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WAVEMETERS AND TEST OSCILLATORS

WE ARE STARTING THIS LESSON WITH AN EXPLANATION OF WAVEMETERS, WHICH
ALTHOUGH BEING A VERY SIMPLE DEVICE AS REGARDS CONSTRUCTION ISNEVERTHELES8
A VERY VALUABLE TESTING UNIT WITH WHICH TO MEASURE THE WAVELENGTH OF RADIO
FREQUENCY ENERGY*

THE MOST EXTENSIVE APPLICATION FOR WAVEMETERS IS TO CETERMINE THE

WAVELENGTH OF THE R.F. ENERGY BEING RADIATED BY AN OSCILLATOR ORTRANSMITT
ER AND IN FIG02 YOU WILL BEE THE FUNDAMENTAL CIRCUIT FOR THIS APPARATUS*

As YOU WILL OBSERVE IN FIG. 2, THE WAVEMETER IS

FIG. 1

A Multi -wave 5;9/151 Generator.

NOTHING MORE THAN AN
ORDINARY TUNING CIFI
CUIT,CONSISTIND OF
AN INDUCTANCE OR COIL
CONNECTED IN SERIES
WITH A VARIABLE CON
DENSER*

BY CHOOSING THE

PROPER INDUCTANCE AND
CONDENSERVALUES, THIS
CIRCUIT CAN BE TUNED
OVER A DEFINITE RANGE
OF WAVELENGTHS* THE
VARIABLE CONDENSER
USED IN THIS CASE
SHOULD PREFERABLY BE
OF THE STRAIGHT-LINE
WAVELENGTH TYPES 80

THAT THE WAVELENGTH
TO WHICH THE CIRCUIT
IS TUNED WILL VARY
APPROXIMATELY IN DI-
RECT PROPORTION TO

THE MOVEMENT OF THE
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CONDENSER PLATES OR TUNING DIAL.

BESIDES WAVEMETERS, WE ALSO HAVE FREQUENCY -METERS. BOTH OF THESE
NITS ARE CONSTRUCTED ALIKE,WITH THE
BRATED FOR WAVELENGTHS EXPRESSED IN

FIG.2
Fundamental Waverneter Circuit.

U -

EXCEPTION THAT THE WAVEMETER IS CALI...

METERS, WHEREAS THE FREQUENCY -METER IS
CALIBRATED FOR FREQUENCIES EXPRE-
SSED IN KILOCYCLES. FURTHERMORE,
FOR FREQUENCYMETERSOT IS PRE-
FERABLE TO USE A STRAIGHT...LINEFRL
QUENCY CONDENSER 80 THAT THE FRE-
QUENCY TO WHICH THE CIRCUIT IS

TUNED WILL VARY APPROXIMATELY IN

DIRECT PROPORTION TO THE MOVEMENT
OF THE CONDENSER PLATES OR TUNING
DIAL. THE DIAL USED ON BOTH THESE
INSTRUMENTS IS GENERALLY OF THE
PRECISION VERNIER TYPE IN ORDER TO
KEEP THE DEGREE OF ACCURACY AS
MOH AS POSSIBLE.

As YOU WILL RECALL FROMYOUR
STUDIES OF RESONANCE CIRCUITS,THE

CURRENT FLOW THROUGH A SERIES RESONANCE CIRCUIT IS MAXIMUM AT THE RESONANT
FREQUENCY AND DECREASES RAPIDLY TOWARDS EITHER SIDE OF THE RESONANT FRE-
QUENCY. THIS IS THE BASIC PRINCIPLE GOVERNING THE OPERATION OF WAVEMETERS
AND FREQUENCY METERS, SO BEAR IT IN MIND AS WE CONTINUE WITH THE EXPLANA-
TION REGARDING THE APPLICATION OF THESE TWO INSTRUMENTS.

RESONANCE INDICATORS

THE NEXT STEP WITH RESPECT TO WAVEMETERS AND FREQUENCY -METERS IS TO

PROVIDE SOME MEANS WHEREBY ONE CAN DETERMINE WHEN THE TESTER IS TUNED TO
RESONANCE WITH THE WAVE IN QUESTION. THERE ARE SEVERAL METHODS OF ACCOMP-
LISHING THIS AND A SIMPLE WAY IS ILLUSTRATED IN FIG. 3.

BY STUDYING FIG. 3, YOU WILL OBSERVE
THAT A SMALL FLASHLIGHT BULB IS CONNECTED IN
SERIES WITH THE TUNING CIRCUIT OF THE WAVE -

METER. THIS METHOD IS ONLY SUITABLE FOR MAK-
ING A TEST WHEN THE R.F. ENERGY BEING PICKED
UP IS QUITE STRONG 80 THAT A CONSIDERABLEVOI
TALE IS INDUCED INTO THE COIL OF THE wAvemgi
ER. SUCH IS THE CASE, WHEN MAKING A TEST WITH
TRANSMITTERS,TEST OSCILLATORS ETC.

WHEN USING THE SET-UP ILLUSTRATED IN

FIG. 3, YOU WILL FIND THE LAMP TO BURN WITH
INCREASED BRILLIANCE AS THE WAVEMETER IS BE-
ING TUNED NEARER TO RESONANCE WITH THE WAVE
UNDER TEST, SINCE THE CURRENT FLOW THROUGH
THE WAVEMETER CIRCUIT INCREASES AS THE RES-
ONANT FREQUENCY IS APPROACHED, THE CONDITION
DICATED WHEN THE LAMP BURNS AT MAXIMUM BRILLIANCE,

k'esonar7ce
Indicator.

OF RESONANCE IS THEREFORE

Lamp

WHEN TAKING SUCH A WAVE MEASUREMENT, THE WAVEMETER SHOULD BE COUPLED
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AS LOOSELY AS POSSIBLE WITH THE CIRCUIT UNDER TEST. THAT IS, KEEP
WAVEMETER COIL AS FAR AWAY FROM THE CIRCUIT UNDER TEST AS CONSISTENT
AN INDICATION FROM THE LAMP. THE LOOSER THE COUPLING BETWEEN
METER AND THE CIRCUIT UN-
DER TEST,THE SHARPER WILL
BE THE TUNING CHARACTER-
ISTIC OF THE WAVEMETER AND
THE GREATER THE DEGREE OF
ACCURACY IN TAKING A MEA
UREMENT.

THE ACTUAL APPEAR-
ANCE OF SUCH A WAVEMETER
IS SHOWN YOU IN F13.4.No-
TICE THAT IT IS A COMMON
PRACTICE TO USE PLUG-IN
COILS IN ORDER TO COVER A
GREATER RANGE OF WAVE-
LENGTHS AND FREQUENCIES.

THE MORE EXPENSIVE
TYPE WAVEMETERS,GENERALLY
EMPLOY A HOT-WIRE MILLI-
AMMETER AS A RESONANCE INDICATOR,CONNECTING THIS INSTRUMENT IN SERIES WITH
TUNING CIRCUIT AS SHOWN IN FIG. 5. THE HOT-WIRE MILLIAMMZTERS GENERALLY
USED FOR THIS PURPOSE HAVE A RANGE OF ABOUT 0 TO 3 MA. AND A a0i MFO. coN
DENSER SHOULD BE SHUNTED ACROSS IT AS ALSO SHOWN IN FIG. 5, IN ORDER TO

REDUCE THE HIGH FREQUENCY RESISTANCE OF THE CIRCUIT WHICH wOULDORDINARILY
BE INCREASED APPRECIABLY BY INCLUDING THE METER IN THE CIRCUIT.

THE

THE
WITH

WAVE-

Ft G. 4

The Com/ tole Waveme/er.

ALSO OBSERVE IN FIG. 5 THAT THE WAVEMETER HERE ILLJSTRATED REQUIRES
NO PLUG-IN COILS. A SELECTOR SWITCH PROVIDES THREE WAVE RANGES. FOR IN-

STANCE, WITH THE SWITCH CLOSED TO POSITION #1, ONLY COIL #1 WILL BE IN-

CLUDED IN THE CIRCUIT. WITH THE SWITCH IN POSITION #2, COILS #1 AND #2
WILL BE CONNECTED IN SERIES, THEREBY INCREASING THE INDUCTANCE AND FINALLY
IN POSITION #3, ALL THREE COILS WILL BE CONNECTED IN SERIES AND THEREBY

INCREASE THE INDUCTANCESTILL
MORE.

1 3. 5

Wave me er WiLh Mil 1 iarnmeer7
k'eso nem ce indicator.

HEADPHONES AS A RESONANCE
INDICATOR

THE MAIN OBJECTION TO

CONNECTING ANY TYPE OF RES-
ONANCE INDICATOR IN SERIES
WITH THE TUNING CIRCUIT OF
THE WAVEMETER IS THAT SUCH
DEVICES ADD TO THE RESISTANCE
OF THE CIRCUIT AND RESISTANCE
IN SUCH A CIRCUIT YOU WILL RE-

CALL CAUSES BROAD TUNING. To
MAINTAIN ACCURACY,A WAVEMET-
ER SHOULD BE RATHER SHARP
TUNING AND THIS MEANS THAT
THE RESISTANCE OF ITS TUNING
CIRCUIT MUST BE KEPT DOWN TO
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A MINIMUM VALUE. IT IS FOR THIS REASON THAT YOU WILL FIND WAVEMETERSWHERE
THE INDICATING DEVICE IS CONNECTED TO THE TUNING CIRCUIT THROUGH ELECTRO-
MAGNETIC COUPLING.

AN EXAMPLE OF THIS PRACTICE IS ILLUSTRATED IN FIG. 6, WHERE THE RE1
ONANCE INDICATOR CONSISTS OF A SET OF HEADPHONES USED IN CONJUNCTION WITH
A CARBORUNDUM CRYSTAL. THIS INDICATOR CIRCUIT IS COUPLED TO THE WAVEMET-
ER COIL THROUGH ELECTROMAGNETIC INDUCTION WITH THE AID OF THE INDICATOR

COUPLING COIL.

WITH THIS SET-UP, THE R.F. ENERGY PICKED UP BY THE TUNED WINDING
WILL INDUCE CORRESPONDING VOLTAGES IN THE INDICATOR COUPLING. THE ENERGY

TRANSFER IS GREATEST AT RESONANCE AND IS INDICATED BY MAXIMUM SOUND IN

THE HEADPHONES.

THE R.F. WAVE UNDER TEST MUST OF COURSE BE MODULATED AT AN AUDIO FRS
QUENCY IN ORDER TO BE

HEARD IN THE HEADPHONES -
THE CRYSTAL ACTING AS THE
DETECTOR, AS IT WERE, 80

AS TO MAKE THESIONALAU2
I3LE

FIG, 6

The Coupled Indicator Circuit-,

VERY LITTLE CURRENT
IS REQUIRED TO PRODUCE
AN AUDIBLE SOUND IN THE
HEADPHONES AND THE BOUND
INCREASES RAPIDLY AS THE
WAVEMETER IS TUNED CLOS-
ER TO RESONANCE WITH THE
CIRCUIT BEING TESTED. EiL
CAUSE OF THIS,THE METHOD
HERE DESCRIBED IS VERY
SENSITIVE AND CAPABLE OF
TESTING COMPARATIVELY
WEAK R.F. ENERGY.

THE INDICATOR COUPLING COIL WHICH 18 USED IN FIG. 6 MAY CONSIST OF

FROM I TO 20 TURNS OF #18 B&S MAGNET WIRE WOUND ON A TUBULAR BAKELITE FORM
HAVING A DIAMETER OF ABOUT 2" AND PLACED SEVERAL INCHES FROM THE TUNED

WINDING IN THE WAVEMETER AND ENCLOSED IN THE SAME BOX OR CONTAINER.

IF TOO MANY TURNS ARE USED ON THE COUPLING COIL AND IT IS COUPLED
TOO CLOSE TO THE TUNED WINDING, THEN IT WILL ABSORB TOO MUCH ENERGY FROM

THE TUNED CIRCUIT AND AT THE SAME TIME CAUSE POOR TUNING. TOO FEW TURNS

ON THE COUPLING COIL AND TOO LOOSE COUPLING BETWEEN IT AND THE TUNED WINQ
ING MAY RESULT IN SUCH A SMALL ENERGY TRANSFER THAT THE INDICATING DEVICE
MAY NOT RESPOND DEFINITELY.

FOR THIS REASON, THE LOGICAL THING TO DO 13 TO EXPERIMENT AND TO

USE AS FEW TURNS AS POSSIBLE ON THE COUPLING COIL AND ONLY SUFFICIENT COUE
LING BETWEEN THE TWO CIRCUITS AS CONSISTENT WITH A DEFINITE RESPONSE IN

THE INDICATING DEVICE BEING USED.

IN THE EVENT THAT CONDITIONS HAPPEN TO BE SUCH AS TO MAKE INDUCTIVE
COUPLING BETWEEN THE CIRCUIT UNDER TEST AND THE WAVEMETER IMPRACTICAL 80
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THAT HARDLY ANY ENERGY CAN BE ACCEPTED BY THE WAVEMETER, THEN THE DESIRED
COUPLING CAN GENERALLY BE ACCOMPLISHED BY SIMPLY CONNECTING A LENGTH OF
WIRE BETWEEN ONE END OF THE WAVEMETER/8 TUNED WINDING AND SOME CONVENIENT
POINT OF THE CIRCUIT UNDER TEST, AS INDICATED BY THE DOTTED LINE IN FIG.&

APPLYING THE ABSORPTION PRINCIPLE

WE CAN ALSO LOOK UPON THE WAVEMETER OR FREQUENCY -METER AS BEING AN

ABSORPTION CIRCUIT IN THAT IT HAS THE ABILITY TO ABSORB RADIO FREQUENCY

ENERGY WHEN INFLUENCED BY SUCH A FIELD THIS ABSORBING EFFECT BEING MOST
PRONOUNCED AT THE RESONANT FREQUENCY.

FOR EXAMPLE, IF AN OSCILLATOR 18 RADIATING ENERGY AT 700 KC.,THENIF
THE SIMPLE FREQUENCY -METER OF FIG. 2 IS LOOSELY COUPLED TO THE OSCILLATOR
AND ALSO TUNED TO 700 Kc., A MILLIAMMETER CONNECTED IN THE PLATE CIRCUIT

OF THE OSCILLATOR WOULD SHOW A DECREASE IN THE FLOW OF PLATE CURRENT, AS

COMPARED TO ITS READING WHEN THE FREQUENCY -METER 16 TUNED TO SOMEFREQUEN-
CY OTHER THAN THE OSCILLATOR FREQUENCY OF 700 KC.

BY ALREADY HAVING THE DIAL
NUMBERS ON THE FREQUENCY -METER
ACCURATELY CALIBRATED TO READ
FREQUENCIES IN KILOCYLES,IT IS
OBVIOUS THAT WITH AN OSCILLATOR
RADIATING ENERGY OF UNKNOWN Fib
QUENCY,THE WAVE -METER COULD BE
LOOSELY COUPLED TO IT AND ITS

DIAL SLOWLY TURNED UNTIL THE
SETTING 18 DETERMINED WHERE THE
METER IN THE OSCILLATOR/SPLATE
CIRCUIT SHOWS MAXIMUM CHANGE.
THE FREQUENCY AS INDICATED BY

THE DIAL POSITION OF THE WAVE -
METER THUS TELLS ONE THE FRE*
QUENCY AT WHICH THE OSCILLATOR
18 RADIATING ENERGY.

WHEN DETERMININGTHE FRE-
QUENCY OF A SIGNAL BEING RE-
CEIVED BY A RADIO RECEIVER, THE CALIBRATED FREQUENCY -METER CAN BE LOOSELY
COUPLED TO THE RECEIVER INPUT AND WHEN THE FREQUENCY -METER IS ALSO TUNED
TO RESONANCE WITH THIS SAME FREQUENCY, A DECREASE IN SIGNAL STRENGTH WILL
BE INDICATED BY THE RECEIVER AND THE SETTING OF THE FREQUENCY -METER DIAL
WILL TELL ONE THE FREQUENCY OF THE SIGNAL BEING RECEIVED.

FIG,1

A Typica/ 5"ervice

ALTHOUGH SIMPLE IN CONSTRUCTION, THIS TYPE OF FREQUENCY -METER 18

QUITE DEPENDABLE, FOR BY NOTING THE CHANGE IN THE OSCILLATOR OR RECEIVER
CIRCUIT INSTEAD OF CONNECTING A METER IN THE FREQUENCY -METER CIRCUIT TO

DENOTE RESONANCE, IT 16 OBVIOUS THAT RESISTANCE 18 KEPT DOWN TO A MINIMUM
IN THE FREQUENCY -METER AND THIS MEANS GREATER ACCURACY.

IN DESIGNING THE TUNING CIRCUITS OF THE WAVEMETERS DESCRIBED IN THIS
LESSON, THE SAME METHOD 18 EMPLOYED AS WAS ALREADY DESCRIBED TO YOU IN

PREVIOUS LESSONS REGARDING THE TUNING CIRCUITS OF RECEIVERS.
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CONSTRUCTION OF TEST OSCILLATORS

ALTHOUGH A GREAT MANY DIFFERENT MAKES OF GOOD TEST OR SERVICE OSCI-
LLATORS CAN BE PURCHASED READY MADE, YET A NUMBER OF OUR STUDENTS WISH TO
CONSTRUCT THEIR OWN. IT IS FOR THIS LATTER REASON THAT WE HAVE PREPARED
THE FOLLOWING INSTRUCTION. FURTHERMORE, EVEN THOUGH YOU DO NOT CARE PAR-

TICULARLY TO CONSTRUCT SUCH A UNIT, YET IT IS REALLY PART OF YOUR TRAIN
!NG TO LEARN HOW THESE OSCILLATORS ARE BUILT. WE SHALL START WITH THE
SIMPLER DESIGNS FIRST AND THEN WORK ON THROUGH THE MORE COMPLEX UNITS SUCH
AS ILLUSTRATED IN FIG. 7.

A BATTERY-OPERATED OSCILLATOR

A SIMPLE BATTERY-OPERATED OSCILLATOR IS SHOWN YOU IN FIG. 8 AND AS

YOU WILL OBSERVE, IT EMPLOYS A SINGLE -99 TUBE. SO THAT THE BATTERY WEIGHT
MAY BE KEPT DOWN AS MUCH AS POSSIBLE1THREE SERIES-CONNECTED FLASH LIGHT

CELLS CAN BE USED FOR THE 4. VOLT "A" SUPPLY AND A SMALL-SIZE 45 VOLT "B"
BATTERY FOR THE "B" SUPPLY.

.00025 mfid U X -99
- -

.0005-
hfird.

Coil of 5b Turns
of 44 -Le Bci.S

O.C.C. on 21'dia.
b

3011

45 _

.111111

SIG. 8
The Battery Operaieci 05c/743Z-or-,

THE TUNED WINDING
TO USE WITH THIS OSCILL-
ATOR IN CONJUNCTION WITH
A .0005 MFD.VARIABLE CON
DENSER CONSISTS OF 50
TURNS OF #20 B&S DOUBLE
COTTON-COVERED MAGNET WIRE
WOUND ON A PIECE OF IN..

SULATIVE TUBING 2" IN

DIAMETER. THIS WILL PER-
MIT THE OSCILLATOR TO BE
TUNED OVER THE BROADCAST
BAND. THE TAP IS MADE AT
THE 25TH TURN OF THEWIN2
ING.

By STUDYING THIS DIAGRAM MORE CLOSELY, YOU WILL NOTICE THAT HALF OF
THE WINDING IS INCLUDED IN THE GRID CIRCUIT AND HALF IN THE PLATE CIRCUIT
OF THE TUBE SO THAT THERE IS VERY CLOSE COUPLING BETWEEN THEM. THIS CON-
DITION CAUSES REGENERATION TO SUCH AN EXTENT THAT THE CIRCUIT COMMENCES
TO OSCILLATE AND GENERATE RADIO FREQUENCY ENERGY JUST LIKE THE OSCILLATOR
TUBE IN A SUPERHETERODYNE RECEIVER. THE FREQUENCY OF THESE OSCILLATIONS
WILL OF COURSE BE DETERMINED BY THE TUNING CONSTANTS OF THE CIRCUIT ASFIX
ED BY THE COIL AND CONDENSER COMBINATION.

IN ORDER FOR THE OSCILLATOR SIGNAL TO BE AUDIBLE IN THE RECEIVER
WITH WHICH IT IS BEING USED, THE R.F. SIGNAL MUST BE MODULATED AT AN AUDIO
FREQUENCY AT THE OSCILLATOR. THIS IS ACCOMPLISHED BY INSTALLING A FIXED
CONDENSER AND LEAK RESISTOR IN THE GRID CIRCUIT OF THE OSCILLATOR TUBE.
THE EFFECT OF THIS GRID CONDENSER AND LEAK IS TO BLOCK AND FREE THE TUBE
AT AN AUDIBLE FREQUENCY RATE THEREBY MODULATING THE R.F. WAVE-FORM. THIS
MODULATED SIGNAL IS THEN PICKED UP BY A RECEIVER AND REPRODUCED BY THE
SPEAKER AS A SORT OF BUZZING SOUND. CHANGING THE VALUES OF THE GRID CON-
DENSER AND LEAK WILL CHANGE THE PITCH OF SOUND.

THE OSCILLATOR IS COUPLED TO THE RECEIVER UNDER TEST BY CONNECTING
TERMINAL "A" OF THE OSCILLATOR IN FIG. 8 TO THE ANTENNA TERMINAL OF THE
RECEIVER. INSIDE OF THE OSCILLATOR, ONE END OF A SHORT PIECE OF INSULATED
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WIRE IS CONNECTED TO TERMINAL 'IA". THE END OF ANOTHER SHORT PIECE OF IN-
SULATED WIRE 18 CONNECTED TO ONE END OF THE OSCILLATOR'S TUNED WINDING.
THE FREE ENDS OF THESE TWO PIECES OF WIRE ARE THEN TWISTED TOGETHER FOR
A LENGTH OF FROM I TO 2 INCHES. THIS TWISTING PROCESS WILL INTRODUCE CAL
ACITIVE COUPLING OF A COMPARATIVELY LOW ORDER BETWEEN TERMINAL "A" AND THE
OSCILLATOR CIRCUIT. THE OSCILLATOR IS THEREFORE REALLY COUPLED TO THERE-
CEIVER UNDER TEST THROUGH CAPACITIVE COUPLING.

A 10 MMFD CONDENSER COULD ALSO BE USED
DUCE THIS CAPACITIVE COUP-
LING INSTEAD OF THE TWIST-
ED PAIR OF WIRES.

A HO VOLT
OSCILLATOR

IN F10.9 YOU ARE
SHOWN THE CIRCUIT DIAGRAM
OF A SIMPLE MODULATED OSC-
ILLATOR WHICH CAN BE OPER-
ATED FROM EITHER A II0
VOLT A.C. OR D.C. SUPPLY.
THE TUBE USED 18 EITHER AN
*..0IA OR A AND A 25
WATT 110 VOLT INCANDESCENT
LAMP IS CONNECTED IN SER-
IES WITH THE FILAMENT OF
THE RADIO TUBE IN ORDER TO
REDUCE THE LINE VOLTAGE BY
THE PROPER AMOUNT FOR THIS
PURPOSE.

IF AN A.C. SUPPLY IS
BEING USED, IT MAKES NO DI-
FFERENCE IF THE A.C. LEAD
CONNECTIONS TO THE II0 VOLT LINE ARE REVERSED BUT IF A D.C. SUPPLY IS BE-
ING USED, THEN THE LINE CONNECTIONS SHOULD BE MADE TO CORRESPOND WITH THE
POLARITY AS INDICATED IN FIG. 9.

IF PREFERRED SO AS TO PRO..

1

Coupling

75 wa+
larnP

. 5 niFc1.7

0005 mFd.

T.000 25 trie

rieo.

tiov,
-14 AC -Dc (-

la 9

e A .C.- Osc;11a-or.

WHEN USING A .0005 MFD. TUNING CONDENSER, THE COIL TO COVER THE
BROADCAST BAND MAY CONSIST OF 60 TURNS OF #20 B&S DOUBLE SILK COVEREDWIRE
WOUND ON AN INSULATIVE TUBULAR FORM HAVING A DIAMETER OF 21". THE TAP
SHOULD BE MADE AT THE 30TH TURN.

F

IT WILL BE WELL TO REMIND YOU AT THIS TIME THAT THE CONSTANTS OF
THESE OSCILLATOR TUNING CIRCUITS CAN BE WORKED OUT IN EXACTLY THE SAME MAN
NER AS ALREADY EXPLAINED TO YOU IN PRECEDING LESSONS WITH RESPECT TO THE
TUNING CIRCUITS FOR RECEIVERS.

FOR THE OSCILLATOR OF FIG. 9,THE SAME METHOD OF COUPLING TO THE RE-
CEIVER'S ANTENNA TERMINAL CAN BE USED AS SPECIFIED FOR THE OSCILLATOR OF
FIG. 8. THE "C" TERMINAL OF THE OSCILLATOR IN FIG. 9 18 TO BE CONNECTED TO
THE RECEIVER'S GROUND TERMINAL.

THE DYNATRON OSCILLATCR

IN FIG. 10 YOU ARE SHOWN A STILL DIFFERENT OSCILLATOR DESIGN. IN
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THIS CASE, THE TUNING CIRCUIT IS PLACED IN THE PLATE CIRCUIT OF THE TUBE

RATHER THAN IN THE GRID CIRCUIT; A SCREEN GRID TUBE IS USED AND THE SCREEN
GRID VOLTAGE IS MADE HIGHER IN VALUE THAN THE PLATE VOLTAGE. THE GRID RE-
TURN CONNECTION IS MADE DIRECTLY TO ONE SIDE OF THE TUBE FILAMENT.

WHEN OPERATED UNDER THESE CONDITIONS, THE TUBE WILL OSCILLATE AND
ITS FREQUENCY OF OSCILLATION WILL BE GOVERNED BY THE TUNING CIRCUIT. OSC-
ILLATORS WHICH ARE BASED ON THIS DESIGN ARE KNOWN AS DYNATRON OSCILLATORS
AND THE CHIEF ADVANTAGES OF THIS TYPE OF OSCILLATOR ARE ITS STABILITY OF

OSCILLATION AND ABILITY TO MAINTAIN ACCURATE CALIBRATION. IT IS ALSO SIM-
PLE fN CONSTRUCTION.

THE CIRCUIT DESIGN SHOWN IN FIG. 10 IS ALSO SUITABLE FOR BOTH A.C.

AND D.C. 110 VOLT OPERATION AND IT CAN BE COUPLED TO THE ANTENNA TERMINAL
OF THE RECEIVER UNDER TEST THROUGH THE 10 MMFD. COUPLING CONDENSER ALSO

SHOWN IN FIG. 10.

FIG. 10

The D ynatron 05cill tor-.

ARE CALIBRATED. FOR

FOR THE BEST PERFORMANCE,
ALL TEST OSCILLATORS SHOULD BE
ENCLOSED IN A METAL SHIELD CAN.
FURTHERMORE, THE INSTRUMENT CAN
BE USED MORE EASILY IF THETUN-
ING CONDENSER IS OF THE STRAI-
GHT-LINE FREQUENCY TYPE.

CALIBRATING OSCILLATORS

Now THAT YOU ARE FAMILIAR
WITH THE BASIC OSCILLATOR CIR..
CUITS,THE NEXT STEP WILL SE TO
LEARN HOW SUCH TESTING UNITS

THE PRESENT,WE SHALL CONSIDER THE CALIBRATION OF SUCH
OSCILLATORS WHICH ARE DESIGNED TO COVER THE BROADCAST BAND ONLY.

BEFORE ATTEMPTING TO CALIBRATE THE OSCILLATOR,BE SURE THAT ALLPARTS
AND WIRING ARE IN TACT, THAT THE TUBE VOLTAGES ARE CORRECT AND THAT ALL

SHIELDING IS IN PLACE. SHOULD THE UNIT BE CALIBRATED WITHOUT ALLSHIELDING
IN PLACE, IT WOULD BE FOUND THAT THE TUNING WOULD BE AFFECTED AFTER THE

SHIELDING 18 IN USE AND THE CALIBRATION WOULD THEREFORE BE IN ERROR.

IF NO CALIBRATED WAVEMETER OR FREQUENCY METER IS AVAILABLE,THEN THE
NEWLY CONSTRUCTED OSCILLATOR CAN BE CALIBRATED WITH ANY GOOD BROADCASTRE-
CEIVER. IN ORDER TO USE A RECEIVER FOR THIS PURPOSES IT IS NECESSARY TO

FIRST CALIBRATE THE REnEIVER DIAL ITSELF AND FOR THISIBROADCAST STATIONS
OPERATING AT ACCURATELY CONTROLLED FREQUENCIES CAN BE USED TO GREAT AD-

VANTAGE.

TO CALIBRATE THE RECEIVER DIAL PROCEED AS FOLLOWS: START IN AT THE

LOW FREQUENCY END OF THE DIAL AND TUNE IN AS MANY OF THE GOOD BROADCAST

STATIONS AS YOU CAN UNTIL THE DIAL INDICATOR HAS TRAVELED ACROSS ITS EN-

TIRE SCALE. As EACH STATION IS TUNED IN BY THE RECEIVERICAREFULLY TAKE

NOTE OF THE DIAL READING AT THAT PARTICULAR TIME. WRITE THIS DIAL READING
ON A PIECE OF PAPER AND NEXT TO IT PLACE THE FREQUENCY AT WHICH THE PAR-

TICULAR STATION OPERATES. DO THIS FOR ALL STATIONS HEARD.

UPON COMPLETION OF THIS PROCESS,YOU WILL HAVE PERHAPS TEN DIFFERENT



UNTIL THE OSCILLATOR
WILL AT THIS TIME BE
SETTING SHOULD
THEREFORE BE

NOTED.

BY RE-
PEATING THIS
TEST AT SEVER-
AL DIFFERENT
FREQUENCIES,
YOU WILL HAVE
AVAILABLE A

NUMBER OF DOFF
ERENT OSCILLA-
TOR DIAL SETT-
INGS WITH THE
CORRESPONDING
FREQUENCIES.
FROM THIS DATA,
A DIALCALIBRA-
TION CURVE CAN
BE PLOTTED FOR
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DIAL NUMBERS AT WHICH STATIONS ARE RECEIVED AND THE CCRRESPONDINQ FRE-
QUENCY IN KILOCYCLES. LET US SUPPOSE, FOR EXAMPLE, THAT THE DIAL OF THE
RECEIVER BEING USED IS NUMBERED FROM 0 TO 100 AND THAT WHEN TUNING IN THE
DIFFERENT STATIONS, YOU OBTAIN THE DATA AS GIVEN IN TABLE I.

TABLE I

DIAL READING FREQUENCY OF STATION
BEING RECEIVED

95 600 Kc.
85 625 Kc.
75 700 Kc.
58 . 875 Kc.
50 975 Kc.
38 1125 Kc.
30 1250 Kc.
20 1400 Kc.
13 1500 Kc.

USING THIS DATA, YOU CAN PLOT
A CALIBRATION CURVE AS THAT SHOWN
YOU IN FIG. IF. TO DO THIS,WE USE
CROSS-RULED PAPER OR "GRAPH PAPER
LAYING OFF THE DIAL NUMBERS ALONG
THE BOTTOM FROM THE LEFT TOWARDS
THE RIGHT AND FREQUENCIES ALONG
THE LEFT EDGE FROM THE BOTTOM TO-
WARDS THE TOP.

WE THEN MARK ONE POINT ON

THE GRAPH WHERE THE 95 DIALNUMBER
LINE CROSSES THE 600 Kc. LINE TO

CONFORM WITH THE FIRST READING OF TABLE 10 SIMILAR POINTS ARE MARKED IN

THE SAME MANNER ON THIS GRAPH' PAPER TO CORRESPOND WITH THE REST OF THE 116
TA IN TABLE 1 AND THESE POINTS ARE THEN ALL CONNECTED TOGETHER WITH A

CONTINUOUS LINE, RESULTING IN THE "CALIBRATION CURVE."

BY REFERRING TO SUCH A GRAPH, YOU CAN TELL AT A GLANCE TO WHICHFRE
QUENCY THE RECEIVER'S TUNING CIRCUITS ARE TUNED AT ANY PARTICULAR DIAL

SETTING. EVEN IF THE RECEIVER IN USE IS EQUIPPED WITH A DIAL ALREADY CAL-
IBRATED IN KILOCYCLES, ITS READINGS SHOULD BE CAREFULLY CHECKED AGAINST
THE DIFFERENT STATION FREQUENCIES, SINCE THE DIAL READINGS ARE NOT ALWAYS
ACCURATE.

HAVING THE RECEIVER DIAL CALIBRATED, YOU CAN DISCONNECT THERECEIV...
ER FROM ITS ANTENNA SYSTEM AND CONNECT THE NEW OSCILLATOR TO IT. BY TUN-

ING THE RECEIVER TO ANY KNOWN FREQUENCY, ADJUST THE OSCILLATOR TUNING DIAL
SIGNAL IS PICKED UP BY THE RECEIVER. THE OSCILLATOR
TUNED TO RESON)V70E: WITH THE RECEIVER AND ITS DIAL

1600

150o
1400
1300
1200
1100
1000
900
Boo
700
boo
500

15 25 35 45 55
,

o5
_

1 15J 85 95
50 70

11AL 2EAD1NGS
100

F & 11
A Dial Calibrating Curve,
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THE OSCILLATOR SIMILAR TO THAT ALREADY PREPARED FOR THE RECEIVER IN FIG.
II. FROM THIS CALIBRATION CURVE, YOU CAN THEN QUICKLY INTERPRET ANY OSC-

ILLATOR DIAL SETTING TO ITS EQUIVALENT FREQUENCY EXPRESSED IN KILOCYCLES.
THE OSCILLATOR IS THEN SAID TO BE "CALIBRATED."

WHILE WE ARE ON THE SUBJECT OF CALIBRATION, IT WILL BE WELL TO MEN-

TION A FEW THINGS REGARDING THE CALIBRATION OF WAVEMETERS AND FREQUENCY..

METERS. THESE UNITS CAN BE CALIBRATED IN A SIMILAR MANNER AND A SUITABLE

CALIBRATION CURVE PLOTTED. IN THIS CASEOT IS ONLY NECESSARY TO SET UP

A CALIBRATED OSCILLATOR AND THE WAVEMETER OR FREQUENCY-METER AND TUNE THE
OSCILLATOR TO VARIOUS KNOWN FREQUENCIES. As THE FREQUENCY METER IS TUNED
TO RESONANCE WITH THESE DIFFERENT SIGNALS,ITS DIAL READINGS ARE NOTED.
FROM THE DATA THUS OBTAINED, THE FREQUENCY METER DIAL READINGS CAN BE PLO
TTED AGAINST THE CORRESPONDING FREQUENCIES AND A CALIBRATION CURVE DRAWN.
IN THE CASE OF A WAVEMETER,THE FREQUENCIES CAN BE CONVERTED TOCORRESPOND-
ING WAVELENGTHS AND THE CALIBRATION CURVE PLOTTED ON THE BASIS OF DIAL

READINGS AGAINST WAVELENGTH IN METERS.

T:pla pole. -bauble ThrowSwItch 1"7), Type -30 Tube

I G

Circuit of the R.F. --1F Oscillator

THESE SAME OSCILLATORS,WHICH
WERE JUST ILLUSTRATED,CAN ALSO BE
USED TO TUNE OVER THE FREQUENCY RA
NGE AS USED IN THE I.F.AMPLIFIERS
OF SUPERHETERODYNE RECEIVERS SIME
LY BY USING A COIL AND CONDENSER
COMBINATION WHICH WILL TUNE THE
OSCILLATOR CIRCUIT TO THE DESIRED
I.F. FREQUENCY. THE OSCILLATOR CAN
THEN BE USED AS AN AID TO ALIGN

THE I.F. STAGES INSUPERHETEROOYNE
RECEIVERS.

CONSTRUCTION OF A SELF-MODULATED R.F. OSCILLATOR FOR
545 -1500 Kc. AND 175-180 Kc.

THE MODULATED R.F. OSCILLATOR,WHOSE CONSTRUCTION IS ILLUSTRATED IN

FIG. 12, CAN BE USED FOR THE ALIGNMENT OF THE I.F. TRANSFORMERS IN SUPER-
HETERODYNE RECEIVERS,AS WELL AS FOR A GENERAL PURPOSE TEST OSCILLATOR TO

COVER THE BROADCAST BAND.

COIL L1 OF THIS OSCILLATOR SHOULD CONSIST OF 80 TURNS OF #26 B&S
DOUBLE SILK COVERED WIRE WOUND ON A TUBULAR FORM 3" IN DIAMETER. THISCOIL
SHOULD BE CENTER-TAPPED AT THE 40TH TURN. COUPLING COIL L5 SHOULD CONSIST

11OF 3 TURNS OF THE SAME WIRE WOUND AT A DISTANCE OF ABOUT 21 FROM COIL L1

FOR COIL L.2.WIND IGO TURNS OF #28 B&S DOUBLE SILK COVERED WIRE ON

ANOTHER TUBULAR FORM, HAVING A DIAMETER OF 3". CENTER-TAP THIS COIL AT THE
80TH TURN. COUPLING COIL L4SHOULD CONSIST OF 3 TURNS OF THE SAME WIRE

WOUND AT A DISTANCE OF ABOUT FROM COIL L.L. THE WINDING FORM CONTAINING
COILS L1 AND L3 SHOULD BE MOUNTED AT RIGHT ANGLES TO THE FORM CONTAINING

COILS L,_ AND L4 WHEN ASSEMBLING THE UNITS IN THE TEST KIT.

TO COVER THE BROADCAST BAND FROM 545-1500 Kc. WITH THIS OSCILLATOR,
CLOSE THE TRIPLE POLE SWITCH TO POSITION "A", OPEN SWITCH #1 AND CLOSE

SWITCH #2. USE OUTPUT TERMINAL #1 TO COUPLE THE UNIT TO THE RECEIVER UNDER
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TEST AND TUNE TO THE DESIRED BROADCAST FREQUENCY BY MEANS OF THE .00025
MFD. TUNING CONDENSER. THE OSCILLATOR WILL OF COURSE REQUIRE "CALIBRATION"
OVER THIS FREQUENCY BAND, AS YOU HAVE ALREADY LEARNED IN THIS LESSON.

TO TUNE OVER THE 175-180 KC. BAND FOR I.F. TRANSFORMER ADJUSTMENTS,
CLOSE THE TRIPLE POLE SWITCH TO POSITION "B" AND CLOSE SWITCHES #1 AND #2.
USE OUTPUT TERMINAL +2 TO COUPLE THE TEST UNIT TO THE RECEIVER AND ADJUST
TO THE DESIRED I.F. FREQUENCY WITH THE .00025 MFD. TUNING CONDENSER.

THE DIAL SETTING REQUIRED FOR THIS CONDENSER, IN ORDER TO TUNE TO
175 KC. AND THE VARIOUS OTHER COMMONLY USED INTERMEDIATE FREQUENCIES CAN
BE DETERMINED BY CALIBRATING THE TESTER WITH ANY GOOD STANDARD MAKE COMM..
ERCAIL I.F. OSCILLATOR. THAT IS, WITH THE I.F. TRANSFORNERS OF A GOOD
SUPERHETERODYNE RECEIVER ADJUSTED TO EXACTLY 175 KC. WITH THE AID OF A
RELIABLE OSCILLATOR,YOU CAN THEN COUPLE YOUR NEW OSCILLATOR TO THE I.F.
STAGES OF THE SAME RECEIVER AND ADJUST ITS TUNING CONDENSER UNTIL THEMAX-
IMUM SIGNAL IS HEARD IN THE RECEIVERS SPEAKER. YOUR OSCILLATOR IS THEN
TUNED TO THE 175 KC. FREQUENCY,SO NOTE ITS DIAL SETTING CAREFULLY. IT CAN
BE CALIBRATED FOR ANY OTHER INTERMEDIATE FREQUENCY WITHIN ITS RANGE IN THE
SAME MANNER.

HAVING CONCLUDED THIS LESSON, YOU SHOULD NOW HAVE A GOODUNDERSTAND-
ING OF THE CONSTRUCTIONAL FEATURES OF WAVEMETERS AND TEST OSCILLATORS.LA
TER ON, YOU WILL BE GIVEN SPECIFIC INFORMATION AS TO THE METHODS OF USING
BOTH OF THESE TEST DEVICES TO THE GREATEST ADVANTAGE IN ACTUAL RADIO PRA-
CTICE. FOR THE PRESENT, WE ARE CHIEFLY INTERESTED IN THE CONSTRUCTION OF
THESE TESTERS IN THEMSELVES.

IN THE NEXT LESSON, YOU ARE GOING TO CONTINUE YOUR STUDY OF TEST
EQUIPMENT BY LEARNING ABOUT TUBE CHECKERS AND WHICH YOU WILL FIND TO BE
INTERESTING, HIGHLY INSTRUCTIVE AND PRACTICAL.
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DESCRIBE THE BASIC PRINCIPLES OF THE WAVEMETER

2. WHAT IS THE DIFFERENCE BETWEEN A WAVEMETER AND A FREQUENCY

METER?

3. EXPLAIN THE ACTION OF THE WAVEMETER WHEN A LAMP IS USED AS
THE RESONANCE INDICATOR.

4. WHAT IS THE CHIEF ADVANTAGE OF USING ELECTROMAGNETIC COUP-
LING BETWEEN THE WAVEMETER AND RESONANCE INDICATOR CIRCUIT
RATHER THAN CONNECTING THE RESONANCE INDICATOR DIRECTLY IN
THE TUNING CIRCUIT OF THE WAVEMETER?

5. DRAW A CIRCUIT DIAGRAM OF A BATTERY -OPERATED TEST OSCILLAT

OR.

6. EXPLAIN HOW THIS SAME TEST OSCILLATOR OPERATES

7. WHAT ARE THE ESSENTIAL DIFFERENCES BETWEEN A DYNATRON 08C-

1 AND THE CONVENTIONAL TYPE OF OSCILLATOR?

8. EXPLAIN HOW YOU WOULD GO ABOUT THE TASK OF CALIBRATING A
RECEIVER DIAL WHICH 18 MARKED WITH THE NUMBERING SYSTEM
FROM 0 TO 100 80 THAT ITS READINGS CAN BE EASILYCOHVERTED
TO EQUIVALENT FREQUENCIES EXPRESSED IN KILOCYCLES

9. HOW CAN YOU CALIBRATE A NEWLY CONSTRUCTED TEST OSCILLATOR
TO COVER THE BROADCAST BAND, USING A STANDARD BROADCAST
RECEIVER AS A GUIDE?

10.- DRAW A CIRCUIT DIAGRAM OF A SIMPLE TEST OSCILLATOR WHICH
CAN BE OPERATED FROM EITHER A 100 VOLT A.C. OR D.C. POWER

SUPPLY.
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OF ALL THE PARTS INCORPORATED IN RADIO RECEIVERS,AMPLIFIERS ETC.,

THE TUBES CAN BE CONSIDERED AS BEING THE MOST FRAGILE PART OF THE ASSEMBLY.
NOT ONLY ARE THEY SUBJECT TO MECHANICAL BREAKDOWN IF ABUSED THROUGH CARE.*
LESS HANDLING OR THOUGHTLESS OPERATION OF THE EQUIPMENT BUT THEY WILLALSO
BECOME LESS EFFICIENT WITH CONTINUED USE.

FOR THIS LATTER REASON,IT IS CONSIDERED GOOD PRACTICE TO RENEW ALL
RECEIVER TUBES WHICH HAVE BEEN IN SERVICE FOR -AT LEAST ONE YEAR. ALTHOUGH
THE RECEIVER MAY APPARENTLY -STILL BE WORKING ALRIGHT WITH THE SAME OLD
SET OF TUBES, YET IN THE MAJORITY OF CASES, THE RECEIVER WILL BE FOUND TO
HAVE BETTER AMPLIFYING ABILITY AND IMPROVED TONE QUALITY WHEN THE NEW
TUBES ARE INSTALLED.

ALTHOUGH INSTALLING NEW TUBES
WILL DEMONSTRATE IMPROVED PERFOR-
MANCE, YET BEFORE TAKING IT FORGRA
NTEO THAT THE OLD TUBES ARE NO

,L,ONGER SATISFACTORYIIT IS ADVISABLE
TO SUBJECT THEM TO SYSTEMATICTERTS
WH ICH WI LL DEF IN I TELY INDICATE THEIR

CONDITION. LET US NOW PROCEED AND
SEE HOW THESE TESTS ARE MADE.

SO THAT YOU WILL OBTAIN A

CLEAR MENTAL PICTURE OF THIS WORK,
WE SHALL START OUR EXPLANATION WITH
THE MOST SIMPLE FORM OF TUBE TESTS
OR THE FUNDAMENTAL TESTS,ASIT WERE,
AND THEN GRADUALLY CARRY OURINVESI
IQATION THROUGH THE MORE ELABORATE
TUBE CHECKERS SUCH AS ILLUSTRATED
IN FIG. I.

IN THIS MANNER,YOU WILL MORE
EASILY GRASP THE FUNDAMENTAL °PEW.,

FIG.1

A Modern Tube Checker.
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WELL AS TO INDICATE WHETHER OR NOT ANY
ER. AS YOU WILL OBSERVE,THIS DEVICE
CONSISTS OF NOTHING MORE THAN A

FOUR -PRONG (UX) SOCKET,THREE4.2 VOLT
"C" BATTERIES AND THREE LOW -RANGE
D.C. VOLTMETERS.

Now THEN,IF METER #1 FAILS TO
OFFER A READING WHEN THE TUBE IS Ift

SERTED IN THE SOCKET, THE TEST IN-

DICATES THAT THE FILAMENT IS OPEN
CIRCUITED OR "BURNED OUT", AS WE
GENERALLY SAY. IF METER #I INDICATES
BATTERY VOLTAGE",THEN THE FILAMENT
13 NOT BURNED OUT.

SHOULD METER
ING, THEN THE TEST
PLATE AND FILAMENT

#2 OFFER A READ -
SHOWS THAT THE
ARE SHORTED TO-

GETHER, WHEREAS A READING AT VOLT-
METER #3 INDICATES THAT THE GRIOAND
FILAMENT ARE SHORTED TOGETHER. IF

THE TUBE IS GOOD, NEITHER VOLTMETER
#2 NOR METER #3 SHOULD OFFER ANY
READING. THESE ARE NOTHING MORE THAN
THE CONVENTIONAL CONTINUITY TESTS

ATING PRINCIPLE UPON WHICH ALL EQUIPMENT OF THIS TYPE IS BASED.

TESTING THE ELEMENTS

WHEN A RECEIVER DOES NOT OPERATE PROPERLY FOR SOME REASON OR OTHER,

THE AVERAGE OWNER GLANCES
AT THE TUBES FIRST OF ALL.

IF HE OBSERVES THAT THE FIJ,,
AMENTS OR HEATERS EMITL1GHT,
HE ASSUMES THAT THE TUBES
ARE IN GOOD CONDITION AND
SUSPECTS SOME OTHER PORTION
OF THE CIRCUIT AS BEING AT

FAULT.

F I G. '2

The Short Tesi:er.
LITTLE FILAMENT CURRENT THAT YOU CAN

THE FILAMENT IS HOT OR NOT. EVEN THOUGH THESE FILAMENTS MAY BE
THE TUBE MAY BE INOPERATIVE DUE TO THERE BEING AN INTERNAL SHORT
BETWEEN ITS ELEMENTS, POOR ELECTRON EMISSION ETC.

NOW AN IMPORTANT THING
FOR YOU TO REMEMBER IS THAT
THE MERE FACT THAT A TUBES
FILAMENT 16 HEATED TO1NCAN-.
DESCENCE,DOES NOT NECESSAR-
ILY MEAN THAT THE TUBE IS

GOOD. FURTHERMORE, SOME TYPES
OF TUBES NORMALLY DRAW SO

HARDLY TELL BY OBSERVATIDN WHETHER
INTACT,
CIRCUIT

IN FIG. 2 YOU ARE SHOWN A VERY SIMPLE FORM OF TESTER WHICH WILL IN-
DICATE WHETHER OR NOT THE FILAMENT OF A FOUR -PRONG TUBE IS COMPLETE, AS

OF ITS ELEMENTS ARE SHORTED TOGETH

4C." .ba-4-er9

FIG . 3
A Short-Tes&er With Scuiclies..
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WITH WHICH YOU ARE ALREADY SO FAMILIAR.

THIS SAME SHORT CIRCUIT TEST COULD ALSO BE ACCOMPLISHED BY USINGFLA-
SHLIGHT CELLS TO REPLACE THE AC" BATTERIES AND SMALL FLASHLIGHT LAMPS TO

TAKE THE PLACE OF THE VOLTMETERS. IN THIS CASE, A LAMP WOULD SURNWHENEVER

A SHORT CIRCUIT EXISTS BETWEEN ANY OF THE ELEMENTS.

By USING THE CRUDE ARRANGEMENT OF FIG. 2, THREE VOLTMETERS AND THREE

"C" BATTERIES ARE REQUIRED, OR ELSE IF ONLY A SINGLE "Oa BATTERY AND A

SINGLE VOLTMETER IS USED, THEN THE CONNECTIONS WILL HAVE TO BE INTERCHAN2

ED IN ORDER TO CONDUCT THE DIFFERENT TESTS. NEITHER CF THESE METHODS IS

REALLY PRACTICAL FOP A TESTING INSTRUMENT OF THE COMMERCIAL TYPE, IN THAT

THE FIRST METHOD INCREASES THE COST AND THE SECOND METHOD REQUIRES TOO

MUCH MANIPULATION ON THE PART OF THE SERVICEMAN.

FROM A PRACTICAL STANDPOINT, NO EQUIPMENT SHOULD BE DUPLICATED AND

THE ARRANGEMENT SHOULD BE SUCH THAT THE TESTS CAN BE MADE QUICKLY AND

ACCURATELY. WITH THESE POINTS IN MIND, LET US NOW SEE HOW THE FEATURES AND

BASIC PRINCIPLES AS FOUND IN FIG. 2 CAN BE A0PLIED TO A SIMILAR TESTER OF

COMMERCIAL APPEARANCE.

THE REVISED CIRCUIT APPEARS IN FIG. 3 AND AS YOU WILL NOTICE,ONLY A

SINGLE BATTERY AND A SINGLE VOLTMETER IS USED AND ALL OF THE TESTS CAN BE

CONDUCTED BY MERELY INSERTING THE TUBE UNDER TEST IN THE SOCKET AND CLOS-

ING EACH OF THE FOUR SINGLE-THROW, DOUBLE-POLE SWITCHES ONE AT A TIME AS

THE METER IS WATCHED.

NOTICE CAREFULLY HOW THIS ARRANGEMENT SIMPLIFIES MATTERS. FOR IN-

STANCE, TO TEST THE FILAMENT FOR CONTINUITY, IT IS ONLY NECESSARY TO CLOSE

SWITCH #I; TO CHECK FOR A SHORT BETWEEN THE PLATE AND FILAMENT, CLOSE

SWITCH #2; TO CHECK FOR A SHORT BETWEEN THE GRID AND FILAMENT,CLOSEBWITCH

#3 AND TO TEST FOR A SHORT BETWEEN THE PLATE AND GRID,CLOSE SWITCH #4.

ALL THAT WOULD dE VISIBLE ON THE CONTROL PANEL OF THID TESTER IS THEVOLT..,

METER, THE SOCKET AND THE FOUR SWITCHES. THE REST OF THE EQUIPMENT AND

WIRING WOULD ALL BE CONCEALED IN THE CABINET OF THE TESTER.

ONLY SLIGHT REVISIONS WOULD BE NECESSARY TO CONDUCT THESE SAME TESTS

ON FIVE, SIX OR SEVEN PRONG TUBES, THE ONLY ADDITIONAL REQUIREMENTS BEING

CORRESPONDING SOCKETS, AND THE ADDITIONAL SWITCHES AND WIRING SO THAT THE

OTHER INTER-ELEMENT TESTS CAN BE MADE. REGARDLESS, OF THE TYPE TUBE SOCK-

ET BEING EMPLOYED, THE FUNDAMENTAL PRINCIPLES AS DESCRIBED RELATIVE TO

FIGS #2 AND #3 STILL APPLY THIS WILL BE MORE EVIDENT WHEN YOU STUDY THE

CIRCUITS OF THE COMPLETE TUBE CHECKERS LATER IN THIS LESSON.

THE STATIC MUTUAL -CONDUCTANCE TEST

AFTER A TUBE HAS BEEN CHECKED FOR CONTINUITY OF ITS FILAMENT,AS WELL

AS FOR INTER-ELEMENT SHORT CIRCUITS, IT SHOULD NEXT BE SUBJECTED TO A MU-

TUAL CONDUCTANCE TEST. THE MUTUAL CONDUCTANCE OF A TUBE, YOU WILL RECALL,

IN A LARGE MEASURE DETERMINES ITS PERFORMANCE.

FIG. 4 SHOWS YOU THE FUNDAMENTAL CIRCUIT SET-UP WITH WHICH A SIMPLE

MUTUAL-CONDUCTANCE TEST CAN BE MADE.

To MAKE THIS TEST, RHEOSTAT RI AND POTENTIOMETERS R2,R3 AND R4 ARE
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ALL ADJUSTED SO THAT THE FILAMENT, PLATE, SCREEN AND BIAS VOLTAGES WILL
ALL CORRESPOND TO THE VOLTAGE VALUES AT WHICH THE TUBE IS NORMALLY TO BE

OPERATED. THE SWITCH IN FIG. 4 IS AT THIS TIME CLOSED IN THE "DOWN POSI-
TION".

WITH THESE VOLTAGE VALUES NOW FIXED, A DEFINITE PLATE CURRENT SHOULD
FLOW WHICH CAN BE QUICKLY CHECKED WITH THE PLATE CURRENT VALUE WHICH THIS
SAME TYPE OF TUBE SHOULD PASS UNDER THESE SAME CONDITIONS AS PER THE MAN-
UFACTURER'S SPECIFICATIONS FOR THIS TYPE OF TUBE. THIS IN ITSELF ISA PAR-
TIAL TEST OF THE TUBE'S OPERATING ABILITY.

THE NEXT STEP IS TO CHANGE THE GRID BIAS VOLTAGE AND OBSERVE THE
CORRESPONDING CHANGE
IN PLATE CURRENT AS

INDICATED BY THEMILL-
IAMMETER. TO DO THIS
IN THE CIRCUIT OF FIG.
4,IT IS ONLY NECESS-
ARY TO CLOSE THESWIT-
CH IN THE "UPWARD POA
ITION", AT WHICH TIME,
THE VOLT -DROP ACROSS
POTENTIOMETER R5 WILL
BE ADDED TO THE FORM-
ER BIAS VOLTAGE AND
THEREBY NOW INCREASE
THE BIAS VOLTAGE. LET
U6 ASSUME THAT R5

HAS BEEN ADJUSTED TO

PRODUCE A DROP OF
VOLT.

FIG. 4
.5636: Mcibual- Coid_Ickaiice

CONDUCTANCE IS AS FOLLOWS:

THIS INCREASED
BIAS VOLTAGE WILL DE-
CREASE THE PLATE CUR-
RENT AND THE NEW PLATE
CURRENT VALUE CAN THEN
BE READ ON THE MILLI -
AMMETER. THE FORMULA
FOR DETERMINING MUTUAL

MUTUAL CONDUCTANCE _CHANGE IN PLATE CURRENT PRODUCED
CHANGE IN GRID POTENTIAL PRODUCING IT.

FOR INSTANCE, LET US SUPPOSE THAT WE ARE TESTING A TUBE IN THE CIR-
CUIT OF FIG. 4 AND FIND THAT WITH THE SWITCH CLOSED IN THE DOWNWARD POSI-
TION, A BIAS VOLTAGE OF -3 VOLTS IS APPLIED TO THE GRID OF THE TUBE AND
THE PLATE CURRENT AS INDICATED BY THE MILLIAMMETER IS 6 MA. THEN LET US

SUPPOSE THAT WE CLOSE THE SWITCH TO THE UPPER POSITION SO THAT THE GRIC

BIAS NOW BECOMES -4 VOLTS AND THAT THE PLATE CURRENT DROPS TO 5 MA.

FROM THIS DATA, WE CAN READILY SEE THAT A CHANGE OF 4 MINUS 3 OR I

VOLT IN THE BIAS VOLTAGE PRODUCED A CHANGE OF 6 miNus5oR I MA.(.00IAMP.)

IN THE PLATE CURRENT. SUBSTITUTING THESE VALUES IN OUR FORMULA,WE HAVE:

MUTUAL CONDUCTANCE T.1.0001 -- .001 MHOS OR 1000 MICROMHOS. (IT IS THE
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COMMON PRACTICE TO EXPRESS THE MUTUAL CONDUCTANCE OF TUBES IN MICROMHOS

ONE MICROMHO BEING EQUIVALENT TO 1,000,000 MHOS.) THE MUTUAL CONDUCTANCE

OBTAINED IN THIS WAY CAN THEN BE COMPARED TO THAT SPECIFIED BY THE MANU-

FACTURER FOR A NEW TUBE OF THE SAME TYPE AND THE WORTH OF -HE TUBE THUS

JUDGED. THIS METHOD OF TESTING TUBES IS SOMETIMES CALLED THE "GRID.* SHIFT"

METHOD AND THIS SAME PRINCIPLE IS BEING EMPLOYED IN MOST OF THE COMMERCIAL

TUBE TESTERS.

SO THAT THE SERVICEMAN NEED NOT STOP TO ACTUALLY WORK OUT THE MUTUAL
CONDUCTANCE FORMULA FOR ANY TUBE UNDER TEST, MOST MANUFACTURERS OF TUBE

CHECKERS SUPPLY A CHART WHICH INDICATES THE DESIRABLE CHANGE IN PLATE CUR-

RENT FOR THE DIFFERENT TYPES OF TUBES FOR THEIR PARTICULAR TESTER. THE

SERVICEMAN NEED THEREFORE ONLY NOTE THE TWO MILLIAMMETER READINGS HE OB-

TAINS FROM THE TEST AND COMPARE THEM WITH THOSE OF THE CHART IN ORDER TO

JUDGE THE WORTH OF THE TUBE.

SOME OF THE COMMERCIAL TUBE CHECKERS, ESPECIALLY THOSE OF THECOUNTER
TYPE, SUCH AS ILLUSTRATED IN FIG. 5, CARRY A SPECIALLY CALIBRATED METER

SCALE WHICH IS DIVIDED INTO SECTIONS IN TERMS OF "SATOFACTORY","00UBTFUL"

AND UNSATISFACTORY READINGS, FOR THE BENEFIT OFTHE
CUSTOMER 80 THAT HE TOO CAN JUDGE THE CONDITION OF

HIS OWN TUBES IN A SIMPLE MANNER AND WITHOUT BECOMING
CONFUSED BY CONVENTIONAL METER READINGS WHICH MAY BE

BEYOND HIS TECHNICAL UNDERSTANDING.

EVEN THOUGH THE STATIC MUTUAL -CONDUCTANCE TEST

MAY SHOW A TUBE AS BEING ENTIRELY SATISFACTORY,YET
THIS DOES NOT NECESSARILY MEAN THAT THE TUBE WILL FUN
CTION PROPERLY WHEN INSTALLED IN AN OPERATING RECEIVER

CIRCUIT. IN OTHER WORDS, EVEN THOUGH THE MUTUAL CON-

DUCTANCE TEST PERMITS A SUFFICIENTLY ACCURATE CHECK IN
THE MAJORITY OF CASES, STILL IT !SNIT ABSOLUTELY"FOOL
PROOF" IN JUDGING A TUBE'S WORTH WHEN UNDER ACTUAL OE
ERATING CONDITIONS. SOMETIMESOUCH A CHECK WILL SHOW

A TUBE AS BEING "PERFECT" AND YET IT FAILS TO FUNCTION

PROPERLY UNDER ACTUAL WORKING CONDITIONS IN THE CIR-

CUIT IN WHICH IT IS TO BE USED. WHEN SUCH A CONDITION
ARISES, THE COMMON PRACTICE IS TO TRY A NEW TUBE IN THE

THE DYNAMIC MUTUAL.CONDUCTANCE TEST

F I G. 5

A Counber 7Z/be
Checker:

CIRCUIT.

THE FUNDAMENTAL CIRCUIT IN FIG. 6 SHOWS YOU HOW A DYNAMIC MUTUAL.*

CONDUCTANCE TEST CAN BE MADE. THIS METHOD IS SUPERIOR TO THE STATIC MUTUAL

CONDUCTANCE TEST IN THAT AN A.C. VOLTAGE 18 APPLIED TO THE CONTROL GRID.

FOR THIS REASON, THE TUBE IS TESTED UNDER CONDITIONS WHICH APPROXIMATE AC-

TUAL OPERATING CONDITIONS.

THE ALTERNATING COMPONENT OF THE PLATE CURRENT IS READ BY MEANS OF A
SPECIAL A.C. MILLIAMMETER. THE MUTUAL CONDUCTANCE OF THE TUBE IS THEN EQUAL

TO THE A.C. PLATE CURRENT DIVIDED BY THE INPUT SIGNAL VOLTAGE. IN OTHER

WORDS, IF A ONE -VOLT RMS SIGNAL IS APPLIED TO THE GRID,THE PLATE CURRENT

READING IN MILLIAMPERES MULTIPLIED BY ONE -THOUSAND WILL BE THE VALUE OF THE

MUTUAL -CONDUCTANCE IN MICROMHOS.

THE EMISSION TEST

THE FUNDAMENTAL CIRCUIT FOR MAKING AN "EMISSION TEST" IS ILLUSTRATED
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FOR YOU IN FIG. 7. THIS IS PERHAPS THE SIMPLEST METHOD OF INDICATING A
TUBE'S CONDITION. SINCE THE ELECTRON EMISSION DECREASES AS THE TUBE WEARS

A.C.
Input

e

if)

O
O

-411111--

AC
Ma

co

11111111

FIG . 6

The Dynarnic Mutual-Concluctance7e;st-er

OUT,LOW EMISSION IS A SYMP-
TOM OF THE END OF TUBESERVIDE
ABILITY.

To MAKE THIS EMISSION
TEST! ALL OF THE ELECTRODES, EE(

CEPT THE CATHODE ARE CONNECTED
TO THE PLATE. THE FILAMENT,OR
HEATER IS THEN OPERATED AT RA
TED VOLTAGE AND A LOWPOSITIVE
VOLTAGE IS APPLIED TO THE
PLATE. AFTER THE TUBE HAS REA-
CHED CONSTANT TEMPERATURE,THE
ELECTRONIC EMISSION IS READ ON
THE MILLIAMMETER. READINGS
WHICH ARE WELL BELOW THE AVER-
AGE FOR A PARTICULAR TUBE TYPE
INDICATE THAT THE TOTALNUMBER
OF AVAILABLE ELECTRONS HAS BEEN
GO REDUCED THAT THE TUBE IS NO
LONGER ABLE TO FUNCTION PROP-
ERLY.

THE EMISSION TEST IS NOT
ALTOGETHER RELIABLE IN THAT COATED FILAMENTS OR CATHODES OFTEN DEVELOPE AQ
TIVE SPOTS FROM WHICH THE EMISSION IS SO GREAT THAT THE RELATIVELY SMALL
GRID AREA ADJACENT TO THESE SPOTS CANNOT CONTROL THE ELECTRON STREAM.UNDER
THESE CONDITIONS, THE TOTAL EMISSION MAY INDICATE THE TUBE TO BE NORMAL
ALTHOUGH THE TUBE IS UNSATISFACTORY. ON THE OTHER HAND, COATED TYPES OF F1.1
AMENTS ARE CAPABLE OF SUCH LARGE EMISSION THAT THE TUBE WILL OFTEN OPERATE
SATISFACTORILY AFTER THE EMISSION HAS FALLEN FAR BELOW THE ORIGINAL VALUE.

COMPLETE TUBE CHECKERS

Now THAT YOU HAVE INVESTIGATED THE
BASIC PRINCIPLES UPON WHICH ALL CONVENTIONAL
TYPES OF TUBE CHECKERS OPERATE, LET US NEXT
LOOK AT THE CIRCUIT ARRANGEMENT OF THE COM-
PLETE TUBE CHECKERS A8 USED IN THE INDUSTRY
SO THAT MANY DIFFERENT TYPES OF TUBES CAN
BE TESTED IN THE SAME UNIT.

THE PANEL LAYOUT OF A SIMPLE BUT SER-
VICEABLE MODERN TUBE CHECKER IS SHOWN YOU
IN FIG. all4 AS YOU WILL OBSERVE,IT HAS FOUR
SOCKETS TO ACCOMODATE FOUR,FIVE,SIX AND
SEVEN -PRONG TUBES; A SINGLE METER; A ROTARY
-TYPE SELECTOR SWITCH FOR VARIOUS FILAMENT
VOLTAGES; TWO PUSHBUTTON SWITCHES; EIGHT
TOGGLE SWITCHES; AND A RED GLASS IBUL2SEVEN
TO EXPOSE A PILOT LIGHT.

THE CIRCUIT DIAGRAM FOR THIS SAMETUBE

FIG.7

The Emission
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CHECKER IS SHOWN IN FIG9 AND YOU WILL REA
ILY OBSERVE THAT IT 13 A.C. OPERATEDTHIS
TUBE CHECKER IS DESIGNED TO TEST ALLTYPEB
OF TUBES FOR EVERY POSSIBLE TYPE OF SHORT
CIRCUIT WITHIN THE TUBE,TO TEST EACH ELE-
MENT SEPARATELY,TO TEST HEATER-CATHODE L.
AKAGE IN ADDITION TO OFFERING AN EMISSION
TEST REQUIRING NO CALCULATIONS AND WHICH
IS SUFFICIENTLY ACCURATE FOR THE GENERAL
TYPE OF TESTS AS REQUIRED FROM TESTERS OF
A PORTABLE NATURE.

BY STUDYING FIG. 9 YOU WILL SEE
THAT A SPECIAL TYPE OF POWER TRANSFORMER
IS USED. ITS PRIMARY WINDING IS DESIGNED
FOR 105-125 VOLTS AND ITS SECONDARY WIND-
ING HAS NUMBEROUS TAPS SO THAT A LARGE
VARIETY OF FILAMENT VOLTAGES ARE AVAIL-
ABLE.

FIG. 8

Panel of. a Tube Checker,

TRANSFORMERS OF THIS TYPE CAN BE PURCHASED READY-MADE FROM SEVERAL
OF THE LARGER RADIO SUPPLY HOUSES AND ARE KNOWN AS TUBE TESTER FILAMENT
TRANSFORMERS.

SWITCHES SW.1-.2-4-5-6 AND 10 ARE OF THE SINGLE-POLE, DOUBLE-THROW
TOGGLE TYPE; SW.m.3 IS A SINGLE POLE, SINGLE-THROW PUSHBUTTON SWITCH; SW.../3

IS A SINGLEPOLE,DOUBLE THROW PUSH-BUTTON SWITCH OF THE NON-LOCKING TYPE;

8114.7 IS A DOUBLE-POLE, DOUBLE-THROW TOGGLE SWITCH; SW -9 IS A I0-POINT, SI-
HOLE DECK NON....SMQ

Q. G.G. TIP JACK

0 -

I EP

SW3
SW2L SW/ i-j SW51-ISW6

? 0

els)

-to

AP 6

OOOOQ

SW 9
SW4

FIG.2

eo 0-0
RI

20
105

125 OHMS

SW 41

445 V.A.C.

4.5
OHMS--

SW7 R2

0

S5

R3
50

OHMS

4. SW8

6.3 V.

PILOT.

Sys/ 40

FIG. 9
Circuik Diagram of fhe The

Checker:

RTING ROTARYSWITCH
AND SW-II IS ASI"
NGLE CIRCUIT "014-.

OFFTOGGLE SWITCH.
THE METER IS AWKA
TON MODEL 3010.C.
MILLIAMMETER HAV-
ING A RANGE OF
0-50 MA.

TO USE THIS
TUBE CHECKER PRO-
CEED AS FOLLOWS:

(I) INSTALL THE
TUBE IN THE PROPER
SOCKET AND SET
SWITCH 9 FOR THE
RATED rILAMENTvol
TAGE OF THE TUBE
BEING TESTED.(THE
SECONDARY WINDING
OF THIS TYPE OF
TRANSFORMER ARE
GENERALLY TAPPED
TO OFFER VOLTAGES
OF 1.5-2.0-2.5-
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3.3-5.0-6.3-7.5-12.6-25 AND 30 VOLTS.)

(2) Now CLOSE SWITCH SW.. I 1 AND PLACE SW ITCH 7 TO THE UP POSITION AND

SWITCH 10 TO THE LEFT AND ALL OTHER TOGGLE SWITCHES TO THE DOWN POSITION

(ALL OF THESE POSITIONS BEING FIGURED ACCORDING TO THE LAYOUT IN FIG. 8.)

(3) FOR ALL FILAMENT TYPE 4,5, AND 6 PRONG TUBES,BIMPLY READ THE METER.

IF THE READING IS BELOW 20, DEPRESS THE SHUNT SWITCH 8 AND TAKE A READING.

(4) FOR ALL HEATER TYPE TUBES, PROCEED AS ABOVE BUT THROW SWITCH 4 TO THE

UP POSITION AND READ THE METER. IF NO READING RESULTS, THEN THE TUBE IS OF

A SF-GIAL TYPE AND THE CATHODE IS NOT IN THE USUAL PLACE. IF THE LOCAT'DN

OF THE CATHODE IS UNKNOWN,MOVE EACH SWITCH UP AND DOWN, ONE AT A TIME, 4111.-.

TIL THE MAXIMUM READING IS OBTAINED.

(5) FOR DUPLEX DIODE-TRIODES, THE DIODES SHOULD 3E TESTED INDEPENDENTLY

BY THROWING THE SWITCH CONNECTED TO ONE DIODE DOWN,SWITCH 10 TO THE RIGHT

AND ALL OTHER SWITCHES UP. THEN TEST THE OTHER DIODE THE SAME WAY. THE

TRIODE CAN BE TESTED INDEPENDENTLY AS PER THE NOTES GIVEN IN CONNECTION

WITH TABLEL

(6) FOR ALL FULL-WAVE RECTIFIER TUBES, PROCEED AS IN NOTE (5) AND FOR ALL

HALF-WAVE RECTIFIERS,PROCEED AS IN NOTE (3). Do NOT DEPRESS THE SHUNTBUTT.

ON SW -8 WHEN TESTING MERCURY-VAPOR RECTIFIERS,SUCH AS THE -82 AND -83. FOR

ALL OTHERS,DEPRESS SW -8.

A LIST OF READINGS OBTAINED WITH THIS TESTER IS GIVEN IN TABLE'. THE

LAST COLUMN OF HIS TABLE,WHICH IS TI-

TLED "TOTAL", GIVES THE READINGS AS OB-

TAINED WITH ALL THE ELEMENTS EXCEPT THE
FILAMENT AND CATHODE CONNECTED TO THE

PLATE. WITH THE SWITCHES SET FOR THIS

READING,THE OTHER READINGS ARE OBTAINED
(EXCEPT AS OTHERWISE NOTED)BYMOVING
EACH SWITCH IN -URN TO THE UP POSITION.
AFTER THE READING HAS BEEN NOTED BY DO-
ING THIS WITH SWITCH I, FOR INSTANCE,RL
TURN THIS SWITCH TO THE DOWN POSITION
AND REPEAT THIS OPERATION WITH SWITCH

2 IN THE UP POSITION ETC., UNTIL ALL
READINGS HAVE BEEN OBTAINED.THE BLANK

COLUMNS IN TABLE I INDICATE THAT THE OE
ERATION DOES NOT AFFECT THE READING, DUE
TO THE SWITCH BEING OUT OF THE CIRCUIT
FOR THE PARTICULAR TUBE BEING TESTED.

TABLE

Tube Test Chart
TYPE SW1 SW2 SW4 SW5 SW6 SW10 Total

24A 23 2 32 35
26 2 16 25
27 2 17 29
34 17 2 22 23

35 21 2 29 32
36 22 2 29 32
37 2 19 28
38 23 2 28 32
40 27 2 33 36
41 3 21 30 30
42 3 22 28 28
45 7 18 42
46 S 23 30 37
47 3 26 32 40
53(d) 33 43(a) 33 (c) 43(b) 20(s)
55(d) 6 14 6 35
56 2 24 35
57 37 2 32 37 43
58 38 2 32 38 42
59 36 24 3 34 40
71A 7 14 34
75(d) 4 27 4 1 37
77 33 2 27 34 37
78 24 2 18 25 28
79 (c) 36 56 38 17(S) 20(S)
80 18 18 36
82 32(S) 32(S) R
83 33(S) 33(S) R
84 40 40 R
2A3 12 42 22(S)
2A5 2 22 26 28
2A6(d) 10 28 12 42
2A7 2 40 32 42 42 44
2137(d) 6 14 2 6 30
6F7 18 8 20 22 24 2.1

ALL SWITCHES UP.
(R)=RECTIFIER --

MOVE ALTERNATELY
READINGS OF BOTH

THE NOTES WHICH YOU WILL FIND IN

TABLE I HAVE THE FOLLOWING MEANING: (A)=
SW I DOWN ALSO; ( B)=SW5 DOWN ALSO*/ C) 'Z. UP

FOR ALL READINGS;(D)VSTART READINGSWITH
DOWNWARD, READ, AND RETURN TO UPPOSITION
PLATES UNNECESSARY. WI:SHUNTED.

VARIATIONS OF 15 TO 20% OF THE READINGS AS GIVEN IN TABLE S ARE NOR-
MAL. TUBES READING 40% LESS THAN THE VALUES GIVEN IN TABLE I, ARE DOUBTFUL,

WHILE TUBES READING LESS THAN 50% OF THE VALUES GIVEN IN THE TABLE SHOULD
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BE REPLACED WITH NEW ONES.

TYPE ..30,...31,..32,...33 AND .74 TUBES SHOULD BE TESTED AT 1.5 FILAMENT
VOLTS IN THIS TUBE CHECKER AND NCT AT THEIR NORMAL FILAMENT VOLTAGE. THIS

IS DESIRABLE BECAUSE THESE TUBES ARE SUBJECT TO DETERIORATION IF ALL ELE-

MENTS ARE MADE HIGHLY POSITIVE AT FULL FILAMENT EMISSION.

SHORT-CIRCUIT TESTS

TO APPLY THIS TUBE CHECKER IN ORDER TO LOCATE INTER -ELEMENT SHORT

CIRCUITS THROW SWITCH 7 TO THE DOWN POSITION. THEN PLACE ALL OTHERSwITCHES

IN THE SAME POSITION AS SPECIFIED UNDER NOTE (2) OF THE PREVIOUS EXPLANA-
TION. SHOULD THE PILOT LAMP CAST A BEAM OF LIGHT THROUGH THE RED BULLIS-

EYE, THEN SOME ELEMENT IS SHORTED TO THE FILAMENT. IF NOT,THROW SWITCHES

1,2,5 AND 6 SUCCESSIVELY TO THE UP POSITION. IF THE BULLIE-EYE GLOWS

SOME OTHER INTER -ELEMENT SHORT CIRCUIT 13 PRESENT.

CATHODE .HEATER LEAKAGE TEST

DEPRESS SWITCH 3 WHILE READING
THE METER FOR THE TUBE CONDITION
TEST. IF THE POINTER DOES NOT DROP

TO ZERO,THEN CATHODE -HEATER LEAKAGE
IS PRESENT. THAT IS TO SAY, THE CA-
THODE IS NOT FULLY INSULATED FROM THE

HEATER AND THIS CONDITION IS LIKELY
TO CAUSE HUM OR NOISY TUBE ACTION.

A TUBE CHECKER WITH MUTUAL -
CONDUCTANCE TEST

IN FIG. 10 YOU ARE SHOWN THE

PANEL LAYOUT OF A TUBE CHECKER WHICH
13 DESIGNED STILL DIFFERENT FROM THE
ONE YOU JUST STUDIED. THE CHECKER OF
FIG. 10, IN ADDITION TO INDICATING

A TUBE'S EMISSION AND TESTING FOR

SHORTED ELEmENTS,ALSO OFFERS A TEST
FOR MUTUAL -CONDUCTANCE. THE CIRCUIT
DIAGRAM OF THIS SAME TUBE CHECKER
APPEARS IN FIG. II.

FIG. 10

Panel Layout.

TEN INDIVIDUAL SOCKETS ARE MOUNTED ON THE PANEL TO ACCOMMODATE THE

DIFFERENT TYPES OF TUBES AND THE D.C. MILLIAMMETER HAS A RANGE OF 0 TO 15

MA. BUT ITS SCALE IS ESPECIALLY CALIBRATED IN ARBITRARY UNITS FROM 0 TO 30.

THE POWER TRANSFORMER WHICH 13 USED IN CONJUNCTION WITH THIS TESTER

HAS ITS PRIMARY WINDING TAPPED FOR LINE VOLTAGES OF 105115 AND 125VOLTS.

THE SECONDARY WINDING IS TAPPED SO THAT FILAMENT VOLTAGES OF 1.5...2...2.5...3.3

AND 7.5 VOLTS ARE AVAILABLE SIMPLY BY SETTING THE 7 POSITION SEL-

ECTOR SWITCH SW -3 TO THE PROPER POSITION.

SWITCH SW -I 18 A SIX -LEAF JACK SWITCH; SWITCH SW -2 IS A FOUR -POINT

ROTARY LINE VOLTAGE SWITCH; SWITCH SW -4 IS A SINGLE-POLE, DOUBLE -THROW TO -

COLE 8WITCH;SWITCHES SW -5 AND SW -6 ARE THREE -LEAF MOMENTARY CONTACT SWI-

TCHES (PUSH-BUTTON).
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SOCKET V -I OF THE DIAGRAM IN FIG. 11 IS INTENDED TO ACCOMMODATE TYPE
24-35-36-38-39-44-64-65-68 AND 51 TUBES. SOCKET V-2 IS TO BE USED FOR TYPE
-33-46-47-49-52 AND LA TUBES. SOCKET V-3 IS FOR TYPE -41 AND -42 TUBESSOCK
ET V-4 IS FOR THE -59. SOCKET V-5 IS FOR TYPE -27 -37 -56 AND 67 TUBES.

SOCKET V-6 IS FOR THE -80-81-82 AND -83. SOCKET V-7 IS FOR THE -10-12A-20
-26-31-45-50 AND -71A. SOCKET V-8 IS FOR THE -00A-01A-22-30-32-34-40 AND 99
SOCKET V-9 IS FOR THE -57-58 AND 89. SOCKET V..10 IS FOR THE 55-85 AND 2A6.

THIS TUBE CHECKER IS USED IN THE FOLLOWING MANNER:

CONNECT THE PLUG TO THE A.C. LIGHTING CIRCU1T,INSERT THE TUBE TO BE

TESTED IN THE PROPER SOCKET AND CONNECT THE CONTROL GRID CAP IF SUCH IS

NECESSARY. KEEP SWITCH SW -4 THROWN TO THE LEFT EXCEPT WHEN TESTING TW'E
-22-32 AND -34 TUBES AND AT WHICH TIME, IT SHOULD BE THROWN TO THE RIGHT.

SET SELECTOR SWITCH SW -3 FOR THE PROPER FILAMENT VOLTAGE FOR THE TUBE

kMvAc
LINE

SW S
252 PLATE

SW Z
L NE

VO !AGE
105

OFF

123

115

4 5

tit 6r

 1 7 
3 FILAMENTS

SW 6

TEST

CONTROL
GRID CLIP

PT

R1

(,-SNORT"
LAMP

Sw 1
REGULAR

SwITClo

12,7°1

PULL OUT FOR
"SNORT" 008iT,ON

52
DIG TAIL

RESISTOR

ALL
OTTER
Tu8E6

Sw 4-

222
232
234

61 V6 t.

SO.

14 V4 1.1

ISO
SUP

tO SAW,

N VS 1.4 NIV3LN

0

91 M VS N NI VILLA NIVBLN

FIG. n
Circuit Diagram of the Tube Checker.

UNDER TEST AND TURN THE LINE VOLTAGE SWITCH SW -2 TO THE POSITION CORRES-

PONDING TO THE ACTUAL LINE VOLTAGE PRESENT.

MAKE THE "SHORT" TEST FIRST BY PULLING OUT ON SWITCH SW -1. THE PILOT
LIGHT WILL GLOW IF THE TUBE IS SHORTED.

Now PUSH IN ON SWITCH SW -1 AND NOTE THE METER READING --THIS 16 KNOWN
AS THE "REGULAR READING". Now PRESS THE "BIAS TEST" BUTTON SW -6 AND NOTE

THE METER READING. THE ARITHMETICAL DIFFERENCE OR "CHANGE" BETWEEN THE

REGULAR READING" AND THE "BIAS TEST READING" IS AN INDICATION OF THETUBE18
MUTUAL CONDUCTANCE.

TABLE II WILL GIVE YOU AN IDEA OF WHAT "CHANGE" FOR THE DIFFERENT
TYPES OF TUBES INDICATES THAT THE TUBE IS IN GOOD CONDITION WHEN TESTED IN

THIS PARTICULAR TUBE CHECKER.

TUBES ARE CONSIDERED POOR IF THE ACTUAL DIFFERENCE BETWEEN -THE READ-
INGS OR "CHANGE" 16 LESS THAN 25% FROM"'CHANGEHAS LISTED IN TABLE
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THE PROPER"CHANGEn0FANY OTHER TUBES NOT LISTED IN THIS TABLE CAN

BE DETERMINED VERY EASILY,SIMPLY BY TESTING A TUBE WHICH IS KNOWN TO BE

GOOD AND USING ITS "CHANGE" IN READING AS A BASIS TO WHICH TUBES OF THIS

TYPE CAN BE COMPARED.

TABLE 1r
TUBE CHANGE TUBE CHANGE

00A 14 44 12

OIA 6 45 9

10 6 46 12

12 10 47 13

20 4.5 49 II

22 2.5 50 7

24 15 51 15

26 II 52 12

27 12 55 14

30 5.5 56 19

31 7.5 57 21

32 10 58 17

33 9 59 13

34 5 7IA 7.5

35 13 85 12

36 13 89 10

37 12 99 3.5
38 11 LA 13

39 12 80 25

40 6 81 25
41 12 82 25
42 12 83 25

1

LEMS WHERE
TAKING TI -:E

EMPHASIZED
THIS GROUP

SECOND PLATES OF RECTIFIERS ARE

TESTED BY PRESSING THE BUTTON OF SWITCH

SW -5.

FROM THE INFORMATION GIVEN YOU IN

THIS LESSON, YOU SHOULD NOW HAVE A BOOD
UNDERSTANDING OF THE CONSTRUCTIONAL FEAT-
URES INCORPORATED IN TUBE CHECKERS, AS

WELL AS WITH THE PROPER METHODS OF USING
THEM. AT THE SAME TIME, YOU WILL ALSO FINO
MANY SUGGESTIONS OFFERED IN THIS LESSON

WHICH SHOULD PROVE TO BE OF VALUE IN THE

EVENT THAT YOU WISH TO CONSTRUCT EQUIP-
MENT OF THIS TYPE FOR YOUR OWN USE.

IN THE NEXT LESSON, YOU ARE GOINSTO
STUDY ABOUT THE CONSTRUCTIONAL FEATURES
AND USE OF MODERN ANALYZERS, WHICH YOU
WILL ALSO NO DOUBT FIND TO BE OF GREAT

INTEREST.

THE RADIO TECHNICIAN IS CONSTANTLY
USING TESTING EQUIPMENT ABOUT WHICH YOU
ARE STUDYING IN THIS SERIES OF LESSONS AND

FREQUENTLY COMES INTO CONTACT WITH PROS-
HE MUST THROUGH HIS OWN INITIATIVE DEVISE TESTING SET-UPS FOR
DESIRED MEASUREMENTS. THE IMPORTANCE OF THIS WORK CANNOT BEOVEE
AND SO IT WILL BE WELL WORTH YOUR WHILE TO THOROUGHLY MASTER
OF LESSONS.

ANOTHER IMPORTANT FACT TO BEAR IN MIND IS THAT BY HAVING THIS KNOW-
LEDGE OF TESTING CIRCUITS,YOU ARE ALWAYS IN A POSITION TO FIGURE OUT FOR

YOURSELF ANY NEW TESTING DEVICES WHICH MAY BE BUILT IN THE FUTURE TO KEEP
UP WITH THE LATEST RADIO DEVELOPMENTS. CONTINUALLY, NEW TUBES AND NEW CIR-
CUITS ARE APPEARING IN COMMERCIAL RECEIVERS AND IT IS NECESSARY THAT TEST-
ING EQUIPMENT BE MODERNIZED ACCORDINGLY.
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Life's battles don't always go
To the stronger or faster man;
But, sooner or later, the man who wins 0

Is the man who thinks he can.

IF THE FILAMENT OR HEATER OF A RADIO TUBE IS HEATED TO
INCANDESCENCE, DOES THIS NECESSARILY MEAN THAT THE TUBE
IS IN SATISFACTORY WORKING CONDITION?

2. - DESCRIBE HOW A STATIC MUTUAL -CONDUCTANCE TEST IS MADE.

3. - WHAT IS MEANT BY AN "EMISSION TEST"?

4. - DESCRIBE A METHOD WHEREBY A TUBE CAN BE CHECKED FOR
POSSIBLE SHORT CIRCUITS BETWEEN ITS ELEMENTS.

5. - IF A TUBE TESTS PERFECT ACCORDING TO A COMPLETE SHORT
CIRCUIT TEST, EMISSION TEST AND STATIC MUTUAL -CONDUCT-
ANCE TEST, IS IT STILL POSSIBLE THAT THE TUBE MAY NOT
OPERATE PROPERLY WHEN INSTALLED IN A RECEIVER?

6. WHAT PROVISIONS ARE GENERALLY MADE ON COMMERCIAL TUBE
CHECKERS SO THAT THE SERVICEMAN DOES NOT HAVE TO ACT-
UALLY CALCULATE THE MUTUAL CONDUCTANCE VALUE WHEN SUCH
A TEST IS BEING MADE?

7. HOW ARE THE VARIOUS NECESSARY FILAMENT VOLTAGES GENER-
ALLY OBTAINED IN COMMERCIAL TUBE CHECKERS?

8. - DRAW A CIRCUIT DIAGRAM OF A COMPLETE TUBE CHECKER.

9. - EXPLAIN HOW TO OPERATE THE TUBE CHECKER WHOSE CIRCUIT
YOU HAVE DRAWN IN ANSWERING QUESTION #8.

1040.. WHY IS A PLAIN EMISSION TEST NOT ALTOGETHER RELIABLE?

PRINTED IN U.S.A.
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Now THAT YOU ARE FAMILIAR WITH TUBE CHECKERS,LET US NEXT GO INTO THE

DETAILS REGARDING ANOTHER POPULAR FORM OF TESTING UNIT, NAMELY,THE ANAL-

YZER.

As YOU ALREADY KNOW FROM YOUR INTRODUCTION TO ANALYZERS SOMETIMEAQO,

THESE INSTRUMENTS ENABLE THE RADIO TECHNICIAN TO MAKE A PRACTICALLY COM-

PLETE ANALYSIS OF A DEFECTIVE RECEIVER IN A MOST CONVENIENT ANDSYSTEMATIC

MANNER. FOR THIS REASON,ANALYZERS ARE EXTENSIVELY USED IN THE RADIO IN-

DUSTRY.

MANY DIFFERENT COMMERCIAL MODELS OF ANALYZERS ARE AVAILABLE,RANQINQ

FROM COMPARATIVELY SIMPLE TO COMPLEX FORMS AND AT A GREAT VARIETY OF PRI-

CES. FURTHERMORE, CONSTANT IMPROVEMENTS ARE BEING MADE IN THE DESIGN OF

THIS TYPE OF EQUIPMENT TO KEEP UP WITH THE CHANGES MACE IN THE CONSTRUC-

TION OF RECEIVERS THRU THE

USE OF NEW TUBES, CIRCUIT

REFINEMENTS ETC.

IN THIS LESSON, OUR

AIM IS TO FAMILIARIZE YOU

WITH THE BASIC PRINCIPLES A
ROUND WHICH ALL ANALYZERS
ARE BUILT. TO GIVE A DE-

TAILED EXPLANATION OF THE
CIRCUITS AND USE OF EACH mg
DEL AND MAKE OF COMMERCIAL
ANALYZER EVER BUILT WOULD BE
PRACTICALLY IMPOSSIBLE TO Ili

CORPORATE IN INSTRUCTION OF
THIS KIND AND WOULD REALLY BE
UNNECESSARY IN THAT COMPLETE
INSTRUCTIONS OF THESE INST2
UMENTS ARE ALWAYS FURNISHED
BY THE MANUFACTURER AT THE
TIME THE UNIT IS PURCHASED.

F 1 G.1

A Modern Diag 170 ill er.
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NOT ONLY WILL THIS LESSON OFFER YOU A GOOD ICEA OF THE CIRCUITS U-
SED IN THE CONVENTIONAL TYPES OF ANALYZERS BUT YOU WILL ALSO FIND IT TO
CONTAIN CONSIDERABLE VALUABLE INFORMATION WHICH YOU CAN USE TO BUILD EQUIP
MENT AS THIS YOURSELF.

A MODERN UNIVERSAL ANALYZER

IN FIG. 2 YOU ARE SHOWN THE PANEL LAY -OUT OF A MODERN ANALYZER
WHICH WILL ENABLE ONE TO CHECK ALL OF THE NEW STYLE RECEIVERS AND TUBES.
THE CIRCUIT DIAGRAM OF THIS SAME ANALYZER APPEARS IN FIG. 3.

By STUDYING THESE TWO ILLUSTRATIONS,YOU WILL NOTICE THAT A SINGLE
METER IS USED FOR ALL TESTS. THE METER USED IS A VESTON MODEL 301, 0-IMA.
(50 VOLT FULL SCALE DEFLECTION) AND FITTED WITH A VAN TYPE 4 DIAL. THIS
METER IS USED IN CONJUNCTION WITH A 1000 OHM TYPE RECTIFIER SO THAT BOTH
A.C. ANO D.C. VOLTAGE
SWITCH (30) IN FIG. 3
INSTRUMENT OR VICE VERSA BY INCLUDING OR EXCLUDING THE
THREE -CIRCUIT,

MEASUREMENTS CAN BE TAKEN. A TWO -POLE, TWO --THROW
IS USED TO CHANGE THE METER FROM AN A.D. TO A D.C.

RECTIFIER, A

SIX -POSITION SWITCH USED IN CONJUNCTION WITH MULTIPLIERS 35

TEST

sf
Fit

a.

Panel Lay of ihcz A na/y3er.

RANGE OF 401100,000 OHMS IS ALSO PROVIDED.

TO 40 INCLUSIVE OE
FERS D.C. VOLTAGE
RANGES OF 5-10
-100-250-500 AND
1000 VOLTS. THIS
SAME SWITCH IN CON
JUNCTION WITH MUL
TIPLIER RESISTORS
41-46 INCLUSIVE
OFFERS A.C. VOL-
TAGE RANGES OF

5-10-100-250-500
AND 1000 VOLTS.
THE THIRD SECTION
OF THIS SWITCH IN
CONJUNCTION WITH
SHUNT RESISTORS
47-50 INCLUSIVE OF
FER D.C. CURRENT
RANGES OF 1-5-10
-25-100 AND 500
MA. AN OHMMETER

THREE SOCKETS ARE FURNISHED TO ACCOMMODATE ALL TYPES OF TUBES. SO..
CKET #4 IN FIG. 3 IS THE LARGE SEVEN -PRONG TYPE. SOCKET #5 IS A UNIVERSAL
SOCKET WHICH IS SO ARRANGED AS TO TAKE CARE OF FOUR, FIVE, AND SIX PRONG
TUBES, WHILE SOCKET #6 WILL TAKE CARE OF THOSE TUBES HAVING A SMALL TYPE
SEVEN -PRONG BASE.

SWITCHES SW -1-2-3-4-5 AND 12 OF FIG. 3 ARE ALL TYPE 2006 NON -LOCK-
ING YAXLEY PUSH-BUTTON SWITCHES. SWITCHES SW -6-7-8-9-10 AND II ARE ALL
TYPE 2004 YAXLEY NON -LACKING PUSH-BUTTON SWITCHES.

SWITCH #30 IS A THREE -POLE, TWO -THROW SWITCH; #31 IS A SINGLE -POLE
TWO -THROW TOGGLE SWITCH; #13 AND #23 ARE DOUBLE -POLE, TWO -THROW SWITCHES.
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THE VALUES FOR THE DIFFERENT RESISTORS OF THIS CIRCUIT ARE AS FOLLOWS:

#35=5,000 OHMS
#36 = 10,000 OHMS

#37 = 100,000 owes

A. C. MULTIPLIERS

(PRECISION TYPE)

#38=250,000 OHMS
#39m500,000 OHMS
#40z.I MEGOHM

#41s3,200 OHMS
#42m7,500 OHMS
#4384,000 OHMS

SHUNTS FOR O.C. MILLIAMMETER RANGES

#44.-212,000 OHMS
#45t425,000 OHMS
#461:850,000 OHMS

#47=12.5 OHMS; #48=-2.083 OHMS; #49.m.5 OHM; #50=.102 OHM.

THE MULTIPLIER #51 FOR RESISTANCE CONTINUITY TEST HAS A VALUE OF
4,000 OHMS. THE POTENTIOMETER #I7 HAS A VALUE OF 1000 OHMS.

THE PLUG FOR CONNECTING THE ANALYZER TO THE RECEIVER UNDER TEST !SAN
ALDEN, 7-PRONG ANALYZER PLUG WITH A 3...FOOT, 8 -WIRE CA3LE, TYPE 907 WLC.
TO INSERT THIS PLUG INTO A RECEIVER SOCKET OTHER THAN OF THE SEVEN- PRONG
TYPE.7AN ADAPTER PLUG MUST FIRST BE INSERTED IN THE RECEIVER SOCKET AND THE
ANALYZER PLUG 16 THEN INSERTED IN THE TOP OF THE ADAPTER PLUG. THE FOLLOW-
ING ADAPTER PLUGS ARE USED WITH THIS ANALYZER:

ONE ALDEN ADAPTER, TYPE 974 DS
ONE ALDEN ADAPTER, TYPE 975 DS
ONE ALDEN ADAPTER, TYPE 976 DS
ONE ALDEN ADAPTER, TYPE 977 DS

RECEIVER TESTS WITH THE ANALYZER

To CHECK CIRCUITS WITH THIS ANALYZER, REMOVE THE TUBE FROM THE RE-

CAP (G4) (GREEN) ) NI 6 (-

SUP.G 05)(11.1.4OW).ti

PLATE ( RED)142.2

4 S G (GE) (WHITE) NI 6

24'
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CEIVER SOCKET AT WHICH THE TEST IS TO BE MADE AND INSERT THE TUBE IN THE

PROPER SOCKET OF THE ANALYZER, CONNECTING THE ANALYZER CONTROL GRID CLIP

TO THE TUBE CAP IF THE TUBE IS OF THIS TYPE.

INSERT THE ANALYZER PLUG INTO THE VACATED TUBE SOCKET OF THE RECEIVER,
USING THE PROPER ADAPTER IF SUCH IS REQUIRED AND IF THE TUBE HAS ITS CON-
TROL GRID CONNECTICN AT THE TOP OF THE GLASS BULB, ATTACH THE CONTROLGRID
CAP CLIP OF THE CIRCUIT WIRE TO THE CAP PROVIDED ON THE SIDE OF THE ANA-

LYZER PLUG.

FOR A.C. VOLTAGE MEASUREMENTS,PLACE THE A.C-D.C. SWITCH TO THE "A.C.
POSITION" AND FOR D.C. VOLTAGE MEASUREMENTS TO THE "D.C. POSITION." THEN

TO CHECK THE DIFFERENT VOLTAGES AT THE RECEIVER1B TUBE SOCKETOT IS ONLY

NECESSARY TO OPERATE THE DIFFERENT SWITCHES WHOSE NUMBERS ARE TABULATED

IN THE LEFT HALF OF TABLE I FOR THE DIFFERENT TYPES OF TUBES USED.

TABLE I
VOLTAGE (1' RM.:NT

Grid Grid
Type Eil. Plate No. 1 No.2

WD -11 13 11 ..
WX-12 13 11

41 13 9 7
42 13 9 7

M 6 7
49 13 7 11

13 6 ..

13 7
13 6 7

58 13 6 7
12A . 13 11

99 .
a 11

13 11
13 H

22 13 6
24 13 6
26 13 .11

27 13 7
30 13 n
32 13 6
34 13 6 7
35 13 6 7
36 13 6 7
37 13 7 ..
39 13 8 7
40 13 11 ..
Wunderlic 13 ..
85 13 6
46 13 7
20 13 11
nA 13 11

10 13 11
31 a 11

33 13 7 11
38 13 6 7
45 13 11
47 13 7 11

SO 13 11
LA 13 7 11

82 13 ..
BA
BH
so

Grid
No.3

. .

. .

. .
. .

. .

. .

Dath.
Grid to No. 2
No. 4 ll't'r Plate

11
11
11

11
11
11
11

11

11

11

6
11

11

13 .. ..
81 13 .. ..
66 13
2A3 13 11

..

2A5 13 9 11
2A6 13 s 11
2A7 13 9 io 'i 11
2B7 13 6 7 " 11
5Z3 13
6A4 13 'i ii

..

fiA7 13 9 10 :7 'i ii
6B7 13 6 7 .. 11
25Z5 13 PI Kt 7 P211 K29 ..

13 .. .. 7
C -1V 13 .. . I. 7
C-19 13 P2 G27 0111 Pill
44 1311
43 13

6 7
:: 11

PZ 13 7 11
13 W 7 ..i)

75 13 6 .. .. 11
77 13 6 7 9 11
78 13 6 7 9 11
79
83

13 P5
13

C27 GI 9 Pill :: ..
89 .. 13 6 7 9 11
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WHEN CONDUCTING THESE TESTS,SWITCH #I3 SHOULD BE CLOSED TOWARD THE

RIGHT FOR READING FILAMENT POTENTIALS AND TO THE LEFT FOR READING ALL High

ER VOLTAGES AS USED FOR PLATE, SCREEN-GRID 'POTENTIALS ETC.

WHEN SWITCH #3I IS CLOSED TO THE "K" POSITION",THE VOLTAGES READ WILL

BE BETWEEN THE CATHODE AND THE OTHER ELEMENTS OF THE TUBE WHILE THE"H POS..

ITION",OFFERS READINGS BETWEEN THE HEATER AND OTHER ELEMENTS OF THE TUBE.

ALSO FOR VOLTAGE MEASUREMENTS, BE SURE THAT SWITCH #32 IS IN THE "OPEN OR

E POSITION" AND FOR CURRENT MEASUREMENTS IN THE "CLOSED OR I POSITION." IT

IS ALSO OF GREAT IMPORTANCE THAT THE SELECTOR SWITCH BE SET IN THE PROPER

POSITION SO THAT THE RANGE OF THE METER WILL BE CONSISTENT WITH THE READING

BEING TAKEN.

THE CURRENT MEASUREMENTS AT THE RECEIVERS SOCKET ARE MADE BY OPERA',

ING THE SWITCHES SPECIFIED IN THE RIGHT HALF OF TABLE ,.THE TUBE GRIDS,YOU

WILL NOTICE IN TABLE ARE LISTED AS GRIDS #1.2..'31.... AND 44. GRID #1 IS THE

CONTROL GRID, #2 IS THE SCREEN GRID, #3 IS THE SUPPRESSOR, AND #4 IS THE

ANODE GRID IN PENTAGRIDCONVERTER TUBES ABOUT WHICH YOU WILL HEAR MORE IN

A LATER LESSON.

THE REVERSING SWITCH IS PROVIDED SO THAT IN CASE THE METER SHOULD READ

BACKWARDS, IT IS ONLY NECESSARY TO CLOSE THIS SWITCH TO THE OTHER POSITION,
AT WHICH TIME THE METER WILL READ IN THE PROPER DIRECT:ON*

IN THE EVENT THAT IT IS DESIRED TO TAKE INDIVIDUA.. VOLTAGE OR CURRENT
MEASUREMENTS WITHOUT PLUGGING THE ANALYZER INTO THE RECZIVER,TWO PAIRS OF

JACKS ARE PROVIDED INTO WHICH THE TEST LEADS CAN BE PLUGGED FOR TAKING GEN

ERAL VOLTAGE AND CURRENT MEASUREMENTS. THE VOLTAGE JACKS ARE MARKEDAX404Go

AT THE LOWER LEFT OF FIG 3 AND THE TWO MILLIAMMETER JACKS (MA) ARE LOCAT-

ED DIRECTLY TO THE RIGHT OF THE VOLTAGE JACKS.

WHEN USING THESE JACKS, IT IS ALSO IMPORTANT THAT THE SELECTORSWITCH

BE SET FOR THE PROPER RANGE AND THE A.C...D.C. SWITCH TO THE PROPERPOSITION

4 AMP
FUSE

COLOR NO. CODE
YELLOW 4 GRID II
RED 2 PLATE
BLACK 3 FILAMENT
BROWN 4
BLUE 5 PLATE OR CATHODE
WHITE 6 GRID BI
GREY 7 GRID I
GREEN 8 CAP

SHUNTS
50 4 MV. 500 MILS

100 MIL

nwLs
40 --NAMM-6
07

O

43.000
OHMS

o orr
SM5

WAA (
400 0-

I
*II, OHMS

I 435 V 1..*:

C BATT -

7.0,000
OHMS

CV-_
245,000

4000 V.

45,000
SW 4 250 V OHMS

5
0 V. OHMS'°

OHMS

040 V.

0 5 V.

OUTPUT

5.000
OHMS

UNIVERSAL METER
0-1 MA.

4 MED.

C

REVERSE
SWITCH

4950 -,
OFF OHMS

D.0

SW.4

Cpl
SW 6

FIG.4
Circuit Diagram of ihe Analyzer.
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THIS SAME ANALYZER CAN ALSO BE USED FOR TESTING CONTINUITY AND MEAS-
URING RESISTANCE. FOR THIS, THE OHMMETER SCALE IS READ AND THE VOLTAGE
CURRENT SELECTOR SWITCH SET FOR I MA. WITH THE TEST LEADS INSERTED IN THE
"REST-CONT". JACKS, THEY ARE TOUCHED TOGETHER A6 THE POTENTIOMETER (17)IS
OPERATED SO AS TO ADJUST THE READING OF THE METER TO FULL SCALE. THE ME-
TER SCALE IS CALIBRATED TO READ OHMS RESISTANCE DIRECT.

THE METER CAN ALSO BE USED INDIVIDUALLY AS AN OUTPUT METER TO ALIGN
TUNING STAGES ETC., AS WILL BE EXPLAINED TO YOU LATER.

ANOTHER ANALYZER CIRCUIT

IN FIG. 4 YOU ARE SHOWN THE DIAGRAM OF A MORE COMPLEX ANALYZER CIR-
CUIT AND THE PANEL LAYOUT OF THIS SAME UNIT APPEARS IN FIG. 5.

WHILE THIS ANALYZER IS DESIGNED PRIMARILY FOR MAKING TESTS DIRECTLY
FROM THE SOCKETS OF A RADIO RECEIVER, THREE EXTERNAL CONNECTIONS ARE PRO-

VIDED (AT THE LEFT OF FIG. 4)
SO THAT DIRECT CURRENT, D.C.
VOLTAGE, A.O. VOLTAGE, RESIS-
TANCE ETC. CAN BE MEASURED.
FIVE SOCKETS ARE MOUNTED ON
THE PANEL OF THE TESTER TO A2
COMMODATE TUBES WITH FROM FOUR
TO SEVEN -PRONG BASES.

FIG, 5
The Wesbor7 600 Analyzer-,

LOOKING AT THE PANEL,THE
THREE MAIN SWITCHES WILL BE
FOUND AT THE BOTTOM. THE SWI-
TCH AT THE LOWER LEFT OF FIG.
5 (SW -I IN FIG.4) IS THE ME-
TER CONTROL SWITCH WITH MILLI
AMPERE RANGES ON ONE SIDE AND
VOLTAGE RANGES ON THE OTHER.
THE SWITCH SIN -2 AT THE CENTER

HAS NUMBER DESIGNATIONS FROM I TO 8, AN tl"EXTERNAL TEST POSITION AND ONE
SPARE. SIX OF THESE POSITIONS ARE ACCOMPANIED BY CURRENT PUSHBUTTONSTHE
II IIEXTERNAL TEST POSITION OF THIS SWITCH SHOULD BE USED WHILE MAKING MEAS-
UREMENTS EXTERNALLY THROUGH THE JACKS PROVIDED AT THE LEFT OF THE PANEL.

THE SWITCH (SW -3) AT THE EXTREME RIGHT IS NUMBERED FROM I TO 8 AND
IS A REFERENCE POINT SWITCH, BEING CONNECTED WITH THE SAME CONTACTS AS
SWITCH SW -2. THE PUSHBUTTON SWITCH ABOVE SW -I AT THE EXTREME LEFT IS THE
SAFETY SWITCH FOR THE I MA. POSITION OF SW -I AND DIRECTLY TO THE RIGHT OF
THIS SWITCH ON THE PANEL, YOU WILL FIND THE REGULAR TOGGLE REVERSING SWI-
TCH WHICH IS USED IN CASE THE METER READS BACKWARDS.

ABOVE THE REFERENCE SWITCH AT THE EXTREME RIGHT OF THE PANEL, YOU
WILL FIND TWO MORE SWITCHES. ONE OF THESE IS MARKED "OUTPUT" IN FIG.4
WHICH CUTS IN A SERIES CONDENSER WHEN MAKING OUTPUT TESTS, OR ANY A.C.com
PONENT TEST SUCH AS HUM ETC. ABOUT WHICH YOU WILL HEAR IN A LATER LESSON.
THIS SWITCH MUST BE IN THE SHORT CIRCUITING POSITION WHEN CONDUCTING ALL
OTHER TESTS EXCEPT THE ONE JUST MENTIONED.

THE OHMMETER SWITCH IS MOUNTED ON THE PANEL DIRECTLY TO THE RIGHT OF
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THE OUTPUT SWITCH AND IS INDICATED AS SW -5 IN FIG. 4. THIS OHMMETER SWITCH
HAS AN "OFF POSITION IN ADDITION TO THREE OTHER POSITIONS WHICH ARE MARK
ED L -R -H. WHEN USING THE INSTRUMENT AS AN ANALYZER,THIS SWITCH MUST BE IN
THE "OFF" POSITION. WHEN MEASURING RESISTANCE, THE OHMMETER SWITCH IS TURN
ED TO THE "L" POSITION AT WHICH TIME IT WILL MEASURE RESISTANCE VALUES UP
TO 10,000 OHMS. FOR MEASURING RESISTANCE VALUES UP TO 100,000 OHMS, THIS
SWITCH IS PLACED IN THE RR" POSITION AND FOR MEASURING RESISTANCE VALUES
UP TO I MEGOHM, THE "H" POSITION IS USED. THE I MA. POSITION OF SW -1 IS
USED FOR THE R AND H POSITIONS OF SW -5 AND THE 10 MA. POSITION FOR POSI-
TION "L" OF SW -5. A RHEOSTAT IS MOUNTED TO THE PANEL DIRECTLY ABOVE THE
OHMMETER SWITCH AND WHICH IS USED TO ADJUST THE METER TO ZERO FOR ALL RA-
NGES.

SWITCH SW -4 WHICH 18 MOUNTED ON
THE THREE "EXTERNAL JACKS" IS MARKED
TO ARRANGE THE CIRCUIT 80 AS TO USE
THE METER AS AN A.C. OR D.C.INSTRU-
MENT. AN EXTERNAL JACK 18 MOUNTED
ON THE PANEL ABOVE THE OHMMETER RHO
O8TAT AND 18 MARKED "GND". THIS IS

TO BE CONNECTED TO ANY DES1REDPOINT
ON THE CHASSIS OF THE RADIO SET, OR
GROUND, FOR POINT TO POINT TESTING.
SWITCH SW -6 BELOW THE TWO RIGHT HAND
SOCKETS IS USED FOR INSERTING ANY DL
SIRED VOLTAGE IN ANY OF THE GRIDS
USED FOR MUTUAL -CONDUCTANCE TESTING
OF TUBES.

TO SIMPLIFY MATTERS WHEN TEST-
ING CIRCUITS IN WHICH VACUUM TUBES
ARE EMPLOYED, IT IS BECOMING THE
COMMON PRACTICE TO REFER TO THE TUBE
ELEMENTS BY NUMBER RATHER THAN BY NAME.

THE PANEL DIRECTLY TO THE RIGHT OF
AS A.C.-OFF.- AND D.C. AND IS USED

FIG6
The number Sysietn.

IN THE SMALL TABLE ACCOMPANYING
FIG. 4, YOU ARE SHOWN THE NUMBERS CORRESPONDING TO THE DIFFERENT TUBE EL-
EMENTS, AS WELL AS THE COLORS OF THE CORRESPONDING WIRES MAKING UP THE
CABLE OF THE ANALYZER PLUG. To STILL MORE CLEARLY ILLUSTRATE THISNUMBER-
ING SYSTEM, FIG. 6 HAS BEEN PREPARED, AND THE SOCKET TERMINALS NUMBERED TO
CORRESPOND WITH THE DIFFERENT TUBE ELEMENTS.

USING THE ANALYZER

THIS ANALYZER IS CONNECTED TO THE RECEIVER UNDER TEST IN THE CONVEN-
TIONAL MANNER, THAT IS, BY INSERTING THE ANALYZER PLUG INTO A RECEIVER
TUBE SOCKET, PLACING THE TUBE IN AN ANALYZER SOCKET ETC. AND SEE THAT THE
A.C.-D.C. SWITCH IS PROPERLY SET.

FROM NOW ON, ALL ORDINARY TESTS WILL BE PERFORMED BY USING SWITCH
SW..I TO CONTROL METER RANGES, SW -2 TO SELECT THE CIRCUI7 AND SW -3 TO SE-
LECT THE REFERENCE POINT. FOR INSTANCE, IF A PLATE READ: NO IS NECESSARY,
SET SW -I AT 1000 VOLTS, SW -2 TO POSITION 2 AND SW -.3 TO POSITION 5(CATHODE
ACCORDING TO THE TABLE IN FIG. 4, SO THAT THE PLATE VOL-AGE WILL BE IN-
DICATED WITH RESPECT TO THE CATHODE AS THE REFERENCE POiNT).CURRENT READ-
INGS WOULD BE MADE BY SETTING SW -3 ON THE "MA" POSITION AND PRESSING THE
BUTTON INDICATED ON SW -2. BRING THE RANGES TO SUIT ON SA -I.
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ANOTHER METHOD OF MEASURING CURRENT IS TO SET SW -2 AND SW -3 ON THE
SAME POINTS AND THEN PRESS THE CORRESPONDING PUSH BUTTON AT BW.-2.THE SAME
OPERATION CAN BE COMPLETED FOR ALL ELEMENTS OF ANY TUBE.

SWITCH SW -5 IS EMPLOYED FOR MAKING MUTUAL CONDUCTANCE TESTS. POINTS
#I'"B...7 AND 8 OF THIS SWITCH ARE USED FOR THIS PURPOSE. THEY MERELY CONNECT
. VARIABLE BIASING VOLTAGE (A #5540 BURGESS "C" BATTERY AND 4000 OHMS RE-
SISTANCE) IN SERIES WITH ANY GRID LEAD.

THIS TEST IS A VERY IMPORTANT ONE AND REPRESENTS A VERY GOOD METHOD
IN TUBE CHECKING DUE TO THE FACT THAT ANY VOLTAGE CAN BE INSERTED IN ANY
GRID CIRCUIT.THE PLATE AND OTHER CURRENT READINGS FOR THIS TEST ARE MADE
IN THE USUAL WAY.

FIG,

Wirin9 and Panel Lay -out
the Analyzer-.

BY USING CIRCUIT SELECT-
OR SWITCH SW -2 AND REFERENCE
POINT SWITCH BW...3,SETTING
TO POINT 4 AND SW -3 TO POINT 4,
5 OR "GROUND" CONNECTION FROM
THE EXTERNAL JACK (CNO), IT IS

POSSIBLE TO MAKE HUM TESTS,US...

ING A LOW VOLTAGE RANGE AND
PRESSING THE CONDENSER OR"OUT...

PUT BUTTON" AND SETTING FOR
"AIX." ON THE A.C.-D.D. SWITCH.
OUTPUT MEASUREMENTS CAN BE MADE
FROM ANY POINT TO ANY OTHER
POINT JUST BY CUTTING IN THIS
CONDENSER AND SETTING THE
SWITCHES. BE SURE TO CLOSE THIS
SWITCH WHEN RETURNING TO OTHER
MEASUREMENT. A LIST OF PARTS AS
USED IN THE CONSTRUCTION OF

THIS ANALYZER IS GIVEN INTABLE
II.

WHEN WIRING ANALYZERCIR...
CUITS,SPECIAL PRECAUTIONS
SHOULD BE TAKEN TO KEEP THE Kg
SISTANCE OF THE WIRING DOWN TO
AS LOW A VALUE AS POSSIBLE SO

AS TO PERMIT ACCURATE MEASURE-
MENTS TO BE MADE. FOR THIS REASON, THE WIRE SIZE USED SHOULD BE COMPARA-
TIVELY LARGE, THE LEADS KEPT SHORT AND THE CONNECTIONS SOLDERED WITH UT-
MOST CARE. IT IS A COMMON PRACTICE TO USE #I2 B&S WIRE COVERED WITH SPA-
GHETTI TUBING FOR THIS PURPOSE.

of

ANOTHER ANALYZER

A STILL DIFFERENT ANALYZER DESIGN IS SHOWN YOU IN FIG. 7. THE LOWER
PORTION OF THIS ILLUSTRATION SHOWS YOU THE PANEL ARRANGEMENT OF THIS TES"
ER, WHILE THE UPPER PORTION OF THIS SAME ILLUSTRATION SHOWS YOU HOW THE
WIRING JOB IS DONE ON THE BACK SIDE OF THE PANEL. THE CIRCUIT DIAGRAM OF
THIS ANALYZER APPEARS IN FIG. 8.
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TABLE Ir

LIST OF PARTS

01..1 YAXLEY SWITCHpTYPE 1630,NOM...SHORTING

9162,SW6..2 YAXLEY DOUBLE -POLE, IQ -POSITION SWITCHES, TYPE 1620

SW3- YAXLEY SINGLE -POLE, 10 -POSITION SWITCH, TYPE 1610

SW4-I YAXLEY 3 -POLE, 3 -POSITION SWITCH, TYPE 1633
906..1 YAXLEY SINGLE -POLE, 6 -POSITION SWITCH, TYPE 55

1
YAXLEY SINGLE -POLE, DOUBLE -THROW PUSH BUTTON SWITCH,

NON LOCKING
YAXLEY SINGLE -POLE, DOUBLE -THROW
LOCKING TYPE (CONDENSER SWITCH)

YAXLEY SINGLE -POLE, SINGLE -THROW
NON LOCKING TYPE (SAFETY SWITCH)

4

DOUBLE -POLE,

SWITCH)
ALDEN
ALDEN
ALDEN
ALDEN
ALDEN
ALDEN
ALDEN

DOUBLE -THROW TOGGLE

4 PRONG SOCKET,
5 PRONG SOCKET,
6 PRONG SOCKET,
7 PRONG, MEDIUM

PUSH-BUTTON

PUSHBUTTON

SWITCH,

SWITCH,

NON -SHORTING

TYPE 2003,

BREAK CONTACT

BREACK CONTACT

SWITCHOICKEL PLAC-E (REVERSING

TYPE No. 424
TYPE No. 425
TYPE No. 436
BASE, SOCKET,

7 PRONG, LARGE BASE, SOCKET, TYPE No. 437A

INSULATED TIP JACKS (ONE RED, ONE GREEN, TWO
INSULATED SCREEN GRID CAP AND LEAD

TYPE No. 437

BLACK)

FROST 5000 OHM POTENTIOMETER, TYPE No. 6141
KIT OF MULTIPLIERS, (1-5000 OHM, 1-4950 wimp 1-4500 OHM, 1-245000

OHM AND 1-750000 OHM)/
KIT OF 50 MV. SHUNTS 1...10 MA., 1-25 MA., 1-100 MA., 1-500 MA.)

SMALL BAKELITE MOUNTING STRIP FOR SHUNTS AND MULTIPLIERS
ALDEN EIGHT WIRE CABLE, 6 FT. LONG WITH ALDEN ANALYZER PLUG, TYPE

No.907, WLC.
ALDEN SET OF 4 ADAPTERS, TYPE No's. 977 DS, 976 DS, 975 DS AND 974

DS
1-13000 OHM, 1 WATT RESISTOR, FOR CONTINUITY'TESTS
YAXLEY 100 OHM, WIRE WOUND RESISTOR, TYPE 8100

METER, FLUSH TYPE MODEL 49X, 50 MILLIVOLT

1-4000 Om, i WATT RESISTOR, IN C BATTERY CIRCUIT

1 LITTLEFUSE 1 AMPERE INSTRUMENT FUSE, TYPE No. 1008

CLIP TYPE NO. 1010
5 INSTRUMENT KNOBS
3 BURGESS 7i VOLT C BATTERIES; NO. 5540
1 EVEREADY FLASHLIGHT CELL, I VOLTS, TYPE No.935

1 HARDWOOD CABINET, I5i INCHES BY 10 INCHES BY 5 INCHES HIGH

I
DRILLED AND ENGRAVED BAKELITE PANEL, 9 INCHES BY 10 INCHES BY

INCHES
BUS -BAR, HOOKUP WIRE AND HARDWARE

WITH MOUNTING
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SOME OF THE MORE IMPORTANT FEATURES OF THIS ANALYZER ARE: ONLY ONE
METER TO READ; VOLTAGE AND CURRENT TESTS ON ALL TUBE ELEMENTS; POINT TO
POINT RESISTANCE TESTS USING THE ANALYZER CABLE, WITH A RESISTANCE RANGE OF
1 OHM TO 1 MEGOHM; ALL TUBE ELEMENTS CAN BE MEASURED WITH A VARIABLE RANGE
OF 5 TO 1000 VOLTS ON A.C. OR D.C.; ALL TUBE ELEMENTS (EXCEPT THE HEATER)
C,=.'4 BE MEASURED FOR CURRENT WITH A VARIABLE RANGE OF I MA. UP TO 500 MA.;

RANGES ARE AVAILABLE EXTERNALLY THROUGH FIVE PIN JACKS ON THE ANALYZER
-- TWO JACKS ARE USED FOR RESISTANCE MEASUREMENTS; THE OUTPUT RANGE IS FROM
5 TO 100 VOLTS; THE VOLTMETER RANGE IS 5 TO 1000 VOLTS A.C. OR D.C; AND THE
CURRENT RANGE IS I TO 500 MA. A.C. OR D.C.

ONE POSITION SELECTOR SWITCH AND ONE METER - RANGE SELECTOR SWITCH
ARE THE MAIN CONTROLS. THERE ARE FOUR SOCKETS MOUNTED ON THE PANEL WHICH
TAKE CARE OF ALL TUBES.

A VERY IMPORTANT FEATURE OF THIS ANALYZER 19 THAT A COMPLETE VOLTAGE
AND CURRENT TEST CAN BE MADE AT EVERYPRONGANDEVERY CIRCUIT CAN BEMEASUREO FOR
RESISTANCE FROM POINT TO POINTWITHIN THE RANGE OF 1OHMUPTO 1MEGOHM.THIS OPER
ATION WOULD INSTANTLY SHOW THE NATURE OF THE TROUBLE,THAT IS, WHETHER IT
IS AN OPEN CIRCUIT OR SHORTED CIRCUIT. TO MAKE THIS POINT CLEAR, LET US
CONSIDER A PRACTICAL EXAMPLE:

TEST PROCEDURE

WE SHALL ASSUME THAT THE ANALYZER CABLE IS PLUGGED INTO ONE OF THE
R.F. STAGES OF A RECEIVER IN WHICH A TYPE -24 TUBE IS BEING USEDWEWANT TO
SEE IF THIS TUBE 16 GETTING PLATE VOLTAGE, SO WE SET THE POSITION SELECTOR
(SW -1) ON THE P -H (PLATE OR HEATER) POSITION AND THE METER RANGE SELECTOR
SWITCH (SW -2) CAN BE SET AT ANY VALUE DESIRED (THAT 18, FROM STO 1000 VOLTS)
BUT SINCE WE KNOW BEFOREHAND THAT THE -24 TUBE WORKS WITH 180 TO 250 VOLTS

H

H+0
cc()
SUP 0

G 0
K 0

Sc. 0
P 0

CONTROL- TOP VIEW OF
(CAP) SOCKETS

GK

FS,

CONTACT
ARMS 0

+ - ,G c... ""--- \
/' Sw 5 Sw 6 7

RESISTANCE PLATE SCREEN CATHODE

- MP
27 OR 50 MV.

FULL -WAVE DRY -DISC RECTIFiER.,

500

10V .AL."V R6

50
25iic.

25 1,

0
P14

0
250
V

500v

R 150

5160

MILS.--
/ 250 622

1,000
OHMS

MED 619, 3.60004LS

v V
sw 4 SW 8 sw 9 5w 10

REVERSE GRID SUPP. CON -GRID

Sw
3

O1- ME

6 e 6,
ROL 5 Our-- M115. PUT

FIG.

Cr'rcuii Diagram of .ire Analyzer.
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ON THE PLATE, IT IS LOGICAL TO CHOOSE THE 250 VOLT POSITION ON SW -2.

Now THEN, IF THERE IS NO PLATE VOLTAGE INDICATION, IT IS DUE TO ONE
OF THREE REASONS: (I) AN OPEN CIRCUIT (2) A SHORT CIRCUIT (3) A LARGE OV-
ERLOAD IN SOME OTHER PART OF THE SET.

THE NEXT STEP IS TO SHUT OFF THE SWITCH ON THE RECEIVER,LEAVE THE
ANALYZER PLUG WHERE IT WAS AND THE POSITION SWITCH 8W...1 SET AT P-H.THEN
SET THE A.C.-RES-O.C. SWITCH TO RES., AFTER WHICH THE METER RANGE SELECT-
OR SWITCH SW -2 IS SET TO THE DESIRED RESISTANCE RANGE THAT IS TO"HIGH"
FOR I MEG., "MEDIUM" FOR 0.1 MEG. AND "LOW" FOR 1,000 OHMS.

IF THERE IS NO READING WHATSOEVER ON THE OHMMETER, IT WOULD INDICATE
AN OPEN VOLTAGE DIVIDER SECTION, AN OPEN FIELD OR FILTER CHOKE OR A BROK-
EN WIRE SOMEWHERE IN THE CIRCUIT, THEREBY PROVING THAT THE TROUBLE IS

ELSEWHERE AND NOT IN THE CIRCUIT UNDER TEST. THE THIRD INDICATION IS WHERE
THE OHMMETER READS DEAD SHORT OR NEARLY SO AND IN WHICH CASE THE THINGS TO
LOOK FOR ARE SHORTED BYPASS CONDENSERS, SHORTED SOCKET PRONGS AND GROUND-
ED WIRES.

SEVEN PUSH-BUTTON SWITCHES ARE MOUNTED IN A ROW ALONG THE BOTTOM EDGE
OF THE PANEL AND ARE LETTERED AS P (PLATE), SG (SCREEN -GRID), K (CATHODE),
G(GRID), SP (SUPPRESSOR GRID), Co (CONTROL GRID) ETC.

CURRENT MEASUREMENTS FROM I TO 500 MA. CAN BE OBTAINED ON ANY ONE
OF THE TUBE ELEMENTS. FOR INSTANCE, IF PLATE CURRENT OP A -47 TUBE IS TO
BE MEASURED, SWITCH SW -I IS PLACED ON THE "P" POSITION AND SW -2 SET FOR
THE 50 MA. RANGE. THE PLATE BUTTON SW -5 IS THEN PRESSED, AT WHICH TIME THE
METER WILL READ THE PLATE CURRENT.

TO READ THE SUPPRESSOR GRID CURRENT OF A SIX -PRONG TUBE,SWI IBPLAO-

ED ON POSITION SP AND SUPP.BUTTON S&.8 IS PRESSED. A METAL CAP ON THE

BIDE OF THE CABLE PLUG SERVES AS THE CONTROL GRID CONNECTION FOR THE RE-

CEIVER. THE LIST OF PARTS AS USED IN THE CONSTRUCTION OF THIS ANALYZER

FOLLOWS:

LIST OF PARTS

ONE WESTON MILLIAMETER,MOOEL 301,27 OR 50 MILLIVOLTS,01 MA. RANGE;
TWO JEWELL 2DECK,24.POINT SWITCHES,SW.I AND Sw. 2;
Two JEWELL SMALL BAR HANDLES;
ONE 4 -DECK, 3 -POINT SWITCHI, SW.3;
SIX PUSH-BUTTON SWITCHES, SW. 5, Sw. 6, Sw. 7,Sw.8,Sw.9, Sw.10;
EIGHT METER SHUNTS 2.5-5-10-25-50-100-250-500 MA. RI TO R8;
EIGHT VOLTAGE MULTIPLIERS, 4,950-5,000-15,000-25,000-50,000 OHMS AND

.15-MEG. .25-MEG. .5-MEG., R9 TO R16;
ONE D.P.D.T. swiTcH,Sw,4; FOUR SOCKETS 4-5-6-7 COMB.; SIX TIP -JACKS;
ONE ENGRAVED PANEL 7 X 13 X 3/18 INS.; ONE BAKELITE PANEL, 7 x 13

x I/8 IN.; ONE TAUREX RECTIFIER WITH SCALE -ADJUSTING RESISTOR,
ONE 1000 OHM RHEOSTAT, R22;

ONE NA -OLD ANALYZER CABLE WITH 4 ADAPTORS, TYPE 907 WLCA;
FIVE RESISTORS FOR OHMMETER, 50, 150, 3,600, 4,000 AND 36,000 OHMS,

RI7 TO R21;
THREE ROLLS OF HOOKUP WIRE, COLORED RED, GREEN AND BLACK;
ONE CARRYING CASE TO FIT COMPLETED ANALYZER CHASSIS; ONE 41 V.8ATT.

BI; ONE 402 V. SPECIAL BATTERY17X8L'X8/8 IN., 32.
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IN THE PAST SERIES OF LESSONS, YOU HAVE HAD THE OPPORTUNITY OF LEARj
ING CONSIDERABLE ABOUT THE TESTING EQUIPMENT AS USED IN RADIO. ALTHOUGH

YOU MAY PERHAPS NOT BE PARTICULARLY INTERESTED IN BUILDING EQUIPMENT OF

THIS KIND, YET THE OCCASSION WILL NO DOUBT ARISE WHEN YOU WILL FIND THIS

INFORMATION TO BE MOST WELCOME. FURTHERMORE, EVERY RADIO TECHNICIAN SHOULD

HAVE THIS KNOWLEDGE IN ORDER TO BE WELL -TRAINED.

IN THE NEXT LESSON, YOU ARE GOING TO STUDY AN ENTIRELY DIFFERENT SUS
JECT, NAMELY, THE VARIOUS METHODS OF FREQUENCY CONVERSION AS USED IN SUP-

ERHETERODYNE RECEIVERS OF RECENT DESIGN. HERE YOU WILL LEARN ABOUT ELECT-

RON COUPLED OSCILLATORS,THE AUTODYNE SYSTEM,SPECIAL TUBES FOR SUPERHETER-
ODYNES ETC.

EXAMINATION QUESTIONS
LESSON NO. 5 3

I. WHAT ARE SOME OF THE MORE IMPORTANT FEATURES WHICH AN AC!
ALYZER SHOULD OFFER IN ORDER TO BE A REALLY PRACTICAL

TESTING UNIT?

2. - WHY IS A REVERSING SWITCH PROVIDED ON MOST ANALYZERS?

3. - How IS IT POSSIBLE TO USE A SINGLE METER ON AN ANALYZER

AND BE ABLE TO MEASURE VOLTAGES OF VARIOUS RANGES, D.C.

CURRENT OF VARIOUS RANGES,IN ADDITION TO HAVING SEVERAL

OHMMETER RANGES?

4. - EXPLAIN HOW AN ANALYZER IS USED IN ORDER TO CHECK A RE.-
CEIVER,USING ONE OF THE ANALYZERS DESCRIBED IN THIS LES-

SON AS AN EXAMPLE.

5. - WHAT PROVISIONS SHOULD BE MADE ON AN ANALYZER FOR TAKING

EXTERNAL MEASUREMENTS WITHOUT HAVING TO PLUG THE TESTER

INTO THE RECEIVER?

6. - WHAT ARE SOME OF THE MORE IMPORTANT THINGS TO CONSIDER Rg

LATIVE TO THE WIRING OF AN ANALYZER?

7. - How ARE THE INTERNAL CIRCUITS OF ANALYZERS GENERALLY ARR-

ANGED SO THAT A.C. OR D.C. VOLTAGE MEASUREMENTS CAN BE

TAKEN WITH THE SAME METER?

8. - WHAT PROVISIONS ARE GENERALLY MADE SO THAT THE PLUG WHICH

IS ATTACHED TO THE ANALYZER CABLE CAN BE INSERTED IN THE

VARIOUS TYPES OF SOCKETS USED IN RECEIVERS?

9. - WHAT IS A "UNIVERSAL SOCKET"?

10.- WHY IS IT SO IMPORTANT TO CONSIDER BEFOREHAND THE MAXIMUM

VOLTAGE OR CURRENT WHICH IS LIKELY TO BE PRESENT IN A GIVEN

RECEIVER CIRCUIT UNDER TEST BEFORE CONNECTING THE METER OF

THE ANALYZER TO THE CIRCUIT BY MEANS OF THE ANALYZERIS

SWITCHING ARRANGEMENT?
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FREQUENCY CONVERSION IN
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SUPERHETERODYNE RECEIVERS

ALTHOUGH YOU ARE ALREADY SOMEWHAT FAMILIAR WITH SUPERHETERODYNE RE-
CEIVERS, YET THERE ARE STILL A NUMBER OF IMPORTANT FEATURES REGARDINGTHI3
TYPE OF CIRCUIT WHICH HAVE UP TO THIS TIME NOT BEEN BROUGHT TO YOUR ATTEN
TION. CONTINUALLY, THESE CIRCUITS ARE UNDERGOING A CHANGE IN DESIGN BY
LEADING MANUFACTURERS SO THAT THE VERY LATEST IMPROVEMENTS MAY BE APPLIED.

IN THIS LESSON, YOU ARE GOING TO BE INFORMEC OF THESE NEWER CIRCUITS.

ELECTRON -COUPLING

IN ALL OF THE SUPERHETERODYNE RE-
CEIVERS ABOUT WHICH YOU STUDIED SO FAR,

THE OSCILLATOR CIRCUIT WAS COUPLED TO THE
CIRCUIT OF THE FIRST DETECTOR ELECTROMA
NETICALLY, OR "INDUCTIVELY" AS WE GENER-
ALLY SAY SOMEWHAT AS ILLUSTRATED IN FIG.
2 AND IN WHICH CASE THE OSCILLATOR AND
FIRST DETECTOR ARE BOTH INDWIDUAL TUBES.
SUPERHETERODYNES OF. MORE RECENT DESIGN,
HOWEVER, EMPLOY A SINGLE TUBE WHICHSIMUL
TANEOUSLY SERVES THE PURPOSE OF THE OSCCL
LATOR AND FIRST DETECTOR. THIS IS MOSTGEa
ERALLY ACCOMPLISHED BY WHAT IS KNOWN AS

ELECTRON COUPLING AND IN WHICH CASE, THE
ELECTRON STREAM WITHIN THE TUBE SERVES AS
THE COUPLING MEDIUM BETWEEN THE OSCILLATOR
AND FIRST DETECTOR. THE TUBES, WHICH ARE
MOST FREQUENTLY USED FOR THIS PURPOSE,ARE
KNOWN AS THE 2A7, 6A7 ANO THE IA6e

FIRST, WE SHALL CONSIDER THE CON-
STRUCTIONAL FEATURES OF THESE TUBES AND
THEN THEIR APPLICATION TO PRESENT-DAY Dig
purrs AND THE ADVANTAGES GAINED THRUTHEIR

FIG. 1.

A Modern Superhet-erodyne
Receiver..
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USE.

IN

THE 247 TUBE

THE 247 Is CLASSIFIED AS A PENTAGRID CONVERTER AND ITS SYMBOLAPPEARS
FIG. 3. THIS TUBE CAN BE MORE SIMPLY ANALYZED

Pick up
(i.cc°-L_

Inductively g
coupled 1

I

Bias resistor
For itk Det

- Oscillator

FIG. 2.

Elecirornagnetic Coupled Oscillator.

BY CONSIDERING IT AS BE-
ING TWO INDIVIDUALTU-
BE SECTIONS ENCLOSED
IN A SINGLE GLASS EN-
VELOPE. FOR INSTANCE,
GRID #2 INSTEAD OF Etc

ING CONSTRUCTED IN

THE CONVENTIONAL GRID
FORM IS BUILT IN THE

SHAPE OF TWOCONNECTED
VERTICAL METAL RODS

AND ACTS AS A PLATE

OF THE TUBEIS TRIODE
SECTION. FOR THIS REA
SON, GRID #2 IS CALLED
THE ANODE GRID.

THIS PARTICULAR
PORTION OF THE TUBE
CONSISTING OFTHE HEAT
ER, CATHODE, GRID #1

AND GRID #2 ACTS AS A
CONVENTIONAL OSCILLA-
TOR TUBE AND IS CONN-
ECTED TO THE CIRCUIT
AS SHOWN IN FIG. 4.

By STUDYING FIG. 4, YOU WILL NOTICE THAT THE OSCILLATOR TUNING CIR-
CUIT IS CONNECTED TO GRID #1 OF THE 2A7 TUBE THROUGH THE GRID CONDENSER

AND THAT THE PLATE WINDING OF A CONVENTIONAL SUPERHETERODYNE OSCILLATOR

COIL IS CONNECTED BETWEEN B+AND GRID +2 OF THE TUBE. THIS ANODE GRID IS

THEREFORE BEING USED AS A REGULAR PLATE OF A TRIODE OSCILLATOR TUBE AND

THIS PORTION OF THE TUBE PRODUCES OSCILLATIONS AT CONTROLLED FREQUENCIES

THE SAME AS A CONVENTIONAL TRIODE
OSCILLATOR.

HAVING CONSIDERED THE OSCILL-
ATOR SECTION OF THE 2A7, LET US NOW
ADD THE REST OF' THE TUBE ELEMENTS

AND SEE HOW THE SYSTEM WILL FUNC-

TION. THE CIRCUIT WILL NOW APPEAR
AS ILLUSTRATED IN FIG. 5.

UPON STUDYING FIG. 5, YOU WILL
OBSERVE THAT THE OSCILLATOR CIRCUIT
REMAINS EXACTLY THE SAME AS ILLUS-

TRATED IN FIG. 4 AND ALTHOUGH THE

CONNECTION TO THE ANODE GRID (#2)

IS MADE AT THE LEFT OF THE TUBE IN

FIG. 5 FOR THE SAKE OF CONVENIENCE,

THIS IN NO WAY AFFECTS THE MEANING

F I G. 3

Symbol of Me 24 7.
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OF THE SYMBOL.

STILL CLOSER INSPECTION OF
FIG, 5 WILL REVEAL THAT GRID #4
SERVES AS THE CONTROL GRID TO

WHICH THE TUNING CIRCUIT OF A

CONVENTIONAL FIRST DETECTOR IS

CONNECTED. A REGULAR PLATE,WHICH
IS INSTALLED IN THIS TUBE, IS

CONNECTED TO B.1,250V. THROUGH THE
PRIMARY WINDING OF AN I.F.TRAjj
SFORMER GRIDS #3 AND #5 ARE COIL
NECTED TOGETHER WITHIN THE TUBE
AND SERVE AS A SHIELD BETWEEN
THE CONTROL GRID #4 AND THE
PLATE AS WELL AS BETWEEN GRID
#4 AND THE ANODE GRID +2. IN

OTHER WORDSORIDS #3 AND #5 TO-
GETHER ACT AS A SCREEN-GRID AND
ARE THEREFORE CONNECTED TO A

BfROTENTIAL AND BYPASSED WITH A
FIXED CONDENSER.

THIS SECOND PORTION OFTHE
TUBE, WHICH WE HAVE NOW ADDED,

MAY BE CONSIDERED TOGETHER WITH

PAGE 3

FIG. A
The Oscillator- Sect/on,

THE CATHODE AND HEATER (WHICH IS COMMON TO BOTH SECTIONS OF THE TUBE)AS A

SCREEN-GRID TUBE.

Now THEN, ALTHOUGH THE R.F. TRANSFORMER WHICH IS BEING USED IN THE

1ST DETECTOR CIRCUIT OF FIG. 5 IS DESIGNED EXACTLY THE SAME AS IN THE OTH
ER SUPERHETERODYNE CIRCUITS WHICH YOU ALREADY STUDIED, AS IS ALSO THE OS
ILLATOR COIL, YET IN THE CIRCUIT DESIGN OF FIG. 5, THE R.F. TRANSFORMER OF

THE 1ST DETECTOR CIRCUIT AND THE OSCILLATOR COIL ARE EACH WOUND ON SEPAR-
ATE FORMS AND SO PLACED ON THE RECEIVER CHASSIS THAT THERE IS NO INDUCTIVE
COUPLING BETWEEN THEM.

FIG. 5

Complete Circuit {cit- the 747

THE FIRSTDETECT'm

OR AND OSCILLATOR CIR-
CUITS ARE HOWEVER COUE
LED THROUGH THE TUBE

IN THAT THE GRID TO

WHICH EACH IS CONNECTED
IS LOCATED WITHIN A

COMMON ELECTRON STREAM
WHICH IS FLOWING THRU

THE TUBE AND IT IS FOR

THIS REASON THAT THIS

SYSTEM IS REFERRED TO

AS sElma ELECTRONCOUP-
LED.

CIRCUIT OPERATION
WITH THE 2A7

WITH THIS CIRCUIT
IN MIND,LET US NOW SEE
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HOW THE COMPLETE SYSTEM OPERATES SO AS TO PRODUCE THE DESIRED INTERMEDIATE

FREQUENOY

To BEGIN WITH, THE HEATED CATHODE EMITS ELECTRONS WHICH ARE ATTRAC-
TED TOW'%RDS THE POSITIVELY CHARGED ANODE GRID #2 AND SINCE GRID #1 ISPLAQ

ED BETWT1:EN THE CATHODE AND GRID #2, IT IS OBVIOUS THAT THESE ELECTRONS

WILL BE CONTROLLED IN THEIR FLOW BY GRID #1 WHOSE POTENTIAL VARIES AT A

RATE DETERMINED BY THE FREQUENCY TO WHICH THE OSCILLATOR CIRCUIT IS TUNED.

CONDITIONS BEING SUCH, THIS SAME ELECTRON STREAM WILL BE MODULATED AT THE

OSCILLATOR FREQUENCY.

THE ANODE GRID IS NOT CAPABLE OF COMPLETELY OBSTRUCTING THE FLOW OF
ELECTRONS TOWARDS THE PLATE BECAUSE IT OFFERS BUT LITTLE EXPOSED SURFACE.

FOR THIS REASON, THE GREATER PORTION OF THE ELECTRON STREAM CONTINUES ON-
WARDS TOWARDS THE PLATE WHICH IS CHARGED TO A STILL HIGHER POSITIVE POTEd

TIAL eur IT FIRST COMES UNDER THE INFLUENCE OF GRID #3 WHICH IS ALSO BE-

ING OPERATED AT A POSITIVE POTENTIAL WITH RESPECT TO THE CATHODE. THIS

GRID #3. ALSO OFFERS LITTLE OBSTRUCTION TOWARDS THE ELECTRON FLOW DUE TO

ITS CONSTRUCTION BUT BEING OF A FAIRLY HIGH POSITIVE CHARGE, IT ACCELERA-

TES THE FLOW OF ELECTRONS TOWARDS THE PLATE. REMEMBER THOUGH, THAT THE EL

ECTRON STREAM WHICH REACHES THIS REGION OF THE TUBE IS ALREADY IN A MODU-.

LATED FORM, CONFORMING TO THE OSCILLATOR FREQUENCY DUE TO THE ACTION OF

GRID #is

Now THEN, THE INCOMING RADIO -FREQUENCY SIGNAL APPEARING IN THE TUN-
!NG CIPCUIT, CORRESPONDING TO THE FIRST DETECTOR, 19 APPLIED TO GRID #4

AND THEREFORE FURTHER MODULATES THE ELECTRON STREAM WHICH HAS ALREADY BEEN

MODULATED AT THE OSCILLATOR FREQUENCY. THIS EFFECT PRODUCES COMPONENTS OF
PLATE CURRENT, THE FREQUENCIES OF WHICH ARE THE VARIOUS COMBINATIONS OF

THE OSCILLATOR AND SIGNAL FREQUENCIES. THEN SINCE THE PRIMARY CIRCUIT OF

THE FI!,ST 1.F. STAGE IS DESIGNED TO RESONATE AT THE INTERMEDIATE FREQUEN-
CY WHIkH IS EQUAL TO THE DIFFERENCE BETWEEN THE OSCILLATOR AND INCOMING

SIGNAL FREQUENCY, ONLY THE DESIRED INTERMEDIATE FREQUENCY WILL BE PRESENT

IN THE SECONDARY CIRCUIT OF THE 1.F. TRANSFORMER FOR FURTHER AMPLIFICATION.

HONG THE CHIEF ADVANTAGES OBTAINED THROUGH THIS SYSTEM OF FREQUEN-
CY CONVERSION ARE THAT IS SIMPLIFIES THE DESIGN OF THE OSCILLATOR CIRCUIT
WHILE IAT THE SAME ELIMINATING ONE TUBE FROM THE CIRCUIT. IT ELIMINATES qu

DESIRE) INTERCOUPLING EFFECTS BETWEEN SIGNAL, OSCILLATOR AND MIXER CIRCUIT

WITH 178 RESULTING DETUNING CHARACTERISTIC. IT REDUCES LOCAL FREQUENCY RA

DIATIOA AND IS MORE STABLE IN OPERATION IN THAT FREEDOM FROM THE EFFECTS

OF VAR:ATION IN OSCILLATOR VOLTAGE CAN BE OBTAINED.

(HE 2A7 IS FITTED WITH A SEVEN -PRONG BASE OF THE SMALL TYPE AND THE

CONNECTIONS ARE MADE TO ITS SOCKET AS ILLUSTRATED IN FIG. 6 WHERE YOU ARE

LOOKIN,1 AT THE SOCKET FROM BELOW. THE HEATER PRONGS OF THE TUBE CAN BE 1*
DENTiF!ED BY THE FACT THAT THEY ARE LARGER IN DIAMETER THAN THE OTHERS.

THE CIRCUIT CONNECTION TO GRID #4 IS MADE TO THE CAP ON TOP OF THE TUBE1S

GLASS 3UL8.,

OPERATING CHARACTERISTICS OF THE 2A7

THE OPERATING CHARACTERISTICS OF THE 2A7 WHEN USED AS A FREQUENCY

CONVERTER ARE AS FOLLOWS:
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HEATER VOLTAGE=25 VOLTS
HEATER CURRENT =- 0.8 AMP.
PLATE VOLTAGE =250 VOLTS
PLATE CURRENT =x3.5 MA.
SCREEN VOLTAGE =I00 VOLTS

(GRIDS #3 AND #5)
SCREEN CURRENT7=2.2 MA
CONVERSIONCONDUCTANCE2OMICROMHOS

ANODE GRID VOLTAGE =200 VOLTS
(GRID #2)

ANODE GRID CURRENT=4.0 MA.
CONTROL GRID VOLTAGE =-3 VOLTS

(GRID #4)
OSCILLATOR LEAK RESISTOR=50.000
CATHODE RESISTOR:=300 OHMS
PLATE RESISTANCE =0.36 MEGOHM

THE NEW TERM "CONVERSION -.CONDUC-

TANCE" WHICH IS USED IN CONNECTION WITH
THIS TUBE IS DEFINED AS THE RATIO OF

THE ALTERNATING CURRENT AT THE INTER-
MEDIATE FREQUENCY OF THE MIXER OUTPUT...,

CIRCUIT TO THE RADIO -FREQUENCY SIGNAL
VOLTAGE APPLIED TO GRID #4. THIS SAME
CHARACTERISTIC IS ALSO FREQUENTLY CALL
ED THE "CONVERSIONTRANSCONDUCTANCE."

ANOTHER NEW TERM EMPLOYED WITH

THIS TYPE OF CIRCUIT 18 "TRANSLATION
GAIN". THIS IS THE RATIO OF THE INTER-
MEDIATE FREQUENCY OUTPUT VOLTAGE TO THE
SIGNAL VOLTAGE APPLIED TO GRID #4. THE
TRANSLATION GAIN OBTAINABLE WITH A

CIRCUIT SUCH AS SHOWN IN FIG. 5 CAN SE
AS MUCH AS 60 WITH ORDINARY TRANSFORMERS.
EMPLOYED. IT IS POSSIBLE TO OBTAIN A TRANSLATION

OHMS

F LG. 6

Socket Arrangement 7G'r- 247.
IF SPECIAL LOW -LOSS EQUIPMENT IS

GAIN OF MO.

APPLICATION OF THE 247 TO COMPLETE RECEIVERS

IN FIG. 7 YOU WILL SEE THE COMPLETE CIRCUIT DIAGRAM OF A SUPER-

HETERODYNE RECEIVER IN WHICH THE 2A7 IS BE:NG USED A8 A COMBINATION FIRST

DETECTOR AND OSCILLATOR. THE CIRCUIT SET-UP AROUND THE 2A7, YOU WILL 0 0 -

SERVE, IS THE SAME AS WAS ALREADY OUTLINED FOR YOU IN THE PREVIOUS EXPLAN-
ATION AND ALTHOUGH A SPECIAL TYPE OF HIGH -GAIN TRANSFORMER IS BEING USED

IN THE PRE -.SELECTOR ANO IST DETECTOR STAGE OF THE PARTICULAR COMMERCIAL FtE

o

to r VI

X

.2S-
ono,

I f  I7S ICC

F I G 7
Using the 247 1,7 a SuperheZerodyne Receiver
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CEIVER HERE ILLUSTRATED, YET THE CONVENTIONAL TYPE OF R.F. TRANSFORMER
WOULD A,S0 WORK IN THIS CIRCUIT. THE REST OF THIS RECEIVER IS NO DIFFERENT
THAN TH.: OTHER SUPERHETERODYNES WITH WHICH YOU ARE ALREADY ACQUAINTED. THE

247 SHOULD BE FULLY SHIELDED FOR BEST RESULTS.

THE 6A7 TUBE

TIE 6A7 IS AN EXACT DUPLICATE OF THE 2A7 WITH THE EXCEPTION THAT IT

IS DESIJNED PRIMARILY FOR USE IN AUTOMOBILE RECEIVERS AND FOR THIS REASON,
ITS HEA-"ER IS RATED AT 6.3 VOLTS AND 0.3 AmP4 THE REST OF ITS OPERATING

CHARACTRISTICS ARE THE SAME AS ALREADY GIVEN YOU FOR THE 247. HOWEVER, IF

THE MAXIMUM "B" VOLTAGE AVAILABLE IS SOMEWHAT LDW,THE 6A7 MAY ALSO BE OPER

ATED UNDER THE FOLLOWING CONDITIONS:

PLATE VrILTAGE 100 VOLTS

PLATE Cl/RRENT =iv 3 MA.

SCREEN VOLTAGE =50 VOLTS
SCREEN CURRENT =2.5 MA.
ANODE -G. q ID VOLTAGE IT: 100 VOLTS

YOU
THE
THE

ANODE -GRID CURRENT =3.3 MA.

CATHODE RE818TOR:=I50 OHMS
08C I LLATOR LEAK RES I S TO R 0, 000 OHMS

PLATE RESISTANCE =0.6 MEGOHM
CONVERSION CONDUCTANCE1650 MICROMHOS

FIG.SSHOWS
YOU THE TYPICAL
MANNER IN WHICH
THE 6A7 18 USED
IN AUTOMOBILE
RECEIVERS. OB-

SERVE, THAT ITS
APPLICATION 18

PRACTICALLY I-

DENTICAL TO THAT
OF THE 2A70 THE
REGAINING POR-
TIONS OF THIS
CIRCUIT ARE AL-
SO THE SAME AS

USED INMOST PRE
SENT DAY AUTO-
MOBILE RECEIVERS.
THE NS" SUPPLY,

WILL NOTICE, IS FURNISHED BY A TUBE -VIBRATOR TYPE "B" ELIMINATOR WITH

VIBRATOR BEING USED TO INTERRUPT THE FLOW OF BATTERY CURRENT THROUGH
PRIMARY WINDING OF THE POWER TRANSFORMER SO AS TO OBTAIN INDUCTION,

A

210 OATS

A-

Di-
MEG.

.C2

AvC LOFT 2tar'
75

rJ .
i.700 DAY CA

1 2"

A RFC.

ALA
) 41

X

0 COMMON HEATER. GROUND
DIAL LAMP LEAD
A -.40T SIDE Or HEATER. CIRCUIT

CONNECT TO AmmETER.

FIG.
Application of 6A7.

WHILE 1HE 84 TUBE TAKES CARE OF THE HIGH VOLTAGE RECTIFICATION.

THE IA6

1HE IA6 IS ALSO A PENTAGRID CONVERTER, SIMILAR TO THE 2A7 AND THE6A7,
WITH TFE EXCEPTION THAT IT IS DESIGNED FOR USE IN BATTERY OPERATED RECEIV-
ERS WHERE DRY CELLS ARE USED AS THE "A" SUPPLY. THE SYMBOL FOR THE 146 18

SHOWN SOU IN FIG. 9 AND AS YOU WILL OBSERVE, IT 18 THE SAME AS THAT FOR

THE 2A AND THE 647 ONLY THAT THE CATHODE IS ELIMINATED.

'HE IA6 IS FITTED WITH A 6 -PRONG BASE AND THE CIRCUIT CONNECTIONSARE
MADE TC. ITS SOCKET AS ILLUSTRATED IN FIG. 10 WHERE YOU ARE LOOKING AT THE

SOCKET FROM BELOW. THE TWO LARGER SOCKET HOLES ARE FOR THE FILAMENT AND

THE REST OF THE HOLES CORRESPOND TO THE DIFFERENT TUBE ELEMENTS AS ILLU8
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SUPERHETERODYNE RECEIVER

FIG. 10
Sockeh Arramgetrteni-

he /A 6 .

TRATED IN FIG. 10. THE CONTROL GRID CONNECTION (GRID 44), YOU WILLNOTICE,

IS MADE TO THE TOP OF THE CAP ON THE GLASS BULB,

THE OPERATING CHARACTERISTICS

FILAMENT VOLTAGE=2 VOLTS
FILAMENT CURRENT= 0.06 AMP.
PLATE VOLTAGE= 135-180 VOLTS
SCREEN voLTAGE=67.5 VOLTS

(GRIDS #3 & 45)
SCREEN CURRENT=2.5 MA.
ANODE GRID VOLTAGE(GRID 42)=135

OF THE IA6 ARE AS FOLLOWS:

CONTROL GRID VOLTAGE(GRI044)=...3 V.
ANODE -ARID CURRENT=23 MA.
OSCILLATOR GRID CURRENT=0.2 MA.

TOTAL CATHODE CURRENT =6.2 MA.
OSCILLATOR LEAK RE3I3TORc50,00011
PLATE RESISTANCE 0.4 -0.5 = MEGOHM

VOLTS CONVERSION CONDUCTANCE=4 MI CROMHOS

THE IA6 IS APPLIED TO SUPER-
HETERODYNE CIRCUITS IN A SIMILAR m6
NNER AS THE 2A7 AND THE 6A7 AND IN

FIG. II YOU ARE SHOWN A CIRCUIT DIA
GRAM OF A BATTERY -OPERATED SUPER-
HETERODYNE IN WHICH THE IA6 IS USED
AS A FREQUENCY CONVERTER. IN THIS

PARTICULAR CIRCUIT, AN R.F. OR PRE....

SELECTOR STAGE EMPLOYING A TYPE -34

TUBE WORKS INTO THE FIRST DETECTOR

WHERE A IA6 SERVES AS ACOMBINATION
FIRST DETECTOR AND OSCILLATOR. THIS
IS FOLLOWED BY AN I.F. STAGE IN
WHICH ANOTHER -34 TUBE 19 USED AND
THEN IN TURN COME THE SECOND DETECTOR WITH A -32 TUBE, A FIRST AUDIO STAGE

WITH A -30 TUBE AND FINALLY A POWER STAGE WITH TWO TYPE -30 TUBES IN PUSH

PULL. A PERMANENT -MAGNET DYNAMIC SPEAKER IS USED WITH THIS RECEIVER AND

AN "AIR -CELL" IS INTENDED FOR THE "A" SUPPLY. REGULAR "B" AND "C" DRY BA-

TTERIES FURNISil, THE "B" AND "C" SUPPLIES FOR THE RECEIVER.

FIG. 9
Symbol of ZI7e /4 6.

THE AUTODYNE SYSTEM

IN FIG. 12 YOU ARE SHOWN A CIRCUIT DIAGRAM OF AN AJTOMOBILE TYPE

IN WHICH THE "AUTODYNE" PRINCIPLE IS EMPLOYED.

HERE AN ORDINARY R.F.PENTODE (THE
-39 IN THIS CASE) IS BEING USED

AS A COMBINATION FIRST DETECTOR
AND OSCILLATOR. THIS SYSTEM IS

QUITE POPULAR IN SUPERHETERODYNE
RECEIVERS OF COMPACT DESIGN IN

THAT IT ELIMINATES THE ADDITIONAL
OSCILLATOR TUBE AND IN THIS WAY

SAVES SPACE. HOWEVER, IN SUPER -

HETERODYNES OF LATER DESIGN,THE
USE CF THE PENTAGRID CONVERTER
TUBES IS RAPIDLY TAKING THE PLACE
OF THE AUTODYNE METHOD OF FREQ-

UENCY CONVERSION BECAUSE IT IS

MORE EFFICIENT IN OPERATION.NEVER
THELESS,SUPERHETERODYNES EMPLOY-

ING THE AUDODYNE PRINCIPLE ARE

STILL IN USE AND 30 IT ISWELL FOR
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YOU TO BE ACQUAINTED WITH THEM.

A COMMON METHOD OF ARRANGING THE OSCILLATOR COIL IN RECEIVERS OF THIS
TYPE IS TO ENCLOSE THE OSCILLATOR COIL ASSEMBLY IN THE SAME SHIELD CAN WITH
THE FIRST I.F. TRANSFORMER AS INDICATED BY THE ENCLOSURE DRAWN WITH DOTTED
LINES IN FIG. 12. COMPLETE COIL ASSEMBLIES AS THIS ARE KNOWN AS "COMPOSITEN
OSOILLATOR.-I.F. UNITS AND IN FIG. 13 YOU ARE SHOWN THE CONSTRUCTION DETAILS
OF SUCH A UNIT.

THE COILS OF THE 1.F. TRANSFORMER, YOU WILL NOTICE ARE MOUNTED ON A

WOODEN DOWEL WHILE THE OSCILLATOR TUNED WINDING AND THE PLATE CIRCUITWIND-
ING ARE WOUND ON A PIECE OF INSULATIVE TUBING SURROUNDING THE I.F. COILS.
THE PLATE CIRCUIT WINDING IS WOUND DIRECTLY OVER THE TUNED OSCILLATOR WIN2

MCI"
a .0.

iro

Tl OW """

ONUS

M M

SPEAKER PERMANENT MAGNET
Istu5 DYNAMIC SPEAKER

775
*Atop. e a.m.

V 7
,ufes

one 3500 ONMS

rP

oro.

nT

D

I.,

'APO

C

ts0 s ST.
o. _30 '.11

01.11,

#

MFG: k

MEG.
8

.01
DMP D.

.15 / Vag

serif
RES15TEM SNORTED WHEN 7sy.
STORAGE DATTERY 1f OSLO ISM AIR CELL

A SIMIAN

1

O

3

200.000
OHMS

CT -3V -110 -I0.5V
C- c- c-

g

TOME

00,04

240
A P.

.0v.-30 ..

I G. 1 I

App//'ca Z -ion of 117e / 4 6.

INO WITH PAPER INSULATION BETWEEN THESE TWO WINDINGS SO AS TO AFFORD CLOSE
COUPLING BETWEEN THEM.

THE I.F. TRIMMER CONDENSERS ARE MOUNTED IN THE UPPER PART OF THE
SHIELD CAN ANO'HOLES ARE PROVIDED IN TOP OF THE CAN THROUGH WHICH THEY CAN
BE ADJUSTED. ALL WINDING LEADS ARE BROUGHT OUT THROUGH THE BOTTOM OF THE
CAN AS SHOWN AT THE RIGHT OF FIG. 13.

SINCE PART OF THE OSCILLATOR TUNED WINDING IS IN SERIES WITH THE CA-
THODE CIRCUIT OF THE CET -CSC. TUBE, THE OSCILLATOR COIL WILL ALSO BE COUP -
LEO WITH THE CONTROL GRID CIRCUIT, AS WELL AS TO THE WINDINGS OF THE 1ST

I.F. TRANSFORMER. THE OSCILLATOR FREQUENCY CAN THEREFORE REACT WITH THE IN
COMING SIGNAL FREQUENCY SO AS TO PRODUCE THE DESIRED BEAT FREQUENCY WHICH
IS TO BE AMPLIFIED BY THE 1.F. AMPLIFIER.

A UNIVERSAL RECEIVER WITH THE 6A7

IN FIG. 14, YOU ARE SHOWN THE CIRCUIT DIAGRAM OF THE MODEL54PHILCO
RECEIVER SO THAT YOU MAY SEE A TYPICAL EXAMPLE OF HOW THE 6A7 PENTAGRIDC0.11
VERTER TUBE IS BEING EMPLOYED IN A SUPERHETERODYNE TYPE "UNIVERSALNRECEIV..
ER (COMBINATION A.C.-D.C.). THE TUBES USED IN THIS RECEIVER ARE THE 6A7 AS
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THE 1ST DETECTOR -OSCILLATOR, A 78 I.F. AMPLIFIER, A 75 SECOND DETECTOR, A

a.F OET I & 05C.
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FIG. 12
Circuit Employing the Auto dyer e Principle.

43 POWER TUBE AND A 25Z5 RECTIFIER.

WITH THE EXCEPTION OF THE NECESSARY PROVISIONS TO MAKE THECOMBINATION
A.C...D.C. OPERATION POSSIBLE, YOU WILL FIND THIS CIRCUIT TO FOLLOW THE SAME

BASIC PRINCIPLES WHICH HAVE ALREADY BEEN BROUGHT TO YOUR ATTENTION.

A SHORT-WAVE SUPERHETERODYNE

FIG. 15 SHOWS YOU A TYPICAL EXAMPLE OF HOW THE 2A7

F I G . 3

The Composite Oscillator - 1.F. Unit.

TUBE MAY BEUSEO IN
AN EFFICIENT
SHORT-WAVE RE-

CEIVER OF THE

SUPERHETERODYNE
TYPENOTICE THAT
THIS CIRCUIT HAS
AUTOMATIC VOLUME
CONTROL FEATURES
WITH THE AID OF

THE 55 DUPLEX
DIODE -TRIODE TU-
BE.

THE INTER
MEDIATEFREQUENDY
IN THIS RECEIVER
s 465 KC. AND

THEREFORE THE I. Fe

TRANSFORMERS
WHICH ARE USED



PAGE 10 PRACTICAL RADIO

MUST BE PEAKED AT 465 Kc. THIS IS A POPULAR INTERMEDIATE FREQUENCY FOR
SHORT AND ALL-WAVE SUPERHETERODYNE RECEIVERS.

A SET OF TWO PLUG-IN COILS ARE USED TO COVER EACH FREQUENCY BAND.ONE
OF THESE COILS IS USED IN THE FIRST DETECTOR STAGE AND THE OTHER IN THE
OSCILLATOR CIRCUIT. TUNING IS ACCOMPLISHED SY MEANS OF A TWO.-GANGCCNDENSER
HAVING A CAPACITY RATING OF 140 MMFD. PER SECTION IN CONJUNCTION WITH AN
INDIVIDUAL TUNING CONDENSER OF 140 MMFD. WHICH IS SHUNTED ACROSS THE FIRST
DETECTOR SECTION AND THEREFORE SERVES AS A PADDING CONDENSER.

DUE TO THIS ARRANGEMENT OF THE TUNING CONTROLS, THE FIRST DETECTOR
AND OSCILLATOR COILS MAY BE CONSTRUCTED ALIKE. THIS MEANS THAT PRACTICALLY
ANY STANDARD SET OF FOUR-PRONG SHORT WAVE COILS MAY BE USED. INOTHERWORDS
THE COIL IN THE FIRST DETECTOR CIRCUIT IS USED IN THE CONVENTIONAL MANNER

11

ILLIEMAwiplwomq
GI

.7.311

6) to.> CL.L_ -Co
OC1W225 5

OWIUL.M0
..n t4

-AP-
60-M-

fl4L232_
Ett-LIWM
tikEcas

FIG. -I 4

The Mode/ 54 Phi/co.

WHILE IN THE OSCILLATOR CIRCUIT THE TUNED WINDING IS CONNECTED ACROSS THE
OSCILLATOR TUNINGCONDENSERVMEREASTHE TICKLER COIL IS CONNECTED BETWEEN B -1 -

AND THE ANODE GRID OF THE 247 TUBE.

TO COVER THE ENTIRE SHORT-WAVE SPECTRUM,THREE SETS OF PLUG-IN COILS
WILL BE REQUIRED,

THE REST OF THIS CIRCUIT IS QUITE CONVENTIONAL AND BASED UPON THE
SAME BASIC PRINCIPLES WITH WHICH YOU ARE ALREADY FAMILIAR.

Now THAT YOU HAVE MASTERED THIS PART OF YOUR STUDIES CONCERNING SUP-
ERHETERODYNE RECEIVERS, OUR NEXT STEP WILL BE TO INVESTIGATE THE MOST COM-
MON TROUBLES AND SERVICE REQUIREMENTS OF THIS TYPE OF RECEIVER. IN THIS
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WORK, YOU WILL FIND THAT EVERYTHING WHICH YOU HAVE ALREADY LEARNED ABOUT

TROUBLE'...SHOOTING IN GENERAL WILL STILL APPLY ONLY THAT IN THE CASE OFTHE

tt SUPER",THERE ARE CERTAIN TYPES OF TROUBLES AND SERVICE ADJUSTMENTS WHICH

FIG 15

A Short -Wave Siaper eero dyne ,peceie':

YOU DIDN'T HAVE TO WORRY ABOUT WHEN WORKING ON T.R.F. RECEIVERS.

SINCE THE SUPERHETERODYNE RECEIVER HAS BECOME SC VERY POPULAR AND

EXTENSIVELY USED, YOU ARE GOING TO FIND THIS NEXT LESSON TO BE OF SPECIAL

VALUE, AS WELL AS INTENSELY INTERESTING.

No DOUBT,YOU NOW REALIZE MORE THAN EVER BEFORE HOW COMPLETE AND UP...

TO -DATE THAT NATIONAL TRAINING REALLY IS ANC THAT NOTHINQ IS BEING OVER-

LOOKED TO OFFER OUR STUDENTS THE BEST AND MOST THOROUGH RADIO TRAINING

POSSIBLE.

NEW RADIO DEVELOPMENTS ARE CONTINUALLY BEING WORKED OUT AT A MOST

ASTOUNDING PACE AND IN ORDER FOR A MAN TO RISE TO THE TOP OF THE RADIO

PROFESSION, HE MUST AT ALL TIMES BE ALERT AND READY TO LEARN ABOUT NEW

THINGS AS SOON AS THEY APPEAR IN THE INDUSTRY. THERE IS NO LONGER ANY

ROOM FOR THE "BACK -NUMBER" TECHNICIAN.

ONE OF THE CHIEF REASONS WHY NATIONAL GRADUATES ARE SO SUCCESSFULIS

THAT OUR COURSE IS AT ALL TIMES UP-TO-DATE, SO THAT UPON GRADUATION,EVERV

STUDENT IS THOROUGHLY INFORMED IN RABID FROM THE EARLIEST DEVELOPMENTS OF

THIS INDUSTRY RIGHT UP TO THE DEVELOPMENTS WHICH HAVE JUST OCCURRED AT

THE TIME OF HIS GRADUATION.
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LESSON NO. 54

noney,wealth, all personal poss.-
essions can be lost ;but Training brings

9 permanent and perpetual benefits.

I. « WHAT ARE THE OPERATING CHARACTERISTICS OF THE 2A7 TUBE?

2. DRAW A CIRCUIT DIAGRAM, SHOWING HOW THE 247 TUBE IS USED
IN A SUPERHETERODYNE RECEIVER.

3. EXPLAIN HOW THE 2A7 TUBE OPERATES IN THE CIRCUIT WHICH
YOU.HAVE DRAWN IN ANSWER TO QUESTION #2.

4. HOW DOES THE 6A7 TUBE DIFFER FROM THE 247?

5. - WHAT Is THE IA6 TUBE USED FOR?

6. WHAT ARE THE CHIEF ADVANTAGES OBTAINED THROUGH THE UBE
OF AN ELECTRON -COUPLED OSCILLATOR AS EXPLAINED IN THIS
LESSON REGARDING THE APPLICATION OF PENTAGRID CONVER-
TER TUBES TO SUPERHETERODYNE RECEIVERS?

7. WHAT IS MEANT BY THE EXPRESSION "CONVERSIONCONDUCTANCE"
AS USED IN CONNECTION WITH PENTAGRID CONVERTER TUBES?

8. ViHA"r IS MEANT BY THE EXPRESSION "TRANSLATIONGAIN" AS
USED IN CONJUNCTION WITH PENTAGRID CONVERTER TUBES?

9. ILLUSTRATE BY MEANS OF A DIAGRAM,THE BASE OR SOCKET CONN-
ECTIONS AS MADE TO THE 2A7 TUBE.

10,0.. BRIEFLY DESCRIBE THE AUTODYNE SYSTEM AS EMPLOYED IN SOME
SUPERHETERODYNE RECEIVERS.
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° SERVICING SUPERHE7EQODYNE RECEIVERS °

YOU ARE BY THIS TIME WELL ACQUAINTED WITH THE OIRCUITS OF SUPERHET
FRODYNE RECEIVERS, AS WELL AS WITH THE TL.TJNG 1=420CEDURES AS APPLIED TO

RECEIVERS IN GENERAL. THERE ARE, HOWEVER, A NUMBER OF TROUBLES WHICH ARE

FOUND IN SUPERHETERODYNE RECEIVERS WHICH DO NOT AS A RULE OCCUR IN RECEII

ERS OF THE T.R.F. TYPE. IN ADDITION, THE SUPERHETERODYNE CALLS FOR SPECIAL
SERVICE REQUIREMENTS WHICH ONE DOES NOT HAVE TO DEAL WITH WHEN WORKING ON

T.R.F. RECEIVERS.

IN THIS LESSON, WE ARE GOING TO DEAL SPECIFICALLY WITH SUPERHETERO-
DYNE SERVICING, CONSIDERING THE PROPER METHOD OF ALIGNING THEIR TUNED CIR
CUITS, THE SYMPTOMS OF TROUBLES COMMON TO SUPERHETERODYNE CIRCUITS, THEIR
CORRECTION ETC.

TUNING CIRCUIT ALIGNMENT

OUR FIRST STEP WILL BETO
CONSICER THE PROPER METHOD OF
ALIGNING THE TUNING CIRCUITS OF
A SUPERHETERODYNE RECEIVER. TO
REFRESH YOUR MEMORY,STUDY FIG.
2 VERY CAREFULLY.NOTICE ESPEC...
IALLY,THAT WITH THIS SYSTEM,
THREE DIFFERENT RADIO FREQUEN-
CIES ARE BEING HANDLED AT THE

SAME TIME. THAT IS,THE TUNING
CIRCUITS OF THE PRE-SELECTOR
AND FIRST DETECTOR STAGE ARE
BOTH TUNED TO THE FREQUENCY OF
THE INCOMING SIGNAL,THE
ATOR CIRCUIT IS TUNED TO A

FREQUENCY WHICH IS EQUAL TO

THE SIGNAL FREQUENCY PLUS THE

INTERMEDIATE FREQUENCY AND AS

THE THIRD DISTINCT FREQUENCY,
WE HAVE THE INTERMEDIATE FRE-

FIG. 1

Set-upI; p-

Cornpleie ,
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QUENCY WHICH RESULTS FROM THE BEAT EFFECT BETWEEN THE SIGNAL AND OSCILLA-
TOR FREQUENCIES.

SINCE ALL THREE OF THESE INDIVIDUAL FREQUENCIES ARE SIMULTANEOUSLY
PRESENT, IT IS OBVIOUS THAT EACH OF THE TUNED CIRCUITS MUST BE TUNED PRE-
CISELY TO THE FREQUENCY WHICH IT IS EXPECTED TO HANDLE. WHEN THIS IS 80,

WE SAY THAT THE TUNED CIRCUITS ARE ALL PROPERLY ALIGNED. You MUST ALSO
BEAR IN MIND THAT WHEN THE OSCILLATOR TUNING CONDENSER IS GANGED WITH THE
TUNING CONDENSER SECTIONS OF THE FIRST DETECTOR AND PRE SELECTOR STAGES,
IT IS STILL MORE DIFFICULT TO MAINTAIN THE PROPER FREQUENCY RELATIONTHRU...
OUT THE ENTIRE TUNING RANGE OR TO MAKE THE TUNING CIRCUITS TRACKOORRECTLY

ALIGNING THE I.F. STAGES

WHENEVER THE TUNING CIRCUITS OF A SUPERHETERODYNE RECEIVER ARE TO BE
ALIGNED, THE I.F. STAGES ARE ALIGNED FIRST. TO DO THIS ACCURATELYIA SER-
VICE OSCILLATOR IS REQUIRED AND WHICH MUST BE CAPABLE OF GENERATING AN
R.F. SIGNAL OF THE SAME FREQUENCY TO WHICH THE I.F. TRANSFORMERS IN QUES-
TION ARE TO BE TUNED. IN A PREVIOUS LESSON, YOU WERE ALREADY INFORMED OF
THE CONSTRUCTIONAL FEATURES OF THESE SERVICE OSCILLATORS AND SO AT THIS
TIME WE ARE ONLY GOING TO CONSIDER ITS APPLICATION TO SERVICE WORK.

THE SET-UP FOR ALIGNING THE I.F. STAGES OF A SUPERHETERODYNE IS ILL-
USTRATED FOR YOU IN FIG. 3. HERE YOU WILL OBSERVE THAT THE GROUND OR "G"
TERMINAL OF THE SERVICE OSCILLATOR 18 CONNECTED TO THE GROUND TERMINAL OF

Antenna
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FIG.FIG. 2
Crcw Diagram of a 7 Tube Superheterodyne Eecei vet;
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THE RECEIVER. THE CONTROL GRID WIRE IS REMOVED FROM THE CONTROL GRID CAP

OF THE FIRST DETECTOR TUBE AND THE "A" OR ANTENNA TERMINAL OF THE SERVICE

OSCILLATOR IS CONNECTED TO THE CONTROL GRID CAP OF THE FIRST DETECTORTUBE.
SHIELDED WIRE IS GENERALLY USED FOR THIS ANTENNA TERMINAL WIRE AND ITS
SHIELDING SHOULD BE CONNECTED TO THE RECEIVER'S GROUND TERMINAL SO THAT IT
WILL BE EFFECTIVELY GROUNDED* THE OUTPUT METER IS CONNECTED ACROSS THE TWO
PLATE LEADS OF THE OUTPUT PUSH-PULL TRANSFORMER OR ELSE IF A SINGLE POWER

TUBE IS USED, THE OUTPUT METER IS CONNECTED ACROSS THE PLATE OF THE POWER

TUBE AND THE CHASSIS.

AN OUTPUT METER IS NOTHING MORE THAN A D.D. MILLIAMMETER MOVING COIL
MOVEMENT USED IN CONJUNCTION WITH A COPPER OXIDE RECTIFIER SO THAT A.C.

VOLTAGES WILL BE INDICATED ON ITS SCALE. VARIOUS TYPES OF OUTPUTMETERS ARE
BEING MANUFACTURED, SEVERAL HAVING A MULTIPLE RANGE SCALE RANGING FROM 1.5

TO 150 VOLTS A.C.

THE NEXT STEP IS TO TURN ON THE RECEIVER,AS WELL AS THE SERVICE OSC...

Service oscillaLor

Selecor-

// A

Mall

Swit c

A4terAuasior
ConknM

1St" D.

d

I.F
Transir

A

0/ / / //-4)

Ground Terminal

2nd OuTpuE

(Chz. Po.- TransF
( Tubes ---.

'\4 Se.i141'

101Tp.

0111111r

/

-  V

rk__(:) ui put
meEer

4

Power
Trans

Reckiftcar io

I G . 3

SeE-Lip for Align/rig ilia 1. F Sages,

ILLATOR AND TO SET THE SERVICE OSCILLATOR DIAL TO THE POSITIONCORRESPOND...

INDTO THE FREQUENCYFORWHICHTHE IeFeAMPLIFIER OF THE RECEIVER IS DESIGNED.

IF THE SERVICE OSCILLATOR BEING USED HAS AN ATTENTUATOR CONTROL,THEN
SET THE RECEIVER'S VOLUME CONTROL TO MAXIMUM VOLUME AND REGULATE THE ATT-

ENTUATOR CONTROL ON THE SERVICE OSCILLATOR SO THAT THE INDICATING NEEDLE OF
THE OUTPUT METER WILL COME TO REST AT APPROXIMATELY THE CENTER OF ITSSCALE.

THIS DONE/ COMMENCE ADJUSTING THE TRIMMER CONDENSER OF THE VARIOUS

I.F. TRANSFORMERS FOR MAXIMUM INDICATION ON THE OUTPUT METER. WHEN MAKING

THESE ADJUSTMENTS,USE A BAKELITE SCREW DRIVER AND START WITH THE TRIMMER

NEAREST THE SECOND DETECTOR/THAT IS,THE TRIMMER CONDENSER WHICH IS coNNEci,
ED ACROSS THE SECONDARY WINDING 07 THE I.F. TRANSFORMER/WHICH WORKS INTO

THE SECOND DETECTOR TUBE. WITH THIS CONDENSER PROPERLY ADJUSTED, CONTINUE

ADJUSTING EACH OF THE OTHERS IN T9RNORADUALLY WORKING TOWARDS THE FIRST

DETECTOR TUBE. DO THIS WORK SLOWLY AND WITH SPECIAL CARE IN ORDER TO IN-

SURE ACCURACY.

AS THESE CONDENSERS ARE EACH SET NEARER THE RESONANT FREQUENCY/ THE
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OUTPUT WILL NATURALLY INCREASE, SO IN THIS CASE, THE ATTENTUATOR CONTROL OF
THE SERVICE OSCILLATOR CAN BE READJUSTED SO THAT THE INDICATING NEEDLE OF

THE OUTPUT METER WILL AGAIN RETURN TO SOMEWHERES NEAR ITS CENTER POSITION
ON THE SCALE.

IF NO OUTPUT METER IS AVAILABLE, THE I.F. STAGES CAN BE ALIGNED BY
ADJUSTING THE TRIMMER CONDENSERS OF THE I.F. TRANSFORMERS SO THAT THE OSC-
ILLATOR SIGNAL, AS AMPLIFIED BY THE RECEIVER, EMITS A SOUND OF MAXIMUM
INTENSITY FROM THE LOUDSPEAKER. THIS METHOD, HOWEVER, IS NOT SO ACCURATEAS
WHEN USING AN OUTPUT METER FOR THE SIMPLE REASON THAT A VISIBLE INDICATION
IS MORE RELIABLE THAN AN AUDIBLE INDICATION. IN OTHER WORDS,THE EYE CAN
MORE READILY DETECT SMALL VARIATIONS IN THE POSITION OF A METER NEEDLE THAN
CAN THE EAR DETECT SMALL VARIATIONS IN SOUND INTENSITY.

BE SURE THAT ALL OF THE SHIELD CANS ARE PROPERLY INSTALLED OVER THE
TUBES AND I.F. TRANSFORMERS,AS THIS ALIGNING PROCESS IS BEING CARRIED OUT

SINCE THEY HAVE A MOST PRONOUNCED EFFECT UPON TUNING.

Service OscillaLor
A4enna-Terimirial

t-equenci,1
SelecLor

SwiEC1-1
AUenLuaLor

Rece-rver

Ground Terminal

Trans.

OLApA Meier

Speaker

FIG.4-

The'Set-Up" For Aligning /he ,Ceceiver Osciila lop

AFTER THE I.F. STAGES ARE ALL ALIGNED CORRECTLY,TURN OFF THE SERVICE
OSCILLATOR AND THE RECEIVER, DISCONNECT THE OSCILLATORS ANTENNA TERMINAL
FROM THE CONTROL GRID CAP OF THE FIRST DETECTOR TUBE AND RECONNECT THE COli
TROL GRID WIRE TO THE FIRST DETECTOR TUBE.

YOU ARE NOW READY TO ADJUST THE TUNING CIRCUIT OF THE OSCILLATOR.

ALIGNING THE OSCILLATOR

THE SET -.UP OF THE EQUIPMENT FOR ALIGNING THE OSCILLATOR IS ILLUSTRAI
ED IN FIG. 4. NOTICE THAT THE "An OR ANTENNA TERMINAL OF THE SERVICE OSC-
ILLATOR IS CONNECTED TO THE ANTENNA TERMINAL OF THE RECEIVER, WHILE THEnG°
OR GROUND TERMINAL OF THE SERVICE OSCILLATOR IS CONNECTED TO THE GROUND
TERMINAL OF THE RECEIVER. IT IS ALSO IMPORTANT TO GROUND THE SHIELDING OF
THE ANTENNA LEAD-WIRE TO THE RECEIVER'S GROUND TERMINAL. THE OUTPUT METER
IS CONNECTED TO THE CIRCUIT THE SAME AS ALREADY DESCRIBED FOR ALIGNING THE
I.F. STAGES.

THE ADJUSTMENTS FOR THE OSCILLATOR TUNING CIRCUIT IN THE CONVENTION-
AL TYPE OF SUPERHETERODYNE RECEIVER ARE POINTED OUT TO YOU IN FIG. 5. HERE
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YOU WILL SEE THAT THE COMPENSATOR OONDENSER,WNICH IS BUILT INTO THE OSCI-

LLATOR SECTION OF THE GANG TUNING CONDENSERS IS USED AS THE "HIGH FREQUENCY

TRIMMER," WHEREAS THE OTHER TRIMMER CONDENSER WHICH IS CONNECTED ACROSS THE
PADDING CONDENSER IS USED AS THE "LOW FREQUENCY TRIMMER". WITH THIS POINT

IN MIND, LET US NOW CONTINUE WITH THE ADJUSTMENT OF THIS PORTION OF THE R.g

CEIVER0

WE COMMENCE BALANCING THE RECEIVER'S OSCILLATOR CIRCUIT BY FIRST AD-
JUSTING THE HIGH-FREQUENCY TRIMMER. To DO THIS,SET THE FREQUENCY SELECTOR

OF THE SERVICE OSCILLATOR SO THAT THIS APPARATUS WILL PROCUCEA 1400 Kc.su
NAL FREQUENCY,SET THE VOLUME CONTROL OF THE RECEIVER TO ITS MAXIMUM POSI-

TION AND ITS TUNING DIAL TO THE 1400 KC. POSITION.

TURN "ON" THE SWITCH
AND ADJUST THE ATTENTUATOR
READING IS OBTAINED ON THE
OUTPUT METER. IF THE RE-
CEIVER IS BADLY OUT OF
ADJUSTMENT,THEN THISMETER
READING MAY BE DIFFICULT
TO OBTAIN BUT IF SUCH BE

THE CASEITHE SIGNAL AS
COMING FROM THE SPEAKER
CAN BE USED AS A TEMPORARY
GUIDE OR ELSE HEADPHONES
MAY BE CONNECTED ACROSS
THE PRIMARY OF THE OUTPUT
TRANSFORMER IN PLACE OF
THE METER AND THE OSCILL-
ATOR SIGNAL HEARD THROUGH
THEM.

ADJUST THEHIGH....FRE

QUENCY TRIMMER CONDENSER
OF THE RECEIVER'S OSCILLATOR CIRCUIT CAREFULLY FOR MAXIMUM READING ON THE

OUTPUT METER OR FOR MAXIMUM SIGNAL VOLUME IN THE SPEAKER OR HEADPHONES IF

THESE ARE BEING USED AS INDICATORS. AFTER MAKING THIS ADJUSTMENT,TURN THE

TUNING DIAL OF THE RECEIVER SLIGHTLY BOTH WAYS FROM ITS 1400 KCeSETTINGAND

NOTE WHETHER OR NOT ANY INCREASE IN THE METER READING OR SOUND VOLUME IS

OBTAINED. IF SO,THEN THE R.F. ANC FIRST DETECTOR TRIMMER CONDENSERS MUST BE

ADJUSTED AS WILL BE DESCRIBED SHORTLY.

OF BOTH THE RECEIVER AND THE SERVICE OSCILLATOR
OF THE SERVICE OSCILLATOR UNTIL A ONE-HALFSCALE

5

The Osci /labor A di rne n t -s

AFTER THE RECEIVER'S OSCILLATOR HAS THUS BEEN ADJUSTED FOR THE HIGH

FREQUENCY SETTING,THE NEXT STEP IS TO ADJUST THE RECEIVER OSCILLATOR AT

THE LOW FREQUENCY ENO OF THE DIAL. To DO THIS,LEAVE THE SERVICE OSCILLATOR

AND OUTPUT METER OR HEADPHONE CONNECTION JUST AS THEY ARE BUT SET THE FRE-

QUENCY SELECTOR OF THE SERVICE OSCILLATOR TO THE 700 KC. POSITION AND ALSO

SET THE TUNING DIAL OF THE RECEIVER TO THE 700 Kc. POSITION. Now ADJUST THE

"LOW FREQUENCY TRIMMER" FOR MAXIMUM READING ON THE OUTPUT METER OR MAXIMUM
SIGNAL STRENGTH IN THE HEADPHONES OR SPEAKER. AFTER THIS LOW FREQUENCY TRJ

MMER HAS BEEN PROPERLY ADJUSTED,IT IS ADVISABLE TO AGAIN RE-CHECK THE HIGH

FREQUENCY ADJUSTMENT IN CASE THAT IT HAS BECOME AFFECTED BY THE LOW FRE-

QUENCY ADJUSTMENT AND TO MAKE ANY FINAL CORRECTION AS FOUND NECESSARY.

To BALANCE THE R.F. AND FIRST DETECTOR STAGES, LEAVE THE SERVICE 080...
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ILLATOR AND OUTPUT METER CONNECTIONS AS THEY ARE,SET THE FREQUENCY SELEC-

TOR OF THE SERVICE OSCILLATOR TO THE 1400 KC0POSITION AND ALSO SET THE
TUNING DIAL OF THE RECEIVER TO THE 1400 KC. POSITION. THEN ADJUST THE T91

MMER OR COMPENSATOR CONDENSERS OF THE R.F. AND FIRST DETECTOR SECTIONS OF
THE GANG TUNING CONDENSER SO AS TO OBTAIN THE MAXIMUM READING ON THE OUT-

PUT METER.

AFTER THE ENTIRE SET HAS ONCE BEEN ALIGNED IN THIS MANNERS IT IS AD-

VISABLE TO RECHECK THE OSCILLATOR,FIRST DETECTOR AND R.F. ADJUSTMENTS OF

THE RECEIVER OVER THE ENTIRE TUNING RANGE BY SETTING THE SERVICE OSCILLA-
TOR AT ABOUT FOUR OR FIVE DIFFERENT BROADCAST FREQUENCIES APPROXIMATELY
EQUALLY DISTRIBUTED OVER THE TUNING RANGE BETWEEN THE LOW AND HIGH FRE-

QUENCIES SETTINGS FOR WHICH THE ADJUSTMENTS WERE ALREADY MADE. IF ANY FUR

THER ADJUSTMENTS ARE REQUIRED IN THIS MEDIUM RANGE OF FREQUENCIES,THEYCAN
BE MADE BY CAREFULLY BENDING THE SLOTTED ROTOR PLATES OF THE PROPER TUNING

CONDENSER SECTION EITHER TOWARD OR AWAY FROM THE ADJACENT STATOR PLATE.

REMEMBER THAT THE CAPACITY IS INCREASED BY BENDING THE ROTOR PLATE INWARD
AND DECREASED BY BENDING THE ROTOR PLATE OUTWARD.

WITH THE ENTIRE SET PROPERLY ALIGNED,THE SERVICE OSCILLATOR CAN BE

TURNED OFF AND DISCONNECTED FROM THE RECEIVER. THE PERFORMANCE OF THE RE-
CEIVER SHOULD THEN BE CHECKED BY TUNING IN AS MANY BROADCAST PROGRAMS AS

POSSIBLZ.

SUPERHETERODYNE TROUBLES

NOW LET US CONTINUE WITH AN INVESTIGATION OF THE DIFFERENT TYPES OF
TROUBLES WHICH ARE PECULIAR AND RATHER COMMON TO SUPERHETERODYNE RECEIV-

ERS. IN ANALYZING THESE TROUBLES, WE SHALL NOT CONSIDER THOSE CONDITIONS
WHICH ARE COMMON TO ALL TYPES OF RECEIVERS SUCH AS A DEFECTIVE POWER SUP
PLY,TUBES, AND GENERAL CIRCUIT TROUBLES AS DEFECTIVE RESISTORS,CONDENSERS,
ETC. ABOUT WHICH YOU ARE ALREADY FAMILIAR. WE ARE ALSO GOING TO ASSUME

THAT THE RECEIVER IS PROPERLY DESIGNED AND CORRECTLY CONSTRUCTED.

POOR SENSITIVITY

POOR SENSITIVITY ON ONE END OF THE BAND AS COMPARED TO THE OTHER ENDI
OR ON BOTH ENDS AS COMPARED TO THE MIDDLEIIS ALMOST INVARIABLY A SIGN OF

IMPROPER TRACKING ON THE PART OF THE GANG TUNING CONDENSER AND CAN BE COB

RECTED BY ALIGNING THE OSCILLATOR, FIRST DETECTOR AND PRE -SELECTOR STAGES

OF THE RECEIVER AS ALREADY EXPLAINED IN THIS LESSON.

LACK OF SENSITIVITY ALL OVER THE BAND,PROVIDED ALL OTHER THINGS ARE
CORRECT,USUALLY INDICATES THAT THE I.F. CIRCUITS ARE NOT PROPERLY TUNED

AND SO IN THIS CASE IT IS NECESSARY TO RETURN THEM TO THE EXACT FREQUENCY

FOR WHICH THEY ARE DESIGNED TO OPERATE.

WHISTLES

IF A WHISTLING SOUND IS EMITTED BY THE SPEAKER AS THE RECEIVER DIAL

IS SET TO BRING IN DIFFERENT STATIONSITHIS IS CAUSED EITHER BY THE I.F.

STAGES BEING TUNED TO SOME OTHER FREQUENCY THAN THAT FOR WHICH THEY ARE

DESIGNED OR ELSE BY INSUFFICIENT SELECTIVITY IN THE R.F. TUNING CIRCUITS.

A SIMPLE WAY TO DETERMINE WHICH OF THESE TWO CONDITIONS MAY BE
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THE CAUSE IS TO TEMPORARILY SHORT CIRCUIT THE OSCILLATOR TUNING CONDENSER
AND THEN ROTATE THE DIAL WITH THE VOLUIVIECONTROLTURNEDWELL UP...UNDER THESE

CONDITIONS,NO STATIONS SHOULD BE HEARD, IN FACT THE RECEIVER SHOULD BE AR

SOLUTELY SILENT. IF STATIONS ARE HEARD AT SOME POINTS WITHOUT THE OSCILL-
ATOR CIRCUIT WORKING,THEN THE I.F. TRANSFORMERS ARE NOT TUNED PROPERLY.ON

THE OTHER HANDS IF THE RECEIVER IS SILENT DURING THIS TEST WHEN THE OSCILL
ATORIS INOPERATIVESUTWHISTLESWHENTHEOSCILLATOR ISWORKING,THEN THESELEOI
IVITYOF THE TUNING CIRCUITS PRECEDING THE FIRST DETECTOR TUBE IS INSUFFICIENT.

THIS WOULD REALLY BE DUE TO FAULTY DESIGN AND SO IF NOT ENOUGH CHAS
SIS SPACE IS AVAILABLE TO INCORPORATE A BAND SELECTOR OR ADDITIONAL TUNED

CIRCUIT IN THE R.F. SECTION OF THE RECEIVER,THE NEXT BEST THING IS TO TRY

USING A SHORTER ANTENNA OR TO CONNECT A .0005 MFD FIXED CONDENSER IN SE3

IES WITH THE ANTENNA LEAD-IN WIRE AND THE ANTENNA TERMINAL OF THE RECEIV-

ER. ANOTHER MORE OR LESS MAKE -SHIFT REMEDY WOULD BE TO USE AN EXTERNAL

WAVE -TRAP.

REPEAT POINTS

SOMETIMES,YOU MAY RUN ACROSS A SUPERHETERODYNE WHERE THE SAME STA-

TION CAN BE HEARD ONCE AT THE PROPER PLACE ON THE TUNING DIAL AND AGAIN AT

ANOTHER POINT ON THE DIAL AT ABOUT 350 KC. OFF THE PROPER PLACE FOR THE

STATION. THIS CONDITION MAY BE REMEDIED BY THE SAME METHOD AS OUTLINED FOR

"WHISTLING" OR ELSE BY IMPROVING THE SHIELDING OF THE RECEIVER IF SUCH BE

REQUIRED.

DEAD SPOTS

SOME SUPERHETERODYNES WHICH. AREN'T WORKING PROPERLY WILL FUNCTION
SATISFACTORILY OVER ONE PORTION OF THE BAND,GENERALLY THE HIGH FREQUENCY

END,BUT STOP WORKING ON OTHER PORTIONS OF THE BAND. THIS IS USUALLY' DUETO

THE OSCILLATOR TUBE HAVING INCORRECT VOLTAGES SO THAT IT STOPS OSCILLATING

IN SPOTS AND SOMETIMES,THE OSCILLATOR TUBE ITSELF IS AT FAULT.

THE REMEDY IS TO CHECK THE OSCILLATOR TUBE VOLTAGES AND TO MAKE ANY
CHANGES OR REPAIRS IN THE CIRCUIT AS MAY BE NECESSARY TO BRING THE VOL-

TAGES TO THE VALUES REQUIRED FOR THE TYPE OSCILLATOR TUBE BEING USED AS

PER THE TUBE MANUFACTURER'S SPECIFICATIONS.

GENERAL TROUBLE - SHOOTING

THE GENERAL PROCEDURE FOR TESTING A SUPERHETERODYNE WHICH DOES NOT
OPERATE PROPERLY1OR AT ALLIS TO FIRST MAKE A GENERAL CHECK WITH AN ANAL-

YZER, MEASURING ALL OF THE VOLTAGES AVAILABLE AT THE DIFFERENT TUBE SOCK-

ETS ANO COMPARING THEM WITH THE CORRECT VALUES AS PER MANUFACTURER'S SPE2

IFICATIONS. IF ANY OF THESE VOLTAGES ARE LACKING OR ARE INCORRECTITHEN OF

COURSE THE PARTICULAR CIRCUIT IN QUESTION WOULD BE FURTHER CHECKED ACCOR2

ING TO THE METHODS WITH WHICH YOU ARE ALREADY FAMILIAR AND THE NECESSARY

STEPS TAKEN TO CORRECT THE FAULTY CONDITION.

IF THE NATURE OF THE TROUBLE HAPPENS TO BE SUCH THAT AN ORDINARY AU

ALYZER CHECK DOES NOT INDICATE THE TROUBLE,THEN THE SUPERHETERODYNE RE-

CEIVER CAN BE DIVIDED INTO SECTIONS AND TESTED AS SHALL NOW BE EXPLAINED

80 AS TO LOCALIZE THE TROUBLE DOWN TO ONE SECTION OF THE RECEIVER. You

WILL FIND THE SYSTEM WHICH IS NOW GOING TO BE EXPLAINED TO BE SOMEWHAT
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RESONANCE

SIMILAR TO THE STAGE ELIMINATION TESTS WHICH WERE DESCRIBED IN YOUR LESSON
#22 FOR LOCATING THE DEFECTIVE STAGE IN A T.P.F. RECEIVER.

SECTIONAL TESTS ON SUPERHETERODYNES

IF NO SIGNALS COME FROM THE SPEAKER WHEN THE RECEIVER IS TUNED TO

WITH SOME STATION,THEN YOU CAN BEGIN BY PLUGGING A PAIR OF HEAD
PHONES INTO ONE FILAMENT HOLE AND THE CON-
TROL GRID HOLE OF A POWER TUBE SOCKET AS IL
LUSTRATED IN FIG* 6, OR INTO THE CATHODE AND
CONTROL GRID HOLES OF THE POWER TUBE SOCKET,
DEPENDING UPON THE TYPE OF POWER TUBE BEING
USED. IF THE SIGNAL IS HEARD HERE BUT DOES
NOT REACH THE SPEAKERITHEN THE TROUBLE IS

IN THE POWER STAGE,OUTPUT TRANSFORMER OR IN
THE SPEAKER ITSELF.

FIG. 6

TesEing Zfie Power sage.

You CAN CONTINUE THIS A*FSTAGE ELI-
MINATION TEST,ELIMINATING ONE A*F*STAGE AT
A TIME AS YOU WORK TOWARDS THE DETECTORITHE
SAME AS EXPLAINED FOR THIS SAME TEST IN

YOUR LESSON #22.

SHOULD THIS SERIES OF TESTS INDICATE
THAT THE A.F. SECTION OF THE RECEIVER IS NOT AT FAULT,THEN THE NEXT STEP
IS TO CONNECT A SERVICE OSCILLATOR TO THE FIRST DETECTOR TUBE IN THE SAME
MANNER AS ALREADY DESCRIBED IN THIS LESSON FOR ALIGNING THE I.F. STAGES*
SET THE SERVICE OSCILLATOR IN OPERATION AND TUNE IT TO THE FREQUENCY FOR
WHICH THE I.F. STAGES OF THE RECEIVER ARE DESIGNED AND LISTEN FOR ITS Sk2
NAL IN THE LOUDSPEAKER.

IF THE SERVICE OSCILLATOR SIGNAL COMES THROUGH O.K.,THEN EITHER THE
RECEIVER'S OSCILLATOR,PRE...SELECTOR STAGE OR THE TUNING CIRCUIT OF THE
FIRST DETECTOR ARE AT FAULT* SHOULD THE SIGNAL OF THE SERVICE OSCILLATOR
NOT BE HEARD IN THE SPEAKER,THEN SUSPECT THE TROUBLE AS BEING EITHER IN

THE I.F. OR SECOND DETECTOR STAGES OF
THE RECEIVER.

IN CASE THAT NONE OF THESE TESTS
HAVE DISCLOSED THE FAULTY SECTION,THEN
YOU CAN DISCONNECT THE SERVICE OSCILL-
ATOR, RECONNECT THE FIRST DETECTOR CON-
TROL GRID WIRE AND NEXT ELIMINATE THE
PRE -SELECTOR STAGE OR CIRCUITS BY DIS-
CONNECTING THE ANTENNA LEAD-IN WIRE,
AND INSERTING IT INTO THE PLATE HOLEOF
THE R.F. TUBE SOCKET AS ILLUSTRATED IN
FIG.7. IN THIS WAY, THE SIGNALS WILL
SE FED DIRECTLY INTO THE FIRST DETECT-
OR STAGE WITHOUT HAVING TO FIRST PASS
THROUGH THE PRE -SELECTOR CIRCUIT.

F-1 G 7
Stage.

IF THIS CONNECTION PERMITS A SIGNAL TO BE TUNED IN BUT WHICH WAS NOT
POSSIBLE WITH THE ORIGINAL ANTENNA CONNECTION, THEN THE TROUBLE IS LOCATED
IN THE R. F. OR PRE -SELECTOR CIRCUIT. WHISTLING GENERALLY OCCURS IN CON-
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JUNCTION WITH THE INCOMING SIGNAL WHEN THIS TEST IS MADE BUT THIS 13 QUITE
NORMAL IN THAT ELIMINATION OF THE PRE SELECTOR CIRCUITS PERMITS INTER -STA-
TION INTERFERENCE.

SHOULD THIS TEST FAIL TO PERMIT SIGNALS TO BE HEARD,THEN THE TROUBLE
IS LOCATED EITHER IN THE FIRST DETECTOR STAGE OR ELSE IN THE OSCILLATOR
CIRCUIT. THE OPERATION OF THE OSCILLATOR CAN BE CHECKED EASILY BY CONNECT
ING AN EXTERNAL OSCILLATOR TO THE RECEIVER IN ORDER TO REPLACE THAT OFTHE
RECEIVER.

THE TEST OSCILLATOR

IN FIG. 8 A CIRCUIT DIAGRAM OF AN OSCILLATOR SUITABLE FOR
POSE IS ILLUSTRATED FOR YOU. THIS OSCILLATOR IS BUILT UP AS AN
UNIT AND ITS TUNING CIRCUIT IS DESIGNED TO COVER THE BROADCAST
OTHER WORDS, IF THE TUNING CONDENSER BEING USED HAS A CAPACITY
.00035 MFD,THEN THE TUNED WIND-
ING MAY CONSIST OF ABOUT 136

TURNS OF #30 B&S ENAMELLED WIRE
WOUND ON A TUBULAR COIL FORM 111
IN DIAMETER. THE PLATE WINDING
MAY THEN BE WOUND WITH ABOUT 25
TURNS OF THE SAME WIRE AND cLoa
ELY COUPLED TO THE TUNED WIND-
ING.

THE TUBE USED MAY BE A ...27
OR A -56 AND THE NECESSARY OPEB
ATING VOLTAGES OBTAINED DIRECTLY
FROM THE RECEIVER UNDER TEST,
IF OF THE A.C. TYPE,SIMPLY BY

CONNECTING THE B- TERMINAL OF
THE TEST OSCILLATOR TO THE
GROUND TERMINAL OF THE RECEIVER,
THE 214, TERMINALS OF THE TEST OSCILLATOR

THIS PURm.

INDIVIDUAL
BAND. I N

RATING OF

The Tes/ Oscillakor.
TO A 22 VOLT A.C. CIRCUIT IN THE

RECEIVER AND THE S490V.TERMINAL OF THE TEST OSCILLATOR TO A POINT OF COB
RESPONDING D.C. VOLTAGE IN THE RECEIVER.

FIG. 9 SHOWS YOU HOW THIS SAME TYPE OF TEST OSCILLATOR MAY BE MADE

SELF -POWERED SO THAT ITS OPERATION CAN BE INDEPENDENT OF THE RECEIVER.THE

TUBES USED ARE A PAIR OF 37Is -- ONE FOR A RECTIFIER AND THE OTHER AS THE
OSCILLATOR. THE SAME COIL AND CONDENSER COMBINATION CAN BE USED AS ALREADY
SPECIFIED FOR THE OSCILLATOR OF FIG. 8. THE FILTER CHOKE MAY BE ANY STAND
ARD 30 HENRY FILTER CHOKE, AN OLD A.F. CHOKE,OR EVEN THE PRIMARY WINDING

OF AN OLD A.F. TRANSFORMER LEAVING ITS SECONDARY UNUSED.

SO MUCH FOR THE CONSTRUCTION OF THE TEST OSCILLATOR AND NOW FOR ITS

APPLICATION TO OUR TROUBLE SHOOTING JOB. To USE THIS OSCILLATOR,TURN ON

THE RECEIVER ANeKILCITHE RECEIVERIS OSCILLATOR CIRCUIT BY REMOVING THE

OSCILLATOR TUBE FROM ITS SOCKET. Now TAKE A LONG PIECE OF INSULATED HOOK-
UP WIRE, LOOP ONE END OF IT LOOSELY AROUND THE TUNED COIL OF THE TEST

OSCILLATOR AND CONNECT ITS OTHER END TO THE CONTROL GRID CONNECTION OF THE
RECEIVER'S FIRST DETECTOR TUBE,BUT THIS TIME DONIT DISCONNECT THE RECEIV...
ERIS CONTROL GRID WIRE FROM THE FIRST DETECTOR AS YOU DID WHEN ALIGNING
THE I.F. STAGES WITH THE SERVICE OSCILLATOR.
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BY MAKING THE CONNECTIONS IN THIS MANNERS YOU WILL HAVE THE TEST OSC-
ILLATOR COUPLED TO THE FIRST DETECTOR STAGE SO THAT IT WILL NOW TAKE THE
PLACE OF THE RECEIVER'S OSCILLATOR WHICH IS AT THIS TIME INOPERATIVE.THIS
DONE, SET BOTH THE RECEIVER AND TEST OSCILLATOR IN OPERATION AND MANIPU-
LATE THE TUNING DIAL OF THE RECEIVER,AS WELL AS THAT OF THE TEST OSCILLA....
TOR UNTIL A STATION SIGNAL OR THAT GENERATED BY A SERVICE OSCILLATOR COMES
THROUGH.

IF THE RECEIVER NOW PERFORMS SATISFACTORILY,THEN THE TEST SHOWS THAT
THE RECEIVER'S OSCILLATOR OR ITS COUPLING TO THE FIRST DETECTOR STAGE IS

AT FAULT. SHOULD THE RECEIVER STILL BE INOPERATIVE UNDER THESE CONDITIONS
THEN SUSPECT THE FIRST DETECTOR STAGE AS CAUSING THE TROUBLE.

AFTER ONCE HAVING LOCATED IN WHAT SECTION OF THE RECEIVER THE TROUBLE
EXISTS,IT BECOMES A SIMPLE PROBLEM TO ANALYZE THAT PARTICULAR PART OF THE
SET IN DETAIL CHECKING FOR CONTINUITY,DEFECTIVE RESISTORS,CONDENSERS,

FIG. 9
The Self -powered Test asci//aEor.

WINDINGS ETC. ACCORDING TO THE PARTICULAR CIRCUIT IN QUESTION.

SPECIAL SUGGESTIONS

BEAR IN MIND THAT WHEN YOU WANT TO CONNECT A SERVICE OSCILLATOR TO
A SUPERHETERODYNE RECEIVER EMPLOYING A PENTAGRID CONVERTER TUBE WHILE AL-
IGNING THE I.F. STAGES,THEN THE CONNECTIONS ARE MADE AS ILLUSTRATED IN
FIG. 10. IN OTHER WORDS, IN THIS CASE, THE FIRST DETECTOR AND OSCILLATOR
SECTIONS OF THE RECEIVER BOTH WORK WITH THE SAME TUBE AND THE CAP CONNEC-
TION OF THE TUBE CORRESPONDS TO THE CONTROL GRID INTO WHICH THE TUNED CIR
CUIT OF THE FIRST DETECTOR OPERATES. THEREFORE, THE CONTROL GRID WIRE OF
THE RECEIVER IS DISCONNECTED FROM THIS TUBE CAP AND THE ANTENNA LEAD OF
THE SERVICE OSCILLATOR IS CONNECTED TO THE TUBE CAP. THE GROUND CONNEC-
TION OF THE SERVICE OSCILLATOR IS MADE AS USUAL.

SHOULD YOU WISH TO CHECK THE OSCILLATOR IN A SUPERHETERODYNE WITH
THE AID OF A TEST OSCILLATOR WHEN A COMBINATION FIRST DETECTOR TUBE AND
OSCILLATOR IS USED IN THE RECEIVER, THEN IT WILL OF COURSE BE IMPRACTICAL
TO KILL THE RECEIVER'S OSCILLATOR DURING THE TEST BY REMOVING THE OSCILL-
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ATOR TUBE FROM ITS SOCKETISINCE BY DOING SO, THE FIRST DETECTOR TUBE
WOULD ALSO BE REMOVED. THEREFORE, TO MAKE THE SAME OSCILLATOR TEST IN A

CASE AS THISITHE RECEIVER'S OSCILLATOR CIRCUIT CAN BE MADE INOPERATIVE,BY
LEAVING THE OSCILLATOR. -FIRST DETECTOR TUBE IN ITS SOCKET AND TEMPORARILY
SHORT CIRCUITING THE OSCILLATOR SECTION OF THE GANG TUNING CONDENSER. THE
TEST CAN THEN BE CONDUCTED BY COUPLING THE TEST OSCILLATOR TO THE CONTROL
GRID OF THE FIRST DETECTOR TUBE SECTION AS ALREADY EXPLAINED IN THIS LESSON.

IN THOSE SUPER-
HETERODYNE RECEIVERS
WHERE A GANG TUNING
CONDENSER IS USED WITH
A SPECIAL OSCILLATOR
SECTION SO THAT NO SER-
IES PADDING CONDENSER
IS USED IN THE OSCILL
ATOP CIRCUIT,THEN THE
LOW FREQUENCY TRIMMER
CONDENSER ILLUSTRATED
IN FIG* 5 OF THIS LES-
SON IS NOT USED*THERE
FORE,WHEN ALIGNING THE
OSCILLATOR STAGE IN

RECEIVERS OF THIS TYPE,
ONLY THE TRIMMEROR COM
PENSATOR CONDENSER OF
THE OSCILLATOR SECTION
OF THE GANG CONDENSER
NEED BE ADJUSTED. THE
OUTER ROTOR PLATES OF
THIS CONDENSER SECTION
CAN THEN BE BENT AS

FOUND NECESSARY IN ORDER TO
THE BAND.

FIG. 10
Service Oscillahor- ConnecL'on .E0 a

Penta 9fr-id Converser

OBTAIN PROPER TRACKING OVER ALL PORTIONS OF

You SHOULD FIND THE SUGGESTIONS OFFERED IN THIS LESSON TO BE QUITE
HELPFUL WHEN YOU FIND IT NECESSARY TO WORK ON SUPERHETERODYNE RECEIVERS.
RADIO MEN, WHO ARE NOT PROPERLY TRAINEO,HESITATE WHEN CONFRONTED WITH A

SUPERHETERODYNE RECEIVER WHICH DOES NOT OPERATE PROPERLY. You, HOWEVER1ARE
RECEIVING A MOST THOROUGH INSTRUCTION ON THIS TYPE OF RECEIVER SO THAT YOU
MAY BE MOST FAMILIAR WITH SUPERHETERODYNES AND THOROUGHLY QUALIFIED TOHAN2
LE ITS PROBLEMS EFFICIENTLY. IT IS THIS TYPE OF KNOWLEDGE WHICH GIVES YOU
COMPLETE CONFIDENCE IN YOUR ABILITY AS A RADIO TECHNICIAN.
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QlThe future holds no obstacle
for the man who is prepared.

I. WHAT IS THE ORDER IN WHICH THE DIFFERENT TUNING SECTIONS
OF A SUPERHETERODYNE RECEIVER SHOULD BE ALIGNED THAT
IS, WHICH PART SHOULD BE ALIGNED FIRST,WHICH SECOND ETC.?

2. - DESCRIBE THE METHOD FOR ALIGNING THE I.F. STAGES OF A
SUPERHETERODYNE RECEIVER.

3. - EXPLAIN THE METHOD FOR ALIGNING THE TUNING CIRCUIT OF THE
SUPERHETERODYNE'S OSCILLATOR, SO THAT IT WILL TRACK PROS
ERLY OVER THE ENTIRE TUNING RANGE.

4. DESCRIBE THE METHOD FOR ALIGNING THE R.F. OR PRE -SELECT-
OR AND FIRST DETECTOR TUNING CIRCUITS OF A SUPERHETERODYNE
RECEIVER.

5. - WHAT MAY CAUSE WHISTLING SOUNDS TO BE EMITTED FROM THE
SPEAKER OF A SUPERHETERODYNE RECEIVER?

6.  WHAT ARE SOME OF THE PROBABLE CAUSES FOR POOR SENSITIVITY
IN A SUPERHETERODYNE RECEIVER?

7. - WHAT IS THE MOST PROBABLE CAUSE FOR "DEAD SPOTS" AT DIFF-
ERENT POINTS OF THE RECEIVER DIAL?

8. - HOW CAN YOU DETERMINE IF THE I.F. SECTION OF A SUPERHETER
ODYNE RECEIVER IS OPERATING PROPERLY?

9. DESCRIBE A SIMPLE TEST WHEREBY YOU CAN DETERMINE WHETHER
THE OSCILLATOR SECTION OF A SUPERHETERODYNE RECEIVER IS

OPERATING PROPERLY OR NOT.

10. - HOW CAN YOU DETERMINE WHETHER OR NOT THE R.F. OR PRE-SEL
ECTOR SECTION OF A SUPERHETERODYNE RECEIVER IS OPERATING
PROPERLY?
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FROM ALL THAT YOU HAVE LEARNED SO FAR REGARDING RADIO RECEIVERS AND

ASSOCIATED EQUIPMENT,YOU WILL REALIZE HOW EXTENSIVELY FILTER SYSTEMS ARE

USED IN THIS WORK. YOU HAVE SEEN HOW WE EMPLOYED FILTER CIRCUITS IN CON-

JUNCTION WITH POWER PACKS IN ORDER TO SMOOTH OUT THE CURRENT AFTER IT HAS

BEEN RECTIFIED FOR "B" PURPOSES; HOW VARIOUS TYPES OF R.F. AND A.F. FILTER
SYSTEMS ARE USED IN RECEIVERS AND AMPLIFIERS TO SEPARATE CERTAIN FREQUEN-

CIES FROM OTHERS; HOW THE BAND-PASS PRINCIPLE IS APPLIED TO SELECTOR CIR-

CUITS ETC.

Now THAT YOU HAVE A GOOD IDEA AS TO HOW THESE DIFFERENT TYPES OFFIL/
ER SYSTEMS ARE APPLIED IN RADIO PRACTICE, WE SHALL PROCEED AT THIS TIME

WITH THE VARIOUS DESIGN PROBLEMS WHICH ARISE WITH CIRCUITS OF THIS TYPE.

WE CAN CLASSIFY FILTER SYSTEMS INTO FOUR DISTINCT GROUPS,NAMELY: (I)
LOW-PASS FILTERS; (2) HIGH-PASS FILTERS; (3) BAND-PASS FILTERS AND (4)

BAND -SUPPRESSION FILTERS.NOW LET US CONTINUE BY STUDYING EACH OF THESESYS...
TEMS IN DETAIL.

LOW-PASS FILTERS

LOW-PASS FILTERS ARE
DESIGNED TO PASS ALL FREQUEN-
CIES BELOW A DEFINITE FREQUqU
CY WHICH IS KNOWN AS THE CUT-
OFF FREQUENCY AND TO SUBSTAN-
TIALLY REDUCE OR "ATTENTUATE"
THE AMPLITUDE OF CURRENTS OF
ALL FREQUENCIES ABOVE THE PRA
DETERMINED CUT-OFF FREQUENCY.
THIS TYPE OF FILTER WILL ALSO
PERMIT A DIRECT CURRENT TO

FLOW THROUGH IT WITHOUTAPPRE-
CIABLE OPPOSITION. Filer Circuits Are Extensively

Used in ///odern Peceivers.
IN FIG. 2 YOU ARE SHOWN
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A TYPICAL EXAMPLE OF A LOW-PASS FILTER. YOU WILL NO DOUBT IMMEDIATELY RE-
COGNIZE IT AS BEING THE TYPE OF FILTER WHICH IS EXTENSIVELY USED IN THE
POWER PACK OF A.C. OPERATED RECEIVERS IN ORDER TO FILTER THE "B" CURRENT
AFTER IT HAS BEEN RECTIFIED.

ALTHOUGH YOU HAVE ALREADY BEEN TOLD WHAT THE FILTER SYSTEM OF THE
POWER PACK ETC. ACCOMPLISHED, YET
UNTIL NOW WE HAVEN1T GONEInductanceDETAILS AS TO JUST HOW THIS

INTOInductance
TERING PROCESS WAS ACCOMPLISHED.446W THEREFORE,THIS WILL BE OUR FIRST
POINT OF DISCUSSION AT THIS TIME.

_onciztiser-
L---- LOW-PASS FILTER ACTION

FOR THE SAKE OF SIMPLICITY,
WE SHALL ASSUME FIRST THAT THE
E.M.F. AS APPLIED TO THE FILTER

F I G, 2 IS OF THE D.C. TYPE. IN FIG. 3,

A Low -Pass Filter. WE HAVE A DIAGRAM WHICH ILLUS-
TRATES CLEARLY THE CONDITIONS EX-

ISTING IN THE SYSTEM IN WHICH THE FILTER IS BEING USED. THE SOURCE OFE.M.F.
IS IN THtS CASE BEING CONSIDERED AS A D.C. GENERATOR WHICH IS CONNECTED TO
ONE ENO OF THE FILTER KNOWN AS THE SOURCE END, WHILE A RESISTOR 18 CONNECT
ED ACROSS THE OTHER END OF THE FILTER WHICH IS KNOWN AS THE LOAD END.

BY INSPECTION, YOU CAN READILY SEE THAT THE E.M.F. TENDS TO FORCE
A FLOW OF CURRENT THROUGH THE LOAD AND THAT THE INDUCTANCE IS CONNECTED IN
SERIES WITH THE SOURCE OF E.M.F. AND THE LOAD, WHEREAS THE CONDENSER IS
CONNECTED IN PARALLEL WITH THE LOAD OR "SHUNTED ACROSS IT",AS WE GENERALLY
SAY. WITH THIS POINT IN MIND, IT IS CLEAR THAT IF A D.C. E.M.F. IS APPLIED
TO THE SYSTEM,THE INDUCTANCE WILL OFFER NO OPPOSITION TOWARDS ITS FLOW
OTHER THAN ITS OHMIC RESISTANCE WHICH IS QUITE LOW,WHEREAS THE CONDENSER
PREVENTS ANY CURRENT FROM FLOWING ACROSS ITS PLATES. THEREFORE,UNDER THESE
CONDITIONS, ALL CURRENT WHICH IS CAUSED TO FLOW BY THE E.M.F. MUST FLOW
THROUGH THE LOAD.

NOW LET US SEE WHAT HAPPENS WHEN AN ALTERNATING E.M.F. IS APPLIED
TO THE SYSTEM. AN INDUCTANCE, YOU WILL RECALL,OFFERB A DEFINITE OPPOSITION
TOWARDS THE FLOW OF EITHER AN ALTERNATING OR A PULSATING
AND THE HIGHER THE FREQUENCY OF THIS CURRENT,THE
SITION OFFERED BY THE INDUCTANCE. A CONDENSER,ON
A FLOW OF ALTERNATING OR PUT.
SATING CURRENT AND THE HIGH-
ER THE FREQUENCY OF THE CUR-
RENT,THE LESS WILL BE THE OP
POSITION OFFERED BY THE CON*
DENSER.

WITH THE A.C. VOL-
TAGE SOURCE APPLIED TO THE
FILTER,CONDITI)NS BECOME AS
ILLUSTRATED IN F10.4. ASSUM-
ING THE GENERATOR VOLTAGE AS
HAVING THE POLARITY DESIGNAI
ED AT ONE PARTICULAR INSTANT

DIRECT CURRENT
GREATER WILL BE THE OPPO*
THE OTHER HAND, PERMITS

F I G. 3

Pas5age of D.C. Through the Filter:
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AND THAT THE FREQUENCY OF THE GENERATED E.M.F. IS SUCH AS TO BE OPPOSED
BY THE FILTER,WE FIND THAT AT THE SAME TIME THAT THE INDUCTANCE OPPOSESAN
INCREASE OF CURRENT FLOW AS THE GENERATOR VOLTAGE RISES IN A POSITIVE DI...
RECTION,THERE WILL BE A FLOW OF ELECTRONS IN THE DIRECTION INDICATED BY

THE ARROWS (ELECTRONS FLOW FROM NEGATIVE TOWARDS POSITIVE). THESE ELEC-

TRONS ARE LEAVING THE UPPER
CONDENSER PLATE, PASSING
THROUGH THE INDUCTANCE,A.C.
GENERATOR, AND BEING COLL-
ECTED BY THE LOWER CONDENSER
PLATE. COMPARATIVELY FEW OF
THESE ELECTRONS PASS THRU
THE LOAD,SINCE IN ACTUAL PRA
CTICE,THE LOADRESISTANCE IS
MUCH HIGHER THAN THE CAPAC-
ITIVE REACTANCE OF THE CON-
DENSER. IN THIS WAY,THE CON
DENSERASSISTSTHEINDUCTANCE
IN RECUCING THE FLOW OFCUR...
RENT THROUGH THE LOAD AT

THIS FREQUENCY.

linducizzrice

source o
A. C.

E.M.F.

LOacl

FIG.4
Laction of F7 L-er Towards 4, c

AS THE GENERATED E.M.F. REACHES ITS PEAK VALUE AND COMMENCES TO DE..
CREASE,THE COLLAPSING MAGNETIC FIELD AROUND THE :NDUCTANCE GENERATES A

SELF-INDUCED E.M.F. IN THE INDUCTANCE WHOSE POLARITY IS SUCH AS TO KEEP
THE FLOW OF ELECTRONS INTO THE LOWER CONDENSER PLATE AS HERETOFORE.

FINALLY,WHEN THE APPLIED E.M.F. REACHES A VALUE OF ZERO AND THEMAG-
NETIC FIELD AROUND THE INDUCTANCE DIES DOWN,THE CONDENSER WILL DISCHARGE
FROM THE LOWER PLATE TOWARDS ITS UPPER PLATE AND AS THE GENERATOR E.M.FoRE..
VERSES, IT TENDS TO DRIVE A STILL GREATER NUMBER OF ELECTRONS TOWARDS THE
UPPER CONDENSER PLATE AS INDICATED BY THE ARROWS IN FIG.5, SO THAT THE UPPER
CONDENSER PLATE BECOMES NEGATIVELY CHARGED.

AFTER REACHING ITS PEAK VALUE IN THIS DIRECTION, THE VOLTAGE AGAIN
APPROACHES ZERO AS DOES ALSO THE MAGNETIC FIELD AROUND THE INDUCTANCE AND
THE SELF-INDUCED VOLTAGE GENERATED BY THIS COLLAPSING FIELD KEEPS THE ELEC-
T RON

an/

FLOW IN THE SAME DIRECTION. FINALLY, THE GENERATED VOLTAGE COMMENCES
TO BUILD UP IN THE OPPOSITE 01

GeliC2ra.E.or- uc' d tance.n

F 1 G. S

eeverse Electron Fick/.

RECTION AND THE ELECTRON FLOW
AGAIN OCCURS AS IN FIG.4. THIS
PROCESS OR CYCLE OF EVENTSCON..
TINUES IN THIS ORDER REPEATED-
LY AS THE A.C. E.M.F. IS APP-
LIED.

THE IMPORTANT FACT TO
REMEMBER ABOUT THIS SYSTEM WHEN
SUBJECTED TO 4.C. OR PULSATING
D.C. VOLTAGES IS THAT ALTHOUGH
THE INDUCTANCE ALONE OPPOSES
VARIATIONS IN CURRENT FLOW AND
REDUCES THE FLOW OF ELECTRONS
THROUGH THE CIRCUIT,YET WITH..

CUT THE AID 0? THE CONDENSER,
SOME OF THIS CURRENT WOULD BE
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FLOWING THROUGH THE LOAD. HOWEVER, BY USING THE CONDENSER IN COMBINATIONWITH THE INDUCTANCE,THE CONDENSER SERVES TO "STORE" AN APPRECIABLE NUMBER
OF ELECTRONS EACH TIME THAT THE APPLIED E.M.F. REVERSES OR VARIES IN
VALUE AND IN THIS WAY BY-PASSES THEM AROUND THE LOAD SO THAT THE CURRENT
THROUGH THE LOAD IS REDUCED MATERIALLY AT THIS

The T
FIG. G

Type F; I bor.

FREQUENCY. FURTHERMORE,
THIS EFFECT WILL BE STILL
MORE PRONOUNCED WHEN THE
CONDENSER REACTANCE ISMUCH
LESS THAN THE RESISTANCEOR
IMPEDANCE OF THE LOAD WHICH
IT IS SHUNTING AND WHICH
IS THE CASE IN ACTUALPRA0m.
TICE WHERE A FILTER OFTHIS
TYPE IS USED.

AT FREQUENCIES BELOWLoad
THE CUT-OFF FREQUENCY, THE
OPPOSITION AND BY-PASSING
EFFECT BECOMES LESSISOTHAT
A GREATER PERCENTAGE OF
CURRENT MAY PASS THRU THE

LOAD WHILE AT FREQUENCIES ABOVE THE CUT-OFF FREQUENCY,THE OPPOSITION AND
BYPASSING EFFECT BECOMES GREATER SO THAT A SMALLER PERCENTAGE OF CURRENT
PASSES THROUGH THE LOAD.

T -TYPE LOW-PASS FILTERS

ALTHOUGH THE SINGLE SECTION FILTER AS JUST DESCRIBED HAS ADEFINITE
EFFECT UPON REDUCING THE FLOW OF CURRENT THROUGH THE LOAD ABOVE THE CUT-
OFF FREQUENCY, YET IT DOESNIT OFFER A VERY SHARP REDUCTION OF CURRENT AT
THE CUT-OFF FREQUENCY. IN ORDER TO MAKE THE CUT-OFF MORE ABRUPT OR SHARPER
AT THE DESIRED CUT-OFF FREQUENCY1ANOTHER INDUCTANCE CAN BE CONNECTED IN
SERIES WITH THE LOAD SIDE OF THE FILTER AS ILLUSTRATED IN FIG. 6.

THIS SYSTEM IS KNOWN AS A "T -TYPE" FILTER, IN THAT THE TWO INDUO-TANCES Lt AND Ls , TOGETHER WITH CONDENSER C TAKE THE SHAPE OF THE LETTER
"T".

IN ORDER TO GIVE A STILL SHARPER
T...SECTIONS CAN BE CONNECTED TOGETHER AS
HAVE INDUCTANCE LI AND LI_TOGETHER
TION,WHILE INDUCTANCES
L AND L4 WITHCONDENSER
C FORM THE SECOND T -

SECT ION.

BY STUDYING FIG.
7, YOU WILL READILYNOTE
THAT HERE WE HAVEA COM-
BINED INDUCTANCE WHICH
IS EQUAL TO THE SUM OF
THE TWO SECTION INDUC-
TANCES CONNECTED INSER...
MS AT THEIR CENTER. IF
THE INDUCTIVE VALUES OF
L LL - L3 AND L4 ARE

FREQUENCY CUT-OFF, TWO OF THESE
ILLUSTRATED IN FIG. 7. HERE WE

WITH CONDENSER CI FORMING ONE T- 8EC-

F G.7
The Two- ac -k T - F /per.
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ALL EQUAL,THEN THE COMBINED INDUCTANCE OF 1-1, AND L, WILL BE TWICE THAT OF

THE INDIVIDUAL INDUCTANCES LT AND LA OR TO PUT IT ANOTHER WAY THEOUTEkIN...
DIVIDUAL INDUCTANCES L1 AND L4 EACH HAVE ONE-HALF THE INDUCTANCE VALUE OF
THE SERIES CONNECTED INDUCTANCE L. AND L3 WHICH ARE INCLUDED AT THE CENTER
OF THE SYSTEM.

THIS IS A HANDY
RULE TO REMEMBER BECAUSE
IT IS FOLLOWED IN PRAC-
TICE. QUITE OFTEN, IN

PRACTICE,THE TWO CHOKES
L/ AND L3 ARE REPLACED
BY A SINGLE CHOKE AS ILL
USTRATED IN FIG.8 AND IN
THIS CASE,EACH OF THE
END CHOKES ARE GIVEN AN
INDUCTANCE RATING EQUAL
TO ONE-HALF THAT OF THE
CENTER CHOKE.

,MMIN

-11iL

F1 G. 8

Two- Seciorr T -
Single Cei-ii-er- e 

FOR THE SAKE OF SIMPLICITY,WE SHALL DESIGNATE THE CENTER INDUCTANCE
OF THIS SYSTEM AS L AND THE TWO END INDUCTANCES AS 1 L.

IN SOME INSTANCES, EVEN THREE -SECTION T..FILTERS ARE USED,SUCH AS
THE ONE SHOWN IN FIG. 9. WITH THIS TYPE OF FILTER,IT IS ALSO THE PRACTICE
TO MAKE THE TWO END CHOKES LI AND LA EQUAL TO ONE-HALF THE INDUCTANCE VAL
UE8 OF L AND L31

THE GREATER THE NUMBER OF FILTER SECTIONS USED, THE SHARPER WILL
BE THE FREQUENCY CUT-OFF. FREQUENTLY, A SINGLE SECTION IS SUFFICIENT,
WHILE AT OTHER TIMES TWO OR THREE SECTIONS ARE REQUIRED. THIS DEPENDS LAR2
ELY UPON HOW SHARP THE FREQUENCY CUT-OFF MUST BE FOR THE PARTICULAR PROB-
LEM IN QUESTIONS IN ADDITION TO THE ALLOWABLE COST FOR THIS PART OF THE
EQUIPMENT.

IN

CONDENSER
AS A "PI"

THE "PI" -TYPE LOW-PASS FILTER

FIG. 10 YOU ARE SHOWN ANOTHER FORM OF FILTER CIRCUIT WHERE A

SHUNTS THE LINE AT EACH END -OF THE INDUCTANCE. THIS IS KNOWN
FILTER, SINCE ITS CIRCUIT DIAGRAM SOMEWHAT RESEMBLES THE SYMBOL

L, L4

FIG. 9
A Three - T-

. THIS TYPE OF FILT-
ER OPERATES UPON THE
SAME PRINCIPLES AS AL-
READY EXPLAINED FOR THE
T. -.TYPE FILTER,ONLY THAT

THERE ARE NOW TWO CON-
DENSERS PER SECTION CON
NECTED ACROSS THE LINE.

THE "T" AND "PI"
FILTER EACH HAVE THEIR
DISTINCT ADVANTAGES,THE
TTYPE FILTER BEING MORE
DESIRABLE FOR CONSTANT
VOLTAGE CIRCUITS WHILE
THE "PI" -TYPE FILTER IS
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MORE DESIRABLE WHEN A MORE NEARLY CONSTANT CURRENT IS REQUIRED.

IN THIS CASE ALSO, THE FREQUENCY CUTOFF CAN BE MADE SHARPER BY IN-
CREASING THE NUMBER OF FILTER SECTIONS IN
THE SYSTEM. IN FIG. II,FOR INSTANCE, WE

HAVE TWO PI SECTIONS CONNECTED END TO

END. UNDER THESE CONDITIONS, CONDENSERS
Cs. AND C3 ARE CONNECTED IN PARALLEL WHICH
MEANS THAT IF ALL OF THE INDIVIDUAL CON-
DENSERS HAVE THE SAME CAPACITY RATING,

THE CAPACITANCE AT THE JUNCTION WILL BE

EQUAL TO THE CAPACITY OF CZ PLUS C3
THIS ALSO MEANS THAT THE CAPACITANCE AT

THE POINT OF JUNCTION IS EQUAL TO TWICE
THE CAPACITANCE AT EITHER ENO OF THE FIL

TER.

)11 ducance ---4
TO \

TCon dertser-/

1 G. 10
A S;ng le -52ctror7"Pl"

THIS SAME EFFECT MAY BE OBTAINED BY

USING A SINGLE CONDENSER OF TWICE THE CAPACITIVE VALUE AT THE JUNCTION
POINT OF THE SERIES CONNECTED INDUCTANCES AS SHOWN IN FIG. 12. THE CENTER

CONDENSER C WILL IN THIS CASE HAVE TWICE THE CAPACITY RATING OF THE TWO

END CONDENSERS WHICH FOR THE SAKE OF SIMPLICITY ARE HERE DESIGNATED AS 2 C.

INDUCTANCES L1 AND L.z. ARE EQUAL IN VALUE.

FIG. 13 SHOWS YOU HOW A THREE -SECTION P1 -FILTER IS ARRANGED. HERE

THE THREE INDUCTANCES EACH HAVE THE SAME VALUE AND THE TWO END CONDENSERS

EACH HAVE ONE-HALF THE CAPACITY OF THE CONDENSERS WHICH ARE USED IN THE

CENTER OR "REPEATING SECTIONS" OF THE FILTER. THIS IS DESIGNATED IN FIG.I3

BY THE FACT THAT THE TWO CENTER CONDENSERS ARE BOTH MARKED "C" WHILE THE

TWO END CONDENSERS ARE EACH MARKED AS IC.

HAVING CONSIDERED THE OPERATION AND CONSTRUCTIONAL FEATURES OF THE

VARIOUS FORMS OF LOW-PASS FILTERS,YOU ARE NOW PREPARED TO ENTER INTO THE

DETAILS REGARDING THE DESIGN PROBLEMS OF THESE SYSTEMS.

LOW-PASS FILTER DESIGN

THE FIRST POINT TO BEAR IN MIND REGARDING SUCH A FILTER DESIGN IS

THAT IN ORDER FOR THE FILTER TO BE MOST EFFICIENT FOR ITS PARTICULAR TYPE,
THE FILTER SHOULD TERMINATE AT THE SOURCE AND AT THE LOAD IN AN IMPEDANCE

WHICH IS APPROXIMATELY EQUAL TO THE "CHARACTERISTIC IMPEDANCE" OF THE FIL-
TER.

IF THE NATURE OF THE PROBLEM HAPPENS TO BE SUCH THAT THE LOAD AND
SOURCE IMPEDANCE ARE KNOWN AND
ARE ALREADY EQUAL,THEN THIS

SAME IMPEDANCE VALUE IS CHOSEN
AS THE CHARACTERISTIC IMPEDANCE
OF THE FILTER WHICH IS BEING DE
SIGNED. SHOULD EITHER THE LOAD
OR SOURCE IMPEDANCE BUT NOT BO-
TH BE ALREADY FIXED AND OF
KNOWN VALUE,THEN THIS SAME VAL-
UE CAN BE ASSUMED AS BEING THE

DESIRED CHARACTERISTIC IMPED-

ANCE OF THE FILTER AND THE RE -

L.

Fla. 11
A Two- Seckion "ICI'
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RECALL AS BEING

IN THIS CASE IS
THE
THE

MAINING TERMINAL IMPEDANCE ADJUSTED TO THIS VALO"'.

To DETERMINE THE INDUCTANCE AND CONDENSER VALULS TO USE FOR A LOW-
PASS FILTER OF A GIVEN CUT-OFF FREQUENCY, USE THE FOLLOWINS RMULAS:

INDUCTANCE IN HENRIES'=0.3183 X CHARACTERISTIC IMPEDANCE IN OHMS
CUT-OFF FREQUENCY IN CYCLES PER SEC.

CAPACITY IN FARADS= 0.3183
CUT-OFF FREQUENCYXCHARACTERISTIC IMPEDANCE
IN CYCLES PER.SEC. IN OHMS

EXAMPLE:.. IN FIG. 14 WE ARE ILL
USTRATING A SAMPLEPROBLEM WHERE
A LOW PASS FILTER IS INSTALLED
IN THE PLATE CIRCUIT OF A VAC-
UUM TUBE WHICH IS HANDLING BOTH
RADIO FREQUENCY AND AUDIO FRE-
QUENCY ENERGY. THE FILTER IS TO
BE USED TO PREVENT THE R.F.FROM
GETTING INTO THE FOLLOWING A.F.
AMPLIFYING STAGE, WHILE AT THE
SAME TIME PERMITTING THE A.F.
TO PASS OVER TO THE FOLLOWING
STAGES OF AUDIO FREQUENCY AMP-
LIFICATION UNMOLESTED.

F I G. 12

4noeher- Tc, -Sec-I-For; ..PI"17 'Ler.

WE SHALL ASSUME THAT THE LOAD RESISTOR OF THIS CIRCUIT HAS A RESIS-
TANCE VALUE OF 50,000 OHMS AND THAT THE PLATE CIRCUIT RESISTANCE OF THE
TUBE 13 250,000 OHMS. IN ADDITION, WE SHALL CONSIDER THE HIGHEST AUDIO FRL
QUENCY TO BE PASSED BY THE FILTER AS BEING 20,000 CYCLES AND THEREFORE
CHOOSE THIS AS OUR CUT-OFF FREQUENCY.

IN ORDER FOR THE FILTER TO WORK AT MAXIMUM EFFICIENCY,THE SOURCE IM-
PEDANCE SHOULD BE EQUAL TO THE LOAD IMPEDANCE. THIS CAN BE ACCOMPLISHED BY
CONNECTING THE RESISTOR I:L.0N PARALLEL WITH THE TUBE'S PLATE RESISTANCE.

THE TOTAL RESISTANCE OF TWO PARALLEL CONNECTED RESISTANCES YOU WILL
DETERMINED BY THE FORMULA: RT X RI.. HENCE SINCE "R"

R R

TO BE EQUAL TO THE PLATE LOAD RESISTOR OR 50,000 OHMS,AND
TUBE'S PLATE CIRCUIT RESISTANCE R1 IS ALREADY SET AT 250,000 OHMS,THEN
VALUE OF R CAN BE FOUND BY USING THE PARALLEL RESISTANCE FORMULA IN

THE FORM RR1

-R
50.000U50.000=1.250.000.00Q_

P00,000
62,500 OHMS. FROM THIS WE
SLL THAT BY IrINECTING THE
G`, 0U uom kL-ibluk R 2. IN

TUDEISPARALLEL WITH tHE
PLATE CIRCUIT RESISTANCE,
THE "SCURCE IMPEDANCE" WILL
OE EQUAL. Y. HE LOAD IMPED-
ANCE WITH RESPECT TO THE
FILTER,OR ALSO 50,000 OHMS.
THE LTE!-ISTICIMPEDANCE

111
L

111

Tc

111

LT

PIO. 13
A Three -.5-eci-ior7 "PI" Filker.
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OF THE FILTER SHOULD THEREFORE ALSO BE EQUAL TO 50,000 OHMS.

WITH THIS VALUE DETERMINED, THE INDUCTANCE VALUE FOR THE FILTER CAN

BE FOUND BY USING THE FORMULA: INDUCTANCE_ 0.3183 X CHARACTERISTICIMPED*..
CUT-OFF FREQUENCY

0.3183 X 50.000 - 15.915 _.79 HENRIES. THIS VALUE CORRESPONDS TO "L" IN

20,000 -- 20,000

OUR FILTER DIAGRAMS*

To FIND THE VALUE OF EACH FILTER CONDENSER, USE THE FORMULA:CAPACITY=
0.3183 = 0.3183

CUT-OFF FREQUENCY X CHARACTERISTIC IMPEDANCE 20,000 X 50,000 --

.0000000003183 FARADS =.0003183 OR APPROXIMATELY .00032 MFDS. THIS VALUE

CORRESPONDS TO "C" IN OUR FILTER DIAGRAMS*

FICA, 14
Calculating the Filter-.

WHEN CONSTRUCT-
ING THE FILTER, ITS

RESISTANCE SHOULD BE

KEPT DOWN TO AS LOW A
VALUE AS POSSIBLE
SINCE RESISTANCE TENDS
TO OPPOSE EVEN THOSE
CURRENTS OF THE FRE-

QUENCY BAND WHICH IT

IS DESIRED TO PASS AND
PREVENTS A SHARP CUT-
OFF. ALSO REMEMBER
THAT THE CURRENT WHICH
IS SUPPRESSED BY THE

FILTER IS NEVER RE-

DUCED TO ABSOLUTE ZERO
AT ANY FREQUENCY, Alr
THOUGH A ZERO CURRENT
CAN BE MORE NEARLY A-

PPROACHED BY EMPLOYING A SERIES OF PROPERLY DESIGNED FILTER SECTIONS. FUR

THERMORE, THE DESIGN CONSTANTS ARE WORKED OUT IN THE SAME MANNER WHETHER
THE FILTER BE OF THE "T" OR "PI" TYPE AND THE CHOICE OF THE TYPE DEPENDS

UPON THE ADVANTAGES MOST DESIRED FROM THEM AND WHICH WERE MENTIONED FOR

EACH TYPE EARLIER IN THIS LESSON.

IN THE AVERAGE TYPE OF R.F. FILTER SUCH AS USED IN THE PLATE CIRCUIT
OF THE DETECTOR TUBE IN A RECEIVER 80 AS TO SUPPRESS RADIO FREQUENCY CUR-
RENTS WHILE AT THE SAME TIME PERMIT THE AUDIO FREQUENCY CURRENTS TO PASS

THROUGH SATISFACTORILY, A FREQUENCY OF 10,000 CYCLES PER SECOND IS GENER-
ALLY CHOSEN AS BEING THE HIGHEST FREQUENCY TO BE PASSED FREELY AND FRE-

QUENCIES ABOVE 20,000 CYCLES TO BE SUPPRESSED MATERIALLY.

IN THE CASE OF POWER PACK FILTERS, DIRECT CURRENT AND ALL CURRENTS

HAVING A FREQUENCY UP TO ABOUT 20 CYCLES PER SECOND ARE GENERALLY OFFERED
FREE PASSAGE. ALL FREQUENCIES ABOVE 20 CYCLES SHOULD BE BLOCKED THIS

WILL REJECT THE UNDESIRABLE 60 AND 120 CYCLE "HUM FREQUENCIES*"

HIGH-PASS FILTERS

ALTHOUGH THE HIGH-PASS Fr -TER A -S0 EMPLOYS A CONDENSER IN CONJUNCTION
WITH AN INDUCTANCE, YET THESE TW) CO'M'PONENTS ARE ARRANGED IN A DIFFERENT
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MANNER AS ILLUSTRATED IN FIG. 15. By ANALYZING THIS CIRCUIT, YOU WILL NO-
TICE THAT HERE THE CONDENSER IS CONNECTED IN SERIES WITH THE LINE AND THE
INDUCTANCE IS SHUNTED ACROSS THE LOAO, OR JUST THE REVERSE AS FOUND IN
THE LOW-PASS FILTER.

Now THEN, THE CONDENSER OPPOSES
THE PASSAGE OF D.C. AND LOW FREQUENCY
CURRENT BUT ITS OPPOSITION DECREASES
RAPIDLY AS THE FREQUENCY INCREASES.
THIS MEANS THAT THE HIGHER THE FRE-
QUENCY, THE EASIER WILL IT BE FOR THE
CURRENTS TO GET FROM THE SOURCE TOWARD
THE LOAD SIDE OF THE FILTER AND VICE
VERSA.

THESE HIGH FREQUENCY CURRENTS
WHICH ARE EFFECTIVE AT THE LOAD END
OF THE CONDENSER FIND IT DIFFICULT TO
PASS THROUGH THE INDUCTANCE AND MUST
THEREFORE PASS THROUGH THE LOAD WHOSE
RESISTANCE VALUE IS MUCH LESS TO THESE
HIGHER FREQUENCY CURRENTS THAN IS THE
REACTANCE OF THE INDUCTANCE TOWARDS THESE

FIG, 15

A Pigh-Pass

SAME FREQUENCIES. BESIDES THIS,
IF ROME OF THE LOWER FREQUENCIES SHOULD REACT THROUGH THE CONDENSER, THE
REACTANCE OF THE INDUCTANCE WOULD BE QUITE LOW IN COMPARISON TO THE LOAD
RESISTANCE 80 THAT IT WILL PRACTICALLY SHORT CIRCUIT THESE LOW FREQUENCY
CURRENTS AROUND THE LOAD AND MATERIALLY REDUCE THEIR FLOW THROUGH THE
RATHER HIGH -RESISTANCE LOAD. IN ORDER FOR THIS FILTER TO WORK MOST EFF-
ECTIVELY, THE REACTANCE OF THE CHOKE SHOULD BE LOW IN VALUE AS COMPARED
TO THE LOAD RESISTANCE AT THE LOWER FREQUENCIES.

HIGH-PASS FILTERS CAN ALSO BE ARRANGED AFTER THE T -PATTERN AND AN
EXAMPLE OF SUCH IS ILLUSTRATED IN FIG. 16. BY THUS SHUNTING THE INDUCTANCE
ACROSS THE LOAD FROM A POINT BETWEEN THE TWO CONDENSERS,THE LOW FREQUEN-
CIES FIND IT STILL MORE DIFFICULT TO REACH THE LOAD ON ACCOUNT OF THE ADD
1TIONAL OPPOSITION OFFERED BY THE SECOND CONDENSER C2_ ,WHEREAS THE HIGHER
FREQUENCIES CAN CONTINUE ON THROUGH TO THE LOAD. THIS WILL RESULT IN A
STILL SHARPER FREQUENCY CUT-OFF THAN WHEN THE SECOND CONDENSER C2IS OMI-
TTED.

F1. IG
T- Type High -Pas.,

FIG. 17 ILLUSTRATES A "DOUBLE -T",
HIGH-PASS FILTER IN WHICH THE TWO CON-
DENSERS °L AND C3 ARE INCLUDED BETWEEN
THE TWO INDUCTANCES. IF THE CAPACITIVE
VALUES OF ALL THESE CONDENSERS ARE
ALIKE, THEN THE COMBINED CAPACITY OF
C1AND C3 WELL BE JUST ONE-HALF THAT OF
THE INDIVIDUAL CAPACITIES CI AND CA
THEREFORE, IF IT 16 DESIRED TO REPLACE
CONDENSERS CsAND C3 BY A SINGLE CON-
DENSER AS IN FIG. 13,THCN THIS SINGLE
CONDENSER SHOULD HAVE JUST HALF THE
CAPACITY OF THE TWO END CONDENSERS.
THIS RELATION IS INDICATED IN FIG.I8
BY THE FACT THAT THE CENTER CONDENSER
IS MARKED AS C AND THE TWO END CON-
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DENSERS AS 2 C. THE VALUES OF THE TWO INDUCTANCES ARE EQUAL.

IT IS ALSO POSSIBLE TO HAVE A "PITYPE" HIGH-PASS FILTER AG SHOWN
IN FIG. 19. HERE THE FILTER 1(3

...)0LAYCC

FIG. )7

4 Double -T gigh-Passli-er-.

FIG.18

TERMINATED AT EACH END BY AN IN-

DUCTANCE WITH A CONDENSER IN-

STALLED BETWEEN THEM IN ONE SIDE
OF THE LINE. IN THIS CASE, THE
FIRST CHOKE OR L1 SERVES AS A

SHUNT AROUND THE LOAD FOR LOW
FREQUENCY AND DIRECT CURRENTS Dl
RECTLY AT THE INPUT OR SOURCE END
OF THE FILTER,AT THE SAME TIME
THAT THE CONDENSER C REJECTS
THEM.

WHAT CURRENTS OF THESE UN-
WANTED LOW FREQUENCIES SHOULD BE
EFFECTIVE AT THE LOAD SIDE OF C

WILL AGAIN HAVE THE OPPORTUNITY
OF BEING SHUNTED AROUND THE LOAD
BY THE SECOND INDUCTANCE I.,LTHE
HIGH FREQUENCY CURRENTS,HOWEVER,
MUST PASS THROUGH THE LOAD.

HERE AGAIN THE CUT-OFF CAN
BE MADE SHARPER BY ADDINGANOTHER
SECTION AND 80 IN FIG. 20 WE HAVE
THE TWO -SECTION P1 -TYPE HIGH-
PASS FILTER. WITH THIS ARRANGE-
MENT, THE TWO INDUCTANCES

A Doubhz-7 Witt- Common Capaci4. AND L3 ARE CONNECTED IN PARALLEL
WHICH MEANS THAT THEIR COMBINED

INDUCTANCE BECOMES ONLY HALF THAT
PROVIDED OF COURSE THAT ALL FOUR OF THESE INDUCTANCES
THE SAME VALUE.

OF INDUCTANCES LI AND L4 INDIVIDUALLY,
INDIVIDUALLY HAVE

WITH CONDITIONS BEING SUCH, IT IS CLEAR THAT IF THE TWO INDUCTANCES
LAND L3 ARE TO BE REPLACED WITH A SINGLE INDUCTANCE AS IN THE TWO- SEC-
TION, "pin HIGH-PASS FILTER WITH THE COMMON INDUCTANCE SHOWN IN FIG. 21,

THEN THIS COMMON INDUCTANCE L IN FIG. 21 SHOULD HAVE JUST ONE-HALF THE
INDUCTANCE VALUE OF THE TWO OUTER IN
DIVIDUAL INDUCTANCES. FOR CONVENIENCE
WE CAN SAY THAT THE COMMON INDUCTANCE
HAS A VALUE OF "L",WHILE THETWO OUT-
ER INDUCTANCES EACH HAVE A VALUE OF
2L.

POWER PACK FILTER CHOKES

BEFORE CONCLUDING THIS LESSON
AND WHILE WE ARE STILL CONSIDERING
THE SUBJECT OF FILTER SYSTEMS, IT IS

ADVISABLE TO PRESENT SEVERAL FACTS
CONCERNING POWER PACK FILTER CHOKES
WHICH YOU WILL FIND TO BE OF INTEREST

FIG. 19

The-PI*Type iligh -Pass Filter.
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As you ALREADY KNOW, FILTER CHOKES
TURNS OF FINE WIRE WOUND ON A
HAVE A RATHER HIGH INDUCTANCE VALUE -- USUALLY FROM 15 TO
SELECTING SUCH A CHOKES IT IS
ALSO OF GREAT IMPORTANCE TO
TAKE INTO ACCOUNT THE TOTAL
D.C. CURRENT WHICH THE CHOKE
WILL BE REQUIRED TO PASS AT
FULL-LOAD, FOR NOT ONLY WILLA
CURRENT OVERLOAD BE UNDESIR-
ABLE FROM THE STANDPOINT OF
EXCEEDING THE SAFE CURRENT-
CARRYING CAPACITY OF THE PAR
TICULAR WIRE SIZE BEING USED,
BUT IN ADDITION,THE INDUCT-
ANCE VALUE OF THE CHOKE DE-
CREASES MATERIALLY AS THE
CURRENT FLOW THROUGH IT IN-
CREASES BEYOND A CERTAIN POINT. IN OTHER WORDSOF A CHOKE IS
ING AN INDUCTANCE OF 30 HENRIES,THEN THIS VALUE APPLIES ONLY
NITE D.C. CURRENT IS PASSING THROUGH THE CHOKE WINDING.

A Two-Seck-ion 14/917 -

FOR THIS PURPOSE CONSIST OF MANY
LAMINATED STEEL CORE SO THAT THE CHOKE WILL

30 HENRIES.WHEN

Pass

RATEDAS NAV-.

WHEN A DEFI...

SHOULD THE CURRENT LOAD BE INCREASED ABOVE THIS RATED CURRENT VALUE
SUFFICIENTLY, THEN THE INDUCTANCE OF THE CHOKE MAY DROP DOWN TO IS HENRIES
OR 80. ANY APPRECIABLE REDUCTION IN THE INDUCTANCE RATING OF A FILTER
CHOKE WILL IMPAIR THE FILTERING ACTION CONSIDERABLY WHICH WILL RESULT IN

A GREATER HUM OUTPUT. THIS
IS WORTHWHILE REMEMBERING
BECAUSE IT WILL IMPRESS
UPON YOUR MIND THE IMPOR-
TANCE OF SELECTING VILIEJ:
CHOKES FROM THE STANDPOINT
OF THEIR INDUCTANCE RAT-

ING AT A SPECIFIC CURRENT
LOAD.

FIG. 21
A Two- Seceion "PI* High-P.35s Filter-

With CommC,, /nduct--a hoe.

IN THE NEXT LESSON
YOU ARE GOING TO LEARN
STILL MORE ABOUT VARIOUS
TYPES OF FILTER SYSTEMS
AS EMPLOYED IN RADIO.HERE
YOU WILL FIND THE BASIC

FORMULAS FOR DESIGNING HIGH-PASS FILTERS, BAND-PASS FILTERS ETC., AS WELL
AS BEING BETTER ACQUAINTED WITH SUCH ELECTRICAL CHARACTERISTICS AS MUTUAL
INDUCTANCE, COEFFICIENT OF COUPLING AND OTHER FEATURES OF INTEREST AND
IMPORTANCE.



Examination duotion6
LESSON NO. 56

"A man is either made or marred
for life by the use he makes of his
leisure time.Bind together your spare
hours by the cord of some definite
purpose and you know not how much you

may accomplish.

I. WHAT FOUR TYPES OF FILTER SYSTEMS ARE FREQUENTLY EMPLOY-
ED IN RADIO PRACTICE?

2. - WHAT IS A LOW-PASS FILTER EXPECTED TO ACCOMPLISH?

3. - ILLUSTRATE A T...TYPE LOW-PASS FILTER SECTION BY MEANS OF

A DIAGRAM.

4. ILLUSTRATE A PI -TYPE LOW-PASS FILTER SECTION BY MEANS OF

A CIRCUIT DIAGRAM.

5. - WHAT IS MEANT BY THE "CHARACTERISTIC IMPEDANCE" OF A Fki,

TER?

6. - WHAT IS A HIGH-PASS FILTER EXPECTED TO ACCOMPLISH?

7. ILLUSTRATE BY MEANS OF A DIAGRAM A SIMPLE HIGH-PASS FIL-
TER AND EXPLAIN HOW IT FUNCTIONS.

8. WOULD YOU CLASSIFY A POWER PACK FILTER AS BEING A LOW-
PASS FILTER OR A HIGH-PASS FILTER? EXPLAIN YOUR ANSWER.

9. WHEN DESIGNING A FILTER, 18 IT ADVISABLE THAT THE SOURCE,
LOAO, AND CHARACTERISTIC IMPEDANCE OF THE FILTER ALL BE

EQUAL?

10.m. WHAT IS THE FORMULA FOR CALCULATING THE INDUCTANCE OF THE
CHOKE TO BE USED IN A LOW-PASS FILTER?



RADIO TELEVISION
Practical J. A . R OS EN KRAN Z , Pees

1011 A L SOHO
it

Established 1905

--do
.:..,

1-1111 ULU Ott: ,ia Tit i,-fil
PrA in --"A.; I'llri

, J .41; 't , ' .iird '.' '_ i '1,,e

Los Angeles,

Copyright 1937 by
NATIONAL SCHOOLS

LESSON NO. 57
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California

HIGH-PASS AND BAND-PASS
FILTER. DESIGN

Printed in U. S. A.

IN THIS LESSON,YOU ARE GOING TO CONTINUE THE STUDY OF FILTER SYS-

TEMS AND WE SHALL BEGIN WITH THE DESIGN PROCEDURE AS APPLIED TO THE HIGH-
PASS FILTERS WHICH WERE DESCRIBED TO YOU IN THE PREVIOUS LESSON.

IN ORDER TO CALCULATE THE INDUCTIVE AND CAPACITIVE VALUES FOR A

HIGH-PASS FILTER OF EITHER THE "T" OR "PI" TYPES, WE HAVE TWO HANDY FORMm
ULM; AVAILABLE. HERE THEY ARE:

INDUCTANCE IN HENRIES=047956XCHARACTERISTIC IMPEDANCE IN OHMS
CUTOFF FREQUENCY IN CYCLES

CAPACITY IN FARADS-- 0.07958
OUT -OFF FREQUENCY X CHARACTERISTIC IMPEDANCE IN

IN CYCLES OHMS.

THE CHARACTERISTIC IMPEDANCE FOR HIGH-PASS FILTERS IS DETERMINED IN

THE SAME MANNER AS ALREADY DESCRIBED FOR LOW-PASS FILTERS IN THE PRECEDING
LESSON AND FOR MOST EFFECTIVE RESULTS,THE SOURCE IMPEDANCE, LOAD IMPEDANCE
AND THE CHARACTERISTIC IMPEDANCE OF THE FILTER SHOULD ALL BE APPROXIMATELY
EQUAL.

IN FIG. I WE HAVE
ILLUSTRATED A PRACTICAL
EXAMPLEI SHOWING THE AP-
PLICATION OF A HIGH-PA-
SS FILTER TO A RADIO
CIRCUIT AND FOR WHICH WE
SHALL NOW WORK OUT A

SAMPLE DESIGN.

THE HI01.1...PASSFIL

TER IN THIS CIRCUIT 18

CONNECTED BETWEEN THE

PLATE AND GRID CIRCUITS
OF TWO TUBES IN AN R.F.

FIG.1
A pp/ i ca Lion of' a Pass Mier:
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AMPLIFIER. RADIO AND AUDIO FREQUENCIES ARE BOTH BEING FED INTO THE AMPLI-
FIER AND IT IS DESIRED TO SEPARATE THEM AND ONLY AMPLIFY THE RADIO FRE-
QUENCI=8. IN OTHER WORDS, THE AUDIO FREQUENCIES ARE TO BE REJECTED OR SU-
PPRESSED BY THIS FILTER, WHILE THE RADIO FREQUENCIES ARE TO BE TRANSFERR..
ED FROM THE PLATE CIRCUIT OF TUBE 41 TO THE GRID CIRCUIT OF TUBE #2.

WE SHALL ASSUME THAT THE PLATE CIRCUIT RESISTANCE "RP" OF TUBE 91
IS 250,000 OHMS, THAT THE PLATE COUPLING RESISTOR HAS A VALUE OF 40,000
OHMS AND THAT THE CUT-OFF FREQUENCY IS TO BE SET AT THE UPPER LIMIT OF
AUDIBILITY OR 20,000 CYCLES.

NOW THEN, OUR FIRST STEP WILL BE TO DETERMINE THE EFFECTIVE SOURCE
IMPEDANCE. SINCE THE PLATE COUPLING RESISTOR 13 CONNECTED IN PARALLEL
WITH THE TUBES PLATE CIRCUIT RESISTANCE, THE EFFECTIVE IMPEDANCE AT THIS
POINT CAN BE FOUND By APPLYING OUR FORMULA FOR TWO PARALLEL RESISTORS OR
R=R1 X R-. WHERE R1,--250,000 OHMS AND P1,-40,000 OHMS. HENCE R

+ RZ
250.000 X 40.000 - 10.000.000.000 7A A073Y,'",00 OHMS.250,0004-40,000 290,000

THE CHARACTERISTIC IMPEDANCE OF THE FILTER SHOULD THEREFORE ALSO BE
CHOSEN AS 34,483 OHMS AND SUBSTITUTING THIS VALUE IN OUR FORMULA FOR CAL-
CULATING THE FILTER INDUCTANCE WE HAVE:

INDUCTANCE IN HENRIES _ 0.07958 X CHARACTERISTIC IMPEDANCE.0.07958X34,483 -
CUT-OFF" FREQUENCY 20,000

2744.16 I

0IstA HENRIES (APPROX.) OR 140 MILLIHENRIES.
20,000

07958CAPACITY IN FARADS= 0.

CUT-OFF FREQ. X CHARACTERISTIC IMPEDANCE
0.07958 = 0.07958

.0000000001 FARADS OR 0.0001 MFDS. (APPROX.)20,000 X 34,483 689,660,000

BEAR IN MIND THAT THE INDUCTIVE AND CAPACITIVE VALUES AS DETER-
MINED BY THESE TWO FORMULAS CORRESPOND TO THE CONSTANTS "L" AND "C" AS
DESIGNATED IN THE SAMPLE HIGH-PASS FILTERS WHICH WERE ILLUSTRATED IN THE
PREVIOUS LESSON. WHEN DOUBLE SECTION FILTERS ARE USED, THEN THE VALUES
2L AND 2C MUST BE TAKEN INTO ACCOUNT ACCORDING TO THE PARTICULAR TYPE OF
FILTER AS ALREADY POINTED OUT IN THE PRECEDING LESSON.

SINCE IN THE CIRCUIT OF FIG. I, THE SOURCE AND CHARACTERISTIC IM-
PEDANCE ARE BOTH 34,483 OHMS, THE LOAD IMPEDANCE OR RESISTANCE VALUE OF
"X" SHOULD ALSO BE APPROXIMATELY 34,483 OHMS. Ti-IE GRID -CATHODE RESISTANCE
VIITHIN TUBE #2 IS OF A VERY HIGH VALUE AND SO WE SHALL FOR THE SAKE OF Sj
MPLICITY CONSIDER ITS PARALLEL EFFECT UPON RESISTOR "X" AS BEING NEGLIGI-
BLE.

BAND-PASS CIRCUITS

HAVING SO FAR STUDIED BOTH THE LOW AND HIGH-PASS FILTER SYSTEMS IN-
DIVIDUALLY, YOU CAN NO DOUBT SEE THE POSSIBILITIES FOR COMBINING THESE
TWO DISTINCT FILTERS IN SUCH A MANNER THAT EACH WILL OFFER ITS OWN CUT-
OFF FREQUENCY, RESULTItO IN THE PASSAGE OF A FREQUENCY BAND EXTENDING BE-
TWEEN THESE TWO CUT-OFF POINTS AND A SUPPRESSION OF ALL OTHER FREQUENCIES.

IN FIG. 2, FOR INSTANCE, WE HAVE SUCH A COMBINATION WHERE THESOURCE
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FEEDS INTO A LOW-PASS FILTER, WHICH IS FOLLOWED BY A HIGH-PASS FILTER BE-

FORE THE LOAD IS FINALLY REACHED* ASSUMING THAT THE HIGH-PASS FILTER IS

DESIGNED FOR A 600 Kc. CUT-OFF
OFF/THEN ALL FREQUENCIES
BELOW 600 KC.. AS WELL AS

ALL FREQUENCIES ABOVE 800
KC* WILL BE SUPPRESSED AND
ONLY A BAND OF 800 MINUS
600 OR 200 KC* WILL PASS

THROUGH THE FILTER --HENCE
THE EXPRESSION "BAND-PASS
FILTER" Is ASSOCIATED WITH
THIS SYSTEM.

IN FIGCs 3 YOU ARE
SHOWN A TYPICAL EXAMPLE OF
A BAND-PASS FILTER AS

SOMETIMES USED IN PRACTICE
HERE THE SERIES CONDENSERS

AND THE LOW-PASS FILTER FOR AN 800 KC.CUT-

2

ProcAicinq Banoi- Pass Effect.
ARE DESIGNATED AS MD" AND THE PARALLEL CONDENSERS AS "Din*

IN WORKING OUT THE DESIGN OF SUCH A BAND PASS FILTER WE WOULD TAKE

INTO ACCOUNT FIRST, THE SOURCE AND LOAD IMPEDANCE (EQUALIZING THEM) AND TO

SET THE CHARACTERISTIC IMPEDANCE OF THE FILTER TO THIS SAME VALUE. THE

NEXT POINT TO CONSIDER IS THE LOWER AND UPPER CUT-OFF FREQUENCIES.THE VAL

UE FOR C IN THE FILTER OF FIG* 3 CAN THEN BE DETERMINED BY USING THE FOR-

MULA: f WHERE D="- CAPACITY IN FARADS; LOWER FREQUENCY CUT..
C=41TFIFz

Z
OFF IN CYCLES PER SECOND; FL=HIGHER FREQUENCY CUT-OFF IN CYCLES PER SECOND;
AND Z =CHARACTERISTIC IMPEDANCE OF THE FILTER EXPRESSED IN OHMS. IN OTHER

WORDS, TO FIND THE VALUE OF "C", ADD Fi TO AND DIVIDE TRIP SUM BY THE

PRODUCT YOU OBTAIN AFTER MULTIPLYING TOGETHER 4 TIMES 3.14 TIMES Fi TIMES

F TIMES Z.

TO FIND THE VALUE OF CI, IN FIG. 3 USE THE FORMULA: C =
1 g F (F- F)Z

To WORK OUT THIS PROBLEM, SUBTRACT FL FROM Ft AND MULTIPLY THIS DIFFERENCE

BY Z TIMES 11 TIMES FL  THEN DIVIDE F1 BY THIS FINAL PRODUCT.

F

THE VALUE FOR THE INDUCTANCE "L" IN FIG.

3
A Typical Band- Pass FilLer.

3 IS FOUND BY USING THE

FORMULA:L=(F2,_ Z,THAT

18, sueTAAcT F1 FROM Ft
AND MULTIPLY THIS DIFFER-
ENCE BY Z DIVIDE THE NUM
BER THUS OBTAINED BY THE
PRODUCT OBTAINED UPON MUL
TIPLYING 4 TIMES 3.14 TI-
MES F1 TIMES F2 THE IN-

DUCTANCE WILL BE EXPRESS-
ED IN HENRIES*

FUNDAMENTAL RELATIONS IN
BAND-PASS CIRCUITS

YOU ARE NOW READY TO
STUDY SOME MORE INTEREST...
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ING RELATIONS BETWEEN THE CIRCUIT CONSTANTS AS EMPLOYED IN BAND-PASS SYS-
TEMS SUCH AS USED IN BAND SELECTOR CIRCUITS OF THE TYPE ILLUSTRATED IN FIG.
4, WHERE THE COMMON INDUCTANCE L IS USED AS THE COUPLING COIL OR COUPLING

INDUCTANCE.

FIG. 4

A Band -Pass Circuit Willi
Coupling Coil,

CONDITIONS WERE SUCH THAT ALL OF THE LINES

FIRST, LET US CONSIDER
THE COEFFICIENT OF COUPLING
OF SUCH A CIRCUIT.THE COEFF-
ICIENT OF COUPLING IS
NUMBER WHICH EXPRESSES
WHAT EXTENT THE LINES

A

TO

OF
FORCE ORIGINATING AROUND ONE
WINDING ALSO ENCIRCLE A SEC-
OND WINDING WHICH IS INDUC-
TIVELY COUPLED TO THE FIRST.
TO ILLUSTRATE THIS POINT,
LET US REFER TO FIG. 5. HERE
THE MAGNETIC FIELD WHICH OR-
IGINATES AROUND COIL #1 ALSO
INTERLINKS WITH COIL #2. IF

OF FORCE WERE UTILIZED BY COIL
#2, THEN WE WOULD SAY THAT THERE WAS UNITY COUPLING BETWEEN THEM OR THAT
THE COEFFICIENT OF COUPLING WAS I. THE LETTER "K" IS GENERALLY USED TO cm
SIGNATE THE COEFFICIENT OF COUPLING.

IN ACTUAL PRACTICE, HOWEVER, THERE IS ALWAYS A CERTAIN AMOUNT OF
MAGNETIC LEAKAGE SO THAT NOT ALL OF FIELDfl IS UTILIZED BY COIL #2. THEREFORE, THE COEFFICIENT OF COUPLING BECOMES
LESS THAN I AND IS GENERALLY EXPRESSED AS A DECIMAL FRACTION SUCH .2 OR
.5 ETC. OR AS A PERCENTAGE A8 3%, 8% ETC. IN GOOD IRON -CORE TRANSFORMERS,
THE COEFFICIENT OF COUPLING 18 QUITE HIGH FREQUENTLY REACHING A VALUE
OF .98 OR 98%. HOWEVER, IN AIR -CORE TRANSFORMERS, WHERE THE MAGNETIC LEAK-
AGE IS MUCH MORE PRONOUNCED$THE COEFFICIENT OF COUPLING MAY REACH SUCH A
LOW VALUE AS 01 OR LESS.

IN A CIRCUIT AS ILLUSTRATED IN FIG. 6, WHERE A COMMON INDUCTANCENLM"
IS CONNECTED ACROSS THE CIRCUIT AS HERE SHOWN,THE COEFFICIENT OF COUPLING
BETWEEN THE TWO WINDINGS "LI" AND "L.4 CAN BE APPROXIMATELY DETERMINED BY
THE FOLLOWING FORMULA.

L)4
COEFFICIENT OF COUPLING OR K.7.1_

\Ai 14- Lm) L ,_+Lm)

WHERE Lm =THE INDUCTANCE OF THE COUPLING
COIL EXPRESSED IN MICROHENRIES, LI=THE IN-
DUCTANCE OF WINDING LI EXPRESSED IN MICRO -

HENRIES AND 1-17.1:THE INDUCTANCE OF WINDING L..z.

EXPRESSED IN MICROHENRIES.

IF THE CIRCUITS ARE CAPAOITIVELYCOUP
LED AS IN FIG. 7, THEN THE COEFFICIENT OF
COUPLING CAN BE DETERMINED BY THE FORMULA:
COEFFICIENT OF COUPLING OR K

11-6767- IN WHICH CI=THE CAPACITY OF

\i(CM+C1)(CM+Ci)

CONDENSER CI EXPRESSED IN MFOS; C. THE CAP-

PIG.5
Two inchic
Coupled 11//nd/ny 5.
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ACITY OF CONDENSER EXPRESSED IN MFDS. AND CM =THE CAPACITY OF THE COUP

LING CONDENSER IN MFDS.

Now THEN,ASSUMING THAT
EACH OF THE TWO TUNED CIRCUITS
INDIVIDUALLY ARE RESONATED AT
THE SAME FREQUENCY,WHICH IS

THE CASE IN BAND SELECTOR CIR
CUITS,THEN THE DIFFERENCE BE-
TWEEN THE LOWER AND UPPER FRE-
QUENCIES PASSED OR THE WIDTH
OF BAND PASSED,EXPRESSED IN

KILOCYCLES, CAN BE FOUND WITH
THE AID OF THE FOLLOWING FORM
ULA: WIDTH OF BAND PASSED=RL
SONANT FREQUENCY OF THE TUNED
CIRCUITS MULTIPLIED BY THE C.Q
EFFICIENT OF COUPLING.

PIG. 6
Circus With -..ofry, m0,7

Coupl/ng /rIatucance.

As YOU WILL RECALL FROM YOUR PREVIOUS STUDIES REGARDING BAND-PASS

OR BAND-SELECTOR CIRCUITS, THE SELECTIVITY CURVE AS OBTAINED WITH THIS

TYPE OF CIRCUIT HAS A RESONANCE PEAK TOWARD EITHER SIDES OF THE FUNDAMEN-

TAL RESONANT FREQUENCY AS SHOWN IN FIG. 8. THE RELATION WHICH THESE TWO

PEAK FREQUENCIES BEAR TO THE FUNDAMENTAL RESONANT FREQUENCY IS EXPRESSED

BY THE FOLLOWING TWO FORMULAS:

c'Ti_

crn

r3G.7
Band- Pass circa/E

1/1/1 h Ca pa cv
Coupling

IS to 5 o 5 po 5

------y

K.C. below reso- tc.c. above.

"an" Resonance re-s°"ance.

The Seleciivety Curve,

HIGHER FREQUENCY PEAK
IN KILOCYCLES

RESONANT FREQUENCY
IN KILOCYCLES

jl - COEFFICIENT OF
COUPLING

RESONANT FREQUENCY IN
LOWER FREQUENCY PEAK

IN KILOCYCLES -
K L OCYCLES

1.11-4-CCEFFICIENT OFCOUP

LING

COMPLETE BAND-PASS RECEIVERS

WHEN A BAND-PASS CIRCUIT IS EMPLOY-
ED ONLY IN THE FIRST R.F. STAGE OF A RE-
CEIVER IN WHICH RATHER SHARPLY TUNED CIR-
CUITS FOLLOW AS IN FIG. 9,OR WHEN STRAIGHT
TUNED R.F. CIRCUITS OF THE CONVENTIONAL

TYPE ARE USED IN THE FOLLOWING R.F.STAPES,

THEN THE BAND-PASS CrRCUIT AT THE INPUT

END OF THE RECEIVER 18 GENERALLY REFERRED
TO AS BEING A BAND-SELECTOR CIRCUIT. IN

THIS CASE, THE REGULAR BAND-PASS FEATURES
ARE OBTAINED IN THE BAND SELECTOR CIRCUIT

ITSELF WHICH MEANS THAT THE FOLLOWINGCIR-
CUITS MAY DECREASE MATERIALLY THE WIDTH

OF THE BAND PASSED BY THE BAND SELECTOR
CIRCUIT. ALTHOUGH THE NARROWING EFFECT OF
THE BAND WILL NOT BE QUITE AS APPARENT AS
WHEN EVEN THE INPUT CIRCUITS ARE SHARP TUN
ING, YET NEVERTHELESS IT WILL EXIST.
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R.F.
IF THE BAND-PASS FEATURE IS

SECTION OF THE RECEIVER,THEN

st

DeF

TO BE RETAINED THROUGHOUT THE ENTIRE
ONE METHOD OF ACCOMPLISHING THIS IS ILL

USTRATED IN FIG. 10 WHERE ALL OF THE
TUNING CIRCUITS IN THE R.F. SECTION
OF THE RECEIVER ARE OF THE BAND-PASS
TYPE,EACH BEING DESIGNED TO PASS THE
SAME BAND OF FREQUENCIES SIMULTAN-,
EOUSLY. THE R.F. AMPLIFIER OF THE
RECEIVER THEN BECOMES A TRUE BAND-
PASS SYSTEM.

I G . 9

App ca lion
Banal- Pass

of LA e

BEAR IN MIND THAT ALL OF THE
VARIABLE CONDENSERS HERE SHOWN ARE
REGULAR TUNING CONDENSERS WHICH TUNE
BOTH THE PLATE AND GRID CIRCUITWIND-
INGS AND THAT ALTHOUGH THESE SYMBOLS
APPEAR AS BEING SIMILAR TO I.F.TRANA
FORMERS A8 USED IN SUPERHETERODYNER
CEIVERS, YET THEY DIFFER GREATLY IN

ACTUAL CONSTRUCTION.

A STILL DIFFERENT METHOD OF OBTAINING BAND-PASS CHARACTERISTICSTHRU
AN R.F. AMPLIFIER IS ILLUSTRATED FOR YOU IN FIG. II. THIS IS THE SYSTEM
WHICH WAS EMPLOYED IN SPARTON RECEIVERS AND AS YOU WILL OBSERVES IT 18

SOMEWHAT DIFFERENT FROM THE CIRCUITS WHICH YOU HAVE STUDIED SO FAR.

To BEGIN WITH, A REGULAR BAND -SELECTOR CIRCUIT IS USED BETWEEN THE
ANTENNA INPUT AND THE FIRST R.F. TUBE. THIS 16 FOLLOWED BY SUCCESSIVE R.F.
STAGES WHICH ARE COUPLED TOGETHER BY MEANS OF UNTUNED R.F. TRANSFORMERS.
THUS ALL FREQUENCY SELECTION 16 TAKEN CARE OF IN THE BAND SELECTORPRECED-
ING THE FIRST R.F. TUBE AND THE FOLLOWING STAGES SERVE ONLY TO AMPLIFYTHE
SIGNAL ALREADY SELECTED.

IN FIG. 12 ANOTHER CIRCUIT IS SHOWN WHICH WAS DESIGNED IN ORDER TO
OBTAIN THE ADVANTAGES OFFERED BY BAND-PASS CIRCUITS. IN THIS INSTANCE, A

CAPACITIVELY -COUPLED BAND-PASS CIRCUIT IS BEING USED AHEAD OF THE FIRST
R.F. TUBE. THIS IS FOLLOWED BY AN UNTUNED R.F. STAGE AFTER WHICH ANOTHER
BAND-PASS COUPLING IS INCLUDED BETWEEN THE SECOND AND THIRD R.F. TUBES.

FIG. to
"07 Coen plat e -Band- Pas* ,
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THE FOLLOWING R.F. AND THE DETECTOR TUBE ARE BEING OPERATED FROM R.F.TRAN1
FORMERS OF THE CONVENTIONAL TYPE HAVING TUNED SECONDARY WINDINGS. THE OUT-
PUT OF THIS TUNER CAN THEN BE CONNECTED TO ANY SUITABLE A.F. AMPLIFIER.

MAGNITUDE OF MUTUAL

INDUCTANCE

IN THE EARLY
PART OF THE COURSE
DEALING WITH THE
BASIC ELECTRICAL
PRINCIPLES, YOU
LEARNED WHAT IS

MEANT BY THE EX-
PRESSION "MUTUAL
INDUCTANCE". AT
THIS TIMEIHOWEVER,
YOU ARE GOING TO

BE TOLD MOREABOUT
THIS PROPERTY*

--":11- --

1;111.F.

.

-r-r-
.

2,011.F.

8

To Power pack and
A.F. Arnpl;fier, -

mm
-17 -

MIRE'50112.F 11

.F. Amplifier

P 1 G . 11
The Sparion Band -Pass

R

IN FIG. 13,F0R INSTANCE,WE HAVE TWO SIMILAR COILS WHICH ARE INDUCT-

IVELY COUPLED TO EACHOTHER IN SUCH A MANNER SO THAT THE MAGNETIC FIELDS OF
THE TWO COILS 00 NOT OPPOSE ONE ANOTHER. WE THEN SAY THAT THE TWO COILS ARE
CONNECTED SERIES AIDING. THE FOLLOWING RELATION THEN HOLDS GOOD:.
L -L+L2. +N OR m Le.--1-t-L-LwHEREI-I--- INDUCTANCE OF COIL #1; 1-2== IN -

2
DUCTANCE OF COIL #2: L4=TOTAL INDUCTANCE OFFERED BY THE SERIES AIDING CONN
ECTION AND MI=MUTUAL INDUCTANCE EXPRESSED IN THE SAME UNITS AS Li AND L.

ANOTHER INTERESTING FACT TO REMEMBER ABOUT COILS CONNECTED IN THESERIES
AIDING ARRANGEMENT IS THAT IF UNITY COUPLING EXISTS,THEN THE TOTAL INDUCT-
ANCE OF THE TWO COILS WILL BE FOUR TIMES THE INDUCTANCE OF EITHER ONE OF

THE TWO COILS ALONE. IN OTHER WORDS,THE TWO INDIVIDUAL INDUCTANCES WOULD IN
THIS CASE BECOME EQUIVALENT TO A SINGLE INDUCTANCE OF DOUBLE THE NUMBER OF
TURNS AND SINCE THE INDUCTANCE OF A COIL DEPENDS UPON THE SQUARE OF THE NUM
BER OF TURNS: DOUBLING THE NUMBER OF TURNS INCREASES THE INDUCTANCE FOUR

BAND
SELECTOR

kr.

015
MFD

2000
OHMS

10000 ,
OHMS.

O

S

0

35
0089 1_,`!T

6:5
BAND PASS

COILS

0I
MFD

QR
55

01
MID

R.F,
-35

17
615 01 200

I MID , OHMS
RFC Rro

2000
OHMS

f

7 7

DOT.
-27

200
OHMS

0? IWO
Mf D

,PFC

R FC
0 oda

OUTPUT

'00025

+B
180 V.

50.000 OHMS

FIG. l'Z_
A Special R. F. Tuner-
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SHOULD THE SAME TWO COILS BE CONNECTED TOGETHER AS ILLUSTRATED IN

FIG. 14 SO THAT THEIR FIELDS REACT 80 AS TO OPPOSE ONE ANOTHER,THEN WE

SAY THAT THE COILS ARE CONNECTED SERIES OPPOSING. UNDER THESE CONDITIONS

IF UNITY COUPLING EXISTS,AND THE FIELDS OF THE TWO COILS ARE EQUAL IN

VALUE,THEN THE TOTAL INDUCTANCE BECOMES ZERO BECAUSE THE TWO FIELDS WILL
NEUTRALIZE EACHOTHER.

a

RIU1111===
-=, =MIN MIMS IMIMMAI

IMEIMIIMii=l=11Wm= is

F16. 13
A Series - Aicl/ng ConnecZion.

TANC E.

THE RELATION WHICH EXISTS
BETWEEN THE TWO COILS WHEN THEY

ARE CONNECTED SERIES....OPPOSINGAND
THE COUPLING IS LESS THAN UNITY
IS EXPRESSED BY THE FOLLOWING FOB
PAULA: La = L L - 2M OR

L + - L , WHERE L0=TOTAL
2

INDUCTANCE OF THE SERIES OPPOS-
ING COIL CONNECTIONS; LI=INDUC-
TANCE OF COIL #I; L2.7=INDUCTANCE
OF COIL #2 AND Mt= MUTUAL INDUC

DETERMINING MUTUAL INDUCTANCE BY MEASUREMENT

THE TASK OF DETERMINING THE MUTUAL INDUCTANCE BETWEEN TWO COILS BY
ACTUAL MEASUREMENT CAN BE ACCOMPLISHED WITH THE AID OF THE WHEATSTONE
SRICGE BY USING THE SAME SET-UP AS WAS ALREADY DESCRIBED IN A PREVIOUS

LESSON FOR MEASUREMENT. THE COUPLED TEST ARE

CONSIDERED AS THE SINGLE UNKNOWN INDUCTANCE AND COMPARED WITH A STANDARD
INDUCTANCE.

FIRST, THESE TWO COUPLED COILS ARE CONNECTED IN THE SERIES- AIDING
ARRANGEMENT AND THE RESULTING INDUCTANCE MEASURED ON THE "BRICOE". THIS

VALUE IS CALLED LA. THEN THE TWO COILS ARE CONNECTED IN THE SERIESOPPDI
ING ARRANGEMENT AND THE TOTAL INDUCTANCE IS AGAIN MEASURED AND CALLED

Lo. THE MUTUAL INDUCTANCE CAN THEN BE FOUND FROM THE RELATION:
M.._ Lo. THE VALUE OF M WILL BE EXPRESSED IN THE SAME INDUCTANCE

4

UNITS AS USED FOR LA AND Lo.

A DEFINITE RELATION EXISTS BETWEEN THE
TWEEN TWO COUPLED COILS AND THEIR INDIVIDUAL
MUTUAL INDUCTANCE BETWEEN THEM.THIS
RELATION IS GIVEN BY THL FORMULA:

K
OR M=KjL1 L72 WHERE K-=.

V171-1
COEFFICIENT OF COUPLING; Ml= MUTUAL
INDUCTANCE BETWEEN THE TWO COILS;
WHILE L1 AND L.LARE THE INDIVIDUAL
INDUCTANCE VALUES OF THE TWO COILS.

TUNED POWER PACK FILTERS

IN SOME COMMERCIAL 1144.C.RECEI
VERS,YOU WILL FIND THE FILTER OF THE
POWER PACK ARRANGED IN THE MANNER

COEFFICIENT OF COUPLING BE -
INDUCTANCE VALUES AND THE

FIG, 14
Series- Opposing Cornec-Lion.
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ILLUSTRATED IN FIG. 15. HERE YOU WILL NOTICE THAT A FIXED CONDENSER C
CONNECTED ACROSS ONE OF THE FILTER CHOKES LI. THIS CONNECTION OFFERS
PARALLEL RESONANCE CIRCUIT WHICH WILL GREATLY SUPPRESS THE PASSAGE
SOME UNWANTED FREQUENCY THROUGH THE
FILTER.FOR INSTANCE,SOMETIMES A 120
CYCLE HUM IS QUITE OBJECTIONABLE IN
A RECEIVER OR AMPLIFIER AND SO BY

RESONATING SOME PARTICULAR SECTION
OF THE POWER PACK FILTER TO THISHUM
FREQUENCY,WHICH IS PRODUCED THRURE
CTIFICATION OF THE A.C.SUPPLY,ITCAN
BE ATTENTUATED.

IN ORDER TO DETERMINE THE VALUE
OF "C" WHICH IS NECESSARY IN ORDER TO
TUNE THE FILTER SECTION SO AS TO

REJECT AN UNWANTED FREQUENCY, THE
FOLLOWING FORMULA CAN BE EMPLOYED:

C 25.300 HERE "C" IS EXPRESSED
X L1

IN MFDS.; F FREQUENCY TO BE SUPPRESS ED IN CYCLES AND L ==THE

OF FILTER CHOKE L. IN HENRIES.

IS

A

OF

a_

F(fE,ar- Chokes
L, Lz

13RPP TrW
M111111M

Cond

a.

0

FIG 15
'Me Tined FilZ-er

INDUCTANCE

THIS FORMULA IS ONLY APPROXIMATE BUT NEVERTHELESS IS SUFFICIENTLY

ACCURATE FOR PRACTICAL PURPOSES BECAUSE THIS RESONANCE CIRCUIT DOESN IT

ACTUALLY TUNE VERY SHARP IN PRACTICE DUE TO THE COMPARATIVELY HIGH RE-

SISTANCE WHICH 16 PRESENT.

THE REASON WHY A PARALLEL RESONANCE CIRCUIT OFFERS MAXIMUM IMPEDANCE
TOWARDS THE RESONANT FREQUENCY CAN BE EXPLAINED AS FOLLOWS:

BY CONSIDERING THE CIRCUIT WHICH IS ILLUSTRATED IN FIG. I6,THE SAME
A.G. VOLTAGE IS APPLIED ACROSS BOTH THE CONDENSER C AND THE INDUCTANCE
L, BUT THE CURRENTS THROUGH THESE TWO BRANCHES ARE GOVEFENED BY THE RE-

ACTANCE OF THE BRANCH.

FIG. 16
The Para//e/ /2esonarrE

IN OTHER WOPDS,

E AND
IL X L.

E WHERE I LTHEI c_ =
X

CURRENT THROUGH THE INDUCTANCE; Ic=

THE CURRENT THROUGH THE CONDENSER;
XL = INDUCTIVE REACTANCE; Xc = CAPA-
CITIVE REACTANCE AND E = THE APPLIED

LINE VOLTAGE.

AT THE RESONANT FREQUENCY,
THE CAPACITIVE REACTANCE IS EQUAL
TO THE INDUCTIVE REACTANCE AND SO

WITH A GIVEN APPL!ED VOLTAGE,IL=
IC AT RESONANCE.

IN A PARALLEL RESONANT CIR..
CUIT,THE TWO CURRENTS IL AND lc
ARE OUT OF PHASE IC HAVING A

NEGATIVE SIGN AND IL A POSITIVE
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SIGN, NEGLECTING RESISTANCE,THE LINE CURRENT WILL BE EQUAL TO THE ALGE-
BRAIC SUM OF It. AND IC WHICH ACTUALLY MEANS THAT THE LINE CURRENT IS EQUAL
TC IL MINUS IC. THEN SINCE IL-C AT RESONANCE,THE LINE CURRENT WILL BE E-
QUAL TO ZERO.

THE IMPEDANCE OF THE CIRCUIT -AS A WHOLE,THAT IS, THE IMPEDANCE INTO
WHICH THE SOURCE OF E.M.F. FORCES CURRENT,WILL BE THE RATIO OF THE VOLTAGE
TO THE CURRENT AS USUAL: zt,._. THEREFORE, IF NO CURRENT FLOWS AS JUST

SHOWN,THE CIRCUIT HAS INFINITE IMPEDANCE.

ACTUALLY IN PRACTICE THERE IS ALWAYS SOME RESISTANCE IN THE CIRCUIT.
THIS MAY BE AN ADDITIONAL SHUNT PATH,OR IT MAY EXIST IN ONE OR BOTH OF THE
OTHER BRANCHES, FOR THIS REASON,THE CURRENT THROUGH THE CIRCUIT DOES NOT
FALL TO ABSOLUTE ZERO BUT PASSES THROUGH A MINIMUM VALUE. CONSEQUENTLY,THE

INFINITE
MAXIMUM

IMPEDANCE OF THE PARALLEL RESONANT CIRCUIT DOES NOT QUITE BECOME
AT THE RESONANT FREQUENCY'S° WE SIMPLY SAY THAT ITS IMPEDANCE IS
AT THE RESONANT FREQUENCY,

WIDTH OF RESONANCE CURVE FOR TUNING CIRCUITS

IN FIG. 17 WE HAVE A TYPICAL RESONANCE CURVE FOR A SERIES RESONANCE
CIRCUIT AS USED IN THE TUNING CIRCUITS OF ORDINARY R.F. AMPLIFIERS AND WITH
WHICH YOU ARE ALREADY FAMILIAR. HERE THE CURRENTS THROUGH THE TUNED CIRCUIT
ARE PLOTTED ON A GRAPH AGAINST THE FREQUENCIES TOWARDS BOTH SIDES OF RES-
ONANCE AND WITH A GIVEN APPLIED A.C. SIGNAL VOLTAGE.

CUIT IS
ONANCE.

AS YOU WILL RECALL, THE CURRENT FLOW THROUGH A SERIES RESONANCECIR-.
MAXIMUM AT THE RESONANT FREQUENCY AND DROPS OFF BOTH SIDES OF RES-
THE WIDTH OF SUCH A RESONANCE CURVE

.8

Qesomance Peak

goo 950 1000 1050 1100

915 975 1o15 1075

Frequency in K c

FIG. 17

The Pesonance Curve.

AT A POINT WHERE THE CURRENT
THROUGH THE CIRCUIT IS EQUAL
TO .707 TIMES THE CURRENT AT

RESONANCE CAN BE CALCULATED BY
MEANS OF THE FOLLOWING FORMU-
LA : .17_711 = R 14/ WHERE /..z. =

LW
FREQUENCY ABOVE RESONANCE IN

CYCLES:f = FREQUENCY BELOWRE-
SONANCE IN CYCLES; R=D.C. RE-
SISTANCE OF THE TUNING CIRCUIT;

RESONANT FREQUENCY IN CY-
CLES; L=INDUCTANCE OF THE
TUNED WINDING EXPRESSED INHEN-
RIES AND Wd= 2471

As A TYPICAL EXAMPLE,
LET US ASSUME THAT THE TUNED
WINDING OF A CERTAIN TUNED CIR-
CUIT IN AN R.F. AMPLIFIER HAS
AN INDUCTANCE OF 250 MICROHEN
RIES,THAT THE D.C.RESISTANCEOF
THE TUNING CIRCUIT IS 10 OHMS
AND THAT THE RESONANT FREQUENCY
IS 600 KC.

THE WIDTH OF THE RESON-
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ANCE CURVE AT A POINT EQUIVALENT TO .707 TIMES THE CURRENT AT RESONANCE

WILL THEN BE CALCULATED AS FOLLOWS:

10 X 600,000
- X = g,gfoo 000-6399

L W .00025 X 6.28 X 600,000 942

CYCLES (APPROXIMATELY). IN OTHER WORDS, THE WIDTH OF THE RESONANCE CURVE

OR THE WIDTH OF THE FREQUENCY BAND PASSED AT THIS POINT WILL BE ABOUT 6.4

K c.

HAVING COMPLETED THIS LESSON, YOU SHOULD NOW HAVE A GOOD UNDERSTAND-

ING OF THE DIFFERENT TYPES OF FILTER SYSTEMS,INCLUDING THEIR THEORY OFOPm.

ERATION, APPLICATION, AND BASIC DESIGN FORMULAS,AS WELL AS A KNOWLEDGE OF

OTHER RADIO-PHYSICS PRINCIPLES OF IMPORTANCE. ALL OF THIS TECHNICALINFOR...

MATION IS OF GREAT VALUE AND SHOULD HELP YOU TREMENDOUSLY TOWARDS REACH-

ING THE HIGHER RANKS OF THE RADIO PROFESSION.

IN THE FOLLOWING LESSON, YOU ARE GOING TO LEARN ABOUT SOME MORE VAL

UABLE RADIO TESTING EQUIPMENT, INCLUDING VACUUM TUBE VOLTMETERS,A.F. OSC-

ILLATORS ETC. SO THAT YOUR KNOWLEDGE OF TESTING EQUIPMENT MAY BE MOSTCOM-

PLETE.

Do Your Best-Always

When you work, work. Put the whole mind and
heart in it. Know nothing else. Do everything the
very beSt. Distance everybody about you. This will
not be hard, for the other fellows are not trying much.
Master details and difficulties. Be always ready for
the next step up. If a bookkeeper, be an expert. If a
machinist, know more than the boss. If an office man,
surprise the employer by model work. If in school,
go to the head and stay there. All this is easy when the
habit of conquering takes possession.

Be Yourself the leader, not the trailer. Set the
standard as conscience dictates. Then you will mold
instead of being molded.
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"Responsibilities gravitate to the

?arson who can shoulder them, andPower
flows to the man who lmows how."

7- I

V

I. - WHAT IS THE BASIC FORMULA FOR CALCULATING THE INDUCTANCE
VALUE OF A SINGLE SECTION T OR PI TYPE HIGH-PASS FILTER?

2. - WHAT IS THE BASIC FORMULA FOR CALCULATING THE CAPACITIVE
VALUE OF A SINGLE SECTION T OR PI TYPE HIGH-PASS FILTER?

3. - WHAT IS A BAND-PASS CIRCUIT EXPECTED TO ACCOMPLISH?

4. - WHAT IS THE BASIC FORMULA FOR CALCULATING THE CAPACITIVE
VALUE "C" OF A BAND-PASS CIRCUIT?

5. - WHAT 13 THE BASIC FORMULA FOR CALCULATING THE INDUCTANCE
VALUE "L" OF A BAND-PASS CIRCUIT?

6. - WHAT IS MEANT BY THE EXPRESSION COEFFICIENT OF COUPLING?

7. - How CAN THE COEFFICIENT OF COUPLING BE DETERMINED IN A

BAND-PASS CIRCUIT SUCH AS ILLUSTRATED IN FIG. 6 OF THIS
LESSON?

8. - How CAN YOU CALCULATE THE WIDTH OF THE BAND PASSED BY A

CIRCUIT SUCH AS ILLUSTRATED IN FIG. 6 OF THIS LESSON?

9. - How CAN THE HIGHER AND LOWER FREQUENCY PEAKS BE CALCULA-
TED FOR A BAND-PASS CIRCUIT AS FREQUENTLY USED IN ABAND-.
SELECTOR STAGE OF COMMERCIAL RECEIVERS?

10... HOW CAN THE MUTUAL INDUCTANCE BETWEEN TWO INDUCTIVELY
COUPLED COILS BE DETERMINED BY ACTUAL MEASUREMENT?
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V. T VOLTMETE125 & SPECIAL 05C/LLATOQS

THERE ARE STILL A NUMBER OF POPULAR TESTING DEVICES USED IN RADIO

AND WHICH WERE NOT VET EXPLAINED TO YOU -- AMONG THESE BEING THE VACUUM

TUBE, VOLTMETER, A.F. OSCILLATOR, GRID -DIP OSCILLATOR ETC. THESE TESTERS

ARE, HOWEVER, EXPLAINED TO YOU THOROUGHLY IN THIS LESSON. WE SHALL CONSU
ER FIRST THE VACUUM TUBE VOLTMETER OR "V.T. VOLTMETER", AS IT IS GENER-

ALLY CALLED.

THE V.T. VOLTMETER

THE DISADVANTAGE ENCOUNTERED WHEN MAKING A.C. VOLTAGE MEASUREMENTS
IN RADIO CIRCUITS CARRYING VERY SMALL CURRENT VALUES WITH AN ORDINARY A.C.

F 1 G . 1

Measuring the Perforenance of a Receiver.
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VOLTMETER IS THAT SO MUCH ENERGY MUST BE SUPPLIED TO THE METER IN ORDER
TO ACTUATE ITS MOVEMENT. SINCE THIS ENERGY MUST BE SUPPLIED BY THE CIR-
CUIT UNDER TEST AND VERY LITTLE OF IT IS PRESEN7 TO START WITHOT STANDS
TO REASON THAT THE OPERATION OF THE CIRCUIT IS FAR FROM NORMAL DURING THE
TIME THE MEASUREMENT IS BEING MADE AND THIS NATURALLY RESULTS IN A MEAS-
URED VALUE WHICH IS FAR FROM ACCURATE.

FURTHERMORE, MEASUREMENTS AS MADE WITH THE ORDINARY A.C. METER ARE
IN TERMS OF "EFFECTIVE VALUES" AND QUITE OFTEN "PEAK VALUES" ARE OF GREAT
ER INTEREST TO THE ENGINEER IN THAT THESE ARE RESPONSIBLE FOR SUCH CONDI-
TIONS AS OVER -LOADING OF A TUBE IN A CIRCUIT ETC.

THE V.T. VOLTMETER SOLVES BOTH OF THESE PROBLEMS REMARKABLE WELL.TO
BEGIN WITH, NO APPRECIABLE ENERGY

ICI, 2

C rC k of L'" .4 0
Vo/Emeker.

V 7 -

FROM THE CIRCUIT UNDER TEST IS REQUIRED
WHILE TAKING A MEASUREMENT; IT CAN BE
CALIBRATED DIRECTLY FOR READING A.C.

PEAK VALUES; WILL MEASURE VOLTAGES A-
CROSS HIGH -IMPEDANCE CIRCUITS ACCUR-
ATELY FROM ABOUT .1 VOLT UP TO ANY 05
SIRABLE VALUE; CAN BE USED AS AN OUT-
PUT METER; FOR MEASURING THE OVERALL
GAIN OF AN AMPLIFIER; TO MEASURE HUM
AND PRACTICALLY ANY NUMBER OF OTHER
MEASUREMENTS AND TESTS WHICH ARE USE-
FUL TO THE RADIO TECHNICIAN.

IN SPITE OF ITS UNIVERSAL APPL1
CATION, IT 16 REALLY QUITE SIMPLE IN

CONSTRUCTION, AS WELL AS BEING EASY
TO USE.

THE CIRCUIT DIAGRAM OF A SIMPLE BUT PRACTICAL V.T. VOLTMETER 18
SHOWN YOU IN FIG. 2. THE FUNDAMENTAL OPERATING PRINCIPLES OF THIS INSTRU-
MENT ARE IDENTICAL TO THOSE OF A GRID qtAs OR POWER TYPE DETECTOR WITH
WHICH YOU ARE ALREADY FAMILIAR. THAT IS, WITH NO A.C. VOLTAGES APPLIED TO
THE GRID CIRCUIT WHICH IS USED IN THE V.T. VOLTMETER, THE PLATE CURRENT
AS INDICATED BY THE MILLIAMMETER WILL BE PRACTICALLY ZERO.

As A.C. VOLTAGES ARE IMPRESSED UPON THE INPUT TERMINALS OF THE V.T.
VOLTMETER, A DEFINITE PLATE CURRENT FLOW WILL BE INDICATED BY THE MILLI -

AMMETER. THE VALUE OF THIS PLATE CURRENT WILL DEPEND UPON THE MAGNITUDE OF
THE A.C. VOLTAGE APPLIED TO THE TUBE'S GRID, THAT IS, THE GREATER THE
APPLIED A.C. VOLTAGE, THE GREATER WILL BE THE FLOW OF PLATE CURRENT AND
VICE VERSA.

SINCE THERE IS A DEFINITE RELATION BETWEEN THE A.C. VOLTAGE AND THE
RESULTING PLATE CURRENT, THE INSTRUMENT CAN BE CALIBRATED SO THAT PLATE
CURRENT READINGS AS INDICATED BY THE MILLIAMMETER CAN BE INTERPRETED AS

A.C. VOLTAGE. WE SHALL GO INTO THE CALIBRATION OF V.T. VOLTMETERS A LITTLE
LATER IN THIS LESSON. FOR THE PRESENT, WE SHALL GO INTO THE CONSTRUCTIONAL
FEATURES OF DIFFERENT DESIGNS MORE THOROUGHLY.

AN A.C. -- OPERATED V.T. VOLTMETER

IN FIG. 3 YOU ARE SHOWN THE CIRCUIT DIAGRAM OF A V.T. VOLTMETER
WHICH IS A.C. OPERATED AND THEREFORE REQUIRES NO BATTERY UP -KEEP. THE



LESSON NO.58 PAGE 3

POWER PACK FOR THIS INSTRUMENT MAY BE THE SAME AS THAT EMPLOYED IN AN OR-

DINARY RECEIVER, EMPLOYING A BH GASEOUS RECTIFIER AS HERE ILLUSTRATED OR

ELSE AN -80 OR -82 FILAMENT TYPE RECTIFIER, PROVIDED THAT THE CIRCUIT BE

ALTERED CORRESPONDINGLY.

THE TUBE AS USED IN THE INDICATING SYSTEM OF THIS INSTRUMENT,YOUWILL
NOTICE, IS A TYPE -30 BATTERY TUBE WHICH IS RATHER UNUSUAL IN A CIRCUIT DI
PENDING UPON AN A.C. POWER SUPPLY. UPON CLOSER INSPECTION OF FIG* 3, HOW-
EVER, YOU WILL OBSERVE THAT THE CIRCUIT ARRANGEMENT IS SUCH THAT THE FIL-
AMENT OF THE -30 TUBE IS BEING SUPPLIED WITH D.C. WHICH IS RECEIVED FROM

THE "B" CIRCUIT OF THE POWER SUPPLY THROUGH ADEQUATE RESISTANCE.SINCE THE
FILAMENT CURRENT REQUIREMENTS OF THE 30 TUBE ARE COMPARATIVELY LOW THIS

DOESN'T PLACE AN ABNORMAL LOAD UPON THE "B" SYSTEM OF THE POWER PACK. THE
-30 TUBE HAS EXCELLENT CHARACTERISTICS FOR THIS WORK. ALSO NOTICE THAT A

SINGLE 30 HENRY CHOKE, TOGETHER WITH A 4 MFD. CONDENSER, OFFERS ADEQUATE

FILTERING FOR THE "B" SUPPLY.

IN ORDER TO MAINTAIN THE PROPER VOLTAGE ON THE CIRCUIT, A 0-3 VOLT

D.C. VOLTMETER IS CONNECTED ACROSS THE -30 TUBE'S FILAMENT. WITH THIS

170.4 MFD.

II
RI

+
R2

Ivill

R4

R6 7R5

INPUT R3

-30

RANGE SWITCH

10.000
400 50 OHMS

OHMS
RECTIFIER TUBE

FIG. 3
Circuit of tote Q. C. Operated VT.Volimeber.

METHOD OF INDICATIDN, A CONSTANT CURRENT CAN BE MAINTAINED IN THE DIVIDER
RESISTORS, WITH THE RESULT THAT IDENTICAL VOLTAGES ARE ALWAYS APPLIED TO
THE TUBE WHEN IN OPERATION.

IT IS WELL TO BEAR IN MIND THAT THE TUBE SELECTED FOR THE METER BE

ONE THAT HAS BEEN USED FOR A PEREOD OF 40 OR 50 HOURS. IN THIS WAY, CERT

TAIN IRREGULARITIES WILL BE ELIMINATED WHICH ARE DUE TO CHANGE THE TUBES
CHARACTERISTICS AFTER SOME USE.

THE RESISTORS WHICH ARE USED IN THE VOLTAGE DIVIDER NET WORK SHOULD BE
OF A HIGH QUALITY WIRE -WOUND TYPE. THE 100 AND 800 OHM RESISTORS, WHICH
HAVEANARROWDRAWNI THROUGH THEM IN THE DIAGRAM OF FIG. 3, SHOULD BE OFTHE
SEMI -VARIABLE TYPE, THAT IS WIRE -WOUND, WITH SLIDING ADJUSTING CLAMPS AS
USED ON CONVENTIONAL VARIABLE VOLTAGE DIVIDER RESISTORS.

IN THE VOLTAGE DIVIDER, TWO 400 OHM, WIRE -WOUND POTENTIOMETERS ARE
EMPLOYED, ONE OF THESE IS USED AS A RHEOSTAT IN THE PLATE CIRCUIT WHILE
THE OTHER IS USED AS A POTENTIOMETER AND CONNECTED ACROSS THE 50 OHM RE-

SISTOR. THE ARM OF THIS LATTER POTENTIOMETER IS CONNECTED TO THE PLATE

SIDE OF THE MICROAMMETER THROUGH A 10,000 OHM PROTECTIVE RESISTOR. THE
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PURPOSE OF THIS POTENTIOMETER CAN BEST BE EXPLAINED IN THE FOLLOWINGMANN-
ER:

WITH THE PRIMARY WINDING OF THE POWER TRANSFORMER CONNECTED TO THE
110 VOLT A.C. CIRCUIT AND THE 400 OHM RHEOSTAT ADJUSTED SO THAT THE FILA-
MENT VOLTAGE BECOMES 1.7 VOLTS, WHICH IS DESIRABLE FOR OPERATING THE 30
TUBE IN THIS METER, SOME PLATE CURRENT WILL BE INDICATED BY THE MICROAMM-
ETER. THIS IS KNOWN AS THE RESIDUAL PLATE CURRENT AND ITS VALUE WILL BE
AFFECTED CONSIDERABLY BY THE SETTING OF THE 400 OHM POTENT IOMETER.NOWTHEN,
WITH NO A.C. SIGNAL VOLTAGE APPLIED TO THE GRID CIRCUIT OF THE TUBE, IT IS
DESIRABLE THAT THE MICROAMMETER INDICATE ZERO SO AS TO SIMPLIFY THE READ-
INGS. THE CIRCUIT ARRANGEMENT IS SUCH THAT A SMALL "BUCKING" VOLTAGE FEEDS
FROM THE 400 OHM POTENTIOMETER THROUGH THE 10,000 OHM RESISTOR AND TO THE
PLATE SIDE OF THE MICROAMMETER AND BY CAREFUL ADJUSTMENT, A POSITION ON

THE POTENTIOMETER CAN BE FOUND AT WHICH A BUCKING VOLTAGE OF THE PROPER
MAGNITUDE CAN BE OBTAINED IN ORDER TO CAUSE THE MICROAMMETER TO READ ZERO.
THIS IS THE SETTING WHICH IS EMPLOYED WHEN THE INSTRUMENT IS IN USE SO

THAT THE METER NEEDLE WILL MOVE ACROSS ITS SCALE WITH THE ZERO MARK AS A

STARTING POINT WHILE A.C. VOLTAGES OF VARIOUS VALUES ARE IMPRESSED ACROSS
IT's INPUT CIRCUIT. THE .5 MFD. CONDENSERS AS PLACED IN THIS CIRCUIT ARE
USED FOR BYPASSING PURPOSES ONLY.

THE INPUT TO THE VACUUM TUBE VOLTMETER (GRID TO FILAMENT) ISSHUNTED
WITH A SERIES COMBINATION OF PRECISION RESISTORS WHICH SERVE THE PURPOSE
OF A DIVIDER NETWORK IN ORDER TO SECURE VARIOUS RANGES OF THE METER. THIS
NETWORK MUST BE REASONABLY HIGH IN VALUE SO THAT THE POWER CONSUMED BYTHE

BY THE INSTRUMENT SHALL BE OF NEGLIGIBLE QUANTITY.
THE NETWORK CONSISTS OF SIX INDIVIDUAL PRECISION
RESISTORS, EACH OF SUCH A VALUE SO AS TO GIVE A

SUITABLE MULTIPLYING FACTOR TO INCREASE THE RANGE
OF THE INSTRUMENT. THE VALUE OF THESE RESISTORS
IS GIVEN IN FIG. 4. THE TOTAL RESISTANCE OF THIS
INPUT NETWORK THUS BECOMES EQUAL TO 1,000,000 OHMS
AND A SELECTOR SWITCH IS PROVIDED BY MEANS OF
WHICH VARIOUS METER RANGES CAN BE OBTAINED.

RESISTOR
VALUE IN
OHMS

RI 500,000
R 300,000
R
1 100,000

R4 80.000
R 5 10,000
Ri, 10,000

cIG. 4
eeS/Skor -Table ii;r
ehe V.T. Volii-neek-,

MFD. CONDENSER.
RIC TYPE.

By CLOSER INSPECTION OF THE CIRCUIT IN FIG.
3, YOU WILL OBSERVE THAT THE VOLTAGE DIVIDER PRO-
VIDES A PERMANENT PATH FOR THE BIAS VOLTAGE, AND
THE A.C. VOLTAGES WHICH ARE TO BE MEASURED ARE

APPLIED ACROSS THE INPUT DIVIDER THROUGH A 2 OR 4
THIS CONDENSER SHOULD BE OF A HIGH QUALITY PAPER DIELECT-

THE ENTIRE UNIT CAN BE HOUSED IN A COMPACT CABINET OR HANDY CARRY-
ING CASE AND WITH ITS PANEL LAY-OUT ARRANGED AS SHOWN IN FIG. 5.

WHEN PLACING THE RANGE SELECTOR SWITCH IN FIG. 3 IN THE "STRAIGHT-
UP" POSITION OR POSITION #1, AN A.C. INPUT VOLTAGE OF APPROXIMATELY 2

VOLTS WILL OFFER FULL-SCALE DEFLECTION ON THE MICROAMMETER AND NO MULTIP-
LYING FACTOR WILL BE REQUIRED TO INTERPRET THE METER READING.

WITH THIS POINT IN MIND, LET US NOW SEE HOW SUCH AN INSTRUMENT IS

CALIBRATED.
CALIBRATING THE METER

THE FIRST STEP IS TO CONNECT THE TESTER TO THE 110 VOLT A.C. LINE
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AND ADJUST THE 400 OHM RHEOSTAT SO THAT THE FILAMENT VOLTAGE FOR THE -30
TUBE BECOMES 1.7 VOLTS AS ALREADY SPECIFIED. PERMIT THE TUBE TO "HEAT UP"
TO NORMAL TEMPERATURE AND THEN ADJUST THE 800 AND 100 OHM RESISTORSSO THAT
THE PLATE VOLTAGE OF THE -30 TUBE
OBSERVE THE RESIDUAL PLATE CUR
RENT AS INDICATED BY THEMICR2
AMMETER. Now ADJUST THE 400
OHM POTENTIOMETER VERY SLOWLY
UNTIL THE MICROAMMETER OFFERS
A ZERO READING. THE INSTRUMENT
IS NOW PREPARED FOR CALIBRA-
T ION.

THE SET-UP FOR CALIBRAT
ING THE V.T. VOLTMETER ISCLE&
LY ILLUSTRATED IN FIG. 6. HERE
YOU WILL OBSERVE THAT WE HAVE
FIRST A TRANSFORMER.THIS MAYBE
AN ORDINARY POWER TRANSFORMER
HAVING A 110 VOLT PRIMARY WIND-
ING AND A SECONDARY WINDINGRA-.

TED ANYWHERES FROM 2.5 UP TO 10

BECOMES 49V. AND THE BIAS VOLTAGE 5.8V.

Inpuk
Terrntrials

PoierAorneter')

Micr-oammek.er

Voltrneler

Rheostat

Qam9311:1:11cc'r

5

The Assembled V T Voltmeter.

VOLTS. A 400 OHM WIRE -WOUND POTENTIOMETER
18 CONNECTED ACROSS THE SECONDARY AND TO THE INPUT TERMINALS OF THE V.T.
VOLTMETER AS HERE SHOWN. BY MEANS OF THIS POTENTIOMETER,VARIOUS CONTROLLED
VALUES OF A.C. VOLTAGES CAN BE APPLIED ACROSS THE INPUT 'TERMINALS.

THIS VOLTAGE INPUT TO THE V.T. VOLTMETER SHOULD BE MEASURED CARE-
FULLY WITH A PRECISION TYPE LOW -RANGE A.O. VOLTMETER OF KNOWN ACCURACY WHICH
IS CONNECTED ACROSS THE INPUT TERMINALS OF THE V.T. VOLTMETER AS SHOWN IN
FIG. 6.

IN CONDUCTING THIS CALIBRATION TEST, THE CALIBRATING POTENTIOMETER
IS ADJUSTED FIRST FOR A VERY LOW A.C. VOLTAGE AS SHOWN BY THE A.C.VOLTMET-
ER, FOR EXAMPLE .1 VOLT, AND THE CORRESPONDING READING ON THE MICROAMMETER
NOTED WHILE THE RANGE SELECTOR SWITCH IS IN POSITION #1. THE CALIBRATING
POTENTIOMETER IS THEN ADJUSTED FOR A SLIGHTLY HIGHER READING ON THE A.C.
VOLTMETER AS .2 VOLTS, FOR INSTANCE, AND AGAJN THE CORRESPONDING READING ON
THE MICROAMMETER IS OBSERVED. THIS PROCEDURE IS CONTINUED IN THIS MANNER
BY GRADUALLY USING LARGER
BRATING-POTENTIOMETER AND
ING PLATE CURRENT IS READ

A.C. INPUT VOLTAGES AS DETERMINED BY THE CALI-
INDICATED ON THE A.C. VOLTMETER. THE CORRESPOND-
FOR EACH VOLTAGE STEP UNTIL A MAXIMUM A.C. INPUT

VOLTAGE OF 2

VOLTS ISAITAIN...

ED. YOU WILL FIND
THAT AS THEA.O.
INPUT VOLTAGE
IS INCREASED,
THE PLATE CURR-
ENT AS INDICAT-
ED BY THEMICRO-.
AMMETER WILL AL -
80 INCREASECOR-
RESPONDINGLY.

FIG. 6
The Calibrallon Set -Up AFTER YOU
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HAVE OBTAINED ABOUT TWELVE DIFFERENT VOLTAGE INPUT READINGS,TOGETHER WITH
THEIR CORRESPONDING MICROAMMETER READINGS, YOU CAN PLOT ON A GRAPH EACH
OF THE MICROAMMETER READINGS AGAINST THE CORRESPONDING A.C. INPUT VOLTAGE
READINGRAS SHOWN IN FIG. 7. THEN BY DRAWING A CONTINUOUS LINE THROUGH THE
POINTS THUS PLOTTED, YOU WILL OBTAIN THE RESULTING CALIBRATION CURVE APP-
EARING IN FIG. 7.

TYPE 30 TUBE
Ep 48 V
ff. 1.7.V.
Eg  5.8 V

SINCE THE A.C. METER WAS USED
DURING THE CALIBRATION PROCESS AND
INDICATED EFFECTIVE VOLTS, IT IS

CLEAR THAT THE V.T. METER HAS BEEN
CALIBRATED FOR A.C. VOLTS INPUT
EXPRESSED IN EFFECTIVE OR R.M.B.
VALUES.

WITH THE JOB OF CALIBRATION
THUS COMPLETED, ANY UNKNOWN A.C.

VOLTAGE, NOT GREATER THAN 2 VOLTS,
CAN BE IMPRESSED ACROSS THE INPUT

TERMINALS OF THE V.T.VOLTMETERWITH
THE RANGE SELECTOR SWITCH INTHE LOW
ESTOR FIRSTPOSITIONANDTHEMICROAMM
ETER READING NOTED. FOR INSTANCE,

IF THE MICROAMMETER READING HAPPY
ENS TO BE 20 MICROAMPERES DURING
THIS TEST,WE SIMPLY REFER TO THE
PLATE CURRENT LINE MARKED /120" AT
THE LEFT OF THE GRAPH IN FIG.7 AND
FOLLOW THIS LINE TOWARDS THE RIGHT
UNTIL WE COME TO THE POINT WHERE IT
INTERSECTS THE CALIBRATION CURVE.
FROM HERE,WE FOLLOW THE VERTICAL
INTERSECTION LINE STRAIGHT DOWNWARD
AND NOTE THE CORRESPONDING A.C.

INPUT VOLTAGE WHICH IN THIS PART'S,
ULAR CASE HAPPENS TO BE .6 VOLT
EFFECTIVE. IN LIKE MANNER,ANY OTH-
ER UNKNOWN A.C. INPUT VOLTAGE WITH
IN THE RANGE OF THE INSTRUMENT CAN
BE APPLIED TO THE INPUT TERMINALS
OF THE V.T. VOLTMETER,THE PLATE

CURRENT NOTED AND THE VALUE OF THE A.C. VOLTAGE DETERMINED BY REFERENCE
TO THE CALIBRATION CURVE AS ALREADY DESCRIBED.

1
The Calibralon Curve .

F 1 G

BEAR IN MIND, THAT BEFORE USING THE V.T. VOLTMETER,IT IS ALWAYS NE.Q
ESSARY THAT ITS FILAMENT, PLATE AND GRID BIAS VOLTAGE BE THE SAME VALUES
AS THEY WERE DURING CALIBRATION AND THAT THE INSTRUMENT BE BALANCED FOR A
ZERO READING ON THE MICROAMMETER WHEN NO A.C. VOLTAGE IS APPLIED ACROSS

ITS INPUT TERMINALS.

THE DESIGN OF THE INSTRUMENT ILLUSTRATED IN FIG. 3 IS SUCH THAT THE
SAME CALIBRATION CURVE CAN BE USED FOR ANY OF THE SIX RANGES WHICH THEIN.
STRUMENT OFFERS. WHEN USING ANY RANGE OTHER THAN THE LOWEST ONE (POSITION
#1 OF THE RANGE SWITCH), IT IS ONLY NECESSARY TO REFER TO THE CALIBRATION
CHART AS USUAL BUT THE A.C. VOLTAGE VALUE DETERMINED IN THIS WAY MUST BE

MULTIPLIED BY THE MULTIPLYING FACTOR SPECIFIED IN FIG. 8. IN OTHER WORDS,
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WITH THE RANGE SELECTOR SWITCH IN POSITION #I, THE MAXIMUM A.C. VOLTAGEIS
2 VOLTS AND THE VOLTAGE VALUES ARE DETERMINED DIRECTLY FROM THE CALIBRA-
TION CURVE. IF THE RANGE SELECTOR SWITCH IS PLACED IN POSITION #2,THEN A

RANGE OF 2 TO 4 VOLTS IS COVERED AND THE VOLTAGE VALUE AS DETERMINED FROM
THE CALIBRATION CURVE WILL HAVE TO BE MULTIPLIED BY 2 IN ORDER TO OBTAIN
THE CORRECT VOLTAGE ETC. FROM THIS DESCRIPTION, FIG. 8 WILL BE SELF-EX-
PLANATORY.

SHOULD PEAK VOLTAGE
READINGS BE DESIRED IN-
STEAD OF EFFECTIVE VOL.:

TAGE,THEN THIS CAN BE

ACCOMPLISHED IN EITHER OF
TWO WAYS. ONE METHOD IS

TO DETERMINE THE EFFECT-
IVE VOLTAGE VALUE FROM
THE CALIBRATION CHART AND
THEN CALCULATE THE PEAK
VOLTAGE FROM THE RELA-
TION THAT THE PEAK VALUE
IS EQUAL TO 1.41 TIMES
THE EFFECTIVE VALUE. A

POSITION OF
RANGE SWITCH

RANGE COVERED
MULTIPLYING

FACTOR

I - -- 0- 2 V - DIRECTREADING
2 - 2 4 V 2- - -
3 - 10 V 5-4 - - __ __

4---10 - 20 V - 10- -
5 20 100 V- -- -50- -

6 -- --I00 - 300 V - - -100

PI G. e)
Meter Panges and Mult-iplying Factors.

MORE CONVENIENT METHOD IS TO MAKE A SEPARATE CALIBRATION CURVE FOR PEAK
VOLTAGES BY CONVERTING THE EFFECTIVE VOLTS INTO PEAK VOLTS BY CALCULATION
DURING THE CALIBRATION PROCESS AND THEN PLOTTING THESE PEAK VOLTAGE VAL-
UES AGAINST THE PLATE CURRENT READINGS AND DRAWING THE CURVE. IN THIS WAY,
PEAK VOLTAGES CAN BE DETERMINED DIRECTLY FROM THE GRAPH AND FURTHERMORE,
YOU THEN HAVE TWO HANDY CALIBRATION CHARTS FOR QUICK REFERENCE ONE FOR
EFFECTIVE OR R.M.S. VOLTAGES AND THE OTHER FOR PEAK VALUES.

APPLICATION OF THE V.T. VOLTMETER

G 9
hleasuri..ig Power,

Oul-pue.

NSFORMER IS MATCHED.

Now THAT YOU ARE FAMILIAR WITH THECON-
STRUCTION AND METHOD OF READING A V.T. VOLT:.
METER,LET US CONTINUE WITH DIFFERENT APPLI-
CATIONS OF THIS INSTRUMENT TO PRACTICALTEST-
ING JOBS*

MEASURING POWER OUTPUT

IN FIG. 9 YOU ARE SHOWN THE SET-UP FOR
MEASURING THE POWER OUTPUT OF A RECEIVER OR
AMPLIFIER. To MAKE THIS TEST,THE SPEAKER
VOICE COIL IS DISCONNECTED FROM THE SEC1N00:.

ARY WINDING OF THE OUTPUT TRANSFORMER AND RE
sisToR RL IS CONNECTED IN ITS PLACE. THE
RESISTANCE VALUE OF Rt. SHOULD BE EQUAL TO THE
IMPEDANCE RATING OF THE SPEAKER VOICE COIL TO
WHICH THE SECONDARY WINDING OF THE OUTPUTTRA

THE INPUT TERMINALS OF THE V.T. VOLTMETER ARE CONNECTED ACROSS
AN AUDIO SIGNAL OF ABOUT 400 CYCLES IS THEN FED INTO THE INPUT END OF THE
AMPLIFIER. THIS SIGNAL MAY BE FURNISHED BY AN A.F. OSCILLATOR OR IF IT IS
DESIRED TO PASS IT THROUGH THE ENTIRE RECEIVER, AN R.F. OSCILLATOR MODU-
LATED AT THIS FREQUENCY MAY BE COUPLED TO THE INPUT END OF THE RECEIVER.



HUM MEASUREMENT

TO MEASURE THE HUM OUTPUT OF A RE-
CEIVER OR AMPLIFIER, YOU CAN USE THE SAME
SET-UP AS ILLUSTRATED IN FIG* 9 ONLY THAT
THE VOLTAGE READING ACROSS RL 18 TAKEN WITH
OUT ANY SIGNAL INPUT INTO THE AMPLIFIER OR
RECEIVER. THE RESULTING READING WILL THEN
BE IN TERMS OF "HUM VOLTAGE".

MEASURING A.F. SIGNAL VOLTAGE

FIG. 10 SHOWS YOU THE SET-UP FORMEA1
URING THE SIGNAL VOLTAGE ACROSS THE GRID
CIRCUIT OF A TUBE. HERE,FOR INSTANCE, THE
V.T. VOLTMETER IS CONNECTED ACROSS THESEC-
ONDARY WINDING OF THE A.F. TRANSFORMER AND
WILL THEREFORE MEASURE THE A.C. SIGNALVOL
TAGE WHICH IS DEVELOPED ACROSS THIS WINDING.

DETERMINE WHETHER OR NOT THE SIGNAL VOLTAGEACROSS

LATOR WILL SE FOUND TO BE VERY HANDY.
CILLATOR,WHICH CAN BE BUILT AT LOW
COST,IS ILLUSTRATED FOR YOU IN FIG.

THE KEY IS NOT ALTOGETHER NEC
ESSARY BUT FREQUENTLY IS OF USE TO
CAUSE SIGNAL INTERRUPTION WHILE MAK
ING TESTS. THE FIXED CONDENSERS,
WITH THE ACCOMPANYING SWITCH, WHICH
ARE CONNECTED ACROSS THE PRIMARY OF
THE AUDIO TRANSFORMER,ARE USED TO
ALTER THE FREQUENCY BEING GENERATED.
THE CHOICE OF THEIR CAPACII'f0PENDS
UPON THE CONSTRUCTORS THEY MAY BE A
.002 MFD. AND A 0.025 MFD. OR EVEN
MORE SUCH CONDENSERS CAN BE USED.
THE CONDENSER SWITCH CAN THEN BESET
TO THE POSITION OFFERING THE DESIRED
TONE.

PAGE 8 PRACTICAL RADIO

AS THE SIGNAL CURRENT FLOWS THROUGH RL, THE RESULTING VOLTAGE DROP
ACROSS RL IS MEASURED BY THE V.T. VOLTMETER* THIS VOLTAGE SHOULD BE EX-
PRESSED IN AN EFFECTIVE VALUE AND THE POWER OUTPUT CAN THEN BE DETERMINED
BY USING THE FORMULA w=:E 17 WHERE W=POWER OUTPUT IN WATTS; Es:EFFECTIVE

R

VOLTAGE ACROSS R LAs DETERMINED BY MEASUREMENT AND R=RESISTANCE VALUE OF
RESISTOR RL EXPRESSED IN OHMS.

FIG.(0
57nal Vali-age

Mea,uretnent,

IN THIS MANNER, ONE CAN
THE GRID CIRCUIT OF TUBE #2 EXCEEDS THE D.C. BIAS VOLTAGE WHICH IS APPLIED
TO THIS SAME TUBE. AS YOU WILL RECALL, THE BIAS VOLTAGE SHOULD EXCEED THE
PEAK A.C. SIGNAL VOLTAGE IN ORDER TO PREVENT DISTORTION.

CONSTRUCTION OF AN A.F. OSCILLATOR

WHEN TESTING AND SHOOTING TROUBLE IN A.F. AMPLIFIERS,AN A.F. OSCILr
THE CIRCUIT DIAGRAM OF SUCH AN OS -

)=fixed

T T

Switch

Key

A ,F Trig nsf

41111.

alp

L
04-1

01A

3 Dry cells 41/.

OuF-
puE

FIG. 11
A SIrriple but Efrechive

A, F. Oscillator Circuit.
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THE SIGNAL CAN BE HEARD BY CONNECTING A PAIR OF HEADPHONES ACROSS
THE OUTPUT AND IN THIS MANNER CAN BE USED IN CONJUNCTION WITH THE KEY AS

A CODE PRACTICE SET IF SO DESIRED.

APPLICATION OF THE A.F. OSCILLATOR

A SERVICE USE OF THIS OSCILLATOR IS ILLUSTRATED IN FIG. 12. HERETHE
OUTPUT OF THE OSCILLATOR IS CONNECTED ACROSS THE GRID CIRCUIT OF ARECEIV
ER A.F. AMPLIFIER STAGE* THUS AUDIO FREQUENCIES CAN BE IMPRESSED UPON THE

RECEIVER'S AUDIO AMPLIFIER AND BE REPRODUCED BY THE SPEAKER. IN THIS WAY,

THE AMPLIFIER CAN BE CHECKED FOR ITS FAITHFULNESS IN REPRODUCING VARIOUS
FREQUENCIES OR ELSE THISSIGNAL
CAN BE USED AS AN AID IN LOCAT
ING CIRCUIT TROUBLE IN THE AMP
LIFIERe

IT IS NOT ALWAYS NECESS-
ARY TO CONNECT THE OSCILLATOR
TO THE CIRCUIT AS SHOWN IN FIG*
12 BUT ANY CONNECTION SUITABLE
FOR A PHONOGRAPH PICK-UP INS-

TALLATION CAN ALSO BE USEDWITH
THIS OSCILLATOR* BY HAVING A

VARIETY OF BY-PASS CONDENSERS
CONNECTED IN PARALLEL WITH THE
PRIMARY OF THE OSCILLATOR'S
TRANSFORMER,A CONSIDERABLE RANGE

FIG. 17.-
Teshrig WiEI A F. Osci

OF TEST FREQUENCIES IS AVAILABLE.

THE GRID-DIP OSCILLATOR

IN FIG. 13 YOU ARE SHOWN THE
GRID-DIP TYPE SERVICE OSCILLATOR* WHEN
THE TUNING CIRCUITS OF RECEIVERS ETC.,
WHICH 18 CONNECTED IN THE GRID CIRCUIT
DIPPING ACTION WHENEVER THE RECEIVER

ONANCE WITH THE FREQUENCY GENERATED BY

CIRCUIT DIAGRAM OF A BATTERY OPERATED
USING THIS OSCILLATOR FOR ALIGNING
THE NEEDLE OF THE MILLIAMMETER,
OF THE OSCILLATOR, WILL UNDERGO A

CIRCUIT UNDER TEST IS TUNED TO RED
THE OSCILLATOR. HENCE THE APPROP1

NATE NAME l'ORIDDIPOSC....

ILLATOP%
0-I ma

1

.(:),x15"

mfd

4v:

4111.

50 mmfa,
ceack

Grid
Ar

Ground
0

-99

51"-c117ooi

2

22 iv,
_011111111

FIG. 13
Grid -Dip asc, ilaivt- C'/, -cuff $a -fiery

Oper:aion ,

THE. VALUES OFMOST
OF THE PARTS USED IN THE
CONSTRUCTION OF THISOS_Q
ILLATOR ARE GIVEN DIR-
ECTLY IN THE DIAGRAM OF
FIG. 13. THE TUNEDWIND-
ING SHOULD CONSIST OF
120 TURNS OF #28 WEN-.
AMELED WIRE WOUND ON A

TUBULAR FORM HAVING A

2" DIAMETER* THE ADJA-
CENT TURNS ARE WOUND
SIDE BY SIDE WITHOUT
SPACING AND THE WINDING
IS CENTERTAPPED THE

ENTIRE JNIT IS HOUSED IN
A METAL CONTAINER WHICH
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SERVES AS A SHIELCING AND THE METER, TUNING DIAL, SWITCHES AND CONTROL
KNOBS FOR THE 50 MMFD. VARIABLE CONDENSERS, AS WELL AS THE TERMINALS FOR
THE EXTERNAL CIRCUIT CONNECTIONS ARE MOUNTED ON A CONTROL PANEL OF THE BOX,

THE CIRCUIT FOR THE SAME OSCILLATOR AS ADAPTED FOR OPERATION ON A
1I0 VOLT A.C. LIGHTING CIRCUIT IS ILLUSTRATED FOR YOU IN FIG. 14.THE POWER
TRANSFORMER, WHICH IS USED FOR THIS PURPOSE, CONSISTS OF A PRIMARY WINDING
DESIGNED FOR 110 VOLTS AND A SINGLE SECONDARY WINDING DESIGNED FOR 25 OR
30 VOLTS. THE TRANSFORMER AS USED IN SOME MODELS OF TRICKLE CHARGERS WILL
SERVE THIS PURPOSE.

THE TWO 50 MMFD. CONDENSERS ARE COUPLING CONDENSERS BY MEANSOF WHICH
LCOSE COUPLING CAN BE OBTAINED BETWEEN THE OSCILLATOR AND THE SET UNDER
TEST AT THE HIGH FREQUENCIES AND CLOSE COUPLING AT THE LOW FREQUENCIES. A
SWITCH IS PROVIDED FOR SHORTING ONE OF THESE CONDENSERS WHEN CLOSE COUPLING
IS DESIRED AND BRINGS IT BACK INTO EFFECT WHEN LOOSE COUPLING IS DESIRED.

FIG. 14
The ,4. C Operated DO. Csc Aw

THE COUPLING IS ADJUSTED SO THAT THE MILLIAMMETER NEEDLE DROPSGRAD
UALLY TO A MINIMUM VALUE AS THE CIRCUIT UNDER TEST IS BROUGHT INTO RESON-
ANCE AND COMES UP AGAIN GRADUALLY AS THE RESONANCE POINT IS PASSED. Too
CLOSE COUPLING WILL CAUSE A METER DEFLECTION WHICH IS TOO ABRUPT FOR ACC-
URACY.

IN ORDER TO BALANCE THE TUNING CIRCUITS OF A RECEIVERIS R.F. AMPLI-
FIER WITH THIS OSCILLATOR, THE RECEIVERIS POWER SWITCH IS LEFT IN THEnOFF"
POSITION. THE GROUND TERMINAL OF THE OSCILLATOR IS THEN CONNECTED TO THE
GROUND TERMINAL OF THE RECEIVER AND THE GRID TERMINAL OF THE OSCILLATOR TO
THE CONTROL GRID OF THE FIRST R.F. TUBE. THE OSCILLATOR IS THEN PUT INTO
OPERATION AND ADJUSTED FOR A FREQUENCY OF ABOUT 1400 KC. THE TRIMMER CON-
DENSER FOR THIS PARTICULAR TUNING CIRCUIT IN THE RECEIVER IS THEN ADJUSTED
SLOWLY UNTIL THE MILLIAMMETER NEEDLE DIPS TO A MINIMUM POSITION,AT WHICH
TIME THE RECEIVER'S TUNED CIRCUIT WILL BE AT RESONANCE WITH THE OSCILLATOR
FREQUENCY.

THIS SAME PROCESS IS REPEATED FOR EACH OF THE RECEIVER'S TUNING
CIRCUITS IN THE SAME MANNER. WHEN ALL OF ITS STAGES HAVE BEEN RESONATED TO
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THIS FREQUENCY,THE BET CAN AGAIN BE CHECKED FOR ALIGNMENT AT AN OSCILLATOR
FREQUENCY CORRESPONDING TO THE CENTER OF THE BROADCAST BAND AND AGAIN AT
A LOW BROADCAST FREQUENCY.

AS YOU CONTINUE WITH YOUR STUDIES,YOU WILL RECEIVE ADDITIONAL IN-
STRUCTION REGARDING THE USE OF THE TESTING DEVICES WHICH ARE DESCRIBED IN
THIS LESSON.

IN THE NEXT LESSON, THE DESIGN AND CONSTRUCTION OF POWERTRANSFORM-
ERS IS GOING TO BE EXPLAINED TO YOU IN DETAIL AND WITHOUT A DOUBT,YOU ARE
GOING TO FIND IT TO BE ESPECIALLY INTERESTING AND INSTRUCTIVE, THE LESSON
IS PRACTICAL BUT SPECIFIC REGARDING ALL POINTS ASSOCIATED WITH POWER IRAN
SFORMER DESIGNING PRACTICE.

YOU NO DOUBT REALIZE BY THIS TIME THAT NOTHING IS BEING OVERLOOKED
IN THE WAY OF PREPARING THIS COURSE OF INSTRUCTION SO THAT YOU MAY RECEIVE
THE COMPLETE TRAINING YOU NEED IN ORDER TO ATTAIN SUCCESS IN THE RADIO P92
FESSION.

BEAR IN MIND, THAT THERE IS ALWAYS A GOOD POSITION OPEN IN THE RA-
DIO INDUSTRY FOR THE MAN WHO IS FULLY QUALIFIED AND THE COMPLICATIONS IN

THE DESIGN OF MODERN EQUIPMENT IS RAPIDLY WEEDING OUT THE SOCALLEDPRACT.=
ICAL MECHANICS AND ELECTRICIANS WHO THROUGH LACK OF TRAINING CANNOT KEEP
UP WITH THE RAPID PROGRESS MADE BY THE INDUSTRY, THIS CONDITION IS IDEAL
FOR THE TRAINED MAN IN THAT IT OFFERS HIM STILL GREATER OPPORTUNITIES AND
PLACES THE ENTIRE RADIO INDUSTRY ON A HIGHER PAYING BASIS.

THE TECHNICIAN POSSESSING OUTSTANDING SKILL AND ABILITY CAN DEMAND
A HIGH SALARY WHILE A MAN WITH LITTLE OR NO TECHNICAL TRAINING HAS TO BE

CONTENT WITH WHATEVER COMPENSATION HE CAN GET.

NATIONAL'S INTENTIONS ALWAYS HAS AND ALWAYS WILL BE TO PREPARE ITS
STUDENTS FOR THE BETTER JOBS IN THE INDUSTRY.



0.1

Lxamination duotio226

LESSON NO.58

"Success without difficulty,or
achievement without effort,is robbed

of most of its triumph%

I. EXPLAIN THE BASIC CONSTRUCTIONAL AND OPERATING PRINCIPLES
OF THE VACUUM TUBE VOLTMETER.

2. - WHAT ARE SOME OF THE CHIEF ADVANTAGES WHICH THE V.T. VOLT-
METER HAS TO OFFER?

3. WHAT PROVISION IS GENERALLY MADE IN THE CIRCUITS OF A V.T.
VOLTMETER SO THAT THE METER IN ITS PLATE CIRCUIT WILL OFF-
ER A ZERO READING WHEN NO A.C. SIGNAL VOLTAGE IS APPLIED
ACROSS ITS INPUT TERMINALS?

4. - EXPLAIN HOW YOU WOULD CALIBRATE A V.T. VOLTMETER FOR A.C.
VOLTAGES EXPRESSED IN EFFECTIVE VALUES.

5. - How WOULD YOU CALIBRATE A V.T. VOLTMETER FOR A.C.VOLTAGES
EXPRESSED IN PEAK VALUES?

6. - MENTION SOME OF THE TESTS TO WHICH A V.T. VOLTMETER MAYBE
APPLIED.

7. - WHAT IS THE ESSENTIAL DIFFERENCE BETWEEN AN A.F. OSCILLA-
TOR AND A MODULATED R.F. TEST OSCILLATOR?

8. - OF WHAT PARTICULAR VALUE IS AN A.F. OSCILLATOR IN RADIO
SERVICE WORK?

9. - DESCRIBE A GRID -DIP OSCILLATOR.

10.- HOW WOULD YOU EMPLOY A GRID -DIP OSCILLATOR IN ORDER TO
ALIGN THE TUNING CIRCUITS OF A T.R.F RADIO RECEIVER?
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DESIGN AND CONSTQUCT/ON

OF POWEA2 TRANSFOI2MEI2S
0

THE DESIGN AND CONSTRUCTION OF POWER TRANSFORMERS FOR RADIO PURPOSES
HAS ALWAYS AROUSED WIDE...SPREAD INTEREST AMONG RADIO SERVICE MEN AND EXPER--
IMENTERS. WE REALIZE THAT YOU TOO ARE NOW ANXIOUS TO ACQUIRE THE "INSIDE 11
FORMATION" CONCERNING THIS INTERESTING SUBJECT.

IT IS OF COURSE TRUE THAT IN THE GENERAL PROCEDURE OF RADIO SERVICE
WORK, IT IS THE CUSTOMARY PRACTICE TO REPLACE A BURNED OUT POWERTRANSFORM
ER WITH A NEW ONE, WHICH AS A RULE CAN BE READILY OBTAINED FROM ANY RADIO
SUPPLY STORE. NEVERTHELESS, ONE IS FREQUENTLY
BEING ABLE TO PURCHASE THE PARTICULAR TYPE OF
POWER TRANSFORMER NEEDED AND UNDER SUCH CIR...

CUMSTANCES,THE ONLY SOLUTION IS TO DE8f3N AND
CONSTRUCT SUCH A UNIT TO FULFILL THE REQUIRED
SPECIFICATIONS. FURTHERMORE,IN ORDER FOR YOUR
RADIO TRAINING TO BE COMPLETE,YOU SHOULD HAVE
AN UNDERSTANDING OF THIS SUBJECT.

THIS TYPE OF WORK IS NOT DIFFICULT,PRO-
VIDEO THAT ONE HAS THE NECESSARY KNOWLEDGE TO
WORK OUT THE DESIGN IN A SYSTEMATIC MANNER.

A GREAT DEAL HAS BEEN PUBLISHED IN THE
PAST AS REGARDS POWER TRANSFORMER DESIGN BUT

IN MANY CASES,THIS INFORMATION HAS BEEN PRE-
SENTED IN SUCH A MANNER SO AS TO CONFUSE THE
READER RATHER THAN TO ASSIST HIM IN GAINING
A CLEAR CONCEPTION OF HOW PROBLEMS OF THIS trah,
TORE SHOULD BE TREATED.

FACED WITH THE PROBLEM OFNOT

A Typical Power
Transformer.

IN THE PREPARATION OF THIS LESSON,WE HAVE MADE A SPECIAL EFFORT TO

PRESENT YOU WITH THE MOST PRACTICAL AND EASILY APPLIED METHODS 80 FAR DE-
VISED FOR TRANSFORMER DESIGNING PRACTICE AND WE ARE CERTAIN THAT YOU ARE
GOING TO FIND THIS INFORMATION VERY VALUABLE,AS WELL AS BEING EASY TO UNDER
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STAND. THE SPECIAL FORMULAS, WHICH WE ARE GIVING YOU IN THIS LESSON, ARE
SIMPLE IN THEIR APPLICATION BUT AT THE SAME TIME SUFFICIENTLY ACCURATE AS
TO THE RESULTS OBTAINED THROUGH THEIR USE FOR ALL PRACTICAL PURPOSES.

ADAPTING A POWER TRANSFORMER TO A GIVEN CIRCUIT

THE FIRST THING TO CONSIDER IS THE CIRCUIT IN WHICH THE POWER TRANS-
FORMER IS TO BE USED. To ILLUSTRATE THIS POINT,LET US CONSIDER THE CIRCUIT
OF FIG.2, WHERE WE HAVE A CONVENTIONAL FORM OF SEVEN-TUBE,A.C. OPERATEDRZ
CEIVER.

BY INSPECTING THIS CIRCUIT DIAGRAM,WE IMMEDIATELY NOTICE THAT THIS
RECEIVER EMPLOYS TWO TYPE -35 VARIABLE -MU" TUBES, A -24 POWER DETECTOR,A
-27 AUDIO TUBE, TWO TYPE .4.515 IN A PUSH-PULL POWER STAGE AND A TYPE -80
FULL -WAVE RECTIFIER. WITH ONLY THIS AMOUNT OF INFORMATION AVAILABLE,WEARE

12.F. Choke.Antenna r-((85MH)
4-35 /-35 /-24  07 Mfel. 7

M faTr

Speaker Field -7--

Filter Choke -.-8.Mfd.
(3o hartrios)

Dynamic
Speaker

-45

X
X

Soo it

2.6
Y

A Sczven -Tube
FIG. 2

4.C. Operated Peceiver-,
IN A POSITION TO DETERMINE THE POWER WHICH IS GOING TO BE REQUIRED FROM
THE POWER TRANSFORMER,WHICH WE ARE CALLED UPON TO DESIGN FOR THIS PARTIO.
ULAR RECEIVER.

FILAMENT CURRENT DEMANDS

WE COMMENCE BY CALCULATING THE CURRENT WHICH IS TO BE CONSUMED BY

THE VARIOUS FILAMENT CIRCUITS. FOR EXAMPLE, THE FILAMENTS FOR EACH OF THE
-35, -24 AND -27 TUBES ARE TO BE OPERATED AT A VOLTAGE OF 2.5 VOLTS AND
UNDER SUCH CONDITIONS WILL DRAW 1.75 AMPERES OF FILAMENT CURRENT.(THISINh
FORMATION IS OBTAINED FROM A TABLE OF TUBE CHARACTERISTICSISUCH AS YOU
HAVE ALREADY RECEIVED AMONG YOUR LESSONS). THE FILAMENTS OF THESE AFORE-
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MENTIONED TUBES ARE ALL TO BE CONNECTED IN PARALLEL AND TOGETHER CONNECTED
ACROSS THE 2.5 VOLT SECONDARY WINDING,WHOSE EXTREMETIES ARE MARKED "X" IN

FIG. 2. THEREFORE, THE TOTAL CURRENT WHICH IS TO BE DELIVERED BY THIS SEC-
ONDARY WINDING WILL BE 4 X I.75 OR 7 AMPERES

THE FILAMENTS OF THE TWO TYPE -45 POWER TUBES ARE TO BE CONNECTED TO
GETHER IN PARALLEL AND ACROSS A DIFFERENT 2.5 VOLT SECONDARY WINDING,WHOSE
EXTREMETIE8 ARE MARKED AS "Y" IN FIG. 2. EACH OF TilE8E -45 TUBES WILL DRAW
A FILAMENT CURRENT OF 1.5 AMP. AND 80 TOGETHER, THEY W111.. DRAW 2X1.5 OR 3

AMPS. FROM THE SECONDARY "Y".

THE -80 RECTIFIER TUBE HAS ITS INDIVIDUAL 5 VOLT SECONDARY WiNOING,

FROM WHICH IT WILL DRAW A FILAMENT
CURRENT OF 2 AMPERES.

"8" CIRCUIT REQUIREMENTS

WE CONTINUE OUR ESTIMATE OF
POWER CONSUMPTION BY NEXT CONSIDER-
ING THE CURRENT WHICH IS REQUIRED
BY THE 4B" SUPPLY. TO BEGIN WITH,

EACH OF THE TYPE -35 TUBES WILLDRAW
A PLATE CURRENT OF ABOUT 6.5 MA41,IN
ADDITION TO A SCREEN-GRID CURRENT OF
SLIGHTLY LESS THAN 1/3 THIS AMOUNT
OR VERY NEARLY 2 MA. THE TOTAL "6"

CURRENT DRAWN BY EACH or THESETUBES
CAN THUS BE CONSERVATIVELY ESTIMATED
AS BEING 6.5+2. OR 8.5 MA. BOTH OF
THESE -35 TUBES TOGETHER WILL DRAW

VERY NEARLY 2 X 8.5=17 MA.

Primary

I1 0 v. A.0

7A., 11.5 w.

x

375V., 10o M.A.
(37.5 W)

loo M.A.

(37.5 w)

5,1%24.40 w)

y 1.5 \r,

(7.5 \V )
3 A.

FIG . 3
THE -27 A.F. AMPLIFIER TUBE Lay -out (:)Fs ihe "Tian sfbp-mer%

WILL DRAW A PLATE CURRENT OFAPPROX-
IMATELY 5 MA., WHILE THE TWO -45 POWER TUBES WILL TOGETHER DRAW 64MA. (32

MA. PER TUBE). THE POWER DETECTOR DRAWS VERY LITTLE "B" CURRENT,ATTHE MOST,

NOT EXCEEDING .5 MA. ALTOGETHER,THE "B" DEMAND FROM THE ENTIRE TUBEASSEMm

FILN, BECOMES 17+ 5 +64+. = 86.5 MA.

IN ORDER TO AVOID "MOTOR BOATING" (A PUTT-PUTT SOUND SIMILAR TO THE

NOISE PRODUCED BY THE EXHAUST OF A MOTOR BOAT), A BLEEDER CURRENT OF AT

LEAST 6 TO 12 MA, SHOULD BE ALLOWED FOR THE "B" SUPPLY O[ THE POWER PACK.

THIS BLEEDER CURRENT WILL BE GOVERNED BY THE VALUE OF THE RESISTOR WHICH IS
CONNECTED BETWEEN AND THE LOWEST Bi-POTENTIAL USED IN THE CIRCUIT ( THE

4000 OHM RESISTOR IN THE CASE OF FIG. 2). ADDING AN ALLOWABLE BLEEDER CUR-
RENT OF 12 MA. TO OUR "B" CURRENT DRAWN BY ALL TUBES,WE FIND THE TOTAL "B"

CURRENT DRAWN TO BE 86.5A-12=98.5 MA.

To SIMPLIFY MATTERS,WE WILL ASSUME A VALUE OF 100 MA. AS BEING THE

TOTAL DIRECT CURRENT WHICH IS TO BE DRAWN FROM THE "B" SUPPLY OF THE POWER

PACK. REMEMBER,THAT IT IS A GOOD PRACTICE TO ASSUME ALL LOAD REQUIREMENTS
SOMEWHAT HIGH RATHER THAN LOW. THIS IS TRUE IN RESPECT TO ALL TRANSFORMER

CALCULATIONS.

WE CAN NOW LAY OUT OUR TRANSFORMER IN THE DIAGRAM FORM AS SHOWN YOU
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IN FIG. 3. OBSERVE THAT ON THIS DIAGRAM WE ARE INDICATING THE VOLTAGE AND
CURRENT TO BE SUPPLIED BY EACH OF THE SECONDARY WINDINGS ACCORDING TO THE
CALCULATIONS WHICH WE HAVE JUST COMPLETED. THE HIGH VOLTAGE WINDING, YOU
WILL NOTE, IS BEING CONSIDERED AS DEVELOPING 375 VOLTS ACROSS EACH HALF,
OR 750 VOLTS ACROSS THE ENTIRE WINDING.

WATTAGE REQUIREMENTS

OUR NEXT STEP IS TO CALCULATE THE WATTAGE OR POWER WHICH 18 TO BE
CONSUMED BY EACH OF THESE SECONDARY WINDINGS* BY APPLYING THE FORMULA
"WATTS=VOLTS X AMPERES", WE FIND THE WATTAGE OF THE 2.5 VOLT SECONDARY,
MARKED "X" IN FIG. 3, AS BEING 2.5 X 7=17.5 WATTS.

Now IN THE CASE OF THE HIGH VOLTAGE SECONDARY,WHEH USED WITH FULL-
WAVE RECTIFICATION,WE FIND THAT ONLY ONE-HALF OF THIS WINDING WILL DRAW
CURRENT DURING EACH HALF OF THE A.C. CYCLE. THEREFORE.THE POWER CONSUMED
BY EACH HALF OF THIS WINDING BECOMES 375 X  1 =37.5WATTS(100MA= I AMP.).
FURTHERMORE,SINCE ONLY HALF OF THIS WINDING DRAWS CURRENT DURING EACH
HALF OF THE A.C. CYCLE,THE HIGH VOLTAGE SECONDARY WINDING,AS A WHOLE,WILL
ONLY BE RATED AS HAVING A 37.5 WATT POWER CONSUMPTION OR THE SAME AS ONLY
HALF OF THIS SAME WINDING.

THE 5 VOLT SECONDARY WINDING DRAWING 2 AMPERE8tHAS A POWER CONSUMP-
TION OF 5 X 2:=I0 WATTS, WHILE THE 2.5 VOLT SECONDARY WINDING "Y" WILL 9g
QUIRE 2.5 X 3=7.5 WATTS.

THE PRIMARY WATTAGE

WE ARE NOW READY TO CALCULATE THE WATTAGE OF THE POWERTRANSFORMERIS
PRIMARY WINDING AND IN DOING THIS, WE MUST TAKE INTO CONSIDERATION A

SLIGHT LOSS WHICH IS ENCOUNTERED BY THE TRANSFER OF ENERGY THROUGH THE
CORE. THIS LOSS IS KNOWN AS THE "CORE LOSS" AND IS DISSIPATED IN THE FORM
OF HEAT. FOR TRANSFORMERS HAVING A POWER RATING OF 500 TO 1500 WATTS, AN
EFFICIENCY OF 95% CAN BE EXPECTED (THIS MEANS A 5% LOSS)* FOR 100 TO 500
WATTS,THE EFFICIENCY DROPS TO ABOUT 90% (A 10% LOSS); WHILE IN SMALLER
TRANSFORMERS,THE EFFICIENCY WILL PROBABLY BE IN THE NEIGHBORHOOD OF 85%
(A 15% LOSS).

IN ORDER TO DETERMINE THE PRIMARY WATTAGE,WE HAVE A CONVENIENT FORM
ULA WHICH IS AS FOLLOWS:

PRIMARY WATTAGE =TOTAL SECONDARY WATTAGEi-EFFICIENCY EXPRESSED AS A DEC-
IMAL FRACTION.

BY ADDING TOGETHER THE WATTAGES DEMANDED BY THE VARIOUS SECONDARY
WINDINGS OF OUR TRANSFORMER WE HAVE: 17.5437.54-10+7.57-772.5 WATTS*THIS
VALUE CORRESPONDS TO THE "TOTAL SECONDARY WATTAGE", AS EXPRESSED IN THE
ABOVE FORMULA. WE CAN NOW SEE AHEAD THAT OUR PARTICULAR TRANSFORMER IS

GOING TO HAVE A RATING OF LESS THAN 100 WATTS,THEREFORE WE SHALL ASSUME
AN EFFICIENCY OF 85% FOR THE UNIT,WHICH IS EQUIVALENT TO A LOSS OF 15%.

WE ARE NOW IN A POSITION TO SUBSTITUTE THESE VALUES IN OUR FORMULA
IN THE FOLLOWING MANNER:

PRIMARY WATTAGE=72.5 4. .85=85.3 WATTS (NOTE THAT IN ORDER TO CONVERT
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PERCENTAGE TO A DECIMAL FRACTIONOT IS ONLY NECESSARY TO DROP THE PERCENT
SIGN AND MOVE THE DECIMAL POINT TWO PLACES TOWARDS THE LEFT. HENCE 85%

BECOMES 1,85). FOR THE SAKE OF simPLIciTy,wE WILL CONSIDER THE PRIMARY WATT
AGE AS 85 WATTS.

CALCULATING THE TURNS PER VOLT

THE NEXT STEP IS TO DETERMINE THE "TURNS PER VOLT" FOR THE VARIOUS
WINDINGS AND TO ASSIST US IN THIS WORK,WE HAVE A SERIES OF VERY HANDY FORS
ULAS AVAILABLE. HERE THEY ARE: IF THE TRANSFORMER CORE IS TO BE OF THE

"CORE TYPE" AND THE UNIT IS TO BE OPERATED FROM A 60 CYCLE A.C. SUPPLY,

THEN THE TURNS PER VOLT- 41

VPRIMARY WATTAGE
8E OF THE "CORE TYPE"AND THE UNIT IS TO BE OPERATED FROM A 25 CYCLE A.C.

SUPPLY1THEN THE TURNS PER VOLT- 97

1rPRIMARY WATTAGE.
ON THE OTHER HAND,IF THE TRANSFORMER CORE IS TO

BE OF THE "SHELL TYPE" AND THE UNIT IS TO BE OP....
ERATED FROM A 60 CYCLE A.C. SUPPLY,THEN THETURNS
PER VOLT 32-

1/PRIMARY WATTAGE.
FINALLY, IF THE TRANSFORMER CORE IS TO BE OF THE
"SHELL TYPE" AND THE UNIT IS TO BE OPERATED FROM
A 25 CYCLE A.C. SUPPLY,THEN THE TURNS PER VOLT

'77

IF THE TRANSFORMER CORE IS TO

WATTAGE.

FIG. 4 CLEARLY ILLUSTRATES THE DIFFERENCE BB
TWEEN A "CORE TYPE" AND "SHELL TYPE" TRANSFORMER
CORE. AS YOU WILL OBSERVE FROM THIS ILLUSTRATION,
THE WINDINGS ARE ALL WOUND ON ONE SIDE OR "LEG"
OF THE CORE, IN THE CASE OF THE CORE TYPE ASSEMBLY,
WHEREAS ON THE "SHELL TYPE"UNIT,THE WINDINGS ARE
ALL PLACED ON A SPECIAL LEG AT THE CENTER OF THE
ASSEMBLY. THE "CORE TYPE" UNIT 18 EASIER TO CON-
STRUCT BUT THE "SHELL TYPE" UNIT IS MORE EFFIC..

IENT,THEREFORE, MOST COMMERCIAL TRANSFORMERS ARE
OF THE "SHELL TYPE".

F I G. 4
-file Mans/GI-me,-

Cop-es,

You WILL ALSO NOTICE THAT THE VARIOUS FORMULAS WHICH WERE GIVEN YOU

IN REGARDS TO THE "TURNS PER VOLT," APPLY DIRECTLY ONLY TO THE TWO MOST
COMMON A.C. LIGHTING SUPPLY FREQUENCIES OF 25 AND 60 CYCLES. HOWEVER, A

TRANSFORMER DESIGNED FOR ONE PARTICULAR FREQUENCY CAN ALWAYS BE USED ON

A SLIGHTLY HIGHER FREQUENCY THAN THAT FOR WHICH IT IS DES IGNED THAT

SAY, WE MAY USE A 25 CYCLE DESIGN FOR ANY FREQUENCY SLIGHTLY GREATER TH:
25 CYCLES AND A 60 CYCLE DESIGN FOR A FREQUENCY SLIGHTLY HIGHER THAN 60

CYCLES WITH OF COURSE, SOME LOSS OF POWER WHICH AS DISSIPATED IN THE FORM
OF HEAT. THE 60 CYCLE TRANSFORMER WILL ALSO OPERATE SATISFACTORILY ON A

50 CYCLE LINE.

LET US ASSUME THAT THE SEVEN -TUBE RECEIVER,FOR WHICH WE ARE DESIGN-

ING THE POWER TRANSFORMER, IS TO BE OPERATED FROM A 60 CYCLE A.C. 110 VOLT
LIGHTING CIRCUIT AND THAT THE POWER TRANSFORMER IS TO BE OF THE "SHELL
TYPE". THIS BEING THE CASE,WE DETERMINE THE TURNS PER VOLT BY USING THE
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FORMULA: TURNS PER VOLT_ .32

1[PRIMARY WATTAGE.

SINCE WE HAVE ALREADY CALCULATED OUR PRIMARY WATTAGE AS BEING 85

WATTS,THE TURNS PER VOLT FOR THIS PARTICULAR TRANSFORMER WILL WORK OUT AS

32you_nvost TURNS PER VOLT=
2

,:.= 3.48.
1/85 9.2

IN ACTUAL PRACTICE, IT IS ADVISABLE TO SET THE TURNS PER VOLT FACTOR
SLIGHTLY HIGHER RATHER THAN LOWER THAN THE VALUE FOUND BY CALCULATION.THAT
IS TO SAY, IN ORDER TO AVOID FRACTIONAL TURNS SO AS TO SIMPLIFY WINDING,

TA 8 L E 1

WIRE TABLE FOR. POWER. TRANSF. DESIGN
Size Diameter Area Turr+s per In.

co0.4ii.in Circ. Mils. Enameled Cloc,`i4belrie

8 .1301 .9413 46510. 1./ 1.0
9 .1166 .1252 13090. 8.6 1.9
10 .1041 .1118 10380. 9.6 8.9
11 .0921 .1006 8234. 10.8 9.9
12 .0828 .0902 6530. 42.1 11.0
13 .0740 .0812 5118. 13.6 12.1
14 .0659 .0733 4107. 15.2 13.6
15 .05E39 .0655 3251. 17.0 45.1
16 .0526 .0592 2583. 19.1 16.7
11 .0469 .0536 2048. 21.5 18.2
18 .0419 .0481 1624. 23.9 20.2
19 .0373 .0446 1288. 26.8 22.2
20 :0334 .0408 1022. 30.1 24.3
21 .0291 .0368 810.4 33.7 26.1
22 .0265 .0335 642.4 37./ 29.2
23 .0238 .0308 509.5 42.3 31.6
24 .0213 .0283 404.0 47.1 34.4
25 .0191 .0261 320.4 52.9 31.2
26 .0116 .0240 254.1 59.1 40.1
27 .0153 .0219 201.5 66.2 43.1
28 .0135 .0205 159.8 74.1 4.6.2
29 .0122 .0192 126.1 83.3 49.2
30 .0108 .0119 100.5 92.2 52.5
31 .0097 .0468 /9.70 103.4 55.8
32 .0087 .0158 63.21 115.6 58.9
33 .00/7 .0150 50.13 129.3 62.1
34 .0069 .0443 39.75 144.9 65.3
35 .0062 .0136 31.52 162.3 68.4

36 .0055 .0130 25.00 181.8 /1.4
31 .0049 .0124 19.83 202.4 74.3
38 .0044 .0119 15.72 227.1 17.1
39 .0039 .0115 12.4/ 252.5 /9.8
40 .0034 .0112 9.888 280.1 82.3

WE WILL SET OUR TURNS. PER
VOLT FACTOR TO THE NEXT
WHOLE NUMBER OR 4. THIS

MEANS THAT WE SHALL CON-
STRUCT THE WINDINGS OF OUR
TRANSFORMER ON THE BASIS OF
4 TURNS PER VOLT. ALTHOUGH
THIS IS SLIGHTLY HIGHER
THAN THE CALCULATED VALUE,
IT IS SUFFICIENTLY CLOSE
FOR PRACTICAL PURPOSES,
WHILE AT THE SAME SIMPLI-
FYING THE DESIGN CONSIDER-
ABLY AS WELL AS TO IMPROVE
THE PERFORMANCE OF THE TRAldI
SFORMER TO WHAT IT WOULD
BE WITH A REDUCED TURNS PER
VOLT FACTOR.

WE CAN NOW PROCEED BY
CALCULATING THE EXACT NUMBER

OF TURNS TO EMPLOY ON EACH
OF THE WINDINGS,SIMPLY BY

MULTIPLYING THE VOLTAGE AT
WHICH EACH OF THE TRANS-
FORMER WINDINGS IS TO BE

OPERATED BY THIS FACTOR OF
4.

THE TURNS REQUIRED FOR
EACH WINDING

FOR EXAMPLE,SINCETHE
VOLTAGE ACROSS THE PRIMARY WINDING IS TO BE I 0 VOLTS,THE NUMBER OF TURNS
TC BE USED IN THIS PARTICULAR WINDING WILL BE 110 X 4=440 TURNS. FOR THE
5 VOLT SECONDARY WINDING,WE WILL USE 5 X 4=20 TURNS AND FOR EACH OF THE

2.5 VOLT SECONDARY WINDINGS 2.5 X 4 =10 TURNS.

ACCORDING TO THIS SAME METHOD OF CALCULATION,EACH HALF OF THE HIGH
VOLTAGE SECONDARY WINDING MUST CONSIST OF 375 X 4=1500 TURNS. IN ADDITION,
HOWEVER, WE MUST CONSIDER "REGULATION" IN RESPECT TO THIS WINDING.THAT Is,

WHILE THE RECEIVER IS OPERATING, THE "B" CURRENT DRAWN BY IT AND THROUGH

THE HIGH VOLTAGE SECONDARY VARIES CONSIDERABLY WHILE HANDLING SIGNAL VOL-
TAGES OF DIFFERENT INTENSITIES AND THIS IN TURN WILL AFFECT THE VOLTAGE A-

VAILABLE FROM OUR GIVEN HIGH VOLTAGE SECONDARY WINDING OF THE POWER TRANS-
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FORMER. SO TO TAKE TH I S CONDITION INTO ACCOUNT, WE ADDS% OF THE NUMBER OF THE HIGH

VOLTAGE WINDING TURNS TO THE VALUE OBTAINED THROUGH OUR PREVIOUS CALCULA-
TION. THIS 5% IS AN AVERAGE VALUE,WHICH CAN BE EMPLOYED IN THE GENERAL
TYPES OF POWER TRANSFORMERS USUALLY ENCOUNTERED IN PRACTICE.

WE THUS FIND THAT EACH HALF OF THE HIGH VOLTAGE SECONDARY WINDING FOR
THE PARTICULAR TRANSFORMER UNDER OUR PRESENT CONSIDERATION SHOULD CONSIST
OF 1500 TURNS -I-1500 X .05 =1575 TURNS THE ENTIRE HIGH VOLTAGE SECONDARY
WINDING WILL THEREFORE CONSIST OF 2 X 1575 OR 3150 TURNS.

WIRE SIZES NEEDED

WE
EACH OF
WINDING
UPON THE AMOUNT OF CURRENT
WHICH THE PARTICULAR WINDING
IN QUESTION IS TO CARRY DURING
THE COURSE OF NORMAL OPERA-
TION. NATURALLY,IN ORDER TO

AVOID AN EXCESSIVE GENERATION
OF HEAT,WE MUST CHOOSE A WIRE
SIZE SUFFICIENTLY LARGE SO AS
TO CARRY THE REQUIRED CURRENT
WITHOUT BECOMING TOO HOT. YET
AT THE SAME TIME,WE MUST RE-
MEMBER THAT THE LARGER THE
WIRE -SIZE USED,THE GREATER
WILL BE THE SPACE REQUIRED IN
WHICH TO WIND A GIVEN NUMBER
OF TURNS. WE MUST THEREFORE
CHOOSE A WIRE SIZE WHICH IS
MOST PRACTICAL FROM ALLPOINT8
OF VIEW AND PREVIOUS EXPER-
IENCE HAS PROVEN THAT SATIS-
FACTORY RESULTS ARE OBTAINED
FOR ALL PURPOSES,BY ALLOWING
1000 CIRCULAR MILS OF CONDUC-
TOR CROSS-SECTION FOR EACH
AMPERE OF CURRENT TO BE CARR-
IED BY IT. THIS IS THE SAME AS

CAN NOW PROCEED BY DETERMINING
THESE INDIVIDUAL WINDINGS. THE
WILL DEPEND ENTIRELY

THE SIZE OF WIRE TO
SIZE OF WIRE TO USE

BE EMPLOYED FOR
FOR ANY GIVEN

Window Space.

4Y2.1%

FIG.5
The Core L frr /-7a I 0,1 .

SAYING THAT FOR EACH MILLIAMPERE OF CURRENT, A CONDUCTOR CROSS-SECTION OF
I CIRCULAR -MIL SHOULD BE AVAILABLE.

WITH THIS SIMPLE RULE IN MIND,WE FIND THAT FOR THE 2.5 VOLT SECOND-
ARY WINDING "X" OF OUR TRANSFORMER AND WHICH IS TO CARRY 7 AMPS.,WE MUST
USE A WIRE -SIZE HAVING A CROSS-SECTIONAL AREA OF 7 X 1300=7000 CIRCULAR
MILS, BY LOOKING IN THE COLUMN HEADED "AREA -CIRCULAR MILS" IN THE HANDY
WIRE TABLE WHICH IS GIVEN YOU IN TABLE I OF THIS LESSON,YOU WILL FIND THAT
A WIRE CORRESPONDING TO A CROSS-SECTIONAL AREA OF 7000 CIRCULAR MILS WILL
BE BETWEEN A #II AND #12 B&S GAUGE WIRE. WE THEREFORE, CHOOSE A STANDARD
WIRE SIZE,WHICH IS THE FIRST SIZE LARGER IN RESPECT TO THE CROSS-SECTION-
AL AREA WE WANT. IN OTHER WORDS,FOR THIS SECONDARY WINDING 'X",WEWILL USE
A #11 B&S SIZE COPPER WIRE.

IN LIKE MANNER,WE FIND THAT THE 2.5 VOLT SECONDARY WINDING "Y",WHICH
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IS TO CARRY 3 AMPERES,MUST CONSIST OF A WIRE -SIZE OFFERING ACROSS-SECTICN
AL AREA OF 3 X 1000=3000 CIRCULAR MILS. ACCORDING TO TABLE I,WE FINOTHAT
THE CLOSEST STANDARD WIRE -SIZE CORRESPONDING TO THIS VALUE IS A #15 B&S
SIZE'S!) THIS IS THE WIRE -SIZE WHICH WE WILL USE FOR THIS WINDING.

THE 5 VOLT SECONDARY WINDING WILL BE REQUIRED TO CARRY 2 AMPS.AND 80
THE WIRE SIZE NEEDED IN THIS CASE WILL CORRESPOND TO A CROSS-SECTIONAL
AREA OF 2 X 1000=2000 CIRCULAR -MILS. ACCORDING TO TABLE I, WE THUS CHOOSE
THE NEAREST STANDARD SIZE OR A #17 B&S GAUGE.

EACH HALF OF THE HIGH VOLTAGE SECONDARY iS TO CARRY 100 MILLIAMPERES,
THEREFORE,THE CROSS-SECTIONAL AREA FOR THE WIRE U8ED FOR THIS WINDING
SHOULD BE 100 MA X 1 CIRCULAR-MIL :=100 CIRCULAR MILS AND 80 FROM TABLE I,

WE WILL CHOOSE A 430 B&S GAUGE WIRE FOR THIS WINDING. IF DESIRED,ONECOULD
CHOOSE THE NEXT SIZE LARGER IN THIS CASE, IN ORDER TO ALLOW FOR A SLIGHT
OVER -LOAD. THAT IS, A #29 B&S GAUGE WIRE COULD BE MFLOYED IF PREFERRED.

OUR FINAL STEP IN REGARDS TO DETERMINING WIRE SIZES
OUT THE SIZE NEEDED FOR THE PRIMARY WINDING,BUT IN ORDER
THIS,WE MUST rIRST DO A LITTLE ADDITIONAL CALCULATION, To
MUST CALCULATE THE CURRENT WHICH IS TO BE CARRIED BY THIS
CAN DO THIS VERY READILY BY EMPLOYING "WATT'S LAW" IN THE

CURRENT =
WATTS IN OTHER WORDS,SINCE THE PRIMARY WATTAGE
VOLTS

ER HAS ALREADY BEEN DETERMINED AS BEING 85.3 WATTS AND
IS TO BE CONNECTED TO A 110 VOLT LIGHTING CIRCUIT,THEN
RENT TO BE CARRIED BY THE PRIMARY WINDING UNDER NORMAL
85.3 = 0.775 AMPERE.
110

WILL BE TO FIND
TO BE ABLE TO DO
BEGIN WITH, WE
WINDING AND WE
FORM
OF OURTRANSFORM

THE PRIMARY WINDING
THE APPROXIMATE CU.,9

CONDITIONS WILL BE

THE CROSS-SECTION FOR THE WIRE TO BE USED FOR THE PRIMARY WINDING
WILL THEREFORE BE 0.775 X 1000 OR 775 C1RCULAR-MILS. ACCORDING TO TABLE I,

WE WILL THUS CHOOSE A CONDUCTOR OF A #21 B&S GAUGE.

CALCULATING THE REQUIRED CORE AREA

OUR FOLLOWING STEP WILL BE TO FIGURE OUT THE SIZE OF CORE TO USE FOR
THE TRANSFORMER AND FOR THIS WE HAVE TWO HANDY AND EASILY APPLIED FORMU.6
LAR. HER= THEY ARE:

WHEN THE A.C. LIGHTING CIRCUIT IS OF THE 60 CYCLE TYPE,THEN THE CROSS
SECTIONAL AREA OF THE CORE EXPRESSED IN SQUARE INCHES VOLTS PER TURN X 7.5.

IF ON THE OTHER HAND,THE FREQUENCY OF THE A.C. LIGHTING CIRCUIT, A-
CROSS WHICH THE PRIMARY WINDING OF THE TRANSFORMER IS TO BE CONNECTED, IS

OF THE 25 CYCLE TYPE, THENTHE CROSS-SECTIONAL AREA OF THE CORE EXPRESSED
IN SQUARE INCHES:=VOLTS PER TURN X 18.

THIS BRINGS US UP TO THE POINT WHERE WE MUST DETERMINE THE EXACT MEAN
ING OF THE EXPRESSION "VOLTS PER TURN", AS USED IN THESE FORMULAS,AND THE
RELATION WHICH THIS SAME EXPRESSION BEARS TO THE TERM "TURNS PER VOLT"
WHICH WE HAVE ALREADY USED CN OUR PREVIOUS TRANSFORMER CALCULATIONS. FOR,-
TUNATELY,THCS HAPPENS TO BE A VERY SIMPLE MATTER BECAUSE THE "VOLTS PER
TURN" IS MERELY EQUAL TO "ONE" DIVIDED BY THE "TURNS PER VOLT". FOR EX-
AMPLE, IF THE TURNS PER VOLT OF A CERYAIN TRANSFORMER IS .,THEN THE VOLTS
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PER TURN OF THIS SAME TRANSFORMER IS EQUAL TO I/3.

Now THEN, FOR THE PARTICULAR TRANSFORMER WHICH WE ARE DESIGNING, WE

HAVE ALREADY FOUND THE TURNS PER VOLT TO BE 4. THEREFORE,THE VOLTS PER

TURN IN THIS CASE WILL BE 1/40 THIS IS THE SAME AS SAYING I DIVIDED BY 4

AND SO BY COMPLETING THIS MATHEMATICAL PROCESS,WE FIND THE VOLTS PER TURN
FOR OUR PRESENT USE TO BE 0.25.

WE ARE NOW READY TO CALCULATE THE CROSS-SECTIONAL AREA OF THE CORE

FOR OUR TRANSFORMER AND SINCE THE UNIT IS TO BE OPERATED ON A 60 CYCLE
A.C. SUPPLY, WE WILL USE THE FORMULA: AREA OF CROSS-SECTION =VOLTS PER

TURN X 7.5. SUBSTITUTING OUR VALUE OF .25 FOR THE VOLTS PER TURN IN THIS

FORMULA WE HAVE: AREA CF CROSSECTION=.25 X 7.5=1.875 SQUARE INCHES.

OUR COMPLETE DATA

WITH THIS CALCULATION FOR THE CORE TAKEN CARE

Cross-SecEionat Area
of Szctiort

1:51 59.in.

FiC. 6
Stack of E -Shaped Larnirlafiofrz.s.

20 TURNS OF #I7 B&S WIRE.
ED) OF #30 B&S WIRE.

OF, WE HAVE NOW CALCUL-
ATED THE BASIC DATA FOR
THE CCNSTRUCTION OFOUR
POWER TRANSFORMER.ARR
ANGING THIS DATA IN TAB

ULAR FORM FOR HANDY RE
FERENCE,WE HAVE:

CROSS-SECTIONAL AREA OF
CORE=I.875 SQUARE Ifs/

CHES. PRIMARY WINDING=
440 TURNS OF +21 B&S
WIRE. SECONDARY WINDING
"X"=10 TURNS OF #11
B&S WIRE. SECONDARY WIN
DING "Y"=10 TURNS OF

#15 B&S WIRE. THE 5-
VOLT SECONDARY WINDING=

HIGH VOLTAGE SECONDARYr3150 TURNS (CENTER...TAPR

PLANNING THE CORE CONSTRUCTION

FOR THE CONSTRUCTIONAL PART OF OUR WORK, WE SHALL BEGIN WITH THELAY
OUT OF THE CORE. SINCE THE CORE 18 TO BE OF THE "SHELLTYPE", WE WILL HAVE
TO HAVE ONE GROUP OF "E" SHAPED STEEL LAMINATIONS AND A GROUP OF AN EQUAL
NUMBER OF "I"-SHAPED STEEL LAMINATIONS AS SHOWN YOU IN FIG. 5.

TO FU: -FILL OUR DESIGN REQUIREMENTS UP TO THIS POINT,THE CENTERLEGOR
SECTION "AN OF OUR CORE MUST HAVE A CROSSECTIONAL AREA OF 1.875 SQUAREIN
CHES. THIS MEANS THAT IF WE DESIRE,WE CAN MAKE THE DIMENSION "A" IN FIG.

5 EQUAL TO 111.875 OR 637" IN THIS CASE AND USE A SUFMIENT NUMBER OF

LAMINATIONS SO THAT WHEN STACKED UP, THE PILE WILL BE 1.37" THICK. IN THIS

WAY,WE WILL OBTAIN A SQUARE CROSS-SECTION AT "A" BEING 1.37" ON A SIDE AND
HAVING A CROSS-SECTIONAL AREA OF 1.37 X 1.37=1.875 (APPROX.) SQUARE
CHES AS SHOWN IN FIG. 6. A DIMENSION OF 1.37" IS APPROXIMATELY EQUAL TO

13/8".

Now IT IS NOT ALTOGETHER NECESSARY THAT THE CROSS-SECTION OF "A" BE

SQUARESHAPED, FOR EXAMPLE,YOU CAN ALSO OBTAIN A CROSSSECTIONAL AREA OF
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Figuring ihe Penieu;iirig core .0 itnertsions

1.875 SQUARE INCHES AT THIS POINT IF SECTION "A" Is 1" WIDE AND 1.875"
THICK* THE RELATION BETWEEN THESE TWO DIMENSIONS REMAINS AS A CHOICE FOR
THE DESCGNER,BEING PRIMARILY AFFECTED BY THE DESIRED OVERALL-SIZE ANDGEN-
ERAL SHAPE OF THE COMPLETED TRANSFORMER'S° THAT IT WILL FIT INTO THESPACE
AVAILABLE ON THE CHASSIS. NEVERTHELESS,A SQUARE CROSS-SECTION IS MOST USED.

IT IS GENERALLY THE PRACTICE TO MAKE THE DIMENSION "B" AND "0" OF
FIG* 5 ONE HALF THAT OF THE DIMENSION "A". IN OTHER WORDS,IF "A" IS CHOSEN
AS I3/",THEN DIMENSIONS "B" AND "011 WILL BE .T6 "0

FIGURING THE WINDOW-SPACE

THE AMOUNT OF ROOM ALLOTED FOR THE WINDOW-SPACE IN WHICH THE WINDINGS
ARE TO BE INSTALLED
WILL DEPEND ENTIRELY
PON THE AMOUNT AND SIZE
OF THE WIRE ANO INSUL-
ATION WHICH IT WILL BE
NECESSARY TO PUT IN THIS
SPACE FOR ANY GIVENT96
NSFORMER*THE SIMPLEST
WAY IN WHICH TO FIGURE
HOW MUCH SPACE ISNEED"
ED FOR THIS PURPOSE IS
TO DRAW THE TRANSFORM-
ER TO ACTUAL SIZE ON A
PIECE OF PAPER AS THE
DIMENSIONS DEVELOPE FROM
THE SERIES OF CALCULA"
TIONS WHICH ARE NOW qg
ING TO BE DESCRIBED.

FOR EXAMPLE, LET
US SUPPOSE THAT WE HAVE
DECIDED TO MAKE OUR T96
NSFORMER 31'11 WIDE.THIS

HAPPENS TO BE A POPULAR DIMENSIONS AMONG FACTORY BUILT UNITS OF THIS POWER
RATING. Now THEN, IF THIS PARTICULAR DIMENSION IS CHOSENOT IS PERFECTLY
CLEAR ACCORDING TO FIG* 7 THAT THE MAXIMUM LENGTH FOR SECTION "A" WILL BE
32" - (11/16"4. V6°):=3,1" - 214". HOWEVER,THIS ENTIRE LENGTH CANNOT
BE UTILIZED FOR WINDING PURPOSES DUE TO THE FACT THAT WE ARE GOING TO P92
VIDE A CARDBOARD OR FIBER END WASHER AT EACH END OF THE WINDING. ASSUME
EACH OF THESE WASHERS TO BE

END''//WASHER

TWO TOGETHER WILL OCCUPY A"OF
WINDING SPACE, THEREBY LEAVING US BUT 2Y8""713=-2" FOR ACTUAL WINDING PUR-
POSES

" .

ALONG THE LENGTH OF THE CORE'S CENTER LEG. THIS DIMENSION IS CLEARLY
SPECIFIED IN FIG. 7.

ANOTHER HANDY RULE WITH WHICH TO DETERMINE THE LENGTH OF THE WINDOW"
°PACE IS TO MAKE IT EQUAL TO 02 TO 2 TIMES THE DIMENSION "A" AS ILLUSTRAti
ED BY THE DIMENSION 2A IN FIG* 5. THE WINDING LENGTH IS THEN MADE SLIGHTLY
LESS THAN THIS DISTANCE (APPROXIMATELY ViLESS) IN ORDER TO PERMIT THE
FINISHED COIL WITH ITS END WASHERS TO FIT INTO THIS SPACE.
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THE NEXT STEP WILL BE TO DETERMINE HOW MUCH SPACE IS NEEDED BETWEEN

CENTER LEG "A" AND THE TWO OUTER LEGS OF OUR CORE "8", SO THAT ALL OF THE
WINDINGS CAN BE ACCOMMODATED BY THIS WINDOW SPACE. IN FIGURING THIS DI-

MENSIONOT IS ONLY NECESSARY TO FIGURE IT FOR THE WINDOW SPACE ON ONE SIDE
AS THE OTHER SIDE WILL BE EQUAL TO IT.

TO BEGIN WITH, WE MUST FIRST ALLOW FOR SOME INSULATION BETWEEN THE

CENTER LEG OF THE CORE "A" AND THE PRIMARY WINDING. SINCE CARDBOARD AND
TAPE ARE TO BE USED FORTHE
THE INSULATION AT THIS
POINT,WE WILL ALLOW ATHIQ
KNESS OF On FOR THIS
PURPOSE.

THE NEXT STEP WILL BE
TO FIGURE THE THICKNESS
OF THE PRIMARY WINDING.WE
ARE GOING TO USE 44OTURNB
OF #21 B&S DOUBLE- COTTON
COVERED WIRE FOR THIS PUR
POSE AND ACCORDING TO

TABLE I OF THIS LESSON,WE
FIND THAT THIS PARTICULAR
WIRE CAN BE WOUND 26.7
TURNS TO THE INCH. SINCE
WE HAVE 2" AVAILABLE ON

OUR CORE CONSTRUCTION FOR
EACH LAYER OF WIRE, WE

WILL BE ABLE TO GET
(26.7 X 2) TURNS Or THIS
WIRE PER LAYER. THUS WE
HAVE 26.7 X 2=53.4 BUT WE
WILL ESTIMATE THIS AT 53
TURNS PER LAYER.

THE TOTAL NUMBER OF

PRIMARY TURNS REQUIRED,
HOWEVER, IS 440 AND SINCE 53 TURNS CAN BE WOUND ON ONE LAYER,THE TOTAL NUM
BER OF LAYERS NEEDED FOR THIS WINDING WILL BE 440 DIVIDED BY 53 OR 8.5

LAYERS. WE WILL ESTIMATE THIS VALUE AT 9 LAYERS.

-Card board ends

Paper sleeve

Ears

0

//!

0

5

Siring

\\\Mko\A

Wood en
Block

0 Card board
End

-Cuts

0 0

I G. a
TA 6.P. Winding Form,

Now BY AGAIN CONSULTING TABLE 1
OF THIS LESSON,WE FIND THAT THE DIA-

METER OF DOUBLE COTTON COVERED #21 B&S WIRE IS .0368". NINE LAYERS OF

THIS WIRE WILL THEREFORE BE 9 X .0368" OR APPROXIMATELY .33 INCHES THICK.

THE HIGH VOLTAGE SECONDARY WINDING IS TO BE WOUND OVER THE PRIMARY

BUT INSULATIVE TAPE WOUND 1/8" THICK SHOULD BE PROVIDED BETWEEN THESE TWO
WINDINGS. FOR ALL SECONDARY WINDINGS,PLAIN ENAMELED COPPER WIRE MAY BE

USED AND THE THICKNESS OF EACH WINDING MAY BE CALCULATED BY THE METHOD AL
READY DESCRIBED REGARDING THE PRIMARY WINDING. ALLOW A TOTAL OF 1/8" FOR
INSULATIVE PAPER WHICH IS TO BE USED BETWEEN EACH LAYER OF THE HIGI1=VOLT-

AGE SECONDARY WINDINGS.
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ALTHOUGH WE HAVE SPECIFIED DOUBLE COTTON -COVERED WIRE FOR THEPRIMARY
WINDING IN THIS PARTICULAR EXAMPLE,YET PLAIN ENAMELED WIRE CAN ALSO BE
USED FOR THIS PURPOSE BUT UNDER SUCH CONDITIONSONSULATIVE PAPER SHOULD BE
PROVIDED BETWEEN EACH LAYER OF TURNS MAKING UP THIS WINDING.

AFTER YOU HAVE ADDED TOGETHER THE THICKNESS OF ALL THE WINDINGS, IN-
CLUDING ALL INSULATION, YOU WILL HAVE THE DIMENSION FOR THE WINDOW SPACE
BETWEEN THE CENTER CORE -LEG "A" AND THE TWO END-LEGS "B". IT IS BETTER TO
ESTIMATE THE REQUIRED WINDOW SPACE TOO LARGE RATHER THAN TOO SMALL BECAUSE
IF IT IS TOO LARGE, YOU CAN FILL IT WITH INSULATIVE TAPE WHILE ON THE OTH
ER HAND, IF THE WINDOW SPACE IS TOO SMALL, IT WILL BE IMPOSSIBLE TOASSEM-
BLE THE CORE AFTER THE ENTIRE WINDING PROCESS HAS BEEN COMPLETED.

HAVING DETERMINED THIS WINDOW SPACE DIMENSION, T IS A SIMPLE MATTER
TO CALCULATE THE TOTAL LENGTH OF THE COREIS "E" AND I/111 SECTIONS. To DO
THIS, IT IS ONLY NECESSARY TO MULTIPLY THE WINDOW SPACE DIMENSION JUST pg
TERMINED BY 2 IN ORDER TO ALLOW FOR THE WINDOW SPACE ON BOTH SIDES OF THE
COREIS CENTER SECTION "A". To THIS VALUE ADD THE DIMENSION "A" OF FIG. 5
AND TWICE THE DIMENSION

F I G 9
Assem610-79 the

"B".

Core .

THIS ANSWER WILL BE THE OVERALL LENGTH OF'
THE COREIS "1" AND "E" SECTIONS. THUS
ALL DIMENSIONS FOR CUTTING THE STEEL
LAMINATIONS TO THE PROPER SIZE HAVE
BEEN DETERMINED.

POSSIBLE CHANGES TO BE CONSIDERED

SHOULD AT ANY TIME THE LENGTH OF
THE TRANSFORMER FIGURE OUT TO BE TOO
GREAT IN PROPORTION TO ITS WIDTH 60 AS
TO BE IMPRACTICAL REGARDING ITS GENERAL
SHAPE,THEN YOU CAN FIGURE ON USING A

GREATER DIMENSION FOR THE WIDTH,ORELSE
TO MAKE DIMENSION "A" SMALLER AND IN-
CREASING THE THICKNESS OF THE CORE
ACCORDINGLY OR ELSE A COMBINATION OF
BOTH THESE METHODS. BY DOING ALL OF
THIS FIGURING ON PAPER BEFORE-HAND,YOU
WILL BE ABLE TO FORESEE THE ACTUAL

SHAPE AND SIZE OF THE COMPLETED TRANSFORMER AND THUS SAVE YOURSELF CONSID
ERABLE TIME IN THE EVENT THAT ANY CHANGES IN THE ORIGINALLY CHOSEN DIMEN-
SIONS ARE FOUND NECESSARY.

THE CORE LAMINATIONS

THE NUMBER OF LAMINATIONS WHICH ARE TO BE CUT FOR BOTH THE "Ell AND
"I" SECTIONS OF THE TRANSFORMER CORE WILL BE APPROXIMATELY EQUAL TO THE
THICKNESS OF THE CORE DIVIDED BY THE THICKNESS OF THE LAMINATION STOCK
(SHEETS) USED. FOR 60 CYCLE TRANSFORMERS, CORE MATERIAL .014" THICK IS

USUALLY CONSIDERED BEST, WHEREAS SLIGHTLY THICKER CORE MATERIAL MAY BE
USED FOR A 25 -CYCLE TRANSFORMER. FOR HOME CONSTRUCTION, HOWEVER, IT WILL BE
BEST TO USE CORE MATERIAL OF THE SAME THICKNESS FOR A 25 CYCLE TRANSFORMER
AS WAS SPECIFIED FOR A 60 CYCLE UNIT. THIS CORE MATERIAL SHOULD PREFERABLY
BE TRANSFORMER STEEL WHICH IS CAPABLE OF HANDL;NO A FLUX DENSITY OFAPPROA
IMATELY 50,000 LINES OF FORCE PER SQUARE INCH.
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CONSTRUCTING THE TRANSFORMER

WITH ALL OF OUR CALCULATIONS COMPLETE, WE ARE NOW READY TO ACTUALLY
PROCEED WITH THE CONSTRUCTIONAL WORK ON OUR TRANSFORMER. THE FIRST THING
TO DO IN THIS RESPECT IS TO CONSTRUCT A FORM ON WHICH THE WINDINGS ARE TO
BE PLACED. THE SIMPLEST METHOD OF DOING THIS IS TO SHAPE A PIECE OF WOOD
SO THAT ITS CROSS-SECTION WILL CORRESPOND TO THE CROSS-SECTION OF THE TRH
NSFORMER CORE'S CENTER -LEG "A".

BUILDING A FORM

WRAP ONE LAYER OF ORDINARY THIN STRING AROUND THIS PIECE OF WOOD
AND THEN WRAP A PIECE OF GOOD STIFF PAPER OVER THE STRING.(INSULATIVEPA
PER, KNOWN TO THE INDUSTRY AS "FISH -PAPER", IS EXCELLENT FOR THIS PUR-
POSE). LEAVE THE ENDS OF THE STRING PROJECT OUT THROUGH THE EDGES OFTHIS
CARDBOARD SLEEVE, 60 THAT THE STRING CAN BE EASILY RIPPED OUT AFTER THE
WINDING IS COMPLETED IN ORDER TO ENABLE THE ENTIRE WINDING FORM TO BE
EASILY REMOVED FROM THE WOOD BLOCK.

THE NEXT STEP IS TO MOUNT THE CARDBOARD OR FIBER ENDS ON THE WIND-
ING FORM. THE SIZE OF THESE ENDS WILL BE GOVERENED BY THE SIZE OF THE.

CORE -SECTION AND WINDOW SPACE,WHEREAS THE DISTANCE BETWEEN THEM WILL BE

GOVERNED BY THE DIMENSION NOTED AS 2" IN FIG. 7. CUT THESE AT THEIR CEN-
TER SO THAT THEY CAN BE SLIPPED ONTO THE ENDS OF THE PAPER SLEEVE AS 119I
USTRATED IN FIG. 8, PROVIDING THEnEARS/1
AS SHOWN, 80 THAT THEY WILL OVERLAP THE
PAPER SLEEVE. INSULATION TAPE SHOULD
THEN BE WRAPPED OVER THE PAPER SLEEVE IN
TWO OR THREE LAYERS, FROM ONE CARDBOARD
END TO ANOTHER.

WINDING THE PRIMARY

YOU CAN NOW PROCEED BY WINDING THE
PRIMARY WINDING UPON THE FORM.THISWIND-
ING SHOULD BE WOUND EVENLY WITH ALL
TURNS SIDE BY SIDE (THAT IS,NOT SPACE
WOUND). IF THE WINDING IS DONE BY HAND,
THE TASK WILL BE A TEDIOUS ONE BECAUSE FIG . to

IN ADDITION TO NEATLY WINDING THE COIL, Alternating Gore Placement
IT IS ALSO NECESSARY TO KEEP ANACCURATE iqur Successive Layers.
COUNT OF THE NUMBER OF TURNS APPLIED.
HOWEVER, THE WORK CAN BE SIMPLIFIED BY MOUNTING THE WOODEN FORM BLOCK IN
A LATHE TO BE ROTATED AND 80 THAT THE OPERATOR NEED ONLY FEED THE WIRE
ONTO THE FORM AND KEEP TRACK OF THE NUMBER OF TURNS. TURN INDICATORS ARE
ALSO AVAILABLE WHICH CAN BE ATTACHED TO INDICATE THE NUMBER OF REVOLU-
TIONS COMPLETED BY THE WINDING FORM SO THAT THE OPERATOR CAN TELL AT A

GLANCE THE NUMBER OF TURNS BEING APPLIED.

FOR THIS WINDING WORK, ONE CAN ALSO CONSTRUCT A HAND WINDING - JIG
ALONG THE SAME LINES AS PRESCRIBED FOR WINDING R.F. TRANSFORMERS IN ONE
OF YOUR PREVIOUS LESSONS, ONLY THAT IN THIS PARTICULAR CASE,THE ARRANGE-
MENT WILL HAVE TO BE SUCH AS TO PERMIT THE ENTIRE WINDING FORM TO BE RO-
TATED.

REmEMBER, THAT IF PLAIN ENAMEL COVERED WIRE IS USED FOR THE PRIMARY
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WINDING,THEN A LAYER OF THIN INSULATION PAPER WILL HAVE TO BE PROVIDED BE
TWEEN EACH LAYER OF WINDING COMPRISING THE PRIMARY COIL. IF COTTON COV-
ERED ENAMEL WIRE IS USED, THEN THIS ADDITIONAL INSULATION IS NOT NECESS-
ARY.

AFTER COMPLETING THE PRIMARY WINDING, A LAYER OF "EMPIRE CLOTH"
SHOULD BE WRAPPED OVER IT. EMPIRE CLOTH IS A SPECIAL TYPE OF TREATED IN-

SULATION CLOTH, WHICH IS AN EXCELLENT INSULATOR AND CAPABLE OFWITHSTAND-
ING CONSIDERABLE VOLTAGE.

THE "STATIC -SHIELD"

TO AVOID THE TRANSFER OF STATIC AND POWER LINE NOISES FROM THE
LIGHTING CIRCUIT INTO THE RECEIVER, IT IS ADVISABLE TO SURROUND THE PRI-
MARY WINDING WITH A "STATIC SHIELD". THIS STATIC SHIELD CONSISTS MERELY
OF A THIN SHEET OF COPPER, WHOSE WIDTH IS EQUAL TO THE LENGTH OF THE
WINDING FORM. THIS COPPER SHEET SHOULD BE WRAPPED OVER THE INSULATEDPRI
MARY WINDING AND CUT TO SUCH A LENGTH THAT ITS ENDS WILL NOT MEET OR
TOUCH. SOLDER A WIRE TO THIS COPPER SHEET, LEAVING ITS END FREE SO THAT
IT CAN LATER BE GROUNDED TO THE TRANSFORMER CORE.

WINDING THE HIGH -VOLTAGE SECONDARY

PLACE ANOTHER LAYER OF EMPIRE CLOTH OVER THIS STATIC SHIELD AND
THEN APPLY THE SECONDARY WINDING. BE SURE TO INSULATE EACH LAYER OF SEC-
ONDARY WINDING WITH EMPIRE CLOTH OR A THIN PIECE OF INSULATION PAPER AND
DON1T FORGET TO PROVIDE A LEAD FOR THE CENTER TAP OF THIS WINDING. FOR
ALL WINDINGS, LEAVE THE THE END LEADS OF SUFFICIENT LENGTH SO THAT THEY
CAN LATER BE CONVENIENTLY CONNECTED TO SOLDERING LUGS, AT WHICH TIMETHEY
CAN BE TRIMMED TO THE PROPER LENGTH. ALSO SLIP A SLEEVE OF SPAGHETTI TU-
BING OVER THE LENGTH OF EACH OF THE PRIMARY AND HIGH VOLTAGE LEADS WHICH
ARE TO BE USED ON THE FINISHED TRANSFORMER.

AFTER THE HIGH VOLTAGE SECONDARY WINDING IS APPLIED, WRAP ANOTHER
LAYER OF EMPIRE CLOTH OVER IT AND THEN WIND EACH OF THE LOW VOLTAGEWIND
INGS IN TURN OVER THE HIGH VOLTAGE SECONDARY, USING EMPIRE CLOTH INSUL-
ATION BETWEEN EACH OF THE WINDINGS.

THE OUTER SURFACE OF THE COIL CAN BE TAPED RIGIDLY 80 AS TO HOLD
THE WINDINGS IN PLACE FIRMLY AND THE END LEADS OF THE COIL CAN THEN BE
SOLDERED TO TERMINAL LUGS WHICH ARE FASTENED TO THE PAPER OR FIBER END
PIECES OF THE COIL IN THE MANNER AS DONE ON THE TRANSFORMER ASILLUSTRAT...
ED IN FIG. I OF THIS LESSON.

WITH THE COIL ITSELF THUS COMPLETED, THE STRING CAN BE RIPPED OUT
FROM UNDERNEATH THE WINDING FORM, SO THAT THE ENTIRE COILITOGETHER WITH
ITS FORM, CAN BE PULLED OFF THE WOODEN WINDING BLOCK.

MANUFACTURERS GENERALLY SOAK THE COMPLETED COIL IN HOT INSULAT-
ING VARNISH FOR ABOUT 12 HOURS UNTIL THE ENTIRE UNIT IS THOROUGHLYSOAKED.
AFTER THIS PROCESS, THE COIL IS BAKED IN AN OVEN AT A LOW TEMPERATURE FOR
TWO OR THREE HOURS SO THAT THE VARNISH BECOMES DRY AND HARD,

ASSEMBLING THE CORE

THE NEXT STEP IS TO ASSEMBLE THE CORE AND FIG. 9 SHOWS YOU HOW
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THIS IS DONE. NOTICE HERE THAT AN "EU-SHAPED SECTION OF LAMINATION IS

SLIPPED THROUGH THE COIL FROM THE LEFT SO THAT THE CENTER LEG OR SECTION
"A" OF THIS PIECE OF LAMINATION PASSES THROUGH THE OPENING PROVIDED IN

THE CENTER OF THE COIL. AN "1" SECTION OF LAMINATION IS THEN PLACED ON

THE RIGHT SIDE OF THE COIL, SO THAT IT TOUCHES THE EXTREMETIES OF THE"E"

SECTION.

FOR THE NEXT LAYER OF THE LAMINATED CORE, INSERT THE "E" SECTION
THROUGH THE COIL FROM THE RIGHT SIDE AND PLACE THE "I" SECTION AT THE

LEFT ETC. CONTINUE BUILDING UP THE CORE IN THIS MANNER,THUS ALTERNATING

THE PLACEMENT OF THE CORE SECTIONS UNTIL THE ENTIRE CORE OPENING IN THE

COIL IS FILLED UP AND THE REQUIRED CORE THICKNESS IS OBTAINED.

Terminals
Coil

Cardboard
End

Screw

Machine.
Screws

Core

F: t . LI

The Cono lie led Transformer.
FIG. 10 MORE CLEARLY ILLUSTRATES HOW THE POSITION OF THE "E" AND

"1" LAMINATION SECTIONS OF THE CORE ARE ALTERNATED FOR EACH LAYER OF THE
CORE, AS THE STOCK IS PILED UP. TO SPEED UP THIS PROCESS OF BUILDING UP

THE CORE, MOST MANUFACTURES HAVE ADOPTED THE PRACTICE OF INSERTING 4 OR

5 CORE LAMINATIONS OF SIMILAR SECTION AT A TIME FROM EACH SIDE OF THE

COIL INSTEAD OF ONLY ONE. IN OTHER WORDS, THE PROCESS OF LAMINATION IN-

SERTION 16 ONLY REVERSED AT INTERVALS OF 4 OR 5 LAYERS INSTEAD OF AT
EACH SUCCESSIVE LAYER. ALTHOUGH THIS PRACTICE IS NOT THEORITICALLY AS

GOOD AS WHEN ALTERNATING THE INSERTIONS FOR EACH SUCCESSIVE LAYER,YET NO
NOTICEABLE INEFFICIENCY IS EVIDENT FROMI A PRACTICAL STANDPOINT.

THE STATIC SHIELD CAN BE GROUNDED BY LAYING THE FREE END OF ITS

LEAD BETWEEN CORE LAMINATIONS SO THAT IT WILL BECOME COMPRESSED BETWEEN
THE LAMINATIONS AND THUS BE FIRMLY HELD IN PLACE. IT IS OF COURSE NECESS-

ARY THAT THIS GROUNDING WIRE BE CLEAN AT THE POINT WHERE IT CONTACTS THE
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CORE MATERIAL, SO THAT A GOOD GROUND CONNECTION WILL BE OBTAINED,

WHEN ALL OF THE CORE LAMINATIONS HAVE BEEN PLACED INTO POSITION,
HOLES CAN BE DRILLED THROUGH THE ENTIRE STACK AT EACH OF THE FOUR CORNERS
AND MACHINE SCREWS WITH NUTS CAN BE EMPLOYED FOR FASTENING THE CORE LAM-
INATIONS INTO ONE RIGID AND COMPACT UNIT. THIS COMPLETED TRANSFORMER IS
ILLUSTRATED FOR YOU IN FIG. 11. THE FOUR MACHINE SCREWS ARE GENERALLY
CHOSEN OF SUFFICIENT LENGTH SD THAT THEY CAN ALSO BE EMPLOYED FOR MOUNT-
ING THE TRANSFORMER TO A RECEIVER CHASSIS ETC*

SOMETIMES,THE TRANSFORMER IS LEFT IN AN OPEN CONDITION WHILE IN
OTHER INSTANCESIIT IS ENCLOSED IN A METAL CONTAINER WITH EXTERNAL LEAD
WIRES SOLDERED TO ITS TERMINAL LUGS.THESE DIFFERENT DETAILS OF CONSTRUC-
TION CAN BE VARIED TO SUIT THE INDIVIDUAL CONSTRUCTOR.

EXAMINATION QUESTIONS

I. THE SECONDARY LOAD OF A CERTAIN POWER TRANSFORMER IS AS
FOLLOWS: 350 VOLTS AT 95 MA.; 2.5 VOLTS AT 10 AMPS.AND
5 VOLTS AT 2 AMPS. THE TRANSFORMER IS 90% EFFICIEN7eHOW
MUCH PRIMARY CURRENT WILL BE DRAWN FROM THE A.C. LINE
UNDER FULL-LOAD?

2. IF A CERTAIN POWER TRANSFORMER IS TO HAVE A PRIMARY WATI
AGE RATING OF 80 WATTS AND IS TO BE OPERATED OFF A 60
CYCLE 110 VOLT A.C. SUPPLY,THEN HOW MANY TURNS PER VOLTS
WOULD YOU USE FOR THE PRIMARY AND LOW VOLTAGE SECONDARY
WINDINGS?

3. WHAT IS THE DIFFERENCE IN THE MEANING BETWEEN THE TWOEX-
PRESSIONS "TURNS PER VOLT" AND "VOLTS PER TURN"?

4. IF A CERTAIN SECONDARY WINDING OF A POWER TRANSFORMER IS
TO OFFER A VOLTAGE OF 5 VOLTS AND YOU HAVE ALREADY DETER-
MINED THE "TURNS PER VOLT FACTOR" TO BE 5, THEN HOW MANY
TURNS OF WIRE WOULD YOU USE FOR THIS 5 VOLT WINDING?

5. A CERTAIN TRANSFORMER WINDING IS EXPECTED TO CARRY 80 MA.
WHAT SIZE WIRE MAY BE USED FOR THIS WINDING?

6. DESCRIBE IN DETAIL HOW THE VARIOUS CORE DIMENSIONS OF A
POWER TRANSFORMER ARE DETERMINED.

7. IF YOU HAVE DETERMINED THAT A "TURNS PER VOLT FACTOP" OF
3 IS TO BE USED FOR A GIVEN 60 CYCLE TRANSFORMER, THEN
WHAT CROSS-SECTIONAL AREA WOULD YOU USE IN THE CONSTRUC-
TION OF THE CORE?

WHAT IS A "STATIC-SHIELD" USED FOR IN POWER TRANSFORMER
AND HOW IS IT INSTALLED IN THE UNIT?

9. EXPLAIN BRIEFLY HOW YOU WOULD PROCEED IN THE TASK OF WIND-.
ING THE TRANSFORMER COILS.
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LESSON NO. 60

COPYRIOHTED I9 5 5

ANTENNA SYSTEMS FOR ALL -WAVE RECEIVERS °

IN ONE OF YOUR PREVIOUS LESSONS DEALING WITH THE PRINCIPLES AND CON
STRUCTIONAL FEATURES OF ALL -WAVE RECEIVERS,YOU WERE TOLD THAT THE ORDIN-
ARY TYPE OF ANTENNA WILL NOT ENABLE THE ALL -WAVE RECEIVER TO OPERATE AT

ITS BEST DURING THE RECEPTION OF SHORT-WAVE PROGRAMS.

THERE ARE TWO OUTSTANDING REASONS FOR THIS AND THEY ARE AS FOLLOWS:
(I) THE ORDINARY TYPE OF ANTENNA PERMITS TOO MUCH "MAN.-.MADEw STATIC TO

BE DELIVERED TO THE RECEIVER. THEN SINCE SHORT -.WAVE RECEIVER CIRCUITS ARE
MORE SUSCEPTABLE TO THIS FORM OF STATIC THAN ARE STANDARD WAVE RECEIVER
CIRCUITS, THIS EXTRANEOUS NOISE AT TIMES BECOMES UNBEARABLE AND CAUSES
WEAK SIGNALS TO BECOME INAUDIBLE.
(2) THE ORDINARY TYPE OF ANTENNA POSSESSES A VERY BROAD TUNING CHARACT-
ERISTIC AND ALTHOUGH IT OFFERS A PICK-UP OF SIGNAL ENERGY ON THE SHORT-

WAVE BANDS, IT NEVERTHELESS INTRODUCES CONSIDERABLE LOSS AS COMPARED TO

WHAT ITS PERFORMANCE WOULD BE IF IT WERE MORE NEARLY RESONATED TO THE FRL
QUENCIES BEING RECEIVED.

THE LATEST TYPE
OF ALL -WAVE ANTENNA
SYSTEMS SOLVE BOTH
OF THESE PROBLEMS
IN SEVERAL DIFFERENT
WAYS.LET US NOW PRO
CEED AND STUDY EACH
OF THESE BASIC DE-

SIGNS IN DETAIL.

THE DOUBLET ANTENNA

THE FIRST OF

THESE ANTENNA SYS-
TEMS,WHICH WE SHALL
CONSIDER,IS TmEoola
LET WITH THE TRANS-
POSED LEAD-IN AND

FIG, 1
A Modern A/7 en/7a
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WHICH IS ILLUSTRATED IN FIG* 2. YOU WILL NO DOUBT REMEMBER THIS AS ALSO 8j
MG THE TYPE OF ANTENNA AS RECOMMENDED FOR REGULAR SHORT-WAVE RECEPTION IN
A PREVIOUS LESSON DEALING WITH THIS TYPE OF RECEIVER. THIS SAME ANTENNAIS
ALSO SUITABLE FOR ALL -WAVE RECEIVERS BY APPLYING THE DESIGN CONSTANTS
WHICH ARE OFFERED IN THE FOLLOWING EXPLANATION*

TO BEGIN WITH, THE HORIZONTAL PORTION OF THE ANTENNA SHOULD BE ER-
ECTED AS HIGH AS POSSIBLE AND AS FAR AS PRACTICAL FROM ALL SURROUNDING
BUILDINGS, TREES AND OTHER OBJECTS WHICH TEND TO ABSORB RADIO ENERGY.

AND
FOR BEST PERFORMANCE, THE TWO HORIZONTAL LENGTHS OF THE ANTENNA A

Az IN FIG. 2 SHOULD BE EXACTLY EQUAL IN LENGTH AND RUN EXACTLY IN THE
SAME DIRECTION OR PLANE. WHEN
SO REMEMBER THAT IT

ERECTING THIS TYPE OF ANTENNA,ONE SHOULD Al
IS HIGHLY DIRECTIONAL AS TO ITS PICK UP CHARACTERIS-

TICS AND RECEIVES BEST FROM DI-
RECTIONS AT RIGHT ANGLES TO THE
DIRECTION IN WHICH THE WIRE IS

STRETCHED. THAT IS TO SAY, IF THE
SECTIONS A 1 AND Az OF THISANTENNA
ARE RUN IN A STRAIGHT LINE NORTH
AND SOUTH, THEN IT WILL BE MOST RE
SPONSIVE TO SIGNALS COMING FROM
THE EAST AND WEST.

Double& Wail Transposed
Lead- 1P1 ,

CEIVE BEST. FOR INSTANCE, IF IT IS

METERS, AROUND WHICH A
ERATE, THEN THE LENGTH
METERS.

THE TUNING CHARACTERISTICS
OF THE DOUBLET ANTENNA ARE LARGELY
GOVERNED BY THE LENGTHS AI AND AlL*
FOR BEST RESULTS ON A GIVEN WAVE
LENGTHyTHE LENGTHS AI AND ApouLo
EACH BE EQUAL TO i OF THE WAVE-
LENGTH WHICH ONE DESIRES TO RE -

DESIRED TO RESONATE THE SYSTEM AT 49
NUMBER OF FAVORITE SHORT-WAVE BROADCAST STATIONS OE
OF AI AND A2 SHOULD EACH BE EQUAL TO 49.:74 OR 12.25

A SIMPLE METHOD OF DETERMINING THESE LENGTHS EXPRESSED IN FEET WHEN
THE RESONANT FREQUENCY IS EXPRESSED IN KILOCYCLES 16 TO DIVIDE THE CON-
STANT 492,000 BY THE DESIRED FREQUENCY EXPRESSED IN KILOCYCLES AND MUL-
TIPLY THE RESULT Bva95. THIS WILL FURNISH ACCURATE FIGURES ON WAVELENGTHS
OF 20 METERS AND ABOVE. THE ANSWER WHICH IS OBTAINED IN THIS MANNER WILL
BE THE TOTAL LENGTH OF THE ANTENNA'S FLAT TOP* THIS LENGTH OS THEN CUT IN

HALF ANO A STRAIN INSULATOR IS PLACED AT ITS EXACT CENTER.

FROM THE EXPLANATION AS THUS FAR OFFERED, IT BECOMES APPARENT THAT
IN ORDER TO REALIZE MAXIMUM EFFICIENCY ON ALL THE DIFFERENT WAVEBANDS, A
DIFFERENT ANTENNA -LENGTH WOULD BE REQUIRED FOR EACH WAVE -BAND. THIS, HOW-
EVER, WOULD ORDINARILY BE COPSIDERED AS IMPRACTICAL FROM A CONSTRUCTIONAL
STANDPOINT IN THAT A NUMBER OF DIFFERENT ANTENNAS WOULD HAVE TO BE USED
EACH OF A DIFFERENT LENGTH. WE MUST REMEMBER,HOWEVERT THAT IN ADDITION TO
OFFERING MAXIMUM PICK-UP AT THE FUNDAMENTAL RESONANT PREQUENCY,THEDOUBLET
ANTENNA WILL ALSO BE VERY EFFECTIVE IN ACCEPTIN3 THE ENERGY RAblATED BY
TRANSMITTERS WHICH OPERATE ON HARMONICS OF THE FUNDAMENTAL FREQUENCY FOR
WHICH THE ANTENNA IS DESIGNED.
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FOR EXAMPLE, IF THE ANTENNA SYSTEM IS DESIGNED TO RESONATE AT 160

METERS OR 1875 Kc., THEN IT WILL ALSO OPERATE WITH MAXIMUM EFFICIENCY AT

THE HARMONICS OF THIS FUNDAMENTAL AND WHICH OCCUR RESPECTIVELY AT 8O METERS

--3750 Kc; 40 METERS -7500 Kc, AND 20 METERS --15,000 Kc. IN OTHER WORDSOF
THE ANTENNA SYSTEM IS DESIGNED TO RESONATE AT ONE OF THE LONGER WAVELENGTHS
OF THE SHORT-WAVE SPECTRUMOT WILL ALSO OPERATE EFFICIENTLY AT STILL SHORT

ER WAVELENGTHS OR HIGHER FREQUENCIES CORRESPONDING TO THE HARMONICS. THE

REVERSE, HOWEVER, IS NOT TRUE -- THAT IS, IF THE ANTENNA IS DESIGNED TO

RESONATE AT A FUNDAMENTAL OF 40 METERS OR 7500 Ks., THEN IT WILL NOT PER-

FORM EFFICIENTLY AT 80 METERS 3750 KC. OR ANY OTHER WAVELENGTH GREATER

THAN 40 METERS.

ANOTHER POINT TO REMEMBER IS THAT ALTHOUGH THE ANTENNA IS RESONATED
TO ONE PARTICULAR FREQUENCY, IT WILL ALSO OPERATE SATISFACTORILY ATFREQUEN...

CIES WHICH ARE NOT TOO FAR REMOVED FROM RESONANCE IN EITHER DIRECTION.

FOR MAXIMUM EFFICIENCY ON THE AMATEUR 3ANDS,THE LENGTH OF THE AN-

TENNA18 FLAT TOP SHOULD BE AS FOLLOWS:

FOR 40 METERS -- AiAND ATEACH33FT
3 INCHES

FOR 80 METERS .... Ai AND A2.EACH66FT

6 INCHES
FOR 160METERS-..* AI ANDATEACHI33FT.

IN ORDER TO REALIZE MAXIMUM EFFIC-
IENCY FOR SHORT-WAVE BROADCAST RECEPTION,
THE LENGTHS A1 AND A CAN EACH BE 38i FT.

REMEMBER THAT IN ALL OF THESE CASES
THE RULE OF HARMONICB,AS ALREADY EXPLAINED,

STILL APPLIES.

VANIIIIIIMMMMOVMM.EMOIMI.

ROPE & TICiT
VNOT Al

4111VIWOG

INSULATOR.

SOLDER.
ALL
WIRE
JOINTS

2FT

2 FT

A2 INSULATOR

SNORT
WIRE TIES

TRANSPOSITION
BLOCKS TO

v, BE spACED
2 FEET

APART IN
FEEDER. LINE,

FtG.3
The Leac, -1-'7

IT WILL ALSO NO DOUBT BE OF INTEREST TO YOU TO KNOW THAT THE MAJOR-

ITY OF THE SHORT-WAVE STATIONS BROADCASTING PROGRAMS FOR POPULAR ENTERTAIN

MENT ARE CONCENTRATED IN THE 16,19,25,31 AND 49 METER BANDS.

THE LEAD-IN

THE CONSTRUCTIONAL DETAILS OF THE TRANSPOSED LEAD-IN ARE MORE CLEAR-

LY ILLUSTRATED IN FIG. 3. OBSERVE THAT THE TWO LEAD-IN WIRES ARE RUN PARA-

LLEL TO EACHOTHER AND TRANSPOSED (CROSSED OVER) AT DEFINITE INTERVALS. THE
PERMISSIBLE DISTANCE BETWEEN TRANSMISSION BLOCKS IS FROM 15 INCHES TO EFT

ENAMELED COPPER WIRE SHOULD BE USED FOR THE LEAD-IN, TOGETHER WITH HIGH -

QUALITY TRANSPOSITION BLOCKS WHICH CAN BE PURCHASED FROM ANY GOOD RADIO

SUPPLY HOUSE.

FOR GREATEST EFFICIENCY,THE LENGTH OF EACH OF THE LEAD-IN WIRES

SHOULD BE EQUAL TO TWICE THE LENGTH OF AIOR ATAS USED.WITA THE SAME ANTENNA

SYSTEM. THAT IS, IF AIANO A.O,RE EACH 384 FT. LONG,THEN EACH OF THE LEAD-IN

WIRES SHOULD BE 76 FT. LONG ETC.

WHEN USING A SPECIAL COUPLER BETWEEN THE LEAD-IN AND THE RECEIVER,

YOU WILL FIND THAT THIS RULE REGARDING FEEDER LENGTHS IS NOT STRICTLY AD-

HERED TO IN PRACTICE. QUITE OFTEN, THIS LENGTH IS SIMPLY MADE AS LONG AS



PAGE 4 PRACTICAL RADt0

NECESSARY IN ORDER TO CONNECT THE ANTENNA TO THE RECEIVER. THIS IS PARTLY
JUSTIFIED BY THE FACT THAT THE CHIEF PURPOSE FOR TRANSPOSING THE LEAD-IN
IS TO PREVENT THE PICK-UP OF INTERFERENCE NOISE AND THE LOCATION FOR THE
ELEVATED PORTION OF THE ANTENNA IS ALSO SELECTED WITH THIS POINT IN MIND.
THEREFORE, IF NECESSARY, IT IS MORE PRACTICAL TO ERECT THE ANTENNA AT

SOME PARTICULAR SITE WHICH IS MOST FREE FROM INTERFERENCE AND SIMPLY RUN

THE LEAD-IN IN THE BEST MANNER POSSIBLE TO AVOID ANY ADDITIONAL INTERFER-
ENCE PICK-UP.

FIG. 4

The Tutied Coupler.

THE SAME PRECAUTIONS SHOULD BE TA-
KEN IN RUNNING THIS LEAD-IN AS ALREADY
SUGGESTED FOR THE ORDINARY SINGLE-WIRE
LEAD-IN WHICH WAS DESCRIBED IN AN EARLIER
LESSON REGARDING ANTENNAS.

THIS BRINGS US UP TO THE POINT OF
COUPLING THE TWO-WIRE LEAD-IN TO THE RE-
CEIVER. ALTHOUGH THE SYSTEM WILL OPERATE
BY CONNECTING ONE OF THE LEAD-IN WIRES TO
THE ANTENNA TERMINAL AND THE OTHER LEAD-
IN WIRE TO THE GROUND TERMINAL OF THE
CEIVER,YET FAR BETTER RESULTS WILL BE 00
TAINED BY INSTALLING A SUITABLE COUPLING
UNIT BETWEEN THE LEAD-IN AND THE RECEIV-
ER.

THE TUNED COUPLER

A TUNED COUPLING WITH IMPEDANCE
MATCHING FEATURES IS THE MOST EFFICIENT TYPE. ONE OF THESE IS ILLUSTRATED
IN FIG. 4 AND AS YOU WILL OBSERVE, IT CONSISTS OF A WINDING Li WHICH 18

CONNECTED IN SERIES WITH THE TWO LEAD-IN WIRES THROUGH A PAIR OF MIDGET
VARIABLE CONDENSERS, EACH RATED AT .0001 MFDe CAPACITY. THIS PARTICULAR
CIRCUIT PERMITS TUNING THE ANTENNA LEAD-IN TO THE FREQUENCY BEING RECEIV-
ED.

COIL L1 IS INDUCTIVELY COUPLED TO ANOTHER COIL LZo WHOSE IMPEDANCE
SHOULD MATCH A6 NEARLY AS POSSIBLE THE IMPEDANCE OF THE RECEIVER/6 SHORT-
WAVE ANTENNA COIL. COIL LIMAY CONSIST OF APPROXIMATELY 16 TURNS OF #22
B&S DOUBLE COTTON COVERED WIRE CLOSE-WOUND ON A TUBULAR COIL FORM OF WI
DIAMETER. COIL LLMAY CONSIST OF ABOUT 10 TURNS OF #30 BO ENAMELED WIRE
CLOSE-WOUND ON THE SAME
FORM AND SPACED FROM LI

BY APPROXIMATELY 1/1611.
BY MAKING THE COUPLING
BETWEEN LIAND LpRIABLE, To
THE PERFORMANCE OF THE Receiver
COUPLER CAN BE IMPROVED
STILL MORE.

THIS COUPLER CAN
BE ENCLOSED AS A UNIT IN
A METAL SHIELD CAN,PRO-
VIDEO WITH THE NECESSARY
TERMINALS FOR MAKINGTHE
LEAD-IN AND RECEIVER CON

M et -al Corli.ai mer>

N

Cori dl en5er
Coritwo I s

Lead-in

Fl G. 5

AnZenrya Coupler-.
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NECTIONS AND CONTROL KNOBS FOR THE CONDENSERS. THE COUPLER IS THEN USED

AS AN AUX' LIARLY UNIT IN CONJUNCTION WITH THE RECEIVER. THE WIRES BETWEEN
THE COUPLER AND THE RECEIVER MAY BE A TWISTED -PAIR FIXTURE WIRE. DURING

RECEPTION,THE COUPLER CONTROLS ARE AD-
JUSTED FOR MAXIMUM.SIGNAL INTENSITY.

A UNIVERSAL COUPLER

ALTHOUGH THE TUNED -COUPLER CALLS
FOR ADDITIONAL MANIPULATION ON THE
PART OF THE OPERATOR,YET IT IS THE
MOST EFFICIENT TYPE. FOR THOSE WHO ARE
WILLING TO SACRIFICE A CERTAIN AMOUNT
OF EFFICIENCY FOR THE SAKE OF MORE SI-
MPLE OPERATION, THE UNIVERSAL COUPLER
NOW TO BE EXPLAINED WILL BE SATISFACT-
ORY.

rt G. G

Universal/ Coupler-.

THE CONSTRUCTION OF THIS UNIVERSAL COUPLER IS SHOWN YOU IN FIG. 6.

HERE THE TWO COILS LAND LIARE WOUND ON A TUBULAR FORM OF hill DIAMETER IN
THE FOLLOWING MANNER: FIRST APPLY LI BY WINDING 50 TURNS OF #28 MS. EN-
AMELED WIRE CLOSE -WOUND AND CENTER -TAPPED. WIND ONE LAYER OF EMPIRE CLOTH
OVER LIT° COVER THIS WINDING AND OVER THIS EMPIRE CLOTH WRAP A PIECE OF

SHEET BRASS OF 7/8" WIDTH. THIS STRIP OF BRASS,WHICH IS GOING T( SERVE AS
AN ELECTROSTATIC SHIELD, SHOULD NOT QUITE COMPLETE A FULL TURN. ATTACH A

LEAD -WIRE TO ONE CORNER OF THIS BRASS STRIP SO THAT ITS ELECTRICAL CONN-

ECTION CAN LATEP BE AFFECTED.

WRAP ANOTHER LAYER OF EMPIRE CLOTH OVER THE BRASS STRIP AND THEN
APPLY L2WHICH SHOULD CONSIST OF 10 TURNS OF #26 DOUBLE SILK COVERED WIRE
SPACED ONE TURN AND WOUND IN THE SAME DIRECTION AS LI.

Lea d-
in

Zoo Too SL
IL

To Ant.
Terminal
of Receiver

To Gnd.
Terminal
of Receiver

F1 G.7
ieesis&3/- Coup/er,

THIS COUPLER CAN BE MOUNTED AT THE RE-

CEIVER'S INPUT TERMINALS, WHERE IT NEED NOT BE
DISTURBED. TERMINALS I AND 2 CAN BE CONNECTED
TO THE ANTENNA AND GROUND TERMINALS OF THE 9g
CEIVER. TERMINALS AI AND A2CAN BE CONNECTED TO
THE ANTENNA LEAD-IN WIRES WHILE THE "G" TERM-
INAL 18 CONNECTED TO GROUND. NOTICE THAT THE

ELECTROSTATIC SHIELD IS ALSO GROUNDED. THIS
COUPLER WILL PROVIDE AVERAGE PERFORMANCE OVER
ALL OF THE WAVE -BANDS GENERALLY REQUIRED BY

THE CONVENTIONAL TYPE OF ALL -WAVE RECEIVER.

THE RESISTANCE COUPLER

ANOTHER METHOD OF CONNECTING THE DOUBLET
ANTENNA TO THE RECEIVER,INITHOUT THE USE OF AN
INDUCTIVE TYPE COUPLER,IS TO CONNECT A 200

OHM I WATT RESISTOR BETWEEN THE RECEIVER'S AN
TENNA TERMINAL AND ONE OF THE LEAD-IN WIRES
ANO ANOTHER 200 OHM I WATT RESISTOR BETWEEN

THE RECEIVER'S GROUND TERMINAL AND THE OTHER
LEAD-IN WIRE. NO GROUND CONNECTION IS USED.

SOMETIMES,THESE RESISTORS ARE HELD IN CLIPS
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AND INTERCHANGED WITH A SET HAVING OTHER VALUES DURING THE RECEPTION ON
THE VARIOUS WAVE -BANDS.

THIS RESISTOR METHOD OF COUPLING ALTHOUGH BEING VERY SIMPLE,IS NEVER
THELESS NOT AS EFFICIENT AS THE OTHER METHODS SO FAR DESCRIBED.

VARIOUS COMMERCIAL TYPES OF ANTENNA COUPLERS ARE ALSO AVAILABLE ON
THE MARKET SO THAT IT IS NOT ALTOGETHER ESSENTIAL FOR ONE TO ACTUALLY CON
STRUCT THE COUPLERS DESCRIBED IN THIS LESSONIUNLESS ONE REALLY CHOOSES TO
DO SO.

LEAD-IN CABLE

As YOU WILL NO DOUBT REALIZE, IT REQUIRES CONSIDERABLE WORK TO IN-
STALL AN ANTENNA SYSTEM WITH THE LEAD-IN ARRANGEMENTS AS SO FAR DESCRIBED.
FOR THOSE WHO WANT TO SIMPLIFY THIS TASK,THE METHOD ILLUSTRATED IN FIG. 8
IS SUGGESTED. HERE THE DOUBLET FEATURES ARE STILL RETAINED BUT THE LEAD-IN
IS RUN WITH A SPECIAL LOW -IMPEDANCE, TWIN -CONDUCTOR, R.F. TRANSMISSION CA

BLE OF THE TRANSPOS-
ITION TYPE.Insulator

Antealma

AR -Wave
Receiver

mg1htD"w
\Iry

Bldg. ;
side ;

46.

eMAESINU
Antenna

Transposition
Cable

FIG. B
Applying 7i-ansposition Cable

ECTED TO THE ANTENNA AND RECEIVER AS SHOWN IN FIG.
CAN THEN BE SUPPORTED BY MEANS OF PORCELAIN KNOB INSULATORS WHICH ARE FAST

THIS TRANSMI81
ION CABLE IS AVAIIr
ABLE ON THE MARKET
FOR THIS PURPOSETHE
TRANSPOSED TWIN CON-
DUCTORS ARE ALREADY
ENCLOSED WITHIN A

COMMON INSULATIVEAND
WEATHER-PROOF COVER-
ING. IT THUS BECOMES
ONLY NECESSARY TO RE-
MOVE A SHORT LENGTH
OF THE OUTER COVER-
ING FROM EACH END OF
THIS CABLE SO THAT
THE ENDS OF THE CON-
DUCTORS CAN BE CONN..

8. THIS RUN OF CABLE

ENED TO THE BUILDING AT THE MOST LOGICAL POINTS& A PORCELAIN TUBE SHOULD
BE USED AT THE POINT WHERE THE CABLE ENTERS THE BUILDING.

ALTHOUGH IN FIG. 8 THE LEAD-IN WIRES ARE SHOWN AS BEING CONNECTED
DIRECTLY TO THE ANTENNA AND GROUND TERMINALS OF THE RECEIVERIYET HERE
AGAIN THE EFFICIENCY OF THE SYSTEM CAN BE IMPROVED BY USING AN IMPEDANCE
MATCHING TRANSFORMER BETWEEN THE LEAD-IN AND THE RECEIVER.

SOMETIMES, YOU WILL FIND DOUBLET ANTENNA INSTALLATIONS WHERE THE
LEAD-IN IS RUN WITH A TWISTED -PAIR LAMP OORD BUT THE OTHER METHODS SO FAR
DESCRIBED ARE MORE SATISFACTORY.

AS A GENERAL RULE, THE DOUBLET ANTENNA AS DESIGNED PRIMARILY FOR EF
FICIENT SHORT-WAVE RECEPTION BECOMES LESS EFFICIENT AT THOSE FREQUENCIES
CORRESPONDING TO THE STANDARD BROADCAST WAVE -BAND. THEREFORE,WHEN USED IN
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CONJUNCTION WITH AN ALL -WAVE RECEIVER,THE VOLUME CONTROL OF THE RECEIVER

WILL HAVE TO BE TUNED FARTHER UP THAN NORMAL DURING THE RECEPTION OF BROIL
CAST PROGRAMS ON THE STANDARD WAVE BAND.

A COMBINATION ANTENNA

IN FIG. 9 A METHOD IS ILLUSTRATED WHERE THE ANTENNA OPERATES Ag A

DOUBLET FOR MOST EFFICIENT SHORT-WAVE RECEPTION AND AS A .1. -TYPE ANTENNA

FOR BETTER RECEPTION ON THE STANDARD WAVE -BANDS. A SWITCHING ARRANGEMENT

MAKES THIS CHANGE...OVER A SIMPLE TASK.

By STUDYING FIG. 91 YOU WILL NOTICE THAT THE ELEVATED OR HORIZONTAL
PORTION OF THIS ANTENNA, AS WELL AS THE LEAD...IN, ARE ERECTED ACCORDING TO

THL CONVENTIONAL OGJBLET METHOD.
SWITCHDOUBLE -POLE, DOUBLE -THROW

CLOSED IN THE "DOWN"
OR SHORT-WAVE POSITION
THE TWO ENDS OF THE
LEAD-IN WILL BE CONN-
ECTED TO THE ANTENNA
AND GROUND TERMINALS
OF THE RECEIVER. THE
ANTENNA WILL THEREFORE
NOW FUNCTION AS A DOU
BEET.

BY CLOSING THE
SWITCH TO THE "UP" OR
STANDARD BROADCAST

POSITION,THE GROUND
TERMINAL OF THE RE-

CEIVER WILL BE GROUND
ED AUTOMATICALLY,
WHILE AT THE SAMETIME
THE TWO LEAD...IN wIREB

WILL BE SHORTEDTOGETH
ER AND BOTH CONNECTED
TO THE ANTENNA TERMINAL OF THE RECEIVER. THUS THE ANTENNA FUNCTIONS AS
T -TYPE ANTENNA FOR RECEPTION ON THE STANDARD -WAVE BROADCAST BAND.

THE LEAD...IN, HOWEVER, IS CONNECTED TO A

IN SUCH A MANNER THAT WITH THE SWITCH

--InsulaEor

-=4214111g:

Antenna AnEenna

To Ant. Terminal
oF 1-2 e ce.i ve,r

ro Gnd. `Terminal
of Zeceiver

J_Gfouncl.

o Double pole
Double 4 -prow
Switch

Application
FIG. 9

of the Change -Over Switch.

ALL-AVE ANIENNA KITS

A

QUITE A NUMBER OF MANUFACTURERS HAVE PLACED UPON THE MARKETALL...WAVE

ANTENNAS IN KIT FORM. IN THESE KITS, ALL OF THE NECESSARY PARTS ARE IN-

CLUDED FOR THE ENTIRE INSTALLATION AND ALL COMPONENTS ARE MATCHED TO EACH

OTHER. COMPLETE INSTRUCTIONS ARE ALSO FURNISHED WITH EACH OF THESE KITSSO

THAT THE CAREFULLY DESIGNED PARTS WILL BE USED TO THE BEST ADVANTAGE. THE

MAJORITY OF THESE KITS ARE DESIGNED TO OFFER SATISFACTORY RESULTS FOR

SHORT-WAVE RECEPTION, AS WELL AS FOR RECEPTION ON THE STANDARD -WAVE BROAD

CAST BAND. THIS IS GENERALL ACCOMPLISHED BY A SWITCHING ARRANGEMENT WHICH

IS PROVIDED ON THE COUPLING TRANSFORMER. THESE ALLP..WAVE ANTENNA KITS CAN

BE PURCHASED FROM MOST OF THE LARGER RADIO SUPPLY COMPANIES.

APPLICATION OF THE PENTAGRIO CONVERTER TUBE TO SHORT-WAVE CONVERTERS

YOU ARE ALREADY FAMILIAR WITH THE BASIC CONSTRUCTIONAL FEATURES AND
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OPERATING PRINCIPLES OF SHORT-WAVE CONVERTERS,AS WELL AS HAVING A GOOD
UNDERSTANDING OF THE PENTAGRID CONVERTER TUBES SUCH AS THE 2A7 AND THE
6A7, WHICH ARE EXTENSIVELY USED IN SUPERHETERODYNE RECEIVERS TO SERVE AS
A FIRST DETECTOR AND OSCILLATOR TUBE SIMULTANEOUSLY. SINCE THE CONVEN-
TIONAL TYPE OF SHORT-WAVE CONVERTER ALSO REQUIRES THE USE OF A FIRST DE-
TECTOR OR MIXER TUBE, AS WELL AS AN OSCILLATOR, IT IS NO MORE BUT LOGI-
CAL THAT THE PENTAGRIC CONVERTER TUBE CAN ALSO BE USED TO SERVE THIS TWO
FOLD PURPOSE TO ADVANTAGE IN SHORT-WAVE CONVERTERS. FIG. 10 SHOWS YOU A

TYPICAL EXAMPLE OF HOW THIS CAN BE ACCOMPLISHED.

By STUDYING THE CIRCUIT DIAGRAM IN FIG. 10 YOU WILL SEE THAT THIS
PARTICULAR CONVERTER HAS ITS INDIVIDUAL POWER SUPPLY,CAN BE OPERATED FROM
EITHER AN A.C. OR D.C. 110 VOLT LIGHTING CIRCUIT AND USES ONLY TWO TUBES.
THE -37 TUBE SERVES AS A RECTIFIER FOR THE "Be SUPPLY AND HAS ITS GRID
AND PLATE TERMINALS CONNECTED TOGETHER,WHILE THE 6A7 IS USED AS A COM-

SwiEck Ant. Terminal
of 2.ece.iyer

II I6A7
100 mIrmfd.

P.F.
Choke pl
25 1'11%1. C>

<>
<>I

cot

.02
rnFcl

50 mm d. Sopoo 11

too mmfd.

2.F. choke
(s nth.)

50,000 rL

Gnd. -Term. of i2eceiver-

3014i
4105,63

mfd.

345

3 4

37/
3

rrtfil,I
(..A7

F1G.10
Peniagrid Converter Tube Used

Short -Wave Converter,
BINATION FIRST DETECTOR AND OSCILLATOR.

THE HEATERS OF THE TWO TUBES ARE CONNECTED IN SERIES AS SHOWN IN

THE RIGHT HAND SECTION OF THE DIAGRAM AND TOGETHER CONNECTED ACROSS THE
110 VOLT CIRCUIT THROUGH A 345 OHM, 35 WATT RESISTOR.

A TWO --POSITION SWITCH IS PROVIDED IN THE ANTENNA INPUT CIRCUIT OF
THE CONVERTER. WITH THIS SWITCH IN THE B.C. POSITION,THE ANTENNA WILL BE
CONNECTED DIRECTLY TO THE ANTENNA TERMINAL OF THE RECEIVER FOR BROADCAST
RECEPTION AND THE CONVERTER'S POWER SWITCH IS OF COURSE AT THIS TIME
TURNED OFF.

FOR SHORT-WAVE RECEPTION,THE TWO -POSITION SWITCH IS CLOSED IN THE
S.W. POSITION WHICH CONNEQTS THE ANTENNA IN SERIES WITH THE 100 MMFD.CON
DENSER, THE 2.5 MILLIHENRY R.F. CHOKE, THE .02 MFD. CONDENSER AND GROUND.
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HENCE THE INCOMING SIGNAL VOLTAGES ARE APPLIED TO THE CONTROL GRID OF THE
TUBE.

THIS INPUT CIRCUIT OF THE CONVERTER IS OF THE UNTUNED TYPE,THAT IS,
NO WINDING TUNED BY A VARIABLE CONDENSER IS USED IN THIS CIRCUIT. THEOSC..
ILLATOR SECTION OF THE 6A7 TUBE, HOWEVER, IS TUNED BY A SINGLE 140 MMFD.
VARIABLE CONDENSER WHICH IS CONNECTED ACROSS THE WINDING OF A PLUG-IN COIL.
THE PLUG-IN COILS AS USED FOR THIS PURPOSE CONSIST OF TWO COUPLEOWINDINGS,
ONE OF WHICH IS TUNED BY THE 140 MMFD. VARIABLE CONDENSER WHILE THE OTHER
SERVES AS THE FEED BACK COIL TO PRODUCE OSCILLATION. FROM TWO TO FOUR

PLUG-IN COILS CAN BE USED TO COVER THE DESIRED WAVE-BANDS.

WHEN TUNING IN SHORT-WAVE SIGNALS WITH THIS CONVERTER,THE RECEIVER
DIAL 18 SET TO A POSITION CORRESPONDING TO A FREQUENCY BETTING AROUND 1000
KC. WHERE NO STANDARD BROADCAST SIGNAL COMES THROUGH. THE CONVERTER DIAL
IS THEN ADJUSTED UNTIL THE DESIRED SHORT-WAVE SIGNAL IS HEARD. THE5 MILL-
IHENRY R.F. CHOKE SERVE3 AS THE LOAD IN THE PLATE CIRCUIT OF THE 6A7 TUBE
WITH WHICH TO FORCE THE SIGNAL THROUGH THE 100 MMFD. CONDENSER AND ON ITS
WAY TO THE RECEIVER INPUT. WITH THIS ARRANGEMENT,TRUE SUPERHETERODYNE AC-
TION IS OBTAINED IN THE CONVERTER ALTHOUGH ONLY A SINGLE TUNING CONDENSER
AND CONTROL IS EMPLOYED*

A FOUR-TUBE SHORT-WAVE CONVERTER

THE CIRCUIT DIAGRAM OF ANOTHER GOOD SHORT-WAVE CONVERTER IS ILL-

USTRATED FOR YOU IN FIG. II.

HERE, FOUR TUBES ARE USED
A TYPE 77 AS THE FIRST DE-

TECTOR, A 37 AS AN OSCILLA
TOR, A 78 AS AN I.F. AMPLI-
FIER AND A 37 AS A RECTIFIER.
THIS CONVERTER HAS ITS OWN
POWER PACK AND IS DESIGNED TO
BE OPERATED FROM A IIOVOLT
A.C. CIRCUIT.

A TUNED INPUT IS FUR-
NISHED FOR THE FIRST DETECT-
OR TUBE AND THE OSCILLATOR
FREQUENCY IS 80 ADJUSTED THAT
WHEN IT HETERODYNES WITH THE
INCOMING SIGNAL, A BEAT FRE-
QUENCY OF 545 KC. WILL BE PRODUCED.
BY THE I.F. AMPLIFIER SECTION OF THIS

FIG,11.

The Four -Tube Coprverfer:

THIS BEAT FREQUENCY IS THEN AMPLIFIED
CONVERTER,WHOSE 1FoTRANSFORMER HAS

ITS PRIMARY AND SECONDARY WINDINGS BOTH PEAKED TO 545 KC.

THE OUTPUT OF THE 78 I.F. TUBE IS COUPLED TO THE INPUT OF THESTAN2
ARD-WAVE BROADCAST RECEIVER 80 THAT THIS AMPLIFIED BEAT FREQUENCY WILL BE
TRANSFERRED TO THE RECEIVER FOR FURTHER AMPLIFICATION AND DETECTION. THE

RECEIVER WILL OF COURSE ALSO HAVE TO BE TUNED TO A FREQUENCY OF 545 KC.

FOR BEST SHORT-WAVE RECEPTION.

A SWITCH IS PROVIDED ON THE CONVERTER 80 THAT THE ANTENNA CAN BE

CONNECTED TO THE INPUT OF THE CONVERTER FOR SHORT-WAVE RECEPTION OR TO THE
INPUT OF THE RECEIVER FOR STANDARD-WAVE BROADCAST RECEPTION WITH A MINI
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MUM OF EFFORT.

A TWO-GANG TUNING CONDENSER IS USED WITH THIS CONVERTER AND A GANG
SWITCH IS EMPLOYED FOR COIL CHANGING PURPOSES IN ORDER TO COVER THE VAR-
IOUS SHORT-WAVE BANDS. FOR THE SAKE OF CLARITY, ONLY A SINGLE GROUP OF
COILS ARE SHOWN IN THE DIAGRAM. THE OTHER GROUPS ARE EXACTLY LIKE THOSE
SHOWN WITH RESPECT TO THE CIRCUIT CONNECTIONS, ONLY THAT THE NUMBER OF
TURNS USED VARY AS YOU ALREADY KNOW.

RADIO MANUFACTURER'S (R.M.4.) COLOR CODE FOR RESISTORS

IT IS NOT THE GENERAL PRACTICE AMONG THE MANUFACTURERS OF RESISTORS
TO MARK THE OHMIC VALUE UPON THE UNIT. INSTEAD OF THIS, THE OUTER SURFACE
OF THE RESISTOR UNIT IS PAINTED IN A COMBINATION OF COLORS AND BY PROPERLY
INTERPRETING THIS COLOR-COMBINATION, ONE CAN (READILY DETERMINE THE RE6I3....

TANCE VALUE OF THE UNIT.

FIG412 SHOWS YOU THE CUSTOMARY MANNER IN WHICH FIXED RESISTORS ARE
COLORED. As YOU WILL OBSERVE, THE BODY OF THE RESISTOR IS PAINTED ONE
COLOR, THE END OF THE RESISTOR ANOTHER COLOR AND A THIRD COLOR IS ADDEDI4
THE FORM OF A SPOT OR BAND AT THE CENTER OF THE BODY.

THE BODY COLOR OF THE RESISTOR IN-
DICATES THE FIRST SIGNIFICANT FIGURE,THE
ENO COLOR DESIGNATES THE SECOND SIGNI-
FICANT FIGURE AND THE SPOT OR BAND COLOR
DESIGNATES THE THIRD SIGNIFICANT FIGURE
OF THE UNITS OHMIC VALUE.

THE FOLLOWING TABLE EXPLAINS THE
NUMERICAL VALUE FOR THE RESPECTIVECOLORS.

,Pesisior Color Combination

BODY COLOR END COLOR SPOT OR BAND COLOR
BROWN I BLACK 0 BLACK 0

RED 2 BROWN I BROWN 0

ORANGE 3 RED 2 RED . 00.

YELLOW 4 ORANGE.. 3 ORANGE 000.

GREEN .5 YELLOW 4 YELLOW 0000.

BLUE 6 GREEN 5 GREEN. 00000.

VIOLET 7 BLUE 5 BwE 000 000000.

GRAY .8 VIOLET... 7

WHITE 9 GRAY 8

BLACK..,... _....0 WHITE 9
,.

EXAMPLE: A FIXED RESISTOR HAS A RED BODY COLOR, A BLACK END COLOR
AND A GREEN SPOT ON ITS BODY. WHAT IS THE RESISTANCE IN OHMS OF THISUNIT7

ANSWER,- BODY C( LOR OF RED DESIGNATES A FIRST SIGNIFICANT FIGURE OF
2; END COLOR OF BLACK )ESIGNATES A SECOND 'SIGNIFICANT FIGURE OF 0, BRING...

NG THE: VALUE SO FAR TO 20; GRECN SPOT ON BODY DESIGNATES A THIRD SIGNIFI
ANT FIGURE OF 00000; THE RESISTANCE '7- THIS PARTICULAR UNIT IS THEREFORE
',000 ')00 OHM', on 2 MLGOHMS.
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COLOR-CODED FIXED MICA CONDENSERS

ALTHOUGH SOME MANUFACTURERS OF FIXED MICA CONDENSERS MARK THE CA-
PACITIVE VALUE DIRECTLY UPON THE UNIT WHILE OTHERS DON'T SUPPLY ANY IDEN-
TIFICATION MARKINGS AT ALL, YET THERE ARE OTHERS WHICH MARK THE RATING OF
THE CONDENSER DIRECTLY UPON THE UNIT IN THE FORM OF A COLOR CODE.

IN THE CASE OF COLOR CODING,THREE COLORED DOTS INDICATE ITS CAPAC-
ITY AND TWO COLORED DOTS ITS D.C. WORKING VOLTAGE. THE COLORS AREASSIGNED
AS FOLLOWS: BLACX1=0; BROWN=I; RED=2; ORANGE 3; YELLOW ;4; GREEN=5;
BLUE=S; PURPLE=7; GRAY=8; WHITE=9.

ON CONDENSERS HAVING THREE DOTS ON ONE SIDE AND TWO ON THE OTHER,

THE DESIGNATIONS ARE TO BE READ WITH THE CAPACITY RATING (3 DOTS) AT THE

BOTTOM, WHILE ON CONDENSERS HAVING ALL FIVE DOTS ON ONE SIDE,THE DESIGNA-
TIONS ARE TO BE READ WITH THE CAPACITY RATING AT THE. TOP.

REFERRING TO THIS OODEITHE FIRST COLOR INDICATES THE FIRST DIGIT OF
THE CAPACITY EXPRESSED IN MMFO. THE SECOND COLOR INDICATES THE SECOND DI2
IT OF THE CAPACITY ALSO EXPRESSED IN MMFD. THE THIRD COLOR INDICATES THE
NUMBER OF CIPHERS FOLLOWING THE SECOND DIGIT OF THE CAPACITY.

TO ILLUSTRATE THIS, LET US CONSIDER AN ACTUAL EXAMPLE: THE CAPACIT-
IVE MARKING OF A CERTAIN MICA CONDENSER APPEARS AS RED,,,GREEN AND BROWN
DOTS ARRANGED IN A ROW AND IN THE ORDER HERE STATED. THE RED DOT INDICATES
THE FIRST DIGIT AS BEING 2; THE GREEN DOT INDICATES THE SECOND DIGIT AS B8
ING 5 AND THE BROWN DOT DESIGNATES THAT ONE CIPHER FOLLOWS THE SECOND
DIGIT. THUS THE CAPACITIVE VALUE OF THE CONDENSER IS 250 MMFD.

As ANOTHER EXAMPLE, THE THREE DOTS ARRANGED IN THE ORDER OF BROWN,

BLACK AND RED, WOULD INDICATE THE CONDENSER CAPACITY AS BEING 1000 MMFO.

AS TO THE CODING OF THE D.C. VOLTAGE RATING BY THE TWO DOTS, THE

FIRST DOT INDICATES MULTIPLES OF 10 VOLTS. FOR EXAMPLE,THE TWO DOTS ON A

CERTAIN CONDENSER ARE RESPECTIVELY COLORED ORANGE AND GREEN. THE 0.0.WORK
ING VOLTAGE OF THE CONDENSER IS THEREFORE 350 VOLTS. SHOULD THE TWO DOTS

BC BLUE AND BLACK RESPECTIVELY, THEN THE D.C VOLTAGE RATING OF THECONDEN-.
SER WOULD BE 600 VOLTS.
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examination auotion5
LESSON NO DO

"Success without difficulty, or
achievement without effort,is robbed
of most of its triumph".

I. ... WHAT ARE SOME OF THE CHIEF DISADVANTAGES OF THE ORDIN-

ARY TYPE OF ANTENNA SYSTEM WHEN USED FOR SHORT-WAVE RE-
CEPTION?

2. - WHAT ARE SOME OF THE MORE IMPORTANT POINTS TO CONSIDER
WHEN ERECTING A DOUBLET ANTENNA?

3. - IF YOU WERE CONTEMPLATING THE CONSTRUCTION OF A DOUBLET
ANTENNA AND WISHED TO RESONATE IT AT 6122 Kc., HOW LONG
WOULD YOU MAKE EACH OF THE TWO SECTIONS AI AND Az, THAT
13, THE TWO HALVES OF THE ANTENNA'S HORIZONTAL OR ELE-
VATED SECTIONS?

4. - DESCRIBE A TYPICAL TUNED COUPLER WHICH MAY BE USED AS

THE CONNECTION BETWEEN THE LEAD-IN WIRES OF A DOUBLET
ANTENNA AND A RECEIVER.

5. - DESCRIBE A TYPICAL TRANSPOSITION TYPE 'LEAD-IN EMPLOYING
TRANSPOSITION BLOCKS AND WHICH IS TO BE USED IN CONJUNC
TION WITH A DOUBLET ANTENNA.

6. - A CERTAIN RESISTOR HAS A BROWN BODY COLOR,A BLACK END COl
OR AND A YELLOW SPOT ON ITS BODY. WHAT IS THE RESISTANCE
VALUE OF THIS RESISTOR?

7. - DR,,W A DIAGRAM, SHOWING HOW A SWITCH WILL PERMIT AN AN-
TENNA TO BE USED EITHER AS A DOUBLET OR A T TYPE ANTENNA
FOR ALL -WAVE RECEPTION.

8. - WHAT IS THE CHIEF ADVANTAGE OF USING SOME COUPLING DEVICE
BETWEEN THE LEAD-IN WIRES OF A DOUBLET ANTENNA AND THE
RECEIVER RATHER THAN CONNECTING THE LEAD-IN WIRES DI-

RECTLY TO THE RECEIVER?

9. - How WOULD A DOUBLET ANTENNA ACT IF THE TWO HALVES AIAND
Az OF THE ELEVATED SECTION WERE NOT OF EQUAL LENGTH?

10.." EXPLAIN BRIEFLY WITH THE AID OF A DIAGRAM,SHOWING HOW A

PENTAGRID CONVERTER TUBE MAY BE USED IN A SHORTWAVE CON.
VERTER.

WO.

PRINTED IN U.S.A.
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FROM YOUR ASSOCIATION WITH RADIO SO FAR, YOU WILL REALIZE WHAT A

GREAT MANY REFINEMENTS HAVE BEEN MADE FROM YEAR TO YEAR IN THE DESIGN OF

VACUUM CUBES.

THE MOST RECENT REVOLUTIONARY CHANGE WHICH TOOK PLACE CONSISTED OF
REPLACING THE CUSTOMARY GLASS BULB OR ENCLOSURE WITH A METAL CONTAINER.

TUBES OF THIS LATTER DESIGN ARE KNOWN AS THE METAL TUBES AND THEY ARE BE

ING USED EXTENSIVELY IN RECEIVERS OF RECENT DESIGN.

IN FIG.I YOU
WHICH IS EQUIP-
PED WITH METAL
TUBES.BY STUDY-
ING THIS ILLUS-
TRATION CARE-
FULLY, YOU WILL
OBSERVE HOW

TUBES OF THIS
TYPE APPEAR WHEN

INSTALLED IN A

TYPICAL RECEIV-
ER.

AT THE

LEFT OF FIG. 2

YOU ARE SHOWN A
COMPARISON OF

SIZE AND APPEAR
ANCE BETWEEN A

TYPICAL GLASS

AND METAL TUBE,

WHILE AT THE

ARE SHOWN THE CHASSIS OF A MODERN ALL -WAVE RECEIVER

1

A Modern A//- Wave
Me7tal 72:i6e /Feceiver:
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RIGHT OF FIG. 2 ONE TYPE OF METAL TUBE IS SHOWN IN GREATER DETAIL.

ASIDE FROM THE METAL ENCLOSURE, THE MAJORITY OF METAL TUBES ARE

SMALLER BOTH IN DIAMETER AND HEIGHT THAN THE CORRESPONDING GLASS TUBE.AN
OTHER GREAT DIFFERENCE FROM THE STANDPOINT OF APPEARANCE IS THAT THE MET
AL TUBES ARE EQUIPPED WITH 8 -PRONG BASES WHICH ARE KNOWN AS OCTAL BASES.
IN ADDITION, THE OCTAL BASE IS FITTED WITH AN ALIGNING PLUG.

TUBE CONSTRUCTION

YOU WILL ACQUIRE A STILL CLEARER UNDERSTANDING OF THE INTERNAL CON
STRUCTION OF THE ALL -METAL TUBE BY REFERRING TO THE CUT -AWAY SECTION OF

THE TUBE WHICH APPEARS IN FIG.3. STUDY THIS ILLUSTRATION CAREFULLY AND

NOTE THAT THE INDEX NUMBERS, WHICH APPEAR ON THIS UNIT, CORRESPOND WITH

THE PARTS NAMES ALSO APPEARING IN THIS SAME ILLUSTRATION IN TABULAR FORM.

G. 2.

7Z/6e. Cornpa,-/S0t7

A GROUP OF VARIOUS TYPES
OF POPULAR METAL TUBES ARE SHOWN
YOU IN FIG.4, WHILE FIG.5 FURNI-
SHES THE OUTLINE DIMENSIONS OF

THESE SAME TUBES AS SPECIFIED BY
R.C.A. FROM AN EXAMINATION OF

THESE TWO ILLUSTRATIONS,YOU WILL
ACQUIRE A CLEAR MENTAL PICTURE

OF THESE DISTINCTIVE TUBE SHAPES,
THEIR PROPORTIONS AS TO SIZE,AND
THEIR CORRESPONDING IDENTIFICA-

TION NUMBERS.

THE OCTAL BASE

THE ARRANGEMENT AND DIMEN-
SIONS OF THE SMALL OCTAL 8 -PIN

BASE, AS USED WITH THESE METAL

TUBES, IS ILLUSTRATED IN FIG.6.

YOU WILL OBSERVE FROM THIS

ILLUSTRATION THAT WHEN A TOTAL OF EIGHT PRONGS ARE MOUNTED ON THE BASE,

THEY ARE SPACED EQUI-DISTANT APART AND NUMBERED AS DESIGNATED IN FIG. 6.

THESE PRONGS ARE ALL EQUAL IN DIAMETER AND LENGTH, AND IF THE PARTICULAR

TUBE TYPE HAPPENS TO BE SUCH THAT ALL EIGHT PRONGS ARE NOT REQUIRED,THEN
THE SURPLUS PRONGS ARE SIMPLY OMITTED FROM THE BASE BY THE MANUFACTURER.

REGARDLESS OF THE NUMBER OF BASE PRONGS USED, HOWEVER, THE SPACING
OF THE PRONGS USED STILL REMAINS THE SAME AS THOUGH ALL EIGHT PRONGS

WERE INSTALLED. AT THOSE POINTS ON THE BASE WHERE NO PRONGS ARE REQUIR-
ED, THEY ARE OMITTED IN THE ORDER AS SPECIFIED IN THE TABLE IN THE LOWER

SECTION OF FIG.6.

WITH A STANDARD BASE ARRANGEMENT AS THIS FOR ALL METAL TUBES,IT IS

CLEAR THAT THE SAME SIZE AND TYPE OF SOCKET CAN BE USED FOR ANY OF THESE

TUBES, AND CIRCUIT CONNECTIONS ONLY MADE AT THOSE POINTS WHERE NECESSARY.

THE CONSTRUCTIONAL FEATURES OF AN OCTAL TUBE SOCKET ARE SHOWN IN
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FIG.7. HERE YOU WILL NOTE THAT EIGHT HOLES ARE ARRANGED IN A CIRCULAR

PATH AROUND THE SOCKET TO ACCOMMODATE THE PRONGS OF THE TUBE BASE. A

ROUND HOLE IS PROVIDED AT THE CENTER OF THE SOCKET THROUGH WHICH THE A-

LIGNING PLUG OF THE TUBE BASE CAN BE INSERTED.

A SLOT IN THE ALIGNING HOLE TAKES CARE OF THE KEY PROJECTION ON THE

ALIGNING PLUG OF THE TUBE BASE AND THUS PERMITS THE TUBE TO BE INSTALLED
INTO THE SOCKET IN ONE POSITION ONLY, IN SPITE OF THE FACT THAT ALL OF

THE PRONG HOLES OF THE SOCKETS ARE OF THE SAME SIZE AND EQUALLY SPACED.

THE NUMBERING OF THE BASE PRONGS, AS WILL BE NOTED IN FIG.6, AL-

WAYS STARTS FROM THE SHELL CONNECTION OF THE TUBE AND WHICH IS THE FIRST
PIN TO THE LEFT OF THE LOCATING KEY ON THE ALIGNING PLUG WHEN THE BASE

IS VIEWED FROM THE BOTTOM AND WITH THE KEY TOWARD THE OBSERVER.FROM THIS

FIRST PIN, THE OTHERS ARE ALL NUMBERED IN A CONSECUTIVE ORDER AND IN A

CLOCKWISE DIRECTION.

METAL TUBE CHARACTERISTICS

NOW THAT YOU ARE IN A GENERAL WAY FAMILIAR WITH METAL TUBES, YOUR

NEXT STEP WILL BE TO ACQUAINT YOURSELF WITH THE SYMBOLS AND OPERATING

CHARACTERISTICS OF EACH OF THESE TUBE TYPES.

IN EACH OF

THE SYMBOLS OF THE
TUBES WHICH ARE

NOW GOING TO BE

DESCRIBED TO YOU,
THE FOLLOWING AB-
REVIATIONS ARE US

ED: S = THE MET-
AL SHELL OF THE

TUBE WHICH IS AL-
WAYS CONNECTED TO
PIN #1 OFTHE BASE.
THIS PIN CONNEC-
TION IS THEN GROUN
DED WHEN WIRING
THE CIRCUITS AND

THE METAL SHELL

THEN SERVES AS

A SHIELD FOR THE

TUBE, THEREBY DO-
ING AWAY WITH THE
NEED FOR A SHIELD
AS REQUIRED BY

GLASS TUBES; H

HEATER CONNECTION;
K -K1 AND K2= CA-

THODE CONNECTIONS;
P -Pt AND 11 = PLATE

OR DIODE PLATE CON
NECTIONS; G-G1-Gz

O SOLDER

0 INSULATOR

O ROLLED LOCK

0 CAP SUPPORT

0 GRID LEAD SHIELD

0 CONTROL GRID

O SCREEN

O SUPPRESSOR

O INSULATING SPACER

O PLATE

O MOUNT SUPPORT

O SUPPORT COLLAR

O GETTER TAB

0 GLASS BEAD SEAL

O FERNICO EYELET

O LEAD WIRE

0 CRIMPED LOCK

0 ALIGNING KEY

O PINCHED SEAL

O ALIGNING PLUG

GRID CAP a)

GRID LEAD WIRE a)

GLASS BEAD SEAL 0

FERNICO EYELET (1)

BRAZED WELD 0
VACUUM -TIGHT

STEEL SHELL %.."

CATHODE 0

HELICAL HEATER 0

:ATHODE COATING aD

'LATE INSULATING
SUPPORT

PLATE LEAD CONNECTION 0

INSULATING SPACER 0

SPACER SHIELD 0

SHELL TO HEADER
SEAL WELD ul

HEADER 0

SHELL CONNECTION 0

OCTAL BASE a,

BASE PIN 0

SOLDER C)

EXHAUST TUBE 0

F I G.

Infernal Sfr-zactur-e of
at7 A // - Mei4a/ 7::/be
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G3-G4AND G5= GRID CONNECTIONS.

THE 5Z4

THE 5Z4 IS A FULL -WAVE, HIGH -VACUUM RECTIFYING TUBE OF THE METAL
TYPE INTENDED FOR USE IN D -C POWER -SUPPLY DEVICES WHICH OPERATE FROM THE
A -C SUPPLY LINE.

HEATER VOLTAGE 5.0 VOLTS
HEATER CURRENT 2.0 AMPERES

A -C PLATE VOLTAGE PER PLATE (RMS) 400 MAX. VOLTS

PEAK INVERSE VOLTAGE 1100 MAX. VOLTS
D -C OUTPUT CURRENT 125 MAX. MILLIAMPERES
BASE SMALL OCTAL 5 -PIN

THE BASE PINS OF THE 5Z11. FIT THE FIVE -CONTACT OCTAL -BASE SOCKET

FOR THIS PIN ARRANGEMENT (OR THE UNIVERSAL EIGHT -CONTACT SOCKET) WHICH
SHOULD BE INSTALLED TO HOLD THE TUBE IN A VER-ICAL POSITION WITH THE BASE
DOWN. PROVISION SHOULD BE MADE FOR FREE CIRCULATION OF AIR AROUND THE

TUBE SINCE IT BECOMES QUITE HOT DURING OPERATION.

Fl G. 4
A Group of Popular- MeiLa/ pubes.

THE HEATER OF THE 5Z4 IS DESIGNED TO OPERATE FROM THE A -C LINE

THROUGH A STEP-DOWN TRANSFORMER. THE VOLTAGE APPLIED TO THE HEATER
SHOULD BE THE RATED VALUE OF 5.0 VOLTS UNDER OPERATING CONDITIONS AND AV
ERAGE LINE VOLTAGE.

THE 6c5

THE 6c5 IS A THREE -ELECTRODE TUBE OF THE METAL TYPE RECOMMENDED

FOR USE AS A DETECTOR,AMPLIFIER, OR OSCILLATOR. THIS TUBE HAS A HIGH MU-
TUAL CONDUCTANCE TOGETHER WITH A COMPARATIVELY HIGH AMPLIFICATION FACTOR.

HEATER VOLTAGE (A.C. OR D.C.) 6.3 VOLTS
HEATER CURRENT 0.3 AMPERE

PLATE VOLTAGE 250 MAX. VOLTS

GRID VOLTAGE -8 VOLTS

PLATE CURRENT 8 MILLIAMPERES
PLATE RESISTANCE 10000 OHMS

AMPLIFICATION FACTOR 20
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MUTUAL CONDUCTANCE 2000 MICROMHOS

GRID -PLATE CAPACITANCE 1.8 MMFD.

GRID -CATHODE CAPACITANCE 4 MMFD.

PLATE -CATHODE CAPACITANCE 13 MMFD.

BASE SMALL OCTAL 6 -PIN

IF A GRID -COUPLING RESISTOR IS USED, ITS MAXIMUM VALUE SHOULD NOT

EXCEED 1.0 MEGOHM.

IV
MAX.

6A8
6F 5
6J7
6K7
6L7

00000)
000001
000001

000001
0000
00

O.
00011

0000)1
000001

4N;
MAX.

5 "5
MAX.

5Z4

P=1 G.5

Dimensions of 4// -4,4e,La/ Tithes.
As AN AMPLIFIER, THE 6c5 IS APPLICABLE TO RADIO FREQUENCY OR AUDIO

FREQUENCY CIRCUITS. FOR CIRCUITS UTILIZING RESISTANCE COUPLING, TYPICAL
OPERATING CONDITIONS ARE AS FOLLOWS:

PLATE -SUPPLY VOLTAGE 250 VOLTS

GRID -BIAS VOLTAGE (ApPRox.) -5 VOLTS

PLATE LOAD RESISTOR 50000 TO 100000 OHMS

PLATE CURRENT I To 2 MILLIAMPERES

VOLTAGE AMPLIFICATION 1k

VOLTAGE OUTPUT (5% SECOND HARMONIC) 42 VOLTS'(RMS)

As A DETECTOR, THE 6c5 MAY BE OF THE GRID -LEAK AND CONDENSER OR

GRID -BIAS TYPE. THE PLATE VOLTAGE FOR THE GRID LEAK AND CONDENSER METHOD

SHOULD BE 45 TO 100 VOLTS. A GRID LEAK FROM 0.1 TO 1.0 MEGOHM WITH A
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GRID CONDENSER OF 0.00005 TO 0.0005 MFD. IS SATISFACTORY. FOR THE GRID -

BIAS METHOD OF DETECTION, A PLATE -SUPPLY VOLTAGE OF 250 VOLTS MAY BE US-
ED TOGETHER WITH A NEGATIVE GRID -BIAS VOLTAGE OF APPROXIMATELY 17 VOLTS.
THE PLATE CURRENT SHOULD BE ADJUSTED TO 0.2 MILLIAMPERE WITH NO INPUT
SIGNAL VOLTAGE. THE GRID -BIAS VOLTAGE MAY BE SUPPLIED FROM THE VOLTAGE
DROP IN A RESISTOR BETWEEN CATHODE AND GROUND.

A

.560°
MAX.

SMALL OCTAL 8 -PIN BASE ALL PINS .093"±.003"

45°

490'
NOM.

.317"MAX.

1 546" MAX.

.035"Mr.

.437°*
MAX.

.095"MAX.

.055"
MAX.

.ON FINISHED TUBE, ADO
0.030" FOR SOLDER.

7 -PIN BASE AS AT B,CMITTING PIN #6
6 -PIN BASE AS AT B4OMITTING PINS #4&6
5 -PIN BASES ARRANGEMENT #1 -AS AT B,
OMITTING PINS #3,5 & 7
ARRANGEMENT #2 -AS AT B4OMITTING PINS
#3,5 & 6

45°

45* 45°

45* \ 45*
221/2

BO -TOM VIEW OF BASE

.040"R.

.687"
45° ±.007" AT

PIN TIPS

FIG. 6
T/77 5,-7-a /1 C)c71s/ 8-P1/7Base.

THE 6F5

THE 6F5 IS A HIGH -MU TRIODE OF THE METAL TYPE. IT IS PARTICULARLY
SUITABLE FOR USE IN RESISTANCE -COUPLED AMPLIFIER CIRCUITS.

HEATER VOLTAGE (A.C. OR D.C.) 6.3 VOLTS
HEATER CURRENT 0.3 AMPERE
PLATE VOLTAGE 250 Max. VOLTS
GRID VOLTAGE -2 VOLTS
PLATE CURRENT 0.9 MILLIAMPERE
PLATE RESISTANCE 66000 OHMS
AMPLIFICATION FACTOR 100

MUTUAL CONDUCTANCE 1500 MICROMHOS
GRID -PLATE CAPACITANCE 2 MMFD.
GRID -CATHODE CAPACITANCE 6 MMFD.
PLATE -CATHODE CAPACITANCE 12 MMFD.
BASE SMALL OCTAL 5 -PIN

As AN AMPLIFIER IN RESISTANCE -COUPLED A -F CIRCUITS, THE 6F5 MAY BE
OPERATED UNDER THE FOLLO4ING CONDITIONS:

PLATE -SUPPLY VOLTAGE 250 250 VOLTS
GRID -BIAS VOLTAGE -1.3 -1.3 VOLTS
PLATE LOAD RESISTOR 0.25 To 1.0 0.25 TO 1.0 MEGOHM
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GRID RESISTOR * * 0.25 0.5 MEGOHM

PLATE CURRENT 0.2 TO 0.4 0.2 TO 0.4 MILLIAMPERE

VOLTAGE AMPLIFICATION 52 To 56 51 To 6o

VOLTAGE OUTPUT II TO 20 14.5 TO 25.5 VOLTS (RMS)

* FOR THE FOLLOWING AMPLIFIER TUBE.

WHEN A 6F5 IS USED TO AMPL -
FY THE OUTPUT OF THE 6H6 DIODE, [T

IS RECOMMENDED THAT FIXED GRID B -
AS BE EMPLOYED. DIODE -BIASING OF

THE 6F5 IS NOT SUITABLE BECAUSE OF

THE PROBABILITY OF PLATE -CURRENT

CUT-OFF, EVEN WITH RELATIVELY SMALL
SIGNAL VOLTAGES APPLIED TO THE

DIODE CIRCUIT.

THE 6F6

THE 6F6 IS A HEATER -CATHODE
POWER -AMPLIFIER PENTODE OF THE MET

AL TYPE FOR USE IN THE AUDIO -OUTPUT STAGE OF A -C RECEIVERS. IT IS CAPA-

BLE OF GIVING LARGE POWER OUTPUT WITH A RELATIVELY SMALL INPUT VOLTAGE.

BECAUSE OF THE HEATER -CATHODE CONSTRUCTION, A UNIFORMLY LOW HUM -LEVEL IS

ATTAINABLE IN POWER -AMPLIFIER DESIGN.

FIG.7
Art Oc-a/

HEATER VOLTAGE (A.G. OR D.C.) 6.3 VOLTS

HEATER CURRENT 0.7 AMPERE

BASE SMALL OCTAL 7 -PIN

SINGLE -TUBE CLASS A AMPLIFIER
PENTODE CONNECTION TRIODE (SCREEN TIED TO PLATE)

PLATE VOLTAGE 250 315 MAX. 250 MAX. VOLTS

SCREEN VOLTAGE 250 315 MAX. VOLTS

GRID VOLTAGE -16.5 -22 -20 VOLTS

PLATE CURRENT ,34 42 31 MILLIAMPERES

SCREEN CURRENT 6.5 8 MILLIAMPERES

PLATE RESISTANCE 80000 75000 2600 OHMS

AMPLIFICATION FACTOR 200 200 7

MUTUAL CONDUCTANCE 2500 2650 2700 MICROMHOS

LOAD RESISTANCE 7000 7000 14000 OHMS

TOTAL HARMONIC DISTORTION 7 7 PER CENT

POWER OUTPUT 3 5 o.g5 WATTS

UNDER THE ABOVE MAXIMUM VOLTAGE CONDITIONS, TRANSFORMER OR IMPE-

DANCE INPUT -COUPLING DEVICES ARE RECOMMENDED. IF RESISTANCE -COUPLING IS

USED, REFER TO LAST PARAGRAPH OF THIS SECTION.

PUSH-PULL CLASS AB AMPLIFIER (PENTODE CONNECTION)

PLATE VOLTAGE
PLATE VOLTAGE
SCREEN VOLTAGE

FIXED -BIAS

375 MAX.

250 MAX.

SELF -BIAS

375 MAX.

250 MAX.

VOLTS
VOLTS
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GRID VOLTAGE -26 MIN
SELF -BIAS RESISTOR

ZERO -SIGNAL PLATE CUR.(PER TUBE) 17

ZERO -SIGNAL SCREEN CUR.(PER TUBE) 2.5
LOAD RESISTANCE (PER TUBE) 2500
EFFECTIVE LOAD RESISTANCE

(PLATE -TO -PLATE)

TOTAL HARMONIC DISTORTION
POWER OUTPUT (2 TUBES)

VOLTS
340 MIN. OHMS
27 MA.

4 MA.
2500 OHMS

10000 10000 OHMS

5 5 4p PER CENT
19 APPROX. 19 APPROX. WATTS

UNDER THE ABOVE MIXUMUM VOLTAGE CONDITIONS, TRANSFORMER OR IMPE-
DANCE INPUT -COUPLING DEVICES MUST BE USED.

* WITH ONE TRIODE -CONNECTED 6r6 AS DRIVER OPERATED AT PLATE VOLTS OF
250, GRID VOLTS OF -20, AND WITH A MINIMUM PLATE LOAD OF APPROXIMATELY
10000 OHMS: INPUT TRANSFORMER RATIO, PRIMARY TO ONE-HALF SECONDARY, IS
3.32. THE PLATE, SCREEN AND GRID SUPPLY HAVE NEGLIGIBLE RESISTANCE.

# WITH ONE TRIODE -CONNECTED 6F6 AS DRIVER OPERATED AT PLATE VOLTS OF
250, GRID VOLTS OF AND WITH A MINIMUM PLATE LOAD OF APPROXIMATELY
10000 OHMS: INPUT TRANSFORMER RATIO, PRIMARY TO ONE-HALF SECONDARY IS
2.5. THE PLATE AND SCREEN SUPPLY HAVE NEGLIGIBLE RESISTANCE. THE VALUE
GIVEN FOR THE SELF -BIAS RESISTOR IS DETERMINED FOR A MINIMUM GRID BIAS
OF -21 VOLTS.

GRID CAP
4145

,4111.1
GUIDIV

5Z4 6A8 6C5 & 6D5 6F5

2 K2 02 42-U

6F6 6H6 637 & 6K7 6L7

t 405

F I G.
S yrr7b0/ s stici /F.Al. A. Si anda r-ci Tube. 5,35e

A rr-a ge pnei7

PUSH-PULL CLASS AB AMPLIFIER (TRIODE CONNECTION)

SCREEN TIED TO PLATE
FIXED -BIAS

PLATE VOLTAGE 350 MAX. 350 MAX. VOLTS
GRID VOLTAGE -38 VOLTS
SELF -BIAS RESISTOR 730 MIN. OHMS
ZERO -SIGNAL PLATE
CURRENT (PER TUBE) 22.5 25 MA.

LOAD RESISTANCE (PER TuBE) 6000 10000 OHMS
(PLATE -TO -PLATE)

EFFECTIVE LOAD RESISTANCE 1500 2500 OHMS
TOTAL HARMONIC DISTORTION z 7

0
PER CENT

POWER OUTPUT (2 TUBES) 11 APPROX I4 APPROX. WATTS

SELF BIAS
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UNDER THE ABOVE MAXIMUM VOLTAGE CONDITIONS, TRANSFORMER OR IMPE-

DANCE INPUT -COUPLING DEVICES MUST BE USED.

WITH ONE TRIODE -CONNECTED 6F6 AS DRIVER OPERATED AT PLATE VOLTS OF
250, GRID VOLTS OF -20, AND WITH A MINIMUM PLATE LOAD OF APPROXIMATELY
10000 OHMS: INPUT TRANSFORMER RATIO, PRIMARY TO ONE-HALF SECONDARY, IS

1.67. THE PLATE AND GRID SUPPLY HAVE NEGLIGIBLE RESSTANCE10

0 WITH ONE TRIODE -CONNECTED 6F6 AS DRIVER OPERATED AT PLATE VOLTS OF

250, GRID VOLTS OF AND WITH A MINIMUM PLATE LOAD OF APPROXIMATELY

10000 OHMS: INPUT TRANSFORMER RATIO, PRIMARY TO ONE-HALF SECONDARY, IS

1.290 THE PLATE SUPPLY HAS NEGLIGIBLE RESISTANCE. THE VALUE GIVEN FOR

THE SELF -BIAS RESISTOR IS DETERMINED FOR A MINIMUM GRID BIAS OF -36.5

VOLTS.

THE TYPE OF INPUT COUPLING USED FOR CLASS AB POWER -AMPLIFIER TRIODE
OR PENTODE SHOULD NOT INTRODUCE TOO MUCH RESISTANCE IN THE GRID CIRCUIT.

TRANSFORMER OR IMPEDANCE -COUPLING DEVICES ARE RECOMMENDED. WHEN THE

GRID CIRCUIT HAS A RESISTANCE NOT HIGHER THAN 0.05 MEGOHM, FIXED BIAS

MAY BE USED; FOR HIGHER VALUES, SELF -BIAS IS REQUIRED. WITH SELF -BIAS,

THE GRID CIRCUIT MAY HAVE A RESISTANCE AS HIGH AS, BUT NOT GREATER THAN,

0.5 MEGOHM PROVIDED THE HEATER VOLTAGE IS NOT ALLOWED TO RISE MORE THAN

10% ABOVE RATED VALUE UNDER ANY CONDITION OF OPERATION.

THE 6H6

THE 6H6 IS A HEATER -CATHODE TYPE OF METAL TUBE COMBINING TWO DIO-

DES IN ONE SHELL. EACH DIODE HAS ITS OWN SEPARATE CATHODE AND CORRESPOND
ING BASE PIN. THIS ARRANGEMENT OFFERS FLEXIBILITY IN THE DESIGN OF CIR-

CUITS EMPLOYING THE 6H6 FOR DETECTION, FOR LOW -VOLTAGE LOW -CURRENT RECTI

FICATION, OR FOR AUTOMATIC VOLUME CONTROL.

HEATER VOLTAGE (A.G. OR D.C.) 6.3 VOLTS

HEATER CURRENT * 0.3 AMPERE

PLATE Nool To PLATE No.2 CAPACITANCE 0.02 MAX. MMF04,

A -C PLATE VOLTAGE PER PLATE (RMS) 100 MAX. VOLTS

D -C OUTPUT CURRENT 2 MAX. MILLIAMPERES

BASE SMALL OCTAL 7 -PIN

*WITH SHELL CONNECTED TO CATHODE.

FOR DETECTION, THE DIODES MAY BE UTILIZED IN A FULL -WAVE CIRCUIT

OR IN A HALF -WAVE CIRCUIT. IN THE LATTER CASE, ONE PLATE ONLY, OR THE

TWO PLATES IN PARALLEL, MAY BE EMPLOYED. THE USE OF THE HALF -WAVE ARRAN-
GEMENT WILL PROVIDE APPROXIMATELY TWICE THE RECTIFIED VOLTAGE AS COMPAR-
ED WITH THE FULL -WAVE ARRANGEMENT.

FOR AUTOMATIC -VOLUME CONTROL, THE 6H6 MAY BE USED IN CIRCUITS SIM-
ILAR TO THOSE EMPLOYED FOR ANY OF THE DUPLEX -DIODE TYPES OF TUBES. THE

ONLY DIFFERENCE IS THAT THE 6H6 IS MORE ADAPTABLE DUE TO THE FACT THAT

EACH DIODE HAS ITS OWN SEPARATE CATHODE.

SINCE THE DIODES BY THEMSELVES DO NOT PROVIDE ANY' AMPLIFICATION,IT
IS USUALLY NECESSARY TO PROVIDE GAIN BY MEANS OF A SUPPLEMENTARY TUBE.

TYPES SUCH AS THE 6c5, 6F5, 6417, AND 61q ARE VERY SUITABLE FOR THIS PUR-
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POSE. THEIR USE IN COMBINATION WITH THE 6H6 IS SIMILAR TO THAT OF THE

AMPLIFIER SECTIONS OF DUPLEX -DIODE TRIODE OR PENTODE TYPES, SUCH AS THE

76, 75, 6c6, AND 606. THE AMPLIFIER SECTIONS OF THESE TYPES HAVE SOME-

WHAT THE SAME CHARACTERISTICS AS THE 6C5, 6F5, 6J7, AND 6K7,RESPECTIVELY.

THE 6J7

THE 6J7 IS A TRIPLE -GRID TYPE OF METAL TUBE RECOMMENDED ESPECIALLY
FOR SERVICE AS A BIASED DETECTOR IN RADIO RECEIVERS DESIGNED FOR ITS

CHARACTERISTICS. IN SUCH SERVICE, THIS TUBE IS CAPABLE OF DELIVERING A

LARGE AUDIO -FREQUENCY OUTPUT VOLTAGE WITH RELATIVELY SMALL INPUT VOLTAGE.
OTHER APPLICATIONS OF THE 6J7 INCLUDE ITS USE AS A HIGH -GAIN AMPLIFIER
TUBE.

HEATER VOLTAGE (A.G. OR D.C.)
HEATER CURRENT
PLATE VOLTAGE
SCREEN (GRID No.2) VOLTAGE
GRID (GRID No.1) VOLTAGE
SUPPRESSOR (GRID No.3)
PLATE CURRENT
SCREEN CURRENT
PLATE RESISTANCE
AMPLIFICATION FACTOR
MUTUAL CONDUCTANCE
GRID VOLTAGE (AppRox.)4t
GRID -PLATE CAPACITANCE
INPUT CAPACITANCE°
OUTPUT CAPACITANCE°
BASE

100

I00

-3
CONNECTED

2

0.5
1.0

1185

1185

-7

6.3
0.3
250 MAX.
100* *

-3
TO CATHODE

2

0.5
GREATER THAN 1.5

GREATER THAN 1500
1225

-7
0.005 MAX.

7
12

SMALL OCTAL

VOLTS

AMPERE
VOLTS
VOLTS
VOLTS

AT SOCKET
MA.

MA.

MEGOHMS

MICROMHOS
VOLTS
MMFD.
MMFD.
MMFD.

7 -PIN

IF A GRID -COUPLING RESISTOR IS USED, ITS MAXIMUM VALUE SHOULD NOT

EXCEED 1.0 MEGOHM.
if* MAXIMUM SCREEN VOLTS = 125.
#FOR CATHODE CURRENT CUT-OFF.
° WITH SHELL CONNECTED TO CATHODE.

AS A BIASED DETECTOR, THE 6J7 CAN DELIVER A LARGE AUDIO- FREQUENCY
OUTPUT VOLTAGE OF GOOD QUALITY WITH A FAIRLY SMALL RADIO FREQUENCY SIG-

NAL INPUT. TYPICAL RECOMMENDED CONDITIONS FOR THE 6J7 AS A BIASED DETEC-

TOR ARE AS FOLLOWS:

PLATE SUPPLY*
SCREEN VOLTAGE
GRID VOLTAGE
CATHODE RESISTOR
SUPPRESSOR
CATHODE CUR.(ZERO SIGNAL)
PLATE RESISTOR
BLOCKING CONDENSER
GRID RESISTOR#
R -F SIGNAL (RMS)**

* VOLTAGE AT PLATE

250 250 250 250 VOLTS

50 33 100 100 VOLTS
-2 -1.7 -3.9 -4.3 VOLTS

3000 8000 lt000 l0000 OHMS
CONNECTED TO CATHODE AT SOCKET

0.65 0.21 0.97' 0.43 MILLIAMPERES
0.25 0.50 0.25 0.50 MEGOHM
0.03 0.03 0.03 0.03 MFD.

0.25 0.25 0.25 0.25 MEGOHM
1.116 1.21 1.38 1.37 VOLTS

WILL BE PLATE -SUPPLY VOLTAGE LESS VOLTAGE DROP IN
PLAGE RESISTOR CAUSED BY PLATE CURRENT.
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FOR THE FOLLOWING AMPLIFIER TUBE.
* * WITH THESE SIGNAL VOLTAGES MODULATED 20%, THE VOLTAGE OUTPUT UNDER

EACH SET OF OPERATING CONDITIONS IS 17 PEAK VOLTS AT THE GRID OF THE FOL
LOWING AMPLIFIER, A VALUE SUFFICIENT TO INSURE FULL AUDIO OUTPUT FROM A

TYPE 6F6 AT 250 VOLTS ON PLATE.

THE 6K7

THE 6K7 IS A TRIPLE -GRID SUPER -CONTROL AMPLIFIER TUBE OF THE METAL
TYPE RECOMMENDED FOR SERVICE IN THE RADIO -FREQUENCY AND INTERMEDIATE-FRE
QUENCY STAGES OF RADIO RECEIVERS DESIGNED FCR ITS CHARACTERISTICS.THE AB
ILITY OF THIS TUBE TO HANDLE UNUSUAL SIGNAL VOLTAGES WITHOUT CROSS -MODU-
LATION AND MODULATION DISTORTION MAKES IT ADAPTABLE TO THE R -F AND I -F

STAGES OF RECEIVERS EMPLOYING AUTOMATIC VOLUME CONTROL.

HEATER VOLTAGE (A.C. OR p.c.) 6.3 VOLTS
HEATER CURRENT 0.3 AMPERE
PLATE VOLTAGE 90 180 250 MAX. 250 MAX. VOLTS
SCREEN (GRID No.2) VOLTAGE 90 75 100 125 MAX. VOLTS
GRID (GRID No.1) VOLT.(MIN.)-3 -3 -3 -3 VOLTS
SUPPRESSOR (GRID No.3) CONNECTED TO CATHODE AT SOCKET
PLATE CURRENT 5.4 4.0 7.0 10.5 MA.
SCREEN CURRENT 1.3 1.0 I. 2.6 MA.
PLATE RESISTANCE 0.15 I.o 0.8 o.6 MEGOHM
AMPLIFICATION FACTOR 1OO 1100 II6o _990
MUTUAL CONDUCTANCE 1275 1100 I450 1650 MICROMHOS
GRID VOLTAGE * -38.5 -32.5 -42.5 -52.5 VOLTS
GRID -PLATE CAPACITANCE 0.005 MAX. MMFD.
INPUT CAPACITANCE°

7
MMFD.

OUTPUT CAPACITANCE° 12 MMFD.
BASE SMALL OCTAL 7 -PIN

FOR MUTUAL CONDUCTANCE = 2 MICROMHOS.
0 WITH SHELL CONNECTED TO CATHODE.

CONTROL -GRID BIAS VARIATION WILL BE FOUND EFFECTIVE IN CHANGING
THE VOLUME OF THE RECEIVER. IN ORDER TO OBTAIN ADEQUATE VOLUME CONTROL,
AN AVAILABLE GRID -BIAS VOLTAGE OF APPROXIMATELY 50 VOLTS WILL BE REQUIR-
ED. THE EXACT VALUE WILL DEPEND UPON THE CIRCUIT DESIGN AND OPERATING
CONDITIONS. THIS VOLTAGE MAY BE OBTAINED, DEPENDING ON THE RECEIVER RE-
QUIREMENTS, FROM A POTENTIOMETER ACROSS A FIXED SUPPLY VOLTAGE OR BY THE
USE OF A VARIABLE SELF -BIAS RESISTOR IN THE CATHODE CIRCUIT.

THE 6L7

THE 6L7 IS A MULTI -ELECTRODE VACUUM TUBE OF THE METAL TYPE DESIGN-
ED WITH TWO SEPARATE CONTROL GRIDS SHIELDED FROM EACH OTHER. THIS DESIGN
PERMITS EACH CONTROL GRID TO ACT INDEPENDENTLY ON THE ELECTRON STREAM.
THIS TUBE, THEREFORE, IS ESPECIALLY USEFUL AS A MIXER IN SUPERHETERODYNE
CIRCUITS HAVING A SEPARATE OSCILLATOR STAGE, AS WELL AS IN OTHER APPLICA
TIONS WHERE DUAL CONTROL IS DESIRABLE IN A SINGLE STAGE. THE DESIGN OF

THE TUBE IS SUCH THAT COUPLING EFFECTS BETWEEN OSCILLATOR AND SIGNAL CIR

CUITS ARE MADE VERY SMALL. THIS FEATURE ENABLES THE 6L7 TO GIVE HIGH GAIN
IN HIGH -FREQUENCY CIRCUITS.
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HEATER VOLTAGE (A.C. OR D.C.)
HEATER CURRENT
DIRECT INTERELECTRODE CAPACITANCES:*

GRID No.
GRID No.
GRID No.
GRID No.
GRID No.
PLATE TO

BASE

I TO GRID No. 3
I TO PLATE
3 TO PLATE
I TO ALL OTHER ELECTRODES
3 TO ALL OTHER ELECTRODES
ALL OTHER ELECTRODES

6.3

0.3

0.12

0.0005 MAX.
0.25
8.5
11.5

12.5

SMALL OCTAL

TO OPERATE AS A MIXER

PLATE VOLTAGE

SCREEN (GRIDS No.2 AND NO.4) VOLTAGE
TYPICAL OPERATION:

HEATER VOLTAGE 6.3
PLATE VOLTAGE 250
SCREEN VOLTAGE 100
SIGNAL -GRID (GRID NO.1) VOLTAGE **-3
OSCILLATOR -GRID (GRID No.3) VOLTAGE -10
PEAK OSCILLATOR VOLTAGE
APPLIED TO GRID NO.3 (MINIMUM)

PLATE CURRENT
SCREEN CURRENT
PLATE RESISTANCE
CONVERSION CONDUCTANCE
SIGNAL -GRID (GRID No. I) VOLTAGE

FOR CONVER. COND. OF 5 MICROMHOS

VOLTS

AMPERE

MMFD.
MMFD.
MMFD.
MMFD.
MMFD.
MMFD.

7 -PIN.

250 MAX.
150 MAX.

6.3
250#

6

15o#
-MIN.#
-15

12 18
2.4 3.3
6.2 8.3
GREATER THAN 1

350 350

-30 -45

VOLTS

VOLTS

VOLTS
VOLTS
VOLTS
VOLTS
VOLTS

VOLTS
MA.

MA.

MEGOHM
MICROMHOS

VOLTS

* * THE D -C RESISTANCE IN OSCILLATOR-GRID-NO.3 CIRCUIT SHOULD BE LIMITED
TO 50000 OHMS.

RECOMMENDED VALUES FOR ALL -WAVE RECEIVERS.
* WITH SHELL CONNECTED TO CATHODE.

TO OPERATE AS AN AMPLIFIER

HEATER VOLTAGE
PLATE VOLTAGE
SCREEN (GRIDS No. 2 AND No. 4) VOLTAGE
CONTROL GRID (GRID No.I) VOLTAGE
CONTROL GRID (GRID No.3) VOLTAGE
PLATE CURRENT
SCREEN CURRENT
PLATE RESISTANCE
MUTUAL CONDUCTANCE

MUT. COND. -15 VOLTS BIAS ON GRID No.I
-i) VOLTS BIAS ON GRID NO.3

THE 6A8

6.3
25o
100

-3
-3

5.3

g:g1100

VOLTS
MAX. VOLTS
MAX. VOLTS

MIN. VOLTS
VOLTS
MA.
MA.

MEGOHM
MICROMHOS

5 MICROMHOS

THE 6A8 IS A MULTI -ELECTRODE VACUUM TUBE OF THE METAL TYPE DESIGNED
TO PERFORM SIMULTANEOUSLY THE FUNCTIONS OF A MIXER (FIRST DETECTOR) TUBE
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AND OF AN OSCILLATOR TUBE IN SUPERHETERODYNE CIRCUITS. THROUGH THE USE

OF THIS TYPE, THE INDEPENDENT CONTROL OF EACH FUNCTION IS MADE POSSIBLE

WITHIN A SINGLE TUBE.

HEATER VOLTAGE (A.G. OR D.C.)
HEATER CURRENT
DIRECT INTERELECTRODE CAPACITANCES (ApPRox.

GRID NO. 4 TO PLATE
GRID No. 4 To GRID No. 2
GRID NO. 4 TO GRID NO. 1

GRID No. I TO GRID No. 2
GRID NO. it TO ALL OTHER ELECTRODES (R.F. INPUT)
GRID No. 2 TO ALL OTHER ELECTRODES (OSC.OUTPUT)
GRID No. 1 TO ALL OTHER ELECTRODES (OSC. INPUT)

PLATE TO ALL OTHER ELECTRODES (MIXER OUTPUT)
BASE

* WITH SHELL CONNECTED TO CATHODE.

TO OPERATE AS FREQUENCY CONVERTER

PLATE VOLTAGE
SCREEN (GRIDS No.3 AND No.5) VOLTAGE
ANODE -GRID (GRID No.2) VOLTAGE
ANODE -GRID (GRID No.2) SUPPLY VOLTAGE
CONTROL GRID (GRID No.4) VOLTAGE
TOTAL CATHODE CURRENT
TYPICAL OPERATION:

PLATE VOLTAGE
SCREEN VOLTAGE
ANODE -GRID VOLTAGE
CONTROL GRID VOLTAGE (MINIMUM)
OSCILLATOR GRID (GRID NO.1) RESISTOR
PLATE CURRENT
SCREEN CURRENT
ANODE -GRID CURRENT
OSCILLATOR GRID CURRENT

100

50

100

-1.5
50000

1.2

1.5

1.6

0.25

6.'r VOLTS

0.3 AMPERE

0.03 MMFD.
0.1 MMFD.

0.00 MMFD.

0.8 MMFD.

12.5 MMFD.
MMFD.

6.5 MMFD.

12.5 MMFD.

SMALL OCTAL 8 -PIN

250 MAX.
100 MAX.

200 MAX.

250 MAX.

-3

14 MAX.

250
100
-

2)0

-3
50000

3.3

4.0
0.5

WHEN THE ANODE -GRID SUPPLY VOLTAGE EXCEEDS 200 VOLTS,
APPLIED THROUGH A 20000 -OHM VOLTAGE -DROPPING RESISTOR.

CONVERSION CONDUCTANCE
CONTROL GRID VOLTAGE FOR CONVER.

COND. OF 2 MICROMHOS (APPROX.)

350

-20

METAL TUBE CIRCUITS

500

-45

VOLTS
VOLTS
VOLTS
VOLTS
VOLTS
MA.

VOLTS
VOLTS
VOLTS
VOLTS
OHMS
MA.

MA.
MA.

MA.

IT SHOULD BE

MICROMHOS

VOLTS

A CIRCUIT DIAGRAM OF A SIX -TUBE, ALL -WAVE SUPERHETERODYNE IS SHOWN
YOU IN FIG. 9. THIS PARTICULAR CIRCUIT MAKES USE OF FIVE POPULAR METAL

TUBE TYPES BUT EMPLOYS A GLASS TYPE 80 TUBE AS THE RECTIFIER.

THE BASIC CIRCUIT FEATURES ARE PRACTICALLY IDENTICAL TO THOSE USED

IN SIMILAR RECEIVERS WHICH ARE EQUIPPED WITH THE EQUIVALENT GLASS TUBES
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SO THAT YOU HAVE NOTHING NEW TO LEARN IN THIS RESPECT. IT IS WELL, HOW-
EVER, TO STUDY THIS DIAGRAM CAREFULLY, NOTING IN PARTICULAR HOW THE CIR-
CUIT CONNECTIONS ARE MADE TO THE SOCKETS AND ELEMENTS OF THE METAL TUBES.

AN EIGHT -TUBE ALL -WAVE RECEIVER, WHICH EMPLOYS METAL TUBES THROUGH
OUT, IS ILLUSTRATED FOR YOU IN FIG.IO. HERE A 6K7 IS USED IN THE TUNED
PRE -SELECTOR STAGE, A 6A8 AS THE
TOR, A 6K7 I.F. AMPLIFIER, A 6H6

COMBINATION OSCILLATOR AND FIRST DETEC-
DIODE DETECTOR AND A.V.C. TUBE, A 6C5

A.F. AMPLIFIER,
FOLLOWED BY TWO
6F6IS IN PUSH-
PULL. A 5Z4 IS
USED AS THE REC
TIFIER.

OSC l2e
CAT 52

21, 2

Emh 6"'

m 0
TON
CCM MI.

110Y.A.C"

Ff 6 9
/4 six -rube 5uper-17e,4er-o c/yr7 e,

THE TUBE TO BE GROUNDED, YET THIS IS ALWAYS THE CASE IN
IN OTHER WORDS, BASE PRONG #1 IS AT ALL TIMES UNDERSTOOD TO BE CONNECTED
TO THE GROUND CIRCUIT OF THE RECEIVER IN QUESTION.

IN FIG. II

FIER WHICH IS

EQUIPPED WITH
SEVEN METAL TUB-
ES. A SINGLE TRI
ODE - CONNECTED
6J7 FEEDS INTO A
PAIR OF 6C51S
CONNECTEDIN PUSH
PULL AND THIS

LATTER STAGE OP-
ERATES INTO A

CLASS A PRIME IN
WHICH A PAIR OF

6F6'S ARE CONNEC
TED AS TRIODES
IN A PARALLEL
PUSH-PULL ARRAN-
GEMENT.

THIS AMPLI-
FIER IS CAPABLE
OF FURNISHING AN

A.F. AMPLIFIER WITH METAL TUBES

REGARDLESS
OF WHETHER OR

NOT THE METAL
TUBE SYMBOLS AS
USED IN A CIR-

CUIT DIAGRAM IN
DICATE THE MET-
AL SHIELDING OR
ENCLOSURE OF

ACTUAL PRACTICE,

YOU ARE SHOWN AN INTERESTING CIRCUIT OF AN A.F. AMPLI-

00000
04.5

to?

MMIS

f

Mar
.1;

6 0.1:1,

524

Goo;

Oman.eee

a0.44

F16.10
An 8- MeA,s/-Tub /Pe-cell/et:
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OUTPUT OF 40 WATTS BUT BY

ELIMINATING TWO OF THE 6F6

TUBES AND THUS MAKING THE

FINAL OR OUTPUT STAGE

STRAIGHT PUSH-PULL,THE OUT-
PUT POWER OF THE AMPLIFIER
WILL BE REDUCED TO 20 WATTS.
UPON MAKING THIS CHANGE,

HOWEVER, THE OUTPUT TRANS-

FORMER MUST BE CHANGED AC-

CORDINGLY SO THAT THE IMPED
ANCES BETWEEN THE OUTPUT

TUBES AND TRANSFORMER WILL

BE PROPERLY MATCHED.

THE POWER PACK,AS US-
ED WITH THIS AMPLIFIER, TO-
GETHER WITH ITS DIAGRAM IS

SHOWN IN FIG. 12. To HANDLE
THE REQUIRED "B"CURRENT,TWO
5ZIOS ARE CONNECTED IN PAR-
ALLEL, WHEREAS A THIRD 5Z

IS CONNECTED IN A HALF -WAVE

RECTIFYING CIRCUIT TO FUR-

NISH THE BIAS VOLTAGE FOR

THE AMPLIFIER1SOUTPUT STAGE.

METAL -GLASS TUBES

BESIDES THE ALL -METAL
TUBES, SUCH AS HAVE BEEN

DESCRIBED IN THIS LESSON,

THE TRIAD MANUFACTURING CO.
IS MAKING A FULLY SHIELDED
METAL TUBE IN WHICH A NEWLY
DEVELOPED GLASS IS USED FOR
MAINTAINING THE VACUUM. TU-
BES OF THIS TYPE ARE KNOWN

AS METAL -GLASS TUBES AND

FOR IDENTIFICATION PURPOSES
HAVE THE LETTERS MG ANNEXED
TO THEIR TYPE NUMBER. Tmus:
6A8 -MG; 6C5 MG; 6F6 MG; 6H6
MG ETC.

THESE METAL -GLASS TU-
BES ARE EQUIVALENT TO THE

ALL -METAL TUBES OF CORRES-
PONDING TYPE NUMBER AND AL-
SO EMPLOY THE SAME OCTAL

BASE ARRANGEMENT. THE OUTER
APPEARANCE OF THESE METAL -

GLASS TUBES ARE QUITE SIMI-
LAR TO THAT OF THE ALL -MET -

5(G.11
The Metal -Tube Ampli ffe -

FI G.12
The Me7Lal- rube Power- Pack.
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AL TUBES OF CORRESPONDING 1.171,E WITH THE EXCEPTION THAT THE METAL -GLASS
TUBES ARE GENERALLY SLIGHTLY LARGER IN SIZE.

GLASS -"METAL" TUBES

THE ARCTURUS RADIO TUBE CO. IS MANUFACTURING WHAT ARE KNOWN AS AS
GLASS -"METAL" TUBES. THE CHARACTERISTICS OF THESE PARTICULAR TUBES AP-
PROXIMATE THOSE OF THE CORRESPONDING ALL -METAL TUBES, AND THEY EMPLOY THE
SAME OCTAL BASE. THESE GLASS -"METAL" TUBES, HOWEVER, EMPLOY A GLASS EN-
VELOPE AS THE ELEMENT ENCLOSURE AND VACUUM SEAL BUT EMPLOY A SEPARATE
EXTERNAL SHIELD OF SPECIAL DESIGN AND WHICH FITS THE CONTOUR OF THE THE
GLASS ENVELOPE CLOSELY.

THEE TUBES OF THIS TYPE ARE NUMBERED TO CORRESPOND WITH THE EQUIVA-
LENT ALL -METAL TUBES AND ARE IDENTIFIED BY THE SUFFIX LETTER "G", AS

xtunintition (ut,tion,
LESSON NO. 61

Li;
1. DESCRIBE THE CONSTRUCTIONAL FEATURES OF A TYPICAL METAL

TUBE.

2. DESCRIBE THE 6H6 TUBE, METNION ITS OPERATING CHARACTER-
ISTICS AND DRAW A SKETCH WHICH ILLUSTRATES ITS BASE CON
NECTIONS.

3. - How DO THE SOCKETS FOR THE METAL TUBES COMPARE WITH THE
SOCKETS AS USED FOR CONVENTIONAL GLASS TUBES?

4. - DRAW A CIRCUIT DIAGRAM OF A FIVE TUBE T.R.F. RECEIVER
AND WHICH IS TO INCLUDE TWO TYPE 6K7 R. F. AMPLIFIERS,
ONE 6J7 DETECTOR, A RESISTANCE -CAPACITY COUPLED 6r6

POWER TUBE AND A 5Z4 RECTIFIER.
5. How DOES THE KEY ON THE ALIGNING PLUG OF A METAL TUBE

BASE ASSIST ONE IN THE TASK OF IDENTIFYING THE VARIOUS
BASE PRONGS OF THE TUBE?

6. EXPLAIN WHAT SIMILARITIES EXIST BETWEEN METAL TUBES IN
GENERAL AND CORRESPONDING GLASS TUBES.

7. WHAT IS MEANT BY THE EXPRESSION "METAL -GLASS" TUBES AND
HOW DO TUBES OF THIS TYPE COMPARE WITH THE METAL TUBES
AND GLASS TUBES OF CONVENTIONAL DESIGN?

8. WHY IS IT CUSTOMARY TO INSTALL AN A.F. AMPLIFIER TUBE

AT THE OUTPUT OF A 6H6 TUBE AND PRECEDING THE POWER AMP
LIFIER, AS DONE IN FIG.I0 OF THIS LESSON?

9.- SPECIFY FOR WHAT PURPOSES EACH OF THE FOLLOWING TUBES

ARE BEST ADAPTED: 6A8 - 6K7 - 6H6 - 5z4 - 6c6 - -

6F6.
10.- IN YOUR OPINION, WHAT ADVANTAGES DO THE METAL TUBES

HAVE TO OFFER AS COMPARED TO GLASS TUBES OF CORRESPOND-
ING TYPE?
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