 SHOWN TOGETHER WITH ITS CORRESPONDING CURRENT CURVE

WHEN OPERATING AT THE FUNDAMENTAL. Now IF WE SHOULD TAKE A SIMILAR WIRE
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AND FOLD IT IN HALF SO THAT EACH HALF WOULD BE * WAVE LENGTH LONG AS

SHOWN IN THE LOWER ILLUSTRATION OF FIG.8 WE WOULD HAVE A QUARTER -*WAVE

TRANSMISSION LINE. UNDER THESE CONDITIONSITHE CURRENTS FLOWING IN EACH

SIDE OF THE TWO -WIRE LINE WILL OPPOSE EACHOTHER AND THEREBY RESULTING IN

A CANCELLATION OF THE FIELDS AROUND THE WIRES. FOR THIS REASON THETRANS

MISSION LINE WILL TAKE NO PART IN RADIATION AND SERVES ONLY TO CARRY THE

ENERGY FROM THE TRANSMITTER TO THE RADIATING PORTION OF THE ANTENNA.

THE COUPLING COIL AND VARIABLE CONDENSER, WHICH SERVE BOTH AS A

MEANS FOR TUNING THE SYSTEM AS WELL AS COUPLING HE ANTENNA TO THETRANS-'

MITTER, ARE CONNECTED AT THE POINT WHERE THE HALF WAVE WIRE HAS BEEN FOL2
ED. FURTHERMORE, SINCE THE TRANSMITTER ENERGY 18 FED INTO THE TRANSMISS-

ION LINE AT A POINT WHERE THE LINE HAS BEEN "FOLDED" AND WHICH CORRES-

PONDS TO THE POINT OF MAXIMUM CURRENT,THIS PARTICULAR LINE IS SAID TO BE

CURRENT FED.

WHEN CURRENT FEEDING IS USED IN THIS MANNER,SER1ES TUNING SHOULD

BE USED FOR THE TRANSMISSION LINE AND THIS IS ILLUSTRATED IN FIG.8 AND

To lime

Saries Parallel

FIG, 9
Series and Pat-al/el Feeder 7 ni19.

TRANSMISSION LINE,WE HAVE AN ARRANGEMENT AS
OF F10.10. HERE WE FINO THAT UPON FOLDING THE AIRE AT ITS MIDPOINT,'THE

TWO OUTER HALP-WAVES ARE SIMPLY FOLDED BACK.-- ONE HALP~WAVE REMAINING

FOR EACH OF THE FEEDER WIRES. THE THIRD HALP.WAVE WHICH APPEARS BETWEEN
THE OUTER TWO AT THE TOP OF FIG.10 IS REPLACED WITH A PARALLEL TUNING CIR
CUIT WHICH 19 TUNED TO THE FUNDAMENTAL OF ONE OF THESE HALPMAVELENGTHS.
THUS THE THREE HALP-WAVELENGTHS ARE STILL ACCOUNTED FOR IN THE TRANS-

MISSION LINE.

ALSO IN THE ILLUSTRATION AT

THE LEFT OF FIG.9. IT IS THE

MORE COMMON PRACTICE TO E0-,

PLOY TWO TUNING CONDENSERS IN
THE,SERIES'ARRANGEMENT AS
SHOWN IN F10.9. SERIESTUNING
OF THE TRANSMISSION LINE HAS
NO EFFECT ON THE CURRENT DIji
TRIBUTION IN THE SYSTEM.

IN THE ANTENNA WHICH
IS SHOWN IN THE UPPER PORTION
OF FIG.I0 THREE HALF -WAVES ARE
IMPOSED UPON IT AND UPON FOL
ING THIS ANTENNA AT ITS MID-
POINT TO FORM A FEEDER OR

PICTURED IN THE LOWERSECTION

By EMPLOYING THE PARALLEL TUNING CIRCUIT IN A TRANSMISSION LINE OF
THIS TYPE, IT ACTS AS A PHASE REVERSER,THEREBY BRINGING THE CURRENTS IN

THE TWO WIRES INTO PHASE -OPPOSITION SO THAT NO RADIATION CAN RESULTTHRU-,
OUT THE LENGTH OF THIS TRANSMISSION LINE. FROM A FURTHER STUDY OF THE

TRANSMISSION LINE AS PICTURED IN THE LOWER SECTION OF FIG.10,vou WILL NS

TICE THAT IF THE COIL OF THIS TUNING CIRCUIT IS 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 AS YOU LEARNED FROM FIG.5. CONDITIONS BEING

SUCH, WE THEN SAY THAT HERE IS A CASE WHERE WE HAVE VOLTAGE FEED TO THE

TRANSMISSION LINE.
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A HANDY RULE TO REMEMBER IS THAT IN OPEN-ENDED TRANSMISSION LINES
WHERE THE LENGTH OF EACH TRANSMISSION WIRE 18 AN ODD NUMBER OF QUARTER-
WAVES LONG, CURRENT FEED IS REQUIRED IN CONJUNCTION WITH SERIES TUNING.
ON THE OTHER HAND, IF THE LENGTH OF EACH WIRE OF THE TRANSMISSION LINE
IS AN EVEN NUMBER OF QUARTER -WAVES LONG,THEN VOLTAGE FEED TOGETHER WITH
PARALLEL TUNING 18 REQUIRED.

THE TWO WIRES OF THE TRANSMISSION LINE SHOULD BOTH BE EQUAL IN

LENGTH AND SHOULD BE RUN PARALLEL TO EACHOTHER THROUGHOUT THEIR LENGTH
AND WITH A SEPARATION OF 3" TO 12" BETWEEN THEM. IT IS ALSO DESIRAELE
THAT THE LENGTH OF THE TRANSMISSION LINE BE AN EXACT MULTIPLE OF A QUAR-
TER WAVELENGTH,HOWEVER, EVEN IF THIS 'SNIT EXACT,THE TUNING CIRCUIT IN
THE LINE OFFERS A MEANS OF LOADING THE FEEDERS 80 AS TO COMPENSATE FOR
DIFFERENCES BETWEEN A QUARTER WAVELENGTH AND THE ACTUAL LENGTH OF THE
W I R ES.

HAVING CONSIDERED THEMETHOD
OF COUPLING THE ANTENNA TRANS-
MISSION LINE TO THE TRANSMITTER,
OUR NEXT STEP WILL BE TO CONNECT.
THE OTHER END OF THIS TRANSMISSION
LINE TO THE ANTENNA.

THE ZEPPELIN ANTENNA

CONSTRUCTIONAL FEATURES OF
FORM OF HERTZ ANTENNA WPiCH
KNOWN AS A ZEPPELIN ANTENNA
SIMPLY AS A "ZEPP" ANTENNA.
CONSTRUCTIONAL DATA A8 HERE
'SHED WILL SET THE FUNDAMENTAL FRE
QUENCY OF THE ANTENNA AT 3550 Kc.
BUT WITH THE AID OF THE TUNING
ARRANGEMENT WHICH IS ALSO PROVIDED,
THIS SYSTEM CAN BE ADJUSTED FOR

A FUNDAMENTAL FREQUENCY ANYWHERES
BETWEEN 3500 AND 3600 KC.IN ADD-
ITION THIS SAME ANTENNA CAN BE OP
ERATED AT ITS HARMONICS OF 7000
AND 14000 Kc. AND IS THEREFORE SUITABLE FOR AMATEUR. USE. THETRANSMISSION
LINE OF THIS ANTENNA 18 BOTH SERIES TUNED AND PARALLEL TUNED -- PARALLEL
TUNING BEING MOST EFFECTIVE FOR 3500 Kc. AND SERIES TUNING FOR THE 7000
AND 14,000 Kc. BANDS. THE CONDENSERS C1 AND atMAY BE OF .00036 MFD.RATING.
MORE DETAILS REGARDING THE ANTENNA -TRANSMITTER COUPLING METHODS AREGIVEN
IN A LATER LESSON.

Current: Curve -7

IN FIG. II YOU ARE SHOWN THE
ONE
IS

OR
THE

FUR147

FiG.10
Voltage- Feed Lire

SINCE THE ZEPPELIN ANTENNA IS OF THE HALP-WAVE TYPE, THERE IS AL7
WAYS A VOLTAGE LOOP AT ITS END AND SINCE THE TRANSMISSION LINE 18CONNEDI
ED TO THE ANTENNA AT THIS POINT, THE ANTENNA 16 SAID TO BE VOLTAGE FED.

THE ANTENNA MAY BE ANY NUMBER OF HALF WAVES LONG AND THE LENGTH OF TH{.

FEEDER IS USUALLY AN ODD MULTIPLE OF A QUARTER WAVELENGTH. SERIES TUNING

IS RECOMMENDED WHEN THE FEEDERS HAVE A LENGTH BETWEEN ONE -QUARTER AND
THREE` -EIGHTS OF A WAVELENGTH WHEREAS FOR FEEDERS MUCH LESS THAN AQUARTER
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WAVELENGTH LONG OR FOR LENGTHS FROM APPROXIMATELY THREE-EIGHTS UPTO ONE

HALF WAVELENGTH,PARALLEL TUNING IS DESIRED.

A CENTER-FEED ANTENNA

THE ZEPPELIN ANTENNA, YOU WILL RECALL IS VOLTAGE FED,80 NOW LET US

SEE HOW A "CURRENT FEED" ARRANGEMENT WOULD LOOK. ONE SUCH ARRANGEMENT IS

ILLUSTRATED IN FIG. 12.

HERE THE ANTENNA IS ONE --HALF WAVELENGTH LONG AND THEREFORE THE CUR

RENT DISTRIBUTION WILL BE AS HERE SHOWN,THAT 18,WITH A CURRENT LOOP AT

THE CENTER. THUS IF THIS ANTENNA IS TO SE CURRENT FED IT CAN BE CUT AT

THE CENTER AND A FEEDER WIRE CONNECTED TO EACH CF THE RESULTING ANTENNA

WIRES.

IN A SYSTEM OF THIS TYPE IT IS ALSO NECESSARY THAT THE LENGTH OF

11 THE FEEDER WIRES

insulaors

k

Rope

il(100

1'33

CO c_LeG

7- -7-

, 0_04Q)
LI

>1:),-ctaclers

6"10119

2,F
AmnuAer-

fri Tank

-Op C.

FIG. 11

The Zeppelin Ani-en

BE SUCH THAT A

CURRENT LOOP WILL
ALSO OCCUR AT

THEIR INPUT ENDS
80 THAT THE PHASE
RELATION THROUGH-.
OUT THE SYSTEM MAY
8E CORRECT. FOR

THIS REASONI EACH
WIRE OF THE FEED"
ER IS MADE ONE`
HALF WAVELENGTH
LONG. THIS ALSO
PERMITS SERIES
TUNING,WHEREAB IF
THE FEEDERS SHOULD
ONLY SEOND.*QUART".

ER WAVELENGTH LONG
IT WOULD BE NEO-
ESSARY TO INSTALL
A PHASE REVERSER
IN THE FORM OF A

PARALLEL TUNING
CIRCUIT AT THEIR
INPUT END.

IN FIG. 13

YOU ARE SHOWN HOW

THIS PRINCIPLE MAY BE EMPLOYED IN PRACTICE. THE PARTICULAR DESIGN HERE

ILLUSTRATED IS INTENDED FOR AMATEUR USE AND HAS A FUNDAMENTAL FREQUENCY

OF 7100 KC. !T MAY ALSO BE OPERATED AT ITS SECOND HARMONIC OR 14,200

KC. AND AT THE FOURTH HARMONIC OR 28,400 BOTH OF WHICH ARE IN AN AMATEUR
BAND. A COMBINATION OF SERIES AND PARALLEL TUNING IS BEING USED IN THIS

EXAMPLE,PARALLEL TUNING BEING EMPLOYED FOR THE 7100 KC. AND 28,400 KO.

BANDS AND SERIES TUNING FOR THE 14,200 KC, BAND, IT MAY ALSO SE .OPERATED

ON THE 3500 Kc. BAND WITH PARALLEL TUNING.

ALTHOUGH THE ANTENNA IN FIG. I3 18 A CENTER --FEED SYSTEM,YET' THIS
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DOES NOT NECESSARILY MEAN THAT IT 18 CURRENT -FED. FOR INSTANCE,AT 7100
KC. WHERE THE ANTENNA IS A HALF -WAVE LONG, IT IS CURRENT FED BUT WHEN OP-
ATING AT 14,200 Kc. AND HIGHER EVEN HARMONICS, IT IS VOLTAGE FED. IN THIS
LATTER CASE THIS ANTENNA IN REALLITY BECOMES TWO ZEPPELIN ANTENNASPLACED
END TO END AND WHEN OPERATING AT 3500 Kc., ONLY ONE HALF OF THE ANTENNA IS
ACTUALLY USED.

TUNING T ANTENNA SYSTEM

HAVING 80 FAR CONSIDERED THE CONSTRUCTIONAL DETAILS OF TUNED TRANS-
MISSION LINES A8 USED WITH ANTENNA SYSTEMS, CUR NEXT STEP WILL BE TO IN-
VESTIGATE THE PROPER PROCEDURE OF TUNING THE ANTENNA WHEN PUTTING THE
TRANSMITTER ON THE AIR. THE SYSTEMS ILLUSTRATED IN FIG8.11 AND 12 SHALL
SE USED AS AN EXAMPLE.

THE FIRST STEP 18 TO PLACE
JUST IT THROUGHOUT FOR OPERATION
SERIES TUNING IS TO BE EM.-

PLOYED,SET THE ANTENNAISPAR-
ALLEL TUNING CONDENSER ATITS
POSITION OF MINIMUM CAPACITY
AND THE SERIES CONDENSERS AT
THEIR POSITION OF MAXIMUM CA
PACITY.

COUPLE THE ANTENNACOUE
LING COIL TO THE TANK COIL
IN THE OUTPUT CIRCUIT
TRANSMITTER AND SIMULTAN-
EOUSLY TURN BOTH SERIES CON-.
CENSERS OUT OF MESH VERYSLOE
LY,CAREFULLY WATCHING THE AU
TENNA AMMETERS AS YOU 00 80.
CONTINUE THIS ADJUSTMENT UN-
TIL THESE AMMETERS INDICATE
MAXIMUM CURRENT AND AT WHICH
TIME THE ANTENNA SYSTEM WILL
BE TUNED TO RESONANCE .WITH
THE FREQUENCY FOR WHICH THE
TRANSMITTER 18 ADJUSTED. IF

TWO POINTS OF MAXIMUM CURRENT

THE TRANSMITTER IN OPERA -10N AND TO AD -
AT THE DESIRED FREQUENCY. ASSUMINO THAT

Curnz.nt
Curve.

CV'

CurVeS

eeder

FIG. 37-

4 Curren6 - Fed A 6G/7 r76 -

ARE INDICATED BY THE AMMETERS,LOOSEN THE
COUPLING SLIGHTLY BETWEEN THE ANTENNA COUPLING COIL AND THE TRANSMITTER
TANK COIL.

IN THE EVENT THAT PARALLEL TUNING OF THE ANTENNAIS TRANSMISSION
LINE IS BEING EMPLOYED, THEN SET THE SERIES TUNING CONDENSERS,AS WELL AS
THE PARALLEL TUNING CONDENSER AT THEIR POSITION OF MAXIMUM CAPACITY.
THEN SLOWLY DECREASE THE CAPACITY OF THE PARALLEL CONDENSER UNTIL THE
ANTENNA AMMETERS OFFER A MAXIMUM READING.

AS AN ADDITIONAL CHECK WHEN TUNING THE ANTENNA,YOU WILL FIND THAT
THE PLATE CURRENT OF THE FINAL TUBE WILL INCREASE AS THE ANTENNA CIRCUIT
IS TUNED NEARER TO RESONANCE.
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UNTUNED TRANSMISSION LINES

IN ADDITION TO THE TUNED TRANSMISSION LINES AS 80 FAR DESCRIBED,
TRANSMISSION 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 OFTHE
UNTUNED LINE IS MUCH MORE CRITICAL THAN IS THAT OF THE TUNED LINE.

THE MAIN THING TO BE TAKEN INTO CONSIDERATION WITH RESPECT TO THE

UNTUNED TRANSMISSION LINE IS THAT IF IT IS TERMINATED

WHICH IS EQUAL TO THE CHARACTERISTIC IMPEDANCE OF THE

insulators

rt.

Rope.
Feeders

Sloreaders

<00)

QR.
ArrnicEers

1-ransm1144er
rank_

IN AN IMPEDANCE
LINE OR TO THE
0
SURGE IMPEDANCEAS
IT 18 SOMETIMES
CALLED,THEN NO

REFLECTION WILL
OCCUR AND NO

STANDING WAVES
WILL BE PRESENT
ON THE LINE.UNDER
THESE CONDITIONS,
THE TRANSMISSION
LINE CAN -BE MADE
ANY LENGTH,NO RA-
DIATION WILLOCCUR
FROM THE TRANS-
MISSION LINE AND
PRACTICALLY ALL
OF THE R.F. POWER
WHICH 18 FED INTO
THE LINE WILL BE

DELIVERED TO THE
ANTENNA.

THE SURGE
OR CHARACTERISTIC
IMPEDANCE OF A

TWO -WIRE TRANS-
MISSION LINE 18

EXPRESSED BY THE
FOLLOWING FORMULA:

FIG, 13 Z=276 Loa

A Typical Center -Feed Antenna System.leA
WHERE Z = CHAR-

ACTERISTIC IMPEDANCE; 276 18 A CONSTANT; B = SPACING BETWEEN THE WIRES
IN INCHES AND A = THE RADIUS OF THE TRANSMISSION LINE WIRE EXPRESSED IN
INCHES. A CHARACTERISTIC IMPEDANCE OF 600 OHMS HAS THROUGH EXPERIMENT

BEEN FOUND TO BE MOST PRACTICAL FOR THIS PURPO3E.

IN FIG.I4 YOU ARE SHOWN HOW A 600 OHM UNTUNED TRANSMISSION LINE IS
USED WITH A TWO-WIREIMATCHED-IMPEDANCE ANTENNA SYSTEM. IN THIS ARRANGE

MENT THE TRANSMISSION LINE ITSELF MAY BE OF ANY LENGTH BUT THE DIMENSIONS
AND C ARE OF UTMOST IMPORTANCE. ALSO OBSERVE IN FIG.I4 'THAT THE

TRANSMISSION LINE SPREADS APART OR 18 "FANNED" AT ITS UPPER END. THIS

18 DONE WITH THE INTENTION OF HAVING A GRADUALLY INCREASING IMPEDANCE AT
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THIS END OF THE LINE SO THAT ITS IMPEDANCE AT THE ANTENNA END WILL BE
EQUAL TO THE IMPEDANCE OF SECTION "A" OF THE ANTENNA.

PROVIDED THAT THE CHARACTERISTIC IMPEDANCE OF THE TRANSMISSINOLINE
IS FIXED AT 600 OHMS, WE PROCEED TO WORK OUT THE DESIGN FOR THIS ANTENNA
SYSTEM IN THE MANNER AS SHALL NOW BE EXPLAINED:

FIRST WE DETERMINE THE LENGTH OF THE ANTENNA BY APPLYING THE FOLL-
OWING FORMULA:

L (FEET) = 492.000
F

IN THIS FORMULA F
PRESS ED IN KILOCY-
OLES AND K 18 A CON-
STANT WHICH 18 OP -

PENDENT UPON THE
FREQUENCY IN THE
FOLLOWING ORDER:FOR
FREQUENCIES BELOW
3000 Kc., K = 0.96;
FOR FREQUENCIES BE-
TWEEN 3000 KC. AND
28,000 Kc.,K = 0.95
AND FOR FREQUENCIES
ABOVE 28,000 Kc.,
K = 0.94.

THE NEXT STEP
IS TO DETERMINE THE
DIMENSION "A" OF
FIG. I4 AND FOR THIS,
EITHER OF THE FOLL-
OWING TWO FORMULAS
CAN BE APPLIED:

= A22.2.200%A(FEET)

A(mETERs)= 150.000% K1

THE FINALSTEP
IS TO DETERMINE
THE DIMENSION "C"
OF THE SYSTEM, THAT
IS,THE SPACING TO

BE ALLOWED BETWEEN
THE FEEDER WIRES AND
DISTANCE BETWEEN THE
75 IS A CONSTANT. IF

PRESSED
ALSO BE

X KOR L(METERB) 150.000 X K.

= FUNDAMENTAL FREQUENCY OF THE ANTENNA SYSTEM EX -

Insulator

Ock

L
Insulabr

Rope,

Spreaders

Center line

B

Any
length

Rope)

Final
Stage

of
Trans-

-71.0O-14)/re.

FOR THIS WE
WIRES; 0 = THE DIAMETER OF THE WIRE AND THE NUMBER
rDn IS EXPRESSED IN INCHES, THEN C WILL ALSO BE EX -

IN INCHES, WHEREAS IF -1601418 EXPRESSED IN MILLIMETERS,THEN C
EXPRESSED IN MILLIMETERS. IN THIS SYSTEM, IT 18 E3PECIALLY

FIG. 14

Matched- impedance Antenna.
USE THE FORMULA C = 75 0,WHERE C = .THE

WILL
NEC-

EssARy THAT THE SPACING BETWEEN THE TWO WIRES OF THE TRANSMISSION LINE
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BE KEPT CONSTANT THROUGHOUT THEIR ENTIRE LENGTH AND THAT THEY ALSO BE

KEPT TAUT. IT IS ALSO IMPORTANT THAT SECTION "B" OF THE LINE BE RUN

STRAIGHT AWAY FROM THE ANTENNA AND THE TWO HALVES OF DIMENSION WISHOULD
BE EQUIDISTANT FROM THE EXACT CENTER OF THE ANTENNA'S FLAT TOP.

FIG. 14 ALSO SHOWS YOU HOW THE UNTUNED TRANSMISSION LINE MAY BE
COUPLED TO THE TRANSMITTER'S PLATE CIRCUIT TANK THROUGH THE FIXEDOONDEN-
SERB C. THESE TWO CONDENSERS CIMAY EACH HAVE A VALUE OF .002 MFD. AND

THE TWO WIRES OF THE LINE SHOULD BE CLIPPED ON THE TRANSMITTER TANK COIL
AN EQUAL NUMBER OF TURNS FROM EACH SIDE OF ITS CENTER. STARTING FROM THE

CENTER OF THE COIL, THESE CLIPS CAN TOGETHER BE MOVED OUTWARD ONE TURN

AT A TIME UNTIL THE TUBES ARE DRAWINGTHEIR
NORMAL PLATE CURRENT.

FIG.15
Uniutiact fine Coup/ed to

OubprJ

IF ONLY A SINGLE TUBE IS USED IN
FINAL STAGE OF THE TRANSMITTER,THEN IT
BE COUPLED TO THE TRANSMISSION LINE As
USTRATED IN FIG. 15.

SINGLE-WIRE FEED

THE
CAN

IN F10.16 YOU ARE SHOWN A sINGLE-
WIRE ANTENNA FEED AND IN WHICH CASE THE
TRANSMISSION LINE CONSISTS OF ONLY ASINQLE.
WIRE INSTEAD OF TWO WIRES. IN A SYSTEM AS

THIS, THE LENGTH OF THE ANTENNA 18 DETER-

MINED AS ALREADY PREVIOUSLY OESCRIBED,THAT
IS, BY EMPLOYING THE FORMULA L(FEET)=

492.000 X K.

THE DIMENSION "IC" OR THE DISTANCE FROM
THE CENTER OF THE ANTENNA TO THE POINT AT WHICH THE FEEDER 18 TAPPED TO

IT 18 FOUND BY MULTIPLYING THE LENGTH L GY 0.14.

IN AN ANTENNA OF THIS TYPE THE FEEDER MUST RUN AT RIGHT ANGLES TO

THE ANTENNA FOR A DISTANCE WHICH IS AT LEAST EQUAL TO 1/3 THE LENGTH OF

THE ANTENNA AND SHARP BENDS SHOULD:BE AVOICED IN THE FEEDER THROUGHOUT
ITS LENGTH.

INVERTED "L" ANTENNA

To DETERMINE THE LENGTH OF AN INVERTED "L" ANTENNA FOR ATRANSMITTER
18 A RATHER SIMPLE PROCEDURE IN THAT THE NATURAL WAVELENGTH OF THIS TYPE

OF ANTENNA 18 APPROXIMATELY 4.2 TIMES ITS ACTUAL LENGTH. THE LENGTH CON-

SIDERED IN THIS CASE IS THE TOTAL LENGTH FROM THE OPEN END OF THE ANTENNA
TO THE GROUND CONNECTION OR COUNTERPOISE. FOR EXAMPLE, IF THE FREQUENCY

IS 1250 Kc. AND WHICH 18 EQUIVALENT TO 240 METERS; THEN

THE TOTAL LENGTH OF THE ANTENNA SYSTEM SHOULD BE 240 = 57.14 METERS. Ex -

4.2

PRESSED IN FEET, THIS LENGTH IS EQUAL TO 57.14 x 3.28 = 187.42 FT.APPROX
IMATELY.

OF A TRANSMITTER

SINCE IT 18 CUSTOMARY TO INCLUDE A TUNING CIRCUIT IN SERIES WITH

THIS TYPE OF ANTENNA A8 ILLUSTRATED IN YOUR FIRST LESSON OF THETRANSMITT-.
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tR SERIES, THE LENGTH OF THE TOTAL ANTENNA NEED NOT BE CALCULATED TO AN

EXTREME ACCURACY. 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.

SUGGESTIONS FOR CONSTRUCTION

ALL ANTENNA ERECTION JOBS SHOULD BE 80 PLANNED THAT THE ELECTRICAL
JOINTS IN THE SYSTEM WILL BE KEPT DOWN TO A MINIMUM. THE SAME PRECAUTIONS

SHOULD BE EXERCISED IN SUSPENDING THE ANTENNA WIRE IN AS CLEAR A SPACEAS

POSSIBLE AS HAVE ALREADY BEEN EXPLAINED RELATIVE TO RECEIVER TYPE AN-

TENNAS AND BOTH ENDS OF THE ANTENNA WIRE SHOULD BE ANCHORED IN SUCH A

MANNER THAT IT WILL BE PREVENTED FROM SWAYING IN THE WIND. IN THIS CASE

ALSO, A PULLEY AND WEIGHT ARRANGEMENT ARE FREQUENTLY USED TO TAKE UP ANY

SLACK IN THE SYSTEM. A,f12 B&S GAUGE HARD -DRAWN ENAMELLED COPPER WIRE FOR

BOTH THE ANTENNA AND TRANSMISSION LINES WILL MEET MOST INSTALLATIONS OF

THE AVERAGE TYPE.

WHENEVER ANY JOINTS ARE NECESSARY,THEY SHOULD BE MECHANICALLYTIGHT
AND THOROUGHLY SOLDERED. IN THE CASE OF TWO -WIRE TRANSMISSION LINES, THE
SPREADERS MAY CONSIST OF WOODEN DOWELS WHICH 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
SULATORS SHOULD BE USED
PYREX ELECTRICAL^RESIS-'
TANT GLASS INSULATORS BB
ING PREFERRED, ALTHOUGH
GLAZED PORCELAININSULA-
TORS CAN ALSO BE USED.

THESE INSULATORS ARE SIM
ILAR IN APPEARANCE TO

THOSE USED WITH RECEIV-
ING ANTENNAS ONLY THAT
THEY ARE LARGER. TRANS-
MITTER INSULATORS OF

12" LENGTH ARE FREQUEN-
TLY USED FOR TRANSMITT-
ERS OF MODERATE POWER,
WHEREAS STATIONS OFLESA
ER POWER USE SMALLERIN-
SULATORS AND SOMETIMES
TWO SMALL INSULATORS CONNECTED IN SERIES.

FIG.16
Sing Antenna Feed,

FOR HIGH FREQUENCY TRANSMITTERS, HERTZ ANTENNAS ARE USED MOST EX"'

TENSIVELY ALTHOUGH MARCONI ANTENNAS ARE ALSO USED TO A CERTAIN EXTENT IN

WORK OF THIS TYPE. LATER IN THE COURSE YOU WILL RECEIVE STILL MORE IN-

STRUCTIONS REGARDING ANTENNAS OF SPECIAL TYPES.
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LESSON (T. T-9

A business maybe ever so success-
ful, but it is never so sure-never se
cure, until it holds its old friends by
Service and increases its circle of New
Friends on the basis of Satisfaction.

I.  WHAT IS THE ESSENTIAL DIFFERENCE BETWEEN THE HERTZ TYPE
ANTENNA AND THE MARCONI TYPE ANTENNA?

EXPLAIN THE CURRENT AND VOLTAGE DISTRIBUTION ON A HERTZ
ANTENNA
QUENCY.

WHILE IT IS BEING OPERATED AT ITS FUNDAMENTALFRE

3. WHAT 18 MEANT BY "RADIATION RESISTANCE"?

4. - IF YOU INTEND TO DESIGN AN INVERTED L (MARCONI ANTENNA)
FOR A TRANSMITTER WHOSE OPERATING FREQUENCY Is MOO Ko.,
WHAT SHOULD BE THE TOTAL LENGTH OF THE ANTENNA?

5. - SHOULD YOU BE CALLED UPON TO CONSTRUCT A HERTZ ANTENNA FOR
A TRANSMITTER OPERATING AT 6000 KC., HOW LONG WOULD YOU
MAKE THE FLAT -TOP OF THE ANTENNA, THAT IS, THE RADIATING
PART OF THE ANTENNA?

6. -- WHAT EFFECT DOES A PARALLEL TUNING CIRCUIT IN AN ANTENNA
FEEDER HAVE UPON THE CURRENT DISTRIBUTION IN THE SYSTEM?

7. - WHAT 18 MEANT BY A "CURRENT -FED" ANTENNA TRANSMISSION
LINE?

8. - WHAT 18 MEANT BY A "VOLTAGE^FED" ANTENNA?

9. - EXPLAIN IN DETAIL HOW YOU WOULD PROCEED TO TUNE AN ANTENNA
SYSTEM IN WHICH A TWO -WIRE TRANSMISSION LINE IS USED IN

CONJUNCTION WITH SERIES TUNING.

10.- WHAT FACTS ARE TO BE CONSIDERED IN WORKING OUT THE DESIGN
FOR AN UNTUNED, TWO -WIRE TRANSMISSION LINE FOR A HERTZAN-
TENNA7

c.1

PRINTED IN U.S.A.
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POWER. SUPPLY FOR TR ANSM/TTERS

IN ONE OF THE EARLY LESSONS OF THIS COURSE YOU WERE INSTRUCTED IN

THE PRINCIPLES INVOLVED IN THE POWER SUPPLY CIRCUIT OF THE RECEIVING SET.
THE SAME GENERAL PLAN IS 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
ISNOT ATALL OOMPLICATED,STILL THE OPERATION
PENDS UPON THE CARE AND PRECISION WITH
WHICH THIS UNIT IS DESIGNED AND INSTALL
ED. No TRANSMITTER CAN BE ANY BETTER
THAN ITS POWER SUPPLY.

POWER SUPPLY FROM A.C. SOURCE

WE SHALL FIRST CONSIDER THOSE 8Y1
TEMS IN WHICH THE SOURCE OF ENERGY IS

AN ALTERNATING CURRENT LINE, EITHER
SINGLE PHASE, TWO PHASE, OR THREE PHASE.
THERE ARE, IN EACH OF THESE SYSTEMS,
FIVE MAJOR PARTS, NAMELY:

I. THE POWER TRANSFORMER WHICH
STEPS THE LINE VOLTAGE UP TO A
HIGHER VALUE.

2. THE FILAMENT TRANSFORMERSwHicH
STEP THE LINE VOLTAGE DOWN
TO THE PROPER VALUE. IN TRANS**
MITTERS,THE FILAMENT TRANSFOR-
MERS ARE SELDOM COMBINED WITH
THE HIGH VOLTAGE TRANSFORMER
AS IN THE RECEIVING SET.

3. THE RECTIFIER WHICH CHANGES THE

OF THE WHOLE TRANSMITTER DE-

FIG. 1

Sczci-Ton Power



PAGE 2 TRANSMITTERS

HIGH AC VOLTAGE TO A PULSATING DC.

4. THE FILTER WHICH CHANGES THE PULSATING DC OUTPUT OF THE RECTI-
FIER TO A CONSTANT DC.

5. THE VOLTAGE DIVIDER WHICH PROVIDES VOLTAGES AS NEEDED BELOW THE
HIGH DC OUTPUT OF THE FILTER SYSTEM,

YOUR LESSON #59 PRESENTED IN DETAIL THE DESIGN AND CONSTRUCTION OF
POWER TRANSFORMERS SUCH
AS ARE USED INCONJUNC-
TION WITH THERMIONIC
RECTIFIER TUBES TO PRO
DUCE THE HIGH DCPOTEN-
TIAL WHICH,AFTER BEING
FILTERED,ENERGIZES THE
PLATE AND OTHER nEOCIR
CUITS OF THE TRANSMI-
TTER.

T; line

A. Half-wave

Output
to

Filter
and
load

B. Full -wave, center tap

Output
to filter

and
load

using half -wave tubas

D. Full -wave bridge Circuit;

One cycle
of Ei

Wave form of
unfiltered output

Fl.a. 2 A.

Wave Form of
unFiltered Output

F Cc.s.

Output
to filter

and
load

FIG. 2.
Single -Phase RecKfi-er CircuiLts,

SINGLE-PHASE RECTIFIER
CIRCUITS

THE CIRCUITS OF
FIG. 2 IN THE PRESENT
LESSON SHOWS YOU A

NUMBER OF TYPICAL RECT
IFYING SYSTEMS FOR A

SINGLE-PHASE LINE. THE
FIRST CIRCUIT (A) IS

NOT OFTEN USED IN COMM
ERCIAL TAANSMITTERS BE
CAUSE OF THE DIFFICUL-
TY OF FILTERING THE
HALF-WAVE OUTPUT. How-
EVER, IT DOES HAVE ITS
APPLICATION IN THE AMA
TEUR TRANSMITTER WHERE
COST IS A LIMITING FACT
OR. THE FAMILIAR CIR-
CUIT OF FIG. 2B IS USED
EXTENSIVELY IN SUPPLY-
ING THE SPEECH"' INPUT
AMPLIFIERS OF THEBROA2
CAST TRANSMITTER, BUT

IS LIMITED TO THIS SER
VICE BECAUSE THE FULL...,
WAVE RECTIFIER TUBES
COMMERCIALLY AVAILABLE
ARE NOT CAPABLE OFMEEI
ING THE HIGH CURRENT
AND VOLTAGE REQUIRE-.

MENTS OF THE OTHERSEC
TIONS OF THETRANSMITT-.
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ER. (OF COURSE THIS LAYOUT CAN BE, AND OFTEN IS, USED IN LOW POWEREDAM-
ATEUR RIGS.)

THE HIGH VOLTAGE TUBES ARE ALL HALF --WAVE RECTIFIERS. Two ARE CONN-
ECTED AS IN FIG. 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
IS THE MAXIMUM RATING OF THE TYPE 83 FULL-WAVE RECTIFIER.

FOUR RECTIFIER TUBES ARE REQUIRED IN THE BRIDGE CIRCUIT OF FIG.2D,
AND THREE SEPARATE FILAMENT TRANSFORMERS MUST BE PROVIDED. To OFFSETTHIS,
HOWEVER, TWICE AS MUCH VOLTAGE CAN BE OBTAINED FROM THE BRIDGE CIRCUIT AS
FROM THE CENTER-TAP SYSTEM WITHOUT EXCEEDING THE PEAK-INVERSEVOLTAGERAI
ING OF THE TUBES. A CAREFUL INSPECTION OF THIS CIRCUIT WILL SHOW THAT IT
IS THE FAMILIAR BRIDGE CIRCUIT OF Fia.7, LESSON No.I3, AND Fio.6, OF
LESSON No.50, WITH THE OXIDE RECTIFIERS REPLACED BY VACJUM TUBES.

VOLTAGE DOUBLER

WHEN A HIGH VOLTAGE IS
NEEDED AND THE CURRENT DRAIN
IS TO BE RATHER SMALL, A

HALF-WAVE VOLTAGE DOUBLER
RECTIFIER CAN BE USED TO AD-
VANTAGE. FIG. 3 SHOWS THIS
SYSTEM.

A D.C. OUTPUT VOLTAGE
NEARLY TWICE THE P.M.S. 'OR

EFFECTIVE VOLTAGE OF THE

TRANSFORMER IS PRODUCED BY

ALTERNATELY CHARGING THE
TWO CONDENSERS CI AND C2 TO

THE FULL VOLTAGE OF THETRAN/
FORMER. SINCE THESE TWO CON-
DENSERS ARE IN SERIES 80 FAR
AS THE OUTPUT CIRCUIT IS CONCERNED,
TAGE ACROSS EITHER ONE. (SEE FIG.I2 OF LESSON 429.)

F1 G. 3

Voltage Doubler.

THE TOTAL VOLTAGE IS TWICE THE VOL-

POLYPHASE SYSTEMS

BECAUSE MOST OF THE ALTERNATING CURRENT DISTRIBUTION SYSTEMS IN

COMMON USE ARE TWO AND THREE PHASE SYSTEMS, TWO AND THREE PHASE RECTI-

FIER CIRCUITS ARE OFTEN USED IN SUPPLYING THE TRANSMITTER WITH ITS PLATE
CURRENT.

THE TWO-PHASE SYSTEM

A TWO-PHASE SYSTEM IS AN ALTERNATING-CURRENT SYSTEM ENERGIZED BY

TWO SEPARATE E.M.F.1S WHICH ARE EQUAL IN VALUE BUT WHICH DIFFER IN PHASE
BY NINETY ELECTRICAL DEGREES. A SINGLE ALTERNATING-CURRENT GENERATORHAV-
ING TWO SEPARATE WINDINGS IS USED TO ENERGIZE SUCH A SvSTEM.TRANSFORMERS
IN SUCH A DISTRIBUTION SYSTEM MUST HAVE TWO WINDINGS ON BOTH PRIMARY AND
SECONDARY WITH A SEPARATE MAGNETIC CIRCUIT FOR EACH "PHASE", AS THE

E.M.F.IS ARE CALLED, OR ELSE TWO TRANSFORMERS MUST BE USED. THE GREEK
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LETTER #(PHI) IS FREQUENTLY USED TO DESIGNATE PHASE.

TWO-PHASE MOTORS ARE PROVIDED WITH TWO SETS OF COILS JUST AS ARE
THE GENERATORS, AND WHEN A LAMP LOAD IS CARRIED BY A TWO-PHASE SYSTEMS
THE LAMPS ARE DIVIDED INTO TWO "PHASE GROUPS", ONE BEING CONNECTED TO ONE
PHASE AND THE OTHER GROUP BEING CONNECTED TO THE OTHER PHASE AS SHOWN IN
FIG. 4.

WHEN THE TWO PHASES ARE INTERCONNECTED AS SHOWN IN FIG.5, A TWO-
PHASE, THREEWIRE SYSTEM RESULTS. NOTE THAT THE VOLTAGE BETWEEN THE"OUT-.
SIDE" WIRES IS 1.41 (OR THE SQUARE` -ROOT OF TWO) TIMES THE PHASE-VOLTAGE.
THIS IS THE RESULTANT VOLTAGE OBTAINED BY ADDING THE TWO PHASEVOLTAGES
AT A PHASE -DISPLACEMENT OF 90°. THE CURRENT IN THE COMMON OR NEUTRAL WIRE
WILL BE 1.41 TIMES THE "LINE CURRENT" IN EITHER OUTSIDE WIRE.

FIG. 4
A Two -Phase Four -Wire Sy sfern .

Two METHODS OF REPRESENTING THE TWO PHASE SYSTEM GRAPHICALLY ARE
SHOWN IN FIG. 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 PHASE -VOLTAGES.

THE THREE-PHASE SYSTEM

A THREE-PHASE SYSTEM IS ENERGIZED BY THREE SEPARATE E.M.F.tS,EQUAL
IN VOLTAGE BUT DIFFERING IN PHASE BY ONE -HUNDRED -TWENTY ELECTRICAL DE-
GREES. THIS IS GRAPHICALLY ILLUSTRATED IN FIG. 7.

THREE WIRES ONLY ARE REQUIRED TO CARRY THREE-PHASE ENERGY. THE
PHASE WINDINGS OF THE GENERATOR ARE CONNECTED TO THE LINE WIRES EITHER IN
STAR AS IN FIG. aA, OR IN DELTA AS IN FIG. 8s. IN THE STARCONNECTEDCIR
CUIT THE LINE VOLTAGE El- IS 1,73 (OR THE SQUARE ROOT OF THREE) TIMES
THE PHASE VOLTAGE Epg . WHEN A DELTA CONNECTION IS EMPLOYED,THE LINE
VOLTAGE EQUALS THE PHASE VOLTAGE.

THREE-PHASE SYSTEMS ARE FAR MORE COMMON THAN SINGLE -10R TWO-PHASE
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SYSTEMS FOR THE FOLLOWING REASONS: THE COST OF COPPER FOR THE THREE-
PHASE DISTRIBUTION SYSTEM IS LESS: AN A.C. GENERATOR TAPPED FOR THREE"
PHASE OUTPUT DELIVERS 50% MORE POWER THAN THE SAME GENERATOR TAPPED FOR
SINGLEPHASE OUTPUT, AND 5% MORE POWER THAN WHEN TAPPED FOR TWO-PHASE;
AND IN ADDITION THREE-PHASE MOTORS ARE SELP-.STARTING AND MORE ECONOMICAL
THAN SINGLE"'PHASE MOTORS. IN THE CASE OF THE RECTIFIER,THE OUTPUT OF

FIG.5
Two -Phase, Three -Wire System.

THE THREE` -PHASE RECTIFIER REQUIRES MUCH LESS FILTERING THAN EITHDRSINGLE
OR TWO-PHASE.

ANY PHASE OF A POLYPHASE LINE CAN BE USED TO ENERGIZE A SINGLE-
PHASE LOAD.

THREE-PHASE CURRENT DISTRIBUTION

THE CURRENT DISTRIBUTION IN THE THREE-PHASE SYSTEM IS ESPECIALLY
INTERESTING. TO BEGIN WITH WE FIND THAT IN THE STAR CONNECTION, THE
CURRENT IN EACH LINE WIRE IS THE SAME AS THE CURRENT IN EACH PHASE COIL.
THIS IS OBVIOUSLY TRUE BECAUSE EACH LINE IS CONNECTED TO A SINGLE COIL.
IN THE DELTA CONNECTION, HOWEVER, BECAUSE EACH LINE IS FED BY TWO PHASE -
COILS, THE LINE CURRENT IS THE VECTORIAL SUM OF THE TWO PHASE CURRENTS
OR 1.73 TIMES THE PHASE CURRENT OF ONE COIL.

(b) Vcc+or diagram
of two -pi -mist. voltages

F1G.G.
Graphical Represenation of Two S) Systems.
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THE FOUR TRANSFORMER CONNECTIONS IN GENERAL USE ON THREE PHASE
LINES ARE: THE DELTA -DELTA (FIG. 9A), THE DELTA -STAR (FIG.98) THE STAR -
STAR (FIG.9c), AND THE STAR -DELTA (FIG.9D).

USUALLY THREE SEPARATE SINGLE PHASE TRANSFORMERS ARE EMPLOYED, BUT
IN RECTIFIER CIRCUITS IT IS QUITE COMMON TO USE A SPECIALLY CONSTRUCTED
THREE-PHASE TRANSFORMER. THE VOLTAGE TRANSFORMATION OBTAINED DEPENDSUPON
THE CONNECTION USED, FOR EXAMPLE, IF EP IS PRIMARY VOLTAGE, Es ISSECOND-
ARY VOLTAGE, AND N IS TURNS RATIO THEN:

IN DELTA -DELTA

IN DELTA -STAR

IN STAR -STAR

IN STAR -DELTA

Es EQUALS Ep TIMES N
Es EQUALS Ep TIMES N TIMES 1.73
Es EQUALS Ep TIMES N
E
5 EQUALS Ep TIMES N DIVIDED BY 1.73.

THUS WE HAVE A SIMPLE AND CONVENIENT MEANS FOR OBTAINING DIFFERENT
OUTPUT VOLTAGES.

F1G.7
Three -Phase Sine Wave.

TYPICAL TWO-PHASE

CIRCUITS

ALTHOUGH TWO-
PHASE CIRCUITS ARE
SELDOM ENCOUNTERED,
NEVERTHELESS, WE SHOW
IN FIG.I0 SOME RECT-

HOOK-UPS WHICH
ARE ENERGIZEDBY THIS
TYPE OF SYSTEM.

THREE-PHASE
RECTIFIERS

THE THREE' -PHASE

RECTIFYING CIRCUITS
AS USUALLY EMPLOYED USE A DELTA -STAR TRANSFORMER CONNECTION FOR OBTAIN-
ING THE HIGH VOLTAGE SUPPLY, AS SHOWN IN FIG.II. THIS IS DONE PRIMARILY
3ECAUSE THE CENTER OF THE STAR -CONNECTED SECONDARY FORMS A CONVENIENTNE2
ATIVE LOAD TERMINAL. A PRIMARY DELTA CONNECTION IS USED BECAUSE BY SO DO-
ING THE VOLTAGE TRANSFORMATION IS INCREASED BY 1.73. THE THREE-PHASE,
HALF -WAVE CIRCUIT, YOU WILL SEE BY REFERRING BACK TO FIG. 2A, IS ESSEN-
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 C.C. THAN THE OUTPUT OF ANY OF
THE SINGLE-PHASE RECTIFIERS.

BY USING TWO THREEPHASEIHALFWAVE RECTIFIERS CONNECTED IN PARALLEL.
AS SHOWN IN FIG. 12A, IT IS POSSIBLE TO OBTAIN AN OUTPUT WAVE WITH A
VERY SMALL RIPPLE. THIS IS ACCOMPLISHED BY ARRANGING THE POLARITIES OF
THE TWO STAR SECONDARIES SO THAT WHEN THE OUTPUT VOLTAGE OF ONE THREE-
PHASE UNIT IS AT A MINIMUM, THE OUTPUT OF THE OTHER IS AT A MAXIMUM. THE
INTERPHASE REACTOR, WHOSE CENTER TAP IS CONNECTED TO THE NEGATIVE OUTPUT
TERMINAL, ACTS AS A BALANCE COIL WHICH ENABLES EACH THREE'-PHASE UNIT TO
OPERATE INDEPENDENTLY. THE THREE-PHASE, FULL -WAVE RECTIFIER CIRCUIT OF
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FIG. 12B HAS THE ADVANTAGE THAT ONLY ONE THREE-PHASE SECONDARY ISREQUIR^
ED, AND THE INTERPHASE REACTOR CAN BE DISPENSED WITH. TO PARTIALLYOFFSET
THIS, FOUR SEPARATE FILAMENT SECONDARIES ARE REQUIRED. THE OUTPUT WAVE
HAS THE SAME FORM A8 THAT OF CIRCUIT 12A.

IN ALL OF THE PRECEDING CIRCUITS, IF MERCURYVAPOR RECTIFIER TUBES
ARE USED, SWITCHES SHOULD BE SO INSTALLED THAT THE FILAMENT TRANSFORMERS
CAN BE CONNECTED TO THE LINE FROM 40 SECONDS TO ONE MINUTE BEFORE THE

HIGH -VOLTAGE TRANSFORMERS ARE TURNED ON. THE FILAMENT SHOULD ALWAYS BE

ALLOWED TO COME UP TO FULL OPERATING TEMPERATURE BEFORE THE PLATE VOLTAGE
IS APPLIED.

A COMPARISON BETWEEN THESE RECTIFIER CIRCUITS,AS GIVEN BY TABLE I

IS INTERESTING.

TABLE 1

FIGURE MAX.PERMISSIBLE INPUT
VOLTS (Ej) EFFECTIVE

VALUE

D.C.OUTPUT IGNORING
DROP IN TUBE AND

FILTER

MAX.PERMISSIBLE
D.C. OUTPUT

CURRENT

28 .353 M.P.I.V. .85 Ei .66 M.P.P.C.
AND

20

2D .7 M.P. I.V. .85 EL ,66 M.P.P.C.

3 1.14 M.P.I.V. 1.7 Ej .33 M.P.P.C.

II .41 M.P.I.V. 1.17 Ei .84 M.P.P.C.

12A .41 M.P.I.V. 1.17 E2 2.00 M.P.P.C.

12B .41 M.P.I.V. 2.34 Ei 1.00 M.P.P.C.

NOTE: M.P.I.V. = MAXIMUM PEAK INVERSE VOLTAGE AT RECTIFIER TUBE.
M.P.p.c. = MAXIMUM PERMISSIBLE PLATE CURRENT OF RECTIFIER

TUBE.

4. -

VOLTAGE REGULATION

ALTHOUGH THE EXPRESSION "VOLTAGE REGULATION" IS ALSO QUITE OFTEN
USED IN CONNECTION WITH THE POWER PACK OF RECEIVERS YET IT IS STILL MORE
FREQUENTLY EMPLOYED RELATIVE TO THE POWER SUPPLY OF TRANSMITTERS. THIS
TERM IS USED TO INDICATE THE CHANGE IN TERMINAL VOLTAGE OF A PLATE'-SUPP-
LY LY SYSTEM WITH DIFFERENT LOAD CURRENTS.

THE WINDINGS OF TRANSFORMERS, FILTER CHOKES ETC. AS USED IN POWER
SUPPLY SYSTEMS ALL HAVE A CERTAIN AMOUNT OF RESISTANCE AND THEREFORE AS
THE LOAD CURRENT THROUGH THESE WINDINGS INCREASES,THE VOLTAGE DROP ACROSS
THEM WILL ALSO INCREASE AND CONSEQUENTLY THE OUTPUT TERMINAL VOLTAGE
WILL DECREASE WITH ANY APPRECIABLE INCREASE IN LOAD CURRENT.
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BESIDES THE OHMIC RESISTANCE OF THESE WINDINGS, OTHER FACTORS SUCH
AS THE GENERAL BEHAVIOR OF THE FILTER UNDER OPERATING CONDITIONS ALSO
AFFECT THE VOLTAGE REGULATION OF THE POWER SUPPLY SYSTEM. OBVIOUSLY, THE
LESS VARIATION WHICH OCCURS WITH CHANGES IN LOAD CURRENT, THE BETTER WILL
BE THE VOLTAGE REGULATION OF THE SYSTEM.

IT IS CUSTOMARY TO EXPRESS THE VOLTAGE REGULATION OF A POWER SUPPLY

E+

A. Si-ar-connection and Vecb:,r Diagram of
BECAUSE THERE ARE TWO PHASE COILS IN
SERIES BETWEEN ANY TWO LINEWIRES,THE
LINE VOLTAGE 16 THE VECTORIAL SUM OF
THE TWO PHASE-VOLTAGES. THESE TWO

PHASE VOLTAGES CANNOT SE ADDED ARITt
MET ICALLV BECAUSE THEY ARE NOT IN
STEP, THAT IS, THEIR MAXIMUM VALUES
ARE REACHED DIFFERENT MOMENTS.

B. 1::)ak.a-Connection Vector Diagram of Voltages
HERE EACH PHASE COIL IS CONNECTED
DIRECTLY BETWEEN A PAIR OF LINE
WIRES, HENCE LINEW EQUALS
PHASEWOLTAGE.

EL

YolEages.

E4,

11.0°

Izo°

Moo

Ej

EL = E 4 X 1.73
331 += EL

1.7 3

Ito°

me

I

F I G. 8

Three-. Phase Thre¢ -Wire Sys/ems.
SYSTEM AS A PERCENTAGE. GOOD PLAT E VOLTAGE SUPPLIES WI LL HAVE A REGULA-
TION OF 10% OR LESS AND THIS FACTOR IS DETERMINED IN THE FOLLOWING MANN-
ER: FIRST THE OUTPUT VOLTAGE OF THE PLATE POWER SUPPLY IS MEASURED AT
NO LOAD, THAT IS, WITH NONE OF THE TRANSMITTER TUBES DRAWING ANY IIBII

CURRENT. THIS DONE, THE OUTPUT VOLTAGE OF THE PLATE POWER SUPPLY IS MEA1
URED AT NORMAL LOAD, THAT IS, WITH THE TRANSMITTER DRAWING ITS NORMAL
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AMOUNT OF "B" CURRENT* WE THEN SUBTRACT THE "NORMAL LOAD" VOLTAGE FROM

THE "NO LOAD" VOLTAGE AND DIVIDE THIS DIFFERENCE BY THE NO LOAD VOLTAGE.
THIS RESULTING QUOTIENT WILL BE THE VOLTAGE REGULATION EXPRESSED AS A

DECIMAL FRACTION*

To MORE CLEARLY ILLUSTRATE THIS MATTER LET US CONSIDER THE FOLLOW-
ING EXAMPLE: WE SHALL ASSUME THAT THE OUTPUT TERMINA VOLTAGE OF A CER-
TAIN PLATE POWER SUPPLY IS 2000 VOLTS AT NO LOAD AND 1800 VOLTS AT NORM-
AL LOAD. THE CORRESPONDING VOLTAGE REGULATION OF THIS SYSTEM WILL THEN BE
2000 - 1800

= .1 = 109.
2000

THE VOLTAGE REGULATION OF A TRANSMITTER1S POWER SUPPLY IS A VERY
IMPORTANT ITEM AND THIS IS PARTICULARLY TRUE OF RADIO -TELEGRAPH TRANS-
MITTERS WHERE THE "B" CURRENT WHICH IS DRAWN IS BEING CONTINUALLY VARIED
IN INTENSITY DURING THE PROCESS OF KEYING. WERE POOR REGULATION TOEXIST,
THE "B" VOLTAGES AT THE TUBES WOULD BE SUBJECT TO CONSIDERABLE VARIATION
WHEN KEYING*

FILTERS

THE FILTER CIRCUITS AS USED IN THE PLATE SUPPLY SYSTEM FOR TRANS"

A Del - Delia

Pri,

C. '54-ar - 54ar-

Scherna.6c
bTagraerl

Schematic
Diagram

Pri. 'atc,

B. Delta- Si-ar

D. Star- Aelta

Pri.

Sec

Pri.

Schematic
 Diagram

Schematic
Diagram

FIG. 9

Three- Phase 7-1-anstOrmer Conned -lot-IS.



PAGE 10 TRANSMITTERS

MITTERS FOLLOW THE SAME GENERAL DESIGN PRINCIPLES AS THOSE ALREADY De"
SCRIBED TO YOU RELATIVE TO RECEIVERS. THE ESSENTIAL DIFFERENCE BETWEEN
THE RECEIVER AND TRANSMITTER FILTER LIES IN THE FACT THAT IN THE TRANS-
MITTER THE CONSTRUCTION OF THE FILTER MUST BE SUCH THAT THE SYSTEM CAN
CARRY THE LARGER CURRENTS AND HANDLE THE HIGHER VOLTAGES SATISFACTORILY.

THE FILTER CONDENSERS AS USED WITH TRANSMITTERS MAY BE OF THE WET
ELECTROLYTIC, DRY ELECTROLYTIC, PAPER, OR OIL IMPREGNATED PAPER TYPE.THE
,LECTROLYTIC 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 IS POSSIBLE TO CONNECT TWO OR MORE OF THESE CON-
DENSERS IN SERIES SO THAT THE SERIES COMBINATION MAY TAKE THE PLACE or
A SINGLE CONDENSER IN A CIRCUIT OF RATHER HIGH VOLTAGE. IT IS OF COURSE
TO DE UNDERSTOOD THAT A SERIES CONDENSER ARRANGEMENT AS THIS WILL REDUCE

FIG, 10,
Two -Phase, 2ec/i/c7-er Circi h.

THE OVERALL CAPACITY OF THE ARRANGEMENT ACCORDINGLY.

IN FIG. 13 YOU ARE SHOWN A TYPICAL PAPER DIELECTRIC TYPETRANSMITT
ING CONDENSER WHICH IS 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 INSULATORS SO THAT THE HIGH VOLTAGES CAN BE HANDLED PROPERLY.
CONDENSERS ASTHIS CAN BE OBTAINED TO WITHSTAND D.C. VOLTAGES AS HIGH AS
4000 VOLTS.

OIL IMPREGNATED PAPER DIELECTRIC CONDENSERS WILL STAND VOLTAGES
STILL HIGHER THAN WILL THOSE OF THE PLAIN PAPER TYPE. THE OIL FREQUENTLY
USED FOR THIS PURPOSE IS KNOWN AS PYRANOL AND IT HAS A HIGH DIELECTRIC
STRENGTH AS WELL AS OTHER DESIRABLE PROPERTIES WHICH PERMIT THE CONSTRU^
CTION OF EFFICIENT CONDENSERS.

RIPPLE VOLTAGE

As YOU WILL RECALL FROM YOUR PREVIOUS STUDIES CONCERNING FILTERS,
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THE OUTPUT OF THE CONVENTIONAL FILTER IS NOT ABSOLUTELY UNIFORM 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 IS

PRESENT IN THE OUTPUT OF A FILTER IS GENERALLY EXPRESSED AS A PERCENTAGE

AND WHICH IS EQUAL IN VALUE TO THE EFFECTIVE VALUE OF THE RIPPLE VOLTAGE

DIVIDED BY THE DEC. VOLTAGE. THIS PERCENTAGE OF RIPPLE OFFERS APRACTICAL
MEANS OF COMPARING THE PERFCRMANCE OF VARIOUS FILTER CIRCUITS.EXPERIENCE

HAS SHOWN THAT A RIPPLE OF 5% OR LESS is SATISFACTORY AND I% ISDESIRABLE

FOR A O.W. TRANSMITTER WHEREAS FOR RADIOTELEPHONY THE RIPPLE SHOULD NOT

EXCEED 0.25% SO THAT THE HUM LEVEL WILL NOT BE OBJECTIONABLE.

OBVIOUSLY, 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 ILLUSTRATED AT "A° IN FIG.I5 AND WHICH IS GENER-

ALLY SUFFICIENT
HOLDS GOOD:

RIPPLE - 1°C)
L C

BY TRANSPOSITION, WE HAVE 1_3 =

FIG. II

Three -Phase, Half -Wave Peceif,-er:

IF A RIPPLE OF 5% CAN BE TOLERATEDITHE FOLLOWING RELATION

WHERE L IS EXPRESSED IN HENRYS AND C IN MFDS.

AND FROM WHICH THE LC FACTOR

CAN BE OBTAINED. THIS DONE, WE CAN SELECT A PRACTICAL CONDENSER RATING

AND DETERMINE THE CORRESPONDING INDUCTANCE RATING FOR THE CHOKE OR VICE
VERSA.

FOR ATWO SECTION FILTER SUCH AS THAT WHICH IS ILLUSTRATED AT "B"

OF FIG. 15 THE RELATION BECOMES AS FOLLOWS: % RIPPLE = Q50
LIL2(C1+ 02)2"

IN THIS CASE ALSO, A SUITABLE COMBINATION OF L1; L1; C1AND CZCAN BE DE-
TERMINED TO SATISFY THE FORMULA.
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IT IS ALSO WELL TO POINT OUT THIS TIME THAT FOR FILTER SYSTEMS
WHICH OPERATE AT HIGH VOLTAGE A CHOKE INPUT FILTER IS PREFERABLE TO A

CONDENSER INPUT FILTER. A CHOKE INPUT FILTER OFFERS AS ITS CHIEF CHAR-
ACTERISTICS GOOD VOLTAGE REGULATION AND A COMPARATIVELY LOW RECTIFIER
TUBE PEAK CURRENT.

THE OPTIMUM VALUE FOR THE INPUT CHOKE INDUCTANCE OF THE FILTER IS

Delta
Fri.

Qs)

To, 34, Line

of

A. Half= wave, Double S-fer

One Cycle
of Ei

Wave form or un-
Filtere cl Output:
of FIG 12A Er, B

Output to
101a E, FilLer

Secondary 1117111MILin

B. Full- wave

Delia

To 341, Lin e

OuEpub
Eo loud

and
Fi 14-er

Filament
'~`(raps formers

F I G, 12

7-17ree-PAlase /eedifier Circuiks.



LESSON NO.10 PAGE 13

FOUND BY USING THE FOLLOWING FORMULA: L = FULL LOAD RESISTANCE WHERE
OpE

500

L = INDUCTANCE OF CHOKE EXPRESSED IN HENRYS; THE
FULL LOAD RESISTANCE IN OHMS IS EQUAL TO THE wiz
PUT VOLTAGE DIVIDED By THE TOTAL LOAD CURRENT IN
AMPERES AND 500 IS A CONSTANT.

THE CRITICAL VALUE FOR.THIS SAME INPUT

CHOKE INDUCTANCE IS FOUND BY USING THE FORMULA:

L RESISTANCE OF BLEEDER IN OHMS.
011 1000

BY INSPECTING THESE TWO FORMULAS, YOU WILL
NOTE THAT TWO DIFFERENT CHOKE VALUES WILL BE OB.'
TAINED, NAMELY THE OPTIMUM AND THE CRITICAL VAL-
UES. ALTHOUGH A CHOKE HAVING THE CRITICAL INDUC-
TANCE CAN BE USED FOR THIS PURPOSE, YET IT WOULD
BE STILL MORE PREFERABLE TO USE -A USWINGINGCHOKE'
WHOSE INDUCTANCE VALUE VARIES FROM NO LOAD TO

FULL LOAD BETWEEN THE LIMITS ESTABLISHED BY THE OPTIMUM
DUCTANCE VALUES.

FIG.13

Transmi4er-
Condenser:

AND CRITICAL IN."

IN THE "B" POWER SUPPLY A BLEEDER RESISTOR IS DESIRABLE THE SAME

AS IN RECEIVERS. IT 18 A COMMON PRACTICE TO SELECT A BLEEDER RESISTANCE
OF SUCH VALUE THAT IT WILL PASS A CURRENT OF ABOUT 10% OR LESS OF THE

FULL LOAD CURRENT.

GENERATORS

SO FAR IN THIS LESSON YOU WERE ONLY SHOWN HOW AN EXISTING 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 EXTENSIVELY. IN

LESSON #39 OF YOUR FOUNDATIONAL TRAINING

YOU WERE ALREADY TOLD ABOUT THE OPERATING
PRINCIPLES OF THE A.C. GENERATOR AND 80

IF NECESSARY,IT IS 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.

FIG. 14

Oil- Filled
Con den se rS

THE D.C. GENERATOR

By TAKING THE SIMPLE A.C. GENERATOR
WHICH WAS SHOWN YOU IN LESSON #39 AND MAK-
ING SOME MINOR CHANGESO D.C. GENERATOR

CAN BE PRODUCED. FOR EXAMPLE, BY LOOKING

AT FIG. 16 OF THE PRESENT LESSON YOU WILL
SEE A LOOP PLACED IN A MAGNETIC FIELD BUT
INSTEAD OF USING TWO COLLECTOR RINGS, WE

ARE ONLY USING ONE AND EVEN THIS IS CUT IN
HALF, SO THAT ITS ENDS ARE SEPARATED FROM
EACHOTHER. WE DON'T REFER TO THIS AS A
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COLLECTOR RING NOW BUT WE CALL IT A COMMUTATOR AND EACH HALF OR SECTION
OF THE COMMUTATOR IN FIG. 16 IS REFERRED TO AS A COMMUTATOR SEGMENT.

FIG. I5

Typical Filer Circzirs.

SEGMENT A OF THIS
COMMUTATOR IS CONNECTED
TO THE END OF THE LOOP
ON SIDE E AND SEGMENT B

IS CONNECTED TO THE LOOP
END ON SIDE F. Now THEN,
WITH THE LOOP BEING RO-
TATED IN THE DIRECTION AS
INDICATED, BY SOMEMECHAN-

ICAL FORCE, SIDE F WILL BE
CUTTING LINES OF FORCEIN
A DOWNWARD DIRECTION AND
SIDE E WILL BE CUTTING
THEM IN AN UPWARD DIREO-
TION, AND AS A RESULT,
THE INDUCED OR GENERATED
CURRENT WITHIN THE LOOP
WILL FLOW FROM SIDE
TOWARDS AND INTO COMMUT-
ATOR SEGMENT B. BRUSH
D IS AT THIS TIME MAKING
CONTACT WITH SEGMENT B

AND SO 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 SIDE E OF THE
LOOP. SO HERE AGAIN WE HAVE A COMPLETE CIRCUIT WITH THE GENERATED CURR-
ENT FLOWING OVER THE EXTERNAL CIRCUIT FROM BRUSH D TO BRUSH C, AND BRUSH
D IS AT THIS TIME THE (+) BRUSH AND C IS THE ('-') BRUSH. WITHIN THE LOOP,
THE CURRENT IS FLOWING FROM SEGMENT A TOWARD SEGMENT B.

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 ASPIC-
TURED IN FIG.17 AND HERE YOU
WILL SEE THAT THE COMMUTATOR
SEGMENTS,TOGETHER WITH THE
LOOP,HAVE CHANGED THEIR PO-
SITIONS WITH RESPECT TO THE
BRUSHES. THAT IS,SEGMENT A

IS MAKING CONTACT WITH BRUSH
D, JUST THE OPPOSITE TO THE
POSITIONS OCCUPIED IN FIG.
16.

Now IN FIG.I7,SIDE E
OF THE LOOP WILL BE CUTTING
LINES OF FORCE IN ADOWNWARD

FIG.16

The Simple D.C. Generator.
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DIRECTION,WHILE SIDE F IS CUTTING THEM
RESULT, THE GENERATED CURRENT
ON SIDE E WILL FLOW TOWARD
AND INTO COMMUTATOR SEGMENT
A, THENCE THROUGH BRUSH
OVER THE EXTERNAL CIRCUIT AND
THROUGH BRUSH C INTO COMMU-
TATOR SEGMENT B AND THUS BACK
INTO SIDE F OF THE COIL.

A DIRECT CURRENT SENT OVER
THE EXTERNAL CIRCUIT

NOTICE ESPECIALLY IN

FIG.17 HOW THE GENERATED CUR
RENT FLOWS OVER THE EXTERNAL
CIRCUIT FROM BRUSH D TO BRUSH
C AND THIS,YOU WILL NOTICE,

IS THE SAME DIRECTION THAT IT
FLOWED IN FIG.I64, NOW TAKEA
LOOK AT THE LOOP ITSELF IN
FIG. 17 AND YOU WILL SEE THAT

IN AN UPWARD DIRECTION AND AS

FIG, 17

Curran flow over Ex1ernal Circuit

A

WITHIN THE LOOP, THE GENERATED CURRENT 18

FLOWING FROM SEGMENT B TOWARD SEGMENT A AND THIS FLOW IS IN THE OPPOSITE

DIRECTION TO WHICH THE CURRENT WAS FLOWING WITHIN THE LOOP IN FIG41164,
THIS SHOWS YOU THAT ALTHOUGH AN ALTERNATING CURRENT IS ACTUALLY GENERATED
IN THE LOOP, YET THE COMMUTATOR ARRANGEMENT MAKES IT POSSIBLE TO SEND A

DIRECT CURRENT OVER THE EXTERNAL CIRCUIT. THUS BRUSH D IS A POSITIVE AND
BRUSH C IS A NEGATIVE BRUSH IN BOTH OF THESE ILLUSTRATIONS AND THEIR POI
ARITY NEVER REVERSES BUT REMAINS THE SAME.

By USING BUT A SINGLE LOOP OR INDUCTOR IN EITHER A D.C. OR A.C.GEN
ERATOR, IT IS EVIDENT THAT THE DELIVERED CURRENT WILL BE VERY IRREGULAR
IN ITS FLOW, FOR THERE ARE PERIODS WHEN THE LOOP IS IN A STRAIGHT UP,AND
DOWN POSITION, AT WHICH INSTANT NO CURRENT IS 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 THIS ENTIRE REVOLVING UNIT OF THE GENERATOR,THEARMATURE.
THEN IN ORDER TO GENERATE HIGHER VOLTAGES, WE USE COILS MADE UP OFSEVER

AL TURNS OF WIRE INSTEAD OF THE LOOPS OF A

SINGLE TURN.

FIG.IS

,lo/ -or De4gils.

ELECTRIC MOTORS

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 GENERATOR. THIS OTHER UNIT IS

THE ELECTRIC MOTOR AND A O.C. MOTOR 18 SHOWN

IN SIMPLIFIED FORM BOTH IN FIGURES 18, AND 19.

THE MOTORIS PURPOSE IS TO CONVERT ELECTRICAL
ENERGY OR POWER INTO MECHANICAL POWER.

IN FIGS. 18 AND 19 WE HAVE TWO MAGNETS,
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WITH AN ARMATURE SUPPORTED BETWEEN THEM. THIS ARMATURE CONSISTS OF A LAM-
INATED IRON CORE, HAVING FOUR SLOTS CUT ALONG ITS LENGTH AND THE INDUCT"
ORS OR WIRE LOOPS ARE FIRMLY HELD IN THESE SLOTS. THE ENDS OF THE LOOPS
ARE CONNECTED TO THE SEGMENTS OF THE COMMUTATOR AS SHOWN. Two BRUSHES ARE
INSTALLED, SO AS TO MAKE CONTACT WITH TWO OPPOSITE COMMUTATOR SEGMENTS
AND IN THIS WAY, THEY WILL 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

Fl G. 19
Simple a C. Afol'or-

F I G. '20

Commutator Action.
WOULD NOW BE SO STRONG AS

THE POSITION SHOWN IN FIG.I9,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 PORTION A SOUTH POLE
JUST AS SHOWN IN FIG.I9. THE VERTICAL LOOP
IN FIG.I9 IS DEAD AT THIS TIME,AS NO CURRENT
IS FLOWING THROUGH IT.

DUE TO THIS POLARIZATION OF THE ARMA-
TURE, THE "8" FIELD MAGNET OF THE MOTOR WILL
EXERT AN ATTRACTIVE FORCE UPON THE "N" SEC-
TION OF THE ARMATURES WHILE AT THIS SAME TIME,
THE "N" FIELD MAGNET WILL EXERT AN ATTRAC-
TIVE FORCE UPON THE "S" SECTION OF THE ARMA-
TURE. FURTHERMORE,THE "N" FIELD MAGNET AND
THE "N" SECTION OF THE ARMATURE TEND TO REPEL
EACHOTHER AND THE SAME IS TRUE IN RESPECT TO
THE "S" POLARITIES. IT THUS BECOMES OBVIOUS
THAT THIS MAGNETIC REACTION WILL CAUSE THE
ARMATURE TO ROTATE IN A CLOCKWISE DIRECTION
AS INDICATED BY THE ARROW IN FIG.I9.

WERE IT NOT FOR THE COMMUTATOR,WEWOULD
FIND THAT AFTER THE ARMATURE HAS ROTATED ONE
QUARTER REVOLUTION FROM THE POSITION PICTURED
IN FIG. 19, THE NORTH SECTION OF THE ARMATURE
WOULD COME DIRECTLY UNDER THE INFLUENCE OF
THE "S" FIELD MAGNET AND THE SOUTH SECTION
OF THE ARMATURE WOULD COME DIRECTLY NEXT TO
THE "N" FIELD MAGNET. THE MAGNETIC ATTRACTION

TO HOLD THE ARMATURE STATIONARY.

To PREVENT THIS UNDESIRABLE CONDITION,WE MAKE USE OF THE COMMUTATOR
AND THE BRUSHES ARE PLACED IN SUCH A POSITION SO AS TO MAKE CONTACT WITH
A DIFFERENT PAIR OF COMMUTATOR SEGMENTS BEFORE THE ARMATURE HAS COMPLETED
ITS QUARTER REVOLUTION,FROM THE POSITION SHOWN IN FIG.I9. THIS IS CLEARLY
SHOWN IN FIG. 20, WHERE YOU WILL NOTICE THAT THE COMMUTATOR SEGMENTS OF
THE ARMATURE COIL BEGIN TO COME IN CONTACT WITH THE BRUSHES SOON ENOUGH,
SO THAT THE NORTH AND SOUTH SECTIONS OF THE ARMATURE ARE STILL NEAR THE
POLE PIECES AT THE INSTANT THAT THIS PARTICULAR ARMATURE COIL SETS UP
ITS MAGNETIC FIELD. THIS MEANS THAT THE LIKE MAGNETIC POLES WILL EXERT
A VIOLENT REPELLING FORCE TOWARD ONE ANOTHER AND BEFORE THE ARMATURE
POLES COME DIRECTLY UNDER THE FACE OF THE FIELD MAGNETS OF OPPOSITE POL"
ARITY, THE COMMUTATOR WILL ALREADY HAVE CAUSED CURRENT TO STOP FLOWING
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THROUGH THE COIL IN QUESTION AND TO HAVE PERMITTED THE CURRENT TO NOW

FLOW THROUGH THE ARMATURE COIL WHICH WAS FORMERLY DEAD.

THE NEW COIL WILL NOW BECOME THE WORKING COIL AND THUS ANOTHER Rol-
TATIVE IMPULSE IS FURNISHED THE ARMATURE AND JUST BEFORE THESE NEW ARiA-

ATURE POLES COME DIRECTLY UNDER THE INFLUENCE OF FIELD MAGNETS OF OPPO-

SITE POLARITY, THE BRUSHES WILL AGAIN SEND CURRENT THROUGH ANOTHER PAIR

OF COMMUTATOR SEGMENTS. THIS ACTION CONTINUES ON IN THIS WAY AND THE

ARMATURE KEEPS ON REVOLVING CONSTANTLY AS LONG AS IT 18 FURNISHED WITH

AN ELECTRIC CURRENT.

THE ROTATION, 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 THIS YOU WILL FIND TO BE THE

CASE IN COMMERCIAL ELECTRIC MOTORS.

MOTOR AND GENERATOR CONSTRUCTION

IN FIG.21, YOU WILL SEE A PHOTOGRAPH OF A D.C. MOTOR, WITH A SEC-
TION OF THE HOUSING CUT AWAY SO THAT ITS INNER PARTS ARE.C<POSEDTOVIEW.
NOTICE CAREFULLY IN THIS ILLUSTRATION HOW THE PARTS, WHICH WE HAVE BEEN
DISCUSSING, APPEAR ON THE ACTUAL UNIT AND THAT THE FIELD MAGNETS OR POLES
ARE ELECTROMAGNETS PROVIDED WITH A WINDING.

G.Fl 2.1

A Direc)L CurrentMofret-
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SHOULD YOU OPEN UP A DIRECT CURRENT GENERATOR,YOU WOULD FIND 1 ITS
INTERNAL CONSTRUCTION TO BE PRACTICALLY THE SAME AS THAT OF THE MOTOR
SHOWN IN FIG. 21. IN FACT, BY PASSING A DIRECT CURRENT FROM SOME OUTSIDE
SOURCE THROUGH A D.C. GENERATOR,YOU WOULD FIND THAT THE GENERATOR ARMA-

TURE WOULD REVOLVE THE
SAME AS THAT OF A MOTOR.
THEN AGAIN,SHOULD YOU
DRIVE THE ARMATURE OF A
MOTOR BY SOMEMECHANICAL
MEANS YOU WOULD FIND
THAT IT WOULD TO A CER-
TAIN EXTENT ACT AS A

GENERATOR OF ELECTRIC
CURRENT.

FIG,

Typical Genera for Con4ro/

ERATOR WHEN OPERATED AS A MOTOR DOES NOT PRODUCE
POWER IN ORDER TO HANDLE HEAVY LOADS AS DOES THE

THE MOTORIHOWEVER,
CAN GENERATE BUT LITTLE
CURRENT WHILE ON THE
OTHER HAND A PLAIN GEN-
THE REQUIRED MECHANICAL
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 STUDY.
YOU ARE BEING TRAINED AS A RADIO SPECIALIST AND NOT AS A MOTOR OR GEN-
ERATOR EXPERT. CONSEQUENTLY, THERE IS NO NEED FOR YOU TO STUDY MOTORS,
GENERATORS ETC. IN TOO GREAT DETAIL BUT YOU SHOULD BE FAMILIAR WITH THIS
TYPE OF EQUIPMENT, WHICH YOU MAY BE CALLED UPON TO USE IN YOUR RADIO WORK.

OPERATING GENERATORS

THE CORRECT METHOD OF OPERATING GENERATORS AND MOTORS IS AN IMPOR-
TANT MATTER AND ONE WHICH YOU CANNOT AFFORD TO OVERLOOK. A TYPICAL CON-
TROL CIRCUIT FOR A GENERATOR IS SHOWN IN FIG.22 AND THE GENERATORSHOULD
BE OPERATED ACCORDING TO THE METHODS OUTLINED IN THE FOLLOWINGPHARAGRAPHS.

To START THE GENERATOR,BE SURE THAT THE LINE SWITCH IS OPEN AND
THAT THE RHEOSTAT CONTROL SWITCH IS TURNED TO THAT POSITION, WHICH OFFERS
MAXIMUM RESISTANCE. THIS POINT IS MARKED ON THE RHEOSTAT IN A SELF-EX-
PLAINING MANNER.

NOW START THEGEN
ERATOR ARMATURE IN MO-
TION BY PUTTING ITS
DRIVING UNIT INTOOPER-
ATION. THIS DRIVINGUNIT
MAY BE AN ELECTRIC MO-
TOR, A GASOLINE ENGINE,
ETC. AS SOON AS THE
GENERATOR ARMATURE HAS
COME UP TO ITS FULL
RUNNING SPEED, GRAD-
UALLY TURN THE RHEOSTAT

PIG. 23

"Iii,prca/ A/1o7ca- Con&o/
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CONTROL KNOB IN THE DIRECTION INDICATED THEREON, UNTIL THE VOLTAGE OF THE
GENERATOR COMES UP TO ITS NORMAL VALUE. THIS DONE, CLOSE THE LINE SWITCH,
CAREFULLY WATCHING THE VOLTMETER AND AMMETER DURING THIS PROCESS AND
MAKE A FURTHER ADJUSTMENT OF THE RHEOSTAT IF NECESSARY, IN ORDER TO BRING
THE GENERATOR TO THE REQUIRED OUTPUT.

IN A GREAT DEAL OF THE MODERN GENERATING EQUIPMENT,NO HAND OPERATED
LINE SWITCH IS USED BETWEEN THE GENERATOR AND ITS LOAD. IN SUCH A CASE,

THIS LINE SWITCH WILL BE REPLACED WITH AN AUTOMATICALLY OPERATING CIRCUIT
BREAKER, WHICH AUTOMATICALLY CONNECTS THE GENERATOR TO THE LOAD AS SOON
AS THE GENERATOR VOLTAGE COMES UP TO THE REQUIRED POINT.

IN ORDER TO SHUT DOWN THIS GENERATOR, COMMENCE BY
STAT CONTROL KNOB SO AS TO REDUCE
THE GENERATOR OUTPUT. IF AN AUTO-,

MATIC CIRCUIT BREAKER 18 USED,
IT WILL DISCONNECT THE GENERATOR
FROM THE LOAD AT THE PROPER TIME
BUT IF NONE IS USED,THEN YOU WILL
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.

OPERATING MOTORS

ON MANY OF THE SMALLER EL-

ECTRIC MOTORS, ALL THAT MUST BE DONE, IN ORDER TO START THEM, IS TO TURN

"ON" A SWITCH. MANY OF THE LARGER MOTORS, HOWEVER, ARE EQUIPPED WITH A

STARTING SWITCH OR CONTROL, WHICH ENABLES THE MOTOR TO PICK UP ITS LOAD
WITHOUT DRAWING AN EXCESSIVE AND INJURIOUS STARTING CURRENT, AS WELL AS

OFFERING A MEANS WHEREBY THE SPEED OF THE MOTOR CAN BE CONTROLLED.

TURNING THERHEO-

FIG. Z4

A Mofar- Gener-aor 50:

A COMMONLY USED MOTOR CONTROL CIRCUIT IS SHOWN IN FIG. 23. TO START
UP SUCH A MOTOR, FIRST SEE TO IT THAT THE CONTROL OF THE STARTING RHEO-

STAT IS IN THE "OFF" POSITION AND THEN CLOSE THE MAIN OR LINE SWITCH.NOW
GRADUALLY TURN THE RHEOSTAT CONTROL TOWARD THE HIGH OR RUNNING POSITION,
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 ITS LIMIT
OF TRAVEL.

IN ORDER TO STOP THE MOTOR, ALL THAT IS NECESSARY IS TO OPEN THE
LINE SWITCH. MOST OF THE STARTING RHEOSTATS ARE SO MADE AB TO CAUSE THE
CONTROL ARM TO RETURN TO ITS "OFF" POSITION AUTOMATICALLY. NO ATTEMPT
SHOULD BE MADE TO FORCE THE OPERATING ARM OF AN AUTOMATIC STARTING RHEO-
STAT BACK TO ITS "OFF" POSITION.

THE MOTOR -GENERATOR

SO FAR, WE HAVE CONSIDERED THE MOTOR AND GENERATOR AS TWO SPEARATE
UNITS BUT IN RADIO TRANSMITTING PRACTICE, YOU WILL GENERALLY FIND THE TWO
USED TOGETHER IN A COMBINATION, WHICH WE REFER TO AS A MOTOR-GENERATOR.A
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TYPICAL MOTOR-GENERATOR SET IS SHOWN IN P10.24 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 SEMI-FLEXIBLETYPE COUPLING DEVICE.

ALTHOUGH MOUNTED SO AS TO FORM A SINGLE UNIT, YET FROM AN ELECTRI-
CAL STANDPOINT, THEY ARE ENTIRELY INDEPENDENT FROM EACHOTHER. THE MOST
COMMON PRACTICE IS TO USE AN A.C. MOTOR) WHICH IS CONNECTED TO THE A.C.
POWER LINES AND THIS MOTOR IN TURN SERVES AS THE DRIVING FORCE TO ROTATE
THE GENERATOR ARMATURE. THE GENERATOR IS GENERALLY OF THE D.C. TYPE AND
IN THIS WAY, A D.C. SUPPLY FOR THE TRANSMITTER CAN BE GENERATED READILY,
EVEN THOUGH THE TRANSMITTER BE LOCATED IN A DISTRICT, WHOSE ONLY POWERSUPPLY IS OF THE A.C. VARIETY.

FIG, 25

Sanding, iihe Corn rrada Aar:

IT IS OF COURSE NOT ALWAYS
ESSENTIAL TO USE THIS A.C.-D.C. com
BINATION AS JUST MENTIONED AND THIS
SET WOULD STILL BE CLASSIFIED AS A
MOTOR-GENERATOR,EVEN THOUGH THE MOT
OR WERE OF THE A.C. TYPE DRIVING
AN A.C. GENERATOR. THEN TOO, YOU
WILL FIND CASES WHERE A SINGLE A.C.
MOTOR IS DRIVING TWO OR THREE C.C.
GENERATORS,ALL OF WHICH ARE MOUNTED
ON A COMMON BASE AND WITH THE ARM-
ATURE SHAFTS ALL CONNECTED END TO
END WITH FLEXIBLE COUPLINGS. COM-
POUND UNITS AS THIS WOULD STILL BE
CLASSIFIED AS MOTOR-GENERATORS.

AS FAR AS THE CONTROLMETHODS
FOR OPERATING MOTOR-GENERATORS ARE
CONCERNED,THEY ARE PRACTICALLY THE
SAME AS THOSE OUTLINED FOR THE
MOTORS AND GENERATORS SEPARATELY.
THAT IS, THE MOTOR PORTION OF THE

MOTOR GENERATOR SET IS TREATED AS THOUGH IT WERE AN INDEPENDENT MOTOR
AND THE GENERATOR OR GENERATORS,WHICH ARE DRIVEN BY IT, ARE TREATED AS
THOUGH THEY WERE INDEPENDENT -- IN FACT, THEY ARE.

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 RADIO
EQUIPMENT, YET DONIT BY ANY MEANS OVERLOOK THE FACT THAT THESE MOTORS AND
GENERATORS DEMAND AND SHOULD HAVE THE SAME CAREFUL ATTENTION AS THAT GIB[
EN TO ANY OTHER IMPORTANT PART OF THE TRANSMITTER. A FAILURE OF THEIR
OPERATION MEANS THE FAILURE OF THE WHOLE TRANSMITTER.

SINCE MOTORS AND GENERATORS ARE SO MUCH ALIKE IN THEIR CONSTRUC-
TION, MANY OF THE MINOR TROUBLES WILL BE FOUND TO BE COMMON IN BOTH THESE
CLOSELY ASSOCIATED UNITS.

PERIODIC LUBRICATION !SOT UTMOSTIMPOR,ANCE IN ALL TYPES OF MACHINERY



TOR. To REMEDY THIS
PAPER AGAINST THE
COMMUTATOR WHILE
THE ARMATURE IS

REVOLVING,AS SHOWN
IN FICA.25,AND THIS
WILL SMOOTH DOWN
SLIGHTLY ROUGH sim
FACES. EMERY CLOTH
OR EMERY PAPER
SHOULD NEVER BE

USED FOR THIS PUR-
POSE.

IN EXTREME
CASES OF COMMUT-
ATOR WEAR, SANDING
WILL BE FOUND TO BE
INSUFFICIENT AND IN
SUCH A CASE, IT

BECOMES NECESSARY
TO DISMANTEL THE
UNIT AND "MACHINE-
DOWN" THE COMMU-
TATOR IN A LATHE.
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AND MOTORS AND GENERATORS ARE NO EXCEPTIONS. SPECIAL OIL CHAMBERS OR

WELLS ARE PROVIDED IN THE BEARING ENDS OF THE UNITS HOUSING AND IT IS

ADVISABLE TO SEE THAT THESE ARE ADEQUATELY SUPPLIED WITH 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 DIRT OR DUST SHOULD BE PERMITTED TO ACCUMULATE ANY

WHEREs UPON THE UNIT. COMPRESSED AIR OFFERS THE BEST MEANS WITH WHICH TO

BLOW OUT DUST OR DIRT FROM A MOTOR OR GENERATOR.

AFTER MOTORS OR GENERATORS HAVE BEEN IN OPERATION FOR SOME TIME,

THE COMMUTATOR GENERALLY BECOMES SOMEWHAT ROUGH AND BURNT-LOOKING AND

CONTINUOUS SPARKING WILL BE NOTICED BETWEEN THE BRUSHES AND THE COMMUTA-
CONDITION, HOLD THE ROUGH SIDE OF A pIECEOF 400 SAND

A Synchronous Converter,
Showing /he A,c. and D.C. ends.

BRUSHES IN EITHER A MOTOR OR GENERATOR SHOULD FIT WELL IN THEIR

HOLDERS. THIS FIT SHOULD NOT BE LOOSE ENOUGH SO 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 PRESSING THE BRUSHES
GAINST THE COMMUTATOR. THE EDGE OF THE BRUSHES,WHICH RIDES ON THE COMMU-
TATOR, SHOULD BE SMOOTH AND MAKING CONTACT ACROSS ITS ENTIRE SURFACE

AGAINST THE COMMUTATOR. IN THE CASE OF STICKING BRUSHES,THIB MAY BE FOUND
TO BE DUE TO GREASE AND DIRT HAVING ACCUMULATED BETWEEN THE BRUSH AND

BRUSH HOLDER AND SHOULD THIS BE TRUE, THESE FOREIGN MATERIALS CAN BE RE-
MOVED BY WASHING THE BRUSH AND HOLDER WITH GASOLINE WHILE THE MACHINE IS

AT REST -- DON'T USE KEROSENE.

IN DUE TIME, THE BRUSHES WILL DECREASE IN LENGTH BECAUSE OF WEAR

AND IF THE BRUSHES ARE MATERIALLY SHORTENED BY THIS CAUSE, THEY SHOULD
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BE REPLACED WITH NEW ONES OF THE SAME SIZE AND TYPE AS THOSE ORIGINALLY
USED IN THE MACHINE AT THE TIME OF ITS CONSTRUCTION.

A GENERAL CHECKUP SHOULD BE MADE NOW AND THEN, IN ORDER TO INSURE
THAT ALL ELECTRICAL CONNECTIONS ARE SECURE AND IN FIRST CLASS CONDITION*

CONVERTERS

Now ANOTHER POWER UNIT, WHICH IS USED IN RADIO WORK, IS THE ROTARY
CONVERTER -- SOMETIMES CALLED THE SYNCHRONOUS CONVERTER. THIS UNIT CON-
SISTS OF A SINGLE ARMATURE, HAVING A.C. COLLECTOR RINGS AT ONE END AND A
D.C. COMMUTATOR AT THE OTHER END AND THE SAME ARMATURE WINDING IS USED
FOR BOTH ENDS*

ITS PURPOSE IS TO MAKE USE OF AN ALTERNATING CURRENT POWER SUPPLY
WHICH IS CONNECTED TO THE A.C. END OF THE UNIT AND THUS DRIVES THE ARM."
ATURE AS AN A.C. MOTOR. THIS REVOLVING 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 IS MADE TO USE AN A.C. SUPPLY, IN ORDER TO
PRODUCE A D.C. OUTPUT.

IN THIS RESPECT, THE ROTARY CONVERTER SERVES THE SAME PURPOSE AS A
MOTOR-GENERATOR SET BUT FOR RADIO PURPOSESITHE MOTOR -.GENERATOR SET IS
MOST COMMONLY USED BECAUSE IT DOESN'T INTRODUCE THE A.C. LINE VOLTAGE VAR
YING CHARACTERISTICS INTO THE D.C. OUTPUT, AS IS THE CASE WITH A ROTARY
CONVERTER.

INSTEAD OF SUPPLYING THE CONVERTER WITH AN A.C. SUPPLY IN ORDER TO
PRODUCE A D.C. OUTPUT, IT IS EQUALLY TRUE THAT WE CAN HAVE A CONVERTER IN
WHICH WE PROVIDE A D.C. SUPPLY AND RECEIVE AN A.C. OUTPUT IN RETURN. THE
UNIT THEN BECOMES WHAT IS CORRECTLY CALLED AN INVERTED ROTARY OR SYNCH-
RONOUS CONVERTER AND ONE SUCH UNIT IS SHOWN YOU IN FIG.26.

IN GENERAL APPEARANCE AND CONSTRUCTION,THE ROTARY CONVERTER AND
THE INVERTED ROTARY CONVERTER ARE THE SAME AND THE ONLY DIFFERENCE IS
THAT THEIR OUTPUT AND INPUT CHARACTERISTICS ARE REVERSED. FIG.26 SHOWS
YOU CLEARLY HOW THE A.C. COLLECTOR RINGS ARE MOUNTED ON ONE END OF THE
ARMATURE, WHILE THE D.C. COMMUTATOR IS MOUNTED ON THE OTHER END.

THE INVERTED ROTARY CONVERTER IS ESPECIALLY ADAPTABLE IN SUCH LO-
CALITIES WHERE A D.C. POWER SUPPLY IS PROVIDED BUT WHERE A.C. RADIO
EQUIPMENT HAS TO BE OPERATED. IN FACT, INVERTED ROTARY CONVERTERS ARE
NOW BEING MARKETED AT A REASONABLE PRICE, WHICH WILL OPERATE AT 32; 115;
OR 230 VOLTS D.C., IN ORDER TO PRODUCE AN OUTPUT OF 110 VOLTS -60 CYCLE
A.C., WITH WHICH TO OPERATE RADIO EQUIPMENT.

THE GENERAL CARE, OPERATION AND INSPECTION OF CONVERTERS IS MUCH
THE SAME AS OUTLINED FOR YOU IN OUR DISCUSSION OF MOTORS AND GENERATORS*

THE DYNAMOTOR

STILL ANOTHER POWER UNIT IS KNOWN AS THE DYNAMOTOR. THIS DEVICE IS
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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.C.AND D.C.

PORTION OF THE UNIT MAKE USE OF THE SAME FIELD WINDING,THE SAME AS IN

THE CONVERTER BUT THE BIG DIFFERENCE BETWEEN THE DYNAMOTOR AND CONVERTER

IS THAT THE DYNAMOTOR HAS TWO SETS OF ARMATURE WINDINGS.

THESE TWO INDEPENDENT ARMATURE WINDINGS, HOWEVER, ARE WOUND TO-

GETHER IN THE SAME SLOTS BUT ARE THOROUGHLY INSULATED FROM EACHOTHER.ONE

OF THE WINDINGS IS CONNECTED TO THE COLLECTOR RINGS, WHEREAS THE OTHER

IS CONNECTED TO THE COMMUTATOR. DUE TO THE USE OF SEPARATE WINDINGSTWERE

IS LESS NEED FOR FILTERING THE D.C. OUTPUT BECAUSE THE A.C. LINE CHAR-

ACTERISTICS ARE NOT CARRIED OVER INTO THE D.C. OUTPUT, AS MUCH AS IS THE

CASE WHERE THE SAME ARMATURE WINDING IS COMMON TO BOTH THE A.C. AND D.C.

PARTS OF THE UNIT, AS FOUND IN THE CONVERTER. LESS INTERFERENCE IS ALSO

EXPERIENCED WITH THE DYNAMOTOR THAN WITH THE CONVERTER.

THIS IS A VERY IMPORTANT LESSON AND A GREAT DEAL OF WORK HAS BEEN

COVERED HEREIN. IT IS THEREFORE NECESSARY THAT YOU MASTER THIS LESSONTHOR

OUGHLY AND IF NECESSARY TO STUDY IT EVEN A SECOND OR THIRD TIME.

THE DETAILS CONQERNING THE CONSTRUCTION AND OPERATING CHARACTERIS-

TICS OF TRANSMITTER TYPE RECTIFIER TUBES, AS WELL AS THE PRACTICAL OPER-

ATION OF POWER MACHINERY RELATING TO TRANSMITTERSIWILL BE THOROUGHLY EX-

PLAINED IN LATER LESSONS OF THIS TRANSMITTER SERIES.

IN THE LESSON IMMEDIATELY FOLLOWING,VOU ARE GOING TO HAVE THE OPPOR

TUNITY OF STUDYING ABOUT THE CONSTRUCTIONAL FEATURES AND CORRECT METWIDS

OF OPERATING RADIO -TELEGRAPH TRANSMITTERS IN THEIR COMPLETE FORM.

THIS COMING LESSON WILL ANSWER FOR YOU THE MANY QUESTIONS WHICH

WOULD PERHAPS ARISE IN YOUR MIND IF YOU WERE PLACED BEFORE A RADIO- TELE-

GRAPH TRANSMITTER ANDTOLDTOOPERATE
IT.THISBEINO THE CASE, YOU CAN READ-

ILY SEE THAT THIS COMING LESSON IS NOT GOING TO BE ESPECIALLY INTERESTING

BUT ALSO OF GREAT TECHNICAL VALUE.
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"Its the easiest thing in the
C6 world for a man to deceive himself."

I

I. - NAME THE VARIOUS COMPONENTS WHICH CONSTITUTE THE POWER
SUPPLY OF THE CONVENTIONAL TRANSMITTER AND EXPLAIN HOW
THESE VARIOUS UNITS DIFFER FROM THE CORRESPONDING UNITS
AS USED IN RADIO RECEIVERS.

2. - DRAW A CIRCUIT DIAGRAM OF A TWO-PHASE, THREE -WIRE ELEC."
TRICAL SYSTEM AND DESCRIBE ITS ELECTRICAL CHARACTERISTICS,
THAT IS, THE VOLTAGE AND CURRENT DISTRIBUTION ETC.

3. - WHAT IS AN OUTSTANDING ADVANTAGE OF USING A THREEPHASE
RECTIFIER SYSTEM FOR A TRANSMITTER?

4. - EXPLAIN WHAT IS MEANT BY THE VOLTAGE REGULATION OF A POW-
ER SUPPLY AND DESCRIBE HOW IT MAY BE DETERMINED.

5. - How MAY THE PERCENT OF RIPPLE OF A POWER SUPPLY BE DETER"
MINED?

6. - DRAW A CIRCUIT DIAGRAM OF A RECTIFYING SYSTEM EMPLOYING A
THREE-PHASE, FULL...WAVE ARRANGEMENT.

7. - ILLUSTRATE BY MEANS OF SCHEMATIC DIAGRAMS THE FOLLOWING
THREE-PHASE TRANSFORMER CONNECTIONS;
(I) STAR-STAR CONNECTION; (2) DELTA-STAR CONNECTION;
(3) DELTA-DELTA CONNECTION; (4) STAR-DELTA CONNECTION.

8.  EXPLAIN THE OPERATING PRINCIPLES OF A D.C. GENERATOR
AND ILLUSTRATE YOUR EXPLANATION BY MEANS OF A DIAGRAM.

9. - DRAW A CIRCUIT DIAGRAM OF A MOTOR CONTROL CIRCUIT AND EX-
PLAIN HOW YOU WOULD OPERATE THIS SYSTEM.

M.' DRAW A CIRCUIT DIAGRAM OF A GENERATOR CONTROL CIRCUIT AND
EXPLAIN HOW YOU WOULD OPERATE THIS SYSTEM.
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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 TYPE AS A WHOLE. WE
SHALL NATURALLY START WITH THE MORE SIMPLE MULTI -TUBE TRANSMITTERS AND
GRADUALLY ADVANCE THROUGH
THE MORE COMPLEX EQUIPMENT.

A BATTERY OPERATED
TRANSMITTER

IN FIG. 2 YOU 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 FIG.3. THIS TRANSMITTER,
YOU WILL OBSERVE, CONSISTS
OF A PUSH-PULL, TUNED -GRID,
TUNED -PLATE OSCILLATOR STAGE
IN WHICH A PAIR OF TYPE 30
TUBES ARE EMPLOYED. THE POW
ER AMPLIFIER IS ALSO OF
PUSH-PULL DESIGN AND USES A
PAIR OF TYPE -33 TUBES.

COIL L2 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

FIG. I

TUNING NATIONAL'S TRANSMITTER.
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BETWEEN THE OSCILLATOR AND AMPLIFIER AND ALSO SERVES AS A PART OFTHE TUN
ING SYSTEM IN THE PLATE CIRCUIT OF THE OSCILLATOR.

F 1 G. 'Z.

Front'. and Back Views of
gah'ery-Opertzied 7a/157771- e

THE NEUTRALIZING CAPAC-
ITIES C7AND CeIN THE POWER
AMPLIFIER CIRCUIT ARE MADE BY
ATTACHING 4" LENGTHS OF RUBBER
COVERED HOOK-UP WIRE TO EACH
GRID AND PLATE SOCKET TERMIN-
AL. EACH GRID WIRE IS TWISTED
WITH THE PLATE WIRE OF THE OP
POSITE TUBE AND WHENSUFF10-
IENT CAPACITY FOR NEUTRALIZA-
TION HAS BEEN OBTAINED'IN THIS
MANNER,THE REMAINING WIRE IS

CUT-OFF. IT IS IMPORTANT THAT
THE OPEN ENDS OF THESE WIRES
DO NOT MAKE CONTACT AS THIS
WOULD SHORT CIRCUIT THE "B"
AND "C" BATTERIES.

ALL OTHER CONSTRUCTIONAL
FEATURES OF THIS TRANSMITTER
WILL BE OBVIOUS UPON STUDYING
FIGS. 2 AND 3 CAREFULLY. DATA
CONCERNING THE ELECTRICALVALr

UES OF THE VARIOUS PARTS USED IN THIS CIRCUIT FOLLOWS:

C5 Ce, C9 Ch,
R1

RFC

K

SW

350 MMFD. VARIABLE CONDENSERS.
200 MMFD. FIXED CONDENSERS.
10,000 OHM CARBON RESISTOR.
2 OHM RHEOSTAT
SHORT-WAVE TRANSMITTING TYPE R.F.
CHOKES,
TELEGRAPH KEY.
SWITCH

TABLE I

COIL SPECIFICATIONS

BAND Li Lz X L3 L4
TURNS TURNS TURNS TURNS TURNS

1715 Kc 26 40 26 40 12
3500 Kc 14 30 14 30 10
7000 Kc 8 18 8 18 9
14000 Kc 4 10 4 10 7

COILS LLAND LTARE BOTH WOUND ON TYPE R-39 NATIONAL COIL FORMS. LL
IS CENTER. -TAPPED AND LTIN ADDITION TO BEING CENTER TAPPED ALSO HAS TWO
ADDITIONAL TAPS AS SPECIFIED IN TABLE 1. THE AMPLIFIER PLATE COIL L3 AND
THE ANTENNA COUPLING COILS LAARE WOUND ON THE SAME BAKELITE FORM WHICH IS
511 LONG AND WHOSE INSIDE DIAMETER IS SUCH AS TO FIT SNUGLY OVER A TUBE
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BASE TO WHICH IT IS CEMENTED.
ENAMELED WIRE. THE COILS FOR
THE 7000 AND 14,000 KCeBANDS
ARE SINGLE SPACED WHILE ALL
OTHERS ARE CLOSE -WOUND.

THE COUPLING BETWEEN
COILS L5AND L4SHOULD BE

VARIED UNTIL THE BEST RE-

SULTS ARE OBTAINED BYEXPER"
WENT.

A MEDIUM POWER TRANSMITTER

THE COMPLETE CIRCUIT
DIAGRAM FOR AN A. C^ OPERA^
TED OSCILLATOR^ AMPLIFIER
TRANSMITTER APPEARS IN FIG..
4. THIS TRANSMITTER IS EQUIPPED

ALL OF THE COILS ARE WOUND WITH +20 138,13

FIG.3

Diagram of Bafilery- °per -al -ea' 7%-ans#77/7`er:

WITH A TYPE 59 TUBE OPERATING AS A TRU"

TET OSCILLATOR FEATURING CRYSTAL CONTROL, AND A TYPE 210 TUBE IS USED IN

THE POWER AMPLIFIER STAGE. SEPARATE POWER PACKS ARE USED FOR THE OSCILL"

ATOR AND AMPLIFIER STAGE.

THE POWER PACK FOR THE OSCILLATOR NEEDS ONLY TO FURNISH A "B" SUP-

PLY OF ABOUT 15 MA. AND THEREFORE FOR THIS PURPOSE AN ORDINARY RECEIVER

TYPE POWER SUPPLY CAN BE USED. THIS USE OF A SEPARATE POWER SUPPLY FOR

THE OSCILLATOR PERMITS THE OSCILLATOR TO OPERATE ABSOLUTELY STEADY IN

THAT IT IS ENTIRELY UNAFFECTED BY KEYING OF THE AMPLIFIER. THE "B" VOL^

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 DIVIJ2

ER

THE POWER PACK FOR THE AMPLIFIER HERE USED MUST BE CAPABLE OF FUR-
NISHING A nsu

SUPPLY OF 100

MA. AT 450
VOLTS. TO MEET
THIS DEMAND.
THIS POWERTRAN
SFORMER SHOULD
DEVELOP 600

VOLTS ACROSS

EACH SIDE OF

THE CENTER TAP
AND TWO TYPE"
81 TUBES OR A

SINGLE 5 2',3

MAY BE USED AS
THE RECTIFIER.
A SEPARATE TRAa
SFORMER IS USED
FOR FURNISHING
THE FILAMENT
SUPPLY FOR THE

140 VA

OSCILLATOR - AMPLIFIER

-59 zio
C.

2.5. 6+100 B+300 B- KEY 7.5V B+4 50

20H 201

tv.),
05C POWER SUPPLY Ta11ryen... -.vb.

13.1 YAPs

40-3ao T.UVOLT OVIDER

AMP POWER SUPPLY

FIG. 1

ANTENNA TUNIFIG

10 VAC

FIG. 4

The A.C. Opercrkeol 7-iansmiH-er:



PAGE 4 TRANSMITTERS

THE 210 TUBE. SWITCH S3IS PROVIDED SO THAT THE B- CIRCUITS CAN BE INTERR
UPTED DURING PERIODS OF RECEPTION. IN THIS WAY THE TUBE FILAMENTS ARE
PERMITTED TO REMAIN HOT AND THUS PERMIT THE TRANSMITTER TO COME INTO IN-
STANT OPERATION AS SOON AS THE "B" CIRCUIT IS COMPLETED.

II.

THE PARTS VALUES FOR THE CIRCUIT OF FIG.4 ARE GIVEN TO YOU INTABLE

TABLE II

C,-Cz-C3- 140 MMFD VARIABLE CONDENSERS.
C4 500- MMFD.
C 5 220 MMFD.
C6 50 MMFD DOUBLE SPACED NEUTRALIZING CONDENSER
C.I.CeC9C10 -01.005 MFD. 1000 VOLT MICA CONDENSERS
Ca .005 MFD. 2500 VOLT MICA CONDENSER
CI3 .00025 MFD. 1000 VOLT MICA CONDENSER
Ri 50,000 OHM 2 WATT
Rz 10,000 OHM NON-INDUCTIVE 100 WATT
R3 60 OHM WIRE' --WOUND AND CENTER TAPPED
R4 25,000 OHM DIVIDER WITH TWO SLIDER TAPS
R5 20,00C OHM DIVIDER WITH TWO SLIDER TAPS
RF1 RF2 B MH. CHOKES
RF3 5 MH. HEAVY DUTY CHOKES

-ti 2 SINGLE CLOSED CIRCUIT JACKS WITH ONE PHONE PLUG
0-100 MA 0-'100 MILLIAMMETER
XTAL CRYSTAL FOR FREQUENCIES BEING USED

THE COIL DATA FOR THIS SAME TRANSMITTER FOLLOWS:

FOR 40 METERS:

L 1

L2

FOR 80 METERS:

L z

L3

16 TURNS #20 D.C.C.
19 TURNS #20 D.C.C. TAPPED AT 14TH TURN
14 TURNS +14 BARE

30 TURNS #20 D.C.C. TAPPED AT 20TH TURN
25 TURNS #I4 BARE

FOR BOTH BANDS LIAND LZMAY BE WOUND ON 4 PRONG PLUG-IN FORMS OF
1 3/4" DIAMETER, WHEREAS FORMS OF 2 " DIAMETER AND WHICH ARE SUPPORTED
BY STAND --OFF INSULATORS ARE TO BE USED FOR LAND Lei.., THE TURNS ARE SPACED
EQUAL TO THE DIAMETER OF THE WIRE. L4SHOULD CONSIST OF 25 TURNS OF #14
BARE COPPER WI RE

IN THE PARTICULAR TRANSMITTER WHICH IS ILLUSTRATED IN FIG.4, THE
OSCILLATOR AND AMPLIFIER ARE BUILT AS ONE UNIT,THE ANTENNA TUNING ARR-
ANGEMENT AS ANOTHER AND EACH OF THE POWER SUPPLIES IS AN INDIVIDUALUNIT
AND WIRED TO THE TRANSMITTER PROPER. THE JACK ARRANGEMENT PERMITS THE
USE OF A SINGLE MILLIAMMETER FOR MEASURING THE PLATE CURRENT OF EITHER
THE OSCILLATOR OR THE AMPLIFIER.
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TUNING THE TRANSMITTER

THE TUNING OF THIS TRANSMITTER IS CARRIED OUT IN THE FOLLOWINGMAN-
NER:

FOR OPERATION ON
THE CRYSTAL FREQUENCY,
USE THE CORRESPONDING
COIL COMBINATION,
SHORT OUT THE L;SOCK
ET, CONNECT THE MILL.
'AMMETER TO JACK (.11

TURN ON BOTH POWER
PACKS, LEAVING THE
TRANSMITTER KEY IN THE
OPEN POSITION 80 THAT
NO CURRENT IS APPLIED
TO THE PLATE OF THE
POWER AMPLIFIER.

FIG.5

TURN ;AND C3TO
ZERO. TUNE C.L.FOR MIN-
IMUM PLATE CURRENT A CRITICAL SPOT WILL BE FOUND BUT THE CONDENSER
SHOULD BE SET FOR A LITTLE LOWER CAPACITY THAN THE MINIMUM REQUIRES.TOUCH

A NEON TUBE TO THE TOP OF LAND TUNE C3FCR MAXIMUM GLOW. Now TURN IN C6

SLOWLY (MAKING A SLIGHT READJUSTMENT ON CsTO KEEP THE OSCILLATOR STABLE)

AND ROCK C3BACK AND FORTH UNTIL THE GLOW DISAPPEARS AND CANNOT BEOBTAItse"
ED WITH ANY SETTING OF C3. THE AMPLIFIER TUBE 18 THEN NEUTRALIZED.

SWITCH THE MILLIAMMETER TO J3, PRESS THE KEY (WITH THE AERIAL OFF)
AND TUNE C3SHARPLY FOR MINIMUM PLATE CURRENT.

Grid- leak. Keying.

IN ORDER TO "DOUBLE" THE CRYSTAL FREQUENCY,U8E THE 40 METER COIL
COMBINATION AND TUNE Cl

AND CsFOR MINIMUM PLATECUR
RENT AS INDICATED WHEN

THE MILLIAMMETER IS INSERT
ED IN JACK 4./. TUNE C3 FOR
MINIMUM PLATE CURRENT AS

INDICATED WHEN THE MILLIAr.
MMETER IS INSERTED IN JABK

FIG.6

Blocking Grid h/ih
Bras Vol /age.

To ADJUST THE ANTENNA
COUPLING CIRCUIT MAKE THE

CLIP CONNECTION TO 1-1,

PERIMENTALY AND THE TAP

CONNECTION AT LiEHOULD BE

MADE 80 THAT APPROXIMATELY
ONEHALF OF THIS WINDING
WILL BE USED.UPON ROTATING
C4RAPIDLY, WITH OT ABOUT

HALF IN, A DIP SHOULD BE

NOTICED IN THE PLATE CURR''.
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ENT OF THE POWER AMPLIFIER TUBE. CONTINUE BY ADJUSTING Cg,JUGGLINQ IT

AGAINST C4UNTIL THE AMLIFIER TUBE IS SAFELY LOADED AND AN ANTENNA AMM-
ETER OR FLASHLIGHT LAMP SHOWS A MAXIMUM INDICATION. A 2.5 VOLT PILOT
LIGHT FURNISHES A GOOD BRILLIANT INDICATION WITH THE PLATE LOAD ABOUT
65 MA. AT 450 VOLTS.

FIG. 7

A Key

MANNER THAT
TERRUPTED

METHODS OF KEYING

BEFORE WE GO INTO DETAILS CONCERNING
THE MORE POWERFUL COMMERCIAL TRANSMITTERS
THERE ARE SOME IMPORTANT FACTS WHICH WE
MUST CONSIDER REGARDING SPECIAL TYPES OF KEI
ING CIRCUITS WHICH ARE EMPLOYED IN CODE IRAN
SMITTERS OF MORE ELABORATE DESIGN.

AS YOU WILL HAVE NOTICED FROM THE TRAN
SMITTER CIRCUITS WHICH WERE SHOWN YOU SO FAR,
IT HAS BECOME THE GENERAL PRACTICE TO INCLUDE
THE KEY IN THE TRANSMITTER CIRCUIT IN SUCH A

THE "B° CIRCUIT OF A TUBE IS SUCCESSIVELY COMPLETED AND IN -

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.

GRID -LEAK KEYING

A SOMEWHAT DIFFERENT KEYING METHOD IS ILLUSTRATED IN FIG. 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 KEY IS IN THE OPEN POSITION THE GRID RETURN CIRCUIT !SAL^
SO OPEN AND THIS CONDITION WILL CAUSE ELECTRONS TO ACCUMULATE ON THE GRID
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 IT. WHEN USED,THIS METHOD IS MORE
SUCCESSFUL WHEN KEYING THE GRID LEAK GIP'
CUIT OF A TUBE WHICH HAS A HIGH AMPLIFICA
TION RATHER THAN ONE HAVING A LOW AMPLIFI-.
CATION FACTOR. THE REASON FOR THIS IS THAT
A LOWER BLOCKING VOLTAGE IS REQUIRED FOR A
HIGH^MU TUBE THAN FOR A LOW MU TUBE. IT IS
ALSO IMPERATIVE THAT GOOD INSULATION BE qg
ED IN THE KEY WHEN EMPLOYING THIS SYSTEM,
OTHERWISE SOME OF THE ELECTRON CHARGE MAY
LEAK OFF THE GRID AND THEREBY PERMIT SOME
PLATE CURRENT TO FLOW EVEN THOUGH THE KEY
BE OPEN. ANY SUCH RESULTING RADIATION WHICH
OCCURS DURING SPACES IN KEYING IS CALLED A
BACK.....WAVEII AND IS OF COURSE UNDESIRABLE.

ANOTHER BLOCKEDGRID KEYING METHOD

IN FIG. 6 YOU ARE SHOWN A CIRCUIT
WHICH ALSO HAS THE KEY INSTALLED IN THE

L

FIG.

Another Key Fil4-er.
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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 GRID RETURN CIR-

CUIT IS INTERRUPTED, THE CIRCUIT OF FIG. 6 ACTUALLY APPLIES A DEFINITE
SURPLUS BIAS VOLTAGE TO THE TUBE'S GRID 80 THAT THE TUBE IS ABSOLUTELY
ASSURED OF BLOCKING.

By STUDYING FIG.6 CLOSELY, YOU WILL OBSERVE THAT THE BLOCKING BIAS
IS OBTAINED FROM THE PLATE SUPPLY THROUGH A VOLTAGE DIVIDER. THE CENTER -
TAP OF THE TUBEls FILAMENT IS CONNECTED TO THE JUNCTION OF R1AND R Z AND
THE GRID RETURN IS CONNECTED TO THE NEGATIVE SIDE OF THE POWER SUPPLY.

THEREFORE, WHEN THE KEY 18 OPEN, THE VOLTAGE DROP ACROSS R ZIS APPLIED AS
BIAS TO THE GRID OF THE TUBE. THIS SERVES AS ADDITIONAL BIAS, CAUSING
THE TUBE TO BLOCK WHEN THE KEY 18 OPEN.

UPON CLOSING THE
BIAS VOLTAGE THEPRO-
PER AMOUNT SO THAT
THE TUBE CAN OPERATE
NORMALLY. RESISTOR
R1 MAY BE THE REG-
ULAR BLEEDER RESIS-
TOR FOR THE POWER
SUPPLY AND R Z CAN IN
THE MAJORITY OFCASES
HAVE A VALUE OFABOUT
ONE-HALF THAT OF R1.

IN MULTISTAGE
TRANSMITTERS EmPLOY-
1NG AMPLIFIERS OF
HIGH POWER OUTPUT,

IT IS GENERALLY THE
PRACTICE TO INSTALL
THE KEY IN ONE OFTHE
LAW -POWER AMPLIFIER STAGES

KEY, R 2 IS SHORT-CIRCUITED, THEREBY REDUCING THE

F I G. 9

The Vacuuiri Mho Keying Me/hod.

PRECEDING THE FINAL STAGE. IN SUCH A CASE,

EVEN THOUGH THE FINAL POWER AMPLIFIER 18 AT ALL TIMES OPERATING$YET IT

RECEIVES NO EXITATION NOR DELIVERS ANY POWER OUTPUT EXCEPT WHEN THE KEY

IS DEPRESSED IN THE INTERMEDIATE STAGE. HOWEVER, WHEN USING THIS METHOD1
IT IS IMPORTANT THAT ALL TUBES FOLLOWING THE KEYED STAGE SHOULD BE FURN-
!SHED WITH A SUFFICIENT BIAS VOLTAGE SO AS 70 CUT OFF THE PLATE CURRENT

THROUGH THESE TUBES WHEN NO EXITATION 18 PRESENT. IF THIS 18 NOT DONE,EX
CEssIVE PLATE CURRENT FLOWING THROUGH THE FINAL TUBES MAY DAMAGE THEM.

As A RULE IN MULTI -STAGE TRANWITTERSI,THE KEY IS NOT INSTALLED IN

THE OSCILLATOR CIRCUIT SO THAT THE OSCILLATOR MAY REMAIN IN OPERATION

CONTINUOUSLY DURING THE KEYING PROCESS.

WHEN KEYING IN AN INTERMEDIATE STAGE,THERE IS ALSO LESSPOSBIBILITY
FOR BACK -WAVES BEING EMITTED AND ALSO"KEY CLICKS" BECOME LESS BOTHERSOME.

KEYING TROUBLES

IN THE ELEMENTARY TYPE OF KEYING CIRCUITS WITH WHICH YOU ARE NOW

FAMILIAR, A CERTAIN FORM OF INTERFERENCE IS SOMETIMES PRODUCED AND WHICH
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THESE TRANSIENT OSCILLATIONS CAN BE PREVENTED BY SLOWING UP THE

IS APPLIED TO THE TRANSMITTER BUT CARE MUST BE
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MAKES ITS PRESENCE KNOWN AS CLICKING OR THUMPING SOUNDS IN NEARBY RE-
CEIVERS EVEN THOUGH THESE RECEIVERS BE TUNED TO FREQUENCIES FAR REMOVED
FROM THE OPERATING FREQUENCY OF THE TRANSMITTER IN QUESTION. THIS ole-
TURBANCE IS KNOWN AS "'KEY CLICKS".

THESE KEY CLICKS ARE GENERALLY CAUSED BY STRAY OSCILLATIONS OF
SHORT DURATION THAT ARE PRODUCED BY THE RAPID STARTING AND STOPPING OF
POWER OUTPUT DURING THE PROCESS OF KEYING. THESE STRAY OSCILLATIONS OR
'TRANSIENT OSCILLATIONS", AS THEY ARE FREQUENTLY CALLED,D0 NOT HAVE A

DEFINITE FREQUENCY AND SPREAD OVER A CONSIDERABLE PORTION OF THE FRE-
QUENCY SPECTRUM. FORTUNATELY,THESE INTERFERRING RADIATIONS DO NOT TRAVEL
FAR FROM THE TRANSMITTER BUT NEVERTHELESS THEY ARE EXTREMELY ANNOYING TO
THE OPERATORS OF NEARBY RECEIVERS.

RATE AT WHICH

To oscillatory
Circuit

1Z F. Cho ks

FIG.10
Application of the

EXERCISED 80 THAT THIS
SLOWING UP IS NOT
CARRIED OUT TO AN EX-
TREME DEGREE OTHER-
WISE THE KEYING WILL
NOT BE CLEAR.

APPLICATION OF
KEY FILTER

ONE METHOD OF
PREVENTING KEY CLICKS
IS TO RETARD THE OTH-
ERWISE SUDDEN APPLP^
CATION OF POWER TO THE
TRANSMITTER AND THIS
CAN BE ACCOMPLISHED BY
THE FILTER SYSTEM
WHICH IS ILLUSTRATED
IN FIG.7. THIS FILTER
YOU WILL OBSERVE,COM...

SISTS OF AN INDUCTANCE CONNECTED IN SERIES WITH THE KEY CIRCUIT. AN IN-
DUCTANCE, YOU WILL RECALL, HAS A NATURAL TENDENCY OF OPPOSING ANY SUDDEN
CHANGE IN CURRENT FLOW WHICH PASSES THROUGH IT.

,2e/ay Key

THE INTRODUCTION OF THE INDUCTANCE IN THE KEY CIRCUIT,HOWEVER, IS

LIKELY TO CAUSE SPARKING AT THE KEY CONTACTS AND TO PREVENT THIS A CON-
DENSER C AND RESISTOR R ARE CONNECTED ACROSS THE KEY AS ALSO SHOWN IN
FIG. 7. QUITE OFTEN, THE RESISTANCE HERE USED IS OF THE VARIABLE TYPE SO
AS TO PERMIT ADJUSTMENT.

THE VALUE OF THE INDUCTANCE ORDINARILY NEEDS BE ONLY OF A RELATIV
ELY SMALL VALUE, RANGING FROM A LARGE R.F. CHOKE OF AROUND 10 MILLIHENRYS
UP TO AN IRON CORE CHOKE OF A FEW HENRYS INDUCTANCE. THIS VALUE CAN BE
DETERMINED BY EXPERIMENT THE INDUCTANCE SHOULD JUST BE SUFFICIENT TO

PREVENT CLICKS AND NO MORE. THE CONDENSER AS USED HERE SHOULD ORDINARILY
HAVE A CAPACITY OF FROM 0.25 TO I MFD.AND IF VARIABLE, A MAXIMUM RESI9-
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TANCE OF 50 TO 100 OHMS.

IT ALSO FREQUENTLY HAPPENS THAT OSCILLATIONS ORIGINATE IN THE KEY
CIRCUIT AND TRAVEL OVER THE POWER LINES. SUCH OSCILLATIONS CAN BE PRE-
VENTED FROM BECOMING BOTHERSOME BY USING THE ARRANGEMENT SHOWN IN Flo.8.
HERE YOU WILL OBSERVE THAT THE INDUCTANCE, CONDENSER, AND RESISTOR COM-
BINATION IS STILL RETAINED AND THAT AN ADDITIONAL CONDENSER 02. IS ALSO
CONNECTED ACROSS THE LINES LEADING TO THE KEY. THE VALUE FOR C2. IS APP..'
ROXIMATELY 0.1 MFD.

THAT SIDE OF THE LINE WHICH 18

OF THE TRANSMITTER (GENERALLY S"..) IS

SYMBOL. TO USE THESE FILTER CIRCUITS
SHOULD BE INSTALLED AS
CLOSE AS POSSIBLE TO
THE KEY.

IT IS ALSO DE-
SIRABLE TO INSTALL AN
INTERFERENCE ELIMINAT..
ING FILTER BETWEEN THE
POWER SUPPLY OF THE
TRANSMITTER AND THE
POWER LINE FROM WHICH
IT IS OPERATED.FILTERS
OF THIS TYPE WERE AL..

READY DESCRIBED TO YOU
IN AN EARLIER LESSON
TREATING WITH RADIO
INTERFERENCE.

CONNECTED TO THE LOW POTENTIAL SIDE

INDICATED IN FIG. 8 BY THE GROUND

TO THE BEST ADVANTAGE THE FILTER

To osci la
Circui;

choka

111..4 voliage
Supply.

lioV. MC. Key

C make

Negative
Plate lead

- Relay key

Transmitting
-Tube

EA.0
Supply

Filament Tramsf:

Current limiting resistor

FIG. 11
rroM A/op/icai /0,7 ofehe iee/sy

THE VACUUM TUBE KEYING METHOD

IN FIG. 9 YOU ARE SHOWN AN ARRANGEMENT IN WHICH A VACUUM TUBE IS

USED TO REPLACE THE INDUCTANCE..CAPACITY FILTER IN THE KEYING CIRCUIT.
HERE YOU WILL OBSERVE THAT A SPECIAL TUBE KNOWN AS THE "KEYING TUBE"
IS SO PLACED IN THE CIRCUIT THAT ALL "8" CURRENT FLOWING THROUGH THE
TUBE TO BE KEYED MUST ALSO FLOW THROUGH THE KEYING TUBE IN ORDER TO REACH
THE LOW POTENTIAL SIDE OF THE CIRCUIT OR B-.

THE KEY IS INSTALLED IN THS: GRID CIRCUIT OF THE KEYING TUBE IN SUCH
A MANNER THAT WHEN THE KEY 18 IN THE OPEN POSITION,THE FLOW OF PLATE CUR-
RENT THROUGH R WILL CAUSE A VOLTAGE DROP OF SUFFICIENT MAGNITUDE ACROSS
IT AND WHICH WHEN APPLIED AS A GRID BIAS TO THE KEYING TUBE WILL CAUSE
THIS TUBE TO BLOCK AND THEREBY PREVENT ANY FURTHER PASSAGE OF PLATE CURB
ENT THROUGH EITHER THE KEYING TU3E OR THE ACTUAL TRANSMITTER TUBE WHICH
18 BEING KEYED.

WHEN THE KEY IS CLOSED, RESISTOR R WILL BE SHORT CIRCUITED AND THUS
REMOVE THE BIAS VOLTAGE FROM THE KEYING TUBE. THIS TUBE THEN ACTS LIKE
A RESISTANCE OF LOW VALUE AND THUS PERMITS THE PLATE CURRENT OF THE TUBE
WHICH IS BEING KEYED TO FLOW THROUGH IT. WHEN LARGER CURRENTS ARE BEING
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HANDLED, SEVERAL KEYING TUBES ARE FREQUENTLY CONNECTED IN PARA LLEL THIS
METHOD OF KEYING ALSO ASSISTS IN THE SUPPRESS ION OF ANY TRANSIENT RADII
AT ION WHICH ORIGINATES FROM THE KEYING PROCESS

THE RELAY KEY

IN TRANSMITTERS OF HIGHER POWER RATING THE KEY ITSELF IS NOT GEN-
ERALLY INCLUDED IN THE CIRCUIT IN WHICH THE ACTUAL KEYING IS DONE. IN-

STEAD, A SPECIAL RELAY KEY IS USED AND THE CIRCUIT IN F Ci 10 SHOWS YOU
ONE TYPICAL METHOD IN WHICH THIS IS OONE

BY STUDYING F G 10 CLOSELY, YOU WI LL OBSERVE THAT THE KEY RELAY
CONSISTS OF AN IRON CORE AROUND WHICH IS PLACED A WINDING. THIS WINDING
IS CONNECTED IN SERIES WITH THE REGULAR KEY AND A SEPARATE VOLTAGE SOURCE
AND WHICH IN THE CASE OF F G 10 IS A 110 VOLT DC SUPPLY A RESISTOR
LIMITS THE FLOW OF CURRENT THROUGH THE RELAY CO I L

THIS RELAY KEY IS ALSO PROVIDED WITH AN ARMATURE OR PIVOTED ARM
AND ON WHOSE EXTREMETY IS ATTACHED A CONTACT POINT. ANOTHER CONTACT POINT
REMAINS STAT ONARY

A SPRING NORMALLY HOLDS THE ARMATURE OF THE RELAY KEY IN THE POSI-
TION SHOWN IN FIG. 10 AND AT WHICH TIME THE CONTACT POINTS ARE SEPARATED.

Exciter Unif-
First Second Third

Crystal Oscillator Amplifier Generator Generator Generator
Buffer Harmonic Harmonic Harmonic

T

and
thermostat

div
Voili dge

ding
resistance

I -

"or

..iii, L _Power Amplifier

Exciterpower LP"
in.

r Amplifier igl Final Power Amplifier
l

r 1

6
lirWIRLE

Keying TubesPower Supply
for Crystal
Oscillator
and Buffer
Amplifiers

Power Supply for Harmonic Generators
and Exciting P -r Amplifier

I

111111111111

+ -
Grid bias
voltage

+3.000 Y.

3'1,500 V.

7o
pantenna

Ep

Neutralizing condenser

Shields

Voltage dropping resistance
Voltage dividing resistance

FIG.12
Circui a< Diagram of a 20-40 ekv ,e.c. A. Short -Ware

Code 77-anstnifil-er,
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WHEN THE HAND KEY IS CLOSED, DURING SENDING, THE CIRCUIT THROUGH THE RE-
LAY COIL IS COMPLETED AND THE RESULTING MAGNETIC FIELD THEREBY ESTABLISA
ED CAUSES THE RELAY ARMATURE TO BE PULLED TOWARDS THE IRON COREIrESISTING
THE SPRING TENSION AND IN THIS WAY CLOSES THE CONTACT POINTS OF THE RELAY.
THESE RELAY CONTACT POINTS AT THIS TIME COMPLETE THE KEYING CIRCUIT OF

THE TRANSMITTER.

UPON OPENING THE HAND KEY, THE MAGNETIC FIELD OF THE RELAY KEY

COLLAPSES AND SPRING TENSION CAUSES THE CONTACTS OF T -4E RELAY KEY TO Se
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 FIG. 10 IS SUCH THAT WHEN THE (EY 18 OPEN, THE

VOLTAGE DROP APPEARING ACROSS RESISTOR SECTION G -F IS APPLIED AS A BIAS

VOLTAGE TO THE TRANSMITTER TUBES HERE SHOWN. THE BIAS VOLTAGE AT THIS

TIME IS GREAT ENOUGH TO BLOCK THE TUBES. UPON CLOSING THE HAND KEY, THE

CLOSING OF THE RELAY CONTACTS SHORT CIRCUITS THE BIASING RESISTOR AND

PERMITS THE TUBES TO FUNCTION NORMALLY,

ANOTHER APPLICATION OF THE RELAY KEY IS SHOWN YOU IN FIG.II. HERE

THE RELAY CONTACTS CONTROL THE COMPLETION AND INTERRU*TION OF BOTH THE

NEGATIVE LEAD OF THE PLATE CIRCUIT AND THE TUBE1S GRID RETURN CIRCUIT.

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 FIG. 12 YOU ARE SHOWN THE CIRCUIT DIAGRAM OF A HIGH' -POWER SHORT
WAVE COMMERCIAL CODE TRANSMITTER WHICH IS DESIGNED TO OPERATE WITHIN A

FREQUENCY RANGE OF 6670 Kc. TO 21,500 Ka. AT ITS LOWER FREQUENCY LIMIT

IT IS CAPABLE OF FURNISHING AN OUTPUT OF 50 KW. AND AT ITS HIGHEST FRE-

QUENCY SETTING AN OUTPUT OF 23 Kw.

THIS TRANSMITTER 18 DIVIDED INTO TWO DISTINCT PARTS: NAMELY, AN

EXITER UNIT WHICH CONTAINS THE CRYSTAL OSCILLATOR, BUFFER AMPLIFIER,FRE
QUENCY MULTIPLIERS (HARMONIC GENERATORS) AND A POWER AMPLIFIER WHICH FUR
NISHES A POWER OUTPUT OF'1 KW. THE SECOND UNIT CONSISTS OF THE FINAL

POWER AMPLIFIER ANO IT IS CONNECTED TO THE OUTPUT OF THE EXITER UNIT

BY A SHORT TRANSMISSION LINE.

BY usiNa THIS TWO -UNIT TYPE OF CONSTRUCTION,THE SHIELDING BETWEEN

THE FINAL POWER AMPLIFIER AND THE CIRCUITS OF LOWER POWER LEVELS !BOREAL
LY SIMPLIFIED.

A 7i wATT.IitioDE IS USED IN THE CRYSTAL -CONTROLLED OSCILLATOR CIR-
CUIT. THIS IS FOLLOWED BY A 75 WATT SCREEN -GRID BUFFER AMPLIFIER AND THEN
IN TURN BY A 75 WATT SCREEN. -GRID FREQUENCY DOUBLER, A 75 WATT SCREEN

GRID FREQUENCY DOUBLER THE SECOND DOUBLER), A 500 WATT SCREEN --GRID TUBE

WHICH 18 USED AS A THIRD HARMONIC GENERATOR IF THE OUTPUT FREQUENCY ISIN
EXCESS OF 12,000 KC. AND OTHERWISE AS A POWER AMPLIFIER AND FINALLY TWO

500 WATT SCREEN^GRID TUBES IN A PUSH --PULL ARRANGEMENT AT THE OUTPUT OF

THE EXITER UNIT.

FOR FREQUENCIES BELOW 12,000 K. THE CRYSTAL IS GROUND SO THAT THE
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OSCILLATOR FREQUENCY WILL BE ONE -.FOURTH THAT OF THE FREQUENCY TO BE

TRANSMITTED AND -TWO DOUBLERS ARE USED. FOR FREQUENCIES ABOVE 12,000 KC.

THE CRYSTAL WILL PERMIT THE OSCILLATOR TO OPERATE AT ONES -EIGHTH THE FRe-
QUENCY TO BE TRANSMITTED AND THREE DOUBLERS ARE AT THIS TIME USED.

NOTICE CAREFULLY IN THE CIRCUIT OF FIG. 12 THAT THE VARIOUSSECTIONS
OF THE TRANSMITTER PROPER FOLLOW THE SAME GENERAL DESIGNS AS WERE
SCRIBED TO YOU IN DETAIL IN PREVIOUS LESSONS. ALSO OBSERVE HOW EACH
THE VARIOUS STAGES ARE FULLY SHIELDED FROM EACHOTHER AS INDICATED
DOTTED LINES.

THREE SEPARATE
"B" POWER SUPPLIES ARE
USED WITH THIS TRANS-
MITTER AND TWO OF WHICH
ARE SHOWN IN THECIRCUIT
OF FIG.$2. THE CRYSTAL
OSCILLATOR AND BUFFER
AMPLIFIER RECEIVE THEIR
"B" SUPPLY FROM ASINGLE
PHASE CENTER...TAPPEDRECT

IFIER USING TYPE 866
MERCURY-VAPOR RECTIFIER
TUBES. THE OUTPUT OF

THIS RECTIFIER ISEQUIPP
ED WITH A FILTER AND VO
TAGE DIVIDING SYSTEM,

THE REMAINDER OF
THE EXITER RECEIVES ITS
"B" SUPPLY FROM A THREE
PHASE FULL -WAVE RECTI

FIER USING SIX TYPE 872
MERCURY-VAPOR RECTIFIER
TUBES, THE OUTPUT OF
THIS RECTIFIER IS ALSO
EQUIPPED WITH A FILTER
AND DIVIDER SYSTEM SO

THAT VOLTAGES OF 3000;
1500; AND LESSER VOL-.

TAGES MAY BE OBTAINED.
THE GRID BIAS VOLTAGES
FOR THE EXITER ARE
OBTAINED BY CONNECTING
THE OUTPUT OF A 1000
VOLT MOTOR -.GENERATOR A-
CROSS THE + AND TERM.

INALS OF THE GRID BIAS
VOLTAGE DIVIDING RESIS-
TANCE, ALTHOUGH A RECT-
IFYING SYSTEM MAY BEUS'-
ED.

THE POWERAMPLIFIL
"ER UNIT HAS ITS "BSU-.

FIG. 13

A T-ansrnifiler Designed for'
Marine Use.

OF
BY THE
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PPLY FURNISHED BY A SEPARATE SUPPLY NOT SHOWN IN FIG.I2 BUT WHICH CON-
SISTS OF A THREE` -PHASE FULL"WAVE RECTIFIER USING TYPE 369 MERCURY-VAPOR
TUBES AND DELIVERING A DIRECT CURRENT OUTPUT OF 8 AMPS. AT 12,000 VOLTS.
TWELVE RECTIFIER TUBES ARE EMPLOYED, BEING OPERATED IN PARALLEL PAIRS.
You WILL RECEIVE TRANSMITTER TUBE DATA IN A LATER LESSON.

THE METHOD OF KEYING THIS TRANSMITTER IS RATHER INTERESTING. BY
REFERRING TO FIG. 12 AGAIN, YOU WILL OBSERVE THAT THE KEYING IN THIS CASE
IS DONE IN THE FIRST DOUBLER STAGE BY REDUCING THE PLATE VOLTAGE SUPPLIED
TO THE DOUBLER TUBE TO THE POINT WHERE THE OUTPUT IS INSUFFICIENT TO BRING

THE INSTANTANEOUS GRID POTENTIAL OF THE SUCCEEDING TUBE ABOVE CUT"
OFF.

THE KEYING UNIT CONSISTS OF
PLATES OF WHICH ARE FED IN PARA-
LLEL WITH THE PLATE OF THE FIRST
DOUBLER TUBE THROUGH A COMMON RE'
BISTANCE FROM THE 3000 VOLT POWER
SUPPLY. WHEN THE KEY IS CLOSED, A
NEGATIVE BIAS EXCEEDING THE CUT-
OFF VALUE IS PLACED ON THE GRIDS
OF THE KEYING TUBES SO THAT THE
KEYING UNIT DRAWS NO CURRENT AND
ALLOWS NORMAL VOLTAGE TO BE APP-
LIED TO THE PLATE OF THE DOUBLER
TUBE.

WHEN THE KEY IS OPEN, A

SLIGHTLY POSITIVE VOLTAGE IS APP-
LIED TO THE GRIDS OF THE KEYING
TUBESICAUSING THESE TUBES TO DRAW
A LARGE PLATE CURRENT THROUGH THE
SERIES RESISTANCE AND THUS REDUCES
TO A VERY LOW VALUE THE POTENTIAL
DOUBLER TUBE.

TWO 50-WATT TUBES IN PARALLEL AND THE

SewndoryLoadi,
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Key&hy

Toner
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F G. 14

*Ma eeCeiver Diagratri.

APPLIED TO THE PLATE OF THE

AP COMPLETE MARINE TRANSMITTER

IN FIG. 13 YOU ARE SHOWN THE COMPLETE CIRCUIT DIAGRAM OF A TRANS
MITTER WHICH WAS DESIGNED FOR MARINE USE. THE CIRCUIT DIAGRAM OF THE RE`"
CEIVER WHICH IS USED WITH THIS SAME TRANSMITTER APPEARS IN FIGI 14.

THE TRANSMITTER IS OF THE MASTER^OSCILLATOR^POWER^AMPLIFIER TYPE
AND IS DESIGNED FOR A POWER OUTPUT OF 500 WATTS AND AFFORDS BOTH OW AND
IOW TRANSMISSION. IT IS DESIGNED TO OPERATE ON TWO --WAVELENGTH RANGESIONE
WHICH EXTENDS FROM 1250 TO 2500 METERS ANC THE OTHER FROM 600 AND 1250
METERS.

THE POWER SUPPLY

THE AUXILIARY POWER SUPPLY CONSISTS OF TWO 60 VOLT STORAGE BATTER-
IES WITH A SWITCHING ARRANGEMENT WHEREBY THEY CAN BE CONNECTED INPARALL^
EL OR SERIES FOR EITHER CHARGING OR DISCHARGING PURPOSES. OVERLOAD AND
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UNDERLOAD CIRCUIT BREAKERS ARE ALSO SUPPLIED SO AS TO PROTECTTHE BATTER-

IES IN CASE A SHORT CIRCUIT OCCURS OR ELSE IF THE CHARGING VOLTAGE DE'"

CREASES BEYOND A CERTAIN POINT.

UPON PLACING THE 6 P.D.T. CHARGING SWITCH IN THE "DOWN POSITION"

AND THE POLARITY REVERSING SWITCH IN THE PROPER POSITION,CURRENT AS FUR-

NISHED BY THE SHIP'S D.C. GENERATOR WILL FLOW THROUGH THE UNDERLOAD CIR-
CUIT BREAKER, OVERLOAD CIRCUIT BREAKER, MAIN CHARGING RESISTANCES, THRU

THE BATTERY BANKS "A" AND "BU, THROUGH THE AMPEREHOUR METER AND BACK TO

THE NEGATIVE SIDE OF THE LINE. THE BATTERIES ARE CONNECTED IN PARALLEL

DURING THIS TIME.

AS THE CHARGE PROGRESSES THE AMPERE -HOUR METER READS IN A COUNTER-
CLOCKWISE DIRECTION UNTIL ITS HAND REACHES A VERTICAL POSITION AND AT

WHICH TIME IT CLOSES A SMALL CONTACT AND SHORT-CIRCUITS THE HOLDING COIL
OF THE UNDERLOAD CIRCUIT BREAKER, OPENING THE CHARGING CIRCUIT.

WHEN THE BATTERIES ARE FULLY CHARGED, THE OVERLOAD CIRCUIT BREAK-

ER CAN BE OPENED SO AS TO DISCONNECT THE MAIN CHARGING RESISTANCES. BY

LEAVING THE 6 P.D.T. SWITCH IN THE CHARGING POSITION AT THIS TIME, THE

BATTERIES CAN STILL BE SUPPLIED WITH A SMALL TRICKLE CHARGE THROUGH TWO

SMALL LAMPS. THIS KEEPS THE BATTERIES IN A GOOD CONDITION WHEN NOT IN

USE.

THE 4 P.D.T. SWITCH WHICH IS LOCATED AT THE RIGHT OF THE 6 P.D.T.

CHARGING SWITCH PERMITS EITHER ONE OF THE TWO "A" BATTERIES FOR THE

RECEIVER TO BE CHARGED WHILE THE OTHER IS IN USE.

WITH THE 6 P.D.T. SWITCH PLACED IN THE UPWARD POSITION,THE ENTIRE

CHARGING SYSTEM IS DISCONNECTED AND THE TWO 60 VOLT BANKS ARE CONNECTED

IN SERIES SO AS TO SUPPLY AN E.M.F. OF 120 VOLTS. THIS VOLTAGE MAY

APPLIED TO THE MOTOR STARTER AND GENERATOR BY CLOSING THE D.P.S.T.

SWITCH AT THE TOP.

BE

LINE

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 BATTERIES.

THE MOTOR STARTER AND MOTOR GENERATOR

BY CLOSING THE MOTOR STARTING SWITCH, THE VOLTAGE FROM THE SHIP'S

D.C. LINE OR ELSE FROM THE BATTERIES IS APPLIED TO THE MOTOR AND GENERA-
TOR UNITS. CURRENT WILL THEN FLOW THROUGH THE MOTOR ARMATURE, STARTING

RESISTANCES AND MOTOR FIELD. No CURRENT WILL FLCW THROUGH THE GENERATOR

FIELD UNTIL THE GENERATOR FIELD SWITCH IS CLOSED.

THE CURRENT WHICH IS NOW FLOWING THROUGH THE MOTOR ARMATURE AND

STARTING RESISTANCES ALSO FLOWS THROUGH THE FIRST PLUNGER COIL OF THEAUI
OMATIC STARTER. AFTER A FEW SECONDS THIS PLUNGER RISES AND SHORT CIRCUITS
THE FIRST RESISTANCE WHICH ALLOWS MORE CURRENT TO FLOW INTO THE ARMATURE.
THE SECOND PLUNGER COIL THEN BECOMES ENERGIZED AND AFTER A FEW SECONDS

IT ALSO RISES AND SHORT-CIRCUITS THE SECOND RESISTANCE, ALLOWING MORE

CURRENT TO FLOW INTO THE ARMATURE. THE THIRD PLUNGER COIL THEN BECOMES

ENERGIZED 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 IS ALSC PROVIDED WITH A SHUNT HOLDING COIL WHICH KEEPS
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THE PLUNGER IN AN UPWARD POSITION DURING THE TIME THAT THE MOTOR IS OPER
ATING.

WITH THE MOTOR FIELD AND ARMATURE NOW FULLY EXITED AND RUNNING AT

FULL SPEED, THE GENERATOR FIELD SWITCH MAY BE CLOSED TO EXITE THE GENER-
ATOR FIELD. THE DIRECTDURRENT GENERATOR WILL GENERATE AN E.M.F. OFI,000
VOLTS AND WHICH MAY BE REGULATED BY VARYING THE GENERATOR FIELD RHEOSTAT

UNTIL THE DESIRED VOLTAGE IS OBTAINED. THIS GENERATOR FIELD SWITCHSHOUL6
NOT BE CLOSED UNTIL THE TUBE FILAMENTS ARE LIGHTED. A FILTER ISINSTALLRD
AT THE OUTPUT OF THIS GENERATOR SO AS TO FURNISH A D.C. SUPPLY FREE FROM
RIPPLE.

THE TRANSMITTER

UPON CLOSING THE FILAMENT SWITCH, A D.C. SUPPLY IS FURNISHED THE

ROTARY CONVERTER AND THIS UNIT IN TURN CAUSES AN ALTERNATING CURRENT TO

FLOW THROUGH THE PRIMARY WINDING OF THE FILAMENT TRANSFORMER. A STEP
DOWN RATIO IS OFFERED BY THIS TRANSFORMER SO THAT A FILAMENT VOLTAGE OF

10 VOLTS WILL BE APPLIED TO THE FILAMENTS OF THE TRANSMITTER TUBES. THIS
VOLTAGE IS CONTROLLED BY THE FILAMENT RHEOSTAT.

UPON OPERATING THE HAND KEY,THE RELAY KEY CONTROLS THE TRANSMITT

ER. WITH THE KEY IN THE OPEN POSITIONJA HIGH NEGATIVE BIAS VOLTAGE, FUR-
NISHED BY THE RESISTOR WHICH IS CONNECTED ACROSS THE D.C. GENERATOR,
CAUSES THE TRANSMITTER TUBES TO BLOCK AND RADIATION CEASES.

BY CLOSING THE KEYITHE "B" CIRCUIT OF THE TRANSMITTER AND THE AN-

TENNA CIRCUIT TO THE TRANSMITTER ARE COMPLETED AND AT THE SAME TIME, THE
EXCESS BIAS VOLTAGE 16 REMOVED FROM THE TUBES AND THE RECEIVER IS 019 -

CONNECTED FROM THE RECEIVER.

WITH THE CS"'1CW SWITCH IN THE CW POSITION AND THE AUDIO...OSCILLATOR
NOT OPERATING,CONTINUOUS WAVE (CW) SIGNALS WILL BE RADIATED. FOR 1ONSIG
NALLING,THE CW...1CW SWITCH IS CLOSED TO THE ICW POSITION. THIS CLOSES THE
AUDIO -'OSCILLATOR STARTING SWITCH CAUSING THE AUDIO OSCILLATOR TO OPERATE.
THE OUTPUT OF THIS AUDIO OSCILLA7OR MODULATES THE CONTINUOUS WAVES GEN..'

ERATED BY THE R.F. OSCILLATOR AND THIS RESULTS IN THE EMISSION OF AN IN-
TERRUPTED CONTINUOUS WAVE (1CW). A STANDARD MARCONI ANTENNA IS USED WITH
THIS TRANSMITTER.

OPERATING PROCEDURE

TO PREPARE THIS TRANSMITTER FOR OPERATION,THE PROCE6WRE IS AS FOLD
OWS: TURN THE FIELD AND FILAMENT RHEOSTATS TO THEIR LOWEET VOLTAGE POS^
ITION. CLOSE THE MAIN LINE SWITCH AND PRESS THE "START" BUTTON AND PER-

MIT THE MOTOR GENERATOR TO COME UP TO SPEED. ADJUST FILAMENT VOLTAGE FOR
A FILAMENT E.M.F. OF 10 VOLTS. WHEN TUBE FILAMENTS ARE HOT, ADJUST GEN..

ERATORFIELD RHEOSTAT FOR A PLATE VOLTAGE OF 1,000 VOLTS.

NEXT THROW THE WAVE` -RANGE TRANSFER SWITCH TO THE POSITION FOR THE

WAVES -RANGE DESIRED. THEN SET THE "EXITER TUNING" AND "RANGE SWITCH" TO

THE WAVELENGTH DESIRED. SET THE DN'qCW SWITCH TO THE OW POSITION.

NOW ADJUST THE ANTENNA INDUCTANCE SWITCHES TO RANGE DESIRED AND

ADJUST THE PROPER "ANTENNA TUNING KNOB" FOR A MAXIMUM READING ON THE
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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 "STOP" 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
NECESSARY TO OFFER A DESCRIPTIVE EXPLANATION REGARDING IT.

EXAMINATION QUESTIONS

LESSON NO. T -II

I. - DRAW A COMPLETE CIRCUIT DIAGRAM OF AN -MP-
LIFIER C.W. TRANSMITTER TOGETHER WITH ITS POWER SUPPLY.

3.

- EXPLAIN IN DETAIL HOW YOU WOULD ADJUST FOR OPERATION
THE TRANSMITTER WHOSE DIAGRAM YOU HAVE DRAWN IN ANSWER
TO QUESTION #1.

- DRAW A CIRCUIT DIAGRAM OF A KEYING CIRCUIT WHOSE OPERA
TION IS BASED UPON BLOCKING WITH BIAS VOLTAGE THE GRID
OF THE TUBE WHICH IS BEING KEYED AND EXPLAIN HOW 'HIS
SYSTEM FUNCTIONS.

4. - DRAW A CIRCUIT DIAGRAM OF A KEY FILTER;EXPLAIN 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 THIS 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 IS THE GENERAL PROCEDURE FOR OPERATING A TRANSMIT
TER SUCH AS YOU HAVE DESCRIBED IN ANSWER TO QUESTION 48?

10.- WHAT IS THE ADVANTAGE OF USING A SEPARATE POWER SUPPLY
FOR THE OSCILLATOR OF AN OSCILLATOR -AMPLIFIER TRANSMIT
TER?
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HAVING BY THIS TIME FAMILIARIZED YOURSELF WITH THE CONSTRUCTIONAND
OPERATION OF CODE TRANSMITTERS, AS WELL AS WITH THE CODE ITSELF, YOU ARE

NOW PREPARED TO LEARN ABOUT THE PROCEDURE WHICH IS USED IN THE HANDLING

OF MESSAGES WITH THIS METHOD.

TO BEGIN WITH, CLEAR AND DISTINCT SENDING AT A MODERATE SPEED IS

MUCH PREFERRED OVER ERRATIC SENDING AT AN EXCESSIVE SPEED.

THE PROCEDURE
FOR CALLING A STA-
TION IS AS FOLLOWS:
FIRST, DETERMINE
WHETHER OR NOT THE
STATION TO BECALL-.
ED IS ALREADY COMM-
UNICATING WITH SOME
OTHER STATION.THIS
IS DETERMINED BY

"LISTENING IN" FORA
SHORT PERIOD ON

THE FREQUENCY AT
WHICH THE STATION
TO BE CALLED OPER--
ATESIL BY DOINGTHIS,
UNNECESSARY INTER
FERENCE IS AVOIDED.
IF THE TRANSMITTING
FREQUENCY OF THE
STATION TO BE CALL-
ED IS NOT ALREADY
KNOWN,THEN IT CAN

CALLING A STATION

F I G . 1

Oppo,4unlies and Adveni-L,re
Awaii Elie Conimencil Ofieiafor
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BE DETERMINED FROM A "CALL BOOK" IN WHICH ALL STATIONS ARE LISTED,

HAVING THUS DETERMINED THAT THE STATION TO BE CALLED IS NOT ALREADY
COMMUNICATING, THE NEXT STEP 18 TO SEND THREE TIMES IN SUCCESSION THE
CALL LETTERS OF THE STATION YOU ARE CALLING, THIS SHOULD BE FOLLOWED BY
THE SIGNAL "DE" (FROM OR """ .) TRANSMITTED ONCE AND THEN SENDTHREE
TIMES IN SUCCESSION THE CALL LETTERS OF YOUR STATION (THE CALLING STA^
T ION).

FOR EXAMPLE, LET US SUPPOSE THAT YOU ARE THE OPERATOR OF STATION
WXOH AND DESIRE TO COMMUNICATE WITH STATION WCNR. THIS BEING THE CASE
YOU WOULD TRANSMIT AS FOLLOWS:

WCNR WCNR WCNR DE WXOH WXOH WXOH

IT IS OF COURSE IMPORTANT THAT THE STATION MAKING THE CALL TRANS^
MIT ON THE FREQUENCY AT WHICH THE STATION BEING CALLED KEEPS WATCH.

IT THE STATION BEING CALLED (STATION WCNR IN OUR CASE) DOES NOT
ANSWER THE FIRST CALL, THEN TWO MINUTES MUST ELAPSE BEFORE CALLING AGAIN.
IF THE SECOND CALL 18 NOT ANSWERED, THEN TWO MINUTES MUST ELAPSE BEFORE
THE THIRD CALL IS MADE. IF NO RESPONSE IS RECEIVED FROM THE THIRD CALL,
THEN FIFTEEN MINUTES SHOULD ELAPSE BEFORE CALLING IS RESUMED. IT IS OF
UTMOST IMPORTANCE THAT THE CALLING OPERATOR DOES NOT INTERFERE WITH COMM
UNICATIONS BEING EXCHANGED BETWEEN OTHER STATIONS*

ANSWERING A CALL

IN ANSWERING A CALL, THE STATION BEING CALLED SHOULD REPLY BY
TRANSMITTING NOT MORE THAN THREE TIMES THE CALL SIGNAL OF THE CALLING
STATION, FOLLOWED BY THE WORD "DE" (FROM) AND THEN ITS OWN CALL 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
DE WCNR K.

To ACKNOWLEDGE THE ANSWER, THE CALLING STATION (WXOH) NOW CALLS
STATION WCNR AGAIN AS FOLLOWS: WCNR DE WXOH AND PROCEEDS WITH THE
MESSAGE*

IF FOR SOME REASON OR OTHER, THE STATION BEING CALLED IS UNABLE TO
RECEIVE THE MESSAGE,THEN AT THE TIME OF ACKNOWLEDGING THE CALL/THE WAIT
SIGNAL SHOULD BE GIVEN IN PLACE OF THE LETTER K AND THIS SHOULD BE FOLL"
OWED BY A NUMBER INDICATING IN MINUTES THE PROBABLE DURATION OF THE WAIT
OR ANY FURTHER EXPLANATION IF NECESSARY.

TRANSMITTING A RADIOGRAM

IN FIG. 2 YOU ARE SHOWN A TYPICAL EXAMPLE OF A RADIOGRAM AS IT IS

PREPARED ON SHIPBOARD PREPARATORY TO TRANSMISSION. A MESSAGE AS THIS CAN
BE DIVIDED INTO FOUR DISTINCT PARTS OR SECTIONS, NAMELY, AS THE PREAMBLE,
ADDRESS, TEXT, AND SIGNATURE. IN FIG. 3 YOU ARE SHOWN HOW THIS DIVISION IS
MADE.

WHEN SENDING A MESSAGE OF THIS TYPE THE BREAK SIGNAL (- e*, -),s
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TRANSMITTED TO SEPARATE THE ADDRESS FROM THE TEXT AND THE TEXT FROM

THE SIGNATURE. THE MESSAGE 18 TERMINATED WITH THE SIGNAL . - -  AFTER
WHICH THE CALLING STATION GIVES HIS LETTERS AND ASKS THE STATION BEING
CALLED TO ACKNOWLEDGE RECEIPT OF THE MESSAGE.

THE COMPLETE TRANSMISSION OF THIS PARTICULAR MESSAGE WOULDPROGRESS
AS FOLLOWS .."." ASSUMING THAT STATION WXOH IS CALLING WCNR:

WCNR WCNR WCNR DE WXOH WXOH WXOH
(STATION WCNR ANSWERING.) WXOH WXOH WXOH DE WCNR K

WCNR DE WXOH
P 2 R 16

To: C.H.
EXPECT TO

RADIO
TAYLOR
ARRIVE

88
33

PIER

SANTA BARBARA 10.35 A.M.
SOUTH AVE DENVER (Cow)

13 NEWYORK SATURDAY
.

LOVE ". . . .

CLARA WXOH - . ONO

IF THE RECEIVING STATION DOES NOT ACKNOWLEDGE RECEIPT OF THE MESS"
AGE, THE MESSAGE 18 NOT CONSIDERED AS BEING SENT AT ALL. THEREFORE, UPON
RECEIVING THE MESSAGE JUST DESCRIBED, STATION WCNR WOULD ACKNOWLEDGE THE
FACT IN THE FOLLOWING MANNER:

WCNR DE WXOH No 2

NOTICE THAT IN THIS ACKNOWLEDGEMENT THE RADIOGRAM IS ACKNOWLEDGED
BY ITS NUMBER (N002): THE SIGNAL 4'.  MEANS THAT THE MESSAGE WAS
CEIVED 00/(0: AND THE FINAL K OR ". 0 MEANS FOR THE CALLING STATION
GO AHEAD.THE WAIL
ING STATION WXOH
THEN REPLIES AS
FOLLOWS: WCNR DE
WXOH. . .-.-
(TRANSMISSION FIN
'SHED OR CONCLU-
SION OF CORRESPON
DENCE).

THE EXPRESS.
ION P 2 R ISWHICH
APPEARS IN THE
PREAMBLE OF THIS
MESSAGE INDICATES
THAT THIS IS THE
SECOND RADIOGRAM
OF THE ORDINARY
PAID TYPE SENT
AND THAT IT COW.
SISTS OF 16 WORDS
ACCORDING TO THE
CABLE ". COUNT SY"
TEM. SOMETIMES THE
LETTER W 18 USED
TO INDICATE "NUM".
BER OF WORDS"

REI".

TO

RADIOGRAM
SHORE

5:0400,SHIP40.01.0..S141184.16
TO TO TO

SHIP SHIP

LK^

1ALT.Z1]

RADIOMARINE CORPORATION OF AMERICA "Virak'
Olaglidsk SS Santa Barbara timer 10:SS A. DiRMW la, 15. 1929

Queasinays___ NmaYark INY

magr_lifsujElagn. NINON BONO Ma PN000010 MTN NIT CONOWR NCOOMINNO TOO NOWNOOPNIM

TO:

C. B. Taylor SS South Ave Denver Colo

Expeot to arrive pier IS

Srwyork Saturday 1ove

Clara

MVO TOE CONORKNOP POPO= ON The a* OP TOD POMO

FIG. 7-

A Radiogram Originating on Shijoboard.
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THUS W 16.

CERTAIN CLASSES OF RADIOGRAMS ARE INDICATED BY THE FOLLOWING CON...

VENTIONAL SIGNS WHICH AkE TRANSMITTED IN THE PREAMBLE AND AGAIN AS THE
FIRST ITEM OF THE ADDRESS. SUCH SIGNS 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 MAIL.
TC COLLATED RADIOGRAMS (FOR VERIFICATION PURPOSES ONLY).
PR RADIOGRAMS TO BE POSTED AS REGISTERED LETTERS.
EXPRESS RADIOGRAMS FOR SPECIAL DELIVERY WHEN THE COSTOFDELIVERY18

TO BE COLLECTED FROM THE ADDRESSEE*
XP RADIOGRAMS FOR SPECIAL DELIVERY IN THE COUNTRY OF THE COAST

STATION THROUGH WHICH THE MESSAGE IS SENT, WHEN THE COSTOF
THE SPECIAL DELIVERY IS PREPAID.

JOUR RADIOGRAMS NOT TO BE DELIVERED DURING THE NIGHT TJME.
NUIT RADIOGRAMS TO BE DELIVERED AT NIGHT TIME IF RECEIVED THEN*
TR RADIOGRAMS TO BE CALLED FOR AT A TELEGRAPH OFFICE.
GP RADIOGRAMS TO BE CALLED FOR AT A POST OFFICE.
TM , AND THE FIGURE REPRESENTING THE NUMBER OF ADDRESSES RADIOGRAMS

WITH MULTIPLE ADDRESSES.

I"C

PCP
CR

D

ST

OL
GOVT
PRESSE

RADIOGRAMS WITH ACKNOWLEDGEMENT OF RECEIPT BY TELEGRAPH.
RADIOGRAMS WITH ACKNOWLEDGEMENT OF RECEIPT BY POST.
RADIOGRAMS OF ACKNOWLEDGEMENT OF "PC" OR "PCP" RADIOGRAMS.
RADIOGRAMS TO BE GIVEN PRIORITY OVER THE LAND TELEGRAPH
SYSTEM, THAT IS, URGENT MESSAGES.
PAID SERVICE ADVICES
OCEAN LETTERS.
RADIOGRAMS ON UNITED STATES GOVERNMENT BUSINESS.
RADIOGRAMS CONTAINING PRESS NEWS.

PREAMBLE: P 2 R 16 RADIO SS SANTA BARBARA 10.35 A.M.

ADDRESS: - To: C.H. TAYLOR 33 SOUTH AVE DENVER (COLO)

TEXT: - EXPECT TO ARRIVE PIER 13 NEWYORK

SATURDAY LOVE

SIGNATURE: "' CLARA

a 3
Components of 7Lhe Message.

IN FIG. 4 YOU ARE SHOWN AN EXAMPLE OF A TYPICAL "REPLY PREPAID"
RADIOGRAM.

THE CABLE -COUNT SYSTEM

IN COUNTING THE WORDS CONTAINED IN A RADIOGRAM AND FOR WHICH A

CHARGE IS MADE, THE CABLE -COUNT SYSTEM IS USED THIS SYSTEM PROVIDES THAT
ALL WORDS IN THE ADDRESS, TEXT, AND SIGNATURE MUST BE COUNTED AND CHARGED
FOR.
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IN THIS SYSTEM, MESSAGES ARE DIVIDED INTO THREE DISTINCT CLASSES

AS FOLLOWS: (I) PLAIN LANGUAGE; (2) CODE LANGUAGE; AND (3) CIPHER

LANGUAGE.

IN THE CASE OF PLAIN -LANGUAGE, THE MESSAGES MUST BE WRITTEN EN-

TIRELY IN PLAIN LANGUAGE AND THE WORDS ARE COUNTED ON THE $A818 OF 15

CHARACTERS TO THE WORD. ANY FRACTIONAL PART OF 15 CHARACTERS IS ALSO

COUNTED AS I WORD. NUMBERS UP TO 5 IN A GROUP ARE COUNTED AS ONE WORD

AND NUMBERS OVER 5 IN A GROUP ARE COUNTED AS TWO WORDS.

CODE LANO
UAGE CONSISTS OF
PRONOUNCEABLE
WORDS BUT WHICH
HAVE NO DIRECT
MEANING AND WHICH
DO NOT EXCEED 10
CHARACTERS IN

LENGTH. EXAMPLES
OF CODE LANGUAGE
ARE AS FOLLOWS;
NRTOSU = I WORD;

X-RAY = 2 WORDS.

IF THE CODE
WORDS ARE NON-.

PRONOUNCEABLE OR
ELSE PRONOUNCEA-
BLE BUT EXCEED
10 CHARACTERS IN
LENGTH THEN THEY
ARE COUNTED ACP"'
ORDING TO THE
CIPHER RATE.CIPH
ER LANGUAGE IS
COUNTED AT THE
RATE OF 5 LETTERS

EXAMPLES: BUILDING I WORD

PARENTHESIS I WORD

UNCONSTITUTIONAL2 WORDS
6,742
358
247,956

I WORD

1 WORD
2 WORDS

RADIOGRAM
Ta

SHIP

SHORE

RHO/I:00.0,M%.
SHIP SHIP
TO TO

-IN RCA" RADIOMARINE CORPORATION OF AMERICA **ViaRCK

011eislmias SS Leviathan Thrfirl 11.20 A M. Darla May 15, 1929

emmAAmfievA. Tuakerton WAG

TO:

/OMNI MD.

WH101 MYTH WWI 1:0110.1.A1.1. WESAR.NNIII THAI 11^01011111Ail

RP $2.10 Walter Barker

Waldorf Astoria Hotel Newyork

Meet me at pier tomorrow morning

Ada

MAD THE CONOMONS MINT= 001 THE MCA 09 Toe 1.1:41114

Fl G. 4
A "Reply Prepaid" Racliograrn.

TO THE WORD AND MAY BE MADE UP OF ANY COMBINATION OF

LETTERS OR FIGURES SUCH AS: ARSQO = I WORD; PNOSJR = 2 WORDS; H 47.3 =

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. HY-

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 ETC. ARE COUNTED AS ONE
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WORD IN THE ADDRESS AND TWO WORDS IN THE TEXT.

IF NEW YORK IS WRITTEN AS NEWYORK OR NEW LONDON IS WRITTEN AS

NEWLONDON ETCTHEN THEYARECOUNTEDAS ONE WORD IN THE TEXT. SUCH NAMES,
HOWEVER, SHOULD BE WRITTEN AS TWO SEPARATE WORDS IN THE ADDRESS,

RADIO COMPASS BEARINGS

OPERATORS OF MOBILE STATIONS ARE OFTEN REQUIRED TO OBTAIN A RADIO
COMPASS BEARING, THE UNITED STATES GOVERNMENT HAS DRAWN UP THE FOLLOWING
REGULATIONS REGARDING RADIO COMPASS BEARINGS: ALL RADIO COMPASS COMMUN-
ICATIONS ARE TO BE HANDLED ON THE 800 METER WAVELENGTH, SHIPS ARE NOW
EQUIPPED WITH THIS ADDITIONAL OPERATING WAVELENGTH FOR RADIO COMPASS EX-
CLUSIVELY. WHEN A COMPASS BEARING 18 DESIRED, THE RADIO OPERATOR OF THE
SHIP CALLS THE NEAREST COMPASS BEARING CONTROL STATION ON 800 METERS AND
SENDS THE "Q" CODE SIGNAL QTE FOLLOWED BV THE QUESTION MARK (0 . "" . 41)

AND WHICH SIGNIFIES THAT HIS SHIP DESIRES A COMPASS BEARING.

FOR EXAMPLE, IF YOU WERE THE OPERATOR ON THE SS SANTA BARBARA WHOSE
CALL SIGNAL IS WXOH AND THE CAPTAIN OF THE VESSEL REQUESTED YOU TO OBTAIN
A COMPASS BEARING FROM THE CAPE JUNE COMPASS BEARING STATION WHOSE CALL
SIGNAL 18 RNO, THEN YOUR PROCEDURE WOULD BE AS FOLLOWS:

RNO RNO RNO DE WXOH WXOH WXOH - . QTE .  -
 - -- (THIS WOULD BE INTERPRETED AS WXOH CALLING PNO;BREAK;
WHAT IS MY TRUE SEARING?; END OF MESSAGE; GO AHEAD.)

STATION RNO WOULD THEN RESPOND AS FOLLOWS:

WXOH OE RNO . STATION WXOH WOULD THEN CONTINUE AS FOLLOWS:
RNO DE WXOH . QTE . - - . WXOH NO WXOH MO WXOH MO
(THIS ALTERNATION OF WXOH AND MO SHOULD BE SENT FOR A PERIOD OF NOT MORE
THAN 50 SECONDS, SENDING SLOWLY AND PROLONGING THE DASHES.) THEN PROCEED
WITH ` RNO WILL THEN PROCEED TO TRANSMIT THE BEARING
IN THE FOLLOWING MANNER/ WXOH DE RNO - .  - QIE CAPE JUNE 130
CAPE NEW HALL 115 SEAL BEACH 095 AT 0127  - . - . (THESE
BEARINGS OF COURSE WILL DEPEND UPON THE PARTICULAR POSITION OF THE MOBILE
STATION AT THE TIME IN QUESTION).

AFTER THE BEARING HAS BEEN TRANSMITTED BY THE COMPASS BEARING STA-
TION, THE MOBILE STATION REPEATS THE FIGURES TO THE BEARING STATION FOR
VERIFICATION AND THIS 18 DONE AS FOLLOWS:

RNO DE WXOH - . . . - 130 115 095 0127 . . . .

 - RNO THEN RESPONDS: WXOH DE RNO  - . .

STANDARD TIME

ANOTHER IMPORTANT SUBJECT WITH WHICH THE RADIO OPERATOR SHOULD BE

FAMILIAR IS THAT TREATING WITH THE DIFFERENT TIME SYSTEMS WHICH AREUSED
THE THREE SYSTEMS WHICH ARE USED FOR THIS PURPOSE ARE EASTERN STANDARD
TIME (EST), PACIFIC TIME (PT) AND GREENWICH MEAN TIME (GMT).
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THERE IS A DIFFERENCE OF FIVE HOURS BETWEEN GREENWICH MEAN TIMEAND
EASTERN STANDARD TIME, AND A DIFFERENCE OF EIGHT HOURS BETWEEN GREENWICH
MEAN TIME AND PACIFIC STANDARD TIME. THAT IS TO BAY, WHEY IT IS 2 A.M.

GREENWICH MEAN TIME, IT IS 9 P.M. EASTERN STANDARD TIME AND 6 P.M. PA-
CIFIC STANDARD TIME.

IN FIG. 5 YOU ARE SHOWN A STANDARD TIME CHART WHICH YOU SHOULD FIND
TO BE BOTH INTERESTING AND HELPFUL. IT IS OF INTEREST TO NOTE THAT TIME

CHANGES I HOUR WITH EACH 15 DEGREES DIFFERENCE IN LONGITUDE. FOR EXAMPLE,
WHEN IT IS 2 A.M. IN LONDON (GMT), IT IS 9 P.M. IN NEW YORK (EST) AND

6 P.M. IN SAN FRANCISCO (PST).

TWENTY -FOUR-HOUR TIME SYSTEM

RADIOTELEGRAMS ARE FILED ON THE BASIS OF THE 24^HOUR SYSTEM. IN

THIS SYSTEM THE HOURS FOR THE ENTIRE CALENDER DAY ARE COUNTED FROM 0 TO

23 STARTING AT MIDNIGHT. THIS PERMITS THE ABREVIATIONS A.M. AND P.M. TO

BE ELIMINATED AND INCREASES THE ACCURACY THE MINUTES 01 TO 59 ARE IN-

DICATED AFTER THE HOURS, THUS 2:15 P.M. WOULD BE 1415; 5:37 A.M. WOULD BE
0537; 11:58 P.M. WOULD BE 2359 ETC.

THE DISTRESS SIGNAL

THEnDISTRESS
SIGNAL",AS YOU WILL
RECALL FROM PREV-
IOUS INSTRUCTIONS,
IS SOS OR

AND
WHICH MEANS THAT THE

MOBILE STATION IN

QUESTION IS THREA-
TENED BY GRAVE AND
IMMENENT DANGER
AND REQUESTS IMM-
EDIATE ASSISTANCE'

THE INTERNA-
TIONAL CALLING AND
DISTRESS FREQUENCY
IS 500 Kc., WHILE
IN THE GREAT LAKES
REGION OF THE UNI-
TED STATES A FRO"
QUENCY OF 410 Kc.
18 USED FOR THIS
PURPOSE.

THE OPERATOR
IS NOT PERMITTED
TO GIVE THE Ole""

TRESS S1GNALEXOEPT
SY AUTHORITY OFTHE

F I Ca. 5

Sfandard Time Chart-.
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MASTER OR PERSON IN CHARGE OF THE SHIP, AIRCRAFT, OR MOBILE STATION.

IN GIVING THE DISTRESS SIGNAL, THE PROCEDURE IS AS FOLLOWS: TRANS-
MIT THE DISTRESS SIGNAL THREE TIMES IN SUCCESSION, FOLLOWED BY THE WORD
DE AND THEN THE CALL SIGNAL OF THE MOBILE STATION IN DISTRESS ALSO SENT
THREE TIMES.

THIS CALL SHOULD NOT BE ADDRESSED TO ANY PARTICULAR STATION AND IT
IS REQURED THAT ALL LAND OR MOBILE STATIONS CEASE ALL TRANSMISSION CAP-
ABLE OF INTERFERING WITH THE DISTRESS CALLS OR MESSAGES AND THEY MUST
LISTEN ON THE WAVE USED FOR THE DISTRESS CALL. THE DISTRESS CALL HAS AB-
SOLUTE PRIORITY OVER ALL OTHER TRANSMISSIONS.

THE DISTRESS MESSAGE FOLLOWING THE DISTRESS CALL SHOULD INCLUDETHE
NAME OF THE SHIP OR OTHER MOBILE UNIT IN DISTRESS, INFORMATION CONCERNING
ITS POSITION AND THE NATURE OF THE DISTRESS AND THE KIND OF ASSISTANCEDL
SIRED.

THE DISTRESS CALL AND MESSAGE SHOULD BE REPEATED AT INTERVALS UN-
TIL AN ANSWER IS RECEIVED. THESE INTERVALS,HOWEVER, SHOULD BE OF SUFFIC-
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 KC., THEN THE CALL AND MESSAGE MAY BE REPEAT-
ED ON ANY OTHER AVAILABLE WAVE ON WHICH ATTENTION MIGHT BE ATTRACTED.

STATIONS WHICH RECEIVE A DISTRESS MESSAGE FROM A MOBILE STATION IN

THEIR IMMEDIATE VICINITY MUST AT ONCE ACKNOWLEDGE RECEIPT THEREOF AND EX
ERCISE SPECIAL PRECAUTIONS SO AS NOT TO INTERFERE WITH THE TRANSMISSION
OF THE ACKNOWLEDGEMENTS OF RECEIPT OF THE SAME MESSAGE SENT BY OTHER
STATIONS. IF THERE IS GOOD REASON THAT SOME OTHER STATION IS LOCATEDSTILL
NEARER TO THE STATION IN DISTRESS, THEN PREFERENCE SHOULD BE GIVEN TO THE
NEARER STATION FOR ANSWERING THE CALL BUT YET TO SE READY TO SEND AN ACK
NOWLEDGEMENT IF OTHERS FAIL TO DO SO.

To ACKNOWLEDGE RECEIPT OF A DISTRESS MESSAGE THE PROCEDURE IS AS
FOLLOWS: TRANSMIT THREE TIMES THE CALL SIGNAL OF THE STATION IN DISTRESS,
FOLLOWED BY THE WORD DE, THE CALL SIGNAL OF THE STATION ACKNOWLEDGING
RECEIPT (THREE TIMES), GROUP R R R, DISTRESS SIGNAL. IF THE ACKNOWLEDG-
ING STATION IS ALSO MOBILE, THEN IT SHOULD ALSO INCLUDE ITS NAME AND PO-
SITION AS A PART OF ITS ACKNOWLEDGEMENT.

A SHIP WHICH RECEIVES A DISTRESS MESSAGE MAY TRANSMIT THE MESSAGE
IF THE SHIP IN DISTRESS IS NOT ITSELF IN A POSITION TO DO SO OR IF THE
MASTER OF THE VESSEL JUDGES THAT FURTHER HELP IS NECESSARY. ALL COMMUN-
ICATIONS RELATING TO DISTRESS MESSAGES MUST BE DELIVERED IMMEDIATELY TO
THE WASTER OF THE SHIP.

THE RADIOTELPHONE DISTRESS SIGNAL IS THE SPOKEN EXPRESSION MAYDAY.
THIS IS SPOKEN THREE TIMES FOLLOWED BY THE NAME OF THE STATION SPOKEN
THREE TIMES.
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THE AUTOMATIC ALARM SIGNAL

THE AUTOMATIC ALARM SIGNAL IS USED TO ANNOUNCE THAT A DISTRESS CALL
WILL FOLLOW IMMEDIATELY. THE ALARM SIGNAL IS 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, I SECOND.

THE URGENT SIGNAL

THE URGENT SIGNAL IS X X X SENT SEVERAL TIMES BEFORE THE CALLLETT-
ERS. IT IS USED TO INDICATE THAT THE CALLING STATION HAS A VERY URGENT
MESSAGE CONCERNING THE SAFETY OF THE SHIP OR ANOTHER SHIP, OR THE SAFETY
OF ANY PERSON ON BOARD THE SHIP OR IN SIGHT OF THE SHIP. THIS SIGNAL

SHALL BE TRANSMITTED ONLY WITH THE AUTHORIZATION OF THE MASTER OR PERSON
RESPONSIBLE FOR THE SHIP.

THE SAFETY SIGNAL

THE SAFETY SIGNAL CONSISTS OF THE GROUP T T T WHICH IS TRANSMITTED
WITH THE LETTERS WELL SEPARATED, FOLLOWED BY THE WORD "DE" AND BY THE CALL

SIGNAL OF THE STATION SENDING IT. THIS SIGNAL INDICATES THAT THE STATION

SENDING IT IS ABOUT TO TRANSMIT A MESSAGE CONCERNING THE SAFETY OFNAVIG"
ATION OR GIVING OTHER IMPORTANT INFORMATION RELATIVE TO METEOROLOGICAL
WARNING MESSAGES.

THE SAFETY SIGNAL AND THE SAFETY MESSAGE SHALL BE SENT AT 500 Kc.

AND IF NECESSARY, 9N THE NORMAL LISTENING WAVE OF SHIP AND AIRCRAFT STA-
TIONS. IT SHALL BE BENT ONCE DURING THE FIRST SILENT PERIOD AND NEAR THE
END OF THAT PERIOD. ALL STATIONS HEARING IT MUST CONTINUE TO LISTEN ON

THE NORMAL SHIP CALLING WAVE OR ON THE AUTHORIZED AIRCRAFT STATION WAVE

UNTIL THE MESSAGE PRECEDED BY THE SAFETY SIGNAL SHALL HAVE ENDED. THE

TRANSMISSION OF THIS MESSAGE SHALL BEGIN IMMEDIATELY AFTER THE END OFTHE
SILENT PERIOD.

THE CQ SIGNAL

THE SIGNAL CQ IS THE SIGNAL OF INQUIRY. STATIONS DESIRING TO ENTER
INTO COMMUNICATION WITH MOBILE STATIONS WITHOUT, HOWEVER, KNOWING THE

NAMES OF MOBILE STATIONS WHICH ARE WITHIN THEIR RANGE OF ACTION, MAY USE
THE SIGNAL OF THE STATION CALLED IN THE CALLING FORMULA, THIS FORMULA

BEING FOLLOWED BY THE LETTER K.

IN REGIONS WHERE TRAFFIC IS HEAVY, THE USE OF THE CALL CQ FOLLOWED
BY THE LETTER K Is FORBIDDEN EXCEPT IN COMBINATION WITH URGENT SIGNALS.

THE CALL CQ NOT FOLLOWED BY THE LETTER K SHALL BE EMPLOYED FOR RADIOTEL"
EGRAMS OF GENERAL INFORMATION, TIME SIGNALS, REGULAR METEOROLOGICAL IN-

noimmktioN, GENERAL SAFETY NOTICES, AND INFORMATION OF ALL KINDS INTENDED

TO BE READ BY ANYONE WHO CAN RECEIVE THEM.

VARIOUS REGULATIONS

THE FOLLOWING ARE REGULATIONS OF VARIOUS TYPES ANC WITH WHICH THE

COMMERCIAL OPERATOR SHOULD BE FAMILIAR:
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TRANSMITTERS

I. '" TABLE I SPECIFIES THE TIME PERIODS DURING WHICH A RADIO WATCH
MUST BE MAINTAINED ON ALL SHIPS WITHIN THE ZONES INDICATED. THESE ARE
KNOWN AS "ZONES OF WATCH" AND IN TABLE

I THE FIGURES INDICATE TIME ON THE
24-HOUR TIME SYSTEM-4, THE INTERNATIONAL LAW ALSO REQUIRES THAT ALL STA^
T ONS IN MOBILE MARITIME SERVICE MUST LISTEN-IN ON THE DISTRESS WAVE FOR
THREE MINUTES TWICE EACH HOUR, BEGINNING AT THE I 5TH MINUTE AND AT THE
45TH MINUTE AFTER EACH HOUR, AND ALSO DURING THE TIME OF DISTRESS COMM-
UNICATIONS.

2. - TWO INTERNATIONAL SILENT PERIODS ARE TO BE OBSERVED P'ER HOUR.
EACH OF THESE SILENT PERIODS SHOULD BE THREE MINUTES LONG, BEG INNING AT
THE 15TH MINUTE AND AT THE 45TH MINUTE AFTER EACH HOUR GREENWICH MEAN
TIME. DURING THESE PERIODS THE TRANSMITTER SHALL NOT BE IJSED

3. - DURING TRANSMISSIONS "TO ALL STATIONS" OF TIME SIGNALS AND OF
METEOROLOGICAL MESSAGES INTENDED FOR STATIONS OF THE MOBILE SERVICE, ALL
STATIONS IN THAT SERVICE AND THE TRANSMISSIONS OF WHICH MIGHT INTERFERE
WITH THE RECEPTION OF THE SIGNAL AND MESSAGES IN QUEST ION, MUST KEEP SP"'
LENT IN ORDER TO PERMIT ALL STATIONS SO DESIRING TO RECEIVE THESE SIGNALS
AND MESSAGES.

4. - No PERSON RECEIVING OR ASSISTING IN RECEIVING ANY RADIO COMM"'
UN I CAT ION SHALL DIVULGE OR PUBLISH

TABLE NO. I

ITS CONTENTS OR ANY PART OF IT TO ANY

ZONES OF WATCH SCHEDULE

Zones

Duration of hours of service
Greenwich Mean Time

One operator
ships

Two operator
ships

A Eastern Atlantic Ocean,
Mediterranean, North

From 8 to 10h
12 to 14h

From 0 to 6h
8 to 14h

Sea, Baltic 16 to 18h 16 to 18h
20 to 22h 20 to 22h

B Indian Ocean, eastern Are- From 4 to 6h From 0 to 2h
tic Ocean 8 to 10h 4 to lOh

12 to 14h 12 to 14h
16 to 18h 16 to l8h

20 to 24h
C China Sea, western Pacific From 0 to 2h From 0 to 6h

Ocean 4 to 6h 8 to 10h
8 to 10h 12 to 14h

12 to 14h 16 to 22h
I) Central Pacific Ocean From 0 to 2h From 0 to 2h

4 to 6h 4 to 6h
8 to 10h 8 to 10h

20 to 22h 12 to 18h
20 to 24h

E Eastern Pacific Ocean From 0 to 2h From 0 to 2h
4 to 6h 4 to 6h

16 to 18h 8 to 14h
20 to 22h 16 to 22h

F Western Atlantic Ocean From 0 to 2h From 0 to 2h
and Gulf of Mexico 12 to 14h 4 to 10h

16 to 18h 12 to 18h
20 to 22h 20 to 22h

PERSON OTHER THAN
THE ADDRESSEE, HIS
AGENT, OR ATTORNEY,
OR MASTER OF THE SHIP
ON WHICH THE MESSAGE
IB SENT OR RECEIVED,
OR IN RESPONSE TO A

SUBPOENA ISSUED BY A
COURT OF COMPETENT
JURISDICTION, OR IN

DEMAND OF OTHER LAW-.
FUL AUTHORITY. FOR
VIOLATING THIS LAW
THE V IOLATOR MAY BE
PUNISHED BY A FINE
OF NOT MORE THAN
$500 FOR EACH AND EV-
ERY OFFENSE

5. - THE SH II°
MASTER HAS THE RIGHT
TO CENSURE ANY MESS-
AGES RECEIVED AND
TRANSMITTED BY THE
RADIO STATION ON

SH I PBOARD

6. - VESSELS
PLYING 200 MILES OR
MORE BETWEEN PORTS
AND LICENSED TO CARRY,



LESSON NO12 PAGE II

OR CARRYING, FIFTY OR MORE PASSENGERS OR CREW SHALL BE EQUIPPED WITH RAC

DIO APPARATUS AND BE IN CHARGE OF TWO OR MORE OPERATORS AND MAINTAIN A

CONTINUOUS WATCH. EMERGENCY EQUIPMENT, INDEPENDENT OF THE SHIP'S MAIN

SOURCE OF POWER SUPPLY, CAPABLE OF TRANSMITTING AND RECEIVING MESSAGES

OVER A DISTANCE OF 100 MILES DAY OR NIGHT FOR A PERIOD OF AT LEAST FOUR

HOURS, MUST BE PROVIDED.

7.  MAXIMUM POWER SHALL BE USED IN TRANSMITTING DISTRESS MESSAGES

OR MESSAGES RELATED HERETO. IN ALL OTHER CLASSES OF RADIO CORRESPONDENCE

ONLY THAT AMOUNT OF POWER NECESSARY TO INSURE RELIABLE COMMUNICATION

SHALL BE USED. WHEN WITHIN 5 NAUTICAL MILES OF NAVAL OR MILITARY E1TA

TIONS THE TRANSFORMER INPUT SHA.L NOT EXCEED i KW AND WHEN WITHIN 15

MILES OF SUCH STATIONS THE TRANSFORMER INPUT SHALL NOT EXCEED I Kw.

8. SUPERFLUOUS SIGNALS ARE THOSE WHICH ARE UNNECESSARY IN CARRY-

ING OUT EFFICIENT RADIO CORRESPONDENCE. THEY ARE FORBIDDEN.

9. - NO PERSON, FIRM, COMPANY OR CORPCRATION WITHIN THE JURISDIO"

TION OF THE UNITED STATES SHALL KNOWINGLY UTTER OR TRANSMITK OR CAUSE TO

BE UTTERED OR TRANSMITTED, ANY FALSE OR FRAUDULENT SIGNAL OF DISTRESS OR

COMMUNICATION RELATING THERETO.

10.- THE PRIORITY OF VARIOUS CLASSES OF RADIO COMMUNICATIONS FOLLOW

THE ORDER AS HERE GIVEN.

(A) DISTRESS CALLS, DISTRESS MESSAGES,AND DISTRESS TRAFFIC.

(B) COMMUNICATIONS PRECEDED BY AN URGENT SIGNAL.

(C) COMMUNICATIONS PRECEDED BY THE SAFETY SIGNAL.

(D) COMMUNICATIONS RELATIVE TO RADIO COMPASS BEARINGS.

(F) ALL OTHER COMMUNICATIONS.

II. - ALL STATIONS ARE BOUND TO EXCHANGE RADIO COMMUNICATIONS OR

SIGNALS WITH OTHER STATIONS REGARDLESS OF THE RADIO SYSTEM USED.

12. IF IT IS NECESSARY TO COMMUNICATE WITH A FOREIGN VESSEL WHOSE

CREW CANNOT UNDERSTAND ENGLISHtTHEN THE COMMUNICATION SHOULD BE CONDUO"'

TED BY MEANS OF THE INTERNATIONAL SIGNAL CODE AND THE INTERNATIONAL RADIO-

TELEGRAPH ABREVIATIONS.

13. IN TABLE IT YOU ARE GIVEN A HANDY REFERENCE TABLE OF ALL WAVE

LENGTH ALLOCATIONS FOR VARIOUS PURPOSES.

14.  THE VIOLATIONS AND THEIR PENALTIES TO WHICH AN OPERATOR 18

SUBJECT UNDER THE RADIO ACT OF 1927 ARE A8 FOLLOWS:

AN OPERATOR'S LICENSE MAY BE SUSPENDED FOR A PERIOD NOT EXCEEDING

TWO YEARS FOR: (A) FAILURE TO CARRY OUT THE LAWFUL ORDERS OF THE MASTER

OF THE VESSEL ON WHICH HE IS EMPLOYED? (B) WILLFULLY DAMAGING ORPERMITT-

ING RADIO APPARATUS TO BE DAMAGED, (C) TRANSMITTING SUPERFLUOUS RADIO COM



C
O

N
T

IN
U

E
D

Fr
eq

ue
nc

ie
s,

 k
ilo

-
cy

cl
es

 p
er

 s
ec

on
d

A
pp

ro
xi

m
at

e 
w

av
e

le
ng

th
s,

 m
et

er
s

Se
rv

ic
es

Fr
eq

ue
nc

ie
s,

 k
ilo

-
cy

cl
es

 p
er

 s
ec

on
d

A
pp

ro
xi

m
at

e 
w

as
..

le
ng

th
s,

 m
et

er
s

Se
rv

ic
es

10
 to

10
0

30
,0

00
to

 3
,0

00
Fi

xe
d 

se
rv

ic
es

10
0 

to
11

0
3,

00
0

to
 2

,7
25

Fi
xe

d 
se

rv
ic

es
 a

nd
 m

ob
ile

 s
er

vi
ce

s
1,

50
0

1,
71

5
20

0
to

17
3

M
ob

ile
 s

er
vi

ce
s

11
0 

to
12

5
2,

72
5

to
 2

,4
00

M
ob

ile
 s

er
vi

ce
s

to
(M

ob
ile

se
rv

ic
es

12
5 

to
15

01
2,

40
0

to
 2

,0
00

1
M

ar
iti

m
e 

m
ob

ile
 s

er
vi

ce
s

op
en

to
pu

bl
ic

1,
71

5
2,

00
0

17
5

to
15

0
Fi

xe
d 

se
rv

ic
es

co
rr

es
po

nd
en

ce
 e

xc
lu

si
ve

ly
to

A
m

at
eu

rs
15

0 
to

16
0

2,
00

0
to

 1
,8

75
M

ob
ile

 s
er

vi
ce

s
a.

 B
ro

ad
ca

st
in

g
b.

 F
ix

ed
 s

er
vi

ce
s

2,
00

0 
to

2,
25

0
2,

25
0 

to
2,

75
0

15
0

to
13

3
13

3
to

10
9

M
ob

ile
 s

er
vi

ce
s 

an
d 

fi
xe

d 
se

rv
ic

es
M

ob
ile

 s
er

vi
ce

s

e.
M

ob
ile

 s
er

vi
ce

s
T

he
 c

on
di

tio
ns

 f
or

 u
se

 o
f

th
is

su
bj

ec
t t

o 
th

e 
fo

llo
w

in
g 

re
gi

on
al

m
en

ts
:

A
ll

re
gi

on
s

w
he

re
br

oa
d 

-

ba
nd

 a
re

ar
ra

ng
e-

2,
75

0 
to

2,
86

0
2,

85
0 

to
.3

,5
00

3,
50

0 
to

 4
,0

00

10
9

to
10

5
10

5
to

85

85
to

75

Fi
xe

d 
se

rv
ic

es
M

ob
ile

 s
er

vi
ce

s 
an

d 
fi

xe
d 

se
rv

ic
es

M
ob

ile
 s

er
vi

ce
s

I 
Fi

xe
d 

se
rv

ic
es

A
m

at
eu

rs
fi

xe
d 

's
er

vi
ce

s
16

0 
to

19
4

1,
87

5
to

 1
.5

50
.

ca
st

in
g

st
at

io
ns

 n
ow

 e
xi

st
w

or
ki

ng
on

fr
eq

ue
nc

ie
s

br
oa

dc
as

tin
g

4,
00

0 
to

 5
,5

00
5,

50
0 

to
 5

,7
00

54
75

tto
o

52
.7

54
m

M
oo

bb
iil

le
e 

ss
ee

rv
rv

iic
ce

.e
s

an
d

be
lo

w
30

0
ki

lo
cy

cl
es

pe
r

5,
70

0 
to

 6
,0

00
52

.7
to

50
Fi

xe
d 

se
rv

ic
es

se
co

nd
 (

ab
ov

e 
1,

00
0 

m
et

er
s)

6.
00

0 
to

6,
15

0
6,

15
0

6,
67

5
50

to
48

.8
48

. 8
 to

45
B

ro
ad

ca
st

in
g

M
ob

ile
 s

er
vi

ce
s

Fi
xe

d
6,

67
5 

to
 7

,0
00

45
to

42
.8

Fi
xe

d 
se

rv
ic

es
se

rv
ic

es
O

th
er

 r
eg

io
ns

 {
 M

ob
ile

 s
er

vi
ce

s
7.

00
0 

to
7,

30
0

42
.8

to
41

A
m

at
eu

rs

R
eg

io
na

l
ar

ra
ng

em
en

ts
w

ill
re

sp
ec

t
th

e
ri

gh
ts

 o
f 

ot
he

r 
re

gi
on

s 
in

 th
is

 b
an

d
7.

30
0 

to
8;

20
0

8,
20

0 
to

8,
55

0
41

to
36

.6
38

.6
to

35
.1

Fi
xe

d 
se

rv
ic

es
M

ob
ile

 s
er

vi
ce

s
a.

 M
ob

ile
 s

er
vi

ce
s

8,
55

0 
to

8,
99

0
35

.1
to

33
.7

M
ob

ile
 s

er
vi

ce
s 

an
d 

fi
xe

d 
se

rv
ic

es
b.

Fi
xe

d 
se

rv
ic

e
8,

90
0 

to
9,

50
0

33
.7

to
31

.6
Fi

xe
d 

se
rv

ic
es

e.
B

ro
ad

ca
st

in
g

9.
50

0 
to

 9
,6

00
31

.6
to

31
.2

B
ro

ad
ca

st
in

g
T

he
 c

on
di

tio
ns

 f
or

 u
se

 o
f 

th
is

 b
an

d 
ar

e
9,

80
0 

to
 1

1,
00

0
31

.2
to

27
.3

Fi
xe

d 
se

rv
ic

es
su

bj
ec

t t
o 

th
e 

fo
llo

w
in

g 
re

gi
on

al
 a

rr
an

ge
-

11
,0

00
 to

 1
1,

40
0

27
.3

to
26

.3
M

ob
ile

 s
er

vi
ce

s
m

en
u:

11
,4

00
to

 1
1,

70
0

26
.3

to
25

.6
Fi

xe
d 

se
rv

ic
es

a.
 A

ir
 m

ob
ile

 s
er

vi
ce

 e
xc

lu
si

ve
ly

11
,7

00
 to

 1
1,

90
0

25
.6

to
25

.2
B

ro
ad

ca
st

in
g

b.
 A

ir
 f

ix
ed

 s
er

vi
ce

s 
ex

cl
us

iv
el

y
11

,9
00

 to
 1

2,
30

0
25

.2
to

24
.4

Fi
xe

d 
se

rv
ic

es
c.

W
ith

in
 th

e 
ba

nd
 2

50
 to

 2
85

 k
ilo

-
12

,3
00

 to
 1

2,
82

5
24

.4
to

23
.4

M
ob

ile
 s

er
vi

ce
s

E
ur

op
e

cy
cl

es
pe

r 
se

co
nd

 (
1,

20
0 

to
12

,8
25

 to
 1

3,
35

0
13

,3
50

 to
 1

4,
00

0
23

.4
to

22
.4

22
.4

to
21

.4
M

ob
ile

 s
er

vi
ce

s 
an

d 
fi

xe
d 

se
rv

ic
es

Fi
xe

d 
se

rv
ic

es

19
4 

to
28

5
1,

55
0

to
 1

,0
50

1,
05

0 
m

et
er

s)
.

Fi
xe

d 
se

rv
ic

e
no

t o
pe

n 
to

 p
ub

lic
 c

or
re

sp
on

d-
n
o
s
e

.

14
,0

00
 to

 1
4,

40
0

14
,4

00
 to

 1
5,

00
0

21
.4

to
20

.8
20

.8
to

19
.8

5
A

m
at

eu
rs

Fi
xe

d 
se

rv
ic

es
d.

 B
ro

ad
ca

st
in

g 
w

ith
in

 th
e 

ba
nd

15
,1

00
 to

 1
5,

35
0

19
.8

5 
to

19
.5

5
B

ro
ad

ca
st

in
g

19
4

to
22

4
ki

lo
cy

cl
es

pe
r

15
.3

50
 to

 1
6,

40
0

19
.5

5 
to

18
.3

Fi
xe

d 
se

rv
ic

es
se

co
nd

 (
1 

55
0 

to
 1

,3
40

 m
et

er
s)

16
,4

00
 to

 1
7,

10
0

18
.3

to
17

.5
M

ob
ile

 s
er

vi
ce

s
a.

 M
ob

ile
se

rv
ic

es
ex

ce
pt

17
,1

00
 to

 1
7,

75
0

17
.5

to
16

.9
M

ob
ile

 s
er

vi
ce

s 
an

d 
fi

xe
d 

se
rv

ic
es

O
th

er
 r

eg
io

ns
co

m
m

er
ci

al
sh

ip
st

a-
tio

ns
b.

 F
ix

ed
ai

r
se

rv
ic

es
ex

cl
us

iv
el

y
ic

. F
ix

ed
 s

er
vi

ce
s 

no
t o

pe
n 

to
pu

bl
ic

 c
or

re
sp

on
de

nc
e

17
,7

50
 to

 1
7,

80
0

17
,8

00
 to

 2
1,

45
0

21
,4

50
 to

 2
1,

55
0

21
,5

50
 to

 2
2,

30
0

22
,3

00
 to

 2
3,

00
0

23
.0

00
 to

 2
8,

00
0

18
.9

to
16

.8
5

16
.8

5 
to

14
14

to
13

.9
13

.9
to

13
.4

5
13

.4
5 

to
13

.1
13

.1
to

10
.7

B
ro

ad
ca

st
in

g
Fi

xe
d 

se
rv

ic
es

B
ro

ad
ca

st
in

g
M

ob
ile

 s
er

vi
ce

s
M

ob
ile

 s
er

vi
ce

s 
an

d 
fi

xe
d 

se
rv

ic
es

N
ot

 r
es

er
ve

d
28

5 
to

31
5 

to
35

0 
to

31
5

35
02

36
0

1,
05

0
95

0
85

0

to
95

0
to

85
02

to
83

0

R
ad

io
 b

ea
co

ns
A

ir
 m

ob
ile

 s
er

vi
ce

s 
ex

cl
us

iv
el

y
M

ob
ile

 s
er

vi
ce

s
no

t
op

en
to

pu
bl

ic
co

r-
re

sp
on

de
nc

e

28
,0

00
 to

 3
0,

00
0

30
,0

00
56

,0
00

56
,0

00
 to

 6
0,

00
0

A
bo

ve
 6

0,
00

0

10
.7

to
10

10
to

5.
35

5.
35

B
e 

to
5

lo
w

 8

A
m

at
eu

rs
 a

nd
 e

xp
er

im
en

ta
lto

N
ot

 r
es

er
ve

d
A

m
at

eu
rs

 a
nd

 e
xp

er
im

en
ta

l
N

ot
 r

es
er

ve
d

36
0 

to
39

0
83

0
to

77
0

a.
 R

ad
io

 c
om

pa
ss

 s
er

vi
ce

b.
 M

ob
ile

 s
er

vi
ce

s,
 o

n 
co

nd
iti

on
 th

at
 th

ey
I 

T
he

 w
av

e 
of

 1
43

 k
ilo

cy
cl

es
 p

er
 s

ec
on

d 
(2

,1
00

 m
et

er
s)

 is
 th

e 
ca

lli
ng

 w
av

e 
fo

r 
m

ob
ile

do
 n

ot
 in

te
rf

er
e 

w
ith

 r
ad

io
 c

om
pa

ss
st

at
io

ns
 u

si
ng

 lo
ng

 c
on

tin
uo

us
 w

av
es

.
se

rv
ic

e
2 

T
he

 w
av

e 
of

 3
33

 k
ilo

cy
cl

es
 p

er
 s

ec
on

d 
(9

00
 m

et
er

s)
 is

 th
e 

in
te

rn
at

io
na

l c
al

lin
g 

w
av

e 
fo

r
39

0 
to

46
0

77
0

to
65

0
M

ob
ile

 s
er

vi
ce

s
se

rv
ic

es
.

48
0 

to
48

5
65

0
to

62
0

M
ob

ile
 s

er
vi

ce
s

(e
xc

ep
t d

am
pe

d 
w

av
es

 a
nd

I 
T

he
 w

av
e 

of
 5

00
 k

ilo
cy

cl
es

 p
er

 s
ec

on
d 

(6
00

 m
et

er
s)

 is
 th

e 
in

te
rn

at
io

na
l c

al
lin

g 
an

d
ra

di
ot

el
ep

ho
ny

)
di

st
re

ss
 w

av
e.

It
 m

ay
 b

e 
us

ed
 f

or
 o

th
er

 p
ur

po
se

s 
on

 c
on

di
tio

n 
th

at
 it

 w
ill

 n
ot

 in
te

rf
er

e 
w

ith
48

5 
to

51
52

62
0

to
58

02
M

ob
ile

 s
er

vi
ce

s 
(d

is
tr

es
s,

 c
al

l, 
et

c.
)

ca
ll 

si
gn

al
s 

an
d 

di
st

re
ss

 s
ig

na
ls

.
51

5 
to

55
0

58
0

to
54

5
M

ob
ile

se
rv

ic
es

no
t

op
en

to
pu

bl
ic

ca
r-

. M
ob

ile
 s

er
vi

ce
s 

m
ay

 u
se

 th
e 

ba
nd

 5
50

 to
 1

,3
00

 k
ilo

cy
cl

es
 p

er
 s

ec
on

d 
(5

45
 to

 2
30

 m
et

er
s)

re
sp

on
de

nc
e

(e
xc

ep
t

da
m

pe
d

w
av

es
an

d
on

 c
on

di
tio

n 
th

at
 th

is
 w

ill
 n

ot
 c

au
se

 in
te

rf
er

en
ce

 w
ith

 th
e 

se
rv

ic
es

 o
f 

a 
co

un
tr

y 
w

hi
ch

 u
se

s
ra

di
ot

el
ep

ho
ny

)
th

is
 b

an
d 

ex
cl

us
iv

el
y 

fo
r 

br
oa

dc
as

tin
g.

55
0 

to
1,

30
0,

54
5

to
23

0'
B

ro
ad

ca
st

in
g:

N
cr

rx
.-

It
 is

 r
ec

og
ni

se
d 

th
at

 s
ho

rt
 w

av
es

 (
fr

eq
ue

nc
ie

s 
fr

om
 6

,0
00

 to
 2

3,
00

0 
ki

lo
cy

cl
es

 p
er

1,
30

0 
to

1,
50

0
23

0
to

20
0

a.
 B

ro
ad

ca
st

in
g

se
co

nd
 a

pp
ro

xi
m

at
el

y 
-w

av
e 

le
ng

th
s 

fr
om

 5
0 

to
 1

3 
m

et
er

s 
ap

pr
ox

im
at

el
y)

 a
re

 v
er

y 
ef

fi
ci

en
t

b.
 M

ar
iti

m
e 

m
ob

ile
se

rv
ic

es
,

w
av

es
 o

f
fo

r 
lo

ng
-d

is
ta

nc
e 

co
m

m
un

ic
at

io
ns

.
It

 is
 r

ec
om

m
en

de
d 

th
at

, a
s 

a 
ge

ne
ra

l r
ul

e,
 th

is
 b

an
d 

of
1,

36
5

ki
lo

cy
cl

es
pe

r
se

co
nd

(2
20

w
av

es
 b

e 
re

se
rv

ed
 f

or
 th

is
 p

ur
po

se
, i

n 
se

rv
ic

es
be

tw
ee

n 
fi

xe
d 

po
in

ts
.

m
et

er
s)

 e
xc

lu
si

ve
ly

O r --
1 O 01

-a O rn



LESSON NO.12 PAGE 13

MUNICATIONS OR SIGNALS OR RADIO COMMUNICATIONS CONTAINING PROFANE OR 08 -
SCENE WORDS OR LANGUAGE, (D) WILLFULLY OR MALICIOUSLY INTERFERING WITH

ANY RADIO COMMUNICATIONS OR SIGNALS, (E) ANY IMPROPER ALTERATION OF THE

SERVICE RECORD ON THE LICENSE, OR THE FORGERY OF MASTERS' OR EMPLOYERS'

SIGNATURES THEREON OR (F) VIOLATION OF ANY PROVISION OF ANY ACT OR TREATY
BINDING ON THE UNITED STATES WHICH THE SECRETARY OF COMMERCE OR THE COMM
ISSION IS AUTHORIZED BY THE RADIO ACT OF 1927 TO ADMINISTER, OR OF ANY

REGULATION MADE BY THE COMMISSION OR THE SECRETARY OF COMMERCE UNDER ANY
SUCH ACT OR TREATY.

ANY OPERATOR FAILING OR REFUSING TO OBSERVE OR VIOLATING ANY RULE,
REGULATION, RESTRICTION, OR CONDITION MADE OR IMPOSED BY THE LICENSING

AUTHORITY UNDER THE AUTHORITY OF THE RADIO ACT OF 1927 OR OF ANY INTER-

NATIONAL RADIO CONVENTION OR TREATY RATIFIED OR ADHERED TO BY THE UNITED

STATES, IN ADDITION TO ANY OTHER PENALTIES PROVIDED BY LAW, UPON CONVIC-
TION THEREOF BY A COURT OF COMPETENT JURISDICTION, SHALL BE PUNISHED BYA
FINE OF NOT MORE THAN $500 FOR EACH AND EVERY OFFENSE.

ANY OPERATOR WHO SHALL VIOLATE ANY PROVISION OF THE RADIO ACT OF

1927, OR SHALL KNOWINGLY MAKE ANY FALSE OATH OR AFFIRMATION IN ANY AFFI-
DAVIT REQUIRED OR AUTHORIZED BY THE RADIO ACT OF 1927, OR SHALL KNOWING-
LY SWEAR FALSELY TO A MATERIAL MATTER IN ANY HEARING AUTHORIZED BY THE

ACT, UPON THE CONVICTION THEREOF IN ANY COURT OF COMPETENT JURISDICTION

SHALL BE PUNISHED BY A FINE OF NOT MORE THAN $5000 OR BY IMPRISONMENT FOR
A TERM OF NOT MORE THAN FIVE YEARS, OR BOTH, FOR EACH AND EVERY SUCH OFFS
ENSE.

115. EVERY SHIP STATION WHOSE RADIO SERVICE IS ON THE VERGE OF

BEING CLOSED BY REASON OF ITS ARRIVAL IN PORT mtJaT NOTIFY THE NEAREST

LAND STATION. A CONSTANT RADIO WATCH SHALL BE MAINTAINED WHEN ENTERING

ANY PORT OF CALL, BEGINNING EIGHT HOURS BEFORE ARRIVAL.

IS. - BROADCASTING TRANSMITTERS ARE PERMITTED BY LAW TO HAVE A FR.&
QUENCY DEVIATION NOT IN EXCESS OF 50 CYCLES, PLUS OR MINUS.

17. WHEN IT IS NECESSARY TO MAKE TEST SIGNALS IN ORDER TO ADJUST
THE APPARATUS BEFORE PROCEEDING WITH A CALL OR TRANSMISSION, THEN THESla
NALS MUST NOT BE MADE FOR MORE THAN ABOUT I0 SECONDS AND THEY MUST BE

COMPOSED OF A SERIES OF VI'S FOLLOWED BY THE CALL SIGNAL OF THE SENDING

STATION.

IF A STATION SENDS TEST SIGNALS AT THE REQUEST OF ANOTHER STATION
TO PERMIT THE LATTER TO ADJUST ITS RECEIVING APPARATUS, THESE SIGNALS

MUST LIKEWISE BE COMPOSED OF A SERIES OF V18 IN WHICH THE CALL SIGNAL OF
THE TRANSMITTING STATION SHALL APPEAR SEVERAL TIMES.

TESTS AND ADJUSTMENTS IN ANY STATION MUST BE CONDUCTED SO AS NOT TO
INTERFERE WITH THE SERVICE OF OTHER STATIONS ENGAGED IN AUTHORIZED CORR-
ESPONDENCE. THE TEST AND ADJUSTMENT SIGNALS MUST BE CHOSEN SO THAT NO

CONFUSION CAN BE PRODUCED WITH A SIGNAL, ABBREVIATION ETC. OF SPECIAL
MEANING DEFINED BY THE REGULATIONS.

ANY STATION TRANSMITTING FOR TESTS, ADJUSTMENTS, OP EXPERIMENTS,

MUST DURING THE COURSE OF THESE TRANSMISSIONS SEND ITS CALL SIGNALS AT

FREQUENT INTERVALS.
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AMATEUR RULES AND REGULATIONS

FOR THOSE WHO ARE INTERESTED IN OPERATING AN AMATEUR STATION, THE
FOLLOWING RULES AND REGULATIONS ARE POINTED OUT. IT 18 TO BE NOTED THAT
THOSE RULES HERE GIVEN APPLY PARTICULARLY TO AMATEUR OPERATION AND WERE
THEREFORE NOT GIVEN EARLIER IN THIS LESSON WHERE COMMERCIAL OPERATING WAS
OF PRIMARY CONSIDERATION. IT IS, HOWEVER, ADVISABLE THAT EVEN THEAMATEUR
OPERATOR BE FAMILIAR WITH ALL OF THE RULES AND REGULATIONS WHICH HAVE BEEN
PRESENTED IN THIS LESSON*

- THE TERM "AMATEUR" WHEN USED WITHOUT FURTHER DESCRIPTIVE WORDS
MEANS A PERSON INTERESTED IN RADIO TECHNIQUE SOLELY WITH A PERSONAL AIM
AND WITHOUT ACCEPTING PAYMENT FOR HANDLING MESSAGES OF ANY KIND*

2. THE VARIOUS BANDS WHICH ARE SET ASIDE FOR AMATEUR USE AREDES-
IGNATED AS SUCH IN TABLE II OF THIS LESSON.

3. IN THE UNITED STATES NONE OTHER THAN CITIZENS OF THIS COUNTRY
MAY OBTAIN AN AMATEUR STATION LICENSE AND NO STATION MAY BE OPERATED ON
PREMISES WHICH ARE CONTROLLED BY AN ALIEN.

4. ALL AMATEUR OPERATORS ARE REQUIRED TO KEEP AN ACCURATE "LOG"
(RECORD) OF ALL COMMUNICATIONS IN WHICH THEY ENGAGE AND ARE OBLtQED 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 STATION CALLED;
NATURE OF TRANSMISSION; THE FREQUENCY BAND USED; THE LOCATION OF THE
TRANSMITTER AT EACH TRANSMISSION IF IT 18 OF THE PORTABLE TYPE; AND THE
INPUT POWER TO THE FINAL AMPLIFIER STAGE.

5.  THE MAXIMUM IN?UT POWER ALLOWED FOR AN AMATEUR STATION IS
I KW,* THIS MEANS A MAXIMUM OF I KW. TO THE PLATE CIRCUIT OF THE FINALAMf
LIFIER*

Se AN AMATEUR STATION MAY NOT BROADCAST ANY FORM OF ENTERTAIN-
MENT.

7. - IF AN AMATEUR STATION CAUSES INTERFERENCE WITH BROADCAST RE^
CEPTION ON RECEIVERS OF MODERN DESIGN, THE STATION 18 REQUIRED TUOBSERVE
A SILENT PERIOD (CALLED "QUIET HOURS") FROM 8:0C P.M. TO 10:30 P.M.LOCAL
TIME AND ON SUNDAYS DURING AN ADDITIONAL PERIOD EXTENDING FROM 10:30 A.M.
UNTIL I P.M.

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 SUFFICIENTLY IMPORTANT TO SEND
BY PUBLIC TELEGRAPH OR CABLE SERVICE. UNLESS SPECIAL ARRANGEMENTS HAVE
BEEN MADE BETWEEN GOVERNMENTS OF THE TWO COUNTRIES CONCERNED,THIRD^PARTY
MESSAGES (THAT IS, MESSAGES ADDRESSED TO OR FROM SOME PERSON OTHER THAN
EITHER OF THE AMATEURS CONCERNED IN THE CONTACT) MAY NOT BE HANDLED.

9. IN THE EVENT THAT THE OPERATOR OF AN AMATEUR STATION SHOULD
HERE A DISTRESS SIGNAL BEING TRANSMITTED FROM A SHIP OR AIRCRAFT, THEN
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HE SHOULD CEASE ALL TRANSMISSION CAPABLE OF INTERFERING WITH THE SIGNALS
OF THE DISTRESSED SHIP, OR STATIONS COMMUNICATING WITH IT. THE OPERATOR

SHOULD CONTINUE TO LISTEN UNTIL IT 18 APPARENT THAT THE SHIP IS RECEIVING

ASSISTANCE*

IF NO ONE SEEMS TO ANSWER THE SHIP, FULL PARTICULARS SHOULD IMMD"
IATELY BE CONVEYED BY LAND LINE TO THE NEAREST GOVERNMENT OR COMMERCIAL

STATION. EVERYTHING POSSIBLE SHOULD BE DONE TO BRING ASSISTANCE TO THE

DISTRESSED SHIP 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 SHOULD STUDY THIS LESSON WITH
SPECIAL CARE BECAUSE QUESTIONS CONCERNING THE SUBJECT MATTER CONTAINED
HEREIN ARE ASKED IN THE GOVERNMENT EXAMINATIONS WHIDA QUALIFY YOU FOR

AN OPERATOR'S LICENSE. EVEN THOUGH YOU DO NOT SELECT ANY OF THESE PAR-

TICULAR FIELDS FOR SPECIALIZATION, IT IS MOST ADVISABLE THAT YOU HAVE A
CLEAR KNOWLEDGE OF THIS MATTER, FOR YOU NEVER CAN TELL BUT THAT YOU
MIGHT HAVE NEED FOR IT SOME 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 SPECIAL INTEREST IN THAT YOU WILL AT THAT TIME COMMENCE YOUR STUDY OF
RADIO TELEPHONE TRANSMITTERS, WHICH PERMIT THE TRANSMISSION OF VOICE BY
MEANS OF RADIO. 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 THE MAJOR"
ITY OF THESE SAME PRINCIPLES ARE AGAIN GOING TO BE EMPLOYED IN YOUR

PHONE TRANSMITTER STUDIES WHICH ARE NOW TO COME. SINCE IT WILL BE ASSUME
ED THAT YOU ARE ALREADY WELL INFORMED CONCERNING THE SUBJECTS OF PRL

VIOUS LESSONS, NONE OF THESE SHALL BE REPEATED $N THE FOLLOWING LESSONS.
THEREFORE, IF THERE 18 ANY DOUBT WHATEVER IN YOUR MIND REGARDING ANYONE
OF THESE SUBJECTS, IT IS ADVISABLE BEFORE CONTINUING WITH YOUR ADVANCED
WORK THAT YOU REVIEW YOUR PREVIOUS TRANSMITTER LESSONS VERY CAREFULLY

ESPECIALLY THOSE WHICH TREAT WITH OSCILLATORS, AMPLIFIERS, ANTENNA

SYSTEMS, AND POWER SUPPLIES.

rei



examination autotiono-
LESSON NO. 1-12

A business may be ever so success-
ful,but it is never so sure -- never
secure, until it holds itsoldfriends
by Service and increases its circle
of New Friends on the basis of Satis-

faction.

Io "' WHAT IS THE GENERAL ROUTINE WHICH IS TO BE FOLLOWED WHEN

CALLING A STATION?

2. IF YOU WERE AN OPERATOR ABOARD SHIP, HOW WOULD YOU OB-

TAIN A RADIO COMPASS BEARING?

3.  HOw WOULD YOU ANSWER A CALL FROM ANOTHER STATION PREV"'

IOUS TO THE TRANSMISSION OF THE ACTUAL MESSAGE?

4. - EXPLAIN THE RELATION BETWEEN EASTERN STANDARD TIME, PA-

CIFIC STANDARD TIME, AND GREENWICH MEAN TIME.

5.  EXPLAIN IN DETAIL HOW A RADIOGRAM SHOULD BE TRANSMITTED.

3. - IF YOU WERE AN OPERATOR ABOARD SHIP, HOW WOULD YOU SEND

THE DISTRESS SIGNAL?

7. 4" EXPLAIN IN DETAIL THE TWENTY-FOUR-HOUR TIME SYSTEM.

8. - WHAT IS MEANT BY THE EXPRESSION "ZONES OF WATCH"?

9. WHAT IS THE LAW REGARDING THE SECRECY OF MESSAGES WHICH
ARE HANDLED BY RADIO COMMUNICATION?

10.""' STATE THE ORDER OF PRIORITY OF VARIOUS CLASSES OF RADIO

COMMUNICATION.

PRINTED IN U.B.A.
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LESSON NO. 13

RADIO TELEGRAPH TRANSMITTER'S

YOUR TRANSMITTER STUDIES UP TO THE PRESENT TIME HAVE TREATED EX-
CLUSIVELY WITH CODE TRANSM I TTERS3 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 SIMPLY AS "PHONE TRANSMITTERS.

FIG .1
A Section of National's 7,3:al-Ism/Wet- Evora.



PAGE 2
TRANSMITTERS

IT IS IMPORTANT THAT YOU BEAR IN MIND THAT THE RADIO FREQUENCYSEC".
TION OF PHONE TRANSMITTERS IS FUNDAMENTALLY THE SAME AS THAT OF A CODE
TRANSMITTER. IN GOTH CASES, THIS SECTION OF THE TRANSMITTER GENERATES AND
AMPLIFIES RADIO FREQUENCY ENERGY SO THAT THE NECESSARY ELECTROMAGNETIC
WAVES MAY BE RADIATED IN ORDER TO CARRY THE MESSAGE OR PROGRAM THROUGH
SPACE. THIS MEANS THAT EVERYTHING WHICH YOU HAVE LEARNED SO FAR CONCERN-
ING TRANSMITTERS IS GOING TO BE OF GREAT VALUE TO YOU IN THE STUDIES
WHICH ARE NOW TO COME.

THERE ARE OF COURSE SOME RADICAL DIFFERENCES BETWEEN CODE ANDPHONE
TRANSMITTERS BUT THESE SHALL ALL BE POINTED OUT TC YOU AS WEADVANCETHRU
THIS MOST INTERESTING PART OF YOUR TRANSMITTER STUDIES.

MODULATION

IN FIG. 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 IN THIS

I G. 2

8/ock Diagram Of a Typical Paclio
Telephone 7,--R/75/77i4er%

AMPLIFIED BY THE A.F. AMPLIFIER. THE TASK OF THE
THE AMPLIFIED A.F. SIGNALS IN SUCH A MANNER THAT

SYSTEM IN THE SAME
MANNER AS YOU FOUND
THEM IN CODE TRANS-
MITTERS. THIS SECTION
OF THE PHONE TRANS-
MITTER IS SO CON-
STRUCTED THAT WHEN NO
SOUNDS ARE BEINGPICK
ED UP BY THE MICRO-
PHONE, A CONTINUOUS
TYPE WAVE WILL BE RA-
DIATED BY THE ANTENNA
SYSTEM. THIS IS KNOWN
AS THE CARRIER WAVE.

WHENEVER SOUND
WAVES ACT UPON THE
MICROPHONE,THEN THESE
ARE CONVERTED TO EL-
ECTRICAL IMPULSES IN

THE USUAL WAY AND ARE
MODULATOR IS TO UTILIZE
THE R.F. WAVE -FORM AT

THE OUTPUT OF THE TRANSMITTER WILL HAVE EITHER ITS FREQUENCY OR AMPLITUDE
VARIED IN ACCORDANCE WITH THE AUDIO WAVE -FORM AS FURNISHED BY THE A.F.
AMPLIFIER, THIS PROCESS OF VARYING THE R.F. WAVE -FORM OF THE TRANSMITTER
EITHER IN FREQUENCY OR AMPLITUDE AT AN AUDIO FREQUENCY RATE IS KNOWN AS
MODULATION.

ALTHOUGH MODULATION CAN BE ACCOMPLISHED BY VARYING EITHER THE FRE-
QUENCY OR AMPLITUDE OF THE R.F. WAVE A7 AN AUDIO FREQUENCY RATE, YET COM
MERCIALLY ONLY "AMPLITUDE MODULATION" IS USED IN MODERN RADIO TELEPHONE
EQUIPMENT.

THE MODULATED WAVE

IN FIG.3 YOU ARE SHOWN WHAT HAPPENS TO THE CARRIER WAVE WHEN AMP



MAXIMUM VALUE, NOR I8 THE CARRIER WAVE REDUCED TO ZERO WHEN THE
WAVE IS AT ITS NEGATIVE MAXIMUM VALUE.

LESSON NO13 PAGE 3

LITUDE MODULATION TAKES PLACE. NOTICE AT THE RIGHT OF FIG. 3 HOW THE

CARRIER FREQUENCY IS OF THE PURE CW (CONTINUOUS) TYPE AND OF CONSTANT

AMPLITUDE AT THAT TIME WHEN NO MODULATION OCCURS.

WHEN MODULATION OCCURS, THE CARRIER FREQUENCY STILL REMAINS CON-

STANT BUT THE AMPLITUDE OF THIS WAVE'"FORM INCREASES AND DECREASES IN ACC
ORDANCE WITH THE AUDIO FREQUENCY VARIATIONS. WE THEN HAVE A CONDITION

AS PICTURED IN THAT PORTION OF FIG. 3 WHERE MODULATION 18 SHOWN AS TAKING
PLACE.

THE EXTENT OR AMOUNT THAT THE CARRIER WAVE IS CHANGED DURING THE

PROCESS OF MODULATION IS EXPRESSED AS A PERCENTAGE AND IS COMMONLY RE-

FERRED TO AS THE PERCENTAGE OF MODULATION.

THE CARRIER WAVE NORMALLY HAS A CERTAIN VALUE OR AMPLITUDE AND WHEN
FULL MODULATION'S OR 100% MODULATION OCCURS, WE HAVE A CONDITION AS PIC"'

TURED AT "A" OF FIG. 4. IN THIS CASE, WE FIND THAT WHEN THE POSITIVE

PEAK OF THE AUDIO WAVE REACHES ITS MAXIMUM VALUE,THE PEAKS OF THE CARR.'

Carrier
frecluencti Continuous wave modulated

by speech or trus-c.

'
It.

Non- modulated
or Straight

Sr NJ.

Frequency Variations of +he
carrier frequency arnpliiude
when microphone is used,

,
4

c.w. output. or Carrier- Freluency
of +he fransrni+l-er when micro-
phone TS noi- in use.

A4odi.1431-1/73 4he Carr-rerFre9wer7cy-

IER WAVE BECOME DOUBLE THE VALUE REACHED WHEN NO MODULATION IS OCOURING.-

ALSO, WHEN THE OTHER HALF OF THE AUDIO WAVE REACHES A MAXIMUM VALUE IN

A NEGATIVE DIRECTION, THE CARRIER -WAVE PEAKS ARE REDUCED TO ZFRO0

THE CONDITION OF 100% MODULATION IS IDEAL AND IS STRIVED FOR IN ALL
HIGH QUALITY TRANSMITTERS,

WHENEVER THE CARRIER -'WAVE IS LESS THAN 100% MODULATED,THEN WE HAVE
A CONDITION SOMEWHAT AS THAT ILLUSTRATED AT "B" OF FIG,4, HERE YOU WILL

OBSERVE THAT THE PEAKS OF THE CARRIER -WAVE NO LONGER BECOME EQUAL TO
TWICE THEIR UN -MODULATED AMPLITUDE WHEN THE A.F. WAVE IS AT ITS POSITIVE

A.F.

THE REPRODUCTION OF THE SOUNDS AT THE RECEIVER IS GREATLY AFFECTED

BY THE EXTENT TO WHICH THE CARRIER -WAVE IS MODULATED. FOR INSTANCE, AS

FAR. AS THE RECEIVER IS CONCERNED, A $0 -'WATT CARRIER MODULATED 100% IS

PRACTICALLY AS EFFECTIVE AS A 4O -'WATT CARRIER WHICH IS MODULATED ONLY
50.
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AT "0" OF FIG. 4 YOU ARE SHOWN WHAT OCCURS WHEN 'OVER-MODULATION"
'CAKES PLACE. WHEN THIS HAPPENS, WE FIND THAT WHEN THE POSITIVE PEAK OF
THE AUDIO WAVE REACHES ITS MAXIMUM VALUE, THE PEAKS OF THE CARRIER WAVE
CECOME MORE THAN DOUBLE THE VALUt REACHED WHEN NO MODULATION OCCURS.
FURTHERMORE, WHEN THE OTHER HALF OF THE AUDIO WAVE REACHES A MAX1rAJM
VALUE IN A NEGATIVE DIRECTION, THE NEGATIVE PEAK OF THE ENVELOPE IS CUT
OFF ENTIRELY. THIS THEN IS A CASE OF UNSYMMETRICAL MODULATION IN THAT
THE AVERAGE AMPLITUDE IS NC LC:W.3ER THE SAME AS THE UNMODULATED AMPLITUDE
AND DISTORTION RESULTS EVEN THOUCil THE MODULATING SIGNAL BE A PURE TONE.
OVERMODULATION, THEREF -E, IS UNDESIRABLE.

A - i00°10 ModulZire,c1
Peak modulated

4m/2i/elate

4111111111 e"'fil lude _
il2tcarZEMCarrier

deAm du

1111111116.. .111I
IffitITENITI 11111111r.

11111111'

- Less lrharl l00`7Drric

Carrier

111.04111gi1'

C- Over modulated
Over /007.

Carrt
111 111.

.111.

11111111111111111111111 1111111i,

III1111111111111111111111111111r

-111111111F

Cat off

PIG.4
Various Degrees ofAiodulaii0/7.

THE PERCENTAGE OF MODULATION(M)
CAN BE CALCULATED WITH THE AID OF THE
FOLLOWING FORMULA:

M I MODULATED CARRIER
CARRIER

WHERE "I MODULATED" IS THE PEAK-CURR-
ENT VALUE Al THE MAXIMUM AMPLITUDE OF
THE MODULATED WAVE AND "I CARRIER" IS
THE PEAK-CURRENT VALUE OF THE CARRIER
AMPLITUDE.

X 100

THE EXPRESSION MODULATION FACTOR
IS ALSO FREQUENTLY USED. THIS VALUE IS
EQUAL TO THE PERCENTAGE OF MODULATION
DIVIDED BY 100  THAT IS, SIMPLY WITH
THE PERCENT SIGN REMOVED AND THE DEO.'
IMAL POINT MOVED TWO PLACES TOWARDS
THE LEFT. IN OTHER WORDS, AMODULATION
PERCENTAGE OF 100% IS EQUIVALENT TO A
MODULATION FACTOR OF I; A MODULATION
PERCENTAGE OF 50% IS EQUIVALENT TO A

MODULATION FACTOR OF 0.5 ETC.

SIDE BANDS

WHEN DEALING WITH MODULATEDWAVE
FORMS, WE MUST IN ADDITION TO THE CARRIER FREQUENCY ALSO CONSIDER THE
SIDEBAND FREQUENCIES% FOR EXAMPLE, STANDARD BROADCAST TRANSMITTERSARE

CAPABLE OF HANDLING AUDIO FREQUENCIES UP TO 5000 CYCLES PER SECOND. ALr.
THOUGH IT IS TRUE THAT FOR HIGH FIDELITY RECEPTION, A.F. SIGNALS OF STILL
HIGHER FREQUENCY WOULD BE REQUIRED, YET THESE HIGHER FREQUENCIES ARE NOT
ABSOLUTELY ESSENTIAL FOR SATISFACTORY RESULTS.

AT ANY RATE, ASSUMING THAT AN AUDIO FREQUENCY OF 5000 CYCLES IS BE-
!NG HANDLED BY A CERTAIN TRANSMITTER, THIS WOULD MEAN THAT IN ADDITION TO
THE CARRIER FREQUENCY, OUR MODULATED WAVE-FORM WOULD ALSO CONSISTS OF TWO
SIDe-.SAND COMPONENTS EXTENDING 5000 CYCLES ON EACH SIDE OF THE CARRIER
FREQUENCY.

IN FIG. 5, FOR INSTANCE, WE HAVE ONE CURVE ILLUSTRATING AN AUDIO
FREQUENCY OF 5000 CYCLES BESIDE ANOTHER CURVE WHICH REPRESENTS ASTATIONIS

CARRIER FREQUENCY OF 800 KC. OR 800,000 CYCLES. THE LOWER SIDE-BAND FREI^.
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QUENCY WOULD THEN BE EQUAL TO 800,000 MINUS 5,000 OR 795,000 CYCLES. THE
HIGHER SIDE' -BAND FREQUENCY IN THIS SAME INSTANCE WOULD BE EQUAL TO 800,

Od0 PLUS 5,000 OR 805,000 CYCLES.

THE INTERACTION BETWEEN THESE THREE DISTINCT FREQUENCIES PRODUCES THE
RESULTANT AMPLITUDE CHANGE IN THE OUTPUT WAVE --FORM, CHANGING IT TO THE

SHAPE DESIGNATED AS THE "RESULTANT MODULATED WAVE-FORMS IN FIG. 5. THIS

RESULTANT WAVE SHAPE AT EACH POINT REPRESENTS THE INSTANTANEOUS SUM OF

THE CARRIER, LOWER SIDEBAND, AND HIGHER SIDE BAND FREQUENCIES.

ALTHOUGH IT IS TRUE THAT THE BAND WIDTH OCCUPIED BY THE SIDE BANDS

IN THIS PARTICULAR CASE AMOUNTS TO 5,000 PLUS 5,000 OR 10,000 CYCLES, YET
THE ACTUAL RESULTANT FREQUENCY DUE TO THE INTERACTIONS JUST EXPLAINED IS

5,000 CYCLES AND THE RECEIVER'S SPEAKER UNIT WILL THEREFORE RESPOND TO

THIS 5000 CYCLE FREQUENCY AND REPRODUCE THE CORRESPONDING TONE.

THE MODULATION FACTOR CAN ALSO BE DETERMINED IN TERMS OF THE SIDE

BAND AND CARRIER FREQUENCIES BY APPLYING THE FOLLOWING FORMULA:

MODULATION FACTOR - 1 + 1.2
IC

WHERE I1= PEAK-CURRENT VALUE OF THE LOWER SIDEBAND
CURRENT VALUE OF THE UPPER SIDEBAND FREQUENCY; AND
OF THE CARRIER FREQUENCY.

METHODS OF MODULATION

FREQUENCY; I.2.= PEAW""

1 - PEAK-CURRENT VAL

Now THAT YOU ARE FAMILIAR WITH THE GENERAL THEORY PERTAINING TO THE
MODULATED WAVEFORM, YOU WILL NEXT BE INTERESTED IN LEARNING JUST EXACTLY
HOW MODULATION IS ACCOMPLISHED..

Lower side - and frequency =795,mocycles

A.F. Signal frequency =

5000 cycles. Carrier frequency = eoo,000 cycles

f

Ih
Resui oclu la+ ed

wave

Nigher Side-band frequency = 8°5 toad cycles

FIG.5
The Carrierarc/ Side-5anoJ F"--equan cy "E'e / a b'or-7
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THERE ARE TWO GENERAL TYPES OF MODULATION SYSTEMS WHICH ARE USED,NAMELY, PLATE MODULATION AND GRID MODULATION. PLATE MODULATION WAS IN^VENTED BY R.A. HEISING AND THEREFORE THIS METHOD IS ALSO KNOWN AS THE"HEISING MODULATION SYSTEM". THE HEISING SYSTEM SHALL BE EXPLAINED TOYOU FIRST.

IN FIG.

STUDYING THIS
COIL, CALLED THE
OF BOTH THE R.F.

THE HEISING MODULATING SYSTEM

6 YOU ARE SHOWN THE BASIC HEISING MODULATING SYSTEM. BY
CIRCUIT CAREFULLY YOU WILL NOTE THAT AN IRON CORE CHOKE

"PLATE REACTOR", IS CONNECTED BETWEEN B+ AND THE PLATE
AMPLIFIER AND THE MODULATOR TUBE. THEREFORE, THE PLATE

CURRENT WHICH IS DRAWN

Basic

BY BOTH OF THESE TUBES
MUST FLOW THROUGH THIS
SAME REACTOR.

AT THE TIME THAT
THE MODULATOR TUBE IS
NOT IN USE,THE PLATE
CURRENT FLOWING THRU
THE R.F. AMPLIFIER
WILL VARY ABOVE AND
BELOW ITS NORMAL VAL-
UE AT A RADIO FREQUEN-
CY RATE IN ACCORDANCE
WITH THE FREQUENCY
WHICH IS GENERATED BY
THE TRANSMITTERISOSC
ILLATOR. THE CRIDCIR-
CUIT OF THE MODULATOR
TUBE, ON THE OTHER
HAND, IS EXITED AT ANAUDIO FREQUENCY RATE IN ACCORDANCE WITH THE AMPLIFIED SIGNAL ENERGY ASFURNISHED BY THE MICROPHONE AND A.F. AMPLIFIER. THEREFORE, THE PLATECURRENT WHICH FLOWS THROUGH THIS TUBE WILL VARY ABOVE AND BELOW ITSNORMAL VALUE AT THE AUDIO FREQUENCY RATE ALREADY MENTIONED.

FIG. C.

1-ie;s;r7g clzda7Lit-75 5y5.7Letri,

DUE TO THE HIGH SELF-INDUCTANCE OF THE PLATE REACTOR, IT TENDS TOMAINTAIN THE TOTAL CURRENT WHICH FLOWS THROUGH IT AT A PRACTICALLYCON-STANT VALUE. IN OTHER WORDS, WHENEVER, THE CURRENT FLOWING THRU THISREACTOR TENDS TO INCREASE, ADDITIONAL LINES OF FORCE WILL SPREAD OUTAROUND IT AND WILL CUT THROUGH THE TURNS OF THE WINDING, PRODUCINGA COUNTER -ELECTROMOTIVE FORCE WHICH AUTOMATICALLY RETARDS THE FLOW OFCURRENT. SHOULD THE CURRENT FLOW THROUGH THE REACTOR TEND TO DECREASEWITH RESPECT TO ITS NORMAL VALUE, THEN THE COLLAPSING EFFECT OF THELINES OF FORCE WOULD INDUCE A REACTANCE VOLTAGE ACROSS THIS COIL,TENDING TO INCREASE THE FLOW OF CURRENT. IN THIS MANNER, THE CURRENT WHICHIS PASSED BY THE REACTOR REMAINS VERY NEARLY CONSTANT IN VALUE.

To FURTHER ILLUSTRATE THIS POINT, LET US LOOK AT FIG.7. HERE YOU
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ARE SHOWN IN A MORE SIMPLIFIED FORM THE RELATION BETWEEN THE R.F. AMP-

LIFIER AND MODULATOR TUBE, AS WELL AS THEIR CONNECTION TO THE "B" CIR

CU IT.

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 MA. FLOWING THROUGH EACH TUBE.

Now LET US SUPPOSE THAT AN AUDIO SIGNAL CAUSES A POSITIVE CHARGE

TO BE APPLIED TO THE GRID OF THE MODULATOR TUBE AT ONE PARTICULAR IN-

STANT AND THAT THIS CHARGE IS SUFFICIENT TO CAUSE THE PLATE CURRENT

THROUGH THIS TUBE TO INCREASE FROM 50 TO 60 MA.
TENDS TO MAINTAIN THE TOTAL "B" CURRENT AT 100 MA., INCREASE

CURRENT THROUGH THE MODULATOR TUBE WILL
CREASE IN THE CURRENT
FLOWING THROUGH THE
AMPLIFIER TUBE. 1 N

OTHER WORDS, ONLY
100 MINUS 60 OR 40
MA. WILL AT THISTIME
BE AVAILABLE FOR THE
AMPLIFIER TUBE.

AT THE NEXT IN
STANT, LET US ASSUME
THAT THE AUDIO SIG'.

NAL CAUSES A NEGA-
TIVE CHARGE TO BE

APPLIED TO THE GRID
OF THE MODULATOR TUBE
AND THAT THIS CHARGE
IS SUFFICIENT TO

CAUSE THE PLATE CURR
ENT THROUGH THIS
TUBE TO DROP DOWN
TO 20 MA. THE REACTOR
IN THIS CASE WILL
STILL TEND TO MAIN-
TAIN A TOTAL CURRENT
FLOW OF 100 M.A. AND

SO 100 MINUS 20 OR

80 MA. WILL AT THIS TIME

SINCE THE

THE

REACTOR

IN

BRING ABOUT A CORRESPONDINGDE

FIG, 7

Diagrarnrriaiic ExIa4gria74/ot7 of 7117e
Ca/IS 71-a /77' CL., .v, e /771 " P /17 c p /

FLOW THROUGH THE R.F. AMPLIFIER TUBE.

BY FOLLOWING THIS SAME TREND OF THOUGHT, IT CAN BE SEEN THAT BY

APPLYING A FLUCTUATING VOLTAGE OF AUDIO FREQUENCY TO THE GRID OF THE

MODULATOR TUBE, THE PLATE CURRENT THROUGH THE R.F. AMPLIFIER TUBE WILL

VARY CORRESPONDINGLY. AT THE SAME TIME, HOWEVER, THE R.F. AMPLIFIER IS

HAVING ITS PLATE CURRENT VARIED AT A RADIO FREQUENCY RATE DUE TO THE

EXITING VOLTAGE WHICH IS BEING APPLIED ACROSS ITS GRID CIRCUIT. THE

NET RESULT IS THAT THE AMPLITUDE OF THE CARRIER WAVE IS INCREASED AND

DECREASED WITH RESPECT TO ITS NORMAL VALUE IN ACCORDANCE WITH THE A.F.

SIGNAL WHICH IS HANDLED BY THE MODULATOR TUBE. THEMODULATORTUBE,YOU
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WILL NOTICE, OPERATES UPON THE SAME PRINCIPLE AS A POWER TUBE OF ANA.F.AMPLIFIER.

THE HEISING SYSTEM OF MODULATION, AS JUST EXPLAINED, IS ALSO FRE-QUENTLY REFERRED TO AS THE "CONSTANT
-CURRENT SYSTEM" OF MODULATION ANDFROM WHAT YOU HAVE ALREADY LEARNED ABOUT THIS METHOD, YOU CAN READILYSEE HOW THIS CLASSIFICATION ALSO APPLIES TO THIS METHOD OF MODULATION.

A TRANSFORMER -COUPLED MODULATOR

IN FIG. 8 YOU ARE SHOWN A SOMEWHAT DIFFERENT CIRCUIT IN ORDER TOPLATE MODULATION. THIS CIRCUIT IS ESSENTIALLY THE SAME AS THAT
OF FIG.6 WITH THE
EXCEPTION THAT THE
PLATE REACTOR IS

REPLACED WITH A MOD-
ULATION TRANSFORMER.
THE PRIMARY WINDING
OF THIS TRANSFORMER

IS CONNECTED IN SER-
IES WITH THE PLATE
CIRCUIT OF THE MOD-
ULATOR TUBE,WHILETHE
SECONDARY WINDING OF
THIS SAME TRANSFORMER

IS CONNECTED IN SER-
IES WITH THE PLATE
CIRCUIT OF THE R.F.
AMPLIFIER TUBE.

F I G. IS

Application 071 /he Aloc/2.//ailon

TAGE APPEARING IN THIS WINDING
VOLTAGE AS APPLIED TO THE R.F.
ENT TO INCREASE

CORRESPONDINGLY. AT
TAGE APPEARING ACROSS THE SECONDARY WINDING OF THE MODULATION TRANS-FORMER WILL BE OF OPPOSITE SIGN TO THAT OF THE APPLIED PLATE VOLTAGEAND IN THIS WAY REDUCE THE FLOW OF PLATE CURRENT THROUGH THE R.F. AMP-LIFIER TUBE.

77:anstOrrner:

IN THIS MANNER,
A.F. SIGNAL VOLTAGES
CAN BE INDUCED INTO
THE SECONDARY WIND-
ING THROUGH WHICH THE
R.F. AMPLIFIER TUBE
IS DRAWING ITS PLATE
CURRENT. AT TIMES,
THE A.F. SIGNAL VOLWILL BE EFFECTIVELY ADDED TO THE PLATE

TUBE AND THEREBY CAUSE ITS PLATE CURR-
OTHER TIMES, THE A.F. SIGNAL VOL-

SO HERE AGAIN, WE HAVE A SUBTRACTION FROM AND AN ADDING TO THERADIO FREQUENCY CURRENT VARIATIONS THROUGH THE PLATE CIRCUIT OF THER.F. AMPLIFIER, SO THAT THIS OCCURS AT AN AUDIO FREQUENCY RATE AND FURNISHES 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 SHOWN, A PAIR OF MODULATOR TUBES ARE CONNECTED IN A PARALLEL,PUSH-
PULL, OR A CLASS "B" ARRANGEMENT. WHEN THIS IS DONE, THE MODULATIONOIR
CUIT, HOWEVER, REMAINS TRUE TO FORM AS A STUDY OF THE PUSH-PULL MODU-
LATOR IN F o9 WILL SOON D SCLOSE

GRID MODULATION

IN FIG. 10 YOU ARE SHOWN THE CIRCUIT DIAGRAM OF A SYSTEM WHICH IS -*
KNOWN AS GRID BIAS MODULATION OR SIMPLY AS GRID MODULATION.

By STUDYING THIS DIAGRAM CAREFULLY, YOU WILL OBSERVE THAT THEOIR--
CUIT FOR THE MODULATOR TUBE IS THE SAME AS THAT EMPLOYED IN THE OTHER
CIRCUITS SO FAR SHOWN YOU. HOWEVER, THE SECONDARY WINDING OF THE MOD-
ULATION TRANSFORMER IS CONNECTED IN SERIES WITH THE GRIO BIAS CIRCUIT
OF THE R.F. AMPLIFIER,

WHEN NO A.F. SIGNAL VOLTAGES ARE BEING HANDLED BY THE MODULATOR
TUBE, A STEADY BIAS
VOLTAGE IS APPLIED
TO THE GRID CIRCUIT
OF THE R.F. AMPLJ
FIER AND THEREFOR%
THIS TUBE WILLAMPLN
FY THE CARRIER FRE-
QUENCY IN THE CURT
OMARY MANNER,

AT THE TIME THAT
THE MODULATOR TUBE
18 HANDLING A.F.sIG-
NALS,VOLTAGES OFCORR
ESPONDING FREQUENCY
WILL BE INDUCED INTO
THE SECONDARY WIND"'

ING OF THEMODULATION
TRANSFORMER, THESE
SECONDARY VOLTAGE VAR
IATIONS WILL ALTER..

NATELY BE ADDED TO
AND SUBTRACTED FROM
THE BIAS VOLTAGE
WHICH IS NORMALLY
APPLIED TO THE R.F.
AMPLIFIER TUBE
DEPENDING UPON THE
POLARITY OF THE
INDUCED VOLTAGE AT
ANY PARTICULAR IN-
STANT

THUS IT IS CLEAR

R.F. Input

from
Previous
Sages

From
A. F.
Ampl.

Modulator- Tube

aModulationmt-
TransFor e

1

Modulator TiJioa.

FIG. 9
Application of Push -!emu// Tubes.
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THAT THE BIAS VOLTAGE OF THE R.F. AMPLIFIER WILL VARY AT AN AUDIO FRE-
QUENCY RATE AND IN ACCORDANCE WITH THE OUTPUT OF THE MODULATOR TUBE.
THEREFORE, A CORRESPONDING VARIATION IN THE PLATE CURRENT THROUGH THE
R.F. AMPLIFIER WILL ALSO OCCUR AND THE NET RESULT IS THAT THE R.F.CURR
ENT VARIATIONS WHICH ARE ALSO HANDLED BY THE R.F. AMPLIFIER WILL HAVE
THEIR AMPLITUDE (INTENSITY) VARIED AT AN AUDIO FREQUENCY RATE. THUS
MODULATION HAS TAKEN PLACE AND A MODULATED WAVE OF CORRESPONDING PATT"..
ERN WILL BE RADIATED BY THE ANTENNA SYSTEM.

LOW LEVEL AND HIGH LEVEL MODULATION

IN ALL OF THE MODULATION SYSTEMS WHICH WERE SHOWN YOU SO FAR IN

THIS LESSON, THE FINAL R.F. STAGE OF THE TRANSMITTER WAS MODULATED.
WHEN SUCH IS THE CASE, THE SYSTEM IS GENERALLY REFERRED TO AS EMPLOY"-
ING HIGH LEVEL MODULATION. WHEN THIS IS DONE, ALL R.F. STAGES PRE-
CEDING THE STAGE IN WHICH MODULATION OCCURS MAY BE STRAIGHT R.F. AMPL1
FIERS OF RATHER HIGH GAIN AND NEED NOT NECESSARILY BE LINEAR IN THEIR
OPERATING CHARACTERISTICS. FOR HIGH LEVEL MODULATION, PLATE MODULATION
IS MOST EXTENSIVELY USED.

FINAL
BE OF
PLATE OR GRID
THE USE OF AN
EL MODULATION

IN SUCH CIRCUIT ARRANGEMENTS WHERE AN R.F. STAGE PREVIOUS TO THE
STAGE CF THE TRANSMITTER IS MODULATED,THEN THE SYSTEM IS SAID TO
THE LOW LEVEL MODULATION TYPE. WHEN SUCH IS THE CASE,EITHER

MODULATION CAN BE USED. THIS ARRANGEMENT ALSO PERMITS
AUDIO AMPLIFIER OF LESS POWER OUTPUT THAN DOES HIGH LEY"'
BUT IT IS EQUALLY TRUE THAT WHEN LOW LEVEL MODULATION IS

FIG. 10

Grid Modulaior7,

EMPLOYED,ALL STAGES OF
THE TRANSMITTER FOLLOW
ING THAT IN WHICH MOD
ULATION OCCURS MUST
DE LINEAR AMPLIFIERS SO
THAT THE MODULATED CARR
IER FREQUENCY CAN BE

AMPLIFIED SATISFACTOR-
I LY.

CLASSES OF MODULATORS
AND AMPLIFIERS

AS YOU HAVE AL"
READY BEEN SHOWN, THE
MODULATOR IS ESSEN-
TIALLY AN AUDIO- FRE-
QUENCY AMPLIFIER AND
THEREFORE ITS BASICDP"'
SIGN FOLLOWS CONSIDER-.
ABLY THAT OF THE CON-
VENT IONAL A.F. AMPLN
FIERSWATH WHICHYOU ARE
ALREADY FAMILIAR. SIM-
I LARLY, MODULATORS MAY
ALSO BE OF EITHER ONE
OF TWO BASIC TYPESTHAT
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IS, A CLASE A OR CLASS B TYPE, THE SAME AS REGULAR A.F. AMPLIFIERS.
WITH THIS RESPECT THERE ARE ALSO CERTAIN MODIFICATIONS,THE SAME AS WE
FIND THEM IN GENERAL A.F. AMPLIFIER PRACTICE.

IN TRANSMITTER PRACTICE, WE ALSO DEAL WITH A THIRD DISTINCTIVE
CLASS, NAMELY CLASS C, AND WHICH IS CONFINED TO THE R.F. SECTION OFTHE
EQUIPMENT. SO 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 CHARACTERISTICS BRIEFLY AT THIS TIME.

CLASS "A" AMPLIFIERS

A CLASS "A" AMPLIFIER, YOU WILL RECALL, IS DESIGNED IN SUCH AMANN
ER THAT THE PLATE
OF THE EXITING
GRID VOLTAGE. ITS
NEGATIVE GRIDB1-
AS VOLTAGE IS SO
CHOSEN THAT THE
PLATE CURRENT IS
THE SAME WITH
AND WITHOUT GRID
EXITATION. ALSO
THE ALTERNATING
GRID EXITATION
VOLTAGE AND THE
LOAD RESISTANCE
ARE SUCH AS TO
MAKE ITS DYNAMIC
CHARACTERISTICS
ESSENTIALLY
EAR.

OUTPUT WAVE SHAPES ARE ESSENTIALLY THE SAME AS THOSE

FIG, 11
A 15- Wahl- Phone Tramrnii-i-er.

BY DEFINI-
TION THE TERM "LINEAR" REFERS TO A RELATION BETWEEN ELECTRICAL QUAN
TITIES WHICH IS SUCH THAT A CHANGE IN ONE IS ACCOMPANIED BY AN EXACTLY
PROPORTIONAL CHANGE IN ANOTHER. "LINEAR AMPLIFICATION", ON THE OTHER
HAND, IS AMPLIFICATION OF SUCH A NATURE THAT THE SIGNAL OUTPUT VOLTAGE
AT ANY FREQUENCY AND ANY VALUE 18 DIRECTLY PROPORTIONAL TO THE INPUT
VOLTAGE. A CLASS "A" AMPLIFIER OPERATES ON THE STRAIGHT PORTION OF THE
PLATE CURRENT"'GRID VOLTAGE CHARACTERISTIC CURVE.,

NOT ONLY ARE CLASS "A" AMPLIFIERS RESTRICTED TO A.F. AMPLIFIERS
AND MODULATORS BUT THEY MAY BE USED AS R.F. AMPLIFIERS AS WELL.

CLASS "B" AMPLIFIERS

IN CLASS "B" AMPLIFIERS A PUSH''"PUSH ARRANGEMENT OF TUBES IS GEN-
ERALLY EMPLOYED AND THIS SYSTEM OPERATES AT THE LOWER PORTION OF THE
PLATE CURRENT-GRID VOLTAGE CHARACTERISTIC CURVE AND WITH SUFFICIENT Eti
AS VOLTAGE APPLIED SO THAT A VERY SMALL PLATE CURRENT FLOWS AT THE
TIME NO SIGNAL VOLTAGE EXITES THE GRID CIRCUIT. ALTHOUGH THIS SYSTEM
WILL NOT FUNCTION SATISFACTORILY AS AN M., AMPLIFIERWHEN ONLYA 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 CLASS "B" CHARACTERISTICS,
ALTHOUGH A TWO -TUBE CIRCUIT IS PREFERABLE IN EITHER CASE.

WHEN A TUBE IS 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-
LIFIERS. THE PLATE EFFICIENCY OF THE CLASS B AMPLIFIER IS HIGHER THAN

THE PLATE EFFICIENCY OF A CLASS A AMPLIFIER BECAUSE NO D.C. PLATE CURR
ENT FLOWS WHEN THE GRID EXITING VOLTAGE IS REMOVED. IT IS FOR THIS

REASON THAT A CLASS B AMPLIFIER IS ALWAYS USED IN THE AMPLIFICATION OF
MODULATED WAVES WHEN PLATE EFFICIENCY IS OF IMPORTANCE.

CLASS "C" AMPLIFIERS

A CLASS C AMPLIFIER IS PRACTICALLY THE SAME AS A CLASS B AMPLIFI-
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 THE PLATE
CURRENT -GRID VOLTAGE CHARACTERISTIC CURVE. GENERALLY, THE NEGATIVE BIAS
USED IS BETWEEN ONE AND ONE-HALF TO TWICE THE CUT-OFF BIAS VOLTAGE.

THE CLASS C AMPLIFIERS MUST RECEIVE A CONSIDERABLE GREATER GRID

EXITATION IN ORDER TO OVERCOME THE HEAVY NEGATIVE BIAS IF 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 CIRCUITS. ALSO THE USE OF A CLASS C AMPLIFIER PROVIDES A HIGH

EFFICIENCY IN THE CONVERSION OF DIRECT -CURRENT PLATE SUPPLY POWER TO

ALTERNATING -CURRENT ENERGY BUT RESULTS IN A NONLINEAR RELATION BETWEEN
THE APPLIED VOLTAGE AND THE POWER OUTPUT. THE OUTPUT OF THE CLASS C AM
PLIFIER VARIES ESSENTIALLY AS THE SQUARE OF THE PLATE VOLTAGE WITHIN

LIMITS.

NOW THAT YOU ARE FAMILIAR WITH THE VARIOUS SECTIONS OF RADIO TEL
EPHONE TRANSMITTERS AND THE MANNER IN WHICH THEY OPERATE, YOU WILL NEXT
BE INTERESTED IN STUDYING CIRCUITS OF THIS TYPE AS A WHOLE RATHER THAN
IN PART. FOR THIS REASON, THE COMPLETE CIRCUITS OF TYPICAL TRANSMITTERS
OF THIS TYPE ARE ILLUSTRATED AND EXPLAINED TO YOU IN THE FOLLOWING
PAGES.

A I5 -WATT PHONE TRANSMITTER

IN FIG. II YOU ARE SHOWN THE COMPLETE CIRCUIT DIAGRAM OF A PHONE

TRANSMITTER WHICH FURNISHES A 15 -WATT CARRIER. THIS TRANSMITTER YOU

WILL OBSERVE, CONSISTS OF A 47 CRYSTAL CONTROLLED OSCILLATOR, FOLLOWED
BY A FINAL AMPLIFIER IN WHICH A TYPE 45 TUBE IS USED.

THE A.F. CHANNEL CONSISTS OF THE MICROPHONE CIRCUIT FEEDING INTO

A 57 TUBE OPERATING AS AN A.F. AMPLIFIER AND WHICH IS FOLLOWED BY A

PAIR OF 250IS CONNECTED IN PARALLEL. PLATE MODULATION IS EMPLOYED.

THE ELECTRICAL VALUES FOR THE VARIOUS PARTS USED IN THIS TRANS-

MITTER ARE AS FOLLOWS: Cy= .006 MFD; CZ 100 MMFD.; Cy, 25 MMFD.;
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c4. 25 MMFD; 05= 40 MMFD. SPLIT -STATOR VARIABLE; Ce4= 350 MMFD; CT= 1

MMFD; 01= .01 MFD;C9= I mFo;1:y-, 30,000 oHms,5 wATT;R7.= 30,000 OHMS, 2

WATT;R3= 50,000 OHMS,5 WATT;R4 AND R5= 1/4 mEG;Rs= 500,000 OHMS; R9=
25,000 oHms;R,= 400 oHms;I0 WATT;T1= MICROPHONE MATCHING INPUT TRANS-
FORMER;Tt= 2:1 STEP-UP TRANSFORMER OF FAIRLY HEAVY CONSTRUCTION;CH =
30 HENRY FILTER CHOKES RATED AT 100 MA.

THIS TRANSMITTER IS TUNED AND NEUTRALIZED IN THE SAME MANNER AS

HAS ALREADY BEEN EXPLAINED IN PREVIOUS LESSONS AND BEFORE TURNING ON

THE POWER FOR THE MODULATOR.

A 50-WATT GR1D-MODULATED PHONE TRANSMITTER

THE CIRCUIT DIAGRAM WHICH APPEARS IN FIG. 12 IS THAT OF A 50 -WATT,

GRID" -.MODULATED PHONE TRANSMITTER. HERE WE HAVE A 47 CRYSTAL OSCILLATOR,
FOLLOWED BY A 46 BUFFER AND A PAIR OF PARALLEL CONNECTED 211 E's IN THE
FINAL STAGE. IN THE A.F. SECTION, A 56 TUBE IS USED AT THE INPUT,FOLL-.
OWED BY ANOTHER 56 IN THE INTERMEDIATE STAGE, AND A PAIR OF 4518 CONN-
ECTED IN PUSH-PULL OPERATING AS MODULATORS.

FIG. a
The 50 h/ahL Phone 7-ansfril#er-.

THE ELECTRICAL VALUES FOR THE PARTS USED IN THIS CIRCUIT ARE LIST
ED IN TABLE I.

THE CHIEF PURPOSE OF R3 IN THIS CIRCUIT IS TO STABILIZE THE LOAD

ON THE BUFFER STAGE WHILE RI1SERVES THE SAME PURPOSE FOR THE MODULATORS.
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A 1000-WATTTRANSMITTER

THE CIRCUIT DIAGRAM FOR

TABLE I

LIST OF PARTS
R-1-15.000 to 50,000 ohms.
R2-50,000 ohms.
R3-20,000 ohms, 25 watts non -inductive.
R4-200,000 ohM potentiometer.
R5-.1 meg.
R6-2500 ohms.
R7-200,000 ohms.
R8-1000 ohms.
R9-30,000 ohms
R9-30,000 ohms.
R10-20,000 ohms.
R11-3,000 ohms.
RI2-20,000 ohms.
C1-.01ufd.
C2-.006 ufd.
C3-100 uufd. variable.
C4-100 uufd. variable.
C5-50 uufd. variable.
C6-100 uufd. variable.
C7-.001 ufd.
C8-100 uufd. variable.
C9-150 uufd. variable.
C10-350 uufd. variable.
C11-350 uufd. variable.
C12-.006 ufd.
C-13-2 ufd.
C14-1 ufd.
C15-.25 ufd.
Tl-Mike to grid transformer.
T2-Triode plate to grid transformer.
T3-Triode plate to PP grids.
T4-Class B input transformer, 2 to 1 or

3 to 1 step-down.

AID OF A SECOND RELAY
THROUGH THE GRID LEAK AND WHICH CUTS IN THE 1500 OHMS OF CATHODE BIAS

WHEN EV ER THE EXCITATION FA I LS 

A 1000 WATT RADIO TELEPHONE TRANSMITTER
APPEARS IN F I G. 13. IN THIS CASE A 59 TUBE
IS US ED IN A TR I."TErlr OSCILLATOR CIRCUIT
AND FOLLOWED IN TURN BY A 59 BUFFER, A

210 BUFFER, AN HK 354 BUFFER -DRIVER STAGE
AND A FINAL POWER STAGE WITH A PAIR OF

HK 35418.

THE A.F. SYSTEM IS RATHER CONVEN-
TIONAL IN DESIGN AND PLATE MODULATION IS
USED.

WH ICH

THIS SAME TRANSMITTER IS ALSO
ARRANGED THAT OW CODE TRANSMISSION CAN BE
EMPLOYED. FOR THIS PURPOBE1THE KEYING RE7
LAY SHORTS OUT THE COUPLING LINK BETWEEN
THE DRIVER STAGE AND THE FINAL AMPLIFIER.
SINCE THE FINAL AMPLIFIER USES GRID"''LEAK
BIAS FOR REASONS OF ECONOMY AND FLEX I B L
ITN', IT IS NECESSARY TO PROVIDE A MEANS
OF PREVENTING EXCESSIVE PLATE CURRENT WITH
THE KEY UP. THIS IS ACCOMPLISHED WITH THE

IS ACTUATED BY THE RECTIFIED GRID CURRENT

THE ELECTRICAL VALUES FOR THE VARIOUS PARTS USED IN THISTRANSMITT
ER ARE GIVEN IN TABLE II.

FIG. 13

The /000 - lNaff Ti -c7/15/77 14 er:
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ALSO NOTICE IN THE CIRCUIT OF FIG.13 THAT A CONDENSER MICROPHONE

18 USED AND THAT ALL AMPLIFICATION WHICH IS NECESSARY FOR ITSSATISFACT
ORY OPERATION IS INCLUDED IN THE A.F. CHANNEL. ALSO OBSERVE HOW THEMOD-
ULATION CHOKE IS CENTER TAPPED ANDCON'--
NECTED TO THE PLATES OF THE MODULATOR
TUBES IN THE SAME MANNER AS THEPRIMARY
WINDING OF AN OUTPUT PUSH-PULL TRANS-
FORMER.

HAVING COMPLETED THIS LESSON, YOU
SHOULD NOW HAVE A GOOD UNDERSTANDING OF
THE CONSTRUCTIONAL FEATURES AND OPERAT-
ING PRINCIPLES OF RADIO TELEPHONE TRAN-'
SM 1 TTERS. THIS HAS SUPPLIED you WITH THE

BAS IC KNOWLEDGE CONCERNING THESE C I R-

CU 1 TS SO THAT YOU WILL BE BETTER ABLE

TO UNDERSTAND THE VARIOUS TRANSMITTER
DESIGN PROBLEMS WHICH WILL BE PRESENTED
TO YOU 1 N A LESSON SOON TO COME

IN THE LESSON IMMEDIATELY TO FOL-
LOW, YOU WILL BE GIVEN THE OPERATING

CHARACTERISTICS AND OTHER ENGINEERING
DATA PERTAINING TO THE MORE COMMON TRANSMITTER TUBES
FIND TO BE OF GREAT VALUE.

TABLE II

LIST OF PARTS

C1-140 mmf. Hammarlund Condenser.
C2-.01 mfd. C3-50 mmf. Hammarlund.
C4-.00025. C5-.0001. C6-50 mmf. Hammarlund.
C7-.00025. C8-22 mmf. Neutralizing.
C9-100 mmf. split stator. CIO-.00025.
C11-15 mmf. neutralizing. C12-100 mmf. split stator.
C13-100 mmf. split stator. C14-15 mmf. neutralizing.
15-100 mmf. split stator. C16-.001.
C17-250 mmf. C18-250 mmf. C19-.001.
C20-1 mfd. C21-.01 mfc. C22-Smfd.
R1, R2, R.3, R.5, R17, R19-50 000 ohms.
R4-1000 ohms. R6, R7-15,000 ohms.

R8-25,000 ohms. R9-1500 ohms.
R10-10 megohms. R11-5 negohms.

megohm. R13-5,4 megohm.
R14-750 ohms. R15-% megohm.
R16 -1A megohm. R18-1/4 megohm.
R20-2500 ohms. R21-20.000 ohms.
R22-% megohm. R23-2500 ohms.
R24-1 megohm. R25-750 ohms.
R26-10,000 ohms.
71-Triode Plate to Grid.
T2-Push-Pull Input. T3 --Class B Input,

354's; 2:1 for 357's.
Ch-Class B Output Choke, 92 henries.

1:1 for

AND WHICH YOU WILL



EXAMINATION QUESTIONS

LESSON NO. 13

In all your self-dovelopmentlhave
a definite purpose in view. What is
the good of a wonderful character if
it does not accomplish something be-
sides its own development?

I. - EXPLAIN IN DETAIL WHAT IS MEANT BY THE EXPRESSION "AMP-
LITUDE MODULATION".

2. - MAKE A DIAGRAMMATIC ILLUSTRATION OF A WAVE -FORM WHICH IS

MODULATED 100% AND EXPLAIN IN DETAIL THE FULL MEANING OF
THE DRAWING.

3. - WHAT IS MEANT BY THE EXPRESSION"MODULATION FACTOR"?

4. - DESCRIBE IN DETAIL THE SIDE -BAND FREQUENCIES WHICH EXIST
IN THE WAVE -FORM WHICH IS RADIATED BY A BROADCAST TRANS-
MITTER.

5. - HOW CAN THE PERCENTAGE OF MODULATION BE DETERMINED?

6. - DRAW A CIRCUIT DIAGRAM OF A HEISING MODULATION SYSTEM
USING A PLATE REACTOR AND EXPLAIN IN DETAIL HOW THIS SY-
STEM OPERATES.

7. - DRAW A CIRCUIT DIAGRAM OF A GRID MODULATION SYSTEM AND

EXPLAIN IN DETAIL HOW THIS SYSTEM OPERATES.

8. - DESCRIBE FULLY THE OPERATING CHARACTERISTICS OF A CLASS
"C" AMPLIFIER.

9. - WHAT IS THE EFFECT OF OVER -MODULATION UPON RECEPTION?

JO.- DRAW A COMPLETE CIRCUIT DIAGRAM OF A RADIO -TELEPHONE

TRANSMITTER AND EXPLAIN THE OPERATION OF THE VARIOUS

UNITS OR SECTIONS WHICH ARE INCLUDED IN IT.
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T2ANSMITTEI2 TUBES

Training

Printed in U. S. A.

IN FUNDAMENTAL DESIGN, TRANSMITTING TUBES ARE THE SAME AS RECEIVER
TUBES, THAT is, TRANSMITTING TUBES OF THE TRIODE TYPE ALSO CONSIST OF A
FILAMENT, PLATE AND GRID; TRANSMITTING TUBES OF THE TETROOE TYPE ALSO
CONSIST OF A FILAMENT, CONTROL GRID, 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 HIGH, RECEIVING TYPETUBES
CAN BE MADE TO SERVE AS TRANSMITTER TUBES AND THIS PRACTICE IS BEING USED
SATISFACTORILY IN THOUSANDS OF AMATEUR TRANSMITTERS.

IN SPITE OF THIS SIMILAR-
ITY, THERE IS ALSO A RADICAL
DIFFERENCE BETWEEN THE RECEIVER
AND TRANSMITTER TUBES BUT THIS
DIFFERENCE EXISTS LARGELY 'NOON
STRUCTIONAL 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 CONSTRUCTIONAL
FEATURES OF THE VARIOUS DISTIN-
CTIVE TYPES OF TRANSMITTER TUBES
AND THIS WILL BE FOLLOWED BY DA
TA CONCERNING THE OPERATING CHAR
ACTERISTICS OF SOME OF THETRAN1
MITTER TUBES WHICH ARE MOST COMM
ONLY USED IN PRACTICE.

CONSTRUCTIONAL FEATURES

IN FIG.2 YOU ARE SHOWNTHE
TYPE 800 TUBE. THIS TUBE IS A

FIG. I

Bank of ieech/7er 7Z16e5
//7 a .5170.-4- /,Dave Broadcast

571-a
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TRIODE OF RATHER LOW POWER RATING BUT DESIGNED PRIMARILY FOR OPERATION IN
HIGH FREQUENCY CIRCUITS. THE MOST INTEREST-

ING FEATURE OF THIS TUBE IS THAT THE GRID

AND PLATE CONNECTIONS ARE MADE AT TWO METAL

CAPS WHICH ARE PLACED ON THE CREST OF THE

GLASS BULB. THIS FORM OF CONSTRUCTION RE-

DUCES THE GRID -PLATE CAPACITY OF THE TUBEAND
ITS CONNECTING CIRCUITS AND WHICH IS OFVITAL
IMPORTANCE IN CIRCUITS OPERATING AT HIGHFRE-
QUENCIES. AT THE SAME TIME,000D INSULATIVE

PROPERTIES ARE ALSO INTRODUCED BY THIS ARR-

ANGEMENT.

FIG -Z
The Type 800 Tibe.

A FOUR -PRONG BASE IS USED IN THIS CASE,
THE TWO LARGER ONES TAKING CARE OF THE FILA-
MENT CONNECTIONS WHILE THE TWO SMALLER ONES

ARE BLANK. THE OVER-ALL HEIGHT OF THIS TUBE

IS 6 3/8" WHILE THE MAXIMUM DIAMETER OF ITS

GLASS BULB IS 2 11/16".

50 WATT TUBES

THE CONSTRUCTIONAL FEATURES OF A TYP-
ICAL 50 WATT TUBE ARE SHOWN IN FIG.3, WHERE

THE 203-A IS USED AS THE EXAMPLE. THIS TUBE

IS ALSO A TRIODE AND FITTED WITH FOUR
PRONGS OF THE SHORT TYPE. IN THIS

OF THE ELEMENTS ARE CONNECTED TO THE BASE PRONGS IN THE USUAL WAY.
OVERALL HEIGHT OF THIS TUBE IS 7 7/8" AND ITS MAXIMUM DIAMETER IS 2 5/16".

A STILL DIFFERENT FORM OF TUBE CONSTRUCTION IS SHOWN IN F10.4,
WHERE A 50 WATT TUBE APPEARS AT THE LEFT AND A 150 WATT TUBE
HERE THE GLASS BULB IS OF MAXIMUM DIAMETER ATTHEAPPROX
IMATE CENTER AND REDUCED AT EACH END. BOTH OFTHESE TUBES
ARE OF THE TRIODE TYPE AND HAVE THEIR FILAMENT CONNEC-

TIONS MADE AT THE BASE PRONGS,WHILE THE GRID CONNECTION
IS MADE AT A CAP AT THE UPPERMOST END OF THE TUBE AND

THE PLATE CONNECTION AT THE METAL CAP WHICH IS PROVIDED
AT THE SIDE OF THE LOWER PORTION OF THE GLASS BULB. THIS
FORM OF CONSTRUCTION ALSO PERMITS WIDE SEPARATION BETWEEN
THE GRID AND PLATE CIRCUIT WIRING AS WELL AS GOOD INSUL-
ATIVE PROPERTIES. THE APPROXIMATE OVERALL HEIGHT OF A

TUBE OF THIS TYPE IS 8 3/4" AND ITS MAXIMUM BULB DIAMETER
IS 4 1/4".

THE 204-A

IN FIG. 5 YOU ARE SHOWN THE CONSTRUCTIONAL FEATURES
OF THE 204..A, WHICH IS RATED AT 250 WATTS. THIS TUBE 18

FITTED WITH A THREE -.PRONG BASE AND A METAL CAP CONNECTION
AT THE OPPOSITE END. THE TWO OUTER AND LARGER BABE PRONGS
ARE FOR THE FILAMENT CONNECTIONS WHILE THE CENTER PRONG

OF THIS GROUP IS FOR THE GRID CONNECTION. THE PLATE CONN
ECTION IS MADE AT THE METALLIC CAP.

BASE
ALL
THE

AT THE RIGHT.

F C2.3

The ZO,-4
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THIS TUBE IS TO BE FITTED IN SPECIAL END MOUNTINGS AND WHICH ARE

ALSO SHOWN IN FIG5 IT MAY BE MOUNTED
EITHER IN A VERTICAL POSITION WITH THE
FILAMENT END UP OR IN A HORIZONTAL PO-

SITION WITH THE PLATE IN A VERTICAL
PLANE (ON EDGE). You WILL ACQUIRE SOME

IDEA AS TO THE SIZE OF THIS TUBE FROM

ITS DIMENSIONS AND WHICH ARE A8 FOLLOWS:
OVERALL HEIGHT = I44" i

MAXIMUM DIAMETER

= 4A6

1 KW. TUBES

A PICTURE OF THE 206 APPEARS IN

FIG. 6 AND WHICH YOU WILL NOTE ISMOUNT
ED SOMEWHAT THE SAME AS THE 2044k, WITH
THE EXCEPTION THAT THE GRID CONNECTION
IS BROUGHT OUT AT THE SIDE OF THE GLASS
ENCLOSURE. IF I G. 4

AncMer' Fori-r7 of Tube Con silruciori.
ANOTHER 1000 WATT TUBE, THE 851,

IS SHOWN IN FIG74, THIS ALSO HAS A THREE PRONG BASE AND A CAP CONNECTION.
THE TWO LARGE BASE PRONGS ARE FOR THE FILAMENT AND THE SMALLER CENTRALLY
LOCATED ONE IS FOR THE GRID. THE PLATE CONNECTION IS MADE AT THE METAL

CAP AT THE OPPOSITE END OF THE TUBE. THIS TUBE IS MOUNTED SIMILARLY TO

THAT METHOD WHICH IS ILLUSTRATED FOR THE 204-A AND THE 206 TUBES. THE

OVERALL LENGTHY OF THE 851 IS 172n AND ITS MAXIMUM

DIAMETER IS :13".

F I G.5

The z04- A

THE EXPLANATIONS AS SO FAR 3IVEN SHOULD HAVE
SERVED TO GIVE YOU SOMEWHAT OF AN IDEA REGARDING
THE GENERAL SHAPE AND APPEARANCE OF TRANSMITTER

TUBES. To ILLUSTRATE EVERY SINGLE TYPE OF TRANS'''

MITTER TUBE WOULD NOT ONLY BE UNNECESSARY BUT ALSO
A WASTE OF TIME. THE ONES SHOWN ARE TYPICAL OF

THOSE WHICH YOU WILL FIND IN THE INDUSTRYIAS IN

APPEARANCE THEY NEARLY ALL FOLLOW THE SAME SHAPEAS
THOSE WHICH HAVE BEEN ILLUSTRATED.

OUR NEXT STEP WILL BE TO CONSIDER SOME OFTHE
DESIGN FEATURES OF TRANSMITTER TUBES.

DETAILS OF DESIGN

TRANSMITTER TUBES OF HIGHER POWER RATING MUST
BE DESIGNED AND CONSTRUCTED WITH UTMOST CARE AND
PRECISION.

THE ELECTRON EMITTER IN TUBES OF THIS TYPE IS

NEARLY ALWAYS A TUNGSTEN FILAMENT. OXIDECOATEDAND
THORIATED"..TUNGSTEN FILAMENTS ARE CONFINED PRACTIO-..

ALLY EXCLUSIVELY TO TUBES OF SMALLER SIZE.

THE REASON FOR USING TUNGSTEN FILAMENTS 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 THEM UP
INTO SMALL POSITIVE PARTICLES KNOWN AS POSITIVE IONS AND SMALL NEGATIVE

PARTICLES KNOWN AS NEGATIVE IONS. WHEN HIGH PLATE VOLTAGES ARE USED, THE
POSITIVE IONS TRAVEL TOWARDS THE EMITTER WITH SUCH TERRIFIC SPEED THAT

THE IMPACT UPON STRIKING THE EMITTER IS SUFFICIENT TO STRIP THE THORIUM

LAYER OFF THE EMITTER.

THE FILAMENT CURRENT AS DRAWN BY THE LARGER TRANSIlITTER TUBES IS

GENERALLY QUITE HIGH SO THAT ADEQUATE ELECTRON EMISSION MAY BE OBTAINED.
WHEN USING SOME OF THE LARGER TUBES, IT IS CUSTOMARY TO PLACE A RESIS'"

TANCE IN SERIES WITH THE FILAMENT WHEN THE FILAMENT CIRCUIT IS FIRST CLOS
ED, SO AS TO LIMIT THE RUSH OF CURRENT THAT WOULD OTHERWISE FLOW BECAUSE
OF THE LOW RESISTANCE OF THE COLD FILAMENT. SHOULD THIS STARTING RESIS-

TANCE NOT BE EMPLOYED, THE INITIAL FILAMENT CURRENT IN THE LARGER TUBES

WOULD BURN OUT FUSES OR PERHAPS DAMAGE THE TUBE ITSELF.

TO PREVENT TRACES OF GAS WITHIN TRANSMITTER TUBES IS ONE OF THE

MOST DIFFICULT PROBLEMS ENCOUNTERED IN THEIR MANUFACTURE. ALTHOUGH IT

IS TRUE THAT THE AIR AND TRACES OF GAS CAN BE REMOVED QUITE READILY FROM
THE GLASS ENVELOPE, YET THE EXHAUSTING OF GAS STILL INCLUDED IN THE ME-.

TALLIC PARTS AND OTHER GLASS SUPPORTING MEMBERS IS EXTREMELY DIFFICULT.

THE GAS IS DRIVEN OUT OF THE METAL STRUCTURE WITHIN THE TUBE BY

HEATING THE METAL TO A HIGH TEMPERATURE BEFORE PLACING IT IN THE TUBEAND

THE PUMPING IS CARRIED OUT

WITH THE ENTIRE TUBE
OVEN THAT IS HEATED TO A TEM-
PERATURE JUST BELOW THE SOF-
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 OPERATION
OF THE TUBE. SOME OF THE
LARGER TUBES REQUIRE A8 LONG
AS 24 HOURS OF CONTINUOUS
PUMPING IN ORDER TO REMOVETHE
GASES WHICH WOULD ORDINARILY
BE HELD BY THE VARIOUS PARTS
WHICH ARE ENCLOSED IN THE

GLASS ENVELOPE.

F1O.G

The 706.

F16.7

The 851

THE MATERIALS WHICH ARE
SELECTED FOR THE GRIDS AND

PLATES MUST BE SELECTED WITH

SPECIAL CARE DUE TO THE HIGH

TEMPERATURES AT WHICH THESE

ELEMENTS FREQUENTLY OPERATE
WHEN IN USE. THE GRIDS ARE

GENERALLY MADE OF TUNGSTENAL-.
THOUGH MOLYBDENUM IS ALSO USED.
THE PLATES IN AIR-.COOLEDTUBES
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ARE GENERALLY MADE OF MOLYBDENUM BUT TAN
TALUM IS ALSO USED.

WHEN TRANSMITTER TUBES ARE IN OP-
ERATION,THEY GENERATE CONSIDERABLE HEAT.
THIS HEAT ORIGINATES PRIMARILY AT THE

FILAMENT AND PLATE, THE PLATESFREQUENT-
LY BECOMING RED HOT, ALTHOUGH THIS IS

ALSO TRUE OF THE GRIDS IN SOME CASES.

SO AS TO PERMIT ADEQUATE RADIATION OF

THIS HEAT TO THE SURROUNDING AIR AND

THEREBY PREVENT TUBE HEATING OF AN IN-'

JURIOUS MAGNITUDE,IT IS CUSTOMARY TO

SUPPLY THE TUBE WITH A GLASS ENVELOPE OF
CONSIDERABLE SIZE. THE GREATER THE AREA
OF THE GLASS IN CONTACT WITH THESURR-..
OUNDING AIR, THE MORE EFFICIENT WILL BE
THE COOLING.

To FASCILITATE COOLING CF THETUD-.
ES THEY SHOULD BE INSTALLED IN SUCH A

MANNER THAT THEY WILL BE EXPOSED FREELY
TO THE SURROUNDING AIR RATHER THAN BE-

ING CRAMPED IN CLOSE QUARTERS. AN EX-'

AMPLE OF SUCH A TUBE INSTALLATION IS

SHOWN IN FIGS ALSO NOTICE IN THIS ILL
USTRATION THAT BEAD INSULATION IS

FIG.S
4 Typical Nigh Power- Tube

/ra5faa4for7

lon,ent
cads

Grid I eacji

Copper 1-o
glass see/

/Copper anode

Glass stem
forgric/ lead

Glass\ bulb,

\Clam supportinggridp
structure

Stern

COMPLETE
TUBE

Without wafer
jacket

-Filament leacis-_,

-Clamp

Suppor:',9
wft-e5

Grid

GRID
STRUCTURE

'Stem

-"-Filament
wires

-Supporting rod

FILAMENT
STRUCTURE

FIG.9
A Wafer- Cooled Tube.

ON THE HIGH VOL-
TAGE CONDUCTORS
LEADING TO THE

TUBES.

QUITE OFTEN
TO PROVIDE STILL
BETTER TUBE COOL-
ING, A DRAFT OF

AIR IS CIRCULATED
AROUND THEM. THIS
CAN BE ACCOMPLISH
ED WITH THE AID
OF LARGE FANS OR

BLOWERS WHICH
FORCE A DRAFT OF

AIR AROUND THE

TUBES WHILE THEY
ARE IN OPERATION.

WATER-COOLED TUBES

FOR MOST OF
THE TUBES OF VERY
HIGH POWER RATING,
AS USED IN BROAD
CAST STATIONS,AIR
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COOLING IS NOT SUFFICIENT TO KEEP THE TUBETEM-
PERATURES AT A SAFE VALUE. IN SUCH CASES, WATER
IS USED AS THE COOLING MEDIUM. TO USE WATER FOR
THIS PURPOSE,THETVBE MUST BE SPECIALLY DESIGNED
AND AN EXAMPLE OF SUCH A WATER-COOLED TUBE IS

SHOWN YOU IN FIG.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 FILA-
MENT STRUCTURE AT THE RIGHT.

THIS TUBE USES A HOLLOW,TUBULAR SHAPED,

PLATE (ANODE) WHICH IS CLOSED AT ITS LOWER END.
THE FILAMENT STRUCTURE IS INSERTED IN THE SPACE
WITHIN THE CENTER OF THE GRID STRUCTURE AND

THESE TWO STRUCTURES ARE TOGETHER INSERTED IN-

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 IS
INSERTED INTO A SPECIAL JACKET THROUGH WHICH

COOLING WATER IS CIRCULATED,AND WHICH AT THE

SAME TIME SERVES AS THE TUBE HOLDER. THIS IS

ILLUSTRATED IN FIG. 10.

SUFFICIENT SPACE IS PROVIDED BETWEEN THE
INSIDE OF THE JACKET AND THE COPPER PLATE SO AS

FIG.10

Water-Coo/6'c/ Tube
Mounted iockeiL.

5 Kw
Ampli fief

To Water
Supply

1

50 Kw
Amplifier

COnnec/tion
to Thermometer

Drain
Valve

Seal Air
6%wers

Radiator

0

_D

Radiator
Blower

top

Starter Switch

To
Relay

Mil

Note: The Ends of
these Pipes must be

in Tank J (
below Water Leve

Storage Tank CircUlating
Pump

Starter Switch

1 1 C3

Power and Control Wiring
for Cooling System

PAG.11

A Typical )4(aer-Cooling SysyLern

TO PERMIT A COL-
UMN OF WATER TO

CIRCULATE FREELY
AROUND THE PLATE
FOR THE EXTRAC-
T ION OF HEATGEN-
ERATED AT THIS
POINT. HOSE CONN
ECTIONS LEAD THE
WATER INTO AND
OUT OF THE JACK-
ET AND A SPECIAL
GASKET BETWEEN
THE TUBE AND THE
JACKET PREVENTS
LEAKAGE.

A TYPICAL
WATER'COOLINGSY1
TEM AS USED WITH
A 50 Kw BROADCAST
TRANSMITTER IS

SHOWN IN FIG.
As YOU WILL oe-
SERVEITHISSYSTEM
CONSISTS 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,ANDBACK
TO THE STORAGE TANK.

THE RADIATOR IS SIMILAR IN CONSTRUCTION TO AN AUTOMOBILE RADIATOR

ONLY THAT IT IS LARGER IN SIZE. A FAN WHICH IS DRIVEN BY AN ELECTRIC MO-
TOR FORCES AIR THROUGH THE RADIATOR SO AS TO COOL THE WATER BEFORE CIR-

CULATING IT AROUND THE TUBES. A BANK OF COOLING FANS OF THIS TYPE ARE

SHOWN YOU IN FIG. 12. HERE THE AIR IS TAKEN IN FROM OUTSIDE THE BUILDING
THROUGH LOUVRES AND FORCED BY THE FANS THROUGH THE RADIATORS WHICH ARE

LOCATED DIRECTLY IN FRONT OF THEM.

IN THE SYSTEM OF FIG.11 ADDITIONAL ELECTRICALLY DRIVEN AIR BLOWERS
ALSO FORCE A DRAFT'OF AIR AROUND THE TUBES OF THE 50 Kw. AMPLIFIER TO

STILL FURTHER AID IN THE PROCESS
OF COOLING.

IN THE LARGE TUBES, ABOUT

TWO OR THREE GALLONS OF WATER

PER MINUTE IS PUMPED PAST THE

PLATE (ANODE). 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 SHOULD FAIL FOR ANY REASON.

THE TEMPERATURE OF THE WA-
TER IS USUALLY MEASURED AFTER IT
HAS PASSED THE HOT ANODE AND AT

THIS POINT IS SELDOM PERMITTED TO
EXCEED 700 CENTIGRADE (158°FAR-.
RENHEIT). BECAUSE OF THE HIGH

PLATE POTENTIAL REQUIRED BY SUCH
TUBES, THE PLATE IS CAREFULLY INSULATED
TUBING WHICH IS NORMALLY GROUNDED. BY USING A FAIRLY LONG RUBBER

CONNECT THE WATER JACKET TO THE WATER SOURCE AND ALSO BY USING

IN THE CI OULATORY SYSTEM, THE INSULATION RESISTANCE IS BUILT UP TO

ORDER OF SEVERAL HUNDREDS OF THOUSANDS OF OHMS. THIS RESISTANCE IS

PIG. f2

Coo/ ir7g Fare d
ieacila tor Sy 57Lein.

FROM THE WATER TANK AND THEMETAL
HOSE TO

PURE WATER
THE
BE-

TWEEN THE HIGH POTENTIAL ANODE WHICH IS IN DIRECT CONTACT WITH THE WATER,

AND THE COOLING SVSTEM,AND IN TURN, THE GROUND.

ANOTHER "TRICK" WHICH IS RESORTED TO IN ORDER TO FASCILITATE THE

COOLING OF TRANSMITTER TUBES IS TO BLACKEN THE PLATE 80 AS TO INCREASE

THE RATE OF HEAT RADIATION. ALSO IN SOME OF THE TRANSMITTER TUBESSPECIAL

BUILTIN FEATURES SUCH AS R.F. CHOKES WILL BE FOUND AND WHICH HAVE BEEN

PLACED THEREIN WITH THE INTENTION OF REDUCING PARASITIC OSCILLATIONS.

TUBE OPERATING CHARACTERISTICS

NOW THAT YOU ARE FAMILIAR WITH THE CONSTRUCTIONAL FEATURES OF THE

DIFFERENT DISTINCTIVE TYPES OF TRANSMITTER TUBES, YOU WILL NEXT BE IN-

TERESTED IN LEARNING HOW THE OPERATING CHARACTERISTICS OF THESE TUBES

COMPARE WITH THOSE AS USED IN RECEIVERS.
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TABLE

T11%NSNI ITTING TUBES
TRIODES

Type
Nomi-

nal
Fil.

Volta
Fl!.

Amps.
Max.
Plate

Max.
Plate

Neg.
Gr1.1

Max.
Grid

Grid
Dili.-

Safe
Plate

Amp.
Factor

Intere ectrode Capaci-
tances (tasid.) Grid

Leak
R.F.

Output
(watts)'

(Et) (If) Volta=
(EL)

Ma.
(I,)

Bias
Volts"

(BO

Ma.
(1)

hag
Power
(watts)

Masi-
nation
(watts)

(µ)
Grid
to

Fil.

Grid
to

Plate

Plate
to

Fll.

(ohms)

45 10 2.5 1.50 400 50 180 2.0 10 3.5 5.0 8.0 3.0 50,000

46 10 2.5 1.75 400 50 1804
226

2.0 10 5.6
30.0

50,000
1,000

59 10 2.51 2.0 400 50 1354
227

3.0
2.0 10

6.0
30.0

25.000
1.000

843 10 2.51 2.5 425 40 90 7.5 15 7.7 5.0 6.0 5.0 10,000

10 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 8.0 3.0 5,000

801 25 7.5 1.25 600 65 150 15 4.5 20 8 4.5 6 1.5 10,000

800 50 7.5 3.25 1000 75 135 25 5.0 35 15.0 2.8 2.5 1.0 10,000

825 50 7.5 3.25 1000 75 180 5.0 40 II). 0 2.0 3.0 1.0 10,000

830 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 12.5 6.5 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 5 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

204A 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 2500 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

Type

Nomi-
nal
R.F.

Fil.
Volts
(E I)

FU.
Amps.
(II)

Max.
Plate
Volts'

Max.
Screen
Volta

Neg.
Grid
Bias

Max.
Plate
Ma.:

Max.
Grid
Ma.

Grid
Driv-

ing

Safe
Screen
Masi-

Safe
Plate
Dissi-

Interelectrode Capacl-
tances (oStd.)

Output
(watts)'

(E) (E) Volts
(E)

(1,) (1.) Power
(watts)

pation
(watte)

patlon
(watts) Grld to

Cath-
ode

Grid to
Plate

Plate to
Cath-

ode

41 5 6.31 0.4 300 100 22 40 1.0

42 10 6.3 0.7 400 100 45 50 2.0

47 10 2.5 1.75 400 100 45 50 2.0 8.6 1.2 13.0

2A5 10 2.51 1.75 400 100 45 50 2.0

89 10 6.31 0.4 400 100 45 40 2.0

59 10 2.55 2.0 400 100 45 50 . 2.0
844 5 2.55 2.5 500 150 10 30 5 1.0 3 15 10.0 0.07 8.5

865+ 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 3.0 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

860 100 10.0 3.25 3000 250 200 100 40 15.0 10 100 8.5 0.05 9.0

861 540 11.0 10.0 3500 500 200 350 100 50.0 35 400 17.0 0.1 13.0

' Conservative rating based on normal plate input and operating conditions The actual output will depend upon the efficiency
and the power supplied to the tube plate.2 Maximum recommended values, unmodulated d.c. Witb modulation, d.c. plate voltage should be 25 to 30 per cent lower.

'Recommended value for operation as oscillator or Class -C power amplifier.
4 With outer grid connected to plate.
a With grids connected together.
'Grids Nos. 2 and 3 connected to plate.
"Grlda Nos. 1 and 2 connected together; grid No. 3 connected to plate.
1 Indirectly -heated cathode.  Especially designed for very high -frequency use.
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IN TABLE I, FOR EXAMPLE, YOU ARE GIVEN THE OPERATING CHARACTERIS-
TICS OF THE TRIODES, TETRODES AND PENTODES WHICH ARE MOST EXTENSIVELY
USED FOR AMATEUR AND MEDIUM POWER COMMERCIAL TRANSMITTERS. 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 AMPLIFIERS AND
CAN BE USED WITHOUT NEUTRALIZATION. THE OPERATING CHARACTERISTICS OF THE
MORE POPULAR RECTIFIER TUBES APPEAR IN TABLE II.

A PAIR OF THE LARGER RECTIFIER TUBES ARE SHOWN YOU IN F10.13 WHERE
THE 217-C APPEARS AT THE LEFT AND THE 218 AT THE RIGHT. BOTH OF THESE
TUBES ARE OF THE HALF -WAVE TYPE. THE OPERATING CHARACTERISTICS OF THE
2I7 -C ARE AS FOLLOWS: FILAMENT VOLTAGE = 10; FILAMENT CURRENT = 3.25
AMPS; PEAK INVERSE VOLTAGE;= 7500 VOLTS MAXIMUM; PEAK PLATE CURRENT =0.6
AMP. MAXIMUM. THE OPERATING CHARACTERISTICS OF THE 218 ARE AS FOLLOWS:
FILAMENT VOLTAGE = II; FILAMENT CURRENT = 14.75 AMPS; PEAK INVERSE VOLTS
50,000 MAXIMUM; PEAK PLATE CURRENT = 0.75 AMP. MAXIMUM.

THE RECTIFIER TUBES OF LARGER SIZE CAN ALSO BE OF THE AIR-COOLEDOV
WATER-COOLED TYPE THE SAME AS ALREADY EXPLAINED FOR TRANSMITTER TUBES IN
GENERAL.

TUBES OF HIGHER RATING

Now THAT TABLE I HAS FAMILIARIZED YOU WITH THE OPERATINGCHARACTER-
I ST I CS OF TRANSMITTER TUBES OF MODERATE SIZE, LET U3 NEXT TAKE A GLANCE

OF THE LARGER, WATER-COOLED TUBES.
LET US USE THE 848.

WHEN OPERATING AS A PLATEMODULATED CLASS C R.F. POWER AMPLIFIER,

TABLE II

RECTIFIER TUBES

Type
No.

Fil.
Volts

Fil.
Amps.

Max. Voltage
per plate

(a.c. r.m.s.)

Max.
Inverse

Peak Voltage

Max. D.C.
Output
Current

(ma.)

Max.
Peak Current

(ma.)
Type

1 6.3* 0.3 350 1000 50 400 Half -wave M.V.

1-% 6.3* 0.3 350 50 Half -wave H.V.

84 6.3* 0.5 225 50 Full -wave H.V.

12Z3 12.6* 0.3 250 60 Half -wave H.V.

25Z5

80

82

25.0* 0.3 125 100 H.V. Voltage -
Doubler I

5.0

2.5

2.0

3.0

350
400
550,

125
110
135

Full -wave H.V.

500 1400 125 400 Full -wave M.V.

5Z3 5.0 3.0 500 250 Full -wave H.V.

83 5.0 3.0 500 1400 250 800 Full -wave M.V.

81 7.5 1.25 700 85 Half -wave H.V.

RK19 7.5* 2.5 1250 3500 600 Full -wave H.V.

866 2.5 5.0 7500 600 Half -wave M.V.

866-A 2.5 5.0 10,000 600 Half -wave M.V.

872 5.0 10.0 7500 2500 Half -wave M.V.

H.V. - High Vacuum. M.V. - Mercury Vapor. I Two independent rectifiers in one bulb.
4 Indirectly -heated cathode. 2 Only with input .choke of at least 20 henrys to filter.

.
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THE B48 HAS THE FOLLOWING CHARACTERISTICS; FILAMENT VOLTAGE = 22 VOLTS

A.C. OR D.C.; FILAMENT CURRENT=52 AMPS; D.C. PLATE VOLTAGE = 9000 VOLTS;
GRID VOLTAGE = -4000 VOLTS (APPROXIMATELY); POWER OUTPUT = 6000 WATTS

(APPROXIMATELY).

WHEN WORKING WITH HIGH POWER TUBES OF THIS KIND, THEIR APPLICATION

TO THE TRANSMITTER CIRCUIT FROM AN ELECTRICAL STANDPOINT IS PRACTICALLY

THE SAME AS ALREADY DESCRIBED TO YOU IN PREVIOUS LESSONS RELATIVE TO

TRANSMITTER TUBES OF MEDIUM POWER RATING. THE ONLY ESSENTIAL DIFFERENCES

ENCOUNTERED WHEN USING THE HIGHER POWER TUBES IS THE COOLING MEDIUM USED,

THE USE OF A POWER SUPPLY OF HIGHER OUTPUT ABILITY, THE EXERCISING OF

GREATER PRECAUTIONS IN THE ARRANGEMENT AND DESIGN OF THE CIRCUIT SO THAT

THE VERY HIGH VOLTAGES AND POWERS CAN BE HANDLED WITH SAFETY.YOU WILL BE
TOLD MORE ABOUT THE USE

OF THESE TUBES OF HIGH
POWER RATING IN YOUR STUD

1ES WHICH TREAT WITH

BROADCAST TRANSMITTERS.

AS CLASS

ANOTHER IMPORTANT
POINT WHICH IT WILL BE

WELL TO REMEMBER REGARD-
ING TRANSMITTER TUBES 18
THAT THEIR POWER OUTPUT

RATING AS SPECIFIED BY

THE MANUFACTURERS IS A

MORE OR LESS AVERAGE
UE AND THAT THE POWER
OUTPUT REALIZED IN ACT-
UAL PRACTICE IS GOVERNED
LARGELY BY THE DESIGN OF
THE PARTICULAR CIRCUIT IN
WHICH THE TUBE IS USED.

TUBE DATA FOR MODULATORS

IN TABLES 111 AND

IV OF THIS LESSON, YOU

ARE FURNISHED WITH ADDI-
TIONAL TUBE DATA WHICH
SPECIFIES THE CHARACTER-
ISTICS FOR (PERATINGSOME
OF THE MORE POPULARTUBES

A AMPLIFIERS AND MODULATORS, AS WELL AS CLASS B MODULATORS',

FIG. 13

Typical eedlici-er Tubes

HAVING COMPLETED THIS LESSON, YOU SHOULD NOW HAVE A GOOD GENERAL

KNOWLEDGE OF THE CONSTRUCTION AND OPERATING CHARACTERISTICS OF TYPICAL

TRANSMITTER TUBES. PERHAPS YOU MAY STILL BE WONDERING JUST EXACTLY HOW

ALL OF THE TUBE DATA AS PRESENTED IN THIS LESSON IS APPLIED TO THE ACT-

UAL DESIGN OF TRANSMITTER EQUIPMENT. THESE DETAILS, HOWEVER, WILL ALL

BE TAKEN CARE OF IN LESSONS WHICH YOU WILL RECEIVE A LITTLE LATER ON.

BEFORE WE GO INTO THE VARIOUS TRANSMITTER DESIGN CALCULATIONs,HOW-
EVER, THERE 18 STILL ONE MORE IMPORTANT MATTER FOR US TO CONSIDER AND
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TABLE III
TYPICAL CLASS -A AMPLIFIER AND MODULATOR OPERATING DATA

Fil. Plate Plate Neg. Grid Load Audio
Pugee Volts,

131
Volts,

EA,
Ma.,
Is

Volts,'
E.

/mg.,'
Ohms

Output.,
Watts

50 7.5 500 50 100 7500 5 . 5

2A3 (P.P.)' 2.5 300 80 62 3000 15.0

211,
242A, 10.0 1000 65 52 7000 10.0
276A

845 10.0 1000 75 150 7500 23.0

284A 10.0 1250 W 228 10,000 41.5

849 11.0 2000 125 75 12,000 42.5
2500 110 104 12,000 81.0
p000 100 132 20,000 100.0

With exception noted, ratings are for a single tube. For tubes in pars lel multiply II, and Output Watts by number used,
and divide Load Impedance by number used. For 2 tubes in push-pull, multiply Is, Load Impedance and Output Watts by
2, taking peak audio grid voltage twice bias value.

i Peak audio grid voltage equal to bias value for single tube or -tubes in parallel.
'. ' To be used in determining Clase-C amplifier operating conditions,
' Two tubes in push-pull. Peak audio grid voltage twice bias value.

TABLE IY

-TYPICAL CLASS -B MODULATOR OPERATING DATA

Class -B
Tubes

(2)

P0.
Volts,
El

Plate
Volts,

Be

Plate
Ma. (Max.),

Is

Neg. Grid
Volts,
B.

Load
Imp.,

Ohms i

Tube
Output,
Waite

Input Trains.
Turns Ratio
(Pri.:Sec.)

Driver
Tubes
(P.P.)

Driver
Plate
Volts

48 2 . 5 400 108 0 7000 25 3:1 45 225

59 2.5 400 124 0 6000 28 3:1 45 225

841 7.5 500 108 13.5 8000 29 5:1 45 250

210* 7.5 600 153 67 8000 57.5 1.6:1 45 250

800 7.5 1000 184 55 12,500 100 1:1 2A3 250

RK18 7 . 5 1000 164 45 12,000 100 2:1 45 250

830-B5 10.0 1000 280 33 10,000 190 1:1.4 2A3 250

203-A* 10.0 1000 386 40 5800 240 1.6:1 2A3 250

Ratings are for 2 tubes, Claas-B.
* Graphite anode types.
i Plate -to -plate. Use this load impedance and Output Watts for determining Class -C stage coupling and operating

conditions

THAT IS THE CONSTRUCTIONAL FEATURES AND OPERATION OF RECEIVERS WHICH ARE
PARTICULARLY SUITABLE FOR COMMUNICATION STATIONS. THIS'THEREFORE.IS THE

SUBJECT MATTER TO BE DISCUSSED WITH YOU IN THE NEXT LESSON* AT THIS TIME

YOU WILL ALSO HAVE THE OPPORTUNITY OF LEARNING ABOUT CRYSTAL FILTERS AS

USED IN RECE 'VERB, ABOUT BEAT^NOTE OSCILLATORS FOR C.W. CODE RECEPTION

AND OTHER INTERESTING FEATURES OF COMMERCIAL STATION EQUIPMENT.

THIS AMOUNT OF ADDITIONAL INFORMATION WILL GIVE YOU THE BACK-GROUND
WHICH IT IS NECESSARY FOR YOU TO HAVE IN ORDER TO DERIVE THE FULLEST VA.!.

UE FROM THE LESSONS WHICH ARE TO FOLLOW.

YOU WILL ALSO NO DOUBT BE INTERESTED IN KNOWING AT THIS TIME THAT

AFTER YOU HAVE COMPLETED YOUR BTUDIES.PERTAINING TOTHEDESIGNINGFACTORS
AS APPLI ED TO TRANSM ITTER C IRCU ITS, VnU WI LL ENGAGE IN AN EXTENSIVE STUDY OF

BROADCAST TRANSMITTERS AND ALL OF THE STUDIO AND CONTROL ROOM EQUIPMENT

WHICH IS ASSOCIATED WITH THESE HIGHLY INTERESTING SYSTEMS.
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"The man who watches the clock us-
ually remains one of the hands."

- WHAT ARE THE CHIEF CONSTRUCTIONAL DIFFERENCES BETWEEN

THE CONVENTIONAL RECEIVER AND TRANSMITTER TUBES?

2. - WHAT IS THE OBJECT OF KEEPING THE GRID AND PLATE TERM-
INALS WIDELY SEPARATED ON SOME OF THE TRANSMITTERTUBES?

3. - HOW DOES THE SIZE OF A TUBES GLASS ENVELOPE AFFECT THE
OPERATION OF THE TUBE?

4. - ILLUSTRATE BY MEANS OF A SKETCH AND DESCRIBE FULLY THE
CONSTRUCTIONAL FEATURES OF A TYPICAL WATER-COOLED TRANS

MITTER TUBE.

5. - DRAW A DIAGRAM OF A TYPICAL TUBE -'COOLING SYSTEM WHICH

IS SUITABLE FOR A BROADCAST TRANSMITTER AND EXPLAIN IN

DETAIL HOW IT OPERATES.

6. - WHAT ARE THE OPERATING CHARACTERISTICSOFTHETYPE 204-A
TUBE?

7. - WHAT SPECIAL FEATURE IS SOMETIMES INCORPORATED IN THE

FILAMENT CIRCUIT OF HIGH POWER TRANSMITTER TUBES IN

ORDER TO PREVENT TOO MUCH FILAMENT CURRENT BEING DRAWN
BEFORE THE FILAMENT TEMPERATURE COMES UP TO NORMAL?

8. - WHAT MATERIAL IS GENERALLY USED FOR THE CONSTRUCTION OF
THE FILAMENT IN THE LARGER TRANSMITTER TUBES AND WHY

IS THIS PARTICULAR MATERIAL SELECTED?

9. - DESCRIBE SOME OF THE MOST COMMONLY USED METHODS OF MOUNT-

ING OR SUPPORTING TRANSMITTER TUBES.

10.- How MAY AIR-COOLING OF TRANSMITTERTUBES BE ACCOMPLISHED?

PRINTED IN U.S.A.
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LESSON NO. 15

COMMUNICATION 12ECEIVEQS AND SPE Clq L SYSTEMS

You HAVE ALREADY LEARNED A GREAT DEAL ABOUT STANDARD -WAVE BROAD-.

CAST, SHORT-WAVE, AND ALL -WAVE RECEIVERS AS USED BY THE AVERAGE RADIO

LISTENER AND EXPERIMENTER. THERE ARE, HOWEVER, A NUMBER OF FEATURES IN
CORPORATED IN COMMUNICATION TYPE RECEIVERS AS USED BY COMMERCIAL OPERA-'
TORS AND ABOUT WHICH YOU HAVE AS YET NOT SEEN TOLD. THESE ADDITIONAL RE
CEIVER FEATURES CONSIST OF BEAT -NOTE OSCILLATORS, CRYSTAL FILTERS ETC.

THESE, THEREFORE, ARE ALL EXPLAINED IN THIS LESSON.

IN FIG. I
YOU ARE SHOWN A FRONT VIEW OF A TYPICAL COMMUNICATION

TYPE RECEIVER, WHILE A BIRDI9EYOVIEW OF THE SAME UNIT, WHEN REMOVED

FROM THE METAL CABINET, IS SHOWN YOU IN FIG. 2. LATER IN THIS LESSON YOU

WILL HAVE THE OPPORTUNITY OF STUDYING THE CIRCUITS OF THIS RECEIVER BUT
FIRST IT IS NECESSARY THAT YOU BECOME FAMILIAR WITH THE OPERATION AND

USE OF THE BEAT -NOTE OSCILLATOR.

BEAT -NOTE RECEPTION
FROM WHAT YOU HAVE ALREADY LEARNED ABOUT RADIO

RECEPTION,YOU REALIZE THAT
IF A TRANSMITTER WERE TORA
DIATE AN UNMODULATEDCONTIN""
UOUS WAVE, NO RESULTINGSIG-
NAL WOULD BE HEARD IN THE
ORDINARY RECEIVER EVEN THOUGH

THE RECEIVER BE ACCURATELY
TUNED TO THE TRANSMITTERFRE
QUENCY. THE REASON FOR THIS
IS THAT THE TRANSM ITTED WAVE
IS BEYOND THE FREQUENCY OF
AUDIBILITY.

THE ONLY METHODWHERE
BY THE CONTINUOUS WAVE CAN

ORDINARILY TRANSMIT A SIG-
NAL WHICH IS AUDIBLE IS TO

MODULATE THE CARRIER FRE-
QUENCY (CeWs) AT AN AUDIO

TRANSMISSION AND

PIG. 1

The Na To naI 'J/ O" Communications
Type ,Qeceiver.
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FREQUENCY RATE. T !s WILL ENABLE THE DETECTOR

FIG. 2 -

The National 2eceiver- ieernoved
From 7th e Ca bi- ti el -

CEASES ALTOGETHER.

OF THE RECEIVER TO SEPAR-
ATE THE AUDIO COM-
PONENT FROM THECAR-
RIER WAVE FORM SO

THAT THE DESIREDSIG
NAL CAN BE HEARD.

IN THE CASE OF

CODE COMMUNICATION,
HOWEVER, THE TRANS-
MISSION OF ANUNMOD-
ULATED CONTINUOUS

WAVE IS USED EXTEN-
SIVELY. WHEN THIS IS
DONE,THE WAVE RADI-
ATION WILL BE SIM-

ILAR TO THAT ILLUS-
TRATED IN FIG. 3.

HERE YOU WILL OB-
SERVE THAT THE DOT

OF THE CODE IS FORM-
ED BY HOLDING THE

KEY CLOSED FOR A

SHORT DURATION,WHILE
THE DASH IS FORMED

BY HOLDING THE KEY

CLOSED
LY LONGER PERIOD.

WHEN THE KEY ISOPEN,
THE WAVE RADIATION

BY STUDYING FIG. 3 CLOSELY, YOU WILL NOTE THAT THE FREQUENCY OF

THE WAVE FORM IN EACH GROUP IS OF RADIO FREQUENCY AND OF CONSTANT AMPLI-
TUDE AND FOR THIS REASON SIGNALS WHICH ARE TRANSMITTED IN THIS MANNER

WOULD ORDINARILY BE INAUDIBLE.

UPON CARRYING OUR INVESTIGATION OF THIS PRINCIPLE A LITTLE FARTHER,
WE NEXT COME TO THE POINT
USTRATING AT THE CENTER
A CONTINUOUS SIGNAL WAVE
HAVING A FREQUENCY OF

7,205 Kc.(7,205,000 CY-
CLES PER SECOND)AND WHICH
YOU WILL IMMEDIATELYRE-
ALIZE AS BEING INAUD-

IBLE.

D IRECTLY ABOVE THIS

7,205 KC. SIGNAL WAVE-
FORM, WE HAVE ILLUSTRA-
TED ANOTHER WAVE FORM
WHICH IS GENERATED BY AN
OSCILLATOR WHICH IS LO -

WHICH IS ILLUSTRATED IN FIG.4. HERE WE ARE ILL

FIG. 3
C. W. Code Transmission.
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CATED AT THE RECEIVER, THIS PARTICULAR OSCILLATOR ALSO PRODUCES A CON..

TINUOUS WAVE FORM BUT ITS FREQUENCY IN THE PARTICULAR CASE ILLUSTRATED

is 7,200 KC. OR 7,200,000 CYCLES PER

SECOND.

Now IF WE WERE TO TUNE IN ON THE

RECEIVER THE 7,205 Kc SIGNAL AND COUPLE
TO THIS SAME RECEIVER CIRCUIT THE OUTPUT
OF THE LOCAL OSCILLATOR WHOSE FREQUENCY
IS 7,200 Kc., THEN THROUGH HEATERODYNE
ACTION, A BEAT -.FREQUENCY WOULD BE PRO-
DUCED IN THE SAME MANNER AS IN A SUPER-.
HETERODYNE RECEIVER. THE BEAT-FREQUENCY
IN THIS PRESENT CASE, HOWEVER, WILL BE

EQUAL TO THE ARITHMETICAL DIFFERENCEBE
TWEEN 7,205 Kc. AND 7,200 OR 7,205 MINUS
7,200 = 5Kc. OR 5000 CYCLES PER SECOND.
IN THIS INSTANCE,YOU WILL NOTE THAT THE
BEAT FREQUENCY IS OF AN AUDIO FREQUENCY
WHILE THE BEAT OR INTERMEDIATE FREQUENCY
AS PRODUCED IN THE SAME MANNER IN AN OR-
DINARY SUPERHETERODYNE RECEIVER IS TOO

HIGH TO BE AUDIBLE.

FROM THE EXPLANATION
C.W. CODE TRANSMISSION CAN
CEIVER IN SUCH A MANNER SO
CY.

AS

BE

AS

IA

LOCAL OSCILLATOR
FREQUENCY. 7,204000 cycleolec

7,4E

OCCOWNOSIONAL2co.oCtth/
lee

TIME

Soo° cycle/Tr..,
coo* losot note irrphones

(in addition to
.severo/ ollser Cam -
pollen! boot re-
foonthri which ors
tilt tram end dif-
haws,' etc.-rs000 4fc

rhwZ

F l C2 4

Producing a Beat-lore
By Means of the.
HelerodynePrinci/o/e.

SO FAR GIVEN, IT WILL BE APPARENT THAT
ATTAINED IF THE SIGNAL IS USED AT THE RE..
TO PRODUCE A BEAT NOTE OF AUDIBLEFREQUEN

C.W. RECEPTION WITH REGENERATIVE RECEIVER

AMATEUR RADIO OPERATORS USE REGENERATIVE RECEIVERS QUITE EXTEN^

SIVELY FOR C.W. CODE RECEPTION, A CIRCUIT OF SUCH DESIGN BEINGILLUSTRA-.
TED IN FIG5 TO ACCOMPLISH THIS, THE REGENERATION CONTROL OF THE RE..

CEIVER IS ADVANCED FAR ENOUGH SO THAT THE DETECTOR CIRCUIT IS ADJUSTED

TO THE POINT OF SELF."OSCILLATION WHEN THIS IS DONE, THE FREQUENCY WHICH
IS DUE TO THIS W.'
CAL SOURCE OF 08...

CILLATION WILL HE-.
TERODYNE WITH THE
INCOMING SIGNALPIE
QUENCY SO THAT A

BEAT FREQUENCY WILL
APPEAR IN THE PLATE
CIRCUIT Or THE oe-
TECTORFORENAMPLES
IF THE INCOMINGSI2
NAL FREQUENCY IS

3000 Kc. AND THE
SELF. -SUSTAINED Ot"

CILLATION IN THE

DETECTOR CIRCUIT
HAS A FREQUENCY OF
3001 KC.,THEN THE

FIG. 5

A Four -Tube Regenerative Receiver.
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' BEAT FREQUENCY APPEARING IN THE PLATE CIRCUIT OF THE DETECTOR WILL HAVE
A FREQUENCY OF 1Kc. OR 1000 CYCLES PER SECOND AND WHICH WHEN REPRODUCED
BY THE HEADPHONES OR SPEAKER WILL BE AN AUDIBLE 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 INTERRUPTIONS BETWEEN THEM, THE
RATE AT WHICH THE BEAT NOTE OCCURS, AS WELL AS THE LENGTH OF EACH BEAT
NOTE, WILL BE DEPENDANT UPON THE
GROUPS WHICH ARE RADIATED BY THE
GROUP WITH RESPECT TO TIME. THUS

Application

TIME INTERVAL BETWEEN THE VARIOUS WAVE
TRANSMITTER AND THE LENGTH OF EACH WAVE
THE CHARACTERS OF THE CODE ARE HEARD AS

THE FAMILIAR 011"-*DAH

SOUNDS.

F I G . 6
ika eat- Oacidaiat.

ILLUSTRATED IN FIG.6. AN OSCILLATOR WHICH IS USED
KNOWN AS A BEAT OSCILLATOR OR A C.W. OSCILLATOR.

WHEN A DETECTOR
OF A RECEIVEROPERATES
BOTH AS A DETECTORAND
AN OSCILLATOR AS JUST
DESCRIBED,THE METHOD
IS GENERALLY REFERRED
TO AS THE AUTODYNEms,-
THOD OF BEAT RECEPTION.

THE BEAT OSCILLATOR

MOST COMMUNICA-
TION TYPE RECEIVERS
ARE OF SUPERHETERODYNE
DESIGN AND SO A8 TO
MAKE THE RECEPTION OF
C.W. CODE SIGNALSPOS-
SIBLE IN THIS CASE, A
SECOND OSCILLATOR IS

INCORPORATED INTO THE
RECEIVER. THIS SECOND
OSCILLATOR IS THEN
COUPLED TO THE CIR-
CUITS OF THE RECEIVER
IN SOME SUCH MANNERAS
FOR THIS PURPOSE IS

A C.W. OSCILLATOR, AS THIS, 18 CONSTRUCTED THE SAME AS A CONVEN-
TIONAL OSCILLATOR SUCH AS USED IN SUPERHETERODYNE RECEIVERS IN ORDER TO
AID IN PRODUCING THE I.F. FREQUENCY. THE C.W. OSCILLATOR DIFFERS FROM
THE REGULAR OSCILLATOR OF THE SUPERHETERODYNE,HOWEVER, IN THAT ITS TUN-
ING CIRCUIT IS DESIGNED SO 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 I.F. AMPLIFIER OF THE RECEIVER IS TUNED.

BY REFERRING TO FIG61 YOU WILL NOTE THAT THE C.W. OSCILLATOR IS
FULLY SHIELDED FROM THE REST OF THE RECEIVER CIRCUITS AND ITS OUTPUT 18
LOOSELY COUPLED THROUGH A 2 MMFD. CONDENSER TO THE CONTROL GRID CIRCUIT
OF THE I.F. TUBE WHICH PRECEDES THE SECOND DETECTOR OF THE RECEIVER. A
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SWITCH IS INCLUDED IN THE PLATE CIRCUIT OF THE BEAT OSCILLATOR SO AS TO

PREVENT THIS UNIT FROM OPERATING AT ALL TIMES EXCEPT DURING THE RECEP-'

TION OF C.W. SIGNALS.

QUITE OFTEN, THE C.W. OSCILLATOR IS COUPLED TO THE SECOND DETECTOR
OF THE RECEIVER IN SOME SUCH MANNER AS ILLUSTRATED IN FIG.7.

OPERATION OF THE SYSTEM

ASSUMING THAT C.W. SIGNALS ARE BEING RECEIVED AT A FREQUENCY OF

7000 KC. WHEN USING SUCH A SYSTEM AND THE SUPERHETERODYNE IN QUESTION

HAS AN INTERMEDIATE FREQUENCY OF 465 Kc., THEN THE OPERATION OF THE COM-

PLETE SYSTEM WOULD BE
AS FOLLOWS:

THE INPUT R.F.

AND FIRST DETECTOR CI R
CUITS WOULD BE TUNED
TO 7000 KC. THE REGU-
LAR OSCILLATOR OF THE
RECEIVER WOULD AT THE
SAME TIME BE TUNED TO
A FREQUENCY OF 7000
PLUS 465 OR 7,465 Kc.
THE RESULTING HETER
ODYNE ACTION PRODUCES
A BEAT FREQUENCY OF
465 Kc WHICH ISAMPLP-'
FIED BY THE I.F. AMP-
LIFIERASSUMING THATA
1000 CYCLE (1C.)8101-
NAL NOTE IS TO BE PRO-
DUCED,THE C.W.OSCILL-
ATOR WOULD BE TUNED TO
A FREQUENCY OF 465
PLUS I OR 466 KC. THE
RESULTING HETERODYNE
ACTION BETWEEN THE465
AND THE 466 Kc. FRED
QUENCY WILL CAUSE A BEAT FREQUENCY OF 1

KC. OR 1,000 CYCLES TO APPEAR IN

THE OUTPUT CIRCUIT OF THE TUBE AT WHOSE INPUT THE TWO FREQUENCIES ARE

SIMULTANEOUSLY APPLIED. THE 1,000 CYCLE BEAT IS OF AUDIO FREQUENCY AND

IS THEN FURTHER AMPLIFIED AND REPRODUCED AS THE EQUIVALENT SOUND BY THE

SPEAKER OR HEADPHONES.

&eat
F I G . 7-

Odei.11atot Coupled
(Icorzol Daieciot

to -

EVEN THOUGH THE OUTPUT OF THE C.W. OSCILLATOR BE APPLIED TO THE

INPUT OF THE FINAL 1F. TUBE OF A SUPERHETERODYNE,THE FOLLOWING SINGLE

I.F. TRANSFORMER IS SUFFICIENTLY BROAD TUNING SO AS TO PERMIT THE 1000

KC. SIGNAL TO PASS THROUGH SATISFACTORILY.

BESIDES MAKING C.W. CODE RECEPTION POSSIBLE, THE C.W. OSCILLATOR

ALSO ASSISTS IN LOCATING THE MODULATED SIGNALS FROM DISTANT STATIONS.

THIS IS ACCOMPLISHED BY THE HETERODYNING ACTION BETWEEN THE SIGNAL FRE
QUENCY AND THAT OF THE C.W. OSCILLATOR THUS WITH A BEAT NOTEBEINGAUD
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IBLE, IT IS AN INDICATION THAT A STATION IS BEING TUNED IN THE C.W.os-
c LLAToR CAN THEN BE SWITCHED OFF AND THE RECEIVER VERY SLOWLY AND CARE*
FULLY TUNED SO THAT THE STATION SIGNALS WILL COME THROUGH IN THE BEST
MANNER POSSIBLE.

SINGLE -SIGNAL RECEIVERS

ANOTHER INTERESTING FEATURE WHICH YOU WILL FIND IN SOME OF THE MORE
ELABORATE COMMUNICATION TYPE RECEIVERS IS A QUARTZ CRYSTAL WHICH IS IN-
CLUDED IN THE I.F. AMPLIFIER.

ALTHOUGH IT IS TRUE THAT THE SUPERHETERODYNE TYPE OF RECEIVERAFF.
OROS EXCELLENT SELECTIVITY AS FAR AS THE RECEPTION OF BROADCAST PROGRAMS
ARE CONCERNEDIYET FOR THE RECEPTION OF C.W. CODE SIGNALS,ESPECIALLY IN

THE HIGHER FREQUENCY BANDS WHICH ARE RATHER CROWDED, THE CONVENTIONAL
SUPERHETERODYNE IS NOT AS SELECTIVE AS WOULD BE DESIRED.

THE CUSTOMARY I.F. AMPLIFIER OF THE AVERAGE SUPERHETERODYNE WILL
PASS A BAND OF FREQUENCIES WHICH IS FROM 5 TO 10 KC. WIDE.

A VARIETY OF COMBINATIONS OF SIGNAL FREQUENCIES WITH WHICH THE
R.F. OSCILLATOR OF THE RECEIVER MAY BEAT, MAY BE SUCH THAT SIGNALSVARY...'
ING BY 2 KC. ABOVE AND BELOW THE RESONANT FREQUENCY OF THE I.F. AMPLI-
FIER MAY FIND THEIR WAY THROUGH THE I.F. AMPLIFIER AND THEREBY CAUSEIN.-.
TERFERENCE UNLESS THE I.F. AMPLIFIER BE TUNED VERY SHARP. ANY ONE OF
THESE FREQUENCIES WHICH FIND THEIR WAY THROUGH THE I.F. AMPLIFIER MAY
HETERODYNE WITH THE FREQUENCY GENERATED BY THE C.W. OSCILLATOR ANDTHERE
BY CAUSE A MOST DISTURBING INTERFERENCE. TO PREVENT THIS, A QUARTZCRY...
STAL IS USED TO MAKE THE CIRCUIT VERY SHARP TUNING AND PERMIT ONLY THE
DESIRED FREQUENCY TO PASS THROUGH THE I.F. AMPLIFIER

A QUARTZ CRYSTAL, YOU WILL RECALL, POBSESSESS PIEZO"*ELECTRICCHAR-
ACTERISTICS AND BECAUSE OF THIS FACT PERMITS ONLY CURRENTS TO FLOW THRU

FTG.
7912/9Liaii.on 1:FT-ate/L.
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IT WHOSE FREQUENCY IS IDENTICAL TO THAT FOR WHICH THE CRYSTAL I8GROUND0
THIS BEING THE CASE, IT CAN BE READILY SEEN THAT A CRYSTAL OF THIS TYPE
WOULD SERVE ADMIRABLY AS A VERY SELECTIVE FILTER IN A RECEIVER CIRCUIT.
WHEN USED FOR THIS PURPOSE, THE CRYSTAL IS INSTALLED IN THE RECEIVERCIR
CUIT IN A MANNER SOMEWHAT AS ILLUSTRATED IN FIGeSID

IN THIS CIRCUIT, THE TUNED CIRCUIT CONSISTING OF LIAND C IS IN
REALLITY THE PRIMARY HALF OF THE FIRST I.F. TRANSFORMER, WHILE THETUNED
CIRCUIT CONSISTING OF L9AND C2 IS IN REALLITY THE SECONDARY HALF OF THE
FIRST I.F. TRANSFORMER. HOWEVER, INSTEAD OF THESE TWO HALVES OFTHE TRAN
SFORMER BEING PLACED TOGETHER IN THE SAME SHIELD CAN IN THE USUAL WAY,
THEY ARE PLACED IN SEPARATE SHIELD CANS AND COUPLING BETWEEN THEM IS AC-
COMPLISHED THROUGH THE VARIOUS COUPLING COILS IN CONJUNCTION WITH THE
CRYSTAL FILTER. THE CRYSTAL IS GROUND FOR THE FREQUENCY FOR WHICH THE
I.F. AMPLIFIER IS DESIGNED.

THE SPLIT WINDINGS Lz AND L3 ARE INDUCTIVELY COUPLED TO LI AND
THEREBY PROVIDE AN INPUT CIRCUIT TO THE CRYSTAL FILTER. THE OUTPUT OF
THE CRYSTAL FILTER IS IN TURN COUPLED TO COIL L5 THROUGH C3 AND L4

AT RESONANCE, LI AND L2 , AND L4AND L5 ARE MATCHED IMPEDANCES.
THE PURPOSE OF COIL L3 AND CONDENSER C4 IS TO NEUTRALIZE THE CAPACITY
OF THE CRYSTAL HOLDER PLATES.

COILS Lz AND L3 HAVE INDUCED IN THEM .E.M.FIS WHICH ARE ISO°OUT OF
PHASE. THEREFORE, WHEN C4 EQUALS THE CAPACITY OF THE CRYSTAL HOLDER
PLATES, ANY CURRENTS WHICH THESE PLATES MIGHT BYPASS THROUGH THEIR CA-
PACITY ARE CANCELLED OUT BY CURRENTS IN OPPOSITE PHASE FED THROUGH Cet
CONSEQUENTLY, ONLY THE SIGNAL E.M.F.I9 ARE PASSED BY THE CRYSTAL FREE TO
REACH THE INPUT CIRCUIT OF THE  F AMPLIFIER

SINCE THE CONDENSER C4 AFFECTS THE CIRCUIT AS JUST EXPLAINED, IT

FIG. 9

-74 no tiza4_ gtA.Zat- 77.1Z-et eilzezzi{-
01
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CAN READILY BE SEEN THAT THE SETTING OF THIS CONDENSER GOVERNS THE SE-

LECTIVITY OF THE CRYSTAL AND BY THIS METHOD THE BAND PASSED THROUGH THE

CRYSTAL CAN BE WIDENED SLIGHTLY.

IN SUPERHETERODYNE RECEIVERS IN WHICH A CRYSTAL FILTER IS EMPLOYED,

THE VOLTAGE GAIN OF AN INTERFERRING SIGNAL MAY BE REDUCED AS MUCH AS97%

WHEN THE CIRCUIT IS ADJUSTED APPROXIMATELY 1000 CYCLES OFF THE RESONANT

FREQUENCY,WHEREAS IN A SUPERHETERODYNE RECEIVER NOT EQUIPPED WITH ACW&"

STAL FILTER, THE INTERFERING SIGNAL MAY BE REDUCED ONLY AS MUCH AS 5%

UNDER THE SAME CONDITION OF OPERATION.

THE SHARP TUNING CHARACTERISTIC OF THE CRYSTAL FILTER MAKES ITS

USE DESIRABLE FOR THE RECEPTION OF C.W. CODE SIGNALS BUT THIS SAMEFEAT-

URE WHEN USED FOR THE RECEPTION OF BROADCAST PROGRAMS WILL MAKE THEFAN

THFUL REPRODUCTION OF THE MUSICAL SCALE IMPOSSIBLE. BY THE ADJUSTMENT OF

C4 IN THE CIRCUIT OF FIG.9, HOWEVER, THE WIDTH OF BAND PASSED BY THE CRY

STAL FILTER CAN BE INCREASED TO THE POINT NECESSARY TO PASS THE

SPEECH FREQUENCIES SATISFACTORILY. 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 FIG.9. 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 THECRYSTALCIR

CUIT, THEREBY VARYING THE SELECTIVITY IN ACCORDANCE WITH THE PRINCIPLES

OF RESONANT CIRCUITS.

THE APPLIED VOLTAGE IS PROPORTIONAL TO THE PARALLEL IMPEDANCE,IN-.
CREASING AS THE EFFECTIVE RESISTANCE INCREASES, SO THAT THE EFFECTIVE

SENSITIVITYOF THERECEIVER FOR A SINGLE -*FREQUENCY SIGNAL IS BUT LITTLE

AFFECTED OVER A CONSIDERABLE BAND WIDTH.

MINIMUM SELECTIVITY OCCURS WITH THE PARALLEL CIRCUIT TUNED TORES-

ONANCE, AT WHICH TIME IT IS PURELY RESISTIVE, AND MAXIMUM SELECTIVITYOC
CURS WHEN THE PARALLEL CIRCUIT IS TUNED SO AS TO BE CONSIDERABLY REACT-

IVE. THE CRYSTAL IS CONNECTED IN A BRIDGE CIRCUIT THROUGH AN ADJUSTABLE

CONDENSER SO AS TO PROVIDE COUNTER -VOLTAGE OF CONTROLLABLE PHASE AND SO

AS TO MODIFY THE RESONANCE CURVE AND SHIFT THE ANTI -RESONANT FREQUENCY

OF THE CRYSTAL, THEREBY GIVING PARTICULAR REJECTION FOR AN UNWANTED SIG

NAL, IN ADDITION TO THE SHARPLY PEAKED RESPONSE GIVEN FOR THE DESIRED

SIGNAL.

IN THE CIRCUIT OF FIG.9 THE OUTPUT TRANSFORMER OF THE FILTER CON-
SISTS OF THE TUNED CIRCUIT L4.04 WHICH IS CLOSELY COUPLED TO THEUNTUN-.

ED COIL L3 THE NUMBER OF TURNS USED ON COIL L3 ARE CONSIDERABLE LESS

THAN THAT USED ON COIL L4. THE REASON FOR THIS IS THAT THIS TURINISRAT.

10 AFFORDS THE PROPER IMPEDANCE MATCH BETWEEN THE CRYSTAL FILTER AND THE

INPUT CIRCUIT TO THE 1ST I.F. TUBE.

NOW THAT YOU ARE FAMILIAR WITH THE OPERATION AND APPLICATION OF

C.W. OSCILLATORS AND CRYSTAL FILTERS, LET US NEXT LOOK AT THE COMPLETE

CIRCUIT OF COMMUNICATION OR PROFESSIONAL TYPES OF RECEIVERS WHICH MAKE

USE OF THESE FEATURES.
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A SEVEN -TUBE SUPERHETERODYNE

IN FIG0I0 YOU ARE SHOWN THE CIRCUIT DIAGRAM OF A SEVENTUBESUPER"'
HETERODYNE WHICH BV MEANS OF A BAND-SWITCH PROVIDES THE THREE FOLLOWING
FREQUENCY RANGES: (I) FROM 540 TO 1700 Kc.; (2) FROM 1650 TO 4300 KC.;
AND (3) FROM 5.5 TO 18 MEGACYCLES* IN OTHER WORDS, THIS WOULD BE CLASS-
IFIED AS AN ALL -WAVE RECEIVER*

THE TUBES USED ARE A 78 IN THE TUNED R.F. PRe''SZLECTOR STAGE; A
6A7 AS THE FIRST DETECTOR AND OSCILLATOR; A 78 AS AN I.F. AMPLIFIER; A
75 AS A COMBINATION SECOND DETECTOR, TRIODE A.F. AMPLIFIER AND A.V.C.
TUBE; A 42 AS THE POWER OUTPUT TUBE; AN 80 AS THE RECTIFIER; AND A 78
AS AN ELECTRON COUPLED C.W. OR BEAT OSCILLATOR*

OTHER INTERESTING FEATURES OF THIS SAME RECEIVER INCLUDE A SWITCH
WHICH PERMITS AUTOMATIC VOLUME CONTROL TO BE USED OR NOT AT THE WILL OF
THE OPERATOR. A "STAND" -*BV" SWITCH IS ALSO FURNISHED ANDWHICHWI-IENCLOSED
TO THE "RECEIVE POSITION" PERMITS NORMAL RECEPTION, WHEREAS WHEN OPEN OR
IN THE "SEND POSITION", THE PLATE SUPPLY TO THE R.F. SECTION OF THE Re-
CEIVER IS CUT-OFF AND THEREBY PREVENTS OPERATION OF THE RECEIVER WHILE
THE LOCAL TRANSMITTER IS ON THE AIR BUT YET DOES NOT PERMIT THE FILA-
MENTS OF THE RECEIVER'S TUBES TO COOL SO THAT THE SET CAN COME INTO IN-
STANT USE WHEN RECEPTION IS TO BE RESUMED*

A SPECIAL JACK IS PROVIDED IN THE OUTPUT CIRCUJT WHICH PERMITS THE
INSERTION OF HEADPHONES IN THE CIRCUIT AND AT THE SAME TIME CUTS OUT THE
SPEAKER THE INSTANT THAT THE PHONES ARE PUT INTO USE. A SWITCH 18 ALSO
PROVIDED FOR TURNING "ON" AND "OFF" THE BEAT OSCILLATOR.

THE POTENTIOMETER WHICH IS INCLUDED IN THE CATHCDE CIRCUIT OF THE

100,000 OHMS

BEAT t
OSE LLATOP

Avurrru

FIG.10
74 7- 7ihka. PtateldionaL Aricazi gtceivet..
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R.F. TUBE SERVES AS A SENSITIVITY CONTROL, AND WHICH IS USED AS A VOL
UME CONTROL WHEN THE A.V.C. SYSTEM IS NOT BEING USED. THE REGULAR VOL-
UME CONTROL IS INCORPORATED IN THE A.F. CIRCUIT OF THE 75 TUBE.

THE NATIONAL "HRO" CIRCUIT

IN FIG. II YOU ARE SHOWN THE COMPLETE CIRCUIT DIAGRAM OF THE NA-
TIONAL "HRO"COMMUN I CAT I ON TYPE RECEIVER

AND WHOSE PICTURE APPEARS IN FIG.I AND
2 OF THIS LESSON.BY STUDYING FIG. 11

CAREFULLY,YOU WILL OBSERVE THAT THIS RE
CEIVER EMPLOYS BOTH A C.W. OSCILLATOR
AND A CRYSTAL FILTER,AS WELL AS MANY
OTHER INTERESTING FEATURES.

FIG.11
ez.-IcaL-E Dc-ayta.An she
NatZonai 74)20" eceivedt.

THE POWER PACK FOR THIS RECEIVER
IS AN INDEPENDENT UNIT,HOUSEDSEPARATELY
FROM THE RECEIVER AND IS CONNECTED TO

THE RECEIVER THROUGH THE HEATER AND "B"
TERMINALS WHICH APPEAR INTHE LOWER LEFT
HAND CORNER OF FIG.110

THE SWITCH WHICH APPEARS IN THE
B+ LEAD IN FIG011 IS A"STANDBY"SWITCH
AND SERVES THE SAME PURPOSEAS THEEQUIV.'".
ALENT SWITCH IN THE CIRCUIT OF FIG. 10.
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 IS CONNECTED
IN SERIES WITH THE CATHODE CIRCUITS OF
SOME OF THE R.F. TUBES AND E5,WHILETHE
REGULAR VOLUME CONTROL IS IN THE FORM

OF A .5 MEG. POTENTIOMETER IN THE A.F.
CIRCUIT OF THE 2B7 OR 6B7 TUBE. PRO-
VISIONS ARE ALSO MADE FOR THE USE OF
EITHER A LOUD SPEAKER OR HEADPHONES.

A SHUNTING SWITCH FOR THE CRYSTAL
IS ALSO FURNISHED AND WHICH PERMITS THE
CRYSTAL TO BE EXCLUDED FROM THECIRCUIT
WHEN THIS SWITCH IS CLOSED AND THUS

MAKE BROADCAST RECEPTION POSSIBLE.

THE PHASING CONDENSER WHICH IS AL
SO INCLUDED IN THE CRYSTAL CIRCUIT OFFS
ERS A MEANS OF WIDENING SOMEWHAT THE
FREQUENCY BAND PASSED SO THAT SPEECH CAN
BE RECEIVED SATISFACTORILY EVEN WHEN

THE CRYSTAL IS BEING USED.

NINE TUBES ARE USED IN THIS RD".

CEIVER AND THEY MAY BE EITHER OF THE
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2.5 OR 6.3 VOLT SERIES. TWO STAGES OF TUNED RADIO FREQUENCY AMPLIFICATION
ACT AS A PRE-SELECTOR AHEAD OF THE FIRST DETECTOR.

C5

L9

L40

L41

LIS C26

C22

R24

C23
o '

/
R/13 CI3

C40 L47

BO

C49 1.19

SW4

CRYSTAL

44,

CRYSTAL FILTER
CIRCUIT

G. 12.

An 8 -Tube Cornmunicafforis Type Receiver-.

A SET OF FOUR PLUG-IN COILS
AND THEY ARE CONTAINED IN A HANDY
CABINET AS SHOWN IN F I G 2 OF THIS

THE "S" METER IS USED
TABLE I

ARE USED TO AFFORD FULL BAND COVERAGE
DRAWER WHICH CAN BE WITHDRAWN FROM THE
LESSON

AS A MEANS FOR INDICATING THE STRENGTH OF THE
SIGNAL WHICH IS BEING RECEIVED.

1-Gen-Ral Coil Kit No. 34 consisting of:
1-niulti-wave unit -18 to j.5 megacycles.
1-LCX 200D -V -M 507 kc. series wound i.f.

u L,t input-top grid.
1-Lr&20013.V.M 507 kc. series wound i.f.

unit, output-bottom grid.
1-Heterodyne Oscillator -507 kc.

1-Reliance, 140 mmfd. band -spread condenser,
type 2K140.

C4, C6, C7, C27-.05 mfd., 200 volt.
C5, C8, C10, C11-.01 mfd., 200 volt.
C9-.0001 mfd. mica condensers.
C12, C17-1. mfd. 400 volt.
C13-5. mfd. 25 volt.
C14, C16-.01 mfd. 400 volt.
C15-10. mfd. 25 volt.
C18, C191 C20-8 mfd. 450 volt. Screw type

mounting.
C25-.1 mfd., 200 volt.
C26-.00025 mfd. mica condenser.
C28, C29-.10 mfd., 400 volt.
C30-.2 mfd., 200 volt.
C31-.001 mfd. mica condensers.

RI -25,000 ohm 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 ohm 1/3 watt carbon resistor.
R10-200,000 ohm 1/3 watt carbon resistor.
R11-500000 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-

bon resistor.
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.

AN 8-TUBE RECEIVER

IN FIG.I2 YCU ARE SHOWN THE CIR-

CUIT DIAGRAM OF AN EIGHT-TUBE RECEIVER
WHICH FEATURES A COIL SWITCHING ARRANG-
EMENT FOR COVERING THE DIFFERENT WAVE
BANDS, A TUNED R.F. INPUT USING A TYPE

-58 TUBE, A 2A7 OPERATING AS THE FIRST

DETECTOR AND R.F. OSCILLATOR,AND A 56

TUBE OPERATING AS THE BEAT-NOTE OSCILL-
ATOR, FOR C.W. CODE RECEPTION.

THE CRYSTAL F I LTER, WH I CH IS OP-
TIONAL WITH THIS CIRCUIT, IS SHOWN IN THE
LOWER RIGHT HAND CORNER OF THE I AGRAM

THE ELECTRICAL VALUES FOR THE VARIOUS
PARTS AS USED IN THIS CIRCUIT ARE LISTED
FOR YOU IN TABLE I OF THIS LESSON

SW ITCH SW} OFFERS A MEANS OF CUTT-
ING IN AND OUT THE BEAT-OSCILLATOR, SW3,

PERMITS THE USE OR REJECTION OF A.VC
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ACTION, SW4 IS THE STAND-BY SWITCH, Sas-PERMITS THE USE OF HEADPHONES

WHEN IN THE POSITION HERE ILLUSTRATED AND THE HEADPHONES ARE CONNECTEDA
CROSS THE TERMINALS AT "I".

A SPECIAL TYPE OF TUNING CONDENSER IS USED WITH THIS CIRCUIT SO AS
TO OBTAIN CONTINUOUS BAND-SPREAD FEATURES. THIS CONDENSER CONSISTS OF A

THREE-GANG CONDENSER HAVING A CAPACITY RATING OF 140 MMFD. PER SECTION.

MOUNTED ON THIS SAME CONDENSER FRAME IS ANOTHER THREE-GANG CONDENSER OF

33 MMFD. pia( SECTION AND OPERATED BY A COMMON SHAFT. THE, MAIN CONDENSER

CONTROL arHANDLED IN THE USUAL WAY AND THE SMALLER CONDENSEIR GANG AD-

JUSTED

12AOR

THE DESIRED BAND-SPREAD EFFECT.

,xtimination Quotiono
LESSON NO. T..15

I. WHAT ARE SOME OF THE MORE IMPORTANT FEATURES WHICH ARE FOUND INCOM-
MUNICATION TYPE RECEIVERS AND WHICH ARE NOT FOUND IN THECONVENTION.-
AL TYPE OF ALL WAVE RECEIVER?

2. EXPLAIN IN DETAIL HOW THE RECEPTION OF C.W. CODE SIGNALS MAY BE ACC
OMPLISHED.

3. - How IS IT POSSIBLE TO RECEIVE C.W. CODE SIGNALS WITH A REGENERATIVE
TYPE RECEIVER?

4. - DRAW A CIRCUIT DIAGRAM WHICH ILLUSTRATES HOW A BEAT-OSCILLATOR MAY

BE APPLIED TO A SUPERHETERODYNE RECEIVER FOR THE RECEPTION OF D.W.

CODE SIGNALS. EXPLAIN IN DETAIL HOW THIS SYSTEM OPERATES.

5. DRAW A CIRCUIT DIAGRAM WHICH ILLUSTRATES THE USE OF A CRYSTALFILTER
CIRCUIT IN A SUPERHETERODYNE RECEIVER AND EXPLAIN FULLY HOW THIS

SYSTEM OPERATES.

6. DRAW A COMPLETE CIRCUIT DIAGRAM OF A COMMUNICATIONS TYPE RECEIVER

AND POINT OUT THE MORE IMPORTANT FEATURES WHICH IT OFFERS.

7. - WHAT IS THE OBJECT OF INCORPORATING A "STANDBY SWITCH" IN THE CIR-
CUIT OF A COMMUNICATION TYPE RECEIVER?

8. FOR WHAT OTHER PURPOSE MAY A BEAT-OSCILLATOR BE USED OTHER THAN FOR
THE RECEPTION OF peas CODE SIGNALS? EXPLAIN.

9.  WHAT IS
CRYSTAL

THE CHIEF ADVANTAGE WHICH IS OBTAINED THROUGH THE USE OF A

FILTER IN A COMMUNICATION TYPE RECEIVER?

1041' WHAT WOULD BE THE DISADVANTAGE OF USING A CRYSTAL FILTER CIRCUIT IN
A SUPERHETERODYNE RECEIVER OF THE BROADCAST TYPE?
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LESSON NO. I 6

TRANSM /77E12. DESIGN PRO5 LE A4 .

MANY OF THE PROBLEMS WHICH ARE ASSOCIATED WITH THE DESIGN OFTRANS-
MITTERS ARE HANDLED IN THE SAME MANNER AS HAS ALREADY BEEN DESCRIBED TO
YOU IN PREVIOUS LESSONS TREATING WITH RECEIVERS AND AMPLIFIERS.FOR EX-
AMPLE, THE DESIGNING OF TUNED CIRCUITS, VOLTAGE DISTRIBUTION SYSTEMS IN

THE FORM OF RESISTANCE NET-WORKS, A.F. AMPLIFIERS,ETC., WOULD BE CARRIED
OUT ACCORDING TO THE SAME ROUTINE OF CALCULATION REGARDLESS IF THESYBTEM
OR CIRCUIT IN QUESTION BE EMPLOYED IN A RADIO RECEIVER,A PUSLIO- ADDRESS
AMPLIFIER, OR IN A TRANSMITTER. THIS BEING THE CASE,WE SHALL NOT TREAT
DESIGN PROBLEMS OF THIS NATURE IN THIS LESSON.

THE FIRST TYPE OF PROBLEM WHICH WE SHALL NOW CONSIDER IS THAT OF
CALCULATING THE OUTPUT IMPEDANCE OF A MODULATING AMPLIFIER,

CALCULATING OUTPUT IMPEDANCE
OF MODULATING AMPLIFIER

IN FIG. 2 WE HAVE THE FUNDAMENTAL OUTPUT
CIRCUIT OF A MODULATING AMPLIFIER AND WHICH YOU
WILL NOTE CONSISTS OF 0111-11, AND R1. WHEN THIS
CIRCUIT IS 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 Ea-
TABLISHED,WE FIND THAT WITH RESPECT TO THE AS-
SOCIATED CIRCUITS, MAXIMUM IMPEDANCE WILL OCCUR
IN THE PLATE CIRCUIT AND ACROSS WHICH THE 81G
NAL VOLTAGE IS DEVELOPEDIAND AT THE SAME TIME
MINIMUM PLATE CURRENT WILL FLOW THROUGH THE
TUBE.

UNDER THE CONDITIONS HERE DESCRIBED, THE
OUTPUT IMPEDANCE OF THE CIRCUIT WITH RESPECT TO
THE TUBE CAN BE DETERMINED APPROXIMATELYBYAPP-

W

e

d

FIG.1

Ad:lust. g
/ransmi#er.
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LYING THE FORMULA Z = XL WHERE XL IS THE INDUCTIVE REACTANCE OFCOIL LI
R

AT THE FREQUENCY BEING HANDLED AND RI THE TOTAL RESISTANCE OF THE '1C1

CUIT.

FOR EXAMPLE, ASSUMING THAT THE CIRCUIT WILL NORMALLY OPERATE AT A

FREQUENCY OF 1000 KC.ITHAT THE INDUCTANCE VALUE OF Li= 160 MICROHENRIES,
THAT RI = 30 OHMS AND THAT THE TUNING CONDENSER IS SET FOR A CAPACITY OF
0.000158 MFD. WHEN TUNED TO RESONANCE, THEN THE IMPEDANCE OF THIS CIRCUIT
WILL WORK OUT IN THE FOLLOWING MANNER:

IN

XL= 211-7eL. = 2x3.14 x 1,000,000 x 0.Q00160 =
1004.8 OHMS (APPROXIMATELY)

THEN z= X L I 004.8%. = 1.009.623.04
30 30

Z = 33,654 OHMS (APPROXIMATELY)

ORDER TO REALIZE THE MAXIMUM

FIG.1
The Fundamental Cir-cuil:

THE COIL, OR ELSE BY WORKING OUT THE

OF LINEAR AMPLIFICATION FROM THE
MODULATING STAGE, THE OUTPUT
PEDANCE OF THIS TUSEIS CIRCUIT AT
THE FREQUENCY OF OPERATION SHOULD
BE EQUAL TO THE PLATE IMPEDANCE OF
THE TUBE OR SOME VALUE GREATER THAN
THIS AMOUNT UP TO AS MUCH AS TWICE
THE PLATE IMPEDANCE OF THE TUBE.

AFTER WORKING OUT THE OUTPUT
IMPEDANCE OF THE TUBE AS JUST
PLAINED AND IT IS FOUND THAT THE
IMPEDANCE 18 TOO LOW WITH RESPECT
TO THE PLATE IMPEDANCE,THEN THEOUT
PUT IMPEDANCE CAN BE INCREASED AS

NECESSARY BY ADDING MORE TURNS TO

DESIGN SO THAT THE RESISTANCE OF THE
CIRCUIT IS REDUCED WITHOUT A REDUCTION IN THE INDUCTIVE REACTANCE. ON
THE OTHER HAND, IF THE OUTPUT IMPEDANCE VALUE TURNS OUT TO BE TOO HIGH,
THEN THE NUMBER OF TURNS ON THE COIL CAN BE REDUCED OR ELSE THE RESI&'
TANCE OF THE CIRCUIT INCREASED. IN OTHER WORDS, THE CONSTANTS OF THECIR
CUITS CAN BE VARIED UNTIL THE PROPER COMBINATION IS ARRIVED AT SO THAT
THE OUTPUT IMPEDANCE WILL PROPERLY MATCH THE PLATE IMPEDANCE OF THE TUBE
POR BEST OPERATION AT THE FREQUENCY WHICH IS TO BE HANDLED.

REFLECTED RESISTANCE

IN THE ACTUAL TRANSMITTER, THE LOAD IS NOT QUITE SO SIMPLY ARRANGED
AS THAT WHICH IS ILLUSTRATED rN FIG. 2 BECAUSE THE OUTPUT CIRCUIT OF THE
TUBE IS GENERALLY COUPLED TO ANOTHER CIRCUIT IN SOME SUCH MANNER AS ILL-
USTRATED IN F10.3, WHERE WE HAVE AN INDUCTIVELY COUPLED CIRCUIT.

BY STUDYING FIG.3 CLOSELY, YOU WILL OBSERVE THAT HERE WE HAVE THE
PRIMARY COIL LI INDUCTIVELY COUPLED TO THE SECONDARY COIL L7,. AND WITH THE
MUTUAL INDUCTANCE BETWEEN THEM REPRESENTED BY M. COIL L1 IS TUNED BY CON
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DENSER C WHILE COIL L,718 TUNED BY CONDENSER Ca. IN THE SECONDARY CIRCUIT Rz.
REPRESENTS THE LOAD RES 1 S TANG E I N WHICH THE RAC I 0 FREQUENCY POWER 18 TO BE
0 SS I FATED.

WHEN BOTH OF THESE CIRCUITS ARE TUNED TO RESONANCE,THE ENTIRE SEC-
ONDARY CIRCUIT IN FIG3 MAY BE DEDUCED TO THE EQUIVALENT CIRCUIT WHICH IS
PICTURED IN Fici2 AND IN WHICH CASE, THE SECONDARY CIRCUIT WITH ITS RE-
SISTANCE RIIS REPLACED BY Lf AND AN EQUIVALENT RESISTANCE RI THIS PRO-
CEDURE IS KNOWN AS "REFLECTING" THE RESISTANCE INTO THE PRIMARY CIRCUIT
AND IT SIMPLIFIES CONSIDERABLY THE IMPEDANCE CALCULATIONS.

THE REASON AS TO WHY THIS LOAD RESISTANCE CAN BE REFLECTED BACKIN-
TO THE PRIMARY CIRCUIT CAN BE EXPLAINED AS FOLLOWS: DUE TO THE ACTIONOF
THE TRANSFORMER, THE CURRENT WHICH FLOWS THROUGH Rz IS OF SUCH A VALUE
AS TO INDUCE BACK INTO THE PRIMARY CIRCUIT A VOLTAGE OF SUCH VALUE AND
PHASE ANGLE THAT THIS REINDUCED VOLTAGE 18 EQUIVALENT TO THE VOLTAGEDROP
WHICH WOULD OCCUR IN A RESISTANCE OF THE PROPER VALUE IF IT WERE REALLY
THERE.

THE NUMERICAL VALUE
OF THE REFLECTED RESISTANCE
RI CAN BE DETERMINED IN THE
FOLLOWING MANNER:RI= 2c...1.1

R2.

WHERE XM= THE MUTUAL RE-
ACTANCE OF THE PRIMARY AND
SECONDARY OF THETRANSFORM,-.
ER AND Rz= THE LOADRESIS-
TANCE.

IN ORDER TO CALCULATE
THE IMPEDANCE OF THEEQUIV
ALENT CIRCUIT,THE SAME FORM
ULAS AND PROCEDURES ARE USED AS ALREADY EXPLAINED RELATIVE TO THE FUNDA-
MENTAL CIRCUIT IN Flo.2. THE ONLY DIFFERENCE IS THAT R IN THE FORMULA

Z
2

= XL WILL NOW BE EQUAL TO THE REFLECTED RESISTANCE PLUS THE RESISTANCE
R

OF COIL LI .

F I G. 3
inciaceive/y Ccup/ed Load

DETERMINING GRID EXITATION POWER

IN ORDER TO DERIVE THE GREATEST POSSIBLE POWER OUTPUT FROM AN AMP-
LIFIER TUBE, IT IS NECESSARY THAT THE PROPER EXITATION BE APPLIED TO ITS

GRID. IN PRACTICE, IT WORKS OUT THAT THE POWER REQUIRED TO PROPERLY OP^
ERATE THE GRID OF AN AMPLIFIER TUBE BE APPROXIMATELY EQUAL TO ONE^TENTH
THE POWER OUTPUT OF THE SAME TUBE. THAT IS TC SAY, IF THE POWER OUTPUT OF
A CERTAIN TUBE IS RATED AT 100 WATTS, THEN APPROXIMATELY 10 WATTS OFPOW-
ER SHOULD BE AVAILABLE TO EXITE ITS GRID. THIS THEN MEANS THAT THEDRIVER
TUBE MUST BE CAPABLE OF FURNISHING THE REQUIRED 10 WATTS OF POWER TO THg
GRID CIRCUIT OF THE TUBE WHICH IT IS DRIVING AND THE TYPE OF DRIVER TUBE
AND ITS OPERATION IN THE.CIRCUIT MUST THEREFORE BE SE..ECTED ACCORDINGLY.

DETERMINING 3RID EXITATION VOLTAGE

A PRACTICAL METHOD OF DETERMINING THE GRID EXITATION AVAILABLE IS
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ILLUSTRATED FOR YOU IN Ft.4. HERE TWO RADIO -FREQUENCY AMMETERS ARE CONN-
ECTED IN THE CIRCUIT AS SHOWN. WHEN THESE TWO METERS INDICATE INDENTICAL
VALUES, THEN THE GRID EXITATION VOLTAGE AVAILABLE (E0) IS DETERMINED WITH
THE AID OF THE FOLLOWING FORMULA : EG = IXL.

FIG. 4

Determinin9 Grid gxitatfonVo
RESONANT FREQUENCY.

IN THE EVENT THAT THE
CIRCUIT ARRANGEMENT IS SUCH

AS SHOWN IN FIG.5AND INWHICH
THE GRID EXITATION VOLTAGE'S
EQUAL TO THE VOLTAGE DEVEL-
OPED ACROSS THE CONDENSER C,
THEN WITH THE RADIO -FREQUEN-
CY AMMETER INSTALLED IN THE

CIRCUIT AS SHOWN AND THE CIR-
CUIT TUNED TO RESONANCE, THE
GRID EXITATION VOLTAGE WILL
BE FOUND FROM THE RELATION
EG = IXC WHERE I = THE CURR-
ENT INDICATED BY THE METER
ANC Xc = THE CAPACITIVE REAL
TANCE OF CONDENSER C2. AT THE

APPLICATION OF GRAPHS

THE STATIC AND DYNAMIC CHARACTERISTICS OF A VACUUM TUBE CAN ALSO
BE USED TO GOOD ADVANTAGE IN WORKING OUT THE DESIGN OFA TRANSMITTERISAW-
PLIFIER WITH RESPECT TO THE GRID EXITATION. THIS METHOD SHALL NOW BE EX-
PLAINED AS IT WOULD BE APPLIED TO THE CIRCUIT WHICH IS ILLUSTRATED IN FIG.
6.

THIS PARTICULAR CIRCUIT IS A BALANCED PUSH-PULL LINEAR AMPLIFIER
AND THE POWER TUBES WHICH ARE USED ARE A PAIR
W.E. 279A AND EACH OF WHICH HAS A RATED POWER
ALTHOUGH THE RATING OF THESE PARTICULAR TUBES
OF HANDLING A PEAK
LOAD OF 2 Kw. WITHOUT
OVERLOADING.

WHEN ARRANGED IN
A BALANCED PUSH-PULL
CIRCUIT AS HERE ILL-
USTRATED,EACH TUBE
WILL HANDLE ONE-HALF
OF THE TOTAL POWER
OUTPUT. 1 N OTHER WORDS,

IF THE CIRCUIT CON-
STANTS AND DESIGN ARE
SUCH THAT 1000 WATTS
IS TO BE HANDLED BY
THE POWER STAGE, THEN
EACH OF THESE TUBES
WILL DISSIPATEAPPROX-
IMATELY 500 WATTS IN

OF WESTERN ELECTRIC TYPE
OUTPUT OF I KW.(1000WATTS).
IS 1Kw YET THEY ARE CAPABLE

F G. 5

Anoil-7er Method o f Determining
Grid Exitation Voikage.
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THIS CIRCUIT, THAT IS TO SAY, 1000 WATTS OF CARRIER OR UNMODULATEDPOWER.
HOWEVER, AT 100 PER CENT MODULATION, THE MODULATED PEAK POWER WILL BE

FOUR TIMES THE CARRIER POWER OR 4 X 1000 = 4000 WATTS AND FOR THIS READ
SON IT IS NECESSARY THAT THESE TUBES BE CAPABLE OF HANDLING THESE SWINGS
WITHOUT OVERLOADINP0 THIS THEY ARE CAPABLE OF DOING ACCORDING TO THEMAN...
UFACTURERS SPECIFICATIONS.

THE NEXT STEP WILL BE TO REFER TO THE STATIC CHARACTERISTIC CURVE
OF THE WE.279A TUBE WHICH APPEARS IN FIQ.7. THIS YOU WILL RECOGNIZE AS

BEING THE PLATE CURRENT -..GRID VOLTAGE CURVE WHEN OPERATING AT ITS NORMAL
PLATE POTENTIAL OF 3,000 VOLTS AND A GRID BIAS OF 275 VOLTS ACCORDING TO
THE MANUFACTURER'S SPECIFICATIONS.

THE DYNAMIC CHARACTERISTIC CURVES OF TWO W.E. 279A TUBES WHENOPER-
ATING IN PUSH-PULL IS SHOWN YOU IN FIG.8. THE CHARACTERISTICS OF THE

FIG, 6
A Push- Pull Linear Arnp/if7er%

TUBES ARE HERE ILLUSTRATED WHEN OPERATING INTO A LOAD IMPEDANCE OF APP-

ROXIMATELY 3,500 OHMS.

THE UPPER DOTTED CURVE IN THE GRAPH OF FIG.8 REPRESENTS THEAPPROX....
IMATE EFFICIENCY OF THE TUBES WITH RELATION TO THE EXITATION VOLTAGE AND
THE LOWER DOTTED CURVE REPRESENTS THE VALUE OF THE TANK POWER IN THE LOAD
CIRCUIT C3 1-3 OF FIG.&

BY APPLYING A NEGATIVE GRID BIAS OF APPROXIMATELY 275 VOLTS AND A

PLATE POTENTIAL OF SLIGHTLY OVER 3000 VOLTS TO THESE TUBES, WE FIND THAT

THE TUBES WILL BE BIASED ALMOST TO THE POIN' OF PLATE CURRENT CUTOFF
(CLASS B) AND IN THE PLATE LOAD CIRCUIT WILL APPEAR A POWER OUTPUT EQUAL
TO THE SQUARE OF THE INPUT GRID VOLTAGE.

IF MO MODULATION IS USED, THEN THE PEAK OUTPUT WILL BE FOUR TIMES



PAGE 6 TRANSMITTERS

GREATER THAN THE UNMODULATED CARRIER POWER.

As WAS STATED PREVIOUSLY,EACH OF THESE POWER TUBES IS EXPECTED TO

DELIVER AN UNMODULATED CARRIER OUTPUT OF 500 WATTS OR 1000 WATTS FOR THE
TWO TUBES TOGETHER. FOR THIS REASON THE GRID EXITATION POWER MUST BEAPP-
ROXIMATELY 1/10 OF THE OUTPUT POWER OR 50 WATTS PER TUBE AND 100 WATTSA...
CROSS THE GRIDS OF BOTH TUBES. THIS TOTAL GRID EXITATION OF 100 WATTS MUST
BE DISSIPATED BY RESISTOR R OF THE CIRCUIT IN FIQ.6.

SINCE THE POWER TUBES OF THIS SAME CIRCUIT ARE BIASED AT 275 VOLTS,
A GRID EXITATION VOLTAGE OF APPROXIMATELY 265 VOLTS MUST BE APPLIED TO

EACH OF THEM IN ORDER TO REALIZE THEIR FULL RATED OUTPUT. THIS MEANS A

TOTAL EXITATION VOLTAGE OF 2 TIMES
265 OR 530 VOLTS FOR THE TWO TUBES800

100

600
Q.)

43
cL
E
es 500

...=
:il

E
4--
5 400
L.
L.
z

L.)

4.i.0 300
a

ii-..

ZOO

100

0
-500

)

Ep=3000 V.

-400 -300 -200 -100 0
D.C. Grid Volts (Bias)

FIG.7
54a fic Characteristic Curve

Tzhe W. E. z79 A .

AND WHICH MUST BE DEVELOPED ACROSS
THE EXTREMITIES OF RESISTOR Re

ASSUMfNG THAT THE TOTAL RESIS".
TANCE OF R Is 2400 OHMS, WE CAN DE-.

TERMINE THE WATTAGE WHICH IS DISS1-.

PATED ACROSS IT BY INSERTING ARANO..
FREQUENCY AMMETER IN SERIES WITH IT

AS INDICATED BY A. IN FIG.6. THE RA-
DIO-FREQUENCY DRIVE OR INPUT TO THIS
CIRCUIT IS THEN VARIED UNTIL THE AMM
ETER A. OFFERSA READING WHICH WHEN
SQUARED AND BY THE
TANCE OF R OR 2400 OHMS WILL BE EQUAL
TO APPROXIMATELY 100 WATTS. FOR r* --

AMPLE, WHEN THIS AMMETER OFFERS A

READING OF 0.21 AMP*, THEN I sLI:1 =
0.21x0.21x2400= 105.84 WATTS. THERE..
FORE, WHEN AMMETER Ai_ READS 0.2IAMP
THE PROPER GRID EXITATION EXISTS. THE
CORRESPONDING GRID EXITATION VOLTAGE
IN THIS CASE WILL BE E = IxR =
0.21 x 2400 = 504 VOLTS, AND WHICH
CHECKS CLOSE ENOUGH TO OUR DESIRED
VALUES FOR PRACTICAL PURPOSES.

IT IS TO SE UNDERSTOOD THAT THE VARIOUS VALUES AS SO FAR DETERMINED
WILL NOT MAKE SATISFACTORY OPERATION POSSIBLE, UNLESS THE LOAD IMPEDANCE
C
5
L.IN FIG.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 CALCU-
LATIONS FOR THE CIRCUIT OF FIG.6, HAVE ASSUMED L3 C3 AS PROVIDING A LOAD
IMPEDANCE OF APPROXIMATELY 14,000 OHMS (4 TIMES 3500 = 14,000) AT THE
OPERATING FREQUENCY OF 1000 KC.

SHOULD THIS CIRCUIT BE OPERATED WITH TOO LOW A LOAD IMPEOANCE,THEN
THE EXCESSIVE POWER WHICH IS DEVELOPED WILL BE DISSIPATED IN THE TUBERA....
THER THAN IN THE LOAD AND THEREBY CAUSE THE TUBE TO OVERHEAT AS WELL AS
TO BECOME OVERLOADED. AT THE SAME TIME, THE LOW-LOAD IMPEDANCE MAY CAUSE
THE MODULATION PERCEWAGE TO BECOME TOO HIGH AND THUS CAUSE AUDIO.. FRE-
QUENCY DISTORTION,
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ON THE OTHER HAND, IF THE LOAD IMPEDANCE IS TOO HIGH THEN THE IN-

SUFFICIENT POWER WHICH WILL BE DEVELOPED ACROSS IT WILL CAUSETHE MODULA-
TION PERCENTAGE TO BE TOO LOW.

CALCULATING LOAD IMPEDANCE FOR POWER AMPLIFIERS

ALTHOUGH FOR GENERAL CONDITIONS,THE LOAD IMPEDANCE FOR POWER AMPLI-
FIERS 18 SET AT A VALUE EQUAL TO TWICE THE PLATE IMPEDANCE OF THE TUBEAT
THE FREQUENCY BEING HANDLED, YET THIS FACTOR CAN BE DETERMINED WITH STILL
GREATER ACCURACY SY APPLYING THE CALCULATIONS AS WILL NOW BE EXPLAINED.

IN FIG. 9, FOR INSTANCE, YOU ARE SHOWN A FAMILY OF CHARACTERISTIC
CURVES FOR THE TYPE ".*I0 TUBE, EACH FOR A DIFFERENT GRID BIAS VALUE. THE

NORMAL BIAS VOLTAGE FOR THIS TUBE 18 '"3411 VOLTS. THE PROPER GRID SWING FOR
THIS TUBE WILL THEN BE PLUS OR MINUS 30 VOLTS WITH RESPECT TO THE NORMAL
BIAS OR A TOTAL GRID SWING OF TWICE THE BIAS VOLTAGE OF 30 OR 60 VOLTS.

THE EXTENT OF THE PLATE VOLTAGE SWING AS EXPERIENCED IN THIS CASE
CAN BE DETERMINED
POINT IN THE
GRAPH OF FIG.
9 AND EXTEND-
ING THIS LINE
80 THAT IT WILL
INTERSECT THE
CURVE EE OV
AT SOME ARB-

ITRARY POINT.
THIS GAME LINE
18 ALSO EXTtN-
DED TO THE
CURVE EF-60V.
VERTICAL LINES
ARE THEN RULED
THROUGH THESE
POINTS OF IN-

TERSECTION ON
THE Eic= OVAND
THE Ec
CURVES. UPON

BY DRAWING A STRAIGHT LINE THROUGH THE NORMALOPERATINQ
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DOING THIS, IT WILL BE NOTED THAT THESE POINTS CORRESPOND TO PLATE VOL-

TAGES (Eel ) OF 230 AND 548 VOLTS RESPECTIVELY. THESE SAME POINTS ALSO
CORRESPOND TO PLATE CURRENT VALUES OF 36 MA. AND 6 MA. RESPECTIVELY.

BY THUS KNOWING THE TOTAL PLATE VOLTAGE SWING Es A8 BEING 548MIN...*
US 230 OR 318 VOLTS, THE MAXIMUM PLATE CURRENT AS BEING 36 MA. AND THE

MINIMUM PLATE CURRENT AS BEING 6 MA., THEN LOAD IMPEDANCE MAY BECALCULA..*
TED BY APPLYING THE FORMULA: TO Es WHERE Es = TOTALPLATE

rP MAX-",IP MIN.

VOLTAGE SWING:TRMAX = MAXIMUM PLATE CURRENT EXPRESSED IN AMPERES AND
IPMIN= MINIMUM PLATE CURRENT EXPRESSED IN AMPERES,

BY SUBSTITUTING INTO THIS FORMULA THE VALUES WHICH WE HAVE 80 FAR
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6

.006 01.03C
DETERMINED, WE HAVE

°0.036
1

11- - 10,600 OHMS.
- 0

NOTICE PARTICULARY IN THIS CASE THAT THE LOAD IMPEDANCE WHEN WORKED
OUT IN THIS MANNER CHECKS FAVORABLY WITH THE LOAD IMPEDANCE WHEN ASSUMING
THE LOAD IMPEDANCE TO BE EQUAL TO TWICE THE PLATE IMPEDANCE OF THE TUBES.
THAT IS TO SAY, THE TYPE -10 TUBE AT A PLATE VOLTAGE OF 400 VOLTS AND A

GRID BIAS OF -30 VOLTS HAS A PLATE IMPEDANCE OF APPROXIMATELY 5000 OHMS
AND TWICE 5000 OHMS = 10,000 OHMS AS THE RECOMMENDED LOAD IMPEDANCE.

HAVING DETERMINED THE LOAD IMPEDANCE AS ,JUST EXPLAINED, WE CAN AL-
SO PROCEED TO DETERMINE THE POWER OUTPUT OF THE SAME TUBE UNDER THESE
SAME CONDITIONS OF OPERATION BY APPLYING THE FORMULA: Po IN WATTS =
(EMAX EMIN) X (ImAx - IMIN) WHENCE Po = (648-230) X (0.036-0.006) =

8

1.192 WATTS.
8

THE PERCENT DISTORTION CAN ALSO BE DETERMINED FROM THE FACTS WHICH
ARE NOW AVAILABLE BY APPLYING THE FORMULA:

* (IMAX. IMIN.) -I NORMAL
(2ND HARMONIC.) /MAX -IM I N

THUS IN OUR PARTICULAR EXAMPLE, DISTORTION -

% DISTORTION =

100 = i(0.042)-0.018 X
0.03

100 0.021-0.018
0.03

X 100

1(0,036+0.000-0.018
0.036-0.006

X100- 0.003
0.03

SO
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X

NOW LET US SEE
WHAT WOULD HAPPEN
IF OUR ARBITRARY
LOAD LINE IN FIG.9
SHOULD HAVE OCCU-
PIED ANOTHER POSI-
TIONISUCH AS INDI-
DATED BY THE DOTTED
LINE,'FOR EXAMPLE.
THE POINTS WHERE
THIS DOTTED LINE
INTERSECTS THE
Ec=0V AND THE EC=
-60V. CURVES CORR-
ESPONDSRESPECTIVE-
LY TO THEFOLLOWING
PLATE VOLTAGE AND
CURRENT VALUES:525
VOLTS AT 4 MA.; AND
245 VOLTS AT 41 MA.

UPON CALCULATING THE LOAD IMPEDANCE IN THIS CASE, WE HAVE:

Es 525-245Zo - 280
IPMAX-IPMIN - 0.041-0.004 0.037

- 7,600 OHMS.DET ERNI I N-

ING THE POWER FROM Po = (EMAX-EM IN) X (ImAx-IM IN) (625-245) X(0.041-0.004)
8 8
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= 1.3 WATTS (APPROX.)

SECOND HARMONIC DISTORTION
117
-27%.04Ax + - I NORMAL

'MAX TM IN.
X 100 =

1(0.041 + 0.004) 0.018
-

0 0045X 100 X 100 = 12% APPROX.0.041 0.004 - 0.037

By COMPARING THESE TWO LOAD LINES IN FIG. 9 TOGETHER WITH THEIR COR
RESPONDING CALCULATIONS WE NOTE THAT WITH THE DOTTED LINE, THE POWER OUT-
PUT IS SOMEWHAT GREATER AS IS ALSO THE PERCENTAGE OF HARMONIC DISTORTION.
UPON DRAWING A NUMBER OF LOAD LINES ON THE GRAPH OF FIQ.9 AND wORKINGOUT
THE CALCULATIONS AS JUST EXPLAINED THE MOST DESIRED COMBINATION BETWEEN

THE LOAD IMPEDANCE AND PERCENTAGE OF SECOND HARMONIC DISTORTION CAN BE

ARRIVED AT.

THIS METHOD OF CALCULATING THE PROPER LOAD IMPEDANCE CAN BEAPPLIED
TO SOLVE PROBLEMS OF THIS NATURE IN ALL TYPES OF AUDIO, RADIO-FREQUENCY,
OR POWER-AMPLIFIER SYSTEMS.

DETERMINING OPERATING CONDITIONS FOR PLATE MODULATION

IN FIG.10 YOU ARE SHOWN THE
II CHOKE -COUPLED'' TO THE PLATE
CIRCUIT OF A CLASS C AMPLIFIER
ACCORDING TO THE HEISINGSYSTEM
OF MODULATION.

IN ORDER THAT 100 %MODU.LA-.
TION MAY BE OBTAINED IN THIS
CASE, THE CLASS C AMPLIFIER'S
D.C. INPUT POWER SHOULD BE TWICE
THE moDuLAToRls RATED MAXIMUM
UNDISTORTED POWER OUTPUT. THIS
D.C. INPUT Is EQUALTO THEPLAss
C AMPLIFIER'S MEAN(AVERAGE) D.
C. PLATE VOLTAGE AND PLATE CUR-
RENT. IT IS ALSO TRUE THAT THE
MEAN PLATE VOLTAGE DIVIDED BY

THE PLATE CURRENT WILL RESULT

IN THE MODULATING IMPEDANCEAND
WHICH IN THIS CASE SHOULD EQUAL
THE MODULATOR'S RATED LOAD IM-
PEDANCE.

THE FOLLOWING RELATIONS
ALSO APPLY IN CIRCUITSOF THIS
TYPE: /. -17P3 AND EB = Po

0
Rp TB

WHERE TB = MEAN D.C. CURRENT
TO R.F. AMPLIFIER PLATE EXPRESS
ED IN AMPERES; Po sUNMODULATED
D.C. POWER INPUT TO R.F. STAGE
AND WHICH IS EQUAL TO TWICE THE MODULATOR POWER OUTPUT EXPRESSED IN WATTS;

Rp = OPTIMUM LOAD RESISTANCE FOR MODULATOR EXPRESSED INOHMsANDES=MEAN

SKELETON DIAGRAM OF A PLAss-AMODULATOR

Cass C Arnpl.

Modula+or

41W

(
N

C
100

B-4. c+ Bt

405c.

Ani-.

Ma.

FIG.10
The modulation Circuit.
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D.C. 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 SUPPLY OF 1000 VOLTS AT 75 MA. WE
SHALL FURTHER ASSUME THAT THE POWER OUTPUT OF THIS TUBE IS 23 WATTS FOR

A LOAD RESISTANCE OF 7500 OHMS. THE MEAN PLATE CURRENT FOR THE CLASS C
AMPLIFIER IS THEN DETERMINED AS FOLLOWS:

=.3477 - N -2X23

B R 7500

TAGE FOR THE CLASS C AMPLIFIER IS SOLVED AS: E5
1:8 0

- PO 2X023 = 590
.78

VOLTS.

- 0.078 AMP, = 78 MA. THE MEAN D.C. PLATE VOL

THE PLATE VOLTAGE DROP FOR THE CLASS C AMPLIFIER IS THEREFORE 1000
MINUS 590 = 410 VOLTS AND WHICH MUST BE DEVELOPED ACROSS RESISTOR R IN

FiG.10. THE VALUE OF RESISTOR R IS DETERMINED BY APPLYING NOS LAW IN

THE FORM R = E = 410 - 5256 OHMS. THE WATTAGE WHICH THISSAME RE
I 0.078

SISTOR MUST DISSIPATE
MATTER OF SAFETY, THE
WATTS.

IS EQUAL TO E x I = 410 X 0.078 = 32 WATTS. AS A

RESISTOR USED SHOULD NOT BE RATED AT LESS THAN 50

FROM THESE CALCULATIONS, IT HAS BEEN DETERMINED THAT THE CLASS C

AMPLIFIER TUBE SHOULD BE SELECTED FROM THE STANDPOINT OF BEING CAPABLE OF
OPERATING SATISFACTORILY WITH A PLATE INPUT OF APPROXIMATELY 78 MA. AT
APPROXIMATELY 590 OR 600 VOLTS.

IN THE EVENT THAT TRANSFORMER COUPLING IS USED BETWEEN THE MODULATE
OR AND THE CLASS C AMPLIFIER, THEN THE TURNS RATIO OF THE MODULATION TRAN
SFORMER MUST BE CALCULATED 80 AS TO MATCH THE MODULATING IMPEDANCEOF THE
CLASS C AMPLIFIER TO THE REQUIRED LOAD IMPEDANCE OF THE MODULATOR. THIS

IS ACCOMPLISHED IN THE FOLLOWING MANNER:

A CERTAIN CLASS B MODULATOR HAS A POWER OUTPUT OF 100 WATTS WITH
1000 VOLTS APPLIED TO THE PLATES OF THE TWO TUBES AND OPERATES INTO A

SUITABLE LOAD IMPEDANCE OF 14,000 OHMS. TWO SIMILAR TUBES ARE USED IN THE
CLASS C AMPLIFIER, ALSO BEING OPERATED.ATA PLATE VOLTAGE OF 1000 VOLTS AND
WITH AN AVERAGE D.C. POWER INPUT OF TWICE THE MODULATORt8 RATED MAXIMUM
OUTPUT OR 2 X 100 = 200 WATTS.

THE PLATE CURRENT FOR THE CLASS C AMPLIFIER IS THEN SOLVED FOR IN

THE FOLLOWING MANNER:

1000
0.2

Po 2 x 100 = 0.2 AMP. = 200 MA.
13 Ely 1000

THE MODULATING IMPEDANCE OF THE CLASS C AMPLIFIER IS Z =
=)4

= 5000 OHMS.

THIS MEANS THAT THE MODULATION TRANSFORMER MUST PROPERLY MATCH THE
MODULATOOS LOAD IMPEDANCE OF 14,000 OHMS TO THE CLASS C AMPLIFIERISMOD-.
ULATING IMPEDANCE OF -'000 OHMS. THE CORRESPONDING TRANSFORMER TURNS RATIO
WILL BE EQUAL TO THE SQUARE ROOT OF THE PRIMARY -SECONDARY IMPEDANCE RATIO
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OR TURNS RATIO = 4.000 =fE:1 = 1.6 TO I OR I TO 0.62.
5000

THIS SAME METHOD OF CALCULATION 18 EMPLOYED WHETHER THE MODULATOR
BE OF THE CLASS A OR CLASS B TYPE. IT IS ALSO IMPORTANT IN THIS CASE THAT
THE TRANSFORMER WINDINGS BE CAPABLE OF CARRYING THE NECESSARY CURRENT
WITHOUT SATURATING THE CORE.

CHECKING THE MODULATION

A SIMPLE METHOD OF CHECKING THE MODULATION OF A TRANSMITTER IS TO
APPLY A CONSTANT MODULATING FREQUENCY TO THE CARRIER AND NOTE THE INCREASE
IN ANTENNA CURRENT. IF THE CARRIER IS MODULATED 100%, THE ANTENNA CURR-
ENT WILL RISE TO APPROXIMATELY 1.23 TIMES THE CARRIER VALUE.

THE CIRCUIT DIAGRAM
IS USED FOR DETER-
MINING THE PERCENTAGE
OF MODULATION IN THE
FOLLOWING MANNER:
COIL L. IS COUPLED TO
THE OUTPUT CIRCUIT OF
THE TRANSMITTER. THE
R.F. CURRENT WHICH
PASSES THROUGH THIS
CIRCUIT CAUSES A VOL
TAGE DROP ACROSS RE-
SISTOR R$ AND WHICH
IS DIRECTLY PROPOR-
TIONAL TO THE CURRENT
THROUGH THE RESISTOR.

OF A MODULOMETER APPEARS IN FIG.II THI8DEVICE

PIG. 11
Circuif of ihe Modulomei-er.

VARIATIONS IN THE AMPLITUDE OF THE R.F. CURRENT WILL THEREFORE
CAUSE PROPORTIONATE VARIATIONS IN THE R.F. VOLTAGE ACROSS RESISTOR Pi
AND THE POSITIVE HALF CYCLES OF THIS VOLTAGE IS MEASURED BY THEPEAK VOLT
METER (VACUUM TUBE VOLTMETER) WHICH IS INCORPORATED IN THE MODULOMETER.

DURING THE TIME OF CONDUCTING THIS TESTITHE TRANSMITTING ANTENNA IS
REPLACED WITH A DUMMY ANTENNA AND THE COUPLING 18 Sd ADJUSTED THAT THE
MODULATED AMPLITUDE OF THE VOLTAGE ACROSS RI 18.5 OR 6 VOLTS. THE GAIN
CONTROL OF THE SPEECH AMPLIFIER IS THEN SET AT ZERO 80 THAT THE CARRIER
IS UNMODULATED AND A SECOND MEASUREMENT IS MADE. Tpe PERCENTAGE OF MODU-
LATION IS THEN DETERMINED FROM THE RELATION M G MOD. E CAR. X i00

E CAR.

WHERE M IS THE PERCENTAGE OF MODULATION, EMOD. IS tHE VOLTAGE WITH MODU-
LATION AND ECAR IS THE VOLTAGE OF THE UNMODULATED CARRIER.

THE COIL LI AND CONDENSER CI ARE SO CHOSEN THAT THIS CIRCUIT CAW
BE TUNED TO THE CARRIER FREQUENCY OF THE TRANSMITTER. THE COUPLING OR
PICK-UP COIL 1...E.MAY CONSIST OF TWO OR THREE TURNS OF LAMP CORD OFANY CON
VENIENT SIZE.
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LESSON NO. T -I6

Men are so inclined to oontent
themselves with what is most common,
that it is necessary to continually
study and nourish in his mind the
thingswhioh are beautifuland perfect.

1. - WHAT APPROXIMATE RELATION EXISTS BETWEEN THE OUTPUTPOW-
ER OF AN AMPLIFIER TUBE AND THE GRID EXITATION POWER FOR
THE SAME TUBE?

2. - WHAT PROCEDURE CAN BE USED IN ORDER TO DETERMINE THE AP-
PROXIMATE GRID EXITING VOLTAGE NECESSARY IN ORDER THAT
A CERTAIN AMPLIFIER TUBE MAY DELIVER ITS RATED OUTPUT
POWER?

3. - HOW WOULD YOU GO ABOUT THE TASK OF DETERMINING THE OUT-
PUT IMPEDANCE OF A MODULATING AMPLIFIER?

4. - WHAT IS MEANT BY "REFLECTED RESISTANCE"?

5. - EXPLAIN IN DETAIL HOW THE PROPER LOAD IMPEDANCE FOR A

POWER AMPLIFIER MAY BE DETERMINED WITH THE AID OFA FAM-
ILY OF CHARACTERISTIC CURVES CORRESPONDING TO THE SAME
TUBE.

6. - EXPLAIN HOW THE PERCENTAGE OF SECOND HARMONIC DISTORTION
AT THE OUTPUT OF AN AMPLIFIER MAY BE DETERMINED.

7. - IN ORDER TO REALIZE 100% MODULATION WHEN USING THEHEIS-
ING SYSTEM OF MODULATION,WHAT RELATION SHOULD EXIST BE-
TWEEN THE CLASS C AMPLIFIER'S D.C. INPUT POWER AND THE
MODULATOR'S RATED MAXIMUM UNDISTORTED POWER OUTPUT?

8. - WHAT METHOD MAY BE EMPLOYED IN ORDER TO DETERMINE THE
PERCENTAGE OF MODULATION REALIZED WITH A CERTAIN TRANS"
MITTER?

9. - IF THE HEISING SYSTEM OF MODULATION IS TO BE EMPLOYED BY
USING A MODULATION TRANSFORMER,WHAT STEPS SHOULD BETAK-
EN IN ORDER TO DETERMINE THE CORRECT TURNS RATIO FOR

THIS TRANSFORMER?

10.- IF THE LOAD IMPEDANCE OF A TRANSMITTER'S POWERAMPLIFIER
IS OF TOO LOW A VALUE FOR THE.TUBES USED, HOW WILL THIS
AFFECT THE OPERATION OF THE TRANSMITTER? HOW WILL THE

OPERATION OF THE SAME TRANSMITTER BE AFFECTED IN THE
EVENT THAT THE LOAD IMPEDANCE IS OF TOO HIGH A VALUE?

PRINTED IN U.B.A.
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 STUDIO AND CONTROL - )200A4 EQUIPMENT
WITH THIS LESSON YOU ARE GOING TO COMMENCE YOUR STUDY OF BROADCAST

TRANSMITTERS AND ASSOCIATED STATION EQUIPMENT. THE STUDIO END OF THE SY&-

TEM SHALL BE CONSIDERED FIRST.

FIG. 2 SHOWS YOU IN A SIMPLIFIED FORM HOW THE STUDIO IS RELATED TO

THE OTHER MAJOR UNITS OF THE BROADCAST TRANSMITTER. HERE YOU WILL OBSERVE

THAT A NUMBER OF STUDIO MICROPHONES FEED INTO A MIXER THE

SOUND ENERGY IS DELIVERED TO THE A.F. AMPLIFYING EQUIPMENT WHICH IS LOCA-

TED IN THE CONTROL ROOM. IN THE TRANSMITTER ROOM THIS A.F. ENERGY IS STILL

FURTHER AMPLIFIED TO THE VALUE NECESSARY FOR PROPER MODULATION AND FROM

THE TRANSMITTER THE MODULATED R.F. ENERGY IS FED INTO THE ANTENNA.

NUMEROUS MODIFICATIONS
ERENT STATIONS. FOREX-
AMPLE5 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 IS

IN SUCH INSTANCES LO-
CATED IN THE CONTROL
ROOM.

IN FIG.2 YOU ARE
ALSO SHOWN HOW PROGRAMS
ARE HANDLED BY REMOTE
CONTROL. THIS,YOU WILL
NOTE, IS ACCOMPLISHED BY
PLACING THE NECESSARY
MICROPHONES AND MIXER
AT THE POINT WHERE THE
PROGRAM ORIGINATES
AN AUDITORIUM IN THIS

OF THIS TYPICAL ARRANGEMENT ARE USED BYDIFP-

F I G. 1

frfairi 57Luctio of a 3roacicasi. 54ation.
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PARTICULAR CASE. THE A.F. ENERGY IS THEN AMPLIFIED AT THIS SAME LOCATION
AND THE OUTPUT TERMINALS OF THIS AMPLIFIER CARRY THE AMPLIFIED A.F. SIG-
NALS TO THE CONTROL ROOM OF THE STATION OVER SPECIAL TELEPHONE LINES.THESE
SIGNALS ARE THEN PASSED THROUGH THE EQUALIZER AND FROM HERE ON,THEPROGRAM
IS HANDLED IN THE SAME MANNER AS ALREADY EXPLAINED.

ALSO OBSERVE IN FIG.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 EXPLANATION,YOU SHOULD NOW HAVE A GENERAL IDEA OF
THE ENTIRE BROADCAST SYSTEM. IN THE INSTRUCTION WHICH IS TO FOLLOW YOU WILL
HAVE THE OPPORTUNITY OF STUDYING EACH UNIT IN DETAIL, AS WELL AS ALL ACC-
ESSORY EQUIPMENT SUCH AS THE RELAYS, VOLUME INDICATORS, MONITORINGDEVICES
ETC. WHICH FOR THE SAKE OF CLARITY AND SIMPLICITY HAVE BEEN OMITTED FROM
FIG. 2.

STUDIO ARRANGEMENT

IN FIG.3 YOU ARE SHOWN AN ARTIST'S CUT-AWAY SKETCH OF THE NATIONAL
BROADCASTING STUDIOS AND WHICH IS PART OF THE TRAINING EQUIPMENT IN OUR
SCHOOL. THIS STUDIO ARRANGEMENT IS TYPICAL OF THAT USED BY THE BETTER
BROADCASTING STATIONS OF THIS COUNTRY AND CONSEQUENTLY OUR STUDENTS HAVE
THE OPPORTUNITY OF WORKING UNDER THE SAME CONDITIONS AS WOULD EXIST IN ANY
OF THE LARGER STATIONS.

YOU WILL NO DOUBT BE INTERESTED IN KNOWING THAT NATIONAL SCHOOLSAL-
SO CONDUCT THE NATIONAL SCHOOL OF. BROADCASTING AND WHICH IS DEVOTED EX-
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CLUSIVELY TO THE TRAINING OF ARTISTS AND OTHER TALENTED PERSONS SO THAT

THEY MAY DEVELOP FOR RADIO USE THEIR TALENTS IN THE FIELD OF SINGING,DRA
MATICS,ANNOUNCING, CONTINUITY WRITING, ETC. VARIED TYPES OF PROGRAMS WHICH
ORIGINATE IN OUR STUDIOS ARE RELEASED ON REGULAR SCHEDULE BY ONE THE MA-
JOR BROADCASTING STATIONS OF LOS ANGELES.

WHILE THE STUDENTS OF OUR BROADCASTING SCHOOL USE OUR STUDIOS TO

THEIR PARTICULAR ADVANTAGE,YET THIS IS OF MUTUAL BENEFIT TO THE RADIO

STUDENTS OF OUR TECHNICAL SCHOOL WHO ARE PRIVELEDGED TO ACT AS STUDIOTEC-
HNICIANS, MONITORING MEN, AND STATION TECHNICIANSON ADDITION TO GAINING

THE MOST VALUABLE EXPERIENCE OF SERVICING ALL THIS EQUIPMENT.

BY AGAIN REFERRING TO FIG.3 YOU WILL NOTE THAT THE STUDIOS CONSIST
OF SEVERAL DEPARTMENTS AND WHICH IS TRUE IN THE MAJORITY OF STATIONS. THE
MAIN STUDIO, FOR INSTANCE, IS LOCATED AT "A" -- THIS IS A LARGE STUDIO IN
WHICH ORIGINATE ALL MAJOR PROGRAMS INVOLVING A NUMBER OF PERSONS.

AT "B", "C" AND "D" WE HAVE THREE SMALLER sTuglos WHICH ARE USED FOR
THE BROADCASTING OF PROGRAMS INVOLVING A MINIMUM OF STUDIO EQUIPMENT AND

7-17 e National 3roacka5fing 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 INSTRUMENTALSOLOISTISPEAKERS,
ETC.

THE TELEVISION STUDIO IS LOCATED AT "E" AND CONTROL ROOMS ARE LO-
CATED AT BOTH "F" AND "G". SPECIALLY DESIGNED WINDOWS, WHICH AREINSTALL-
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 DIRECTORIS OFFICE AT "I"
AND THE RECEPTION ROOM. AT "J". WINDOWS ARE PROVIDED SO THAT THE AUDIENCE
IN ROOM "J" CAN WATCH THE ACTIVITIES IN STUDIOS "A" AND "B" AND AT THE
SAME TIME HEAR THE PROGRAMS THROUGH SPEAKERS WHICH ARE INSTALLED IN THE
RECEPTION ROOM.

FIG.4
A "Live and Dead end"

-54ud To.

STUDIO ACOUSTICS

IN THE DESIGN OF BROADCAST STUDIOVHE
ACOUSTIC CONDITIONS ARE OF THE GREATEST IM-
PORTANCE. FROM WHAT YOU HAVE ALREADY LEAR-
NED IN A PREVIOUS STUDY OF ACOUSTICS, YOU
WILL RECALL THAT SOME WALL SURFACES REFLECT
SOUND WAVES READILY WHILE OTHERS HARDLY RE-
FLECT'SOUND WAVES AT ALL. THOSE SURFACES
WHICH REFLECT SOUND WAVES READILY ARE GEN-
ERALLY REFERRED TO AS "LIVE" SURFACES WHILE
THOSE WHICH DO NOT REFLECT SOUND WAVES READ-
ILY ARE REFERRED TO AS "DEAD" SURFACES.

ALL OF THE INSTRUCTION WHICH HAS BEEN
GIVEN YOU IN THE LESSON TITLED"ACOUSTICS"OF
THE LESSON SERIES TREATING WITH AMPLIFYING
SYSTEMS APPLIES TO STUDIO TECHNIQUE EQUALLY
AS WELL AS IT DOES TO ACOUSTIC CONDITIONS IN
GENERAL. THEREFORE IF NECESSARY, IT I8ADVI9-
ABLE THAT YOU REVIEW YOUR LESSON ON ACOUS-
TICS AT THIS TIME.

IN STUDIO PRACTICE WE FIND THAT IF THE WALLSURFACEBSURROUNDINGTHE
MICROPHONE ARE TOO LIVE, THEN EXCESSIVE REVERBERATION WILL BRING ABOUT UN
DESIRABLE ECHOING CONDITIONS AND CAUSE THE SOUND REPRODUCTION TO APPEAR
AS THOUGH THE PROGRAM ORIGINATED IN A LARGE AND EMPTY HALL. ON THE OTHER
HAND, IF THE WALL SURFACES ARE TOO DEAD,THEN THE REPRODUCTION OF MUSICAL
SELECTIONS INVOLVING A LARGE VARIETY OF FREQUENCIES WILL LOOSE SOME OF
ITS SPARKLING EFFECT OR BRILLIANCE AND THUS BECOME DULLER THAN IS ADVIS-
ABLE.

SO AS TO MEET ALL OF THESE EXTREME CONDITIONS SATISFACTORILY, MOST
OF THE LARGER STUDIOS ARE OF THE LIVE END -DEAD END TYPE. AN EXAMPLE OF
SUCH A DESIGN IS ILLUSTRATED IN FIG.4.

IN STUDIOS OF THE LIVE END -DEAD END TYPE,ONE END OF THE STUDIO HAS
ITS WALLS FINISHED WITH A HARD, SOUND -REFLECTING SURFACE, WHILE THE DEAD



LESSON NO17 PAGE 5

END OF THE STUDIO HAS ITS WALLS FINISHED WITH A SOUND^ABSORBINGMATERIAL
IN SOME CASES,THE NECESSARY SOUND REFLECTION
PLASTER FINISH ON THE WALLS
AND CEILING, WHEREAS THE NE0I10-

ESSARY SOUND ABSORBING CHAR-'
ACTERISTICS CAN BE OBTAINED
BY FINISHING THE WALLS AT

THE OPPOSITE END OF THE STU-
DIO WITH ROCK WOOL ANDMONKIS
CLOTH.

IT IS ALSO THE PRACTICE

IN SOME INSTANCES TO FURNISH
THIS SOUND ABSORPTION WITH A
TAPERING CHARACTERISTIC.THAT
ISO -HE HARDEST AND BEST RE-

FLECTING SURFACE IS PLACED
AT ONE END OF THE STUDIO AND
THE WALL SURFACES ARE THEN

APPLIED SO THAT THEIR DEGREE
OF ABSORPTION IS GRADUALLY
INCREASED AS THE OPPOSITE
END OF THE STUDIO IS APPROA-
CHED -.^* THE DEAD END OFFER-
ING THE MAXIMUM AMOUNT OFAB-
SORPTION.

IS OBTAINED BY USINGA HARD

F1G.5
Inferior of one of -/-17 e.

Smaller 54, afros,

FOR DIFFERENT TYPES OF PROGRAMS,A VARYING AMOUNT OF SOUND REFLEC-

TION AND ABSORPTION IS DESIRED AND TO SATISFY THESE CONDITIONS,DIFFERENT
POSITIONS IN THE STUDIOS FOR THE MICROPHONES AND At'TISTS ARE TRIED UNTIL
THE DESIRED EFFECT IS OBTAINED.

IT IS ALSO A COMMON PRACTICE TO FURNISH THE LARGER STUDIOS WITH

SLIDING PANELS OR SCREENS MADE OF SOUND ABSORBING OR SOUND REFLECTINGMA
TERIAL IN THE MANNER SHOWN IN FIG.
4. WITH THIS ARRANGEMENT,THE AC-
OUSTIC CONDITIONS OF THE STUDIO
CAN BE ALTERED CONVENIENTLY SO AS
TO BE BEST ADAPTED TO ANY PARTIC-
ULAR TYPE OF PROGRAM AND STUDIO

IG.

A Turml-able

MICROPHONE PLACEMENT

ANOTHER IMPORTANT PROBLEM
WITH WHICH THE STUDIO TECHNICIAN
MUST COPE ISAICROPHONE PLACE-

MENTU. THIS CONSISTS OF PLACING
THE MICROPHONE OR GROUP OF MICRO-
PHONES IN THE MOST ADVANTAGEOUS PO
SITION FOR THE DESIRED PICK-UP.

IN THE CASE OF MICROPHONE
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PLACEMENT, WE HAVE SOUND REFLECTION TO CONTEND WITH THE SAME AS ALREADY
DESCRIBED RELATIVE TO SPEAKERS AS USED WITH SOUND AMPLIFYING
PROVIDED THAT THE SOUNDS ARE NOT
TWEEN THE ORIGINAL AND REFLECTED

The
F I G .7
);3ater Circuif

EQUIPMENT.
COMPARABLE IN INTENSITY,THE TIME LAGBE-
SOUNDS IS OF NO GREAT IMPORTANCE. How,-

EVER, IF THE ORIGINAL AND REFLEC-
TED SOUND INTENSITIES ARECOMPAR-
ABLE,THEN IT IS ADVISABLE TO MAIN
TAIN A SHORT TIME LAG.

CROPHONE OR MICROPHONES IN THE DEAD END

THE MORE LIVE THESURROUND-
INGS ABOUT THE MICROPHONE, THE
SHORTER WILL BE THE TIME LAG AND
THIS WILL CAUSE THE REPRODUCTION
TO APPEAR AS TINNY. SHOULD THE
TIME LAG BE TOO LONG, THEN THE
REPRODUCTION WILL TAKE ON AHOLL
OW SOUND EFFECT. WHEN A LIVE AND
DEAD END STUDIO IS EMPLOYED FOR
THE PRODUCTION OF A LARGE PROGRAM
IT IS CUSTOMARY TO PLACE THE MI-
OF THE STUDIO AND THE ORCHESTRA

IN THE LIVE END OF THE STUDIO AS POINTED OUT IN FIG.4.

SINCE STUDIO SET-UPS OF THIS NATURE INVOLVE INSTRUMENTS OR VOICES
OF DIFFERING QUALITY AND FREQUENCY RANGE, IT IS IMPORTANT THAT THE VAR-
IOUS INDIVIDUALS BE ARRANGED AROUND THE MICROPHONE OR MICROPHONES INSUCH
A MANNER THAT THE SOUND REPRODUCTION AS EMITTED FROM THE LOUD SPEAKER BE
WELL BALANCED AND NATURAL IN EFFECT. FOR EXAMPLE,THE WAVES OF CERTAIN FRE
QUENCIES ARE REFLECTED MORE READILY THAN THOSE OF OTHER FREQUENCIES AND
SO THAT CERTAIN SOUNDS DO NOT OVER-POWER OTHERS,THE MORE INTENSIVE SOUND
PRODUCERS ARE PLACED FARTHER AWAY FROM THE MICROPHONE.

ANOTHER EFF
ECT THAT some-
TIMESCAUSES TROU
BLE IS THAT WHEN
SEVERAL MICRO"'

PHONES ARE USED
TO PICK UP THE
SAME PROGRAM,THE
SOUNDS WHICH ARE
PRIMARILY INTEN-
DED FOR ONE MI-
CROPHONE ALSO ACT
UPON SOME OF THE
OTHER MICROPHONES
AT SLIGHTLYDIFP-
ERENT TIME IN-

TERVALS AND VOL-
UMES. WHEN SUCH A
CONDITION EXISTS,
A SORT OF ECHO-
ING SENSATION APP

FIG. 8

-7-17,2 Microphone Head Amplifier.
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EARS AT THE LOUDSPEAKER,SIMILAR TO THAT EXPERIENCED WHEN THE MICROPHONE
IS PLACED IN HIGHLY REFLECTING SURROUNDINGS.

PROPER MICROPHONE PLACEMENT AND THE ADJUSTMENT OF ACOUSTICAL CON-
DITIONS FOR LARGE STUDIO PRESENTATIONS IS AN ART REQUIRING A SKILL WHICH
CAN ONLY BE OBTAINED THROUGH EXTENSIVE EXPERIENCE IN THIS WORK. THIS JOB
IS GENERALLY HANDLED BY WHAT ARE KNOWN AS "PRODUCTION MEN" AND WHO ARE

HIGHLY SPECIALIZED IN THIS WORK. SINCE THIS IS NOT ALTOGETHER THE WORK

OF THE ENGINEER,WE SHALL NOW LEAVE THIS SUBJECT AND TURN OUR ATTENTION TO
THE MORE TECHNICAL DETAILS OF THE BROADCAST STATION.

MICROPHONES

THE MICROPHONES AS USED IN BROADCAST STATIONS ARE OF THE HIGHEST
QUALITY AND MAY BE OF THE CARBON, CONDENSER, R I BBON, DYNAM IC, OR CRYSTAL TYPE.
ALL OF THESE VARIOUS MICROPHONES WERE ALREADY DESCRIBED TO YOU IN A PRE-
VIOUS LESSON OF THE SERIES TREATING WITH AMPLIFYING SYSTEMS AND IT IS

THEREFORE NOT NECESSARY TO REPEAT THIS INFORMATION AT 7HE PRESENT TIME.
WE MIGHT POINT OUT,HOWEVER,THAT OF ALL THE MICROPHONE TYPES AVAILABLE,

THE CONDENSER AND RIBBON TYPES ARE AT
USED FOR BROADCAST PURPOSES, ALTHOUGH
GAINING IN POPULARITY.

ELECTRICAL EQUIPMENT

BESIDES THE MI-
CROPHONE EQUIPMENT,
PROVISIONS ARE ALSO
MADE IN MOST BROADCAST
STATIONS FOR RELEAS-
ING ELECTRICAL TRANS-
CRIPTION PROGRAMS OVER
THE AIR. AN ELECTRICAL
TRANSCRIPTION IS ARE"
CORDED COMMERCIAL PRO-
GRAM AND IS EQUIVALENT
TO A PHONOGRAPH RECORD
OF HIGH QUALTIY.

IN ORDER TO RE-
PRODUCE THESE RECORD-
INGS,THE STATIONEQUIP
MENT MUST INCLUDE A

SET OF TURN TABLES AND
PICK-UP DEVICES AND AN
EXAMPLE OF WHICH APP-
EARS IN FIG.S. THIS
EQUIPMENT ISGENERALLY
USED IN PAIRS SO THAT
AS THE PROGRAM PRO-
GRESSES AND ONE RECORD
18 FINISHED,THE FOLL-
OWING RECORD CAN BE

Mike #i

Mle.e. Jack.,
601i

Mike #
Mike Jack,/

50.2

Phono,
Studio A

Son.

Mike#3
Mike Jack--"

THE PRESENT TIME MOST EXTENSIVELY
THE DYNAMIC AND CRYSTAL TYPES ARE

I rrrill501,.

OW Relay
Miser Jack1

Miter Jack

Phono,
k___/Jack

50.n.

Re-lay

Relay

Mixer Jack) --"1

Mike

Mike Jack Mixer )ate

7
4

IU

ICI

0

0

5on-

loon
ine
+0

aw
eve)

Amp.

I G. 9

the Typical Mixer Circhfi/7
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STARTED AND BLENDED INTO THE PRECEDING ONE WITHOUT ANY NOTICEABLE INTER-
RUPTION. A FADER IS MOUNTED BETWEEN THESE TWO TABLES TO PERMIT THE PRO-'
PER SWITCHING OF RECORDS AND THIS CONTROL IS ILLUSTRATED IN FIG.7. THE
OPERATION OF THIS FADER CIRCUIT HAS ALREADY BEEN EXPLAINED TO YOU IN A
PREVIOUS LESSON TREATING WITH AMPLIFYING SYSTEMS.

TRANSCRIPTION RECORDINGS ARE MADE AT ONE OF TWO SPEEDS,NAMELY 33
R.P.M. AND 78 R.P.M. THE 78 R.P.M. RECORDS ARE GENERALLY 12" IN DIAMETER
AND CAPABLE OF PLAYING FOR 5 MINUTES. THE 33 P.P.M. RECORDINGS ARE 16"
IN DIAMETER AND ARE CAPABLE OF PLAYING CONTINUOUSLY FOR 15 MINUTES.

ELECTRICAL TRANSCRIPTION PROGRAMS ARE USUALLY OF SHORT DURATION,AT
THE MOST LASTING FOR 15 MINUTES. THIS BEING THE CASE, A SINGLE 33 R.P.M.
RECORD WILL HANDLE THE ENTIRE PROGRAM WITHOUT THE NEED OF CHANGING RECD
ORDS.

WHEN THE STATION IS EQUIPPED WITH APPARATUS FOR THE REPRODUCTION 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 THEPRO-
CESSES INVOLVED IN MAK)NG THESE RECORDINGS IN THAT THIS IS FULLY COVERED
IN LESSONS TREATING WITH SOUND PICTURES. THIS ALSO APPLIES TO THE REFINED
TYPES OF PICK-UP HEADS.

FIG. 10
Nal-Tonal's Broadcast Control /200,77.
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ASSUMING THAT CONDENSER MICROPHONES ARE BEING USED IN THE STUDIO,
EACH OF THESE MICROPHONES WILL BE FITTED WITH A HEAD OR PRE"AMPLIFIERSI-
MILAR TO THAT WHICH IS ILLUSTRATED IN FIGS. EACH OF THESE PRE-AMPLIFIERS
IS FITTED WITH AN OUTPUT TRANSFORMER WHICH MATCHES THE INPUT IMPEDANCE
OF THE MIXER AND THE HEAD AMPLIFIER OUTPUT OF EACH MICROPHONE IS CONNED"
TED TO THE MIXER THROUGH A SEPARATE CABLE AND CONDUIT WIRING SYSTEM. THE
BATTERY LEADS FOR THE VARIOUS HEAD AMPLIFIERS ARE ALSO FREQUENTLY INCOR-
PORATED INTO THE SAME MICROPHONE CABLE TOGETHER WITH THE A.F. LINE.

FOR THE HEAD AMPLIFIER WHICH IS ILLUSTRATED IN FIG6 AND WHICH IS
USED IN OUR STUDIOS, A 6 VOLT STORAGE BATTERY IS USED FOR THE "A" SUPPLY
AND THREE SERIES CONNECTED 45 VOLT "B" BATTERIES FOR THE B SUPPLY. THE
WIRING FROM THE CONTROL ROOM TO THE STUDIOS IS CARRIED IN CONDUIT AND THE
CONNECTION BETWEEN THE VARIOUS MICROPHONE CABLES AND THE CONTROL ROOM
CIRCUITS ARE COMPLETED THROUGH SPECIAL PLUG AND SOCKETS,THE ARRANGEMENT
OF WHICH COINCIDES WITH THAT ILLUSTRATED IN FIG.8.

THE OUTPUTS OF THESE VARIOUS HEAD-AMPLIFIERS AND THE OUTPUT OF THE
PHONOGRAPH PICK-UP CIRCUIT ARE THEN ALL CONNECTED TO THE MIXER IN SOME
SUCH ARRANGEMENT AS ILLUSTRATED IN FIG.9. IT IS OF COURSE ESSENTIAL THAT
ALL OF THESE COUPLING DEVICES,AS WELL AS THE MIXER CONTROLS,ALL BE PRO"
PERLY MATCHED WITH RESPECT TO IMPEDANCE AS HAS ALREADY BEEN ADEQUATELY E,
PLAINED TO YOU IN PREVIOUS LESSONS.

You WILL ACQUIRE A STILL CLEARER CONCEPTION OF THE ACTUAL APPEAR-
ANCE OF THE CONTROL ROOM
EQUIPMENT BY REFERRING TO
FIG.10eHEREYOU ARE SHOWN
A SECTION OF THE CONTROL
ROOM IN OUR SCHOOLBROAD"
CASTING STATIONTHEMIXER
DESK APPEARS AT THE CEN"
TER,WITH THE OPERATOR
SEATED IN FRONT OF IT AND
IN SUCH A POSITION THAT
HE MAY THRU SPECIALLY DE
SIGNED WINDOWS OBTAIN A
FULL VIEW OF THEPERFORM-
ERS IN FRONT OF THE STUB
DIO MICROPHONES. THEAMP"'

LIFYINGEQUIPMENT IS SHOWN
AT THE RIGHT,BEINGATTEN"
DED BY A TECHNICIAN.

IN-FIGII YOU ARE
SHOWN THE MIXER PANELRE"
MOVED FROM ITS MOUNTING
AS TESTS ARE BEING CON-
DUCTED BY A STUDENT.THIS
WILL SERVE TO FAMILIARIZE
YOU WITH THE GENERAL APP
EARANCE OF THE INTERNAL
CONSTRUCTION AND WIRING
OF THIS ASSEMBLY.

I G . 11
Tes7Ling -Ahe Mixer in Y -he
arca a/cosi- COP7 iro/ iq'ootr.
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BY AGAIN REFERRING TO FIG.B fOU WILL NOTE THAT THE 50 OHM LINE FROMEACH OF THE MICROPHONES AND THE PHONOGRAPH PICK-UP UNITS FEED THROUGH ASYSTEM OF JACKS AND RELAYS TO THE INPUTS OF THE VARIOUS L-4DAD VOLUMECON-TROLS. THESE VARIOUS JACKS, RELAYS,AND VOLUME CONTROLS CONSTITUTE A PARTOF THE MIXER PANEL.

THE UDW-LEVEL AMPLIFIER

THE OUTPUT OF THE MIXER FEEDS INTO THE INPUT OF THE LOW LEVEL AMP-
LIFIER THROUGH A 200 OHM LINE. A CIRCUIT DIAGRAM OF THE LOW LEVEL AMPLI-
FIER IS SHOWN IN FIG.12. THIS LOW LEVEL AMPLIFIER CONSISTS OF THREESTA-
GES EMPLOYING TYPE II2A TUBES. IN THE GRID CIRCUIT OF THE SECOND STAGE OFTHIS LOW LEVEL AMPLIFIER IS LOCATED A GAIN OR VOLUME CONTROL BY MEANS OF
WHICH THE OVER-ALL GAIN OF THIS AMPLIFIER CAN BE CONTROLLED. Low LEVELOR LOW GAIN AMPLIFIERS AS THIS MAKE IT POSSIBLE TO AMPLIFY THE AUDIO FRE-
QUENCY ENERGY IN A MOST STABLE MANNER. THAT IS TO SAY,THIS SYSTEM IS NOT
NEARLY SO SUSCEPTIBLE TO FEED-BACK TROUBLES AND OSCILLATION AS AREAMPLI-
FIERS OF HIGH GAIN PER STAGE. YOU WILL ALSO OBSERVE IN FIG.12 THAT JACKS
ARE FURNISHED SO THAT THE PLATE AND FILAMENT CURRENT IN THE VARIOUSSTAG-
ES OF THIS AMPLIFIER CAN BE MEASURED WITH A MINIMUM OF EFFORT.

THE FILAMENT CIRCUIT OF THE LOW LEVEL AMPLIFIER IS CONNECTED ACROSSA 6 VOLT STORAGE BATTERY,WHILE THE B SUPPLY FOR THIS SAME AMPLIFIER ISOBTAINED FROM THE SAME B POWER SUPPLY AS THAT USED FOR THE HIGH LEVELAM-
PLIFIER. THE USE OF A BATTERY FILAMENT SUPPLY IN ALL OF THESE LOW LEVELSTAGES REDUCES THE POSSIBILITY OF HUM PICK-UP TO A MINIMUM. THIS IS IM-PORTANT IN THAT ANY HUM OR OTHER EXTRANEOUS NOISE WHICH ORIGINATES IN THELOW LEVEL AMPLIFIER, OR OTHER INPUT EQUIPMENT,WILL BE GREATLY MAGNIFIEDBY THE TIME IT IS PASSED THROUGH THE FOLLOWING SECTIONS OF THE EQUIPMENT

112 A

7.00a
Line
From

Mixer

Bank

Gv.
Gerd.

F I

The Low-level Amplif7e1-.
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IT IS ALSO A COMMON PRACTICE TO MOUNT THE TUBES OF THE LOW LEVEL

AMPLIFIER IN RUBBER CUSHIONED SOCKETS ANC FREQUENTLY TO PROVIDE A COVER-
ING OVER THESE TUBES SO AS TO GUARD AGAINST ANY POSSIBLE CONDITION OFMI-
CROPHONISM

THE HIGH-LEVEL AMPLIFIER

THE OUTPUT OF THE LOW LEVEL AMPLIFIER IN FIG.12 IS SO ARRANGED THAT
IT MAY BE CONNECTED THROUGH A 500 OHM TRANSMISSION LINE TO THE INPUT OF

THE A.F. AMPLIFYING EQUIPMENT WHICH IS LOCATED UPSTAIRS IN THETRANSMITT-
ER ROOM. THIS SAME OUTPUT IS ALSO SO ARRANGED THAT IT CAN BE FED INTOTHE
SPECIAL TELEPHONE LINE LEADING TO ONE OF THE MAJOR BROADCASTING STATIONS
OF Los ANGELES FOR THE RELEASE OF SPECIAL PROGRAMS. THE THIRD POSSIBILITY

O

O

0

Monif:rj-T-lh

Studio A

S+udio B

E

Recap -4 -ion r
Room

3s o=8
7 era

JO-0000ED-

FIG.13
The gigh- Level Atriplifler-.
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IS TO CONNECT THE OUTPUT OF THE LOW LEVEL AMPLIFIER TO THE INPUT OF THE
HIGH LEVEL AMPLIFIER WHICH IS ALSO INCLUDED IN THE STUDIO CONTROL ROOM.
THIS INTER-AMPLIFIER CONNECTION IS MADE THROUGH A 500 OHM LINE.

THE CIRCUIT DIAGRAM OF THE HIGH LEVEL AMPLIFIER IS SHOWN IN FIG.13
AND THIS UNIT, YOU WILL OBSERVE, CONSISTS OF ONE STAGE EMPLOYING A 27
TUBE AND WHICH IS FOLLOWED BY A PUSH-PULL STAGE IN WHICH A PAIR OF 45's
ARE EMPLOYED. THE INPUT OF THIS HIGH LEVEL AMPLIFIER IS ALSO EQUIPPED
WITH A MASTER GAIN CONTROL. THE AUDIO TRANSFORMERS WHICH ARE HERE USED
ARE OF THE BEST QUALITY TO INSURE GOOD PERFORMANCE.

ALSO NOTICE IN FIG.I3 THE EXTENSIVE USE OF JACKS FOR THE INSERTION
OF A MILLIAMMETER FOR TAKING CURRENT READINGS. YOU WILL ALSO OBSERVE IN

THIS SAME ILLUSTRATION THAT PROVISIONS ARE MADE FOR CONNECTING THE VOICE
COILS OF FIVE DIFFERENT DYNAMIC SPEAKERS TO THE OUTPUT OF THE HIGH LEVEL
AMPLIFIER.
OFFER

THE MONITOR SPEAKER IS MOUNTED IN THE CONTROL ROOM SO AS TO
A MEANS OF CHECKING UP ON THE REPRODUCTION OF THE PROGRAM. ANOTHER

SPEAKER IS PLACED IN

THE RECEPTION ROOM AND
ONE SPEAKER IN EACH OF
THE THREE SMALLER STU...

DIOS. ALL OF THESE SPEA
KERS ARE CONNECTED IN

SERIES.

.1/

To Mike

Mike t
Jack (

Pilot light

my
Bait.

Control desk
break_

Announcer's t
desk break

Contacts
Mixer Volume.

Control

C

Mixer Jack

Polcling SwAeh

Corti -red desk make

Announcer's desk
make

Details

THE 10 OHMRESIS-
TORS WHICH ARE CONNEC-
TED ACROSS EACH OF THE
SPEAKER JACKS ARE CON-
NECTED IN SERIES WHEN
THE SPEAKERS ARE NOT IN
USE BUT EACH OF THEM

IS AUTOMATICALLY DIS-
CONNECTED FROM THE CIR
CUIT AT THE TIME THE
SPEAKER IS PLUGGED IN-
TO THE SAME JACK. THIS
ARRANGEMENT PERMITSTHE
SPEAKER CIRCUIT TO MAIN

TAIN A PRACTICALLY CONSTANT IMPEDANCE VALUE REGARDLESS OF THE NUMBER OF
SPEAKERS USED AT ANY ONE TIME. THE SPEAKER FIELDS ARE ENERGIZED BY A 12
VOLT STORAGE BATTERY.

of
FIG. 14

Microphone Confro/

ALTHOUGH THE OUTPUT OF THIS HIGH LEVEL AMPLIFIER ISN'T OF ANY VERY
GREAT VALUE,YET IT. IS SUFFICIENT FORTHE USE TO WHICH IT IS BEING SUBJECTED.
FURTHERMORE, IT IS TO BE REMEMBERED THAT THE GREATER AMOUNT OF AUDIOFRE-
QUENCY AMPLIFICATION OCCURS IN THE MORE POWERFUL AUDIO AMPLIFYING SYSTEM
WHICH IS LOCATED IN THE TRANSMITTER ROOM. ALL OF THE AMPLIFYINGEQUIPMENT
THROUGHOUT IS BUILT ACCORDING TO A RACK AND PANEL DESIGN AS WILL BE APP-
ARENT FROM AN INSPECTION OF FIG. ID, AND WHICH IS THE STANDARD PRACTICE IN
ALL BROADCASTING STATIONS.

NATURALLY, YOU WILL NOT FIND THE SAME AMPLIFIER CIRCUITS AS THOSE
ILLUSTRATED IN THIS LESSON TO BE USED IN THE CONTROL ROOM OF EVERY STA-
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TION. THESE CIRCUITS, YOU WILL REALIZE, MAY VARY CONSIDERABLY AND FOLLOW
ANY OF THE VARIETY OF AUDIO AMPLIFIER CIRCUITS WHICH WERE EXPLAINED TO
YOU IN PREVIOUS LESSONS* NEVERTHELESS, THE CIRCUITS WHICH ARE PRESENTED
TO YOU IN THIS LESSON ARE TYPICAL OF THIS EQUIPMENT,

A BATTERY CHARGER OF THE TUNGAR BULB TYPE IS ALSO USED AS A PART
OF THIS CONTROL ROOM EQUIPMENT AND A SWITCH IS PROVIDED IN THE STORAGE
BATTERY CIRCUIT SO THAT THESE BATTERIES CAN BE CONVENIENTLY CONNECTED TO
THE CHARGER WHENEVER NECESSARY*

THE RELAY SYSTEM

IN FIG0I4 YOU ARE SHOWN IN A MORE DETAILED FORM THE MICROPHONECON-
TROL CIRCUIT AND IN WHICH THE APPLICATION OF THE RELAY SYSTEM IS MORE
CLEARLY ILLUSTRATED.

As YOU WILL OBSERVE IN THIS DIAGRAM,THE MICROPHONE CIRCUIT THROUGH
THE MIKE JACK, RELAY CONTACTS, MIXER JACK, AND MIXER VOLUME CONTROLCORR"
ESPONDS TO THIS SAME SECTION OF THE CIRCUIT IN THE COMPLETE MIXER SYSTEM
WHICH APPEARS IN FIG. 9 OF THIS LESSON.

IN ADDITION,YOU WILL
SEE IN FIG0I4 HOW THE WIND-
ING OF THE RELAY IS CONNECTED
IN SERIES WITH A I2"VOLTSTOR
AGE BATTERY THROUGH A SERIES
OF SWITCHES 80 THAT THE MI"
CROPHONE CAN BE CUT IN OR OUT
OF THE CIRCUIT BY OPERATING
SWITCHES WHICH ARE LOCATED
EITHER AT THE CONTROL DESK OR
AT THE ANNOUNCER'S DESK. A

SMALL PILOT LIGHT,MOUNTED BE
HIND A RED GLASS BULLSL... EYE
ON THE PANEL OF THE CONTROL
DESK,LIGHTS UP WHENEVER THIS
MICROPHONE IS IN USE AND IN SOME
CATED AT THE ANNOUNCER'S DESK.

FIG. 15
Application of the V. T Voifirbotar-

Vo lame -in cicah,r.
as a

INSTANCES A SIMILAR SIGNAL LIGHT IS LO""

VOLUME INDICATORS

IN ORDER SO THAT THE CONTROL ROOM OPERATOR MAY KNOW AT ALL TIMES
THE EXACT PROGRAM LEVEL,A METER CALIBRATED IN DECIBELS IS MOUNTED ON THE
CONTROL DESK DIRECTLY IN FRONT OF THE OPERATOR. THERE ARE VARIOUS WAYS IN
WHICH THIS PROGRAM LEVEL CAN BE ASCERTAINED AND ONE METHOD IS ILLUSTRATED
IN FIG.I5. BY REFERRING TO FIG.I5 YOU WILL OBSERVE HOW THE PRINCIPLES OF
A VACUUM TUBE VOLTMETER CAN BE USED FOR THIS PURPOSE, WITH THE EXCEPTION
THAT THE CUSTOMARY MILLIAMMETER SCALE IN THIS CASE IS REPLACED WITH A

SCALE WHICH IS CALIBRATED IN DECIBELS. 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 ENERGY IS TAKEN FROM THE
CIRCUIT UNDER TEST IN ORDER TO ACTUATE THE INDICATOR.

A POPULAR METHOD OF CONNECTING SUCH A DB0 METER TO THE EQUIPMENT IS
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IS TO CONNECT IT ACROSS THE 500 OHM LINE BETWEEN THE HIGH AND LOW LEVEL
AMPLIFIER. THE INPUT TRANSFORMER OF THE UNIT ILLUSTRATED IN FIG.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 DB. 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
(AMMETER 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 EQUIFMENT,AND CAN THEREFORE

BE CONSTRUCTED IN A MORE COMPACT FORM AND AT TIE SAME TIME IS CONVEN-
IENT TO USE.

IG

App/icai-io n of 4.17e D.3. Ale4er:

GRAM LEVEL.

WHEN USING THE COPP-
ER OXIDE TYPE METER,MULTI-
PLIER'S ARE GENERALLY CON
NECTED IN SERIES WITH THE

METER AND THE AMPLIFIER
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
THIS ARRANGEMENT,THE IMPE-
DANCE OF THE METER CIRCUIT
IS SUFFICIENTLY HIGH SO

THAT WHEN CONNECTED ACROSS
THE A.F. LINE,IT DOES NOT

NOTICEABLY AFFECT THE PRO -

ALTHOUGH IT 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 IS 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 IS 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 ',JILL 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 FIG. 17 YOU ARE

SHOWN IN DIAGRAM FORM A SERIES OF STUDIO AMPLIFIERS WHICH ARE CONNECTED

TOGETHER THROUGH JACKS. THUS IT BECOMES OBVIOUS THAT IF AMPLIFIER #2
SHOULD 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

FIG. 17
Jack. com-bec-b-on of Amiplifers

AMPLIFIERS IN USE CAN THEN BE TURNED UP TO A HIGHER LEVEL TO MAKE UP FOR

THE LOSS OF AMPLIFIER #2. (A PATCH CORD IS 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 IS 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 IS LOCATED BETWEEN THE CONTROL ROOM APPARA-

TUS AND THE ANTENNA SYSTEM. THIS WILL INCLUDE EQUALIZERS,BROADCAST TRANS
MITTERS, SPEECH INPUT EQUIPMENT AND ALL OTHER APPARATUS WHICH IS DIREC-

TLY RELATED TO THE TRANSMITTER SECTION OF THE BROADCAST STATION.

.)



c>4

(Examination aut.tions

LESSON NO. T-17

Cooperation is the foundation
upon which every successful business
is built. To SUCCEED - COOPERATE!

1. - WHAT EQUIPMENT IS GENERALLY INCLUDED IN A TYPICAL STUDIO

CONTROL ROOM?

2. - DRAW A FLOOR PLAN OF THE STUDIOS AND CONTROL ROOM OF A

TYPICAL BROADCAST STATION AND LABEL CLEARLY THE VARIOUS

SECTIONS OF THE SYSTEM.

3. - WHAT IS MEANT BY A LIVE END -DEAD END STUDIO?

4. - WHAT ARE SOME OF THE MORE IMPORTANT THINGS TO BE CONSID-
ERED WITH RESPECT TO MICROPHONE PLACEMENT IN A BROADCAST

STUDIO?

5. - DESCRIBE A MIXER AS USED WITH RADIO BROADCASTING?

6. DESCRIBE A LOW-LEVEL AMPLIFIER AND MENTION SOME OF THE

MORE IMPORTANT REASONS FOR ITS USE IN CONNECTION WITH

RADIO BROADCASTING.

7. - NAME SOME OF THE VARIOUS MATERIALS WHICH ARE USED FORTHE

THE ACOUSTIC TREATMENT OF BROADCAST STUDIOS.

8. - DESCRIBE A TYPICAL VOLUME INDICATOR AND EXPLAIN HOW IT

MAY BE USED IN RADIO BROADCASTING.

9. - WHAT IS MEANT BY AN ELECTRICAL TRANSCRIPTION AND WHAT

EQUIPMENT IS REQUIRED IN THE BROADCAST STATION IN ORDER

TO PRESENT PROGRAMS OF THIS TYPE?

10.- 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 VARIOUS JNITS ARE
ALL CONNECTED TOGETHER FROM THE MICROPHONES UP TO THE LI
NES LEADING TO THE TRANSMITTER ROOM.
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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 SAME

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 E-

QUIPMENT THROUGH A TRANSMISSION LINE AS ILLUSTRATED IN 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,

THIS TRANSMISSION LINE MAY BE SEVERAL MILES IN LENGTH.

Studio
Con4:rol

Room A.F, Transt-nission
Line

5 p ce.c h
Amplifier

na +I Sw king
"Tileplione Line Equipmeryr

Transrni+ter
Anfi

Ground

FIG.1
Arrangetneni. of eroadcarfr "Pansiniiller Equipment'
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EQUALIZERS

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. IF 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 IN

THE STUDIO. To OVERCOME THIS DIFFICULTY, EQUALIZERS ARE INSERTED IN THE
TRANSMISSION LINE.

IN FIG.2 YOU ARE SHOWN HOW A PARALLEL -RESONANCE EQUALIZER 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

F I G,

A Parallal-kesonance

ILY DEVELOPED ACROSS IT AT THE 6000

OF THIS EQUALIZER, LET US ASSUME
THAT THE NATURAL CHARACTERISTIC OF
A CERTAIN TRANSMISSION LINE IS

SUCH THAT MOST OF THE FREQUENCIES
ABOVE 6000 CYCLES ARE ATTENUATED
DUE TO THE DISTRIBUTED CAPACITY BE
TWEEN THE WIRES OF THE LINES. Now
IF THE PARALLEL -RESONANCE EQUALIZ-
ER OF FIG.2 WERE ADJUSTED TO RES-
ONATE AT 600o CYCLES AND CONNECTED
ACROSS THE LINE AS SHOWN IN FIG. 2,
IT WILL OFFER A MAXIMUM IMPEDANCE
TO ENERGY OF THIS FREQUENCY AND
CONSEQUENTLY VERY LITTLE ENERGY AT
THE HIGHER FREQUENCIES WILL BE

LOST THROJGH THIS CIRCUIT.IN OTHER
WORDS, THE FEEBLE ENERGY ORDINAR-

CYCLE FREQUENCY WILL BE INCREASED BY
THE E.M.F. DEVELOPED ACROSS THIS HIGH IMPEDANCE.

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 FIG.2.

THUS IT 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 FIG.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 IT

RESONATES. THIS BEING TRUE, IT CAN BE SEEN THAT THE SERIES -RESONANCE E-
QUALIZER OPERATES AS A LOW IMPEDANCE OR ATTENUATING DEVICE.
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THE CHARACTERISTICS OF THE SERIES -RESONANCE EQUALIZER BEST ADAPT
IT AS A MEANS FOR ATTENUATING SOME LOWER FREQUENCY WHICH IS TOO 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 IS, THE END OF THE LINE WHICH IS CONNECTED TO THE TRANSMITTER EQUIP
MENT. THIS 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 BY

THE LINE.

THE FREQUENCY RUN

IN ORDER TO DETERMINE THE FREQUENCY
ION LINE, A TEST IS MADE AND WHICH IS
COMMONLY CALLED A FREQUENCY RUN. A

TYPICAL SET-UP FOR A TRANSMISSION
LINE FREQUENCY RUN IS ILLUSTRATED IN

FIG.4.

BY STUDYING FIG.4 CAREFULLY YOU
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 IS IN TURN CONNECTED TO THE
TRANSMISSION LINE THROUGH A PAD. IN

THE EVENT THAT A PHONOGRAPH INPUT IS

USED FOR THIS TEST, SPECIAL "FREQUEN-
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.

CHARACTERISTIC OF A TRANSMISS-

F I G. 3
A 5 erres-asorance zialfzer-

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
INDICATOR (#2) IS 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 IS THEN APPLIED TO THE LINE AND
THE EQUIPMENT AT THIS END OF THE LINE IS ADJUSTED SO THAT VOLUME INDICA-
TOR #1 OFFERS THE SAME READING AS BEFORE. THE READING OF VOLUME INDICA-
TOR #2 IS 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; AND 5,000 CYCLES, ALTHOUGH A MUCH GREATER VARIETY OF FREQUENCIES
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CAN BE EMPLOYED IF ONE SO CHOOSES.

FROM THE DATA WHICH IS OBTAINED FROM THIS FREQUENCY RUN,A FREQUEN-

CY RESPONSE CURVE SIMILAR TO THAT SHOWN IN FIG.5 CAN BE PLOTTED. THE

EQUALIZER VALUES
CAN THEN BE ADJUSTED AS FOUND NECESSARY IN ORDER TO

FLATTEN OR STRAIGHTEN OUT THIS CURVE SO THAT REASONABLY UNIFORM FREQUEN-

CY CHARACTERISTICS
CAN BE ATTAINED FROM THE LINE.

THE SET UP FOR MAKING THE FREQUENCY RUN IS NOT ALWAYS EXACTLY LIKE

'-IAT WHICH IS
ILLUSTRATED IN FIG.4.

SOMETIMES, THE LINE OUTPUT,AFTER BE

EQUALIZED, IS CONNECTED TO A SUITABLE LINE -TERMINATING
COIL AND THE

UT OF WHICH IS 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 TRANSMISSION LINE AS THIS IS OF EXCESSIVE LENGTH,BOOST-

ER AMPLIFIERS ARE INSERTED AT INTERVALS. SUCH BOOSTERS,WHEN
USED,ARE US-

UALLY INSERTED
EVERY 10 OR 20 MILES AND THEY SERVE NOT ONLY TO MAINTAIN

Volume Indica-for #1

Amplifier 1111
dHPa

1111.1/111.
pkono9rapk pick-up
or Audio Oscillator

Equalizer Amplifier

transmission
line

Volume. Incli.ca+or 2

5 -01 -Up far a
Fl G. 4

Tiansrnission Line Airipiency eun.

THE PROGRAM LEVEL AT A DESIRED POINT WITH RESPECT TO ATTENUATION DUE TO

LONG LINES BUT ALSO PERMIT MAINTAINING THE PROGRAM LEVEL WELL ABOVE THE

LINE NOISE.

REMOTE CONTROL EQUIPMENT

THE EQUIPMENT USED FOR REMOTE CONTROL
BROADCASTS IS QUITE SIMILAR

TO THAT EMPLOYED IN THE STUDIO AND STUDIO CONTROL ROOM, WITH THE EXCEP-

TION THAT IT IS USUALLY OF PORTABLE DESIGN. THIS APPARATUS CONSISTS ESS-

ENTIALLY OF AN AMPLIFIER, MIXER, VOLUME INDICATOR, AND A BATTERY POWER

SUPPLY. CARBON MICROPHONES
ARE USED CONSIDERABLY FOR THIS PURPOSE DUE

TO THEIR PORTABILITY AND HIGH OUTPUT, ALTHOUGH WHERE CONDITIONS PERMIT,

APPARATUS OF STILL MORE ELABORATE DESIGN IS USEO.

IN CERTAIN INSTANCES, SUCH AS WHERE A DANCE ORCHESTRA BROADCASTS

REGULARLY, NO MIXER OR VOLUME INDICATOR
IS 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 CONSIDERABLE OUTPUT FROM THE AMPLIFIER INTO THE SPECIAL 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 0TH
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 LINES. IN

FACT, SEVERAL OF SUCH

TRANSMISSION LINES ARE
GENERALLY SUPPLIED BE-
TWEEN THE STUDIO AND

TRANSMITTER TO FASCIL-
ITATE THE HANDLING OF

PROGRAMS,AS WELL AS TO
INSURE UNINTERRUPTED
SERVICE IF ONE OF THE

LINES SHOULD DEVELOPE
TROUBLE. IN ADDITION
TO THE PROGRAM LINES,

PRIVATE TELEPHONE LI-

NES ARE ALSO INCLUDED

i
D b.

Gairl

Averacje
inpui- I.,

Dh
4+ianuaFon

100

PZEqUENCY

foN'

IN CYCLES

3000

PER

5000

SEC.

I G. 9 .

A Frequency Response Curve
BETWEEN THE STUDIO AND THE TRANSMITTING QUARTERS SO THAT THE OPERATING
PERSONNEL AT BOTH POINTS CAN MAINTAIN CONTINUAL COMMUNICATION BETWEEN
EACHOTHER.

THE FIRST PIECE OF EQUIPMENT WHICH IS 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. IMPEDANCE MATCHING DE-

VICES,EQUALIZERS AND ASSOCIATED LINE TERMINATING EQUIPMENT IS ALSO IN-

STALLED AT THIS POINT.

FOLLOWING THIS PART OF THE TRANSMITTER EQUIPMENT 4E HAVE THE SPEECH
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AMPLIFIER AND THE PURPQSE OF WHICH IS 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 AMPLIFIER
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 TRANSMITTER AS A° PRAC-
TICAL EXAMPLE.

SPEECH INPUT EQUIPMENT

THE SPEECH INPUT EQUIPMENT FOR THIS TRANSMITTER APPEARS IN FIG. 6.
THIS APPARATUS, YOU WILL OBSERVE, CONSISTS OF A DYNAMIC MICROPHONE FEED-
ING INTO A LOW-LEVEL SPEECH AMPLIFIER.

TRANSFORMER COUPLING IS 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 Cs 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 IS NECESSARY.

THE OUTPUT OF THE LOW-LEVEL SPEECH AMPLIFIER IS FED INTO THE INPUT
OF THE HIGH-LEVEL SPEECH AMPLIFIER THROUGH AN ATTENUATING DEVICE IN THE

VoU,
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FORM OF A MASTER GAIN CONTROL. THIS GAIN CONTROL IS IN REALLITY A DB.

VOLUME CONTROL EQUIPPED WITH i8 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 IS CONNECTED TO A 5 DO. 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 -OXIDE RECTIFIER TYPE IS CONNECTED THROUGH A MULTIPLIER RESISTANCE A-

CROSS THE OUTPUT OF THE ATTENUATION NET -WORK.

ALSO NOTE IN 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 FIG.7 YOU ARE SHOWN THE CIRCUIT DIAGRAM OF THE 1 KW.WESTERN EL-

ECTRIC BROADCAST TRANSMITTER INTO WHICH THE SPEECH AMPLIFYING EQUIPMENT

OF FIG.6 OPERATES. BY STUDYING THE DIAGRAM IN FIG.7 CLOSELY, YOU WILL

NOTE THAT THE LINE FROM THE SPEECH AMPLIFYING EQUIPMENT IS CONNECTED A-

CROSS THE PRIMARY WINDING OF TRANSFORMER TI -4 AND WHOSE SECONDARY WINDING

IS CONNECTED IN THE GRID CIRCUIT OF THE TRANSMITTER'S THIRD AMPLIFIER

SECTION (THE MODULATED R.F. AMPLIFIER). THIS CIRCUIT CONNECTION WILL

IMMEDIATELY INFORM YOU OF THE FACT THAT GRID -MODULATION IS USED IN THIS

PARTICULAR TRANSMITTER.

THIS TRANSMITTER IS CONSTRUCTED IN TWO DISTINCT SECTIONS, INDEPEN-
DENT OF EACHOTHER. ONE SECTION INCLUDES /11._ 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 FIG.7. THE SYSTEM OF RELAYS,HOWEVER,
WHICH IS USED IN THIS INSTALLATION,IS SOMEWHAT DIFFERENT THAN ANY OF

THOSE WHICH HAVE SEEN SHOWN YOU UP TO THIS TIME AND FOP THIS REASON WILL
NOW BE EXPLAINED IN DETAIL.

THE OPERATION OF THE POWER -CONTROL AND PROTECTION CIRCUITS OF THIS

TRANSMITTER IS 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, WILL, HOWEVER, NOT BE ENERGIZED BY THE CLOSING OF THIS

SWITCH. THE TRANSFORMER TIMUST 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 IS, 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. THIS TRANSFORMER SUPPLES THE FILAMENT, PLATE, AND BIAS VOLTAGES
FOR THE ARGON REGULATOR TUBE V/.

THE NEXT SWITCH TO BE CLOSED IS SW.z. THIS SUPPLIES AN ALTERNATING -
CURRENT VOLTAGE ACROSS AN AUTOTRANSFORMER T2. 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 MI. ANY VARIATION IN THE SUPPLY -LINE

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 T3, T4, AND T5AND THE MASTER -CONTROL RE-

LAY A WHICH CLOSES AND EXCITES THE PRIMARY WINDINGS OF THE FILAMENT TRAN
SFORMERS T, AND T7FOR THE POWER AMPLIFIER AND RECTIFIER TUBES,RESPECTIV-
ELY.

CONNECTED ACROSS THE SECONDARY WINDING OF THE FILAMENT TRANSFORMER
T4IS A RESISTANCE UNIT WHICH BECOMES HEATED WHEN THE WINDING IS ENERGI-

ZED. THIS UNIT (AND ITS ASSOCIATED CONTACTS) IS KNOWN AS A THERMAL OR

HEATER -ELEMENT TIME -DELAY RELAY,(RELAY 1). 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 W1OF 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 T8. THIS

TRANSFORMER SUPPLIES THE PLATE VOLTAGE TO THE OSCILLATOR AND BUFFER -AMP-
LIFIER STAGES ONLY AND ALSO SUPPLIES THE NEGATIVE BIAS 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 IS ALSO CLOSED. THE LATTER CAN ONLY BE OPERATED WHEN ALL DOOR

SWITCHES ARE CLOSED BY TIGHTLY LOCKING ALL COMPARTMENT DOORS.

SINCE THE HEATING RESISTANCE UNIT OF RELAY 1 IS OPEN-CIRCUITED,THE

HEATING EFFECT UPON THE METAL STRIP WILL BE DECREASED AND CONSEQUENTLY

WILL CAUSE THE STRIP TO RETURN BACK TO ITS NORMAL POSITION. THIS CLOSES

THE BACK CONTACTS 2 AND COMPLETES THE CIRCUIT THROUGH THE RELAY 4, WIND-

ING Wt. THIS CLOSES THE CONTACT 3 ON THIS RELAY AND EXCITES THE PRIMARY

WINDING OF THE PLATE -VOLTAGE TRANSFORMER Tr IT IS ASSUMED, OF COURSE,

THAT THE PLATE -SUPPLY SWITCH SW.x AND THE DOOR -SWITCH RELAY 3 HAVE BEEN

PREVIOUSLY CLOSED.

THE OVERLOAD RELAY 5 OF THE TRANSMITTER CONSISTS OF TWO COILS,NAM-
ELY, THE OVERLOAD -COAL WINDING W4 AND THE OPERATING WINDING W5 .THE OVER
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LOAD COIL IS CONNECTED SERIES WITH THE CENTER TAPPED FILAMENT RETURN
LEAD TO GROUND WHICH COMPLETES THE PLATE -CURRENT CIRCUIT FOR THE MODULA-
TED RADIO -FREQUENCY AMPLIFIER TUBES. IF 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 ENERGIZED 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 DEMAGNETIZING
IT AND RELEASING THE CONTACTS 3 ON THE RELAY 4. THUS THE PRIMARY WIND-
ING OF THE PLATE -SUPPLY TRANSFORMER T9 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 W5 SO THAT THE SHORT CIRCUIT WILL BE REMOVED FROM THE WIND-
ING WiON 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 T4 AND T7 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 T4 AND 17. THIS RESULTS IN THE EXPANSION OF THE THERMAL ELEMENT
AND THE CLOSING OF CONTACTS 0 AND 7; AND THIS ALLOWS CURRENT TO FLOW
THROUGH THE WINDING W6 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 W7. THIS MAG-
NETIZES RELAY 8 AND CLOSES THE CONTACTS 9 AND 10. THE CLOSING OF THESE
CONTACTS ALLOWS AN ALTERNATING CURRENT TO FLOW THROUGH THE PRIMARY WIND-
ING OF THE TRANSFORMER Tv)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 RI 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 V-7AND V6. THIS IS, 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 T10.

AS SOON AS THE GRID -BIAS VOLTAGE IS DEVELOPED ACROSS THE RESIS-
TANCE RI, A CURRENT WILL PASS THROUGH THE GRID -BIAS RELAY 10 BECAUSE IT

IS CONNECTED DIRECTLY ACROSS THE RESISTOR THROUGH CONTACTS 13.THIS AC-
TUATES THE RELAY WINDING W8BY MAGNETIZING THE IRON CORE AND CLOSING THE
CONTACTS 14 AND 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 T11. 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 M6. 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 FIG. 7 THIS SWITCH AND THE ASSOCIATED SHUNTS ARE OM-
ITTED, BUT INDIVIDUAL METERS ARE INSERTED IN THEIR PROPER PLACES TO SIM-
PLIFY CIRCUIT ANALYSIS.

ALL PLATE AND POWER -SUPPLY 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.

ITHE OVERLOAD -COIL WINDING W9OF 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 W8ON RELAY 10 AND RELEASES THE CONTACT ARM OF

THE RELAY, WHICH BREAKS CONTACTS 1I AND 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 WKION
THE OVERLOAD RELAY 12 SERVES TO HOLD THE ARM IN THIS POSITION UNTIL IT

IS DESIRED TO REESTABLISH THE PLATE VOLTAGE.

A PUSH-BUTTON RESET SWITCH (NOT SHOWN) IS CONNECTED IN SERIES WITH

WINDING WI0TO BREAK THIS CIRCUIT WHEN IT IS DESIRED TO RELEASE THE ARM

BACK TO ITS NORMAL POSITION, THEREBY REESTABLISHING CONTACTS 13,14, AND

15 AND AGAIN ENERGIZING WINDING WBOF RELAY 10.

OPERATING THE TRANSMITTER

FROM PREVIOUS LESSONS TREATING WITH TRANSMITTERS,YOU ALREADY LEARN
ED THE GENERAL PROCEDURE FOR ADJUSTING A TRANSMITTER PREPARATORY TO OPER
ATION. NEVERTHELESS, YOU SHOULD FIND THE.FOLLOWING SPECIFIC INFORMATION
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 AND 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 CURRENT OF 0 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 POTENTIALOF 35o VOLTS, A PLATE CURRENT OF 12 MA.,AND A GRID BIAS OF -75 VOLTS.THE THIRD AMPLIFIER OR MODULATING RADIO FREQUENCY STAGE USES TWO 270-ATUBES (35o WATTS EACH) OPERATING AS A CLASS C AMPLIFIER AT A PLATE PO-TENTIAL OF 3,000 VOLTS, A TOTAL PLATE CURRENT OF 125 MA.,AND A GRID BI-AS OF -250 VOLTS. THESE TUBES ARE ADJUSTED TO A 100 -WATT OUTPUT.

THE FINAL, OR POWER AMPLIFIER, STAGE USES TWO TYPE 279-A TUBES(RA-TED AT 1,200 WATTS EACH) OPERATING AS A CLASS B AMPLIFIER WITH A PLATEPOTENTIAL OF 3,000 VOLTS, A TOTAL PLATE CURRENT OF 0.25 AMP., AND AGRID BIAS OF -275 VOLTS.

THE FILAMENTS OF THE ENTIRE TRANSMITTER ARE ALTERNATING CURRENT OPERATED 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 AND279-A TUBES ARE ALL OPERATED AT 10 VOLTS.

THE HIGH VOLTAGE RECTIFIER TUBES ARE W.E. TYPE 258-A HAVING A MAX-IMUM INVERSE -PEAK POTENTIAL OF 6,500 VOLTS. THE GRID BIAS RECTIFIER TUBES ARE W.E. TYPE 253-A HAVING A MAXIMUM INVERSE -PEAK POTENTIAL OF 3,500VOLTS. ALL RECTIFIERS ARE OF THE MERCURY VAPOR TYPE. TYPE 253-A TUBESARE USED IN THIS TRANSMITTER IN THE RECTIFIER UNIT, AND TYPE 258-A TUB-ES ARE USED IN THE PLATE SUPPLY RECTIFIER UNITS. THE FILAMENT VOLTAGEOF BOTH TYPES IS 2.5 VOLTS. THE PEAK CURRENT OF TYPE 253-A IS 500 MA4OFTYPE 258-A 1.1 AMP.

USE THE CRYSTAL-OXCILLATOR BOX CORRESPONDING TO THE NEWLY ASSIGNEDFREQUENCY. THIS BOX IS ADJUSTED TO WITHIN 25 CYCLES OF THE ASSIGNED FREQUENCY BY THE WESTERN ELECTRIC COMPANY. CARE MUST BE TAKEN THAT THE MERCURY 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 ITS FILAMENT HAS BEEN HEATED FORSEVERAL MINUTES. THEN CLOSE THE PLATE VOLTAGE SUPPLY SWITCH. A PILOTLIGHT WILL SHOW THAT THE HEATER UNIT IN THE CRYSTAL BOX IS BEING PROP-ERLY HEATED. IT WILL TAKE AT LEAST 2 HOURS BEFORE THE BOX TEMPERATURE
IS CORRECT AND THE PILOT LIGHT GOES OUT.

CONNECT COILS, CONDENSERS, AND LINKS TO CORRESPOND TO THE DESIREDFREQUENCY.

CLOSE ALL DOOR SWITCHES BY CLOSING DOORS, AND PLACE THE MASTERSWITCH IN STARTING POSITION. VARIOUS TIME DELAY RELAYS WILL CLOSE INGRADUAL SUCCESSION BUT ONLY AFTER THE BIAS RECTIFIER TUBES ARE IN OPER-
ATION. THIS PREVENTS ANY POSSIBILITY OF THE PLATE VOLTAGE BEING APPLIEDBEFORE THE BIASING CIRCUIT IS COMPLETED.

THE FIRST AMPLIFIER, OR BUFFER STAGE, REQUIRES NO TUNING ADJUST-MENTS OR NEUTRALIZATION BECAUSE OF ITS APERIODICALLY TUNED PLATE CIR-CUIT TRANSFORMER. THIS TRANSFORMER EFFECTIVELY COVERS THE BROADCAST FRE
QUENCIES OF FROM 500 TO 1,200 KILOCYCLES. 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 DRIVE CONTROL FOR THE SUCCEEDING AMPLIFIER 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 IS 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 CTL6.
CLOSE THE PANEL DOORS AND ADJUST THE RADIO FREQUENCY DRIVE TO A MINIMUM
POSITION AND LOOSEN THE MAGNETkC COUPLING OF L6L7. CLOSE THE HIGH VOL-
TAGE SUPPLY SWITCH AND BEGIN TO VARY THE THIRD AMPLIFIER TUNING CONDEN-
SERS ACROSS L6UNTIL THE RADIO FREQUENCY AMMETER IN THIS MESH CIRCUIT
READS MAXIMUM. IF NO READING IS OBTAINED, INCREASE THE RADIO -FREQUENCY
DRIVE. ALSO VARY THE MESH TUNING CONDENSERS. AN EXCESSIVE READING WILL
REQUIRE AN INCREASE IN THE CAPACITY OF THE NEUTRALIZING CONDENSERS UN-
TIL THE READING DROPS TO A LOW VALUE. CONTINUE TO INCREASE 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 IS 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 AMPLIFIER 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 NEUTRALIZ
ING CONDENSER UNTIL THE RADIO FREQUENCY AMMETER IN THE THIRD AMPLIFIER
MESH CIRCUIT READS ABOUT 3/4 AMP. ADJUST THE SECOND AND THIRD AMPLIFIER
TUNING CONDENSERS UNTIL THE THIRD AMPLIFIER RADIO FREQUENCY MESH METER
MILREADS A MAXIMUM. THEN VARY THE SECOND AMPLIFIER NEUTRALIZING CONDEN-
SER UNTIL THIS METER READS MINIMUM.

THE RADIO FREQUENCY DRIVE SHOULD THEN BE INCREASED TO A MAXIMUM
AND THE SECOND AMPLIFIER NEUTRALIZING CONDENSER ADJUSTED UNTIL NO READ-
ING IS OBTAINED AT THE RADIO FREQUENCY METER IN 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 Li AND
L9 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 WATT UNIT. INCREASETHE RADIO FRE-
QUENCY DRIVE AND VARY THE POWER AMPLIFIER TUNING CONDENSER ACROSS La
UNTIL THE RADIO FREQUENCY AMMETER H3IN THE PLATE MESH CTL0READS ABOUT
1i TO 2 AMP. INCREASE THE CAPACITY OF THE NEUTRALIZING CONDENSERS UNTIL
THE READING OF THE POWER AMPLIFIER RADIO FREQUENCY AMMETER IN THE CT Les
MESH READS AT, OR VERY NEARLY, ZERO.

THE ENTIRE TRANSMITTER MAY NOW BE TUNED FOR MAXIMUM EFFICIENCY BY

ADJUSTING THE VARIOUS 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 IS 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 IS THEN ADJUSTED FOR THE DESIRED INPUT TO THE POWER
AMPLIFIER TUBES.

OPEN THE PLATE SUPPLY VOLTAGE OF THE 1000 WATT 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 CTACROSS L8 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 COUP-
LING OF L6L7, AND ADJUST THE POWER AMPLIFIER INPUT CONTROL CONDENSER CT
ACROSS L7UNTIL THE RADIO FREQUENCY AMMETER IN THE CTL6CIRCUIT READS A

MINIMUM. INCREASE THE COUPLINGS OF 1-61..7AND THE RADIO FREQUENCY DRIVE
UNTIL THE RADIO FREQUENCY AMMETER IN THE CTL7CIRCUIT READS ABOUT 1 AMP.

AND THE RADIO FREQUENCY AMMETER IN THE CTL6CIRCUIT DROPS BETWEEN o.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 CTACROSS L6FOR 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 IS ACCOMPLISHED BY INSERTING A RADIO FREQUENCY AMMETER IN SERIES
WITH THE RESISTANCES (2,400 OHMS) WHICH ARE ACROSS THE POWER AMPLIFIER
GRIDS. ASSUMING 100 WATT EXCITATION, THE RADIO FREQUENCY DRIVE IS IN-

CREASED UNTIL THE RADIO FREQUENCY AMMETER IN THE RESISTANCE CIRCUIT
READS A LFTTLE LESS THAN 0.22 AMP. THUS, W= I R OR °APPROXIMATELY 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

MAXIMUM IMPEDANCE TO THE SECOND HARMONIC FREQUENCY. THIS VALUE IS OB-

TAINED BY REFERRING TO THE CALIBRATION CHART ACCOMPANYING THE TRANSMITT
ER. CLOSE THE POWER AMPLIFIER °LATE SUPPLY CIRCUIT. THE PLATE CURRENT

IN THIS CIRCUIT SHOULD READ VERY NEARLY O. AMP.

VARY THE RADIO FREQUENCY DRIVE UNTIL THE RADIO FREQUENCY AMMETER

IN THE CTLBMESH READS APPROXIMATELY 2 AMP. AT THIS POINT RECHECK THE

THIRD AMPLIFIER PLATE CURRENT BY VARYING C7ACROSS L:0UNTIL THE PLATE CUR
RENT IN THIS STAGE IS OF MINIMUM VALUE.

VARY CTACROSS L8FOR MAXIMUM CURRENT IN THE CTli RADIO FREQUENCY

MESH. INCREASE 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 1.151.9, AND VARY THE RACIO FREQUENCY DRIVE UN-

TIL ALL METER READINGS IN THE POWER AMPLIFIER OUTPUT CIRCUIT CORRESPOND
WITH THE REQUIRED MANUFACTURER'S RATINGS FOR K 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 XLSINCE 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 IN

FIG. 7, THE CAPACITIVE REACTANCE MAY BE MORE EASILw 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

OUTPUT. MODULATION AND FREQUENCY MEASUREMENTS MUST THEN BE MADE TO IN-

S -U -R -E THE PROPER PERCENTAGE OF MODULATION ANC FREQUENCY STABILIZATION IN -
ACCORDANCE WITH THE R'EQUIREMENTS OF THE FEDERAL LICENSING AUTHORITY.
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C
OOcr)

O1)L
i

C
rystal oscillator unit.

O
scillator plate inductance.

8
O

scillator grid inductance.
4

O
scillator

tank
circuit

capacity,
0.000365 m

f.

8
rPtssa' pet:denser, 0.01 m

f., 2,000 -volt
g

ratin.
7

Plate feed -back resistance, 1,000 ohm
,

3 w
atts.

8
C

rystal heater resistances, 600 ohm
s.

9
H

eater control relay.
10

M
ercury therm

o-regulator.
11

R
elay

otonderner,
0.2

rd.,
300 -volt

rating.
'12

Filam
ent transform

er. 50 or 60 cycles.
13

B
y-Paes condenser. 0.01 m

f., 2,000 -volt
rating.

14
H

ester control resistance, 500 &
m

a,
80 w

atte.
15

O
scillator grid leak resistance,

1 m
eg-

ohm
, 1 w

att.
16

H
eater indicator lam

p.
17

rim
nencyvrieir.rnie;ricipaty,00.M

7.m
l.

18
ohm

s, 1 w
att.

19
C

oupling capacity. 0.00004 m
f.. 8,000 -

volt rating.
20-23

B
y -par condenser, 0.01 m

f.. 2,000 -volt
rating.

24
Screen grid resistance, buffer am

plifier,
50,000 ohm

., 44 w
atts.

25
Split

e
t
a
r
o
s

tank
circuit

capacity,
0.00048 inf. each section.

26
Plate choke col;

27
Plate resistance, 15,000 ohm

s, 100 w
atts.

28
Plate inductance.

29
B

locking condenser, 0.001 m
f.. 5,000 -

volt rating.
30

N
eutralising condenser, 0.000034 m

f.
81

G
rid resistance, 2,000 ohm

s 5 w
atts.

33
B

Y
 -11.. coode.er, 0.01 m

i., 2,000 -m
ilt

rating.
33

B
iasing resistance, 100 ohm

s, 5 w
att..

34
Filam

ent transform
er.

35
B

y -par condenser, 0.01 m
f., 2,000 volt

36
171..tihoke coil.

37
Plate inductance.

38
C

oupling condenser.
39

B
y-pase condenser.

40
R

.F.
e
h

coil.
41

Pow
er am

plifier grid leak resiatanoe,
20,000 ohm

s, 75 w
atts.

42
Spare crystal unit.

Sam
e m

 5.
43

T
ank circuit by-pass condenser.

44
T

ank circuit tuning condenser, 0.00022

T
herm

ocouple,
48

T
herm

ocouple, 0 to 5 am
p.

46
R

.F. am
m

eter. 0 to 5 am
p.

47
R

.F. traneform
er.

48
A

ntenna coupling roil.
49

L
oading inductance_

60-61
A

ntenna eerie. capacity, 0.001 m
f.

62
A

ntenna radio -frequency am
m

eter.
53

T
herm

ocouple for antenna r.f. am
m

eter
(not show

n).
64

R
.F. choke coil.

66
M

eter by-pass condenser, 0.01 m
f.

66
U

 -c. m
illiam

m
eter, 0 to 150 M

A
.

57
M

eter by-pass condenser, 0.01 m
l.

68
D

oe. m
iL

liam
m

eter, 0 to 500 m
a.

59-80
M

eter .w
itch.

61
M

odulation
isdlostioo

m
eter,

0
to

15 m
a.

6IA
M

odulation
indication

m
eter

R
eelai

rectifier unite.
62

L
oud -speaker

volum
e -control

potenti-
om

eter, 6110 nhm
e 50 w

et..
63

M
onitor reeiatances, 30 ohm

s, 20 w
att..

64
M

onitoring loud -speaker.
66-66

N
eutraheing condenser, 0.000086 m

f.
67

B
leeder resistance, 25 ohm

s, 25 w
atts.

68
C

ondenser for buffer am
plifier tank.

09-72
B

y-paaa condense; 0.01 nil., 2,000 -vole
rati ng.

73
M

odulation indicator adjustable resist-
ance, 10,000 ohm

s, 75 w
atts.

74
Filam

ent trensform
er.

75
L

oud -speaker input transform
er.

76
G

rid resistance, 100 ohm
s, 5 w

elts.
77

B
y-pass condenser, 0.01 m

f., 2,000 -volt
rating.

78
A

.F. am
plifier .d m

odulator (not .epa-
retely num

bered on diagram
).

79
A

udio -input transform
er.

80
A

udio -input load resistance, 9,000 ohm
.,

1 w
att.

81
Intends. coupling transform

er.
82

L
oad rend -linos 18,000 ohm

s, 3
w

att..
83

M
odulator intentage

coupling trans
form

er.
84

B
locking condenser, 2 m

f., 2000 volt
rating.

85,86
A

m
plifier feed resistance.

87
M

odulator reactor.
88

Shunt reactor reaistance.
89

Pow
er changing sw

itch.
90

Pow
er -am

plifier
plate resietanee, 2,500

ohm
s w

ith 10 tape, 200 w
att..

91
B

iasing ream
.%

 750 ohm
s, 100 w

atts.
V

ariable.
92

Plate feed reendance.
93

B
y-paaa condenser,

4
ed.,

1,000 -volt
d

ating.
94

Pow
ereeistance, 100,000 ohm

s, 3 w
atts

95
Per equipm

ent (not N
eparatelY

 num
-

bered ono-agram
).

96
D

.c.C
rtridgype fum

e. 6 am
p.. 260

volt..
97

voltm
eter, 0 to 500 volts_

98
M

eter by-pses condenser, 0.01 m
f.

99
Potentiom

eter. 3.500 ohm
a, 50 w

atts.
100

Filter
condenser,

18
ed.,

1,000 -volt
reties.

101
Filter choke coil.

102
R

ecto: rectifier unit.
103

R
ectifier transform

er.
104

Filter choke coil.
105

R
ecto. rectifier inn.

106
R

ectifier transform
er.

107
Filter

condenser,
electrolytic

type.
200 m

f., 50 -volt rating.
108

V
oltage

divider
resist..

section;
40 ohm

s, 100 w
atts.

109
A

utotransform
er.

110
C

artridge -type f.es, 30 am
p., 250 volt..

111
L

i. sw
itch.

112
C

artridge -type !tees, 10 am
p.. 250 vol..

113
8.tion of regulating resistance. 10 oho.
100 w

et..
114

Filam
ent voltm

eter.
150 volt., A

a.
116

T
im

e -delay relay.
D

ash -pot type.

116
Plats contactor.

17
D

 -e. overload relay, dash -pot type.
II

D
oor sw

itch..
W

O
C

artridge -type fuses, 20 am
p., 2190 volts.

120
Plate -supply pow

er transform
ers.

21
Filam

ent transform
er.

22-124 Filter choke coil.
25

Filter condenser, 2 m
f., 1,800 -volt de..

rating.
26

Filter condenser, 10 inf., 1,000 -volt d -o.

rayting..
27

B
t condenaer. 0.01 m

f.
28

Pla-pas. voltm
eter, 0 to 1,500 volts.

29
E

lectrolytic condenser. 200 m
f., 50 -volt

rating.
30

Plate -voltage sw
itch.

31
Filam

ent contactor.
32

T
ransm

itter starting. ew
itch.

33
R

ecto. regulator reel...nee.
84

R
egulator resistance for T

103 and T
I06.

25
C

rystal -heater sw
itch.

36
B

luing
potentiom

eter,
5,000

ohm
s,

60 w
et..

37
Plate -voltage indicator light.

38
8Ffftneco

"rtr
1!,"1°C

ri light.
7.

A
djustable.

40
M

eter panel lights.
41

L
ine -voltage sw

itch.
42

V
oltm

eter m
ultiplier for 0 to 1,500 -volt

m
eter.

43
V

oltm
eter m

ultiplier for 0 to 500 -volt
m

eter.
44

Filter m
oisten., 500.000 ohm

; 3 w
atts.

45
R

.F. choke coil.
46

G
rid resistance, 2,000 ohm

a, 60 w
atts.

47
D

.c. am
m

eter, 0 to 300 m
a.

48
B

y -pa. condenser, .01 nil.
49

B
y-pass condenser, 0.01 m

f.
30

R
.F. am

m
eter, 0 to 8 am

p.
51

E
xternal therm

ocouple for 0- to 8 -am
p.

m
eter.

92
Fuw

er-am
plifier took circuit ocaden.r.

53
Phantom

 antenna
resistance,

tw
elve

220 -ohm
 units in series.

64
Phantom

 antenna am
m

eter, 0 to 1 am
p.

55
V

ariable condenser, 0.00011 m
f.

56
B

y -pas condenser, 0.01 m
f., 2,000 -volt

ating.
57

Filam
ent and him

 rectifier aanaform
cr.

58
B

y -pave condenser, 0.01 m
f.

89
Pow

er -am
plifier plate am

m
eter, 0 to 1

60
B

i.am
ping resistance, 150 ohm

s. 200 w
atts.

61
V

ariable tank -circuit capacity, 0.00022
f.

63
R

.F. transform
er.

63
H

arm
onic supprestion inductance.

64
A

ntenna -coupling condenser.
65

A
ntenna am

m
eter therm

ocouple.
66

A
ntenna loading inductance.

67
A

ntenna condenser.
68

R
.F. choke coil.

69
Potentiom

eter, 100,000 ohm
s.

70
Potentiom

eter, 350,000 ohm
s.

71
Separating resistance.

72
C

athode-ray sw
eep -circuit toile

73
G

rid tuning condenser.
74

G
rid tuning condenser.

75
Phantom

 antenna sw
itch.

176
N

eutralising .ndenaer, 0.0001 m
f.

177
M

onitor blocking .nderiser, 28 m
i..

1,000 -volt d -c. rating.
178

Potentiom
eter. 2,300 ohm

s.
179

M
eter sw

itch.
180-181 C

oupling -coil balancing resistant*.
182

B
y-pam

e condenser, 0.01 m
f.

183
C

oupling coil for cathode-ray m
odulator

iedienter.
184

B
y-paas condenser, 0.001 m

f., 5,000 -volt
rating.

185
B

y -p.. condenser, 0.01 inf., 2,000 -volt
rating.

188
B

y -p. condenser, 0.01 m
f., 2,000 -volt

rating.
187

Pow
er -supply A

lum
 condone., 10 m

f..
1,000 -volt rating.

188
Pow

er -am
plifier

grid
resistance.

100 ohm
s, 5 w

atts.
189

M
odulator (not .P..44 num

bered
oa

diagram
).

190
Secondary stabilising resistance..

191
Filam

ent transform
er.

192
Plate am

m
eter. 0 to 300 m

a.
193

B
y-pass condenser, 0.01 m

f.
104

B
linking condem

nor, 6 ref
,

9,000..14
rating.

195
M

odulation output transform
er.

196
M

odulation reactor.
197,198 Plate -feed resistances.
199

M
odulation plate resistance, 100 ohm

s,
30 w

.
200

Seconadatts ry shunt condenser.
201,202 Secondary by -pas condenser.
203

Prim
ary 67 -pees condenser.

204
Pow

er
equipm

ent
(not

separately
num

bered on diagram
).

205
V

oltm
eter and m

ultiplier. 0 to 5,000
its,

d.c.
vo

206
B

y-pase condenser, 0.01 m
f.

207
Filter

conde.er,
tw

o 3.5-m
f.

units.
3000-volt, rating.

208,209 F.0, 1 am
p., 2,000 volt..

210
Filter choke coil.

211
Filam

ent transform
er.

212
Plate

pow
er trandorm

en,
3.75-kva.

213
O

verload relays, oil dashpot, tim
e -delay

relay.
214

PM
. contactor.

215
D

oor interlocking sw
itches.

216
Plate on sw

itch.
217

T
im

e -delay relay, oil-d.hpot type.
218

Foam
, 6 am

p., 250 volt..
219

Filam
ent contactor.

220
F.es, 6 am

p., 250 volt.
221

Filam
ent sw

itch.
222

A
utotransform

er.
223

L
ine voltm

eter, 0 to 250 vol. sc.
224

Fuses, 20 am
p., 250 volt..325

B
ias

filter choke coil.
226

B
ias potentiom

eter, 125 ohm
s.

227
B

ias resistance, 200 ohm
a, 200 w

atts.
228

B
ine filter condenser, 200 m

f., 200 volt.,
electrolytic type.

229
L

ine
sw

itch,
three -pole

m
ingle -throw

variety.
230, 231 Indicator lam

p.
232

B
ias filter eondenser.

238
Panel lights.



PAGE 18 TRANSMITTERS

R.C.A: VICTOR BROADCAST TRANSMITTERS

IN FIG 8 YOU ARE SHOWN THE CIRCUIT DIAGRAM OF AN R.C.A. VICTOR
BROADCAST TRANSMITTER WHICH IS RATED AT I Kw. AND A REFERENCE INDEX FOR
THE VARIOUS PARTS OF THIS TRANSMITTER APPEARS IN TABLE 1.

THIS TRANSMITTER CONSISTS OF TWO SELF-CONTAINED UNITS,NAMELY, A

100 WATT TRANSMITTER UNIT AND A 1000 WATT AMPLIFIER UNIT. IF 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. IT WILL BE WELL TO MENTION AT THIS POINT, HOW-
EVER, THAT THE R.C.A. 904 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 IS 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 IS A CONSTANT AND HAS THE FOLLOWING VALUE:

FOR TRANSMITTERS USING HIGH-LEVEL MODULATION

MAXIMUM RATED CARRIER POWER
OF TRANSMITTER (WATTS)

FACTOR "F"

100 0.50
250-1,000 o.6o

2,500-50,000 0.65

FOR TRANSMITTERS USING LOW-LEVEL MODULATION

MAXIMUM PERCENTAGE OF FACTOR "F"
MODULATION

75-85
66-1o0 0.33

FOR TRANSMITTERS USING GRID -BIAS MODULATION IN
LAST RADIO STAGE

MAXIMUM PERCENTAGE OF MODULATION FACTOR "F"

25-85 0.27
0.22



LESSON NO.18 PAGE 19

To ILLUSTRATE THE USE OF THIS DATA, LET US CONSIDER 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 0.4o 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 EOM-
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 THIS,

DAY AND AGE A MAN MUST HAVE A GOOD GENERAL KNOWLEDGE OF THE ENTIRE FIELD
IN WHICH HE IS 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.



.-131
examination duestions

\-\
LESSON NO. T-18

Education is the practical prepar-
ation of the individual in order to
face and ?dominate the obstacles on the
road to success.

1. - (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.

2. - DRAW A CIRCUIT DLAGRAM OF A SERIES -RESONANCE EQUALIZER.

DESCRIBE HOW IT IS USED, AND EXPLAIN HOW IT OPERATES.

3. - DRAW A CIRCUIT DIAGRAM OF A PARALLEL -RESONANCE EQUALIZER.

DESCRIBE HOW IT IS USED, AND EXPLAIN HOW IT OPERATES.

4. - EXPLAIN HOW REMOTE -CONTROL BROADCASTS ARE GENERALLY HAND

LED.

5. - MAKE A DRAWING OF THE TYPICAL SET-UP FOR MAKING A FRE-

QUENCY RUN ON AN A.F. TRANSMISSION LINE.

6. - DESCRIBE THE PROCESSES WHICH ARE INVOLVED WHEN MAKING

SUCH A FREQUENCY RUN.

7. - WHAT DOES A FREQUENCY RESPONSE CURVE INDICATE?

8. - WHAT ARE SOME OF THE MORE IMPORTANT PROTECTIVE DEVICES

WHICH ARE USED IN THE LARGER BROADCAST TRANSMITTERS?

9. - IN WHAT WAYS DOES THE CONVENTIONAL BROADCAST TRANSMITTER
DIFFER FROM THE ORDINARY PHONE -TYPE COMMERCIAL TRANSMITT

ER?

10 - EXPLAIN IN DETAIL HOW THE OPERATING POWER OF A BROADCAST
TRANSMITTER CAN BE DETERMINED.

PRINTED IN U.S.A.



LOS ANGELES ,solimmAz CALIF OR NIA
ESTABLISHED 1905 J. A. ROSENKRANZ, President

RADIO DIVISION
SPECIAL EXAMINATION #9

DEAR STUDENT:

HAVING BY THIS TIME COMPLETED EIGHTEEN LESSONS TREATING WITH RADIO
TRANSMITTERS, YOU SHOULD NOW HAVE A GOOD UNDERSTANDING CF THIS SUBJECT.

SINCE ANSWERING YOUR LAST SPECIAL 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.

DUE 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 IS ADVISABLE THAT YOU REVIEW THIS ENTIRE SERIES

OF TRANSMITTER LESSONS WITH SPECIAL CARE.

UPON THE COMPLETION OF THI1S 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 I AM CONFIDENT THAT YOU WILL DO

YOUR UTMOST TO RECEIVE A SPLENDID GRADE ON THIS EXAMINAT1ON.

SINCERELY YOURS,

EXAMINATION QUESTIONS

I. - DRAW A COMPLETE CIRCUIT DIAGRAM OF A COMMERCIAL TYPE RADIO -TELE-

GRAPH TRANSMITTER.

2. - EXPLAIN THE PROCEDURE FOR OPERATING THE TRANSMITTER WHOSE DIAGRAM

YOU HAVE DRAWN IN ANSWER TO QUESTION #1.

3. - WHAT GREENWICH MEAN TIME CORRESPONDS TO AN EASTERN STANDARD TIME OF
II P.M.?
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4. - DRAW A COMPLETE CIRCUIT DIAGRAM OF A THREE-PHASE, HALF -WAVE RECTI-
FIER THAT IS SUITABLE FOR A TRANSMITTER'S "B" SUPPLY.

5. - DRAW A DIAGRAM OF A CRYSTAL FILTER CIRCUIT AS USED IN A RECEIVER
AND EXPLAIN ITS OPERATION IN DETAIL.

6. - 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.

7. - WHAT IS THE OBJECT OF PROVIDING A SHORT-CIRCUITING SWITCH FOR THE
CRYSTAL FILTER OF A RECEIVER?

8. - WHAT ARE THE OPERATING CHARACTERISTICS OF A TYPE 204A TRANSMITTER
TUBE?

9. - WHAT ARE THE OPERATING CHARACTERISTICS OF A TYPE 866 TUBE?

10. - 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.

II. - DESCRIBE THE EQUIPMENT AND CIRCUITS WHICH YOU WOULD EXPECT TO FIND
IN THE TRANSMITTER ROOM OF A TYPICAL BROADCAST STATION.

12. - WHAT IMPORTANT FACTS SHOULD BE CONSIDERED IN LAYING OUT THE DESIGN
OF A PHONE TRANSMITTER?

13. - DRAW A COMPLETE CIRCUIT DIAGRAM OF A PHONE TRANSMITTER EMPLOYING
THE HEISING SYSTEM OF MODULATION.

i4. - EXPLAIN IN DETAIL THE OPERATION OF THE CIRCUIT WHOSE DIAGRAM YOU
HAVE DRAWN IN ANSWER TO QUESTION #13.

15. - DRAW A CIRCUIT DIAGRAM OF A PHONE TRANSMITTER EMPLOYING GRID BIAS
MODULATION.

16. - EXPLAIN IN DETAIL THE OPERATION OF THE CIRCUIT WHOSE DIAGRAM YOU

HAVE DRAWN IN ANSWER TO QUESTION #15.

17. - EXPLAIN WHAT IS MEANT BY "MODULATION PERCENTAGE" AND ALSO EXPLAIN
HOW THIS VALUE CAN BE DETERMINED.

18. - WHAT IS THE GENERAL PROCEDURE FOR TUNING A TRANSMITTER WHICH DOES
NOT EMPLOY ANY FREQUENCY -MULTIPLIER STAGES?

19. - WHAT IS THE GENERAL PROCEDURE FOR TUNING A TRANSMITTER WHICH DOES
EMPLOY ONE OR MORE FREQUENCY -MULTIPLIER STAGES?

20. - WHAT ARE SOME OF THE MORE IMPORTANT PRECAUTIONS WHICH SHOULD BE EX-
ERCISED WHEN OPERATING ANY RADIO TRANSMITTER?
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J. A. ROSENKRANZ, President

RADIO DIVISION
SPECIAL EXAMINATION #8

You ARE AT THE PRESENT TIME ENGAGED IN AN INTENSIVE STUDY OF RADIO
TRANSMITTERS WHEREIN MANY NEW AND IMPORTANT PRINCIPLES ARE BEING EXPLAIN
ED. THE KNOWLEDGE OF TRANSMITTERS WHICH YOU ARE NOW ACQUIRING IS GOING
TO BE ESPECIALLY VALUABLE TO YOU IF YOU INTEND TO ULTIMATELY SPECIALIZE

IN RADIO BROADCASTING, IN ANY OF THE MANY APPLICATIONS OF COMMERCIAL

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 WILL BROADEN YOUR KNOWLEDGE OF
RADIO IN GENERAL AND WILL ALSO L-AMILIARIZE 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. I THEREFORE SUGGEST THAT YOU REVIEW

THESE NINE LESSONS CAREFULLY, AND THEN ANSWER THE FOLLOWING QUESTIONS TO
THE BEST OF YOUR ABILITY.

SINCERELY YOURS,

EXAMINATION QUESTIONS

I. - 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 WOULD YOU DESIGNATE THE COMPLETION OF A TRANSMITTED MESSAGE BY
MEANS OF CODE?

4. - WHAT IS 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, USING TWO TYPE 10

TUBES. THE CIRCUIT OF THE POWER PACK FOR OPERATION IS ALSO TO

BE INCLUDED IN THIS DIAGRAM.
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6. - DRAW A CIRCUIT DIAGRAM OF A HARTLEY OSCILLATOR AND EXPLAIN HOW IT
OPERATES.

7. DRAW A CIRCUIT DIAGRAM OF A MONITOR WHICH IS SUITABLE FOR AMATEUR
USE. EXPLAIN HOW YOU WOULD CALIBRATE IT AND HOW YOU WOULD USE IT

FOR ADJUSTING AN AMATEUR TRANSMITTER.

8. - WHAT IS THE MEANING OF THE SIGNAL ABBREVIATION "OSO"?

9. - DRAW A CIRCUIT DIAGRAM OF A CRYSTAL -CONTROLLED OSCILLATOR AND EX-
PLAIN HOW IT OPERATES.

10. - 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.

11. - DESCRIBE IN DETAIL HOW YOU WOULD ADJUST FOR OPERATION THE TRANS-
MITTER WHOSE DIAGRAM YOU HAVE DRAWN IN ANSWER TO QUESTION #10.

12. - DESCRIBE THE DIFFERENT TYPES OF COUPLING WHICH ARE PRACTICAL IN

THE R -F STAGES OF A TRANSMITTER.

13. - UPON WHAT FACTORS DOES THE RESONANT FREQUENCY OF A QUARTZ CRYSTAL
DEPEND?

14 . - DESCRIBE THE CONSTRUCTIONAL FEATURES OF A SPLIT -STATOR TUNING CON-
DENSER AND MENTION THE ADVANTAGES OF USING SUCH A UNIT IN A TRANS-
MITTER.

15. - EXPLAIN IN DETAIL HOW YOU WOULD WORK OUT THE DESIGN FOR A HERTZ
ANTENNA.

16. - EXPLAIN HOW A FREQUENCY MULTIPLIER OF A TRANSMITTER OPERATES.

17. - 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?

18. - WHAT IS THE ADVANTAGE OF USING FREQUENCY MULTIPLIER STAGES IN A
TRANSMITTER?

19. - EXPLAIN HOW YOU WOULD PROCEED TO DESIGN AN UNTUNED TRANSMISSION
LINE FOR A TRANSMITTER ANTENNA SYSTEM.

20. - DRAW A CIRCUIT DIAGRAM OF AN ELECTRON -COUPLED OSCILLATOR AND EX-
PLAIN HOW IT OPERATES.
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