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LESSON NO. 31

e AUTOMATIC VOLUME CONTROL -

IF YyoU MAVE LISTENED TO RADIO RECEIVERS A GOOD DEAL IN WHICH ANAUTQ
MATIC VOLUME CONTROL SYSTEM WAS NOT EMPLOYED, YOU HAVE NO COUBT  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 AUDIELE. THIS CONDITION s
ESPECIALLY PRONOUNCED DURING THE RECEPTION OF DISTANT PROGRAMS AND IT I8
REALLY ANNOYING, FOR IT MAKES IT NECESSARY FOR THE OPERATOR TO EITHERTURN
UP THE VOLUME CONTROL OR ELSE TURN IT DOWN, SO ASTO
KEEP THE VOLUME AT A PLEASING LEVEL. WE CANNOT REA-
LLY BLAME THIS SO CALLED "FADING" PROBLEM TO FAULTY
RECEIVER OPERATION BECAUSE THE TROUBLE 1S CAUSED BY
YRICKS OF NATURE SOMEWHERES OUT IN THE SPACEBETWEEN

THE TRANSMITTER AND THE RECEIVER. THE RECEIVER Is
SIMPLY AMPLIFYING WHATEVER SIGNAL ENERGY REACHES IT
AND CONSEQUENTLY, I|F 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 18 AT
THIS TIME AVAILABLE FOR AMPLIFICATION.

THEN ON THE OTHER HAND, 1F ATMOSPHERIC CONDITIONS 8y
DDENLY CHANGE S0 THAT THE TRANSMITTED WAVE HAS ITS COU~
REE OF TRAVEL TEMPORARILYALTERED, SO TO SPEAK AND 80
THAT VERY LITTLE OF THE RADIATED ENERGY STRIKEB THERE
CEIVER ANTENNA, THEN OF COURSE, VERY LITTLE ENERGQY I8
AVA ILABLE AT THE RECEIVER FOR AMPLIFICATION AND CONSE=
QUENTLY THE VOLUME SUFFERS.

AUTOMAT IC VOLUME CONTROL

SINCE IT IS IMPOSSIBLE TO CONTROL THE AMOUNT

OF SIGNAL ENERGY REACHING THE MILLIONS OF LISTENERS
A/Modbﬁlaéédb-chck AT ALL DIFFERENT POINTS8 OF THE GLOBE, THE LOGICAL
Cornbination. 8TEP 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 WHEREBY THE RECEIVER AUTOMATICALLY PROVIDES A VOLUME OF CONSTANT LE
VEL AFTER A STATION HAS ONCE BEEN TUNED IN. !N THE LATEST TYPES OF RE=
CEIVERS, THIS 13 BEING DONE AND THIS SYSTEM OF MAINTAINING A CONSTANT VOL
UME Is kNowNn as AUTOMATIC VOLUME CONTROL -~ QUITE OFTEN SPOKEN OF SIMPLY
As "AJV.Ce", THIS ARRANGEMENT SHOULD PROVE TO BE ESPECIALLY INTERESTING
TOo You.

BRIZFLY, WHAT AUTOMATIC VOLUME GCONTROL REALLY ACCOMPLISHES IS TO
MAKE THE RECEIVER MORE SENSITIVE TO WEAK SIGNALS AND LESS SENSITIVE TO
8TRONG SIGNALS. |N THIS WAY, IT SERVES TO "FiLL-IN" THE GAPS DURING  THE
VARIATION OF S8I1GNAL STRENGTH CAUSED BY FADING., S0 WITH THIS FUNOAMENTAL |
DEA IN MIND, LET US CONTINUE AND SEE JUST HOW THIS IS ALL EROUGHT ABOUT.

FUNDAMENTAL PRINCIPLES

Wf SHALL BEGIN THIS EXPLANATION BY EIRST GETTING SOME BASIC PR IN==
“CIPLES FIRMLY FIXED IN YOUR
MIND, STARTING WITH Fig. 2,

Apg sd‘qm'l ek R In Fia, 2, WE HAVE A TYPE-27
TUSE BEING USED AS A POWER
l By Pass DETECTOR AND A DETECTOR TUBE,
AU ==i:f‘ YOU WilLL REMEMBER, CAN ALSO

: BE CONSIDERED AS A "ReECT)

Bias e

FIErR TUBE",

— . - B+ Now THEN, BY APPLYING
FiG. 2 THE R.F., SI1GNAL ENERGY FROM
Using RF. Energy to Produce a Direct Current SOME TRANSWMITTER ACROSS THE

GRID CIRCUIT OF THIS TUBE,
PLATE CURRENT WIiLL BE CAUSED TO FLOW THROUGH THE TUBE., THIS PLATE CURRENT,

HOWEVER, wouLD ORDINARILY BE D,C,, IN ADDITION TO HAVING SOME R.F, AND
AUDIO VARIATIONS INCORPORATED IN IT, FOR THE LATTER ARE INTRODUCED BY THE
MODULATED CARRIER WAVE., THESE VARIATIONS IN THE PLATE CURRENT,  HOWEVER,

CAN 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
END8 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 SISNAL VOLTAGE APPLIED TO THE GRID CIRCUIT IN Fia. 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 MUCHEAS IER
FOR YOU TO UNDERSTAND,

THIS COMPLETES STEP #1 AND SO NOW LET Us LOOK AT FigGe 3, WHERE A
8IMPLE FORM OF AUTOMATIC VOLUME CONTROL 1S ILLUSTRATED FOR YOU AND HERE WE
ARE GOING TO USE THE PRINCIPLES WHICH WERE JUST EXPLA INED.

AN EFFECTIVE AUTOMATIC VOLUME CONTROL

By INsPECTING F1G. 3 CAREFULLY, YOU WILL SEE THAT WE HAVE TWO TUBES.
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ONE OF THESE 13 THE leT R.F. TUBE OF THE RADIO RECEIVER,WHEREAS THE OTH-
ER IS THE VOLUME CONTROL TUBE. THIS VOLUME CONTROL TUBE 13 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 COMTROL TUBE 1S SIMPLYADDED
AS AN ACCESSORY TO THE CIRCUIT.

IN THE PARTICULAR EXAMPLE ILLUSTRATED IN FlGe 3, YOU WILL  OBSERVE
THAT THE GRID OF THE VOLUME CONTROL TUBE 1S CONNECTED TO THE GRID OF THE
lst R.F, TUSE THROUGH A COUPLING CONDENSER. THEREFORE, WHATEVER SIGNAL EN
ERGY 1S IVPRESSED UPON THE GRID oF THE IsT R,F, TUBE MUST ALSO BE I M=
PRESSED UPON THE GRID OF THE VOLUME CONTROL TUSE. THE R.F. siagnaLs, YOU
KNOW,WILL PASS THROUGH SUCH A COUPLING CONDENSER WITH EASE.

THE NEXT THING

TO NOTICE IS  THAT 1st. R.F. Coupling

THE CATHODES OF THE Tube C°{‘id' »Vglu%%zc""tm'
R.F., TUBE aND  THE ‘1 L {. -

VOLUME CONTROL TUBE ,75

ARE CONNECTED  TO- (2

GETHER AT poINT "X! ?F

AND THE AUTOMATIC

BIAS RESISTOR RI '*yR

13 IN THE CATHODE = B+

CIRCUIT OF BOTH Xg‘”*‘ . f“" Y Pa
THESE Tuses. Nowcon I li R é‘{;’:"g‘s‘i‘;for == one. L
SIDERING THE R,F, N .
TUBE ALONE, WE SEE = 3-

THAT AS SIGNAL VOL- e

TAGES ACT UPON T8 A Fundsmental Circuit for Automatic Volume Corérol.
GRID CIRCUIT, PLATE

CURRENT WILL FLOW THROUGH THIS TUBE AND THIS PLATE CURRENT MUST ALSOFLOW
THROUGH THE FIXED BIAS RESISTOR "R" AND THROUGH THE AUTOMATIC BIAS RESIZ

Tor Rl IN ORDER TO RETURN TO B= OR QROUND. THE RESULTING VOLTAGE DROP
MAKES THE UPPER END OF REsISTOR "R" OF A POSITIVE POTENTIAL AND THE LOW=-
ER END OF THE AUTOMATIC BIlAS RESISTOR Rl OF A NEGATIVE POTENTIAL AND
SINCE THE GRID RETURN OF THE R.F., TUBE 1S CONMNECTED TO THIS NEGATIVE END,
IT IS CLEAR THAT A NEGATIVE GRID BI1AS WILL BE IMPRESSED UPON THE R.F.
TUBE,

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-
SISTOR WILL MAKE ITS GROUNDED END STILL MORE NEGATIVE, SO THAT A GREATER
NEGATIVE BIAS VOLTAGE 13 NOW IMPRESSED UPON THE R.F, Tuse.

THUS IT STANDS TO REASON THAT THE GREATER THE sl@al VOLTAGE APPLIED
TO THE GRID OF THE VOLUME COMTROL TUBE, THE GREATER WILL BE ITS PLATE CUR
RENT AND THIS INCREASE IN CURRENT FLOW THROUGH THE AUTOMATIC BIAS RESIS=-
TorR Rl PRODUCES A HIGHER NEGATIVE BIAS VOLTAGE FOR THE R.F. Tuskt, THis
INCREASE IN B1AS VOLTAGE FOR THE R.F, TUBE REDUCES THIS TUBE'S AMPLIFI-
CATION, S0 THAT THE SPEAKER VOLUME 1S CORRESPONDINGLY REDUCED.



Pasc 4

Lesson No,. 3

ON THE OTHER HAND, IF ONLY A WEAK SIGNAL ACTS UPON THE GRID OF THE
VOLUME CCNTROL TUBE, THEN LESS PLATE CURRENT WILL FLOW THROUGH THIS TUBE
AND THEREFORE THE COMBINED CURRENT FLOW THROUGH THE AUTOMATIC BIAS RESIgS
Tor Rl wiLL ALso Be LESS, wiTH THE RESULT THAT WE HAVE A DECREASE IN NEG

ATIVE BiIAS FOR THE R.F, TuBE., THiIS AUTOMATICALLY INCREASES THIS

AMPLIFICATION, WHICH IN TURMN RESULTS

Tuge's
IN A CORRESPONDING INCREASE IN VOL=-

uve. THUs vou CAN S8EE THAT THIS PROBLEM OF MAINTAINING CONSTANT SPEAKER
VOLUME IS NOT AS COMPLICATED AS ONE MIGHT AT FIRST SUPPOSE.

For BEST PERFORMANCE, THE R,F,

TUBES, AS USED IN SUCH A SYSTEM, ARE

oF THE "VARIABLE~-MU" TYPE BECAUSE THE AMPLIFYING ABILITY OF THESE TUBES

VARIES MORE UNIFORMILY WITHVAR-
FATIONS IN THE GRIC BIASVOLTAGE

R.F Tube

Coupling Cond.

_'F ( Tube

Det.
Lfmu

I 11

Volume control

THAN WIiLL TUBES NOT HAVING THE
VARIABLE~MU FitATURE,

VARICUS TYPES OF COUPLINGS

IN coMMERCIAL RECEIVERS EM
PLOYING AUTOMATIC VOLUME CONTROL,
YOU WILL FIND CONSICERABLE VAR~

FiG. 4
The Volume Control Tube Coupled To the
Plate Crreuit of a Peceiver Tube.

IATION IN REGARDS TO THECIRCUIT
HOOK=UP BUT THE FUNDAMENTAL PRJ
NCIPLE REMAINS THE SAME. For
EXAMPLE, INSTEAD OF USING A COUP

LING CONDENSER BETWEEN THE GRIDS OF THE R.F. AND VOLUME CONTROL TUBES, IT

is PossiBLE TC USe a RESISTOR n 1Ts

PLACE., THEM, THERE ARE ALSO CASES,

WHERE YOU WILL FIND THE GRID OF THE VOLUME CONTROL TUBE COUPLED TG THE

DETECTOR TuBe INSTEAD OF TO aN R.F,

TUBE.

STILL ANOTHER EXAMPLE 1§ ILLUSTRATED IN FiGs 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, Fo AMPLIFIER OR ELSE THE DETECTCR.
WHEN USING A VOLUME CONTROL TUBE IN THE VARIOUS WAYS SO FAR

e THAT THE VOLUME CONTROL TUBE BE
PROPERLY BIASED AND HAVE THE CORRECT
FLATE VOLTAGE APPLIED TO IT SO THAT
IT WILL FUNCTION AS A DETECTCR OR
RECTIF IER,

CURRENT RECTIFICATION WiTH A"DICDE"

AN ENTIRELY DIFFERENT METHOD
OF USING A RADIO TUBE AS ARECTIFIER
IS ILLUSTRATED FOR You IN Fig. 5.IN
TH!S CASE, WE CONNECT THE GRID AND
PLATE TERMINALS OF THE TUBE TOGETHER
VITH A PIECE OF WIRE AND SINCE THE

THE MAIN THING TO REMEMBER,
DESCRIBED,

Resistor

R.F. Signal §
Nk/Apphed here <

FiG. 5
Rectifying Padio Freguency Currents
With & Diode Tube.

GRIC AND PLATE ARE IN THIS WAY NOW THE SAME AS ONE,WE ACTUALLY ONLY HAVE
TWO ACTIVE TUBE ELEMENTS AT THIS TIME, NAMELY, THE CATHODE AND THE "GRIp
PLATE" ELEMENT. THE FILAMENT DOES NOT COUNT, FOR IT I€ ONLY USED A8 A
HEATER FOR THE CATHODE. THIS IMPROVISED TUBE IS TECHNICALLY KMOWN AS A
"DICOE", 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 CONNEETIONS MADE AS SHOWN IN F1G., 5, WHILE A HEATING CURR-
ENT 1S PASSED THROUGH THME FILAMENT AND R.F, SIGNAL VOLTAGES APPLIEDACROSS
THE CIRCUIT AS HERE INDICATED, YOU wouLb FIND THAT A DIRECT curRrRenT 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 IT8 LEFT END BECOMES POSITIVE AND THE RIGHT
END NEGATIVE. NoTICE ESPECIALLY, THAT THE PLATE END oF THIS RESISTCR 1S OF

THE LOWER OR NEGATIVEPOTENTIAL WITH RESPECT TO THERESISTORANW)THNTNO INIT=
1AL"BY vOLTAGENEED BE APPLIED TO THE TUBE'S PLATE IN ORDERTO OPERATE [T,

A TUBE NEED NOT NECESSARILY BE OF THE HEATER TYPE IN ORDER TC OPER=
ATE IT IN THIS WAY BUT THE SAME RESULTS
CAN BE OBTAINED FROM A FILAMENT TYPE
TUBE BY ALSO CONNECTING THE GRIC AND

R.F. Tube

PLATE TOGETHER. BE
USE OF THE DIODE FOR AUTOMATIC VOLUME A ,

CONTROL
AN EXAMPLE, SHOWING YOU HOW A
"o1o0e" caN BE USED As AN AUTOMATIC

VOLUME CONTROL TUBE, 1S ILLUSTRATED IN 3
Fice 6. As vou witLL oBservg,R.F, siGg-
NAL VOLTAGES WILL BE APPLIED FROM THE
PLATE CIRCUIT OF THE R.F. TUBE, THROUGH

THE BY-PASS CONDENSER AND THUS ACROSS e
THE GRID CIRCUIT OF THE VOLUME CON- A /+§M
TROL TUBE. i T & Automatic Bias
! \B/ resistor
o
THis R.F. SIGNAL CURRENT,AS IT

Fla,

IS RECTIFIED BY THE VOLUME CONTROLTUBE, (sing & Drode Tube f&?‘ Volurre Conérol.
WILL FLOW FROM THIS TUBE'S CATHODE TO-

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 TFE 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 CCORRESPONDINGLY AND THIS wiLL
BRING ABOUT A GREATER VOLTAGE DROP ACROSS THIS RESISTOR. IN THIS WAY, THE

NEGATIVE BIAS VOLTAGE ON THE R.F. TUBE 1S INCREASED AND THE VOLUME WILL

THEREFORE DECREASE. IN LIKE MANNER, IF THE SIGNAL VOLTAGE ACTING UPON THE
GRID~PLATE OF THE VOLUME CONTROL TUBE 1S DECREASED, THE FLOW OF RECTIFIED
CURRENT THROUGH THE AUTOMATIC BIAS RESISTOR WILL LIKEWISE DECREASE, s0
THAT LESS BIAS VOLTAGE ACTS UPON THE R.F. TuBE. THE VOLUME THEREFORE AUTQ
MAT ICALLY INCREASES.

THE CONVENTIONAL BIAS RESISTOR IN THE CATHODE CIRCUIT OF THE R.F.
TUBE FIXES THEMINIMUM BIAS AT WHICH THIS R.FeTUBE 1S PERMITTED TO OPERATE,

A COMPLETE RECEIVER WITH AUTOMATIC VOLUME CONTROL
IN ORDER TO GIVE YOU A STILL BETTER UNDERSTANDINGOF AUTOMATIC VOL=-
UME CONTROL,WE ARE SHOWING YOU IN F1G.7,THE COMPLETE CIRCUIT DIAGRAM OF THE
BoscHMopeL 60RECEIVER. THIS RECEIVER USESA TYPE =24 SCREEN-GRID TUBE AS THE
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AUTOMATIC VOLUME CONTROL
TUuBE.NOTETHAT INTHIS CASE,
THEGRIDOFTHéVOLUMECONTROL
TUBE I8 CONNECTED DIRECTLY TO
THE GRID OF THE DETECTOR TUBE
AND THE SCREEN=GRICS " OF
THESE TWO TUBES ARE ALSO CON
NECTED TOGETHER.

of speaker

To voice coil

Mute Switch

THE AUTOMATIC VOLUME
CONTROL IN THIS PARTICULAR
RECEIVER ACTS UPON BOTH OF
THE FIRST R.F. TUuBES,NAMELY,
VI ano V2, THE vOLUME con-
TROL CIRCUIT IN THIS RECEILY
ER OPERATES IN THE FOLLOWING
MANNER! |F A STRONG S1GNAL
IS APPLIED TO THE DETECTOR
TUBE, IT 18 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 VOL
UME conTroL Tuse (V8)  awnp
THIS CURRENT MUST ALL FLOW
THROUGH RES ISTOR RI |,

Tore Control

P,

T 3)

i
J zo
] :

Manual Volume

c-czz‘lt"‘
&Y
fvs)
]
B
R
i J
B
-

1

M cable
{

AAAA
WY

S
P.

p.

FiGg., 7 .
Circuit Diagram of the Bosch Model 60 PReceiver With Automstic Volume C orntrol.

‘24

€15 )

THE GRID RETURN OF
THE IsT Two R.F. TUuBES ARE
BOTH CONNECTED TO THE NEG-
ATIVE END OF THE RI| AND
THIS RESISTOR IS ALSO CONN-
ECTED IN THE CATHODECIRCUIT
OF THESE SAME TWO TUBES,
THE VOLTAGE DROP THUS DEVEL
OPED ACROSS THE ENDS oF
RIl 1s THEN IMPRESSED AS A
BIAS VOLTAGE ACROSS THE GRID
CIRCUIT OF THE FIRST TWO
R.F. Tuses. SINCE THIs auTg
MATIC BIAS VOLTAGE IS CON=-
TROLLED BY THE APPLIED SiGg=
NAL VOLTAGE, THESENSITIVETY
OF THE FIRST TWo R.F, TuBEs
1S CORRESPONDINGLY  VARIED,
THUS BRINGING ABOUT AUTO-
MATIC VOLUME CONTROL. STUDY
THE SPECIFICATIONS RELATIVE
TO THE DIAGRAM IN F1@.7 VERY

IE S

BN
V3
R3

—il

3

Automatic

Cable

—

» CAREFULLY SO AS TO FAMI L~
§ IARIZE YOURSELF WITH THE
S REQUIRED VALUES FOR THE

m PARTS,
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SPECIFICATIONS FOR THE gOSCH MODEL 60 RECEIVER

Cl-C2-C3-C4-C5 =Tuning CONDENSERS
C2A-C3A-C4A-C5A = TriMMER CONDENSERS

CIlA = ANTENNA TRIMMER

C7=Banp SeLector CourLing CoNDENSER

C8-Cl0 =.25 mrFD.

Co-Cl2-Cl13-Cl17-C28=0.5 Mro.

CI l—Cl4 = 004 MFD.
Ci5-C20-C26= ,006 Mro.
Cle =1 Mrop.
Cig-Clg=.,000! Mro.
C2|-C22 =2 MFD.
C23-C24 =2 Mrp. EACH
C25 =.075 Mro.

C27= 0. l MFD.

FILAMENT VOLTAGES
VIaVo-VB8-V7=2,4 VoLTs,.
V3-V4-V5-V8 =2, 3 VoLTs.
Vg9=5 VoLTs.

PLATE CURRENT
VI-V2 =3 Ma; V3=2 Ma.
V4=0,1 Ma, V5 =6 Ma,
VE-V7T=30 Ma, V8=2 Ma,

CONTROL GRID BIAS

VI-V2 =2 VoLts; V3=l.5 VoLTs;

V4= VoLT:V6=0.| VoLT;

R1=500 Onms

R2-R4-R8-R9 = |000 Onms
R3-RII=Ri2-R13-R26 = 0.5 MecoHm
R5-R6 = 20,000 owms

R7 = 10,000 Ounms

R10-R28 = 50,000 Onms
RI14-R15-R27 =20 Oums CenTer TaPpPED.
RI6= 900 Otms.

RI7-R19= 5000 OkHms.

R18 = 25,000 Ownwms.

R20-R21 = 2000 Owms.

R22 =1300 Onms.

R23 = 2380 OHms.

R24 = |60 Omms

R25 =950 Omms

PLATE POTENTIALS
VI =170 VoLTs; V2=180 VoLTs
V3 =185 VoLTs; V4=60 VoLts; V5 =150 Von_'rs,
V6 anp V7 =250 Vorts; V8=30 VoLTs.

SCREEN-GRID VOLTAGES
VI =70 VoLrs; V22=80 VoLTs; V3 =85 VoLTs
V4= 10 VoLTs; V8 =20 VoLTs,

NOTE: -
ALL READINGS TAKEN WITH VOLUME
coNTROL "FuLL oON",

V6-V7 =50 VoLTs;V8=0.2 VoLT.

ONE DIFFICULTY WITH AUTOMATIC VOLUME CONTROL

DueE TO THE FACT THAT AUTOMATIC VOLUME CONTROL HAS A NATURAL TENDENCY
TO INCREASE THE SENSITIVITY OF THE RECEIVER WHENEVER LITTLE SIGNAL ENERGY
1S PRESENT WITHIN THE RECEIVER C‘RCUITS,IT BRINGS ABCUT AN UNDESIRABLE CON
DITION. THAT 18, WHEN TUNING=IN SOME BTATION, 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 A8 STATIC DISCHARGES IN THE
ATMOSPHERE ETC., WITH THE RESULT THAT ALL SORTS8 OF EXTRANEOUS NOISES WILL
B8E HEARD IN THE SPEAKER WHEN DIALING BETWEEN STATIONS.

For THIS VERY REASON, THE MUTE sWITCH SW4 18 CONNEGTED AT THE OUT=-
PUT OF THE AMPLIFIER IN Filgas 7. WHILE TUNING, THIS SWITCH I8 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 1S 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 Fila. 7. THIS TYPE OF TUNING IS kKNowN AS "VisuaL Tuning" anND IT IS
BEING USED ON SEVERAL OF THE LATE MODEL COMMERCIAL RECEIVERS,
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+ OPERAT l.w3 PRINCIPLES OF VISUAL TUNING

A DETAILED VIEW OF THE CONNECTIONS FOR A TUNING METER ARE SHOWN IN
Fige 8. THIS 1S IN REALLITY A MILLIAMETER WHICH 1S CONMECTED IN THEPLATE
CIRCUIT OF ONE OR MORE R,F, TUBES, AND CONSEQUENTLY, IT WiLL REGISTERTHE
PLATE CURRENT PASSING THROUGH 1T, THIS METER I3 MOUNTED ON THE CONTROL
PANEL OF THE RECEIVER SO0 AS TO BE IN FULL VIEW OF THE OPERATOR.

Now THE MAIN THING TO REMEMBER IN RESPECT TO THIS METER 18 THAT IT
WiLL INDICATE a GREATER PLATE CURRENT FLOW WHEN THE RECEIVER !S MOST SEN
SITIVE AND AMPLIFYING AT ITS MAXIVWUM, THEN NATURALLY, AS THESENSITIVETY
AND AMPLIFYING QUALITIES OF THE RECEIVER DECREASE, THE READING OF THIS
METER WILL ALSO DECREASE ACCORDINGLY,

REMEMBERING THAT THIS TUNING METER IS INSTALLED IN A RECEIVER ClR=-
CUIT WHICH 1S PROVIDED WITH AUTOMATIC VOLUME COMTROL, YOU WILL BE AWARE
OF THE  FACT
THAT THE NAT-
URAL ACTIONOF
THE AUTOMATIC
VOLUME  CON~-—
TROL IS SUCH
AS TO MAKE
THE RECEIVER
MOST SENSITIVE
B+ AT TUNINGDIAL
SETTINGS BE-
TWEEN sTaTIONS

Tuning Meter 1 AND LEAST SEN
B~— ~+ SITIVE WHEN=-

Flg. 8 EVER THE RE-

A Visual Tuning Meter CEIVER IS TUN

Ep 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 1S SET AT
SOME POINT BETWEEN STATIONS,

THus vou canN BEE THAT IN ORDER TO TUNE THE RECEIVER WITH THE A!DOF
THE METER RATHER THAN BY EAR, ALL THAT YOU WOULD HAVE TO DO IS TO SET YOUR
TUNING DIAL AT THE APPROXIVMATE POINT FOR TUNING=IN THE STATION YOU WANT

AND THEN SIMPLY ADJUST THE TUNING DIAL SLOWLY UNTIL THE METER INDICATES A
MINIMUM reaping.

FOR THE SAKE OF THE GENERAL PUBLIC, RADIO MANUFACTURERS ARE REVER=-
SING THE BCALE CALIBRATIONOF THESETUNING METERS OR ELSE MOUNT THE METER
UPSIDE DOWN SO THAT THEY wiLL ReEap BACKWARDS T0 THE CONVENTIONAL TYPE OF
TESTING METERS, THAT 18, AS THE PLATE CURRENT DECREASES, THE METERNEEDLE
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 18 SIMPLY INSTRUCTED
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. 7,0R  FOR
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THAT MATTER ANY RECEIVER EQUIPPED WITH AN AUTOMATIC VOLUME CONTROL, VIS~
UAL TUNING METER AND MUTE SWITCH 1S 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 DESIXED STATION AND THEN
ADJUST THE DIAL CAREFULLY UNTIL THE NEEDLE OF THE TUNING METER SWINGS FAR
THEST TOWARD THE RIGHT. THis DONEy OPEN THE MUTE SWITCH AND ADJUST THE
HAND-OPERATED VOLUME CONTROL, SO AS TO PROVIDESPEAKER
VOLUME OF THE DESIRED LEVEL

APPLICATION OF THE DUPLEX-DIODE TRIODE

In aLL oF THE A,V,C. SYSTEMS WHICH WE HAVE STUD
1ED SO FAR IN THIS LESSON, A SEPARATE TUBE WAS RE~
QUIRED TO PROVIDE THIS CONTROL. |N THE MODERN RECEIV-
ERS, HOWEVER, A NEW TYPE OF TUBE IS BEING USED WHICH
IS CAPABLE OF SERVING SIMULTANEOUSLY AS A DETECTOR,
AUTOMAT IC 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 THE "55",

THE TYPE -55 TUBE

Fize 9 WILL SERVE TO FAMILIARIZE YOU WITH THE

GENERAL APPEARANCE OF THE =55 TUBE, WHILE THE SYMBOL Fi1G.9
AND TERMINAL COMNMECTIONS FOR THIS SAME TUBE ARE ILLUE The 7&02
TrRaTED IN Fia. 10, -55 Tube.

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

Tion oF Fia. 10, YOu WILL OBSERVE THAT IT CONTAINS THE CONVENTIONAL FlL-

AMENT, CATHODE, GRIO AND PLATE BUT IN ADDITION, TWO SMALL METAL  PLATES

SURROUND THE CATHODE. THESE SMALL METAL PLATES ARE kNOWN As"O10DE PLATES"
AND EACH OF THEM IS CONNECTED TO AN INDIVIDUAL PRONG IN THE TUBE  BASE.

THUS THE BASE ALTOGETHER HAS 8 PRONGS, THE ARRANGEMENT CF WHICH ARE AS

ILLUSTRATED IN THE LOWER PORTION ofF Fig. 10, WHERE

YOU ARE LOOKING AT THE BASE FROM BELOW.

Triode Triode Plate
Gﬁd—l‘ ¥
R Diode
gfs‘ Plate NOTE CAREFULLY IN THE BASE ARRANGEMENTS oF
e Fic. |0 THAT THE HEATER (FILAMENT) ENDS ARE CONNECTED
TO TWO OF THE PRONGS, THE CATHODE TO THE THIRD PRONG,
Filament PLATE TO A FOURTH PRONG AND THE TWO DIODE PLATES TO
THE FIFTH AND SIXTH PRONGS. THE CONTROL GRID CONNEC-
TION 13 MADE TO THE CAP ON TOP OF THE GLASS BULB.

In Fig. ||, vou wiLL SEE A TYPICAL CIRCUIT DE-
SI1SHED 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:

(/ Ur 10 THE 2nD | .F. TRANSFORMER, THE SIGNAL IS
Filament PASSED THROUGH THE CIRCUIT IN THE CUSTOMARY  MANNER
FlG. 10 BUT FROM THE SECONDARY CIRcUIT OF THE 2nD |.F. TRaNg

Construction of  FoRMER , THE SIGNAL IS IMPRESSED UPON THE TWO DIODE
the -55 Jube.
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PLATES, BOTH OF WHICH, YOU WIiLL 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 CHANGES,IT 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 mroO. CONDENSER  WHICH
SHUNTS ITe THIS VOLTAGE GENERATED ACROSS THE o5 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.

\ SELE (st iE ANC. 1o THIS VOLTAGE wiLL
1% Det. Tran;f“) Tube ) 3 5&-9"}) ACTUATE THE GRID IN THE
- 58 gy 5 & | usuaL manner, conTrOLL-

ING THE FLOW OF PLATE
CURRENT BETWEEN THE TU—
BE'S TRIODE PLATE  AND
CATHODE, WHICH PRODUCES
100,000 11 A CORRESPONDING AUD!O
VOLTAGE ACROSS THE
100,000 oHm PLATE  RE-
l S1STOR. THIS LATTERSTEP
CONSTITUTES THE  AUDIO

o F1G. 11 AMPLIFICATION FEATURES
Application of the Type -55 Jube in = Superheterodyne Receiver OF THE TUBE.

-00025 mfd

To oscillator I MFe: B+

HAVING SO FAR SEEN HOW THE =55 Tuse 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 |.,F, AMPLIFIER TUBE oF Fig.
Il I's 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 FrROM ITS CATHODE TO ITs GRID END, IT IS CLEAR THAT RESISTOR R2 1s con=-
NECTED To THE NEGATIVE enp oF Rl AND THE VOLTAGE CHANGES AT THIS LATTERRE
SISTOR WILL LIKEWISE BE APPLIED TO THE CONTROL GRID OF THE |.F. Tuse.

THis VOLTAGE VARIATION CORRESPONDING TO SIGNAL INTENSITY, IT IS CLEAR
THAT THE EFFECTS PRODUCED UPON THE | F. TUBE WILL BE TO VARY ITS GRID Bl-
AS VOLTAGE PROPORTIONATE TO THE S!GNAL 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 e ~————--2,5V, - A,C,0rD.C,
HEATER CURRENT=—m—meeeee —————— = = | Ampere.

PLATE VoLTAGE—————— e —— e — e 2250V,

GrID VoLTAGE———ecmeet ————————— e =20 V,

PLATE CURRENT=—cme—ee ———— e ————m e 8 Ma,

AMPLIFICATION FACTOR==—m—mmc e e e —————————— -=—--=8.3
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THE TYPE 85 TUBE
THE TYPE 85 TUBE TAKES THE PLACE OF THE 50 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=0,2 amP,;

PLATE VOLTAGE GRID VOLTAGE AMP, FACT. PLATE CURRENT
1350 e . nee veveie =10eBueeeieeeeeseBed cenrvenncaenssedeT MAL
180ceeeeocecocaose =13e500acceeeee.8.3 feesesessssesssBe0 MAL
1510 J “20.0ceeevceeveeBeBececcsosccssnss 8.0 MA,L

THE 85 Is EQUIPPED WiTH A STANDARD 8IX PRONG BASE AND A METAL CON-
TROL GRID CAPe

BESIDES THE APPLICATION OF THE DUPLEX DIODE TRIODES AS SHOWN YOU IN
THIS LESSON, THERE ARE STILL MANY MORE WAYS IN WHICH THI8 TUBE MAY BE Ug
EDe. THIS ADDITIONAL INFORMATION WILL ALL BE BROUGHT TO YOU IN THE FOLLOW-
ING LESSON AS WILL ALSO THE SPECIFICATIONS AND APPLICATION OF DUPLEXDIODE
TRIOOES OF S8TILL MORE RECENT DESICGN,

ANOTHER INTERESTING AND VALUABLE FEATURE WHICH I8 AWAITING YOU IN
THE NEXT LESSON I8 THE METHop oF AUTOMATICALLY REDUCING THE BACKGROUND
NO ISE WHILE DIALING IN BETWEEN STATIONS WITH RECEIVERS EMPLOYINGAUTOMATIC
VOLUME CONTROL.,

IT 18 KNOWLEDGE OF THIS KIND WHICH KEEPS YOU IN STEP WITH THE ADVAN
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 1S NOT ONLY UP=TO-DATE BUT IN MANY IMPORTANT INS=
TANCES, IT 1S AHEAD OF COMMERCIAL DEVELOPMENTS.

Crammlileggezze
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FOR WHAT CHIEF REASON 15 AUTOMATIC VOLUME CONTROL BEING
USED IN THE MODERN RECEIVERS?

How DOES AN AUTOMATIC VOLUME CONTROL SYSTEM AFFECT THE
SENSITIVITY OF A RECEIVER!?

DrRaw A DIAGRAM OF A SIWMPLE AUTOMATIC VOLUME CONTROL SYS—
TEM.

ExeLaly BRIEFLY HOW THE CIRCUIT WHICH YOU HAVE DRAWN  IN
ANSWER TO QUESTION #3 OF THI13 EXAIMINATION OPERATES.

How MAY THE "DI0oDE PRINCIPLE" BE EMPLOYED TO ACCOMPLISH

AUTOMATIC VOLUME CONTROL?

HIHY 1S 1T A NATURAL CHARACTERISTIC FOR A RECEIVEREMPLOY=
ING AN AUTOMATIC VOLUME CONTROL SYSTEM TO BE NOISY WHEN
DIALING IN BETWEEN STATIONST

WHAT 1s THE PURPOSE oF A "™MUTE swiTcH"™ ON SUCH A RECEIV=~
ER?

WHAT pa we MeEan By "visuaL TUNING' AND HOW 1S IT ACCOM=
PLISHED?

DESCRIBE BRITFLY THE CONSTRUCTIONAL FEATURES OF THE TYPE
55 TuUBE.

WHAT ARE THE OPERATING CHARACTERISTICS OF THE TYyPE 85
TuBET

R
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LESSON NO. 32
MopDERN AV.C. SYSTEMS

IN THE PREVIOUS LESSON, YOU WERE SHOWN HOW THE SENSITIVITY OF A RE-
CEIVER EQUIPPED WITH AN AUTOMAT IC 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 MANI!PULATIONS. IN
OTHER WORDS, IT IS AN ADDITIONAL CONTROL FOR MANUAL OPERATION (tTo Be OPER-
ATED BY HAND)AND THEREBY ADDS TO THE COMPLEXITY OF OPERATING THE RECEIVER,
FOR TH1S 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.) orR SQUELCH CONTROL.

AUTOMATIC NOISE SUPPRESS ION

WHEN OPERATING A RECEIVER WHICH IS EQUIP-
PED WITH ANY OF THESE AUTOMATIC NOISE SUP-
PRESSION SYSTEMS, THE SIGNAL DISAPPEARS AS
THE RECE I VER IS TUNED OFF RESONANCE WITH A
STATION, AND NO BACKGROUND NOISE NOR S IGNAL
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
souRcCeE ofF E.M.F,IN PORTIONS OF THIS CIRCUIT,

NS

Fig, | YET THESE SAME VOLTAGE SOURCES COULD NATUR-
MoDERNISTIC RECEIVER ALLY BE FURNISHED EQUALLY WELL BY A RESIS-
DESIGN, TANCE NET -~ WORK SUCH A5 USED IN VOLTAGE DI~

VIDER SYSTEMS.
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Now THEN, WITH NO SIGNAL AVAILABLE ACROSS THE SECONDARY CIRCUIT OF
THE !.F. TRANSFORMER, NO PLATE CURRENT WILL PASS THROUGH THE DIODE DETEC
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 1S 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 so0 THAT A maximum D,C. VOLTAGE WILL BE DEVELOPED A=~
CROSS ITS EXTREMETIES == ITS UPPER END BECOMING MEGATIVE 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 MAX IMUM VOLTAGE I8
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

} c Controlled A.F
LB ectafs L i Amplifier
,7 Noise Suppressor Tube -7 Cs
[ . l/
i _ To ﬂg
C% Cy Caf_ eim’p‘.’
— T R, Ry
R %
- +
o—4 + .
]
S
i[1]s [[i—=— 1| B+
B-7F
FIG.2

An Automatic Noise Suppression Cirrcuit.

R2 1S 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 1T, WE THEN SAY THAT THIS TuBE s
CAUSED To "cUT-0FF" AND CAN THEREFORE NOT AMPLIFY. As A RESULT, THEA.F.
AMPLIFIER OF THE RECEIVER IS CAUSED TO BECOME INOPERATIVE AND CONSEQUEN
TLY NO NOISE WILL BE AMPLIFIED BY T,

WHENEVER A SIGNAL VOLTAGE IS DEVELOPED ACROSS THE SECONDARY  ClR—
cult oF THE |.F, TRANSFORMER IN F1G. 2, PLATE CURRENT WILL FLOW THROUGH
THE DIODE DETECTOR AaND BOTH D.C. anD A,F, VOLTAGES WILL BE DEVELOPED A=~
CrROss RESISTOR R, As To THE D.C. voLTAGE PRODUCED ACROSS R, 1TS  LEFT
END BECOMES NEGATIVE WITH RESPECT TO ITS RIGHT END AND SINCE THE CATHODE
OFBOTH THE DJIODE DETECTOR AND THE NOISE SUPPRESSOR TUBE ARE OF THE SAME
POTENT IAL 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
Rl As A BIAS VOLTAGE == THE GRID RETURN END OF Rl BEING CONNECTED TO THE
NEGATIVE END OF R,
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THE BIAS VOLTAGE IMPRESSED UPON THE GRID OF THE NOISE SUPPRESSOR

TUBE AT THIS TIME 15 SUFFICIENTLY LARGE TO CAUSE THIS TUBE TO CUT-OFF AND
PREVENT ITS DRAWING ANY PLATE CURRENT THROUGH RESISTOR R2, SINCE NOPLATE
CURRENT WiILL NOW BE FLOWING THROUGH R2, NO VOLTAGE DROP WILL BEDEVELOPED
ACROSS IT AND THEREFORE R2 WILL FURNISH NO ADDITIONAL VOLTAGE FORBIASING
THE CONTROLLED A.F, AMPLIFIZR TUBE AND SO THIS TUBE WIiLL BE SUBJECTED TD
ITS NORMAL BIAS VOLTAGE ONLY. CONDITIONS BEING SUCH, THIS TUBE CAN FUN-
CTION AS AN AMPLIFIER, DRAWING ITS PLATE CURRENT THROUGH R3, 1Ts GRID BE
ING SUBJECTED TO THE A.F. SIGNAL VOLTAGES WHICH ARE APPLIED TO |TTHR0UGH
THE COUPLING CONDENLER C4 From R,

Frota THE CONTROLLED A.F, AMPLIFIER TUBE, THE AUDIO FREQUENCIZS ARE
PASSED ON THROUGH COUPLING CONDENSER C3 To THE FoLLOwING A.F.sTages FOR
FURTHER AMPLIFICATION.

DELAYED AUTOMATIC VOLUME CONTRCL -

QUI—E OFTIi, 1T 13 DESIRABLE TO DELAY THE ACTION OR 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 15 KNOWN A3 DELAYED AUTOMATIC VOLUME CONTROL., For THE SAKE OF SIM
PLICITY, THIS 1S FREQUENTLY ABREVIATED As D.A.V.C.

0.01 mfd.
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L 055 I Y —F
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¥ g E ] el et
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Fla. 3
A Delayed A.V.C. and Noise Suppression Circuit,

THIS FEATURE 1S 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 D.C. VOLTAGE JUST MENTIONED BE-
FORE ANY DIODE CURRENT CAN FLOW THROUGH THE CIRCUIT.

DELAYED AUTCMATIC VOLUWE CCONTROL 'WITH AUTCMATIC MOISE SUPPRESSICN

IN File, 2 WE HAVE A CIRCUIT WHICH 18 ARRANGED SO AS TO OFFER DICDE
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DETECTION, DELAYED AUTOMATIC VOLUME CONTROL AMD AUTOMATIC NOISE SUPPRESS
toN. ONE DIODE SEGCTION OF THE 55 TUBE HANDLES THE DELAYED A.V.C. ACTION,
WHILE THE OTHER DICDE SECTION OF THIS SAME TUBE TAKES CARE OF DETECT ION.
THE TRIODE SECTION OF THIS SAME TUBE TAKES OARE OF THE NOISE SUPPRESS |ON
FEATURES. THE 57 TUBE IN THIS CIRCUIT ACTS AS AN A.F. AMPLIFIER.

Now THEN, WITH SIGNAL VOLTAGES APPLIED ACROSS THE |.F. TRANSFORMER,
CORRESFPONDING S1GNAL VOLTAGE CHANGES WILL BE INDUCED INTO coit "L" wHicH
IS CLOSELY COUPLEC TO THE PRIMARY WINDING OF THE l.F. TrRansFormER., THESE
CORRESPONDING VOLTAGE CHANGES WIiLL BE IMPRESSED UPON DIoDE "A" ofF  THE
55 TuBe AND "D10DE CURRENT" WILL THEREFORE FLOW THROUGH THIS TUBE  FROM

otece "A", THrRougH REsicTors R anp RI, RETURNING To DIODE "A" THROUGH COIL
L.

Dicoe "A" 15 CONNECTED TO THE NEGATIVE ENC GF RESISTOR R AND THE |4
VOLT CROP DEVELOPED ACROSS THE ENDS OF R 8Y THE FLOW OF BLFEEDER CURRENT

THROUGH IT 1S THEREFORE APPLIEC TO olooeE "A" As A NEGATIVE BIAS. THig
FACT SERVES TO BRING ABOUT THE DELAYED ACTION OF THE AUTOMATIC VOLUME
o ush-. u”
lSt' -58 'Zn_d T pgwer 2t26¢
IFZ Lﬁ? 137 2A6
4
)7 i A |
T 7 7
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med.
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< lmfd 4 A [ mey G 02 I mfd,
2 b mfd == 8
1 sl ’ f_ il
4= 5 =L o == = = L
= = B4 S i
Fi1Gg, 4

Application of the 246 Tube.

CCHTROL. IN OTHER WORDS, THE CURRENT FROM DIODE "A DOESN'T ACTUALLY COM-
MENCE TO FLOW UNTIL THE PEAK SIGNAL AS APPLIED TOo plope "A" rises To A
VALUE SLIGHTLY ABOVE |4 voLTS., As THIS DIODE CURREMT COMMENCES TO FLOW,
A.V.C., VOLTAGE Is DEVELOPED AcRross RI,

AT THE SAME TIME, SIGNAL VOLTAGES ARE ALSO BEING IMPRESSEC UPONDICOE
B or THE 55 TUBE AND THEREFORE CURRENT WILL ALSO BE FLOWING FROM DIODE B
THROUGH RESISTCRS R4 ano R3 anND BAack To plope B By way ofF TreE I.F. TRans-
FORMER'S SECONDARY WINDINGs THIS CURREMT FLOW THROUGH RESISTORs R3 anp R4
witL cevelorE BoTH  D.C, anp 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 18 CONNECTED TO THE NEGATIVE END OF
R4 ano so THE D.C, VOLTAGE DROP ACROSS R4 wiLL BE IMPRESSED UPON THE GRIC
OF THIS TUBE IN THE FORM OF A NEGATIVE B!AS. AT THE sameE TIME, A, F, voL-
TAGES ARE IMPRESSED UPON THE GRID OF THE 57 A.F, AMPLIFIER TUBE THROUGH
THE 0! MFD. CONDENSER FROM THE POINT WHERE THIS CONDENSER 1S CONNECTED TO
R40

THE CONSTANTS OF THE CIRCUIT ARE SO CHOSEM THAT THE BIAS VOLTAGE IM~
PRESSED UPON THE QRIC OF THE 55 TUBE DURING THE RECEPTION OF SIGNALS WILL
BE SUFFICIENTLY NEGATIVE TC 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 RESISTCOR 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 TUuBE CAN
THEREFORE, FUMCTION NORMALLY As AN A,F, AMPLIFIER AND Pass THE A,F.stanAL
TO THE REST OF THE STAGES FOR FURTHER AMPLIFICATICN,

WHEN NO S1GNAL VOLTAGES ARE IMPRESSED UPON THE |.F, TRANSFORMER, NO
DIODE CURRENT FLOWS THROUGH EITHER OF THE 55 Tuee's Two D10DE secTions.Con
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A Modern Auto Receiver Crircuif
SEQUENTLY, THERE IS NO A.V.C. ACTION BECAUsE Dicpe "AW 18 Braseo 14voLTs
NMEGATIVE., UNDER THESE CONDITIONS A MINIMUM NEGATIVE BIAS VOLTAGE WILL BE
IMPRESSED UPON THE GRIC OF THE 55 TUBE AND SO THE PLATE CURRENT  PASSED
THROUGH THIS TUBE, AS WELL AS RESISTOR RS, wiLL BE AT A MAXIMUM VALUE,

THE VOLTAGE DROP ACROSS RS 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 R5E BY wavy oOF
RESISTOR R8 A MAXIMUM NEGATIVE BIAS VOLTAGE WIiLL BE IMPRESSEDC UPON  THE
E7 Tuee. IN FACT, 80 GREAT I THE NEGATIVE BIAS VOLTAGE UPON THE 57 TUBE
AT THIE TIME THAT THIg TUBE CUTS-OFF AND NO AMPLIFICATION OF THE  AUD!O
81GNAL 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 COMDITIONS OF SIGNAL INPUT, THE
NOISE SUPPRESSION CIRCUIT WILL NOT FUNCTICN UNTIL THE Ae.VeCe CIRCUIT NO
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LCNGER ACTS TO MAINTAIN THE DETECTCR INIJT CONSTANT. ForR THiE€ REASON, AL-
THOUGH NOISE SUPPRESSICN WiLL 8E OBTAINED WHEN THE SET IS CONSIDERABLY DE-
TUNED, YET THERE IS A TENDENCY FOR SOME NOISE OR CARRIER HISS TO Bt HEARD
WHEN TUNING IS AT OR NEAR THE S!DE~BAND LIMITS, THIS MAKES 1T DESIRABLETO
REDUCE THE OELAY IN NOISE SUPPRESSION CONTROL TO A MINIMUM,

IN ORDER TO OBTAIN THIS RESULT, THE A.VeCe AND NOIEE SUPPRESSION
TUBE SHOULLD 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 CON
TROL TUEE,

IN THE CIRCUIT OF Fige 3, FOR INSTANCE, THE OVERALL SELECTIVITY AT
THE SECONDARY WINDING OF

o THe |.F. TRANSFORMER i1s
obe Ch°ki;> GREATER THAN THAT AT THE
.of mfd, coupLING corL "L AND

THEREFORE, WHEN DETUNING,

— ﬂ——j; THE SIGNAL ON DIODE  "B"

4 _ e To Ampl IS REDUCED TO A GREATEREX
%%% 7% AR TENT THAN THE SIGNAL  ON
meg. ptope "A", THE CHIEF REA-

N

\3 SON WHY THE SELECTIVITYOF
LF. Transf .5 meg. : THE coupLING cotL "L" 1s
AAAAA I LESS THAN THAT OF THE
R l.F. TRANSFORMER'S SECON-
Fﬂf; DARY WINCING IS THAT ¥HE
I Y courLING coiL "L" 1s MoORE
CLOSELY COUPLED TO THE
FlG. 6 PRIMARY WINDING OF THE
Half-wave Detector, Diode Biased Amplifier l.F. TRANSFORMER.

By usinNg THIS ARRANGEMENT, THE DESIRED SUPPRESSION CAN BE OBTAINED
APPRECIABLY BEFORE THE A.VeCe ACTION INCREASES THE RECEIVER SENSITIVITYTO
MAX IMUM,

THE 2AB

THE 2A6 1S ALSO A DUPLEX-CIODE TRIODE AND IN GENERAL APPEARANCE,
THEORY OF OPERATION AND APPLICATIOM 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 "ourLex-piooe HIGH-MU TrRioDE". ITS OPERATING CHARACTERISTICS ARE AS FOL
Lows:

HEATER VOLTAGE=2.5 VOLTS; HEATER CURRENT =(0.8 AMP; PLATE VOLTAGE
= 250 VGLTS MAXIMUM; GRID BIAS= =2 VOLTS; PLATE CURRENT=0,8 MA.; AMPLI=-
FICATION FacTor =100,

INn Filce 4 YOU ARE SHOWN A PORTION OF A SUPERHETERODYNE RECEIVER CIR
CUIT IN WHICH THIS TUBE IS EMPLOYED. NOTICE FIRST HOW THE 2A6 CONSISTE
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 ofF THIS CIRCUIT IN Fi1a. 4 vou wiLL NQ
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TICE THAT THE TWC DIODE PLATES OF THE TUBE ARE TOGETHER CONNECTED TO ONE
sI1CE OF THE LAST |.F. TRANSFORMER'S SECONDARY CIRCUIT, WHILE THE CATHODE
OF THIS TUBE IS CONNECTED TO GROUND -THROUGH FTHE 5000 oHMm FIXED RESISTOR
SO AS TO PROVIDE THE FIXED BIAS VOLTAGE FCR THIS TUBE.

THE 5 MEGOHM POTENTIOMETER RI HAS ONE OF 1TS END TERMINALS CONNEG
TED TO THE CATHODE OF THE 2A6 WHILE ITS OTHER END TERMINAL IS CONNECTED
To THE "GrRID RETURN END"™ OF THE THIRD |.F. TRANSFORMER WHICH WORKS INTO
TH1IS TUBE. THIS POTENTIOMETER, TOGETFER WITH THE .00025 MFD., WHICH 1S CON
NECTED ACRCSS 1T, SERVES THE SAME PURPOSE AS ALREADY DESCRIBED RELATIVE
To Rl AND ITS ASSOCIATED.00025 MFD. CONDENSER IN THE CIRCUIT oF Fig, |1
OF THE PREVIOUS LESSON,

A .5 MEGOHM FIXED RESISTOR R2 1S COMMNECTED TO THE NEGATIVE END OF
THE 5 MEGOHM POTENT IOME

TER IN THE CclrcuIT ofFF1G. -

4 AND THE OTHER END OF LE W?Aﬁ'f

R2 LEADS TO THE GRID RE- ' 'T}a“sf:7 LMPLY

TURN CIRCUITE OF THE TWO F [47 '°”ﬂﬁ? -

PrRECECING |.F. sTaGES ] LA

THROUGH THE .5 MEGOHM ,_é 7 I me

RESISTORs R3 anD R4, 7 i
THE NEXT POINT TO e,

CONSIDER REGARDING  THE

clrcuIT ofF Fig.4 wWiLL BE

THE REASON FOR USING RE=

el1sTors R2,R3 anp R4 N

THIS SYSTEM AND ALSO CON

pengers Cl, C2 ano C3. B FlG. 7 . .

’ Full-wave Detector Diode Biased Amplifier

To BEGIN WITH, THE VOLTAGE DEVELOPED AcCrOoss RI, DUE TO THE CURRENT
FLOW THROUGH 1T, 18 NOT sTRicTLy D.C. In apDITION, A,C. COMPONENTS ARE
ALSO DEVELOPED ACRCSS THIS SAME RESISTOR, THAT is, AN A.C, voLTAGE PRO-
PORT IONAL TC THE MODULATIO!N OF THE CARRIER AND AN A,C., VOLTAGE PROPORTIQ
NAL TO THE CARRIER ITSELF. OmLy TRE D,0. VOLTAGE DEVELOPED Across Rl Is
DESI1RED TO BE APPLIED A5 BIAS VOLTAGE To THE PReceping |.F. TusBEs.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 OBCILLATE. WHEREAS
ANY FEED BACKk OF A.F., FROM THI3 POINT WOULD CAUSE THE GAIN OF THE TUBES
THEREBY AFFECTED T3 BE VARIED AT AN AUDIO FREQUENCY AND THUS RESULT IN
DISTORT 10N,

To CARRY OUT THE PLAN AS DESIRED, THE LOGICAL THING TO DO IB TOPRE
VENT ANY OF THE A,.C., COMPONENT BEING RETURNED TO THE GRID CIRCUITS OF THE
PRECEDING TUBES AND TO PERMIT D.C, CHARGES ONLY TO ACT UPON THESE  GRID
CIRCUITS. THIS CAN BE ACCOMPLAISHED VERY NICELY B8Y MEANS OF A FILTER SVY§
TEM AND SUCH 13 THE PURPOSE oF R2,R3,R4,Cl, C2 ano C3 In THE circuIT oF Fia.
4,

For INsTANCE, R2 AND C3 TOGETHER FORM THE FIRST SECTION OF THE FIL
TER SYSTEM INCLUDED BETWEEN Rl AND THE GRID CIRCUITS TO BE CONTROLLED.

IN LIKE MANNER, R3 aND C2 TOGETHER FORM ANOTHER FILTER SECTION AS
00 ALSO R4 AnD Ci. THROUGH THIS METHOD, THE EFFECTS OF ANY R.F, or A.F,
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ENERGY IN THI1S SYSTEM WILL BE PRACTICALLY ELIMINATED AND ONLY PURe D,C,
VOLTAGES WILL BE EFFECTIVE UPON THE GRIDs oF THE Two |.F., TuBes wiTH
WHICH TO ALTER THE BIAS VOLTAGE AND SENSITIVITY OF THESE TUBES THRU THE
A.V,C. ACTION OF THIS CIRCUIT.

ResisTors R2, R3, ano R4, po NoT INTRoouce A D.C. vOLT DROP BECAUSE
IT 1s onLy VOLTAGE wWHICH 15 APPLIED THROUGH THEM UPON THE CONTROLLEDGRID
CIRCUITS, NO CURRENT ACTUALLY FLOWS THROUGH THESE RESISTORS TO DEVELOPE A
VOLTAGE DROP,.

THE TYPE 75 TUSBE

THE 75 1S A DUPLEX~DIODE HIGH-MU TRIODE DESIGNED FOR AUTOMOTIVE USE
AND 1S EQUIVALENT TOo THE 2A6 As useo IN A.C, RECEIVERS. |T HAS A STANDARD
SiX PRONG BASE AND CONTROL GRID CONNECTION CAP ON TOP OF THE GLASS BUL3.
THE OPERATING CHARACTERISTICS OF THE 75 ARE!

HEATER VOLTAGE

R.F. Choke =6.3 VOLTS; HEATER

LT &fUU'U\_ CURRENT= 0.3 AMP,;
Transf7 PLATE VOLTAGE = 250

o Vd 5 VOLTS MAXIMUM; GRID

0001 mfd. BIAS = =2 VOLTS;PLATE

£ £ C» AF CURRENT =0,8 MA; Am-
7 7 T PLIFICATION FACTOR

° .ot mfd. = ek

T 5 mea. Smfd, IN ONE OF YOUR

> AAAAA I PREV IJUS LESSONS DEA

( .00045 LING WITH AUTOMOBILE

—]— RECEIVERS, YOU WERE

.5 meq. SHOWN A CIRCUIT DIA~

I'l'h— GRAM OF AN AUTOMOB LE

\ YB+ RECEIVER IN WHICH THE

75 TUBE Is USED. WE

Fle. & ARE REPRODUCING THIS

The Half-Wave Detector, Fixed Bras Amp//'f}‘er: CIRCUIT DIAGRAM FOR

YOU AGAIN HERE IN

Ficge 5 so THAT  vou

CAN STUDY IT ONCE MORE, AT THIS TIME, NOTING ESPECIALLY HOW THE PRIN—

ctrLes oF A,V,Co WHICH YOU LEARNED IN THIS LESSON CAN ALSO BE ASPLIED TO
AN AUTOMOBILE RECEI!IVER.

VARIOUS APPLICATIONS OF DUPLEX-DIODDE TRICDES

THE CONSTRUCT IONAL 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 VARIDUS REQUIREMENTS, For
INSTaNCE, 1IN F1G, 6 ONE OF THESE TUBES IS BEING USED A3 A HALF=WAVE DE-
TECTOR, DIODE BIASED AMPLIFIER,.

NOTICE THAT IN THIS CASE, THE TWO DIODES ARE TOGETHER CONMECTED TO
ONE END OF THE TUNED CIRCUIT, WHILE THE OTHER END OF THE TUNED CIRCUIT I8
CONNECTED TO THE CATHODE THROUGH THE 5 MEGOHI RESISTOR,

THE Two DIODES, IN THIS WAY ACT AS ONE AND THEREFCRE PERMIT THEDICDE
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CURRENT Tu FLOW ONLY WHEN THE DIODES ARE POBITIVELY CHARGED. FOR THIS REA
SON, THIS ARRANGEMENT PROVIDES US WITH ONLY HALF=WAVE RECTIFICATION OF THE
S IGNAL OR HALF~WAVE DETECTION, AS WE GENERALLY SAY IN THIS CASE,

FULL-WAVE DETECTION

In Fige 7 YOU ARE SHOWN A CIRCUIT DIAGRAM IN WHICH COMDITIONS ARE
SUCH THAT FULL=-WAVE DETECTION 1S OBTAINED. HERE, ONE DICGHE 1S CONNECTEC TO
EACH END OF THE TUNED CIRCUIT AND THE CATHOCE OF THE TUBE IS CONNECTED TO
THE CENTER TAP OF THE |.F. TRANSFORMER'S SECONDARY WINDING THROUGH THE
«5 MEGOHM RESISTUR,

WITH THE CIODE CIRCUITS COMPLETED IN THIS MANNER, DIODE CURRENT WILL
ALVWAYS BE FLOWING FROM ONE OR THE OTHER OF THE TWO DiODE PLATES TO THE
CATHODE, DEPENDING UPON WHICH OF THEM HKAPPENS TO BE PCSITIVELY CHARGED BY
THE SIGNAL AT ANY ONE PARTICULAR INSTANT. IN OTHER WORDS, WE HAVE  FLLi-
WAVE SIGNAL RECTIFICA=-
TICN OR FULL~WAVE DE=
TECTION AS IT WERE, I.E Transf —

‘ 4
3

o AF
TAmpliFTer‘

3

B+ 250 V-

THE GRID OF THE
TuBe IN Flgs, 6 anp 7
IS COMNECTED TO THE NEG 7é
ATIVE END OF THE ,5MEgG
OH RESISTOR,WITH RE=-
erECT TO THE D.C, OF
THE DIODE CURRENT PASS
ING THROUGH THIS RE-
SISTOR AND SO WE  SAY
THAT THE TustE Is "DIoOE
Blasep,”"

-]

Av.c.

—AAAAA—>

THE HALF-WAVE AR B+

RAMGEMENT WILL PROVIOE I
APPROXIMATELY TWICE THE -
RECTIFIED VOLTAGE  AS FIG. 9

COMPARED WITH THE FULL The Half-wave Detector Fixed Bias Ampl. with Av.C.
WAVE ARRANGEMENT, IN

THE MAJORITY OF COMMERCIAL RECEIVERS VMICH EMPLCY A DUPLEX~CIODE  TRIODE
TUBE, YOU WILL FIND THE HALF=WAVE DETECTIGC.. PRINSIPLE USED,

HALF .WYAVE DETECTION,FIXED BIAS AMPLIFIER

THE CIRCUIT WHICH IS ILLUSTRATEC FOR You IN FlGg, 8 USES A DUPLEX-DI-
CDE TRIODE AS A HALF-WAVE DETECTOR THE SAME AS IN Fige € OF THIS LESSON.
HoWEVER, INSTEAD OF THE TUBE'S GRID BEING COMMNECTED DIRECTLY TO THE DICDE
CIRCUIT, IT HAS A FIXED BIAS VOLTAGE IMPRESSED UFON IT aND THE EM,F, oF
WHICH ORIGINATES BETWEEN THE CATHODE AND GRID. THIS IS INDICATED BY  THE
BATTERY SYMBOL IN THE CIRCUIT DIAGRAN,

THE A.F. VOLTAGE, HOWEVER, CAN STILL BE APPLIED TO THE GRID OF  THE
TUBE THROUGH THE .0l MFD. CONDENSER.

THE INMPORTANT THING TO REMEMBER REGARDING THE BIASING OF THE TRIODE
UNIT 1S THAT DIODE BIASING OF THE TRIODE UNIT MAY BE EMPLOYED ONLY WHEN AT
LEAST 20,000 OHMS 1S USED IN THE TRIODE~PLATE CIRCUITe WHEN THE PLATE CIR



Paze 10 Lesson No.32

CUIT LCAD 1S COMPARATIVELY SMALL, SUCH AS WHEN USING TRANSFORMER COUPLING
BETWEEN THE TRIODE SECTION AND THE FOLLOWING STAGES OF A FoAMPLIFICATION
AS ILLUSTRATED IN FiaG. 8, THEN THE TRIODE SECTION SHOULD BE BIASED INDE=~
PENDENTLY OF THE DIODE CIRCULT,

HALF-WAVE DETECTOR,F IXEC BIAS AMPLIFIER,WITH A.V.C.

In Fig. 9, THE CIRCU!T ARRANGEMENT !S SUCH THAT THE TUBE IS USED AS
A HALF=WAVE DETECTOR,FIXED BIAS AMPLIFIER AND AUTOMATIC VOLUME CCMTROL.
HERE THE TWO DIODE PLATES ARE TOGETHER CONNECTED TO OME END OF THE TUNED
CIRCUIT AND THE THIODE SECTION IS INDEPEMDENTLY BIASEC BY RESISTOR R,

The A,V.C. ACTION 1S DIRECTED TOWARDS THE GRID RETURN CIRCUIT OF
PRECEDING TUBES, BEING FED THROUGH THE | MEGOHM RESISTOR WHICH IS CONNEC
TED TO THL NEGATIVE END OF THE «5 MEGOHM RESISTOR THROUGH WHICH THEDIODE
CURRENT PASSES.

THe purrcsE oF THE R.F, CHOKE IN THECIR
CUITS ILLUSTRATED 1S TO PREVENT RADIO FREQUEN
CY VOLTAGES TO BE IMPRESSED UFON THE GRID OF
THE TRIODE SECTION OF THE TUBE, FOR THIS SEC-
TION IS INTENDED TO ampLIFy A,F, ONLY,

SHAZOW TUNING

ALTHOUGH THE ORDINARY TUNING METER CAN
BE USED WITHOUT DIFFICULTY BY THE AVERAGE SET
OWMER, YET THE MERE FACT THFAT IT HAS THE
APPEARANCE OF AN ELECTKRIC METER, MAKES 17
SEEM AS BEING SCMEWHAT MYSTERIOUS OR COMPLEX
TO THE OPERATOR WHO IS NOT TECHNICALLYMINDED,

Fla. 10 To OVERCOME THIS CONTITION, SEVERAL RECEIVER
~5ha0®u/ 7Zfﬂ' MANUFACTURERS HAVE DEVELOPED DEVICES WHICHWILL
r1q.
g INIDICATE THE CONDITION OF RESOMNANCE TO THE

LAYMAN IN A VERY EASY TO UNDERSTAND MANNEFR,

A VERY POPULAR METHOD OF ACCOMPLISHING THIS PURPOSE IS KMOWIN AS
SHADOW TUNING ano In Fig. 10, A DIAL ASSEMELY WHICH EPLOYS THE  SHACOW
TUNING PRINCIPLE IS ILLUSTRATEC FOR YQU,

v stuoving Fire. 10, vou 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 ACDITIONAL WINDOW HAS A
TRANSPARENT SCREEN MOUMNMTED BEHIND 1T AND UFON WHICH A DARK SHADOW Is
CAST,.

A5 THE RECEIVER IS TUNED TO RESOMANCE WITH A SIGNAL, THE SHADOWWILL
DECREASE IN WIDTH AND AS THE RECEIVER IS DETUNED FROM RESCNANCE, THEWIDTH
OF THE SHADOW WILL INCREASE IN WIDTH. InN OTHER WORDS, WHEN TUNING A RE-
CEIVER EQUIPPED WITH SHADCW TUNING FEATURES, WE SIMPLY TUNE THE SETUNTIL
THE DESIRED STATION IS BROUGHT IN AND THEN TO BE SURE THAT THE SET s
TUNEC EXACTLY TO RESONANCE WITH THIS STATION, WE SET THE DIAL CAREFULLY
SC THAT THE SHADOW ON THE SCREEN WILL BE OF MINIMUM WIDTH,

THE SHADOW TUNING MECHANISM IS ILLUSTRATED FOR YOU IN DETAILIN FIG.
i1, As vou 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 THEREST
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 BE
HIND THE 8LIT. THE INTERIOR OF THE SHADOW BOX IS ENVELOPED IN COMPLETE OAR
KNESS, WITH THE EXCEPTION OF THE LIGHY 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 VYane
CONSISTS OF NOTHING MORE THAN
A MILLIAMETER IN WHICH THE IN
ODICATING NEEDLE IS REPLACED
WITH A LIGHT RECTANGULARSHAP
ED VANE, THUS WITH THE METER
COIL CONNECTED IN THE RECEIY

slit

|~ Screen

ER CIR T IN TH MANNER .
AS $HEcg;NV;NTIO§AﬁA:LEJN IANGME Wide shadow Narrow shadow
when detuned. at resonance.

TER, THE POSITION OF THEVANE
WILL BE CHANGED JUST AS WILL
AN INDICATING NEEDLE WHEN THE Fla. 11
CURRENT FLOW THROUGH THE Shadow Turning Mechanisin,
COIL VARIES,

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 WILI. BE CAST UPON THE SCREEN. THE UNIT IS
SO ADJUSTED SO THAT WHEN THE SET 1S TUNED TO RESONANCE WITH A SIGNAL,; THE
VANE WILL TAKE THE POSITION AS SHOWN FOR RESONANCE IN Fias |1, AT THIS
TIME OFFERING THE SMALLEST POSSI3BLE 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
B8E IMPRESSED UPON THE S8CREEN MORE BROADLY AS SHOWN FOR THE DETUNED POSI-

TioN IN Fiae Il

No pDousT, VYOU 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 AOVANCED SECTION OF THE
COURSE TO BE OF STILL GREATER VALUE TO YOU 80 THAT UPON COMPLETING NATION
AL TRAINING, YOU WILL HAVE FULL CONFIDENCE IN YOUR ABILITY TO TACKLE ANY
RAD!O PROBLEM,

(“*Q&::::::::::::::::ﬁb’“
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EXAMINATION QUESTIONS

LESSON NO. 32

WHAT DO WE MEAN BY THE exXPRESSION AUTOMATIC NOISE SUP-
PRESSION or SQUELCH CONTROL?

WHAT s MEANT By DELAYED AUTOMATIC VOLUME CONTROL?

DRAW A DIAGRAM OF A CIRCUIT WHICH WiLL PROVIDE AUTOMATIC
NOI!SE SUPPRESSION.

WHAT ARE THE OPERAT ING CHARACTERISTICS OF THE 2A6 Tuse?

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. 42

WHAT ARE THE OPERAT ING CHARACTERISTICS OF THE 75 TUBE?

How MAY FULL - WAVE DETECTION BE OBTAINED WITH A DUPLEX~-
DIODE TR1ODE?

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

WHAT ADVANTAGES DOES THE 2A6 TUBE OFFER GVER THE 55?

DESCRIBE BRIEFLY THE OPERATING PRINCIPLES OF "SHADOW TUN
iNGg"?
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LESSON NGO, 33

* STORAGE BATTERIES-SERVICING -

INTHE 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 CONT INVE
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 OF BATTERY
UP TO ITS HIGHEST EFFICIENCY,

FIRST, LET Us CONSIDER JUST THE CARE,
wHIicH A NORMAL sTORAGE BATTERY, SUCH AS THE
oNE IN Fig. | REQUIRES IN ORDER TO PREVENT
IT FROM DEVELOPING MANY OF THE SERIOUS TROU-
BLES TO WHICH IT 1S CONTINUALLY SUBJECTED.A-
MONG THESE IMPORTANT ITEMS, WE FIND THAT IT
IS ABSOLUTELY ESSENTIAL TO ALWAYS KEEP  THE
OUTSICE OF THE BATTERY CLEAN AND DRY,

KEEPING THE BATTERY CLEAN

THERE SHOULD BE NO DOUBT IN YOUR MIND
AS TO WHY THIS PRECAUTION 1S SG NECESSARY, IF Fig.1
YOU WILL ONLY CONSICER THE FACT THAT MO ISTURE
AND DIRT OFFER A CCMBINATION, WHICH HAS SUFF-
ICIENTLY GOOD ELECTRICAL CONDUCT INGQUALITIES SO THAT IT WILL PERMIT A LEAK
AGE OF CURRENT BETWEEN THE CELLSs. CONTINUOUS CURRENT LEAKAGE OF THIS NA-
TURE WILL IN DUE TIME PERMIT A GOOD BATTERY TO DISCHARGE ITSELF., IT I8 A
@GOOD POLICY TO OCCASSIONALLY WIPE THE TOP OF THE BATTERY CLEAN WITH A RAG
MO ISTENED WITH AMMONIA OR A SCLUTION 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,

CORRECT ING CORROCDED TERMINALS

IF vyou 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 1S DUE TO THE AC-
TION OF THE ACID ON THE METALLIC IMPURITIES WHICH ARE PRESENT ON THE TERM
INALS,.

SHOULD THIS CORROSICN BE ALLOWED TO CONT INUE, 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 CONDITION, IT IS NECESSARY FOR YOU TO
REMEDY IT IMMEDIATELY AND ALTHOUGH IT IS A SIMPLE MATTER TO DO THIS8, YET
IT 18 A MOST IMPORTANT ONE. THE FIRST THING TO DG, WHEN YOU WISH TO REMEDY
THIS CONDITION, 1S TO SCRAPE OFF ALL
_Waterfeyvel | OF THIS SUBSTANCE, BEING CAREFUL,HOW-
i 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 NECESSARYTO
REMOVE THE CCNNECTION WHILE SCRAPING
SO0 THAT ALL SURFACES WILL BECOME BRI=-
GHT AGAIN BEFORE REPLACING THE CONNEG
TION,

SOMETIMES, TERMINALS BECOME SO
BADLY EATEN AWAY THAT IT IS NECESSARY
TO REPLACE THEM WITH AN ENTIRELY NEW
CONNECTIiON,

AFTER THE CORRODED TERMINAL HAS

Fila. 2 BEEN CAREFULLY CLEANED, IT SHOULD BE

Level of the Electrolyte. WIPED WiTH A CLOTH MOISTENED WITH

AMMONIA OR A SOLUTION OF BAKING SODA

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

"A STICH IN TIME, SAVES NINE"

IF A sivMPLE 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
DEVELCPING CONDITION,

THE BATTERY NEEDS WATER

A CAMEL CAN CONTINUE DOING ACTIVE WORK FOR A CONSIDERABLE TIME WITH
OUT NEEDING A DRINK, HOWEVER, THE TIME COMES SOON WHEN HE TOO MUST HAVE A
DRINK OF WATER IN ORDER TO KEEP GO ING. 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 1S ADVISABLE TO REMCVE 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 SHCULD NEVER BE ALLOWED TO BECOME
LOWER THAN A POINT 3% ABOVE THE TOP OF THE PLATES, AS sHOWN IN F16.2,

USE DISTILLED WATER

WHEN 1T 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 WATER, IS NOT SUITABLE FOR BATTERY
PURPOSES BECAUSE IT CONTAINS MINERALS
AND VEGETABLE MATTER WHICH WHEN VolEmeter

see,

BROUGHT IN CONTACT WITH THE ACID
WITHIN THE CELL, WOULD PRODUCE VERY
UNDES IRABLE EFFECTS. DISTILLEDWATER
DOES NOT CONTAIN ANY MINERALS OR
PRODUCTE OF VEGETATION AND THEREFORE
IT 1S THE ONLY KIND OF WATER WHICH
8HOULD BE USED IN A CELL, IF GOODRE
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
AND WEAKER BUT YOU SEE, IT I8 THE
WATER OF THE ELECTROLYTE WHICH EVAP
PORATES AND NOT THE ACID. NOT ONLY
DOES THE WATER EVAPORATE DUE TC OR~-
DINARY CAUSES BUT WHILE THE BATTERY
18 BEING CHARGED, THE CHEMICAL COM-
POS ITION OF THE WATER 18 FREQUENTLY
BROKEN UP INTO HYDROGEN GAS AND OX—
YGEN GAS, WHICH ARE REALLY THE TWO

ELEMENTS OF WHICH WATER IS COMFOSED., Filag,3
Testirng the Cell
METHOD OF ADDING WATER TO THE CELLS Veltage.

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 SQU!RTING 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 THESPEC
IFIC GRAVITY TO HAVE FALLEN TO A READING ofF 1,150, THEN IT BECOMES NEC-
ESSARY TO TAKE ACTIVE STEPS,

FIRST, OF COURSE, WE MUST DETERMINE WHETHER TH!S LOW GRAVITY Is DUE
MERELY BECAUSE THE BATTERY IS IN A DISCHARGED CONDITION OR WHETHER THE
ELECTROLYTE ITSELF 1S OUT OF PROPORTION., 10 DETERMINE THIS, A VOLTVETER
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SHOULD BE USED IN CONJUNCTION WITH THE HYDROMETER AND IF THE CELLVOLTAGES
ARE PRCPORTIONAL TO THE HYDROMETER READINGS, THEN IT IS JUST NEGCESSARY TO
RECHARGE THE BATTERY., HOWEVER, IF THE CELL VOLTAGES ARE OUT OF PROPORT ION
TO THE HYDROMETER READINGS, THEN 1T EVEN BECOMES NECESSARY To RE-BALANCE
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 Fige 3, we FIND 1T TO BE 2,1 voLTs. THIS RELATIONSHIP BETWEEN

THE SPECIFIC GRAVITY READING AND VOLTMETER READING,WOULD TELL US THAT THE
CELL 1s iN A GOOD CHARGED conoITION.

NEXT, LET US SUPPOSE THAT WE SHOULD TEST A CELL, FINDING ITSSPECIFIC
GRAVITY TO BE |+275 WHILE THE CELL VOLTAGE I8 ONLY |,9 voLTs., THis wouLD
INDICATE THAT THE SPECIFIC GRAVITY oF THE ceLL 18 TOO HIGH rFor THE EX1ST-
ING VOLTAGE AND SUCH A CONDITION WOULD CALL FOR A RE~BALANCING OF THEELEG
TROLYTE; AS WELL AS A RE=CHARGE.

SHOULD YOU FIND THE SPECIFIC GRAVITY To BE ABOUT |.200 WITH A CELL
VOLTAGE oF 2,! voLTs, THEN THE sPECIFiIC GRAVITY Is TOO LOW ror THE EXI13T~-
ING VOLTAGE AND THIS WOULD LIKEWISE REQUIRE A RE=-BALANCING OF THE ELEC-
TROLYTE., HOWEVER, IF THE SPECIFIC GRAVITY READINGS SHOULD BE |, 150 AND THE
CELL VOLTAGES |.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 1T BEFORE
YOU ADD ANY WATER TO REPLACE EVAPORATION, THE REAS8ON FOR THIS I8 THAT THE
WATER WiLL NOT IMMEDIATELY MIX THOROUGHLY WITH THE ACID AND YOU WOULD
THEREFORE OBTAIN A LOWER HYDROMETER READING THAN WOULD ACTUALLY EXI18T AF-
TER THE WATER AND ACID HAVE HAD A CHANCE TO MIXe

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 1S, IT HAS BECOME RUM DOWN OR DISCHARGED SO THAT THESPEGQ
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 FROM A PREVIOUS LESSON,THAT A3 THIS CHEMICAL CHA-~
NGE WAS GRADUALLY TAKING PLACE, AN ELECTRIC CURRENT WAS CAUSED TO FLOW
THROUGH A COMPLETED CIRCUIT, HOWEVER, AS S8OON AS THE CHEMICAL CHANGE WITH
IN THE CELLS HAS REACHED A CERTAIN POINT, THE BATTERY I8 NO LONGER EFFi-
cianT. In rFacT, 1F we sHould sTiLL FORCE THE BATTERY TO CONTINUE DISCHARG
ING UNTIL THE VOLTAGE OF EACH OF ITS CELLS DROPs BeELOw |.7 or 1.6 voLTS,
AND ITS SPECIFIC GRAVITY BeELow 1,150, we arRe permITTING SERIOUS tROUBLE TO
DEVELOP WITHIN THE CELL,

REVERSED CHEMICAL ACTION

OUR NEXT STEP THEN IS TO CAUSE A CHEMICAL ACTION TO TAKE PLACE S8OTHAT
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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 ELECTRIECAL CURRENT. WE cALL THIS RESTORA-
TION OR REJUVINATING ACTION "CHARGING THE BATTERY",

IN ORDER TO CHARGE THE BATTERY, IT 1S NECESSARY TO DO JUST THEOPPO-
SITE TO WHAT TOOK PLACE DURING THE DISCHARGE OF THE BATTERYe. THAT IS, WE
MUST PA8S AN ELECTRIC cURRENT THROUGH THE BATTERY IN A DIRECTION OPPOSITE
Yo 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 J 10w o.c LINE
+ ~ .30 Amp. Fuses
FirsT, 1T 18 NEC- b
ESSARY TO HAVE A DIRECT o #1 |#z |#3 |#4
S c ol of fof o
s Msster ;7
RENT, YOU WiLL REMEMBER, |Swilch™ O K7 1O Z::zzz;
ALWAYS TRAVELS IN ONE -4 KA KO FOA Lamps
DIRECT ION ONLY, '
0 L 100 101 19 [©
IN soME  LOCAL- 1)‘ O] 107 107 KO .
ITIES THIS TYPE OF PosiLive Neggt,'y_eccg @ @ﬁ CJO> 4
CURRENT 1S SUPPLIED To |Connectianl  Cormection #1 #2z AT
THE VARIOUS BUILDINGS L7 Tgi %, Snap Swilches
BY A CENTRAL POWER
. BATTERIES
PLANT. IN BUCH A CASE,
WE CAN USE THIS CURRENT + J@l:;o *jfﬁ thoJoro
FROM THE POWER LINES, - "d o
HOWEVER, WE MUST TAKE 81 — 12 — 33 —
CERTAIN CONDITIONS IN- FiG. 4
TO CONSIDERATION., Battery Chatging Wher D.C. s Available.

In F1ge 4 YOU WILL SEE HOW WE CAN GET A SUITABLE BATTERY CHARGING
CURRENT BY THIS MEANS,

USING D.C. CIRECT FROM POWER LINES
| ‘

HERE YOU WILL SEE THAT Two WIRES LEAD From ThHE 110 V-D. C,, LINE,
THROUGH THE FUSES TO THE TERMINALS OF THE SINGLE THROW, DOUBLE POLESWITCH.
As LONG A3 THIS MASTER SWITCH 18 OPEN, NO CURRENT WILL FLOW THROUGH  THE
BATTERIES,

Now WHEN THE MASTER SWITCH IS CLOSED, CURRENT WILL FLOW FROM THE PQ
SITIVE 810E OF THE 110 V. LINE, THROUGH THE SWITCH, AMMETER AND TO THE PQ
81TIVE CONNECTION. NEXT, OBSERVE THAT: THREE BATTERIES HAPPEN TO BE CONNEQ
Tep In SERIES, THAT 15, THE (=) TERMINAL OF ONE IS CONNECTED TO THE (+)
TERMINAL OF THE NEXT AND SO ON. ALSO NOTICE THAT THE () TERMINAL OF BAL
TERY #| 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 #|, THROUGH ALL THE CELLS OF BATTERY #l AND
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IT LeEaves BATTERY #l| rFrom THE (=) TERMINAL. SINCE THE NEGATIVE TERMINALOF
BATTERY #| 1S CONNECTED TO THE POSITIVE TERMINAL OF BATTERY #2 BY MEANS OF
A WIRE, THE CURRENT WILL CONTINUE ON IT8 JOURNEY THROUGH THIS WIRE,  AND
wiLL THEN pass THROUGH BATTERY #2, FROM THE POSITIVE TO NEGATIVE TERMINAL,
JUST AS IT DID THROUGH BATTERY #l.

FrROM 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 80 THAT THE CHEMICAL ACTION
WITHIN THE BATTERIES WILL BE REVERSED AND THE BATTERIES CHARGEDs HOWEVER,
WE STiLL HAVE SOME IMPORTANT PROBLEMS TO CONFRONT BEFORE THIS CIRCUIT IS
COMPLETE, SO0 LET US CONTINUE TRAILING OUR CURRENT FROM THE NEGATIVE CON=
NECTION OF THE LINE THROUGH THE BALANCE OF THE SYSTEM.

= THE SNAP SWITCH

—_—
~C-., D. C. LINE

o > Four 8NAP

reeeene 70 power house Fuses e SWITCHES ARE CONNEC-

Ammeter =" ¥ PP TED TO THE WIRE LEAD
m o ING FROM THIS NEGA-

o TIVE CONNECTION AND
THEREFORE yTHE CURRENT
WILL CONTINUE ON ITS
Y JOURNEY, FLOWINGTHRU
WHICHEVER OF  THESE
O\ Blede SNAP SWITCHES HAPPENS
N To BE cLosep. LET us

ANo o Contact FIRST ASSUME THAT OfN
Y Ly switcH #l 18 cLos-
Rheostst .. §- BATTERIES +9 ED, WHILE THE OTHER
—T5 ool —& 8NAP 8WITCHES ARE
(JL »a + oPeN. Because oFTHIs
o+ A+ o CONDI TI1ON, THE CURRENT

WILL ALL FLOWTHROUGH
FlG. 5 sNaP swiTcH #1  anD

Controlling the Charge With a Rheostat THENCE IT WILLDIVIDE

Y

¥

. Resistance
Wire

ITSELF BETWEEN THE FIVE LAMPS, WHICH ARE OF EQUAL RESISTANCE, AND THEN IT
WILL FLOW THROUGH THE WIRE LEADING TO THE NEGATIVE SI1DE OF THE MASTER 8W1
TCH ANO BACK TO THE NEGATIVE LINE oF THE 10 VoLt D.C, POWER LINE,

THIS, YOU WIlLL 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 LAMPS8 ARE FOR, 80 NOW
LET US GET THIS POINT SETTLED. FIRST, IT 1S NOT ONLY NECESSARY YO SEND A
DIRECT CURRENT THROUGH THE BATTERIES IN ORDER TO CHARGE THEM BUT THE CHARG
ING CURRENT MUST BE CONTROLLED., GENERALLY SPEAKING, BATTERIES SHOULD BE
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CHARGED AT THE RATE OF ABOUT 5 AMPERE PER PLATE PER CELL. THAT 1S,AN I
PLATE BATTERY SHOULD BE CHARGED AT THE RATE OF ABOUT 5.5 AMPERES FORBEST

RESULTS,

Now, ANY LAMP OFFERS A DEFINITE RESISTANCE TO CURRENT FLOW AND BY
CONNECTING THE LAMPS AS IN GROUP #|, THE CURRENT CAN DIVIDE ITEELF AMONG
THE FIVE LAMPS. THEN IF EACH LAMP OFFERS SUFFICIENT RESISTANCE SO  THAT
ONLY ABOUT | AMPERE CAN FLOW THROUGH 1T, THEN 5 LAMPS, AS CONNECTED  IN
GRoup #!, OFFER FIVE OF SUCH PATHS AND THEREBY MAKES THE FLOW OF CURRENT
FIVE TIMES A8 EASY. THAT 18, oNLy |/5 OF THE RESISTANCE IS ENCOUNTERED BY
THE FLOWING CURRENT TO THAT WHICH I8 OFFERED BY ONLY ONE LAMP.THEREFORE,
INSTEAD OF | 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 #l, 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 #| BURNING, OUR CHARGING RATE WOULD DROP,
g0 WE CAN Now ALSC 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 #! BURNING.

So vou 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 Fice B STILL ANOTHER WAY OF CONTROLLING THE CURRENT FLOWTHROUGH
A BATTERY CHARGING CIRCUIT, WHICH IS USING DIRECT CURRENT AS SUPPLIED BY
A POWER COMPANY, 1S ILLUSTRATED. IN THIS CASE INSTEAD OF CONTROLLING THE
CHARGING CURRENT WITH A GROUP OF LAMPS, WE USE A DEVICE KNOWN A8 A RHEOS
TAT, THE RHEOSTAT CONSISTE OF A GROUP OF WIRE COILS, WHICH ARE CONNECTED
TO CONTACTS AT CERTAIN INTERVALS. A BLADE 1S ROTATED BY THE OPERATOR BY
MEANS OF A HANDLE. THE TIP OF THIS BLADE MAKES CONTACT WITH ONE OF  THE
EQUALLY SPACED CONTACTS AT A TIME, AS THE BLADE 18 ROTATED.

THE FARTHER THAT THE BLADE IS TURNED TO THE RIGHT, THE MORE RESIS-
TANCE WIRE WILL BE ADDED TO THE CIRCUIT SO THAT THE CURRENT FLOW WilLL BE
RETARDED THAT MUCH MORE. HENCE BY WATCHING THE AMMETER, THE 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 DIRECT ION
OF THE ARROWS,

SOME POWER HOUSES SUPPLY ALTERNATING CURRENT

Now SUPPOSE THAT THE POWER HOUSE IN YOUR VICINITY DOESN'T FURNISH
DIRECT CURRENT BUT suppPLiEs ALTERNATING CURRENT |nsTeap. THIS I8 REALLY
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THE CASE IN MOST PLACES AT THE PRESENT TIME, 80 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 18 THIS! |T FLOows FIRST IN ONE
DIRECTION AND THEN SIMPLY TURNS AROUND AND REVERSES ITSELF SO THAT IT FLOWS
IN THE OPPOSITE DIRECTION. |F WE SHOULD TRY TO USE THIS KIND OF A CURRENT
FOR BATTERY CHARGING, WE WOULD FIND THAT DURING THE INSTANT THE  CURRENT
WAS FLOWING N 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 ONLY FLows IN ONE DIRECTION ALL THE TIME.

THE RECTIFIER

Swilch

Rl

Rheostat

Fla. 6
A Typical Tungar Rectifier:

WE MUST GET AROUND THIS CONDITION SOMEHOW, SO WE USE A UNIT, WHICH I8
KNOWN As A RECITIFIER, anD SOMETIMES we gusT caLL 1T A BATTERY CHARGER.

THERE ARE VARIOUS TYPES OF RECTIFIERS, BUT THEY ALL SERVE THE SAME
PURPOSE WHICH IS TO MAKE USE OF THE SUPPLIED ALTERMATING CURRENT IN SUCH A
WAY THAT A DIRECT CURRENT CAN BE PRODUCED WITH WHICH TO CHARGE THE BATTER-
{ES,

THE TUNGAR RECTIFIER

In F1g. 6 YOU WILL SEE A CHARQER WHICH 1S5 CAPABLE OF CHARGING TEN BAT
TERIES AT ONE TIME AND IT 18 KNOWN As THE TUNGAR RECTIFIER,
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THE TWO LEADS, WHICH PROTRUDE FROM THE TOP OF TME 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 SAME TIME, IT CAN
ALSO BE CONNECTED 80 THAT IT WILL CHARGE A FEWER NUMBER. Fia. 8 sHOws How
THIS CHARGER §8 CONNECTED
WHEN CHARGING ONLY 8iIX
BATTERIES. NOTICE THATALL
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
SBATTERY IS CONNECTED TO
THE NEGATIVE TERMINAL OF
THE RECTIFIERe

You MUST REMEMBER, HOW
EVER, NOT TO CONNECT MORE
BATTERIES TO A  CHARGING
CIRCUIT, THAN THE CHARGER
18 CAPABLE OF HANDLING,
ALL RECTIFIERS ARE PRO-
VIDED WITH A NAME PLATE,
WHICH STATES THE LOAD FOR
WHICH THE PARTICULAR REC-
TIFIER WAS DES IGNEDe bulb. Sockel

OPERATING THE TUNGAR SET FlaG. 7
- § e r:
V0Tt GUR ELEES G Inside of the Same Tungar Recéifie

NECTED AS sHOWN IN Fig, 8, THE FIRST THING THAT WE DO IS TD REMOVE THE
VEMT PLUGE AND ALSO SEE THAT THE HANDLE OF THE RHEOSTAT IS TURNED TO THE
POSITION OFFERING THE MAXIMUM amMounT OF RESISTANCE SO THAT PRACTICALLY NO
CURRENT CAN FLOW, THE SWITCH OF THE RECTIFIER 18 THEN TURNED ON AND AS
SOON AS THE BULS INSIDE OF THE RECTIFIER BECOMES JLLUMINATED, THEN THE
RHEOSTAT HANDLE SHOULD GRADUALLY BE TURNED UNTIL THE AMMETER NEEDLE COMES
UPp To 5 OorR 6 AMPERES.

SOME OF THESE BULB RECTIFIERS DO NOT HAVE A SEPARATE SNAP S8WITCH AND
THE CIRCUIT 1S AUTOMATICALLY OPEN CIRCUITED WHEN THE RHEOSTAT 18 §N THE
orr™ posiITiION,

ALTHOUGH AN ALTERNATING CURRENT IS FLOWING FROM THE POWER LINES THRU
THE RECTIFIER, YET A PULSATING DIRECT CURRENT IS FLOWING THROUGH THE BAT
TERIES, AS INDICATED BY THE ARROWS IN Fig. 8.




Page 10

SUFFICIENT WATER IN BATTERIES WHILE ON CHARGE

DURING THE PROCESS OF CHARGING, 1T IS NECESSARY TO SEE THAT THE CELLS
ARE ALL SUPPLIED WITH THE REQUIRED AMOUNT OF DISTILLED WATER SO THAT THE
PILATES WILL BE COVERED. THE BATTER!ES CAN NOW BE LEFT ALONE, WHILE THEY
ARE GRADUALLY BEING CHARGED, HOWEVER, THE SYSTEM SHOULD BE INSPECTED OCC-
AS IONALLY TO BE SURE THAT THE CURRENT FLOW IS8 CORRECT AND THAT THE BATTER

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=-
TERIES WILL HAVE TO BE CHARGED UNTIL THEY REACH A FULLY CHARGED CONDITION,
THIS, OF COURSE, DEPENDS UPON THE TYPE OF CHARGER USEDy; AS WELL AS THE CON

DITION OF THE BATTERIES THEMS8ELVES. HOWEVER, THE CHARGER SHOWN IN Figg. 6
AND 7 WILL CHARGE THE AVER=

T"AC.

|1 AGE BATTERY IN ABOUT 24
0O 0 7 Reclifier HOURS. THERE ARE ALSO SOME
© - TUNGAR SETS WHICH WILL

T+ =1 ot CHARGE THE AVERAGE BATTERY
oS | et | o | ol | o o in ABouT }2 TO 16 HOURs BUT

3 = + IN THIS CASE, TWICE THE

P S __,,/ CHARGING RATE OF THESMALLER

bl CHARGER IS USED.
aib’ + + +

[~ l = =T i ban As WE GO ALONG,YOUWILL

b el s gl B mll e = SEE THAT SOME CHARGERS WiILL

EVEN COMPLETELY CHARGE THE
AVERAGE BATTERY IN A STILL
Fla. 8 SHORTER TIME.

Tungar Rectifier Charging 6 Bafterses
WE DON'T FIGURE THE EXTENT OF CHARGE ACCORDING TO TIME

]

THESE FIGURES WILL GIVE YOU SOMEWHAT OF AN IDEA AS TO HOW LONG A TUN=-
AR 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 S A BATTERY CHARGED?

LET Us suPPOSE, FOR EXAMPLE, THAT OUR BATTERY HAS BEEN CHARGING  FOR
ABOUT 10 HOurRs. WE WILL TAKE OUR HYDROMETER AND TEST THE ELECTROLYTE OF
EACH CELL AND THEN WE WILL MAKE A VOLTMETER TEST ON EACH CELLe |F 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 CHARQER 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 GASS ING
CELL, AS HYDROGEN WHEN IGNITED, WILL CAUSE A MINJATURE EXPLOSION, WHICH
MIGHT EVEN BLOW OFF THE TOP OF THE BATTERY.

SOMET IMES BUBBLES WILL ALS8O BE CAUSED BY TOO HIGH A CHARGING RATE,
AT ANY RATE,DON'T AL~
LOW GASSING TO CONTIN Ac—" ‘//'SOCKET
UE BECAUSE IT I8 JusT
A WASTE OF CURRENT, A
WASTE OF WATER,AND AT
THE SAME TIME, IT IS
INJURIOUS TO THE BAT-
TERY IN GENERAL.

TUNGAR
RECTIFIER

BRATTERY

THE FULLY CHARGED BAT-
TERY

So vou gEE,JusT
KEEP THE BATTERY CHAR
GING UNTIL ALL THE
CELL VOLTAQGES COME UP
TO ABOUT 2.5 vOLTS

WHILE STILL ON  THE

LINE AND THE SPECIFIC

GRAVITY TO ABouT |,.280 Fla. 9

or 1.300. WHEN  THIS Turngar Set For Home Use

CONDITION 1S REACHED,

THE BATTERY 18 FULLY CHARGED AND READY TO BE TAKEN FROM THE CHARGING LINE,
AFTER IT 1S REMOVED FROM THE LINE, YOU WILL FIND THE CELL VOLTAGES TO DROP
To 2.2 VOLTS.

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 VIiCE VERSA. IF THIS 15 THE CASE,
ALLOW THE BATTERY TO CONTINUE CHARGING UNTIL NEITHER THE CELL VOLTAGES NOR
THE SPECIFIC GRAVITY WILL RISE HIGHER. THEN tF YOU SHOULD FIND THAT THE
CELL VOLTAGES WILL COME UP TO THE!R REQUIRED POINT BUT THE SPECIFIC GRAV]
TY IS ToO LDW, WITHORAW SOME OF THE ELECTROLYTE FROM THE LOW GRAVITY CELL
OR CELLS8 BY MEANS OF A SYRINGE, GENERALLY, IT IS ACVISABLE TO WITHDRAW E-~
NOUGH OF THE ELECTROLYTE SO THAT THE LEVEL WIlLL DROP TC THE TOP OF THE 8E
PERATORS. NOW YOUR NEXT STEP IS TO REPLACE THIS REMOVED ELECTROLYTE WITH

AN EQUAL AMOUNT ofF SULPHURIC ACID, wHicH HAsS A SPECIFIC GRAVITY OF 1.400
(THiS 18 THE STRENGTH OF ACID THE BATTERY MAN BUYS. ) HAVING REPLACED THE
AMOUNT OF ELECTROLYTE YOU HAVE WITHDRAWN, WITH AN EQUAL AMOUNT OF |.400

SULPHURIC ACIC, ALLOW THE BATTERY TO CONTINUE CHARGING FOR ANOTHER HOUR,

THis HOUR'S CHARGE WILL PERMIT THE ADDED SULFHURIC ACID TO MIX THOR




Page |2

OUGHLY WITH TFE REST OF THE ELECTROLYTE WHICH WAS ALREADY IN THE CELLJAF-
TER THIS HOUR OF CHARGING, TEST THE ELECTROLYTE AGAIN AND IF THE SPECIFIC
GRAVITY I8 STILL TOO LOW, REPEAT THE ADDITION OF 1,400 ACID IN THE SAME
CAREFUL MANNER AS WAS JUST SHOWN YOUs, THEN AFTER ANOTHER HOUR'S  CHARGE,
TEST THE ELECTROLYTE AGAIN AND YOU JUST CONT INUE BALANCING THE ELECTROLYTE
IN THIS WAY UNTIL THE HYDROMETER READING COMES UP To 1,280 or 1.300 wHEN
THE CELL VOLTAGES ARE 2,5 voLTs (WHILE oN THE LINE) .

BALANCING AN ELECTROLYTE, WHOSE SPECIFIC GRAVITY IS TGO HIGH

SHOULD YOU, HOWEVER, FIND THAT THE SPECIFIC GRAVITY OF THE ELECTRO=—
LYTE IS TOO HIGH, AFTER THE CHARG
" ING LIMIT HAS BEEN REACHED, THEN
DRAW OFF SUFFICIENT ELECTROLYTE SO
THAT ITS LEVEL WILL BE JUST EVEN
WITH THE TOPS OF THE SEPARATORS.
REPLACE THIS WITHDRAWN ELECTRO-
LYTE WITH AN EQUAL voLume or DIS-
TILLED WATER, CONTINUE CHARGING
FOR ANOTHER HOUR AND TEST THE ELE
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 RE
SULTS, THAN BY JUST  HAPHAZARDLY
GUESSING AT THE REQUIRED AMOUNTS
OF ACID OR WATER TO ADD,

REMOVING THE CHARGED BATTERY FROM

F1G. 10 THE LINE
A Typical Motor-Generator A
Set for 3a[£erg Charging. FTER THE BATTERY IS FULLY
CHARGED, S0 THAT THE VOLTAGE I8

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 THERECTIFIER,

Now REMOVE THE BATTERY FROM THE LINE AND SEE TO IT THAT THE WATER
LEVEL IS CORRECT IN EACH CELL. REPLACE THE VENT PLUGS, WASH OFF THE O0OUT-
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 FCR HOME USE

IN Fige 9 vou wiLL see A sMALL TunGar BuLB RECTIFIER,WHICH CAN BE
ADVANTAGEOUSLY USED AROUND A HOME TO CHARGE ONE BATTERY AT A TIME. [N 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 SC THAT A DIRECT CURREMT 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-
tes, BUT IN Fig. 10 vou wiLL see A MOTOR-GENERATOR cHARGING SET,WHICHWILL
CHARGE THE BATTERIES MUCH QUICKER THAN THE TUNGAR RECTIFIER.

THE MoTOR-GENERATOR SET OR M,G, 8ET, A8 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 18 COY
PLED DIRECTLY TO A DIRECT CURRENT GENERATOR 80 THAT as THE A.C., (aLTernAT-
ING CURRENT) MOTOR 1S CAUSED TO ROTATE B8Y A.C. CURRENT, IT WILL OPERATE THE
D.C. GENERATOR, WHICH IN TURN WILL SUPPLY THE BATTERIES WITH A DIRECT CURR
ENT.

IN OTHER WORDS,
aLL THE A,C. wmOTOR
COES IS TO OPERATE
THe D.C. GENERATOR
AND THE GENERATOR AG
TUALLY SUPPLIES THE
BATTERIES WITH  THE
CHARGING CURRENT,

CHARGING BATTERIES
WITH M.G. SET

GENEpAToi7 MOTOR-7> ACf/I7l

SWITCH

In Fre. Il vyou
WILL SEE HOW 8IX DIE
FERENT BATTERIES ARE
ALL CONNECTED TO THIS
M.G. SET AT ONE TIME,
NOT ICE THAT ONE WIRE,.
WHICH COMES FROM THE
GENERATOR, ISPOSITIVE
(+), ANOTHER IS NEG-
ATive (=) anD THE

CENTER ONE I8NEUTRAL

(N). INSTEAD OF THESE Fi1G. 11

CONDUCTORS BEING The Cﬁar‘qtng Crrcurt Of ar M. G .S‘ef.
FLEX|BLE WIRE, YOU WILL GENERALLY FIND THEM TO BE RIGID COPPER RODS ABOUT
3/4" IN pi1aMETER AND WE caLL THEM BUSS BARS.

OBSERVE CAREFULLY THAT THE A,C.LINES HAVE NO ELECTRICAL CONNECTION
WHATEVER WITH THE BATTERY CHARGING CIRCUIT. THEY JUST SUFPPLY THE MOTORwITH
CURRENT AND THAT IS8 ALLe

TRACING THE CHARGING CURRENT

WHEN THE SET I8 IN OPERATION, THE CHARGING CURRENT WILL FLOW FROMTHE
(+) TERMINAL OF THE GENERATOR, THROUGH THE RIGHT HAND AMMETER AND THEN 1T
DIVIDES ITSELF BETWEEN THE DIFFERENT BATTERIES, RETURNING TO THE GENERATOR
THROUGH THE NEGATIVE (=) TERMiInaL. THE NeuTraL (N) suss 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 0BVIOUS 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 1S KEPT CONSTANT

THE VOLTAGE OF THIS CHARGING OUTFIT IS KEPT CONSTANT, BEING |5 voLTs
Across THE oUTERr (¥) anp (-) Buss BARS AND 75 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, ETCe, IT 1S EVIDENT THAT
MOST OF THE CURRENT WILL FLOW THROUGH THE BATTERIES, WHICH HAVE THE LOWEST
RESISTANCE. THEREFORE, IT IS LIKEWISE TRUE THAT A DISCHARGED BATTERYWILL
TAKE A HIGHER CHARGING RATE THAN A FULLY CHARGED BATTERY BECAUSE A DIg~

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 18 INCREASED, YOU CAN SEE THAT THE BATTERY ITSELF
WILL CONTROL ITS OWN CHARGING RATE, PROVIDED THAT THE VOLTAGE OF THECHARG
ING clrculT 18 kEpT CONSTANT,

BECAUSE OF THE COMPARATIVELY HIGH RATE OF CHARGE, WHICH I8 FORCED
THROUGH THE CHARGING BATTERY, IT IS POSSIBLE TO CHARGE AN AVERAGE BATTERY
IN ABOUT 8 HOURS., THiIS METHOD OF CHARGING 1S OFTEN SPOKEN OF AS THES 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 USEDe

ADDITIONAL INFORMATION

So FAR, WE HAVE DISCUSSED ONLY CASES WHERE THE BATTERY WAS IN A NOR-
MAL CONDITION ano DISCHARGED, CoNSEQUENTLY EVERYTHING WENT ALONG SMOOTHLY ,
BUT THIS CONDITION |8 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 wWiLL GO
‘INTO THE SERVICING OF THE MAN'Y 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, 8y

8OLVING 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 1S BEING MANUFACTURED AND 1S kNowN as THE EDISON STORAGE
BATTERY. A cuT-AWAY SLLUSTRATION OF ONE EDISON STORAGE CELL 1S SHOWN YOU
INn Fre, 12,

THE POSITIVE PLATES IN THIS CELL CONSIEST OF CYLINDRICAL TUBES  OF
NICKLEPLATED, PERFORATED, SPIRALLY SEAMED THIN STEEL RIEBON, 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 ) ///—'V%nt 3
POSITIVE ACTIVE MATERIAL, WHILE 1@nﬂlnal ——a § 3
THE LATTER I8 THE CONDUCTIVE ME
DIUM,

Filler
Plug

Terminal

THE NEGATIVE PLATES CON-—
€1ST OF RECTANGULAR POCKETE OF Separators
NICKLE PLATED,PERFORATED BTEEL
RIBBON FILLED WITH A SOLID MASS
OF SPECIALLY PREPARED ELECTRO-
CHEMICALLY ACTIVE IRON OX1DE
AND A SMALL AMOUNT OF  MERCURY
OXICE EVENLY DISTRIEUTED;  THE
FORMER BEING THE INITIAL STATE
OF THE ACTIVE MATERIAL WHILE THE
LATTER SERVES AS THE CONDUCTING -
MED UM,

Dositive
"~ plates

Negative
plates

THE ELECTROLYTE Is AN
ALKALINE SOLUTION CONSISTING OF
SPECIALLY PREPARED POTABSUIW,
AND LITHIUM HYDROXICE IN  DIS— F1G. 12
TILLED WATER. The Edison Storage Ce/l.

THE AVERAGE VOLTAGE PRO-~
DUCED BY THE EDISON STORAGE CELL 1S |2 VOLTE AND TO INCREASE, THE VOLTAGE,
CELLS CAN BE CONNECTED IN SERIES.

THE CHIEF ADVANTAGES OF THE EDISOM STORAGE OVER THE LEAD-ACID CELL
ARE ITS LIGHT WEI!IGHT, ENDURANCE, RELIABILITY AND RUGGEDNESS.HOWEVER, ITS
INITIAL COST IS GREATER THAN THAT OF THE LEAC-ACID TYPE STORAGE BATTERY,

THE Epison 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 Questions

LESSON NO. 33

Every moment spent in study is an investment
in the future --- and ore good investment
can accomplish more than a lifetime of Toil,

WHY 1S IT SO IMPORTANT TO KEEP THE OUTSICE OF THEBATTERY
cLean?

How WOULD YOU TAKE CARE OF A CORRODED BATTERY TERMINAL?

How CAN YOU TELL WHEN A CELL REQUIRES WATER?T WHAT K IND
OF WATER WOULD YOU USE AND HOW WOULD YOU ADD IT TO THE
ceLL?®

WHAT TESTS WOULD YOU MAKE TO DETERMINE THE STATE OF CHARGE

OF EACH OF THE CELLS OF A LEAD~ACID STORAGE BATTERY?

BRIEFLY DESCRIEE ONE WAY HOW YOU CAN CHARGE BATTERIES WITH
0.C. wHEN IT 18 SUPPLIED BY THE POWER LINESe

WHY ARE RECTIFIERS USED FOR BATTERY CHARGINGT

How CAN YOU TELL WHEN A STORAGE BATTERY HAS FINISHED ITs
CHARGE ON THE LINE?

WHEN DOES IT BECOME NECESSARY TO BALANCE THE ELECTROLYTE?
How wouLD YOou DG THIS JoB?

BRIEFLY DESCRIEE HOW BATTERIES ARE CHARGED WITH THE M, G,
EET WHICH WAS DESCRIEED IN THIS LESSON,.

How DpoEs THE M.G. CHARGING METHOD DIFFER FROM THAT OF THE
Tungar RecTiFiER?
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LESSON NO, 24

* DETERMINING AND CORRECTING BATTERY TROUBLES °

.

ALL THROUGH OUR BATTERY WORK SO FAR, WE HAVE BEEN DEALING WITH B
TERIES WHICH WERE MORE OR LESS IN A NORMAL CONDITION BUT §N THIS LESSONWE
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 vou 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 CONSIDJERASBLY MORE"TROUBQE
FREE" BATTERY SERVICE THAN ANOTHER PERSON, In FACT, THE SAME PERSONS MAY
HAVE IDENTICAL BATTERIES TO START WITH AND YET ONE PARTY {3 CONSTANTLY
HAVING HIs BATTERY REPAIRED, WHEREAS THE OTHER PARTY IS ALWAYS HAPPY, DUE
TO THE MARVELOUS EFFICIENCY OF HIS BATTERY. WHY 1s THIs so? WELL,YOU ARE
GOING TO BE SHOWN THE REASON FOR THIS RIGHT HERE,

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 TO A
DRINK OR FOOD OCCASIONALLY, YOU WOULD GRAD
YALLY BECOME WEAKER AND WEAKER AND IF YOU
SHOULDO 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 1T8 CONDIl=
TION DUE TO A NEGLECT BY ITS OWNER.

Fig.l
Lead-Acid Storage Battery, Now vYou 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 I8 LIKELY TO FORM, WHICH WILL PERMIT THE BATTERY
TO GRADUALLY DISCHARGE ITSELF, AS YOU WERE ALREADY TOLD IN THE LAST LESS-
ONe.

THE FCRMATION OF LEAD SULPHATE COATING

IF THE ELECTROLYTE LEVEL IS NEGLECTED, THEN THE WATER WILL CONTINUE
TO EVAPORATE AND IN DOING SO, THE ELECTROLYTE WILL BECOME STRONGER,ASWELL
AS DROPPING TO AN ABNORMALLY LOW LEVEL, By PERMITTING PLATES TO BE PAR=
TIALLY EXPOSED TO THE EFF-
ECTS OF THE AIR IN THIS WAY,
THE EXPOSED PORTION OF THEM
WILL HARDEM 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
Fie. 2.

AN ACID OF EXTREMELY
HIGH SPECIFIC GRAVITY WILL
ALSO CAUSE THE PLATES TO
BECOME SULPHATED. SO BY HAY
ING THE COMBINED EFFECTS OF
A STRONG ACID,CAUSED BY WAT
Fiag. Z ER EVAPORATION,AS WELL AS A
8adly Sulphated & Disintegrated Plates, LOW ELECTROLYTE LEVEL,THERE
SHOULD BE NO DOUBT IN YOUR

MIND THAT THE PLATES ARE BOUND To BECOME 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=-
tow |,150 aND 1TS CELL VOLTAGES BELOW .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 LEAD SULPHATE
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 S8OFT
FORM, 1T CAN READILY BE leVEN FROM THE PLATES DURING THE TIME THE BATT-
ERY 1S BEING CHARGED., A CONDITION, S8UCH AS THIS, 18 NORMAL, AS FAR ASTHE
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OPERATION OF THE BATTERY IS CONCERNED.
THE EFFECTS OF HARDENED LEAD SULPHATE

Now 1F 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 SULFPHATE, I1TSELF, IS A POOR ELECTRICAL CONDUCTOR, SO IT NOT
ONLY PREVENTS THE ELECTROLYTE FROM COMING INTO CONTACT WITH THE ACTIVEMA
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 LEAD SULPHATE COATING WOULD CAUSE HEAT TO
BE GENERATED AND THIS HEAT WOULD IN TURMN CAUSE THE ACID TO BECOME HOT AND
HOT ACID 1S EXTREMELY ACT-
IVEAND WILL IN A SHORT TIME
DESTROY THE GOOD QUALITIES
OF THE LEAD-ACID CELL,

YSUR INTEREST IS NO
DOUBT NOW AROUSED AS TO HOW
WE CAN REMOVE LEADSULPHATE
DEPOSITS FROM SUCH AN AFF-
LICTED BATTERY, SO WHEN YOU
COME TO THE LATTER PART OF

THIS LESSON, YOU WiLL BE ElG. 3
TOLD WHAT TO DO WHEN  YOU

Buckled Plates.
ARE CONFRONTED WITH SUCH A
PROBLEM,

BUCKLED PLATES

ANOTHER SERIOUS PLATE TROUBLE I3 BUCKLING, YOU WilLL SEE A SET oF
BUCKLED PLATES IN Fi1a. 3 AND YOU WILL FIND SEVERAL DIFFERENT ACTIONS CAPR
ABLE OF CAUSING SUCH A CONDITION,

FIRST, IF A CELL IS PERMITTED TO OVER-DI3CHARGE, LARGE ACCUMULATIONS
OF LEAD SULPHATE WIiLL 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
CARRY ING THE BURDEN OF CONDUCTING THE CURRENT,

OUE 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 1s LIKEWISE TRUE THAT UNEVEN DISTRI3UTION OF LEAD SULPHATE DE-
POSITE 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 CIR
CUITING A CELL OR BATTERY 1S GNE OF THE EVILS, WHICH ARE CAPABLE OF BRIN
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, |T 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 BUCKLINGs THAT 18, 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 BUCKILED PLATES TO REMAIN IN A CELL, THEY WILL IN DUE TIME EXERT UN
EQUAL PRESSURES AGAINST THE 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 Fige 4, NOTICE THAT THE sPACES BE-

Fla. 4 TWEEN THE PLATES ARE FILLED BY MEANS OF
Straightenrng Buckled BOARDS, WHICH ARE caLLED TRANSIT BOARDS,
Plates. THERE IS ALSO SUCH A BOARD RESTING AGAINST

THE OUTER SURFACE OF EACH OF THE OUTERPLATES,
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 NEG
ATIVE PLATES WILL YIELD TO THIS PRESSURE AND A GOOD JO0B OF STRAIGHTENING
CAN BE ACCOMPL ISHED.

IN cases wHere EXTREME guckiLING IS FOUND, IT WILL BE NECESSARY TO
REPLACE THE BUCKLED PLATES WITH NEW ONES.

SHEDD ING OF THE PLATES

IN Fige 5, YOU WILL SEE STILL ANOTHER DEFECTIVE PLATE CONDITION,
WHICH we caLL SHEDDING. THIS DISEASED CONDITION MAKES ITSELF KNOWN 8Y
THE FACT THAT THE PASTE OR ACTIVE MATERIAL CRUMBLES OFF THE GRIDS OR
8UPPORT ING MEMBERS. THIS ACTION 18 FREQUENTLY FOUND IN OLD BATTERIES AND
MAY GENERALLY BE BLAMED ON OLD AGE, HOWEVER, RELATIVELY YOUNG BATTERIES
CAN MCATCH" THIS SICKNESS AND IN THIS CASE IT MAY BE CAUSED BY EXCESSIVE
ACCUMULATION OF LEAD SULPHATE, OVER-DISCHARGING, AND OVER=CHARG ING.

BY OVER-CHARGING, WE MEAN THAT IN SPITE OF THE BATTERY ALREADY BE-
ING FULLY CHARGED, WE JUST STUBBORNLY TRY TO "RaM" AN EXCESS IVE AMOUNT OF
CHARGE INTO 1T, REMEMBER, YOUu CAN'T "OVvER-STUFF" A BATTERY, AND GET AWAY
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Pagce 5

WITH 1T, ANYMORE THAN YOU CAN CONT INUALLY OVER-EAT AND EXPECT TC STAY IN

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 1S PERFECTLY NATURAL BUT  WHAT
WE WANT To avotp Is THE EXCESSIVE a
MOUNT OF SHEDDING. YOU SEE, ONE OF
THE REASONS WHY WE ALWAYS PLACE THE
SEPARATORS IN SUCH A POSITION S0
THAT THE GROOVES ARE NEXT TO THE
POSITIVE PLATES AND IN A VERTICALOR
UP AND DOWN PLANE, IS SO THAT THESE
CROOVES WILL PERMIT THE SHEDDED MA=
TERIAL FROM THE POSITIVE PLATES TO
WORK ITS WAY DOWNWARDS INTO THE SED
IMENT BASINS AT THE BOTTOM OF THE
JAR OF THE CELLes IT IS THE POSITIVE
PLATES, WHICH ARE MOSTLY SUBJECT TO
SHEDDING, RATHER THAN THRE NEGATIVE
PLATES

THE EFFECTS OF SHEDDING

As THE PROCESS OF SHELDING CON
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;
MATERIAL WiLL BE LOST FROM THE PLATES,

Fl1G. 5
Shedding Plates.

AND EVENTUALLY, SUFFICIENT ACTIVE
80 THAT THE ONLY REMEDY LEFT is

TO REPLACE THESE SHEDDED PLATES WiTH NEW ONEE.

FiGa. ©

Group Removed from a Frozen Cell.
(Note active material om sepsraz‘:ors)

FROZEN BATTERIES

ONE ©F THE MOST IN-EXCL
SABLE BATTERY TROUBLES IS A
FROZEN BATTERY AND THIS CONDL
TION 18 A DIRECT RESULT oF
UTTER NEGLECT ON THE PART OF
THE OWNERe, 1O PROVE THIS  TO
YOU, WE ARE GIVING YOU SOME
FACTS WHICH SHOW THE RELATION
BETWEEN FREEZING POINTS OF EL
ECTROLYTES AND THEIR SPECIFIC
GRAVITY, HERE THEY ARE:

A BATTERY, WHICHIS DiS~
CHARGED SUFFICIENTLY SO THAT
1Ts SPECIFIC GRAVITY 18 1,150,
WILL FREEZE AT A TEMPERATURE
of asout 5°F, ABOVE zero.How-
EVER, A BATTERY,WHOSE ELEC-
TROLYTE HAS A SPECIFICGRAVITY
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oF 1,280, WiLL FREEZE AT THE VERY LOW TEMPERATURE OF ABOUT 92 F. BELOW
ZERO, SOME DIFFERENCE, ISN'T THERE? THiIs SHOWS THAT THERE ISN'T MucCH
CHANCE OF A CHARGED BATTSRY BECOMING FROZEN BUT IT DOESN'T HAVE TO BE so
VERY COLD IN ORDER TO FREEZE A PARTIALLY OR COMPLETELY DISCHARGED BATTERY,

WHEN THE ELECTROLYTE FREEZES IN A LOW BATTERY, IT WILL NATURALLY EX
PAND JUST LIKE WATER DOES
WHEN IT TURNS TO ICE. SINCE
THE PLATES ARE FILLED WITH
A CERTAIN AMOUNT OF ELECTRQ
LYTE, THIS EXPANSION OF THE
FREEZING ELECTROLYTE WILL
TEND TO FORCE THE ACTIVE Mp
TERIAL OUT OF THE GRIDS.Mig
PLACED ACTIVE MATERIAL CAN,
Fla. 7 OF COURSE, ONLY BE REPLACED
IN THE CELL BY EQUIPPING THE
CELL WITH A NEW SET OF PLA=-
TES OR ELSE BUYING A NEW
BATTERY. YOU WILL SEE THE EFFECTS OF A FROZEN CELL IN FiGe 6.

Worn Wooded Separators.

THE BREAKING DOWN OF SEPARATORS

ABOUT THE FIRST PARTS TO BREAK DOWN IN AN AVERAGE BATTERY ARE THE
SEPARATORS, PROVIDED THAT THEY ARE WOODEN oHES, WooDEN SEPARATORS, ARE
SUBJECT TO ROTTINGs THIS 1S BROUGHT ABOUT BY THEIR CONT INUAL CONTACT
WITH THE ACTIVE ACID, ESPECIALLY 17 ANY FAULTY CONOITIONS EXIST WHICH
WILL 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 FRIC
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,

™ TREEING ”

ANOTHER PECULIAR CHARACTERIGT- F1G.8
IC OF WOODEN SEPARATORS IS KNOWN AS Rotted Separators.
"treeing". THIS NAME 15 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,

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=
IFIEO 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 SuUS-
CEPTIBLE TO SUCH A RAPID BREAK~DOWN, AS I8 THE CASE WI!TH WOODEN SEPARAT-
ORS.

THE MOST COMMON TROUBLE FOUND IN WOODEN CASES

Now A WORD ABOUT THE TROUBLES FOUND IN BATTERY CASES. Woopen casEs
ARE SUBJECT TO ROTTING, WHICH 18 DUE TO THE ACTION OF SPILT ACID UPON THE
WOOD. THIS CONDITION CAN BE PREVENTED IF THE OUTSIJE OF THE CASE 18WASHED
WITH A SODA OR AMMONIA SOLUTION ABOUT 3 TIMES A YEAR AND THEN FOLLOWED BY
A COAT OF ACID RESISTING BATTERY PAINT, HOWEVER, WHEN IT I8 ALREADY TOD
LATE AND THE CASE IS ROTTED TO SUCH
AN EXTENT THAT IT 18 ALREADY FALL~
ING APART, THEN THE ONLY LOGICAL
REMEDY 1S TO REPLACE IT WITH A NEW
ONE,

THE MOST COMMON TROUBLE FOUND IN
COMPOSITION CASES

RUBBER BATTERY CASES ARE SUB
JECT TO SPREADING AT THE ENDS,
WHICH 1S CAUSED WHEN A BATTERY I8
HELD IN PLACE TOO RJGIDLY BY MEANS
OF OVER=TIGHT HOLD DOWN CLAMPS. IN
Fise 9 YOU WILL SEE A BATTERYWHICH
1S HELD IN POSITION WITH HOLD=DOWN
CLAMPS OR BOLTS,

SOMETIMES SUCH A SPREAD CASE
CAN BE PRESSED BACK INT2 ITS NOR-
MAL SHAPE AGAIN BY MEANS OF THE
APPLICATION OF HEAT, AFTER WHICHIT
IS ALLOWED TO COOL IN ITS RE=SETPQ
SI1TION.

Fla. 9
Battery Held in Place With Bolts.

lF THE CONDITION OF THE CASE 18 SUCH THAT IT WILLNOT PERMITTHIS OPER-
ATION, THEN IT 18 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 Higs 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 HEAVYPIECE
OF NICHROME WIRE. |N FACT, THIS HEAVY WIRE 18 FREQUENTLY IN THE FORM OF A
RIGID RISBON,

JUST ABOVE THI!S CONNECTING WIRE, YOU wl_L SEE A sSMalLL VOLTMETER, 80
MOUNTED THAT WHEN YOU GRIP THE HANDLE, YOU CAN SEE THE DIAL OF THE METER
VERY EASILY. |F YOU WILL FoLLOW CAREFULLY, YOU WILL IMMEDIATELY SEE WHY
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THIS INSTRUMENT 18 SO VALUABLE 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 1S NOT BEING PUT UNDER ANY LOAD. FOR THIS REA
S8ON, 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 HI1GH
RATE DISCHARGE TESTER AND FIRMLY JABBING ITSPOiINTS
INTO THE TWO TERMINALS OF A SINGLE CELL,THEN THE
CELL WILL BE DISCHARGING AT A COMPARATIVELY HIGH
RaTE (A30uT 150 To 200 AmPs.)

THIB HIGH RATE OF DISCHARGE 18 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 S0 TiHAaT A 100% gHORT CIRCUITWILL
NOT BE PRODUCED ACROSS THE CELL.

THE REQUIRED READINGS OF THE HIGH RATE DISCHARGE
TEST

BECAUSE 2F THE '(1GH RATE OF DISCHARGE DURING
THIS TEST, 17 I8 !MPZRATIVE “"HAT WE DO NOT CONTINUE

IT FOR TOO LONG A TiME. WHILE THIS DISCHARGE 18

30ING ON, THE ATTACHED VOLTMETER 1S WATCHED AND IF

FlG.10 THE READING 13 NOT BELOW |,75 vOLTS AND THE READ-

A High Rate INGS OF THE VARIDUS CELLS 2 NOT VARY BY MORE THAN
Discharge Tester. O.| VOLTS, THEN THE BATTERY Ifi MECHANICALLY CORRECT.

SHouLD THERE, ON THE OTHER HAND, BE A POORLY WELDED JOINT,LON CAPA-
CiTY CELL, ETC,, WHEN THIS TEST I8 MADE, THEN THE VOLTMETER WILL IMMEDIAY
ELY INDICAVE A READING LOWER THAN THAT REQUIRED FOR A NORMAL CELL,

For EXAMPLE, LET US SUPPOSE THAT ONLY AN ORDINARY VOLTMETER TEST K-}
TAKEN OF THE CELL. IN THIS CASE, AN EXTREMELY SMALL AMOUNT OF CURRENT Is
ONLY CALLED UPON TO FLOW THROUGH THE HIGH RESISTANCE WINDING OF THE METER,
SO THAT A READING WILL BE OBTAINEDs. DUE TO THIS VERY LOW CURRENT FLOW, A
POORLY FITTED JOINT WwWiLL VERY OFTEN PERMIT THIS SMALL AMOUNT OF CURRENT
TO FLOW THROUUH IT WITHOUT PRE
SENTING ANY NOVICEABL £ EFF=-
ECTs.

SHOULD THIS SAME JOINT,
HOWEVER, BE FORCED TO PERMIT
A HEAVY CURRENT TO FLOW THRU
IT, IT WILL NOT STAND UF UN=
DER THE BIG LOAD AND  THERE=-
FORE, THIS CONDITION wiLl
QUICKLY MAKE ITSELF KNOWN WHEN
THE HIGH RATE DISCHARGE TEST
1S MADE,

Fla. 1l
The Cadrmium. Test Voltmeter & Leads.
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THE CADMIUM TEST VOLTMETER

WiTH ALL THE TESTS8, WHICH WE ARE ABLE TO MAKE 80 FAR,WE CAANNOT A8
YET DETERMINE WHETHER !T IS THE POSITIVE GROUP OR THE NEGATIVE GROUP,
WHICH 18 AT FAULT IN A DEFECTIVE CELL. THEREFORE, LET US NOW PROCEED AND
SEE HOW WE CAN DISTINGUISH THE SHORT COMINGS OF EITHER OF THE PLATE
GROUPS, WITHOUT ACTUALLY HAVING TO FIRST DIS-
ASSEMBLE THE CELL,

To DO THIS y0B, WE USE AN INSTRUMENT,
WHICH 18 KNOWN AS THE Capmium TEST VOLTMETER
ANO IT WILL GIVE SBATISFACTORY RESULTS, PROVI=
DED THAT IT 1S USED PROPERLY, THE METER Is POS. CHARGED
GENERALLY SUPPLIED WITH AN UPPER AND LOWER
S8CALY AND IN THIS CASE, THE LOWER SCALE CAN BE
UBEU FOR REALING VOLTAGES OF VARIQUS ELECTRIC
AL UNITS, AS "ONG AS THEIR VOLTAGE DOES  NCT
EXCEED 28 vOL1S. THE UPPER SCALE IS USED FGR

NEEDLE

POS. DISCHARGED

READING VILTAGES UP TO 2.8 VOLTS AND IT is
THIS SCALE, !N WHICH WE ARE FOR THE  PRESENT E(G. 11
CHIEFLY INTERESTED. Cadmium Test Voltmeter-
Charged & Discharged
THE TEST LEADS Positive Group.

Two TerT POINTS, V/ITH WOODEN HANDLES, ARE CONNECTED TO THE METER BY
MEANS OF LONG, FLEXIBL'Z, INSULATED WIRES, ONE OF THESE TEST POINTS HAS
A STICK OF CADMIUM ATTACHED TO IT IN SUCH A MANMER, S0 THAT THE CADMIUM
8TICK I8 AT THE RIGHT ANGLES TGO THE TEST POINT, AS YOU WILL OBSERVE IN
Fia. llo

THE TEST POINT, WHICH HAS THE  CADMIUM
ATTACHED TO IT, |3 CONNECTED TO THE TERMINAL
OF THE METER WHICH 13 LABELEDC 2.5Ve THE OTHER
TEST POINT IS CONNECTED TO THE TERMINAL OF THE
NEG. CHARGED METER, WHICH I8 LABELED wiTH aN (1) sian.

NEEDLE

/

/

WiTH OUR CONNECTIONS TG THE METER THUS
MADE, WE ARE READY TO MAKE SOME TESTSQHOWEVER,
TO OBTAIN RESULTS WITH THIS INSTRUMENT, THE
BATTERY MUST EITHER BE UNDERGOING THE PROCESS
OF A CHARGE OR ELSE A DISCHARGE, THAT IS, WE

NEG. DISCHARGED

FiG. I3 MUST MAKE THESE TESTS WHILE THE BATTERY Is
Charqed & Discharched CONNECTED TO THE CHARGING LIME OR ELSE ACT~-
/Veggtjye Group, UALLY WORKING BY CAUSING A CURRENT FLOW,

TESTING THE POSITIVE PLATE GROUP

GENERALLY WE MAKE THIS TEST WHILE THE BATTERY 1S 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 IVMERSED 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 SCALEOF
THE METER AND IF WE FIND THAT THE NEEDLE COMES TO REST AT THE POINT LA~
BELED "Pos, CHARGED™, WHICH IS REALLY EQUIVALENT TO 2.4 VOLTS, THEN WE
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KNOW THAT THE POSITIVE GROUP OF THAT PARTICULAR CELL 1S CHARGEDe. THIS I8
ILLUSTRATED IN Fig, 2.

SHOULC WE, HOWEVER, MAKE THIS SAME TEST AND ONLY OBTAIN A READING OF
2.3 VOLTE, THEN THE POSITIVE PLATE GROUP I8 3[4 CHARGED; A VOLTAGE OF 2,2
VOLTS WOULL INDICATE THAT THE POSITIVE GROUP IS 5 CHARGED; A READING OF
2.1 vOLTS WOULD TELL US THAT THEY ARE ONLY § CHARGED; AND 2.0 VOLTS WOULD

MEAN THAT THE POSITIVE GROUP IS DISCHARGED.

TESTING THE NEGATIVE PLATE GROUP

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 THEREAD
ING To BE 0.175 voLTs (TO THE LEFT OF ZERO OR THE PO INT
MARKED "NEG. CHARGED") WE KNOW THAT THE NEGATIVE PLATE
GROUP 15 FULLY CHARGED. THIS IS ILLUSTRATION IN FigG, 12,

SHOULD WE, HOWEVER, FIND THE READING TO BE 0, THEN
THE NEGATIVE GROUP 1S ONLY % CHARGED AND SHOULD THE READ
ING BE AROUND 0,15 orR 0.18 vOLTS TO THE RIGHT OF ZERO
THEN THE NEGATIVE GROUP IS COMPLETELY DISCHARGED.

Witk a TEST, SUCH AS THIS, WE CAN DETERMINE WHICH
PARTICULAR PLATE GROUP 1S CAUSING ANY CELL FROMREACHING
A FULLY CHARGED CONDITION WHILE ON THE CHARGING LINE,

WHAT THE READINGS MEAN

LET us SEE, FOR EXAMPLE JUST WHAT SUCH READINGS IN
DICATE IF WE USE THEM TOGETHER, SO AS TO OBTAIN THE ACI
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 VOl
TAGE OF =0.17, THEN THE ACTUAL VOLTAGE OF THE CELL WOULD

G.
Y C?l 1:. BE 2.4 ADDED TO 0.!7 OR 2,57 VOLTS,WHILE STILL ON THE
orrection CHARGING LINEs
Thermometer

ON THE OTHER HAND, IF THE READINGS WERE ONLY 2.0
VOLTS FOR THE POSITIVE GROUP AND+40.!5 FOR THE NEGATIVE GROUP, THEN OUR
ACTUAL CELL VOLTAGE WOULD ONLY BE THE DIFFERENCE BETWEEN 2.0 ano 0.15 oOR
1.85 vOLTS WHILE ON THE CHARGING LINE. THiS, OF COURSE, WOULD BE A Dig~
CHARGED CELL. WITH SEPARATE READINGS THUS OBTAINED, IF WE FIND THE POS I
TIVE GROUP VOLTAGE TEST NORMAL AND THE NEGATIVE GROUP VOLTAGE TEST BELOW
NORMAL, WE KNOW THAT THE LOW CELL VOLTAGE 158 DUE TO A FAULTY NEGATIVE
PLATE GROUP AND VICE VERSA,

THE ACTION OF SULPHATED BATTERIES WHEMN ON THE CHARGING LINE

WE HAVEN'T YET CONSIDERED HOW SOME OF THESE FAULTY BATTERIES ACT ON
THE CHARGING LINE, SO THIS 1S OUR: NEXT STEP., YOU WILL REMEMBER THAT INOUR
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 I8 FORCED THRU
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S8UCH A BATTERY, WHICH IS AFFLICTED WITH PLATES COVERED WITH A HIGH RESIS
TANCE LEAD SULPHATE COATINGe

SUCH A CONDITION WILL CAUSE THE BATTERY TO BECOME HOT BECAUSE WHEN-
EVER CURRENT 1S FORCED TO FLOW THROUGH A CONDUCTOR OF CONSIDERABLE RE~-
8I1STANCE, THE CONDUCTOR Wl LL BECOME ROT. Besipes THI8, THE SULPHATE COAL
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 I& OBVIOUS THAT SULPHATED BATTERIES WILL HEAT

WHILE ON THE CHARGING LINE, T
EVEN THOUGH THE CHARGING RATE | 7| oA
IS LOW ENOUGH SO THAT THE TEM (:)
PERATURE OF THE AVERAGE BAT=- Rectifier
TERIES WILL NOT RISE ABOVE @ o
NORMALe THE QUESTION NOW A~ + =
RISES AS TO WHAT TEMPERATURE ——— =
LIMIT WE SHOULD PERMIT A BAT 4 + + . ’
TERY TO REACH AND ALSO WHAT = »
ACTION WE SHALL TAKE TO PRE- ; A l’d/’ -
VENT A BATTERY FROM BECOMING |Varisble ' - - || o= [y
OVER HEATED. resistance ' — =
w7 BATTERIES
CONSICERING BATTERY TEMP- .. Ammeler
ERATURES T
Reducing the Charging Rate 7hru & Heating
IN BATTERY WORK,WE CON- Battery on a Series Circuit.

S1DER A TEMPERATURE oF TO® F.

AS THE NORMAL TEMPERATURE, HOWEVER, BATTERY TEMPERATURES WILL NATURALLY
VARY DUE TO ATMOSPHERIC CONDITIONS, THE AMOUNT OF CURRENT PASSING  THRU
THE BATTERY, ETCe THE DANGER POINT 18 REACHED AT asout |10° F. ano o A
BATTERY SHOULD NEVER BE PERMITTED TO RISE TO A TEMPERATURE ABove |10 F,

THE THERMOMETER

So YOou SEE, WHEN A SULPHATED BATTERY 18 ON THE CHARGING LINE,OR FOR
THAT MATTER ANY BATTERY,WE MUST GUARD AQAINST 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. |4, INTO THE ELEGC-
TROLYTE. AS SOON AS THE TEMPERATURE READING. IS THUS OBTAINED, WE WILL RE
MOVE THE THERMOMETER FROM THE ELECTROLYTE AND ACT ACCORDINGLY,AS YOUWILL
NOW BE SHOWN,

PREVENT ING 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 Fi1a. |5, 18 BECOMING OVER-HEATED,WHEREAS THE
REST OF THE BATTERIES ON THE CHARGING LINE ARE STILL AT A PERFECTLY SAFE
TEMPERATURE., |T 18 0BVIOUS THAT IN THI8 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 TH!S I8 UNNECEESARY,AS WELL
AS A WASTE OF TIME,
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THEREFORE, 1F WE DO NOT WISH TO REMOVE THE HEATING BATTERY FROM THE
LINE ALTOGETHER AND PERMIT IT TO COOL BEFORE CONTINUING ITS CHARGE, ALL
THAT MUST BE DONE IS TO CONNECT A RESISTANCE UNIT ACROSS [T, AS SHOWN IN
Fic. 15, IT s ALSO A GOOD POLICY TO CONNECT A SEPARATE AMMETER INSERIES
VITH THE VARIABLE RESISTANCE, FOR IN THIS WAY YOU WILL KNOW JUST HOWMUCH
CURRENT 1S FLOWING THROUGH THE RESISTANCE.

THE PURPOSE OF THE RESISTANCE
+ o et
L Chorging line I:-’ By CONNECTING THE RE-
= SISTANCE IN THIS WAY,0R  AS
WE SHOULD SAY, IN  PARALLEL
L Adjustable WITH THE HEATING BATTERY,
-l | e resistancer THE CHARGING CURRENT CAN Di-
}_‘.__ i ’ __l; VIDE AT THE BATTERY.THAT 1is,
’ 1 - PART OF IT WILL FLOW THROUGH
| !’ ) ‘ N é(ﬁm» THE BATTERY AND PART OF IT
Lo+ LAPAE WILL FLOW THROUGH THE RESiS~
s TANCE 8UT ALL oF IT wiLLFLOW
Ammeter THROUGH THE REST OF THE BAT-
TERIES,
Fl@&. 16
Reducing the Charging Rate Thrua THE PURPOSE OF THE SEPARATE
Heating Batery on s Parallel Circuit. AMMETER
THE PURPOSE OF THE SEPARATE AMMETER 1S THIS: |F WE ONLY MAD THE

RES ISTANCE CONNECTED ACROSS THE HOT BATTERY, WE wouLpn T KNOW WHAT PORT IOM
OF THE CURRENT 1S FLOWING THROUGH THE RESISTANCE AND WHAT PORTION. 1S 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 REACILY 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, I1F 3 AMPS. ARE FLOWING THROUGH THE RES{S=
TANCE THEN 6 MINUS 3 OR 3 AMPS, ARE FLOWING THROUGH THE HOT BATTERY, PRO=-
VICING THAT THE CHARGER IS "PuTTING oUT" B

AMPS, THE OTHER BATTERIES, HOWEVER, WILL RE=
CEIVE THEIR FULL QUOTA OR B AMPS, BECAUSE THE Cell bei
PARALLEL PATHS OF THE FIRST BATTERY,JOIN AT £ charge

eensy

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 BATT=zZRY.

PREVENTING A BATTZRY FROM OVER-HEATING IN A
PARALLEL CIRCUIT

IN CASE THAT YOU ARE OPERATING A PARALLEL
CHARGER INSTEAD OF A SERIES CHARGER, THEN YouU

CONNECT THE AMMETER AND RESIBTANCE IN SERIES Fla. 7

WITH THE HOT BATTERY, AS sHowN In Fig, I1B8,HERE Charging & Single Cell.
THE CHARGING CURRENT WiI_L comE From THE ( «+ )

BUSS BAR AND THENCE THROUGH THE RESISTANCE UNIT, AMMETER, BATTERY, AND

BACK T3 THE (—) BUSS BAR OF THE CHARGING LINE. BY CONTROLLING THE AMOUNT
OF RESISTANCE, THE CHARGING RATE THROUGH THE HEATED BATTERY CAN LIKEWISE
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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 —
@ Charging line

SOMETIMES WHEN YOU ONLY WISH TO CHARGE . (=
ONE CELL OF A BATTERY, AS MAY BE THE CASE |2==—
WHEN ALL THE OTHER CELLS ARE PERFECT BUT THE |(©
ONE CELL HAVING HAD TO BE REBUILT BECAUSE OF o PArS
SOME FAULT, THEN YOU CAN CHARGE THIS ONE
CELL AS sHOWN IN Fig, |7,WwHEN A SERIES CHAR
GING CIRCUIT IS BEING USED.

Variable resistance
e o

CHARGING ONE CELL IN A PARALLEL CIRCUIT

To CHARGE ONE CELL OF A BATTERY WHEN

A PARALLEL CHARGING CIRCUIT I8 USED,YOU CAN

CONNECT THE CELL TO THE CHARGING LINE, A8
SHOWN IN Fi1g., 18 wiTH AN AMMETER ANDVARIABLE Fla. 18

RESISTANCE IN SERIES. Charging s Single Cell on a

Parallel Charging Circu/t,

Ammeter

CELL BEING CHARGED

CYCLING BATTERIES

IN THE EARLIER PART OF THIS LESSON, YOU WERE TOLD THAT YOU WOULD BE
S8HOWN A METHOO OF BRINGING SULPHATED BATTERIES BACK TO A MORE ACTIVE SER-
VICE. |F THE STATE OF SULPHATION IS NOT TOO BAD, WE RESORT TO THE PROCESS
kNowN as CYCLING Bsur IN exTREME cases oF SULPHATED pLaTES, E1THER NEW
PLATES OR ELSE A NEW BATTERY WiLL BE REQUIRED.

To CYCLE A BATTERY,WE FIRST CHARGE IT AT A SLOW RATE UNTIL ITSSTATE
OF CHARGE WILL COME UP TD 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 PERPOSITIVE
PLATE PER CELL. THAT IS, WE CAN DISCHARGE AN Il PLATE BATTERY AT THE RATE
oF asoutr |5 amps,

Sliding clamp CONTROLLING THE RATE OF
D1 SCHARGE

Y
To CONTROL THE
RATE OF DISCHARGE, SEV=-
ERAL DEVICES CAN BE USED,
A MOST COMMON ONE I8
sHown IN Fila. 19 anD IN
THIS CASE, A VARIABLE

< Clamp RESISTANCE UNIT,WITH AN
s AMMETER IN SERIES Is
— Loy % CONNECTED ACROSS THE
ollolo|l & X TERMINALS OF THE BATTERY.
Y Ammeter THIS WILL OFFER A COM-
N Battery PLETE CIRCUIT SO  THAT .
'THE BATTERY WILL DIg~
Fla, 19 CHARGE ITSELF.THIS SIM=-

Discharging a Battery by Means of a PLE RESISTANCE UNIT,S !
Variable Resistance Unit. PLY CONSISTS OF A I}
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PIPE WHICH 1S COVERED WITH ASBESTOS AND WRAPPED WITH #l4 | RON WIRE, THE
TURNS BEING SPACED SO AS NOT TO TOUCH EACH OTHER, THE RATE OF DISCHARGE 18
REGULATED BY MOVING A SLIDING CONTACT TO THE REQUIRED POSITION, 80 THAT

THE CORRECT AMOUNT OF RESISTANCE ('RON WlRE)W'LL 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 .8 or 1.7 VOLTS, BUT NEVER
LOWER., THE BATTERY IS THEN DISCONNECTED FROM THE RESISTANCE AND THENAGAIN
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, I
MAY TAKE THREE OR FOUR OF THESE CYCLES (CHARGES & DISCHARGES) TO GET RIDOF
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 CORRECT ION THERMOMETER

LET US NOW CONSIDER ANOTHER IMPORTANT USE OF THE THERMOMETER, WHICH
WAS sHOWN You IN Fia., 14, NOTICE THAT TO THE RIGHT OF THE TEMPERATURE GRAD
UATIONS, A COLUMN OF FIGURES I8 ARRANGED, THE ZERO FIGURE BEINGOEVEN WITH
THE 70° MARK. THEN AT INTERVALS OF EVERY THREE DEGREEs ABOVE 709 ,vou wiLL
SEE THE F1GURES |, +2, +3, eTc; WHEREs BELOW 70°, vou WILL SEE THEFIGURES
- |, «2, =3, ETC. SPACED EQUALLY OR AT INTERVALS OF 3 DEGREES.,

THESE FIGURES ARE USED FOR MAK ING TEMPERATURE CORRECTIONS WHEN HYDRQ
METER READINGS ARE T AKEN . 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
WILL BE IN ERROR,

To USE THIS CORRECTION THERMOMETER, YOU FIRST TEST THE SPECIFIC GRAY
ITY OF THE ELECTROLYTE IN THE CONVENT IONAL MANNER AND THEN AFTER RETURNING
THE TESTED ELECTROLYTE TO THE CELL FROM WHICH IT WAS WITHDRAWN,YOU INSERT
THE THERMOMETER INTO THE ELECTROLYTE. |F THE THERMOMETER READING SHOULD BE
100 F., vou wiLL FIND THE NUMBERHO RIGHT NEXT To ITe THIS MEANS THAT IN
ORDER TO OBTAIN A CORRECT SPECIFIC GRAVITY READING, }0 POINTS WILL HAVE To
BE ADDED TO THE ACTUAL HYDROMETER READINGs THAT 1S, IF THE HYDROMETER READ
ING 15 1,250 AT A TemperaTurRE oF 100°F., THEN THE CORRECT SPECIFIC GRAVITY
Is 1.250+0 rpoINTS, WHICH EQUALs |.260.

WHEN THE TEMPERATURE OF THE ELECTROLYTE Is BELOW 70° F. sav For INS~
TANCE 40°F., THEN WE MUST SUBTACT 10 POINTS FROM THE HYDROMETER  READING.
THis WOULD MEAN THAT IF THE HYDROMETER READING Is |.250 AT 40 F, THEN THE
CORRECT SPECIFIC GRAVITY 1S 1,250 MINUS 10 POINTS OR |.240. IN OTHER
WORDS, FOR EVERY THREE DEGREES ABOVE 7O°F,, ONE POINT I8 ADDED TO THE HY D=
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.

FromM THIS EXPLANATION YOU WILL SEE HOW IT IS POSSIBLE TO OBTAIN ANAB
SOLUTELY ACCURATE SPECIFIC GRAVITY READING REGARDLESS OF THE ELECTROLYTE's
TEMPERATURE AT THE TIME THE READING I8 TAKEN.
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CIRCUIT OF A TEN-BATTERY TUNGAR RECTIFIER

No DOUBT, YOU ARE INTERESTED IN THE CONSTRUCTIONAL FEATURES OF A
coMMERCIAL TUNGAR BATTERY CHARGER, 80 IN Fla. 20 WE ARE SHOWING YOU THE
INTERNAL WIRING FOR A TYPICAL TUNGAR RECTIFIER WHICH 13 CARPABLE OF HAND-
LING TEN BATTERIES AT ONE TIME,

WiTH THE SPECIAL SWITCH IN THE CLOSED POSITION, THE A.Co LINE IS CONNEQ

TED ACROSS THE PRIMARY WINDING OF THE CHARGER'S TRANSFORMER AT TERMINALS
1,2,3 ano 4 wHILE THE D.C. PART OF THE CIRCUIT 1S 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. FOR INSTANCE, THAT
PORT ION OF THE SECONDARY WINDING INCLUDED BETWEEN ITS RIGHT END AND THE
TAP NEXT TO IT FURNISHES A LOW VOLTAGE WITH WHICH TO HEAT THE FILAMENTOF
THE TUNGAR BULB OR TUBE,

AC LINE
THE VARIOUS CON- __j AEER
TACT BUTTONS OF THE
DIAL S8WITCH,WHICH ARE o

AND CONNECTED TO  THE
TAPS OF THE SECONDARY
WINDING WHICH ARE CORR PRIMARY SECONDARY

ESPONDINGLY NUMBERED, i Aj
OFFER A MEANS WHEREBY \
THE EFFECTIVE PLATE 2244482083840440

VOLTAGE AT THE TUNGAR TRANSFORMER

BULB CAN BE REGULATED
SIMPLY BY CHANGING THE 5 e
POSITION OF THE DIAL } J
SWITCHES CONTROL ARM, : 1| z
THE CHARGING CURRENT
IS INCREASED AS THE i
PLATE VOLTAGE UPON THE

L e——

NUMBERED FRom | TOo |5 \
REACTOR A

IN CONSECUTIVE ORDER - 1\—‘ [o—

AMMETER _ |

BULDB

8
P 9

BULB 1S INCREASED By e ® °
MEANS OF THE D1AL SWITCH. A . }
L]

DIAL SWITC ¢ Q
THE TUNGAR BULB * . |
' \.. ]

ITSELF HAS A FiLAMENT
AND A PLATE A€ IT8 ACT
IVE ELEMENTS AND THUS
FUNCTIONS AS A CONVEN-

H
®
o
15

3 NUMBE RS ON DiAaL SWITCH
TI1ONAL HALF-WAVE RECT=- ARE. CONNECTED TO SIMILAR
ONEFS IN TRANSFORMER
IF1ErR, ITs  consTRUC-
TION, HOWEVER, I8 S8UCH 4 _
THAT IT CAN PASS A

Fi1G, 20

NORMAL DIRECT -CURRENT Wiring Oiagram of a Tungar Battery Charging Set.

OF ABOUT 6 AMPERES.

THE AMMETER IS CONNECTED IN sEries WITH THE D.C. circulT so a8 ToO
INDICATE THE CHARGING CURRENT AND THE REACTOR 1S NOTHING MORE THAN A SPE
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 18 EXPANDED.

()

L) 4
1

Examinatisn Questions

LESSON NO. 34

1>

/ZG
l. - How DOES A HARDENED COATING OF LEAD SULBHATE AFFECT A

CELL AND ITS PLATES?

2. - WHAT 18 MEANT BY THE Term BUCKLED PLATES? How MAY THIS
CONDITION BE CAUSED AND WHAT WOULD YOU DO IF YOU HA® 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
FREEZET AT ABOUT WHAT TEMPERATURE WILL A FULLY CHA®GED

BATTERY FREEZET

5. = |F vyou sHouLD DIBASSEMBLE A CELL, WOULD YOU PUT THE SAME
WOODEN SEPARATORS BACK INTO THE CELL?

6. - DESCRIBE A HIGH RATE DISCHARGE TESTER?! WHy 18 1T usep?

7. = WHAT 1S THE OBJECT OF MAKING A CADMIUM VOLT TEST? Can
THIS TEST BE MADE AND ACCURATE RESULTS OBTAINED IF THE
BATTERY 1S STANDING IDLE?

8. = WHAT 1S THE HIGHEST TEMPERATURE,WHICH A BATTERY SHOULD
BE ALLOWED TO REACH? DRAW A SIMPLE DIAGRAM SHOWING HOW
YOU WOULD PREVENT A BATTERY FROM OVER-HEATING WHILE ON
A SERIES CHARGING CIRCUIT,.

9. ~ WHY ARE BATTERIES OFTEN cYcCLED?

10.= WHY 1s THE CORRECTION THERMOMETER USED?

- —_—M
s PRINTED

Vi

IN UeSeA
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LESB8ON NO. 35

RADIO - PHONOGRAPH COMBINATIONS
TONE CONTROLS

As WE HAVE SAID S0 MANY TIMES BEFORE, "RADIO 18 NEVER AT A STAND-
STILL." THIS I8 ONE OF THE CHIEF REASONS WHY RADIO 1S 80 FASCINATING FOR
THE MAN WHO LIKES TO DO THINGS AND WHO 18 ALWAYS LOOKING FORWARD TO SEE
NEW DEVELOPMENTS TAKE PLACE. Ag, WE LOOK EACK OVER THE YEARS,WEFIND THAT
THE RADIO RECEIVER IN ITS EARLY STAGES WAS INDEED A CRUDE AFFAIR BOTH AS
TO APPEARANCE AND PERFORMANCE,

THE FIRST RADIO IMPROVEMENTS WERE PRACTICALLY ALL CONFINED TO BET-
TeErIng PERFORMANCE AND VERY LITTLE ATTENTION WAS DEVOTED TG IMPROVING A=
PPEARANCE OR EASE OF OPERATIONe. IN FACT, THE EARLY
RADIO DEVELDPMENTS WERE MADE FOR THE BENEFIT  OF
THOBE PEOPLE WHO KNEW SOMETHING ABOUT THE  TECH=
NICAL PHABES OF RADIO, RATHER THAN FOR THE GEN-
ERAL PUBLIC, THIS IS THE ONE BI13 REASON WHY  THE
RADiO FANS OF YESTERDAY WERE ENTIRELY DJFFERENT TO
WHAT WE KNOW THEN TODAY. THESE FORMER RADIO FANS
WERE EAGER TO TINKER WITH THE "works" orf THEIR
RADIO RECEIVER BUT NOT 80 TODAY,FOR NOW THE RADIO
ENTHUSIASTS ARE CONTENT WITH MAKING THEMSELVES COM
FORTABLE IN AN EASY CHAIR, TO TUNE IN A QOOD PRO-
GRAM AND THEN TO RELAX AND ENJOY THE ENTERTA INMENT,

DURING ALL THESE LATER YEARS OF RADIO PRO=-
GQRESS HOWEVER, OESIQNERS AND MANUFACTURERS DE=-
VOTED A GREAT DEAL OF EFFORT TOWARD NOT ONLY M=
PROVING RADIO PERFORMANCE BUT THEY HAVE ALSO suC-

F16.1 CEEDED REMARKABLY WELL IN PRODUCING RECEIVERS OF

Radio-Phonograph Combination, BEAUTIFUL APPEARANCE, WHICH WILL EQUAL THAT oF

THE HIGHEST QUALITY FURNITURE AND FURTHERMORE, 80

FEW CONTROLS REMAIN THAT A SMALL CHILD CAN NOW SUCCESSFULLY OPERATE THESE
POWERFUL PRESENT DAY RECEIVERS,

NATURALLY, WITH ALL OF THESE ADVANCED DESIGNS, MANY IMPROVEMENTS
WERE INCORPORATED AND IN THIS LESSON, IT I8 OUR AlIM TO ‘ACQUAINT YOU WITH
MANY OF THESE LATER DEVELOPMENTS AND IN ADDITION, WE ARE ALSO GOING TO




SHOW HOW MODERN RADID RECEIVER!S can BE APPLIED IN THE HOME FOR OTHER
TYPES OF ENTERTAINMENT BESIDES JUST PLAIN RADIO RECEPT ION.,

RAD |0-PHONOGRAPH COMBINAT IONS

A FACTORY BUILT RECEIVER OF THIS TYPE IS SHOWN YOU IN Fig. | AND
WITH THIS ARRANGEMENT, iT IS POSSIBLE FOR THE OWNER TO LISTEN EITHER TO
RAD10 BROADCAST PROGRAMS OR TO THE RECORDINGS OF HIS OWN PHONOGRAPH REC-

ORDS =- EITHER TYPE OF PROGRAM BEING REPRODUCEO BY THE RADIO LOUD SPEAK-
ER,

FACTORY BUILT RADIO=PHONOGRAPH COMB INAT IONS, SUCH AS PICTURED IN
F1a. |, 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-

frmmnnmmem e mm meemm oo RFME.0005-MF. 025
24 ‘24 [ ea

FIG, 2
A Midget Receiver With & Phonograph Pick-up Connection.

TION OF PHONOGRAPH RECORDS AND ALSO THE THE FACT THAT THE CABINET WORK OF
THE COMBINATION SET 1S GENERALLY MORE EXPENSIVELY DESIeneED. No oousT, 1T

18 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 COMBINATION, SO THAT ONE CAN HAVE ENTERTAINMENT OF HIS OWN CHOOS ING,
A8 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 WH!CH ARE RECORDED THE WORK OF
FAMOUS ARTISTS. FURTHERMORE, A WELL DESIGNED RAD iO=PHONOGRAPH REPRODUCER
WILL PROVIDE A HIGHER TYPE OF TONE QUALITY FROM THESE RECORDINGS AS WILL
THE AVERAGQE TYPE OF PHONOGRAPH AND 80 YOU CAN SEE THAT NOT ONLY IS THE
RAD | O=PHONOQGRAPH COMBINATION CONVIENT BUT IT 18 ALSO EFFICIENT.

THE TOP OF THE RECEIVER CABINET ILLUSTRATED IN Fia. | 1s oEsianED
TO BE RAISED ON ITS HINGES 80 AS TO EXPOSE THE TURNTABLE AND THE MISCEL~
LANEOUS PHONOGRAPH ATTACHMENTS WHEN RECORDINGS ARE TO BE PLAYED.

IT 80 HAPPENS THAT MANY PEOPLE ALREADY POSSESS A PHONOGRAPH AT THME
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TIME THAT THEY ADD A RADIO RECEIVER TO THEIR SOURCE OF ENTERTAINMENT AND

THIS 18 YOUR BIG OPPORTUNITY.

THE THING TO DO HERE 1S TO MAKE

1T POSSIBLE

FOR THE OWNER TO REPRODUCE HIS RECORDS WITH HIS NEW RADIO BY STILL USING
THE PHONOGRAPH AS PART OF THE MECHAN{8M. YOU ARE GIVEN FULL INFORMATION IN

THIS LESSON AS TO HOW TO DO TH{IS PROFITABLEWORK,

As FAR A8 THE RECEIVER CIRCUITS OF THE
RAD 10~ PHONOGRAPH COMB INAT JONS ARE CONCERNED, YOU
WILL FIND THEM TO BE PRACTICALLY THE SAME AS
THAT OF THE AVERAGE TYPE OF RADIO RECEIVERS.
THAT 18, THEY CONSIST OF THE CONVENTIONAL TUNED
AND R,F, AMPLIFYING STAGES,A DETECTOR AND AN
AUDIO AMPLIFIER

RAD |0-PHONOGRAPH CIRCUIT OF THE MIDGET TYPE

FOR THE SAKE OF SIMPLICITY AND B0 THAT
YOU WON'T HAVE TOO MANY CIRCUITS TO TRACE  OUT,
WE ARE SHOWING YOU IN Fi1G., 2 A CIRCUIT DIAGRA!
OF A MIDGET RECEIVER IN WHICH A PHONOGRAPH P1CK
UP CIRCUIT 18 INCORPORATED. A PHOTOGRAPH OF THIS
SAME MIDGET TYPE RAD1!0=PHONOQRAPH |3 SHOWN YOU
N Fige 3 AND IN THIS LATTER ILLUSTRATION, YOU
ARE LOOKING AT THE RECEIVER WHJLE THE COVER
EXPOSE THE TURNTABLE WITH THE RECORD, AS WELL AS

FIG. 3
Midget Radio Phoro.

Combrnation.

IS BEING HELD OPEN 80 AS TO

THE PICKUP UNIT.

Now RETURNING TO THE CIRCUIT DIAGRAM OF THIS RECEIVER IN F1a2, vou

WILL NOTE THAT IN THIS PARTICULAR CASE, TWO STAGES OF TUNED R.F.

AMPL 1=

FICATINN PRECEDE A POWER DETECTOR AND THE DETEGTOR STAGE 18 FOLLOWED BY

ONE STAGE OF RESISTANCE = CAPACITY COUPLED AUDIO

AMPLIFICATION AND A

SINGLE TYPE =45 TUBE 1S USED IN THE FINAL OR POWER STAGE. THEN OF COURSE,
WE HAVE THE CUSTOMARY PCWER PACK AND SPEAKER COUPLING.

THE MOST IMPORTANT THING FOR YOU TO NOTICE

Yolume
control

Volume
f control
Pick-up -
unit

Connecting Plug
to recaiver

Flag. 4
Three Types of Phonograph Pick-ups.

AT THIS TIME 1S THE LO-
CATION FOR THE  PHONO=
GRAPH PICK=UP UNIT CON=
NECTIONS. AS YOU wiLL
NOTE In Flae. 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
TWO BWITCH TERMINALS,
WITH THIS SWITCH CLOSED,
THE GRID CIRCUIT FOR
THE DETECTOR 18 COMPLETE
80 THAT CUSTOMARY RADIO
RECEPTION WILL BE 06~
TAINED.

By oPENING THIS
SAME SWITCH, IT 18 CLEAR
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THAT THIS GRID CIRCUIT WILL NOW BE COMPLETED THROUGH THE PHONOGRAPH P|CKe=
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 Fi@. 4 HAS THE VOLUME CONTROL ATTACHED 8Y A CABLE
80 THAT IT CAN BE MOUNTED WHEREVER DES IRED.

BEFORE CONTINUING WITH THE DETAILS REGARD ING THE CONSTRUCT IONAL FEATY
URES OF THESE PICK UP UNITS,ASWELL
AS THEIR OPERATING PRINCIPLES, 1T
1S ADVISABLE TO FIRST TELL YOUSOME
THING ABOUT THE PHONOGRAPH RECORD

Disc

UPON WHICH THE OPERATION OF THE
PICK UP UNIT IS IN A LARGE MEASURE
DEPENDENT .

As vYouU 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

OF THE RECORD AND GRADUALLY WORKS

ElG. 5 ITS WAY TOWARD THE Tingumrcgchsoa

RIM OF THE RECORD. IN Fig, THIS

The Phorogreph Record. GROOVE 18 ILLUSTRATED FOR YOU [N A
RATHER EXAGGERATED MANMER SO AS TO MAKE THIS POINT CLEAR.

)/— Grooves

ACTUALLY, THIS SPIRAL GROOVE IS NOT UNIFORM IN THAT SMALL WAVES ARE
CUT ALONG THE SICES OF THE GPOOVE SOMEWHAT AS ILLUSTRATED IN F16.6, WHERE
YOU ARE LOOKING AT A MAGNIFIED SECTION OF A RECORDED SURFACE.THESE WAVES
CORFESPOND 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, THIE IS ALL THAT YOU NEED TO KNOW REGARDING THE REG

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 ELECTROMAGNET IC PHCNCGRAPH 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 PRINCIFLES 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 PER
MANENT MAGNET, WHICH IS BENT INTO THE SHAPE OF A HORSESHOE AND A nyn
SHAFPED POLE PIECE IS CONNECTED TO EACH OF ITS EXTREMETIES.
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IN Fige 7, YOU ARE LOOKING AT THE PECK 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 fT" gHAPED 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 1S 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 AMD 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 1S LOGICAL THAT THE ARMATURE WILL ROCK ON ITS PIVOT CORRESPONDINGLY.

Due To THE FACT THAT THE ARMATURE
IS OF A METAL ALLOY STRUCTURE, IT IS8 NO
MORE BUT NATURAL THAT T SHOULD HAVE A e
RESONANCE FREQUENCY OF ITS OWN, IN THE s =
BEST MODERN PICKUPS, THIS RESONANCE
POINT USUALLY LIES BETWEEN FREQUENCIES
oF 3000 anpo 4000 cycLEs AND SO IN ORDER
TC PREVENT AN EXCESSIVE RESPONSE AT —
THESE FREQUENCIES, IT 1S NECESSARY T0 —
DAMP THE SYSTEM, THIS 18 GENERALLYACCOM =
PLISHED BY MEANS OF RUBBER BUFFERS, )
WHICH ARE APPLIED TO THE FREE END OF THE
ARMATURE. ( THESE ARE MOUNTED ON THE UPPER e
PORTION OF THE POLE PIECES AS SHOWN I[N The Modulated Groove
Fie. 7.) THESE BUFFERS AT THE SAME TINE ’
ALSO SERVE TO CENTER THE ARMATURE IN THE 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 ONES.THE EFFEC-
TIVE RANGE OF THE BEST MODERN ELECTROMAGNET!C PICKUPS IS FROM ABOUT 100
To 5000 CYCLES, WHICH CORRESPONDS TO THE USUAL RANGE OF THE PHONOGRAPHREC
ORD.

IN SOME OF THE EXPENSIVE ELECTROMAGNETIC PICKUP UNITS,DAMPING | §:]
ACCOMPLIESHED THROUGH THE USE OF A HEAVY OfL, WHICH IS CONTAINED WITHIN A
CHAMBER AND AGAINST WHOSE RESISTANCE THE ARMATURE MUST VIBRATE,

REPRODUCING SOUND FROM THE RECORDS

THE PICKUP UNIT 1S 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 8Y MEANS OF WHICH THE NEEDLE PRESSURE UPON THE
RECORD CAN BE ADJUSTED.

AsS 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-
ORDes THE GROOVE, YOU WILL RECALL,HAS BEEN MODULATED IN THE FORM OF DEVIA=
TIONS TO EITHER SIDE OF THE GROOVE AND THEREFORE THESE IRREGULARITIESWILL
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CAUSE THE PICKUP NEEDLE TO VIBRATE FROM SIDE TO SIDE IN DIRECT RELATION TO
THESE IRREGULAR IMPRESSIONE IN THE GROOVE OF THE RECORD.

THE ARMATURE OF THE PICKUP MUST VIBRATE FROM SIDE TO SICE IN STEP

/// \\\\/ Magnet

~Pole pieces

Coil —

Armature - |-

F1G.7

Construction of the Electro Magnetic

Phonograph Pick-up.

WITH IT8 NEEDLE AND IN DOING 80,
THE FLux (LINES OF FORCE) IN THE
AIR GAP OF THE PERMANENT MAGNET
VARIES CORRESPONDINGLY. THIS VAR~
IATION IN THE PIckUP'S  MAGNETIC
FIELD REACTS UPON ITS COIL 80 AS
TO INDUCE VOLTAGE CHANGES IN IT,
WHICH ARE THE EXACT ELECTRIC REP-
RESENTATION OF THE WAVE GROOVEOF
THE RECORD,WHICH MOVES PAST THE

PICKUP NEEDLE,THEREBY ACTUATING

THE ARMATURE OF THE PICKUP.

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 voi,
TAGE CHANGES ACROS8S THE GRID OF A VACUUM TUBE AND THUS BY THE CONVENT JON=
AL STEPS OF AUDIO FREQUENCY AMPLIFICATION OPERATE A SPEAKER UNIT WIiTH A
GREAT DEAL OF FORCE. THE SPEAKER MUST THEN REPRODUCE THE SOUNDS WHICHWERE

ORIGINALLY RECORDED ON THE RECORD.

A TYPICAL VOLUME CONTROL FOR A PHONOGRAPH

IN THE UPPER ILLUSTRATION oF Fig, 8, YOU WILL SEE HOW THE ELECTROMAG
NETIC PICKUP UNIT 18 REPRESENTED IN THE FORM OF A RADIC SYMBOL AND HOW IT
I§ CONNECTED TO THE FIRST OR INPUT TUBE OF AN AUDIO AMPLIFIER. THIS |LLUG=
TRATION ALSO SHOWS YOU HOW THE VOLUME CAN BE CONTROLLED BY MEANS OF A POT=
ENTIOMETER, WHICH 1S CONNECTED ACROSS THE ENDS OF THE PICKUP COfL,

THIS samE ARRANGEMENT CAN BE USED WHEN COUPLING A A PHONOGRAPH PICK=

UP TO AN A.F, AMPLIFIER OF THE PUBLIC AD-
ORESS TYPE,POR 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 AUDJIO TUBE.

NOTICE ESPECIALLY HOW THE END TERM=
INALS OF THE VOLUME CONTROL POTENT IOMETER
ARE CONNECTED ACROSS THE ENDS OF THE PICK
UP'S COIL~IN THIS WAY BEING CONNECTED IN
PARALLEL WITH THE COlL.

WITH THE CONNECTIONS THUS MADE, THE
VOLTAGES WHICH ARE QENERATED ACROS88 THE
ENDS OF THE PICKUP COIL WILL ALSO BE A~
VAILABLE ACROSS THE END8 OF THE POTENT|O-
METER'S RESISTANCE ELEMENT. THEN BY CONNE
CTING ONE END OF THE POTENTIOMETER TO THE
"GRtD RETURN" END OF THE CIRCUIT WHILE THE

Phono Volume st
‘§ Pick-up control An;‘pl.
\ 5 Y
“ Y 4
Scratch filker 2
N
Vg
To Ampl,
ﬁ -
Yolume control

FlG. 8

Controiling Vol With a Prck-up unit
and Reducing Needle Schstch,
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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 S1GNAL VOLTAGES ACROSS THE GRID CIRCUIT OF THE
TuBE. IN OTHER WORDS, THE VOLTAGE DROP WHICH 18 DEVELOPED ACROSS THE RE=-
SISTANCE ELEMENT INCLUDED BETWEEN THE ARM AND THE GRIO RETURN END 18 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 1T8 RESISTANCE ELEMENT,WE THUS HAVE AN EFFEQC
TIVE MEANS FCR CONTROLLING THE VOLUME.

NEEDLE SCRATCH

QUITE OFTEN, A DISAGREEABLE SCRATCHING
S8OUND 18 NOTICED DURING THE REPRODUCTION OF A
RECORD. WE commonLy caLL THis NEEDLE SCRATCH wwo
IT 18 PRIMARILY CAUSE BY THE ADDED JRREGULARIT-
IES WHICH HAVE BEEN INTRODUCED UPON THE SURFACE
OF THE RECORD BY HIGH NEEDLE PRESSURES AND THE
NECESSARY ABRASS IVE CHARACTERISTIC OF THERECORD FiG. 9
ITSELF,WHICH 18 REQUIRED TO QUICKLY WEAR tue Electric Phono. Turntable.
PICKUP NEEDLE DOWN TO A GOOD FIT FORTHE QROOVE.
IN THE LOWER ILLUSTRATION OF F1a, 8,0NE OF THE METHODS 18 SHOWN WHEREBY
SOME OF THESE EXTRANEOUS NOISES CAN BE REDUCED., HERE A RESONANT CIRCUIT,
CONSISTING OF A SERIES CONNECTED INDUCTANCE AND A CONDENSER |8 SHUNTEDA
CROSS THE PICKUP COIL AND IT IS TUNED TO THE MosT soTHERsome NOISE FRE-
QUENCY, , THEREBY PREVENTING THIS UNDESIRABLE FREQUENCY FROM BEING AMPLI-
FIEDe

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 I8 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 geto. You ARE SHOWN TWO OF THE MANY TYPES OF ELECTRICALLY OPERATED
IN Fla. 9

THE POWER FOR OPERATING THIS TYPE OF ELECTRIC TURNTABLE IS o8-
TAINED, FROM LINES SUPPLYING THE LIGHTING CURRENT TO THE BUILDING AND THE
MOTOR UNIT 1S THEN INSTALLED IN A CABINET, WITH ONLY THE TURNTABLE PRO=-
TRUDING UPON WHICH TO PLACE THE RECORDe THE TWO STANDARD BPEEDS ATWHICH
THESE TURNTAELES REVOLVE ARE 33 1/3 R.P.M. (REVOLUTIONS PER MINUTE) AND
78 R,P.M, Tue 78 R,P,M, RECORDS ARE THE STANDARD FOR HOME USE.

WiTH TME PHONOGRAPH RECORD PLACED IN POSITION ON THE ROTATINGTURN
TASBLE AND WITH THE NEEDLE OF THE PHONOGRAPH PICKUP RIDING $N 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 [MPRESSED UPON THE GRID
CIRCUIT OF THE DETECTOR TUBE OF OUR RECEIVER IN Fi1g., 2. THESE AUDIO FRE=
QUENCY CHANGES WILL THEN BE AMPLIFIED 8Y 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 F1Ge 2, THE VOLUME CONTROL FOR THE REPRODUCT ION OF RECORDS
WILL HAVE TO BE ON THE PHONOGRAPH PICKUP, FOR NO PROVISION IS MADE IN THE
CIRCUITE OF THE RECEIVER,

THE 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 REPRODUCT 1ON OF PHONOGRAFH
RECORDINGS, ITH THE PHONOGRAPH PICK=UP IN OPERATION, THE RECEIVER'S VoL~
UME CONTROL SHOULD BE TURNED TO THE "oFF" pPOSITION.
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The Four Tube Recerver:

A FOUR TUBE RAD0~PHONOGRAPH RECE IVER

IN Figs 10 YOU ARE SHOWN THE CIRCUIT DIAGRAM OF A FOUR TUBE RECEIVER
WHICH WILL OFFER EITHER RAD!O OR PHONOGRAPH ENTERTAINMENTe ALTHOUGH  THE
25Z5 TUBE 1S EMPLOYED IN THIS RECEIVER, YET THE CIRCUIT ARRANGEMENT oF
THIS PARTICULAR RECEfVER IS SUCH THAT THIS TUBE FUNCTIONS ONLY AS A "VOL—
TAGE DOUBLER" WHEN CONNECTED To A }10 voLT A.C. LIGHTING SUPPLY AND DOES
NOT OFFER PROVISIONS FOR OPERATING THE SAME RECEIVER FROM A D.C. sSupPLv.

THE WINDINGS FOR THE ELECTRIC MOTOR,WHICH |8 USED TO DRIVE THE TURN-
TABLE OF THIS RECEIVER, IS CONNECTED DIRECTLY AcRoss THE |10 voLT A.C. cIR
CUIT WHENEVER sWi1TCH S=l IS IN THE CLOSED POSITION, THE NATURE OF THIS MQ
TOR I35 SUCH, HOWEVER, THAT IT WILL NOT COMMENCE TO OPERATE UNLESS THETURYN
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=ll,WHICH I8 CONMNECTED ACROSS THE COIL OF THE PICK= UP
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UNIT, ONE END TERMINAL OF THIS POTENTIOMETER 1S CONNECTED TO THE CONTROL
GRID OF THE DETECTOR TUBE WHILE THE ARM TERMINAL OF THE POTENTIOMETER IS
CONNECTED TO THE CATHODE C‘IRCUIT 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 1S ENCLOSED IN A BRAIDED METALSHIELD
WHICH 13 GROUNDED TO THE METAL RECEIVER CHASS IS IN ORDER TO AVOID INTER=
FERENCE PICKUP,

FOR RADIO RECEPTION, THE VOLUME CONTROL FOR THE PHONOGRAPH  PCKUP
1s SET To 1Ts "oFF® OR MINIMUM VOLUME POSITION, AT WHICH TIME THE GRID
RETURN CIRCUITOF
THE DETECTOR
STAGE WILL ag Coupling
COMPLETED DIRECT Det,  R-Fchokes (Cond. AF.

WITHOUT ANY OF |—oA, - Switeh i
THE RES!STANCE OF J_ f; o AF
Ril seIinGg INCLU~ , Stages
DED IN IT. I Leak »

- B+ resistor

THE RECEIVER

Phono.
18 THEN OPERATED Pick-up
IN THE  CONVEN- :[. 2 .
TIONAL MANNER AND = = X Pheno. . =
volume
THE VOLUME FOR — control

RAD!O RECEPTION

—

I3 CONTROLLED BY FlaG. 11
MEANS OF THE Phonoaraph [nout to /5F A F Tube

50,000 oM PO-

TENTIOMETER Rl, WHICH 1S CONNECTED IN THE CATHODE CIRCUIT OF THE R.F.
TUBE.

ForR THE REPRODUCTION OF PHONOGRAPH RECORDINGS, THE RECEIVER's50,000
OHM CONTROL POTENTIOMETER 18 TURNED JUST FAR ENOUGH TO THE "on" posiTiON
SO AS TO CLOSE THE SWITCH S=| WITH WHICH IT 15 MECHANICALLY  CONNECTED.
THE TURNTABLE 1S THEN GIVEN A SLIGHT TWIRL TO START IT AND THE NEEDLE OF
THE PICKUP UNIT 1S PLACED AT THE STARTING END OF THE RECCRDING GROOVE THE
SAME AS FOR ANY ORDINARY PHONOGRAPH. POTENTIOMETER R-|| s THEN ADUUSTED
FOR THE VOLUME DES)IRED,

ORDINARILY, NO RADIO SINGALS SHOULD GET THROUGH THE RECEIVER T0
CAUSE INTERFERENCE WITH THE PHONOGRAPH MUSIC, AS LONG AS R=! 13 NEARLY IN
1Ts "oFF" pPOsITION., 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 EL}iA=
INATE THE BOTHERSOME STAT(ON.

PHONOGRAPH INPUT TO A.F. STAGE

S0 FAR, YOU WERE ONLY SHOWN HOW TO COUPLE A PHONOGRAPH PICKUP TO
THE DETECTOR STAGE OF A RECEIVER. Fla. ||,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.
8TAGE,
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WiTH THE SWITCH CLOSED TO POSITION "A®, THE RADIO CIRCUIT WILL 8E
COMPLETE, WHILE THE PHONOGRAPH INPUT CIRCUIT I8 AT THE SAME TIME INTER-
RUPTED. THEREFORE, CUSTOMARY RADIO RECEPTION WILL TAKE PLACE. HOWEVER,
WHEN THE SWITCH I8 CLOSED TO POSITION "B®, THE RADIO CIRCUIT WILL BE IN=
TERRUPTED AND THE PHONOGRAPH PICKUP TOGETHER WITH §TS VOLUME CONTROLWILL
BE CONNECTED ACROSS THE GRIO CIRCUIT OF THE A.F. AMPLIFIER TuBe., RaDIO
RECEPTION WILL THEREFORE CEASE AND THE A.F. SI1GNAL VOLTAGES WHICH ARE
GENERATED ACROSS THE PHONOGRAPH PICKUP COIL W{LL BE APPLIED TO THE GRID
OF THE FIRST A.F. TUBE FOR FURTHER AMPLIFICATION.

PHONOGRAPH CONNECTIONS FOR TRANSFORMER COUPLED A,F. STAGE

Fia. 12 3sHOWS YOU HOW THE PHONOGRAPH PICKUF MAY BE CONNECTED TO THE
RECEIVER CIR=
CUITS IN THE

q Te following A=Y Ul S
-[b’lﬂf\———o AF Stages NSFORMER COUPw=

LING I8 USED
BETWEEN THE DE
TECTOR AND
FIRST AQF.
STAGE. IN THIS
CASE,THE COIL
OF THE PICKUP,
TOGETHER WITH
ITS VOLUME CON
TROL POTENTIO0=
METER, I§ CON=-
NECTED ACROSS
THE PRIMARY
WINDING OF THE
A.Fo. TRANSFORM=
ER WHENEVER THE
SWITCH 18 PLAG
ED IN THE PHON
OGRAPH POSI=

AF.
Ampl.

phonoqraph
vol, control

' Phone . Pick- u[:3

FlG. 12
TION, THAT
Phonoqraph lnput 7o Transformer Coupled A.F. 10N, 18,
CONTACTING
Stage.
POINT "B"Y,

THe A.F, 81QNAL VOLTAGES, WHICH ARE GENERATED IN THE PICKUP COIL,
WILL AT THIS TIME BE APPLIED ACRO88 THE PRIMARY WINDING OF THE A.F,TRANgG
FORMER AND THEN PASS8ED 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 VOLTAQE GENERATED
BY THE PICKUP WITH WHICH TO ACTUATE THE GRID OF THE A.F, TUBE.

PHONOGRAPH CONNECTION TO A DUPLEX DIODE-~TRIODE
Fia. |3 sHOows YoU HOW TO WORK A PHONOQRAPH PICKUP UNIT INTO A TYPE
2A6 DUPLEX DIODE TRIODE WHEN UBING THIS TUBE A8 A SECOND DETECTOR AND

FIRST A.F, AMPLIFIER IN A SUPERHETERODYNE RECEIVER.

HERE YOU WILL S8EE THAT THE PHONOGRAPH PICKUP, TOGETHER WITH T8 VOL=
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UME CONTROL, 18 CONNECTED ACROSS THE PRIMARY WINDING OF AN A,F,TRANSFORM~
ER ( PHONOGRAPH INPUT TRANSFORMER) WHICH SERVES TO COUPLE THE  PHONOGRAPH
UNIT TO THE RECEIVER CIRCUITS. THE SECONDARY WINDING OF THIS TRANSFORMER
I8 CONNECTED THROUGH A PLUG—IN TYPE TWIN JACK ACROSS THE ENDS OF THE .25
MEGOHM RESISTOR WHICH BERVES AS THE GRID LEAK FOR THE TRIODE SECTION  OF
THE PAB TuBE.

THE CONNECTIONS, WHEN MADE IN THIS WAY, PERMIT THE A.F. 81GNAL 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
Tuse's TRiIooE OR A.F, SECTION.

PHONOGRAPH P ICK- LF. 2nd Det.
UP UNITS CAN BE PUR- 58 2A6
CHASED EITHER WITH A

HIGH IMPEDANCE RATING 3 (S
OR A LOW IMPEDANCE RAY |
ING. SOME PICKUP UNITS

ARE MANUFACTURED WITH
VARIOUS [IMPEDANCE RAT= B+
INGS RANGING FROM 3 UP
To 10,000 orms. IN THE vl ¥ —
LOW IMPEDANCE GROUP RAT w2 8 ,f:i: §
iNas oF 2003500 anp 700 —i—" ) | mfd
OHMS8 ARE QUITE POPULAR = Coupling -

WHILE IN THE HIGH IM= Phono.vel.control Traasﬁ 8
PEDANCE GROUP, RAT INGS 7 ‘
oF 20003 2500;4000 anD @
8500 oHM8 ARE FREQUENTLY ' N
USED. Phoro. Pick-up —

‘ ’

.Smcgz’ — .01 mfd

WHEN USINGA HIGH
IMPEDANCE PHONOGRAPH

Fi1G. 13
PICKUP, IT 18 THE COM=
MON- PRACTICE TO CONNECT Phornograph Pick-up ;;r-taod ea Duplex Diode~
7 .

THE PICKUP UNIT,TOGETH

ER WITH ITS VOLUME CONTROL,DlRECTLY INTO THE RECEIVER CIRCUIT WITHOUT US-
ING ANY SPECIAL COUPLING TRANSFORMER. WHENEVER A LOW IMPEDANCE PICKUP I8
USED, MOWEVER, THEN IT I8 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 A8 GREAT AN A,F,
SI1GNAL VOLTAGE A8 DOES THE HIGH IMPEDANCE PICKUP AND 80 THE STEP UP RATIO
OF THE TRANSFORMER WILL AlD TO BOOST THE VOLTAGE BEFORE APPLYING IT TO
THE GRID OF THE FIRST TUBE TO AMPLIFY THE 81GNAL., FURTHERMORE,THE GRIDCIR
CUIT OF THE AVERAGE RECEIVER A,F, S8TAGE INTO WHICH THE PICKUP UNIT I8 TO
OPERATE, 18 OF A RATHER HIGH IMPEDANCE VALUE AND SO IF A LOW IMPEDANCE
PICKUP 18 FORCED TO WORK DIRECTLY INTO A HIGH IMPEDANCE GRID CIRCUIT, CON
SIDERABLE VOLUME AND TONE QUALITY WiLL BE SACRIFICED. !N OTHER WORDS, WE
MAVE A CONDITION HERE SIMILAR TO THAT WHERE THE LOW |MPEDANCE VOICE COIL
OF A DYNAMIC SPEAKER MUST BE PROPERLYMATCHED TO THE RELATIVELY MIGH IMPEDANCE
OF THE POWER TUBE'S PLATE CIRCUIT IF BEST RESULTS ARE TO BE EXPECTED,

8o ALTOGETHER, WHAT THE PHONOGRAPH INPUT TRANSFORMER REALLY AQOOMP-=
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LISHES IS TO PROPERLY MATCH THE IMPEDANCE OF THE PHONOGRAPH PICKUP TO THE
RECEIVER CIRCUIT INTO WHICH IT IS TO OPERATE, WHILE AT THE SAME BO00STING
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 PHONOGRAPH, AS WELL AS A CON-
VENTIONAL TYPE OF RADIO RECEIVER AND HAVE A DESIRE TO REPRODUCE THEIR PHON
OGRAPH RECORDS THROUGH THE SPEAKER OF THE RADIO RECEIVER. YOU MAY AT SOME
TIVE HAVE OCCASSION TO PERFORM SUCH A JOB AND SHOULD THEREFORE FIND THE
FOLLOWING EXPLANATION TO BE OF SPECIAL INTEREST,

) Fice 14 wiLL GIVE YOU A
Receiver GENERAL IDEA OF HOW THIS CAN BE
DONE. NOTICE THAT WITH THIS PAR
Wire connection TICULAR TYPE OF PICKUP UNIT, THE
Ph ORIGINAL TONE ARM OF THE PHONO=-
ono.

GRAPH NEED NOT BE DISTURBED.AL=
S0 NOTICE THAT THE VOLUME CON=
TROL FOR THE PHONOGRAPH ATTACH
: MENT 1S MOUNTED CONVENIENTLY ON
Phono. 7 : THE PHONOGRAPH.

Volume.
control

IN SOME EX1STING RECEIVERS,
THE VOLUME CONTROL IS INSTALLED

Fla. 14 IN THE AUDIO STAGES AND IN SUCH
Using & Phonograph With & A CASE, NO ADDITIONAL VOLUME CON
Separate Rocesver: TROL NEED BE ADDED AT THE TIME

OF INSTALLING A PHONOGRAPH PICK
UP ASSEMBLY == THE RECEIVER'S 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. sSTAGES anD
UNDER THESE CONDITIONS, IT BECOMES NECESSARY THAT AN ADDITJONAL VOLUME CON
TROL BE PROVIDED FOR PHONOGRAPH REPRODUCTION AT THE TIME OF INSTALLING THE
PICKUPR,

IN ORDER TO OBTAIN THE BEST RESULTS FROM THIS PHONOGRAPH ATTACH=
MENT, WHENEVER AN ADDITIONAL VOLUME CONTROL 18 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 1s
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 CONCERNe=
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 RECEILY
ErR's DETECTOR STAGE, ONE GETS THE BENEFIT OF THE AMPLIFICATION OFFERED BY
THE DETECTOR TUBE IN ADDITION TO THAT ofF 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 B8Y
THE MANUFACTURER.
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TONE CONTRCLS

Now LET Us TURN OUR ATTENTION TO THE MATTER OF TONE CONTROLS.AS YOU
ALREADY KMOW, PEOPLE HAVE DIFFERENT TASTES AS TO TONE QUALITY AND EVEN IF
THE DESIGNING ENGINEERS SHOULD PRODUCE A RECEIVER WHICH TO THEM HAS EXCEPR
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'S 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 CaALL S8UCH DEVICES
"TONE CONTROLS,"

TONE CONTROL WITH GANGED BY-PASS CONDENSERS

VARIOUS CIRCUIT ARRANGEMENTS HAVE BEEN WORKED OUT TO ACCOMPLISH
THIS PURPOSE AND  ONE
SYSTEM 1S ILLUSTRATED By -pass Input PP,
FOR You IN Fig. IS, HERE condensers Transf.  Power

YOU WILL SEE THAT THREE ”L

BY=PASS CONDENSERS HAVE #d_ 42 #d. T
Speakel

ONE OF THEIR SIDES MUTL
UALLY CONNECTED TO THE
PLATE END OF THE INPUT
PUSH=FULL  TRANSFORM=

ER'S PRIMARY WINDING. Mﬁi’:b,‘_Z/
THE OTHER SIDE OF ALL 5 B+ B B+
THREE OF THESE BY-PASS
CONDENSERS ARE CONNECT
ED TO SEPARATE CONTACT

FlG. 15
Examiple of one Type of Torre Cortbrol.

TERMINALS AND A GROUNDED BLADE I8 S0 ARRANGEO THAT WHEN IT 13 ROTATED FROM THE

LEFT TOWARD THE RIGHT, IT WILL FIRST QROUND ONE OF THESE BY=-PASS CONDENSERS, AT
THE SECOND POSITION OF THIS BLADE, TWO BY=-PASS CONDENSERS WiLL BEGROUNDEO AT THE
SAME TIME AND IN THE LAST POSITION,ALL THREE CONDENSERS WILL HAVE ONE OF THEIR
S1DES GROUNDED.,

Now THEN, WITH CONDENSER #| oF Fi1g. 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-
oENSER #l. FROM YOUR EARLY RADIO PRINCIPLES, YOU WILL RECALL THAT THE PR]
MARY WINDING OF THIS TRANSFORMER HAS CONSIDERABLE INDUCTANCE AND THEREFORE
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 TH1S CHARACTERISTIC I8 JUST EXACTLY OPPOSITE TO THAT OF IN=
DUCTANCE AND AS A RESULT, THE HIGHER AUDIC FREQUENCIES WILL BE FORCED TO
TAKE THE PATH OF LEAST OPPOSITION THEREBY PASS8ING TO GROUND THROUGH CON=
DENSER #| INSTEAD OF THROUGH THE PRIMARY WINDING OF THE TRANSFORMER.

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 HiGQHER FREQUENCIES HAS A TENDENCY TO MAKE THE LOWER
FREQUENCIES MORE EFFECTIVE OR MORE PRONOUNCED, WITH THE RESULT THAT THE
SOUNDS REPRODUCED BY THE SPEAKER ARE NOW LOWER [N PJTCH,
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WiTH THE swiTcH BLADE oF Fig. |5 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.

FINALLY,WiTH THE
Torte control SWITCH BLADE OF THE
TONE CONTROL IN  THE
THIRD POSITION, ALL
THREE OF THE CONDEN=
Speaker SERS WILL BE CONNECTED
IN PARALLEL AND SHUNT
ED ACROSS THE PRIMARY
WINDING. THIS WiLL IN
CREASE THE CAPACITY

STILL MORE, RESULTING
IN A STILL GREATER

LOSS OF THE HIGHER FRE
QUENCIES AND THE TONE
QUALITY AS REPRODUCED
BY THE SPEAKER WILL

-0

Fla. 16
Tone Corntrol Across Output of Pentode Tube.

NOW BE AT )TS LOWEST PITCH.
A TONE CONTROL FOR A SINGLE-TUBE POWER STAGE

ANOTHER METHOD OF PROVIDING A TONE CONTROL I8 ILLUSTRATED FOR YOU IN
Fia. 16. IN THIS CASE, THE TONE CONTROL CONSISTS OF A 12,000 OHMRHEOSTAT
WHICH IS CONNECTED IN S8ERIES WITH A ,05 MFD, FIXED CONDENSER AND THESE
TWO UNITS ARE TOGETHER SHUNTED AROUND THE PRIMARY WINDING OF THE OUTPUT
TRANSFORMER,

le THIS RHEOSTAT 18 TURNED TO ONE EXTREME POSITION, 80 THAT ALL OF

THE RESISTANCE IS INSERTED INTO THIS SHUNT CIRCUIT,THEN THE IMPEDANCE
THROUGH THE TONE CONTROL CIRCUIT I8
QUITE HiIGH. FOR THIS REASON A CON- Tone control

SIDERABLE PORTION,~ IN FACT, PRACT-
ICALLY ALL OF THE HIGHER AUDIO FRE-
QUENCIES WILL FLOW THROUGH THE PRI=
MARY WINDING OF THE OUTPUT  TRANG=
FORMER, SO THAT THESE WILL BE [N~
DUCTIVELY TRANSFERRED TO THESPEAKER.
AS THE RHEOSTAT KNOB I8 TURNED 80 AS
TO DECREASE ITS RESISTANCE,THE IM=
PEDANCE THROUGH THE TONE CONTROL
WILL BECOME LESS AND IF IT8 IMPED—
ANCE TO THE HIGHER AUDIO FREQUENC I ES
IS PROPORTIONATELY LESS THAN THAT Q
FFERED BY THE PRIMARY OF THE OUTPUT

TRANSFORMER,A CERTAIN PERCENTAGE OF Tome Comtro/ CF‘G-'Z Py
THE HIGHER FREQUENCIES WILL BE BY= e, (STl SR GRS

Grrds o -~ 3
PASSED THROUGH THE .05 MFD. CONDEN~ f the Push-Pull Rower Stage.
SER, THEREBY BEING PREVENTED FROM
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BEING TRANSFERRED TO THE SPEAKER. THUS IT 1S CLEAR THAT AS THE RHEOSTAT
KNOB S TURNED TOWARDS THE POS ITION OF LEAST RESISTANCE, AN INCREAS ING
PERCENTAGE OF THE HIGHER FREQUENCJES WILL BE BY=PASSED AROUND THE TRANS=
FORMER,WITH THE RESULT THAT THE SPEAKER TONES WiILL BECOME LOWER IN PITCH,

TONE CONTROLS CONSISTING OF A RHEOSTAT CONNECTED N 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.
FOrR, EXAMPLE, A TONE CONTROL OF THIS TYPE COULD ALSO BE USED IN THE CIR
cuiT oF Fig. |5, SO AS TO REPLACE THE THREE-~-CONDENSER AND BLADE COMBiNA=
TION. |N OTHER WORDS, IN THIS ‘CASE, ONE END OF THE RHEOSTAT COULD BE CON
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 CONNECT1ON 1S sHown vou IN Fig.|7.HEREWE
AGAIN HAVE THE RHEOSTAT=-CONDENSER COMBINATION BUT IN THIS PARTICULARCASE,
THEIR VALUES ARE SOMEWHAT DIFFERENT. THAT 18, A 500,000 oHM RHEOSTAT 18
USED TOGETHER WITH A 008 MFD., FIXED CONDENSER AND THE COMBINAT|ON 16 CON
NECTED ACROSS THE GRIOS OF THL PUSH=PULL POWER STAGE. IN THis Wavy, THE
TONE CONTROL SERVES AS A SHUNT AROUND THE SECONDARY WINDING AND WITH THE
RHEOSTAT OFFERING MAXIMUM RESISTANCE, THE HIGHER FREQUENCIES WILL NOT BE
BY=-PASSED AND CONSEQUENTLY THEY WiLL BE IMPRESSED UPON THE GRIDS OF THESE
TUBES SO AS TO BE FURTHER AMPLIFIED. THE SPEAKER SOUNDS WILL THEREFOREBE
OF A HIGHER PITCH,

WITH THE RHEOSTAT OFFERING MINIMUM RESISTANCE, THE HIGHER FREQUEN=
CISS WILL BE BY=-PASSED THROUGH THE .006 MFD. CONDENSER AND THEREFORETHEY
CANNOT BE IMPRESSED UPON THE GRIDS OF THE TWO POWER TUBES AND 80 AT
THIS TIME, THE SPEAKER SOUNDS WiLL BE LOWER IN PITCHe.

FROM THE EXAMPLES GIVEN,YOU SHOULD HAVE A SOUND UNDERSTANDING oF
TONE CONTROLS AND AS YOU COME IN CONTACT WITH DIFFERENT TYPES OF TONE CON
TROL CIRCUITS, YOU SHOULD NOT HAVE ANY DIFFICULTY IN ANALYZING THEIR PRIN
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 THI8 RESPECT AND A GREAT DEAL
DEFENDS UPON THE RANGE OF TONE CONTROL, WHICH THE MANUFACTURER WANTS THE
SET OWNER TO HAVE AT HIS COMMAND. IN OTHER WORDS, SOME TONE CONTROLSWILL
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 THIB
LESSON, ARE AVERAGE VALUES AND YOou WILL FIND THEM TO GIVE SATISFACTORY RE
SULTS.

You SHOULD FIND THE CONTENTS OF THIS LESSON NOT ONLY INTEREST ING BUT
IMPORTANT AS WELL. MANY SUGGEST IONS ARE GIVEN HEREIN,WHICH YOU CAN USE
PROFITABLY, SUCH A8 PERTAINING TO THE INSTALLATION OF RADI}O~PHONOGRAPH COM
BINAT JONS,AND TONE CONTROLS, THERE ARE MANY PEOPLE WHC DESIRE SUCHMODERN
ATTACHMENTS FOR THEIR RADIO AND SO IT 18 UP TO YOU TO TAKE ADVANTAGE OF
YOUR KNOWLEDGE ABOUT THIS WORK AND THUS EARN YOUR SHARE OF RAD1O DOLLARS
WﬂlCH TH1S TYPE OF WORK HAS8 TO OFFERe
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"Education is the foundation on
which character is built,Unfortunately,
some men do not realize .the value of
early training until late in life."

[ — C
)

M’)
lo - How DOES THE RADIO-PHONOORAPH COMBINATION DIFFER FROM
THE CONVENT IONAL TYPE OF RAD10 RECEIVER?

2+ = DESCRIBE THE CONSTRUCTIONAL FEATURES OF THE ELECTROMAG=
NETIC TYPE PHONOGRAPH PICK=UP,

3e = ExPLAIN THE OPERATING PRINCIPLES OF THE ELECTROMAGNET}C
PHONOGRAPH P |CK=UP,

4. =« How can "neepLE scrATCH" BE Repuceo?

B. ~ DRAW A CIRCUIT DIAGRAM WHICH ILLUSTRATES HOW A PHONO=
GRAPH PICK=UP CAN BE CONNECTED TO A RES ISTANCE=CAPACITY
courLED A.F, STAGE OF A RECEIVER,

6e = WHY ARE PHONOGRAPH INPUT TRANSFORMERS SOMET INES USED?

Te = ExpLaIN HOW vOU WOULD GO ABOUT THE JOB OF MAKING PHONO=~
GRAPH PRO@RAMS POSS IBLE WHEN A CUSTOMER HAS AN INDIVIDUAL
PHONOGRAPH AND A CONVENTIONAL RADIO RECEIVER.

8¢ - IF IN A RADI0-PHONOGRAPH COMBINATION, THE RECEIVER'S VOL~=
UME CONTROL 18 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?

0
.
]

WHY ARE TONE CONTROLS USED?

0.~ DESCRIBE THE OPERATING PRINCIPLE OF A TONE CONTROL, ILL~
USTRATING YOUR EXPLANATION WITH A SIMPLE DIAGRAM,

Q\__//¢L//~—~\
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LESSON NO. 38

* SHORT WAVE RECEIVERS -

THE RECEIVERS, WHICH YOU HAVE BEEN STUDYING ABOUT SO FAR,WERE ALL
SPECIALLY DESIGNED TO RECEIVE S8i1GNALS WiTHIN THE BROADCAST EBAND, Tue
BROADCAST BAND, YOU WILL REMEMBER, INCLUDES THOSE FREQUENC|ES BETWEEN
500 Kec. ano 1500 Kce 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 WAVELENGTHE 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 OF WAVELENGTHS AND
FREQUENCIES THAN DOES THE BROADCAST BAND. THE SHORT WAVE BAND 18 GENER=-
ALLY CONSIDERED AS INCLUDING ALL OF THOSE WAVE LENGTHS, WHICH COME BE-
TweeN {4 anD 200 METERS.

EXPERIMENTS, HOWEVER, Apr BEING CONDUCTED SUCCESSFULLY AT WAVELENG=
THS BELOW |4 METERS AND IN
WHAT 1S DESIGNATED AS BE=
ING THE ULTRA=SHORT WAVE
BAND.

Fia. 2 sHows vyou 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 IS OCCUPIED
B8Y THE BROADCAST BAND AS
COMPARED TO THE SHORT WAVE
B8AND. THEN TOO,NOTICE N
THIS ILLUSTRATION THAT THE

G,
FREQUENCY INCREASES RAP- , Fla.1 §
IODLY AS WE APPROACH THE Chassis of s Factory—Built
LOWER WAVE LENGTHS. THAT Short Wave Receiver .

s —— e
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18, THE LOWER THE WAVE LENGTH, THE GREATER WILL BE THE FREQUENCY AND THIS
FACT 1S MIGHTY IMPORTANT S0 DON'T FORGET IT.

THE FREQUENCIES INCLUDED IN THIS SHORT WAVE BAND, AS SHOWN IN F1G.2,
EXTEND FRoM |500 Kce uPp TOo 20,000 KC. == AND IT 18 DUE TO THESE HIGHERFRE
QUENCSES THAT SUCH MARVELOUS RESULTS CAN BE OBTAINED ON LONG DISTANCE REG
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 I8 EVEN
SMALLER THEN MANY OF THE PORTABLE TYPE BROADCAST RECEIVERS8. |N FACT,THERE
ARE- EVEN ONE-OR TWO=TUBE SHORT WAVE RECEIVERS, WHICH ARE CAPABLE OF "BRIN
GING IN®™ FOREIGN STATIONS WITH FAIR REGULARITY,

You ARE ALREADY FAMILIAR WITH THE FACT THAT WHMEN IT COMES TO BROAD-
CAST RECEPTION,

1500 K.C WE WOULDN'T GET
VERY FAR sy
20000 kK¢ 15000 k¢ /0,000 K C. 5,000 KC %00 KC USING A ONE, OR

TWO=TUBE RECELY
ER BUT NOT 80 IN

llllil]l
v

o L1 F SHORT WAVEWORK.,
|

! /5 7° 200 Metros 773 No bousT You ARE
l""'——zqooo e 500 KC T Pur€— NOW  BEGINNING
¥4 TO WONDER JUST

T
SHORT WAVE BAND /502'0090 5;";"‘{- WHY SUCH REMARK
BROADCASY BAND ABLE PERFORMANCE

1S POSSIBLE AT
THE SHORTERWAVE
LENGTHS 80 BE=-
FORE ENTERING INTO A DISCUSSION ON THE CONSTRUCT | ON OF SHORT WAVE RECEIVERS LET
US FIRST INVESTIGATE SOME OF THE INTERESTING AND IMPORTANT PHENOMENA ENe
COUNTERED IN THE PROPAGATION OF THESE SHORTER WAVES. YOU SEE, BY FIRST 8
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,

FlGa. Z
Comparison of Broadcast and Shorit Wave Bands.

WAVE REFLECTION AT HIGH FREQUENCIES

Now 1F vou wiLL Look AT FiGg. 3, YOU WILL SEE TWO RECEIVING STATIONS
RECEIVING SIGNALS FROM THE SAME TRANSMITTER. THE TRANSMITTER, AS YOU AL~
READY LEARNED, RADIATES ITS8 RADIO WAVES IN ALL DIRECTIONS AND SOME OF
THESE WAVES SPREAD OUTWARDS CLOSE TO THE EARTHB SURFACE AND WE CALL THESE
THE GROUND WAVES, |IT 80 HAPPENS THAT ALL KINDS OF GEOGRAPHICAL OBSTACLES
SUCH AS TREES, BUILDINGS, MOUNTAINS ETC. ALL ABSORB A CERTAIN AMOUNT OF
THIS SIGNAL ENERQY, 8O0 THAT THE GROUND WAVE PRODUCES A WEAKER SJGNAL IN=
TENSITY THE FARTHER AWAY IT GETS FROM THE TRANSMITTER AND FINALLY !T DIES
OUT ALTOGETHER,

THE HIGHER THE TRANSMITTING FREQUENCY, THE GREATER WILL BE THE ABS=
ORBING EFFECT UPON THE GROUND WAVE AND IT 1S FOR THIS REASON THAT SHORT
WAVE RECEPTION WAS FOR SOMETIME REGARDED AS IMPRACTICAL FOR LONG DISTANT
COMMUN | CAT I ON, CONSEQUENTLY, ALL OF THE AMATEUR TRANSMITTERS WEREASSIGNED
TO THESE HIGHER FREQUENCIES OR SHORTER WAVE LENGTHS AND THE LONGER WAVE
LENGTH8 WERE RETAINED FOR COMMERCIAL USE. IT DION'T TAKE THESE AMATEUR
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RADIO ENTHUSIASTS LONQ, HOWEVER, TO DISCOVER THAT THEY COULD COVER A GREAY
ER DISTANCE WITH LESBS POWER ON THE SHORTER WAVE LENGTHS THAN WASPOSSIBLE
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 PRESBENT THEORIES OF WAVE REFLECTION HAOD BEEN DISCOVERED.
So FOLLOW CLOSELY AND YOU WILL BE SHOWN HOW IT IS POSSIBLE TO RECEIVE
SBHDRT WAVE SIGNALS AT GREAT DISTANCES, EVEN THOUGH THE GROUND WAVE "oies
ouT" RELATIVELY SOON, By AGAIN LOOKING AT F1G.3,YOU WILL NOTE THAT IN A=
DOITION TO THE GROUND WAVE,A CERTAIN PERCENTAGE OF THE WAVES RADIATED B8Y
THE TRANSMITTER ANTENNA, "SHOOT® UPWARDS INTO SPACE AT A STEEP ANGLE AND WE
CALL THIS THE SKY WAVE, THis sKy WAVE, HOWEVER, DOES NOT CONTINUE ITS 8KY
WARD TRAVEL INDEFINITELY 8UT IF OF HIGH FREQUENCY, 1T 18 REFLECTED BACKTQ

Jopan — o _ e et e
%_x——f‘;’:‘i Kennelly ~Hesviside layer ~—~~""~=""— "
— e ‘“\Q‘:

pr— —_—

———
e

—

: = Receiver "A”
e B

Fia. 3
Somte Interesting and Important Wave Actions.

WARDS8 THE EARTH BY THE KeNnNELLY=-HEAVISIDE: LAYER IN MUCH THE SAME MANNERAS
LIGHT I8 REFLECTED 8Y A MIRRORe

Now THE KENNELLY-HEAVISBIDE LAYER 18 A BLANKET oF 1oN1zeD (oeEcomPoseD)
GAS MAKING UP THE AIR AND WHICH IN WINTER NIGHTS 18 APPROXIMATELY 100
MILES ABOVE THE EARTH'S SURFACE. RECEIVING sTATION "B" In Fig. 3 18 NOT
GETTING ANY OF THE GROUND WAVE, AS SHOWN, BUT RECEIVES ITS S1GNAL ENERQY
BY WAY OF THE SKY WAVE, WHICH I8 REFLECTED BACK TO EARTH BY THE KENNELLY
Heavisioe LAYER AND WE CALL THIS PORTION OF THE wave, THE REFLECTED WAVE.
So REMEMBER, RECEIVING S8TATION "B® IN Fia. 3 oerenps upon THE REFLECTED
WAVE FOR I1T8 SIGNAL ENERGY AND NOT UPON THE GROUND WAVE, THIS EFFECT OF
WAVE REFLECTION I8 MORE PRONOUNCED witH THe SHORTER WAVE LENGTHS THAN
WITH THE LONGER ONES AND THEREFORE 18 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 F13. 3 18 THAT ALONG THE
EARTH'g BURFACE, 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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TECT UPON A RECEIVING ANTENNA. THIS IS A SO=CALLED "DEAD 8POT" FOR RADIO

RECEPTION AT ONE PARTICULAR FREQUENGCY AND WE REFER TO THIS INTERVAL A8
THE SKIP DISTANCE,

A RECEIVER 1.0CATED WITHIN THIS SKIP DISTANCE WILL NOT PICK UP s8Ig
NALS 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 8KIP DISTANCE I8 ABOUT 200 MILES AT 40 METERS ano 800MILES
AT 20 METERS. THEN AT A POINT BEYOND THAT WHERE THE REFLECTED WAVE FIRST
STRIKES THE EARTH, THE SIGNAL ENERGY AGAIN BECOMES WEAKER AND WEAKERW|TH
AN INCREASE IN DISTANCE. ABoveE 300 METERS, THE SKIP DISTANCE IS NEGLIGI-
BLE.

PHONES
Y

FROM YOUR STUDIES OF RADIO TUBES, YOU
WiLL REMEMBER THAT HEAT causep ELECTRONS
TO BE EMITTED FROM THE FILAMENT.WE HAVE A
8IMILAR CONDITION IN THE KENNELLY- HEAVI-
810E LAYER, WHERE THE RAYS OF THE 8SUN
BREAK UP, THE ATMOSPHERIC MOLECULES, 80 THAT
A TREMENDOUS NUMBER OF ELECTRONS ARE FREED,
THUS CAUSING A GREAT DEAL OF THE ELECTRIC
AL SIGNAL ENERQY TO BE ABSORBED BY ,THIS
LAYER OF ION(ZED AIRe THIS MEANE THAT NOW
d ONLY A SMALLER PERCENTAGE OF THE SKY WAVE
is REFLECTED,WHIcH DECREASES THE RECEPTION
AT DISTANT POINTS. AT NIGHT,THIS HEATING
‘7 Tube Short Wave Receiver EFFECT UPON THC LAYER OF IONIZED AIR I8
LESS PRONOUMCED, WITH THE RESULT THAT LESS
ABSORPTION AND GREATER REFLECTION TAKES PLACE AT THE KENNELLY~ HEAVISIDE
Laver, THEReBYy INCREASING THE RECEPTION AT DISTANT POINTS.

- THIS.EFFECT OF THE DIFFERENCE IN NIGHT AND DAY RECEPTION 18 MOST
PRONOUNCED AT SHORT WAVELENGTHS BUT I8 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 B8KIP  DISTANCE
FOR A-GIVEN WAVE LENGTH 18 NOT AS GREAT DURING WARMER TEMPERATURES THAN
WHEN THE WEATHER 18 COOLER. AT THE SAME TIME, OF COURSE, THE CISTANCE COY
ERED BECOMES GREATER WITH A DECREASE IN ATMOSPHERIC TEMPERATURE.

"THis EXPLANATION OF WAVE PROPAQATION WILL NO DOUBT CLEAR UP ANY
QUEST ION, WHICH YOU MIGHT HAVE HAD IN MIND AS TO WHY THE REGULARITY OoF
RECEPTION VARIES S0 MUCH ESPECIALLY AT THE LOWER WAVELENGTHS. THIS INFOR
MATION I3 IMPORTANT TO YOU IN THAT IT WILL HELP YOU MATERIJALLY IN FlGo=
URING OUT THE REASONS FOR DIFFERENT PECULIJIAR EFFECTS, WHICH ARE ALWAYS
ENCOUNTERED IN SHORT WAVE TRANSMITTING AND RECEPT IONe

THE SHORT-WAVE RECEIVER

HAVING INVESTIGATED THE NATURE OF THE SHORTER WAVE LENGTHS,LET US
NOW PROCEED WITH THE DISCUSSICN OF THE CONSTRUCTION OF SHORT WAVE RECElY
ERs. IN FiGs 4, YOU WILL SEE THE CIRCUIT DIAGRAM OF A SIMPLE BATTERY TYPE,
TWO=TUBE SHORT=WAVE RECEIVER FOR HEADPHONE RECEPTION AND UPON INSPECTING

»
-

hed
[ J
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THIS CIRCUIT, YOU WiLL OBSERVE THAT IT I8 ESSENTIALLY THE SAME AS THAT OF
AN ORDINARY TWO=TUBE BROADCAST RECEIVER FOR HEADPHONE RECEPTION,AND CON=
81STS OF A DETECTOR AND ONE A.F. 8TAGE.

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 HMAVE LEARNED ABOUT BROADCAST RECEIVERS ARE GOING TC APPLY EQ=
UALLY AS WELL TO SHORT=-WAVE RECEIVERS,

THE ONLY ESSEMTIAL DIFFERENCE BETWEEN THE
OPERATION OF THE SHORT=WAVE RECEIVER AND  THAT
OF A BROADCAST RECEIVER IS THAT THE RADIO FRE-
QUENCIES WITH WHICH THE SHORT WAVE RECEIVERMUST
DEAL ARE MUCH HIGHER THAN THOSE HANDLED BY THE
BROADCAST RECEIVER. THEREFORE, WE FIND THAT AL~
THOUGH THE PARTS OF THESE TWO RECEIVERS ARE FUN-
DAMENTALLY THE SAME |N OPERATION, YET THEY MUST BE
ESPECIALLY DESIGNED TO OPERATE AT HIGHER FREQUEN=
CIES. SINCE THE RADI0O FREQUENCIES ARENOT USED N
THE A.F.STAGES OF A RECEIVER, IT 18 0BV IOUS THAT THE
D1 FFERENCES BETWEEN THE BROADCAST AND SHORT=WAVE
RECEJIVER EXISTONLY {NTHE R,F.AND DETECTOR BTAGES.

F1G.5
Tuning Condenser for
Skhort Wave Receiver.

SHORT-WAVE CONDENSERS

IN YOUR STUDIES OF TUNED RAD!O FREQUENCY CIRCUITS, YOU LEARNED THAT
THE FREQUENCY, TO WHICH THE TUNED CIRCUIT RESBPONDED, 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, 80 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 I8
JUST EXACTLY WHAT WE DO IN SHORT WAVE RECEIVERS,

For exampLE, IN F1G. 5, YOU WILL S8EE A TYPICAL TUNING CONDENSER FOR
USE IN A SHORT WAVE RECEIVER, NOTICE THAT IT CONSISTS OF FEWERPLATES
THAN FOUND IN THE CONVENTIONAL TUNING CONDENSER FOR BROADCAST PURPOSES
AND THAT THESE PLATES ARE MADE OF HEAVY STOCK, WITH CONSIDERABLE SEPARA=
TICN BETWEEN THEMe 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 QR 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 LOSSBES, HIGH GRADE IN
SULATION 1S USED ON THE BETTER QUALITY SHORT-WAVE TYPE TUNING CONDENSERS.

Now WHEN WE COME. TO THE BSBUBJECT OF COILS FOR THE SHORT-WAVEREOE'V;?,
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A PECULJAR BUT MOST INTERESTING CONDITION ARISES. FOR INSTANCE, IN BROAD-

CAST WORK,OUR TUNERS ONLY HAVE TO COVER THE BAND OF FREQUENCIES, WHICHLIE

BETWEEN 500 ano 1500 Kc., THUs QlvING Us A RAaNGE OoF BuUT 1000 Kce TO cCOVER

WITH THE TUNER IN ORDER TO PICK UP EVERY STATION WITHIN THE BROADCAST BAND,
BUT SINCE THE SHORT WAVE BAND INCLUDES ALL FREQUENCIES BETWEEN |500KC.AND

20,000 Kce, 1T IS 0BVIOUS THAT HERE WE HAVE A FREQUENCY RANGE OF |8,500Kc.
oR |85 TIMES AS WIDE A RANGE AS THE BROADCAST RECEIVERe

WHEN BUILDING A BROADCAST RECEIVER, IT I§ A SIMPLE MATTER TO DESIGN
A COJL, WHICH WILL WORK TOGETHER WITH A SINGLE TUNING CONDENSER, 80 AS TO
"COVER THE BROADCAST RANGE OF |000 Kc. BUT TRYING TO COVER THE ENTIRESHORT
WAVE BAND OR A RANGE OF 15,500 Kce WITH A SINGLE COIL~CONDENSER COMB [NA=
TEON £aN'T SUCH A SIMPLE PROBLEM. BECAUSE OF THIS, YOU WILL FIND MOST
SHORT=WAVE RECEIVERS "USING PLUG=IN TYPE R.F. coiLs,

SHORT-WAVE COILS

A TYPICAL PLUG~IN TYPE SHORT WAVE COIL |8 SHOWN
vou IN Fia. 6., NOTICE THAT THIS COIL IS WOUND ON A

BAKELITE TUBING HAVING LONGITUDINAL BAKELITE R1BS
ATTACHED TO ITs THE WINDING 1S THEN WOUND AROUNPTHlS
COIL FORM IN SUCH A MANNER THAT THE RIB8 HOLD THE

WINDING AWAY FROM THE MAIN BODY OF THE COIL FORM,

THIS METHOD OF CONSTRUCT ION LIMITS THE AMOUNT
OF THE COIL FORM WHICH ACTUALLY CONTACTS THE WINDINQG
AND THIS REDUCES THE DIELECTRIC LOSSES OF THE colL
AND WHICH ARE ORDINARILY QUITE NOTICEABLE WHEN WORK=

FIlG. e ING WITH THE HIGHER FREQUENCIES, ALSO NOTICE IN THE
A. Plug-in Short cotL oF Fia. B THAT THERE IS A SLIGHT AIR SPACE BE-
" Wave Coil

TWEEN ADJACENT TURNS OF THE WINDING, SO THAT THE AD-

JACENT TURMNS DO NOT TOUCH EACHOTHER == WE THEN SAY THAT THE coiL 1s SPACE
WOUND,

ANOTHER INTERESTING FACT ABOUT COIL CONSTRUCTION FOR SHORT WAVEWORK
18 THAT BEST RESULTS ARE GENERALLY OBTAINED WHEN THE COIL 1S WOUND WITH
BARE COPPER WIRE OR ELSE WITH PLAIN ENAMEL COATED COPPER WIRE RATHER THAN
WITH COPPER WIRE WHICH HAS8 A CLOTH INSULATION, SUCH AS SILK OR COTTON, 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 SPAC~-
ING BETWEEN ADJACENT TURNS OF THE COIL OFFERS ADEQUATE INSULATION.

A RATHER LARGE WIRE SIZE I8 ALSO GENERALLY USED FOR THE COIL WIND=
ING WHICH 1S INCLUDED IN THE TUNED CJRCUIT SO AS TO REDUCE THE RES I1STANCE
OF THE TUNED CIRCUIT AS MUCH A8 POSSIBLE. THIS ADDS CONSIDERABLY TO THE
EFFICIENCY OF THE RECEIVER BY REDUCING EXTRANEOUS LOSSES.

ALSO NOTICE THAT THE COIL FORM IN F1G. B HAS A STANOARD FOUR PRONG
TUBE BASE ATTACHED TO IT, THE ENDS OF EACH OF THE COIL WINDINGS ARE CONNe
ECTED TO THESE PRONGS WITHIN THE FORM, 80 THAT BY PLUGGING THE COIL INTO
A STANDARD FOUR PRONG (UX) TUBE SOCKET, WHOSE TERMINALS ARE PROPERLYW|RED
TO THE RECEIVER CIRCUITS, WE HAVE A CONVENIENT MEANS OF INCLUDING OR RE=
MOVING THI8 PARTICULAR COIL FROM THE CIRCUIT SO THAT ANOTHER COJL CAN BE
8UBETITUTED FOR IT WHENEVER WE WISH TO TUNE OVER ANOTHER WAVE BAND,
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IN F1G.7, FOR INSTANCE, WE HAVE A SET OF FOUR PLUG=-IN COILS AS US-
ED BY MOST SHORT WAVE FANS TO COVER THE BAND FRom |5 To 200 MeTERs. For
EXAMPLE, WHEN USING A TUNING CONDENSER HAVING A CAPACITY RATING OF.00015
MFDe., COIL #| OF Fi1Gs 7 WILL TUNE OVER THAT PORTION OF THE SHORT WAVE
BAND EXTENDING FROM |6 To 30 METERS, coliL #2 WILL COVER FROM 29 To 58 ME
TERS, colL #3 FrRom 54 To |10 METERS AND coOlL #4 rrom 103 TO 225 METERS.

THESE COtL FORMS CAN BE PURCHASED FROM MOST RADIO SUPPLY HOUSES
EITHER WITH OR WITHOUT WINDINGS AND IN AODi=
TION TO THE RIBBED TYPE, PLAIN TUBING 18 ALSO
USED CONSIDERABLY FOR THIS PURPOSE,

FOR ESPECIALLY EFFICIENT SHORT WAVE coiLs,
FORMS MADE OF ISOLANTITE ARE FREQUENTLY USEDe.
|ISOLANTITE LOOKS SOMEWHAT LIKE PORCELAIN AND
18 A COMPARATIVELY NEW FORM OF |NSULATION HAV=~
ING ESPECIALLY FINE DIELECTRIC PROPERTIES AND
FOR CRITICAL USES I8 RAPIDLY REPLACING FIBER, FlG. 7
BAKELITE AND OTHER SIMILAR DJIELECTRICS, Plug-in Coil Kit,

By RETURNING TO F1G. 4 AGAIN, YOU WILL OBSERVE THAT GRID CONDENSER
AND LEAK TYPE DETECTION IS USED TOGETHER WiTH REGENERATION. THIS 18 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 MAKES POSSIBLE A SENSITIVE RECEIVER AT LOW COST.

IN THE CIRCUIT OF F1g. 4, TWO SINGLE 140 mvrD. (.00014 MFD.) vAR-
JABLE CONDENSERS ARE USED, EACH WITH ITS INDIVIDUAL CONTROL. ONE OF THESE
CONDENSERS 1S CONNECTED ACROSS ONE OF THE wWiINDINGS L| OF THE coiL  FORM
80 A8 TO ACT AS A TUNING CONTROL, WHILE THE OTHER 140 MMFDe VARIABLE CON
DENSER 18 CONNECTED BETWEEN GROUND AND THE TICKLER L2 AND THUS SERVES AS
A REGENERAT ION CONTROL.

THE 35 MMFD. CONDENSER, WHICH 1S CONNECTED BETWEEN THE ANTENNA. TER
MINAL AND colL L1 N THE cIRcUIT OF FiGs 4 1S OF THE SEMI=VARIABLE TYPE.
THAT 18, ITS CAPACITY CAN BE VARIED WITHIN CERTAIN LIMITS BY MEANS OF A
BAKELITE SCREW DRIVER. TS PURPOSE IS TO REDUCE THE EFFECTIVE LENGTH OF
THE ANTENNA SO THAT THE ANTENNA CAN BE MADE TO MORE NEARLY RESONATE AT
THE S1GNAL 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 IS8 ILLUSTRATED IN
Fige 8 AND WHICH 18 TO BE USED IN THE CIRCUIT oF Fi1a. 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 THIS8 18 THAT THE HIGHER FREQUENCIES
ARE MORE DIFFICULT TO HANDLE AND HAVE A TENDENCY TO ENTER GROUND WHENe
EVER POSSIBLE. BESIDES THIS, EXTRANEOUS COUPLING BETWEEN PARTS8 ALS80 OCC~
URS MORE READILY WHEN THE CIRCUITS ARE OPERATING AT HIGHER FREQUENCIES,
BECAUSE OF THESE FACTS, I|IT BECOMES ADVISABLE WHEN CONSTRUCTING A S8HORT=
WAVE RECEIVER, TO ALLOW CONSICERABLE SPACE BETWEEN COILS ETCey 8ETWEEN
WHICH UNWANTED COUPLING IS LIKELY TO OCCUR AND TO ARRANGE THE PARTS TO
REDUCE A8 MUCH A8 POSSIBLE ﬁuy UNWANTED COUPLING.
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Fic. 9 sHows vou a TYPICAL EXAMPLE OF HOW THE PARTS ARE CORRECTLY
ARRANGED ON THE DECK OF A METAL CHABSSIS BASE FOR A THREE TUBE SHORT WAVE

RECEIVER. IN THIS PARTICULAR CASE, THERE ARE THREE Tuses, A 58 R.F,
LIFIER, A 57 DETECTOR AND A 47 POWER AMPLIFIER AND THE CIRCUIT

FOR THIS SAME RECEIVER APPEARS IN Fia,
WTck\er ]
(1) ~—§
Tuned
: _gwind:‘nq
T (_Ll)
To B+ Circuit B D2 oF
To Antenna > e
and qrid cwuntofnct z To ground
- a Fla.a

Base & Socket Connectioms for Plug-in Coil.

AMP=
DI AQGRAM

SINCE TWo cOiLS AREUSED
IN THIS PARTICULAR RECEIVER
(oNE FOR THE R.Fe 3TAGE AND==ONE
FOR THE DETECTOR STAGE)NOTICE
HOW WIDELY BEPARATED THEY ARE
ON THE CHASSIS S0 THAT PRAC=-
TICALLY NO INDUCTIVE COUPLING
CAN EXIST BETWEEN THEM,

FURTHERMORE, YOU WiILL AL
so S8EE IN F1a. 9 THAT EACR OF
THESE COILS |8 MOUNTED IN AN
ISOLANTITE SOCKET WHICH is
SLIGHTLY RAISED FROM THE CHKA=
8818 DECK AND NO SHIELD GCANS
ARE USED AROUND THE colrs. 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 S1GNAL ENERGY TO STRAY INTO

THESE

GROUNDED OBJUECTS SO AS TO REDUCE THE SIGNAL,

Since winDiINags L2 anD 4 oF THE ANTENNA STAQGE AND DETECTOR
BOTH REQUIRE TUNING, THEY CAN BE TUNED SIMULTANEOUSLY B8Y A SINGLE

STAGE
CON=

TROL THE S8AME A8 IN THE CONVENTIONAL BROADCAST RECEIVER THROUGH THE USE

OF A TWO=QANQ SHORT WAVE TUNING CONDENSER.

. IN ALL S8HORT WAVERECE(Y
ERS,. SPEclAL CARE SHOULD BE
TAKEN TO MAKE THE CONTROL GR=
ID WIRES AS SHORT AS POSS IBLE
AND TO KEEP THEM WELL APART
JFROM ALL METAL STRUCTURE OF
‘THE RECEIVER®AS WELL AS FROM
ALL OTHER WIRING. IN FaCT,ALL
CIRCUIT WIRING SHOULD BE RUN
BETWEEN TERMINALS BY AS D|R-
ECT A ROUTE AS POSSIBLE.

ALso NOTICE IN Fia. 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 S8HORT WAVES, IT 18 ALSO

Fi1G. 9
Parts Arrangement for
Short Wave

Receiver,

o
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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 &Y
PPLY CAN BE FURNISHED BY A 2.5 VOLT FILAMENT TRANSFORMER CONNECTED TO THE
110 voLT A.C. cIrRcUIT anD THE 180 voLT "BM supPLY CAN BE FURNISHED EITHER
BY BATTERIES OR BY A POWER PACK.

THE COMPLETE PARTS LIST FOR THIS RECEIVER I8 GIVEN vYou §N TABLET,

- (‘; R2
- VOLUME

CONTROL

~
> "a
= one f B+ 180V E==JSEICHA55:S 1oV, A€

F1G. 10
Circuit Diagram of the Three Tube Receiver.

WHILE THE CONSTRUCTION OF THE ANTENMNA STAGE COIL APPEARS IN Fjge. |l AND
THE secoNp R.F, coiL IN Fia. 12,

LIST OF PARTS FOR THE RECEIVER OF FIG. 10

I=SET OF ANTENNA COIL8 AS DESCRIBED.

I= FILAMENT TRANSFORMER, WITH A 2,5 e 1% oA —] ANT coiL
VOLT SECONDARY, T3, s - M
I-5,000-0HM VOLUME CONTROL, RZ2. - 1
1= 100, 000=-0HM POTENTJIOMETER, R5. % L 1
'2-600-0HM RESISTORS, l-waTT, RI, R9, e W :
- l-mea. ResisTors, |-waTT,R3,’ R6, .. L;’/:s'
- 5=MEG. RESIBTOR, l=-wATT R7, = ; —
1-20-0HM CENTER-TAPPED RES18TOR,RS. e e
I=.006=MmF, CONDENSER, Cl.
- 02=MF. CONDENSER, C2. A
~ l=MF. CONDENSER, C3. FOF 3 .
| = l-F. GONDENSER, C4. X TUBE 3¢ 5
=00l =mF, CONDENSER, C5. F \ .
=+ 03-MF, CONDENSER, CBe S SRSl
|—25-MF, DRY ELECTROLYTIC CONDENSER, \ 4 =
C7. l——.r T socker
| -TWo~GANG "TUNING" CONDENSER, |40-MMmF. , o e SRR e
Cs, Cs. I |
2-R,F, cHokes, 100 TurRns No.38 ENAMELED Fla. 11

WIRE ON A SPOOL $=INCH IN DIAMETERAND ‘ .
i—-INCH LONG, The Antenna Stage Coil.
|-SPECIAL PANEL AND CHASSIS,
2-TuBe 8HIZLDS.
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o
SECOND  fe—— 114" —
RIECOIL. oo =

T2

SECONDARY "
& =
1%"
A
e | 1y
tPRIMARY — I 3
INTERLEAVED e 92
L
;_\ e
N
TICKLER
L3
PLATE
FILTER
PLAT!
(PrATE

\.—-——-——1..
C GriD
1 \ \_ SOCKET
CONNECTIONS

TICKLER

F1g.12

The Second R.FE Coil.
STAGE CO{L3 IS AS FOLLOWS!?

I=ANTENNA
2-6=PRONG
I-5-prONG
|-4-prONG
|=4=prONG
|-B=PRONG

AND GROUND STRIP,

SOCKETS.,.

SOCKET,

SOCKET

ISOLANTITE S8OCKET,TYPE FOR Tl,
ISOLANT ITE SOCKET,FOR T2,

|- THREE=WIRE CASLE,
I-PowER CABLE WITH PLUG.
I-0=-100 VERNIAL DAL,
I-%mMAGNET ICY LOUD SPEAKER.

RETURNING To Fia. |1, You wiLL SEE
THAT THE DIAMETER OF THE ANTENNA STAGE
colL Foru 18 15" AND THAT IT HAS A FOUR
PRONG BASE. THE CORRESPONDING CIRCUIT CON
NECTIONS FOR THE BASE AND SOCKET ARE ILL~-
USTRATED DIRECTLY BELOW,

To COVER THE SHORT WAVE BAND  FROM
16 To 200 METER8, FOUR OF THESE ANTENNA
STAGE COIL8 ARE REQUIRED. THE CONSTRUCTIQ
NAL DATA FOR THIS SET OF FOUR ANTENNA

To cover THE 16 To 3| METER BAND, THE TUNED WINDING L2 cOoNnsisTs oF
6 1/3 Turns oF #18 B&S ENAMELED WIRE, SPACE-WOUND TO COVER A WINDING LENGTH
oF 13" As ILLUSTRATED IN Fia. lle THE PRIMARY WINDING LI FOR THIS sAME coiL
CONSISTs OF 3 TURNS oF #30 B&S DOUBLE siLk COVERED WIRE wouno |/16"  BELOW

La.

For THE 31

To 55 METER BAND, Shork wave Headphones
L2 consisTs  oF R.F, Choke )
0 I5mfd. Jaek
i 5/6 TURNS OF TT v ¥ -56 /
#18 B&S enaMELED : :
0 180
WIRE, SPACE=WOU- £ fommt x d
ND TO COVER A o el o
WINDING LENGTH OF § 3 ’
14" ano LI con- = T3 25008 1w
818TS OF 7 TURNS el j; f>
oF #30 B&SopousLe |™ == 1Mpa.J 4
i I N
SILK COVEREDWIRE Transf. 27 14
wouno 1/ 16" seLow L

La.

=
(T

To COVER Sl
THE 55 To 104 Mg {
TER BAND, colL
L2 consisTs oF j
25 1/3 Turns oF
#18 B&S ENAMELED

8mfs. ~ ”

—
B wsd ”

A

€A M4

—
3oh.

WIRE, SPACE=WOUND -

TO COVER A WIND=-
ING LENGTH oF
13" ano LI cone
81878 oF I3 TUurNSs

Three Tube

FilGg. 13
A.C. Short wave Receiver
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ofF $#30 B&S DOUBLE siLk COVERED WIRE wounD /16" serow L2,

For THE 104 To 200 METER BAND, colL L2 consiaTsoF 55 TURNS OF  #26
B&S EnAMEL WIRE AND LIconsisTs oF |5 TURNS OF #30 B&S oouBLE SI1tK COVERED
WIRE,

THe seconDp R, F. cOIL BET ILLUSTRATED IN Fila. 12, YOou WiLL NOTICE, IS
ALSO WOUND ON ‘A |1" DIAMETER FORM BUT THE FORM IN THIS CASE 18  EQUIPPED
WITH A 81X PRONG BASE. THE BASE AND CORRESPONDING SOCKET CONNECTIONS ARE
SHOWN IN THE LOWER PORTION OF Fia. 12,

FOR EACH OF THE ANTENNA STAGE COILS 80 FAR DESCRIBED, ACORRESPONDING
8ECOND R, F, COIL MUST BE USED AND THE CONSTRUCT |JONAL DATA FOR THE  FOUR
NECESSARY SEcOnND 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 15 To 3| meTer seconp R.Fe coiL CON-
s1sTs ofF 6 1/3 TurNs OoF $30 B&S DOUBLE SILKk COVERED WIRE INTERLEAVED BE=-
TWEEN THE TURNS OF SECONDARY L4 As I1LLUSTRATED IN Fig. 12, wHILE THE TiICK
LER CcoiL L3 1S WOUND AT ONE EnD OF L4 AND CONSISTs OoF 3 Turns oF #30 B&S
DOUBLE §1LK COVERED WIRE,

For THE 3| To 55 METER BAND, THE PRIMARY L3 consisTs oF |l 5/6 Turns
oF #30 DOUBLE SILK COVERED WIRE INTERLEAVED BETWEEN THE TURNE OF L4 anD
THE TICKLER 1S WOUND WITH 6 TURNS OF #30 B&S pouUBLE S1LK CQVERED WIRE.

CoiL L3 ForR THE 55 To 104 METER BAND IS WOUND WITH 25 1/3 Turns  OF
#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 8ILK COVERED
WIRE.

For THE 104 To 200 METER BAND, COIL L3 Is woUNDWITH 36 TURNS OF #30
B&S DOUBLE SILK COVERED WIRE INTERLEAVED BETWEEN THE TURNS oF L4, WHILE
THE TICKLER 18 WOUND WITH |3 TURNS OF #30 B&S DOUBLE SILK COVERED WIRE,

Retumning TO Fig. 10 You witiLL 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 CIR
CUIT AND FOR THIS REASON PERMITS BRINGING=IN THE SAME STATION AT THE S8AME
DIAL MARK AT ANY FUTURE TIME REGARDLESS OF THE REGENERATION CONTROL ARM's
POStTION.

A THREE-TUBE A.C., SHORT WAVE RECEIVER

IN Fige |3 YOU ARE SHOWN THE CIRCUIT DIAGRAM OF AN A,C. OPERATED
SHORT WAVE RECEIVER WHICH 18 DESIGNED FOR MEAOPHONE RECEPT1ON.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 RECEJVER, NO PRIMARY WINDING IS USED FOR THE ANTENNA INPUT
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AND THE SIGNAL I8 FED FROM THE ANTENNA, THROUGH THE SEMI=VARIABLE EQUAL~-
I1ZING CONDENSER DIRECTLY INTO THE TUNED WINDING LI wWHICH FORMS A PART OF
THE DETECTOR CIRCUIT, .

WinDiINGg LI CORRESPONDS TO THE TUNED SECONDARY WINDING OF THE CONe
VENTIONAL 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

5 ; 2 USED TO AFFECT THE PLUG=IN FEATURE,

In Fig. 14 vyou WiLL FIND COMPLETE SPE
CIFICATIONS FOR THE CONSTRUCTION OF PLUG=N
" COILS OF THE TWO AND THREE WINDING VARIETY
4o arrens TO COVER THE SHORT=WAVE BAND FROM |0 To 200
METERS WHEN USED WITH A 00014 MFD. TUNING

4T e
‘\u: u-n‘a‘n =

. (C(*M i

3 K. 5T e U
Pl Q;#:[ [ ~at] conpENSER. THE cOIL FORM DIAMETER IN  THIS
= Rl E= %] INSTANCE, YOu WILL NOTICE, Is I%",
\m"u’su gf#: e f
o i R IN F1g. |4, THE VARIOUS ABREVIATIONS
- © o _ aavn HAVE THE FOLLOWING MEANING! T =TuUrNns; D.S.C
" jime o s %o | = DOUBLE 811k COVERED; S.S.Ce= SINGLE 8ILK
- ";; e R e COVERED WIRE; PRI=PRIMARY WINDING;® SEC, =
A - L Wiltii% | SECONDARY OR TUNED WINDING; TICK = TICKLER
4080 maveas 0-200 matias WINDING,
&'\41‘%&:‘,&:‘, Ay el M THE DETECTOR IN THE CIRCUITOF Fig, |3

“#2%. | FEEDS INTO A RESISTANCE-CAPACITY  COUPLED
waihic | AeFo BTAGE IN WHICH A TYPE 56 TUBE I8 USED
AND THE WINDINGS OF THE HEADPHONES ARE
THEN CONNECTED IN SERIES WITH THE PLATE CIR
CUIT OF THIS LATTER TUBE == THE PLUG~IN
C""Sé"UCL"M OFP/U‘?“’” Coils.  yAck FURNISHING THIS CONNECTION.

40-80 METERS . 80-200 mMETERS

FlG 14

A BATTERY OPERATED RECEIVER

IN F1ge 15 WE HAVE A CIRCUIT.DIAGRAM OF A TWO=-TUBE BATTERY OPERATED
SHORT WAVE RECEIVER EMPLOYING A 32 REGENERATIVE DETECTOR AND A TYPE 30
A.F. AMPLIFIER.

OBservE IN Flg. |5 THAT A POTENTIOMETER 1S 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 REGENERAT 1ONe

"‘By- ustng THE 8AME 8i1zE R.F. COIL FORM AS ALREADY DESCRIBED RELA~
TIVE TO THE CIRCUIT OF Fig., IO IN THIS LESSON AND WITH A FOUR PRONG BASE,
You caN WIND coits LI anpo. L2 IN Fig. |5 To corRREsSPOND WITH coiL L4 anD
IT8 TICKLER IN THE CIRCUIT OF Fi1as 10, No PRIMARY WINDING WILL BENEEDED
FOR THE CIRCUIT |LLUSTRATED IN Fi1e. 15. YoucAN ALEO USE THE DATA SUPPLIED
IN F'Go' |4o - .

ANOTHER INTERESTING FEATURE REGARDING THE CIRCUIT OF Fig., I5 I8
THE METHOD OF COUPLING THE TYPE 30 TUBE TO THE OUTPUT SIDE OF THE DETEG
TOR. THE SECONDARY WINDING OF AN ORDINARY 3 To | RAT10 A.F. TRANSFORMER
N THIS. CASE IS CONNECTED IN S8ERIES 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 DEVELOFED ACROSS THIS TRANG
FORMER WINDING, ARE FORCED THROUGH THE .02 MFD. COUPLING CONDENSER AND
APPLIED TO THE GRID OF THE 30 TUBE. THE TRANSFORMER'S PRIMARY WINDING I8
NOT USED.

By EMPLOYING THIS METHOD OF INTERSTAGE COUPLING, NOT so mucH O0,C,*B"
VOLTAGE WILL BE LOBT IN THE PLATE CIRCUIT AS I8 THE CASE WHEN A PLATE CIR
CUIT RESISTOR OF HIGH OHMIC VALUE IS USED HERE. FOR THIS REASON, A HISHER
"B" voLTAGE :
CAN NOW BE IM-
PRESSED UPON
THE PLATE OF
THE DETECTOR
TUBE. AT THE
SAME TIME, THE
HIGH INDUCTAN
CE OF THE TRAN
SFORMER W IND--
ING OFFERS Sy
FFICIENT OPP=
0SITION TO
THE A.F, s1G=
NAL VOLTAGEZ,
WHICH ARE OF
AN A.C, com=
PONENT, 80 AS
TO FORCE THEM
THRU THE CcoOup
LING CONDEN=
SER.

/Q.E Choke

,02-MF ;S'MEG Jack
! / h i
! { 30 \
I
i

{ R

~6

"B+" 135V,

Due o FIG. 15
THE CHOICE OF
wo L atter W- ;
S T s T+ wbe Battery Shorkt Wave Recesver:
circulT ofF Fig. |5, YOou CAN READILY SEE THAT THIS RECEIVER CAN BE OPER=-
ATED WITH an "A"™ suppLY CONSISTING OF TWO SERIES —= CONNECTED DRY CELLS
AND THRELC SERIES=CONNECTED 45 vclLT "B" paTTERIES.

SHORT-WAVE ANTENNAS

IN ORDER TO OBTAIN THE BEST POSSI3LE RECEPTION AT THE SHORTER WAVE
LENGTHS, IT 168 NECESSARY TO USE A FJRST CLASS ANTENNA SYSTEM. THIS Is
ESPECIALLY TRUE IF ONE DESIRES TO BRING IN DISTANT STATIONS,

ALTHOUGH A GOOD ANTENNA OF THE CONVENTIONAL INVERTED "L" TYPE, TO=
QETHER WITH A GOOD GROUNDING SYSTEM, WIiLL MAKE SHORT-WAVE RECEPTION POSE
IBLE, YET THE SPECIALLY DESIGNED SHORT=WAVE ANTENNA, WHICH I3 ILLUSTRAT-
ED IN Fi1g. 16, wWiLL OFFER SUPERIOR RESULTS.

NOT ONLY WILL THE ANTENNA OF Fi1G. |6 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 vyou wiLL NOTICE IN FiGg. |6, 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 WH.ICH ARE ANCHORED TO A SET OF MASTS OR
‘OTHER FIRM SUPPORT.EACHOF THESE ANTENNA WIRE LENGTHS SHOULD BE 33 FT.

IT 18 ADVISBABLE THAT THIS. ELEVATED PORTION OF THE ANTENNA BE EX=
TENDED OVER GFOUND FREE FROM

’///—\j"guhtm1 —_— TREES, BUILDINGS ETCe AND THATIT
— eI —— «iify—| BE ELEVATED AT A HEIGHT OF ABOUT
SRR T [ wfe 45 FeeT.
Cord
Tranlwasition <" Lead- in FROM THE INNERMOST ENDS OF
el EACH OF THESE ELEVATED WIRES, A
LEAD=-IN WIRE IS RUN TO THE RE~-
CEIVER == THE TWO LEAD=IN WIRES
.000| mfd. 0001 mfd,
7 BEING RUN PARALLEL TO EACHOTHER
. | BUT cRrosSED OR TRANSPOSED AT IN-
To receiver 5
LT —— TERVALS OF 5", THE LEAD~I§ MAY
BE MADE wiTH #14 B&S ENAMELED
Fla. 1e COPPER CONDUCTOR AND TRANSPOS |-
The Special Antenna. TION BLOCKS MADE OF BAKELITE,POR

CELAIN, OR ISBOLANTITE MAY BE US=-
ED A8 ILLUSTRATED IN Fia. |7, 80 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, CONSIS
TING OF THE colL LI aAnD THE Two 000! MFD. VARIABLE conpDEnseErs. CoiL LI
MAY CONSI8T OF ABOUT |2 To 15 TurNs OF #22 B&S DOUBLE COTTON COVEREDW{RE
WOUND ON AN INSULATIVE TUBULAR FORM, WHOSE DI{AMETER 8 SLIGHTLY LARGER
THAN THE DIAMETER OF THE COIL FORM USED IN THE ANTENNA STAGE OF THE RE=-
CEIVER, ColL LI CAN THEN BE SLIPPED OVER THE ANTENNA STAGE COIL OF THE

RECESVER DESIGNATED A8 L2 IN F1a. |6 AND THE DISTANCE BETWEEN THESECOILS:

VARIED TO PRODUCE THE DESIRED RESULTS.

DURING THE RECEPTION OF ANY PROGRAM, THE +000! MFD. VARIABLE CON=
DENSERS IN THE ANTENNA CIRCUIT CHOULD BE ADJUSTED FOR BEST RECEPTION.

TUNING=-IN SHORT-WAVE STATIONS

To TUNE IN SHORT=WAVE PROGRAMS, RE
QUIRES GREATER S8KILL THAN DOES THE TUNING
IN OF BROADCAST PROGRAMS BECAUSE THESHORY
WAVE STATIONS COME IN AND GO OUT WHEN THE
TUNING DIAL I8 TURNED ONLY SLIGHTLY ONE
WAY OR ANOTHER. BECAUSE OF THIS FACT, THE
ORIVE OF THE DIAL AS USED ON SHORT WAVE °
RECEIVERS 18 GEARED 80 THAT CONS|DERASBLE
MOVEMENT OF THE DIAL KNOB PRODUCES VERY
LITTLE MOVEMENT OF THE DIAL AND THE TUNING

CONDENSER PLATES. F1G.17
The Transposition Block.

WHEN OPERATING A BHORT=WAVE RECEIVER
, _ .

{
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EMPLOYING A REGENERATIVE OETECTOR, IT 1S THE COMMON PRACTICE TO FIRST
TURN THE RECEIVER SWITCH ON SO A8 TO PERMIT THE TUBES TO HEAT UP TO OPER
ATING EFFJCIENCY ANO THEN TO TURN UP THE REGENERATION CONTROL UNTIL A
HISSING SBOUND 18 HEARD COMING FROM THE SPEAKER. THI8 HISSING BOUND INDI!-
CATES THAT THE RECEIVER 18 REGENERATING.

PROCEED TO TUNE=IN A STATION BY OPERATING THE TUNING CONTROL VERY

SLOWLY UNTIL A STATION 1S HEARD TO COME IN. SET THE D1AL TO THE PO INT
WHERE THE STATION COMES IN LOUDEST AND ADJUST THE REGENERATION CONTROL
FOR TH< DESIRED VOLUME, |F THE REGENERATION CONTROL 18 TURNED ON TOO

FAR, THEN THE CIRCUIT WILL COMMENCE TO OSCILLATE AND THIS CONDITION WILL
BE INOICATED BY A SQUEALING SOUND BEING EMITTED FROM THE SPEAKER.

FOorR MAX1tAUM SENSITIVITY, THE REGENERAT ION CONTROL SHOULD BE TURNED ON
AS FAR AS POSSIBLE WITHOUT CAUSING A SQUEAL,

HAVING COMPLETED THIS LESSON, YOU SHOULD NOW BE FAMILIAR WITH THE
BASIC RPINCIPLES OF SHORT WAVE RECEPTION AS WELL A8 WITH THE  CONSTRUC-
TIONAL FEATURES OF RECEIVERS USED FOR THIS PURPOSE., LATER ON, HOWEVER,
YOU WILL RECEIVE ADDITIONAL INSTRUCTION REGARDING THE MORE COMPLEX S8HORT
WAVE RECEIVERS, SHORT WAVE ADAPTERS AND CONVERTERS, ALL=WAVE RECEIVERS
£TC. IN FACT, You wiLL FIND NATIONAL TO OFFER vou COMPLETE INSTRUCT ION
IN SHORT WAVE WORK, AS WELL AS IN ALL OTHER BRANCHES OF THE Rapto IN=
DUSTRY,

—¥ =

“I will study and prepare myself, and ' i

, maybe my chance will come.” .
’ —ABRAHAM LINCOLN. = i

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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Examination Questions

LESSON NO. @

The secret of success is to seta
goal and then study and work wmtil
that goal is reached. When you reach
it then set another goal a little fur
ther ahead and study and work some
more,~ 15 +hat §o ? -

“=====*E====f

WHAT ARE THE MOST ESSENTIAL DIFFERENCES BETWEEN THE CONe
STRUCTION OF A BROADCAST RECEIVER AND A SHORT=WAVE RE=
ceiver?

WHAT 1S ONE OF THE REASONS WHY RADIO S1GNALS CAN BE RE=-
CEIVED AT GREATER DISTANCES BY MEANS OF SHORT WAVE TRANS
MISSION THAN IF THESE SIGNALS WERE TRANSMITTED IN THE
REGULAR BROADCAST BAnD?

WHAT 13 MEANT BY THE TERM "SKIP=D1S8TANCE"?

How DO SHORT WAVE colLs oR R.F. TRANSFORMERS DIFFER FROM
THE CONVENTIONAL COIL OR R.F, TRANSFORMER AS USED IN THE
BROADCAST RECEIVER?

WHAT ARE SOME OF THE MORE IMPORTANT POINTS TO CONS I DER
REGARDING THE PLACEMENT OF PARTS ON THE CHASSIS OF A
SHORT WAVE RECEIVER?

WHy 18 THE PRINCIPLE OF REGENERATIVE DETECTION USED 80
EXTENSIVELY IN SHORT WAVE RECEIVERs?

DESCRIBE A GOOD ANTENNA SYSTEM WHICH 18 ESPECIALLY SUITe
ABLE FOR SHORT WAVE RECEPTION?

WHY 18 1T MORE DIFFICULT TO TUNE IN SIGNALS AT THE SHORT
ER WAVELENGTHS THAN IN THE REGULAR BROADCAST BAND?

How DO SHORT WAVE TUNING CONDENSERS COMPARE WITH THE OR=
DINARY TYPE OF TUNING CONDENSERS AS USED IN BROADCAST RE
celvERs? .

ORAW A clrRCUIT DIAGRAM OF A SIMPLE BATTERY OPERATED SHORT
WAVE RECEIVER,

PRINTED N U.S8.A,

\
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LESSON NO. 37

MATHEMATICS APPLIED TO RADIO

UP TO THE PRESENT TIME, YOU FOUND YOUR LESSONS TO CONTAIN VERY LITTLE
MATHEMAT ICS. THEY DEALT PRACTICALLY EXCLUSIVELY WITH THE PRINCIPLES Gov
ERNING THE OPERATION OF DIFFERENT TYPES OF POPULAR CIRCUITS, TROUBLE~-
SHOOT ING 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 CIiRCUITS ARE DESIGNED,
THIS NATURALLY REQUIRES THE USE OF A CERTAIN AMOUNT OF MATHEMATIC3 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 NAT iONAL USES TO
APPLY THESE MATHEMATICAL PRINCIPLES TO RADIO IS GOING TG 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 WIiLL FIND THAT WE

HAVE ADDED VARIETY TO YOUR FOLLOWING STUDIES BY INCLUDING PRACTICAL RA-

D10 CONSTRUCTION LESSONS AT SPECIFIC INTERVALS AMONG THE LESSONS OF A
ORE TECHNICAL NATURE.

IT IS AODVANCED TRAINING AS THIS
Nor 21" o8] 20"*r,f' 5&1 WHICH 1S GOING TO CARRY YOU TO THE TOP
Tﬁ r- OF THE RADIO INDUSTRY,SGC WE ARE DEPEND-
7 |
2 i

/ ING UPON YOU TO DO YOUR UTMOST TO MASTER

gV ’ THE STUDIES TO COME, REMEMBER, NATIONAL
?y /// ALWAYS HMAS THE STUDENT'S INTEREST AT
/// /// HEART.
PR g
MATHEMAT IS |S THE ONE TOOL, WHICH
Fl1G.1 IS EXTENSIVELY YSED IN PRACTICALLY EVERY

Calculating Total Length LINE OF worRk, OF CQURSE, THIS DOES NOT
of a Frigure NECESSARILY MEAN THAT ONf NEED BE A MAST

PRACT ICAL MATHEMATICS
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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 1S OUR AIM TO GIVE YOU JUST THOSE FUNDAMENTAL
MATHEMATICAL FACTS WHICH 1T Is NECESSARY ror vou TO knOow. 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
PO INT THOROUGHLY, |N THE LATTER PORTION OF THIS LESSON,EVEN 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!ON. To ILLUSTRATE THIS, LET US LoOK AT Fig. |. HERE WE HAVE A CASTING,
WHOSE PARTIAL DIMENSIONS ARE ALL MARKED ON THE DRAWINGe THE PROBLEM  NOW
1S TO DETERMINE THE TOTAL WIDTH OF THIS CASTING AND SO WE RESORT TO  THE
PROCESS OF ADDITION. THAT 18, WE MUST ADD TOGETHER |0 IncHES, 2| INCHES,
5 incHEs, 20 incHEs, |2 IncHEs anp 15 IncHEs. To DO THIS, WE ARRANGQE THESE
FIGURES IN A VERTICAL cOoLUMN AS AT (A) IN File. 2 AND DRAW A HORIZONTAL
LINE BELOW THE COLUMN.

(a) (e) (c) Now THE RIGHT HAND COLUMN OF FIGURES UN=
10 10 10 | oer (A) 1s THE "UNITS" COLUMN,WHEREAS THE LEFT
2l 2l 2l HAND COLUMN OF FIGURES UNDER (A) 18 THE  TENS
5 5 5 | coLuMN AND THEREFORE, NOTE THAT THE SINGLE NUM

20 20 20 BER 5 MUST BE PLACED UNDER THE UNITS coLumn,We
12 I2 12 | BEGIN BY ADDING THE FIGURES IN THE RIGHT HAND
15 15 15 coLuvn UNDER (A) FROM THE BOTTOM OF THIS COLUMN
3 83 | TowarD THE ToP AS 5+2+0+5+I+0 AND THIS 1S EQUAL

rlc 2 To |3. THE 3 OF THIS SUM OR RESULT IS PLACED

DIRECTLY UNDER THE COLUMN OF FIGURES,WHICH WAS
JUST ADDED UP BUT BELOW THE HORIZONTAL LINE AS AT (B) oF Fig. 2.

THE |, WHICH IS STILL LEFT OF THE NUMBER |3, 18 ADDED TO THE LEFT
OR TENS COLUMN, 80 THAT BY ADDING UP THE TENS COLUMN, WE HAVE |+ |+2+2+I+
THE EXTRA |, WHICH 1S EQUAL TO 8 AND WE PLACETHIS BDIRECTLY BELOW THE COL
UMN OF FIGURES JUST ADDED AND BELOW THE HORIZONTAL LINEs 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 REFPRESENT INCHES, OUR ANSWER
WILL ALSO BE EXPRESSED INCHES. THAT 1S, THE TOTAL WIDTH OF THE CASTING IN

Fice | 18 83 INCHES., REMEMBER, THAT YOU CAN ONLY ADD UNITS OF THE SAME
KIND, THAT I TO sAaY, YOU CANNOT ADD INCHES TO FEET AND OBTAIN A CORRECT
ANSWERs 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,
THEM 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; J; 47; 5,260; 10,297;: AND 347, THE FIRST STEP IS TO ARRANGE
THESE NUMBERS IN A VERTICAL COLUMN AS sHOwN AT (A) IN Fia. 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 (8), (c), (b) ano (€) oF Fie. 3.

(a) (8) (c) (o) (g) THE TOTAL OR SUM OF THIS
3 3 3 3 3 ADDITION THEN Becomes 5,954
47 47 47 47 47 VOLTS. ALSO NOTE THAT ThEPLUS
5260 5260 5260 5260 5260 sieN (*) INDICATES ADDITION.
10297 10297 10297 10287 10297
347 347 247 347 347 lF THE ADDITION PROBLEM
4 54 954 5954 15,954 (SUM)WHICH YOU ARE WORK ING, Is

4 QUITE LONG AND YOU THEREFORE
Fi1G6. 3

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~
G’NN'NG WITH THE RIGHT HAND COLUMN AND THEN WORKING OUT EACH COLUMN IN
THIS WAY, NOT ING WHETHER OR NOT THE RESULTS OBTAINED AGREE WITH THOSE OB=
TAINED FROM THE ORIGINAL ADDITION.

SUBTRACT ION

Now LET us. BRIEFLY CONSIPER THE PRoceEss ofF SUBTRACTION, IN THE casE
OF SUBTRACTION, WE TAKE AWAY SOME NUMBER FROM
ANOTHER, IN ORDER TO FIND HOW MUCH IS LEFT. TO e L
ILLUSTRATE THIS8 PROCESS, WE SHALL Ust Fig. 4, S | 1
WHERE WE HAVE A DRAWING OF A PIECE OF  SHEET
SBTEEL,WHICH 18 TO BE CUT TO THE DIMENS|ONS IN
DICATED.

F+—————ss" ——————.+
THE TOTAL LENGTH OF THIS MATERIAL 1S GJ

VEN A8 86 INCHES AND THE LENGTH OF ONESECTIJION FlG. 4

1S INDICATED ON THE DRAWING TO BE 35 INCHESe Ay Example in Subtraction.
So IN ORDER TO FIND THE LENGTH OF THE SECTION

LABELED WITH THE QUESTION MARK,WE SUBTRACT OR TAKE AwAY 25 INCHES FROm 86
INCHES,

To CARRY OUT THIS PROCESS OF SUBTRACTION, WE PLACE THE SMALLER NUM=
BER UNDER THE LARGER NuMser As AT (A) oF Fig. 5, DRAWING A HORIZONTAL LINE
BELOW THEM AS SHOWN.

(a) (8) (c) THE uUP=
(MiNueno) 86 IN. 86 INe 86 INe. PER NUMBER 18
(SusTrAHEND) 35 INe 35 1IN 25 INe CALLED THE

] 51 IN. (Dirrerence)| MINUEND AND
THE LOWER ONE

Flg. 5 THE SUBTRAHEND
As POINTED ouT AT (A). WE BEGIN OUR SUBSTRACTION IN THE RIGHT HAND COLUMN
As sHOWN AT (B), BY TakING 5 away FrRoM B. THIS LEAVES A REMAINDER OF | aND
SO WE PLACE THE | BELOW THE LINE, DIRECTLY UNDER THE CCLUMN 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 rFrROM EACHOTHER. |M OTHER WORDS, DOLLARS
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COULD NOT BE SUBTRACTED FROM FEET ETC. THE MINUS 8IGN (=) INDICATES THE
PROCESS OF SUBTRACTION AND THE EXPRESSION GIVEN AT (¢) oF Fig. 5 couLo
ALSO BE WRITTEN ASs 86=35%5!,WHERE THE sian () SIGNIFIES EQUALS.

SOMET IMES, 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 FrRoM 839,964, IN sucH A casg, WE
ARRANGE THIS WORK As! 839964
=762
89202 (DiFFERENCE)

IF THE PROBLEM IS SUCH THAT WHEN SOME FIGURES IN THE MINUEND  ARE
LESS THAN THE FIGURE DIRECTLY UNDER THEM'IN THE SUBTRAHEND, THEN WE DO
THINGS A LITTLE DIFFERENT, FOR EXAMPLE, IF 863 (S TO BE TAKEN AWAY FROM
1962, WE ARRANGE THE WORK IN THE USUAL FORM OR As AT (A) ofF Fig. 6.

(a) (B) (c) (o) IN THE EXTREME RIGHT
1852 1952 1952 {952 HAND COLUMN, IT IS OBVIOUS THAT
863 863 863 863 3 CANNOT BE TAKEN AWAY FROM 2,
] 89 1089 (DIFFERENCE) SO WE TAKE AWAY | FROM THE
5 IN THE MINUEND AND WE PLACE
FlG. 6 THIS | IN FRONT OF THE 2 80

AS TO RAISE THE VALUE OF THIS
2 To |2 AND THUS BY TAKING 3 AWAY FROM |2, WE HAVE A REMAINDER OF O  AS
sHown IN sTEP (B).,

Now WHEN WE COME TO THE NEXT COLUMN TOWARD THE LEFT, WE FIND  THE
S TO HAVE BEEN REDUCED TO 4 BECAUSE WE TOOK | AWAY FROM IT IN-THE PRE=
CEEDING STEP, THEREFORE, WE MUST TAKE 6 AWAY FROM 4, WHICH CANNOT BE
DONE, 80 WE BORROW | FROM THE 9 AND PLACE IT IN FRONT OF THE VALUE 4 AND
THUS WE CAN SUBTRACT THE 6 FROM THE |4,WHICH LEAVES A REMAINDER OF 8 AS
AT (c),THEREBY GIVING US A REMAINDER OF 89 s5 FAR,

THE NEXT STEP IS TO SUBTRACT THE 8 FROM THE 9 BUT THE 9 HAS ALREADY
BEEN REDUCED TO 8 BY THE | 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 | IN THE LEFT HAND COLUMN
AND SO WE JUST BRING THIS | STRAIGHT DOWN BELOW THE LINE; THE DIFFERENCE
OR ANSWER TO THIS PROBLEM THEN BEcoMEs 1089 as sHown AT (D).

To CHECK YOUR ANSWER OF A PROBLEM IN SUBTRACTJION, 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 anp 863, WHICH GIVES US A SUM
oF 1952, THIS, YOU WILL NOTE, IS EQUAL TO OUR MINUENDS

MULT IPLICATION

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 1S, TO MULTIPLY A NUMBER, SIMPLY MEANS TO ADD IT TO
ITSELF A CERTAIN NUMBER GF TIMES. FOR EXAMPLE, IF 8 IS TO BE ADDED T0
ITEELF 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 I8, 8 TIMES 3 18 ALSO EQUAL TO
24,

ALTHOUGH IN A SIMPLE PROBLEM AS JUST GIVEN, IT I8 PERHAPS AS EASY TO
OBTAIN THIS ANSWER OF 24 EITHER BY ADDITION OR MULTIPLICATION, YET WHEN WE
HAVE A PROBLEM WHERE A NUMBER SUCH A8 36,478 MUST BE ADDED TO ITSELF |47
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 18 TO BE ADDED TO ITSELF, 1S CALLED THEMULTIPLICAND
AND THE NUMBER, WHICH DENOTES HOW MANY TIMES THE MULTIPLICAND I8 ADDED TO
ITSELF, 1s caLLED THE MULTIPLIER, For exampPLE, 7 TIMES 8 1S EQUAL TO 56
AND IN THIS CASE, THE NUMBER 7 IS THE MULTIPLICAND, 8 18 THE MULTIPLIER
AND THE ANSWER OR PROOUCT, As IT 18 PROPERLY CALLED, 1S EQUAL To 56. THE
SIGN FOR MULTIPLICATION 18 (X) AND SO THE SIMPLE PROBLEM,WHICH WAS  JUST
GIVEN, CAN ALSO BE WRITTEN As 7TX8 €56, THIS EXPRESSION CAN BE READ A8 T
TIMES 8 EQUALS 56 OR 7 MULTIPLIED By 8 EQUALS 56,

LET US BEGIN WITH A SIMPLE MULTIPLICATION PROBLEM,SAY MULTIPLYING 63
8Y 3. THE FIRST STEP IS TO WRITE THE PROBLEM IN THE FORM sHOWN AT (A) IN
Fige 7. NOTE THAT THE MULTIPLIER IS PLACED BELOW THE MULTIPLICAND. We
NOW MULTIPLY THE 3 OF THE MULTIPLICAND BY THE MULTIPLIER,WHICH GIVES US

3 TIMES 3 OR 9 AND WE PLACE THIS 9 UN=

DER THE LINE AS sHOWN AT (A). THE NEXT (a) (e)

STEP IS TO MULTIPLY THE 6 OF THE MUL~ |MyLTipLicAND 63 63
TIPLICAND BY THE MULTIPLIER AND SINCE |MyiTipLjeER _ 3 _3

6 TiIMES 3 IS EQUAL TO |8,WE PLACE THIS g 189 (ProoucT)
I8 BELOW THE LINE AND IN FRONT OF THE

9 as AT (8). THUS OUR ANSWER OR PRODUCT Fle, 7

ts 189.

IF A CERTAIN NUMBER IS TO BE MULTIPLIED BY ANCTHER NUMBER  CONTAIN=
ING TWO OR MORE F|GURES,THEN THE WORK IS LAID OUT As IN F1G.8. THAT 1s,IF
3724 1s To BE MULTIPLIED BY 307, WE ARRANGE THE work AS AT (A) IN Fig. 8.

(a) (e) (c) (o) () WE NOW MULTIPLY THE ENTIRE
3724 3724 3724 3724 3724 § MULIPLICAND BY THE 7 OF OQUR MUL=~
307 307 307 __ 307 3071 TIPLIER,WRITING THE RESULT oF
26068 26068 26068 26068 | THiIS PROCESS IN THE FORM SHOWN AT

0000 0000 0000 | (8). THIS PARTIAL PRODUCT Is 26068

Hize 172 AS SHOWN. W)THTHIS PART OF THE WORK

1143268 | COMPLETED,WE NEXT MULTIPLY THE

MULT IPLICAND 8Y THE zero (0) oF

OUR MULTIPLIER AND SINCE ZERO Tl=

MES ANY NUMBER IS EQUAL TO ZERO, WE PLACE THESE ZEROS UNDER OUR FIRST PAR=
TIAL PRODUCT AS sHOWN IN sTEP (c).

FlG. 8

THE FOLLOWING STEP CONSISTS OF MULTIPLYING THE MULTIPLICAND BY THE
3 OF THE MULTIPLIER AND WE PLACE THIS PARTIAL PRopucT OF |1172 UNDER THE
ROW OF 2EROS, ANOTHER HORIZONTAL LINE §S THEN DRAWN BELOW THIS LAST PAR-
TIAL PRODUCT. ’

THE COMPUTATION §S THEN COMPLETED BY ADDING TOGETHER THESE PARTIAL
PRODUCTS, THUS GIVING US AS OUR FINAL ANSWER FOR OUR PROBLEM, THE PRODUCT
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1143268,

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 Fi1G. 9« THE PRODUCT OBTAINED FROM THE  NEXT
NUMBER OF THE MULT{PLIER OR 3 IN THIS CASE, IS THEN PLACED ON THE SAME
LINE TO THE LEFT OF THIS ZERO.

3724
307 ONE METHOD OF CHECKING A PROBLEM IN MULTIPLI-
26068 CATION IS TO INTERCHANGE THE MULTIPLICAND AND MUL-
1117204 THE Zero) | TIPLIER AND TO REPEAT THE PROCESSe A qQuick CHECK,
1, 143268 HOWEVER, IS As FoLLows!
Ao (A) Aop THE DiGiTs (FIGURES) IN THE MULTIPLICAND.

lF THIS S8UM IS A NUMBER COMPOSED OF MORE THAN
| DIGIT, ADD THESE. CONTINUE IN THIS WAY UNTIL YOU FINALLY ARRIVE
AT A NUMBER CONSISTING OF | DI1GIT,

(8) ADD THE DIGITS OF THE MULTIPLIER IN THE SAME MANNER AS DESCRIBED IN
NOTE (A)

(¢) MULTIPLY TOGETHER THE FINAL NUMBERE OBTAINED From NoTEs (a) anp(s)
AND ADD THE DIGITS UNTIL A NUMBER OF ONE DIGIT IS FOUND.

(o) ADD THE DIG1TS OF THE PRODUCT IN THE SAME MANNER AS OUTLINED INNOTE (A).
Now COMPARE THE RESULTS OBTA INED INNOTE (C) WITH THOSE OBTAINED IN NO=
Te (D)« | F THEY ARE THE SAME, THEN THE WORK CHECKS,PROV ING I T TO BE CORRECT.

To ILLUSTRATE THIS CHECKING METHOD, LET US CHECK OUR PREVIOUS COM=
PUTATION, WHERE WE MULTIPLIED 3724 sy 307. By ADDING THE DIGITS OF THE
MULTIPLICAND, WE HAVE 3+ 7 +2+4+4 =|6 orR THE Two DiGITS | AND 6, THERE-
FORE WE ADD THESE AND GET 64| 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 | AND

O. Since I+0 =], WE HAVE AS OUR SINGLE DIGIT sIvPLY | ACCORDING TO
ruLe (8).

As PER RULE (C), WE MUST NOwW MULTIPLY THE RESULTS OF NoTes (A) AND
(8)s THAT 1s, 7 X 1 =7, THIS DONE, WE ADD THE DIGITS IN THE PRODUCT OF
OUR PREVIOUS COMPUTATION,WHENCE WE HAVE |+ | +4 +3 4246 +8 =25, ADDING
THIS 2 AND § 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 ProceEss oF DIVISION, By bivisionN 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 cAaLLED THE DIVIDEND ano THE
NUMBER BY WHICH THE DIVIDEND 1S TO BE DIVIDED 1S CALLEO THE DIV ISOR,
THE RESULT OR QUOTIENT 1s THE NUMBER WHICH DENOTES HOW MANY TIMES
THAT THE DIVISOR 1S CONTAINED IN THE DIVIDEND. FOR ExXamMPLE, IF 40 Is TO
BE DIVIDED BY 5, THEN THE DIVIDEND Is 40 AND THE DIVISOR Is 5. SiINcE §
WiLL GO INTO 40 JUST 8 TIMES,THE QUOTIENT WILL BE 8,

i o
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THE slaN FOR DIVISION 18 (&) AND IT I8 INTERPRETED AS "DivipeEDBY®, -
THus 40+5 means THAT 40 Is TO BE DIVIDED BY 5. THE COMPLETE PROCESS
CAN BE WRITTEN As 40 +5=8. SOMETIMES, YOU WILL FIND THIS EXPRESSION
WRITTEN STILL ANOTHER WAY, SUCH Ag 40 _— 8 AND IN THIS cask, THE 40 or D}
5
VIDEND IS PLACED ABOVE THE 5 OR THE DIVISOR, WITH A HORI1ZONTAL LINE SEP=
ARATING THEM, THE LINE IN THIS CASE DENOTES THE PROCESS OF DIVISION.

Now LET uUs WORK OUT A PROBLEM IN DIVISION, AS AN EXAMPLE, DIVIDING
193,648 sy 52, WE COMMENCE BY LAYING OUT THE WORK AS AT (A) N Fiec. IO,
THAT 1S, 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) (8)
(Divioeno) 193648152 (Divisor) 193648 | 52
_i56 3 156 3724 (QUOTIENT)
376
364
124
104
208

208
0

FlG. /0

BE PLACED BELOW THE DIVISOR AS SHOWN AT (B) BUT FIRST LET US SEE THE MA-—
NNER §N WHICH THE QUOTIENT 1S 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 |, § or 19 BuUT 1T 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 |56,WHICH WE PLACE DIRECTLY BELOW THE |=8=30R
THE FIRST THREE DIGITS OF THE DIVIDEND As sHown AT (a).

THIS DONE, WE SUBTRACT 156 From |S3,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,PLACE THIS NU
MBER UNDER THE 376 AND SUBTRACT. THE DIFFERENCE WILL BE |2 TO WHICH THE
NEXT NUMBER OF THE DIVIDEND OR 4 IS ANNEXED, THUS GIVING us 124,

THE DIVIBOR 52 wiLL @0 INTO |24 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 unoer 124 as sHown AT (8). SusTracT 104 FrRoM |24 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 18 PLACED AS THE FINAL NUMBER OF THIS QUOTIENT,
MULTIPLYING THE DIVISOR BY THI5S 4 WILL GIVE us A PRODUCT OF 208,WHICH
WHEN SUBTRACTED FROM 208, LEAVES NO REMAINDER. THUS THE QUOTIENT 183724,
MEANING THAT 52 18 CONTAINED IN 193,648 yusT ExacTLY 3724 TIMES.
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QUITE OFTEN, A PROBLEM IN DIVISION DOES NOT COME OUT EVEN,AS WHEN DJ
VIDING 2702839 sy 63. |F THIS IS THE CASE, THEN PLACE THE FINAL REMA IND=
ER OVER THE DIVISOR AS A FRACTION TO BE ANNEXED TO THE QUOTIENT, THIS
PROBLEM WOULD APPEAR AS SHOWN IN Fige 11,

2702839 |63 I THE TYPE OF DIVISION JUST  DEB=
252 42902 13/63 (QUOT1ENT) CRIBED 1S KNOWN A8 " onG DIvision" se-
Ig2 CAUSE ALL OF THE STEPS ARE  INDICATED
126 ON PAPER. ANOTHER TYPE OF DIVISION,
568 WHERE SOME OF THE STEPS ARE MADE MEN=
567 TALLY,WITHOUT SHOWING THEM ON PAPER, IS
139 CALLED "SHORT DIVISION." LET Us FOR EX

126 AMPLE DIVIDE 2916 B8Y 3, USING SHORT DL

13 REMAINDER VISION AND SEE HOW THIS WOULD LOOKe. IT

APPEARS IN Filc. 12.

FilGg. /i

THe DIVISOR 3 WiLL GO INTO 28 A LITTLE OVER 9 TIMES,THUS S BECOMES
THE FIRST DIGIT OF OUR QUOTIENT, THEN 3 X 9=27 AND SUBTRACTING 27  FROM
29 MENTALLY,WE HAVE A REMAINDER ;

oF 2, We pUT DOWN THIS 2 UNDER | (Djivioenp) 2816 LjL_(D|V|s0R)
OUR DIVIDEND AS SHOWN AND ANNEX ol 972 (QuOT I1ENT)
TO 1T THE NEXT DIGIT OF THE DI= 06

VIDEND OR |,THUS GIVING Us 2l. 0

SINcE 3 WiLL Go INTO 2] ExAcCTLY

FlG.1Z
7 TIMES, THE NUMBER 7 BECOMES THE

SECOND DiGIT OF OUR QUOTIENT. UPON MULTIPLYING THE DIVISOR | OF 3 sy T WE
OBTAIN A PRODUCT OF 21 AND BY SUBTRACTING THIS o] FrOM THE PRESENT 21, WE
HAVE A REMAINDER OF ZERO. 10 THIS ZERO, WE ANNEX THE B OF OUR DIVIDENDAND
8Y 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 T9O
MULT IPLY THE QUOTIENT BY THE DIVISOR AND ADD THE RemAINDER (1F THERE IS
ANY) TO THE PRODUCT. THE FINAL RESULT WILL BE THE DIVIDEND., FOR EXAMPLE,
TO PROVE OUR PREVIOUS DIVISION PROBLEM, WHERE WE pivioep 63 INTO 2702839
TO GET A QUOTIENT OF 42902 13/63, WE PROCEED AS SHOWN IN Fiec. 13.

42902 (QUOTIENT) A STILL QUICKER CHECK 1S TO APPLY THE
X63 (Divisor) FOLLOWING RULES AS THEY ARE GIVEN.

1 28706 ’
257412 (a) ‘AbD THE DIGITS IN THE DIVIDEND AND IF
2702826 THE SUM 1S A NUMBER WITH MORE THAN |
_ 13 (Rema INDER) DIGIT, ADD THESE DIGITS UNTIL A SINGLE
5702839 (ResuLT ~ D1V IDEND) DIGIT IS OBTAINED.

FlG. I3

(B) ApDD THE DIGITS IN THE DIVISOR AND ADD THE DIGITS IN THIS SUM UNTIL A
SINGLE DIGIT 1S OBTAINEDe

(C) ApD THE DIGITS IN THE QUOTIENT AND ADD THE DIGITS IN THIS SUM UNTILA
SINGLE DIGIT 1S OBTAINED.

(p) ADD THE DIGITS IN THE REMAINDER AND ADD THE DIGITS IN THIS SUM UNTIL
A SINGLE DIGIT 1S OBTAINED.
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() MuLTiPLY THE ReEsULT of NoTEs (8) anD (c) AND ANNEX THE RESULTS  IN
(o) AND THEN ADD THE DIGITS IN THIS RESULT,WHICH 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 [T, HERE 1T 18

(A) THE SUM OF THE DIGITS IN THE DIVIDEND 15 247+0+248+3+t9=3l . THe
o1ciTs 34| QIVE Us A SINGLE DIGIT OF 4,

(8) As per ruLE (B), THE SUM OF THE DIGITS IN THE DIVISOR Is 6+3=3,

(c) As peEr RULE (C), THE SUM OF THE DIGITS IN THE GUOTIENT IS 4+2+S+0+2
=17 ano T+l GIVES Us THE SINGLE DIGIT 8.

(0) THE DIGETS OF THE REMAINDER ARE | AND 3 WHOSE SUM EQUALS THE SINGLE
DIGET 4,

(e) By MmuLTIPLYING THE REsULTs oF noTes (B) ano (c),ws Have 9 X 8 = T2
AND UPON ANNEXING TO THIS THE RESULT OF NOTE (DS OR 4, WE HAVE 724
THE SUM OF WHOSE DIGITS is T424+4 =3, FINALLY BY ADDING THE DIGITS
| 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,

FRACT IONS

THE NEXT SUBJECT FOR OUR CAREFUL CONSIDERATION Is THAT oF FRACTIONS,
A FRACTION CONSIESTS OF TWO NUMBERS, ONE ABOVE THE OTHER, WITH A LINE BE-
TWEEN THEM, SUCH 3 , B ,~|/2 , 3/4 eTc. SCMETIMES THIS LINE IS TRULY HOR

8 16

1ZONTAL WHILE IN OTHER CASES IT IS INCLINED BUT THIS 1S SIMPLY A MATTER
OF CHOICE. FROM OQUR BRIEF DISCUSSION ON DIVISION, YOU WILL RECALL  THAT
THE FRACTION DENOTES THE PROCESS OF DIVISION AND WHEN CONS | DEREDAS 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 FRACT tON 3/4,
THE WHOLE UNIT OR | IS DIVIDED INTO 4 EQUAL PARTS BUT OF THESE ONLY 3
ARE BEING USED. IN THE case oF 5/I€, THE wHOLE OR THE UNIT | Is DOIVIDED
INTG 18 EQUAL PARTS BUT OF THESE ONLY 5 OF THEM ARE BEING USED ETC. THE

NUMBER ABOVE THE LINE 1S CALLED THE NUMERATOR AND THE NUMBER BELOW THE
LINE is caLLep THE DENOMINATOR, VERY OFTEN, FRACTIONS ARE USED TOGETHER

WITH A WHOLE NUMBER,SUCH AS 2 /3, WHICH BY THE WAY IS EQUIVALENT TO’
24% e« HERE 2 S THE WHOLE NUMBER AND THE 2/3 1S THE FRACTION AND WE
CALL BUCH A NUMBER,WHICH IS COMPOSED OF A WHOLE NUMBER AND A FRACT 10N,

A MIXED NUMBER,

IF IN A CERTAIN FRACTION, THE NUMERATOR IS LESS THAN THEDENOMINATOR,
THIS FRACTION IS CALLED A PROPER FRACTION, Twus 2/3, 1/2, 3[4,
5/16 ETC. ARE ALL PROPER FRACT IONS.

THEN ON THE OTHER HAND, WE ALSO HAVE IMPROPER FRACTIONS ano IN THIS
CASE, THE NUMERATOR IS EQUAL TO OR GREATER THAN THE DENOMINATOR.THUS 13
2
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2 3 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 FRACT ION.

FOR EXAMPLE, THAT OF CHANGING 3 TO HALVES, 5 To 6THs, '73% TO 5THS ETC.

To BsEGIN WITH, REMEMBER THAT WHENEVER THE NUMERATOR OF ANY FRACTION

s EQUAL To 1Ts DENOMITOR, THEN THE VALUE OF THE FRACTION 1S EQUAL TO
UNITY or |, TwaT 1s, 5, 3/3, 6/6 , 8/8 eTc. ARE ALL EquaL To |.
5

RULE: To REDUCE A WHOLE NUMBER TO A FRACTION OF A GIVEN DENOM INATOR,
FIRST CHANGE THE UNIT | TO A FRACTION OF THE GIVEN DENOMINATOR AND THEN
MULT IPLY THE NUMERATCR BY THE GiVEN WHOLE NUMBER,

EXAMPLE |: = REDUCE THE NUMBER 3 TO HALVES. HERE THE DENOMINATOR IS
TO BE 2, S0 OUR FIRST STEP ACCORDING TO THE RULE IS TO CHANGE | TO A FRA
CTION 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 6 s WHERE 8 IS THE NUM
BER 3 EXPRESSED IN HALVES. 2 2 2

EXAMPLE 2: ~ REDUCE THE NUMBER 5 TO 6THS.

Since 1=6 3 555 X 6_30
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: - Repuce 7 /5 To 5THs
SINCE I;—_S/s THEN 7=7 X 5 _35/5. FiINaLLy 3543 _ 38(Ans.)
5 5 5

REDUCING IMPROPER FRACTICNS TO WHOLE OR MIXED NUMBERS

ANOTHER COMMON CALCULATION, WHICH YOU WILL FIND USE FOR WHENWORK ING
WITH FRACTIONS, IS TO REDUCE AN IMPROPER FRACTION TO A WHOLE OR MIXED
NUMBER,

RULE: - To REDUCE AN IMPROPER FRACTION TG A WHOLE OR MIXED NUMBER,
PERFORM THE DIVISION INDICATED BY THE FRACTIONe THE RESULTING  QUOTIENT
IS THE NUMBER OF UNITSe |F THERE IS NO REMAINDER FROM THIS DIVISION PRO=
CESS, THE FRACTION REDUCES TO A WHOLE NUMBER. |F THERE IS A REMA INDER
FROM THIS CIVISION 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 1: -~ Reouce 16 To A WHOLE NUMBER.
4

THE EXPRESSION 16 |s EQUIVALENT TO 16%+4,WHICH GIVES US A QUOTIENT
4
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oF 4, HenceE 4 18 THE WHOLE NUMBER, WHICH IS EQUIVALENT To 16.
4

EXAMPLE 2¢ -~ Repuce %-S-fro A MIXED NUMBER,
46 — 46-= 5.;9‘/5 (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 ts
NO NUMBER THAT WILL DIVIDE BOTH OF THEM,

RULE:= To REDUCE A FRACTION TO ITS LOWEST TERMS,CIVIDE BOTH  TERMS
SUCCESSIVELY BY THEIR COMMON FACTORS OR DIVIDE BY THE GREATEST COMMON
DIVISOR OF THE TERMS,

EXAMPLE:~ Repuce 21 TO 1TS 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 3 . 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 3 AS THE FINAL RESULT.
THE FRACTION 3 THEN IS THE FRACTION 2| 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
2l ARe pevisisLE By 2|, THUS REDUCING THE FRACTION TO ITS LOWEST TERMS IN
42
THE Form 1/2 .

SUPPLY ING THE SAME DENOMINATOR FOR A GROUP OF FRACT IONS

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,

FOrR EXAMPLE, IF W& ARE TO ADD THE FOLLOWING FRaCTIONs oF | , 1, 3

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 OoF 192, THIS VALUE Is sAalo To Be THE "™AXIMUM COMMON DENOM-

INATOR" AnND EACH OF THE DENOMINATORS WILL BE CONTAINED IN THIS VALUE OF
192 AN EQUAL NUMBER OF TIMES.

TO CHANGE THE FRACTION OF |/4, SO THAT IT WILL HAVE A DENOMINATOROF
192, ProCEED BY DIVIDING 192 BY THE ORIGINAL DENOMINATOR 4 AND MULTIPLY
THE RESULTING QUOTIENT BY THE ORIGINAL NUMERATOR l. THE FRACTION OF l/4

IS THUS TRANSFORMED TO A VALUE oF 48 .
192
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APPLYING THIS METHOD, WE FIND THAT THE FRACTI0NS OF 1, 1/6 AND 3/8can  BE

VIRITTEN RESPECTIVELY IN THE FORM OF 48 , 32 AND 72 IN WHICH CASE THE
192 192 192

NUMBER {92 IS SAID TC BE THE MAXIMUM COMMON DENOMINATOR OF THIS PARTICU=

LAR GROUP OF FRACT IONS., '

ALTHOUGH ANY GROUP OF FRACTIONS CAN BE ARRANGED TO HAVE THE SAME DE
NOMINATOR OF THE GROUF AS JUST SHOWN, YET IT IS STILL MORE PRACTICAL FOR
LENGTHY CALCULATIONS TO DOETERMINE THE LEAST CR LCWEST COMMON DENCMINATCR

OF THE GROUP OF FRACTIONS SC THAT ALL OF THEM MAY HAVE THE SAME DENOM{Ne
ATORS,.

So HERE 1S WHERE ANOTHER FORM OF CALCULAT ION ENETERS, NAMELY THAT OF
DETERMING THE LEAST COMMON DENOMINATOR FOR A GROUP OF FRACTIONS,

REDUCING FRACTIONS TO THE LEAST COMMON DENCMINATOR

EXAMPLE: - Repuce 3/20 , 1/4 , 1l AND 5/8 TO FRACTIONS WITH A LOWEST

32
COMMON DENOMINATOR. THE LEAST COMMON DENOMINATOR FOR THIS GROUP OF FRAC-
TioN 1s 160, THAT s, 160 IS THE SMALLEST NUMBER WHICH WILL CONTAIN ALL

OF THE DENOMINATORS OF THE FRACTIONS OF THE ABOVE GROUP AN EQUAL NUMBEROF

TIMESs THIS 1S DETERMINED BY INSPECT ION.

To cHANGE 3/20 To A FRACTION HAVING |80 AS 1TS DENOMINATOR,OIVIDE
|60 BY THE DENOMINATOR OF THE GIVEN FRACTION OR 20 IN THIS CASE. THE
QUOTIENT 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 FRODUCT OF 24, THE 24 WILL THEREFORE BE THE NUMERATOR OF THE NEW FRAC=
TION HAVING IGO0 FOR 1TS DENOMINATCR. THAT Is, 3/20 1S EQUIVALENT TO 24 .

160
THE FRACTION |/4 EXPRESSED IN TERMS OF A FRACTION HAVING THE LOWEST COM-
MON DENCMINATOR OF 160 wiLL BE 40 « IN LIKE mANNER, 1| BECOMES 55 AND

160 32 160
5/8 secomes 100 .
160

GENERALLY, THE FRACTIONS BEING HANDLED HAVE SUCH DENOMINATORS THAT
THEIR LEAST COMMON DENOMINATOR CAN BE OETERMINED BY INSPECTION. HOWEVER,
}F THIS CANNOT BE DONE READILY, THEN A SIMPLE METHOD OF DETERMINING THE
LEAST COMMON DENOMINATOR IS BY MEANS OF THE FOLLOWING RULE:! DivioE  THE
GIVEN DENOMINATORS BY A PRIME NUMBER THAT WILL DIVIDE TWO OR MORE OF THEM
(A PRIME NUMBER 18 ANY NUMBER WHICH IS ONLY DIVISABLE EITHER BY | OR 1T~
SELF, sUCH AS |,2,5,7 ETC.)e THEN DIVIDE THE REMAINING NUMBER AND THE
QUOT IENT BY A PRIME NUMBER THAT WILL DIVIOE 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 1l , 7/45, 14

30 135

AND 13 PrROCEED As sHown IN Fia. |4, THE LEAST coMMON MULTIPLE AS PER Fla.
25

14 155X3X3X2XI-X3X5=I350.
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Divisor 5 [30 45 1356 25 Gi1veEN DENOMINATORS
" 3 L6 9 27 5 QUOTIENTS3
i 3 12 3 9 5 i
2 | 3 5 "
FlG, 14
ADDITION OF FRACTIONS
Now we come To THE ADDITION OF FRACTIONS. THE FIRST RULE FOR THE

ADDI'TION OF FRACTIONS IS AS FOLLOWS: To ADD FRACTIONS,; WHICH ALREADYHAVE
A LEAST COMMON DENOMINATOR,SIMPLY ADD THE NUMERATOR OF THE FRACTIONS AND
PLACE THEIR SUM OVER THE THE LEAST COMMON DENOMINATOR, lF THIS GIVES AN
AN JMPROPER FRACTION, THEN IT SHOULD BE REDUCED TO A WHOLE OR MIXED NUM=
SERe

EXAMPLE: - App 3 3 9 ;3 1l Anp 13 . SINCE ALL OF THESE FRACTIONS
16 ls 186 18
HAVE THE SAME DENOMINATOR OR AS WE MIGHT sAv, THE LEAST COMMONDENOMINATOR,
WE CAN WRITE THE PROBLEM IN THE FOLLOWING FORMI

_3_9 n . _:z;ﬁ 724 - 2!
i 6 18 6 = 2/

0)

THE SECOND RULE FOR_THE AGDITION OF FRACTION 13 AS FOLLOWS? IlF THE
GIVEN FRACTIONS DO NOT HAVE A LEAST COMMON DENOMINATOR, THEN FIRST REDUCE
THEM TO FRACTIONS HAVING A LEAST COMMON DENOMINATOR AND ADDs

EXAMPLE: -« FIND THE sum OF_3 ,_2 5, 3 5 AND 3/4 . THE LOWEST COMMON
o 11 5
DENOMINATOR FOR 10, 11, 5 aND 4 1s 220. HENCE BY CHANGING OUR GIVEN FRAC-
TIONS TO VALUES HAVING THIS LEAST COMMON DENOMINATOR,WE HAVE:
66 , o 135 , 165 _hoz _ | 183
220 220 220 220 220 220

THE THIRD RULE FOR THE ACDITION OF FRACTIONS IS AS FOLLOWs: To aDD
MIXED NUMBERS, ADD THE WHOLE NUMBERS AND FRACTIONS SEPARATELY AND THEN Ue
NITE THE SUMS,

Z
EXAMPLE:~ FinD THE sum oF 413 , 405 Ao 3 75 1T 1S MOST CONVENIENT
TO ARRANGE THESE NUMBERS IN A VERTICAL COLUME AS AT THE LEFT oF I3, THE

NEXT STEP 1S TO CONVERT THE GIVEN FRACTIONS INTO EQUIVALENT FRACT IONS
HAVI1G THE LEAST COMMON DENOMINATOR,WHICH 13 0

TH1S CASE 13 12. THE NUMBERS ARE THEN RE- 41 /2==4I 6

WRITTEN AS AT THE RIGHT OF Fla. |5 so  THAT 12

ALL OF THE FRACTIONS HAVE THE SAME DENOMINAT 40 74 =40 3

ERe 2

3 /3_—.3 8

By ADDING THE NUMERATORS OF THESE FRAG __________Ji;_ 5
TIONS,WE OBTAIN A TOTAL OF |7 AND UPON ADD- 84 7/y12=85 /12

2
ING THE WHOLE NUMBERS, 84. THE DENOMINATOR {2 F16.15
wiLL 6o INTO 17 ousT | 712 TIMES SO THAT THE ANSWER TO THIS PROBLEM BE=-

coMEs 85 5/I2 (NOTE THAT THE | OBTAINED UPON DIVIDING THE FRACTION IS AD=
DED TO THE SUM OF THE WHOLE NUMBERS.,)
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SUBTRACT ION OF FRACTIONS

NexT- LET us constoer THE SUBTRACTION OF FRACTIONS. THE FIRST  RULE
FOR SUBTRACTION 18 AS FOLLOWS: TO FIND THE DIFFERENCE BETWEEN TWO  GIVEN
FRACT IONS, 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:  SusTracT _5 From _11

B E]
THus ll-5_8 =l/ (Answer)
12 12712 " '2

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 SUBTRACT INGe

EXAMPLE: - SusTRacT 3 FrOM § (NOoTE THAT THE LEAST  coMMON
34 17 DENOMINATOR FOR |7 AND 34 s
34.)

THus 8 =_3_16 - 3 _ 13 (Answer),
17 34 34 34734

THE THIRD RULE FOR THE SUBTRACTION OF FRACTIONS I8 AS FOLLOws? IF
THE NUMBERS ARE MIXED NUMBERS, SUBTRACT THE FRACTIONAL ﬁARTS AND THEN THE
WHOLE NUMBERS, REDUCING THE FRACTIONAL PARTS TO THE LEAST COMMON DENOM | N—
ATOR, IF SUCH IS NOT ALREADY THE CASE.

EXAMPLE: - SusTracT 2 3/5 FROM 8 3/4. IT 1S MOST CONVENIENT TOPLACE
THIS MINUEND AND SUBTRAHEND IN A VERTICAL FORMATION A8 IN THE LEFT  HAND
coLuMN oF Fig. 6. To THE RIGHT OF THE EQUAL MARKS IN FiG. |6,WE HAVE THE
FRACTIONS REDUCED TO THE LEAST COMMON DENOMINATOR. THE NUMERATORS ARE THEN
SUBTRACTED, QIVING 3/20, AFTER WHICH THE  WHOLE
8 3/4=8 15 NUMBERS ARE SUBTRACTED, GQIVING 6. THUS THE FiN=
20 AL ANSWER Is 6 °/20.

-2 3[5=2 |2
20 IN CASE THAT THE FRACTION OF THE SUBTRAHEND
6 _3 (ANSWER) 1s GREATER THAN THAT IN THE MINUEND, AS WHEN SUB-

20 ] TRAaCcTING 3 /3 FrOM 7 1/2, THEN PROCEED As INFlIg,

Fl/G. 16 17. THAT 1s, FIRST REDUCE THE FRACTIONS TO THE

LEAST COMMON DENOMINATOR AND AS CAN BE SEEN  BY

INSPECTION, 4/6 CANNOT BE SUBTRACTED FROM 3/6. THEREFORE, | 18 TAKEN away

FROM THE 7 OF THE MINUEND AND IS ADDED TO ITS FRACTION, THEREBY CHANGING

ITS VALUE. THAT Is, |26 anD 6_-9.
"5 §+6 6 7T 1/2=7 3=6 9/6
CoNSEQUENTLY, 4/6 CAN NOW BE  SUBTRACTED 3
FROM 9/6 GIVING US A FRACTIONAL DIFFERENCE |=3 2/3=3 4=3 4/6
oF 5/6 AND UPON SUBTRACTING 3 FROM 8 IN 6
OUR WHOLE NUMBER COLUMN, WE OBTAIN OUR FIN
AL ANSWER OF Z 5 . 3 e (Auswzn)'
6

v
MULT IPLY ING WITH FRACTIONS £16.17

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 THI8 PROCESS IS AS FOLLOWS?

RULE:~ To MULTIPLY A FRACTION BY A WHOLE NUMBER, FIRST MULTIPLY THE
WHOLE NUMBER B8Y THE NUMERATOR OF THE FRACTION AND THEN DIVIDE TH!S PRO-
DUCT B8Y THE DENOMINATOR OF THE FRACTION.

EXAMPLE:~ MuLTIPLY 8 8Y 4/5. 8 X 4 _8 X 4 . 32 =6 75 (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 POSS IBLE,

EXAMPLE:~ 2 X 5 22X 5_10 (Answer)
3 7 3IXT 2l

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
FRACT IONS. '

EXAMPLE 11~ 6 /4 X eggax BgMgzgg 50 (Answer)
EXAMPLE 2= 3 /3 X 4 3/4 1t x_a L x i9 m_ 17 5/12 (AnswER)

e T,

3 4 3X 4
DIVIDING WITH FRACT IONS

Now LET us SEE HOW FRACTIONS CAN BE HANDLED IN DIVISION PROBLEMS,
To DIVIDE A FRACTION BY A WHOLE NUMBER, MULTIPLY THE DENOMINATOR OF THE
FRACTION BY THE WHOLE NUMBER.

EXAMPLE:= 2/323_._2 _ 2 (ANswer)
IX3 -9

To DIVIDE A WHOLE NUMBER BY A FRACTION, [NVERT THE DIVISOR AND MUL=
TIPLY IT B8Y THE DIVIDEND.

EXAVPLE:= 7+ 3 _ 7X4 _7X4_28_9 /3 (Answer)
‘4 3 3 3

To DIVIDE A FRACTION BY A FRACTION, INVERT THE DIVISOR AND MULTIPLY
IT BY THE DIVIDEND,

EXAMPLE:= 3/421/3=3/4 X 3/1_.3X 3_9 _ 2 Y4 (Answer)
e Ehr

To oivioe a MIXED NUMBER BY A MIXED NUMBER, FIRST CHANGE THEM TO M=
PROPER FRACTIONS AND THEN DIVIDE,

EXAMPLES=~ 3 /31 3/5_11. . 811 X 5/8_11 X 5,55 _ 2 724 (Ans.)
3'5 3 3X 8 o4

DECIMAL FRACTIONS

Now we COME TO A DIFFERENT TYPE OF FRACTIONS, NAMzLy DECIMAL FRACT-
IONS. FRACTIONS, WHICH COME UNDER THIS CLASSIFICATION, HAVE 105 1003 1000,
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ETC. FOR DENOMINATORS, FOR ExamPLE 2 , _3 , 22 ETCe ARE ALL DECIMAL
{0 {00 1000

FRACT IONS, HOWEVER, INSTEAD OF WRITING DECIMAL FRACTIONS IN THIS FORM, IT

IS MORE CONVIENT TO WRITE THEM WITH A DECIMAL POINY, 80 THAT THE POSITION

OF THE DECIMAL POINT INDICATES THE DENOMINATOR. THAT 18, A8 A DECIMAL FRA

CTION, WE WOULD EXPRESS 2/IO IN THE FORM o2y J = WOULD BE EXPRESSED  AS

{00
+03, anD 22 As .022 eTc. THE PERIOD, WHICH 1S USED, 1S CALLED THE “oEC~
1000

IMAL POINTYAND IT IS VERY IMPORTANT WHERE THIS PERIOD 1S PLACEDe THAT I8,

AS THE DECIMAL POINT 1S GRADUALLY MOVED TO THE RIGHT ONE PLACE AT A TIME,

THE VALUE OF THE NUMBER WiLL BE MULTtPLIED BY |0. FOR EXAMPLE, 37.236;

372436 AND 372346 €TCe IN THIS caSE 372.36 1s |0 TIMES GREATER THAN

37.236 anND 3723.6 ts 100 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 I/IO 1TS VALUE, WHICH 18 THE SAME AS D=
vIDING IT BY |0s THAT 18, CONSIDERING THE NUMBER 423,74, 42.374 AND
4.2374,|T 1€ APPARANT THAT BY FIRST MOVING THE DECIMAL POINT ONE PLACE

TCWARD THE LEFT, THE VALUE OF THE NUMBER Is REDUCED To I/10 1Ts vaLug, ey
MOVING IT TWO PLACES TOWARD THE LEFT, THE NUMBER IS REDUCED TO _|__OF ITs
; 100

VALUE, WHICH IS THE SAME AS DIVIDING IT By 100 ETC.

ONE OF THE IMPORTANT THINGS TO REMEMBER IN THIS RESPECT 18 THAT THE
FIRsT pPLACE To THE RIGHT oF THE DECIMAL POINT INDICATEs A DENOMINATOR oF
TEN; THE SECOND FLACE, A DENOMINATOR OF |00; THE THIRD PLACE 1000 ETc.THE
FIFST PLACE TOWARDS THE LEFT OF THE DECIMAL POINT INDICATES UNLTS} THE
SECOND PLACE TENS, THE THIRD PLACE HUNDREDS ETCs, THIS CAN BE ILLUSTRAT=
EC AS IN Filge |8 FOR YOUR CONVENIENCE,

i THE NUMBER 25643734, FOR EXAMPLE,
& e WOULD BE READ AS TWO HUNDRED FIFTY=SIX AND
i .~ THREE THOUSAND, SEVEN~HUNDRED THIRTY=" FOUR
- Ex g0 TEN-THOUSANDTHS, FOR CONVENIENCE,A NUMBER
2 a8 s B AS THIS IS SOMETIMES READ AS TWO  HUNDRED
O I IV - ,
@ g frar?2ocs FIFTY=SIX, POINT, THREE, SEVEN, THREE,FOUR.
o o EQ3 L b4
z QO -4 [« - di'e} 2 4 0
ok wosowzIgoesy CHANGING COMMON FRACT IONS
2 0 Wk =-=F 0D 1 O4Jd [&]
252k 224883.,5 2 TO DECIMAL FRACTICNS
I DO w2 uWuW3 I WwdD=1UU2>D
I F20QF X 4+ I3+ TI
S0 MUCH FOR THE PRELIMINARY EXPLANA-
0000.00000000 TICN, NOW LET US PROCEED AND SEE HOW WE
WORK wWiTH DECIMAL FRACTIONSs THE FIRSTSTEP
Fila. 18 WILL BE TO SEE HOW TO CHANGE COMMON FRAC=

TICNS TC DECIMAL FRACTIONS. THE RULE FOR
CHANGI!G COMMON FRACTIONS TC DECIVAL FRACTIONS IS AS FOLLOWS: ANNEX ZEROS
TC THE NUMERATCR AND DIVIDE BY THE DENOMINATCORe PLACE THE DECIMAL POINT SO
AS TO MAKE AS MANY DECIMAL PLACES IN THE RESULT AS THERE WERE ZEROS ANN-
EXED,

EXALVPLE ltew CHANGE 2 TO A DECIMAL FRACTION.
5
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200005 THAT 1s. 2/5=0.4
20 0.40 000 (Answer)
000

EXAMPLE 2:~ CHANGE 7/8 To A DECIMAL FRACT ION.

7.0000 |8
64 0.875 (ANnsweRr)

60

56

40

ADDING NUMBERS W{TH DECIMAL FRACTIONS
To ADD NUMBERS CONTAINING DECIMAL FRACT IONS, WRITE THE NUMBERS, SO
THAT THE DECIMAL POINTS ARE ALL UNDER EACHOTHERe THEN ADD THE  VERTICAL

ROW OF FIGURES IN THE CUSTOMARY MANNER ANC PLACE THE DECIMAL POINT IN
THE SUM DIRECTLY UNDER THE OTHER DECIMAL POINTS.

EXAMPLE ;= App 372.431% 27.24; 8374.3647aND |.002. THis PROCESS WOULD
APPEAR AS ILLUSTRATED IN Fig. 19,

372.431 SUBTRACT ING NUMBERS WITH DECIMAL FRACTIONS
27.24
8374, 364 To SUBTRACT NUMBERS CONTAINING DECIMAL  FRAC-
1,002 TIONS, WRITE THE NUMBERS, SO THAT THE DECIMAL POINTS
8775.037 (Answer)| ARE UNDER EACHOTHER. THEN SUBTRACT IN THE CUSTCOMARY

MANNER AND PLACE THE DECIMAL POINT OF THE REMAINDER

FiG.lq UNDER THE OTHER DECIMAL POINTS.
EXAMPLE:~ SusTRACT 86,014 rroM 374.325. THE SOLUTION APPEARS IN
F'Go 20,
374.3225
MULTIPLY ING NUMBERS WITH DECIMAL FRACTIONS =86,014
288,311 (ANSWER)
To MULTIPLY NUMBERS CONTAINING DECIMAL FRACT IONS, F1G. 20

MULT IPLY IN THE USUAL WAY AND THEN POINT OFF AS MANY
DECIMAL PLACES IN THE PRODUCT AS THE SUM OF THE NUMBERS OF DECIMAL PLACES
IN THE MULTIPLICAND AND MULTIPLIER.

EXAMPLE = MuLTIPLY 436,256 BY 4.271 (See Fic.2l rFor SOLUTION) .

436, 256 NOTE THAT IN THIS EXAMPLE, THERE ARE THREE

4,271 NUMBERS TO THE RIGHT OF THE DECIMAL POINT IN THE

436256 MULTIPLICAND AND THREE NUMBERS TO THE RIGHT or
3053792 THE DECIMAL POINT IN THE MULTIPLIERe THEREFORE,

872512 THERE MUST BE 343 OR 6 NUMBERS TO THE RIGHT OF

' 4 THE DECIMAL POINT IN THE ANSWER OR PRODUCT. THIS

1863.249376 (Answer)|] DETERMINES WHERE 1O PLACE THE DECIMAL PO INT N

THE WER.
FiG. 21 ANSWE

DIVIDING NUMBERS WITH DECIMAL FRACTIONS

To DIVIDE wiTH NUMBERS CONTAINING DECIMAL FRACT IONS, PROCEED AS FOL
Lows: |F THE NUMBER OF PLACES TO THE RIGHT OF THE DECIMAL PO INT IN  THE
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OIVIDEND 18 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 OECIMAL 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 Dl=

VISOR,

EXAMPLE I:~ DivioE 8.7234 By .325 (SoLuTioN APPEARS IN Fla. 22.)

8.723400 o325 NOTE THAT IN THI8 EXAMPLE,TWO ZEROS
650 26.841 (ANSWER)| WERE ANNEXED TO THE DIVIDEND 80 THAT  THE
2223 PROBLEM COULD BE WORKED OUT TO A GREATER
1950 NUMBER OF DECIMAL PLACES. WITHOUT ANNEXING
2734 THESE TWO ZEROS, THE ANSWER WOULD BE 26,8
2600 ALBO OBSERVE THAT AFTER ANNEXING THE TWO
1340 ZEROS TO THE DIVIDEND,WE HAVE IN THISNUMBER
1300 6 PLACES TO THE RIGHT OF THE DECIMAL POINT.
400 IN THE DIVISOR THERE ARE THREE PLAGCES To
325 THE RIGHT OF THE DECIMAL POINT. THEREFORE,
75 IN THE QUOTIENT, THERE MUST BE 6 MINUS 3 OR
G, 22 THREE DECIMAL PLACES TO THE RIGHT OF THE
PO INT.
4726000 . (,034
EXAMPLE 23~ DivioE 4726 BY .034 34 139,000 (Answer)
132
SINCE THE DIVISOR HAS THREE MORE Dec- | 102
IMAL PLACES THEN THE DIV IDEND,WE MUST 306
ANNEX 3 ZEROS TO THE DIVIDEND., THERE ARE 308
NO DECIMAL PLACES IN THE ANSWER BECAUSE 000
THERE ARE NO DECIMAL PLACES IN THE DIVID- Flo 23

eno. (SeEe F1a.23 FOR SOLUTION).

SQUARING NUMBERS

THE NEXT FORM OF COMPUTATION,WHICH WE SHALL CONSIDER, IS THATOF SQUAR

ING NUMBERS, By sSQUARING 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 1s 64 secause 8 X B84 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 A8 3%, THus 3% 18

EQUAL To 3 X 3 or 9,

2§Hout.o YOU BE SOLVING A PROBLEM, IN WHICH YOU FIND THE EXPRESSJON
7327, THEN IT MEANS THAT YOU MUST MULTIPLY 732 BY 732 As IN F1G.24,

732 CONSEQUENTLY,WHEN WE HAVE AN EXPRESSION SUCH
132 As 10"+ 4%, 1T MEANS THAT WE MusT sqQuUArRe 10 anD 4
1464 AND THEN ADD THE TWO PRODUCTS TOGETHER. THAT 18,

2196 10%4™=(10 X 10) 4 (4 X 4) =100+16=116 (Answer)
5124
535, 824 (ANSWER) THUS YOU SEE, THAT THE PROBLEM OF SQUARING

NUMBERS IS QUITE SIMPLE AFTER ALLe

FIG. 24
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SQUARE ROOT

VITH THIS POINT SETTLED, LET US NEXT TURN 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 I8
A NUMBER WHICH WHEN SQUARED, WILL GIVE THE FIRST NUMBER. FOR EXampLE, |2
IS THE SQUARE ROOT oF |44 secause 12 X 12=144, |IN LIKE MANNER, 6 1S THE
SQUARE ROOT OF 36 BECAUSE 6 X 6 =36 AND 7 1S THE SQUARE ROOT OF 49BECAUSE

7 X 7=49 erc. TO INDICATE THAT THE SQUARE ROOT OF A NUMBER IS TO BE
FOUND WE DRAW A BRACKET (ﬂ )  AROUND THE NUMBERe THAT IS, TO SHOW THAT
WE ARE TO FIND THE BQUARE ROOT OF 8|, WEWRITE TH18 EXPRESSION As | BI. 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 VIO4976 PROCEED AS FOLLOWS:

FIRST WRITE DOWN THE NUMBER OF WHICH THE SQUARE ROOT IS TO BE FOUND
As AT (A) IN Fla. 25 AND DRAW A BRACKET TO THE RIGHT OF IT AS SHOWN. THE
NEXT STEP 18 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 |0 APPEARS IN THE LEFT HAND
\(A)i ‘ﬁa)l l(cx
10 49 76 \3 10 49 76 |32 10 49.76 324 (Answer)
9 9
61 49 62 [ I 49 62 1| 49
1 24 1 24
64 25 76 644 25 76
25 76
FlG, z5

GROUP; SO THE THING TO DO NOW IS TO OETERMINE THE LARGEST PERFECT SQUARE
WHICH 1S EITHER EQUAL TO OR LEsS THAN 10, THIS OF COURSE Is 9 OF WHICHTHE
SQUARE ROOT IS 3, SO WE PLACE THE 3 IN THE BRACKET AS sHown AT (a) AND
THE 9 UNDER THE 10. WE Now susTRACT THE 9 FrOM |0, WHICH LEAVES A REMAIND
ER OF | AND TO THIS WE ANNEX THE NEXT GROUP OF TWO FIGURES OR 48,THUS Gi=
VING US THE NUMBER |48,
D

THIS DONE, THE NEXT STEP IS TO MULTIPLY THE 3 IN THE BRACKET BY 2
(THIS 18 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 LINEe
NOW DETERMINE HOW MANY TIMES THAT 6 18 CONTAINED IN |4, YOou WILL FINDTHIS
TO BE 2, S0 ANNEX THE 2 To THE 6 As sHOwN AT (B) anp ALSO anneEx THE 2 To
THE 3 IN THE BRACKET AS ALSO sHowN AT (8).

Now MULTIPLY THIS8 62 By THE 2 AND PLACE THIS PRODUCT OF |24 UNDER THE
149 as sHown AT (B). UpoN susTRacTING 124 From 149, WE HAVE A REMAINOER
OF 25 AND TO THIS, WE ANNEX THE NEXT GROUP OF TWO FIGURES OF THE  NUMBER
WHOSE SQUARE WE ARE CALCULATING, THAT 18, 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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i
IN (e). MULTIPLY THE 32 IN THE BRACKET BY 2 AND PLACE THIS RESULT oFr 64
TO THE LEFT OF THE NUMBER 2576 AS SHOWN AT (s).

Now DETERMINE HOW MANY TIMES THAT 64 I8 CONTAINED IN 257 . You wiLL
FIND THIS TO BE 4, SO ANNEX THIS 4 TO THE 32 IN THE BRACKET AS SHOWN AT
(c) ano 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 rFrom 2576, WE HAVE THAT THE SQUARE ROOT oF
IO@976 IS EXACTLY 324,

SOMETIMES, YOU WILL WORK WITH A NUMBER HAVING AN ODD NUMBER OF Filg-
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 GROY
PS OF TWO DIGITS EACH As AT (A) IN Fra. 28. THIS WILL LEAVE ONLY THE §IN=-
GLE DIGIT 7 AT THE EXTREME LEFT,SO DETERMINE THE GREATEST POSSIBLE SQUARE
WHICH IS EQUAL TO OR LESS THAN 7. THIS, OF COURSE I8 4, OF WHICH THE
SQUARE ROOT 1S 2 AND THEREFORE, WE PLACE THIS 2 A8 THE FIRST FIGURE IN THE

(A) (B) (c)
7'36'03'69\ 27 7'36103'69 l 271 7136'03!'69 12715 (ANswehL
e ' _ 4 g
47 | 3 36 4713 36 47 3 36
13 29 9 3 29
7 03 54] . 7 03 541 7 03
541 5 41
| 62 69 5423 | 62 69
V62 69
FlG, 26

BRACKET AT (A), PLACE THE 4 UNDER THE 7, SUBTRACT THE 4 FrRoM 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 18 4, S0 THE 4 Is
PLACED TO THE LEFT OF 336, SINCE THIS 4 1S 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 47% 329, so THE 329 IS PLACED BELOW 336 AND 8uUB-
.TRACTED FROM IT, THUS LEAVING THE REMAINDER OF 7 AT (A) TO WHICH THE DIge
1TSS O AND 3 ARE ANNEXED.

Twice 27 1s 54 aND SO THE NUMBER 54 1s PLACED TO THE LEFT OF 703,
SINCE 54 Is CONTAINED IN 70 ONCE, WE ANNEX THE | TO THE 27 IN OUR ANSWER
SPACE AND To THE 54, Hence | Times 541 1s 541 anp so THE 541 s PLACED

BELOW THE 703 AND SUBRTRACTED FROM IT, THUS LEAVING A REMAINDER OF 162, To
THIS, THE 6 AND 9 ARE ANNEXED, GIVING US THE Numser 16269 at (8).

Twice 271 1s 542 anND so THE 542 Is PLACED TO THE LEFT oF 18269 AS AT
(c)e THEN 1T 1S sEEN THAT 542 witL Go INTO I626 THREE TIMES,SO THE 3 Is
ANNEXED TO THE 27! IN OUR ANSWER SPACE AND TO THE 542, ° THEN 3 X 5423 =
I6269, SINCE NO REMAINDER IS LEFT, WE FIND TH THAT THE SQUARE ROOT OF
7,360,369 1s yusT ExacTLY 2,713,

SQUARE ROOT CALCULATION WITH NUMBERS HAV {NG DECIMAL FRACTIONS

Now LET US FIND THE SQUARE ROOT OF A NUMBER, WH{CH CONTAINS A DEC=-
IMAL FRACTION, sUCH As 327.465. WE FIRST DIVIDE THIS NUMBER INTO GROUPS
As sHown AT (a) In Fiee 27. In DOING THIS, NOTE THAT WE START AT THE DEG
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(a) (8)
3127.46'50 l18, 3127.46'50 |18,09599 (Answer)

. 1
282 27 28 [2 27
o o4 o4
36| 346 3609 | 3 46 50
3 24 gl
o1 6300
(18 0925
361909 | 3 597500
L 3 257181
3619189 | 34031900
32572701
1459199

Fla, 27

IMAL POINT, MARKING 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 W{LL BE AN EVEN NUMBER OF GROUPS TO THE RIGHT OF THE DECIMAL PO INT,
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 |N DETAILS IN sTEPs (A)
ano (8) ofF Fie. 27. NoTicE, HOWEVER THAT WHEN WE COME TG THE FINAL STEP
in (A), THAT 36 wWiLL 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 ANMEXING THE 5 AND O TO THE 346, THUS OBTAINING THE
NUMBER 34850 IN (8). THE NUMBER 360 WILL GO INTO 3465 NINE TIMES,SO THE
S 1s PLACED AFTER THE O IN THE ANSWER AND WE PROCEEO WITH THE CALCULA-
TIONS IN THE USUAL WAY,

AsS YOU WILL NOTE, WE CONTINUALLY HAVE A REMAINDER,NO MATTER HOW
FAR WE GOe 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 |TS SQUARE ROOT AS

CLOSE AS POSSIBLE, WHICH IN THIS CASE WORKS ouT TC BE 18.09599. FOR cone
VENIENCE, WE COULD SAY THAT THE SQUARE ROOT OF 327.46% IS APPROXIMATELY
18,096,

WeE Have COVERED CONSIDERABLE MATHEMATICAL TERRITORY IN THIS ONE
LESSON. THIS 1S AN JMPORTANT LESSON AND YOU SHOULD FIND IT VERY HANDY
WHEN CONFRONTED WITH PROBLEMS INVOLYING GENERAL MATHEMATICS. STUDY 1T

CAREFULLY, MAKE-UP PRACTICE PROBLEMS OF YOUR OWN AND YOU WILL BE SURPRIS
ED HOW QUICKLY THAT YOU WILL BE ABLE TO MASTER ALL OF THE CALCULATIONS OE
SCRIBED HEREIN. THIs 1s PRACTICAL MATHEMATICS ror THE PRACTICAL MAN anD
YOU SHOULD ALWAYS KEEP |T WITHIN EASY REACH SO THAT YOU CAN REFER TO T
WHENEVER NECESSARY. IN OTHER WORDS, USE THIS LESSON AS A HANDBOOK,

4 < —<o 7
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« METRIC EQUIVALENTS -

LENGTH
I CENTIMETER = ,32937 INCH INCH =2.54 CENTIMETER
| METER = 3.28 FEET FOOT = 305 METER
| METER = 1,094 varos YARD = ,914 METER
| KILOMETER = ,62! MILE MILE = .8l KiLOMETER
AREA
SQUARE CENTIMETER = 0. 1550 8Q. INCH SQUARE INCH =6.452 sQ. CENTIMETERS
SQUARE METER = 10.754 sq. FEET SQUARE FOOT = 0929 8QUARE METER
SQUARE METER = le 196 sqQ. YARDs SQUARE YARD = ,836 SQUARE METER
HECTARE = 2047 ACRES ACRE = 0.405 HECTARE
SQUARE KILOMETER = ,386 SQUARE M{. BQUARE M}LES =2,59 SQUARE KILOM,
VOLUME
CUBIC CENTIMETER = ,L,08! cusic INCH cusic INCH =16.,4 cU. CENTIMETER
CUBIC METER = 35.31 cueic FEET CUBIC FOOT = .028 cuslic METER
CUBIC METER = 1.308 cuBic YARDS gusjc YARD =.765 cuBiC METER
CAPACITY
LITRE = L0383 cusic rooT cusic FOOT=28.32 LITRES
LITRE = .2642 caL. (U.S.) GALLON = 3,785 LITRES
LITRE = 61,023 cusiC INCHES cuBlC INCH =,0164 LiTRE

LITRE=2,202 LB, OF FRESH WATER AT 62° F,

WE | GHT

GRAM = |5,423 grains OUNCE = 2835 GRAM
GRAM =  .0353 ouncE L8, = +454 xi1Loe'm
KILOG'™ = 2,205 Lp. Ton (sHORT) = 907.03 kiLoa ™
K1Loa'™ = L0011 Ton (sHorT) Ton (8HORT)= ,907 MET. TON
METe TON = |,1025 Ton (sHorT) Ton (sHORT)= 2,000 vLs.
GRAIN = . 0684 gram

_PRESSURE

K1LOGRAMS PER SQUARE CENTIMETER = 14,225 POUNDS PER SQUARE [NCH.
POUNDS PER SQUARE INCH =,0703 KiLOGRAMS PER SQUARE CENT {METER.
K ILOGRAMS PER SQUARE METER =,205 POUNDS PER SQUARE FOOT.
POUNDS PER SQUARE FOOT=4,88 KILOGRAMS PER SQUARE METER.
K1LOGRAMS PER SQUARE CENTIMETER =,968 ATMOSPHERE.

ATMOSPHERE =|,033 KILOGRAME PER SQUARE CENT IMETER.

MISCELLANEQUS
K ILOGRAMMETER = 7,233 FOOT POUNDS. LITRE PER SECOND =2, 12 cuBjc FEET
FOOT POUND=+ 1383 K 1 LOGRAMMETER, PER MINUTE,
METRIC HORSE POWER=, 986 HORSE POWER, LITRE PER SECOND =15,85 U.,S. aaL~
HORSE POWER =1],014 METRIC HORSE POWER. LONS PER MINUTE,

—Off
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METRIC AND DECIMAL EQUIVALENTS
° OF COMMON FRACTIONS

o

FRACTJIONS OF DECIMALS OF MiLLY- FRACTIONS OF DECIMALS OF| MILLI=
AN JNCH AN §NCH METERS AN INCH AN INCH [METERS
33
y Yeo | .0156 | 0,397 74 Ya| 5156  [13.097
32 0313 0.794 32 y 5313 13,494
3 0469 1. 191 35 5469 13,891
ba | . L4
Ve —L— .0625 1.588 Yo " .5625 14,287
Vs—""" | L0938 2. 381 9%, 36’/4 5938 15,081
v’ . 1094 2.778 (4| +6094 15,478
Ve e . 1250 3.175 Ye Y .6250 15,875
q . 1406 3.572 oa | +6406 16,272
Y52 _ Vet | Cisea 3,969 2y .6563 16,688
Wia | <1719 4,366 43/ 4 | +6719 17.085
/Al BT 4.762 i y ,6875 17,462
s .2031 5.159 45 .7031 17.859
s A .2188 5.556 2342 41 7188 18,256
15/, | +2344 5.953 Afq | 27344 18.653
Va — 227 | L2500 6.350 3/ . 7500 19.050
/o | +2656 6,747 49/, | +7656 19,447
Ysp /7" | .2813 7,144 e, . 7813 19,843
19/, 4 | +2969 7.541 51/,4 | +7969 20,240
5o —220 | 43135 7.937 3, 2% 8125 20,637
21 .3281 8.334 53 .8281 21.034
s Mea | s 8.731 7%, j"“ .8438  [21.430
23 3594 9.128 55 .8594 21,827
[ L ] 64
s l"_ . 3750 9.525 A ] .8750 22,224
25/, | 3906 9.022 Y¢os | +8906 22.62|
e e . 4063 10.319 G/ = . 9063 23.018
27 .4219 10.716 .9212 23.415
Yo —L2% | L4315 |ILa12 e "V/M 9375  (23.812
24 .4531 11.509 4 | 953 24,209
'%z—ﬂ- .4688  [11.906 3a .9688  |24.606
T 31,4 | o4844 {12,303 63/, .9844  125.003
/2 5000 12,700 1 1.0000 25,400

« EQUIVALENTS OF ELECTRICAL UNITS *

Be ToU

— e . Gwy S Svwt e wwm Sww e

KILOWATT = 1000 waTTS,
KILOWATT = | . 34 HORSE POWER,
KILOWATT = 44, 257 FOOT=POUNDS PER MINUTE.
K ILOWATT = 56, 87 (BRITISHTHERMAL UN1T8) BeTeUe PER MINUTE.
HORSE POWER = T46 WATTS.
HORSE POWER = 33,000 FOOT POUND8 PER MINUTE.
HORSE POWER=42,41 BriTisH THERMAL UNITs (BeT.Us) PER MINUTE,
BeToUe (BRITISH THERMAL UNIT) = 778 FOOT~POUNDS.
(BRITIsH THERMAL UNIT)= 0.2930 WATT=HOUR.
JOULE =] WATT=SECOND,.
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EXAMINATION QUESTIONS

’

LESSON NO. 37

WHAT 1s THE sum of U32.17; 36.875; 0.062; 3.496 ano
20754 .1822

WHAT 1S THE OIFFERENCE BETWEEN 8736.294% anp 629.017?
WHAT IS THE PRoDUCT oF 762.34 ano 2.042

How MANY TiMEs s 34.02 conTAINED IN 7643.0957

How MucH 1s 437 equaL To?

WHAT |'s THE SQUARE ROOT OF 54,7567

WHAT 1S THE PRODUCT OF é AND 4 REODUCED To LOwEST
TERMS? 7

WHAT 1S THE QUOTIENT OBTAINED WHEN DIVIDING 2/3 BY

| /42
WHAT 1S THE suM OF | ; % ; anD 3/4?
5
SUBTRACT 3E FRoM 3/l AND REDUCE YOUR ANSWER TO Low
2

EST TERMS,

DEAR STUDENT —

HE RIGHT THING FOR US TO DO EACH
DAY 1S TO DO OUR BEST «- UNMIND~-
FUL OF MISTAKES. BUT AFTER OUR WORK
IS DONE AND WE REALIZE OUR BLUNDERS,
LET US NOT SHIRK. LET'sS BE HONEST
. WITH OURSELVES, AND ADMIT THEM.

By SO DOING WE CAN AVOID THEIR RE-OC
CURRENCE IN THE FUTURE AND THEREBY
PROFIT FROM THEM.




RADIO-TELEVISION

Practical ® J. A.ROSENKRANZ,Pres. ® Training

Copyright 1937 by

NATIONAL SCHOOLS Ul i Ws &5 45

LESSON NO. 38

VOLTAGE DISTRIBUTION IN MODERN RECEIVERS

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 1S "STEPPED UP" BY A POWER TRANSFORMER, CONVERTED TO A
D-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-
PLE, 1S 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
70 DESIGN VOLTAGE DISTRIBUTION SYS-
TEMS. WITH THIS KNOWLEDGE, YOU WILL
BE ABLE TO DETERMINE THE VARIOUS
SIZES OF 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 1IN
Fig. 2, AND IT 1S NECESSARY TO PRO- Fig. |
VIDE A RESISTANCE SYSTEM THAT WILL A SEcT40N OF NATIONAL'S
SATISFACTORILY SUPPLY THIS RECEIVER BROADCAST TRANSMITTER.

etk
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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 TvPe 6D6 R.F. TUBES REQUIRES A PLATE VOLTAGE oF 250,
A SCREEN VOLTAGE OF |00 vOLTS AND A MINIMUM BIAS VOLTAGE OF -3. UNDER
THESE CONDITIONS, THE PLATE CURRENT DRAWN BY EACH OF THESE TUBES WILL
se 8.2 MA., AND THE SCREEN CURRENT APPROXIMATELY 2 MA. FOR EACH tuse.

THE Type 42 POWER AMPLIFIER TUBE REQUIRES A PLATE VOLTAGE OF 250,
A SCREEN GRID VOLTAGE OF 250, AND A GRID BiAS oOF -16.5 voLTs. THIs
TUBE WILL THEN DRAW A PLATE CURRENT OF 34 MA., AND A SCREEN CURRENT OF

6.5 MA.,

WE WILL ASSUME THAT THE 6C6 DETECTOR TUBE IN THIS CASE REQUIRES A
PLATE SUPPLY VOLTAGE OF 250 vOLTS, A GRID BIAS OF -U4.3 voLTs, AND A
SCREEN GRID VOLTAGE OF [5. WHEN SO OPERATED, ABOUT 0.33 MA. OF PLATE
CURRENT WILL FLOW, AND APPROXIMATELY O.! MA., OF SCREEN GRID CURRENT.

[T 1S TO BE NOTED THAT WHEN SPECIFYING VALUES FOR TUBES OPERATED
AS RESISTANCE-COUPLED POWER DETECTORS, SUCH AS EMPLOYED IN THE CIRCUIT
ofF Fia. 2, THE TUBE MANUFACTURERS MAKE IT A GENERAL PRACTICE TO SPECIFY

1t#h¢snd-
L —— — — e o — — ____7 voice coil
/606 / 6D6 6C6 gy, . _
/ / ‘/ 3 ‘)_l o)szd 42
f
% % % { “:A‘::“\.: (= 42 ﬂ
Y 15| 43 ¢
XX § §:: £ X X
.1
- L med i Ra
. P4 R L)
Nf“ l. :b "')MH 2 .‘5‘
N w P4 I
[ Y
=Y AAAY ""4“v
¢ L | [
o C;?; -L‘:IJMFJ 1Y — Spesker field
LA"A‘:AOSA -80 a ~—8

"1; T MFd. T Mfd
‘K\ﬁ__*—“ﬁD o v. :1:
VOLUME CONTROL 120 v.
\ X
EEEE::::
X
Fie. 2
Five-Tuse Rapio 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
IFIED.

ALSO, BEAR IT IN MIND THAT SOMETIMES THE OPERATING VALUES FfOR THE
SAME TYPE OF TUBE VARY SOMEWHAT IN THE DI FFERENT MAKES,BUT IN ANY EVENT,
THE DESIGN PROCEDURE SUGGESTED IN THIS LESSON SHOULD SE CARRIED OUT.

THE R.F. LOAD

THE NEXT STEP IS TO DETERMINE THE COMBINED CURRENT THAT THE TWO
R.F. STAGES WILL REQUIRE FROM THE B suPPLY.TO SIMPLIFY THIS ANALYSIS,
THE BASIC DIAGRAM OF
FiG. 3 IS PRESENTED. 1st RF
THE RESISTORS HERE
SHOWN ARE INDEXED AS
R, AND R,, TO CORRES-
POND WITH THE SAME
RESISTORS SHOWN IN N\
Fic. 2.

znd RF.
606 606

Ma.

82 Ma. =
A

-V
% 8.2M3.

UpoN sTubYING FiG.
3 CLOSELY YOU WILL
SEE THATTHIS CIRCUIT
IS SUCH THAT THE COM
BINED PLATE AND L
SCREEN CURRENTS OF R
BOTH THE R.F. TuBES 2
WiLL FLOW THRU R,.
SINCE THE PLATE CUR
RENT THRU EACH TUBE ____{_
Is 8.2 MA., AND THE o B+
SCREEN CURRENT 2 MA., > Output of ©
THE TOTAL  CURRENT Filter System
FLOWING THRU EACH OF
THESE TUBES WILL BE
8.2 +2 = 10.2 mMaA. Fia. 3
THIS TOTAL B CURRENT SimpLiFieD R.F, Loap CircutT.,
PER TUBE 1S SOMETIM-
E£S CALLED THE"CATHODE CURRENT", BECAUSE ALL OF IT MUST FLOW THROUGH THE
CATHODE IN ORDER TO COMPLETE THE CIRCUIT.

N

—>

Zz Ma.
et

=== qr——-
£

N
3

nEg' ‘ ZVOLTS
[\Y4

THE CIRCUIT CONNECTION OF RESISTOR Ry 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.h4 ma,

CALCULATING THE R.F. BIAS RESISTOR

By AGAIN REFERRING TO FiG. 2, YOU WILL OBSERVE THAT IN THE ACTUAL
CIRCUIT, THE GROUND OR B- CONNECTION FOR Ry1S 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 F1G. 2 IS MOVED TO THE
EXTREME RIGHT .IT WILL GROUND THE LOWER END OF R,. WHEN SUCH IS THE
CASE,THE MINIMUM PERMISSIBLE RESISTANCE IS INCLUDED IN THE CATHODE CiR-
CUIT OF THE R.F. AMPLIFIER, RESULTING IN MINIMUM BIAS VOLTAGE AND MAX-~
tMuM voLume. ( THe 6D6  Tuses
B HAVE A VARIABLE-MU CHARACTER IS~
6C6 TIC THAT IS HERE USED TO ASSIST
— THE CONTRGL 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 voOL-
UME CONTROL HAS BEEN OMITTED. AT

500000 {L

gl THIS TIME IT 1S THE DUTY OF R,
W TO FURNISH THE MINIMUM BIAS OF
G -3 VOLTS AS PREVIOUSLY SPECIFIED
————— IN THIS LESSON.
B- B+

THE REQUIRED RESISTANCE RAT-
Flo. b ING FOR R| 1S DETERMINED BY APPL}
. CATION OF OHM's LAW IN THE FOL-
CALCULATING DETECTOR B1IAS LOWING MANNER: R = E = -

ResisTOR. I 020

I47 ouMs (APPROXIMATELY). NOTICE THAT WHEN APPLYING OHM'S LAW, THE CUR-
RENT VALUE 20.4 MA.MUST FIRST BE CONVERTED TO ITS EQUIVALENT 0.0204 amep.

RESISTORS OF SUCH ODD RATINGS AS |47 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 oWMs. FROM A PRACTICAL STAND-
POINT, THIS SLIGHT DIFFERENCE FROM THE CALCULATED VALUE CAN BE NEGLECT-
ED, AS IT WILL NOT RESULT IN ANY NOTICEABLE EFFECT UPON THE PERFORMANCE
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-
POND INGLY REDUCED,

THE DETECTOR BIAS RESISTOR

THE ESSENTIAL PARTS OF THE CIR

CUIT CONCERNED IN THE CALCULA- B+
TION OF THE VALUE OF THE DETECT-

OR'S BIAS RESISTOR ARE SHOWN IN

Fic. 4. Tue B1AS RESISTOR Rg4 Fre. 5

WILL PASS A CURRENT o©oF 0.33+ CALCULATING Power STAGE

0.1 = 0.43 ma. THerReFore, siNcE Bias ResisToR.
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A BIAS VOLTAGE OF -4,% vOLTS IS REQUIRED, THE NECESSARY VALUE FOR R4 Is
R=E = 4,3 =10,000 onMS. THIS RATING IS COMMERCIALLY AVAILABLE.
I .00043

POWER STAGE BIAS RESISTOR

Fia., 5 ILLUSTRATES THE BASIC PARTS AND VALUES CONCERNED IN CALCU-
LATING THE RATING OF THE BIAS RESISTOR OF THE TYPE h2 POWER TUBE. SINCE

THE PLATE CURRENT DRAWN B8Y
5.5 MA., THE TOTAL CURRENT
6.5 = 40.5 MA. THEREFORE,
-16.5, THIS RESISTOR MUST

AND A STANDARD RESISTOR OF

THIS TUBE IS 34 MA., AND THE SCREEN CURRENT
FLOWING THRU THE BIAS RESISTOR Rg, 1S 34 +
TO PRODUCE THE NECESSARY BIAS VOLTAGE OF

HAVE A VALUE OF R = E = _16.9 = 407 oHms
I 0.0L05 ’

40O OHMS WILL PROVE SATISFACTORY.

EFFECTIVE PLATE

VOLTAGE A.F A.F.
AmPp. TRANSF.
AN IMPORTANT POINT °
TO REMEMBER IS THAT “T
THE B VOLTAGE suP- R
PLIED TO THE PLATE ujg
CIRCUIT OF ANY TUBE RN
IS NOT NECESSARILY N L
OF THE SAME VALUE AS
THE PLATE VOLTAGE EF “? ————————
FECTIVE AT THE TUBE. BIAS
/0 v. RESISTOR

ForR ExAMPLE, Fla. 6
SHOWS AN AUDIO AMPL1 J
FIER STAGE WHEREIN
THE TUBE 1S OPERAT-
ING WITH A BIAS OF +

-10 voLTs. 8—

ALSO NOTE THAT
IN THIS SAME TUBE'S
PLATE CIRCUIT IS5 IN- Fig. 6
CLUDED THE PRIMARY VoLTAGE Drops IN THE CiRcCuUIT.
WINDING OF AN AUDIO
TRANSFORMER, THE RESISTANCE OF WHICH 1s 1000 oHMs., THe B suppLY voL-
TAGE ACROSS THE B+ AND B- TERMINALS 1S 266 vOLTS, AND A PLATE CURRENT
oF 6 MA. FLOWS THRU THE CIRCUIT.

THE FLOW OF 6 MA. OF PLATE CURRENT THRU THE } 000 OHMS OF RESIS-
TANCE OFFERED BY THE A.F. TRANSFORMER'S PR IMARY ACCOUNTS FOR A VOLTAGE
DROP OF 6 VOLTS ACROSS THE EXTREMITIES OF THIS WINDING. (E=IxR =
0.006 x 1000 = 6 voLTs).

THE SUM OF THE VOLTAGE DROPS ACROSS THIS TRANSFORMER WINDING AND
THE BIAS RESISTOR 1S 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 1S AL~
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WAYS LESS THAN THE B SUPPLY VOLTAGE.
CALCULATING THE SCREEN GRID CIRCUIT RESISTORS

Fia. 7 ILLUSTRATES THE BASIC CIRCUIT FOR WORKING OUT THE VALUES
FOR THE VARIOUS RESISTANCE THAT ARE INCLUDED iIN THE SCREEN GRID CiR~
CUITS OF THIS RECEIVER,

THE HIGHEST B VOLTAGE REQUIRED BY ANY OF THE TUBES WILL BE DEMAND-
ED BY THE U2, WHICH REQUIRES A PLATE VOLTAGE OF 250 AND A BiAS OOF
-I6.5 VOLTS.

IN ADDITION,THE PRIMARY WINDING OF THE OUTPUT TRANSFORMER, HAVINGy
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
OROP ACROSS IT wiLL BE |7 vorts (E =I x R = 0.034 x 500 = 7). 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 THE CIRCUITS OF FiG. 2 AND [, THiS IS ACCOM=
PLISHED BY R, AND Ry IN COMBINATION,PROVIDING A PERMANENTLY CLOSED CiR-
CUIT ACROSS THE FILTER OUTPUT.

THE AMOUNT OF BLEEDER CURRENT IS LEFT TO THE DESIGNER'S JUDGEMENT,

6CO
6D 6 606 &6 42

f R ;K
mrw /_J_
| =

1
« !
i = 8 MFD.
S S 1o |

Vg 8

SPEAKER

FIELD ?

B+

EMA. &

Fic. 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 1S ALSO INCREASED.
ON THE OTHER HAND, TOO LITTLE BLEEDER CURRENT WIiLL MAKE THE SYSTEM LESS
STABLE IN OPERATION, SO WE TRY TO ARRIVE AT A HAPPY MEDIUM BY ALLOWING
FROM 2 70 |0 MA. FOR OUR PARTICULAR EXAMPLE WE SHALL SELECT A BLEEDER
CURRENT OF 5 MA,

THE TOTAL CURRENT FLOW THROUGH Rz 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 LESSON, THE TOTAL CUR-
RENT FLOW THROUGH R, Is THEREFORE 5 + 2 + 2 + 0.1 = 9.1 MaA,

A vOLTAGE oF 100 1S 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-
culT (ouTPuT) oF Ry)mMusT BE 100 + 3 or 103 voLTs, THIS MEANS THAT A vOL
Tace orop oF 283.5 - 103, or ABout 180, MUST BE FURNISHED BY Rp. THE
VALUE OF Ry MUST THEREFORE BE APPROXIMATELY 20,000 oHMS (R =

180
5.0091 ° 19,780).

M

SINCE THIS SAME |03 vOLTS IS APPLIED ACROSS THE EXTREMITIES OF Ry,
AND THE CURRENT CARRIED BY THIS RESISTOR 1S 5 MA., THE VALUE OF R, MusT

ALso BE 20,000 owms (R = E = _103 = 20,600).

T 0.005

THE VOLTAGE REQUIRED AT THE SCREEN GRID END OF Rg 1s 75 + b3 =
79.% voLTs., THEREFORE, THE VOLTAGE DROP ACROSS Rg MusT BE 103 - 79.3=

Vo the spesi
S — = 5 > ____7 voice coil
/606 / 6D6 6C6 g5 mn.
/ / }/ ‘) .:’1Mf’d.42
v
% YV % g\....d q
N : §_ g
' [xx [x'x |8 § &
A
= =i sl K? . R4
y e L3 :ﬁé—l-)}*“ R ad
[% 4 o 3o o
3 (=9 " O b=
i ID‘ 4 6I ¥
{ el
aRkan
I 1 L [ 20,000 42
o i &i:i -ILQ'/MF‘ Spesker fiaid
5 >38 ]
9,000 > g‘ -80 -L
od

AAAAAAAL 8 ~8
'I i I M. Mfd.
1o v.

VOLUME COMTROL \ ’1: v.

Fig. 8
CoMPLETE CIRCUITS WITH RESISTOR VALUES DESIGNATED.
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23.7 vOLTS, AND SINCE THIS RESISTANCE PASSES O.| MA., THE RESISTANCE

VALUE REQUIRED FOR Rg 1S 237,000 owMs (R = % = _23.] = 237,000. We
0.0001

WOULD EMPLOY THE NEAREST STANDARD RATING AVAILABLE, OR 250,000 oHMs.
VARIATIONS IN PLATE VOLTAGE

ANOTHER IMPORTANT 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 vOoLT POINT OF THE
SYSTEM. IN REALITY, AND ACCORDING TO OUR CAL~-
CULATIONS, THE PLATE CIRCUITS OF THE R.F. TuBES

“Qr SHOULD BE CONNECTED TO A POINT OoF 250 + 3 oR
253 VOLTS, AND THE DETECTOR PLATE CIRCUIT TO A
][E )(][ 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

Fie. 9 OPERATING AT BETWEEN 250 anD 300 voLTs.
REMINDER FORMULA.

THE TUBE OPERAT ING CHARACTERISTICS, AS FUR-
NISHED BY THE TUBE MANUFACTURERS, ARE SUFFICIENTLY FLEXIBLE SO THAT THIS
VARIATION OF ABOUT [2% FROM THE CALCULATED VALUE WILL HAVE NO NOTICE-
ABLE EFFECT UPON THE SENSITIVITY AND FIDELITY PERFORMANCE OF THE RECEIV
ER, AS FAR AS THE HUMAN EAR 1S CONCERNED.
THEREFORE, IT IS PRACTICAL TO CONNECT ALL
OF THE PLATE CIRCUITS OF THIS RECEIVER TO
THE saMme 283.5 voLT POINT.

THE CIRCUIT 1S AGAIN SHOWN IN ITS
COMPLETE FORM IN Fi1Gg. 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 AEGARDED 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- UV
UES ARE CORRECT, THIS DOES NOT MEAN THAT ]E X\.J
h

THE RESISTOR WiLL "sTAND-UP" UNDER THE :
STRAIN OF SERVICE. WHENEYER A CURRENT Hﬁh-ghﬁhtzzzii
FLOWS THROUGH A RESISTANCE THE RESULT IS

NOT ONLY A VOLTAGE DROP,BUT ALSO A CEBRTAIN
AMOUNT OF POWER wiLL BE DISSIPATED IN THE Fia. 10
FORM OF HEAT. WE MEASURE THIS POWER IN THREE FORMS OF
WATTS. WATT's Law.
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THE WATT 1S THE UNIT OF ELECTRIC POWER, AND REPRESENTS THE WORK
DONE BY A CURRENT FLOW OF ONE AMPERE WHICH 1S BEING FORCED TO FLOW BY
AN ELECTRIC PRESSURE OF ONE VOLT. TO FIND THE NUMBER OF WATTS IN A CIR-
CUIT IT 1S 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 1 FOR AMPERES.

IN USING OHM'S LAW YOU ARE ALREADY
FAMILIAR WITH THE FACT THAT | F WE KNOW
ANY TWO VALUES OF THE FORMULA,THE THIRD
CAN BE DETERMINED VERY READILY. THE
SAME 1S TRUE IN RESPECT TO WATT's Law.
FOR EXAMPLE, BY USING THE EXPRESSION AS
GIVEN IN F16.9, YOU CAN SIMPLY COVER UP

THE VALUE YOU WISH TO DETERMINE,AND THE FIG; I

1"
REMAINING PORTION OF THE FORMULA wilLlL BuiLpING UP" A ReEsisTOR
TELL YOU HOW TO FIND IT. 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 (8), 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
(W =FE x I). VOLTS EQUALS WATTS DIVIDED BY AMPERES (E =¥ ),aND AMPER-
I

€S EQUALS WATTS DIVIDED BY voLTs (I =%%.),

30 mA.
Xede A You MAY ENCOUNTER A PROBLEM IN WHICH

THE CURRENT OR VOLTAGE IN THE CIRCUIT IS UN-
KNOWN, AND SOME VALUE IN WATT'S LAW 15 TO BE
FOUND. IN SUCH CASE, TWO OTHER HANDY RELA-
TIONS ARE AT YOUR DISPOSAL: W = I*x R, AwND
(2) w = E,

R

30 MA.

IN THE FIRST EXAMPLE, (I) THE WATTS MAY BE
Fig, 12 FOUND BY MULTIPLYING THE CURRENT BY ITSELF
PARALLELLED RESISTORS. (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 (squariING
IT) AND THEN DIVIDING THIS VALUE BY THE RESISTANCE. THIS RELATION IS
VERY VALUABLE WHEN WATTS AND CURRENT ARE BOTH UNKNOWN.

IN RADIO WORK WE FREQUENTLY HANDLE SUCH SMALL AMOUNTS OF ELECTRIC
POWER THAT THE WATT IS TOO LARGE A UNIT, AND FOR SUCH PURPOSES THE

MILLIWATT 1S GENERALLY USED. ONE MILLIWATT IS EQUIVALENT to _!  of
1000
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ONE WATT,BUT SOMETIMES EVEN THIS UNIT IS RATHER LARGE,SO A STILL SMALL-
ER UNIT OF POWER 1S NEEDED.THIS VERY SMALL UNIT IS THE MICROWATT, AND 1s

EQUIVALENT TO | WATT (THE ONE-MILLIONTH PART OF | WATT).
I,000, 000

ON THE OTHER HAND, IN TRANSMISSION WORK, WHERE LARGE AMOUNTS OF
POWER ARE HANDLED, IT IS CONVENIENT TO USE A LARGE UNIT,LARGER THAN
THE WATT, AND FOR SUCH PURPOSES WE USE THE KILOWATT. ONeE KiLowatT (kw)
1s EQUAL TO0 |000 watTs,

10a 25 n
WATT RATING OF RESISTORS
]

7oa & ALL RESISTORS ARE RATED ACCORDING
o ¥ AAAAA TO THE WATTS THAT THEY WILL DISSIPATE,
s a zon OR EVEN ACCORDING TO BOTH WATTS AND
CURRENT. IN OTHER WORDS, IF YOU NEED
Fia, 13 A 1000-0HM RESISTOR, YOU CAN GET ONE
SER1ES-CONNECTED RESISTORS. WITH A RATING OF 1/2 wATT, | waTT, 10

WATTS,AND MANY OTHER RATINGS, YET ALL
OF THEM HAVING THE SAME RESISTANCE VALUE,

SHOULD YOU,BY CHANCE,PUT A RESISTOR RATED 5000 oHMs AND | WATT 1IN
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 TECHNICIAN'S
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 RAT INGS,LET US CONTINUE BY DETERMIN=-
ING THE NECESSARY WATT RATINGS FOR THE VARIOUS RESISTANCE RATINGS CON-
SIDERED IN THE CIRCUIT ofF Fia. 8. IN EACH CASE THE WATT RATING IS
EQUAL TO THE CURRENT FLOWING THRU THE RESISTOR, MULTIPLIED BY THE VOL-
TAGE DROP ACROSS IT, AND THESE WATT
RATINGS WORK OUT TO THE VALUES SHOWN

IN TasLe I. @ f
250 50 50
HIGHER WATT RATING REQUIRED a n
THAN THOSE CALCULATED : oY
THE WATT VALUES AS THUS FAR
CALCULATED ARE NOT SUITABLE FOR USE, Fia, Ik
BECAUSE THE COMMERCIAL RATINGS GIVEN Two RESisTORS IN PARALLEL,

RESISTORS ARE THOSE UNDER WHICH THE

RESISTOR REACHES_A TEMPERATURE OF NEARLY 500°F., IN AN AIR SPACE OF ONE
CUBIC FOOT SURROUNDING THE RESISTOR, AND WITH AN AIR TEMPERATURE of 68°
F. A RESiISTOR AT 500°F WOULD BE UNSAFE IN A RECEIVER, SO WE MUST USE
A RESISTOR WITH A WATT RATING OF FROM TWO TO FOUR TIMES THAT DETERMINED
BY THE FOREGOING CALCULATIONS, FURTHERMORE, WE MUST ALLOW A SUFFICIENT
MARGIN OF SAFETY, SO THAT THE RESISTORS WILL HOLD UP UNDER THE MOST AB-
NORMAL CONDITIONS THAT MAY OCCUR IN SERVICE.

IT SHOULD ALSO BE NOTED THAT THE RESISTANCE OF A RESISTOR VARIES




LE SSON No.38 PAGE ||

TABLE T

WATT-RATING CALCULATIONS

WATT RATING OF R ExI = 3 x 0.0204 = 0.0612 watT
" " " R, = ExI = 180 x 0.009I 1.638 "
moon "R, ExI = 103 x 0.005 0.515 "
mooow w Rl = ExI = 4,3x0.,00043 = 0.0018 "

" " " Ry, = ExTI = 16,5 x 0.,0405 = 0.668 "
moom " R, = ExI = 23.7x0.0001 = 0.0024 "

WITH A CHANGE IN ITS TEMPERATURE; THIS MEANS THAT A HOT RESISTOR WILL
PRODUCE A DIFFERENT VOLTAGE DROP THAN WHEN IT 1S 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 DISCUSSION 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 II, 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 YOU NEED A 4750-0HM
RESISTOR WITH A 20 WATT RATING, |F THIS SIZE 1S NOT AVAILABLE, THEN A
4500-01mM, 20-WATT RESISTOR AND A 250-0HM, 20-WATT RESISTOR MAY BE CON-
NECTED IN SERIES AS SHOWN IN Fia. |1,

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 IT
CORRECTED WATT RATINGS
CORRECTED RATING STANDARD RATING
R, 0.0612 x 2 = 0.12 wATT (APPROX.)==-== Lo Ya  watT
R, = 1.638 x2 = 3.25 J " - - 3 "
R3 = O.5|5 X 2 = |.03 " n I ! "
Ry = 0.0018 x 2 = 0.0036 " " e e % "
R 0.668 x 2 = 1.33 " D e I 2 "
Rg = 0.0024 x 2 = 0.0048 " " et SRR % "
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FROM, YOU CAN WORK OUT A SOLUTION AS PICTURED IN FiGg. |2, HERE THE RE~
SISTOR IS EXPECTED TO CARRY 60 MA.,BUT IT 1S 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 60 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 OoF 2000 oHMS.

o— 5 SERIES RESISTOR COMBINATIONS
{ IYs g [

4n " " YOU HAVE ALREADY LEARNED THAT THE
+ < & TOTAL RESISTANCE OF A SERIES-CONNECT
o ED RESISTOR GROUP IS EQUAL TO THE
R RiXRa _ 12x6 “Zaga SUM OF THE INDIVIDUAL RESISTANCES
R, +R2 12 +6 I8 CONNECTED IN THE GROUP. FOR INSTANCE,
IN Fig. I3 FiIVE RESISTORS, HAVING
Fie. 15 vALUES OF |0 oHMsS,25 oHMs, 100 oHMs,
Two UNEQUAL PARALLEL-CONNECTED 20 oHMs AND 15 OHMS, RESPECTIVELY,
RESISTORS, ARE ALL CONNECTED IN SERIES. THE To-

TAL RESISTANCE OF THIS CIRCUIT THEN
BECOMES EQUAL TO 10 + 25 + 100 + 20 + 15, orR A voTAL OoF |70 OHMS,

PARALLEL RESISTOR COMBINATIONS

WHEN RESISTORS ARE CONNECTED IN PARALLEL THE RESULT 1S 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 Fia. I},

WHENEVER TWO RESISTORS OF THE SAME VALUE ARE CONNECTED IN PARALLEL,
THE TOTAL RESISTANCE OF THE COMBINATION 1S JusT ONE-HALF THAT OF EACH
OF THE TWO RESISTORS. FOR EXAMPLE, WITH THE RESISTORS INDICATED IN Flg,
IM,WHERE 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 DI FFERENT VALUES ARE CONNECTED IN
PARALLEL,AS IN FIG.lS,THE TOTAL RESISTANCE OF THE COMBINATION IS CALCU-

LATED BY DIVIDING THE PRODUCT OF THE
TWO RESISTOR VALUES BY THE SUM OF o R, Rz Rs R4
THE SAME VALUES. THIS CAN BE EX- !
PRESSED AS A FORMULA IN THE FOLLOW- 20 ¢ d Q a

s . =R R © o ¥ ©
ING MANNER: R =R} X Ry wyereiIN R = + N

R, + Ry o
THE TOTAL OR COMBINED RESISTANCE,AND : ' '
——— T
R, AND R, ARE THE INDIVIDUAL RESISTOR Rw Wi
VALUES. Trfriari
IN THE CIRCUIT OF FiGa. |5, WHERE Fig., 16

R,= 12 oHMS_AND R,= 6 OHMS, WE CAN A PARALLEL RESISTOR COMBINATION.

SUBSTITUTE THESE VALUES IN THE FORM-
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R =Ry x Rp_ 12 x 6 -
R,+Ry 12 +6

BINED RESISTANCE OF THIS CIRCUIT.

ULAZ

WHENEVER MORE THAN TWO RESISTORS ARE CONNECTED
INDICATED IN FiG. |6, THE TOTAL RESISTANCE
IN TERMS OoF CONDUCTANCE.

AS THE RESISTOR COMBINATION
OF THE COMBINATION IS CALCULATED
TANCE OF ANY RESIS

%% = 4 OHMS, WHICH IS THE TOTAL OR COM-

IN PARALLEL, SUCH

THE coNDucC-

TANCE IS EQUAL TO
THE RECIPROCAL OF
THE RESISTANCE VAL
VE. FOR INSTANCE,
THE CONDUCTANCE OF
1.

R,
Rl
60
’__'Wv R’
10 1
2001

—— D¢ GENERATOR

25 onms 1s _L; tHE
CONDUCTANCE OF 30
oHMs 1s _L  erc.
THE UNIT OF CON-
DUCTANCE 1S MHO,0R
THE WORD "oHM"
SPELLED BACKWARD.

THE RULE FOR CAL

CULATING THE TOTAL
OR COMBINED RESIS-

Fia. 17

TANCE OF A COMBIN-

THe ComsINATION CIRCUIT.

ATION OF ANY NUM-
BER OF PARALLEL RESISTORS IS AS FOLLOWS: "THE CONDUCTANCE OF THE ENTIRE
PARALLEL CIRCUIT IS EQUAL TO THE SUM OF THE CONDUCTAMCES OF THE INDIVI-
DUAL BRANCHES". EXPRESSED AS A FORMULA THis wouto Be | =1 + 1 4+ 1 4+ 1
ETC. Ri Re Ry Ry
APPLYING IHIS FORMULﬁ TO THE cngcunI INDICATED N FiaG, I6, WE
HAVE ¢ | | I - | =12 _ | | =
RTEtstawsT A A T sz T R
OR THE CONDUCTANCE OF THE
TOTAL RESISTANCE 1S EQUAL
R, Ry T0 | we CAN CHANGE THIS
— N\ N—NVNVN— 2
on 4.6 N CONDUCTANCE VALUE TO OHMS
OR RESISTANCE BY INVERT-
ING 1T, SO THAT IT BECOM-

ES 2 OHMS,IN OTHER WORDS,
THE TOTAL OR COMBINED RE-
SISTANCE OF THE CIRCUIT
] IN Fie. 16 1s 2 oHMs.

—D.C. GENERATOR

SERIES-PARALLEL CIRCUITS

IN Fig.I7 YOU ARE SHOWN
A TYPICAL SERIES-PARALLEL
COMBINATION OF RES|STAN-

Fic. 18
THE EqQuivALENT CIRCUIT.,
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CES., HERE THE RESISTANCES R2 AND R5 ARE CONNECTED IN PARALLEL, WHILE
RESISTANCE RI IS CONNECTED IN SERIES WITH THE GENERATOR AND THE TWO PAR-
ALLELED RESISTORS,

THE MOST SIMPLE PROCEDURE FOR SOLVING A PROBLEM OF THIS TYPE IS
FIRST TO REDUCE THE TWO PARALLEL RESISTANCES TO A SINGLE EQUIVALENT RE-
SISTANCE. THAT 1Is
TO SAY,IN THE CIR-
cutt of Fic.18 THe
COMB INED RESIS-
TANCE OF R, AND R4
IS FOUND AS FOL-
LOWS:

DC.GENERATOR

R-Rz2x Rs 6 x 20 _
|221+ Ry 6 + 20
= = 4.6 oums.

By GIVING THIS
COMBINED RESISTAN-
CE OF R, AND R,THE
IDENTIFYING SYMBOL
Rx, WE CAN suBsTI-
TUTE IT FOR R, AND
R5, AND CONNECT IT
IN SERIES WITH R,
AS  DONE IN THE
EQUIVALENT CIRCUIT
sHowN IN Fia. 18, THE TOTAL RESISTANCE OF THE CIRCUIT IN Fic. I8 Is
EQUAL TO 10 oHMs PLus L.6 oWms, or 14,6 ouMs, WHICH IS ALSO EQUAL To
THE COMBINED RESISTANCE OF THE CIRCUIT ILLUSTRATED IN Fig. 17,

- Fic. 19
CURRENT AND VoLTAGE DISTRIBUTION.

THE cIRCUIT OF FiG. |7 CAN BE STILL FURTHER ANALYZED IN THE FOL-
LOWING MANNER: KNOWING THE TOTAL RESISTANCE OF THE CIRCUIT To BE I4.6
OHMS, AND ASSUMING THE GENERATOR TO PRODUCE AN E.M.F. ofF 100 voLTs, we
CAN DETERMINE THE TOTAL

CURRENT FLOW  THROUGH
THE CIRCUIT BY APPLY- Fﬁ; 4937
ING OnM's LAwW IN THE
Form T = E/R = 1122 - R3 250 300
l [ = - v
6.85 AMPS. THIS CURRENT : 600 R~ 1600
FLOW WILL BE INDICATED Z}“/V\r
BY AMMETER A IN Fia.19, Rs> 250 O
WHERE WE HAVE THE SAME
CIRCUIT As iN Fia. IT
AN

BUT WITH AMMETERS AND F\‘—~LZC:G£WMU%47ZV?
VOLTMETERS INSTALLED AT
SUITABLE POINTS, - ~

IT 1S 0BVIOUS THAT

THIS CURRENT oF 6.85 Fic. 20
AMPS  MUST FLOW THRU R THe CompLEx CircCUIT,




LESSON NO.38 PAGE 15

AND THEREFORE THE VOLTAGE DROP ACROSS R, AS INDICATEC BY VOLTMETER V,,
witt 8e E =TI x R, = 6.85 x 10 = 63.5 votts.

ASSUMING THAT THE GENERATOR VOLTAGE 1S 100 voLTS, THE VOLTAGE-

DROP ACROSS THE EXTREMITIES OF R, AND R, AS INDICATEC BY VOLTMETER V,,

wiLL BE EQUAL To 100 minus 68.5, or 31.5 voLTs. THE CURRENT FLOW THRU
!

Rp, AS SHOWN BY AMMETER Az’ wiLL THEN B8 I = E/R, = 31.9 = 5.25 amps.,

SIMILARLY, THE CURRENT FLOW THROUGH Ry ,AS INDICATED BY AMMETER A, wiLL
e I = E =3l.5 = 1.575 awes,
R5 20
ANALYS IS OF COMPLEX NETWORKS

IN Fic. 20 1S INDICATED A RESISTANCE NETWORK OF A RATHER COMPLEX
TYPE., TO DETERMINE THE COMBINED RESISTANCE OF SUCH AN ARRANGEMENT,EACH
SECTION OF THE CIRCUIT 1S REDUCED TO ITS EQUIVALENT IN A MORE SIMFLE
FORM.,

THE SUCCESSIVE STEPS IN THE ANALYSIS OF THIS CIRCUIT ARE SHOWN IN
Fic. 21. NoTice AT A THAT SERIES RESISTANCES R, AND R, HAVE BEEN RE-
DUCED TO AN EQUIVALENT RESISTANCE Rg oF (25 + 30) = 55 ouMs. AT B THE
PARALLELED RESISTANCES R g AND R4 HAVE BEEN REDUCED TO AN EQUIVALENT RE-
SISTANCE Rg , HAVING A VALUE OF 40.9 oHMs, AS DETERMINED BY THE

Fic. 21
THE CIRCUIT ANALYSIS,.
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cALcuLATION R = Ra x Rq_ 595 x 160 _ 880Q . 40.9 onms. AT C THE sER-
Rqa + Rg 55 + 160 215

IES RESISTANCES R, AND R, HAVE BEEN REDUCED TO AN EQUIVALENT RESISTANCE

Re ,AS FOLLOWS:IR, + Ry = 60 + 40.9 = 100.9 oHwms. FinaLLy, AT D THE Two

PARALLELED RESISTANCES Rg AND Ry HAVE BEEN REDUCED TO A SINGLE EQUIVA-

LENT RESISTANCE R, WHOSE VALUE IS 7.88 oHMS, ACCORDING TO THE FOLLOW-

Rex Rs_ 100.9 x 250 _ 25,225
R+ Ry 100.9 + 250 - 350.G

THE COMBINED RESISTANCE OF THE CIRCUIT ILLUSTRATED IN FIg. 20 AMOUNTS ToO
71.88 onms. ' -

ING CALCULATION: R = = 71.88 onms. Thus,

TO CALCULATE THE CURRENT FLOWING THRU THE VARIOUS SECT IONS OF-.THIS
CIRCUIT, AS WELL AS THE VOLTAGE-DROP ACROSS THE VARIOUS SECTIONS, START
witd D oF Fia, 21 AND WORK BACK TOWARD A OF THE SAME ILLUSTRATION. THAT
IS TO SAY,IF THE GENERATOR E.M.F. i1s 250 vOLTS, THE TOTAL CURRENT FLOW

THRU THE CIRCUIT wWouLp BE [ = éa= 7? 2 3.”8 AMPS, (APPROXIMATELY).

THE VOLTAGE-DROP ACROSS BOTH RsAND R.» AccorDING TO0 C oF Fig. 21,

is 250 vOLTS, AND THE CURRENT FLOW THRU R5 is I = % = g%% = | AMPERE.,
5
£ 250
THE CURRENT FLOW THRU R 1s I = R, 700.9 = 2.47 ame,
TO PLATE CIRCUITS JO R.FE SCREEN GRID
CIRCLIUTS
2815%A 103 V. 79.3 v
70 SCREEN
GRID OF DET.
—VVWWWW\W/— P—
OUTPUT OF 2 L
RECTIFIER 64-—|-
// SPEAKER -
I.-'I FI/IELD ez e 3
L L L
C/ CZ ICB

R Fic., 22
THe ReESISTANCE NETWORK.

ACcorDING. To B AND C oF FiG, 21, THE CURRENT FLOW THRU BOTH R, anD
R, OF CIRCUIT B AMOUNTS To 2.47 AMPS, SINCE THE VALUE OF Re =R, +R .
THIS BEING TRUE, THE VOLTAGE-DROP DEVELOPED ACROSS R 1S EQuAL To E =
I xR =2.47 x 60 = 148.20 voLTs. THE VOLTAGE-DRGP ACROSS R, IS EQUAL
T0 250-148.2 = 101.8 voLTs. THIS SAME VOLTAGE IS ALSO APPLIED ACROSS
THE EXTREMITIES OF THE PARALLEL RESISTANCES Rq AND R4. THE CURRENT FLOW
THROUGH Ry WiLL THEN Be I = E = 101.8 = 1.35 AMPS,AND THE CURRENT FLOW

Ra 55
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THROUGH R, witL e T = E - 101.8 = . .
4 R4 W 636 AMP

THE ANALYSIS AS GIVEN FOR F1as, 17 1O 2| 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 suppPLY'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 CONDENSERS,AS THIS PROB
LEM 1S TREATED IN DETAIL IN A LATER LES
SON.

ADIUSTABLE

'ﬂMMﬁWMMF

OUR CHIEF CONCERN AT THIS TIME IS

TO SELECT THESE CONDENSERS FROM THE L \ r / {i//'

NAL
STANDPOINT OF THEIR RATING [N D.C:WORK-= TERMINALS
ING VOLTAGE, TO PREVENT THEIR BREAKING
DOWN FROM EXCESS VOLTAGE.

Fie. 23

Conpensers C, anD C, ARE,OF 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 THE RECEIVER. How-
EVER, WHEN THE POWER SWITCH IS OPERATED TO SWITCH THE RECEIVER ON OR
OFF, MOMENTARY SURGE VOLTAGES RESULT, AND SUCH SURGES MAY REACH VALUES
AS HIGH AS 400 voLTs. 1T IS THEREFORE CUSTOMARY TO USE CONDENSERS RAT-
ED AT A "PEAK D.C. WORKING VOLTAGE" OF APPROXIMATELY 500 FOR THIS PUR-
POSE.

TyricaL VoLTace Divioer.

UNDER NORMAL CONDITIONS CONDENSER C 5 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 1S SUBJECTED TO (9.3 VOLTS, AND ALTHOUGH A RATING OF
ABOUT 150 VOLTS WOULD BE SUFFICIENT, IT 1S PRACTICAL TO USE THE NEAREST
COMMON STANDARD RATING OF 200 voLTs.

ConpenserRs Cg, Cq, AND C, ARE USED TO BY-PASS THE BIAS RESISTORS
Ry, R4, AND Ry, RESPECTIVELY, AND THE VOLTAGE APPLIED ACROSS THEM IS
THEREFORE OF RELATIVELY LOW VALUE. |IN OTHER WORDS, L g IS SUBJECTED TO
3 voLts, Cg TO 4.3 voLts, ano C4 7O 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 1S TECHNICALLY NECESSARY, FOR THE REASON THAT CONDEN-
SERS WITH RATINGS OF 200 AND 400 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,

B+ 300v VOLTAGE DIVIDERS

VOLTAGE-DIVIDER SYSTEMS OF THE
TYPE ILLUSTRATED iN Fics.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 Fia. 24 siMPLY sTuoy
THE RECEIVER CIRCUITS CURRENT RE-
QUIREMENTS AND THEN DETERMINE THE
CURRENT FLOW THROUGH THE VARIOUS
RESISTANCE SECTIONS A,B,C, anD D,
TH1S DONE, DETERMINE THE REQUIRED

VOLTAGE-DROP ACROSS EACH RESISTOR
%?' e SECTION, AND WITH THIS DATA DE-
= TERMINED,CALCULATE THE RESISTANCE
VALUE OF EACH SECTION,

|
v

Fia., 24

VoLTAce DiviDER SysTem. [T IS THE MORE COMMON PRACT)CE

TO USE INDIVIDUAL RESISTORS RATHER THAN VOLTAGE DIVIDERS IN THE LATE
MODEL RECEIVERS,AS BY SO DOOING REPLACEMENTS CAN BE MADE AT A LATER TIME
WITH GREATER EASE -~ ALSO, LESS CHASSIS SPACE IS REQUIRED FOR THEIR
MOUNT ING. FURTHERMORE, THIS ARRANGEMENT PERMITS THE USE OF RESISTORS
OF COMPARATIVELY LOW WATT RATING, BECAUSE ANY SINGLE RESISTOR DOES NOT
NECESSARILY CARRY CURRENT FOR SO MANY DIFFERENT CIRCUITS, THIS FEATURE
MATERFALLY 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 RELATEB
THERETO. YOU ARE GOING TO FIND THESE COMING STUDIES ESPECIALLY INTEREST
ING AND iINSTRUCTIVE, -
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LESSON NO. 38

IF FOR A CERTAIN TUBE A GRID BiAs oF 10 voLTs 1s RE-
QUIRED, AND 5 MA. OF PLATE CURRENT FLOWS THRU THE TUBE,
WHAT WILL BE THE PROPER VALUE FOR THE BIAS RESISTOR?

|F 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,WHAT WILL BE THE CORRFCT VALUE OF BIAS
RESISTOR TO USE?

| F THROUGH A CERTAIN SECTION OF A VOLTAGE DIVIDER SYSTEM,
A BLEEDER CURRENT OF IO MA. 1S FLOWING, IN ADDITION TO 5
MA., OF PLATE CURRENT FOR A TUBE, AND A VOLTAGE DROP OF
75 voLTsS 1S TO BE DEVELOPED ACROSS THIS RESISTOR SEC-
TION, WHAT WILL BE THE REQUIRED RESISTANCE VALUE OF THIS
SECTION?

A CERTAIN 2000 OHM RESISTOR CARRIES A CURRENT OF 65 MA.
HOW MUCH WATTAGE WILL BE PRODUCED?

WHY 1S IT ADVISABLE TO SELECT RESISTORS OF GREATER WATT
RATING THAN ACTUALLY REQUIRED ACCORDING TO WATT's Law?

A 200 OHM AND A 400 OHM RESISTOR ARE CONNECTED IN PARAL=-
LEL. WHAT 1S THE TOTAL RESISTANCE OF THIS COMBINATION?

FOUR RESISTORS HAVING VvALUES oF 10; 30; 15 AND 60 oHMS
ARE ALL CONNECTED IN PARALLEL. WHAT 1S THE TOTAL RESIS-
TANCE OF THIS COMBINATION?

WHY 1S IT SO IMPORTANT TO CONSIDER THE D.C. WORKING vOLT
AGE OF BYPASS CONDENSERS?

A CERTAIN TUBE DRAWS A PLATE CURRENT OF 5 MA. WITH AN
APPLIED PLATE VOLTAGE OF |50 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" wvoL-
TAGE MUST BE FURNISHED THIS CIRCUIT SO THAT THE EFFEC-
TIVE PLATE VOLTAGE MAY BE 150 voits?

EXPLAIN THE GENERAL PROCEDURE WHICH YOU WOULD FOLLOW TO
DESIGN A RESISTANCE NETWORK FOR VOLTAGE DISTRIBUTION IN
A CONVENTIONAL RECEIVER.,
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DEAR STUDENT —

ractical Training means the acquisi-

tion of Technical information and
facts,and the learning how to apply them
in a useful manner.

In order to acguire knowledge we mnmust
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 dile of
starvation.

Let's learn how to use intelligently our
natural abilities, talents, and gifts,
and apply them efficliently to our task
at hand.
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LESSON NO. 39

o THE ESSENTI/ALS OF A.C. C/IRCUITS =°

You HAVE BEEN MAKING SPLENDIC PROGRESS (N YOUR RADIO STUDIES AND
ARE TO BE CONGRATULATED UPON THE CONSCIENTJOUS EFFORT WHICH YOU ARE SHOW-
ING IN ORDER TO PREPARE YOURSELF TC BECOME A THOROUGHLY TRAINED RADIQ
EXPERT. |T TAKES COMPLETE TRAINING NOWADAYS FOR A MAN TG BE A  SUCCESS
IN THIS LINE OF WORK AND THIS IS THE ONE BIG REASON WHY RADIC WAGES ARE
HIGHER AND WHY YOU WiLL HAVE LESS COMPETITION TO MEET THAN IN THOSE
FIELDS WHERE TRAINING IS NOT SO ESSENTIAL.

IT 1S 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 WE ARE SEEING TO IT THAT YOU RECEIVE COMPLETE {INSTRUC=-
T10Ns ABoUT THE TECHNICAL MATTERS CONCERNING THIS WORK N ADDITION TO
THE PRACTICAL CONSTRUCTION SIDE OF THE SUBJECT. REMEMBER, THAT ALL  OF
THIS TRAINING, WHEN TAKEN TOGETHER, IS THE TYPE OF TRAINING THAT WILL
LIFT vou ABOVE THE AVERAGE,
WHERE YOU WiLL BE IN APOSITION
TO DIRECT THE WORK OF  OTHERS
RATHER THAN BEING THE MAN WHO
MUST BE CONTENT TO PUT SOMEONE
ELSE'S IDEAS INTO ACTIONe

As You WERE TOLU BEFORE,
YOU ARE AT THIS TIME ENTERING
A VERY IMPORTAMT PART OF YOUR
TRAINING, FOR YOU ARE NOW LEARN
ING THE FUNDAMENTAL PREINCIPLES
upoN wHicH THE DESIGNING oF
RADIO EQUIPMENT 1S BASED, IN
THIS WORK YOU WILL LEARN HOW TO
DETERMINE THE NUMBER OF TURNS
To winD ON AN R.F, TRANSFORMER

80 THAT IT WILL TUNE WITH A

CERTAIN CONDENSER OVER ANY DES

F1G. 1 IRED WAVE BAND; YOU WiLL LEARN

An A.C. Genergtor. HOW TO DESIGN AND CONSTRUCT AMP

LIF1ERS, POWER TRANSFORMERS;FlL

TR WS

W .. |

| S Nr——

T Lingdils- r—

ST S| Np——
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TER SYSTEMS ETCe. AND THI8 KIND OF KMOWLEDGE 1S GOING TO MAKE You A VALU=
ABLE MAN —— THE TYPE OF MAN WHO Is §N DEMAND,

THERE ARE A FEW IMPORTANT BASIC FACTS WITH WHICH YOU MUST FIRST BE
COME FAMILIAR BEFORE CONTINUING WITH THIS ADVANCED WORK AND WE SHALL COM
MENCE IMMEDIATELY IN GETTING THESE FACTS FIRMLY IMBEDDED IN YOUR  MIND,
For THE PREESENT, 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.

~ |4 ~ THE DEGREE
N\

AN Now IN Frae. 2, you wiLL FIND A

\ CIRCLE,WHICH HAS BEEN DIVIDED INTOMANY
EQUAL PARTS. THE DISTANCE AROUND THIS
i CIRCLE OR THE CIRCLE'S BORDER LINE, IF
7 YOU WANT TO CONSICER IT AS SUCH, Is

<

[

t

v

KKK\K 7 caLLeD THE CIRCUMFERENCE oF THE CIRCLE.

V}/ SHOULD YOU DIVIDE THE CIRCUMFERENCE OF
y o THIS CIRCLE,OR THE CIRCUMFERENCE OF ANY
i SIZE CIRCLE FOR THAT MATTER, INTO 360
EQUAL PARTS, THEN EACH OF THESE 360 E-
Fia.2 QUAL PARTS WOULD BE CALLED A "pEGREE",
The Circle.

By PLACING THE POINT OF YOUR PEN~
CIL ON THE CIRCUMFERENCE OF THIS CIRCLE AT "A" N 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 90°, THE
DISTANCE FROM PO INT "A" T0O ANOTHER PO INT HALF-WAY AROUND THE CIRCUMFER-
ENCE WOULD COMPLETE A DISTANCE oF [80°, TRAVELING FROM POINT "A" To ANe
OTHER PO INT 3/4 OF THE WAY AROUND THE CIRCUMFERENCE WOULC CALL FOR A TRA
VERSED DISTANCE OF 270°AND TO MAKE A ROUND TRIP FROM PO INT PAT AND BACK TO
POINT "A"™ woULD REQUIRE YOUR PENCIL TO TRAVEL A DISTANCE oF 360° ETCe

REMEMBER NOW. - IN ANY CiRCLE, IRRESPECTIVE OF ITS SIZE, THERE ARE

360° anD I/4 oF THE DISTANCE AROUND 1T& CIRCUMFERENCE Is EQUAL To 903 /2
THE DISTANCE AROUND THE CIRCUMFERENCE IS EQUAL TO 1803 3/4 THE = DISTANCE
AROUND 1S EQUAL To 270°; aLL OF THE WAY AROUND IS EQUAL TO 360°: 1/8  or

THE WAY AROUND |S EQUAL to 45%€Tc. THE sMaLL "zero" TO THE UPPER RIGHT OF
THE NUMBER DenoTes DEGREES,

REPRESENT ING DEGREES ALONG A STRA|IGHT LINE

Now suPPOSE THAT we SHOULD TAKE OUR CIRCLE OF F1G.,2 AND LAY OFF THE
CIRCUMFERENCIAL DISTANCE AS A STRAIGHT LINE. THE VARIOUE DEGREES COULD
THEN BE JLLUSTRATED ALONG THIS STRAJGHT LINE AS SHOWN YOU IN Fre. 3. IN
OTHER WORDS, THE LENGTH OF THIS STRAI]GHT 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 MEAN ING
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AS THOUGH P|CTURED ON THE CIRCLE. YOU WiLL FIND THIS PRACTICE CARRIED OUT
A GREAT DEAL IN TECHNICAL ARTICLES ETCe AND IT IS ADVISABLE THAT YOU BE=~
COME THOROUGHLY FAMILJAR WITH TH]S SYSTEM OF REPRESENTING DEGREES. IN
FACT, WE ARE ALREADY GOING TO PUT T TO PRACTICAL USE IN THIS LESSON,

GENERATING AN A.C. VOLTAGE

SINCE WE ARE GOING TO DEAL WITH ALTERNATING CURRENT CIRCUITE INTHIS
LESSON, IT 1S AD~
VISABLE THAT BE
FORE GOING ANY 300°
FARTHER, YOU FIR

[}
ST BECOME FAM=
ILIAR WITH THE .
METHOD WHEREBY 110° a0 i‘_’5-Dl«:»k:_aru::z_ equal to }_>‘
A.C. vOLTAGES Cireumference of Circle
ARE PRODUCED BY < _ L L | { 1
180* 53

MEANS OF A GEN= T 180° 710° 360°
ERATOR, | I
t
THE FiRST
IMPORTANT PO INT FlG. 3

FOR YOU TO RE=
MEMBER REGARD I NG
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 1S ILLUSTRATED IN F1Ge4 AND THE FOLLOWING
EXPLANATION WIlL AID YOU IN SEEING JUST HOW THIS 1S ACCOMPLISHED,

Represenkting Degrees Along A Straight line.

UpON CAREFUL INSPECTION OF Fiag. 4, YOU WJLL OBSERVE THAT HERE WE
HAVE A- COPPER W|RE LOCATED BETWEEN A NORTH AND SOUTH POLE OF TWO MAGNETS,
S0 THAT IT I8 COMPLETELY SURROUNDED BY THE MAGNETIC FIELD OR LINES OF
FORCE, WHICH ARE PRODUCED BY THE MAGNETS. Now THEN, |F WE SHOULD BY SOME
MECHANICAL MEANS FORCE THIS WIRE TC MOVE THROUGH THIS MAGNETIC FIELD IN
AN UPWARD DIRECTION, AS INDICATED 8Y THE ARROW, IT 1S 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 |TS ENDS TOGETHER, THIS GENERATED VOLTAGE Wi{LL BE  CAPABLE
OF FORCING AN ELECTRIC CURRENT TO FLOW THROUGH THE COPPER WIRE. [N OTHER
WORDS, THIS VOLTAGE 138 GENERATEC IN THE COPPER WIRE THROUGH THE ACT OoF
INDUCTION AND BECAUSE OF THIS FACT, WE REFER TO THE WIRE CUTTING THE LINES
OF FORCE As BEING THE INDUCTOR, |

SHOULD THE INDUCTOR IN F13.4 AGAIN BE MOY

ED THROUGH TH|S 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
wouLDd se REVERSED, THE RESULT WOULD BE THAT I[F
THE CIRCUIT SHOULD BE COMPLETED BY  CONNECTING
Ela. 4 THE ENDS OF THE WIRE TOGETHER,THIS PRESENT IN=

Cutting lines of Force. ~DUCED VOLTAGE WOULD CAUSE A CURRENT TO FLOW
THROUGH IT IN A DIRECTION OPPOSITE TO THAT  AS
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YOU FOUND IT WHEN MOVING THE [INDUCTOR UPWARDS,

IN OTHER WORDS, IT I3 APPARENT THAT BY MOVING A CONDUCTOR,WH|CH HAS
A COMPLETE CIRCUIT, RAPIDLY UP AND DOWN W|THIN A MAGNETIC FIELD,AN ALTER
NATING CURRENT wiLL BE GENERATED. THIS IS YOUR FUNDAMENTAL OR BASIC GEN=
ERATOR PRINC{PLE AND IT I3 APPLIED IN PRACTICE AS JLLUSTRATED IN Fia. 5.

THE A.C. GENERATOR

IN F1a. 5, YOU WILL NOTE THAT OUR INDUCTOR TAKES THE SHAPE OF A
LOOP, INSTEAD OF A STRAIGHT WIRE AND A BRASS OR COPPER RING 1S FASTENED TO
EACH END OF THE oop AT "A" anp "B" AND WE CALL THESE RINGS COLLECTOR

RINGS or SLIP RINGS, A STATIONARY CARBON BRUSH MAKES A W{PING CONTACT
WiTH EACH OF THE COLLECTOR RINGS, SO THAT EVEN THOUGH THE COLLECTORRINGS
SHOULD REVOLVE, THE BRUSHES WILL EACH MAINTAIN A SLIDING CONTACT WITH ITS
INDIVIOUAL 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 [N THE POSIT|ON SHOWN AT THE LEFT OF
F15.5, YOU WiLL OBSERVE THAT THE SIDE OF THE LOOP MARKED | AND 2 18 NEXT
TO THE NORTH POLE PIECE (N) AND SIDE 3 AND 4 OF THE LOOP 1S UNDER THE
INFLUENCE OF THE SOUTH POLE PIECE (S)e WITH THIS CONDITION FISRMLY FIXED
IN YOUR MIND, LET US NEXT SEE WHAT HAPPENS AS THE LOOP [S ROTATED IN A
CLOCKWISE DIRECTION OR AS INDICATED BY THE ARROW OF ROTATI!ON.

DURING THIS MOVEMENT OF THE LOOP, IT IS CLEAR THAT SIDE | aND 2 oF
THE LOOP WILL BE CUTTING THE FIELD'S LINES OF FORCE IN AN UPWARD pjyreEC=
TiON, WHILE SIDE 3 AND 4 S AT THIS SAME TIME CUTTING THE L{NES OF FORCE
14 A DOWNWARD oiRECTIONs 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 OUTEZR CIRCUIT IN THE DIRECTION AS iNDICATED. NOTICE  ESPECIALLY
THAT THE GENERATED CURRENT 13 AT THIS TIME FLOWING OVER THE EXTERNAL ci3
CUIT FROM BrUsH "AY" TowarDs BrRusH "BV,

AFTER THE WIRE LOOP HAS BEEN ROTATED ONE-HALF REVOLUTION OR 180°%,1T
WiLL COME TO THE POSITION AS PJICTURED AT THE RIGHT OF FiG. 5. AT THIS
TIME, YOU WiLL NOTE THAT SIDE | AND 2 1S NOW CUTTING LINES OF FORCE IN A
DOWNWARD DIRECTION, WHILE SIDE 3 AND 4 IS CUTTING THEM IN AN UPWARD pir-

FIG. S
Generatfng Alternating Current.
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ECTI0Ne [N 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 POS
ITION PREVJIOUSLY DESCRIBED AND THIS MEANS THAT NOW THE [NDUCED  VOLTAGE
CAUSES CURRENT TO FLOW THROUGH THE LooP IN AN OPPOSITE oirecTioN.

By CAREFULLY COMPARING THE RIGHT AND LEFT JLLUSTRATIONS OF Fiae. 5,
YOU WILL NOTICE THAT AT THE RIGHT, THE GENERATED CURRENT 1S FLOWING OVER
THE EXTERNAL CIRCUIT FroM "B" towarps "A™ —. exactLy OPPOSITE To 1Ts DI=
RECTION OF FLOW AS FOUND IN THE UNIT AT THE LEFT oF Fi1a. 5. IN OTHERWORDS,
ALTERNAT ING CURRENT 18 BEING GENERATED BY TH|S SIMPLE DEVICE AND THE FLOW
OF CURRENT WILL REVERSE JTSELF AS EACH HALF=-REVOLUTION OR 180°%F THELOOP'S
TRAVEL 1S 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 MANY TURNS,
ARE ALL PLACED ON AN IRON CORE OR ROTOR WHICH IS PROVIDED WITH A SHAFT
THROUGH I1TS CENTER. THIS ENTIRE UNIT 1s CALLED AN ARMATURE AnD 1T REVOLVES
AS A BODY, SUPPORTED IN BEARINGS.

THE MECHANICAL FORCE WITH WHICH TO ROTATE THE GENERATOR ARMATURE
MAY BE SUPPLJED BY AN ELECTRIC MOTOR, A GASOLINE, DiESEL OR STEAM ENGINE,
BY A WATER TURBINE ETC.

Now LET US CONTINUE AND INVEST|GATE SOME MORE IMPORTANT AND INTEREST
ING FACTS CONCERNING ALTERNATING CURRENTS.

THE REVOLVING ARMATURE

AT THE LEFT OF Fi1G. 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 F1
ELD OF THE GENERATOR IN A CLOCKWISE OIRECTION AS INDICATED BY THE SMALL
ARROW HEADS.

AT THE RIGHT OF F1Ge 6, WE HAVE LAID OUT AS A STRAIGHT LINE, THE

Positive peak
value \ A L. Voitage Curve

) Reference line
of 2ero voltage

[t—

1 i .
o I ]
o4 9 e o |
) g.g g ° 459
3 558
0 >0
ol
A
Negative Peak Yalue
One Revolution of Conductor
FlGg. ©

Producing the "Sine Curve’.
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CIRCUMFERENCIAL DISTANCE TO BE TRAVELLED BY THIS CONDUCTOR,MARKING  EACH
45° From 0° To 360°., THE COMPLETE LENGTH OF THIS HORIZONTAL LINE WILL  RE-
PRESENT ) REVOLUT ION OF THE CONDUCTOR AS STATED ON THE DRAWING AND THIS
LINE 1S 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 PJECES OF THE GENERATOR, FLOW STRA]GHT ACROSS THE ARMATURE
FROM THE NORTH POLE TO THE SOUTH POLE, THEREFORE,WHEN OUR ROTATING CON-
DUCTOR I8 AT POINT "X" wHicH 1s OUR sTARTING OR 0°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 1S 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 QENERATED AND IT INCREASES IN VALUE RAP|IDLY AS THE RO~
TATING CONDUCTOR COMMENCES TO CUT MORE LINES OF FORCE AT NEARLY RIGHT
ANGLES. WE CAN SHOW TH{IS VOLTAGE INCREASE GRAPHICALLY BY MEANS OF THE
CURVE AT THE RIGHT OF Fla, 6,

THE SHAPE OF THIS CURVE I8 OBTAINED BY MEANS OF PROJECTION. THAT IS
WE DRAW A HOR|ZONTAL DOTTED LINE FROM THE 45°POSETION OF THE ROTATING CON
DUCTOR 80 AS TO INTERSECT THE VERTICAL LINE WHICH 13 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 O°POINT OF THERREFERENCE
LINE THROUGH THE PO INT WHERE THE TWO LINES CROSS AT THE 45°POSITION OF
THE REFERENCE LINE,

. (-] [
As THE CONDUCTOR 1S ROTATED FARTHER, OR FROM THE 45 Mark To THE 90

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 1S AT THIS TIME AT ITS
PEAK or MAXIMUM vaLue., THEN BY PROJECTING THE 90°POSITION OF THE CONDUC-
TOR OVER TO THE VERTICAL LINE, WHICH IS DRAWN THROUGH THE 90 POINT OF OUR
GRAPH, WE DETERMINE THE HIGHEST OR PEAK POSITION FOR THE VOLTAGE CURVE,

DURING THE TIME THAT THE CONDUCTOR TRAVELS FROM 1T8 90° POINT TO THE
l80°pos:7|0N, IT WILL BEGIN CUTTING LESS LINES OF FORCE AT A MORE NEARLY
PARALLEL PLANE UNTIL THE |80°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 1TS I8O°POS|T|o~,No VOLTAGE AT ALL IS BE=-
ING GENERATED DUE TO THE FACT THAT THE CONDUCTOR 13 MOVING PARALLEL TO
LINES OF FORCE. CONSEQUENTLY, OUR VOLTAGE CURVE DROPS TO A ZERO VALUE AT
THE 180°MaRK,

From THE 180°T0 THE 270°POS|T|ON, THE REVOLVING CONDUCTOR WILLAGAIN
COMMENCE CUTTING MORE AND MORE LINES OF FORCE AT AN INCREASING ANGLE 8UT
AT THIS TIME, THE LINES OF FORCE ARE BEING cuT IN AN OPPOSITE  pirecTiON
THAN BEFORE. FOR THIS REASON, THE POLARITY OF THE VOLTAGE IS NOW REVERSED
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AND THE VOLTAGE INCREASE 1S THEREFORE AT THIS TIME REPRESENTED BY THAT PORT JON
OF THE CURVE WHICH 13 ORAWN 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 MAX|MUM OR NEGATIVE
PEAK VOLTAGE AT THIS INSTANT,

As THE CONDUCTOR GRADUALLY APPROACHES POsiTion "X" agaIn,s0 As  To
compLETE 360°0F TRAVEL OR ONE COMPLETE REVOLUTION, THE GENERATED VOLTAGE
BECOMES LESS UNTIL AT "X" orR 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 REA3SON, THE SAME CURVE CAN REPRE=
SENT EJTHER THE VOLTAGE OR CURRENT VARIATJON IN THIS PARTJCULAR EXAMPLE,
As YOu WILL NOTE FROM THE
RESULTING VOLTAGE CURVE,
oNE A,C. cYCLE WiLL BEcoM
PLETED DURING THE SINGLE
REVOLUTION OF THIS CONDUC
TOR AND AS THE ROTATION
OF THE CONDUCTOR CONTINUES,
WE WILL HAVE AN ENTIRESER

Voitage

Current

lqo0°

1ES OF CYCLES. Voltage — §
€A
THIS SAME CURVE OF Tvr 'y ¥

F1G.6 18 ALSO FREQUENTLY ;\E"—‘ & g%é
sPOKEN oF as THE SINE CUR N =

VE anND s0 NOw 1F You

SHOULD HEAR OR READ OF ANY

OF THESE TERMS,YOU  WILL ///

KNOW JUST EXACTLY WHAT IS A
MEANT BY THEM, —_—
THE DIFFERENT A.C.

VALUES

Current

FiG. 7,
Vo/éaqe and Current in Phase”

As YOU WILL OBSERVE FROM OUR VOLTAGE CURVE IN Fige. 6, THE VALUE OF
THE VOLTAGE AND CURRENT 13 CONTINuALLY VARYING DURING THE CYCLE AND AS A
RESULT, A DIFFERENT VALUE 18 OBTAINED AT EACH SUCCESSIVE INSTANT, For
THIS REASON, WE SPEAK OF THREE DIFFERENT KINDS OF VALUES WHEN REFERRING
TO ALTERNATING VOLTAGE OR CURRENT. VHESE THREE VALUES ARE KNOWN AS  THE
PEAK VALUE, INSTANTANEOUS VALUE ano THe EFFECTIVE VALUE, For GENERAL PRA
CTICAL WORK, HOWEVER, ONLY THE PEAK AND EFFECTIVE VALUES ARE OF § MPO R
TANCE.

THE PEAK VALUES ARE CLEARLY JLLUSTRATED FOR YOU IN Fi1a. 6 AnD oF
COURSE THESE VALUES ARE JUST WHAT THEIR NAME INDICATES. THAT 15, THE
PEAK VOLTAGE OR CURRENT Js THE MAXIMUM vOLTAGE OR CURRENT WHICH 18 GENER
ATED AT SOME INSTANT OF THE CYCLE,

WHEN weE 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™ 1S ALWAYS UNDERSTOOD TO BEMEANT
UNLESS WE ACTUALLY sPECIFY "pEak voLTAGE". THE PEAK VOLTAGE ofF A 220 voLT



- ——

PAGE 8 PRACTICAL RADIO

CIRCUIT 1S REALLY EQUAL TO APPROXIMATELY 3ll. |17 VOLTS BECAUSE THE EFFECT=-
IVE VOLTAGE 1S APPROXIMATELY EQUAL TO o707 OF THE MAXIMUM OR PEAK VOLTAGE.
IN LIKE MANNER,IF THE PEAK VOLTAGE 18 155,16 voLTS, THEN THE EFFECTIVEVOL
TAGE 18 EQUAL TO APPROXIMATELY |10 vOLTS AND WE WOULD SPEAK OF THE SYSTEM
As BEING A |I0 voLT circulT, AN A,C, VOLTMETER REGISTERS THE EFFECTIVE voy
TAGE AND NOT THE PEAK VOLTAGE,

The EFFECTIVE CURRENT oF an AeC. CIRCUIT 1S THE CURRENT WHICH HAS
THE SAME HEATING EFFECT AS A DIRECT CURRENT OF 80 MANY AMPERES. THE EFFEC
TIVE VALUE OF THE CURRENT IN AN A.C. CIRCUIT 18 EQUAL TO APPROX]IMATELY
+707 TIMES THE MAXIMUM CURRENT OF THE CYCLE. IN OTHER WORDS, IF THEMAX |MUM
CURRENT AT S8OME INSTANT OF THE CYCLE 18 50 AMPERES, THEN THE EFFECTIVE CUR
RENT I8 EQUAL TO 707 X 50 or 35,35 AMPERES.

Tue EFFECTIVE VOLTAGE THEN CAN ALSO BE CONSIDERED AS THE ALTERNAT=
' ING VOLTAGE REQUIRED TO FOR

CEA CURRENT THRU A CIRCUJT
HAV ING THE SAME HEAT ING VAL
Voltage UE AS THE CURRENT WHICH 18
10° POWER, ProbuUceD 8y A D IRECTVOLTAGE
, %O T oF TH18 SAMEVALUE, THe eF-
P (( FECTIVE VALUES ARE ALSO FRE
QUENTLY SPOKEN OF AS THE"RQ
OT MEAN SQUARE VALUE" WHICH
IS GENERALLY ABREV |ATED A8
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 [T USED SOME=
) Fic. & WHERE,
Voltage znd Current ‘out of Phase”

Current

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 s 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 CUR
RENT 18 EQUAL TO THE PEAK CURRENT MULTIPLIED BY o707 « THAT 15 TO SAY, IF
THE PEAK CURRENT s 55 AMPERES, THE EFFECT IVE 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 B8Y THE CONSTANT |,4!, IN OTHER WORDS,
IF THE EFFECTIVE VOLTAGE IS KNOWN TO BE 300 VOLTS, THEN THE PEAK VOLTAGE
WILL BE EQUAL To 300 X l.4] or 423 voLTs. IN LIKE MANNER,IF THE EFFECTIVE
CURRENT Is 30 AMPERES, THEN THE PEAK CURRENT WILL BE EQUAL To 30 X l.4}or
42,3 AMPERES,

THESE RULES AS HERE GIVEN, HOWEVER, APPLY ONLY TO CIRCUITS IN WHJCH
THE ALTERNATING VOLTAGES AND CURRENTS ARE OF A TRUE S{NE=WAVE FORM,

THE INSTANTANEOUS vALUES OF THE CURRENT OR VOLTAGE IN AN A,C. CIR-
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CUIT ARE THE VALUES AT SOME PARTICULAR INSTANT OF THE CYCLE., THAT 1S, THE
VALUE AT THE 35 POINT OF THE CYCLE,AT THE 42 PO INT ETCe.y, BUT FOR PRAC=
TICAL RADtO PURPOSES, YOU WILL HAVE NO USE FOR INSTANTANEOCUS VALUES OF
EITHER THE VOLTAGE OR CURRENT. HOWEVER, IN A LATER LESSON YOU WILL BE
SHOWN HOW TO CALCULATE PROBLEMS [|NVOLVING INSTANTANEOUS VALUES.

THE MEANING OF "PHASE"

Now THERE IS ANOTHER ELECTR|CAL EXPRESSION WHICH YOU WILL FINDUSED
A GREAT DEAL RELATIVE To A,C, CIRCUITS IN RADIO AND THIS IS THE TERM
"PHASE", No pousT, Fic. 7 AND F1G. 8 WILL AIC YOU CONSIDERABLY IN GRASP=
ING THE MEANING OF THIS POPULAR TERM,

In Fie. 7, FOR INSTANCE, WE HAVE AN EXAMPLE |LLUSTRATING THE FACT
THAT THE VOLTAGE AND CURRENT IN ANA.C.
CIRCUIT ARE "IN PHAsSe"., HErRE we ARE

-7 1

PICTURING VOLTAGE AS THE LARGE AND {2
MORE POWERFUL DEMON WH{LE THE CURRENT
IS THE SMALLER BUT ACTIVE HARD WORKING
LITTLE FELLOW. BOTH ARE AFPLYING THEIR

uTMOST EFFORTS S|MULTANEQOUSLY TowarDps h
COMPRESS ING THE SPRING, THEREBY CAUSING zgofgrg
THE INDICATING NEEDLE TC SWING A CON=

SICERABLE DISTANCE ACROSS THE  SCALE. B+

IN OTHER WORDS, THE VOLTAGE AND CURRENT
ARE BOTH IN STEP wiTH EACHOTHER, WORK=—
ING IN CLOSE "TeAM work,"

FlG. 9

Caleulating Inductive Reactance,
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 Fic. 7. As You WILLNOTE,
THE PEAK 'VALUES OF BOTH THE VOLTAGE AND CURRENT OCCUR AT THE SAME |NSTANT
AND THEY BOTH DROP TO A ZERO VALUE AT THE SAME [NSTANT. THIS RELATION BE
TWEEN THE VOLTAGE AND CURRENT ALWAYE EX|STE WHENEVER THE VOLTAGE AND THE
CURRENT ARE IN PHASEs

WHENEVER AN A,C. CIRCUIT conTaIns RESISTANCE ALONE AND NEJTHER IN=
CUCTANCE OR CAPACITY, THEN THE VOLTAGE AND CURRENT ARE ALWAYS |N PHASE AS
HERE SHOWN.,

Now In File. 8,WE HAVE PICTURED A DIFFERENT CONDIT 10Ny FOR HERE VOL~-
TAGE 1S "LAYING DOWN ON THE J0OB™" AND DOESN!T REALLY COMMENCE WORKING AS
HARD AS IT SHOULD UNTIL THE CURRENT HAS ALREADY COMMENCED TO BUJLD UP.
THE RESULT 18, THAT THE CURRENT REACHES |Te¢ PEAK VALUE BEFORE THE vOLTAGE
REACHES ITS PEAK VALUE., IN OTHER WORDS, THE VOLTAGE LAGS BEHIND THE CURR
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=
PRESS ION BY SAYING THAT THEY ARe "OUT OF PHASE",

AS YOU SHALL SEE A LITTLE LATER,THERE ARE ALSO TIMES WHERE THE VOL
TAGE LEADS THE CURRENT IN AN A,C, CIRCUIT BUT IRRESPECTIVE OF WHICH OF THE
TWO VALUES 1S LEADING THE OTHER, THEY ARE QUT OF PHASE unLESS INCREASING
AND DECREASING IN VALUE SIMULTANEOUSLY. NOW THAT YOU UNDERSTAND WHAT 1S
MEANT BY THESE TWO ELECTRICAL TERMS "IN PHASE" AND "oUT oF PHASE",LET us
NEXT INVESTIGATE THE MATTER OF INDUCTANCE A L§TTLE MORE THOROUGHLY.
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INDUCT {VE REACTANCE

IN ALL OF YOUR PRELIMINARY STUDIES, YOU LEARNED THAT AN INDUCTANCE OR
COIL OFFERED AN OPPOSITJON TO THE FLOW OF ALTERNATING CURRENT DUE TO THE
SELF {NDUCTION IN THE WINDINGe YOU ALSO LEARNED THAT THE OPPOSITION OFFER
ED BY AN |INDUCTANCE INCREASES W{TH AN INCREASE IN FREQUENCY BUT NOW LETUS
CONSICER THIS EFFECT IN GREATER DETAIL. 10 BEGIN WITH, IT 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,

SENCE A COIL OR INDUCTANCE OFFERS AN OPPOS{TION TO THE FLOW OF AN
A.C. CURRENT ON ACCOUNT OF ITS MAGNETIC QUALITIES, T IS NO MORE BUT REAS=
ONABLE THAT WE ALSO MEASURE
Det. RFChoke o THIS TYPE OF OPPOS{TJON IN
27 (Bomh), 1£AF

OHMSy BECAUSE THE EFFECT OF A
GIVEN EM,F, OF SELF INDUCTION
IN IMPEDING OR RETARDING THE
FLOW OF CURRENT IS EQUIVALENT

TO A CERTAIN NUMBER OF OHMS RE

SISTANCE WH{CH WOULD HAVE EX=—
I B+ I ACTLY THE SAME EFFECT.Now THE
T % Cond. v ¥ REAL ELECTR§CAL NAME FOR THIS

eFFecT oF SELF-INOUCT ION TO

OPPOS ING THE FLOV/ OF ALTERNAT-

ING CURRENT 1S cALLED INOUCTIVE

/nductive Reactance of R. F. Choke . REACTANCE. So REMEMBER NOW,

INDUCTIVE REACTANCE s simpLY

THE OPPOSITION OFFERED BY A COIL OR WINDING TO THE FLow OF A,C, OR PULSAT
ing 0,C. currenTs pue To SELF—INDUCTION IN THE WINDING.

Fla. 10

CALCULATING INDUCT IVE REACTANCE

WE HAVE A SIMPLE FORMULA AVA{LABLE FOR OUR USE,WH|CH ENABLES US TO

CALCULATE QUITE READILY THE INDUCTIVE REACTANCE OF ANY INDUCTANCE, To
DETERMINE THE INDUCTIVE REACTANCE OF ANY COjL,SiMPLY MULTIPLY TOGETHER
2 X 3,1416 X FREQUENCY IN CYCLES PER SECOND X THE INDUCTANCE OF THE COIJL
IN HENRIESs EXPRESSED As A FORMULA WE HAVE X = 2T fL wHerRe X 18 THE

STANDARD SYMBOL FOR INDUCTIVE REACTANCE, JT IS THE CONSTANT 3.1416,"f" 1s
THE FREQUENCY EXPRESSED IN CYCLES PER SECOND AND L 1S THE SYMBOL FOR IN-
DUCTANCE IN HENRIES,

SOMET IMES YOU WlLL ALSO COME ACROSS THIS FORMULA WRITTEN IN THE FORM
XL==6.28fW.. IN THIS CASE, THE APPROXIMATE VALUE OF J| OR 3|4 HASALREADY
BEEN DOUSLED OR MULTIPLIED BY 2 SO AS TO GIVE THE CONSTANT 6.28 (N THE
LATTER FORM, OTHERWISE, BOTH FORMULAE ARE IDENTICAL AND YOU CAN USE E[TH~
ERe THE LATTER OR XL==6.28'fL IS MOST USED FOR PRACTICAL PURPOSES BECAUSE
IT REQUIRES LESS COMPUTATION AND |3 SUFFICIENTLY ACCURATE EVEN THOUGH THE
LAST TWO DECIMAL PLACES HAVE BEEN DROPPED FROM THE VALUE oF ‘Tl .

IN Filge S, WE HAVE A PRACTICAL EXAMPLE FOR DETERMINING THE INDUCTIVE
REACTANCE OF AN [NDUCTANCE. IN THIS CASE, A 30 HENRY CHOKE OR IMPEDANCE
COIL 13 CONNECTED IN THE PLATS CIRCUIT OF A TYPE =27 TuBE. LET us NOW
DETERMINE THE INDUCTIVE REACTANCE OF THIS CHOKE AT THE TIME THAT AUD O



LESSON NO,.39 page |}

CURRENT VARIATIONS OF A |00 CYCLE FREQUENCY FLOW THROUGH [T,

OurR FORMULA FOR THIS CALCULATION 13 OF COURSE XL=6.28f L, so our
FIRST STEP IS TD SUBSTITUTE OUR VALUES INTO THE FORMULA. SINCE THE  FRE=-
QUENCY,WITH WHICH WE ARE DEALING AT THIS PARTICULAR TIME, IS 100 cvycLES AND
THE INDUCTANCE OF THE CHOKE 15 30 HENR{ES,WE SIVPLY INSERT THESEZ  VALUES
FOR ﬂf" AND "L" IN THE FORMULA. WE THEN HAVE THE EXPRESSION THAT X =6.28
X 100 X 30 AND HENCE BY MULTIPLYING TOGETHER 6.28 sy 100 sy 30,we FIND
THAT THE INDUCTIVE REACTANCE FOR THIS 30 HENRY CHOKE AT [0 cvcLes 1S
18,840 oHMs., As YOU WILL NOTE, THIS CHOKE WJLL OFFER A CONSIDERABLE LOAD
IN THE PLATE CIRCUIT OF TH1s TuBE AT |00 CYCLES IN SPITE OF THE FACT THAT
THE D.C., OR OHMIC RESISTANCE OF THE WIRE MAKJING UP THE CHOKE |3 RELATIVELY
LOW,

FOR THE SAKE OF EXPLANATION,LET US SEE WHAT HAPPENS WHEN THE FREQUEN
CY OF THE CURRENT PASSING THROUGH THIS SAME cHoxE 15 INCREASED, For EXe
AMPLE, WE WILL ASSUME THAT AN AUDI!O FREQUENCY OF 2000 cycLES IS ACTING
UPON IT AT ONE INSTANT. AT THIS TIME, WE HAVE TO SUBSTITUTE THE VALUE OF
2000 For "f" IN OUR FORMULA AND THE EXPRESSION THEN BECOMES X, =6,28X2000 X
30. WORKING OUT THIS CALCULATION, WE FIND THE INDUCTIVE REACTANCE FORTHIS
CHOKE AT 2000 cvcLeEs To BE 376,800 OHMS, THIS SHOWS YOU THAT THE INDUCTIVE
REACTANCE |NCREASES VERY RAPIDLY AS THE OPERATING FREQUENCY IS INCREASED.

QUITE OFTEN IN YOUR RADIO WORK, YOU WILL HAVE TC DEAL WiTH COILS ETC}
WHOSE INDUCTANCE IS SO SMALL THAT THE UNIT "MiLLIHENRY" OR "y cROHENRY M 1S
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 1y
DUCT IVE REACTANCE WITH OUR FORMULA, FOR THE VALUE OF THE INDUCTANCE WILL
FIRST HAVE TO BE CHANGED TO HENRIES., THAT 1s, IF THE colL'S INDUCTANCE IS
GIVEN AS 80 MILLIMENRIES, THI3 IS, EQUIVALENT TO .080 HENRIES. |F THE IN-
DUCTANCE IS GIVEN AS |00 MICROHENRIES, THEN THIS IS EQUIVALENT TO .000|HEN=
RIES "ETCs '

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 [LL-
USTRATED IN Fiag. 10. HERE WE HAVE AN 80 MILLIHENRY CHOKE CONNECTED IN THE
PLATE CIRCU|T OF A TYPE =27 DETECTOR TUBE. Now LET US DETERMINE THE IN-
DUCT IVE REACTANCE OR THE OPPOSITION OFFERED BY THIS CHOKE TO A RADIO FRE-
QUENCY oF 500 Kc.

OUR FIRST STEP 1S TO CHANGE THE VALUE OF THE CHOKE FROM 80 MILLIHEN=
RIZ8 TO ITS EQUIVALENT OF .080 HENRIES. THE RADIO FREQUENCY OF 500 Kc.
MUST NEXT BE CHANGED TO ITS EQUIVALENT oF 500,000 cvcLEs. THIS DONE, WE
ARE NOW READY TO SUBSTITUTEZ THESE NEW VALUES [NTO OUR FORMULA OF INDUCTIVE
REACTANGCE. THAT 13, X =6.28FL or X,=6.28 X 500,000 X .080=251,200 oHms.

As YOU WiLL NOTE FROM THE RESULTS OF THI3 CALCULATION, AN ORDINARYReFe
CHOKE OFFERS A GREAT DEAL OF OPPOSITION OR INDUCTIVE REACTANCE TO RADIO
FREQUENCIESe

ANOTHER GROUP OF HANDY FORMULAS FOR EASY DETERMINATION OF THE [INDUC-
TIVE REACTANCE OF A GIVEN INDUCTANCE ARE AS FOLLOWS?S

|F THE FREQUENCY IS GIVEN IN CYCLES AND THE INODUCTANCE IN HENRIES,
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THEN THE REACTANCE IN OHMscCYCLEs X HENRIES X 1000.. THAT 1S, MULTIPLY TO=
— 159

GETHER THE FREQUENCY N CYCLES, INDUCTANCE IN HENRIES AND MULTIPLY  THiS

PRODUCT B8Y 1000, FiINALLY, DIVIDE THIS RESULT BY |59 AND THE ANSWER W]LL BE

THE REACTANCE IN OHMS3,

|F THE FREQUENCY 1S GIVEN IN K{LOCYCLES AND THE INDUCTANCE IN MILLI=
HENRIES, THEN THE INDUCTIVE REACTANCE [N OHMS 1S EXPRESSED AS FoLLows:

KjrocycLes X MiLi fHENRLES X_ 1000, THESE ARE OMLY, APPROXIMATE FORMLAE BUT
' 159

OFFER SUFFICIENTLY ACCURATE RESULTS FOR ORDINARY PRACTICAL PURPODSES,

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 INVESTIGATJON OF MANY MORE |NTERESTING
PHENOMENA CONCERNING ALTERNATING CURRENTS §N THE FOLLOWING LESSONS. THEN
WHEN YOU HAVE MASTERED THE COMING LESSONSe YOU ARE GOING TO ENTER THE MOST
FASCINATING PORTION OF YOUR RaDloO TRAINING, NAMELY THAT OF DESIGMNING AND
CONSTRUCTING RADID EQUIPMENT SUCH AS R.F. ColILs, POWER TRANSFORMERS, COM=
PLETE POWER PACKS ETC,

N———
J Examination Questions
{

y /h\
e\d&*ﬁ - EXPLA!N HOW A GENERATOR PRODUCES AM ALTERNATING VOLTAGE.
L A

f% \ |24 = DescriBe THE "siNE cuUrVE",

\ 3. = WHAT Do we MEAN BY THE Terms PEAK VALUE, INSTANTANEOUS
VALUE, anp EFFECTIVE VALUE?

4, - |F THE PEAK VOLTAGE OF A CERTAIN A.C., circuiIT 18 600
VOLTS, WHAT 1S THE EFFECTIVE VOLTAGE?

5. = |F THE EFFECTIVE VOLTAGE OF A CERTAIN A.C. CIRCUIT IS
256 VOLTS, WHAT IS THE PEAK VOLTAGE?

Bs - WHAT DO WE MEAN BY THE EXPRESS1ONS "IN PHASE"™ ano "out
oF PHASE" wiTH rResPecT To A.C. circuITs?

7. = WHAT g3 MeanT BY THE Term INDUCT IVE REACTANCE?

8e = A CERTAIN A,F, CHOKE HAS AN INDUCTANCE OF 30 HENRIJES.
WHAT WILL BE §TS INDUCTIVE REACTANCE TOWARDS A.F,Cur=
RENTS HAVING A FREQUENcY OF |500 cvycLeEs PER seconD?

9, = WHAT INDUCTIVE REACTANCE WILL AN 85 MILLIMHENRY R.F,

CHOKE OFFER TOWARDS RADIO FREQUENCY CURRENTS oF 600
Ke?

10e= WHENEVER AN A,C, CIRCUIT CONTAINS RES ISTANCE ALONE AND
NO INDUCTANCE OR CAPACITY, WILL THE VOLTAGE AND CURR-
ENT BE IN PHASE OR OUT OF PHASE?
F - w

. T .
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LESSON NO. 40

INDUCTANCE-CONDENSER CALCULATIONS IN A.CC/IRCUITS
IMPEDANCE

ONE OF THE MOST JMPORTANT THINGS ABoUT A THOROUGH RADIO TRAINING IS
THAT |IT PUTS YOU INTO A POSITION WHERE YOU HAVE A LARGE VARIETY OF J0OBS
TO CHOOSE FROM. [N 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 Fic. |, A DESIGNER ETC,

THI8 FACT, OF COURSE, MEANS A GREATER CHANCE FOR EMPLOYMENT N THE
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 TRAININGs

=

SET YOURSELF A HiIGH Q0AL AND
KEEP THIS GOAL CONSTANTLY IN MIND, SO
THAT YOU WILL BE INSPIRED TO STUDY
HARD |N ORDER TO ATTAIN THE  SUCCESS
THAT 1S BOUND TO COME TO YOU, REMEM-
BER, THAT EACH LESSON IS NOTHING MORE
THAN A STEPPING STONE,WHICH IS BRING-
NG YOU CLOSER AND CLOSER TO THAT
Gooo Raplo Jos,.

Now LET US CONTINUE WITH THE SEC
OND PORTION OF OUR STUDY,WHICH CONe
CERNS THE ESSENTIALsS oF A.Cs clrCUITS,

THE PHASE RELATIOW IN
INDUCTIVE CIRCUITS

FIRST, WE SHALL INVESTIGATE THE MA=
TTER OF THE PHASE RELATION IN A CIR=-
CUIT CONTAINING INDUCTANCEALONE AND NO
RES | STANCE OR CAPACITY.0F COURSE, SUCH A
CONDITION IS REALLY IMPASS IBLE IN A PRA
CTICAL SENSE BUT NEVERTHELESS, AN UN=-

FiG.1 DERSTANDING OF IT WILL AID YOU INMORE

Testing Radiec Eguipment. READILY UNDERSTANDING THE PHASE RELA=
TION IN INDUCTIVE CIRCUITS THAN IF WE

SHOULD ALREADY CONSIDER A COMPLEX CON=-
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DITION A8 REALLY EXJISTS IN ACTUAL PRACTICE,

THE VOLTAGE AND CURRENT FOR A PURE INDUCTIVE CIRCUIT ARE SHOWN TOw
GETHER IN F16. 2. HERE YOU WILL NOTE THAT THE VOLTAGE COMMENCES TO  JN=
CREASE RAPIDLY BEFORE THE CURRENT ACTUALLY STARTS TO FLOW THROUGH THE
CIRCUIT. THIS PECULIAR
EFFECT 18 DUE TO THE
COUNTER ELECTROMOT IVE FOR
CE DEVELOPED BY THE IN=-
DUCTANCE AS A VOLTAGE I8
FIRST APPLJED ACROSS 1T,
THE VOLTAGE, YOUWJLL NOTE
IN F1G6e 2, REACHES 1TSS
PEAK VALUE AT S0°AND AT
THIS SBAME INSTANT, THE
CURRENT JUST STARTS ITS

: E1G.2 INCREASE IN VALUE. In

Voltage leads Current in /nduckive Greuits, OTHER WORDS, THE CURRENT

LAGS BEHIND THE VOLTAGE

8y 90°, OR THE VOLTAGE LEAD8 THE CURRENT BY 90; CONTINUALLY,THE CURRENT

REACHES 1TS PEAK VALUE WHEN THE VOLTAGE 18 ZERO AND THE VOLTAGE REACHES

ITE PEAK VALUE WHEN THE CURRENT IS AT ZEROs THUS WE CONCLUDE, THAT IN CIf

CUITS CONTAINING INDUCTANCE ALONE, THE VOLTAGE AND CURRENT ARE 90" ouT oF
PHASE, WITH THE VOLTAGE LEADING THE CURRENT.

SERIES CONNECTED INDUCTANCES

Now LET Us CONSIDER THE EFFECT WHICH 1S PRODUCED WHEN INODUCTANCES
ARE' CONNECTED IN SERIES. THIS 18 ILLUSTRATED FOR YOU IN FiGe 3 AND IT IS
INTERESTING TO NOTE THAT WE TREAT SERJES CONNECTED INDUCTANCES THE BSAME
AS SERIES CONNECTED RESISTORSe THAT 18, AT THE ToP OF Fia, 3, WE HAVE A
300 oHm, 200 oHm AND 400 OHM RES|STOR CONNECTED §N SERIES. THE TOTAL RE=
SISTANCE OF THIS COMBINATION THUS BECOMES EQUAL TO THEIR sum (300 4 200
+ 400 or 900 oHMms.)

WHEN INDUCTANCES ARE CONNECTED  IN
SERJES, WE FJQURE THE TOTAL INDUCTANCE THE Total Resistance ;I
SAME WAYe THAT 1S,IN THE CASE OF F1Ge3,THE 900 fL

Ea?chCROHE:RY (THE symBoL "uh " DENOTES ts0on 2000,  4ooq
HENRY"), 200 MICHROHENRY AND 400 EAAAAA——AAA = AAAAA
MICHROHENRY COILS ARE CONNECTED TOGETHER
IN SERJIES. THE TOTAL INDUCTANCE OF THECOM Total Inductance _
BINATJON THUS BECOMES 300 + 200 + 400

OR 900 MICHROHENRIESs IN LIKE MANNER, THE
TOTAL INDUCTIVE REACTANCE OF THESE THREE
COILs TOWARDS THE FLOW OF AN A.Ce CURRENT
OF GIVEN FREQUENCY WOULD BE EQUAL TO THE

SUM OF THE REACTANCES OF THE THREE COILSe FI1G.3
Induct &
PARALLEL CONNECTED INDUCTANCES roue aﬂ/fve%er/?:s,zedca,

IN F1Gs4, WE HAVE PICTURED THE CONDITION WHERE THREE COILS;0R 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
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EXAMPLE, AT THE ToP oF FiG.4, WE HAVE A 300,200 ano 400 OHM RESISTOR CON
NECTED IN PARALLEL AND AS YOU LEARNED IN A PREVIOUS LESSON,; THEREC)PROCAL
OF THE COMBINED RESISTANCE OF THIS COMBINATION 1S FOUND BY ADDING TH:-:
RECIPROCALS OF THE INDIVIDUAL RESISTORS, THAT Is, |_ Ledyl or 1 S

RRR.,Ry R 300 200
| or | 4 15 3_ orR R=92,3 oHms

— = + C Q

400 4; 1200 1200 1200

IN LIKE MANNER, THE RECIPROCAL OF
THE TOTAL INDUCTANCE OF A GROUP OF PAR=
ALLEL CONNECTED INOUCTANCES,BECOMES E=
QUAL TO THE SUM OF THE RECIPROCALS OF THE
INDIVIDUAL INDUCTANCES. FOR EXAMPLE, IN
THE caste ofF Fia. 4, _|_=_|_+_]_*__|_ wHeErRe L

L L‘ Lo Ly AC. Generator

REPRESENTS INDUCTANCE.CONTINUING,WEHAVE
THAT_[.___.|+|+_|OR_I_ filis- %

L 300 200 400 I200 1200 =
3 , WHENCE L OR THE COMBINED  INDUC- ‘ =
1200 £
TANCE BECOMES 92.3 MICROHENRIES. IT THUS 3o0ouh/ Zooun! 40
ALSO FOLLOWS THAT THE TOTAL  INDUCTIVE
REACTANCE OF THESE THREE CO|LS TOWARDS
THE FLOW OF AN A,C, CURRENT OF GIVEN
FREQUENCY WOULD BE FIGURED WITH THE AID Filg. 4
OF RECIPROCALS., |N OTHER WORDS, IF THREE Inductances Connected
PARALLEL CONNECTED COILS AT A GIVEN FRE= In Paralle/.
QUENCY RESPECTIVELY HAVE AN INDUCTIVE REACTANCE OF 2000 oHMs, 1500  oHms
AND 3000 OHMS, THE THREE TOGETHER WOULD HAVE A COMBINED REACTANCE oF
666.66 otms ( L _1I | _4_l_ or X=666,66 OHMS )
Xy 2000 1500 © 3000

CAPAC|TIVE REACTANCE

Yoo n.

2000

4oo0n
e VAV A AY

x

Now LET us TURN OUR ATTENTION TO A DIFFERENT TYPE OF REACTANCE.THIS
TIME, IT 18 GOING To BeE CAPACITIVE REACTANCE AND THIS IS THE REAL NAME
FOR THE OPPOS/ING 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 ADVAN=-
CED FORM,

15t znd | To secin wiTH, CAPACITIVE
RF, RE REACTANCE 1S ALSO MEASURED [N OHMS,
THE SAME AS RESISTANCE AND INDUC-
TIVE REACTANCE, THE METHOD OF CAL=-
CULAT ING THE CAPACITIVE REACTANCE,
HOWEVER, IS SOMEWHAT DIFFERENT,AND
= WE MAKE USE OF THE FOLLOWING FORM

y ULAS l or X _ | WHERE

700 L)

_]_ 5 MFd. 2,rfc 6.28fC

I X 1S THE S¥MBOL FOR CAPACITIVE RE
- ACTANCE, "o " 43 THE CONSTANT
6.28 (apPrOXIMATE) "T " 18 THE
Fla. 5 FREQUENCY IN CYCLES per  sEconD

. s LiTedi]
Cyleulating Capacitive Reactance. AND "C" s THE caPacITY OF THE _
GIVEN CONDENSER EXPRESSED IN FARADS.
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A PRACTICAL CAPACITIVE REACTANCE PROBLEM

LET Us WORK OUT A PRACTJCAL PROBLEM INCLUDING CAPACITIVE REACTANCE
AND SEE JUST WHERE WE STAND. IN Fia. 5, You ARE sHOWN Two R.F.aMPLIFYING
STAGES WHICH HAVE A 200 OHM GRID BI1AS RESISTOR INSTALLED IN THEIR COMMON
CATHODE CIRCUIT. THIs 200 OHM RESISTOR 1S BY PASSED 8Y A<l MFD.CONDENSER,

As You ALREADY  KNOW,
THE PURPOSE OF THIS BY=PASS’
CONDENSER §S8 TO PASS THE
RADIO FREQUENCIES TO GROUND
S0 THAT THEY WON'T PASS
THROUGH THIS RESISTOR  BUT
NOW LET US SEE HOW THIS CON
1 3&fr DITION 18 GOING TO WORK OUT
/ MATHEMAT ICALLY,

Current ——

<

RV
\ Volkage

SINCE WE ALREADY KNOW
THAT A CONDENSER OFFERS LESS
> ‘k~(ﬁpeak Value. OPPOSITION OR LESSREACTANCE
Neq. current
beak value. TO ALTERNATING CURRENTS AS
THE FREQUENCY [NCREASES,LET
Ela. 6 US CHOOSE A LOW RADIO BROAD
Current Leads the Voltage in a Caps- CAST FREQUENCY AND SEE WHAT
citive Cireurt. 1S GOING TO HAPPEN.WE sHALL
assume aN R.F, ofF 550 Kec,
THE CAPACITIVE REACTANCE OF THIS o] MFDe CONDENSER TO A RADIO FREQUENCY
oF 500 Kce 1S EXPRESSED BY THE FORMULA ASX. 1
<6,28 X 500,000 X ,0000001
(NoTE THAT 550,000 cycLeEss550 Kce anD 0000001 rFaraD= I MFD)e THIS FORM=
ULA WORKS OUT ASXE‘ | _ OR THE CAPACITIVE REACTANCE OF THE | MFD. CON=
. 314 ;
DENSER AT 550 KCe IS 3.18 OR APPROXIMATELY 3 OHMS,.

4 / Negq. Voltage

THE B1AS RESISTOR OFFERS APPROXIMATELY 200 OHMS OF RESISTANCE [RR=
ESPECTIVE OF THE FREQUENCY AND SINCE WE FOUND THAT THE | MFD. 8Y~=PASS
CONDENSER ONLY HAS A CAPACITIVE REACTANCE OF APPROXIMATELY 3 OHMS AT 500
KCe, IT 1S 0BVIOUS 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 I8 NEARLY 70 TIMES AS
GREAT A8 THAT OFFERED BY THE CONDENSERs

AS THE FREQUENCY BEINGHAND
LED BECOMES GREATER, THE CAPACI|~
TIVE REACTANCE BECOMES LESS AT
A RAPID RATE,SO THAT THE EFFECT
OF THE BY~-PASS CONDENSER BECOMES
S8TILL MORE PRONOUNCED,FOR  EX—
AMPLE, AT 1500 Kco.THE REACTANCE
OF THE BY~PASS CONDENSER IN Fia. oSO FAIRICRNcoos KE-
5 BECOMES  As FoLLows: ¥, = 5o Mmed) - [(boo M)
' - % o =
6.28 X 1,500,000 X .0000001 °F
=1.06 or APPROXIMATELY | OHM. Fie.7
IN OTHER WORDS,AT A FREQUENCY OF Capacity Increased by
1500 Kc., THE BIAS RESISTOR OF=- Paral'el Comnectior.

001 Mfd
(1000 MmFd)
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FERS ABOUT 200 TIMES AS MUCH OPPOSITION TO THESE HIGH FREQUENCIES AS
OOES THE CONDENSER AND S0 THESE CURRENTS HAVE A STILL GREATER TENDENCY
TO PASS THROUGH THE CONDENSER [N PREFERANCE TO PASS)NG THROUGH THE 200
OHM RES|STOR.

THIS PRACTICAL PROBLEM IN ITSELF SHOWS You JusT EXACTLY wHAT A BY-
PAS8 CONDENSER ACCOMPLJSHES, THEREBY EMPHAS|ZING |TS IMPORTANCE 8T|LLMORE,

ANOTHER FORMULA WHICH YOU CAN USE IN ORDER TO DETERMINE THE CAPAC=
ITIVE REACTANCE OF A GIVEN CONDENSER AT A SPECIFIED FREQUENCY S AS FOoLL
ows?

CAPACITIVE REACTANCE IN OHMS — 159, 155
FREQUENCY IN CYCLES X CAPACITY INMFD.
THIS FORMULA CHECKS CLOSELY WITH THE ONE GIVEN YOU PREVIOUSLY.FOR EXAMPLE,
WHEN USED TO CALCULATE THE CAPACITIVE REACTANCE OF THE BY=PASS CONDENSER
iIN Fies 14 aT 550 Ke.,
THIS SECOND FORMULA
WORKS OUT A8: X, =
159, 1556 =2.89 oHms

Ch Ca

550,000 X .| S — = i
OR APPROXIMATELY 3 OHMS, 250 Mmfd 500 Mmfd 1000 Mmfd.
THE SAME A8 OBTAINED FROM (00015 ME4) (-0005 Mfd) (001 Mfd.)

OMPUTAT ION
THE PREVIOUS C U 10N. FlG. &

Capacity Reduced by Series Copnection.
THE PHASE RELATION IN CAPACITIVE CIRCUITS

Now THAT YOU ARE FAMILIAR WITH CAPACITIVE REACTANCE, LET US NEXT 1N
VESTIGATE THE MATTER OF THE PHASE RELATION IN AN ELECTRICAL CIRCUIT CONe
TAINING CAPACITY ONLY. IN THIS CASE, THE VOLTAGE AND CURRENT CURVES WOULD
APPEAR AS [|LLUSTRATED IN Fiec. 6. NOTICE IN THIS GRAPH HOW DURING THIS
ONE CYCLE, THE CURRENT REACHES |TS MAXIMUM OR PEAK VALUE 90° BEFORE THEe
VOLTAGE REACHES ITS PEAK VALUE. IN OTHER WORDS, IN A PURELY CAPACITIVECIR
CUIT, THE VOLTAGE AND CURRENT ARE 90 OUT OF PHASE BUT THE CURRENT LEADS
THE VOLTAGE IN THIS CASE. THIS Is JusT THE REVERSE oF WHAT TAKES PLACE IN
A PURE JNDUCTIVE CIRCUIT,

WiTH THIS PO INT SETTLED, WE WILL PROCEED WITH THE MATTER CONCERNe
ING SERIES AND PARALLEL CONDENSER CONNECT IONS, DJISCUSS ING THE PARALLEL
ARRANGEMENT FIRST,

CONDENSERS CONNECTED IN PARALLEL

IN Fiee 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 Mro. ( 250 MMFD.); »0005 mrp, (500 MMFp.)
AND 00! mrp. (1000 MmFD. ).

THE COMBINED CAPACITY OF A PARALLEL CAPACITY COMBINATION IS EQUAL
To THE SUM OF THE INDIVIOUAL CAPACITIES. THAT 18, IN THE CASE OF F1G. 7,
THE COMBINED CAPACITY OF THE GROUP IS8 EQUAL To 2504500 41000 mmFD. OR
1750 mmro. IN TERMS OF MICROFARADS, THIS TOTAL CAPACITY WOULD AMOUNT TO
«00025 +.,0005+.00! or 00175 MrFps. NOTICE THAT THE COMBINED CAPACITY
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INCREASES As THE NUMBER OR VALUE oF THE PARALLEL cAPACITIES 1S INCREASED.

Now in Fia. 8, WE SEE THESE SAME THREE CONDENSERS CONNECTED IN SER
IES. To DETERMINE THE TOTAL CAPACITY OF THIS COMBINATION,WE USE THE FORM
vea 11 + 44 1l , WHERE C = TOTAL CAPACITY AND 01301 AND C3 THE VARIOUS

c C, CL Cx
INDIVIDUAL CAPACITIES, THUS IN THE CASE OF F G, 8, THE CAPACITY OF  THE
comBINATION BECOMES L 1 . | , | OR_J__ + 2 vt =_T1 o

C 250 " 500 1000 c IOOO 1000 1000

Since 1 __ T 5 We aLso Have 7C=1000 or C==l42.859 MMFDSe OR APPROX {M=
C 1000

ATELY |43 mvMFos. IN TERMS OF MJCROFARADS, THIS VALUE WOULD BE EQUIVALENT
To 000143 mFDS.

L
FROM THE FOREQGOING CALCULAT|ONS, YOU HAVE DEFINITE PROOF THAT A8
CAPACITIES ARE CONNECTED IN SERIES, THE ToTAL capaciTy secomes LESS, Ir
18 INTERESTING TO NOTE THAT. WHEN

DEALING WITH SERIES AND PARALLEL CA

PACITIES,WE HAVE JUST THE EXACT OP=

tnf&z 3MH§ Zmﬂﬁ POSITE EFFECT AS WHEN DEALING WITH
RESISTORS IN THESE SAME COMB INAT JONS,

CAPACIT |[VE REACTANCE IN PARALLEL
CAPACITIVE CIRCUITS

FIRST,LET Us LoOK AT Fig. 3.

HERE WE HAVE 3 CONDENSERS CONNECTED
Fl1aG., 9o IN PARALLEL AND THE|R VALUES ARE RE

Group of Parallel Connected SPECITVELY | MFD, 3 MFD, AND 2 MFD.
Condensers. FROM WHAT YOU LEARNED IN YOUR PREV=

joUs LESSON, YOU WILL REALIZE IMMEDIATELY THAT THE CAPACITY OF THIS EN=

TIRE PARALLEL ARRANGEMENT BECOMES EQuaL TO | MFDe 4+ 3 MFD. + 2 MFDe OR 6
MFDe

THE REACTANCE OF THIS EFFECTIVE 6 MFD, CAPACITY TO A RADIO FREQUEN

cy oF 1600 Kc. caN BE DETERMINED BY THE FORMULA Y _ 159, 155
¢ Frequency X Cap. IN
IN CYCLES MFD.

ORyY — 159,165 o~ X_= .016 orms (aPPROXIMATELY). YOU CAN GET THIS
< 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 1S MUCH MORE

COMPLICATED THAN THE SIMPLER METHOD JUST GIVEN YOU.

THE MAIN THING TO REMEMBER 1S THAT THE CAPACITIVE REACTANCE OF THE
GROUP OF PARALLEL CONDENSERS IN F1Ge 2 TO ANY GIVEN FREQUENCY 1S LESS

THAN THE REACTANCE OFFERED BY ANY ONE OF THE [NDIVIDUAL CONDENSERS TO
THI3 SAME FREQUENCY.

CAPACITVE REACTANCE WITH SERIES CAPACITIES

Now LET Us PROCEED W|TH THE CASE WHERE WE HAVE TO DEAL WITH THE
CAPACITIVE REACTANCE OoF A SERIES CONNECTED GrOUP OF CONDENSERS. [N F3ge 10
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FOR EXAMPLE,WE HAVE THREE CONDENSERS CONNECTED {N SERIES AND THEIR RE=
SPECTIVE VALUES ARE AGAIN | MFDe, 3 MFDe AND 2 MFD.

THE COMBINED CAPACITY OF THIS CIRCUIT WILL BE FOUND W[TH THE AIDOF
THE FormuLA: | 1 . 1 o1 or 1l 1ol whence 1_8,2,3 or 1_1l.
c~crete, cTrt3ts ¢ 666 C 6
OR C=x,545 MFp. THUS THE CAPACITIVE REACTANCE OF THIS SERIES COMBINAT ION
To A 1600 Kco wiLL BEI=y — 159, 155 ORX__.:_LS_Q._LQE-_-_ . 182 oHms,
c {600000 X ,545 < 872,000

YOoUu COULD GET THE SAME RESULT 8Y DETERMINING THE CAPACITIVE REACT=
ANCE FOR EACH OF THESE THREE CONDENSERé SEPARATELY AND THEN ADDING THE RE
SB8ULTS TOGETHER 80 A§ TO FIND THE TOTAL REACTANCE OF THIS COMBINATION. BuTr
HERE AGAIN, THIS PROCESS WOULD BE LONGER THAN THE METHOD OF SOLVING THI3
PROBLEM AS EXPLAINED ABOVE,

THE IMPORTANT THING TO REMEMBER ABOUT THIS TYPE OF CIRCUIT 18 THAT
THE CAPACITIVE REACTANCE BECOMES
.GREATER As THE NUMBER OF SERIES CON
NECTED CAPACITIES IS INCREASED.

1 mfd. 3mfd  Zmfd.

iL || il
IMPEDANCE L) S h
So FAR,WE HAVE CONS IDERED
CIRCUITS CONTAINING SOLELY CAPACITY Fia. 10
OR INDUCTANCE. IN PRACTICE, HOWEVER, Group of Series Connected
WE GENERALLY HAVE TO DEAL WITH A Condensers.

COMBINATJON OF CAPACITY AND RESISTANCE, OF INDUCTANCE AND RESISTANCE OR
EVEN WITH COMBINATIONS CONTAINING ALL ,THREE OF THESE CONDIT JONS, THAT 18,
lNDUCTANCE, CAPACITY AND RES]ISTANCE.

To BEGIN WITH, LET US LOOK AT Fi1g., |!, WHERE WE HAVE A COIL OR IN=
DUCTANCE CONNECTED IN SERIES WITH A RESISTANCE. IN FACT, THIS RESISTANCE
CAN EVEN BE CONSJDERED AS BEING THE OHMIC RESISTANCE OF THE WIRE  MAKING
UP THE COIE, FOR IT I3 IMPOSSIBLE TO CONSTRUCT A COIL WHICH HAS INDUCTANCE
ONLY WITHOUT ANY RESISTANCE,

IN THIS JLLUSTRATION, WE WILL HAVE TO CONSIDER THE_OPPOSIT|ON OFF=
ERED TO THE CURRENT FLOW BY BOTH THE INDUCTANCE AND THE RES[STANCE AND THE
COMBINED EFFECT OF ALL THE REACTANCE AND ALL OF THE RESISTANCE IN A CIR=
CUIT 13 cALLED THE |MPEDANCE AND THE §MPEDANCE 18 REPRESENTATED BY THE
LETTER "Z", IN ORDER TO DETERMINE THE TOTAL OPPOSITION OR THE IMPEDANCE OF
THE CIRCUIT IN Fig, 1l TowaRD THE 60 cvcLE A.C., CURRENT,WE USE THE  FORM=
uLa Z=Y RZ+X* . THAT IS, THE IVWPEDANCE IS EQUAL TO THE SQUARE ROOT  OF
THE RESISTANCE SQUARED PLUS THE INDUCTIVE REACTANCE SQUARED OF THE COILAT
60 cvcLEs.

IN OTHER WORDS,THE INDUCTIVE REACTANCE OF THIS COIL TO A 60 cYCLE
CURRENT WiLL BE X=2TfL oR X=6.28 X 60 X |5=5652 oHmMs. THE IMPEDANCE
wiLL THan BE Z= +/P000— 5652* =\4, 000,000 +31, 945, 104 =135,945, 104 =

6778 Onms (APPROX IMATELY)

THE IMPEDANCE TRIANGLE FOR INDUCTANCE AND RES|STANCE

IMPEDANCE PROBLEMS INVOLVING INDUCTANCE AND RESISTANCE CAN ALSO BE
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WORKED ouT By MEANs ofF THE IMPEDANCE TRIANGLE, THis 1S A VERY SIMPLE METH
OD AS YOU SHALL PRESENTLY SEE. IN Fia. 12, FOR EXAMPLE, WE HAVE A RES|S=

TANCE-INDUCTANCE COMBINATION IN WHICH THE RESISTANCE HAS A VALUE ofF - |0
OHMS AND THE INDUCTANCE AT THE FREQUENCY BEING HANDLED HAS A REACTANCE OF
12 oHMs,

Inductance Resistance
To FIND THE IMPEDANCE OF THIS CIR

S CUIT BY MEANS OF THE JMPEDANCE TRJANGLE,
15 henri €s PROCEED AS ILLUSTRATED IN Fi1G.13. THAT
18, FIRST DRAW A HORIZONTAL LINE, THis
LINE REPRESENTS RESISTANCE AND SINCE
THE VALUE OF THE RESISTANCE IN OUR
PRESENT PROBLEM 18 |0 ©HMS,DRAW  THIS
LINE 10 UNITS LONG. THE UNIT USED IS5 A

MATTER OF CHO1GE AND mavy BE 1/8%, 1/4)

. F1G. 11 1/2", 1" OR ANY OTHER SUITABLE UNIT. IN
Circuit With [nductance and THE CASE OF Fia. 13,1/8" was cHoseEn As
Resistarnce. THE UNIT AND CONSEQUENTLY THE  RESIS=

TANCE LINE 18 10/8" or | 1/4" LonGg. THIS FORMS THE BASE FOR THE IMPEDANGE

TRIANGLE, THE NEXT STEP 8 TO DRAW THE INDUCTIVE REACTANCE LINE, THIS s
A VERTICAL LINE DRAWN AT RIGHT ANGLES To THE END OF THE RESISTANCE LINE
AND SINCE THE INDUCTIVE REACTANCE JN OUR PRESENT PROBLEM IS |2 OHMS, THIS
LINE SHOULD BE DRAWN |2 UNITS LONG. (THE SAME UNIT MUST BE USED AS  THAT
USED FOR THE RES|STANCE 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 wLine IN
Fie. 13. Now MEASURE THIS LINE AND SEE HOW MANY UNITS IT CONTAINS AND THE
RESULT WILL BE THE |VPEDANCE OF THE, CIRCUIT IN OHMS. IN THE case oF THE
PROBLEM GIVEN IN Fra. 12, THE imPEDANCE LINE IN Fi1G. |3 WILL BE FOUND TO
BE APPROXIMATELY IS% UNITS LONG. HENCE THE IMPEDANCE OF THIS CIRCUIT TO
THE FREQUENCY BEING CONSIDERED IS ABOUT IS% OHMS.

1T 18 INTERESTING TO NOTE HOW CLOSE IMPEDANCE VALUESAS DETERMINED
BY THE JMPEDANCE TRJANGLE METHOD APPROACH  THE CALCULATED IMPEDANCE VAL~
UE. For exawpLe, since Z=YR% X ,wE FIND THAT BY SUBSTITUTING INTO  IT
THE RESISTANCE AND INDUCTIVE REAGTANCE VALUES. GIVEN IN Fia. |@, WE HAVE
Z= 10" +12*=\100 +144 =)/ 244 =15.62 oHms.

As vou wiLL NOTJICE THIS VALUE 18 NOT 80 VERY FAR OFF FROM THE MORE
APPROXIMATE METHOD AS EMPLOYED IN FiG. }3,

IMPEDANCE OFFERED BY A RES|STANCE- Inductance  Resistance
CAPACITY COMBINATION

Now LET Us CONSIDER A CIRCUIT CON-
TAINING CAPACITY AND RES)STANCE. THIS IS
ILLUSTRATED FOR YOU IN Fila. |4 anD THE
VALUES ARE 20 OHMS FOR THE RESBISTOR  AND
| MFD. FOR THE cONDENSER. OUR PROBLEM 18
TO FIND THE TOTAL OPPOSITION OR IMPEDANCE F1G.1Z
OFFERED BY THIS CIRCUIT TO A CURRENT AT Anvéher Impedance Problern.
600 cvcLes, IN THIS CASE, WE USE THE FORM
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ULA Z=AIR1+-XZ_. THAT 18, THE IMPEDANCE |8 EQUAL TO THE SQUARE ROOT OF
THE RESISTANCE SQUARED PLUS THE CAPACITIVE REACTANGE SQUARED,

y

THE CAPACITIVE REACTANCE OF THE
| MFD. CONDENSER TO THE 600 cYCLE CUR-

RENT AS DETERMINED BY THE FORMULA XE= ‘m d o0
159, 155 pESS

FREQ. IN CYCLES X CAPACITY IN MFD. 18

l' o
L »
X =159, 185 159,055 _ 055 o5 omme. e P8
800 X |~ 600 : 5
o 3y
. ~_-°3
THE JMPEDANCE WILL THUS BEEQUAL | £
T0) 207 + 265,26 =\[70, 762.8 OR APPROX~- i
IMATELY 266 OMMS. e
«<— 10 units -
IT 1S ALSO POSSIELE TO WORK OUT Resistance
IMPECANCE PROBLEMS INVOLV ING RES I STANCE F1G.1%
AND CAPACITIVE REACTANCE BY MEANS  OF Impedance Triangle for Induc-
THE IMPEDANCE TRIANGLE. FOR EXAMPLE,AT tance and Resistance.

THE Top ofF Fic. 15, we Have aN A,C.cig
CUIT CONTAINING A |5 OHMM RESISTANCE AND THE REACTANCE OF THE CONDENSERAT
THE FREQUENCY BEING HANDLED 18 6 OHMs. '

IN THE LOWER PORTION OF Filec. |5, WE ARE REPRESENTING THE RELATION
BETWEEN THIS RESISTANCE AND CAPACITIVE REACTANCE IN THE FORM OF THE IM=
PEDANCE TRIANGLEe SUCH A TRJANGLE IS ALSO FREQUENTLY SPOKEN OF AS THE
VECTOR RELATION OF RESISTANCE AND CAPACITIVE REACTANCE.

NoTE 1N F1Ge |5 THAT THE HORIZONTAL RESISTANCE LINE OF THE TRi=
ANGLE 158 DRAWN |5 UNITS LONG, 80 AS TO REPRESENT |5 oHms, THE CAPACITIVE
REACTANCE LINE 18 6 UN1TS LONG 80 AS TO REPRESENT 6 OHMS CF CAPACITIVE
REACTANCE BUT THiS LINE EXTENDs DOWNWARD AT RIGHT ANGLES TO THE EXTREMETY
OF THE RESISTANCE LINE, OR IN A DIRECTJON OPPOSITE TO THAT OF THE INDUC~
TIVE REACTANCE LINE WHICH WAS SHOWN YOU IN A PREV)IOUS PROBLEM,

THE TWO EXTREMETIES OF THE RESISTANCE AND CAPACITIVE REACTANCE
LINES ARE THEN CONNECTED TOGETHER BY THE THIRO LINE OF THE TRJANGLE AND
UPON MEASUREMENT WJTH A RULE, IT WILL BE FOUND THAT THIS8 LINE I8 |6uNITS
LONGe. HENCE, THE IMPEDANCE OF THIS CIRCUIT 158 |6 OHMs,

R Capac.il:q) PROBLEMS |NVOLVING RESISTANCE,
R J CAPACITY ANC INDUCTANCE
Now LET Us CONSICER THE CASE WHERE WE
70 QL | mfd. HAVE A CIRCUIT CONTAINING RESISTANCE, IN=
DUCTANCE AND CAPACITY. HERE THE IMPEDANCE
AC. WiLL BE EXPRESSED BY THE FORMULA Z=|R™+ X
In wHicH "X" 318 THE NET REACTANCE or THE
" ARJITHMET JCAL DI FFERENCE BETWEEN THE I N
DUCTIVE REACTANCE AND THE CAPACITIVE REA=
60ocycles
CTANCE,
FiG. 14 To ILLUSTRATE THIS IMPORTANT POINT,
Circuit With Capacity and Pe - LET US LOOK AT F1Ge |6,WHERE WE HAVE A CIR=

s/stance. CUIT IN wHiCH A |0 HENRY CHOKE 1S CONNECTED
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IN SERIES WITH A 50 MFD, CONDENSER. THE WIRE OF THIS SAME CHOKE IS OF
SUCH CROSS~CECTION AND LENGTH AS TO OFFER A RESISTANCE OF 5 OHMS. THIS 5§
OHMS OF RES|STANCE CAN BE CONSIDERED AS A RES|STANCE INSERTED IN SERIES
WITH THE CIRCUIT AS HERE PICTURED.

|__. OUR FIRST STEP IN DETERMINING THE
\ ') IMPEDANCE OF THIS CIRCUIT To A |000cycLE
150 b CURRENT 8 TO FIRS8T CALCULATE THE 1N~

DUCTIVE AND CAPACITIVE REACTANCE TO THIS
FREQUENCY. TO FIND THE INDUCTIVE REAC-
TANCE, USE THE FORMULA X = EWfLWHchE
Xc’-’-6.28 X 1000 X 10=62,800 oHms,

A.C:

Resistance
—“—— |5 units — THE CAPACITIVE REACTANCE OF THE 50
MFD. CONDENSER TOWARD THE 000 cvycLE cugr
L RENT WILL BE FOUND WITH THE FORMULA X.=
<
2
(S

] - i
Impedance -i“’l’éB 2-".]‘(— 6.28 X 1000 X ,00005

S 3.2 OHMS
Capacitiv v L3ld T 7 *
ot~

THE NET OR EFFECTIVE REACTANCE OF
THE CIRCUIT THENCE BECOMES 62,800-3+2 oR
62796, 8 ovims, THE IMPEDANCE FORMULA WiLL
THEN BE EXPRESSED AS Z=| R™X> or 7 =

F1G.15
Impedance Jriangle for Resis-
tance a~d Capacity.

\/ 5562796, 8" orR Z=62796 oHMS.

IN THIS PARTICULAR PROBLEM, WE SUBTRACTED THE CAPACITIVE REACTANCE
FROM THE INDUCTIVE REACTANCE IN ORDER TO DETERMINE THE NET REACTANCE. HOﬂ
EVER, IN SUCH CASES WHERE THE CAPACITIVE REACTANCE IS GREATER THAN THE
INDUCTIVE REACTANCE,THEN THE INDUCTIVE REACTANCE 1S SUBTRACTED FROM THE
CAPACITIVE REACTANCE |N ORDER TC DETERMINE THE NET REACTANCE. THE REST OF
THE CALCULAT|IONS, HOWEVER, WOULD BE CARRIED OUT IN THE SAME MANNER A8
ALREADY SHOWN YOU,

o IN THIS PROBLEM, A VERY INTERESTING CONDITION OCCURS AND THAT IS
THAT "THE IMPEDANCE OF THE CIRCUIT UNDER CONS|DERATION IS PRACTICALLY EQUAL
TO THAT OF THE INDUCTIVE REACTANCE
ALONE, IHE REASON FOR THIS IS THAT

o
THE INDUCTIVE REACTANCE IS 80 VERY 5 Q,? 5 M,Fd)
LARGE IN RELATION TO THE PURE RES|S= F'\N\N\M%—-"—*
TANCE AND CAPACITIVE REACTANCE THAT ( .
10 henries

THE CIRCUIT AS A WHOLE ACTUALLY AS=
SUMES THE CHARACTERISTICS OF A PURE

INDUCTIVE CIRCUIT,. A.C

INn PRACT ICE,WHERE SUCH CONDI|=
TION OCCUR THAT THE INDUCTIVE REAC~=
TANCE 1€ SO VERY LARGE IN RESPECT TO

THE ’ (
PURE RESISTANCE,ONE GENERALLY AS . looo Cycles
SUMES THE NET REACTANCE AS OFFERING
THE TOTAL OPPOSITION TO CURRENT FLOW Fla, le
AND THE PURE RESISTANCE |S CONS|DER- A Circuit With Resistance,lnduc-

FD AS NEGLIGIBLE, tance and Capacity.
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REMEMBER, HOWEVER, THAT WHEN AN APPRECJABLE PURE RES|ISTANCE IS PRES
ENT IN THE CIRCUIT, IT WILL AFFECT THE IMPEDANCE OF SUCH A CIRCUIT MATER=
JIALLY AND MUST THEREFORE, BE ACCOUNTED FOR IN THE FORMULA FOR THE CALCULA
TION OF THE CIRCUIT'S TOTAL IMPEDANCE.

SIMILAR CONDITIONS AS THIS ALSO ARISE WHEN THE CAPACITIVE REACTANCE
OF A CIRCUIT IS VERY LARGE IN PROPORTION TO ITS8 PURE RESISTANCE. IN THIS
CASE, THE |MPEDANCE OF THE CIRCUJT WILL ASSUME THE CHARACTER|STICS OF A
v PURE CAPACITIVE CIRCUIT AND THE

Resistance 150 X, =200 PURE RESISTANCE CAN BE CONS |DERED
~ AS NEGLIGIBLE.

z
Xc=50 PrROBLEMS OF THIS NATURE CAN

ALSO BE REPRESENTED BY A VECTOR D}
AGRAM AND SOLVED THEREBYs FOR EXe
AMPLE, IN F1g. |7,Y0U WiLL SEE A
CIRCUIT COMPOSED OF INDUCTANCE, CA=
PACITY AND RESISTANCE. THE VECTOR
RELATION FOR THIS PROBLEM |S ALSO
sHowN IN Flge 17,

ALC: "

50

g
— X o —>

—

IN THIS PARTICULAR CASE, THE
RES ISTANCE HAS A VALUE oF |5 oHwms,
AND THE INDUCTIVE REACTANCE 18 20
il oHMs. OBSERVE IN THE LOWER PORTION
ofF Fige |7 THAT THE HOR}ZONTAL RE=-
SISTANCE LINE 18 DRAWN |5 UNITS
LONGe THE VERTICAL OR INDUCTIVE RE
ACTANCE LINE EXTENDS UPWARD FROM
R THE RESISTANCE LINE FOR 20 UNITE,
THEREBY REPRESENTING THE VALUE OF
20 OHMs.

[mpedanceél

Zon

Net *x" = B
X

ryvryry e r—rrrT

~—— Resistance —*

1% THE CAPACITIVE REACTANCE LINE,

WHICH REPRESENTS 5 OHMS, IS  DRAWN
STRAIGHT DOWNWARDS FROM THE RES|S=
TANCE LINE FOR A DISTANCE OF 5

Vector Relati F’G'l? ” UNITS. UPON SUBTRACTING THE X.—5
ector Relation of Resistance,Capacitive oy | \ne FrOM THE 20 OHM INDUCT IVE

Reactarnce and Induckive Reactarce. REACTANCE LINE,WE HAVE LEFT THENET
REACTANCE LINE WHICH 1S ONLY 15
UNITS LONG: THIS REPRESENTS A NET REACTANCE OF |5 oHMs,.

= X C e
5n.

Now BY CONNECTING TOGETHER THE END OF THE RESISTANCE LINE WITH THE
I5STH MARK OF THE NET REACTANCE LINE, WE OBTAIN THE IMPEDANCE. UPON MEAS=
UREMENT WITH A RULE,THIS IMPEDANCE LINE WILL BE FOUND To BE 2l.2 UNITS
LONG, THUS SHOWING THAT THE IMPEDANCE FOR THIS CIRCUIT 1S APPROX{IMATELY
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.



2.-

3."

5. <

60-

80-

|O.-

1
Examination Question

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,"

EXPLAIN THE PHASE RELATION WH{CH EXISTS BETWEEN THE VOL=
TAGE AND CURRENT IN A PURE INDUCTIVE CIRCUIT,

EXPLAIN THE PHASE RELATION WHICH EX|STS BETWEEN THE VOL=
TAGE AND CURRENT IN A PURE CAPACITIVE CIRCUIT,.

IF inoucTances oF 30, 25 AND |5 HENRIES RESPECT|VELY ARE
ALL CONNECTED IN SERJES, WHAT WILL BE THE TOTAL  INDUC~-
TANCE OF THIS COMBINATION?

IF iNoucTANCEs oF 100; 200 anD 50 MICROHENRIES RESPECT IVELY
ARE ALL CONNECTED IN PARALLEL,WHAT WiLL BE THE TOTAL iIN=
DUCTANCE OF THIS COMBINATJON?

WHAT CAPACITIVE REACTANCE WILL A CONDENSER OF ¢25 MFD.
OFFER TCWARDS AN R.F, siGNAL CURRENT oF 600 Kc.?

|F 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?

EXPLAIN WHAT 1S MEANT BY THE Term |MPEDANCE?

|F AN INDUCTANCE OF |5 HENRIES 18 CONNECTED IN SER|ES
WITH A RESISTANCE OF 2000 OHMS,WHAT IMPEDANCE WILL THIS
CIRCUIT OFFER TOWARDS A |20 cvcLE CURRENTT .

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 THIS8 CIRCUIT OFFER TO=
WARDS A 60 CYCLE CURRENT?

|LLUSTRATE HOW THE IMPEDANCE MAY BE DETERMINED BY MEANS
OF THE "IMPEDANCE TRIANGLE" (r THE D.C. RESISTANCE OF A
CERTAIN CIRCUIT 1S |0 OHMS AND ITS INDUCTIVE REACTANCE
|5 oHMms, /
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