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LESSON NO. 31

California

 AUTOMATIC VOLUME CONTZOL 

Printed in U. S. A.

IF YOU HAVE LISTENED TO RADIO RECEIVERS A GOOD DEAL IN WHICH AN AUT2

MAT IC VOLUME CONTROL SYSTEM WAS NOT EMPLOYED, YOU HAVE NO DOUBT NOTICED

THAT IT IS A COMMON OCCURRENCE TO BE LISTENING TO A PROGRAM, WHEN ALL AT

ONCE, THE VOLUME SUDDENLY INCREASES TO A BLARE OR ELSE DECREASES TO SUCH

AN EXTENT THAT THE SPEAKER SOUNDS ARE HARDLY AUDIBLE. THIS CONDITION IS

ESPECIALLY
REALLY ANNOYING,

PRONOUNCED DURING THE RECEPTION OF DISTANT PROGRAMS AND IT IS

FOR IT MAKES IT NECESSARY FOR THE OPERATOR TO EITHER TURN

UP THE VOLUME CONTROL OR ELSE TURN IT DOWN, SO AS TO

KEEP THE VOLUME AT A PLEASING LEVEL. WE CANNOT REA-

LLY BLAME THIS SO CALLED "FAD I NG" PROBLEM TO FAULTY

RECEIVER OPERATION BECAUSE THE TROUBLE IS CAUSED BY

TRICKS OF NATURE SOMEWHERES OUT IN THE SPACE BETWEEN

THE TRANSMITTER AND THE RECEIVER. THE RECEIVER IS

SIMPLY AMPLIFYING WHATEVER SIGNAL ENERGY REACHES IT

AND CONSEQUENTLY, IF CONDITIONS ARE SUCH THAT A

GREATER PERCENTAGE OF THE TRANSMITTED WAVE ACTS UPON

THE RECEIVER'S ANTENNA AT SOME PARTICULAR INSTANT,

IT IS NO MORE BUT NATURAL THAT THE SPEAKER VOLUME

SHOULD INCREASE BECAUSE MORE SIGNAL ENERGY IS AT

THIS TIME AVAILABLE FOR AMPL I F I CAT I ON

FIG. 1
A Modern Radio -clock

Combination.

THEN ON THE OTHER HAND, IF ATMOSPHERIC COND IT IONS SU

DDENLY CHANGE SO THAT THE TRANSMITTED WAVE HAS ITS WU-
REM OF TRAVEL TEMPORAR I Ly ALTERED, 80 TO SPEAK AND SO

THAT VERY LITTLE OF THE RADIATED ENERGY STRIKES THE Fa

CE I VER ANTENNA, THEN OF COURSE, VERY LITTLE ENERGY IS

AVAILABLE AT THE RECEIVER FOR AMPLIFICATION AND CONSE-

QUENTLY THE VOLUME SUFFERS.

AUTOMATIC VOLUME CONTROL

SINCE IT IS IMPOSSIBLE TO CONTROL THE AMOUNT

OF SIGNAL ENERGY REACHING THE MILLIONS OF LISTENERS

AT ALL DIFFERENT POINTS OF THE GLOBE, THE LOGICAL

STEP FOR US TO TAKE IN ORDER TO DO AWAY WITH THE
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ANNOYANCE OF SUDDEN INCREASES OR DECREASES IN VOLUME IS TO DEVISE SOME
MEANS WHERENY THE RECEIVER AUTOMATICALLY PROVIDES A VOLUME OF CONSTANT kg
VEL AFTER A STATION HAS ONCE BEEN TUNED IN. IN THE LATEST TYPES OF RE-
CEIVERS, THIS IS BEING DONE AND THIS SYSTEM OF MAINTAINING A CONSTANT VO1
UME IS KNOWN AS AUTOMATIC VOLUME CONTROL QUITE OFTEN SPOKEN OF SIMPLY
AS "A.N.C.". THIS ARRANGEMENT SHOULD PROVE TO SE ESPECIALLY INTERESTING
TO YOU.

BRIEFLY, WHAT AUTOMATIC VOLUME CONTROL REALLY ACCOMPLISHES IS TO
MAKE THE RECEIVER MORE SENSITIVE TO WEAK SIGNALS AND LESS SENSITIVE TO
STRONG SIGNALS. IN THIS WAY, IT SERVES TO HFILL-IN" THE GAPS CURING THE
VARIATION OF SIGNAL STRENGTH CAUSED BY FADING. SO WITH THIS FUNDAMENTAL
DEA IN MIND, LET US CONTINUE AND SEE JUST HOW THIS IS ALL BF,".),Jr;--0 ABOUT.

FUNDAMENTAL PRINCIPLES

WE SHALL BEGIN THIS EXPLANATION BY FIRST GETTING SOME BASIC PRIN-
CIPLES FIRMLY FIXED IN YOUR

FIG. 2.

Using Q.F. Energy to Produce a Direct Current

PLATE
HOWEVER, WOULD ORDINARILY BE D.C.,
AUDIO VARIATIONS INCORPORATED
MODULATED CARRIER WAVE. THESE
CAN

MIND, STARTING WITH FIG. 2.
IN FIG. 2, WE HAVE ATYPE-27
TUNE BEING USED AS A POWER
DETECTOR AND A DETECTOR TUBE
YOU WILL REMEMBER, CAN ALSO
BE CONSIDERED AS A RECT1
FIER TUBER.

Now THEN, BY APPLYING
THE R.F. SIGNAL ENERGY FROM
SOME TRANSMITTER ACROSS THE
GRID CIRCUIT OF THIS TUBE,

CURRENT WILL BE CAUSED TO FLOW THROUGH THE TUBE. THIS PLATE CURRENT,
IN ADDITION TO HAVING SOME R.F. AND

IN IT, FOR THE LATTER ARE INTRODUCED BY THE
VARIATIONS IN THE PLATE CURRENT, HOWEVER,

BE ELIMINATED BY CONNECTING A BYPASS CONDENSER BETWEEN THE TUBE'S
PLATE TERMINAL AND GROUND, THUS LEAVING ONLY A DIRECT CURRENT TO FLOWTHRU
THE PLATE CIRCUIT.

THIS FLOW OF PLATE CURRENT WILL DEVELOPE A VOLTAGE DROP ACROSS THE
ENDS OF THE PLATE RESISTOR AND THE GREATER THE SIGNAL VOLTAGES APPLIED TO
THE GRID CIRCUIT, THE GREATER WILL BE THE FLOW OF PLATE CURRENT, WHICH IN
TURN MEANS A GREATER VOLTAGE DROP ACROSS THE ENDS OF THE RESISTOR.CONVER-
SELY,THE LESS THE SIGNAL VOLTAGE APPLIED TO THE GRID CIRCUIT IN FIG. 2,
THE LESS WILL BE THE FLOW OF PLATE CURRENT AND THIS MEANS A SMALLER VOL-
TAGE DROP ACROSS THE ENDS OF THE PLATE RESISTOR. REMEMBER THIS BECAUSE IT
IS VERY IMPORTANT AND WILL MAKE THE FOLLOWING EXPLANATION THAT MUCH EASIER
FOR YOU TO UNDERSTAND.

THIS COMPLETES STEP #1 AND SO NOW LET US LOOK AT FIG. 3, WHERE A
SIMPLE FORM OF AUTOMATIC VOLUME CONTROL IS ILLUSTRATED FOR YOU AND HERE WE
ARE GOING TO USE THE PRINCIPLES WHICH WERE JUST EXPLAINED.

AN EFFECTIVE AUTOMATIC VOLUME CONTROL

BY INSPECTING FIG. 3 CAREFULLY, YOU WILL SEE THAT WE HAVE TWO TUBES.
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ONE OF THESE IS THE IST R.F. TUBE OF THE RADIO RECEIVER,WHEREAS THE OTH-
ER IS THE VOLUME CONTROL TUBE. THIS VOLUME CONTROL TUBE IS AN EXTRA TUBE

ON THE RECEIVER CHASSIS AND HAS NOTHING TO DO AS FAR AS PASSING THE

SIGNAL THROUGH THE AMPLIFIER IS CONCERNED. THE TUBE ARRANGEMENT OF THE

RECEIVER IS CONVENTIONAL, THAT IS, THE VARIOUS R.F. STAGES ARE ALL COUP-

LED TOGETHER IN THE USUAL WAY AND THE VOLUME CONTROL TUBE IS SIMPLY ADDED

AS AN ACCESSORY TO THE CIRCUIT.

IN THE PARTICULAR EXAMPLE ILLUSTRATED IN FIG. 3, VOL WILL OBSERVE

THAT THE GRID OF THE VOLUME CONTROL TUBE IS CONNECTED TO THE GRID OF THE
IST R.F. TUBE THROUGH A COUPLING CONDENSER. THEREFORE, WHATEVER SIGNAL Eft

IM-ERGY IS IMPRESSED UPON THE GRID OF THE IST R.F. TUBE MUST ALSO BE

PRESSED UPON THE GRID OF THE VOLUME CONTROL TUBE. THE R.F. SIGNALS, YOU

KNOW1WILL PASS THROUGH SUCH A COUPLING CONDENSER WITH EASE.

THE NEXT THING
TO NOTICE IS THAT 1st. R.F.

Tube
Coupling

Volum Cotitrol
THE CATHODES OF THE (' i/t"-' Tube
R.F. TUBE AND THE
VOLUME CONTROL TUBE
ARE CONNECTED TO-

GETHER AT POINT IIXII

AND THE AUTOMATIC
BIAS RESISTOR RI

IS IN THE CATHODE
CIRCUIT OF BOTH
THESE TUBES. Nowco.u.
S IDERING THE R.F.

TUBE ALONE, WE SEE

THAT AS SIGNAL VOL-
TAGES ACT UPON ITS A Fundamental Circuit f3r Avtornatic Volume Contro/.
GRID CIRCUIT, PLATE
CURRENT WILL FLOW THROUGH THIS TUBE AND THIS PLATE CURRENT MUST ALSO FLOW

THROUGH THE FIXED BIAS RESISTOR "R" AND THROUGH THE AUTOMATIC BIAS RESla
TOR RI IN ORDER TO RETURN TO B- OR GROUND. THE RESULTING VOLTAGE DROP

MAKES THE UPPER END OF RESISTOR "R" OF A POSITIVE POTENTIAL AND THE LOW-

ER END OF THE AUTOMATIC BIAS RESISTOR RI OF A NEGATIVE POTENTIAL AND

S INCE THE GRID RETURN OF THE R.F. TUBE IS CONNECTED TO THIS NEGATIVE END,

IT IS CLEAR THAT A NEGATIVE GRID BIAS WILL BE IMPRESSED UPON THE R.F.

TUBE.

,--131/ Pass

Automatic 4) Con d,
Bias Zesistor

FIG. 3

By APPLYING THESE SAME SIGNAL VOLTAGES TO THE GRID OF THE VOLUME CON
TROL TUBE, THE PLATE CURRENT THROUGH THIS TUBE WILL TAKE THE COURSE INDI-
CATED BY THE ARROWS, JOINING THE PLATE CURRENT OF THE R.F. TUBE AT POINT

"X", SO THAT THE PLATE CURRENT FROM BOTH TUBES WILL FLOW THROUGH THE

AUTOMATIC BIAS RESISTOR. THIS INCREASE OF CURRENT FLOW THROUGH THIS RE-

S ISTOR WILL MAKE ITS GROUNDED ENO STILL MORE NEGATIVE, SO THAT A GREATER

NEGATIVE BIAS VOLTAGE IS NOW IMPRESSED UPON THE R.F. TUBE.

THUS IT STANDS TO REASON THAT THE GREATER THE SIGNAL VOLTAGE APPLIED
TO THE GRID OF THE VOLUME CONTROL TUBE, THE GREATER WILL BE ITS PLATE CUB
RENT AND THIS INCREASE IN CURRENT FLOW THROUGH THE AUTOMATIC BIAS RESIS-
TOR RI PRODUCES A HIGHER NEGATIVE BIAS VOLTAGE FOR THE R.F. TUBE. THIS

INCREASE IN BIAS VOLTAGE FOR THE R.F. TUBE REDUCES THIS TUBE'S AMPLIFI-

CATION, SO THAT THE SPEAKER VOLUME IS CORRESPONDINGLY REDUCED.
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ON THE OTHER HAND, IF ONLY A WEAK SIGNAL ACTS UPON THE GRID OF THE
VOLUME CONTROL TUBE, THEN LESS PLATE CURRENT WILL FLOW THROUGH THIS TUBE
AND THEREFORE THE COMBINED CURRENT FLOW THROUGH THE AUTOMATIC BIAS RESIN,
TOR RI WILL ALSO BE LESS, WITH THE RESULT THAT WE HAVE A DECREASE IN NEB
ATIVE BIAS FOR THE R.F. TUBE. THIS AUTOMATICALLY INCREASES THIS TUBE'S
AMPLIFICATION, WHICH IN TURN RESULTS IN A CORRESPONDING INCREASE IN VOL-
UME. THUS YOU CAN SEE THAT THIS PROBLEM OF MAINTAINING CONSTANT SPEAKER
VOLUME IS NOT AS COMPLICATED AS ONE MIGHT AT FIRST SUPPOSE.

OF
FOR BEST PERFORMANCE, THE R.F. TUBES, AS USED IN SUCH A SYSTEM,ARE

THE II VARIABLE -MU TYPE BECAUSE THE AMPLIFYING ABILITY OF THESE TUBES
VARIES MORE UNIFORMILY WITH VAR-
IATIONS IN THE GRIC BIASVOLTAGE
THAN WILL TUBES NOT HAVING THE
VARIABLE -MU FLA,TURE.

VARIOUS TYPES OF COUPLINGS

FIG. 4
The Volume Control rube Coup/ed To the

Plata Circuit a/ a arceiver Tube.

LING CONDENSER BETWEEN THE GRIDS OF THE
IS POSSIBLE TC USE A RESISTOR IN ITS PLACE. THEN, THERE ARE ALSO CASES,
WHERE YOU WILL FIND THE GRID OF THE VOLUME CONTROL TUBE COUPLED TO THE
DETECTOR TUBE INSTEAD OF TO AN R.F. TUBE.

IN COMMERCIAL RECEIVERS EM
PLOYING AUTOMATIC VOLUME CONTROL,
YOU WILL FIND CONSICERAELE VAR-
IATION IN REGARDS TO THECIRCUIT
HOOK-UP BUT THE FUNDAMENTAL PRI
NCIPLE REMAINS THE SAME. FOR
EXAMPLE, INSTEAD OF USING ACOUB

R.F. AND VOLUME CONTROL TUBES, IT

STILL ANOTHER EXAMPLE IS ILLUSTRATED IN FRG. 4, WHERE YOU WILL SEE
HOW IT IS ALSO POSSIBLE TO COUPLE THE GRID OF THE VOLUME CONTROL TUBE TO
THE PLATE. CIRCUIT OF A RECEIVER TUBE. THIS RECEIVER TUBE CAN BE EITHER
AN R. F. AMPLIFIER OR ELSE THE DETECTOR. THE MAIN THING TO REMEMBER,
WHEN USING A VOLUME CONTROL TUBE IN THE
IS THAT THE VOLUME CONTROL TUBE BE
PROPERLY BIASED AND HAVE THE CORRECT
PLATE VOLTAGE APPLIED TO IT SO THAT
IT WILL FUNCTION AS A DETECTOR OR
RECTIFIER.

CURRENT RECTIFICATION WITH AuDICDE"

AN ENTIRELY DIFFERENT METHOD
OF USING A RADIO TUBE AS ARECTIFIER
IS ILLUSTRATED FOR YOU IN FIG. 5.IN
THIS CASE, WE CONNECT THE GRID AND
PLATE TERMINALS OF THE TUBE TOGETHER
WITH A PIECE OF WIRE AND SINCE THE
GRIC AND PLATE ARE IN THIS WAY NOW THE
TWO ACTIVE TUBE ELEMENTS AT THIS TIME,

VARIOUS WAYS SO FAR DESCRIBED,

P1G. 5
PectiFying Radio frequency Currents

With a Diode Tube,

SAME AS ONE,WE ACTUALLY ONLY HAVE
NAMELY, THE CATHODE AND THE "GRIM

PLATE" ELEMENT. THE FILAMENT DOES NOT COUNT, FOR IT IS ONLY USED AS A

HEATER FOR THE CATHODE. THIS IMPROVISED TUBE IS TECHNICALLY KNOWN AS A

"DICDE", MEANING THEREBY THAT IT CONSISTS OF BUT TWO ACTIVE ELECTRODES OR
ELEMENTS. YOU WERE ALREADY INTRODUCED TO THIS DIODE PRINCIPLE AS APPLIED
TO RECTIFICATION SOME TIME AGO.
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WITH THE CONNECTIONS MADE AS SHOWN IN FIG. 5, WHILE A HEATING CURR-
ENT IS PASSED THROUGH THE FILAMENT AND R.F. SIGNAL VOLTAGES APPLIED ACROSS
THE CIRCUIT AS HERE INDICATED, YOU WOULD FIND THAT A DIRECT CURRENT WILL
FLOW THROUGH THE CIRCUIT IN THE DIRECTION INDICATED BY THE ARROW. THIS

ACTION IS DUE TO THE RECTIFYING CHARACTERISTICS OF THE TUBE WHEN USED IN

THIS WAY AND THIS FLOW OF CURRENT THROUGH THE RESISTOR WILL CAUSE A VOL-
TAGE DROP ACROSS IT, SO THAT ITS LEFT END BECOMES POSITIVE AND THE RIGHT
END NEGATIVE. NOTICE ESPECIALLY, THAT THE PLATE END OF THIS RESISTOR IS OF

THE LOWER OR NEGATIVE POTENTIAL WITH RESPECT TO THE RESISTOR AND THAT NO 1 N I T....

I AL"B" VOLTAGE NEED BE APPLIED TO THE TUBE IS PLATE IN ORDER TO OPERATE IT.

A TUBE NEED NOT NECESSARILY BE OF THE HEATER TYPE IN ORDER TO OPER-
ATE IT IN THIS WAY BUT THE SAME RESULTS
CAN BE OBTAINED FROM A FILAMENT TYPE
TUBE BY ALSO CONNECTING THE GRID AND
PLATE TOGETHER.

USE OF THE DIODE FOR AUTOMATIC VOLUME
CONTROL

AN EXAMPLE, SHOWING YOU HOW A

DIODEIt CAN BE USED AS AN AUTOMATIC
VOLUME CONTROL TUBE, IS ILLUSTRATED IN
Flo. 6. As YOU WILL OBSERVE,R.F. SIG-
NAL VOLTAGES WILL BE APPLIED FROM THE
PLATE CIRCUIT OF THE R.F. TUBE,THROUGH
THE BY-PASS CONDENSER AND THUS ACROSS
THE GRID CIRCUIT OF THE VOLUME CON-
TROL TUBE.

THIS R.F. SIGNAL CURRENT,AS IT

IS RECTIFIED BY THE VOLUME CoNTROLTuBE,
WILL FLOW FROM THIS TUBE'S CATHODE TO-

R. F. Tube

Coup 1.

Cond.

Volume
Control

1; Ui Tube
kJ

trV
Automatic

resistor
Bias

F I G. 6
Using a Diode Tube for Volume Control.

WARD ITS INTERCONNECTED GRID AND PLATE AND ALL OF THIS RECTIFIED CURRENT
WILL HAVE TO FLOW THROUGH THE AUTOMATIC BIAS RESISTOR IN THE DIRECTION
SHOWN. THIS WILL MAKE THE LOWER END OF THIS RESISTOR POSITIVE AND ITS UP-
PER END NEGATIVE.

THE GRIC RETURN OF TI -'E R.F. CIRCUIT IS CONNECTED TO THE NEGATIVEEND
OF THE AUTOMATIC BIAS RESISTOR. THEREFORE, IF THE SIGNAL VOLTAGE THROUGH
THE BYPASS CONDENSER IS INCREASED, THE FLOW OF RECTIFIED CURRENT THROUGH

THE AUTOMATIC BIAS RESISTOR WILL INCREASE CORRESPONDINGLY AND THIS WILL
BRING ABOUT A GREATER VOLTAGE DROP ACROSS THIS RESISTOR. IN THIS WAY, THE
NEGATIVE BIAS VOLTAGE ON THE R.F. TUBE IS INCREASED AND THE VOLUME WILL

THEREFORE DECREASE. IN LIKE MANNER, IF THE SIGNAL VOLTAGE ACTING UPON THE
GRID-PLATE OF THE VOLUME CONTROL TUBE IS DECREASED, THE FLOW OF RECTIFIED
CURRENT THROUGH THE AUTOMATIC BIAS RESISTOR WILL LIKEWISE DECREASE, SO

THAT LESS BIAS VOLTAGE ACTS UPON THE R.F. TUBE. THE VOLUME THEREFORE AUT2
MATICALLY INCREASES.

THE CONVENTIONAL BIAS RESISTOR IN THE CATHODE CIRCUIT OF THE R.F.

TUBE FIXES THE MINIMUM BIAS AT WHICH THIS R.F.TUBE IS PERMITTED TO OPERATE.

A COMPLETE RECEIVER WITH AUTOMATIC VOLUME CONTROL
IN ORDER TO GIVE YOU A STILL BETTER UNDERSTANDING OF AUTOMATIC VOL-

UME CONTROL,WE ARE SHOWING YOU IN FIGe7ITHE COMPLETE CIRCUIT DIAGRAM OF THE
BOSCHMODEL6ORECEIVER. THIS RECEIVERUSESA TYPE -24 SCREEN-GRID TUBE AS THE
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AUTOMATIC VOLUME CONTROL
TUBE.NOTETHAT INTHIS CASE,
THE GRID OF THE VOLUME CONTROL

TUBE IS CONNECTED DIRECTLY TO
THEGRIO OF THE DETECTOR TUBE
AND THE SCREENGRICS OF
THESE TWO TUBES ARE ALSO CON
NECTED TOGETHER.

THE AUTOMATIC VOLUME
CONTROL IN THIS PARTICULAR
RECEIVER ACTS UPON BOTH OF
THE FIRST R.F. TUBES,NAMELY,
VI AND V2. THE VOLUME CON-
TROL CIRCUIT IN THIS RECEI/
ER OPERATES IN THE FOLLOWING
MANNER: IF A STRONG SIGNAL
IS APPLIED TO THE DETECTOR
TUBE, IT IS ALSO SIMULTAN
EOUSLY APPLIED TO THE CON-
TROL GRID OF THE VOLUME CON,
TROL TUBE. THIS CAUSES AN
INCREASE IN THE PLATE CURR-
ENT FLOWING THROUGH THE VO
UME CONTROL TUBE (V8) AND
THIS CURRENT MUST ALL FLOW
THROUGH RESISTOR RII.

THE GRID RETURN OF
THE 1ST TWO R.F. TUBES ARE
BOTH CONNECTED TO THE NEG-
ATIVE END OF THE RII AND
THIS RESISTOR IS ALSO CONN-
ECTED IN THE CATHODE CIRCUIT
OF THESE SAME TWO TUBES.
THE VOLTAGE DROP THUS DEVEL
OPED ACROSS THE ENDS OF
RII IS THEN IMPRESSED AS A

BIAS VOLTAGE ACROSS THEGRID
CIRCUIT OF THE FIRST TWO
R.F. TUBES. SINCE THIS AUTa
MATIC BIAS VOLTAGE IS CON-
TROLLED BY THE APPLIED SIG-
NAL VOLTAGE, THESENSITIVETY
OF THE FIRST TWO R.F. TUBES
IS CORRESPONDINGLY VARIED,
THUS BRINGING ABOUT AUTO-
MATIC VOLUME CONTROL. STUDY
THE SPECIFICATIONS RELATIVE
TO THE DIAGRAM IN FIG7VERY
CAREFULLY SO AS TO FAMIL-
IARIZE YOURSELF WITH THE
REQUIRED VALUES FOR THE
PARTS.
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SPECIFICATIONS FOR THE BOSCH MODEL 60 RECEIVER

C I -C2 -C3 -C4-05 = TUNING CONDENSERS
C2A-C3A-C4A-05A = TRIMMER CONDENSERS
CIA = ANTENNA TRIMMER
C7= BAND SELECTOR COUPLING CONDENSER
C8 -C10 =. 25 MFD.
CB -CI 2 -C13 -C1 7-C28 = 0.5
CI I -C14 =.04 MFD.

C15 -C20 -C26 =.006 MFD.

C16 =1 MFD.

C 1 EiO19 = .0001 MFD.

C21 -C22 = 2 MFD.
C23 -C24 = 2 MFD. EACH
C25 = .075 MFD.
C27= 0.1 MFD.

MFD.

FILAMENT VOLTAGES
V I -V2 -V6 -V7 = 2.4 VOLTS.
V 3 -V4 -V5 -V8 = 2.3 VOLTS.
V9 =5 VOLTS.

PLATE CURRENT
V I -V2 =3 MA; V3 = 2 MA.
V4=0.1 MA. V5 = 6 MA.
V6 -V7 = 30 MA. V8 = 2 MA.

RI =500 OHMS
R2R4...R8R9 = 1000 OHMS
R3.1:? I I -R12 -R13 -R26 = 0.5 MEGOHM
R5 -R6 = 20,000 0 HM S

R7 = I0,'000 OHMS
RIO -R28 = 50,000 OHMS
R I 4 -R15 -R27 = 20 OHMS
RI6= 900 OHMS.
R I 7-R19 = 5000 0 HMS

R18 =25,000 OHMS.
R20 -R2 I = 2000 OHMS.
R22 =1300 OHMS.
R23 = 2380 OHMS.
R24 =160 OHMS
R25 = 950 OHMS

CENTER TAPPED.

PLATE POTENTIALS
VI =170 VOLTS; V2 =180 VOLTS
V3 =185 VOLTS; V4 = 60 VOLTS; V5 =150 VOLTS;
V6 AND V7 = 250 VOLTS; V8 = 30 VOLTS.

SCREEN -OR ID VOLTAGES
V 1 =70 VOLTS; V22=80 VOLTS; V3 =85 VOLTS
V4= 10 VOLTS; V8 =20 VOLTS

CONTROL GRID BIAS NOTE: -
V I -V2 = 2 VOLTS; V3=I  5 VOLTS;
V4 = I VOLT; V5 = O. I VOLT;
V6 -V7 =50 VoLTs ; V8 =0.2 VOLT.

ALL READINGS TAKEN WITH VOLUME
CONTROL "FULL ON".

ONE DIFFICULTY WITH AUTOMAT IC VOLUME CONTROL

DUE TO THE FACT THAT AUTOMATIC VOLUME CONTROL HAS A NATURALTENDENCY
TO INCREASE THE SENSITIVITY OF THE RECEIVER WHENEVER LITTLE SIGNAL ENERGY
IS PRESENT WITHIN THE RECEIVER C1RCUITS,IT BRINGS ABOUT AN UNDESIRABLECO.0
DITION. THAT IS, WHEN TUNING -IN SOME STATION, THERE WILL BE PERIODS DURING
THE OPERATION OF THE TUNING DIAL WHEN NO SIGNALS ARE BEING PICKED UP. AT
THESE TIMES, THE RECEIVER WILL BE EXTREMELY SENSITIVE AND IT WILL THERE-
FORE AMPLIFY ALL "BACKGROUND NOISES", SUCH AS STATIC DISCHARGES IN THE
ATMOSPHERE ETC., WITH THE RESULT THAT ALL SORTS OF EXTRANEOUS NOISES WILL
BE HEARD IN THE SPEAKER WHEN DIALING BETWEEN STATIONS.

FOR THIS VERY REASON, THE MUTE SWITCH SW4 IS CONNECTED AT THE OUT-
PUT OF THE AMPLIFIER IN FIG. 7. WHILE TUNING, THIS SWITCH IS CLOSED BY

THE OPERATOR, THUS SHORT CIRCUITING THE VOICE COIL OF THE SPEAKER UNTIL
THE RECEIVER IS TUNED TO RESONANCE WITH SOME STATION. NO DOUBT, YOU ARE
WONDERING HOW A RECEIVER CAN BE TUNED WITHOUT LISTENING TO THE SPEAKER BUT
THIS IS READILY ACCOMPLISHED BY MEANS OF A VISUAL TUNING METER, WHICH IS

INSTALLED IN THE CATHODE CIRCUIT OF THE FIRST TWO R.F. TUBES AS POINTED
OUT IN FIG. 7. THIS TYPE OF TUNING IS KNOWN AS "VISUAL TUNING" AND IT IS

BEING USED ON SEVERAL OF THE LATE MODEL COMMERCIAL RECEIVERS.



PAC,: 8 LESSON No.3I

OPERATI.,G PRINCIPLES OF VISUAL TUNING

A DETAILED VIEW OF THE CONNECTIONS FOR A TUNING METER ARE SHOWN IN
FIG. 8. THIS IS IN REALLITY A MILLIAMETER WHICH IS CONNECTED IN THE PLATE
CIRCUIT OF ONE OR MORE R.F. TUBES, AND CONSEQUENTLY, IT WILL REGISTER THE
PLATE CURRENT PASSING THROUGH IT. THIS METER IS MOUNTED ON THE CONTROL
PANEL OF THE RECEIVER SO AS TO BE IN FULL VIEW OF THE OPERATOR.

Now THE MAIN THING TO REMEMBER IN RESPECT TO THIS METER IS THAT IT
WILL INDICATE A GREATER PLATE CURRENT FLOW WHEN THE RECEIVER IS MOST SEN.
SITIVE AND AMPLIFYING AT ITS MAXIMUM. THEN NATURALLY, AS THESENSITIVETY
ANDAMPLIFYINGQUALITIESOF THE RECEIVER DECREASE, THE READING OF THIS
METER WILL ALSO DECREASE ACCORDINGLY.

REMEMBERING THAT THIS TUNING METER IS INSTALLED IN A RECEIVER CIR-
CUIT WHICH IS PROVIDED WITH AUTOMATIC VOLUME CONTROL, YOU WILL BE AWARE

OF THE FACT
THAT THE NAT-
URAL ACT ION OF

THE AUTOMATIC
VOLUME CON-
TROL IS SUCH
AS TO MAKE
THE RECEIVER
MOST SENSITIVE
AT TUNINGDIAL
SETTINGS BE-
TNEENSTATIONS
AND LEAST sa
SITIVE WHEN-
EVER THE RE-
CEIVER IS TUU
ED TO RESON-
ANCE WITH SOME

STATION. THEREFORE, IT IS CLEAR THAT THE TUNING METER WILL REGISTER ITS
LOWEST READING WHENEVER THE RECEIVER IS TUNED TO RESONANCE WITH ASTATION
AND ITS READING WILL BE GREATEST WHENEVER THE TUNING CONDENSER IS SET AT
SOME POINT BETWEEN STATIONS.

I . 8

Visual 7u/7ing Meter-,

THUS YOU CAN SEE THAT IN ORDER TO TUNE THE RECEIVER WITH THE AID OF
THE METER RATHER THAN BY EAR, ALL THAT YOU WOULD HAVE TO DO IS TO SET YOUR
TUNING DIAL AT THE APPROXIMATE POINT FOR TUNING -IN THE STATION YOU WANT
AND THEN SIMPLY ADJUST THE TUNING DIAL SLOWLY UNTIL THE METER INDICATESA
MINIMUM READING.

FOR THE SAKE OF THE GENERAL PUBLIC, RADIO MANUFACTURERS ARE REVER-
SING THE SCALE CALIBRATIONOFTHESETUNING METERS OR ELSE MOUNT THE METER
UPSIDE DOWN SO THAT THEY WILL READ BACK4ARDS TO THE CONVENTIONAL TYPE OF
TESTING METERS. THAT IS, AS THE PLATE CURRENT DECREASES, THE METER NEEDLE
WILL SWING TOWARDS THE RIGHT INSTEAD OF TOWARDS THE LEFT. THIS ACTION A-
PPEARS AS BEING MORE NATURAL TO THOSE WHO ARE NOT FAMILIAR WITH THE
TECHNICALITIES CONCERNING RADIO AND SO THE SET OWNER IS SIMPLYINSTRUCTED
TO ADJUST HIS TUNING DIAL TO THE POINT WHERE THE NEEDLE OF THE TUNING
METER SWINGS FARTHEST TO THE RIGHT.

THE PROPER WAY TO TUNE THE RECEIVER ILLUSTRATED IN FIG. 7,OR FOR
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THAT MATTER ANY RECEIVER EQUIPPED WITH AN AUTOMATIC VOLUME CONTROL, VIS-

UAL TUNING METER AND MUTE SWITCH IS AS FOLLOWS: TURN ON THE POWER FOR

THE SET, CLOSE THE MUTE SWITCH ON THE CONTROL PANEL, SET THE TUNING DIAL

TO THE APPROXIMATE POSITION FOR TUNING IN THE DESIRED STATION AND THEN

ADJUST THE DIAL CAREFULLY UNTIL THE NEEDLE OF THE TUNING METER SWINGS FAR

THEST TOWARD THE RIGHT. THIS DONE,OPEN THE MUTE SWITCH AND ADJUST
HAND-OPERATED VOLUME CONTROL, SO AS TO PROVIDESPEAKER
VOLUME OF THE DESIRED LEVEL

APPLICATM OF THE DUPLEX-DIODE TRIODE

IN ALL OF THE A.V.C. SYSTEMS WHICH WE HAVE STUQ
IED SO FAR IN THIS LESSON, A SEPARATE TUBE WAS RE-

QUIRED TO PROVIDE THIS CONTROL. IN THE MODERN RECEIV-

ERS, HOWEVER, A NEW TYPE OF TUBE IS BEING USED WHICH

IS CAPABLE OF SERVING SIMULTANEOUSLY AS A DETECTOR,
AUTOMATIC VOLUME CONTROL TUBE AND A.F. AMPLIFIER.THIS

TUBE IS CLASSIFIED AS A DUPLEX-DIODE TRIODE. SEVERAL

DIFFERENT TUBES OF THIS TYPE ARE AVAILABLE TO MEET

DIFFERENT RECEIVER REQUIREMENTS -- WE SHALL START OUR
INVESTIGATION OF THESE TUBES WITH TRE "55".

THE TYPE -55 TUBE

FI3. 9 WILL SERVE TO FAMILIARIZE YOU WITH THE

GENERAL APPEARANCE OF THE -55 TUBE, WHILE THE SYMBOL
AND TERMINAL CONNECTIONS FOR THIS SAME TUBE ARE ILLU1

TRATED IN FIG. 10.

THE

FIG.9

The Type
-55 Tube.

By STUDYING THE SYMBOL FOR THE TYPE -55 TUBE IN THE UPPER ILLUSTRA

TION OF FIG. 10, YOU WILL OBSERVE THAT IT CONTAINS THE CONVENTIONAL FIL-
AMENT, CATHODE, GRID AND PLATE BUT IN ADDITION, TWO SMALL METAL PLATES

SURROUND THE CATHODE. THESE SMALL METAL PLATES ARE KNOWN AS"DIODE PLATES"

AND EACH OF THEM IS CONNECTED TO AN INDIVIDUAL PRONG IN THE TUBE BASE.

THUS THE BASE ALTOGETHER HAS 6 PRONGS, THE ARRANGEmENT CF WHICH ARE AS

ILLUSTRATED IN THE LOWER PORTION OF FIG. 10, WHERE

YOU ARE LOOKING AT THE BASE FROM BELOW.Triode Triode Plate
Grid --L..

Diode
Diode t=its Plate
Plate

Sr4

Cathode filament

Diode. Plates

FIG. JO
Construction

the -55 Tube.

NOTE CAREFULLY IN THE BASE ARRANGEMENTS OF

FIG. 10 THAT THE HEATER (FILAMENT) ENDS ARE CONNECTED
TO TWO OF THE PRONGS, THE CATHODE TO THE THIRD PRONG,

PLATE TO A FOURTH PRONG AND THE TWO DIODE PLATES TO

THE FIFTH AND SIXTH PRONGS. THE CONTROL GRID CONNEC-

TION IS MADE TO THE CAP ON TOP OF THE GLASS BULB.

IN FIG. II, YOU WILL SEE A TYPICAL CIRCUIT DE-

SIGNED FOR THE USE OF THIS NEW TUBE. THIS PARTICULAR

CIRCUIT HAPPENS TO BE A PORTION OF A SUPERHETERODYNE

RECEIVER AND THE SYSTEM OPERATES AS FOLLOWS:

UP TO THE 2ND I.F. TRANSFORMER, THE SIGNAL IS

PASSED THROUGH THE CIRCUIT IN THE CUSTOMARY MANNER

BUT FROM THE SECONDARY CIRCUIT OF THE 2ND I.F. TRANa

FORMER , THE SIGNAL IS IMPRESSED UPON THE TWO DIODE
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PLATES, BOTH OF WHICH, YOU WILL OBSERVE, ARE TOGETHER CONNECTED TO ONE
SIDE OF THE SECONDARY CIRCUIT.

SINCE THE CATHODE IS EMITTING AN ELECTRON STREAM AND THE TWO DIODE
PLATES WILL TOGETHER CHANGE FROM A POSITIVE TO NEGATIVE POTENTIAL CORRES-
PONDING TO THE SIGNAL VOLTAGE CHANGESIIT IS CLEAR THAT THE CATHODE AND
THE TWO DIODE PLATES WILL TOGETHER CONSTITUTE A RECTIFIER OR DETECTOR.
BOTH DIODE PLATES BEING CONNECTED TOGETHER, THIS PORTION OF THE TUBE OP-
ERATES AS A "DIODE" OR HALF -WAVE RECTIFIER.

THE CURRENT FLOW OCCURRING DURING THIS RECTIFICATION PROCESS WILL
FLOW THROUGH THE .5 MEGOHM RESISTOR (RI) CAUSING A CORRESPONDING VOLTAGE
VARIATION ACROSS BOTH THIS RESISTOR AND THE .00025 MFD. CONDENSER WHICH
SHUNTS IT. THIS VOLTAGE GENERATED ACROSS THE .5 MEGOHM RESISTOR, BEING
APPLIED BETWEEN THE CATHODE AND THE TUNED SECONDARY WINDING WHICH CONNECTS
TO THE GRID OF THE -55 TUBE, WILL THUS NATURALLY BE APPLIED TO THE GRID
OF THE TUBE ALSO.

FIG.11
Application or the 711e-55 lithe in a ,Superheterodyne Receiver

THIS VOLTAGE WILL
ACTUATE THE GRID IN THE
USUAL MANNER, CONTROLL-
ING THE FLOW OF PLATE
CURRENT BETWEEN THE TU-
BE'S TRIODE PLATE AND
CATHODE, WHICH PRODUCES
A CORRESPONDING AUDIO
VOLTAGE ACROSS THE
100,000 OHM PLATE RE-
SISTOR. THIS LATTERSTEP
CONSTITUTES THE AUDIO
AMPLIFICATION FEATURES
OF THE TUBE.

HAVING SO FAR SEEN HOW THE -55 TUBE FUNCTIONS AS A DETECTOR AND AM-
PLIFIER, OUR NEXT STEP WILL BE TO INVESTIGATE. ITS OPERATION AS AN AUTOMA-
TIC VOLUME CONTROL. THE GRID CIRCUIT OF THE I.F. AMPLIFIER TUBE OF FIG.
II IS CONNECTED THROUGH A .5 MEGOHM RESISTOR (R2) TO THE GRID END OF THE
.5 MEGOHM RESISTOR (RI). SINCE THE RECTIFIED SIGNAL CURRENT FLOWS THROUGH
RI FROM ITS CATHODE TO ITS GRID END, IT IS CLEAR THAT RESISTOR R2 IS CON-
NECTED TO THE NEGATIVE END OF RI AND THE VOLTAGE CHANGES AT THIS LATTERRL
SISTOR WILL LIKEWISE BE APPLIED TO THE CONTROL GRID OF THE I.F. TUBE.

THIS VOLTAGE VARIATION CORRESPONDING TO SIGNAL INTENSITY,IT IS CLEAR
THAT THE EFFECTS PRODUCED UPON THE I.F. TUBE WILL BE TO VARY ITS GRID BI-
AS VOLTAGE PROPORTIONATE TO THE SIGNAL INTENSITY AND THEREBY BRING ABOUT
AN AUTOMATIC ACTION OF CONTROLLING THE VOLUME.

THE CHARACTERISTICS OF THE TYPE -55 TUBE
THE CHARACTERISTICS OF THE TYPE -55 TUBE ARE AS FOLLOWS:

HEATER VOLTAGE
HEATER CURRENT
PLATE VOLTAGE
GRID VOLTAGE
PLATE CURRENT

2.5V. - A.C.ORD.C.
1 AMPERE.
250 V.

20 V.

8 MA.
AMPLIFICATION FACTOR 8.3
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THE TYPE 85 TUBE

THE TYPE 85 TUBE TAKES THE PLACE OF THE 55 IN AUTOMOBILERECEIVERS
AND IN THE SAME TYPE OF CIRCUIT. THE CHARACTERISTICS OF THIS TUBE ARE OF

COURSE SUCH AS TO BEST ADAPT IT FOR AUTOMOTIVE USE. THE OPERATING CHAR-

ACTERISTICS OF THE 85 ARE AS FOLLOWS:

HEATER VOLTAGE=6.3 VOLTS; HEATER CURRENT=0.,3 AMP.:

PLATE VOLTAGE GRID VOLTAGE AMP. FACT. PLATE CURRENT

135 -10.5 8 3 3 7 MA.

180 -13.5 8 3 6 0 MA.

250 -20.0 8 3 .8.0 MA.

THE 85 IS EQUIPPED WITH A STANDARD SIX PRONG BASE AND A METAL CON-

TROL GRID CAP.

BESIDES THE APPLICATION OF THE DUPLEX DIODE TRIODES AS SHOWN YOU IN

THIS LESSON, THERE ARE STILL MANY MORE WAYS IN WHICH THIS TUBE MAY BE U.

ED. THIS ADDITIONAL INFORMATION WILL ALL BE BROUGHT TO YOU IN THE FOLLOW-

ING LESSON AS WILL ALSO THE SPECIFICATIONS AND APPLICATION OF DUPLEX DIODE

TRIODES OF STILL MORE RECENT DESIGN.

ANOTHER INTERESTING AND VALUABLE FEATURE WHICH IS AWAITING YOU IN

THE NEXT LESSON IS THE METHOD OF AUTOMATICALLY REDUCING THE BACKGROUND
NOISE WHILE DIALING IN BETWEEN STATIONS WITH RECEIVERS EMPLOYING AUTOMATIC

VOLUME CONTROL.

IT IS KNOWLEDGE OF THIS KIND WHICH KEEPS YOU IN STEP WITH THE ADVAU
CEMENT MADE IN RADIO DESIGN AND CONSTRUCTION AND YOU WILL FIND THAT THRU
OUT OUR ENTIRE COURSE, WE HAVE MADE A SPECIAL EFFORT TO KEEP ALL OF OUR

INSTRUCTION UP TO DATE. THIS MEANS THAT YOU WILL BE QUALIFIED TO HANDLE

ALL JOBS SATISFACTORILY FROM THE OLDEST RECEIVERS STILL IN USE UP TO THE

MOST RECENT CREATIONS.

NATIONAL TRAINING IS NOT ONLY UP-TO-DATE BUT IN MANY IMPORTANT INS-

TANCES, IT IS AHEAD OF COMMERCIAL- DEVELOPMENTS.
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C..

I. - FOR WHAT CHIEF REASON IS AUTOMATIC VOLUME CONTROL BEING
USED IN THE MODERN RECEIVERS?

2. - How DOES AN AUTOMATIC VOLUME CONTROL SYSTEM AFFECT THE
SENSITIVITY OF A RECEIVER?

3. - DRAW A DIAGRAM OF A SIMPLE AUTOMATIC VOLUME CONTROL SYS-
TEM.

4. - EXPLAIN BRIEFLY HOW I -4E CIRCUIT WHICH YOU HAVE DRAWN IN

ANSWER TO QUESTION #3 OF T4I3 EXAMINATION OPERATES.

5. - Hov MAY THE "DIODE PRINCIPLE" BE EMPLOYED TO ACCOMPLISH
AUTOMATIC VOLUME CONTROL?

G. - IS IT A NATURAL CHARACTERISTIC FOR A RECEIVEREMPLOY
ING AN AUTOMATIC VOLUME CONTROL SYSTEM TO BE NOISY WHEN
DIALING IN BETWEEN STATIONS?

7. - WHAT IS THE PURPOSE OF A "MUTE SWITCH" ON SUCH A RECEIV-
ER?

8. - WHAT DO WE MEAN BY "VISUAL TUNING" AND HOW IS IT ACCOM-
PLISHED?

9. - DESCRIBE BRIZFLY THE CONSTRUCTIONAL FEATURES OF THE TYPE
55 TUBE.

WHAT ARE THE OPERATING CHARACTERISTICS OF THE TYPE 85
TUBE?

9 6
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LESSON NO. 3 2

MODERN A.V.C. SYSTEMS
IN THE PREVIOUS LESSON, YOU WERE SHOWN HOW THE SENSITIVITY OF A RE-

CEIVER EQUIPPED WITH AN AUTOMATIC VOLUME CONTROL SYSTEM WAS INCREASED WHEN

THE SET WAS TUNED OFF RESONANCE FROM SOME STATION AND HOW THIS EFFECT CAUS

ED BACKGROUND NOISE TO BE GREATLY AMPLIFIED WHILE TUNING BETWEEN STATIONS.

ALTHOUGH THE USE OF A MUTE SWITCH OFFERS A MEANS OF ELIMINATING NOISY

TUNING, IT IS NEVERTHELESS SOMEWHAT BOTHERSOME AS REGARDS MANIPULATIONS. IN

OTHER WORDS, IT IS AN ADDITIONAL CONTROL FOR MANUAL OPERATION (TO BE OPER-

ATED BY HAND)AND THEREBY ADDS TO THE COMPLEXITY OF OPERATING THE RECEIVER.

FOR THIS REASON, SOME MANUFACTURERS HAVE MADE SPECIAL PROVISIONS IN THEIR

RECEIVER CIRCUITS WHEREBY THRU AUTOMATIC ACTION NO SIGNAL IS PERMITTED TO

PASS THRU THE AUDIO SYSTEM UNTIL IT IS ABOVE A CERTAIN INTENSITY. SYSTEMS

AS THIS ARE GENERALLY KNOWN BY SUCH NAMES AS AUTOMATIC NOISE SUPPRESSOR,

QUIET AUTOMATIC VOLUME CONTROL (Q.A.V.C.) OR SQUELCH CONTROL.

FIG. I

MODERNISTIC RECEIVER
DESIGN.

AUTOMATIC NOISE SUPPRESSION

WHEN OPERATING A RECEIVER WHICH IS EQUIP-

PED WITH ANY OF THESE AUTOMATIC NOISE SUP-
PRESSION SYSTEMS, THE SIGNAL DISAPPEARS AS

THE RECEIVER IS TUNED OFF RESONANCE WITH A

STATION,AND NO BACKGROUND NOISE NOR SIGNAL

IS HEARD UNTIL THE NEXT CHANNEL IS REACHED,

AT WHICH TIME THE PURE SIGNAL COMES THRU.

IN FIG. 2 A CIRCUIT IS ILLUSTRATED BY

MEANS OF WHICH AUTOMATIC NOISE SUPPRESSION

CAN BE ACCOMPLISHED. As YOU WILL OBSERVE,

THIS SYSTEM EMPLOYS THREE INDIVIDUAL TUBES,
NAMELY, A DIODE DETECTOR, A NOISE SUPPRESSOR
TUBE AND A CONTROLLED A. F. AMPLIFIER TUBE.

ALTHOUGH BATTERIES ARE SHOWN AS BEING THE

SOURCE OF E.M.F.IN PORTIONS OF THIS CIRCUIT,

YET THESE SAME VOLTAGE SOURCES COULD NATUR-

ALLY BE FURNISHED EQUALLY WELL BY A RESIS-

TANCE NET- WORK SUCH AS USED IN VOLTAGE DI-

VIDER SYSTEMS.
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NOW THEN, WITH NO SIGNAL AVAILABLE ACROSS THE SECONDARY CIRCUIT OF
THE I.F. TRANSFORMER, NO PLATE CURRENT WILL PASS THROUGH THE DIODE DETE2
TOR TUBE. AT THIS SAME TIME, THERE IS NO BIAS VOLTAGE APPLIED TO THEGRID
OF THE NOISE SUPPRESSOR TUBE BECAUSE THE CATHODE OF THIS TUBE IS CONNEC-
TED DIRECTLY TO B- AND ITS GRID RETURN CIRCUIT IS CONNECTED TO RESISTOR
R THROUGH WHICH NO CURRENT IS NOW FLOWING.

DUE TO THE ABSENCE OF A BIAS VOLTAGE UPON THE GRID CIRCUIT OF THE
NOISE SUPPRESSOR TUBE, THE PLATE CURRENT FLOW THROUGH THIS TUBE WILL BE
AT ITS MAXIMUM VALUE. THIS MEANS THAT MAXIMUM CURRENT WILL BE FLOWING
THROUGH RESISTOR R2 SO THAT A MAXIMUM D.C. VOLTAGE WILL BE DEVELOPED A-
CROSS ITS EXTREMETIES -- ITS UPPER END BECOMING NEGATIVE WITH RESPECT TO
ITS LOWER END.

THE GRID OF THE CONTROLLED A.F. AMPLIFIER TUBE IS CONNECTED TO THE
NEGATIVE END OF R2 THROUGH THE RESISTOR R4 AND SINCE MAXIMUM VOLTAGE IS

BEING DEVELOPED ACROSS R2, THIS VOLTAGE WILL BE EFFECTIVE UPON THE GRID
OF THE CONTROLLED A.F. AMPLIFIER TUBE AS A NEGATIVE BIAS, BEING ADDED TO
THIS TUBE'S NORMAL BIAS VOLTAGE. IN FACT, THE VOLTAGE DEVELOPED ACROSS

FIG.2
An Automatic Noise Suppression Circuit-.

R2 IS SUFFICIENT AT THIS TIME SO AS TO INCREASE THE NEGATIVE BIAS UPON
THE CONTROLLED A.F. AMPLIFIER TUBE TO SUCH A POINT THAT IT WILL PREVENT
ANY FLOW OF PLATE CURRENT THROUGH IT. WE THEN SAY THAT THIS TUBE IS

CAUSED TO "CUT-OFF" AND CAN THEREFORE NOT AMPLIFY. AS A RESULT, THE A.F.
AMPLIFIER OF THE RECEIVER IS CAUSED TO BECOME INOPERATIVE AND CONSEQUEN
TLY NO NOISE WILL BE AMPLIFIED BY IT.

WHENEVER A SIGNAL VOLTAGE IS DEVELOPED ACROSS THE SECONDARY CIR-
CUIT OF THE I.F. TRANSFORMER IN FIG. 2, PLATE CURRENT WILL FLOW THROUGH
THE DIODE DETECTOR AND BOTH D.C. AND A.F. VOLTAGES WILL BE DEVELOPED A-
CROSS RESISTOR R. As TO THE D.C. VOLTAGE PRODUCED ACROSS R, ITS LEFT
END BECOMES NEGATIVE WITH RESPECT TO ITS RIGHT END AND SINCE THE CATHODE
OFBOTH THE DIODE DETECTOR AND THE NOISE SUPPRESSOR TUBE ARE OF THE SAME
POTENTIAL DUE TO THEIR COMMON CONNECTION, THE D.C. VOLTAGE DEVELOPED A-
CROSS R WILL BE APPLIED TO THE GRID OF THE NOISE SUPPRESSOR TUBE THRU
RI AS A BIAS VOLTAGE -- THE GRID RETURN ENO OF RI BEING CONNECTED TO THE
NEGATIVE END OF R.



LEscoN No.32 PAGE3

THE BIAS VOLTAGE IMPRESSED UPON THE GRID OF THE NOISE SUPPRESSOR
TUBE AT THIS TIME IS SU-FICIENTLY LARGE TO CAUSE THIS TUBE TO CUT-OFF AND
PREVENT ITS DRAWING ANY PLATE CURRENT THROUGH RESISTOR R2. SINCE NO PLATE

CURRENT WILL NOW BE FLOWING THROUGH R2, NO VOLTAGE DROP WILL BEDEVELOPEO
ACROSS IT AND THEREFORE R2 WILL FURNISH NO ADDITIONAL VOLTAGE FOR BIASING
THE CONTROLLED A.F. AMPLIFIER TUBE AND SO THIS TUBE WILL BE SUBJECTED TO
ITS NORMAL BIAS VOLTAGE ONLY. CONDITIONS BEING SUCH, THIS TUBE CAN FUN-

CTION AS AN AMPLIFIER, DRAWING ITS PLATE CURRENT THROUGH R3, ITS GRID BE

ING SUBJECTED TO THE A.F. SIGNAL VOLTAGES WHICH ARE APPLIED TO ITTHROUGH
THE COUPLING CONDEN!.,ER C4 FROM R.

FROM THE CONTROLLED A.F. AMPLIFIER TUBE, THE AUDIO FREQUENCIES ARE

PASSED ON THROUGH COUPLING CONDENSER C3 TO THE FOLLOWING A.F.STAGES FOR

FURTHER AMPLIFICATION.

DELAYED AUTOMATIC VOLUME CONTROL

QUI-E OFTEN, IT IS DESIRABLE TO DELAY THE ACTION CR RESPONSE OF THE
AUTOMATIC VOLUME CONTROL SYSTEM SLIGHTLY SO THAT IT WILL NOT COMMENCE TO
OPERATE UNTIL A SIGNAL OF A CERTAIN MINIMUM INTENSITY OR AMPLITUDE IS BE
ING RECEIVED. ANY AUTOMATIC VOLUME CONTROL SYSTEM WHICH BEHAVES IN THIS

MANNER IS KNOWN AS DELAYED AUTOMATIC VOLUME CONTROL. FOR THE SAKE OF SIM

PLICITY, THIS' IS FREQUENTLY ABREVIATED AS D.A.V.C.

L
-55

I. F. TransF.

.15 meg.

.05
rnlif

R3

1 meq.

3 me.3.

RA

.5-rneq,

II --
.0001 mrl.

.5
Meg.

.001 mfd.- 14 v. -
B-

R

I meq.
-57

.4- 25v.

28

.01

- - 3 V.

1

0.01 mfd.

To A.V

.4-100V. .4-- 150 Y. -1.

Bt

FIG. 3
A Delayed A. V, C. and Noise Suppression Circuit,

THIS FEATURE IS ACCOMPLISHED BY APPLYING A NEGATIVE D.C. VOLTAGE TO
THE DIODE PLATE SO THAT THE POSITIVE SWING OF THE PEAK SIGNAL MUST BE

SLIGHTLY MORE THAN THE APPLIED NEGATIVE C.C. VOLTAGE JUST MENTIONED BE-

FORE ANY DIODE CURRENT CAN FLOW THROUGH THE CIRCUIT.

DELAYED AUTOMATIC VOLUME CONTROL I TH AUTOMATIC NOISE SUPPRESSION

IN FIG. 3 WE PAVE A CIRCUIT WHICH IS ARRANGED SO AS TO OFFER DIODE
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DETECTION, DELAYED AUTOMATIC VOLUME CONTROL AND AUTOMATIC NOISE SUPPRES1
ION. ONE DIODE SECTION OF THE 55 TUBE HANDLES THE DELAYED A.V.C. ACTION,
WHILE. THE OTHER DICDE SECTION OF THIS SAME TUBE TAKES CARE OF DETECTION.
THE TRIODE SECTION OF THIS SAME TUBE TAKES OARE OF THE NOISE SUPPRESSION
FEATURES. THE 57 TUBE IN THIS CIRCUIT ACTS AS AN A.F. AMPLIFIER.

Now THEN, WITH SIGNAL VOLTAGES APPLIED ACROSS THE I.F. TRANSFORMER,
CORRESPONDING SIGNAL VOLTAGE CHANGES WILL BE INDUCED INTO COIL "L" WHICH
IS CLOSELY COUPLED TO THE PRIMARY WINDING OF THE I.F. TRANSFORMER. THESE
CORRESPONDING VOLTAGE CHANGES WILL BE IMPRESSED UPON DIODE "A" OF THE
55 TUBE AND "DIODE CURRENT" WILL THEREFORE FLOW THROUGH THIS TUBE FROM
DIOEE "A", THROUGH RESISTORS R AND RI, RETURNING TO DIODE "A" THROUGH COIL
L.

DICDE "A" IS CONNECTED TO THE NEGATIVE END OF RESISTOR R AND THE 14
VOLT CROP DEVELOPED ACROSS THE ENDS OF R BY THE FLOW OF BLEEDER CURRENT
THROUGH IT IS THEREFORE APPLIED TO DIODE "A" AS A NEGATIVE BIAS. THIS
FACT SERVES TO BRING ABOUT THE DELAYED ACTION OF THE AUTOMATIC VOLUME

Ist.

I. F.

-58
I.F.

/rid

.1mfd 0

-58
I:F.

Bt

3rd

I.F.

To push -Pull
power stage

2A6

.000zSmfcl.

Manual

-

Manual
Volume
Control

(5 ""leg) Bi-

o  i m Cd

Lo

F I G 4
.4,9p/icaLio,7 of the 24 6 rube.

CONTROL. IN OTHER WORDS, THE CURRENT FROM DIODE "A. DOESN'T ACTUALLY COM-
MENCE. TO FLOW UNTIL THE PEAK SIGNAL AS APPLIED TO DIODE "A" RISES TO A

VALUE SLIGHTLY ABOVE 14 VOLTS. AS THIS DIODE CURRENT COMMENCES TO FLOW,
A.V.C. VOLTAGE IS DEVELOPED ACROSE RI.

AT THE SAME TIME, SIGNAL VOLTAGES ARE ALSO BEING IMPRESSED UPONDICDE
B OF THE 55 TUBE AND THEREFORE CURRENT WILL ALSO BE FLOWING FROM DIODE B

THROUGH RESISTCRS R4 AND R3 AND BACK TO DIODE B BY WAY OF THE I.F. TRANS-
FORMER'S SECONDARY WINDING. THIS CURRENT FLOW THROUGH RESISTORS R3 AND R4
WILL CEVELOPE BOTH D.C. AND A.F. VOLTAGE DROPS ACROSS THEM, WITH THEIR
LEFT ENDS BEING NEGATIVE WITH RESPECT TO THEIR RIGHT ENDS AS FAR AS THE
D.C. IS CONCERNED.
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THE CONTROL GRIC OF THE 55 TUBE IS CONNECTED TO THE NEGATIVE END OF
R4 AND SO THE D.C. VOLTAGE DROP ACROSS R4 WILL BE IMPRESSED UPON THE GRIC
OF THIS TUBE IN THE FORM OF A NEGATIVE BIAS. AT THE SAME TIME, A.F. VOL-

TAGES ARE IMPRESSED UPON THE GRID OF THE 57 A.F. AMPLIFIER TUBE THROUGH
THE .01 MFD. CONDENSER FROM THE POINT WHERE THIS CONDENSER IS CONNECTED TO
R4.

THE CONSTANTS OF THE CIRCUIT ARE SO CHOSEN THAT THE BIAS VOLTAGEIM..
PRESSED UPON THE GRID OF THE 55 TUBE DURING THE RECEPTION OF SIGNALS WILL
BE SUFFICIENTLY NEGATIVE TO CAUSE THE 55 TUBE TO CUT-OFF. PLATE CURRENT
WILL THEREFORE NOT EE PASSED BY THE 55 TUBE AND NO CURRENT WILL BE FLOW-

ING THROUGH RESISTOR R5 AND FOR THIS REASON, ONLY THE VOLTAGE DROP OF 3

VOLTS ACROSS R7 WILL BE APPLIED AS A BIAS TO THE 57 TUBE. THIS TUBE CAN

THEREFORE, FUNCTION NORMALLY AS AN A.F. AMPLIFIER AND PASS THE A.F.SIGNAL
TO THE REST OF THE STAGES FOR FURTHER AMPLIFICATION.

WHEN NO SIGNAL VOLTAGES ARE IMPRESSED UPON THE I.F. TRANSFORMERS NO
DIODE CURRENT FLOWS THROUGH EITHER OF THE 55 TUCEIS TWO DIODE SECTIONS.CON

0005

ti (2
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(0000)

4E 1

50.000 00045.1

is

ON.
1000.)

05,0 200:0.4 COST 5wITCH
W 000 VOL CON100L

3 5.000
CDroltc,
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sso
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PIG. 5
A Modern Auto Qeceiver Circuit

SEQUENTLYs THERE IS NO A.V.C. ACTION BECAUSE DICDE IIAir IS BIASED I4 VOLTS
NEGATIVE. UNDER THESE CONDITIONS A MINIMUM NEGATIVE BIAS VOLTAGE WILL BE
IMPRESSED UPON THE GRID OF THE 55 TUBE AND SO THE PLATE CURRENT PASSED
THROUGH THIS TUBE, AS WELL AS RESISTOR R5, WILL BE AT A MAXIMUM VALUE.

THE VOLTAGE DROP ACROSS R5 CAUSED BY THIS CURRENT FLOW THROUGH IT,
MAKES ITS UPPER END NEGATIVE WITH RESPECT TO ITS LOWER END AND SINCE THE
CONTROL GRIC OF THE 57 IS CONNECTED TO THE NEGATIVE END OF R5 BY WAY OF

RESISTOR R8 A MAXIMUM NEGATIVE BIAS VOLTAGE WILL BE IMPRESSED UPON THE
E7 TUBE. IN FACT, SO GREAT IS THE NEGATIVE BIAS VOLTAGE UPON THE 57 TUBE
AT THIS TIME THAT THIS TUBE CUTS-OFF AND NO AMPLIFICATION OF THE AUDIO
SIGNAL OCCURS. IN OTHER WORDS, NO A.F. VOLTAGES ARE IMPRESSED UPON THE
A.F. AMPLIFIER AND SO NO SOUNDS WILL BE REPRODUCED BY THE SPEAKER.

FOR SMALL DEGREES OF DETUNING UNDER CONDITIONS OF SIGNAL INPUT,THE

NOISE SUPPRESSION CIRCUIT WILL NOT FUNCTICN UNTIL THE A.V.C. CIRCUIT NO
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LONGER ACTS TO MAINTAIN THE DETECTOR INIAT CONSTANT. FOR THIS REASON, AL-

THOUGH NOISE SUPPRESSION WILL BE OBTAINED WHEN THE SET IS CONSIDERABLYDE-

TUNED, YET THERE IS A TENDENCY FOR SOME NOISE OR CARRIER HISS TO BL HEARD
WHEN TUNING IS AT OR NEAR THE SIDE -BAND LIMITS. THIS MAKES IT DESIRABLETO

REDUCE THE DELAY IN NOISE SUPPRESSION CONTROL TO A MINIMUM.

IN ORDER TO OBTAIN THIS RESULT, THE A.V.C. AND NOISE SUPPRESSION
TUBE SHOULD OBTAIN THEIR SIGNAL VOLTAGES FROM SEPARATE INPUTS AND FOR A

SMALL AMOUNT OF DETUNING, THE SIGNAL ACTUATING THE NOISE SUPPRESSION TUBE

MUST BE REDUCED MORE SHARPLY THAN THAT SUPPLYING THE AUTOMATIC VOLUME COIF,

TROL TUSE.

IN THE CIRCUIT OF FIG. 3, FOR INSTANCE,

FIG. 6
Half -wave Detector Diode Biased .4n7p/ifi'er-.

THE OVERALL SELECTIVITY AT

THE SECONDARY WINDING OF

THE I.F. TRANSFORMER IS

GREATER THAN THAT AT THE

COUPLING COIL "L" AND

THEREFORE,WHEN DETUNING,

THE SIGNAL ON DIODE ugn

IS REDUCED TO A GREATER EX
TENT THAN THE SIGNAL ON

DIODE "A". THE CHIEF REA-

SON WHY THE SELECTIVITY OF
THE COUPLING COIL "L" IS

LESS THAN THAT OF THE

I.F. TRANSFORMER'S SECON-
DARY WINCING IS THAT rHE
COUPLING COIL "L" IS MORE

CLOSELY COUPLED TO THE
PRIMARY WINDING OF THE

I.F. TRANSFORMER.

By USING THIS ARRANGEMENT, THE DESIRED SUPPRESSION CAN BE OBTAINED

APPRECIABLY BEFORE THE A.V.C. ACTION INCREASES THE RECEIVER SENSITIVITY TO
MAX IMUM.

THE 2A6

THE 2A6 IS ALSO A DUPLEX -DIODE TRIODE AND IN GENERAL APPEARANCE,

THEORY OF OPERATION AND APPLICATION IS PRACTICALLY IDENTICAL TO THE 55.

THE MAIN DIFFERENCE, HOWEVER, IS THAT THE 2A6 HAS A HIGHER AMPLIFICATION
FACTOR THAN THE 55 AND FOR THIS REASON IS GENERALLY REFERRED TO AS BEING

A "DUPLEX -DIODE HIGH -MU TRIODE''.

LOWS:

ITS OPERATING CHARACTERISTICS ARE AS Fol,

HEATER VOLTAGE- 2.5 VOLTS; HEATER CURRENT:=0.8 AMP; PLATE VOLTAGE
=250 VOLTS MAXIMUM; GRID BIAS=1-2 VOLTS; PLATE CURRENT=0.8 MA.; AMPLI-

FICATION FACTOR =100.

IN FIG. 4 YOU ARE SHOWN A PORTION OF A SUPERHETERODYNE RECEIVER CIR
CUIT IN WHICH THIS TUBE IS EMPLOYED. NOTICE FIRST HOW THE 2A6 CONSISTS

OF A HEATER, CATHODE, TWO DIODE PLATES, A GRID AND A PLATE. THIS TUBE HAS
A STANDARD SIX PRONG BASE AND ALL CONNECTIONS ARE MADE TO IT IN THE SAME

MANNER AS ALREADY DESCRIBED RELATIVE TO THE 55.

Now AS TO THE GENERAL HOOK-UP OF THIS CIRCUIT IN FIG. 4 YOU WILL N2
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TICE THAT THE TWO DIODE PLATES OF THE TUBE ARE TOGETHER CONNECTED TO ONE
SICE OF THE LAST I.F. TRANSFORMERIS SECONDARY CIRCUIT, WHILE THE CATHODE
OF THIS TUBE IS CONNECTED TO GROUND THROUGH THE 5000 OHM FIXED RESISTOR
SO AS TO PROVIDE THE FIXED BIAS VOLTAGE FOR THIS TUBE.

THE .5 MEGOHM POTENTIOMETER RI HAS ONE OF ITS END TERMINALS CONNED
TED TO THE CATHODE OF THE 2A6 WHILE ITS OTHER END TERMINAL IS CONNECTED

TO THE "GRID RETURN END" OF THE THIRD I.F. TRANSFORMER WHICH WORKS INTO

THIS TUBE. THIS POTENTIOMETER, TOGETHER WITH THE .00025 MFD. WHICH ISCON
NECTED ACROSS IT, SERVES THE SAME PURPOSE AS ALREADY DESCRIBED RELATIVE
TO RI AND ITS ASSOCIATED.00025 MFD. CONDENSER IN THE CIRCUIT OF FIG. II

OF THE PREVIOUS LESSON.

A .5 MEGOHM FIXED RESISTOR R2 IS CONNECTED TO THE NEGATIVE END OF

THE .5 MEGOHM POTENT IOME
TER IN THE CIRCUIT OFFIG.
4 AND THE OTHER END OF

R2 LEADS TO THE GRID RE-
TURN CIRCUITS OF THE TWO
PRECEDING I . F. STAGES

THROUGH THE .5 MEGOHM
RESISTORS R3 AND R4.

THE NEXT POINT TO

CONSIDER REGARDING THE

CIRCUIT OF FIG.4 WILL BE
THE REASON FOR USING RE-
SISTORS R2,R3 AND R4 IN

THIS SYSTEM AND ALSO CON
DENSERS CI, C2 AND C3.

FIG. 7
Full -wave Detector- Diode Biased ,z1tnplifie-

To BEGIN WITH, THE VOLTAGE DEVELOPED ACROSS RI, DUE TO THE CURRENT
FLOW THROUGH IT, IS NOT STRICTLY D.C. IN ADDITION, A.C. COMPONENTS ARE

ALSO DEVELOPED ACROSS THIS SAME RESISTOR, THAT IS, AN A.C. VOLTAGE PRO-

PORTIONAL TC THE MODULATION OF THE CARRIER AND AN A.C. VOLTAGE PROPORTIO

NAL TO THE CARRIER ITSELF. ONLY THE D.C. VOLTAGE DEVELOPED ACROSS RI IS

DESIRED TO BE APPLIED AS BIAS VOLTAGE TO THE PRECEDING I.F. TUBES.SHOULD

ANY R.F. VOLTAGE FROM THIS POINT BE FED BACK TO THE GRID CIRCUITS OF THE

PRECEDING TUBES, THEN THE AMPLIFIER WOULD COMMENCE TO OSCILLATE. WHEREAS

ANY FEED BACK OF A.F. FROM THIS POINT WOULD CAUSE THE GAIN OF THE TUBES

THEREBY AFFECTED TO BE VARIED AT AN AUDIO FREQUENCY AND THUS RESULT IN

DISTORTION.

To CARRY OUT THE PLAN AS DESIRED, THE LOGICAL THING TO DO IS TO PRL
VENT ANY OF THE A.C. COMPONENT BEING RETURNED TO THE GRID CIRCUITS OFTHE

PRECEDING TUBES AND TO PERMIT D.C. CHARGES ONLY TO ACT UPON THESE GRID

CIRCUITS. THIS CAN BE ACCOMPLISHED VERY NICELY BY MEANS OF A FILTER sva

TEMANDSUCHIS THEPURPOSE OF R2,R3,R4,CI, C2 AND C3 IN THE CIRCUIT OF FIG.

4.

FOR INSTANCE, R2 AND C3 TOGETHER FORM THE FIRST SECTION OF THE FIL
TER SYSTEM INCLUDED BETWEEN RI AND THE GRID CIRCUITS TO BE CONTROLLED.

IN LIKE MANNER, R3 AND 02 TOGETHER FORM ANOTHER FILTER SECTION AS

DO ALSO R4 AND CI. THROUGH THIS METHOD, THE EFFECTS OF ANY R.F. OR A.F
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ENERGY IN THIS SYSTEM WILL BE PRACTICALLY ELIMINATED AND ONLY PURE D.C.
VOLTAGES WILL BE EFFECTIVE UPON THE GRIDS OF THE TWO I.F. TUBES WITH
WHICH f0 ALTER THE BIAS VOLTAGE AND SENSITIVITY OF THESE TUBES THRU THE
A.V.C. ACTION OF THIS CIRCUIT.

RESISTORS R2, R3, AND R4, DO NOT INTRODUCE A D.C. VOLT DROP BECAUSE
IT IS ONLY VOLTAGE WHICH is APPLIED THROUGH THEM UPON THE CONTROLLED GRID
CIRCUITS. NO CURRENT ACTUALLY FLOWS THROUGH THESE RESISTORS TO DEVELOPEA
VOLTAGE DROP.

THE TYPE 75 TUBE

THE 75 IS A DUPLEX -DIODE HIGH -MU TRIODE DESIGNED FOR AUTOMOTIVE USE
AND IS EQUIVALENT TO THE 2A6 AS USED IN A.C. RECEIVERS. IT HAS ASTANDARD
SIX PRONG BASE AND CONTROL GRID CONNECTION CAP ON TOP OF THE GLASS BULB.
THE OPERATING CHARACTERISTICS OF THE 75 ARE:

FIG. 8
The Ala// -Wave Deiector; Fixed Bias Amplifier,

HEATER VOLTAGE
=6.3 VOLTS; HEATER
CURRENT=a0.3 AMP.;

PLATE VOLTAGE:=250
VOLTS MAXIMUM; GRID
BIAS=a-2 VOLTS;PLATE
CURRENT =0.8 MA; AM-
PLIFICATION FACTOR
= 100.

IN ONE OF YOUR
PREVIOUS LESSONS DEA
LING WITH AUTOMOBILE
RECEIVERS, YOU WERE
SHOWN A CIRCUIT DIA-
GRAm OF AN AUTOMOBILE
RECEIVER IN WHICHTHE
75 TUBE IS USED. YE
ARE REPRODUCING THIS
CIRCUIT DIAGRAM FOR
YOU AGAIN HERE IN

,FIG. 5 SO THAT YOU
CAN STUDY IT ONCE MORE, AT THI TIME, NOTING ESPECIALLY HOW THE pRIN-
CliDLES OF A.V.C. WHICH YOU LEARNEC IN THIS LESSON CA!J ALSO BE APPLIED TO
AN AUTOMOBILE RECEIVER.

VARIOUS APPLICATIONS OF DUPLEX -DIODE TRIODES

THE CONSTRUCTIONAL FEATURES OF THE DUPLEX -DIODE TRIODES, AS WELL AS
THE OPERATING CHARACTERISTICS OF THESE SAME TUBES, PERMITS USING THEM IN
SEVERAL DIFFERENT ARRANGEMENTS SO AS TO MEET VARIOUS REQUIREMENTS. FOR
iNsTANcE, IN FIG. 6 ONE OF THESE TUBES IS BEING USED AS A HALF -WAVE DE-
TECTOR, DIODE BIASED AMPLIFIER.

NOTICE THAT IN THIS CASE, THE TWO DIODES ARE TOGETHER CONNECTED TO

ONE END OF THE TUNED CIRCUIT, WHILE THE OTHER END OF THE TUNED CIRCUIT IS
CONNECTED TO THE CATHODE THROUGH THE .5 MEGOHm RESISTOR.

THE TWO DIODES, IN THIS WAY ACT AS ONE AND THEREFORE PERMIT THEDICDE
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CURRENT TO FLOW ONLY WHEN THE DIODES ARE POSITIVELY CHARGED. FOR THIS REA
SON, THIS ARRANGEMENT PROVIDES US WITH ONLY HALF -WAVE RECTIFICATION OF THE
SIGNAL OR HALF -WAVE DETECTION, AS WE GENERALLY SAY IN THIS CASE.

FULL -WAVE DETECTION

IN FIG. 7 YOU ARE SHOWN A CIRCUIT DIAGRAM IN WHICH CONDITIONS ARE
SUCH THAT FULLWAVE DETECTION IS OBTAINED. HERE, ONE DIODE IS CONNECTEC TO
EACH END OF THE TUNED CIRCUIT AND THE CATHODE OF THE TUBE IS CONNECTED TO
THE CENTER TAP OF THE I.F. TRANSFORMER1B SECONDARY WINDING THROUGH THE
.5 MEGOHM RESISTOR.

WITH THE DIODE CIRCUITS COMPLETED IN THIS MANNER, DIODE CURRENT WILL
ALWAYS BE FLOWING FROM ONE OR THE OTHER OF THE TWO DIODE PLATES TO THE
CATHODE, DEPENDING UPON WHICH OF THEM HAPPENS TO BE POSITIVELY CHARGED BY
THE SIGNAL AT ANY ONE PARTICULAR INSTANT. IN OTHER WORDS, WE HAVE FLLL-
WAVE SIGNAL RECTIFICA.-
TICN OR FULL -WAVE DE-
TECTION AS IT WERE.

THE GRID OF THE
TUBE IN FIGS. 6 AND 7

IS CONNECTED TO THE NEA
ATIVE END OF THE 5MEA
OHM RESISTOR,WITH RE-

SPECT TO THE D.C. OF
THE DIODE CURRENT PASA
ING THROUGH THIS RE-

SISTOR AND SO WE SAY

THAT THE TUBE IS "DIODE
BIASED."

THE HALF -WAVE AR
RANGEMENT WILL PROVIDE
APPROXIMATELY TWICE THE
RECTIFIED VOLTAGE AS
CWPARED WITH THE FULL
WAVE ARRANGEMENT. IN

THE MAJORITY OF COMMERCIAL

r.F. TransF -2

00045

.01 .cool

.5

II

meg

TAo A
nip hr,er

Sro

II

B+ 250 v
I meg *

(A .V. C . .5mf-j
4 0.11MR,1

15-,.... ,r-> R_ B +

_L_

FIG. 9

The #abc-Wave Detector Fixed ,bias Amp/. Mih A. V,

RECEIVERS WHICH EMPLOY A DUPLEX -DIODE TRIODE
TUSE, YOU WILL FIND THE HALF -WAVE DETECTIO- PRINOIPLE USED.

HALF -WAVE DETECTION,FIXED BIAS AMPLIFIER

THE CIRCUIT WHICH IS ILLUSTRATED FOR YOU IN FIG. 8 USES A DUPLEX -DI-
ODE TRIODE AS A HALF -WAVE DETECTOR THE SAME AS IN FIG. 6 OF THIS LESSON.

HOWEVER, INSTEAD OF THE TUSEIS GRID BEING CONNECTED DIRECTLY TO THE DIODE
CIRCUIT, IT HAG A FIXED BIAS VOLTAGE IMPRESSED UPON IT AND THE E.M.F. OF
WHICH ORIGINATES BETWEEN THE CATHODE AND GRID. THIS IS INDICATED BY THE
BATTERY SYMBOL IN THE CIRCUIT DIAGRAM.

THE A.F. VOLTAGE, HOWEVER, CAN STILL BE APPLIED TO THE GRID OF THE
TUBE THROUGH THE XI MFD. CONDENSER.

THE IMPORTANT THING TO REMEMBER REGARDING THE BIASING OF THE TRIODE

UNIT IS THAT DIODE BIASING OF THE TRIODE UNIT MAY BE EMPLOYED ONLY WHEN AT
LEAST 20,000 OHMS IS USED IN THE TRIODE -PLATE CIRCUIT. WHEN THE PLATE CIE
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CULT LOAD IS COMPARATIVELY SMALL, SUCH AS WHEN USING TRANSFORMERCOUPLING
BETWEEN THE TRIODE SECTION AND THE FOLLOWING STAGES OF A.F.AMPLIFICATION
AS ILLUSTRATED IN FIG. 8, THEN THE TRIODE SECTION SHOULD BE BIASED INDE-
PENDENTLY OF THE DIODE CIRCUIT.

HALF-VVAVE DETECTOR,FIXED BIAS AMPLIFIER,WITH A.V.C.

IN FIG. 9, THE CIRCUIT ARRANGEMENT IS SUCH THAT THE TUBE IS USED AS
A HALF -WAVE DETECTOR,FIXED BIAS AMPLIFIER AND AUTOMATIC VOLUME CONTROL.
HERE THE TWO DIODE PLATES ARE TOGETHER CONNECTED TO ONE END OF THE TUNED
CIRCUIT AND THE TRIODE SECTION IS INDEPENDENTLY BIASED BY RESISTOR R.

THE A.V.C. ACTION IS DIRECTED TOWARDS THE GRID RETURN CIRCUIT OF

PRECEDING TUBES, BEING FED THROUGH THE I MEGOHM RESISTOR WHICH IS CONNED
TEO TO THE NEGATIVE END OF THE .5 MEGOHM RESISTOR THROUGH WHICH THE DIODE

CURRENT PASSES.

FIG. 10

Shadow 7Litiiny.

A

THE PURPOSE OF THE R.F. CHOKE IN THECIR
CUITS ILLUSTRATED IS TO PREVENT RADIO FREQUEN
CV VOLTAGES TO BE IMPRESSED UPON THE GRID OF

THE TRIODE SECTION OF THE TUBE, FOR THIS SEC-
TION IS INTENDED TO AMPLIFY A.F. ONLY.

SHADOW TUNING

ALTHOUGH THE ORDINARY TUNING METER CAN

BE USED WITHOUT DIFFICULTY BY THE AVERAGE SET
OWNER, YET THE MERE FACT THAT IT HAS THE

APPEARANCE OF AN ELECTRIC METER, MAKES IT

SEEM AS BEING SOMEWHAT MYSTERIOUS OR COMPLEX
TO THE OPERATOR WHO IS NOT TECHNICALLY MINDED.
To OVERCOME THIS CONDITION, SEVERAL RECEIVER
MANUFACTURERS HAVE DEVELOPED DEVICES WHICHWILL
INDICATE THE CONDITION OF RESONANCE TO THE

LAYMAN IN A VERY EASY TO UNDERSTAND MANNER.

VERY POPULAR METHOD OF ACCOMPLISHING THIS PURPOSE IS KNOWN AS
SHADOW TUNING AND IN FIG. 10, A DIAL ASSEMBLY WHICH Et/PLOYS THE SHADOW
TUNING PRINCIPLE IS ILLUSTRATED FOR YOU.

BY STUDYING FIG. 10, YOU WILL OBSERVE THAT THE TUNING DIAL ITSELF IS
QUITE CONVENTIONAL BUT AN ADDITIONAL SMALL. RECTANGULAR -SHAPED WINDOW IS

PROVIDED DIRECTLY ABOVE THE DIAL WINDOW. THIS ADDITIONAL WINDOW HAS A

TRANSPARENT SCREEN MOUNTED BEHIND IT AND UPON WHICH A DARK SHADOW IS

CAST.

As THE RECEIVER IS TUNED TO RESONANCE WITH A SIGNAL, THE SHADOW WILL
DECREASE IN WIDTH AND AS THE RECEIVER IS DETUNED FROM RESONANCE,THE WIDTH
OF THE SHADOW WILL. INCREASE IN WIDTH. IN OTHER WORDS, WHEN TUNING A RE-
CEIVER EQUIPPED WITH SHADOW TUNING FEATURES, WE SIMPLY TUNE THE SET UNTIL
THE DESIRED STATION IS BROUGHT IN AND THEN TO BE SURE THAT THE SET IS

TUNED EXACTLY TO RESONANCE WITH THIS STATION, WE SET THE DIAL CAREFULLY
SO THAT THE SHADOW ON THE SCREEN WILL BE OF MINIMUM WIDTH.

THE SHADOW TUNING MECHANISM IS ILLUSTRATED FOR YOU IN DETAIL IN FIG.
II. As YOU WILL OBSERVE, IT CONSISTS OF A SMALL SHADOW BOX IN WHICH THE
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MOVEMENT OF THE DEVICE IS ENCLOSED.

THE TRANSPARENT SCREEN FORMS ONE END OF THE SHADOW BOX WHILE THE REST
OF THE BOX IS MADE OF BLACKENED METAL. A SMALL SLIT IS CUT INTO THE FAR
END OF THE SHADOW BOX AND A LAMP IS MOUNTED OUTSIDE OF THE BOX DIRECTLY B.E
HIND THE SLIT. THE INTERIOR OF THE SHADOW BOX IS ENVELOPED IN COMPLETE DAB
KNESS, WITH THE EXCEPTION OF THE LIGHT BEAM WHICH THE SLIT PERMITS TO PASS
THROUGH IT AND BE FOCUSED UPON THE SCREEN AT THE FRONT END OF THE BOX.

THE MOVING PART OF THE
DEVICE IS LOCATED WITHIN THE
SHADOW BOX AND ESSENTIALLY
CONSISTS OF NOTHING MORE THAN
A MILLIAMETER IN WHICH THEla
DICATING NEEDLE IS REPLACED
WITH A LIGHT RECTANGULAR SHA
ED VANE. THUS WITH THE METER
COIL CONNECTED IN THE RECEIX
ER CIRCUIT IN THE SAME MANNER
AS THE CONVENTIONAL TUNINGML
TER, THE POSITION OF THEVANE
WILL BE CHANGED JUST AS WILL
AN INDICATING NEEDLE WHEN THE
CURRENT FLOW THROUGH THE
COIL VARIES*

F 1 G . 11

Shadow Tuning Mechanism.

THE POSITION OF THE VANE IS SUCH THAT IT WILL OBSTRUCT THE LIGHT
BEAM AS IT PASSES THROUGH THE BOX FROM THE SLIT TOWARDS THE SCREEN AND
THEREFORE THE SHADOW OF THE VANE WILL BE CAST UPON THE SCREEN. THE UNIT IS
SO ADJUSTED SO THAT WHEN THE SET IS TUNED TO RESONANCE WITH A SIGNAL, THE
VANE WILL TAKE THE POSITION AS SHOWN FOR RESONANCE IN PIG. III AT THIS
TIME OFFERING THE SMALLEST POSSIBLE OBSTRUCTION TO THE LIGHT BEAM. THE
SHADOW OF THE VANE UPON THE SCREEN WILL THEREFORE BE NOTHING MORE THAN A

STRAIGHT VERTICAL LINE CENTERED UPON THE SCREEN.

WHEN THE RECEIVER IS DETUNED FROM RESONANCE, THE VANE WILL APPROACH
A POINT WHERE IT INTERCEPTS THE LIGHT BEAM AT RIGHT ANGLES AND THUS OFFERS
A GREATER OBSTRUCTION TO THE LIGHT BEAM. THE IMAGE OF THE VANE WILL THEN
BE IMPRESSED UPON THE SCREEN MORE BROADLY AS SHOWN FOR THE DETUNED POSI-

TION IN FIG. II.

No DOUBT, YOU HAVE FOUND THESE LAST TWO LESSONS ESPECIALLY INTEREST-
ING IN THAT MANY NEW RADIO PRINCIPLES WERE ADDED TO YOUR EVER INCREASING
KNOWLEDGE OF THIS FASCINATING INDUSTRY.

By GAINING A GOOD WORKING KNOWLEDGE OF ALL THESE CIRCUITS AT THIS
TIME,YOU WILL FIND THE DESIGN LESSONS IN THE MORE ADVANCED SECTION OF THE
COURSE TO BE OF STILL GREATER VALUE TO YOU SO THAT UPON COMPLETING NATION
AL TRAINING, YOU WILL HAVE FULL CONFIDENCE IN YOUR ABILITY TO TACKLE ANY
RADIO PROBLEM.
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EXAMINATION QUESTIONS

LESSON NO. 32

I. - WHAT DO WE MEAN BY THE EXPRESSION AUTOMATIC NOISE SUP-
PRESSION OR SQUELCH CONTROL?

P. - WHAT IS MEANT BY DELAYED AUTOMATIC VOLUME CONTROL?

3. - DRAW A DIAGRAM OF A CIRCUIT WHICH WILL PROVIDE AUTOMATIC
NOISE SUPPRESSION.

4. - WHAT ARE THE OPERATING CHARACTERISTICS OF THE 2A6 TUBE?

5. - WHY IS A .5 MEGOHM FIXED RESISTOR CONNECTED BETWEEN THE
GRID RETURN CIRCUIT OF EACH OF THE CONTROLLED TUBES AND
THE A.V.C. TUBE IN THE CIRCUIT OF FIG. 4?

- WHAT ARE THE OPERATING CHARACTERISTICS OF THE 75 TUBE?

7. - HOW MAY FULL -WAVE DETECTION BE OBTAINED WITH A DUPLEX -
DIODE TRIODE?

8. - WHAT ADVANTAGE DOES HALF -WAVE DIODE DETECTION OFFER OVER
FULL -WAVE DIODE DETECTION?

9. - WHAT ADVANTAGES DOES THE 2A6 TUBE OFFER OVER THE 55?

10.- DESCRIBE BRIEFLY THE OPERATING PRINCIPLES OF "SHADOW TUN
ING"?
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IN THE PREVIOUS LESSON, YOU WERE ALREADY TOLD ABOUT THE CONSTRUCTION
AND OPERATION OF THE LEAD -ACID STORAGE BATTERY. WITH THIS FIRMLY FIXED IN
MIND, LET US CONTINUE WITH OUR STUDIES OF BATTERY SERVICING. YOU SEE, E-
VEN THOUGH THE MODERN STORAGE BATTERY IS CAREFULLY CONSTRUCTED, YET IT

DEMANDS A DEFINITE AMOUNT OF ATTENTION IN ORDER TO FAITHFULLY CONTINUE
ITS WORK AND GIVE THE BEST SERVICE POSSIBLE.

IN THIS LESSON YOU WILL LEARN WHAT THE SERVICE NEEDS OF THE STORAGE
BATTERY ARE, AS WELL AS THE PROPER METHOD OF KEEPING THIS TYPE OFBATTERY
UP TO ITS HIGHEST EFFICIENCY.

FIRST, LET US CONSIDER JUST THE CARE,
WHICH A NORMAL STORAGE BATTERY, SUCH AS THE
ONE IN FIG. I REQUIRES IN ORDER TO PREVENT
IT FROM DEVELOPING MANY OF THE SERIOUS TROU-
BLES TO WHICH IT IS CONTINUALLY SUBJECTED.A-
MONO THESE IMPORTANT ITEMS, WE FIND THAT IT

IS ABSOLUTELY ESSENTIAL TO ALWAYS KEEP THE
OUTSIDE OF THE BATTERY CLEAN AND DRY.

KEEPING THE BATTERY CLEAN

THERE SHOULD BE NO DOUBT IN YOUR MIND
AS TO WHY THIS PRECAUTION IS SO NECESSARY, IF
YOU WILL ONLY CONSIDER THE FACT THATMOISTURE
AND DIRT OFFER A COMBINATION,WHICH HAS SUFF-
ICIENTLY GOOD ELECTRICAL CONDUCTING QUALITIES SO THAT IT WILL PERMIT ALEN&
AGE OF CURRENT BETWEEN THE CELLS. CONTINUOUS CURRENT LEAKAGE OF THIS NA-
TURE WILL IN DUE TIME PERMIT A GOOD BATTERY TO DISCHARGE ITSELF. IT IS A

GOOD POLICY TO OCCASSIONALLY WIPE THE TOP OF THE BATTERY CLEAN WITH A RAG
MOISTENED WITH AMMONIA OR A SOLUTION OF BAKING SODA AND WATER. THE REASON
FOR DOING THIS, IS THAT AMMONIA AND BAKING SODA WILL COUNTERACT OR NEU-
TRALIZE ANY ACID, WHICH MAY BE PRESENT ON THE TOP OF THE BATTERY.

CORRECTING CORRODED TERMINALS

Fig.1

IF You CAREFULLY EXAMINE A NEGLECTED STORAGE BATTERY, YOU WILL NO-
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TICE THAT A FLUFFY, GREENISH LOOKING SUBSTANCE HAS COLLECTED AROUND THE
TERMINALS. THIS SUBSTANCE IS CAUSED BY CORROSION, WHICH IS DUE TO THE AC-
TION OF THE ACID ON THE METALLIC IMPURITIES WHICH ARE PRESENT ON THE TERM
INALS.

SHOULD THIS CORROSION BE ALLOWED TO CONTINUE, THEN THE CONNECTION
WILL SOON BE ENTIRELY EATEN AWAY SO THAT EITHER AN EXTREMELY HIGH ELEC-
TRICAL RESISTANCE WILL BE OFFERED BY THE JOINT OR ELSE THE JOINT MAY EVEN
BECOME OPEN CIRCUITED ALTOGETHER.

WHEN YOU FIND SUCH A CORRODED OONDITION, IT IS NECESSARY FOR YOU TO
REMEDY IT IMMEDIATELY AND ALTHOUGH IT IS A SIMPLE MATTER TO DO THIS, YET
IT

AND
ING

IS A MOST IMPORTANT ONE. THE FIRST THING TO DO, WHEN YOU WISH TO REMEDY
THIS CONDITION, IS TO SCRAPE OFF ALL
OF THIS SUBSTANCE, BEING CAREFUL,HOW-
EVER, NOT TO PERMIT ANY OF IT FROM
FINDING ITS WAY INTO ANY OF THE CELLS.
IN FACT, IF THE TERMINAL IS CORRODED
EXTREMELY BAD, IT WILL BE NECESSARY TO
REMOVE THE CONNECTION WHILE SCRAPING
SO THAT ALL SURFACES WILL BECOME BRI-
GHT AGAIN BEFORE REPLACING THE CONNEQ
TION.

F I G '2_

Level of the Electrolyte.

SOMETIMES, TERMINALS BECOME SO

BADLY EATEN AWAY THAT IT IS NECESSARY
TO REPLACE THEM WITH AN ENTIRELY NEW
CONNECTION,

AFTER THE CORRODED TERMINAL HAS
BEEN CAREFULLY CLEANED, IT SHOULD BE
WIPED WITH A CLOTH MOISTENED WITH
AMMONIA OR A SOLUTION OF BAKING SODA

WATER. THE CONNECTION SHOULD THEN BE THOROUGHLY TIGHTENED AND A COAT -
OF VASELINE SHOULD BE APPLIED TO IT.

"A STICH IN TIME, SAVES NINE"

IF A SIMPLE JOB AS THIS IS DONE IN TIME, IT WILL PREVENT THE FAILURE
OF THE BATTERY, WHICH WAS BOUND TO COME SOONER OR LATER BECAUSE OF THIS
DEVELOPING CONDITION.

THE BATTERY NEEDS WATER

A CAMEL CAN CONTINUE DOING ACTIVE WORK FOR A CONSIDERABLE TIME WITE
OUT NEEDING A DRINK, HOWEVER, THE TIME COMES SOON WHEN HE TOO MUST HAVE A
DRINK OF WATER IN ORDER TO KEEP GOING. WE HAVE A SIMILAR CONDITION PRESENT
IN THE STORAGE BATTERY BECAUSE THIS UNIT DOESN T REQUIRE AN ADDITION OF
WATER EVERY DAY BUT YET THE TIME DOES COME WHEN WATER MUST BE ADDED TO
EACH CELL.

THE CORRECT LEVEL OF THE ELECTROLYTE

IT IS ADVISABLE TO REMC.VE THE VENT PLUGS FROM EACH CELL ABOUT EVERY
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TWO WEEKS DURING THE WINTER MONTHS AND ABOUT EVERY WEEK DURING THE SUMMER
MONTHS, SO THAT THE LEVEL OF THE ELECTROLYTE IN EACH OF THE CELLS CAN BE
INSPECTED. THE LEVEL OF THE ELECTROLYTE SHOULD NEVER BE ALLOWED TO BECOME
LOWER THAN A POINT i" ABOVE THE TOP OF THE PLATES, AS SHOWN IN FIG.2.

USE DISTILLED WATER

WHEN IT BECOMES NECESSARY TO RAISE THE LEVEL OF THE ELECTROLYTE IN

A CELL, NOTHING SHOULD BE ADDED EXCEPT DISTILLED WATER. ANY OTHER WATER,
ALTHOUGH IT MAY BE EXCELLENT DRINKING
PURPOSES BECAUSE IT CONTAINS MINERALS
AND VEGETABLE MATTER WHICH WHEN
BROUGHT IN CONTACT WITH THE ACID
WITHIN THE CELL, WOULD PRODUCE VERY
UNDESIRABLE EFFECTS. DISTILLED WATER
DOES NOT CONTAIN ANY MINERALS OR
PRODUCTS OF VEGETATION ANOTHEREFORE
IT IS THE ONLY KIND OF WATER WHICH
SHOULD BE USED IN A CELL, IF GOOD R$
SULTS ARE TO BE EXPECTED.

THE WATER EVAPORATES

PROBABLY YOU ARE THINKING THAT
IF WE ONLY ADD PURE WATER,OUR ELEC-
TROLYTE WILL GRADUALLY BECOME WEAKER

WEAKER BUT YOU SEE, IT 18 THE
WATER OF THE ELECTROLYTE WHICH EVke
PORATES AND NOT THE ACID. NOT ONLY
DOES THE WATER EVAPORATE DUE TO OR-
DINARY CAUSES BUT WHILE THE BATTERY
IS BEING CHARGED, THE CHEMICAL COM-
POSITION OF THE WATER IS FREQUENTLY
BROKEN UP INTO HYDROGEN GAS AND OX-
YGEN GAS, WHICH ARE REALLY THE TWO
ELEMENTS OF WHICH WATER IS COMPOSED.

WATER, IS NOT SUI-ABLE FOR BATTERY

FIG.3
Testir7q the Cell

METHOD OF ADDING WATER TO THE CELLS ge.

WHEN ADDING WATER, YOU MUST BE CAREFUL THAT THE WATER DOESNOT COME
IN CONTACT WITH ANY METALLIC SUBSTANCES AND THIS CAN BE DONE VERY EASILY
BY KEEPING THE WATER IN A GLASS CONTAINER AND SQUIRTING THE WATER INTO
THE CELLS BY MEANS OF A RUBBER SYRINGE OR ELSE THE HYDROMETER SYRINGE,
WHICH YOU SAW IN AN EARLIER LESSON.

TESTING THE SPECIFIC GRAVITY OF THE ELECTROLYTE

ABOUT EVERY TWO WEEKS, THE SPECIFIC GRAVITY OF THE ELECTROLYTE
SHOULD BE CHECKED BY MEANS OF THE HYDROMETER AND SHOULD YOU FIND THESPEt
IFIC GRAVITY TO HAVE FALLEN TO A READING OF 1.150, THEN IT BECOMES NEC-
ESSARY TO TAKE ACTIVE STEPS.

FIRST, OF COURSE, WE MUST DETERMINE WHETHER THIS LOW GRAVITY IS DUE
MERELY BECAUSE THE BATTERY IS IN A DISCHARGED CONDITION OR WHETHER THE
ELECTROLYTE ITSELF IS OUT OF PROPORTION. TO DETERMINE THIS, A VOLTMETER
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SHOULD BE USED IN CONJUNCTION WITH THE HYDROMETER AND IF THE CELL VOLTAGES
ARE PROPORTIONAL TO THE HYDROMETER READINGS, THEN IT IS JUST NECESSARY TO
RECHARGE THE BATTERY. HOWEVER, IF THE CELL VOLTAGES ARE OUT OF PROPORTION
TO THE HYDROMETER READINGS, THEN IT EVEN BECOMES NECESSARY TO REBALANCE
THE ELECTROLYTE.

RELATIONS BETWEEN CELL VOLTAGE & SPECIFIC GRAVITY READINGS

TO ILLUSTRATE THIS POINT STILL CLEARER, LET US ASSUME THAT WHEN WE

TEST THE SPECIFIC GRAVITY OF A CELL WITH A HYDROMETER, WE FIND THEGRAVITY
TO BE 1.275. THEN WHEN WE TAKE A VOLTMETER AND TEST THE CELL VOLTAGE AS

SHOWN IN FIG. 3, WE FIND IT TO BE 2.1 VOLTS. THIS RELATIONSHIP BETWEEN

THE SPECIFIC GRAVITY READING AND VOLTMETER READING,WOULD TELL US THAT THE
CELL IS IN A GOOD CHARGED CONDITION.

NEXT, LET US SUPPOSE THAT WE SHOULD TEST A CELL, FINDING ITS SPECIFIC
GRAVITY TO BE 1.275 WHILE THE CELL VOLTAGE IS ONLY 169 VOLTS. THIS WOULD
INDICATE THAT THE SPECIFIC GRAVITY OF THE CELL IS TOO HIGH FOR THE EXIST-
ING VOLTAGE AND SUCH A CONDITION WOULD CALL FOR A RE -BALANCING OF THE ELF
TROLYTE; AS WELL AS A RECHARGE.

SHOULD YOU FIND THE SPECIFIC GRAVITY TO BE ABOUT 1.200 WITH A CELL
VOLTAGE OF 2.1 VOLTS, THEN THE SPECIFIC GRAVITY IS TOO LOW FOR THE EXIST-
ING VOLTAGE AND THIS WOULD LIKEWISE REQUIRE A REBALANCING OF THE ELEC-
TROLYTE. HOWEVER, IF THE SPECIFIC GRAVITY READINGS SHOULD BE 1.150 AND THE
CELL VOLTAGES 1.75 VOLTS, THEN THE BATTERY SIMPLY REQUIRES A RECHARGE,
WHICH WILL AGAIN BRING IT UP TO NORMAL.

CHECKING THE SPECIFIC GRAVITY BEFORE
ADDING ANY WATER

WHEN CHECKING THE SPECIFIC GRAVITY OF A CELL, ALWAYS CHECK IT BEFORE
YOU ADD ANY WATER TO REPLACE EVAPORATION. THE REASON FOR THIS IS THAT THE
WATER WILL NOT IMMEDIATELY MIX THOROUGHLY WITH THE ACID AND YOU WOULD
THEREFORE OBTAIN A LOWER HYDROMETER READING THAN WOULD ACTUALLY EXIST AF-
TER THE WATER AND ACID HAVE HAD A CHANCE TO MIX.

BATTERIES REQUIRING A RECHARGE

LET US ASSUME THAT BY MAKING THE HYDROMETER AND CELL VOLTAGE TESTS ON
EACH OF THE CELLS, WE HAVE DETERMINED THAT THE BATTERY SIMPLY REQUIRES TO
BE CHARGED. THAT IS, IT HAS BECOME RUN DOWN OR DISCHARGED SO THAT THESPD,
IFIC GRAVITY READING OF EACH CELL IS LOW (APPROACHING THAT OF WATER) AND
THE PLATES CONTAIN A GREAT DEAL OF SULPHATE.

NOW WE ALREADY KNOW FROMA PREVIOUS LESSON,THAT AS THIS CHEMICAL CHA-
NGE WAS GRADUALLY TAKING PLACE, AN ELECTRIC CURRENT WAS CAUSED TO FLOW
THROUGH A COMPLETED CIRCUIT. HOWEVER, AS SOON AS THE CHEMICAL CHANGE WITH
IN THE CELLS HAS REACHED A CERTAIN POINT, THE BATTERY IS NO LONGER EFFI-
CIENT. IN FACT, IF WE SHOULD STILL FORCE THE BATTERY TO CONTINUE DISCHAR2
ING UNTIL THE VOLTAGE OF EACH OF ITS CELLS DROPS BELOW 1.7 OR 1.6 VOLTS,
AND ITS SPECIFIC GRAVITY BELOW 1.150, WE ARE PERMITTING SERIOUS TROUBLE TO
DEVELOP WITHIN THE CELL.

REVERSED CHEMICAL ACTION

OUR NEXT STEP THEN IS TO CAUSE A CHEMICAL ACTION TO TAKE PLACESOTHAT
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THE SULPHATE IS DRIVEN OUT OF THE PLATES AND INTO THE ELECTROLYTE AND IN

THIS WAY RESTORE OUR BATTERY TO A CHARGED CONDITION SO THAT IT WILL AGAIN

BE READY TO SUPPLY US WITH AN ELECTRICAL CURRENT. WE CALL THIS RESTORA-

TION OR REJUVINATING ACTION "CHARGING THE BATTERY".

IN ORDER TO CHARGE THE BATTERY, IT IS NECESSARY TO DO JUST THEOPPO-

SITE TO WHAT TOOK PLACE DURING THE DISCHARGE OF THE BATTERY. THAT IS, WE

MUST PASS AN ELECTRIC CURRENT THROUGH THE BATTERY IN A DIRECTION OPPOSITE

TO THAT IN WHICH THE CURRENT FLOWED WHILE THE BATTERY WAS DISCHARGING.LET

US NOW SEE HOW WE CAN ACCOMPLISH THIS.

A DIRECT CURRENT FOR

CHARGING PURPOSES

FIRST, IT IS NEC-

ESSARY TO HAVE ADIRECT
CURRENT AT OUR DISPOSAL
AND THIS TYPE OF CUR-
RENT, YOU WILLREMEMBER,
ALWAYS TRAVELS IN ONE

DIRECTION ONLY.

IN SOME LOCAL-

ITIES THIS TYPE OF

CURRENT IS SUPPLIED TO
THE VARIOUS BUILDINGS
BY A CENTRAL POWER
PLANT. IN SUCH A CASE,
WE CAN USE THIS CURRENT
FROM THE POWER LINES,

HOWEVER, WE MUST TAKE
CERTAIN CONDITIONS IN-
TO CONSIDERATION.

110 Y. D.0 LINE -

M83 ter
Switch '

FtuItive
amnedial

<.30
Amp. fuses

-

#4

#4

Snap Switches

Twenty
loo Watt
Lamps

FIG. 4
Battery Chaginq When D.C. is Available_

IN FIG. 4 YOU WILL SEE HOW WE CAN GET A SUITABLE BATTERY CHARGING

CURRENT BY THIS MEANS.

USING D.C. DIRECT FROM POWER LINES

HERE YOU WILL SEE THAT TWO WIRE'S LEAD FROM THE 110 V -D. C., LINE,

THROUGH THE FUSES TO THE TERMINALS OF THE SINGLE THROW, DOUBLE POLESWITCH.

A9 LONG AS THIS MASTER SWITCH IS OPEN, NO CURRENT WILL FLOW THROUGH THE

BATTERIES.

Now WHEN THE MASTER SWITCH IS CLOSED, CURRENT WILL FLOW FROM THE P.2
SITIVE 610E OF THE 110 V. LINE, THROUGH THE SWITCH, AMMETER AND TO THE Pa

SITIVE CONNECTION. NEXT, OBSERVE THAT THREE BATTERIES HAPPEN TO BE CONNEQ

TED IN SERIES. THAT IS, THE TERMINAL OF ONE IS CONNECTED TO THE (4-)

TERMINAL OF THE NEXT AND SO ON. ALSO NOTICE THAT THE (i4 TERMINAL OF BAT

TERY #1 IS CONNECTED TO THE POSITIVE CONNECTION OF THE LINE.

THE CHARGING CURRENT PASSES THROUGH THE BATTERIES

THE VOLTAGE OR PRESSURE OF THE LINE IS GREATER THAN THAT OF THE BAT
TERIES IN SERIES SO THAT THE CURRENT FROM THE LINE WILL BE FORCED INTO THE
POSITIVE TERMINAL OF BATTERY #1, THROUGH ALL THE CELLS OF BATTERY #1 AND
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IT LEAVES BATTERY +1 FROM THE (-) TERMINAL. SINCE THE NEGATIVE TERMINALOF
BATTERY #1 IS CONNECTED TO THE POSITIVE TERMINAL OF BATTERY #2 BY MEANS OF
A WIRE, THE CURRENT WILL CONTINUE ON ITS JOURNEY THROUGH THIS WIRE, AND
WILL THEN PASS THROUGH BATTERY #2, FROM THE POSITIVE TO NEGATIVE TERMINAL,
JUST AS IT DID THROUGH BATTERY #1.

FROM BATTERY #2, THE CURRENT FLOWS THROUGH BATTERY #3 AND BECAUSE
OF THE NEGATIVE TERMINAL OF BATTERY +3 BEING CONNECTED TO THE NEGATIVE
CONNECTION OF THE LINE, THE CURRENT WILL FLOW TO THIS LATTER POINT.

SO FAR WE HAVE GOTTEN OUR DIRECT CURRENT TO PASS THROUGH THREE BAT-
TERIES AT ONE TIME, IN THE PROPER DIRECTION SO THAT THE CHEMICAL ACTION
WITHIN THE BATTERIES WILL BE REVERSED AND THE BATTERIES CHARGED. HOWEVER,
WE STILL HAVE SOME IMPORTANT PROBLEMS TO CONFRONT BEFORE THIS CIRCUIT IS

COMPLETE, SO LET US CONTINUE TRAILING OUR CURRENT FROM THE NEGATIVE CON-
NECTION OF THE LINE THROUGH THE BALANCE OF THE SYSTEM.

D. C. LI ItIE

To power house

Ammeter

A

Rheostat '

Fuses

Blade

Resistance
Wire

Contact

BATTERIES +®

V

0.0

FIG. 5
Controlling the Charge With a Pheostat-.

THE SNAP SWITCH

FOUR SNAP
SWITCHES ARE CONNEC-
TED TO THE WIRE LEA2
ING FROM THIS NEGA-
TIVE CONNECTION AND
THEREFORETHECURRENT
WILL CONTINUE ON ITS
JOURNEY, FLOWINQTHRU
WHICHEVER OF THESE
SNAP SWITCHES HAPPENS
T3 BE CLOSED. LET US
FIRST ASSUME THAT OA
LY SWITCH #1 IS CLOS-
ED, WHILE THE OTHER
SNAP SWITCHES ARE
OPEN. BECAUSE OFTHIS
CONDITION,THE CURRENT
WILL ALL FLOW THROUGH
SNAP SWITCH #1 AND
THENCE IT WILLDIVIDE

ITSELF BETWEEN THE FIVE LAMPS, WHICH ARE OF EQUAL RESISTANCE, AND THEN IT
WILL FLOW THROUGH THE WIRE LEADING TO THE NEGATIVE SIDE OF THE MASTER SW1
TCH AND BACK TO THE NEGATIVE LINE OF THE 110 VOLT D.C. POWER LINE,

THIS, YOU WILL SEE, GIVES US A COMPLETE CIRCUIT THROUGH WHICH A

DIRECT CURRENT WILL FLOW AND ALL DURING THIS FLOWING OF THE CURRENT, THE
BATTERIES ARE GRADUALLY BEING CHARGED, DUE TO THE CURRENT BEING FORCED
THROUGH THEM IN THE PROPER DIRECTION.

THE PURPOSE OF THE LAMPS

SO FAR WE HAVEN'T CONSIDERED WHAT THE TWENTY LAMPS ARE FOR, SO NOW
LET US GET THIS POINT SETTLED. FIRST, IT IS NOT ONLY NECESSARY TO SEND A

DIRECT CURRENT THROUGH THE BATTERIES IN ORDER TO CHARGE THEM BUT THECHARa
ING CURRENT MUST BE CONTROLLED. GENERALLY SPEAKING, BATTERIES SHOULD BE
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CHARGED AT THE RATE OF ABOUT 1 AMPERE PER PLATE PEP CELL. THAT IS,AN II

PLATE BATTERY SHOULD QE CHARGED AT THE RATE OF ABOUT 5.5 AMPERES FOR BEST

RESULTS.

NOW, ANY LAMP OFFERS A DEFINITE RESISTANCE TO CURRENT FLOW AND BY

CONNECTING THE LAMPS AS IN GROUP #1, THE CURRENT CAN DIVIDE ITSELF AMONG

THE FIVE LAMPS. THEN IF EACH LAMP OFFERS SUFFICIENT RESISTANCE SO THAT

ONLY ABOUT I
AMPERE CAN FLOW THROUGH IT, THEN 5 LAMPS, AS CONNECTED IN

GROUP OFFER FIVE OF SUCH PATHS AND THEREBY MAKES THE FLOW OF CURRENT

FIVE TIMES AS EASY. THAT IS, ONLY 1/5 OF THE RESISTANCE IS ENCOUNTERED BY

THE FLOWING CURRENT TO THAT WHICH IS OFFERED BY ONLY ONE LAMP.THEREFORE,

INSTEAD OF I AMPERE FLOWING THROUGH THIS CIRCUIT,THERE WILL BE 5 AMPERES.

SINCE ALL THE CURRENT, WHICH FLOWS THROUGH THE BATTERIES MUST ALSO

PASS THROUGH LAMP GROUP #1, THIS LAMP GROUP CONTROLS THE CURRENT FLOW SO

THAT 110 VOLTS CAN ONLY FORCE ABOUT 5 AMPERES THROUGH THE SYSTEM.

AN ADJUSTMENT REQUIRED WHEN MORE BATTERIES ARE ADDED

NOW IF MORE BATTERIES SHOULD BE CONNECTED IN SERIES IN ORDER TO BE

CHARGED, THEY WOULD OFFER STILL MORE RESISTANCE FOR THE CURRENT FLOW, SO

THAT IF WE JUST LEFT LAMP GROUP #1 BURNING, OUR CHARGING RATE WOULD DROP,

SO WE CAN NOW ALSO CLOSE THE CIRCUIT THROUGH LAMP GROUP #2 BY TURNING ON

SWITCH #2. THIS WOULD AGAIN REDUCE THE RESISTANCE THROUGH THE LAMPS SO

THAT MORE CURRENT COULD FLOW THROUGH THE BATTERIES THAN WITH ONLY THE

LAMPS OF GROUP #1 BURNING.

So you SEE, BY WATCHING THE AMMETER, WE CAN REGULATE THE NUMBER OF

LIGHTS, WHICH ARE BURNING, AND IN THIS WAY CONTROL THE RATE AT WHICH OUR

BATTERIES ARE BEING CHARGED.

CONTROLLING THE RATE OF CHARGE WITH A RHEOSTAT

IN FIG. 5 STILL ANOTHER WAY OF CONTROLLING THE CURRENT FLOWTHROUGH

A BATTERY CHARGING CIRCUIT, WHICH IS USING DIRECT CURRENT AS SUPPLIED BY

A POWER COMPANY, IS ILLUSTRATED. IN THIS CASE INSTEAD OF CONTROLLING THE

CHARGING CURRENT WITH A GROUP OF LAMPS, WE USE A DEVICE KNOWN AS A RHEOS

TAT. THE RHEOSTAT CONSISTS OF A GROUP OF WIRE COILS, WHICH ARE CONNECTED

TO CONTACTS AT CERTAIN INTERVALS. A BLADE IS ROTATED BY HE OPERATOR BY

MEANS OF A HANDLE. THE TIP OF THIS BLADE MAKES CONTACT I1CTH ONE OF THE

EQUALLY SPACED CONTACTS AT A TIME, AS THE BLADE IS ROTATED.

THE FARTHER THAT THE BLADE i6 TURNED TO THE RIGHT, THE MORE RESIS-
TANCE WIRE WILL BE ADDED TO THE CIRCUIT SO THAT THE CURRENT FLOW WILL BE

RETARDED THAT MUCH MORE. HENCE BY WATCHING THE AMMETER, -HE RHEOSTAT CAN

BE SET SO THAT THE PROPER AMOUNT OF CURRENT WILL BE FLOWING THROUGH THE

CHARGING BATTERIES. THE CURRENT IN THIS CASE, WILL FLOW IN THE DIRECTION

OF THE ARROWS.

SOME POWER HOUSES SUPPLY ALTERNATING CURRENT

NOW SUPPOSE THAT THE POWER HOUSE IN YOUR VICINITY DOESN'T FURNISH

DIRECT CURRENT BUT SUPPLIES ALTERNATING CURRENT INSTEAD. THIS IS REALLY
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THE CASE IN MOST PLACES AT THE PRESENT TIME, SO WE MUST HAVE SOME MEANS OF
OBTAINING A DIRECT CURRENT FOR BATTERY CHARGING.

THE REASON WHY ALTERNATING CURRENT WILL NOT CHARGE A BATTERY

THE TROUBLE WITH ALTERNATING CURRENT IS THIS: IT FLOWS FIRST IN ONE

DIRECTION AND THEN SIMPLY TURNS AROUND AND REVERSES ITSELF SO THAT IT FLOWS
IN THE OPPOSITE DIRECTION. IF WE SHOULD TRY TO USE THIS KIND OF A CURRENT
FOR BATTERY CHARGING, WE WOULD FIND THAT DURING THE INSTANT THE CURRENT

WAS FLOWING IN ONE DIRECTION, IT WOULD PROVIDE A CHARGING CURRENT ALRIGHT,

BUT AS SOON AS IT TURNS AROUND AND FLOWS THE OPPOSITE WAY, IT WOULD DIS-

CHARGE THE BATTERY. CONSEQUENTLY, SINCE IT FLOWS BACK AND FORTH ABOUT 60

TIMES EVERY SECOND, WE COULD NOT USE IT FOR BATTERY CHARGING AS IT IS, BE

CAUSE WE NEED A CURRENT WHICH ON .Y FLOWS IN ONE DIRECTION ALL THE TIME.

THE RECTIFIER

FIG. 6
A Typical Turlgar ieectiFier:

WE MUST GET AROUND THIS CONDITION SOMEHOW, SO WE USE A UNIT, WHICH IS
KNOWN AS A RECITIFIER, AND SOMETIMES WE JUST CALL IT A BATTERY CHARGER.

THERE ARE VARIOUS TYPES OF RECTIFIERS, BUT THEY ALL SERVE THE SAME

PURPOSE WHICH IS TO MAKE USE OF THE SUPPLIED ALTERNATING CURRENT IN SUCH A
WAY THAT A DIRECT CURRENT CAN BE PRODUCED WITH WHICH TO CHARGE THE BATTER -
I ES.

THE TUNGAR RECTIFIER

IN FIG. 6 YOU WILL SEE A CHARGER WHICH IS CAPABLE OF CHARGING TEN BAI
TERIES AT ONE TIME AND IT IS KNOWN AS THE TUNGAR RECTIFIER.
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THE TWO LEADS, WHICH PROTRUDE FROM THE TOP OF THE CHARGER, ARE CON-
NECTED TO THE ALTERNATING CURRENT LINE AND THE TWO LEADS, WHICH PROTRUDE
FROM THE BOTTOM OF THE CHARGER, OFFER THE CONNECTION TO WHICH THE BATT-
ERIES ARE CONNECTED, IN FIG. 7 YOU WILL SEE WHAT THE INSIDE OF THIS SAME
CHARGER LOOKS LIKE,

THE TUNGAR RECTIFIER AT WORK

ALTHOUGH THIS RECTIFIER CHARGES TEN BATTERIES AT THE
ALSO BE CONNECTED SO THAT IT WILL CHARGE A FEWER NUMBER.
THIS CHARGER IS CONNECTED
WHEN CHARGING ONLY SIX

BATTERIES, NOTICE THAT ALL
OF THE BATTERIES ARE CONN
ECTED IN SERIES AND THE
POSITIVE TERMINAL OF ONE
OF THE END BATTERIES IS

CONNECTED TO THE POSITIVE
TERMINAL OF THE RECTIFIER,
WHEREAS THE NEGATIVE TERM
INAL OF THE OTHER END
BATTERY IS CONNECTED TO

THE NEGATIVE TERMINAL OF
THE RECTIFIER.

YOU MUST REMEMBER, HOW
EVER, NOT TO CONNECT MORE
BATTERIES TO A CHARGING
CIRCUIT, THAN THE CHARGER
IS CAPABLE OF HANDLING,
ALL RECTIFIERS ARE PRO -

VIDEO WITH A NAME PLATE,
WHICH STATES THE LOAD FOR
WHICH THE PARTICULAR REC-
TIFIER WAS DESIGNED.

OPERATING THE TUNGAR SET

WITH OUR BATTERIES CON
NECTED AS SHOWN IN FIG. SI THE FIRST THING THAT WE DO IS TO REMOVE THE
VENT PLUGS AND ALSO SEE THAT THE HANDLE OF THE RHEOSTAT IS TURNED TO THE
POSITION OFFERING THE MAXIMUM AMOUNT OF RESISTANCE SO THAT PRACTICALLY NO
CURRENT CAN FLOW. THE SWITCH OF THE RECTIFIER IS THEN TURNED ON AND AS
SOON AS THE BULB INSIDE OF THE RECTIFIER BECOMES ILLUMINATED, THEN THE
RHEOSTAT HANDLE SHOULD GRADUALLY BE TURNED UNTIL THE AMMETER NEEDLE COMES
UP TO 5 OR 6 AMPERES,

SAME T I ME, I T CAN

FIG. 8 SHOWS HOW

G. 7
Inside of the Same Tungar Rectifier.

SOME OF THESE BULB RECTIFIERS DO NOT HAVE A SEPARATE SNAP SWITCH AND
THE CIRCUIT IS AUTOMATICALLY OPEN CIRCUITED WHEN THE RHEOSTAT IS IN THE
"OFF POSITION.

ALTHOUGH AN ALTERNATING CURRENT IS FLOWING FROM THE POWER LINES THRU
THE RECTIFIER, VET A PULSATING DIRECT CURRENT IS FLOWING THROUGH THE BAI
TERIES, AS INDICATED BY THE ARROWS IN FIG. Se
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SUFFICIENT WATER IN BATTERIES WHILE CHARGE

DURING THE PROCESS OF CHARGING, IT IS NECESSARY TO SEE THAT THE CELLS

ARE ALL SUPPLIED WITH THE REQUIRED AMOUNT OF DISTILLED WATER 30 THAT THE

PLATES WILL BE COVERED. THE BATTERIES CAN NOW BE LEFT ALONE, WHILE THEY

ARE GRADUALLY BEING CHARGED, HOWEVER, THE SYSTEM SHOULD BE INSPECTED OCC-

ASIONALLY TO BE SURE THAT THE CURRENT FLOW IS CORRECT AND THAT THE BATTEB

IES ARE NOT IN NEED OF WATER.

THE LENGTH OF TIME REQUIRED FOR A CHARGE

NOW THE QUESTION PROBABLY ARISES IN YOUR MIND AS TO HOW LONG THE BAT -
TO BE CHARGED UNTIL THEY REACH A FULLY CHARGED CONDITION.

DEPENDS UPON THE TYPE OF CHARGER USED, AS WELL AS THE CO.

OF THE BATTERIES THEMSELVES. HOWEVER, THE CHARGER SHOWN IN FIGS. 6
AND 7 WILL CHARGE THE AVER-
AGE BATTERY IN ABOUT 24

HOURS. THERE ARE ALSO SOME

TUNGAR SETS WHICH WILL
CHARGE THE AVERAGE BATTERY
IN ABOUT 12 TO 16 HOURS BUT
IN THIS CASE, TWICE THE

CHARGING RATE OF THESMALLER
CHARGER IS USED.

11A C.

Q0 Reclaic,

r .t.

:30(ceritzs

F1 G 8
Tungar )2eckifier Charging 6 Batteries

WE DON'T FIGURE THE EXTENT OF CHARGE ACCORDING TO TIME

AS WE GO ALONG, YOU WILL

SEE THAT SOME CHARGERS WILL
EVEN COMPLETELY CHARGE THE
AVERAGE BATTERY IN A STILL
SHORTER TIME.

THESE FIGURES WILL GIVE YOU SOMEWHAT OF AN IDEA AS TO HOW LONG A TUN -
GAR RECTIFIER WILL TAKE TO CHARGE THE AVERAGE BATTERY BUT SINCE THE CON-

DITION OF ALL THE VARIOUS BATTERIES VARY MORE OR LESS, WE DO NOT JUDGE

THEIR CONDITION OF CHARGE ACCORDING TO TIME. INSTEAD OF SUCH A METHOD, WE

DETERMINE EACH INDIVIDUAL BATTERY'S CONDITION BY MEANS OF TESTS.

WHEN IS A BATTERY CHARGED?

LET US SUPPOSE, FOR EXAMPLE, THAT OUR BATTERY HAS BEEN CHARGING FOR

ABOUT 10 HOURS. WE WILL TAKE OUR HYDROMETER AND TEST THE ELECTROLYTE OF

EACH CELL AND THEN WE WILL MAKE A VOLTMETER TEST ON EACH CELL. IF THE

SPECIFIC GRAVITY HASN'T COME UP TO 1.280 OR 1.300 AND THE CELL VOLTAGES

HAVEN'T COME UP TO ABOUT 2.5 VOLTS WHILE THE CHARGER IS STILL OPERATING,
WE WILL PERMIT THE BATTERY TO CONTINUE TO CHARGE.

YOU WILL FIND THAT AS A GENERAL RULE, THE BATTERY'S CHARGE WILL IN-

CREASE FASTER DURING THE BEGINNING OF THE CHARGE THAN IT WILL NEAR THE END

OF THE CHARGE.

GASSING OF CELLS

YOU WILL ALSO FIND THAT AT THE END OF THE CHARGE, BUBBLES WILL RISE
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IN THE ELECTROLYTE, JUST AS IF THE CELL WERE BOILING. THIS IS DUE TO THE

FACT THAT THE SULPHATE HAS PRACTICALLY ALL BEEN DRIVEN OUT OF THE PLATES
AND COMBINED WITH THE WATER BUT SINCE NO ADDITIONAL SULPHATE WILL COMBINE
WITH THE WATER, THE ELECTRIC CURRENT OF THE CHARGER WILL DECOMPOSE THE WA
TER INTO THE TWO GASES, HYDROGEN AND OXYGEN. THESE GASES THEN RISE TO THE
SURFACE IN THE FORM OF BUBBLES AND WE CALL THIS ACTION GASSING.

YOU MUST BE VERY CAREFUL NOT TO GET ANY FLAME NEAR SUCH A GASSING
CELL, AS HYDROGEN WHEN IGNITED, WILL CAUSE A MINIATURE EXPLOSION, WHICH
MIGHT EVEN BLOW OFF THE TOP OF THE BATTERY.

SOMETIMES BUBBLES
AT ANY RATE,DON'T AL-
LOW GASSING TO CONTIA
UE BECAUSE IT IS JUST
A WASTE OF CURRENT, A
WASTE OF WATER,AND AT
THE SAME TIME, IT IS

INJURIOUS TO THE BAT-
TERY IN GENERAL.

THE FULLY CHARGED BAT-
TERY

SO YOU SEE,JUST
KEEP THE BATTERY CHAR
GING UNTIL ALL THE
CELL VOLTAGES COME UP
TO ABOUT 2.5 VOLTS
WHILE STILL ON THE
LINE AND THE SPECIFIC
GRAVITY TO ABOUT1.280
OR 1.300. WHEN THIS

CONDITION IS REACHED,
THE BATTERY IS FULLY CHARGED AND READY TO BE TAKEN FROM
AFTER IT IS REMOVED FROM THE LINE, YOU WILL FIND THE CELL
TO 2.2 VOLTS.

WILL ALSO BE CAUSED BY TOO HIGH A CHARGING RATE.

Tu i7 gar
Fl G.

se
9

Home Use

THE CHARGING LINE.
VOLTAGES TO DROP

BALANCING AN ELECTROLYTE, WHOSE GRAVITY IS TOO LOW

AT TIMES, YOU WILL FIND THAT THE CELL VOLTAGES WILL COME UP TO PAR

BUT THE SPECIFIC GRAVITY IS STILL LOW OR VICE VERSA. IF THIS IS THE CASE,

ALLOW THE BATTERY TO CONTINUE CHARGING UNTIL NEITHER THE CELL VOLTAGES NOR
THE SPECIFIC GRAVITY WILL RISE HIGHER. THEN IF YOU SHOULD FIND THAT THE

CELL VOLTAGES WILL COME UP TO THEIR REQUIRED POINT BUT THE SPECIFIC GRAV1
TY IS TOO LOW, WITHDRAW SOME OF THE ELECTROLYTE FROM THE LOW GRAVITY CELL
OR CELLS BY MEANS OF A SYRINGE. GENERALLY, IT IS ADVISABLE TO WITHDRAW E-

NOUGH OF THE ELECTROLYTE SO THAT THE LEVEL WILL DROP TO THE TOP OF THE sl
PERATORS. NOW YOUR NEXT STEP IS TO REPLACE THIS REMOVED ELECTROLYTE WITH

AN EQUAL AMOUNT OF SULPHURIC ACID, WHICH HAS A SPECIFIC GRAVITY OF 1.400

(THIS IS THE STRENGTH OF ACID THE BATTERY MAN BUYS.) HAVING REPLACED THE

AMOUNT OF ELECTROLYTE YOU HAVE WITHDRAWN, WITH AN EQUAL AMOUNT OF 1.400

SULPHURIC ACID, ALLOW THE BATTERY TO CONTINUE CHARGING FOR ANOTHER HOUR.

THIS HOUR'S CHARGE WILL PERMIT THE ADDED SULPHURIC ACID TO MIX THOS
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OUGHLY WITH THE REST OF THE ELECTROLYTE WHICH WAS ALREADY IN THE CELL0AF....
TER THIS HOUR OF CHARGING, TEST THE ELECTROLYTE AGAIN AND IF THE SPECIFIC
GRAVITY IS STILL TOO LOW, REPEAT THE ADDITION OF LAW ACID IN THE SAME
CAREFUL MANNER AS WAS JUST SHOWN YOU, THEN AFTER ANOTHER HOURIS CHARGE,
TEST THE ELECTROLYTE AGAIN AND YOU JUST CONTINUE BALANCING
IN THIS WAY UNTIL THE HYDROMETER READING COMES UP TO 1.280 OR 1.300
THE CELL VOLTAGES ARE 2.5 VOLTS (WHILE ON THE LINE).

BALANCING AN ELECTROLYTE, WHOSE SPECIFIC GRAVITY IS TOO HIGH

SHOULD YOU, HOWEVER, FIND THAT THE SPECIFIC GRAVITY OF THE ELECTRO-
LYTE IS TOO HIGH, AFTER THE CHARS
ING LIMIT HAS BEEN REACHED, THEN
DRAW OFF SUFFICIENT ELECTROLYTESO
THAT ITS LEVEL WILL BE JUST EVEN
WITH THE TOPS OF THE SEPARATORS.
REPLACE THIS WITHDRAWN ELECTRO-
LYTE WITH AN EQUAL VOLUME OF DIS-
TILLED WATER. CONTINUE CHARGING
FOR ANOTHER HOUR AND TEST THE ELL
CTROLYTE AGAIN AND IF YOU STILL
FIND THE READING TOO HIGH, DILUTE
IT ONCE MORE IN THE SAME CAREFUL
MANNER. BY BALANCING THE ELECTRO-
LYTE GRADUALLY IN THIS WAY, YOU
WILL OBTAIN MUCH MORE ACCURATE RL
SULTS, THAN BY JUST HAPHAZARDLY
GUESSING AT THE REQUIRED AMOUNTS
OF ACID OR WATER TO ADD.

FIG. 10

4 Typical Motor -Generator.
Seb f i Bakery Charging-

REMOVING THE CHARGED BATTERY FROM
THE LINE

AFTER THE BATTERY IS FULLY
CHARGED, SO THAT THE VOLTAGE IS

UP AND THE SPECIFIC GRAVITY OF THE ELECTROLYTE IS CORRECT, TURN BACK THE
RHEOSTAT SO THAT NO CURRENT FLOWS AND SNAP OFF THE SWITCH OF THE RECTIFIER.

Now REMOVE THE BATTERY FROM THE LINE AND SEE TO IT THAT THE WATER
LEVEL IP CORRECT IN EACH CELL. REPLACE THE VENT PLUGS, WASH OFF THE OUT-
SIDE OF THE BATTERY WITH A SOLUTION OF WATER AND SODA OR AMMONIA, AND THE
BATTERY IS NOW READY TO GO BACK INTO ACTIVE SERVICE.

THE TUNGAR SET FOR HOME USE

IN FIG. 9 YOU WILL SEE A SMALL TUNGAR BULB RECTIFIER, WHICH CAN BE

ADVANTAGEOUSLY USED AROUND A HOME TO CHARGE ONE BATTERY AT A TIME. IN THIS
WAY, A MOTORIST CAN RECHARGE HIS AUTOMOBILE BATTERY; THE RADIO FAN, HIS
RADIO BATTERY, ETC.

THE RED WIRE OF THIS CHARGER IS CONNECTED TO THE POSITIVE TERMINAL
OF THE BATTERY AND THE BLACK WIRE IS CONNECTED TO THE NEGATIVE TERMINAL OF
THE BATTERY, BY TURNING ON THE CHARGER, ALTERNATING CURRENT IS USED IN

THE PROPER MANNER SO THAT A DIRECT CURRENT WILL CHARGE THE BATTERY, THE
CHARGING CURRENT WILL FLOW IN THE DIRECTION AS INDICATED BY THE ARROWS.
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THE MOTOR GENERATOR SET

SO FAR, WE HAVE ONLY CONSIDERED THE SLOW METHOD OF CHARGING BATTER-

IES, BUT IN FIG. 10 YOU WILL SEE A MOTOR -GENERATOR CHARGING SET,WHICH WILL

CHARGE THE BATTERIES MUCH QUICKER THAN THE TUNGAR RECTIFIER.

THE MOTOR -GENERATOR SET OR M.G. SET, AS THE ELECTRICAL MAN CALLS IT,

CONSISTS OF AN ELECTRIC MOTOR, WHICH IS OPERATED BY MEANS OF ALTERNATING

CURRENT, SUCH AS SUPPLIED BY THE POWER COMPANY. THIS ELECTRIC MOTOR IS C01/

PLED DIRECTLY TO A DIRECT CURRENT GENERATOR SO THAT AS THE A.C. (ALTERNAT-

ING CURRENT) MOTOR IS CAUSED TO ROTATE BY A.C. CURRENT, IT WILL OPERATE THE

D.C. GENERATOR, WHICH IN TURN WILL SUPPLY THE BATTERIES WITH A DIRECT CURB

ENT.

IN OTHER WORDS,

ALL THE A.C. MOTOR
DOES IS TO OPERATE
THE D.C. GENERATOR
AND THE GENERATOR oka

TUALLY SUPPLIES THE
BATTERIES WITH THE

CHARGING CURRENT.

CHARGING BATTERIES
WITH M.G. SET

IN FIG.11 YOU
WILL SEE HOW SIX DIE
FERENT BATTERIES ARE
ALL CONNECTED TO THIS
M.G. SET AT ONE TIME.
NOTICE THAT ONE WIRE,,
WHICH COMES FROM THE
GENERATORIISPOSITIVE
(+), ANOTHER IS NEG-
ATIVE (-) AND THE

CENTER ONE I8 NEUTRAL
(N). 1 NSTEAD OF THESE

CONDUCTORS BEING
FLEXIBLE WIRE, YOU WILL
3/4" IN DIAMETER AND WE

GENERATOR?

A/Art.1E7E9i.

,022:arzy,

o

NI/

.-- 1/.1111.

MOTOR

1941

3

SWITCH

0 0 7
FUSES

AMMETER

1

F.:1 G. 11

The Charging Circuit of an M. G. Se L.

GENERALLY FIND THEM TO BE RIGID COPPER RODS ABOUT

CALL THEM BUSS BARS.

OBSERVE CAREFULLY THAT THE A.C.LINES HAVE NO ELECTRICAL CONNECTION

WHATEVER WITH THE BATTERY CHARGING CIRCUIT. THEY JUST SUPPLY THE MOTOR WITH

CURRENT AND THAT IS ALL.

TRACING THE CHARGING CURRENT

WHEN THE SET IS IN OPERATION, THE CHARGING CURRENT WILL FLOW FROM THE
('f) TERMINAL OF THE GENERATOR, THROUGH THE RIGHT HAND AMMETER AND THEN IT

DIVIDES ITSELF BETWEEN THE DIFFERENT BATTERIES, RETURNING TO THE GENERATOR

THROUGH THE NEGATIVE (-) TERMINAL. THE NEUTRAL (N) BUSS BAR CAN EITHER BE

POSITIVE OR NEGATIVE, DEPENDING UPON THE EXISTING CONDITIONS.
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BATTERIES ARE CHARGED ACCORDING TO THEIR OWN RESISTANCE

SINCE YOU ALREADY KNOW THAT THE LESS RESISTANCE WHICH A CIRCUIT OF-
FERS, THE MORE CURRENT WILL FLOW THROUGH IT, IT IS OBVIOUS THAT THE CURR-
ENT WILL DIVIDE BETWEEN THE DIFFERENT BATTERIES IN PROPORTION TO THE RE-

SISTANCE WHICH EACH OFFERS.

THE VOLTAGE OF THE M.G. SET IS KEPT CONSTANT

THE VOLTAGE OF THIS CHARGING OUTFIT IS KEPT CONSTANT, BEING 15 VOLTS
ACROSS THE OUTER () AND (-) BUSS BARS AND 72 VOLTS BETWEEN EITHER OF
THESE BUSS BARS AND THE NEUTRAL (N) BUSS BAR. SO IF THE RESISTANCE OF THE
DIFFERENT BATTERIES VARY DUE TO SIZE, CONDITION, ETC., IT IS EVIDENT THAT
MOST OF THE CURRENT WILL FLOW THROUGH THE BATTERIES, WHICH HAVE THE LOWEST
RESISTANCE. THEREFORE, IT IS LIKEWISE TRUE THAT A DISCHARGED BATTERY WILL
TAKE A HIGHER CHARGING RATE THAN A FULLY CHARGED BATTERY BECAUSE A DIS-
CHARGED BATTERY OFFERS LESS RESISTANCE OR OPPOSING VOLTAGE TO THE CHARGING
CURRENT.

EACH BATTERY CONTROLS ITS OWN CHARGING RATE

SINCE THE CHARGING RATE OF EACH BATTERY IS REDUCED AS THE STATE OF
CHARGE OF THE BATTERY IS INCREASED, YOU CAN SEE THAT THE BATTERY ITSELF
WILL CONTROL ITS OWN CHARGING RATE, PROVIDED THAT THE VOLTAGE OF THE CHARS
ING CIRCUIT IS KEPT OONSTANT,

BECAUSE HIGH RATE OF CHARGE, WHICH IS FORCED
THROUGH THE CHARGING BATTERY, IT IS POSSIBLE TO CHARGE AN AVERAGE BATTERY
IN ABOUT 8 HOURS. THIS METHOD OF CHARGING IS OFTEN SPOKEN OF AS THE8 HOUR
CHARGE, CONSTANT -POTENTIAL CHARGING, AND PARALLEL CHARGING.

ALTHOUGH THERE ARE STILL OTHER TYPES OF CHARGERS, YET THOSEDISCUSSED
IN THIS LESSON ARE THE ONES WHICH ARE MOST COMMONLY USED.

ADDITIONAL INFORMATION

So FAR, WE HAVE DISCUSSED ONLY CASES WHERE THE BATTERY WAS IN A NOR-
MAL CONDITION AND DISCHARGED. CONSEQUENTLY EVERYTHING WENT ALONG SMOOTHLY,
BUT THIS CONDITION IS MORE OR LESS IDEALISTIC.

IN ACTUAL PRACTICE,THE BATTERY BUSINESS OFFERS A NUMBER OF PROBLEMS,
WHICH MUST BE DEALT WITH INTELLIGENTLY. SO IN THE NEXT LESSON, WE WILL GO
INTO THE SERVICING OF THE MANY OF THE SERIOUS BATTERY TROUBLES,AS WELL AS
TO SHOW YOU MANY HELPFUL TRICKS IN DEALING WITH BATTERIES, WHICH DO NOT
RESPOND TO THE ACTIONS OF THE CHARGER AS EAGERLY AS THEY DO UNDER NORMAL
CONDITIONS.

AFTER YOU HAVE ANSWERED THE EXAMINATION QUESTIONS, WHICH HAVE BEEN
PREPARED FOR YOU IN THIS LESSON, WE WILL CONTINUE IN THE NEXT LESSON, BY
SOLVING MANY OF THE BATTERY TROUBLES, WHICH ARE BROUGHT TO THE EXPERT TO
BE CORRECTED.
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THE EDISON STORAGE BATTERY

Up TO THIS TIME, THE ONLY STORAGE BATTERY WITH WHICH WE DEALT, WAS
THE LEAD -ACID TYPE. HOWEVER, IN ADDITION TO THIS UNIT, ANOTHER FORM OF

STORAGE BATTERY IS BEING MANUFACTURED AND IS KNOWN AS THE EDISON STORAGE

BATTERY. A CUT -AWAY ILLUSTRATION OF ONE EDISON STORAGE CELL IS SHOWN YOU
IN FIG. 12.

THE POSITIVE PLATES IN THIS CELL CONSIST OF CYLINDRICAL TUBES OF

NICKLEPLATED, PERFORATED, SPIRALLY SEAMED THIN STEEL RIBBON, FILLED WITH

ALTERNATE LAYERS OF A SPECIALLY PREPARED NICKEL HYDRATE AND FLAKES OF PURE
METALLIC NICKLE; THE FORMER BE-
ING THE INITIAL STATE OF THE

POSITIVE ACTIVE MATERIAL, WHILE
THE LATTER IS THE CONDUCTIVE ME
DIUM.

THE NEGATIVE PLATES CON-
SIST OF RECTANGULAR POCKETS OF
NICKLE PLATED,PERFORATED STEEL
RIBBON FILLED WITH A SOLID MASS
OF SPECIALLY PREPARED ELECTRO-
CHEMICALLY ACTIVE IRON OXIDE
AND A SMALL AMOUNT OF MERCURY
OXICE EVENLY DISTRIEUTED; THE
FORMER BEING THE INITIAL STATE
OF THE ACTIVE MATERIAL WHILETHE
LATTER SERVES AS THE CONDUCTING
MEDIUM.

THE ELECTROLYTE IS AN

ALKALINE SOLUTION CONSISTING OF
SPECIALLY PREPARED POTASSUIM.

AND LITHIUM HYDROXIDE IN DIS-
TILLED WATER.

FIG.12
The Edison Si orl,gge Cell.

THE AVERAGE VOLTAGE PRO-
DUCED BY THE EDISON STORAGE CELL IS 1.2 VOLTS AND TO INCREASE,THE VOLTAGE,
CELLS CAN BE CONNECTED IN SERIES.

THE CHIEF ADVANTAGES OF THE EDISON STORAGE OVER THE LEAD -ACID CELL
ARE ITS LIGHT WEIGHT,ENDURANCE, RELIABILITY AND RUGGEDNESS.HOWEVER, ITS

INITIAL COST IS GREATER THAN THAT OF THE LEAD -ACID TYPE STORAGE BATTERY.

THE EDISON BATTERY, WHEN DISCHARGED, CAN OF COURSE BE RECHARGED IN
THE SAME MANNER AS ALREADY DESCRIBED RELATIVE TO THE LEAD -ACID TYPE STOR-

AGE BATTERIES. DISTILLED WATER SHOULD BE USED TO REPLACE EVAPORATION.
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(Examination duestion$
LESSON NO. 33

Every =lent spent in study is an investment
in the future --- and one good investment
can accomplish more than a lifetime of Toil..

I. WHY IS IT SO IMPORTANT TO KEEP THE OUTSIDE OF THE BATTERY
CLEAN?

2. - How WOULD YOU TAKE CARE OF A CORRODED BATTERY TERMINAL?

3. - How CAN YOU TELL WHEN A CELL REQUIRES WATER? WHAT KIND
OF WATER WOULD YOU USE AND HOW WOULD YOU ADD IT TO THE
CELL?

4. - WHAT TESTS WOULD YOU MAKE TO DETERMINE THE STATE OF CHARGE
OF EACH OF THE CELLS OF A LEAD -ACID STORAGE BATTERY?

5. - BRIEFLY DESCRIES ONE WAY HOW YOU CAN CHARGE BATTERIES WITH
D.C. WHEN IT IS SUPPLIED BY THE POWER LINES.

6. - WHY ARE RECTIFIERS USED FOR BATTERY CHARGING?

7. - How CAN YOU TELL WHEN A STORAGE BATTERY HAS FINISHED ITS
CHARGE ON THE. LINE?

8. - WHEN DOES IT BECOME NECESSARY TO BALANCE THE ELECTROLYTE?
How WOULD YOU DO THIS JOB?

9. - BRIEFLY DESCRIEE HOW BATTERIES ARE CHARGED WITH THE M. G.
SET WHICH WAS DESCRIEED IN THIS LESSON.

10.- How DOES THE M.G. CHARGING METHOD DIFFER FROM THAT OF THE
TUNGAR RECTIFIER?

PRINTED IN U.S.A.
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6 DETEI2MININ6 AND CORI2ECTI/V6 BATTEQV TCOUBLES

ALL THROUGH OUR BATTERY WORK SO FAR, WE HAVE BEEN DEALING WITH BA/
TERIES WHICH WERE MORE OR LESS IN A NORMAL CONDITION BUT IN THIS LESSON WE
ARE GOING TO DEAL WITH BATTERIES WHICH AREN'T SO GOOD AND WE ARE GOING TO
TAKE THESE DISEASED BATTERIES AND CURE THEM SO THAT THEY CAN AGAIN BECOME
USEFUL ELECTRICAL CITIZENS.

IF YOU HAVE HAD ANY CONTACT AT ALL WITH STORAGE BATTERIES OR EVEN
WITH OTHER PEOPLE, WHO MAKE USE OF STORAGE BATTERIES IN ONE WAY ORANOTHER,
YOU HAVE OFTEN HEARD ABOUT ONE PERSON OBTAINING CONSIDERABLY MORE"TROUBLL
FREE" BATTERY SERVICE THAN ANOTHER PERSON. IN FACT, THE SAME PERSONS MAY
HAVE IDENTICAL BATTERIES TO START WITH AND YET ONE PARTY qS CONSTANTLY
HAVING HIS BATTERY REPAIRED, WHEREAS THE OTHER PARTY' IS ALWAYS HAPPY, DUE
TO THE MARVELOUS EFFICIENCY OF HIS BATTERY. WHY IS THIS SO? WELL,YOU ARE
GOING TO BE SHOWN THE REASON FOR THIS RIGHT HERE.

Fig.1
Lead -Acid Storage Battery.

BATTERIES DEMAND ATTENTION

BATTERIES ARE LIKE PEOPLE,THEY WILL
STAND JUST SO MUCH STRAIN AND ABUSE BUT

NO MORE. SHOULD YOU TRY AND GO ABOUT YOUR
DAILY TASKS WITHOUT TREATING YOURSELF TOA
DRINK OR FOOD OCCASIONALLY, YOU WOULDGRA2
WALLY BECOME WEAKER AND WEAKER AND IF YOU
SHOULD CONTINUE THIS FAST LONG ENOUGH YOU
WOULD FINALLY DIE. EVEN THOUGH BATTERIES
ARE BY NO MEANS ALIVE, AS WE ORDINARILY
CONSIDER LIFE, YET THEY ARE DECIDEDLY ACT
IVE AND DEMAND PROPER ATTENTION, JUST AS

WELL AS WE HUMANS DO. TIME AFTER TIME,YOU
WILL BE ABLE TO TRACE BACK THE HISTORY OF
A "LIFELESS BATTERY AND FIND ITS CONDI-
TION DUE TO A NEGLECT BY ITS OWNER.

Now YOU ARE PROBABLY INTERESTED IN

KNOWING JUST WHAT SERIOUS BATTERY TROUBLES
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WILL DEVELOPE FROM THE VARIOUS TYPES OF NEGLECT, SO HERE WE GO.

BATTERY CLEANLINESS

FIRST, SHOULD YOU PERMIT DIRT TO ACCUMULATE ON TOP OF THE BATTERY, A
SUITABLE ELECTRICAL PATH IS LIKELY TO FORM, WHICH WILL PERMIT THE BATTERY
TO GRADUALLY DISCHARGE ITSELF, AS YOU WERE ALREADY TOLD IN THE LAST LESS-
ON.

TO

AS

THE FORMATION OF LEAD SULPHATE COATING

IF THE ELECTROLYTE LEVEL IS NEGLECTED, THEN THE WATER WILL CONTINUE
EVAPORATE AND IN DOING SO,THE
DROPPING TO AN ABNORMALLY LOW LEVEL.

ELECTROLYTE WILL BECOME STRONGER,AS WELL
By

Badly
FIG. Z

51,/phal-ed 6, Disini-egrateci Plates,

MIND THAT THE PLATES ARE BOUND TO BECOME

PERMITTING PLATES TO BE PAR-
TIALLY EXPOSED TO THE EFF-
ECTS OF THE AIR IN THIS WAY,
THE EXPOSED PORTION OF THEM
WILL HARDEN AND A COATING OF
THICK LEAD SULPHATE(A WHITE
CHALKY LOOKING SUBSTANCE)
WILL FROM ON THEM.YOU WILL
SEE SUCH A GROUP OF BADLY
SULPHATED NEGATIVE PLATES IN
FIG. 2.

AN ACID OF EXTREMELY
HIGH SPECIFIC GRAVITY WILL
ALSO CAUSE THE PLATES TO

BECOME SULPHATED. SO BY Hilla
ING THE COMBINED EFFECTS OF
A STRONG ACID,CAUSED BY WAI
ER EVAPORATION,AS WELL AS A
LOW ELECTROLYTE LEVEL,THERE
SHOULD BE NO DOUBT IN YOUR

SULPHATED.

ANOTHER COMMON CAUSE FOR SULPHATED PLATES, IS THAT THE BATTERY HAS
BEEN LEFT IN A DISCHARGED CONDITION FOR TOO LONG A TIME, OR ELSE OVER -

DISCHARGED. BY OVER -DISCHARGING, WE MEAN THAT THE BATTERY WAS FORCED TO
REMAIN IN SERVICE, AFTER ITS SPECIFIC GRAVITY HAS DROPPED TO A POINT BE..-

LOW 1.150 AND ITS CELL VOLTAGES BELOW 1.6 VOLTS.

THE NORMAL LEAD SULPHATE FORMATION

KNOWING THAT SULPHATION IS EXTREMELY DETRIMENTAL TO BATTERY EFFICIEN
CY, LET US NOW SEE JUST EXACTLY WHY IT ACTS IN THIS PECULIAR WAY. You
HAVE ALREADY LEARNED THAT AS A BATTERY DISCHARGES, THE CHEMICAL CHANGES
ARE SUCH THAT THE SULPHATE GOES OUT OF THE ELECTROLYTE AND GOES INTO THE
ACTIVE MATERIAL OF THE PLATES, THEREBY CAUSING A DEPOSIT OF LEADSULPHATE
TO FORM ON THE SURFACE OF THE PLATES.

DURING THE NORMAL DISCHARGE OF THE BATTERY, THIS LEAD SULPHATE IS

SOFT AND POROUS AND FOR THIS REASON, THE ELECTROLYTE STILL HAS ACCESS TO
THE ACTIVE MATERIAL OF THE PLATES. WITH THE LEAD SULPHATE IN THIS SOFT
FORM, IT CAN READILY BE DRIVEN FROM THE PLATES DURING THE TIME THE BATT-
ERY IS BEING CHARGED. A CONDITION, SUCH AS THIS, IS NORMAL, AS FAR AS THE
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OPERATION OF THE BATTERY IS CONCERNED.

THE EFFECTS OF HARDENED LEAD SULPHATE

Now IF WE SHOULD PERMIT THIS SULPHATE TO FORM IN TOO GREAT AN ABUND-

ANCE ON THE PLATES AND BECOME HARD, IT WOULD NATURALLY LOSE ITS POROSITY

AND THEREBY FORM A COMPARATIVELY SOLID COATING OVER THE SURFACE OF THE

PLATES. LEAD SULPHATE, ITSELF, IS A POOR ELECTRICAL CONDUCTOR, SO IT NOT
ONLY PREVENTS THE ELECTROLYTE FROM COMING INTO CONTACT WITH THE ACTIVE MA

TERIAL OF THE PLATES BUT IT ALSO OFFERS A HIGH ELECTRICAL RESISTANCE.

SHOULD A LARGE CURRENT BE FORCED TO FLOW THROUGH SULPHATED PLATES,
THE RESISTANCE OFFERED BY THE
BE GENERATED AND THIS HEAT
HOT ACID IS EXTREMELY ACT-
IVEAND WILL IN A SHORT TIME
DESTROY THE GOOD QUALITIES
OF THE LEAD -ACID CELL.

YOUR INTEREST IS NO

DOUBT NOW AROUSED AS TO HOW
WE CAN REMOVE LEAD SULPHATE
DEPOSITS FROM SUCH AN AFF-
LICTED BATTERY, SO WHEN YOU
COME TO THE LATTER PART OF
THIS LESSON, YOU WILL BE

TOLD WHAT TO DO WHEN YOU

ARE CONFRONTED WITH SUCH A
PROBLEM.

LEAD SULPHATE COATING WOULD CAUSE HEAT TO

WOULD IN TURN CAUSE THE ACID TO BECOME HOT AND

BUCKLED PLATES

FIG,

Buckled Pia tcs.

ANOTHER SERIOUS PLATE TROUBLE IS BUCKLING, YOU WILL SEE A SET OF

BUCKLED PLATES IN FIG. 3 AND YOU WILL FIND SEVERAL DIFFERENT ACTIONS CAP

ABLE OF CAUSING SUCH A CONDITION.

FIRST, IF A CELL IS PERMITTED TO OVER -DISCHARGE, LARGE. ACCUMULATIONS
OF LEAD SULPHATE WILL FORM ON THE PLATES. THESE SULPHATE DEPOSITS WILLNA

TURALLY NOT REMAIN UNIFORM AND CONSEQUENTLY THE PORTIONS OF THE PLATES,

WHICH ARE STILL ACCESSABLE TO THE ACTION OF THE ELECTROLYTE, WILL BE

CARRYING THE BURDEN OF CONDUCTING THE CURRENT.

DUE TO THIS REDUCTION IN PLATE AREA, THE SMALL SPACES, WHICH ARE

STILL ACTIVE, WILL BECOME OVER -HEATED AND AN UNEQUAL DISTRIBUTION OF HEAT

WILL NATURALLY CAUSE THE PLATES TO WARP OR BUCKLE.

IT IS LIKEWISE TRUE THAT UNEVEN DISTRIBUTION OF LEAD SULPHATE DE-

POSITS CAN CAUSE THE PLATES TO LOSE THEIR NORMAL SHAPE.

YOU WILL ALSO FIND BUCKLING TO BE CAUSED BY EXCESSIVELY HIGH RATES OF
CHARGE AND DISCHARGE, WHICH WILL OF COURSE PRODUCE AN ABNORMAL AMOUNT OF

HEAT, WHICH MAY RESULT IN A DEFORMATION OF THE PLATES. IN FACT,SHORT CIE

CUITING A CELL OR BATTERY IS ONE OF THE EVILS, WHICH ARE CAPABLE OF BRIM

GING ABOUT BUCKLED PLATES.

SOMETIMES YOU WILL COME ACROSS A CELL WITH A SET OF BUCKLED PLATES,
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WHICH WERE CAUSED BY AN ACCIDENTAL SHORT CIRCUIT WITHIN THE CELL ITSELF.
SUCH A SHORT CAN READILY BE PRODUCED IF ANY PORTION OF A SEPARATOR
SHOULD FALL DOWN ON THE JOB SO THAT A CONTACT IS ESTABLISHED BETWEEN A
POSITIVE AND NEGATIVE PLATE. IT ONLY TAKES ONE SUCH CONTACT TO SHORT OUT
AN ENTIRE CELL BECAUSE ALL POSITIVE AND ALL NEGATIVE PLATES ARE MECHAN-
ICALLY CONNECTED TO ONE ANOTHER.

EFFECT OF BUCKLED PLATES

WHEN PLATES BECOME BUCKLED, OUR CORRECTIVE MEASURES ARE GOVERNED BY
THE EXTENT OF THEIR BUCKLING. THAT IS, IF THE AMOUNT OF BUCKLING IS ONLY
SLIGHT, THEN THE CELL AND BATTERY MAY CONTINUE THEIR USEFUL WORK FOR A

PRACTICALLY UNLIMITED LENGTH OF TIME. SHOULD WE ON THE OTHER HAND,PERMIT
BADLY BUCKLED PLATES TO REMAIN IN A CELL, THEY WILL IN DUE TIME EXERT qu
EQUAL PRESSURES AGAINST THE

FIG. 4
Straightening &a/ad

gates.

SEPARATORS AND THEREBY CAUSE THE SEPARATORS
TO BECOME WORN THROUGH, SO THAT ANELECTRICAL
CONNECTION WILL BE ESTABLISHED BETWEEN THE
POSITIVE AND NEGATIVE PLATE GROUPS. THIS
WOULD, OF COURSE, MEAN THE PRESENCE OF A

SHORT CIRCUIT.

STRAIGHTENING BUCKLED PLATES

SHOULD THE EXTENT OF BUCKLING NOT BE
TOO GREAT, THEN THE PLATE GROUP WITH THE
BUCKLED PLATES CAN BE PLACED IN A VICE, AS
SHOWN IN FIG. 4. NOTICE THAT THE SPACES BE-
TWEEN THE PLATES ARE FILLED BY MEANS OF
BOARDS, WHICH ARE CALLED TRANSIT BOARDS.
THERE IS ALSO SUCH A BOARD RESTING AGAINST
THE OUTER SURFACE OF EACH OF THE OUTER PLATES.

THE BRITTLE STRUCTURE OF THE ACTIVE MATERIAL ON THE POSITIVE PLATES DOES
NOT GENERALLY PERMIT STRAIGHTENING BUT THE NEGATIVE PLATES, WHEN IN A
CHARGED CONDITION CAN BE STRAIGHTENED QUITE READILY.

WHEN PRESSURE IS APPLIED BY THE VICE, THE COMPARATIVELY PLIABLE NE2
ATIVE PLATES WILL YIELD TO THIS PRESSURE AND A GOOD JOB OF STRAIGHTENING
CAN BE ACCOMPLISHED.

IN CASES WHERE EXTREME BUCKLING IS FOUND, IT WILL BE NECESSARY TO
REPLACE THE BUCKLED PLATES WITH NEW ONES.

SHEDDING OF THE PLATES

IN FIG. 5, YOU WILL SEE STILL ANOTHER DEFECTIVE PLATE CONDITION,
WHICH WE CALL SHEDDING. THIS DISEASED CONDITION MAKES ITSELF KNOWN BY
THE FACT THAT THE PASTE OR ACTIVE MATERIAL CRUMBLES OFF THE GRIDS OR
SUPPORTING MEMBERS. THIS ACTION IS FREQUENTLY FOUND IN OLD BATTERIES AND
MAY GENERALLY BE BLAMED ON OLD AGE. HOWEVER, RELATIVELY YOUNG BATTERIES
CAN "CATCH THIS SICKNESS AND IN THIS CASE IT MAY BE CAUSED BY EXCESSIVE
ACCUMULATION OF LEAD SULPHATE, OVER -DISCHARGING, AND OVERCHARGING.

By OVERCHARGING, WE MEAN THAT IN SPITE OF THE BATTERY ALREADY BE-
ING FULLY CHARGED, WE JUST STUBBORNLY TRY TO "RAM" AN EXCESSIVE AMOUNT OF
CHARGE INTO IT. REMEMBER, YOU CAN'T "OVER -STUFF" A BATTERY, AND GET AWAY
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WITH IT, ANYMORE THAN YOU CAN CONTINUALLY OVER -EAT ANO
GOOD HEALTH.

THE NORMAL AMOUNT OF SHEDDING

IN REGARDS TO SHEDDING OF THE
PLATES, YOU MUST,OF COURSE, BEAR IN
MIND THAT A SLIGHT AMOUNT OF SHEDD-
ING IS PERFECTLY NATURAL BUT WHAT
WE WANT TO AVOID IS THE EXCESSIVE A
MOUNT OF SHEDDING. YOU SEE, ONE OF

THE REASONS WHY WE ALWAYS PLACE THE
SEPARATORS IN SUCH A POSITION SO

THAT THE GROOVES ARE NEXT TO THE
POSITIVE PLATES AND IN A VERTICAL OR
UP AND DOWN PLANE, IS SO THAT THESE
GROOVES WILL PERMIT THE SHEDDED MA-
TERIAL FROM THE POSITIVE PLATES TO

WORK ITS WAY DOWNWARDS INTO THE SEQ
IMENT BASINS AT THE BOTTOM OF THE
JAR OF THE CELL. IT IS THE POSITIVE
PLATES, WHICH ARE MOSTLY SUBJECT TO
SHEDDING, RATHER THAN THE NEGATIVE
PLATES

THE EFFECTS OF SHEDDING

As THE PROCESS OF SHEDDING COQ
TINUES, MORE AND MORE OF THE ACTIVE
MATERIAL WILL BE LOST FROM THE PLA-
TES, SO THAT THE CAPACITY OF THE

CELLS WILL BE CORRESPONDINGLY REDUCED, AND EVENTUALLY, SUFFICIENT ACTIVE

MATERIAL WILL BE LOST FROM THE PLATES, Sr THAT THE ON'_Y REMEDY LEFT IS

TO REPLACE THESE SHEDDED PLATES WITH NEW ONES.

EXPECT TC STAY IN

FIG. Cr,
Group POMO ved Porn a Frozen Cell.

(Vote active material on separators)

F lei. 5
Shedding Plates.

FROZEN BATTERIES

ONE OF THE MOST IN-EXCX
SABLE BATTERY TF,OUBLES IS A

FROZEN BATTERY AND THIF CONDI
TION IS A DIRECT RESULT OF

UTTER NEGLECT ON THE PART OF

THE OWNER. TO PROVE THIS TO

YOU, WE AR7 GIVING YOU SOME

FACTS WHICH SHOW THE RELATION
BETWEEN FREEZING POINTS OF E.
ECTROLYTES AND THEIR SPECIFIC
GRAVITY. HERE THEY ARE:

A BATTERY, WHICHIS DIS-
CHARGED SUFFICIENTLY SO THAT

ITS SPECIFIC GRAVITY IS 1.150,
WILL FREEZE AT A TEMPERATURE
OF ABOUT 5°F. ABOVE ZERO*HOW-
EVER, A BATTERY,WHOSE ELEC-

TROLYTE HAS A SPECIFIC GRAVITY



PAGE 6 LESSON No.34

OF 1.280, WILL FREEZE AT THE VERY LOW TEMPERATURE OF ABOUT 92°F. BELOW
ZERO. SOME DIFFERENCE, ISN'T THERE? THIS SHOWS THAT THERE ISN'T MUCH
CHANCE OF A CHARGED BATTERY BECOMING FROZEN BUT IT DOESN'T HAVE TO BE SO
VERY COLT) IN ORDER TO FREEZE A PARTIALLY OR COMPLETELY DISCHARGED BATTERY.

BATTERY.

WHEN THE ELECTROLYTE FREEZES IN A LOW BATTERY, IT WILL NATURALLY EA
PAND JUST LIKE WATER DOES
WHEN IT TURNS TO ICE. SINCE
THE PLATES ARE FILLED WITH
A CERTAIN AMOUNT OF ELECTRa
LYTE, THIS EXPANSION OF THE
FREEZING ELECTROLYTE WILL
TEND TO FORCE THE ACTIVE MA
TERIAL OUT OF THE GRIDS.M1I2
PLACED ACTIVE MATERIAL CAN,
OF COURSE, ONLY BE REPLACED
IN THE CELL BY EQUIPPING THE
CELL WITH A NEW SET OF PLA-
TES OR ELSE BUYING A NEW

YOU WILL SEE THE EFFECTS OF A FROZEN CELL IN FIG. 6.

r 1G. 7
Worn Wooded Separa tors.

THE BREAKING DOWN OF SEPARATORS

ABOUT THE FIRST PARTS TO BREAK DOWN IN AN AVERAGE BATTERY ARE THE
SEPARATORS, PROVIDED THAT THEY ARE WOODEN ONES. WOODEN SEPARATORS, ARE
SUBJECT TO ROTTING. THIS IS BROUGHT ABOUT BY THEIR CONTINUAL CONTACT
WITH THE ACTIVE ACID, ESPECIALLY IF ANY FAULTY CONDITIONS EXIST WHICH
WI'_L CAUSE THE ACID TO BECOME WARMER THAN NORMAL.

SEPARATORS ARE ALSO FREQUENTLY WORN THROUGH, IF THE ELEMENTS ARE
LOOSELY FITTED INTO THE JARS. THAT IS, IF THE ELEMENTS HAVE A CHANCE TO
BE JARRED AROUND, THE RESULTING FRI,
TION BETWEEN PLATES WILL IN A SHORT
TIME RUB A HOLE THROUGH A SEPARATOR
AND THEREBY CAUSE THE CELL TO BE
SHORT CIRCUITED. BUCKLED PLATES, YOU
WILL REMEMBER, WILL ALSO CAUSE WORN
SPOTS IN SEPARATORS. IN FIG. 7 AND
8 SOME BADLY WORN WOODEN SEPARATORS
ARE SHOWN.

N TREEING"

ANOTHER PECULIAR CHARACTERIST-
IC OF WOODEN SEPARATORS IS KNOWN AS
IITREEING". THIS NAME IS GIVEN TO A

GROWTH OF FOREIGN MATERIALS,WHICH SOMETIMES TEND TO BUILD UP ON THE SEP-.
ARATOR3 AND WILL IN TIME RESULT IN A SHORT CIRCUIT.

F I G. 8
Rotted Separa tors,

WHENEVER WOODEN SEPARATORS SHOW THE SLIGHTEST DEFECTS, AFTER A CELL
HAS BEEN DISMANTLED, YOU SHOULD NEVER HESITATE ABOUT REPLACING THEM WITH
NEW ONES. DUE TO THE LOW COST OF WOODEN SEPARATORS, ONE IS NEVER JUST-
IFIED IN REBUILDING A CELL AND DEPENDING UPON OLD SEPARATORS TO STAND UP
UNDER THE RESPONSIBILITY, WHICH IS PLACED UPON THEM.
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VARIOUS PATENTED SEPARATORS, SUCH AS RUBBER, ETC., ARE NOT AS SUS-

CEPTIBLE TO SUCH A RAPID BREAK -DOWN, AS IS THE CASE WITH WOODEN SEPARAT-
ORS.

THE MOST COMMON TROUBLE FOUND IN WOODEN CASES

Now A WORD ABOUT THE TROUBLES FOUND IN BATTERY CASES. WOODEN CASES

ARE SUBJECT TO ROTTING, WHICH IS DUE TO THE ACTION OF SPILT ACID UPON THE
WOOD. THIS CONDITION CAN BE PREVENTED IF THE OUTSIDE OF THE CASE ISWASHED
WITH A SODA OR AMMONIA SOLUTION ABOUT 3
A COAT OF ACID RESISTING BATTERY PAINT.
LATE AND THE CASE IS ROTTED TO SUCH
AN EXTENT THAT IT IS ALREADY FALL-
ING APART, THEN THE ONLY LOGICAL
REMEDY IS TO REPLACE IT WITH A NEW
ONE.

THE MOST COMMON TROUBLE FOUND IN

COMPOSITION CASES

RUBBER BATTERY CASES ARE SUS
JECT TO SPREADING AT THE ENDS,
WHICH IS CAUSED WHEN A BATTERY IS

HELD IN PLACE TOO RIGIDLY BY MEANS
OF OVER -TIGHT HOLD DOWN CLAMPS. IN

FIG. 9 YOU WILL SEE A BATTERY WHICH
IS HELD IN POSITION WITH HOLD-DOWN
CLAMPS OR BOLTS.

SOMETIMES SUCH A SPREAD CASE
CAN BE PRESSED BACK INTO ITS NOR-
MAL SHAPE AGAIN BY MEANS OF THE
APPLICATION OF HEAT, AFTER WHICHIT
IS ALLOWED TO COOL IN ITS RE..SETP2
SIT ION.

TIMES A YEAR AND THEN FOLLOWED BY
HOWEVER, WHEN IT IS ALREADY TOO

FIG. 9
Battery Held in Place With 80/15.

IF THE CONDITION OF THE CASE ISSUCHTHATITWILLNOTPERMITTHIS OPER-
ATION, THEN IT IS NECESSARY TO REPLACE IT WITH A NEW ONE.

THE HIGH RATE DISCHARGE TESTER

So FAR, THE ONLY BATTERY TESTING INSTRUMENTS WITH WHICH YOU HAVE BEEN

MADE FAMILIAR WERE THE VOLTMETER AND THE HYDROMETER. HOWEVER, TO DETERMINE

BATTERY TROUBLES, WE ALSO FIND IT NECESSARY TO USE OTHER INSTRUMENTS.AMONG

THESE USEFUL INSTRUMENTS, WE FIRST FIND THE HIGH RATE DISCHARGE TESTER.

By LOOKING AT FIG. 10, YOU WILL NOTICE THAT THIS INSTRUMENT CONSISTS

OF TWO SHARP METALLIC PRONGS, WITH A WOODEN HANDLE. THESE TWO PRONGS ARE

ELECTRICALLY CONNECTED TOGETHER NEAR THEIR CENTER BY MEANS OF A HEAVY PIECE

OF NICHROME WIRE. IN FACT, THIS HEAVY WIRE IS FREQUENTLY IN THE FORM OF A

RIGID RIBBON.

JUST ABOVE THIS CONNECTING WIRE, YOU SEE A SMALL VOLTMETER, SO

MOUNTED THAT WHEN YOU GRIP THE HANDLE, YOU CAN SEE THE DIAL OF THE METER

VERY EASILY. IF YOU WILL FOLLOW CAREFULLY, YOU WILL IMMEDIATELY SEE WHY
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THIS INSTRUMENT IS SO Vi-LUABLE FOR BATTERY TESTING PURPOSES.

THE REASON FOR MAKING A HIGH RATE DISCHARGE TEST

WHEN WE MERELY TEST THE CELL VOLTAGE WITH AN ORDINARY VOLTMETER, THE
CELL IS NOT BEING PUT UNDER ANY LOAD. FOR THIS REA
SON, ANY DEFECT, SUCH AS A POORLY WELDED JOINT,LOW
CAPACITY (SHEDDED) PLATES, ETC., WILL NOT NECESS-
ARILY BE INDICATED BY THE CONVENTIONAL VOLTMETER
READING. WE FIND, HOWEVER, THAT BY USING THE HIGH
RATE DISCHARGE TESTER AND FIRMLY JABBING ITSPOINTS
INTO THE TWO TERMINALS OF A SINGLE CELL,THEN THE
CELL WILL BE DISCHARGING AT A COMPARATIVELY HIGH
RATE (ABOUT 150 TO 200 AMPS.)

F IG.10

A A7qh ,Qate
Discharge ester.

THIS HIGH RATE OF DISCHARGE IS DUE TO THE FA
CT THAT THE NICHROME BAND SERVES SOMEWHAT AS A

SHORT ACROSS THE PRONGS BUT YET THE RESISTANCE OF
THIS WIRE IS SUCH SO THAT A 100% SHORT CIRCUITWILL
NOT BE PRODUCED ACROSS THE CELL.

THE REQUIRED READ!NGS OF THE HIGH RATE DISCHARGE
TEST

BECAUSE OF THE ',ICH RATE OF DISCHARGE DURING
THIS TEST, IT IS IMPERATIVE -HAT WE DO NOTCONTINUE
IT FOR TOO LONG A TiME. WHILE THIS DISCHARGE IS

DOING ON, THE ATTACHED VOLTMETER IS WATCHED AND IF
THE READING IS NOT BELOW 1.75 VOLT;; AND THE READ-
INGS OF THE VARIOUS CELLS NOT VARY BY MORE THAN
0.1 VOLTS, THEN THE BATTERY IS MECHANICALLVCORRECT,

SHOULD THEPE, ON THE OTHER HAND, BE A POORLY WELCED JOINT,LON CAPA-
CITY CELL, ETC., WHEN THIS TEST IS MADE, THEN THE VOLTMETER WILL IMMEOIAj
ELY INDICATE A READING LOWER THAN THAT REQUIRED FOR A NORMAL CELL.

FOR EXAMPLE, LET US SUPPOSE THAT ONLY AN ORDINARY VOLTMETER TEST IS
TAKEN OF THE CELL. IN THIS CASE, AN EXTREMELY SMALL AMOUNT OF CURRENT IS

ONLY CALLED UPON TO FLOW THROUGH THE HIGH RESISTANCE WINDING or THE METER,
SO THAT A READING WILL BE OBTAINED. DUE TO THIS VERY LOW CURRENT FLOW, A
POORLY FITTED JOINT WILL VERY OFTEN PERMIT THIS SMALL AMOUNT OFCURRENT
TO FLOW THROUGH IT WITHOUTPR.g
SENTING ANY NOVICEABIr EFF-
ECTS.

SHOULD THIS SAME JOINT,
HOWZVER, BE FORCED TO PERMIT
A HEAVY CURRENT TO FLOW THRU
IT, IT WILL NOT STAND OF UN-
DER THE BIG LOAD AND THERE-
FORE, THIS CONDITION
QUICKLY hAKE ITSELF KNOWNWHEN
THE HIGH RATE DISCHARGE TEST
IS MADE.

F16.11

The Cadmium. Test Voltmeter 6, Leads.
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THE CADMIUM TEST VOLTMETER

WITH ALL THE TESTS, WHICH WE ARE ABLE TO MAKE SO FAR, WE CANNOT AS
YET DETERMINE WHETHER IT IS THE POSITIVE GROJP OR THE NEGATIVE GROUP,
WHICH IS AT FAULT IN A DEFECTIVE CELL. THEREFORE, LET US NOW PROCEED AND
SEE HOW WE CAN DISTINGUISH THE SHORT COMINGS OF EITHER OF THE
GROUPS, WITHOUT ACTUALLY HAVING TO FIRST DIS-
ASSEMBLE THE CELL.

10 DO THIS JOB, WE USE AN INSTRUMENT,
WHICH IS KNOWN AS THE CADMIUM TEST VOLTMETER
AND IT WILL GIVE SATISFACTORY RESULTS, PROVI-
DF:D THAT IT IS USED PROPERLY. THE METER IS

GENERALLY SUPPLIED WITH AN UPPER AND LOWER
SCALA:* AND IN THIS CASE, THE LOWER SCALE CANOE
USED FOR READING VOLTAGES OF VARIOUS ELECTRI_Q
AL UNITS, AS 'ONG AS THEIR VOLTAGE DOES NOT
EXCEED VOLTS. THE UPPER SCALE IS USED FOR

READING VDLTAGIZS UP TO 2.8 VOLTS AND IT IS

THIS SCALE, IN i'JHICH WE ARE FOR THE PRESENT
CHIEFLY INTERESTED.

THE TEST LEADS

PLATE

Ff
Cadmium Test Voltmezter-
Charged E, Discharged

Posit [Ye Group.

TWO TLtT POINTS, WITH VOODEN HANDLES, ARE CONNECTED TO THE METER BY
MEANS OF LONG, rLExIBL, It WIRES. ONE OF THESE TEST POINTS HAS
A STICK OF CADMIUM ATTACHED TO IT IN SUCH A MANNER, SO THAT THE CADMIUM
STICK IS AT THE RIGHT ANGLES TO THE TEST POINT, AS YOU WILL OBSERVE IN

Fig. II.

'14,6ir NEG. CHARGED

NEG. DISCHARGED

PIG. 13
Charged Discharched

Negative Group,

THE TEST POINT, WHICH HAS THE CADMIUM
ATTACHED TO IT, IS CONNECTED TO THE TERMINAL
OF THE METER WHICH IS LABELED 2.5V. THE OTHER
TEST POINT IS CONNECTED TO THE TERMINAL OF THE
METER, WHICH IS LABELED WITH AN (4) SIGN.

WITH OUR CONNECTIONS TC THE METER THUS
MADE, WE ARE READY TO MAKE SOME TESTS,HOWEVER,
TO OBTAIN RESULTS WITH THIS INSTRUMENT, THE
BATTERY MUST EITHER BE UNDERGOING THE PROCESS
OF A CHARGE OR ELSE A DISCHARGE. THAT IS, WE
MUST MAKE THESE TESTS WHILE THE BATTERY IS

CONNECTED TO THE CHARGING LINE OR ELSE ACT-
UALLY WORKING BY CAUSING A CURRENT FLOW.

TESTING THE POSITIVE PLATE GROUP

GENERALLY WE MAKE THIS TEST WHILE THE BATTERY IS BEING CHARGED AND
WE PROCEED BY INSERTING THE CADMIUM STICK INTO THE ELECTROLYTE, BEING CAR
EFULY, HOWEVER, THAT IT DOES NOT COME IN CONTACT WITH ANY OF THE PLATES.
As SOON AS THE CADMIUM STICK HAS BEEN IMMERSED FOR A FEW SECONDS, WE
TOUCH THE OTHER TEST POINT TO THE POSITIVE POST OF THE CELL.

WHILE WE ARE DOING THIS, WE TAKE NOTE OF THE READING ON THE SCALE OF
THE METER AND IF WE FIND THAT THE NEEDLE CCMES TO REST AT THE POINT LA-
BELED "POS. CHARGED", WHICH IS REALLY EQUIVALENT TO 2.4 VOLTSITHEN WE
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KNOW THAT THE POSITIVE GROUP OF THAT PARTICULAR CELL IS CHARGED. THIS IS
ILLUSTRATED IN FIG. 12.

SHOULD WE, HOWEVER, MAKE THIS SAME TEST AND ONLY OBTAIN A READING OF
2.3 VOLTS, THEN THE POSITIVE PLATE GROUP IS 3/4 CHARGED; A VOLTAGE OF2.2
VOLTS WOULD INDICATE THAT THE POSITIVE GROUP IS 2 CHARGED; A READING OF
2.1 VOLTS WOULD TELL US THAT THEY ARE ONLY i CHARGED;
MEAN THAT THE POSITIVE GROUP IS DISCHARGED.

FIG.14
A Correction
Thermomei-er_

TESTING THE NEGATIVE PLATE GROUP

AND 2.0 VOLTS WOULD

IN ORDER TO TEST THE NEGATIVE PLATE GROUP IN A
SIMILAR MANNER, WE LEAVE THE CADMIUM STICK WITHIN THE
ELECTROLYTE, JUST AS WE ALREADY HAVE IT BUT WE BRING OUR
OTHER TEST POINT IN CONTACT WITH THE NEGATIVE POST OF
THE CELL. Now WE WATCH THE METER AND IF WE FIND THE READ
ING TO BE 0.175 VOLTS (TO THE LEFT OF ZERO OR THE POINT
MARKED "NEG. CHARGED") WE KNOW THAT THE NEGATIVE PLATE
GROUP IS FULLY CHARGED. THIS IS ILLUSTRATION IN FIG.13.

SHOULD WE, HOWEVER, FIND THE READING TO BE 0,THEN
THE NEGATIVE GROUP IS ONLY 1

CHARGED AND SHOULD THE REAQ
ING BE AROUND 0.15 OR 0.18 VOLTS TO THE RIGHT OF ZERO
THEN THE NEGATIVE GROUP IS COMPLETELY DISCHARGED.

WITH A TEST, SUCH AS THIS, WE CAN DETERMINE WHICH
PARTICULAR PLATE GROUP IS CAUSING ANY CELL FROM REACHING
A FULLY CHARGED CONDITION WHILE ON THE CHARGING LINE.

WHAT THE READINGS MEAN

LET US SEE, FOR EXAMPLE JUST WHAT SUCH READINGSIfj
DICATE IF WE USE THEM TOGETHER, SO AS TO OBTAIN THE ACS
UAL VOLTAGE OF A CELL. ASSUMING THAT THE CADMIUM TEST
FOR THE POSITIVE GROUP INDICATES 2.4 VOLTS AND THE TEST
FOR THE NEGATIVE GROUP OF THE SAME CELL INDICATES A VOI
TALE OF -0.17, THEN THE ACTUAL VOLTAGE OF THE CELL WOULD
BE 2.4 ADDED TO 0.17 OR 2.57 VOLTS,WHILE STILL ON THE
CHARGING LINE.

ON THE OTHER HAND, IF THE READINGS WERE ONLY 2.0
VOLTS FOR THE POSITIVE GROUP AND+0.15 FOR THE NEGATIVE GROUP,THEN OUR
ACTUAL CELL VOLTAGE WOULD ONLY BE THE DIFFERENCE BETWEEN 2.0 AND 0.15 OR
1.85 VOLTS WHILE ON THE CHARGING LINE. THIS, OF COURSE, WOULD BE A
CHARGED CELL. WITH SEPARATE READINGS THUS OBTAINED, IF WE FIND THE POSI-
TIVE GROUP VOLTAGE TEST NORMAL AND THE NEGATIVE GROUP VOLTAGE TEST BELOW
NORMAL, WE KNOW THAT THE LOW CELL VOLTAGE IS DUE TO A FAULTY NEGATIVE
PLATE GROUP AND VICE VERSA.

THE ACTION OF SULPHATED BATTERIES WHEN 0^; THE CHARGING LINE

WE HAVEN'T YET CONSIDERED HOW SOME OF THESE FAULTY BATTERIES ACT ON
THE CHARGING LINE, SO THIS IS OUR NEXT STEP. YOU WILL REMEMBER THAT IN OUR
DISCUSSION OF SULPHATED PLATES, YOU WERE TOLD THAT LEAD SULPHATE PRODUCED
CONSIDERABLE ELECTRICAL RESISTANCE. WITH THIS IN MIND, CONSICER FOR A

SECOND WHAT HAPPENS WHEN AN EXCESSIVELY HIGH CHARGING RATE IS FORCED THRU
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SUCH A BATTERY, WHICH IS AFFLICTED WITH PLATES COVERED WITH A HIGH RESI/
TANCE LEAD SULPHATE COATING.

SUCH A CONDITION WILL CAUSE THE BATTERY TO BECOME HOT BECAUSE WHEN-
EVER CURRENT IS FORCED TO FLOW THROUGH A CONDUCTOR OF CONSIDERABLE RE-
SISTANCE, THE CONDUCTOR WILL BECOME HOT. BESIDES THIS, THE SULPHATE COAT
ING ONLY ALLOWS A LIMITED SPACE OF THE PLATE AREA TO BE EFFECTIVE AND
THIS WILL ALSO REDUCE THE CAPACITY OF THE PLATES IN REGARDS TO THEIR A-
BILITY TO CARRY A CURRENT AND THEREFORE, THIS ACTION WILL ALSO PRODUCE
HEAT.

FROM THESE FACTS, IT IS

WHILE ON THE CHARGING LINE,

EVEN THOUGH THE CHARGING RATE
IS LOW ENOUGH SO THAT THETEM
PERATURE OF THE AVERAGE BAT-
TERIES WILL NOT RISE ABOVE
NORMAL. THE QUESTION NOW A-
RISES AS TO WHAT TEMPERATURE
LIMIT WE SHOULD PERMIT A BAT
TERY TO REACH AND ALSO WHAT
ACTION WE SHALL TAKE TO PRE-
VENT A BATTERY FROM BECOMING
OVER HEATED.

CONSICERING BATTERY TEMP-
ERATURES

OBVIOUS THAT SULPHATED BATTERIES WILL HEAT

I I

0

A.C.

Reckirier

Variable
resistance

BATTER Es
Ammeter

1G, 15

Reducing the Charging Pate Thru a Nesting
IN BATTERY WORK, WE CON- ag#ery oh a 5eries

SIDER A TEMPERATURE OF 706 F
AS THE NORMAL TEMPERATURE, HOWEVER, BATTERY TEMPERATURES WILL NATURALLY
VARY DUE TO ATMOSPHERIC CONDITIONS, THE AMOUNT OF CURRENT PASSING THRU
THE BATTERY, ETC. THE DANGER POINT IS REACHED AT ABOUT 110° F. AND A

BATTERY SHOULD NEVER BE PERMITTED TO RISE TO A TEMPERATURE ABOVE HO F.

THE THERMOMETER

So YOU SEE, WHEN A SULPHATED BATTERY IS ON THE CHARGING LINE,OR FOR
THAT MATTER ANY BATTERY,WE MUST GUARD AGAINST EXCESSIVE TEMPERATURES. IN

ORDER TO DETERMINE THE TEMPERATURE OF ANY CELL WHILE CHARGING,WE SIMPLY
INSERT A THERMOMETER, SUCH AS THE ONE SHOWN IN FIG. 14, INTO THE ELEC-
TROLYTE. AS SOON AS THE TEMPERATURE READING. IS THUS OBTAINED, WE WILL RE
MOVE THE THERMOMETER FROM THE ELECTROLYTE AND ACT ACCORDINGLY,AS YOU WILL
NOW BE SHOWN.

PREVENTING A BATTERY FROM OVERHEATING IN A SERIES CIRCUIT

LET US ASSUME THAT A CERTAIN BATTERY, WHICH IS CONNECTED IN ASERIES
CHARGING CIRCUIT, SUCH AS IN FIG. 15, IS BECOMING OVERHEATED,WHEREASTHE
REST OF THE BATTERIES ON THE CHARGING LINE ARE STILL AT A PERFECTLY SAFE
TEMPERATURE. IT IS OBVIOUS THAT IN THIS CASE, WE WOULD NOT REDUCE THE
CHARGING RATE OF THE ENTIRE SYSTEM BECAUSE THIS WOULD SLOW UP THE CHARG-
ING OPERATION OF THE WHOLE ARRANGEMENT AND THIS IS UNNECESSARYIAS WELL
AS A WASTE OF TIME.
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THEREFORE, IF WE DO NOT WISH TO REMOVE THE HEATING BATTERY FROM THE
LINE ALTOGETHER AND PERMIT IT TO COOL BEFORE CONTINUING ITS CHARGES ALL
THAT MUST BE DONE IS TO CONNECT A RESISTANCE UNIT ACROSS IT, AS SHOWN IN
FIG. 15. IT IS ALSO A GOOD POLICY TO CONNECT A SEPARATE AMMETER IN SERIES
WITH THE VARIABLE RESISTANCE, FOR IN THIS WAY YOU WILL KNOW' JUST HOWMUCH
CURRENT IS FLOWING THROUGH THE RESISTANCE.

=Ic 16
Reducing fl-re Charging Pate Thru.a

Heating Bat/erg on a Para del Circuit,

THE PURPOSE OF THE RESISTANCE

By CONNECTING THE RE-
SISTANCE IN THIS WAY,OR AS
WE SHOULD SAY, IN PARALLEL
WITH THE HEATING BATTERY,
THE CHARGING CURRENT CAN DI-
VIDE AT THE BATTERY.THAT IS,

PART OF IT WILL FLOW THROUGH
THE BATTERY AND PART OF IT

WILL FLOW THROUGH THE RESIS-
TANCE BUT ALL OF IT WILLFLOW
THROUGH THE REST OF THE BAT-
TERIES.

THE PURPOSE OF THE SEPARATE
AMMETER

THE PURPOSE OF THE SEPARATE AMMETER IS THIS: IF WE ONLY HAD THE
RESISTANCE CONNECTED ACROSS THE HOT BATTERY, WE WOULDN'T KNOW WHAT PORTION
OF THE CURRENT IS FLOWING THROUGH THE RESISTANCE AND WHAT PORTION. IS FLOW
ING THROUGH THE BATTERY. HOWEVER, BY MEANS OF THE SEPARATE AMMETER,WE CAN
TELL HOW MUCH OF THE CURRENT IS FLOWING THROUGH THE RESISTANCE AND,THERE-
FORE, WE CAN READILY TELL HOW MUCH IS FLOWING THROUGH THE HOT ,BATTERY BY
SIMPLY SUBTRACTING THE READING OF THE SEPARATE AMMETER FROM THE READING OF
THE CHARGER'S AMMETER. THAT IS, IF 3 AMPS. ARE FLOWING THROUGH THE RESIS-
TANCE THEN 6 MINUS 3 OR 3 AMPS. ARE FLOWING THROUGH THE HOT BATTERYsPRO-
VICING THAT THE CHARGER IS "PUTTING OUT" 6
AMPS. THE OTHER BATTERIES,HOWEVERsAILL RE-
CEIVE THEIR FULL QUOTA OR 6 AMPS. BECAUSE THE
PARALLEL PATHS OF THE FIRST BATTERYsJOIN AT
THE NEGATIVE TERMINAL OF THE SAME BATTERY.

By HAVING THE RESISTANCE UNIT VARIABLE,
THAT IS, ADJUSTABLE, YOU CAN REGULATE THE CUR-
RENT FLOW THROUGH THE HOT BATTERY.

PREVENTING A BATTERY FROM OVER-HEATING IN A

PARALLEL CIRCUIT

IN CASE THAT YOU ARE OPERATING A PARALLEL
CHARGER INSTEAD OF A SERIES CHARGER,THEN YOU
CONNECT THE AMMETER AND RESISTANCE IN SERIES
WITH THE HOT BATTERY, AS SHOWN IN FIG. I6.HERE Charging a Single Ce/I.
THE CHARGING CURRENT WILL COME FROM THE ( )

BUSS BAR AND THENCE THROUGH THE RESISTANCE UNIT, AMMETER, BATTERY, AND
BACK TO THE (-) BUSS BAR OF THE CHARGING LINE. BY CONTROLLING THE AMOUNT
OF RESISTANCE, THE CHARGING RATE THROUGH THE HEATED BATTERY CAN LIKEWISE

Cell being
charged-

-%

F 1 G. 17
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BE CONTROLLED. THE NORMAL BATTERY, HAVING NO RESISTANCE CONNECTED TO IT,

WILL, THEREFORE, RECEIVE ITS FULL AMOUNT OF CHARGING CURRENT.

CHARGING ONE CELL IN A SERIES CIRCUIT

SOMETIMES WHEN YOU ONLY WISH TO CHARGE
ONE CELL OF A BATTERY, AS MAY BE THE CASE
WHEN ALL THE OTHER CELLS ARE PERFECT BUT THE
ONE CELL HAVING HAD TO BE REBUILT BECAUSE OF
SOME FAULT, THEN YOU CAN CHARGE THIS ONE
CELL AS SHOWN IN FIG. I7,WHEN A SERIES CHAR
GING CIRCUIT IS BEING USED.

CHARGING ONE CELL IN A PARALLEL CIRCUIT

To CHARGE ONE CELL OF A BATTERY WHEN
A PARALLEL CHARGING CIRCUIT IS JSED,YOU CAN
CONNECT THE CELL TO THE CHARGING LINE, AS
SHOWN IN FIG.I8 WITH AN AMMETER AND VARIABLE
RESISTANCE IN SERIES.

CYCLING BATTERIES

® Charging, him

O

CELL BEING

Variable resistance
''

CHARGED
Ammeter

FIG. le,

Charging a Single Cell on a
Parallel Charging Circvit,

IN THE EARLIER PART OF THIS LESSON,YOU WERE TOLD THAT YOU WOULD BE

SHOWN A METHOD OF BRINGING SULPHATED BATTERIES BACK TO A MORE ACTIVE SER-
VICE. IF THE STATE OF SULPHATION IS NOT TOO BAD, WE RESORT TO THE PROCESS
KNOWN AS CYCLING BUT IN EXTREME CASES OF SULPHATED PLATES,EITHER NEW
PLATES OR ELSE A NEW BATTERY WILL BE REQUIRED.

TO CYCLE A BATTERY,WE FIRST CHARGE IT AT A SLOW RATE UNTIL ITS STATE
OF CHARGE WILL COME UP TO AS NEARLY A FULLY CHARGED CONDITION AS POSSIBLE.
THEN WE DISCHARGE IT AT A CONTROLLED RATE BY MEANS OF SOME KIND OF A RES-
ISTANCE. THE RATE OF DISCHARGE SHOULD BE ABOUT 2 OR 3 AMPERES PER POSITIVE
PLATE PER CELL. THAT IStWE CAN DISCHARGE AN II PLATE BATTERY AT THE RAT:
OF ABOUT 15 AMPS.

Slidin81 clamp

: Battery

F -1G. 19

Discharging a Battery by Means of a
Variable resistance

CONTROLLING THE RATE OF
DISCHARGE

To CONTROL THE
RATE OF DISCHARGE, SEV-
ERAL DEVICES CAN BE USED.
A MOST COMMON ONE IS
SHOWN IN FIG. 19 AND IN
THIS CASE, A VARIABLE
RESISTANCE UNIT,WITH AN
AMMETER IN SERIES IS

CONNECTED ACROSS THE
TERMINALS OF THE BATTERY.
THIS WILL OFFER A
PLETE CIRCUIT SO
THE BATTERY WILL
CHARGE ITSELF.THIS

COM-.

THAT
DIE-
SIM-

PLE RESISTANCE UNIT,S12
PLY CONSISTS OF A le
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PIPE WHICH IS COVERED WITH ASBESTOS AND WRAPPED WITH #14 IRON WIRE, THE
TURNS 9EING SPACED SO AS NOT TO TOUCH EACH OTHER. THE RATE OF DISCHARGEIS
REGULATED BY MOVING A SLIDING CONTACT TO THE REQUIRED POSITION'S° THAT
THE CORRECT AMOUNT OF RESISTANCE (IRON WIRE)WILL. BE INCLUDED IN THE CIR-
CUIT.

WE PERMIT THE BATTERY TO CONTINUE DISCHARGING IN THIS WAY,UNTIL THE
VOLTAGE OF EACH CELL REACHES A POINT OF ABOUT 1.6 OR 1.7 VOLTS,BUT NEVER
LOWER. THE BATTERY IS THEN DISCONNECTED FROM THE RESISTANCE AND THEN AGAIN
CONNECTED TO THE CHARGING LINE.

THIS PROCESS OF CHARGING AND DISCHARGING IS CONTINUED UNTIL THE BAT-
TERY WILL SUBMIT TO BEING FULLY CHARGED AND ALSO HOLDING ITS CHARGE. IT
MAY TAKE THREE OR FOUR OF THESE CYCLES (CHARGES & DISCHARGES) TO GET RID OF
MOST OF THE LEAD SULPHATE COATING,WHICH WAS ON THE PLATES. NEW BATTERIES OR
BATTERIES PROVIDED WITH NEW PLATES, MUST ALSO BE CYCLED IN THIS WAY BEFORE
THEY ARE PUT INTO ACTIVE SERVICE.

THE CORRECTION THERMOMETER

LET US NOW CONSIDER ANOTHER IMPORTANT USE OF THE THERMOMETER, WHICH
WAS SHOWN YOU IN FIG. 14. NOTICE THAT TO THE RIGHT OF THE TEMPERATURE GRAQ
UATIONS, A COLUMN OF FIGURES IS ARRANGED, THE ZERO FIGURE BEING EVEN WITH
THE 700 MARK. THEN AT INTERVALS OF EVERY THREE DEGREES ABOVE 70° ,YOU WILL
SEE THE FIGURES4-1,4-2,4-5, ETC; WHERES BELOW 70°, YOU WILL SEE THEFIGURES

I, ETC. SPACED EQUALLY OR AT INTERVALS OF 3 DEGREES.

THESE FIGURES ARE USED FOR MAKING TEMPERATURE CORRECTIONS WHEN HYDRA
METER READINGS ARE TAKEN. THE REASON FOR THIS IS THAT THE HYDROMETER WAS
DESIGNED AND CALIBRATED TO READ CORRECTLY AT A NORMAL TEMPERATURE OF 70°F.
CONSEQUENTLY, AT TEMPERATURES ABOVE OR BELOW 70 F, THE HYDROMETER READINGS
WP_L BE IN ERROR.

TO USE THIS CORRECTION THERMOMETER, YOU FIRST TEST THE SPECIFIC GRAM
ITY OF THE ELECTROLYTE IN THE CONVENTIONAL MANNER AND THEN AFTER RETURNING
THE TESTED ELECTROLYTE TO THE CELL FROM WHICH IT WAS WITHDRAWN,YOU INSERT
THE..THERMOMETER INTO THE ELECTROLYTE. IF THE THERMOMETER READING SHOULD BE
100 F., YOU WILL FIND THE NUMBER440 RIGHT NEXT TO IT. THIS MEANS THAT IN
ORDER TO OBTAIN A CORRECT SPECIFIC GRAVITY READING, 10 POINTS WILL HAVE TO
BE ADDED TO THE ACTUAL HYDROMETER READING. THAT IS, IF THE HYDROMETER REAQ
ING IS 1.250 AT A TEMPERATURE OF 100 F., THEN THE CORRECT SPECIFIC GRAVITY
IS 1.250+10 POINTS, WHICH EQUALS 1.260.

WHEN THE TEMPERATURE OF THE ELECTROLYTE IS BELOW 70° F. SAY FOR INS-
TANCE 40° F., THEN WE MUST SUBTACT 10 POINTS FROM THE HYDROMETER READING.
THI:3 WOULD MEAN THAT IF THE HYDROMETER READING IS 1.250 AT 40°F, THEN THE
CORRECT SPECIFIC GRAVITY IS 1.250 MINUS 10 POINTS OR 1.240. IN OTHER
WORDS, FOR EVERY THREE DEGREES ABOVE 70°F., ONE POINT IS ADDED TO THE HYD-
ROMETER READING AND FOR EVERY THREE DEGREES BELOW 70° F., ONE POINT IS sug
TRACTED FROM THE HYDROMETER READING, IN ORDER TO OBTAIN A CORRECT VALUE FOR
THE SPECIFIC GRAVITY.

FROM THIS EXPLANATION YOU WILL SEE HOW IT IS POSSIBLE TO OBTAIN AN &a
SOLUTELY ACCURATE SPECIFIC GRAVITY READING REGARDLESS OF THE ELECTROLYTE'S
TEMPERATURE AT THE TIME THE READING IS TAKEN.



LESSON No.34 PAGE 15

CIRCUIT OF A TEN -BATTERY TUNGAR RECTIFIER

No DOUBT, YOU ARE INTERESTED IN THE CONSTRUCTIONAL FEATURES OF A

COMMERCIAL TUNGAR BATTERY CHARGER, SO IN FIG. 20 WE ARE SHOWING YOU THE

INTERNAL WIRING FOR A TYPICAL TUNGAR RECTIFIER WHICH IS CAPABLE OF HAND-

LING TEN BATTERIES AT ONE TIME.

ITH THE SPECIAL SWITCH IN THE CLOSED POS IT ION, THE A.C. LINE us CONNE.Q

TED ACROSS THE PRIMARY WINDING OF THE CHARGER'S TRANSFORMER AT TERMINALS

1,2,3 AND 4 WHILE THE D.C. PART OF THE CIRCUIT IS ALSO COMPLETED AT THE

SAME ACROSS TERMINALS 5 AND 6.

A STEP-UP IN VOLTAGE IS OBTAINED AT THE SECONDARY WINDING OF THE

TRANSFORMER BUT THE MANY POINTS AT WHICH TAPS ARE TAKEN OFF THIS WINDING,

MAKES A VARIETY OF LOWER SECONDARY VOLTAGES AVAILABLE. FOP INSTANCE,THAT

PORTION OF THE SECONDARY WINDING INCLUDED BETWEEN ITS RIGHT END AND THE

TAP NEXT TO IT FURNISHES A LOW VOLTAGE WITH WHICH TO HEAT THE FILAMENT OF

THE TUNGAR BULB OR TUBE.

THE VARIOUS CON-
TACT BUTTONS OF THE

DIAL SWITCH,WHICH ARE
NUMBERED FROM 1 TO 15

IN CONSECUTIVE ORDER
AND CONNECTED TO THE

TAPS OF THE SECONDARY
WINDING WHICH ARE CORR
ESPONDINGLY NUMBERED,
OFFER A MEANS WHEREBY
THE EFFECTIVE PLATE
VOLTAGE AT THE TUNGAR
BULB CAN BE REGULATED
SIMPLY BY CHANGING THE
POSITION OF THE DIAL
SWITCHES CONTROL ARM.
THE CHARGING CURRENT
IS INCREASED AS THE
PLATE VOLTAGE UPON THE
BULB IS INCREASED BY
MEANS OF THE 0 I AL SWITCH.

THE TUNGAR BULB
ITSELF HAS A FILAMENT
AND A PLATE AS ITS ACT
IVE ELEMENTS ANC) THUS

FUNCTIONS AS A CONVEN-
TIONAL HALF -WAVE RECT-
IFIER. ITS CONSTRUC-
TION, HOWEVER, IS SUCH

THAT IT CAN PASS A

NORMAL DIRECT CURRENT
OF ABOUT 6 AMPERES.

(.2F Ak. I 12

WNW

Pk(IMA,2"( C. ONPAR

3

517,

SWITCH

6

5.
VIAL

el

30

I, IT 11 11 f F., 7 C.

1,-7"..N70

9
0'0

SWITCH

NUMBERS ON DIAL SWITCH
AKE CONNECTED TG SIMILAR
ONFS IN VRANSFORMER

BULB

Wiring Diagram
F1 G. 20

of a Tungar Battery Charging Set.

THE AMMETER IS CONNECTED IN SERIES WITH THE D.C. CIRCUIT SO AS TO

INDICATE THE CHARGING CURRENT AND THE REACTOR IS NOTHING MORE THAN A SP.&
CIAL FILTER CHOKE, USED TO ASSIST IN OBTAINING A MORE UNIFORM CHARGING
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CURRENT.

UPON COMPLETING THIS GROUP OF STORAGE BATTERY LESSONS, YOU SHOULD
NOW HAVE A GOOD PRACTICAL KNOWLEDGE OF THIS TYPE OF BATTERY FROMA STAND-
POINT OF BOTH CONSTRUCTION AND SERVICING.

EVEN THOUGH YOU MAY NOT INTEND TO ACTUALLY ENGAGE IN THE BATTERY
BUSINESS, YOU SHOULD NEVERTHELESS FIND THESE BATTERY LESSONS TO BE OF
VALUE TO YOU. AFTER ALL, THE STORAGE BATTERY PLAYS AN IMPORTANT PART IN

YOUR CHOSEN FIELD AND BY HAVING THIS INFORMATION, YOUR GENERAL KNOWLEDGE
OF THE SUBJECT IS EXPANDED.

3

Lixamination
l'AAAA')'11"'

LESSON NO. 34

I. - Ho;/ DOES A HARDENED COATING OF LEAD SULPHATE AFFECT A
CELL AND ITS PLATES?

2. - WHAT IS MEANT BY THE TERM BUCKLED PLATES? How MAY THIS
CONDITION BE CAUSED AND WHAT WOULD YOU DO IF YOU HAG TO
CORRECT SUCH A FAULTY CONDITION?

3. - How WILL AN EXCESSIVE AMOUNT OF SHEDDING AFFECT A CELL?

4. - AT ABOUT WHAT TEMPERATURE WILL A DISCHARGED BATTERY
FREEZE? AT ABOUT WHAT TEMPERATURE WILL A FULLY clAA0n7n
BATTERY FREEZE?

5. - IF YOU SHOULD DISASSEMBLE A CELL, WOULD YOU PUT THE SAME
WOODEN SEPARATORS BACK INTO THE CELL?

6. - DESCRIBE A HIGH RATE DISCHARGE TESTER? WHY IS IT USED?

7. - WHAT IS THE OBJECT OF MAKING A CADMIUM VOLT TEST? CAN
THIS TEST BE MADE AND ACCURATE RESULTS OBTAINED IF THE
BATTERY IS STANDING IDLE?

8. - WHAT IS THE HIGHEST TEMPERATURE,WHICH A BATTERY SHOULD
BE ALLOWED TO REACH? DRAW A SIMPLE DIAGRAM SHOWING HOW
YOU WOULD PREVENT A BATTERY FROM OVERHEATING WHILE ON
A SERIES CHARGING CIRCUIT.

9. - WHY ARE BATTERIES OFTEN CYCLED?

10.-. WHY IS THE CORRECTION THERMOMETER USED?

PRINTED IN U.S.A
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AS WE HAVE SAID SO MANY TIMES BEFORE, "RADIO IS NEVER AT A STAND...

STILL." THIS IS ONE OF THE CHIEF REASONS WHY RADIO IS SO FASCINATING FOR
THE MAN WHO LIKES TO DO THINGS AND WHO IS ALWAYS LOOKING FORWARD TO SEE

NEW DEVELOPMENTS TAKE PLACE. AS, WE LOOK SACK OVER THE YEARS,WE FIND THAT
THE RADIO RECEIVER IN ITS EARLY STAGES WAS INDEED A CRUDE AFFAIR BOTH AS

TO APPEARANCE AND PERFORMANCES

TERING
THE FIRST RADIO IMPROVEMENTS WERE PRACTICALLY Al.. CONFINED TO BET...
PERFORMANCE AND VERY LITTLE ATTENTION WAS DEVOTED TO IMPROVING A-

PPEARANCE OR EASE OF OPERATION. IN FACT,THE EARLY
RADIO DEVELOPMENTS WERE MADE FOR THE BENEFIT OF

THOSE PEOPLE WHO KNEW SOMETHING ABOUT THE TECH...

NICAL PHASES OF RADIO, RATHER THAN FOR THE GEN-

ERAL PUBLIC. THIS IS THE ONE BI2 REASON WHY THE

RADIO FANS OF YESTERDAY WERE ENTIRELY DIFFERENT TO
WHAT WE KNOW THEN TODAY. THESE FORMER RADIO FANS

WERE EAGER TO TINKER WITH *THE "WORKS" OF THEIR

RADIO RECEIVER BUT NOT SO TODAY,FOR NOW THE RADIO
ENTHUSIAST/ ARE CONTENT WITH MAKING THEMSELVES COM
FORTABLE IN AN EASY CHAIR, TO TUNE IN A GOOD PRO-
GRAM AND THEN TO RELAX AND ENJOY THE ENTERTAINMENT.

FIG.1

Radio -Phonograph ConibMation,

DURING ALL THESE LATER YEARS OF RADIO
GRESS' HOWEVER, DESIGNERS AND MANUFACTURERS
VOTED A GREAT DEAL OF EFFORT TOWARD NOT ONLY
PROVING RADIO PERFORMANCE BUT THEY HAVE ALSO
CEEDED REMARKABLY WELL IN PRODUCING RECEIVERS
BEAUTIFUL APPEARANCE, WHICH WILL EQUAL THAT
THE HIGHEST QUALITY FURNITURE

FEW CONTROLS REMAIN THAT A SMALL CHILD CAN NOW
POWERFUL PRESENT DAY RECEIVERS.

PRO-
D E-

IM-

SUC-
OF
OF

AND FURTHERMORE, SO
SUCCESSFULLY OPERATETHESE

NATURALLY, WITH ALL OF THESE ADVANCED DESIGNS, MANY IMPROVEMENTS

WERE INCORPORATED AND IN THIS LESSON, IT IS OUR AIM TO ACQUAINT YOU WITH
MANY OF THESE LATER DEVELOPMENTS AND IN ADDITION, WE ARE ALSO GOING TO
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SHOW HOW MODERN RADIO RECEIVER'S CAN BE APPLIED IN THE HOME FOR OTHER
TYPES OF ENTERTAINMENT BESIDES JUST PLAIN RADIO RECEPTION.

RADIO -PHONOGRAPH COMBINATIONS

A FACTORY BUILT RECEIVER OF THIS TYPE IS SHOWN YOU IN FIG. I AND
WITH THIS ARRANGEMENT, IT IS POSSIBLE FOR THE OWNER TO LISTEN EITHER TO
RADIO BROADCAST PROGRAMS OR TO THE RECORDINGS OF HIS OWN PHONOGRAPH REC-
ORDS EITHER TYPE OF PROGRAM BEING REPRODUCED BY THE RADIO LOUD SPEAK-
ER.

FACTORY BUILT RADIO -PHONOGRAPH COMBINATIONS SUCH AS PICTURED IN
FIG. I, ARE OF COURSE QUITE A BIT MORE EXPENSIVE THAN A PLAIN RADIO RE-
CEIVER. IHIS IS DUE TO THE ADDITIONAL EQUIPMENT NEEDED FOR THE REPRODUC...

.0005-MF. .025.MF .01514F
I 24 '24 I

MF
za I `27

()ANT.

200 OHMS

Him
VOL.

-r
10,000 OHMS

110 V.
A C.

.25- MF

50,6000'4m5

1 MF PHONO. -09

1500 OHMS

O-

10,000
OHMS

45

MUD

25- MF. 8 mF7 7f.

MF.

P 1 G. 1

A /Widget Receiver With a Phonograph PiCk-up Connection.

TION OF PHONOGRAPH RECORDS AND ALSO THE THE FACT THAT THE CABINET WORK OF
THE COMBINATION SET IS GENERALLY MORE EXPENSIVELY DESIGNED. No DOUBT, IT

IS ON ACCOUNT OF THE ADDITIONAL COST OF THE COMBINATION SET THAT WE DO
NOT SEE MORE OF THEM IN THE AVERAGE HOME. NEVERTHELESS,THE UNIT FORMS AN
IDEAL COMBINATIONS SO THAT ONE CAN HAVE ENTERTAINMENT OF HIS OWN CHOOSING
AS WELL AS THAT BEING TRANSMITTED BY BROADCAST STATIONS.

THE OWNER OF SUCH A SET CAN GET A GREAT DEAL OF ENJOYMENT BY PLAY-
ING HIS FAVORITE PHONOGRAPH RECORDS UPON WHICH ARE RECORDED THE WORK OF
FAMOUS ARTISTS. FURTHERMORE, A WELL DESIGNED RADIO -PHONOGRAPH REPRODUCER
WILL PROVIDE A HIGHER TYPE OF TONE QUALITY FROM THESE RECORDINGSAS WILL
THE AVERAGE TYPE OF PHONOGRAPH AND SO YOU CAN SEE THAT NOT ONLY IS THE
RADIO -PHONOGRAPH COMBINATION CONVIENT BUT IT IS ALSO EFFICIENT.

THE TOF OF THE RECEIVER CABINET ILLUSTRATED IN FIG. I IS DESIGNED
TO BE RAISED ON ITS HINGES SO AS TO EXPOSE THE TURNTABLE AND THE MISCEL-
LANEOUS PHONOGRAPH ATTACHMENTS WHEN RECORDINGS ARE TO BE PLAYED.

IT SO HAPPENS THAT MANY PEOPLE ALREADY POSSESS A PHONOGRAPH AT THE
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TIME THAT THEY ADD A RADIO RECEIVER TO THEIR SOURCE OF ENTERTAINMENT AND
THIS IS YOUR BIG OPPORTUNITY. THE THING TO DO HERE IS TO MAKE IT POSSIBLE
FOR THE OWNER TO REPRODUCE HIS RECORDS WITH HIS NEW RADIO BY STILL USING
THEPHONOGRAPHASPART OF THE MECHANISM. YOU ARE GIVEN FULL INFORMATION IN
THIS LESSON AS TO HOW TO DO THIS PROFITABLE WORK.

AS FAR AS THE RECEIVER CIRCUITS OF THE

RADIO- PHONOGRAPH COMBINATIONS ARE CONCERNED, YOU
WILL FIND THEM TO BE PRACTICALLY THE SAME AS
THAT OF THE AVERAGE TYPE OF RADIO RECEIVERS.

THAT IS, THEY CONSIST OF THE CONVENTIONAL TUNED

AND R.F. AMPLIFYING STAGES,A DETECTOR AND AN

AUDIO AMPLIFIER

RADIO -PHONOGRAPH CIRCUIT OF THE MIDGET TYPE

FOR THE SAKE OF SIMPLICITY AND SO THAT

YOU WON'T HAVE TOO MANY CIRCUITS TO TRACE OUT,

WE ARE SHOWING YOU IN FIG. 2 A CIRCUIT DIAGRAr4

OF A MIDGET RECEIVER IN WHICH A PHONOGRAPH PICK
UP CIRCUIT IS INCORPORATED. A PHOTOGRAPH OF THIS
SAME MIDGET TYPE RADIO -PHONOGRAPH IS SHOWN YOU

IN FIG. 3 AND IN THIS LATTER ILLUSTRATION, YOU
ARE LOOKING AT THE RECEIVER WHILE THE COVER IS BEING HELD OPEN SO AS TO

EXPOSE THE TURNTABLE WITH THE RECORD, AS WELL AS THE PICKUP UNIT.

FIG. 3

)2aci/o PI7ono.
Combination.

NOW RETURNING TO THE CIRCUIT DIAGRAM OF THIS RECEIVER IN FIG2, YOU
WILL N)TE THAT IN THIS PARTICULAR CASE, TWO STAGES OF TUNED R.F. AMPLI-

FICATFIA PRECEDE A POWER DETECTOR AND THE DETECTOR STAGE IS FOLLOWED BY

ONE STAGE OF RESISTANCE - CAPACITY COUPLED AUDIO AMPLIFICATION AND A

SINGLE TYPE -45 TUBE IS USED IN THE FINAL OR POWER STAGE. THEN OF COURSE,

WE HAVE THE CUSTOMARY POWER PACK AND SPEAKER COUPLING.

THE MOST IMPORTANT THING FOR YOU TO NOTICE

FIG. 4
Three Types of Phonograph Pick -ups.

AT THIS TIME IS THE LO-
CATION FOR THE PHONO-
GRAPH PICK-UP UNIT CON-.
NECTIDNS. As YOU WILL
NOTE IN FIG. 2, A

SWITCH IS INSTALLED IN

THE GRID CIRCUIT OF THE
DETECTOR TUBE AND THE

TERMINALS FOR THE PHONQ
GRAPH PICK UP UNIT ARE

CONNECTED ACROSS THESE
TAO SWITCH TERMINALS.
WITH THIS SWITCH CLOSED,
THE GRID CIRCUIT FOR

THE DETECTOR ISCOMPLETE
SO THAT CUSTOMARY RADIO
RECEPTION WILL BE OB-

TAINED.

BY OPENING THIS

SAME SWITCHOT IS CLEAR
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THAT THIS GRID CIRCUIT WILL NOW BE COMPLETED THROUGH THE PHONOGRAPH PICK-
UP UNIT.

THE PICK-UP UNIT

THREE TYPES OF COMMONLY USED PHONOGRAPH PICK-UPS ARE SHOWN IN FIG.4.
THE UNIT AT THE UPPER LEFT HAS THE VOLUME CONTROL BUILT DIRECTLY INTO THE
ASSEMBLY WHILE THE UNIT AT THE UPPER RIGHT REQUIRES THE VOLUME CONTROL TO
BE LOCATED EITHER AT THE RECEIVER OR SOME OTHER SUITABLE POINT. THE UNIT
AT THE LOWER CENTER OF FIG. 4 HAS THE VOLUME CONTROL ATTACHED BY A CABLE
SO THAT IT CAN BE MOUNTED WHEREVER DESIRED.

RATHER

BEFORE CONTINUING WITH THE DETAILS REGARDING THE CONSTRUCTIONAL FEAI
URES OF THESE PICK UP UNITSIAS WELL

FIG. 5

The Phonograph Record.

AS THEIR OPERATING PRINCIPLES, IT

IS ADVISABLE TO FIRST TELL YOU SOMA
THING ABOUT THE PHONOGRAPH RECORD
UPON WHICH THE OPERATION OF THE
PICK UP UNIT IS IN A LARGE MEASURE
DEPENDENT.

AS YOU PROBABLY ALREADY KNOW,
THE FLAT SURFACE OF THE CONVENTION
AL DISC TYPE PHONOGRAPH RECORD HAS
A SPIRAL SHAPED GROOVE CUT INTO IT.
THIS GROOVE STARTS NEAR THE CENTER

GRADUALLY WORKS
ITS WAY TOWARD THE CIRCUMFERENCE OR
RIM OF THE RECORD. IN FIG 5 THIS
GROOVE IS ILLUSTRATED FOR YOU IN A

EXAGGERATED MANNER SC AS TO MAKE THIS POINT CLEAR.

ACTUALLY, THIS SPIRAL GROOVE IS NOT UNIFORM IN THAT SMALL WAVES ARE
CUT ALONG THE SIDES OF THE GPOOVE SOMEWHAT AS ILLUSTRATED IN FIG.6, WHERE
YOU ARE LOOKING AT A MAGNIFIED SECTION OF A RECORDED SURFACE.THESE WAVES
CORRESPOND TC THE AUDIO FREQUENCIES OF THE SOUNDS WHICH WERE PRODUCED IN

THE STUDIOS AT THE TIME OF RECORDING. WE MIGHT SAY THAT THESE WAVES"MOD.
ULATE" THE GROOVE OR THAT THE GROOVE IS "MODULATED" BY THEM.

FOR THE PRESENT, THIS IS ALL THAT YOU NEED TO KNOW REGARDING THE RED
ORD ITSELF. IN ANOTHER SECTION OF THE COURSE, THE PROCESS OF RECORDING IS
TREATED IN DETAIL.

NOW FOR THE MECHANISM OF THE PICK UP UNIT.

THE ELECTROMAGNETIC PHONOGRAPH PICK-UP

THE CONSTRUCTIONAL DETAILS OF AN ELECTROMAGNETIC PHONOGRAPH PICK UP
ARE SHOWN IN FIG. 7. IN APPEARANCE, IT IS QUITE SIMILAR TO A BALANCED ARM
ATURE TYPE SPEAKER UNIT. THE OPERATING PRINCIPLES OF THIS PICK UP DEVICE
ARE, HOWEVER, DIFFERENT FROM ANY OF THOSE SO FAR GIVEN YOU.

REGARDING THE CONSTRUCTION OF THE PICK UP UNIT, WE HAVE FIRST A PE.
MANENT MAGNET, WHICH IS BENT INTO THE SHAPE OF A HORSESHOE AND A "U"

SHAPED POLE PIECE IS CONNECTED TO EACH OF ITS EXTREMETIES.
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IN FIG. 7, YOU ARE LOOKING AT THE PICK UP UNIT FROM THE FRONT AND

HERE YOU CAN SEE HOW THE LIGHT ARMATURE IS. PIVOTED AT ITS LOWER END BE-

TWEEN THE POLE PIECES. A SMALL PIECE OF METAL PROJECTS TO EACH SICE OF

THE ARMATURE AT THIS POINT, THUS MAKING IT "T" SHAPED AND IN OUR ILLUSTRA
TION, THESE PROJECTIONS ARE PERPENDICULAR TO THE PAPER AND CAN THEREFORE

NOT BE SEEN VERY CLEARLY. ONE OF THESE IS IN FRONT AND THE OTHER IN THE

BACK. A RUBBER SLEEVE IS SLIPPED OVER THEM AND IS CLAMPED BETWEEN THE LOW
ER PORTION OF THE POLE PIECES, THUS PERMITTING THE ARMATURE TO VIERATE

FROM RIGHT TO LEFT WITH ITS PIVOT AT THE LOWER END.

AT THE CENTER PORTION, A COIL SURROUNDS THE ARMATURE AND THE ENDS

OF THIS COIL ARE CONNECTED ACROSS THE INPUT OF THE A.F. AMPLIFIER. NOW IF

WE SHOULD APPLY A VIBRATING FORCE FROM RIGHT TO LEFT AT THE NEEDLE POINT,
IT IS LOGICAL THAT THE ARMATURE WILL ROCK ON ITS PIVOT CORRESPONDINGLY.

DUE TO THE FACT THAT THE ARMATURE
IS OF A METAL ALLOY STRUCTURE, IT IS NO

MORE BUT NATURAL THAT IT SHOULD HAVE A

RESONANCE FREQUENCY OF ITS OWN. IN THE
BEST MODERN PICKUPS, THIS RESONANCE
POINT USUALLY LIES BETWEEN FREQUENCIES
OF 3000 AND 4000 CYCLES AND SO IN ORDER
TC PREVENT AN EXCESSIVE RESPONSE AT

THESE FREQUENCIES,IT IS NECESSARY TO

DAMP THE SYSTEM. THIS IS GENERALLY ACCOM
PLISHED BY MEANS OF RUBBER BUFFERS,
WHICH ARE APPLIED TO THE FREE END OF THE
ARMATURE. (THESE ARE MOUNTED ON THE UPPER
PORTION OF THE POLE PIECES AS SHOWN IN

FIG. 7.) THESE BUFFERS AT THE SAME TIME
ALSO SERVE TO CENTER THE ARMATURE IN THE

F1G.6
The Modulafred Groove.

MAGNETIC AIR GAP.

NOT ONLY DOES THIS BUFFER SYSTEM AFFECT THE RESONANT FREQUENCY BUT

IT DAMPS THE HIGHER FREQUENCIES MORE THAN IT DOES THE LOWER ONES,THUS
BRINGING OUT THE LOWER TONES IN PROPORTION TO THE HIGHER ONESTHE EFFEC-

TIVE RANGE OF THE BEST MODERN ELECTROMAGNETIC PICKUPS IS FROM ABOUT WO
TO 5000 CYCLES, WHICH CORRESPONDS TO THE USUAL RANGE OF THE PHONOGRAPH RE,Q
ORD.

IN SOME OF THE EXPENSIVE ELECTROMAGNETIC PICKUP JNITS,DAMPING IS

ACCOMPLISHED THROUGH THE USE OF A HEAVY OIL, WHICH IS CONTAINED WITHIN A

CHAMBER AND AGAINST WHOSE RESISTANCE THE ARMATURE MUST VIBRATE.

REPRODUCING SOUND FROM THE RECORDS

THE PICKUP UNIT IS MOUNTED ON THE END OF A PIVOTED ARM SO THAT ITS

NEEDLE MAY RIDE IN THE GROOVE OF THE RECORD AS THE RECORD ROTATES ABOUT

ITS CENTER ON A TURNTABLE. SOME PICK UP ASSEMBLIES ARE EQUIPPED WITH AN

ADJUSTABLE COUNTERWEIGHT BY MEANS OF WHICH THE NEEDLE DRESSURE UPON THE

RECORD CAN BE ADJUSTED.

AS THE TURN TABLE ROTATES THE RECORD, THE SHARP POINTED NEEDLE OF

THE PICKUP UNIT MUST FOLLOW THE SPIRAL GROOVE IN THE SURFACE OF THE REC-
ORD. THE GROOVE, YOU WILL RECALL,HAS BEEN MODULATED IN THE FORM OF DEVIA-
TIONS TO EITHER SIDE OF THE GROOVE AND THEREFORE THESE IRREGULARITIES WILL
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CAUSE THE PICKUP NEEDLE TO VIBRATE FROM SIDE TO SIDE IN DIRECT RELATION TO
THESE IRREGULAR IMPRESSIONS IN THE GROOVE OF THE RECORD.

THE ARMATURE OF THE PICKUP MUST VIBRATE FROM SIDE TO SIDE IN STEP
WITH ITS NEEDLE AND IN DOING SO,

THE FLUX (LINES OF FORCE) IN THE
AIR GAP OF THE PERMANENT MAGNETMagnet
VARIES CORRESPONDINGLY. THIS VAR--Pole pieces
IATION IN THE PICKUP18 MAGNETIC(BuFFgrs.1
FIELD REACTS UPON ITS COIL SO AS
TO INDUCE VOLTAGE CHANGES IN IT,

To WHICH ARE THE EXACT ELECTRIC REP-
AnnO. RESENTATION OF THE WAVE GROOVEOF

THE RECORD,WHICH MOVES PAST THE
PICKUP NEEDLE,THEREBY ACTUATING
THE ARMATURE OF THE PICKUP.

Coi l -
Armature -

P 1Y01 Neacil
.-111111=1111

FIG.7
Construction of the Electra Nagnebic

Phonograph Pith -up.
SINCE THESE VOLTAGE CHANGES

ACROSS THE PICKUP COIL ARE THE
EXACT ELECTRICAL REPRODUCTION OF

THE VARIATIONS IN THE GROOVES OF THE RECORD WHICH IN TURN CORRESPOND TO
THE AUDIO FREQUENCIES WHICH WERE RECORDED, WE CAN READILY APPLY THESE vol,
TAQE CHANGES ACROSS THE GRID OF A VACUUM TUBE AND THUS BY THE CONVENTION-
AL STEPS OF AUDIO FREQUENCY AMPLIFICATION OPERATE A SPEAKER UNIT WITH A
GREAT DEAL OF FORCE. THE SPEAKER MUST THEN REPRODUCE THE SOUNDS WHICH WERE
ORIGINALLY RECORDED ON THE RECORD.

A TYPICAL VOLUME CONTROL FOR A PHONOGRAPH

IN THE UPPER ILLUSTRATION OF FIG. 8, YOU WILL SEE HOW THE ELECTROMAfi
NETIC PICKUP UNIT IS REPRESENTED IN THE FORM OF A RADIO SYMBOL AND HOW IT
IS CONNECTED TO THE FIRST OR INPUT TUBE OF AN AUDIO AMPLIFIER. THIS ILLUS-
TRATION ALSO SHOWS YOU HOW THE VOLUME CAN BE CONTROLLED BY MEANS OF A POT-
ENTIOMETER, WHICH IS CONNECTED ACROSS THE ENDS OF THE PICKUP COIL.

THIS SAME ARRANGEMENT CAN BE USED WHEN
UP TO AN A.F. AMPLIFIER OF THE PUBLIC AD-
DRESS TYPE,FOR TO THE AUDIO AMPLIFIER OF
A RADIO RECEIVER AND IN THE LATTER CASE,
THE INPUT TUBE CAN BE EITHER THE DETECTOR
OR ELSE THE FIRST AUDIO TUBE.

NOTICE ESPECIALLY HOW THE END TERM-
INALS OF THE VOLUME CONTROL POTENTIOMETER
ARE CONNECTED ACROSS THE ENDS OF THE PICK
UPtS COIL -IN THIS WAY BEING CONNECTED IN
PARALLEL WITH THE COIL.

WITH THE CONNECTIONS THUS MADE, THE
VOLTAGES WHICH ARE GENERATED ACROSS THE
ENDS OF THE PICKUP COIL WILL ALSO BE A-
VAILABLE ACROSS THE ENDS OF THE POTENTIO-
METERtB RESISTANCE ELEMENT. THEN BY CONNL
CTING ONE ENO OF THE POTENTIOMETER TO THE
GRID RETURN END OF THE CIRCUIT WHILE THE

COUPLING A A PHONOGRAPH PICK.-

Pick- uo
Phono Vol urn

con ro(

Scratch Filter

To Ampl.

Volume control

FIG.8
Controding Vol With a Pkk-up Unit;

.wna' Reclucing'Needie Samitc.h?
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CONTROL ARM TERMINAL OF THE SAME UNIT IS CONNECTED TO THE GRID OF THE

TUBE, VARYING AMOUNTS OF THE POTENTIOMETER'S RESISTANCE ELEMENT CAN BE

USED IN ORDER TO APPLY THE SIGNAL VOLTAGES ACROSS THE GRID CIRCUIT OF THE
TUBE. IN OTHER WORDS, THE VOLTAGE DROP WHICH IS DEVELOPED ACROSS THE RE-
SISTANCE ELEMENT INCLUDED BETWEEN THE ARM AND THE GRID RETURN END IS AP-
PLIED TO THE GRID CIRCUIT.

THE GREATER THE RESISTANCE VALUE INCLUDED BETWEEN THESE TWO POINTS,
THE GREATER WILL BE THE SIGNAL VOLTAGE IMPRESSED UPON THE GRID CIRCUIT
AND THE VOLUME WILL INCREASE ACCORDINGLY, BY

ADJUSTING THE POSITION OF THE POTENTIOMETER ARM
ON ITS RESISTANCE ELEMENT, WE THUS HAVE AN EFFEQ
TIVE MEANS FOR CONTROLLING THE VOLUME,

NEEDLE SCRATCH

QUITE OFTEN, A DISAGREEABLE SCRATCHING
SOUND IS NOTICED DURING THE REPRODUCTION OF A

RECORD. WE COMMONLY CALL THIS NEEDLE SCRAM- \ND
IT IS PRIMARILY CAUSE BY THE ADDED IRREGULARIT-
IES WHICH HAVE BEEN INTRODUCED UPON THE SURFACE
OF THE RECORD BY HIGH NEEDLE PRESSURES AND THE

NECESSARY ABRASSIVE CHARACTERISTIC OF THE RECORD Fla 9

ITSELF,WHICH IS REQUIRED TO QUICKLY WEAR THE ElectricPhoao, 72/ri iabie

PICKUP NEEDLE DOWN TO A GOOD FIT FORME GROOVE*
IN THE LOWER ILLUSTRATION OF FIG. BONE OF THE METHODS IS SHOWN WHEREBY
SOME OF THESE EXTRANEOUS NOISES CAN BE REDUCED. HERE A RESONANT CIRCUIT,
CONSISTING OF A SERIES CONNECTED INDUCTANCE AND A CONDENSER IS SHUNTEDA
CROSS THE PICKUP COIL AND IT IS TUNED TO THE MOST BOTHERSOME NOISE FRE-

QUENCY,,THEREBY PREVENTING THIS UNDESIRABLE FREQUENCY FROM BEING AMPLI-
FIED.

RECENT ADVANCEMENTS IN RECORD AND PICKUP CONSTRUCTION HAVE REDUCED
SURFACE SCRATCH MATERIALLY TO WHAT WE HAD TO CONTEND WITH SEVERAL YEARS
AGO.

THE TURNTABLE

FOR ROTATING THE RECORD, THE GENERAL PRACTICE IS TO DRIVE A TURN-
TABLE BY MEANS OF A SMALL ELECTRIC MOTOR, HOWEVER, A MECHANICAL TYPE MQ
TOR,IN WHICH AN UNWINDING SPRING PROVIDES THE MOTIVE FORCE, CAN ALSO
BE USED. YOU ARE SHOWN TWO OF THE MANY TYPES OF ELECTRICALLY OPERATED
IN FIG. 9.

THE POWER FOR OPERATING THIS TYPE OF ELECTRIC TURNTABLE IS OB-

TAINED FROM LINES SUPPLYING THE LIGHTING CURRENT TO THE BUILDING AND THE
MOTOR UNIT IS THEN INSTALLED IN A CABINET, WITH ONLY THE TURNTABLE PRO....
TRUDING UPON WHICH TO PLACE THE RECORD. THE TWO STANDARD SPEEDS AT WHICH
THESE TURNTABLES REVOLVE ARE 33 1/3 P.P.M. (REVOLUTIONS PER MINUTE) AND

78 R.P.M. THE 78 R.P.M. RECORDS ARE THE STANDARD FOR HOME USE.

WITH THE PHONOGRAPH RECORD PLACED IN POSITION ON THE ROTATINGTURj
TABLE AND WITH THE NEEDLE OF THE PHONOGRAPH PICKUP RIDING IN THE GROOVES
OF THE RECORD, YOU WILL READILY SEE THAT THE AUDIO FREQUENCY VOLTAGES,
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WHICH ARE GENERATED WITHIN THIS PICKUP, WILL BE IMPRESSED UPON THE GRID
CIRCUIT OF THE DETECTOR TUBE OF OUR RECEIVER IN FIG. 2. THESE ALDIO FRE-
QUENCY CHANGES WILL THEN BE AMPLIFIED BY THE DETECTOR TUBE AND THE FOLL-
OWING AUDIO AMPLIFYING STAGES UNTIL THEY ARE FINALLY IMPRESSED ACROSS
THE SPEAKER'S VOICE COIL AND CONVERTED INTO SOUND. IN THE CASE OF THE
RECEIVER OF FIG. 2, THE VOLUME CONTROL FOR THE REPRODUCTION OF RECORDS
WILL HAVE TO BE ON THE PHONOGRAPH PICKUP, FOR NO PROVISION IS MADE IN THE
CIRCUITS OF THE RECEIVER.

IHE REGULAR RECEIVER VOLUME CONTROL IN THIS CASE CANNOT BE USED FOR
CONTROLLING THE VOLUME OF PHONOGRAPH MUSIC BECAUSE IT AFFECTS ONLY THE
R.F. STAGES AND THESE ARE INOPERATIVE DURING THE REPRODUCTION OF PHONOGRAPH
RECORDINGS. THE PHONOGRAPH PICK-UP IN OPERATION, THE RECEIVER'S VOL-
UME CONTROL SHOULD BE TURNED TO THE "OFF" POSITION.
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FIG. 10
?he Foul- Tube )2eceiver-;

A FOUR TUBE RADIO -PHONOGRAPH RECEIVER

IN FIG. 10 YOU ARE SHOWN THE CIRCUIT DIAGRAM OF A FOUR TUBE RECEIVER
WHICH WILL OFFER EITHER RADIO OP PHONOGRAPH ENTERTAINMENT. ALTHOUGH THE
25Z5 TUBE IS EMPLOYED IN THIS RECEIVER, YET THE CIRCUIT ARRANGEMENT OF
THIS PARTICULAR RECEIVER IS SUCH THAT THIS TUBE FUNCTIONS ONLY AS A "VOL-
TAGE DOUBLER WHEN CONNECTED TO A 110 VOLT A.C. LIGHTING SUPPLY AND DOES
NOT OFFER PROVISIONS FOR OPERATING THE SAME RECEIVER FROM A D.C. SUPPLY.

THE WINDINGS FOR THE ELECTRIC MOTOR,WHICH IS USED TO DRIVE THE TURN-
TABLE OF THIS RECEIVER,IS CONNECTED DIRECTLY ACROSS THE 110 VOLT A.C.
CUIT WHENEVER SWITCH IS IN THE CLOSED POSITION. THE NATURE OF THIS Mg
TOR IS SUCH, HOWEVER, THAT IT WILL NOT COMMENCE TO OPERATE UNLESS THETUR
TABLE IS GIVEN A QUICK TWIRL WITH THE HAND SO AS TO CAUSE IT TO REVOLVE IN
A CLOCKWISE DIRECTION.

THE VOLUME CONTROL FOR PHONOGRAPH REPRODUCTION CONSISTS OF THE 5000
OHM POTENTIOMETER R-II,WHICH IS CONNECTED ACROSS THE COIL OF THE PICK-. UP
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UNIT. ONE END TERMINAL OF THIS POTENTIOMETER IS CONNECTED TO THE CONTROL
GRID OF THE DETECTOR TUBE WHILE THE ARM TERMINAL OF THE POTENTIOMETER IS
CONNECTED TO THE CATHODE CIRCUIT OF THE DETECTOR TUBE. THIS WILL SERVETO
ACTUALLY CONNECT THE PICKUP ASSEMBLY ACROSS THE GRID CIRCUIT OF THE DE-
TECTOR TUBE.

THE ENTIRE CABLE OF THE PICKUP IS ENCLOSED IN A BRAIDED METALSHIELD
WHICH IS GROUNDED TO THE METAL RECEIVER CHASSIS IN ORDER TO AVOID INTER-
FERENCE PICKUP.

FOR RADIO RECEPTION, THE VOLUME CONTROL FOR THE PHONOGRAPH
IS SET TO ITS "OFF" OR MINIMUM VOLUME POSITION,
RETURN CIRCUIT OF
THE DETECTOR
STAGE WILL PE
COMPLETED DIRLLT
WITHOUT ANY OF
THE RESISTANCE OF
RII BEING INCLU-
DED IN IT.

THE RECEIVER

IS THEN OPERATED
IN THE CONVEN-
TIONAL MANNER AND
THE VOLUME FOR
RADIO RECEPTION
IS CONTROLLED BY
MEANS OF THE
50,000 OHM PO-

TENTIOMETER RI, WHICH IS CONNECTED IN THE CATHOOE CIRCUIT OF THE R.F.
TUBE.

AT WHICH TIME
PICKUP

THE GRID

F I G. H

Phonograph Input to I§± A. F Tube

FOR THE REPRODUCTION OF PHONOGRAPH RECORDINGS, THE RECEIVERIS 50,000
OHM CONTROL POTENTIOMETER IS TURNED JUST FAR ENOUGH TO THE "ONII POSITION
SO AS TO CLOSE THE SWITCH S -I WITH WHICH IT IS MECHANICALLY CONNECTED.
THE TURNTABLE IS THEN GIVEN A SLIGHT TWIRL TO START IT AND THE NEEDLE OF
THE PICKUP UNIT IS PLACED AT THE STARTING END OF THE RECORDING GROOVE THE
SAME AS FOR ANY ORDINARY PHONOGRAPH. POTENTIOMETER R -II IS THEN ADJUSTED
FOR THE VOLUME DESIRED.

ORDINARILY, NO RADIO SINGALS SHOULD GET THROUGH THE RECEIVER TO
CAUSE INTERFERENCE WITH THE PHONOGRAPH MUSIC, AS LONG AS R -I IS NEARLY IN
ITS "OFF" POSITION. HOWEVER, IN THE EVENT THAT SOME STRONG LOCAL STATION
SHOULD CAUSE TROUBLE IN THIS RESPECT, THEN THE RECEIVER CAN BE DETUNED
BY TURNING THE TUNING CONTROL ONE WAY OR ANOTHER SLIGHTLY SO AS TO ELIM-
INATE THE BOTHERSOME STATION.

PHONOGRAPH INPUT TO A.F. STAGE

SO FAR, YOU WERE ONLY SHOWN HOW TO COUPLE A PHONOGRAPH PICKUP TO

THE DETECTOR STAGE OF A RECEIVER. FIG. II,HOWEVER, ILLUSTRATES HOW THE
PICKUP UNIT MAY BE WORKED INTO THE FIRST A.F. TUBE OF A RECEIVER WHEN RE
SISTANCE -- CAPACITY COUPLING IS USED BETWEEN THE DETECTOR AND FIRST A.F.
STAGE.
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WITH THE SWITCH CLOSED TO POSITION "A", THE RADIO CIRCUIT WILL BE

COMPLETE, WHILE THE PHONOGRAPH INPUT CIRCUIT IS AT THE SAME TIME INTER-
RUPTED. THEREFORE, CUSTOMARY RADIO RECEPTION WILL TAKE PLACE. HOWEVER,
WHEN THE SWITCH IS CLOSED TO POSITION "B", THE RADIO CIRCUIT WILL BE IN-
TERRUPTED AND THE PHONOGRAPH PICKUP TOGETHER WITH ITS VOLUME CONTROL WILL
BE CONNECTED ACROSS THE GRID CIRCUIT OF THE A.F. AMPLIFIER TUBE. RADIO

RECEPTION WILL THEREFORE CEASE AND THE A.F. SIGNAL VOLTAGES WHICH ARE
GENERATED ACROSS THE PHONOGRAPH PICKUP COIL WILL BE APPLIED TO THE GRID
OF THE FIRST A.F. TUBE FOR FURTHER AMPLIFICATION.

PHONOGRAPH CONNECTIONS FOR TRANSFORMER COUPLED A.F. STAGE

Fie. 12 SHOWS YOU HOW THE PHONOGRAPH PICKUP MAY BE CONNECTED TO THE
RECEIVER CIR-
CUITS IN THE
EVENT THAT TRA
NSFORMER COUP-
LING IS USED
BETWEEN THE pE
TECTOR AND
FIRST A.F.

STAGE. IN THIS
CASEITHE COIL
OF THE PICKUP)

TOGETHER WITH
ITS VOLUME coh,
TROL POTENTIO-
METER, IS CON-

NECTED ACROSS
THE PRIMARY
WINDING OF THE
A.F.TRANSFORM-
ER WHENEVER THE
SWITCH 18 PLA2
ED IN THE PHOU
OGRAPH
TION,THAT IS,

CONTACTING
POINT "B".

PIG. l'Z
Phonograph Inpufr To Transformer- Coup/eat A. F.

Stage.

THE A.F. SIGNAL VOLTAGES, WHICH ARE GENERATED IN THE PICKUP COIL,
WILL AT THIS TIME BE APPLIED ACROSS THE PRIMARY WINDING OF THE A.P.TRANa
FORMER AND THEN PASSED ONTO THE SECONDARY WINDING OF THIS TRANSFORMER BY
INDUCTION TO BE FINALLY IMPRESSED UPON THE GRID OF THE A.F. TUBE TO BE

FURTHER AMPLIFIED. NOTICE THAT IN THIS SYSTEM,THE TURNS RATIO OF THE A.F.
TRANSFORMER WILL OFFER A CONSIDERABLE STEP UP IN THE VOLTAGE GENERATED
BY THE PICKUP WITH WHICH TO ACTUATE THE GRID OF THE A.F. TUBE.

PHONOGRAPH CONNECTION TO A DUPLEX DIODE -TRIODE

FIG. 13 SHOWS YOU HOW TO WORK A PHONOGRAPH PICKUP UNIT INTO A TYPE
2A6 DUPLEX DIODE TRIODE WHEN USING THIS TUBE AS A SECOND DETECTOR AND
FIRST A.F. AMPLIFIER IN A SUPERHETERODYNE RECEIVER.

HERE YOU WILL SEE THAT THE PHONOGRAPH PICKUP, TOGETHER WITH ITS VOL-
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UME CONTROL, IS CONNECTED ACROSS THE PRIMARY WINDING OF AN A.P.TRANSFORM
ER (PHONOGRAPH INPUT TRANSFORMER) WHICH SERVES TO COUPLE THE PHONOGRAPH

UNIT TO THE RECEIVER CIRCUITS. THE SECONDARY WINDING OF THIS TRANSFORMER
IS CONNECTED THROUGH A PLUG-IN TYPE TWIN JACK ACROSS THE ENDS OF THE .25

MEGOHm RESISTOR WHICH SERVES AS THE GRID LEAK FOR THE TRIODE SECTION OF

THE 2A6 TUBE.

THE CONNECTIONS, WHEN MADE IN THIS WAY, PERMIT THE A.F. SIGNAL VOL-
TAGES AS GENERATED BY THE PHONOGRAPH PICKUP TO BE STEPPED UP BY THE COUP-
LING TRANSFORMER BEFORE BEING APPLIED ACROSS THE GRID CIRCUIT OF THE 2A6

TUBE18 TRIODE OR A.F. SECTION.

PHONOGRAPH PICK-
UP UNITS CAN BE PUR-
CHASED EITHER WITH A

HIGH IMPEDANCE RATING
OR A LOW IMPEDANCE RA/
ING. SOME PICKUP UNITS
ARE MANUFACTURED WITH
VARIOUS IMPEDANCE RAT-
INGS RANGING FROM 3 UP
TO 10,000 OHMS. IN THE
LOW IMPEDANCE GROUP RAI
INGS OF 200;500 AND 700
OHMS ARE QUITE POPULAR
WHILE IN THE HIGH IM-

PEDANCE GROUP, RATINGS
OF 2000;2500;4000 AND
8500 OHMS ARE FREQUENTLY
USED.

WHEN USINGA HIGH
IMPEDANCE PHONOGRAPH
PICKUP, IT IS THE COM-
MON PRACTICE TO CONNECT
THE PICKUP UNIT,TOGETH
ER WITH ITS VOLUME CONTROL,DIRECTLY

FIG. 13

Phonograph Pick-up Into a Ail;lex Diode -
Triode.

INTO THE RECEIVER CIRCUIT WITHOUT US-
ING ANY SPECIAL COUPLING TRANSFORMER. WHENEVER A LOW IMPEDANCE PICKUP 18

USED, HOWEVER, THEN IT IS A BETTER PRACTICE TO COUPLE THE PICKUP ASSEMBLY
TO THE RECEIVER BY MEANS OF A PHONOGRAPH INPUT TRANSFORMER. THIS CAN BE

EXPLAINED IN THE FOLLOWING WAY:

FIRST,THE LOW IMPEDANCE PICKUP DOES NOT GENERATE AS GREAT AN A.F.

SIGNAL VOLTAGE AS DOES THE HIGH IMPEDANCE PICKUP AND SO THE STEP UP RATIO
OF THE TRANSFORMER WILL AID TO BOOST THE VOLTAGE BEFORE APPLYING IT TO

THE GRID OF THE FIRST TUBE TO AMPLIFY THE SIGNAL. FURTHERMORE,THE GR1DC111
CUlT OF THE AVERAGE RECEIVER A.F. STAGE INTO WHICH THE PICKUP UNIT IS TO

OPERATE, IS OF A RATHER HIGH IMPEDANCE VALUE AND SO IF A LOW IMPEDANCE

PICKUP IS FORCED TO WORK DIRECTLY INTO A HIGH IMPEDANCE GRID CIRCUIT, COU
SIDERABLE VOLUME AND TONE QUALITY WILL BE SACRIFICED. IN OTHER WORDS, WE

HAVE A CONDITION HERE SIMILAR TO THAT WHERE THE LOW IMPEDANCE VOICE COIL

OF A DYNAMIC SPEAKER MUST SE PROPERLYMATCHEO TO THE RELATIVELY HIGH IMPEDANCE

OF THE POWER TUBE'S PLATE CIRCUIT IF BEST RESULTS ARE TO BE EXPECTED.

SO ALTOGETHER, WHAT THE PHONOGRAPH INPUT TRANSFORMER REALLY ACOOMP
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LISHES IS TO PROPERLY MATCH THE IMPEOANCE OF THE PHONOGRAPH PICKUP TO THE
RECEIVER CIRCUIT INTO WHICH IT IS TO OPERATE, WHILE AT THE SAME BOOSTING
THE PICKUP SIGNAL VOLTAGE TO A HIGHER VALUE BEFORE APPLYING IT TO THE RE-
CEIVER CIRCUIT.

INSTALLING A PHONOGRAPH ATTACHMENT ON AN EXISTING RECEIVER

SOME PEOPLE ALREADY HAVE A REGULAR PHONOGRAPHS AS WELL AS A CON-
VENTIONAL TYPE OF RADIO RECEIVER AND HAVE A DESIRE TO REPRODUCE THEIRPHOli
OGRAPH RECORDS THROUGH THE SPEAKER OF THE RADIO RECEIVER. YOU MAY AT SOME
TIME HAVE OCCASSION TO PERFORM SUCH A JOB AND SHOULD THEREFORE FIND THE
FOLLOWING EXPLANATION TO BE OF SPECIAL INTEREST.

Phono.

Pick-up

Using

IZeCeiYer

Wire connecEion

Phono.
Volume.

conkrol

FIG. 14 WILL GIVE YOU A

GENERAL IDEA OF HOW THIS CAN BE
DONE. NOTICE THAT WITH THIS PAg
TICULAR TYPE OF PICKUP UNIT,THE
ORIGINAL TONE ARM OF THE PHONO-
GRAPH NEED NOT BE DISTURBED.AL-
SO NOTICE THAT THE VOLUME CON-
TROL FOR THE PHONOGRAPH ATTACH
MENT IS MOUNTED CONVENIENTLY ON
THE PHONOGRAPH.

IN SOME EXISTING RECEIVERS,
THE VOLUME CONTROL IS INSTALLED
IN THE AUDIO STAGES AND IN SUCH
A CASE, NO ADDITIONAL voLumEcoli
TROL NEED BE ADDED AT THE TIME
OF INSTALLING A PHONOGRAPH plc.g.

UP ASSEMBLY -- THE RECEIvERtS VOLUME CONTROL CAN CONTROL THE VOLUME FOR
PHONOGRAPH REPRODUCTION AS WELL. HOWEVER, MOST RECEIVERS,ESPECIALLY THOSE
OF LATER DESIGN, HAVE THE VOLUME CONTROL INSTALLED IN THE R.F. STAGES AND
UNDER THESE CONDITIONS IT BECOMES NECESSARY THAT AN ADDITIONAL VOLUMECOU
TROL BE PROVIDED FOR PHONOGRAPH REPRODUCTION AT THE TIME OF INSTALLING THE
PICKUP.

r G. 14
a Phonograph Wish a

Separate aoceieer;

IN ORDER TO OBTAIN THE BEST RESULTS FROM THIS PHONOGRAPH ATTACH-
MENT, WHENEVER AN ADDITIONAL VOLUME CONTROL IS REQUIRED, IS TO USE A
PICKUP UNIT WHICH ALREADY HAS THE VOLUME CONTROL INCORPORATED IN IT OR
ELSE WITH THE TWO PARTS SOLD TOGETHER AS A UNIT. THE REASON FOR THIS IS

THAT THE MANUFACTURER PROVIDES A VOLUME CONTROL WHICH IS BEST SUITED FOR
THE PARTICULAR PICKUP IN QUESTION.

THERE WILL BE NO NEED FOR US TO AGAIN GO INTO THE DETAILS CONCERN-
ING THE CONNECTIONS BETWEEN THE PICKUP AND THE RECEIVER CIRCUITS BECAUSE
THIS HAS ALREADY BEEN COVERED IN THIS LESSON. WE MIGHT ADD AT THIS TIME,
HOWEVER, THAT BY OPERATING THE PICKUP INTO THE GRID CIRCUIT OF THE RECEII
ERs DETECTOR STAGE, ONE GETS THE BENEFIT OF THE AMPLIFICATION OFFERED BY
THE DETECTOR TUBE IN ADDITION TO THAT OF THE A.F. AMPLIFIER.

THE TWO WIRES WHICH CONNECT THE PICKUP TO THE RECEIVER ARE CABLED
TOGETHER AND GENERALLY ALREADY FURNISHED IN THIS FORM WITH THE PICKUP BY
THE MANUFACTURER.
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TONE CONTROLS

NOW LET US TURN OUR ATTENTION TO THE MATTER OF TONE CONTROLS.AS YOU
ALREADY KNOW, PEOPLE HAVE DIFFERENT TASTES AS TO TONE QUALITY AND EVEN IF
THE DESIGNING ENGINEERS SHOULD PRODUCE A RECEIVER WHICH TO THEM HAS EXCEL
TIONAL GOOD TONE QUALITY, YET THERE WOULD BE SOME LISTENERS WHO WOULD COM

PLAIN OF THE TONES BEING TOO HIGH OR TOO Low PITCHED. THEREFORE,THE LOG-
ICAL THING TO DO, IN ORDER TO PLEASE EVERYBODY IS SENSE OF HEARING, IS TO

PROVIDE A CONTROL ON THE RECEIVER,WHICH THE INDIVICUAL CAN ADJUST SO THAT
THE PRODUCED SOUNDS TO HIM WILL BE MOST PLEASING. WE CALL SUCH DEVICES
"TONE CONTROLS."

TONE CONTROL WITH GANGED BY-PASS CONDENSERS

VARIOUS CIRCUIT ARRANGEMENTS HAVE BEEN WORKED OUT TO ACCOMPLISH
THIS PURPOSE AND ONE
SYSTEM IS ILLUSTRATED
FOR YOU IN FIG.IS.HERE
YOU WILL SEE THAT THREE
BY-PASS CONDENSERS HAVE
ONE OF THEIR SIDES MUI
UALLY CONNECTED TO THE
PLATE END OF THE INPUT
PUSH -FULL TRANSFORM-
ERIS PRIMARY WINDING.
THE OTHER SIDE OF ALL
THREE OF THESE BY-PASS
CONDENSERS ARE CONNECI
ED TO SEPARATE CONTACI
TERMINALS AND A GROUNDED BLADE IS SO ARRANGED THAT WHEN IT 13 ROTATED FROM THE
LEFT TOWARD THE RIGHT, IT WILL FIRST GROUND ONE OF THESE BY-PASS CONDENSERS. AT
THE SECOND POS I T I ON OF THIS BLADE, TWO BY-PASS CONDENSERS WI LL BEGROUNDEO AT THE
SAME T I ME AND IN THE LAST POSITION, ALL THREE CONDENSERS WILL HAVE ONE OF THEIR
SIDES GROUNDED.

Now THEN, WITH CONDENSER #1 OF FIG. 15 CONNECTED TO GROUND BY WAY
OF THE SWITCH BLADE, THE AUDIO FREQUENCIES IN THE PLATE CIRCUIT OF THIS
A.F. TUBE WILL HAVE TWO PATHS AVAILABLE, NAMELY, THAT THROUGH THE PRIM-
ARY WINDING OF THE INPUT PUSH-PULL TRANSFORMER AND THAT OFFERED BY CON-
DENSER #1. FROM YOUR EARLY RADIO PRINCIPLES, YOU WILL RECALL THAT THE PRI.
MARY WINDING OF THIS TRANSFORMER HAS CONSIDERABLE INDUCTANCE ANOTHEREFORE
IT HAS NATURAL TENDENCIES TO OPPOSE THE FLOW OF ALTERNATING CURRENT, ESP-
ECIALLY THAT OF HIGHER FREQUENCIES. A CONDENSER, ON THE OTHER HAND, HAS

A NATURAL TENDENCY TO PASS ALTERNATING CURRENTS AND THE HIGHER THE FRE-
QUENCY OF THESE CURRENTS, THE EASIER IT WILL BE FOR THEM TO PASS THRU THE
CONDENSER. SO THIS CHARACTERISTIC IS JUST EXACTLY OPPOSITE TO THAT OF IN-
DUCTANCE AND AS A RESULT, THE HIGHER AUDIO FREQUENCIES WILL BE FORCED TO

TAKE THE PATH OF LEAST OPPOSITION THEREBY PASSING TO GROUND THROUGH CON-
DENSER #1 INSTEAD OF THROUGH THE PRIMARY WINDING OF THE TRANSFORMER.

By-pass
conden5arS

Input P, N,
TransF. Power

2

I Movable/''able/-
blade

B+

FIG. 15
Example of one Type Tone Control.

FOR THIS REASON, IT IS CLEAR THAT THE HIGHER AUDIO FREQUENCIES ARE
NOT PRESENT IN THE TRANSFORMER WINDING AND CAN THEREFCRE NOT BE AMPLIFIED.
THE ABSENCE OF THESE HIGHER FREQUENCIES HAS A TENDENCY TO MAKE THE LOWER
FREQUENCIES MORE EFFECTIVE OR MORE PRONOUNCED, WITH TI -E RESULT THAT THE

SOUNDS REPRODUCED BY THE SPEAKER ARE NOW LOWER IN PITCH
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WITH THE SWITCH BLADE OF FIG. 15 IN THE SECOND POSITION,TWO BY-PASS
CONDENSERS WILL NOW BE CONNECTED IN PARALLEL AND AT THE SAME TIME SHUNTED
ACROSS THE PRIMARY OF THE TRANSFORMER. THIS SERVES TO INCREASE THE CAPA-
CITY, SO THAT A STILL GREATER PERCENTAGE OF THE HIGHER AUDIO FREQUENCIES
WILL BE BY-PASSED AROUND THE TRANSFORMER. THUS WITH A WIDER BAND OF THE
HIGHER AUDIC FREQUENCIES NOW ABSENT FROM THE TRANSFORMER,THE SPEAKER TONES
WILL APPEAR STILL LOWER IN PITCH.

FIG. 16
Tone Control Acroso Output OF Pentoda Tube.

NOW BE AT ITS LOWEST PITCH.

FINALLY,WITH THE
SWITCH BLADE OF THE
TONE CONTROL IN THE
THIRD POSITION, ALL
THREE OF THE CONDEN-
SERS WILL BECONNECTED
IN PARALLEL AND SHUN"
ED ACROSS THE PRIMARY
WINDING. THIS WILL IN
CREASE THE CAPACITY
STILL MORE, RESULTING
IN A STILL GREATER
LOSS OF THE HIGHERFRE
QUENCIES AND THE TONE
QUALITY AS REPRODUCED
BY THE SPEAKER WILL

A TONE CONTROL FOR A SINGLE -TUBE POWER STAGE

ANOTHER METHOD OF PROVIDING A TONE CONTROL IS ILLUSTRATED FOR YOU IN
FIG. IS. IN THIS CASE, THE TONE CONTROL CONSISTS OF A 12,000 OHM RHEOSTAT
WHICH IS CONNECTED IN SERIES WITH A .05 MFD. FIXED CONDENSER AND THESE
TWO UNITS ARE TOGETHER SHUNTED AROUND THE PRIMARY WINDING OF THE OUTPUT
TRANSFORMER.

IF THIS RHEOSTAT IS TURNED TO ONE EXTREME POSITION,SO THAT ALL OF
THE RESISTANCE IS INSERTED INTO THIS SHUNT CIRCUIT,THEN THE IMPEDANCE
THROUGH THE TONE CONTROL CIRCUIT IS
QUITE HIGH. FOR THIS REASON A CON-
SIDERABLE PORTION,- IN FACT, PRACT-
ICALLY ALL OF THE HIGHER AUDIO FRE-
QUENCIES WILL FLOW THROUGH THE PRI-
MARY WINDING OF THE OUTPUT TRANS-
FORMER, SO THAT THESE WILL BE IN-
DUCTIVELY TRANSFERRED TO THESPEAKER.
AS THE RHEOSTAT KNOB IS TURNED SO AS
TO DECREASE ITS RESISTANCE,THE IM-
PEDANCE THROUGH THE TONE CONTROL
WILL BECOME LESS AND IF ITS IMPED-
ANCE TO THE HIGHER AUDIO FREQUENCIES
IS PROPORTIONATELY LESS THAN THAT Q
FFERED BY THE PRIMARY OF THE OUTPUT
TRANSFORMER,A CERTAIN PERCENTAGE OF
THE HIGHER FREQUENCIES WILL BE BY-
PASSED THROUGH THE .05 MFD. CONDEN-
SER, HEREBY BEING PREVENTED FROM

FIG .17
Tone Control Connected Across
Grids of the Push -Pug Power Stage.
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BEING TRANSFERRED TO THE SPEAKER. THUS IT IS CLEAR THAT AS THE RHEOSTAT

KNOB IS TURNED TOWARDS THE POSITION OF LEAST RESISTANCE, AN INCREASING

PERCENTAGE OF THE HIGHER FREQUENCIES WILL BE BY-PASSED AROUND THE TRANS

FORMER,WITH THE RESULT THAT THE SPEAKER TONES WILL BECOME LOWER IN PITCH.

TONE CONTROLS CONSISTING OF A RHEOSTAT CONNECTED IN SERIES WITH A

FIXED CONDENSER ARE AT THE PRESENT TIME THE MOST POPULAR TYPE. HOWEVER,

THERE ARE VARIOUS WAYS IN WHICH THIS COMBINATION CAN BE USED EFFECTIVELY.

FOR, EXAMPLE, A TONE CONTROL OF THIS TYPE COULD ALSO BE USED IN THE C13

CUIT OF FIG. 15, SO AS TO REPLACE THE THREE -CONDENSER AND BLADE COMBINA-

TION. IN OTHER WORDS, IN THIS CASE, ONE END OF THE RHEOSTAT COULD BE COLT

NECTED TO THE PLATE OF THE A.F. TUBE AND THE FREE END OF THE CONDENSER

TO GROUND.

TONE CONTROL CONNECTED IN PUSH-PULL STAGE

STILL ANOTHER TONE CONTROL CONNECTION IS SHOWN YOU IN FIG,171,HEREWE

AGAIN HAVE THE RHEOSTAT -CONDENSER COMBINATION BUT IN THIS PARTICULAR CASE,

THEIR VALUES ARE SOMEWHAT DIFFERENT, THAT IS, A 500,000 OHM RHEOSTAT IS

USED TOGETHER WITH A .006 MFD. FIXED CONDENSER AND THE COMBINATION ISCO,S

NECTED ACROSS THE GRIDS OF THI. PUSH-PULL POWER STAGE, IN THIS WAY, THE

TONE CONTROL SERVES AS A SHUNT AROUND THE SECONDARY WINDING AND WITH THE

RHEOSTAT OFFERING MAXIMUM RESISTANCE, THE HIGHER FREQUENCIES WILL NOT BE

BYPASSED AND CONSEQUENTLY THEY WILL BE IMPRESSED UPON THE GRIDS OFTHESE

TUBES SO AS TO BE FURTHER AMPLIFIED. THE SPEAKER SOUNDS WILL THEREFORE BE

OF A HIGHER PITCH.

WITH THE RHEOSTAT OFFERING MINIMUM RESISTANCE, THE HIGHER FREQUEN-
CIES WILL BE BYPASSED THROUGH THE .006 MFD. CONDENSER AND THEREFORETHEY

CANNOT BE IMPRESSED UPON THE GRIDS OF THE TWO POWER TUBES AND SO AT

THIS TIME, THE SPEAKER SOUNDS WILL BE LOWER IN PITCH.

FROM THE EXAMPLES GIVEN,YOU SHOULD HAVE A SOUND UNDERSTANDING OF

TONE CONTROLS AND AS YOU COME IN CONTACT WITH DIFFERENT TYPES OF TONE COli

TROL CIRCUITS,YOU SHOULD NOT HAVE ANY DIFFICULTY IN ANALYZING THEIR PRIA

CIPLES OF OPERATION. IN REGARDS TO THE VALUES GIVEN THE PARTS FOR THE

CONTROL CIRCUIT, YOU WILL FIND QUITE AN ASSORTMENT FROM WHICH TO CHOOSE.

MANUFACTURERS DIFFER CONSIDERABLY IN THIS RESPECT AND A GREAT DEAL

DEPENDS UPON THE RANGE OF TONE CONTROL) WHICH THE MANUFACTURER WANTS THE

SET OWNER TO HAVE AT HIS COMMAND. IN OTHER WOROSy SOME TONE CONTROLS WILL

ENABLE AN ADJUSTMENT TO BE MADE FROM A VERY LOW PITCH TO A VERY HIGH ONE,

WHEREAS OTHERS DO NOT PERMIT CONTROL FROM ONE EXTREME TO THE OTHER BUT

ONLY WITHIN A LIMITED RANGE. THE VALUES,WHICH WE HAVE GIVEN YOU IN THIS

LESSON,ARE AVERAGE VALUES AND YOU WILL FIND THEM TO GIVE SATISFACTORY Rg

SULTS.

YOU SHOULD FIND THE CONTENTS OF THIS LESSON NOT ONLY INTERESTING BUT
IMPORTANT AS WELL. MANY SUGGESTIONS ARE GIVEN HEREIN,WHICH YOU CAN USE

PROFITABLY,SUCH AS PERTAINING TO THE INSTALLATION OF RADIO....PHONOGRAPHCOM

BINATIONS,AND TONE CONTROLS. THERE ARE MANY PEOPLE WHC DESIRE SUCH MODERN

ATTACHMENTS FOR THEIR RADIO AND SO IT IS UP TO YOU TO TAKE ADVANTAGE OF

YOUR KNOWLEDGE ABOUT THIS WORK AND THUS EARN YOUR SHARE OF RADIO DOLLARS

WHICH THIS TYPE OF WORK HAS TO OFFER.
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LESSON NO. 35

"Education is the foundation on
which character is built.Unfortunately,
some men do not realize the value of
early training until late in life."

I. HOW DOES THE RADIO -PHONOGRAPH COMBINATION DIFFER FROM
THE CONVENTIONAL TYPE OF RADIO RECEIVER?

2. - DESCRIBE THE CONSTRUCTIONAL FEATURES OF THE ELECTROMAG-
NETIC TYPE PHONOGRAPH PICKUP

3. EXPLAIN THE OPERATING PRINCIPLES OF THE ELECTROMAGNETIC
PHONOGRAPH PICK-UP.

4. - HOW CAN "NEEDLE SCRATCH" BE REDUCED?

5. - DRAW A CIRCUIT DIAGRAM WHICH ILLUSTRATES HOW A PHONO-
GRAPH PICK-UP CAN BE CONNECTED TO A RESISTANCE -CAPACITY
COUPLED A.F. STAGE OF A RECEIVER.

6. - WHY ARE PHONOGRAPH INPUT TRANSFORMERS SOMETIMES USED?

7. - EXPLAIN HOW YOU WOULD GO ABOUT THE JOB OF MAKING PHONO-
GRAPH PROGRAMS POSSIBLE WHEN A CUSTOMER HAS AN INDIVIDUAL
PHONOGRAPH AND A CONVENTIONAL RADIO RECEIVER.

8. IF IN A RADIO -PHONOGRAPH COMBINATION,THE RECEIVER'S VOLF,.
UME CONTROL IS CONNECTED IN THE R.F. CIRCUITS OF THE RE-
CEIVER, CAN THIS SAME VOLUME CONTROL BE USED TO REGULATE
THE VOLUME WHILE PHONOGRAPH RECORDINGS ARE BEING REPRO-
DUCED:

9. - WHY ARE TONE CONTROLS USED?

10.- DESCRIBE THE OPERATING PRINCIPLE OF A TONE CONTROL,ILL..
USTPATING YOUR EXPLANATION WITH A SIMPLE DIAGRAM.

PRINTED IN U.S.A.
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 SHOZT WAVE RECEJ vE/25

THE RECEIVERS, WHICH YOU HAVE BEEN STUDYING ABOUT SO FAR, WERE ALL
SPECIALLY DESIGNED TO RECEIVE SIGNALS WITHIN THE BROADCAST BAND. THE
BROADCAST BAND, YOU WILL RDAEMB ER, INCLUDES THOSE FREQUENCIES BETWEEN
500 KC. AND 1500 Kc. AND EXPRESSED IN WAVELENGTHS, THIS WOULD BE EQUIVA-
LENT TO A RANGE OF FROM 600 METERS DOWN TO 200 METERS.

Now WHEN WE DEAL WITH WAVELENGTHS LOWER THAN 200 METERS IN OUR
RADIO WORK, WE ARE NO LONGER WORKING IN THE BROADCAST BAND BUT IN THAT
BAND OF WAVELENGTHS AND FREQUENCIES WHICH WE SPEAK OF AS THE SHORT WAVE
BAND.

THE SHORT WAVE BAND COVERS A MUCH GREATER RANGE CF WAVELENGTHS AND
FREQUENCIES THAN DOES THE BROADCAST BAND. THE SHORT WAVE BAND IS GENER-
ALLY CONSIDERED AS INCLUDING ALL OF THOSE WAVE LENGTHS, WHICH COME BE-
TWEEN 14 AND 200 METERS.

EXPERIMENTS, HOWEVER,

THS BELOW 14 METERS AND IN
WHAT IS DESIGNATED AS BE-
ING THE ULTRA -SHORT WAVE
BAND.

FIG. 2 SHOWS YOU A

GRAPHICAL COMPARISON BE-
TWEEN THE SHORT-WAVE BAND
AND THE BROADCAST BAND
AND YOU WILL NO DOUBT BE

IMPRESSED WITH THE SMALL
PORTION WHICH 1 S OCCUPIED
BY THE BROADCAST BAND AS
COMPARED TO THE SHORT WAVE
BAND. THEN TOO, NOTICE IN

THIS ILLUSTRATION THAT THE
FREQUENCY INCREASES RAP-
IDLY AS WE APPROACH THE
LOWER WAVE LENGTHS. THAT

ARE BEING CONDUCTED SUCCESSFULLY AT WAVELENG...

I , 1

CP? a 55/s of a Factory - 841 1
Short WaveZeceiver
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IS, THE LOWER THE WAVE LENGTH, THE GREATER WILL BE THE FREQUENCY AND THIS
FACT IS MIGHTY IMPORTANT 80 DON'T FORGET IT.

THE FREQUENCIES INCLUDED IN THIS SHORT WAVE BAND, AS SHOWN IN FIGa,
EXTEND FROM 1500 Kc. UP TO 20,000 KC. -- AND IT IS DUE TO THESE HIGHER FR.g
QUENCIE8 THAT SUCH MARVELOUS RESULTS CAN BE OBTAINED ON LONG DISTANCE RU
EPTION. YOU HAVE PROBABLY ALREADY HEARD OF MANY INSTANCES WHERE A SMALL
TWO OR THREE -TUBE SHORT WAVE RECEIVER HAS PICKED UP STATIONS CLEAR ACROSS
A CONTINENT OR OCEAN OR EVEN BOTH. THINK OF IT, RECEIVING MESSAGES BY

RADIO OVER A DISTANCE OF THOUSANDS OF MILES WITH A RECEIVER, WHICH IS EVEN
SMALLER THEN MANY OF THE PORTABLE TYPE BROADCAST RECEIVERS. IN FACT,THERE
ARE EVEN ONE OR TWO -TUBE SHORT WAVE RECEIVERS, WHICH ARE CAPABLE OF NBRIB
GING IN FOREIGN STATIONS WITH FAIR REGULARITY.

YOU ARE ALREADY FAMILIAR WITH THE FACT THAT WHEN IT COMES TO BROAD-
CAST RECEPTION,
WE WOULON 1T GET

VERY FAR BY

USING A ONE, OR
TWO -TUBE RECEII

ER BUT NOT WIN
SHORT WAVEWORK.
NO DOUBT YOU ARE
NOW BEGINNING
TO WONDER JUST
WHY SUCH REMARK
ABLE PERFORMANCE
IS POSSIBLE AT
THE SHORTERWAVE
LENGTHS SO BE-

FORE ENTERING INTO A DISCUSS ION ON THE CONSTRUCT ION OF SHORT WAVERECEIVERS LET
US FIRST INVESTIGATE SOME OF THE INTERESTING AND IMPORTANT PHENOMENA EN-
COUNTERED IN THE PROPAGATION OF THESE SHORTER WAVES. YOU SEE, BY FIRST 8,j;
COMING MORE FAMILIAR WITH THE ACTIONS OF THESE WAVES YOU WILL MORE CLEARLY
SEE THROUGH THE PROBLEMS CONFRONTING US IN THE CONSTRUCTION OF THE RE-
CEIVERS FOR THIS TYPE OF COMMUNICATION.

7.g000 KC

/500 xc

/5;000 KC /00001(C. 5000 KC 500 KC

1 1111I1 11111111 1 1 1/41
LI/)

/5 r° .200 Metros (1
za 000 /500 KC

I//,1
zoo '° 600 M.

/500 7° 500 K.0 .
BROADCAST BAND

SHORT WAVE BAND

FIG.
Comparison of Broadcast and Shore Wave Bands.

WAVE REFLECTION AT HIGH FREQUENCIES

Now IF YOU WILL LOOK AT FIG. 3, YOU WILL SEE TWO RECEIVING STATIONS
RECEIVING SIGNALS FROM THE SAME TRANSMITTER. THE TRANSMITTER, AS YOU ALm..

READY LEARNED, RADIATES ITS RADIO WAVES IN ALL DIRECTIONS AND SOME OF
THESE WAVES SPREAD OUTWARDS CLOSE TO THE EARTHS SURFACE AND WE CALL THESE
THE GROUND WAVES. IT SO HAPPENS THAT ALL KINDS OF GEOGRAPHICAL OBSTACLES
SUCH AS TREES, BUILDINGS, MOUNTAINS ETC. ALL ABSORB A CERTAIN AMOUNT OF
THIS SIGNAL ENERGY, SO THAT THE GROUND WAVE PRODUCES A WEAKER SIGNAL IN-
TENSITY THE FARTHER AWAY IT GETS FROM THE TRANSMITTER AND FINALLY IT DIES
OUT ALTOGETHER.

THE HIGHER THE TRANSMITTING FREQUENCY, THE GREATER WILL BE THE ABS-
ORBING EFFECT UPON THE GROUND WAVE AND IT IS FOR THIS REASON THAT SHORT
WAVE RECEPTION WAS FOR SOMETIME REGARDED AS IMPRACTICAL FOR LONG DISTANT
COMMUNICATION. CONSEQUENTLY, ALL OF THE AMATEUR TRANSMITTERS WERE ASSIGNED
T. THESE HIGHER FREQUENCIES OR SHORTER WAVE LENGTHS AND THE LONGER WAVE
LENGTHS WERE RETAINED FOR COMMERCIAL USE. IT DIDN'T TAKE THESE AMATEUR
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RADIO ENTHUSIASTS LONG, HOWEVER, TO DISCOVER THAT THEY COULD COVER AGREAL
ER DISTANCE WITH LESS POWER ON THE SHORTER WAVE LENGTHS THAN WAS POSSIBLE
AT THE LONGER OR BROADCAST WAVE LENGTHS.

THIS THEN, DEMONSTRATED THAT THE THEORIES OF WAVE PROPAGATION HAD
NOT YET ALL BEEN WORKED OUT AND IT LED TO A GREAT DEAL OF ADDITIONAL RE-
SEARCH UNTIL OUR PRESENT THEORIES OF WAVE REFLECTION HAD BEEN DISCOVERED.
SO FOLLOW CLOSELY ANO YOU WILL BE SHOWN HOW IT IS POSSIBLE TO RECEIVE
SHORT WAVE SIGNALS AT GREAT DISTANCES, EVEN THOUGH THE GROUND WAVE "DIES
OUT" RELATIVELY SOON. BY AGAIN LOOKING AT FIG.3,YOU WILL NOTE THAT IN A-
DDITION TO THE GROUND WAVEIA CERTAIN PERCENTAGE OF THE WAVES RADIATED BY
THE TRANSMITTER ANTENNA,NSHOOTn UPWARDS INTO SPACEAT A STEEP ANGLE AND WE
CALL THIS THE SKY WAVE. THIS SKY WAVE,HOWEVER,DOES NOT CONTINUE ITS SKI
WARD TRAVEL INDEFINITELY BUT IF OF HIGH FREQUENCY, IT IS REFLECTED BACK T2

FIG.
Some interras&ing and Important- Ware Actions.

WARDS THE EARTH BYTHEKENNELLY-HEAVIsiDE: LAYER IN MUCH THE SAME MANNER AS

LIGHT IS REFLECTED BY A MIRROR.

Now THE KENNELLY-HEAvISIDE LAYER IS A BLANKET OF ICNIZED (DECOMPOSED)
GAS MAKING UP THE AIR AND WHICH IN WINTER NIGHTS IS APPROXIMATELY 100

MILES ABOVE THE EARTHS SURFACE. RECEIVING STATION "B" IN FIG. 3 IS NOT
GETTING ANY OF THE GROUND WAVE, AS SHOWN, BUT RECEIVES ITS SIGNAL ENERGY
BY WAY OF THE SKY WAVE, WHICH IS REFLECTED BACK TO EARTH BY THE KENNELLY
HEAVISIDE LAYER AND WE CALL THIS PORTION OF THE WAVE, THE REFLECTED WAVE.
SO REMEMBER, RECEIVING STATION "BM IN FIG. 3 DEPENDS UPON THE REFLECTED
WAVE FOR ITS SIGNAL ENERGY AND NOT UPON THE GROUND WAVE, THIS EFFECT OF
WAVE REFLECTION 18 MORE PRONOUNCED WITH THE SHORTER WAVE LENGTHS THAN
WITH THE LONGER ONES AND THEREFORE IS OF A GREAT HELP IN SHORT WAVE
WORK BECAUSE IT ENABLES DISTANT RECEIVERS TO OPERATE WITH THE REFLECTED
WAVE INSTEAD OF WITH THE RAPIDLY LOST GROUND WAVE.

SKIP -DISTANCE

STILL ANOTHER IMPORTANT POINT TO NOTICE IN Fla. 3 IS THAT ALONG THE
EARTH'S SURFACE, BETWEEN THE ENDING OF THE GROUND WAVE AND THE POINT
WHERE THE REFLECTED WAVE AGAIN REACHES THE EARTH, WE HAVE A SPACE IN

WHICH THERE ARE NO WAVES CLOSE ENOUGH TO THE GROUND TO HAVE A SUITABLE EE
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?ECT UPON A RECEIVING ANTENNA. THIS IS A SO-CALLED "DEAD SPOT" FOR RADIO
RECEPTION AT ONE PARTICULAR FREQUENCY AND WE REFER TO THIS INTERVAL AS
THE SKIP DISTANCE.

A RECEIVER LOCATED WITHIN THIS SKIP DISTANCE WILL NOT PICK UP Ski
AALS AT THIS ONE FREQUENCY EXCEPT IN RATHER RARE CASES, WHERE A MOST POW
ERFUL RECEIVER IS USED AND WHERE OTHER COMPLEX PHENOMENA ENTER. IN THE
DAYTIME, THIS SKIP DISTANCE IS ABOUT 200 MILES AT 40 METERS AND 800 MILES
AT 20 METERS. THEN AT A POINT BEYOND THAT WHERE THE REFLECTED WAVE FIRST
STRIKES THE EARTH, THE SIGNAL ENERGY AGAIN BECOMES WEAKER AND WEAKER WITH
AN INCREASE IN DISTANCE. ABOVE 300 METERS, THE SKIP DISTANCE IS NEGLIGI-

BLE.
,---4.,

3 MEG5 L2F4I. I

-M.M.4-1 32 IP"

I II I

Ca

MME'
140

i00
MMF

Q
MF

8+ +A-
16-22 5W 2V

PHONES

M F

135V
8+

90V

FIG. 4

2 Tube 5nor6 Wave iCeceiver.

ABSORPTION AND GREATER

FROM YOUR STUDIES OF RADIO TUBESIYOU
WILL REMEMBER THAT HEAT CAUSED ELECTRONS
TO BE EMITTED FROM THE FILAMENT.WE HAVE A
SIMILAR CONDITION IN THE KENNELLY- HEAVI-
SIDE LAYER, WHERE THE RAYS OF THE SUN
BREAK UP, THE ATMOSPHERIC MOLECULES,SOTHAT
A TREMENDOUS NUMBER OF ELECTRONS ARE FREED,
THUS CAUSING A GREAT DEAL OF THE ELECTRI.2
AL SIGNAL ENERGY TO BE ABSORBED BY ,THIS
LAYER OF IONIZED AIR. THIS MEANS THAT NOW
ONLY A SMALLER PERCENTAGE OF THE SKY WAVE
IS REFLECTED,WHICH DECREASES THE RECEPTION
AT DISTANT POINTS. AT NIGHT,THIS HEATING
EFFECT UPON THE LAYER OF IONIZED AIR 18

LESS PRONOUNCED, WITH THE RESULT THAT LESS
REFLECTION TAKES PLACE AT THE KENNELLY- HEAVISIDE

LAYER, THEREBY INCREASING THE RECEPTION AT DISTANT POINTS.

THIS EFFECT OF THE DIFFERENCE IN NIGHT AND DAY RECEPTION 18 MOST
PRONOUNCED AT SHORT WAVELENGTHS BUT IS ALSO QUITE NOTICEABLE AT THE BROA
DCAST FREQUENCIES FOR HERE TOO, WE ARE ABLE TO BRING IN DISTANT STATIONS
BETTER AT NIGHT THAN DURING THE DAYTIME. FURTHERMORE, DURING THE DAYTIME
OR WARMER WEATHER, THE KENNELLY-HEAVISIDE LAYER IS CLOSER TO THE EARTH
THAN DURING COOLER TEMPERATURES AND FOR THIS REASON, THE SKIP DISTANCE
FOR A GIVEN WAVE LENGTH IS NOT AS GREAT DURING WARMER TEMPERATURES THAN
WHEN THE WEATHER IS COOLER. AT THE SAME TIME, OF COURSE, THE DISTANCE COY
ERED BECOMES GREATER WITH A DECREASE IN ATMOSPHERIC TEMPERATURE.

THIS EXPLANATION OF WAVE PROPAGATION WILL NO DOUBT CLEAR UP ANY
QUESTION, WHICH YOU MIGHT HAVE HAD IN MIND AS TO WHY THE REGULARITY OF
uECEPTION VARIES SO MUCH ESPECIALLY AT THE LOWER WAVELENGTHS. THIS INFOR
MATION IS IMPORTANT TO YOU IN THAT IT WILL HELP YOU MATERIALLY IN FIG-
URING OUT THE REASONS FOR DIFFERENT PECULIAR EFFECTS, WHICH ARE ALWAYS
ENCOUNTERED IN SHORT WAVE TRANSMITTING AND RECEPTION.

THE SHORT-WAVE RECEIVER

HAVING INVESTIGATED THE NATURE OF THE SHORTER WAVE LENGTHS,LET US
NOW PROCEED WITH THE DISCUSSION OF THE CONSTRUCTION OF SHORT WAVE RECE11
ERs. IN FIG. 4, YOU WILL SEE THE CIRCUIT DIAGRAM OF A SIMPLE BATTERY TYPE
TWO -TUBE SHORT-WAVE RECEIVER FOR HEADPHONE RECEPTION AND UPON INSPECTING
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THIS CIRCUIT, YOU WILL OBSERVE THAT IT IS ESSENTIALLY THE SAME AS THAT OF
AN ORDINARY TWO -TUBE BROADCAST RECEIVER FOR HEADPHONE RECEPTION,AND CON-

SISTS OF A DETECTOR AND ONE A.F. STAGE.

You SEE, EVEN THOUGH THESE SHORT WAVE RECEIVERS ARE REGARDED BY

THE GENERAL PUBLIC AS BEING RATHER MYSTERIOUS IN THEIR CONSTRUCTICN AND

OPERATION WHEN COMPARED TO THE BROADCAST RECEIVER, YET IN REALITY, THE

SAME PRINCIPLES ARE EMPLOYED IN BOTH OF THESE RECEIVERS. THIS NATURALLY
MEANS THAT YOU HAVE NOTHING TO "UNLEARN" AND ALL OF THE RADIO PRINCIPLES,
WHICH YOU HAVE LEARNED ABOUT BROADCAST RECEIVERS ARE GOING TC APPLY EQ-

UALLY AS WELL TO SHORT-WAVE RECEIVERS.

THE ONLY ESSENTIAL DIFFERENCE BETWEEN THE
OPERATION OF THE SHORT-WAVE RECEIVER AND THAT
CF A BROADCAST RECEIVER IS THAT THE RADIO FRE-

QUENCIES WITH WHICH THE SHORT WAVE RECEIVER MUST
DEAL ARE MUCH HIGHER THAN THOSE HANDLED BY THE
BROADCAST RECEIVER. THEREFORE, WE FIND THAT AL-
THOUGH THE PARTS OF THESE TWO RECEIVERS AREFUN-

DAMENTALLY THE SAME IN OPERATION, YET THEY MUST BE

ESPECIALLY DESIGNED TO OPERATE AT HIGHER FREQUEN-
CIES. SINCE THE RADIOFREQUENCIES ARE NOT USED IN

THE AFSTAGES OF A RECEIVER, T IS OBVIOUS THAT THE
D I FFERENCES BETWEEN THE BROADCAST AND SHORT-WAVE

RECEIVER EXIST ONLY /IN THE R.F. AND DETECTOR STAGES.

SHORT-WAVE CONDENSERS

Tuning Con,:lert5er fr
577,3r:L. Wave teeceiver:

IN YOUR STUDIES OF TUNED RADIO FREQUENCY CIRCUITS,YOU LEARNED THAT

THE FREQUENCY, TO WHICH THE TUNED CIRCUIT RESPONDED, WAS DEPENDENT UPON

THE CAPACITY OF THE TUNING CONDENSER AND THE INDUCTANCE OF THE COIL,WHICH
WAS USED WITH THE GIVEN CONDENSER, FURTHERMORE, YOU ALSO FOUND THAT IF

THE CAPACITY OF THE TUNING CONDENSER WAS REDUCED OR ELSE THE INDUCTANCEOF
THE COIL REDUCED, THE TUNED CIRCUIT WOULD RESPOND TO HIGHER FREQUENCIES.

THEN IF THIS CONDITION IS CARRIED STILL FARTHER, SO THAT THE CAPACITY OF

THE TUNING CONDENSER AND THE INDUCTANCE OF THE COIL ARE BOTH DECREASED,
THE TUNED CIRCUIT WILL RESPOND TO STILL HIGHER FREQUENCIES AND THIS IS
JUST EXACTLY WHAT WE DO IN SHORT WAVE RECEIVERS.

FOR EXAMPLE, IN FIG. 5, YOU WILL SEE A TYPICAL TUNING CONDENSER FOR
USE IN A SHORT WAVE RECEIVER. NOTICE THAT IT CONSISTS OF FEWER PLATES
THAN FOUND IN THE CONVENTIONAL TUNING CONDENSER FOR BROADCAST PURPOSES

AND THAT THESE PLATES ARE MADE OF HEAVY STOCK, WITH CONSIDERABLE SEPARA-

TION BETWEEN THEM. THIS MEANS THAT THE SHORT-WAVE TUNING CONDENSER HAS

LESS MAXIMUM CAPACITY THAN THE BROADCAST TYPE TUNING CONDENSER.

DUE TO THE HIGH FREQUENCIES HANDLED BY THE SHORT-WAVE RECEIVER, WE

ARE FOREVER FACED WITH THE PROBLEM OF PREVENTING THESE FLIGHTY CURRENTS

FROM LEAVING THEIR INTENDED CIRCUIT OR PATH AND DARTING IN ALL DIRECTIONS
TO ADJACENT PARTS WHENEVER THEY GET THE SLIGHTEST CHANCE. THEREFORE, TO

REDUCE THE CHANCES FOR ANY SUCH UNDESIRABLE CURRENT LOSSES, HIGH GRADE Ili
SULATION IS USED ON THE BETTER QUALITY SHORTWAVE TYPE TUNING CONDENSERS.

NOW WHEN WE COME TO THE SUBJECT OF C01. -S FOR THE SHORT-WAVE RECEIVER,
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A PECULIAR BUT MOST INTERESTING CONDITION ARISES. FOR INSTANCE, IN BROACH -

CAST WORKIOUR TUNERS ONLY HAVE TO COVER THE BAND OF FREQUENCIES, WHICH LIE
BETWEEN 500 AND 1500 KC., THUS GIVING US A RANGE OF BUT 1000 KC. TO COVER
WITH THE TUNER IN ORDER TO PICK UP EVERY STATION WITHIN THE BROADCAST BAND.
BUT SINCE THE SHORT WAVE BAND INCLUDES ALL FREQUENCIES BETWEEN 1500Kc.ANo
20,000 Kc., IT IS OBVIOUS THAT HERE WE HAVE A FREQUENCY RANGE OF 18,500Kc.
OR I& TIMES AS WIDE A RANGE AS THE BROADCAST RECEIVER.

WHEN BUILDING A BROADCAST RECEIVER, IT IS A SIMPLE MATTER TO DESIGN
A COIL, WHICH WILL WORK TOGETHER WITH A SINGLE TUNING CONDENSER, SO AS TO
COVER THE BROADCAST RANGE OF 1000 KC. BUT TRYING TO COVER THE ENTIRESHORT
WAVE BAND OR A RANGE OF 15,500 Kc. WITH A SINGLE COIL -CONDENSER COMBINA
TVIN .R" .IT riiCH A SIMPLE PROBLEM. BECAUSE OF THIS, YOU WILL FIND MOST
SHCRTWAVE RECEIVERS USING PLUG-IN TYPE R.P. COILS.

FIG.6
A Rag -in Sh or -17

Wave Coil

SHORT-WAVE COILS

A TYPICAL PLUG-IN TYPE SHORT WAVE COIL ISSHOWN
YOU IN FIG. 6. NOTICE THAT THIS COIL IS WOUND ON A

BAKELITE TUBING HAVING LONGITUDINAL BAKELITE RIBS
ATTACHED TO IT. THE WINDING IS THEN WOUND AROUND THIS
COIL FORM IN SUCH A MANNER THAT THE RIBS HOLD THE
WINDING AWAY FROM THE MAIN BODY OF THE COIL FORM.

THIS METHOD OF CONSTRUCTION LIMITS THE AMOUNT
OF THE COIL FORM WHICH ACTUALLY CONTACTS THE WINDING
AND THIS REDUCES THE DIELECTRIC LOSSES OF THE COIL
AND WHICH ARE ORDINARILY QUITE NOTICEABLE WHEN WORK-
ING WITH THE HIGHER FREQUENCIES. ALSO NOTICE IN THE
COIL OF FIG. 6 THAT THERE IS A SLIGHT AIR SPACE BE-

TWEEN ADJACENT TURNS OF THE WINDING, SO THAT THE AD-
JACENT TURNS DO NOT TOUCH EACHOTHER -- WE THEN SAY THAT THE COIL IS SPACE
WOUND.

ANOTHER INTERESTING FACT ABOUT COIL CONSTRUCTION FOR SHORT WAVE WORK
IS THAT BEST RESULTS ARE GENERALLY OBTAINED WHEN THE COIL IS WOUND WITH
BARE COPPER WIRE OR ELSE WITH PLAIN ENAMEL COATED COPPER WIRE RATHER THAN
WITH COPPER WIRE WHICH HAS A CLOTH INSULATION, SUCH AS SILK OR ODTTON.THE
ENAMEL COATED COPPER WIRE IS THE MOST GENERALLY USED WIRE FOR SHORT WAVE
RECEIVER COILS AND IN THIS CASE, THE ENAMEL COATING, AS WELL AS THE &PAC.-
ING BETWEEN ADJACENT TURNS OF THE COIL OFFERS ADEQUATE INSULATION.

A RATHER LARGE WIRE SIZE IS ALSO GENERALLY USED FOR THE COIL WIND-
ING WHICH IS INCLUDED IN THE TUNED CIRCUIT SO AS TO REDUCE THE RESISTANCE
OF THE TUNED CIRCUIT AS MUCH AS POSSIBLE. THIS ADDS CONSIDERABLY TO THE
EFFICIENCY OF THE RECEIVER BY REDUCING EXTRANEOUS LOSSES.

ALSO NOTICE THAT THE COIL FORM IN FIG. 6 HAS A STANDARD FOUR PRONG
TUBE BASE ATTACHED TO IT. THE ENDS OF EACH OF THE COIL WINDINGS ARE CONN-
ECTED TO THESE PRONGS WITHIN THE FORM, SO THAT BY PLUGGING THE COIL INTO
A STANDARD FOUR PRONG (UX) TUBE SOCKET, WHOSE TERMINALS ARE PROPERLY WIRED
TO THE RECEIVER CIRCUITS, WE HAVE A CONVENIENT MEANS OF INCLUDING OR RE-
MOVING THIS PARTICULAR COIL FROM THE CIRCUIT SO THAT ANOTHER COIL CAN BE
SUBSTITUTED FOR IT WHENEVER WE WISH TO TUNE OVER ANOTHER WAVE BAND.
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IN FIG67, FOR INSTANCE, WE HAVE A SET OF FOUR PLUG-IN COILS AS US-
ED BY MOST SHORT WAVE FANS TO COVER THE BAND FROM 15 TO 200 METERS. FOR

EXAMPLE, WHEN USING A TUNING CONDENSER HAVING A CAPACITY RATING OF*00015

MFD., COIL fi OF FIG. 7 WILL TUNE OVER THAT PORTION OF THE SHORT WAVE

BAND EXTENDING FROM 16 TO 30 METERS, COIL #2 WILL COVER FROM 29 TO 58 mg
TERSE COIL 43 FROM 54 TO 110 METERS AND COIL #4 FROM 103 TO 225 METERS.

THESE COIL FORMS CAN BE PURCHASED
EITHER WITH OR WITHOUT WINDINGS AND IN
TICN TO THE RIBBED TYPE, PLAIN TUBING IS ALSO
USED CONSIDERABLY FOR THIS PURPOSE*

FROM MOST RADIO SUPPLY HOUSES

ADDI-

FOR ESPECIALLY EFFICIENT SHORTWAVE COILS,
FORMS MADE OF ISOLANTITE ARE FREQUENTLY USED.
ISOLANTITE LOOKS SOMEWHAT LIKE PORCELAIN AND

IS A COMPARATIVELY NEW FORM OF INSULATION HAV-
ING ESPECIALLY FINE DIELECTRIC PROPERTIES ANO
FOR CRITICAL USES IS RAPIDLY REPLACING FIBER,
BAKELITE AND OTHER SIMILAR DIELECTRICS.

Pt

Plug-in Coil

BY RETURNING TO FIG. 4 AGAIN, YOU WILL OBSERVE THAT GRICCONDENSER
AND LEAK TYPE DETECTION iS USED TOGETHER WITH REGENERATION. THIS IS A

COMMON PRACTICE IN THE MAJORITY OF SHORT WAVE RECEIVERS IN THAT THIS COM-

BINATION OFFERS GOOD SENSITIVITY WITH A MINIMUM NUMBER OF TUBES* THIS

FEATURE OF COURSE POSSIBLE A SENSITIVE RECEIVER AT LOW COST.

IN THE CIRCUIT OF FIG. 4, TWO SINGLE 140 MMFD. (000014 MFD.) VAR-

IABLE CONDENSERS ARE USED, EACH WITH ITS INDIVIDUAL CONTROL. ONE OF THESE

CONDENSERS IS CONNECTED ACROSS ONE OF THE WINDINGS LI OF THE COIL FORM

SO AS TO ACT AS A TUNING CONTROL, WHILE THE OTHER 140 WED* VARIABLE CON

DENSER IS CONNECTED BETWEEN GROUND AND THE TICKLER L2 AND THUS SERVES AS

A REGENERATION CONTROL.

THE 35 MMFD. CONDENSER, WHICH IS CONNECTED BETWEEN THE ANTENNA TER

MINAL AND COIL LI IN THE CIRCUIT OF FIG. 4 IS OF THE SEMI -VARIABLE TYPE.

THAT IS, ITS CAPACITY CAN BE VARIED WITHIN CERTAIN LIMITS BY MEANS OF A

BAKELITE SCREW DRIVER. ITS PURPOSE IS TO REDUCE THE EFFECTIVE LENGTH OF
THE ANTENNA SO THAT THE ANTENNA CAN BE MADE TO MORE NEARLY RESONATE AT

THE SIGNAL FREQUENCIES BEING RECEIVED AND IN THIS WAY SOMEWHAT INCREASES

THE VOLUME AT WHICH THE SIGNALS ARE RECEIVED.

THE NUMBERS 1,2,3 AND 4 IN FIG. 4 INDICATE THE CORRESPONDING PRONGS
AND SOCKET TERMINALS FOR THE PLUG-IN TYPE COIL WHICH IS ILLUSTRATED IN

FIG. 8 AND WHICH IS TO BE USEC IN THE CIRCUIT OF FIG. 4.

IN THE CONSTRUCTION OF SHORT WAVE RECEIVERS, STILL MORE CARE MUST

BE EXCERISED IN THE MECHANICAL LAYOUT OF THE RECEIVER THAN WHEN BUILDING

BROADCAST RECEIVERS. THE REASON FOR THIS IS THAT THE HIGHER FREQUENCIES
ARE MORE DIFFICULT TO HANDLE AND HAVE A TENDENCY TO ENTER GROUND WHEN..

EVER POSSIBLE. BESIDES THIS, EXTRANEOUS COUPLING BETWEEN PARTS ALSO OCC-

URS MORE READILY WHEN THE CIRCUITS ARE OPERATING AT HIGHER FREQUENCIES.

BECAUSE OF THESE FACTS, IT BECOMES ADVISABLE WHEN CONSTRUCTING A SHORT-

WAVE RECEIVER, TO ALLOW CONSICERABLE SPACE BETWEEN COILS ETC., BETWEEN

WHICH UNWANTED COUPLING IS LIKELY TO OCCUR AND TO ARRANGE THE PARTS TO

REDUCE AS MUCH AS POSSIBLE ANY UNWANTED COUPLING.
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FIG. 9 SHOWS YOU A TYPICAL EXAMPLE OF HOW THE PARTS ARE CORRECTLY
ARRANGED ON THE DECK OF A METAL CHASSIS BASE FOR A THREE TUBE SHORT WAVE
RECEIVER. IN THIS PARTICULAR CASE, THERE ARE THREE TUBES, A 58 R.F. AMP-
LIFIER, A 57 DETECTOR AND A 47 POWER AMPLIFIER AND THE CIRCUIT DIAGRAM
FOR THIS SAME RECEIVER APPEARS IN FIG. 10.

3 4
To B+ Circuit TO pu labc

be
of

Tu

To Antenna IP' To groundand cat-ci circuit of Det.

F 1 G. e,
Base 6. Socket Connections for Coil-

SINCE TWO COILS ARE USED
IN THIS PARTICULAR RECEIVER
ONE FOR THE R.F. STAGEAND-...ONE

FOR THE DETECTOR STAQE)NOTICE
HOW WIDELY SEPARATED THEY ARE
ON THE CHASSIS SO THAT PRAC-
TICALLY NO INDUCTIVE COUPLING
CAN EXIST BETWEEN THEM.

FURTHERMORE,YOU WILL
SO SEE IN FIG. 9 THAT EACH OF
THESE COILS IS MOUNTED IN AN
ISOLANTITE SOCKET WHICH IS

SLIGHTLY RAISED FROM THE CHA-
SSIS DECK AND NO SHIELD CANS
ARE USED AROUND THE 001,1.S. BY
KEEPING THE COILS AS FAR AS
POSSIBLE FROM ANY METALLIC
MASS, THERE WILL BE LESS DE-

TUNING EFFECTS BY THE CAPACITY INTRODUCED BY SUCH GROUNDED METALLIC MA-
SSES AND ALSO LESS TENDENCY FOR THE SIGNAL ENERGY TO STRAY INTO THESE
GROUNDED OBJECTS SO AS TO IEDUCE THE SIGNAL,

SINCE W4NDINGS L2 AND L4 OF THE ANTENNA STAGE AND DETECTOR STAGE
BOTH REQUIRE TUNING, THEY CAN BE TUNED SIMULTANEOUSLY BY A SINGLE CON-
TROL THE SAME AS IN THE CONVENTIONAL BROADCAST RECEIVER THROUGH THE USE
OF A TWO-GANG SHORT WAVE TUNING CONDENSER.

IN ALL SHORT WAVERECEU
ERS, SPECIAL CARE SHOULD BE
TAKEN TO MAKE THE CONTROL GR-
ID WIRES AS SHORT AS POSSIBLE
AND TO KEEP THEM WELL APART
FROM ALL METAL STRUCTURE OF
THE RECEIVER AS WELL AS FROM
ALL OTHER WIRING. IN FACT1ALI
CIRCUIT WIRING SHOULD BE RUN
BETWEEN TERMINALS BY AS DIR-
ECT A ROUTE AS POSSIBLE.

ALSO NOTICE IN FIG. 9
THAT THE R.F. AND DETECTOR
TUBE ARE BOTH FULLY SHIELDED

THE SHIELDING HAS SIMPLY
BEEN PARTIALLY REMOVED IN

THIS ILLUSTRATION SO AS TO
SHOW THESE TWO TUBES MORE
CLEARLY. FOR BEST RESULTS ON
THE SHORT WAVES, IT IS ALSO

Part
FIG. 9

4 rrangernent For -
Shari Wave ieeceiVer:
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ADVISABLE TO HOUSE THE ENTIRE RECEIVER IN A METALLIC SHIELD CAN.

WITH THE CIRCUIT DESIGN AS ILLUSTRATED IN FIG. 10, THE FILAMENT SU
PPLY CAN BE FURNISHED BY A 2.5 VOLT FILAMENT TRANSFORMER CONNECTED TO THE
110 VOLT A.C. CIRCUIT AND THE 180 VOLT 116/1 SUPPLY CAN BE FURNISHED EITHER
SY BATTERIES OR SY A POWER PACK.

THE COMPLETE PARTS LIST FOR THIS RECEIVER IS GIVEN YOU IN TABLE',

LI

ANT

TI
ANT
COIL

C8

F I
58

T2
252 R E

COIL

Its' L5

C3

X X

RI

C2

52

VOLUME
CONTROL

83

cKLER OCT 57

...et vnfd

-4 cy

R FC

(row
C4

4

vz

- REG.
CONTROL

RFC C6

R6

CS

AF
OUTPUT

'47

V3

703

RN

2.5
V

C7 -74-,
.1 SPEAKER

C.NO.41111,
CHASSIS

SW

110V, A C

alma.

Circuii Diagram of /he Three Tube 2,6.c -elver.
WHILE THE CONSTRUCTION OF THE ANTENNA STAGE COIL APPEARS IN FIG.
THE SECOND R.F. COIL IN FIG. 12.

LIST OF PARTS FOR THE RECEIVER OF FIG. 10

I -SET OF ANTENNA COILS AS DESCRIBED.
I- FILAMENT TRANSFORMER, WITH A 2.5

VOLT SECONDARY, T3o
1-..5,000...OHM VOLUME CONTROL, R2.
1.400,000..OHM POTENTIOMETER, R5.

*2-600-0 HM RESISTORS, I -WATT, RI, R9.

RESISTORS, 1..WATT,R3,' R6.

1-"i5"MEG. RESISTOR, 1 -WATT R7.

CENTER -TAPPED RE8I8TOR,R8.
1.006.MF CONDENSER, 01.
1"..02.MF. CONDENSER, C2.

CONDENSER, C3.
1-"o1.MF. CONDENSER, C4.

CONDENSER, C5.
1"-.03.*MF. CONDENSER, C6.

I-25-MF. DRY ELECTROLYTIC CONDENSER,
C7.

I -TWO -GANG "TUNING" CONDENSER,140...MMF.,

C8, C9.
2-R.F. CHOKES, 100 TURNS NO.38 ENAMELED

WIRE ON A SPOOL 4 -INCH IN DIAMETERAND
*-INCH LONG.

I -SPECIAL PANEL AND CHASSIS.
2 --TUBE SHIELDS.

II AND

FIG. 11

The Antenna Sedge Coil.



PAGE 10 PRACTICAL RADIO

SECOND
R F COIL

T2

SECONDARY
L4

PRIMARY
INTERLEAVED

PLATE
FILTER/2

TICKLER

ter IA"

TICKLER
L3L3

GRID

SOCKET
CONNECTIONS

FIG.12

The Second Q. F.
STAGE COILS IS AS FOLLOWS:

1 -ANTENNA

2 -6 -PRONG

1 -5 -PRONG

1 -4 -PRONG

I -THREE -WIRE

I...POWER CABLE

AND GROUND
SOCKETS.
SOCKET.
SOCKET

ISOLANTITE
ISOLANTITE

CABLE.
WITH

STRIP*

SOCKET,TYPE FOR TI.
SOCKETS FOR T2.

PLUG
1-0-100 VERNIAL DIAL.
1 -""MAGNETIC" LOUD SPEAKER*

RETURNING TO FIG* II, YOU WILL SEE
THAT THE DIAMETER OF THE ANTENNA STAGE
COIL FORM IS 11" AND THAT IT HAS A FOUR
PRONG BASE. THE CORRESPONDING CIRCUIT COli
NECTIONS FOR THE BASE AND SOCKET ARE ILL...
USTRATE0 DIRECTLY BELOW.

TO COVER THE SHORT WAVE BAND FROM
16 TO 200 METERS, FOUR OF THESE ANTENNA
STAGE COILS ARE REQUIRED. THE CONSTRUCTIQ
NAL DATA FOR THIS SET OF FOUR ANTENNA

TO COVER THE 16 TO 31 METER BAND, THE TUNED WINDING L2 CONSISTS OF
6 1/3 TURNS OF #I6 6816 ENAMELED WIRES SPACE -WOUND TO COVER A WINDING LENGTH
OF 11" AS ILLUSTRATED IN FIG. II. THE PRIMARY WINDING LI FOR THIS SAME COIL
CONSISTS OF 3 TURNS OF #30 BM DOUBLE SILK COVERED WIRE WOUND 1/16" BELOW
L2.

FOR THE 31
TO 55 METER BANDS
L2 CONSISTS OF
11 5/6 TURNS OF
#16 US ENAMELED
WIRES SPACE -WOU-
ND TO COVER A

WINDING LENGTH OF
11" AND LI CON..

SISTS OF 7 TURNS
OF #30 B&S DOUBLE
SILK COVEREDWIRE
WOUND 1/16"BELOW
L2.

To COVER
THE 55 TO 104 ME
TER BAND' COIL
L2 CONSISTS OF
25 1/3 TURNS OF
#I6 68,6 ENAMELED
WIREsSPACEWOUND
TO COVER A WIND-
ING LENGTH OF
11" AND LI CON-
SISTS OF I3TURNS

FIG. 13

Three Tube 4.C. Shorh Wave Receiver.
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OF #30 B&S DOUBLE SILK COVERED WIRE WOUND 1/1611 BELOW L2.

FOR THE 104 TO 200 METER BAND, COIL L2 CONSISTS OF 55 TURNS OF #26
B&S ENAMEL WIRE AND LI CONSISTs OF 15 TURNS OF #30 B&S DOUBLE SILK COVERED
WIRE.

THE SECOND R. F. COIL SET ILLUSTRATED IN FIG. 12, YOU WILL NOTICE, IS

ALSO WOUND ON A Gin DIAMETER FORM BUT THE FORM IN THIS CASE IS EQUIPPED

WITH A SIX PRONG BASE. THE BASE AND CORRESPONDING SOCKET CONNECTIONS ARE

SHOWN IN THE LOWER PORTION OF FIG. 12.

FOR EACH OF THE ANTENNA STAGE COILS SO FAR DESCRIBED, ACORRESPONDING
SECOND R. F. COIL MUST BE USED AND THE CONSTRUCTIONAL DATA FOR THE FOUR

NECESSARY SECOND R.F. COILS FOLLOWS:

To COVER EACH OF THE FOUR BANDS ALREADY DESIGNATEC, WINDING L4 OF THE
SECOND R.F. COIL MUST BE AN EXACT DUPLICATE OF L2 FOR THE SAME WAVE BAND.

THE PRIMARY WINDING L3 FOR THE 16 TO 31 METER SECOND R.F. COIL CON-

SISTS OF 6 1/3 TURNS OF #30 B&S DOUBLE SILK COVERED WIRE INTERLEAVED BE-

TWEEN THE TURNS OF SECONDARY L4 AS ILLUSTRATED IN FIG. 12, WHILE THE TICS

LER COIL L3 IS WOUND AT ONE END OF L4 AND CONSISTS OF 3 TURNS OF #30 B&S

DOUBLE SILK COVERED WIRE.

FOR THE 31 TO 55 METER BAND, THE PRIMARY L3 CONSISTS OF 11 5/6 TURNS

OF #30 DOUBLE SILK COVERED WIRE INTERLEAVED BETWEEN THE TURNS OF L4 AND

THE TICKLER IS WOUND WITH 6 TURNS OF #30 B&S DOUBLE SILK COVERED WIRE.

COIL L3 FOR THE 55 TO 104 METER BAND IS WOUND WITH 25 1/3 TURNS OF
It#30 B&S DOUBLE SILK COVERED WIRE INTERLEAVED BETWEEN THE TURNS OF L4,

WHILE THE TICKLER IS WOUND WITH 9 TURNS OF #30 B&S DOUBLE SILK COVERED

WIRE.

FOR THE 104 TO 200 METER BAND, COIL L3ISwOUNOWITH 36 TURNS OF #30

B&S DOUBLE SILK COVERED WIRE INTERLEAVED BETWEEN THE TURNS OF L4, WHILE

THETICKLER ISWOUND WITH 13 TURNS OF #30 B&S DOUBLE SILK COVERED WIRE.

RETURNING TO FIG. 10 YOU WILL OBSERVE THAT REGENERATION IN THIS CASE

IS CONTROLLED BY VARYING THE SCREEN GRID VOLTAGE OF THE 57 DETECTOR TUBE

BY MEANS OF THE POTENTIOMETER R5. THE MOST IMPORTANT FEATURE OF THIS TYPE

OF REGENERATION CONTROL IS THAT IT DOES NOT EFFECT THE TUNING OF THE CIE

CULT AND FOR THIS REASON PERMITS BRINGING-IN THE SAME STATION AT THE SAME

DIAL MARX AT ANY FUTURE TIME REGARDLESS OF THE REGENERATION CONTROL ARM1S

POSITION.

A THREE-TUBE A.C. SHORT WAVE RECEIVER

IN FIG. 13 YOU ARE SHOWN THE CIRCUIT DIAGRAM OF AN A.C. OPERATED

SHORT WAVE RECEIVER WHICH IS DESIGNED FOR HEADPHONE RECEPTION.THE VALUES

FOR ALL OF THE PARTS ARE INDICATED DIRECTLY UPON THE DIAGRAM AND YOU WILL

ALSO READILY NOTICE THAT REGENERATION IS IN THIS INSTANCE CONTROLLED BY

THE 150 MMFD. CONDENSER WHICH IS CONNECTED BETWEEN THE TICKLER COIL L2

AND GROUND.

IN THIS RECEIVER, NO PRIMARY WINDING IS USED FOR THE ANTENNA INPUT
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AND THE SIGNAL IS FED FROM THE ANTENNA, THROUGH THE SEMI -VARIABLE EQUAL-
IZING CONDENSER DIRECTLY INTO THE TUNED WINDING LI WHICH FORMS A PART OF
THE DETECTOR CIRCUIT.

WINDING LI CORRESPONDS TO THE TUNED SECONDARY WINDING OF THE CON-.

rENTIONAL SHORT WAVE R.F. TRANSFORMER AND SINCE IT IS USED ONLY WITH THE
TICKLER L2 AND NO PRIMARY WINDING, A FORM WITH A FOUR PRONG BASE CAN BE

USED TO AFFECT THE PLUG-IN FEATURE.
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FIG. 14

Construct -ion oF Plug -In Coils.

IN FIG. 14 YOU WILL FIND COMPLETE SPA,
CIFICATIONS FOR THE CONSTRUCTION OF PLUG-IN
COILS OF THE TWO AND THREE WINDING VARIETY
TO DOVER THE SHORT-WAVE BAND FROM 10 TO 200
METERS WHEN USED WIT)* A .00014 MFD. TUNING
CONDENSER. THE COIL FORM DIAMETER IN THIS
INSTANCE, YOU WILL NOTICE, IS I".

IN FIG. 14, THE VARIOUS ABREVIATIONS
HAVE THE FOLLOWING MEANING; T = TURNS; D.S.0
=DOUBLE SILK COVERED; S.S.C.-.SINGLE SILK
COVERED WIRE; PRI.:=PRIMARY WINDING;' SEC.
SECONDARY OR TUNED WINDING; TICK =TICKLER
WINDING.

THE DETECTOR IN THE CIRCUITOF FIG. 13
FEEDS INTO A RESISTANCE -CAPACITY COUPLED
A.F. STAGE IN WHICH A TYPE 56 TUBE IS USED
AND THE WINDINGS OF THE HEADPHONES ARE
THEN CONNECTED IN SERIES WITH THE PLATECIB
CUIT OF THIS LATTER TUBE THE PLUG-IN
JACK FURNISHING THIS CONNECTION.

A BATTERY OPERATED RECEIVER

IN FIG. 15 WE HAVE A CIRCUIT DIAGRAM OF A TWO -TUBE BATTERYOPERATED
SHORT WAVE RECEIVER EMPLOYING A 32 REGENERATIVE DETECTOR AND A TYPE 30
A.F. AMPLIFIER.

OBSERVE IN FIG. 15 THAT A POTENTIOMETER IS CONNECTED IN THE SCREEN
GRID CIRCUIT OF THE DETECTOR TUBE SO THAT THE SCREEN GRID VOLTAGE OF
THIS TUBE MAY BE VARIED IN ORDER TO CONTROL REGENERATION.

BY USING THE SAME SIZE R.F. COIL FORM AS ALREADY DESCRIBED RELA-
TIVE TO THE CIRCUIT OF FIG. 10 IN THIS LESSON AND WITH A FOUR PRONG BASE
'iOU CAN WIND COILS LI AND L2 IN FIG. 15 TO CORRESPOND WITH COIL L4 AND
ITS TICKLER IN THE CIRCUIT OF FIG. 10. No PRIMARY WINDING WILL BE NEEDED
FOR THE CIRCUIT ILLUSTRATED IN FIG. 15. YOU CAN ALSO USE THEDATA. SUPPLIED
IN FIG. 14.

ANOTHER INTERESTING FEATURE REGARDING THE CIRCUIT OF FIG. 15 IS

THE METHOD OF COUPLING THE TYPE 30 TUBE TO THE OUTPUT SIDE OF THE DETEQ
TOR. THE SECONDARY WINDING OF AN ORDINARY 3 TO 1 RATIO A.F. TRANSFORMER
IN THIS CASE IS CONNECTED IN SERIES WITH THE PLATE CIRCUIT OF THE DE-

TECTOR TUBE AND IN THIS WAY USED AS AN A.F. CHOKE TO REPLACE THE CUSTOM
ARY PLATE CIRCUIT RESISTOR AS USED WITH RESISTANCE -- CAPACITY COUPLING.
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THEREFORE, THE A.F. SIGNAL VOLTAGES WHICH ARE DEVELOPED ACROSS THIS TRANI
FORMER WINDING, ARE FORCED THROUGH THE .02 MFDo COUPLING CONDENSER AND
APPLIED TO THE GRID OF THE 30 TUBE. THE TRANSFORMER'S PRIMARY WINDING IS

NOT USED.

By EMPLOYING THIS METHOD OF INTERSTAGE COUPLING, NOT SO MUCH D.C."B"
VOLTAGE WILL BE LOST IN THE PLATE CIRCUIT AS IS
CUIT RESISTOR OF HIGH OHMIC VALUE IS USED HERE.
NBN VOLTAGE
CAN NOW BEIM.*
PRESSED UPON
THE PLATE OF
THE DETECTOR
TUBE. AT THE
SAME TIME,THE
HIGH INDUCTAa
CE OFTHETRAN
SFORMER WIND-

ING OFFERS qk
FFICIENT OPP-
OSITION TO

THE A.F. SIG-
NAL VOLTAGES,
WHICH ARE OF
AN A.D. COM-
PONENT, S0 AS
TO FORCE THEM
THRU THE COU2
LING CONDEN-
SER.

DUE TO

THE CHOICE OF
TUBES IN THE

THE CASE WHEN A PLATE CII!
FOR THIS REASON, A HIGHER

FIG. 15

Two Tuba Battery 51-70,4 Wave .Deceiver

CIRCUIT OF FIG. 15, YOU CAN READILY SEE THAT THIS RECEIVER CAN BE OPER-
ATED WITH AN "A" SUPPLY CONSISTING OF TWO SERIES =. CONNECTED DRY CELLS
AND THREE SERIES -CONNECTED 45 VCLT "B" BATTERIES.

SHORT-WAVE ANTENNAS

IN ORDER TO OBTAIN THE BEST POSSIBLE RECEPTION AT THE SHORTER WAVE
LENGTHS, IT 16 NECESSARY TO USE A FIRST CLASS ANTENNA SYSTEM. THIS IS

ESPECIALLY TRUE IF ONE DESIRES TO BRING IN DISTANT STATONS

ALTHOUGH A GOOD ANTENNA OF THE CONVENTIONAL INVERTED "L" TYPE, TO..

GETHER WITH A C000 GROUNDING SYSTEM, WILL MAKE SHORT-WAVE RECEPTION pos.a.
1BLE, YET THE SPECIALLY DESIGNED SHORT-WAVE ANTENNA, WHICH IS ILLUSTRAT-
ED IN FIG. 16, WILL OFFER SUPERIOR RESULTS.

NOT ONLY WILL THE ANTENNA OF FIG. 16 ASSIST IN ENABLING THE RE-

CEIVER TO PERFORM WITH GREATER SENSITIVITY AND SELECTIVITY,BUT IT WILL

AT THE SAME TIME REDUCE THE PICKUP OF EXTRANEOUS NOISES CAUSED BY ELECT-
RICAL INTERFERENCE DISTURBANCES.

AS You WILL NOTICE IN FIG. 16, THE ELEVATED PORTION OF THIS ANTENNA
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CONSISTS OF TWO LENGTHS OF REGULAR ENAMEL COATED STRANDED COPPER ANTENNA
WIRE FASTENED TO A COMMON ANTENNA INSULATOR (THE CENTER INSULATOR IN THE
ILLUSTRATION.) THE TWO LENGTHS OF ANTENNA WIRE ARE THEN EXTENDED IN OP-
POSITE DIRECTIONS, PARALLEL TO THE EARTH AND THE FAR ENDS FASTENED TO
INDIVIDUAL ANTENNA INSULATORS WHICH ARE ANCHORED TO A SET OF MASTS OR
OTHERFIRMSUPPORTEACHOF THESE ANTENNA WIRE LENGTHS SHOULD BE 33 FT.

IT IS ADVISABLE THAT THIS ELEVATED PORTION OF THE ANTENNA BE EX-
TENDED OVER GF.OUND FREE FROM
TREES, BUILDINGS ETC* AND THAT IT
BE ELEVATED AT A HEIGHT OF ABOUT
45 FEET.

"4- 33 -FL

7,-..pooiLozort
blocks

.0001 rni'd

3 rtau la bors

L.Lcrir

3'3 Ft

Cord

L. Lead - in

.0001 mrd,

To receiver

FIG. 16

The Specie/ Antenna,.

FROM THE INNERMOST ENDSOF
EACH OF THESE ELEVATED WIRES, A

LEAD...AN WIRE IS RUN TO THE RE-
CEIVER a-. THE TWO LEAD-IN WIRES
BEING RUN PARALLEL TO EACHOTHER
BUT CROSSED OR TRANSPOSED AT IN-
TERVALS OF 15". THE LEAD -.41 MAY
BE MADE WITH #14 B&S ENAMELED
COPPER CONDUCTOR AND TRANSPOSI-
TION BLOCKS MADE OF BAKELITE,POB
CELAIN, OR I8OLANTITE MAY BE US-

ED AS ILLUSTRATED IN FIG. 17, SO THAT THE LEAD-IN WIRES CAN BE CROSSED
WITHOUT TOUCHING EACHOTHER. THESE TRANSPOSITION BLOCKS CAN BE PURCHASED
READY-MADE FROM MOST RADIO SUPPLY CONCERNS.

THESE TWO LEAD-IN WIRES ARE THEN CONNECTED TO THE COUPLING, CONSIA
TING OF THE COIL LI AND THE TWO .0001 MFD. VARIABLE CONDENSERS. COIL LI

MAY CONSIST OF ABOUT 12 TO 15 TURNS OF #22 B&S DOUBLE COTTON COVERED WIRE
WOUND ON AN INSULATIVE TUBULAR FORM, WHOSE DIAMETER IS SLIGHTLY LARGER
THAN THE DIAMETER OF THE COIL FORM USED IN THE ANTENNA STAGE OF THE RE-
CEIVER. COIL LI CAN THEN BE SLIPPED OVER THE ANTENNA STAGE COIL OF THE
RECEIVER DESIGNATED AS L2 IN FIG. 16 AND THE DISTANCE BETWEEN THERE COILS
VARIED TO PRODUCE THE DESIRED RESULTS.

DURING THE RECEPTION OF ANY PROGRAM, THE C001 MFD. VARIABLE CON-
DENSERS IN THE ANTENNA CIRCUIT rHouLD BE ADJUSTED FOR BEST RECEPTION.

TUNING-IN SHORT-WAVE STATIONS

To TUNE IN SHORT-WAVE PROGRAMS, 9g
QUIRES GREATER SKILL THAN DOES THE TUNING
IN OF BROADCAST PROGRAMS BECAUSE THESHORI
WAVE STATIONS COME IN AND GO OUT WHEN THE
TUNING DIAL 18 TURNED ONLY SLIGHTLY ONE
WAY OR ANOTHER* BECAUSE OF THIS FACT, THE
DRIVE OF THE DIAL AS USED ON SHORT WAVE '

RECEIVERS IS GEARED 80 THAT CONSIDERABLE
MOVEMENT OF THE DIAL KNOB PRODUCES VERY
LITTLE MOVEMENT OF THE DIAL AND THE TUNING
CONDENSER PLATES.

WHEN OPERATING A SHORTWAVIERECEIVER

.1.1111.111011,11.1VMA,

FIG.17
Transposition Block.
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EMPLOYING A REGENERATIVE DETECTOR, IT IS THE COMMON PRACTICE TO FIRST
TURN THE RECEIVER SWITCH ON SO AS TO PERMIT THE TUBES TO HEAT UP TO OPEB
ATING EFFICIENCY AND THEN TO TURN UP THE REGENERATION CONTROL UNTIL A

HISSING BOUND IS HEARD COMING FROM THE SPEAKER. THIS HISSING SOUND INDI-
CATES THAT THE RECEIVER IS REGENERATING.

PROCEED TO TUNE -IN A STATION BY OPERATING THE TUNING CONTROL VERY
SLOWLY UNTIL A STATION IS HEARD TO COME IN. SET THE DIAL TO THE POINT

WHERE THE STATION COMES IN LOUDEST AND ADJUST THE REGENERATION CONTROL
FOR THE. DESIRED VOLUME. IF THE REGENERATION CONTROL IS TURNED ON TOO

FAR, THEN THE CIRCUIT WILL COMMENCE TO OSCILLATE AND THIS CONDITION WILL

BE INDICATED BY A SQUEALING SOUND BEING EMITTED FROM THE SPEAKER.

FOR MAXIMUM SENSITIVITY,THE REGENERATION CONTROL SHOULD BE TURNED ON

AS FAR AS POSSIBLE WITHOUT CAUSING A SQUEAL.

HAVING COMPLETED THIS LESSONS YOU SHOULD NOW BE FAMILIAR WITH THE

BASIC RPINCIPLES OF SHORT WAVE RECEPTION AS WELL AS WITH THE CONSTRUC-

TIONAL FEATURES OF RECEIVERS USED FOR THIS PURPOSE. LATER ON, HOWEVER,

YOU WILL RECEIVE ADDITIONAL INSTRUCTION REGARDING THE MORE COMPLEX SHORT
WAVE RECEIVERS, SHORT WAVE ADAPTERS AND CONVERTERS, ALL -WAVE RECEIVERS

ETC. IN FACT, YOU WILL FIND NATIONAL TO OFFER YOU COMPLETE INSTRUCTION

IN SHORT WAVE WORK, AS WELL AS IN ALL OTHER BRANCHES OF THE RADIO INS

DUSTRY.

"I will study and prepare myself, and
maybe my chance will come."

-ABRAHAM LINCOLN.
Lincoln's chance came as it always comes

if you are ready for it.
Study, well chosen reading, all efforts to

improve one's self-to prepare for the oppor-
tunities which may come-are always worth
while.
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LESSON NO. 36

The secret of success is to seta
goal and then stiuly and work until
that goal is reached. When you reach
it then set another goal a little fur
ther ahead and study and work some
more. 1-f-hai So IP -

I. WHAT ARE THE MOST ESSENTIAL DIFFERENCES BETWEEN THE CON-
STRUCTION OF A BROADCAST RECEIVER AND A SHORTWAVE RE-
CEIVER?

2. - WHAT IS ONE OF THE REASONS WHY RADIO SIGNALS CAN BE RE-
CEIVED AT GREATER DISTANCES BY MEANS OF SHORT WAVE TRAN/
MISSION THAN IF THESE SIGNALS WERE TRANSMITTED IN THE
REGULAR BROADCAST BAND?

3. - WHAT 13 MEANT BY THE TERM "SKIPDISTANCE"?

4. - HOW DO SHORT WAVE COILS OR R.F. TRANSFORMERS DIFFER FROM
THE CONVENTIONAL COIL OR R.F. TRANSFORMER AS USED IN THE
BROADCAST RECEIVER?

5. - WHAT ARE SOME OF THE MORE IMPORTANT POINTS TO CONSIDER
REGARDING THE PLACEMENT OF PARTS ON THE CHASSIS OF A
SHORT WAVE RECEIVER?

6. - WHY IS THE PRINCIPLE OF REGENERATIVE DETECTION USED SO
EXTENSIVELY IN SHORT WAVE RECEIVERS?

7. - DESCRIBE A GOOD ANTENNA SYSTEM WHICH IS ESPECIALLY SUIT-
ABLE FOR SHORT WAVE RECEPTION?

8. - WHY IS IT MORE DIFFICULT TO TUNE IN SIGNALS AT THE SHORT
ER WAVELENGTHS THAN IN THE REGULAR BROADCAST BAND?

9. - HOW DO SHORT WAVE TUNING CONDENSERS COMPARE WITH THE OR-
DINARY TYPE OF TUNING CONDENSERS AS USED IN BROADCAST Rg
CEIVERS?

10.... DRAW A CIRCUIT DIAGRAM OF A SIMPLE BATTERY OPERATED SHORT
WAVE RECEIVER.

PRINTED IN U.S.A.
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LESSON NO. 3 7

MATHEMATICS APPLIED TO RADIO
UP TO THE PRESENT TIME, YOU FOUND YOUR LESSONS TO CONTAIN VERY LITTLE

MATHEMATICS. THEY DEALT PRACTICALLY EXCLUSIVELY WITH THE PRINCIPLES GOV

ERNING THE OPERATION OF DIFFERENT TYPES OF POPULAR CIRCUITS, TROUBLE-
SHOOTING AND GENERAL RADIO CONSTRUCTION WORK. Now THAT YOU HAVE ACQUIRED
THIS AMOUNT OF FOUNDATIONAL TRAINING, YOU ARE READY TO GO A STEP FARTHER

AND THAT IS TO LEARN HOW THESE DIFFERENT TYPES OF CIRCUITS ARE DESIGNED.
THIS NATURALLY REQUIRES THE USE OF A CERTAIN AMOUNT OF MATHEMATIC!', AND

SO WE HAVE PREPARED THIS PARTICULAR LESSON, SO THAT YOU CAN "BRUSH -UP"
ON YOUR MATHEMATICS IF SUCH IS NECESSARY,BEFORE WE GO AHEAD WITH ITS AP-
PLICATION TO RADIO CIRCUITS.

BY ALL MEANS DO NOT FEEL THAT JUST BECAUSE MATHEMATICS IS INVOLVED
IN THE LESSONS TO FOLLOW THAT YOUR STUDIES ARE GOING TO BECOME DRY. THE

TRUTH OF THE MATTER IS THAT THE PRACTICAL METHOD WHICH NATIONAL USES TO
APPLY THESE MATHEMATICAL PRINCIPLES TO RADIO IS GOING TO BE OF GREAT IN-
TEREST TO YOU AND YOU ARE GOING TO LEARN A GREAT DEAL FROM IT.

To STILL FURTHER STIMULATE YOUR INTEREST, YOU WILL FIND THAT WE

HAVE ADDED VARIETY TO YOUR FOLLOWING STUDIES BY INCLUDING PRACTICAL RA-

DIOc CONSTRUCTION LESSONS AT SPECIFIC INTERVALS AMONG THE LESSONS OF A

1MORE TECHNICAL NATURE.

to"21"11-1- WI.- a" 15"-

FI G. 1
Calculating 7"o4a1 Length

of a Figure

IT IS ADVANCED TRAINING AS THIS

WHICH IS GOING TO CARRY YOU TO THE TOP
OF THE RADIO INDUSTRY,SC WE ARE DEPEND-

ING UPON YOU TO DO YOUR UTMOST TO MASTER
THE STUDIES TO COME. REMEMBER, NATIONAL
ALWAYS HAS THE STUDENT'S INTEREST AT

HEART.

PRACTICAL MATHEMATICS

MATHEMATICS IS THE ONE TOOL, WHICH
IS EXTENSIVELY USED IN PRACTICALLY EVERY
LINE OF WORK. OF COURSE, THIS DOES NOT

NECESSARILY MEAN THAT ONE NEED BE A MAST
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ER MATHEMATICIAN IN ORDER TO SUCCEED IN HIS CHOSEN LIFE'S WORK BUT A GOOD
FUNDAMENTAL UNDERSTANDING OF THIS SUBJECT WILL ENABLE ONE TO ACCOMPLISH
MORE THAN WOULD BE POSSIBLE WITHOUT ITS USE.

IN THIS LESSON, IT IS OUR AIM TO GIVE YOU JUST THOSE FUNDAMENTAL
MATHEMATICAL FACTS WHICH IT IS NECESSARY FOR YOU TO KNOW. PROBABLY, MOST
OF THE INFORMATION GIVEN IN THIS LESSON IS ALREADY WELL KNOWN TO YOU BUT
IF NOT, READ EVERY PART OF IT CAREFULLY, SO THAT YOU WILL UNDERSTAND EACH
POINT THOROUGHLY. IN THE LATTER PORTION OF THIS LESSONIEVEN THOSE WHO
HAVE HAD A CERTAIN AMOUNT OF MATHEMATICAL TRAINING,WILL FIND SOME VALUABLE
SUGGESTIONS.

ADDITION

THE FIRST ARITHMETICAL PROCESS, WHICH WE SHALL CONSIDER, IS ADDI-
T!0N. TO ILLUSTRATE THIS, LET US LOOK AT FIG. I. HERE WE HAVE A CASTING,
WHOSE PARTIAL DIMENSIONS ARE ALL MARKED ON THE DRAWING. THE PROBLEM NOW
IS TO DETERMINE THE TOTAL WIDTH OF THIS CASTING AND SO WE RESORT TO THE
PROCESS OF ADDITION. THAT IS, WE MUST ADD TOGETHER 10 INCHES, 21 INCHES,
5 INCHES, 20 INCHES, 12 INCHES AND 15 INCHES. TO DO THIS, WE ARRANGE THESE
FIGURES IN A VERTICAL COLUMN AS AT (A) IN FIG. 2 AND DRAW A HORIZONTAL
LINE BELOW THE C LUMN.

(A) ( B) ( c)

10 10 10

21 21 21

5 5 5

20 20 20
12 12. 12

15 15 15

3 83

FIG.2

JUST ADDED UP BUT BELOW

Now THE RIGHT HAND COLUMN OF FIGURES UN-
DER (A) IS THE "UNITSII COLUMN,WHEREAS THE LEFT
HAND COLUMN OF FIGURES UNDER (A) IS THE TENS
COLUMN AND THEREFORE, NOTE THAT THE SINGLE NUM
BER 5 MUST BE PLACED UNDER THE UNITS COLUMN.WE
BEGIN BY ADDING THE FIGURES IN THE RIGHT HAND
COLUMN UNDER (A) FROM THE BOTTOM OF THIS COLUMN
TOWARD THE TOP AS 5+2+0+5+1+0 AND THIS IS EQUAL
TO 13. THE 3 OF THIS SUM OR RESULT IS PLACED
DIRECTLY UNDER THE COLUMN OF FIGURES,WHICH WAS

THE HORIZONTAL LINE AS AT (B) OF FIG. 2.

THE I, WHICH IS STILL LEFT OF THE NUMBER 13, IS ADDED TO THE LEFT
OR TENS COLUMN, 80 THAT BY ADDING UP THE TENS COLUMN, WE HAVE 1+ 1+2+2+1+
THE EXTRA 1, WHICH IS EQUAL TO 8 AND WE PLACE THIS 8 DIRECTLY BELOW THE COI
UMN OF FIGURES JUST ADDED AND BELOW THE HORIZONTAL LINE. THE RESULT IS AS
SHOWN AT (C) IN FIG. 2 AND THUS WE HAVE 83 FOR AN ANSWER.

THE ANSWER OBTAINED FROM THE PROCESS OF ADDITION IS CALLED THE TO-
TAL OR SUM AND SINCE THE NUMBERS JUST ADDED REPRESENT INCHES, OUR ANSWER
WILL ALSO BE EXPRESSED INCHES. THAT IS, THE TOTAL WIDTH OF THE CASTING IN
FIG. 1 IS 83 INCHES. REMEMBER, THAT YOU CAN ONLY ADD UNITS OF THE SAME
KIND, THAT IS TO SAY, YOU CANNOT ADD INCHES TO FEET AND OBTAIN A CORRECT
ANSWER. THE INCHES WOULD FIRST HAVE TO BE CHANGED TO FEET OR ELSE THE
FEET TO INCHES.

SHOULD YOU BE ADDING ELECTRICAL UNITS, SUCH AS VOLTS,FOR EXAMPLE,
THEN ALL OF THE NUMBERS, WHICH YOU ADD TOGETHER,MUST REPRESENT VOLTS. LET
US CONSIDER SUCH A PROBLEM WHERE THE FOLLOWING VOLTAGES MUST BE ADDED
TOGETHER; 3; 47; 5,260; 10,297;: AND 347. THE FIRST STEP IS TO ARRANGE
THESE NUMBERS IN A VERTICAL COLUMN AS SHOWN AT (A) IN FIG. 3, DRAWING THE
HORIZONTAL LINE BELOW THEM AND THEN CARRYING OUT THE WORK WITH THE FOLLOW
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ING PROCESSES AS SHOWN IN STEPS

(A) (B) (C) ( D)

3 3 3 3

47 47 47 47
5260 5260 5260 5260
10297 10297 10297 10297

347 347 347 347
4 54 954 5954

FIG. 3

(B), (C), (D) AND (1E) OF FIG. 3.

( E) THE TOTAL OR SUM OFTHIS

3 ADDITION THEN BECOMES 15,954

47 VOLTS. ALSO NOTE THAT THEPLUS

5260 SIGN (ft) INDICATES ADDITION.

10297

347 IF THE ADDITION PROBLEM
15,954 (sum)wHicH YOU ARE WORKING, IS

4QUITE LONG AND YOU THEREFORE

CARE TO CHECK THE ANSWER, SO AS TO BE SURE THAT IT IS CORRECT,THEN YOU DO

THIS BY ADDING THE COLUMN OF FIGURES FROM THE TOP TOWARD THE BOTTOM BE-

GINNING WITH THE RIGHT HAND COLUMN AND THEN WORKING OUT EACH COLUMN IN

THIS WAY, NOTING WHETHER OR NOT THE RESULTS OBTAINED AGREE WITH THOSE OB-
TAINED FROM THE ORIGINAL ADDITION.

SUBTRACTION

Now LET US. BRIEFLY CONSIDER THE PROCESS OF SUBTRACTION. IN

OF SUBTRACTION, WE TAKE AWAY SOME NUMBER FROM
ANOTHER, IN ORDER TO FIND HOW MUCH IS LEFT. TO
ILLUSTRATE THIS PROCESS, WE SHALL USE FIG. 4,
WHERE WE HAVE A DRAWING OF A PIECE OF SHEET

STEEL,WHICH IS TO BE CUT TO THE DIMENSIONS IN
DICATEDe

THE TOTAL LENGTH OF THIS MATERIAL IS qi
VEN AS 86 INCHES AND THE LENGTH OF ONESECTION
IS INDICATED ON THE DRAWING TO BE 35 INCHES.

SO IN ORDER TO FIND THE LENGTH OF THE SECTION
LABELED WITH THE QUESTION MARK,WE SUBTRACT OR TAKE
INCHES.

THE CASE

1.4-35" 414 7 -4.4

\ I

84"

FIG. 4

An Example in Subtraction.

AWAY 35 INCHES FROM 86

To CARRY OUT THIS PROCESS OF SUBTRAC7ION, WE PLACE THE SMALLER NUM-
BER UNDER THE LARGER NUMBER AS AT (A) OF FIG. 5, DRAWING A HORIZONTAL LINE
BELOW THEM AS SHOWN.

(MINUEND)
(SUBTRAHEND)

(A)

86 IN.
35 IN.

(B)
86 IN.
35 IN,

(
86 IN.

35 IN.
51 IN. (DIFFERENCE)

F/G. 5

THE UP-
PER NUMBER IS

CALLED THE
MINUEND AND

THE LOWER ONE
THE SUBTRAHEND

AS POINTED OUT AT (A). WE BEGIN OUR SUBSTRACTION IN THE RIGHT HAND COLUMN
AS SHOWN AT (6), BY TAKING 5 AWAY FROM 6. THIS LEAVES A REMAINDER OF IAND
SO WE PLACE THE I BELOW THE LINE, DIRECTLY UNDER THE COLUMN WITH WHICH WE
JUST WORKED AS SHOWN AT (B). WE CAN NOW PROCEED BY WORKING WITH THE NEXT

COLUMN OF FIGURES BY SUBTRACTING OR TAKING AWAY 3 FROM 8, WHICH LEAVES US
A REMAINDER OF 5. OUR ANSWER OR DIFFERENCE THUS BECOMES 51 AS SHOWN AT
(C) AND SINCE INCHES WERE SUBTRACTED FROM INCHES, THE ANSWER WILL ALSO BE
EXPRESSED IN INCHES.

IN SUBTRACTION, THE SAME AS IN ADDITION, IT IS ONLY PERMISSIBLE TO

SUBTRACT VALUES OF THE SAME KIND FROM EACHOTHER. IN OTHER WORDS, DOLLARS
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COULD NOT BE SUBTRACTED FROM FEET ETC. THE MINUS SIGN (-) INDICATES THE
PROCESS OF SUBTRACTION AND THE EXPRESSION GIVEN AT (C) OF FIG. 5 COULD
ALSO BE WRITTEN AS 88...35=51,WHERE THE SIGN (74 SIGNIFIES EQUALS.

SOMETIMES, YOU WILL BE CONFRONTED WITH A PROBLEM, WHERE THERE ARE
A GREATER NUMBER OF DIGITS (FIGURES) IN THE MINUEND AS THERE ARE IN THE
SUBTRAHEND, SUCH AS WHEN SUBTRACTING 762 FROM 89,964.
ARRANGE THIS WORK AS: 89964

-762
89202 (DIFFERENCE)

IN SUCH A CASE, WE

IF THE PROBLEM IS SUCH THAT WHEN SOME FIGURES IN THE MINUEND ARE
LESS THAN THE FIGURE DIRECTLY UNDER THEWIN THE SUBTRAHEND, THEN WE DO
THINGS A LITTLE DIFFERENT. FOR EXAMPLE, IF 863 IS TO BE TAKEN AWAY FROM
1952, WE ARRANGE THE WORK IN THE USUAL FORM OR AS AT (A) OF FIG. 6.

(A) ( 0 (C) (CI) IN THE EXTREME RIGHT
1952 1952 1952 1952 HAND COLUMN OT IS OBVIOUS THAT
863 863 863 863 3 CANNOT BE TAKEN AWAY FROM 2,

9 89 1089 (DIFFERENCE) SO WE TAKE AWAY 1 FROM THE

RIG. 6
5 IN THE MINUEND AND WE PLACE
THIS 1 IN FRONT OF THE 2 SO

AS TO RAISE THE VALUE OF THIS
2 TO 12 AND THUS BY TAKING 3 AWAY FROM 12, WE HAVE A REMAINDER OF 9 AS
SHOWN IN STEP (B).

Now WHEN WE COME TO THE NEXT COLUMN TOWARD THE LEFT, WE FIND THE
5 TO HAVE BEEN REDUCED TO 4 BECAUSE WE TOOK 1 AWAY FROM IT IN THE PRE..

CEEDING STEP. THEREFORE, WE MUST TAKE 6 AWAY FROM 4, WHICH CANNOT BE
DONE, SO WE BORROW I FROM THE 9 AND PLACE IT IN FRONT OF THE VALUE 4 AND
THUS WE CAN SUBTRACT THE 6 FROM THE 14,WHICH LEAVES A REMAINDER OF 8 AS
AT (C),THEREBY GIVING US A REMAINDER OF 89 so FAR.

THE NEXT STEP IS TO SUBTRACT THE 8 FROM THE 9 BUT THE 9 HAS ALREADY
BEEN REDUCED TO 8 BY THE 1 WHICH WAS BORROWED FROM IT DURING THEPREVIOUS
STEP HENCE, WE MUST SUBTRACT 8 FROM 8, WHICH LEAVES A REMAINDER OF
ZERO (0). NOTHING IS TO BE TAKEN AWAY FROM THE

1 IN THE LEFT HAND COLUMN
AND SO WE JUST BRING THIS 1 STRAIGHT DOWN BELOW THE LINEi THE DIFFERENCE
OR ANSWER TO THIS PROBLEM THEN BECOMES 1089 AS SHOWN AT (D).

TO CHECK YOUR ANSWER OF A PROBLEM IN SUBTRACTION, YOU CAN ADD THE
REMAINDER OR DIFFERENCE TO THE SUBTRAHEND AND THE RESULT SHOULD BE A
NUMBER THE SAME AS THE MINUEND. FOR EXAMPLE, IN THE PRECEDING PROBLEM,
WHERE 863 WAS SUBTRACTED FROM 1952, SO AS TO GIVE US A DIFFERENCE OF
1089,WE CAN CHECK THIS WORK BY ADDING 1089 AND 863, WHICH GIVES US A SUM
OF 1952. THIS, YOU WILL NOTE, IS EQUAL TO OUR MINUEND.

MULTIPLICATION

THE NEXT ARITHMETICAL PROCESS WHICH WE SHALL CONSIDER, IS THAT OF
MULTIPLICATION. THE PROCESS OF MULTIPLICATION IS IN A WAY A SHORTENED
PROCESS OF ADDITION AND USED WHEN THE SUM OF A GROUP OF EQUAL NUMBERS
IS TO BE FOUND. THAT IS, TO MULTIPLY A NUMBER, SIMPLY MEANS TO ADD IT TO
ITSELF A CERTAIN NUMBER OF TIMES. FOR EXAMPLE, IF 8 IS TO BE ADDED TO
ITSELF THREE TIMES, WE WOULD HAVE 8+8+8=24. THIS ANSWER IS THE SAME AS
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THAT OBTAINED BY MULTIPLYING 8 BY 3, THAT 18, 8 TIMES 3 IS ALSO EQUAL TO
24.

ALTHOUGH IN A SIMPLE PROBLEM AS JUST GIVEN, IT 18 PERHAPS AS EASY TO
OBTAIN THIS ANSWER OF 24 EITHER BY ADDITION OR MULTIPLICATION, YET WHEN WE
HAVE A PROBLEM WHERE A NUMBER SUCH AS 36,478 MUST BE ADDED TO ITSELF 147
TIMES, THEN THIS ADDITION WOULD BECOME A LONG DRAWN-OUT AND TEDIOUS PRO-
CESS. THE PROCESS OF MULTIPLICATION, ON THE OTHER HAND, OFFERS A MUCH
QUICKER AND EASIER SOLUTION.

THE NUMBER, WHICH IS TO BE ADDED TO ITSELF, IS CALLED THE MULTIPLICAND
AND THE NUMBER, WHICH DENOTES HOW MANY TIMES THE MULTIPLICAND IS ADDED TO
ITSELF, IS CALLED THE MULTIPLIER. FOR EXAMPLE, 7 TIMES 8 IS EQUAL TO 56
AND IN THIS CASE, THE NUMBER 7 IS THE MULTIPLICAND, 8 IS THE MULTIPLIER
AND THE ANSWER OR PRODUCT, AS IT IS PROPERLY CALLED, IS EQUAL TO 56. THE
SIGN FOR MULTIPLICATION IS ( X) AND SO THE SIMPLE PROBLEM,WHICH WAS JUST
GIVEN, CAN ALSO BE WRITTEN A8 7X9mP56. THIS EXPRESSION CAN BE READ AS 7
TIMES 8 EQUALS 56 OR 7 MULTIPLIED BY 8 EQUALS 56.

LET US BEGIN WITH A SIMPLE MULTIPLICA'rION PROBLEM,SAY MULTIPLYING
BY 3. THE FIRST STEP IS TO WRITE THE PROBLEM IN THE FORM SHOWN AT (A)
FIG. 7. NOTE THAT THE MULTIPLIER IS PLACED BELOW THE MULTIPLICAND.
NOW MULTIPLY THE 3 OF THE MULTIPLICAND BY 'HE MULTIPLIER,WHICH GIVES
3 TIMES 3 OR 9 AND WE PLACE THIS 9 UN-
DER THE LINE AS SHOWN AT (A). THE NEXT
STEP IS TO MULTIPLY THE 6 OF THE MUL-
TIPLICAND BY THE MULTIPLIER AND SINCE
6 TIMES 3 Is
18 BELOW THE
9 AS AT (00
IS 189.

IF

ING TWO
3724 is

EQUAL TO I8,WE PLACE THIS
LINE AND IN FRONT OF THE
THUS OUR ANSWER OR PRODUCT

63
IN

WE

US

(A) (B)

MULTIPLICAND 63 63
MULTIPLIER

189 (PRODUCT)

SIC. 7

A CERTAIN NUMBER IS TO BE MULTIPLIED BY ANOTHER
OR MORE FIGURES,THEN THE WORK IS LAID OUT AS IN
TO BE MULTIPLIED BY 307, WE ARRANGE THE WORK AS

(A) (B) (c) Op)

F

(E)

3724 3724 3724 3724 3724
307 307 307 307 307

26068 26068 26068 26068
0000 0000 0000

1117 11172
1143268

F/G.

NUMBER
FIG.8.

AT (A)

CONTAIN -

THAT !SOF
IN FIG* 8.

WE NOW MULTIPLY THE ENTIRE
MULIPLICAND BY THE 7 OF OUR MUL=.

TIPLIER,WRITING THE RESULT OF
THIS PROCESS IN THE FORM SHOWN AT
(B). THIS PARTIAL PRODUCT IS 26068
AS SHOWN. WITHTHIS PART OF THEWORK
COMPLETED, WE NEXT MULTIPLY THE
MULTIPLICAND BY THE ZERO (0) OF
OUR MULTIPLIER AND SINCE ZERO TI-

MES ANY NUMBER IS EQUAL TO ZERO, WE PLACE THESE ZEROS UNDER OUR FIRSTPAR..
TIAL PRODUCT AS SHOWN IN STEP (C).

THE FOLLOWING STEP CONSISTS OF MULTIPLYING THE MULTIPLICAND BY
3 OF THE MULTIPLIER AND WE PLACE THIS PARTIAL PRODUCT OF 11172 UNDER
ROW OF ZEROS. ANOTHER HORIZONTAL LINE IS THEN DRAWN BELOW THIS LAST PAR-
TIAL PRODUCT.

THE
THE

THE COMPUTATION IS THEN COMPLETED BY ADDING TOGETHER THESE PARTIAL
PRODUCTS, THUS GIVING US AS OUR FINAL ANSWER FOR OUR PROBLEM, THE PRODUCT
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WHEN MULTIPLYING BY ZERO, AS IN THE PREVIOUS EXAMPLE, IT IS A COM-

MON PRACTICE NOT TO WRITE DOWN ALL OF THE ZEROS BUT TO JUST PUT DOWN THE

FIRST ZERO AS INDICATED IN FIG, 9. THE PRODUCT OBTAINED FROM THE NEXT

NUMBER OF THE MULTIPLIER OR 3 IN THIS CASE, IS THEN PLACED ON THE SAME

LINE TO THE LEFT OF THIS ZERO.

ONE METHOD OF CHECKING A PROBLEM IN MULTIPLI-

CATION IS TO INTERCHANGE THE MULTIPLICAND AND MUL-

TIPLIER AND TO REPEAT THE PROCESS. A QUICK CHECK,

HOWEVER, IS AS FOLLOWS:

(A) ADD THE DIGITS (FIGURES) IN THE MULTIPLICAND.
IF THIS SUM IS A NUMBER COMPOSED OF MORETHAN

I DIGIT, ADD THESE. CONTINUE IN THIS WAY UNTIL YOU FINALLY ARRIVE
AT A NUMBER CONSISTING OF 1 DIGIT.

(B) ADD THE DIGITS OF THE MULTIPLIER IN THE SAME MANNER AS DESCRIBED IN
NOTE (A)

(C) MULTIPLY TOGETHER THE FINAL NUMBERS OBTAINED FROM NOTES (A) AND(B)
AND ADD THE DIGITS UNTIL A NUMBER OF ONE DIGIT IS FOUND.

(o)

PRACTICAL RADIO

1143268.

3724

22/
26068

II17204(THE ZERO)
1,143268

FIG.q

ADD THE DIGITS OF THE PRODUCT IN THE SAME MANNER AS OUTLINED IN NOTE (A)

Now COMPARE THE RESULTS OBTAINED IN NOTE (C) WITH THOSE OBTAINED IN NO-

TE (0)  IF THEY ARE THE SAME, THEN THE WORK CHECKS,PROV I NO IT TO BE CORRECT.

To ILLUSTRATE THIS CHECKING METHOD, LET US CHECK OUR PREVIOUS COM...
PUTATION,WHERE WE MULTIPLIED 3724 BY 307. BY ADDING THE DIGITS OF THE
MULTIPLICAND, WE HAVE 3+7+2 4-4 =16 OR THE TWO DIG ITS 1 AND 6, THERE-
FORE WE ADD THESE AND GET 6+ 1 OR 7 AS THE SINGLE DIGIT AS PER RULE (A).
By ADDING THE DIGITS IN THE MULTIPLIER WE HAVE 3+0+7=10 OR THE 1 AND
O. SINCE 1+0 =1, WE HAVE AS OUR SINGLE DIGIT SIMPLY I ACCORDING TO

RULE (B).

AS PER RULE (C), WE MUST NOW MULTIPLY THE RESULTS OF NOTES (A) AND
(B). THAT IS, 7 X I =.7. THIS DONE, WE ADD THE DIGITS IN THE PRODUCT OF
OUR PREVIOUS OOMPUTATION,WHENCE WE HAVE I-1.1 +4+3+2+6+8 =25. ADDING
THIS 2 AND 5 TOGETHER, WE GET THE NUMBER 7, WHICH CHECKS WITH THE NUM-
BER 7 OF STEP (C). THUS WE HAVE PROVEN OUR CALCULATIONS TO BE CORRECT.

DIVISION

LET US NOW PROCEED WITH THE PROCESS OF DIVISION. BY DIVISION IS

MEANT TO FIND HOW MANY TIMES SOME NUMBER IS CONTAINED IN ANOTHER OR
ELSE IT CAN ALSO BE THE PROCESS OF SEPARATING A NUMBER INTO A GIVEN NUM
BER OF EQUAL PARTS.

THE NUMBER, WHICH IS TO BE DIVIDED, IS CALLED THE DIVIDEND AND THE
NUMBER BY WHICH THE DIVIDEND IS TO BE DIVIDED IS CALLED THE DIVISOR.
THE RESULT OR QUOTIENT IS THE NUMBER WHICH DENOTES HOW MANY TIMES
THAT THE DIVISOR IS CONTAINED IN THE DIVIDEND. FOR EXAMPLE, IF 40 IS TO
BE DIVIDED BY 5, THEN THE DIVIDEND IS 40 AND THE DIVISOR IS 5. SINCE 5
WILL GO INTO 40 JUST 8 TIMES,THE QUOTIENT WILL BE 8.
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THE SIGN FOR DIVISION IS (k-) AND IT IS INTERPRETED AS NOIVIDEDBYM.

THUS 40+5 MEANS THAT 40 IS TO BE DIVIDED BY 5. THE COMPLETE PROCESS

CAN BE WRITTEN AS 404.7.5="8. SOMETIMES, YOU WILL FIND THIS EXPRESSION
WRITTEN STILL ANOTHER WAY, SUCH A8 4.j2 = 8 AND IN THIS CASE, THE 40 OR DI

5

VIDEND IS PLACED ABOVE THE 5 OR THE DIVISOR, WITH A HORIZONTAL LINE SEP-
ARATING THEM THE LINE IN THIS CASE DENOTES THE PROCESS OF DIVISION

Now LET US WORK OUT A PROBLEM IN DIVISION, AS AN EXAMPLE, DIVIDING
193,648 BY 52. WE COMMENCE BY LAYING OUT THE WORK AS AT (A) IN FIG. 10.

THAT IS, BY WRITING THE; DIVISOR SLIGHTLY TO THE RIGHT OF THE DIVIDEND
AND PLACING A BRACKET AROUND IT AS SHOWN. THE QUOTIENT OR ANSWER IS TO

(A) (B)

(DIVIDEND) 193648 1 52 (DIVISOR) 193648 t 52

156 3 1.51_ 3724 (QUOTIENT)
376

124

104

208
208

0

Fl G. /0

BE PLACED BELOW THE DIVISOR AS SHOWN AT (B) BUT FIRST LET US SEE THE MA-

NNER IN WHICH THE QUOTIENT IS OBTAINED.

THE FIRST STEP IN THIS DIVISION PROBLEM IS TO DETERMINE THE LEAST

NUMBER OF FIGURES IN THE DIVIDEND,WHICH WILL CONTAIN THE DIVISOR. THAT IS,

52 IN THIS EXAMPLE IS NOT CONTAINED IN 1, 9 OR 19 BUT IT WILL GO INTO 193
A LITTLE OVER THREE TIMES AND SO WE PLACE THIS 3 AS THE FIRST DIGIT IN

THE QUOTIENT AS AT (A). NOW WE MULTIPLY THE DIVISOR OR 52 BY THE 3 AND

THIS GIVES US A PRODUCT OF 155,WH ICH WE PLACE DIRECTLY BELOW THE 1-9-30R

THE FIRST THREE DIGITS OF THE DIVIDEND AS SHOWN AT (A)

THIS DONE, WE SUBTRACT 156 FROM 193,WHICH LEAVES A REMAINDER OF 37
AS SHOWN AT (B) AND TO THIS REMAINDER OF 37, WE ANNEX THE NEXT FIGURE OF

THE DIVIDEND OR 6, THUS GIVING US 376. Now WE DETERMINE HOW MANY TIMES

THAT 52 WILL BE CONTAINED IN 376 AND YOU WILL FIND THIS TO BE A LITTLE

OVER 7 TIMES, 80 PLACE THE 7 AFTER THE 3 IN THE QUOTIENT.

MULTIPLY THE DIVISOR BY THIS 7 AND SINCE 52 X 7=364,PLADE THIS Ni.!
MBER UNDER THE 376 AND SUBTRACT. THE DIFFERENCE WILL BE 12 TO WHICH THE

NEXT NUMBER OF THE DIVIDEND OR 4 IS ANNEXED, THUS GIVING US 124

THE DIVISOR 52 WILL GO INTO 124 A LITTLE OVER 2 TIMES,SO PLACE A 2
AFTER THE 7 IN THE QUOTIENT AND MULTIPLY 52 BY 2, PLACING THIS PRODUCT
OF 104 UNDER 124 AS SHOWN AT (S). SUBTRACT 104 FROM 124 AND A DIFFERENCE

OF 20 WILL REMAIN, TO WHICH THE LAST FIGURE 8 OF THE DIVIDEND IS ANNEX-
ED, THUS GIVING US 208. THE DIVISOR WILL GO INTO THIS 208 EXACTLY 4

TIMES AND THEREFORE, A 4 IS PLACED AS THE FINAL NUMBER OF THIS QUOTIENT
MULTIPLYING THE DIVISOR BY THIS 4 WILL GIVE US A PRODUCT OF 208,WHICH
WHEN SUBTRACTED FROM 208, LEAVES NO REMAINDER. THUS THE QUOTIENT 163724,

MEAM4NG THAT 52 IS CONTAINED IN 193,648 JUST EXACTLY 3724 TIMES.
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QUITE OFTEN, A PROBLEM IN DIVISION DOES NOT COME OUT EVEN,AS WHEN DI

VIDING 2702839 BY 63. IF THIS IS THE CASE, THEN PLACE THE FINAL REMAIND-

ER OVER THE DIVISOR AS A FRACTION TO BE ANNEXED TO THE QUOTIENT, THIS

PROBLEM WOULD APPEAR AS SHOWN IN FIG.

2702839 (63 1

13/63 (QuoTIENT)

THE TYPE OF DIVISION JUST DES-

CRIBED IS KNOWN AS "LONG DIVISION" BE-

CAUSE ALL OF THE STEPS ARE INDICATED

ON PAPER. ANOTHER TYPE OF DIVISION,

568
567

WHERE SOME OF THE STEPS ARE MADE MEN-.

TALLY,WITHOUT SHOWING THEM ON PAPER, IS

CALLED "SHORT DIVISION." LET US FOR EA
139

126
AMPLE DIVIDE 2916 BY 3, USING SHORT DJ

13 REMAINDER VISION AND SEE HOW THIS WOULD LOOK. IT

APPEARS IN FIG. 12.

P/G.//

THE bIVISOR 3 WILL GO INTO

THE FIRST DIGIT OF OUR QUOTIENT.

29 MENTALLY, WE HAVE A REMAINDER

OF 2. WE PUT DOWN THIS 2 UNDER

OUR DIVIDEND AS SHOWN AND ANNEX

TO IT THE NEXT DIGIT OF THE DI-

VIDEND OR ',THUS GIVING US 21.

SINCE 3 WILL GO INTO 21 EXACTLY

7 TIMES,THE NUMBER 7 BECOMES THE

SECOND DIGIT OF OUR QUOTIENT. UPON MULTIPLYING

OBTAIN A PRODUCT OF 21 AND BY SUBTRACTING THIS

29 A LITTLE OVER 9 TIMES,THUS 9 BECOMES

THEN 3 X 9=27 AND SUBTRACTING 27 FROM

(DIVIDEND) 29I61 3 (DIVISOR)

21 972 (QUOTIENT)

06
0

--

FIG./2

THE DIVISOR I OF 3 BY 7 WE

21 FROM THE PRESENT 21, WE

HAVE A REMAINDER OF ZERO. TO THIS ZERO, WE ANNEX THE 6 OF OUR DIVIDEND AND

BY DIVIDING THE 3 INTO THE 6 WE HAVE A RESULT OF 2. PUTTING THIS 2 ASTHE

FINAL DIGIT OF OUR QUOTIENT,WE OBTAIN AN ANSWER OF 972.

ONE OF THE METHODS BY WHICH A DIVISION PROBLEM CAN BE CHECKED IS TO

MULTIPLY THE QUOTIENT BY THE DIVISOR AND ADD THE REMAINDER (IF THERE IS

ANY) TO THE PRODUCT. THE FINAL RESULT WILL BE THE DIVIDEND. FOR EXAMPLE,

TO PROVE OUR PREVIOUS DIVISION PROBLEM, WHERE WE DIVIDED 63 INTO 2702839

TO GET A QUOTIENT OF 42902 13/63, WE PROCEED AS SHOWN IN FIG. 13.

42902 (QUOTIENT)
X63 (DIVISOR)

128706

257412
2702826

1,3 (REMAINDER)

2702839 (RESULT-DIVIDEND

(B)

A STILL QUICKER CHECK IS TO APPLY THE

FOLLOWING RULES AS THEY ARE GIVEN.

(P) ADD THE DIGITS IN THE DIVIDEND AND IF

THE SUM IS A NUMBER WITH MORE THAN 1

DIGIT, ADD THESE DIGITS UNTIL A SINGLE

DIGIT IS OBTAINED.

FIG. /3

ADD THE DIGITS IN THE DIVISOR AND ADD THE DIGITS IN THIS SUM UNTILA

SINGLE DIGIT IS OBTAINED.

(c) ADD THE DIGITS IN THE QUOTIENT AND ADD THE DIGITS IN THIS SUM UNT1LA

SINGLE DIGIT IS OBTAINED.

(D) ADD THE DIGITS IN THE REMAINDER AND ADD THE DIGITS IN THIS SUM UNTIL

A SINGLE DIGIT IS OBTAINED.
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(E) MULTIPLY THE RESULT OF NOTES (B) AND (C) AND ANNEX THE RESULTS IN

(D) AND THEN ADD THE DIGITS IN THIS RESULTIWHICH SHOULD GIVE THE

SAME AS THE RESULT OF NOTE (A) IF THE WORK IS CORRECT.

AS AN EXAMPLE FOR THE APPLICATION OF THIS CHECKING METHOD,LET US

CHECK OUR PREVIOUS DIVISION PROBLEM WITH IT. HERE IT IS.

(A) THE SUM OF THE DIGITS IN THE DIVIDEND IS 2+7+0+2+8+3+9=31 . THE

DIGITS 341 GIVE US A SINGLE DIGIT OF 4.

(B) AS PER RULE (8), THE SUM OF THE DIGITS IN THE DIVISOR IS 643=9*

(C) AS PER RULE (C), THE SUM OF THE DIGITS IN THE cUOTIENT IS 4+2+9+0+2

=17 AND 7+1 GIVES US THE SINGLE DIGIT 8.

(0) THE DIGETS OF THE REMAINDER ARE 1 AND 3 WHOSE SUM EQUALS THE SINGLE

DIGET 4.

(E) BY MULTIPLYING THE RESULTS OF NOTES (8) AND (C) WE HAVE 9 X 8 = 72
AND UPON ANNEXING TO THIS THE RESULT OF NOTE (D) OR 4, WE HAVE 724

THE SUM OF WHOSE DIGITS IS 74244=13. FINALLY BY ADDING THE DIGITS

I AND 3 OF THIS SUM TOGETHER, WE HAVE A RESULT OF 4, THE VALUE OF

WHICH CHECKS WITH THE RESULT OBTAINED IN NOTE (A). THE WORK THUS

PROVES TO BE CORRECT.

FRACTIONS

THE NEXT SUBJECT FOR OUR CAREFUL CONSIDERATION IS THAT oFFRACTIONS.
A FRACTION CONSISTS OF TWO NUMBERS, ONE ABOVE THE OTHER, WITH A LINE BE-

TWEEN THEM, SUCH .3 1/2 , 3/4 ETC. SOMETIMES THIS LINE IS TRULY Hu

8 16

IZONTAL WHILE IN OTHER CASES IT IS INCLINED BUT THIS IS SIMPLY A MATTER

OF CHOICE. FROM OUR BRIEF DISCUSSION ON DIVISION, YOU WILL RECALL THAT

THE FRACTION DENOTES THE PROCESS OF DIVISION AND WHENCONSIDEREDAS SUCH,,

THE NUMBER BELOW THE LINE TELLS US INTO HOW MANY EQUAL PARTS A WHOLEUNIT
IS DIVIDED, WHILE THE NUMBER ABOVE THE LINE SPECIFIES HOW MANY OF THESE
EQUAL PARTS ARE BEING USED. FOR EXAMPLE, IN THE CASE OF THE FRACTION3/4,

THE WHOLE UNIT OR 1
IS DIVIDED INTO 4 EQUAL PARTS BUT OF THESE ONLY 3

ARE BEING USED. IN THE CASE OF 5/1S, THE WHOLE OR THE UNIT 1 IS DIVIDED

INTO IC EQUAL PARTS BUT OF THESE ONLY 5 OF THEM ARE BEING USED ETC. THE

NUMBER ABOVE THE LINE IS CALLED THE NUMERAFOR AND THE NUMBER BELOW THE

LINE IS CALLED THE DENOMINATOR. VERY OFTEN, FRACTIONS ARE USED TOGETHER
7WITH A WHOLE NUMBER,SUCH AS 2 2 //0, WHICH BY THE WAY IS EQUIVALENT TO

24.,N . HERE 2 IS THE WHOLE NUMBER AND THE 2/3 IS THE FRACTION AND WE

CALL SUCH A NUMBER,WHICH IS COMPOSED OF A WHOLE NUMBER AND A FRACTION,

A MIXED NUMBER.

IF IN A CERTAIN FRACTION, THE NUMERATOR IS LESS THAN THEDENOMINATOR,
THIS FRACTION IS CALLED A PROPER FRACTION. THUS 2/3 , 1/2 3/4 ,

5/G6 LTC. ARE ALL PROPER FRACTIONS.

THEN ON THE OTHER HAND, WE ALSO HAVE IMPROPER FRACTIONS AND IN THIS
CASE, THE NUMERATOR IS EQUAL TO OR GREATER THAN THE DENOMINATOR.THUS 13

2
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; 6 ; ETC. ARE ALL IMPROPER FRACTIONS.
4 5

REDUCING WHOLE OR MIXED NUMBERS TO IMPROPER FRACTIONS

A COMMON CALCULATION WITH FRACTIONS, WHICH YOU WILL FIND NEED FOR
QUITE OFTEN, IS TO REDUCE A WHOLE OR MIXED NUMBER TO AN IMPROPER FRACTION.
FOR EXAMPLE, THAT OF CHANGING 3 TO HALVES, 5 TO 6THs, 73/5- TO 5THS ETC.

To BEGIN WITH, REMEMBER THAT WHENEVER THE NUMERATOR OF ANY FRACTION
IS EQUAL TO ITS DENOMITOR, THEN THE VALUE OF THE FRACTION IS EQUAL TO
UNITY OR I. THAT IS, 3/3 6/6 , 8/8 ETC. ARE ALL EQUAL TO I.

5
RULE: TO REDUCE A WHOLE NUMBER TO A FRACTION OF A GIVEN DENOMINATOR,

FIRST CHANGE THE UNIT I TO A FRACTION OF THE GIVEN DENOMINATOR AND THEN
MULTIPLY THE NUMERATOR BY THE GIVEN WHOLE NUMBER.

EXAMPLE I: - REDUCE THE NUMBER 3 TO HALVES. HERE THE DENOMINATOR IS
TO BE 2, SO OUR FIRST STEP ACCORDING TO THE RULE IS TO CHANGE I TO A FRA
CT ION HAVING 2 AS A DENOMINATOR, WHICH WILL BE 2  OUR SECOND STEP IS TO

2
MULTIPLY THE NUMERATOR OF THIS FRACTION BY THE GIVEN WHOLE NUMBER OR 3
IN THIS CASE. THUS CUR FRACTION BECOMES 3 X 2 OR ,WHERE 6 IS THE NUM
BER 3 EXPRESSED IN HALVES. 2 2 2

EXAMPLE 2: - REDUCE THE NUMBER 5 TO 6THS.
SINCE ; 5 a5 X 6_Q

6 6 6

RULE: To REDUCE A MIXED NUMBER TO A FRACTION OF A GIVEN DEMONINA
TOR,FIRST REDUCE THE WHOLE NUMBER TO A FRACTION HAVING THE GIVEN DENOM
INATOR AND THEN ADD TO THE NUMERATOR OF THIS FRACTION THE NUMERATOR OF
THE FRACTIONAL PART OF THE MIXED NUMBER.

EXAMPLE: - REDUCE 7 3/5 TO 5THS
SINCE I=5/5 THEN 7=7 X 5-35/5. FINALLY 35+3(ANs.)

5 5 5

REDUCING IMPROPER FRACTIONS TO WHOLE OR MIXED NUMBERS

ANOTHER COMMON CALCULATION, WHICH YOU WILL FIND USE FOR WHEN WORKING
WITH FRACTIONS, IS TO REDUCE AN IMPROPER FRACTION TO A WHOLE OR MIXED
NUMBER.

RULE: - To REDUCE AN IMPROPER FRACTION TO A WHOLE OR MIXED NUMBER,
PERFORM THE DIVISION INDICATED BY THE FRACTION. THE RESULTING QUOTIENT
IS THE NUMBER OF UNITS. IF THERE IS NO REMAINDER FROM THIS DIVISION PRO-
CESS, THE FRACTION REDUCES TO A WHOLE NUMBER. IF THERE IS A REMAINDER
FROM THIS DIVISION PROCESS, THEN THE FRACTION REDUCES TO A MIXED NUMBER
OF WHICH THE QUOTIENT IS THE WHOLE NUMBER PART AND THE REMAINDER BECOMES
THE NUMERATOR OF THE FRACTIONAL PART.

EXAMPLE I: - REDUCE 16 TO A WHOLE NUMBER.
4

THE EXPRESSION 16 IS EQUIVALENT TO 1644,WHICH GIVES US A QUOTIENT
4
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OF 4. HENCE 4 IS THE WHOLE NUMBER, WHICH IS EQUIVALENT TO 16.
4

EXAMPLE 2: - REDUCE 46 TO A MIXED NUMBER.
5

464_ 5 91/2 (ANSWER)

5

THE NEXT POINT WHICH WE SHALL CONSIDER IS THAT OF REDUCING FRACTIONS
TO THEIR LOWEST TERMS. A FRACTION IS IN ITS LOWEST TERMS WHEN THERE IS

NO NUMBER THAT WILL DIVIDE BOTH OF THEM.

RULE:- TO REDUCE A FRACTION TO ITS LOWEST TERMSIDIVIDE BOTH TERMS

SUCCESSIVELY BY THEIR COMMON FACTORS OR DIVIDE BY THE GREATEST COMMON

DIVISOR OF THE TERMS.

EXAMPLE:- REDUCE a TO ITS LOWEST TERMS. By INSPECTION, IT IS SEEN

42
THAT THE NUMERATOR AND THE DENOMINATOR OF THIS FRACTION ARE DIVISIBLE BY
7. FURTHERMORE, DIVIDING BOTH OF THESE TERMS BY THE SAME NUMBER DOES NOT
CHANGE THE VALUE OF THE FRACTION. HENCE BY DIVIDING THE NUMERATOR AND

DENOMINATOR OF 21/42 BY 7, WE HAVE j3 AGAIN IT CAN BE SEEN BY INSPEC

6

TION THAT 3/6 CAN BE REDUCED TO STILL LOWER TERMS BECAUSE THE NUMBER 3

IS CONTAINED IN BOTH THE NUMERATOR AND DENOMINATOR OF THIS FRACTION.
HENCE BY DIVIDING THESE TWO NUMBERS BY 3, WE HAVE AS THE FINAL RESULT*
THE FRACTION THEN IS THE FRACTION a REDUCED TO ITS LOWEST TERMS.

42

ALL OF THIS WORK OF COURSE COULD HAVE BEEN ACCOMPLISHED IN A SINGLE
STEP DUE TO THE FACT THAT THE NUMERATOR AND DENOMINATOR OF THE FRACTION
21 ARE DEVISIBLE BY 21, THUS REDUCING THE FRACTION TO ITS LOWEST TERMS IN
42
THE FORM 1/2 

SUPPLYING THE SAME DENOMINATOR FOR A GROUP OF FRACTIONS

BEFORE SEVERAL FRACTIONS CAN BE ADDED TOGETHER OR BEFORE ONE FRAC-

TION CAN BE SUBTRACTED FROM ANOTHER, IT IS NECESSARY THAT THEY HAVE THE
SAME DENOMINATOR.

FOR EXAMPLE, IF Wt ARE TO ADD THE FOLLOWING FRACTIONS OF 1 , 1 ,

4 6 8

TOGETHER, WE MUST FIRST DETERMINE A VALUE FOR THE DENOMINATOR WHICH WILL
BE THE SAME FOR ALL THREE FRACTIONS. ONE WAY OF DETERMINING THIS COMMON

DENOMINATOR IS TO MULTIPLY ALL OF THE DENOMINATORS OF THE GROUP TOGETHER,
FOR EXAMPLE, IN THIS PARTICULAR CASE, WE MULTIPLY 4 X 6 X 8, WHICH GIVES
US A PRODUCT OF 192. THIS VALUE IS SAID TO BE THE "MAXIMUM COMMON DENOM-
INATOR" AND EACH OF THE DENOMINATORS WILL BE CONTAINED IN THIS VALUE OF

192 AN EQUAL NUMBER OF TIMES.

TO CHANGE THE FRACTION OF 1/4, SO THAT IT WILL HAVE A DENOMINATOR OF
192, PROCEED BY DIVIDING 192 BY THE ORIGINAL DENOMINATOR 4 AND MULTIPLY
THE RESULTING QUOTIENT BY THE ORIGINAL NUMERATOR I. THE FRACTION OF 1/4

IS THUS TRANSFORMED TO A VALUE OF Ag 
192
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APPLYING THIS METHODIWE FIND THAT THE FRACTIONS OF L I/6 AND 3/8 CAN BE
4

WRITTEN RESPECTIVELY IN THE FORM OF 48 , AND a IN WHICH CASE THE
192 192 192

NUMBER 192 IS SAID TC BE THE MAXIMUM COMMON DENOMINATOR OF THIS PARTICU-
LAR GROUP OF FRACTIONS.

ALTHOUGH ANY GROUP OF FRACTIONS CAN BE ARRANGED TO HAVE THE SAME DE
NOMINATOR OF THE GROUP AS JUST SHOWN, YET IT IS STILL MORE PRACTICAL FOR
LENGTHY CALCULATIONS TO DETERMINE THE LEAST OR LOWEST COMMON DENOMINATOR
OF THE GROUP OF FRACTIONS SO THAT ALL OF THEM MAY HAVE THE SAME DENOMIN-
ATORS.

SO HERE IS WHERE ANOTHER FORM OF CALCULATION ENETERS, NAMELY THAT OF
DETERMING THE LEAST COMMON DENOMINATOR FOR A GROUP OF FRACTIONS.

REDUCING FRACTIONS TO THE LEAST COMMON DENOMINATOR

EXAMPLE: - REDUCE 3/20 , 1/4 , 11 AND 5/8 TO FRACTIONS WITH A LOWEST
32

COMMON DENOMINATOR. THE LEAST COMMON DENOMINATOR FOR THIS GROUP OF FRAC-
TION IS 160. THAT IS, 160 IS THE SMALLEST NUMBER WHICH WILL CONTAIN ALL
OF THE DENOMINATORS OF THE FRACTIONS OF THE ABOVE GROUP AN EQUA-L NUMBEROF
TIMES. THIS IS DETERMINED BY INSPECTION.

To CHANGE 3/20 TO A FRACTION HAVING 160 AS ITS DENOMINATOR,DIVIDE
IGO BY THE DENOMINATOR OF THE GIVEN FRACTION OR 20 IN THIS CASE. THE
QUOTIEMT FROM THIS DIVISIONAL PROCESS WILL BE 8. MULTIPLY THIS RESULT BY
THE NUMERATOR OF THE GIVEN FRACTION, WHICH IS 3 IN THIS CASE,THUS GIVING
A PRODUCT OF 24. THE 24 WILL THEREFORE BE THE NUMERATOR OF THE NEW FRAC-
TION HAVING IGO FOR ITS DENOMINATOR. THAT IS, 3/20 IS EQUIVALENT TO 2.4

160

THE FRACTION 1/4 EXPRESSED IN TERMS OF A FRACTION HAVING THE LOWEST COM-
MON DENOMINATOR OF 160 WILL BE 40 IN LIKE MANNER, II BECOMES 51 AND

160 32 160
5/8 BECOMES 100 .

160

GENERALLY, THE FRACTIONS BEING HANDLED HAVE SUCH DENOMINATORS THAT
THEIR LEAST COMMON DENOMINATOR CAN BE DETERMINED BY INSPECTION. HOWEVER,
IF THIS CANNOT BE DONE READILY, THEN A SIMPLE METHOD OF DETERMINING THE
LEAST COMMON DENOMINATOR IS BY MEANS OF THE FOLLOWING RULE: DIVIDE THE
GIVEN DENOMINATORS BY A PRIME NUMBER THAT WILL DIVIDE TWO OR MORE OFTHEM
(A PRIME NUMBER (S ANY NUMBER WHICH IS ONLY DIVISABLE EITHER BY 1 OR IT-

SELF, SUCH AS 1,2,5,7 ETC.). THEN DIVIDE THE REMAINING NUMBER AND THE
QUOTIENT BY A PRIME NUMBER THAT WILL DIVIDE TWO OR MORE OF THEM.CONTINUE
THIS AS LONG AS POSSIBLE. THE LEAST COMMON DENOMINATOR IS THEN EQUAL TO

THE PRODUCT OF ALL THE DIVISORS AND THE QUOTIENTS OR NUMBERS WHICH ARE
LEFT. FOR EXAMPLE, TO FIND THE LEAST COMMON DENOMINATOR OF 11 , 7/45, 14

30 135

AND 13 PROCEED AS SHOWN IN FIS. 14. THE LEAST COMMON MULTIPLE AS PER FIG.
25

14Is 5 X 3 X 3 X 2X IX 3 X 5=1350.



TO ARRANGE THESE NUMBERS IN A VERTICAL COLUME AS
NEXT STEP IS TO CONVERT THE GIVEN FRACTIONS INTO
HAVING THE LEAST COMMON DENOMINATOR,WHICH IS
THIS CASE 13 12. THE NUMBERS ARE THEN RE-

WRITTEN AS AT THE RIGHT OF FIG. 15 SO THAT

ALL OF THE FRACTIONS HAVE THE SAME DENOMINAT
ER.

BY ADDING THE NUMERATORS OF THESE FRA.
TIONS,WE OBTAIN A TOTAL OF 11, AND UPON ADDm

I 2

ING THE WHOLE NUMBERS, 84. THE DENOMINATOR12
WILL GO INTO 17 JUST 1 5/12 TIMES SO THAT THE ANSWER

COMES 85 1(12 (NOTE THAT THE 1 OBTAINED UPON DIVIDING

DED TO THE SUM OF THE WHOLE NUMBERS.)

LESSON No.37

DIVISOR 5 30

11 3 G

3 2

2

PAGE 13

45 135 25

9 27 5

3 9 5

I 3 5

GIVEN DENOMINATORS
CUOTIENTS

II

Fl G. 14

ADDITION OF FRACTIONS

Now WE COME TO THE ADDITION OF FRACTIONS. THE FIRST RULE FOR THE

ADDITION OF FRACTIONS IS AS FOLLOWS: TO ADD FRACTIONS, WHICH ALREADY HAVE

A LEAST COMMON DENOMINATOR,SIMPLY AOD THE NUMERATOR OF THE FRACTIONS AND

PLACE THEIR SUM OVER THE THE LEAST COMMON DENOMINATOR. IF THIS GIVES AN

AN IMPROPER FRACTION, THEN IT SHOULD BE REDUCED TO A WHOLE OR MIXED NUM-

BER.

EXAMPLE: - ADD 41 ; _2 ; II AND 13, . SINCE ALL OF THESE FRACTIONS

16 16 16 16

HAVE THE SAME DENOMINATOR OR AS WE MIGHT SAY, THE LEAST COMMONDENOM1NATOR,

WE CAN WRITE THE PROBLEM IN THE FOLLOWING FORM:

+.11a = zt = 24
IS 16 16 IS 16

THE SECOND RULE FOR THE ADDITION OF FRACTION IS AS FOLLOWS: IF THE

GIVEN FRACTIONS DO NOT HAVE A LEAST COMMON DENOMINATOR, THEN FIRST REDUCE

THEM TO FRACTIONS HAVING A LEAST COMMON DENOMINATOR AND ADD.

EXAMPLE: - FIND THE SUM OF , 2 , 3 , AND 3/4 . THE LOWEST COMMON

10 II 5

DENOMINATOR FOR 10, II, 5 j AND 4 is 220. HENCE BY CHANGING OUR GIVEN FRAC-

TIONS TO VALUES HAVING THIS LEAST COMMON DENOMINATOR,WE HAVE:

66 + 4o 135 + 165 _ 407 _ 183

220 220 220 220 220 220

THE THIRD RULE FOR THE ADDITION OF FRACTIONS IS AS FOLLOWS: TO ADD

MIXED NUMBERS, ADD THE WHOLE NUMBERS AND FRACTIONS SEPARATELY AND THEN U-
NITE THE SUMS.

EXAMPLE:- FIND THE SUM OF 411 , 40Z AND 3 //3 IT IS MOST CONVENIENT

AT THE LEFT OF 15. THE

EQUIVALENT FRACTIONS

41 1/2,=41 6

12

40 y4 =40
12

3 /3=3 a
lq

84 I7/ I 2= 85
5

/ 12.

F/O./5

TO THIS PROBLEM BE -

THE FRACTION IS AD-
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SUBTRACTION OF FRACTIONS

NEXT. LET US CONSIDER THE SUBTRACTION OF FRACTIONS. THE FIRST RULE
FOR SUBTRACTION IS AS FOLLOWS: TO FIND THE DIFFERENCE BETWEEN TWO GIVEN
FRACTIONS, WHICH ALREADY HAVE A COMMON DENOMINATOR,SIMPLY SUBTRACT THE
LARGER NUMERATOR FROM THE SMALLER ONE AND WRITE THE RESULTING DIFFERENCE
OVER THE COMMON DENOMINATOR. REDUCE TO LOWEST TERMS.

EXAMPLE: SUBTRACT FROM II

12 12

I I - = 6 =I/ (ANSWER)
12 12 12 2

THUS

THE SECOND RULE FOR THE SUBTRACTION OF FRACTIONS IS AS FOLLOWS: To
FIND THE DIFFERENCE BETWEEN TWO FRACTIONS, WHEN THEY DO NOT HAVE A LEAST
COMMON DENOMINATOR,FIRST REDUCE THEM TO SUCH BEFORE SUBTRACTING.

EXAMPLE: - SUBTRACT a FROM $ (NOTE THAT THE LEAST COMMON
34 17 DENOMINATOR FOR 17 AND 34 IS

34.)
THUS - 3 la

17 34 34 34-34
(ANSWER).

THE THIRD RULE FOR THE SUBTRACTION OF FRACTIONS IS AS FOLLOWS: IF

THE NUMBERS ARE MIXED NUMBERS, SUBTRACT THE FRACTIONAL PARTS AND THEN THE
WHOLE NUMBERS, REDUCING THE FRACTIONAL PARTS TO THE LEAST COMMON DENOMIN-
ATOR, IF SUCH IS NOT ALREADY THE CASE.

EXAMPLE: - SUBTRACT 2 3/5 FROM 8 3/4. IT IS MOST CONVENIENT TO PLACE
THIS MINUEND AND SUBTRAHEND IN A VERTICAL FORMATION AS IN THE LEFT HAND
COLUMN OF FIG. 16. TO THE RIGHT OF THE EQUAL MARKS IN FIG. 16,WE HAVE THE
FRACTIONS REDUCED TO THE LEAST COMMON DENOMINATOR. THE NUMERATORS ARE THEN

SUBTRACTED, GIVING 3/20, AFTER WHICH THE WHOLE
NUMBERS ARE SUBTRACTED, GIVING 6. THUS THE FIN-
AL ANSWER IS 6 3/20.

8 3/4 = 8

20

-23/5=2 12
20

6 _a (ANSWER
20

1

FIG. /6

INSPECTION, 4/6 CANNOT
FROM THE 7 OF THE MINUEND
ITS VALUE. THAT IS, 14 6 AND 43 4

5 6 6 6

CONSEQUENTLY, 4/6 CAN NOW BE SUBTRACTED
FROM 9/6 GIVING US A FRACTIONAL DIFFERENCE
OF 5/6 AND UPON SUBTRACTING 3 FROM 6 IN

OUR WHOLE NUMBER COLUMN, WE OBTAIN OUR FIN
AL ANSWER OF 3

6

MULTIPLYING VITH FRACTIONS

IN CASE THAT THE FRACTION OF THESUBTRAHEND
IS GREATER IRAN THAT IN THE MINUEND,AS WHEN SUB-
TRACTING 3 /3 FROM 7 2/2, THEN PROCEED AS IN FIG.
17. THAT is, FIRST REDUCE THE FRACTIONS TO THE
LEAST COMMON DENOMINATOR AND AS CAN BE SEEN BY

BE SUBTRACTED FROM 3/6. THEREFORE, 1 IS TAKEN AWAY
AND IS ADDED TO ITS FRACTION,THEREBY CHANGING

I/2=77 /-6 9/6
6

-3 2/3=3 4 =3 4/6
6

3 5/6 (ANSWER)

FIG.I7

WE ARE NOW PREPARED TO SEE HOW FRACTIONS CAN BE MULTIPLIED. FIRST
LET US CONSIDER THE MATTER OF MULTIPLYING A FRACTION BY A WHOLE NUMBER.
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THE RULE FOR THIS PROCESS IS AS FOLLOWS:

RULE:- To MULTIPLY A FRACTION BY A WHOLE NUMBER, FIRST MULTIPLY THE
WHOLE NUMBER BY THE NUMERATOR OF THE FRACTION AND THEN DIVIDE THIS PRO-
DUCT BY THE DENOMINATOR OF THE FRACTION.

EXAMPLE:- MULTIPLY 8 BY 4/5. 8 X 8 X 4 _ ,326 2/5 (ANSWER)
5 5 5

To MULTIPLY A FRACTION BY A FRACTION, APPLY THE FOLLOWING RULE:

RULE:- MULTIPLY THE NUMERATORS TOGETHER AND THEN MULTIPLY THE DENOM
INATOR TOGETHER. PLACE THE PRODUCT OF THE NUMERATORS OVER THE PRODUCT OF
THE DENOMINATORS AND REDUCE TO LOWEST TERMS WHEN POSSIBLE.

EXAMPLE:- 2 X .5 = 2 X 5 1.2 (ANSWER)
3 7 3 X 7-21

TO MULTIPLY TWO NUMBERS, ONE OR BOTH OF WHICH ARE MIXED NUMBERS,RE*.
DUCE THE MIXED NUMBERS TO IMPROPER FRACTIONS AND THEN MULTIPLY AS WITH
FRACTIONS.

EXAMPLE 1:- 6 1/4 X 8.1723 X 8=25 X 8=200=50 (ANSWER)
4 4 4

5/12EXAMPLE 2:- 3 2 X 4
3/3

/4=11 X 19 II X 19_209 __17 (ANSWER)
3 4 3 X 4 - 12-

DIVIDING WITH FRACTIONS

NOW LET US SEE HOW FRACTIONS CAN BE HANDLED IN DIVISION PROBLEMS.
TO DIVIDE A FRACTION BY A WHOLE NUMBER, MULTIPLY HE DENOMINATOR OF THE
FRACTION BY THE WHOLE NUMBER.

EXAMPLE:- 2 _ (ANSWER)
3 X 3 9

To DIVIDE?, WHOLE NUMBER BY A FRACTION, INVERT THE DIVISOR AND MUL-
TIPLY IT BY THE DIVIDEND.

EXAMPLE:- 7. 7 X A =,7 X 4=22=9 (ANSWER)
4 3 3 3

To DIVIDE A FRACTION BY A FRACTION, INVERT THE DIVISOR AND MULTIPLY
IT BY THE DIVIDEND.

EXAMPLE:- 3/4+1/3=3/4 X 3/1=3 X 3= 9 2 1/4 (ANSWER)
4 X I 4 -

To DIVIDE A MIXED NUMBER BY A MIXED NUMBER,FIRST CHANGE THEM TO
PROPER FRACTIONS AND THEN DIVIDE.

EXAMPLE:- 3 2/3+ I 3/5= I I. 2= I I X 5/8, I I X Szt 55 2 724 (ANs.)
3`5 3 3 X 8 24

DECIMAL FRACTIONS

Now WE COME TO A DIFFERENT TYPE OF FRACTIONS, NAMELY DECIMAL FRACT-
IONS. FRACTIONS, WHICH COME UNDER THIS CLASSIFICATION, HAVE R4100:1000;
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ETC. FOR DENOMINATORS. FOR EXAMPLE 2 , 3 , 22 ETC. ARE ALL DECIMAL
10 100 1000

FRACTIONS, HOWEVER, INSTEAD OF WRITING DECIMAL FRACTIONS IN THIS FORM, IT

IS MORE CONVIENT TO WRITE THEM WITH A DECIMAL POINT, SO THAT THE POSITION
OF THE DECIMAL POINT INDICATES THE DENOMINATOR. THAT ISt AS A DECIMAL FR6
CTION, WE WOULD EXPRESS 2/10 IN THE FORM .2; 3 WOULD BE EXPRESSED AS

100

.03, AND 22_ AS .022 ETC. THE PERIOD, WHICH IS USED, IS CALLED THE DEO
1000

IMAL POINTHAND IT IS VERY IMPORTANT WHERE THIS PERIOD IS PLACED. THAT IS,
AS THE DECIMAL POINT IS GRADUALLY MOVED TO THE RIGHT ONE PLACE AT A TIME,

THE VALUE OF THE NUMBER WILL BE MULTIPLIED BY 10. FOR EXAMPLE, 37.236;
372.36 AND 3723.6 ETC. IN THIS CASE 372.36 IS In TIMES GREATER THAN

37.236 AND 3723.6 Is IOU TIMES GREATER THAN 37.236 SIMPLY ON ACCOUNT OF

THE POSITION OF THE DECIMAL POINT.

MOVING THE DECIMAL POINT TO THE LEFT GRADUALLY OR ONE PLACE AT A

TIME WILL DECREASE A NUMBER BY 1/10 ITS VALUE, WHICH IS THE SAME AS DI-
VIDING IT AY 10. THAT IS, CONSIDERING THE NUMBER 423.74, 42.374 AND
4.2,7741 IT IS APPARANT THAT BY FIRST MOVING THE DECIMAL POINT ONE PLACE
TCWARD THE LEFT, THE VALUE OF THE NUMBER IS REDUCED TO 1/10 ITS VALUE, BY
MOVING IT TWO PLACES TOWARD THE LEFT, THE NUMBER IS REDUCED TO 1 OF ITS

100

VALUE, WHICH IS THE SAME AS DIVIDING IT BY 100 ETC.

ONE OF THE IMPORTANT THINGS TO REMEMBER IN THIS RESPECT IS THAT THE
FIRST PLACE TO THE RIGHT OF THE DECIMAL POINT INDICATES A DENOMINATOR OF
TEN; THE SECOND PLACE, A DENOMINATOR OF 100; THE THIRD PLACE 1000 ETC.THE
FIRST PLACE TOWARDS THE LEFT OF THE DECIMAL POINT INDICATES UNITS; THE
SECOND PLACE TENS; THE THIRD PLACE HUNDRED/ ETC. THIS CAN BE ILLUSTRAT-
ED AS IN FIG. 18 FOR YOUR CONVENIENCE.

O

ui

O

H

(.0 H

D

CD

I

H

67

I
H
0

<
cD

I
H

U

0 0 0 0. 0 0 0 0 0 0 0 0

FIG. /8

THE NUMBER 256.3734,FoR EXAMPLE,
WOULD BE READ AS TWO HUNDRED FIFTY-SIX ANC
THREE THOUSAND, SEVEN -HUNDRED THIRTY... FOUR
TEN -THOUSANDTHS. FOR CONVENIENCE,A NUMBER
AS THIS IS SOMETIMES READ AS TWO HUNDRED
FIFTY-SIX, POINT, THREE, SEVEN, THREE,FOUR.

CHANGING COMMON FRACTIONS
TO DECIMAL FRACTIONS

SO MUCH FOR THE PRELIMINARY EXPLANA
TICN, NOW LET US PROCEED AND SEE HOW WE

'OM< WITH DECIMAL FRACTIONS. THE FIRSTSTEP
WILL BE TO SEE HOW TO CHANGE COMMON FRAC-
TIONS TC' DECIMAL FRACTIONS. THE RULE FOR

CHANGING COMMON FRACTIONS TC DECIMAL FRACTIONS IS AS FOLLOWS: ANNEX ZEROS
TC THE NUMERATOR AND DIVIDE BY THE DENOMINATOR. PLACE THE DECIMAL POINTSO
AS TO MAKE AS MANY DECIMAL PLACES IN THE RESULT AS THERE WERE ZEROS ANN-
EXED.

EXAMPLE I:- CHANGE 11 TO A DECIMAL FRACTION.
5
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2.0000 15
20 0.40 000 (ANSWER)

000

EXAMPLE 2:- CHANGE 7/8 TO

7.0000 18
64 0.875
60

56

40

(ANSWER)

THAT IS. 25x.0.4

A DECIMAL FRACTION.

ADDING NUMBERS WITH DECIMAL FRACTIONS

To ADD NUMBERS CONTAINING DECIMAL FRACTIONS, WRITE THE NUMBERS, SO

THAT THE DECIMAL POINTS ARE ALL UNDER EACHOTHER. THEN ADD THE VERTICAL

ROW OF FIGURES IN THE CUSTOMARY MANNER AND PLACE THE DECIMAL POINT IN

THE SUM DIRECTLY UNDER THE OTHER DECIMAL POINTS.

EXAMPLE;- Apo 372.431; 27.24; 8374.3647ANo 1.002. THIS PROCESS WOULD
APPEAR AS ILLUSTRATED IN FIG. 19.

372.431
Z7.24

8374.364
1.002

8775.037 (ANSWER)

FIG.

FIG, iq

EXAMPLE: -

20.

SUBTRACTING NUMBERS WITH DECIMAL FRACTIONS

TO SUBTRACT NUMBERS CONTAINING DECIMAL FRAC-

TIONS, WRITE THE NUMBERS, SO THAT THE DECIMAL POINTS
ARE UNDER EACHOTHER. THEN SUBTRACT IN THE CUSTOMARY

MANNER AND PLACE THE DECIMAL POINT OF THE REMAINDER

UNDER THE OTHER DECIMAL POINTS.

SUBTRACT 86.014 FROM 374.325. THE SOLUTION APPEARS

MULTIPLYING NUMBERS WITH DECIMAL FRACTIONS

To MULTIPLY NUMBERS CONTAINING DECIMAL FRACTIONS
MULTIPLY IN THE USUAL WAY AND THEN POINT OFF AS MANY
DECIMAL PLACES IN THE PRODUCT AS THE SUM OF THE NUMBERS
IN THE MULTIPLICAND AND MULTIPLIER.

IN

374.325
-86.014
288.311 (ANSWER)

P10.20

OF DECIMAL PLACES

EXAMPLE:- MULTIPLY 436.256 BY 4.271 (SEE FIG.2I FOR SOLUTION).

436.256
4.271

436256
3053792
872512

1745024
1863.249376 (ANswER)

FIG. Z1

NOTE THAT IN THIS EXAMPLE,THERE ARE THREE

NUMBERS TO THE RIGHT OF THE DECIMAL POINT IN THE
MULTIPLICAND AND THREE NUMBERS TO THE RIGHT OF

THE DECIMAL POINT IN THE MULTIPLIER. THEREFORE,

THERE MUST BE 3+3 OR 6 NUMBERS TO THE RIGHT OF

THE DECIMAL POINT IN THE ANSWER OR PRODUCT. THIS

DETERMINES WHERE tO PLACE THE DECIMAL POINT IN

THE ANSWER.

DIVIDING NUMBERS WITH DECIMAL FRACTIONS

To DIVIDE WITH NUMBERS CONTAINING DECIMAL FRACTIONS, PROCEED AS FOL
LOWS: IF THE NUMBER OF PLACES TO THE RIGHT OF THE DECIMAL POINT IN THE
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DIVIDEND IS LESS THAN THE NUMBER OF PLACES TO THE RIGHT OF THE DECIMAL
POINT IN THE DIVISOR, THEN ANNEX ZEROS TO THE DIVIDEND UNTIL THERE ARE
AS MANY OR MORE PLACES TO THE RIGHT OF THE DECIMAL POINT AS IN THEDIVISOR.
DIVIDE AS IN WHOLE NUMBERS AND POINT OFF AS MANY DECIMAL PLACES IN THE
QUOTIENT AS THERE ARE MORE DECIMAL PLACES IN THE DIVIDEND THAN IN THE DI-
VISOR.

EXA,1PLE I:- DIVIDE 8.7234 BY .325 (SOLUTION APPEARS IN FIG. 22.)

8.723400
650
2223
1950

2734
2600
1340

1300

400
325
75

1.325
26.841 (ANSWER)

FIG. 22

NOTE THAT IN THIS EXAMPLE,TWO ZEROS
WERE ANNEXED TO THE DIVIDEND SO THAT THE
PROBLEM COULD BE WORKED OUT TO A GREATER
NUMBER OF DECIMAL PLACES. WITHOUT ANNEXING
THESE TWO ZEROS,THE ANSWER WOULD BE 26.8
ALSO OBSERVE THAT AFTER ANNEXING THE TWO
ZEROS TO THE DIVIDEND, WE HAVE IN THISNUMBER
6 PLACES TO THE RIGHT OF THE DECIMAL POINT.
IN THE DIVISOR THERE ARE THREE PLACES TO
THE RIGHT OF THE DECIMAL POINT. THEREFORE,
IN THE QUOTIENT,THERE MUST BE 6 MINUS 3 OR
THREE DECIMAL PLACES TO THE RIGHT OF THE
POINT.

EXAMPLE 2:- DIVIDE 4726 BY .034

SINCE THE DIVISOR HAS THREE MORE DEC-
IMAL PLACES THEN THE DIVIDEND,WE MUST
ANNEX 3 ZEROS TO THE DIVIDEND. THERE ARE
NO DECIMAL PLACES IN THE ANSWER BECAUSE
THERE ARE NO DECIMAL PLACES IN THE DIVID-
END. (SEE FIG.23 FOR SOLUTION).

4726000 (.034
139,000 (ANSWER)

132

102

306
306
000

SQUARING NUMBERS

FIG. 23

THE NEXT FORM OF COMPUTATION,WHICH WE SHALL CONSIDER, IS THAT OF SQUAB
ING NUMBERS. BY SQUARING A NUMBER, WE MEAN TO MULTIPLY IT BY ITSELF. FOR
EXAMPLE, TO SQUARE 6, WE MEAN TO MULTIPLY 6 BY 6, THE RESULT OF WHICH IS

36. THE SQUARE OF 8 IS 64 BECAUSE 8 X 8164 ETC.

A CONVENIENT METHOD OF INDICATING THAT A NUMBER IS TO BE SQUARED IS

TO PLACE A SMALL 2 TO THE UPPER RIGHT OF THE NUMBER. FOR EXAMPLE, TO IN-
DICATE THAT 3 is TO BE SQUARED, WE WOULD WRITE THIS AS 32. THUS 32" IS

EQUAL TO 3 X 3 OR 9.

SHOULD YOU BE SOLVING A PROBLEM, IN WHICH YOU FIND THE EXPRESSION
7322., THEN IT MEANS THAT YOU MUST MULTIPLY 732 BY 732 AS IN F IG 24.

CONSEQUENTLY, WHEN WE HAVE AN EXPRESSION SUCH
AS 101 4-41", IT MEANS THAT WE MUST SQUARE 10 AND 4
AND THEN ADD THE TWO PRODUCTS TOGETHER. THAT IS,
1024-41.=(10 X 10)4- (4 X 4) =000+16=116 (ANSWER)

732
732
1464

2196
5124

535,824 (ANSWER)

FIG. 24

THUS YOU SEE, THAT THE PROBLEM OF SQUARING
NUMBERS IS QUITE SIMPLE AFTER ALL.
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SQUARE ROOT

WITH THIS POINT SETTLED, LET US NEXT TJRN OUR ATTENTION TO ANOTHER
SUBJECT, WHICH IS CLOSELY RELATED TO THE SQUARING OF NUMBERS,NAMELY THAT

OF EXTRACTING THE SQUARE ROOT OF NUMBERS* THE SQUARE ROOT OF A NUMBER IS

A NUMBER WHICH WHEN SQUARED, WILL GIVE THE FIRST NUMBER. FOR EXAMPLE, 12

IS THE SQUARE ROOT OF 144 BECAUSE 12 X 12=144. IN LIKE MANNER, 6 IS THE

SQUARE ROOT OF 36 BECAUSE 6 X 6tr_36 AND 7 IS THE SQUARE ROOT OF 49BECAUSE
7 X 7 =49 ETC. To INDICATE THAT THE SQUARE ROOT OF A NUMBER IS TO BE

FOUND WE DRAW A BRACKET (Nr--) AROUND THE NUMBER* THAT IS, TO SHOW THAT

WE ARE TO FIND THE SQUARE ROOT OF 81 swEwRITE THIS EXPRESS ION AS PM SO

WHENEVER, YOU SEE A NUMBER ENCLOSED IN THIS BRACKET, IT INDICATES THAT YOU

ARE TO FIND THE SQUARE ROOT OF THIS NUMBER.

CALCULATING THE SQUARE ROOT

FOR THE SMALLER NUMBERS, WE CAN GENERALLY DETERMINE THE SQUARE ROOT

BY INSPECTION BUT FOR THE LARGER ONES, WE RESORT TO COMPUTATION* FOR EX-

AMPLE, TO FIND THE SQUARE ROOT OF 104,976 OR 0547676 PROCEED AS FOLLOWS:

FIRST WRITE DOWN THE NUMBER OF WHICH THE SQUARE ROOT IS TO BE FOUND

AS AT (A) IN FIG. 25 AND DRAW A BRACKET TO THE RIGHT OF IT AS SHOWN. THE

NEXT STEP IS TO START AT THE RIGHT OF THIS NUMBER AND DIVIDE UP THIS NUM-
BER INTO GROUPS OF TWO NUMBERS EACH. THESE GROUPS ARE POINTED OUT TO YOU

IN (A) BY THE COMMAS. Now THEN) THE NUMBER 10 APPEARS IN THE LEFT HAND

(41

10 4976 13

6 1 49

14

10

(B)

49 76 132

(c)
1014976 1324 (ANSWER)

9 9

62 1 49 62 1 49
1

64 25 76 644 25 76

25 76

F/G. 25

GROUP; SO THE THING TO DO NOW IS TO DETERMINE THE LARGEST PERFECT SQUARE
WHICH IS EITHER EQUAL TO OR LESS THAN 10. THIS OF COURSE IS 9 OF WHICH THE
SQUARE ROOT IS 3, SO WE PLACE THE 3 IN THE BRACKET AS SHOWN AT (A) AND

THE 9 UNDER THE 10. WE NOW SUBTRACT THE 9 FROM 10, WHICH LEAVES A REMAIN2
ER OF 1 AND TO THIS WE ANNEX THE NEXT GROUP OF TWO FIGURES OR 49,THUS GI-

VING US THE NUMBER 149.

THIS DONE, THE NEXT STEP IS TO MULTIPLY THE 3 IN THE BRACKET BY 2

(THIS IS SIMPLY A RULE). SINCE 3 X 2=6, WE PLACE THIS 6 TO THE LEFT OF

THE 149 AS SHOWN IN (A), SEPARATING THESE TWO NUMBERS BY THE VERTICAL LINE.
Now DETERMINE HOW MANY TIMES THAT 6 IS CONTAINED IN 14. You WILL FIND THIS

TO BE 2, SO ANNEX THE 2 TO THE 6 AS SHOWN AT (B) AND ALSO ANNEX THE 2 TO

THE 3 IN THE BRACKET AS ALSO SHOWN AT (B).

Now MULTIPLY THIS 62 BY THE 2 AND PLACE THIS PRODUCT OF 124 UNDER THE
149 AS SHOWN AT (B). UPON SUBTRACTING 124 FROM 149, WE HAVE A REMAINDER

OF 25 AND TO THIS, WE ANNEX THE NEXT GROUP OF TWO FIGURES OF THE NUMBER

WHOSE SQUARE WE ARE CALCULATING. THAT IS, IN OUR PRESENT PROBLEM,WE ANNEX
THE 7 AND THE 6 TO THE REMAINDER OF 25, THEREBY GIVING US THE NUMBER 2576.
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IN (B). MULTIPLY THE 32 IN THE BRACKET BY 2 AND PLACE THIS RESULT OF 64
TO THE LEFT OF THE NUMBER 2576 AS SHOWN AT (B).

NOW DETERMINE HOW MANY TIMES THAT 64 IS CONTAINED IN 257  YOU WILL
FIND THIS TO BE 4, SO ANNEX THIS 4 TO THE 32 IN THE BRACKET AS SHOWN AT
(C) AND ALSO TO THE 64. PROCEED BY MULTIPLYING THE 644 BY 4 AND PLACETHIS
PRODUCT OF 2576 UNDER THE OTHER 2576 AS AT (C). SINCE THERE IS NO REMAIND-
ER UPON SUBTRACTING 2576 FROM 2576, WE HAVE THAT THE SQUARE ROOT OF
104,976 IS EXACTLY 324.

SOMETIMES, YOU WILL WORK WITH A NUMBER HAVING AN ODD NUMBER OF FIG-
URES OR DIGITS, SUCH AS WHEN EXTRACTING THE SQUARE ROOT FROM 7,360,369 IN
WHICH THERE ARE SEVEN DIGITS. IN THIS CASE, DIVIDE THIS NUMBER INTO GROM
PS OF TWO DIGITS EACH AS AT (A) IN FIG. 26. THIS WILL LEAVE ONLY THE SIN-
GLE DIGIT 7 AT THE EXTREME LEFT'S() DETERMINE THE GREATEST POSSIBLE SQUARE
WHICH IS EQUAL TO OR LESS THAN 7. THIS, OF COURSE IS 4, OF WHICH THE
SQUARE ROOT IS 2 AND THEREFORE, WE PLACE THIS 2 AS THE FIRST FIGURE IN THE

(A) (B)

71361031691 27 7'36'03'69 ( 271
4

47 3 36 47 36 47
9 9
7 03 541. 7 03 541

5 41

162 69 5423

(

7136103169
4
3 36
3 29

7 03
5 41

I 62 69
I' 6'4 69 1

12713 (ANSwE

FIG. 26

BRACKET AT (A), PLACE THE 4 UNDER THE 7, SUBTRACT THE 4 FROM 7 SO AS TO
OBTAIN THE REMAINDER OF 3 TO WHICH WE ANNEX THE NEXT TWO FIGURES OR 3
AND 6 IN ORDER TO OBTAIN THE NUMBER 336 IN (A). TWICE 2 IS 4, SO THE 4 IS
PLACED TO THE LEFT OF 336. SINCE THIS 4 IS CONTAINED IN 33 SEVEN TIMES, WE
PLACE THE 7 IN OUR ANSWER SPACE AND ANNEX THE 7 TO THE 4 AT THE LEFT. IT
THEN FOLLOWS THAT 7 X 471329, SO THE 329 IS PLACED BELOW 336 AND SUB-
TPACTED FROM IT, THUS LEAVING THE REMAINDER OF 7 AT (A) TO WHICH THE DIG-
ITS 0 AND 3 ARE ANNEXED.

TWICE 27 IS 54 AND SO THE NUMBER 54 IS PLACED TO THE LEFT OF 703.
SINCE 54 IS CONTAINED IN 70 ONCE, WE ANNEX THE I TO THE 27 IN OUR ANSWER
SPACE AND TO THE 54. HENCE I TIMES 541 IS 541 AND SO THE 541 IS PLACED
BELOW THE 703 AND SU2TRACTED FROM IT, THUS LEAVING A REMAINDER OF 162. TO
THIS, THE 6 AND 9 ARE ANNEXED, GIVING US THE NUMBER 16269 AT (B).

TWICE 271 IS 542 AND SO THE 542 IS PLACED TO THE LEFT OF 16269 AS AT
(C). THEN IT IS SEEN THAT 542 WILL GO INTO 1626 THREE TIMES,SO THE 3 IS
ANNEXED TO THE 271 IN OUR ANSWER SPACE AND TO THE 542. ' THEN 3 X 5423A
16269. SINCE NO REMAINDER IS LEFT, WE FIND TH THAT THE SQUARE ROOT OF
7,360,369 IS JUST EXACTLY 2,713.

SQUARE ROOT CALCULATION WITH NUMBERS HAVING DECIMAL FRACTIONS

Now LET US FIND THE SQUARE ROOT OF A NUMBER, WHICH CONTAINS A DEC-
IMAL FRACTION, SUCH AS 327.465. WE FIRST DIVIDE THIS NUMBER INTO GROUPS
AS SHOWN AT (A) IN FIG. 27. IN DOING THIS, NOTE THAT WE START AT THE DEL
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(A)

3127.46150 [18.
(B)

3127.46150 118.09599 (ANSWER)
1

28 2 27 28 2 27
2 24 4

36 3 46 3609 3 46 50

4 :1

21 6900
18

361909 3 597500

257181
3619189 34031900

32572701
1459199

FIG. 27

IMAL POINT, NARKING OFF GROUPS OF TWO TOWARDS THE LEFT. WE THEN MARK OFF
GROUPS OF TWO TOWARDS THE RIGHT BUT WHENEVER THERE ARE AN ODD NUMBER OF
PLACES TO THE RIGHT OF THE DECIMAL POINT, WE ANNEX AN EXTRA ZERO SO THAT
THERE WILL BE AN EVEN NUMBER OF GROUPS TO THE RIGHT OF THE DECIMAL POINT.
THIS DOES NOT IN ANY WAY CHANGE THE VALUE OF THE NUMBER.

WE THEN FOLLOW THE GENERAL ROUTINE OF EXTRACTING THE SQUARE ROOT
OF THE NUMBER AS ALREADY EXPLAINED AND AS SHOWN IN DETAILS IN STEPS (A)

AND (B) OF FIG. 27. NOTICE, HOWEVER THAT WHEN WE COME TO THE FINAL STEP
IN (A), THAT 36 WILL NOT GO INTO 34, THEREFORE WE MUST FUT A ZERO AFTER
THE 8 IN OUR ANSWER AND ALSO AFTER THE 36 AT THE LEFT OF (A) AS SHOWN AT
(8), AT THE SAME TIME ANNEXING THE 5 AND 0 TO THE 346,THUs OBTAINING THE
NUMBER 34650 IN (B). THE NUMBER 360 WILL GO INTO 3465 NINE TIMES'S° THE
9 IS PLACED AFTER THE 0 IN THE ANSWER AND WE PROCEED WITH THE CALCULA-
TIONS IN THE USUAL WAY.

As YOU WILL NOTE, WE CONTINUALLY HAVE A REMAINDER,NO MATTER HOW
FAR WE GO. THE REASON FOR THIS IS THAT THE NUMBER 327.465 IS NOT A PER-
FECT SQUARE, SO ALL THAT WE CAN DO IS TO CALCULATE ITS SQUARE ROOT AS

CLOSE AS POSSIBLE, WHICH IN THIS CASE WORKS OUT TO BE 18.09599. FOR CON-
VENIENCE, WE COULD SAY THAT THE SQUARE ROOT OF 327.465 IS APPROXIMATELY
18.096.

WE HAVE COVERED CONSIDERABLE MATHEMATICAL TERRITORY IN THIS ONE
LESSON. THIS IS AN IMPORTANT LESSON AND YOU SHOULD FI40 IT VERY HANDY
WHEN CONFRONTED WITH PROBLEMS INVOLVING GENERAL MATHEMATICS. STUDY IT

CAREFULLY, MAKE-UP PRACTICE PROBLEMS OF YOUR OWN AND YOU WILL BE SURPRIA
ED HOW QUICKLY THAT YOU WILL BE ABLE TO MASTER ALL OF THE CALCULATIONS DD
SCRIBED HEREIN. THIS IS PRACTICAL MATHEMATICS FOR THE PRACTICAL MAN AND
YOU SHOULD ALWAYS KEEP IT WITHIN EASY REACH SO THAT YOU CAN REFER TO IT
WHENEVER NECESSARY. IN OTHER WORDS, USE THIS LESSON AS A HANDBOOK.
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METRIC EQUIVALENTS
LENGTH

1 CENTIMETER = .3937 INCH
1 METER = 3.28 FEET
1 METER =-- 1.094 YARDS
1 KILOMETER = .621 MILE

SQUARE CENTIMETER =
SQUARE METER 1

SQUAME METER
HECTARE
SQUAPE KILOMETER =

CUB IC CENTIMETER
CUBIC METER
CUBIC METER

AREA

0.1550 SQ. INCH
0.764 SQ. FEET
10 196 SQ. YARDS
2.47 ACRES
.386 SQUARE MI.

VOLUME

--=--- .061 CUBIC INCH
35.31 CUBIC FEET
1.308 CUBIC YARDS

LITRE = .0353 CUBIC FOOT
I TRE .2642 GAL. (1.1..S*)

LITRE = 61.023 CUBIC INCHES
LITRE = 2.202 LB. OF

GRAM =
GRAM

KILOG'M =
K I LOG 1M =

MET* TON =
GRAIN ==

15.423 GRAINS
 0353 OUNCE

2.205 Le.

.0011 TON (SHORT)
1.1025 TON (SHORT)
.0684 GRAM

INCH

FOOT
YARD

MILE

2.54 CENTIMETER
= .305 METER
== .914 METER
= 1.61 KILOMETER

SQUARE INCH =6.452 SQ. CENTIMETERS
SQUARE FOOT = .0929 SQUARE METER
SQUARE YARD = .836 SQUARE METER
ACRE == 0.405 HECTARE
SQUARE MILES=2.58 SQUARE K1LOM.

CUBIC INCH =16.4 CU. CENTIMETER
CUBIC FOOT =  028 CUBIC METER

CUBIC YARD =  765 CUBIC METER

CAPACITY

CUBIC m31-.7=28.32 LITRES
GALLON = 3.785 LITRES
CUBIC INCH =.0164 LITRE

FRESH WATER AT 620 F.

WEIGHT

OUNCE = 28.35 GRAM
LB. .454 KILoe'm
TON ( SHORT) = 907.03 K I LOG 1M

TON ( SHORT) = .907 MET. TON
TON ( SHO RT) = 2,000 LB*

PRESSURE

KILOGRAMS PER SQUARE CENTIMETER =14.225 POUNDS PER SQUARE INCH.
POUNDS PER SQUARE INCH =. 0703 KILOGRAMS PER SQUARE CENTIMETER.
KILOGRAMS PER SQUARE MET ER =6205 POUNDS PER SQUARE FOOT.
POUNDS PER SQUARE FOOT = 4088 KILOGRAMS PER SQUARE METER.
KILO GRAMS PER SQUARE CENTIMETER =  968 ATMOSPHERE.
ATMOSPHERE == i  033 KILOGRAMS PER SQUARE CENTIMETER.

MISCELLANEOUS

KILOGRAMMETER=7.233 FOOT POUNDS.
FOOT POUND=. 1383 KILOGRAMMETER.
METRIC HORSE POWER =986 HORSE POWER.
HORSE POWER -1.014 METRIC HORSE POWER.

I 6:1-0-1_,

LITRE PER SECOND=2.12 CUBIC FEET
PER MINUTE.

LITRE PER SECOND =15.85 U S. GAL-
LONS PER M NUTE
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METRIC AND DECIMAL EQUIVALENTS
° OF COMMON FRACTIONS

FRACTIONS OF

AN INCH

DEC !MALE; or
AN INCH

MILLI-
METERS

FRACTIONS OF

AN INCH

DEC I MA LS OF

AN INCH
MILLI -

METERS

Y64 .0156 0.397 3%4 .5156 3.097
1 /

.0313 0.794
13/
/32 .5313 3.494/3z

3A,4 .0469 1.191
q

3%4
/

.5469 3.891

V6 .0625 1.588 .5625 4.287/ 16

544
3/37_

.0781

.0938

1.985
2.381

31/
19/

52
c,4

.5781

.5938

4.684
5.081,

3'1441094 2.778 .6094 5.478

1/8
7/64 .

1250. 3.175
5/

8 .6250 5.875/
4/64

5/32

.1406

.1563

.1719

3.572
3.969
4.366

41/
21/ / 64

32_

.6406

.6563

.6719

6.272
6.688
7.085
7.462

1 64
3/16

/
4344

ii.4c
.1875 4.762 .6875

1364
731

.2031 5.159 45/4
/62.3/3z

.7031 7.859

.2188 5.556 .7188 8.256

15%4 .2344 5.953 4744 7344 8.653

14 .2500 6.350 - 3/4 .7500 9.050

174,4 .2656 6.747 49/
6.4

.7656 9.447
9/37. .2813

2969
. 3135

7.144
7.541
7.937

25/32_ .7813
.7969
.8125

9.843
20.240
20.637

5/16
1q//64

I-3//16

51/64

'
2144 .3281 8.334 53/4,4 .8281 21.034

I/I/3z . 3438 8.731 27/3L .8438 21.430

2344

3/8

55//64.3594
.3750

9.128
9.525

.8594

.8750

21.827
22.224

25/64 .3906 9.922 27442,1/ .8906 22.621

3/32 .4063 10.319 .9063 23.018/32
2-1/44 .4219 10.716 59/

15/
64

.921° 23.415

.4375 11.12 b .9375 23.812
Y/6

63/4/415/32. 21/44
.4531
.4688

11.509
I 1.906

3
32

y .9531
.9688

24.209
24.606

31/224yi 64844
.5000

12.303
12.700

43/
/41

1
.9844

1 1.0000

25.003
25.400

EQUIVALENTS OF ELECTRICAL UNITS

KILOWATT =1000 WATTS 
KILOWATT =1.34 HORSE POWER
KILOWATT = 441257 FOOT-POUNDS PER MINUTE.

KILOWATT= 56.87 (BR I T I SH THERMAL UN ITS) B To I" PER M NUTE
HORSE POWER = 746 WATTS.

HORSE POWER = 33,000 FOOT POUNDS PER MINUTE.
HORSE POWER=4241 BRITISH THERMAL UN ITS ( B T U ) PER MINUTE

B. T U ( BRITISH THERMAL UNIT) =778 FOOT-POUNDS.

B TU BRITISH THERMAL UNIT = 0.2930 WATTHOUR
JOULE =I WATTSECOND



EXAMINATION QUESTIONS

LESSON N O. 3 7

1. WHAT IS THE SUM OF 432.17; 36.875; 0.062; 3.496 AND
20754.182?

2. WHAT IS THE DIFFERENCE BETWEEN 8736.294 AND 629.01?

3. - WHAT IS THE PRODUCT OF 762.34 AND 2.04?

4. - How MANY TIMES IS 34.02 CONTAINED IN 7643.096?

5. - How MUCH IS 437 EQUAL TO?

6. - WHAT IS THE SQUARE ROOT OF 54,756?

7. WHAT IS THE PRODUCT OF AND 4 REDUCED TO LOWEST
TERMS?

8. - WHAT IS THE QUOTIENT OBTAINED WHEN DIVIDING 2/3 BY
1/4?

9. - WHAT IS THE SUM OF 1 ; j ; AND 3/4?
2

10.- SUBTRACT FROM 3/4 AND REDUCE YOUR ANSWER TO LOW
iT

EST TERMS.

DEAR STUDENT --

THE RIGHT THING FOR US TO DO EACH
DAY IS TO DO OUR BEST UNMIND-

FUL OF MISTAKES. BUT AFTER OUR WORK
IS DONE AND WE REALIZE OUR BLUNDERS,
LET US NOT SHIRK. LET'S BE HONEST
WITH OURSELVES, AND ADNIT THEM.

BY SO DOING WE CAN AVOID THEIR RE-OC
CURRENCE IN THE FUTURE AND THEREBY
PROFIT FROM THEM.
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VOLTAGE DISTRI3UTION IN MODERN RE-CEIVER5

IN A -C RECEIVERS WE OBTAIN THE VARIOUS D -C VOLTAGES, SUCH AS THE

PLATE VOLTAGE, GRID BIAS VOLTAGE, AND SCREEN GRID VOLTAGE, FROM A COM-

MON SOURCE, THE A -C LIGHTING LINE. AS YOU HAVE ALREADY LEARNED, THIS

A -C LINE VOLTAGE IS "STEPPED UP" BY A POWER TRANSFORMER, CONVERTED

0-C SUPPLY BY MEANS OF A RECTIFIER,

AND THE REMAINING PULSATIONS THEN

SMOOTHED OUT BY THE FILTER SYSTEM.
FINALLY THE D -C, NOW FREE FROM RIP-
PLEDIS PASSED THRU A RESISTANCE NET
WORK FROM WHICH IT IS DISTRIBUTED

AT THE PROPER VOLTAGE TO THE VAR-
IOUS CIRCUITS OF THE RECEIVER.

You ARE ALREADY FAMILIAR WITH

THIS SYSTEM AND WITH THE PARTS

WHICH WE WILL AGAIN DISCUSS IN THIS

LESSON. AT THIS TIME, HOWEVER, WE
WILL TREAT THE SUBJECT OF D -C VOL-

TAGE DISTRIBUTION FROM A DIFFERENT

ANGLE, AND IN THE FIRST SECTION OF
THIS LESSON, YOU WILL BE SHOWN HOW

TO DESIGN VOLTAGE DISTRIBUTION SYS-
TEMS. WITH THIS KNOWLEDGE, YOU WILL
BE ABLE TO DETERMINE THE VARIOUS

SIZES or RESISTORS USED FOR THIS

PURPOSE, THEIR WATT RATING, ETC.

LET US ASSUME THAT A RADIO RE-

CEIVER HAS JUST BEEN BUILT IN AC-

CORDANCE WITH THE CIRCUITS SHOWN IN

FIG. 2, AND IT IS NECESSARY TO PRO-

VIDE A RESISTANCE SYSTEM THAT WILL
SATISFACTORILY SUPPLY THIS RECEIVER

I

A SECTION OF NATIONAL'S
BROADCAST TRANSMITTER.

TO A
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WITH THE PROPER "B", "C" AND SCREEN -GRID VOLTAGES. FOR THE PRESENT, WE
ARE NOT CONCERNED WITH THE FILAMENT CIRCUIT.

DETERMINING THE TUBE LOAD

OUR FIRST STEP IS TO DETERMINE THE VOLTAGES AND CURRENTS REQUIRED
BY THE DIFFERENT TUBES, AND BY REFERRING TO FIG. 2 AND THE OPERATING
CHARACTERISTICS OF THE TUBES USED, WE HAVE THE FOLLOWING DATA AT HAND.

EACH OF THE TYPE 6D6 R.F. TUBES REQUIRES A PLATE VOLTAGE OF 250,
A SCREEN VOLTAGE OF 100 VOLTS AND A MINIMUM BIAS VOLTAGE OF -3. UNDER
THESE CONDITIONS, THE PLATE CURRENT DRAWN BY EACH OF THESE TUBES WILL
BE 8.2 MA. AND THE SCREEN CURRENT APPROXIMATELY 2 MA. FOR EACH TUBE.

THE TYPE 42 POWER AMPLIFIER TUBE REQUIRES A PLATE VOLTAGE OF 250,
A SCREEN GRID VOLTAGE OF 250, AND A GRID BIAS OF -16.5 VOLTS. THIS
TUBE WILL THEN DRAW A PLATE CURRENT OF 34 MA., AND A SCREEN CURRENT OF
0.) MA.

WE WILL ASSUME THAT THE 6c6 DETECTOR TUBE IN THIS CASE REQUIRES A
PLATE SUPPLY VOLTAGE OF 250 VOLTS, A GRID BIAS OF -4.3 VOLTS, AND A
SCREEN GRID VOLTAGE OF 75. WHEN SO OPERATED, ABOUT 0.33 MA. OF PLATE
CURRENT WILL FLOW, AND APPROXIMATELY 0.1 MA. OF SCREEN GRID CURRENT.

IT IS TO BE NOTED THAT WHEN SPECIFYING VALUES FOR TUBES OPERATED
AS RESISTANCE -COUPLED POWER DETECTORS, SUCH AS EMPLOYED IN THE CIRCUIT
OF FIG. 2, THE TUBE MANUFACTURERS MAKE IT A GENERAL PRACTICE TO SPECIFY

FIG. 2
FIVE -TUBE RADIO RECEIVER CIRCUITS.
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THE B VOLTAGE SOURCE NECESSARY FOR THE DETECTOR'S PLATE SUPPLY, TOGETH-

ER WITH THE REQUIRED PLATE CIRCUIT RESISTOR VALUE FOR BEST OPERATION,
RATHER THAN SPECIFYING THE ACTUAL PLATE VOLTAGE AS MEASURED AT THE TUBE

SOCKET. FOR THE 6c6 A PLATE CIRCUIT RESISTOR OF 0.5 MEGOHM IS SPEC

I FIED.

ALSO, BEAR IT IN MIND THAT SOMETIMES THE OPERATING VALUES FOR THE

SAME TYPE OF TUBE VARY SOMEWHAT IN THE DIFFERENT MAKES,BUT IN ANY EVENT,

THE DESIGN PROCEDURE SUGGESTED IN THIS LESSON SHOULD BE CARRIED OUT.

THE R.F. LOAD

THE NEXT STEP IS TO DETERMINE
R.F. STAGES WILL REQUIRE FROM THE

THE BASIC DIAGRAM OF
FIG. 3 IS PRESENTED.

THE RESISTORS HERE

SHOWN ARE INDEXED AS
RI AND R2, TO CORRES-
POND WITH THE SAME

RESISTORS SHOWN IN

FIG. 2.

UPON STUDYING FIG.
3 CLOSELY YOU WILL

SEE THATTHIS CIRCUIT
IS SUCH THAT THE COM
BINED PLATE AND

SCREEN CURRENTS OF

BOTH THE R.F. TUBES
WILL FLOW THRU RI.

SINCE THE PLATE CUR
RENT THRU EACH TUBE
IS 8.2 MA., AND THE
SCREEN CURRENT 2 MA.,
THE TOTAL CURRENT
FLOWING THRU EACH OF
THESE TUBES WILL BE
8.2 + 2 = 10.2 MA.
THIS TOTAL B CURRENT
PER TUBE IS SOMETIM-
ES CALLED THE"CATHODE

THE COMBINED CURRENT THAT THE TWO
B SUPPLY.TO SIMPLIFY THIS ANALYSIS,

cNt

Ist RF

6D6
2..F,

6 D 6

rti

5-

3VOLTS

vvvvvvv
R a

8+
.Oul-put of e
Filter System

FIG. 3
SIMPLIFIED R.F. LOAD CIRCUIT.

CURRENT", BECAUSE ALL OF IT MUST FLOW THROUGH THE

CATHODE IN ORDER TO COMPLETE THE CIRCUIT.

THE CIRCUIT CONNECTION OF RESISTOR RI IS SUCH THAT THE CATHODE CUR

RENT OF BOTH OF THE R.F. TUBES MUST FLOW THRU IT, AND THEREFORE IT WILL

CARRY A CURRENT OF 2 X 10.2 = 20.4 MA.

CALCULATING THE R.F. 1346 RESISTOR

BY AGAIN REFERRING TO FIG. 2, YOU WILL OBSERVE THAT IN THE ACTUAL

CIRCUIT, THE GROUND OR B- CONNECTION FOR Rils COMPLETED THRU THE ARM

TERMINAL OF THE 5000 OHM POTENTIOMETER THAT IS USED AS THE VOLUME CON-
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TROL. WHEN THE ARM OF THE POTENTIOMETER SHOWN IN FIG. 2 IS MOVED TO THE
EXTREME RIGHT IT WILL GROUND THE LOWER END OF RI. WHEN SUCH IS THE
CASE,THE MINIMUM
CUIT OF THE R.F. AMPLIFIER, RESULTING

FIG. 4

CALCULATING DETECTOR
RESISTOR.

147 OHMS (APPROXIMATELY). NOTICE
RENT VALUE 20.4 MA.MUST FIRST BE

BIAS

PERMISSIBLE RESISTANCE IS INCLUDED IN THE CATHODE CIR-
IN MINIMUM BIAS VOLTAGE AND MAX-
IMUM VOLUME. ( THE 6D6 TUBES
HAVE A VARIABLE -MU CHARACTERIS-
TIC THAT IS HERE USED TO ASSIST
THE CONTROL OF VOLUME).

WITH THE VOLUME CONTROL IN
THIS POSITION, THE CATHODE CIR-
CUIT BECOMES EQUIVALENT TO THAT
ILLUSTRATED IN FIG. 3, WHERE FOR
THE SAKE OF SIMPLICITY THE VOL-
UME CONTROL HAS BEEN OMITTED. AT
THIS TIME IT IS THE DUTY OF RI
TO FURNISH THE MINIMUM BIAS OF
-3 VOLTS AS PREVIOUSLY SPECIFIED
IN THIS LESSON.

THE REQUIRED RESISTANCE RAT-
ING FOR RIIS DETERMINED BY APPLI
CATION OF OHM'S LAW IN THE FOL-
LOWING MANNER: R = E = 3

I .0204
THAT WHEN APPLYING OHM'S LAW, THE CUR -
CONVERTED TO ITS EQUIVALENT 0.02014 AMP.

RESISTORS OF SUCH ODD RATINGS AS 147 OHMS ARE NOT COMMERCIALLY
AVAILABLE UNLESS THEY ARE SPECIALLY CONSTRUCTED. THEREFORE, IF A STAND-
ARD RESISTOR IS TO BE USED FOR THIS PURPOSE, WE MUST SELECT THE NEAREST
STANDARD COMMERCIAL VALUE, WHICH IS 150 OHMS. FROM A PRACTICAL STAND-
POINT, THIS SLIGHT DIFFERENCE FROM THE CALCULATED VALUE CAN BE NEGLECT-
ED, AS IT WILL NOT RESULT IN ANY
OF THE SET. IN FACT, EVEN A VAL-
UE AS HIGH AS 200 OHMS WOULO NOT
BE ENTIRELY IMPRACTICAL, IF NEC-
ESSARY TO USE IT.

THRU THE USE OF THE VOLUME
CONTROL, THE EFFECTIVE BIAS RE-
SISTANCE AND BIAS VOLTAGE CAN BE
INCREASED)AND THE VOLUME CORRES-
PONDINGLY REDUCED.

THE DETECTOR BIAS RESISTOR

THE ESSENTIAL PARTS OF THE CIR
CUIT CONCERNED IN THE CALCULA-
TION OF THE VALUE OF THE DETECT-
OR'S BIAS RESISTOR ARE SHOWN IN

FIG. 4. THE BIAS RESISTOR R4
WILL PASS A CURRENT OF 0.33+
0.1 = 0.43 MA. THEREFORE, SINCE

NOTICEABLE EFFECT UPON THE PERFORMANCE

FIG. 5

CALCULATING POWER STAGE
BIAS RESISTOR.
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A BIAS VOLTAGE OF J4.3 VOLTS IS REQUIRED, THE NECESSARY VALUE FOR R4, Is

R = E = 4.1 = 10,000 OHMS. THIS RATING IS COMMERCIALLY AVAILABLE.

I .00043

POWER STAGE BIAS RESISTOR

FIG. 5 ILLUSTRATES THE BASIC PARTS AND VALUES CONCERNED IN CALCU-
LATING THE RATING OF THE BIAS RESISTOR OF THE TYPE 42 POWER TUBE. SINCE

THE PLATE CURRENT DRAWN BY THIS TUBE IS 34 MA., AND THE SCREEN CURRENT

6.5 MA., THE TOTAL CURRENT FLOWING THRU THE BIAS RESISTOR R5, IS 34 +

6.5 = 40.5 MA. THEREFORE, TO PRODUCE THE NECESSARY BIAS VOLTAGE OF

-.16.5, THIS RESISTOR MUST HAVE A VALUE OF R = E -_. 16.5 = 407 OHMS,
I 0.0405

AND A STANDARD RESISTOR OF 400 OHMS WILL PROVE SATISFACTORY.

EFFECTIVE PLATE
VOLTAGE

AN IMPORTANT POINT
TO REMEMBER IS THAT
THE B VOLTAGE SUP

PLIED TO THE PLATE
CIRCUIT OF ANY TUBE

IS NOT NECESSARILY
OF THE SAME VALUE AS
THE PLATE VOLTAGE EF
FECTIVE AT THE TUBE.
FOR EXAMPLE, FIG. 6
SHOWS AN AUDIO AMPLI

FIER STAGE WHEREIN
THE TUBE IS OPERAT-
ING WITH A BIAS OF
-IC VOLTS.

ALSO NOTE THAT
IN THIS SAME TUBE'S
PLATE CIRCUIT IS IN-

CLUDED THE PRIMARY

WINDING OF AN AUDIO
TRANSFORMER, THE RESISTANCE
TAGE ACROSS THE B+ AND B -

FIG. 6
VOLTAGE DROPS IN THE CIRCUIT.

OF WHICH IS 1000 OHMS. THE B SUPPLY VOL

TERMINALS IS 266 VOLTS, AND A PLATE CURRENT

OF 6 MA. FLOWS THRU THE CIRCUIT.

THE FLOW OF 6 MA. OF PLATE CURRENT THRU THE 1000 OHMS OF RESIS-

TANCE OFFERED BY THE A.F. TRANSFORMER'S PRIMARY ACCOUNTS FOR A VOLTAGE

DROP OF 6 VOLTS ACROSS THE EXTREMITIES OF THIS WINDING. (E = I x R =

0.006 X 1000 = 6 VOLTS).

THE SUM OF THE VOLTAGE DROPS ACROSS THIS TRANSFORMER WINDING AND

THE BIAS RESISTOR IS 6 + 10 = 16 VOLTS. THEREFORE, THE ACTUAL OR EF-

FECTIVE PLATE VOLTAGE, MEASURED BETWEEN THE TUBE'S PLATE AND CATHODE,

IS 266-16, OR 250 VOLTS.

THIS EXAMPLE THUS SHOWS WHY, IN PRACTICE,THE PLATE VOLTAGE IS
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WAYS LESS THAN THE B SUPPLY VOLTAGE.

CALCULATING THE SCREEN GRID CIRCUIT RESISTORS

FIG. 7 ILLUSTRATES THE BASIC CIRCUIT FOR WORKING OUT THE VALUES
FOR THE VARIOUS RESISTANCE THAT ARE INCLUDED IN THE SCREEN GRID CIR-
CUITS OF THIS RECEIVER.

THE HIGHEST B VOLTAGE REQUIRED BY ANY OF THE TUBES WILL BE DEMAND-
ED BY THE 42, WHICH REQUIRES A PLATE VOLTAGE OF 250 AND A BIAS ODF
-16.5 VOLTS.

IN ADDITION,THE PRIMARY WINDING OF THE OUTPUT TRANSFORMER, HAVING,
A RESISTANCE OF 500 OHMS, IS CONNECTED IN THIS TUBE'S PLATE CIRCUIT.
WITH A PLATE CURRENT OF 34 MA. FLOWING THROUGH THIS WINDING,THE VOLTAGE
DROP ACROSS IT WILL BE 17 VOLTS (E = I x R = 0.034 x 500 = 17). THE
TOTAL B SUPPLY VOLTAGE REQUIRED BY THIS TUBE, AND MEASURED ACROSS THE
OUTPUT TERMINALS OF THE POWER SUPPLY FILTER SYSTEM, THUS BECOMES 250 +
16.5 + 17 = 283.5 VOLTS.

To PROTECT THE FILTER CONDENSERS AGAINST BREAK -DOWN DURING THE RE-
CEIVER TUBES' WARMING -UP PERIOD, MEANS MUST BE PROVIDED FOR CIRCULATION
OF A BLEEDER CURRENT. IN rHE CIRCUITS OF FIG. 2 AND 7, THIS IS ACCOM-
PLISHED BY R2 AND R3 IN COMBINATION,PROVIDING A PERMANENTLY CLOSED CIR-
CUIT ACROSS THE FILTER OUTPUT.

THE AMOUNT OF BLEEDER CURRENT IS LEFT TO THE DESIGNER'S JUDGEMENT,

FIG. 7
CALCULATING SCREEN RESISTOR VALUES.
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BUT TOO MUCH BLEEDER CURRENT INCREASES THE TOTAL LOAD UPON THE RECTI-
FIER, AND THE VOLTAGE DROP ACROSS THE FILTER SYSTEM IS ALSO INCREASED.
ON THE OTHER HAND, TOO LITTLE BLEEDER CURRENT WILL MAKE THE SYSTEM LESS
STABLE IN OPERATION, SO WE TRY TO ARRIVE AT A HAPPY MEDIUM BY ALLOWING

FROM 3 TO 10 MA. FOR OUR PARTICULAR EXAMPLE WE SHALL SELECT A BLEEDER

CURRENT OF 5 MA.

THE TOTAL CURRENT FLOW THROUGH R2 WILL BE EQUAL TO THE SUM OF THE

BLEEDER CURRENT AND THE SCREEN CURRENT DRAWN BY THE R.F. AND DETECTOR

TUBES. FROM THE DATA ALREADY FURNISHED IN THIS 1.-ESSON, THE TOTAL CUR-

RENT FLOW THROUGH R2 IS THEREFORE 5 + 2 + 2 + 0.1 = 9.1 MA.

A VOLTAGE OF 100 IS REQUIRED BY THE SCREEN GRIDS OF THE 6D6 TUBES,
AND SINCE THIS SCREEN VOLTAGE MUST EXIST ACROSS THE SCREEN GRID AND CA-
THODE TERMINALS OF THESE TUBES (WHICH OPERATE WITH A (BIAS VOLTAGE OF -3
VOLTS)THE SCREEN GRID SUPPLY VOLTAGE AT THE SCREEN GRID END OF THE CIR-
CUIT (OUTPUT) OF ROMUST BE 100 + 3 OR 103 VOLTS. THIS MEANS THAT A VOL

TAGE DROP OF 283.5 - 103, OR ABOUT 180, MUST BE FURNISHED BY R2. THE

VALUE OF R2 MUST THEREFORE BE APPROXIMATELY 20,000 OHMS (R = E

180

0.0091 =
19,780).

SINCE THIS SAME 103 VOLTS IS APPLIED ACROSS THE EXTREMITIES OF R3,
AND THE CURRENT CARRIED BY THIS RESISTOR IS 5 MA., THE VALUE OF R3 MUST

ALSO BE 20,000 OHMS (R . E. = 103 = 20,600).
I 0.005

THE VOLTAGE REQUIRED AT THE SCREEN GRID END OF R6 IS 75 + 4.3 =

79.3 VOLTS. THEREFORE, THE VOLTAGE DROP ACROSS R6 MUST BE 103 - 79.3=

FIG. 8
COMPLETE CIRCUITS WITH RESISTOR VALUES DESIGNATED.
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23.7 VOLTS, AND SINCE THIS RESISTANCE PASSES 0.1 MA., THE RESISTANCE
VALUE REQUIRED FOR R6 IS 237,000 OHMS (R = E = 23.7 = 237,000. WE

I 0.0001

WOULD EMPLOY THE NEAREST STANDARD RATING AVAILABLE, OR 250,000 OHMS.

ANOTHER IMPORTANT

FIG. 9
REMINDER FORMULA.

VARIATIONS IN PLATE VOLTAGE

POINT TO NOTICE IN THE CIRCUIT OF FIG. 2 IS THAT
THE PLATE CIRCUITS OF THE R.F.AND DETECTOR TUB-
ES ARE CONNECTED TO THE 283.5 VOLT POINT OF THE
SYSTEM. IN REALITY, AND ACCORDING TO OUR CAL-
CULATIONS, THE PLATE CIRCUITS OF THE R.F. TUBES
SHOULD BE CONNECTEb TO A POINT OF 250 + 3 OR
253 VOLTS, AND THE DETECTOR PLATE CIRCUIT TO A
POINT OF 250 VOLTS. To MAKE THIS POSSIBLE, AD-
DITIONAL RESISTANCE WOULD HAVE TO BE INCLUD-
ED IN THESE PLATE CIRCUITS,TOGETHER WITH AN AD-
DITIONAL BY-PASS CONDENSER, BUT THIS WOULD NE
CESSITATE AN ADDITIONAL EXPENSE TO MAKE A COR-
RECTION OF ONLY ABOUT 30 VOLTS, IN A CIRCUIT
OPERATING AT BETWEEN 250 AND 300 VOLTS.

THE TUBE OPERATING CHARACTERISTICS, AS FUR-
NISHED BY THE TUBE MANUFACTURERS, ARE SUFFICIENTLY FLEXIBLE SO THAT THIS
VARIATION OF ABOUT 12% FROM THE CALCULATED VALUE WILL HAVE NO NOTICE-
ABLE EFFECT UPON THE SENSITIVITY AND FIDELITY
ER, AS FAR AS THE HUMAN EAR IS CONCERNED.
THEREFORE, IT IS PRACTICAL TO CONNECT ALL
OF THE PLATE CIRCUITS OF THIS RECEIVER TO
THE SAME 283.5 VOLT POINT.

THE CIRCUIT IS AGAIN SHOWN IN ITS

COMPLETE FORM IN FIG. 8, WITH THE VALUES
OF ALL RESISTORS INDICATED. THE 500,000
OHM DETECTOR PLATE CIRCUIT RESISTOR AND
THE 500,000 OHM GRID LEAK FOR THE TYPE 42
TUBE DO NOT ENTER INTO OUR CALCULATIONS AT
THIS TIME,BECAUSE THEY ARE NOT EGARDED AS
A PART OF THE VOLTAGE DISTRIBUTION SYSTEM.

ELECTRIC POWER

WE STILL ARE NOT THROUGH WITH FIGUR-
ING ON THIS VOLTAGE -DIVIDER FOR THE RECEIV
ER,BECAUSE EVEN THOUGH ITS RESISTANCE VAL-
UES ARE CORRECT, THIS DOES NOT MEAN THAT
THE RESISTOR WILL "STAND-UP" UNDER THE
STRAIN OF SERVICE. WHENEVER A CURRENT
FLOWS THROUGH A RESISTANCE THE RESULT IS

NOT ONLY A VOLTAGE DROP,BUT ALSO A CERTAIN
AMOUNT OF POWER WILL BE DISSIPATED IN THE
FORM OF HEAT. WE MEASURE THIS POWER IN

WATTS.

PERFORMANCE OF THE RECEIV

I

w
E

FIG. 10

THREE FORMS OF
WATT'S LAW.
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THE WATT IS THE UNIT OF ELECTRIC POWER, AND REPRESENTS THE WORK

DONE BY A CURRENT FLOW OF ONE AMPERE WHICH IS BEING FORCED TO FLOW BY

AN ELECTRIC PRESSURE OF ONE VOLT. To FIND THE NUMBER JF WATTS IN A CIR-

CUIT IT IS ONLY NECESSARY TO MULTIPLY THE NUMBER OF AMPERES FLOWING IN

THAT CIRCUIT BY THE NUMBER OF VOLTS IMPRESSED ACROSS THE CIRCUIT. THIS

RELATION BETWEEN WATTS, AMPERES, AND VOLTS IS KNOWN AS "WATT'S LAW" AND

THE EXPRESSION SHOWN IN FIG. 9 OFFERS AN EASY METHOD FOR REMEMBERING

THIS IMPORTANT RELATION. IN THIS CASE, W STANDS FOR WATTS, E FOR VOLTS,

AND I FOR AMPERES.

IN USING OHM'S LAW YOU ARE ALREADY

FAMILIAR WITH THE FACT THAT IF WE KNOW

ANY TWO VALUES OF THE FORMULA,THE THIRD

CAN BE DETERMINED VERY READILY. THE

SAME IS TRUE IN RESPECT TO WATT'S LAW.
FOR EXAMPLE, BY USING THE EXPRESSION AS
GIVEN IN FIG.9, YOU CAN SIMPLY COVER UP
THE VALUE YOU WISH TO DETERMINE,AND THE

REMAINING PORTION OF THE FORMULA WILL

TELL YOU HOW TO FIND IT.

FIG. II

"BUILDING UP" A RESISTOR
To PROPER VALUE.

To ILLUSTRATE THIS MORE CLEARLY, WE CALL YOUR ATTENTION TO FIG. 10.

To FIND THE WATTS IN A CIRCUIT, SIMPLY COVER THE W AS SHOWN AT (A), AND

THE REMAINING PORTION TELLS US TO MULTIPLY THE VOLTS BY THE AMPERES. To

FIND THE VOLTS, COVER THE E AS SHOWN AT (B), AND THE BALANCE OF THE EX-

PRESSION TELLS US TO DIVIDE THE WATTS BY THE AMPERES. FINALLY, AT (C)

COVERING UP THE I, WE CAN FIND THE AMPERES BY DIVIDING THE WATTS BY THE

VOLTS.

REMEMBER THEN, THAT WATTS EQUAL VOLTS MULTIPLIED BY AMPS

(11 = E x I). VOLTS EQUALS WATTS DIVIDED BY AMPERES kE. =W ),AND AMPER-

ES EQUALS WATTS DIVIDED BY VOLTS (I =111-).
E

YOU MAY ENCOUNTER A PROBLEM IN WHICH

THE CURRENT OR VOLTAGE IN THE CIRCUIT IS UN-

KNOWN, AND SOME VALUE IN WATT'S LAW IS TO BE

FOUND. IN SUCH CASE, TWO OTHER HANDY RELA-

TIONS ARE AT YOUR DISPOSAL: W = 12x R, AND

(2) w = Ea.
R

IN THE FIRST EXAMPLE, ( I )
THE WATTS MAY BE

FOUND BY MULTIPLYING THE CURRENT BY ITSELF

(SQUARING IT) AND THEN MULTIPLYING BY THE RE-

SISTANCE. THIS FORMULA IS USEFUL WHEN VOL-

TAGE AND WATTS ARE BOTH UNKNOWN. IN THE SECOND EXAMPLE (2), THE WATTS

OR POWER CAN BE FOUND BY MULTIPLYING THE VOLTAGE BY ITSELF (SQUARING

IT) AND THEN DIVIDING THIS VALUE BY THE RESISTANCE. THIS RELATION IS

VERY VALUABLE WHEN WATTS AND CURRENT ARE BOTH UNKNOWN.

FIG. 12

PARALLELLED RESISTORS.

IN RADIO WORK WE FREQUENTLY HANDLE SUCH SMALL AMOUNTS OF ELECTRIC

POWER THAT THE WATT IS TOO LARGE A JNIT, AND FOF SUCH PURPOSES THE

MILLIWATT IS GENERALLY USED. ONE MILLIWATT IS EQUIVALENT TO I OF
1000
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ONE WATT,BUT SOMETIMES EVEN THIS UNIT IS RATHER LARGE,SO A STILL SMALL -

FP UNIT OF POWER IS NEEDED.THIS VERY SMALL UNIT IS THE MICROWATT,AND IS
EQUIVALENT TO 1 WATT (THE ONE -MILLIONTH PART OF

I WATT).
1,000,000

ON THE OTHER HAND, IN TRANSMISSION WORK, WHERE LARGE AMOUNTS OF
POWER ARE HANDLED, IT IS CONVENIENT
THE WATT, AND FOR SUCH PURPOSES WE USE

OF

FIG. 13

SERIES -CONNECTED RESISTORS.

TO USE A LARGE UNIT,LARGER THAN
THE KILOWATT. ONE KILOWATT (KW)

IS EQUAL TO 1000 WATTS.

WATT RATING OF RESISTORS

ALL RESISTORS ARE RATED ACCORDING
TO THE WATTS THAT THEY WILL DISSIPATE,
OR EVEN ACCORDING TO BOTH WATTS AND
CURRENT. IN OTHER WORDS, IF YOU NEED
A 1000 -OHM RESISTOR, YOU CAN GET ONE
WITH A RATING OF 1/2 WATT, 1 WATT, 10

WATTS,AND MANY OTHER RATINGS, YET ALL
THEM HAVING THE SAME RESISTANCE VALUE.

SHOULD YOU,BY CHANCE,PUT A RESISTOR RATED 5000 OHMS AND I WATT IN
A CIRCUIT WHERE THE CURRENT THRU THIS RESISTOR AND THE VOLTAGE ACROSS
IT WILL REQUIRE IT TO DISSIPATE 20 WATTS,THE RESISTOR WILL BURN OUT,AND
WILL HAVE TO BE REPLACED WITH ANOTHER OF A HIGHER WATT RATING. CHOOSING
THE PROPER RESISTORS IS AN IMPORTANT PART OF THE RADIO TECHNICIANIS
WORK, AND CAN BY NO MEANS BE SLIGHTED IF HE PLANS ON HAVING SATISFIED
CUSTOMERS.

Now THAT YOU ARE FAMILIAR WITH THE ELECTRICAL UNIT OF POWER (THE
WATT) AND ITS RELATION TO RESISTOR RATINGS,LET US CONTINUE BY DETERMIN-
ING THE NECESSARY WATT RATINGS FOR THE VARIOUS RESISTANCE RATINGS CON -

IN EACH CASE THE WATT RATING IS
RESISTOR, MULTIPLIED BY THE VOL-

SIDERED IN THE CIRCUIT OF FIG. 8.
EQUAL TO THE CURRENT FLOWING THRU THE
TAGE DROP ACROSS IT, AND THESE WATT
RATINGS WORK OUT TO THE VALUES SHOWN
IN TABLE I.

HIGHER WATT RATING REQUIRED
THAN THOSE CALCULATED

THE WATT VALUES AS THUS FAR
CALCULATED ARE NOT SUITABLE FOR USE,
BECAUSE THE COMMERCIAL RATINGS GIVEN
RESISTORS ARE THOSE UNDER WHICH THE
RESISTOR REACHES_A TEMPERATURE OF NEARLY 500
CUBIC FOOT SURROUNDING THE RESISTOR, AND WITH
F. A RESISTOR AT 500 F WOULD BE UNSAFE IN

A RESISTOR WITH A WATT RATING OF FROM TWO TO
BY THE FOREGOING CALCULATIONS. FURTHERMORE,
MARGIN OF SAFETY, SO THAT THE RESISTORS WILL
NORMAL CONDITIONS THAT MAY OCCUR IN SERVICE.

0

2511 50 50a

FIG. 14

Two RESISTORS IN PARALLEL.

F., IN AN AIR SPACE OF ONE
AN AIR TEMPERATURE OF 68

A RECEIVER, SO WE MUST USE
FOUR TIMES THAT DETERMINED
WE MUST ALLOW A SUFFICIENT
HOLD UP UNDER THE MOST AB -

IT SHOULD ALSO BE NOTED THAT THE RESISTANCE OF A RESISTOR VARIES
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TABLE I

WATT -RATING CALCULATIONS

WATT
ft

RATING OF
"

RI

Rz
=

=

E x I

E x I
=

=

3 x 0.0204
180 x 0.0091

=

=

0.0612 WATT
1.638

II

II II ft R3 = E x I = 103 x 0.005 = 0.515
II

II fl It R4 = E x I = 4.3 x 0.00043 = 0.0018
II

R5 = E x I = 16.5 x 0.01405 = o.668
,,

,, " " R6 = E x I = 23.7 x 0.0001 = 0.0024 "

WITH A CHANGE IN ITS TEMPERATURE; THIS MEANS THAT A HOT RESISTOR WILL

PRODUCE A DIFFERENT VOLTAGE DROP THAN WHEN IT IS COLD OR JUST WARM.

To GIVE THE RESISTORS A "FIGHTING CHANCE" AGAINST HIGH TEMPERA-

TURES AND THE CONDITION JUST MENTIONED, WE MUST CHOOSE THEM WITH A WATT

RATING SUFFICIENTLY HIGH. TO ALLOW THE RESISTORS IN THE VOLTAGE DIS-

TRIBUTION SYSTEM UNDER DISCJSSION TO OPERATE AT ONE -QUARTER THEIR WATT
RATING, LET US LOOK BACK AT OUR FIGURES, AND DETERMINE THE WATT RATINGS

REQUIRED FOR THE VARIOUS SECTIONS OF THE SYSTEM, SO THAT WE WILL INSURE

THEM AGAINST "BURN OUTS". THESE VALUES, CORRECTED TO TWO TIMES THE

CALCULATED VALUES, APPEAR IN TABLE :Er, TOGETHER WITH NEAREST STANDARD

WATT RATING AVAILABLE.

SERIES AND PARALLEL RESISTOR COMBINATIONS

AT THIS POINT IT IS WELL TO MENTION THAT IN CASE THAT A RESISTOR

OF A CERTAIN RESISTANCE AND WATT RATING IS NOT AVAILABLE, TWO OR MORE
RESISTORS OF VARIOUS RESISTANCE VALUES MAY BE CONNECTED IN A SERIES COM

BINATION, THUS PROVIDING THE REQUIRED RESISTANCE VALUE. THE WATT RAT-

ING OF EACH OF THESE, HOWEVER, MUST COME UP TO THE REQUIREMENTS.

TO ILLUSTRATE THIS POINT, LET US SUPPOSE THAT 'IOU NEED A 4750 -OHM

RESISTOR WITH A 20 WATT RATING. IF THIS SIZE IS NO- AVAILABLE, THEN A

4500 -OHM, 20 -WATT RESISTOR AND A 250 -OHM, 20 -WATT RESISTOR MAY BE CON-

NECTED IN SERIES AS SHOWN IN FIG. II.

ON THE OTHER HAND, IF YOU HAVE TROUBLE IN GETTING THE PROPER WATT

RATING, BUT HAVE QUITE AN ASSORTMENT OF RESISTANCE VALUES TO CHOOSE

TABLE =

CORRECTED WATT RATINGS

CORRECTED RATING STANDARD RATING

RI = 0.0612 x 2 = 0.12 WATT (APPROX.) .---- Y4 WATT

Rz = 1.638 x 2 = 3.25 "
fl

3

R3 = 0.515 x 2 = 1.03 "
ft

I

R4 = 0.0018 x 2 = 0.0036 "
Il .---- 4 t,

R5 = 0.668 x 2 = 1.336 "
fl 2

n

R6 = 0.0024 x 2 = 0.0048 "
If * It
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FROM, YOU CAN WORK OUT A SOLUTION AS PICTURED IN FIG. IP. HERE THE RE-
SISTOR IS EXPECTED TO CARRY 6o MA.,BUT IT IS ASSUMED THAT THE RESISTORS
AVAILABLE HAVE A SAFE CARRYING CAPACITY OF ONLY 30 MA.

Two OF THESE RESISTORS CAN BE CONNECTED IN PARALLEL, TO PERMIT
THE 6o MA. TO BE PASSED SAFELY, EACH CARRYING HALF OF THE CURRENT OR 30
MA. WHEN CONNECTING TWO SUCH RESISTORS IN PARALLEL, EACH MUST HAVE
DOUBLE THE RESISTANCE REQUIRED. THAT IS, IF A TOTAL RESISTANCE OF 1000
OHMS IS NEEDED, THEN EACH OF THESE PARALLELED RESISTORS MUST HAVE A RE-

SISTANCE VALUE OF 2000 OHMS.

FIG. 15

Two UNEQUAL PARALLEL -CONNECTED
RESISTORS.

BECOMES

SERIES RESISTOR COMBINATIONS

You HAVE ALREADY LEARNED THAT THE
TOTAL RESISTANCE OF A SERIES -CONNECT
ED RESISTOR GROUP IS EQUAL TO THE
SUM OF THE INDIVIDUAL RESISTANCES
CONNECTED IN THE GROUP. FOR INSTANCE,

IN FIG. 13 FIVE RESISTORS, HAVING
VALUES OF 10 OHMS,25 OHMS, 100 OHMS,
20 OHMS AND 15 OHMS, RESPECTIVELY,
ARE ALL CONNECTED IN SERIES. THE TO-
TAL RESISTANCE OF THIS CIRCUIT THEN

EQUAL TO 10 + 25 + 100 + 20 + 15, OR A TOTAL OF 170 OHMS.

PARALLEL RESISTOR COMBINATIONS

WHEN RESISTORS ARE CONNECTED IN PARALLEL THE RESULT IS ENTIRELY
DIFFERENT. WE SHALL START THIS INSPECTION OF PARALLEL RESISTOR COMBIN-
ATIONS WITH THE MOST SIMPLE FORM, NAMELY TWO RESISTORS OF THE SAME -RE-
SISTANCE VALUE CONNECTED IN PARALLEL, AS PICTURED IN FIG. 14.

WHENEVER TWO RESISTORS OF THE SAME VALUE ARE CONNECTED IN PARALLEL,
THE TOTAL RESISTANCE OF THE COMBINATION IS JUST ONE-HALF THAT OF EACH
OF THE TWO RESISTORS. FOR EXAMPLE, WITH THE RESISTORS INDICATED IN FIG.

14WHERE EACH HAS A VALUE OF 50 OHMS,THE COMBINED RESISTANCE OF THE TWO
WILL BE ONE-HALF OF 50 OHMS, OR 25 OHMS.

IN CASE THAT TWO RESISTORS OF DIFFERENT VALUES ARE CONNECTED IN
PARALLEL,AS IN FIG.15,THE TOTAL RESISTANCE OF THE COMBINATION IS CALCU-
LATED BY DIViDING THE PRODUCT OF THE
TWO RESISTOR VALUES BY THE SUM OF
THE SAME VALUES. THIS CAN BE EX-
PRESSED AS A FORMULA IN THE FOLLOW-
ING MANNER: R = Ro R

2, WHEREIN R
R + Rz

THE TOTAL OR COMBINED RESISTANCE,AND
RIAND R2ARE THE INDIVIDUAL RESISTOR
VALUES.

IN THE CIRCUIT OF FIG. 15, WHERE
RI= 12 OHMS AND R2= 6 OHMS, WE CAN

SUBSTITUTE THESE VALUES IN THE FORm-

0

4

Za 01

R2

A4-4.44 .5*+4414+i
2

FIG. 16

A PARALLEL RESISTOR COMBINATION.
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ULA: R = R,x RA= 12 x 6 = L. = h} OHMS, WHICH IS THE TOTAL OR COM-
RI + R2 12 +6 1

BINED RESISTANCE OF THIS CIRCUIT.

WHENEVER MORE THAN TWO RESISTORS ARE CONNECTED IN PARALLEL, SUCH

AS THE RESISTOR COMBINATION INDICATED IN FIG. 16, THE TOTAL RESISTANCE

OF THE COMBINATION IS CALCULATED IN TERMS OF CONDUCTANCE. THE CONDUC-

TANCE OF ANY RESIS
TANCE IS EQUAL TO
THE RECIPROCAL OF
THE RESISTANCE VAL
UE. FOR INSTANCE,
THE CONDUCTANCE OF
25 OHMS IS I THE

25

CONDUCTANCE OF 30
OHMS IS I ETC.

30

THE UNIT OF CON-
DUCTANCE IS MHO,OR
THE WORD "OHM"
SPELLED BACKWARD.

THE RULE FOR CAL
CULATING THE TOTAL
OR COMBINED RESIS-
TANCE OF A COMBIN-
ATION OF ANY NUM -

FIG. 17

THE COMBINATION CIRCUIT.

BER OF PARALLEL RESISTORS IS AS FOLLOWS: "THE CONDUCTANCE OF THE ENTIRE
PARALLEL CIRCUIT IS EQUAL TO THE SUM OF THE CONDUCTANCES OF THE INDIVI-
DUAL BRANCHES". EXPRESSED AS A FORMULA THIS WOULD BEI=14- I -1-1+ I

R R, Rz R 3 R4
ETC.

HAVE:
APPLYING THIS FORMULA TO THE CIRCUIT INDICATED IN FIG. 16, WE

= 1 + 1 + 1 +I= 4+10 +4 = 12 = I THEN, IF I = I,

3 7 b. 7 24 7 7 2 R 2

OR THE CONDUCTANCE OF THE
TOTAL RESISTANCE IS EQUAL

TO ,WE CAN CHANGE THIS
2

CONDUCTANCE VALUE TO OHMS
OR RESISTANCE BY INVERT-
ING IT, SO THAT IT BECOM-

ES 2 OHMS.IN OTHER WORDS,
THE TOTAL OR COMBINED RE-
SISTAN:E OF THE CIRCUIT
IN FIG. 16 IS 2 OHMS.

FIG. 18
THE EQUIVALENT CIRCUIT.

SERIES -PARALLEL CIRCUITS

IN FIG.17 YOU ARE SHOWN
A TYPICAL SERIES -PARALLEL

COMBINATION OF RESISTAN-
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OHMS, AND ASSUMING THE
CAN DETERMINE THE TOTAL
CURRENT FLOW THROUGH
THE CIRCUIT BY APPLY-
ING OHM'S LAW IN THE

FORM = E/R = 100

14.6

6.85 AMPS. THIS CURRENT
FLOW WILL BE INDICATED
BY AMMETER AIIN FIG.19,
WHERE WE HAVE THE SAME
CIRCUIT AS IN FIG. 17

BUT WITH AMMETERS AND
VOLTMETERS INSTALLED AT
SUITABLE POINTS.

IT IS OBVIOUS THAT
THIS CURRENT OF 6.85
AMPS MUST FLOW THRU R

CES. HERE THE RESISTANCES Rz AND R3 ARE CONNECTED IN PARALLEL WHILE
RESISTANCE RI IS CONNECTED IN SERIES WITH THE GENERATOR AND THE TWO PAR-
ALLELED RESISTORS.

FIRST

THE MOST SIMPLE PROCEDURE FOR SOLVING A PROBLEM OF THIS TYPE IS

TO REDUCE THE TWO PARALLEL RESISTANCES TO A SINGLE EQUIVALENT RE-

SISTANCE. THAT IS

TO SAY,IN THE CIR-
CUIT OF FIG.18 THE
COMBINED RESIS-
TANCE OF R2 AND R3
IS FOUND AS FOL-
LOWS:

FIG. 19
CURRENT AND VOLTAGE DISTRIBUTION.

SHOWN IN FIG. 18. THE TOTAL RESISTANCE

R=Rzx R4 6 x 20 =
Rz+ R3 777

120
- 4.6 OHMS.

BY GIVING THIS
COMBINED RESISTAN-
CE OF Rz AND R3THE
IDENTIFYING SYMBOL
Rx, WE CAN SUBSTI-
TUTE IT FOR Rz AND
R3, AND CONNECT IT

IN SERIES WITH RI

AS DONE IN THE

EQUIVALENT CIRCUIT
OF THE CIRCUIT IN FIG. 18 IS

EQUAL TO 10 OHMS PLUS 4.6 OHMS, OR 14.6 OHMS, WHICH IS ALSO EQUAL TO
THE COMBINED RESISTANCE OF THE CIRCUIT ILLUSTRATED IN FIG. 17.

THE CIRCUIT OF FIG. 17 CAN BE STILL FURTHER ANALYZED IN THE FOL-
LOWING MANNER: KNOWING THE TOTAL RESISTANCE OF THE CIRCUIT TO BE 114.6

GENERATOR TO PRODUCE AN E.M.F. OF 100 VOLTS, WE

FIG. 20
THE COMPLEX CIRCUIT.
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AND THEREFORE THE VOLTAGE DROP ACROSS R1, AS INDICATED BY VOLTMETER 1,1 ,

WILL BE E = I x R = 6.85 x 10 = 63.5 VOLTS.

ASSUMING THAT THE GENERATOR VOLTAGE IS 100 VOLTS, THE VOLTAGE -

DROP ACROSS THE EXTREMITIES OF R2 AND R3, AS INDICATED BY VOLTMETER V2,
WILL BE EQUAL TO 100 MINUS 68.5, OR 31.5 VOLTS. THE CURRENT FLOW THRU

R2, AS SHOWN BY AMMETER A2, WILL THEN 3E I = E/R = 31.5 = 5.25 AMPS.
6

SIMILARLY, THE CURRENT FLOW THROUGH Ra'AS INDICATED BY AMMETER Aa' WILL

BE I = E = 31.5 = 1.575 AMPS.

3
20

ANALYSIS OF COMPLEX NETWORKS

IN FIG. 20 IS INDICATED A RESISTANCE NETWORK OF A RATHER COMPLEX

TYPE. To DETERMINE THE COMBINED RESISTANCE OF SUCH AN ARRANGEMENT,EACH
SECTION OF THE CIRCUIT IS REDUCED TO ITS EQUIVALENT IN A MORE SIMPLE

FORM.

THE SUCCESSIVE STEPS IN THE ANALYSIS OF THIS CIRCUIT ARE SHOWN IN

FIG. 21. NOTICE AT A THAT SERIES RESISTANCES Rz. AND R
3
HAVE BEEN RE-

DUCED TO AN EQUIVALENT RESISTANCE Rk OF (25 + 30) = 55 OHMS. AT B THE
PARALLELED RESISTANCES R(LANo R4 HAVE BEEN REDUCED TO AN EQUIVALENT RE-
SISTANCE R6 , HAVING A VALUE OF 40.9 OHMS, AS DETERMINED BY THE

FIG. 21
THE CIRCUIT ANALYSIS.
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= Rd x R4_ 16o = 8800. . ),,, nCALCULATION Rxiy.7 OHMS. AT C THE SER-
b Ra + R4 55 + 1 o 215..

IES RESISTANCES RI AND Rb HAVE BEEN REDUCeb TO AN EQUIVALENT RESISTANCE
Rc,AS FOLLOWS:RI + R6 =,6o + 40.9 = 100.9 OHMS. FINALLY, AT D THE TWO
PARALLELED RESISTANCES Mc AND R5 HAVE BEEN REDUCED TO A SINGLE EQUIVA-
LENT RESISTANCE Rd, WHOSE VALUE IS 7.88 OHMS, ACCORDING TO THE FOLLOW-

ING CALCULATION: Rd=
Rcx R5 100.9 x 250 25,225
Rc+ R5 100.9 + 250 - 350.9 71.88 OHMS. THUS,

THE COMBINED RESISTANCE OF THE CIRCUIT ILLUSTRATED IN FIG. 20 AMOUNTS TO
71.88 OHMS.

To CALCULATE THE CURRENT FLOWING THRU THE VARIOUS SECTIONS OF THIS
CIRCUIT, AS WELL AS THE VOLTAGE -DROP ACROSS THE VARIOUS SECTIONS, START
WITH D OF FIG. 21 AND WORK BACK TOWARD A OF THE SAME ILLUSTRATION. THAT
IS TO SAY,IF THE GENERATOR E.M. F. Is 250 VOLTS, THE TOTAL CURRENT FLOW

THRU THE CIRCUIT WOULD BE I =
1.

E 2
- 3.48 AMPS. (APPROXIMATELY).

THE VOLTAGE -DROP ACROSS BOTH R5AND Rc' ACCORDING TO C OF FIG. 21,

'0IS 250 VOLTS, AND THE CURRENT FLOW THRU R5 IS
E

=
25

AMPERE.

E 250
THE CURRENT FLOW THRU Rc IS =

TR = 100.9 - 2.4

,

7 AMP.
C

To PLATE Ch?Cei/T5

Z83.5

OUT PUT OF
R ECT I P/E.

SPEAKeR
fr/ELD

1-1

TO R. R SCRE EN GRID
C /RC vI TS

/03 V 79.3 V
TO SCREE W

GRID OF DET.

R6

23

C4

FIG. 22
THE RESISTANCE NETWORK.

ACCORDING TO B AND C OF FIG. 21, THE CURRENT FLOW THRU BOTH RI AND
Rb OF CIRCUIT B AMOUNTS TO 2.47 AMPS, SINCE THE VALUE OF Rc = RI + Rb.
THIS BEING TRUE, THE VOLTAGE -DROP DEVELOPED ACROSS R IS EQUAL TO E =
I x R = 2.47 x (DO = 148.20 VOLTS. THE VOLTAGE -DROP ACROSS RI IS EQUAL
TO 250-148.2 = '01.8 VOLTS. THIS SAME VOLTAGE IS ALSO APPLIED ACROSS
THE EXTREMITIES OF THE PARALLEL RESISTANCES Ra AND R4. THE CURRENT FLOW
THROUGH R4 WILL THEN BE I = E = 101.8 = 1.85 AMPS,AND THE CURRENT FLOW

Ra 55
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THROUGH R4 WILL BE I E 101.8 6 ,
R4

- 30 AM P.

THE ANALYSIS AS GIVEN FOR FIGS. 17 TO 21 INCLUSIVE CAN BE APPLIED

IN THE SAME MANNER, WHETHER THE VOLTAGE SUPPLY BE FURNISHED BY A D.C.
GENERATOR AS SHOWN, BY A BATTERY, OR BY THE OUTPUT OF A B SUPPLY'S FIL-

TER CIRCUIT.

SELECTION OF BY-PASS CONDENSERS

ANOTHER IMPORTANT POINT TO BE CONSIDERED IS THE SELECTION OF THE

BY-PASS CONDENSERS FOR THE VOLTAGE DISTRIBUTION SYSTEM WHICH WE HAVE
JUST DESIGNED. To ASSIST YOU IN THIS MATTER, THE MAJCR PART OF THE VOL-
TAGE DISTRIBUTION SYSTEM IS INDICATED IN DETAIL IN FIG. 22, INCLUDING

ITS CONDENSERS.

FOR THE PRESENT, WE ARE NOT PAR-
TICULARLY INTERESTED IN THE CAPACITY
VALUES OF THESE CONOENSERS,AS THIS PROB
LEM IS TREATED IN DETAIL IN A LATER LES

SON.

OUR CHIEF CONCERN AT THIS TIME IS

TO SELECT THESE CONDENSERS FROM THE

STANDPOINT OF THEIR RATING IN D.C.WORK-

ING VOLTAGE, TO PREVENT THEIR BREAKING
DOWN FROM EXCESS VOLTAGE.

CONDENSERS CI AND Ca ARE2OF COURSE,
A PART OF THE B POWER FILTER SYSTEM,AND
HAVE AN E.M.F. OF APPROXIMATELY 300

VOLTS APPLIED ACROSS THEM DURING NORMAL OPERATION OF

ADJU.574,13LE
CL/Ps

4 ii,iiui tWINA*04114146m

7-ERM/AJAL5tb\

FIG. 23
TYPICAL VOLTAGE DIVIDER.

THE

THE

RECEIVER. How -

EVER, WHEN THE POWER SWITCH IS OPERATED TO SWITCH RECEIVER ON OR

OFF, MOMENTARY SURGE VOLTAGES RESULT, AND SUCH SURGES MAY REACH VALUES

AS HIGH AS 4OO VOLTS. IT IS THEREFORE CUSTOMARY TO USE CONDENSERS RAT-

ED AT A "PEAK D.C. WORKING VOLTAGE" OF APPROXIMATELY 500 FOR THIS PUR-

POSE.

UNDER NORMAL CONDITIONS CONDENSER C5 HAS 103 VOLTS APPLIED ACROSS
ITS EXTREMITIES,AND THEREFORE A STANDARD D.C. WORKING VOLTAGE RATING OF
200 VOLTS WILL GIVE AN AMPLE MARGIN OF SAFETY FOR THIS UNIT.

CONDENSER C4 IS SUBJECTED TO 79.3 VOLTS, AND ALTHOUGH A RATING OF
ABOUT 150 VOLTS WOULD BE SUFFICIENT, IT IS PRACTICAL TO USE THE NEAREST

COMMON STANDARD RATING OF 200 VOLTS.

CONDENSERS C5, C6, AND C7 ARE USED TO BY-PASS THE BIAS RESISTORS
RI, R4, AND R5, RESPECTIVELY, AND THE VOLTAGE APPLIED ACROSS THEM IS

THEREFORE OF RELATIVELY LOW VALUE. IN OTHER WORDS, C5 IS SUBJECTED TO

3 VOLTS, Cb TO 4.3 VOLTS, AND C7 TO 16.5 VOLTS. IT CAN READILY BE SEEN

THAT FOR THESE CONDENSERS, ANY D.C. WORKING VOLTAGE EXCEEDING APPROX-
IMATELY 25 VOLTS WOULD BE SUFFICIENT.

IN COMMERCIAL RECEIVERS YOU WILL USUALLY FIND THESE CATHODE RE-
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SISTOR BY-PASS CONDENSERS RATED CONSIDERABLY HIGHER(AS TO THE D.C. WORK
ING VOLTAGE) THAN IS TECHNICALLY NECESSARY, FOR THE REASON THAT CONDEN-
SERS WITH RATINGS OF 200 AND 4O0 VOLTS ARE MANUFACTURED IN THE GREATEST
NUMBER FOR GENERAL "ALL-AROUND" PURPOSE, AND THEREFORE ARE JUST AS LOW
IN, COST AS NON-STANDARD CONDENSERS OF LOWER VOLTAGE RATINGS.

FIG. 24
VOLTAGE DIVIDER SYSTEM.

VOLTAGE DIVIDERS

VOLTAGE -DIVIDER SYSTEMS OF THE
TYPE ILLUSTRATED IN FIGS.23 AND
24 CAN BE CALCULATED IN THE SAME
MANNER AS ALREADY EXPLAINED FOR A
COMBINATION OF INDIVIDUAL RESIS-
TORS. FOR INSTANCE, IN THE SYS-
TEM SHOWN IN FIG. 24SIMPLY STUDY
THE RECEIVER CIRCUITS CURRENT RE-
QUIREMENTS AND THEN DETERMINE THE
CURRENT FLOW THROUGH THE VARIOUS
RESISTANCE SECTIONS A,B,C, AND D.
THIS DONE, DETERMINE THE REQUIRED
VOLTAGE -DROP ACROSS EACH RESISTOR
SECTION, AND WITH THIS DATA DE-
TERMINED,CALCULATE THE RESISTANCE
VALUE OF EACH SECTION.

IT IS THE MORE COMMON PRACTICE
TO USE INDIVIDUAL RESISTORS RATHER THAN VOLTAGE DIVIDERS IN THE LATE
MODEL RECEIVERS,AS BY SO DOING REPLACEMENTS CAN BE MADE AT A LATER TIME
WITH GREATER EASE -- ALSO, LESS CHASSIS SPACE IS REQUIRED FOR THEIR
MOUNTING. FURTHERMORE, THIS ARRANGEMENT PERMITS THE USE OF RESITORS
OF COMPARATIVELY LOW WATT RATING, BECAUSE ANY SINGLE RESISTOR DOES NOT
NECESSARILY CARRY CURRENT FOR SO MANY DIFFERENT CIRCUITS. THIS FEATURE
MATERIALLY REDUCES THE RESISTOR COST.

WITH THE NEXT LESSON, YOU ARE GOING TO COMMENCE YOUR ADVANCED
STUDIES OF ALTERNATING CURRENT CIRCUITS. SO FAR, ALL OF THE LESSONS
TREATING WITH A.C. HAVE BEEN OF A RATHER SIMPLE NATURE BUT FROM NOW ON,
YOU ARE GOING TO LEARN MANY OF THE MORE IMPORTANT TECHNICAL LAWS GOVERN
ING SUCH CIRCUITS, AS WELL AS THE FORMULAS AND CALCULATIONS RELATED
THERETO. You ARE GOING TO FIND THESE COMING STUDIES ESPECIALLY INTEREST
ING AND INSTRUCTIVE.
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LESSON NO. 3 8

I. - IF FOR A CERTAIN TUBE A_GRID BIAS OF 10 VOLTS IS RE-

QUIRED, AND 5 MA. OF PLATE CURRENT FLOWS THRU THE TUBE,
WHAT WILL BE THE PROPER VALUE FOR THE BIAS RESISTOR?

2. - IF THREE SCREEN GRID TUBES EACH PASS 8 MA., INCLUDING
BOTH THE PLATE CURRENT AND SCREEN CURRENT, AND ALL THREE
TUBES USE A COMMON BIAS RESISTOR ACROSS WHICH 3 VOLTS
MUST BE DEVELOPED,WqAT WILL BE THE CORRECT VALUE OF BIAS
RESISTOR TO USE?

3. - IF THROUGH A CERTAIN SECTION OF A VOLTAGE DIVIDER SYSTEM,
A BLEEDER CURRENT OF 10 MA. IS FLOWING, IN ADDITION TO 5

MA. OF PLATE CURRENT FOR A TUBE, AND A VOLTAGE DROP OF

75 VOLTS IS TO BE DEVELOPED ACROSS THIS RESISTOR SEC-
TION, WHAT WILL BE THE REQUIRED RESISTANCE VALUE OF THIS
SECTION?

4. - A CERTAIN 2000 OHM RESISTOR CARRIES A CURRENT OF 65 MA.

HOW MUCH WATTAGE WILL BE PRODUCED?

5. WHY IS IT ADVISABLE TO SELECT RESISTORS OF GREATER WATT
RATING THAN ACTUALLY REQUIRED ACCORDING TO WATT'S LAW?

6. - A 200 OHM AND A 4O0 OHM RESISTOR ARE CONNECTED IN PARAL-

LEL. WHAT IS THE TOTAL RESISTANCE OF THIS COMBINATION?

7 - FOUR RESISTORS HAVING VALUES OF 10; 30; 15 AND 60 OHMS

ARE ALL CONNECTED IN PARALLEL. WHAT IS THE -OTAL RESIS-

TANCE OF THIS COMBINATION?

8. - WHY IS IT SO IMPORTANT TO CONSIDER THE D.C. WORKING VOLT
AGE OF BYPASS CONDENSERS?

9. - A CERTAIN TUBE DRAWS A PLATE CURRENT OF 5 MA. WITH AN

APPLIED PLATE VOLTAGE OF 150 VOLTS AND A GRID BIAS OF 9
VOLTS. AN A.F. CHOKE HAVING A D.C. RESISTANCE OF 1000

OHMS IS CONNECTED IN ITS PLATE CIRCUIT. WHAT "B" VOL-

TAGE MUST BE FURNISHED THIS CIRCUIT SO THAT THE EFFEC-

TIVE PLATE VOLTAGE MAY BE 150 VOLTS?

10.- EXPLAIN THE GENERAL PROCEDURE WHICH YOU WOULD FOLLOW TO

DESIGN A RESISTANCE NETWORK FOR VOLTAGE DISTRIBUTION IN

A CONVENTIONAL RECEIVER.
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Practical Training means the acquisi-
tion of Technical information and

40 facts,and the learning how to apply them
in a useful Manner.

In order to acquire knowledge we must
use our brain. Our brain, like our body,
only grows and develops when properly
used.

When we stop using any part of our body
it starves and dies. When we fail to use
our brain cells they decay and die of
starvation.

Let's learn how to use intelligently our
natural abilities, talents, and gifts,
and apply them efficiently to our task
at hand.
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LESSON NO. 39

THE ESSENTIALS OF A.C. Ch2CUITS a

YOU HAVE BEEN MAKING SPLENDID PROGRESS IN YOUR RADIO STUDIES AND
ARE TO BE CONGRATULATED UPON THE CONSCIENTIOUSEFFORTINHICHYOU ARE SHOW-
ING IN ORDER TO PREPARE YOURSELF TO BECOME A THOROUGHLY TRAINED RADIO

EXPERT. IT TAKES COMPLETE TRAINING NOWADAYS FOR A MAN TO BE A SUCCESS

IN THIS LINE OF WORK AND THIS IS THE ONE BIG REASON WHY RADIO WAGES ARE
HIGHER AND WHY YOU WILL HAVE LESS COMPETITION TO MEET THAN IN THOSE
FIELDS WHERE TRAINING IS NOT SO ESSENTIAL.

IT IS OUR EARNEST DESIRE TO MAKE YOU CAPABLE OF HOLDING DOWN HIGH

CLASS RADIO JOBS, WHERE YOUR EARNING POWER WILL BE STILL GREATER AND

FOR THIS REASON
TIONS
THE PRACTICAL CONSTRUCTION SIDE OF
THIS TRAINING, WHEN TAKEN TOGETHER,

FIG. 1
An A. C. Generator.

WE ARE SEEING TO IT THAT YOU RECEIVE COMPLETE INSTRUC-

ABOUT THE TECHNICAL MATTERS CONCERNING THIS WORK IN ADDITION TO

THE SUBJECT. REMEMBER, THAT ALL OF

IS THE TYPE OF TRAINING THAT WILL
LIFT YOU ABOVE THE AVLRAGE,
WHERE YOU WILL BE IN APOSITION
TO DIRECT THE WORK OF OTHERS
RATHER THAN BEING THE MAN WHO

MUST BE CONTENT TO PUT SOMEONE
ELSEtS IDEAS INTO ACTION.

As YOU WERE TOLD BEFORE,
YOU ARE AT THIS TIME ENTERING

A VERY IMPORTANT PART OF YOUR
TRAINING,FOR YOU ARE NOW LEARN
ING THE FUNDAMENTAL PRINCIPLES
UPON WHICH THE DESIGNING OF

RADIO EQUIPMENT IS BASED. IN

THIS WORK YOU WILL LEARN HOW TO
DETERMINE THE NUMBER OF TURNS

TO WIND ON AN R.F. TRANSFORMER
SO THAT IT WILL TUNE WITH A

CERTAIN CONDENSER OVER ANV DF
IRKED WAVE BAND; YOU WILL LEARN
HOW TO DESIGN AND CONSTRUCT AM
LIFIERS,POWER TRANSFORMERS;FIL
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TER SYSTEMS ETC. AND THIS KIND OF KNOWLEDGE IS GOING TO MAKE YOU A VALU-
ABLE MAN -- THE TYPE OF MAN WHO IS IN DEMAND.

THERE ARE A FEW IMPORTANT BASIC FACTS WITH WHICH YOU MUST FIRST Q5
COME FAMILIAR BEFORE CONTINUING WITH THIS ADVANCED WORK AND WE SHALL COM
MENGE IMMEDIATELY IN GETTING THESE FACTS FIRMLY IMBEDDED IN YOUR MIND.
FOR THE PRESENT, WE ARE GOING TO DEAL WITH A.C. CIRCUITS ENTIRELY AND
WITH MANY OF THE POINTS TO BE CONSIDERED, YOU ARE TO A CERTAIN EXTENT AL
READY FAMILIAR BUT YOU ARE GOING TO LEARN MANY NEW AND INTERESTING ELEC-
TRICAL TERMS WHICH AS YET ARE PROBABLY UNKNOWN TO YOU.

IN ORDER FOR YOU TO BE ABLE TO GRASP EACH IMPORTANT POINT AS WE
CONTINUE WITH THIS DISCUSSION, IT IS NECESSARY THAT YOU BE THOROUGHLY FA
MILIAR WITH THE TERM "DEGREE". THEREFORE, WE SHALL CLEAR YOU UP ON THIS

MATTER IMMEDIATELY.

F1G.2.
The Circle.

THE DEGREE

Now IN FIG. 2, YOU WILL FIND A
CIRCLE, WHICH HAS BEEN DIVIDED INTO MANY
EQUAL PARTS. THE DISTANCE AROUND THIS
CIRCLE OR THE CIRCLE'S BORDER LINE, IF

YOU WANT TO CONSIDER IT AS SUCH, IS

CALLED THE CIRCUMFERENCE OF THE CIRCLE.
SHOULD YOU DIVIDE THE CIRCUMFERENCEOF

THIS CIRCLE,OR THE CIRCUMFERENCE OF ANY
SIZE CIRCLE FOR THAT MATTER, INTO 360
EQUAL PARTS, THEN EACH OF THESE 360 E-

QUAL PARTS WOULD BE CALLED A "DEGREE".

BY PLACING THE POINT OF YOUR PEN-
CIL ON THE CIRCUMFERENCE OF THIS CIRCLE AT "A" IN FIG. 2 AND TRACING THE
CIRCUMFERENCE WITH IT IN THE DIRECTION INDICATED BY THE ARROW,THEN BY THE
TIME YOUR PENCIL POINT TRAVELLED ONE QUARTER OF THE DISTANCE AROUND THE
CIRCLE'S CIRCUMFERENCE, IT WOULD HAVE TRAVELLED A DISTANCE OF 9e. THE
DISTANCE FROM POINT "A" TO ANOTHER POINT HALF -WAY AROUND THE CIRCUMFER-
ENCE WOULD COMPLETE A DISTANCE OF 1800. TRAVELING FROM POINT "A" TO AN-
OTHER POINT 3/4 OF THE WAY AROUND THE CIRCUMFERENCE WOULD CALL FOR A TIC
VERSED DISTANCE OF 270°AND TO MAKE A ROUND TRIP FROM POINT "A" AND BACK TO
POINT "A" WOULD REQUIRE YOUR PENCIL TO TRAVEL A DISTANCE OF 3606ETC.

REMEMBER NOW. - IN ANY CIRCLE, IRRESPECTIVE OF ITS SIZE, THEE: ARE
360 AND 1/4 OF THE DISTANCE AROUND ITS CIRCUMFERENCE IS EQUAL TO 90; 1/2
THE DISTANCE AROUND THE CIRCUMFERENCE IS EQUAL TO 180; 3/4 THE DISTANCE
AROUND IS EQUAL TO 270'5; ALL OF THE WAY AROUND IS EQUAL TO 360°: 1/8 OF
THE WAY AROUND IS EQUAL TO 45DETC. THE SMALL "ZERO" TO THE UPPER RIGHT OF
THE NUMBER DENOTES DEGREES.

REPRESENTING DEGREES ALONG A STRAIGHT LINE

Now SUPPOSE THAT WE SHOULD TAKE OUR CIRCLE OF FIG.2 AND LAY OFF THE
CIRCUMFERENCIAL DISTANCE AS A STRAIGHT LINE. THE VARIOUS DEGREES COULD
THEN BE ILLUSTRATED ALONG THIS STRAIGHT LINE AS SHOWN YOU IN FIG. 3. IN
OTHER WORDS, THE LENGTH OF THIS STRAIGHT LINE IS EQUAL TO THE CIRCUMFER-
ENCE OR DISTANCE AROUND THE CIRCLE. THE VARIOUS DEGREE MARKS CAN THEN BE
REPRESENTED ALONG THIS LINE AS SHOWN AND HAVE EXACTLY THE SAME MEANING
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AS THOUGH PICTURED ON THE CIRCLE. YOU WILL FIND THIS PRACTICE CARRIED OUT
A GREAT DEAL IN TECHNICAL ARTICLES ETC. AND IT IS ADVISABLE THAT YOU BE-

COME THOROUGHLY FAMILIAR WITH THIS SYSTEM OF REPRESENTING DEGREES. IN

FACT, WE ARE ALREADY GOING TO PUT IT TO PRACTICAL USE IN THIS LESSON.

SINCE WE ARE
LESSON, T ISAD-
VISABLE THAT qg
FORE GOING ANY
FARTHER, YOU FLa
ST BECOME FAM-

ILIAR WITH THE
METHOD WHEREBY
A.C. VOLTAGES
ARE PRODUCED BY
MEANS OF A GEN-
ERATO R.

THE FIRST
IMPORTANT POINT
FOR YOU TO RE-
MEMBER REGARDING
THIS MATTER IS THAT ALL GENERATORS DEVELOPE A VOLTAGE OR E.M.F.(ELECTRO-

MOTIVE FORCE), THROUGH THE ACT OF A CONDUCTOR,CUTTING MAGNETIC LINES OF

FORCE. THIS IMPORTANT PRINCIPLE IS ILLUSTRATED IN FIG.4 AND THE FOLLOWING

EXPLANATION WILL AID YOU IN SEEING JUST HOW THIS IS ACCOMPLISHED.

GENERATING AN A.C. VOLTAGE

GOING TO DEAL WITH ALTERNATING CURRENT CIRCUITS INTHIS

o'

21op 90° DisEance equal 4.0
Circumference of Circle

160' 90" 180' 210° 360°

F I G. '3

Represeni-ing Degrees 4Ionq SerargAt line.

UPON CAREFUL INSPECTION OF FIG. 4, YOU WILL OBSERVE THAT HERE WE

HAVE A. COPPER WIRE LOCATED BETWEEN A NORTH AND SOUTH POLE OF TWO MAGNETS,

SO THAT IT IS COMPLETELY SURROUNDED BY THE MAGNETIC FIELD OR LINES OF

FORCE, WHICH ARE PRODUCED BY THE MAGNETS. NOW THEN, IF WE SHOULD BY SOME

MECHANICAL MEANS FORCE THIS WIRE TO MOVE THROUGH THIS MAGNETIC FIELD IN

AN UPWARD DIRECTION, AS INDICATED BY THE ARROW, IT IS OBVIOUS THAT THE

WIRE WILL AT THIS TIME BE CUTTING LINES OF FORCE.

THIS ACTION CAUSES A VOLTAGE TO BE DEVELOPED OR GENERATED ACROSS

THE ENDS OF THE COPPER WIRE AND IF THE CIRCUIT OF THIS WIRE IS COMPLETED

BY CONNECTING ITS ENDS TOGETHER, THIS GENERATED VOLTAGE WILL BE CAPABLE

OF FORCING AN ELECTRIC CURRENT TO FLOW THROUGH THE COPPER WIRE. IN OTHER

WORDS, THIS VOLTAGE IS GENERATED IN THE COPPER WIRE THROUGH THE ACT OF

INDUCTION AND BECAUSE OF THIS FACT, WE REFER TO THE WIRE CUTTING THE LINES
OF FORCE AS BEING THE INDUCTOR.

FIC1.4

Cutting Lines of Force.

SHOULD THE INDUCTOR IN FIG.4 AGAIN BE MO/
ED THROUGH THIS SAME MAGNETIC FIELD BUT IN A

DOWNWARD DIRECTION, YOU WOULD FIND THAT A VOL-

TAGE WOULD ONCE.MORE BE GENERATED,ONLY THAT AT

THIS TIME,THE POLARITY OF THE INDUCED VOLTAGE
WOULD BE REVERSED. THE RESULT WOULD BE THAT IF

THE CIRCUIT SHOULD BE COMPLETED BY CONNECTING
THE ENDS OF THE WIRE TOGETHERITHIS PRESENT IN-

DUCED VOLTAGE WOULD CAUSE A CURRENT TO FLOW

THROUGH IT IN A DIRECTION OPPOSITE TO THAT AS



PAGE 4 PRACTICAL RADIO

YOU FOUND IT WHEN MOVING THE INDUCTOR UPWARDS.

IN OTHER WORDS, IT 13 APPARENT THAT BY MOVING A CONDUCTOR,WHICH HAS
A COMPLETE CIRCUIT, RAPIDLY UP AND DOWN WITHIN A MAGNETIC FIELD,AN ALTER
NATING CURRENT WILL BE GENERATED. THIS IS YOUR FUNDAMENTAL OR BASIC GEN-
ERATOR PRINCIPLE AND IT IG APPLIED IN PRACTICE AS ILLUSTRATED IN FIG. 5.

THE A.C. GENERATOR

IN FIG. 5, YOU WILL NOTE THAT OUR INDUCTOR TAKES THE SHAPE OF A
LOOP, NsTEAD OF A STRAIGHT WIRE AND A BRASS OR COPPER RING IS FASTENED TO
EACH END OF THE LOOP AT "A" AND "B" AND WE CALL THESE RINGS COLLECTOR
RINGS OR SLIP RINGS. A STATIONARY CARBON BRUSH MAKES A WIPING CONTACT
WITH EACH OF THE COLLECTOR RINGS, SO THAT EVEN THOUGH THE COLLECTOR RINGS
SHOULD REVOLVE,THE BRUSHES WILL EACH MAINTAIN A SLIDING CONTACT WITH ITS
INDIVIDUAL COLLECTOR RING. THESE TWO BRUSHES ARE THEN CONNECTED ACROSS
AN EXTERNAL CIRCUIT OR LOAD, WHICH IN THE CASE OF FIG.5 HAPPENS TO BE A
LAMP.

Now THEN, WITH THE WIRE LOOP IN THE POSITION SHOWN AT THE LEFT OF
FIG.5, YOU WILL OBSERVE THAT THE SIDE OF THE LOOP MARKED I AND 2 IS NEXT
TO THE NORTH POLE PIECE (N) AND SIDE 3 AND 4 OF THE LOOP IS UNDER THE
INFLUENCE OF THE SOUTH POLE PIECE (S). WITH THIS CONDITION FIRMLY FIXED
IN YOUR MIND, LET US NEXT SEE WHAT HAPPENS AS THE LOOP IS ROTATED IN A

CLOCKWISE DIRECTION OR AS INDICATED BY THE ARROW OF ROTATION.

DURING THIS MOVEMENT OF THE LOOP, IT IS CLEAR THAT SIDE I AND 2 OF
THE LOOP WILL BE CUTTING THE FIELD'S LINES OF FORCE IN AN UPWARD DIREC-
TIDfI, WHILE SIDE 3 AND 4 IS AT THIS SAME TIME CUTTING THE LINES OF FORCE
IN A DOWNWARD DIRECTION. THE RESULT IS THAT THE VOLTAGE INDUCED BY THIS
CUTTING OF THE LINES OF FORCE WILL CAUSE A CURRENT TO FLOW THROUGH THE
LOOP AND OUTER CIRCUIT IN THE DIRECTION AS INDICATED. NOTICE ESPECIALLY
THAT THE GENERATED CURRENT IS AT THIS TIME FLOWING OVER THE EXTERNAL C1.3

CUIT FROM BRUSH "A" TOWARDS BRUSH "B".

AFTER THE WIRE LOOP HAS BEEN ROTATED ONE-HALF REVOLUTION OR 1806,IT
WILL COME TO THE POSITION AS PICTURED AT THE RIGHT OF FIG. 5. AT THIS
TIME, YOU WILL NOTE THAT SIDE I AND 2 IS NOW CUTTING LINES OF FORCE IN A
DOWNWARD DIRECTION, WHILE SIDE 3 AND 4 IS CUTTING THEM IN AN UPWARD DIR-

FIG. 5

Generating Alternating Current.
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ECTIDN. IN OTHER WORDS, THE TWO SIDES OF THE LOOP ARE NOW EACH CUTTING

LINES OF FORCE IN A DIRECTION OPPOSITE TO WHAT THEY DID WHILE IN THE PO2
ITION PREVIOUSLY DESCRIBED AND THIS MEANS THAT NOW THE INDUCED VOLTAGE

CAUSES CURRENT TO FLOW THROUGH THE LOOP IN AN OPPOSITE DIRECTION.

BY CAREFULLY COMPARING THE RIGHT AND LEFT ILLUSTRATIONS OF FIG. 5,

YOU WILL NOTICE THAT AT THE RIGHT, THE GENERATED CURRENT IS FLOWING OVER
THE EXTERNAL CIRCUIT FROM "B" TOWARDS "A" -- EXACTLY OPPOSITE TO ITS DI-

RECTION OF FLOW AS FOUND IN THE UNIT AT THE LEFT OF FIG. 5. IN OTHER WORDS

ALTERNATING CURRENT IS BEING GENERATED BY THIS SIMPLE DEVICE AND THE FLOW
OF CURRENT WILL REVERSE ITSELF AS EACH HALF -REVOLUTION OR 180%F THELOOP/S
TRAVEL IS COMPLETED.

IN ACTUAL PRACTICE, INSTEAD OF ONLY A SINGLE WIRE LOOP BEING REVOL-
VED IN THE MAGNETIC FIELD,MANY LOOPS,EACH CONSISTING OF A GREAT MANYTURNS,
ARE ALL PLACED ON AN IRON CORE OR ROTOR WHICH IS PROVIDED WITH A SHAFT
THROUGH ITS CENTER. THIS ENTIRE UNIT IS CALLED AN ARMATURE AND IT REVOLVES
AS A BODY, SUPPORTED IN BEARINGS.

THE MECHANICAL FORCE WITH WHICH TO ROTATE THE GENERATOR ARMATURE

MAY BE SUPPLIED BY AN ELECTRIC MOTOR, A GASOLINE, DIESE OR STEAM ENGINE,

BY A WATER TURBINE ETC.

NOW LET US CONTINUE AND INVESTIGATE SOME MORE IMPORTANT ANDINTERESI
ING FACTS CONCERNING ALTERNATING CURRENTS.

THE REVOLVING ARMATURE

AT THE LEFT OF FIG. 6, WE HAVE A SIMPLE TWO -POLE A.C. GENERATOR,
SHOWING ONLY A SINGLE ROTATING CONDUCTOR OR ARMATURE WIRE FOR THE SAKE OF
SIMPLICITY. THIS CONDUCTOR IS GOING TO BE ROTATED THROUGH THE MAGNETIC Fl
ELD OF THE GENERATOR IN A CLOCKWISE DIRECTION AS INDICATED BY THE SMALL

ARROW HEADS.

AT THE RIGHT OF FIG. 6, WE HAVE LAID OUT AS A STRAIGHT LINE, THE

450

(1\-
Cr \,1/4ct
 'La . of

U
3-0 36C\

-4/

O 0
at 315'

c.

oo°

210.

1'556

/7477

,Pole Piece

Positive peak
value A.C. Voltage. Curve

) Reference fine,
/- of zero voltage

27.5* 2708 315' 1606

45 136° war
Ne.cpsEive Peak Value

4 one Revolution of Conductor

Fl G. 6
Producing Lie Sine Curve':
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CIRCUMFERENCIAL DISTANCE TO BE TRAVELLED BY THIS CONDUCTOR,MARKING EACH
45°FROM O°TO 360°. THE COMPLETE LENGTH OF THIS HORIZONTAL LINE WILL RE-
PRESENT I REVOLUTION OF THE CONDUCTOR AS STATED ON THE DRAWING AND THIS
LINE IS GOING TO REPRESENT THE REFERENCE LINE OF ZERO VOLTAGE ON THIS
GRAPH.

THE SINE CURVE

NOW THEN, YOU ALREADY KNOW THAT THE LINES OF FORCE,WHICH ARE PRODUg.
ED BY THE POLE PIECES OF THE GENERATOR,FLOW STRAIGHT ACROSS THE ARMATURE
FROM THE NORTH POLE TO THE SOUTH POLE. THEREFORE,WHEN OUR ROTATING CON-
DUCTOR IS AT POINT UXII,WHICH IS OUR STARTING OR C.POINT,IT WILL BE MOVING
PARALLEL TO THE LINES OF FORCE. CONSEQUENTLY, IT WILL NOT BE CUTTING ANY
LINES OF FORCE AT THIS TIME AND FOR THIS REASON,THE GENERATED VOLTAGE AND
CURRENT WILL BE ZERO. THAT IS TO SAY,NO GENERATION IS OCCURRING AT THIS
INSTANT,

HOWEVER, AS THE ROTATING CONDUCTOR MOVES FROM POINT "X" TO THE 45°
POINT OF ITS TRAVEL, IT WILL COMMENCE CUTTING LINES OF FORCE AND THEREFORE
A VOLTAGE IS BEING GENERATED AND IT INCREASES IN VALUE RAPIDLY AS THE RO-
TATING CONDUCTOR COMMENCES TO CUT MORE LINES OF FORCE AT NEARLY RIGHT
ANGLES. WE CAN SHOW THIS VOLTAGE INCREASE GRAPHICALLY BY MEANS OF THE
CURVE AT THE RIGHT OF FIG. 6.

THE SHAPE OF THIS CURVE IS OBTAINED BY MEANS OF PROJECTION. THAT IS
WE DRAW A HORIZONTAL DOTTED LINE FROM THE 454)POS1TION OF THE ROTATING CON
DUCTOR SO AS TO INTERSECT THE VERTICAL LINE WHICH IS DRAWN THROUGH THE 45°
MARK ON THE REFERENCE LINE AT THE RIGHT. THE SLOPE OF THE FIRST PORTION OF
THE CURVE MUST THEN BE SUCH AS TO EXTEND FROM THE 0°POINT OF THE REFERENCE
LINE THROUGH THE POINT WHERE THE TWO LINES CROSS AT THE 45°POSITION OF
THE REFERENCE LINE.

AS THE CONDUCTOR IS ROTATED FARTHER, OR FROM THE 45°MARK TO THE 900
POSITION, IT WILL CUT STILL MORE LINES OF FORCE AND STILL MORE NEARLY AT
RIGHT ANGLES SO THAT THE GENERATED VOLTAGE CONTINUES TO INCREASE.FINALLY,
AT THE 90°POSITION,THE MAXIMUM NUMBER OF LINES OF FORCE ARE BEING CUT AT
RIGHT ANGLES AND THEREFORE, THE GENERATED VOLTAGE IS AT THIS TIME AT ITS
PEAK OR MAXIMUM VALUE. THEN BY PROJECTING THE 90CPOSITION OF CONDUC..

TOR OVER TO THE VERTICAL LINE, WHICH IS DRAWN THROUGH THE 90O POINT OF OUR
GRAPH, WE DETERMINE THE HIGHEST OR PEAK POSITION FOR THE VOLTAGE CURVE.

DURING THE TIME THAT THE CONDUCTOR TRAVELS FROM ITS 9ObPOINT TO THE
180°POSITION, IT WILL BEGIN CUTTING LESS LINES OF FORCE AT A MORE NEARLY
PARALLEL PLANE UNTIL THE 180°POSITION IS FINALLY REACHED. THIS MEANS THAT
THE GENERATED VOLTAGE WILL BE DECREASING AT THIS TIME, SO THAT THE VOL-
TAGE CURVE GRADUALLY APPROACHES THE REFERENCE LINE OF ZERO VOLTAGE. THEN
AS THE CONDUCTOR PASSES THROUGH ITS 180°POSITION,NO VOLTAGE AT ALL

IS

BE-
ING GENERATED DUE TO THE FACT THAT THE CONDUCTOR IS MOVING PARALLEL TO
LINES OF FORCE. CONSEQUENTLY, OUR VOLTAGE CURVE DROPS TO A ZERO VALUE AT
THE 180°MARK.

FROM THE 180°TO THE 270°POSITION, THE REVOLVING CONDUCTOR WILLAGAIN
COMMENCE CUTTING MORE AND MORE LINES OF FORCE AT AN INCREASING ANGLE BUT
AT THIS TIME, THE LINES OF FORCE ARE BEING CUT IN AN OPPOSITE DIRECTION
THAN BEFORE. FOR THIS REASON, THE POLARITY OF THE VOLTAGE IS NOW REVERSED
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SENT EITHER THE VOLTAGE OR
As YOU WILL NOTE FROM THE
RESULTING VOLTAGE CURVE,

ONE A.C. CYCLE WILL BECOM
PLETED DURING THE SINGLE
REVOLUTION OF THIS CONDU.Q
TOR AND AS THE ROTATION
OF THE CONDUCTOR CONTINUES,
WE WILL HAVE AN ENTIRESES
IES OF CYCLES.

THIS SAME CURVE OF
FIG.6 IS ALSO FREQUENTLY
SPOKEN OF AS THE SINE CUR
VE AND SO NOW IF YOU
SHOULD HEAR OR READ OF ANY
OF THESE TERMS,YOU WILL
KNOW JUST EXACTLY WHAT IS
MEANT BY THEM.

THE DIFFERENT A.C.
VALUES

AND THE VOLTAGE INCREASE IS THEREFORE AT THIS TIME REPRESENTED BY THAT PORT ION

OF THE CURVE WHICH IS DRAWN BELOW THE REFERENCE LINE OF ZERO VOLTAGE. AT
THE 270°POINT, OF COURSE, THE CONDUCTOR IS CUTTING A MAXIMUM NUMBER OF

LINES OF FORCE AT RIGHT ANGLES, SO THAT WE HAVE OUR MAXIMUM OR NEGATIVE

PEAK VOLTAGE AT THIS INSTANT.

AS THE CONDUCTOR GRADUALLY APPROACHES POSITION "X" AGAIN,SO AS TO

COMPLETE 360°OF TRAVEL OR ONE COMPLETE REVOLUTION,THE GENERATED VOLTAGE

BECOMES LESS UNTIL AT "X" OR THE 360°MARK, IT FINALLY REACHES A ZERO VAL
UE. THIS EXPLAINS WHY THE VOLTAGE CURVE AGAIN STRIKES THE REFERENCE LINE
OF ZERO VOLTAGE AT THE 360°MARK.

IN THIS CASE, THE CURRENT UNDERGOES THE SAME CHANGES IN RELATIVE

VALUE AS DOES THE VOLTAGE AND FOR THIS REASON, THE SAME CURVE CAN REPRE-
CURRENT VARIATION IN THIS PARTICULAR EXAMPLE.

PIG. 7.

Volka(3e and Current- Try Phase':

As you WILL OBSERVE FROM OUR VOLTAGE CURVE IN FIG. 6, THE VALUE OF

THE VOLTAGE AND CURRENT IS CONTINUALLY VARYING DURING THE CYCLE AND AS A
RESULT, A DIFFERENT VALUE IS OBTAINED AT EACH SUCCESSIVE INSTANT. FOR

THIS REASON, WE SPEAK OF THREE DIFFERENT KINDS OF VALUES WHEN REFERRING
TO ALTERNATING VOLTAGE OR CURRENT. THESE THREE VALUES ARE KNOWN AS THE

PEAK VALUE, INSTANTANEOUS VALUE AND THE EFFECTIVE VALUE. FOR GENERAL PRA
CTICAL WORK, HOWEVER, ONLY THE PEAK AND EFFECTIVE VALUES ARE OF IMPOR-

TANCE.

THE PEAK VALUES ARE CLEARLY ILLUSTRATED FOR YOU IN FIG. 6 AND OF

COURSE THESE VALUES ARE JUST WHAT THEIR NAME INDICATES. THAT IS, THE

PEAK VOLTAGE OR CURRENT IS THE MAXIMUM VOLTAGE OR CURRENT WHICH IS GENER
ATED AT SOME INSTANT OF THE CYCLE.

WHEN WE SPEAK OF A.C. CIRCUITS AS OPERATING AT A VOLTAGE OF 220

VOLTS, WE ARE REFERRING TO THE EFFECTIVE VOLTAGE VALUE AND NOT TO THE
PEAK VALUE. THE TERM "EFFECTIVE VOLTAGE" IS ALWAYS UNDERSTOOD TO BE MEANT

UNLESS WE ACTUALLY SPECIFY "PEAK VOLTAGE". THE PEAK VOLTAGE OF A220 VOLT
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CIRCUIT IS REALLY EQUAL TO APPROXIMATELY 311.17 VOLTS BECAUSE THE EFFECT-
IVE VOLTAGE IS APPROXIMATELY EQUAL TO .707 OF THE MAXIMUM OR PEAK VOLTAGE.
IN LIKE MANNEROF THE PEAK VOLTAGE IS 155.16 VOLTS, THEN THE EFFECTIVEVO1
TAGE IS EQUAL TO APPROXIMATELY 110 VOLTS AND WE WOULD SPEAK OF THE SYSTEM
AS BEING A 110 VOLT CIRCUIT. AN A.C. VOLTMETER REGISTERS THE EFFECTIVE vol
TAGE AND NOT THE PEAK VOLTAGE.

THE EFFECTIVE CURRENT OF AN A.C. CIRCUIT IS THE CURRENT WHICH HAS
THE SAME HEATING EFFECT AS A DIRECT CURRENT OF SO MANY AMPERES. THE EFFEQ
TIVE VALUE OF THE CURRENT IN AN A.C. CIRCUIT IS EQUAL TO APPROXIMATELY
.707 TIMES THE MAXIMUM CURRENT OF THE CYCLE. IN OTHER WORDSOF THE MAXIMUM
CURRENT AT SOME INSTANT OF THE CYCLE IS 50 AMPERES,THEN THE EFFECTIVE CUB
RENT IS EQUAL TO .707 X 50 OR 35.35 AMPERES.

THE EFFECTIVE VOLTAGE THEN CAN ALSO BE

FIG. 8

Voltage and Current*out- of Phases

CONSIDERED AS THE ALTERNAT-
ING VOLTAGE REQUIRED TO FOR
CEA CURRENT THRU A CIRCUIT
HAV ING THE SAME HEATING VA

UE AS THE CURRENT WHICH IS

PRODUCED BY A 01RECTVOLTAGE
OF TH I S SAME VALUE. THE EF-
FECT I V E VALUES ARE ALSO FR.g

QUENTLY SPOKEN OF AS THOR/
OT MEAN SQUARE VALUE," WH 1 CH

IS GENERALLY ABREV IATED AS
R.M.S. YOU WILL COME A-
CROSS THIS TERM QUITE OF-
TEN IN RADIO LITERATURE
AND SO NOW YOU WILL AL-
READY KNOW WHAT IT MEANS
AND WILL HAVE NO REASON TO
WONDER ABOUT IT IF YOU
SHOULD FIND IT USED SOME-
WHERE.

REMEMBER NOW, ..., TO
DETERMINE THE EFFECTIVE VOLTAGE IN TERMS OF THE PEAK VOLTAGE,SIMPLY MUL-
TIPLY THE PEAK VOLTAGE BY .707. FOR INSTANCE, IF THE PEAK VOLTAGE IS 435
VOLTS, THEN THE EFFECTIVE VOLTAGE WILL BE EQUAL TO 435 X .707 OR 307.545
VOLTS. THE SAME RULE APPLIES TO CURRENT,FOR IN THIS CASE,THE EFFECTIVE CUE
RENT IS EQUAL TO THE PEAK CURRENT MULTIPLIED BY .707 THAT IS TO SAY, IF
THE PEAK CURRENT IS 55 AMPERES, THE EFFECTIVE CURRENT WILL BE EQUAL TO 55
X .707 OR 38.885 AMPERES.

ON THE OTHER HAND,TO DETERMINE PEAK VALUES IN TERMS OF EFFECTIVE
VALUES,MULTIPLY THE EFFECTIVE VALUE BY THE CONSTANT 1.41. IN OTHER WORDS,
IF THE EFFECTIVE VOLTAGE IS KNOWN TO BE 300 VOLTS, THEN THE PEAK VOLTAGE
WILL BE EQUAL TO 300 X 1.41 OR 423 VOLTS. IN LIKE MANNERS F THE EFFECTIVE
CURRENT IS 30 AMPERES, THEN THE PEAK CURRENT WILL BE EQUAL TO 30 X 1.41 OR
42.3 AMPERES.

THESE RULES AS HERE GIVEN,HOWEVER,APPLY ONLY TO CIRCUITS IN WHICH
THE ALTERNATING VOLTAGES AND CURRENTS ARE OF A TRUE SINE -WAVE FORM.

THE INSTANTANEOUS VALUES OF THE CURRENT OR VOLTAGE IN AN A.C. CIR...
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CULT ARE THE VALUES AT SOME PARTICULAR INSTANT OF THE CYCLE. THAT IS,THE
VALUE AT THE 35°POINT OF THE CYCLE,AT THE 42ePOINT ETC., BUT FOR PRAC-
TICAL RADIO PURPOSES, YOU WILL HAVE NO USE FOR INSTANTANEOUS VALUES OF
EITHER THE VOLTAGE OR CURRENT. HOWEVER, IN A LATER LESSON YOU WILL BE
SHOWN HOW TO CALCULATE PROBLEMS INVOLVING INSTANTANEOUS VALUES.

THE MEANING OF "PHASE"

NOW THERE IS ANOTHER ELECTRICAL EXPRESSION WHICH YOU WILL FINDUSEC
A GREAT DEAL RELATIVE TO A.C. CIRCUITS IN RADIO ANC THIS IS THE TERM
"PHASE". NO DOUBT, FIG. 7 AND FIG. 8 WILL A1C YOU CONSIDERABLY IN GRASP-
ING THE MEANING OF THIS POPULAR TERM.

IN FIG. 7, FOR INSTANCE, WE HAVE
THAT THE VOLTAGE AND CURRENT IN AN A.C.
CIRCUIT ARE "IN PHASE". HERE WE ARE
PICTURING VOLTAGE AS THE LARGE AND
MORE POWERFUL DEMON WHILE THE CURRENT
IS THE SMALLER BUT ACTIVE HARD WORKING
LITTLE FELLOW. BOTH ARE APPLYING THEIR
UTMOST EFFORTS SIMULTANEOUSLY TOWARDS
COMPRESSING THE SPRING,THEREBY CAUSING
THE INDICATING NEEDLE TC SWING A CON-
SIDERABLE DISTANCE ACROSS THE SCALE.
IN OTHER WORDS,THE VOLTAGE AND CURRENT
ARE BOTH IN STEP WITH EACHOTHER, WORK-
ING IN CLOSE "TEAM WORK."

AN EXAMPLE ILLUSTRATING THE FACT

FIG, 9

Ca/culal-ing Induceire ,2eact.ar7ce,
NOW THEN, IF WE SHOULD SHOW BOTH

THE VOLTAGE AND CURRENT SINE CURVES SIMULTANEOUSLY AT THIS TIME, THEY
WOULD APPEAR AS ILLUSTRATED AT THE UPPER LEFT OF FIG. 7. AS YOU WILLNOTE,
THE PEAK VALUES OF BOTH THE VOLTAGE AND CURRENT OCCUR AT THE SAME INSTANT
AND THEY BOTH DROP TO A ZERO VALUE AT THE SAME INSTANT. THIS RELATION EiL
TWEEN THE VOLTAGE AND CURRENT ALWAYS EXISTS WHENEVER THE VOLTAGE AND THE
CURRENT ARE IN PHASE.

WHENEVER AN A.C. CIRCUIT CONTAINS RESISTANCE ALONE AND NEITHER IN-
DUCTANCE OR CAPACITY,THEN THE VOLTAGE AND CURRENT ARE ALWAYS IN PHASE AS
HERE SHOWN.

NOW IN FIG. 8,WE HAVE PICTURED A DIFFERENT CONDITION, FOR HERE VOL-
TAGE IS LAYING DOWN ON THE JOB AND DOESN'T REALLY COMMENCE WORKING AS
HARD AS IT SHOULD UNTIL THE CURRENT HAS ALREADY COMMENCED TO BUILD UP.
THE RESULT IS, THAT THE CURRENT REACHES ITS PEAK VALUE BEFORE THE VOLTAGE
REACHES ITS PEAK VALUE. IN OTHER WORDS,THE VOLTAGE LAGS BEHIND THE CURB
ENT OR THE CURRENT LEADS THE VOLTAGE AND SO NATURALLY SINCE THE CURRENT
AND VOLTAGE ARE NOW OUT OF STEP WITH EACHOTHER,WE USE THE ELECTRICAL EX-
PRESSION BY SAYING THAT THEY ARE "OUT OF PHASE".

AS YOU SHALL SEE A LITTLE LATER,THERE ARE ALSO TIMES WHERE THE VO1
TAGE LEADS THE CURRENT IN AN A.C CIRCUIT BUT IRRESPECTIVEOFWHICHOF THE
TWO VALUES IS LEADING THE OTHER,THEY ARE OUT OF PHASE UNLESS INCREASING
AND DECREASING IN VALUE SIMULTANEOUSLY. NOW THAT YOU UNDERSTAND WHAT IS

MEANT BY THESE TWO ELECTRICAL TERMS "IN PHASE" AND "OUT OF PHASEM,LET US
NEXT INVESTIGATE THE MATTER OF INDUCTANCE A LITTLE MORE THOROUGHLY.
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INDUCTIVE REACTANCE

IN ALL OF YOUR PRELIMINARY sTUDIES,YOU LEARNED THAT AN INDUCTANCE OR
COIL OFFERED AN OPPOSITION TO THE FLOW OF ALTERNATING CURRENT DUE TO THE
SELF INDUCTION IN THE WINDING. YOU ALSO LEARNED THAT THE OPPOSITION OFFER
ED BY AN INDUCTANCE INCREASES WITH AN INCREASE IN FREQUENCY BUT NOW LET US
CONSIDER THIS EFFECT IN GREATER DETAIL. TO BEGIN WITH, T IS UNDERSTOOD
THAT A STRAIGHT WIRE OFFERS A RESISTIVE EFFECT TO BOTH D.C. AND A.C.CURR..
ENTS AND THE CONDUCTOR'S RESISTANCE IS DETERMINED BY THE MATERIAL,LENGTH,
AREA AND TEMPERATURE OF THE CONDUCTOR. FURTHERMORE,YOU KNOW THAT THE CON-
DUCTOR'S RESISTANCE IS MEASURED IN OHMS.

A.C.
SINCE A COIL OR INDUCTANCE OFFERS AN OPPOSITION TO THE FLOW OF AN

CURRENT ON ACCOUNT OF ITS MAGNETIC QUALITIES,IT IS NO MORE BUT REAS-
ONABLE THAT WE ALSO MEASURE
THIS TYPE OF OPPOSITION IN

OHMS, BECAUSE THE EFFECT OF A

GIVEN E.M.F. OF SELF INDUCTION
IN IMPEDING OR RETARDING THE
FLOW OF CURRENT IS EQUIVALENT
TO A CERTAIN NUMBER OF OHMS Rg
SISTANCE WHICH WOULD HAVE EX-

ACTLY THE SAME EFFECT.NOW THE
REAL ELECTRICAL NAME FOR THIS
EFFECT OF SELF-INDUCTION TO

OPPOSING THE FLOW OF ALTERNAT-
ING CURRENT IS CALLED INDUCTIVE
REACTANCE. So REMEMBER NOW,

INDUCTIVE REACTANCE IS SIMPLY
THE OPPOSITION OFFERED BY A COIL OR WINDING TO THE FLOW OF A.C. OR pULSAI
ING D.C. CURRENTS DUE TO SELF-INDUCTION IN THE WINDING.

FlO. 10

Inductive ReacEarice of Z. F. Choke

CALCULATING INDUCTIVE REACTANCE

WE HAVE A SIMPLE FORMULA AVAILABLE FOR OUR USE1WHICH ENABLES US TO

CALCULATE QUITE READILY THE INDUCTIVE REACTANCE OF ANY INDUCTANCE. To

DETERMINE THE INDUCTIVE REACTANCE OF ANY COIL,SIMPLY MULTIPLY TOGETHER
2 X 3.1416 X FREQUENCY IN CYCLES PER SECOND X THE INDUCTANCE OF THE COIL
IN HENRIES. EXPRESSED AS A FORMULA WE HAVE XL= 211fL WHERE X L IS THE
STANDARD SYMBOL FOR INDUCTIVE REACTANCE, 1'IS THE CONSTANT 3.1416,"$" IS

THE FREQUENCY EXPRESSED IN CYCLES PER SECOND AND L IS THE SYMBOL FOR IN-

PUCTANCE IN HENRIES.

SOMETIMES YOU WILL ALSO COME ACROSS THIS FORMULA WRITTEN IN THE FORM
XL=6.28JCL . IN THIS CASE,THE APPROXIMATE VALUE OF 31- OR 3.14 HASALREADY
BEEN DOUBLED OR MULTIPLIED BY 2 SO AS TO GIVE THE CONSTANT 6.28 IN THE
LATTER FORM. OTHERWISE,BOTH FORMULAE ARE IDENTICAL AND YOU CAN USE EITH-
ER. THE LATTER OR XL=6.28.fL IS MOST USED FOR PRACTICAL PURPOSES BECAUSE
IT REQUIRES LESS COMPUTATION AND IS SUFFICIENTLY ACCURATE EVEN THOUGH THE
LAST TWO DECIMAL PLACES HAVE BEEN DROPPED FROM THE VALUE ()Fir.

IN FIG. 9, WE HAVE A PRACTICAL EXAMPLE FOR DETERMINING THE INDUCTIVE
REACTANCE OF AN INDUCTANCE. IN THIS CASE, A 310 HENRY CHOKE OR IMPEDANCE
COIL IS CONNECTED IN THE PLATE CIRCUIT OF A TYPE -27 TUBE. LET US NOW
DETERMINE THE INDUCTIVE REACTANCE OF THIS CHOKE AT THE TIME THAT AUDIO
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CURRENT VARIATIONS OF A 100 CYCLE FREQUENCY FLOW THROUGH IT.

OUR FORMULA FOR THIS CALCULATION 13 OF COURSE XL=6.28J7L, SO OUR

FIRST STEP IS TO SUBSTITUTE OUR VALUES INTO THE FORMULA. SINCE THE FRE

QUENCY,WITH WHICH WE ARE DEALING AT THIS PARTICULAR TIME, IS 100 CYCLES AND

THE INDUCTANCE OF THE CHOKE IS 30 HENRIES,WE SIMPLY INSERT THESE VALUES

FOR I" AND "L" IN THE FORMULA. WE THEN HAVE THE EXPRESSION THAT XL= 6.28

X 1000 30 AND HENCE BY MULTIPLYING TOGETHER 6.28 BY 100 BY 30,WE FIND

THAT THE INDUCTIVE REACTANCE FOR THIS 30 HENRY CHOKE AT 100 CYCLES IS

18,840 OHMS. AS YOU WILL NOTE, THIS CHOKE WILL OFFER A CONSIDERABLE LOAD

IN THE PLATE CIRCUIT OF THIS TUBE AT 100 CYCLES IN SPITE OF THE FACT THAT

THE D.C. OR OHMIC RESISTANCE OF THE WIRE MAKING UP THE CHOKE 13 RELATIVELY

LOW.

FOR THE SAKE OF EXPLANATION, LET US SEE WHAT HAPPENS WHEN THE FREQUEJj

CY OF THE CURRENT PASSING THROUGH THIS SAME CHOKE IS INCREASED. FOR EX-

AMPLE, WE WILL ASSUME THAT AN AUDIO FREQUENCY OF 2000 CYCLES IS ACTING

UPON IT AT ONE INSTANT. AT THIS TIME, WE HAVE TO SUBSTITUTE THE VALUE OF

2000 FOR "I" IN OUR FORMULA AND THE EXPRESSION7HEN BECOMES XL=628X2000 X

30. WORKING OUT THIS CALCULATION, WE FIND THE INDUCTIVE REACTANCE FORTH'S

CHOKE AT 2000 CYCLES TO BE 376,800 OHMS. THIS SHOWS YOU THAT THE INDUCTIVE

REACTANCE INCREASES VERY RAPIDLY AS THE OPERATING FREQUENCY IS INCREASED.

QUITE OFTEN IN YOUR RADIO WORK, YOU WILL HAVE TO DEAL WITH COILS ETC;

WHOSE INDUCTANCE IS SO SMALL THAT THE UNIT "MILLIHENRY" OR "MICROHENRY"IS

USED, SUCH AS IN THE CASE OF R.F. CHOKES AND R.F. TRANSFORMER WINDINGS.IN

THIS INSTANCE, YOU WILL HAVE TO BE CAREFUL WHEN CALCULATING THE COIL'S I.

DUCTIVE REACTANCE WITH OUR FORMULA, FOR THE VALUE OF THE INDUCTANCE WILL

FIRST HAVE TO BE CHANGED TO HENRIES. THAT IS, 17 THE COIL'S INDUCTANCE IS

GIVEN AS 80 MILLIHENRIES, THIS IS, EQUIVALENT TO .080 HENRIES. IF THE IN-

DUCTANCE IS GIVEN AS 100 MICROHENRIES,THEN THIS IS EQUIVALENT TO .000IHEN-

RIES ETC.

TO BE SURE THAT YOU UNDERSTAND HOW TO TACKLE A PROBLEM WHERE VALUES

MUST FIRST BE CHANGED TO DIFFERENT UNITS,LET US WORK OUT THE PROBLEM ILL-
USTRATED IN FIG. 10. HERE WE HAVE AN 80 MILLIHENRY CHOKE CONNECTED IN THE
PLATE CIRCUIT OF A TYPE -27 DETECTOR TUBE. NOW LET US DETERMINE THE IN-

DUCTIVE REACTANCE OR THE OPPOSITION OFFERED BY THIS CHOKE TO A RADIO FRE,.

QUENCY OF 500 KC.

OUR FIRST STEP IS TO CHANGE THE VALUE OF THE CHOKE FROM 80 MILLIHEN
RIES TO ITS EQUIVALENT OF .080 HENRIES. THE RADIO FREQUENCY OF 500 KC.

MUST NEXT BE CHANGED TO ITS EQUIVALENT OF 500,000 CYCLES. THIS DONE, WE

ARE NOW READY TO SUBSTITUTE THESE NEW VALUES INTO OUR FORMULA OFINDUCTIVE

REACTANCE. THAT IS, XL=6.28JFL OR Xe6.28 X 500,000 X .080=-251,200 OHMS.

As you WILL NOTE FROM THE RESULTS OF THIS CALCULATION,AN ORDINARVR.F.

CHOKE OFFERS A GREAT DEAL OF OPPOSITION OR INDUCTIVE REACTANCE TO RADIO

FREQUENCIES.

ANOTHER GROUP OF HANDY FORMULAS FOR EASY DETERMINATION OF THE INDUC-

TIVE REACTANCE OF A GIVEN INDUCTANCE ARE AS FOLLOWS:

IF THE FREQUENCY IS GIVEN IN CYCLES AND THE INDUCTANCE IN HENRIES,
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THEN THE REACTANCE IN OHMS -CYCLES X HENRIES X 1000. THAT IS, MULTIPLY TO..
159

GETHER THE FREQUENCY IN CYCLES, INDUCTANCE IN HENRIES AND MULTIPLY THIS

PRODUCT BY 1000. FINALLY, DIVIDE THIS RESULT BY 159 AND THE ANSWER WILLBE
THE REACTANCE IN OHMS.

IF THE FREQUENCY IS GIVEN IN KILOCYCLES AND THE INDUCTANCE IN MILLI -

HENRIES, THEN THE INDUCTIVE REACTANCE IN OHMS IS EXPRESSED AS FOLLOWS:
KILOCYCLES X MILLIHENRIES X IWO, THESE ARE ONLY APPROXIMATE FORMLAE BUT

159

OFFER SUFFICIENTLY ACCURATE RESULTS FOR ORDINARY PRACTICAL PURPOSES.

IN THIS LESSON, YOU HAVE RECEIVED CONSIDERABLE INFORMATION OF IMPOR-

TANCE RELATIVE TO A.C. CIRCUITS AND YOU ARE URGED TO STUDY THIS LESSON VERY
CAREFULLY. WE SHALL CONTINUE OUR INVESTIGATION OF MANY MORE INTERESTING
PHENOMENA CONCERNING ALTERNATING CURRENTS IN THE FOLLOWING LESSONS. THEN

WHEN YOU HAVE MASTERED THE COMING LESSONS. YOU ARE GOING TO ENTER THE MOST
FASCINATING PORTION OF YOUR RADIO TRAINING, NAMELY THAT OF DESIGNING AND

CONST,2UCTING RADIO EQUIPMENT SUCH AS R.F. COILS, POWER TRANSFORMERS, COM-
PLETE POWER PACKS ETC.

---.4 kt-

examination dtle6tiOn5
EXPLAIN HOW A GENERATOR PRODUCES AN ALTERNATING VOLTAGE.

\2. - DESCRIBE THE "SINE CURVE".

3. - WHAT DO WE MEAN BY THE TERMS PEAK VALUE, INSTANTANEOUS
VALUE, AND EFFECTIVE VALUE?

4. - IF THE PEAK VOLTAGE OF A CERTAIN A.C. CIRCUIT IS 600
VOLTS, WHAT IS THE EFFECTIVE VOLTAGE?

5. - IF THE EFFECTIVE VOLTAGE OF A CERTAIN A.C. CIRCUIT IS
256 VOLTS, WHAT IS THE PEAK VOLTAGE?

6. - WHAT DO WE MEAN BY THE EXPRESSIONS "IN PHASE" AND "OUT
OF PHASE" WITH RESPECT TO A.C. CIRCUITS?

7. - WHAT IS MEANT BY THE TERM INDUCTIVE REACTANCE?

8. - A CERTAIN A.F. CHOKE HAS AN INDUCTANCE OF 30 HENRIES.
WHAT WILL BE ITS INDUCTIVE REACTANCE TOWARDS A.F.cuR-
RENTS HAVING A FREQUENCY OF 1500 CYCLES PER SECOND?

9. - WHAT INDUCTIVE REACTANCE WILL AN 85 MILLIHENRY R.F.
CHOKE OFFER TOWARDS RADIO FREQUENCY CURRENTS OF 600
Kc?

WHENEVER AN A.C. CIRCUIT CONTAINS RESISTANCE ALONE AND
NO INDUCTANCE OR CAPACITY, WILL THE VOLTAGE AND CURR-
ENT BE IN PHASE OR OUT OF PHASE?
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INDUCTANCE-CONDENSEI2 CALCULATIONS IN A.C.CIRCUITS

IMPEDANCE
ONE OF THE MOST IMPORTANT THINGS ABOUT A THOROUGH RADIO TRAINING IS

THAT IT PUTS YOU INTO A POSITION WHERE YOU HAVE A LARGE VARIETY OF JOBS

TO CHOOSE FROM. IN OTHER WORDS, YOU CAN BECOME AN EXPERT RADIO SERVICE
ENGINEER, A RADIO DEALER, A TESTER FOR A RADIO MANUFACTURING CONCERN SUCH
AS THOSE MEN SHOWN IN FIG. I, A DESIGNER ETC.

THIS FACT, OF COURSE, MEANS A GREATER CHANCE FOR EMPLOYMENT IN TI -E

ACTIVE RADIO,FIELD AND YOU WILL FIND THAT EACH OF ITS BRANCHES OFFERS YOU
MANY OPPORTUNITIES WITH GOOD SALARIES THAT ARE DUE TO SUCH MEN AS YOU,

WHO ARE EQUIPPED WITH THOROUGH TRAINING.

FIG.1

Testing clic. Equipment-.

SET YOURSELF A HIGH GOAL AND
KEEP THIS GOAL CONSTANTLY IN MIND, SO
THAT YOU WILL BE INSPIRED TO STUDY
HARD IN ORDER TO ATTAIN THE SUCCESS

THAT IS BOUND TO COME TO YOU. REMEM-
BER, THAT EACH LESSON IS NOTHING MORE
THAN A STEPPING STONE,WHICH IS BRING-
ING YOU CLOSER AND CLOSER TO THAT

GOOD RADIO JOB.

NOW LET US CONTINUE WITH THESES
ONO PORTION OF OUR STUDY,WHICH CON-

CERNS THE ESSENTIALS OF A.D. CIRCUITS.

THE PHASE RELATION IN
INDUCTIVE CIRCUITS

FIRST, WE SHALL INVESTIGATE THE MA-
TTER OF THE 'PHASE RELATION IN A CIR-
CUIT CONTAINING INDUCTANCEALONE AND NO
RES ISTANCEOR CAPACITY. OF COURSE, SUCH A

CONDITION IS REALLY IMPOSSIBLE IN A FRA
CTICAL SENSE BUT NEVERTHELESS, AN UN-
DERSTANDING OF IT WILL AID YOU IN MORE
READILY UNDERSTANDING THE PHASE RELA-
TION IN INDUCTIVE CIRCUITS THAN IF WE
SHOULD ALREADY CONSIDER A COMPLEX CON-
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DITION AS REALLY EXISTS IN ACTUAL PRACTICE*

THE VOLTAGE AND CURRENT FOR A PURE INDUCTIVE CIRCUIT ARE SHOWN TO-
GETHER IN FIG. 2. HERE YOU WILL NOTE THAT THE VOLTAGE COMMENCES TO IN-
CREASE RAPIDLY BEFORE THE CURRENT ACTUALLY STARTS TO FLOW THROUGH THE

CIRCUIT, THIS PECULIAR
EFFECT IS DUE TO THE
COUNTER ELECTROMOTIVE FOR,
CE DEVELOPED BY THE IN-
DUCTANCE AS A VOLTAGE IS
FIRST APPLIED ACROSS IT.
THE VOLTAGE, YOU WI LL NOTE

IN FIG. 2, REACHES ITS

PEAK VALUE AT WAND AT
THIS SAME INSTANT, THE
CURRENT JUST STARTS ITS

INCREASE IN VALUE. IN

OTHER WORDS,THE CURRENT
LAGS BEHIND THE VOLTAGE
CONTINUALLY, THE CURRENT

REACHES

G.

Voltage Leads Current in induct.; ye Circuths.

BY 900, OR THE VOLTAGE LEADS THE CURRENT BY 90:
REACHES ITS PEAK VALUE WHEN THE VOLTAGE IS ZERO AND THE VOLTAGE
ITS PEAK VALUE WHEN THE CURRENT IS AT ZERO. THUS WE CONCLUDEITHATIN
CUITS CONTAINING INDUCTANCE ALONE, THE VOLTAGE AND CURRENT ARE 900 OUT OF
PHASE, WITH THE VOLTAGE LEADING THE CURRENT.

SERIES CONNECTED INDUCTANCES

Now LET US CONSIDER THE EFFECT WHICH IS PRODUCED WHEN INDUCTANCES
ARE CONNECTED IN SERIES. THIS IS ILLUSTRATED FOR YOU IN FIG 3 AND IT IS
INTERESTING TO NOTE THAT WE TREAT SERIES CONNECTED INDUCTANCES THE SAME
AS SERIES CONNECTED RESISTORS. THAT IS, AT THE TOP OF FIG. 3, WE HAVE A
300 OHM, 200 OHM AND 400 OHM RESISTOR CONNECTED IN SERIES* THE TOTAL RE-
SISTANCE OF THIS COMBINATION THUS BECOMES EQUAL TO THEIR SUM
4-400 OR 900 OHMS.)

(300 -1' 200

WHEN INDUCTANCES ARE CONNECTED IN

SERIES, WE FIGURE THE TOTAL INDUCTANCE THE
SAME WAY. THAT !SON THE CASE OF FIG3,THE
300 MICROHENRY (THE SYMBOL !hill " DENOTES
1/MICROHENRY"), 200 MICHROHENRY AND 400
MICHROHENRY COILS ARE CONNECTED TOGETHER
IN SERIES. THE TOTAL INDUCTANCE OF THE C°2
BINATION THUS BECOMES 300 + 200 + 400
OR 900 MICHROHENRIES IN LIKE MANNER, THE
TOTAL INDUCTIVE REACTANCE OF THESE THREE
COILR TOWARDS THE FLOW OF AN A.C. CURRENT
OF GIVEN FREQUENCY WOULD BE EQUAL TO THE
SUM OF THE REACTANCES OF THE THREE COILS.

PARALLEL CONNECTED INDUCTANCES
Inductances Connected

In Seri -QS.

IN FIG41 WE HAVE PICTURED THE CONDITION WHERE THREE COILS,OR IN-
DUCTANCES ARE CONNECTED IN PARALLEL AND IN THIS CASE, THE COMPUTATION FOR
THE TOTAL OR COMBINED INDUCTANCE CAN BE COMPARED TO THAT OF CALCULATING
THE COMBINED RESISTANCE OF A PARALLEL CONNECTED GROUP OF RESISTORS. FOR



LESSON NO.40 PAGE 3

EXAMPLE, AT THE TOP OF FIG.4,
NECTED IN PARALLEL AND AS YOU
OF THE COMBINED RESISTANCE OF
RECIPROCALS OF THE INDIVIDUAL

WE HAVE A 300,200 AND 400 OHM RESISTOR COA,
LEARNED IN A PREVIOUS LESSON,THE RECIPROCAL
THIS COMBINATION IS FOUND BY ADDING THE

RESISTORS. THAT 18,1.114 OR
R R, R, R, R 300 200

I OR I/P 4 +6 OR R=92.3 OHMS.
400 R 1200 1200 1200

IN LIKE MANNER, THE RECIPROCAL OF
THE TOTAL INDUCTANCE OF A GROUP OF PAR-
ALLEL CONNECTED INDUCTANCES,BECOMES E-

QUAL TO THE SUM OF THE RECIPROCALS OFTHE
INDIVIDUAL INDUCTANCES. FOR EXAMPLE, IN

THE CASE OF FIG. 4, 1 1 11 WHERE L

L LI Li L3
REPRESENTS INDUCTANCE.CONTINUING,WEHAVE
THAT I I OR J. 4 61-- -4-- +-

L 300 200 400 L 1200 1200
3 , WHENCE L OR THE COMBINED INDUC
1200

TANCE BECOMES 92.3 MICROHENRIES.IT THUS
ALSO FOLLOWS THAT THE TOTAL INDUCTIVE
REACTANCE OF THESE THREE COILS TOWARDS
THE FLOW OF AN A.C. CURRENT OF GIVEN
FREQUENCY WOULD BE FIGURED WITH THE AID
OF RECIPROCALS. IN OTHER WORDS, F THREE
PARALLEL CONNECTED COILS AT A GIVENFRE

FIG.4
inducances Connected

Pralle/.
QUENCY RESPECTIVELY HAVE AN INDUCTIVE REACTANCE OF 2000 OHMS,I500
AND 3000 OHMS, THE THREE TOGETHER WOULD HAVE A COMBINED REACTANCE
666.66 OHMS ( I I I OR X-666.66 oHMs).

X 2000 1500 3C00

CAPACITIVE REACTANCE

OHMS
OF

Now LET US TURN OUR ATTENTION TO A DIFFERENT TYPE OF REACTANCE.THIS
TIME, IT IS GOING TO BE CAPACITIVE REACTANCE AND THIS IS THE REAL NAME
FOR THE OPPOSING EFFECT THAT A CONDENSER OFFERS TO THE FLOW OF AN ALTER-
NATING CURRENT. YOU ARE ALREADY SOMEWHAT FAMILIAR WITH THIS INTERESTING
PHENOMENA BUT AT THIS TIME, WE ARE GOING TO CONSIDER IT IN A MORE ADVAIW.

CED FORM.

FiG,5
Calculating Capa Reaci.ance.

Xclo

ACTANCE, "2,r" IS THE CONSTANT
6.28 (APPROXIMATE) "JC" IS THE

FREQUENCY IN CYCLES PER SECOND

AND "C" IS THE CAPACITY OF THE.

GIVEN CONDENSER EXPRESSED IN FARADS.

To BEGIN WITH, CAPACITIVE
REACTANCE IS ALSO MEASURED IN OHMS,
THE SAME AS RESISTANCE AND INDUC-
TIVE REACTANCE.THE METHOD OF CAL-
CULATING THE CAPACITIVE REACTANCE,
HOWEVER, IS SOMEWHAT DIFFERENT,AND
WE MAKE USE OF THE FOLLOWING FORM
ULA:

X4`"
1 OR WHEREe

arfC 6.28fC
THE SYMBOL FOR CAPACITIVE Rg
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A PRACTICAL CAPACITIVE REACTANCE PROBLEM

LET US WORK OUT A PRACTICAL PROBLEM INCLUDING CAPACITIVE REACTANCE
AND SEE JUST WHERE WE STAND. IN FIG. 5, YOU ARE SHOWN TWO R.F.AMPLIFYING
STAGES WHICH HAVE A 200 OHM GRID BIAS RESISTOR INSTALLED IN THEIR COMMON
CATHODE CIRCUIT. THIS 200 OHM RESISTOR IS BY PASSED BY A.I MFD*CONDENSER.

Current

()

Neg. current
peak value.

8o°

360°

AS YOU ALREADY KNOW,

THE PURPOSE OF THIS BYPASS
CONDENSER IS TO PASS THE
RADIO FREQUENCIES TO GROUND
SO THAT THEY WON'T PASS
THROUGH THIS RESISTOR BUT
NOW LET US SEE HOW THIS COI
DITION IS GOING TO WORK OUT
MATHEMATICALLY*

/ SINCE WE ALREADY KNOW
,/ Neg. Vol kage

Peak Value. THAT A CONDENSER OFFERS LEGS
OPPOSITION OR LESS REACTANCE
TO ALTERNATING CURRENTS AS

THE FREQUENCY INCREASES,LET

FIG. 6
Curren/ Leads the Vothage

US CHOOSE A LOW RADIO BROAQ

b7 a OaPa- CAST FREQUENCY AND SEE WHAT
IS GOING TO HAPPENWE SHALL
ASSUME AN R.F. OF 550 Kc.

THE CAPACITIVE REACTANCE OF THIS .1 MFD, CONDENSER TO A RADIO FREQUENCY
OF 500 KC. IS EXPRESSED BY THE FORMULA Asy 1

'Nc6.28 X 500,000 X .0000001
(NOTE THAT 550,000 cYcLEsz550 Kc. AND .0000001 FARAD -.I MFD). THIS FORM-
ULA WORKS OUT AS OR THE CAPACITIVE REACTANCE OF THE .1 MFD. CON-

.3I4
DENSER AT 550 KC. IS 3.18 OR APPROXIMATELY 3 OHMS.

THE BIAS RESISTOR OFFERS APPROXIMATELY 200 OHMS OF RESISTANCE IRR-
ESPECTIVE OF THE FREQUENCY AND SINCE WE FOUND THAT THE .1 MFD. BY-PASS
CONDENSER ONLY HAS A CAPACITIVE REACTANCE OF APPROXIMATELY 3 OHMS AT 500
KC., IT IS OBVIOUS THAT CURRENTS OF THIS FREQUENCY WILL MOST NATURALLY
PASS THROUGH THE CONDENSER IN PREFERANCE TO THE RESISTOR BECAUSE THE OP-
POSITION OFFERED BY THE RESISTOR TO THESE CURRENTS IS NEARLY 70 TIMES AS
GREAT AS THAT OFFERED BY THE CONDENSER.

AS THE FREQUENCY BEINGHANJa
LED BECOMES GREATER,THE CAPACI-
TIVE REACTANCE BECOMES LESS AT
A RAPID RATE'S() THAT THE EFFECT
OF THE BY-PASS CONDENSER BECOMES
STILL MORE PRONOUNCED.FOR
AMPLEIAT 1500 KC.THE REACTANCE
OF THE BY-PASS CONDENSER IN FIG.
5 BECOMES AS FOLLOWS: Xc ==

6.28 X 1,500,000 X .0000001 °R
Xc==1.06 OR APPROXIMATELY I OHM.
IN OTHER WORDS,AT A FREQUENCY OF
1500 Kc., THE BIAS RESISTOR OF...

FtG.7
Capacit,i Increased by

ParaPel Connection.
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FERS ABOUT 200 TIMES AS MUCH OPPOSITION TO THESE HIGH FREQUENCIES AS
DOES THE CONDENSER AND SO THESE CURRENTS HAVE A STILL GREATER TENDENCY
TO PASS THROUGH THE CONDENSER IN PREFERANCE TO PASSING THROUGH THE 200
OHM RESISTOR.

THIS PRACTICAL PROBLEM IN ITSELF SHOWS YOU JUST EXACTLY WHAT A BY-
PASS CONDENSER ACCOMPLISHES,THEREBY EMPHASIZING ITS IMPORTANCE STILLMORE

ANOTHER FORMULA WHICH YOU CAN USE IN ORDER TO DETERMINE THE CAPAC-
ITIVE REACTANCE OF A GIVEN CONDENSER AT A SPECIFIED FREQUENCY IS AS FOLD,
OWS:

CAPACITIVE REACTANCE IN OHMS- 159,155
FREQUENCY IN CYCLES X CAPACITY INMFO

THIS FORMULA CHECKS CLOSELY WITH THE ONE GIVEN YOU PREVIOUSLYFOREXAMPLE,
WHEN USED TO CALCULATE THE CAPACITIVE REACTANCE OF THE BY-PASS CONDENSER
IN FIG. 14 AT 550 KC.,
THIS SECOND FORMULA
WORKS OUT AS: Xc ===

159,155 -2.89 o HMS
550,000 X .1
OR APPROXIMATELY 3 OHMS,
THE SAME AS OBTAINED FROM
THE PREVIOUS COMPUTATION. FIG. 8

Capacii& ieeo'uced by Series Connection.

THE PHASE RELATION IN CAPACITIVE CIRCUITS

Now THAT YOU ARE FAMILIAR WITH CAPACITIVE REACTANCE, LET US NEXT IN
VESTIGATE THE MATTER OF THE PHASE RELATION IN AN ELECTRICAL CIRCUIT CON-
TAINING CAPACITY ONLY. IN THIS CASE, THE VO-TAGE AND CURRENT CURVES WOULD
APPEAR AS ILLUSTRATED IN FIG, 6. NOTICE IN THIS GRAPH HOW DURING THIS
ONE CYCLE, THE CURRENT REACHES ITS MAXIMUM OR PEAK VALUE SO° BEFORE THE
VOLTAGE REACHES ITS PEAK VALUE. IN OTHER WORDS,IN A PURELY CAPACITIVE CIB
CUIT, THE VOLTAGE AND CURRENT ARE 9O OUT OF PHASE BUT THE CURRENT LEADS
THE VOLTAGE IN THIS CASE. THIS IS JUST THE REVERSE OF WHAT TAKES PLACE IN
A PURE INDUCTIVE CIRCUIT.

WITH THIS POINT SETTLED, WE WILL PROCEED WITH THE MATTER CONCERN-
ING SERIES AND PARALLEL CONDENSER CONNECTIONS, DISCUSSING THE PARALLEL
ARRANGEMENT FIRST.

CONDENSERS CONNECTED IN PARALLEL

IN FIG. 7, YOU WILL SEE AN ILLUSTRATION WHERE THREE FIXED CONDEN-
SERS OF DIFFERENT VALUES ARE CONNECTED IN PARALLEL. THESE CONDENSERS HAVE
THE RESPECTIVE VALUES OF .00025 MFD. ( 250 MMFD.); .0005 mFD.(500 MMFD.)
AND .001 MFD. (IWO MMFD.).

THE COMBINED CAPACITY OF A PARALLEL CAPACITY COMBINATION IS EQUAL
TO THE SUM OF THE INDIVIDUAL CAPACITIES. THAT IS, IN THE CASE OF FIG. 7,

THE COMBINED CAPACITY OF THE GROUP IS EQUAL TO 250+500+1000 WED. OR
1750 MMFD. IN TERMS OF MICROFARADS, THIS TOTAL CAPACITY WOULD AMOUNT TO
.000254-.00054-.001 OR .00175 MFDS. NOTICE THAT THE COMBINED CAPACITY
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INCREASES AS THE NUMBER OR VALUE OF THE PARALLEL CAPACITIES IS INCREASED.

NOW IN FIG. 8, WE SEE THESE SAME THREE CONDENSERS CONNECTED IN SER
IES. To DETERMINE THE TOTAL CAPACITY OF THIS COMBINATION,WE USE THE FORM
ULA + + 1 WHERE C 1= TOTAL CAPACITY AND C1

1

.02- AND C
3
THE VARIOUS

CC CL C
1 3

INDIVIDUAL CAPACITIES. THUS IN THE CASE OF FIG. 8, THE CAPACITY OF THE

COMBINATION BECOMES I=I + OR J.

C 250 500 1000 C 1000 1000 1000 1000

SINCE 7 , WE ALSO HAVE 7C=I000 OR Ct=142.859 MMFDS. OR APPROXIM
C 1000

ATELY 143 MMFDS. IN TERMS OF MICROFARADS, THIS VALUE WOULD BE EQUIVALENT
TO .000143 MFG'S.

FROM

CAPACITIES
THE FOREGOING CALCULATIONS,YOU HAVE DEFINITE PROOF THAT AS

ARE CONNECTED IN SERIES, THE TOTAL CAPACITY BECOMES LESS. IT

IS INTERESTING TO NOTE THAT WHEN
DEALING WITH SERIES AND PARALLEL CA
PACITIES,WE HAVE JUST THE EXACT OP...

I Midi 3tIffdi 2MFti POSITE EFFECT AS WHEN DEALING WITH
RESISTORS IN THESE SAMECOMBINATIONS.ITT CAPACITIVE REACTANCE IN PARALLEL

CAPACITIVE CIRCUITS

FIRST,LET US LOOK AT FIG. 9.

HERE WE HAVE 3 CONDENSERS CONNECTED
FIG, 9 IN PARALLEL AND THEIR VALUES ARE Rg

Group of Parallel Cormectecl
Conde/7 set -S-

SPECITVELY I MFD, 3 MFD, AND 2 MFD.
FROM WHAT YOU LEARNED IN YOUR PREV-

IOUS LESSON, YOU WILL REALIZE IMMEDIATELY THAT THE CAPACITY OF THIS EN-
TIRE PARALLEL ARRANGEMENT BECOMES EQUAL TO I MFD.+3 MFD.- 2 MFDe OR 6
MFD.

THE REACTANCE OF THIS EFFECTIVE 6 MFD. CAPACITY TO A RADIO FREQUEN
CY OF 1600 Kc. CAN BE DETERMINED BY THE FORMULA X s 159,155

C. FREQUENCY X I.FCAP.IN

IN CYCLES
OR X_. 159.J188 OR XGc .016 OHMS (APPROXIMATELY). You CAN GET THIS

C 1,600,000 X 6
SAME RESULT BY FIRST DETERMINING THE CAPACITIVE REACTANCE OF EACH OF THE
INDIVIDUAL CONDENSERS TOWARDS THIS FREQUENCY. THESE SEPARATE REACTANCES
CAN THEN BE ADDED TOGETHER BY RECIPROCALS THE SAME AS THOUGH THEY WERE
PARALLELED RESISTORS BUT THIS METHOD OF SOLVING THE PROBLEM IS MUCH MORE
COMPLICATED THAN THE SIMPLER METHOD JUST GIVEN YOU.

THE MAIN THING TO REMEMBER IS THAT THE CAPACITIVE REACTANCE OF THE
GROUP OF PARALLEL CONDENSERS IN FIG. 2 TO ANY GIVEN FREQUENCY IS LESS

THAN THE REACTANCE OFFERED BY ANY ONE OF THE INDIVIDUAL CONDENSERS TO

THIS SAME FREQUENCY.

CAPACITIVE REACTANCE WITH SERIES CAPACITIES

Now LET US PROCEED WITH THE CASE WHERE WE HAVE TO DEAL WITH THE
CAPACITIVE REACTANCE OF A SERIES CONNECTED GROUP OF CONDENSERS. IN FIG.I0



LESSON NO.40 PAGE 7

FOR EXAMPLE,WE HAVE THREE CONDENSERS CONNECTED IN SERIES AND THEIR RE-
SPECTIVE VALUES ARE AGAIN I MED., 3 MFD. AND 2 MFD.

THE COMBINED CAPACITY OF THIS CIRCUIT WILL BE FOUND WITH THE /WOOF
THE FORMULA: 1=1 1 4. I OR 1=1+ 1+1 WHENCE I= 1+4. OR I= Il

C C, C.' C3 C I 3 2 C 0 6 6 C 6

OR CtE.545 MFD. THUS THE CAPACITIVE REACTANCE OF THIS SERIES COMBINATION
TO A 1600 KC. WILL BE:**x..... 15B,I55_ OR X 159,155 .182 OHMS.

E- 1600000 X .545 c 872,000

You COULD GET THE SAME RESULT BY DETERMINING THE CAPACITIVE REACT-
ANCE FOR EACH OF THESE THREE CONDENSERS SEPARATELY AND THEN ADDING THE R
SULTS TOGETHER SO AS TO FIND THE TOTAL REACTANCE OF THIS COMBINATION. BUT
HERE AGAIN,THIS PROCESS WOULD BE LONGER THAN THE METHOD OF SOLVING THIS
PROBLEM AS EXPLAINED ABOVE.

THE IMPORTANT THING TO REMEMBER ABOUT
THE CAPACITIVE REACTANCE BECOMES
GREATER AS THE NUMBER OP SERIES COli
NECTED CAPACITIES IS INCREASED.

IMPEDANCE

SO FAR,WE HAVE CONSIDERED
CIRCUITS CONTAINING SOLELY CAPACITY
OR INDUCTANCE. IN PRACTICE, HOWEVER,
WE GENERALLY HAVE TO DEAL WITH A

THIS TYPE OF CIRCUIT IS THAT

I nird. 3 nrifd. Z rnfd.

Group
PIG, 10

or Series Connected
Con den sets,

COMBINATION OF CAPACITY AND RESISTANCE, OF INDUCTANCE AND RESISTANCE
EVEN WITH COMBINATIONS CONTAINING ALL THREE OF THESE CONDITIONS. THAT
INDUCTANCE, CAPACITY AND RESISTANCE*

OR

IS,

To BEGIN WITH, LET US LOOK AT FIG. II, WHERE WE HAVE A COIL OR IN-
DUCTANCE CONNECTED IN SERIES WITH A RESISTANCE. IN FACT, THIS RESISTANCE
CAN EVEN BE CONSIDERED AS BEING THE OHMIC RESISTANCE OF THE WIRE MAKING
UP THE COIL:, FOR IT IS IMPOSSIBLE TO CONSTRUCT A COIL WHICH HAS INDUCTANCE
ONLY WITHOUT ANY RESISTANCE.

IN THIS ILLUSTRATION, WE WILL HAVE TO CONSIDER THE.OPPOSITION OFF-
ERED TO THE CURRENT FLOW BY BOTH THE INDUCTANCE AND THE RESISTANCE AND THE
COMBINED EFFECT OF ALL THE REACTANCE AND ALL OF THE RESISTANCE IN A CIR-
CUIT IS CALLED THE IMPEDANCE AND THE IMPEDANCE IS REPRESENTATED BY THE
LETTER "Zile IN ORDER TO DETERMINE THE TOTAL OPPOSITION OP. THE IMPEDANCEOF
THE CIRCUIT IN FIG. 11 TOWARD THE 60 CYCLE A.C. CURRENT,WE USE THE FORM-
ULA Z=ArRi-A-)CLI.T. THAT IS, THE IMPEDANCE IS EQUAL TO THE SQUARE ROOT OF
THE RESISTANCE SQUARED PLUS THE INDUCTIVE REACTANCE SQUARED OF THE COIL AT
60 CYCLES.

IN OTHER WORDS,THE INDUCTIVE REACTANCE OF THIS COIL TO A 60 CYCLE
CURRENT WILL BE XL=.21TfL OR XL_ 6.28 X 60 X 15=5652 OHMS. THE IMPEDANCE
WILL THAN BE Z = 1/7000---1- 5652' 000, 000 +-31; 945,104= 1)35, 945,104 --=--

6778 OHMS (APPROXIMATELY)

THE IMPEDANCE TRIANGLE FOR INDUCTANCE AND RESISTANCE

IMPEDANCE PROBLEMS INVOLVING INDUCTANCE AND RESISTANCE CAN ALSO BE
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WORKED OUT BY MEANS OF THE IMPEDANCE TRIANGLE. THIS IS A VERY SIMPLE METE

OD AS YOU SHALL PRESENTLY SEE. IN FIG. 12, FOR EXAMPLE, WE HAVE A RESIS-

TANCE -INDUCTANCE COMBINATION IN WHICH THE RESISTANCE HAS A VALUE OF 10

OHMS AND THE INDUCTANCE AT THE FREQUENCY BEING HANDLED HAS A REACTANCE OF
12 OHMS.

F I G. 11

With Incluct-ance
Resistance.

and

To FIND THE IMPEDANCE OF THISCIB.
CUIT BY MEANS OF THE IMPEDANCE TRIANGLE,
PROCEED AS ILLUSTRATED IN FIG.I3. THAT
IS, FIRST DRAN A HORIZONTAL LINE. THIS
LINE REPRESENTS RESISTANCE AND SINCE
THE VALUE OF THE RESISTANCE IN OUR
PRESENT PROBLEM IS 10 6HMS,DRAW THIS
LINE 10 UNITS LONG. THE UNIT USED IS A
MATTER OF CHOICE AND MAY BE 1/8", I/4",

1/2", 1" OR ANY OTHER SUITABLE UNIT. IN
THE CASE OF FIG. 13,1/8" WAS CHOSEN AS
THE UNIT AND CONSEQUENTLY THE RESIS-

TANCE LINE IS 10/8" OR 1 1/4" LONG. THIS FORMS T -SE BASE FOR THE IMPEDANCE
TRIANGLE. THE NEXT STEP IS TO DRAW THE INDUCTIVE REACTANCE LINE. THIS IS

A VERTICAL LINE DRAWN AT RIGHT ANGLES TO THE END OF THE RESISTANCE LINE
AND SINCE THE INDUCTIVE REACTANCE IN OUR PRESENT PROBLEM IS 12 OHMS, THIS
LINE SHOULD BE DRAWN 12 UNITS LONG. (THE SAME UNIT MUST BE USED AS THAT
USED FOR THE RESISTANCE LINE.)

THIS DONE, THE NEXT STEP IS TO CONNECT TOGETHER THE ENDS OF THESE
TWO LINES BY A THIRD LINE WHICH IS DESIGNATED AS THE IMPEDANCE LINE IN

FIG. 13. Now MEASURE THIS LINE AND SEE HOW MANY UNITS IT CONTAINS AND THE
RESULT WILL BE THE IMPEDANCE OF THE CIRCUIT IN OHMS. IN THE CASE OF THE
PROBLEM GIVEN IN FIG. 12, THE IMPEDANCE LINE IN FIG. 13 WILL BE FOUND TO

BE APPROXIMATELY 151 UNITS LONG. HENCE THE IMPEDANCE OF THIS CIRCUIT TO

THE FREQUENCY BEING CONSIDERED IS ABOUT 151 OHMS.

IT IS INTERESTING TO NOTE HOW CLOSE IMPEDANCE VALUESAS DETERMINED
BY THE IMPEDANCE TRIANGLE METHOD APPROACH THE CALCULATED IMPEDANCE VAL-
UE. FOR EXAMPLE, SINCE Z7z1R1L+Xt7- ,WE FIND THAT BY SUBSTITUTING INTO IT

THE RESISTANCE AND INDUCTIVE REACTANCE VALUES GIVEN IN FIG. 12. VIE HAVE
io- 12-=v100 4-144 244 =15.62 OHMS.

As YOU WILL NOTICE THIS VALUE IS NOT SO VERY FAR OFF FROM THE MORE
APPROXIMATE METHOD AS EMPLOYED IN FIG. 13,

IMPEDANCE OFFERED BY A RESISTANCE-
CAPACITY COMBINATION

NOW LET US CONSIDER A CIRCUIT CON-
TAINING CAPACITY AND RESISTANCE. THIS IS

ILLUSTRATED FOR YOU IN FIG. 14 AND THE
VALUES ARE 20 OHMS FOR THE RESISTOR AND
I MFD. FOR THE CONDENSER. OUR PROBLEM IS

TO FIND THE TOTAL OPPOSITION OR IMPEDANCE
OFFERED BY THIS CIRCUIT TO A CURRENT AT
600 CYCLES. IN THIS CASE, WE USE THE FORM

P16,12
4no6her Impedance Problem.
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ULA Z =1R.14- )(lc THAT IS, THE IMPEDANCE IS EQUAL TO THE SQUARE ROOT OF

THE RESISTANCE SQUARED PLUS THE CAPACITIVE REACTANCE SQUARED*

THE CAPACITIVE REACTANCE OF THE
I MED. CONDENSER TO THE 600 CYCLE CUR-
RENT AS DETERMINED BY THE FORMULA Xt.=

159,155
FREQ IN CYCLES X CAPACITY IN MFD. IS

X 159 1E5-159055
..=" -- 265.26 OHMS.
600 X 1 600

THE IMPEDANCE WILL THUS BE EQUAL
rciV202 4- 265.262 -.470, 762.8 OR APPROX-
IMATELY 266 OHMS.

IT IS ALSO POSSIBLE TO WORK OUT
IMPEDANCE PROBLEMS INVOLVING RESISTANCE
AND CAPACITIVE REACTANCE BY MEANS OF
THE IMPEDANCE TRIANGLE. FOR EXAMPLEIAT
THE TOP OF FIG. 15, WE HAVE AN ACCIB
CUlT CONTAINING A 15 OHM RESISTANCE ANO
THE FREQUENCY BEING HANDLED IS 6 OHMS.

FIG.13
Impedance Triangle for- friduc-

iance and Resistance.

THE REACTANCE OF THE CONDENSER AT

IN THE LOWER PORTION OF FIG. 15, WE ARE REPRESENTING THE RELATION
BETWEEN THIS RESISTANCE AND CAPACITIVE REACTANCE IN THE FORM OF THE IM-

PEDANCE TRIANGLE. SUCH A TRIANGLE IS ALSO FREQUENTLY SPOKEN OF AS THE

VECTOR RELATION OF RESISTANCE AND CAPACITIVE REACTANCE*

NOTE IN FIG. 15 THAT THE HORIZONTAL RESISTANCE LINE OF THE TRI-

ANGLE IS DRAWN 15 UNITS LONG, SO AS TO REPRESENT 15 OHW,. THE CAPACITIVE
REACTANCE LINE IS 6 UNITS LONG SO AS TO REPRESENT 6 OHMS OF CAPACITIVE
REACTANCE BUT THIS LINE EXTENDS DOWNWARD AT RIGHT ANGLES TO THE EXTREMETY
OF THE RESISTANCE LINE, OR IN A DIRECTION OPPOSITE TO THAT OF THE INDUC-
TIVE REACTANCE LINE WHICH WAS SHOWN YOU IN A PREVIOUS PROBLEM.

THE TWO EXTREMETIES OF THE RESISTANCE AND CAPACITIVE REACTANCE
LINES ARE THEN CONNECTED TOGETHER BY THE THIRD LINE OF THE TRIANGLE AND
UPON MEASUREMENT WITH A RULE, IT WILL BE FOUND THAT THIS LINE IS I6 UNITS

LONG. HENCE, THE IMPEDANCE OF THIS CIRCUIT IS 16 OHMS.

FIG. 14
Circuit With Capacity and Re -

sistance.

PROBLEMS INVOLVING RESISTANCE,
CAPACITY AND INDUCTANCE

Now LET US CONSIDER THE CASE WHERE WE
HAVE A CIRCUIT CONTAINING RESISTANCE, IN-

DUCTANCE AND CAPACITY. HERE THE IMPEDANCE
WILL BE EXPRESSED BY THE FORMULA Zr.-ArRI-+X.L

IN WHICH "X" IS THE NET REACTANCE OR THE

ARITHMETICAL DIFFERENCE BETWEEN THE IN-
DUCTIVE REACTANCE AND THE CAPACITIVE REA-
CTANCE.

TO ILLUSTRATE THIS IMPORTANT POINT,
LET US LOOK AT FIG16,WHERE WE HAVE A CIR-
CUIT IN WHICH A I0 HENRY CHOKE ISCONNECTED
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IN SERIES WITH A 50 MFD. CONDENSER. THE WIRE OF THIS SAME CHOKE IS OF
SUCH CROSS-SECTION AND LENGTH AS TO OFFER A RESISTANCE OF 5 OHMS. THIS 5

OHMS OF RESISTANCE CAN BE CONSIDERED AS A RESISTANCE INSERTED IN SERIES
WITH THE CIRCUIT AS HERE PICTURED.

FIG.15

Impedance 77 -Tangle for- &sis-
tance Capacity.

1f -51-62796.e OR Z=62796 OHMS.

OUR FIRST STEP IN DETERMINING THE
IMPEDANCE OF THIS CIRCUIT TO A 1000CYCLE
CURRENT IS TO FIRST CALCULATE THE IN-

DUCTIVE AND CAPACITIVE REACTANCE TO THIS
FREQUENCY. To FIND THE INDUCTIVE REAC-
TANCE, USE THE FORMULA Xi6-- 211'11 -WHENCE

X =. 6.28 X 1000 X 10= 62, 800 OHMS.
V..

THE CAPACITIVE REACTANCE OF THE 50
MFD. CONDENSER TOWARD THE 1000 CYCLE CUE
RENT WILL BE FOUND WITH THE FORMULA Xc=

1

2111 C 6.28 X 1000 X .00005

314
-L- = 3.2 OHMS.

THE NET OR EFFECTIVE REACTANCE OF
THE CIRCUIT THENCE BECOMES 62,800-3.20R
62796.15oHms. THE IMPEDANCE FORMULA WILL
THEN BE EXPRESSED AS Z-01 fr.-14X1 OR 7..

IN THIS PARTICULAR PROBLEM, WE SUBTRACTED THE CAPACITIVE REACTANCE
FROM THE INDUCTIVE REACTANCE IN ORDER TO DETERMINE THE NET REACTANCE. HOW
EVER, IN SUCH CASES WHERE THE CAPACITIVE REACTANCE IS GREATER THAN THE
INDUCTIVE REACTANCEITHEN THE INDUCTIVE REACTANCE IS SUBTRACTED FROM THE
CAPACITIVE REACTANCE IN ORDER TO DETERMINE THE NET REACTANCE. THE REST OF
THE CALCULATIONS, HOWEVER, WOULD BE CARRIED OUT IN THE SAME MANNER AS
ALREADY SHOWN YOU.

IN THIS PROBLEM, A VERY INTERESTING CONDITION
THAT THE IMPEDANCE OF THE CIRCUIT UNDER
TO THAT OF THE INDUCTIVE REACTANCE
ALONE. IHE REASON FOR THIS IS THAT
THE INDUCTIVE REACTANCE IS 80 VERY
LARGE IN RELATION TO THE PURE RESIS-
TANCE AND CAPACITIVE REACTANCE THAT
THE CIRCUIT AS A WHOLE ACTUALLY AS-
SUMES THE CHARACTERISTICS OF A PURE
INDUCTIVE CIRCUIT.

IN PRACTICE, WHERE SUCH CONDI-
TION OCCUR THAT THE INDUCTIVE REAC-
TANCE IS SO VERY LARGE IN RESPECT TO
THE PURE RESISTANCE,ONE GENERALLY Al
SUMES THE NET REACTANCE AS OFFERING
THE TOTAL OPPOSITION TO CURRENT FLOW
AND THE PURE RESISTANCE IS CONSIDER-
ED AS NEGLIGIBLE.

OCCURS AND THAT IS

CONSIDERATION IS PRACTICALLY EQUAL

5 5oMFd

FIG.1G
4 Cir-cuii With Pesisbance, Induc-

tance and Capacity.
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REMEMBER, HOWEVER, THAT WHEN AN APPRECIABLE PURE RESISTANCE IS PRE.
ENT IN THE CIRCUIT, IT WILL AFFECT THE IMPEDANCE OF SUCH A CIRCUIT MATER-
IALLY AND MUST THEREFORE, BE ACCOUNTED FOR IN THE FORMULA FOR THE CALCULA
TION OF THE CIRCUITS TOTAL IMPEDANCE.

SIMILAR CONDITIONS AS THIS ALSO ARISE WHEN THE CAPACITIVE REACTANCE
IN PROPORTION TO ITS PURE RESISTANCE. IN THIS

THE IMPEDANCE OF THE CIRCUIT WILL ASSUME THE CHARACTERISTICS OF A

PURE CAPACITIVE CIRCUIT AND THE
PURE RESISTANCE CAN BE CONSIDERED
AS NEGLIGIBLE.

F16.17

Vector- Pela t ion o/ Resistance,Capacilive
Peacfancc and InducEive Reactance.

UNITS LONG.

PROBLEMS OF THIS NATURE CAN

ALSO BE REPRESENTED BY A VECTOR pi
AGRAM AND SOLVED THEREBY. FOR EX-

AMPLE, IN FIG. I7,YOU WILL SEE A

CIRCUIT COMPOSED OF INDUCTANCEICA..
PACITY AND RESISTANCE. THE VECTOR
RELATION FOR THIS PROBLEM IS ALSO
SHOWN IN FIG 17.

IN THIS PARTICULAR CASE, THE
RESISTANCE HAS A VALUE OF 15 OHMS,
AND THE INDUCTIVE REACTANCE IS 20

OHMS. OBSERVE IN THE LOWER PORTION
OF FIG. 17 THAT THE HORIZONTAL RE-
SISTANCE LINE IS DRAWN 15 UNITS
LONG. THE VERTICAL OR INDUCTIVE
ACTANCE LINE EXTENDS UPWARD FROM
THE RESISTANCE LINE FOR 20 UNITS,

THEREBY REPRESENTING THE VALUE OF
20 OHMS.

THE CAPACITIVE REACTANCE LINE,
WHICH REPRESENTS 5 OHMS,IS DRAWN
STRAIGHT DOWNWARDS FROM THE RESIS-
TANCE LINE FOR A DISTANCE OF 5

UNITS. UPON SUBTRACTING THE X(.75
OHM LINE FROM THE 20 OHM INDUCTIVE
REACTANCE LINE, WE HAVE LEFT THE NET
REACTANCE LINE WHICH IS ONLY 15

THIS REPRESENTS A NET REACTANCE OF 15 OHMS.

Now BY CONNECTING TOGETHER THE END OF THE RESISTANCE LINE WITH THE

15TH MARK OF THE NET REACTANCE LINE, WE OBTAIN THE IMPEDANCE. UPON MEAS-
UREMENT WITH A RULE,THIS IMPEDANCE LINE WILL BE FOUND TO BE 21.2 UNITS
LONG, THUS SHOWING THAT THE IMPEDANCE FOR THIS CIRCUIT IS APPROXIMATELY
21 OHMS.

YOU ARE GRADUALLY DEVELOPING A GOOD UNDERSTANDING OF A.C. CIRCUITS
AND IN THE FOLLOWING LESSON, YOU ARE GOING TO EXPAND THIS KNOWLEDGE STILL
MORE BY LEARNING THE MATHEMATICAL LAWS WHICH GOVERN RESONANT CIRCUITS AND
MANY OTHER INTERESTING FEATURES OF IMPORTANCE.
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LESSON NO. 40

"When a man really finds himself
at the top of the ladder of success,
he is never alone. No man can climb
to genuine success without taking
others along with him."

I. EXPLAIN THE PHASE RELATION WHICH EXISTS BETWEEN THE VOL-
TAGE AND CURRENT IN A PURE INDUCTIVE CIRCUIT.

2. - EXPLAIN THE PHASE RELATION WHICH EXISTS BETWEEN THE VOL-
TAGE AND CURRENT IN A PURE CAPACITIVE CIRCUIT.

3. - IF INDUCTANCES OF 30, 25 AND 15 HENRIES RESPECTIVELY ARE
ALL CONNECTED IN SERIES, WHAT WILL BE THE TOTAL INDUC-
TANCE OF THIS COMBINATION?

4. IF INDUCTANCES OF 100; 200 AND 50 MICROHENRIES RESPECTIVELY
ARE ALL CONNECTED IN PARALLEL,WHAT WILL BE THE TOTAL IN-
DUCTANCE OF THIS COMBINATION?

5. - WHAT CAPACITIVE REACTANCE WILL A CONDENSER OF .25 MFD.
OFFER TCWARDS AN R.F. SIGNAL CURRENT OF 600 Kc.?

6. - IF THREE CONDENSERS HAVING A CAPACITY RATING OF 2; 4 AND
8 MFD. RESPECTIVELY ARE ALL CONNECTED IN PARALLEL, WHAT
REACTANCE WILL THIS COMBINATION OFFER TOWARDS A 60 CYCLE
CURRENT?

7. EXPLAIN WHAT IS MEANT BY THE TERM IMPEDANCE?

8. - IF AN INDUCTANCE OF 15 HENRIES IS CONNECTED IN SERIES
WITH A RESISTANCE OF 2000 OHMS,WHAT IMPEDANCE WILL THIS
CIRCUIT OFFER TOWARDS A 120 CYCLE CURRENT?

9. - IF A CONDENSER OF 8 MFD. CAPACITY RATING IS CONNECTED IN
SERIES WITH A RESISTANCE OF 1000 OHMS AND AN INDUCTANCE
OF 30 HENRIES,WHAT IMPEDANCE WILL THIS CIRCUIT OFFER TO-
WARDS A 60 CYCLE CURRENT?

10.- ILLUSTRATE HOW THE IMPEDANCE MAY BE DETERMINED BY MEANS
OF THE °IMPEDANCE TRIANGLE" IF THE D.C. RESISTANCE OF A
CERTAIN CIRCUIT IS 10 OHMS AND ITS INDUCTIVE REACTANCE
15 OHMS.
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